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Abstract

£ scavenger receptor A expressicn down-zegulator and a
drug for preventing or treating arterizsclerzsis wnich
contaln, &s the active ingrediernt, a C-=Zermizal alodular
demain ¢f adiponectin, adipenectin, or a gens encoding the
demain or adiponectin.

Accorcing to the present invention, ~here 2s provided &
preventive »» therapeutic acent cezpable oI directly
preventing intimal thickening, which censti-utes ar essential
feature of arteriosclerosis. This effect cz- bz aztained
through zrresting the onset and develorment of
arteriosclercsis by reducinc the exprecssz:on lavel of
scavenger receptor A in arterizal walls ond prevenfing lLipid

Puildep in macrophages.
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Descripticn

Preverntive/Remedy for Rrtericaclercsics

Tachnical Tield
The present invention =-elates te 2 fruc feor preventing

or Treating arteriosclercsis.

Bzckground Art

The term "arteriosclerosis" refers ¢ =z patholocgical
condition where the walls of an artery lcce elasticity and
become brittle. Arteriocsclerosi:z is one >f key factors
causing aduet diseases, ‘ncluding cerevrzl tenorrhaae,
cerebral infaretion, myocardial infarcticn, and
nephrosclerosis. Known causes of arterioss zrocgis include
hyperlipidemia, and bacteria, viruses, >r 1:9id peroxide in
blood. However, the pathogenesis of arter:osclerssis has not
vet been fully elucidated. In any cass., 3ince
arteriosclercsis has been cbserved to resin with thickening
of arterial walls caused by damages Lo <hc arterial intima or
endothelium, there is keen demand for dewelapment of a drug
capable of inhibiting thizkening of the zrterizl intima.

Accordingly, an obiesct of the pressrt nvention i3 ta
provide a drug which is effective for praverting or treating

arteriosclerosis.

Disclosure of the Invention
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Undex ths above circumstance, the pressnt inventors
have devoted their research efforts o charnacclogical
actions of adiponectin, which is ¥nown <o have an insulin

resistancs reducing effect, and have feund -hat adigonectin-
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now slgnificantly thickened zrzerial
intima; zrd that adiponectin, a C-terminal ¢lobular domain
thereof, or z gene therecf is useful as 3 oreventive or

therapeutic drug for arterinsclerecsis, on tre basis of —heir

D
n

experimaental results that when zpcE-de :eciers mice, which are

enployed as athercsclerosis onset model wis sre manipulazted

(T

©O OVer-express adipsnectin, in particular, Thz C-terminal

globular domain of adiponectin, the onsz- of arteriecsczlerosis

. . : F=

ig suopressed. In addition, since over-ovorsssion of

451

adlponectin lowers *he expression level of fravenger receplor
A without significantly affecting the lavels of free fatty

N

acid, neutral fat, or Total crholesterc: in Llacd, the

inventers have concluded that =he artericsc.arnsis preventive
actien of adivenectin lowers fthe expression level of

-

Stavenger receptor &, whereby accumulaticn of lipids in

Int

macrophages is prevented. The present -nvention has been
accomp_ished ¢n the basis of these rindings.

Accordingly, the wresent irvention orovides a drag for
preventing or treating arteriosclerosis, =i: drug zoncaining,
as an active irgredient thereo®, 2 C-terrirz) globular domain

oI adipenectin, adiponectin, or a gans wncocing the C-

Terninal globular domain of adiponectin -or the zdicenestin.
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receptor R expression down-reguleator which zontzins, as an
active ingrediznt thereof, 2 CT-tZerminal ¢lobkulzr deomain of
adiponectin, adipsnectin, or a gene ercoding the C-terminal
cleobular domain of adiponsctin or the adioonzctin.

The present inventicn also provides use, in the
manufacture of a drug for preventing or treszting
zrtericsclerosis, of a C-terminal globu.ar domailn of
gdiponectin, adiponectin, ¢r a gene enccding the C-terminal

The presznt ilaovention &lso provide: use, 1n Tra
manufgcture of a2 scavenger receptor A sypressicon down-
regqulator, of a C-terminal globulzr domain of adiponectin,
adiponectin, or 3 gene encoding the C-terminza. glokbular
domain of adiconectin or the adiponectin.

The present invention zlso drovidez a method Ior

treating artsriosclercsis, comprising admini
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subject in need thereof, an e€ffective axount of & C-terminal
g.obular domain of adiponectin, adiponsitin, or a Jane
encoding the C-terminal globular domairn of zdinonectin or the
adivonectin.

The present invention also vrovides a xuethod for down-
regulating the expression lesvel of scavenysr receptor A in a
patjient, comprising administering te ths paziznt an effective
amount of a C-terminal glchbular demain -1 aciponsctin,

~
|

adivonectin, ¢r & gene cacoding the C-termirnzl globular

)

demain of adiponectin or the adiponesctin.
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BrieZ Description of the Drawings
Fig. 1 schematically shows a gene targzting performed

on adipenectin gene deficl=sncy, in which, a rastriciicon map

of 2 mouse zdiponectin gene [top), an ediponsciin

cene

o]

targeting vector (middle), and a deduced targseting allele
(bottom) .

Tig. 2 shows the resultrs ¢f Southerr blotting of ES-
cell-derived DMA samples which have been digested with Spel
and EoRV. The bands of 17 kb sre oktzined from wild-type
alleless, znd thoses of 10.5 kb are Irom nuiated alleles.

Fig. 3 shows the results of Southern bhlotfing of

9¢]

vel-
and EoRV-digested DNA samples from e wild-oT,ge KOUse, a
hetero-ceficient (adipo +/-) mouse, and & homo-ceilclent
tadipo ~/-) mouse. The pands of 17 kb ars cotainad Zrom
wild-type alleles, and those ¢f 10.5 b are IZrom mutated
2lleles. Fig. 4 shows the results of lcrthern blotting of
white adilpose tissue samples from a wild-fyre mouss, a
hetero-deficient (adipsc +/=; nouse, and 2 hzmo-deficient
fadipo -/~) wouse.

Fig. 3 shows bleoed adivpenectin levzl 27 2 wild-type
rouse, & hetero-deficient l(adipns +/-) m~ize, and a Lomo-
deficient (adipo -/-) mouse. **P<0.01.

Fig. & shcws blood leptin level of a w:ld-type mouse, &
hetero-deficient (zdipo +/-) mouse, and & hono-deiicient
tadipc -/-) mouse.

Fig. 7 shecws the body welght, at ¢ wes=is of age, of a

wild-tyoe mouse, a hetero-deficient (zdips +/-} mouse, and a
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ncmo~deficlient {adipo -/-) mouse.

Fig. 8 ghows the results of an insulin Tolerance test
performed on a wild-type mouse and a hetero-deficient (adipo
-/=) mouse at 6 weeks of zge. ~P<0.DS.

Fig. 2 shows the results of & gluccse Zclierants test
performad on a wild-type mcuse and a hetzro-deficlient (adipo
~/=7 mouse 2T 6 weeks of azze. *P<0.0C.

Fig. 20 shows the results o & gilucose olarance test
perisrmed on a wild-tyece mouse and a hstero-deficient (a2aipo
+/-) mouse zf-er hzving loaded with a nigh-Izt diet for 10
weeks. *P<0.05, **p<0.01.

Fig. 11 shows +he results of an insulis tolerance test
performed on a wild-type mouse and a homo-dericient (adipo -
/=) mouse, at & weeks of age. ¥P<0.05, “*2<5.01.

Fig. 12 snhows the results of a gluccse tolarance test
performad on 2 wild-type mouse and a hsters-deficzient (adipo
+/=} rmouse, at 6 weeks of zge. *P<0.03, *~P<0.0L.

Fig. 13 sheows lewvels, in hlood, cf free
(FFAR), neutral fat (TZ), totzl cholestzral 1TC) o2f a wild-
type nmouse and a hetzro-deficiert (adip- +/-: nouse.

Fig. 14 shows levels, in blosod, of frss fatty acid
(FFPA), nsutral fat (TG), total cholestesral 7C) of a wild-
Lype mcuse and 2z homo-deficient (adipo -7/-! wouse.

Fig. 1% shows The inner Ziameter of 3 nlosd vessel of a

wild-type mouze and hetero-deilicient (adire +/-) mouse, as

W

mezasured two weeks after the mice underwens cuff placement.

Tig. 16 shows the degree of intimal thicxen:ing of a
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wild-type mouse and a hetero-deficient (zdipo +/-) mouss, as
measured two weexs after the mice underwent <2If placement.
Fig. 17 shows the degree of media)l rtnickening of 2
wild-type mouse and a heterc-deficient ‘adico +/-) mouse, as
measured two weeks zfter the mice underwenrt cuff olacement.

Fig. 18 shows the intima/media ratic or a wilid-type

¢
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mouse and a hetero-deficient (adipso +/-) mouses, as n

two weeks after the mice undesrwent cufr placament.

B

Tig. 19 shows the focl oI arteriosclercsls in an apob-
deficient (apoE-/-:2) mouse and a gAJ-ovarsxpresseld adoi-
deficient (ghAd Tg apcE~/-:b) mouse.

Fig. 20 shows the areas of the focl ¢ arteriosclerosis

n

in an apoE-deficient (apcE-/-) mouse ard a gad-overexpressed
apoE-deficient (gAd Tg apoE-/-) mouse tazrt:z arch 'b),

descending acrtz (2), anc their sum {a, . .

7t

Fig. 21 shows the results of 01l Red O stzining,

rezction with anti-lec3 antibody, and roacticen with anti-

Sca7engey receptor A antibody as obsearves irn an apokE-
deficient (zpoE-/-) mouse and a gld-oversxprassed zpOE-

deficient (ghd Tg apnZ-/-) mouse.

Best Mode for Carrying Out the Inventiocn

i)
o
t
e
o
)
D
w3
ot
}.J.
o}
8]
N

Adiponectin, which 1s employed in ttes cvres

Res. Comrun. 221, 286-296 [19294), HNakanz, 7. =t zl., J.
Biochem. (Tokya) 124, 202-812 {199%),, anc 13 avallable

through known means. SEQ ID NCs: 1 and 2z srnow the nucleotide
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secuence ard the amine acid sequence of human adipenectin.
2dipenectin is composed of an NH-terminal collagen-like

2y
]
|
ot
[0
H
=
}_J.
ja]
W
}_J
1w}
b
O
o
-
b
fu
A
o8
B!
E]
u
v
a
nf]‘
e 23
[e)
=
3
(D]
s
L]
-
v

sequence (ZAd)
K0O: 1, amino a2cid Nos. 114 to 23% or 111 to 242 . The C-
terminal glcbular domain (ghd) 1s preferred as 1T provides
stronger artericsclerosis preventive ani therapeutic effects
thar full length adiponectin. S8ZQ ID MJs: 2 arnd 4 show the
nucleotide sequence and the amino acid s=cuznce cf mcuse
adiponectin. The WN-terminal collagen-like seguence tcAd] of
the mouse adiponectin stretchzs from 45 o 102 (amino acid
Ne.!, and the C-terminzl gleobular domain !z2d) stretches Irom
110 %o 247 (amino acid Fo.). Accoxding tc the present

invention, not only proteins compri ar-ino acid

1
s
1

[ke]
-

5
i

seguence of any of SEQ ID NOs: 1 ©o 4 cr an eminc acid
sequence having the ghd domain, but zlsc 2 preTteln comprising
a modified amino acid seguence derived Zrom substitutien,
deletion, or addition of cne or more arino acid residues of
any of these amnino acid segquences may Le amployed, so long as
it provides an effect as exhibited by adiperectin. Dxanples
of such mutated proteins incliuce those hz2ving 80% or higher
romoloay, preferably %0% or higher homclogy, te any of the
amrino acid sequsnces o SEQ ID IiCs: 1 te 4 ¢r an anirno acid
sequence including the ghd domain.

Examples of the gene which is emwloved in the present
inventiorn include the genes coding for ad:oonectin (L.e., SEQ
ID KOs: 1 and 3} zand a gene coding for 4gri. Alsco, there may

be employed a gene having a nucleotide sequence capable of
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hyvbridizing wizh any 02 these genes undesr ziringent
conditions.
Ldiponectin or a polypeptide which Zcrms a pertion cf

adipeorectin (including gR4) may be isolzzed rfrom czlls

1

contalning the same. EHowever, since a jen= coding Ior
adipeonectin has zlrezdy been cloned, ths azdligonectin or the
polypeptide may be preparsd through a DA recombinant
“echnique; i.2., makxing use of transfermant cells created by
use oI expressicon vectors procucec through tse of the gene.
As will be described hereirbelow, aZiponsctin-deficient
mice exhipit high lewvals of neutrazl fat -n Llood, it thelir

cho_esternl lewvels are conpararle to thaze 2I wild-type mice.

Moreover, adiponectin-deficient mice, reprezsnting an
-

arteriosclerosis model, exhibited intimas thicxening which was
twice the thickness as cobserved in wild-typs mice. In

contrast, when zapoE-deficient mice, whicr represent a
spontaneous athercosclerzosis model, are ciuscl To CcUer-exXpress
gAd, they exhibit z significant reductic- 1r arterionsclerotic
area, preventling development of artericsclersosis. However,
cverexpressicn o2f gAd induced in apgRP-~dericient mice only
insignificantly affect general risk fzcoors Ior
arteriosclerosis, such as dody weight and blood sugar, and
free fatty acid, neutral fat, and tetsl chalasterol in blced.
On the other hand, over-expression of gid irduced in apoib-
deficient mice was found to exhibit z lzowered expression of
scavenger receptor A in arterial walls. Sczrenger receptor A

18 & receptor which, when macrophages =ruicll modifZied LDL,

a3
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binds to the nmedified LDL ¢n the surfa-e of 2 cell, and is
xnown to play a key role as a receptor whicn triggers the
onset of arteriocsclerosis.

Accordingly, adipcnectin, gAd, or z gerz coding for

adipernectin or gAd is useful as a down-regulator of

n

cavenger
receptor A exrpression, or as a drug for przventing or
Treating arteriosclercsis. In particular, gid or a gene
encoding gAd is very useful in that it 2xhiki®s 2 mere potent
down-regulating effect on expression ol & scavanger cecephbor
as compared with adigecnectin, ang stronyer prewventive or
therapeutic effecr.

For administering the drugs of -he przzent invention <o
a mammal incluvding a humen, pharmaceutizzl compeositions of a
veriety of doszge forms may be produced through incoroeoratien

of a pharmaceolegically acceptabls carrisr to any of the

1)
I
]

remenTioned active ingredients. Among such dosage forms,
preparations Zor injectilon are praferred. Ixamples of the
charmacologically accaeptable carrier include distilled water,

.

mulsifizr, and a bhuffer.

{0

a solubilizer, a stabilizer, zn
The dose of any o2f the drugs may differ <ensnding on the

cenditiosn of the disease, sex, body weiyrt,

TT., and may

range from 0.1 pg to 18 mg/day or therezbouts, zs reduced to
the amount of zdiponectin or gad,
Exanples

The presznt inveniion will next bz dezcribad in mere

detail by way of examples, which shoula ro: zonstruad as

O
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limiting the invention thereto.
A. Methods
(1) Preparatiecn of knockout mice

Scresening o a 129/35v mouse cencmi= linrary was
perforred using adiponectin cDWA as a pIooe, whereby 2
plurzlity of clones harboring & gene enccding acdlponectin
were obtained. A targebing vecior was corstructed, in which
the region stretching from the translatlon nitiation site to
the translation termination gite had bhean replaced by a
necmycin-resistant gene. ES cells were transfected with the
resultant targeting vectcr. Screening wzs performed through

Southern blotting, whereby homologous rzcombin

g
)
-
12
o
)
an

clones wers confirmed. Chimeric mice wers creatsd by means
of micreinjection, and the mice were crosspred with BI/A to
Thereby produce Fl1, and then F2.

Briefly, ar adiponectin-gene-defici=rt mouse was
produced through homolegeous recombinatisn as shewnm in Fig. 1
With an aim to knockx out the mouse adipsonectin gene,
Targeting vector in wihich exons 2 and 2 that encods
adiponectin were rerplaced with a neo resls-:zil Jene was
prepared. Separate 5 homclogous recombinant clcnzs were
confirmed through Southern bleotting (Fig. 2,. From ES cells
having 129%/Sv as a bacrground, chimeric mizz were nraduced,
and in order to create a hetero-deficient wmol3e, they were
cross-bred with BI/&. The genotype was coniirzmed through

Southerr blotting (Fig. 3

(2 Insulin tolerance t

M
ot

S
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Human insulin wes intraperito
test mice in an amount ¢f 0.7 mU par gram kody welght), and
the mice were fasted during the tolerarce fezt. The blocd
was cclleczed frow the teil wein, and »lood sugar lavel was
measured by means of a Glutest Ace [registered trademark,
product cf Sanwa Ragaiu Kenkyusho Co., T7d.).

(3] Glucecse tolerance test

Gluceose was persrally administered to tfest mice in an
amcunt of 1.5 mg per gram (body weighz). Frior te the
administration, the xice had keen fasted for at least 15
hours. The bleocd was collected from the Zundus vzin, and
blocd sugar level and insulin level were mezsured by means cf
a Glutest Aze (registered trademark, pradust of Sanwaz Kagaku
¥erkyushoe Cc., Ltd.) and 2 rzat insulin RIZ kit (product of
Amershem Pharmacia Biotech), respectiwvel:.

(4) Mezsurement of plood lipid level

2fter the test mice were fasted far 16 nours, levels of
free fatty acid, neutral fat, and total zholsstaresl, all in
blecd, wWere measured by means of a NEFZZ-meszl, z TGL-type,

and a Tchol E-type (product of Wako), respectivaly.

D

(5} Measurement of bleood leptin level and nlood adiponectin

level

1

After the mice were fasted for 16 —curs, levels of

i 7}

leptin and adiponectin, both in blood, w:re zeasured by means

of & Quintikine ¥ kit (preduct of RzD] and an adiponectin RIA

1
-

T (product of Linco), respectively.

s

(6} Creation 2% a thick vascular intirza rods

o

through cufi

11
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placement

A 2.0-mm polyethylens tuke (PE-50% was: placed in the

h

emoral arvery. When two weeks had pzssed, the arTtsry was
press-fixed with formalin, and removed Zogether with Che
opposite-side, uncuffed artery, which szrvesd as a conbrol
artery. Each of the thus-removed blooc —zg3cis was silcad fto

obtain continuous ring-shaped specimers,

D
i
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>
3
Qs
A
S
.
ot
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)

erigth
of 10 mm., Ten specinens wWere taken anc EE staining was
parformed. The ‘nner diameter of the plooi wessel, the
thickness of the intima, and the thickr=is c¢f the media were
measured, znd intira/media ratio was calouleted.

)} Preparatiocn of gid-overszxpressed rwooe

Accorxding to Tne method described in Diabetes

[1=5

g, Lz222-
1822 (1999}, & fused gene containing a hurar. SAP promofter and
mouse ghAd cDNA was preparsd. Purified dind III-Xhol
fragments were microinijected to pronucleil ¢f fertilized ova
cf C57BL& mice (product oI Clea Jepan., Znc.;. Tzil DHA
saxples obtained from the resulrtant transgenic mMice Wers
subjected to Scuthern blotting througz uze 27 a gad cDNA
probe Lor the Bgl II/Hiac II site of cRd, whareby gAd
cwverexpressicn of the transgenic nlice was confirmed.
18) Preductien of gAd-overexpressing apof-ds=ficient mice
Jhd-overexpressing apcE-deficient nice were crossbred,

te thersby vroduce ghd-overexpressing agoci-heterc-~deficient

rmice. The resultant mice wers c¢ressed Tursher with apoz-

8}
’_:
(1]
=
ot
=
}_J,
(9]
[

deficient mice, to thereby create apon-defl

exhibirting over-expressicn of gAd.
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(%) Measurement of bleecd sugzr level znd lioid level
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Mice were Zed until they wey
sugar level and levels, in blood, »f Zrzs fsIty acid, neutrzl

fzt, and total cholesterol were messursd by m=ans of a

o

Gluzest Ace (registered traderark, product c¢f Sanwe Kagaku
Kenkyusyo Co., Ltd.!, an NEFA C-test, @ TCL-Zype, znd a Tchol
E-type [Products of Wako), respectivelr.

{1C) Ewvaluation of the size oI artericsclsrotic foci

From each of ghAd-oversxpressed apsi-deficient mice (4

months old) and control apoE-deficient mice, Zhes acrtic arch

and the descencding acorta wers removed, IZixec with formalin,
and zhen sub-fected ro staining with Sudzn IV. Ths
arteriosclerotic foci were evalvated in terrs of their size.

b
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(11} =valuation in terms of bulldup of zho
expression level of scavenger receptor A, and macrophage
accunulatrion

Frozen samples of continucus ring-shapsd specimens of
the annulus portion of tThe anrta wers preparad. Ten such
samples were subiecrted To immunostaininy ky 2se of Qil Red O,
anti-scavenger receptor A antibody, or zmti-Maci antibody (&

macropnage-svecific marker), whereby bullcur of cholesterol

{

ester, expression level of scavenger reczpzcr A, and
macrophage accumulatiecern were evaluated, resgectiwvely.
E. Results

{1) Mouse-adiponsciin-gene-daeficient mice

Through Northern bletting of wnite acd:pose Tissue, the

expressicn level of adiponzctin in the hetero-deiicient mice
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was found to be reduced by ebout 60%, and ke homc-deficlient
mice were Zound ©o sxhikift completely no zdivceonectin

expression (Fig. 4. Indeed, when blcod adizonectlii level

was measured in the hetero-deficient mics, Ttne magnitude of

]

reduction was fcund to be akour 60%, zrd the Zewel in the
hetero-deficient mice was found to ke lLcwer than the
undetectable level (Fig. 5}. With respezt -5 the blood
lep=zin level, no difference was observed (Fig. o).
(2) Insulin resistance 2f mouse~zcdipcneotin-dens-deficient
mice

In three groups of 6-week-old mice; Z.e., wild-type
group, hetero-deficient (adipe +/-) group, znd homo-deficlient
{adipo ~/-) group, there was no differernce n Terms oI body
weight (Fig. 7). The 6-week-old wild-tvyz=2 Tice and netero-
defective mice of the same age were subj:zcted to an insulin
“olerance test, to therepy check their insclin sensitivity.

)

The degree of reduction in blom

J

sugar level in =

1]

sponse Lo
exXogencus insulin was statistically signifizantly low in the
hetero-deficient mice, proving that the reterc-deficient mice
had insulin resistance {(Fig. 8;.

Next, a glucose tolerance test was periormed. 1o
difference was cbserved between the two croups oI wild-typs
mice and hetero-deficient mice in terms <f zleood sugar or
insulin level (Fig. 8). However, as compared with the wild-
type mice, the heterc-deficient mice, afr=r nzving kheen
loaced with 10-week high fat diet, exhihited a significently

high blood sugar level hefore and after leading with glucoese,
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though the body weight remained in a similar level (Zig. L0},
Afterwards, anzlysls on tne homo-deiiliznt mice was
performed.
An insuiin zolerance test performes on S-week-old wila-

type mice and homo-deficient mice of the szre zge. AS

T
=1
.
O
D

compared with the wild-type mice or the netero-deficien
the degres c¢f reducticn 1in blecoed sugzar lave’ 1irn respense Lo
e¥sgenous insulin was stetisticelly significantly low in the
hero-deficient mice, proving that the hoto-deficient mice had
insulin resistance higher than the corrzsponding levels of
the wild-tvrpe mice and homo-deficient mice 17ig. 11).

Next, a glucose tolerance test wa:z psriozrmed. In baoth

stages cf during Zasting and arfter gluccse -cading., the home-

[#1]

deficient mice exhibited blosd sugar lewvels higrer than the
case of wild-type mice. This substantiszes that horo-
deficient mice had slightly impaired glucose tolerance in
addition to insulin resistance (Fig. 1z, . Rafore
administration and 30 minutes after zdminlsiration, no
difference was observed betwean the wili-Tvype grcup and the
home-deficient group in terms of the insz2lir levels bhefore
and aZter glucose lcading. However, the hoTs-deficient mice
showed a somewhat low insulin level zt 13 min (Fig. 12}.
{3} Blood neutral fat level in adiponectin fomo-def:icient
mice

In order to checz the effect of aciponectin on lipid
mstabolism, levels, in blood, of Iree fazty acid (FFR),

neutral fet (TG}, and total cholestercl (TI' were daterminec

(€11

[
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in wild-tygpe, hetero-deficient, and homc-defizient mice (Figs.
12 and 14). The hzrtaro-deficient mice 4:2 rot shew any
difference in level of any of *he three —&s37 items as
comzared with the wild-type mice (fig. .3;. Eowever, the
homa-deficient mice showed significantly hicher olsod neutral
fat levels <than the wild-tvpe nmice [(Flg. 14;.
(4] Thickening of inftima in cuff-injurea models of mouse
adiponectin hetero-deficient mice

In ordar to investigate the elfect oI odiponectin on
artericsclerosis, the degree of inztimal thickening induced by
cuff placement was measured in the wild-oype mice and the
hetero~deficient nice for comparison tharebstwesn. HNo
differsnce was observed between the twe groups in terms of
The vascular inner diameter after cuff-irtducad injury was
created (FPig. 15). Wnen 2 weeks had elzpsed after creation

cf cuff injury, the hetero-deficiesnt mizz showed about 1.8

&

Times the thickness of the intima of ths wild-type mig

16] . However, no difference was cbhserved bziwesen the Lwo

groups in tarms of the thickness of the wediz (Fig. 17). The

r

intima/media ratin cf the hetero-deficiert groue exhibited &
ratic about two-Ifnld zrat of the wild-tywe mice (Flg. 18).
(5] Prewventinon of the onsez of zrtericsclernsis in ghd-
overexpressing apob-deficient mice

ApoE-delicient mice, which represert 2 sSpontzneous
arteriosclarcsis model, were caused to overevpress gid and

studied whether or not onset o arterliosc

prevented. The results zre shown in Figs.

Lo
()
Y
t3
o8
[N}
o
—
=
i
boxs

Q2
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15, "a" shows the rzsults of Sudan IV sZocining 97 sorta
samples from apaf-deficient mice, a2nd "' 3hows the resulss

of Sudan IV staining oI aorta samp.es fron Jgad-overexpressed

apoE-deficient mice. As i1z evident freor Zhs coxparison
Letween "a" and "k, " ghd-overexpressed apcE-ideficiert mi:ze

clearly shew a reduction in thz incidence of arterinsclerotic
foci., Tig. Z0 shows compar.soan with reapest tc the area of
arter clerctic focl., Pig. 2C shows that orer~e¥prezsion oI

gAd caused significant recuction in the are: aof

arteriocsclerotic foci, which ar

(1]

stained with Sudan IV, in
any case of asrtic arch (), descending z2crta (<), the sum of
the menticred tws casss (a), indicating arz2sting of the
cnset of artericsclerosis.

{8) Effect of ghd overexpressisn on a

[
T
(,
H
Q)
(4]
C)
—
ons
=
(e
0"
}_A
n
o
Vo
¥4
w

factors in apoZ-deficient mice on 2 normal die-

The body weight, blcod sugar level, and lavels, in
bload, of Iree fztty acid, neutral fat, ard totzal cholesterol
cf ghd-overexpressecd apcE-deficlent mice on 2 norma. diet ar

shows in Table 1.

Table 1
Mouse
Statistical
PO/~ gAd TG apoR/- o ificance
Body weight(g) 25.8+1.2 29.9+1.5 noneg
Plasma glucose level (mg/d!) 14514 152=8 none
Serum total cholesterol level (mg/dl) | 54149 500432 none
Serum triglyceride level (mg/dl) | 127452 104224 none
Serum free fatty acid level (mEg/L) | 0.53+0.08 0.57+0.04 none

Mean = s.e. (n=5)
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2As shown in Takle 1, when apoE-dzf.cierf mice 27 a

normal diet were caused to aver-expr

1]
n
n
v
J"v‘
@
=}
Cr
[#9]
s
1)
ke
b+
h
'
L9
v
5]
«

effect was exsr-ed on ertericsclerosis rick facttors such as

cody weight and oleood sugar, and free fatty acid, nesutral faz,
and total chelestercl in hlood. This s.gyzsts that ghd
possibly acts on vascular walls or maczorhazes directly, to
thereby exnibit anti-arteriosclerctiszc antivity.
} Mechanilsm of arrestino onset of arcaricsclercsis by giAd
With an aim to elucidate the mechenisx 22 the
interaction between gad and wvascular wal.s or macrophages,
frozen samples of continuous ring-shaped slices of annulus
pcrtion ¢f the zcrta were subjected to rmmuncszIalining by use
of 011 Red 0O, anti-scavenger receptor 2 antinedy, and a
macrophage-specific marker, i.=., anti-lMacl zntibody. Bs a
resunlt, as shown in Fig. 21, over-expres:zlon of ghd, though
Daving no significant impact on accumulaticn of macrophages,

were found to reduge the expression leve. of scarangar

=
O

cepter A, suppress buildup of lipids .n racrcephages, aend

arrest the onset of arterissclercsis.

Industrial Applicability

The preszent invention provides a praverci-ra or
therapeutic agent capable o directly preverTing intimal
thickening, which constitutes an essentizl fzature cf

arteriosclernsis, wherein This effect czr o=

ns
rt
t
Y
e
a1
1
e
(e
o
ty
Q
I

W
e

arresting the onset and development oI zrtariosclerosis by

reducing the expression level of scavenier recsptor A In

i3
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ar-erial walls and preventing lipid buildop in macrophages.

[
0
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Gly Glu Thr Gly Val Pro Glv Ala Glu Cly Pro Arg Gly Fhe Pro Gly
35 80 95
Ile Gln Gly Arg Lys Gly Glu Pro Gly Glu Gly Aie Twr Val Tvr Arg
100 103 110
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Claims

1. A drug for preventing or treat.n7 arteriszsclerosis,
containing, as an active ingredient therec?, & C-terminal
globuler comain of zdipecnectin, adipone-tin, or a gene
erncoding the domain cr azdipenectin.

2. The drug for preverting or trez-irg arterioszlerosis
23 claimed in claim 1, wherein the active .ryredient is =z C-
terminal glebular demain of adiponectin or = gene encoding
“he demain.

3. The drug for preventing or treztirg arter.oscierosis
25 claimed in claim I or 2, further containing =
pharmacologically acceptakle carrier.

4. A scavenger receptor A expressicn down-reguilztor,
containing, as an active ingredient therest, 2 C-ferminal
globular domain of adiporectin, adiponec=irn, or a gene
encoding the demain or acdiponectin.

5. The scavenger recepter I expreszsion down-regulator
as claired in claim 4, wherein the actiwe iragrediert is a C-
terminal glonular domain of sdiponectin cr & gsne encoding
the domain.

&. Use of a C~terminal globular dmmzir of adiconestin,
adiponectin, or a gens encoding the dema’.n <r adlponectin in
manufacturs ¢f a drug for preventing or rre:zting
artexiosclerosis.

7. The use

11}

s claimed in claim 6, wLherzin the cemponent

135 a C-terminzl glokzular demain of adipirectin 2y & géne

encoding the domain.
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3. Use o

Hh

a C-terminal globular <domain 22 adiporneciin,
adiponectin, or a gene encoding the domain or zdipeonestir in

manufacture of 2 scevenger receptor A zxpression down-

-

[

gulator.

El . . .

9. The use a3 claimed in claim

[92%
7
0
Rt
ikt
—
3
[
1y
a
O
=
el
O
ja)
]
=
+

is a C-terminal globular domain ¢f adipcazztin or a gzne
encoding the domzin.

10. A method for treating arterioscler-sis, comprising

At

administering a C~terminzl globular decmain o7 adiponectin,
adiponectin, or a gene encoding the domzin or sdipenectin in
an effective amount to a subjezt in need -hzreof.

-1. The method fer treating arteri-zclzresis as claimed
in clain 10, comprising administering & T-tsrminal globuler
domain ¢f adiponectin or a gene =ncodiny the dsomain.

12. A method for down-regulating evoressisn o

I+

scavenger receptor A in a subject, compr.sing zdministering a

C-terminal globular domain ¢f adipecneczi, zd:iponectin, or &

Kt

Zn

D

encoding the domain or adipenectin ‘n zn e fective
anount te the subjec:.

13. The method for down-regulating =xpression of
scavenger receptor A as claimed in clzim 12, comprising
adm.nistering a C-terminal globular denain of adiponectin or

a gene encoding the domain.
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