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ABSTRACT

Objectives : The proliferation and migration of human aortic smooth muscle cells (HASMC) in
response to activation by various stimuli plays a critical role in the initiation and development of
atherosclerosis. This study was conducted to examine the effects of Nelumbo nucifera leaves (NNL)
on the proliferation and migration of HASMC. Additionally, the mechanisms involved in any
observed effects were also evaluated.

Methods : Apoptotic cells were measured by staining with FITC-labeled annexin V, followed by
flow cytometric analysis. The expression level of apoptosis related proteins was confirmed by
western blot. And MMP-9 activity was measured by gelatin zymography and MMP-9 expression
was measured by ELISA

Results : NNL completely inhibited the proliferation of HASMC via induction of the expression of
apoptotic proteins including annexin V, cleaved poly ADP-ribose polymerase (PARP), and caspase—3
and -8. NNL treatment resulted in the release of cytochrome c into cytosol, a loss of mitochondrial
membrane potential, a decrease in Bcl-2 and Bcel-xL and an increase in Bax expression. NNL also
blocked HASMC migration via suppression of MMP-9.

Conclusions : Taken together, these results indicate that NNL has the potential for use as an
anti—artherosclerosis agent.
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Extraction by distilled water (2000 ml, 24hrs)
Filterate using wattmann paper
Concentration and Freeze drying
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Fig. 1. Preparation procedure of extract

2) Aot

ME vl Smooth Muscle Cell Medium (SMCM),
SMC growth supplement= ScienCellAKSandiego, USA)e]
A FhstEe Aol A" Al F sodium dodesyl
sulfate (SDS), acrylamide, bis Bio-RadAHCA, USA)9l
A AL gelating 4, 6-diamidino-2-phenylinodole
(DAPD)= Sigma (CA, USA)9A, traswelle CorningAt
(CA, USA)NA 43kt Recombinant human TNF-
a= R&D Systems (MN, USA)ollA F43sI341L, 5-bromo,
2'deoxyuridine (BrdU) kit PromegaAHWI, USA of| A
]

12} 84 5 B-actin, cleaved Poly ADP-1ibose polymerase
(PARP), cleaved caspase-3, -8 Bcl-xL, Baxe Cell
Signaling Technology (MA, USA)ollA 9438153 cytochrome
c9} Bel-2= BD PharMingen (CA, USA)ollA T+t
o} 23} &A1 Anti-rabbit IgG horseradish peroxidase
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HRP)¢} anti-mouse IgG HRPE= Santa Cruz Biotechnology
(CA, USA)HA FYdstdct. MMP-99 2d% A4S
I3 enzyme-linked immunosorbent assay (ELISA) kit
= R&D Systems (MN, USA)oA Y433, Protein
assay reagent= Bio-RadAHCA, USA)olA Tdstat
Ao AFEH BE AR B4 5F ooz AME
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1) MI=Zajek

Aol Fu HE A EFEQ Human Aortic Smooth
Muscle Cells (HASMC)2 ScienCell*HCA, USA)elA
Fokdtol SMCMollA vjeksldtt 4o Alx= 37C,
5% CO; X104 w3t

2) BrdU- (5'Bromo-2-deoxyuridine) ELISA assay

3 FEES MEY FH v FEFS golrv|
93t BrdU-(5'Bromo-2-deoxyuridine) ELISA assayS
S8tk 9% well plates] 1x10"/well®] F=Z HASMC
g BTl 31 FEES TR 1K AAEE
100 ng/mle] TNF-a& A z|sle] 24X7F &<t w4
o Welld 10 W 9] BrdU labeling solutions % 7Hfinal
concentration : 10 uM)3}te] 37T, 5% CO, ¥i%7]olA 2
At T WA & TSRS AASE anti-BrdU-
POD working solution 100 ul o] 2ol A 1217+ 30&
HFS-A171t} 33] washing3}al substrate solution 100 ul
Yol 158 WkSAl7]1 1 M HoSOL. 2 whS-S AAAZ]
% microplate reader (DYNEX, Opsys MR, USA)E ©]
3te] 450 nmollA FE=e] WsE A3t AE

Age MELT BASA.
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3) Western blot analysis

A7195S Ak dA A5 FEE AEES icecold
tris buffered saline (TBS ; 20 mM Tris-HCI, pH 8.0,
137 mM NaCheg 33 A3 & lysis buffer (TBS,
1% NP-40, 1 mM sodium orthovanadata, 10 ug/nl
aprotinin, 10 wg/nl leupeptin 2 1 mM PMSF)Z %o]
4TCA 30E7F A7) 12,000 x goll A 1087 94 &
ol AS5de Bt FYS ko] TlES sodium dodecyl
sulfate—polyacrylamide gel electrophoresis (SDS- PAGE)Z
227 & ES pitrocellulose membrane®] transferd}
Ak ©] membranes FA L] HIEo|H AFE A3
&3} blocking buffer (5% non-fat milk$} 0.1% Tween 20
< 3 TBS Sd)ollA 1A7E B vhSAIRL & 74
AS S digk FAE lste] 1247 9 ¥k
AZTE o]ojA 01% Tween 202 §+3F TBST &40
2 4087 A3 oL, secondary antlbodyi B A
t}. o]ojA ECL systemoZ ¥FSAIZl & X-ray film%
oA Tulds RISt 7t Alge] wd Ao

o
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Bradford protein assay kitZ AF&-3}e] 595 nmoll A &%
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4) DAPI staining

30 mm Bj%Fe] HASMC (I1X107/m)E %3 %
319 FEES FEEE AT AAYE 100 ng/mle]
TNF-aE Aglste] 24A17F 53t wiFsaith. PBSE 23]
washingd}t1l 1% paraformaldehyde® 1058-7F ]38}
HNEE 1AF S, PBSE 33 washingdtal 01%
Triton X-1002 o] 1023+ ¥H3A1A Alxzeed 1
Eol&th A PBSE 33 washingdtal 500 nM 4 S
T2 DAPIE 5871 dasit) dag e Fs3dn| 4o
2 #Fh

5) Flow cytometry analysis

24 well plated] HASMC (5X10°/mD)E kst 5 8}
4 FZ2EH TNF-o& A4AZE 3¢ A & trypsin-
EDTAE AME3t] MEE FA AEAe 3] AlA
ob~ 100 ul Annexin V binding bufferS ¥l vortexingdF
& 5 WAnnexin V-FITCE F7}sld] 158 H<t AkeoA
HkS-A)7Itk Annexin V binding buffer® 400 WS 37}
3t Becton Dickinson FACS calibur flow cytometero}
CELL-Quest Pro (BD Biosciences)E £3] 243+t

6) Mitochondrial membrane potential A

24 well plated] HASMC (5X10°7/mDE wj%st & &t
A FE2ET TNF-oE A4AZE 5 AEe & trypsin-
EDTAE ARt AIEE $A31 10 uM DIOC6 (3)=
g sted 37Tl 302 &<t stainingdt & FASC #4
ST

7) Migration assay

HASMC®] #F%52 transwell chamberE AH&-3}od]
=739tk WA HASMCOl 100 ng/mle] TNF-aE #
gt} 247wt 3 ajdAs do] NEY FFE =
3= conditioned medium H1EC}E Upper chamber?)
polycarbonate filteroll gelating coating@t & upper chamber
otel] MEE 1x10° cells/mlZ seedingdch Low charrberol
+ conditioned mediume 1 mI¥ Y& ¥ 37T, 5% CO,
Hj 1A 24X 7 ¢t s geteh ol 3 filterE 4%
paraformaldehyde 8802 1AHA7|1L PBSE F 2}
At o hematoxylin*eosin H-BE) g4& I o
Al PBSZ AAH3 T 9B5% ethanolollA] €5A171 o
filterE slide glassZ 7] permount solution®Z sealings}
3 cover glassE Geth FgEVAS T3 filter2
F3 AEE BF3 counting 3Tt

8) MMP-9 activity =&
MMP-99] activity =4S 93te] 24 well plated]]
IXI0/ml2 AES BFste] wjds T serum free
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medium®.Z wA3t 16417 F<t starvationstitk. o
71l Ztzte] AlE 1AIZE B A g £ 100 ng/ml
9] TNF-aE 24A1Zr Attt 42 Ax wjgds
Al gelatin zymography S G~k 20 wl 2] Hi
¥HMS- reducing agent’} §l+ SDS-sample bufferel] 43
L 5 AVNYGES 3 & gelS 25% Triton X-100014
30E7F 23] soakingA|Fo.2H SDSE A|Ast 3% =
FrE 2087 28 AHEHTh AlEE gel incubation
buffer (50 mM Tris-HClI ; pH 7.6, 10 mM CaCly, 150
mM NaCl, 0.01% NaNs)oll ¥} 37°C incubatoroll A 244]
7t ek ¥he-A171 & 0.1% coomassie brilliant blue &Y
o & 3087 48ty gelatine] B lHE A=S BFs}

At

9) MMP-9 expression &

TNF-a¢} 31 FE25& A3 & Z47he] Ax i<k
S A8k MMP-9 ELISA kitES ARE-sle] wHa@-g
Atk 96 well plateol] ZHzhe] wjokdS 100 w ¥
loading®}o] 4°CelA 16A17F REGAIZL 3 200 Wl €] conjugate
A7kste] 2412 B9t AdeolA vhAIZ T 45] washing
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AlZl & 450 nme] TgolA FREE =
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Prism 4008 ©]83} one-way ANOVAE AA|sAth
Western blot¥} gelatin zymographyS <33} &
band®] density #2432 GelDoc-It Biolmaging System
(UVP, USA)S AH&-3te &3t
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AV HEE AE HASMCY 49 vx& 8t
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2 AYslaL 147 F 100 ng/ml TNF-a2 24213 #2)8}
99t} BrdU-(5'Bromo-2-deoxyuridine) ELISA assayS
g3l A3} Fig. 2004 HE0] TNF-aol 2J3 controlel] ]
3 < 1.7 F2Ee] UYL, ol 3t FEEC 9
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Fig. 2. NNL inhibits TNF-a-induced proliferation of HASMC

HASMC were treated with 100 and 400 pg/ml NNL for 1 hr before
treatment with or without 100 ng/ml TNF-a for 24 hr. HASMC
proliferation was assayed by BrdU-(5'Bromo-2-deoxyuridine) ELISA
assay, as described in the materials and methods. Data were
chosen from three independent triplicate experiments.
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Fig. 3. NNL-induced apoptosis in TNF-a-treated HASMC

Apoptosis was measured by staining with FITC-labeled annexin V,
followed by flow cytometric analysis, and the percentage of apoptotic
cells was then determined. The filled histogram represents cells
treated with TNF-a alone, and the open histogram represents cells
treated with 400 pg/ml NNL and TNF-q, respectively (A). NNL
induces PARP cleavage. HASMC were incubated in the presence of
the indicated concentrations of NNL for 24 hr. The cell lysate was
obtained and used for western blotting analysis with anti-cleaved
PARP mAb, as described in the materials and methods. The
membrane was stripped and reprobed with anti-B3-actin mAb to
confirm equal loading (B). The nuclei were stained by 500 nM DAPI.
Cells were visualized by fluorescence microscope (excitation, 358
nm; emission, 460 nm) (C).
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100 ng/ml TNF-aE A2)slar 24x)7F 3 A|ZS] apoptosis7}
AP =2 2 AT 1A HEE $43ke] Annexin
V-FITC 94S 3lo] FACSE &3l apoptosis’} F=4
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Caspase (cystinyl aspartate-specific protease)= A|3E
Ao A pro-forme.Z A5t A 2129 proteolytic
gl o) &AdstEn) o] Qs MEZe DNA EA
9 Fix Sde AEE dud g o) L {2 A
X9 g A 53 #EE @A ES YA AY
HHEE gl dS E3IAIA apoptosisE FEsHAl Hrh
Fig. 404 Ho] 319 FEEol 93l cleaved caspase-3,
-80] E7tEe Ao® Jehd O ZM caspase-3, -89 &
At frEHe A AT £ U

E

TNF-a (ng/ml) 0 100 100 100

NNL (pg/ml) 0 0 100 400
- -+— 19 KDa
+— 17 KDa

-+— 43 KDa
S | =—41KDa

cleaved caspase-3 |

cleaved caspase-8

-+—18 KDa

B-actin | —— — — —|<— 45 KDa

Fig. 4. Caspase-3 and -8 activation by NNL

HASMC was incubated with TNF-a alone (100 ng/ml) or NNL for 1 hr
and then treated with TNF-a for 24 hr. The expression levels of
cleaved caspase-3 and -8 were determined by western blotting. Equal
protein of the total cell lysates were analyzed by 10% SDS-PAGE.
b-actin levels were used as internal markers for loading variation.
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149 33%E-o] mitochondrial membrane
potentialel] w] X+ <3

Apoptosis7F FofuPd ¥ mitochondrial membrane
potential®] SoFA mitochondriaZ%E] cytosolZ cytochrome
b BEEY 319 F2E°| mitochondrial membrane
potentialdll PIXE Gk Doty 98] DIOCH(A) staining
< & ¥ FACS 84< 3ith 1 4%, 3tg F&8l
9J3)] mitochondrial membrane potential®] A%+ HAS
B Ak 400 pg/mie] FEoA oF 488%71A A
HAKFig. 5).
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Fig. 5. NNL induces destruction of mitochondrial membrane
potential

Cells were stained with DiOCs (3) dye, followed by FACS analysis,
and the number of DiOCs (3) positive cells was then determined.
The filled histogram represents cells treated with TNF-a alone,
while the open histogram represents cells treated with 400 pg/ml
NNL and TNF-q, respectively (right panel). Data shown are
representative of at least three independent experiments. Data
represent the means £ SEM. s : p < 0.01. s @ p < 0.001.

5. 39 FZ&%Eo| mitochondria-related
proteine] W&ol u]x]&= gk

319 &5 93l mitochondrial membrane potential
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Fig. 6AdlA B0 319 FE2ES A 4% cytosol
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Bcl-xL |- T I-—aoKDa
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Fig. 6. NNL-induced apoptosis in TNF-a-treated HASMC is
dependent on mitochondrial pathway activation

Cells were treated with 100 and 400 pg/ml NNL for 1 hr in the
presence of TNF-a (100 ng/ml) for 24 hr and then harvested. The
supernatants of cell lysates were then Western-blot analyzed for
the expression of cytosolic cytochrome ¢, Bax, Bcl-2 and Bcl-xL.
The membrane was stripped and reprobed with anti-[3-actin mAb
to confirm equal loading.
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6. 349 2 Zol HASMC® #%ol
3%

AEES] frF-sol WAE FEs dokry] 9131 transwell
£ 0]-&3 migtation assayS F333Fick HASMCol 100
ng/ml®l TNF-o& 2Rt Aeldte] A& conditioned medium
S transwell®] lower chamberel] ¥, 100, 400 pg/nl &
3 FEES AR S AAHES F 100 ng/mle
TNF-aZ 2447t %23 HASMCE upper chamberol]
loading ¥+ & 24417+ E<t 37°C, 5% CO; incubatorollA] =i
okttt 24417 & upper chamberllA] lower chamber®
8 XS B8] 181 upper chamber?] matrigel
filterS H-E stainingslo] #8tavn| 4o s #3ds9ct 1
27} TNF-a Aol o3l AZe f57F =31 o=
319 FEEO 98] antFor TAhEE Aow YEhith
400 pg/m< X3t ALolE simvatstatinelvb EGCGS} H
st} A FA Ao ME fF5 A a7t Sl
ATkFig. 7).

control T100 T100+550

T100+NNL100 T100+NNL400 TI00+EGCE

HHEE

migrated cells

N P S (<]
o "‘@‘\e\'@;@‘p PO -
RS

o

Fig. 7. Inhibitory effect of NNL on HASMC migration

Cells were stimulated with 0, 100, and 400 pg/ml NNL, and 50 puM
simvatstatin, as well as 50 pg/ml EGCG for 1 hr prior to treatment
with 100 ng/ml of TNF-a for 24 hr. After 24 hr, the cells were
collected and added to upper chamber. TNF-a-treated conditioned
medium was collected and added to lower chamber. After 24 hr
incubation, underside of matrigel filter was stained with hematoxylin
and eosin. And total number of cells that migrated to the
underside of the filter was counted. Data are represented as
means+ SEM. Significantly different from control (#) or TNF-a alone
() ; H##, = 1 p <0.001.
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atrix metalloproteinase-9
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o 24 W Wl WAE 4

MMP-99] &4 2 ddo] nXe JF&FS FASINY
o). HASMCl 389 F2E<S 100, 400 pg/ml AA2)s
3 1A & 100 ng/ml TNF-oE *2jske] 2443F &
A FErjokels 7 5te] APo] A}EEATE WA gelatin
zymographyS a8t MMP-99] &Alo) mx)& 3k
S ZARIAY Fig. 8(A)olA HEo] TNF-ao 2JsiA
F7HE MMP-99] 40| 3ty F&Eo 9sl arze
2 AfEHE A4S AT & Atk MMPe AsiA=
dHA e EGCGY EGCe Hlws|A Bks w BEGC
2ot g4 A a3E Yepligith =g ELISA kitE
AREte] 5% A9oAE TNF-aol oJsiA F71H8
MMP-9¢] g#o] sty FEE] o3 a7 7Aa

MMP-9 activity

MMP-9 (pg/ml)

400 NNL (pg/mi)

+ TNF-

Fig 8. Effect of NNL on MMP-9 in TNF-a treated HASMC

Cells were stimulated with 0, 100, and 400 pg/ml NNL, and 50 p
g/ml EGCG or EGC for 1 hr prior to treatment with 100 ng/ml of
TNF-a for 24 hr. MMP-9 activity was measured by gelatin
zymography and MMP-9 expression was measured by ELISA as
described in materials and methods. Data are represented as
means+ SEM. Significantly different from control (#) or TNF-a alone
(%) ; ###, w06 0 p <0001,
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o 73 31 atherosclerotic plaque)e] A= 4]
28} T-AZ7L Aoz Fofslal glom o]sd] ofs) &
Hue AEHTERKcell adhesion molecules), 954
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7 Hu}% Annexin V-FITC @412 3} FACS% AHE
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o] Z7}31491, cleaved PARP7} S7}ske AL E Vel
t} X DAPI stainingdt 7-$-9l%= DNA fragmentation®]
A==, ol 31 FEEC 98 54" HASMC/}
apoptosisell 9JA AAHAS Akt Aot &
/'\ oh:].

31 FEE0] 24" HASMCY apoptosisES A7)
= Al digk T E2F 71HA S AET] S8
A, caspase®] E/dslel] disiM= AEs Btk PARPS
upstream regulator?] caspase”’} E433}=H PARP <A &
Azl o 24 apoptosis’t = itﬂzg) 31 FEE0 9
34 caspase-3, -8°] EA5} He & AT 5 ATk
Apoptosis7} Loju= AlES 7H¢- mltochondnal membrane
depolanzatlonO] 7131, mitochondria €] cytochrome
o7t NZAZ WEsH Hed”, DIOCGK3) stainingS 3 &
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membrane potentiale] ZAFHE AL B F U,
mitochondriaZ 58] cytosol2 WZE%+= cytochrome c9
ool 7k AL 1 4 ok EgF mitochondria-
related protein®] W& FFS FAEE A3} anti-apoptotic
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911, pro—apoptotic protein®] Bax®] WL Z7}stuth
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