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Effects of lentivirus Nrf2 on proliferation, differentiation,

and apoptosis of C2C12 cells
Wu Zhimeng,Deng Li,Hu Qin,Guo Fengjin
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[ Abstract ] Objective ; To study the effects of Nif2 on proliferation, apoptosis and differentiation of C2C12 cells during osteoblastic dif-
ferentiation. Methods ; The recombination lentivirus of nuclear factor erythroid 2 p45 related factor 2(Nrf2) and its siRNA were con-
structed in order to investigate the function of gene Nrf2 on apoptosis during osteogenic differentiation of C2C12 cells. The plasmids
pWPT-GFP-Nif2, pWPT-GFP-siNRF2 and pWPT—-GFP-siATF4 were co—transfected respectively with other two lentivirus packaging
plasmids into 293T cells to produce Lv-Nrf2,Lv—siNrf2 and Lv—siATF4 virus particles. Different treatment groups of lentivirus were
set under the induction of bone morphogeneti¢ protein 2(BMP2) ,the proliferation, apoptosis and expression of osteogenic—differentia—
tion-related marker proteins were detected respectively. Results;FCM analysis showed that the apoptosis rate-in BUP2+Lv—Nrf2 group
was lower than that in BMP2+Lv~GFP group;the apoptosis rate in BMP2+Lv-siNrf2 group was higher than that in BMP2+Lv-GFP
group; the apoptosis rate in BMP2+Lv—Nrf2+Lv-siATF4 group was lower than that in BMP2+Lv—siATF4 group;the results of Western
blotanalysis were consistent with those of FCM. Cell immunochemistry staining showed that the expression levels of osteocalcin and
alkaline phosphatasewere higher in BMP2+Lv—Nrf2 group than in control group BMP2+Lv-GFP,lower in BMP2+Lv—siNrf2 groupthan
in control group,lower in combined treatment group BMP2+Lv-Nrf2+Lv-siATF4 than in control group and single treatment group

BMP2+Lv-Nrf2. Conclusion ; Under the induction of BMP2,
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BERFRIL, J3 SR B BRI ILEES ST,

PRI, Nef2 E BB A E AR AEAET
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AEBRIMMET AN RENEHBKE
Lv-Nrf2 F#E Nief2 B siRNA BARRE Lv-
siNrf2 XH¥B1A] ATF4 ZEE Y siRNA BA R Lv-
siATF4, 3-#R1F BMP2 953 C2C12 4af-& 15 4tk it
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1.1 ik @kfemie

B RIARIK pWPT-GFP-V5 SR A M B Rk
pMD2G 1 pSPAX2 (58 —EE RFTEF B EW) LM
EMaETREAERETR, LEFNBRERERK
pWPTN-GFP-V5 &4 U6 & H1 XWAJE 51 F( Lty T#R
HIRAT), LML siRNA BRBP0R; KIFREHE
DH5c,pcDNA3.1(-)-Nrf2 , A B B 40 il HEK-293T F1 R AL
C2C12 M R M A LR ERA,

1.2 E&KA

FRAIENIBE BanH I Miu | Tog BT (KESAEY
/7)) ; TADNA %355 (Promega /A 7] ) ; Bob/NEREBGAH &
11 DNA B E Uk 284k 877 & (Omega A5 ) ; DMEM B4 ok
FE % (Hyclone A 8] ) ; 4 ML¥E (FEE PAN A 4¥)/43 7] ) ;Nef2,
ATF4 OCN F ALP & (Santa Cruz /A 8] ) ;Cleaved—Caspase3 .
Caspase 12 Hi{f(Abcam 24 7)) ; HRP $RCHITAFIHLR 1eC—
AR EREYAH) ; BIT B-actin ATEEYIA (K
=EFEYHRARARAT) BB Lipofectamine™ 2000 (Invit—
rogen /A F} ) ; BCA R E I & WA & ECL ¥R
R &(BZREYHEARPRN); R4 bEN & LT+
HEMEMARD,
1.3 E4aRBBFHRGHE
13.1 2[#iit #3328 GenBank H A Nif2 #9 CDS X EE
5, it 36 B Nef2 B8 1519, L7514 : cgeggatccAT-
GATGGTCTTGGTG; T 514 : cgacgegt GTTTTTCTTAACATC-
TGG( 4 81% BamH 1 Miu 1 BEEIAI &), U EBFAH &
pcDNA3.1(~)-Nrf2 AR Y Nef2 B, P 1 B B/ K
1987 bp, MFAZEME Oligo ENGINE A F4RHEH T RNA 7E
LRI, BB i #IV-4 BB BB ) Nif2 siRNA JF 513
N _E B IR (IE X851 .5’ -aATAAGACAGTGACCC-
ACGTutt-3" | [T L5883 . 5” ~aACGTGGGGCACTGTCTAAT -
tet-3" ), BB -4 B ATF4 siRNA JB511F LD .57 -
aGGAGCAAAACAAGACAGCAm-3’ | X L& F51 .5’ -aTGC-
TGTCTTGTTTTGCTCCtitt-3" Y ¥ LA L FFFIEE L RB Y
BARERAGER, 74 A BHH T Nif2 & ATF4 1 siRNA
FFFIZIR XIE R TE DNA HBE(JA 95 CHIAE 5 CHE, E
ZREREZE 5C, B MEEHEREE S min), :
132 BEHERFRENEE FHREENYIEE Banll 1 |
Miu 1 SUEL) 125 &4k pWPT-GFP-V5 LI3£ Nef2 H i)
FP s S i pWPTN-GFP-V5 2 H1 & U6 WA S sh T &
S (ERELE 1A), Bk, A S LR RERE
pWPTN-GFP-V5, F-4f A MR siRNA H Bt ; #|FJ T4-DNA %

LR M L REUIE R RA S S N2 HiWER i

Nrf2 FIWE [ ATF4 BY siRNA H B, B— B RREEE
# ik pWPT-GFP-Nrf2 . pWPTN —~GFP -siNrf2,pWPTN —GFP -
SIATF4, WY 515 A DHSo RZSHEF,37 C KK
7, BEBURR DNA B— TR S E A FLE,

14 NEsdEMAGOLEImORR

7 6 om RUSEFRILF R ST BOR R BIM 293T 40/, K H
KBRS £, pWPT-GFP-V5, B4 18K E 41k pWPT-GFP-
Nif2, pWPTN-GFP—siNtf2 #l pWPTN-GFP-siATF4 73 51| 5 48
B35 Fobr pMD2G \pSPAX2 1B, ¥ M Lipofectamine™ 2000
BRBRPRLEA 543 5K 3 BRI FE IR A IR IL A 293T
A, =Bk pWPT-GFP.pMD2G #1 pSPAX2 £ A 125,
5010 ug™l, 6 h /SIRFTEEM MM, 48 h BEWESEF
B ,0.45 wm IERST IS -80 CAEFN,

1.5 #&HE A%

TE 24 FLARF LI 4 x 10* ~/mL 8535 BEHRD 293T 4040,
BRI MBREFLRBRERBENRETLE, £ 500 L BF
24 FLARBFLAM S  HIMITE 37 C.CO, TR 5% 5%
R T  , K H B4 DMEM 525 5k 4e 15 55 48 h
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IR P W T SR LRI, 1 DRSO ER A
1 /I\i,éf{f’{\/(ﬁxpressmn forming units , efu) , #3455 T 11 A =031
LR BETE B (efu/mL) FURYL A (MO, fRETR = R 4 (0,
9 I 1Y 20 ML B0 FE R B B0/0.1 , MOI=F5 25 B % AR
R i A0 %5
1.6 FCM 4| 2012 5% & 3t C2C12 fm e o M o 8 £ 49 B o0
1.6.1 WEIETIOREEAHE BOHEONEsE A C2C12 411
FERT 6 om AHMAL, FRAIIC A 2 70%AF A 100 ng/mLEY
BMP2 5 H A MR85, 4r4H N T NC 4 (25 X HR4H ),
BMP2 41 ,BMP2+Lv—GFP £ , BMP2+Lv—-Nrf2 £ ,BMP2+Lv-
SiNI2 41 ,BMP2+Ly —siATF4 2 , BMP2+Lv-Nrf2 +Lv -siATF4
2H, BN R 2 NME AL, TR 3 R (LA R b it vk
AbERANI TSR 41) . FERBEAL RS 5 K WA AL AN,
1.6.2  ZHMIFEMIASIN 1 mL (9 70% 2, BE R 2 £ 4h F2H 40
ML 24 b, IF I ASERELASRE PLL4 CHEE 30 min J5JE B IK
SLUE, FCM e £ AL A I O, A6 I phy J DR B L R
T A W e SE
1.63  ZAMIRTAOREI AR LA PBS YR 3 Wk,
AZERF PBS, W H FCM Annixin PE AT . %K
DU Fl T PR B R} K2 4T R ] o 5 R
1.7 &GRS L&A

B AR A B PBS thisk 3 S, A RIPA
P, W E B OB T E T K LR WM, BOE
HCETE A 6 x SDS - AEZE mil , BCA 3877 &0 I 18 4 11 B v
B 30 ng/fLAE TR 12% SDS—-PAGE, HLUk43 8BS f 120 V,
1 h BB B INAFRRRH B-actin BTHLIAR K H (9 H0A
K H TBST BEBS , A BRI AW bR 10 0 bt S
I 1 h; TBST PERR, B Ak2E 2GR Sy, 3 g 2 i,
1.8 %.9% fmAeAL 4]

BEREAH AT lemx 1l em S ET 6 em 40
JBE, T4 1 C2C12 40, Z 5 i sp b B R 421 5 1.6.1 —3,
FREFALHLES 5 K BUH A AL e R B B T 4 %2 R
IS R[5 20 min, Z8IB/KI20 5 min, ff FH G2 AR &
Bt A OCN K ALP ik, 345 2H 4 HOME | BEA T e L 442

Begair, GRARE Y, FROK IR A AR, PRI A
1.9 %it#i

I FH SPSS 18.0 B 44X S 86 () 25 B ST R oA 4
B, T B I B = BRUE2E (v £ 5) R, UL RIBEAR L

BERHIBADZ 0 22500, IR LR A LSD— 15, K
KHE «=0.05,
2 & B

2.1 TARAmEFGHE LA

M T U ISR R AR A R X A SRk
pWPT-GFP-Nrf2 4T BamH 1 Al Mlu 1 XY %52 | B9 ™=
124 1 900 bp ZE 47, pWPT-GFP-Nrf2 (1) J3 45 5 th 156 A 28
R ER, 205 H AR B I xJ{’:fo(L/{ Lv=Nrf2 )Y
THEEZH 1 x 10° efw/mL, AH[R] 5 Lv-siNef2 LV-siATF4
BT BE R B BERR BE N 1 X 10° efu/mL, A5 55 2H M8 2 XF
I A0 20 i 5 SRR R |, A Lv=Nef2 S0, 43 501 e BR B e &2 8%

(the multiplicity of infection, MOI) 24 20,50 .80 H A% J3F Jak Jx
C2CI12 #ffd , 48h J5 9 AL T~ M AUOG (& 1B), 450
/R MOI=50 I, S (A5G . 7E8E R Be ED S 4 v, 45
FABIR Lyv=Nrf2 Lv—siNef2 A1 Lv—siATF4 Ji&Z% C2C12 4fiifd 48 h
J& Nef2 e ATF4 S FIRYFEAKCE QI 1D fTE,
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’7%18 pWPTN-GFP 2506 §0
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Amp /
l\ AI PRE

N 5012
“— /m\ LTR
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HEBIEE I i VK 141 A G I pwmw-crp_\’ﬁ JE R i
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B. £ LR BRI Lv—Nrf2 B938 J% (A58 100 um)
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C. Lv=Nrf2 X} C2C12 4 M i) f A3 8% &2 O (R RUR 50 )

Iv-GFP + = =

Lv-Nif2 =+ - Lv-GFP  + »

Lv-siNM2 = =  + Lv-siATF4 = +

B-cctin AR 3 <D B—m-tin_ «43kD
D. 74051 Lv=Nrf2, Lv—siNrf2 Fl Lv—siATF4 i #%%% C2C12

RIS, B RS EN VAN Nef2 K2 ATF4 2B AR NS L

L6 14
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o w10
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& Zo6
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& 04 £ 04
g 0.2
0.2 2
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Fig.1 Construction and determination of lentivirus
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2.2 FCM # ] & & 481% 5% & 4L 22 20 57 C2C12 48 6L Bl 41 64
B

BMP2 41 ,BMP2+Lv—GFP 41, BMP2+Lv-Nrf2 41 , BMP2+
Lv—siNrf2 £ ,BMP2 +Lv —siATF4 £ il BMP2 +Lv —Nrf2 +Lv —
siATF4 4 6 ZHACFRZH 4 Z [ 40 A3 S I R G =
X ,{H NC 415 BMP2 BAKbEREAA S B B _E T (P<0.05)
(H2),

BMP2+Lv-GFP BMP2+Lv-Nrf2

NG BMP2
| |

S 280 {

| 210
200 | L
100§ 70
M 4 { 1 i
| 0 4 8 120 0 4 8 0 40 8 0 40 80
= BMP24Ly—siN2  BMP2+Lv-siATF4  BMP2+Lyv-Nri2+Ly-siATF4
§ { | 160 | o
a0 120} !

100

DNA®
A. FCM A0 40 it J& 391 i 53 A

00 ~F A pei it i T LB R
. 80 1
S
= 601 "2
g 40 | us
§ 8Gl

20 o

0 4

1 2 3 4 5 6 7

1:NC;2:BMP2;3:BMP2+ LV-GFP;4:BMP2+Lv—Nrf2;
5:BMP2+Lv—siNtf; 6 : BMP2+ Ly-siATF4;

7 : BMP2+Lv-Nrf2+ Lv—siATF4;

a:P<0.05,NC 415 BMP2 HLabBiy 4k

B. 4% Ab FREH 2 a1 43 A1 BOAEAR L A0 ( £5,0=3)

2 FCM #&#i# BMP2 A B T & EHBREAP
C2C12 AR 97
Fig.2 FCM analysis of cell cycle in C2C12 cells infected
by LV-ATF4 with BMP2 treatment

23 FCM #il) & & 4018 5% A4 43 C2C12 fmfe A T %vh
FCM M T-45 R B  BMP2 I T- R 8% F NC 4
(P<0.05) ; BMP2+Lv—Nrf2 28 8 132 B 5 4K T B 4098 7 X BB
4] BMP2+Lv-GFP(P<0.05) ; BMP2+Lv—siNrf2 Z1 8 -5 B &
B TR B4 BMP2+Lyv—GFP(P<0.05) ; BMP2+Lv—Nrf2+ Lv—
sIATF4 418 1R WAL THe #E AL B4 BMP2+Lyv-siATF4(P<
0.05)(F 3).
2.4 Western blot #0818 7% F 4L 3840 7 A AR X F A # KA
it — 58 B 4% b T 4 400 B A U T KR, DR X521
YipE AT cleaved caspase—3 Fll caspase—12 KK
SEHEATRGI 2R R R ELE A R BN 7E C2C12 ARffI b

R, 5% R NC 4140 b, BMP2 &b 3 21 % 7 % R 41
BMP2+Lv—GFP JA -1 H cleaved caspase-3 il caspase—
12 FRIRHIHEIN ; 5 X BB A L , SLBG4H BMP2+Lv—Nrf2cleaved
caspase—3 Ffl caspase—12 2%k B fE{K (P<0.05) ; BMP2+Lv—
siNrf2 2 cleaved caspase—3 Fl caspase—12 ik B B 34 i (P<
0.05) ; B A b 32 BMP2+Lv—Nrf2+Lv—siATF4 2H cleaved cas—
pase—3 Al caspase—12 ik B 5 PR {IE T SR 2 AL #E4H BMP2+
Lv-siATF4(P<0.05), VLK 4,
2.5 R AmAALF AR B1R A A AL A3 C2C12 S LA R
AL R R

o R A AL 2E R 45 R B L 7E C2C12 4/ 4id 7
5 B2 NC AH EE , BMP2 4028 45 Al 8 Xt B2 BMP2+
Lv—GFP, H- #5811 (OCN ) B i P % AR M (ALP) W] {2 3§ fin (P<
005); 545X IRLL AR HE, 92040 BMP2+Lv-Nrf2 1 OCN FIALP
FEAHENN (P<0.05) ; T BMP2+Lv—siNtf2 41 OCN #1 ALP &
IKREAR (P<0.05) ; Bk & AL BEAL BMP2+Lv—Nrf2+Lv—siATF4
OCN Fl ALP %3k B B AR T SR B 4b B4 BMP2+Lyv—-Nrf2 (P<
0.05), WKl S5,

NC BMP2 BMP2+Lv-GFP BMP2+Lv-Nrf2
1o P2
10* 2 107
10' g j 10'
? an
2-03
1T 0 10 10°
(=9 BMP2+Lv-siNri2 BMP2+Lv-siATF4 BMP2+Lyv-Nrf2+Ly-siATF4
10201 P2-Q2 e P2-01 P2-Q2 14, P2-01 -2
10Y ose% i agpon 10°] 2 ‘--ﬁ‘- 10 v o amew
102 { 102 10
10 10' = 10!
 an e s
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Annexin V FITC
A. FCM Kl £ 4b 340 C2C12 4T3 K

60 -
50 1 2 ra |

)
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1 2 3 4 5 6 7

1:NC;2:BMP2;3:BMP2+ LV-GFP;4: BMP2+Lv—Nrf2;
5:BMP2+Lv-siNrf2;6: BMP2+ Lv—siATF4;
7:BMP2+Lv-Nrf2+ Lv-siATF4

a:P<0.05

B. 4 A TR AR E 7 (2 £5,n=3)

B3 FCM#&illl&4 C2C12 AMAT
Fig.3 FCM analysis on apoptosis rate of each group
of C2C12 cells
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2.5

2.0 B1NC
i a @2BMP2
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w 0.5

0

a:P<0.05
B. £ 1 5HIRE actin F3E KPSt LA RAERE 4T (2 £5,0=3)
E4 FBARSENITEZRT BMP2 FST&FRELEAT
C2C12 fpatAT-#XF|A caspase 12,cleaved caspase 3
Rik7kF RIS

Fig.4 Expressions of caspase 12 and cleaved caspase 3 in

C2C12 cells infected with lentivirus under the treatment of BMP2
detected by Western blot
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w262 Yi ATFA AER ATF3 BEGE Y, 7T RS
R, I A SR T T CCAAT/HE 3= A
F 454 F B[R R H (C/EBP homologous protein ,
CHOP) 3k, i CHOP X T & F i B 14 il
AR Ko e 1 T B R U, SR B OC E ™, ]
I, ATF4 X i H & B 1 FE R 02 A0 75 1Y — T e 5%
HF AL S5 IR R 7 BMP2 U555 T, ATF4
YT —MERE C2C12 M B LRI
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L RN, 5 B A RN U Bt 2 B B
WA, BB AR i B BB R [ R AU,
TEA S g T BMP2 5% C2C12 4HMI B kit 7,
F0H Nef2 B35, 23 H B BH S (%) 40 il i 44t P A
BIVERT , At 20k Nef2 TS i 4 i oAb B A — 5
FIEBEVE A, X 5 DAL IR OB A A& . H
B—RA R ALK ML R R, 7E BMP2 5%
Sk C2C12 gfE oAk R e DUEBR Nef2 BER2x
Tl C2C12 Ao fhad B e AR T, Mg R0 Nrf2
W] — @ RRRE LA e AR b R A g T, O
H, it 35K Nef2 7] —E F2EE L3101 ATF4 380/ 1
PR3t c2C12 g T3 Ve L fELEK ATF4 kb
177 5 B0 B H 40 43 A R B A0 T 12 BRI Nef2. 1)
FERMIRAE , X — 45 B4R, C2C12 4 i 71k
1t AR ] BEAEAE — i I B AL R CR S Nef2 JE 8
40 44k AT e R AT A B R PE T, IR
ML AP TS, T ATF4 76 BB 20 B 4kt B b i
YEFIZECEE  ATF4 /b & FBORLE /632 R,
IR SCHRIRGE 9 ATF4 76 iU A oAk B i &
B EERE 3L

JULPA) B B R S i A R A T R e 1 e o AL
AR B R AA AL A D RE K H 425 EBFFEA
B2 A, ARSI E T Lv-Nrf2, Lv-
siNrf2 J% Lv—siATF4 12 R5EE 000, 39 T Nrf2 7E 4L
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Fig.5 Distribution levels of OCN and cleaved ALP in C2C12 cells infected with lentivirus under the
treatment of BMP2 detected by immunochemistry staining
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