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The Mechanism of Endothelial Nitric Oxide Synthase Promoter DNA Methylation in

the Impairment of Endothelial Cells Induced by Homocysteine
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[ ABSTRACT ] Aim To investigate the mechanism of endothelial nitric oxide synthase (eNOS) promoter DNA methyl-
ation in the damage of endothelial cells induced by homocysteine (Hcy). Methods Human umbilical vein endothelial
cells (HUVEC) were cultured with Hey at different concentrations (0, 50, 100, 200 and 500 pmol/L) and 100 pwmol/L Hey
+ Vitamin B12 + folate respectively for 72 hours.  The cell viability of HUVEC was detected by MTT, the mRNA expression
of eNOS was analyzed by real-time PCR.  The activity of eNOS was analyzed by ELISA, and the production of nitric oxide
(NO) was examined by a commercial kit. ~Nested methylation specific polymerase chain reaction (nMS-PCR) was used for
analysis of the methylation pattern in promoter regions of eNOS gene. The DNA methyltransferase activity was measured by
isotope method. Results The viability of HUVEC exposed to different concentrations of Hey decreased significantly.
The mRNA levels of eNOS, eNOS activity and the NO production were significantly decreased. ~ The methylation levels of
eNOS promoter were Hey-dose dependently increased, and the DNA methyltransferase activity was correlative increased.
Conclusion Homocysteine can induce DNA hypermethylation of eNOS promoter, and the eNOS gene expression displayed

correlative decrease, which may be an important mechanism for homocysteine-mediated endothelial impairment.
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1 [H) 4 2 Jbk 2 R IfiL i ( hyperhomocysteinemia,
HHey ) J& 30 [k i #£ 4 4k ( atherosclerosis, As) A% 5 57,
FER 7 ARYE A 1k B As B9 R R bL IF
AN, FIEE B Z R (homocysteine , Hey ) 51
i As 1Y & BIL B WO Sy 32 SR A
S Hey W HMSIFARE S kA4 A S P= £
AL R S N TR A B A0 A SR A, HE
AR ( cysteine, Cys) 5 Hey W4T 25 # AL, A HE
s b/ —ANF 3k Hm 5 ik B3 =5 F Hey , K24
J& Hey IMLIRHREER) 20 ~30 i, {5 Cys IEARBIA N2
HEEAL N IO As™ o AR, Hey 2t As A] REAE7E HE
Tl EZHLH . DNA FEE A48 i 2 A 45 6k X e A 1
HE ), Hey 215 5 W AR 09 28 2 R 106 26, 1
Cys WA Z 556 AR, RIL, Hey AT AgE i 14
£ As FHOCEER ) DNA H AL B TP H R IE
et As B &R K IE, N BB — %8 AL A 5 i (en-
dothelial nitric oxide synthase,eNOS) (i — %1k
A (nitric oxide, NO) 2P MATTIEE PT As KAEKXK
JRIYE L NTENLE . Hey ff NO RENRERIG T A
Iz WS UE S , {2 Hey AT A5 5200 eNOS FE A Y H
BABME JF kT R W T E e, B, AR
WEFE R FH AR A1 35 5% 09 5 5k P9 2 48 B2 (human
umbilical vein endothelial cells, HUVEGC) , ¥ 2< A [A]
W EE Hey %F eNOS 5K 5 2l X DNA BB ARR S
ISZI , PR 1T DNA HIEEAETE Hey 20 B4 NO &
ity Ve FIBLEL, S B Hey 7E As KA Y
YERIPLSI R BB AL A

I RS

1.1 EE#HE

SEt % ot 2 & R A AL FTC-3000 ( Funglyn
Biotech /» ) ; & # 1% & & 0 Hl Beckmancomlter
Avanti]-301 ( Heraeus /A 7 ) 2 HF160W CO, ¥ 48
(Ll H R BARANF);CKX31 H 2 T4
(OLYPUS /23] ) ;721 B 4o 8 it (B i o 4r
U2 A R /A 5] ) ; Universal Hood II 2 % fix B 1% & 4
Fa B AR L 680 ( Bio-Rad /A7) . A& 4F L id (AT 19 &
F),KER I & a8 Hey, W W 2EE A %1%
(MTT) = ® 3 T A1 ( DMSO) ( Sigma 2 7 ) ; &40 A
eNOS % 7 [£ 4tk . SABC % 7% 41 441t 2 46 ] 3R 7]
% DAB B ERXF & (I TEFY EHTAENF);NO
F eNOS R | & (8 K R A ) TAEH R FT) ; DNA
B 7] & (Promega /A ] ), DNA F 3£ 4k 54 K 7
& (Epigentek 2 &) ) ; RNA & BUK 7| Trizol ( Invitro-

gen A F ), R %% TR & A1 7% o PCR R 7| & (Fer-
mentas /A8 ), 5l b B A TRNE AR,
1.2 ABFERBKM B A O BE 35

B R A S R PR R LR, B 37°C LB D-
Hanks 7 28 8% Ik 5 200k, EN 0. 1% R R B 11, 3
& D-Hanks 7% 70 3% M1 % % 14 15 min, % H# 0K,
ENBEQE R, REHH, N A 20% 6 4 o E B
MI199 }E#H & & P2 x10°/L # /4 T M,
37C M8 E 5% CO, Fxmbr, WaEE?2
~3 R, FARKHEREE, 112 R,
HHEIRAMAT LR, Fakodl & T4RE
H OB 1) 50,100,200 .500 wmol/L Hey ## 100
pwmol/L Hey + 30 pwmol/L VitB12 + 30 pmol/L
(F+V)WERBRFBE T2 h, L& LR,
1.3 MTT & A B8Rk i B2 20 B (i 14

J 0.25% JiF 2% & Bt HUVEC, A 4 10% F
2 L Y 3% R R M199 B Ak B 2 &R 5 x 107/
L, 96 FL3E R4, 4 7L 200 pnL, 3% 5 X5, %
3 FR R, 4 B 4% 4 4 % T A N & Hey B9 3 55 0%
#72h )5, 3 MmN S g/L MTT %3 20 plL,37°C 4
SMH 4 h, LR DORFLAERERFR,
MTEREKSEME, B, FEILAZFRE, FL
AN 150 wl DMSO, 4k % 10 min, 7 2 %, #%#%
490 nm % K , 7 B Fk % A0 AL B e &L ok
(A, RRER, AREEERE=[1-(FA4HA
B -RE4 AE)/Za4 AE] x100% ,
1.4 DNA BEEBEEEUNE"

2x10° HUVEC 3, W5 pg AR EHEA S
0.5 pg poly[ d(1-C)d(I-C) ] & 3 wg Ci’H-SAM & T
1.5 mL B84 B (BARFR 20 wl) 3847 ,37°C KB 120
min, AP 300 L KB E K ,37°C K% 30 min, B
(pH8.0) #4148 ZEE 372 poly[ d(1-C)d(1-C) ], Am X 40
pL 0. 3 mmol/L NaOH 37°C /K74 60 min, # _E 3k KK
&7 WhatmanGF/C JE48 _E 80°C %t F 5 min, /| % 50
oL ZABBRIE3 R, ATKLEL2 K,80CHTS
min, & T 5 mL = ¥ 3K AMRIR O R N E
7 cpm {8, DAFEARS 2 1H 50t FE Mt BB 45 1t 3
A% 7~ DNA F FL 4 7 Bg A0 X8 1,
1.5 RHAEEEPCR ZNEANRE —FUREEE
mRNA R E

7 NCBI GeneBank # 4 & # 4518 eNOS (NM _
001160110. 1) , 5 Jf Primer Premier 5. 0 % ¥4 % it 3|
41 .eNOS #7547 & L # 5'-ACACTTCTTGACCCTC-
CACCC-3', T i# 5'-CCCCAGCATCCCTACTCCCA-3',
¥4 K A 162 bp, GAPDH 5| 4 & L+ i 5'-
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GAGCTGAACGGGAAACTCAC-3', T ## 5'-GGTCT-
GGGATGGAAACTGTG-3", 4 34 /= 41 K J& %7 146 bp,
#® 4. 5-6-FAM-ACGCCGCCACGGCCTCTTTCA-
TAMRA-3', Y & 41 48 2., A Trizol 842 % RNA,
4% A R cDNA, A DL T 4 3 4T PCR:94°C T &
M 3 min,94°C % 1 45 s,57°C iR K 45 s,72°C 7E f# 45
s,V 835 MEKX, ERERBRELT AKX ITHE . H
2R B AR A B =270 AACE = [ Clyapps) —

Ctoappncames) ] — [ Clageess) — Cloawpncrzss) Jo
Gl B AERE RIEFG W EMPEHRELELFE
WEFRLENFESL,

1.6 NEE—SHaEeHBIER—|SURRE
MzE

¥ am BB A T 96 LR SR AR, 40 MK B R
B 240 B L 0. 25% J 2 B B JE 46,1000 1/min B
S5min, ¥ FW¥ A EERAKEFHM, REER3 K
WAL, 15 A L & R E 4 fE N eNOS iE
M, BR R R A &L B ¥E4T . NO IR E 4% NO
WA & (R BRI R B k) VLU H N E
1.7 MEBE—SHXRESHREZFEX DNA BEHLE
i

¥ DNA 1 BUK #| & U 90 45 48 B3 B 41 DNA,
J AR ER A4 vk X DNA #ATAE, LB X £
A% X F FE AL 45 7 M PCR (nMS-PCR) , & Al
7% % (http.//www. urogene. org/methprimer/ ) #% it
51 41, eNOS 4 5l 4 kW & 5'-AGG  AGGGTT-
TAGAGAAAGAGTTGTT-3", T # # 5'-TTATAAAC-
CTAATCCTTCCCCTACC-3", = 41K £ % 250 bp,PCR
F A 30 AMEFR(94°C30 5,65°C30 ,72°C1 min) ,
B E % A S'-ATTTAGAGATTATGGAGAAGGG-
GAC-3', T i & 5'-TATTATCTTTCTCAAACATTACC
CG-3'; 4F ¥ £ fb b i & 5 -ATTTAGAGATTATG-
GAGAAGGGGAT-3', T i & 5'-ATTATCTTTCT-
CAAACATTACCCACA-3', R FL 4 1#.94°C T & M 5
min, #% /5 K | [ % X PCR % 7,30 M1 3 (94°C 30
5,62°C30 5,72°C1 min) , B T2 2 8y 8 K IG & T3
AT 20 AMEFR(94°C30 5,47°C30 s,72°C1 min) , & &
72°C FFFEH 10 min, F FEA 44 147 bp, 4 ¥ 3£
=41 4 146 bp, R R G B =4 4wl 7 2% 37 Jig
YR 100 V B 0k 30 min, 4 K EE, T
NRFATERWITHE. F AN (%) = 0Dyyy/
[ODgyy +O0Dypy, ] HHLIREL 3 K,
1.8 SitZEAHE

B Ux £5 X7, HARFHKE LK XA
Student’ s ¢ 4 30, % # A< 3 £ 6] b % & A One-way

ANOVA # %o, 4[] 87 % W tb 2% & A Student-New-
man-Keuls #3, PL P<0.05 ¥ Z R H G5 &E X,

2 % R
2.1 FEFREEE X AR ES kA B 48 R IE5E &

sl
Hey T HUVEC $53% 72 h J7 , HUVEC itk
A, 5% IR L #5100 ,200 500 pmol/L Hey 425 5
HY it E X (P <0.05 F1 P <0.01), H -+ 500
wmol/L Hey 2H % P &, T VitB12 + M2 1 Fi 2
HUVEC 3478 {5 P42 100 ~ 500 wmol/1 Hey 2H 44 fil
(P<0.05;%1),

# 1. Hey 3t HUVEC E3EE RIS (x + 5)
Table 1. Effect of Hcy on the proliferation of HUVEC

| T HE I T
papileE| 100

50 wmol/L Hey £H 87.8 +17.0
100 wmol/L Hey 41 70.2 £12. 8*
200 pmol/L Hey 21 60.3 +12.4"
500 pmol/T Hey 4 50.8 +11.5"
VitB12 + MR T4 80.8 +11.4°

a ) P<0.05,b > P<0.01, 5% AL ;¢ 2 P <0.05,5 100 ~
500 wmol/L Hey #H L% .

2.2 [EEFHIERIT ABFRKA R DNA BE
EREE NN

DNA FLFERS il 35 PR BE Hey ¥R BE 9 14 Jin i 1%
i, Hrb 50,100 200,500 wmol/L Hey 4 Ht DNA
SR TG P 43l X HR A Y 1. 111,40 1. 51,
1.61 f%(P<0.05), R VitB12 T, DNA HI
LR W 8 100,200,500 wmol/L Hey 2H 43 1)
WL T 12.25% 18.63% M123.73% (£ 2) .

#F 2. Hey 3 HUVEC DNA BREHBEE AR (x +5)
Table 2. Effect of Hcy on HUVEC DNA methyltransferase ac-
tivity
gy H

DNA H JEFEFL B 15 14 (cpm)

X HEZH

50 wmol/L Hey 2H
100 pmol/L Hey 41
200 wmol/L Hey 2H
500 pmol/L Hey 41
VitB12 + MR T 1120

5628.0 +208.0
6251.0 +422. 0°
7892.0 +448.0"
8510.0 =562. 0"
9079.0 +189.0"
6925. 0 +562. 0°

ay P<0.05,b K P<0.01, 5% B4 LA ¢ S P <0.05,5 100 ~
500 wmol/L Hey 41 b4,
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2.3 EEEPEEIT eNOS mRNA FiE,eNOS &
ER—EUREENF N

HUVEC 5K [E#JE Hey fE/H 72 h J5, 4 Hey
ALFRZA A AN PN eNOS 6P 5 5% R 2 Eb 58 43 il A1
T 19.36% 28.18% 28.19% 40.24% (P <0.05),

MR AT VitB12 T 5, eNOS I 4% 100,200,500
pmol/L Hey #H 43 7l 34 I T 3.47% . 3.49% .
19.68% , 44401 eNOS mRNA fFELH (1) .
eNOS it NO ek —8 (3% 3),

%< 3. Hey %t HUVEC 1 eNOS mRNA 5Ri% . eNOS i& 451 NO 2 ERIZM (v £5)
Table 3. The effects of Hcy on mRNA and activity of HUVEC eNOS and the contents of NO

i eNOS mRNA eNOS 754 (kU/L) NO & (nmol/L)

X i 2H 16.40 +1.13 7.630 +0. 148 0.757 +0. 012

50 wmol/L Hey £ 11.73 £0.76 6. 153 £0. 190° 0. 678 0. 024*

100 pmol/L Hey £H 10. 85 £2.93 5.480 +0. 295" 0. 662 0. 025°

200 wmol/L Hey 4 8.57 +2.33" 5.479 £0. 149" 0.533 0. 028"

500 pwmol/L Hey 41 6.69 +0.73" 4.560 +0. 423" 0. 480 +0. 030"

VitB12 + FHPR i 9.74 £1.39 5.677 +0. 161 0. 666 +0. 024

a P<0.05,b 7 P<0.01, 5% R4 Hois,
1:;8. 1 2 3 4 5 6
Maker MU MU MU MU MU MU

Rn
858

0.60
; eNOS
0:20
0.10- . _5/
0.00
0905w woaawwww a v
1.10
1.00-
0.90" o
0.80-] i
070+ 7 GAPDH
C 0.60-] / 7
L 050 Ly e
an / / N O p mol/L
0.30- 7/, “50 p mol/L
0.20- 7/ ~100 p mol/L
0.10-i /é) 4 200 p mol/lL
oo 500 u mol/L

0 s o o e ¥ Y T S N s Y VLY ~F+V
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 +
Cycle Number

1. Real-time PCR #ill HUVEC H eNOS mRNA BJRIE
Figure 1. mRNA expression of eNOS in HUVEC detected
by real-time PCR

2.4 EBEFMIBEBINARE—FHASE DNA B
B EimRESH2nm

nMS-PCR #4611 eNOS J3 3 71X DNA H %4k
SEIRRH, % Hey WRPELIY eNOS DNA HI b 4 3
BH Hey ¥ B2 (9 3 i3 &, Hob 50,100,200, 500
pumol/L Hey 20 DNA I BEEALFE BE 43 51 Lok & 2H 38 fin
T9.22% 21.41% 28.93% 23.87% (P <0.05 Fi
P<0.01), MEH ViB12 T )5 ,eNOS DNA I Ji
ABFRFE 85 100,200,500 pmol/L Hey 2H 43 i T
3.62% 12.84% 6.63% (K2 MzE4),

2000bp

1000bp
750bp

500bp
250bp
100bp

B 2. nMS-PCR ;5#&l HUVEC H eNOS & B B &L & i1k
BT MH AL, U MAER 34k 1 ~ 5 4K 0.50,100,200 F
500 wmol/L Hey 41,6 Jy VitB12 + MR 4 .

Figure 2. The eNOS gene methylation status in HUVEC an-
alyzed by nMS-PCR

% 4. Hey 3 HUVEC 1 eNOS EF R EXEHRSMNZE (~
+5)

Table 4. Effect of Hcy on the eNOS gene methylation status

(x %5)
A eNOS DNA H SAbFips
X 20 46.28% +7.99%

50 pmol/L Hey 4 50.98% +9.54%*

100 wmol/L Hey #H 58.89% +8.00%*
200 pmol/L Hey 4 65. 12% =10.55%"
500 wmol/L Hey 2H

VitB12 + MR+ i

60.79% +12.35%"
56.76% +9.90% °

a’h P<0.05,b4 P<0.01, 5% AL ;¢ i P <0.05,5 Hey 4
L,
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3 17 g

As JITEU O i I A 0 S — P ™ R N R
B R A9 H UL L 2 &%, HHey BV INH
B As 1—AF BT fa R T, B As 1Y FEEHL
LA - S E AL T RAE , TR NO REERY
HRESE | A As Tt B, PN 2 0 R 0 2 Ass
FE LA LR B ALH , R, AR 2 P9 B2 40 i 2 A B AR
KR S BB As T B T-HLEI ) B ZL IR

HW9E KB, HHey B, Hey K 37E T 4 24
Jufifi eNOS 374, eNOS % [ ik ik 20>, NO [ i Jin
AR L] 3 2% e Bop AL AT e 3
Y5 Hey 5130 B 5 AL L 3R 25 1 PR 3828 B3 2 A1
K AR AR WoR B Hey B RIS I, HU-
VEC 581G TR, FTRES Hey 51 M LD A
Koo MHRAE Hey AR FE b 49 522 g IR, vl ok
> Hey W4 1 ; VitB12 AF Sk 4l Bl X -7 R4 32 it 12 11
TEAFIHC, W5 LB, T WAL A ER A VitB12
J& ,HUVEC 3858 1% PE Tt R W R A VitB12 AU
5 Hey MIBHRIER

Hey J& — P& i & LR, R4 4 i A 5 P
I SAL AR W ki fe . 7E P 3R Mkt v,
Hey 38 13 TP FF B 2 BRI 17 5 | ke 35k PRI A7 e 1 B 3
RSO DNA Ak s A4 2 A8 4 1 )7 58
Z— R 37 XA i H 3 A R R e S
TR B 2546, B L R Rk k&
B A U] T ¢ 0 M R PR A G BRI SR R
nMS-PCR %= G P Bz 2 M eNOS X S 3 1 X
DNA 2 i AL AR I B %5 Hey WR B 9 7 =5 R 3
FEAREE AN, H eNOS mRNA FikFEMK, eNOS i P
FINO A= BUAHR TR, 3% 7] BE2 R TRl Hey We T+
o N T R R IG ER, DNA HY SR 5% B il 05 1k [)
YA, 7 DNA HEFE RS I VE R R | -CH2-JE A
R eNOS JE M, 5l eNOS FE[H )5 zh 7 X H 3
A, NTITHR ] T eNOS B9ZRIE, NI NO AR, HEm
SN AR5, DNA FRLFE RS i DNA
SEARA IR 1 O HE G, S0 25 SR B /R DNA L%
FEME S VERE Hey WREE RIS INMES N, 5 eNOS %[
Je 37 DX B e R AR A — 2

Zi LTIk, eNOS & 5 s sl 7 X HH 34k vl B

J& Hey BN B AR5 05 04 B BT 2 — IR AR
R R AT B F B Hey 76 As R AE TR VE L
il , BB FIEST As S TR ARIIR,

[ &% 30K ]
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