N Lok semmmin
. . Progress in Biochemistry and Biophysics
i 2013, 40(6): 556~564

www.pibb.ac.cn

Research Papers [ iEaE iE
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TR EFPUMAMRIE. 458K, MnSOD i 28 T #¢ = 40 MU /A5G 2, F0HI40 i T2, SA-B-gal 4 8 FH E % %
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S AL VY 3 (oxidative Stress, OS)J& Hi W P 4
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R EM. pS3 1E 41 B dE TR R (ps3
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VAN T BRI, B R R T AR
. L A AL W) B AL I (manganese superoxide
dismutase, MnSOD)&— ) V24775 T EL A% 40 M 28
R R JEURZ A0 ML BT 9 1R <6 JE B g, e Aot
HEREYIRA 2 RIVE E B3, PR A R
K, EHIR HrANHI . DU AIESE 2550
T 45 BB R S, v 0 A o0 4 B P 453 5

DOI: 10.3724/SP.J.1206.2012.00576

FE T T A0 M R A e AR B N, T R A 4 i
(R HoAt %43, 110 MnSOD S 5 BT 501 i otk 454k
W HAA 2B E . Indo 550K Bl MnSOD
B DR B e T A Ak ek 2> SR A ) A H 3 AR

Stickle 2] MnSOD JFURL#E Y/ iR & b a4
¥ 30Gy 4, &I MnSOD X £ 4 T4 il H A7 1%
PORERISEIGVER . Rk, 41 MnSOD X % 7%
AT AT RE AT — e R R
T EE R S AL A (tert-butyl hydroperoxide, t-BHP)Jg&: i
SAALERIRA, TN T 2 B0 4 M 0 S A B
BRI RS0 37 T R i R IA MnSOD A
N 78 T4 fukk, E—P AR EE -BHP {F
M T MnSOD i % & 1 A 0 78 &+ 40 i

* HZK BRI 4B1070296)F1 B -1 5 REEE4:(2011M500155)
HHIH .

wx JLIR) 5 — AR

kST R.

Tel: 010-66876265, E-mail: benyanwu@vip.sina.com

Wehs H . 2013-01-29, #:52 HIY: 2013-04-01



2013; 40 (6)

1%i#8, Z: MnSOD T ERiEF -BHP %58 7t R F4RAA T a9 # A 1ER

*557-

(mesenchymal stem cells, MSCs), #1} MnSOD ik
FARAT AN AT AT AR FH L.

1 MR57EE

1.1 #M#

) I8 U8 1 0 5 1 VA LI < v SO NG | TIR i  0}
(mesenchymal stem cells, MSCs) A fift /it 4% o = e 7
I AL By B R A7, 293FT 41 24 H Invitrogen
oAl 5 I B g (5 5% 5% 2] [ (enhance green
fluorescentprotein, EGFP)JE [l [ 18 75 7 2 {4 Pgc-1V .
pHelper1.0 2441 pHelper2.0 244 5 1 ifg 75 P15
L F R R B AR . RS2 2540 Bl B3 R A AR
NG

1.1.2  FE Zik 7. TRIzol ik # . lipofectamine
2000, Opti-MEM" I 157 5: 1 o-MEM 5 57 2 51
H Invitrogen 22 #]; dNTP. TagqDNA R&M. i
Sk A & DNA Marker J¥) [ Takara A 7]; Age |
BEIE H NEB 25 514904 B AT - Invitrogen
INESERG =T R AL & (tertbutylhydroperoxide,
t-BHP) ) H Sigma A @ ; Jii 2F 1L 35 (FBS) 4 H
Hyclone 22 s Rl $HT A MnSOD $ii & . FEHL A
B-actin PLIAFN Western blot 1427 A G Al i 71 5532
Jt) H Santa Cruz A )5 BRI AW BER L E 4T
B 1gG BRI B AL AZ S AE RO IR A 7
S HuRE IR / L H Corning ]

1.2 FH*E

1.2.1 18 ERIBEAA M E. 5k A MnSOD %&
Pl X 4 K PCR 514, 1E10 5149 5" GAGGA-
TCCCCGGGTACCGGTCGCCACCATGTTGAGCC-
GGGCAGTGTG 3', Je i 5% 5° TCACCATGG-
TGGCGACCGGCTTTTTGCAAGCCATGTATC 3',
16 2 4510 35 5 AZ W B BRI AT Age T B DI A7
s, B KHREE R 57°C . RT-PCR J5ik A LATIEAL
ZUPLELIN i RNA 1 50 B MnSOD £ [X, JTf$ PCR
P HIE N AL (R M TR A B A TR A
e KIGFF B, BEAT PCR B %52, BT gl h
Ubi-F(fi T Ubiquitin J3 8 7 H'), 5" GGGTCAAT-
ATGTAATTTTCAGTG 3, EGFP-N-R(f7 T EGFP
F 19 N 3i), 5" CGTCGCCGTCCAGCTCGAC-
CAG 3', F Bt K/NA 873 bp, ik #5219 BH 1 14
B — P YAIE.

1.22 MRk, [0 T L I Pge-lV
20 pg. pHelperl.0 44 15 g A1 pHelper2.0 10 pg»
LS N ARBE Opti-MEM® I B 783600 &34 4), R4

BARFUA 4.9 ml, FEIIA 100 pl lipofectamine 2000
WA, THEIEMWHE S mn, &K DNA-
lipofectamine 2000 & & 4. 293FT 34 41 iw H 5
10% FBS (1) 4 DMEM [&] I A\ 2 mmol/L L- 43
ZWENZ. 0.1 mmol/L FEN T2 ILM(NEAA). 1% -
R Z A 500 mg/L G418 [ R IERE %, #5410
K2 80%~90%j &, B, WEEL 6x10° A
0 AT 5 ml KB EIE G, 5 DNA-
lipofectamine 2000 &2 GHIE ), MAE A 5 ml &
KA IR 10 em 40 B REFR L, T 37C, 5%
CO, A Mz e h 3 7R, R H M 1 mmol/L
PR Ak 1 56 A 3 R B . A% gL 48~ 72 h JE IR
££ 3, 4°C, 3000 r/min 20> 20 min PA2:F5 40 il
PR, 045 wm SEREREIE B3, NN 28T 2
LEH, 4000 g, B0 15 min 53R IR
Iy %G R AE T -80°C £ H.

1.2.3 40 % G R0 o xC 4l R 43 k. R 3 AR
MSCs Lk 3x10°/ml % SEHRP T 6 LAk, FrHK R
70%~ 80%; A I N BRI, IR 6 mg/L (1) 5R
#E i (polybrene), T 37C, 5% CO, W4 8577
R R, BB, AR IR, R
B % 5 10 4 B R 4T 7 3 4 2 (fluorescence-activated
cell sorting, FACS), 3kf3 =31k EGFP [¥) MSCs.
1.24 2F % 2 RT-PCR J7 v K Wl % 4% 40 i (1)
MnSOD KiK. 43 il B e 3R 1K) MSCs FllE% 4t
MnSOD [F] MSCs, #& HU 41 g &8 RNA J5, H
RT-PCR J7 75l MnSOD JE [A 7 mRNA /K- 1) %
5, LA B-actin fE A2, HIER S|4 5 GATC-
CACATCTGGAAGG 3', I 45|% 5" AAGTGTG-
ACGTTGACATCCG 3'. PCR X N 4 ff: 94C
5 min FiAZ; 94°C 30s, 59°C 30s, 72°C 30,
P14 30 AMEF; 72°C ZEAR 7 min. PCR “ AT
1.5%BE IR B b s L vk

1.2.5 85 (T B 2R 7 VA I Y 41 L 1f) MnSOD
K. 53 B U G 7S B AR R Y MnSOD ) MSCs,
FHBCH Ho 3% DT0E RR 2 (RIPA) R A0 L, AT
AL SDS- N B v vk, FHWE g4 1)
D7 VRN R R A PVDF B, 5% IR 058 ) 11
1 hJ&, IA/NRPTA MnSOD HifA(1 @ 500), 4T
W E L%, TBST ¥k 3 W5 I HRP BB L2
PN ZPr(1 2 1000), =iEWEFE 1 h, TBST JE
3, ECL W3¢, Lk B-actin fE NS M.

1.2.6 t-BHP 4b # 40 iy . K 4% 4e 25 35 /K MSCs
(GFP-MSCs) 1% 4 MnSOD ) MSCs(MnSOD-MSCs)
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FERT 10 om 40 RIS FRIL, FR40 I A 70%~ 80%
AR, HAHMKREE(S0. 100, 150 1200 wmol/L)
(f) t-BHP 4bFE 24 h, ARJ5 HEATAH R

1.2.7 SA-B-gal 4t {f. PBS YLkl 1 ¥k, M
SA-B-gal Yeh [ 5 W == ML 52 10 min, WS A
W, PBS PE¥ 3 K, W3 PBS, A SA-B-gal %%
B TAEW 1 ml, 37CHFE LA, PBS Hdk 2 X,
TR T ST B (L L 5 AN A R IR A% B2
EY, THECEAS T T FHE 40 & 2 20).

1.2.8 tBHP 4b 3 % 41 M A7 & g m .
GFP-MSCs Al MnSOD-MSCs [ JBifi 1L, ik 2%
FE24 2x10Yml 40 A, $R0 T 96 FLR, AL
100 wl, & 37C, 5% CO, WA 7. 4y
AR E AR, FASFR B -BHP X540 ik
ATACEE, TALEEHT 3 h A CCK-8 ¥ (5F 100 pl
FEFRMIIN 10 wl), TH575 45 oI 7 B G A e A I
CEIERE 450 nm K, e S FLIOWOBEAE, 4t
THAN L AR A7V K.

1.2.9 t-BHP XRG4 TR 5 m0. A EDTA
() JEE T S AL 40 B, 1 000 r/min 2540 5 min W 45 40
i, PBS ¥ 2 ¥k, 50 wl Annexin V- PE 45 &%
BRERAME, NS5 w 7-AAD R, HREIRY,
FIEECIF A 10 min, SV JE I 440 wl Annexin V-
PE 455, FFhN 5 wl Annexin V-PE, RS,

(a)
bp

1 2

HIV-15 LTR,

() (d)
bp

1 000—

(b) AmpR promoter,
Ampicillin—=x £
pBR322 origin B

& [
N 4
pGC-FU-Puromycin-

. _CPPT
3FLAG-2A-EGFP(kI1169 gé\\ch_FU_pro

truncHIV-13 LTR —
U3PPT
[

—B (i,

F/ //JY//\N:LAG

WPRE oA
pGC-E1-SEQR K 2A-SEQR

FAR G N 10 min, T 1 h Y EEAT R A 4l A
o3

1.2.10  SEI 9% % B (Real-time)PCR 43 # p53 Al
PUMA [HZRiE. ] Trizol 7144 MU 10 7 VA4
ANTA ¥R B -BHP 4b # 3 [1) GFP-MSCs 1 MnSOD-
MSCs 4 2 (17 5 RNA. &I 1 pg RNA, ¥
% cDNA, JFrH 5191741 %: GAPDH IE [n 5] )
5" CTGACTTCAACAGCGACACC 3', K [1 5|
5' TGCTGTAGCCAAATTCGTTGT 3'; p53 1E[]5]
) 5 GTCCCAACAATGGATGATT 3', % [f] 514
5'CTCACAACCTCCGTCATGTG 3’; PUMA iF iy
5% 5 GGACGACCTCAACGCACAGT 3', X [
51 ¥ 5 AATTGGGCTCCATCTCGGGG 3’ .
SYBR GREEN %k}, % [Ci2 W™= i (L) A R A
H] LightCycler2.0 844> H )56 SEIN i & PCR R 4¢
AT SN 9865 B PCR 34T pS3 A PUMA [ 3RI1A.
1211 Gk, KA B U@ + ) Eow,
SKH SPSS 11.0 i AFE47 it 24 0 . B vk 4L1a] e
WK ¢ 5, A LGSR 7 208, P<0.05
A p<001 ARAGIEEX.

o R

2.1 B IESHREERE
B G LI IE 20 21 58 B MnSOD 2 K (1] 1a),

CAG enhancer
CMYV immediate early promoter
mrG—HIV-15 LTR, tuneHIVAT 3 LTR
P YT .
. Pbst
_Q__RRE
- ‘\ ORF frame 1

10738 bp
// Ubiquitin promoter

=

Ubi-F
P hge L (3875)
N\

Puromycin

GFP-N-R
. EGFP
EGFP-C-F

2 3 4 5 6 7

Fig. 1 Identification of recombinant plasmid
(a) Cloning human MnSOD by RT-PCR. /: DNA molecular mass marker; 2: PCR products of MnSOD fragment. (b) Chart of Pgc-1V. (c) Pge-1V
plasmid digested by Age I . I: Digested fragments; 2: DNA molecular mass marker. (d) RT-PCR analysis of recombinant plasmid. /: DNA molecular

mass marker; 2~ 5: PCR products of positive recombinant plasmid; 6~ 7: PCR products of negative recombinant plasmid.
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PCR =) A8 $ 3% N 2 PEAL 1R 12 908 35 Mk (] 1c).
W EA TR KA B, 3E4T PCR R %508 .
iR Wor, ki 2~5 %2 H I B MnSOD
(K 1d), #—DAIEEN 7% 25 GenBank R 1
PIPAN 56 A5, B EA ORI E .
22 BRENER
293-FT 4B E 25088 24 h 5, T2 6B
BN AT LAl skt R, Hi T
VSVG HE & FE 293FT @A EH, B K& &
MR8 22), fieE CITFIEEATAEE, HEIER A5
6 40 M 75 025 48~ 72 h Ja I 90%(&] 2b),
B R . B 72 h R RN R B R
o LR A s R 5 53 e AT B B B L
i 0.
2.3 RGN IBHESHREES MM IE
A0 (R #5 5  MSCs, 24 h 5 T9¢ %t
s PSR, RINKIEGEOREE A0 R,

o

100 pm

FREEEE 954 72 h J5, ik EGFP 40 iz di %
HAHAE TS 10%. A3k R IA 180 5 Rk 2
RN A, ST 4% 72 h () MSCs R 35 EGFP FH 1k
Tl AT Ak, R H PR R IA EGFP 140
W, J3 3 5 AN HAE 5t MAMEE N AL S R IR TE Dl
(Kl 3a, b), Iy A4 B ACRNE 97.8%(&] 3c).

) L —
% . e s

s

100 pm 5 52 4 S e 100 p!ﬂ

Fig. 2 Producing Lentivirus in 293FT cells
by fluorescence microscpoe
(a) The EGFP expression of 293FT cells producing lentivirus. (b) The

appearance of multinucleated syncitia of 293FT cells.

10 10" 102 10°
GFP

Fig. 3 EGFP expression of non-sorted and sorted transfected-MSCs
(a, b) Transfected MnSOD-MSCs cultured for 72 h. (¢) EGFP expression of sorted MnSOD-MSCs.

2.4 MnSOD ERF 7 MSCs FRIFRIZEE

RT-PCR £ il % G 75 2 AR F1 3 1k MnSOD % [Al
) MSCs fE mRNA /K *F ] £ i& (& 4a). 1E
GFP-MSCs H' MnSOD # & 7K V- #:{X,  MnSOD-
MSCs H' MnSOD 7& mRNA 7K V- B & i T-#5 e 25 3%
K140 M. Western blot 25 R(1&] 4b) .7, MnSOD-
MSCs 1 MnSOD 14 # i T GFP-MSCs.

2.5 ARELRE t-BHP £ A [E 8] % ZHBafZ 7S RY
A1)

50 wmol/L t-BHP /EH] 6 h, %} GFP-MSCs Al
MnSOD-MSCs JLT-Tosgm, Apascs, g
1 F IS 1) 389 0 &5 24 h,  #84> GFP-MSCs JT 4 48
o, 20Nl E a4, ) W I TGS ) 4.
100 wmol/L t-BHP i H 24 h, K5 40 Ml FF 46 71 4
BV, REREEEE, BIRJCTE ) a0 w2

(b) I 2
© s MnSOD

A A -Actin

Fig. 4 The expression of MnSOD was analyzed
by RT-PCR and Western blot
(a) RT-PCR analysis of MnSOD gene expression in MSCs. (b) Western
blot analysis of MnSOD expression in MSCs. M: Marker; /: GFP-MSCs;
2: MnSOD-MSCs.
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$Z%. 150 wmol/L t-BHP EH 12 h, GFP-MSCs =]
AT, 2 24h, WP, AR, KRB
BERE D), REIFIRAS. 200 wmol/L t-BHP /EH] 12 h,
KB AR, HEVETRFRE T, % 24 h,

0 50 100 150 200
¢(t-BHP)/(umol+ L)

KB4 4 M 2k J: W BEfE . i MnSOD-MSCs 1E
SR, 40 B R & B 2 4F T GFP-MSCs, H
SA-B-gal 4% {4 41 i 1¥) BH 1% % B 2.k T GFP-MSCs
(' 5).

Fig. 5 Morphology and SA--gal assay of MSCs treated with different doses of t-BHP for 24 h
(a, b) Morphology of oxidant insult GFP-MSCs and MnSOD-MSCs. (c¢) Quantitation of the SA-B-gal’ cells in GFP-MSCs and MnSOD-MSCs,

*P<0.05, n=5. B : GFP-MSCs; [1: MnSOD-MSCs.

2.6 MSCs i FRiE MnSOD &R S MR TEE R
W I CCK-8 V2 40 B A7 36 FI A, FH G I
G PRSI 7 WO BEAEL, T T2 S At B A3
#. 50 pmol/L t-BHP /EH] 24 h, 575 0] A1 A
i, GFP-MSCs Fl MnSOD-MSCs 177 £ #4 K [ ;
W45 +-BHP WL N, 40 Mofeid g MR, H
GFP-MSCs 4l fi 735 % ] T T MnSOD-MSCs(I4! 6).

120}
%
N
50 100 150
¢(t-BHP)/(umol + L)
Fig. 6 Viability of GFP-MSCs and MnSOD-MSCs

after t-BHP treatment
*P <0.05, **P<0.01, n=5. l: GFP-MSCs; [1: MnSOD-MSCs.

Viability/%

'

200

0

2.7 MSCs I 3% MnSOD &EHN I LAY E T

ANFEHE +-BHP /EH] 24 h 5, AW 40 i He
ARA3 Mt KI5 MnSOD X4 FRIE Ty, 45 A&
B, EARIKIE I, GFP-MSCs K 4b T 1 5.4,
YN LA 5EHE . GFP iRk, BEA RS 3 =
GFP-MSCs KB/ HE AN T ML 50T, di 2l
FIREREIR,  GFP KL IA B (8] 7a, b), TMAEAH ]
W R, MnSOD-MSCs 41 g 7 T & % v B T
GFP-MSCs. X3 Bt 1A MnSOD X/ t-BHP 5%
(1) 20 B A A DA A HAT R ER (B 7e). A TR
it 221k MnSOD 54t t-BHP %55 40 L 711 43 1
MU, FATTHE— 20 B S5 2996 2 /& PCR KLl 1
p53 1 PUMA R IEAR k. 4R EoR, fEAIRK
& t-BHP #ll # 4 f£ F, MnSOD-MSCs H' p53 Al
PUMA ik T GFP-MSCs( 8a, b).
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(a) . 50 pmol/L 100 pmol/L . 150 pwmol/L 200 pmol/L
10557 i @ 10157 (o)) Q
16.3% 92.8% 0.943% 91.4% 0.460% 2.56%
% 10° ZQE 10° % 10*
GFP-MSCs ! ! !
S0k 10 S0
o o o
— — g —
£ = e £ 9 B
10%(Q4 3 Q4 Q3 10%fQ4 Q3 10%(Q4 Q3
2.64% il ,79.9% 2.72% J o 3a0% 758% | (.600% 343% | ,5.32%
102 10° 10* 10° 10° 102 10° 10* 10° 10° 102 10° 10* 10° 10° 102 10° 10* 10° 10°
FL1::GFP FL1::GFP FL1::GFP FL1::GFP
10° 7 @ 107 a1 10 @ 10° 57
0.685% 19.7% 5.25% 5.22% 74.2% 113%
%104- %104 <92104- %104-
MnSOD-MSCs ! ! !
! T 10} "ok 0k
9 5 g g
=3 o ! [ [ o .
10%Q4 (o3} 10%Q4 Q3 10%(Q4 T 10%fQ4 Q3
1.04% L 78.5% 336% | ¢ 22.6% 165% |, 18.9% 6.65% |- 927%
102 10° 10* 10° 10° 10> 10° 10* 10° 10° 102 10° 10* 10° 10° 102 10° 10* 10° 10°
FL1::GFP FL1::GFP FL1::GFP FL1::GFP
(b) (c)
o 100 LY .
N < * [ ]
Z 80 5 100 o
< 60 g 80
E S 60
N 40 5% o . g 40
E 20 E"“ T 20
o I
0 [ 1Y o
50 100 150 200 50 100 150 200

¢(t-BHP)/(umol L")

¢(t-BHP)/(jumol -L)

Fig. 7 Infuluence of overexpressed MnSOD on t-BHP induced apoptosis
(a) FCM analysis of GFP-MSCs and MnSOD-MSCs induced by different t-BHP concentrations for 24 h. (b) Bar graph representing GFP*7-AAD- cells.
(c) Total apoptotic cells. *P < 0.05, **P<0.01, n=3. Il: GFP-MSCs; [1: MnSOD-MSCs.

—~
o
=

Relative mRNA
(p53/GAPDH)
N w I wn

—

.:M;

100 150
¢(t-BHP)/(pmol L")

L
50

—~
=
=

10+
T 8t
ég sk
E% 6r 5 '—‘
NG
§§ a4t . j
N =

50 100 150 200

¢(t-BHP)/(pumol L")

Fig. 8 Real-time PCR analysis of the expression of p53 and PUMA
*P<0.05, **P<0.01, n=3. l: GFP-MSCs; [1: MnSOD-MSCs.

3 it it

FEIEHR AR, A A k7 2R A R
AT RN PR, S R L T R BE T I
AMRGNPUAN R R, BT BN B
B3, INIENUAR )88 HERE 55 & Fhpite. 40 g
T A0 AR S A S RIS A R s T
Fe. pS3 MENHK AT, ERZ 5 L T

2. PUMA 2 M e T8N, E4 T mi
R R RIE, RA SRR T /EHT 2, MnSOD
ST ARE T SRR N B, n]E AR
BEPENLHIFRIR AR, AL R S LA
T4 B 7 B A AE PR B RIS B F B S, R
M s B, A R H ATARA B A S5 (4
B bl PrEALRIPUR T SE P MnSOD
SERERIVE RN AEY R 231 ARAE R PUR AT A2 A
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BRI RN RE, HoRIEH M, # MnSOD
T 097 1 de BEAR U7 i 2 HEAT SE RVA YT . Epperly
SEPIFFSTHR H MnSOD i PRI#E e 5 e b sl gk 2 735
WS L. Obal 2529% 3l MnSOD it % ik
AL B O UL 40 R A AL BE ). Niu SRR I
MnSOD JFUkE i J5T 4% % 40 1 i o v 29 4 0 e 0
e T ARRE L4 M. 1 MSCs A& — 2K BElg B IR
W BAT v FE R GE RN 22 ) 23 A0 7 B IR A 4 i
HALUNEH: a. WMIE, 5 T8, R
P b AR, FM ST
SRIEM 2 c. AWK T, 10 5.
B ZHA I d. R AR M P R 40
J5 4 YRR 1 4 Y 5 22 b A0 ) AR AR B, RN
W, BRAREILZ ki e, HAERI IR 5T
T 5HRMGMIERE 54 e BT SR
S8, VR REEDNAYT A, IR R AT L
FRA AR TR R BRYR 7 1) R F b7 4l 20, K
IR MSCs EIR7 O NI P . 1B AT
PR 8 48 995 FIVBE R 3 59005 h R PG B2 AR
FHE2 ARG AT T R e 1 KA MnSOD 2 [l 1)
N FE 40 bk, HE—202% % MnSOD i ik X}
t-BHP 7 5 140 40 M S0 A0 S B4 1 (e N, & SR i
7, AH[EIME -BHP 1EH J5 MnSOD-MSCs (173G
KW & T GFP-MSCs, 41 i 7 12 % B B A% T
GFP-MSCs, H. p53 fil PUMAIWZRIE N, % bRr
W, IRATMSEL &5 R R, MnSOD il 5 ik )
t-BHP if5 5 7= A g i i T B (R e, A
HUHITFT i85 R I p53 A1 PUMA 5%, 09145 R
RN RGN GRS B K6 9T 7 4R T
B S HEA

s % X W
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Protective Effects of Overexpression of MnSOD on t-BHP
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Abstract The study was aimed to investigate the effects and mechanism of manganese superoxide dismutase
(MnSOD) on tert-butyl hydroperoxide(t-BHP) induced apoptosis in human bone marrow mesenchymal stem cells
(MSCs). The MnSOD gene was cloned from human fetal liver by RT-PCR. The MnSOD recombinant plasmid was
transfected into MSCs stably by lentiviral system. The efficiency of virus transfection was identified by expression
of enhanced green fluorescence protein (EGFP) analyzed by fluorescence microscope, then MSCs were sorted by
fluorescence-activated cell sorting (FACS) according to strong EGFP expression. MnSOD expression was detected
by RT-PCR and Western blot. Transfected cells were then treated with different concentration of t-BHP, and the
features including cell viability, senescence-associated (3-gal activity, and apoptosis were evaluated. Our data
demonstrated that overexpression of MnSOD could promote MSCs viability by inhibiting apoptosis or cellular
senescence. Furthermore, apoptosis related genes pS53 and PUMA were down-regulated. Therefore, these results

indicated that overexpression of MnSOD in MSCs could protect against t-BHP induced apoptosis.
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