[UCI]1804: 24011- 200000264660

2015¢ 23

MAEY =8

CHol DIMI® K= Qlst

SHEEZMNE Ol J|&E 1S
XHNS D Hate
o Wt s 1t
X F g



Ciol DM X = 2
SH4EEZAMNE Ols N

P |'0|l

ﬁ.

Identification of mechanism underlying
vascular smooth muscle cell migration induced
by ambient particulate matter

20154 23 25¢

XHHED e
o U & 1t
X = o

Collection @ chosun



]

0J
oJ

NXZ Ols J|d #%

CHol OIMIZH K=

k=13
=

-,

<0
ol
<0

4§
E

00

Il d

R0
]

ok
ior
¥y
or
][

OH
H

20144 118

oFJ
ol

E
ol

g
Ki

=)
ol
=
ol

30
kI
Kd

Collection @ chosun



i
Kk

oJ

o
oH
1)
ok
"

X

ol
80
K-
K

or

z)
K
K0
o
oF

2

2|

b

2

=

_C’_J_I

20144 118

ofJ
ol

E
ol

T
Ki

Collection @ chosun



CONTENTS

List OF TADIE e e 1
LISt Of FIQUIES e e eeae s 2
ADSITACT .. 3
(R ] (oo (B o1 [o] o H PP PPPN 5
Il. Materials and Methods ........ ..o 9
Ll B = PP UPT PP 9
-2, EZEEZNEL Fel H BHE o 9
II-3. MIX LH reactive oxygen species (ROS) MA S& . ......oociiviiiiinnin... 10
[I=4. transwell MIigration @SSaY ...........coeuviiiiiniiiiiiiiiiieee e 11
(=5, IMMUNODIOE B8SAY .t vttt ittt ettt ettt e raaeanrenns 12
[I=6. Gelatin ZymOgraphy........cooeuiiiiiiiiii e 13
=7, S H A e 14
1. BESUIS e e e e ae 15
=1, HEBE DIMBX AZ A e 15
l=2. CHIl DIMIHRIDL E2HE2ZHEZ OIS0 OIXleE & ., 18
II-3. E2AHEZ2NIE LH reactive oxygen species (ROS)2l B&}................. 20
lI=4. CHOl DIMIEXIOF MMP2l &0l DIXIE & .o, 22
=-5. CHOl OIMIEXIO Akt & ERK 430l OIXI= S&.ooiriiiiiiiee 28
I-6. CHI1 OIAIZHXI0 218 MMP2l &80l NF-kBSl &d3stot OiXle Eg.... 30
IV, DISCUSSION ..ttt et et et e e eneneaen 32
V. RETBIBNCES .t 38
VL A ] B e 43

Collection @ chosun



List of Table

Table 1. Components of Ambient particulate matter

Collection @ chosun



List of Figures

Figure 1. Effect of ambient particulate matter on VSMCs migration

Figure 2. Effect of ambient particulate matter on ROS generation in VSMCs

Figure 3. Effect of ambient particulate matter on the expression of MMP2 in VSMCs

Figure 4. Effect of ambient particulate matter on the expression of MMPS in VSMCs

Figure 5. Effect of ambient particulate matter on the activity of MMP2 in VSMCs

Figure 6. Effect of ambient particulate matter with NAC on the expression of MMP2
in VSMCs

Figure 7. Effect of ambient particulate matter with NAC on the activity of MMP2 in
VSMCs

Figure 8. Effect of ambient particulate matter with NAC on the activation of
Akt/ERK in VSMCs

Figure 9. Effect of ambient particulate matter with NAC on the activation of NF—kB in

VSMCs

Collection @ chosun



Abstract

Identification of mechanism underlying
vascular smooth muscle cell migration induced
by ambient particulate matter

Juyeong Jo
Advisor: Assistant Prof. Heesang Song, Ph.D.
Department of medical science,

Graduate school of Chosun University

Vascular smooth muscle cells (VSMCs) proliferate and migrate in response to
various forms of stress such as mechanical trauma, inflammation, growth factors,
oxidative stress and alterations in blood pressure or flow. Clinical disorders that
are characterized by VSMCs proliferation, migration, and the consequent
neointima formation include atherosclerosis, posttransplant vasculopathy, and
restenosis after balloon angioplasty. Ambient particulate matter (PM) is nowadays
recognized as having major impacts on the cardiovascular system. Growing
evidence suggests that long—term exposure to fine particulate matter (PMs5) air
pollution contributes to the risk of cardiovascular disease (CVD) morbidity and
mortality. We examined the effects of PM on the VSMCs migration in an urban
area of Seoul, Korea, and investigated the molecular mechanisms that are
involved.

The VSMCs were isolated from rat aorta and exposed to SS1 (summer
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season PM) and SW1 (winter season PM) in different concentration. Cell
migration was assessed by boyden chamber assay and ROS generation was
detected by confocal microscopy using the indicator H.DCF-DA. Expression of
MMP (Matrix metalloproteinase) and activation of Akt, ERK1/2and p—65 (NF-kB)
were evaluated by Western blot analysis.

SS1 and SW1 significantly increased cell migration and ROS generation.
Protein levels of MMP2 and MMP9 were increased in a concentration-dependent
manner as compared to the control. The activation of p-65 (NF-kB) was
increased but not the activation of Akt and ERK1/2. The involvement of MMP2
and MMP9 expression, and Akt, ERK1/2 and NF—kB activation in the responses
was determined by western blot assay for their corresponding proteins using
ROS scavenger M-acetylcysteine (NAC). NAC (2mM) decreased only the SS1 and
SW1-induced intracellular ROS generation but not MMP2 and MMP9 expressions,
and Akt and ERK activation. However, NF-kB activation was increased.

In conclusion, the present data demonstrated that nontoxic-dose SS1 and
SW1 induces cell migration and ROS generation in VSMCs. This result suggests
the possibility that the refined study would be needed for each component of the

SS1 and SW1 for the identification of specific signaling pathways.
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Il. Materials and Methods

2 70 AL2E Ol DIMeX Alg=s 2uet =3 XFEel H29
S& (20074 2&), ¥ XH2&E (2007¢ 2&€)2 Il OIMHXIE =&ot0
Mg He2 ZHHS D SUUs SZISSUZFH MILUALH, HEE ¢
H2E2 UIl OIMYX ANZE 22 SS1, SWiez ZHYESIALL 2 A==
HHE AR DOUHRE AN (4,032m*/mI)22 5t Dimethyl sulfoxide (DMSO)O
EAIHA 2, 4, 1012 AU AESIRD, RE A9 SHUHEZZ22 DMSOE
AESHALE.
DMEM (Dulbecco’s modified Eagle’s medium), FBS (Fetal bovine serum),
penicillin streptomycin & trypsin/0.53mM EDTA= Welgene A2 2 E & GHRALE.
Dimethyl sulfoxide (DMSO)2t 2,7 —dichlorofluorescin diacetate (H,DCF-
DA)= 22 BioShop2t InvitrogenAt2FH FLUSHAS2M transwell chamber=
ComingAt2 28 P 5HRULCEH
Anti-MMP22t anti-MMP92 AbcamAt, -2l anti-phospho—Akt, anti—

phospho—ERK, anti-phospho—-p-65 % anti—-Akt= Cell signaling TechnologyAtZ S &

—

PSR O, anti-ERKE Santa Cruz BiotechnologyAF2 28 220 2 IGHALCH

ol

Anti—B-actin® Sigma-AldrichAt2 2 & ot LE.

I-2. E2EEZNE Ecl L i

MS 6Ol £31 Sprague-Dawley rats (Charles River Japan, Hino,
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Japan)lilAl ERUHSH MEDHN 0.1% penicillin  streptomycing XZ&0ol=

ﬂlIO

Dulbecco’s modified Eagle medium (DMEM)MIA =92 Z&X% L XYEX
M= HMAHSHD, Tmg/ml2 collagenase type | It 0.5mg/ml2l elastasedt =& &
ODMEMOII €1 37COA 3022 BFSAIZI = MIZE 29s =22l F X243
LA AH22 collgenase®t elastase SEUHUA 2AI2F SOt BFSAIZCHE7TC).
g4asEozE 22l U EZ2EHE2MHIE (vascular smooth muscle cell,
VSMC)E 1,600 rome& JAZ2lot EMAILD LHE MEE 0.1% penicillin
streptomycint 10% fetal bovine serum (FBS)E &8 DMEMOUIA 24&HAIZ! S
MAE2e2l(1,600 rom)otdd L& HMZE 10% FBS DMEMOI =251 24&HAIA
COHHII(B7TC, 95% BII, 5%CO,)0AM HHLGHACH HIHEHZE  0.05%
trypsin/0.58mM EDTAEH2=Z Xc2IotH AIHGHRACH. =SGHH LS MEZ=
T0HH H=NX A0l 0l S5HALL.

D= 4E0l AMEE HMZEEsE A

T
[

McelotJlo A 0.1% FBSOl ZEgE
DMEMOIIA  24A12 St HHYEH A72=2(37TC), SLst Z2AUM 2 AEO0l
= ALt

o

1-3. MIZE L§ reactive oxygen species (ROS) MH&d =X

VSMC WA MAEEZ= reactive oxygen species (ROS)E =&dol)|l flotHd

2’7’ —dichlorofluorescin diacetate (H.DCF-DA)E EZEXlot%HLCt. H.,DCF-DA=

ot
=

Al

Hl

£ Q= oxidation—sensitive probe2 A ME WZ SHIIA M

nio

S

ol

LH esterasel 2lol H,DCF-DAS2| acetate groupOl o2l HAH H &4

Ol MIZE W0 Z&5,

Rl

nonfluorescent 2’,7'—dichlorofluorescin (DCFH) &£

W
1

Ol0IA ROSOIl 2lst &EtSC2 AHEYS Sit

10
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dichlorofluorescin (DCF)Z & &t=ICH 0l0ll [ektA Atst=l SEfel DCFIOF LHEHU =

14

oz FFotALH

0x
Ol

gdZZE2 VSMC WOIA dd= ROSE 2tE

-~

5x10% cells/ml2 VSMCZ cover slip0l EHAS 24 well platedl 2t well &

o

500ul® 28t = 24A12 BHOIO  ANIEE  cover slipOl S EAIZ
SEUHXEZ22 DMSO, 2HUXEZ2Z H0, 200nM, eld Il DIMIE X2

HEE Al=Ql SS12 SWIE 22 sk S&H2=Z Xlot¢ 37T, 5% CO20iA

IS MIE= S8 calcium free PBS (PBSc)Z & B AW & 10uM
2’,7'—dichlorofluorescin diacetate (H,DCF-DA)2} 50ug/ml 4’ ,6—diamidino—2-

tot) &= XtEst RO0A 20=22t

o
J

phenylindole (DAPI)E &8s PBScsS
Hi 2SI CEH. 10uM Ho.DCF-DA 0l S U= 2 well2l cover slip2 <8t PBScZ

Al
(=]

=

=P

FA
I>
in
=)
Mo
W
Mzt
na
m
4n
x
H
A=
gl
J
Ll
2
10

CEAH 3H AHH =
slip2 slide glass?I0l mountingatd confocal-laser scanning microscope

(Fluoview FV1000 confocal system, Olympus)2 Z&35IQCH ol &=

e

il S8&H=0,

LIEtll= DCF= 480nmOIlASE 535nm<2l WHENA &&

AtgtEl BR0l= 515nmold 22 2MGHAl =Lk Confocal-laser scanning

aad

microscopeE =X slip(3X3 mm)el & A= Image JE 24, A3 o0

LEEHLH AT

-4, E2HE2NEO 0|SH 24 (transwell migration assay)

I
0x
ol

VSMC2 Olss2 3X&°2 Boyden chamber assaye AIE56HY FRILCE.

ASN ASE Boyden chamber= 24-well platedl AF2 &= 8.0um pore, 6.5mm

XA 9l transwell chamberO| Ct.

11
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B VSMCE 0.1% FBSS &%

rOll
O
=
m
=
==
x
N
~
Z

SO AFM HHFGI &
HAEZ BHS1, trypsin HMel, sLs =22 DMEMUONA =2#=Fg & &l
upper chamber?l insert L0 5X10% cells/100ul2 MIZE 2RUS HII5HACH
upper chamber2| polycarbon filter= 10% FBSE ZE&st DMEM22 24A12F S0t
coating GtRALCt. low chamberfll= VSMCS 0lsS S %6t= conditioned medium

oz AE2E upper chamber2l ME £ 10812 serum s& X0IE 2= 10%

(i

FBSE & sst DMEMZ2 2 well® 600ul2 2 = 37C, 5% CO, HHZIIUHAM 24
Ct. BHZ =, filter2 OIHHZ D&, FMAID|LD inserte] WH

S HE2=Z HOF 0ISotA @2 AEE MAHst 7 &0

0

£ 0/=5t0 2008H

=2 HEOIA2H welld 502 &O0IE AIOHO 2EE A

T+~ d&3 ot

[I-5. Western 20l 2|8t MIZELHS SHEHA 2AM (Immunoblot assay)

2t 29| VSMCE X2 phosphate buffered salin (PBS)Z A&

ro

s NZ

i

mM PMSFE & %8 RIPA buffer (ImM PMSF, protease inhibitor
gR)2 01830 A2 = HE SHHES 14,000rom OIAM 1022+ 24
Zlotol ASHES 20t Bradford protein Assay kit (Bio—Rad, Hercules, CA)E
AMEStH A sEE =HFotl I HBEZFES Aot sZet 2o
CH8HA S sodium dodecyl sulfate—polyacrylamide gel electrophoresis(SDS-

PAGE)Z &ZIAl2l &, S8HX S polyvinylidene difluoride membrane(Bio—Rad

laboratories. Inc.)0ll transfer StSCH. 22l 0l membraneS 5% skim milkE

Hl

&5t Tris—bufferd saline-Tween 20 (TBS-T, 0.1% Tween 20) OlA 1AI2F Sot

['U:

FSAIA SHMlel HIS0I1HQ 28 =S blocking 8 7, 252 a0l T HHES

on

gtdl - MMP2(1:2000), MMP9(1:500), phosphor Akt(1:500), Akt(1:1000),

12
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phosphor—ERK(1:1000,), ERK(1:1000), phosphor—p65(1:1000),

=of

[ -~

Bt

—

- 2 24Al12¢ SAZC 0lHM TBS-TEH2

Ct

olo

2X EHZ 1AIZE 3

oon

Ins.)

N =
o T

i
JWI'

[I-6. Gelatin zymography

B—actin(1:10000)

2 52 2A%0= 53 KHHa

$l, Enhanced chemiluminescence

()

=

BESAIH X-ray fim&ol

FOIGHLH., BHESl FJI=

OII

Gelatin zymography= Conditioned cultured medium®2 MMP2 (gelatinase

A)2t MMP9 (gelatinase B)2l gelatin Eol 42 202 RSt AEOZ, NIXE
W Z&E CHHEEZHE A MMPIL gel LHQl gelating E0iot0I gelS FMGIR/US
I UEHU= SHEZ SA49 &d ZEE st € = UL MMP22l &4 H=R:e
gel&0lA 72kD(pro MMP2)2t 62kD(active MMP2)OI A & 018 2 QO OH, MMP92
24 0{2= 92kD(pro MMP9) 2t 82kD(active MMPO)Oll Al 2018 4= QICH.

BX, VSMCOl 2 AEZS Xclott 48AI12F HHE HHYHS =Fe S
supernatantE F o 0.8%2 gelating &Jtgt 10% SDS—polyacrylamide gel0il
ZHIE AI2E Mot 120V 2 4TCOHAM S5AI2t ¢ &MIIFsS ot E =0l
2t F gelE 2.5% triton X-10022 A 20AM 30228 23 MEAIZ2ZM
SDSE HJotll, 33X SF=x==Z2 1At 32 MEHGIALH NEE gel2 MMPE

StA
E

ZnCly, 0.02% sodium azide, 1% Triton X-100)2 37

0

ol
=

HT

ORI E2Hot0 gelS &QIGHALH band®l
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ASHAID1D] 26l developing buffer (50mM Tris—HCL, pH

, 1% Coommassie blueZ2 Z@MSH F destaining buffer&

7.5, 5mM CaCl,, 1uM

= O}

[ W—

Bt

[w

=

(-
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010
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[

gelatin bandJ}

= of

3Jl= laser densitometryE
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lll. Results

l-=1. HIEE DIMSX Az 24

ol DIMEBX 822 =2 FE48 ¥ =8 st 248 Z1 (table. 1)

Sttt =22 A22 U = 0IMEXE &5 Az Fd=0s 1652

tat4=A 5 (polycyclic aromatic hydrocarbons, PAH), 7Z9| Atst=l [}

Cletetar=ErS
BtetSFEES A2 (oxy—polycyclic aromatic hydrocarbons, oxy—PAH), 19&29

CI2I2=2 Al4tE (dicarboxylic acid) ¥ BFAKIIE (Carboneous)Ol ZEEH UA

Ch. gt CIotESARMEE Mdtd HWRES RiirI)I2&8=201 SS120 SWI
o diEcecz O =2 sk EZEgotd URULL PAHRS FE2 SWis

20.43ng/m® sSE2 2.76ng/m30! SS10l HIGH 7.4H =2 s£2 8256t AUOH,

Oxy-PAHR Q BtARIIZE DI&IIXZ SW12 6.80ng/m° 13.36ng/m®2 s=2

K
$0
010

W12l 1.57ng/m?®, 9.23ng/m® B+ 22+ 4 301, 1.5 52 SEE &R6t1

o
Jon

FOIGH A L.

15

Collection @ chosun



Table 1.Components of Ambient particulate matter (SS1, SW1)

SSH SWi1
ng/m° na/ml ng/m° ng/ml

PAHs
Phenanthrene 0.09 0.36 2.44 9.84
Anthracene - - 0.23 0.93
3-mp 0.02 0.08 0.23 0.93
2-mp 0.03 0.12 0.29 1.17
9-mp 0.03 0.12 0.20 0.81
1-mp 0.02 0.08 0.28 1.13
Fluoranthene 0.23 0.93 2.78 11.21
Pyrene 0.23 0.93 2.03 8.18
Retene - - 1.31 5.28
Benz[a]anthracene 0.24 0.97 0.98 3.95
Chrysene 0.17 0.69 0.90 3.63
Benzol[b]fluoranthene 0.41 1.65 1.41 5.69
Benzo[k]fluoranthene 0.25 1.01 1.16 4.68
Benzo[e]pyrene 0.20 0.81 0.93 3.75
Benzo[a]pyrene 0.21 0.85 1.00 4.03
Indenol1.2.3~ 0.04 0.16 0.39 157
Dibenz[a,h]anthracene 0.05 0.20 0.47 1.90
Indeno[1,2,3—-cd]pyrene 0.17 0.69 1.43 5.77
Benzolg,h,i]lperylene 0.16 0.65 1.07 4.31
135 tpbz 0.13 0.52 0.1 0.44
Coronene 0.07 0.28 0.80 3.283

Total 2.76 11.18 20.43 82.37
Oxy—PAHSs
1,4—Naphthalenedione - - 1.12 4.52
9,10-Anthracenedione 0.47 1.90 1.37 5.52
9-Fluorenone 0.37 1.49 0.67 2.70
Perinaphthenone 0.73 2.94 2.38 9.60
Xanthone - - 0.47 1.90
5,12-Naphthacenedione - - - -
g%r;]ze[a]anthracene—lm— B 3 0.79 319

Total 1.57 6.33 6.80 27.42

16

Collection @ chosun



Table 1.continue

SSH SWi1
ng/m° na/ml ng/m° ng/ml

Dicarboxylic acids
Oxalic acid 108.59 437.83 55.99 225.75
Malonic acid 49.73 200.51 20.54 82.82
Succinic acid 68.68 276.92 40.22 162.17
Glutaric acid 8.55 34.47 11.70 47.17
Adipic acid 4.01 16.17 6.87 27.70
Pimelic acid 2.54 10.24 4.79 19.31
Suberic acid 3.84 15.48 1.56 6.29
Azelaic acid 13.34 58.79 21.88 88.22
Sebacic acid 2.42 9.76 4.05 16.33
Undecanedioic acid 2.52 10.16 3.43 13.83
Maleic acid 1.77 7.14 4.57 18.43
Fumaric acid 1.69 6.81 1.96 7.90
Methylmaleic acid 2.49 10.04 4.17 16.81
Phthalic acid 17.39 70.12 34.21 137.983
[so—phthalic acid 2.25 9.07 4.68 18.87
Methylmalonic acid 1.52 6.13 1.67 6.73
Methylsuccinic acid 4.40 17.76 7.84 31.61
2—Methylglutaric acid 2.05 8.27 2.50 10.08
D—-malic acid 16.05 64.71 16.55 66.73

Total 245.94 991.63 141.68 571.25
Carboneous
ocC 5.20 20.97 7.83 31.57
EC 1.82 7.34 1.96 7.90
WSOC 2.20 8.87 3.56 14.35

Total 9.23 37.22 13.36 53.87

* OC : Organic carbon

« EC : Elemental carbon

« WSOC : Water—soluble organic carbon
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Fig 1. Effect of ambient particulate matter on VSMCs migration

(A) Transwell migration of VSMCs induced by SS1(X4) and SW1(X4). Control
group was treated with DMSO. Positive control group was treated with DMSO and
PDGF 2.5ng. The migration assay was performed 24 hours later in a chemotaxis
chamber for 24 hours with a polycarbonate membrane coated with DMEM
(containing 10% FBS) and designated concentrations of conditioned medium in
the lower well. The cells migrating to the lower surface of the membrane were
examined original magnification X200. (B) Five different areas of migrated cells
were counted for each data point (n = 5). The asterisk indicates a significant

difference (*p<0.05)
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(A) + NAC 2mM
H,0, SSi SWI SSH SW1

100uM

Control

X
=

DAPI
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H *
%
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(B) R
3 507 O control
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€ 25 O H: 0:
8~ 204
Q3 O ss1 x4
C «© 4
8§~ 15 ol H swi x4
w -
s 10 B ss1 x4
RN ] + NAC 2mM
v B swi x4

—

Fig 2. Effect of ambient particulate matter on ROS generation in VSMCs

(A) Intracellular ROS generation of VSMCs induced by SS1(X4) and
SW1(X4). The effect was removed by NAC(ROS scavenger 2mM). Generation of
ROS in VSMCs following 1hr exposure to vehicle control vs SS1, SW1(X4) using
H.DCF-DA as ROS probe. (Control group was treated with DMSO. Positive
control group was treated with DMSO and 100uM H,O,.) ROS production was
observed at the X60 magnification. (B) These experiments were performed at

least two times with similar result (n = 2), *p<0.05 versus the control.
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lI-4. CHOl OIMISXIOF MMP2l 280l OIXle S

MMP= VSMCSl 0Olslt B8 FAAI= H8E=2 SDNEJACHT7, 9, 10].
Lt MMPE Ed4AE (ROS)N 2ol REECle 211[38-43]2 HIE22 D

OIMIZ XIS =0 28t VSMC2 &0l SE MMP2l HHEHE =1t 435t =&

HotRM, Ol CHE ROSS| Hets =0Qlot)| fIot0d ROS SAMAMEL NACS =
Y& T ALGHRICE Ol SS1, SW1E 22t X10, X4, X22 Xcl8t = 48A12H0IA 2

ImmunoblotE 018 && Z3t SS1, SWIE Xclgt AZUAM2l MMP2t
MMPOS| HHEHAl ~ZF0| & 2E=Xoz SHAECSZ RS SItatALH (Fig. 3,
Fig. 4). Gelatin zymographyE Saolt0d &0Ist MMP22 43t +=ZHANZ SHH
o2 ROt BIIE BR/ACH (Fig. 5). 01218 I NACE 2mM &Ml ot
M SS12] &< 30%Jt, SWi12 &= 0|018 =F22 2AZJUCH (Fig. 6). £&
gelatin zymographyE 0|8t & Z 1 VSMCS MIZERJ/&E Zols42l MMP22
gelatin &0l =20l SS12 SW12 HMelz ol ZSItatol el SAHAECI XH0IE

SOIGHACE (Fig. 7). OI01 CHEN NACS &It= SWio ZRUAL RoANCZ Lt
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(A) L —— e —————— MMP?2
‘m p-actin

Cont. POGF x10 x4 x2 x10 x4 x2

(In cell lysate)
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(8) z 10
3 * * O control
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2c
946’ O X10
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P \ £ ok O xa | ssi
29 H B x2-
§£ 1 *
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ﬁ ) B xa | swi
B x2-

Fig 3. Effect of ambient particulate matter on the expression of MMP2 in VSMCs
(A) The expressions of MMP2 proteins were measured by western blot. The
band density was normalized with B—actin (internal controls). The total protein
loaded per lane was 70ug; detection of MMP2 and loaded per lane was 15ug;
detection of B-actin. (B) Histogram showing average data for MMP2 protein in
the control, positive control and the treated each sample (SS1, SW1) in dose—
dependent. Densitometry analysis of three independent western blots shows

guantitation of MMP2 levels (n = 3). *p<0.05 versus the control.
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Fig 4. Effect of ambient particulate matter on the expression of MMP9 in VSMCs
(A) The expressions of MMP9 proteins were measured by western blot. The
band density was normalized with B—actin (internal controls). The total protein
loaded per lane was 70ug; detection of MMP9 and loaded per lane was 15ug;
detection of B-actin. (B) Histogram showing average data for MMP9 protein in
the control, positive control and the treated each sample (SS1, SW1) in dose—
dependent. Densitometry analysis of three independent western blots shows

guantitation of MMP9 levels (n = 3). *p<0.05 versus the control.
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MMP2
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(B)
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%? O X101
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N 5 15 1 T O xa
al
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3 X
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Fig 5. Effect of ambient particulate matter on the activity of MMP2 in VSMCs

(A) The activity of MMP2 proteins were measured by gelatin zymography.

SS1

SWI

Representative zymograms showing the effects of SSi

dependent) on inducible MMP2 activity after 48 hours. (B) Histogram showing
average data for MMP2 activity in the control, positive control and the treated
each sample (SS1, SW1) in dose—dependent. Densitometry analysis of three

independent zymograms shows quantitation of MMP2 activity levels (n

*p<0.05 versus the control.
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(A) T — — — ——_—— MMP?

_—

Contr. H,0,  SSI SWI Sl SWI

(In cell lysate)
x4 x4 x4 x4
+ NAC 2mM
(B)
° 6 - *
2 *
< -I- * O control
S~
S£4 * Ot o
o
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3 R [0 sst xa
=7 SWI X4
252 O
S~ W sst xa
= :l I NAC 2mM
5 |_| Bswv xs

Fig 6. Effect of ambient particulate matter with NAC on the expression of MMP2 in
VSMCs

(A) The expressions of MMP2 proteins were measured by western blot.
VSMCs were treated only DMSO (control), 10uM H,O,, each samples (SS1 and
SW1, X4) and each samples with 2mM NAC, respectively. The band density was
normalized with B—actin (internal controls). The total protein loaded per lane was
70ug; detection of MMP2 and loaded per lane was 15ug; detection of B—actin.
(B) Histogram showing average data for MMP2 protein level of the each lane.
Densitometry analysis of three independent western blots shows quantitation of

MMP2 levels (n = 3). *p<0.05 versus the control.
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MMP?2

Contr. H0p  SS1  SW1  SS1 SWI
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B
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>
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2 D control
23
s 11 M OH o
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& 3 [ sst x4
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SWI x4
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I B sw xa

Fig 7. Effect of ambient particulate matter with NAC on the activity of MMP2 in
VSMCs

(A) The activity of MMP2 was measured by gelatin zymography. VSMCs were
treated only DMSO (control), 10uM H,O,, each samples (SS1 and SW1, X4) and
each samples with 2mM NAC, respectively. Representative zymograms showing
the effects of SS1 and SW1 (dose—dependent) on inducible MMP2 activity after
48 hours. (B) Histogram showing average data for MMP2 activity level of the
each lane. Densitometry analysis of three independent zymograms shows

guantitation of MMP2 activity levels (n = 3). *p<0.05 versus the control.
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Fig 8. Effect of ambient particulate matter with NAC on the activation of Akt/ERK in
VSMCs
(A) The effect of SS1 and SW1 on the Akt and ERK phosphorylation with
2mM NAC. The total protein loaded per lane was 50ug; detection of p—Akt, p—
ERK and detection of Akt, ERK on equal membranes. (B) Histogram showing
average data for p—Akt and p—ERK level of the each lane. Densitometry analysis
of three independent western blots shows guantitation of MMP9 levels (n = 3).

*p<0.05 versus the control.
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Fig 9. Effect of ambient particulate matter with NAC on the activation of NF=kB in
VSMCs

(A) The expressions of NF-kB (p—p—65) and B—actin (as an internal control)
proteins were measured by western blot. The effect of SS1 and SW1 on the NF—k
B (p—65) phosphorylation with 2mM NAC. The total protein loaded per lane was
50ug; detection of p—-p-65. (B) Histogram showing average data for p—p-65
level of the each lane. Densitometry analysis of three independent western blots
shows quantitation of NF-kB (p—65) phosphorylation levels (n = 3). *p<0.05

versus the control.
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