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RAECs)# b tg b, RARRAECSHE RIFHREF IR A F 5220, HREF 2R AL FE, KNF 4K
A2, 4T H,Se9BEANaHS 3 7 £ 55 124K A NaHS4L; M FARAR IR 25 124K, AR mILAT6 h
Fm A CaMKKB(Ca®'/calmodulin-dependent protein kinase kinase B)4% St 147 #| 7] STO-6094k 3% 7, Bp
STO-60948; A5 4KAL, 4T H S BARNaHS 3 Fr £ 5 124K, AR 4RFAL I 49 AT 6 hAm ASTO-6093%
¥ 7%, BPNaHS+STO-60948. & il SA-B-gal(senescence-associated B-galactosidase)# & 7% FDAPIZ
P &R M 0 e 0 AUAR B A0AR K 5+ 3 &7 (senescence-associated heterochromatin foci, SAHF)
8 R A T A, i8I F b & iR AR MRAECs#9NO(nitric oxide)2 & . AL Western blot7 % 4] 4m
J.CaMKKB. AMPK(AMP-activated protein kinase)fp-AMPK& & #) & ik. 4R 2 x, 5582448
Vo, %R0 tm e AR B 3 A, 4a i P SA-B-gal FEME R Fe SAHF A iR 238 4m(P<0.01), NO4~
TR FHE(P<0.01). 5ZFa48k, NaHSA 22 28 49 SA-B-gal [a 1+ FE FeSAHFH R X 9 B T 1%,
BNOAZ LA (P<0.01). 554041k, % F4CaMKKB. AMPKA»p-AMPK & & i /K-8 2 %
IK(P<0.01), #a % FNaHS4: 22 &, CaMKKB. AMPKFap-AMPK3 #2(P<0.05). % F STO-609 1
CaMKKp1Z 538 5%, #6495 K2R 7K R NaHS #) 20 J PR 47 48 B (P<0.01). £ R &, SMRMHH,S:E i %
96 CaMKKB-AMPKAZ 5 i 3% iR 32 RAECs#) X #1342, 4% T mfe b it4g,
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Abstract To investigate the effect of the exogenous H,S on RAECs (rat aortic endothelial cells)

senescence and the underlying mechanisms, RAECs were cultured at fourth and twelfth passages as young and
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old groups, respectively. Cultured RAECs from the fourth to twelfth passage with NaHS (a H,S donor) was taken
as NaHS group. STO-609 [a specific inhibitor of CaMKKp (Ca*'/calmodulin-dependent protein kinase kinase B)]
added into the old group and NaHS group for 6 h before extracting the protein from the two groups as STO-609 and
NaHS+STO-609 groups, respectively. The status of senescence of RAECs was measured by SA-B-gal (senescence-
associated P-galactosidase) staining, and SAHF (senescence-associated heterochromatin foci) formation was
detected by DAPI fluorescent dying. Colorimetric methods were used to evaluate NO content of RAECs. The
protein levels of CaMKKf and AMPK (AMP-activated protein kinase) and p-AMPK (phosphorylation AMP-
activated protein kinase) were analyzed by Western blot in RAECs. The results showed that the levels of SA-f-gal
positive cell numbers and SAHF formation rates in NaHS group were both lower than those in old group (P<0.01),
but higher than those in young group (P<0.01), and the levels of NO were elevated in NaHS group compared to the
old group (P<0.01), but lower than that in young group (P<0.01). STO-609 inhibited the effects of NaHS on the
RAECs. Moreover, the protein levels of CaMKKf, AMPK and p-AMPK in NaHS group were increased compared
to the old group, but lower than that in young group (P<0.05), and STO-609 reversed the protective effects of
NaHS on RAECs. These results indicate that H,S delays senescence of RAECs via CaMKKp and AMPK signaling

pathway.
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kinase kinase B)Z 5 il ¥ VF % 5 A 15 # o A,
wiRe V. IERE. BERRAS. EMIAE. HED)
RE MR SEN . A 0T TR B, CaMKKBl i i 42 H T
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RAECs(rat aortic endothelial cells)% H 1t 52 b
PHONERAEH AR TP 1640 TRy B 7R 2%, iR
Af3E M HGibcoA R 3 HT2liNaHS i & i
(0.25% Trypsin-EDTA)) H SigmaA 7. 4 il 3 &
B-2- FL b 7 ¥ (senescence-associated B-galactosidase,
SA-B-gal)J 117 & . DAPI(4,6-diamino-2-pheny-
lindole) % 7t et Je iU ik 77 & W A bl 38 = R A&
Y H R T — S A &l(nitric monoxide, NO)ll|
R E R AEY) TR AT, L EIRPA
CaMKKpB. STO-609/% H Santa Cruz/A &), 4 i $1t
AAMPK. p-AMPK. GAPDHAI %% Jt: i Biodlight™
WesternJ H Bioworld /A & . BCA S [ 7€ & A& M
BWH FEERAEY) TAEG R AR . RIPARM .
SDS-PAGE#E i i & 677 & 1 A m gl 3 A BH
RIBARATA .
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10%16 4 L5 1) 164055 77 5, H4 55 F7 0 & 137 °C.
5% CO.¥% 75 F Hh i B T 7% FRai i A= Kb & %
[Eis B —ERE R, FEMAP R, IMAEEW
0.25% k& ARG AT, 140 B35 51 7 50T,
TN B 10% 15 2F 1375 19164015 77 3 1) B 21 B 2
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b TR E A KSR AR AT 555 . SEEe AN, ()R
“H(Young group): ¥ J fRRAECs% 77 2 SH4fX B N 4F
54 (2)Z4EL(O1d group): SEARHALACE S 1241 K
LA (3)NaHSZH(NaHS group): M EHARTT4E, 765
FEEEH I ANaHS(fff HAERE 7R HF IR B 10 pmol/L),
B 3% & 551248 (4)STO-6094(STO-609 group): 1%
A2 124 1) 40 B 72 48 ] 2 176 hin ASTO-609, fi
HLAE B 32 3 P VR FE 90,1 pg/mL(DMSOTE B 37 4%
tH K E N0.01%); (5)NaHS+STO-6094H (NaHS+STO-
609 group): I ANaHSH% 77 3 4% A8 2 2 1248 (1) 41 il
FEAE FH 22 HT6 il ASTO-609, 1 F7F 15 77 & A (1 94
FEN0.1 pg/mL(DMSOZE 1 77 5 Fh ik FEE °M0.01%); (6)
DMSOZH(DMSO group): & 4K 42 551248 (1) 41 Ji 75 i
F Z 176 hiil ADMSO, 1 L 7£ 15 77 5 o 1)k B2 A
0.01%. IGFRHLA G FRILTEIR48 hak E 41K,
1.3 SA-B-galifta A1 M ARE KIZE

V% 2H 40 f BE R 2450 MR b, AR EE IR A
ST 46 1F, FIPBS(pH7.2)%c ¥ Z 419k, 2 )5
0.5%J% — 8 ¥ W& %€ 5 min, 4R J5 FHPBS(pH7.2,
1 mmol/L MgCL)Pe 1K, & i F# L I X-gal 4+ i
(1 gL X-gali# TPBS, 7 10.12 mmol/L K;Fe[CN]s+
0.12 mmol/L K4Fe[CN]s» 1 mmol/L MgCl,, pH6.0) T
37 °CH YL tt12~16 h. 7EOlympus BX51)¢2% i
flsE LS, MR B AR s N PG, Rongii
b FHEERTS . SA-B-gal Y b FHM: R 15 77 R:
TEA0015 5% AL BE L B 10 ALET, T 45 FH M40
L 250 o e A B ) T A0 B
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BALE Y, Bt 5 bR 5 B AT A A NOWR JE .
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Ak PR RE % 0 2 D N B 41 D (P SA-B-gal B 1 R
(P<0.01); %5 FCaMKKBBH W STO-609)5, L5 NaHS
ZH #H tb, NaHS+STO-60941 P )7 41 i i SA-B-gal FH
PE R BB TF R (P<0.01). 1M Z FE 4. STO-6094H .
NaHS+STO-60941 FTIDMSOZH [F]SA-B-gal fH 4 3 Lk
B, HERBAEIM¥E L. 4REW, NaHSkb 3
BE % 2E ZERAECsH # 1k, STO-609[ KiCaMKKB{5
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Fig.1 Effect of NaHS on the senescence of rats aortic endothelial cells
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The expression levels of SAHF in each group. “P<0.01 vs Young group; “"P<0.01 vs Old group; **P<0.01 vs NaHS group. Scale bars=50 pm.
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Fig.2 Effect of NaHS on the senescence associated heterochromation foci (SAHF) formation in rats aortic endothelial cells
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(SAHF)HY

DAPIRES FIXUEEDNA I A-TIRIE 45 &, 4l i3
EF, ST B TERA AN . SERR AR BN, 5
FERRAM L, ZHFEHSAHFFE X B 21 n(P<0.01).
5 Al AR A HE, NaHSACFE fE 8 5 2508/ 9 2 48
MISAHF 1 15(P<0.01). STO-609FH WrCaMKKp)5,
P 57 4 I SAHF [ 3% 3 B {2 T 55 (P<0.01) . M 2 4F
1. STO-60941. NaHS+STO-60941 FIDMSOH [d]
SAHFIE R ELE:, HEREA SR L. 451 %
B, NaHSAb i AE 0% 1T 2R AECs % AL AH 56 5 Y (0 i o7
U ), STO-609H i CaMKKB1E 5 4 1 BE % 1

NaHS 120 B C4 7 F I35 (E12) «
2.3 NaHSX KR EFNIKA K HENO S E /IS
SERER, SERHAMLIL, ZHEHN KM
NO® & W] B/ (P<0.01). 5 #4440 L, NaHS
Ak HERE % 38 0 Y B2 4 BRNOY & &(P<0.01), 45 F
CaMKKBFH Wi 71ISTO-609 RE ik /1> P Kz 41 IN O 7=
E(P<0.01). 1M 4. STO-6094H. NaHS+STO-
6094 FIDMSO4 [AINOF & I, H %2 R A &
TR Lo 45 B W, NaHSAb 338 o 18 in iy
Y BINO ™= A B 4E 2% N 52 440 o 1 22 A i3k A%, BHL 1B
CaMKKB15 5 i 2% & % Jak 55 H,S 0 P 41 i 2 A0 AF H
(E1D)o

1 NaHSI KB EFPKARHABENOR=E M
Table 1 Effect of NaHS on the contents of NO in rats aortic endothelial cells

2H 5 NOK £ (umol/L)

Group NO concentration (umol/L)
Young 3.405+0.820

Old 0.752+0.464%

NaHS 3.465+0.828"

STO-609 0.819+0.546"*
NaHS+STO-609 1.074+0.498%*

DMSO 1.27940.788"

B R 22 20K, n=6(#T6UCHFATIRER). #P<0.01, SHEAMLL; 7P<0.01, 5ZEAMLL; **P<0.01, 5NaHSZA

tto

Data are shown as mean+S.D., n=6 (six parallel experiment was carried out). “P<0.01 vs Young group; "P<0.01 vs Old group;

**P<0.01 vs NaHS group.
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Fig.3 Effect of NaHS on the protein levels of CaMKKSp in rats aortic endothelial cells

2.4 NaHSXI KR EDNPKAK 0 CaMKKBE
B RK R0

Western blot4h R EoR, 592 AHMEL, ZFE4H
CaMKKB# i& il /> (P<0.01), NaHS 4k B GE 9% 1% i
P 4 il CaMKKBF) % 15 (P<0.05), STO-609H i
CaMKKBJ&, CaMKKPBHE F it /H 4 & & 2 % ik >
(P<0.01). ZHE4H. STO-6092H FINaHS+STO-6094H
(M CaMKKB& [ /K- F L, HESEARIT#E
M. ZERFH, NaHSTACFEE T i CaMKKBEE A
JoR 7K P AT E 2% P4 B2 44 [ 22 A (FE13)
2.5 NaHS3EM KR E3BkA R 40 HIAMPKE
=

Western blot4h B & 7, H5EFHMEL, &4
HAMPK £ [ i 7K F B & sk /> (P<0.01), NaHS4b
L H M AMPK K ik b 22 4F 4H B 2 3 n(P<0.05),
STO-609FH Wr CaMKKB J5 , AMPK [ £ 4 Jii /K
VB 2 D (P<0.01). T Z A 41, STO-60941..
NaHS+STO-6094H MIDMSOZH [8] AMPK & 9 Jifi 7K
PR, HER AR . 458 E W, NaHS
Ab 3 E T I AMPK ER [ J5T 7K T 4E 2% P B2 4 A )
ZA(E).

2.6 NaHSHEM KR 3k A K 40 p-AMPK
EBRKFE

Western blot4h 5 7, & 4F 4 p-AMPK i [ /it
K P B AF 2 20 B I 98k /D (P<0.01), NaHS 4k # 20 1)
p-AMPK R [ Jii 7K ~F b 22 4F 41 B &2 3% in(P<0.01),
STO-609FH WrCaMKKBJ&, p-AMPK & H i 7K - &
= Pk > (P<0.01). 1M1 & 4 4. STO-60941. NaHS+
STO-6092H FIDMSOA [H]p-AMPK £ [ J5i 7K ~F- U 4%,
HEZEREESTHE . 5558 EY], NaHS4b # @ it
W Inp-AMPK 5 [ 53 7K SV RE 28 P9 Bz 4 B 1 22 10 i 2
(K5).

3 Wig

AT 5T 48 R BoR, AMEPEHLSBE % 4E ZERAECs
2R HLSHE 3% IASA-B-gal 41 A (1) BH 4 %
A2 PRI, () Ho S BH SR sl /b 22 AU AH DG SHAF R 2E i,
B I0 R AN NO & & . FRATTHE AT I F 98 K
B, HoSAE @ I FIfSirT 1) 2R IE X Bt BL AR A,
MM IE B ELE N B AR 2B o AR SCE— 20 K
B, HoS_EiASIrT 1) 2k v] G 2 i i 204 CaMKK B-
AMPKAE 538 J% AL 1] AT S IR 4 2% K R 3 ik
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El4 NaHSALIEXK R ERIBKA R 4HEAMPKE B Bk FHIF I
Fig.4 Effect of NaHS on the protein levels of AMPK in rats aortic endothelial cells
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Data are shown as mean=S.D., n=3. “P<0.01 vs Young group; ~"P<0.01 vs Old group; **P<0.01 vs NaHS group.
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Fig.5 Effect of NaHS on the protein levels of p-AMPK in rats aortic endothelial cells
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