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Mechanisms of Siegesbeckia Glabrescens-induced Smooth Muscle Cell
Apoptosis: Role of INOS and PKCa

Seung Yeul Lee, Soo Young Jun, Jong Bong Kim, Hyo Oil Jang, Gil Whon Kim, Heung Mook Shin*

Department of Physiology, College of Oriental Medicine, Dongguk University

We have recently demonstrated that Siegesbeckia glabrescens(SG), a herbal medicine, induces apoptosis via
nitric oxide(NO) production in human aortic smooth muscle cellstHASMCs). However, the molecular pathways involved
in SG-mediated apoptosis are not fully understand. In the present study, we investigated the cellular mechanisms of
SG-induced apoptosis in HASMCs. SG induced NO production through inducible nitric oxide synthase(iNOS) induction.
The apoptotic effect of SG was attenuated by L-NNA, a NOS inhibitor. In the presence of L-NNA, the degradation of
procaspase-3 by SG was inhibited. SG treatment induced a decrease in Bcl-2 expression but did not affect the
expression of Bax. In addition, SG treatment evoked both down-regulation of PKC a and inhibition of PKC a
phosphorylation. These downregulations were reversed by addition of L-NNA. It seems likely to be a downregulation
of PKCa due to long term treatment with PMA. Taken together, these results suggest that apoptotic effects of SG may
be due to NO production via INOS mRNA expression. Furthermore, Bcl-2 and PKCa downregulation, and caspase-3
activation may be involved in the mechanisms for apoptotic effects by SG.
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1. M=

SloF ZEEO AREE ME(ILR) 200gS round flaskol]

Wi, 284 1,000m 715l 347 71 AEd

AR Z AL, 0] A
1 BF x5l 222859

%%
£ rotary evaporatorZ ZIt
TEE gt
2. ¥

1) AEdHQE

Human aortic smooth muscle cell (HASMC)& 37T, 5%

CO, Wi7]ollA]  10%  fetal 1%
penicillin-streptomycing E§+5l= Dulbecco’s modified eagle
medium(DMEM, GIBCO BRL) MR E miQ¥slqict. 2+ MEs
90% AL X3 ul, trypsin-EDTAE A28 A i
ZZ5I ALESBISATE

2) NE B&EE 5F

Mz YEE2

bovine  serumi}

Foh &

12 ol8

XTT assay 2 & 0]836I® D} 96 wells plate
of] cell (5x10%ells/1000)S E-FBIIL 244)7} QFESIAIZ] & serum
free media® 24A)17} BHBIYCE A, NG-nitro-L-arginine
(L-NNA; 10*M, Sigma), PMA(10°M, Sigma)Z 74z} = H
REIEId 24A)17F BTt Welled 50409) XTT(Roche, USA)
£ A3l AlZrE(dhr, 8hr, 12hr W 24hr) HFSES ELISA
reader(Bio-tek instruments EL321e)E O] & 490nmollA] SBLL
HIE SZek i ot X YEgS WES(R)E &
AlGHAEY. Ado] 7l EEEE BHo) fdkd Mz W
A E Zo] sl R FH dETe E2LE vln - BF
sl AE NESS WEE(%)E FEAISIICH
3) Nitric oxide &3
MEZ kol SXHFE NOY Griess 2119

ELISA reader (Bio-tek instruments EL312¢)Z &L
2Act. 24 wells plateot] 1x10 cells/mlg BFEHIL 244

2, serum free media® THA] 24A17HES v FBIQICT. 8
2, L-NNA(10™M, Sigma), PMA(107M, Sigma)E 27}
A HGEL 24A17F B9 weF &, ZF sample2HE] oI E
E-tubeo] ZZiTh TS tiAE 9% wells plated]] 50u04] BFS
3 50409] 1% sulfanilamide in phosphoric acidE &7}SIACE
Shakerol4] 1027} 8ISA7) M) 50409  0.1%
napthyl-ethylendiamine dihydrochloride® &5
1087} Ej_]"a‘ Al7) Z ELISA readerZ A5700)A] &2
%EE SLE 7IECR
Asla] Akl e, 2H Al 7]
AMESIATH

A=
ks

rgL

-

sodium nitrite]

re

4) Western blot

HEo| 8@ £EE, L-NNA(10*M, Sigma), PMA(10'M,
Sigma)Z 24A17} E¢F 2t2} 7 Aelgh &, NP-40g =gt
Bh= RIPA buffer (20ug/m¢ NasVOs, 10ug/mé leupeptin, 104g/
m¢ aprotinin, 1yM PMSF)& THIZS

T EE

L= &
— a8

Z&E3S H Lowery

method(Bio-Rad kiVE 0)23kad AEsluict”. BE & 75%
(PKCa, p-PKCa, ERK1/2, p-ERK1/2), 12.5% (Procaspase-3)
SDS-PAGE0] 9ldl THRZEE 22|56}, nitrocellulose membrane
O transfer ¢+ &, TBSell =01 3% nonfat dry milkEZ 9050t
HHEA1Z30) 212 dry milkel] =1 PKCa (Upstate), p-PKCa
(Upstate), ERK1/2(Santa Cruze), p-ERK1/2(Cell Signal),
procaspase-3 (Alexis) antibody (1:1000)0] 602 &t WISAIZd
cl. TBSTE Al&(10minx3)5}1, horseradish peroxydase-
conjugated antibody@} ECL kit
Biosciences) & WAAIZACYE. $1E=9] density= densitometry (Gel

secondary (Amersharm

pro 3.1)oll ot FFHSINA
5) RT-PCR

UHSH ST E (1x10° cells/ml) WILYE M Tol 5E Z&5,
L-NNA(10M, Sigma)Z H#Z] Al7F EQF 242} = 8y Ae)

o =

HH%}O]’)\)\
(Molecular Research Center, Inc)E& T5IY

. BiAIE AASE %, 500u¢ TRI reagent
Al
 d2olAl 58 HPEMZ&‘D}
MZo] Tigt ohg, invertingd}
T 48 §F &, 12,000rpmofl A 15271 4T
HEHS150u0) FoiHtt. FHax
25044 isopropanol& St CHE CHA] invertingT} vortexing &
2, 22olA] 10250 BHEAIZAC). 12,000rpmoi 4] 8827 4°Coll
Al AREE] &, AE0Z w7 £} 50048 75% ethanolZ T
£ OF51A vortexingE SIACE 7500rpm01]/d 5‘='59_P
2 & HEICHS 423 E air dry Al &, Z} &
08] DEPC-treated waterZ [HEI3T} 1.0%9) geloﬂ 7+
sampleo]] 0.54¢ loading dyeZ T35l 34 E loadingdlod
RNA7} BEEIQ=A 2015199 c RNAZRE cDNAE
8 thEel RTZ A3k MEE 148 oligo dTS} 248
220 2409) RNAZ B8 TH2 65°CollA] 527, 8 coﬂH
7 HISAI7) &, METE 0540 RT, 0540 RL 140 10mM dNTP, 4
u0 5xReaction Buffer, 9 D.W.Z TI&}C). 42CTollA] 1417} 9
5Co)A] Heat inactivation A]7] %, PCR & E 4+
PCRE S fla) TH3Q primerE 6T INOS-
[forward;acatgggcacggaaattggg, reward;ttgccaggggagtctcagtt]18’,

==
pipetting &, E-tubeZ #3]
100409}
vortexingE 158 %
Al Al Eelsod

chloroformg 2z}
A Zaio)
S

Lusd

=)
[e) j=1
aye

Q.
3 yzoe

PKC a-[forward;cgactgtctgtagaatctgg, reward;caccatggtecactccacgte] ™,
Bel-2-[forward; gacaaccgggagatagtgat,

actcaaagaaggccacaatcc]20), Bax- [forward;accaagaagctgagegagtgtce,
] 21) ,

reward;

reward;acaaagatggtcacggtctgcec
GAPDH-{forward;ccatggagaaggctepee, reward;caaagttgtcatggatgacc].
0.54¢9) RT producto] 0.2u¢ tag, 2.540 10xReaction Buffer, 1u¢
10mM dNTP, 240 primer, 18.84¢ DWE TS g, th29 &1
OF PCRE 48313t (Solgent, co.)

95C 2min, 95C 20sec, AT [iINOS=40T, PKC a=58T,
Bcl-2=45TC, Bax=52C, GAPDH=59C] 45sec, 72°C 1min, 72C
[INOS and Bcl-2 and Bax=10min, PKC a and GAPDH=5min].
1.0%2] gelo] 5-100E loading®t ¥, EtBrz 4 & 7o)
loading¢t standard Markero] 9J8] 2ARYE ZQIGIICE
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1. $3%9) BEZHZ oigh M=ZArE 53
SEZ et a2z hke sTE, AEE

AzIgh &, ot $imE AW XTTE Sd A=l theh

N ZAE EHE DESIICE Fig. 1A0148} Zo] 5i%9) Hejol
s MEQ 425, cytoplasm E5HOZ HZ7F 24 WL,
HEE Atk I XTTQ AW #%2 =% 2
AAGA AA B e 03mg/ml 014
(Fig 1B).
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Fig. 1A. Morphologic changes in HASMCs by SG. The cell lines were
incubated with SG for 24h in DMEM and cbserved by using the phase contrast
microscope. Magnification X 100.
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Fig. 1B. Antiproliferative effect of SG on HASMCs. Cel lines (5x10*
cells/miy were incubated in the different concentrations of SG for the indicated periods.
Cell viabity was measured by XTT assay as described in Materials and Methods.
Values are mean +SD, n=8 * p<0005. ** p<0.001 as compared with the control group.

2. iNOS mRNA 215S E3t 4§79 NO AM
§i%0) B Zol thgh M EZAMEES TUNEL stainingS
St M Z 30 =& B, TdT 2AY DNA ZAghl Qg &
b A 0] dARol ,]o}o:l apoptosis7} Z01F|9} O, apoptosis
o] o] NO7I Bodsh= RO vk, Apoptosisol] £
659 NO 458 554 (01, 0.3, 0.5, 0.8, 1.0mg/ml),
1(5, 10, 30, 60, 1440 &; 0.5mg/ml) NO? W&o 7] %5k
B AN S BT AEHOZ NOTY BEg E7RI%S
NO? 842 05mg/m9] Fi% £E2 Mgl 5288 Frislo

A&Ee 2Ae 8 4+ AATHFg. 2).
E/I apoptosis FToll #Gh= 5% 2] NOGHo]
ZAQIAIE RT-PCRE Edlo] #&s6Ieirt. Fig.
2CollA Bt} 2ol iINOS mRNAS] BFH 2 #7419 ARl 9

ol A ] 24A17WHA) A &E ATk

i)
fot
r
é

3. L-NNA7} #i% 9] apoptosis, procaspase-3 & iNOS mRNA
slof nlx|= gt

figol oo HEREMEO] apoptosisy} iINOS 4 S EdH
NOQ| 881 ¥do] ALEE o]F #1517 918k NOS Al

3t AT HBZMEY apoptosis FL

Aol L-NNA X2)7} M Z A}, western blot B procaspase-3 T+
WA 2 U INOS mRNAY FEAL Wale] niXs Jge
XTT, western blot 2! RT-PCR E43of] Ql5}d @EsIRIC I 2
3} L-NNA(10*M)= fizol 98t MIZARE 3} procaspase-3 2ol
E A3lEICcHFig. 3A and 3B). £ L-NNAE fiZol 98} iNOS

mRNA @S F6HH AsIATFig. 30).
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Fig. 2. Effects of SG on nitrite(NO'z) production and INOS mRNA
expression on HASMCs. (A) Dose-dependent increases of nitnte. HASMC was
treated with different concentrat \on of SG for 24 hr. (3} NO* production at the
indicated time peint. HASNC was trected with SGIG5ma/mb, n=4 <005, ™*p¢0.001
as compared with the control group. (C) Induction of INOS mRNA 11 HASMCs at
indicated time point. Total RNA was isolated from HASMCs treated with LPS(10ng/mb)
for 1 hr, and SG(05me/ml) for 5 10, 30, 60, 1440 mins and analyzed by RT-PCR to
measure MANA for INOS and glyceraldehyde-3-phosphate dehydrgenase (GPADH) as
descrived In Methods and Materials. LPS was used as a positive control for INOS
expression, n=3.

(A) (B)
- 20 SGHANA SG I —— — - n.-v-t
® SGHL-NNA _ = ettt ettt
§ ® Actin Ot S & e W
':5 ® Con 01 0.3 05
'3 © (mg/ml)
p. 1]
0 GCon a1 03 05
]
©) LPS + - - - - -
SG(mg/mi) - - 041 0.5 0.1 0.5
L-NNA - - - - + +

iNOS mRNA —

GAPDH —

Fig. 3. Effects of L-NNA treatment on SG-induced cell apoptosis,
procaspase -3 degradation and iINOS mRNA expression. (A Inhibiton

of SGrinduced cell apoptosis. (B) L-NNAUIO™N) inhibited procaspase-3 degradation by
SGA (C) Inhibition of SGinduced INOS MRNA expression by L-NNACIOM) in HASMCs.
HASMCs were incubated with LPS (100ng/mi) and SG (0.1, 05 mg/mi) in the absence
or presence of L-NNA for 1h. n=3, "p{0.05.
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4. §i%0] apoptosis FE U FHAL Wdle] viX]e= Gk
8|9 HET ME apoptosis S0 Bojdl= ARG &

AR} B0 WEE RT-PCRE E8) sllsKAC) #%2 55 9&

HOF Bal-20] WHES ZAAA 1.0mg/mlo] STolA &H5] o

HMAIZITE  Z8du) Bax9) wislol= G8g XA EUTHFig.
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Bax
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Con. 0.1 0.5 1.0 (mg/ml)

Fig. 4. Expression of apoptotsis-related genes in SG-treated cultured
HASMCs. HASMCs were treated with SG for 24 hr in the different concentrations,

5. §i#0] PKCa 2 phospho-PKCa ol m|x]l& gak
PKCE M2 &7 W 2o LE}E} M H7 8 2ol

CiSH M ZQ) HISE FEdhes Al SQ3 &8
St #4%9 HETMES] apoptosis FEAl PKCad) %H’é_
AEDI) A3 #HES 24417 SEEE HIFH & Western blo
E3] PKC a Y phospho-PKCa o] 812 BABINICH
T 9J&EXOF PKCa$} phospho-PKCa 9] tiuzl
SIQICHFig. 5A). B PKC a9) mRNA $Eo] n)3E
10,

#
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8171 951, 0.5mg/mlY) f#zg AIZMIE AHE] 5, 1440
min)5ld 7 AME RT-PCRE Edl mllsict KC a
mRNA W8 & Ao wet fshH Z4aA12drFig. SB).

A) PKCa
p-PKCa

Con 0.1 0.3

0.5 (mg/mé)

8)
PKCa mRNA —>§ -

GAPDH —

5 10 30 60 1440
min

Fig. 5. A, Representative Western blot for PKCa/p-PKCa protein
expressmn levels and PKCa expression by SG in HASMCs.
Activation of PKC a was assessed with a phosphospecific antibody for PKC a on
whole cell lysates. HASMCs were treated with SG for 24 hr. n=6. B, Expression of PKC
a in HASMCs treated with SG (05mg/mlh at the indicated time point. Total ANA was
extracted from tre cells and reverse transcribed in'o cONA. The CDNA was subjected to
PCR, and the PCR products were electrophoresed on 1% agarose gel and visualized by
ethidium bromide staining. GAPDH was used as a control to confirm equal loading of
MRNA In each well. n=3

Con

6. L-NNA7} §##%9] PKCa, p-PKCa 2H4 4 PKCa mRNA gt
glofl PRl gk

%] apoptosis S EA] PKC a & p-PKCa 8] &7}
NO pathwayell 2Igt ZQIAE 2015171 {161 L-NNA A2| =
PKC a, p-PKC a % PKCa mRNAY H3E THABIACL
L-NNA(10*M, 24hr)= #i %0 918 PKC a9} p-PKC a2] 4
MZ FO8H A GIACHFig. 6A). 12t L-NNA(10°M)Q] &

2|(1A17HE PBFET A9 PKC a mRNAS] w8l g o6t
oL}, #izol 98 PKCa mRNA W69 Zaols G8g v

ZA @282 RT-PCRE &8l EQI813ICHFig. 6B).
(A)
PKCa
p-PKCa
Con 041 0.3 0.5 (mg/me)
+L-NNA(10“M)
(B)
+L-NNA
0.1
PKCa mRNA
GAPDH

Fig. 6. Effecs of L-NNA (10°M) on PKC a and p-PKC a protein

expression (A), and PKCa mRNA expression (B) by SG. HASMCs

were treated witt SG plus L-NNA for 24 hr for PKC a and p-PKC a protein expression

and 1h for PKCa mRNA expression. n=6.

7. 5% 9 L-NNA7Z} ERK1/2 of v|X& gt
Mitogen-activated protein (MAP) kinase= 4] SHEH ol A]

Qs eheidolm A28 M7, B3} Y apoptosisd]

12 Bict figol e apoptosis® ERK1/29) & ER1IGIA
. ER Kl/z‘— i B 5% LNNA 4] AElo: /st
7} AACtFig. 7).

o ongk oy

Con 0.1 0.3 0.5 (mg/mé)
e egr—

SG+L-NNA =« suwos SRS v

ERK1/2

140 SG

:J SG+L-NNA
120 |

100
6
4
2
0
) mg/ml )

Fig. 7. Western blot analysis of ERK1/2 expression by SG in the
presence or absence of L-NNA(10™M). n=6.
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ol g a7 5} g A, B
Zolanel 285 AAVYY B4 L FVBHS A ZoiK

SS9 apoptosise HHSUASL) @ AN
Q3 AFCIAIRl ZAJ0l”” restenosist} vascular remodeling
9] intimal hyperplasia& SAol= Ha& 71X L AQ??P. Bk
NOE gl thst platelet®} monocyte®] adhesion} migration
2 Mook = FUFIZ MEY FAS QMY ABT
olAl cGMPZ 4] ZIHZOZ caspase S AMEFEMN
apoptosis& AP, LET9 NO=  macrophage,
chondrocytes, fibroblasts®} smooth muscleZ Z S CleFsH Al
EolA| apoptosisE FTeITt 0] S NOE GMPH|EH
22 yzof’®  NO= peroxynitrite’} DNA £48 R
p53E SH3} AIAORA apoptosisE RESICIL ¢Eid AL
LY NO §19] Haksl 715 2yshA Wi A Ytk

0]H9] ¢FollAl, TUNEL staining®} procaspase-32]
degradationS Edl #i#0] BE apoptosisE FE3M o] I}
Holl NO7} BASS B8 vl QTP 2L} #%9) apoptosis
FEAl NOg &gty 71/ A3 7= UAA gk 2 4
gojAle £i7%9) INOS REE &¢ I 559 NO #4o] PKC
o ®H Bal-29] WE g Axgld BEZAEY apoptosisE 7
g IS

NOE guanylyl cyclaseE 2J31R17] 1L cGMP 8HIE &7}
A duolee |ESY, SV 715 0190 adhesion
molecule®] WA, HEZAEY HA W FF(migration)9
AXE Edlo & 5ME s anti-atherogenesis)® G3& 7IKICh
B3 wsk NOE ARt TEQF (SHR)o) QoA AEmitE 7
AT, ATMEY apoptosisS ERIETOZA] remodeling
o] & vl

£579) NO WM 55 QZF(0.1, 0.3, 05, 08, 1.0mg/ml)
o01RALm, 05mg/mee] FTollA] SR A MY oF 80%E
LVIElUo] 3020l 21 44 HACL oIttt A s, Al
Zr8 NO? 484 2 apoptosisi= 41°09] (AT} LRSI

NO 440l B nitric oxide synthase(NOS)E A 7HA)
SEE  L-arginineE25E  A8¥ch  ZA
inducibleZ L} ™, constitutive:= FZ I A EoA] 2bAEH
e A8 G40l eNOS, 4lAAMZol Z5E ncNOS 8l
endotoxino]u} cytokineoll 28] RIx T thEE macrophageS}
smooth muscleo] Bo] BEFI1 WA Zols HE iINOSE F
M50} AP, o] M 71X A BT L-arginine analogue
NG-nitro L-arginine(L-NNA)oll €&} &4o] A Ec}.

S Nishio 878 1559 Zxgol] 93 g BaIA
ZolA] INOSE] uFs 47t PKC Sxxol dlol 3E8&E Hil
I, ol PKCY HA|7H INOSS e &7 4= Ut
7ted g AL E gl 2xhl SERYEY HY g8

e

constitutive@}

Ol

rr

o4l opME SR ol o] Zasky’™ PKC AH A
o g5l FEFEUD, ol= Yhydlal PKCO 57}
cNOsg] wElolA| 9l 0141310} £718 Ed Edoldas Al Al
2 = ASG AABITET SIC

Cytokinesoll Q]38+ Ml ZAlol INOSQ SE7} Bg®, &
3] INOSE= & BE2ME, YROMIZ I Al ZollA) HY
81 A=oit P54 AFFol fale] gHEEE, MiFol INOS
mRNA &g duigcz  @HsR7IEAE
transcriptase polymerase chain reaction(RT-PCR)E &8} &5
it I Aul £F 58041 HE] 24A1ZE7HA] INOS mRNA9)
walo] X|&E o] iINOS mRNAS] W NO ddo] AR5
t}. o]& INOS negative@l HEZAEY] iNOS transfectiono]
apoptosis& RT3 B9l Zo] ke BEZMZY
apoptosis Fi= INOS €4& E¢ NOY 443 #&do] US
g A} wElAd olE E0Ig] flsied NOS AaiAl
L-NNA AZlol a8t HIBZMLY MEAIES oA /=
iNOS mRNAQ] Wwdlof plx]E @8k2 RT-PCRI} XTTA o] 9
5l BWEBIUCE I 23 L-NNAE figol Qs M=ZAlgE
iNOS mRNAS] w&EHE [OsHA At H caspasei=
apoptosis O1H TMEE 2355l  apoptosisE  FEEHH
caspase-3% 224 FElE SAohl Ed35H apoptosisE
T3 fizEol Ol caspase-39] ML L-NNA(10*M)Y) AE
ol 95t ARIFULE olate] AMERE ##S] apoptosis 1
T = iNOS mRNA 28 ST E E3F NO9 443 caspase-39]
gyo] doghs o 4= QUrk

¢HH apoptosis ol sk ASHE FHARL
iz 0] H3lol nX]e= @S RT-PCR1Y western blotE Edf T
#5193t Follicular lymphomaollAl HS22 wWHE Bd-2&
apoptosisZ AH|GH= nIEZE=E|ol &Y anti-apoptosis T
Aot} o]gigt Bel-29] anti-apoptosis £ pro-apoptotic Tl
201 Baxoll 9al AMEM, Ba-2 & Bax®l MIZEUY H|80]
apoptosis FEE AFAECY™. Sl Bd-2Z overexpression
A7) M Zo)A PKC a EO)F AIA0) Go 69762 Hz) Bel-2
wsio] Zhaol 93] apoptosis7} SEPCIL BE HE ok
fig2 MZQ apoptosisE Blolghz Bd-29] WolE sk &
HOog Z2AIA 10mg/mlo) sEojk BA5| AHBINUCE 1
Lt Bax9] wdlolle GEkg nlA]A] LUTE

Protein kinase C (PKC)i= A7 2 TlIefst MZEQ A15H
SAolA] EQE QIS Sl serine/ threonine kinaseE0]C}. A)
279 & 11789 PKCHt B8R e A A 71X E L o]
it AR, 2 JEX §40Q) conventional, ¢cPKC (a, 81, B
0% y) 2/, 2 819EX G491 novel, nPKC (5, ¢ 1, ©) A
7, phorbol esterdfl ¥1E3}A] @t atypical PKC(, A/y) el
YA Z 2ol 81517 PKC-uE protein kinase D family2} 7725
087 SAMS AL YrP. 2129] PKC isoformsS R Tl
NEH B 8 7)12 Eoldg 71y, ol2idt AIRES 4]
Woll A isoform E0]F 7)350] EAErE LAIBIF . Harsdorf
=69 o)5H smooth muscled] A= PKC q, B, §, 3, £0] 3

reverse

2|

ofm gk

B

i

~
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Hu, H:0,9] PKC S5 3IE Qg BEZMEY apoptosisE
TAl B, 6, 19 AA] M3t &dslols HEE /IRl PKC
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