;e3eb! b$@$!' 62! T'} Hi gh Density 'Li poprotein-Reactive Peptide Techni cal
Field The present invention relates to a peptide capable of specifically
binding to high-density |ipoprotein (HDL) chol esterol,
foamcel | -reacti ve pepti de,
Background Art In blood, lipids are always present as |poprojghg
mechani sns of transport and netabolismof |ipids by the medi at'1on of

| i poproteins are now being clarifikesciitptylgneri des (TGs), chol esterols,
and chol esteryl esters (CEs) are secreted in the formof very |ow density
| i poproteins (VLDLsHightDehsbby. LipEbsobeintRepebivdePpptigheral tissue
with a portion of TGs in the formof fatty acids, and also participate in
transfer and exchange of a portion of |ipids between HDLs and internedi ate
| i poproteins (IDLs). IDLs, which undergo |lipid exchange with HDLs, |ose
TGs, to theckhychbcBieldow density |ipoproteins (LDLs), which in turn are
taken into peripheral tissue and supply chol esterols. Meanwhil e,
chol est erol s wihehphesenbedowentiteheselahesh&opar pppdide ciapabdeaod

wi t hdrawn by HDLs and converted into CEs, and subsequently exchanged wth
TG conta|mpd01ﬁlcablnbbWBdmsgttgnhﬁgﬁeﬂenéhtYLELEOPrgtglnoKHDDﬂs unti |l
they are

cholesterol, to a foam-cell-reactive peptide, and to drugs

containing such peptides.

Background Art

In blood, lipids are always present as lipoproteins.
The mechanisms of transport and metabolism of lipids by the
mediation of lipoproteins are now being clarified.

Triglycerides (TGs), cholesterols, and cholesteryl
esters (CEs) are secreted in the form of very low density
lipoproteins (VLDLs) into blood. VLDLs act to provide
peripheral tissue with a portion of TGs in the form of fatty
aclds, and also participate in transfer and exchange of a
portion of lipids between HDLs and intermediate lipoproteins
(IDLs). 1IDLs, which undergo lipid exchange with HDLs, lose
TGs, to thereby become low density lipoproteins (LDLs), which
in turn are taken into peripheral tissue and supply
cholesterols.

Meanwhile, cholesterols which have become useless in
the peripheral tissue are withdrawn by HDLs and converted
into CEs, and subsequently exchanged with TG contained in the

above-mentioned TG-rich VLDLs, IDLs, or LDLs, until they are
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reversely transported to the liver. This process of transferring
cholesterols fromthe peripheral tissue such as blood walls to the liver is
known as reverse chol esterol transport (RCT), and this process is
considered to contribute to prevention of excessive build-up of
cholesterols (Medical Practice, vol. 18, No. 3, 473-480 (2001)). Substances
that are known to play an inportant role in the reverse chol esterol

transpor treverselyl exahspgrtédt heebheDLivand TThischrpepspgr ofei ns i ncl ude
enzynmes such as lecithin cholesteryl acyltransferase (LCAT), hepatic |ipase
(HTLO), |txmpsfértingi phsteétrdlsafivomhthespergpheradr tissuepsuchpast ei ns
(CETP). However, their action mechanisns, interactions between

| i popr ot evsod awmalli=l toi thewlieri psdknewnbabi teverses chavesteroget been

el uci dated. Foamcells take part in cholesterol build-up in the peripheral
ti ssue. TtmansporhutREPhagesddthisenrprersnbBocpneddered $0d candrpbaseént in
the wall s of bl ood vessels gobble up fat and accunul ate | arge amounts of
fat partitdeprépentbon| 9f Cesyesnave huitdenpcaf| ghragstesglep¥edicadaken
into the nmacrophage cells endl essly by the nediati on of scavenger
recept or sPragbiedy voim &8l | ¥oar é.f 47Aed480EBPEiLAd -of foamcells is known
to be a factor critical to the onset and devel opnent of arteriosclerosis in
hi gh chol est r ofBhE4angssobhatt ase kReWHr &9l ayn @EnimpeLntanty 19ds&yiide nove
information useful for elucidating interactions between HDL and TG rich

| i popr ot etle. revierpeechpleshesati gﬁaasﬁgrﬁr 8¥i 4d®1dnPHCRANIOSH PEFYSENa 2
specific conponent of TG rich |ipoproteins which participate in the above

i nteractiBPBs aBdi BEsrérhskdpopsRBEABAt 1ngAYdst LREYFMESs SUSHd &Sur t her

provi des an HDL-reactive peptide having a specific structure. The present

i nvent i onl@fibhproghadsshsvral PﬁV&FﬁﬁP%gﬁréﬁﬁuﬁLpﬁF raCEPGT DRSS
cholesterols built up in peripheral tissye such as _blod vessel walls and
Iipoprote(H?Pcémdlﬂﬁ°B§PFP&HI&FPPﬁPoKEEPiona€9n€§P$%$ ol & & ol ef f 1 ux

nmechani sm WMoreover, the ggezent i.nvention Eyo%'des nmeans usefuyl f.or the
I'c

eval uat i ohT&R8PaKE| PEPAEABS SFETPRi-d MOMENSE r £ CCh A ect
th t, d | t i,s, etc. .of h t di h ,
myocar di alEAFAFELPBA RETHERR ddBOREPEEIRE + PRk TSLAHIOH ALl did,

i ncl udi b | i d hral | . Discl

of the I nBEEEPOYIPhETEPES RAVEN RO JPE BERFo FHIE RS Es on |1 pid metabol i ¢

errors, and pr %ﬂﬁﬂg%e%i%gg;%ﬁ%%%% r‘?%\ ch{gl%nstfel | 1GE ddPoPr g & (GR-P)

serving as a cfi es sucherrors (see, for exanple)

e L i d

or JapaneB&F 657225) “an chnrqu i provement or
T nancacbaBEyFRly OSBRI GA e abarts deand e ioud soslinge
the presegh;LALeROESt"ANA WU aGhefl] YanRRiAI & &0l rd NI
(primarily CEs) therein. Chemically modified LDLs are taken
into the macrophage cells endlessly by the mediation of
scavenger receptors, whereby foam cells are formed. Emerging
of foam cells is known to be a factor critical to the onset
and development of arteriosclerosis in high cholestrolemia.
An object of the present invention is to provide novel
information useful for elucidating interactions between HDL

and TG-rich lipoproteins.

The present invention also provides information about a



3 that HDL reacts directly with LDL. The present invention has been
acconplished on the basis of a determ nation that this reaction proceeds by
the nediation of a specific region of apo B-100 of LDL. The novel finding
that HDL reacts directly with a TGrich lipoprotein to thereby exchange

| i pids satisfactorily explains RLP's characteristics and t he causes of the
abovedescri bed phenonena of RLP, which is an abnor mal goproteln bel i eved
to be sIcwﬂqcxﬁi@&mﬂmn@memhdobUTGtrbﬁh|th@Bbﬁte¥Q$’Wbl seatklFiBapLot ei n
whose characteristic is that RLP does not react with an anti body for apo

B- 100 (a ¥ rithe lakdveipbpterachions | Degiems ofnguein FoBpPoReRtapsnd-| (a
structural apoprotein of HDL). Thus, different fromnormal TG rich

| i popr ot e tIucRIFeS 5 @@dléﬂ%ﬂhﬁbtprgvb¢6$lﬂé HPk-spaetive PegtéfAeof apo

B- 100, which participates in the reaction with HDL, and therefore RLP
cannot rédzmavingta $iPecifbadshyuebuseagnation in Iipid exchange and

met abol i sm of RLP. Accordingly, the present invention contenpl ates
provi si on of nBhel PraserkminvaANtAaR pbEor BEEVEAEPr BEVRY WPERTISLAPEh VLDL,

I DL, and LDL by the nediation of apo B-100 contained in the VLDL, IDL, and
LDL in thebabvinteseetbens| bptueenanBpbee taEChENPYILEr UPnifhe | i popr ot ei n
nmet abol i sm mechani sm Nbreover, the present invention contenplates
provisioﬁp%fiﬁhgﬁééiFiﬁsﬁégﬁﬁﬁhdéﬁePEPﬂ@dvﬁﬁsﬁérWP&FﬁaFEdiﬁlpﬁBrPééépﬁon of
apo B-100. Thus, the present invention provides an HDL-reactive i tide of
t he foIIo@ﬁ@giQaQaBFi?B}ar4inf?§TaEiBEpFPB@eﬁ§$Pﬁg°PHée§ﬁPﬁ8 a&F% §§quence
represented by SEQ ID NO 1; or (b) a peptide having an am no acid sequence
repr esent®@CRIREBN-with one or nore amino acid residues having being

nodi fied through substitution, deletion, diti i nsertion, d having
a specific bin PHS°XSFP|FPetBrﬁﬁﬁnEh&P¥§P338P P?ﬁgigFés@ﬁFnlnygﬁF%as have

furth f d tftd ffect of the dth
modi {1 e Febt FG, SALGREyBh BOAASPRY FSFRbLEnEp: AdBdChoESY Be1de Birohe

hol | . effl fromft h f
artert oocPBiER SFEAtLETRERRCE Rhe: AbeBhe GrFELOPET nopég?g%%ﬁ of X from
f | t f t t.hrqnb f t I t of
artori oschErBEREL| AARPEREE sﬁ%ﬁ‘*a'ﬁf’@wos#@s aberastibpas SRALART (fe
P ot arhorehRItibgs BEPLLIE Ab8CHREbUY .20 18cHhMEnGO! | TDLOVI NG 1 PT]

met abol i c r-preventl or ‘treafing riosclerosis. The

present(bggggsgeoagaagageaﬁgokaachshhhrsec&ex B8R Efepatahe fol | ow no

(a) or he "am no aci d seque esented by SEQ
ID NO: 1; or (b) a peptide having an am no acid sequence represented by (a)
with one or nore am no acid residues having being nodified through

substitutjon lgghgglﬁg t?&dihbgﬂkiBB insertion, and inducing chol esterol

ef fl ux from foam cel e present invention al so provi des a drug such as
a s The present inventors performed studies on lipid

metabolic errors, and provided, among others, a remnant-like
lipoprotein (RLP) serving as a clinical index which indicates
such errors (see, for example, Arteriosclerosis, 20, 79-88
(1992); Clin. Chim. Acta., 223, 53-71 (1993); or Japanese
Patent No. 2657225) and a technique for improvement or
measurement of CETP participating in the above-described
lipid exchange (Japanese Patent No. 3043528).

During pursuit of their subsequent studies, the present

inventors have quite unexpectedly obtained a novel finding



peri pheral -ti ssue-chol esterol "efflux drug, a drug for inproving lipid
metabolic errors, or a drug for preventing or treating arteriosclerosis,
containing the HDL-reactive peptide or the foamcell reactive peptide as an
active ingredient. The present invention also provides a drug conposition
such as a peripheral -tissue-chol esterol efflux drug, a drug for inproving
lipid netabolic errors, or a drug for preventing or treating

arteri osctkeabsiBL reachtinfhgechdyHPLEBabPlve Fhpt pdesentt Apvention has
foamcel |l -reacti ve peptide, and a pharnmacol ogi cally acceptable carrier. The
present ipeentacaompidshedvpdethasbasist A mDdetexminasipapthgs shishe
foamcell-reactive peptide in production of a drug such as a

peri pher afea¢tior-phoresder by &hel nrddatigonaodr agsreciifipr degagn ofi d
nmetabolic errors, or a drug for preventing or treating arteriosclerosis.
The presempoiBvehPieh BP5e provides a method for treating chol esterol

buil d-up in peripheral tissues, lipid netabolic errors, or

arterioscl erosfhe E@Nﬁﬁl§Pﬁ§la6n¢hﬁ§tHPﬁngeaFGsadéﬁﬁFééﬂ v the &d TGrer eof |

the HDL-reactive peptide or the foamcell-reactive peptide in an ef fective
amount . | hichel bpeBEntedpetpr thareby, e#pbrBgralibAdsusadisdagd&ordaddit e ani no
aci ds, peptides, nucleotide sequences, nucleic acids, etc. accord with the
regul ati opXPbringPREPSE Fhpractardstise pBA bhepSAUAGSaoSpabier AOeVEaN
Contalnlng a Nucl eoti de Sequence or an_ Ami no Acid Sequence" (edited by t he
Japand8gcribedt PeppPEeRa 8f BEEPoWﬁF?hcéée§neﬁBP6§861|%199@18F9 DA no

aci d sequences and site nunbers of 00 are designated_in accordance
with "apoPebbpyeteff Belﬁé°ﬂﬁ¥cﬂP§6P°H&ﬁﬁﬁ aﬂéCESéF@NuPLpﬂuﬁlopﬁD 8#?789
NCBI Sequ nce Vi ewer Brief Ee tio % Dr awi ngs
Ceact ivitySof BYOURL LAPORIGHELTapBORS1 B0oRO &ﬁ&ﬁ aﬁ? 55aF RbFS APERE g o
shows the results, of al SIS ﬁHP opr i ntalned in a
fraction B trapatng}%gi t 8hy)for ap% % ?b% ructural

apoprotein of VLDL, IDL, and LDL) or for apo A-I (a

structural apoprotein of HDL). Thus, different from normal

TG-rich lipoproteins, RLP is believed not to provide the

specific region of apo B-100, which participates in the

reaction with HDL, and therefore RLP cannot react with HDL,

leading to stagnation in 1lipid exchange and metabolism of RLP.

Accordingly, the present invention contemplates

provision of novel information that HDL reacts directly with

TG-rich VLDL, IDL, and LDL by the mediation of apo B-100

contained in the VLDL, IDL, and LDL in the above-described

lipid transport mechanism or in the lipoprotein metabolism

mechanism. Moreover, the present invention contemplates

provision of a specific region determined to participate in

the reaction of apo B-100,

Thus, the present invention provides an HDL-reactive

peptide of the following (a) or (b):



B10OFL gel (A) and a fraction that did not bind to the control gel (B)
Fig.- 3 shows the results of analysis (SDS gel el ectrophoresis) of proteins
contained in a fraction that did not bind to the B100FL gel and a fraction
that did bind to the B100OFL gel; Fig. 4 shows the effect of the present
peptide in cholesterol efflux from RAW264 cells; and Fig. 5 shows effect of
the present peptide on the bl ood vessel tissues of quail arteriosclerosis
nodel (A (x)l6a peptBiéxdH8yinghtheoaninbd gcbdpseqaedc€ frpeesentied py40):
the groups to which the present peptide had been adm ni stered). Best Mde
for Carry$EQg ImtNOhell noenti on The HDL-reactive pol ypeptide of the present
invention 7 wi |l be described in detail. A characteristic feature of the
HDL- r eact (ve aepéptidef hatitngr eseaninaveaidoaeqgeendesrepresenspdcbli c
binding ability to HDL chol esterol. As used herein, the expression "has a
speci fi c pahdwhghabnéi by morélDamihol esidr oesideéer bavéng betiogti on in which
the HDL-reactive peptide exhibits affinity specifically with free

chol est ermbdifitiédr tTEought aithetitntiph,t delh&iehy baddtdpsci Pircal |y
thereto. The expression also refers to a situation in which free

chol est erbhsentiion, CBndohauingdai apppLfdghbbnaingf phid{typsei HPEal |y with
the HDL-reactive peptide to thereby bind specifically thereto. SEQID NO 1
is an ani@lodesteseyuence of a characteristic peptide exhibiting binding
ability to HDL chol esterol. That is, peptides having such an am no acid
sequence have Fheppresestbintdengonsi have fyrmbercperforaed a Aeadedivngl y,
such peptides are preferred enbodi nents of the HDL-reactive peptide of the
present i9fentudhes on effect of the peptide and the modified peptide,

and have found that these peptides have an effect of
cholesterol efflux from foam cells produced in the early
stage of arteriosclerosis. A substance having the effect of
cholesterol efflux from foam cells prevents plague formation,
thrombosis formation, development of arteriosclerosis from
the foam cells, or similar reactions. Therefore, the peptide
and the modified pepfide are useful as a drug for improving
lipid metabolic errors or a drug for preventing or treating
arteriosclerosis.

The present invention provides a foam-cell-reactive
peptide of the following (a) or (b):
(a) a peptide having the amino acid sequence represented by
SEQ ID NO: 1; or
(b) a peptide having an amino acid sequence represented by
(a) with one or more amino acid residues having being
modified through substitution, deletion, addition, or
insertion, and inducing cholesterol efflux from foam cells.

The present invention also provides a drug such as a



SEQ ID NO 1 represents a regi'on-contained in apo B-100 (a structural
protein of VLDL, IDL, and LDL) and having 51 amno acid residues; i.e., the
2,297th to the 2,347th am no acid residues of apo B-100. Interestingly, the
region represented by SEQ ID NO 1 contains a region which is considered to
be an epitope for the nonoclonal antibody "JI-H" (an apo B-100 anti body
used in neasurenent of RLP) (J. din. Ligand Assay, 19(3), 177 (1996)).

Ther ef or epexriphéralir hijssnet bhopestenoli afEmukoArsg., aefruggfess with the
fact that RLP, an abnormal TG rich |ipoprotein which is slowy netabolized
and i s buihproplng bipdd, mebabohdc maversindrng dbhbi £prt preventdngclognal
antibody. Inrelation to the HDL-reactive peptide, the am no acid sequence
of SEQ | :nentingngrtekdoachedpsied containinki thepHPL-xeaghiiNe aci ds, or
one or nore am no acid residues of the sequence, have been nodified, so

| ong as tpeppi@ei de thai Boam-pehdi ngagbivet pepbifpl asharescdive. No
Iinitations are inposed on the degree and the site of the nodification
(i.e., subsgredienh; deletion) addition, or insertion), so long as a
peptide having the nodified am no acid sequence exhibits the same effect as
pepti des havi n§henprarens isvensdgnendsooPrSEddep ROArug icompostifdopept i de
has binding ability to HDL chol esterol. Exanples of the nutant include
pept i des $GRn@saBoReTrinberAlnbiaENE- FhelagEeroanatEABXNGLRG: Br 8£8Cabl y
has about 6 to about 60 am no acid residues, nore preferably about 20 to
about 50 £PF nbMBEPHiRgsidndd. makabeddft PEFOF8quPFeAeArUlsfORat t he nut ant
have the six am no acid residues represented by SEQ I D NO, 4, and
preferabIQr?“%nﬁﬁPanPrh§§eﬁﬁénSOaEHPﬁ6°§EF8rP§§Fdu€9nF66Pé§SnFBG BYLSEQ | D
NO 5. Exanples of the nutant jnclude a peptide having the 30 ami no acid
resi dues ¥epreieat BEPEYd8ERr| BhROEfo2m- ﬁﬁg lirpaptive RaEPitdgernédngoaani no
acid residues represented by SEQ ID.NO 3. The HDL-reactive peptide of the
pr esent iE@%ﬁTPBElPﬁiﬁQFFYCBFSPP§aB}€f8?55F9ra peptide having the anino

acid sequence of S ther or not the HDL-reactive peptide

has bi ndi ng abFPFt9S%5eH5L15N8P§§PBr8 SeaPrBX ff e @5t APSUGRLT test in
d ith f | f the test Il b

doscri bed 2F W?nﬁéﬁéﬁﬁﬁeér@hs same 10 regcEiye pentide 3p (he \;I)Mr esent

i nvention mﬁél Fe des gr n deéa e ? gctgg %tIC feahu&e % ﬁ

( oam col | PTedueFiaR 85! pafcpacpHER rR Pt RSRTPBEFS0r TP LY LeReRLter o

from f oam In_ relati o t he foanmce ctlv tlde t he _am no
acid sequ%ﬁg uﬁfdggé 1B Eb‘ ﬁﬁyiPQEOVln éipl orﬁpﬁﬁgwﬁ parPFm

ani no aC|gs ﬁéngggsggﬁggﬁ%iﬁghgg @%Igt?ﬁalg Ues . ero?grigﬁgence have been

nodi fi ed, e pep e exX I"es ux from foam

cells. No lim vl B38RAE, LARERE]oR1aRE de0rARcANd Lk 2l Lhe

nodi fication (1. utlon Ietlo Ition, or insertion), so

long as atP§Q£iggSBﬁXEBgtkgﬁlanhiheq ghsgg ﬂe§§ U%E%ﬁu%éh'ﬁﬁ%ithe safre

effect as peptl aving the am no a ce o

the peptiflg:akbi bt srebokesher akrebhbykraaukoadbhipllisaggranl es of the

mut ant i nc peptl avi ng about am no acid residdes, and the

mut ant prgaﬁiﬁbgiebéﬁgabeut GSth@QQUHnGQe%E‘QHe%%b@ [ @%iedups, - rERCR 1ve
preferably about 20 to about 50 amino acid residues. An essential

requi re”gﬁ%Btidéhak the waﬁ\nbemi\tee&am%xﬁemaaea@.hd aheeirdeet ikRpr esent ed
by SEQ | 4, and preferably the mutant has the 20 am no aci d residues

represent gdotiitSEQ I D NO: 5. Exanples of the nutant include a peptide
having the 30 am no acid residues represented by 10
In the present specification, abbreviations used to

designate amino acids, peptides, nucleotide sequences,
nucleic acids, etc. accord with the regulations of IUPAC or
IUB, "Guideline for Preparing a Specification Containing a

Nucleotide Sequence or an Amino Acid Sequence” (edited by the



SEQ I D NO: 2, and a peptide having the 30 am no acid residues represented
by SEQ ID NO: 3. The HDL-reactive peptide of the present invention is
particularly preferably a peptide having the am no acid sequence of SEQ ID
NO . 1. Whether or not the foamcell-reactive peptide has an ability to
efflux cholesterol fromfoamcells may be confirnmed in accordance with the
procedure described bel ow in Exanples. Hereinafter, the HDL-reactive

pepti de aMapdiesé cearcent -O£fLteye peptusittomayycobflest emplyybd ief €heed to
as "the present peptide."” The present peptide nmay be produced so as to have
the nentiamted am no acid sequence through a routine chem cal synthesis

nmet hod. The net hod enconpasses a variety of peptide synthesis schenes on

t he basis of clsinonagidobeduphase apdhaiyeesumbdrsustonpoyBl-il§Qi drghase
techni ques. Specifically, the peptide synthesis nethods include stepw se

el ongat i ciesihghdtednimt acond@asaei whth| hapospppprotedngBtil6A, t he pepti de

i s produced through sequentially binding an am no acid residue in

accor dan@red¢unsehchumamo ACCESSEQNenbBHURS oP Rt i o138 9i nNEB&sSequhareby
the chain is elongated. In fragnent condensation, the peptide is produced

t hr ough, Viewexo! dance with the amino acid sequence information of

interest, synthesizing fragnments having a plurality of am no acid residues
and subsequently subjecting the fragnents to coupling reaction with one
anot her. The present peptide nmay be synthesi zed through either of these 11
met hods. Bikek dPeileesiptboncapl thedDrawingspepti de synt hesis descri bed above
may be perfornmed through a routine nethod. Specific exanples of the nethod
i ncl ude the azF#g-.ndt abavwst ReagtiedticPd BARYHE wd theendd -apPee BR&GOTet hod,
the active ester nethod, the oxidation-reduction nethod, the DPPA

(di pheny | RRRHHORFT 30 bibod¥t A6ETHA: modi fi ed DCC nethod which is a

conbi nati on of _the DCC nethod and an additive_(e.g dro benztri azol e,
N hydr oxysucci hh# d@, SNPH?dFB?yrSHBFESrﬁgnénﬂlgsaﬁcaﬁgé de), and t he
Wodwar d et hod. Sol vents. to be used in these nethods can be sui

sel ect ed *?Qﬁﬂ%ﬁﬁﬁ&??hﬁ%@tﬂhPﬁﬂ aPeamEFPCEEBRntPBtb 1gnproyRipd tH §§Eh a
pepti de condensatlon reaction. es. of the _solvents .include

di et hyl R+ Ak gge c&%f aH?n%tﬁ§?§E ?BxFB@t(E%éc??thB}BBhGQpﬁBFanide,

di oxane, tetrah dro (THF), ethyl acetate, and m xtures thereof. In the
pepti de s@?ﬂ?ﬁ% s9¢ aégpo a carboxyl group which is contained in an anino
acid or a pept a |ch oes no articipate,in reacti on may
typically be p#b?ec ?WFO f FSFH&F oﬂ%angiyééﬁenggg i a | ower - al kyl
ester sucnbas a

tEogfor ¥%§§ §6.pPOLHaF. off ﬁ???ﬁﬁ&ﬁz%/?rftge?iﬁn Fhaf 3 vy,

benzyl

ester d u a u p side chai n,
t he functlongﬁ %@Lﬁ% ﬁ%% g?gtg ? gn&FérEgégggﬁh Q%ﬁ% ﬁ§§r3§§ Egoup of
Tyr r d th an acetyl group, a benzyl group, a
benzylox?%ggd%%§§ﬁﬁ %%, or a tert-butyl group. 12 However, such a

functional gr oppg iy BRbyBeERRSBEELYDEPEALER edenkn addiicon, ¢ he

guani di no group g may be pro ecte St fapbPe protecting group

such as abgg €¥Ony¥pefglﬁgs¥£BQrRH?26g geg%gho§xaenzenesulfonyl group, a

met hyl ene- gr oup, enzyl oxycarbonyl group, an
I sobor nyl oxycapbgnyk gheuyR. ePEedR EQa%BEtbk@é&ﬁ%rBQ?ﬁler%HpthBe%&%B%Pt'0”

of the above-desCribed protected amno acid or peptide or the final

Obta'”ed-¥€f§§fttf§§ﬁé§eof” aEiOEEEEEQoEQEEEHBXSonHEEf?k”?QlBWVQHFIqu

routine net g., a catdlytic reduction, or a nethod enploying
amoni a/ sodj ¢ m&rwﬁMiugfbeﬁs thaoeenxpspnaH& Dh ngen fg! ori de)

trifluoroacetic acid, acetic acid) formc acid, or anesul onic acid. In
accor dancgrywpd ﬂ@eﬁﬁichhehéhpﬁegbhalﬁe tR&aesnat Beahldamﬂaxshereaolfled

t hrough a routine nethod. Exanples of the nethod include ion exchange,
partition chromatography, gel chromatography, affinity chromatography, high
performance |iquid chromatography (HPLC), and countercurrent distribution.
These netpwsis Mede bPeLNCEHEYOAYr ol YRedIhkehlgohi el d of peptide chem stry.
Al ternatively, the present peptide may be produced through a gene
engingering t echei ADE-wBhehitki bbi¢peptDIA s€qiRBCpresendi Agviehe iphesent
pepti de.



The gene engi neering techni que may be perfornmed through a routine
procedure. For exanple, synthesis of a DNA fragnent, production of a vector
whi ch enabl es expression of the DNA fragnent, and expression of the vector
in a host cell 13 may be perforned through procedures simlar to those
used in customary gene engi neering techni ques (see, for exanple, Mlecular
Cloning 2d. Ed., Cold Spring Harbor Lab. Press (1989); or Zoku-sei kagaku
Ji kken Kouidd 'Yedelestdriesdkyin etigild), [11," edited by The Japan
Bi ochem cal Society (1986)). For exanple, a DNA fragnment encoding the
present pepti de drmamacterctstidrierture rofitthe HRhhoeachivecpepbhde ofth t he
am no aci d sequence information on the HDL-binding peptide provided in the
present itheemrhegentsdaventiexamdidescirencs SpeciiigibindBag ; algl bttem
Bi ophys. Res. Comm, 130, 692 (1985); or Proc. Natl. Acad. Sci., USA., 80,
5990 (198]) HDLvisHwlgsatgrxfakal |y, the DNA fragnent nay be chenically
synt hesi zed t hrough a phosphoram dite nethod or a triester nethod. Exanples
of such a net el used lkkreimet thel expressieoniipaeial speaviicabirdingomat ed
ol i gonucl eotide synthesis device. A double-stranded DNA fragnent is
pr oduced abddih tthdx HlE chelesianak'si soErPES nkp ca s3itiricHoNID f ¥Rd@Rnt
t hrough synthesizing a DNA fragnent conplenmentary to the singlestranded DNA
f ragnent R AT RRRT g DRIPGIAS X Hbe REARLER SRRELT] L b obH o
under suitable conditions, or through using a suitable prinmer and a_DNA
pol yner af& e Chede i 20 il e it Ear ol 19 G g Dk ot @ heheT ey ebER¢ anded
DNA fragnment. |n accordance wth needs, the am no acid sequence encoded by
t he DNA fSPRFHEHCHEYY Hehemliq i ed herpXpress il b tFeEeEh 8O kdown net hod.
Exanpl es of the nethod .include oligonucleotide directed site specific
nut agene$iidyatsiqrerin which, freq gliolesgrrol RRYLoRSE captatagd- 5500
(1982)) and cassette nutagenesiﬁkévwll, J., et al., CGene, 34, 315-323
(1985) ) . HRlo AIAIHE AT N8 STRRCHELCALER | YEHR okt i RL theotbhVese of the
DNA fragnent, . be perfarned through a cusionar t hod known in the art
(see, foP o S@?ee‘?‘?(c)lé"w 9195"11%1%%%1{”%?%’6%&% Bi ophys. Res. Comm,
130, 692 (1985); . 0or_ Proc. tl. Acad. Sci,.USA., 80, 5990 (1983)). A DNA
f r agment encod‘%% {%e&(gr e]sle\f? PR pEPHRC nBG L BeS PHBBAFRdChy2use of an exi sting
DNA fragnent__capabl e of encoding -.100.. The. t hus- obt ai ngd tide of
i nt er est Qéygﬁﬁﬁ P ?w?ﬁ$ikﬁ%%ﬁ%d%ﬁn§%n$s%?%f?gﬁ F%cﬁﬁﬁque
utilizing.its physical Qr chem cal racteristics (see, _for exanple,
"B ochemclTip SRR Bookthia € 1T, PantLERARS' G3eh P8R anlho BEIR N sune
23) 1980, _.published by Tokyo . ' .1t d.  Bi.ochen str 25 (25),
8274-827F < Havdp 5 e &h‘%@%ggﬁi’eﬁz? ?i@%???n??f‘%%‘\{%‘é%gfi bed
above, t ' eps,L I i i (L1 cebindi ng
211ty P TR Gr saptHaes FrEaptLhenar S faRERL: Se HAS Mo
per | pher Jiprl i @ P LS oY {ROBIGAE  hTentEGRII NGlY, ull] 1] ng

e

these effects, the present peptide 1s used as a reagent for studies to

expl ain the mganSME! 11 PePrés8AEET APEE§T0ANEoABARREE! $H) apo B-100
arteriosclerosis occurrence nechanismin peripheral tissues, or the _
thrombus (Ot "L hewh 684 n | Ot apdht, | ofipr f 04n&XBHR) €and NRaPisgEHt peptide
may 15 be used in production of a drug conposition containing a peptide
as an aclgnigd HERAI R 1adHCes (e 0fng 209DPEht tONLKROND ABAFthagmBAoact i ve
i ngredi ent, the present peptide exhlbltlng a specific binding ability to
HDL chol edif Pesidifedlré £96P@sigoon can be used, for exanple, to provide
reactivity with HDL to TG rich lipoproteins or abnormal |ipoproteins (such
as RLP) which B{€esd oW NgIP! 2bREi Z8§18ndrEptétetPelinbP! oRd) 1Dr NOO pronote
the reaction. Moreover, since the present peptide causes chol esterol efflux
from periqdidaind i Sty Len | whidlheislr sonsoappedt t6Nbé asin bepusepef oo
aneliorating lipid netabolismin the coronary artery, the aorta, the

peri pher ahaam®iocl@izl antibedy pr 8Yent i (gnoapdrBald0gantivodpsabedosns.

measurement of RLP) (J. Clin. Ligand Assay, 19(3), 177

(1996)). Therefore, the finding in the present invention



Thus, netabolism of such |ipoproteins can be normalized or pronoted, and
devel opment of arteriosclerosis can be prevented. Therefore, the drug
conposition can be used as a renmedy for aneliorating |lipid nmetabolismor as
a renmedy for preventing or treating arteriosclerosis. The drug conposition
is adm ni stered such that the active ingredient is effectively delivered to
target sites such as RLP, TG rich |ipoprotein, or the artery (particularly,
t he bl oodvalsls segtdes Rattlextmel fact hehatt LRLEP pngmsabnormad A@arhckt ered via
food, or the drug conposition is processed such that the active ingredi ent
i s absor Heipaprdtein ntleseh nes t @1 dwnky abgt phebized aanld ulys ppepatatpoibn and t he
preparation is adm ni stered perorally. Such a drug preparation may be
pr oduced blvasdlighices audt neavet himd tmgl abihlbtyt o etheé nmandéglonaglist omary
manner. Optionally, the present peptide, the active ingredient of the drug
conposi tiamtiedy be treated with lipid or other substances. The drug
conposition may be conbined with a drug delivery system (DDS) using a drug
del i very substImceeWattbnbtodthéoHbPhereacyive RpEpbLAEG thehamipopaotidi n
Exanpl es of the drug delivery substance include antibodies (preferably
pol ycl onadeq@mndmdo£sFED oD a0 apbpnay et akeoat mpdbfiled formr §nt whitpbpr ot ei n,
such as apo B100. The present peptide which has been nodified with such an
ant i body pawtbzhi avineffetdsveor apyet pngmoyet Aminar geid| respduesi af The
drug conposition contains a pharmacologically effective anount of the
present pdpeisRIISNCH. ah@Vereﬁgr@@ﬂéﬁgedanﬁoth@n§0ﬁ§o§h§|Eﬁptédﬂrepared
t hrough a routine process together with one or nore pharnacol ogically
accept abl exkibiterbinding hab&bityr kpabRLt o desEeE8dposi ti on. The present
i nvention provides a DNA fragnent having a nucl eoti de sequence encodi ng the
present pepti d¥o ¥heibahiepagAEARt IMBOESE! AP thepRBayeei 8AdofthenélfPesent
peptide through a gene engi neering techni que as described above. |n
addi t i on,o% hehe®Npo *ﬁbﬁéhgoﬁayibé us8BPFRippbdaR: i 8aletiandr addd&apBsiti on
containing a DNA fragnent as an active ingredjent. The resultant drug
conposi ti ¥R IRsSeEEHoRY. asﬂrﬁﬁnﬂh6§eatE?QE%dFshﬁXanTébﬁl BRALEAEHr BMEPR, or
the artery, and the drug conposition is useful in the sane use as thgt of
t he drug %%h%o%?GF%Bcﬁoﬁ¥%?HFﬁ§ the 5?@§eﬁﬁfﬁ85tPaepﬁgtéﬁeécPPVén§7t
i ngredi ent as descri bed above. The pres ntDEep% i de chses efflux of

her ef

chol est er¥MBAREGHA| FEARCRERROESSHR P & PPRL1APBAR:
pepti de can

cBoIester%& &f%azgg?}E%th?ohh£?8ﬁﬁE?S¥%§8}Lg{§agéé %%;ggoﬁggaﬁé aagscrlbed
o

cont ai ni AR reeaﬁ?d%aﬁ??%iﬁﬁr”taagbmﬂﬁaa e FRERespodataht ERMa" 1 "

i di d d

h%ﬁrﬁa'xfﬂglﬁ %ﬁ?ﬁﬁ%ﬁ& %ngwebﬁaf R5TFohoPELabPEtaEs. BRARE Retd hno A1)

E.L?ggl °r £§58§7Cm§£§8é??9 ﬁé Eg%pﬁzggangépgﬁggg?gaﬁ§§ |nEPhe manner

descr i bed épga& st Neapr gsegtgsﬁtkgguigg@g ENehBE: che higaaRynatkai n

posi tive productron o I pl ree a Thus, the present

peptide caflebg;ysg ﬂlﬂH'ESiﬁfEEEHEESEyrE?reQEBQEdPB ®5EQ BHEKBN! loNanki 2

HDI ~f chol'ést erol - deposit on tissues preventi o arteriosclerosis or

rest enosi gy %eP B?ﬂ ¥ﬁéSﬁh§anEhﬁag9hn&oaaeamnglaﬁiafregqhﬁakerol As
descri be ove e present peptide has a direct
represented by SEQ ID NO: 5. Examples of the mutant include
a peptide having the 30 amino acid residues represented by
SEQ ID NO: 2, and a peptide having the 30 amino acid residues
represented by SEQ ID NO: 3. The HDL-reactive peptide of the

present invention is particularly preferably a peptide having

the amino acid sequence of SEQ ID NO: 1.



effect of cholesterol efflux fromfoamcells in the artery. Therefore, even
if tthe present peptide is applied to blood vessels which have al ready

devel oped arteriosclerosis, the present peptide is quite useful in, for
exanpl e, prevention of devel opnent of arteriosclerosis or treatnent of 18
arteriosclerosis, or prevention of restenosis of blood vessels via

chol esterol efflux. Use of the present peptide as a drug conposition
enconpasses i t8hetbernovi hob. the HBicrebelilsboreptidenhalsebpnddegt pepti de
reacts with HDL, lipid free apo A-1 is produced, and the lipid free apo A1
i s usefulabblipyeteniPbncholestarabncanf beheonfbywedi thaogghoa pashologi cal
condi tions. Exanples of the use of the present peptide jn vitro include

ext racor pp¢eetdaneeuviathoa aushgmaryomathodent Ai abagifihe premphe pépti de as
an effective conponent. No |imtations are inposed on the node of the

ext racor poreatestrell it bendegoribag heloweinolwawnibbes t he present peptide
to effectively contact with test blood sanples (HDL). For exanple, a
carrier to whithet feapresdatrpaptive pSPrAfsbPFi 2be pregeatedaleptdepl oyed.
In addition to a process using the carrier to which the present peptide is
i mobi | i 74l elsz@rgeéiambeél ipj detpidi onAnghapacperistiedfentvgghothéhe
process described in Japanese Patent No. 2835923. Exanpl es The present

i nvent i onfeRMtcebktreactver Pergifn reFédast anl 16y fbfest efampEevxingi ch
shoul d not be construed as |Iﬂltln% the invention thereto. Exanple 1 (1)
Pept i de s?%?%%%térﬁépEEPWd@OﬁEVPﬁb éim anmino acid sequence of SEQ ID NO 1
19 (B100OFL) was chem cally synthesized_ in accordance with a conventi onal
net hod. Speci f LRaFPyatipe E@pF%&efﬂég -8§pAthEsPeEdvenPEREH dehe thRoc net hod
So as to attain the above sequence b of Fnoc-NH SAL resin product of
Wat anabe ¥BiaRuicitnheegrereet e ﬁEQt%BeNﬁeaﬂlﬁﬁyrEékﬁ faBodifdL8dERFMh a
solvent m xture (TFA henol . thiganisole . 1,4-butanedithiol . water =

82.5: 5: 5: bnswiajc oPaFEF ¢ ABLRS, andFhePEb?nPeﬂﬁv@°FﬁeaBFBPeEFFﬂg gr oups.
The crude_product s purified by revers hase C_.as descri bed | ow, to
(her eby yreriitee ¢5, B8 ﬁ‘égPFBEX' ﬁ@"sr BeBRnaceLrEeEs e8| JAR0 BdstBsi
S v 0P GRhabIEE Sho ERPARbaT Ry BEAE) h3g R o comtalnine
No limitations are imposed on the degree and the site
of the modification (i.e., substitution, deletion, addition,
or insertion), so long as a peptide having the modified amino
acld sequence exhibits the same effect as peptides having the
amlno acld sequence of SEQ ID NO: 1; i.e., the peptide
exhlibits cholesterol efflux from foam cells. Examples of the
mutant include peptides having about 100 amino acid residues,
and the mutant preferably has about 6 to about 60 amino acid
reslidues, more preferably about 20 to about 50 amino acid
residues. An essential requirement is that the mutant have
the six amino acid resldues represented by SEQ'ID NO: 4, and
preferably the mutant has the 20 amino acid residues
represented by SEQ ID NO: 5. Examples of the mutant include

a peptide having the 30 amlno acid residues represented by
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The thus-obtained target peptide was anal yzed by mass spectronetry
(Perseptive Biosystens; Voyager DE/ matrix assisted | aser desorption
ionization-time of flight: MALDI TOF/ matri x: al pha-cyano-4-hydroxyci nnam c
acid) and am no acid analysis (hydrolysis in a constant boiling
hydrochloric acid at 110C for 24 hours in a sealed tube (H tachi L-8500

Am no Acid Analyzer)). (2) Reactivity with anti-apo B-100 nonocl onal

ant i body ggij -1 ND: A, mandigaebtsdahading he 177 {D99)dcThereshduesity
was confirmed through ELI SA in accordance with a conventional nethod by

usi ng a plaaireoanntai by tSEQ hED N1 i 3le diheai HRl- odavel (B1PE€Ft)d¢é seE thpanese
Pat ent 20 Application Laid-Open (kokai) No. 4-104798). As a result,
B1OOFL waerdsmmid irmvdratviorspesiparct ieakbarly tprefebadly Ha (Péptide haelvgaxi s
and the X-axis represent absorbance (0D450) and inmobilized peptide

concent r athieoran{irgd 91 d respeence cdf)SEQ 3ID RActlvity with HDL The peptide
obtained in (1) above (B100OFL, 0.1 ng) was added to affinity gel (25 ~L) to
whi ch an anti -¥ipetided 06r mobcthbaafoamt ceblyrédctiyehnepbdda harpbhl i zed,
wher eby a B1OOFL-bound affinity gel was prepared. A control gel was

prepar ed dhyiligatimgehEluxi choRBstérol £ooemafpamgcald9Pnayi hbea nanner
simlar to the above. Human plasma (1 nl) was added to affinit el (2 nm)
t o whi ch confimmedpbn fac¢copdarte el thnthe ceposedube ches arbbedi g@ owt gn

t hereby cause HDL to be specifically bound to the gel. The bound HDL was

el ut ed wiB*am@dewdi um t hi ocyanate, and the buffer of the thus-obtained

el uent was changed to PBS through use of a colum for desalting, to thereby
prepare an HDLHemepneftghe therBRbnreastdvanprertipdesrandnshecEOAR- anti body
i mobilized affinity gel and anti-apo B-100 nonocl onal antibody (JIl-H)

i mobi | | zellbffeactivecpenkide prapacelleat hredy dapceefiprred E8ndent £BRal

nmet hod (Japanese Patent Publication (kokoku) No. 7-104351). The HDL sanpl e
(cont ai nipeeSentgpepti@e- A- 1) was reacted with the BLOOFL-bound affinity
gel for 30 mnutes at roomtenperature, Subsequently, the reaction m xture
was 21 |eft ThesPrpgerbrreBtifaurey Pe PReflifgdcsfsast ke havet the
precipitate, to thereby renpve the gel fromthe reac%ion ] Xxture, Fractions
that di d MRATLPRRALaNike geld(AedueRSr: EREPUSE, AeHOREIRE CREBARAUnbound
fractions") and the frac ion; t hat Qognd to the gel (herei aftgr referred
to as "Bfﬁ%@i%%%ﬁﬂ petRed onsthe BPERRE GPGPBPYSEEB) BCVBEIBEY RE anal ysi s

desc”lxﬂkéﬁif elgyggﬁggggngghgﬁég gncgﬂgegggggagfnghgggmary solid

phase techniques and customary liquid phase techniques.
Specifically, the peptide synthesis methods include
stepwise elongation and fragment condensation. In stepwise
elongation, the peptide is produced through sequentially
binding an amino acid residue in accordance with the amino
acid sequence information of interest, whereby the chain is
elongated. 1In fragment condensation, the peptide is produced
through, in accordance with the amino acid sequence
information of interest, synthesizing fragments having a
plurality of amino acid residues and subsequently subjecting
the fragments to coupling reaction with one another. The

present peptide may be synthesized through either of these
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Total chol esterol level: Total cholesterol |evel was determned with a
reagent for neasuring cholesterol level (LTCI, Kyowa Medex Co., Ltd.) by
means of an autoanal yzer (TBA20R; Toshi ba). Lipoprotein analysis:

Li poprotein was anal yzed through HPLC of a lipoprotein analysis system

(Li popropax XL, eluent: TSK eluent LP-1, 1 nL/mn., sanple volume: 100 ~L;
Tosoh) by nonitoring colors produced by cholesterol. Protein concentration:
Each protmathedficentrati on was determ ned by nmeasuring absorbance (0D280);
or through the Lowy nmethod in which each sanple (which had been

del i pi di zed W The etbnaehsathen)empiogallj ent et peptlide sgathesds Protein
anal ysis: Protein was anal yzed by SDS-gel el ectrophoresis. Specifically,
each sanplesowsbedbaestednay bel pprfiozrmed theatgbné modtineubekhzdd with 1%
SDS, followed by treatnment with a buffer (2% SDS/ 10% gl ycerol /0. 005%

BPB/ 20% Zspet LHpd oekdrapbés , of othéemebyodr bpaleda thepaeifiermethod, the

el ectrophoresis. The resultant sanple was el ectrophoresed in a 4-20%

gradi ent mgiked na@td oanlaypdeifetmethodnvenei badl m@fhodpethedactResuksserFi g.
2 shows the results obtained by the analysis of |ipoprotein contained in a
fracti on méttiod] dtihet okiddtionthedBdOD&h methé&i gth@APPRAd a fraction that
did not bind to the control gel (Fig. 2B). In Fig. 2, the solid |ines show
t he resul {&ipidnayheldosyhanplgside) nmahhel, eachofiifitedonCGametbed wbigh
sanpl e; and the broken Iines show the results obtained by analysis in which
HDL was ub®da asombinablen(bfisthenpfC Mgbhedlahd| aw sfAditivee (eegul.t d-
obt ai ned by each analysis of a fraction that did not bind to the B100OFL gel
(" BlLOOFL"hydrdxpbenijriadodef r Hchydnoxpisucdidanddehi Ndhydreokg-8ont rol gel
("PBS" in Table 1). Each analysis was perforned with regard to total
cholestermﬂerm@¢n%“Zh@f@é@érbeYimi¢aELeamﬁ,thELW@ﬁ6Wé§@em§¢hpével
("HDL-C'" in Table 1) obtained by |lipoprotein analysis (Fig. 2), protein
concent r s8¢ byenries et ai hedupednbnsthesg mpshedanean( be. pupgeblynsedprsed)
and protein concentration neasured through a color reaction g"DeLipid
Prot ei n" fyomadeng)thoge wirdghearecreléskapypHbR- bp pmpdowabilgi dnPr ot ei nm
/dl Area. ./ nmLB100OFLO. 25243. 20.116231. OPBS3. 605, 811. 30. 143215.8 As is clear
from Tabl®1gh aneepbide eAbfessatdrn| eeartdpnt heERPIPLGFPPE th€ated with

B10OOFL- bound gel is 0.25 ng/dl, which is abo%t 1/15 that of the HDL sanple
treated Ssolvénts include imethylformamide (DMF), dimethylsulfoxide

(DMSO), hexaphosphoramide, dioxane, tetrahydrofuran (THF),
ethyl acetate, and mixtures thereof.

In the peptide synthesis reaction, a carboxyl group
which is contained in an amino acid or a peptide and which
does not participate in the reaction may typically be
protected through formation of an ester; e.g., a lower-alkyl
ester such as a methyl ester, an ethyl ester, or a tert-butyl
ester; a benzyl ester; a p-methoxybenzyl ester; a p-
nitrobenzyl ester; or an aralkyl ester. When an amino acid
residue has a functional group at its side chain, the
functional group may be protected. For example, the hydroxyl
group of Tyr may be protected with an acetyl group, a benzyl

group, a benzyloxycarbonyl group, or a tert-butyl group.

12



with the control gel. Mreover, Fig. 2 (lipoprotein analysis), includes a
peak  attributed to cholesterol (HDL-C) in the HDL sanple that had been
treated with the control gel, but does not include a peak in the HDL sanple
that had been treated wi th B1OOFL-bound gel. The protein concentration was
determ ned by neasuring absorbance and through a col or reaction. The
protein concentration of the HDL sanple that had been treated with
B10OOFL- bdlowevest, vasch canfunot benal ngsoup amey agot hnecessahtlyDbesanpl e t hat
had been treated with the control gel (Table 1). Protein analysis was
per f or mechatdrezigd SDEgehd@ietom pptive eguanidipor gsotpsofir darghmay ba Fig. 3.
In Fig. 3, each lane represents the follow ng sanple. Standard (Low): Low
nol ecul arpoeetiegitedtaitiaral 81008#b1¢ Prohéotibog StOAPLsuaboaadaf natrpon
B10OFL (+) Bound: B1OOFL-bound fracti on B100OFL (-) Unbound:
Cont r ol - gifoumbounto$yhcgrowup B190¥Ftm¢ thorpbenzemsaui 6pnydl gboupd &racti on
24 B10OFL (-)/CGel (-): HDL: HDL that had not been treated with ge
methylene-2-sulfonyl group, a benzyloxycarbonyl group, an
isobornyloxycarbonyl group, or an adamantyloxycarbonyl group.
Deprotection of the above-described protected amino
acld or peptide or the finally obtalned present peptide in a
protected form may be performed through a routine method;
e.g., a catalytic reduction, or a method employing liquid
ammonia/sodium, hydrogen fluoride, hydrogen bromide, hydrogen
chloride, trifluoroacetic acid, acetic acid, formic acid, or
methanesulfonic acild.
In accordance with needs, the thus-obtained present
peptide may be purified through a routine method. Examples
of the method include ion exchange, partition chromatography,
gel chromatography, affinity chromatography., high performance
ligquid chromatography (HPLC), and countercurrent distribution.
These methods have been customarily used in the field of
peptide chemistry.
Alternatively, the present peptide may be produced
through a gene engineering technigque which utilizes a DNA
sequence encoding the present peptide.
The gene engineering technique may be performed through
a routine procedure. For example, synthesis of a DNA

fragment, production of a vector which enables expression of

the DNA fragment, and expression of the vector in a host cell
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HDL-4: HDL-fraction 4 that had not been treated with gel LDL-3:
LDL-fraction 3 that had not been treated with gel Standard (Hi gh): Hi gh
nol ecul ar wei ght standard In Fig. 3, not only in the untreated HDL sanple
but _al so in the sanple that had been treated with B10OFL-bound gel, a band
whi ch represents A-1 (a main apoprotein of HDL) is present as a main band
in the vicinity of the position of nolecular weight 28,000. Furthernore,
bands whindy reeresefernei- throeghr prgecederes ngivlhar thathase pagpd & apo
A-1l, apo E, apo A-lIV, etc.) are also present, and no difference is found
in the steustematyrgene ehgineesipgoterhnianesofdeagl Fori axampdacti on
sol ution obtained by reacting HDL with B10OFL, only proteins (for exanple,
apo A-1 dfokeExylar cChorirat 2danBdechofeidefpringadianbpestabel PESEEr are
substantially absent. The above results indicate that BLOOFL has an
interactiOlP8P1h ehofekueseikagakuhdikkerrKpugat fdenshib Keaiuhle an
effect of effluxing cholesterol and chol esterol ester from apoprotein
particl estbf HOL," Bx@kbed byPEhei dapapnBheshemigah Pepied¥ KA9BAg)an anino
aci d sequence shown in Table 2 was synthesized in a manner simlar to that
descri bedFomn &xample. 12 DHA fxagmend enepfipmnihe-poesent PepRifiR if-

produced through a routine method in accordance with the

amino acid sequence information on the HDL-binding peptide

provided in the present invention (see, for example, Science,

224, 1431 (1984): Blochem. Blophys. Res. Comm., 130, 692

(1985); or Proc. Natl. Acad. Sci., UsSA., 80, 5990 (1983)).

More specifically, the DNA fragment may be chemically

synthesized through a phosphoramidite method or a triester

method. Examples of such a method include a method using a

commercilally available automated oligonucleotide synthesis

device. A double-stranded DNA fragment is produced from the

chemically synthesized single-stranded DNA fragment through

synthesizing a DNA fragment complementary to the single-

stranded DNA fragment and subjecting both of the fragments to

an annealing procedure under suitable conditions, or through

using a suitable primer and a DNA polymerase and adding a

complementary DNA fragment to the single-stranded DNA

fragment.

In accordance with needs, the amino acid sequence
encoded by the DNA fragment may be modified. This can be

done through a known method. Examples of the method include

oligonucleotide directed site specific mutagenesis (Zoller,

14
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M., et al., Nucl. Acids Res., 10, 6487-6500 (1982)) and
cassette mutagenesis (Well, J., et al., Gene, 34, 315-323
(1985)).

Production or expression of a desired peptide through
use of the bNA fragment may be performed through a customary
method known in the art (see, for example, Scilence, 224, 1431
(1984); Blochem. Biophys. Res. Comm., 130, 692 (1985); or
Proc. Natl. Acad, Sci. USA., 80, 5990 (1983)).

A DNA fragment encoding the present peptide may be
prepared by use of an existing DNA fragment capable of
encoding apo B-100.

The thus-obtained peptide of interest may be lsolated
and purified through an isolation technique utilizing its
physical or chemical characteristics (see, for example,
"Biochemistry Data Book II," pp. 1175-1259, 1st edition, 1st
printing, June 23, 1980, published by Tokyo Kagaku Dozin Co.,
Ltd; Biochemistry, 25 (25), 8274-8277 (1986); or Eur. J.
Biochem., 163, 313-321 (1987)).

As described above, the present peptide includes a
peptide having a specific binding ability to HDL cholesterol
and a peptide inducing cholesterol efflux from peripheral
tissues, particularly from foam cells. Accordingly,
utilizing these effects, the present peptide is used as a
reagent for studlies to explain the mechanism of lipid
transcription and metabolism, arteriosclerosis occurrence
mechanism in peripheral tissues, or the thrombus formation

mechanism. In addition, for example, the present peptide may
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be used in production of a drug composition containing a
peptide as an active ingredient. Since the drug composition
contains, as an active ingredient, the present peptide
exhibiting a specific binding ability to HDL cholesterol, the
drug composition can be used, for example, to provide
reactivity with HDL to TG-rich lipoproteins or abnormal
lipoproteins (such as RLP) which are slowly metabolized and
built up in blood, or to promote the reaction. Moreover,
since the present peptide causes cholesterol efflux from
peripheral tissue cells, the drug composition can be used for
ameliorating lipid metabolism in the coronary artery, the
aorta, the peripheral artery, etc. and for preventing or
treating arteriosclerosis.

Thus, metabolism of such lipoproteins can be normalized
or promoted, and development of arteriosclerosis can be
prevented. Therefore, the drug composition can be used as a
remedy for ameliorating lipld metabolism or as a remedy for
preventing or treating arteriosclerosis.

The drug composition 1s administered such that the
active ingredient is effectively delivered to target sites
such as RLP, TG-rich lipoprotein, or the artery (particularly,
the blood vessel). For example, the drug composition is
administered via food, or the drug composition is processed
such that the active ingredient is absorbed at the intestine
to thereby prepare a drug preparation, and the preparation is
administered perorally. Such a drug preparation may be

produced through a routine method and administered in a
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Oaa ~cfl OoN..h Oal00 GO Op ~o N Exanple 3 Cholesterol efflux test
The. af orenenti oned peptides were exam ned with regard to chol esterol effl ux
effect from RAW264 cells (a nodel of atherosclerosis). Specifically, RAW64
cells (nmouse nonocytic | eukem a cell strain) were added to DVEM nmedi um t hat
had- been suppl enented with 10% FBS, to thereby prepare a specinen having a
concentration of 4 x 105 cells/nL. An aliquot of the specinen (1 nlL) was
added t o ;=tiomeaty mEnren2- VRptiqually. fhe meeseyt ceepti@ef okhewo days in
a C02 incubator (37C). The nmediumin each well was renoved, and the cells
in the waldtines elvgasdhitieoincet vihé drud edmmaEM tomt anay nge OtreaBsSA and 20
glutam ne (hereinafter referred to as "DVEM'). Subsequently, a solution of
acet yl at edi iDLl ipil DMEM ¢ ile e gdulbstanedsy. was added to each well, followed by
culture for 24 hours in a C02 incubator (37C), whereby acetylated LDL
entered into tTeec@thg. cdihposttienveay heshembingdewhihhap8suguppl enent ed
with 0.2% BSA. Thereafter, a solution of dibutyl cAMP in DVEM (0.3 mM 1
m) was atkledrexy esstew| (DDS bl usiRa pydryug udet 1 very osubshanee vhighCo2

i ncubator (37C). The test peptide (20 ~ 2 was added to each well so as to
attain abinds torthettargen REP 20r TGoriegh biporyeheinfol | owed by culture
for 24 hours in a Q02 incubator (37C). After 24 hours, the supernatant of
each wel | was Boamptesdof nthenficvgt dobivery SHBSHRBESt 4BELWAS centrifuged
for five mnutes at 10,000 rpm The chol esterol |evel of the supernatant
was newmﬁﬂiﬁh@dh%%nﬁp%ﬁf?ﬁ@bbﬂtE%%&?%?%@lantiﬁﬁgéﬁﬁbeﬁoﬁbéve Each test
pepti de was di ssolved in DNBC)%S and the thus-forned sol uti on was
di | uted \RRIPTNEMR CRtabnedt aF%B%%En%%%PPBﬂt%?ni ﬁﬂ?ﬁtassﬁﬁgeauently,
the resultant solution was diluted 10-fold or 100-fol d_w DME

t hereby pk@dar eThe tREeseRRpPePtife cBhtrh has Paep ?Bdbféﬁgrglﬁ CBHFPOI
sanple, only DVSO was diluted with DMEM so as to attajn a fin

concent r &A% o BEbeAY can pachieve Eﬁﬁﬁcﬁ%ﬂelFaBQﬁE?ngobﬁrEBSrEa59ﬁ55|tlve

control sanpl e, dellpld HDL was diluted with DVEM so as to attain a
concentra%*EﬁP%ﬁt? B. 5.0, or 10 ~g/nL. The results are shown in Fig. 4.

The drug composition contains a pharmacologically
effective amount of the present peptide as an active
ingredient, and the composition is prepared through a routine
process together with one or more pharmacologically
acceptable carriers, to thereby prepare the drug composition.

The present invention provides a DNA fragment having a
nucleotide sequence encoding the present peptide. The DNA
fragment is useful in production of the present peptide
through a gene engineering technique as described above. In
addition, the DNA fragment may be used in production of a
drug composition containing a DNA fragment as an active
ingredient. The resultant drug composition is used as a drug
whose target is RLP, TG-rich lipoprotein, or the artery, and
the drug composition is useful in the same use as that of the

drug composition containing the present peptide as an active

17



Three peptides (P51 (B-100FL, SEQ ID NO 1), PS505 (SEQ ID NO 2), and
PS509 (SEQ ID NO 3)) were found to exhibit strong chol esterol effl ux
effect from RAW264 cells (foamw th acetylated LDL) dependi ng on the
concentrations of the enployed peptides. However, four peptides (P21,
PS506, PS507, and PS508) not containing a sequence conposed of six am no
acids (corresponding to the 2,321-2,326th am no acids of B-100.) were found
not to exhhpredikotehbedesctdhed above. a peptide containing a sequence of
six amno acids (2,321-2,326th 4) and a peptide containing (2,307-2,326th
am no aci ds ch@hespaesiendf blept idlef eausest fefdlux Bfarﬁhcé-%gtﬁﬁ%taﬁ%/sqr by
am no acids of B-100) (SEQ ID NO a sequence of 20 am no acids of B-100)
(SEQ | D NDip3}§ sukhbes FCafgomall®lan Therefowerni 3¢ PresedtuRendidm
arteriosclerosis nodel 28  Chol esterol (Wako Pure Chenical |ndustries,

Lt d.) andca®r Reokisefeoby ceasmtdng wddh HDInofero acFivatien ofereverse
incorporated into a commercially avail able feed (product of Natural Pet
Foods, " CRheRkesir¥odedrNSROTtQea Promoddoss ofp faviexiablg AL concentrati ons
of 2% and 15% respectively, to thereby prepare a hi gh-chol esterol feed.
Heal t hy qugtRdoldsd Bsedefiridese@be Vel oddd ATse &8 Peentthi& RERSent

hi gh-chol esterol feed for eight weeks. From five weeks after the begi nning
of breedi R§Pt4d80| FOToRXSMPLRe PedrUse FAPOSAEiPFoOP taindRg fd§ 1. 0 ny/ nl)
was adm nistered to the brachial (wng) vein (200 ~L; 200 ~g/body) tw ce a
week at tREeEgNEr pePtdde B8 ©h PRy dperaaf 25vé@h M 1ar to that

descri bed above, only saline was adninistﬁgfd to tBe qy%#gf of a_.control
group. Af iBETERdegaMeY R&d PFOSNASdd Forths &fe PERHEHIAY He each
qguai | was cut. for exsanqui nation, and an_aaqrtg sanpl.e was, obhtained. The
aorta sanpPFEMES P C%t é‘ln\?' havdRg ho, diesf s t(ﬁ‘cﬁfe(jﬂﬁ%tﬁﬁ malin) for
t hree days. _Subsequently,,.a t.i e speci J{a Jrozen s ion ving a

t hi cknessr&feErE@n) °o1as¥h&'lz?d1dtsi%%e§r AP \r&_g.r d & cﬁeig]b"gf soh"?oci are
nost |i kel 0 _Qccur.) was pgred. The tissue spegien subj_ec to
hemat oxy| CROAREFEFSM T&OR R{Dﬁ‘ga((sre&ﬂ i%’éc S |"f'tr’|elr?g) ,ed:lgﬂ:d' t(%\&g}'l Ei"'E):ie"')dl <13l i ng
(fat staigin%#, %ollqﬁﬁﬁ)gy exam nation under a mcroscope. In the tissue
speci nens ‘of K& COAt rroup, the follow ng were observed: consi derable

t hi ckeni f |_.int I | ca, t t of

0 chem g o i S e S0 fpted 5, e
f 1ipidsjnt i t i i th

o GBSO Al 8 dgsrg dinine g, 11

15, SRRSOl O S RECED do (g

accumul at io%oga.s aBses Vadd hridierdtigdpttlad Wi e ey &fuitdie accunul ated

lipid size and anmount were snmall, and 'no norphol ogi cal disorder of the

vessel i ”te%”f%@tiwrv]ég.iyc a4 V% '3tk rd ,”.ﬁ’f@ér'}]ﬂrbn—mj—%ﬁnhﬂﬂ—m—otfhe

internal tunica and-lipi'd Tnfiltration into the mddle tunica were found to

be absent cng1@st2r0WegodliCan itBdRfedf dhgpidsateisbest mens. In Fig. 5,
A (x 16) and B (x 40) represent imges of the tissue specinens of the

control gLeridtierosikblorredtdroshl dEBRSENvd @RS, ofhtdegh i ssue
speci nens of the test group.
forced efflux of cholesterol.

As described above, the present peptide has a direct
effect of cholesterol efflux from foam cells in the artery.
Therefore, even if the present peptide is applied to blood
vessels which have already developed arteriosclerosis, the

present peptide is quite useful in, for example, prevention

of development of arteriosclerosis or treatment of
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As is clear fromthe above description, the peptides of the present
invention inhibit occurrence of arteriosclerosis foci in an early stage by
preventing infiltration of lipids into the vessel; and arrest devel opnent
of such foci by efflux of infiltrated lipids fromthe vessel. Exanple 5 In
a manner simlar to that described in Exanple 1 (3), reactivity of PS509
(synthesized in Exanple 2) with HDL was exam ned (as a test peptide,

B- 100FL erte35@®aiesrais o0yl pr3iventdmh tofe restenesbs et epbdodevel of the
applied HDL sanple was 12.7 ng/dl). Wen HDL was treated with B-100FL, the
t ot al cholesstedrsolvilaevaio et el off yx about 72 percentage poi nts, whereas
when HDL was treated with PS509, the total cholesterol |evel was reduced by
about 48 percdiagef pietpresenituspeptldé\pps i @ adirugt gombesptéernt i nventi on
provi des a peptide having a novel am no acid sequence having a

HDL- chol estcomgassgecifis wiadimgrdtndity. Al so, the present invention

provi des a peptide which causes efflux of chol esterol from peripheral

ti ssue. These eplésksibed abevel whem ﬁh@gpte$e@tvB@Péi?eoreéptéases
caused by, for exanple, arteriosclerosis, id netabolic errors, and

peri pher ailth $HJe i 4 tfren 3Re |A=Lpls Sﬂro wred nsand Wlﬁlbhpél‘éngr??

l'i poprotein reactive peptide ofthefollowing (a) or (b):(a) pepti de having
an ani no a9 & sleguervtefebhriee e RPN PNG-reatmen )05 b}é‘ﬁt? @V@avi ng an
am no acid sequence represent edby(a) with one or nore am no acid residues
havi ng bdlifpaned e RaE %%ﬁtwa@iwnfael cExamplesdefi bhe BFeneErti on,
and having a specific blndlng ability to highdensity |ipoprotein

chol est ertdie preprnhingpdsity v1poprnelude cetraeoprptedtaccording to
claim 1, which has an am no acid sequencerepresented by SEQ ID NO 4.3. The
hi gh denﬁ#ﬂpqlrwlbt‘é?wg ehctP e AR B bRt dthg PHeseal nPePtifiecAShas an
am no acid sequencerepresented by SE NGO . 5.4. The high densit

| i popr ot &™h & tixe p"e?ﬁ‘?%%f&:orcﬁ]?igl%'ﬁi*&?%&?ﬁlﬁ ahhi Uﬂpﬁﬁg dafnabPfio acid

ted by SE A f | t
bopt i do JIOdOF oi1e 0 orpeEsat wyetlafiah. naor hiPdneantie Beds

Sequence SRR B %&Pmmt%% o ' GhrécbEPRLY Serhtedl f1sE kS rng
A AL M BB T b o
present peptide is immobilized is preferably employed. 1In

addition to a process using the carrier to which the present
peptide is immobilized, extracorporeal circulation may be
performed through the process described in Japanese Patent No.

2835923.

Examples

The present invention will next be described in more
detail by way of examples, which should not be construed as
limiting the invention thereto.
Example 1
(1) Peptide synthesis

A peptide having an amino acid sequence of SEQ ID NO: 1
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6. The foamcell reactive peptide according to claim5, which has an am no
aci d- sequence represented by SEQID NO 4. 7. The foamcell reactive

pepti de according to claim5, which has an am no aci d sequence represented
by SEQID NO: 5. 8. The foamcell reactive peptide according to claimb5,

whi ch has an am no acid sequence represented by SEQID NO 1, 2, or 3. 9.
The foamcell reactive peptide according to claim5, which has a binding
ability JEHAGHRL) twashichenierily sypdmoized thaeeerdance 19ith &rug
containing, as an active ingredient, a high density |ipoprotein reactive
pepti de @pnvssittianal methethe of clainms 1 through 4. 11. A drug contai ni ng
as an active ingredient, a foamcell reactive peptide as recited in any one
of clains 5 thrimepiflcably THaeirRep ki rAHEYBthesdz8d otlrough Wech is a
remedy for preventing or treating arteriosclerosis, a renedy for

anel i or atfimef Inetihpdeaabas i o aatrin the abewdseqeeneauRy ngsef efux of

chol esterol from peripheral tissue. 13. A drug conposition containing a
hi gh dendimgc-NH-SAL resin (product of Watanabe Kagaku). The

protected peptide-bearing resin was treated with a solvent
mixture (TFA : phenol : thioanisole : 1,4-butanedithiol
water = 82.5:5:5:2.5:5) for three hours, to thereby remove
the protecting groups.

The crude product was purified by reverse phase HPLC as
described below, to thereby yield the target peptide.
{Reverse phase HPLC)>

Column: Cosmosil 5C18MS (10 x 250 mm; Nacalai Tesque)

Eluent: water/acetonitrile containing 0.1% TFA (linear
gradient of acetonitrile; 2.5 mL/min.)

The thus-obtained target peptide was analyzed by mass
spectrometry (Perseptive Biosystems; Voyager DE/matrix
assisted laser desorption lonization-time of flight: MALDI-
TOF/matrix: alpha-cyano-4-hydroxycinnamic acid) and amino
acid analysis (hydrolysis in a constant boiling hydrochloric
aclid at 110°C for 24 hours in a sealed tube (Hitachi L-8500
Amino Acid Analyzer)).

(2) Reactivity with anti-apo B-100 monoclonal antibody (JI-H:
J. Clin. Ligand Assay, 19 (3), 177 (1999))

The reactivity was confirmed through ELISA in

accordance with a conventional method by using a plate coated

with the peptide obtained above (Bl0OFL) (see Japanese Patent
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| i poprotein reactive peptide as recited in any one of clains 1 through 4
and -a pharnmacol ogi cally acceptable carrier. 14. A drug conposition
containing a foamcell reactive peptide as recited in any one of clains 5
t hrough 9 and a pharnacol ogi cally acceptable carrier. 15. The drug
conposition according to claim13 or 14, 33 which is a renedy for
preventing or treating arteriosclerosis, a renedy for aneliorating |ipid
met abol i cApplbcation haddrOppenf dkokaddi Ng .eff-1L04 788 )chol est erol from

peri pheral tissue. 16. Use, in production of a drug, of a high density

| i poprotein readsi aerpapilitdeBad9OoFacwasd forundnjoohavef splegilfdcl t hr ough 4.
17. Use, in production of a drug, of a foamcell reactive peptide as
recited i neagyivadyowithads 5 (Fhgoudh Fhea¥d axishandaddleodi-eaiilsy
acceptable carrier. 18. The use according to claim 16 or 17) wherein the
drug i s arepredgntopbgoapanciend Ob 50re &nidn dmmobddilged @e@diigle a renmedy for
aneliorating lipid netabolic errors, or a renedy for causing efflux of
choIester§Pnpﬁ5ﬁr9éﬂpphépavnﬁﬂssG@Spfgtiﬂeﬁﬁvhod for treating
arteriosclerosis, lipid netabolic errors, or cholesterol build-up in

peri pher ak 3)i Beass1vanyr #¥dtd HPEd by adninistering, to a subject in need
thereof, an effective amount of a high density lipoprotein reactive peptide

as recited in aRjeoRrepsidel abkainedhigydh )sabopye ABRIONSd Oorl fModa tiagg

arteriosclerosis, lipid nmetabolic errors, or cholesterol build-up in
perlpheraﬁdﬂﬁgsﬁésaféh@ﬁéatQﬁlzd@5bwLéd¢PnW®ﬂ@ml@@ and i apbjBedtO0 n need
t hereof, an effective anpunt a_ foamcell reactive peptide as recited in

any one ofoBPSiREad FHF&G@@YQ(J§4H)A@F§29&E¥AEWN° bigizedy mbhereby g
E.A 2. A F2. A 2. A E. AE. An. A.E. AAY. As2. A | . AE A2. A E A>
E. A h2. A BLORR5-ReEnf) aAf3nALyY RﬁlZWﬂBSpEE"Palf &Apo7 A control gel was

| cal ca] caPERPEEFRaFOh T ERPEAPELEEh PHER PS5 URaR, GapSadd HL00FL) G O
ca{‘ffﬁ“;éf afehnes] SpedpEatent: im% @%%oerﬁ o haxGaE o1 (1 (20) ¢ 1 335600@
—T°Z9RB}xrnhc“gf@ﬁfc&f@&ﬁ@aﬁ&aﬂf&af@ﬁ]EQF@QI53]ngééfég]éﬁ?té]c&f@affh]ca]
ca]ca]ca]c ]ca]ca a] IRB F KKNPPvQQDSTVVYZ\\] _$
* 9b?b” bef 5@%\95 88 ?]n %‘ﬂc’] 2‘] ]“;%“%2- (9%]% Z’aéi; E8%a] cajca] calcajc
a] ca] ca] Ca}n&%ﬂiﬁk %] C%]oc%]hc%]e%a Caalucaé %ILJ.] (\tal %e specifically bound to
the gel. The bound HDL was eluted with 3M sodium
thiocyanate, and the buffer of the thus-obtained eluent was
changed to PBS through use of a column for desalting, to
thereby prepare an HDL sample.
The aforementioned anti-apo A-I monoclonal antibody
immobillzed affinity gel and anti-apo B-100 monoclonal
antibody (JI-H) immobilized affinity gel were prepared in
accordance with a conventional method (Japanese Patent
Publication (kokoku) No. 7-104351).
The HDL sample (containing 20 pg of apo A-I) was
reacted with the Bl00OFL-bound affinity gel for 30 minutes at

room temperature. Subsequently, the reactlon mixture was
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h*h[ hr hyhhkkkqgl I | o&p™ prr Gst uf W wx{}}~5@ vql gb] X] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca] ca] ca] ca] caU] ca] ca] ca] ca] ca] ca] ca] ca] ca] caV]ca]ca]ca]ca]cal @
D/ c9oX\ ! Mu} xsnhc] WJ] caU] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca!!. OMWK~
12xy| wr | ga\ W xsnhc] W ca] caU] ca] caU] ca] ca] cal] ca] caU] ca] ca] cal] ca] cal] ca] caU
] ca] cal] ca] caU] ca] caU] ca] cal] ca] caU] ca] caU] ca] ca] caC}
A{ vql gb] Xy Wd ceflaxad cdxc al & apiva) ted cbd celjerghn] caysaUike] &) cb®)] ca] cal] ca
]cgU]calcaU]ca]caU]ca]ca]ca]caU]ca]ca]ca]ca _
su" (rx- KP4 d vatdc/ tohicl ¢ By af eredve] Uag cag k af ee cehe afeagehPRa] cal] ca] ¢
a] cal] ca] ca] ca] caU] cal] ca] cal] ca] ca] ca] ca] ca] ca] caU] ca] ca
KL) f 5kg” nhijswuee) Ynhc] W ] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ] ca] ca] ca] ca] ca] ca] ca]
ca]ca]calca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca+;qfk# 10@@%;%-
109& () - 109 (Fradeisys -tHOu@l{d -nadlovknd )to “tha gel e(hereinaEted | 109 () -
Y'"10%&' ()-y Y109 ()-3109%& ()- !'10%& ()--10% ()-10%& ()-1loiH @' 10%0
8&<10%&' ()réfdBed (Yo 744 0VBLJOFb@niooend ) fBgabians ) 2andokhe) fyacEioms! 10940
L$"10%& ()-G m'10% 7] 7& () -zm' 10%&' () -2z "10@6|&:(%-"10%1&'§}-1010\
{\=@ ! 10%Hatosagnd )t 1086 89€) - (hapginafiter referred to as "BlOOFL-
10T9<s1090& ()-!&L$"10%z& () -G L$"109T& () - G f VAE{\ =@ ! 1094y" 109G& () - 10%
T& () - " 108a@nq ) EnaosEons " ) ovFEe (Fepavasrly) sakiected toTEheogRalysis
1099& ()-7 1090& ()-*"1090& ()-(910%& ()- &‘10%i&fgl- r S1/

described’ below in accordance with a conventional method.

Total cholesterol level: Total cholesterol level was

determined with a reagent for measuring cholesterol level (L-

TCII, Kyowa Medex Co., Ltd.) by means of an autoanalyzer

(TBA20R; Toshiba).

Lipoprotein analysis: Lipoprotein was analyzed through
HPLC of a lipoprotein analysls system (Lipopropax XL, eluent:

TSK eluent LP-1, 1 mL/min., sample volume: 100 uL; Tosoh) by
monitoring colors produced by cholesterol.

Proteln concentration: Each protein concentration was
determined by measuring absorbance (0OD280); or through the
Lowry method in which each sample (which had been delipidized
with ethanol-ether) was subjected to color reaction.

Protein analysis: Protein was analyzed by SDS-gel
electrophoresis. Specifically, each sample was subjected to
delipidizing treatment and solubilized with 1% SDS, followed
by treatment with a buffer (2% SDS/10% glycerol/0.005%
BPB/20% 2-mercaptoethanol), to thereby prepare a sample for
electrophoresis. The resultant sample was electrophoresed in

a 4-20% gradient gel in accordance with a conventilonal
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1/s!10v@@& ()- /s!10%@& ()- !"10%@@& ()-"10%@& ()-!"10%08D8& ()-" 10%@& () -
10T..V. @' /s!1"10%@& ()-! !1090D& ()- !10%@& ()- ' 10%@& ()- 10@ 10@
10@s10%@& ()-VIASH= | 10@ 10@

10@s10%@& ()-!1: 1 10%@B @& ()-1:! 10%@& ()-"10%@& ()-!"109%@X@X& ()->J ~

bl I}A<SHE || " 109DxDx& ()-"10%@& ()-!! 109DD& ()- ! 10%@& ()- !"10% ;& ()-

"10%@R () - !'"U####HAH#U] @) C110%& ()- 10@10@
10@xt 10Y@Rtho®." 109 () -!3(" 109K XI & () - 3("10%a& () - ##$QBS$$dE @
<{Results>

Fig. 2 shows the results obtained by the analysis of
lipoprotein contained in a fraction that did not bind to the
B10OFL gel (Fig. 2A) and a fraction that did not bind to the
control gel (Fig. 2B). In Fig. 2, the solid lines show the
results obtained by analysis in which each fraction was used
as a sample; and the broken lines show the results obtained
by analysis in which HDL was used as a sample (baseline).

Table 1 below shows the results obtained by each
analysis of a fraction that did not bind to the B1l0OFL gel
("B1OOFL"” in Table 1) and a fraction that did not bind to the
control gel (“PBS"” in Table 1). FEach analysls was performed
with regard to total cholesterol level ("Cholesterol” in
Table 1), HDL-cholesterol level ("HDL-C" in Table 1) obtained
by lipoprotein analysis (Fig. 2), protein concentration
determined by measuring absorbance ("0.D.280" in Table 1),
and protein concentration measured through a color reaction

("Delipid Protein” in Table 1).
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5 : f100/5&' ()-109%F& ()-"10%& ()-10%T& ()-10%& ()-&LOYI& () - $$% W WAEE] @
10907&' () -S10907&' ()-"1090& ()-109%0& ()-: 109F& ()-109a& () - Wb &&x&&&JE] @
|, @O%T& ()-& 10%F& ()- (S109%& ()- @& -
10907& ()-L$" 109& ()-Y' ' mo%w& ()-& J' "' ' (dEj _@
11910%T& ()-710%& ()-39! 109& ()-110%& ()-0"109& ()-- 109@& ()-((
(llogr"(’ig(()zr'l;abrelll 10%& ()-f!"10%p& ()-!"10%z& ()-10%& ()- 10T 10T
<s W A 16z D%&— )3 10%& ()t A T
"10%z&|()-M " 13()/&‘?@?9 Q'lO%-nj-ﬁzL' RUS Uza@\H): 1 z‘al
10%b&' ()L-_10%&' wz& () -\Ar€8hogel (V. 10z 10733333
10z! 109418’ BIOOFL: 10%pps0@5 | | "1L0%aa4B.8)-1!| " 14" ()L1 109 ?@) 0
10g<t 10%g& PBS 6609999380~ = 5,811.3 0.143 21

As 1s clear from Table 1, the total cholesterol level
of the HDL sample treated with B100FL-bound gel is 0.25
mg/dl, which is about 1/15 that of the HDL sample treated
with the control gel. Moreover, Fig. 2 (lipoprotein
analysis), includes a peak attributed to cholesterol (HDL-C)
in the HDL sample that had been treated with the control gel,
but does not include a peak in the HDL sample that had been
treated with B1l00FL-bound gel.

The protein concentration was determined by measuring
absorbance and through a color reaction. The protein
concentration of the HDL sample that had been treated with
B100OFL-bound gel was found to be almost same as that of the
HDL sample that had been treated with the control gel (Table
1).

Protein analysis was performed through SDS-gel
electrophoresis. The results are shown in Flg. 3.

In Fig. 3, each lane represents the following sample.
Standard (Low): Low molecular weight standard
B100OFL (+) Unbound: Bl00FL-unbound fraction
B10OFL (+) Bound: Bl0OFL-bound fraction
B10OFL (-) Unbound: Control-gel-unbound fraction

B100OFL (-) Bound: Control-gel-bound fraction
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10z!'"10%9g& ()-n' 10%9& ()-m 10T 10T
10T<109%0& ()-Y'""109%0& ()-'!'110%JI& ()- @ ; ; <=T?WPX?z[ <1=
109<10%& ()-3("10%9& ()- " !sT 10%uu& ()-sT
10%9& ()-!"10%PzP& ()-m "10%g& () - mX?Y?Z??BB*E- E. Ehl > 109
10T<109%0& ()-F("10%0& ()-"'F"10% gl g& ()-F"10%& ()- F"109%00& ()- 109
10g. E/ EOEFFHOH{ | gH> 10g 10Tl ""109%0& ()-!"10% p] p& ()-"10%0& () -!
m' 10%EEEBLOQFL ((-20GRd& (9)-: HPL :1 DL Jhar I \not tergmitiossted with
& ()-m'10%& ()-m 10T 10T 10T<
gel
HDL-4: HDL-fraction 4 that had not been treated with gel
LDL-3: LDL-fraction 3 that had not been treated with gel
Standard (High): High molecular weight standard
In Fig. 3, not only in the untreated HDL sample but
also in the sample that had been treated with B10OFL-bound
gel, a band which represents A-1 (a main apoprotein of HDL)
is present as a main band in the vicinity of the position of
molecular weight 28,000. Furthermore, bands which represent
HDL-structuring proteins other than A-I (apo C, apo A-II, apo
E, apo A-IV, etc.) are also present, and no difference is
found in the structural ratio of these proteins.
Accordingly, in a reaction solution obtained by
reacting HDL with Bl1OOFL, only proteins (for example, apo A-I
of HDL) are present, and cholesterol and cholesterol ester
are substantially absent. The above results indicate that
B100FL has an interaction with cholesterol and cholesterol
ester of HDL, and has an effect of effluxing cholesterol and
cholesterol ester from apoprotein particles of HDL.
Example 2 Peptide synthesis
Each peptide having an amino acid sequence shown in

Table 2 was synthesized in a manner similar to that described

in Example 1.
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Example 3 Cholesterol efflux test

The aforementioned peptides were examined with regard
to cholesterol efflux effect from RAW264 cells (a model of
atherosclerosis).

Specifically, RAW264 cells (mouse monocytic leukemia
cell strain) were added to DMEM medium that had been
supplemented with 10% FBS, to thereby prepare a specimen
having a concentration of 4 x 10° cells/mL. An aliquot of
the specimen (1 mL) was added to each well of a 12-well
plate, followed by culture for two days in a CO, incubator
(37°C). The medium in each well was removed, and the cells
in the well were washed once with 1 mL of DMEM containing
0.2% BSA and 20mM glutamine (hereinafter referred to as
"DMEM"). Subsequently, a solution of acetylated LDL in DMEM

(40 pg/mL, 1 mL) was added to each well, followed by culture
for 24 hours in a CO, incubator (37°C), whereby acetylated
LDL entered into the cells. The cells were washed twice with
PBS supplemented with 0.2% BSA. Thereafter, a solution of
dibutyl cAMP in DMEM (0.3 mM, 1 mL) was added to each well,
followed by incubation for 2 hours in a CO; incubator (37°C).
The test peptide (20 plL) was added to each well so as
to attain a final concentration of 20, 2.0, or 0.2 pg/mL,
followed by culture for 24 hours in a CO; incubator (37°C).
After 24 hours, the supernatant of each well was
collected in a microtube, and the microtube was centrifuged
for five minutes at 10,000 rpm. The cholesterol level of the

supernatant was measured by means of the autoanalyzer

27



109" 10%9& ()- 10 10 10< 10%& () -
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"10% u& (Qedarite@eal®ve. "10% & ()- !i!10%u& ()-vfiw w wkwl waxy~\= 1
10"10%& ()- !'s@ 10%& () - @ 10%gH& () -

Each test peptide was dissolved in DMSO (5 mg/mL), and
the thus-formed solution was diluted with DMEM so as to
attain a concentration of 1 mg/mL. Subsequently, the
resultant solution was diluted 10-fold or 100-fold with DMEM,
to thereby prepare a test sample. Moreover, in order to
prepare a control sample, only DMSO was diluted with DMEM so
as to attalin a final concentration of 0.4, 0.04, or 0.004%;
and in order to prepare a positive control sample, delipid
HDL was diluted with DMEM so as to attain a concentration of
2.5, 5.0, or 10 pg/mL.

The results are shown in Fig. 4.

Three peptides (P51 (B-100FL, SEQ ID NO: 1), PS505 (SEQ
ID NO: 2), and PS509 (SEQ ID NO: 3)) were found to exhibit
strong cholesterol efflux effect from RAW264 cells (foam with
acetylated LDL) depending on the concentrations of the
employed peptides. However, four peptides (P21, PS506,
PS507, and PS508) not contalning a sequence composed of six
amino acids (corresponding to the 2,321-2,326th amino acids
of B-100) were found not to exhibit the effect.

Conceivably, a peptide containing a sequence of six
amino acids (2,321-2,326th amino acids of B-100) (SEQ ID NO:
4) and a peptide containing a sequence of 20 amino acids
(2,307-2,326th amino acids of B-100) (SEQ ID NO: 5) exhibit a
cholesterol efflux effect, and have an anti-arteriosclerosis

effect.

Example 4 Effect test by use of an arteriosclerosis model
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10-u 10-u 10-u<10% u& ()-!'n -110% u-u& ()-yyz{{}}}wx9. =

10g<10%& ()-/"10%& ()- !'"10% ' "' & ()- !'"10%g& ()- !"10%9& () -
I'x"10%99& ()- }}}1}~~gH= 10g 10z< 10%& ()-"10%& ()-2Z! "10990& ()-L
"10%z& ()-L "10%& ()-L 10g 10grS4 10>Xz#10% & () - >Xz#10% & () - >Xz#10%
& ()->Xz#10% & () ->Xz#10% & ()- 10% & ()- 10z 10z#345; @_@ S4 10>X>Xz#10%
& ()->Xz#10% & () ->Xz#10% & () -) ?1 7Tkwi#>Xz#10% B

Cholesterol (Wako Pure Chemical Industries, Ltd.) and
corn oil (Corn Germ 0Oil 100; Ajinomoto Co., Inc.) were
incorporated into a commercially available feed (product of
Natural Pet Foods, “"Chicks and nestlings (Quail)") so as to
attain final concentrations of 2% and 15%, respectively, to
thereby prepare a high-cholesterol feed.

Healthy qualls were bred while being allowed to freely
intake the high-cholesterol feed for eight weeks. From five
weeks after the beginning of breeding, a solution of the test
peptide (B-100FL) in saline (1.0 mg/mL) was administered to -
the brachial (wing) vein (200 pL; 200 pg/body) twice a week
at the interval of two through three days. 1In a manner
similar to that described above, only saline was administered
to the quails of a control group.

After the quails had been bred for eight weeks, the
head of each quail was cut for exsanguination, and an aorta
sample was obtained. The aorta sample was lmmediately fixed
in a fixing solution (10% formalin) for three days.
Subsequently, a tissue specimen (a frozen section having a
thickness of 4 um) of the aortic arch (where arteriosclerosis
foci are most likely to occur) was prepared. The tissue
specimen was subjected to hematoxylin-and-eosin staining
(routine'staining), and to oil-red staining (fat staining),
followed by examination under a microscope.

In the tissue specimens of the control group, the

following were observed: considerable thickening of the

vessel internal tunica, accumulation of a large amount of
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& ()->Xz#10% & () - @DH PUy_@ S4 10>X>Xz#10% & () - >Xz#10%
& ()-)?21 7Tkwt>Xz#10% &' () - >Xz#10% & () - >Xz#10% & () - U aghl qy_@ $4
10>X>Xz#10% & () ->Xz#10% & () -) ?1 7Tkw#>Xz#10% & () - >Xz#10% & () - >Xz#10%
& ()-qyy ?2r$S4 10> > s10%#& ()->Xz#10% & () -) ?21 7Tkw#>Xz#10% & () - >Xz#10%
& ()->Xz#10% & ()-/c|[:rS4 10 >&s! 1092#& () -( >3m 10%R#& ()- >, ! 109%R2#& () -
SL1092#& () - >Yf 1092#& ()-- >F3109%2#& ()-90X|[:rS4 10 >& 10%2#& () - (
>$s! 109248 K)d 11 HReRtRi¢kening OperRions of the internal tunica,
infiltration of lipids into numerous portions (not only the
internal tunica but the middle tunica), and tissues including
lipids and smooth muscle cells existing among the elastic
fibers.

In the tlssue specimen of the group to which a test
peptide had been administered, a small amount of lipid
accumulation was observed in the internal tunica. However,
the accumulated lipid size and amount were small, and no
morphological disorder of the vessel internal tunica was
observed. 1In addition, thickening of the internal tunica and
lipid infiltration into the middle tunica were found to be
absent.

Fig. 5 shows typical images of the tissue specimens.

In Fig. 5, A (x 16) and B (x 40) represent images of the

tissue specimens of the control group, and C (x 16) and D (x

40) represent images of the tissue specimens of the test
group.

As 1s clear from the above description, the peptides of
the present invention inhibit occurrence of arteriosclerosis
foci in an early stage by preventing infiltration of lipids
into the vessel; and arrest development of such foci by
efflux of infiltrated lipids from the vessel.

Example 5

In a manner similar to that described in Example 1 (3),

reactivity of PS509 (synthesized in Example 2) with HDL was

examined (as a test peptide, B-100FL or PS509 was employed,
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109R#8& ()-- >109%R#& ()-X\!M[:rS4 10 >f 2s109%R#& ()-( >s0109%R#& ()- >
C109R#& () - >, 3109R#& ()- >Y *109%R#& ()-- >(mLO%#& ()- M| obU4 10

> 110%& ()- 102#102#102# ><109R#& ()- >@BL0%R#& ()- >96: 109R#& ()-- >Y4
1092#& ()-3|[:bU4 10 > >Y""10%& ()-M >Y""10%t& ()-M s"10%.L& ()-f

>s"10%t& ()-f “110%l! d& ()- - > 1109 & ()- 3vU5 10 n010%t& ()-4 >
(810%#&' ()- >d710%#&' ()-t 10#10#10# >f <10%t& ()-- >s Y""10%t& ()-M ?vU5 10
n010%t& (And i@t 4) - dnOlOstE ¢} - 1erda DR the 4appDIed’ HPLASOBPY&EAWAS- 49GH
vU5n010%#&' () - 4n010%t& () - 4n010%t& () - 4; cy

gP, n010%3& (7} -m0ADY4 & () - 4cCvU5N010%#& (N010%#&' () - 4n010%t& () - 4n010%¢&' ()
-4n010%#&' () - 4n010%t& () - 4n010%¢&' () - 4cOvUSN010%t& (n010%t&' () - 4n010%#& () -
4n010%t&' () - 4n0Wosm: HIR]) -wia® 1006t €4 -whth 08480 QFL AdthesShotalsts’ (n010%H& () - 4
n010%t& () - 4n010%#&' () - 4n010%t& () - 4n010%#& () - 4n010%:t& () - 4cOvUSN010%t&' (n
010%t& ()chmicasbemel ) leyel 0w ¥4duned Obysabyunnd2 Opsecent 400 1006atE) - 4
cOvUSN010%#& (Nn010%t& () - 4n010%¢#&' () - 4n010%t& () - 4n010%t&' () - 4n010%#& () - 4n
010%t&' ( WheTeRTy Uk 08B a9 1bosat ¢4 - whth 0BFR09) - the 100481 () - 4n010%& () - 4
n010%t& () - 4n010%#&' () - 4#$%& () pT8VUSN0109%M010%¢#&' () - 49%M010%¢& () - 40n010%t&
'() - 4n0103BRt g tem@l l)was cyeduced by about 48 percentage points.

gP,) *+, -. 1pT4vUsn0n010%#&' () - 4n010%#& () - 40; cy

gP, N010%t& () - 4n010%¢t&' () - 4n010%t& () - 414567: ;

kOvU5n0N0109%6#& n010%+& £) - 4(n0109%+&' () - 4n010%+& () - 4n010%¢& () - 4(n010%:+& ()
- 4( n010()/¢,£l'&1q§stp§'1al Applicability

<=?ABChLOVU5N010%#& () - 4n010%t& () - 4n010%#&' () - 4n010%#&' () - 4n010%#& (1-4; cy
gP, COFGHI M POv B0 1096ReR Y - ippantaqn (yravides a peptide having a nove

gP, n010%t& () - 4n010%t& () - 4n010%#&' () - AMOP UkQ/USﬂOlO%i&'_Q -n010%#& () - 44
n010%t& (3D 1304%: FSIURDID ARV NI 12 nRBoERO L $5 LD HoFRE LT 2ENVNPALREO0V USN
0109%¢#&' () -4n010%t& () - 4n010%& éé-4n0100/#&' () 4n010%& ()-4; cy

gP, 1 ab@R B EBn018%8R (FTRANPEBIERE (JRVepfion provides a peptide

gP, N010%#&’ _(%4n010%¢&' ££-4n01 V& ié' 4def/£hi i t XvUSn010%¢&. ()a-_4nn010%¢&' ()-
4n0100/#&"(8f)1- 0AB9ERE (§TaNBH 09k sC 9L aRBEEY &f{f?mmeiéﬁ}@&rﬁ- 1REHRoppT8VUSN
010%¢#&' ().-4n010%+& () - 4n010%#&' () - 4n010%¢& () -4n010%t&' ()-4; ¢

O, por st IR BSIOTOR%' 176 ADT00kcT ) S40tys) E0F a varibly 68 atseases

gP, N010%t&' () - 4n010%¢& () - 4n010%#& () - Avwxyz{ ] t XvUsn01094&" () - 4n010%t& () - 4
M0100e (GRURRA e (5T SHEABONS (5= HDIPRREE b A R0s 0oRAS FehpPORLEy b0l boé:
& () 460000568 O 2480105 ) dPA0UE (hoFRDIOIEE hhafacty.

gP, n010%t& () - 4n010%t& () - 4n010%t&' () - 4n010%t& () - 4cG+5n010%¢&' () - 4n010%+&
() - 4n010%t&' () - 4n010%t& () - 4n010%¢t&' () - 4n010%t& () - 4n010%¢t&' () - 49gG +n010%t&
"()-4n010%#& () - 4n010%t& () - 4; cy
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gP, n010%#&' () - 4n010%#& () - 4t T+n010%*&' () - 4n0ON010%#&' () - 4n010%+#&' () - 4n010%#&
"():4n010%#& ()-4n010%t&' () -4n010%+& () - 4hL, +n010%#& () - 4n010%#& () - 4n010%¢
& ()-4n010%& ()-4n010%#& ()-4;cy gP, 03+; cy

gP, n010%*&' () - 4n010%#& () - 4n010%#& () - 44n010%+& () - 4n010%#& () - 4t X<;
cn010%#& ()-4n010%t&' ()-4n010%+*& () -4n010%#& () -4n010%#&' () -4n010%*& () - 4n0
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gP, n010%&' () - 408<n010%t& ()-4;cy  Claims

gP, n010%t&' () - 44n010%:#& () - 4n010%#& () - 4n010%+&' () - 4gK+n010%+&' () - 4n010%+&
() -4n010%#& ()1 4n0AOB4gh (JenadtPod&boprdanoinvstéactita0pepddde) ofgkher010%+&,
()-4n010%#& () -4n010%#& ()-4n010%t&' () - 4n010%+& () - 4n010%#& () - 4n010%t&' () -
4] P4+n010BGASL $Wirgn O(@Y4EE (§bX; cy

gP, n010%*&' () - 4n010%#&' () - 4n010%#& () - 4t X+n010%#&' () - 4nn010%+&' () - 4n010%#&
() - 4n010%%8) (3 -HemiDee iy ida0dn o8l iy - dnDd 0s¢duehcd pTepnesonset( pby4n010%t&
" ()-4n010%#& ()-4n010%t&' () -4n010%¢& ()-4; cy

gP, pT8+n(HEQ4ED (§O4nD109#& () - 4; cy '

gP, n010%*&' () - 4n010%#&' () - 4n010%#& () - 4t X+n010%+&' () - 4n010%+&' () - 4n010%#& (
) - 4n010%4&0 ) ) 2 4pentide’ R3ving1an4:@nino 4a01doseauenge represented by
pT8+n010%#& () - 4n010%#& () -4n010%*&' () - 4n010%#& () - 4n010%t& () - 4; cy
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gP, n010%#& () - 4n010%#& &-4n010%¢&' g) - 4hL+n010%#n010%#&’ () - 4&n010%#& () - 4n0
109%4#& () - Hied thrawghospRstitukbanosdelsption, addition, or '

#$' *1 L, +n010%#& () - 4n010%#& () - 4n010%#&" () - 4n0109%4& ﬁ-4n0100/#&' ()-4;cy

gP, *- . / 01Eh&enHbADsRnd ) bavbngogespgcifig binding ability to high

gP, n010%#&' () - 44n010%#&' () -4n010%+& () - 43468: ;

<hL+n010%%0 %3 F01bbaRPYotahn1ebakesFeBAb10%& () - 4n010%+t&' () - 4n010%#& () - 4n
010%¢& ()-4<:>g\CEI L, +n010%¢#& () -4n010%;#& () -4n010%+&' () - 4n010%*& () -4n010%
#& ()-4;cy gP, EeH TRexeighodevsdty) 14RORD9#R1D) reagyive peptide

P, n010%6&’ () - 44n0109%& () - 4n0109%+& () - AMNPRTUVhL+n010Q%& () n010%¢& () - 4n01
Qe () - ARAVTALRY) CanBLobBel () Thagh YA b MEAE.ARLA) SAGURREEN | o +oD1005E
"() - 4n010%4&! ér%-4 0 W#&ééﬁ-f % %¢&' () - An010%¢& () - 4; Cy

P, A bdefHRREF BAbeS 0T ) SEROTBONG: : 4
Sp, 101094 () - 4n01 %i&f)ih-4 010 &I(iﬁf ahi | mopal P+001QUEE: 1;:41QN010%&: () -4
n0109%& () - 4n010%4& E) k B1osRE: ?Y— BQBF/&E‘%{ EROBTGHE P}} 2535 wxzl P0+n010
048 () - 4n010%E8: () - 4n010Y%&' () - AN0LOYE' () - 4N0LOVEE' ()- 4:
gP, zngr:?ﬁﬁ?)E}fﬁé% /&QL f?*—‘f‘ﬁo%o 1?5(“)- ﬁ6(1 %%“%5‘94ﬁ6%c%§§&é?92ﬁ010%#&' ()-4n
01006& ()= AGHNO10%& () =4:
gP, n010&3¢’&??5?§%’6€6€2§§ %?éﬁﬁ%%%&' 0} - 4n0109%4& () - 4kQf nO109%#&' () - 4n010%H&’ (

() anot0vwe () EanoRbheR bR RS0t tPORRRR Gl 7 R IR Boperad? T
SE: ln(F))%32%‘9‘(/?%%%%;8%@2g%ﬁé@%"’(‘) 23307 Ro1BIR8 1858 FPARBT8usa () - an010

0109k (- DI T) hrOTOv (- 4109 (FacH | @ o O

1098& () -n010%& (A- foaM 98@@01@2{%'1?& $BBLAUESE) tABOERYH EWhhy Uy @
"109% & ()-' T "109%#& ()-' s T10%r#H& () -

or (b):

(a) a peptide having an amino acid sequence represented by

SEQ ID NO: 1; or

(b) a peptide having an amino acid sequence represented by

(a) with one or more amino acid residues having being

modified through substitutlon, deletion, addition, or

insertion, and inducing cholesterol efflux from foam cells.
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@ which has an amino acid sequence represented by SEQ ID NO: 5.
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* Ps!t!10%t& §) - ) Theo@pnam( cellls Incatiour@ (Deptllde @ qndims ! 10 3¢ batn* B
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*@ which has an amino acid sequence represented by SEQ ID NO: 1,
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12. The drug according to claim 10 or 11, which is a
remedy for preventing or treating arteriosclerosis, a remedy
for ameliorating lipid metabolic errors, or a remedy for
causing efflux of cholesterol from peripheral tissue.

13. A drug composition containing a high density
lipoprotein reactive peptide as recited in any one of claims
1 through 4 and a pharmacologically acceptable carrier.

14. A drug composltion containing a foam cell reactive
peptide as recited in any one of claims 5 through 9 and a
pharmacologically acceptable carrier.

15. The drug composlition according to claim 13 or 14,
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which 1s a remedy for preventing or treating arteriosclerosis,
a remedy for ameliorating lipid metabolic errors, or a remedy
for causing efflux of cholesterol from peripheral tissue.

16. Use, in production of a drug, of a high density
lipoprotein reactive peptlde as recited in any one of claims
1 through 4.

17. Use, in production of a drug, of a foam cell
reactive peptide as recited in any one of claims 5 through 9.

and a pharmacologically acceptable carrier.

18. The use according to claim 16 or 17, wherein the
drug is a remedy for preventing or treating arteriosclerosis,
a remedy for ameliorating lipid metabolic errors, or a remedy
for causing efflux of cholesterol from peripheral tissue.

19. A method for treating arteriosclerosis, lipid
metabolic errors, or cholesterol build-up in peripheral
tissues, characterized by administering, to a subject in need
thereof, an effective amount of a high density lipoprotein
reactive peptide as recited in any one of claims 1 through 4.

20. A method for treating arteriosclerosis, lipid
metabolic errors, or cholesterol build-up in peripheral
tissues, characterized by administering, to a subject in need
thereof, an effective amount of a foam cell reactive peptide

as recited in any one of claims 5 through 9.
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