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[HE | ¥=588. AERAKKNFZIE2 (human epidermal growth factor receptor 2, HER2 ) J&FLARF e E AU 55 F2
RN FZ—, 20% ~30%M0FLIRIE 4 WHER2 B KA, HER2H) KKK 0] LIZE 24401 2 1 52 28 0F Hike 7
FLERSR AN A 55 FE TR BE . (HHER2AY K AT 7EmRNAZK -2 B P JIATESE . Circ-0007766 25 H HER2 14 Zii fith 3 [H] i
FFRILEESZ A2 (tyrosine kinase receptor 2, ERBB2) JEAf{circRNA, circ-0007766HE 753 14 NI 72 G RNA ( competing
endogenous RNAs, ceRNA ) HLfilEIEHER2FIXAEE WLARGE . A5 B 7EHR I Circ-00077664F FmiR-1972if 43 #5 HER2 3
XSGR AN MRS AR 2R AR o 75+ ANBIFSE (0 55 20 ek cir c RN AGES 07 28 HH 72 HE R 2 PH P2 0 400 b 2 I S e
FIKRMIcircRNA ;. SR HPOEIRAI 4238 5286 ( fluorescence in situ hybridization, FISH ) #:lcirc-0007766H) W AN E 7 ; KM
microRNAFG I JF 74428 ( BaseScope ) 24043 Hcire-00077667% FL AR 2H 2L i Fe ik KO M LG RS Wi 35 it iR hi
P v e TR ANsiRN AR i1 3 15 AT (i cire-0007 76 6 M FLAR i AN AR T 5 R F transwell S 56 14l cire-0007766. % LRI 4N i 1T
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HER2[YZE3k . il RNAR X 4lifk, ( RNA antisense purification, RAP ) SZHik— 8 iiFcirc-0007766 FImiR-1972 2 75 HAT B
WAHEAEH ; 75 MDA-MB-23141d Pt TRNA G UTTE ( RNA immunoprecipitation, RIP) K, Fiiad SCH 56 e & 2R
A it SV ( real-time fluorescence quantitative polymerase chain reaction, RTFQ-PCR ) {ll%# HER2 mRNARJAHXT3'UTR, K
FHHE A TENSE (Western blot ) KA (AZEIATE L, Z58R: circ-0007766/4 HER2 FH I FLARIR AN 7 & 363K, circ-000776643
TN, I HFE 0 THME . Circ-00077667EFLIRE 44U Yk KO W35 s TR S5 4H 4R, {EHER2FEME
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[ Abstract ] Background and purpose: Human epidermal growth factor receptor 2 (HER2) serves as one of the paramount drivers
of breast cancer metastasis, with roughly 20%-30% of breast cancer patients exhibiting high expression of HER2. The expression
level of HER2 is regulatable at multiple molecular levels and determines the metastatic potential of breast cancer cells; however,
the manner in which HER2 expression is modulated at the mRNA level remains ambiguous. Circ-0007766 is a circRNA originated
from the coding gene ERBB2 for HER2, and whether circ-0007766 can regulate HER2 expression via the ceRNA mechanism has
not been reported. This study aimed to analyze whether circ-0007766 acts as a miR-1972 sponge to promote breast cancer cell
migration and invasion via upregulation of HER2 expression. Methods: In this study, a high-throughput circRNA chip was employed
to screen for circRNAs that exhibited highly specific expression in HER2-positive breast cancer cells. RNA fluorescence in situ
hybridization (FISH) was utilized to detect the subcellular localization of circ-0007766. The BaseScope experiment was conducted
to analyze the expression level of circ-0007766 in breast cancer tissues and its clinical diagnostic significance. Breast cancer cell
models with overexpression and knockdown of circ-0007766 were constructed by transfecting cloning plasmids and siRNA in vitro.
The effect of circ-0007766 on the migration and invasion of breast cancer cells was assessed using transwell migration and invasion
experiments, and the migration and invasion abilities of MDA-MB-231 and SK-BR-3 cells were measured. Additionally, it was
evaluated whether circ-0007766 could promote the migration and invasion of breast cancer cells through miR-1972. A dual luciferase
reporter gene assay was used to verify whether circ-0007766 could regulate HER2 expression by binding to miR-1972. The direct
interaction between circ-0007766 and miR-1972 was further verified through the RAP experiment. RIP detection was performed in
MDA-MB-231 cells, and the relative 3'UTR of HER2 mRNA was measured by real-time fluorescence quantitative polymerase chain
reaction (RTFQ-PCR). Western blot was used to detect the protein expressions. Results: Circ-0007766 was conspicuously highly
expressed in HER2-positive breast cancer cells and distributed in both the cytoplasm and nucleus of cells, with the preponderance
being in the cytoplasm. The expression level of circ-0007766 was strikingly higher in breast cancer tissues than in para-cancerous
tissues. The expression of circ-0007766 was significantly elevated in HER2-positive breast cancer samples compared with HER2-
negative samples. The overexpression (knockdown) of circ-0007766 in HER2-negative breast cancer cells (in HER2-positive breast
cancer cells) was capable of promoting (inhibiting) the migration and invasion of breast cancer cells. Circ-0007766 directly bound
to miR-1972, which inhibited breast cancer cell migration and invasion, thereby forming an endogenous competitive RNA (ceRNA)
regulatory network and impeding the downregulation of HER2 mRNA and protein expression mediated by miR-1972. Circ-0007766
could potentiate the inhibitory effect of miR-1972 on HER2-mediated breast cancer cell migration and invasion that was negatively
regulated by miR-1972. CircRNAs sequestered miRNAs to function as ceRNAs, thereby regulating gene expression at both the
transcriptional and translational levels. Finally, we discovered that the expressions of circ-0007766 and HER2 were positively
correlated in breast cancer cell and tissue samples, while the expression levels of miR-1972 and HER2 were negatively correlated.
Circ-0007766 could specifically target miR-1972 to hinder its regulatory effect on HER2 expression. Conclusion: This study
discovers that circ-0007766 facilitates the migration and invasion of breast cancer cells via the miR-1972/HER?2 signal axis, offering
a novel biomarker and potential therapeutic target for patients with metastatic HER2-positive breast cancer.
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HILES3-35 % ( phosphoinositide3-kinase, PI3K )
/B H 4B ( protein kinase, AKT ) FRas/Raf/
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B . R, RIE, FEESEm A, EHERFKE
5l AL TR . HER2 PHMEFLAR
a7 110 S U4 300 200 A ] 3o O Wnt {5 5
S, AR L ER BT RER
ZAA . FAME IR E T, SR,
33—zt s AT L 4 o) Wnt s HER 2 71 9 ©°7
FEFLIR b R A A, 3R A K T 22 R
et - 51k (epithelial-mesenchymal
transformation, EMT ) K HER2 A 1) 9
A5 T AR B R VR D . MR, EMT
o AR R 4 JE R A 8 RN TS B & = 8L
HER2ZARE /K A% . DA R A HER 248 it
SNSRI, B2 Z BRI 250 T

HER2 ( ERBB2) [y ik7KF Al 7EFEPH 5
Ap LR . mRNABHEAIE A RB S 24
A2 3P . CireRNAYE ImiRNAZN T-F457E
AL I mRNA SR PR S s s | ke . A
AL SR AT T R AEE ZAE . Cire-CCDCY
1 miR-6792-3p/CAV Uil ] 5 Ji 20 ML (14 14 5
T RS, Ml Bt e, ok B
) —AN BT IF & B R W bs A AT RS,
CircTADA2A-E6fF AmiR-203a-3piff 43, HENSHH
PR SOCS3ny ik, MMTH 55 7L 1 =228
PE LT BRI, AEFLARIE AN P HER 2R #0 3
W] 37 5] circRNA/miRNAJE B4 P I 35 RN A

( competing endogenous RNA, ceRNA ) J#¥EHY
HLEFHATEE

Circ-000776632 5 A HER2 1 i i = [ ERBB2
JE i cireRNA . Circ-0007766HE 0 2 — Bt 5 ik
( HER2-103 ) . HER2-103% S:EGFRIA] i — 5
(A EGFR/HER3 5 —RAKRMIE k., % PI3K-
AKT NG5 i, 2ok 2L R s 78 Ak
& JIf HH 23k il 454 HER2-103 9 CRILS
Fapdaf i = P EFLARIE (triple-negative breast
cancer, TNBC ) X i1 2 Bk Sdg i dgspt: -7 .
A, circ-00077663# T miR-1233-3p/GDF 1 5%
AR B A S5 | AR AR L Cire-
000776634 REfEE 1t I I8 40 i & BAFH OC K F cyclin
D1/cyclin E1/CDK4 131k 42 S fifi i 45 21 i 14
g LoD BRT, circ-0007766HE 738 1 ceRN AL
PEFEHER2F ATt UL

MiR-1972]"Z Z 5@ E KM, &
FEIEIEVE ] . MIR-197275 51§19 4 20 5
35, LINCO11253 i B 345 G miR-1972, W1y
O ML R T A AR, ST SR DI 5 IR AN AR I Y
HURPE 17 LINCO12073# 48 5 miR-197245 4,
VALASPLERIR, BENSAE U FiT 41 A g 240 e 19 A
KRR L e S AR, miR-19725
IncRNA DANCRJE ili.ceRNATH#E R 4%, IncRNA
DANCRAEASIK 5 HimiR-1972/ FAYROCK 1 ik
TR, AT fed 40 s R A% L

AW B ETTCire-00077664F ymiR-1972
Vi 2 PR 4 HE R 2 3 38 X6 L Bt 4 A % A= 28 1Y
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57 nﬁ o

1 ARk

1.1 ZpaFnikFl

NIEHFUE 240 ( MCF-10A ) FfLAFL
JIE 40 ( MDA-MB-231, MCF-7. BT-474.
SK-BR-3., UACC-812) g [ Hr [E Bl e d Ay 3%
FEYRZE A 4N . DMEM, RPMI-1640,
Opti-MEM K I 2 1l 35 35 772 36 A 32 [E Gibeo A
7], Lipofectamine™ 3000 Transfection Reagentlls
Fl 2€ [E ThermoFisher/A ] . SYBR Greenlld) H H 4~
TaKaRa/Z\ 7)., e id % ikcirc-000776640 il &% H:
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5 (fluorescence in situ hybridization experiment,
FISH) ifl & | T N B AR YR A IR A ]
BaseScope —fRLL il & (R H L5
323900) W H X EACDAH . FUARIE A ZUS F
({EBEA LSS . HBreD139Su01 ) K FLIRIE S
YU F (HBre-Duc090Sur-01) W [ i
YR BRA R
1.2 HpasEsT

MDA-MB-231, MCF-7., SK-BR-3, UACC-
812FHIDMEM ( £ [EGibcoAT] ) Ki3%, BT-474f
RPMI-1640 ( SE[EGibcoAH] ) Hid%, MCF-10A
JHMCF-10A% s ( PGS FEH A RHcA
FRAT ) Bide. FrA diiuss e B A 10% 19 G
I A% 75 BE R R IR G . AMITE3T °C.
COMRBUT B R 5% I G FAT H AT R 77, bR R4
WL, A BEIR B]80% ~ 90% T 21,
1.3 CircRNA F

FiNanoDrop ND-1000f# #4366 EE T+ Mt
MCF-10A, MDA-MB-231, MCF-7#1SK-BR-3
g R A RNA . #2218 ArraystarfUPREMYL, F&
T8 TAEARTFHEAT TR S 24 58 o TEIH AL B
RNA -}/l ARNase R ( Epicenter, Inc.) f5, HIFf
LG ¥ ( Arraystar Super RNA Labeling Kit )
W & R IRRNAY G FEL 5 N DO ERNA L bR
€5, cRNAZYEArraystar Human circRNA Array
V2 (8X 15K, Arraystar) biFfrZescibs, &
VB e, M Z R X G2505CtAT 451
A AL PR RS BURAE (11.0.1.15%)
ST ARAT I RS R . PRI ] 3R 5K 22 7 10 25 1Y
circRNAGH i KL BB 2, A FEAS (] 20K 2
54 2 W cireRNA WA R 47 & A2 A i o AEAR[E]
circRNAZE BRI TH 11 3 Z R WoR k.
1.4 FISH&

1 4% 11 22 58 W1 1% [& 7 SK-BR -3 4 fif]
20 min, SRJGFEHIA0.5% Triton X-100HE1 T
YRR AN, FE37 CN A THRE T3S FIER T
Ao MITIDAPDU A MIA% G (2120 mine B HIiE
BPVOCHINE F, #06, B TIOLRMEET
NREEFI

1.5 EAEEH

TERFFE e s fe 2, A 1330 5L
MR LU R (4532 TNBC ., 26/yHER2 ,
AT REA . 28 EB ) ISR 557 41 4L 21
BUS R 32 TR ik vl . 2L
B HEE60 min, SRFE I Z I ARFITCIK LIt
20 min, FHSAALALII0 min, K5 1E
98 ~102 CHH#ATHUE MM, HABFLHLS ~
30 minf5, JHAPMI-8IFNEE U R LIRS 5.
FZEMAK Yk )S , FH0.02%M K B e o, 1
FZERAE V. SRIEW I T8, IR AR AR
O IR/ NS S 9 VectaMount 3B % 5. fie
o, FHIEEAS R, I QuPath (5
BRI AR5 K T2 Hcire-000776615 7R14 .

1.6 Transwell3£3§

TEtranswell N2 1 A500 uL5E a9, H
T3 1 7R 5L 92077 41 - i A transwell |
%=, HT37 C, COMBPENS%MRA T iR
H24 ho FEdUINE NSRS I 2 5 R E
B, Z5ERERGLE, TR AR AT S
ho R BB AAEAS R, IF A HImage J
A A R A ) A5
1.7 EMRATEREWERNE (RTFQ-
PCR)

FHTRIzolIE B L BIRNA,, A 43653
TSI ERNAHE . HIPrimeScript RTIRF & J
B4 cDNA. LLIGAPDHAE NNZ:, BIO-RAD
¢ I6E PCRIX - SYBR GreenJBHaA ] &K 15
IR PR A 23Rk
1.8 ZJEARRENTE ( Western blot ) #&ill

W AE 55 Y48 hJG AIMDA-MB-23 140,
AN A200 wL B SRZEDERE (radio
immunoprecipitation assay, RIPA ) Zf# K
(PMSF : RIPA=1 : 100 ) J54& B4 2 40 g
MEA, BfLHE20 pgE AT LR, AT
b TR R R R Y R I R BE S P K ( sodium
dodecylsulphate polyacrylamide gel electrophoresis,
SDS-PAGE ) J& % & FU % 7 2 5 i — 9 & ¥
( polyvinylidene fluoride, PVDF ) i [, 5%Jifig
Wik A3 b, RIEHRKIEE P —di. Lk
2%k (electrochemical luminescence, ECL ) i
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5, 7EOI 9004 A shifk2: O USANHA IR, JF
FHImage JXt EUG AT 534
1.9 RAPI&

W44 X 10" SK-BR-3 HIMDA-MB-23 14|
o, PBSYESL)E T 1%A) B 40 A, A4
M2 oK | Z44% 10 min. Sl ADNase 37 “Cifi
H10 minJ5#EvKiE, 65 CARPE. BURE N
nX40 pmol (nBIREF55%8) , 85 CZEHE3 min
J&, PREERS B IKIE, RS B AR 3T C
283 ho $%n X 10 pLHUERER F 2% 38 5% i i 31 1k
W, IMAREAR T IRES 530 min, YRR MR TE
¥, RNAUEMEZE bl DEMILEERNA S #E1 TRTFQ-
PCR43H7 o
1.10 IR ESEEZIR

FEHEK-293T 40 M 43 5l % 4« miRN A
mimics. NC mimics. circ-00077663"UTR¥
2 JE DR AR S AR BRAR . B Y48 hE
Wi, UM A GREAA3S5 uL/AL, &5
10 min, #8896l , DLt e »e
el AFFLIMA30 pLZ ki3, #%7%10 min, 7
YRS
1.11  #1Ago2 RNA&&E ( RNA immuno-
precipitation, RIP ) S£3&

FrmiR-NCEimiR-1972%4 4 ZEMDA-MB-231
. %5YL36 hfm, K HiMagna RIP™ RNA%E S
B A DT T T ) X e e 20 AR A T RIPAS U
6 21 210 it 43 9] 5 B X B g Gl b iago 2 B AR i
A . RTFQ-PCRAGMERBB2AHRT Feik it .
112 SritZ4ahiE

S KUIE F R N E D3 W2k A R
P AR R, XAl e R
Brivie, #uf eSS, Hif e r2EsrtE, R
IS REAR GG, DX s Eon; Rl EIES
A, AR 225, SR Welch’s#% I AR R
Xk, UxtsRon; AR IS, R
HMann-Whitney Ufg3, FH A7 ECH DY 5057 B
[EREF R . AT EdE A AL =2 (R R A 1Y
#R453, I H Hggplot2fl #l1VennDiagram L % 4%
AT AT VR R . A= A7 28R H K aplan-
Meierik:, iR LR Flog-rankfi g . P<<0.05°4
ZRAGI R . RHISPSS 22085 % £ i
T8t 5.

2 5 B

2.1 Circ-00077667HER2PH 4 FL B3 & 4R Bl
Fix LiE

T BE AE HER2 PH 1 2L R 96 40 i v 2 3k
K5 B cireRNA, - FeA 1A FH 7L A 9 41 g SK -
BR-3 (HER2") . MCF-7 ( Luminal’ ) | MDA-
MB-231 ( TNBC) FIE®H ZLAR4IMCF-10A
¥ &l cireRNAS 32 (EI1A ) o 349
PRAfEAL I circRNARIA B . Lllog2 | FC | =2
HP<0.05A0iivkbriE, KA1 7 SK-BR-3 vs
MCF-10A, MCF-7 vs MCF-10AHIMDA-MB-231
vs MCF-10A /)2 5% % ikcircRNA, 5MCF-10A
AHE, circRNATESK-BR-3 |iH8454, T
9974 ; TEMCF-7+H 9734, TIH7934;
EMDA-MB-231/1 #9384, T 1 0541
(K 1B~D) . Ff17ESK-BR-3 Fi#AJcircRNAs
th £ B [E B AEMCE-7FIMDA-MB-23 1 |3 )
circRNAs, {H#8 T SK-BR-3 vs MCF-10A%}
20 il DA R R (U ZE HER 2 FH M 0 B i 20 i rp 3655
A circRNA . 7E5157SKBR34: 514 i 1A
circRNAH, FRATTHE—3R15 T 10122 7 3R k4%
Bt KcircRNA (EME) . HHcire-0003910
FEHER2 FHPEZLAR R Al i b 23k L, REfS A F
HER2 B PEFL IR A TR AR 22 1200 5 ikab,
circ-0001598 1] HE A& f YT HER2 BH 1 L B 92 1 2
M, circ-0001598X% ) FLIR I & FAR i L RAE
circ-0001598/miR-1184/PD-L1 {55 2L Jef i T
HER 2 FF 1 52 5 9 200 i f) 3 i A4 28 1k 2
Circ-0007766% i A58 175 4L fa ik I YERBB2
FHHE M 6~105 40 B F I AL, KE N
676 nt (F1F) . % TFcirc-000776617E Mk I
TFHER2AEA SRR ERBB2, FATIA Mcire-
0007766 EATIAEMI S (B . FoA T3 I RTFQ-PCR
ME, circ-00077667F 67 FL Mk I 21 s 22 FIMCF-
LOA 4L T 1) 23K K-, K45 )& B, cire-
0007766 1F SK-BR-3 1135 I IR femy (&
1G) . A T #5Ecirc-0007766 14 W 41 it & 7, T
IT#ESK-BR-341 il 1 if 47 T FISHAL B, 4543k
B, circ-000776643 41 T4 M i F4n iz, (H &
PENM TS (B 1H)
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I'1. circ_0032363
12, circ_0043469
1 3. circ_0007766
| 4. circ_0003910™"
1 5. circ_0051749
6. circ_0074243
7. circ_043472
8. circ_101380
19, circ_00015982"
110. circ_0072568
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676nt
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Relative circ0007766 expression

0 ot = N N " N L
\ad > 3 A > > > circ-0007766
SIS SC SR SN >
SO AR SRS i
KOS & N
» »

E1 Circ-00077667 HER2 PR ZL AR 40 A H B 3R X 18 hn
Fig. 1 Circ-0007766 expression increased within HER2-positive breast cancer cells

A: The original images of circRNA expression in different breast cancer cells were shown by circRNA microarray. B: Scatter plots showed the
differential expression of circRNA in MDA-MB-231 and MCF-10A cells. C: Scatter plots showed the differential expression of circRNA in MCF-7
and MCF-10A cells. D: Scatter plots showed the differential expression of circRNA in SK-BR-3 and MCF-10A cells. E: A Venn diagram showed the
differential expression of circRNAs in different breast cancer cells and normal breast cancer cells. F: Chromosomal location and loop formation of
¢circ-0007766. G: The expression of circ-0007766 was determined by RTFQ-PCR in 6 breast cancer cell lines and MCF-10A cells. H: Circ-0007766
was detected by FISH in the subcellular location of SK-BR-3 cells. *: P<<0.05, compared with the normal breast cell MCF-10A group; **: P<<0.01,
compared with the normal breast cell MCF-10A group;***: P<<0.001 compared with the normal breast cell MCF-10A group.
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2.2 Circ-00077667EHER2H 4 ZL R 755 £H 241
BRIE

KT i — B circ-00077 6675 FL AR g 2H 21
B R KT S I A2 W, FRATAIA 133
151 L i 9 £ SR 8 91513 52 2H 41 T J'é BaseScope 3K
1. S5HRER, circ-00077661EFLIRE L iy
FEKOF B & TELURIE R 414, JLHAFHER2
PIPEZLIREE h RIA B (K2A~C) o
T 2 circ-0007766 16 FL IR T E A Y
I IR B X, AT T circ-0007766 1) 1k 7K
- 55 £ T PR B A B AR OCHE o 5 IR R,
FRT2H (P=0.028) 4k, circ-00077665 fil )5
(P=0.484) . 4F¥& . M /N BB g (P
>0.05) ¥ BEMK (F1) .
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Fig. 2 Circ-0007766 showed high expression within HER2 breast cancer tissues

A: BaseScope displayed representative images of the expression and localization of circ-0007766 in breast cancer and para-cancerous tissue. B:
Scatter plot of circ-0007766 expression in breast cancer and para-cancerous tissues. C: Scatter plot of circ-0007766 levels in HER2-positive and
HER2-negative breast cancer tissues. D: Scatter plot of circ-0007766 expression in breast cancer of different clinical grades. *: P<<0.05, compared
with non-HER2; **: P<<0.01, compared with each other; ***: P<<0.001, compared with each other; NS: Without statistically significant meaning.
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%1 BaseScopet&illcirc—00077667EH A IR i%L 15 R

Tab.1 BaseScope detection of circ-0007766 expression in tissue

Pathological features ~ Case n  circ-0007766 signal site P value Pathological features Casen circ-0007766 signal site P value
Types Tumor diameter D/cm’

Normal 89 0.051 (0.000, 0.313) 0.013 <20 84 0.185 (0.036, 0.619) 0.084

TNBC 32 0.083 (0.006, 0.359) 0.075 =20 51 0.101 (0.000, 0.382)

Luminal A 47 0.106 (0.014, 0.392) 0.042 T phase of TNM

Luminal B 28 0.288 (0.031, 0.892) 0.827 Tl 29 0.168 (0.009, 0.500) 0.733

HER?2 positive 26 0.253 (0.068, 1.016) 0.001 T2 91 0.169 (0.034, 0.540) 0.028
Age/year T3 15 0.064 (0.000, 0.228) 0.104

<54 75 0.168 (0.029, 0.473) 0.747 N phase of TNM

=54 60 0.127 (0.027, 0.537) NO 47 0.169 (0.029, 0.504) 0.763
Pathological staging N1 41 0.143 (0.033, 0.592) 0.836

I 34 0.220 (0.000, 0.510) 0.724 N2 35 0.135 (0.021, 0.383) 0.675

86 0.156 (0.037, 0.543) 0.133 N3 9 0.374 (0.148, 0.576) 0.306
I 14 0.055(0.017,0.231) 0.382

According to the Shapiro Wilk test, all groups did not follow a normal distribution. Mann Whitney U test was used.
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Fig.3 Circ-0007766 promotes breast cancer cell invasion and migration in vitro

A: The level of circ-0007766 in MDA-MB-231 cells was detected by RTFQ-PCR after transfection with circ-0007766 or NC plasmid. B: The number
of migrating and invasive MDA-MB-231 cells was shown by transwell assay after transfection with circ-0007766 or NC plasmid. C: The expression
of ¢irc-0007766 in SK-BR-3 cells after transfection with si-circ-0007766 or si-NC plasmid. D: The number of migrating and invasive cells in SK-
BR-3 cells after transfection with si-NC and si-circ-0007766 plasmid was shown by transwell assay. *: P<<0.05, compared with NC; **: P<<0.01,
compared with si-NC; ***: P<(0.001, compared with NC or si-NC.
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Fig. 4 Circ-0007766 interacts with miR-1972, a tumor suppressor gene

A: The schematic diagram showed the predicted circR-NA-miRNA-HER2 regulatory network. CircRNAs, miRNAs, and HER2 on the same
regulatory axis were identified by the same color. B: The expression of miR-1972 in SK-BR-3 cells was evaluated after transfection with NC mimics
(miR-NC) or miR-1972 mimic. C: The migration and invasion ability of SK-BR-3 cells was determined by transwell assay after transfection with
miR-NC or miR-1972 mimic. D: The level of miR-1972 in MDA-MB-231 cells was determined after transfection with miR-1972 inhibitor or inhibitor
NC. E: The migration and invasion ability of MDA-MB-231 cells was determined by transwell assay after transfection with miR-1972 inhibitor or
inhibitor NC. F: The top of the figure described the predicted binding site between circ-0007766 and miR-1972, as well as the mutation strategy to
change the binding site between circ-0007766 and miR-1972. The relative luciferase activity of miR-1972 mimics, miR-NC, circ-0007766-3'UTR-
wt, or circ-0007766-3'UTR-mut co-transfected with 293T cells was shown in the figure below. G-I: The RAP assay and RTFQ-PCR assay detected
the enrichment of circ-0007766 wt and circ-0007766 mut probes for circ-0007766 and miR-1972 in MDA-MB-231 cells. J-L: The RAP assay and
RTFQ-PCR assay detected the enrichment of circ-0007766 wt and circ-0007766 mut probes for circ-0007766 and miR-1972 in MDA-MB-231 cells.
*: P<<0.05, compared with circ-0007766 mut or miR-NC; **: P<<0.01, compared with circ-0007766 wt; ***: P<<0.001, compared with Inhibitor-
NC, miR-NC, NC inhibitor or circ-0007766 wt; NS: No significant difference. wt: Wild type; mut: Mutant.
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Fig. 5 MiR-1972 binds to HER2 mRNA and reverses the regulatory effect of circ-0007766 on HER2 expression

A: The top of the figure showed the predetermined binding sites of miR-1972 on HER2 mRNA and the mutation strategies for the binding sites of
HER2 mRNA with miR-1972. The bottom of the figure showed the relative luciferase activity in 293T cells after co-transfection with miR-1972
mimics, miR-NC, HER2-3'UTR-mut (HER2-mut) or HER2-3'UTR-wt (HER2-wt). B: After co-transfection with miR-NC or miR-1972 mimics, RIP
assay was performed in MDA-MB-231 cells, and HER2 mRNA 3'UTR was measured by RTFQ-PCR. C: RTFQ-PCR and Western blot confirmed the
expression levels of HER2 mRNA and protein in MDA-MB-231 cells after co-transfection with miR-NC+NC, miR-NC+miR-1972, miR-1972+NC
or their combinations, and specific inhibitors. D: RTFQ-PCR and Western blot showed the expression levels of HER2 mRNA and protein in MDA-
MB-231 cells after co-transfection with vector+miR-NC, circ-0007766+miR-NC, vector+miR-1972 mimics or ¢irc-0007766+miR-1972 mimics. E:
RTFQ-PCR and Western blot showed the expression levels of HER mRNA and protein in SK-BR-3 cells after co-transfection with si-NC+inhibitor
NG, si-circ-0007766+inhibitor NC, si-NC+miR-1972 inhibitor or si-circ-0007766+miR-1972 inhibitor. *: P<<0.05, compared with si-NC or inhibitor
NC; **: P<<0.01, compared with inhibitor NC, vector, miR-NC or si-NC; ***: P<<0.001, compared with miR-NC or vector; NS: No significant
difference.
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Fig. 6 Circ-0007766 promotes breast cancer cell migration and invasion through miR-1972

A: The migration and invasion potential of MDA-MB-231 cells transfected with the transfection vector+miR-NC, circ-0007766+miR-NC,
vector+miR-1972 mimic or circ-0007766+miR-1972 mimic was evaluated using a transwell migration and invasion assay. B: The migration and
invasion ability of SK-BR-3 cells after transfection with si-NC+inhibitors NC, si-circ-0007766+inhibitors NC, si-NC+miR-1972 inhibitor or si-circ-
0007766+miR-1972 inhibitor was evaluated using a transwell assay. *: P<<0.05, compared with si-NC; **: P<<0.01, compared with vector, miR-NC,
si-NC or inhibitor NC; ***: P<<0.001, compared with vector, inhibitor NC or si-NC.
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Fig. 7 Expression of HER2 in breast cancer tissues and correlation of circ-0007766 and miR-1972 expression in breast cancer cells

A: Expression of HER2 mRNA in unpaired TCGA breast cancer/normal tissue. B: Expression of HER2 mRNA in paired TCGA-derived breast cancer
tissue and normal tissue. C: Expression of HER2 protein in breast cancer and normal tissue, shown by representative immunohistochemical staining
images from the Human Protein Atlas. D: Expression of miR-1972 in different breast cancer cells and normal breast cancer cell MCF10A. E: Analysis
of the correlation between circ-0007766 and miR-1972 expression using data from Fig. 1C and Fig. 6D. Circ-0007766 and miR-1972 mRNA relative
expression levels were converted to log2 scale. **: P<<0.01, compared with MCF10A; ***: P<((0.001, compared with normal or MCF10A.
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