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The effect of RUNX2 on apoptosis of mouse breast cancer 4T1 cells under hypoxia

LIN Yun, XU Shuang, QIAN Cheng( National Key Laboratory of Medical Immunology & Institute of Immunology, Second
Military Medical University, Shanghai 200433, China )

[ Abstract ] Objective: To explore the effect of Runt-related transcription factor 2 ( RUNX2 ) on apoptosis of mouse
breast cancer 4T1 cells under hypoxia and its mechanism. Methods: Western blotting and Real-time PCR were used to
measure the effect of hypoxia on the expression levels of RUNXI, RUNX2, RUNX3 mRNA and RUNX2 protein in 4TI
cells; small interference RNA ( siRNA ) and eukaryotic recombinant plasmid DNA over-expression technique were used to
down-or up-regulate the RUNX2 expression in 4T1 cells respectively; Co-immunoprecipitation was used to detect the bind-
ing of RUNX2 and other proteins in 4T1 cells; Flow cytometry was used for the detection of the effect of down-/up-regula-
tion of RUNX2 on apoptosis of 4T1 cells under normoxic/hypoxic condition. Results: The mRNA expression levels of
RUNXI and RUNX2 in 4Tl cells were up-regulated under hypoxic condition ( P <0.05 ), and the protein expression of
RUNX2 was significantly elevated ( P <0.05 ). Transfection with RUNX2-siRNA-1415 or pcDNA3. 1( - )-RUNX2 could
significantly decrease or increase the RUNX2 level in 4T1 cells, respectively; Under normoxic/hypoxic condition, apopto-
sis rate of 4T1 cells that transfected with siRNA-RUNX2-1415 was significantly increased by comparing with negative con-
trol group( normoxia: [ 12.83 +0.2404 1% vs [ 9.3 +0.5508 1% , P <0.05; hypoxia: [19.77 +0.59 1% ws [ 15.13 +
0.32 1%, P <0.05 ); however, the apoptosis rate of 4Tl cells were decreased by over-expressing RUNX2 ( normoxia:
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[9.967 £0.2728 [% wvs [ 14.07 +0.7965 1% , P <0.05; hypoxia: [ 22.43 +1.02 [% vs [ 34.93 £0.71 1%, P <
0.05 ). Under hypoxic condition, the expression levels of hypoxic induced factor-1oc ( HIF-1oe ) and RUNX2 were signifi-

cantly elevated, and RUNX2 could bind with HIF-1a to form complex. Conclusion: Under the hypoxic micro-environ-
ment, 4T1 cells express the high level of RUNX2, in the meanwhile, high level RUNX2 could inhibit the apoptosis of

tumor cells by interacting with HIF-1a.
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Runt #H2%%% 5% A 7( Runt-related transcription factor,
RUNXOF i e—R 5 K B MR IR 7, FEA
5 RUNX1  RUNX2 . RUNX3'>/ & {17 41 g 1) 531k
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Polyplus Transfection 2 F], RUNX2 siRNA 5 JG & X}
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S RNA SR B & B L A RSy
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A, BT RUNX2 $Tik  $1 6k 205 5 I F-1a( hypoxia
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1.3 Real-time PCR % # M| 4Kk 2. %I 4T1 4w &
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BB K I 4T1 40 i $2 0 T 24 FLAR
(2 x 10" /4L ), F H I BE J5 43 1 78 7 S 85 7% 451
T S5REE IR T H 3R 24 h R SR I, MR 4 40
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S S L cDNA B2 wl SR =3I 20 wl S
A& Z 1T Real-time PCR, ¥ Il RUNXI . RUNX2 .
RUNX3 mRNA WA w814k, i 170 E & PCR
ACHEAT S0 BT, KD L ) mRNA A4S SRS 19 91
RUNX1 #5194 5'-ACAAGTTGCCACCTACCAT-
AG-3",RUNXI T #5120 5'-CAGAGGAAGAGGT-
GATGGATC-3"; RUNX2 L5149~ 5'-GCTATTA-
AAGTGACAGTGGACGG-3',RUNX2 FiiFa1¥hy 5'-
GGCGATCAGAGAACAAACTAG-3'; RUNX3 I % 51
Y1~ 5'-ACAGCATCTTTGACTCCTTCC-3’, RUNX3 F
U514 M 5" -TGTTCTCGCCCATCTTGC-3" 5 B-actin |



Wbz, . RSEURPE T RUNX2 X/ BRUFLIRAE 4T1 40 11 5% 0 . 375 .

W51 %M 5'-GTACTTGCGCTCAGGAGGAG-3', B-ac-
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Real-time PCR Z{HE AL B . F 2728% 3 DI S 1A
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fLE B B R RIS TR 4T 4k 2 I NC I,
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3 %), HRP {BIEA —H0( 1:3 000 Fi ke ), =il 7F
MREFEIR FFESh 1.5 h J5, TBST ¥ ik B ( 15
min x 3 K ), F 2 (B 7E KAE /A 7 2 Ui fg i (AL b
WA, LIWELE 3K,

1.5 Real-time PCR 5 Western blotting #& #] siRNA
A3 4T1 48 RUNX2 mRNA B & & &K 0%

OB KB 4T 408 h T 24 FLARP( 2 x
10* A/4L ), 43 5 55 & RUNX2-siRNA-NC , RUNX2-
siRNA-1415, & 241 3 & fL. #% M TaKaRa #J IN-
TERFERin siRNA T-Hi50 Ui BB AR A% G 5508 42
IR LG e 55 R i e 24 h JS AR A . Fic PR 20 Pl
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#1T Real-time PCR, #5illl RUNX2 mRNA HYJ3RiA &
Al BOWECA: K WIAY 4T1 4003 R0 T 6 FLAR
(2 x 10° /4L ), 5 H Uk BE J5 43 51 5% %« RUNX2-
siRNA-NC ., RUNX2-siRNA-1415,48 h J& Wir £ 41 g,
il % RUNX2 2 AR E1T Western blotting S
1.6 RUNX2 A & A& & 4K 69 #) 12 B Western blot-
ting &40 SRR RUNX2 2 4T1 40 fies P o4 & ik
1.6.1 RUNX2 5|43t 5 &K #4E GenBank
NM_001146038. 2 5 K 751, & H SnapGene {4
Bt a1, LS9 5T A Nhe T DI 15,

TSI 5" A Xho T BEVINI K, 5140 LA
T TG ARAFR G K. 514975 : RUNX2
51 ¥ 5'-CTAGCTAGCGCCACCATGGCGT-
CAAACAGCCTCTT-3'; RUNX2 F gl ¥ N 5'-
CCGCTCGAGTGAATATGGCCGCCAAACAGACT-3',
1.6.2 RUNX2 # 3 & =44t DI/NER 4T1 il
RFERBE , PCR 9734 /NE RUNX2 4@%)7 51, PCR
454250 pl /K2R ,94 C FAEPE 5 min,98 C 7Bk
10 5,56°CiB K 5 5,72 C HEMf 12 s, 5 R 36 WK, Ff
72 CHEH 8 min, PCR F=¥iE4T 1% SR HEE I i
VK, I TR v B el s Ak H 4
1.6.3 RUNX2 A RAHEWMEREE ]
Nhe 1T 5 Xho T WA DIEEXT RUNX2 2lifb =9 5
B FEREAR TR peDNA3. 1(-) SEAF BT, [\
afi L) P, HRYE T4 DNA T4 352 il 74 43 4 Ak 1) il
VIr=4), Ak DHS o JEZ AU, 270 T 5 8 2% 5
R LB 35 5% VA, i 6 FHPE o0 5 B, 47 3 PR
PR PEE AR EORC i ) A FRA FIINY .
1.6.4 Western blotting % £ /Il RUNX2 7£ 4T1 41 fg
Bk BOWEA K 4T 404t T 12 LB 5
x 10° /L), FRA M E & TR 50% 224, B 25
AR TR 41 5 B AL TR A, 4% B8 jetPEL DNA % Ju iR
FE I AL G S5 AR B LI e S5 e Y Jooh
pcDNA3. 1( - )5 peDNA3. 1( - )-RUNX2 Jifik7,36 h J5
WAL, 18 B AR, 1T Western blotting Kl
1.7 %30 EAN 4T1 @i RUNX2 5 &
R & Z 18] o A8 B 45 M 0L
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10° /L), fop HEG BE 1 9 J5 % G Bk G 9L 5 1Y
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BCEE . IMAIE® R 1gG FIBEAGHEER ProteinA Tl
2 h, B LT EERT, A RUNX2 H5 5 A
B8, R JG AR FEER ProteinA #7783 ho FH&
H cocktail F& FHBEHMHIF Y M-PER 440 i 24 ok
W3 W BHR 15 min, FEUEIR, DA _EFREGE vl , 200
10 min, ff] Western blotting ¥4l RUNX2 5 HIF-1«
MERIA
1.8 AX@ AN w a8/ KA EH T FH/S .
& RUNX2 #F4T1 2808 =6 %4

OGRS K 4T G P T 24 LA (8 x
10° A/FL), 35 95 33 %5 43 01 4% %« RUNX2-siRNA-
NC . RUNX2-siRNA-1415 | 75 3 {& Jii K. pcDNA3. 1
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(-).pcDNA3. 1( - )-RUNX2 JFiki, ¥4 24 h 5,5
AR A S IR A T H55% 24 ho REEH AL 40
Jf2,PBS ¥ 2 ¥, 100 x g &0 5 min, 4 A FEZ )5
TN 200 wl 256 2 il EE 241, ITA 2 wl Annex-
inV-FITC J&2, FHANA 4 pl PLIRATEEE 10 min,1 h
P 3 K S 0 240 ) R o
1.9 it

K HH SPSS23. 0 Geit # ik, it A L x £5 %
N, PR (8] FL R M ST BEAS ¢ K56, 224 ) 359 5K
FEECR R R I 250, LA P <0.05 5 P <0.01
FoREFAGIFE L.

2 # R

2.1 AKE L4 T 4TI 2+ RUNXI mRNA #=
RUNX2 mRNA # 4 ik K -F LA

Real-time PCR £ 45 52 ( # 1) %75, RUNXI
mRNA \RUNX2 mRNA [J7E 4T1 40 ja i iy 3Rk 7K
3 RUNX3 mRNA &, I HEARE &4, RUNXI .
RUNX2 mRNA i35 (P <0.01 ),

_ 20r *% .Nurmn\iu
E Hypoxia
,_g 1.5+ L i
:
% 1.OF
2 0.5)
= NS
=4

0

RUNXI RUNX2 RUNX3

" * P <0.01 vs Normoxia group
1 {REHKMET 4T1 HH RUNXI .RUNX2
RUNX3 mRNA HIRi%
Fig.1 Expression levels of RUNX1,RUNX2,RUNX3 mRNA

in 4T1 cells under normoxia and hypoxia

2.2 AREEMHT 4TI @ he P RUNX2 & & & kK
F £

Western blotting 1 I 25 (& 2 ) 7w, 5% 4
ST EEFRIG AT 4 AE b, IR S5 R 35 57 10 4T
SR RUNX2 & H R RIA3E .
2.3 % # RUNX2-siRNA-1415 2 % T8 4T1 @8
F RUNX2 mRNA 5% & % ik K F

Real-time PCR 5 Western blotting ) 25 B
(1 3)Ea, 5 Y RUNX2-siRNA-1415 4118 RUNX2
mRNA & 35 B AKX T X BEZH (0. 493 £ 0. 042 s
1.048 £0.033, P <0.05),RUNX2 [ £ A B

‘FI;%O

N H

RUNX2 W— -'

B-actin

N: Normoxia; H: Hypoxia
2 REEMHT RUNX2 7£ 4T1 fH R AR
Fig.2 Expressions of RUNX2 protein
in 4T1 cells under hypoxia

#ik

Ln

Control  siRNA

P-actin ——

RUMX2Z mRNA 5
= —

Control  siRNA
** P <0.01 vs Control group

A: Expression levels of RUNX2 mRNA in 4T1 cells;
B: Expression levels of RUNX2 protein in 4T1 cells;
Control: RUNX2-siRNA-NC group;
siRNA : RUNX2-siRNA-1415 group
B3 % RUNX2-siRNA-1415
3t 4T1 48 A s RUNX2 &% #5500
Fig.3 Expression of RUNX2 mRNA and protein in 4T1
cells were inhibited by RUNX2-siRNA-1415 transfection

2.4 R %M E peDNA3. 1(-)-RUNX2 Ji ¥ &
RUNX2 & & £ 4T1 fa et R A

LS 7R, peDNA3. 1( - )-RUNX2 fFiki 451
HEHA S B R EHEAR IR A, 3 81) 5 % 10 7 2 07 51 AR
54 o Western blotting £ Il 25 2 ( & 4 ) 7R, i G
pcDNA3. 1( - )-RUNX2 H2H FokidH H 8 3R A R/
TE 62 kD Ak, 5T A 25 R — 35, 55 e s dAR ok
XTEE, RUNX2 88 R IE KT 42 5

Control rpeDNA3

ractin

Control : Empty plasmid group;
rpcDNA3 : peDNA3. 1( - )-RUNX2 group
B4 pcDNA3. 1( - )-RUNX2 #3/5 4T1
4R RUNX2 B ARRIE
Fig.4 Expressions of RUNX2 protein in 4T1 cells
after pcDNA3. 1( - )-RUNX2 transfection
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2.5 BEAREEMHT 4TI fmheF 49 RUNX2 4k A 4%
5 HIF-1a 44

B LTI 45 3 |’ 5 ) o IR A T ,4T1
YL RUNX2 g8 55 HIF-1a fHEZ5 G, IF
HE A & H B peDNA3. 1( - )-RUNX2 4 Ay
RUNX2 5 HIF-1o £56 8025 4K i 3 .

Hypoxia
peDNAZ.1(-)-RUNX2

= +
s
-— RUNX2
— 4

————

5 {REE£MT 4TI ZMF RUNX2 5 HIF-1a &4
Fig.5 RUNX2 interacted with HIF-1cx
in 4T1 cells under hypoxia

IP: RUNX2

2.6 TiF RUNX2 89 R AT 3 4TI safeey A —, &
B RUNX2 #9 & & 4] 4TI 2mpe e A

T LA I 45 5K B 6) WoR, e A 51K
AAIER  UTER RUNX2 B8, /DN BUFL IR I8 40 i 04
TR ETF(12.83 +0.24 )% wvs (9. 30 +
0.55)% , P <0.05;(19.77 £0.59 )% vs (15.13
0.32)% , P<0.05 ], it #ik RUNX2 J5, HIH T
KR (9.97 £0.27 )% vs (14.07 £0.80 )% , P
<0.05; (22.43 +1.017 )% vs ( 34.93 £0.71 )%,
P<0.05 ],
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iR A A AP S A R 1) A A e iy b R
AEEAEM, KT 1 mm® BSORIE b, iR 40 st
ARAEAR AR BE Y FEARAEIREE T, I 40 i ry
SO R SR 1 A A A ol 74 P 38 200 ML 7 41 4R
T, ISR MR I AR A AR RS AT

A
“ Momaxia-NE: Normaxia-siRA Hypowia-NC Hypowa-siRhA
] 8.4%
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‘I( E|
— W
By |
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o
7 o Lt el
o ¥ wt W ot
FITC-A
B Annexin V
“, Momoxia-RUNKG Hypoxia-contral
2
]
< 3
= &
3
&=
= &
]

Annexin V

A: Silencing RUNX2;B: Overexpressing RUNX2 ;
NC: RUNX2-siRNA-NC group; siRNA:RUNX2-siRNA-1415 group;
Control: empty plasmid group; RUNX2:pcDNA3. 1( - )-RUNX2 group
6 EE/RKIME TR/ LRIZ RUNX2 T 4T1 40 R0 T K #0

Fig.6 Effects of silencing or overexpressing RUNX2 on apoptosis rates of 4T1 cells under normoxia or hypoxia

00 o HIF-1a B8 33K TR IR BE T A9 fif
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I AL B prolyl hydroxylases, PHDS )¥24k HIF-

Lo, #E1#8 5% pVHL-ElonginB-ElonginC-cullin2 & &
RS0, ZE AR EA E3 2 2 5% BEmEE v, v
1) HIF-1o B8R AR A 2

AW 5T B2 0 T siRNA B AR BRI P I 7
RUNX2 Hy£3A, DA R e YL 5 240 RUNX2 1 Jo0RE 34 i
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HREYE RUNX2 19335, A RUNX2 SRk (145
Xt/ B A P LR A0 4 T1 A0 R A T
FIsZ , LA ARG5S T, RUNX2 7 4T1 4 g v
XHAT-MER . 25 & REAIL RUNX2 [R5 38 5
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SEZ LR M Ble-2 LR TP & 1 1APs, ZEAIR 4R
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(kBTG PR 2 AT — e BT AR A RE
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PRPAT- I TAp63 7= Az TG X AT 25 M i
J&PE® . RUNX2 5 P53 HDAC6 i B 1E FHIE i
AW, HDACG 111 7] R % 14 5 ol 55 255 5 1Y
P53 ¥ 3L Y FRak , UL HDACG 12 AL
PEFFE RUNX2 A 1Y P53 1] 3 K K3k 10 F i,
RUNX2 BEfEANH P53 4+ FHIAIMIAY DNA #5145,
AWFGE KB, RUNX2 5 255 TF 4T1 4, Ssa s
HUF ,RUNX2 B35 1R, IF H RUNX2 REAS 30 i 41
MR T, B RUNX2 Jir 51 A9 8 1= 28 fL 1R 1] g 2
T 4L DNA 5105 1R Y. AT/ B
AR 4T1 40 IFIESE , RUNX2 7E IE 7 %
BH B SRR AT 20 0 0 8 T #R A 3RAE
WG G5 R o ARESM T 4T 40 i
RUNX2 fEf% F # 5 HIF-1a AHE 455, 1A O
G020 RS, FEAE KRB 4, RUNX2 g HIF-
lo AHHE.Z54 , BHWE HIF-1 5 pVHL BOAHEAER ,
il HIF-1oc 9 R A, DA T 00 956 0 785 19 A B RUNX2
55 HIF-10 FHELAE R T 52 e A ML 75 2 0F— 2
FIRESE, T RUNX2 R85 A 20 040 ] 5 2 B 1k FL AR
TR A TE TS, A RUNX2 76 /& 55 B vk LR 8 1A )T
1) 5 e o A — A B BR A
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