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Abstract
sor RNA. In the past, circular RNA was considered as the “noise” of DNA transcription and did not participate in

Circular RNA is a covalently closed circular molecule formed by reverse splicing of precur-

biological metabolic processes. However, recent studies have shown that abnormal expression of circular RNA can
affect the occurrence and development of various malignant tumors, including triple-negative breast cancer. This ar-

ticle reviews the molecular mechanism of circular RNA in tumors and its functions in cell proliferation, apoptosis,

migration, invasion, and drug resistance of triple-negative breast cancer.
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AL 45 4 9% 14 15 8 (immunomodulatory, IM). JEE1H /
HEB R AR (luminal-AR, LAR). 3 & FE 4 5 411
il 7Y (basal-like immune suppressed, BLIS)A[#] )5 74
(mesenchymal-like, MES), 38 it 46 95 B2 4295 ZH A0 A
SN (HEBE %K. CD8. FOXC1. DCLKI), A LA
PO 0 B R TR A, s RS R T R
TNBCEH KA @B, REZITKFRA R F T
i TNBC & BT A A7 I FDSTR 3 1 S2 1% i 48
K, (HRRH AR RARRIRC. tk, A 6T
BRSO T S TNBC A AR A H R L B .

IR RNA(circular RNA, circRNA) & A
L JE S5 e A 3 poly(A) B L 35 4 14 N YR
RNA (competing endogenous RNA, ceRNA). H
TABEHEAZ A AL IR G 0, R, cireRNA -3
HA L5 1 RNA(messenger RNA, mRNA)K: H 4514
Fhnfase . L2, circRNAB A A A 4 1% BT 32
FEAE B RNAZE A8 Sk, S i s Iy i 5 01, 4%
M, BT AR, circRNAR) 55 1A 7] 5200 A
5 TNBCTE W ¥ 2 POl o 1) R ARk e, Hoad
I % A 4z AL 52 TNBCAH AR i 72 (B 45 4
. T REE. TR, T,
AR cire RN AFE T A4 J I8 b (1) 231 AL J FLAE
TNBCHGH . A1, IR, RERMAGWHE K
ERAE—2538 .

1 IFKRNAZEBHIE Y 53 FHL )

circRNATE I A 2 A fE LI (R 1): OFE
N ceRNA 5 mRNA 3% 4+ 45 4 il /s RNA(microRNA,
miRNA)JF e mRNAR £ % @5 8 H R4S TR
circRNPE &4, 77 H 455 B AT HEA circRNA
H & Kz ; O Nz #E A AL 5T (internal ri-
bosome entry site, IRES)FI N6-F 2 i £ (N6-methyl-
adenosine, m6A)/ T R IL L ARl E B A ; @fr
T I Ah 27— 5 T circRNA(exon-intron cir-
cRNA, EIciRNA)FI P & ¥ circRNA(circular intronic
RNA, ciRNA)5 RNAZK A1 II(RNA polymerase 11,
RNA Pol INJE S &K H2EA mRNAR] &I K
Fo R IR cireRNATE I8 78 E ML 2R AT 7 48
M.
1.1 IRRRNAMER B AFRM miRNAF EEH
BEE R RIE

miRNAZ/E L AZ AV Rk L) B A D fe

1 —28 YR AE G IS RNA (noncoding RNA, ncRNA),
HRNL R 22 H T P H T cireRNAS 1 7
miRNARN & JeF (miRNA response element, MRE),
A A K 55 JE 9w 1S RN A (long noncoding RNA, Ln-
cRNA)ZEAL, cireRNAT] DL S5 miRNAZS & I F i L4
R )Rk KPR

H R 7E £ W, cireRNAREW BT 54> miRNA M
MiES R4, Flin: circRNA 283131 LLEN
miR-195af¥1¥47 7RI miR-195a7 5 35 L FE AL N 42
T4 R T 1(colony stimulating factor 1, CSFI)[{]3
BT, R T H R R kBECAR 52 A0S 7 (recep-
tor activator of NF-xB ligand, RANKL) 1 CSF1}%L[A]
755 BB B 40 R 53 A A B /) BB 7Y B BE4T) B (ovari-
ectomize, OVX) 5 AT BRI, F4b, 5 IEH Fhb
ML, R 2 H) ciRS-7581% Fi, ciRS-7
T I IR B miR-7 9 b FLAR IR R 3R e AR KR T 2
(epidermal growth factor receptor, EGFR). RAF-1[1]
Fak U T3 K &K . Hh4h, circRNAIL
4545 2 A miRNAJF 5 B0 1977 42 . LIMAE A
LUZ%E "34R18E T cireSLC8Afi 43 I 7E o LB AL
e P 45 A miR-133 R miR-130b/494 375 F 5% 1)
KA. BRI, LATZE . CUTSHI HANSS B0l 5
RIL, circHIPK3 884> A #L 17 miR-221-3p. miR-421
HImiR-485-3p ALt 1 B L b 22 i Joid I 41 et 10
1.2 BEBRSFEERIFTEERE

5LncRNA. mRNAZEALL, circRNA fig il id 11 5
RNA%: 4 8 [ (RNA binding proteins, RBPs)Z 5
AEBERE . . 4 A ) me ARE AR Y cireNSUN2
A LA EAA S 1 YTHI(YTH domain contain-
ing 1, YTHD1)J{2 3 cireNSUN2iz H 41 i % , 7640
P 5 H K cireNSUN2/IGF2BP2/HMGA2 55 [ )i
=uE AW, #58 HMGA2(high mobility group AT-
hook 2) mRNA R E M, AT ik K i i # 171
1F 5 #i% HeLaZll iid ', ABDELMOHSENZEUR B
JHILH % A PUER (human antigen R, HuR) - #711) H
5X(A)% 4 5 A% 1(Poly(A)-binding protein nucle-
ar 1, PABPND)454, MIMFH L 7 PABPN1#H
FEINE B Hv SRR . BRAh, AR T LR A
g HR Y FLITAR 2 734K RNA(FLIL exonic circular
RNA, FECRI)%:4E TetJii #@ 2 K] 1(Tet oncogene 1,
TET1)%| Fli-1)50 3£ [X] (Fli-1 proto-oncogene, FLII)
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Table 1 The role and mechanism of circRNA in malignant tumors
Ji s FIRRNA Rk AL 27 R
Cancer CircRNA Expression  Function and mechanism References
Bladder cancer circ_0020394 High Puerarin impedes cell viability, migration, invasion, and glycolysis, and [6]
promots apoptosis in bladder cancer by regulating circ_0020394/miR-328-
3p/NRBPI axis
circSLC8A1 Low CircSLC8A1 acts as a sponge of miR-130b/miR-494 in suppressing bladder  [7]
cancer progression via regulating PTEN
circ_0001944 High Circ_0001944 promotes the growth and metastasis in bladder cancer cells [8]
by acting as a competitive endogenous RNA for miR-548
Breast cancer circRNA-MTO Low CircRNA-MTO inhibits cell viability by regulating TRAF4/Eg [9]
circSMARCAS Low CircSMARCAS enhances the sensitivity of breast cancer cells to cisplatinor  [10]
bleomycin by down-regulating the expression of SMARCS
FECRI High FECRI promotes the metastasis of breast cancer by promoting the [11]
expression of FLI1
circ_0001982 High Circ_0001982 promotes cell proliferation and invasion and inhibit apoptosis  [12]
by reducing miR-143
Cervical cancer circE7 High E7 protein translated by circE7 mediated by M6A promotes tumor [13]
progression
circPABPN1 High CircPABPNI inhibits PABPNI1 translation and reduces cervical cancer cell [14]
proliferation by preventing the binding of HuR to PABPNT mRNA
circ_0000263 High Circ_0000263 targets miR-150-5 p/MDM4/p53 axis to promote cell prolif- [15]
eration and migration
Colorectal cancer  ciRS-7 High CiRS-7 promote cancer phenotype through miR-7/EGFR/RAF1 axis [16]
circNSUN2 High N(6)-methyladenosine modification of circNSUN?2 facilitates cytoplasmic [17]
export and stabilizes HMGAZ2 to promote colorectal liver metastasis
Esophageal circGFRA1 High CircGFRA1 and miR-188-3p regulats the proliferation of NSCLC cells at [18]
squamous cell least through PI3K/AKT signaling pathway
carcinoma ciRS-7 Low CiRS-7 inhibits autophagy of ESCC cells by functioning as miR-1299 [19]
sponge to target EGFR signaling
circRNA_ 100876  High Dysregulation of circRNA_ 100876 expression leads to poor prognosis in [20]
ESCC by accelerating cell proliferation and metastasis
Gastric cancer circLARP4 Low CircLARP4 inhibits cell proliferation and invasion through the miR-424/ [21]
LATS] axis
ciRS-7 High CiRS-7 promotes carcinogenic phenotype by activating PTEN/PI3K/AKT [22]
signal pathway in combination with miR-7
Glioma circAKT3 Low Circular AKT3 RNA inhibits glioblastoma tumorigenicity by competing [23]
with active phosphoinositide-dependent kinase-1
circFBXW7 Low CircFBXW?7 encodes FBXW7-185aa inhibits cell proliferation and cell [24]
cycle progression by shortening the half-life of c-Myc
circHIPK3 High CircHIPK3 elevates CCND2 expression and promotes cell proliferation and ~ [25]
invasion through miR-124 in glioma
Ovarian cancer circKRT7 High CircKRT7-miR-29a-3p-COL1A1 axis promotes ovarian cancer cell progres-  [26]
sion
circEPSTI1 High CircEPSTII regulates ovarian cancer progression via decoying miR-942 [27]
Prostate cancer circHIPK3 High CircHIPK3 facilitates the G»/M transition in prostate cancer cells by [28]
sponging miR-338-3p
circ-0016068 High Circ-0016068 promotes the growth, migration, and invasion of prostate [29]
cancer cells by regulating the miR-330-3p/BMI-1 axis
Renal carcinoma  circHIPK3 High CircHIPK3 promotes proliferation and metastasis and inhibits apoptosis of [30]

renal cancer cells by inhibiting miR-485-3p
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[ )5 11 Xk, it EAFLI 28 A SR A i3k 7L iR e
R,
1.3 BERwENREEMBLEEIE

EmRNARIEH AN, circRNAFIEIEE 75 2
AR AL 56 . B TR, & IRESHI
mO6A ¥ cireRNAR] LAZw At fiffeg #H 5C t (1 B7%: — 71,
circRNAZw A ) 8 AT LAAS =4 ieg i B8 1=, A
R Y . HfE XTASE PHRIE , circ AKT3Zm L 1) 2 H
AKT3-174aafliff] 7 #h 2B 5R I K 2L e . AKT3-
174aalf) i 1A AR 1 #4281 o I8 48 it 1) 184 7 e
RN EUR 1, 1 AKT3-174aa %R IA I 58 40 42
R H e R AL . EAh, AKT3-174aa5 p-PDKI1H
S THLIE T p-PDK 1328 AKTH-5:84p-AK T(Thr-308)
[PIZRIL A, AT PI3K/AK TS 5 38 B IR0 -

771, circRNAZw 5% 1) 2 5 it aefE v —
ANEeE PR 2 IR 1 R AR R e . 9l R B-catenin
FERAT /572 25 ) cireB-cateninsg — i K I cir-
cRNA, HAEE AR 78 R BRI E T . B
FER B, AL T 41 5 #Y cireB-cateninE IRES 751
I3 BE 9% % B B-catenin[F] T 78 &5 [ (B-catenin-
370aa), 54K B-cateninsa 5+ 45 & bl i A i I 3
beta(glycogen synthase kinase 3 beta, GSK3p)fij
#1 GSK3Bi% F ) B-catenin[fAf# , M 1M 38 1 3T Wt/
B-catenin{i5 5 i &AL 1S E R A2 100
14 BEEEANHEEAEENRIER BT EE
=B

A SCHRIRIE , AL T 40 A% T /) ElcireRN AR
ciRNAREWE 25 5 RNA Pol 1, JE/EFE KT FE B
HEEATEN M RIE, T2 5 9E 1) R A .

4R - jEBEEE & 9 25 1 2 [A] YR (sucrose nonfer-
menting protein 2 homolog, SMARCAS) & SWI/SNF
B EYMEA {O =18 I (adenosine triphos-
phate, ATP)VE 5T 1) 4% €4 )57 55 98 V5 PR (147, 75 DNA
B e SRR T A A EEAE . circSSMARCAS
F2 HH SMARCASHME T 15, AN T 16383 7 8452
TER, 1L AL 23 () R I8 B T 1R AR 2,
28 SIS R 3 BEAL T A ML AR oK B R AR
TEF . #E— LR, circSSMARCAS T LATESS 15
FHMNEF A 1 SMARCAS [ 5%, M A 5 24
i SMARCASZRIE /Ko AN, SMARCSH] T
VR T DNA$T G B R Dhag, Rl as 1 L
e 4 L X M 5 o8 e 7 2 ) gkt

2 IFRRNAPTHZAMIARELAEHRRE
KI5 FHLH

circRNATETNBCZH 2 1 RI8 BAR: bk, 2k

VA I cireRNA W] I8 3 22 37 WL 8 1 230 A 1) 184 5
JHT. TR, REBMAYEURNE (K 2). BT, XT
TNBCH ] circRNABFFC IR AR/ | A=W D RER SR
BEMHIA circSEPT9. circTADA2A. circAGFAL. cir-
cFBXW?7. circ-HER2. circUBE2D2. circAMOTL1%%.
PLAHIX EecireRNABEAT R8I o
2.1 IFKRNASS=AMIAREILE. ATES
RIAE
2.1.1 circSEPT9  circSEPTO/Z7E EAZ L 4h N 1
4A3(eukaryotic initiation factor 4A-I1I, ELF4A3)/5
N 1 SEPT9(Septin 9)Hi /& mRNA (pre-mRNA)Z: [z
[a] BT IR T Bl ) circRNA . 4, circSEPT9fE
TNBCH RIEEUREIEH . /ETNBCHEE H, circSEPT9
ERIEH SREHA L, MR ARRE K HE SR
ARG R AR . TEThRET T, WA cire-
SEPTO W] DA 3 i 2 36 5 , 5 S Al fd® O ; Mo
circSEPTO it A M R I H A I IIAE T o itk —20
ST R, cireSEPTO7E 4 miR-637/1]ceRNA, 1M
5 [ 11975 $ 1) [Al 7~ (leukemia inhibitory factor, LIF)[]
FIE I TNBCH [ LIF/Stat3 {5 5B i, & S5
TNBCH &A=& e,
2.1.2 circTADA2A  circTADA2A & H 5 s 3 i 2%
2A(Transcriptional Adaptor 2A, TADA2A)Z: )% [7] B
BB R cireRNA, .5 circTADA2A-E6#1 circ TA-
DA2A-E5/E6,

WEFE RN, circ TADA2ATE 22 Pl i E fig e o6
FEAEA], circ TADA2 ATy A5 5 i 2k DR RN 417098 25 DAL 1)
SE A, H AT circTADA2A H B ASRME A A
DR T BB SO B2 11 57 s v %) 7E8 IR AR, circ TA-
DA2AE i miR-203a-3p/CREB3#ili A 12 il 8 11 4=
KU e K , cirtcTADA2AE IS 45 4 miR-
374a-3pU™ AN HE TR A A0 A4 P4 ik Rg A=

XU UIF| B RT-qPCRAG M T circTADA2ATE
TNBCHZ LA S B FLIRH R ) RIBIE 0L, 45
R, circTADA2A(JE H A2 circ TADA2A-E6)/ETNBC
HAR P FRIEKFEH BT IE®EIRAL, A
circTADA2A-E6[1) T 1 5 ik U 45 4% 7 R i R S8 17
FRIER A OC . 2 Rk, AR M 5256 13— 0 iF 5K
T circTADA2A-E6 )t Iga s 14 , B g 244 circTA-
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Table 2 The function and mechanism of circRNA in TNBC
circRNA % F Y620 ESE TNBCH! 1 F AL FCA bR v R FE AL 275 R
circRNA name Test cell strain Expression  The function and mechanism of The function and mechanism of References
circRNA in TNBC circRNA in the other tumors
circSEPT9 BT549, High The circSEPT9 mediated by Unreported [41]
MDA-MB-231 E2F1 and EIF4A3 facilitates the
carcinogenesis and development of
triple-negative breast cancer through
circSEPT9/miR-637/LIF axis
circAGFG1 BT549, High The circRNA circAGFG1 acts as a CircAGFGI activates YY1/ [42-43]
MDA-MB-231 sponge of miR-195-5p to promote CTNNB1/Wnt/B-catenin pathway
triple-negative breast cancer axis by combining miR-4262
progression through regulating and miR-185-5p to promote
CCNEI] expression metastasis and dryness colorectal
cancer
circGNBI BT549, High CircGNBI facilitates triple-negative ~ Unreported [44]
MDA-MB-231 breast cancer progression by
regulating miR-141-5p-IGF1R axis
circGFRA1 MDA-MB-231, High CircGFRA1 and GFRA1 promote CirGFRA1-miR-188-3p-PI3K/ [18,45]
MDA-MB-468, cell proliferation and inhibit cell AKT axis plays an important
BT549 apoptosis by regulating miR-34a role in the tumorigenesis of non-
small cell lung cancer
circ_0131242 BT549, High Circ_0131242 may promote triple- Unreported [46]
MDA-MB-468 negative breast cancer progression
by sponging has-miR-2682
circEPSTII MDA-MB-231, High The circEPSTI1-miR-4753/6809- CircEPSTII regulates ovarian [27,47]
BT549 BCL11A axis affects the cancer progression via decoying
proliferation and apoptosis of triple- ~ miR-942
negative breast cancer through the
mechanism of ceRNA
circ-UBAP2 BT-20, High Upregulation of circ-UBAP2 CircUBAP2-mediated ceRNA [48-49]
MDA-MB-231 predicts poor prognosis and network modulates PAAD
promotes triple-negative breast (pancreatic adenocarcinoma) by
cancer progression through the miR-  regulating the infiltration and
661/MTA1 pathway function of immune cells
circANKS1B MDA-MB-231 High CircANKS1B/miR-148a/152-3p/ CircANKS1B regulates FOXM1 [50-51]
USF1 feedback loop promotes cell expression and promotes cell
invasion and metastasis via inducing  migration and invasion by
TGF-B1-mediated EMT in breast functioning as a sponge of the
cancer miR-149 in colorectal cancer
ciRS-7 MDA-MB-231, High CiRS-7 maintains metastatic CiRS-7 accelerates ESCC [52-53]
BT549 phenotypes as a ceRNA of miR- progression through acting as a
1299 to target MMPs miR-876-5p sponge to enhance
MAGE-A family expression
circKIF4A MDA-MB-231, High CircKIF4A regulates TNBC CircKIF4A promotes [54-55]
BT549 migration and invasion through tumorogenesis of glioma by
miR-375-KIF4A axis targeting miR-139-3p to activate
WntSa signaling
circIF130 MDA-MB-231, High CircIFI30 promote TNBC Unreported [56]
BT549 progression through circIFI30/miR-
520b-3p/CD44 axis
circPLK1 MDA-MB-231, High CircPLK1 facilitate through miR- CircPLK1 promotes breast cancer  [57-58]
HCC38 296-5p-PLK1 axis cell proliferation, migration, and
tumor progression by ceRNA invasion by regulating the miR-
mechanism in TNBC 4500/IGF1 axis
circ-ZEB1 MDA-MB-231, High Circular RNA circ-ZEBI acts as an Circ-ZEB1.33 promotes the [59-60]
BT549 oncogene in TNBC via sponging proliferation of human HCC
miR-448 by sponging miR-200a-3p and
upregulating CDK6
circ_0091074 MDA-MB-231, High Circ_0091074 can partially reverse Unreported [61]
MDA-MB-468 the inhibition of breast cancer cell

proliferation and invasion caused by
miR-1297




AKT and up-regulating the
expression of anti-apoptotic protein
BCL-2 to promote cancer and
increase cell resistance to PAX

progression of cervical cancer
through the miR-485-5p/
AMOTLI axis

620 k-
#R2
circRNA %4 B S0 Mk ®ik TNBCH B F AL F AR b RO P AT LA 275 3CHR
circRNA name Test cell strain Expression  The function and mechanism of The function and mechanism of References
circRNA in TNBC circRNA in the other tumors
circRADI18 MDA-MB-231, High CircRAD18 sponges miR-208a/3164  CircRAD18 promotes breast [62-63]
MDA-MB-468, to promote TNBC progression cancer progression by regulating
BT549 through regulating IGF1 and FGF2 the miR-613/HK2 axis
expression
circ-TFCP2L1 MDA-MB-231, High Circ-TFCP2L1 is identified as Unreported [64]
HCC1937 a sponge of miR-7 functionally
targeting PAK1 and further
promoting the proliferation and
migration of TNBC cells
circHER2 MDA-MB-231, High Circ-HER2 promotes cell Unreported [65]
MDA-MB-468 proliferation, invasion, and
Pertuzumab sensitivity of TNBC in
vivo and in vitro by encoding HER2-
103
circEIF3M MDA-MB-231 High CircEIF3M promotes breast cancer Unreported [66]
progression by promoting cyclin D1
expression
circUBE2D2 MDA-MB-231, High CircUBE2D2 (hsa_circ_0005728) Upregulated circ-UBE2D2 [67-68]
BT549 promotes cell proliferation, predicts poor prognosis
metastasis and chemoresistance in and promotes breast cancer
TNBC by regulating miR-512-3p/ progression by sponging miR-
CDCA3 axis 1236 and miR-1287
circRNA 069718 MDA-MB-468 High CircRNA 069718 promotes cell Unreported [69]
proliferation and invasion in triple-
negative breast cancer by activating
Wnt/B-catenin pathway
circTADA2As MDA-MB-231 Low CircTADA2As suppress breast Propofol disrupts cell [70-71]
cancer progression and metastasis carcinogenesis and aerobic
via targeting miR-203a-3p/SOCS3 glycolysis by regulating
axis circTADA2A/miR-455-3p/
FOXML1 axis in lung cancer
circAHNAK1 MDA-MB-231, Low CircAHNAKI1 inhibits proliferation ~ Unreported [72]
BT549 and metastasis of triple-negative
breast cancer by modulating miR-
421 and RASAL
circFBXW7 BT549, 4T1 Low CircFBXW7 sponges miR-197- CircFBXW?7 encodes FBXW7- [24,73]
3p and encodes the FBXW7- 185aa to inhibit the occurrence
185aa protein to suppress TNBC of glioma by antagonizing the
progression through upregulating stability of c-Myc induced by
FBXW?7 expression USP28
circITCH MDA-MB-231, Low CircITCH inhibits proliferation and CircITCH enhances the [74-75]
BT-549 metastasis by targeting the Wnt/ sensitivity of multiple myeloma
catenin pathway cells to bortezomib by regulating
the miR-615-3p/PRKCD axis
circAMOTL1 MDA-MB-231 High CircAMOTLI through activating CircAMOTLI1 promotes the [76-77]

DA2A-B6HIH 40 ffu G5 . 18 1L XT circTADA2A-E63T
JIR V14 B T LR AT IR R, S5 KL, circTA-
DA2AYE N miRNA 1§ 4 /K 18 i miR-203a-3p/
SOCS3 %M TNBCI T .o

2.2 circRNAJFTF TNBCHHTHFRZE

2.2.1 circAGFG1 fF 5 R 1, circAGFG11E £ Fh

i Rg ke e i R (R P, 0 S s A )N A
JE K . circAGFG1/E B 30 i i R i miR-
370-3pEl & p53k A2 a2k 20 Jfa (%) 38 B AL #2700 fE g
/NG L it R I ZNF281 ) A R AL 2k b -
8] Jifi ¥ {t.(epithelial-mesenchymal transition, EMT)®*");
TE K 9 o 38 o 0% Wnt/B-cateninidk 48 SR (€ 2 41 iy



WRIESE: = BAVE FUIRE sP HOIRRNA B R IA 4 mi K Dh g L

621

TP,

YANGZEWR I, 596 55 41 2R 1E & 41 J A L,
circAGFA17ETNBCZH ZURI 4N i & 2. 3% L, JF A
circAGFA11_F i 5 TNBCE & FIA K TG 2 1IEAH
Ko circAGFA 1 FIA (2 TNBCYH ML AR 28,
MM R circ AGFA 1 L AR I B 45 5 o X circAGFAL
KAL) DR B o WL — 25 b, 45 R,
circ AGFA 1181 circ AGFA1/miR-195-5P/CCNE 1 4l
1F A R 42 TNBCAH M 1) 3 7 A2 28 {23k T TNBC
R RIE. BB, JFR R, miR-2037E4F
/N A it 9 R A2 circ AGFG 1 R U7 B $22 B 3 [R] 181
IEAk, #iE WANGEE B4 , /£ TNBCHY, miR-203F
A, 1M BIRC5(baculoviral IAP repeat containing 5)7#/1
LASP1(LIM and SH3 protein 1)#i% i, I H miR-
203 7] i@ T~ BIRCS5F1 LASP 1K A0 TNBC K] 1
FEFALFS, M, circAGFG1/miR-203/BIRCS/LASPI
HARTT AE AL 12 TNBC R AE R I — AN TE 4> FHL
il o
222 circFBXW7  #ERkiE, A 768 F-Box Al
WDH & 1 (F-Box and WD repeat domain containing
7, FBXWATAE IR RNA(circFBXW7)5& — il
Ji circRNA, 1E 1 228 11 5 788 A K s Hh 218 N, (R
I e 722 &4 M 4D JE B RRE % 52 B4 i) 1559, 7R
Ja R, circFBXW 710 45 /NIKFBXW7-188am 4
9 miR-23a-3p G LR RN IR ERE , BE 7R T circF-
BXW7H] L i H & 4t /MK FE A miRNA 45
RIEVER -

B K, citcFBXW 74 TNBCZH il £ [A]
FEARFRIE, [AIA circFBXW 7[R 304 5 5 2 111 PR
TGRS, e Ah, AR A A 256 (Transwell . iEF%)
FR) 45 BRAIE B 1 R AIG circ FBXW 7423 7 TNBC4H it )
EBARZE. YEZE V0T circFBXW77E TNBCH! [
TN, 45 BRI, circFBXW7RE 43 il 38 i 42 5]
miR-197-3p 14w H% FBXW7-185aa % f A [7] 1 FI WL
SRk H o AL R Rk, AT #i| TNBCHI &K A=
K
2.3 INRRNAZE =AM ZLARE AR A R LT
YRR M R AV
2.3.1 circ-HER2 B RIE T HE S B = A 2
PEPIAFAE R TNBCIE ARG 7 TH I 1 P NPk . BLAE
MNIT— BN A 40 W6 97 0 il 22 2R 551 (Pertuzum-
ab)¥GIT AT TNBC #3520, (R B it 738 1,

Pertuzumab ] ¥R HER2(circ-HER2)id %14 [f) TNBC
BEIRIT U

LIZE S I, cire-HER27E #57> TNBC £ i 41
SRR RIAER E & THAMESAHN., @
it Kaplan-meiter i 2653 #7, &3 circ-HER2 K1k 5
TNBC & # i B A TR ] 2 A 5%, cire-HER2iE 1T 12
151 p-EGFRISA 1% 11 1 p- AK T/K PSR A1 3 TNBC 3% 1
LKA P2 . Ak, cire-HER24 A (1) /N ik (HER2-
103)5 HER2 ) CR145 #9380 M R 0 2 2L /G 7 41, 42
JNEL A HER2 1Y PertuzumabREWS 15 PT circ-HER2 3 &
FEREAE R (F1A), 238600 &% B, Pertuzumab 1]
THER2-10313 R85 FHPEMER A
232 circUBE2D2  circUBE2D2/E 72 & 45 &l
E2 D2(ubiquitin conjugating enzyme E2 D2, UBE2D?2)
mRNA K25 2~55 48 7 2 3 J 1) B 42 77 A 1) —
Bl circRNA, 7SR H EA T Jefik 5931.2. 7Y
miRNA [F] “IF 4714 2 circRNATE G J5i e i WL
VEFANLE . FAE20194F , WANGZ: 17 i 41 43
W IR, circUBE2D2AERS 25 AmiR-1236 F1miR-1287,
I BAEFLIE T RIS A

Fi] 7% 2 (Doxorubicin, ADM)J2 i K477 TNBC
(% AT 252 — . DOUZET R I, circUBE2D2
£ TNBCAH 24 g & b i K ik IF H 5 TNBC i
IR B JG A%, circUBE2D2 () 1T BR 1T LA 1]
TNBCHH A ¥ iE 45 iE S B A% TNBCYH B % i 2
FPrE. HLHIBFSCR, circUBE2D2 1] LUl it 78
4 miR-512-3p 15 45 1A R AT i3k 40 i 7 228 S AH OC 2
1 3(cell division cycle associated 3, CDCA3)[F£ 1A
T A2 33 i 3 F A ADMUIHTLPE (BT B) 6
2.3.3 circAMOTLI I % 7K =¥ 1(angiomotin
like 1, AMOTLI)f] pre-mRNAZE S ] BY 4 B R FACIR
RNA(circAMOTLI), 7 [ fis IR 241 fifa 8 A1 e 2500
O ARTEAE N — M B R R U A
FAUEHT, circAMOTL15 TNBCIWIN 25145 5%, Al 38
I K circ AMOTL 1 P 4 g 5ot 25 42 B (PAX) (1 T 24
PE. fETNBCAHM, KILMAPAXJE, circAMOTLI
AR IAE 5 LA L, S /55 i RIE
J 4R S J1 0 9 . IX 48 7R circAMOTL1 & TNBC
o PAXIN 24 1 Y Se i R d 3L I8 . 3t — 2B b R,
circ AMOTLI@E I 3% AKTA AP -8 4 BCL-2
FR) 2 32 SR AR 3E 98 0 R A R v e 4 PR PAX F) i
2tV 10). A, IR A, circAMOTL1/
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HER2-103 peptide
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% CDCA3 mRNA
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¢ Resistance to

Pertuzumab \

A: IHZ R HUE I 15 HIHER2- 1031 EGFRATAK T 5 JEBS FI#0T, AT %15 cire-HER2 I TNBC i #5 MUIH 2 MR 47T 11 325, B: CircUBE2D2
i8I 7 MmiR-512-3p i 4R 14 FIHCDCA3 L, MM ZETNBCH A& AN il 82 2% 14 ; C: circeAMOTL L@ S WUEF AKT(E S ili% . Ry
T8 FABCL-2 I ZE L HEAR A SAZ BT 24

A: Pertuzumab inhibits the activation of EGFR and AKT signaling pathways by antagonizing HER2-103, so that TNBC patients who express circ-

HER2 can benefit from Pertuzumab; B: circUBE2D2 promoted TNBC progression and doxorubicin resistance through acting as a sponge of miR-512-
3p to up-regulate CDCA3 expression; C: circAMOTLI promotes cell resistance to paclitaxel by activating the AKT signaling pathway and increasing
the expression of anti-apoptotic protein BCL-2.

Ell CircRNAZETNBCHIM 5SS P EEERIER
Fig.1 CircRNA plays an important role in drug resistance and drug sensitivity of TNBC

miR-485-5p/AMOTL 15/ 5 & 2 1 HE g, I
H miR-485-5p7E L5 41 41 TNBC4H it MDA-
MB-23155 MDA-MB-468" 4l iy 1 315 T~ i, 111 5
ER AL FH L, AMOTL 1 /E 42 28 5 = 1 ER LI
i FIA T = I FLARHE IR S 3T A A PO, R,
circAMOTL1/miR-485-5p/ AMOTL 1 4 7] fig t0 % £ 7F
TNBCH,

3 NESRE

AR A AH: 5 1 A 20 23 [ B iE F S LI (inter-
national agency for research on cancer, IARC) & Afi [1]
20204 TR AE B GE i o, FUE AR i, AR
NAERE — K. TNBC/Z FL g P2 28 P 55 ik
JEF PRGN o BAR R T AR 25 )7
BT REK T TNBC H 35 1) 2 2B A7 1 (overall survival,
0S), (ATNBCE# 1 5 AR MBS AR TSR o

B RNA-seq 7 T H AR AL IS B2 BT K
Ji&, BORBRZ 1) cireRNAE TNBCAH L 5 4745 5€

Ko WHFLKI, circRNAEA TNBCAHfE 7. 4R
B e R SR AE , #E TNBC R A & i A v & 4%
FHEENREBER. ARG, REZEMIE 7
circRNATE & 7 & #5 T e (L1 & HAE TNBCH
Z 50 hRe AT B AT, X IE H circ RN A HL AT
FeFEBHEALE: (1) FE AR AT P miRNA I F iR
MR MRS, RIEHAYS IR, (2) 5EATHE
HAER, WAEESRE; 3) H B4is 2 k@t 2
JER T R R AR R R (4) AERE SR L SR I KPR Y
FORARRMRIL, 5 RE. b, /£ TNBC
B, cireRNAZENMUIGAE . 1. L. RIFEBMZY
WIPLE R RIE T B RIEDIRE, circRNATTE N
TNBCEF LI AR R EER . SR, circRNATE
TNBCH I Fe ik AL E P B B, Bl A A 50w
circRNATE TNBCH 8 %5 7 H 2 0 i 12 B 1) A2 W0 b
EW, A KEB S 1 cireRNAZE TNBCH R T fig
WANERE . BAk, HETOET cirecRNAZE TNBCH L
HHIF 7T B T circRNA{E N miRNA [ ceRNA 5
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