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[ Abstract] Objective: To investigate the effect of aldehyde dehydrogenase 2 ( ALDH2) gene on the
proliferation and anti — oxidative damage of human umbilical vein endothelial cells (HUVECs). Meth-
ods: HUVECs were divided into 3 groups: transfected target gene group ( transgenic group) transfected
empty vector group ( empty plasmid control group ) and non transfected plasmid group (negative control
group). In the transgenic group, the eukaryotic expression vector containing human ALDH2 gene was
introduced into HUVECs by liposome mediated method. Western blot RT-PCR were used to detect the
expression of ALDH2 gene and protein in each group. Different concentration of H,0,(0, 50, 75, 100
and 125 pmol/L) were incubated with HUVECs. 48 hours later, the level of cell proliferation and the
degree of oxidative damage were detected in the cells of each group and the changes of HO-1, ROS and
NO level were detected in the cells of each group. Results: The fluorescence intensity and number of
transgenic group were significantly higher than that of negative control group, suggesting that the AL-

DH2 gene was highly expressed in HUVECs cells. Compared with empty plasmid control group and
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negative control group, the expression of mRNA and protein of ALDH2 gene in the transgenic group

were increased (P <0.01) 72 h after transfection. The survival rate of HUVECs cells in transgenic

group was significantly increased (P <0.05) after 48 h incubation with different concentrations of

H202. The transgenic group could inhibit the increase of ROS induced by a certain concentration of

H202, reduce the expression of HO-1 and increase the production of NO, and the difference was sta-

tistically significant (P <0.05). Conclusion: High expression of ALDH2 Gene can reduce the dam-

age of HUVECs cells induced by low oxygen free radicals, and protect the biological function of endo-

thelial cells.

[ Key words | aldehyde dehydrogenase 2; transfection; oxidation damage; nitric oxide; endothelial
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1.1 4 it

NIBE DK N B2 240 i ( HUVECs ) 20 i % 5 JH
BRI A e A S AR O %0 . R IR A
pcDNA3. 1/myc-HisA " — ALDH2 #4 & J5 ¥ ty A 52
IRt 4 PCR EcoR 1 )2 BamHI [iff)] J2 3% 4> 8
FRRHE (R a0 A BR 2 =I5 7 91 bE X IF 1 56
100% '°~"' . THIzol , 3% % 5 i %] & . Lipofectami-
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neTM2000 ( i 512 #) 4 3£ [E Invitrogen /3 & 7= i,
JEREE 1 i ol 55 B Amresco 4 W] 7 iy, MTT . DMSO
R AR = R A PR /77 i, L-DMEM #5573
W B 3£ Gibeo 24 w], R4 103G 14 B AT 9275 2
Al , BTN ALDH2 —$t SRy E h E S5
Abnova /A H], ALDH2 | [fil £ % A& i 1 (HO-1) \B-
actin 5|4 R 4 0 B A ) RHEA BR A R A A
— LA (NO) R D7) 60 W R ot A ) T
W5 HT, ECL & ik 57 1 3¢ [E Santa Cruz 2\ w] #2
Hb TR ERINEN S B L S R A R B
50T

1.2 SE9eiik

1.2.1 HUVECs ZHM$% 5% F1 ALDH2 %% L 26 fifd
rgtsr  HUVECs 40 Md 70 T 1% 10% JG 4= 103
100 U/mL #5252 .100 U/mL 4525 Z M1 0.03% L-
BB DMEM K5 5238, 2L S x 10°/mL 41 i %
FEHERR 2 50 mL 355500, T 37 C 5% CO, JFE
FET R A0 LU A i g B R 21 (% 3
PRIZH ) Bt s AR ZH (23 JORo 0 BR A ) DA K oA B e
JokL2H (B PEXT BR2H ) o % Y w7 5% g A\ HU-
VECs 4 i AL E 7R 45, LU 1 x 107/ mL 41 i 5%
FEHAN T 6 fLAk I, &:£L 3 000 pL, & T 37 C 5%
CO, K FRA A I 17 6 FLAR P A AR K &2 1.5
10°/mL ZEA45 B K 5 H Y 5 DR JB0RE A2 28 14 ok
%2 pg SRR 8 WL ML A S00wL A & I s AT
HyEEFR A TR A 5 & IR ACE 15 min J5 53 1%
TINAKE F (R A A2 ok it BR A o BA P X6 BE AL T
500 pL AN IMLIEAPTIYEE SR ¥ 3 HAME T
37 C 5% COGFMTIFE 2 h J5, 10 3 d4iffrh
AINA S mL Wi E 37 C ) DMEM k53535 (4 1M
TH WAL ) RS E o §5 Y 48 h 5 1) HUVECs 41
it & 500 me/L G418 [l 3k, 45 3 ~5 d 4
WL IR L 2 R P s B US4 250 mg/



11 W75 o5

1R 4318 ALDH2 FEDN P36 108 9 B2 40 S RE (0] 22 7F 5

L G418 k2Lt 1 JE15 2% 44 H iy ZE 40
1.2.2 HUVECs #ifi JeAg il R FH )4 S i ¢
G EE AN A et Ol . i g 24 48 72, 96 Fil
120 h J5 (A FLANME G BT 3% 7 b, R 2 3
[E %2 10 min ]S40 . pH7. 4 4 0. 01 mol/L
PBS YR I, T8I0 & 5% /N4 1035 1 = A
37 C P 30 min, PBS ¥E9%& 1 ¥k, £FYR 5 min, i
hnde S ALDH2 /N BT A —$0(1:3 000) ,4 °C I
B, £ 0.5% Triton X-100 1) PBS &% 3 Ik,
FHR S min, JFINPEN R R C =0 (/DR FITC-
IgG,1:100),37 °C, #HEMFE 30 min, 7 0.5%
Triton X-100 % PBS ¥4 3 UG , B SCcir 22 Jufa i
T 10% Him R 2% v il B B, 5806 BB T g
YECHREL A0 IR AR P58 0 B2 I W 2R 1 A
590

1.2.3  ALDH2 mRNA FI#E H ARk R
5% PCR(RT- PCR) 34 0 ALDH2 mRNA , i 4E
LA, ] TRIZOL 357 £ B 21 i 5 RNA, 43¢ #f
T s i) U B A S5 R eDNA | JFf a0l 4 5
1) cDNA VE AR AT PCR SN, Kl ALDH2
mRNA [k, B-actinl 1EHNXTIR, PCR 5[4
R : B-actinl | 5'-CTGGGACGACATGGAGAA
AA3', T % 5'-AAGGAAGGCTGGAAGAGTGC-3'
(564 bp) ; ALDH2 I 5'-GACACGGATCCATGTT-
GCGCGCTGCCGCCCGCTTCGG-3", Rt 5/-GACAC
GAATTCTTATGAGTTCTTCTGAGGCACTTTGAC-3’
(1576 bp) , PCR 442 94 °C HiASPE 5 min, SR)5
35 JEFFUHE 94°C A5 50 ,65 C Bk 45 s;72°C
FEA 60 s, Fefig 72 CAEA min, SN 25, U
PR 10 WL AT B R WH R I FL K, BRI SR 45

{8 1] Bandscan 2 {F 43 Mt S50 4 1 HHEARRIH B
FE ) mRNA AR5 & . SR Western blot 45l
HEHRIBEO A LAIMIH S, PBS ¥ 2 3%, i
AR 100 L 7K 2% 30 min, 24 it
B ERZE . 12 000 t/min B0 15 min, B HL
W&, BCA FEHERRAMGNER &R, ©
RS R B RE S AL BRI A B Buffer, 8K J5 ik
TEMZK (> 95 C) i 5 min i & A8, 1F
R RAEIRESL . Rk 0 SDS-5 N ot i 56 11X
MUK G575 2 PVDF JEE I, 3R (5% g 43
¥3,1 xPBS,pH 7. 4) &A1 J5 iyt A ALDH2 —$¢
(1:2 500) 55 2 h JFued, A FEHR =Hu(1:
500) Z=iRBEF 1 h, YEIE S H ECL 3551 i fin 75 [
S5 RTA Y itk i g

1.2.4 FEAE(H,0,) gl st SR MTT 2%
R H, 0, AHAEE M o HUA 2 200 0, %17 A48 i 2%
H 1.5 x10°/mL, & HL 100 wL Ji A 96 FLAR H, FE43
BIMAAS RV B H,0, (0,50,75,100 F1 125 pmol/
L) & 2 H A0 24 h, ffLik 6 A AL, DRy
AR, 37 C 5% CO, JFIRE T H55% 48 h
J& B 96 fLAk, FEALAIn MTT(S ¢/L) K 20 pl, jik
MG FRAA AR LT 4 h 54 1ERE 97, 1 500 1/
min 37 C B0 5 min, WFH 3. FALMAZH
FEWARI00 L, EHEIK B 10 min, i 25 & 5850 1%
it o BEFEIE B 570 nm (490 nm Ry Xf HR) | FEAR
A LRGBS, Fie s as R H A TEATR
TERAAER(% ) = A RIS/ A XHHEZL x100%
1.2.5 HO-1 mRNA #ill 2 K[EH B H,0, 1)
DMEM 3573807 5 48 h Z )5 , W AE 45 fL 4 i 47
RT-PCR Jz i, & {lll HO-1 mRNA {335, UL B-ac-
un2 fENINZ:, OB A Qe TE BT iR, HO-1 B i
5'-CAGGCAGAGAATGCTGAGTTC -3', it 5'-GAT-
GTTGAGCAGGAACGCAGT- 3'(550 bp) ;B-actin2 -}
5'-GCTCGTCGTCGACAACGGCTC-3", K i 5'-CAAA-
CATGATCTGGGTCATCTTCTC-3'(353 bp) , 4N ik
AR H 3 B A FE S 255
1.2.6 ROS il >k H1f e 9taIi ROS, 4%
GRG0 o HRAS ZEL 200, R0 4 i 235
F1.5%x10°/ mL, &8 2.5 mL i ASFLARH, B
A 2.5 mL SRR EE H,0, B DMEM X% 77 5
(2B 4y 5k 0,50 .75 100 F1 125 pmol/L) , 4
P =NE L. 555748 h JGUSEAIML . AT R
1f-f#) DCFH-DA 500 wL,37 CH# 20 min, DCFH-
DA AR B 96, AHE A A0 ML 5, o] 4% 40 it P i
KA DCFH, ROS 7] DU AL TCw¢ 6/ DCFH A=
AT %% 56 DCF, #il DCF 1) 58 56 1] 2 e 46 it 7y
ROS 7K F-. A TCILIE 9 DMEM K52 2Lk 3 K
J& A TE MLE B3 5% 3 mL WKAT 5], 76 30 min
Ao 3 2 A S B TN E SRR B WOR A
488 nm, Kk HFE K 535 nm,
1.2.7 NO & RAGI R I IR 4 5t i 5 4
NO [y fri, i HR NO A I 7] &5 Ud B, i A5
RS, B E 10 min, ZE 1 K8 %, 550 nm,
0.5 emJ6A%, SR F AT UL 43 56 % B vk 00 4% 78 IR
fHo NO & #riHaE /A NO & it (wmol/L) = (il
EEWOCHE - 2= HE WO )/ (FREE OGN -
SHEHEWICEE) ) x bRfES R (100 pmol/T.)  x
AR it 00 A A A
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BET SPSS 13.0 43 4k 1, 45 41 5250 47 3
W SRR bR () Bk AL HR
I ANOVA (sl ¢ K%, 2103 L T
% 0Kt P <0.05 FR % AL

2 #HR

2.1 ALDH2 FENFE AL
i BE TN A 5 ' ik J3E AR, HE B X IR 2 I 2%

A:BAVERSARZH 48 h

Fig. 1

2.2 ALDH2 mRNA Fil ALDH2 % [ (1) 3£ ik

RT-PCR ;10 3 2H 40 il () 7EF% 4 72 h J5 mR-
NA B3k, R 357 W2 . RT-PCR 45 2R WoR
LA ALDH2 (4255 B S L 2 Sk o) B 2H A1 B 7
YTHRZHE (P <0.01) (E 2), Western Blot 255 5
TR YA X 4 T i 54 x 107 4 BT
2517 , 25 BORE RS B ZH AR B 1 % R A AR 555 , 15 B
Fe e ALDH2 fE 4R H/KFA3 2125 (P <0.01)
(K3).
2.3 HUVECs 775

AFHE H,0, W5 F 48 h )5, AL 41 HU-
VECs £ 28 1 25 18 T 25 JBORL XS BR ZH I 4 %o iR
4, ZFAGFEX(P<0.05,n=6) (K 4), 1

ALDH?2 _
B_aCtin m

® K
\)A% 2 \}\\‘f& - )S%,%‘/
‘?(L)%}; ,/;;)6'\.% - %%N)g’

A

B 28 H AR HRA 48 h
1 HUVECs ¥ ALDH2 & & 7% L3 &
Expression of ALDH2 protein in HUVECs by indirect immunofluorescence assay

Pem, 38 A ALDH2 KL [H7E HUVECs 41 fi15
FE ik, 24 h B, 5 540 BALAH B, 28 R
TELH 2t om BE B A B S 2200, (H )& 5% 4y ALDH2
JE DR ) A L RT DL AR5 9 572 h ip, ALDH2 i (1 7E
LA RIS IR . DL 72 h BRI A A0
DGR A R 24 h BT #GE,48 h ik
M9 72 h (FO G EE g 8 ik ,96 h Z )5
B, BRSSO E DT IR 7 d
it DL 1,

C.HEIEL1 48 h

7N ALDH2 PR e 2 J5 9 B2 A s H, 0, 51 1Y
AALIR 3T 22 3 .
2.4 ROS HO-1mRNA F1NUEPE NO 1355
50.75.100 F1125 wmol/L H,0,05% 48 h, 4%
24 HUVECs 1 ROS 7K F-Bi Fhis o 5 25 Ok ) iR
4 F#5,75 100 F1 125 pmol/L H,0, YRJE T, % 5k
KZH HUVECs A] 41| H,0, 5519 ROS K-V 7t
L EFEAGITERE X (P <0.05) , BWIE—E
WeRETI B A, ALDH2 A% Y g i 25 FE (IR H, 0,153 1)
ROS 7K y34 5 o ARk B2 /) H, 0, 0 5 4 41 HU-
VECs ZiJif1 48 h, 41 HUVECs [y HO-1 3235 /KF
BT . A TR REZH K BAPE XS B2 HLd , 7
100,125 pmol/L H,0, #JE T, F A 4 HUVECs

1 ¢

4

-.HE 0.8

>~

=

=< 0.6}

z,

=

E 04}

o

T

S 0.2

<

0 " ) |,
WL AR IRAL B R
B

H:A Sl RT-PCR ALK&, B Sy ARG A BEAE ;55 IS BRAL 2 JFORCX HRAL 4%, P < 0. 01
K2 HUVECs ¥ ALDH2 mRNA # % 3k (RT-PCR)
Fig.2 Detection of ALDH2 mRNA expression in HUVECs by RT-PCR
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11 WIS EERIA ALDH2 LR BGE 45 N B2 4 Dh BE w0 A5 i 3¢
a '
= N
ALDH2(54 kD) |— - %
S o6t
B
. 04
02|
, W S
X,,%&\% o e 0 . . .
: 7Y ® FEIEIAL 2ROV IRAL X AL
A B
E:A i Western blot # [ EI [, B A B HE(E 5 ) 55 S 06F B 2H 2 ok Xt B L 45, P < 0. 01

& 3 HUVECs ¥ ALDH2 % & #y 3% 3k ( Western blot)
Fig.3 Detection of ALDH2 protein expression in HUVECs by Western blot

@ IR 2]
023 GOk R
o [PEXT IR
@ B HE AL
.M» o
o Day O
%
=
%:\ (1)
50 75 100 125
H,0, ¢ (wmol/L)

O S EE H,0, B AR 4L, P <0.05; ) 5
75 wmol/L H,0, AbFRAYHEILRAL 4L, P <0.05; 5
100 pmol/L H,0, Ab3 %% B FI 41 b4, P <0. 05
K4 % H,0, )k £ T HUVECs
HER( x +s,n=6)

Fig.4 Survival rates of HUVECs on different

concentrations of H,0,

Al HO-ImRNA 35 /K- 8 35 [ AR, 22 A Se it
“EE Y (P <0.05), W31, 0.75.100 F1125 pmol/
L H,0, ¥k J¥ i 441 HUVECs Zififi 48 h,NO ifi
A H,0, WREEH KM AR, 528 Bk B4 L4,
L 4H HUVECs 76 100 1 125 pmol/L H,0, ¥
JEF NO Rk R THR (P <0.05) , WLk 1,

3 itig

38 I f% 25 5% ( hematopoietic inductive microenvi-
ronment , HIM ) J2 i& Ifl. T 2l )& ( hematopoietic stem
cells ,HSCs ) 5& Jii YG 48 . /0 AL TR B 137 T, 3%
B S 4 L R T 4 1 4 L R - % 4 i 7 e
TR B o T PN S 200 2 i o 4 A ) e 2 1l o3
Z— o RPBIR R R A ST RS AR AT TIUAL B
Pt MRS () SR 2R, AL B AT 7 A R 1Y
S R S R PER -, A5 LA B ROS K

* 1 FEKE H,0, & 48 h 54 241 48 f, HO-1 mRNA % ROS,NO K- (x £s)
Tab.1 HO-1 mRNA,ROS,NO levels in each cell group after treated with different concentrations of H,0O, for 48 h

H,0, HO-1 mRNA ROS(ZE 3¢ /10° cells) NO( pmol/10* cells)
n
(pmol/L) R Aokt AL PAVERTIRZL BRIl ASTRERA] PAMEXT IR BEIERAL 23 R BRG] BN IR

0 3 0.003+0.002 0.003+0.000 0.001 £0.02 345.0+58.9 377.8+341 3223119 0.0%4+0.032 0.041 £0.000 0.045 =0.009
50 3 0.003£0.002 0.006+0.004 0.000+0.006 378.3+35.0 398.9+24.9 4519247 0.0550.021 0.019 +0.001 0.024 =0.001
75 302320012 0.209+0.012 0.189+0.000 489.6+20.9" 587.1 4.2 537.8+36.9 0.024+0.001 0.013+0.001 0.019 +0.003
100 3 0.54+0.0210.79 £0.009 0.724 +0.056 4566 +33.5" 678.1£54.3  612.3+52.0 0.020 +0.0030.009 £0.000 0.011 =0.001
125 3053420017 0.897£0.023 0.908 +0.011 589,423, 1V 768.1£13.9  700.7+22.0 0,02 +0.000”0.007 +0.003 0.008 =0.000

Yy R BRAL AR, Y P <0.05, P <0. 01

SRR 005 3 I PR, T LR 5 R ) 2 i
A SS A AT REZ B , e I . Bljdr
AT, R T LR 14 PR 3 B A BRAR A B S
ALDH2 J&: Z e flil < ( ALDH ) S5 b 2R AR
o5t (19 [7] T, o 25 A9 BF 7 W], ALDH2. HoA7 —

SE T SEAAR 5 1 P FRT  A S  ehof R
ALDH2 B £k #H k5 A HUVECs 1, #F 58 AL-
DH2 i FRIXAEIZ AN P 9 A WA A R A
i N B ITRERVE T, O T — 28 I RO 1 HoA L
S Tt MUARCERE M fie 2 i i S 114 2 L i 300 )
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A S E H, F A EE peDNA3. 1-ALDH2 B A% £
IR YL HUVECGs H, Jf45 2)f2 2 &1k, HU-
VECs HA PN Rz 4 54 A 40 D g, r AR AT 22
ZAN RN RN S . A SE ALDH2 fig 21 A3
S AP AAC I B G R B Ve A, FRATE A T
H,0, 153 E AL SO 175 5 70, IR o H,0, 28
R O, s AE A H, 0 (3 R AR =4, 1
HEA Y EE AT A m i R S A,
fE A b ROS &, FE MRS 52 56 vh o 4 T 5
AALRIO N . AWFFE4E R B R % H,0, 1k JE
(3, HUVECs B @k /b, i %% 4« ALDH2 2 )5,
20 P 0 R AN, 4 L 1 P S R A SR R A
B . ALDH2 A L4 HUVECs 40 %f H,0, 5|2
(405 , A2 1 AN 5 L 120 B AR B ROS A1)
FEAR, S T BB 55 Bl 4l S 5 A

AR TR OE  HO-1 ()2 —Fh #R 5o i
F) e Y ALDH2 2 J5 Fifi#5 ROS (1) B AIG 1T B AR
T AE P S B H BT Y HO-1 (A — T3
RS ) O T AL S A0 3 Bl 471, HO-1
TEMLIAR PR AT 5 0, AT LAY 5 Z0 175 50 Xof 4 it
IR G EZ E =R CRalacy A% U e N1
AR SNITAT O (i O B 0PN &= R i |5
A S HO-1 936 vk Feak ™ o HO-1 3 st 4 g 1
LR BHFE 3 43T O,, Al AE R A M ROS,
U2 2R IR T AR R T A S VR
17 ELiZd R Rt ROS AT (1 B AT LAFE 2k
TR N HP R T Y HO-1 (A 2 — i AR 5 B
) 172 E A% . ROS H1 HO-1 K P19 T AT RE &
1A RN I 245K 7= ) 4-HNE 9 ALDH2 5 FR 2
J&i , 5 AR A G 155 B DA S A Sy
FHIVE R R 25 0. ARSI 25 R
/i~ HO-1 B SRIBREE H,0, B /Y3 hnmy s i, 1H
JEfERE Y ALDH2 2 J5  f1Rl % ROS i /b bl 2
BEAR, i — 2D ULHIAE ALDH2 2442 I 40 s 44k
I3 4 BE S AR B T R AR

NO 2 P9 12 41 B R 3 B Ay 22 1 PN B2 D6 1
BRI PR T RES ML £ Ak AL, 18 HA
JMEAN I A IR EE A3 AL T AR BT i R R 4
T LA R A 2 2 Fh e, X T 4ERR LA P B g
HATEMEMY . NO K F @ e T 7
R INBERE B . FRATT L & PR ALDH2 JEIR 55 L4
A=A NO B RE 1 A B T % a8 IR A SR B
FFA, Hik, ALDH2 o] fg i@ i {2 i NO fiy 7= &
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KA N B IIRER PR AP 8500, {H R ALDH2 B 75 3 i
NO figi#t VEGF B A= , ITite o 45 A9 A= 18, i (L
PRATE— BT

ARSI, ik ALDH2 SEP fig #E HUVECs
0 M Y 3G FEIT- BT HUVECs 40 % 4480 [ i 265 i
A D1 TR A, 10 FE b fF B HO-1
FIRM ROS JKF- I FEAR A & NO - f) 7= A2 4 35 m
TN 7 — 25T 1% 5k R 7 P B2 240 I D B F) R 7 A
T L AP 5 3 T ) AR 2 D R BRI T SR SR,

4 SEW
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