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Lggdd, ¥ &, REX
OBi & BB =20t T Hi% 453003)

WE: BH HIH2 B 3O A T LA (VSMC) 45 A9 0 F K 4y FHLIL . sk REFTR R B H2
HIFASRZE (1077107 1077 (10 7° 107> mol + L™") Zb B A VSMC, 3R F 40 g 35503 70 & L A b 10 M0 B v e 4% 1% (° H-
TdR) 8 A SCH N 5- 2 e dk-2" i S PR W A (EdU ) 38 A SZU6 G I X VSMC 3858 9 112 T, S BT 6 v Kl JHL o 20 i
TRV [ AN R0 A0 5 R 1 22 R I BRI ( Ak) NSNS 8 1130 (ERK) %% SR T «B p65 (NF-
kB p63) B4 . S5 CCK-8 i A &g S B7R,107° .10 7° 1077 (10 10 > mol + L' H2 BfA 2 %} A VSMC
BRI FE AR 5 T 0 mol + L' (P <0.05) , .y BF ks , 34 A8 A4 0B A 2. (P < 0.05) . EdU 8 AFI H-TdR $8 A 5256 1 —
HUFSE H2 FIAR G Z 6 A VSMC A G530 . H2 RIFAGZE AL HE 12 h AT REAR VSMC 46 R B E A bR B Y o- I LI
T (a-SMA) FIF 3 UNLBH R 1220 ( SM22a) 925 [ 3635, (HATHE A VSMC & iR TR bR S P B AR 8 i 3k
H2 At 3 A0 VSMC 1] IS Akt ERK Il NF-kB p65 25 C5E(5 5 4. £ H2 B it 3 v Al i P4 4 4i il
JEHEA®E B 0% Akt (ERK il NF-xB 48 41 M358 (19 DB 538 %, IR e iF VSMC R %48 JETfi 5| 2 VSMC 3 B
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Role of relaxin-2 on proliferation of human vascular smooth muscle cells and its underlying mecha-
nisms
MA Xiao-juan, HU Miao, WU Ze-jie
(Sanquan Medical College ,Xinxiang Medical University , Xinxiang 453003 , Henan Province ,China)

Abstract .
and its underlying molecular mechanisms. Methods The human VSMC were incubated with various doses of relaxin-2(10 7

107°,1077,107°,10 mol - L") ,and its actions on the VSMC proliferation was detected by cell counting kit-8 (CCK-8) ,5-

Objective To explore the effect of relaxin-2 on proliferation of human vascular smooth muscle cell( VSMC)

ethynyl-2" deoxy uridine, EdU) and *-thymidine (*H-TdR) cell phenotype proteins, cycline proteins and signal proteins Akt,
ERK,nuclear transcription factors kappa B p65 ( NF-kB p65) were investigated by Western blot. Results CCK-8 results
showed that proliferation effect of 10™° 10 1077 107 10 > mol + L' relaxin-2 stimulated VSMC was higher than that of
0 mol - L'

(5-ethynyl - 2'deoxyuridine) incorporation and *H-thymidine incorporation assay further confirmed that the relaxin-2 had the

relaxin-2( P <0.05) ,and the proliferation effect was positive with the concentration of relaxin-2 (P <0.05). Edu

proliferation effcet on VSMC. Relaxin-2 could cause the decrease of vascular smooth muscle cell contraction type protein alpha
smooth muscle actin and smooth muscle actin 22 alpha, but increase the expression of synthetic protein osteopontin. The key
signaling proteins of the vascular smooth muscle cells such as Akt, extracellular signal-regulated kinase and NF-kB p65 were
also activated by relaxin-2. Conclusion Relaxin-2 promotes VSMC excessive proliferation via the modulation of cell cycle pro-
tein, activation of Akt,ERK and NF-kB as well as phenotypic transformation.

relaxin-2 ;vascular smooth muscle cell ; proliferation ; phenotype
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A A 5T b Ah, A a2 8 AT L 5]k R 51 R
LN IR Y AN A R i ) DR OF T (K=
¥ WL4H MY ( vascular smooth muscle cell, VSMC ) i &
T B8 2 B DK oA o BB AL DR IR J AN 14 AR J P
A SO MLAE BRI 110 AL [) i BRRALE , T VSMC R BU %
A2 8 B RS RS 0 A A 2 ST Bk VSMC
o B Y DG O3 1 AR T IS PR RS TN S Kok
FERE AL S5 5 1 B B RMG Z — o H AT AL 5t 3R %
VSMC 58 R0 B i 3B 30, AWESE B TR TR 5t
F6F VSMC 358 193500 S AL, G o7 1A A2
NS K ok A Rl A S5 g 2 L 8L B o

1 HEST®

1.1 EEZKH A VSMC R (EE ATCC A7), A
H2 BUFAH 2K W [ 5% 16 phoenixbiotech 23 &, 4f il i1
#0871 & (cell counting kit-8,CCK-8) Il H Fi#E
RAWHARA FRA F B8 70 A 7], 5-C HRHE-2" i 4
JREEIEARZF (5-ethynyl-2'-deoxy uridine , EdU ) 4| i 3%
SEARGR &I B M T B AR R A R ] (Apol-
lo ® 488), i Hric M g 1% B 4% 7 ( tritiated thymi-
dine ,"H-TdR) 1 [ [ 8} 2 e A6 5% J5 7 REBF 58
(3.7 %10 Bq - L") ,DMEM/F12 ( Dulbecco modified
Eagle medium/ Ham's F12/F-12 Nutrient Mixture ) %
FrHEN F L[ Gibeo A ], HRE R R R L
PN ( dimethyl sulphoxide , DMSO ) #J 4 F-2& [E Sigma
o), HAE A A BT R (proliferating cell nuclear anti-
gen, PCNA) 9 £ vg BEHTUIA | Bt 2 11 (osteopontin,
OPN) /IR BT 14 | 4 0 S0 26 1 D1 /)N BB 5
BT AR 1 E /N A SRS (P27 /N
Yo 2 vu BEDU A T IR AL i 41 25 191 3 ( phosphorylated-
histone 3, P-H3) 1 £ 7 (U iAWy A 26 [E Santa
Cruz 7], Akt ( serine/threonine ) %t 22 78 [ P 74 K H
BERRALTIAR 40 0I5 2 18 1/2 (extracellular
regulated protein kinases 1/2, ERK1/2) % £ 75 [ Pr
R S LB AL BT VA PN 2 R il 78 3L S ( glye-
eraldehyde phosphate dehydrogenase , GAPDH ) 4142 73
FEdifAR e H 3£ [ Cell Signaling Technology 2 7], #%
H 55 [ -F-kB p65 (nuclear transcription factors kappa
B p65,NF-kB p65) % £ vg FEFLA o3 LIS
[ (alpha smooth muscle actin, a-SMA ) 4 22 TEREHLIA
1 WL 3L 2 220 ( smooth muscle actin 22 al-
pha,SM22a ) % 22 7o B3 & W H 35 [ Proteintech /3
G

1.2 VSMC &5 RS E10% R 25 17
i) DMEM/F12 535 3L 5538 A VSMC,37 C, R4y
5% CO, ZMF TR, 52 d 4 1 M, FRan i AR
KZE 70% ~80% Wy LI, i 7340 0. 25% JHREE H

B A, #2103 501 ¢ 4 BEATAEAR, OB K 40
TS

1.3 CCK-8 #il] VSMC #755  HOoh 2k K
VSMC 2 [EE A FHE AL , TR U8 28 41 it vk B o
2 x107 L' 40 5] 96 FLH , L 100 pl, 3555 24 h
Ja B TCIN I ) DMEM/F12 8553064555 24 b, JF 45
TS TA) He BE A9 H2 TS 5t 3 (107 mol - L7,
10 *mol + L™" 1077 mol + L™'  107® mol - L',
107 mol - L™") #1324 h, [A]HFR A 10 7° mol - L")
H2 IR ZR 43 B 6 .12 .24 h 5, BALINA 10 pL
() CCK-8 ¥, & T A M35 5748 2 b, flEFRIY 450 nm
KL G (A ) 4T 6 117,

1.4 °H-TAR S ANEH  BOTEUE KB VSMC
R AR B A S, T EOT R R 0 vk R 2 x
107 L' # R 51 96 LA, 4 L 100 plL, IF # K5 97
24 h J5 T4 A S R B A3 B 10% i AR I Y
DMEM/F12 5 0 55 972 55, Fr 4 M 2 K = 80% fill &
BF, B4 TG LT A 4 SR YLK 24 b, i 48 i [R] 2P Ak
Gy JU, X BR2H 25 T JC TR 1) 198 12 6 22 P ( phosphate
buffer saline , PBS) AbFH  SZEH4H 24T 10 ™° mol - L™
) H2 RIFASZE , IAH-TdR (3.7 x 10" Bq - L™') ,
RZEiEE 24 h, FE AR, A B EEH 40,
PBS Pk RF 8L 10% =45 2R & 5 40l , Tk
CEEWAK it SR A A T N AR, A S mL
) DR RRR , YRR DR 11500 SO 7 S S e

1.5 EdUBAZXE BOdHA KA VSMC £ )6
FEABHNALG O RS g A 2 x 10" L™,
A2 96 fLk , AL 100 WL, 1557 24 h 5 E e TC I
151 DMEM/F12 B3R 5L15 5% 24 h, X HRZH 25 T 1A
() PBS Ab3H, S2EG 4145 F 10 7° mol - L") H2 B
iR, ¥ AR 24 h 5, &AL m A 100 L 1
50 wmol - L' () EdU, %7 2 h, 3¢ =555 3, PBS
THVRAINEL 2 YK, K 5 min, 40 g - L' ZRH IR
[ 72 30 min, FFFLINA 2 g - L™ H &R 100 pL, i
CORERIFE 5 min J5, 7 H 2 BRI, PBS 16 40
2 K ERR S min, BEALIA 100 WL 3835 51 it i 53 44
0.5% TritonX-100 {J PBS, it 3% FRI% HF 10 min;
PBS ¥ ¥k 2 Ik, B:K 5 min, BEALIMA 100 pl 1y
1 x Apollo ® {8, 7 i i, PBS 3§ ¥k 2 Ik, &Ik
5 min, HFLANA 100 wL 1 x Hoechst 33342 JZ Wi,
WE L E R B EAEE R E 30 min J5, 55 YA N
W PBS VG TE 2 K, K S min, 56 BB AR,
FRALBEDL 3 A~ HLEF, B2 6 AL, THEAL T S At
IO s

1.6 GEELTERNMMERRNRIE KH RIPA
SUF IR S, vk B 2R 30 min,4 C IR
ELL 12 000 r - min ™' B0 10 min, YA FIEH, AL
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T ERRIE MR [, I ATE 5 5 x T eSS ai R
BRI TR BRI L UK A ARG M, 100 C oK
T 5 min (8 TR AR AE 25 1, TR AR 2%
W SE R MAZ_EFEFLH, £ SDS-PAGE Hijk 4y
BEAE BEARERRWM R R L,
50 g« L™ BEARA-WAEIA] 1 h, 1 x TBST 5%k 3 K, 4
10 min, IIAGTEWRE I —PT,4 CEIERENLR,
552 RIUH Ffm 5 S M, 1 x TBST 37k 3 1K,
K10 min, T ABR A A AP BEAR IC 19 90, & IR0
H 1 h,1 xTBST 3%k 3 U, BFK 10 min, il A
2EBIG, BICARMBTIRES & 451

1.7 ZRitsf4bs® ] SPSS 17. 0 4 % Sz i %
AT BT M BE AR R + AR 22 (x +5) R,
A1) 3R JH 5 42 Bl AL R A 7 22 50 4, 2 A Il k47
SNK 355047, P <0.05 Ry 22t H Gt 2E 58 X,

2 #R

2.1 H2 BVirsthREH VSMC B3E5E  CCK8
B g R W oR, 107710771077 107°,107°
0 mol - ™" H2 FIFS s Z/EFH A VSMC 24 h J5, %
BE4R 5 A 0. 508 0. 149 0. 712 + 0. 169 ,0. 947 =+
0.188.1.222 +0. 184 1. 311 +0.456.0. 325 +0. 173,
107107 1077 .10 7° 10 ° mol - L™" H2 FUHAH 2%}
N VSMC (3858w s F 0 mol - L™' (P <0.05), H
RS B Ry, 3 AE O BB B (P <0.05), 45T
107° mol + L™ 1y H2 AUAA5th 2 4b L VSMC 0.,6,12,
24 h, WS BE 43 3 R 0,329 0. 178 0. 744 +0. 247
0.994 +0.294 1.225 +0.362,10 ° mol - L' it H2 %I
Friti Z AL FE VSMC 6 h i a] fie i VSMC i3 58, H 5
— 5 IR A A [ AR PE (P < 0.05) . EdU 8 ASE
Kak B W, 107° mol - L™ H2 BIAN 5t K AE A
VSMC, 4bF S HAZEML Y A 43 b (8.377 £3.179) % |
BEE F0Omol - L1 H2 A5 2 [ (25. 06 +
8.812)% (P <0.05) (& 1);’H-TdR 45 A 5256 48 5
7R 107° mol - L' H2 EI#A sl Z4E I A VSMC, H
DNA 4 s (2. 804 +0.815) BZEE T 0 mol « L'
H2 FUFA#EZE (1.000 £0.503) (P <0.05) . 48 B
i 25 SRl I s H2 ARG ZE T N VSMC A5 — 2 1Y
PREEFESN (K 2) o
2.2 H2 BIFASR{EHE VSMC FBHE#H 580
P13, 10 ° mol - L™ H2 BUFATHZEALHE 12 h n] JF#A%
VSMC 4a B8 AR Y o-SMA FI SM22a 1) 45
H&IE  HATHE I VSMC & iR AV bR Y OPN
5. 107  mol + L™" H2 HIFA ith 25 4b ¥ VSMC
24 h AT HE— PR R
2.3 H2 B#fMiZEiFE VSMC @R ESHE R R
SERL LR 4, 107° mol - L' H2 Al ith 2 4b BH

12 h W 25 38 o 240 i ) 98 5 2 (1 eyelin D1 A
cyclin B B3k, (H & 50 5 25 [ 1% 20 it J&1 30 26 1 4
ST 1 PR F P27 19335 ,10 7 mol + L' H2 A
FALZE Ab 3 VSMC 24 h A jF— A5 3 9 %o 41 it F& 40
B RIREE R

Ay ~ Ay XFIBZ B, ~ By Hy BURASBZ IR 4
1 10 °mol - L' H2 E#3tZE{E# A VSMC EdU A\
Fig.1 Relaxin-2(107° mol - L™') promotes the EdU in-
corporation

Veh H2EIAA G 3

" |
| e—

2 H2 BRRIER VSMC BEREMARIE

Fig.2 Expression of proliferation marker of VSMC incu-

P histone-3

bated relaxin-2

0Oh 12h
SM22 — —

OPN

GAPDH i i —

24 h
—

B3 H2 B#iERFE VSMC f)RE R iRk
Fig.3 Transformation of VSMC cellular phenotype regu-
lated by relaxin-2

0Oh 12h 24 h
ZIASEIETEDIRE ‘ ’

A J5 917 e T | c—— | —

P27 . — c—

B4 H2 B#AiZHEREE VSMC AESEANERE
Fig.4 Expression of VSMC cyclin regulated by relaxin-2
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2.4 H2 B MEFE p-65,Akt 1 ERK {5 S i@
B OZERLE S, G sE R EH 10 *mol - L7
H2 FIpA ol 22 4hFE VSMC 12 24 h Y] i 5805 NF-

kB p65 Akt Nz ERK SE34 5 AH A5 il %
0h 12h 24h

NF-kBp6s —mmum— e
Gt G D S
P-AKL M S
TAK
GAPDH - -

PERKIZ W a— —
T-ERKI/ | — o —
e e e

B 5 H2 B#iEiEE VSMC EEEXER
Fig.5 Expression of proliferation related gene of VSMC

regulated by relaxin-2
3 g

R, VSMC 3o BEE I 75 2= N B, 70
KA AR A T, 78 1055 B8 AR AR 5 -8k 78 Fi )
PRt AR AL A A R R EEAE . I, S48
25 VSMC H4FH 14 S HE 73— LA W RIG YT 100 A5 15 5
PG R T EHEIR L Aot R A B 2R G G — b
KRB R, HA P sth B 25 46 Al U TR, S50 5 1R
SR, A 53 NEIEERA, HA DRSS, R
A T AR H2 BN R R R —
F AR o W, R AR IR i BB A A TE
XY BFTE R B 2 EL A PR A R T R
S IR R Pt 4 45 4 A 40 ARk, AT
TEREM IR L 55 40, K i 2 B AT ARG i )
FECo i S T RO 38 BRSO I e il PR P A% BT
ATV E b= 3k T K= /Al (32

CCK-8 & H ) ¥Z b FH T 20 e 44 7 7y 2 22 Al
F-Bt, CCK-8 25 LR W] H2 AU 5th 22 TCH) il VSMC
T4 FE A AR L AH B 20 AT 580 S5 R A () A6 A
VSMC 3558 . EdU & —Ff i Jit % e A% 1 28 U4, 78
S Jf 154 5 ) B A% 475 A LEZE S il () DNA 43, \T A
A RRIAL T S HA R 41 i E 534k, EdU Je i g5 1 3%
B, H2 RURA S 22 T B BAU BHE 40 5, 45 4 H-
TdR & A 45 3L, iff — k5% H2 RIFN i 28 ] 42
i VSMC DNA 5 BG4, G B 00 38 1o A6 00 248 e 84
BAR &) P-histone 3 I PCNA [ 361K, 25 431X se 45

HEFHEN H2 BUAA 5t 2R HAA {2 VSMC 3478 /9 1
AR H2 BIRAS R 7RO M RS — HHOA N
SEHARPYER KK E , IAaXF VSMC B
PEIGFAANWE? 25 A pa st 25 15 R 5 25 AT AR AL 45
Fa 2 ) SCik & B, ik R BB IE VSMC 345 5
TR 5 Ah, B SCHk I % B apelin -t ELA {3
DA RG2S b A R h RE S5 R st
FAMRL (EARSMSE 55 2 A B apelin BEEAE iF VSMC 1Y
H S R apelin AT L S 25 DB R I A 1 45 5 | S 1
POBERE AT AN B ST B, A R AE AR 22 TR
(A % A B T A A A9 T 4
MFLIRE AN, 454 DL EWFSE A 92 0 45 5, JIF 52
H2 AUFnst 2 B {2 VSMC 355 A0

VSMC. 2 FU 5% 3 2 4 O R4S 34 51 12 A5 RE 1 (0 4
AT, IE R B VSMC SR AR M Ui 2 78, 24 1.
B2 B AIBIT 00 B0 AR, VSMC 25 5%
e AN A RER, ARG MERDY
VSMC A[ & BRI 43 i 2 Bl A K B 7, 512 VSMC 3
JEER B, 5 A R 4 R | A R A I AR R P
WAV RN I A, 5 | 1T 8 A 5 P 24 N B ok ok A
AL ST 1 R A L AR ST 4 A TIE S, H2 )
Pt 22 AT 1 B AR VSMC I 40 R ARV AR &Y a-
SMA Fll SM22a FYEE 123K, 14 VSMC & iR B2
FIARE Y OPN [ 3Rk K {2 iE VSMC 2 B 5 46, i
VSMC 45345 fig

Y E R 1 DI R A AR 1 E 8 4
JLFE I G, W) S JHEEAR Y SCHE N 1, 25 40 i JR
(IRA o P27 AR kg 4 L] I 2 (AR oRst A it 410 o X
X 24 L SO R 7 R A D i R B A 1 O
D7, A FT 4 R e B, H2 RUA o 28] g S5 4
LS B & 1 DL RN E A ERER (HUR AN B 25 k%
VK24 ) 5 8 P A S 4 ) PR P27 Rk, U
A H2 AU it 25 T 3 2o 8 4 0 A A 3 R O A
VSMC i G, ¥ S %%As 51 VSMC H45H .

5% % B0, NF-kB p65 . Akt J ERK 25358 A7 5
FoEESS T MEHRIER F-o mEZKET A
IR IEPEAE A R -5 2 80 R 155219 VSMC 3
BAKONE 0P A, A it 35 AT LS NF-kB p65 {i
5 N THP-1 413 WA 6 I 4 26 11 -9 ™
H2 RUAAN i 2 AT 5@ 20 80E Akt GSK3B {5 5 i i
NG BINEFR MM T > A BFFE K BE, Re-
laxin A3 3 075 Akt VEGF {5538 % | 5L 57 43 & 1R
-9 MRIAS 5 T NH RS RS 4R E Y2
RO% Y KA EE T LALTS ERK H NF-kB p65 {55
VR P B RS L IR A o ASBIE S S
gE R R H2 BURN Gl 2R AL BE VSMC 12 .24 h #470] i
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