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Abstract

Endothelial cells play an important role in blood homeostasis.
Dysfunction of endothelial cells will lead to vessel and heart
diseases. Salvia multiorrhizae Bunge, a chinese medicinal herb used
to promote blood circulation and remove blood stasis, 1is widely
used to treat vessel and heart diseases 1n China for thousand years.
Salvianolic acid B (Sal B) is one of the most abundant components
in Salvia multiorrhizae Bunge. It was shown that Sal B could
modulate hemostatic properties of human umbilical vein endothelial
cel1(HUVEC) by increasing thrombomodulin (TM)and tissue
plasminogen activator (t-PA) concomitantly decreasing plasminogen
activator inhibitor-1 (PAI-1).In this study, we used proteomics
technology to examine the cardioprotective effect of Sal B. We
treated HUVEC with 0.125 mg/ml of Sal B for 12 hours. Under the
concentration, Sal B increased TM expression and cell growth. By
comparison two-dimensional sulfate dodecyl polyacrylamide gel(2D
SDS-PAGE) protein profile in HUVEC treated with Sal B to that

untreated, there were eleven differentially expression spots. Ten



spots were up regulated , and one was down regulated after Sal B
treatment, including vimentin, protein disulfide-isomerase A3,
nucleophosmin(NPM), heat shock protein beta-1, tropomyosin
alpha-3 chain, UBX domain-containing protein 1, alpha-enolase and
peroxiredoxin-2, and the down regulated protein, caldesmon. NPM and
vimentin were further vadidated by western blotting and
immunocytochemistry stain. Moreover, we found that
phosphorylation of NPM in T199 was increased upon Sal B treatment.
In conclusion, the increasing proliferation of endothelial cells
through phosphorylation of NPM, ERK might involved in the

cardioprotective role of Sal B.
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heparin Sigma
Gelatin Mikrobiologie
Tris Usb
Glycine Bio—Rad
Sodium dodecyle sulfate(SDS) Sigma
Acrylamide Sigma
Ammonium persulfate Sigma
N> N> N> N-Tetramethyl ethylene

Sigma
diamine(TEMED)
2-mercaptoethaol Sigma
Acetic acid Merck



Glycerol Merck

Bromophenol blue SERVA
Sodium chloride (NaCl) Usb
Hydochloric acid (HCI) Merck
Methanol Merck
CRERE o &k
Tween 20 Sigma
ECL Millipore
-l Kodak
TP A Kodak
Scientific Imaging Film Kodak
M199 medium Hyclone
PBS Hyclone
Trypsin-EDTA Hyclone
Fetal bovine serum (FBS) Hyclone

Penicillin/Streptomycin/Neomyci

GIBCO
n solution
Phosphatase inhibitor cocktail I Sigma
Phosphatase inhibitor cocktail Il Sigma
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Protease inhibitor cocktail 111

DMSO

Sucrose

Urea

CHAPS

Agrose

Iodoacetamide (IAA)
Dithiothreitol (DTT)
Silvernitrate

Sodium carbonate

Sodium thiosulfate
Potassium ferricyande
Acetonitrile (ACN)
Trifluoroacetic acid (TFA)
Ammonium bicarbonate (ABC)
Porcine Trypsin

I sopropanol

Formaldehyde (37%)

EDTA-Na:
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A. HUVEC im¥z 35 %
A ot cnUVEC % pEp PABE X & ZREF T A
(-) BRALEREE

a. Medium 199 & % £ /1L

M199 power (GIBCO) 9.5 g
NaHCOs 2.4 g
AP BX 7.4 50,22 un g "iE g

b. 10% FBS M199 3 % 7 /0. 5L

Medium 199 2 % X 450 ml
Fetal bovine serum (Hyclone) 50 ml
Penicillin/Streptomycin/Neomycin 5 ml
L-glutamine (Hyclone) 5 ml
Heparin (Sigma) 10 KU
Endothelial cell growth supplement 15 mg
(Sigma)

c. 1% FBS M199 2 % 3/0.5L

Medium 199 3 % X 450 ml
Fetal bovine serum (Hyclone) 4.5 ml

12



Penicillin/Streptomycin/Neomycin 4.5 ml

L-glutamine (Hyclone) 4.5 ml
Heparin (Sigma) 10 KU
Endothelial cell growth supplement 15 mg
(Sigma)

Only 1% FBS M199 3 % #/0.5L

Medium 199 3 % X 450 ml
Fetal bovine serum (Hyclone) 4.5 ml
Penicillin/Streptomycin/Neomycin 4.5 ml
PBS/1L

Dulbecco’ s Phosphate Buffered Saline |
AEPH B3 7.4 50,22 um g iE s
Trypsin-EDTA

0.1 % gelatin

Gelatin 0.1 %

120,22 um g 5B
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1. f24 wmre
pREF RPN G e b S REBE 3TC KB

Fare xR = 23R 532 5%35 Tnl 10% M199 medium
¥ coating 0.1% gelatin ez £ x ¢ > 22 ¥ »> 37°C ~ 5% C0:32
AP BA 12 PRI HREIRLL IR A D0 LR
TV TR
2. MmN

& X - A H A FHIVEC Az A + £ 5pF > % PBS %
28 &% 2154~ 1 ml trypsin ¥ & 3~b &~ 4 > ¥ trypsin
¥imie 2 L ESR AT 80 4o 0 3 B A 0 10% FBS M199
medium ® fr trypsin (£% » 2 {5 #lmPe 5% B~ o g ¢ 1
1000 r.p.m 3~ 3 &~ 48 0> 4% 1:3 7t &2 10% FBS M199 medium
BA& At &coating 0.1 % gelatinesg®x + > & » 37C ~ b%
CO &Y »TFRIERE R K> P i * hHUVEC e 4%

R kd 7 ARE T
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B. 3% F5=pad

(=) @#H &R Rpe

a. PBS
NaCl 137 mM
KH2POx 1.5 mM
Na:HPOx 8.1 mM
KC1 2.7 mM

ARl B4 7.4

b. Tris-sucrose buffer

Tris 250 mM
Sucrose 10 mM
AXPHEZ 7.4

c. Lysis buffer

Urea 8 M
CHAP 4 %
(=) H =
1. Fv FEE

* 1% FBS M199 32 % A # HUVEC serum starvation 12 -] P
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& > 12 Only 1% FBS M199 3 % 2 pe® 0.125 mg/ml Jk & &>
Pt BASE 12 ) fF - 3% % 10% FBS M199 32 % & #Fiwmee w42
4] S B a5 B39 % PBSi%2 32 % A >4 » 1 ml trypsin
FR3-bhrbh Faer i ,—y—gﬂ“ﬁém,g,éu»ﬁkw’fm
10% FBS M199 medium ® fv trypsin i®* > 2 {5 #-‘mPe 5% ¥
s g @ 21000 rpom B 3 A AR K- R o4~ 1ol
e Tris—sucrose buffer H#-lim® & F7Rk S 1418 {750 > 2 {8 1Y
1000 r.p.még< 3 #4878 > 3+ FiRd f EAF GRS S
Mg F P ime 2n B -80°C k4 0 24 ] PRS- 4 me 4o &
125 ul et &4 » Lysis buffer ¥ & 30 ~ 45 » * & F A &
TRk 2T 304 4&%F 15000 r. p.m s 30 4 {6 HF F
AW s kd FEBR 2 100ul & B s KE-80CHFF -
2. 39 FEE

BEPN K hEd TR A RT BAT 10 » 483 4003 (2
R t¢ > 0 2D Quant. Kit (GE health):ig {7 = & o % itk 2 #-
B UGS 4 » 2 A (CUDBRE I FF B I B R

TR RS - WA RN Y R AR o B e
ok B ey Fov B RS AT I iR N SR AR
WA YR kR -
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C. &= %82

(=) @#HE R Rpe

a. Running buffer
Tris 125 mM
Glycine 960 mM
SDS 0.5 %

b. SDS-PAGE gel (2 slabs/ 10 cm X 8 cm 5 & 1. bmm )

3.6 % Staking gel

Acrylamide 900 ul
0.95M Tris-HCl pH6. 8 630 ul
DDH:0 6.45 ml
10% SDS 100 ul
10% APS 100 ul
TEMED 10 ul

10 % Separating gel

Acrylamide 5 ml
1.5M Tris-HCl pH8. 8 5 ml
DDH:0 9.7 ml

10% SDS 200 ul
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10% APS 150 ul
TEMED 20 ul

C. ¥E B A2 e

Tris 25 mM
Glycin 200 mM
Methanol 20 %

d. Blocking buffer

Non-fat milk 5 %

e. PBST
NaCl 137 mM
KHzPO: 1.5 mM
Na-HPOx 8.1 mM
KC1 2.7 mM
Tween-20 0.1 %

AR pl L 7.4

(=) #H*
et SDS-PAGE ~ 4716 » 3 @ * 9 Az 3 VR R e
7 & e - (PVDF membrane)- % £ 3mm jjg S (M) 3k » #-
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SDS-PAGE #% % ~#EEr w2 Jp iz e g e g e P T Hrl1b~ 4 >
i i S~ EEP i~ SDS-PAGE % ¥ ~ g A i B e L g5t g e
(semi-dry transfer;Bio-Rad)* - ¥ 2 “,f SDS-PAGE %} 5 2 #& &7
R e e o 10 10 VT RIEE 0 A4 By WA
B~ g P 9g4e ~ blocking buffer 3B #H#& F B2 [ FF 0 &
Foorw PRS AR AiEH R R - sdrl A 4CH L F R 16~18
) P50 2 151 PBST ik ey PR~ =0 5% 10 A4 2
> {4 » F 5 HRP (horseradish peroxidase) == % &%
B i F L) U PBST ik v e = > & = 10
b B fs @ ECLkit(Millipore) & ¢ T @22 % o @ * Multi
Gauge V3.0(FUJIFILM)#-2% 2478 v » FH 2% Y n=3p

<0.05 £ 5 ¥ i B4k o

D. v F¥i
#* 2D clean up kit (GE healthcare):it {7 v F 4 i »
;flJ /’L&/;ixﬁ:\g\ﬂ ’%ﬁﬂ MT‘E ﬁ \", ‘HIL %9 mg\ﬂ y%—ﬁ‘* ,lz.i“/

FEENE > P 100 ug:i7z v FRA
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E. - 3 7% %(2D SDS-PAGE)2 A8 ¢
(=) 3#H|g g

1. Running buffer

Tris 125 mM
Glycine 960 mM
SDS 0.5 %

2. 4X resolving gel buffer

Tris I.O M
A pHEZD 8.8

3. 10% SDS-PAGE gel (2 slabs/ 18 cm X 16 cm 5 & 1. bmm )

Acrylamide 25 ml
4X resolving gel buffer 25 ml
DDH20 48.5 ml
SDS 1 ml
10% APS 500 ul
TEMED 50 ul

4. Rehydration buffer

UREA 8 M

CHAPS 2%

20



Bromophenol blue 0.002 %
IPG buffer 0.05 %

5. Equilibration buffer

Tris-HC1 pH 8.8 50 mM
Urea oM
Glycerol 30 %
SDS 2 %
Bromophenol blue 0.002 %

6. Fix solution

Methanol 50 %

Acetic acid 10 %

7. Sensitize solution

Sodium Thiosulfate 0.02 %

8. Silver solution

Silver nitrate 0.1 %

9. Developing solution

Sodium carbonate 2 %
Formaldehyde 0.04 %

10. Stopping solution

21



EDTA-Na. 15 %

(=) H =
. = g ¥R
B~ 41100 ug ¥ it {8 ehd—o B > 4 » Rehydration buffer #-
ARG 200ul> R A RT ERYT 10 #4082 22, 000g
oo 1o Bt R E 0 FTHBTAGHENY o RFR13

S pHA-T enE T BT AR E T > Rd G Fr o RER

&
gL
=3

i# * [PGphor III1(GE healthcare)i& = & 7 87 4 5 & 3

l'+ e YT i

ER 2 C EiEWiEs A BT oa % 100 mA

30V 12 h
500V 1 h
1000V 1 h
8000V Gradient 3 h
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G. "% 39 pE%-kjz
(=) @#&E B R

a. Wash buffer
Acetonitrile 50%
Ammonium bicarbonate 25 mM

b. Destain solution
Sodium thiosulfate 1.5 %
Potassium ferricyande 1%

c. Ammonium bicarbonate buffer
Ammonium bicarbonate 25 mM

d. Trypsin 400 ng/ul

Sequencing grade modified trypsin 1 #%
Trypsin resuspension buffer 50 ul
(=) %=

KBS g TAE L o~ A% REEE~Fov F L
#B-T kehk-d FEE* Wash buffer s =t » * & 5 A dd > 4o
»~ Destain solution #-F-v B ERE(F®R I > W I = {514 20 mM
ABC/50% ACN #-#2 4872 % » 2 15 % 100% ACN #4482 7%k » &
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B > A ACN = I T R g2 AR ACN > 4o ~ 10 ul
Ammonium bicarbonate buffer # # 1 3 ng/ul % Trypsin {$ 3%
Bk 1 BEHF3TCF B 18 /) FF - Trypsin F = =
fg4e x5 ul 73 0.1% TFA 930% ACN ¢ i+ Trypsin 0F &I 3%
ARG ART &Y RF 10 248 > o R I ATenpcd e ¢
¢ ooee* 35 0. 1% TFA 950% ACN £ 47 2 4 B b ik e &

Az T BP0t FiR TG AU S

H. 2 354 8 S5 58 & (7 BF I 58 (MALDI-TOF/TOF) 7 3% % A 4%

3=

o

Bplaviiiii &b g2 1602 2ul 75 0. 1% TFA 5950% ACN
w2 0B~ 0.5ul 2 A MALDI-TOF #k &4 (MTP Anchorchip 600/384)
b R PEHR 0.5 ul FEF e * ik B(peptide calibration
standard I1)2 ftk Sdd P RE S iz} » Figkie % 0.5 ul
errMatrix solution (1 mg CHCA %3t 80% ACN 2 0. 1% TFA) & #
RSN TR EE R B > Matrix solution ¥z 18
TR AT AT 5 FE R FIE 600 m/z~4000 m/z > £ £ H
¢S ELP G R A g P B R (MS/MS) i 7 e A DR ) A 4T o
% * Biotool #-{FF|eh—- X FHL P HMEFHFTHREALESR
Swissprot % & F=v F & A L T AL E 5 0L H K T S ke T
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$= 48 & % : Human
& * p%2% : Trypsin
w2 354 (Mass tolerance) : 100 ppm
% Fes R 2= (Miss cleavage site) 1
¥ oa o k9 F 3 & (Variable modification)
Carbamidomethyl ~ Oxidation
[. AEFLHRd

(=) A2 Rfe

a. PBS
NaCl 137 mM
KH2POx 1.5 mM
Na-HPOx 8.1 mM
KC1 2.7 mM

BEPHED 7.4
b. 4%% pg/r4 PBS fe &
c. 0.25% triton X-100/r4 PBS fiz ¥
d. Blocking buffer:10% FBS/r: PBS fe ¥
e. - Sy (primary antibody)
1. Rabbit anti p-NPM(Abcam)
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2. Mouse anti NPM(Santa cruz)

3. Mouse anti fibrillarin(Abcam)
f. = &4t (secondary antibody)

1. FITC-conjugated goat anti mouse(Santa cruz)

2. Alex flour-conjugated goat anti rabbit(Abcam)

(=) %4 H

& 10x10 mm ogt 8+ fdfE Ix10° dimee > FH 2 2pEHE
YL A%EN T BEE w15 A 4aTs o 2 AR T FET 1L PBS e
5 A4 6= 2 {8 0.25% Triton AJ2 10 ~ 48 > * Blocking
buffer B — /| s > 4e » — i~ 4CF & 18] B> * PBS
FARLAEEIT e 2 G R RRR S B AT RS R
1] p% > 2 PBS jfid 483 =X » EAF FAEHHT e ~ ¥ - JE-
Bgr A - BgaAf o 2 (6 DAPL 4 A g® 30 4 4515 0 B 16 11 PBS
iR D A6 o RF Y E AiF 3 Flouoromount-G gt & ¢ o

CER FEEE O 3y ¥ RCAe) R

w4 £ EEA
{MTS[3-(4, 5-dimethylthiazol-2-y1)-5-(3-carboxymethoxypheny
1)-2-(4-sul fophenyl)-2H-tetrazolium) ]assay}
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#1.0X 10457‘397’9?7]?;@_{5_%’:‘ 96 3L P > FHpL R 21 PEE
M SRR BJR 12 ] B MR LR KA Fy o B JLR B
%45 % fk > 4~ 100 ul MTS reagent » 3<% % 3TCF s 2 ] B » 1f

Pl 2490 nm T ek E o

[ T
(=) @#&E B R

a. siNPM (Santa cruz)

b. lipofectamide(Invitrogen)

c. OPTI-MEM Reduced Serum Media (GIBCO)

(=) #
#-HUVEC 12 7.5x 10° /8t e b well s & w ¢ o (FH pbog
24V ETE % 0 p A% solution A< 1 ul 5 lipofectamide
+ 100 ul OPTI-medium ¥# solution B : 1 ul siRNA (1 uM) + 100
ul 70PTI-medium’ fiz ¥ & & J& 5 ~ 48 #-solution A & solution
B &F 20 ~45% > 4 » 800 ul 7 OPTI-medium 4 % 1 ml >
FF 4o r 3% OPTI-medium e chim®e @ > iJ2 6 0] PFig B
= 10% FBS M199 medium °
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$PE e = 3oy TR Rl 645426 B Bov R MR P ehdp i
B 75, 2%( W=

Boo) oA K AR B 0 I ARLR 0

FLGEAEFRG 1] BREFLB R FRHY 5 106
Foo FRb SR BAIREARE 2 1 By TR

+ +
li’_}?)@/ fﬁé =~

AFH e T SR AER K TP F 3N (MALDI-TOF/TOF) s kA 47 4 £
35 e

11 B2 3 8% 48 3o 72048 MALDI-TOF/TOF NS it {7 3-v ¥

EAERS 10 BEAR Fo RS A OETN I FELA B 49
BRo Fad g B aEr s bR S pl AR
B

B oFET AR R0 A3 (4

4 2p5fe Bid & vimentin #3RE 1 2 £ caldesmon % RE T %

® 5 Lg% MALDI-TOF/TOF MS “f &% it chi-v Jr s 1t

£ AP EH caldesmon ~ vimentin ¥ necleophosmin i&— # ¥fis i

L

g it B T B R AeB T T > S B ¥ 04ig & caldesmon T

%% 0.8 ¥ vinentin F 2 1.3 & » e necleophosmin 7% & #r

AL RS
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E. 2 %p~pt Bid = Necleophosmin #fk i* 3 4¢

* g

* % BLi# BL% necleophosmin e JLE ehsg i

Ak
5

necleophosmin eh% L& & 4 ¥ £ £ ([
& Bl ¢ % Bonecleophosmin i & g 5 & 3

# 57 necleophosmin 7§ & 13 4 > F]p* f5 necleophosmin cFfk

g A AR % S LB B E AR

necleophosmin #& % 199 & gieps (T199)#EpE 25 -

necleophosmin 1% 199 B #& =k (T199)mps i A5 E L S p B T

g HH 4 LOBIRI) e

2 %# B # 82 % Necleophosmin 3-¢ 7 #& =

Necleophosmin & — f&+i v & F wii B P F B EH IR % o

1395 % j+4p &1 > necleophosmin ik i § i@ necleophosmin ¥ % /&

NPt F A P 2 e B RACR RSB R B A

{8 A FEAREF IR 4L W2 dhnecleophosmin ALF £ 3 £ F # Ok
% > E4# fibrillarin T3 Pii=thic d F X LA LI FRL Sk
B x5

& A HpFF #20% 4L ove i1 necleophosmin £ F #& i eIk

% » + %4 necleophosmin B E_ & F >+ iz (B ) °
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1345 % fedp 91 necleophosmin eghfit i & w¥e cnd £ 5 B o 7]
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"
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LB AR c e A R K EBRF N 125 B(R-) o

H = %557 B# & < %% N 4 o7 ERK1/2 2 gk 1t
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*4
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¥ RHEiH

CHTARY LR RS FTAH

B MDA TREY N L REky 118 £ R Bk
FRERT L2233 o EARPMEHNL R Ty
FErERFEFrRIME AFRES e RETAFRE > 24 ) B
PFRaw R T ¥ aid Wmie AL a4 R F kY Foi LR
45l o A& ¥9 ¢ peroxiredoxin-2 £ protein disulfide
~isomerase A3 5 & 7 A a3 VR4 gk F[45-47] 0 B F fadF e
§ it T ##(cell redox homeostasis)ic # » L EEL $f e B a2 is
ZIRBIRH S TR OTRIES BRI LB ofuF a4 [30] 10 B
AR Fv ¢ 3 BT g B 39 (caldesmon ~ vimentin ~ heat
shock protein beta-1 - tropomyosin alpha-3 chain)#? iw¥ # &

\\\

- TRER

T

(cell motion)F B [48-50] > * $p-p B A FE &5 &

B4 R

£ £ %9 Necleophosmin % & &2 gL i i3
Necleophosmin & # thigfg e 7 eh= B+ i % o & W&
oligomerization domain-~acidic domain ¥ RNA bindind domain[51] -
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A-BEF FEFH a0 & P pEM(ribosome) & 1% -] 48
(nucleosome) sre 2 ~ Frf|lmoz k= - F 5, [52-D4] » * B35 &
=& PR A% chic 4 > necleophosmin & FoF SRR L R 0 ¢ 4E
Fow B AREE(S4) ~ ¥ 95 B FOIREE(TI5) ~ % 199 B groepa (T199)---
0% Foawaph =8 24 7 agps (kinese) #ris 1 0 B 7 e e
it =8 g HEF st it 0 blde iS4 =¥ 3 & Hd Polo-like
kinase 1(PLK1) kit =m4fei“ [BD] > % S4 # s pApe i* P » w2 Pl &
E T Sk B[56] 0 @ T199 =% eomipe it 2 & £ CDK2
(Cyclin-dependent kinase 2) %z #=[57] » T199 i+ % #ips i {4
necleophosmin ¥ 34 7 % & Chromosome 74g @i 4 > e Pr ¢ 123
w®e ¢ inecleophosmin ¢ % i= (Nucleolus)i# # 3 % sa(Nuclear
speckles)[58] » d »+ T199 erwips i* £ CDK2 #7175 i+ » HUVEC f 5 :E
L Spsph B rdR e 0 ¥ 199 engiRpt (T199) chmipe i 5 9 1.5 & e
se > 2 HUVEC & 2 i 544 9 1.3 % > 423 Sal B¥ il f5d is 0t
CDK2 2 necleophosmin % #ifk i % 82 58 HUVEC enim®e 3x 8p cie 4 5
et Spsph B g2 e T199 mifs i P* 302 5 % 3] necleophosmin 7
% = D s aI %0 necleophosmin B2 & ¢ A i izt s o
¥t necleophosmin i i 4] 2 A mbe p S7drFend & pow Ry
R AR 2 S B %3 ¥ necleophosmin & e FlR] R
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TR v pRdg I SRR B R B

nucleophosmin T199 Z#p& i st 4 > nucleophosmin T199 #ipk i “,f
TR A ek s e pEF 0 E I Nuclear factor-kappa B (NF-
kB)[59] %1 NF-kB A7 ¢ B HUVEC 2 £ &% TM £ 3R+ H_A k&

i ehi 4 o

2 %ps e B ¥ ERK gk 1 et 4

ERK 8- @ % L2 & § a2 it 4 cha 3 [60] > av pr

\\\?{r

Fa 2 BB A Fe TR B e HERK e 1 2 Pl 4 & ip
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d ERK chghps it 2 2 7 2 LB T ot 2 R R ik — o
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FARL Y ek SR BH R EF RS ARM g 2
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BigmPe 4 £ eIl o

36



10.

11.

12.

13.

14.

15.

IR FE R

Vanhoutte, P.M. and E.H. Tang, Endothelium-dependent contractions: when a good
guy turns bad! J Physiol, 2008. 586(Pt 22): p. 5295-304.

Abraham, D. and M. Dashwood, Endothelin--role in vascular disease.
Rheumatology (Oxford), 2008. 47 Suppl 5: p. v23-4.

Kvietys, P.R. and D.N. Granger, Endothelial cell monolayers as a tool for studying
microvascular pathophysiology. Am J Physiol, 1997. 273(6 Pt 1): p. G1189-99.
Esmon, C.T., N.L. Esmon, and K.W. Harris, Complex formation between thrombin
and thrombomodulin inhibits both thrombin-catalyzed fibrin formation and factor
V activation. J Biol Chem, 1982. 257(14): p. 7944-7.

Esmon, C.T. and W.G. Owen, Identification of an endothelial cell cofactor for
thrombin-catalyzed activation of protein C. Proc Natl Acad Sci U S A, 1981. 78(4): p.
2249-52.

Grand, R.J., A.S. Turnell, and PW. Grabham, Cellular consequences of
thrombin-receptor activation. Biochem J, 1996. 313 ( Pt 2): p. 353-68.

Coughlin, S.R., Thrombin signalling and protease-activated receptors. Nature, 2000.
407(6801): p. 258-64.

Macfarlane, S.R., et al., Proteinase-activated receptors. Pharmacol Rev, 2001. 53(2):
p. 245-82.

Ossovskaya, V.S. and N.W. Bunnett, Protease-activated receptors: contribution to
physiology and disease. Physiol Rev, 2004. 84(2): p. 579-621.

Freedman, J.E., Thrombin, thrombomaodulin, and extracellular signal-regulated
kinases regulating cellular proliferation. Circ Res, 2001. 88(7): p. 651-3.

Li, X., et al., Role of protein kinase Czeta in thrombin-induced endothelial
permeability changes: inhibition by angiopoietin-1. Blood, 2004. 104(6): p.
1716-24.

Cao, H., N. Dronadula, and G.N. Rao, Thrombin induces expression of FGF-2 via
activation of PI3K-Akt-Fra-1 signaling axis leading to DNA synthesis and motility in
vascular smooth muscle cells. Am J Physiol Cell Physiol, 2006. 290(1): p. C172-82.
Gimbrone, M.A., Jr., Vascular endothelium: an integrator of pathophysiologic
stimuli in atherosclerosis. Am J Cardiol, 1995. 75(6): p. 67B-70B.

Luscher, T.F., The endothelium and cardiovascular disease--a complex relation. N
Engl J Med, 1994. 330(15): p. 1081-3.

Luscinskas, FW. and M.A. Gimbrone, Jr., Endothelial-dependent mechanisms in
chronic inflammatory leukocyte recruitment. Annu Rev Med, 1996. 47: p. 413-21.

37



16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.
28.

29.

30.

31.

32.

33.

Tedgui, A. and Z. Mallat, Anti-inflammatory mechanisms in the vascular wall. Circ
Res, 2001. 88(9): p. 877-87.

Ross, R., The pathogenesis of atherosclerosis: a perspective for the 1990s. Nature,
1993. 362(6423): p. 801-9.

Lum, H. and K.A. Roebuck, Oxidant stress and endothelial cell dysfunction. Am J
Physiol Cell Physiol, 2001. 280(4): p. C719-41.

Rosenfeld, M.E., Oxidized LDL affects multiple atherogenic cellular responses.
Circulation, 1991. 83(6): p. 2137-40.

Steinberg, D. and J.L. Witztum, Is the oxidative modification hypothesis relevant to
human atherosclerosis? Do the antioxidant trials conducted to date refute the
hypothesis? Circulation, 2002. 105(17): p. 2107-11.

Carlos, T.M. and J.M. Harlan, Leukocyte-endothelial adhesion molecules. Blood,
1994. 84(7): p. 2068-101.

Ross, R., Atherosclerosis is an inflammatory disease. Am Heart J, 1999. 138(5 Pt 2):
p. $419-20.

Shephard, R.J., et al., Adhesion molecule expression in acute and chronic exercise.
Crit Rev Immunol, 2000. 20(3): p. 245-66.

Hynes, R.O., Integrins: bidirectional, allosteric signaling machines. Cell, 2002.
110(6): p. 673-87.

Haraldsen, G., et al., Cytokine-regulated expression of E-selectin, intercellular
adhesion molecule-1 (ICAM-1), and vascular cell adhesion molecule-1 (VCAM-1) in
human microvascular endothelial cells. ) Immunol, 1996. 156(7): p. 2558-65.
Greaves, D.R. and K.M. Channon, Inflammation and immune responses in
atherosclerosis. Trends Immunol, 2002. 23(11): p. 535-41.

Libby, P., Inflammation in atherosclerosis. Nature, 2002. 420(6917): p. 868-74.
Wu, T, J. Ni, and J. Wu, Danshen (Chinese medicinal herb) preparations for acute
myocardial infarction. Cochrane Database Syst Rev, 2008(2): p. CD004465.

Hung, H.H., et al., A salvianolic acid B-rich fraction of Salvia miltiorrhiza induces
neointimal cell apoptosis in rabbit angioplasty model. Histol Histopathol, 2001.
16(1): p. 175-83.

Huang, Y.S. and J.T. Zhang, [Antioxidative effect of three water-soluble components
isolated from Salvia miltiorrhiza in vitro]. Yao Xue Xue Bao, 1992. 27(2): p. 96-100.
Shi, C.S., et al., Salvianolic acid B modulates hemostasis properties of human
umbilical vein endothelial cells. Thromb Res, 2007. 119(6): p. 769-75.

Chen, Y.H., et al., Salvianolic acid B attenuates VCAM-1 and ICAM-1 expression in
TNF-alpha-treated human aortic endothelial cells. J Cell Biochem, 2001. 82(3): p.
512-21.

Lam, F.F,, et al., Salvianolic acid B, an aqueous component of danshen (Salvia

38



34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

miltiorrhiza), relaxes rat coronary artery by inhibition of calcium channels. Eur
Pharmacol, 2006. 553(1-3): p. 240-5.

Zhou, X.M., ZY. Lu, and D.W. Wang, [Experimental study of Salvia miltiorrhiza on
prevention of restenosis after angioplasty]. Zhongguo Zhong Xi Yi Jie He Za Zhi,
1996. 16(8): p. 480-2.

Chen, Y.L, et al., Salvia miltiorrhiza inhibits intimal hyperplasia and monocyte
chemotactic protein-1 expression after balloon injury in cholesterol-fed rabbits. )
Cell Biochem, 2001. 83(3): p. 484-93.

Collins, F.S., M. Morgan, and A. Patrinos, The Human Genome Project: lessons from
large-scale biology. Science, 2003. 300(5617): p. 286-90.

Gygi, S.P,, et al., Correlation between protein and mRNA abundance in yeast. Mol
Cell Biol, 1999. 19(3): p. 1720-30.

Gevaert, K., et al., Protein identification based on matrix assisted laser
desorption/ionization-post source decay-mass spectrometry. Electrophoresis, 2001.
22(9): p. 1645-51.

Tonge, R., et al., Validation and development of fluorescence two-dimensional
differential gel electrophoresis proteomics technology. Proteomics, 2001. 1(3): p.
377-96.

Aebersold, R. and D.R. Goodlett, Mass spectrometry in proteomics. Chem Rev,
2001. 101(2): p. 269-95.

Rappsilber, J. and M. Mann, What does it mean to identify a protein in proteomics?
Trends Biochem Sci, 2002. 27(2): p. 74-8.

Aebersold, R. and M. Mann, Mass spectrometry-based proteomics. Nature, 2003.
422(6928): p. 198-207.

Tseng, HW.,, et al., Lipopolysaccharide-stimulated responses in rat aortic
endothelial cells by a systems biology approach. Proteomics, 2006. 6(22): p.
5915-28.

Zhang, J., et al., HPLC determination and pharmacokinetic studies of salvianolic
acid B in rat plasma after oral administration of Radix Salviae Miltiorrhizae extract.
Biomed Chromatogr, 2005. 19(1): p. 15-8.

Lim, Y.S., et al., The thiol-specific antioxidant protein from human brain: gene
cloning and analysis of conserved cysteine regions. Gene, 1994. 140(2): p. 279-84.
Rabilloud, T., et al., Proteomics analysis of cellular response to oxidative stress.
Evidence for in vivo overoxidation of peroxiredoxins at their active site. ) Biol Chem,
2002. 277(22): p. 19396-401.

Oshima, R., et al., Modification of the hepatic mitochondrial proteome in response
to ischemic preconditioning following ischemia-reperfusion injury of the rat liver.
Eur Surg Res, 2008. 40(3): p. 247-55.

39



48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.
64.

Strelkov, S.V., et al., Conserved segments 1A and 2B of the intermediate filament
dimer: their atomic structures and role in filament assembly. EMBO J, 2002. 21(6):
p. 1255-66.

Rogers, K.R., H. Herrmann, and W.W. Franke, Characterization of disulfide crosslink
formation of human vimentin at the dimer, tetramer, and intermediate filament
levels. ) Struct Biol, 1996. 117(1): p. 55-69.
Rock, R.S., et al., In vitro assays of processive myosin motors. Methods, 2000. 22(4):
p. 373-81.

Okuwaki, M., The structure and functions of NPM1/Nucleophsmin/B23, a
multifunctional nucleolar acidic protein. J Biochem, 2008. 143(4): p. 441-8.

Wang, W., et al., Temporal and spatial control of nucleophosmin by the Ran-Crm1
complex in centrosome duplication. Nat Cell Biol, 2005. 7(8): p. 823-30.

Okuwaki, M., et al., Identification of nucleophosmin/B23, an acidic nucleolar
protein, as a stimulatory factor for in vitro replication of adenovirus DNA
complexed with viral basic core proteins. J Mol Biol, 2001. 311(1): p. 41-55.
Nishimura, Y., et al., Tryptophans 286 and 288 in the C-terminal region of protein
B23.1 are important for its nucleolar localization. Biosci Biotechnol Biochem, 2002.
66(10): p. 2239-42.

Zhang, H., et al., B23/nucleophosmin serine 4 phosphorylation mediates mitotic
functions of polo-like kinase 1. ) Biol Chem, 2004. 279(34): p. 35726-34.
Nousiainen, M., et al., Phosphoproteome analysis of the human mitotic spindle.
Proc Natl Acad Sci U S A, 2006. 103(14): p. 5391-6.

Okuwaki, M., M. Tsujimoto, and K. Nagata, The RNA binding activity of a ribosome
biogenesis factor, nucleophosmin/B23, is modulated by phosphorylation with a cell
cycle-dependent kinase and by association with its subtype. Mol Biol Cell, 2002.
13(6): p. 2016-30.

Tarapore, P, et al., Thr199 phosphorylation targets nucleophosmin to nuclear
speckles and represses pre-mRNA processing. FEBS Lett, 2006. 580(2): p. 399-409.
Dhar, S.K., et al., Identification of nucleophosmin as an NF-kappaB co-activator for
the induction of the human SOD2 gene. ) Biol Chem, 2004. 279(27): p. 28209-19.
Ramos, J.W., The regulation of extracellular signal-regulated kinase (ERK) in
mammalian cells. Int J Biochem Cell Biol, 2008. 40(12): p. 2707-19.

Xue, DY, J.H. Hong, and L.M. Xu, [Salianic-acid B inhibits MAPK signaling in
activated rat hepatic stellate cells]. Zhonghua Gan Zang Bing Za Zhi, 2004. 12(8): p.
471-4.

B, ed. EpoA B AL #1986, 2 E: oA H

3R, ed AL 71993, FAPFHET R E A,

B E, ed 7L 1991, L XL A

40



65. MT E/¢ Ut ed F 7 uAES 1999, 4 A fEL: AR
66. x4, ed 2 £—4HEZH LT 1990, FH A MR

41



R L R BT AR P L e en B R AR A

-

Spot numbers Match ratio Differentially

expressed spot numbers

Control 654+14 2. 8% Reference gel

Sal B treated 645126 15. 2% 11
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(A)

Control Sal B

Thrombomodulin ﬁ ﬁ 105 kDa

o -Tubulin —_# 57 kDa

(B)
* p<0.05

Fold change(%)
_ =N
o0 o o) c
o - - c

N
-

Control SalB
Bl- ~ 442 4mmBEFHIVEC gefsd &% 2 LE -
(A) *#gsgEmp w5 0,012 mg/ml =+ $-p-fc B @ 12 ) PFiS >
Yo F-v 87 F 3 R B 4470 2 a-tubulin ¥ 5 internal control 4
+7 thrombomodulin =% L& (B) Multi Gauge #c%8 » +74Ffa 2. ¢ &+ & i

M Sal BruZis TM v it chi e " FHREA = % > p<0.05
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(A)
Sal B Control

(B)

Bz ~ £ 3 3 72 nucleophosmin #.= T 7 Bl iz B
(A) £ % 39 % necleophosmin & Sal B& ¥ 2 = T ARFHA T o

(B)& = & BL:# ;xiinucleophosmin fe= g A Bl chieg o
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Sal B

Control
80 kD=

(D)
caldesimon
40~60 kDa

vim:zntin
40 kL a

P-h P M
(_I__,i 99)

N:>M

40 kL a

55 kL a

a -tukbulin

* p<0.05

(B)

* p<0.05

(©)
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(D) * p<0.05

200 -

100 A

Fold change (%)

Control Sal B

BlI ~d > % &% 447 caldesmon ~ vimentin % L& £ nucleophosmin
R it % IR

(ADHUVEC %5 0. 0125 mg/ml + %= & B /2 12 - F¥ (¢ > vimentin
caldesmon ~ nucleophosmin % Zif& i #nucleophosmin % JLE % it o
(B) ™ a-tubulin # 5 internal control > SalB aJ® ‘e $F it >t 4R fe 2
caldesmon # &2 B#HH ™ » FH L4 =2 p<0.05- (C) “a
~tubulin # % internal control > SalB aJ2® fe 41t 3t 44/ ® 2 vimentin
FIE 2 BB FokE4= =" p<0.05° (D) ~ nucleophosmin #x
% internal control > SalB aJ2 e 41 3t 4 f& % 2 nucleophosmin & f&

CAREZ Bl M FHREAEZ T p<0.05-
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(4)

* p<0.05
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Control Sal B

(B) * p<0.05

Bl= ~MIS =2 2475 * %p-f& B @ e HUVEC e3 2 & ¢
HUVEC % 0. 0125 mg/ml * %-p= & B @ 12 -] B 18 > 4e » MIS A 45388
HUVEC 3§ 2 1 Z (A)iRI3% >+ 490 nm ™ ek & o (B) 144 175 100%2

i HUVEC #{ # 3¢ F2 it o p* FHR LA 5= p<0.05 -

51



(4)

Control Sal B

p-ERK

ERK

(B)
* p<0.05

B~ ~ & > & ghiE o 47 HUVEC 52 %ps e B a2 {s en ERK enpipi i+

(A) *#gsgEmp L w5 0.0125 mg/ml =+ $-p-fc B @ 12 ) PFiS >
JeB~ 3w Fi (7o > B ghiz A 45 > (B)2 ERK 0% 8 ¥ 5 internal
control # i* ERK ewipé iv & 3 > Sal B e 18 e ERK #A L 1 £ 5 ¥ /R

2 (Control) 1.25 8 » 9% €45 ==c" p<0.05-
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