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Recombinant adenovirus overexpressing nkx2.5 protects
H9c2 cells against H,O,-induced apoptosis
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Abstract: To study the function and potential application of nkx2.5, a critical gene for heart development, we constructed
a recombinant adenovirus overexpressing nkx2.5 gene (Ad-Nkx2.5) with the AdEasy system. To evaluate the effect and
mechanism of Ad-Nkx2.5 against oxidative injury, the H9c2 myocardial cells were infected with the recombinant
adenoviruses Ad-Nkx2.5 or Ad-EGFP, and subsequently exposed to H,O, to induce apoptosis. The anti-apoptotic potential
of Ad-Nkx2.5 was validated by MTT assay for cell viability, Hoechst33342 staining for cellular morphology, and
immunoblotting for caspase-3 activity. Ad-Nkx2.5 infection led to an increased survival rate of H9¢c2 cells and decreased
the amount of caspase-3 in an active form. Additionally, overexpression of Nkx2.5 inhibited the release of cytochrome C
from the mitochondria into the cytosol. Mechanismic studies showed that Nkx2.5 upregulated bcl-2 gene expression and
significantly repressed H,O,-induced expression of bax detected by Real-time PCR. Additionally, H,O, treatment did not
affect the nuclear localization of Nkx2.5. These findings indicate that adenovirus-mediated nkx2.5 gene transfer exerted a
protective effect on H9c2 cells against H,O,-induced apoptosis via mitochondrial pathway, and the Nkx2.5-mediated
expression modulation of apoptosis-associated genes could be involved in this event.
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1.1 #HRFRIR

pFLAG-Nkx2.5 Jii ki i Harvey RP #(#%
(Victor Chang Cardiac Research Institute, Sydney,
Australia) HEW MR 5 A FURL pAdTrackemy |
BTk pAdEasy-1. IM109 2 BJ5183 [ . HeLa
Je HOc2 AL A S g 2 A Pme T )% Pac |
(NEB), Lipofectamine 2000 (Invitrogen), JFUki K
wEHEHUAH] & (Vigorous), MMLV Jiz % 5¢fiff . T4
DNA JE#HE . T4 ZRZTRENE (PNK) ¥l
H Promega /A ] ; Taqg DNA -4 R A1 R il 14 N U
fiif ) § New England Biolabs 2] ; 25 1§ K Fll
DNA marker W H Jt 50 TIANGEN A ] ;
Hoechst33342 F1 G418 W H Sigma A Fl. ¥t
Nkx2.5. Ziffita 3% C. GAPDH #i/A [ Santa
Cruz /~ d), P caspase-3 Hii&KI4 | Cell signaling
Ao [y-2P] ATP W F AE 5T AR A ) B2 T
YN
12 REMERRFSERETE

AR B R P T Ay ik Sk,
¥ pFLAG-Nkx2.5 Fl i} 5 % 2 R i R
pAdtrackemv i Bgl Il #1 Sal T #47 K3 fEGY),
#37. Nkx2.5. pAdtrackemv 7€ [f] 3 WK £ .
2l pAdtractemv-Nkx2.5 FUki 28 Pme 1 Zit:4b )5
PR T e Ak 5 IR B B S8 PR pAdEasy-1 ()
BI5183 B A TEHAT IR E A . RIRE Rk,
2 Pac | MU E IEFIE LAY pAd-Nkx2.5 [l
BRI, pAd-Nkx2.5 Jivki DNA £ Pac | fi#t)£k
PEAL)S, %8 Lipofectamine 2000 BilI43, %A
293A AL HEA TR RE R, BB DO M T
WEG BERRIE I A2 0 o 15 14 d J5 P A A0

B, BRERE, BEOWEN, PBS HEER
RS IRRDZA 3 YC, 1000 r/min B5.0> 10 min J5
WAE i . f5 LR RS B 293A 4fie, 24 h )5
PRI MEE, A RIOCH MR
JEE /9 75 VA P RR TSR0 B 82 o %o R s o B R R
TRAF

K PCR A4 pEGFP-Nkx2.5 JF ki, {fi JH]
519U . forward primer: 5'-GCCGAATTCATG
TTCCCCAGCCCTG-3', reverse primer: 5'-TAGG
ATCCCAGGCTCGGATGCCGTGC-3', ¥4 Fr Bk
ffi A pEGFP-N1 Jioki, W5 B4 5 R4t alifh . b
B HOc2 4L, A G418 (400 mg/L) fifiikfa
JE B
1.3 Western blotting ¥l & B &%

HeLa 4 i85k HOc2 4 iR T 6 fLAR I, K%
Feid G 53 A R GLSZE (Multiplicity of
infection, MOI) IR FEI . LA R G 5755
FW, FEEN, BCAEEAER. 30 ug A
HWhI5, 12% SDS-PAGE HLIKFENR, 5% IR Y)
FrEHA] 1 h J5IMASE Nkx2.5., caspase-3. 4,
% C (Cytochrome C) 5 GAPDH Piikit 174232,
TEEUE S B AL B IC I B R, ek
FEE AT A RN o
1.4 BRECPEE (EMSA) #ill Nkx2.5 FRix

P SCHR T 123 B HeLa 40 IA% G 1, #r ik
SRR RO, e BB F A Nkx2.5 5
PUN PSR S, IEEEFANIT . 5-TCTTCTCA
CACCTTTGAAGTGGGGGCCTCT-3', T4 Z B #%
BRI XSRS UEAT A P ic . RN
REYT, ZEHHER 10 ug, H 6% MAEZE M
PAGE JIiZHLUK, BU B 25 B8 Nkx2.5 8 H 5
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b DNA 2544745,
1.5 MEMEE (MTT) &4 HIc2 HHXIIE N
W HOc2 4L 1x10°/4LIERP 2 96 FLAR , LA
£ 100 mL/L BG4 17, 100 U/mL 2558 E
100 mg/L 5575 F ) 2 DMEM R 37568555,
AR MO YA 2L 40, 24 h JFMA
H,0, ZEZLWKE K 200 umol/L iS4, TAEH
J50.1.2.3.4,.6.8. 10 F1 12h LA 10% 5 g/L
MTT. 37 CW¢HE 4hJ5, ZibiGFR, Ll
TR EALIA 150 uL DMSO, fiK# 7% 10 min,
{45 T it o TERRER S RE R IAY 490 nm 4k
WA FLIOG(E (OD). 4% FAIA K 4l f7
R ARG R (%) = Hy0, 4bFE4H OD fi/AE
AbFEZ OD fEx100% . B4 4 NE AL, LI TE
523K, HyO0 Kb ERLH S IRAL A EE , FHECH t K
BTG T

1.6 Hoechst33342 8 B 7 W 22

HOc2 40 i fm AW N 1 mg/l Y
Hoechst33342 ik 4 30 min, PBS 50k 3 1K,
MLk S SR AT T — 25 H,0, 203, H,0, ik
B 6 h [ TR E SO0 WA T WA H A A% TE
Bk, 454 EGFP Y (B4 5251k,
.,
1.7 DNA ladder ;%1 DNA R E{t

ZEScEkET Y, FIA IR . 13107 4 H9c2
R B FRILF, DL 200 pmol/L H,0, 1%
MM, FEF 12 h R TR (W RE RN BE),
D24 o 24 v 2 40 . 0.1 g/L RNase A 37 Cli
B 1h, 02¢g/LEMM K56 CHFHE 3h, LIl/&A
ik E I N2 DNA J5 % f# T TE b,
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2k R A 2 BCSR H Pierce 2y H IR A &
(Mitochondria Isolation Kit for Cultured Cells,
89874) , T iR I . H9c2 40 Ml (1x107) &
200 pmol/L HyO, 4b¥E 6 h Ji5 , B WS FT A 4 it .
JIA 400 pL buffer A, IWHENR 5 s, VKU 2 min,
JIA 5 uL buffer B #2837 , 7Kift 5 min. A 400 pL
buffer C AUEIRA], 700xg I Z 0> 10 min, H
3. 12 000xg KR 20> 15 min, BRI
WM, FRULEMA 250 pL 20k C ik,
12 000xg #.0> 5 min, HUILIERIAZRIR, TTE
INAZE A2 RS LR R IR . BCA B:
ERH I E FHE , Western blotting #6111 4 it
BE c & E,
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1.9 Real-time PCR & RT-PCR
2 B CHk#EAT Real-time PCR!', H9c2 4l fify
£ 200 pmol/L H,O, 4b¥H 6 h Ji5, WHEFTA 4l .
i Trizol PLHEHUANMLE RNA , FHLE | 975 38 5 5%
A cDNA 55—k, RH TOYOBO AWl
SYBR Green Real-time PCR Master Mix £
ABI7700 #5E £ PCR A Fi#47 PCR o &
e Ct {H (Cycle threshold, fEIAEI{E) ik
iJr;%; 2 AR S BN RV i =2 ) 5 L DR G 6
KES . BEARHBBOE 3 PATEAL,
Z2/AHEE 3 W, DAVSEEAREZE B AR
K g 7R . RT-PCR £ T-gradient'™ PCR X
AT, SIYNR GRS 58 C, fEH
# 25~30, T Real-time PCR } RT-PCR ({54
JPH W 1.
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% 1 Real-time PCR & RT-PCR {£fH35|4)

Table 1 Primer sequences for Real-time PCR and RT-PCR

Methods Genes Primer sequences (5'-3") Products ( bp)
Real-time Forward GTGGACCTCATGGCCTACAT
PCR gapdh 148
Reverse TGTGAGGGAGATGCTCAGTG
- Forward GGGATGCCTTTGTGGAACTA
cl-2 138
Reverse CTCACTTGTGGCCCAGGTAT
A Forward TGCAGAGGATGATTGCTGAC
ax 173
Reverse GATCAGCTCGGGCACTTTAG
RT-PCR Forward AGCAACTTCGTGAACTTTG
nkx2.5 344
Reverse CCGGTCCTAGTGTGGA
Forward GTCAGTGGTGGACCTGACCT
gapdh 394
Reverse AGGGGAGATTCAGTGTGGTG

1.10 #HitA*

B DL EpR E 22 %R, R SPSS13.0
BEVT AR AT € R 30 FBRL K 38 T 25 73 #1 . P<0.05
FRAREMNES, P<0.01 FRAIEHBEE
25t

2 BREMM

2.1 E4H Nkx25 BRIEHERNAIHEREE
pFLAG-Nkx2.5 Jitkiz: Bgl Il #1 Sal T XUf§H]

J& , BEZY 1.1 kb () nkx2.5 23k A BE, H% AL
BB pAdtrackemv ‘B4R, vk RS A D]
YR FNE 1A iR, pAdtrackemv-Nkx2.5 Jit
biZs Pme 1 4PEAL, 4 A S 0eht AN s B 28
%I pAdEasy-1 (1Y) BJ5183 &, #EHA7RIEEL, &
FIBE R ik, HA WL Pac I VISR .. IF
B EE A1 % Jikr 2 33 kb, TP 24 30 kb 1Y R Bt %
—A~3.0 5 4.5 kb K/NMF B Z5A A 1B f
7, ATLARE AT —1 4.5 kb K/NEY A
B, pAd-Nkx2.5 H4H K.

B kb 1 kb marker kb

<— 30
<«— 4.5

A kb 1 kb marker

4 —>
3—>

Clone:1 2 3 4 5

1 pAd-Nkx2.5 [RR B REE

Fig.1 Construction and identification of pAd-Nkx2.5
plasmid. (A) Identification of pAdtrackcmv-Nkx2.5
plasmid by Bgl Iland Sal I digestion. (B) Identification
of pAd-Nkx2.5 plasmid by Pac I digestion.

22 FHNkx25 RFESHMEERERE
20t Pac TZRMEAL Y pAd-Nkx2.5 JFkr % e
293A YHMIIHATELRE . DN IR LS R IR
2 dEZEAHBIERE, 14 d 2 47A KR IR0
BEIER (B 2A), i KERIL EGFP, B
[R5 H RS o WOk A0 M A PO 2, A%
FOAR BRI S BT B, AL Ad-Nkx2.5 T B0

5x10" efu/mL (efu: expression-forming units), %
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MOI=100 /&4t Hela 4Hfil. FF4EHL RNA 17
RT-PCR £l nkx2.5 %35 , Jf-i# ik Western blotting
R (k. 250 mE 2B A1 C fiw, gL
Ad-Nkx2.5 ) HeLa ZHIfF7E Nkx2.5 ) mRNA
KR FRIR, R X R 2 11 200 A A A DU 3]
Nkx2.5 ik, h 1 %8 5E Bt 8 B4R K35 19 Nkx2.5
B R HA&TCEWENTIRE, LT T EMSA
SEE . It AR Nkx2.5 FRR4h &0 DNA B4
(FRSFE5 G 75 TNNAGTG), AN ZhRic
Jo S IR SR AR AT I AN R L, AR
PAGE 7B J5 R BEt. 45 R WA 2D s, &
Y Ad-Nkx2.5 Y HeLa ZHfIR%E HAERS S5 DNA
WRET 4, it FRIR RO R AT . X R
HRRIRTE TR IA MY Nkx2.5 3 1 HA 1IE 3 1 DNA
Ziaaedl .
2.3 Nkx2.5 i3 FRIERIF HIc2 dHARIE WA
Nkx2.5 J&H A OIS H F  oh T ik
— 2 WF5 Nkx2.5 W4 FIO6g, Al H

A B

2 E4H Nkx25 RREMNEERERE

Ad: EGFP Nkx2.5

RT-PCR

Ad-Nkx2.5 R el ge RO WLAEML R H9e2 4
JfL, K6 nkx2.5 i Ik %F HOe2 AHME I T 52
HO9c2 ALk IE TR EOCENAONAIH R,
e H0, A58 EUI0 I T A8 2% U H B 70 1 8 1
fiEo H9c2 2 43 B YAS[R1 JBE Nkx2.5 B 8
(MOI 43514 0. 25, 50, 100), 200 umol/L H,0,
AbPRANM G MTT SRR AN TS S . 4R e
RN 3A TR, B Nkx2.5 s ik B
R T A R H,0, 5% 12h 5,
Ad-Nkx2.5 x4 (MOI=100) 4 s %
A 24.6%, Ad-Nkx2.5 Ff&FIE4] (MOI=0) 4
o 26 K03k 83.9% (P<0.01, n=4), K, 5
LRGP PR MOI=100 i Ad-Nkx2.5 R RE1E N
JRGLR B T L) Ad-EGFP JE YL 4H %t e, H H,0,
P53 12 h JG A %0 21.3%, Tl Ad-Nkx2.5
HAMAETEHRN 72.9% (P<0.01, n=4) (&l 3B).
S50 R Nkx2.5 33 2236 0] DL HOc2 4 e d 4t
H,0, i F Ay A L4 .

D
Ad: EGFP Nkx2.5

nkx2.5

gapdh

N2

.4— Probe

Fig. 2 Packaging and identification of recombinant adenovirus overexpressing Nkx2.5. (A) Adenovirus plaque was
monitored by fluorescence microscopy (100x). (B, C) Identification of Nkx2.5 expression in HeLa cells by RT-PCR (B)
and Western blotting (C). (D) Overexpressed Nkx2.5 from HeLa cells infected with Ad-Nkx2.5 bound with specifec

DNA probes in EMSA assay.
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Bl 3 Nkx2.5 idRizRF HIc2 BARME LA

Ad-EGFP

Ad-Nkx2.5
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Hoechst

H,0,(-)

H,0,(-)

b4
- o

Fig. 3 Overexpression of Nkx2.5 protects H9c2 cells against H,O,-induced oxidative injury. (A) H9c2 cell viability
was evaluated by MTT assay after Ad-Nkx2.5 infection and subsequently H,O, (200 pmol/L) treatment. (B)
Comparisons of cell viability between Ad-Nkx2.5 and Ad-EGFP groups. (C) Morphological changes were examined in
HO9c2 cells treated with H,O, (200 umol/L) for 6 h. Arrows indicated typical apoptotic change, including cell shrinkage,
blebbing, nuclear condensation and fragmentation (400x).

Ad-Easy IR 8E R 40 H ik EGFP JE, 4iijf

| R A N ) T A R L N R
Hoechest33342 XF4uffutzoe e ye s, BT x40 i
P T-IHE S TR . 2521 A 1L, Ad-EGFP
TR AE HoOn A0 FE 6 h 7, B HH B AL A i 73
B MRS AR R, dEM i E RN R, R A
KA VR R, AR M SR T R R AR
BB (R T/MA) , B 8ds A2/ )N , 25 BER I
R (B 3C), AR, 20
PCBELH R, MM . T Ad-Nkx2.5 J&L2H

LS BB S R R EHIRE, Bl
Nkx2.5 355 35 0] #1% H,0, % 19 H9c2 41 i
Uaio

2.4 Nkx2.5 @ REFEMERIFATIRZ
HLIAT-A 3 Fhikts. dokilkmts, JET-%
RIBBERMA T MER . —BARH H0, i 31
AP E SRR T TR AR o RATTHE— 2L B0 UE
Ad-Nkx2.5 i 2 4540 Ho0, A HOc2
IR T A AR KL . FIH DNA ladder SE565
Mra B, H,0,15 SR 40 % 2= DNA H Btk
WA, T2 LA A AT ZE SR A%/ IMA Ry BE il Y
BAIE DNA 4547, [aIFER/N2)2k 180~200 bp,
AP TRRAE (] 4A). TS Ad-Nkx2.5 i
T AU 2N B A & B . DNA ladder 45717, &
Nkx2.5 BEEHH] H,O, WA H T (Kl 4A).
caspase-3 & 4 Il 7 T4 A8 v B I 2R B )
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Wi, JCIGPERY procaspase-3 LAESJR (32 kDa) Ay
AT, Uﬁtﬁ?ﬂﬂﬁﬂﬁ?ﬁﬁ%ﬂﬁ
17 kDa il 12 kDa LB MG fL, #F—LU1#1 2
R ADP-BMERGHFICYIE I . @i Western
blotting il & B, Ad-Nkx2.5 JiikagBysdbde
H,0, fli /% caspase-3 5I1iG 1L (& 4B). N T ¥
Wr Ad-Nkx2.5 fifis 5 BE A 410 il 2 b iR A2 A 2 1Y)

A B0 HOM

5
K& &
Ad: ‘(»6 @6 \&'

Marker I

B 4 Nkx2.5 1

B H,0,(0)

PR, FRAT 43 il 4 BR324k AR 28 1 i AT
Western blotting £ . 45 UNE 4C s, H,0,
Ve B2 A0 2RI R T BERR A, AL (23R C i
SRR BERGH ALK, T Nkx2.5 #93d F 8 %R
JE TERRATIRE, M40 3R C B, XL
SRR R W] Nkx2.5 #5) RIkaetl il Zon A%
BARIRT

H,0,(*)

5 5
$ &S
Ad: < x\‘& & éé'

. —

' <procaspase-3
~ wme= o l<cleaved caspase-3

c H,0,(0)

H,0,(+)

2) 2)
$ & S$E
Ad: < %& & &

Cytochrome C

Cytosollc

—

Cytochrome C

Mitochondrial:

I FRIFINE LRRIRZ N S8 HIC2 AT

Fig. 4 Overexpression of Nkx2.5 inhibits mitochondria-dependent apoptosis in H9¢c2 cells. (A) Overexpression of
Nkx2.5 inhibited apoptotic DNA fragmentation (H,O, treatment for 12 h). (B, C) Overexpression of Nkx2.5 inhibited
the caspase-3 activation (B) and release of cytochrome C from the mitochondria (C) (H,0, treatment for 6 h).

2.5 Nkx2.5 i3 FRiEFIZ bel-2 A bax ik
Bel-2 55 Bax $EAETAORIA, 2H 2 i iE
HLE SRR ) A AT RERE M . H Bel-2 S
HEMPLIHT-EH, M Bax 2EMT-HH, &
FAYREXT L (R 2R 4 2 75 0 TR G E T . Ry
T it — 7R Nkx2.5 i3 kP T A9 43 F 0L
FLHL RNA HEATXF bel-2 F1 bax R ikt
Real-time PCR #ill 4558 &8, Ad-Nkx2.5 &
415 Ad-EGFP J&YLA Lb#, bel-2 JEH FIAKF-
WINT 1.59 % (P<0.05), [FINF bax JHFRikK
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SEN AN T 44% (P<0.01), {HANA H,0, Ab3
J&, Ad-EGFP #1 bcl-2 N F# 135 %,
Ad-Nkx2.5 4 bel-2 FE[H i 1.80 £ (P<0.01);
[ Ad-EGFP 2 bax 2K L1 7.39 % (P<0.01),
Ad-Nkx2.5 41 bax K Fid 1.58 f% (P<0.01)
(&l 5A F1 B), 1] Nkx2.5 1t 3k ] D) i 3540
Bax JE[H m ik, Ml bel-2/bax AR HE
[ Nkx2.5 3 2635 %F bel-2 FE N Rk A — 4155
B EVEVER . X AT RERE Nkx2.5 i ik 4 H9c2
Y HL A AR A 1 2 F AL 2 —
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#
%20t # H |
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515+ T
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s 0.5 |
7
0.0
Ad: EGFP Nkx2.5 EGFP Nkx2.5
Hzoz(_) Hzoz(+)
B - 10 rpel-2 # I | #
.S
5 6F
Q
5
e 4 +
(5]
2
g 2¢ =
Q
~ 0
Ad: EGFP Nkx2.5 EGFP Nkx2.5
Hzoz(f) Hzoz(+)

5 Nkx2.5 i3 FiXIFIZ bel-2 F bax Fik

Fig. 5 Overexpression of Nkx2.5 regulates the
expression of bcl-2 and bax genes. (A and B) Real-time
PCR was performed to assess the expression of bcl-2 (A)
and bax (B) genes, when H9¢2 cells were incubated with
200 pmol/L H,0, for 6 h. Untreated cells infected with
Ad-EGFP were used as control group. All data were
normalized to gapdh mRNA level and showed with

relative quantification. Each bar represents X+ s from

three independent experiments. * P<0.05, " P<0.01 vs
Ad-EGFP group (with or without H,O, treatment).

2.6 Nkx25 #ZEMAZFENMMNHTH
Nkx2.5 & E# e 0 5 HPT - e % Y]
FASG, A T il HaOp W5 A5 Nkx2.5 FEA
A TH T 35 Nkx2.5-EGFP Filt& 85 110 Bk
FaE s H9c2 L, 455 % M Nkx2.5-EGFP &
1 5E O T4 A% , JEAE Hy00 A3 5 min 2 24 h
PP IEACE T A%, A BB B2 iz . (R

TEC T4 B [E 4a 4%, Nkx2.5-EGFP 2 M
YRHEL i e R R AR RS (K] 6). ISR
7N Nkx2.5 235 FITE AL ORI T, O A e
A RE S AT T DI RE ARG

Hoechst

Nkx2.5-EGFP

H,0,(-)

6 H,0,XF Nkx2.5 4% XE 5 BY 52 Ml

Fig. 6 The nuclear localization of Nkx2.5 in the
absence and presence of H,0,. H9c2 cells
stable-transfected with pEGFP-Nkx2.5 were incubated
with 200 pmol/L H,0, for 24 h. The subcellular
distribution of Nkx2.5-EGFP in H9¢2 cells was analysed
by fluorescence microscopy (400%). Hoechst staining
indicated the morphological changes of cell nucleus
during apoptosis.

3 Wit
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Nkx2.5 0] DALk 422 0 0k Sh 75 5257 (DMSO)
A , 2t f BRI i SR AR BV AT 35 4%
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