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ik, HH Kaplan-Meier 4087 TNBC 4 circFBXW7 £AKFS5HUF X ZR, I Cox [T a4
TNBC BEM WG K. H CCK8 325 . Transwell 5245 . qRT-PCR M%X TNBC 40 itk MDA-MB-231 Fi
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Abstract Background and Aims: Circular RNAs are a class of important regulatory elements that are involved in many
cancer processes. It was reported that circular RNA FBXW7 (RNA circFBXW?7) plays a tumor suppressor role in

glioma through encoding a novel protein. However, its function and action mechanism in triple-negative breast
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cancer (TNBC) is still unclear. Therefore, this study was conducted to investigate the role of circFBXW?7 in TNBC
and its clinical significance.

Methods: The fresh specimens of tumor tissues from 240 TNBC patients and their clinical data were collected.
the related prognosis data were also collected. The expression levels of circFBXW?7 in these samples were detected
by qRT-PCR, the relationship between circFBXW?7 expression and the prognosis of TNBC patients was analyzed
by Kaplan-Meier method, and the prognostic factors for TNBC patients were determined by Cox regression
analysis. In TNBC cell lines MDA-MB-231 and HCC1806 after circFBXW?7 over-expression, the changes in
proliferation, migration and invasion abilities as well as miR-197-3p expression were examined by CCK8 assay and
Transwell chamber assay. In above two types of cells after circFBXW7 knockdown and simultaneous miR-197-3p
inhibitor transfection, the changes in proliferation and invasion abilities were measured by colony formation assay
and Transwell chamber assay, respectively.

Results: The average expression level of circFBXW?7 in the tumor tissues from the 240 TNBC patients was
1.043£0.268. Using 1.043 as a threshold value, the results of grouped analysis showed that both overall survival
and disease-free survival in patients with low circFBXW7 expression were significantly shorter than those in
patients with high circFBXW?7 expression (both P<0.05); the circFBXW?7 expression, histological grade and
TNM classification were independent influencing factors for the prognosis of TNBC patients (all P<0.05). The
results of cytological studies showed that the proliferation, migration and invasion abilities as well as the miR-
197-3p expression levels of MDA-MB-231 and HCC1806 cells were significantly reduced after circFBXW7 over-
expression (all P<0.05); the increased proliferation and invasion abilities of MDA-MB-231 and HCC1806 cells
induced by circFBXW?7 knockdown were reversed by simultaneous miR-197-3p inhibitor transfection (both
P<0.05).

Conclusion: The circFBXW?7 expression plays a suppressing role in TNBC, and the mechanism may be associated
with its competitive binding miR-197-3p and thereby inhibit the proliferation and invasion of TNBC cells. It may
be a novel prognostic biomarker and a potential therapeutic target for TNBC.

Triple Negative Breast Neoplasms; RNA, Circular; Cell Proliferation; Neoplasm Invasiveness

CLC number: R737.9

FLR i 2 A B0 L g R L Y R T b R
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cancer, TNBC ) J&ZL M9 ) —FR R, ANk
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(PR) o &R ERIEEGIGIT Ik, *RBITNBC
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i, BIRRNA (circular RNA, circRNA )
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FEIN A circ FBX W 7 7] 3 o 36 4+ P W ff miR-197-3p
IS FBXW7-185aati 1 F I FBXW 7N K ik,
T ) L e i B BT SR, cire FBXW 77E
TNBCHAEH X HLEIAD A WG R . A0SR B E R
circFBXW7Xf TNBCAH Mu i 38 5 . 42 22 PEny 52 .

1 #RlEFE

1.1 IGRERAS E R

It R bR AW 8 T M20054E3 H 3 H—20114E9 A
26 H v il o2 g By v O BB A I TNBC R
(4 240 151) 35 6 I e REAS | REE I U ) D S AR DL 1
sH AR B ETo4E JR R A . i VIR 4 4Ly
S B3R ARNAlater ( Ambion, TX) H; 25 &M
Bl 7, 0 SR PR A . 3 IUAIE 5 28 op 1L oK A i
S B 36 R0 A B 2 B A b, R HR I R R e R
FFAT. S 5ARMGEATC RS BT A B T 0
) o 24001 B A HEAC G K TR UL R 1 .

R1 240 GIBEWMERIGEKZR [0 (%) ]
Table 1 The general data of the 240 patients [n (%)]

ekt e
Ay (%)

<50 136 (56.6)

= 50 104 (43.3)
LTI

I~1I 144 (60.0)

[MI~1V 96 (40.0)
REZERA

[YERES 123 (51.3)

FHE 117 (48.8)
g RN (Cem )

<20 218 (90.8)

> 2.0 22 (9.2)
P (F 2

i 144 (60.0)

I 96 (40.0)

1.2 Hpatk R EZXF
NZETNBCATHEAEMDA-MB-231, HCC1806JH
HCEATCCANM R, 200 ih S 15 R AU i
101t . MDA-MB231F1HCC 18064 il % ¥ & 32 J5i {A&
K HAb 5 Y Y& . RPMI 1640 HIDMEM (4.5 g)
Worke . BREAME. KA MmE (FBS) A SKEE
Gibco~H), # 4k Lipofectamine 2000, TRIzol
[173] ﬁ%@lnvitrogen/ﬁﬁl , SYBR Super Mix iz 5] W
H H ZA&Takara, PCR5|¥ M H GeneCopoeiaﬁ [ 2
A, CCK-8ik# & H HZIKDOjindo, Transwell/
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%z (fL4£3.0 pm ) W H EE Corning/A H), Matrigel
FEJT I H EEBD/AH] o circFBXW7 shRNAIE A
GeneCopoeiafi FRAF] .
1.3 qRT-PCR &%l circFBXW7 7£ TNBC H#H

FRRIE

FLOWR a8 2 200 A M 4 B R Ol BT R
TRIzol 2% L B ELRNA , j*”fi‘,ﬁ,‘?{CeneCopoeia}iflﬁ"j5?L
R & VL 56 %5 cDNA, FISYBR Premix Ex Taq
#E4TqRT-PCR. LIGAPDH AN Z . FIH4 5086 4H
HRH NSRBI CHE, #BAXACt=CtH
(IFER -CtN B3R, DI 2O H i 2R R Y
Xk, FTAH qRT-PCRAMHT {8 FlBio-Rad
1QTM5 £ (4 52 3 6 @ B PCRIGI R 48 (6 ) iE
1o RIVIRZR N20 uL, B MEEARTE IR,
1.4 FHEEFLE

WA A MY Ncire FBXWTH & K
cDNA, FHKH R pCDNA3. Oz K LIy
it Rk, BiEqRT-PCRIEMZCE, A
Lipofectamine 2000 f754 4y, 57 4> 3% 5% He v 41 ify
HERKEA50%%E; EiR NFEF20 min, fIE SR
Bk G R AR A CTC NTE R IR
WA S, A B i Qe 0y B S A M B AR
W E24~48 hfm, WoAELM, fhiE GRNA, &
M. microRNAﬁﬂfﬁU%Ufﬂ*ﬁTy\%EBGeneCopoeia/L\\
Al .
1.5 CCK-8 #& il 8 a1 58

il £ PRI M B VR . HRUT B B I A MDA -
MB-231HIHCC 18061 1041 Jitd /£L ) % & 2 Fh 7E 96 L
Mo, LR EIANEIL, WHE48 hg. HAfLT
IIAT0 pL CCK-8¥S MR I 2 G Al iy A it v, o
1E37 C, 5%CO,MMRATEh IR, WE2 he fif
FH R i TR 5 AR B PP A 450 nm B B OB RE .
1.6 Transwell INERTMMEATH SELEEEN

HWE, T E T Transwell 2087, UEE
FasE YL i 0 H, L2 x 104> B I 20 i i B TS IfiL
BRI, AL EIANEIL, RIEHEBEEIK
AR E T, IR 209% M 4 135 VE ¥ Ak 503 n
FFEHLE3T CHIS%CO, M T 48 him, JHHZF
PE L R0 M, B B R Al A =R
AW FERE30 min, SRIGESIR T S MER M,
THEOF U -
1.7 ZEEREER

THAL A 3G %, A1 x 10°™> 4l i 4
LB R TS fLACT IR R IRAR T E 7~14 d,
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7 AR AT 00 25 31 40 il 4R V& T iU 1R R 5% . HTPBSTE
EERAR MR RIS, WY 40 AR V% 10 min, {8
BT 55 TR A i TR, A0 1 % 45 & 56 G
15 min, ZJ5, XEEIATHIRFIE
1.8 ZitZ4bE

A S0 K ds N I SPSS 16,08 4 17 48 31 4%
B, 24 Z 8 0 FL BRI R 56 70 x PR S 17, AR
JEKaplan-Meier 572 HlOSFITCIR 447 (DFS )
2, Il M Log-rank R B 4T Ho L, MFAR Y KR
TR TR A G B A . Cox 713 43 HT circ FBXW 7
BHREMZHNRSEA KR, LSRR E
(HR) o P<0.050 25 A 578 L.

0s

100'%

50+

RBUEFE (%)

—— k&L
—— Rk
P=0.0275

0 50 100 150
AAFISIR) (A )

SR 5530 %
2 & B

2.1 circFBXW7 ki 5 TNBC EEFEHX &
2406 TNBC /8 % Fr fif 5 20 20 b A h
circFBXW7H - RIEKFH1.043 +0.268,
DLV 35 & 3k K- ORI A, B BE b
TR (FikH>1.043) FMEFEIXA (EKEH
<1.043) , Hrpm&kikdl10064], fKEEL 1400,
RRBHIET H286], B R A30H]; mEREH
Fer-104, E & 124, Kaplan-Meierd: 7753 #71 i
7, AReire FBXW74 & OSHDFS Y B B i T
fcircFBXW74L 8% (#P<0.05) (KE1) .

DFS
100 4
& 504
4
=
s
Bk S ST
—L EER
P=0.0438
0 7 T
0 50 100 150

Affmsial ()

B 1 7[R circFBXW7 &RixsKF TNBC B&H) OS 1 DFS fh £k
Figure 1 The OS and DFS curves of TNBC patients with different circFBXW?7 expression levels

2.2 TNBC 2EWEEZS

MR R Cox MINHA T B8, B0 . M
AR/, RS . TNMAAW . circ FBXW73
IKETNBCHEH WG MmN &R (#P<0.05) 5 £

A2 Cox [0l 0 1 W7, ZHE1% 049 . TNMZr3y .
cire FBX W73k 2 TNBC 3 1 5 i 0l ~7 5% i R %
(#P<0.05) (F£2) .

*2 BEZRMEZEZR Cox @EIFNH

Table 2 Univariate and multivariate Cox regression analysis

28 LS EAEES i

= HR 95% CI P HR 95% CI P
Ay (550 2 vs. <50 %) 0.976 0.653~1.458 0.904 1.203 1.239~2.369 0.161
ARG (G3vs. G1~2) 1.722 1.097~2.702 0.018 1.756 0.962~2.754 0.043
JibseE K/ (2.0 em vs. <2.0 em ) 1.934 1.115~3.356 0.019 1.504 0.845~2.674 0.165
KRS (PR vs. BIPE) 1.978 1.269~3.081 0.003 1.468 0.913~2.361 0.113
TNM 433 (III~IV vs. I~11) 2.342 1.560~3.516 0.001 1.779 1.143~2.769 0.011
circFBXW7 3k ( Eaik vs. [R5 ) 0.189 0.105~0.339 0.001 0.215 0.119~0.387 0.001

2.3 circFBXW7 xf TNBC 4 ff1 3% 5 i 24 i

J T BF5E cire FBX W 77ETNB C 41 il i) 2 4 2
e FAVER, M8 T cire FBXW 72 KK 84K, If
KE T HAEMDA-MB-231MIHCC 180641 s & 1 (1)
fEH, #REBR, JRIEATNBCA MK (MDA-

© WA )T i [ & F I F 2P H

MB-231, HCC1806) MecircFBXW7% ik 5
T R4l (HP<0.05) (F2) o 405 I e 5
g R, circFBXW7RHY I R E B TNBCYI L R
(MDA-MB-231HIHCC1806 ) K354 Ak 1 B & [
it (¥P<0.05) (KE3) .
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B 2 circFBXW7 7£ TNBC ZHAf#% f it ik 36 1iE

Figure 2 Verification of circFBXW?7 over-expression of in TNBC

cell lines

2.4 circFBXW7 xf TNBC iR EH%. BEH
A
Transwel IS 45 R B IR, circ FBXW7H) 3T
TR B T X PRI TNBCA L &R T B RE
(¥JP<0.05) CE4) , A JE T e £ D ik =%
ikecircFBXW7)5 Wi TNBCAH I & 19 /2 28RE 1 (1
P<0.05) (K5) .

HCC1 806-c1rcFBXW7

HCC1806 Iﬁﬁﬁﬂg
7 ) - ‘.' ) . \‘

l.
/e S 5 -,.'.'.?.\9
o S N ¥ 9 “au’ i
‘u’?‘ "”v’. : .
c E LA O i \ \
5 A gt 4.%“ -.-" -
» & *°'® oo
o .\.’. \‘- - ': - “- . Wra ik o4
MDA-MB-231- B4 iE MDA-MB-231-circFBXW7
L i N
g ¥t S e
‘ ‘ WL L ’ '-. i
o 1 T M ¢ 67
- 3 LA™ » | . S o
":“( . . o ® 7,
:’ ‘ .0 _9‘ 3% .
' ‘. Aﬁ. l;- . .. . "L _‘:

B3 @ik circFBXW7 Xt TNBC ZRAIG5HAE 71 AR 00
Figure 3  Effect of circFBXW?7 over-expression on proliferation

of TNBC cells

2.5 ERiE circFBXW7 X miR-197-3p RiZW &
il

qRT-PCREZ R W /R, I KIXATNBCH M
(MDA-MB-231, HCC1806) HAmiR-197-3p#

B WA T XA (P<0.05) (&6) .

4 JFRiA circFBXW7 3f TNBC AT AL I
Figure 4 Effect of circFBXW7 over-expression on migration ability of TNBC cells

HCC1806- FAMEXTEE  HCC1806-circFBXW7

MDA-MB-231- BAP4:%F i MDA-MB-231-circFBXW7

5 iFF&Ri% circFBXW7 3t TNBC 4HAZ1E 248 /1M 00
Figure S  Effect of circFBXW?7 over-expression on invasion ability of TNBC cells
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B 6 EF&iX circFBXW7 Xt miR-197-3p RiXHIZ M0
Figure 6 Influence of circFBXW?7 overexpression on miRNA-197-3p expression

2.6 Ml miR-197-3p Xf circFBXW7 B BT &Y
4 RS FE AN 1= 28 B8 J1 18 5R A 2 M
TERBR cire FBXW 7 B9 41 B 4% Y miR-197-
3pdiilF, FHEITTranswell 52565 1 5w BB AL
SIuy, ZER R, WA miR-197-3p )5 Al Bl D

23 AR R

AN IR

E 7 #M&l miR-197-3p X circFBXW?7 & B& BT 5 & 20 B 34 58 FN 2 22 f

B: Transwell SZEGKG{RZ2HE 11

sh-circFBXW7

sh-circFBXW7

Feire FBXW 7 97 B0 40 16 3 500 £ 22 B )
3R (BP<0.05) (7)o &R,
cire FBXW 7] fig & i miR-197-3p B HE/EH, i
M miR-197-3p, WAL, 406
K.

sh-circFBXW7+LNA-miR-197-3p

sh-circFBXW7+LNA-miR-197-3p

. B

ENRERM A SRR R R I  AH AE

Figure 7 Influences of miR-197-3p inhibition on the increased proliferation and invasion abilities induced by circFBXW7 knockdown

A: Colony formation assay for determining proliferation ability; B: Transwell assay for determining invasion ability

”

3 i

!

JUE W RNGTY FBRASE T —Em AR, H2
FLIR IR AR L e AR RE TP AE T Y R B N P
circRNAJE N ZBAE P R E AN 72, BEE
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BE, JB&THEEIERGRNA R W4, HAr
fiIE S 4 U SR g i feoe 20 24 Rk,
O A A [ A 55 /N2 O i LSS T 2 R0 S (2
FEFLBR I AE N ) M T REPEcire RNAPY, X 88
circ RNATE Z P iE bt J 56 9 ol i s 1 P2 8
WP Pleire FBXW 7 HATMIE/EH, 76 1E 8 N4l
ZUh R Rk, M TR b R R, B,
TNBCH cire FBXW 7 (1) 4= 9 % ) g AR AT S8 R v
. AR T eire FBXW7ZETNBCH AYAE
HL Bl IR (8, ff Al Kaplan-Meier 58T T
240 TNBCH# F i circ FBXW 7 35 K F R IFEHI 08
MIDFS, 458 &M cire FBXW 77K 3 4 7L 1% i i
HHOSHIDFSHE 22, HCoxr & B, mEk
circ FBXW 7 /8 & 6 T2 09 KUBS: B 8 T vy o X sb g
FK W cire FBXW 7L R IX 5 TNBC B #5822 15 IR
s B YIA G . B AT DA AfEWTcire FBX W 7 7] BB J2
TNBC 2 By 7 9 f5 &

2 HTE Z W WE S R A T TN B C 4 i &R
(MDA-MB-231FIHCC1806) HcircFBXW7
) 2%k K, H R OKFEBEAL, it R
circFBXW7)5, HCCK8ZEAMMDA-MB-231 4l
HCC1806 4 il 3 58 1% &L I i H Transwell/N%E %
S I 20 FEL Y AR R BE ) o a5 R B TE R 4K
g, 3FFEMDA-MB-231HHCC18064H g
circFBXW7/KFJ5, BEMH TMDA-MB-231 7
HCC18064 fl i34 58 . {222 RE 1, [AIm, A4t
ML miR-197-3pF kAP W] B REAR ., SR, il
FHmiR-197-3pM I J5, circFBXW 733k AL
Y 41 i 1 BE RN AR 22 RE sk A AR . DL b
gERPIR, cire FBXW 7 1] AE 3 o W ffmiR-197-
3p, WAL, B R R R .

Mz, AR EY, circFBXW7 0] LD
HITNBCH &4 KR, HAEH LG AT 68 5 8 o
miRNAEAAE W M miR-197-3p iy 1EHIA K,
cire FBXW 747 B i A TNBC il i A ) b i ) S P A
IRIT AR .
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