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Abstract: Objective: To clarify the expression pattern and biological role of circular RNA ¢ire—CCDC66 in breast cancer,
and to preliminarily explore its potential downstream target genes. Methods: Normal breast epithelial cells (MCF-10A)
and four breast cancer cell lines (MCF-7, MDA-MB-231, MDA-MB-453, and MDA-MB-468) were selected. The

expression of circ—=CCDC66 was examined by quantitative PCR (qPCR) , and its circular structure was validated using
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agarose gel electrophoresis and Sanger sequencing. The cire—=CCDC66 overexpression plasmid or cire—CCDC66 siRNAs
were transfected into MCF-7 cells by Lipofectamine 2000 to construct the control group and the experimental group. CCK-8
assays were performed to assess cell viability, Transwell assays were used to evaluate migratory and invasive abilities, and
mammosphere formation assays were conducted to examine stem cell-like phenotypes. The expression of circ—CCDC66
was confirmed using qPCR in clinical tissue samples (including cancer tissues and adjacent tissues). RNA sequencing
was used to identify differentially expressed mRNAs, and enrichment pathway analysis was employed to identify key
metabolic signaling events. Two representative genes, BPNT1 and KYATI, were selected for further qPCR validation.
Results: circ—CCDC66 was found to be upregulated in breast cancer cells and exhibited a stable circular configuration.
Its overexpression enhanced the proliferation, migration, invasion, and stem-like properties of MCF-7 cells (P<<0.05).
Besides, siRNA interference experiments further verified the functional role of cire—CCDC66 in breast cancer cells.
Transcriptome analysis of cells in the PCDH-NC and PCDH-cire-CCDC66 groups revealed 61 differentially expressed
genes , including 34 upregulated and 27 downregulated , which were predominantly enriched in sulfur metabolism ,
selenocompound metabolism, and cyanoamino acid metabolism pathways. qPCR validation demonstrated that BPNT1 and
KYATI were downregulated in the cire—CCDC66 overexpression group, consistent with the RNA-seq results. Conclusion :

circ—CCDC66 enhances proliferation, migration, invasion, and mammosphere formation in MCF-7 cells, and downregulates

the expression of BPNTI and KYAT]I.
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1.1 ##l
1.1 KE#HR EHFL LR 408 MCF-10A

Ke 3, 1 95 40 L 2 (MCF-7 . MDA231 . MDA453 Fil
MDA-MB-468) 3l [ ™ M BE FEAE A7 B W) 5 i=obil
DMEM 35 5% 2  MEM 3% 5% & | L-15 35 55 2 DL & FBS
I H Gibeo 23 7l (JE[E ) s RNA 2 BUA ] (TriQuick
Reagent) 53 ig W30 [ A6 3 R R A R
Al 5 3 %% 55 ) HiScript T RT SuperMix for qPCR
( +gDNA wiper) 5 %% )t & # PCR i 5] ChamQ
Universal SYBR qPCR Master Mix Y11 H 15 MEHE A= )
FEAR Y47 BR2S F] 5 %€ HiE PCR T FH 5 | 9l S e b
AR AT R WA BT R E 5E 1 Sanger ) 5
20 JF ki (PCDH-NC M PCDH-cire—CCDC66) 1 22 #G8E
FHAE I HARA PR A A B 5% 441 Lipofectamine ™
2000 Fi1 Opti-MEM ¥ 78 K W B Thermo Fisher
Scientific (35 [H ) ; CCK-8 15 & W A 2RI ZE 4 /R A=
VIR A PR A 5 Transwell /NE (FLAE 8 wm) I H
Corning 2 v ( 35 [ ) ; Matrigel 2 57 i 4 H BD A H]
(£[E); PBS 2% vl \B27 W 5F \EGF & FGF A= &
T AT INR B AR A PR AL
1.1.2 IGEREEAR 202443 H 5202446 H1E)
N ERE K2 B T 3 8 s 15 e PR R WA 20 51 7L
g SR R R S o S, TR R SR
ZE IR AR A VIR J5 S BV A R AR AE . ARG TR
B = 22 A0 B 22 51 23 ik v (L i+ : PYRC-2024-263-
01), FF3RA5 B M A B A R 45 .
1.2 Ak
1.2.1 #RPE¥Es:  MCF-10A T &4 DMEM 8 55 5
IR R SR AN IE 10% FBS. LR 40 i &
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MCF-7 F MEM 85 3% 3 H % 9% , MDA-MB-231 . MDA-
MB-453 5 MDA-MB-468 T L-15 Ji 2 3L 15 3%, D) |
KR 330 A 10% FBS. T A 4034 & F 37 °C .
5% COMTE IR B FR AR Th 55 7%, JFAR A0 20 AR 25 10
(AW

1.2.2 & ¥ MCF-7 40043k 28 3850k X BR 2]
(PCDH-NC) 5 cire-CCDC66 33 3 35 41 (PCDH-circ—
CCDC66) . ¥ B8 Lipofectamine™ 2000 i 7 & 15 B ,
¥ 1 g Bkl DNA 5 2 pLFE 44505051 F Opti-MEM
BRR M RER 100 pl, # B S min J/RIR A EEIR T
HFIHE 5 min LE B DNA-JE IR E &) . B
W56 IR A WOATH N A RIS SR fL b RIS S
BT 37 'C.5% COARMRIEEFRAEMF H 24 ho 55424 h
WA M, H T g . AR
Lipofectamine™ 2000 izt 7 #1 3 FAS [i] 1Y siRNAs (1.2
1 3) FEAT 5 Y LA 3 cire—CCDC66 i A1 1 41 it A
H

1.2.3 IREEHEREE kS Sanger ME M E 5EMK
e Y 1) MCF-7 20 g v 43 53] 42 JBCEL RNA F 5L PR 41
DNA (gDNA) . &\ RNA 2830 5% 5 4045 ¢DNA , 2 5%

#z (cDNA 5 gDNA) 2R F cire-CCDC66 ,CCDC66 il
GAPDH 5|yt 474 ¥4 L . PCRAK R BRI
25 WLO2XTR 12. 5 wL, 51¥145 1 pL, AT 1 ul,
JC RNA Bk AN E 2R . BAEFRFE T 4 :95 °C
FAEYE 3 min, 2 J5 35 /MG (95 °C 305,60 °C 30 s,
72°C30s), ARG T2 °C 5 min, P IEEHL 1%
NS EE I 2 85, K 120 V 458 T #1329 30 min,
Bl A% . B cire—=CCDC66 FIT Xt I fR 4 S 18 4%
W2 S, B0 TAY TR R BOAE R
F) 5¢ i Sanger Il [ .

1.2.4 qPCR ffi F TriQuick Reagent $&H{ PCDH-
NC. PCDH-cire—CCDC66 4l Md & RNA, F #& I8
HiScript Il RT SuperMix for qPCR X7 & i B 1/
SR cDNA. qPCR WA 2R BRF R 20 pl, 42
#5 10 pL SYBR Premix.0. 4 pL Fi%5149).0. 4 uL T
W Wy (B BERM 0. 2 pmol * L) .1 wL cDNA B
8.2 pLJC RNA il 7K o 47 G T R 95 “CHl Az M
30 s, Bl Ji5 40 MMIEHR (95 °C 105,60 'C30s) . K
GAPDHYE R WS il ad 2722k H g 3L
mRNA fHXT Rk, FIWFIZ 0% 1,

x1 S1¥FE7
A EF5 (5 —3") K5 (5'—3")
GAPDH GTGGGGTCTCGCTGTGGAAG GTGGGTGTCGCTGTTGAAGTC
cire=CCDC66 GGATGTGGTTATGGCAAACAGT TCCAGCAGTACTGTTTCCTGAT
BPNTI GTGGGAGGCAAGTTAACCGA TTCTGGAACTCGGCTTGCAT
KYATI CAGTGGATGGTCTACGACGG CGCAGGTGTCTCATGATGTG
CCDC66 AGGAACATGACAGATGGGCA ATCAGCCAGCTCCTGAGTGT

1.2.5 CCK-83kI& #4424 hif) MCF-7 4 i 25 1%
T AL e, DAEFL 3% 10° 4™ 200 Jfd i) %5 38 3 T 96 £L.
Mo BB 3R AL, A BITEAN S 5% 12,24 .48
72 hg, X R LA 10 pl CCK-8 35, 4 2%
FE37 °C.5% COMEIRILFRAE T H 2 he WESS
Jit AR R(E 450 nm BT IEEBUSF LI LRE(E
1.2.6 Transwell £3 §%4%24 h J5 1Y MCF-7 4f il
28 IR AL, T JC T 3 77 A B O T
Transwell SE50 o (1)L S50 I 10° S 4A i, BT
100 pL JCMLiE B 3R A 2 B3 & A
600 WL % 10%FBS 35 77 HAE A W 51 I8 . 4 M ¢
37 C.5% COMEIRIEFAATIE T 48 he WHLHNG
2 H Transwell /N%E , 374 B B3 5L i JC45 PBS
BRMPE 2 MG EER T H 4% 2 R PR E
2 h, FELLO. 1% 45 i S5 W G4 45,20 min, (), il
FHARES /N B A S R B 4, I PBS T8 3 1K .
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Fie BE AL 1x10° A 20 B HE A T B 1 1 6 FLE 3R AR
H,F 37 °C.5% COE A B IR IR . 40l #E5E
3.7.14 ARG, D A ER O TE B 5 A KA I .
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J& , Y 5 PCDH-NC 5 PCDH-cire—-CCDC66 4 41l Jfi,,
22 b st AR BOE RN AT BR 2 w5 HE 4T EE R R RNA
7 {6 A 2 Tllumina NovaSeq 6000 F 15 ,
I AL R B3 150 bp (PE150) o J5L 1A I ) Hh i 28
FastQC A4 47 ot 5 PPl 5 43 38 )5, £ F HISAT2
SEE A HE X, 2R FH featureCounts 1558 A5 2 K 19
reads THEL, H Fla e = RBE M. ZH RS
mRNA [ i % 38 i DESeq2 5347 , [ {1 3% by 22 fb A%
H>1.5 HARIEJG P<0.05, 225 33K 36 K 19 38 1%
B HTIRIE T KOBAS 3. 0°F- &, fii [l KEGG %4
JEAE RS2 15 5, SRR TUAAT 2 A5 6 56 115045 38 1
) 4R B M . TRIERRIE N P<0. 05, T B £ GE 1T
R AR AR A R i

1.3 SHiTZF4E  BiE A B AR E 2 £oR , Il
it GraphPad Prism 8. 0 #F 17 B3R 4: il . 2 4[] LA
KA ST REA K06, 22 41 1) LR B 2R 2%
ST K HE a=0. 05,

2 &R

2.1 ¢irc—-CCDC66 WIIRERGIE 3 i3 Sanger U7
BGHIE cire=CCDCO6 S R AFAEAA o H 5 25
5 circBase B9 2 g S A0 BB F B 54— 2 (]
1A) . BfiJe , 53 HILL cDNA 5 gDNA R #iAi ™ 3 cire—
CCDC66 FZetE CCDCO6 H4F Sk A B, i1 T B i
W R P H DK R I o 45 SR R B, cire-CCDC66 X AE
cDNAREA TR 38 0 FU) 25707, T E gDNA H R A I
FI(E1B).

2.2 circ-CCDC66 TEZL IR EAM PRI RIE I
i cire-CCDC66 LEFLIRIE T I FR T DL, S HUE 5 7L,
JiR B 20 B MCF-10A & 4 kR FLIRIE 41 i R (MCF-7,
MDA-MB-231, MDA-MB-453 . MDA-MB-468) , 5% /i
qPCR ARG cire-CCDC66 23R K . 4551
& 2A iR, AT MCF-10A 40 i, LA 8 40 i o
cire=CCDC66 ik /K F-3 B Z3E in (P<0.01) . H
o1, cire—=CCDC66 1E MCF-7 41 il b 28 35 7K - A1, 76
MDA-MB-231 4l th A K Ve o e 2 RESE 40
PLMCF-7 4 BRI E AT A9 . 38 qPCR 455 &
M, cire-CCDCO66 TEFLMIH A AU MR B E® T
55 41 (P<0.000 1) (& 2B) , &R cire-CCDC66
FEFLRRIE TR R A

2.3 ERIE cire-CCDC66 WM RIIGIE g
1l cire—CCDC66 1 3 35 7¢ L W98 40 M b 14 T g 1
FH  HEE cire—=CCDCO6 3 F R 4 MR AY . qPCRE5 R

BIR, cire—=CCDC66 1E PCDH-cire—CCDC66 21 40 il
AR EH PCDH-NC 41 it & 715 (P<<0. 001) (& 3),
FROATE MCF-7 4l H i 263K cire-CCDC66.,

A
........... PRI RS
T C T &€ G A AR CA GTIT AC
B
DNA DNA
° 9 CDNA  GDNA
500 bp —
200 bp —
100 bp —
<> pq 4> pq P Pd
circ-CCDC66 GAPDH

A:Sanger M FIAE cire—CCDC66 HIFMEAL 55 ; B: IS BRI
FLIKZE AL
1 cire-CCDC66 BYEREBRIE

A B
5
% 6 e
g * 3 204
% ok g oo
S 4 3 154 _oe
§ ol o|® g L2
8 ool o
> 1.0
g 2 8 LD g
S e [
% S 0.5 . : . u
® I l H
o 0 T T T Q ;ll:;
4 & 4 NS> ® =
&N & o G 8ol un
g ¥ ¥ ¥ ¢
~ 3 22 Ca Pa

& & F

A:qPCRAN cire—CCDCO6 FEIE H FLIR AN K ZL AR 40
FIXKF-. 5 MCF-10A 4iIfifl L#R , #+P<0. 01;*%%P<0. 001,
B: qPCR # I cire-CCDC66 T FL i 5 Al 55 40 2 Rk
Ca: FLIRFELL L Pa: B2 414+ P<0. 000 1.

B2 cire-CCDC66 TEFLBRIE P RIEF R

MCF-7

*okk

3

ES

—ol._
T

w

Relative circ-CCDC66 expression
N

]

T T
PCDH-NC  PCDH-circ-CCDC66

o =

w5 P (). 001,
B3 53FRIE cire-CCDC66 YRR B TG AF

2.4 circ—-CCDC66 12 i3 MCF-7 AR pIIEsE 517
BES1  CCK-8 L& &P, 5 PCDH-NC 41 b #4¢
PCDH-cire-CCDC66 41 4 il 75 12,24 .48 .72 h ¥ &2
PR 5 O 2 M TS L ELAE 72 b 2 40 T v He A
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ZB2AHEG 5 L (P<0.05) (K 4A) . Transwell i
e m 4% Bk B, 5 PCDH-NC 21 4%, PCDH-cire—
CCDC66 21 1T 7% 4 i 5l it 241 22 (P<<0. 001) (]
4B) . Transwell {2 72525625 B % B, 5 PCDH-NC 21
%8, PCDH-cire-CCDC66 2 % [ 41 i 5 i & 1% &

(P<0.001) (E4C) . TNk RS, 5
PCDH-NC 4 b #¢ , PCDH-cire-CCDC66 #HAES 3.7 .
14 d¥JE E 2 R A 4 i Bk R (&1 4D) , $7R
cire=CCDC66 W] fie S 5 215 N Jes 40 ML 1) 11 S A
K HRe).

PCDH-circ-CCDC66 —T—

Cell number (cells)

T T
PCDH-NC  PCDH-circ-CCDC66

—e—
—

A MCF-7 B
180 -~ PCDH-NC
& 100 "= PCDH-circ-CCDCES * PCDH-NC
2z
S 140
©
>
o 120
£
& 100
80 T r .
12h 24h 48h 72h
C 20
E 15
PCDH-NC PCDH-circ-CCDC66 _ﬁ
@
£ 101
=3
=4
T 54
o
0
D

T T
PCDH-NC  PCDH-circ-CCDC66

PCDH-NC

PCDH-circ-CCDC66

A s CCK=8 A5 2 2 240 M AN [R] IRF 1] £ A 35 14 5 B Transwell iEAS 5256460 2 21 40 B IE A% HE 1 (200%) ; C.: Transwell {228 S50 4G
02 LR AN AR ZRRE 1 (200%) 5 D« 1 4 AR S 36 K6 0 2 2 240 L 7 AR A 55 7 A 16 1 LR B R MR /1N (200%) o #P<0. 055

*##%P<0.001,

4 cire-CCDC66 TE MCF-7 BT RIZFHIRE T

2.5 cire-CCDC66 REARMI MR BIIGIE Mk —
HIGAE cire-CCDC66 w 1L AE FL i 20 i h i T Be A
FH, H siRNAs (1.2 1 3) 4 & cire-CCDC66 i I 241 il
FERL . qPCR 45 IR | cire=CCDC66 T Rl A A 7 41
i P A 2 3 A si-NC 4 IR BRI, 0 HZ: si-cire—
CCDC6-320(P<0.01)(K5), I, 555 R H
si-circ-CCDC6-3 L AN N RE S5

2.6 circ—CCDC66 B BE 1 MCF-7 4 B i) 15 58 |
BTSN CCK-8LEH LI, ML T si-NC4H,
si-cire=CCDC66 4 = B T AR 1) 48 il 75 M (P<<0. 05)
(F 6A) , #2758 cire=CCDC66 T 2K 10 41 41 fg 4 7
Transwell iTF8 3L 5645 5 7R |, cire—CCDC66 w41 4H
FE T si-NC 2H (9 15 % 40 i %5 B 5 k2D (P<<0. 01)
(K 6B) . 1RZBSIGLER BN, si-cire—CCDC66 4L %5
JIES 210 0 B0l 2 KT si-NC 4 (P<<0.01) (1 6C)
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Bl 5 cire-CCDCO6 By 2 R4 BI TG E

20 M R BR S 25 R R, 5 si-NC A T,
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A b A
12 1 (LR SERIEE 2
A MCF-7 B
1409 o sine SiNC
S 1304 = si-circ-CCDCE6 : T T
= :
Z 120 >
3
3
g 110
2
& 100

si-NC si-circ-CCDC66

N ©

=3 =1
*
*

=)

0

Cell number (cells)

si-circ-CCDC66

*%
30

Cell number (cells)
N
(=}

si-NG  si-circ-CCDC66

T T
si-NG si-circ-CCDG66

D
3d 7d 14d
r - .
. =)
2 o i
<.Z.J “;) \‘—'m
@ a4 @ i Lag
A .
Glo 3
° : ‘ =
©
2 S 4 -
g W . & RE @ @;’\ |
S o & : &
S0 . Y & . v
2 4

A : CCK-8 AN 2 20 20 e AE AN [R] B 1] 55 (12,24 .48 .72 h) 193% 1784k s B : Transwell iE RS SLBG 25 5 (200% ) ; C: Transwell {278 5E
EOZE T (200%) ;D s T AT BR 2 I 45 5 (200%) . 5 si-NC4H H#E, *P<0. 05;%%P<0. 01,
B 6 cire-CCDC66TEMCF-7 AR PR EHI R BT L,

2.7 ®HFRHAMF S H  PCDH-NC X PCDH-circ-
CCDC66 20 MCF-7 21 il 28 7 s 4L 5 | 45 1 A 5L A
B A AT Y — UL Bl B R AP (E 7A) . 4%
FEAR 22 [6] A AH SR 2 M R AR 34 1 T 94% , B
RG] Fe Pk (E 7B) o AR i 0 2k B 1fE (Fold
change>1. 5 H padj<0.05) , 20 ¥E i 61 4~ 25 7 3£
R, Ho B 344, F SR 27 A4 (F
7C~TD) o Xf 22 5 I K 1T KEGG & 4401, K
265 EEE A T 3R DG B« A TR
& (Sulfur metabolism) . & i 1k & ¥ A% 15 48 1%
(Cyanoamino acid metabolism ) [ 7 J& 24 JE 2 1L 1] 18
I ( Cyanoamino acid metabolism ) (& 7E.) .

2.8 ¢irc=CCDC66 i3 3 ik Xt BPNTI. KYATI &
new_gened60 B E RIZMFM 7 G &
il Ak A5 P A3 3 B DA R i 2 B e A gy 3 2% v
e 3 A B R 22 5 RIKEH, 555
BPNTI . KYATI F 3 % 3004 5E M new_gene460., 5
PCDH-NC 4 #H tt , PCDH-cire-CCDC66 2 new_
gened60 F 5KV R, BPNTI F KYAT1 FE K 3 %
TR (B 8A) o Hor1, new_gene460 i ikt = /A FF
Bl E W D e R, AR W 2R VR MR R AR
LRI BPNT1 F KYATT 3 A R e Xt 5 . kit
— 25 B U SR 21 43 A 45 S Y mT SR FRATTAE AR Rt
KB FEREAS 2R qPCR K BPNT1 F KYATI
SR PR IKRIKF . G55 &I, 5 PCDH-NC 4] LA,
PCDH-cire-CCDC66 20 BPNT1 F KYAT] JEH ik 7K
SERE K 8B), HAS 1K 8A F7R 9 RNA I 45cd s — %k,
PR 22 o T A R B RAF IR e YE R E S

3 itig

RWF5E RGN T cire-CCDCO6 1EF 9 2 i
T A K ROILAE Y TiRe . S5 R BN, cire-
CCDC66 TEFL 75 40 M 4l 20 rp 3238 1 3 16 i
F3K cire-CCDC66 1] a5 MCF-7 40 i3 iE 8 12
FERE T T AR o TRIAE, 7 S A e & SR 4R
N, Had Rk AT 5 2 R mRNA A 7K 14 i
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