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[ ABSTRACT] Aim To investigate the effect of extracellular superoxide dismutase ( EC-SOD) on oxidative stress
induced by homocysteine (Hey) in macrophages and its mechanism. Methods THP-1 monocyte was stimulated by
phorbol ester for 48 hours and evolved into macrophages. The macrophages were dealt with 0, 50, 100, 200, 500 pwmol/L
Hcy for 72 hours, and adding a folate acid+vitamin B12 ( VitB12) intervention group ( 100 pmol/L Hey+30 pwmol/L folate
acid+30 pmol/L VitB12).  The changes of oxidative stress indexes (H,0,, 0,7, OH™) were detected by microplate test.
The mRNA expression of EC-SOD was detected by real-time fluorescence quantitative PCR and the protein expression of
EC-SOD was detected by Western blot in macrophages. EC-SOD assay kit was used for detecting EC-SOD activity. EC-
SOD recombinant plasmid and interfering plasmid were constructed and transfected into cells, and expressions of EC-SOD
mRNA, protein and superoxide anion were detected in macrophages. Results Compared with the control group, H,0,
and OH™ activities were significantly increased, and EC-SOD mRNA and protein expressions were significantly decreased in

100, 200, 500 pmol/L Hey group (P<0.01). Compared with the control group, the EC-SOD activity was respectively
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decreased by 13.92%, 8.62%, 10.32% in 100, 200, 500 pwmol/L Hey group (P<0.05 or P<0.01).

Compared with the

100 pmol/L Hey group, the expression of EC-SOD mRNA was increased by 47% in folate acid+VitB12 intervention group.

After transfection of EC-SOD recombinant plasmid and interfering plasmid, compared with the 100 wmol/L Hey group, O,

content was decreased by 63.89% in EC-SOD recombinant group, while O, content was increased by 33.59% in interfering

fragment -596 group (P<0.05 or P<0.01).

in monocyte-derived macrophages.

ki FERE AL ( atherosclerosis, As) BT 3O
A PRI AE 2 4™ B e N2 A (i B AR 5,
S JE T R RN ok K B R BOE Bk R A
T As A= R R 7rTHLH H 4552 21 P A
FHNEMN, As ZHZREEMTERRELZ
K EZRG AR TG 52 29 72, 78 H AR 22 19 B0 R
AN S As IR A R B YIMIEY ) AT
3 27 RIS DRSS P E 52, 1l 3 [R] 8 >4 JbE 202 (homocys-
teine , Hey ) TFRIE As KA & R0 ST /G 16 117
Hey 7EARHTE R 5 A B A (-SH) 7T H 3h A Ak
A S PR ——ad AL R (H,0,) AT T
HH%E(0,) FFAHREE(OH ), MR ALY 5 &
I E L AT T A A S Pl B P 2D R A
AN R E AL BT BB Hey 3K As (R
BRI Z — o TEHUAPT AR R & v,
FEAY AL (superoxide dismutase, SOD) 7EHT A1k
5 kA EE R VE A A B T A AR
EIHEALVE T e A Ak SO M TE B, R 47
A 552 11 RS A SOGE R T SOD Rk R
f34E Cu/Zn-SOD Mn-SOD % 4 fitd 41 4 Ak 1 06t £k
fiff ( extracellular superoxide dismutase, EC-SOD ), H
RirEE Xt EC-SOD WM 5T 14 oK 52 21| AL 4% 1 E AL, EC-
SOD 1y H LW 20 i 73 b o M — 73+ A1 72 20 i b
FEHUA AL RE VT , £ Hey 2 As P EC-SOD &%
ZFT Hey MW BUE T H R B BRI 1E
FHHFTMAE 2R, K, A58 B 7E T Hey
HEWEAMZ S As G B h & E &4 T840
B, VS Hey 5275 Al i i 8 45 EC-SOD 1335 5 1%
PR T L 0 40 L S A 8

1 M#EFFEE

L1 EEMHESEEH

CO, ¥ 7 4 (1 & Heraeus A 7 ) ; BX51TF A 7%
X8 %% ( B A OLYMPUS 7/ ) ; Mastercycler ®
gradient # & PCR L ( % E Perkin-Elmer 2 7] ) ;
FTC-3000 7% ot 2 & 2 B 3 8 L (An & KL A 5] ) ;
& 2 (iR %8 L (7% B Eppendorff /2 &) ; %€ i i &

Conclusions EC-SOD is involved in the oxidative stress induced by Hey

EC-SOD may play an important role in the inhibition of atherosclerosis induced by Hey.

% % ( % Bio-Rad A 7] ) ; BS110S A # % K F (42
Sartorius /A @ ); Model G-560 i Vit ik % &
(Scientific Industries Inc) ;5415D B & & R QL
(12 B Eppendorf /A %] ) ;4 2 & %% ( B & Nikon 2
) 3 8 ik DL ( % E Bio-Rad A 7] ) % Hey % B |
Z F HE T AL (4 E Sigma A 7 ) ; RNA # B Trizol i
#| % ( % & Invitrogen /A 7 ) ;Taq DNA 3 & B dNTP
(Takara /A 7] ) ; DNA 4f 1t B 43K 7| & ( Axygen A
); ##FRA A& KL PCRRAAE (EE
Fermentas /A 3 ) ;0,” \OH™ \H,0, M & X 7| & ( & =
B M TR HE FT) ; EC-SOD #i fk ( Abcam /A
) FITC AFiE L EH R IgG (A m P& AR A E
AERAG); ZH HeHh EELETEDAHR
NG
1.2 #ApmiEFER A

MR R B R A B THP-1 3 4% 40 fi Ak, R
HETIICABY EERAIFEZHITZIHR, HR
AVERE )G m N E B RPMI-1640 %5 %% 2, 1500 r/min
B0 3 min, F & B NS mL & 15% b 4 i iE iy
RPMI-1640 3 5= 4 # % F 4 f 3 F= i, F 37°C .
5%CO, BREFRF, FERBED -2 HERE
R, T 25 em® FrRM P EM, A I A N 4x10° A,
& i Am X500 nmol/L # 3% Be 6 mL , T 37°C .5%CO,
WIE TR 48 h, LFEME T HNE 4 E W
WA, BAFHAN B A R, IE %L THP-1 ¥ 4%
HRE QMR A E S AR, KAy RETRE
F 0( A 41) 50,100,200.500 wmol/L Hey 7 100
pwmol/L Hey+30 pmol/L #F B +30 umol/L 4 4 &
B12(vitamin B12,VitB12) ( " B& +VitB12 T T 41 ) #y
FERBFPBET2h, A& LB,
1.3 EC-SOD i&t#M & H,0, ,0H .0, &l

BUEFEHRBETrEREY T A RE
B AR K A B A 9 AT,
1.4 SEEEHEE PCR ZE&M EC-SOD B mRNA
xKix

% JH Primer 5.0 2% it 5 4 . EC-SOD 5| 4
J# : 5'-AATGATAGCCCTTGC-3', T % : 5'-TTCCCAAAT-
GAGCC-3' 438 7= 4 K J& 132 bp, GAPDH 5| 4y F % .
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5'-AGAAGGCTGGGGCTCATTTG-3', T #: 5'-AGGGGC-
CACAGTCTTC-3', % 34 /= 4 K & 146 bp, M & 4
41 1., Trizol 142 40 o % RNA, #% 4t 90 4 o 4% 5 A 1%
¢DNA, A L T 4 #F # 17 PCR.94°C T & ¥ 3 min,
94°%C L M 45 s,46°C 3B K 45 s, 72°C K 45 s, ¥ 1
50 MERR, L ERRETEER K F QMM
FEIBREWNTLE T EY KRG E L E A £
KE,
1.5 Western blot ¥l EC-SOD W& H&RiA

WY EABARTRAAECRBREADMEA,
PLBCA Rl & AR &, MF &R A LI AT SDS-
PAGE .0k 3%, £ W &, im A —F (1 : 500) ,4%C
TR A EE (L 2 5000) 7 F 2 h 58,
il Bio-Rad Quantity 4.5.2 #4247 | € H X 7 Y B
HEZ, L EC-SOD Wy & 5 B-actin & ZE 0
{H1E % EC-SOD & H £ %k A F,
1.6 EC-SOD H9E [E 48 44 22 R 4 R i

Trizol #H#2 E # 20 g, % RNA 1€ 4 # 4K , EC-SOD
G # K 87 7, B 5 4.5 -CCCAAGCTTAT-
GCTGCGGTACTGTGTTC-3' ( %I % 4t % Hind Il B 47
fi & ); T W 3 4. 5'-CGGAATTCTCAGGCG-
GCGACTTCTCG-3" (X1 44t W EcoR | BEVIfL &) ,
WIAR/NKTI8 bp, RBLAR R 4 T GC & il 12.5
wL,cDNA 1 pL,dNTP 4 pL,Taq DNA % & B 0.25
pl, F T#E %4 0.5 wL,H,0 6.25 pL, PCR K i
S K 95C T M 4 min;94°C & £ 30 s,56°C 3 ok
30 s,72°C ZE 14 30 s, § 7 35 AN9E I 72°C ZE 4 7
min,4°C R %, ¥ PCR 7= 4 o ik & EK B & K &,
H AR pCDNA 3.1 fn B 09 B Al B 1, B 7
Ja DR A 4% BB fn TR BB AR R E AT 2 $ . T4 DNA
% H 8 2 wL,pCDNA 3.1 2K Fk 2 wl, B & £ 8
pL, Z ik 3 pL,H,0 5 pL, ¥ 8 K& =4 # 1
NDHSa B2 A4, M2 4 AaFXHFEZN LB
B gk b 3TCH AR, WMy T 3% A LB 3
FEFEERR, BRELAFTR, FTRBEY LT,

% LA DNA (ug) 5 Lipofectamine™ 2000 ( L)
1:2 i, 4% DNA F 500 pL 7o /& 5 3 2t o 76
# ; Lipofectamine™ 2000 {# Jf 7] 45 4 8 47 , B & E Fy
B4 500 WL o 7 35 R A A OF 5 A B 8 R DNA
RAFHBEYWMEERR T, ERSh EFEH
e, ¥ JH 10% P 2F 0% oY 3% SR R 4k B9 5k 24 h,
ARAEEWENREARBAEDRFHREREN,
W & 40 BT S — B AT
1.7 SitFabig

LI B E Dhas R R, TR A I B H R A

Student’s ¢ > %o, % A A 4 30 8] H 2% K | One-way
ANOVA #& 3o, 4 I8 y % % th 8 & A Student-
Newman-Keuls #:3, DL P<0.05 ¥ Z R A R F &,

2 & R
2.1 Hey X ERERE R SN BIEFRRI 2200
Hey THIEMEANMIEF 72 h 5, S5XT AU L,

100,200,500 wmol/L Hey 4LAYAIIPIHT O, 3 F143- 5
FEAR T 39.46% 50.12% 80.12% ( P<0.05,P<0.01) , 1E
100 pmol/L Hey £H¥T O, 1% J AL E B BB 8 i 48
THA RS TE SR 100 pmol/ L Hey 1E M J5 22 (AL 1Y
SCPEHREE . 7E 100 wmol/L Hey FOFERY I 25T M- B2 Fl
VitB12 T, 1 0, 1% /14 100 wmol/L Hey ZHI N
T 38.31%, 100,200,500 wmol/L Hey ZH i 21 it 4
OH™ ¥ M 5 X FR 41 A0 Lb 43 3 35 I 1 102, 12% |
118.50% .139.81% ( P<0.01) ,7£ 100 pmol/L Hey Y
FERE E AT ER A VitB12 TS, OH™ 3 M %% 100
pwmol/L Hey 4K T 42.54% (P<0.01) ,H,0, & &
5 OH 1A —3(P<0.01;3 1) .

% 1. Hey EREZAF H,0, .51 O, i& 7171 OH & R &
il (n=3)
Table 1. Effect of Hcy on the activity of H,O,, OH™ and re-

sistance to O, vitality in macrophages (n=3)

Mmoo H,0, YL 0,716 OH~
(mmol/g prot)  (U/g prot) (kU/L)

popiiHi] 0.425+0.093  7.787+0.635 18.860+1.680

50 pwmol/L Hey 21 0.766+0.080  9.255+0.888  29.480+2.438

100 pmol/L Hey 4 1.396+0.144"  4.714+0.989" 38.120+0.996"

200 pmol/L Hey 41 2.615+0.703" 3.885+0.368" 41.210+1.906"
500 pmol/L Hey 21 1.393+0.185" 1.549+0.514" 45.230+1.063"

HRR+VitB12 FHi4H  1.274+0.197  6.520+0.811 21.900+1.841°¢

a i P<0.05,b K P<0.01, 5% R L ;¢ o7 P<0.01,45 100 pmol/L
Hey 1,

22 Hey ERATERZAF EC-SOD B mRNA K
EARETHK

Hey fEFHHE WEI AL 72 h J5, 5 X BEZH 4 b,
100,200,500 pmol/L Hey ZH 1 EC-SOD mRNA 4341
TFET 70% .57% . 13% , % 5% B A3 W &M (P<0.05,
P<0.01), [AW}7E M2+ VitB12 T i 41 EC-SOD
mRNA #1555 100 wmol/LHey @ AH b T+ & T
47% ; Western blot ¥ 2t EC-SOD & £, BrE
EC-SOD mRNA #ik#a#—(E 1),
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B 1. Hey ¥ E I 40 il 7 EC-SOD 3R ix 9% M SEP]
EC-SOD Wy#E 1146717 ; T K EC-SOD i mRNA FIZE (48 &, 1
Xt AEZH 2 50 wmol/L Hey 2,3 24 100 wmol/L Hey 41,4 4 200
wmol/L Hey #,5 4 500 wmol/L Hey #,6 JyMHER+VitB12 i,
a A P<0.05,b & P<0.01, 5%t FELHAA LL

Figure 1. Effect of Hcy on the expression of EC-SOD

in macrophages

2.3 Hey B E B4 Ba S 4L R # RS 3t EC-SOD i /)
Al

EC-SOD Fif P BE Hey ¥ BE A 34 i ing B A%, He
#1100,200 500 wmol/L Hey 2 EC-SOD Ay 1% 15
STRRLEAR LAY R R T 13.92% 8.62% . 10.32% , 2
S HA B FHME(P<0.05,P<0.01) , AR+ VitB12 T
ZHHP EC-SOD A& MES 100 wmol/LHey ZHAH L4 A
T 11.91%(P<0.01;8 2) ,

060

EC-SODE 1%
o
m
6]

o
[}
S

0.45

1 2 3 4 5 6

[ 2. Hey Xt EC-SOD & MBI (n=3) 1 A R, 2
450 wmol/L Hey 20,3 24 100 wmol/L Hey 41,4 °~ 200 wmol/L Hey
4,5 4 500 wmol/L Hey 41,6 NI R+ VitB12 T Hld, a N P<
0.05,b & P<0.01, 5XF I AH L ;¢ 24 P<0.01,5 100 wmol/L Hey
M,

Figure 2. Effect of Hcy on the activity of EC-SOD (n=3)

2.4 EC-SOD ¥£ Hey B E Mk 40 A S 4% B2 i3 = 9 4E R

AT KIE EC-SOD £ Hey U5 W4l i & AL i
HEPER, AR ST Rk EE T EC-SOD Ay 25 A1 14k
JEORL, A FH g B A B Y A I 41 IR S 4 1 L 100
pmol/L Hey YEFHANAE 24 h, Kl S Ak W 38 = B 48 4

0, W=, $EYe i 4 EC-SOD JFki )5 i 40 o A
KRS Tk R B A TOERIE(F 3),
A9 FH SR 22 2 1 PCR A1 Western blot 6 il 4 Jx
Ja B EER I EC-SOD FiA LB, 5% IR L,
EEYL TR 20 R4 EC-SOD mRNA FIE 1143 3 7
T 1.93 A5 1 0.62 £ ; 11 1525 FORLA AH LI 43 51 T =
T 2.79 45 F0 0.81 £, 22 55 HA7 W M (P<0.01; &
4), N T HE— 5% EC-SOD IVEH, A4 3Ciz H
RNA T30 45 A B ¥ EC-SOD 4 % 3k, 5 % B 4 A
Fe, 4R R 4 H EC-SOD mRNA #3514 FF F
K, Hovh-247 F1-596 2 b4y 5 F T 67.31% A
87.96% , AL B AT B 1 (P<0.05,P<0.01) ; [ A} 25
P25 K M 58 7R | 7E-247 F1-596 21 EC-SOD &
223k 5 X BEZH AR EL 230l R R T 41.219%F156.55%
ZR AR BEME(P<0.01; 5) , YR M T
EC-SOD Jikif5 , 100 wmol/L Hey YEF] 24 h, kil 4%
Hrp O, W&, 5 100 wmol/L Hey 4 AH Eb ,-596
M O, SR T 33.59%, i {E EC-SOD H 414
0, F PR T 63.89% , 22 5 HAT B 1 (P<
0.05,P<0.01) ;111 5-596 4141 kb , EC-SOD 4 41
0, Fr T 72.96% , 22 5% HA B3P (P<0.01;
Klo6),

EC-SODEHE

& 3. EC-SOD E A Bk 48haEe 4 (100x)
Figure 3. Cell transfection of EC-SOD recombinant plasmid
(100x)
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4. ¥4 EC-SOD EA R #1/5 EC-SOD KR ik A K
EC-SOD /) mRNA %35 ;B i EC-SOD 2K (1 4%&ik, | JyxtfEgl,2 N
28 Fhi4l,3 S EC-SOD 4141, a ly P<0.01, 5%t RLIAI L,

Figure 4. Expression of EC-SOD after transfection of EC-

SOD recombinant plasmid

A

Relative EC-SOD mRNA expression
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B
EC-SOD [S s e« o | 25kDa
B -20HIN | e ———— 43 kDa
1 2 3 4 5 6

0.5p

0.4F

0.3F

Relative EC-SOD protein expression

B 5. £ THRAELE EC-SOD fRE A 4 EC-SOD 1
mRNA 335 B 2 EC-SOD W& FRiE, 1 XF B4, 2 KB Mt i
4,3 WRILIOCE LA, 4 J-247 4,5 J9-427 44,6 H-596 4H., Btk
Xt R fig 5 H 3L K EC-SOD 454 1 L 3E SLF 31, 4 EC-SOD
MR A T, H EZAEHRAIE R B0 By X fi 2] R FE 9t
R AT, FEH TR ME, a  P<0.05,b 25 P<0.01,
5 X FRAHAH L,

Figure 5. Expression of EC-SOD after transfection of each
interfering plasmid

The contents of O,~(U/L)

1 2 3 4
6. S REEE EC-SOD EAMFIMFARIF O, WL E
1 AXFIELZH |2 7 100 wmol/L Hey 20,3 “4-596+100 wmol/L Hey 4H ,
4 >4 EC-SOD B4 +100 wmol/L Hey 41, a N P<0.05, 5%} IE 4 A
Lt ;b R P<0.05,¢ & P<0.01,5 100 wmol/L Hey 41AHLL,

Figure 6. Production of O, after respective transfection of

EC-SOD recombinant plasmid and interfering plasmid

3 i3 it

Bl N ROAE TG K- B i AR S B As &
RN RV T E R LR TR, As Bk
HERIBRREZNEREZZR LEAERPER ., Hey
YRR AR By v ] 774, S — PR 2R 1 1Y
ETRAE IR, 425 E M 1 Hey>16 wmol/L I FRZ
S v () 2B 2 JO R I 5 vy [ 28 2 e 2 1R 1t i
A S9AFTE T IEH AFEH, 13% ~ 40% H BLE A Sl dR
(1) As BEANRED . DA KEBFREERD], Hey JE4E
PIPETE RS As B IEAH IR N2 As ByplST
ﬁl«ﬁ%,H(y nl 3l i Z st S Ek As,ﬁ*%&’fjﬁ
PR EE R R A2~ AR R AR LR 32
FNHPRA FRIFET RN T 20 iE A
JoT (AR LA G 6 TV B i 2 3 O B
T E R AR AR S T T R AR N Y 2R
R, IEEEN T AR EDUE A B B &R
PLHI, 40 SOD, 74 BRAS A T 4 H Ak S HiE b Z
(] PP, L 2 21 3K ol P 887 8 4T B, 5 | S P bR
R i SRR, 78 As JEBGE R
b 22 AR T T A A ER A P B TR BT Y
K% B PR 8L 1 (low density lipoprotein , LDL) , 4= bl 48
AR i 26 1, B B A B 4 i A v s R
Wi 241 e, A FIEL 21 s P ) 2R 3 R 960 R 40 D 1 T L, 2

BIRBEH A TE B, INEE T As W& DY Rk,
Hey 2 As s B2 R A S A% 15 I 40 G 1) 4/ ] A
AN S AR AL, 2 B B As B AL ) 1Y) o
WA,

H SOD FRIABUE 5 | 2 1 Ak 5 B A AR S
1) SR A TR T A A AR AR B Hey B0 As 1Y 27
K, SOD SEHUAMNAELE ) —Fh b A AL S, Dhhe 2
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T BR A A A i A AR A A AR PR
AU BRI H X T S A0 B 3 1) & A R 3 A 7 AR A
Mo NMEWA 3 A FZE ) SOD; Cu/Zn-SOD | Mn-
SOD .EC-SOD, H:Ht EC-SOD £k —Fh 55 7K P 14 4%
TR B [, A 148 b o i 3R A & (1 LDL Jin 3 4
1k, LDL AL i 72 v & 7= AR V5 il DR B B, T I 25 4
Jin EC-SOD 40 il () # 3k, fH X} Cu/Zn-SOD | Mn-
SOD Y& HAEH , #1819 EC-SOD 7E 41 e /b5 21
Jio 2% AR R S BRI R 45 &, i O, I 4k A= i H,0,,
H,0, 7E & EAL A B 9AE T A oK WG BR T 0,7,
AU SR i e sz S A i BHLLE T As
HIIE

ARSI AE THP-1 FAAZ 20 i i S hik L p T 44 4
T E WA AR AL, I S R E Hey 310305 15 40
M, B e ER ] EC-SOD 1 ik i M A Hey R
FERTH e R, B Hey ZEAR AR 3 Fhikts .
P LAl i A28 | 5 A oA A T T R B 41 it A
W MR AN VitB12 Wit B 5 R AL kAR 7E
ERR A ER T, UL VitB12 NI 7, LA
5-FH S PO SR Sk Ak A PR AR O B AL G R
SR, WM R AN VieB12 A LLFE BT Hey B9 #8201
Fbs) o ARSLIGHE 100 pmol/L Hey RO FERE 25T
HERAN VitB12 T )5 , 5 100 pwmol/L Hey 414H H
MR+ VitB12 T-HiZH EC-SOD 2635 M i& M4 fr
T, FW Hey BERSREME EC-SOD AY 22 35 F 41 il H:
T, W ER AN VitB12 7] LIZEf# Hey B 5300 ; Hey
T i kAR A% NADPH S84k il 2k 34 I mi ik A
W JEER [ RR AR S LA S T Sk N 3y & A1
AR SIZ I AGHIN A1 i PN SR A R S A T PR R B
X BE A1 L, Hey B3R H,0,  OH™ & 7+ &, Bt
0, W 1 FF%, 5 100 wmol/L Hey AL, 45T 1R
A1 VitB12 T 5 H,0, . OH & R, 31 0,7 1%
Thi, BFFERUESE T Hey BE W5 J 34 S AL I 3010 %
A, Yy EC-SOD W45 T4 B, FATT A B-596 F
BT EC-SOD # 11 . mRNA 263k i 90 /e i
FOMERATERE-596 VRN EEM T A B, AT
o RATTE 100 wmol/L Hey 2H B9 LAl | 43 5] ke 2
EC-SOD T 4H Fi ki Fl EC-SOD -596 F B T4k i ki -
ML R R A & BT EC-SOD Y2235 I # 48 1]
BT RETHE, AN RSN E . XU RE
TEANH Hey 55 As B9 FE 9, EC-SOD Al RE L #55
HEMEH,

EC-SOD & Hey 45 E M4 PN A T 2 Ay

A LD PR FRAT TR SRS As BTSSRy T
HATEEE Y, AW ANGTT As TRRE THTHIMA

[ &% 3CHk]
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