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Ascochlorin Derivative, AS—6, Inhibits TNF—a-Induced fractalkine, MCP-1 and VCAM-1
Expression in Rat Aortic Smooth Muscle Cells
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- Abstract -

Background: Inflammation is one of the key mechanisms in the development and progr-
ession of atherosclerosis. Accumulating evidence suggests that peroxisome proliferators-
activated receptory (PPARy) plays an important role in the prevention of arterial inflamm-
ation and the formation of atherogenesis. This study was designed to evaluate whether the
new synfhetic PPARy, ascochlorin-6 (AS-6) has antfi-inflammatory and anti-atherogenic
effects in primary cultured rat vascular smooth muscle celis (VSMCs).

Methods: Rat VSMCs were isolated and culfured. Northern and Western blot analyses were
performed fo evaluate the effects of AS-6 on the expressions of tumor necrosis factor (TNF)-
a-stimulated  fractalkine, monocyte chemoattractant protein (MCP)-1 and vascular cell
adhesion molecule (VCAM)-1 in VSMCs. A gel shift assay was performed to examine the
mechanism by which AS-6 inhibifs the expressions of fractalkine, MCP-1 and VCAM-1.
Results: TNF-a markedly induced the expressions of fractalkine, MCP-1 and VCAM-1 in prim-
ary cultured VSMCs. AS-6 inhibited the expressions of TNF-a-stimulated fractalkine, MCP-1
and VCAM-1 in primary cultured VSMCs. The result of the gel shift assay suggested the
inhibitory effects of AS-6 on the expressions of TNF-a-stimulated fractalkine, MCP-1 and
VCAM-1 were mediated through a nuclear factor kB associated pathway.

Conclusion: The present study shows that AS-6 has anti-inflammatory effects on VSMCs,
suggesting the possibility for the use of AS-6 for prevention of the development and prog-
ression of atherosclerosis (J Kor Diabetes Assoc 29:401~408, 2005).

Key Words: Ascochlorin-6, Atherosclerosis, Fractalkine, MCP-1, VCAM-1, Vascular smooth
muscle cell
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kA FsiA| =i "l Lol 9l AT W} st
zx o AfsH k. AYEA-Zd2e)E (LDL-
cholesterol)2 A3} 27 TRl Za| A8 &2 WEER
k) o8 glsle] EMRAIERE wiskemA st
2] 71l Ak (fatty streak)- AR} Y. o]
AollA st =l oAAIE |l T =7, HeAE, el
49 dahiiglol] FxeE P43 Foll oal] FulE ol
Ao A growth factor)@} Apo] EFJQI (cytokine) 5 P
Zubol| Qe EHHIIALE Ut R o|FA| d
BUTAES A . ko oy WREa
AT AolEA1) 2 AR} HhEslo] WAL
EA 1 (vascular cell adhesion molecule, VCAM-1), 18l
I F3A 912} 1 (monocyte chemoattractant protein 1,
MCP-1) @ fractalkine 5-& Hulslo] <3 24814 5
9 o Ashe A AEAT0] ZrhE WO H
sl e, AR oz Skl 7] HPBYLAE
= Z2p, odekswl (elastin), Fel@AM] =gl (glycos-
aminoglycan) 53 -2 AEL7AS Aiksle] 47
H} (atheromatous plaque)?| F3H& 8- Z7HAH F9Y
WS HeT okl aet). mebd FEulAsE
ol WRAE o] UTBPTALY] PSSl 0
o3 e ¥& 2% 5 ok
w424 (nuclear receptor) W7} (superfamily)ol] <7}
peroxisome proliferators-activated receptory (PPARY)T
MLAES] Bash Apgzegeld AN kel Fa
A8 b Ao 4 geiA Jet. PPARyE HihisiAl
Esh WRRRALAAE W) FLIR - o)
(tumor necrosis factor-a, TNF-a) S#} 72 ¢4 Ao]E
F1elo)| 23l FA3t ¥ AARIZ} nuclear factor(NF)-kBE-
Alsto] edzule-g AFIE 2HE- IF. AFAA
PPARy &4 2]7F= = troglitazone, rosiglitazone 3 piogli-
tazoneo] 7MkElo] Qlal 15-deoxy-A
(15d-PGIy)7} #jlol] EAllsl= PPARy eIk =& oA gl
o e AgAnt 9 il TAske ol PPARY
| S uskse] weldzlel o 9l x| el
Fas dag $8 HolFa gn,

Prenyl-phenol 3484121 ascochloring- F#o] (fungus)<)
Ascochyta viciaeo|x] 223 EAo|chY, ofg] FHH T
of| o}sh ascochlorind} 1 GEHS-L 2|47} s Ea}p !
gl Sebdelgabyl Sl Ay 9l ARE gl AaE
FAAL wak opel™” meulhg-g A Foka

= 21.02122) 2
o] A gl Hololl gake ™ X AL & 7 Ak

o o

N

N

of

N el

[«3

214 prosta-glandin J2

< Togashi 52 ascochlorin -F54¢] 4-O-carboxy- me-
thylated derivative (ascochlorin 6, AS-6)7} PPARyel| 2]7F
c2 Apgelo] AAES] ¥IE fERE NS B
sk, wleba] AS-671 T2 PPARy BIZFEXF thARE

73 BEE TAsEeE a3t 9% Aoz dlgsE
t}. o]ol] XAEL: PPARy BI7HERA] AS-67] ST
AFENA F AR} - Azlol] 2Jgk NF-kB 2H4ef] w|X| &
#I}E olrar fractalkine, MCP-1 W VCAM-1 ko]
u|xe T2 7kl

Nz o

1. M=z

SHractalkine <A B ARz} FdARIAL - st
= R&D system (Minneapolis, MN)ollA] Q18121 &
VCAM-1 A9} 3lgoat Al Santa Cruz (Santa Cruz,
CA)ZEE] F2lsigitk. NF-kB 2}A|4|e) pyrrolidine dithi-
ocarbamate (PDTC)9} dlactin g4l Sigma (Saint Louis,
MD)ol|4] 3lrabbit 3bH|l+= Amersham Biosciences (Little
Cha-lfnot, UK))ell4] 7k v 34 4417} (rad-
iola-belled probe, [a-"PJdCTP, [r-’P]dATP): Amersham
Bioscienceoll4] it Aldoll ALEEl AS-63= Magae
"EA} (Institute of Research and Innovation, Chiba, Japan)
ZHE] 715l ALk

2. MIZE HH2E

NG E = Sprague-Dawley H8A] (280~320 g)2]
FHoEwo)A Bajsle] 20% fetal bovine serum (FBS;
Gibco, Grand Island, NY)-2 ¥3}3F Dulbecco’s modified
Eagle’s medium (DMEM; Gibco)ell4] uljoksisict sy
ST Bolde actin PUFE 4 (Sigma) 2 4
So] Hellgleh B AR 5-83) Aolz Ay sekd
G TAES ALk wiekd FasgA| 2ot 100
mm ZAujelH Aol 80~00% 718 x9S u 0.5% FBS
DMEM ufjz]ol| 4] 24 2|7} &<b siokstol AEE8 FA7|2
Solrb7] sigleh kAR - doh (S ngmLyE AHeleh
71 A1 1417 59F AS6E Alefsha 7t Aglell Ak 27
& o] fractalkine, MCP-1 % VCAM-12] vl visls 3}
Helgik

3. =8 E& (Northern blot analysis)

5 G5el] ARG MCP-1of] vl WA 24 &4k
& [e-"PIICTPE o] 88 ofe] Zefolw| zhilihy] (Amer-
sham, Arlington Heights, IL)2.& APElslct. o] % vhAA
3R] 4AIAH= NAP-5 2] (Pharmacia, Uppsala, Sweden)
o7 AAldek = B3l A8% RNAT RNeasy RNA
22 7)E (Qiagen, Hilden, Germany)& A-&slod Hejsl]
t} 10ge] RNAE 1% FEIdRsleo|s-olztz A Alollk]
A71dE5E At & LIE 2heg ol FAZck UYE
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2he WA A &A1) 3] Express Hyb' ™ Rollof] 4]
2217K54F 65 Collx] B8t (hybridi-zation) A7) 3 mRNA
W8 W AIZ7] (densitometer) E o]-83l0] EAsiick

4. Y2B ER (Western blot analysis)

IPH &Y (50 mM Tris-HCI, pH 8.0, 150 mM NaCl, 5
mM EDTA, 1% NP-40, 100 uM PMSF), 1 pg/mL gkl
PHLE A, | mM DTTS ALgslo] 1] ehje &
Slellet. 7F ARE Al st 4lo) 57 Bl ¥
2 Hollll Ak Sodium dodecyl sulfate-polyacrylamide
A4 A719d5sle] =R Keldt 3 Immobilon-P tra-
nsfermembrane (Millipore, Billerica) 2.8 H7]S- o] &s]o]
swZich Xt 9kseol (blocking buffer) 0.2 Xhs)al rac-
talkine 3| 8l PVCAM-1 gAlellA ¥ES-A17] 3, horse-
radish peroxidase-conjugated ©|X} &4 (&lgoatdha)el] vk
-SA|Zr). ECL plus (Amersham Biosciences, Little Chal-
fnot, UK)E ARgsto] bl Wi 2Qlslict. Memb-
rane5 Factin e} chA] WESAIA UG ko) ch A g
AH&stEA Ellslodct.

ol
=

5. & Xgd BMH (Gel mobility shift assay)

GRFLTANETL 80~90% TFo2 sig= S w) 2t
= PBS gllog F Wl A F AEE Bgir) o] AEE
& 400uL9] ice-cold buffer A (10 mmol/L HEPES, 10
mmol/L EDTA, 1 mmol/L DTT, 0.5 mmol/l. PMSF, 10
g/l aprotinin 2 10 pg/uL. leupeptinyell4] FAg |71 3
A YollA 155 F2b BAeigich o] AEE NP-40 25 UL
Z2 X% o buffer B (20 mmol/L. HEPES, 0.4 mol/L NaCl,
1 mmol/L EDTA, 1 mmol/L PMSF)oll Wol4] 105 Eof
12,000 go2 I47elE sigivk d4lie] 3 A5 o)
A RFER PST A Dde) oke thil 1
E (Bio-Rad, Richmond, CA)Z ZAs}gick

NF-kBol] thgt ubAbA 2] 22412} (5°-AGTTGAGGGG
ACTTTCCCAGGC-3")¥= [7-"P]ATPS} T4 polynucleotide
Kinase & o} 8310 Altelgieh P ¥4 AR NAP-s
oA Ao thlE-DNA g2 2048 59+ A
2ol AlFesic. W32 HlAEE 6 g, poly (dI:
dC) 100 pg/mL, Tris/HCl (pH 7.5) 10 mmol/L, NaCl 50
mmol/L, EDTA 0.5 mmol/L, DTT 0.5 mmol/L, MgCl. 1
mmol/L, 4% glycerol#} 60,000 cpm “P-z}#ll X DNAZS
ARgsigdek Hbe-g A1 & AE-S 0.5xTRIS-borate-ED-
TA buffer WollA] 4% el Ezlolelotulo] = o] W5
F 150 Bl 2417 FoF AA|AEL Al & B

ek

ol

6. SAHNE

A WP+ TEOAT FARIPT wEe] Bae
Duncan’s testE AR89tk Plko] 0.05071 79l &
Aoz fosltts fHslgon] RE e Zabo

2 33] ol AUAJsle FAlHEl sigick
I

1. AS-67} fractalkine W80 O|x|= &1}

wxje] SRHYTAEN fractalkine S WL
)41} - 5k (5 ngimLyoll J8) wiRiel Zrkeiic %
AR~ Ysfoll SJ8l 2719 fractlkine Hle] AS-
7h wlX)E odgkS ol Az} AS-6= fractalkine o) ukelek
& §eF olET oz sled 30uM oAl AxHol 7}
7te] Zh4 A\Zek (Fig. 1). Z2]u} rosigltazone (30 pmol/L)
3} pioglitazone (30 pmol/L)<] 739~ fractalkine ThiAl ula
+ AAllslont BA-cE FofelAle ekgtt)

2. AS-67} MCP-1 &80 O|xl= &3}

MCP-1¢ FaAkelnt- lobs Aeleln] ghe z7o

A
Fractalkine “- R adanad
CACHN e W— ——— - - W WO
B
7
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Fig. 1. Effect of AS-6 on TNF-a-stimulated fractalkine expres
sion. VSMCs were incubated with TNF-a (5 ng/mL) for 24
hours with or without pretreatment with indicated
amounts of AS-6, rosiglitazone (30 pmol/L) and pio-
glitazone (30 umol/L) for 1 hour. A, Western blot anal-
ysis of fractalkine protein expression. Western blot was
probed with anti-fractalkine antibody. B, Quantific ation of
data expressed as meanstSEM of 3 separate meas-
urements. R, rosiglitazone; P, pioglitazone. Statisti cal
significance was determined as * P <0.001 compared
with control, ** P<0,05 and "P<0.01 compared with
TNF-a only.
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Fig. 2. Effect of AS-6 on TNF-a-stimulated MCP-1 expression.
VSMCs were incubated with TNF-a (5 ng/mL) for 24
hours with or without pretreatment with indicated amo-
unts of AS-6, rosiglitazone (30 tmol/L) and pioglitazone
(B0 pmol/L) for 1 hour. A, Northern blot analysis of
MCP-1 mRNA expression. Each lane contains 20 ug of
total RNA isolated from the cells. Northern blot is pro-
bed with radiolabelled MCP-1. B, Quantification of data
expressed as means + SEM of 3 separate measurem-
ents. R, rosiglitazone; P, pioglitazone. Statistical signifi-
cance was determined as * P < 0.05, ** P < 0.0l and *p
<0.001 compared with TNF-a only.

VCAM-1 Sl - —

CIACHD A S —t—— —— - W—

N oW s ot oo

Phospho Image Units
{fold over control)
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TNF-x (5 ng/mL)

Fig. 3. Effect of AS-6 on TNF-a-stimulated VCAM-1 expres-
sion. VSMCs were incubated with TNF-a (5 ng/mlL) for
24 hours, with or without pretreatment with indicated
amount of AS-6, rosiglitazone (30 pmol/L) and pioglita-
zone (30 umol/L) for I hour. A, Western blot analysis
of VCAM-1 protein expression. Western blot was pro-
bed with anti-VCAM-1 antibody. B, Quantification of
data expressed as means+SEM of 3 separate measu-
rements. R, rosiglitazone; P, pioglitazone. Statistical
significance was determined as * P <0.001 compared
with control, ** P <005 and ¥ P<0.01 compared with
TNF-a only.
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Fig. 4. TNF-a-stimulated fratalkine expression is mediated by
NF-kB pathway. A. Western blot analysis of VSMCs
treated with NF-KB inhibitor. VSMCs were incubated
with TNF-a (5 ng/mL) for 24 hours in the presence of
PDTC (100 pmol/L)). B, Quantification data are present-
ed as means+SEM of 3 separate measurements. Stati-
stical significance was determined as * P <0.001 com-
pared with control, ** P <0.001 compared with TNF-a
only.

A wixe] IR Eol e WEEA] ekghent Fek
1A} - sl (5 ng/mL) Xelol] ol Wke] HR3] F
7hslgict. wiA 2] HPTETA| Fol] AS-65 ZAX|eE A}
ZkAQIA} - slol] o3l =% MCP-1 mRNAS] Wkl
& &7 9gEHog ARk AS-62] F57} 30 pmol/L
ol ol A FUdARIAL- dulell oJ3F MCP-12] W0l
7|12 Xel] 7}7o] AAI=IQic} (Fig. 2). Rosigltazone (30 umol/
L)#} pioglitazone (30 umol/L) % 2| ARIAL - dslol] 2]
&l f=% MCP-1 mRNAS] WS- GojsiA] ZhaAlzi ot
A E7} AS-6 (30 pmol/L)ol] H|X]|A] F=s13ick

3. AS-67} VCAM-1 & OXl= &1t

wqe] STHEAER] EARIAL- U5k (S ng/mL)
- VCAML1 ghjae] kg slajs] 27k wiale) o
THGTALo AS6% AN 75} FUIARI - sl
ofsi 2715 VCAMH ke B B o Az
(Fig. 3). Z1&} rosiglitazone (30 pmol/L)¥} pioglitazone (30
umol/L)e] 74 VCAM-1 S g elalsiglont o
AP =7} AS-6 (30 pmol/L)ol] wI=|A] Fsllek

4. AS-67} NF-xB A0 0|Xl= &2t

FUARIAY- rfoll 218 218 fractalkine o]
NF-kB &4 3l dofubs AE <dokir] £)3] NF«B

*J7171e) PDTC (100 pmol/L)E Z4=1A404 - Ihe 2
2jat SRHYTATA el Fig 404 B3z wis)
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TNF-a (5 ng/mL)

AS-6(um - - 3 10 30 50 R P C

NF-xB “uu u “'

Phospho Image Units
(fold over control)
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Fig. 5. Effect of AS-6 on TNF-a-stimulated NF-kB DNA
binding activity. A, Typical gel shift assay of VSMCs
lysates treated with AS-6. VSMCs were treated with
TNF-a (5 ng/mL) for 24 hours with or without pretrea-
tment with indicated amount of AS-6, rosiglitazone (30
umol/L) and pioglitazone (30 pmol/L) for | hour. The
binding activity of NFkKB in nuclear extracts were ass-
ayed by electrophoretic mobility shift assay. In compe-
tition experiments with consensus NF-kB oligonucleo-
tides, nuclear extracts from VSMCs treated with TNF-
a (5 ng/mL) were preincubated with 50-fold molar excess
of unlabelled consensus NF-kB probe. B, Quantifica-
tion data are presented as means+SEM of 3 separate
measurements. R, rosiglitazone; P, pioglitazone; C,
cold probe. Statistical significance was determined as
* P<0.001 compared with control, ** P < 0.05, *p<
0.01 and *P <0.001 compared with TNF-a only.

o] PDTCE U ARIA}- Aufol] o)l G237 fractal-
kine Ehme] WHS s)Ax SEom odasisict

AS-69] fractalkine, MCP-1 3 VCAM-19] ulsol4| &
o} Fokl Q1% dstel] 1) Z7hE) NF«B AL of
Alslo] o] Rl 7 Helshr] 18] NFxB A)al 24
M APPSRk SR} - ok (5 gLy NF-kB
2] DNA Z353g dxls] $71X713 AS-6%= NF-kB9]
DNA Zi¥52¢ 4% &8s ARy 9. Ro-
sigltazone (30 pmol/L)3} pioglitazone (30 umol/L) . Zoky]
ARRIA}- ol 2lafl Z7}El NF-kB2] DNA Z3kseg o
ofstA AAIZE (P < 0.05).

I

Ascochlorine] Fgo]2HE] Z25'""Y o)% ojy] 28
] ascochlorin 247} $AJEIQIAL 01 52] Be3lE ) 7]
A el g A dale 33 gEeE
o Aske] A 7ol Al 9le 5 98-S A8k AS-6
T ascochlorin®] AE48-8- /NAA1F] 4-O-carboxymethy-
lated =42 Hosokawa Soll 2J3)) M=, AS-6=
A Ak 2EExEA R Yiro] Guke HollA &
Brdetaiel Qlewlel 243 ATIE Tl g w
i ohje} el alo] QI dbjdb wherell A o4l
S ST T g Aoz Husig ),
Tl5o] #<* Togashi $-& AS-67} #5-8x] PPARa g
PPARGolf= #-82l2] ebAlat PPARyol 7t 2lghei
A8t AoR Busle) AS6} UpEETY BedEl A
Boll X158 2HRA A8E 7ol 1S3 AAJsId)?.
PPARy= Aol goiabs u) "oy Fo]
TAE JARl] S WA e Al )%
7RIEF. Wang 52 &xhiis] o]l PPAR)S zhit
@ A7 NFkB 248 Aallsle] AERAEA ] uled e
£AZE Hastdel’. et P e Fel 4 PP-
ARy 2IZk== NFxB 248 allslo] MCP-13} 702 &
BTN A WS haAPlE AR A Qut
ARG B QTS Foll AlZo] PPARy Bl s
A AS-67} HIPETA|EolA NFkB 43S Alsio]
fractalkine, MCP-1 8] VCAM-19] W}&-8 7h4-2)7]= 2hg
ol & I

WolAlZe] 4ol whd 5 AEe} I Ezke) 3=
M-S 27 S4EWsEe) Fe8k Weleleld . o
SHERZRE] s Zg) A} - Aol e ofz=a A}
O|EFIIEY EWFETAES] vl wi okiboll w3}
T doivk FEARIAL- Aol o3l LAIE S
TAE= NF-xB 228 23 MCP-13} VCAM-19]
= S7RIA S AePe A3t A7, 1
od-tollA] AS-6 Bl rosiglitazone} pioglitazone-2- Zokz| A}
U} Lotel] 23k NF-kBe] #AlS felobA] 7haAlz)s
Ao g el MCP-13}+ VCAM-19] #&e AS-6 g
rosiglitazone#} pioglitazoneol] 28l 2% AAs]glor} £
d EoflAl AS-67} rosiglitazone = pioglitazone K}
MCP-13} VCAM-1& 73] JA1E-e 2elslsic.

USel AAES B AT ol ZAle- dsjol
olsl] kel fractalkine 2] uFsl-g- olAlsli= dlo= rosigl-
itazone} pioglitazone- H3}7} gld] Hislo] AS-6%= &
o elEdon e Helg. He LA fractal-
kine>- CX3C #Adol] $3]i= chemokine 0 8" Szhjjz] 4]

E, AL, QAL 5 Ao atslo] chemoa-

o % o o

b

o)

=
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ttractant®] 7]5Sut opel AEEXNE (adhesion mole-
cule)?] 71%5-& 7HIeF . AariA) 9] ol ofsh frac-
talkine® 27| FA74815 wiwlolAl wWizo] b che-
mokine B A|ZRZEAT} $A] TS| Akl T2
3 S sl Ao weAR Qe ol fract-
alkineo] HHBTA| Lol FFHARIAL - dsfel] 2ldE
NF-kB 3Hdof] 2l widlo] ZAl=lo] HRAALAES F
Ae gxzte] HEauegol. w3t fractalkine 8|
(CX3CR1)7} knock out®l wk$-2= F4bik Ado] 7h4s]
o] 9go] Ha¥)glar™* Moatti 52 fractalkine 8|
o] §AAE thAe] g ARtelld e uiEstel MAE
o| g Busidey”. olldt AT} A B AT
ol Ut SabEaAlEell4] AS-62] fractalkine 2
o} oA A= AS-67} thZ PPARy BlZb=Hel g3t
ZalAst g98 Jehd  dgg G

B elofd] AS-6% dZuil AARIZQ] NFxkBe} &
e b2 A PPARy elZherT) ZslA Akl Ao
2 Uehdel E4Eusse] ublol| At aEalsel A4
917} NFkB2] #H4Jo] Thofdhe- 2 edal Ao ™. &
k] Q1AL - el 7o AlolEIRlell ofs HAHRTA|
FollA] AskEar} s AZuiig AARIAR] NF-
kB7} A% VCAM-1, MCP-1 9 fractalkine¥} 32 o
ZuEAe) wdo| ZrbslA Hof . Aupdoz Py
ALY 2 olFTt Fksled FHAEWASKSe W
e FHskslA Hek whebd B odgella vehd AS-69]
G| EellA] 33} rosiglitazoneo]u} piog-
litazone Hx} 94=31A] LRt 2L Hrl 733t NFkB 3
A oA Zelld 7)dshs Ao AgHrk

olake] ATE Zjtebw, 2T AlSo] PPARy ElZHER
uk 7] AS-61= SAFHETA|EoA fractalkine 3 MCP-1
F VCAM-19] g Algx oz Aalsio] ad52he U
sREaAst vl 9122 & 4 Qivk whebA] & AS-62
el ZoE TEAES Bl gl oksw 4
o et el Aed Aoy Azl voprt S
ol AR HaAz AgE7] s sEAY 2dE
wpeko @ el <17t AePslelol & Zleg Agsi):

2 o

AN AZAES}; AWAE 7] AFHRE FHE
W73ze) Zedt Helelolrh 538 AolEFRlel 2lel
Aot AP TAFEE  fractalkinezt MCP-1 3
VCAM-13} 7+ iz 849 wals /WA 54
Sapgsize) AR M, SRRl o)
4871 PPARy = NFB #42 ojalelo] olelat ks
o skl 489 gk AAEES H Aol PPARy 2|

o

7t 8lsjA ascochlorin-6 (AS-6)7} I LA FEolA
okl 4012} - sl <3 NF-xBo] ol w2t EohE
olo}H 1 fractalkine, MCP-1 % VCAM-12] ul&of] )%=
a2 Whsiect

Wi Aol A0 BAFBTAEE wlel dhEol]
4 Balslol wieksieiv). AS-67} fractalkine¥} VCAM-19]
RIS IR ARSI = e P T T B o B B B = i
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