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SIRT6 Prevents Phenylephrine-induced Cardiomyocyte Hypertrophy via eNOS
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Abstract:  [Objective] To investigate whether or not SIRT6 prevents phenylephrine-induced cardiomyocyte hypertrophy via
eNOS. [ Methods] SIRT6 was overexpressed by adenovirus infection, or was knocked down by RNA interference in primary culture of
neonatal rat cardiomyocytes. The mRNA expressions of hypertrophic markers ANF and BNP, the cell surface area, the protein
expression of eNOS and production of NO were investigated. [ Results] SIRT6 overexpression inhibited the increase of ANF and BNP
mRNA expressions, and the increase of cell surface area induced by PE (P < 0.05); SIRT6 silencing triggered the expressions of
ANF and BNP as compared to the control (P < 0.05), indicating that SIRT6 prevented PE-induced cardiomyocyte hypertrophy. In
addition, SIRT6 overexpression reversed PE-induced down-regulation of NO production and partially inhibited the decrease of eNOS
(P <0.05), while SIRT6 siRNA suppressed the expression of eNOS and NO production (P < 0.05), suggesting that SIRT6 regulated
the expression and activity of eNOS. Furthermore, the eNOS inhibitor L-NAME blocked the protective effects of SIRT6 on
cardiomyocytes hypertrophy (P < 0.05). [ Conclusions] SIRT6 prevents cardiomyocyte hypertrophy through regulating eNOS.
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B FR LB T8 I S A 2 A R S [
— it Z R0 55 S 508 2 4% LA B
AR AR G T SR A R LB L
Sirtuins 75U ML HP I9VE FH B & i AR Z TR
({4 5 . SIRT6 A Sirtuins FIEM W 2 —, B
A NADHA M L 2 WAL B IE P AT APD—AZ 0SB
FE G, RIIFITIAN SIRT6 22— MK HFEH,
HA7 DNA B E iRk, G bhsi iiE 25 T il
ARG R, AT R AR R R AT AE 2 R AR g
PEBORE I HERE B, AU AT ST 45 R R
SIRT6 5 T i B O U I B e, 2R
R PO IUERAERS, J5k, EEZmHErR
2F IR A 1 — A STRT6 35 IR i B Aot 36k
ANERIESE T SIRT6 XU IUAE K 1) B 1 4 1
HE T AR LIS, HAET, CUESE SIRT6 $it
L UAR K AOAE 5 H X NF-kB™ IGF-Akt 5455
S BRI VE ARG, BRRVE LKA FF
E— AT

— %A A (Nitric oxide synthases , NOS) /&
— A 22 RS R A NO 9 TR] Tt , Herb i e
— S LA & (endothelial Nitric oxide synthase,
eNOS) F ZEAETE T 18 P B2 240 O LA R v, 72
VA I A A 4 AN R 1 R SRR S T I &
EEENERS REZHTRR,eNOS 5 eNOS K
TR NO f k2 AT B2 S B0 WUIR K 71 ik &
eNOS T P N e 24 1E sl .0 IUIE AR o1 A7
WF9E 2B ,eNOS 5 Sirtuins ZJEAF1E A BAEH .
SIRT1 K L3 ah ) (22 i B 4 e {2 2F eNOS 1 £k
FNO Az 1, DI 2 I T i 0 o) a5 S UL
20 L 14 A L2 32 550 Y 3 Ik ok A R Ak A5 i
PR,

YT eNOS TEL UK iy B 2 DL S
Sirtuins ZEJ5 M 51 2 [0 AR BAE R, FRATTHE H %
SIRT6 & 75 g i 15 eNOS AT 5 B =i il
B K B AE FHWE 2 AR SCEZ45 T} SIRT6 X eNOS (1
BN UL RGZAE X O UIE R 52, ik —2
7T SIRT6 2 5.0 WUAE KA 43 F ALK R LR

1 #M#H57*
1.1 & #

1.1.1 X /A DMEM i35 (ZE[H Gibeo) ; Lipofe—
ctamine 2000 ,Opti -MEMI ¥% 5% & DAPI ( 3£ [H

Invitrogen ) ; 28 fifi 2F L7 ( 3¢ E Hyclone) ; RNAiso
Plus i #] ( H A Takara); 0045 %5 & SYBR
PremixEXTaq 7] & \ECL 127 & St I 8570 &
BCA P WEME LA &, R (XHE
Thermo) ; JHEZE (i .BrdU SIRT6 HT/& .a—tubulin
PR (£ Sigma) ; H 30 (3£ Promega) ; PE (&
& Tocris) ; eNOS HLA (£ [# Santacruz) ; Ad—SIRT6
Jip e (BHFDUE) s L-NAME (LB A K) .

1.1.2 Sh4h 2 ~3d WHi4E SD KR, MEME
AR, WA R AL Eh Y G, VFRTIES
SCXK ( ¥)2004-0011 .

1.2 FH &

1.2.1 # 4 SD XK A S mR3EHR B1-~3
d e SD KB HET By PBS , B Z A%
gk 2 L AUF KGO HE BT A 1 mm® KNG ZH S
HAHEEFLE 12 ~ 15 mL 0.8 o/L 4 B85 [ il P
FEFUK LR THAE 20 min, 555 2 INIeE i hidleR
Hh 37 CHEIR KB AL 4 min 5 WCE L B R
TE&EIRA M5 100 mL/L B DMEM 15325569 15
mL B.0E T ,1600 r/min(r = 8 cm)%ll} 6 min, 2
MIBTIE A 1 ~ 2 mL & X MG 4F 13 100 mL/L 7
DMEM KRt £, RIHE M4 21 gk 2:
FH 0.8 g/L (IR PG A6 I T WO AR 40 A, 3 520 It
fE 12 ~ 15 IRE 2 AL PRS2 B4 UAH Ik
4N 1600 r/min(r = 8 cm)%lb 8 min [53 I
1,6 ~ 8 mL FRARAE I 100 mL/L () DMEM %
FEEL B AR TTE A T BT A
BRI G SR 1 h, 20 RBR AT de i, WA B
FEM P E A0 LA EIE R SRW, A 0.1
mmol/L BrdU LASNHI.Co IUBCET 4 40 i 2B 4 o K20
M4 R0 T 6 FLARER 48 FLAR 1, 4B K% 77 46 v &%
It SRR HEATET, M & 2R AR AR IE 10
mL/L () DMEM $5 3£ 5L 403 16 ~ 18 h, SLH43 M
1EH %P4 (control) \PE 4H Ad-GFP 4 Ad-
SIRT6 #ZH .Ad -SIRT6 +PE 4 M si -NC 21 fl si—
SIRT6 #H . H:rf, Ad-SIRT6 5% Ad-GFP L 25 1% /%
QI H (MOI = 25) JERGC LA 48 h;si-SIRT6
3% si-NC LA 100 pmol ¥ 5% Ju.00 LM 72 h; PE
PL 100 wmol/L 4524, #47 Real Time PCR ¢ NO
K AL PR 12 h, #£4T Western Blotting 43 #7H 4b
P 24 h,

1.2.2 Real Time PCR  #% & RNAiso Plus Ui
A URPEECAI ML RNA, FJH NanoDrop 2000 13
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HBPEOEREHHINE RNA 4l B Ak B s stk
A &K B RNA 06 5% 56 B ¢ -DNA, R H] SYBR
PremixEXTaq i 7] & 71T Real time PCR JZ ) ,
R 3 AN AL, DARIE SE I8 1A A . DA
B-actin HNZ: LUzs AR IR, R 272 355
5030858 . Real time PCR 59y A= Ti%
A, AR 1,

®1 EFZEE RT-PCR 5[4
Table 1 Primers for Real Time PCR analysis

Gene Primer sequences

ANF Forward: GGAAGTCAACCCGTCTCA
Reverse: AGCCCTCAGTTTGCTTTT

BNP Forward; TTTGGGCAGAAGATAGACCG
Reverse: AGAAGAGCCGCAGGCAGAG

B-actin Forward: TCGTGCGTGACATTAAAGAG
Reverse; ATTGCCGATAGTGATGACCT

SIRT6 Forward; TGCCTCTCCACCAATCACAC

Reverse: GTGGGCCCTTGTCTCTCCTA

1.2.3 Western Blot £ & 2 # & 1 mmol/L
PMSF 1Y) RIPA 24 fiff 7 24 it 4 M 4 B AN B L B 15
JEH BCA B e sl &l e & A E, 4%
FIRESh EAERES K 30 pg, SDS—-PAGE HL K &5
FE 1,230 mA TE R 7K HL S 90 min, K PVDF &
BT 50 o/L Wifg A W B A b = B 1 by
eNOS (1:500) 2% SIRT6 (1:1000) i Z 3T 4 CIFH
R, FEIEE 501 h ECL R6E B Ll a-
tubulin N2, W52 554 ] Quantity One X447
JREES AT

1.2.4 RNA F# $% 8 lipofectamine 2000 ¥t -5
ALBRKE 100 pmol si—SIRT6 T4t 7 41 a5 B 4 %o e 7
H) (si-NC) YT 6 FLARC T AR LA 72 b, 32
HUEL RNA 8 S T )5 285050, R SIRT6 Jik
T 75 B B X B8 Hh 95 M 35 B 8wl
AR 2,

%2 siRNA T#HEZI
Table 2 si—-RNA sequence for RNAinterference

Gene si—-RNA sequences

SIRT6 Sense; GCCGUCUGGUCAUUGUCAATT
Antisense; UUGACAAUGACCAGACGGCTT

NC Sense; UUCUCCGAACGUGUCACGUTT
Antisense; ACGUGACACGUUCGGAGAATT

1.2.5 SIRT6 it & ix  Ad-SIRT6 Jim 25 /L .0 L
AL 48 h 1 F ik SIRT6, i 25 YL 5 50 (Multiplicity
of infection, MOI) K 25,

1.2.6 Lk @Al 2 Ok 48 LA 40
40 o/1 2 VS W 1R [ 32 10 min, 10 mL/
L Triton—100 f% 5% 10 min, 1 mL/L % FF - 23
JKREEIEE 30 min, PBS 5 min/YRIHYE 3 ., DAPI
ZEURECY A 5 ming, 5540242 AR
o 22 50 AR FLBEALIR 40 A0 EF R4 7460 404

1.2.7 NO Amme WA S 40 85 5 -
THIR, IRER 5 KN )Y Griess 187 ke ) A5 95
K IRE & ) NO K-,

1.2.8 #itFam® RH SPSS 13.0 Geit i, iy
AR LISAE £ AR RN, ALIE) FBCR FH B
T 2200071, P < 0.05 HERAGH¥E X,

2 & R

2.1 PEFESMOAAMAEXEE A E T
R ST RN R E (Phenylephrine , PE) 75 519
O WLAE M KA A S FRATRE PE A4 T[] F1
Vi e B e AT 2588, LAE RAR AR RO 80 2R (atrial
natriuretic factor, ANF) Fll i J& 4% BK (brain
natriuretic peptide , BNP) ] mRNA 7KF-28 fbAE Ayl
WIARE AR K A FE bR, AN 1A FioR 5 0E % X iR 4l
(control) AH L, 100 wmol/L PE i .0 WILANIE 12
h, WHE 0 ANF F1 BNP ) mRNA ik (P <
0.05) , 47~ 12 h Ky PE (R e AEAE FH B[], AS )k
f) PE (10,100 ,1000 pmol /L) 43 51 5] 38 . JUL 40 Jfd
12 h, 7E 100 pmol/L ¥ FEE T ,PE GEG|HL ANF F1
BNP mRNA 3K B E (P < 0.05, 1B), %
ZERLHIR 100 wmol /L PE YE 12 h BERL IS 0
WA AR K
2.2 SIRT6 X} PE S/ AILAE X B9 4P 0 4E A
RUIE SIRT6 X PE 75 5 10> LA L A K 1)
YERT, FRATRIFHEHT SIRT6 3 PR () s 7 %50 AL
Y o 38 SIRT6, s B8 B L 4 it 48 h J5
SIRT6 ) mRNA 7K~V 5 3411 (P < 0.05, ¥l 2A),
PR SIRT6 T i ik, 5IEH X A AL,
PE Hi# 12 h 5.0 JULZ0 M ANF . BNP mRNA 7K K
O WLAR M T ALEH B3 (4 BIAH 4 F control [1)
212+ 027 .23+04F22+041%,P<0.05);it
F3k SIRT6 AFLM L LA o ANF BNP 1235



3 4] /N, 4. SIRT6 3@ %5 eNOS 10 U K B BIF 52 341

r5+ [ ANy [ BNP
. 1)
£ 20+ = 1 I
g
-
& 154 I
-
-
=
= 1.0
£
¢
F 0.5
€
==
[)‘U L) 1 1 1
CON 12h 24 h a8 h

PE{100 p mol/L})

25+ [J ANF R BNP

[N

8 2.04 T4 D

é e

B 1.5+

U

-]

=

g 1.0+

£

,%‘ 0.54

= B

0'0 1 L] 1 1
CON 10 100 1000

PE/{ o malfl)

A'; Relative mRNA expression of ANF and BNP was detected by RT-PCR in cardiomyocytes with PE treatment (100 pwmol /L) for different

time (12 h,24h,48h); B:Relative mRNA expression of ANF and BNP in cardiomyocytes with PE treatment at different dosage for 12h. One-way

ANOVA (and nonparametric), compared with control (CON), 1)P < 0.05.

1 PEHFSHOAYAEARRIER T
Fig.1 The foundation of cardiomyocyte hypertrophy model induced by PE

DL S LA MR T AR, (BB R 36 4% PE 51 MY
ANF .BNP mRNA [ I 9 01 41 Jfd 2 1o £ 0 35 fin
(Ad-SIRT6 +PE ZH H 43 5l 4 1.51 + 0.21,1.33 =
0.18 A1 1.41 +0.15 f%,P < 0.05 vs. PE 4 , #& /5 1
ik SIRT6 figflifil PE 5LEM.ONUE KR, #3,3K
i@ Id RNA T A% SIRT6 Fik , %2 1T N M
SIRT6 XL UIE R IVEH . siRNA T4 , 0 L4
fitl H SIRT6 1) mRNA ik /KT8 TR (P <
0.05, % 2D), fii ANF BNP i mRNA /K5 % |-
W (O 5AH 25T control ) 2.12 +0.17 F112.0 + 0.4
f#,P<0.05, 2E), 5 PE 5 5AY ANF .BNP |-
AR, $E7R PEYE SIRT6 A4 k28 vl 75 & O
WUAE K
2.3 SIRT6 X eNOS ByFI=/ERA

100 pmol/L PE H# 0 LA 12 h 5% 24 h,
eNOS [ HRIBKBE TR (50T
control 1) 0.86 = 0.04 1 0.62 + 0.07 1%, P < 0.05,
K 3),NO A s B FFE (M4 T control [
(64 +12)%,P<0.05, K 4C), #m0PUIEIRXT
eNOS MPIHIVER . A% SIRT6 X0 ILIE K1)
TEAIS eNOS WA M, FATH K T i Rk ok
RNA T4k SIRT6 %f eNOS [ 3235 Fil NO A= i 7 114
SR, QN 4A FoR | B EE L 21K SIRT6 JfAN5Y
Wi eNOS (125 H Rk K- (HEEFR /3K S PE 515
(1) eNOS ik T, Kk SIRT6 AJ I 3 42 = 0
WLAR L NO 7= &, I nl ¥ 4% PE 5129 NO 7™~
NI (PE 2071 Ad-SIRT6 41 NO = 0 9

control ¥ (64 + 12)%F1 (186 + 18)% ,P < 0.05 vs.
control ; Ad=SIRT6+PE 2/ (117 + 15)%,P < 0.05
vs. PE, & 4C). #2,siRNA T4 SIRT6 A 11
eNOS [ IEF NO 4 B (eNOS I NO A 1
3B R KR control 8 (0.42 + 0.06) f5F1 (74 +
8)% ,P < 0.05 vs. control, Kl 4B&D), LA |45 H 4%
7 SIRT6 X eNOS Ay 2% 15 3G PEAG 6 U Y o8 42 4
e
2.4 SIRT6 & iZ X eNOS BT XF#1 PE F 5
RO ALAB K

7 BE— 2 HAIE SIRT6 X eNOS f4 18 45 4 FH
EHEYLONUERERBPLE Z —, RIATHERT
eNOS #1455 L-NAME X} SIRT6 #t 0> WUAE FAE
(52, GnEl 5 iR IS8 SIRT6 2o FRk Al i 2417
i PE i 59 ANF . BNP mRNA (9 I V8 120 Jif 2% 1
FREYHE N H7E 50 wmol/L L-NAME Fii4b3 1 h )
% BL T ,SIRT6 XF PE Ay 31 il 7E FH % B W7 (1.-
NAME+Ad-SIRT6+PE 21 ANF BNP mRNA 7K-FFl
O UL A 22 TR0 5904 control ) 3.04 + 0.28 3.3
+ 0.6 f12.33 £ 0.25 ff5,P < 0.05 vs. PE), &1 L-
NAME fg FH W7 SIRT6 i 3 ik i 4 Bt .0 AILAE K AE
e

3 4t it

A g g o JUE A S0 A7 8 — ol R A
7, O LA LRS00 5 R T 4 1E A O
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A:SIRT6 mRNA were overexpressed in cardiomyocytes when infected with Ad -SIRT6 for 48 h, detected by RT-PCR; B-C. SIRT6
overexpression inhibited the increase of ANF and BNP mRNA expressions (F =22.96, P < 0.001 for ANF; F=17.73, P < 0.001 for BNP), and the
increase of cell surface area induced by PE (F =15.78, P < 0.001, 40 x objectives, scale =20 um); D: RT-PCR analysis for relative SIRT6 mRNA

expression in cardiomyocytes transfected with si—-RNA for 72 h; E:

SIRT6 silencing triggered the expressions of ANF and BNP as compared to the

control (F=30.41, P<0.001 for ANF; F=12.17, P < 0.01 for BNP). One—way ANOVA (and nonparametric),1)P < 0.05 vs. control, 2)P < 0.05

vs. PE treatment.

B 2 SIRT6 Xt PE 5S40 ALAE X B30 1 4
Fig.2 SIRT6 prevents phenylephrine—induced hypertrophy in cardiomyocytes
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ZAKEXFONUE R EIF T Z B0E5E, taih
AL T Z R0 OB A O WUAE A BT 7Y K T
AEFRMARFR . TH A I S0 JIUIE A 22 14
WA T (0 Ang [T N EER VB BIRRBERZ 1K

PBhFNAE ) HEST A LA B AR R 1l L A
2SN CE RO WUIE KRS . A SC 55 K] PE
BT AE R EO LA IE R, HDANE R FE A ANF
BNP () mRNA 7K K0 ILAH A 2 T AR AP0
WLAR AR R AT FR . SCB5 LW, 45T .0 L4n i
100 wmol/LPE ZbHH 12 h J&5 , AE R FE A9 mRNA 7K
SF-BH S T O LA i 2 1 AR SR B, e % A%
PFREE B SO LA AR R

Sirtuins J&—28 T 4 B 2] &2 2 B AE W T
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Western blotting analysis for protein expression of eNOS in
cardiomyocytes treated with PE (100 pwmol/L) for different time. Bar
graphs showing the expression level, presented as percentage of o—
tubulin expression.  PE stimulation declined the eNOS protein
expression, especially treated for 24 h (F = 30.71, P < 0.001). One-
way ANOVA (and nonparametric), 1)P < 0.05 vs. control.

3 PE R eNOS & B RIEKFHF

Fig.3 The effect of PE on eNOS protein expression
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AP REAL e BE DR T IO 3 1 0, T e b (kR
AR SFARSE A Yy OB A 35 P 2(silent
information regulator 2,Sir2) 27T F iy A% & A
5, WHFL B Sirtuins HE K % SR Sin2 £
i BE[R]R U Srtuins ZE7EE NAD O 458 Tl 2%
L OB 8k 21 8 s R S
B F B A = R AR R AT 2 LA 1B T R
TN RIELEAMIGE, EFK, T
Sirtuins Z G50 ML PR Z TR ZR 5 RN
2R, AR RTIBTIEE 75, SIRT6 71 Ang Il
55 1L LA MR AST AR U 7t i e L
HERAHY PR B mRNA 35 FiR | 25 LB ALRE
TPE N VAAE R SIRT6 i A AT AT Ang 11155
RO L2 M AE KT i 25 A B3R P SIRT6 22
FECL WU R A A A eSS E A3
RVT T SIRT6 X 75— Fl i 2L AR WM LK 7 PE i

—_
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=
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{1.54
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0.0 '
CON i-NC 4i-STRTé
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o T
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A: eNOS protein expression was detected by Western blotting in cardiomyocytes treated with PE in the presence or absence of Ad-SIRT6; B:

Silencing SIRT6 lead to a significantly decrease of eNOS protein expression (F =52.76,P < 0.001); C. SIRT6 overexpression reversed the decline of

NO levels induced by PE  (F=34.77,P < 0.001);

D: Knockdown of SIRT6 decreased the production of NO

(F=19.12, P<0.01). One-way

ANOVA (and nonparametric), 1)P < 0.05 vs. control,2)P < 0.05 vs. PE treatment.
B 4 SIRT6 Xf eNOS & H Fix7KFF0 NO HiEEER
Fig.4 The effect of SIRT6 on eNOS protein expression and NO levels
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treatment.
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Relative cellular surface area

C

CON PE  Ad-SIRTS+PE  L-NAME+Ad-SIRT6+PE

A Analysis for relative mRNA expression of ANF, BNP. B. Cell surface area in PE—induced cardiomyocyte hypertrophy with or without L—
NAME. C;L-NAME reversed the protective effect of Ad-SIRT6 (F = 50.47, P < 0.001 for ANF; F =22.29, P < 0.001 for BNP; F=19.08, P<
0.001 for cell surface area). 40 X objectives, scale = 20 wm. One—way ANOVA (and nonparametric),1)P < 0.05 vs. control,2)P < 0.05 vs. PE

5 SIRT6 &L %} eNOS HIiFTIxI i PE F -S89 ALIEX
Fig.5 SIRT6 prevents phenylephrine—induced cardiomyocyte hypertrophy via eNOS
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TG B2 G T eNOS IR i BR #0255 i 52 55 B0
WUBE K, T AR B 2 eNOS LK fiE i 2 st O
P B OWUEAEIR ) 78 PE 55890 WLAH AL
KB R FR A1 & PL eNOS B 2K 1 E IR T A
I H AR NO TR, R eNOS i
WAZ B, SRR FEOHUIE K eNOS 1Y
IR TN I 1 T IR AT G A0 IUAE K A S 22 ML

— o AT SIRT6 Hi-o UL KA 2 A 51857
eNOS MG, FRATHE SMFSE T SIRT6 XF eNOS (114
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