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[ Abstract | Objective: To investigate the effect of resveratrol in delaying senescence of human cardiac
microvascular endothelial cells ( HCMEC ), and to analyze its mechanism of action from the perspective of
cytoskeleton. Method: Heat shock protein 27 ( HSP27) shRNA cell lines were established, and the cells were
divided into 5 groups, the eighth generation replicative senescence model group (senescence group), resveratrol
group (10 wmol - L"), mock group, HSP27shRNA group, HSP27shRNA + resveratrol group (10 pmol « L™").
Cells senescence was detected by using B-galactosidase staining; cell counting kit-8 ( CCK-8) was used to detect
cell proliferation; laser confocal microscopy was used to observe the morphological changes of fibrous actin
(F-actin) and globular actin ( G-actin). Western blot was used to detect the protein expression of F-actin. Result;
As compared with the senescence group, resveratrol could decrease the proportion of B-galactosidase stained (P <
0.01), promote cell proliferation (P < 0.01), maintain F-actin distribution in the cell periphery and G-actin

distribution in the cell center, and reduce the protein expression (P <0.01). After silencing of heat shock protein
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27 (HSP27), as compared with mock group, HSP27shRNA group and HSP27shRNA + resveratrol group could
increase the proportion of B-galactosidase stained (P <0.01), decrease cell proliferation (P <0.01); F-actin
around the cell periphery became irregular, sputtered and dissipated gradually, with unclear cell shape; G-actin
showed blurred edges and stretched outside in cotton-like method, with staining dispersion in cell central region and
irregular shape. The mean optical density value of F/G-actin was decreased (P < 0.01), and the protein
expression was also decreased (P <0.01). Conclusion: Resveratrol could delay endothelial senescence, promote

cell proliferation, and the mechanism may be associated with down-regulation of the F-actin expression by HSP27.
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L1 gkl A0 LRI A R 40 i (human
cardia microvascular endothelial cell, HCMEC, #it %
9596) .,

L2 25 kil P2 I (b B A 2 R
WFFEBE , 5 111535-200502) , F V5 A7 i A , TiE B
1 mg- L~ W AR 53 2 S5 AR AE T 4 °C kA, 1 T B
FH N B 200 i ¢ 4x 15 3% ik (ECM) Hi B R AH I 14 9 B2
024 LT , N B 0 AR A P, ECM KR Al B 5 Bk, XL
Ht P/S Solution, 4 Ifil 3% £F % £ 1, il b R, TR
fitg/EDTA JH AL , R A7 (€ & Sciencell 23], #t%5
4y #) & 13301, 12995, 13916, 13311, 12579, 12953,
13010, 13779 ) ; Earle’s F fif 3k % W ( EBSS, %€ [
Gibco 2\ &, #t 5 1605212) ; %2 Beclin 1 £ 7% & HT
&, % LC3B Z 5wtk g-L3h 4 1 (B-actin) (L [H
Abcam 2 ®, % 5 4 % & ab55878, ab128025,
ab127923 ) ; B i A ALY B bR 30 1L F BT 58 TgG(H +
L) (B E = RAEVHEARARA A, 525 A0208) ;
MW (€ Sigma-Aldrich 22 A, 5% 5
G5882) ; =&k RIPA 41 21/ 40 g 22 figt W (AL 5 R K 5
PHEA PR A, 5245 S3568 ) 5 Jo PN 35 28 JBURL 4 Uik
& (S Biomiga 24 7], 4it5 PD1220-02) ; Pk i 3%
il M & (H A TaKaRa 22 ®], it 5 6022);
Lipofectamine 2000 ( 3¢ [# Invitrogen 2 &), it %
1274436) ,

1.3 fUE%  SVE-4Al BUE % TAE & OB ESCO
/N s MCO-20AIC 1 CO, 4i L 4% 3246 ( H 4% Sanyo
23w ) ;40008 B G M R R 58 (12 [ Leica
N ) 5 Delta320 KUK % pH 1 (32 [E Mettler-Toledo
/N1 ) ;sepatechbiofuge 28 RS AU A IR 155 18 &5 0O L (£
[E Heraeus 2\ #] ) ; BS97My Cycler 3¢ 3% %€ § PCR
%, 1658001 #Fa & Fat it HL Wk A, 1703940 U 4%
L FL ENY (2[5 Bio-Rad A H]) .
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2 BIREER 27(HSP27)shRNA iR R B & T
2.1 1S R AR A

2.1.1 shRNA F B RIF. &I E A www.
ncbi. nlm. nih. gov 7 #j HSP27 7 GENEBANK 1 £
Jr 15 A NM_001540, F FH# A4 % 11 HSP27shRNA
T30 %, {4 A BLAST ( www. ncbi. nlm. nih.
gov/BLAST/ ) HEBR 5 At gt 7% J5 1) 2 A 8] I8 7% , 5

%1 shRNA F7l
Table 1 Sequence of shRNA

2% E 4 P shRNA (shRNA-1, shRNA-2, shRNA-3,
shRNA4 L% 1), f123E Invitrogen 23 & % 1T &
XTI Y oligo SE A% H R . UK B A Y oligo ZE A% Y
fig , 47 60 CiR k 50 s [ pj , {5 A% Y 2R BE 55 4% 1
il 2% Jp WU . R BF 3k 47 HSP2, HSP3, HSP4 f1)3R
R o HEAT DA L 0 B4R 2 05 45 B 00 R 7= 90 6k F
F =20 C,

514 % % oligo ZEAZ IR T 4]

HSP-1 i CCGG CAGTCCAACGAGATCACCATC CTCGAG GATGGTGATCTCGTTGGACTG TTTTTG

T AATTCAAAAA CAGTCCAACGAGATCACCATC CTCGAG GATGGTGATCTCGTTGGACTG

HSP-2 if CCGG GATCACCATCCCAGTCACCTT CTCGAG AAGGTGACTGGGATGGTGATC TTTTTG

N AATTCAAAAA GATCACCATCCCAGTCACCTT CTCGAG AAGGTGACTGGGATGGTGATC

HSP-3 % CCGG CCCGGACGAGCTGACGGTCAA CTCGAG TTGACCGTCAGCTCGTCCGGG TTTTTG

T AATTCAAAAA CCCGGACGAGCTGACGGTCAA CTCGAG TTGACCGTCAGCTCGTCCGGG

HSP-4 ki CCGG CCGATGAGACTGCCGCCAAGT CTCGAG ACTTGGCGGCAGTCTCATCGG TTTTTG

T AATTCAAAAA CCGATGAGACTGCCGCCAAGT CTCGAG ACTTGGCGGCAGTCTCATCGG
2.1.2 FELBOR AL Opti-MEM 250 pL R4, =i T E S ming k)5 #
2.1.2.1 185 A SR O BE D) BRI AR MARWMENELE T RSN, ZRTHE

(Lenti-KDP) ,37 °C fif§ 7] Jx f 120 min J5 Z& 11 )2 v It
X W01 W) 2R AT Ak

2.1.2.2  XUEE OligoDNA 15 Jiki Ay % 4% 4% I8
Takara P 14 553800 & JEAT 3 #2247 4 FliR Ao
%) HSP1 ,HSP2 ,HSP3 ,HSP4 , fil — /> B 4H (1B k r=
YWHAKAREE) |5 BN

2.1.2.3  BeApAngt vk EESZ 25 S0 pl, ok b
i 20 ~30 min;42 COKIR 90 s Fi; vk a2 ~
5 min, REAFHFHERTPR(ATHHERSO mg-L7"),
2.1.2.4 MHAMESERESE PR EE T LB
W10 wL, R AT WL A g AR, 4T # v PCR
YETE I PRI B A T K B L AR IROBORE . 5 B
Ji ki 1% Invitrogen 2 &) FE47 00 % .

2.1.2.5  EECH BRI YR BB ORL, T
Biomiga J& PN 7 3 JiukE i POl 0] & E AT 4 o ali4k
2.1.2.6 1R MER AR R, H A 293T
YA 7 x 10° 4~/60 mm 1,24 h J5 13 40 J 55 B 3k
70% ~80% i} e G o H 4% e JFU ki Lenti-KDPshMock
B¢ HSPshRNA-1,2,3,4 Jfiki 1 wg, i [ pMD2.0G
(addgene) 1 psPAX2 (addgene ) BRI 451 wg, AH W 44
U Opti-MEM YR 45, P4 SR B 2] 250 pL, =il T
M H 5 min; lipofectamine2000 %5 4L i #] 7.5 pL 5

20 min ¥ BRE 5 5 G RTR G P AR 293 T 4i fig
B TR E 5 h, SR 5 T o A B AR A, Ak 2 b
F72 h, WA LW 4 °C L4 000 romin ' B0
10 min, FYUPE, LA 0. 22 pm 38 A% U8 135 W AR 190
BEWR 5r %<, —80 CRAF
2.2 18 AR s 40 M A HSP27 TR AR 19 %
2.2.1 IBAN R A O LB A N i &
SV 2 N0 WL A8 PN B 40 i (8 AR 4 B ) —
SRR IR AN MK e A A o A R
o MM R 2 x10° A/FL(6 FLR) ,5 ~FL. 5
2 R (B LR R I SR R 5 (1.5 mL
BEIR A 10 mg-Lflpolybrene + R B 200 uL, iR
A1, MEAM) YT . 24 h 5B F 5 e RE S SR
BB e R, T2 h 5 6 FLIRINAIIEE & K
W, B/ EDTA 54k, W3k 40 Mg, o £ 25 F e 1% Bl
2: (Western blot) %25 JLBR AR .
2.2.2 Western blot X ETTEAIRR & H #2357
PRI (1, [ I 8 S, R MR L A
A5 5 min, 10% SDS-PAGE Hi Jk J5 % i, 5% BSA-
TBST £} [f] 1 h, 5% BSA-TBST # % — $ii ( HSP27
1:1000,B-actin 1:500) ,4 CHEEH Z24 2 K, 1L1FEH
B IgG(H+L) —H 1:1 TEEFF 40 min, B-actin
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NN Z, Odyssey 2G4 .
3 WA E
3.1 M AR ARG FE AR AR AR S P
o0 85 5% O ik R4, AR AR I 90% B,
0.25% Jgifits/EDTA Wil A6, h A e f s, AT J5
%% 50 mL .04 1000 remin "' B0 5 min, W4
M, 35 FVEWL A 2 ~3 mL (3 33k, R0 1:2 5%
1: 34648,

g4y R 6 A, 43 8 AR VIR I A I B2
AN (FELA) , AFFTEEA (10 wmol - L7") | 28
Jiki (Mock) 4H , HSP27shRNA 4 , HSP27shRNA + [
FLPEELL, Y H ECM 58 4 K5 9% I Fi B, T 1l 48 h,
Horb & 4 20 B e T T2 Wi 4 8 AR O LA A8 N
B 4 AP I R R AR AT S0 50 1 45 R
e,
3.2 B-LFLKEIEE (SA-B-gal) o Y E W ¥
24 FLA P9 40 M5 T RIS 70%  ~ 80% i, 3 45% 37 WL
REFLINAHE B 500 wL, 5505 B, A [ i)
500 L, Z IR E 5 ming 7 B @ W, B AL AR 7E
500 wL, 75 Ve, s Mt v, 52 DL 4R s AL
A 400 pL, 78 37 CH M i & B i
7E 10 {54 55 £k 100 ~ 200 A4 g, B HLER 3 4~ 40
Y TR 0 Ay 0 20 BRI L 4
3.3 CCK-8 &I 4 o 3% 5 & A4~ L v 45 Fh 48 g
6 x 10° 4~  7E 37 CH; A PR E 24 h, FE4i A K
F 70% I}, B FL P CCK-8 ¥ 10 WL, F 55 3848 ik
B2 h, JHEEFR Y 450 nm A0 I E WO RE A
3.4 HOBILRE BB WA A0 B R A 9ok
e o W 9E F-actin Fl G-actin BB R R EHMW Y . 1
£F % B A 96 LA, 4 FLIEFN 6 x 107 ~ 8 x 10°
A Y40 M IR 70% ~ 80% 1), I PBS ¥ Uk N K2
i, A1, 4% 1 2 RPEEERIFE LS min,
FH PBS J5¥E 3 8, &K 5 min; 0. 1% TritonX-100
W TS MM S5 min, A PBS ¥ ¥k (A L) ; A
Alexafluor488 DNase I F1 % £} BY B 45 5 Jik 4L {0
30 min, i H] PBS 5k 3 i, FH 0% 6 5 4 B A e 0L
%< F-actin fll G-actin IJTE &,
3.5 Western blot Il %€ 4l }ff F-actin, HSP27 & 4 3
RO B R B IO 1 [ R A
P B e BE 5 W, 28 M S min, 10% SDS-PAGE
VK JGE ¥ 5, 5% BSA-TBST #/4 1 h,5% BSA-TBST #i
B — Pt (HSP27 1:1 000, F-actin 1 : 500, B-actin
1:500) ,4 CHEHE RS2 K, ILFEPR IgG(H+L) —
Pi1:1 AEEMF 40 min, B-actin N N2, Odyssey
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26, f#i ] Gel Image System4. 0 B K EHE , 5
e A (=N i X T

3.6 GeilgoriE RS SPSS 18,0 HEF G AL,
WELFR bR x +5 Fon , 2H N A LSD K5 4, H 18]
R R I 225081, LA P <0.05 Jy 22 5 Giit
FEX.

4 FHR

4.1 FEHFTR R % PCR IR P4 12 i
oKL 5 HSP27-shRNA J Bt 3% 42 & W /9 HSP27-
shRNA 5 20 Jii K, 2855k PCR %8 2 45 S48 /R 1 41 Jo ok
VA NESTR (i o I 1 U €S I WS - 3 75 A o 3P e |
HSP27-shRNA 5 4% 1 IR BE J5 51) 4 A B9 A7 B I
EHf o

700 bp
600 bp
500 bp
400 bp
300 bp

200 b
P 170 bp

100 bp

1. Marker; 2. HSP1 ;3. HSP2 ;4. HSP3 ;5. HSP4 ;6. Mock
El 1 HSP27shRNA EHF# PCR £ FE
Fig.1 PCR identification of HSP27 shRNA recombinant plasmid

4.2 HSP27 R:HEiEaL M %E 813 Western blot
¥ Mock , HSP1, HSP2 , HSP3 , HSP4 4112 ¥ & i Ja&k
Yuf5 HSP27 FE ARy iK, & B HSP2 41 HSP27 & H
Feak i B AR (A Sk TR, DU 2), Ik iE
HSP2 A 1y o w7 91, J5 22 52 55 LA HSP2 18 55
TR Y 20 0, R ) A HSP27 5 R BRI ) 40 B

p-actin — B - - 43 kDa

HSP27 - — —/

A B C

p— anDa
D E

A. Mock ; B. HSP1 ;C. HSP2; D. HSP3 ;4. HSP4
B2 ARERFIEBFERELEEE HSP2T EEHRIE
Fig.2 Expression of HSP27 protein after different gene sequence

lentivirus infects cells

4.3 HEPTEEXS SA-B-gal MY AR HIE
LB, B P EE L SA-B-gal 3 2 YL (8, I 25 /D
(P <0.01) ;5 Mock 41 F#5 , k[N i iR 4H 40 g SA-B-
gal ERMAREFIZ (P <0.01), WK 33K 2,
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A, E 4l B, [ 3N Y 415 C. Mock #1; D. HSP27shRNA 41
E. HSP27shRNA + (13 f 2l (181 4,5 7))

B3 BESEIN HCMEC ZELEMZM(SA-B-gal, x100)

Fig.3  Effectc of resveratrol on proportion of aging staining in

HCMEC (SA-B-gal, x 100)

*2 AFEAEN HCMEC REZERBHFI (v £5,n=3)
Table 2  Effect of resveratrol on proportion of aging staining in

HCMEC (i £s5,n=3)

15 e | jA-ﬁ-galggﬁ

/umol-L WA L/ %

B - 75.13 +3.06
P A 10 51.90 +4. 56

Mock - 76.61 £2.42
Hsp27shRNA - 86. 14 £2.12%
Hsp27shRNA + [ 34 /% g 10 84.11 +5.14%

G BEMA LK P <0.05,7 P <0.01;5 Mock 4 L5 P <
0.05,YP<0.01(£3~5[),

4.4 HEFEEXMMIEAA RN HEEH L,
2P WAL A0 M S e ) I 2 (P <0.01) 55
Mock 2 Fe A, 5 DA R A0 20 40 10 38 59 RE ) W 35 1 B
(P<0.01), W3,

*3 BAEAEN HCMEC HMEEMFNIE(x+s,n=3)
Table 3  Effect of resveratrol on ability of cell proliferation in

HCMEC(x +5,n=3)

am /m‘ﬁlri" A
5 - 1.223 0. 161
gy 10 1.589 0. 1492
Mock - 0.939 +0. 053
Hsp27shRNA - 0. 700 0. 028*
Hsp27shRNA + [ # / fiit 10 0. 643 +0. 109"

4.5 HEMEXMNMETERESH NEN S5EE
HILE, A2 P 2 4H F-actin S EMWHOGH, H
F-actin 1R /0 JE 1% N S 25 4 Fi K7 24 5 G-actin i1 2% 35

WA, 2 4R v A 20 L v ) 3 SR T TR, % 35 R
F-actin, G-actin [ - ¥4 5¢ S o B2 39 0, 25 5 L 46 it
e . 5 Mock 4 4 b A, P A ZH 2 A
F-actinh Ji 3% 17 10 2 A8 15 B RGN BLEE | 97 i T8 A%,
2 B 1) T IR AN BE T BT 19 2R B 1 0K 5 G-actin R BN ih
L AR RO 5 AR 1] A AE o T A0 i v e DX IR G £ B
B IE S AN 5 F-actin, G-actin 152 )6 58 B 2 3% T
(P <0.01), WK 4,3%4,

E
B4 AEEEX HCMEC F-actin A5 80 (550, x200)
Fig.4 Effect of resveratrol on morphologyof F-actin in HCMEC

(immunofluorescence, x 200 )

®4 BEAMEXN HCMEC ARERWABEENBM(x£5,n=3)
Table 4 Effect of resveratrol on fluorescence intensity in HCMEC

of cytoskeleton (x +s,n=3)

2531 /Mfi{i_l PR E
P - 0.893 +0.010
P 2 i it 10 1.346 0. 120
Mock - 0.099 +0. 035
Hsp27shRNA - 0.591 0. 023"
Hsp27shRNA + 34 4 i 10 0.552 0. 044"

4.6 IEMEMAMEREARENEN S%
LU, (B P AL A0 F-actin 25 (1 35 B 3%
WP (P <0.01) ;5 Mock 4 kb %, 3 R w11 41 40
Jil F-actin £ 1 3% 35 W E AR (P <0.01) . WKElS5,
%5,
5 it

AT FEE BT T B I G I P A
L3 2 VR A 458 k2 o e (0, I8 S0 400 i G A
PRFF LSS M A B 2R B S IR W . BEAh, i 58 18
200 B 4 T R T TP B R AE 2 i A N R
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I 2 T P R 2 ) O 4 L D A A
S _— NO 007 8 4 4 0 T B 2 4
PRI e PR AAE D 1 R 7 A T
WERR A AT 30 Ik ok FF A AL A H o (02 D 40 J B 42
43 kDa

F-actin — —’— i

43 kDa
f-actin S G A —
A B C D E
5 #&%H HCMEC F-actin, HSP27 E AR X
Fig. § Protein expression of F-actin, HSP27 in each group
of HCMEC

%5 B#EAEX HCMEC F-actin 1 HSP27 B& M (x +5,n=3)
Table 5  Effect of resveratrol on protein expression of F-actin,

HSP27 in HCMEC (x 5,1 =3)

21 5 /uji]rifl F-actin/B-actin - HSP27/B-actin
wE - 0.240 £0.005 0. 172 +0. 002
P2 10 0.177 £0. 004> 0.235 +0.005
Mock - 0.316 £0.003  0.276 +0. 002
Hsp27shRNA - 0.049 +0.003* 0.031 £0.002*
Hsp27shRNA + [ 28 2 i 10 0. 040 £0.002* 0.030 +0.003*

O 2RI S R U e SIS N 2 NI & VA
HSP27shRNA 41 g &, i i o 8 11 22 7 B+
HSP27shRNA 40 il % , & 3 HSP27shRNA + [ 2E %
B g e (B 22 AN MBS SR AR 0 T e A0 AR AR
F1 F-actin A J&] B8 10 5 7% 15 T8 Rt A AL RS R i
B, F-actin 25 H £ 15 B FHFEM, H5 HSP27shRNA
MM R TG 2E v, SR T B B SE G L A
N AN R 2 B9 AR TS HSP27 R 2R A
F-actin i 21547 ¢ .

PR P W/ 8 T 0 D R AR R T
A0 45 B T AL E S B KB AR RE AL . MR MBI
AT AT LA 5 1A A — 48 AL A (nitric oxide, NO) 4 #]
FRE 050/ 98 AiE SN, 94135 1A PRy 2 2 WA P
3 3ok AR AT i 2 il = 1 ARG %% 2 i 2 1 K, Ol
ok G v R HE K SF K A5 T 3h Bk ok A A Ak 1
JAT o P EEEERG I NO (7 A L P R R — 4
1L & A I Bl ( endothelial nitric oxide synthase,eNOS)
Ik, B8 NO By T% M, B N R Y 4R AR AL T
i AR A 2 RE A 5 1R B P B 4R LAY I
WO EMTREREE 3 eNOS IR B R, TN
2 A0 BRI 3 Ak /N B R A SRR A 2 B
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B PR BRI S 2% P R A M R R D
SR B T RE AR G 0 A N B A M B AR
5 2 R R S R B B D) A 5E . Bruder %5 il
b L RE AR T 4 0 B0 Dk o8 R 40 B, e B R
B 1 A5 PRz B AR AP 4 T 5 LB B A s 22 1
HAHHEA A G it 5 E MR — 2

HSP27 V£ R 73+ FF 5%, 6 K B 240 M A= 1 2 h R
ZEEAE  AFET W UL A R T KPR
A3 PN Rz ) 5% B TR L R T SR E |, 3k B T X B ik
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