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Effects of FBI-1 silencing on proliferation and apoptosis of triple-negative breast
cancer cell line MDA-MB-231
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Abstract: This work aimed to observe the effects of short hairpin RNA (shRNA)-silenced FBI-1 (factor that binds to the inducer of
short transcripts of human immunodeficiency virus-1) on proliferation and apoptosis of triple-negative breast cancer cell line MDA-
MB-231. qRT-PCR and Western blot analysis were applied to detect the mRNA and/or protein expression of FBI-1, Bcl-2, Bax,
cleaved-Caspase 3 and Survivin. RNA interference method was used to silence FBI-1 expression in MDA-MB-231 cells. CCK-8 and
colony formation assay were employed to detect the cell proliferation. Flow cytometry was employed for examining cell apoptosis. /n
vivo tumorigenicity of MDA-MB-231 cells was detected by tumor transplantation in nude mice. The results showed that the mRNA
and protein expressions of FBI-1 were higher in MDA-MB-231 cells compared with those in normal human mammary epithelial cells
MCF-10A. FBI-1 gene silencing inhibited proliferation and induced apoptosis of MDA-MB-231 cells in vitro, together with decreased
Bcl-2 and Survivin protein expression, increased Bax protein expression and activated Caspase 3. Moreover, FBI-1 gene silencing
inhibited the tumorigenesis of MDA-MB-231 cells in vivo. These results suggest that silencing of FBI-1 gene inhibits proliferation,
induces apoptosis and suppresses the tumorigenesis of MDA-MB-231 cells.
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1 (factor that binds to the inducer of short transcripts of
human immunodeficiency virus-1, FBI-1) El POK A
BEMEEUE R T, W AN Pokemon. LRF. OCZF,
TIP. ZBTB7, ‘& /& POK % 3% il ) 52 Ik i 04 2.
— Bl FBI-1 1 Ay FLAT J5 Ji J DR 355 A 1) 6 S 41 o [
T, AT 2 A R R R g B A R, MY
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R R FE b i G e Y AR oK, FBI-
EFLIVE . e SR . S A4 iR A
FaEZ R R A R RIE O B RE R,
FBI-1 5 KR/ BUISZERR AR ASE T ), bR FBI-1
[ /0> BRIV 6 B 4T 4 40 Pl (mouse embryo fibroblasts,
MEFs) k% [ #AL M AZ K BE /), il % i& FBI-1
[¥) MEFs Il %% £k, 6t /3 5%, g 2556 B n ke s Lin
S B Py AN S BE A R, UER FBI-1 B 08055
FFJE 40 B fO M8 5 . Yuan 25 P B 50 SRR, 45 il /)
B grp 170-FBI-1 54405, FL it A K32 31
AR, I BN B AR I 1A ] B A AR
FBI-1 7£ FL g o i AR FH B AL i AN i AT 5%
AT IR 72 2R FBI-1 2 59 = [ PE L I MCF-7
YU EY - /EFLRRKE MCF-7 i, FBI-1 ik
B FLAR B MCF-10A 4l s, ifiyiEk FBI-1
Bedmi] MCF-7 4t e it — B 4Rv] FBI-1 £
=R FL R PR F B ok T AR R, AR AT
DA = B P 5L MDA-MB-231 4l AT 785 42
8 1 55 & J2 0k RNA (short hairpin RNA, shRNA) T+
PUBRTER FBI-1 B[R], e il 4 i 18 5 55 4 P o 1
150, Al Bel-2. Bax. cleaved-Caspase 3 A1 Survivin
f B Rk K, e I 4 0 O AR BB R
DU R SR B X = B PR UM VR 97 R 4 s S L
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1 BHRS %

1.1 #8

1.1.1 ¢ERE¥kFIEhE A IEH FLIR b R4 MCF-
10A ¥ [ 728 [ A 0 B b AR o0 s N = B LR
JiE 41 il MDA-MB-231 W [ H B R} 5 B b g A= ikl
SEWE T B 4N M ZE . SPF 2 BALB/c # iR, M, S
Jls, R 16~18 g, HIJ PHEERL K=Y L
ORI [ SHIES « SCXK (K ) 2014-0002]. fifrf sk
B BT b B 38 28 3k T R B K 2 B R = B e
PR Gy et

1.1.2 Z@m&RH AR E AR 5 (mam-
mary epithelial cell medium, MEpiCM) F1FL i _E 57 41
Jiw 2E & A -F (mammary epithelial cell growth supple-
ment, MEpiCGS) (100x) iJ H ScienCell A ] ; ff%f
1Ly (fetal bovine serum, FBS) Fl DMEM % 5% 3t i
A LLE31 Bioind A H] s 5% 3 - #E & R IER (100%)
J&J 1 Hyclone A 7 ; CCK-8 k7 & 6 [ Filg-Lilg &
ZEYIRIE A R A 7] ; Annexin V-PE/7-AAD & 1=
4 77 &5 % H 3% B BD A ] 5 TRIzol {5 ) H
Invitrogen A &) ; W % 387 & F1 SYBR % € &
PCR X704 [ TaKaRa A& . S2IGHH 514
ML E W R AT BR A #]4 BR s Bel-2 Fl Bax it {4
V) B UL RE T3 R AR A R A W] 5 cleaved-Caspase
3 F Survivin $ii1& H CST /4] ; FBI-1 fil GAPDH
LRI F 3 E Abcam 2 #] 5 BRI A AYBE AR
1 2£ 514 1gG W [ 25 [H EarthOx A& 5 45 F e tn
. RIPA 2R BCA B8 A9 B Ml s k571 &0
R ERH AR A A

1.2 £

121 ZABAEEFHF  MCF-10A f & 1% MEpiCGS.
100 U/mL 7 %5 %. 100 pg/mL %% %5 2 ) MEpiCM
K773k, MDA-MB-231 4l & 10% FBS. 100 U/
mL % %. 100 pg/mL 5% % %K () DMEM #£% 7% 4,
BT 37°C. 5% CO, 455 7=/ 15 9%

1.2.2 1BHEME  FBI-1 T8k E 410895 5 0k
ISF e St R 175 25 SR Eh 775 P 5 30 356 IR B 4 A PR A ]
P, Polybrene FH 75 /M 7 ¥ 3 [K i 4> 47 R 2> =] 2
fit, FBI-1 shRNA J5 %143 %]} : Lv-shFBI-1-1 : GCT-
GCAGCAGATGATGTCATC, Lv-shFBI-1-2 : GCAG-
CTGGACCTTGTAGATCA, Lv-shFBI-1-3 : GCGT-
CATGGACTACTACCTGA ; BfEXHR (Lv-shCon) 7
%4 : TTCTCCGAACGTGTCACGT.
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%4, Lv-shFBI-1-2 21 1 Lv-shFBI-1-3 41 ; %% L[ {4
X} 8 Lv-shCon ({48 il fi 44 4 Lv-shCon 2H ; 75 F %}
HAZH fir 44 9 MDA-MB-231 4.

124 CCK-8 & MAMpmEM 44 Lv-shFBI-1-2
1 A1 Lv-shCon ZH % %5 4= K W1 i 40 i BLBE AL 2 x 10°
A~ /100 pL R0 96 fLbk, A& 3 ANE AL, 45
K97 24, 48, 72 #1196 h j5, BEfLIMA 10 pL CCK-8
ARG TR, 1 h G BRSSO %L 450 nm
KOG (4) 8.
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Ji 35 TR A6 Hh g B R 7 14 o PBS /MO BRI 2 4K,
100% (1) B i [ 52 15 min, 0.1% 45 &b 48 7 &t 15
min, WKL GEH, EIPERTE. 5
TR T 50 AN e RE R, SRS THE SRR T AL
R, TREIEREE (Yo) = ( FEREEL / FEFPEHEL ) x 100%.
12,6 RAABRAREMABAT 700k Lyv-
shFBI-1-2 41 fil Lv-shCon 2040 il [z 55 7% %5, F #iA
PBS Pk 2 IR, BUE RS SR E B M, R
Y RE A 5 x 10°/mL, 43 HIE 100 pL 40 25 &
TR F, i1 5 L Annexin V-PE #15 uL 7-AAD,
BAEYE, ERENFE 15 min, 1A 400 pL &5
AR, 300 H JE e Wtk 38 J R i A i R
I T

1.2.7 qRT-PCR &l mRNA B FRix 7l
MCF-10A 1 MDA-MB-231 41 Jifd, F] TRIzol 2% #2 B
F Y RNA, FFMERE. ™ 4% i TaKaRa
R BV T8 M QRT-PCR.  FBI-1 il GAPDH
(51 R0 v 264 2 2% ek . LA GAPDH {E A A
%, F 2% A5 H A mRNA IR RIA &
1.2.8 Western blot #MFEARFRIE 7 allsE
MCF-10A Al MDA-MB-231 #Hififd, 764> 24 5 42 Bt
MAEEH, 25 ug AR, %4 SDS-PAGE MK 7y
2 )5 ¥ % % PVDF JE, FH & M1 (5% BSA/TBST)
HH 1 h, BT FBI-1 (1:10000 #%#% ). Bel-2 (1:500
FikE ). Bax (1:500 #i%% ). cleaved-Caspase 3 (1:1000
i )+ Survivin (1:1000 # B¢ ) 1 GAPDH (1:10 000
FikE) —Pi, 4°CHFHE LR, TBST HEME 3 &, N
APt (1:10 000 FkE ) % T#HFE 1 h, TBST Jifi

3%, ECL #%i %5, UL GAPDH {E NN %, Imagel

VTERFBI-13£ K X MDA -MB-23 14H Jfu 38 5 R T~ 1 520 499

AR KM K EEAE, WE K& KEES NS %
7 IR FE AR LUAB A/ E AR Rk

1.2.9 ZHAAR TR S iE ¥4 Lv-shFBI-1-2 ZH
Lv-shCon ZH % 2042 K H (1) 40 B o) ol SR A A 2, 7
T 26 T A 1 mL 3 528 25 Sl 78 5 B 4H 4R BRI A
VAT BE M LLARE AR 1 x 107 4> /200 pL #3847 %7
M, A3 R, gk 4 EE, SRR ET
MM EES .

1.3 GiitEAE KA SPSSI17.0 kAT 04 43
BT, TR 45 R PL mean + SD %on, 24 [A] Lb#
KH 7 Z 0, AR ECRH 5%, P<0.05
AN ZE e B Giit 5w X

2 H#R
2.1 FBI-1 mRNA R ZE HZEMCF-10AFIMDA-MB-
23140 h Ry FRIZK T
qRT-PCR Al Western blot 45 % & 7%, FBI-1 mRNA
(FE 14) A A (FE 1B) 78 = BA 1 2L AR 41 i MDA-
MB-231 H {235 /K 7 B & v 1 1E 7 LR b R 4 i
MCE-10A (P < 0.01).
2.2 R MshRNAXTMDA-MB-2314BFBI-1
mRNAFIERFIEHI M
735 F qQRT-PCR F1 Western blot A& 155 75 4% 4k
MDA-MB-231 4 Jfl J& FBI-1 mRNA F1 & [ [ % ik.
5B IR, 5 Lv-shCon 41 2 MDA-MB-231 41 tb#%,
Lv-shFBI-1-1 #f. Lv-shFBI-1-2 20 f1 Lv-shFBI-1-3 £
FBI-1 mRNA ( & 24) f5H (& 2B) BIRIEK T
2 EBEAK (P <0.01), - Lv-shFBI-1-2 41 1)1 fil] %
B, PERUTBRACR Bl . Rl B Lv-shFBI-1-2
AT G 50
2.3 STERFBI-13MDA-MB-2314H 1358 54 2%
CCK-8 ¥:45 R, 5 Lv-shCon #1EL#E, Lv-
shFBI-1-2 4 MDA-MB-231 Zil i 3 ' 75 5% % 72 h #l
96 h I B EFEML (P < 0.05 5 0.01, & 34). Taf&E &
S 4k LR R, Lv-shFBI-1-2 21 2 o 7 [ T ik g
¢ Lv-shCon 20 & [£IX (P <0.01, ] 3B).
2.4 SBRFBI-13MDA-MB-23140H T8I =20
mA gl AR g R EoR, 5 Lv-shCon 4 L 4%,
Lv-shFBI-1-2 41 MDA-MB-231 48 il 5. 31 1 i 3 2
O T 25 2N (P < 0.01, & 4).
2.5 STERFBI-1XMDA-MB-2314HfBcl-2, Bax,
cleaved-Caspase 3f1SurvivinZE B RiARI 5200
Western blot 45 % 2 7, 5 Lv-shCon %4 H %%,
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Kl 1. MCF-10ARIMDA-MB-23141/fg ' FBI-1 mRNA M (4 %A K
Fig. 1. Expression of FBI-1 mRNA (4) and protein (B) in MCF-10A and MDA-MB-231 cells. Mean + SD, n=3." P <0.01 vs MCF-
10A.
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Kl 2. 5 MEshRNAXTMDA-MB-23 141 i FBI-1 mRNA J 8 [ %12 ¥ 5§ 1
Fig. 2. The effect of specific StRNA on the FBI-1 mRNA (4) and protein (B) expression in MDA-MB-231 cells. Mean + SD, n = 3.
"P<0.01 vs Lv-shCon.
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Fig. 3. The effect of FBI-1 silencing on the proliferation of MDA-MB-231 cells. 4: CCK-8 results. B: Colony formation assay results.
Mean + SD, n=3. P <0.05, "P <0.01 vs Lv-shCon.
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Fig. 4. The effect of FBI-1 silencing on the apoptosis of MDA-MB-231 cells. Mean + SD, n=3. P < 0.01 vs Lv-shCon.
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Fig. 5. The effect of FBI-1 silencing on the protein expression of Bcl-2, Bax, cleaved-Caspase 3 and Survivin in MDA-MB-231 cells.

Mean + SD, n=3. "P <0.01 vs Lv-shCon.
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Fig. 6. The effect of FBI-1 silencing on the tumorigenesis of MDA-MB-231 cells in vivo. A: Formed tumors were obtained and photo-

graphed 4 weeks after inoculation. B: Tumor weight was measured. Mean + SD, n=3. "P < 0.01 vs Lv-shCon.

Lv-shFBI-1-2 41 MDA-MB-231 4f Jff * Bcl-2 £ Sur-
vivin £ [ R IAIKF U] FEAL (P < 0.01, KEl5), 1M
Bax. cleaved-Caspase 3 & HRIEZ/KFEE & (P<
0.01, K&l 5).
2.6 TEAFBI-13tMDA-MB-23 140 pa 748 R phi
EKrFm

YT R R SE g gl 2O, 5 Lv-shCon 41 Lk
%%, Lv-shFBI-1-2 41 MDA-MB-231 4 Jfl 7 5 (1) i 98
PRAR B R (B 64), iR i) B & 3 R (P <
0.01, & 6B).

3 #ig

FBI-1 fif7 T A5 19 SR8 1 X 3 77
Hhi 3 0 (19p13.3) [ ZBTB7 R:K 9wy, Hr=#yi&
e — el B T R DRV 1 (9 e S A R 7. FBI-1
AT 22 T b e 00 o 5 DR R SR e B TR 10 B3, RS 2
ol JEL e 35 DR P 2 SR el R, AR PR A TR 9 1,

AR SR 2 THF 9T % B, FBI-1 76 FL AR . Wk 208,
e « 1 500 R e AR e 5 22 P i vh i 3R
E Jif g8 (1 2B FDR J8 v 2 3 S O A U Y,
L 40 23 A FBI-1 30 I8 B 0E 3 FL R 4 2R 7L
WA AR R, AR R kLSS R i LR
R, FBI-1 REHm 0, HkMum e,
AT 45 B B R, FBI-1 mRNA F12E (A 76 =B PR3
Ji g 20 il MDA-MB-231 w1 ) R 38 K P 91 & 5 F IE
LR L 40 MCF-10A, 427~ FBI-1 £ =FA 3
FRE 1) R HE R R Hh Rl e e AR A

7 e 97 0 0 ) R 200 A R 4 A 5 e 11
AR PR P S PR, A A e e s B A
T #E3 DR AT R R 7 8 1 0CHE R M B A
iR, UUER FBI-1 BRI RIE G, =PI FLE
S 41 i MDA-MB-231 {4 41 41 i 35 14 B S5 PR A, o
FETERCRE ) W3 N, AN TR RS, HAK
PRI BE 1 35 PR, KB FBI-1 25 =B AL IR
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e 240 L P 164 B S A0 ) 4B PR T, FBI-1 AT RERCAYA
I7 = I FL R ()08 AR A A

Bel-2 25 [ 5% e 76 R 45 40 i 0 T2 3 FE b ok 15
HEREEMRMEN, Bcel-2 1 Bax & Bel-2 i
REVEMFE T A SRFE R ", Bel-2 2 H)HE T 1 &
H, FEIESELRARIMERIEER, LR
SEREVE, T BELIBT 20 L 3 C ARG, o1 2 P 0
121, Bax 2R AT R A, £ BRIk ik
AP REENE, (R EGER C. WTHSE M
T B B0 DR S5 RE I, a3k T30 Caspase 2248,
fEBE AR T Bax/Bel-2 BUAR e 52 20 i o 1 T2 )
MU, ISR R AE R R B IR o T AR
98 &4 B S on, UTER FBI-1 B[R %15 J5, Bel-2
EARREHE T, Bx EAKNEEZEE LA,
Bax/Bcl-2 1 & 345, 5 Zhao 2 P F1 Zhang &% *)
75N 9o 24 B RO 0T e &5 SR A — 80, R B FBI-1 2L [A]
DUER A S MDA-MB-231 41 fi 7 - 14 5 7 LI 7] fig
5N Bel-2 ik M1 i Bax Rk <.

Caspase 55 [ 1§ 5 i 2 4 I3 T2 F2 10 )3 sl AT
17, Hr Caspase-3 J& 5| &I T2 1) 25 i 4 K I
NG B, B AN R A R T O A
Mpuar B, IEF TSGR, Caspase-3 LATGIEE (¥
JEIAAFAE . EZMFATAS SR T, BEEp DI
S, 15405 [ Caspase-3 B A5 7E K & & PRk Je
Ja VI KRR 77, WTDAMESRAR . 4%, 4R
AR PR RS, AN 5] 4 PR A [ 4
PR AR AL, (M PR IR T/ MA P2 DR,
Caspase-3 ¥ 1 589 0 A2 240 ML 8 T () AL O T4
#ill 2 1 X ji% (inhibition of apoptosis protein, IAP) #2 il
M T RSy, EAEH 2] Caspases 24
s e Survivin A2V TR0 B A SR A AR T AR
R T A R, AR T @ B A R s
BRSO Caspase-3 RAEHURA TR, H
MERESMREE. RELTUGAREZEDIH 2,
A8 SR, 75 4 i o TR FBL-1 R I8 )5,
Caspase-3 #IGE, ek - P, zu 2 W A5
27K, Survivin /& FBI-1 ) §8 & K 2 —, FBI-1 7@
it B Survivin F)FRERSEFLE IR . A0S
WoN, UUER FBI-1 JERI) KL J5, Caspase-3 34t i
FEHh0, Survivin 85 F A RFFG, X AEEE FBI-
FERPTERES MDA-MB-231 4 E TR R 22—

gx B RTiR, FBI-1 7£ =B 4 3L 7 28 e MDA-
MB-231 2 m 3Kk, ¥ A Yk FBI-1 2 K Rk nT

DA MDA-MB-231 4 ffd 3 5, 75 5 4 i 08 2 9
) 40 B A BB T g e T, HLHI AT RE S T 1A
Bel-2 Al Survivin 85 H 3 & . [ Bax 8 H &K IA L
S Caspase 3 K. AP S Rt x, Wil
) 4] FBI-1 1508 o] R BCATE T = B 1 LR 8 1)
B R .
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