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[ Abstract | Objective To investigate the molecular mechanism of hypoxia-decreased NO secretion in
vascular endothelial cells, and to explore the intervention role of butyrate (Bur) in the process. Methods Human
umbilical vein endothelial cells (HUVECs) were divided into normoxia group (21% O, ) , hypoxia group (1%
0,), hypoxia plus solvent control group, hypoxia plus Bur group (4 mmol/L Bur), hypoxia plus control
siRNA group, and hypoxia plus HDAC3 siRNA group. The NO content in the supernatant was tested by NO
Assay Kit. The mRNA expression of endothelial nitric oxide synthetase (eNOS) was detected by RT-PCR,
and its protein level and that of histone deacetylase 3 ( HDAC3) were measured by Western blotting. The
interaction of HDAC3 to eNOS was analyzed by co-immunoprecipitation. Results =~ Compared with the
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normoxia group, hypoxia for 6 h resulted in significant decrease in the NO level in the supernatant (P <
0.05), and reduced eNOS protein level though no change in its mRNA level. In the hypoxic HUVECs,

HDACS3 protein level did not changed when compared with the normoxia group. Co-immunoprecipitation

analysis showed that hypoxia induced the interaction of HDAC3 with eNOS, and suppressed the acetylation of

eNOS protein. The level of eNOS protein was obviously increased in the hypoxia plus HDAC3 siRNA group

than the hypoxia plus control siRNA group. Compared with the hypoxia plus solvent control group, the level of

NO secretion and eNOS protein were increased significantly in hypoxia plus Bur group (both P<0.05), but

the interaction between the HDAC3 and eNOS was decreased and acetylation of eNOS protein was increased.

Conclusion Hypoxia induces HDAC3-eNOS binding and inhibits acetylation of eNOS protein, which might

be due to its destruction in eNOS stability and suppression in NO secretion. While, Bur treatment can reverse

above process in vascular endothelial cells.
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(nitric oxide synthetase, NOS) f#fk & %, H 43 17 7
A8 Bz 40 B v i — 424k & G 18 (endothelial nitric
oxide synthetase, eNOS) & AT NO MRS 3= 2l A4
PR . ML IR NO A9 A s/, 2% NO /K-
WEARG 2 O LA 0 & 2R R B I T B B &
Sf S I PR DL ) B R, 2O IS 6 i A K
R E R AT E eNOS F R 3 5t I Bl K
e AR 2 Bk 46 1ML A8 1N B A i NO 77 A4 9 /b 1 T AL
o {HBAE B eNOS FERREARI LI A TE A o

TR (butyrate ) &—FRIEEAR TR , WE AT 1E A 45
Rz AN REIR Y T, ot — S A & S WAL B
#17] ( histone deacetylase inhibitor, HDACi) , 3@ i F 7
1% DNA [ %% S0 PE R 1 BE R 1 3k, R BT 4t
REIUEAE D BT, TR LSS
L Y B AR eNOS JEB, REHIF ik s Al i
BB dAR B, T BRAC HE )5 Sl s 48U it 7 ~F- T JUL 4
ffiH eNOS 3k , I ~F- 9 LA L H NO iy 7 Ak 3
£ T, THX BRI 3 A T NO (1= A
A7 HLRR 27 ABETE L # KN B 40
(human umbilical vein endothelial cells ,HUVECs) Sy ZH
AR, 153 Ml 48 HUVECs 735 NO FEARAY AL Y
BEflh b WP T R T B E

1 HRSHE®

L1 ##

HUVECs H R 8 200 ; i e A4k . 20 it 15 57
3 DMEM ( HyClone, SH30243. 01) ; — 48 fL & (NO) il
I (2K, S0021) 5 LK I  cycloheximide, CHX

JLEAEHRTE, 04190) ; Opti-MEM 5% 37 2t ( ThermoFisher,
31985062) ; Lip2000 ( 2 3€ 55, L7800 ) ; Protein A + G
Agarose (2475 K, P2055) ; % 1eG (B = K, A7016) 5 471
eNOS $i /& (Santa cruz, SC-654, 7 £ T (P4 ) 5 Pt
HDAC3 $1 {4 ( Abcam, ab32369, 4 B8 58 B0 1K ) 5 i
Ac-lys $iifA ( Abcam ,ab80178 , T Z Fa & PLIA) ;BT Actin
PULiA (Sigma, A5316, FLER sE BEHTIAR ) s R B b LU - 471
SR Ch A28 4, ZB-2301 ) 5 BRRBEAR 1L F- 5T BT IR
("PAZE B, ZB-2305 ) ; 191 5% 5120 70) & ( ThermoFisher,
18080051) ; %% 5t A5 i 51 ¥ K& PCR 4 4% 1k ] &
( ThermoFisher, 4370048 ) , ECL i 4 ¥ ( ThermoFisher,
34095) ,

1.2 F&*

12,1 SEEe e MAC PR TT 2% SRSy R 6 A, 435
72 OFAH (21%0,,N) FIEEH (19%0,,H) ; @bk
SRR HRZL (HAD ) FOk S+ T FR41(H+B) ; QB
+ TN BEZH (H+Ci) F il 4 +siRNA T4 (H+Si) .
HUVECs 4R 1 & 10% I3 19 DMEM 1% 75 54 5
Bige o BEABER ] =AM (19%0,,94%N,,5%
CO,) B 3%, 5 A 4 40 M0 7E K AL 40 i %5 57 48 (21% 0,
5% CO,) 537, BIAH R I ] AT Je 2258 3 5 18 =%
FiHi(1%0,,94%N,,5%CO, ) H, A+ T TR AL PR 40
JHIR & 10% I YE LA S T R (B 4 mmol/L) 1Y
DMEM }5 3R 5685 5% 6 h, B4+ 73 0] %) 20 20 e 1 355 7%
Berb N IAT R, A SE = R (O & I vE Y
DMEM ¥#3) o siRNA THALBIT 20 1. 2.5,
1.2.2 fEROAJRIERI NO - FES2E A0 B A AH
IFIE] A, SR AR M 8 77 10, 4% NO A I 3R] & U B
AR A SR A B TRANM , DR 3R 2L B2 S A i
HH,BCA EIESE HWE . FEFR B NO (&
S A A R R LIRS AL NO AIAHR K-
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1.2.3 e R PCR AL H R oK R
JH TRIzol =20 i 4 RNA, B 1 pg 4 RNA, 3R]
Superscript [l Third-Strand Synthesis Kit ( Invitrogen ) i/
P s Af15 cDNA . U cDNA P BERR B, SR I 52
B2 Y6 E 1 PCR R F) & 3179 1% , Step One Plus Real-
time System i 7& 91 = W) 9 CAH , 2 il r A h £, A
B-actin 2 N 2, T35 H (19 2 K 1) mRNA A T 7K -
eNOS /) F3i75| %N 5'-TGGCAGCCCTAAGACCTATG-
3, N5 W A 5'-AGTCCGAAAATGTCCTCG-TG-3'; B-
actin 1 F 5|9 K 5'-TCATGAAGTGTGAC-GTTGA-
CATCCGT-3', F #5149k 5'-CCTAGAAGCAT-TTGCG-
GTGCAGGATG-3', WAL :94 CAE1E 30 5,56 CiE
K 30 s,72 CHEA 30 s, FH 36 PMEFF,

1.2.4  SEEFR e SEHH 1 d A AN
RN RE AR IS AT AR R B A AR B 7RSS R A B S
FRY R RO P ) s, 0 ) I A T2k T A ( CHX, 2836 5 Oy
10 wmol/L) , AKLEFEAH NLAL FLAL AR 23 5 9% 1.2 h
A4 b AR, SRR B, T I ISCBE R AL CHX
UL , SR IBCEEE R AE 48 o SR B 22 BV S R A,
I eNOS /K- (Z 0L 1.2.6) , L B-actin HNZE,
AR ] 5 eNOS 25 F A &, T 2 .
1.2.5 siRNA TH5250 #4 0. 1 nmoL. siRNA Jjj A
200 pL Opti-MEM }3583E, InA 5 wL Lip2000, 52 iR
A, = IEEE 20 min, B siRNA/Lip2000 & &9 A
MR E 2 80% HY AR N B IR L, W 46 B 7 6 h J5 B4
N 10% M35 9 DMEM R e dk 3 (597 24 h )5,
B RdE BT =9 (1%0,,94%N,,5%CO, )
HEATER AL B, PR YL TG siRNA RY 41 i 73 21
NBRE AT B, Fe Qe sl ) HDAC3 fy siRNA Y4
M1 43 20 0 B4R + siRNA T34, B4 6 h Jg Kl
HDAC3 il eNOS )2 17K F-o

1.2.6  GEEELRHRKIME H KL 7SR
i B E P 1) e A I SO 2% S0 2H A0 A I, Bk 2% 2R
AR 1, BCA VAN E 8 FvRE . I 20 pg 48
ARSI BRI, 100 °C L5 min, B0 U
£ BIE AT SDS NG TR BER iUk o SR PR A% 5%
W5, & 5% B RG 4 93 %) TBST J i == i 1 h,
TBST P& B J5 , 43 39 i A Bt eNOS Hip 4 (1:500) | 4t
HDAC3 HTE(1:1 000) Pt Ac-lys LA (1:1 000) . $7%
Actin PTIE(1:2 000) ,4 CIEFIL . TBST BEi% 3 X
J5 L IMABRHLEEAR LU AP BT A (122 000) BB bR
AT TR (1:2 000) , I BFF 1 h, TBST Pk
3 K, ECL {1, Bio-Rad B BG4 i 5% fEAH .

1.2.7 s byiie R (CO-IP) Kl HDAC3 Fil eNOS
MEAEH  RABEERAF P RR R B &

F1 A0 & U B R A . TR 500 L 40 i 24 A, T A
10 L 5 4 IgG Al 20 wL Protein A+G agarose 4 C
TRAIFE 30 min, 10 000 xg &5.00 5 min, U V. A
10 L #t eNOS BiHit HDAC3 $ipf4 4 CIRABEE LK,
JMA 40 pL 7557 £ 1Y) Protein A+G agarose,4 CR%]
WFE 2 h, 10 000xg .0 5 min, W5 FiE, A 500 wL
vy PBS PREEDIVE 3 W, N 1 b AR 22 v il 800
JE,100 C& b 10 min, 10 000xg 250> 5 min, 4k b
17,47 SDS S PR I Tk g 45 e FL, UK , 982 B 308 53¢ AR A
HDAC3 [ | eNOS [ . LA BRI K-
1.3 %t b

K SPSS 13. 0 e 4R it 47 3 #r , S50 5080 LA
xxs e, AR SR FH M ST AEAS ¢ KG9, R 3 K 7 : o =
0.05,

2 £#R

2.1 #& st HUVECs ¥ NO 4-ikFe eNOS £ ik #9 % vh

B4 (1%0,,H)6 h i, HUVECs 33 &+ NO
KRR, 5# A (21%0,,N) #LL, 22 5 B A it
2 X (P<0.05, & 1A) . 55 2 40 M A L, B4
HUVECs ' eNOS A mRNA K304 1527254k [ (0. 46+
0.035) vs (0.51+0.043),P>0.05],{H eNOS By%& 4
KOPAESAE 6 h NAFZERE(R (BT 1B) . TEBAEALEE 6 h
Ja TR R ( CHX ) 5 HUVECs 3557, BH Wy 48 iy
WA F B3, H Western blot il il A CHX AS[w] Bif [a]
M eNOS K ERIR TR E A ., 4R E
TN, A eNOS F RN 4. 59 h B4 )
J52.98 h(E 2A.B) .

N H(6h) A
N : S
IffEl/h N2 4 6
eNOS(140x10°)—

B-actin(43x10°)— |— — — —| B

A EBRE R RS L NOKF N AFAMH A
B ;a: P<0.05, 5 % A4L(N) Ju; B: Western blot #
M eNOS Z & K-F N AFAM(HAO0h);H(2.4.6) o
B AERE2.4.6h

1 ER&EXf HUVECs H1 NO 433k eNOS E B RiZHI R
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A:Western blot #: eNOS & &K -F N A% A4 H A5
B0~ 4 5] A% & R (CHX) & 225 49 3% 4 Bt 1]
(h); B: ¥ 2 F 454 eNOS F &+ 2

2 GREX HUVECs H1 eNOS & B £ R HHZ M

2.2 HDAC3 xt4t %, HUVECs ¥ eNOS % & %A 69 %5 v

HHAM(21%0,,N) ML, 5 (1%0,,H)6 h
i}, HUVECs H HDAC3 (13 KB 220 (18 3A)
1M CO-IP R 45 R 7 , 4 HUVECs 1, HDAC3 &
eNOS IYZ5 5N, ZWEAL ) eNOS JKF- K [, eNOS 25
KRR 3B) o A+ TR B (H+Ci) AH
I, T4t HDAC3 635 (H+Si) J5, HUVECs 1 HDAC3 2
FI/KF- T, eNOS 3 /K- IHi (P<0. 05,/ 3C) o
2.3 Tt A HUVECs P NO 4-ik4= eNOS & & k&

KW Fa

A+ TR (Bur 4 mmol/L) ZH (H+B) 4 g v, 1%
Fr LG RY NO JKF- 1835 TH i , 5 i A VAT IR 41 ( Bur
0 mmol/L, H+D) #H Lt , 22 5 R A G158 L (P<0. 05,
K 4A) ;[R]EY, B4 + T 2 ( Bur 4 mmol/L) 2 (H+B)
HUVECs H1,eNOS (12 /K- T (18 4B) o
2.4 TErEE HUVECs P HDAC3 A& R H &5

eNOS £54-49 %R

SR AA -+ FRZH (Bur O mmol/L, H+D) AH L, fikt
S+ TR (Bur, 4 mmol/L) 4+¥E4H HUVECs ', HDAC3
B8R KA 284k, [H eNOS & /K F-THE (B SA) 5
Co-IP Ay S 56 25 2R 7w, 5 ol %+ 78 75 X 8 4 ( Bur
0 mmol/L,H+D) A It,, %+ T iR ( Bur, 4 mmol/L) 4b
HiZH HUVECs 1,5 HDAC3 25411 eNOS 5 H /KT
K, ZBEfL eNOS 7KV T (P<0. 05,14 5B) .
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A:Western blot # HDAC3 & & K-F N AFAM;H A
. 20; B:CO-IP # i HDAC3 #» eNOS 2 & A& F A A
eNOS TELALAKF N AF AL H HHAu; C: Western
blot 42| F#% HDAC3 J& eNOS #9 & & /K-F H+Ci AR+
F ot PR H+Si A £ A +siRNA T3040

3 HDAC3 35L& xf HUVECs H1 eNOS E QR IEH S

14+

1
W
IR
S N
i —
©

0.8 1
0.6 1
04 -
0.2 4

NO 7KF-/nmol * g

=

eNOS(140x10°)— | i (-

B-actin(43x10°)— | S W

AL REERE R EAR M 3 A £ iF NO AK-F  H+D A s A+
A x¢ BB LE H+B 8t 8+ T B 45 a: P<0. 05, 5 S 5+ A
stEg 20 (H+D) tu&; B:Western blot #4-] eNOS % & /K -F
H+D A B B +EF AT B4, H+B A8 A+ T iR 4

B4 TEgxtskE HUVECs § NO 53 F0 eNOS | B &Rk
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A:Western blot #-1) HDAC3 #= eNOS B @K -F H+D & A+ A 34, H+B 4 &+ T8 20; B.CO-IP 40|
HDAC3 #= eNOS 25 & 7K-F A % eNOS ZEAL/K-F H+D A4 A+ A sF R4 H+B A s A+ T Ea 4

B S5 TExIEE HUVECs f HDAC3 Rz R H 5 eNOS £ & HI2400

3 iFig

AT B, eNOS H K 1 FEAR R i 46 5 B
BN A NO 430 T g 3 5 A i HDAC3 5
eNOS 4 &34, eNOS 1 /Y S WAL B T K, 12
SEMERRAR, 7T B A Bl 41 3 B eNOS 2B (H 7K T Y B
FHLH . T ER VT LAFN ] HDAC3-eNOS [ 454, W] RE il
] eNOS 12 ZTkAL B MBS T eNOS i &
WEALIE M KT, 32 eNOS 25 11 i Fe e M, e 2 Bl 4 il
BN M NO 1953, AWFR N B S Bk & i
AR RS PR RIS 9 A B, B2 7 e S840 ) 1l 6 1N 2 4
JfiH eNOS 5 [ Rk AL, [F s Sy T B2 B I6 ik 4R
5 | 1ML A8 P B A NO 3 A SR A B At T S A o

I PN 2 200 6 A7 L5 e 1 e N U2, A L AR SRR 7
A AR 5 — TE B 2k, 8 5 BURN 430 22 i
Yot R AR T S 5 R SRR RO S FEE R I
AR NPREE RS E T R FE AR I8 PN B2 4
Xof R4 R e A S L AR PN B 40 6 49 R T e
EALRIEZ PRI IR B R 2 . NO S Il A Bz 40 il 7
a SN R s e R B U I/ 11| = L i R
HEXG TR R T4 2 1A A R RE AR e o B
LS PN R 2 NO (4308, 5 A I 4 s 4 i A 2R
E RN Sk SRR RERE AL A T B LA o A
WFFEIE S A 3 eNOS B8 PR 1 R A2 1 48 P9 B2
A NO 20 ih FREM FZE A o DR R B o8 1o 5
eNOS LR 2141 j -1 W0 R s 4t v, o] DA
T eNOS ik, fi2ifF NO [y 43> (HAHTSE % 30,
BRAETF A eNOS [ mRNA ik T 145 N B2 4
LTy REZE AL A0 545 , ] 2 B Bl SR 45 1R T eNOS
JEPE NO [ 430 1 B = A R Tt . AT KB, 4

eNOS & [ 7K F- 1] B J2& T 100 ke 40 51 36 i 7 Py Bz 200
NO F3- W98 /0 (A S it . BRIt , TR ABIF 5 Bk 48 5 |
M58 P AL eNOS 2 1 e PR R B AL, JF PR3
T A HEAE L
HEAKE LR EE AR BSeR R
I A R 5 . BF9E 3R B, eNOS 1) Z BRI i g 4t
FE L RRE PERNE R o — 7 1 R A i P o 2
(Lys) P a] PR 47 8 1 5T 50 102 3= AR A1, DA 40 61
EERZ R 7 B —J7 T, eNOS ) Z Bt Akl
fE i eNOS FEG 2 E Y45 &, B eNOS (1% il 1% 14 .
IR H 2 LWL HDAC3 71 eNOS & H 1 LWk fk S
KO RE R R E AN, AR R, BT
N HDAC3 B £ 3k, {H 1) ] Bkt 44 HUVECs h
HDAC3 ({3355 ,eNOS M /K- B &8, 76T,
1Ef4 HUVEGs 1, HDAC3 5 eNOS 45 4 3411, eNOS
1) LB 1 T %, DAAEBFSEUE S, eNOS ) 610 fif
Lys ZPAL AT 23 eNOS 5458 25 1455, 3 eNOS
A WpiE I HDAC3 7] LR 610 fif Lys ZFkAk, 9
eNOS FEHE™ A5 i — 4 % B, die 42 AT 3l ki i
HDAC3 5 eNOS (A AR, 2 59815 eNOS 1) £ it
b, [FEf 375 , HDAC3 4 11 eNOS X Z Pt Ak 7] fig
55 eNOS fa & PE N FEA ¢, Ik, ATl HDAC3 5
eNOS 254 W ff B, 4i 47 eNOS 5 1 A2 1, 42 1 Bk
SIS P B2 A0 R eNOS P51 NO (43 3, (15 A
it
TR — AT p R A 2 40 A 7 A 1 R B T T
MR, TIRIEGAAR T T A LA LB CoA 122
SEAILRE 5 ) SRIG o G )0 ] B, A 2 1 & T A
PR T EEORIR Y . AERIBFIE R, TR AT Ll
WA H3 8 2L, T 1L eNOS S, {2k R P B
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1M eNOS k', W ON T B L, TR AE A
HDAC3 (25 Z WAL BREPE . W64, TR il
it HDAC3 S0 4 HUVECs 1 NO [ 40 i mg 2 A<
BFFE & B, T ER AT _E R4 HUVECs 1 NO (943, i
PEBE HUVECs H eNOS %K, BR TR
W4 HUVECs H HDAC3 192 (1 % ik, (2 T FRAED
HIBE & F T HDAC3 15 eNOS {9454, 4 2. Bk AL
eNOS 2 F 1 K . AWFT 45 R s il TR T B
HDAC3-eNOS #H H.A/E FH, #2 5 4, HUVECs 1 eNOS
B AR E RS TSI Rk

AWFIE KB, BREFE AN eNOS [ mRNA ik,
WFFE 2B, AE N R LR Fe ik eNOS S PRl DNA H S
AL AL [ 25 kAL, HDACs 354 5115 W RLAL RS 3
T B T T MeCP2, 5 UL R S04 61
TR 412 (A H3 8 2 WAL T 35 Ak e €05, o 40
il HDACs 3:4E 51 eNOS J 8l 1 b (9 #) it % 5 I
Spl, Ja 2l eNOS 7EAR A Rz 4 i ek ™ . 7E A Rz 4
filrf eNOS JE3 3 30 T DNA JLT- Aok 34, L2417
1 H3 ZEAL K-, DL eNOS 76 4 B2 40 P 235

25 b ARBEFERI A B IR T T R P e 4 A A
200 NO 20 UAR 23 T- AL, Do T R T8 4 B S il 4
AN NO SR T RE4R AL 1 924 His , 428 T IR 1Y
7 FEY T R 5 1907 A 7 Sk SR 6 P L5 5 P A 2
H it

Sk -
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