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atherosclerotic lesions are dériived primartil ro | asnma
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composition that transport lipids in the blood. Low density
15 lipoproteins (LDL), and high density lipoproteins (HDL) are
the major cholesterol carriers. LDL are believed to be
responsible for the delivery of cholesterol from the liver
(where it is synthesized or obtained from dietary sources) to
extrahepatic tissues in the body. The term "reverse '
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. 20 cholesterol transport" describes the transport of cholesterol
from extrahepatic tissues to the liver where it is catabolized
and eliminated. It is believed that plasma HDL particles play
a major role in the reverse transport process, acting as
scavengers of tissue cholesterol. '

25 The evidence linking elevated serum cholesterol to
coronary heart disease is overwhelming. For example,
atherosclerosis is a slowly progressive disease characterized
by the accumulation of cholesterol within the arterial wall. i
Compelling evidence supports the concept that lipids deposited

30 in atherosclerotic lesions are derived primarily from plasma
IDL; thus, LDLs have popularly become known as the "bad"
cholesterol. 1In contrast, HDL serum levels correlate

. inversely with coronary heart disease -- indeed, high serum
levels of HDL are regarded as a negative risk factor. It is

35 hypothesized that high levels of plasma HDL are not only
protective against coronary artery disease, but may actually
induce regression of atherosclerotic plaques (e.g., see
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| i popr ot ei ns ogenous_ pat hway, the liver secretes
a large, very-low denE? t§h¢ | grepgenaus gathway e dietpry fats eme packaged

into lipoprotein particles called chylomicrons which enter the
bloodstream and deliver their triglycerides to adipose tissue
(for storage) and to muscle (for oxidation to supply energy).

15 The remnant of the chylomicron, containing cholestexyl esters,
is removed from the circulation by a specific receptor found
only on liver cells. This cholesterol then becomes available

. again for cellular metabolism or for recycling to extrahepatic
tissues as plasma lipoproteins. ' '

20 In the endogenous pathway, the liver secretes a
large, very—low-densiﬁy lipoprotein particle (VLDL) into the
bloodstream. The core of VLDLs consists mostly of
triglycerides synthesized in the liver, with a smaller amount
of cholesteryl esters (either synthesized in the liver or

25 recycled from chylomicrons). Two predominant proteins are
displayed on the surface of VLDLs, apoprotein B-100 and
apoprote;n E. When a VLDL reaches the capillaries of adipose
tissue or of muscle, its triglycerides are extracted resulting
in a new kind of particle, decreased in size and enriched in

30 cholesteryl esters but retaining its two apoproteins, called
intermediate-density lipoprotein (IDL).

In human beings, about half of the IDL particles are
removed from the circulation quickly {within two to six hours
of their formation), because they bind tightly to liver cells

35 which extract their cholesterol to make new VLDL and bile
acids. The IDL particles which are not taken up by the liver

-
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affinity Ofggggggénéian thég Jg“iﬁégiSEEE%P%Ploo, As a result, the LDL
particles have a much longer circulating life span than IDL
particles -- LDLs circulate for an average of two and a half
15 days before binding to the LDL receptors in the liver and
other tissues. High serum levels of LDL (the "bad"
cholesterol) are positively associated with coronary heart
disease. For example, in atherosclerosis, cholesterol derived
from circulating LDLs accumulates in the walls of arteries
20 leading to tﬁe~formation of bulky plaques that inhibit the -
flow of blood until a clot eventually forms, obstructing the
artery causing a heart attack or stroke.
Ultimately, the amount of intracellular cholesterol
liberated from the LDLs controls cellular cholesterol
25 metabolism. The accumulation of cellular cholesterol derived
from VLDLs and LDLs controls three processes: first, it
reduces cellular cholesterol synthesis by turning off the
synthesis of HMGCoA reductase -- a key enzyme in the
cholesterol biosynthetic pathway. Second, the incoming LDL-

30 derived cholesterol promotes storage of cholesterol by
activating ACAT -~ the cellular enzyme which converts
. cholesterol into cholesteryl esters that are deposited in

storage droplets. Third, the accumulation of cholesterol
5 within the cell drives a feedback mechanigm that inhibits
35 cellular synthesis of new LDL receptors. Cells, therefore,
adjust their complement of LDL receptors so that enough
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peripheral cell cholesterol can be returned to the liver for
recycling to extrahepatic tissues, or excretion into the

intestine in bile, either in modified or in oxidized form as

15 bile acids. The RCT pathway represents the only means of
eliminating cholesterol from most extrahepatic tissues, and is
crucial to maintenance of the structure and function_of most
cells in the body. ) ‘

The RCT consists mainly of three steps: (a)

20 cholesterol efflux, the initial removal of cholestercl from'
various pools of peripheral cells; (b) cholesterol
esterification by the action of lecithin:cholesterol
acyitransferase (LCAT), preventing a re-entry of. effluxed
cholesterol into cells; and (c) uptake/delivery of HDL

25 cholesteryl ester to liver cells. The RCT pathway is mediated
by HDLs. HDL is a generic term for lipoprotein particles
which are characterized by their high density. The main
lipidic constituents of HDL complexes are various
phospholipids, cholesterol (ester) and triglycerides. The

30 most prominent apolipoprotein components are A-I and A-II
which determine the functional characteristics of HDL;
furthermore minor amounts of apolipoprotein C-I, C-II, C-III,
D, E, J, etc. have been observed. HDL can exist in a wide
variety of different sizes and different mixtures of the -

35 above-mentioned constituents depending on the status of
remodeling during the metabolic RCT cascade.
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wi t hout overl oading. (For._a review, see Brown & Gol dst’ein, In, The

Phar nacol ogi ogb oBasise OF Therapeutics, 8th Ed., Goodman & G |RGHUSIRIFAnDN
Press, NY, 1990, Ch. 36, pp. 874- 5 896). 2.2 . REVERSE CHOLESTEROL
TRANSPORT I n sum peripheral (non-hepatic) cells obtain their chol esterol
froma conbination of |ocal synthesis and the 10 upt ake of preforned
sterol from VLDLs and LDLs. In contrast, .reverse cholesterol tra rt
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several mechanisms.
Each HDL particle contains at least one copy (and
15 usually two to four copies) of ApoA-I. ApoA-I is synthesized
by the liver and small intestine as preproapolipoprotein which
is secreted as a proprotein that is rapidly cleaved to
génerate a mature polypeptide having 243 amino acid residues.
ApoA-I consists mainly of 6 to 8 different 22 amino acid
20 repeats spaced by a linker moiety which is often proline, and
in some cases consists of a stretch made up of several
residues. ApoA-I forms three.types of stable complexes with
lipids: small, lipid-poor complexes referred to as pre-beta-1
HDL; flattened discoidal particles containing polar lipids
25 {phospholipid and cholesterol) referred to as pre-beta-2 HDL;
and spherical particles containing both polar and nonpolar
lipids, referred to as spherical or mature HDL (HDL, and HDL,).
Most HDL in the circulating population contain both ApoA-I and
ApoA-II (the second major HDL protein) and are referred to
30 herein as the AI/AII-HDL fraction of HDL. However, the
fraction of HDL containing only ApoA-1 (referred to herein as
v the AI-HDL fraction) appear to be more effective in RCT.
Certain epidemiologic studies support the hypothesis that the
AI-HDL fraction is anti-atherogenic. (Parra et al., 1992,
35 Arterioscler. Thromb. 12:701-707; Decossin et al., 1997, Eur.
J. Clin. Invest. 27:299-307).
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cascade. -4- The key enzyne involved in the RCT pathway is LCAT. LCAT is
produced mainly in the liver and circulates in plasnma associated with the
HDL fraction. LCAT converts cell derived cholesterol to cholesteryl esters
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residues. Wgod-1 HOL Nis hEEA1YY ROIVertedaltbepgerpkeses ubt.h PLTP may

increase the rate of pre-beta-2 disc formation, but data
indicating a role for PLTP in RCT is lacking. LCAT reacts
preferentially with discoidal and spherical HDL, transferring
15 the 2-acyl group of lecithin or other phospholipids to the
free hydroxyl residue of cholesterol to generate cholesteryl
esters (retained in the HDL) and lysolecithin. The LCAT
reaction requifes ApoA-I as activator; i.e., ApoA-I is the
natural cofactor for LCAT. The conversion of cholesterol to
20 its ester sequestered in the HDL prevents re- entry of
cholesterol into the cell, the result being that cholesteryl
esters are destined for removal. Cholesteryl esters in the
mature HDL pafticles in the AI-HDL fraction (i.e., containing
ApoA-I and no ApoA-II) are removed by the liver and processed
25 into bile more effectively than those derived from HDL
containing both ApoA-I and ApoA-II (the AI/AII-HDL fractionm).
This may be due, in part, to the more effective binding of AI-
HDL to the hepatocyte membrane. The existence of an HDL
receptor has been hypothesized, and recently a scavenger
30 receptor, SR-BI, was identified as an HDL receptor (Acton et
al., 1996, Science 271:518-520; Xu et al., 1997, Lipid Res.
38:1289-1298). The SR-BI is expressed most abundantly in .
steroidogenic tissues (e.g., the adrenals), and in the liver
(Landshulz et al., 1996, J. Clin. Invest. 98:984-995; Rigotti -
35 et al., 1996, J. Biol. Chem. 271:33545-33549).
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1993, Bi och.er’g SH?/ 632: 5025-5028; Kawano et al., 1997, Biochem stry
36:9%96-9§%§3.' F§ glﬁm%§1ﬂ§9 * process of cholesterol recruitnent from
the cell surface, pre- beta-1 HDL is rapidly converted to pre-beta-2 HDL.
PLTP may increase2tde rCIRRENT (TREATNENTS dioR OYSUTROPROTEIMNEMIALA

indicating a role fq{rRﬁLgé %ngLeEimkﬁgéiQQe Egﬁgeﬁgﬁgtgvailable for
lowering serum cholesterol and triglycerides (see, e.g., Brown
15 & Goldstein, supra). However, each has its own drawbacks and
limitations in terms of efficacy, side-effects and qualifying
patient population.

Bile-acid-binding resins are a class of drugs that
interrupt the recycling of bile acids from the intestine to
20 the liver; e.qg., cholestyramine (Questran Light®, Bristol-
Myers Squibb), and colestipol hydrochloride (Colestid®, The
Upjohn Company). When taken orally, these positively-charged
resins bind to the negatively charged bile acids in the
intestine. Because the resins cannot be absorbed from the
25 intestine, they are excreted carrying the bile acids with
them. The use of such resins, however, at best only lowers
sexrum chliolesterol levels by about 20%, and is associated with
gastrointestinal side-effects, including constipation and
certain vitamin deficiencies. Moreover, since the resins bind
30 other drugs, other oral medications must be taken at least one
hour before or four to six hours subsequent to ingestion of
the resin; thus, complicating heart patient’s drug regimens.
The statins are cholesterol lowering agents that
_ block cholesterol synthesis by inhibiting HMGCoA reductase --
35 the key enzyme involved in the cholesterol biosynthetic
pathway. The statins, e.g., lovastatin {Mevacor®, Merck &
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However, chargesnenusEIBraghekk! Rrags! f(?h?ﬁ&@?&ﬂésmeéﬂ—%?é%ﬂdl play a
role in r%vogighn%cong%lggLCo Inc., Montvale, N.J., 1997). Recently
P : P ' '
the FDA has approved atorvastatin (an HMGCoA reductase
inhibitor developed by Parke-Davis) (Warner Lambert) for the

15 market to treat rare but urgent cases of familial -
hypercholesterolemia (1995, Scrip 20(19):10).

Niacin, or nlcotlnlc acid, is a water soluble
vitamin B- complex used as a dletary supplement and
antihyperlipidemic agent. Niacin diminishes production of

20 VLDL and is effective at lowexring LDL. - In some cases, it is
used in combination with bile-acid binding resins. Niacin can
increase HDL when used at adequate doses, however, its
usefulness is limited by serious side effects when used at
such high doses.

25 ' Fibrates are a class of lipid-lowering drugs used to
treat various forms of hyperlipidemia (i.e., elevated serum
triglycerides) which may also be associated with
hypercholesterolemia. Fibrates appear to reduce the VLDL
fraction and modestly increase HDL -- however the effects of

30 these drugs on serum cholesterol is variable. In the United
States, fibrates have been approved for use as antilipidemic
drugs, but have not received approval as hypercholesterolemia
agents. For example, clofibrate (Atromid-S®, Wyeth-Ayerst
Laboratories) is an antilipidemic agent which acts (via an

35 unknown mechanism) to lower serum triglycerides by reducing
the VLDL fraction. Although serum cholesterol may be reduced
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5 popul ation. For exanple, in the absence of CETP,‘the HDLs becone
enl arged partwo®aeydei ch are not cleared. (For reviews on ROTCHUSPSRDES,
see Fielding & Fielding, 1995, J. Lipid Res. 36:211-228; Barrans et aI.,
1996, Bi ochem Biophys. Acta. 1300:73-85; Hrano et al., 1997,
Arterioscler. Thronmb. Vasc. 10 Biol. 17(6):1053-1059). 2 .3. CURRENT
TREATMENTS ,FOR DYSL | POPROTElI NEM AS AEnunber of. treatnents are currentlg
avai | abl e fi8 CEEREiPnHaLLrBMm &N plabtonng the i nisal respopsg t

:Br own 15 thé Gehdstie ﬁrariabla) an&lo:é\sm?? aahﬁqumssh.ltmf odpareddeks and
imtations.i.n.ter e S ual i fyi ng .patiee

popul ati on. whiich, P2 l&“ﬁ?n&ﬁhg ég?ﬁg g?‘éoﬁe% aslgesg*ﬂcﬁ uggetrﬁg'tl& %tb e?l%‘ﬁpt
the recycl mog dleen Ishowni tis beoeffaetiveefor ereavemiiion dgfhedrionery e. g.,
chol e ra n L t E%E?HH ol
hydr oz‘ﬂ/or:ﬂ rg&(; Coaiggalsgo EFEQ e@#ﬁ iltgm%% en c?L?f?(qerﬁﬂg'(riarc ?Jeqattﬁgse
posi ti vel y Saig g SEMELHIrez ib; rﬂBOPé)d?hePﬁ %W@r?y) ditaray i @ewléfrlng t he

i ntestine. a%%?z%u%ﬁnféﬁemb%&raée?& n&@&r@&séQSQéﬁﬁﬁj ﬁff 1}*&&1&5 anklmvﬁ.@t' ne,
they are excreted carryi e_acids wt he use such

n
resins, hofPHEStET ta“gnF‘?dPS?xE%YséPﬁ’ﬁ?%'ﬁ%? é@%r Frolesraroloy —abbt 20%
and is asscpmr.gt eﬂd\mbn caaﬁifrx@cmtmsﬁsl a8l welllleasf beth sapomet lmd]gs.-n .

ti pat d rt def ) th
constipat! o and G5i! Sy ptut AN eELL ELEIC! SRondLEONEL: PGE MG gd 1o
hour beforasomdt@nogemm heapecsahigqamangtchffgwm (patufertthe re5| n;
o e oA pReceat SfLNd peplaReton U Sy

chol est er ol ower1 ng age terol synthesis by |nh|b|t|ng
HMGCoA r ed fdis@ase wags obsem@dkéy @aiszrrﬁath%mebﬁweqrheé%ﬁﬁ aEithoyt

bi osynt het ifistory or symptoms of existing coronary heart disease, it is
15 not clear to what extent these findings can be extrapolated to
other patient populations (e.g., women, older and younger
males). Indeed, no efficacy was observed in patients with
established coronary heart disease.  Serious side-effects are
associated with the use of fibrates including toxicity such as
20 malignancy, (eépecially‘gastrointestinal cancer), gallbladder
disease and an increased incidence in non-coronary mortality.
These drugs are not indicated for the treatment of patients
with high LDL or low HDL as their only lipid abnormality
(Physician’s Desk Reference, 1997, Medical Economics Co., Inc.
25 Montvale, N.J.).
Oral estrogen replacement therapy may be considered
for moderate hypercholesterolemia in post-menopausal women.
However, increases in HDL may be accompanied with an increase
in triglycerides. Estrogen treatment is, of course, limited
30 to a specific patient population (postmenopausal women) and is
associated with serious side effects including induction of
malignant neoplasms, gall bladder disease, thromboembolic
disease, hepatic adenoma, elevated blood pressure, glucose
intolerance, and hypercalcemia.
35 Thus, there is a need to develop safer drugs that
are efficacious in lowering serum cholesterol,. increasing HDL
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pat hway. The statins, e.g, lovastatin (Mevacor[err], .Nerck & -7- Co.

Inc.), and preoashsedsen (Pravachol O Bristol-Mers Squi bb Cb.)Pemmmmmmmnines
used in conmbination with bile-acid-binding resins. The statins

significantly reduce serum chol esterol and LDL-serum | evels, and sl ow
progression of coronary 5 at heroscl erosis. However, serum HDL
chol esterol levels are only noderately increased. The nechani of the LDL

| overi ng eFEEED dgyelfivoPTEVEREHY Ny e issassS1t &F and

i nduction ekegglingl akisxphgsaiosasé, lddpacintiityoratHeratidlgiasirsaduced
production and/or increased catabolismof LDLs. Side 10 effects,

I ncluding liver and ki dney dysf nct%gn g;e%gs 0G| éﬁg with the use of these
drugs (Physicians Desk Refere%déf o R oiag ., Inc., Montvale, s

N. J., 51997). Recent | fipnehefFtite hasroent Iy ealvai abvles thnigs (for RMBEoANg
reductase Lahlidko9euelapede PuvERL Kibpadvd: 4 A A Al Jd0r L he 15

mar ket to treat rare but urgent cases o yperchol esterol em a
(1995, ScrmESXOEPPRAI0}C RPeEake of Fhehpiestryel LranspaitePaidMa e

vitam n B- qopphexingedidtadydigtaky, LN Hdd iy Ree | 1 pi denic
agent. N acin dimnishes production of 20 . VL and is effective at
| overi ng LBRolestergde 8adethe; YLPY 3 @1bi nation with bile-acid

bi ndiypg resins. N acwWhiganitngsedseitidlohed fived dfudlathsd estdondate

novever ! FhalithTeE ekl IRl e e A IR0t W depd L

drugs usedthe RCT exist -- e.g., LCAT, HDL and its various components
(ApoA-I, ApoA-II and phospholipids), PLTP, and CETP -- and it
is not known which target would be most effective'at achieving

15 desirable lipoprotein profiles and protective effects.
Perturbation of any single component in the RCT pathway
ultimately affects the composition of circulating lipoprotein
populatibns, and the efficiency of RCT.

Several lines of evidence based on data obtained in

20 vivo implicate the HDL and its major protein component, ApoA-
I, in the prevention of atherosclerotic lesions, and
potentially, the regression of plaques -- making these
attractive targets for therapeutic intervention. First, an
inverse correlation exists between serum ApoA-I (HDL)

25 concentration and atherogenesis in man (Gordon & Rifkind,
1989, N. Eng. J. Med. 321:1311-1316; Gordon et al., 1989,
Circulation 79:8-15). Indeed, specific subpopulations of HDL
have been associated with a reduced risk for atherosclerosis
in humans (Miller, 1987, Amer. Heart 113:589-597; Cheung et

30 al., 1991, Lipid Res. 32:383-394); Fruchart & Ailhaud, 1992,
Clin. Chem. 38:79).

Second, animal studies support the protective role
of ApoA-I (HDL). Treatment of cholesterol fed rabbits with
ApoA-I or HDL reduced the development and progression of

35 plaque (fatty streaks) in cholesterol-fed rabbits. (Koizumi

et al., 1988, J. Lipid Res. 29:1405-1415; Badimon et al.,

-310-~-



treat various forns of hyperlipidema (i.e., elevated:’serumtriglycerides)
whi ch may al swolwiassoci ated with hyperchol esterol emia. Fi br RCTVSIPRERT to
reduce the VLDL fraction and nodestly increase HDL -- however the effects
of 30 t hese drugs on serumcholesterol is variable. 1In the United
States, fibrates have been approved for use as antilipidem c drugs, but

have not r Lve ppioval, as chal ester.ol em a agent or .ex e,

clofibrate ro : S, h-"Aye o] res) 1 sTan rriprd €' agent
T5py oAl SN h O A AR A Bo P Blan 3RPPT1 B dGHED

whi ch act s Ipveatans351234 widdiown Hesieaersmthieo effuencyevamiedi geperdings by

reduci ng t g WlPhe! S8GLEO e AU LTG0l §3581 ObyBREaBeahathEed I

certain patfent subpopulations, the biochem cal réSponsé to-the druy is

vari gbl e, aeukptrhenes|arg Egeeriifle Radty &dilds @fi:d¥9pabRenMszdPrr ©Btain

favorabl e pgsul §§95At KoK Fs3Q dyass 110t 136 shawy to be effective for
prevention of "coronar heart disease. e chem.ccally_a

phar macol ogi cal | y reT%i’g‘%l' RixpctySHidanea IfogEGBiedF&lP] PfPéPBg-‘Ea\‘W%) is a
lipi-d regubsthigeddfrdm Weksdr iRdaratisluoldatieasansyend® bnighyseri ¥ggé and
VLDL chol esterol , .and qEr tely incre E5 H%k’%hgle%g%%p! a-ttheiggl2 and
HDL3 Subf 1 SSEFEREIEN bl i SN, SRfttn SO AR Crgnsterred top
Al Al'l - HDLgknacticab)y préedisposed s |dimtd insreds atherostdergeisous, .
T N L
wi t hout hi @loryl8Plsylptere %3 ©36%t361) corBraPpiltedr (tT@insEEDe, WAE RISOS5
not clear ipophatoexhpresfestndiduinasia R poe- e 1dledt! Aigkhgha
pati ent popul atigns (e.g., wonen, ol der and younger )
in Apo{a) transgenic mice (Paszty et al., 1994, J. Clin.
Invest. 94:899-903; Plump et al., 1994, Proc. Natl. Acad. Sci.
15 USA 91:9607-9611; Liu et al., 1994, J. Lipid Res. 35:2263-
2266). Similar results were observed in transgenic rabbits
expressing human ApoA-I (Duverger, 1996, Circulation 94:713-
717; Duverger et al., 1996, Arterioscler. Thromb. Vasc. Biol.
16:1424-1429), and in transgenic rats where elevated levels of
20 human ApoA-I protected against atherosclerosis and inhibited
restenosis following balloon angioplasty (Burkey et al., 1992,
Circulation, Supplement I, 86:1-472, Abstract No. 1876; Burkey
et al., 1995, J. Lipid Res. 36:1463-1473).
The AI-HDL appear to be more efficient at RCT than
25 the AI/AII-HDL fraction. Studies with mice transgenic for
human ApoA-I or Apo-I and ApoA-II (AI/AII) showed that the
protein composition of HDL significantly affects its role --
AI-HDL is more anti-atherogenic than AI/AII-HDL (échultz et
al., 1993, Nature 365:762-764). Parallel studies involving
30 transgenic mice expressing the human LCAT gene demonstrate
that moderate increases in LCAT activity significantly change
lipoprotein cholesterol levels, and that LCAT has a
significant preference for HDL containing ApoA-I (Francone et
. al., 1995, J. Clinic. Invest. 96:1440-1448; Berard et al.,
35 1997, Nature Medicine 3(7):744-749). While these data support
a significant role for ApoA-I in activating LCAT and

-11-



mal es). I ndeed, no efficacy. was observed in patients mith established

coronary hearyodbge@se. Serious side-effects are associated welusdseoszse of
fibrates including toxicity such as 20 mal i gnancy,

(especi al l y-gastroi ntestinal cancer), gallbladder disease and an increased
i ncidence in non-coronary nortality. These drugs are not indicated for the
treatnent of patients with h&gh LDL or low HDL as their only lipid.

abnor mal i t gtiwh}atingnRET DeatdidReienahcetudinyy demponatyatec@n@®res Co., Inc. -

25 Mont &ainﬁuélaéea- sEERhr£8t I 0OgeMa 6P| AGHIBHEN NeY amt, Ehatbacaanatdsr ed
for noderate hyperchol esterolema in ost-neqﬁggusal,mpnen.

i ncreases FRELDE RAyCBLlachehBERPERL WS HEB& B R%@%|4F§E;¥§¥§éé§.
Estrogen tgeat nepbei, sg.of.ipodraes.| 3miirok30711) fo a specific patient .
popul &V on (post renopaUSeL LRSI L5 ASEORLAL S it SEHLCURGRIS
t hr onboenbnapolr-di andsérshapavctavdd nphespdbimidd in ot pregsotd ongl ucose -
| nt ol er ancge. and, NPRLEBLETLB: i 35a1eease , human WHihi LI G s 2 need to
evel op safér—drugs at are effrcacrous in lTowerirng serum cholesterol,.
i ncreasi ngueiblizéng recembimantdysprodecedtApeA cbrweie carnencedi,sease,
22,% O%A}?éggiéeﬂn%hﬁéhngndi Ié\gﬁége?éigeféﬁéédméﬁé@é%f'tﬂf@%ﬁgi&nﬁ- ApoA- |
ne of the currently avdil able drugs for

| owertng cBRESTEPEPISEEE) yORFevale LERS | elF SRAR FagysmIdune ROF L85Tust
appear to ppagabeaiist bpdahel esbenol At heRsHOLérHsi HVYs) : 261-265) ; see

also M. Eriksson at Congress, “"The Role of HDL in Disease

Prevention," Nov. 7-9, 1996, Fort Worth; Lacko & Miller, 1997,

J. Lip. Res. 38:1267-1273; and W094/13819) and were commenced

15 and discontinued by Bio-Tech (Pharmaprojects, April 7, 1989).
Trials were also attempted using ApoA-I to treat septic shock
(Opal, "Reconstituted HDL as a Treatment Strategy for Sepsis,*
IBC’'s 7th International Conference on Sepsis, April 28-30,
1997, Washington, D.C.; Gouni et al., 1993, J. Lipid Res.

20  94:139-146; Levine, WO96/04916). However,.there are many
pitfalls associated with the production and use of ApoaA-I,
making it less than ideal as a drug; e.g., ApoA-I is a large
protein that is difficult and expensive to produce;
significant manufacturing and reproducibility problems must be

25 overcome with respect to stability during storage, delivery of
an active product and half-life jin vivo.

In view of these drawbacks, attempts have been made
to prepare peptides that mimic ApoA-I. Since the key
activities of ApoA-I have been attributed to the presence of

30 multiple repeats of a unique secondary structural feature in
the protein -- a class A amphipathic «o-helix (Segrest, 1974,
FEBS Lett. 38:247-253), most efforts to aesign peptides which
mimic the activity of ApoA-I have focused on designing
peptides which form class A-type amphipathic a-helices.

35 Class A-type amphipathic a-helices are unique in
that positively charged amino acid residues are clustered at

-12-



nmodul ating dietary intake, recycling, synthesis of cholesterol, and the

VLDL popul at i ey 99h@459 VWiile it is desirable to finpcriussggoizhat
stinmulate chol esterol efflux and renoval, several potential targets in the
RCT exist -- e.g., LCAT, EDL and its various conponents (ApoA-1, ApoA-II

and phospholipids) PLTP, and CETP -- and it is not known which target
woul d be nD fectjve at_achieyv| esirable |ipqpr te| orofiles
and protecFﬁ@e%X h§blpePY9FBBP+£ﬁ°o*n%. %ﬁ?ﬂﬁqg(ﬂﬁﬂ55#§ §QE§CT
pat h\lfvay_ ul tammbghmaf E}?E&&u&beaﬁ@r@%&éﬁ_ﬁeg@dﬁt cuﬁectdeaitle&g dfi an@er ot gi n .
popul ati on and,t.he efficien ev S vi denc ased on
dat a obt ai Xg |Hh§g ¢ f9|$0 |E%FF€%f%9¥%e ?? B P&fg
conponent, hépeAa hydrophbbipr engheiof béssithamm&ﬂﬂﬂwﬂﬂegﬁe&b etsaland

pot eritg al | yooloe pRBRORS!.0N <Ly BLAMCSraac R thd 3R AUY BGhYe;09) get s

for therapeufi¢ intervention nverse correlation exist§ befween
serum ApoAThe( Hpiriad de mmeﬁt:rate%ean@omlmg;ge%m-st Hmbes Wwesedon &

Rifkind, 1988 bHse@nﬁpoﬁ tMedprikar 3§éq&§ﬁ§escgickahd¥afzx7oc%%§%1n
a rculatlon 79:.8-15). "I ndeed, geC| ic Sub ogulatlons of HDL have béen

associ at ed 3HOLIPRPXOHEABSF 1 Pok FBFNSE PSR CH FORARGInG HRSY WOLENe 1987,
Anmer. Hear ic1hk% 289ed9% f@b@u&gsein'a@ theaéequé&%s df pine %éi)tl&% 383-394) ;

Fruchirt £ahiaid, 19920 001 0SSR 08000 oo Seeandh. o il Sl es |
rabbits w dom&ins |(see,HBL a.edDaedldsbr d9velopmamszuutmnog%a§5|@madf 35
ol e (1 A SRS RENTaRIter bsLed LeOML 2 1040 dilindil ey 1950
36:288-300; Lins et al., 1993, Biochim. Biophys. Acta
biomembranes 1151:137-142; Ji and Jonas, 1995, J. Biol. Chem.

15 270:11290-11297; Collet et al., 1897, Journal of Lipid
Research, 38:634-644; Sparrow and Gotto, 1980, Ann., N.Y. Acad.
Sci. 348:187-211; Sparrow and Gotto, 1982, CRC Crit. Rev.
Biochem. 13:87-107; Sorci-Thomas et al., 1993, J. Biol. Chem.
268:21403-21409; Wang et al., 1996, Biochim. Biophys. Acta

20 174-184; Minnich et al., 1992, J. Biol. Chem. 267:16553-16560;
Holvoet et al., 1995, Biochemistry 34:13334-13342; Sorci-
Thomas et al., 1997, J. Biol. Chem. 272(11):7278-7284; and
Frank et al., 1997, Biochemistry 36:1798-1806). )

In one study, Fukushima et al. synthesized a 22-

25 residue peptide composed entirely of Glu, Lys and Leu residues
arranged periodically so as to form an amphipathic e¢-helix
with equal hydrophilic and hydrophobic faces ("ELK peptide")
{(Fukushima et al., 1979, J. Amer. Chem. Soc. 101(13):3703-
3704; Fukushima et al., 1980, J. Biol. Chem. 255:10651-10657).

30 The ELK'peptide shares 41% sequence homology with the 198-219

fragment of ApoA-I. As studied by quantitative
ultrafiltration, gel permeation chromatography and circular
dichroism, this ELK peptide was shown to effectively associate
_ with phospholipids and mimic some of the physical and chemical
35 properties of ApoA-I (Kaiser et al., 1983, Proc. Natl. Acad.
Sci. USA 80:1137-1140; Kaiser et al., 1984, Science 223:249-
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35

s role -- %ﬁgpég%fgéﬂﬁygﬁﬁﬁﬁhﬂgfﬁg&%@;k&ﬁﬁpﬁgﬁﬁﬁkyik%&h%g%?”t'y

ralled "LAP peptides" (Pownall et al., 1980, Proc. Natl. Acad.
Sci. USA 77(6):3154-3158; Sparrow et al., 1981, In: Peptides:
Synthesis-Structure-Function, Roch and Gross, Eds., Pierce
Chem. Co., Rockford, IL, 253-256). Based on lipid binding
stu@ies with fragments of native apolipoproteins, several LAD
peptides were designed, named LAP-16, LAP-20 and LAP-24 -
(containing 16, 20 and 24 amino acid residues, fespectively).
These model amphipathic peptides share no sequence homology
with the apolipoproteins and were designed to have hydrophilic
faces organized in a manner unlike the class A-type
amphipathic helical domains associated with apolipoproteins

(Segrest et al., 1992, J. Lipid Res. 33:141-166). From these .

studies, the aﬁthors concluded that a minimal length of 20
residues is necessary to confer lipid-binding properties to
model amphipathic peptides.

Studies with mutants of LAP20 containing a proline
residue at different positions in the sequence indicated that
a direct relationship exists between lipid binding and LCAT
activation, but that the helical potential of a peptide alone
does not lead to LCAT activation (Ponsin et al., 1986 J. Biol.
Chem. 261(20) :9202-9205). Moreover, the presénce of this

helix breaker (Pro) close to the middle of the peptide reduced

its affinity for phospholipid surfaces as well as its ability
to activate LCAT. While certain of the LAP peptides were
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al ., 1993, Nature 365:762;764). Parallel studies inugl#ing 30 transgenic
m ce expressi wpwhesshunan LCAT gene denonstrate that noder at ePCTYUSS28323 | n
LCAT activity significantly change |ipoprotein cholesterol' | evels, and that
LCAT has a significant preference for HDL containing ApoA-1 (Francone et
al., 1995, J. dinic. Invest. 96:1440-1448; Berard et al., 35 1997,

Nat ure Medicine 3(7);744-749). @ Wjle these data support a significant role
for ApoAvIS?ﬂw%c?éwéﬁqqufh9§PhQ%%@15fllSPar§PWnﬁFa?%ng geprabdditi onal

sth udi esddleaeﬁsi:w?fs;a éﬁfisﬁcsf:;aaolﬁiof@hed e&;ﬁé_ﬁ@r tﬁ: wnﬁanj ﬁAf’_CpEp@ﬂ?élFé &fe HDOL

t hat nodul ates e ux .or ce cno erqQl, 1s_.t osp I p urni er et
W To0e BeTSeR) TR SRserE oF pipigs 1shofkB"GEPRR) DL83s LFSV G
potenti al Bbbk.ofhéidl 271 €6),: 03N 34d6A- EZhand etsadssorbatedPepbi@éc! i pid,

in thg pro ' |\nsdo atharoscl erotic di sease, human clinical trials
utili gi ng %%%%%T‘gf@lﬁﬁﬁ)y%grgl uced ApoA-1 were commenced, discontinued and

apparent|y re-comerdsgrest 9B 2ol diaym sgnthegpradnpppbidesscotpose@ oL
1995; I M5 REO 5OsuS mi]x%‘%ch%S redl Gueld ¥had! &b §EUHQa§Squ%§8L homolo

B
At herosclerogsis 2(6) :261-265); see %Iso M_-Eriksson at ngress, e Role

of HDL i n Witkakhe elisrs of ‘APl (Kapneidseetrals . oPBAr LacRéok- M Iler,
1997, J. LtRemRegss 88 126/64lAAd7 0N 60044 12818) . andowe €JCOBNBIC Cchd.
and disconij ggg $y 'o-Tec (Pharnapro'ect%, Agrkl.?, i9§§é.,Tri | s were
1 sotht t enpPRAZEAPEEE Ko, ITheo SEARICER e o ABERLEAFALLY: ARESREER SR ed HOL
as a Treat metnticSthatagphipatiSepdied icall Bominsholfntdassat Aorakth&ngéabbace on
Sepsi s, Apébglzgéggoteins in terms of hydrophobic moment (Eisenberg et

al., 1982, Nature 299:371-374) and charge distribution

(Segrest et al., 1990, Proteins 8:103-117; U.S. Patent No.

15 4,643,988). One 18-residue peptide, the "18A" peptide, was
designed to be a model class-A a-helix (Segrest et al., 1990,
supra). Studies with these peptides and other peptides having
a reversed charged distribution, like the "18R" peptide, have
consistently shown that charge distribution is critical for

20 - activity; peptiﬁes with a reversed charge distribution exhibit
decreased-lipid affinity relative to the 18A class-A mimics
and a lower helical content in the presence of lipids
(Kanellis et al., 1980, J. Biol. Chem. 255:11464-11472;
Anantharamaiah et al., 1985, J. Biol. Chem. 260:10248-10255;

25 Chung et al., 1985, J. Biol. Chem. 260:10256-10262; Epand et
al., 1987, J. Biol. Chem. 262:9389-9396; Anantharamaiah et
al., 1991, Adv. Exp. Med. Biol. 285:131-140).

Other synthetic peptides sharing no sequence
homology with the apolipoproteins which have been proposed

30 with limited success include dimers and trimers of the 18A
peptide (Anantharamaiah et al., 1986, Proteins of Biological
. Fluids 34:63-66), GALA and EALA peptides (Subbarao et al.,

1988, PROTEINS: Structure, Function and Genetics 3:187-198)
and ID peptides (Labeur et al., 1997, Arteriosclerosis,
35 Thrombosis and Vascular Biology 17:580-588) and the 18AM4

-15-



1997, Washington, D.C.; Gouni et al., 1993, J. Lipid.Res. 20 94: 139- 146;
Levi ne, W96/W099/64459 However,-there are many pitfalls associ BEBUSW20MTt he
production and use of ApoA-I, making it |less than ideal as a drug; e.c.,
ApoA-1 is a large protein that is difficult and expensive to produce;
significant manufacturing and reproducibility problens nust be 25

overcome with respect to stability during_storage, delivery of an actjve

product amemtdide |(Brasseuy 6. aﬁn'vF§®3GfBﬂﬁégémdrgﬁﬁﬁg¥§ Aftanbt 40 hhve

been made 4y, prepare peptides that mmc ApoA-I. Slnce the key activities
of ApoA-| have been attributed to the esen%e of; 2 L ple, éepeats of
a uni que secondary % r'GONFERSUSELPEREIAR FRE ﬁFB?Bﬁn 2- a§1§Pa§§

anphi pat hlfesiﬁ&dds ised Q)ﬁe\%h&ﬁs'fs,eqh%%,esﬁEBSthet hel$8€§46f2561)\?1n rmsc]t:A -1 4

effo es S | t he act y ave focuse :

on desi gnlq'f‘?gf p?el% g’&%’\/ﬁ @nﬁ‘éhﬁ Wﬁéa %i Bit‘hiAgggghel i ces. 35

d ass A-tyxmterﬁdsqiﬁﬁmslqemaﬂl)h@BFaes,aankatqahalapahhﬁ pbsaliyvel9y9l, :

char ged arpl 3‘56 qfh tq.% S BciloliSteiﬁ'x%(e ﬂ:ﬁs In&ggn Acad. Sci.
'y di op

hydr ophobi c- rrein acé and neg a amno acrd
resi dues & &i1pA6dr-ed The mv@@qeewa@f qonetma:eghbm sdentefyiug ttke nore,

class A a-pigd (b}levm@ﬂtd%élfa@e %thﬁé@lb%o?%&ﬁléﬂ%? he! ﬁ?ﬁoéﬁé&é@é’o
(Segrest et al. 1990, PROTEI NS cture, Function and Genetics

8: 1080 117)helapes rﬂft inumage ARSP Ist r Atk &bier BeREirgR ABSATEPRANRRRVERre not
based ummﬁ&%mmmmmsﬁpewlweamw POEHER VB yapRhLHERT SHEASS,

but rather uipé) nrelsnlc s %.tdsr}:%re%esé% tr}l lf'q/'drc‘phs.llc-Iztyzil:t:ophob::.c
interface, negatively charged amino acid residues clustered at
the center of the hydrophilic face and a hydrophobic angle of

15 less than 180°. While a dimer of this peptide is somewhat
effective in activating LCAT, the monomer exhibited poor lipid
binding properties (Venkatachaiapathi et al., 1991, supra).

Based primarily on in vitro studies with the
~ peptides described above, a set of "rules" has emerged for

20 designing peptides which mimic the function of apeA—I.
Significantly, it is thought that an ampliipathic a-helix
having positively charged residues clustered at the
hydrophilic-hydrophobic interface and negatively charged amino
acid residues clustered at the center of the hydrophilic face

25 is required for lipid affinity and LCAT activation

. {Venkatachalapathi et al., 1991, supra). Anantharamaiah et
al. have also indicated that the negatively charged Glu
residue at position 13 of the consensus 22-mer peptide, which
is positioned within the hydrophobic face of the a-helix,

30 plays an important role in LCAT activation (Anantharamaiah et
al., 1991, supra). Furthermore, Brasseur has indicated that a
hydrophobic angle (pho angle) of less than 180° is required
for optimal lipid-apolipoprotein complex stability, and also
accounts for the formation of discoidal particles having the

35 peptides around the edge of the lipid bilayer (Brasseur, 1991,
J. Biol. Chem. 66(24):16120-16127). Rosseneu et al. have also
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Class A helix features into. the sequences of the pepti‘de 10 anal ogues,
as wel | as sw@owieashe properties of the ApoA-1 domains (see,PGI/g898/20327
Davi dson et al., 1996, Proc. Natl. Acad. Sci. USA 93:13605-13610; Rogers et
al ., 1997, Biochem stry 36:288-300; Lins et al., 1993, Biochim Biophys.
Act a bi onenbranes 1151: 137-142; Ji and Jonas, 1995 J. Biol. Chem 15

270: 11290-11297; Collet et al.,. 1997, Jo rna i pid esearch

38: 634- 64408E55eAoRhARI2CBY5oPREBAC m dtphaéh 803,4-5187- 211;

Sloarrow a&égﬁe&b@ fw%CA@RQc&vhtlaﬁV(w@wmsmmB 87 107; Sorci - Thomas et
al ., 1993, i

. Biol. Chen1 26§: 21403- 21409; | et 1996, Bi ochim
Bi ophys. Acta 20 HP¥8VeEs. ARFRAFENCRESS ¥$ﬂ%5? t% d%ﬁ AHRAR ‘hals
2ﬁ7 165536&&5.@&edl'|ﬁ|:£\/p®bdﬁbedl a, pépPBide Baschetiwe ras %%%#—1331@2 beSar ci -
Thomis et 2 72 ;
199%5 5 oPAYNG: 18 S§6 ghéog? the?det it ey J§ I'—Iztﬁ%éhl A ol Y
synthe5|zeheaLZA$ a&tlvateendasspﬁpdederbbﬁﬁobeueEnﬂ|rNQQﬁ(ﬁf(Ehﬁ Lys and
L d d -h
eu resi P%P ga&an ﬂeﬂ?EﬁQ HﬁgEkﬁbglc £Ref % eptlcﬁv% e elix

wi th equa rophil1c an aces (Fukushi ma et
al ., 1979demonﬁﬁefﬁteéhém bswseiei(es)as#%g 3704; Fukushima et al., 1980,

J. Biol. Chem 255: 3;91653Le&06§7);he390re JﬂﬁgEL&xéﬁétiQ%&{é&@$c&lq@H’e€quence
honDIogy ith_the 198-219 fra

0 st udi ed uantitative
ul triid¥ i1 t FRVESFPTGEt Bér ReiER ggﬁcﬁ?Bﬁa?o@?ﬁﬁﬁ§taﬁﬁa%lW%mﬂ%g,é%q:hr0|sn1 this
ELK pepti detdms tyhed apenetf aati wﬁh;zhassogeaaewem @hﬁpx&'lcdnd)ldﬁsta-nd m m c
sone of the physical and henlca pLopel s_pf Kai ser
Al 1083 TEEGE VRSP P Ao cE a0 Hopgyego A8 ‘i‘iﬁ sP R e 9(’%%1”9 1984
Sci ence 223f1«&c1ous ApoA I mimetics have not been unraveled and the
principles for designing organic molecules with the function
15 of ApoA-I are unknown.

3. SUMMARY OF THE INVENTION
The invention relates to ApoA-I agonists capable of

forming amphipathic o-helices that mimic the activity of Apoa-
20 I, with spécific activities, i.e., units of activity

(activation of LCAT) /unit of mass), approaching or exceeding

that of the native molecule. In particular, the ApoA-1I

agonists of the invention are peptides or peptide analogues

that: form amphipathic helices (in the presence of lipids),
25 bind lipids, form pre-8-like or HDL-like complexes, activate

LCAT, increase serum levels of HDL fractions, and promote

cholesterol efflux.

The invention is based, in part, on the applicants’

design and discovery of peptides that mimic the function of
30 ApoA-I. The peptides of the invention were designed based on
the supposed helical structure and amphipathic properties of
the 22 amino acid consensus sequence which was derived from
the helical repeats of ApoA-I. Surprisingly, the peptides of
__ the invention have a specific activity well above that
35 reported for ApoA-I-derived peptides described in the

literature. 1Indeed, some embodiments of the invention
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255; Fukushima et al .,

1980, supra; Nakagawa et al.,. 1985, J.

Am Chem

Soc. 107: 7087we&PdAksso Yokoyama et al. concluded from such st udpepuséutosizhe

cruci al

factor for
anphi pathic structure 5
255(15): 7333-7339).
nore closely mmc ApoA-|

t han t he nopnoner;

1980, J.

Bi ol .

LCAT activation is sinply the presence of a | arge enoug
(Yokoyana et al .,
A dinmer of this 22-residue peptide was later found to
based on these results,

Chem :
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1985,

sunra).
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i ndi cat ed tfleamulations containing such ApoA-I agonists (either as
peptides or peptide-lipid complexes) as the active ingredient,
as well as methods for preparing such formulations and their
use to treat diseases associated with dyslipoproteinemia
(e.g., cardiovascular diseases, atherosclerdsis, metabolic
syndrome), restenosis, or endotokemia (e.g., septic shock).

15

20

25

30

35

3.1.

ABBREVIATIONS

As used herein, the abbreviatipns- - for the
genetically encoded L-enantiomeric amino acids are
conventional and are as follows:

One-Letter Common
Amino Acid Symbol Abbreviation

Alanine .} Ala
Arginine R Arg
Asparagine N Asn
Aspartic acid. D Asp
Cysteine C Cys
Glutamine Q Gln
Glutamic acid E Glu
Glycine G Gly
Histidine H His
Isoleucine I Ile
Leucine L Leu

'
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e}
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The abbreviations used for the D-enantiomers of the

genetically encoded amino acids are lower-case equivalents of
the one-letter symbols.
L-arginine and "r" designates D-arginine.

15

20

For example, "R" designates

3.2,

_ "Alkyl :" refers to a saturated branched,
chain or cyclic hydrocarbon radical.

DEFINITIONS
As used hereln, the following terms shall have the
following meanlngs

include, but are not limited to, methyl, ethyl, propyl,
isopropyl, butyl, isobu

and the like.

25 (C,-Cq) alkyl.

one carbon-carbon double bond.

tyl,

t-butyl, pentyl,

"Alkenyl:" refers to an unsaturated branched,
straight chain or cyclic hydrocarbon radical having at least

30 the cis or trans conformation about the double bond(s).
v Typical alkenyl groups include, but are not limited to,

ethenyl, propenyl,

isopropenyl, butenyl, isobutenyl,

butenyl, pentenyl, hexenyl and the like. 1In preferred
embodiments, the alkenyl group is (C,-C;) alkenyl.

35
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straight
Typical alkyl groups

isopentyl, hexyl,
In preferred embodiments, the alkyl groups are

The radical may be in either



20. activity; peptides w.th a reversed charge distr.¥bution exhibit
decreased |i i@ osidessi ty relative to the 18A class-A m m cs gwh/esssaoeRy
helical content in the presence.of lipids (Kanellis et al., 1980, J. Biol.
Chem 255:11464-11472; Anantharamaiah et al., 1985, J. Biol. Chem

260: 10248-10255; 25 Chung et al., 1985, J. Biol. Chem 260:10256-10262;
Epand et al., 1987, J. Biol. Chem 262:9389-9396; Anantharanmai ah et al.,
1991, Adv. Exp. Med."ElkynyDgs refer@o att hosasynehed brpaghedes sharing
no sequenc g ' iﬂyay ' ' a Napr d 30
W th Iinit%%nggégs%h¥%%Pﬂ%2ﬁﬁfﬁ§%s anée%srgér?Qggafgeﬁgggﬁgeggiggggg

( Anant har aPR¢ afaebont carhaarimls dand of T¥Parasdi eakYRYLi 850YBS63-66), GALA
and EALA pepéldas, (SWobaranhdtt BmitePdS, BREVEWS: pgb #ymr,ebuEyﬁynl,on and
CGenetics 3;187-198; and Ié%ﬁgﬁ%ldes hg%@gg g% iL , 19§

Art er Poscl tFoRREYNYR5 pen (ﬂﬁ¥§r§ EBFalibfol ody PFe585Y888) and
the 18AVA embpéphernes( Behs seliyretl ajroupl 933, (CBFOghiabkyiydphys. Acta 1170: 1-
7). A "consensus" peptide containing 22-am no acid residues based on the

sequences of the helices of human ApoA-1 5 has al so been desi gned
(Anant har amai ah et alAryl990refersricosul amsataratet) c¥slieshydrocarbon

. Venkat ach i Al s £ | Bi : e I ons,
I ndi an Aca%%%%?%?%@%f% i ed\%e%ue.nc_eegvt;'/aq?hc%%&% rggiét eg'lyg%b:gger%?? ?’yi ng
the ABst pgEQEPEninelydeucbift axg MJodiimidedotorh@Pemigorhdsidiedero

nel i ces of phufpD, Anggnthyl H 4 ihRepEpld AR ClaHigheaiaye corbmdiph X
formed by %Thgrgﬁgﬂégﬁf‘afné)é)csért&l\’,e ‘dé:nqgr,g%va @n@‘l, perylenyl,
phenalenyl, phenanthrenyl, picenyl, pleiadenyl, pyrenyl,
pyranthrenyl, rubicenyl, and the like. In preferred
15 embodiments, the aryl group is (C.-C,,) aryl, with {C;-C;,) being

particularly preferred.

"Alkaryl:" refers to a straight-chain alkyl, alkenyl
or alkynyl group wherein one of the hydrogen atoms bonded to a
20 terminal carbon is replaced with an aryl moiety. Typical
alkaryl groups include, but are not limited to, benzyl,
benzylidene, benzylidyne, benzenobenzyl, naphthenobenzyl and
the like. 1In preferred embodiments, the alkaryl group is (C-
Cxs) alkaryl, i.e., the alkyl, alkenyl or alkynyl moiety of the
25 alkaryl group is (C,-C,) and the aryl moiety is (Ci-Cy). In
particularly preferred embodiments, the alkaryl group is (C,-
C,;) alkaryl, i.e., the alkyl, alkenyl or alkynyl moiety of the
alkaryl group is (C,-C;) and the aryl moiety is (Cy;-Cyy) .

30 "Heteroarvl:" refers to an aryl moiety wherein one
or more carbon atoms is replaced with another atom, such as N,
P, O, S, As, Se, Si, Te, etc. Typical heteroaryl groups .

include, but are not limited to, acridarsine, acridine,

arsanthridine, arsindole, arsindoline, carbazole, B-carboline,
35 chromene, cinnoline, furan, imidazole, indazole, indole,

indolizine, isocarsindole, iscarsinoline, isobenzofuran,

-20-



aci d residues clustered at_.the hydrophilic-hydrophobi.d interface,
negatively chapdgdesaasn Nno aci d residues clustered at the cent epcrodsobes27
hydrophilic face and a hydrophobi ¢ angle of 15 | ess than 1800. Wiile a
dimer of this peptide is sonewhat effectivé in activating LCAT, the nononer
exhi bited poor lipid binding properties (Venkatachal apathi et al., 1991,
supra). Based primarily on in vitro studies with the peptides descri bed
above, a stsoefromenes"igpindake.gdsopbespboindgds; ghsaphpephivelindi ch

mmc the { iﬂ&lﬂie,a%dma%oq@ f u@%&ahmel tnhéhﬁﬂ?k‘ﬂ@inéhat an
anphi pat hic a-hel 1 x having paositively ch aég gg ues, cl ustered at the
hydrophlI|Eeﬁyﬂ%étﬁﬁxnR@?ﬂﬂ%ﬁb§%§§Q§ndPH€§ £ Pilﬁﬁarﬁﬁﬁnéﬁ%ﬂﬁ'aC|d

resi dues ChHEEEhEInAG1d hq;mﬁ}ﬁrndlflnbbeph}td&(lahhhéc f>ﬁ62125ne, pﬁrix@é],UI red
for I|p|d affinity and, activation gﬁnkatacha a
bopr b AGBRERAr TSR, YYAARIS B LORd Car cHVF ADEDEn KB ShATy

charged Clpyrﬁelduep¥¢r¢&mzinem1quinahoﬂhaecoqsensmsnEZ quinpgépgzine, which

is positio LLhin t e 3 pl ays an
|npgrtant Q&?ngkéft ﬂfékiggg I on (Xhant aﬁ%?éhegggéhéne 83% supra).

Fur t her norsanghese eur Imaprefrnrad @mbtqdame@tlsydrtbphbgt@rgngyé gpaep ahgl @) of
l'ess than ésﬁo'ﬁeﬁﬁéﬂé&eﬁkéé¥oé¥¥l'“ﬂlﬂﬂ Bl-d02RehbBeRAOLSYD BEIRYEX

stability, and also accounts for t'he fornmation of discoi dal parficl es
havi A8 t heP&Bticubapty deeetf Bt t he edge of the Iipid bilayer (Brasseur,
1991, J. Biol. Chem 66(24):16120- 16127) Rosseneu et al. have al so -16-

Insisted that a hydr9£f€§%éé§%§£z (% re Sié:Q%pa;%%ralght chain alkyl,

alkenyl or alkynyl group where one of the hydrogen atoms
bonded to a terminal carbon atom is replaced with a heteroaryl

15 moiety. In preferred embodiments, the alkheteroaryl group is
6-26 membered alkheteroaryl, i.e., the alkyl, alkenyl or
alkynyl moiety of the alkheteroaryl is (C,-C;} and the
hetercaryl is a 5-20-membered heterocaryl. 1In particularly

_ preferred embodlments the alkheteroaryl is 6-13 membered

20 alkheteroaryl, 1 e., the alkyl, alkenyl or alkynyl moiety is a
5-10 membered heterocaryl.

"Substituted Alkyl, Alkenvyl, Alkynyl, Arvyl, Alkaryl,
Heterocaryl or Alkheterocaryl:" refers to an alkyl, alkenyl,

25 alkynyl, aryl, alkaryl, heteroaryl or alkhetercaryl group in
which one or more hydrogen atoms is replaced with another
substituent. Preferred substituents include -OR, -SR, -NRR,
-NO,, -CN, halogen, -C(O)R, -C(O)OR and -C(QO)NR, where each R
is independently hydrogen, alkyl, alkenyl, alkynyl, aryl,

30 alkaryl, heteroaryl or alkheterocaryl.

4. BRIEF DESCRIPTION OF THE FIGURES
FIG. 1A is a Schiffer-Edmundson helical wheel
) diagram of an idealized amphipathic a-helix in which open
35 circles represent hydrophilic amino acid residues and shaded
circles represent hydrophobic amino acid residues.
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required for LCAT activation (WO3/25581). However, .despite these "rul es"
to date, no 5!fjesign'ed or produced a peptide as active gSrrisveAedn7- -
the best 5 having 1ess than 40t of the activity of ApoA-1 as neasured by
the LCAT activation assay described herein. None of the peptide "mnetics”
described in the literature have been denonstrated to be useful as a drug.
In view of the foregoing, there is a need for the 10 devel opnent of a

st abl e ApoA-| agoni sFIGhatlBnigi ashehécadt nettgiagraporf |thendidddiread
relatively f i veat 0 produce. However, the "rules" for
designing € aﬁp%ﬂggxgg@ &%ikxlgk gi?lcg have not been unraveled and the
prlnC|pIes for desi gfFify 8Fgami 8 heléealesyhinferndiagranioh the  of

ApOA- | are j\fNqWRd AmpRY gycogejl,jg bgh_vNEMl %The invention relates to |
ApoA-1 agoni sts capable of formn hi -heljces that mmc the ’
activity of ApoA- 20FIG. 2 iR §p§eﬁﬂée§cﬁ pppigen helicaljrheehi activity
(activati oraltafgx{aaAB)f/ Bt c@&errp&p):mapblfoachuaguﬁe ¢xretllwgr tdeingfcHehe
native nolecuéﬁp 3 part|c§ EBF QFE Ap onlits of the |€vent|on are
pepti des 0P FEFERFEEAEN0PTe S en lﬁo RPSHp FPEtHRPTRRTFRERE (in the
presence o&&ﬁqmpﬁaﬂ;cZémldm adlﬁlpedsdubsnnsbaéeértnkeles TéEprésdmt

conpl exes, | S I I EPh'f NS

pronote cho est %ﬁ qﬁ ipd” §8 %&%E?Pgﬁ and éa?él éﬂ%&é %ﬁéiék

appl i¥ant s remxmsgmtandtmes'c@ydrypbﬂlp@pprdéydmahcvhim emzm mmtt ion of 30
ApOA- | The digkRidsdes of the invention were designed based on the supposed
hellcal structure and anphlpathlc properties Qf the 22_am no acid consensus
sequence whi ch was dEIGre @B A helical net diagram of the core peptide

of structure (I) illustrating the hydrophobic face of the

helix.

15 FIG. 2C is a helical net diagram of the core peptide
of structure (I) illustrating the hydrophilic face of the
helix.

FIG. 3A is a helical net diagram illustrating the

hydrophilic face of Segrest’s consensus 22-mer peptlde |
20 (PVLDEFREKLNEELEALKQKLK SEQ ID NO:75).

FIG. 3B is a helical net diagram illustrating the
hydrophilic face of exemplary core peptide 4 -
(PVLDLFRELLNELLEALKQKLK; SEQ ID NO:4).

FIG. 4A is a helical net diagram illustrating the

25 hydrophobic face of Segrest’s consensus 22-mer peptide (SEQ ID
NO:75) . _

FIG. 4B is a helical net diagram illustrating the
hydrophobic face of exemplary core peptide 4 (SEQ ID NO:4).

FIG. 5A is a Schiffer-Edmundson helical wheel

30 diagram of Segrest’s consensus 22-mer peptide (SEQ ID NO:75).

FIG. 5B is a Schiffer-Edmundson helical wheel
diagram of exemplary core peptide 4 (SEQ ID NO:4).

FIG. 6A is a computer model of two peptides 4 (SEQ
ID NO:4) arranged in an antiparallel fashion in which residues

35 "Glu-8 and Gln-19 are highlighted to illustrate the ability of
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the helical repeats of ApoA-1. Surprisingly, the peptides of the inveéntion

have a speci f ipfo Gipfhdel ty well above that 35 reported for Apgér, as4ed
pepti des described in the literature. Indeed, sonme enbodi nents d*mgﬁ%

i nvention -17- WO 99116459

PCTI US98/ 20327 approach 100% of the activity of native ApoA-1, whereas
super agoni sts descri bed herein exceed the specific activity of ApoA-I. The

i nvention iﬁhdddlhwq%nagtﬂ@psmxp dorwoikitagmdlecubaanpydsoddratbatelc niHem t he
structure, gy [ E} use of particular anphipathic peptides that form
helices (int prese ce of lipids), bind lipids, form conpl exes and

i ncrease LCAT acti vi tBEG. Bé@ed-su[?orﬁfomﬁétsrr medaleOQn'dwacpEBMI@esﬁlQZhe

exenp| i fi ed Rt x1IHAe kAKX, C aBbS 1RaNS . ﬂsxs SEP::Q%% “rul es”

whi ch™ can be used design altered or. mutated forns are aI SO wWithin

the scdpe GFHIREY ifGFhitRe I ybActhoreaidBepcFived ard fhati xS cal
formd ati Or‘lﬁglﬂl’ﬁlgﬂdtﬁd?g:cﬁ li(lh.u%{t&)%‘tb @ﬂ@nhﬁhﬁlﬂﬁtyhéf @ﬁe@@pﬁw&%;&rldes

peptide-1ipid £xes i.ve ingredient nmet hods
for prepari fgoLfg"ﬁ 1(’@9#‘]\ rcﬁ‘gdirﬁgfap §§8df‘ow%’?’éa]?°‘6‘i‘€e%§élpggﬁjm at ed
with dysli poprot ei neis. (QAg ;lltheasautertﬂasyasﬁaerachﬁﬂd erosis,

netabollc Lest 1oy endotoxem a (e.g., septic shock). 20
ABBR%%gf t%% q Q%glr%é'logl t he abbrevi ati pns- “for the genetically

encodej L- enanti omer |FcIGam7rBo iddiugs rates a quaternary-order branched
network of the invention.

FIG. 7C illustrates a mixed-order branched network
of the invention.

FIG. 7D illustrates exemplary "Lys-tree" branched

15 networks of the invention.

FIG. 8A is a graph illustrating the differences
between the observed He chemical shifts and the tabulated
random coil Ho chemical shifts for peptlde 4 (SEQ ID NO:4) and
Segrest’s consensus 22-mer peptide (SEQ ID NO:75).

20 FIG. 8B is a graph illustrating the differences
between the observed amide proton chemical shifts and the
tabulated random coil amide proton chemical shifts for peptide
4 (SEQ ID NO:4) and Segrest'’s consensus 22-mer peptide (SEQ ID
NO:75).

25 FIG. 8C is a cartoon illustrating the periodic
relationship between the Ha proton chemical shifts of peptide
4 (SEQ ID NO:4) and its a-helical conformation. i

FIGS. 9A-9D provide gel chromatograms of isolated
human HDL incubated for 2 hr. at 37°C in buffer as measured by

30 absorbance {—) and in the presence of C-labeled peptide 4 as
measured by absorbance (---) or ¥C-radiometric counting ().
- Chromatograms were obtained at peptide:HDL mass ratios of 1:15

(FIG. 9A), 1:10 (FIG. 9B), 1:5 (FIG. 9C) and 1:3 (FIG. 9D).
FIG. 9E is a control gel filtration chromatogram of
35 free, unbound C-labeled peptide 4 as measured by absorbance
{~--) and *C radiometric counting (+).
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conventi onal

and are as follows: One-Letter ..€ommon 25

Am no Acid wo 9916459 Synbol Abbr evi ation Al ani ne PCT/US98/20327
A Al'a Arginine R Arg
Aspar agi ne N Asn Aspartic acid

D Asp 30 Cyst ei ne C

CYS d ut am ne

E

Leucl ne

Gn dutamc acid

Q
Gu ¥IGci 9@ provides gel filtragion difference Ay
Hi stidine chromato?Tams illdbbtrating the dlff@kénéé between eEéH'SECtHQ
e

Leu - 18-

Ani no Aci dreptide-tregted | HDL absorbqgggwghpgmpgﬁggygpngresented in

X

Phenylalan|

P

FIGS. 9AYS-Mefiomipe), sc (---) and 9d\/l(—) and the conbebl
Hromatggﬁg% of F%é 9§§§gq§§t1ve vaHues lndlcate & higher

4

Ser Thr eonabgorbance in the treated sample; negatihe Yalpeepiadicate a
greater\}]ﬁsa%}s%ﬁ a’b%rtel%/el at olné:rfflusseglp%or) ‘the D-enanti on’l}/; X?l ![ Eg
FIG. 10 is a graph illustrating the lipoprotein
profile of rabbits injected with 10 mg/kg peptide 4 (SEQ ID

NO: 4) (in the form of peptide/DPPC complexes) .

FIG. 11A is a cartoon depicting the various
aggregation states and peptide-lipid complexes that can be
obtained with the ApoA-I agonists of the invention. Left:
Multimerization process of the peptides resulting from the
interaction of several peptide helices and leading to the

w
Vv

10

15

20

25

30

35

formation of oligomers in conditions of defined peptide
concentration, pH and ionic strength. Center: The
interaction of the peptides (in any of these states of
aggregation) with lipidic entities (such as SUVs) leads to

lipid reorganization. Right:

By changing the lipid:peptide

molar ratio, different types of peptide-lipid complexes can be

obtained, from lipid-peptide

comicelles at low lipid-peptide

ratios, to discoidal particles and finally to large
multilamellar complexes at increasingly higher lipid:peptide

ratios.

FIG. 11B illustrates the generally-accepted model for
discoidal peptide-lipid complexes formed in a defined range of
lipid:peptide ratios. Each peptide surrounding the disc edge

is in close contact with its

two nearest neighbors.

5. DETAILED DESCRIPTION OF THE INVENTION
The ApoA-I agonists of the invention mimic ApoA-I

function and activity. They

form amphipathic helices (in the

presence of lipids), bind lipids, form pre-B-like or HDL-like
complexes, activate LCAT, increase serum HDL concentration and

promote cholesterol efflux.

The biological function of the
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genetically encoded ami no acids are | ower-case equivalfents of the
one-letter sywbed/masdor exanple, "'R' designates L-argini ne RGA/AUSHS/20327
designates D-arginine. 15 3 . 2. DEFINITIONS As used herein, the follow ng
terns shall have the follow ng neanings: 20 "Alkyl:" refers
to a saturated branched, straight chain or cyclic hydrocarbon radical.

Typi cal alk oups | ude e 1ted to, nethyl, ethyl,

propyl, i %#Eﬁ%ﬁ HGF%I%%FIEU lcﬁinf??uchﬁﬁeﬁ?ﬁl hexyl , and

Ehe i ;<eI kd:alsmpmﬁ)ﬁamemb &téjﬂ.]@:almlsltznctheeal Kyl tgeoppesanﬁegcsf %1p‘;ds. _
C -Co)al kyl. " e ngatyra ranche rai chain

or cyclic hydrocar bgﬁh? I}Pog‘a %g\?%ﬁ§@§ O?eag? Eﬁgellé%}%%nc%%r %n‘§l d‘%g%]fe&
bond. The imdstathledyulie am wnithelosage forme,cesgor lyapkilbaédr mati on

aboul 5t he dp Qonﬁﬁéé ca-fy@iec@ec%h%%@.\fhf:gﬁoﬂgfof?%é’ge n PPy ré‘r ”Ot
I|n1ted to, ethe { ropenyl, 1sopropeny ,
butepyl, peREe¥Rl awsenyﬂr eaﬁdlwew@ménclpﬁesréherpbar@mmms the

al kenyl grﬂb’ﬁmhﬁatégné:@ncﬁ'ﬂiﬁnﬂse % suchAbk%ﬁ&iratléﬁéeiﬁ £ Re aPr&Ae@éLY at ed
br anched, ht. chain or cI|c hydr ocar bon . radi cal havi at | east one
car bon- car%% ?{&%P%éﬁﬂﬁ a.m Fhﬁﬁ ﬁ?Fog?B&ﬁs FREPRREY E%?r%re not
limted tOdlﬁé&saylatﬁﬁtﬁadhdrodﬂﬂAnmﬂd obher tenbiityous, spentysyl, hexynyl
and &Be l'éndot&xe£§§fggﬁé¥kg septic shock.
The invention is illustrated by working examples
which demonstrate that the ApoA-I agonists of the invention
associate with the HDL component of plasma, and can increase
the concentration of HDL and pre-f particles. The ApoA-I
15 agonists of the invention increase cellular cholesterol
efflux. The agonists are alsoc extremely efficient at
activating LCAT, and thus promote RCT. Use of the ApoA-I
agonists of the invention in wvivo in animal models results in
an increase in serum HDL concentration.
20 The invention is set forth in more detail in the
subsections below, which describe: the composition and
structure of the ApoA-I peptide agonists; structural and
functional characterization; methods of'preparation of bulk

and unit dosage formulations; and methods of use.
25

5.1. PEPTIDE STRUCTURE AND FUNCTION -

The ApoA-I agonists of the invention are generally
peptides, or analogues thereof, which are capable of forming
amphipathic a-helices in the presence of lipids and which

30 mimic the activity of ApoA-I. The agonists have as their main
feature a "core" peptide composed of 15 to 29 amino acid
residues, preferably 22 amino acid residues, or an ahalogue
thereof wherein at least one amide linkage in the peptide is
replaced with a substituted amide, an isostere of an amide or
"35 an amide mimetic.
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enbodi nents, the al kynyl group is (Cl-C6) alkynyl. “LArl:" refers to an
unsat ur at ed oyolg/gesbpydr ocar bon radi cal having a conjugat ed r FEIEUSISQ0827

system Typical aryl 10 groups include, but are not limted to,
pent a- 2, 4-di ene, phenyl, naphthyl, anthracyl, azul enyl, chrysenyl,
cor onenyl , quoranthenyI I ndacenyl , idenyl ovaIenyI peryl enyl ,

phenal enyl, phenant nyI I cenyl,, plei e renyl yr nthren

rubi cenyl, and the |'JI: H"?’prTr e?gé?nr“‘e?f'sl? eREAPE agﬁegéﬁﬂi %{Bup i s
([err]) aryi;]rtwhbﬁ tl(él Eipliﬂlhﬁ(ﬂtgs’p&ﬁdﬁpmlﬁﬂg/ dirse:‘o&@\;\rgdt haAl katekingrefers
to a straight:-chain a yl eny erein o t
hydrogen a aFohE2HBnYRRS o 4 Kﬁgﬁgﬁ%ﬁlrg'ﬁggpgggg ﬁ%tﬁkgngngl
noi ety. ngrcabnaémsuglsgmunnne|oﬁﬂVﬁnkaﬁnuhamapanhn etmafled L691heMayl ,
benzylLi den %ﬁﬂé;ﬁ] n an he I In
prefe%red gn%E§9&Xé*qu%H%q§ﬂiary group 1S CQEQ@%§)£¥ gFE gggth

al kyl , al kef§| (BYVLBERREKAINERLEANKQKLE hSED ID N& Wér,ylhe@eo@pftﬂ( Cl- C6) and -

the aryl mss&».‘egé é[@éﬁéénsué @Méf'c%ﬁr'laoﬁéiﬁsr 93 -grRRaqi %&Eswe&ee
al karyl group™is err! al kary | al kyl, al kenyl or  al kynyl

noi ety of Fh@uahka\"?/lb%r jeay [fé?zf ]a%ﬁdeV%% stnﬁwei@c( P@PF]-‘LF‘ESSO

"Het er oar yWhicheéghibit® ot Fitlie®itHar V&p;sﬁafbmne:xormrr@romecmlmbﬁ&a is
replgged wi t h_anot he %égnl such. a tc.

Typi heBErBaf3fe i #THY tY tﬁ% réﬁ%l%eoiqqéfnlt ‘ed IPO pag ine,
acridi ne, ahsaapplicames hmvarﬁtﬁmpvemedrmmnnruaplanﬂmgaﬁhred%chﬂﬁgaﬂine, 35

chr onene, %&531%8' L0%s. %é'.%.f&heé %&s&“&%&%mé&d% 2 mel" S qRe:
i soar si ndof €, Tsoarsi nor1ne, - i sob ur a
(Glu-5, Lys-9 and Glu-13) with a hydrophobic Leu residue
provides peptides that mimic the structural and functional
15 properties of ApoA-I to a degree that is unprecedented in the
art.

While not intending to be bound by any particular
theory, it is believed that the helix formed by the ApoA-I
agonists of the invention more closely mimics the structural

20 and functional properties of the amphipathic helicél regions
of native ApoA-I that are important for effecting lipid-
binding, cholesterol efflux and LCAT activation than does the
a-helix formed by the ApoA-I mimetic peptides described in the
literature, thereby resulting in peptides that exhibit

25 significantly higher ApoA-I-like activity than these other
peptides. 1Indeed, whereas many of the ApoA-I agonists of the
invention approach, and in some embodiments even exceed, the
activity of ApoA-I, to date, the best peptide ApoA-I mimics
described in the literature-- peptide 18AM4

30 (EWLEAFYKKVLEKLKELF; SEQ ID NO: 246) (Corinjn et al., 1993,
Biochim. Biophys. Acta 1170:8-16; Labeur et al., Oct. 1994,
Arteriosclerosis: Abstract Nos. 186 and 187) and N-acetylated,
C-amidated peptide 18AM4 (SEQ ID NO: 239) (Brasseur, 1993,
Biochim. Biophys. Acta 1170:1-7)-- exhibit less than 4% and

35 11%, respectively, of the activity of ApoA-I as measured by
the LCAT activation assay described herein.
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i sochronene, isoindole, isophosphoindole, isophosphi.ndline, isoguinoline,
i sot hi azol e, woowseasd e, napht hyri di ne, perim di ne, phenant hr i RETAS98/20327
phenant hrol i ne, phenazi ne, phosphoi ndol e, phosphi nol i ne, phthal azi ne,
pteridine, purine, 5 pyran, pyrazine, pyrazole, pyridazine, pyridine,
pyri mdine, pyrrole, pyrrolizine, quinazoline, quinoline, quinolizine -
qui noxal i ne, sel.eno e, tellurophene hi ophene and xant hene.

preferred enbodpﬁ§ﬁ§§§EYhetH§t€P5 r?FPS%é Qr AnR 9ﬁﬁﬂ£§%§fqgetépééryl
with 5-10 mmbesedtaéyhpbm-mgaéenlstﬁabflmué alnvernd B3€HB6 the

"Al khet t | kyl | k | | k |
mhereeoﬁe03%&}ﬁ¥lh§dgg%&ﬁgﬁ?ﬁis%ﬁﬁﬁﬁiﬁ ?gig ?erﬁlnaﬁ c:p%onogtgnlygy Iroup

replaced with a heteroaryl 1S noiety. In preferred enbodi ments, the
al khét roary gL0 S 6:46 0 the I

al kenyl or * Rﬁeygr% e efy’go%‘ taﬂef‘dle%ﬂa%‘éh%é%f ALY Bt P S e
heteroaryl is a 5-20-nenbered heteroaryl. In particularly preferred
enbodi ments t {gedbkheteroaryl is 6-13 nmenbered 20 alkheteroaryl i.e.,

t he al kyl, al kenyl _or alk I ety i ed  h teroar
"Substituted Alkyl¥ X A4 BAS (ke Sﬁﬂr ér)yl %1 g? ELpe ) oahoh g‘?”v Asp

Al khet er oar vl (b} r eteDpspio &p)alkyl al kenyl , 25 alkynyl, aryl, al karyl,
heter ryl or al kh teroar . or nore hydrogen atons is
repl a%d wi t h anot her Jﬁrbsrf %@ﬁad%%ﬁ%eggggbsti tuents include -OR -SR
-NRR, -NO2, -CN, h#} ogen,LewC({D)IRor @@ dF)and - C(O NR, where each Ris

i ndependent |y hydrg Ny g 1+<yAC1(ﬁ.é<%n0 %Jéi)anyl aryl, 30 al karyl,
het er oaryl or alkhe eroar

is Leu (L) or Phe (F);

X6 is Leu (L) or Phe (F);

15 X, 1is a hydrophilic amino acid;
X; 1is an acidic or a basic amino acig;
X, is Leu (L) or Gly (G); )
X,, is Leu (L), Trp (W) or Gly (G);
X,; is a hydrophilic amino acid;

20 X,, is a hydrophilic acid;

' X,; is Gly (G) or an aliphatic amino acid;

Xy is Leu (L), Trp (W), Gly (G) or Nal;
X,s is a hydrophilic amino acid;
X, is a hydrophobic amino acid;

25 ' X,; is 'a hydrophobic amino acid;
X,, is a basic amino acid, Gln (Q) or Asn (N);
X;; is a basic amino acid, Gln (Q) or Asn (N);
X, is a basic amino acid;
X,, is an aliphatic amino acid; and

30 X,, is a basic amino acid.

The core peptides of structure (I} are defined, in
part, in terms of amino acids of designated classes. The
definitions of the various designated classes are provided

35 infra in connection with the description of mutated or
altered embodiments of structure (I).
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4. BRIEF DESCRIPTION OF TE FIGURES FIG 1A is a Schi.ffer-Edmundson heli cal
wheel di agr anworesnessp deal i zed anphipathic. [err]-helix in whi BRT/ESER03I
circles represent hydrophilic am no acid residues and shaded circles
represent hydrophobic ami no acid residues. -21- FIG 1B is a helical net
di agram of the idealized anphipathic helix of FIG 1A FIG 1Cis a helical
cylinder diagramof the_idealized anghig&%hic hel i x_of Fl 1A, 5

peRF

FIG 2A is a Schiffer-EdRukBEoRORE

8Pt FHPAHTR e e 58RI e

of structure (v Hekwekhabimdgot Beidnpdspanss X | yemleraldyhdebighiapes aircles

represent hyd
hydr ophobi ¢ a

I'mO

ilic amn

.aci L haded ci Y
o S Tkt R, FURIEERS Chi S R +-

represent eithsualjgr eppireisents bygepphdei bomdii oo amide rdsikhgss). FIG 2B |
net. djvagram ot .t h re_p | st ( i | trating

i@q(g%g%oﬁ t hfé[thé'%i )%8 ?g Sﬁ&épgt&f’d' ﬁ%féé}g@célasaea ‘#e%si cal net
di agram of th@usseatpdpredsion sonterplates)peptide randlnguss whakejshidne
face of the held dorel Gmide hinkabel! ¢! ogg%xgéﬁﬂ%gﬁﬁ&'ea%%i WAtH'S Uihkage

hydrophilic face of Segrest's cofisensus )
( PVLDEFREKLNERIt &K GkeR: andde), ppreferably) & supststyted|anide R% aft agr am

illustrating tifstere of amide. Thus, while the various X, residues within

is a q§lical

t he hydrophob

10

15

20

25

structure (I) are generally described in terms of amino

acids, and preferred embodiments of the invention are

exemplified by way of peptides, one having skill in the art
will recognize that in embodiments having non-amide linkages,

the

term "amino acid® or "residue" as used herein refers to

other bifunctional moieties bearing groups similar in
structure to the side chains of the amino acids.

Substituted amides generally include, but are not

limited to, groups of the formula -C(O)Nﬁ-, where R is (C,-Cy)
alkyl, substituted: (C,-C;) alkyl, (C,-C,) alkenyl, substituted
(C,-C¢) alkenyl, (C,-C¢) alkynyl, substituted (CQ-CG) alkynyl,
(Cs-Cyp) axryl, substituted (C;-C,) aryl, (C.-C,) alkaryl,
substituted (C,-C,) alkaryl, 5-20'membered'heteroaryl,
substituted 5-20 membered heteroaryl, 6-26 membered
alkheteroaryl and substituted 6-26 membered alkheteroaryl.

Isosteres of amide generally include, but are not

‘limited to, -CH,NH-, -CH,S-, -CH,CH,-, -CH=CH- (cis and trans),
-C(O)CH,-, -CH(OH)CH,- and -CH,SO-. Compounds having such
non-amide linkages and methods for preparing such compounds

30

35

are

well-known in the art (gee, e.a., Spatola, March 1983,

Vega Data Vol. 1, Issue 3; Spatola, 1983, "Peptide Backbone
Modifications" In: Chemistry and Biochemistry of Amino Acids
Peptides and Proteins, Weinstein, ed., Marcel Dekker, New
York, p. 267 (general review); Morley, 1980, Trends Pharm.

Sci.

1:463-468; Hudson et al., 1979, Int. J. Prot. Res.

14:177-185 (-CH,NH-, -CH,CH,-); Spatola et al., 1986, Life

Sci.

38:1243-1249 (-CH,-S); Hann, 1982, J. Chem. Soc. Perkin

-28-
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hydrophilic face of exemplary core peptide 4 (PVLDLERELLNELLEALKOKLK; SEQ
| D NO 4). Fl@o%Meiasy a hel'ical net diagramillustrating the PETAUS98/20327
hydr ophobi ¢ face of Segrest's consensus 22-mer peptide (SEQ ID NG 75). FIG
4B is a helical net diagramillustrating the hydrophobic face of exenplary
core peptide 4 (SEQID NO4). FIG 5A'is a Schiffer-Ednundson helical wheel

30 di agram of Segrest's consensus 22-ner, peptjde (SEQ I.D NO.75). FIG SB
is a SchiffeTaaffundsort 874t Rﬁ%’éfc%T ag?ﬂa%’@?d é’féﬁﬁﬁ%air qc!'tﬂl’e’*s?eﬁq de 4
(SEQ I DdNQ 4)a1 .Fl t@gsa@;ﬂ,\ :Jls &efaorrp_hémr _ zmdrj_;s:ﬁ])«fns@o pequdHjes ; 47e68ENGD-NO. 4)
arranged in ap .antipar el, fashign in ic } es, ! -G us

@n-19 are hi"ﬁﬁ'ﬁegrﬁpfe& ‘@ | F—Fc’fé‘gf—gi‘%nt LR 14T ?%é -&%%CHZ ? heg‘gr%@
peptides to fratertnppidicatibar ERyd5668n{ 282 eV 38405 t - QH (GHICH,F) &
6B i%_a conp r | ,of_ Jtwo ti V E A\l LK; SEQ I D
NO. 105) arr a%oglc}airgr%%gr?% al. 'a%??%érggﬁg%ﬁggé Illoli%{ér? %\!c%%gﬁ%es A u-8
and G u-19 are MiQiIdHyh) edand Hrwbwt rkR82 + HdfienSoill.i BY :389r-A88e (+GH.-S-) .
peptides to forminter | dr Ng qmg%vgm§a ok oY, FI G
7A illustrates a terti §H£§93§%lg¥éngﬁgd°ﬁet work o .ét)he, i rﬁl%nét ii‘oarxﬁj%leq

FIG 7B i||us:tqﬁtaec§da‘m§'« SEPAAFORLNRE LG QR CABIAH AR D MAIRE Jaf, aiicn.

FIG 7C illudd alfts AdHiaEatde" iRtapebed wethoitke structure or activity

10 of the peptides. Suitable amide mimetic moieties are
described, for example, in Olson et al., 1993, J. Med. Chem.
36:3035-3049,

A critical feature of the core peptides of
structure (I), is their ability to form an amphipathic a-

15 helix in the presence of lipids. By amphipathic is meant
that the a-helix has opposing hydrophilic and hydrophobic
faces oriented along its long axis, i.e., one face of the
helix projects mainly hydrophilic side chains while the
opposite- face projects mainly hydrophobic sideichains. FIGS.

20 1A and 1B present two illustrative views of the opposing
hydrophilic and hydrophobic faces of an exemplary idealized
amphipathic a-helix. FIG. 1A is a Schiffer-Edmundson helical
wheel diagram {(Schiffer and Edmundson, 1967, Biophys. J.
7:121-135). In the wheel, the long axis of the helix is

25 perpendicular to the page. Starting with the N-terminus,
successive amino acid residues (represented by circles) are
radially distributed about the perimeter of a circle at 100°
intervals. Thus, amino acid residue n+l is positioned 100°
from residue n, residue n+2 is positioned 100° from residue

30 n+l, and so forth. The 100° placement accounts for the 3.6

amino acid residues per turn that are typically observed in

an idealized «-helix. 1In FIG. 1A, the opposing hydrophilic

and hydrophobic faces of the helix are clearly visible;

hydrophilic amino acids are represented as open circles and

35 hydrophobic amino acid residues are represented as shaded
circles.
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of the invention. FIG 7D.J.lustrates exenplary '"Lys;free" branched 15

net wor ks of t i samegsdt | on.

bet ween the observed Ha chem cal shifts and the tabul ated randomcoil Ha

chem cal
peptide (SEQ ID NO 75). 20

shifts for peptide 4 (SEQ ID NO 4) and Segrest's consensus 22-ner
FIG 8B is a graph illustrating the

di fferences between the_observed am de proton chem cal_shifts and the

tabul ated random coi | ait@e IF RXAEFHEmE religal fetodiggpemdefstheEQ | D
NG 4) and Segméalszs@r@r@mwat&adr&{elme@tdﬁdm(e%@d D N2if) 1998, FEBS

FIG 8Cis a
pr ot on chem’c

conf or mat i on. h61££ 19Apﬁé]s¢mmd Ges @Icmmwf omaaﬂmasf beefl ahedagbﬁgggﬁgt
i ncubat ed for r_as ur, a r
(-) a%d I n th%grﬁ?éerseﬁfce 0 err%plfg'ﬁ%o fI%cda |oaélprzie até‘eat ?émaagm'lg %;%
absor bance (- Cel)lt@-' QﬁGh%dixdmnthJ@lﬁﬂqmg determGmednibyo thamhydeophobic
obt ai ned at % 9@])98f2
(FIG 90 and 1: (FIG 9D). FIG 'S contro ‘Itrati

chr omat ogr am %?435 lieg in tl}ﬁlﬁﬁﬂﬁf’r[ af ]f(l}q aﬁi@&f Fask |1§e°lrl§§t#§asgred by

H@ PRSIl | %éﬁnﬂeﬂé el

absorbance (-to)ragd Jn@tE rdﬁl tidiginsld idF e igaye ([ e iliust3ationFbE tRE

prov
diff

es gel
ence b

15

20

25

30

35

e]f‘ﬁi a% qfq?:pernlcoer Ct:hor %rreai[n()@gcl rcehr{_'s alr:! ufS].tart-.%E.alngg 12 depicted
in FIG. 1C. By cutting the cylinder along different planes,
different views of the same amphipathic helix can be
observed, and different information about the properties of
the helix obtained.

The amphipathic nature of the co-helix formed by the
core peptides of structure (I} in the presence of lipids is
illustrated in FIG. 2. FIG. 2A presents a Schiffer-Edmundson
helical wheel diagram, FIG. 2B presents a helical net diagram
illustrating the hydrophobic face and FIG. 2C presents a
helical net diagram illustrating the hydrophilic face. 1In
each of FIGS. 2A, 2B and'ZC, hydrophilic residues are
represented as open circles and hydrophobic residues as
shaded circles. As will be discussed more thoroughly below
in conjunction with altered or mutated forms of the peptides
of structure (I), certain amino acid residues can be replaced
with other amino acid residues such that the hydrophilic and
hydrophobic faces of the helix formed by the peptides may not
be composed entirely of hydrophilic and hydrophobic amino
acids, respectively. Thus, it is to be understood that when
referring to the amphipathic o-helix formed by the core
peptides of the invention, the phrase *hydrophilic face"
refers to a face of the helix having overall net hydrophilic
character. The phrase *hydrophobic face" refers to a face of
the peptide having overall net hydrophobic character.

While not intending to be bound by any particular
theory, it is believed that certain structural and/or
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pepti de-treated HDL absorbance chromatograns presented in FIGS. 9A (---),

9B (-), 9C (wodymasy 9D (-) and the control 5 chr omat ogr alPCFfUSHS/IB320E
(positive values indicate a higher absorbance in the treated sanple;
negative val ues indicate a greater absorbance in the control sanple). FIG
10 is a graph illustrating the Iipoprotein profile of rabbits injected with
10 ng/ kg peptide 4 (SEQ ID 10 (in the form_of peptide/ DPPC

conpl exes). PhEgsica P§°Be€5F?§oﬁfdEB?c?WRBlP?EP%EﬂhQii¥:éﬁ&ﬁéﬁ%@ﬁbﬁhgtates
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particular peptide sequence are well-known in the art, and
are described, for example in Eisenberg, 1984, Arin. Rev.

15 Biochem. 53:595-623. The actual p, obtained for a particular
peptide will depend on the total number of amino acid
residues composing the peptide. Thus, it is generally not
informative to directly compare pn for peptides of different
lengths

20 The amphipathicities of peptides of different
lengths can be directly compared by way of the mean
hydrophobic moment (<gz>). The mean hydrophobic moment can be
obtained by dividing p,; by the number of residues in the helix
(i.e., <py> = uu/N). Generally, core peptides which exhibit

25 a <py> in the range of 0.45 to 0.65, as determined using the
normalized consensus hydrophobicity scale of Eisenbefg
(Eisenberg, 1984, J. Mol. Biol. 179:125-142) are considered
to be within the scope of the present invention, with a <p,>
in the range of 0.50 to 0.60 being preferred.

30 The overall or total hydrophobicity (H,} of a

peptide can be conveniently calculated by taking the

algebraic sum of the hydrophobicities of each amino acid

N
residue in the peptide (i.e., H;==§: H;), where N is the

i=1
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function and activity. They form anphipathic helices sfin the presence of

l'i pids), bindybogigdss formpre-[err]-like or HDL-1i ke 35 POTYUSI8/R0S27
activate LCAT, increase serum HDL concentrati on and pronote chol esterol

ef fl ux. The bi ol ogical function of the -24- peptides correlates with
their helical structure, or conversion to helical structures in the
presence of |ipids. The ApoA-1 agonists of the invention can be prepared in
stabl e bul k oumbert ofosadact arkd, resydues yipihe Rreptigle anddicis, thhat can

be reconstity ?@%P%%%;@eofntﬁévgtﬁraﬁfﬁ@ré&&&tﬁhlm J nviggt i@y ncl udes
t he phar maceu I ca

formyl ations and t e of ' s repara ns in the
treatment of MsEPbORiFdYa (<Hyperihdt 3&’ I°(B?|°§’1°&§Voﬁ&?’§réﬁgaﬁf Hh€ease,
at her osclher E%@ﬁe&néfo'fahﬂhocaaddlt réﬁidﬁeﬁg(:ﬁ&e 10 <H, >eadag,<m|em asmamh Yigy,
septi¢c shoc The in s | trate es I C
denomstrate OFEE Pﬁ? Ithago ?‘g‘i‘g éf t'ﬂ%a ‘% @ﬁo ‘?gg'étnet\ﬂet e
UDL corrponentofof-OpIO&@nap andogan ascdetermihed cosimyttle inmrmeliHad and :
pre-y parti cI (o] t S
cel lular cholS e S&?‘%ﬁ% p@ﬁl&le nlgg %éa&e % SO exﬁe‘rréél%ér%fl%gl glngta dt
activating LEATModnd Bilpds p78ndRe- R@?) ase epnshdered AQ %m@%@ &the he

[ nvention 1 SdofR ik ¥HereBRAR! InveALLLA, | RiER éﬁﬁéﬁ?%@ydfb;ﬂ%ﬂi@ﬁ@— i
concentrati on i nventi on is set _ forth in"nore detail in

t he Xbsect i $Re FEMGR, %l‘@hoags?}Pl p&- OPRePe i oRFEf&Frethd structure of the
ApoA-1 peptide agoni st FheStot@iuhgdraplobicity of the hydrophobic face

(H) of an amphipathic helix can be obtained by taking the
sum of the hydrophobicities of the hydrophobic amino acid
residues which fall into the hydrophobic angle as defined

i

N
15 below (i.e., Hfh°'= 2 H;, where H; is as previously defined

=
and N, is the total number of hydrophobic amino acids in the
hydrophobic face). The mean hydrophobicity of the
hydrophobic face (<HFP™>) is HP/N; where N, is as defined
above. Generally, core peptides which exhibit a <HP@> in the

20 range of 0.90 to 1.20, as determined using the consensus
hydrophobicity scale of Eisenberg (Eisenberg, 1984, supra;
Eisenberg et al., 1982, supra) are considered to be within
the scope of the present invention, with a <HP"s> in the range .
of 0.94 to 1.10 being preferred.

25 The hydrophobic angle (pho angle) is generally
defined as the angle or arc covered by the longest continuous
stretch of hydrophobic amino acid residues when the peptide
is arranged in the Schiffer-Edmundson helical wheel
representation (i.e., the number of contiguous hydrophobic

30 residues on the wheel multiplied by 20°). The hydrophilic
angle (phi angle) is the difference between 360° and the pho
angle (i.e., 360°-pho angle). Those of skill in the art will
recognize that the pho and phi angles will depend, in part,
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functional characterization; methods of preparation.gf bulk and unit dosage
formul ati ons;wayydng@é hods of use. 25 5.1. PEPTI DE STRUCTURE AidpnbdobigoakfON
The ApoA-1 agonists of the invention are generally peptides, or anal ogues

t hereof, which are capable of form ng anphipathic & helices in the presence
of |ipids and which 30 ninic the activity of ApoA-I The agoni sts have
as their main feature a "core" peptide conposed of 15 to 29 amno acid

resi dues, prefertdis ypurbesniofoanéng pesdduesidugs ain e ReRE ideer edPrnher ei n

at |east one ésanggel @&Q%ﬁagt kas P?@é' dea i Snd it acad Quirf fbea S%&Stt'hb'ét ed

am de, an i sost of "an am d an am de n1net|c -
ApoA- I agoni SABLW0LE I?@‘linﬁvéﬁtlﬂ&n f&Feaﬁa‘é’éﬁ ong, FRkat ik Q%éh&pﬁqhééﬁﬁ?‘

surprising dlEdiﬂitﬁTssbd mtha;latlewhaelcert-ﬁewaramm adilly Qeiea igap Ae
prlnéry sequence - ner, consegéus sequence .of Vén tacha%a E&hl et
A

£202 SIS alled il nofe BRI pEORREARNEARES COSG A IR BARR o1
B 585 596 (RH&EEFREK&EEEhE&pKQ&LKy Befke | EhilD ote dmwire reafitde resSemeest ' s

consensus 22-nmer'" 'SCO n 2 . Jd tical
for activity yiel ds syn r&?lgc%%get ggnééﬁ% %@ eX %&lr}%l%leﬁ%hals

approach or awineeishiyresiduess sgch aev'eheemaopenuﬂei@:tqfinat;nmtwr@t ive
ApoA-1. 1N pafy | Glvion (}tl%o%@ral ise 2Bt 8hha¥ enfaseNss £d ddidlo rRplci ng three.

char ged ami no aC|d residues in rest’'s consensus, 22-ner_peptide (d u-5,
Lys-9%and (HLF%ﬁB Wﬂ%t%%aﬂ?@@ﬁoﬁ#@glétLéﬁaFEsPH%eamln° acid at P051t1°n5_

along the wheel containing two or more amino acids is a
hydrophobic amino acid. Thus, referring to FIG. 5B, the pho
angle is the arc covered by residues 5, 16, 9, 2, 13, 6, 17,
10, 3 and 14 despite the occurrence of a hydrophilic residue

15 at position 20, as the residue at position 2, which shares
the same position on the wheel, is a hydrophobic residue.
Typically, core peptides having a pho angle in the range of
160° to 220° are considered to be within the scope of the
invention, with a pho angle in the range of 180° to 200°

20 being preferied. | .

Certain structural and/or physical characteristics

of the core peptides of structure (I) are illustrated in
FIGS. 3 and 4. FIG. 3B presents a helical net diagram of an
exemplary core peptide of the invention, peptide 4

25 (PVLDLFRELLNELLEALKQKLK; SEQ ID NO:4), illustrating the
charge distribution along the hydrophilic face of the helix.
In FIG. 3B, the helical cylinder has been cut along the
center of the hydrophobic face and flattened. The three
hydrophobic Leu (L) residues that replace hydrophilic

30 residues in Segrest’s consensus 22-mer (FIG. 3A) are shaded.
As can be seen in FIG. 3B, positively-charged amino acid
. residues are clustered at the last C-terminal turn of the

helix (the C-terminus is at the top of the page). While not
intending to be bound by any particular theory, it is

35 believed that the cluster of basic residues at the C-terminus
stabilizes the helix through charge (NH,')-helix dipole
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provi des peptides that mmc the structural and functi‘onal 15 properties
of ApoA-1 to wo4deedsse that is unprecedented in the art. Wil epgwrtsosnbzndi ng
to be bound by any particular theory, it is believed that the helix forned
by the ApoA-1 agonists of the invention nore closely mmcs the structural
20 and functional properties of. the anphipathic helical regions of
native ApoA-I that are inportant for effiecting |Ijpid- binding, cholesterol

ef flux and LEARCEEPFtAEiEniRherREeENS he Bt NEF i3 FQrTRIPIRE (& EADOA- |
mmetic peptisgapidesatibadobBut-ethroudh tRydispliobidelmidrdasSidsd tetween

pepti des that exhibit .25 .Significant]y. higher 0A-1-like. activity than
t hese ot her bé’ﬁﬂ'?‘&e?ldfanﬂgéa?svﬁé‘a eRe nlé%%’éfc?% - Ié%eg?h%test ‘t'he

i nventi on appoeschprasd NationkcadboScirent sS evergxeezsh 403 Esfpoditty eft
ApoA-l, to date, be L] Asl_miym cs described in the
Iiter%ture-- ept }122718 k/ﬁ%@y‘“g?ﬁ%@%ﬂemmm SEQ ID NO. 246)
(Corinjn et al., 1993, WBtbchhen eRrepbtion oftthd Fosi: e lyathangast G . |
Cct. 1994, Ay B I kLS, ted,
Carm dat ed poS e o A TEP RGeS0 o asennr o OO S Dol (She

Bi ophys. Act &ept7of1thp. hydxaphiiirefacenavivh ahdleast aneynegafdsmlivel v,

of the actiVidharekd Raliliay ARIAY' 8E€iQYréELakE e ACk My | ASEERSENY in a
descri bed herein., -26-

ooy bed horel . o285 nsoSERR o Yo LouSChEeRobe 050t g ARG L sc

fol | owi ng st riaeieuicdl ther helldx(| ) One positive charge is located at residue
7, which potentially contributes to helix stability by
forming a salt bridge with an acidic residue one turn away on
the helix.

.15 FIG. 4B presents a helical net diagram illustrating
the hydrophobic face of the amphipathic helix formed by
exemplary core peptide 4 (SEQ ID NO:4). 1In FIG. 4B, the
helical cylinder is cut along the center of the hy&rophilic
face and flattened. The hydrophobic face of the core peptide

20 consists of two hydrophobic residues per turn, éxcept‘for the
last C-terminal turn, where basic residues dominate. NMR
s;udies indicate that amino acid residues 3, 6, 9 and 10 of
this core peptide form a hydrophobic cluster near the N-
terminus of the helix. Phe-6 is centered in this cluster and

25 is believed to play an important role in stabilizing the
hydrophobic cluster.

While not intending to be bound by any particular
theory, it is believed that the hydrophobic cluster formed by
residues 3, 6, 9 and 10 is significant in effecting lipid

30 binding and LCAT activation. For example, whereas exemplary
peptide 4 (SEQ ID NO:4) exhibits 93% LCAT activation in the
assay described herein, a derivative of peptide 4 containing
a Lys (K) residue at position 9 (peptide 33; SEQ ID NO:33),
which destroys the hydrophobic cluster, exhibits only 33%

35 LCAT activation in the same assay. Amphipathic peptides are
expected to bind phospholipids by pointing their hydrophobic
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5 [err] wherein: Xferr]. ..is Pro (P), Ala (A), Ay.(§, An (Q, Asn (N,
Asp (D) or D ®ropesiigase 10 X[err] 1is an ali phatlc apeNOsskRioshy X3
is Leu (L) or Phe (F); X4 is an acidic amno acid; Xerr]  is Leu (L) or
Phe (F); X6 is Leu (L) or Phe (F); 15 _ X[er] is a hydrophilic
amno acid; Xerr] is an acidic or a basic amno acid; Xerr] is Leu (L) or
Ay (QG; Xerr] is Leu (L) (W or y (G; X[err] Is a hydrophilic
ami no aci d; ZKRces towards X[h@r |a kyd ahhynﬁdpfnth@ Lipidl wdixtiesd y THYs,or

an al i phatic @mino Raiidved %'ha]t k8 Eeﬂlgﬁ%}r ﬂ-x}@:i]cg%\loblg Yo B ¥ N§|5 Xerr]

|sahdroph|I|camnoaC|d err I C am no aci d,
X17 i sya hy dreHoRRULES (@ étbiedStXPESr}J-P% a2 Jf,tlfﬁﬁ bsazved dor (tde or

Asn (N); X[ erddre igeptitRs ©fafheoia¢efrish (&nes d@m&ﬁr@ g IS a

X22 is
e n e Ris, B R B BT Lo A B et o b
part,: in ter rtwdn‘c:jphulhm adivds eaf 1deal.goaéesleml:mlsleﬁ>r Mﬂﬁdﬁéﬁtﬁiﬁﬁm \C;VT t Lhe
'he description of mi atolenic,PEBtReE 82 aeren' Sl o i Aoz Ean
in anchoring peptides and proteins to lipids (De Kruljff
1950, Biosci. Rep. 10:127-130; O’Neil and De Grado, 1990,

10 Science 250:645-651; Blondelle et al., 1993, Biochim.
Biophys. Acta 1202:331-336). Thus, it is further believed
that Phe-6, which is positioned at the center of the
hydrophobic cluster, may also play a key role in anchoring
the core peptides of structure (I) to lipids.

- 15 Interactions between the core peptides of the
invention and lipids lead to the formation of peptide-lipid
complexes. As illustrated in FIG. 113, the type of complex
obtained {(comicelles, discs, vesicles or multilayers) depends
on the lipid:peptide molar ratio, with comicélles generally

20 being formed at low lipid:peptide molar ratios and discoidal
and vesicular or multilayer complexes being formed with _
increasing lipid:peptide molar ratios. This characteristic
has been described for amphipathic peptides (Epand, The
Amphipathic Helix, 1993) and for ApoA-I (Jones, 1992,

25 Structure and Function of Apolipoproteins, Chapter 8, pp.
217-250). The lipid:peptide molar ratio also determines the
size and compositjion of the complexes (see, Sec;ion 5.3.1,

infra).
The long axis of the «-helix formed by the core
30 peptides of structure (I) has an overall curved shape. 1In
typical amphipathic helices, it has been found that the
. lengths of the hydrogen bonds of the hydrophilic and

hydrophobic faces vary such that the hydrophobic side of the
helix is concave (Barlow and Thornton, 1988, J. Mol. Biol.

35 201:601-619; Zhou et al., 1992, J. Am. Chem. Soc. 33:11174-
11183; Gesell et al., 1997, J. Biomol. NMR 9:127-135). While
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-27- In the core peptides of structure (1), the syfibol "-" between am no

aci d resi dueswooggdsh general |y designates a backbone consti t PCTAIS98/2084% ng
function. Thus, the synbol "-" usually represents a peptide bond or am de
| i nkage 5 (-C(ONH). It is to be understood, however, that the
present invention contenpl ates peptide anal ogues wherein one : or nore
am de linkages is optjonally replaced with a |Iinkage other than am de,
preferably Bofuiditendisg kR be SPuBA P¥othePEYof ihnigcbeliriied it thp

vari ous Xn g 41as ciriatdréOof the BYyAY6pHOBiE! Fads coferies ahd Vil arsy ihed
exenpl 11 od SPUEFNG 156 BAGABS SHECRLORNGCORPEFXER Then GFeTYRd 186 Ebgni e
exe ITre ;
tha{rp in eansﬁmﬁdrﬂss theyipegptide- aoi dEitp nbggeerhaheghertmé a@dg?sa@fd" or .
" Ldue” e rein,.r [ 1 . r bpfuncti noi gti.es
b;gf n;egrgiﬁgﬁg?ﬁ@ﬁaﬁafﬁlgﬁgﬁgt&gsrggytﬁﬁcggésggﬁa#%g %Ea§$;§5¥ﬁ?l E&ﬁds.
fubst:tutggé?ﬁgdébugémergbmylhuclude, but are Botllinited(to, g;ouri Ff t he
ormula - ol er S 5 ,
([err]) al kenyl, substrt Ethgqg%gé‘fgﬁya%Eé??f?aa?[iié{ﬁ%‘?gﬁ e‘%‘ﬁéi a?ﬁyny| ,
subst i t ut ed AHATY.) thecpmphippehicoorhaljressapst Pagked aresrqd Ghg|edge
([err]) al kaggylthes diHddidaadubie(sked! ¥26Y| 118) 20 TRMER{£0nb&E L OBRY |

substi tuted 5-20 nenbered het roarél, &;26 ge eLed al khet eroaryl . and
subdPi t ut ed ReUESH ATE &FsHMeReLor Sr f19pgd wit their hydre tFes of

am de gener atdges pivAdngbttowardsnehel Liptiadat9l cheting- (Beassend étans),
al., 1990, Biochim. Biophys. Acta 1043:245-252). The helices
are arranged in an antiparallel fashion, and a cooperative
effect between the helices is thought to contribute to the
15 stability of the discoidal HDL complex (Brasseur et al.,
supra). It has been proposed that one factor that
contributes to the stability of the HDL discoidal complex is
the existence of ionic interactions between acidic and basic
residues resulting in the formation of intermolecular salt
20 bridges or hydrogen bonds between residues on adjacent anti-
parallel helices. In this model, the peptides are considered
not as a single entity, but as in interaction with at least
two other neighboring peptide molecules (FIG. 11B).
It is also generally accepted that intramolecular
25 hydrogen bond or salt bridge formation between acidic and
basic residues, respectively, at positions i and i+3 of the
helix stabilize the helical structure (Marqusee et al., 1985,
Proc. Natl. Acad. Sci. USA 84(24):8898-8902).
_ Thus, additional key features of the core peptides
30 of structure (I) are their ability to form intermolecular
hydrogen-bonds with one another when aligned in an
antiparallel fashion with their hydrophobic faces pointing in .
the same direction, such as would be the case when the -
peptides are bound to lipids (i.e., between the acidic ~
35 residues at positions 4 and 8 and the basic residues at
positions 18, 20 and 22), and also their ability to form
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[err] Conpounds having such non-ami de |inkages and.nethods for preparing

such conpoundgoabgese! | - known in the art (see, e.g., Spatol a,pdvasyerdaB3,
30 Vega Data Vol. 1, Issue 3; Spatola, 1983, "Peptide Backbone

Modi fications” In: Chemistry and Bi ochem stry of Am no Acids Peptides and
Proteins, Weinstein, ed., Marcel Dekker, New York, p. 267 (general review;
Morl ey, 1980, Trends Pharm Sci. 1:463-468; Hudson et _al., 1979, Int. J.
Prot. Res. 35intramolepulzr fgmincgesr ppnfds ogpgedfabeidges, nedpethe e and .

38:1243-1249 ¢-(EnRi dBthe HAAx I .@qmbeS%ean’ehEi Beid8c and Thade |-

231905 isgsc%g%qﬁﬁﬁg ot %#F@ AL e 35 388 Hbdron, Lett. 29 2533

(- COCH2-); European Patmid =2Appliitmatdfornhel cthebpepti8ey A 87rd38¥0Gbe (I)

b 98T, aa0a’ {2 5Ty GBS R B arshit moplh il o titlsbBhbes 12 qans

Addi tional |y, 6bne Im Fife & dovd iideades-dwd iivesr of| axeuphatryy core

oCertore ai (PEPRLts,f (i oin NP dets dtariedidnyh, Bhdiphrafitl v

Sui t abl e ani dEashien | ¥ithitdeiss raspertsive Rudiropbebigafpres painting i

al ., 1993, J.chdsarhd € red RBAHADE AN igliae@l offedhur 9a%&)t.heacs5@din

peptides of structure_(lg, is their ag%%%é to form an anphi athic a- 1

hel i 20 n t he PRESERCEIMS |TPH-HS . CCRYF %%ﬂlﬁ%?lﬁgeﬁegnﬁ A%t Qthe a-hel i x

has opposi ng kydyehlés e sk dvel aahdli C, 1995, Biochemistry 34 (41) :13267-
13271).

Furthermore, when arranged in this anti-parallel

fashion, the helices are closely packed; there is no steric
15 hindrance preventing close contact between the helices.
Alterations in the sequence of the core peptides which affect
the packing of the helices negatively influences the activity
of the core peptides. For example, referring to FIG. 6B, a
dimer of peptides having Gln-19 replaced by Glu-19 (peptide
20 102; PVLDLFRELLNLXLEALKEKLK where X is Aib; SEQ ID NO:102),
and which therefore cannot form intermolecular hydrogen _
bonds, did not activate LCAT. Significantly, whereas peptide
4 (SEQ ID NO:4) exhibited 93% LCAT activation in the assay
described herein, peptide 102 (SEQ ID NO:102) exhibited only
25 2% activity in the same assay.

Thus, while not being bound by any particular
theory, it is believed that the ability of the core peptides
of structure (I} to closely pack and ionically interact to
form intra- and/or inter-molecular salt bridges and/or

30 hydrogen bonds when bound to lipids in an antiparallel
fashion is an important feature of the core peptides of the
invention. '

The ability of the core peptides to form favorable
intermolecular peptide-peptide interactions is also thought
35 to be of relevance in the absence of lipids. The core
peptides of the invention self-associate, due in part to
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faces oriented along its lLong axis, i.e., one face of ¢he helix projects
mai nly hydr opkyd bgneasgie chai ns whi I e the opposite face proj eclp é-ll- AR08 0827
hydr ophobi c side chains. FIGS. 20 1A and 1B present two'illustrative
views of the opposing hydrophilic and hydrophobic faces of an exenplary

i deal i zed anphipathic a-helix. FIG 1A is a Schiffer-Ednundson heli cal

wheel diagram (Schiffer and Ednundson, 1967, Biophys. J. 7:121-135). In the

gheel t he Iﬁngeaxl Righ t:h,@ HNedH ¥ afd2hydropholpixd m@lld @uadseéetmwm [@age. g
tarting with.t successive am.no acid r u sent e

by circles) ar"g%iergy- al ﬂ)ﬂ dF%Hl%ﬁ%ﬁliﬁbﬁ gl'hegxo&q;}%%p 2 O ?Q'E’Fe at 100
i nterval s. ThasndaqnnnsaofdeESmelde 1co:scq:msrratumechnﬂ)(1@mcomtmigdhe n,
residue n+2 ig &Oéhh' SQlt]:OHI? é%ggf%gség&kgeéoof assoc!}" 1 o] £§@yd OF L h.

The 100[err] p acerren accou amno acl d rési dués per turn
that & e typi B@nPpeshsSekoedeverah mabhinexic [foms hdIG. AR GTheA, the
opposi ng hydr aph kbpﬁoﬁﬁ!é Easgéoaﬁopéﬁtiaseég&egar&é1eéa\»&ﬁ )ﬁx%'hlo% c
vi si bl e; hydrqph c am no i ds.’are represented gen cirfcles an

hydr ophobi c a SrQEFélopésWHE)ésthé ?epr%@%rﬂﬂé’dhé’s}’ ides t° FI G
1B presents aabghlegatenebeﬁl agra@rpf 1&hecbﬂ@aiﬁfaa£toa{§9md@atﬂav@ﬁwlne&xof

FIG 1A (Li 0-14 ical_.helical
di agr am theng nﬁé‘ﬁgx é%nt egt a%Ss t%?‘l’#}%%h%ﬁ nLhe’core 8%?':51 fong
the 30 c pepéidef aggsegydes pbept Ldé apepaide firmtérammionsTalso tdoeurent er

of the hydr opgg,]lgil &ag,aggmp%a%e&ﬁggg;gﬁf_ggp@ygé oﬂp&&cmt of the helix

(Ei senberg et ure
In addition to the above-described properties,

other parameters are thought to be important for activity as
well, including the total number of hydrophobic residues, the
15 total number of charged residues, and the net charge of the
peptides.
A summary of the preferred physical and structural
properties of the core peptldes of structure (I) is provided
in TABLE I, below:
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374), lies in the center of the figure and is oriented so as to rise out of
t he pl ane of wbewpsaage. An illustration of the 10 hel i c@cTasoszoieT
prior to being cut and flattened is depicted in FIG 1C By cutting the
cylinder along different planes, different views of the sane anphi pathic
hel i x can be observed, and different information about the properties of
the helix obtained. 15 The anphi pathic nature of the
a-helix formed by the core peptides of EABMEtdre géé in_the presence of
lipids is illustrated in FIX¥YSICH) BROPERTIES QFs PREEERREPer - Ednundson

hel i cal wheel diagram FI GARRRpF ARMISTS O] SCRPCAEREGi(ZYram i | | ustrati ng
t he hydrophobhic face and FIG 2C presents. a. 20 helical pet diagram
illusgrating phepelygrophilic face. | nretgh of FI GS. 2¥ker2Rredfant®

hydr dphilic TESTAUES ar€ represent ed as Open Circres an opnobi c
resi dues as sPHAYEEORIPLT &815As wi |1 bé%di Slussed nore thoFgu‘gﬁBy bel ow i n
conj unction w altered or nutated forns of the peptides 25 of
structure (1) cBeertain anmino aci d T8 Fes-CARC be repl-BeclIP WPt1P-8%her ani no
aci d residuescgereh that the hydrophi bigo ang:2hydrophobi c pages 0h the helix

for by the peptides may not be co se tirely of ophi Lic and
hydp‘@;hobi c aMi™o aci ds, respectivel V. ?'Thg)s’?git Is to bg}l’g’hde:as%é)od t hat
when 30 rhefasgld ng to the anphi P@ht @282 hel i x f or ned®oBy- 2A@° cor e

peptides of tRpe,dsavanhi,on, the phrase ‘shydyophilic face" refgrs to a face
of the helix brauigeg smifs aldiaget hydrophilic character. The phrase
"hydr ophobi c ! rs to a face of ,the peptide having overall net
hydrophobi c ¢ ;fe aﬁ%ﬁ&gggcids 3 es\/\hi | e not intendi ng to be bound
by any particular_ theory, it is believed that certain structural and/or
-30- net charge -1 to 41 o]

hydrophobic cluster opositions 3,6,9,10 are hydrophobic amino acids

acidic cluster at least 1 acidic amino acid per turn except
for last 5 C-terminal amino acids

basic cluster at least 3 basic amino acids in last 5 C-
terminal amino acids

20 .
The properties of the amphipathic wo-helices formed
by the core éeptidés of the invention differ significantly
from the properties of class A amphipathic a-helices,
particularly the class A a-helix of Segrest’s consensus 22-
25 mer. These differences are illustrated with exemplary core
' peptide 4 (SEQ ID NO:4) in FIGS. 3-5. : :
Referring to FIGS. 4A and 4B, it can be seen that
the hydrophobic face of peptide 4 has much greater
hydrophobic character than the hydrophobic face of Segrest’s
30 consensus 22-mer. In particular, residue 5, 9 and 13 (shaded
region of FIG. 4B) are hydrophobic Leu {L) residues in
peptide 4 (SEQ ID NO:4) as compared to charged residues in
the consensus 22-mer (SEQ ID NO:75). The replacement of
. these three charged residues in Segrest’s consensus 22-mer
35 with hydrophobic Leu (L) residues leads to significant
differences in the amphipathicity, hydgophobicity, pho angle
and other properties of the helix.
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physi cal properties of the.anphipathic helix formed.py the core peptides of
structure (| woeumsdonportant for activity. These properties iRCIVURSS2032T
degree of anphipathicity, overall hydrophobicity, mean hydrophobicity,

hydr ophobi ¢ and 5 hydr ophi I i.c angles, hydrophobi c nonent, nean

hydr ophobi ¢ nonment, and net charge of the a-helix. Wiile the helical wheel
di agrams of FIG 2A provide a convenient neans of visualizing the

anmphi pat hi ¢ nature of A heomparigsspofddhePhysigalumad BLrucksradgree of 10

anphi pat hi ci r%@agf Wi' ' cgeeveryent |y
gquantified béi(?:é%{%%l# ‘?ﬁa’e y rp\gghqé,bi@(@rr?grrent 1‘(&%%:}‘52}%‘%8?% he hql i)x.

Met hods for Pertidet4n{SEQRrF) Ndd)a angd meRnisde ﬁep(l['qﬁ'@el edPsfée é?"‘g _

vel | -Known i BebPEs@r & codlrihs ESHdEGES aD MamE)e iish provedear gn 1984, |
Ann. Rev. 15 Bi ochem 53:595-623. The actual [err] obtained for a :
partidcul ar pEPBLBel v IPeH¥¥end on the total nunber of amino acid residues
conposi ng the peptide. Thus, it is generally not informative to directly

conpare [err]H for peptides of differe ngt.hs. 20 The
anphi pathicities LAES QT ool %é& | r}fﬁ;# npar ed
by way of the neaggﬁigg'%%ﬁg;&?gn%%%égg &’ fﬁ EN ﬁ%g{g ydrop %’Jgﬁ? nonent
can.bhe obtained by dividing [err]. Dby the nun%er of residues in the helix
(i.é., [err]=—tetrtHN—=ceretraty—eore—peptides—nwhieh—exhi-bi+ 25 a
<[err]H> in (PROPERAWEe of 0.45 CONSENGES as destddmified upepiiden® nornali zed
consensus hy 20bi_Gi scal e of ,ki senberg (& senberg, 1984, J. Ml . Biol.
179: 125- 142) U RERDIGLY SO 2 # %

# hydrophilic 13 10 10
amino acids

15 # hydrophobic 9 12 12
amino acids
% hydrophobic 41 55 55
amino acids
<H> -0.,293 -0.013 -0.040

20 <H P> 0.%560 _ 0.990 0.940
<S> ) 0.425 0.547 0.521
pho angle ) 100° 200° 200°
# positively 5 g 4 4

: charged amino

25 acids
# negatively 6 4 4
charged amino
acids
net charge -1 0 0

30

Most notably, the core peptides of structure (I)
are composed of a larger percentage of hydrophobic residues,
have a significantly larger <H,> and <u,>, and have a two-fold
larger pho angle (see FIGS. 5A and 5B). These differences in

35 properties lead to significant differences in activity.
Whereas Segrest’s consensus 22-mer (SEQ ID NO:75) exhibits
only 10% LCAT activation as compared with native ApoA-I in
the assays described herein, peptides 4 (SEQ ID NO:4) and 8
(SEQ ID NO:8) exhibit 93% and 83% LCAT activation,

40 respectively, as compared with native ApoA-I in the same
assays. Peptide 1 (PVLDLFRELLNELLEZLKQKLK; SEQ ID NO:1) and
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to be within the scope of_ the present invention, wth-‘a <[err]>in the
range of 0. 50yb09/06469 belng preferred. 30 ThePQIVEs98/120320r
total hydrophobicity (H ) of a peptide can be conveniently cal cul ated by

t aki ng the al gebraic sum of the hydrophobicities of each am no acid -31-
nunber of am no acid residues in the peptide and Herr] is the

hydr ophobi city of the ith amno acid remdut;%xh The nmean hydrop hob|C|tg

(<H err]>) |Bephedﬁy%rﬁﬁﬂﬁﬂﬁREE%LNﬁth%&KQ&% e SE@ 38 NOr24ni a¥hakifge
residues (i 5 r en tive agOE8mBaPEHIQSth hat
exhibit a rreg%e %d{[1 a%ﬂlela{édtl%trlgglgex?s@éo’c E_150:L 0 g 070§ as

det er m ned u@@ﬁﬁv?h%P¢ﬁﬁ¥nﬂ4:&§F(ﬁﬁm§eﬁ§§§yﬁydrophob|C|ty scal e of Eisenberg

(EI Sgnberg,fl9ﬁ4 J. MNdrtdilamihed abds kedidues qgin%h%egedet pepeideshon
the 3cope of the resetlnve on, W th a_.mean r ophobi ci t

the range of SEHUBEEre o'l qﬁ% ]ﬁ¥§¥% Fgﬁ'oﬁﬁé PohﬁﬁFépﬁ85?gP?§ of
t he hydrophobiﬁhéat:%ig&ﬁledarﬂﬂ}anieamrﬁmmw difiectdan, bandbiai madyby

§2‘§I Gies i EReva $9En AR SRR il O I PGB0 B6LE,

(i.e., [err]alabecentfmplited bys qhaa\pmmlrgt defwamd.oanarﬂ[ siltered ohe total
nb f h .
nydr ophobi o) FiCareR £offl Ve A RAel e R ety (I wRERin

Ner¥Q is asaﬁelﬁﬁé‘é 9%\,@3 inghaniing agdis Eaadst qedéél cRTERFLBrE &S

<[err]>in thgprdbituted wﬁweaxsac&@%ﬁml a%Qua &%éiiﬁu%r m pedowsi 8e the

consensus hygéggggallc%ég/tggeasl eafoffecEt‘llsn%nbt e acl%:llsx;alq:gzer% %Séclzorseu eptldes
of the invention is believed to be their ability to form a-
helices in the presence of lipids that exhibit the

15 amphipathic and other properties described above, it will be

recognized that in preferred embodiments of the invention,
the amino acid substitutions are conservative, i.e., the
replacing amino acid residue has physical and chemical

properties that are similar to the amino acid residue being
- 20 replaced.

For burposes of determining conservative amino acid
substitutions, the amino acids can be conveniently classified
into two main categories -- hydrophilic and hydrophobic--
depending primarily on the physical-chemical characteristics

25 of the amino acid side chain. These two main categories can
be further classified into subcategories that more distinctly
define the characteristics of the amino acid side chains.

For example, the class of hydrophilic amino acids can be
further subdivided into acidic, basic and polar amino acids.

30 The class of hydrophobic amino acids can be further
subdivided into apolar and aromatic amino acids. The
. definitions of the various categories of amino acids that

define structure (I) are as follows:

"Hydrophilic Amino Acid" refers to an amino acid
35 exhibiting a hydrophobicity of less than zero according to
the normalized consensus hydrophobicity scale of Eisenberg et
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Ei senberg et al., 1982, supra) are considered to be w¢hin the scope of the

present inven{idynelot h @ <[err] in the range. of 0.94 to 1. 1Pcheseames27
preferred. 25 The hydrophobi c angle (pho angle) is

generally defined as the angle or arc covered by the | ongest continuous
stretch of hydrophobic ami no acid residues when the peptide is arranged in
the Schiffer-Edmundson helical wheel representation (i.e., the nunber of
conti guous hygl ophldB4, I0. Mol. Biedi.dug9:A25t-hé2wheeenatitadbly eehdnydedDO) .

The hydrophi i ¢, anal & {phi_.angl_e). 4.s .th | ffere b 3 r and
the pho angl ehjfc?l.'o. ,ﬁfég[aér}lﬂ?g&%dgnéﬁjgﬁp%?h%gg g??smg%%e:?ﬁ) t ﬁ%{sgr{}bvﬁ |1
recogni ze t ha®lu héEjphAsmd(phi Gmgl(@3 ,wlisp d8pendysi fKpaand AB2-(R). on the
HIGS. 5A and 58, it can et Hyipde 3Rl 95eeR 6 STRUBRoBRIELE diAd
rotatPon of taRiGAAYING -2 midnEeimeK yalughesl lesgehbanathi noAakdis | eave

a gap itn g amind fuéca%waiypirqaﬁyama% %ﬁ%i@ég?ecﬁégééanlsﬂaf ihéﬁapms qaftf the:
eel to be occupjed b re.than one anminq ac residue. In the case o
Dopti des contBRVRHELQmIGAL IBth 8 A HOM T Ao lYARESeRabiR - asCPRes (ALY
pepti des of s%mmw eadidic Eaﬁr'l':icrmﬂaic{ﬂﬂwsihcihfdet Ghuof(Ehédﬁdphébi oI noI aci d
10 residues is mgant_4that .at leasf, Qn m no acid.at _positions al ong
t he wheel containing t\/\%’%&%c%&?eﬁ? gohﬁd*‘gsﬁégﬁtiéﬁi FOHR d.
Thus}Oref erriacid chating 5B side qiteinapl oadlsiet bé greatevetbanby.r eBasties 5,
16, 9, 2, 13,38ind acids Eyﬁi&l%%a%@ tp%éi'?ﬁv%ﬁgfuEhﬁgﬁgdogiaehéfﬁiéﬂ%"'AﬁC

resi due
physiological pH due to association with hydronium ion.

Genetically encoded basic amino acids include His (H), Arg
(R) and Lys (K).

15 "Polar Amino Acid" refers to a hydrophilic amino
acid having a side chain that is uncharged at physiological
pH, but which has at least one bond in which the pair of
electrons shared in common by two atoms is held more closely
by one of the atoms. Genetically encoded polar amino acids

20 include Asn (N), Gln (Q) Ser (S) and Thr (T).

*Hydrophobic Amino Acid" refers to an amino acid
exhibiting a hydrophobicity of greater than zero according to
the normalized consensus hydrophobicity scale of Eisenberg,
1984, J. Mol. Biol. 179:125-142. Genetically encoded

25 hydrophobic amino acids include Pro (P), Ile (I}, Phe (F),
Val (V), Leu (L), Trp (W), Met (M), Ala (A), Gly (G) and Tyr
().

"Aromatic Amino Acid" refers to a hydrophobic amino

acid with a side chain having at least one aromatic or

30 hetercaromatic ring. The aromatic or heterocaromatic ring may
contain one or more substituents such as -OH, -SH, -CN, -F,
-Cl, -Br, -I, -NO,, -NO, -NH,, -NHR, -NRR, -C{O)R, -C(O)OH,
-C(O)OR, -C(O)NH,, -C(O)NHR, -C(O)NRR and the like where each
R is independently (C,-C;) alkyl, substituted (C,-C) alkyl,

35 (C,-Cs) alkenyl, substituted (C,-C) alkenyl, (C,-C;) alkynyl,
substituted (C,-C¢) alkynyl, (C;-Cy) aryl, substituted (Cs-Cy)
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15 . at position 20, as.the residue at position 2,fwhich shares the
sane position W@@)@@Sy\heel I s a hydrophobi c residue. Typi cal lpcTnosngees2?
pepti des having a pho angle in the range of 1600 to 220[err] are considered
to be within the scope of the invention, with a pho angle in the range of
180[err] to 200[err] 20 bei ng preferred. Certain structural and/or
physi cal characteristics of the core peptides of structure (1) are

il lustrated | mdylGS.(C3-apdl 4lk&r@E, SBubsestutted a(QeCitahlkarydi agrat of an

lary co e | £l€ -
Crerl a1 CO1 il Bk 80 95 worea beregoacity 6L
al ong the hydr%ptﬂﬂﬂh?ﬂ%?c@lbhetﬁeoﬁevﬂ-xorl ﬁulPl‘PGtLHE# tGrre?%é‘lei“&?@lre@/I i nder

has been cut gl1oe s?itereeﬁemeamwreﬁeeéé& dasmend dnidld erade The
t hree® hydr ophobr c Leu é”@n si dues 't hat I hydrophilic 30
resi du®s in Sdgiedd dERzudYF?2 (Frera{‘ﬁl )are shaded. As can be seen

:n FI% 3B, polsmvel yf o-mh gdlaerrm@ﬁacxxdl ESrdﬂ@.\Ss atrcse a:lthhy&h?;mbkﬁtc talt@ no
ast Ctermnal_.turn _af the i x,(the -ermnu e.to

page) . Whi e ASEd HESREhG £30Be RBMAICDR any TRTHAN AT b log il
bel i eved t hat p}hami u&nezh blsblkendsr éni dhishathe rpaﬁc tef neJect rxinehidharest
the helix thr e h t I C

i nteractions. (31%? is a so trlgg%gh&% ?E ?eﬂé? |on occ%ﬂﬁt?h S of
hydr obhobi ¢ i rither d0ia @tomsetlieen | ybﬁn§l§ﬁd@heiiarm ok RMaEme | x core
(see, G oebke gineticali§PencBuee aPRlibkr Afddo &€ids UehadIAD2&:)403

Esposito et
P (V), Ile (I), Met (M), Gly (G) and Ala ().
"Aliphatic Amino Acid" refers to a hydrophobic

amino acid having an aliphatic hydrocarbon side chain.
15 Genetically encoded aliphatic amino acids include Ala (A4),
val (V), Leu (L) and Ile (I).

The amino acid residue Cys (C) is unusual in that
it can form disulfide bridges with other Cys (C) residues or
other sulfanyl-containing amino acids. The ability of Cys

20 (C) residues (and other amino acids with -SH containing side
chains) to exist in a peptide in either the reduced free -SH
or oxidized disulfide-bridged form affects whether Cys (C)
residues contribute net hydrophobic or hydrophilic character
to a peptide. While Cys (C) exhibits a hydrophobicity of

25 0.29 according to the normalized consensus scale of Eisenberg
(Eisenberg, 1984, supra), it is to be understood that for
purposes of the present invention Cys (C) is categorized as a
polar hydrophilic amino acid, notwithstanding the general
classifications defined above.

30 As will be appreciated by those of skill in the
art, the above-defined categories are not mutually exclusive.
. Thus, amino acids having side chains exhibiting two or more

physical-chemical properties can be included in multiple

categories. For example, amino acid side chains having
35 aromatic moieties that are further substituted with polar

substituents, such as Tyr (Y), may exhibi; both aromatic
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5 . al., 1997, Biopolyners 41:27-35). Wth the ex€eption of the
positivel y-chgodeglsssd term nal cluster, negative charges are plrUsIshogzed on
the rest of the hydrophilic face, with at | east one negatively charged
(acidic) amno acid residue per turn, resulting in a 10 cont i nuous
stretch of negative charges along the hydrophilic face of the helix. One
positive charge is |located at residue 7, which potentially contributes to
hel i x st abi | PY§Tepheb} @i PEPRERHIGs FIcIPOIFT Prakhyierend 1ies pgopeshécBur n

away on the B8Bi ¥anl€herefore be includeldGirtBoRhet®at ardmiekicCahdngblar
dlagranllllustratlng t he q%gro hobi ¢, face of the anphi pathic heliXx fornﬁd
by exenpl ar yCBbFEOHERE i del2€ ( QB3 IR CAtEFORREALAEN P 2RY| BRAPCCHFIAder
I's cut al ongwib2 benappavént o Mhbseplkifl iskifldcdnantef batt eeepecihly in
hydr @phobi c of ot o epiifde consi sts of .two hydrophobic
resi dues peri?éﬁ%,£%x€§%t§%§%£#é§a4%555%5355’FFH%P%F§r§§rﬁﬁ re basic

resi dues domi nate. NVRCertaiirsmnint eatid tdestidmeisno cadiledr ¢deddxs 3, 6, 9 -
and 10 of thj pept i r 40 a QQQ#@ : r e t erm nus
of the heli xi.)}?%ﬁgglggi s%%ﬁ?e;r% I'n 't isggl uster allr‘ll'é’t ‘)}‘g Ia(i%rr\&’itﬂst:'gl‘i eved to
pl ay an i npoPERRELYEE eOf nrshebiqes iwhen wentpdneshatti dntleypadr pogitienaot

i nt endi ng t owyREnDAULKE be BIY. PHMind! aid He¥ibudd dxhibaltiieeduhahet BR-
hydr.ophobi c Ius%er for med giére5|due 3, 6, 9.and 10 is significant in

ef f 8@t i ng | i Prakeng ProPeriifs ALmyFIAAlnad & ithe 2rto{S8ean@ g wher eas
exenpl ary peflhbdeadd (Bkéhnd®), NOird) R BiceHai LOABsAcCRI76It iadid iihclli@eassay

posi 11 on o (BEBt {BD 261 o] B ace il Sk - Gyeheh 2 ot e
cluster, exhrbhtsineflyin3ss L-peptide; conversely, L-amino acids disrupt
helical structure when contained in a D-peptide). While
15 these helix-breaking amino acid residues fall into the
categories defined above, with the exception of Gly (G)
(discussed infra), these residues should not be used to
substitute amino acid residues at internal positions within
the helix -- they should only be used to substitute 1-3 amino
20 acid residues at the N-terminus and/or C-terminus of the
peptide.

While the above-defined categories have been
exemplified in terms of the genetically encoded amino acids,
the amino acid substitutions need not be, and in certain

25 embodiments preferably are not, restricted to the genetically
encoded amino acids. Indeed, many of the preferred peptides
of structure (I} contain genetically non-encoded amino acids.
Thus, in addition to the naturally occurring genetically
encoded amino acids, amino acid residues in the core peptides

30 of structure (I) may be substituted with naturally occurring
non-encoded amino acids and synthetic amino acids.

Certain commonly encountered amino acids which
provide useful substitutions for the core peptides of
structure (I) include, but are not limited to, fB-alanine (8-

35 Ala) and other omega-amine acids such as 3-aminopropionic
acid, 2,3-diaminopropionic acid (Dpr), 4-amimnobutyric acid
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35 LCAT activation in the sane assay. Anphipathic peptides are
expect ed to biwadopb@sphol i p| ds by pointing their hydrophobl C PCPUS98n20RaCes
towards the al kyl chains of the lipid noieties. Thus, it is believed that
this highly hydrophobic cluster contributes to the strong lipid affinities
observed for the core peptides of the invention. Since lipid binding is a
prerequi site for LCAT actjvation IS, believed that this
hydrophob| c épdseer foxthy s‘é‘%’@’s’é??tﬁ%“qyd?lq_wdac(tp‘r"@jt'l & amARGREXRROiC

feS: duez aEea@&HemAﬁQMdeiﬂnﬁ@o\ta{Mi@F&cid\ @ehar mqmﬁgdgemadow ot ei ns
to |lipids (De Krui Bi osci_., .Re 0: 127 30 nd De G ado,
1990, 10 = SaTeepd Lnte (BERDE) D Gam Eh e 5 o ]fé’s?s et

Bi ophys. Acta- bﬁﬁ?lSBanBﬂé)(tqnuﬂa,lﬁ butjlghﬁuﬂndxﬂu«sméﬂ-that Phe- 6, which
IS pasitione £l op y al so play a key
roleIn anchgl %teéh?ﬁlégggégéﬁg%t |P€hel of’ W#}Zrl? E : ( ;5| ds. 15

| nt er.act i ons cyelabenylatanine pehal dawwkeuding n )|-oﬁlaa>fli’(§hbfﬂ-|§ﬂé§lpéad to
the for”at'OQNQﬁ)pe@£bﬂ§o£bﬁ%&h§¥ﬁﬁﬁﬁ&ﬁ§ ﬁﬁé(deﬁﬁﬂﬂied in FIG 11A the

type of conplex_obtained (comcelles, dISCS vesicl'es i | aye

depends on t Re flppraphepyiataniner (Bhe {2 Fly 1 B omaxan IT;éi@P&%Fy

bei ng forned (@hel(gwr) b pi 4- @E@éi:ébh Bdldmind s( Bl 4im0o; ci:aamaﬁdmean@ul ar

or A T Yerpeanl X5, OgL0ge LIRS M AR, 0ct 81 Lhpt doepticlg ol

(Epand, The AmﬁhﬂpaﬂhzethﬁénylaléﬁﬁﬁeEﬂmhikw MKtﬂkdniﬂEnEuifdﬂﬂab (MSO) ;
homoarginine (hArg); N-acetyl lysine (AcLys); 2,4-
diaminobutyric acid (Dbu); 2,3-diaminobutyric acid (Dab);
p-aminophenylalanine (Phe(pNH,)); N-methyl valine (MeVal);

15 homocysteine (hCys), homophenylalanine (hPhe) and homoserine
(hSer); hydroxyproline (Hyp), homoproline (hPro), N-
methylated amino acids and peptoids (N-substituted glycines).

The classifications of the genetically encoded and
common non-encoded amino acids according to the categories

20 defined above are summarized in TABLE ITI, below. It is to
be understood that TABLE III is for illustrative purposes
only and does not purport to be an exhaustive list of amino
acid residues that can be used to substitute the core
peptides described herein. Other amino acid residues not

25 specifically mentioned herein can be readily categorized
based on their observed physical and chemical properties in
light of the definitions provided herein.
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25 Structure and Function of Apolipoproteins, Chapter 8, pp.
217-250) . Theywd dhgiseepti de nolar ratio also determ nes the spggugbos??
conposition of the conpl exes (see, Section 5.3.1, infra). The |l ong axis of
the a-helix forned by the core 30 pepti des of structure tl) has an
overal |l curved shape. In typical anphipathic helices, it has been found
that the |l engths of the hydrogen bonds of the hydrophilic and hydrophobic
faces vary such that the hydrophobi c sT@8LEf IZfe helix is concave (Barlow
and Thornton, 198&LASSIRICATIANS OF5 COMMONLY(ENGOUNTERED /AMIN@{AGIDS 1992,
J. Am Chem Soc. 33:11174- 11183; Cesell et al.. 1997 J. Bionol. NWR
9:127-135). ' ~iam NOL i ' o0 be bo - , 1t is

bel i eved tha:/\h%%agsiégl%ragﬁn curvagﬁf%%g?%}{le hydroﬁgﬁe%%gi%f the helix
may i mportant_ 1 I.ndl ng di scol dal conpl exes -- a curved helrx permts
t he g’ip Hydf’f’gh"q‘d@tter around the edges of 5 di scoi dal particles,

tide to
t her eby i ncreasi ng atv@asiabi |l it ¥, of, Whe pepti de- dhgc Nadnpihéx . Tilen RHed4-
general |y accepted structural nodel of ApoA-I, t@%)gﬁﬁgﬂ Qﬁi%“%3ﬂ%hices
are packed around the edge of the discoidal HDL (§€e, " F FiB). In this
model , the 10 AgpdRkces ar elasGudedi it 8, Pe Bl itgRedl GiBUYE,tHelile, Nle,

hydr ophobi ¢ faces pointing towards the |ipid acylMelUfai Ra( ¥rEseliP et al .,
1990, Biochim Bi opkmiphadict a 1043:¥450; 252). The hehigespdr aibs masgedciy) an
antiparall el fashion, and a cooperative effect bdrRBebnttBre, hédlleesChas

thought to contribute to the Nle, Meval
. Hydrophilic
10 Acidic D, E
Basic H, K, R Dpr, Orn, hArg, Phe(p-NH,),
Dbu, Dab
Polar C. Q, N, S, T Cit, AcLys, MSO, bAla, hSer
Helix-Breaking P, G D-Pro and other D-amino

acids (in L-peptides)

is While in most instances, the amino acids of the
core peptides of structure (I) will be substituted with L-
enantiomeric amino acids, the substitutions are not limited
to L-enantiomeric amino acids. Thus, also included in the
definition of "mutated" or "altered" forms are those

20 situations where an L-amino acid is replaced with an
identical D-amino acid (e.g., L-Arg - D—Arg) or with a D-
amino acid of the same category or subcategory (e.q., L-Arg -
D-Lys), and vice versa. Indeed, in certain preferred
embodiments that are suitable for oral administration to

25 animal subjects, the peptides may advantageously be composed
of at least one D-enantiomeric amino acid. Peptides
containing such D-amino acids are thought to be more stable
to degradation in the oral cavity, gut or serum than are
peptides composed ekclusively of L-amino acids.

30 As noted above, D-amino acids tend to disrupt the
structure of a-helices when contained at internal positions
with an «a-helical L-peptide. Furthermore, it has been
observed that certain mutated forms of the core peptides of

-46-



15 stability of the discoidal HDL conplex (Brasséur et al., suDra)].c
It has been pr hat one factor that contributes to the <hd

t he HDL discgﬁggﬁﬁggﬁ%lex is the existence of ionic interactigﬁgﬁgg?aggﬁ
acidic and basic residues resulting in the formation of internolecular salt
20 bri dges or hydrogen bonds between resi dues on adjacent anti -
parallel helices. In this nodel, the peptides are considered not as a
single entity,sthmtctasrd N(I)nttdazc birencompbsatl batstelywobthamit gldids ng

epti de nol ec (R G ] LB L,S r cept.ed at
!onlto r anol ecul a;g’grglh(lé %ll—cr{/rl&r%&éjgrk\&%gnaggrggsg‘ﬁ?‘%bg%l&%‘éﬂ%‘?ﬁr&% oénl{]%ea[sv\s/é-’lé’n

aci di ¢ and badlesowidiefudereiss thani ¢deptigalppeptides ¢ompubad Erdfinely of
hel i x stabili 4 Stlugt eene yadEe, t-
Acad.” Sci . US?-&:&%S‘%%‘%BQ%ZS)Q %ﬁﬁggygsglutér oﬁa%m?é?/ ?eat u,rseﬂs?:r oqi tnhlé% lggr e
peptides 30 useGbitSuRRttatel inkpEnahelrambnei 25ide: (Rranine aaidl ecul ar
h_ydL ogﬁn_- boRd%wéﬁtﬁm f@@@m,m?_sa iﬁﬁﬂfﬁa t8 @n% ?é\ﬁir]{i&@éi@'ré;]ﬁ%!ﬂé%n at_
with their .o i c_f.aces inting.in the sa irection, such as wou

be the case &ﬁaﬁfgﬁgxﬂgﬁf?ﬁ%égg/Qrb GﬁﬁrW&nPFpngt??.E??t%éhmeen the acidic

35 resi dues at podid ipaesiéusiy 8iscdssbd, baké camiisd daeid i?(!lyplcl(@')t i ons
v ogen bond SHEY B 2 Aokl ik bReRith Pas dye Wi iR ot
(i.e.10bet veerintrrnedi giasidiensasifcar peptide . at Opdse t swrprissingly, e 15
and 18). The afidiifahrts MR AieBIRLACENAL FhEiVEIHRhE dddical structure
of the core peptides of the invention is disrupted in the
absence of lipids when internal amino acid residues are
substituted with Gly (G), in the presence of lipids such Gly
15 (G) containing peptides exhibit significant helical
structure, as well as activity. For example, whereas peptide
8 (SEQ ID NO:8)- exhibits only 20% helical structure  in
buffer, 61-93% helical structure was observed in the presence
_ of lipids and 93% helicity was observed in the presence of .
20 - tri-fluoroethanol (TFE). The helical structure of this
peptide in the presence of TFE was confirmed via NMR (see,
Section 7.3.5, infra). Notébly, this peptide also exhibited
83% LCAT activation. Other core peptides containing internal
glycine residues also exhibited =38% LCAT activation (see,
25 e.9., TABLE X, Section 8.3, infra). Thus, although Gly (G)
is generally considered to be a helix-breaking residue, Gly
(G) can be used to substitute amino acids at internal
positions of the core peptides of structure (I). Preferably,
only internal residues positioned within about $ 1 helical
30 turn of the center of the peptide (particularly for peptides
composed of an even number of amino acids) are substituted
. with Gly (G). Additionally, it is preferred that only one
internal amino acid residue in the peptide be substituted
with Gly (G). Preferred embodiments of the ApoA-I agonists
35 of the invention containing internal glycines are described
in Section 5.1.2, infra.

-47-



5 to for
FIG 6A, two
are aligned i

faces pointin
H bondi ng 10
(Huyghues- Des
Furt her nore,

cl osely packe
contact betwe
pepti des whic
activity of t
of peptides h

minternol ecul ar hydrogen bonds is illustrated in FIG 6A In
Wissineh®' 1 - hel i ces of exenplary core peptlde 4 4)
n an antl paral l el fashion with their respective %’égropﬁz‘%9
g in the sanme direction (out of the plane of the page).

I nteractions could occur between residues E-8 and Q 19
pointes et al., 1995, Biochem stry 34(41):13267- 13271).
when arr angedngnthéi amime i agixt atdsslduenstliaos i filathierisces are
desbiebRal apBPeSifIE i "B S s ReaL

© A?tera Gs- T %%1 il t é&%&hdﬁ%ﬁ

en_t he_hel i ces. Ions 1 n e sequence he core
peliradt whrelparki heligal memmmmmsema,nqﬁs wh¢de t he

bereopeppeBbkdss . sEPHCENAIDIE)., raeé‘ (%Je.rnn%sI QH%J (éet%g}e% di mer

19 rep] aced p 19 ept ’
PVLDLFRELLNLX| 3 EEEREP@RM@%E ‘ge%&%eg 2 H%H%G%l&aovw Wereither ef or e

cannot formi
Slgnlflcantly
activation |n
exhi bited onl
bound by any

peptldes of s
i ntra0% and/ or
when bound to
the core pept
form favorabl

15

20

nileeraticonl anthy@ldogemé)omﬂsch@hdbmt T epttided @l @hbucture
S exhi bi 3%
TheEhEEsRRBt e fid iy e %@t&m@m&m
9rQBert1eszea¢ athé vhelixn and vieimh assathebuforemtidns ideiredei ng
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rﬁﬁgé;ynﬁbééhpﬁﬂ salt bridges and/or 30 hydr ogen bonds

lipids lnIﬁnaaﬁféPé\f?écheémﬁ&ﬁhrléi‘& st dhe 'mwetrﬁ.“ltorf,e%t ‘?re%f
| des of  t-he |nveq%€ g@%The ability of the core peptid
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8T HPE?F:BEeé‘aF‘A? é%tﬂ%%%%r%ﬁwqgem @d tarr@ught
obtained by fixing the the hydrophilic or hydrophobic

residues according to structure (I) and substituting at least
one non-fixed residue with another amino acid, preferably
with another amino acid of the same category or sub-category.
The residues composing the basic and/or hydrophobic clusters
can also be fixed, and at least one non-fixed residue
substituted.

In another preferred embodiment, ‘altered or mutated

"forms of the core peptides of structure (I} are obtained by

25

30

35

fixing the hydrophilic amino acid residues positioned within
the hydrophilic face of the helix according to structure (I)
and substituting at least one non-fixed amino acid residue
with another amino acid, preferably with another amino acid
residue of the same category or sub-category. Referring to
FIG. 2A, it can be seen that residues 1, 4, 7, 8, .11, 12, 15,
18, 12 and 22 are positioned within the hydrophilic face of
the amphipathic helix formed by the core peptides of
structure (I). Of these residues, all are hydrophilic except
for residue 1, which may be either hydrophilic or
hydrophobic., Thus, in one preferred émbodiment, residues 4,
7, 8, 11, 12, 15, 18, 19 and 22 are fixed according to
stxructure (I) and at least one of residues 2, 3, 5, 6, 9, 10,
13, 14, 16, 17, 20 and 21 is substituted with another amino
acid of the same category, preferably with another amino acid
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35 to be of relevance in the absence of |ipids: #The core peptides of

the inventio z@associate, due in part to -37- “their higPi@shizand
hydr ophobi c gﬁgﬁ%&?gge, TABLE I, infra). The self-association phenonenon

depends on the conditions of pH, peptide concentration and ionic strength,
and can result in several states of association, from5 nmononeric to
several nmultinmeric fornms (FIG 11A). The hydrophobic core of peptide

aggr egat es f awbrishédyshmep lofbi-categoryct | Ahtewnahivepy dsreghduabl | 1s yalsfo t he
peptides to Y | o] n tLipn oL ¢ t el

D nding 101 | ErRey J Rl o BRRAPUrEONE T AhE aCPEodBY of¥ %0 Miiduer,
aggregat es pedtide-perfd do ilMel3ot Lnslhl sd7oc2randd2hais cowpttitutiat

| i pi d-peptideginissacingns. I n addition to the above-described properties,
ot her: _paraneters are thought to be_inportant for _actjvity as well,

i ncl u8i ng the total nuﬂBbﬁ‘@PHQﬁﬁM&ﬁggBiEr?§§FHﬁ€s?mPﬂ@1@Snt' the (G al
nunber of chatgedin£sivligic Aubtdie (rekiatasgespfi1vhe2peghddes) 1 wg@mry

o e et EESe el S Rl RESPELLCSa 0L £ 46 of
6, 9, 10, 13, 14, 16, 17 and/or 21 are substituted.

In another particularly preferred embodiment, the

10 hydrophobic cluster is also fixed, and only residues 2, 5,
13, 14, 16, 17, 20 and/or 21 are substituted.

In still another particularly preferred embodiment,
both the basic and hydrophobic clusters are fixed and only
residues 2, 5, 13, 14, 16, 17 and/or 21 are substituted.

15 In another preferred embodiment of the invention,
altered or mutated forms of the core peptides of the
invention are obtained by fixing the hydrophobic amino acid
residues positioned within the hydrophobic face of the helix
and substituting at least one non-fixed amino acid residue

20 with another amino acid residue, preferably with another
residue of the same category or sub-category.

Referring to FIG. 2A, it can be seen that residues
2, 3, 5, 6, 9, 10, 13, 14, 16, 17, 20 and 21 are positioned
within the hydrophobic face. Of these, all are hydrophobic

25 except for residue 20, which is hydrophilic. Thus, in one
preferred embodiment residues 2, 3, 5, 6, 9, 10, 13, 14, 16,
17 and 21 are fixed according to structure (I) and at least
one of residues 1, 4, 7, 8, 11, 12, 15, 18, 19, 20 and 22 is
substituted with another amino acid residue, preferably with

30 another amino acid of the same category or subcategory.
In a particularly preferred embodiment, the C-
. terminal basic cluster is also fixed, and only residues 1, 4,

7, 8, 11, 12 and/or 15 are substituted.
In another embodiment, altered or mutated forms of
35 the peptides of structure (I) are obtained by fixing all of
the amino acid residues residing within the hydrophobic or
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PHYSI CAL PROPERTI ES OF PREFERRED ApoA-1 AGONI STS OF STRUCTURE (1) 5

RANGE PREPERRED RANGE bi ¢
huitl (il 50 - 60 acids 0 050 to - OPGTRSHARE
-0.030 to -0.055 0.90 - 1:2 0.94 - 1.1 10 <[err]>
0.45 - 0.65 0.50 - 0.6D pho angle 160 - 220[err]
180[err] - 200[err] # positively 3-5 4

char ged anm ndipetxiaphii ite ddev@lfy the helix and suBstiﬁuting,l ;tareferably 4
15 ch ) | ds.,net__charge . . . o7 o_+1. \

0 hydr ophobi g"r cl us%ﬂqrp??&’tisa nge‘isé:, Q,%foaﬁ?’@"h?&?ép%ﬁ?‘é“ﬁnﬁ\%’éﬁ%sm

aci di ¢ cl ust ¢the othemtfaaestith anictheramminocaacddpeestidna. ex'pb@tre_ﬁﬁdd@&é

5 CGterm nal ' ' ' r l,eas _ 0 acids
5 CrLerm el e SCI AP BPHSIAL, cluscer Sha/SEotpd BTLE oA 0
a- hel Pces forfdt s he Qutdopaddivdddxed miseordingt konstira¢enrsi Ghi f iamnt |y

fromthe pw(ngygaﬁghéjy(aégxhea.anphipathic a-helices, particularly the .
class A a-helix of Segrest's gonsensus_ZZ- These differences

25 mer.
are illustrated with e STorEOrEiMmeas 25 She LBVREEIPN iR altere
Referring todd Gatatedfbrii oft stamdeureeq)t hee bbeahudgoppobi c face of

peptl de 4 oSt AP SRIREeSLeh gl LS bV drophoblc foce

(shadied amino acid. Those of skill in the art will recognize that
such substitutions should not substantially alter the
amphipathic and/or structural properties of the helix
discussed, supra. Thus, in certain instances it may be
desirable to substitute one or more pairs of amino acids so

15 as to preserve the net properties of the helix. Further

guidance for selecting appropriate amino acid substitutions
is provided by the peptide sequences listed in TABLE X (gee,
Section 8.3, infra).

In still another embodiment of the invention, the

20 first one to~four amino acid residues at the N-terminus
and/or C-terminus of the core peptides of structure (I) are
substituted with one or more amino acid residues, or one or
more peptide segments, that are known to confer stability to
regions of wa-helical secondary structure ("end-cap" residues

25 or segments). Such end-cap residues and segments are well-
known in the art (see, gAgé,“Richardson and Richardson, 1988,
Science 240:1648-1652; Harper et al., 1993, Biochemistry '
32(30) :7605-7609; Dasgupta and Bell, 1993, Int. J. Peptide
Protein Res. 41:499-511; Seale et al., 1994, Protein Science

30 3:1741-1745; Doig et al., 1994, Biochemistry 33:3396-3403;
Zhou et al., 1994, Proteins 18:1-7; Doig and Baldwin, 1995,
Protein Science 4:1325-1336; Odaert et al., 1995, -
Biochemistry 34:12820-12829; Petrukhov et al., 1996,
Biochemistry 35:387-397; Doig et al., 1997, Protein Science -

35 6:147-155) . Alternatively, the first one to four N-terminal .
and/or C-terminal amino acid residues of structure (I) can be
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regi on of FI

G 4B) are hydrophobic Leu (L) residues.ih peptide 4 (SEQ ID

NG 4) as conwas eeasy charged residues in the consensus 22- nepPCfoSes20827

NO 75). The

consensus 22-

significant
and ot her
struct ural

repl acenent of these three charged residues.ih Segrest's

mer 35 wi th hydrophobic Leu (L) residues leads to

differences in the anphipathicity, hydrophobicity, pho angle
' - 39- A conpari son of the physical

operties of the helix
F%@???éswb?htwfé@ﬁﬂ“ﬁt}%%eﬁéﬁﬁ gdatomivic khgre (1),

peptide 4 (SEQhE-RE: Andyeh Fafipeda i%s FEQenld-NpBresiddeSegtcsbgients.

consensus 22-
TABLE |1

Lt e i e N

and

S CONSEMNSUSdEgedibed) RHORBREMSle, in Richa@NSENSEHSA R1phptdden4 198pepti de

# @pino aci

12
55 ani no aci
0. 960

10

15

20

25

30

35

bggence 240-3@% 1a6r%2dOHaaz€pc?? r gt al. 1%%3 g ﬁB@.LL,EEy
32120hn7@@53%$@%,tDaggnpﬂﬂuﬂﬁd:Bell 19933 Int J Pe§51de
§§o£§£ﬁ]Res 41(#%3“?11 Geadd et al.’ 01@%@ Protein0s84@n2d
3: 1741 1745; Doig et al., 1994, Biochemistry 33:3396-3403;
Zhou et al., 1994, Proteins 18:1-7; Doig and Baldwin, 1995,
Protein Science 4:1325-1336; Odaert et al., 1995,
Biochemistyy 34:12820-12829; Petrukhov et al., 1996,
Biochemistry 35:387-397; Doig et al., 1997, Protein Science
6:147-155) .

While structure (I) contains 22 specified amino
acid residue positions, it is to be understood that the core
peptides of the invention can contain fewer than 22 amino
acid residues. Indeed, truncated or internally deleted forms
of structure (I) containing as few as 18 or even 15 amino
acid residues that substantially retain the overall
characteristics and properties of the amphipathic helix
formed by the core peptides of structure (I) are considered
to be within the scope of the present invention. '

Truncated forms of the peptides of structure (I)
are obtained by deleting one or more amino acids from the N-
and/or C-terminus of structure (I). Internally deleted forms
of structure (I) are obtained by deleting one or more amino
acids from internal positions within the peptide of structure
(I). The internal amino acid residues deleted may or may not
be consecutive residues.

Those of skill in the art will recognize that
deleting an internal amino acid residue from a core peptide
of structure (I) will cause the plane of the hydrophilic-
hydrophobic interface of the helix to rotate by 100° at the
point of the deletion. As such rotations can significantly
alter the amphipathic properties of the resultant helix, in a
preferred embodiment of the invention amino acid residues are
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0. 425 0. 547 0.521 pho.angle .. 400[ err]

200[ err] wooun&ePl err] # positively 5 PE&T/US98/20327
4 charged am no 25 acids X negatively 6 4
4 charged am no acids net charge ' -1 0 0 30

Most notably, the core peptides of structure (1) are conposed of a |arger
percent age of hydrophobic residues, have_a significantlf_larger [err] and

have a two-f dedetgdgep pRotanghbstartiglly. repain thp)aligruentyief dtdnces

in 35 %fl%lﬂ%r biregnkefgat-g ﬁ&g%ihgaﬂbpﬁa_faiér EREESEAde a&ldﬂq'rtahe Wher eas
Segrest's cofisensus_22-ner SE@ | D NO 5% exhi bits only 10V LCAT activation
as conpared ®OAYRalPRE A¥dA- PLi fhenBedi¥ays described herein, peptides 4

(SEQ ID NO 4) and 8 (SERikDcNE Bk eshvbhiefBlyaachBdded MY deldvsiaig @n, 40
sanme assa‘yés.am.n%ptlde 1

o el Y OB, Slafek ol bbhsetfAh b0 A0S SAIE AR and
( GVLDLFREL L NEldilBAriégiisiés Shchl EhtiEr 3he. eaninpbé;edhé?ﬂcaahdt;dﬁ‘ﬁldd_@é‘neted.
acsaye. Cort i gRanitel o el i BRPAhRISTE LUFAROE Ret (LidE. SHiis,
structure (| )yncanprefespedcembaidimenthegraupacoficd dé reshsikeetive or non-
consecutive amino acid residues are deleted. Whether 3 amino
10 acids or 4 amino acids are deleted will depend upon the
position within the helix of the first residue to be deleted.
Determining the appropriate number of consecutive or non-
consecutive amino acid residues that constitute one complete
helical turn from any particular starting point within an
15 amphipathic helix is well within the capabilities of those of
skill in the art.

Due to the surmised importance of the basic cluster
at the C-terminus of the core peptides of structure (I) in
stabilizing the helix and the importance of the h&drophobic

20 cluster in effecting lipid binding and LCAT activation, in
preferréd embodiments of the “invention, residues comprising
the basic and hydrophobic clusters are not deleted. Thus, in
preferred embodiments, residues 18, 19, 20 and 22 (basic
cluster) and residues 3, 6, 9 and 10 (hydrophobic cluster)

25 are not deleted.

The core peptides of structufe (I) can also be
extended at one or both termini or internally with additional
amino acid residues that do not substantially interfere with,
and in some embodiments even enhance, the structural and/or

30 functional properties of the peptides. Indeed, extended core
peptides containing as many as 23, 25, 26, 29 or even more
amino acid residues are considered to be within the scope of
the present invention. Preferably, such extended peptides
will substantially retain the net amphipathicity and other

35 properties of the peptides of structure (I). Of course, it
will be recognized that adding aminc acids internally will
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wi thout significantly deleteriously affecting, and'in’ nany cases even
enhanci ng, two®nsisei ty of the peptides. Thus, al so contenpl BEEWS8/20837e
present invention are altered or nutated forns of the core peptides of
structure (1) wherein 10 at. | east one defined anino acid residue in
the structure is substituted with another am no acid residue. As one of the
critical features affecting the activit f the cqre peptides of _the

i nvention i StME@tRVERE tRLane (Heithealivig Wépﬁgﬁgpﬁéi?'ﬁe%n?ﬁrf%%e at
presence of d&ﬁ@iﬁéi%@aéf epie bﬂrlsé_flftlfiogﬁ in a mmbgpé%himaﬁndoo?hﬁ .
properties descriphed ahove, it w e.r ni.zed t in preferre

enbodi nent s @ﬁs?¥£¥?qné§ﬁY?n#°¥tﬁ?%ﬁﬁqﬁ& E@ﬁgtéﬁﬁgtitg%Pﬁnsgé e _
conser vat i vegongtderithions disdusainabovaciith ceandoeibaswphlsindrmat
chemical properties that are sijnlar tot 1.NO i si due being 20
repl aced. Fo$%%?b%’§%sa‘%ﬁf%§i%rjrﬁtrﬁ galcc‘).’lr‘\isag'rt\ig}l ?Veggmgﬁéféci d
substitutions, the an Im emé dsnusdinsntcorbhenicone| peptadesf ave éxtended nain
categories -3 hi 1 I gﬁggﬂgpi > epdin : L ORr on the
physi cal - cheft Q%l?éc ar%%‘lg/ed??g?i cs 2 tﬁ’ gfe%tgﬁegglr?ﬁ %SE%E?S E{lye' chain.
These two nePretexaiglyi esuchresfensianm Widlassabiddzentbeshetieayori es t hat
more di stinctdyori@dipest RecEhad aat Al tgreseicet BE A9HRAsaCEACRI 48 €hai ns.
For exanpl e, the class, of hyﬂroe%gilc am no aci ds cai bs further subdivided
i nt 3%ci di c, S BASFRP AW-PO| 3¢ 13 REMENtH) Previopfdy Ag8cTIPedy dr ophobi c
am no acids can be furthes sabeividdady Hrefgledr eabddamnendl i chéntope aci ds.

The definiti th ' ' f an i ds, that.defi
ctructure (1508F898SOF P PHURE Sty o cH 1915 SACRb Shc Ce. FaFBF BiP8S A o no

acid 35 sEngléi basix aahimes cudicbimssidus, peedetrabldyzéys dEtor divhent so
extended, X, is preferably D-Pro (p) or Gly (G); X, is
15 preferably val (V); X, is preferably Leu (L); X, is preferably

Asp {D); X; is preferably Leu (L); X, is preferably Phe (F);
X, is preferably Arg (R); X, is preferably Glu (E); X, is
preferably Leu (L); X,, is preferably Leu (L); X;, is
preferably Asn (N); X,, is preferably Glu (E); X, is

20 preferably Leu (L); X,, is preferably Leu (L); X5 is
preferébly Glu (E); X,, is preferably Ala (A); X,, is
preferably Leu (L); X,, is preferably Lys (K); X,, is
preferably Gln (Q); X,, is preferably Lys (K); X,, is
preferably Leu (L); and/or X,, is preferably Lys (K).

25 Also included within the scope of the present
invention are "blocked" forms of the ApoA-I agonist, i.e., .
forms of the ApoA-I agonists in which the N- and/or C-
terminus is blocked with a moiety capable of reacting with
the N-terminal -NH, or C-terminal -C{O)OH. It has been

30 discovered that removing the N- and/or C-terminal charges of
the ApoA-1 agonists of the invention containing 18 or fewer
amino acid residues (by synthesizing N-acylated peptide
amides/ester/hydrazides/alcohols and substitutions thereof)
results in agonists which approach, and in some embodiments

35 even exceed, the activity of the unblocked form of the
agonist. In some embodiments containing 22 or more amino
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the normal i zed consensus hydrophobicity scal e of Eisefdberg et -41- al
1984, J. Mol %ﬁﬁ 79:125-142. Genetically encoded hydr ophiplcrfiysasidisr
aci ds include ? ), Ser (S) , Hs (H, du (E), Asn (N, dn (Q, Asp
(D), Lys (K) and Arg (R). "Acidic Am no Acid" refers to a hydrophilic am no
5 acid having a side chain pK value of less than 7. Acidic am no
acids typically have negatively charged side chains at physiol ogi cal pH due
to | oss of aahﬁdsogbﬂlobbimg@hetlﬂtam' yC-dreomdanii sa giegivd t@niimo Apo2dS i ncl ude

QU (E) and 45n(Dbe LSSHCaRAING: Ahil TP chal) SHQPNCHIAITO 10

acid having a e charn geater t SI ¢ amno acids

typi cal Iy haferpssi tH?EPYGEhale@@Cmgj huithe &- ks iCGtegmial of dpoird
associ ation wybRjBydr QB{nHH‘sé@nof Genedd %M BacRAt iasSiiG @Saﬁé%t%ﬁ' )

include H's ( | 'ar_ Am no

Aci d"S ref er srﬁs%arﬁyargsmwc ‘SFo' a’c’?d‘ mﬁ?g%e%.wmﬁm Rt tine
unchar ]gedl at ipkgatabagi gathéﬂ tlbeltmt/)whzmvdtaf-aieﬁnﬁ&ﬁisl qlp&etﬁai&lblry }H&Jt@zh the
el ecrrons s LN _conmon al OB IS e nore Cl,0se . one
g?l {hg at ons. @ﬁ@t‘?cgg °5ﬁc%ﬁ%ﬁl%%¥a$%%n§:|]§s% %"Hﬂouﬁél%én
(N), G@n (Q aSer blerkedd Wheréds . their cmtd)lﬂ-d:eémm Afi peptdfderss to an
) g
am no aci a ex th&hEﬂgﬁzﬁy%?@Qﬁ | Ghi oOJc xfeé ésen‘zg&qg’g‘%@fﬁgﬁé

t he normal i zeg consen obicrty sc erg,

Bi 0l10 179: 12903;h2unbéﬁ§i<ﬁdal |"y‘yph@@7e|eba-tzsmmal bt igrouns iacisidgs
include Pro gB)o)Ll ewhkre RhEs(E, (c,-cq) alkyl, (C,-C,) alkenyl, (C,-C)

alkynyl, (C;-C,,) aryl, (C¢-C,) alkaryl, 5-20 membered
hetercaryl or 6-26 membered alkheteroaryl. Preferred N-
terminal blocking groups include acetyl, formyl and dansyl.

15 Typical C-terminal blocking groups include -C(O)NRR and
-C(O)OR, where each R is independently defined as above. _
Preferred C-terminal blocking groups include those where each
R is independently methyl. While not intending to be bound
by any particular theory, it is believed that such terminal

20 blocking groups stabilize the o-helix in the presence of
lipids (see, e.g., Venkatachelapathi et al., 1993, PROTEINS:
Structure, Function and Genetics 15:349-359).

The native structure of ApoA-I contains eight

helical units that are thought to act in concert to bind

25 lipids (Nakagawa et al., 1985, J. Am. Chem. Soc. 107:7087-
7092; Anantharamaiah et al., 1985, J. Biol. Chem. 260:10248-
10262; Vanloo et al., 1991, J. Lipid Res. 32:1253-1264;
Mendez et al., 1994, J. Clin. Invest. 94:1698-1705; Palgunari
et al., 1996, Arterioscler. Thromb. Vasc. Biol. 16:328-338;

30 Demoor et al., 1996, Eur. J. Biochem. 239:74-84). Thus, also
included in the present invention are ApoA-I agonists
comprised of dimers, trimers, tetramers and even higher order
polymers ("multimers") of the core peptides described herein.
Such multimers may be in the form of tandem repeats, branched

35 networks or combinations thereof. The core peptides may be
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val (V), Leu (L), Trp (W, Mt (M, Ala (A, Ay (@_.and Tyr (Y) .
"Aromatic Ampnoooachkd’ refers to a hydrophobic amno acid W t Beprgégps@hai n

having at | east one aromatic or 30 het eroaromatic ring. The aromatic
or heteroaromatic ring nmay contain one or nore substituents such as - OH,
-SH, -CN, -F, -d, -Br, -1, -N®, -NO, -NH2, -NHR, -NRR, -C(O R -C(O) CH,

-C(OOR, -C(ONH2, -C(ONHR, -C(ONRR and the |ike where each Ris

i ndependent | gif€tt TP) attaghed tubhsine @wined hgreon] pephkpked3by one of[woré)
al kenyl , subﬁg' yied ([err]) alkenyl, ([err]) alkynyl, substituted ([err])
al kynyl , ([err?} aryl, substituted ([err]) -42-  aryl, ([err]) alkaryl,
substituted (C6-C26) afhargore Penr Femprdsey Ehesmhdtimgradmay 20

menbered het ﬁéoéﬁéé' pefridés Wﬁﬁt@ﬂ@egg 08kl oghieBUBS! stehiedube2fr),

nmenber ed al kheteroaryl. Geneticall enﬂﬁg aronatic am no acids_5
i ncl &de Phe PRFatedLoxms o shyRqinre Ndnv SF¥RcAteAo O c ABterBRLY to a
hydr.ophobi ¢ geilgseedcfsrhiqvof sitrisdtiarehd)n tdxtlendedufoltcgod s8tructure

physi ol ogi cal, _pH_and _ whi ch has_bonds.in i ch the pair_of electrons, shared
in common by ¢ &oaﬁagﬂﬁ ¢ FRS 5§%§muﬂﬂh? TEPRPSAAES can bey o

two atonms (i cenpethedsimlea cieadrtic-taitl fushion Genet.i,cdl-ltpredoodetdoapel ar
om0, o1 o ekl (e L kol dadbit), (e (M. Sl sl s
al i gifati c hy8eswinbsh, st deathdiortais fashiagerld:.ieal IO texodans &bi fhati c
am no aci ds iRehid8s ok Adombinations thereof.

In one embodiment of the invention, the multimers
are tandem repeats of two, three, four and up to about ten
core peptides. Preferably, the multimers are tandem repeats

15 of from 2 to 8 core peptides. Thus, in one embodiment, the
ApoA-I agonists of the invention comprise multimers having

the following structural formula:

(I1) HH{LL,-HH} LL -HH
20
wherein:
each m is independently an integer from 0 to 1,
preferably 1;
n is an integer from 0 to 10, preferably 0 to 8;
25 each "HH" independently represents a core peptide
or peptide analogue of structure (I) or a mutated, truncated,
internally deleted or extended form thereof as described

herein;
each "LL" independently represents a linker; and
30 each " - " independently designates a covalent
linkage.
. In structure (II), the linker LL can be any

bifunctional molecule capable of covalently linking two
peptides to one another. Thus, suitable linkers are

35 bifunctional molecules in which the functional groups are
capable of being covalently attached to the N- and/or C-
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Val (V), Leu (L) and Ile-(l). The amno acid residue_€s (C) is unusual in

that it can f | fide bridges with other Cys (O residu S0 &¥8F
sul f anyl - conpgégyﬂ%§§n1no acids. The ability of Cys 20 ? resi dues

(and other am no acids with -SH contai ning side chains) to exist in a
peptide in either the reduced free -SH or oxidized disulfide-bridged form
af fects whether Cys (C) residues contribute net hydrophoblc or hydrophilic
character toterpépusdef whpeptiyle.(CFuaghional aroype ophidiaksie fQr 25

0.29 accordi '&Q:tta?:hht%ﬁtngB”Ehgzﬁd senéeeayﬁﬁ&@@foge@f&é@es& (vfel 158 Ay

1984, supra) be under st god for purposes of the present
i nvention Cy§n(eﬁe|§r§até&o?FQeau&§a§1§oFB?mh§ﬁ¥%$ﬁ|?9% efferring #uch
notmnthstandu@@aqagtgg@gaakoghaﬁgbhlcatlons defi ned above. 30

As wi]l be appreciated_bpy those of sk the art e above- defi,ned
categdries are not nutﬁgﬁlélﬁi8Fu§PVé ﬁE§Xl3. %%*%s Of KA S chai ns

exhi biting twnqmmdﬁngeophyhecdés¢hed|pabppropestoﬁsthanmmmtimm#uded in

mul tiple cat L I N Cj c Y,

rommti o moi SORGEE R SHIEERIErRLLAE, DEpR b e, [ARLRS 2B KhsThnne,
such as Tyr E¥ch aeyPewvhioli Clpook peptadecsedsents ¢gut aimiskg cfm@qutes
and -pol ar of Jnye/ ABBLL! &,Pa@Reib! 89, ﬁ@”@rcéveﬁhﬁéféoéﬁ:‘?& défgdided in both

)
the aromatic an% pO ar cat egorl es. propri ate cate OI’I zat1 on of any
ani neP aci d V\nblﬂfu@é’téﬁﬁ‘&rleﬁﬁ’gﬁﬁlﬁh6§§@@ﬂn§ﬁl gRch nas Hik My SHBEMRIELE on 5

l'ight of the jdetaal liededesClrosh ¢ RBOYRJeEnRCEREN ike. Examples of such
linkers, as well as methods of making such linkers and
peptides incorporating such linkers are well-known in the art
(see, e.g., Hinig et al., 1974, Chem. Ber. 100:3039-3044;
15 Basak et al., 1994, Bioconjug. Chem. 5(4) :301-305).
In a preferred embodiment of the invention, the

r

tandem repeats are internally punctuated by a single proline
residue. To this end, in those instances where the core
peptiaes are terminated at their N- or C-terminus with

20 proline, such as, e.g., where X, in structure (I) is Pro (P)
or D-Pro (p), m in structure (II) is preferably 0. 1In those
instances where the core peptides do not contain an N- or C-
terminal proline, LL is preferably Pro (P) or D-Pro (p) and m
is preferably 1. | :

25 In certain embodiments of the 1nvent10n, it may be
desirable to employ cleavable linkers that permit the release
of one or more helical segments (HH) under certain |
conditions. Suitable cleavable linkers include peptides
having amino acid sequences that are recognized by proteases,

30 oligonucleotides that are cleaved by endonucleases and
organic compounds that can be cleaved via chemical means,
such as under acidic, basic or other conditions. Preferably,
the cleavage conditions will be relatively mild so as not to
denature or otherwise degrade the helical segments and/or

35 non-cleaved linkers composing the multimeric ApoA-I agonists.
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Certain am no acid residues, called "helix breaking’ am no acids, have a

propensity t ' the structure of a-helices when contai Rpgnibsd3ser nal
positions wt ggﬁéﬁéshelix. Am no acid residues exhibiting such helix- 10

breaki ng properties are well-known in the art (see, e.g., Chou and Pasnan,
Ann. Rev. Biochem 47:251-276) and include Pro (P), Ay (G and potentially -
all D-amno acids (when contained in an L-peptide; conversely, L-am no
acids disrupt helical ®eptdde andhetigonuaieetide hidkesptildd) camhibee 15

t hese heli x- ' ) I resi | L LAto e [ defi ned
above, with teg'%lgég’&q’l@on%q'c?% Q)&%y' %E) gg%?s%%ségéﬂ%nﬁg)c t eg%r rtgls% dues
shoul d not béimkers @rsumelil knewanene Will besrdadilwtapparanialtopddioseons

wi thin the held ki1t Rey tHOWrE .0NkYibELYECHrgan sEbSbhdI IihiPs 2 nde
aci d~residues at the N-term nus and/ or C1i$rn1nus of t %er tide. VﬁlLi t he
aboveSdef i neFaaRFelESHFrd hEdfeygenpiLti B8 FRPREFRE S &feidat v

encoded am nArpGiHs arid)e ahd 19cAtidd shbski Bdbtpibedfeforixdnpleindn WO
certain 25 odi_nent

referably_.are not, restricted to the
genetical |y Sfd/PEIPLniaTo ¥ JS§§ Eﬁﬁeg FeﬁﬁﬂﬁeﬁfcfﬁﬁépFQSEﬁ*Qﬂj pepti des of
structure (1) contai n danet ipx@flerrednemboddmdntipi tbe atimlsersTanplayed are
addition to urJ i t kgal ) [,ds, am no
2ci d rosi dueEiby ey Thiek Mifdrad eAs" k62 LHaBRERNES BNen AT
subsPt ut ed wWindywea urthanehy aenmitgingntbacovétinarae AROAsI AUPIARSHAEOC C
am no aci ds. yerdaldtSQEmali) sRedUnheyEdoam Eﬁdé?légéquﬁgﬁéﬁéWéxﬁ%éﬁ@ ul

substitutions for the core peptides of structure I ncl but are not
linited to, fEOH AkeRyimethe dnkers imcindgnqigrhexa®BRega- ani no aci ds such

as 3-am nopr gatcdpdlipoprotein A-I propeptidase. Appropriate enzymes, as
well as peptide segments that act as substrates for such
15 enzymes, are well-known in the art (see, e.g., Edelstein et
al., 1983, J. Biol. Chem. 258:11430-11433; Zanis, 1983, Proc.
Natl. Acad. Sci. USA 80:2574-2578).
As discussed above, a key feature of the core
peptides of the invention is their ability to form
20 intermolecular hydrogen-bonds or salt bridges when arranged
in an antiparallel fashion. Thus, in a preferred embodiment
of the invention, linkers of sufficient length and
flexibility are used so as to permit the helical segments
{HH) of structure (II) to align in an antiparallel fashion
25 and form intermolecular hydrogen-bonds or salt bridges in the
presence of lipids.
_ Linkers of sufficient length and flexibility
include, but are not limited to, Pro (P), Gly (G), Cys-Cys,
H,N- (CH,) ,-COOH where n is 1 to 12, preferably 4 to 6; H,N-
30 aryl-COOH and carbohydrates.

Alternatively, as the native apolipoproteins permit
cooperative binding between antiparallel helical segments,
peptide linkers which correspond in primary sequence to the
peptide segments connecting adjacent helices of the native
35 apolipoproteins, including, for example, ApoA-I, ApoA-II,

ApoA-IV, ApoC-I, ApoC-II, ApoC-III, ApoD, ApoE and ApoJd can
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acid, 2, 3- dlan1noprop|on|c acid (Dpr), 4-amnobutyric‘acid -44- and so
forth a-am RQ, fyric acid (Aib); e-am nohexanoic acid (ARrusesnes27

6- an1nova|er|c aC| (Ava); N-nethyl glycine or sarcosine (Med@y); ornithine
(Orn); citrulline (Git); t-butylalanine (t-BuA); t-butylglycine (t-BuG; 5
N- et hyl i sol euci ne (Melle); phenyl glycine (Phg); cyclohexyl al ani ne (Cha);
norl eucine (Nl e); naphthylal anine (Nal); 4-chl orophenyl al anine (Phe(4-d));
2- f | uor ophenylealcanveaieRhédy2ubey; t8- Iimbrthﬁmngﬁeﬂpanuﬂdqﬁphe@3m£¥$'

411 wor ophenyl ghanige LRUCLAITD) kool {heTLAP o é% Ssen
C

1, 2, 3, 4-t et rahydr o1 soqui no car boxylrtc acid I eny alanlne
(Th| ) met hi @di-ne "éulaﬂ-vﬁﬂ-éeoﬁl\@'@ Pmmgannl msf qndeam wtnustiune

(AcLys); 2, 4oedicagl %Qﬁ&ﬁ&;&é@kﬂs( Do ; étr?uéidm rmmltwd&l%l & Dab) ;

p- an1nopheny|a|an|ne met hyl _val ine (MeVal);

honod¥ st ei ne LERCPEPEERBfpp gnyﬁalaﬁ?h 83 hPFRRS %ﬁﬁ?ﬁumﬁﬂﬁaw;%§3@HSer)

hyd: Oxépr?:\l neb(tHyltO)t (tjmae&r Qh.hﬁéré_?_ﬁhﬂ&lln ﬁénm&tf h?ﬁeitﬁsi'nﬁﬂﬂsh &F ds anflI
pept oi ds subst i e e_classifi.cation en y
encoded and dﬂ’rﬁ‘?ﬁﬁ‘ﬂr &%%g‘garg AP ﬁgﬁs Jélc%aolrtd}ﬁ"gl ﬁbel’&e"ft%é'bgﬁ%fe
defi ned abov&e@eatsumﬁaanz&ﬂaralIéBLEEIicalbségmentstlnciudelpepmndkrstood
t hat TABLE || f.0 lust.ratiye e Y t be
an exhaustlvétjelvle%se %ugﬁfn%h§§|é¥ gp éﬁ%% %%8n¢ 5 e use cﬁb gh Qﬁﬁi %f%

t he Xbre pepticdesudesc thasdmimiei hhe CehvrchwTeRd @ﬁunﬁp@siaj@s:ums z;d/or

speci fical |y yrepbianed chgeehl 1 ¢aNr86eF880thyns M AYMddfthts of peptide
that reverse the direction of the polypeptide chain so as to
allow a single polypeptide chain to adopt regions of
antiparallel B-sheet or antiparallel a-helical structure. gB-

15 turns generally are composed of four amino acid residues and
v-turns are generally composed of three amino acid residues.

The conformations and sequences of many péptide
B-turns have been well-described in the art and include, by
way of example and not limitation, type-I, type- I', type-11I,

20 type-II1', type-III, type-III’, type-IV, type-V, type-V’,
type-VIa, type-VIb, type-VII and type-VIII (gee, Richardson,
1981, Adv. Protein Chem. 34:167-339; Rose et al., 1985, Adv.
Protein Chem. 37:1-109; Wilmot et al., 1988, J. Mol. Biol.
203:221-232; Sibanda et al., 1989, J. Mol. Biol. 206:759-777;

25 Tramontano et al., 1989, Proteins: Struct. Funct. Genet.
6:382-394) .

The specific conformations of short peptide turns
such as B-turns depend primarily on the positions of certain
amino acid residues in the turn (usually Gly, Asn or Pro).

30 Generally, the type-I B-turn is compatible with any amino
acid residue at positions 1 through 4 of the turn, except
that Pro cannot occur at position 3. Gly predominates at
position 4 and Pro predominates at position 2 of both type-1I
and type-II turns. Asp, Asn, Ser and Cys residues frequently -

35 occur at position 1, where their side chains often hydrogen- )
bond to the NH of residue 3.
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based on their observed physical and chem cal propertifes in |light of the

definitions i herein. -45- TABLE 111 CLASSI FI CATI LY
pEdca ®

ENCOUTTERED A DS d assification Genetically

Non- Geneti cal | y Encoded Encoded 5 Hydr ophobi ¢ Aromatic
F, Y, W - Phg, Nal, Thi, Tic, Phe(4- d), Phe(2-F), Phe(3-F),
Phe(4-F), hPhe Apol ar L, V, I, M G A Pt-BuA t-BuG Mlle, Ne,

MeVal , Cha, McGy, AibIA Ephati& turmg, \Gly and Asn occumymmsy fiyequentdy
ﬁf;?,di E/EG Y, ta‘c[B)':ﬂﬁ%Es i%g?iﬂfa ,MBk! Ehie_?@Kc,io% S hdVB G el %ﬁ&ﬂgoglu,el%grg&es
Phe( p- NH er r mestDig@sidyh péfgplly, typelQtuyynsshave Gly afj POSAGIPRS KRB0
bAl'a, hSer HalndX3Br ead Bgpe-IIP, trns have Gly at Rd¥it idid 20t hefyde-gmirno
acids_(in L-peptides) i5 Wil e in nost ,ipstances, .the
i ned aci ds. GREIR GRBPERbES: FABSIBYS SERRE AR 130H e B s HHEL @i ¢ h
L- epanti onedIq ‘arurmsacisdallyheegqubseiGly ianpeyitivats |3 k@ .t o Type-
L-enant i oner i\ﬁaargﬂg) e q;ﬁmlhbléne%ffyiwéjdaedcig' ﬁ&%ide bond and Pro
as an internal residue. For a review of the different types
and sequences of B-turns in proteins and peptides the reader
10 is referred to Wilmot et al., 1988, J. Mol. Biol. 203:221-
232.
The conformation and sequences of many peptide v-
turns have also been well-described in the art (see, e.q.,
Rose et al., 1985, Adv. Protein Chem. 37:1-109; Wilmer-White
15 et al., 1987, Trends Biochem. Sci. 12:189-192; Wilmot et al.,
1988, J. Mol. Biol. 203:221-232; Sibanda et al., 1989, J.
Mol. Biol. 206:759-777; Tramontano et al., 1989, Proteins:
Struct. Funct. Genet. 6:382-394). All of these types of -
turns and y-turn structures and their corresponding
20 sequences, as well as later discovered peptide f-turns and y-
turn structures and sequences, are speéifically contemplated
by the invention. '
Alternatively, the linker (LL) may comprise an
organic molecule or moiety that mimics the structure of a
25 peptide B-turn or y-turn. Such B-turn and/or y-turn mimetic
moieties, as well as methods for synthesizing peptides
containing such moieties, are well known in the art, and
include, among others, those described in Giannis and Kolter,
1993 Angew. Chem. Intl. Ed. Eng. 32:1244-1267; Kahn et al.,
30 1988, J. Molecular Recognition 1:75-79; and Kahn et al.,
1987, Tetrahedron Lett. 2B:1623-1626.
In still another embodiment of the invention, the
multimers are in the form of branched networks (gee, e.q.,
FIG. 7). Such networks are conveniently obtained through the
35 use of multifunction linking moieties that permit more than
two helical units to be attached to a simple linking moiety.

-59-



definition of "nutated" QyJﬁaItefed" forms are those 20 si tuations
where an L-am g is replaced with an identical D-am no agggyuésingzn
L-Arg e D-Argfﬁg?ﬁﬁ#ﬁh a Db amno acid of the sane category or subcategory
(e.g., L-Arg - DLys), and vice versa. Indeed, in certain preferred

enbodi nents that are suitable for oral admnistration to 25 ani mal
subj ects, the peptides may advantageously be conposed of at |east one

D- enant i oner i &hasi, nbraetiied Pegtwaidss cmplonineg ecydesDhaviing tbree, afeur
thought to begDeged! ABLE behdEBSARId AL it QrR! cBBUbLY ofUoPil SR
than are pept ioggs 8%rrlggge exc uswel%/%c}}I$ L- gr%%no acicdg._ 3%.0 © B 4
As noted abovattechim@otacte Nemprd/PWiGrigmiong ofr acPaPEige - a-Fiei fakke

when cont ai ned jakinhgt AbDet i 9SirdDike W fidy AHkaplel, i adinb- BeREI desidues
Furthernore, it has be&n q@;erv d t hat ;ﬁ%ialn nuta&gd firns of the core
pepti des of _b@ylng SPRCERER 19SS T ¥ os SHLEARY Fel §™BPD- ami no

aci ds exhi bi t carpoikiyl ¢ aanide | andfot @St eaxctfwattimnaldttibs, assay descfobded
herein than i l.eal tjdes ed i raly LR agy;ds. a
consequence, %gghkgg'agggskgﬁbdﬁ%gﬁ 1%?%% ¥ T&%égy?b gggs?#?ht%}fg

i nternal L-ani{® ,a&Yas{Kb adrdio(Bki PBubAIE uDlodndsfdul dEbe Prndtheirto 1-3

r vt ousl y df Sraargiol deuled SN A et IRl BMAL Drofgsgent | de. S
previously di scissed, the ( o
hel'i x*Hr eaki ng resi due mh%hh%%ﬁﬁ%&rﬁﬁﬁ@gggi)aé{acne@h@@rﬁaFlBSiPt}bﬁﬂl%ﬁ a

peptide. Qui mistyphesdngby, bé hertashed anis Tidee tdiradaier edntibed, Wl e the
hel i cal strucgﬁ%% embodiments the helical segments are attached to.a
single linking moiety so as to be arranged in an antiparallel
fashion, ji.e., some of the helices are attached via their N-
15 termini, others via their C-termini.

The helical segments can be attached directly to
the linking moiety, or may be spaced from the linking moiety
by way of one or more bifunctional linkers (LL), as
previously described.

20 Referring to FIGS. 7A and 7B, it can be seen that a
branched network can be described in terms of the number of
- "nodes" comprising the network, where each multifunctional
linking moiety constitutes a node. 1In FIGS. 7A and 7B,
helical segments (i.e., core peptides of the invention) are
25 illustrated as cylinders, and multifunctional linking
moieties (or nodes) as circles (®), where the number of lines
emanating from the circle indicates the "order" (or number of
functional groups) of the multifunctional linking moiety.
) The number of nodes in the network will generally
30 depend on the total desired number of helical segments, and
will typically be from about 1 to 2. Of course, it will be
appreciated that for a given number of desired helical
segments, networks having higher order linking moieties will
have fewer nodes. For example, referring to FIGS. 7A and 7B,
35 a tertiary-order network (i.e., a network having
trifunctional linking moieties) of seven helical units has
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of the core peptides of the invention is disrupted L.nthe absence of Iipids

when i nternal (am, cid residues are substituted with Gy (Gerishshies
presence of |ipids s%ch Ay 15 (G containing peptides e%’tlj%'t

significant helical structure, as well as activity. For exanple, whereas
peptide 8 (SEQ ID NO 8) exhibits only 20t helical structure in buffer,
61-93* helical structure was observed in the presence -of |ipids and 93%
helicity was ohsesvesdes (FEG prasenahereadla quatetrnary| order themwark( TFE) .

The heli cal hi ' ' cOf . X fi d
Ve R (oee. et o Srepar® MR CidalriicRi SRET T EARk o Al aatd) bE T
83k LCAT acti sevénrnheli¢trl wuits gus icdy svat apdeag (FREer ™) - gl yci ne

residues also exhibite 9 ' | of 5 -gJ.  TABLE X,
%@%W@ﬁ&dgﬁ s {ifefordSorder, £

Section 8.3, infra). t houg is generally considered to be

S,.a
a hel i%- br eakPREWPERS gie, Wi gk (31 Npdese afged Py S¥BEPLEut BN 108Rds at

i nterpal posi bopetPAFENE LONLL MEHL ARG mfietlieB(t BEembY) be R5Eneinatd y, only
i nternal residu posi tioned w t.hi n._abqut

S %hell al 30 . turn frﬁ?he
center of the°ﬁ§ﬁ’f I R-LparPERERT 1 Sa6R, P8e§°§8ﬁp8§8dmbzft‘éﬁ$se\?§g er
of am no aci dexawmpke sutsifondEibnml fard tet@pfunstddonadnainking tmoieties.

; 4 th o ; . ) ot :
Clbst1 tut ed vPEnCRY TR 1€ L 1 M RGBeOORP R Cerin 1 BEREQAP dier
of tHe? i nvent hekwedks athe nbinking mepiefirs Heedapetdbscifgreical Sed i on

5.1.2, infra. ceffiary &5488 AdEwaMt a2 Enh1o9si ¢ue ekamplé] Cdld Othree,
four or even more different trifunctional linking moieties.
Like the linear multimers, the helical segments
comprising the branched network may be, but need not be,
15 identical.
An example of such a mixed order branched network
is illustrated in FIG. 7C. 1In FIG. 7C, helical segments
(i.e., core peptides of the invention) are illustrated as
cylinders and multifunctional linking moieties as circles
20 (@), where the number of lines emanating from the circle
indicates the "order" (or number of functional groups) of the
multifunctional linking moiety. Lines connecting helical:
segments represent bifunctional linkers LL, as previously
described. BHelical segments which comprise the branched
25 networks may be tandem repeats of core peptides, as
previously described.
In one illustrative embodiment, the branched
networks of the invention are described by the formula:

30 (III)  X-Np-Xpae WNp-Xipnny)p

wherein:

each X is independently HH<LL—HH} LL~HH;
" each HH is independently a core peptide of
35 structure (I) or an analogue or mutated, truncated,
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descri bed above in conjunction with the Schiffer-Edmyadson helical wheel
and helical n i m presentati ons of the core peptides of

(1), as well 3&0?%4[359%; ailed 5 description of the desi r%%f/g%%gs?tqi es
provi ded herein, altered or nutated fornms of the core peptides of structure
(I') that substantially retain the anphi pathic and other properties of the
hel i x, and which are therefore considered to be within the scope of the
present inventineernabllybdeldéted or extatidey dbrmi thdredh =s pdedcrite=l

enbodi ment of 1;5"1);18_,&1[1venti on, altered or nutated fornms of the core peptides
of structure F aré obtained by fixing the the hydrophilic or hydrophobic
resi dues according to seacktlls el |indepéndebtiyt at bhfuncticenal limker; one
non-fixed residue with ool ers ANiderifledntByCRA! 2tdodt IraRE g A N0
acid of the sanme category or sub-catéegory. The residues conposing the basic
and/ o5 hydr ophobi ¢ cl use®¢23 &gk aai%‘i?ﬂ?é’%ir%ééf, apndgnhegerSTOHR Yo i xed

r?atsi dug substituted. 20y, and N, are each Niridpdifentnef ar madrefbndt 16AAL
altered or

nmutated forng of the core ptides of structure {l) ape obtained
by fixing the&ﬁ?gf'ﬂgh'f‘??'%t?érﬁ’}?ﬁr%cxadaggs}"dLf@?rﬁ&ﬁ“}'i gﬁsdnbﬁ“é’ﬁ% n°f he
hydrophilic f&oaacefohat: gedups ame dldiamd (N, strespeaatdvely;and substituting
at | east one non-fixed ] acjd. res] Lt r 1 id,
preferably w th anot herggar:rllg?%f %(llﬂ ﬁrjzés?l‘é'g%%nqeﬁ%lggﬁran{:} %gggég?yf%n? €5
sub- ddt egory. 8Referring to FIG 2A, it can be seen that residues 1, 4, 7,
8, .11, 12, 15, 18, 19 gngs 2 al @ RS tHRRED Wol hi;Nahlie hydrophilic face’ of
t he anphi pat hic helix formed“by the core peptides of 30 structurf
(1). O these residues®2@l| "ar HRRRFPIRAGLY Sesdgnatbef 2 cSPWREEAt hERdh
may be either hydrophil 1f &rpreferred embodiment, the branched network

comprises a "Lys-tree," i.e., a network wherein the

15 multifunctional linking moiety is one or more Lys (K)
residues (gsee, e.g., FIG. 7D).
In one illustrative embodiment, the "Lys tree"
branched networks of the invention are described by the

formulae: _
) X X
_ Hn’go HN/KO
' -OR- N X
a?/ Nx By N T
o] _ | o o
Oy _NH ' Oy NH Oy NH
T T 7
v) V)
20 wherein:

each X is independently HH+LI,~HH},LL,~BH;
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hydrophobi c. Thus, in one preferred enbodi nent, residies 4, 7, 8, 11, 12,
15, 18, 19 anq.,(ggw%g@ fixed according to structure (1) and atpdpaskrene of

resi dues 2, 3, 9, 10, 35 13, 14, 16, 17, 20 and 21 is
substituted with another amno acid of the sanme category, preferably with
anot her am no acid -48- of the same sub-category. Alternatively, residue

1 is also fixed according to structure (1) and at | east one of residues 2,
3, 5, 6, 9, 10, 13, 14,ed¢h HY, if(ndepedfentlyudscoreatpeptasiel ent papsddes
In a particul feer 5%“%% t -t he m Lasd i

(residues 18,g§é¥oggga§§ §g§§IS a ggngfe g%%%%%?hdeﬁ%nstrdﬁﬁﬁﬁe I éllgnd
only residuesdglegedsoreextendesl fragm thereef 3y desrwibed hexeigubstituted.
I'n another particul arl yepérfer i ioapdnaentlyt 8ebifunct iondl drigidshi c
cluster is also fixed, and only res du%§&2’ 5, 13, 14, 16, 17, 20 and/or 21
are substituted. In stifRCAMDL rl"’;dEPF ALYy AR, LRESIRE DA Fhi8i bot h
the basic and hydrophobéeack|msisrindepentienedyaan dntggeestrbmess o 3,; 13,

14, 16, 17 and/or 21 ar pstit ut ederd5 | n anot her
preferred enbodi nent ofﬁiﬁé i?@e%%ioﬁ$&al§%%ed or nutated forns of the core

peptides of the inventieachrR htizidependentilyi ng, t kS, 18:lr apkpbi c (GriCab aci d
resi dues posi ti W Rixth phbLe fa f (&h | 4 ﬁqg -
substituting ngﬁlggg%f t(()g}erbﬁ?)n%i %eg 'amR%o@ °():i gﬁr,gsi(éug:z% 4k Wi 0h 20

anot He® ani noMgBPeredshateropyet GmIf 2 owreRberstnatkReterea %Y - t he sane

category or sub-category.
5.1.1. ANALYSIS OF STRUCTURE AND FUNCTION

The structure and function of the core peptides or
peptide analogues of the invention, as well as ApoA-I

15 agonists composed of such core peptides, including the
multimeric forms described above, can be assayed in oxder to
select active agonists or mimetics of ApoA-I. For example,
the core peptides or peptide analogues can be assayed for
their ability to form o-helices in the presence of lipids, to

20 bind lipids, to form complexes with lipids, to activate LCAT,
to promote cholesterol efflux, etc.

i Methods arid assays for analyzing the structure
and/or function of the peptides are well-known in the art.
Preferred methods are provided in the working examples,

25 infra. For example, the circular dichroism (CD) and nuclear
magnetic resonance (NMR) assays described in éection 7,
infra, can be used to analyze the structure of the peptides
or peﬁtide analogues -- particularly the degree of helicity
in the presence of lipids. The ability to bind lipids can be

30 determined using the fluorescence spectroscopy assay
described in Section 7, infra. The ability of the peptides
and/or peptide analogues to activate LCAT can be readily
determined using the LCAT activation described in Section 8,

. infra. The in vitro and in vivo assays described in Section

35 9, 10 and 11, infra, can be used to evadluate the half-life,
distribution, cholesterol efflux and effects on RCT.
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Referrlng to FIG 2A, it can be seen ‘that residues: 2, “3 5 6,79, 10, 13,
14, 16, 17, ﬁﬂﬁ % are’ positioned within the hydrophom(:fnmnvsmnmnhese
all are hydrop I'cC 25 except for residue 20, which is hydrophilic.
Thus, in one preferred enbodi nent residues_2, 3, .5 6, 9, 10, 13, 14, 16,
17 and 21 are fixed a6€BeEARYY: ocore PEREEdes)anRLORPIRIzde ARALATULS| dues

1, 4, 7, 81aééora§ng1§o the iﬁveﬁgléﬁdwﬁgchseﬁhbﬁitttﬁéﬂbﬂbﬁérﬁﬁﬁgher am no
acid re5|due preferab aci.d of the same

category or é@ﬁ@été@o? LEnIXIpéﬂéﬁéuléFchﬁP§+§ % iR the
termnal basic cluster is also fixed, and only residues 1, 4, 7, 8, 11, 12
and/or 15 are substituted. In another nt altered or nutated forns
of the peptides of structure f??ﬂgre obtalned by fixing all of the
am no acid residues residi n@mMM%@FhmdﬁﬁoEEETﬁbESw- hydr ophi lic

P~~~ PN PP IRV ) laac

1 neof.ceabla
face of the rhelHx—and—substitut-Rg—preferabt uu“abrvaLTvc.q, at—eastqone

am no acid fesidue residing in the other. face with Rangaer Roe ferded
resi due. Thg residues conprising the hydrophobfc cluster and/jor Raegbasiic

cluster 5 [ so b tionally tixed agcordin 0 strjctur [),} as

previ ousl y c iég %ﬂﬁf ‘%%ﬁ#¥of t he inﬁegplon, ;ke ﬁlggéed or

mut at ed forr by|substituting | east ong

am gé acid Wi E‘J conserva |ve %L:aeél%e mno acid. Thosg of skill |i
ogm

the art wll e t hat such substitutions|should not substantially
alter the % Helicity in the presence of = 40% =2 60%
lipids (Ri=30)

(unblocked 18-amino acid residue
15 peptides)

=]

% Helicity in the presence of = 60% 2 80%
lipids (Ri=30)

(blocked 18-amino acid residue
peptides and shorter peptides)

20 . .
Lipid Binding (in the presence of 0.5 - 10pM
SUVs) : peptide
: Ry=1-50
i LCAT activation > 38% = 80%
25 R; is lipid:peptide molar ratio

As illustrated in the working examples, infra, core
peptides which exhibit a high degree of LCAT activation
(= 38%) generally possess significant a-helical structure in
30 the presence of lipidic small unilamellar vesicles (SUVs)
(2 60% helical structure in the case of unblocked peptides
containing 22 or more amino acid residues and blécked
peptides containing 18 or fewer amino acid residues; = 40%
helical structure in the case of unblocked peptides
35 containing 18 or fewer amino acids), and those peptides which
exhibit little or no LCAT activation possess little e-helical
structure. However, in certain instances, peptides which
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anphlpathlc and/or structural properties of the helix/iscussed, supra.
Thus, in certg&j@odfyassances it may be desirable to substitute BORUSISBTE
pairs of am no acids so 15 as to preserve the net prbperties of the
hel i x. Further guidance for selecting appropriate am no acid substitutions
I's provided by the peptide sequences listed in TABLE X (see, Section 8.3,
infra). In still another enbodi nent of the invention, the 20 first
one to four aexhdbatisigesftcmst etuelthl\I-Stte:rumtnms andtb# presense L of the
core peptldeslg 13§r&8tﬂég é%écﬁge%fiﬂgg s ddifeq.cnipt h one or nore amino acid
on

resi dues, or nts, that are known to confer
stability to reglons ofsam 35"y wh&kﬂuﬂﬂﬁﬁ peptidapethatnexbiBit r esi dues

25 or S%&@%&H&am Stekr %@:%f&ﬁl daTadng Bsﬁaemﬁlaée el derddigmn
in the art (see;” e.g,. R chardson and Ri_c, ard 88,..Sci nce
240: 1628- 16521HH§PB§?SePela‘Fldesl_g%1CTBu rlylézgéﬁjil%o O 7899 e fif8Supt a

and Bel |, 199%ighfficdnt PEBOAT dectlwittion Res. 4; 499-511; Seale et al.

T e i

Protein SC|enGk1411825th636¢t thizerwhicte dlhe ald95tyBobchbei sorg peptides

oF 12220, 129200 RN Bl o <OR S RAGIN G VB p R ofP 9

one t¥0four Nli@ifishapndntipobind i birddmlisATisigald LpEspatideiby, sﬂm JRATYE e

(1) can be -5QnstanteB! 8EE8e VhibpoePid<lGrdyaidtc baDsakEeeibhal NTHaE, the a
preferred embodiment core peptides of the invention are
subjected to a series of screens to select for core peptides
exhibiting significant pharmacological activity.

15 In a first step, a core peptide is screened for its
ability to form an a-helix in the presence of lipids using
the CD assay described in Section 7, infra. Those peptides
which are at least 40% helical (unblocked peptides containing
18 or fewer amino acids) or 60% helical (blocked peptides

20 containing 18 or fewer.amino acids; unblocked peptides
containing 22 or more amino acids) in the presence of lipids
(at a conc. of about 5 uM and a lipid:peptide molar ratio of
about 30) are then screened for their ability to bind lipids
using the fluorescence assay described in Section 7, infra.

25 Of course, only those core peptides which contain a
fluorescent Trp (W) or Nal residue are screened for lipid
binding via fluorescence. However, for peptides which do not
contain fluorescent residues, binding to lipids is obvious
when helicity increases in the presence of lipids.

30 ) Core peptides which exhibit lipid binding in the
presence of SUVs (0.5-10 uM peptide; lipid:peptide molar

. ratio in the range of 1 to 50) are then screened for
pharmacological activity. Of course, the pharmacological
activity screened for will depend upon the desired use of the

35 ApoA-I agonists. In a preferred embodiment, the core
peptides are screened for their ability to activate LCAT, as
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structure and/or properties of end-cap residues or 'segnents. Suitable
end-cap m metwg)sg ﬁfswe” known in the art, and are descri begerhiosgussim! e,
i n Ri chardson 3 3hardson 1988, 5 Sci ence 240: 1648-1652; Har per
et al., 1993, Biochem stry 32(30) : 7605- 7609; Dasgupta and Bel |, 1993, Int.
J. Peptide Protein Res. 41:499-511; Seale et al., 1994, Protein Science
3:1741-1745; Doig et al., 1994, Biochem stry 33:3396-3403; Zhou et al.

1994, Protei g dbs?whﬁ)&hgaaﬁﬂvaaécmmm 9O particularlyPuséfulb :E‘nlelmee

a 1,32?932365."%% =, FepPyabag Rageth o0 TS e b BATR BRRIb LT 4107

6: 147-155) . \Medst sthowmtt 3B& Lc;\Tc@ntavat@czz aaammae*@tdamhb nstlve human d
residue posi ARSI iad aet@ztaﬁnead&éﬁg%é ft«'ftfmt R Ya€ 1BAPLE of the

i nvention can-contain fewer anino aci d resi dues. truncated
or in®ernal | Perardhed figr §gcbiont Buctniral )a%rﬁrﬁfﬁirﬁﬁdaswﬂ‘éh/ @’reg or

even 15 am n%e@ﬁﬁégﬁ%ﬂu@&tm@t ssubssa%tt i2d%y goat D etvea 0ger 8t mdbe
characteristics, and Qpel g % h| pat hic helix forned by the core
peptides of JFHE R HEACPIEF YCBﬁ§ 85?% to be within the scope of the
present invention. Truncated forms of the peptldes of structure (1) are

obt ai ned by del eti ng one or rfbids2ani BREFERRE BOD TN and/ or
obt atTed by del et i ng onheoPPeB T SEBALSY 2 5t 0 Tfﬁ{éﬁl‘?’% %%ét‘?%ii%@rt#tar ’
the pepti de d?e@tftﬁigth)’r aay pt Pﬁéfﬁﬁtféﬁin‘a‘r‘b%i“i*ﬁﬁ%l d residues del eted nay

or may not be consecut ll\tﬁoh@SperéEéerQ embodlment, the ABB@.SQ ﬁ&oﬁks{:b in
the art wll recoz%nl ze, t hat .del etlggean [ rnal é‘to acid residue froma

core peptide?@ amino acid resi pep 1 Jed'%edor ing to structure
(I), or the N-terminal acylated apd/or C-terminal amidated or

15 esterified forms thereof.

In another preferred embodiment, the ApoA-I
.agonists are 22 amino acid residue peptides according to
structure (I), or the N-terminal acylated and/o'r C-terminal
amidated or esterified forms thereof . in which_ X, is a basic

20 amino acid, Asn (N) or Glu (E); X, is an acidic amino ‘acid or
Arg {R); X,, is an acidic amino acid or Asn (N); and/or X,; is
an acidic amino acid, Gln (Q) or Lys (K); and X,, X,, X,, X,
X5, Xgo Xo Xm, X1, Xu3r Xur Xigr Xi0s Xigo Xiss Xzo and X,, are as
previously defined for Structure (I).

25 In another preferred embodiment, the ApoA-I
agonists are 22 amino acid residue peptides according to
structure (I), or the N-terminal acylated and/or C-terminal
amidated or esterified forms thereof, in which:

X, is Pro (P), Gly (@), Ala (a), Gln (Q), Asn (N}, Asp
30 (D) or D-Pro (p);
X, is Ala (a), Val (V) or Leu (L);
X, is Asp (D) or Glu (E); .
X, is Lys (K), Arg (R), Orn, Asn (N) or Glu (E);
X, is Asp (D), Arg (R) or Glu (E);

35 X;, is Asn (N), Gln (Q), Glu (E) or Arg (R);
X,, is asp (D), Glu (E) or Asn (N);
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of structure (1) will cause the plane of the hydrophitic- hydrophobic
interface of i§od)fsox to Fotate by 1000 at the point of the pET/B59sR0327AS

such rotations can significantly 35 alter the anphipathic properties
of the resultant helix, in a preferred enbodi nent of the invention amn no
acid residues are -51- del eted so as to substantially retain the

al i gnnent of the plane of the hydrophilic-hydrophobic interface along the
entire |ong axis ofX;} hies Hedu X(L)ThiGlycdB)bercanbeni ently achi eved by
deleting a 5 wuff t U CORSEC V, ofsconsecuti ve

ami no acid residues ‘%u %ﬂﬁt(dgﬁ%h cthl’ét {eﬁﬁ l(lé’ i?r%w‘?é]n |(ks) ‘del eted. An

i deal i zed a- helix antis Psla. @)neFraud )peﬁllfuﬂﬁ). e, (B Pher dFdr oxd
enbodi ment, gn@ps of 3-4 consecutive or non- consecutive amno acid

resi dues are del et ed. V\het her am_no ()) acids or 4 amno acids are
del eted will dependaupigh 18tk (ﬂésn & (@t REnMBhé helix of the first residue
to be deleted. Deteqis rtgyst h&)gpxenr iGdhe (QUnber ash @Pnsecutive or non-

consecutive am no ?&I d d &5 dugcg “6%1 c%ﬁ‘t ghy §r0£§ cagpl ete helical turn

fromany particul a ST t i‘'nt” W't nphi pathic helix is
well within the cap(ablisth}% ((ﬁ) tdm@e‘nof skill in the art. Due to the
surm sed |rrportancq( of; & % at the Gtermnus of the core
peptides of structur 3( |n stab I zing the helix and the mportance of

the hydrophobi ¢ 20 Xzz is Ie}fsus(ﬂ@r AT OxF e @PFngs 4 i%ir dXbi i n§rarBdl EaTaTE
activation, inndriariRblgngediimeadt Foof sthectaventipn, residues conprising

An even more preferred embodiment according to this
aspect of the invention are those peptides in which:
X, is val (V};
15 X, is Leu (L);
X; is Leu (L);
X, is Phe (F);
X, is Arg (R} or Lys (X);
X, is Glu (E);
20 X, is Leu (L);
X, is Leu (L);
X, is Asn (N) or Glu (Q);
X,, is Glu (E); and/or
X5 is Glu (E);

25 and X,, X, X, Xpar X6, Xier Xier Xp9r Xgor X5 and X,, are
as previously defined for structure (I) or are as defined in
the preceding paragraph.

In yet another preferred embodiment, the ApoA-I
agonists are 22 amino acid residue peptides according to

30 structure (I), or the N-terminal acylated and/or C-terminal
amidated or esterified forms thereof, in which only one of X,,
or X,, is a basic amino acid and the other one of X;; or X,, is
Gln (Q) or Asn (N).

- In yet another preferred embodiment, the ApoA-I

35 agonists are peptides according to structure (1), or the N-

terminal acylated and/or C-terminal amida}:ed or esterified
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t he basic and hydrophob| ¢ clusters are not deleted., Thus, in preferred

enbodi nent s, W!L E3§ 18, 19, 20 and 22 (basic cl uster) and pREdS 03P 6,
9 and 10 (hyd ophobic cluster) 25 are not del eted. The core peptides

of structure (1) can also be extended at one or both termini or internally
wi th additional am no acid residues that do not substantially interfere
with, and in sonme enbodi nents even enhance, the structural and/or 30
functional pr&eamsi tbeveof heipeghichrne (ofd&ed OeXueidedysor) pept Pyasand

cont ai ni ng " as yRN%rAsr28ne 28f XY ogQXorlg,-V@Ih s ¥riaee qad residues are
considered to be within_the scop resent {ion referably

Se of i nve
such extended peptides W#I#$ %%s?%‘?ﬁlieoﬁ I%perféfé'?ﬂ FH€°aHe%ﬁph‘Flﬂ)%t4ﬁ’9ﬁ't and
ot her 35 ARJoRieELT &8e0L2 t AiRiNe pdd itk rerfiduler pepuﬂaeélaccoﬁmgpwse it

il recogni_zed_t hat dn aci d te
the pline. of i HHF BpAEDI cohyEPb Nt SR TRl PEACRCSE FP8Y 851 i E SR

i nsertion i n amigiated errresaeriﬁledhaiomd:hemfab@neWhmchlnnercnﬁlxs. X0+
del et Th t d

ele '0“55 %, d%e 1gf‘t},szdg%glis°@lf'@uﬁiﬁ tggoééﬁhéPs%F@%l?é}“l Hard

i nt er nal y tointernal itrons, as
enbodi ment, t Ycdfe- peptldes are extended at the N- and/or C-term nus by

| east one helical turn. IRrQf:ﬁlﬁbé.ﬁotl&éke*bx@ﬂe@:&%@@&bwhineﬁt?bthézﬁpém
hel i ¢ secondary .structure_in the presence of t he 10
end-cjaaé) ani no tEnd* §eg?reﬁ?%nﬁr£%%t}%q%}d&‘§sae%ﬁéaesl ﬁcﬁc’ﬁé?"?gc’iﬁ arly
preferred enbatirmentret H&) cooe the N-terminal acylated and/or C-terminal
amidated or esterified forms thereof, in which X,; is Gly (G)
and each of X;, X,,, X, X, and X, is other than Gly (G).
In yet another preferred embodiment, the ApoA-I
15 agonists are 22-amino acid residue peptides according to
structure (I), or the N-terminal acylated and/or C-terminal
amidated or esterified forms thereof, in which:
X, is Pro (P), Gly (G) or D-Pro (p);
X, is Val (V);
20 X, is Leu (L);
X, is Asp (D} or Glu (E);
X, is L (Leu) or Phe (F);
X, is Phe (F);
X, is Arg (R};
25 ' X, is Glu (E);
X, is Leu (L);
X, is Leu (L) or Trp (W);
X,, is Asn (N);
X, is Glu (E);
30 X, is Gly (G);
X is Leu (L);
X, is Glu (E);
X is Ala (A) or Trp (W);
X,;, is Leu (L) or Nal; N
35 Xy is Lys (K) or Orn;
X is Gln (Q);
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peptide of structure (1) is-extended at the Cterm.nu$ by a smgle basi c
amno acid re eferably Lys (K). Wien so extended, X1 ably
D-Pro (p) or 3’8 %gfyXZ S preferably Val (V); X |*sélg‘r9§e9fgfe2r9%bly
Leu (L); X4 is preferably Asp (D); X, is preferably Leu (L); X6 is
preferably Phe (F); X7 is preferably. Arg (R); X8 is preferably Qu (B); X
Is preferably Leu (L); X10 is preferably Leu (L); X- is preferably Asn (N);
X12 is preferably @ XE)LysXUX)i 8r20rn; preferably Leu (L); Xi4
is'preferably Leu ( % {(JLE% sIBre%glﬁably AQu (E); X16 is preferably Al a
(A); X17 is prefera X19 is preferably Lys (K); X19 is
preferably A n (Q XzXZ’EF il %r )ePéibpynLys (K); X21 is preferably Leu (L);

and/or X22 is preferabl wdatach&rlﬁ%referred oA—I a@oﬁ@.stecwasmhghw
t he scope of tt}? resent | vegﬁl on are, "bl ock

agon s REYSAGioR 1 e lantan e ERsngraRDC

t er m nus |s blmkﬂiswﬁ@df-rml ety capable of reacting wwth the N-term nal
-NH2 or C-terminal -C(OOCH It has been 30 di scovered that renoving
the N- and/ or Gedparidenal channgHEmNEGApAAKQKBIgoni@ﬂmaIDNbes)mvention

containing | or f idr t hesl 7] acylat ed

peptide ani des/RSH g‘?r azi ‘rg[‘m%'l[g Ei&%g*gg%gt i t%ﬁg} ﬁ?éﬁée)f‘) *

results in agorp@&dmlwh a IAMGILEA&KQ‘ELEnbotBEQamm NBGR19) ; even

exceed,. the act|V|t

enbodifent s corft tﬁ‘ldt’?g %ﬁﬁéﬁ%@%@%@%m d&il@ck‘{&ng’ggﬁé N- or

C-term nus respdptide A;:um | PVLDLFRELLNEGLEWLKQKLK  (SEQ ID NO:138);
peptide 139 PVLDLFRELWNEGLEALKQKLK (SEQ ID NO:139);
peptide 140 PVLDLFRELLNEGLEALOQOLO (SEQ ID NO:140);
peptide 141 PVLDFFRELLNEGLEALKQKLK (SEQ ID NO:141);

15 peptide 142 PVLELFRELLNEGLEALKQKLK {SEQ ID NO:142);

and the C-terminal amidated or esterified and/or N-terminal
acylated forms thereof. )
In still another preferred embodiment, the ApoA-I
20 agonists are 22-amino acid residue peptides according to
structure (I), or the N-terminal acylated and/or C-terminal
amidated or esterified forms thereof, in which X, is Gly (G)
and each of X,,, X;3, Xu, X,¢ and X,, is other than Gly (G). A
particularly preferred ApoA-I agonist according to this
25 aspect of the invention is peptide 20:
PVLDLFREGLNELLEALKQKLK (SEQ ID NO:20). ’ -
' In still another preferred embodiment, the ApoA-I
agonists are 22-aminc acid residue peptideé according to
structure (I), or the N-terminal acylated and/or C-terminal
30 amidated or esterified forms thereof, in which X,, is Gly (G)
and each of X,, X;;, X,., X, and X,, is other than Gly (G). A
particularly preferred ApoA-I agonist according to this

aspect of the invention is peptide 9: PVLDLFRELGNELLEALKQKLK
(SEQ ID NO:9).
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agoni sts which exhibit |ower activity than the unblocked forns. However,
bl ocki ng bot hwnkﬁsgand C-termni of ApoA-lI agoni sts conposestiisedzont
nore amno acids I's expected to 5 restore activity. Thus, in a
preferred enbodi nent of the invention, either the N and/or C-term nus
(preferably both termni) of core peptides containing 18 or fewer am no
acids are bl ocked, whereas the N and C-term ni of peptides containing 22
or nore am no acids ardmreisttidd bBopkheropkefiesredOembodimeantt,h tiheh|Apsiled.
Typical N-terx | . S AR gl ; z 1,931 err])
alkyl, ([err %igegn%cjg & errhiﬂgl pore ???rg‘?%%eaﬂﬁé,g ((aaé%rdrl]sdlﬁmt%u 5. 20
menber ed het eFERRGHURS )26 OFeber NatarrABRE BEYIREEPrAAM R £ Ee T MHINa|
gl ?Cki ng lgrgluaﬁia&r@éw(& stler! ilﬁtaar ﬁ&g)a&dgéaegfl,-iﬁfwoxgc% X,] YD cedy R(q)
-terrmg na ockin ro, i pcl uge - and - ere e S
indep%dentlyaa‘gf?%‘e‘g Sk Kapobre: gﬁef gi(*‘r é&‘lgc?‘weﬁﬁ %Se& BBﬁPnGJerr Zﬁﬂs A
i ncl ude t hosepaheicularcly Priefermedpapdrl] ggortibyl acdudingdto ithiendi ng to -
be bound by t] . It L, 28V that such term nal 20
bl ocki ng groﬁgépéﬁgﬂﬁﬁﬁgégt##ggggﬁgpi%si%epgga%rggghce of lipids (see, e.g.,
Venkat achel apBVhPLERELANELCGEMEKOKRROKEEQSIDSNPadRE) e, Function and Genetics

15:349-359) . The nati verptdeiahiuacthetPphekeetBHaERBo® fdht NS Spdilist S
that are thought .0 act in _concgert t

qQ .bi nd,éS ipids (.%,kagawa et
al ., Hos5, J. AFERLIYR ATSL2-aNGRO76871d F6§3 uﬁnRﬁPﬁé‘F‘%gra?%‘FP ing to 1985,
J. Biol. Chenst?@StufR46r) ,10262heViritesmihadl acyl@894d andloPic-tRefminal
32:1253-1264; _Mendez. et al

ot al., 1096 “HERTSEH Ascerttans Toxle LhepPoticioipids Ragte off 00
et al., 1996, amdreadh &f dGheM,,23%, 7%, 84nd XThuss athes thehuGdy i(B)t hea
present invenblop; &b £ /AP le RIPUS BPoa-1I agonist according to this
- 15 aspect of the invention is peptide 22: '
PVLDLFRELLNELLEGLKQKLK (SEQ ID NO:22).

In still another preferred embodiment, the ApoA-I

-

agonists are 22-amino acid residue peptides according to
structure (I), or the N-terminal acylated and/or C-terminal

20 amidated or esterified forms thereof, in which Xn is Gly (G)
and each of X;, X,,, X;3, X,, and X, is other than Gly (G). A
particularly preferred ApoA-I agonist according to this
aspect of the invention is peptide 12:
PVLDLFRELLNELLEAGKQKLK (SEQ ID NO:12). .

25 Embodiments containing internal glycine residues
can be readily synthesized in high yield by way of segment
condensation, thereby providing significant advantages for
-large-scale production. Segment condensation, ji.e., the
joining together of small constituent peptide chains to form

30 a larger peptide chain, has been used to prepare many
biologically active peptides, including 44-amino acid residue
mimics of ApoA-1 (gég, e.g., Nakagawa et al., 1985, J. Am
Chem. Soc. 107:7087-7083; Nokihara et al., 1989, Peptides
1988:166-168; Kneib-Cordonnier et al., 1990, Int. J. Pept.

35 Protein Res. 35:527-538), and is considered to be the most
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conprised of diners, triners, tetraners and even hi'ghéi order polyners

("mul timers") core peptides described herein. Such ”“'iéﬁ%ﬂﬁnﬁﬁv be
in the forn1o?ﬂ§%ﬁ§§%1repeats; branched 35 net wor ks or comnbi nati ons

thereof. The core peptides nay be -54- directly attached to one anot her
or separated by one or nore linkers. The core peptides that conprise the
multimers may be the peptides of structure (1), anal ogues of structure (I),
5 nmut at east oeffieasfive medhede £or) highuWialddowkk | syndrhedilsy ofektbeed

forns of struggige?ééei%fgddyuyq% L oLERe9bnStructure (1) and/or conbinations

t hereof. The core peptides can be connected in a head-to-tail_fashion
(i.e., Nterninus to CAGVANRANES) OLaSHBERSEASHESY FeaMenh cqudemsation
N-term nus toifkldde the aBiQriy4®) codbdkk- pPel Pbimd@Sdidier{tis €n the

Cteridnus to G termnus), or nbi_nations_thereof..In o e di_gent of
the i %ent i on',‘;g{"ﬁtél%lgq?ar%r &ng %%teaﬁ'aﬁf?h ngggfg£b?a§m ?ﬂ&é'éemé’ﬁgeand up
to about ten ppodugept iDisswbdeksf efabhg, mebboduinciuwdes ke doupddmgr epeats 15

of from2 10 BefplfoRAP P ie1ll Ut chid egﬁgggpggwgvr%%s@m%' agoni st's

of the inventron conpri mers havin ura
formul a: (11)solubility of) cerdiadin PephéAenseguPRd@ePendent |y an integer from

O to 1, preferably 1, The coupling efficiency of the condensation step
10 can be significantly increased by increasing the coupling
time. Typically, increasing the coupling time results in
increased racemezation of the product (Sieber et al., 1970,
Helv. Chim. Acta 53:2135-2150). However, since glycine lacks
a chiral center it does not undergo racemezation (proline
- 15 residues, due to steric hindrance, also undergo little or no
racemezation at long coupling times). Thus, embodiments '
containing internal glycine residues can be synthesized in
bulk in high yield via segment condensation by synthesizing
constituent segments which take advantage of the fact that
20 glycine residues do not undergo racemezation. Thus,
embodiments containing internal glycine residues provide
significant synthetic advantages for large-scale bulk
preparation.
In yet another preferred embodiment, the ApoA-I
25 agonists are 22-amino acid residue peptides according to
structure (I), or the N-terminal acylated and/or C-terminal
amidated or esterified forms thereof, in which each of X,,
X0, X33, X0 X, and X,, is other than Gly (G).
In yet another preferred embodiment, the ApoA-I
30 agonists are 22-amino acid residue peptides according to
structure (I), or the N-terminal acylated and/or C-terminal
amidated or esterified forms thereof, in which:
X, is Pro (P), Gly (G), Ala (A) or D-Pro (p);
X, is Val (V) or Leu (L);
35 X; is Leu (L);
X, is Asp (D) or Glu (E);
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nis an integer fromO to 10, preferably 0 to 8; 25 .:¢ : each

" RHH" indepen%'gglnﬁéepré's'ents a core peptide or peptide analpgguesoshos2?
structure (1) or a nutated, truncated, internally del eted or extended form

t hereof as described herein; each "LL" independently represents a linker;
and 30 each " - " independently designates a coval ent

| i nkage. In structure g%l), the linker LL can be any bifunctional nolecul e
capabl e of coval ently Hsnk® et wbbhep¥ iRRe&s Fdione another. Thus, suitable

| i nkers are 35 bif upsti@palyybemies(F)3 whi ch the functional groups
are capabl e of being cge;a%ggzt%% ?él);acglbelgfsto he N- and/or G term nus of
a peptide. Functional o] i e f attdachnent to the N or

C-term nus of peptidesxgreésvweld kBown in the art, as are suitable

chem stries for effecting, cpval ent bond formation. 5

The | Fnker may be fl exixgl é?u]rg%i gﬂg’r sem -rigid, depending on the desired
properties of the nulti¥meris $¥u dde dx Fxer W) ncl ude, for exanple, amino

acid residues such as Rro q A@ry @f) RePG1Ide (fgnents containing from about
2 to about 5, 10, 15 or 20 or_even .nore anino acids, 10 bi f uncti onal

organi ¢ conpounds such %s J[SerCT]]“ vifrie n is an int eger from1l to 12, and the
| i ke. Exanpl es of such xlgrﬂ@q_;eu L Wgdd ad®;net hods of making such |inkers

og. Wi g et ol ot e I T3 JBsosscials [ Te ATt (see
X,s is Glu (E);
X, is Ala (A), Leu (L), Trp (W) or Nal;
X,; is Leu (L) or Nal;
one of X;; or X,, is Gln (Q) and the other is Lys (K}
15 or Orn;
X5, is Lys (K) or Orn;
X,, is Leu (L}); and
X,, is Lys (K) or Orn.
In a particularly preferred embodiment according to

20 this aspect of the invention, X, is Val (V); X, is Asp (D); X,
is Leu (L); X, is Phe (F); X, is Arg R); X,, is Leu (L); X,, is
Asn (N); X,; is Leu (L); X,, is Leu (L); X, is Ala (A); X,, is’
Leu (L); X,; is Lys (K); X,; is Gln (Q); X,, is Lys (K) and/or
X,, is Lys (K).

25 In still another preferred embodiment, the ApoA-I
agonists are altered or mutated forms of the peptides of
structure (I), or the N-terminal acylated and/or C-terminal
amidated or esterified forms thereof, in which:

X, is other than aib, Val (V) or Leu (L);
30 X, is other than D-Val (v};
X; is other than Lys (K), Glu (E), Trp (W) or Nal;
X; is other than Trp (W); .
X, is other than Trp (W) or Leu (L); _
X, is other than Trp (W);
35 X, is other than Lys (K) or Trp (W);
X,, is other than Trxp (W);
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enbodi nent of

by a single pr
peptides are term nated at their
where X1 in structure (1)
Is preferably O.

such as,
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si due.

. Basak et al., 1994, Bioconjug. Chem 5(4):301%605). In a preferred

e
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AROATdd vi a

be relatively mld so as not to
segnents and/or 35

d, as
readily

i BVL.DBFRELLNELLEAINOKIKKg aniSEQc aDpdond) |;i nker s

CaPeBi &' £ 1 VBUY pEFRAMAG M AL RSP PA @ 1B WB23F, 0" sk

PVLDLFRELLNELLEALKQKLK
PVLDLFRELLNELLEALKQKLKK
PVLDLFRELLNEXLEALKQKLK
PVLDLFKELLNELLEALKQKLK
PVLDLFRELLNEGLEALKQKLK
PVLDLFRELGNELLEALKQKLK
PVLDLFRELLNELLEAZKQKLK
PVLDLFKELLQELLEALKQKLK
PVLDLFRELLNELLEAGKQKLK
GVLDLFRELLNEGLEALKQKLK
PVLDLFRELLNELLEALOQOLO
PVLDLFRELWNELLEALKQKLK
PVLDLLRELLNELLEALKQKLK
PVLELFKELLQELLEALKQKLK
GVLDLFRELLNELLEALKQKLK
PVLDLFRELLNEGLEALKQKLK
PVLDLFREGLNELLEALKQKLK
DVLDLFRELLNELLEALKOKLK

PVLDLFRELLNELLEGLKQKLK -

PLLELFKELLOELLEALKQKLK
PVLDLFRELLNELLEALOKKLK
PVLDFFRELLNEXLEALKQKLK
PVLDLFRELLNELLELLKQKLK
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in the art, and include those described, for exanple,;dn WO 94/08051, as

vel | as the I Y G SRS cited therein. In a preferred enbodi mepdpuédageszr
| i nkers enpl oyed are peptides that are substrates for endogenous

circulatory 10 enzynes, thereby permtting the nmultinmeric ApoA-I
agoni sts to be selectively cleaved in vivo. Endogenous enzynes suitable for
cleaving the linkers include, for exanple, proapolipoprotein A-l

Lot rat es 1 or PEBERRESST® CRRUEPRaRtnibimaiio il | ESEUBNG I8, &
e =121, Speridee a0z e, 1
Egg % ELLNELL . ? 2295 ;

T oo e o,
Lirkgrl of sufPFBtEﬁE ig%giﬁhgﬂgFgﬁggzéﬁynAE;an use&séé QQ%ngﬁﬁ{ﬁg iﬂe

el ical segnenpep D25 st NWLDLFRE LL OKEK i N $SEQ@NID o aldsyl; f ashi on
;2)r5esence gPdI T%Fag}é' Q% E’g#‘%éag'%g%ﬁgﬁ&g‘@g@#and?#@%%qﬁe ]yé‘{}rrtclhﬁde,
e e || s o s, [ s 1
Al tePnat i vel y?/ Sgtﬁﬂ% :Illggl v@@B&F%ﬁb&dﬁLﬁ% t %logei\{%t et idi ng

bet weeg anti pabébheaehttscalpmgmt.ﬁw RALORKLEK nke(sEphis NG zgspond in
pl’l rrary sequence to.t i de sgﬁrrents co nectl n ad acent

hel i ces of thePSRFLGE igo PVL?(BE&D B’f)“’arm KOKLK | udPRE,

ApoA-1, ApOAl. beptide 131 PVLELFKELLNELLDALRQKLK  (SEQ ID NO: 131),
peptide 132 PVLDLFRELLENLLEALQKKLK  (SEQ ID NO:132);
peptide 133 PVLELFERLLEDLLOALNKKLK  (SEQ ID NO:133);

15 peptide 134 PVLELFERLLEDLLKALNQKLK  (SEQ ID NO:134);
peptide 135 DVLDLFRELLNELLEALKQKLK  (SEQ ID NO:135);
peptide 136 PALELFKDLLOELLEALKQKLK  (SEQ ID NO:136);
peptide 137 PVLDLFRELLNEGLEAZKQKLK -(SEQ ID NO:137};
peptide 138 PVLDLFRELLNEGLEWLKQKLK (SEQ ID NO:138);

20 peptide 139 PVLDLFRELWNEGLEALKQKLK  (SEQ ID NO:139); =
peptide 140 PVLDLFRELLNEGLEALOQOLO  (SEQ ID NO:140);
peptide 141 PVLDFFRELLNEGLEALKQKLK  (SEQ ID NO:141);
peptide 142 PVLELFRELLNEGLEALKQKLK (SEQ ID NO:142);

25 and the N-terminal acylated (particularly acetylated or
dansylated) and/or C-terminal amidated or esterified forms
thereof, wherein X is 2ib; Z is Nal; and O is Orn.

In still another preferred embodiment, the ApoA-I
agonists of the invention are selected from the group of

30 peptides set forth below:

peptide 1  PVLDLFRELINELLEZLKOKLK  (SEQ ID NO:1);

peptide 2 GVLDLFRELLNELLEALKQKLKK .(SEQ ID NO:2};
peptide 3 PVLDLFRELLNELLEWLKQKLK (SEQ ID NO:3);
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ApoA-1V, ApoC-I, ApoCII, ApoC1Il, ApoD, ApoE and AndJ can -57- be
conveniently weednesel i nk the core peptides. These sequences pgrrussgtdzz’known

in the art (see, e.g., Rosseneu et al., "Analysis of the Primary and of the
Secondary Structure of the Apolipoproteins,” In: Structure and Function of
5 Li poproteins, Ch. 6, 159-183, CRC Press, Inc., 1992). OQher linkers

which permt the formation of internolecular hydrogen bonds or salt bridges

bet ween tandemyegpedd 54 of gotbnekal likrhedieatiie ORI faolds ;pept | de

reverse turns such as [err]-turns and {err -turns, as organic 10
nol ecul es t hat PAPRide the sPVLELﬁRE’éLW K%%rrjsﬁ%rﬁ%l‘@dél’ar
[err]-turns. Y¢ re Eeasesamat s sthat reverse
the directi onGggﬁEﬁéé g@?lﬁ EglﬁEnﬁgo as to all géw aqjg %e pol ypepti de
chai n"to adopt pepgi@m’? of BHLD{QEKELLWM[J@IPY}Q%H YEQID px:3D sel
a-heligal stru - y a qQf four

am no: gm d resgggégd%nd [err D;t."urns are generﬁl‘l#y c{)%p%gfgé of’ %t)Hree am no
aci d resi dues. pghtidend or "RVL.DRhEREREANERGRALIRICLIO f r’rﬁﬁﬁ}Qrﬂ'éthQ#é)[.err] turns

rave, been wel | pigees b | SviepditEgheRsiot, YRy gl and no
type-111", typpept/;d@ybb VPVLPbBKHLLQEyMQI{LK ype(SEQ) IH Nﬁ;—l\ll)l. and

5" Togs, \aavreRrEdd) HF nevBiiratidm b Rl Tl sed ot T05C 5
203: 220- 232; Spbphilde ct3 al GVLDOBBELINEGLEALKOKLK 206SEGED NO:129 ;
Tramontano et gl ;4289 Ppotst PRELDRENEEALSINGS - CRE88 1D wo:14);
peptide 15 PVLDLFRELWNELLEALKQKLK  (SEQ ID NO:15);
peptide 16 PVLDLLRELLNELLEALKQKLK (SEQ ID NO:16);
peptide 17 PVLELFKELLQELLEALKOKLK  (SEQ ID NO:17);
15 peptide 18 GVLDLFRELLNELLEALKQKLK  (SEQ ID NO:18);
peptide 19 pVLDLFRELLNEGLEALKQKLK  (SEQ ID NO:19);
peptide 20 PVLDLFREGLNELLEALKQKLK  (SEQ ID NO:20);
 peptide 21 . pVLDLFRELLNELLEALKQKLK  (SEQ ID NO:21);
peptide 22 PVLDLFRELLNELLEGLKQOKLK  (SEQ ID NO:22);
20 peptide 23 PLLELFKELLQELLEALKQKLK  (SEQ ID NO:23);
peptide 24 PVLDLFRELLNELLEALOKKLK  (SEQ ID NO:24);
peptide 25 PVLDFFRELLNEXLEALKQKLK  (SEQ ID NO:25); . -
peptide 26 PVLDLFRELLNELLELLKQKLK (SEQ ID NO:26);
peptide 27 PVLDLFRELLNELZEALKQKLK (SEQ ID NO:27};
25 peptide 28 PVLDLFRELLNELWEALKQKLK  (SEQ ID NO:28);
peptide 29 AVLDLFRELLNELLEALKQKLK  (SEQ ID NO:29);

and the N-terminal acylated (particularly acetylated or
30 dansylated) and/or C-terminal amidated or esterified forms
thereof, wherein X is Aib; Z is Nal; and O is Orm.
In yet another preferred embodiment, the ApoA-I
. agonists are multimeric forms according to structures II, III
and/or IV in which HH is a peptide accérding to structure
35 (I}, or an N-terminal acylated and/or C-terminal amidated or
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6: 382-394) . The specific- conformations of short pepti#fe turns such as

[ -turns depenqv?gﬁﬁgﬁily on the positions of certain am no acPCT/UseSR20822s i n
the turn (usually y, Asn or Pro). 30 - General ly, the type-|
[err]-turn is conpatible with any .ami no acid residue at positions 1 through
4 of the turn, except that Pro cannot occur at position 3. Ay predom nates
at position 4 and Pro predom nates at position 2 _of both type-I apnd type-|I|I
turns. Asp, Aestegdfigddfoym thererbs 9F ety hgspreferrgd pEPELdSsiti on
1, where their; 3id@iaRakBs seihiepuRy d(Poedesdoirtd delr8@nNH of residue 3.

- 58- In type-11 tufns, (Hg-and Asn occur nost grgﬁuently gt gosition 3,
as they adopt the requi E8dYBRCRBOHRSH R e?ﬁﬁé Pentqe 5Py SO G pe- | ¢
turns have G peytides thakscémpose the MpdA{E-ddonilstsnarkanetCapyadt the
position 2. Type-lIl 5 ..turns generally can have nost amno acid

resi dues, but owing) PephifeStisually require Ay at positions 2 and 3.
Type- VI a and péptitder 15 :gene PULDRFRENENEEGEALKOHIK de (S8R IBNYOPPD) as an

i nt ernal resi Rar revi ﬁﬁh§# ﬁ£§¥5 twpe efHe s of
[err]-turns ig%%Faggii%;and Eg%gﬁ?%; t %;iga egiié jzzgfggnggfgﬁfgd to

W not et al.pepsdge 3109yp| . FREKENEBLEALKOKLKh o 3 nhd
sequences of rguptiRRPR3Ye [ eLpbLLOKNASAPRYELRK SO beengwe) hpdgesceappd in the

W ok uhi ¢ o Reptide 2ag eRLERSVERAERLRRRT TP TeaEt 15 62300 w1 o
ID

et al., peptide 241: DWFKAFYDKVFEKFKEFF (SEQ ID NO:241);
peptide 242: GIKKFLGSIWKFIKAFVG (SEQ ID NO:242);
peptide 243: DWFKAFYDKVAEKFKEAF (SEQ ID NO:243);
peptide 244: DWLKAFYDKVAEKLKEAF (SEQ ID NO:244);
15 peptide 245: DWLKAFYDKVFEKFKEFF (SEQ ID NO:245);
peptide 246:  EWLEAFYKKVLEKLKELF (SEQ ID NO:246);
peptide 247: DWFKAFYDKFFEKFKEFF (SEQ ID NO:247);
peptide 248:  EWLKAFYEKVLEKLKELF (SEQ ID NO:248);
peptide 249:  EWLKAEYEKVEEKLKELF* (SEQ ID NO:249);
20 peptide 250: EWLKAEYEKVLEKLKELF* (SEQ ID NO:250); and
peptide 251: EWLKAFYKKVLEKLKELF* (SEQ ID NO:251).

In a final preferred embodiment, the ApoA-I
agonists are not any of the peptides listed in TABLE X
25 (Section 8.3, infra) exhibiting an LCAT activation activity
of less than 38% as compared with native human RApoA-I.

5.2 SYNTHESIS AND PURIFICATION OF
THE ApoA-I PEPTIDE AGONISTS

30 The core peptides of the invention may be prepared
using virtually any art-known technique for the preparation '
of peptides. For example, the peptides may be prepared using
conventional step-wise solution or solid phase peptide

syntheses, or recombinant DNA techniques.
35
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1988, J. Mdl. Biol. 203:221-232; Si banda et al . , 1989}'J. Mdl. Biol.

206: 759- 777; WEoH g0 ef al., 1989, Proteins: Struct. FunctPCYRISSS20327
6:382-394). Al of these types of [err]- turns and [err]-turn structures
and their correspondi ng 20 sequences, as well as later discovered
peptide [err]-turns and [err]- turn structures and sequences, are
specifically contenplated by the invention. Alternatively, the linker (LL)
may conprise an organic nol ecul &¢8r InpEREMICAL SENTHESIS ho structure of a

25 peptide [err]cbyénpepti&éé]méynhb pﬁapareaeu@hngueana@mmrmnal
[err]-turn mnetic noiet

as wel | nthe5|2|ng pepti des
cont ai ni ng su&’i%lwéisﬁe§°EHFé°Vxe‘P¥ mm‘nl}?s[ehgyg?:{hesé (F%1 uBe7" anong
ot hers, thoseaGhymmﬁabedppmoébheslBoamhbIsynuh33139@$ Aagemdeéhmmi Intl. Ed
Eng. 32: 1244- 88, R
1: 75-79; and g‘eé’[ WEE}S??S grgt?%hedg%sg Lext 7'2%5{%6 %&@2?‘9% és%&fl?
anot her entuxﬂﬁhﬂnldﬂi and rafenences Qik?ﬁnﬂhqnﬁyns &odifgnPhaee fRepk ide

branched netway Hggg . € é%&ﬂh et r nt
obt ai ned t hr Oll:il‘%h? t he % o PrEb@;cZi e tlfﬂcﬁ%&ﬁfﬁkgngﬁﬁ%lﬁﬁ& sﬁ%shat

pernit more t %AMJRHEPFééﬁ'u9¥§9r@o ERglandic g FSEgTennpr 1 eki ng
moi ety. -59- thebdish) .branched networ ks enpl oy nDIecuIes havi ng three, four

the MBands or G ter m nullsptBantueive, af Hah Bl ol ¥Rentredpllof ke ©
for exanple, gpvepared tyr wayduésségment cmmanaytmoahe a@sadeschibed ngfor
hydroxyl, SU|fé§§ﬂpléyﬁi%pLiu et al., 1996, Tetrahedron Lett. 37(7):933-
936; Baca, et al., 1995, J. Am. Chem. Soc. 117:1881-1887; Tam
et al., 1995, Int. J. Peptide Protein Res. 45:209-216;
15 Schndlzer and Kent, 1992, Science 256:221-225; Liu and Tam,
1994, J. Am. Chem. Soc. 116(10):4149-4153; Liu and Tam, 1994,
Proc. Natl. Acad. Sci. USA 91:6584-6588; Yamashiro and Li,
1988, Int, J. Peptide Protein Res. 31:322-334). This is
particularly the case with glycine containing peptides.
20 Other methods useful for synthesizing. the peptides of the
invention are described in Nakagawa et al., 1985, J. Am.
Chem. Soc. 107:7087-7092.
ApoA-I agonists containing N- and/or C-terminal
blocking groups can be prepared using standard techniques of
25 organic chemistry. For example, methods for acylating the N-
terminus of a peptide or amidating or esterifying the C-
terminus of a peptide are well-known in the art. Modes of
carrying other modifications at the N- and/or C-terminus will
be apparent to those of skill in the art, as will modes of
30 protecting any side-chain functionalities as may be necesé%ry
to attach terminal blocking groups.

Pharmaceutically acceptable salts (counter ions)
can be conveniently prepared by ion-exchange chromatography
or other methods as are well known in the art.

35 Compounds of the invention which are in the form of
tandem multimers can be conveniently synthesized by adding
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carboxyl, am de and/or ester, functionalities, such as,”for exanple, Ser

(S), Thr (T), Wysepdads TY' (V). Asn (N, Gn (Q, Lys (K, ArgcfiShsa@sn,
Asp (D) and Gu (E); or other organic nol ecul es containing such functional
groups. 10 The helical segnents attached to a single

|'i nki ng noi ety need not be attached via like termni. Indeed, in sone
enbodi nents the helical segnents are attached to a single linking noiety so
as to be arranigeel }inkar @it tpachel peptidei hrin et ther@pproprdatel s&ep ape

attached via thelrsMctksis. altebHhPiveDy heife il {8l 'sdonicdit® Ran HBE
hel i cal segnents can be attached_ di rectlé/ to the Il.nl%lon %e , Oor _nmay be
spaced from t heYRERAGIRE GRS faFY FEIMSRT FRATedIr i"glﬁ ] - | Phkers

(LL), as previevstse dadns ideedal2fethod of synthesiSRafiY idupend fonCBhe7A and

7B, it _.can be seen that a ched_petwork ¢ e descrihed in.terns_of. the
nunber 2of " nodé%’gp %sc#p]ﬁr% i°%%?‘ﬁeiﬁﬁgﬁ£r K, 5%%;11%{)%&%%0%&531%% Fehiss) and
| i nki ng noi et ychembstitigseare wedd. khowk} Gsad Ml bhdoe Bppeetantalt s appwsat of :
(i.e., core pegﬁi#g_sjfrpftﬁ(,p%]:jtr]vent ion) are 25 illustrated as

i

cylinders, and nultiftunctional [|inki ng noi eties (or. nodes) as circles (9S),
where the nunber of |iné&empenpdsi A§ FReniRvenkier|whichiiaks dn thhe formept

(or nunber of pHHaGEhED HetqcRUs Lafl bk heoivehi Dy | SRRt hdd THddN DidiRigethe The

nunber of nodes_jn the nefwork will generallg 0 . de eqﬁﬁgn. t ot al

desi r &8 nunber "HFUFEAST ERY SESHEREL LCaRBS WP ?‘gp?lé%ﬂ"rif:lﬁ‘egq r o

2. O course, Tampwildsthe Pyppr.eliarledAtadt Sci. dUSA VES: SAODESLXE =S Deador

s hosed Ik oSl IS, R0 8 PoERl 55 ALY uRE gty have

tertiary- or der syethetic (tesins andestisrkegiesngo synthesize branched
networks of higher or lower order, or which contain

15 combinations of different core peptide helical segments, is
well within the capabilities of those of skill in the art of
peptide chemistry-and/or organic chemistry.

Formation of disulfide linkages, if desired, is
generally conducted in the presence of mild oxidizing agents.

20 Chemical oxidizing agents may be used, or the compounds méy
simply be exposed to atmospheric oxygen to effect these
linkages. Various methods are known in the art, including .
those described, for example, by Tam et al., 1979, éynthesis
955-957; Stewart et al., 1984, Solid Phase Peptide Synthesis,

25 2d Ed., Pierce Chemical Company Rockford, IL; Ahmed et al.,
1975, J. Biol. Chem. 250:8477-8482; and Pennington et al.,
1991 Peptides 1990 164-166, Giralt and Andreu, Eds., ESCOM
Leiden, The Netherlands. An additional altermative is
described by Kamber et al., 1980, Helv. Chim. Acta 63:899-

30 915. A method conducted on solid supports is described by’
Albericio, 1985, Int. J. Peptide Protein Res. 26:92-97. Any
of these methods may be used to form disulfide linkages in
the peptides of the invention.
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trifunctional |inking noieties) of seven helical units’ has - 60- t hree

nodes (FI G 7%? ?W 4eas a quaternary order network (i.e., a yiSiuékKeRRVi Ng
tetrafunctiona I'nki'ng noi eties) of seven helical units has only two nodes
(FIG 7B). * The networks may be of uniformorder, ie., 5
networks in which all nodes are, for exanple, trifunctional or
tetrafunctional |inking noieties, or may be of m xed order, e-cr, networks

in which the nodes are m xt ur8s2e®, Wlonal and
tetrafunctional |inkingr iy 'p%%:tl@[e EQ%%ﬁFoééd'énéQr% W%‘e’ifeﬂ%cbﬁéh

even in uniform order 10 networ ks the Tinking noieties need not. be

i dentical . A2RéRP; afidsy R an?%ﬁ-??nnﬁﬁ éﬁpl‘%ys°f%?m%9<%“rﬁ7l &he RePtifdeee,
four or even gerehédiférewitit tﬁdﬂt&&&t mapahlbbnkengyﬂm@éiﬁd Jddiley t he |inear

mul timers, the helical se nent rising.the_ branched k na be, but
need mdt be, gnventl?%%hq‘? 1Rr? xgﬁBFgl& e’%%%’ﬁe%rﬂ%eq'f ranched
network is illustrated FmrFﬁaaombﬁnahm Et@duéc;ohelacp¢1§ngpiauu1da e., core

pept i des of tBEahBXED! S AL thie 5%%3%%@811;&#9@& %Mﬁ#ﬁdﬂﬁ%&gna'

| i nki ng noi et as circ e nunber o
emanat i ng froﬁ?CPﬁéS%Wfél‘éehmeoaﬂe&t»hé VeFaer Whbfh neomering thencti onal

groups) of thgegdkka r@Ierﬁé}ads fioakithe KRaakF¥ribt 068 &mmnmﬂ@n &3
segnents represent Dbi tio | inkers LL, as previously descr :
el i segheRte SAPEHECOAIGE SEUERGRenEd 38 Ehe Chee.gh i MY B tedndem
repeats of cowecpep}iths nexessary elements for replication and
translation. The expression vehicle is then transfected into
a suitable target cell which will express the peptide.
Depending on the expression system used, the expressed
15 peptide is then isolated by procedures well-established in
the art. Methods for recombinant protein and peptide
production are well known in the art (gsee, e.g., Sambrook et
al., 1989, Molecular Cloning A Labdratoty Manual, Cold Spring
Harbor Laboratory, N.Y.; and Ausubel et al., 1989, Current
20 '~ Protocols in Molecular Biology, Greene Publishing Associates
and Wiley Interscience, N.Y. each of which is incorporated by
reference herein in its entirety.)

To increase efficiency of production, the

polynucleotide can be designed to encode multiple units of

25 the peptide separated by enzymatic cleavage sites -- either
homopolymers (repeating peptide units) or heteropolymers
(different peptides strung together) can be engineered in
this way. The resulting polypeptide can be cleaved (e.g., by
treatment with the appropriate enzyme) in order to recover

30 the peptide units. This can increase the yield of peptldes

' driven by a single promoter. In a preferred embodiment, a

polycistronic polynucleotide can be designed so that a single

mRNA is transcribed which encodes multiple peptides (i.e.,

homopolymers or heteropolymers) each coding region

35 operatively linked to a cap-independent translation control
sequence; e.9., an internal ribosome entry site (IRES). When
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previously described. In one illustrative embodi nent, .t he branched networks
of the inventiwg ogids §iescr| bed by the formula: 30 pEtiokednesn]
wherein: each X is |ndependently [[err] each HH is independently a core
pepti de of 35 structure (1) or an anal ogue or nutated, truncated, -61-
internally deleted or extended formthereof as described herein each LL is
i ndependently a bifunctional linker; each mis independently an integer
from0 to 1; ®sed in appropriateacirsi iSxXpnessiond Syskgman the ctpangkafhan t o
8, Ny. and '\'nya'éScﬁa§Q tﬂé@péﬂég&éam tAd GiRNAN Gl @Bk ct &8 K] e PRI By in .

where [err]represent The, nunb ctional groups on [err respectlv
each [err] |sthﬁd§|§'§ﬁ§€ﬁw9 aﬁ—g-nt e‘@értl?er RES -t o Thys, thegpolyeistarpnig eger

fromO to 7; a&ﬂseaﬁbt"direadgpendef&éns&qspww a §QM§1§N1Q%@ In a

referred enbodinent r 0% conp ses.a 'Lys-tree
ﬁetmori mherePﬁl?ﬁésigonlc mﬁﬁ‘tﬁ#{éhﬂl%ﬂ1 b 7 1ﬁ§°ﬁﬁ 3 % Fga?ﬁ&FQﬁoqnﬂﬁa
Lys (K) resi dmedtipte, #ndividhal péPtides.ondhild apbretcheekbithixhtnEntthe he *

"Lys tree” branelgd:28hQhESeRLyhlE: & PEUd R Y SRR HRE e PYs 868 may
significantly increase yield of peptide driven by a single
promoter.

10 A variety of host-expression vector systems may be
utilized to express the peptides described herein. These
include, but are not limited to, microorganisms such as
bacteria transformed with recombinant bacteriophage DNA or
plasmid DNA expression vectors containing an appropriate

15 coding sequence; yeast or filamentous fungi transformed with
recombinant yeast or fungi expression vectors containing an
appropriate coding sequence; insect cell systems infected
with recombinant virus expression vectors (e.g., baculovirus)
containing an appropriate codiﬁg sequence; plant cell systems

20 infected with recombinant virus expression vectors (e.q.,
cauliflower mosaic virus or tobacco mosaic virus) or
transformed with recombinant plasmid expression vectors
(e.g., Ti plasmid) containing an appropriate coding sequence;
or animal cell systems.

25 ' The expression elements of the expression systems
vary in their strength and specificities. Depending on the
host /vector system utilized, any of a number of suitable
transcription and translation elements, including
constitutive and inducible promoters, may be used in the

30 expression vector. For example, when cloning in bacterial’
systems, inducible promoters such as pL of bacteriophage A,
plac, ptrp, ptac (ptrp-lac hybrid promoter) and the like may .
be used; when cloning in 1nsect cell systems, promoters such
as the baculovirus polyhedron promoter may be used; when -

35 cloning in plant cell systems, promoters derived from the
genome of plant cells (e.g., heat shock promoters; the
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fornul ae: -62- each HH is independently a core peptiide or peptide

anal ogue of st (1.) or a nutated, truncated, internall or
ext ended form‘é’ﬁgéfg%% as described herein; each LL is indepenyent 93}2%&7

bi functional linker; 5 each n is independently an integer
fromO to 8 each mis independently an integer fromO to 1; Rl is -OR or
-NRR; and each R is independently -H, ([err]) alkyl, [err]) alkenyl,
([err]) al kynpromoeer] oyl ther sthalbl ksubunits-fORUBISCO; the niweomt dretfexoar vyl

o 8L 20 el BhiBELER0R1 Y /b b dudind WAlEHiS) OB STELETDRERENA T N

The structure and TuUnNc e core es or pepti anal ogues of the
i nvention, as f&eld.,athapdAS| RS promoteyyf adVgokpeseaabipeetsittor e
peptides, i ncldidimd@et-h®rmish "RAY Cod AU Ao R28n3RGVEn RafimdMEiA5TRNQd i N
order *to sel eCt active agonists or mnetjics of 0A-1. For exanple, th

core peptides SEESri BE Qﬁ&?ﬁﬁu‘g%r’c t#éf%ﬁ‘)‘?e epgre; RE| PamPR} 33T, o83 Yor m
a-hel tces in tzequr,emenadlothiopeits, ptamcier) or fhomdmhipalSan tvidues

conpl exes with |ipid t | T, Y C . I

crc’ Wihods atdrsaspe’ RERRELIALS TRedpd ot e RRREEREE il H
peptides are peiomokeyinmay bheused: whest gensratingogslir dipesihald in the
wor ki ng exanplsitadn multiph8f &?Rl%v??)g BE %ﬂ%s%iohh%r%ﬁhﬁﬁ' aévéjé-c,h;ﬁ‘\ﬁ-m (CD) .

and nucl ear nagnetic resonance assays described 1n Sect!on
10 and EBV-based vectors may be used with an appropriate

selectable marker.

In cases where plant expression vectors are used,
the expression of sequences encoding the peptides of the
invention may be driven by any of a number of promoters. For

15 example, viral promoters such as the 35S RNA and 19S RNA
promoters of CaMV (Brisson et al., 1984, Nature 310:511-514),
or the coat protein promoter of TMV (Takamatsu et al., 1987,
EMBO J. 6:307-311) may be used; alternatively, plant
promoters such as the small subunit of RUBISCO (Coruzzi et

20 al., 1984, EMBO J. 3:1671-1680; Broglie eé al., 1984, Science

' 224:838-843) or heat shock promoters, e.g., soybean hspl7.5-E

or hspl7.3-B (Gurley et al., 1986, Mol. Cell. Biol. 6:559-
565) may be used. These constructs can be introduced into
plant cells using Ti plasmids, Ri plasmids, plant virus

25 vectors, direct DNA transformation, microinjection,’
electroporation, etc. For reviews of such techniques see,
e.g., Weissbach & Weissbach, 1988, Methods for Plant
Molecular Biology, Academic Press, NY, Section VIII, pp. 421-
463; and Grierson & Corey, 1988, Plant Molecular Biology, 24

30 Ed., Blackie, London, Ch. 7-9.

In one insect expression system that may be used to
produce the peptides of the invention, Autographa
californica, nuclear polyhidrosis virus (AcNPV) is used as a
vector to express the foreign genes. The virus grows in
35 Spodoptera frugiperda cells. A coding sequence may be cloned

into non-essential regions (for example the polyhedron gene)
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infra, can be used to anajyﬁe the structure of the peptides or peptide

anal ogues -- icularly the degree of helicity in the prese Lyl ds.
The ability tg‘géitg#(g&ﬁapi ds can be 30 det erm ned usi ng tﬁ{'e\:‘fmggsrio%ﬁ

fl uorescence spectroscopy assay described in Section 7, infra. The ability
of the peptides and/or peptide anal ogues to activate LCAT can be readily
determ ned using the LCAT activation described in Section 8, infra. The in

vitro and ijn ‘dethésﬁtﬁsﬁSﬁﬁr?imbf %mrmtd id&:litg%l of aﬁ, Jla&ﬁpunﬂlraﬂl?ﬂmfra, |
can be used to .evaluate.the hal f-]i i stribution, olesterol .e ux_an
o et s ond Ron£0ss eidhB1a "the pot it Fibmaterdl, SRBLERLFRE! sfkertion

accordi ng to tfe a codingoacaghendte exdililbitesuie pmopersttévatistedfi thdABLE |V,

infra, are copgj 0.RE bV, : - ; TABLE
| V PROPERTI Es%g}q’%?%@& PERT] %a%‘g’e“mn OF BPE-PSSIHARE FECPTPIRAM e -

) ) | I erre Ircrty int
presenBe of Virus (ixegpuyirus lackigmhheipFotemnagepusocoat codednbPuvcked

22-am no aci d e HHdUPROREHFES ) géhdiel | Ciesd FelRbRNABRNGErQkes are thed :
40% 2 60%]ipids %RI:30é éﬁnbloqged 18-%F1no 30|d residue %5
peptides) % HMSES &+ AREERE pPedenterqrirugiperda seddg, in which §B6 | pids

U

(R =30) inserted gene is expressed (e.g., see Smith et al., 1983, J.
Virol. 46:584; Smith, U.S. Patent No. 4,215,051). Further
10 examples of this expression system may be found in Current

Protocols in Molecular Biology, Vol. 2, Ausubel et al., eds.,
Greene Publish. Assoc. & Wiley Interscience.
In mammalian host cells, a number of viral based
expression systems may be utilized. 1In cases wherxe an
- 15 adenovirus is used as an expression vector, a coding sequence
may be ligated to an adenovirus transcription/translation
control complex, e.g., the late promoter and tripartite
leader sequence.. This chimeric gene may then be inserted in
the adenovirus genome by in vitro or in vivo recombination.
20 Insertion in a non-essential region of the viral genome
(e.g., region E1 or E3) will result in a recombinant virus
that is-viable and capable of expressing peptide in infected
hosts. (e.g., See Logan & Shenk, 1984, Proc. Natl. Acad.
Sci. (USA) 81:3655-3659). Alternatively, the vaccinia 7.5 K
25 promoter may be used, (see, e.g., Mackett et al., 1982, Proc.
Natl. Acad. Sci. (USA) 79:7415-7419; Mackett et al., 1984, J.
Virol. 49:857-864; Panicali et al., 1982, Proc. Natl. Acad.
Sci. 79:4927-4931).
Other expression systems for producing the peptides

30 of the invention will be apparent to those having skill in
the art.

5.2.3 PURIFICATION OF PEPTIDES
The peptides of the invention can be purified by .
35 art-known techniques such as reverse phase chromatography
high performance liquid chromatography, ion exchange
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(bl ocked 18-amino acid residue peptides and shorter. pgptides) 20 Lipid

Binding (int ce of 0.5 - 10PM SUVs) 8720327
peptide Rj :I-ggoﬁ%gﬁggctivation a 3896PC1&E9 280% 25 -
Ri is lipid:peptide nolar ratio As illustrated in the working exanples,

infra, core peptides which exhibit a high degree of LCAT activation (a 3B%
general ly possess significant at-helical structure in 30 t he presence

of Iipidic snabramstograbhy; gedielestxhaesis,erfFiodtyhehionktagrapur e
in the case ofy ﬁwgérﬁC&%%epep&thége&ﬁ B Sk 12 <O BRI angbi‘?fﬁlcéd resi dues

and bl ocked peptides containin fewer amno acid dues; a 40%
helical str uctnﬁl@liqvmep@ﬁﬁd%fwhhblmvpéﬁ Pags . 390 synthesisining 18

or fewer am n%t?&ldia"‘éy a%@dohhﬁﬁétéﬁﬁté@@@ emxfét %Btr@bt, hyafbleh@m@pt}LCAT

tiva Lt hel |
oo P P E s 4Ot - oRRf P T L1 AEPRRRREN EP| RBPSE, Raving o | n

t he pr esence &kililpiids the aot. efm_ﬂ:tlmegm fbmuheﬁcgﬁptﬁe_slaahybemm | e
bt o ¥ comti S b BY defBkolndde 35 i3 SANBLER. Y "L ng
do not effect thpﬂ&thmmphUCAT activation.- As a consequence, it will be
recogni zed by those of por affinity chromatography purification, any

10 antibody which specifically binds the peptide may be used.
For the production of antibodies, various host animals,
including but not limited to rabbits, mice, rats, etc., may
be immunized by injection with a peptide. The peptide may be
attached to a suitable carrier, such as BSA, by means of a

15 side chain functional group or linkers attached to a side
chain functional group. Various adjuvants may be used to
increase the immunological response, depending on the host
species, including but not limited to Freund’s (complete and
incomplete), mineral gels such as aluminum hydroxide, surface

20 active substances such as lysolecithin, pluronic polyols,
polyanions, peptides, ©il emulsions, keyhole limpet
hemocyanin, dinitrophenol, and potentially useful human
adjuvants such as BCG (bacilli Calmette-Guerin) and
Corynebacterium parvum.

25 Monoclonal antibodies to a peptide may be prepared
using any technique which provides for the production of
antibody molecules by continuous cell lines in culture.

These include but are not limited to the hybridoma technique
originally described by Kohler and Milstein, 1975, Naturey

30 256:495-497, or Kaprowski, U.S. Patent No. 4,376,110 which is
incorporated by reference herein; the human B-cell hybridoma

. technique) Kosbor et al., 1983, Immunology Today 4:72; Cote
et al., 1983, Proc. Natl. Acad. Sci. U.S.A. 80:2026-2030);

. and the EBV-hybridoma technique (Cole et al., 1985,

35 Monoclonal Antibodies and Cancer Therapy, Alan R. Liss, Inc.,
‘pp. 77-96 (1985)). In addition, techniques developed for the
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skill in the art that while . the ability of the core.péptides described
herein to forg, Wg gCes (in the presence of 10 |'i pi ds) p&fisosRozay Nd
a

lipids is critic activity, in many instances these properties nmay not
be sufficient. Thus, in a preferred enbodi nrent core peptides of the

I nvention are subjected to a series of screens to select for core peptides
exhi biting significant pharnacol ogical activity. 15 In a
first step, apzoducpipniof T@hxmanmﬂuamt&bpdnes"aMprrlyonoetoahwznﬁ9£4hel|x

in the presenggqaf ﬁé@idsAé'é Ngsd e i3 %Ss%i @igir Ee ﬁe§6&{-%é’f‘ e dinfra.

Those peptides which are at east 40% hel i cal
cont ai ni ng 181884 eWRFUES 32 k941808 Tokeda p aﬁl(blbgﬁéd g@%%#%es 20

cont ai ni ng 1833@ hsw&i@m@@sﬁmw% m&l&leactkm@ papmd%wpncalgmm R_ZAI\ﬁ)r g
nore aim no aci e pre cong abo and a
| i pi d:Deptide ﬁ%F&FnP8t| %}gtégﬁh Ihalaget Eﬁ°§EP€§HE§ £8rr?$kﬁ?“9ﬂnl ity
to bind |ipi dhexeiny bjnesplimrtmdmmegeama)frdmsar mbadei antébbp moledulfg a. :

25 of = agpaggua&;%& s@%%s]ﬂ%ag{ bltg eERQL%QFﬁ %&g L GREGNt

Trp (W or ar e scre in Vi a Scenc
However, for Wﬁpdégt%dh@@n mlml%@ft @mmmoagscbmolpgscameectmm ng to

lipids is obvidawspehgBe@e! | 61 t ¥hinki 8230S ahhbealageésacseqnéb&f&é (s,
Core peptides which exhibit lipid binding.in the presence of

suvs ¥9.5- 10 AvGpepRRE®R: |V pf d: PRHAAI Ao 2B 852088 W 1Fhelﬁah@%°@°liaft%i 50)
are then screegedeferenbar neceiwgi Cailtmfda\ﬂltmly()‘ teeHhsguekh@escribed

Phe 35 °%' Ader EhaoprPaRetasyon Sngls xaSEnabatReRi oo B 8o BNR  des
are screened ﬂhr #heif, 2D8) i ¢3n the adaprade ticChtodace- pBptide-specific
single chain antibodies.
15 Antibody fragments which contain deletions of
specific binding sites may be generated by known techniques.
For example, such fragments include but are not limited to
F(ab’), fragments, which can be produced by pepsin digestion
of the antibody molecule and Fab fragments, which can be
20 generated by reducing the disulfide bridges of the F(ab’),
fragments. Alternatively, Fab expression libraries may be
constructed (Huse et al., 1989, Science 246:1275-1281) to
allow rapid and easy identification of monoclonal Fab
fragments with the desired specificity for the peptide of
25 interest. '

The antibody or antibody fragment specific for the
desired peptide can be attached, for example, to agarose, and
the antibody-agarose complex is used in immunochromatography
to purify peptides of the invention. See, Scopes, 1984,

30 Protein Purification: Principles and Practice, Springer-.
Verlag New York, Inc., NY, Livingstone, 1974, Methods In

Enzymology: Immunoaffinity Chromatogréphy of Proteins 34:723-
731.
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pepti des which activate LCAT are particul arly useful .in the nethods
descri bed her ejyg.994R56 peptldes whi ch exhibit at |east about Bétmubésfrbaz7
activation as conpared with native human ApoA-1 (as determ ned using the
LCAT activation assay 5 described in Section 8, infra), are preferred,
Wi th core peptides exhibiting 50% 60% 70% 80% or even 90% or nore being
particularly preferred. 5.1.2. PREFERRED EVMBODI MENTS 10
The ApoA-1 agonists of the |ﬁ#én?ﬁ@ﬁ“b&ﬁuﬁécbhrFQﬁﬁUE%foﬂﬁlby way of

X

preferred embodi ments, |In one—prehss CHOBS OF 3 OpgA- | agoni sts are

22 amno acid residue pegd dg@aagcsgshﬂgté Ooﬁttfﬂé?tll!ﬁ%r(dlbn @ént Be used to
N-term nal acyl ated and/qr C-term nal dated or %ﬁ_ erlfi g forns
thereof. In anotfhr % fdéﬁoé'ﬁle’énﬁﬁd?%‘ﬂ? St SRR yaé‘l?l‘ﬁ &PELYSLEEI no

aci d residue pﬁmmankxsﬁm&cmmdnhglhOrsasﬂnguserwm)HDEncddueﬂﬁraeﬁmhnal

acyl ated and/ of G/l nalead dahef Shorhs AR QIUIE dA8L50Lagl RpNECh
sprivatilid } Reret et e and Hok

X7 is:a basic an aci
am no acid or h@@ﬁii@lalx 2smshanoaéiui@nanim@ﬂ%dﬂfi € mye OKE: lamdtgd to

Xerr] is an dﬁf i niRC | QndGegsaég.aPiy Lﬂy‘&)ézk@holaé&e[ﬁl%lher kha are as

previ ously deflne Structure (| I'n anof her
preferred enbodf Va%qﬂiﬁﬁbéAsFaﬁﬁoﬁV%Psa%r%FB%FQﬁﬁ%ﬁFQﬁﬁﬁj(ﬂ€§;HGén9
pepti d@s accorgirégknientstand pretent ion0bf t HEhdtdLr T8 FE81i Gy Irtist@nasdsor

Ctermnal am dat ed’ %reexrsén 1nfgI &g oLy iﬁgeéghetoscrﬁ.erotlr}: plaques which
develop as a consequence of medical procedures such as
balloon angioplasty); and other disorders, such as
endotoxemia, which often results in septic shock.

15 The ApoA-I agonists can be used alone or in
combination therapy with other drugs used to treat the
foregoing conditions. Such therapies include, but are not
limited to simultaneous or sequential administration of the
drugs involved.

20 : For example, in the treatment of
hypercholesterolemia or atherosclerosis, the ApoA-I agonist
formulations can be administered with any one or more of the
cholesterol lowering therapies currently in use; e.g., bile-
acid resins, niacin, and/or statins. Such a combined regimen

25 may produce particularly beneficial therapeutic effects since
each drug acts on a different target in cholesterol synthesis
and transport; i.e., bile-acid resins affect cholesterol
recycling, the chylomicron and LDL population; niacin
primarily affects the VLDL and LDL population; the statins

30 inhibit cholesterol synthesis, decreasing the LDL population

(and perhaps increasing LDL receptor expression); whereas the
ApoA-I agonists affect RCT, increase HDL, increase LCAT '
activity and promote cholesterol efflux.

In another embodiment, the ApoA-I agonists may be

35 used in conjunction with fibrates to treat hyperlipidemia,
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ﬁist(m ,Gy(@ Aa (A, dn (Q, Asn (N),.Asp 30 Im m
D-Pro (p); X2w§8%@ 3/ Val (V) or Leu (L); X4 is Asp (D op
n

is Lys (K), Arg Asn (N) or Au (E); - ﬁew]lskm( rg(m
or Au (E); 35 Xerr], is Asn (N, dn (Q, Gu(aorNg(m
Xerr] is Asp (D), GQu (E) or Asn (N); -66- Xerr] is Leu (L), Ay (Q

or Aib; Xjs is Asp (D), Au (E), @n (Q or Lys (K; X16 is Ala (A, Trp
(W, Ay (O, hvmexdholeBterpipmén Mnd/of cardiovasculasr diseeseeguch)as Gy
G or Nal; X , On,.dn or Asn Xerr] is Lys (K
(cx)n, an (Q E?fgﬂAésrr?S%ﬁ)%i is Lys (K E)rQ)Orn le(:\l)s LeL ( %; andyor(lz)
X22 is Lys (K) or éﬁdYFérﬁPOgFéraSm%@@%W%m%Ayﬂﬁéﬁﬁﬁ@dlfégo§ﬁﬁﬁﬁt%$e

(1). An even rgye ﬁf»@‘r&ﬁw cabpdi 1BA8 26 COGHIa Ko h\iﬁha%lhéchnﬁi the
i nvention are thos 1l?§it|d S in

Leu (LY; Xs i P gnﬁa&#%%ﬁ ?%eéﬁv% C(Uﬁ)re&tlﬁygseﬁ) g@is

treat septic shock induced by endotoxin.

The ApoA-1 agonists of the invention can be
formulated as peptides or as peptide-lipid complexes which
can be administered to subjects in a variety of ways to

10 deliver the ApoA-l agonist to the circulation. Exemplary
formulations and treatment regimens are described below.

5.3.1 2ApoA-I AGONISTS AND PEPTIDE/LIPID
COMPLEX AS THE ACTIVE INGREDIENT

15 The ApoA-I agonist peptides can be synthesized or
manufactured using any technique described in Section 5.2 and
its subsections. Stable preparations which have a long shelf
life may be made by lyophilizing the peptides -- either to
prepare bulk for reformulation, or to prepare individual

20 aliquots or dosage units which can be reconstituted by
rehydration with sterile water or an appropriate sterile
buffered solution prior to administration to a subject.

In certain embodiments, it may be preferred to
formulate and administer the ApoA-I agoniét in a peptide-

25 lipid complex. This approach has several advantéges since -
the complex should have an increased half-life in the
circulation, particularly when the complex has a similar size
and density to HDL, and especially the pre-8-1 or pre-§-2 HDL
populations. The peptide-lipid complexes can conveniently be

30 prepared by any of a number of methods described below.
Stable preparations having a long shelf life may be made by
lyophilization -- the co-lyophilization procedure described
below being the preferred approach. The lyophilized peptide-
lipid complexes can be used to prepare bulk for

35 pharmaceutical reformulation, or to prepare individual
aliquots or dosage units which can be reconstituted by
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Xerr] is Au (E); 20 L Xerr] is Leu (L); X&tr] is Leu (L);
X[err] S Asn‘Q R&Sfu (Q) X[err]2 is Qu E); and/or X[erri,c?g?@.zgn(,E)

err|] are as previously defined for structure are
as defined in the precedi ng paragraph. In yet another preferred enbodi nen
the ApoA-1 agonists are 22 ami no acid residue peptides according to 30
structure (I), or the NNterm nal acylated and/or C-term nal am dated or
esterified formydmatden withwstehibal yaver of iapprogréete, bufferedsic

am no aci d a“dsdémw‘?@{]n@}etﬁf a&@%ﬁiéér&fox(@o%r Apgelh). In yet anothe

preferred enbodi nent oni sts are-peptides according
structure (1), or the hﬂ‘ﬂ@?ﬁ#ﬁxl°§c?$§b@@sdMEﬁknkQSWPeFﬁlﬁéPsanﬁﬁh}%ﬁdo*n

esterified -67%he adtolddn Heengel, tbnpfépsheome eﬂt@.ﬁ"e]—lh?:.BYGeéﬁléé &Fn
and t he ot her one of err

pr ef er Ped enb TR TRARX s[he]TRpﬁilfs 5ﬁén|§t§u€$ a?rﬁa&&a&éfed F’Egﬁﬁ‘ées for

peptides accorphemating 1iposomesr ort pretéd)iposondese nidyt bemusel. acyoat ed
0o Lo GBI SRl A SR B LR LI n g W bbnBE O
probe sonicator) w1th appropriate lipids to form complexes.

Alternatively the peptide can be combined with preformed

10 lipid vesicles resulting in the spontaneous formation of
peptide-lipid complexes. In yet another alternative, the
peptide-1lipid complexes can be formed by a2 detergent dialysis
method; e.g., a mixture of the peptide, lipid and detergent
is dialyzed to remove the detergent and reconstitute or form

15 peptide-lipid complexes (e.qg., see Jonas et al., 1986,
Methods in Enzymol. 128:553-582).

While the foregoing approaches are feasible, each
method presents its own peculiar production problems in terms
of cost, yield, reproducibility and safety. The applicants

20 have develoﬁed a simple method for preparing peptide or
protein-phospholipid complexes which have characteristics
similar to HDL. This method can be used to prepare the ApoA-
I peptlde lipid complexes, and has the following advantages.
(1) Most or all of the included ingredients are used to form

25 the désigned complexes, thus avoidiné waste of starting
material which is common to the other methods. (2)
Lyophilized compounds are formed which are very stable during
storage. The resulting complexes may be reconstituted
immediately before use. (3) The resulting complexes usually

30 need not be further purified after formation and before use.
(4) Toxic compounds, including detergents such as cholate,
are avoided. Moreover, the production method can be easily
scaled up and is suitable for GMP manufacture (i
endotoxin-free environment).

35 In accordance with £he prefe}red method, the
peptide and lipid are combined in a solvent system which co-

.., in an
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In still another preferred enmbodi nent, the ApoA-1 10 .¥ agoni sts are

22-am no acid

N-term nal acyl at

in which X13 i

6%@&?9 pepti'des accordl ng to structure (1), or pcTAISIS20327
e nd/or C-term nal am dated or esterified forns thereof,

s Ay (G and each of [err'] is other than Ay (Q. In yet

anot her preferred enbodi nent, the ApoA-I 15 agoni sts are 22-am no

aci d residue peptides accordlng to-structure (I

), or the N-term na

acyl at ed and/ csolbkkivieraleaah dagredsentsard | ¢andog @mlmbofremqv%byh

X, is Pro (P),q

(L); Xerr] is
(F); Xerr] isspkeck

Xerr] is Leu
X113 is Gy (G
Trp (WP X err
X[err] is @n

10

15

20

25

30

35

éé%@%iﬁzéﬂi#%’Pr? (Eh% Xgn?s 33 v i p£lrs must be ca¥efull

err is L (Leu), or 9} X6 is Phe
top®mnsure k- solppetity et Gerh E;he >é[‘§? iPathicey (L):

t Dde Hrd (He 1>£Jféuir] 18 466 dibodbeit,] dife @btk (s)0or

éeé lesol'&e &gco %ggtr:éésl%o é&% Xerr]Jis A a.(A or'
pepiide (IB r® BF5ICISR 939 O n;
d{3s01¥d} in an aqueous or organic solvent or mixture of
solvents (solvent 1). The (phospho)lipid component is
dissolved in an agqueous or organic solvent or mixture of
solvents (solvent 2) which is miscible with solvent 1, and
the two solutions are mixed. Alternatively, the peptide and
lipid can be incorporated into a co-solvent system; i.e., a
mixture of the miscible solvents. A suitable proportion of
peptide (protein) to lipids is first determined empirically
so that the resulting complexes possess the appropriate
physical and chemical properties; i.e., usually (but not
necessarily) similar in size to HDL. The resulting mixture
is frozen and lyophilized to dryness. Sometimes an
additional solvent must be added to the mixture to fac111tate
lyophilization. This lyophilized product can be stored for
long periods and will remain stable. .

In the working examples describe infra, peptide 4
(SEQ ID NO:4) and phospholipids were dissolved separately in
methanol, combined, then mixed with xylene before
lyophilization. The peptide and lipid can both be added to a
mixture of the two solvents. Alternatively, a solution of
the peptide dissolved in methanol can be mixed with a
solution of lipid dissolved in xylene. Care should be taken
to eliminate salt from the solvent system in order to avoid
salting out the peptide. The resulting solution containing
the peptide and lipid cosolubilized in methanol/xylene is
lyophilized to form a powder.

The lyophilized product can be reconstituted in N
order to obtain a solution or suspension of the peptide-lipid
complex. To this end, the lyophilized powder is rehydrated =
with an aqueous solution to a suitable volume (often 5 mgs '
peptide/ml which is convenient for intravenous injection).
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X[err] is Lys (X) or On; Xerr] is Leu (L); and X[e;fﬂ'is Lys (K) or O n.
Particul arly gveéomsssed ApOA-|I agonists according to 5 t PGT/E89BRER27 of
the invention are selected fromthe group consisting of: peptide 3

PVLDLFRELLNEGLEALKQKLK ~ (SEQ I D NO 3); ‘peptide 13 = GVLDLFRELLNEGLEALKQKLK
(SEQ I D NO 13); peptide 19  pVLDLERELLNEGLEALKQKLK (SEQ ID NO 19); 10

pepti de 137 PVLDLFRELLNEGLEAZIE%(,LK (SEQ | D “%37% epti de, 138
PVLDLFRELLNEGIRVEKRReReTredmyhqd inegnti §8F. 1yeBhi iz §98° er 1s
PVLDLFRELWNEG&E&EKQK#&& wiSEQHJAPNR 3B f fReptli 881146 or a physiological
PVLDLFRELLNEGLEA oqo_%ut(SE | D NO,140

. peptide 141 .
PVL DFFREL L NEGERARREKBRIUE IR | %\l&li‘&i‘%? Bay have BRPF (Agihated or
PVLELFRELLNEGrbAt KKK £4EQ ItatdOrehydraandnt hend- irrmostl casesiatbde or
esterrfied an r N\ } nal | &t for g N, SE Ahgiher
prefer$ed enbg%% ﬁ%?géﬁégihﬁéga/%ﬁﬁﬁid %engagﬁﬁéﬁgéa?%‘izggﬁ#%o a€$§
resi due pepti @éa@nadctor df ngreaken rihemuthe( phaser trapsitiennteuperriuLg af

and/or C-termipal 13pk dabSApHeS ¥ ithie® dopiBRekher §OEnih Mmibheds X[£rr] is
Ay (G and each of [err] s other than G}ég%G). . A_particularl referred
ApOA- |~ agoni sCl8@¥oPEPRRT 1M QE xgconstit QcilBFdeE°Fﬁﬁ%n??%#i?%?s

peptide 20: PYeBuRREGLNELLEALKQKLK (SEQ ID NG 20). In still another
mefﬂﬁedeMdemm, t he

peptites according to stPul %ﬁé&%ﬁﬁfg%%t%ﬁ%r t%é?ﬁg%gonggéggggilgﬁglor
C-term nal preparation can be characterized to confirm that the
complexes in the preparation have the desired size
distribution; e.qg., the size distribution of HDL. Gel
filtration chromatography can be used to this end. 1In the
15 working examples described infra, a Pharmacia Superose 6 FPLC
gel filtration chromatography system was used. The buffer
used contains 150 mM NaCl in 50 mM phosphate buffer, pH 7.4.
A typical sample volume is 20 to 200 microliters of complexes
containing 5 mgs peptide/ml. The column flow rate is 0.5
20 mls/min. A series of proteins of known molecular weight and
Stokes*’ diameter as well as human HDL are used as standards
to calibrate the column. The proteins and lipoprotein

complexes are monitored by absorbance or scattering of light
of wavelength 254 or 280 nm. :

25 The ApoA-I agonists of the invention can be complexed
with a variety of lipids, including saturated, unsaturated,
natural and synthetic lipids and/or phospholipids. Suitable
lipids include, but are not limited to, small alkyl chain
phospholipids, egg phosphatidylcholine, soybean

30 phosphatidylcholine, dipalmitoylphosphatidylcholine,

dimyristoylphosphatidylcholine, distearoylphosphatidylcholine

l-myristoyl-2-palmitoylphogphatidylcholine, 1-palmitoyl-2-
myristoylphosphatidylcholine, 1-palmitoyl-2-

stearoylphosphatidylcholine,.l-stearoyl-z- .

35 palmitoylphosphatidylcholine, dioleoylphosphatidylcholine
dioleophosphatidylethanolamine, dilauroylphosphatidylglycerol
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30 am dat ed or esterified fornms thereof, in whi€h Xla is Ay (G and
each of [err]aﬁ0 than Ay (G§. A‘partlcularly pr ef er r edpfyypgosh0327
agoni st accordi ng to thls aspect of the invention is peptide 9:
PVLDLFRELGNELLEALKQXLK (SEQ I D NO. 9). -69- In still another preferred
enbodi nent, the ApoA-I agonists are 22-am no acid residue peptides
according to structure (1), or the NNterm nal acylated and/or C-term nal
am dat ed or egphesphatidfbdchelimes cpliosphatddydisexine,s Gy (G 5 and
each of [err] |7 ; rred ApoA-|

agoni st accorElk'l?fsg%‘gggL ﬁ&gégg%%%éo n?hé’%@r?tcc:i 1%10@ E%Fde 126:
PVLDLFRELLNEL@E)&MQR@K%SEQ $mi"-mq12mld-°nn Pi’tqﬁplh%&ﬁéﬁ'ﬁagwa'%%r red

enbodi ment , pﬁB@ﬁhhtl@ 1g1yc@ﬁ@nj S&ﬁn}%i%b%&l@iﬂd&%h&%hd 185y 8eLopepPt i des
accordi ng to st.ru {ernl acyl ated and/or C-term nal

am dat®d or eQPQPﬁWFE8Y$B ﬂﬁp?%%+§%£§ 'ch X16 is Ay (GO and each of
[err]d!s othethhaarﬁyypbﬁkpha@n@@lglymézala/dmuﬁéayﬂp&oéphétidyggnycérol

ing to t : .
g\C/EgrLFREELNEL @&ERY&EE%%Q%QW%&)Q@% cﬁﬁa}l ano?’ 1@%8%@?5%@%5 acia,
embodi nent , tHem&puAtDY&gbnSBh%thﬁﬁlﬁﬁh%nﬁlﬁmknﬁmlre5|due pepti des

accordi ng to i R4 THah ylated and/or C-termnal 20
am dat ed or e?%%%Ib&%%yﬁbhosﬁha%rg%ﬁb I n whi Jﬁﬁ§ gczland each of

[err]i?s Otheﬂl@ﬂgﬁsepylpb?Sphgp1dylser1ne, dlpalmltoylphosp
brain phosphatidylserine, brain sphingomyelin,

dylserine,

dipalmitoylsphingomyelin, distearoylsphingomyelin,

phosphatidic acid, galactocerebroside, gangliosides,

cerebrosides, dilaurylphosphatidylcholine, (1,3)-D-mannosyl-
15 (1,3)diglyceride, aminophenylglycoside, 3-cholesteryl-6’-

(glycosylthio) hexyl ether glycolipids, and cholesterol and

its derivatives.

The Applicants have discovered that when the ApoA-I
agonists of the invention are complexed with sphingomyelin,

20 all of the HDL of the pre-f-like particles is removed.
Accordingly, - in a preferred embodiment of the invention, the
ApoRA-1 agonists are administered as a complex with
sphingomyelin. .

25 5.3.2 METHODS OF TRE TREATMENT
The ApoA-I peptide agonists or peptide-lipid

complexes of the invention may be administered by any
suitable route that ensures biocavailability in the
circulation. This can best be achieved by parenteral routes

30 of administration, including intravenous (IV), intramuscular
(IM), intradermal, subcutaneous (SC) and intraperitoneal (IP)
injections. However, other routes of administration may be
used. For example, absorption through the gastrointestinal
tract can be accomplished by oral routes of administration

35 (including but not limited to ingestion, buccal and
sublingual routes) provided appropriate formulations (e.q.,
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particularly preferred ApoA-I agonist according to this aspect of the

i nvention is pgeldodssd2: 'PVLDLFRELLNELLEAGRQKLK (SEQ 1D NO. 12pctRfResnesz?
Enbodi ments containing internal glycine residues can be readily synthesized :
in high yield by way of segnent condensation, thereby providing significant
advant ages for large-scale production. Segment condensation, i.e., the
joining together of small constituent peptide chains to forn130

| ar ger pepti deentteatic coas ingsn agedusedptepevqndmngrmﬂnymggecdagyaéetiqe

pepti des, inclAugi n%ﬁk | dgegm R knt
Nakagawa et alcyf:eI ):?L}S%%15%(:1-'&')"':{}lenci Ql&ﬁé = %I??u%% qu%lnh%r?ghvg?ﬁgig of

1989, Pept|destl’l@é}'ﬁ'%@uma:KﬁéPﬂaeﬁrﬂBﬁ @rsrgellapntefggge -Int. J. Pept.
35 PrOteLKliEﬁhaéﬁiéi&V QE&hnléﬁﬁatﬁoﬁOﬁSaChﬁéﬁbdl)dmgshbesﬁaﬁtas70-

cost-e fectlve met had yleld bulk k nt hesi of the care es_ of
the invention.V éﬁgg g??s % %5%%%%%%¥ cﬁﬁgﬁ?é |0Htgﬁ§ % e he
ability to cormlemist qur enifrcimiee degmadatlon inethhe gastmdnteistinghaseaand

the ease of F“Eﬁf§éfudéﬂkﬂgit§T%e gggygrogﬂgtf é%%%é thhgelﬂ$EH§9? 0

i ncl ude | ow coupling efticlenc el d af t e nsation step_an
sol ubility of eantkg raqaeme;ereéqﬁeﬁeeeutme%%lw (a1 of tiransdeymatlyhe

condensati on Sén?Fbylo.thalatl(‘o'%ﬁ batswanifbeagp #i‘ed:i'f\fé&i%tbﬁzbnﬁfréﬁétﬁédt hg
I ne, resu S In |gcrease

COupl L9, 1 1e s A0 S Yo SR g aSHEL 0oL 5 Sahinall L
recipient.

The actual dose of ApoA-I agonists or peptide-lipid
complex used will vary with the route of administration, and
should be adjusted to achieve circulating plasma

15 concentrations of 100 mg/l to 2 g/l. Data obtained in animal:
.model systems described herein show that the ApoA-I agonists
of the invention aseociate with the HDL component, and have a
projected half-life in humans of about five days. Thus, in
one embodiment, the ApoA-I agoﬁists can be administered by

20 injection at a dose between 0.5 mg/kg to 100 mg/kg once a
week. In another embodiment, desirable serum levels may be
maintained by continuous infusion or by intermittent infusion
providing about 0.5 mg/kg/hr to 100 mg/kg/hr.

Toxicity and therapeutic efficacy of the various

25 ApoA-1I agonists can be determined using standard
pharmaceutical procedures in cell culture or experimental
animals for determining the LD;, (the dose lethal to 50% of
the population) and the ED;, (the dose therapeutically
effective in 50% of the population). The dose ratio between

30 toxic and therapeutic effects is the therapeutic index and it

can be expressed as the ratio LD,,/ED,,. ApoA-I peptide
agonists which exhibit large therapeutic indices are
preferred.
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Hel v. Chim Acta 53:2135-2150). However, since glycinglacks a chiral

center it doe ergo racenezation (proline *15 re eto
Wwa%in e{d Sda20 :

steric hindrance, so undergo little or no racenezation at |ong coupling
times). Thus, enbodinents containing internal glycine residues can be

synt hesi zed in bulk in hi gh yield via segnment condensation by synthesizing
constituent segnents which take advant age of the fact that 20 gl yci ne
resi dues do not undergo rac&r@zdit i PEARMAGHUTICAROE N8t ai ni ng

internal glycine res'duﬁepigﬁﬁkﬂécéhﬂ 41 Gﬁitmxﬁ)é%%t b? *fkanhogRei bR"
| ar ge- scale bul k preparatio anot her, preferred enbqdi nent, .the

yet
ApOA- | cont@dm $he APeAr3 RAPRiFe AIPHEY Q% thepPrrsddscdiPidng to
structure (), c&ﬁpltebe als- therhpalvacyhatedi étd/ier aCphatagetashliayed or

n yet Sanot her R AAAH & AR AF nEH CopHe 5 Aqmist strat 13 Bha daTipedy! O
22-ami no aci d iresiidige péqst m&iespaptmdels mg,ay ccorttaiiot aeddflc) andyorhbasic
e OB U B S sl e
Leu (L); 35 the formulatlon§31pseﬁghe{L qgQ agidg gr(gyseS71_
Xerr] is Leu ds)irPfeHeN&chin) ofxﬁhéQmé:éé'ut(iéaﬁy Ritkepthble salts.
10 Injectable preparations include sterile
suspensions, solutions or emulsions of the active ingredient
in aqueous or oily vehicles. The compositions may also
contain formulating agents, such as suspending, stabilizing
and/or dispérsing agent. The formulations for injection may
15 be presented in unit dosage form, e.g., in ampules or in

multidose containers, and may contain added-preservatives.
Alternatively, the injectable formulation may be

provided in powder form for reconstitution with a suitable

. vehicle, including but not limited to sterile pyrogen free

20 water, buffer, dextrose solution, etc., before use. To this
end, the ApoA-I agonist may be lyophilized, or the co-
lyophilized peptide-lipid complex may be prepared. The
stored preparations can be supplied in unit dosage forms and
reconstituted prior to use in wvivo.

25 ' For prolonged delivery, the active ingredient can
be formulated as a depot preparation, for administration by
implantation; e.q., subcuﬁaneous, intradermal, or
intramuscular injection. Thus, for example, the active
ingredient may be formulated with suitable polymeric or . :

30 hydrophobic materials (e.g., as an emulsion in an acceptabie
oil) or ion exchange resins, or as sparingly soluble
derivatives; e.qg., as a sparingly soluble salt form of the
ApoA-I agonist.

Alternatively, transdermal delivery systems

35 manufactured as an adhesive disc or patch which slowly

releases the active ingredient for percutaneous absorption
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X7 is Arg (R) or Lys (K); Xerr] is Qu (B; 5 e Xerr] is
Leu (L); Xerr (L) or Trp (W; Xerr], is Asn (N) or sHpu

Xerr] is GIJ%%S?néﬁg is.Leu (L) or Aib; 10 X14 ?EhLeu
(L), Trp (W or Nal; X15is Qu (E); Xerr] is Ala (A, Leu (L), Trp (W or
Nal; X17 is Leu (L) or Nal; one of [err] is G@n (Q and the other is Lys
(K) 15 or On; Xerr] is Lys (K) or On; X21 is Leu (L); and X22 is
Lys (K) or O may rbeavfmdt i cObathys pemdemeemm mmanaecermamgbeouw
this aspect of I,0 I r' e = XS is Leu
(1) X6p| < Phe td %dl ‘i‘?‘.’&tt ‘Era%gc)i{efrg(%@lpsén\g‘elfaﬁl;gn be %Ihésgg% N); W13 i<
Leu (L); X14 |3§19_1@511(q_1’9t x pﬁﬁNﬂé%ﬁ)‘@éfﬁfﬁq §'aYLbG gchiexed b¥ Lys (K);
X{ ¥ : s d '[]h( Q)lné@.%dx?ada.h‘g (:K)e AﬁdAOI é@"éiusil:é-)b‘f tiRe. t1&5enta.ont or tc:ihe I'n
still *anot her r ni_sts e.al.tered or

Ut at e For s AP TRLAIGENBRak | 1108 f B ed R RBFERnERE G581 ed
and/or C-ter mpwdlamsdatm:dk dschenici fieack fdirsemsehamndof, in which: X1 is

ot her than A t% \i)LesQ_r Hm%) 30 X2 is other than D Val
(v); Xs is ot hetP , Trp (W or Nal; X6 is other than
Trp (W; For oral admlnlstratlon, the pharmaceutlcal
compositions may take the form of, for example, tablets or
10 capsules prepared by conventional means with pharmaceutically

acceptable excipients such as binding agents (e.g.,
pregelatinised maize starch, polyvinylpyrrolidone or
hydroxypropyl methylcellulose); fillers (e.g., lactose,
microcrystalline cellulose or calcium hydrogen phosphate);

15 lubricants (e.g., magnesium stearate, talc or silica);
disintegrants (e.g., potatoc starch or sodium starch
glycolate); or wetting agents (e.g., sodium lauryl sulfate).
The tablets may be coated by methods well known in the art.
Liquid preparations for oral administration may take the form

20 of, for exaﬁble, solutions, syrups or susbensions, or they
may be presented as a dry product for constitution with water
or other suitable vehicle before use. Such liquid
preparations may be prepared By conventional means with
pharmaceutically acceptable additives such as suspending

25 agents (e.g., sorbitol syrup, cellulose derivatives or
hydrogenated edible fats); emulsifying agents {(e.g., lecithin
or acacia); non-aqueous vehicles (e.g., almohd oil, oily
esters, ethyl alcohol or fractionated vegetable oils); and
preservatives (e.g., methyl or propyl-p-hydroxybenzoates or

30 sorbic acid). The preparations may also contain buffer
salts, flavoring, coloring and sweetening agents as '
appropriate. Preparations for oral administration may be
suitably formulated to give controlled release of the active
compound.

35 For buccal administration, the compositions may
take the form of tablets or lozenges formulated in
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X7 S other than Trp (W or Leu (L); Xs is other tha! Trp (W; 35

X9 is other hﬂ&gwkeé% (Ky"or Trp (W; X, is other than Trp (PT/USRR0327
Xerr] is ot Trp (W or Leu (L); X13 is other than Qu (E) or Trp
(W; X,, is other than Trp (W; and/or X21 is other than Lys (K). 5

In yet another preferred enbodi nent, the ApoA-1 agonists of the invention
are selected fromthe group of peptides set forth below peptide 1
PVLDLFREL L NEldcEXesiQkbKal namerD Nip1)redirl and vagimiaderputes of
GVLDLFRELLNEQ&%& S L L KQKLK
(SEQ I D NG 3); 5%@655{%105 Bt Déltli{SR?LELLNE ?_J%(tSLIT(nay B¥ %EJ%E% g%\épt i de
5 pVLDLFREg_lNELlEEALKéREKKet?SE@m [PRETES ) mqsd@ogles Or °1ntment8»
e B LA o B oy o 8 s, o
(SEQ PD NO 8)ln%§§§t1f—&§ §a$‘ \EBE??&%%‘\% Rd&‘i%d oK. 8% ; #Pept i de
10 PVLDLFREEhNEbﬂEéﬁKQKLﬁreséﬁfﬁ;iﬁnhfrd@)prqnﬂnrnhedlbacks or a

PVLDLFKELL D 2
PVLDLFRELLSEE%%%EK Wli‘gE%‘% u%g %’é)a g‘gl‘tabdle fg%% 198nt? e.q.

GVL DL FREL LNE@irAlikerBi £1upspae t maney 1139'1clpb<pmﬁelompmethane.

PVLDLFREL L NEl4 A1 Ot r E§§G&b£&ﬁ£ﬁé4)cafﬁﬁﬁ'&Ebi%ﬁe or other suitable

PVLDLFRELWNELLEALK LK SEQ
gas. 1In the gase og a pregsurlzed aerosol the dosage unit
may be determined by providing a valve to deliver a metered
amount. Capsules and cartridges of e.g. gelatin for use in-

an inhaler or insufflator may be formulated containing a
powder mix of the compound and a suitable powder base such as
.15 lactose or starch.

The compositions may, if desired, be presented in a
pack or dispenser device which may contain one or more unit
dosage forms containing the active ingredient. The pack may
for example comprise metal or plastic foil, such as a.blister

20 pack. The pack or dispenser device may be accompanled by
instructions for administration. :

5.4 OTHER USES
The ApoA-I agonists of the invention can be used in

25 assays in vitro to measure serum HDL, e.g., for diagnostic

purposes. Because the ApoA-I agonists associate with the HDL

component of serum, the agonists can be used as "markers" for

the HDL population. Moreover, the agonists can be used as

markers for the subpopulation of HDL that are effective in %
30 RCT. To this end, the agonist can be added to or mixed ﬁlth

a patient serum sample; after an appropriate incubation time,

the HDL component can be assayed by detecting the '_

incorporated ApoA-I agonist. This can be accomplished usiﬂ§

labeled agonist (e.g., radiolabels, fluorescent labels, .
35 enzyme labels, dyes, etc.), or by immunoassays using

antibodies {(or antibody fragments) specific for the agonist.
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peptide 16  PVLDLLRELLNELLEALKQKLK  (SEQ I D NQ 16) ;25 peptide 17
8

PVLELFKELLQELLyFhblsdis (SEQ ID NO 17); peptide 1 PCT/US98720327
GVLDLFRELLNELLEALKQKLK ~ (SEQ I D NO 18); peptide 19

PVLDLFRELLNEGLEALKQKLK ~ (SEQ I D NO 19); peptide 20
PVLDLFREGLNELLEALKOKLK ~ (SEQ I D NO 20); peptide 21
pVLDLFRELLNELLEALKQKLK SEQ I D NO 21); 30 peptide 22 ,
PVLDLFRELLNELLEGLKQKLK Al&%@l“@"ﬁéﬂzzi@%&ﬁi%@%"— can be used in

PLLELFKELLQELL%Q%:grode%EQeED (MOg23) cAPepddnte, MRI scans) to visualize
PVLDLFRELLNELL% L t@EQ I D NO 24); peptide 2% suals
PVLDFFREL LNEXL! qulatosyosystRp 28 ;tgerb?l?’o"e‘”‘z CT, or to visualize
PVLDLFREL L NEL Ldd-distdla€ i o SEQHDD WO Z6kty- sBreaks pegtthiedwsZlerotic
PVLDLFRELLNELZEALKOKLK _, ( SEQ. | T PEPLI .

PVL DL FREL L NEL H@%JK et%-sﬁghﬁgemg?%sf’?Lp%Eﬁ%’% B§ active in cholesterol
AVLDLERELUNEL LEPMERLK  (SEQ I D NO 29); peptide 123
QVLDLFRELLNELLEALKQKLK ~ (SEQ ID NO 123): 5 pepti de 124

PVLDLFOELLNELLEAL QRO Gex i) | [3hiuEshs oRCPEPEEDE2RGONISTS OF ApoA-I
NVL DL FREL LNEL L EAL KQKL 10b) — peptide 106 . -, oo
PVLDLFRELLNELGEALKQKLK - ThesRSPEAARE, QBFFlﬁé‘gt’rfaeTW X (section 8.3,

PVLDLEBEL LNEL Liaf#Kivere (ynRheBikedl 3nj; chepactterilddd as described in the

PVLDLFRELLNELLERLKOKLK  (SEQ | D N 128) ;. i de 129
PVLEL FNDL L REL LERTRRIO™S €b§§8WI'D %8"'1?%’?"%%&‘?%%8 1%% daiata
PVLELFNDL L REL LERALKMKta 1y @SRQfuDchidonad)y pepdesierilssd in Sections 7 and

PVLELFKELLNELLDALRKLK (SEQ I D NO 131); peptide 132
PVLDLFRELLENLLEAITRKEK ~ (SEQ I D NO 132); peptide 133

PVLELFERLLEDLLQALNKKLK  (SEQ ID NO. 133); 15 eptide 134
PVLELRERLLEDLLKALNQKLK ~ (SEG 1D r@l@é)—————-— s15 OF CORE PEPTIDES
' Peptides were synthesized on solid phase according
to the Merrifield technique (Merrifield, 1969, J. Am. Chem.
Soc. 85:2149-2154) using 0.25 mmol. p-alkoxybenzylalcohol
resin (HMP resin) (Wang, 1973, J. Am. Chem. Soc. 95:1328-
20 1333) and Fmoc chemistry. All syntheses were carried out on
an Applied Biosystems ABI model 430A automated peptide
synthesizer (Perkin-Elmer, Foster City, CA). The solvation

and activation times used for each coupling cycle are shown
in TABLE V below:
25
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peptide 135 DVLDLFRELLNELLEALKQKLK  (SEQ I D NO 135).;#‘pepti de 136
PALELFKDLLQELLM%E (SEQ I D NO 136); peptide 137 PCTUS98720327
PVLDLFRELLNEGL (SEQ I D NO 137); peptide 138
PVLDLFRELLNEGLEW.KQKLK ~ (SEQ I D NO 138); 20 pepti de 139
PVLDLFRELWNEGLEALKQKLK ~ (SEQ | D NO 139)’1‘,AE;S@pNi de 140
PVLDLFRELLNEGLEALOQOLO (SEQ I D NGO 140 eptide 141
PVLDPFRELLNEGLEALKQKLK  ( SE NILEOCQHR E 8 VARPR LYCLES
PVLEL FREL L NEGLEALKQKL, Q o142} 25
acyl ased (pantaycutar | ynmnetryﬂmt ed cmsdamayltaf euye and/| CTO/ATIONT NaRagsFEdat jed
or esterified NAEns th@ﬂé’@fmmﬁerelwhxmﬂs Ab, Zis '
still anot hen Attt he-ApgAdl-agond
are sel ect ed |fateensthe xgarncom)of 30| -0.4ml t § desniset |f-srtdinbel oWi=pepéd. dq 1°
PVLDLFRELLNELLEZLKQ(L@{‘Z‘ P;Sw yltge %‘Bt de 2 GVLDLFRELLN PEFEABREKLIKK
(SEQ ID NO 2): peptild&=8® DL Rkl EWLKOKLK  |(SEQ 1D NOJ3); -74-
peptide 4 VL DCERELC ‘EAEKQKL D ) qepti de S5
pVLDLFRELLNEL LaLE’)RER@ I%rQsbD NAS ﬁﬁ%‘lépt | 2’%)2 6‘}“" i %E)LW}QELLN%%ﬁﬁAﬁE@(LK
(SEQ I D NO 6)|; pept i#e PVLDLFHEHLOELLEALKQKLK — (SEQ ID NO'T); 'S
peptide 8  RMLDLEREL _NQ_89_F ide-Q
PVL OLG-REL GNEWY LAk KEKL fi-denin0 |RYED FRELLNGEEEALKOKLK
(SEQ I D NO 10); pepti rKQ(LK (BED | D NO{I3=§7 sec.
peptide 12 RVLDLFREL NO 12);
afme 34 Val ~0.4ml DCM ~4 min. ~61.5 1=38 sec.
~0.8ml NMP min. 2=27. sec.
~0.1ml
HOBt /NMP
* 1=Transfer from Cartridge to Activator.
2=Transfer from Activator to Cartridge.
DCC is dicyclohexylcarbodiimide BOC is t-butyloxycarbonyl
15 HOBt is 1l-hydroxybenzotriazole Pmc is pentamethylchroman-6-
NMP is N-methylpyrrolidone OtBu is ;ﬁiﬁggr:ster
trt is trityl

-20 The resins were washed with NMP between each
coupling step. The protocol for one synthesis cycle is shown .~
below in TABLE VI: .
| TABLE VI
25 COUPLING PROTOCOL FOR ONE SYNTHESIS CYCLE
OPERATION TIME (min.)
1. Deprotection (10% piperdine 20
in NMP)
30 2. Wash (NMP) 5
3 Couple (4 equiv. Fmoc-amino 61
acid-HOBT ester in NMP,
preactivated 50 min.)
4. Wash _ - 3
35 5 Resin Sample (optional) 3
TOTAL 92

-96-
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10 pepti de 13 GVLDLFRELLNEGLEALKQKLK  (SEQ DMNO 13); peptide 14
PVLDt FRELLNELLEAb G (SEQ I D NO 14); peptide 15 PVLDLFRE.MM{.,#Q(LK )
(SEQ I D NO 15); peptide 16 PVLDLLRELLNELLEALKQKLK (SEQ I D NG 16); o
peptide 17 PVLELFKELLQELLEALKQKLK (SEQ ID NG 17); 15 peptide 18
GVLDLFRELLNELLEALKQKLK ~ (SEQ I D NO 18); peptide 19 pVLDLFRELLNEGLEALKQKLK
(SEQ ID NO 19); peptide 20 PVLDLFREGLNELLEALKQKLK  (SEQ I D NQO: 20);

peptide 21 pVLDLFRELLNELL EMiteKiakids( 8ECEPD R®@4§- (hapuhtdyd)d alanine

PVL DL FREL LNEL 2
F>|_LELFKELLQEL*Y%A;?K‘%EE"‘:’ELQ‘jl (i?ﬁ%”lg NQ“%% pg'B?‘fo@ & I§5VLDLy|%l LfﬁéffEXfQXKLK
(SEQ | D NO 24Foupted |ta%n%1 1y BicrREenNEX AU 1 (WKG [Emadofzg)-

peptide 26 Pyh ﬁlél‘a@é-li mm(:ﬁEQ-kﬁ-Il\ﬁ@ﬁotri@i&léjQ%ﬁl)-
PVLDL'FRELLNELZ

SE
PVLDLIﬁQELLNEL%\EALk % le‘rﬁélt‘é‘) teﬁﬁﬁﬂ‘b‘é’f‘%& d."é%{LNI%_r@EALKmLK
(SEQ 4 D NO 29)1;.saoljvédi|e1:hd-5 anlnNMH aadyhmaked ypehttlell pepyidecetadiai.ed or 3D |
dansyl ated) and/or Gt dat
e A % fechal: CandtierElndin O3 Giod! oShibethy fd I QLo e Wi 1L
ApoA-1 * addadorthe smax@mﬁusthak@n &orop nhowé% oandd righe dentigde-wesin | |

111 and/or | VyghBh¥4i @htﬂkéé SwEcap hﬂemcor@hégcé@pﬁﬁélQﬁi%lﬁcy was( 1)
or an N-term nal  ac gted and/.or C-term_nal esterified

or_-75
f or mther eof , "SRG fusheg rhs M&rpg'ﬁ'ﬁ?:dzgah‘é%’éf dq-?fbo't Fnal & &iqchen.)

descri bed her34059577), and the coupling repeated if necessary. After
coupling of naphthylalanine, the remainder of the synthesis

was performed automatically as described above.

15 6.2 SYNTHESIS OF PEPTIDE AMIDES
Where indicated in TABLE X (Section 8.3, infra),
peptide amides were synthesized using a Rink amide resin
containing the Pmoc-Rink amide handle
4-{2’,4'-dimethylphenyl) -Fmoc-phenoxymethyl (Rlnk 1987
20 Tetrahedron Lett. 28:3787-3790) and the synthesis protocols

described in Section 6.1, supra.

6.3 SYNTHESIS OF N-TERMINAIL, ACYLATED PEPTIDES
Where indicated in TABLE X (Section 8.3, infra),
25 N-terminal acylated forms of the peptides were prepared by
exposing the resin-bound peptide prepared as described in
N Section 6.1 or 6.2, supra, to an appropriate acylating agent.
For N-terminal acetylated peptides, 15 ml of acetic
anhydride solution (10% v/v in NMP) was added to each 1 g of
30 resin-bound peptide, the mixture shaken for 5 min. and Eho;
resin recovered by filtration. The recovered resin wasﬁﬁ{
washed three times with NMP (15 ml) and three times with
“ ethanol (15 ml).

.35 6.4 CLEAVAGE AND DEPROTECTION

Following synthesis, the peptides described in
Sections 6.1, 6.2 and 6.3, gupra, were cleaved from the resin
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I'n yet another preferred enbodi ment, the core peptideg/that conpose the

ApoA-1 agoni Styeodé/feaPt any of the 5 fol | owi ng pepti despcprijbdAsz7/5:
PVLDEFREKLNEELEALKQKLK  (SEQ I'D NO 75); peptide 94:

PVLDEFREKLNEALEALKQKLK ~ (SEQ I D NO 94) ;- pepti de 1009:

PVL DEFREKLNERL EAL KQKLK (SEQ I D NO: 109); peptide 237: LDDLLQKWAEAFNQLLKK
(SEQ I D NG 237); 10 pepti de 238: EWKAFYEKVLEKLKELF* (SEQ I D
NO: 238); peptanid QeiroteddBKARYBKYFEREKERGe soluti¢SheprntiaiMIriAP2.5%epti de

%hFY%iEM*w\QC 8559 6%95537%) aﬂ% gﬁ%:gg’%?% [ﬁ%ﬁ%@ﬁa KEAF
(SEQ | D NG 244Y/ V/i*s) To m,fpﬁac@e csl@gvageDvMAm DRYFEleEge solution $E® | D

NG 245); peptidged4fo o.2Vmd1Y &EKEEE.m and stoFfed Qd\pﬁ‘hﬁ)houﬂi%phh:de )
247 DUFKAFYDKEFEREKELE 247%‘%&3 ptj de

EVILKAPYEKVL EKE R Fremperatyrgsq |TB E&E‘) was; s VR %{it¥ation and
EMLKAEYEKVEEKtKELEIeaved/deﬁﬁaﬁackEdNﬁbﬂéﬂﬁe PlecipitapePtwilth 2hikthyl

EW_KAEYEKVLEK L. n tide 251:
E\/\LKAFYKWLEK%%‘E washed @58 FBhﬁé %g%) drf"ﬁga—’#r)%%%%'r ef erred enbodi nent,
the ApoA-1 agonists ar &heiclaayvage mekpapﬂu flor peptides camBlRMIOP Trp
é?@céé"ﬂoﬁpﬁr g 9, ey A 'r?lﬂ’%a?"*ﬁkgﬁg %%B‘égts'y‘&?ﬁE PR R B o o
THE AfbA-| PEPERDE: AR50OM:87S43B% 1,2-ethanedithiche 4G% apdsoilgeands 3khe

I nventi on mayphendrepared using virtually any art- knovvn techni que for the
preparation o’tf) peptides. For exanple, the peptides may be prepared using

conventional step-w se solution or 6sq_l, (;Lmﬂ de synt heses, or

reconmbi nant DNA techni ques.
The crude, cleaved peptides of Section 6.4 were

15 purified by reverse phase HPLC. The purity of each peptide
was confirmed by different analytical techniques (analytical
HPLC, capillary electrophoresis). Capillary electrophoreses
were carried out on fused silica capillariés of 70 cm length
and an internal diametexr of 75 um (Thermo Separation

20 Products). The separations were performed at "25°C, 15 kV,
run time 35 min., in two different buffer systems: Buffer 1
(20 mM Na,B,0,, pH 9.2) and Buffer 2 (10 mM Na,HPO,, pH 2.5).
HPLC separations were carried out on Nucleosil 7C18 or
Nucleosil 7C4 columns (Macherey and Nagel, Germany), 250 x 21

25 mm, at a flow rate of 8 ml/min. The gradient elution was
performed using a mixture of 0.1% TFA in water (Solvent A)
and 0.1% TFA in acetonitrile (Solvent B). The gradients used
were aéjusted to meet the needs of each peptide.

30 6.6 CHARACTERIZATION

The mass and amino acid analysis of the purified
peptides described in Section 6.5 were confirmed via mass
spectrometry and amino acid analysis, respectively, as ‘
described below. Edman degradatiop was used for sequencing.

35
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35 -76- 5.2.1 CHEM CAL SYNTHESI S Core peptides may-be prepared using

conventi onal sol'ution or solid phase synt hesi s (see 9820327
Chem cal Appriggﬁe)s%f:gg the Synthesis of Peptides and 5 BFg,tugsrflzss
WIlliams et al., Eds., 1997, CRC Press, Boca Raton Florida, and references

cited therein; Solid Phase Peptide Synthesis: A Practical Approach,
At herton & Sheppard, Eds., 1989, IRL Press, Oxford, England,  and references
cited therein). 10 Al 6c6nnt iMeIM8 t he peptides of the

exarpl e in LU et o K rygtodib SonERLEAL L PRAEPRN S sty LB, 1!
al ., 1995, J.apadrupdenmams:. Spppxrpse;emmoderhrﬁ& W0; RiggslgamMAT). San

Pepti de Pr ot eiigaBeen, 49820%akl Giaehh for masSCADOLARS nd@thKenty 1992, Science
256: 221-225; Liu and Ta, 1994 em Soc 116(10h 4149-4153; Liu

and Tam 1994PReHBRtigaH}Y %S&r?te&ierfeeéﬁ%ar%%g%@aalmﬁ%% MRsavgedi |
1988,:1nt. J. fBﬁpbaﬂplPrmtﬁrdﬁtﬁftion?:to323e33€ﬁ1osﬁ'ﬂiéﬁld: prEgdurall arl y the

th gl t ai ni i . QO h met hods. ysef for
S hosi o1 oY SRBEREESLE LR 1 e spperrdeidnC T NakitReel
al d} 19?:5t J. sprey€hewas perat@E@d 28 a- ?OQitlﬁpopetemg:mi s L&tk ni m}y,el\l-
n or ~Ler n LLgques
o e ot BftbeBaBhKL Wk LT ST cABARI SEQ o UL & C *% 4l

10 the manifold was at 70°C. Positive ions generated by t

ion evaporation process entered the analyzer of the mass
spectrometer. The multiplier was adjusted to 1000 V. The
analyzer compartment of the mass spectrometer was at 4E-6.
All acquisitions were performed at resolution < 1u.

15 Peptides were analyzed by direct infusion of the
purified peptides using an ABI (Applied Biosystems) microbore
system consisting of a syringe pump (model 140B), an UV
detector {model 785A) and an oven/injector (hodel 1123a).. The
solvent system consisted of water (solvent A) and

20 acetonitrile.(sqlvent B), each containing 0.1% TFA. Peptides
were infused using either a gradient or isocratic conditions
and eluted from an Aquapore C18 column. The flow rate was
typically 300 pl/min. Concentration of each peptidé was
about 0.03 mg/ml, 20 pl of which was injected (e.qg., 30

25 pmol} .

' Full scan MS experiments were obtained by scanning
quadfuple 1 from m/z 500-1500 in 4s. Data were acquired
using an Alpha DEC station and were processed using the .

software package provided by Finnigan MAT (BIOWORKS).
30

6.6.2 AMINO ACID ANALYSIS
Amino acid analysis was performed on an ABI
(Applied Biosystems) 420 Amino Acid Analyzer. This system
consists of three modules: a hydrolysis and derivatisation
35 instrument, a reverse-phase HPLC and a data system. Peptide
sample were applied (3 times in triplicate) on porous glass

-990.
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term nus of a peptide or amidating or.esterifyi ng thg/C- termnus of a

peptide are m@*b;ﬁﬂ@gm inthe art. Mdes of carryi ng ot her nogctiusedaosars at
the N and/or Ctermnus will be apparent to those of skill in the art, as

wi || nodes of 30 protecting.any side-chain functionalities as may be
necessary to attach term nal bl ocking groups. PharnaceUticaIIy'acceptab!e
salts (counter ions) can be conveniently prepared by ion-exchange -
chromat ogr aphglides and swbseduentiyt hydrodyzadeunder gamphase tdanditiiongs

Conmpounds of i ch [ 0, t e I ¢ n be
conveniently syn he§|zed9E§M2dd Aﬁ&g? thB@a% 6F1eéerﬁ§€ P%ﬁ%ﬁéfﬁgiﬁiqgg

chain at the %mh@@ﬁ#ﬂ&%%“@#@pCpﬁV?ﬁ§e§yﬁ9hB§Fs Al ternatively, the helica

segnents can bﬂlmmﬁ%ﬁ%aﬁwle%&néea&&amr@gﬁggdprvréh the linker. Of
course, the actual” nethqQd of synthesis wll

conpoSi tion of PRERYLS OCY&TiAt )| ﬁﬁ&?&??ﬁg E%ﬁe?r% q&?\cf{%%e‘:fﬁ“g’[lﬁ es are
wel | known, amloymdﬁe li@_sﬁnlt&&@nhlbcﬁufrhesﬁeﬁé fkattiomated ontan Gryvapords of -

the invention are in_t forn1 b anche _
conveniently g% ‘1‘%&*5&&% h[ehgrf 1en ?‘F r(rgﬁ ‘E?Pt gﬁ Q,%a C resins
and cheni st ri asmoisyy idvetate TAMAIDSHE S ok, MatvateAva®olSent BSA32 mmol

B5: 5409- 5413 4pCs DBRPTa e e (vABAE) EH aheofls 08beMRn P01 Ty Ghadli Vi ng

t he synt hetic resins an trat edl es to synt esl ze net vvor
hi ghd® or | ovepPnditdans af Nemperasurgi Fonsrol. ThePHG AR vfﬁredu ffer ent

core peptide pebiédded 3N sdftware package provided by Applied
Biosystems. Quantification was performed relative to a
peptide standard delivered by Applied Biosystems.

i5 6.7 SYNTHESIS OF BRANCHED NETWORKS
Tetrameric-core peptidyl resin and trimeric-core
peptidyl resin are synthesized as described in Demoor et al.,
1996, Eur. J. Biochem. 239:74-84. The tetrameric and
trimeric core matrix still linked to the 4-methyl . -

20 - benzhydrylamine resin is then used as initial peptidyl-resin
for automated synthesis of core peptides as previously
described.

Branched networks containing helical segments of
different amino acid compositions can be synthesized using

25 orthogonal synthesis and protecting strategies well known in
the art.

7. EXAMPLE: STRUCTURAL AND LIPID BINDING
ANALYSTIS OF ApoA-I PEPTIDES :

30 The structural and lipid binding characteristics of
the purified peptides synthesized as described in Section 6,
supra, were determined by circular dichroism (CD),

fluorescence spectroscopy and nuclear magnetic resonance - .

(NMR) .
35
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wel | within the capabilitjes of "’ those of skill in thejart of peptide

chemi st ry- andAhpp ogi@8ei c cheni st ry. Formation of di sui fide Ii PEDSSEB20827
desired, is generally conducted in the presence of mld oxtdizing agents.
20 Chemi cal oxidi zi ng agent.s may be used, or the conmpounds may sinply
be exposed to atnospheric oxygen to effect these |inkages. Various nethods
are known in the art, including those described, for exanple, by Tam et
al ., 1979, Synthe5|s 955 957 Ei%whrﬂ:ﬁﬂﬂﬁ@@hgiggﬁr_éﬁl|d Phase Pepti de
Synthesis, 25 Eﬁ. & GaewhsdbsCanpasyeRBsk fitthod lfoyANed et
al ., 1975, J. _Biol. Chen1 250 8477-8482; and Penpi ngton et al 1991

Pepti des 199094%2xMiEing; the degreendd BeliEALY, OESERR ERTIREPERGSS of

Net her | ands. meaﬂdvémﬁ@i WIHIErAYRd e bafdescahfedin byhKasivaterrie @f , 1980,
Hel v. :Chim 3:899- 30 915. A nethod conducted on solid
supports is d %B? Hed by Albericio, 1985, Int. J. Peptide Protein Res.
26:92:97. Any of these nethods may be used to forn1disu|fide | i nkages in
the peptides of the invention. 7~281 EXBEF NE SYNTHESI S I f the
peptide i's composed entpdelyy %&Qﬂ%remeﬁgelem ggeé&g'swefg Feddiddgn Of

it is so conposed, the geptl or the rel'evant poftion may al'so

synt hesi zed uBeHgeEn 19 a%rﬁﬁ?ntnr“bn(&ln PaoRBi RANP - ﬁeﬂ'&t#‘&c’@ﬂﬁ%r wigh .

t echnigques. Fgravegosbs f‘s”gﬁécﬂ&@t@ﬁ qmvm pekyoiatest | UekSRSBEN SRy emdl ng
the peptide is |nseréed |nto fﬁg) riate eigrgoiaon ve |cIe i le., a

vector which EEWRPER ¥He 2 ctric ce er and sample
changer. The instrument was calibrated with (+)-10-

camphoric acid. Between one and three scans were collected
for each sample, using 10 cm, 5 cm, 1 cm and 0.1 cm path

15 length gquartz Suprasil cells, respectively, for peptide
concentrations of 107 M to 10™ M. The bandwidth was fixed at
1.5 nm and the scan speed to ls per wavelength step. The
reported data are the mean of at least 2 or 3 independent
measurements. _ ‘

20 Aftef'background substraction, spectra were
converted to molar ellipticity (6) per residue in deg. cm™
dmol™. The peptide concentration was determined by amino
acid analysis and also by absorption spectrometry on a Perkin
Elmer Lambda 17 UV/Visible spectrophotometer when the peptide

25 contained a chromophore (tryptophane, dansyl,
naphtylalanine).

CD spectra were obtained with free, unbound peptide
(5 pM in 5 mM phosphate buffer, pH 7.4); with peptide-SUV
complexes (20:1 EPC:Chol., Ri =30 and Ri =50); with peptide-

30 micelle complexes (l-myristoyl-2-hydroxy-sn-glycero-3-

phosphatidyl choline, Ri=100); and with free, unbound peptide

in the presence of 2,2,2-trifluorocethanol (TFE) (5 uM
peptide, 90% vol TFE).

N The SUVs were obtained by dispersing the lipids

35 (10 mM, 20:1 EPC:Chol., Avanti Polar Lipids, AL) in phosphate
buffer (5 mM, pH 7.4) with bubbling N, for 5 min., followed by
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necessary el enents for the transcription and transhat¥on of 10 t he

i nserted codl‘gggﬁ gegnce, ‘or in the case of an RNA viral Vec pefushannsr
necessary el enen or replication and translation. The expression vehicle
is then transfected into a suitable target cell which will express the

pepti de. Dependi ng on the expression system used, the expressed 15 .
peptide is then isolated by procedures well-established in the art. Methods
for reconbi naohlpabienn(hrﬁl kpepit iide apb@dthcsbnﬁlcaterwelThézrinDg&naﬂte’ ot

(see, e.g., gagbgggé n wgg%qv '5}' b1, gleonl ng A Laboratory Mnual,

Col d Spring Ausu et _al., 1989, Current 20
Protocols in Ml ecul arTlmde@%rllegr é'@ifi?— P@ﬁ?ﬂ§ﬁﬂn§¥A@%§E¢%¥’e@Saﬁ#ﬁ VA

enti oty ) TAS o ICRGELOLOPD 2 e e %?Eé%b"eﬁwmﬁ P e can be”

| Yy | S | | [ .
desi ghed to &hCdBEmATERE ‘fﬁ’i]at’)s/ ‘% A5’ %B]g?ﬁ%ré‘é%g &j“@
enszat iC c: @ﬂvagezgw%eﬁ bublelir@mzhﬁanpslmmrs fcs]elnmﬁd oy p;emme&engm tz) .
or heteropol yners [ S st n an eered in -
this way. The resultin é/ ptl}élee?-:’e %lbdé eave{?g%)‘bg %IW? érlent W th
t he appropri atdelednmn'ebxelpepu@e (o wedaevér w@OphOSPhatﬁeb@ﬁﬁeId@mn’l 14,

Thiscanincr Ié’ﬁ?f | Qgl €0 er. In a
preferred errbodl hgspﬁbﬂﬁglgl stronqégq%ﬁ:c\&?%ég%/l(ﬂgcgﬁ %o d”:grs?‘i;ned SO

thatl® single nRNA is ?Paﬁ% 1B ceheReRt idecadesing crpPieres: i mieekies

honopol yrer s weireh@h@eapebyfRé Speeide M ineGi aN §ﬁosphate019@fﬁér veéw
linked to a (;7ap | g egEen% %@nsl ation control sequence; e.g., an internal
ri bosone ent ry %

All spectra were recorded at 37°C. The stability
of peptide 4 (SEQ ID NO:4) as a function of temperature (both
15 free in buffer and in micelles) was determined by recording
spectra at a series of different temperatures.
The degree of helicity of peptide 4 (SEQ ID NO:4)
as a function of concentration was also determined.

20 7.1.2 HELICITY DETERMINATION
The degree of helicity of the peptides in the
various conditions was determined from the mean residue
ellipticity at 222 nm (Chen et al., 1974, Biochemisﬂry
13:3350-3359) or by comparing the CD spectra obtained to
25 reference spectra available on databases (16 helical
reference spectra from Provencher & Glockner, 1981,
Biochemistry 20:33-37; denatured protein reference spectra
from Venyaminov et al., 1993, Anal. Biochem. 214:17-24) using
the CONTIN curve-fitting algorithm version 2DP, CD-1 pack
30 (Aug. 1982) (Provencher, 1382, Comput. Phys. Commun. 27:213-
227, 229-242). Acceptable fit was determined using the
statistical analysis methodology provided by the CONTIN | .
algorithm. The error of all methods was 45% helicity. .
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used in appropriate viral expression systenms, the tragiélation of each

pepti de encodeﬁot;;n MRNA is directed internally in the trapggfispdses 9. .
by the IRES. T e polycistronic construct directs the transcription of
a single, large 5 pol yci stronic nRNA which, in turn, directs the
translation of nultiple, individual peptides. This approach elimnates the
production and enzymati c processing of polyproteins and may significantly

i ncrease yield of peptide driven by 2.3i3g|REgMMESter. 10 A
vari ety of host-express] r Sy 0By Iy £y the
pepti des descri bed herz#‘l%g sf% ioﬁc?‘lsgg‘,élggt (g)ree&fno‘%ﬂ%ﬁ%étééd%

m cr oor gani snpeptidieas (freekr ithe pepsidenSHVweenplesesbi H¥R) bddreeri ophage

DNA or pl asm d.DNA1EXR{ 8851 ONeonpfiledes QREES) NARE e GuBORId AffE Bolution
codi ng sequen

e; yeast or filapentous_fungl trapsforned with recgnbi nant
yeast =or fungi(T‘é'ﬁ%(%%iB?P%ﬁ%r@ CORLE Kirn§eShif opr i-’eﬁéﬁ%'odi’ﬁ't?
sequence; i nsaefreel bf shel by ffepeptidet B (SEQND M4 Viddisa eByiicrsidiron

vectors (e.c., cbacul oviru co l PLQpPY | odj X

pl ant cell sygfeﬁgnﬁﬁnéraé}'o n&ec ee(?%\%l ?&u§§Cé§b#%§1€sﬁi+%r5§%§§;%§d;ﬁ n
vectors (e.g. TABABI VIXower nosaic virus or tobacco nosaic virus) or
transfornmed with reconbi nant plasm d expression vectors (e.g., Ti plasmd)
contajging an appropriate coding sequenggrgkani mal cell systems. 25

The expression el enents of the expression systens vary in their strength
and specificities. Depend gaLeoTtveolGeMmay @ (SED e Mbka)zed, any of a

nunber of suitable transcriptagon FUHCTrONSOR! CONCENTREETEON | ncl udi ng
constitutive and induci ble pronoters, nay be used in the

15 Concentration (uM) Free % Helicity TFE
Bound
{micelles)
0.15 42 65 -
0.49 58 . 68 -
2.0 63 ’ - -
5.0 80 95 -

20 . 50.0 - - - 94

Peptide 4 (SEQ ID NO:4) contains significant
ao-helical structure (80% helicity) in buffer at.a
concentration of 5 pM. While the degree of helicity

25 decreases with decreasing peptide concentration, significant
helicity (42%) is maintained even at concentrations as low as
0.15 gM. Moreover, the e-helical structure is completely
stable over a temperature range of 5-45°C (data not shown).

The helicity of peptide 4 (SEQ ID NO:4) increases,

30 in the presence of both SUVs (97% helicity) and micelles (53%
helicity), and also in the presence TFE (94% helicity), which
is a solvent that, due to having a significantly lower
dielectric constant (e= 26.7) that water (e= 78.4),
stabilizes a-helices and intrapeptide hydrogen bonds at

35 concentrations between 5-90% (v/v).
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30 expression vectaor. ' For exanple, when cloning in bacterial

systens, ind onDters such as pL of bacteriophage X, R fosofisP
ptac (ptrp-Iac r|d pronoter) and the |ike may be .used; -when cloning in

i nsect cell systens pronoters such as the bacul ovirus pol yhedron pronoter
may be used; when 35 cloning in plant cell systens, pronoters derived
fromthe genone of plant cells (e.g., heat shock pronoters; the -80-
promoter for the snalIRsﬁbnmAmgcﬁorﬂﬁaﬁﬁja.1ﬂﬁ@tpp@nﬂtén infrapeithcan dphy|

o/ b DG Reabe bR OEnbE0hEb Aoy iiRaP dihibic o6 3ASaBYRepr oFLesT Of

CaMV; the coat proteln pronp be used en croning in
mammal i an cel@ctivation é?%?sé}rsgefﬁﬁ%}érﬂ,oﬁf@rﬁs\/@d%léﬁﬁﬁﬁ Séﬁ%?’n\;c%*

mamal i an celdtsuctard, iAEtRL | piddaied rbﬁarnrpitda )(2@0%f heli GRIMBLraBtyte uses
(e.g.,. the adenogyirus | at eV CCInI V|rus ronnten%)nay .

t.er
be us®d; wherfg&Rér 58PRgCte ?bim%ﬁﬁgt Pﬁlézc8§| grpamt
expressi on praaddst porShlOeckedBPdeptiides contandl:tEiQ\/ 1iga oed fewetro amlnayadmdws ed °

Veetonn PO Ay hE1IELECLAPLEIRL (A cHd) AP HANGES BIH' BERPLS gas! on

vectors are Used € expression of sequences enco es of the
i nvention rra;cdmadmmnlgyoant}emraammeam&s pr mr@a§ pramtl@ss which

exanpl e, vi r@xh@.'iﬁ@l%ﬁlé“&? As iLder. 5&3&%@%0%%%5%1@&@@0&eh§19&aﬁaw
(Brlsson et al., 1984, Nature 310; 511-514 or the coat 5€ote cgrom)ter of

%?akamat ﬁPré’FtéEF-’e- 15gvevexpan  sque; %tﬁf)cer?ew B5PtE:
aI t ernati vel yoradht spganbieant suche bicdhestarmdturs Bmnitheo prBEBhSECH £

(Coruzzi et lipids do not exhibit significant LCAT activation. As a

consequence, the ability of the core peptides of the

invention to adopt an c-helical structure in the presence of

15 lipids is considered a critical feature of the core peptides
of the invention, as the ability to form an a-helix in the
presence of lipids appears to be a prerequisite for LCAT
activation. '

20 | " 7.2 FLUORESCENCE SPECTROSCOPY
The lipid binding properties of the peptides

synthesized:- in Section 6, supra, were tested by fluorescence
measurements with labeled peptides, in the present case
Tryptophane (Trp or W) or Naphtylalanine (Nal). The

25 fluorescence spectra were recorded on a Fluoromax from Spex
(Jobin-Yvon) equipped with a Xenon lamp of 150W, two
monochromators (excitation and emission), a photomultiplier
R-928 for detection sensitive in the red up to 850 nm and a
thermoelectric magnetic stirred cell holder. Quartz Suprasil

30 cuvettes were used for measurements in the micromolar '
concentration range. A device of variable slits (from 0.4 to

+ 5 nm) allows modulation of the incident and emitted

intensities according to the concentration of peptide used.
The reported values are in general the average of between 2 )

35 to 4 spectra. The peptide concentration is determined by
absorption spectrometry on a Philips PU 8800 - using the
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20 al ., 1984, EMBO J, :3:1671-1680; Broglie et. al¥., 1984, Science |
224 838- 843) wom 9shock prom)ters e.g., soybean hspl 7.5- Epeyusysmdzzy 3-B
(Gurley et al., 1986, Mdl. Cell. Biol. 6: 559- 565) nmay be used. These -
constructs can be introduced into plant cells using Ti plasmds, R

pl asm ds, plant virus 25 vectors, direct DNA transformation,

m croinjection, electroporation, etc. For reviews of such techniques see
e.g., V@lSShﬁﬁhﬁQEPﬁéP@SBé@ﬁ ofoBhe TR hbeiso 55 PPANY HﬁleéﬁlgFquB

Acadenmi c Pressy the naeCl(ie \Mdd , 7ap Mt AP JetHahdP)i.erson & Corey, 1988
Pl ant Mol ecul ar Bi ol ogé 24 ™0

i nsect” expr essi on syst HPPF&FCﬁﬁﬁebﬁpﬁgﬁﬁﬁt%gdéﬁﬁ&ﬁﬁgﬁﬁgspgﬁFFdﬁgc%fé?%e
i nventi on, Albeﬂgimha%abmf ahdi cao mucigalrioiHell dufdexr (i20usM( APBIRY) s

used as a vec}af, L 3 CERES §>§etsQ§ éﬁaggbggﬁsé of Tﬂwfcua,egr gﬁs' N 3Re

Spodopt era frugi p’er sequen
non- essent i al smakji mmsle:r@pllexanpsedﬁe '15@1‘9 gdiver I@hydratéﬁnt-ﬂé

virus and pl agegedindar rHRNG5A) Fn@ilaea A6Yo mﬁm@é (éﬁp%@sal gndt B€p
polyhedron pronoter). Success

I nsertion of g di ag ence wi |l Tesult
in inactivat i SR Gad OFo MPREdr 8nNy He ety pr’%‘&u P o'f"sﬁ NYeER | Sifer
reconbi nant g PCMHdlS ((2091) wir pOPCACKODQ (40: J)r.ot e epedsraowereoded -

nf edd SpodoSrte gtod RerkifRecPRCSHPERE R 4, ST B A0 8 s oo cosed
(e.g., see Smerhpeatata:lre of083°CJ). VheofludBesS&mecsSnaferdance skandardNin
4 215, 051). Ft’:‘ﬂé t'if'a{se of Trp was N-acetyltryptophanylamide (NATA).
Lipid binding studies were done through progressive
lipidic vesicle addition to the peptide in solution at 2 uM
15 (slits:5nm in excitation and 1.5 nm in emission):. Dilution
effects were taken into account for the fluorescence

intensity determination. The lipid concentrations were

varied from 10 to 600 pM and the molar ratio of lipid to

péptide (Ri). was varied from 5 to 300. The wavelength of
20 excitation was set at 280 nm for both Trp and Nal..

7.2.1 FLUORESCENCE SPECTRAL ANALYSIS .
The data were directly recorded and treated by an
IBM-PC linked to the spectrofluorimeter through the DM300OF

25 software from Spex. The spectra were corrected By
substraction of the solvent contribution and by application _
of a coefficient given by the constructor taking into account
the variation of the photomultiplier response versus the
wavelength, '

30 The fluorescence spectra of the peptides were
characterized by the wavelength at their maximum of
fluorescence emission and by their quantum yield compared to
NATA in the case of peptides labeled with a tryptophane. The
process of binding to lipids was analyzed by calculating the

35 shift of the wavelength at the maximum of fluorescence
emission, (A.,), and the variation of the relative
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10 exanpl es of this expression systemmy be found in Current
Protocols in Bi 0l ogy, Vol. 2, Ausubel et al., eds.,p&F69aR0327
Publ i sh. A5305$6§?U$$£y I nterscience. In manmal i an host cells, a nunber of
viral based expression systens may be utilized. In cases where an 15.
adenovirus is used as an expression vector, a coding sequence nmay be

| igated to an adenovirus transcription/translation control conplex, e.g.,
the late pronflworeswbrad jatensédtieedeenssgiencersuhithecliipdd ¢ gene may
then be | nSerdgeddt g fleNGH! U218908Pe Yot dodddd® QrebiXhyVas
recombi nati on, 21 nsertiron _in a non-essential region _of the vira
genone (e.g. dedipesh a8 the E9Llawingr 83610 i Al alo)esofbimant TvEnds Iv e |
viabl e and capsbh mefs\dd aesSithe RRPL) d8otFfesd rﬁ‘alr?j tePthe infeifl, £€€
Logan_& Shenk, 1984, _Pr % Natl. Acad. Sci, Uﬁﬁ 1: 3655- 3659) .

Al terfati vel YSt3tRe bddhipgPEige dse.. withoub }ipidgy e 1§s&8® (see,

e.g., Muckettigtermdity 382 defdaed\atibidAtadpetide (df)o Ehd/4]5ig 40K E
Mackett et al, 984, J. l.....49:.8%7- , nigali_et_ al .1 Pro

Nat | . Acad. s%?@é%%@%eﬁe%%‘%f .sua%ﬁe?%eggréggggoélf g%/iélfj'eérrss‘ f(;f'rhep%%% t’?gf: ﬁggtf he
peptides 30 thesefvatiatiipnsntisosredevanbeofpphe calvsence rafs dnrexiacgions | in
the art. 5.2.3¢ | S SA N e hPERE! BSnidRe peptides of the invention can
be purified by 35, IE:I'Qg?w:e--knovvn techn?ﬁ&es such as reverse, phase

chr offlt ogr aphy hi gh performance |iquid chromatography, ion exchange -82-

7.2.2 RESULTS AND DISCUSSION
The lipid binding properties of peptide 15 (SEQ ID
NO:15) (which is peptide 4 containing a Trp residue at
position 10} are presented in TABLE VIII.

- 15
TABLE VIII
BINDING PROPERTIES OF PEPTIDE 15 (SEQ ID NO:15)
TO LIPIDIC VESICLES AS MEASURED BY FLUORESCENCE
20 '
Lipid:Peptide }
Molar Ratio (Ri) /1, Apgy ()
0 0 332
5 10.8 . 323
25 10 13.2 323.5
- 30 17.5 323
100 26.4 323 -
200 43.5 323
30 The maximum of the tryptophane emission (\,,) at

332 nm indicates that in the buffer at a concentration of 2uM
the peptide is slightly self-associated. The peptide binds
to the lipidic vesicles (EPC/Chol 5%) with a very high
affinity as demonstrated by the burying of the Trp (the

35 maximum of the Trp emission-wavelength shifts from 332 nm
down to 323 nm) and the high fluorescence intensity
exaltation (see TABLE VIII). The maximum burying of the
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WD 99/ 16459 PCTFUS9820327
chr omat ogr ap ‘Qﬁk 56! ect rophoreS| s, affinity chromat ographyP@@ﬂJsgm_-,i-,l Ke.

The actual .con |t|ons used to purlfy a particular peptide will depend, in
part, on synthesis strategy and on factors such as net charge,
hydrophobicity, S hydrophilicity, etc., and will be apparent to those
having skill in the art. Miltineric branched pepti des can be purified,

e.g., by ion Exybeophang xssisiuexdisusbbainadoher oyregmny lomod ipfid ot y

chronatograpngéﬁy{ag|ﬁ5§éfnkagyg/1%qer thanagt i body which specifically binds
t he peptide y be used. For the production of antlbodles vari ous host

ani mal s, including but Qﬁﬁeqlﬂﬁﬂﬁégeﬁowpéﬁﬁl?§ ikjeed 3 hig @F@reenﬁf be
i muni zed by hej eeit@ninitHe @f&@réhbéeomeepm@t(dmmﬂoanmww to a

suitahle carrier uch cha ctional
gr oup >or ||nk8?§t% cFEE?i§Q§ﬁﬁeagﬁ§Fn ?ﬁﬁ%f#?%ﬁﬂ %535£? g@

adj uvant s nayainenusmhds)- incrtGadert heblovked| peptides e}ﬁoe:ns.@ ada.[me:ndl ng on
t he host spec d .and

| nconpl et &) %?%%?’af%"“% ot P i bl nES o &0 AT 58
active substaﬁé@%l% - s SUREER o &L1ER) ﬁemBF§F6ﬂF%dpﬁ9%I1§-Plﬁolb}éaﬂ1@ﬂs of
pepti des, 0"c6ﬁ¥!;é'%§ond‘%ﬂf10|t%é p@petidegngéyé&éa B HHe @ahenalay and

Do 86k onehac RSPt Hh vrrpebsd, only Lhe%oRSS (Ao R B HY .

pepti de may bﬁlposmambms»m aestiedc ivrquhenhi Tipid ddrdhng @rdgerties.
production of antibody nol ecul es by continuous cell lines in culture. These

i nclude but are not limted to the hybridonma technique originally described
by Kohler and MIstein, 1973, MAGNETIC RESONANCE (NMR

This Example describes an NMR method for analyzing
15 the structure of the core peptides of the invention.

7.3.1 XNMR SAMPLE PREPARATION
Samples were prepared by dissolving 5 mg of peptidé
in 90% H,0/10% D,0 containing trace amounts of 2,2-Dimethyl-2-
20 sila-5-pentane sulfonate (DSS) as an internal chemical shift
reference. Some of the samples conﬁained trifluoroethanol
(TFE) (expressed as % vol). The total sample volume was

500 ul and the concentration of peptide was approximately

5 mM.
25

7.3.2 NMR SPECTROSCOPY
*H NMR spectra were acquired at 500 MHz using a
Bruker DRX500 spectrometer equipped with a B-VT2000
temperature control unit. One and two-dimensional
30 experiments were recorded using standard pulse sequences.
(Two Dimensional NMR Spectroscopy, Eds. W.R. Croasmun and RMK
Carlson, 1994, VCH Publishers, New York, USA). Water

- suppression was achieved with low power presaturation for
2 sec. Two-dimensional experiments were carried out in the
35 phase sensitive mode using time proportional phase

incrementation (TPPI) and a spectral width of 6000 Hz in both
dimensions. Typically, 40 scans were co-added for 400 t,
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30 256: 495- 497, or' Kaprowski, U.S. Patent No.. 4{/376,110 which is

I ncor por at ed Q,b%§¥§ence herein; the human B-cell hybridona §/50389
"Kosbor et al. | mmunol ogy Today 4.72; Cote et al., 1983, Proc. Natl.
Acad. Sci. U S A 80 2026- 2030); and the EBV-hybri donma techni que (Col e et
al ., 1985, 35 anoclonal Anti bodi es and Cancer Therapy, Alan R Liss,
Inc., -83- production of "chineric antibodi es" Mrrison et al., 1984,
Proc. Natl. AmRremsats Witha2048: 48ta-BOLEES NeBRERySreRE PHOCesSedaUSAALUr e

312: 604- 608; Fialitls Wosthvarel 9151 o B8t bt co S Ao orass TidioaPat ent M.

4,816, 397; Cabi l 816, 567; which. .ace

i ncor por at ed WMésﬁéFEPﬂ)GﬁﬁPgb?gﬁl ndPa4R “b"é?f'eszefa?oo% iEﬁE}uge
anti body nol egisee s02KappEpBEasaecmantigeand pasodized oyt egaiEiteshdiftedgenes
fron1g human an ar%ﬁyégﬁ% §%g&eg8nggggﬁoprlate bi ol ogi cal activity can be

used. "Or "hunm € prepared (see, 10 e.g., Queen,
U S. Patent No. 5,585,089 which is incorporated by reference herein) g
Al ternatively, techniques descri @ed-Bor NMRoASSEGNMENE of single chain

antibodies (U.S. Patentd eﬂegﬂﬁozgﬁ) ré@&n&%@@ﬁf&débt{g QEHEE obtained

pepti de-specific single chain anti Ant i body
P Fagnent 5 vihi th ARG 0PeBraHEREEad B8P FENT oG T8 YRTe
genenat ed by BproosY ecﬂumsqzuead ROESEXx8pptera sagdésepited Sir ntleude but are

of the ant | oty A BRERaD: ¢ M Ea: BPovRiEn S el e dey D20 20
by reduci ng the8&li sldhn &diley &ég8enef{ Nee ¥oxbhi ZUSA). Secondary chemical
shifts were calculated for HN and Ha protons by subtracting
the tabulated random coil chemical shifts (Wishart and Sykes,
15 1994, Method. Enz. 239:363-392) from the corresponding
experimental wvalues.

7.3.4 RESULTS AND DISCUSSION
General Consideration. Amphipathic helical
20 peptides tend to aggregate in aQueous solutions at the high.
concentrations necessary for NMR spectroscopy, making it
difficult to obtain high resolution spectra. For example,
NMR spectra of exemplary core peptide 4 (SEQ ID NO:4) in
water exhibit very broad lines. Thus, the resonances of each
25 amino acid residue cannot be resolved. 2Addition of TFE to
the sample improves the resolution of the spectra. TFE is
known to solubilize peptides, and in addition stabilizes
helical conformations of peptides having helical prbpensity.
The findings from NMR spectroscopy are demonstrated for

30 peptide 4 (SEQ ID NO:4) as a representative example. The
consensus 22-mer of Segrest (SEQ ID NO:75) was studied in
. comparison.
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et al., 1989, Spj@RpR.246:1275-1281) to allow rapid and easy igigid ion
of nonocl onal E&Egagganents with the desired specificity for the 6%%??@% of .
25 interest. The antibody or antibody fragnment specific for the "
desired peptide can be attached, for exanple, to agarose, and the
anti body-agarose conplex is used in i nmunochronat ography to purify peptides
of the invention. See, Semmslarjoghemd@al shifPsot eProtran idhepricadnshifts
Princi pl es and;Pracsl ol g P a Y, dfCresi g R_gsthpe.
1974, Met hods ?Jr';\) ﬁiz%‘%coﬁ;%r %ﬁoggﬁ?ngfxl\?gﬁro ?ogfrqap syl%e :gr!_lot era)?lnsB
34:723- 731. -Bacal Sepand BEORFEAri FRRVUR ATERINSIANY WERYEES OF
gREATIC\i/ENT_ The ~éﬁ9§ﬁé§yﬁgqrysg,ls lquogtra%s: E'Lﬁ_eﬂhfzmé_aﬁalﬂa &&Q@diﬁs(bﬂarrﬁfétf anzfm o

i sorder in.anjmal:s. especi S cluding ' , ..humans, for ic

3 BfoRHRI A 3G A4S0 e | FHEFRGOFeaTidenfd FhARRIETH §F

I ncreasi ng seroHrt

chol esi er ol _ef'fégiThnsdBhdaxrybenetictuzk. iSupbssible thyrneonpeadinge, but are
not 1imted t oy f’thérﬂ'laqe@hﬁ’ft@n%i@ﬁpg%bﬁhbfeﬁy@ﬁ\#%%!f]cht %‘ch}?}l 033"

car di ovascul ar- a,5ease such as -at heroscrerosrs. (1 nc _
treat ment and geRRMALPHLI at heroscl erosis); restenosis (e.g., preventing

or treating: atheroscl er Gid/madli2aUes whi abndeys! %%aﬂ%gb%ﬁﬂlt%n & 2h up-

fragments. AIternétfver,~Fab expression |ibraries nmpysbe constructed (Huse

medi cal procedyges: such as, balloqn angi op] asty); and ot | sorders, such
as 10 p'_; '%%g%é ‘(negative) sﬂift fgr ghe Hz)resonance. Observation of
. ‘sh Upfield Ho shift for several sequential residues is
gélie¥ally taken as evidence of a helical structure. The Ho

‘s&edhdary shifts for peptide 4 (SEQ ID NO:4) in 25% TFE at
295 X ‘show a significant negative shift for residues 4
15 - ﬁhfﬁﬁﬁh 19 (FIG. 93), demonstrating a highly helical
conformation. Small differences are observed in the Ha
OhemiFal shifts of the consensus 22-mer (SEQ ID NO:75)
coitifidred to peptide 4 (SEQ ID NO:4).
The chemical shifts of amide hydrogens of amino
20 acid Yesidues residing in regions of «-helix are also shifted
'ﬁﬁff%%ﬁ with respect to the chemical shifts observed for
randdih coil. In addition, a periodicity of the HN shifts can
Be ob#erved, and it reflects the period of the helical turns.
The Emplitude of the shift variation along the sequence is
25 relatéd to the amphipathicity of a helical peptide. A higher
hyﬁféﬁhobic moment leads to a more pronounced oscillation
(Zhoh ‘et al., 1992, J. Am. Chem. Soc. 114:4320-4326). The HN
‘seconflary shifts for peptide 4 (SEQ ID NO:4) in 25% TFE at

. Mg
255 'K 'show an oscillatory behavior in agreement with the

30 ifathic nature of the helix (FIG. 9B). The amide *
féhé gal shift pattern of the consensus 22-mer peptide (SEQ
fﬁ.T 75) differs significantly from that of peptide 4 (SEQ

) szﬁ 4) . In particular, replacement of residues 5, 9 and 13

. Wi eu (L) results in chemical shifts with a more

35 ?? ¢ nced periodicity in the case of peptide 4 (SEQ ID

The effect even extends to residue 17, and to a
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endot oxem a, which often results in septic shock. 15 . .# The

ApoA-1 agoni s ogﬁﬁﬂgﬁ used al one or in conbination therapy WeETIuSisRe327

drugs used to 1réa e foregoing conditions. Such therapies include, but
are not limted to sinultaneaus or sequential adm nistrati.on of the drugs
I nvol ved. 20 For exanple, in the treatnent of

hyperchol esterol em a or atherosclerosis, the ApoA-1 agonist fornul ations

can be adm ni stessed wixtlensngoonesiduern?. of Fram theoNMBt 8ash. | Bheri ng

t her api es curr8aldenlcd UFes-8- Burfs! £n A6é QM AhaBENdiBRELAEqSt ati ns.
Such a conbi ned regi nen 25 may produce particularly beneficj al

| f
t her apeutic eff¥ys thiencepdacamentPRCERYSR PINT rSids: afErGEes the
chol esterol syf1EEGS cFNEhkr BBEPDASE ; alokg . ik lentdded segabhgeal fEHé NMR

chol esferol recycling, .the.c Il cron_and LDL popul ati.on:.pRiacin primarily” |
affectd the VEBELETA CRERIVUFSTIBHES { HES sTATEE By GrehiBatpyg frcute oF

chol est erol sywdtddies 4 dSEQedPi NQ: 4 head Dtomparddatticotheapdnpenbaps22-mexr -
i ncreasing L [ LGaRt %éggggi}@%%?igﬁqﬁ@§§s he ApoA-1 agoni sts affeéct

RCT, increase , Increas §¥ and pronote chol esterol efflux.
| n anot her enbodi nent, {The Apepndaryjophiit ehamamgsle protgsedsin

conj unction WiidrihjdalE syt enk €8hgt PSE ! t R d8MrbgerBPond to the carbonyl
hyper chol est erol em a and/ 0r cardi ovascul ar di seas€ such _as at heroscl erosis.

h
-"1'n 3Rt anot KREYSERSMENEHED BHRY ARBAM| R Mt % oTREFEtPRGentPBN can be
used in conbi fRidieRiIWilty dfeoBBkived chemical shift values reflects

different hydrogen bond lengths. This difference is
associated with an overall curved helical shape of the helix:
backbone. The hydrophobic residues are situated on the

15 concave side. The secondary shifts of peptide 4 (SEQ ID
NO:4) indicate a curved o-helical conformation.

7.3.5 PEPTIDES CONTAINING INTERNAL GLYCINES
20 ARE HELICAL IN THE PRESENCE OF TFE

THe three-dimensional structure of peptide 8 (SEQ -

ID NO:8) was determined in the presence of TFE using Nuclear
Overhauser Effects (NOEs) derived interproton distance
constraints. 1In particular, the presence of medium range

25 NOE’s (daoN,, dof,, daN,) along the entire sequence are ‘
consistent with an overall a-helical structure. A family of
conformers was generated from the NMR data set and the
structures superimpose well from residue 4 to 19 with a
backbone RMSD < 0.8 A. A stereo ribbon representation of the

30 average structure together with the backbone trace of the 15
lowest energy conformers confirm a curved helical shape. 1In
an approximate estimation, the bend results in a 20° angle
between the N-terminal and the C-terminal half of the 3
peptide. The hydrophobic residues are mainly found on the

35 concave side with the exception of Leu-5. A well defined
hydrophobic cluster is centered around’ Phe-6 including Leu-3,
Leu-9 and Leu-10. While the helical turmns start around
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5 m crobials and anti-inflammatory agents currepgty used to treat

septic shock iR@ueReysyy endotoxin. The ApoA-I agonists of thept-ﬁmgijmgm can
be formul ated as peptides or as peptide-lipid conpl exes which can

adm nistered to subjects in a variety of ways to 10 del i ver the ApOA- |
agonist to the circulation. Exenplary formulations and treatnent reginens
are described below 5.3.1 ApoA-I AGONI STS AD PEPTI DE/ LI'PI D COVPLEX ‘AS THE
ACTI VE | NGREDIMESE A 3 at the N-termiffhe, Ao axisfenicst ofepanycBOESLs we

synthesi zed ory geuifagidingd ; iak Bdraynd et Gin 1deeatbhad LOySPaL! e Serd

and its subsections. Stable preparations which have a ng shelf life may
be nmade by Iydﬁmrqh%an}Qﬂménﬁéptldes -- either to prepare bulk for
reformul ati on, or to prepare individual 20 al i quots or dosage units

whi ch-can be reconstituted y r tio |t o or _an
appropPiate sterile buffer sé&g&&éngfgggkfgﬁlt .+#é§;g;§§3h to a subject.
In ceetain enbodi nents, mhe papthdepre?ntheshZeﬂfanwddsarebaddlndﬂeotsmmr6the
ApoA-1 agoni st a

sever al advantsatl aa’S| nce t al%ged 44 %#r%‘%gf%g\r/geﬂeg?r% |ar]?-é?%g e ??ﬁ’g?ée in
t he C|rcuIat|dﬂﬂxbartlnnﬂhﬂ’ﬂFAWhéﬁsﬁﬁe %@h@#@§@3u¥§S§Q§ﬁﬁlKamaélze and

density to t{lunfqgﬁégmyy:wglhﬁlggeopresﬁvgnprcaﬁﬁbggdgoﬁDg gopulatlons The
peptide-1ipid coml exes .can Qonvenlentl

nunbetOof et RRRPRAISINISEPIEBLOUERS] ata¥e1 pwdertayloﬁs Oﬁswnghaspbgeleweﬂ
life may be masteolinéd ymajnd)l aak eadiolhabelred | stajikidticrdli apeppoettoiBated

[ pi d conmpl exeb G BE e BAsPER P LEBEF of ek " BY ppBRtrlTEppidiea
ref or nul at i on, £xom tlunare piesmandi vIfbeakreaction is initiated by addition of
LCAT (purified from human plasma). Native ApoA-I, which was
15 used as positive control, represents 100% activation
activity. “Specific activity® (i.e

., units of activity (LCAT
activation) /unit of wmass) of the peptides . can. be calculated
as the concentration of peptlde that achleves ‘maximum LCAT

) activation. For example, a series of concentratlons of the.

20 peptide (eééé,'a limiting dilution) ceh be assayed to
determine the "specific activity" for the peptide -- the

concentration which achieves maximal LCAT activation (iég;,
percentage conversion of cholesterol to cholesterol ester) at
a specific timepoint in the assay (e.g.,. 1 hr.). When

25 plotting percentage conversion of cholesterol at, e.g., 1
hr., against the concentration of peptide used, the "specific
activity" can be identified as the concentration of peptide
that achieves a plateau on the plotted curve.

30 8.1 PREPARATION OF SUBSTRATE VESICLES

The vesicles used in the LCAT assay are SUVs
composed of egg phosphatidylcholine (EPC) or l-palmitoyl-2-
oleyl-phosphatidylcholine (POPC) and cholesterol with a molar
) ratio of 20:1. To prepare a vesicle stock solution o
35 sufficient for 40 assays, 7.7 mg EPC (br 7.6 wmg POPC;

10 pmol), 78 pug (0.2 umol) 4-C-cholesterol, 116 ug
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al i quots or dosage units whi:ch can be reconstituted. by! rehydration with
sterile matervﬂjgﬁmﬁgpproprlate buffered solution prior to adpCTrUsssRed2r on
to a subject. A variety of nethods well known to those skilled in the art
can be used to prepare the peptide-lipid vesicles or 5 conpl exes. To
this end, a nunber of availablé techniques for preparing |iposones or
proteollposones may be used. For exanple, the peptide can be cosopicated
(usi ng a bat hcholestirok otft .Gatumol ) wars d@ﬁﬁ@bvegténﬁdﬂ%lsxk%elf%r%ﬁd

conpl exes. Al §9§g }yféd t%e&%%tf':@% @aﬁubefcag‘a ?eﬂuﬁéi‘ péeéd&émctolf&he

|'i pid vesicles ting inth pont aneous fornma

i on of tide- H
conpl exes.. I'n yﬁtP@MQ&?K#DQNﬁﬂﬁ%ﬁéﬁﬁ§eun§ﬁ€ Béb??ﬁ%nl?imeﬁégékﬁ 5én be
formed by a debfiggpionli cdnEits ol hOQraﬁs@n, 280 NeshicErof, tDe mepipgles x

Lo Oe g et L, NS A el RS S OE ARG SR T S

Met hods i n EnpHnBlL4) 128r1‘fé3$cﬁﬂz)ate‘dhmhxtulne isregntngfmado@cttﬁmesarﬁbr 5
feasi bl e, eac 0 p i | ns in
torms of coot HioRERd P MIE 4 apUBonanl 3k, BOGRLS] 00 DU 1"
have devel opeal‘aag;%lmamﬂ@f forThSr ers&rlilﬁgngepleaé %@ ation is used for
prot ei n- phosphgki ghehmOBEHNES Whi ch have characteristics simlar to HDL.
Thi s yget hod can be used to prepare the ApoA- | peptide-lipid conplexes, and
has the foll ow ng advant ages: he ipcluded ingredients
are used to form 25 t he a%s"f %M&Q&L—dﬁt—gﬁé—avm di ng waste of

starting material whiclFos denIOAT puri€¢ictbéonpedartisan (2plfate/Mg*
treatment of human plasma is used to obtain lipoprotein

deficient serum (LPDS), which is sequentially chromatographed
15 on Phenylsepharose, Affigelblue, ConcanavalinA sepharose and

anti-ApoA-I affinity chromatography, as summarized for a

representative purification in TABLE IX, below:
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Lyophi | i zed conpounds are fornmed which are very stabl etxduring storage. The
resul ting conpkha¥Xesmsify be  reconstitut ed i mredi at el y Bef ore USfer, Aﬁé?n
resul ting conpl exes usually 30 need not be further purifie

formati on and before use. (4) Toxic conpounds, including detergents such as
chol ate, are avoided. Moreover, the production nethod can be easily scal ed
up and is suitable for GW manufacture (ie., in an endotoxin-free

envi ronnent). 35 In accordance with the preferred nethod,
the peptide and lipid are conbined in a solvent systemwhich co- -87-

sol ubilizes each ingredient and can be conpletely renoved by

| yophilization. To this end, solvent pairs nust be carefully selected to
ensure co-solubility of both the anphipathic peptide and the lipid. In one

enbodi-ment, the protgin(s)} or 5 peptide($) to be incorporated into the
particles can be discoﬁved in an aqueous or ofganic solvent or m xture of
sol verats (solvent 1). dhe |[(phespho)ljpid cqppgnent is dissolved in an
aqueous or organic sql gnt or AMi&ture of s@vents (solvent 2) which is
m sci ble with sol vent and 10 t he t%o| sol utions are m xed.
Alternatively, the p¢p§|de and lipid can be ipcorporated into a co-sol vent
system i.e., a mxtyr® off the m scible solvepts. A suitable proportion of
peptide (protein) toflipids is first determ npd enpirically so that the
resul ting conpl exes posseds the appropriate ip physi cal and chem cal
properties; ie., usu Iﬁx(butmn(ﬁ n@ceslari®y) similar in size to HDL. The
resulting mxture
m
2
o Nl © © @ o 1n o
- ~+LEl O 8 O o <« o
' H g &t v o =] o in
2@ M 8 o tn ~ 1
e = ornl v v MW & o«
H Y | &8
H 9
5] [ <0
A ) 3
n & £
= D
B &
B
wn
§ =i sse g v 2
L] .u.ug’“"°"" -
00 < o
BaT Y M
&
FE5l2 83 & 3 g
aéaf("s‘mmg @ - 5
09~
Q [}
=3 ) [ -
o] [ ] c 1
r o N O N LA
8 | &8 7S 9y of F
2 4 8 29 U3 §§ 24
= & 3 AR £ OO éﬂ:
113
n

10
15



is frozen and lyophilized to dryness. Sonetinmes an additional solvent must ~
be added to ttwog;,ﬁ%ge to facilitate lyophilization. This |ypghukestests
product can be stored for 20 | ong periods and will remain stable. In
t he working exanpl es describe infra, peptide 4 (SEQ ID NG 4) and
phosphol i pi ds were di ssol ved separately in nmethanol, conbined, then m xed
with xylene before |yophilization. The peptide and |ipid can both be added
to a 25 m xture of the twd.20! veBREPARMIZON OFt LPBEBy, a sol uti on of
the peptide dissolved I&OWEEQEPSE Eﬁﬁsbesﬁbxﬁiiﬂ!ééhaai%ohﬁhbgntefsh'Hid

0 b I t he

di ssol ved in xylene. Care e taken to elimnate salt from
sol vent syst eextrandsuliatey AMH=280000) sRIUEIRR pefttide 20TRANEESE}ti ng

solt lﬁt i oln/ colnt @éﬂt&alf%@eh_ff:_r 3bhRiReess det avghbd i@@rhm?@lmﬁi"‘: §¥e§ti mocczi. t

met hanol / xyl eng is ophi li ze orm a.powder . Jyophillze [0

can begreconstqst%tsé'\?)‘%"%aﬁf"é?ér q{:%gﬁgté?lﬁ %BE Tt i %%&ﬁé’néf:ﬁn gPotﬁ@ .
peptide-lipid conplex. To this end, the |yophilized powder is rehydrated 35°

with an aqueous sol ution tp A sui ¥k B sf ObtrE M giRpPti de/ m whi ch
i's convenient for intravenous i nj - 80" ed

embodi ment . the | yophi | Thed fpdhawing smakeyiabs candiaandiiidopisawersutsed ed
saline or a ph&ﬁ}qhﬂgFﬁ@?nggbﬁgrgggu&hg@maa$§%55w§yre may have to be
0

agitated or vortexed acilitate rehydration, and i n_nost cases, the 5
recond®i t ut i orfi&h PRASEI*d b@héﬁﬁaﬁ%PE%r%feagﬁ%§¢£;9ﬂquhé9@qﬁ&PsFo grade,

greater than the. phase tranehkiracignperature of

column: XK26/40, gel bed height: 33 cm, V=ca. 175 ml
flow rates: 200 ml/hr (sample)
wash: 200 ml/hr (buffer)
15 elution: 80 ml/hr (distilled water)
buffer: 10 mM Tris, 140 mM NaCl, 1 mM EDTA pH7.4,

0.01% sodium azide.
Equilibrate the column in Tris-buffer, add 29 g
NaCl to 500 ml LPDS and apply to the column. Wash with
20 several volumes of Tris buffer until the absorption at 280 nm
wavelength is approximately at the baéeline, then start the
elution with distilled water. The fractions containing
protein are pooled (pool size: 180 ml) and used for

Affigelblue chromatography.
25 '

8.2.3 AFFIGELBLUE CHROMATOGRAPHY
The Phenylsepharose pool is dialyzed overnight at
4°C against 20 mM Tris-HCl, pH7.4, 0.01% sodium azide. The
pool volume is reduced by ultrafiltration (Amicon YM30) to 50
30 - 60 ml and loaded on an Affigelblue column.

solid phase: Affigelblue, Biorad, 153-7301 column, XK26/20,
gel bed height: ca. 13 cm; column volume:
approx. 70 ml.

flow rates: loading: 15 ml/h

35 wash: 50 ml/h
Equilibrate column in Tris-buffer. BApply Phenylsepharose
pool to column. Start in parallel to collect fractionms.
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the |ipid conponent of the conplexes. Wthin mnutes, & clear preparation

of reconstitut b bdsighgd- Pr ot ei n conpl exes results. 10 PCT/US982037
aliquot of the resulting reconstituted preparation can be characterized to

confirmthat the conplexes in the preparation have the desired size
distribution; e.g., the size distribution of HDL. Gel filtration

chromat ography can be used to this end. In the 15 wor ki ng exanpl es
descri bed i nfrHash wheh ffcisr I fifemse TheFProlgdl frattiats ofil Tthmoatwegeaphy

system was usedgedNEoPUbdEl d15RMhatYALRY . 15P ™ NaCl in 50 mM phosphate
buffer, pH 7.4. A typical sarrpleavol ur’rgﬁ's 20 to 200 mcroliters of

conpl exes containing 5 ngs peptide/m. The colum flowrate is 0.5 20

ms/mrg A series of proteins @f,2kaowncan! egrdbMiTYER By and St okes'
! e e e e
di aneter as well as humH ree&%ﬁ_ed as st andar a to.calibrate the

colum. The proteins a UEoRFPEx ¥BS aFEONETT t H e P AbsGRB3M ce
or scattering bbb Bogh? mi amd diedgtzed?2agadins80onm sRarting buffer TheM

ApoA-1 agoni st | nt i be #*Nqugg d wth ariety of |.i.pids,
i ncl udi ng sat u?g?%dﬁeﬁ IFg)t/ﬁ]‘r'atlgf?llll, 9'%:'iiq:tlﬁlfa an s@’ﬁt Eﬁdi 8§F¥ﬁi Js r'fd/sgglgm
phosphol i pi ds. aBifehPeernights thdi°¢de, but are not limted to, small alkyl
chai n ghosphol spi s pieaee PhosRlal isdyhahekengphaeihess) 30

phosphat i dyl chol | ne d|paJrn:gggsghosphaélgylchoLlne,

di nyri st oyl phoSPRETRHy| chol | Hek2 6120 e Fedy PEROBERIRF Hyl 4 HEM | (IS m1)

1-nyri st oyl - 2- padwi tatydgphos phlatadiyioc a0l md¢gh 1- pal m t oyl - 2-

nmyri st oyl phosphati dyl chol i ne,__| | m - 2z stearoyl phosphatj dyl.chol i ne,

| -stearoyl -2- 35 paIni?ﬁ?%%%ﬁggh§¥%déﬁgﬁ%Fpﬁg¥u£¥grp‘ ééjmljh

di ol eoyl phosphati dyl chol i ne dilsitdepiospRamildil edhaMolietrihyle; «-D-mannoside

di | aur’'oyl phosphati dyl gl ycerolin 1mM Tris, pH 7.4.

The protein fractions of the mannoside elutions were
collected {110 ml), and the volume was reduced by
ultrafiltration (YM30) to 44 ml. The ConA pool was divided
20 in 2 ml aliquots, which are stored at -20°C.
8.2.5 ANTI-ApoA-I AFFINITY CHROMATOGRAPHY .
Anti-ApoA-I affinity chromatography was performed
on Affigel-Hz material (Biorad), to which the anti-ApoA-I ab
have been coupled covalently. - ' ’
25 column: XK16/20, V=16 ml. The column was equilibrated
with PBS pH 7.4. Two ml of the ConA pool was
dialyzed for 2 hours against PBS before
loading onto the column.

flow rates: ~ loading: 15 ml/hour washing (PBS) 40 ml/hour.
30 The pooled protein fractions (V=14 ml) are used for LCAT
assays.

The column is regenerated with 0.1 M. Citrate
buffer (pH 4.5) to elute bound A-I (100 ml), and immediately

s after this procedure reequilibrated with PBS.

- 8.3 RESULTS

The results of the LCAT activation assay are
presented in TABLE X, infra.
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- 89- phosphati dyl choline; phosphatidyl serine, phqosphat i dyl et hanol ani ne,

phosphati dyl i W?M/ﬁkss» sphi ngorryel in, sphingolipids, phosphat |ﬂyﬂ,@9mmwl
di phosphati dyl' gl ycerol, dinyristoyl phosphat i dyl gl ycerol 5

di pal m t oyl phosphat i dyI gl.ycerol, distearoyl phosphati dylgll ycerol
di ol eoyl phosphati dylfgl yder ol ,} di myfi stoyl ghogphat §dijc acid,
di pal m t oyl phosphat ijdgc jactd,} di I $t oyl ghosphat | dyi eq hapholjan] ng,
di pal m t oyl phosphat if dy I&tginalg 31, N 2 K dijngi sk oyl phoqp8pt ijdyl seri ne,
dipalrritoylphosphahdgl‘"s ne, nphbsphaidqu;erinqn pr di n
sphi ngonyel i n, dipalfm't.qyl $phi n o elli n} di stedroyl siphifngpmjel | n,
hosphati di c acid, dgaragrog¢erjentosy d¢, pangl § oS d¢sS,| careprds: gey,
3 f
di | auryl phosphati dyljcpqlli ng¢, |(1j3)f D{mapngsyl- {15 (L, 3) djgliyceri de,
am nophenyl gl ycosi d¢,~&[cl¢! &s qérs( -¢' 2} & g ogyRy hi p) Rexylg|eEher
gl ycol i pids, and chql 8stler ol jand ifs |de ves.ri'Thre Appl i dant s |haye
di scovered that when_thdg ApoA | acuonistb thel i dvehtilon! arle ¢onpl éxed
wi t h sphi ngonyelin, }20 | | fof| tHe H 01 tihejpre-3-11kg partjiches is
removed. Accordingly,eiul a|prieférrpd e‘[jrbo i mgnt| off thelinyentipn, t?ue
ApoA- | agoni sts ase [adll[nB3t of 8 &F 4 SO & W sphi ng)rR/AeE n.| 2%
5.3.2 METHODS OFBTHER T The Apof- || p¢pth dg¢ aporli sts jor
peptide-lipid confl exes tof |t iinventli op oAy bel adnihidte b aJ.mL
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suitabl e route that ensures. bioavailability in the ciffculation. This can
best be achi ewgmﬁarenteral routes 30 of adm ni str at igfrnusegedseti ng
i ntravenous (1V), intranmuscular (IM, intradernmal, subcutaneous (SC) and
intraperitoneal (1P) injections. However, other routes of adm nistration
may be used. mplle, {absorfpt ol Through thelgaptrfol pt e ract can
be acconpli she Haltrc;ut s |of fadm pi s rati (Ji g but
not limted ta i op, {bukcdl and bl ) brd
appropriate fc itons (e.p., gnt ¢r i oat i ngs) 4grejug

in

|

oid or

m nimze degr3 of| the pctli ve ijngiedj ent | efg.
envi ronnents d 9T a TPSd, s amaEth | f
ijstratti oh (i a cogal} tijsspe fsuth jas| 5

Al ternatively, dgi nal and
rectal nodes g isfratipnimay be (ti) g4epitq 2
m nim ze degra I n] the gastrpi egtipalf tyadqt.|In yet
altermnative, t ilons df {he idvehtijon| can be Jadii ri st
t ranscut aneous angdgrmal [y) | of Hy nRal atijon] | e
appreci ated tNh rregd (10 rputle jrayf varyl Wt h dition,
age and conpl i repidiept.| Bhe pAuA| doRe AAf frog ists or
peptide-lipid W I} v@ryl wijt hl t e Y odt e] of} adlm on, and
shoul d be adj ( ileve dirg¢ulfatilngl pljasim {15 clondenirdti ons of
100 ng/1 to 2 |g/ 1. bt i ned}i n| aji npl |nodel] systieng dﬁescr;ged her ei n
show t hat the |Agogy iIstp df f{hel [nveptilonl aqdsee¢i gtelwifthjtgp HDL
conponent, and Q’%b 4 pfojlected h Iflgfe o] %szng abou mfiVaggays.
Thus, in = ' poh
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AMINO ACID SEQUENCE
GVLDLFRELLNELLEALKQKLK
PVLDLFRELLNEGLEALKQKLK
PVLDLFREGLNELLEALKQKLK
PVLDLFRELLNELLEALKQKLK
PVLDLFRELLNELLEGLKQKLK
PLLELFKELLOELLEALKQKLK
PVLDLFRELLNELLEALQKKLK
PVLDFFRELLNEXLEALKQKLK
PVLDLFRELLNELLELLKQKLK
PVLDLFRELLNELZEALKQKLK
PVLDLFRELLNELWEALKQKLK
AVLDLFRELLNELLEALKQKLK
PVLDLFRELLNELLEALKQKLK'
PVLDLFLELLNEXLEALKQKLK °
XVLDLFRELLNELLEALKQKLK
PVLDLFREKLNELLEALKQKLK
PVLDZFRELLNELLEALKQKLK
PVLDWFRELLNELLEALKQKLK
PLLELLKELLQELLEALKQKLK
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one enbodi nent,

t he ApoA-I

i njection at Qv(gl

enbodi nent ,

.agoni sts can be adm ni stes#d by 20 '
6% 34dact ween 0.5 ng/ kg to 100 ng/ kg once a weepcTisvsAtey her

i nfusi on providing about 0.5

/[ kg/ hr to 100 ng/ kg/ hr.
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or experl ment

t he popul ati o )0§r
the popul atio )
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contain formul ating agents, 'such as suspending, stabj#lzing and/or

di spersing ag 99,1'5@3 formul ati ons for i njection nmay 15 P&ﬂ,@g&g@pt ed
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ingredient. A part icular benefit may be achi eved by.i.fcorporating the
ApOA- | agonl g? ? invention or the 5 peptide-lipid mgbm_,mnt 0 a
nitroglycerin pa cf‘n or use in patients with ischem c heart disease and

hyperchol esterol em a. For oral adm nistration, the pharnaceuti cal
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art. Liquid pf &t ofal| adim ijtrhtlon vy fakle fhe]form320
of, for exanp|é&, §ol syjups ¢r pugpepsijong, for |they |may be presented:
as a dry prodfct jor atfon witnf wgtef qr_ptner {suf t qnl g vehigel e
bef ore use. Shg;hmi ar atipn y {bej prlep r e d by conveptiond neans
wi th phar maceptt 8alg able pdditjvds puhh aS|sugpendi 25 ©
agents (e.g., g)ﬁ It , fel ulosk der{vdti Ve of hlydjodknat e® edi bl e
fats); enmulsifying g - llecijt h) njor|agacia)|, mon} aquepus vehicles (
al mond oil, ofTy gst yl falfcolol | orf Tfadti pnaf ed vegdt apl e ofﬂ s); and
preservatives| o or yprppyl -p- Hydf odybéngloatiesi o 30 S sorbic
acid). The p}épli &l alfso] contai bpfRler Kty F | 4v@ti ng, Zoloring
and sweet eni np SYent roprijpt¢. Prdpa atriosfor ofall aglm nistration
may be b4
A
o
HU* e
>l gl ee| o0 ool oo de go} ool ool de| dei oo eel oe :
: al @ o al o @ o~ oo~ ) | =] v o] v ';
2
~ pE
< T
=
| x| x| x| ]| % x| 2| 2| 2] 2] 2] 2] 2] 2] 2] = ol
wolgtglglalalalglalalglglalzlaglalglg ©
AR EEEEFEEEEEEEEEEERE:
A EEEEEEEEEE R EEEE ..
o | 2| 2| 2| 2| 2| 2| 2l 2| 2] 2|2 & <R R A <
& | ul el | edf | o3| | 6] &) W] W] 2] o & | & W D
w | df 2l 4] 3 2] A 2l At Al 3] A} =] 2] A] a] A 8-
ml %y x| %] af 3] %] Xt %] 3] 2] I < X K] 2| X @
AR EE R EEEE L
.| . 2
¢ 123 e 2332883333283
Bl 8 @ ol @] £ ¥ 9] 8] Q] @ £ o] B B @] ™ o
o | 2| 2| £} | & 4] ] | 2] &) x| &} 2| ] & | o
= el B Inp D] Be] Bl By B Be) ) ] el ) ) o] In) o
2|40 4 45 4885 8 845 5858 3
e R R R - .
Al Oul Ruf Qe el o] a] 2 Oof Q] ou] B} 0 Ouf ul 2] & :‘
S
wl o] ~| | o] 2| 73] §] »f ¥| B ©] 5 ®| & S 2 i
?bbbhwmmmommmmmmm g
olojlolololololol ool ol o]lolo] o o ©
&l 2] a| 2] =&] 2| 2| 2] 2| &]| 2] 2| &| B & & = ]
al a|l a] a| al a] a| a| a| a] al a| &| a| af Al a Q
IR IR I I G I I R R R IR I R R R I ) 5
ol ol o o o ol ¢ & o o ol ol o ©
mmmmmmmmgmgmggm'mm B
Sl el e ae ez S
[}
o
a |- o
B ol o ol ol df af| @] «] w| 0] n| @] @] ©] = N
B =~ Sl o of o] of @ ®] 0} | ©] B] A & o
15 (]
-] 7]
S
120
n o !
1 -



suitably fornulated to give:controlled rel ease of the*active conpound. 35

For buccal nﬁ@%ﬁ%‘ﬁt i on, the conpositions may take the f or rpcqiusogiisef s or

| ozenges for - 93- conventional manner. For rectal and vagi nal
routes of adm nistration, the actlve i ngredient nmay be formul ated as

solutions (foqTet ey BUNPOST LT TES) O Of e For
adm ni strati or] hy ifon the aqti ye ingrecie1ts1ca1 be

conveni ently defisy thb.-for"ano no per ospl s:gr? p[ esea{ati on from
pressuri zed pcclgs-' ul | Par, [ vift B tPe dse of Litatﬂe bropellant,

e.g., dichl orqd?‘fl ang, Itr|chl ol of ugr opretthape
f e—eptHorTtHo ur‘oF::: f Ht-apte—9 ur‘gas

di chl orotetra .

In the case of] a ed] adr okol tlhe domjagp LLni' may| be dcatermv;ned by
agsui es|a

)

L ox
oot

providing a vdl &

ep} afref erled{anpuwidt .| ( d ¢artriwlges of
e.g. gelatin flog Un2| Mal br joP|i nbdHf 1 bt dr be flor ful at &
containi ng a fofide t he |cofrpqung ahd |a puilt apl § pé¢ base ®uch as
.15 | act q5€ - ng cprgositrpny ngy,| 1 €S be pr&sent ed
in a pack or dig i cg vA/ni Lh |may cpntjai p dnej or mpr it dosage
forns contai nijng eq myr edi gn) Fphdpapk Ingy Flor le cdmprise
nmetal or pl astig sudgh s ja. bl ifst ¢r PO pagk.] The] pack or®
di spenser devilce cofpani &d by {i nkt ducti dns{fdr &dnf ni stratyon. 5.4
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AMINO ACID SEQUENCE
PVLDEFRELYNEXLEALKQKLK
PVLDEFREKLNEXLKALKQKLK
PVLDEFREKLNEALEALKQKLK
PVLDLFRELLNLXLEALKQKLK
pvldlfrellneXlealkgklk
PVLDLFRELLNELLE ~w~~~~~
PVLDLFRELLNEELEALKQKLK
KLKQKLAELLENLLERFLDLVP
pvldlfrellnellealkgklk
PVLDLFRELLNWXLEALKQKLK
PVLDLFRELLNLXLEALKEKLK
PVLDEFRELLNEELEALKQKLK
P~~~~~~~LLNELLEALKQKLK
PAADAFREDANEAAEAAKQKAK
PVLDLFREKLNEELEALKQKLK
klkgklaellenllerfldlvp
PVLDLFRWLLNEXLEALKQKLK

2/ [A] -Consensus 22-mer peptide (Anantharamaiah et al., 1990, Arterioscl
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The ApoA-1 agonists of the irnvention can be used in.'-_:,?_S!

assays in vitro

to nmeasure serygobiidese €. 9., for diagnostic - purposes. Becauperihes20moA- |
agoni sts associate with the RDL conponent of serum the agonists can be
used as "markers" for the HDL popul ation. Mreover, the agonists can be

used as marker[S 1 hel sybpppyrafr gn DI tThail afe rffecfre in 30
RCT. To this e hgani gt |can He qdded|to| or} m{xe ith g patient
serum sanpl e; In ppQroprijat ¢ ijncybatign fine, {th DL{ cdnponent can
be assayed by ng| t He | ndor porjat ¢d JApQA- ggomi st . |Thl s Jcan be
acconpl i shed u lbe]l eq aponi st (le. ¢.,| radi pl gbells,| fljuof egcent J:abel s,
35 enzymne SpygSTTetic o oy Tmoogssqy s o g—ant | bofli es (or
ant i body frag s qpeti fli cj fdr 1hé a&;on stf. }94- Alﬁer"latively',;* .
| abel ed agoni s helte pisgd | n i magijng iprbcqgdufey (¢ vi, JCAl gcans, @MVRI i
scans) to visual@e tthe Cil‘CH| atony sygtem forjtg niforl RCT,| or te
visual i ze accuptil atiqn bf [HDL 4t fatlty|st}edks dthero cllerptifjc 5 o )
| esi ons, etc. [Whefe|[Thg SHould [pe[acf1 e [n [chgT eptdro]l ef fluxy. 6.
EXAMPLE: SYNTHES & Of PEPTI DE | TS| OF| AlpoA} | *The| pdpt | defs desEri bed
in TABLE X (Secti®p¥d.3} 10 | & infrq) perle pynt hgsiged apd fcharafiterized
as described i gtﬁ qubkedti pns| bgl ow. }The gepyi des Jwef e jal o0 janal yged
structural ly fundti pndlly as desgrijbef iln Sectié»ns 7janfl 8 infia. 15
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Am Chem Soc.

J.

1973,

synt heses were carried out

85: 2149- 2154) peTruses/fuaPh

Al l

Am Chem Soc.

J.

resin (HW resin) (Wang,

and Fnoc chem stry.

1969,

1333)
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Al am no acids except Fmpc-0- (1- naphthyl) al ani ne; wére coupled in this
manner.  Froc o fdreaspht hyl )aI ani ne was coupl ed manual | y. FoPCTYHSSSaD327

coupling, | mml Fnoc-#-(1- naphthyl)al anine and 1 mmol
2- (1H benzotriazole-1-yl)- 5 . 1,1,3,3-tetranet hyl uroni
tetrafl uoroborjate { TBT r¢ ds3oljed ip § ni ang m x

pepti de-resin. Ehereaft er,| 21 mpl fof| NHet pyljdi ijso rdpy arfi n
the mxture sha fyr R Roujgs @|nd the |peptijdeqrepi whsHed
m NWP. The cou@®hgjefiidi eficy] wags {LO moni t prdd bisijng
(Kai ser, 1970,{ AnaJ . |Bi pchem) 3@:§95[7)|, @and the fodpl|nd r
necessary. Aft cpuntT g o jmapnyny arfant ng, gne| r enaf nger
synt-hesi s was pr rfed} aut ogatj cgl |y ds fesicrijbep éLbO/e.L 1
6.2 SYNTHESI Plgf’TI DE JAM DéS \Wher e i ndi ciat ¢d | n|TABLE X
infra), peptid dgs yerje sythesizec usi%g a R nk afr de
t he Foc- R nk e Handl ¢ 44(2} ,4' -di dqet hylphaeny! ) 4Fnpc-iph
(Ri nk, 1987, * Tetfraljedy o Lptt]. 28:{37¢ 7-31_7r 0)|and
protocol s desc d iln Pectign p. 1, budra SYNTHES| S |OF
ACYLATED PEPTI W§r eli nidi ¢at pd |i nj TABL $eciign B. 3,
N-term nal acy d flor f {the depli des prepdref Q
resi n-bound pe b [dr eparled |as! ddscl i Hed ctlo 1 jor
an appropriate atli n ent. | Fqr tler ackt |l aled pé
of acetic anhy ol Yitijpn |(1p%]|v/} in las| addegl tlo ¢
resi n-bound pe the¢ nj xtjurp dhaker] f inj gnd|th
recovered by f on] The{refoMer gd |r ei S
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washed three times with NMP /(15 m) and three tines,wth ethanol (15 nl).

, 35 6.4 CLEAVAGE AND DEPROTECTI ON Fol | PET /1898120327
synt hesis, the pep% ages described in Sections 6.1, 6.2 and 6.3, supra, were
cleaved fromthe resin -97- and deprotected with a cl eavage sol ution
containing 92. 5 tFTI T UOTOgCelT g agr o (IFA) 7 J- /PK [anf sof eq3. 5% dpdefcant hi ol
(v/iviv). To efffect} clieajade, LlC n ¢l epvgge sdl uli on Was| added tp 0.25
nrol peptiderg"k@ard stifrred if o .5houn§§tgf edon| tegnper af ur e.
The resin was efoved vialfiltrlat jon and | hg C] edvedl/ depnot ctled] pept i de
preci pitated w £h i ¢t hyl let her], YWashed W th ef hdr and difi ef iln Yacluo. The
cl eavage cocktjpH—fotr—peptirdes—contar ol WG 11: tt—fsifo ptide
am des, was c S djof § 8. 5% 10 ﬁFA 4.5V H20 AKSL
1, 2- et hanedi t Hf 8| 45| arji spl & and Bodphendic| 6.5 PUR F CAINegN Thel cr ude,
cl eaved peptidea®f $eciidn §. 4 ref 15 purilfi ¢d py |reVerfse|phlpse
HPLC. The pur'f’y pf |eath [peptilde d¢onfirmed Ry diffenent analytj cal
t echni ques (an@lyt cql HPLC, T capl y |ET ECtjr ophdr €$1 S) . ] ||3ury
el ectrophoresesgwgl e jcajrijedjout ¢n fuged)sijlikta jcapil]ariep daf ¥O gm
| ength and an j m2rngl ¢igmelerf of 76 Am [ THegp@{Separ pi@|on| 0
Products). Thlegs@paratforls werle perfornef' gt-p54C, |15 k(, u;time 35
mn., intwo djffeyent buflfef slys erﬂs: Buffdr L (120{nM N42B#07, HH P. 2) and
Buffer 2 (10 nM NaRHHO4} pH ;2.q
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HPLC separations were carried out on Nucl eosil 7C18..0r Nucl eosi | 7C4
col uims ( Machewewsaendy Nagel ,

of 8 mM/mn.

Ger many) ,

250 x 21. 25

nm BCT/ASIS28W7r at e
The gradient elution was perfornmed using a nixture of 0.1%

TFA in water (Solvent A) and 0 1% TFA in acetonitrile (Solvent B) _The
gradi ents used| werp ddj tistled]t et] t he hedds| of{ edch| pdpt | dd. 30
6.6 CHARACTER ON The [mags jan 1 o pcild ﬁnal-y i s| off t he putti f) ed
pepti des descr] be|in Sectli oh 6. 5|wef &|cBhfilr med (vi sq 8pecitr¢nBtry and
am no acid ana Iﬁ’ respectijve vy, destritbed bel ¢w.{ Eqrmap gladgti on
was used for spquepcijng 5 6. 6. 1 LC—(/B A $tandardl canmercialll y
available trip]le stade quadrgplle nasg gpegtriongt gr (nodel] TEQ [70Q; Fi nni gan
MAT, - San Jose [ nlSAH) g used| for yags fetjer m atiﬂon A5
pneurdtical |y pSsbstedd el ectjospray (B3IG|irtefface{vdp |sdf flor sﬁ%le
introduction tpgWe at npspheric pﬂessure ornfi zqtijon sourie Df thﬁL npss
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purified peptides using an ABlI (Applied Biosystens). _m"'crobore system
consi sting ofwae9ngssenge punp (nodel 140B),- an UV detector (ACT8ISISYBEY) and
an oven/injector (nodel 112A).. The solvent system consisted of water '
(solvent A) and 20 acetonitrile (solvent B),  each. contgining O.1*%

TFA.  Peptidegs welefinfusgedjusjng efther{a pradipent] of isocr@tic conditions
and el uted frpmah Aqubpdre|CI 5 dol im|. |The flI opv rlat was t¥pically 300
Al /mn. Concehtt@}iqn )f;;,‘eadh bept i fe 3 aboyt .33 M, 20 gl of which
was i njected g'@, 302 gro}) .} FUl || sgani M3 expefimemts were
obt ai ned by sgannjng quadruplej 1{frpmin 3 5D0-415D0 |i n}4s} Data were
acqui red usi nfganj Aljphg STETTjon] and wWerE fgrofegsed usi ng<t he software
package provi figlgpy |Fi pnilgan MAT {(B KS)] 30 6.4 2]AM NO BCI D ANALYSIS .
Amino acid angl'yBls {wa$ Pler flor preg oh )\BI (Appl iHdSBi opyst @) 420 Ani no
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amoni um acet ate ( NH4Ac),. _pH 5.4, in water; Sol vent'.-_B-:f". 32 muol of sodium

acet ate (NaOAWO 9M648ucous acetonitrile) under 10 condi §GHPR98A9327
tenperature control. The HPLC data were processed by the software package
provi ded by Applied—Bi Vo tai-f-+eati-ory was perforred relative to a
pepti de standard Eiel vdredl by Applidd Bidsy teps. 15 ©
6.7 SYNTHESI $ £k E;HAN ED NEIYORKS |Tef r gnmeti ct core pepti @yl resin and
trineric-core pgg{i:uitdyl regin &Wewsyrthasize als described® n Denpor et al,.
1996, Bur'. J| i dchpm| 289:[74184| The|tdtraneyric and tri Reric core matrix
still linked lo_tHe 4-gethyli 2 he yl am ne resffn is then used as
initial peptidyl-resinifo t gmat eq syntlhegi s| of cpre peptides as
previogusly desc&‘_'wteﬁ ranchieding v,chrk;,,gfon ai hi ng Relicak} segments of
different am no id} canpostl Fgnst cgn belsyit hesi zed usi ng 25
or t hogonal syrttﬁesi s|and prok edti hg (st at egiLes wel | eknown i n@ he art. 7.
EXAMPLE: STRUGFSRA—ANM--RHB—B- Y59 OF AEOA—l BEPR DES 30
The structurall ang || pi|d I$in ing egharagterigtifs of the p(&iﬁied pepti des
synt hesi zed a3 idce| bed if ne[Sedt prel6, brd, pere 8et & mne@ by circul ar
di chroi sm (CD), fd|u8 esceTC‘% et r‘bscpp‘? arjd nucl egr Hagffet kx resonance
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Thi s Exanpl e describes a preferred nmethod for detehqtﬁing t he degree of
helicity of tWwoeas49peptides of the invention both free in REHESYRY in
the presence of lipids. 7.1.1 EXPERI MENTAL METHOD Far UV circul ar

di chroi smspectra were recorded het n 190 and 260 nm (in 0.5 nmor 0.2 nm-

increnents) wth {0 alAVl V42D dqpectroneter (AVIV Associ at es,
Lakewood, NJ, Gﬁ@\ qgquippgedjwi t hja [ hgrnoel ectric cell holder and sanple
changer. The ﬁ'sg:'unem \Fr}as cajibratfead with (+)-10- canphoric acid. Between
one and three aps |were [coljl ept 4gd for] each sanple, using 10 cm 5 cm 1 cm
and 0.1 cmpath 1p ~Jlength duaftz Suprasil cells, respectively, for
peptide conceptratigns]of{ 1 Q[ efr]i- Mtlo 10-4 M The bandw dth was fi xed at
1.5 nmand thesean [speed tq i b ger el ength step. The reported data are.
the mean of al TBast| 2|or| 3]i nflegenflent measurenents. 20
After backgronﬂj“’;ubstlactiqn, Sdect{ra were converted to nolar ellipticity .
(0) per residpe_in gl cim '\ dhnllP] he peptide concentrati on was
determ ned by]am ho jaciid pngl y¥i § apd fjal so by absorption spectronmetry on
a. Perkin El met #@hbda 17 UV/IVi 3i bl ef spect rophot omet er when the peptide 25
contai ned a chr oapphior (Erypt ppnang, Mdansyl, naphtyl al anine). CD spectra
were obtained|wsCh fire¢, unijoupd |peptide (5 AMin 5 nM phosphate buffer, pH
7.4); with pepti-dé lcohplexes 281 EPC. Chol ., R =30 and R =50); wth
pepti de- 30 ~ I clellle ponpl ¢xes (1-pyristoyl -2-hydroxy-sn-gl ycer o- 3-
phosphatidyl ¢b@8ine, K ={0d); land Gith free, unbound peptide in the
presence of 2|2, &{tr quoroeth#n | {TPE) (5 AM
x
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peptide, 90t vol TFE). The .SUVs were obtained by dlsﬁ@r5|ng the lipids 35
(10 MM 20: 1 &BSofeh@bh- ., Avanti Polar Lipids, AL) in phosphat ECBESIANL5 my
pH 7.4) with bubbling N2 for 5 mn., fol | owned by -101- soni cation (1.5
hr.) in a bath sonicator. The honogeneity of the preparation was checked by
FPLC. The mcelles were obtai ned by dispersing the lipid (6 1\

1-nyristoyl - 2- hydr oxy- sn- r9- 3- phosphat i Lne, Avanti
Pol ar Lipids, AL) in pH&s %ﬁéﬁ"g %uff‘er"f‘ lme%l-ﬁ’epti)de\ﬁ ttﬁag‘usﬁﬁ ng N2 for 5
mn., foll O\Aad-ttermdﬁraﬂemdegylﬁaedbaadncmerml cm&ﬁa‘tedorrbl Exdiscat®dl Vs

Eﬁéipﬁgf’?& o R O R, el M LR ) PAGREPRG Y ¥ inlbated) 21 A
obtai n the pepeptisdes d:é'ialte exbiplisrdssokubil ey m@%w@ the peptide (5
AM i g5 M p%ﬁrﬁemf%ﬁﬂlan@ 2lia Bibsz 1&9»:3% ! CSRBCLER, VE o(%)

recor ded at e stability o a unction of
t enper at ure (FRBIgnEFes Percﬂnéehlellrlﬁagi’erm‘hﬁﬁ 5@%%%&9&3&63&% ned

by recordi ng spasdicatis deltieds anlindi &Eedent tenperatures. The degree of
helicity of peptide 4 (SEQ ID NO 4) as a function of concentration was al so
determ ned. 20 7 1.2 HELICITY DETERNINATICN The
degree of helicitg.of EXAMPER RM2 2 B FON IS

Elr gg]%yr]nesplresn residue ehd @dl@oﬁn@t e%grgﬂéﬁge&nﬁnﬁra’tel%ﬁt the
ApoA-I agonists are stable in the circulation and associate
with the HDL component of plasma.

In particular, radioactively labeled peptide 4
injected intraperitoneally into mice associated with the HDL
. 15 component and remained stable for at least 6 hours. When

added to human plasma (ex vivo) peptide 4 also associated
with the HDL component.

9.1. SYNTHESIS OF RADIOLABELED PEPTIDES
20 Radiolabeled peptides 4 (SEQ ID NO:4) and 8 (SEQ ID
' NO:8) were synthe51zed by coupling *C- labeled Fmoc-Pro as the
N-terminal amino acid. .
L- [U-“C]Prollne, specific activity 9.25 GBg/mmol,
was used for the synthesis of labeled Fmoc-L-Proline. . The
25 . synthesis was carried out according to Lapatsanis, Synthesis,
1983, 671-173. Briefly, 250 uM (29.6 mg) of unlabeled L-
Proline was dissolved in 225 gl of a 9% Na,CO, solution and
added to a solution (9% Na,CO,) of 9.25 MBg (250 uM) 4C
labeled L-Proline. The liquid was cooled down to 0°C, mixed
30 with 600 pM {202 mg) 9-fluorenylmethyl-N-
succinimidylcarbonate (Fmoc-OSu) in 0.75 ml DMF and shaken at
room temperature for 4 hr. Thereafter the mixture was

. extracted with Diethylether (2 x Sml) and chloroform {1 x
Sml), the remaining agueous phase was acidified with 30% HCl
35 and extracted with chloroform (5 x 8 ml). The organic phase

was dried over Na,SO,, filtered off and the volume was reduced
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13: 3350 3359) or by conpari.ng the CD spectra obtai ned*t o 25 ref erence
spectra avai | atbe9/rsasedat abases (16 helical reference spectra PECEHS9820327
Provencher & d ockner, 1981, Biochem stry 20:33-37; denatured protein
reference spectra from Venyam nov et al., 1993, Anal. Biochem 214:17-24)
using the CONTIN curve-fitting al gorithmversion 2DP, CD-1 pack 30

A 1982 P her 98 Ph 27.213-,227 9- ).
,(Acggpt abl e)fl(tur il gEPﬁFHegl‘a&%L% y SPPEéEYaHQFyg?Elﬂ%Y’?\%(ZjBY 'éyg
provi ded by tH@H@GJg\EIIHéOmimA tshm: 0Thev¢w’vr statal dbnamey Ipitss eV PTIRL

nelT61tY. 10315 cacel: bod, ERLATS,INGAR0CEA Shollshl 1 LYM. SLakPot e

unbound pept i €), the pépt EXES ‘
pept i de-m cel Id@t@@r&pbaxegaémbgla@mmnll tm&mpthla@arFanstaeronB&thOld (TFE),

are regorted iga Al 5# Xregﬁﬁﬁbﬁlgyﬁefd | 9YY AderERfiined by LEeYree of

helicity of peptide4 uncti on of, oncgnt rat ion (free
and bound to lipids) is BFOFPH%W?%“‘T@_]E‘“\?IQ“ cpgtaining *“C-Fmoc Proline

TABLE VI HELhlsTYised BEREEREy4féSRseptl MO siinthesAsFUNETHEPE (e resin
'IQEI;ICEEE%TI( g\lccén‘tég)nlaglgmlno a;[:Jr.élé Ifrhzé,y I\Qynthesa.ze% gutomat:({/oc!a_i.le.i}llclaéy
described in Section 6, was used for the synthesis. The
10 sequence of the peptide was determined by Edman degradation.
The coupling was performed as described in Section 6.1
- {manual coupling of Fmoc-Nal), except that HATU (0-(7-
azabenzotriazol-1-yl1l)1-,1,3,3-
tetramethyluroniumhexafluordphosphate) was used instead of
15 TBTU. A second coupling with unlabeled Fmoc-L-Pro was
carried out manually as described in Section 6.1. Peptide
cleavage and deprotection were as described in Section 6.4.
The specific activities of labeled peptides were as follows:

3.9 x 10° dpm/mg
1.0 x 10° dpm/mg

20 peptide 4 (SEQ ID NO:4)
peptide 8 (SEQ ID NO:8)

9.2. PHARMACOKINETICS IN MICE
In each experiment, 2.5 mg/kg radiolabeled peptide

25 was injected intraperitoneally into mice which were fed

normal mouse chow or the atherogenic Thomas-Harcroft modified

diet (resulting in severely elevated VLDL and IDL

cholesterol). Blood samples were taken at multiplé time

intervals for assessment of radiocactivity in plasma. Results
30 are summarized .in TABLE XI, below.
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: 94 Peptide 4 (SEQ ID NO 4) contains significant a-helical
structure (80% helicity) in buffer at.a concentration of 5 pM Wile the

degree of helicity 25 decreases w th decreasing peptide
concentration, significant helicity (42%_is pmintained even at
concentrations as low as 0.15 yM Mreo LE a-helical structure is

conpletely stable over u dat own). The
helicity of peptide 4 %%&i%%h%grﬁgﬁga%ebé%gﬁ?%é ﬁ %ﬁ]ﬁt‘c&{]esence of
bot h SUVs (97%;heLLGLLy}—and—nLGeLLes—@95;4my44*4+9——and—aLse—+n—x
presense TFE (94% bRECIESY), whi chPREPARATEONENt that, HAI®-LIFEAVi ng a
significantly |ower dielectric constant (e= 26.7) t hat {hets)(e= 78.4), *
stabilizes a- helrc andfrntrapepf’dé rqgg bonds at 35

concentrations© % 0% (v/v).PeR erring t 8- TABLE X, Section
8.3, infra, |t‘§8ﬁmﬁ @ﬁ% that those peptldes whi ch exhibit a high degree
of LCAT activatpeeB1{a38% generall ypepsbdsss/BEgificant g-betical structure
i n the presencéhdghl £at d3idtA60% helical structure 5 in the case of
unbl ogked peptides containing 22 or_nore,a I ds-or Bl gcked pepti des
contéﬁilng 18 or fewer am no acids;zﬁE ,ﬂ rgjéégggtructu?eggn t he case of
unbl ocked pepti des containing 18 or ? r anrno aci ds), whereas peptides

whi ch ApoE- ¢ peptide 4/PBS 14.2%
1 The maximum serum concentration reached was 25.7% injected
cpm at 1.9 hours following injection. r?=0.960.
15 2 The maximum serum concentration reached was 20.3% injected
cpm at 2.98 hours following injection. 1r?°0.973.
3 Complexes consisting of phospholipid {(POPC) and peptide 4
20 were prepared using the cholate dialysis method.
4 The maximum serum concentration reached was 39.4% injected .
cpm at 4.2 hours following injection. r’=0.893.
5 The maximum serum concentration reached was 17.4% injected -
25 - cpm at 1.46 hours following injection. r?=0.973. :
6 ApoE Knockout.
30 9.3. STABILITY IN HUMAN SERUM

9.3.1. EXPERIMENTAL METHODS
100 pug of ¥C-labeled peptide 4 (SEQ ID NO:4)
prepared as described in Section 9.1, supra, was mixed with 2
35 mL of fresh human plasma {at 37°C) and delipidated either
immediately (control sample) or after 8 days of incubation at
37°C {test sample). Delipidation was carried out by

. 4&
extracting the lipids with an equal volume of 2:1 (v/v)
) chloroform:methanol.
40 The samples were loaded onto a reverse-phase C,,

HPLC column and eluted with a linear gradient (25-58% over 33
min.) of acetonitrile (containing 0.1% TFA). Elution
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exhibit little or no LCAT .activation possess little.ahelical 10
structure. HW@WA6459i n sone i nstances, peptides whi ch cont ai FCHUSPRRONT ant

a-helical str
LCAT activati
i nvention to
lipids is con
i nvention, as
appears to be

ucture in the presence of lipids do not exhibit signif.icant
on. As a consequence, the ability of the core peptides of the
adopt an a-helical structure in the presence of 15

sidered a critical feature of the cor ept|des.of the
Pfﬁglgﬁ 1Y5%° t%ﬁ?]wiﬁ?ya_q?aqr [y ﬁgzgrﬁgtnﬂd of |ipids
radpoacteimitsyt e for LCAT activation. 20

7.2 FLUORESCENCE SPECTROSCOPY The |ipid binding properties of the peptides

synt hesi zed
with | abel ed
Napht \ al ani n
Fl uoromax fro
nonochr omat or
det ect.i on sen
stirred cell
nmeasurement s
slits (fromO
interidlties a
values are in
pepti de conce
PU 8800- usi ng

15

20

25

30

n Section 6, supra, werg 4 estedgigfiguor escence neasurenents
peptides, in the present case ane (Trp or W or

e (Mal). The qontrol sampler edusrbeaspacsingiereedledvitded on a -

e BRAKi drd 0P s WO RpRBR IR IY B Aifenomlagp @fe 150N two

S (excitatjon and em ssiqQn), a photonultiplier R 928 for
TpHrQRCH VI RE éiﬁ? %ﬂ)éﬁi? A%%nd a thernoel ectric nmagnetic
hol dﬁr' QUEL: éztle&tprmiﬂlé@mtea aguyebt géamge mfctxafﬁ_rngbla
in.the. microno ongcentration_tan evice of_ variabl e
e PRELR O | BT P gt of "o GEPRE) HENESE & ms e
tdoedofigabout 30 auintentThet iomicf. pepki ddegraded Theptrigeirt ed
agﬁeﬁﬁ@édtE&raﬁégfgkiégi%?y‘%%@'o%.%ﬁe totall Padi SRECHY The

ntration is determ ne absorption spectronetry on a Philips
lpgdedipato the column. 'The remainder of the radiocactivity

eluted with the 30 min. peak (intact peptide), indicating
that peptide 4 (SEQ ID NO:4) is extremely stable to human
serum-- more than 80% of the peptide 4 remained intact even
after an 8 day incubation in human serum.

8.4. FORMATION OF PRE-£f LIKE PARTICLES

_ 9.4.1. EXPERIMENTAL METHOD

Human HDIL: was isolated by KBr density ultra
centrifugation at density d= 1.21 g/ml to obtain top fraction
followed by Superose 6 gellfiltration chromatography to
separate HDL from other lipoproteins. Isolated HDL was
adjusted to a final concentration of 1.0 mg/ml with
physiological saline based on protein content determined by
Bradford protein assay. An aliquot of 300 ul was removed
from the isolated HDL preparation and incubated with 100 pul
}C-labeled peptide 4 (0.2-1.0 pg/ul) for two hours at 37°C.
Five separate incubations were analyzed including a blank
containing 100 pul physiological saline and four dilutions of
1C-labeled peptide 4: (i) 0.20 pg/pl peptide:HDL ratio=1:15;
(ii) 0.30 pg/pl peptide:HDL ratio=1:10; (iii) 0.60 ug/ul

" peptide:HDL ratio=1:5; and (iv) 1.00 pg/kl peptide:HDL

35

ratio=1:3. Following the two hour incubatiocn, a 200 pl
aliquot of the sample (total volume=400 pul) was loaded onto a
Superose 6 gel filtration column for lipoprotein separation
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WO 99/ 16459 e PCT/ ¥JS98f |1 327 absor pti on
band of the TryO®Pas4sp, 550 M lcm 1 in Tris buffer) or the Nal-pdrafseszdz 770
M'rcmr in nmethanol). Fluorescence spectra of the peptides were recorded
bet ween 290 nm and 450 nmin Tris-HCO buffer (20 MM pH =5 7.5), in
the presence and absence of |ipidic vesicles. The : smal |

uni I anmel | ar vesgi gl es .wer.e forged after rehydration in buffer of the -
| yophi | i zed pl?&éf)ﬁ@laﬁlﬁ'is&ﬁ' gnepdPli 4h wAE 159F denidateamise Gegal a N2

stream The | ipiddoactddingr doatither fae E&idWiond 3G)a1ar FBERC Chol .

(20:1). The spgatd; recorded at peptide concentration of
2jMand at a tenpg?dé:;%r%p%ige§7ggeﬁg ??ﬁﬁ%%%%ﬂ&%%@@n@e%téﬂ@ﬁid in
the tase of Trp was N-acetyltryptophanyl am de (NATA). Lipid binding studies
wer e d8ne through progressive lipidic vesicle addition to the peptide in
solution at 2 AM 15 (slits:5nmgi @ _eXcigasigpgand 1.5 nmin

em ssion)-; Dilution effects were taken into account for the fluorescence
i ntensity deterninati onT¥hEeFRAFE RERCRYRFeRthSMIABLEaXIdd infina]and
600 AM and t he1esl.avA~3Fi.0 of lipid to peptide (Ri). was varied from5 to
300. The wavel ength of 20 excitation was set at 280 nmfor both Trp
and Nal .- 7.2 . 1 FLUORESCENCE SPECTRAL ANALYSI S The data were directly
recorded and treated by an IBMPC linked to the spectrofluorineter through
t he DM3000? 25 software from Spex. The spectra were corrected by
substraction of the solvent contribution and by application of a
coefficient given by the constructor taking into account the variation of
t he photorultiplier response versus the wavel ength.
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30 The fluorescence spectra of the peptides were

charact eri zed vy oé/fgasovavel engt h at their maxi nrum of fl uor esceRCEUSHN293AT0N
and by their quantumyield conpared to NATA in the case of peptides |abeled
with a tryptophane. The process of binding to |lipids was anal yzed by

calculating the 35

fl uorescence eni ssion,
fl uorescence intensit

relative fluorescence i

and 10 are both neasure

state of the peptide, i
lipid to peptide ratio
|'i pids. The absence of

I nteractions of the pepti

DI SCUSSI ON The |ipid bi

is peptide 4 containing

TABLE VIII. 15 TABLE VI
TO LI PI DI C VESI CLES AS

TABLE XII
DISPLACEMENT OF HUMAN APOA-I FROM ISOLATED
HUMAN HDL BY *C-LABELED PEPTIDE 4 (SEQ ID NO:4

shiit Jof tH maki
gon
ntegSitly is i
ag the (X

., Wi tthout |l i

[ e

mum of
l[fati ve -105- -

cenit rati on. The
hetlratio: [err]
t he
t ens

jnitial free 5
ijty at a defined

t he

R
SE
re| p
E 1b

d

i n absence of
dbsence of

D NO 15) (which”
fesented in
SEQ | D NO 15)

gélJLTS A1IND

llc
10,361

N/A

Peak #3
1,622

N/A

Peak #2
33,
.67

1b
6.26

30,

peak #1

1a
30.
.95
29.4
4.09
7,920
30.7
9.15
30.
.42
N/A

EV
AUC
AUC
"‘C
auc
AUC

llc

P:LP=1:15
control
peptide
P:LP=1:10
control
peptide

10
15
20



20 Li pi d: Pepti de L . - MolariRatio (Ri) I/1o

X[ [err] (nmMwbooynesss =~ O 332 5 10. 8 PCT/US9B2@3225
10 13.2 323.5 30 . 17.5 323 100
26. 4 323 200 43.5 323 30 The maxi num
of -t he tryptoghane SSi Fn (lerq].}.) at] 332 nmindicates that in the
buffer at a cqncentrltionlofl 2pMlt He pepti de |i s|sllightly sel f-associ at ed.
The peptide bilndg tof the [igid)clwgsicle ERC £thgl 5% with a very high
affinity as dﬁm)rgﬁr ted py|the bglying pf [the Tr*g (the 35 maxi mum of
the Trp em ssijon@avEl engfh jsh) fis ifrom B3 m fowyn to 323 nm and the high
fluorescence ilntensigy expl tjatj op (jsee BULE (VI [ 1){. The nmaxi mum buryi ng of
t he - 106- ) Tae eqiueiswotan O q very low lipid to
peptide nolar jratio Jower|tHan] 5] (ther peptijde$ vihich exhibited a high
degree of helijcitgy=ip the presen(&pf lipids |{([erd]] for unbl ocked 5
peptides of a 2:.‘2.—6@1 ho ac|dg, pr [biocked pe*ptidaé}of 518 ; anm no
acids; 2 40 flor &mb| ockefl fdep}i de$| of % 18 ani hdslaci ds) as nmeasured by
circul ar dichrjoi sm ap di s¢l dsel iJn Sectipn}7.11, {supra, al so denonstrated
good |ipid bi nerg—p—eoti—3eTattorg—at—tHe—pept-Hdes sel ected by the
circul ar .
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10 di chroi sm screening, only the ones that coul d#/be followed by

fl uorescence Wyipoongghed for their |ipid binding properties. %er ]
MAGNETI C RESONANCE (MV) This Exanpl e describes an NVR net hod for anal yzi ng
15 the structure of the core peptides of the invention. 7.3.1 NWR
SAMPLE PREPARATI ON Sanpl es were prepared by dissolving 5 ng of peptide in
90k H20/10V D20 containing trace amounts of 2,2-Dinethyl-2- 20 )

si | a- 5- pent ane sul f onat #awsSheadags pPresenbfdchBnTRARIE FiEt itefisr @vident
Some of the sapRhesyriticd e@dnt bkl uer eRENRAQE 04 IEEH (P XL SRR A bk

The total sanmple volune 500A | and the_copceptration of peptide was
appr oxi mat el y SPRNFO L eT RFP3ALBEETRRB 2 ?ﬁ#??ﬁﬁ&ﬁ|H?R&%qge§cquﬁFed
at 500 MHz usihgw acditaderoraBR¥n00£s peptidaet &L ecqUubOPEIH&HIL andEsV 2030 of

(emeratune cont (o] Wl o3t LUCh PRNERORL Opconrar SIS Vere

recordéd using sta Ssequence TWO™ _ ‘ opy,
Eds. WR CroaS$wn suggeRiingathatnan] $81eryCeli fnbbéeswmars  thde\peypiride dR4A) .

, ) . i r sec.
Wat er suppr essief dEs ALY SHaenVrbRuh PY POHCEORE CPahMLT 1.0 Jigﬁgigee

Two- di mensi onal , experiments were carrie Int

e 1] [] ) '
sensitive nDdeligﬂékPQQHﬁaH&ﬁ&ﬁG@FPoPHF phESE nAchesRkresd megkrp@s neteda
spectral widthtied HMHradtiion RaBhnOtMBUSENESentyRbCd dpiadld rfkdRe WPoR-1.

g?éggg§gdf8;i4 0 éﬂe CONCLntTA 9%% @%tgeégfged3£8 98é£2§§e&¥“é’é%?;iacement
of ApoA-I was observed which increased with increasing
concentration of peptide (FIGS. 9B-9D). In addition, all
chromatographic runs showed a third peak detected by
radiometric counting (except the one with a mass ratio of

15 1:10, for which results are not shown) which is consistent
with the elution volume of free peptide (FIG. 9E).

To further analyze the effect of peptide
concentration on the interaction of C-labeled peptide 4 ahd
HDL, a difference plot was generated from thé four )

20 chromatographic runs (FIGS. 9A-9D) and is shown.in FIG. OF.
The difference plot demonstrates the shift in the HDL peak as
well as the increased displacement of ApoA-I with increasing
peptide concentration. The displacement of ApoA-I results in

25 the formation of pre-B like particles. |

9.5. ASSOCIATION OF PEPTIDE 4 WITH HUMAN LIPOPROTEINS

9.5.1. EXPERIMENTAL METHODS
30 The association of peptide 4 (SEQ ID NO:4) with

human lipoprotein fractions was determined by incubating
¥C-labeled peptide 4 (SEQ ID NO:4) with each lipoprotein
class (HDL, LDL and VLDL) and a mixture of the different
lipoprotein classes. ..
35 HDL, LDL and VLDL were isolated by KBr density gradient
ultracentrifugation at d=1.21 g/ml and purified by FPLC on a
Superose 6B column size exclusion column (chromatography was
carried out with a flow rate of 0.7 ml/min. and a running
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FELI X95 software (I\/bl ecul ar.. Si mul ations) on an | NDI ¥ workstation (Silicon

Graphi cs). Dawd 9986439 zer o- filled to give a 2K x 2K dat a rratrlPC'l'mlmpUdl zed _

by a 45 shifted 5 squared sine-bell function. 7.3.3 NVR ASSI GNVENT
Conpl ete proton resonance assignnents were obtai ned by applying the
sequenti al assi gnrrent t echni que using 10 DQFCOSY, TOCSY and NOESY

spectra as desc ed in the liter ture(V\a of I ns ,and

Nucl ei ¢ Aci dsP ué%%% o P, ™ 1T a;s&a(ggn #Y’B‘f‘{}q (lt\il\S/R)z %E@&%&Pﬁdcﬁe%’ém
shifts were cnzhnyl at é‘d:-ﬂ.abe&lﬂdapdptﬁidérﬁtm h‘;c&alﬁerda&hlthgl—mbe LBbudrd ed
random coil c o Shl fts. W [ % 4 Enz.
239: 363- 392) f‘gqr‘n‘? & E5E: pdﬁ’?x“’ 58§%§1§ §§ it vaI (iSs (,,;l?%%, ?fagEéEngrAND
DI SGUSSI ON GeReh st Gifs?-de Bt mequlm;ihiapaumcot]ehmr%m (volymesi des

tend t0 aggreg é’d'éhaéiﬁﬁiﬁitsn%‘é'dléh' BsyiEthEO@tb ) GR{ Giitded wa& 0.2
necessary for NWVR spectroscopy

ficult to qQbtain high
resolution spBiteh. PeRiidsHRS gﬁ@ct P-amﬂfm%&eﬂﬂﬂ (%SP SHRLIOB: VAR 4
(SEQ | D NO 4) birsugied aip @dﬁlzb.lz mlemslhgoadsbsl BEsNadh usced i e @ JABRE Of
each 25 ?g%no acid residue cannot be resolved. Addition of TFE to
t he sanpl e mfs es the resolution of the spectra. *TFE i s known to
sol ubilize peptides, and in addition stabilizes helical conformations of

pept |1qu having helical propensity. Th A%B g% from NMR spectroscopy are
denonstrated for 30 ept ide 4 ? 4i as a representative
exanpl e. The consensus T@PNSG r BEPTEBECLIRPRROTAIN SRMPIESdi ed i n
conpari son.
lic_
HDL iDL VLDL 0.9% NaCl labeled = Total
{ml) {ml) {ml) {ml) peptide 4 {ml})
{ml)
Control 2.0 0.2 2.2
LP/Peptide 0.4 0.3 0.9 0.4 0.2 2.2
15 HDL/Peptide 0.4 1.6 0.2 2.2
LDL/Peptide 0.3 1.7 0.2 2.2
VLDL/Peptide 0.9 1.2 0.2 2.2

After incubating for 2 hr. at 37°C, an aliquot (0.1

20 ml) was removed for liquid scintillation counting to
determine the total radicactivity, the density of the
remaining incubation mixture was adjusted to 1.21 g/ml with
KBr, and the samples centrifuged at 100,000 xrpm (300,000 g)
for 24 hours at 4°C in a TLA 100.3 rotor using a Beckman

25 tabletop ultracentrifuge. The resulting supernatant was
fractionated by removing 0.3 ml aliquots from the top of each
sample for a total of 5 fractions, and 0.05 ml of each
fraction was used for liguid scintillation counting. The top
two fractions contain the floating lipoproteins, the other

30 fractions (3-5) correspond to proteins/peptides in solution.

9.5.2. RESULTS .
- The results are presented in TABLE XIV, infra. The
incubation of “C-labeled peptide 4 with the isolated '
35 lipoprotein fractions revealed a strong association with HDL
(88% of total radiocactivity in fractions 1 and 2) as well as
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Secondary chemical shifts. Proton chem cal shifts.gf/ aknino acids depend
both on the twpgoortesksesi due and on the | ocal secondary structperusesizmnn a
peptide or protein ([err], 1995, Progress in Nuclear Magnetic Resonance
scopy 27:325-443). Therefore, identification of secondary structure is
possi bl e by conparing expei nental shifts with tabul ated val ues for random
coil conformation. Formation of an a-helix typically results in an up- 10
- fiel d(negkth WBPLsHBEE) i orngha sabstaiaddy. weaksar gafinhtyf tanlOL
UpL . Ie! d lHa fh' (fétss.f)O.r %@Eeaggussggsm &\ﬁktﬁﬁh!c%iﬁiégrinbgo{fagimllﬁg f?%é‘fl\% Z;
a helical structure. e secbndidary s J . NO
in 25V TFE at PRCYiqB$hERG 9-3&#- egnPXR’éb%?i%S/e{%ﬁ%ﬁjW?rég WEEs8R% 18
Ej h]E ?t h 19 (FI G:h@:‘!)abdi@g!)@%btﬁaéngsaobigﬂ:éd! wiedh ]Etaie Q?.bbﬁﬁrbt&/hhi ﬁﬁacﬁt@hzz | )

i ffergnces ar served .l n Ho [1J~al Sshifts. gnsensus -mer” .
(SEQ IE NO 75}ﬁ0¢¢)pad}aégstlg 8§ngﬁeL£7§%% %uﬁa?%etm&_%gﬁfSa!' shifts of -~
am de hydr ogerdenginsiriated2@hat neaxtydallsofivde 'tildibealedh pepgides4owas :
a-helix are al F%y - bh.NeEESPESH t(héJE%ﬁQ?%ﬁ%Cﬁk ghifts
observed for r%ﬁs om%%ﬁdﬁfe% %ﬁ%i 3tﬁPQn, a EJ‘I'Od:Li cilty of "t he Hﬁl shifts can
be 6b irved, #Rleqtivdtvedox thdspdirepreteihelads cal turns. The Anplitude
of the shift variation along the sequence is 25 related to the .
anphi %thicity of a helical peptide. A ngge ydr ophobi ¢ nmonent | eads to
a nore-pronounced oscillation (zhou et & b J. Am Chem Soc.

114:4320-4326) . ;dNrToN OF PEPTIDE 4 (SEQ ID NO:4) WITH VARIOUS LIPIDS

Control Lp/ HDL/ LDL/ VLDL/
15 Fraction Peptide Peptide Peptide Peptide
1 650 60250 61510 43740 42920
2 1000 12990 17620 15140 19280
3. 6590 3810 2260 . 11880 ' 3930
4 36550 1510 3130 . 10860 2600
20 5 . 34380 5090 5450 7710 . 4550
Total 79170 83650 89970 89330 73280
Total#* 88550 96646 98494 100452 97306
Recovery 89 87 91 89 . 75
(%)
25
* before centrifugation

9.6. PEPTIDE 4 (SEQ ID NO:4) -
30 SELECTIVELY BINDS HDPL LIPIDS IN HUMAN PLASMA

9.6.1. EXPERIMENTAL METHOD
Human plasma (2 ml) was incubated with 20, 40, 60,
80, and 100 pug of ¥C-labeled peptide peptide 4 for 2 hr. at
37°C. The lipoproteins were separated by adjusting the
35 density to 1.21 g/ml and centrifugation in TLA 100.3 rotor at .
100,000 xrpm (300,000 g) for 36 hr. at 4°C. The top 900 ul
(in 300 ul fractions) was taken for the analysis. 50 pl from
each 300 pl fraction was counted for radioactivity and 200 pl
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secodiary shifts for peptide 4 (SEQID NO 4) in-25%TBE at 295 Z rshow an
oscillatory be\baé'% s N agreenent with the 30 t hpErnigdeia67 of
the helix (FIG I?JA The ami de chem cal shift pattern of the consensus
22-nmer peptide (SEQID NO75) differs significantly fromthat of peptide 4
(SEQID NO4). In particular, replacenent of residues 5, 9 and 13 with
Leu. Seu (L) results in chemcal shifts with a nore 35 pronpunced
periodi city i rfxdre cagbe fuacpiphi das Aqd5ReAMNOFPRE (ffiperose bV IupestaEe t o
residue 17, ang t s= z r extent to residue 21. Fromthe NWR
data, the exi sr%dzer?%g@c%flag-ggnt ﬁ?#’\gﬁ?ﬁ'the sequence can be di scerned. Thus,
the repl acenent of three am no acids affects the folding of the peptide

al ong the entire sequence. The NWVR 5%:6:2. RBESULIS clearly reflects the

strongsr arzrrz)hi pat hic ngmué]grag&uﬁepéf d&d&c{aﬂi@xﬂi%%#ﬁvﬁﬁe&of@ﬁrﬁbﬁ _Ofthef
consensus -ner. peptide of Segrest. e,secondary shift o
an antvde prot d%?ﬁ‘%ﬁ%ﬁ‘f Ilﬁeﬁfgﬁegée%h’eé ?&%&Pﬁ}&g %ﬁ?ﬁydr%‘@@% ‘Bgﬁ'oﬁﬁo t he .
carbonyl 10 radiamcrdeitynwasuraecevened riomthiee tiopl Fhree Theaetboms. t he
periodicity ofy0b v ' | C LT n
bond | engt hs. Al]% Zﬁr& ?’ ?‘ g?)ggg‘églﬂsl g%%%%:%egi%eddj?vﬁﬁc[fﬁﬁ%% %gegg%l ﬁ%%%ae? %‘éi I cal
shape of the Haqubaredkwaks. *“Fhdaheded pPemt ke &i (BFSs IRy NOsA) udnel showmb

15 10 concamfidade thike sacevesy Yosdu [ t=amstPapli 88 éhé SER1ANI ity

i ndicate a curyed a-heli gal gon;{BLrTPt ion., 7.3 _.5 PEPII EES CONTAI NI NG

| NTERNAL GLYCiRgEPresent in the raction. Thus, although other
lipoproteins are present in the human serum, peptide 4 (SEQ

ID NO:4) exhibits highly selective binding to HDL.

TABLE XV
15
RADIOACTIVITY RECOVERED FROM INCUBATION OF
4C-LABELED PEPTIDE 4 WITH HUMAN SERUM
Peptide | Fraction | Radiocactivity (cpni*) ' Reéoverj**

20 - (pg) No. in 50 1 | in 300 ul (%)
20 1 1407 8442 71.6

2 405 2430 20.6

3 152 912 . 7.7

40 1 2538 15228 70.4

2 721 4326 20

3 .347 2082 9.6

60 1 4492 26952 | 75.5

2 1107 6642 18.6

3 354 2124 5.9

80 1 4715 28290 60

2 2251 13506 28.6

3 851 5346 11.3

.25 100 1 5424 32544 67.5
2 1708 10248 21.2

-~ 3 907 5442 11.3

* Value for 300 pul was obtained by multiplying the 50 ul
value by 6.
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20 ARE HELI CAL | N THE PRESENCE \OE/TFE The

t hr ee- di mensi qgberfghdouct ure of peptide 8 (SEQ I D NO 8) was depEr/usesaos27n
‘the presence of TFE using Nuclear Overhauser Effects (NOEs) derived

i nterproton distance constraints. In particular, the presence of nedium
range 25 NCE' s (d&N3, daP3, daN4) along the entire sequence are _
consistent with an overall a-helical structure. A famly of conforners was
gener at ed from t he*k\VBagled cors dthearigrittiials togalureynsapesedpbee Wering rom

residue 4 to 9.y %&ﬁagng)gckbone RVSD < 0.8 A A stereo ribbon
representation of e 30 average structure together with the backbone
trace of the 15 | owest energy confornmers confirma curved helical shape. In

an approxi mat e est ipXaMpoR.: tPEE L ESALONISTS PREOM CHODESTEROLt REFLUX :
N-terminal and the CGterm pal, half of t epti de he hyvdrophobj£ residues .
are nly found on thelr'i%%él“gj1 hepatcoﬁ?cﬁgﬁg i Pﬂiagﬁg té]ég%p%%%igf Leu- 5.

A wel | defi nedulydrepibshes cand togrovrs toe momiddeaceundCehds oweére | labeled N

Leu-3, Leu-9 Leu- i t i cal r oS, 0 . :
residue 3 at t g%N%?eé%lr?\gsy&t%&eggng?gﬁ et%%l ﬁﬁaﬂf}éﬁ&’?iﬁhﬁg Eagglggel§2
i ndi cat e t hat boWdnReseRuBxahimin o(RSA)s ihPhosphate; Buftered Faline 5

8. EXAVPLE: LUABSACTENAIEARI MPIMe ‘solution, and addinghe.pepli Ugbelin

synt hesi zed as gescrl bed.in Section 6, supr.a, Wer% anal yzed.in wtro? r
Chei 11801 | i ty SCUELPRVARE TAPL IFQuEP Mesiun €8, Ene felfs, c59ethet ceac
(smal | unil ansdelar congathed drucSAL Fagdioaardvdadyaf €gdls were incubated

for 24 h with the labeling medium.
Peptide (or protein) :DMPC complexes were prepared
at a 1:2 peptide (or protein):DMPC ratio (w:w). To prepare
15 the complexes, peptide 4 (SEQ ID NO:4) or native human ApoA-I
protein was added to a DMPC solution in PBS and incubated at
room temperature overnight, by which time the solution has

clarified. Peptide or protein concentration in the final
solution was 1 mg/ml. i .
20 : Labeling media was removed from the cells and the )
cells were washed with PBS prior to addition of coﬁblexes.
1.6 ml of growth medium was added to each well, followed by
peptide (or protein) :DMPC complex and sufficient PBS to bring
the final volume to 2 ml per well. The final peptide or
25 ARpoA-1 concentrations were 1, 2.5, 5, 7.5 and 25 pg/ml
medium. After 24 hours of incubation at 37°C; the medium was-
" removed, and the cells washed with 2 ml of 1% BSA/PBS,
followed by 2 washes with 2 ml each of PBS. The amount of °H-
cholesterol effluxed into the medium was determined by liqﬁid
30 scintillation counting. _ﬁ“f
The results demonstrate that peptide 4 (SEQ ID
NO:4) was more efficient at cholesterol effiux than ApoaA-I.

11. EXAMPLE: USE OF THE ApoA-I AGONISTS .
35 IN ANTMAL MODEL SYSTEMS

The efficacy of the ApoA-I agonists of the
invention was demonstrated in rabbits. The results show that
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10 phophati dyl choline (EPC) or |-Palmtoyl-2-al eyl -phosphatidyl -

chol i ne (POPC) waybnadi 0! abel | ed chol esterol are preincubat ed pepifsesnos?

equi val ent masses either of peptide or ApoA-1 (isolated from human plasmg).
The reaction is initiated by addition of LCAT (purified from human pl asmg).
Native ApoA-1, which was 15 used as positive control, represents 100%
activation activity. "Specific activity" (i.e., units of act|V|ty (LCAT

acti vati on)/ unkdmbiisgfeationoft khepdprAdEsaganises cinandasesd serurhe

concentration gnpeptifledddls aphl-eyRs %ﬁggigyggLCAT activation. For

exanple, a series of concentrations of peptide (e.a., a
limting dilution) can be assayed t.o dege[n[ne t he ' SE ecific act|V|ty for
the peptide -- the concentratloﬂjwﬁ1ch A °. 9. ECAT actlvaglon
(i.e E%rcentage conversi on of ehe t Ot O < FOE : AES
speci-fic tinepoint in tﬁmmassdﬁSCeldal @aht1¢lesvwmn3£§ilng of plotting

t he
Concent rati on mf%ﬁ"ﬂ i 18R B8 BLorfall wede Hnendll] R 1ching: theg s
t he concentrat¢ ;ﬂﬂﬁlﬁﬁéstmathaéhleWbs nhQSEhQ%apxﬁlWHSEQﬂsaQMMadcmnve
30 chlorofdyml aﬁ@%@ﬁ-rhﬁuegz asygggwgf VBRI Cho \éeéb?ﬁg%

used iin the LCAT ass ar SUV 0 egg. phosphati
or 1-p& mitoyl¥as ‘i’r%%}/? ;?%os‘ﬁhgfl% gﬁ‘ ﬁﬁﬁlhﬁe P%'D 'ﬁ?%aé:s’{"@r & ¥th a
nmol ar ratio of22fy/ml.To THeedpddafidni ahe 3éﬁﬁ;§s<513¢éﬂ 140D bHEfexr contammg

i t ford o0 BC CPC; 10 y g.(0°2
Al I)Clzlen4c-g[m At RE féaaﬁgg chE T pbBEide Pl T was’ 2B at'S 4%

phosphollpld/peptlde weight ratio. The mixture was incubated
overnight at 43°C and then dialyzed at 43°C (24 hr.), room

15 temperature (24 hr.) and 4°C (24 hr.), with three changes of
buffer (large volumes) at temperature point. The complexes
were filter sterilized (0.22pum) for injection and storage at

4°C.
20 11.2. 1ISOLATION AND CHARACTERIZATION OF
_ _THE PEPTIDE/PHOSPHOLIPID PARTICLES
The particles were separated on a gel filtrétioql
column (Superose 6 HR). The position of the peak containing
the particles was identified by measuring the phospholipid
25 concentration in each-fraction. From the elution volume, the

Stokes radius was determined. The concentration of peptide
in the complex was determined by measuring the phenylalanine
content (by HPLC) following a 16 hr. acid hydrolysis.

30 11.3. INJECTION IN THE RABBIT
Male New Zealand White rabbits (2.5-3 kg) were

injected intravenously with a dose of phospholipid/peptide
complex (5 or 10 mg/kg bodyweight, expressed as peptide).in a

e single bolus injection not exceeding 10-15 ml. The animals

35 were slightly sedated before the manipulations. Blood

" samples (collected on EDTA) were taken before and 5, 15, 30,
60, 240 and 1440 minutes after injection. The hematocrit
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chol esterol (0.3 pnol) are _dissolved in 5 m .xyl ene:aMd | yophilized.
Thereafter 4 o RfisEpsay ‘buffer is added to the dry powder arrtTAS982BLEd
under nitrogen atnosphere at 40C. Sonication conditions: Branson 250

sonicator, 10 nmmtip, 6 x 5 5 m nutes; Assay buffer: 10 nM Tris,
0.14 MNaC, 1 MEDTA, pH 7.4). The sonicated m xture is centrifuged 6
times for 5 mnutes each tinme at_ 14,000 rp 16, OOOXI%%Lto rean Litanium
particl es. ThéH?E%nH§§rﬂFFﬁFQ%nggoﬁeflGﬁcpssﬁ Blef orSq Hyptfé

8.2 PURI FI CAHhONEIrdLAl FoocidheelEohé pualiysLati on, dextran squate/N@Z
treatnment of human plasma is used to obtain |ipoprotein deficient serum
(LPDS), which is sequentially chronatographed 15 on Phenylsepharose
Affi gel bl ue, Concanaval i nAldsghar ANALYST B '§ X

chr omgt ogr aphy, a e | n TABLE "

T b8l ow Py, S SUMELAARS L, %%@%E%%%sﬁ‘%&*‘% eé%#%%%%gi ‘500 M.

plasma is addebaswa Sriglyrsaides sodf m‘LéS(nﬁ/w&la 1 sitWese dstermiped

m nut es. Centéﬁg;m)gﬁlﬁpgg %@&Q@Ql?pavéiﬁa@p@ aeﬁysafac%&?dlﬁg
urt

f
gZENiﬂgELaztant %EBCB (goeﬁgfhgé¥xhggghelm,

Mannheim, Germany and Blomérleux, 69280, Marcy-L‘’étoile,
10 France) .

Lipoprotein Profiles. The plasma lipoprotein
profiles of the fractions obtained after the separation of

the plasma into its lipoprotein fractions were determined by

15 spinning in a sucrose density gradient. The fractions were
collected and in each individual fraction the phospholipid
and cholesterol content was measured enzymatically.

| _ 11.5. RESULTS

20 . The lipoprotein profile of rabbits injected with 10
mg/kg peptide 4 (SEQ ID NO:4) (in the form of peptide/DPPC
complexes) as a function of time is shown in FIG. 10. A
substantial increase in cholesterol of the HDL cholesterol
fractions (fractions >1.06 mg/ml) is apparent at 5 min.

25 following injection and lasts for approximately 1 hr.

The cholesterol of the combined HDL fractions
obtained by density gradient ultracentrifugation is presented
in TABLE XVI, below. The highest increase of HDL cholesterol
(31.3%) occurred 15 min. after administration.

30 ' These data indicate that administration of peptide
4/DPPC complexes (10 mg/kg) induces rapid and efficient
mobilization of peripheral cholesterol.
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The following materials and:conditions were used for_.fhe phenyl sepharose
chr omat ogr aphyyo $§}16459 solid phase: Phenyl sephar ose fast gduseshaonh

subst. grade, Pharnacia col um: XK26/ 40, gel bed height: 33 cm
V=ca. 175 m flow rates: 200 m /hr (sanple) wash: 200 m / hr
(buffer) 15 el ution: 80 m/hr (distilled water) buffer:

10 MM Tris, 140 mM NaCl, 1 nM EDTA pH7.4, 0.01k sodium azide. Equilibrate
the colum in Tris-buffer, add 29 g NaCFABEE SO ni LPDS and apply to the
col um. Wash with 20 severarl&E Vol uma|si ofgégriri%b#&f&er until the
absorption at 280 nm mvel%;—. STER i ga g BHIEG i ne, then
start the el ution wWPPHI¥EET R S0 mgfkgr PERTIDR A cHRAITH AP 8ot ei n
are -po%l ed (poal_size' 180 ) and used for Affigelblue chromatography 25
8.2.3s AFFI GELBLUE BHROMMEGGRAPHY ThEDBhehylesphasiose paakreéaséi h yRBL
overni ght at 40C against 20 mM Tris-HCLl, pR7.4, 0.01% satblesaetdE. (Fhe
pool ol une i s—+educed-by—ut+rafidiration—{Ar-cor—MO)—t0-50-30 60
m and | oaded on an Affiggel bl ue col um. so323% phase: Af fi gel bl ue, Biorad,
153- 7301 col um, XK26/20, gel bed height: ca. 13 cm colum vol unme: appr ox.
70 M. flow rates: | oadi ng; 15 ml/h 35408 25.2pash: 50
m/h Equilibrate colum in Tris-buffer. Apply Phenyl sepharose pool to
colum. Start in parall&p to collect fractf%%s. 31.3

‘S

10 60 387 18.9
240 291 -10.7
1440 347 6.6

The dose-dependency of the peptide 4/DPPC complexes
15 is shown in TABLE XVII, below. Based on these two time
points, an approximately linear dose-dependency was observed.

TABLE XVII

20 DOSE-DEPENDENCY OF HDL CHOLESTEROL LEVELS
FOLLOWING ADMINISTRATION OF PEPTIDE 4/DPPC COMPLEXES

Dose HDL Cholesterol  HDL Cholesterol HDL Cholesterol
(5 min.) (15 min.) (60 min.)
5 mg/kg 33.7 28 60
25 5 mg/kg 49 40 20
Mean {nirease 4.4 35.0 .40.0
%
10 mg/kg 60.7 75 121.3
10 mg/kg 3s 42.5 35.6
- 30 Mean in?rease 47.9 58.8 78.5
%
. The percent increase in HDL cholesterol following
injection of 5 mg/kg peptide 1 (SEQ ID NO:1} {(in the form of
35 peptide/DPPC complexes) or 10 mg/kg peptide 3 (SEQ ID NO:3)
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-114- Wash with Tris-buffer. The pooled fractions (470 m ) were used for

ConA chr omat ogi@ 6459 o 8.2.4" ConA of@)@%;gm?w
The Affigel blue pool was reduced via Amicon (YMBO) to 30-40 nl and dial yzed
agai nst ConA starting buffer (1mM Tris HC1L pH7.4; 'mM MyCd 2, 1nM MhC 2, 1M

Cad 2, 0.01% sodi um azi de) overnight at 40C. 10 solid phase: ConA
sepharose (Pharnmaci a) col um: XK26/ 20, gel bed height: 14 cm (75 m)
flow rat es (ihoahé n@om off /feptdsiel/BFPChicohpdexes} nis bsliden ) in AAABUE h

el ution: nk#? At hyl - a- D-mannosi de 15 in 1nmv
Tris, pH 7 4 e proteln fractlons of the nann05|de elutlons mere

coIIected (110 and the v ltra (YMBO) to
44 M. The ConA pooI was d|vided | paBLel xerfguots, mhlch are stored at .
-200C. 20 8.2,5 ANTI-AnoA-1 AFFINTY CHROVATOGRAPHY Anti-ApoA-| _affinity -

chr onmeg ographym& Rakker red amctehigelishiz nateri aimg,_E’égg@dQ%) to which the

anti - ApoA-1 abs have been couptpgngaﬁﬂfynly 25 tgq_ugp -
XK16/ 20, V=16 ml. The col um wasmg¢kghi br at ed mnthll fgkgy. 4. Two i of
t he ConA pool .was. dialyzed for 2 hours agaLnsL_EBS_heLaLe_EaadLng_onto t he
col um. 15 24.3
30 95 71
60 40.7 60
240 29 14.5
10

These experiments demonstrate the ability of the ApoA-I

agonists of the invention to increase HDL-cholesterol. A

substantial increase in HDL cholesterol is observed even 4

hr. following administration for peptide 1 (SEQ ID NO:1) and
15 peptide 3 (SEQ ID NO:3).

12. EiAMPLE: PREPARATION OF PEPTIDE-LIPID COMPLEX
BY CO-LYOPHILIZATION APPROACH

The following protocol was utilized to prepare
20 peptide-lipid complexes.
One mg of peptide 4 (SEQ ID NO:4) peptide was
dissolved in 250 pl HPLC grade methanol (Perkin Elmer) in &
one ml clear glass vial with cap (Waters #WAT025054).
Dissolving of the peptide was aided by occasional vortexing
25 over a period of 10 minutes at room temperature. To this
mixture an aliquot containing either 1, 2, 3, 4, 5, 7.5, 10
or 15 mg dipalmitoyl phosphatidylcholine (DPPC; Avanti Polar
Lipids, 99% Purity, product #850355) from a 100 mg/ml stock
solution in methanol was added. The volume of the mixture
30 was brought to 400 ul by addition of methanol, and the -
mixture was further vortexed intermittently for a period of '
10 minutes at room temperature. To each tube 200 ul of
xylene (Sigma-Aldrich 99% pure, HPLC-grade) was added and the

-l46-



flow rates: | oadi ng: 15 nml/hour washing (PBS) 40Q.# /hour. 30 The
pool ed prot ei wofewaess ons (V=14 nl) are used for LCAT assays. pdivesssnoszm is
regenerated with 0.1 M Citrate buffer (pH 4.5) to elute bound A-1 (100
m), and imedi ately after this procedure reequilibrated with PBS. 35 8.3
RESULTS The results of-the LCAT actlvatlon assay are presented in TABLE X
'nfra. -115 tubes were vortexed for 10 seconds each. Two small holes

were punched into the tops'of each tube with a 20 gauge
syringe needle, the tubes were frozen for 15 seconds each in

- liquid nitrogen, and the tubes were lyophilized overnight

5 under vacuum. To each tube 200 ml of 0.9% NaCl solution was

- added. The tubes were vortexed for 20 seconds each. At this
time the solutions in the tubes were milky in appearance.

The tubes were then incubated in a water bath for 30 minutes
at 41°C. The solutions in all of the tubes became clear

10 (i.e., similar to water in appearance) except for the tube
containing 15 mg DPPC, which remained cloudy.

The following protocol was used to prepare a
greater amount of peptide-lipid complexes for in vivo
experiments.

15 Peptide 4 (SEQ ID NO:4) (22.4 mg) was dissolved in
methanol at a concentration of 3.5 mg/ml by incubation for
several minutes and mixing by vortex intermittently. .To this

| solution was added dipalmitoyl phosphatidylcholine (DPPC) in
methanol {100 mg/ml stock solution) such that the final ratio

20 of DPPC/peptide was 2.5:1 (weight/weight). This solution was
mixed by vortexing. ZXylene was added to this solution to a
final concentration of 36%. Aliquots of the resulting
solution were removed for later analysis by gel filtration
chromatography. The solutions were frozen in liquid nitrogen

25 and lyophilized to dryness by vacuum. An aliquot containing
20 mg peptide and 50 mg DPPC was rehydrated in sterile saline
solution (0.9% NaCl), mixed, and heated to 41° C for several
minutes until a clear solution of reconstituted peptide
phospholipid complexes resulted.

30

) 12.1. CHARACTERIZATION OF COMPLEXES BY
SUPEROSE 6 GEL FILTRATION CHROMATOGRAPHY

. Peptide-phospholipid complexes containing 4C-
labeled peptide 4 (SEQ ID NO:4) (specific radioactivity

35 159,000 DPM/mg peptide by weight, assuming 50% peptide

content) were prepared by colyophilization as described in
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In TABLE X, * indicates peptides that are it

10

15

20

25

30

35

WO 99/16459 PCT/US98/20327

the text. The preparation contained 1 mg peptide and 4 mg
DPPC by weight. After reconstituting the complexes in 200 ul
0.9% NaCl, 20 pl (100 pg) of the complexes were applied to a
Pharmacia Superose 6 column using 0.9% NaCl as the liquid '
phase at a f£low rate of 0.5 ml/minute. After a 5 ml delay
(column void volume = 7.7 ml), 1 ml fractions were collected.
Aliquots containing 20 pul of the fractions were assayed for

" phospholipid content using the bioMerieux Phospholipides

Enzymatique PAP 150 kit (#61491) according to the
instructions supplied by the manufacturer. The remainders of
each fraction were counted for 3 minutes in a Wallach 1410
liquid scintillation counter (Pharmacia) using the Easy Count
program. The vast majority of both phospholipid and peptide
wexe recovered together in a few fractions with peaks at
approximately 16 ml. The UV absorbance profile for this
sample (not shown) indicates that the complexes elute from
the column at a volume of 14.7 ml. The discrepancy between
the elution volume as measured by radioactivity/phospholipid
assay and UV absorbance is due to the 1.3 ml dead volume of
tubing between the UV absorbance flow cell and the fraction
collector outlet. This elution volume corresponds to a
Stokes’ diameters of 114 Angstroms. Elution volumes of. about
15-19 ml correspond to particles of Stokes’ diameters of 50-
120 Angstroms, which is the size range of human HDL.

12.2. SUPEROSE 6 GEL FILTRATION CHROMATOGRAPHY OF HUMAN HDL

Human HDL, was pfépared as follows: 300 ml frozen
human plasma (Mannheim Blutspendzentrale #1185190) was
thawed, adjusted to density 1.25 with solid potassium
bromide, and centrifuged for 45 hours at 40,000 PRM using a
Ti45 rotor (Beckman) at 20°C. The floating layer was
collected, dialyzed against distilled water, adjusted to
density 1.07 with soclid potassium bromide, and centrifuged as
described above for 70 hours. The bottom layer (at a level
of one cm above the tube bottom) was collected, brought to
0.01% sodium azide, and stored at 4°C for 4 days until
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N-term nal acetylated and C-term nal am dated; | in'dj;_e"at es pep#,ggg?mé?g t
are N-terninaW ated; sp indicates peptides that exhibit SO ity
probl enms under the experinental conditions; Xis Aib; Zis Nal; 0is On;
He (% designates percent helicity; mcs designates mcelles; and -

I ndi cates deleted am no acids. 9 . EXAMPLE: PELMQCOKI NETI CS OF THE AnoA- |

ACONI STS 10 chromatography. ThﬁofﬂklSfﬁﬂﬁeeﬂﬁﬁrhﬁ%nléagéﬂnaﬁﬁéaéePﬁiEﬁadﬂ¥3
ApoA-1 agonists are stable’in the circulatio nd aSSOCIate with t H

¢

conponent of pPeRSERSY & FEICi galafilisarieR:? ﬁ@ﬁ@ﬁ@b“ﬁlng
injected int razpes% tyraalalsy cbmh@mrrémﬁaaésoorm wbmmzh fillew Hakke wdS 0.5
conponent and Paned tabl z #east gggn add d t o human
pl asha (ex V|J55 e4°8 Eﬁnag B2 3t%%SWW??F @5#85 BRES 8T 1.

SYNTHESIS OF F&Eﬁﬂﬂ&&ﬂﬂgElfPEE@hBESfZ@avelength 254 nm. R&adiselrdlesl ed pepti des

T o e GIERRERNRL BLCHPAE GUILRESIAF byt E; tex vere
specific acti wssd o stepdards towaalibsate okhe eokymy feg £her crdbulation

Froc- L- Prol i negg Téfb‘blee‘% dlameEEBEhSE'éhé"aﬁaf'@Iélé‘éj @Har%fa%ci%dki&g. to
Lapat sani s, Synthesis 73,

CGT31 Bri'efl g 250 pM
unl abel ed L- Prot5TREigns %?6P§é8n|51§2§n§& o %PQNM ngFWFF&ﬂ and
added 100 a sol Ldberatctyp M&@S@&heh 9P25c£Bé]wé£5Q\Rere$AGeldib@|ﬂd koBBPLl i ne.

oF L Lo eyl macFSE T 1R BBl alkEERation rontte b ld BT TOL L

shaken at rooncoErgRading tora4ShokesThé1§m¢ter ofhe 08 xmure was extracted
with Diethylether (2 x 5m) and chloroform (1 x

13. EXAMPLE: PREPARATION OF ANTTBODIES

15 Peptides 4 or 8 were conjugated to keyhole limpet
hemocyahine (KLH; 1 mg peptide to 10 mg KLH). The KLH
conjugate (LMG) was suspended in complete Freund’'s adjuvant
and injected into rabbits at time 0, and boosted with 0.25 mg
KLH conjugate at 4 weeks and again at 5 weeks.  Pre-bleeds

20 and six week post-bleeds were.tested for antibody titer
against authentic antigen by ELISA. _

 The production bleeds were pooled from 2 rabbits
each. Antibodies directed exclusively against the beptide
antigens were isolated as follows:

25 1. Free peptide was attached to cyanogen bromide
activated Sepharose 4B (Pharmacia) according to the
manufacturer’s protocol.

2. The antisera was preabsorbed on a column of
irrelevant peptides and on columns of irrelevant human and

30 mouse serum proteins. a

- 3. The pre-absorbed antisera was passed through the

corresponding peptidé column (see point 1). '
4. The columns were washed with 0.1 M borate buffered

- saline (pH 8.2) and the bound antibodies were eluted using a

35 low pH gradient step from pH 4.0 to pH 3.0 to pH 2.0 (0.1 M
glycine buffer) and finally with 0.1 M HCl.
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5n1) the renai ni ng aqueous phase was acidified W th? $30% HO 35 and

extracted wi tgg gg)lﬁsgform (5 x 8 mM). The organi c phase was pdriussssEN
Na2SO4, filtere and the vol une was reduced -131- under nitrogen
flowto 5 M. The purity was estimated by TLC (CHC13: MeOH: Hac, 9:1:0.1
v/v/v, stationary phase HPTLC silicagel 60, Merck, Germany) and showed a
S|ngle peak (DV detection, radiochem cal _purity:Linear Analyzer Bert hol d,

Germany): reactiThe \alaited geterdadcas iaenixalised Wikd EXC8E§f or m
sol ution Contl%f‘ét'f@ sélﬁ:wm0co?fc@&st&atwswsaﬂtﬂaﬁe1:ﬁfauf&f Pecofle YM30)

synt hesi s de re n_ cant ai aci ds 2-22, synthesized
autonatlcallygﬁg (F95+n§50£°5%t ﬁgénﬁSed for the synthesis. The 10
sequence of the pe@tldeThEﬁpnhﬂammncnedehyrEﬂmem g rdedatimimedT by coupllng '

was perfornmed bgd t|on 6.1 (manual coupling of Fnoc-Nal),
excep? t hat $€?€§§%%é aza enzo ‘riazol-1-yl)1-,1,3, 3-

t et r anet hyl ur oni urhexaf Theregmvdsamst é}ﬁt\k@@d&?sédwﬁ?ﬁ%t%%ﬁﬁﬁ fpy speciesBTU,
A second coupgspéalmébt ¥ iFaed nokan e oﬁaf [ b2 G EE S sk @S

described in Section Pe |de cl eavage an r ot i,on were as
described in Beebrinin a d g¥5%9P9 §§§§§ %Hbépgﬁ“b &5S JWTiRgr e
as follows: 29nt1bod1es were Spdlﬁ.rﬂﬂdiléo% hSken| Bpdit- 1) and.demonkdrated ny

pepti.de B ( SEQ, hg)ﬁ% ] é% 05 dpmng 9.2. PEARMACOKI NETICS IN MCE In
each peri me nlaa ??@ 3 adi o é%eled pepti de 25 was i njected

intraperitoneally into m ce which were fed
The invention is not to be limited in scope by the
specific embodiments described which are intended as single
illustrations of individual aspects of the invention, and
15 functionally equivalent methods and components are within the
scope of the invention. Indeed various modifications of the
invention, in addition to those shown and described herein
will become apparent to those skilled in the art from the
foregoing description and accompanying drawings. Such
20 modifications are intended to fall within the scope of the
appended claims.
All references cited herein are incorporated herein
by reference for all purposes.
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nor nal

wer e taken aRYM%B&Q e ti

pl asma. Resul
HALF- LI FE OF PEPTIDE 4 (SEQ
PREPARATI ON HALF-
4/ PBS

72 diet) C57BL/6
5.982 (high fAP2g; 1 &31%{] R4 1 C1)

6.394 conpl ex3 ApoE6
The maxi mum serum gonc
fol Lowi ng injection
concentration reac
I nj ectg on.
pepti-de 4 wer
serum concent
injection. r2=0.893. S

I njected 25 XX -
6 ApoE Knockotit ® %%

&

red usin

10

X, is

L R e

mouse chow or the atherogeni ¢ Thomas- Harcrof.t. #Aodi fi ed di et
(resulting in severely el‘evated VLDL and I DL cholesterol)

Bl ood sanpl es

me intervals for assessnent of radipAgdsosrep?i n
are summari zed in TABLE XI, bel ow. TABLE XI
IDNO4) INMCE * 5 SPECI ES
LI FE (hours) C57BL/6 pepti de

pepti de 4/ PBS
pepti de 4/ POPC

pepti de 4/ PBS 14.25 1
I 2S00 T %Q_@@§D2§SZQ’Lnjected cpmat 1.9 hours
d%%GO é?gﬂl g Maxi rum serum

el aelS 20 RA1rRBdHE P@QFn’-QF ?f%e%ﬁ?% IRt grhich
I 2£8rfR43an Samph Hodfh Bx as- i b ngeoiareheﬁcphod:f pl b {dRORMA and

hod 4 The maxi num
4.2 hours fol |l ow ng

it

The.HHX|nunlserun1concentra;|pn reached was 17. 4%
¢ml,a;(. ‘%s' -&9, 'ilx%zsxxtgdul’ngsu }Qg' xLan*x?'qnl‘Qn‘ xzx"rx?igﬁa': '&7: 3.

or a pharmaceutically acceptable salt thereof, wherein:

pro (P), Ala (A), Gly (G), Gln (Q),

Asn (N},

Asp (D) or D-Pro (p):

is
X, is
15 is
is
is
is
is
20

25
is
is
is
is
30 is
is
is
is
is

35 Z, is

-

A O

an aliphatic residue;

Leu (L) or Phe (F);

an acidic residue;

Lev (L) or Phe (F);

Leu (L) or Phe (F);

a hydrophilic residue;

an acidic or a basic residue;
Leu (L) or Cly (G);

Leu (L), Trp (W) or Gly (G);
a hydrophilic residue;
a hydrophilic
Gly (G) or an aliphatic residue;
Trp (W), Gly (G) or Nal;
a hydrophilic residue;

residue;

Leu (L),

a hydrophobic residue;
a hydrophobic residue;
Gln (Q),
Gln (Q), Asn (N) or a basic
a2 basic residue;

an aliphatic residue;

a basic residue;

2asn (N) or a basic residue;
residue;

absent or a basic residue;
H.N- or RC(O)NH-;
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30 .+ 9.3. STABILITY I N HUMAN/SERUW 9. 3. 1.

EXPERI MENTAL METHODS 100 pg of 14C | abel ed peptide 4 (SEQ ID NO 4) prepared
as descri bed 9§ ion 9.1, supra, was mxed with 2 35 rCTIUS98R0HT esh
human pl asma‘{'@? ) and delipidated either imediately (control sanple)

or after 8 days of incubation at 370C (test sanple). Delipidation was
carried out by extracting the lipids with an equal vol unme of 2:1 (v/v)

chl or of or m net hanol . 4 e re Ioad onto a
reverse-phase C01 HPLC of8nfiC AU ut e%l(%% "%@P\%gr"é’d. et ?25- 58%
over 33 mn. )tidreBtonitrile (containing O. 196TFA) EIutlon -133 fﬁ
profiles were foll owed b orban di cL y

RESULTS 5 ééhT%§l€oﬁP éé%n? eluteg{e CPZ S|n ea mnth a’
retention ti nelldmgppr@kiGelt eilycmlm HCsAFds) okryhe (SdiCadcta atr)’flel at-8@ in-

this geak. The.h&sle éme&ﬁry 18d6ag 6t WBmBERKS: aﬂE‘ﬁeE‘é‘i‘bi‘ﬂy? detent I:@ 7u e’

of about 3 min., the other a retention 10 of about

mn. The:3rﬁ?ﬁlﬁﬂﬁﬂPqQ&%W%dEdPEEEP?&e?néEESBﬁfed for apprOX|nater 15t of
the total radioactivit)ddnded onbetweenceksiibuedh®, riardipeidentlyt he

(29020t Vo SLUL W W0 TecB s b BhEEEERLpele 108LGA 0

1sostere of an amide or an amide mimetic; or

10
(ii) a deleted from of structural formula (I) in which
at least one and up to eight of residues X,, X,, X;, X,, X, X;.
Xoo Koo Xow Zyor Xy Xjaw Xoae Xaer Xyse Xiper Xior Xygo Xy X500 Xy
and X,, are celeted; or
is5
(iii) an altered form of structural formula (I} in which
at least one of residues X;, X,, X,, X,, Xs. X¢, X3 X5 X5 Xyoo
X Xize Xi3s Xy Xpso Xyeo Xpay Xgeo Xype Xage Xayy Xpp O Xy is
conservatively substituted with another residue.
20 '
2. The ApoA-1 agonist of Claim 1 which exhibits at
least aboutr 38% LCAT-activation activity as compared with
human ApoA-1I.

25 3. The ApoA-I agonist of Claim 1 which is the altered
form of structural formula (I).

4. The ApoA-I agonist of Claim 3 in which the
hydrophobic residues are fixed according to structural
30 formula (I) and at least one non-fixed residue is
conservatively substituted with another residue.

5. The ApoA-I agonist of Claim 4 in which:
X, is Pro (P), D-Pro (p), Gly (G) or Ala (Aa);
35 ¥, is aAla (A), Leu (L) or Val (V);
X, is Leu (L) or Phe (F);

PR
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15 serum - nore than 80% of the peptide 4 renmpi‘ned intact even after
an 8 day incubation in human serum. 9.4. FORVATI ON OF PRE-B LI KE PARTI CLES
20 WO 99/16459 9.4.1. EXPER MENTAL METHOD HumanPGRHSIRZe2

i sol ated by Ksr density ultra centrifugation at density d= 1.21 g/m to
obtain top fraction followed by Superose 6 gel filtration chromatography to
separate HDL fromother |ipoproteins. |Isolated HDL was 25 adj usted-to

a final concentration og §88§ggﬁ g}a} V‘é;{-hpﬂé'y?é')‘)) ogi cal saline based on

protein content determ n"e' ord protein assay. An aliquot of 300 pil
was renoved from the i ghl dselewDiLbrepaPigi 6 and i ncubated with 100 Al

"4C | abel ed peptide 4 (B 2511.8uA¢LPi 6> &Dy @y, hours at 37WC. 30 Five
separate incubations were analyzed . nclu II’J& a bl ank cs)nt ai ning 100 Al
physi-ol ogi cal saline arkhof MRS | (i ork R (W 467 §18) 46 peptide 4: (i) 0.20
Ag/ k| mpeptide: HDL rati @gl:dd;Leu i (L)0. FLVAXR)I ogeplibde: HDL ratio=1:10; (iii)
0.60.pg/il peptide: HDL gatj 0=15; (i 0 / tide: HDL 35

rati o=1:3. Foll ow ng tJFPe %W%u%ﬁ%mﬁ%‘t ﬁgﬂ O?Egg R%B)al i quot of the
sanple (total volune=400:Als AMss (MaddiklontTrra (Wipeldye (6) geleti KLY avton
colum for |ippprefein separation -134- and anal ysis, and 100 Al was
used to determ ne total radioactivity | oaded. The conditions for all FPLC
chr onat ogr aphi es were 2&:1dbsd8bhedlin Beet{@n oF ¥alimfra. 9.4.2. RESULTS
The mgsults are presented i® JABLEYY land nfra, and

at least one of X, X,, X;, Xy, X2 Xis: Xygr Xyor Xgo, X5
‘and X,; is conservatively substituted with another residue.

6. The ApoAi-I agonist of Claim 3 in which the
15 hydrophilic residues are fixed according to structural
formula (I) and at least one non-fixed residue is
conservatively substituted with another residue.

7. 'I'he'_ApoA-I-’ agonist of Claim 6 in which: ' i

20 X, is Asp (D) or Glu (E); | -

X, is Lys {X), Arg (R) or Orn;

X, is Asp (D) or Glu (E);

X,, is Asn (N) or Gln (Q);

X, is Glu (E) or Asp (D);
25 X,s is Asp (D) or Glu (E);

X5 is Gln (Q), Asn (N), Lys (K) or Orn;

X35 is Gln {(Q), Asn (N), Lys (K) or Orn;

X,, is Lys (X) or Orn;

X;; is Lys (K) or Orn;

30 _ X,; is absent or Lys (K); and
= at least One Of x;, XZ, X’, Xs, XS, xS’ xlo’ x;:, x:‘f xu, xl7
" and X,; is conservatively substituted with another residue.

8. The 2poaA-I agonist of Claim 7 in which X, is Leu (L)
or Phe (F), X, is Phe (F), X, is Leu (L) or Gly (G), X,, is Leu
(L) or Trp (W) or Gly (G) and at least one of X,, X,, X;, Xy,

35
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FI GS. 9A- 9F. Fromthe data presented in TABLE«#XIIl, it is evident
that greater than 90% of the radioactivity was recovered fromthe colum
after separatiw®fié4she | i poprotein particles. At |ow concent rpgtriniesaha7
peptide (i.e., peptide:HDL nmass ratio of 5 1:15), the HDL peak was
split into two separate peaks (FIG 9A), suggesting that -an interaction
bet ween the peptide and HDL occurred which resulted in some renodeling of

t he |i poprotei nXpar &i Gl RiHa si hg ' e s.noted fhe
interaction was_not g‘ﬁf ﬁ%l ent %dtzbclfﬁ ?&%ﬁrﬁgﬁ\%&@é&%}tgﬁeg with mnquher
concentration of ﬁéﬁ’t‘f’de was increased, a displacenent of ApoA-1 was
observed which increased with increasing concentration of peptide (FIGS.

9B-9D). In addition,gqall tographi c runs showed a third peak detected .
by raéli grret ric cggné?'ng (@%ﬁoﬁ% %‘Pé"\ﬂtt [PTa G¥@d& BaPro7oin 1&hich thel: 10, -

for which resul B4bsFEwoing oesdushiich dlasedfdied GAthvht Phé jon :
vol ume of free pepidate, (£ C&hef)@ubs}qf%%tdg%ésggal yze the ef Pﬁ%r?éo dbpept i de -

concentration on the interaction o “ﬁept ide 4 and HDL, a
di fference plot was generated.fromthe four 20 chr omat ogr aphi ¢ runs

(FIGS. 9A-9D) and i s1howhd mgdaG1 Ygonist of Claim 1 which is the deleted
form‘ of structural formula (I).

10
1l. The ApoA-I agonist of Claim 10 in which one helical
turn of the peptide or peptide analogue is deleted.
. 12. The ApoA-I agonist of Claim 1 which is a 22-23
Tesidue peptide or peptide analogue of srructural formula
(1),
13. The ApoA-I agonist of Claim 12 in which:
the "-" between residues designates -C(O)NH-;
20 2, is H,N-; and. '

2, is -C(O)OH or a salt thereof.

14. The ApoA-I agonist of Claim 13, in which:

y is Pr .
e ro (_D) orxl.)_:ro (:J)(;P), Ala (A), Gly (G), Asn (N}, Gln (Q), -

X; is Ala (A), Val (V) or Leu (L) ;

X; is Leu (L) or Phe (F);

X, is Asp (D) or Glu (E);

X is Leu (L) or Phe (F);
30 Xs is Leu (L) or Phe (F);
X, is Lys (K), Arg (R) or Orn;
Xy is Asp (D) or Glu (E); o
X; is Leu (L) or Gly (G); |
X,,,' is Leu (L), Trp (W) or Gly (G);
X1, is Asn (N) or Gln (Q);
%12 is Glu (E) or aAsp (D);

35
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The difference plot denonstrates the shift in the HDL peak as well as the
I ncreased di spl acenent of ApoA-1 with increasing peptide concentration. The

di spl acenent @fodunedsel results in the formation of pre-6 |ikecyasshésses. 25
9.5. ASSOCI ATI ON OF PEPTIDE 4. WTH <MEM LI POPROTEINS 9.5.1. EXPERI MENTAL

MVETHODS 30 The association of peptide 4 (SEQID NO4) with
human | i poprotein fractions was det erm ned by incubating 4C-| abel ed pepti de
4 (SEQ 1D NGO 4) with each li:po ass DL, L.DL and VLDL) and a

m xture of the di fferentQH p%p?o QPCI% Qg)Hﬁor AfE; HDL, LDL and
VLDL were isolated by KBKudéssiey thdlﬁml Uty a@®ntoy falgat(cen at d=1.21

g/m and purified by FPLﬁl i} axsHp S§ o} si ze excl usion col um
(chronat ography was carri &d gut ??IP Jfl ow&rg € of-0.7 M/mn. and a
running - 138- WO 991184585 Ala’ (A), Nal, Trp (W), Leu (L), Phe (F) or

PCT/"USE&8f | 327cyf fiey ;of 10 mM Tris (pH 8), 115 nmM Nad, 2 nM EDTA and

0.01% NaN.). 'IC1 abel ed pegt | 8f ncu&l ted with HDL LDL and VLDL at
a pebtide phosphol i pi d r &y Y. éé\fnals i &F 82 h at 370C. The
requi red amount of |IpOpXQt esnGlrvol@nesAsasay Onya it okepdRd to yield

sol Ut | on was E‘réﬁghY“ up Fsaeth BRPL A hAGr Bt %aﬁ?eaﬁém”g’ (o TABLE
Xilhl: 10 Xy is Lys (K) or OrmaBLE X ||
10 X, is Leu (L);
Xy, is Lys (X) or Orn; and
X;; is absent or Lys (X).

15. The ApoA-I agonist of Claim 14, in which X,, is
15 absent.

16. The ApoA-I agonist of Claim 13 or 14, in wh:Lch one

of X;; or X;, is Gln (Q) or Asn (N) and the other of X“ or X,,
is Lys (X) or Orn.

20
17. The ApoA-l1 agonist of Claim 14 in which each of X,,
X100 X33, Xy, X and X,, is other than Gly (G).
18. The ApoA-I agonist of Claim 14 in which one of X,,
25 X100 X3, Xy, Xy and X,, is Gly (G) and the others are other
than Gly (G).
19. The ApoA-I agonist of Claim 1 which is selected
from the group consisting of:
30
peptide 1 PVLDLFRELLNELLEZLXQKLK (SEQ ID NO:1)

o peptide 2 GVLDLFRELLNELLEALKQKLKK (SEQ ID NO:2)
peptide 3 PVLDLFRELLNELLEWLKQKLK (SEQ ID NO:3)
pPeptide 4 PVLDLFRELI.NELLEALKQKLK (SEQ ID NO:4)

35 peptide § PVLDLFRELLNELLEALKQKLKK (SEQ ID NO:5)
peptide 6 PVLDLFRELLNEXLEALKOKLK (SEQ ID NO:6)
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PREPARATI ON OF PEPTI DE- LI POPROTEI N SAMPLES 14C- HDL _:LDL VLML 0. 9 Nad
| abel ed Total (m) (n1) (m) (m) peptlde4 (mM) (m) Control

2.0 0. 2 LP/ Pept | de 0.4 0.3 0.9 0. #CT/US98/208272
2.2 15 %WPEf7ﬁé%t|de . 1.6 0.2 2.2
LDL/ Pepti de : 1.7 0.2 2.22 VLDL/ Pepti de
0.9 1.1 0. 2 2.2 After incubating for 2 hr. at 37C, an
aliquot (0.1 20 m) was renoved for liquid scintillation counting to

deternine the tgigtiddds oact i pyinrrrdraNienstxouixt he (SERITD @ imcubat i on
m xture was adjusted to 1.21 g/m wth KBr._ and the sg&pl es centrlfuged at
100, 000 rpm ( 30DeDOLEY)8 f or 2AVHRFRELLNEGBEALKOKEKA 1

di ng a
Beckman 25 pepPhetop Ul tﬁmﬁmlmﬁt@;msul tigx wwmnant was
fracti onated by removing 0.3 %_&Jots fromthe top of each sarrplefor a’
total of 5 fracPepwsde ah@ 0. OBVWL LEALELREK was!SERdD &° 4% ui d o
scintild ation cgw{igg 17he toprh i n ¢diey fippaig:ng ) -
l'i poproteins, e ot her 30 ractlons correspond to
pr ot ei ns/ pept i dBSPFEA8 o}t | onPVHPLEREL r estf8Q IR &Gddent ed in
TABLE XIV, infrge t{&@ igcub ﬁé:-:r..m@:dm@maﬂ@pt | cesgh M i Ao
| sol ated 35 oprotein fractions reveal ed stron assom ation with
HDL (88k of totaﬁpt oé%tuV|?VLDhF$$%kN5&§ﬁaLPQQ¥9 2) D NQ:14)
: peptide 15 PVLDLFRELWNELLEALKQKLK (SEQ ID ND:15)
10 peptide 16 PVLDLLRELLNELLEALKOKLK (SEQ ID NO:16)
peptide 17 PVLELFKELLQELLEALKQKLK (SEQ ID NO:17)
peptide 18 GVLDLFRELLNELLEALKQKLK (SEQ ID NO:18)
peptide 19 pVLDLFRELLNEGLEALKQKLK (SEQ ID NO:19)
peptide 20 PVLDLFREGLNELLEALKQKLK (SEQ ID N0O:20)
15 _ peptide 21 PVLDLFRELLNELLEALKQKLK (SEQ ID NO:21)
peptide 22 PVLDLFRELLNELLEGLKOKLK (SEQ ID NO:22)
peptide 23 PLLELFKELLQELLEALKOKLK (SEQ ID NO:23)
peptide 24 PVLDLFRELLNELLEALQKKLK (SEQ ID NO:24)
peptide 25 PVLDFFRELLNEXLEALKQKLK (SEQ ID NO:25)
20 . peptide 26 PVLDLFRELLNELLELLKQOKLK (SEQ ID NO:26)
peptide 27 PVLDLFRELLNELZEALKQKLK (SEQ ID NO:27)

peptide 28 PVLDLFRELLNELWEALKOKLK  (SEQ ID NO:28)
peptide 29  AVLDLFRELLNELLEALKOKLK  (SEQ ID NO:23)
peptide 123  QVLDLFRELLNELLEALKQKLK  (SEQ ID NO:123)

25 peptide 124  PVLDLFOELLNELLEALOQOLO  (SEQ ID NO:124)
peptide 125  NVLDLFRELLNELLEALKQKLK  (SEQ ID NO:125)
peptide 126  PVLDLFRELLNELGEALKQKLK  (SEQ ID NO:126)
peptide 127  PVLDLFRELLNELLELLKOKLK  (SEQ ID NO:127)
peptide 128  PVLDLFRELLNELLEFLKQKLX  (SEQ ID NO:128)

30 peptide 129 PVLELFNDLLRELLEALQKKLK (SEQ ID ND:129)
peptide 130  PVLELFNDLLRELLEALKQKLX (SEQ ID NO:130)
peptide 131  PVLELFKELLNELLDALRQOKLK  (SEQ ID NO:131)
peptide 132 PVLDLFRELLENLLEALQKKLK (SEQ ID NO:132)
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with VLDL (85%), and a substantially weaker affini.tyto LDL (66% . The

i ncubation m xture consisting of all |ipoprotein fractions and 14C-| abel ed
peptide 4 (L ﬁ%ﬁ? ) shomed 88% of the |abel ed peptide assegtr@ksrhoygst h
the |ipoprotern rac I on. FPLC anal ysis of the LP/ peptide

I ncubation m xture denDnstrated that nearly all of the "4C-|1abel ed peptide
4 was associated with the HDL fraction, indicating a high selectivity for

this |lipoprotein class. TABLE XV
ASSCOCI ATI ON OF SE S LI LP/
o Loy 555?%5%# N b tLiebop  de

Pepti de Peptidpeptide 134 G5BVLELFERIARPLLKAGNOIG.K 4997% NP233@)2

1000 12990 151 59 2260
11880- 3930 Eeng@ 1%56550691'}311?%%&‘ 3130%1'K6 &EQ Iﬁ&yg(}gsﬁo

5 - 34380 pept5390136 SBEDELFKDLIQELLEALKQKING0 Tb‘ﬁ%@ ID NO:28670

B350 5 89970 ar$9380 sy TgbTAA G eARiOR)  PORIOD NI

100452 97306 cover

5 (%
25 * bef ore @@p!:n-d&u@&& onPYLBLFRELGNEGHEWLKOME | D NEQ)IDBANO: 135)
SELECTI VELY BIN

Furan pl asta (270F) “ASSt houbBt B Wt TO A g0 (He 00T o

14C | abel ed pepwepsigepltte 4PVbELERE%LNEﬁLEHMQQOBﬂmaIK%@@rEﬁéﬂhéAWQre
separated by ad?%%Ei?Q 188 3SpyrprrreCfittddEitkckidd 9/ fEE@ b GRIIgLHugat i on

in TLA 100. 3
10 peptide 142  PVLELFRELLNEGLEALKQKLK  (SEQ ID NO:142)

and the N-terminal acylated and/or C-terminal amidated
or esterified forms thereof, wherein ¥ is Aib; Z is Nal; and

O is Orn.
15
20. A multimeric ApoA-I agonist which exhibits at least
" about 38% LCAT activation activity as compared with human
ApoA-I and which has the structural formula (II):
20 (I1) HH{LL,-HH} LL -HH
or a pharmaceutically acceptable salt thereoi, wherein:
each m is independently an integer f£rom 0 to 1;
n is an integer £rom 0 to 10;
25 each "HH" is independently a peptide or peptide
analogue according to Claim 1;
each "LL" is independently a blfunctlonal linker;
and
' each " - " independently designates a covalent
_ 30 linkage.
. 21. A multimeric ApoA-I agonist which exhibits at least '
about 38% LCAT activation activity as compared with human
ApoA-I and which has the structural formula (III):
35

(III) X'Nya"xlya-u'('nyb"xtyb'n ) P
-157-
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100, 000 rpm (300,000 g) for; 36 hr. at 40C. The top.900® Al (in 300 Al
fractions) was taken for t he anal ysis. 50 Al fromeach 300 Al fraction was

counted for éﬁg@ g,,gyl ty and 200 Al -140- from each fract pOTVUSZSR0327
anal yzed by F ? uper ose 6/ Superose 12 conbi nati on colum). 9.6. 2.
RESULTS The anount of radioactivity recovered for each ; fraction is

presented in TABLE XV, | nf ra I\/bst of the radioactivity was recovered in
thetopthreefracté% h ogrote atlonqpcgofll,es of the .
pl asma sanpl e iHcdb @mcFHtlﬁél b8 Eﬁp’b%lg]t NEEFERRSt
shown) 10 i ndi cat eeklelt X iB deepeﬁm1ﬁlm%m+mﬁt-ﬁa
radi oactivity is present a Jhus, t hough .ot h

a@ht Elﬁ QLIL&eSéA&n le’bta Oc: (p§§%

[ popr oteins are pr esent uman serum
exhi bi ts hi ghl yptsaicsureyd Ihi pai ag apvalpmue TABlEtated, RADINCACELY TY

RECOVERED FROW;H!@Q%I&Q\'dQEeEéE béBEJcEE}ng&’T%% %ﬁ’&?@é“&%‘ﬁéﬁa&’%‘?pt | de

Fraction Radioacti,vity (cpnt Recovery*
in 50- 1 in @GGQAF‘('% 20 1 1407 . 8442 7\1 6
2 405 243@ach LL is2f@n@ependently alﬁifunctionaalzinker,-
4:7%2; 40 201 ezaége'm is ind%ggggently an :‘.71(1)t'e4ge2r from 0 3311;
each n is independently an integer from 0 to 8;
10 N,. and N,, are each independently a multifunctional

linking moiety where y, and y, represent the number of
functional groups on N,, and N,,, respectively;

each y, or ¥y, is independently an integer from 3 to
8;

is p is an integer from 0 to 7; and

each “—" independently designates a covalent bond.
22. A multimeric ApoA-I agonist which exhibits at least

about 38% LCAT activation activity as compared with human
20 ApoA-I and which has the structural formula (IV) or (V):

HN’J\o
0 " (o)
. a?/ N E’Lx -OR-
o -

OTNH OYNH

X X

av) ' ()

Or a pharmaceutically acceptable salt thereof, wherein:

RN O ORI
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3 . 347 . 2082 9.6 60 1.4 4492 26952

~la

75.5 2 1107 ~ 6642 18.6 3 354 2124
5.9 80 W?]”’ 6459 4715 28290 60 2 PCTARIB8D0327
13506 B.é 3 851 . 5346 11.3 25 100
1 5424 32544 67.5 2 1708 10248
21.2 3 907 5442 11 3 * Value for 300 41 was obtai ned
by nultiplying the 50 I value by 6, - ** Based on the initial total

counts used for nixing SR€R %na%rﬁamemndm&M@H EHRRbR—HH AGONI STS

PROMOTE CHOLESTEROL EFRiacl xu is 1ndependent|ﬂ§’{p§2pa P28e NG :br.sld@ere
plated into 6-we|ll culture 1shes J?rhown to confl uence. Ts were
| abel ed with %PP%‘H%‘F%S?%‘F%? dﬁucﬁ(‘? &ichol esterol, then addl ng it

b(r)\w ne serum al bgm gd( B&&hlmpmaﬂaﬂ;mddeﬁzft@yed bafunet { &) , 1sﬂm'zc,ati ng
the.sq ution, and addi o
growmir nediumto the ce%‘%h Ro T ht hzri)ﬂéfq%E%qllly conf‘glgég%zﬂ%gdo lto 1

radi oactivity. Cells weeach mubatmﬂwmtﬂmamhlnhegeab&wmgo il iBrm

Peptide (or protein): DWCLC,;OTIIH}#)&QS-MG prgpared at a 1:2 peptide (or
protein):DVMPC ratio (WV\7) prepare 1 t he corEpI exiiy peptlde 4
(SEQ I D NO, 4) or nati veeﬁ%a?\ 2§ oupdependently -H, (C;-Ce) 1, ¢-C

alkenyl, (C,-C) alkynyl; (Cs-C,,) aryl (C,-C,) alkaxyl, 5-20
10 membered heteroaryl or 6-26 membered alkheteroaryl.

23. The multimeric ApoA-I agonist of Claim 20, 21 or 22
in which the bifuncrional linker is cleavable.

15 24. The ApoA-I multimeric agonist of Claim 20, 21 or 22
in which n is O.

25. The multimeric ApoA—I' agonist of Claim 24 in which '

m is 0.
20
26. The multimeric ApoA-I agonist of Claim 20, 21 or 22
in which each HH is independently a peptide according to
Claim 13.
25 27. The multimeric ApoA-I agonist of Claim 20, 21 or 22
in which each HH is independently a peptide according to
Claim 14.
28. The multimeric ApoA-I agonist of Claim 20, 21 or 22
30 in which each HH is independently a peptide according to

Claim 19.

25. An Apoa-I agonist-lipid complex comprising an
ApoA-I agonist and a lipid, wherein theé ApoA-1 agonist is a
35 peptide or peptide analogue according to Claim 1, a
multimeric ApoA-I agonist according to Claim 20, a2 multimeric

-155-

(NI svesvmure suesr qune 20




proteln was added to a DVPC solution in PBS and i ncubdted at room

t enperature overni ght, by’ Which tinme the solution has clarified. Peptide or
protein concepbbaid i N the final solution was 1 mg/ni. 20 PCT/USSZ0327
Label i ng medi a"was renoved fromthe cells-and the cells were washed with
PBS prior to addition of conplexes. 1.6 m of growth nediumwas added to

each wel |,

fol |l owed by peptide (or protein) DVMPC conpl ex and sufficient PBS

to bring the fin volune to_2

APOA- | concenﬁpé% “InESYET ac§°§d9§§ ‘\98 ]a%,&ﬁ';jw'l?}mé) é’f‘mélf%t Hok 4
hours of i nculegdrdstatc®ed@dingheontliaiam 2&s renoved, and the cells washed
with 2 m of It BSA/PBS, followed by 2 washes with 2 ml each of PBS. The
anount of 3H cholesterol effluxed into the mediumwas determned by liquid"

30 sci ntill a@ifon Ghentped-ITagorbstt itk mompken of kiR do 4 7 -
(SEQ 1B NO 4) WMaEHTRHR @HdAalxeaEr;oﬁise hokestsagli &l fddeoddiaty ARPAlainl ha .

EXAMPLE: USE OF THE ApoA-|

MODEL SYSTEMS The efflcacy of the ApoA-I| agonlsts of the invention was
denonstrated in ralgu. tSTh'EheprﬁSUﬂ bgofibow- 1 Dpdd -ddimblex FINEYdin rag isegn of

the ApoA-|

the ApOA| agoniohs JHICHeaSey SghHILEODSeR' Lol ok Ao dlaldd G PAIAL 53,
PHOSPHOLI PI Y PEPTI DE CCNPLEXES Smal | di scoidal particles consisting of

10

1s

20

25

30

35

32. The ApoA-I agonist-lipid complex of Claim 29 in
which the ApoA-l agonist is a peptide according to Claim 14.

33. The ApoA-I agonist-lipid complex of Claim 29 in
which the ApoA-I agonist is a peptide according to Claim 219.

34. The ApoA-I agonist-lipid complex of Claim 29 in
which the lipid is sphingomyelin.

35. The ApoA-I agonist-lipid Eomplex of Claim 295 which
is in the form of a lyophilized powder.

36. The ApoA-I agonist-lipid complex of Claim 2% which
is in the form of a solution.

37. A pharmaceutical composition comprising an Apoa-I
agonist and a pharmaceutically acceptable carrier, excipient
or diluent, wherein the ApoA-I agonist is a peptide or
peptide analogue according to Claim 1, a multimeric ApoA-I
agonist according to Claim 20, a multimeric ApoA-I agonist
according to Claim 21, or a multimeric ApoA-I agonist
according to Claim 22.

38. The pharmaceutical composition of Claim 37 in which
the ApoA-I agonist is a peptide according to Claim 12.
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phosphollpld (DPPC) and peptlde wer e prepared follomnnb the chol ate

di al ysis nethod. The phospholipid was di ssolved in chloroformand dried
under a strea@égagw‘%gr ogen. The peptide 10 was di ssol vedPCTUSIERIAT
(saline) at a éen ration of 1- 2 ng/imM. The lipid filmwas redissol ved

I n buffer containing cholate (430C) and the peptide solution was added at a
3: 1 phospholi pi d/ pepti de weight ratio. The nixture mas incubated over ni ght
at 430C and then dial yzed at 430C (24 hr. 1 room ture &%
hr.) and 40C (24 hr.3%- withe Ma€ﬁ3ﬁ§€§ o‘F°’[’Rf??Je‘?1?IFaﬁfgec siratehich
tenperature poiffe ARKA-CO d?ﬁ%% Werg pebtbde sictordinegl {d. mpm) 1faar

I njection and storage at 40C. 11. 2. | SOCLATI ON AND.
CHARACTERI ZATI ON OF THE PEPTIDE/PHCSPHCLIPID PARTI CLES The particles were

separqted on a gel fadt raﬂia)@haﬁhaa‘eut&@brmcﬁsi-ﬁ)on'ﬁﬂa Qisin 300 iof whiieh
peak. cogt ai ni ng_¢ h rticl s den %§§§ holipid
25 . 5 onceg‘f!?%ﬁ;go?‘ % % I’é(%t :SO%H){:]%_& % el | on % qu'ip

St okes radi us was detern1ned The concentration of peptide in the conplex

was determ ned by negsur 'm e -haeayt akani E@m&&ﬁ@ﬂﬁn (&B’ d'i%ﬁ 3f70| 'nOWh'ig:ha
16 hr. acid hydrolysis.

RABBI T Mal e Nevx)i&%aﬂ%ﬁ?d’%&oglﬁabbﬁté peptide @c%ws rﬁ%c‘t‘Je%ll
intravenously with a dose of phospholipid/peptide conplex (5 or 10 ng/kg

bod ht, tide b j ect ion. i
Do{relght. ox9n soet 4 HPLiekokdyfs 0L Sebh iyl Lo ey
mani pul ati ons. 4@ @odsanpl shichokhechpdAeh &EPFMsteis imkee bigdmy efamn 5,
'S, 30, 60, 240,504 440 W NULES:RT EBph BkECLAA - oI S BRG] dirigl 4¥e

ApoA-I agonist and a lipid.

15 43. The pharmaceutical composition of Claim 42 in which
the ApoA-I agonist-lipid complex is in the form of a
lyophilized powder.

44. A method of treating a subjéct suffering from a
20 disorder associated with dyslipidemia, said method comprising
the step of administering to the subject an effective amount
of the ApoA-I agonist of Claim 1.

45. The method of Claim 44 in which the ApoA-I agonist
25 is in the form of a pharmaceutical composition, said -
composition comprising the ApoA-I agonist and a
pharmaceutically acceptable carrier, excipient or diluent.

, 46. The method of Claim 44 in which the ApoA-I agonist
30 is in the form of an ApoA-I agonist-lipid complex, said
complex comprising the ApoA-I agonist and a lipid.

47. The method of Claim 44 in which the disorder

associated with dyslipidemia is hypercholesterolemia.
35 '

-
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(Hct) was determined for each sanple. Sanples were.afiquoted and stored at
-200C before analysis. 1174. ANALYSIS OF THE RABBI T SERA 5

Pl asna Lipidgy 9J' 9total pl asma chol esterol, plasma triglycRCT/Uses82032@

pl asma phOSphd?lpl S were determ ned enzymatically using conmmercially
avai |l abl e assays according to the manufacturer's protocols (Boehringer
Mannhei m Mannheim Germany and Bi onbri eux, 69280, Marcy-L' 6toile, 10
France). Lipoprotein Profiles. The plasnma |ipoprotein profiles qQf the
fractions obtai ned4®&ft eFhe HBekadd 2k i&?’d‘l‘ ﬁ%é”ﬁol‘“’%’éﬁg Filln‘teod?-?gr £Hopr ot ei n
fractions wergsdetesvededibl dyslipidenid Ni¥ R@ridiovraseulaseddesaséy
gradient. The fractions were collected and in each individual fraction the
phosphol i pid and chol esterol content was neasured enzymatically. 11.5.
RESULTS 20 49. The fdéehdd popr@laim 4% din which thiebdisoragected with
10 ng/kg pepti : I | s f f i PC conpl exes) as
a funé#ion ofgggﬁélé§§§%%§%ﬁ$%§%%%§{%%#&%Aéﬁﬂgﬁﬁgﬂﬁ a egﬁéggése in v
chol esterol of the HDL chol esterol fractions (fractions >1.06 ng/m) is
apparent at 5 mn.s@> The mé@hb@WHHIidRci4 G W dathe HekorRRFOXi Mately

1 hr. The cholesterol of the conpijned HDL fractions qbtained by density
gr adi ent uItriEéﬁF%??%gaY?Bh $¥g$§¥%é%W%ﬁi%ﬁlrﬁﬁ§§?9§ﬂ§' bel ow. The hi ghest

i ncrease of HDL chol esterol (31.3% occurred 15 nmin. after admnistration.
30 19 s1neSend3hahae! SALELANR s AT AR k2l Al sRERLLE

associated with dyslipidemia is HDL or ApoA-I deficiency.

2. The method of Claim <4, in which the disorder
associated with dyslipidemia is hypertriglyceridemia.

15
53. The method of Claim 44, in which the disorder
associated with dyslipidemia is metabolic syndrome.
54. A method of treating a subject suffering from
20 septic shock, said method comprising the step .of
administering to the subject an effective amount of the
ApoA-I agonist of Claim 1.
55. The method of Claim 44 or 54 in which said subject
25 is a human. .

56. The method of Claim 44 or 54 in which about 0.5

mg/kg to about 100 mg/kg ApoA-I agonist is administered to
said subject.

[ ————
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4/ DPPC conpl exes (10 ng/ kg)..i nduces rapid and effici.ept! nobilization of

peri pheral cholwesdsgesah. - 144- TABLE XVI HDL CHOLESTEROL IN#E% g’,ﬁ)z
FOLLOW NG ADM NI STRATI ON OF 10 ng/ kg PEPTIDE 4 (SEQ I D NO 4) Ti ngﬁkm r"f.')
HDL Chol est er ol Increase in HDL Chol esterol (% O

325 408 25.2 15 428 31.3
10 60 172V 18.9 240

291 w3 10. 7 1440 347 6.6 The
dose- dependen of Begept i de 4/ DPPC conpl exes 15 i's shown in TABLE
XVI1, bel ow. C%sedf_;‘pn hese tyo il i) ~an X| ma%l y |inear

dose- dependendy wasgdb$Br ved.
DOSE- DEPENDENCY OF %L%HC]_E

PEPTI DE 4/ DPPC X DosH esfterol HDL
Chol ést er ol (@n’ n. g ( 0/ kg S 33.7
28 * EGO% . 9.. 40
20 Mean Incred@e & 42 4 0% Laa ny/ kg
60. 7 = 75? = 121.3 =
e x
T ®0
W
x 9o 2
' o= E oo
= O =
E T & s O
o O — —
o r T
x S g ==
% T
L)
x B 2
— o 2 .
T B8 .
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L~ L . ud
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10 ng/ kg 35 42.5 35.6,.5t 30 Mean

| ncr ease wb 986459 . be8. 78.5 (&) The pg

i ncrease in HDL chol esterol following injection of 5 ny/ kg-peptb?ﬁje%?megEQ
ID NO1) (in the formof 35 pepti de/ DPPC conpl exes) or 10 ng/ kg
peptide 3 (SEQ | D N@y3) -145- WO 99/ 16459

PCT/ US98/ 20327 (in t&e form of peptide/ 2 conpl exes) is shown in TABLE
XVII11, below TABLE ?f\/l - - I %)

I ncrease (% (Peptic@
nmg/ kg) 15 o ;
71 60 = 407
14.5° 10 These experige
the invent@n to i ncCea}y
chol esteroR i s olseraed
(SEQ D NA) Sndn15D
PREPARATI (€ OEEPEBT| -
fol | owi ng mo%e

oooooooooooooo

O wo
&) HYDRGP
%) HYOR

o
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I
o
o
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20 peptide-lipid conpl exes. One ng of peptide.4 {SEQ I D NO 4) peptide
was di ssol ved ywg og/pdds 1 HPLC grade nethanol (Perkin EI“mer) i N PETQISES/1UB27
clear glass vial with cap (Waters #WAT025054). Dissol ving of the peptide
was ai ded by occasional vortexing 25 ~over a period of 10 minutes at
roomtenperature. To this mxture an aliquot containing either 1, 2, 3, 4
5, 7.5, 10 or 15 ng dipal mtoyl phosphaB/ZiL/I choline (DPPC, Avanti Pol ar

Li pids, 99% Purity, product #850355) froma 100 ng/m stock solution in

met hanol was added. The volume of the m xture 30 was brought to 400
Al by addition of nethanol, and the m xture was further vortexed
intermttently for a period of 10 mnutes at roomtenperature. To each tube
200 Al of xylene (Sigma-Aldrich 99% pure, HPLC-grade) was added and the
-146- . - tubes were vortexed for 10 seconds each. Two small hol es were
punched into the tops of each tube with a 20 gauge syringe needle, the
tubes -were frozen for 15 seconds each LN\: qU| d nltrogen and the

t ubes were Iyogwiliz OVSLLT g X ' tube 200 m
of 0.9k Nad sgjutigh way adyled. Th\h % 5 PO seconds
each. At this&inme|[\he SQLutiong @ bpear ance.
The tubes weregd hen iYrcobatgd-i- Ht e RN 410C. The
solutions in all \e tu beca\re cI 10 “ fi | a0 wat er
in appear ance)g ube | ng 3 DRPC, th rbﬂl ned
cl oudy. The fo ng D\ -0€T\: - Wa s bd - t eRayre - a
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greater anount of peptide-|ipid conplexes for in vive- experinents. 15
Peptide 4 (SEQV?IQNQ@@ (22.4 my) was dissol ved in néthanol apCHUS98/20327
concentration o ng/ M by incubation for several mnutes and m xi ng by
vortex intermttently. To this solution was added di pal mtoyl

phosphati dyl choline (DPPC) in nethanol (100 ng/m stock solution) such that
the final ratio 20 of DPPC/peptldé/\%s 2.5:1 (weight/weight). This
solution was m xed by vortexing. Xylene was added to this solution to a
final concentration of 36k. Aliquots of the resulting solution were renoved
for later analysis by gel filtration chromatography. The sol utions were
frozen in liquid nitrogen 25 and | yophilized to dryness by vacuum

An al i quot containing 20 ng peptide and 50 ng DPPC was rehydrated in
sterikte saline solution (0.9% NaC ), m xed, and heated to 410 C for several
mnuwes until a clear solution of reconstituted peptide phospholi pid
conplexes resulted. 30 12.1. CHARACTERI ZATI ON OF COVWLEXES BY SUPERCSE 6
GEL FI LTRATI ON CHROVATOGRAPHY Pepti de- phosphol i pi d conpl exes cont ai ni ng
"4C- | abel ed peptide 4 (SEQ ID NO 4) (specific radioactivity 35

159, 000 DPM ng peptide py wei ght, assum ng 50% pept| de content) were

prepared by coEyophilj @-- ac de Jhe
preparation c ai ned Y pep P

reconstitutin he crrple es |0

---------------

PEPTIDE 4

FI1G.4B

..........

HYDROPHOBIC FACE CE

FIG.4A

HYDROPHOBIC FACE CENTERED
CONSENSUS 22-MER
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0.91k Nadl, 20 Al (100 #g) of the conpl exes were applised to a Pharnacia
Superose 6 col k&g 0.9% NaCl as the liquid 5 ~* phase rate
of 0.5 mM/m nu‘?g‘.awi‘ﬁ]er a5 m delay (colum void volune = 7?[,’1‘@115%&/2(3?%1 m
fractions were collected. Aliquots containing 20 Al of the fractions were
assayed for phospholipid content using the bi oMerieux Phospholi pi des
Enzymati que PAP 150 kit (#61491) accordisjmto the 10 i nstructions
supplied by the manufacturer. The remai nders of each fraction were counted
for 3 mnutes in a Wallach 1410 liquid scir® |lation counter (Pharnacia)

usi ng the Easy Count program The vas nmajority o& bot h phospholipid and
peptide were recovered EdgetherTn a few fractions with peaks at i5
approximately 16 m. The UV absorbance profile for_this s&hple (not shown)
i ndi cat-es that the conpl eX€s elute ha

The di screpancy between the £\t ¢
radi oactivity/ phosphol ipid §
dead vol une of 20 t ubi MOy
fraction coll eggtor out B . T
di aneters of {44 ¥ngstrons.

ghce flow cell and the

gk SoondsfRo a St okes'
Q) 5- 19 m correspond
\?czw which is e size

to particles § kes' di anmy )
range of humah HBE 25012 . ' CH PHY OF
HUMAN HDL Hurg@ HBL2 was prepay/es/\ : bzenwunan fl asma
(Mannhei m Bl u%pe@fdzentral e #9385 1Pk L Gted to deqdDty 1. 25
with solid pogssi um 30 e £ for 45 ho at
40,000 PRM using a Ti 45 r\Q oating | a was

—

FIG.5A
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density 1.07 with solid potassium bronide, and centrifiuged as descri bed

above for 70 hewoevnedfpe bottom | ayer (at a level 35 of qre ,g,gg-ye
the tube bottom was collected, brought to 0.01% sodi um azi de, ang stored
at 4[err]C for 4 days until -148- chromat ography. 20 Al of the HDL2 was

| oaded onto a Pharmaci a Superose 6 FPLqu | filtration chromatography
system using 0.9% NaCl as colum el uate. /%‘le colum flow rate was 0.5
m/mn. The colum eluate was nonitored by absorbance or 5

scattering of |ight of waxralgength 254 nm A series of proteins of known
nol ecul ar wei ght and Stokesydianmeter were used as standards to calibrate
the columm for the cal cul ati1 O of Stokes' dianeters of the particles
(Pharmacia Gel Filtration CalXgration Kit Instrugtion Manual, Pharmacia 10
Labor & ory Separation, Piscat }'é , NJ, revisq@Apk p85). The HDL el uted
with*a retention volune of 14, -'J‘& correspo t'l\m tal'a St okes' dianmeter of
108 nm 13. EXAMPLE: PREPARAY-ONTSH~ANTI BODI \:“\‘ Pept i des
4 or 8 were conjugated toN\keyhol e @- QD @. (KLH;, 1 ng peptide to
10 ng KLH). The KLH conj ugdate W.Q ;\*.t@--//- conpl ete Freund's

adj uvant and injecfd8 into / ) @) \;r/fik boosted wth 0.25 ng KLH
conjugate at 4 weeks and ,:é).-f) \iﬂ'

S YR
O o ‘%l >

DA epdy 24 and six week
post - bl eeds were tested f NSy

ELI SA. The production bl eeds weneXpoH
di rected exclusively against t 9?({‘@

NRENM O\ ant | gen by

R
O @,@5 each! Antibodi es

E8

8 o o
\4“) N
X< .-‘A Y
‘,}’ *‘\.‘..‘/ R arg
) '@
\g N
v\
]
: N c
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antigens were isolated as_follows: - 25 1..7+ Free peptide was
attached to cygpaggéuserom de activated Sepharose 4B (Phar naci ?‘%‘r@ﬁﬁ@foghng
ed on a

to the manufacturer's protocol. 2. The anti sera was preabsor

columm of irrelevant peptides and on columms of irrelevant human and 30
nouse serum proteins. 3. The pre-absorbed antisera was passed through the.
correspondi ng peptide colum (see point 7,131. 4. The col ums were washed
with 0.1 Mborate buffered saline (pH 8.2) and the bound anti bodi es were
eluted using a 35 sy pH gradient step frompH 4.0 to pH 3.0 to pH
2.0 (0.1 Mglycine buffer) and finally with 0.1 MHCl1. -149- 5. The
eluted material was neutratf™g€d with excess borate saline, concentrated by
ultrafiltration (Am con, YM3§) and di al yzed agaijnst borate saline. 6. The

prot ei:n concentrati on was deét ;!’!‘

A1 ned by 5 2 apsarbgnce at 280 nm The
resutting antibodies were teskc

bd for speci es fyCity using purified

human- ApoA-1 or purified noySe AR inad \-,»«{‘ SA bi ndi ng assay. The
human and murine anti bodinesAwer e @ i g f R} ApoA-1, and
N

denonstrated 10 m ni ral cra @lﬂ y/:' ention is not to be
limted in scope B9t he speci ‘//'- B0 @ ¢ i bed which are intended
as single illustrations e~§‘.m\ _ 220t DS

A1

a ﬂ(‘f @‘ he ,i nyenf)ron, and
AR
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15 functional |y equivalent methods and conponent-§tare within the
scope of the i W@9%16459. | ndeed various nodifications of the i e d08 03
addition to those shown and described herein will become apparent to ?ﬁose
skilled in the art fromthe foregoing description and acconpanyi ng

drawi ngs. Such 20 nodi fications are _intended to fall within the scope
of the appended clains. Al references cﬂ{%H herein are incorporated herein
by reference for all purposes. -150- WO 99/ 16459
PCTAI S98/ 20327 What Is O giymed Is: 1. An ApoA-| agoni st co
15 to 29-residue peptide pepti de anal ogue which - 5 fo
anphi pathic a-helix in the Jpresence of |ipids and which conpris
structural formula (1): [erf] 10 or a pharmaceutical|y
acceptabl e salt thereof, erein: Xerr] is Pro (P), Ala (A @y (G, @n
(Q, “Asn (N, Asp (D) or Pro (p); Xerr] is an aliphatic res{due; Xerr]
is Lea (L) or Phe (F); 15 X4 is an acidic resiglue; X err]
is Leu (L) or Phe (F); I eu (L) or Phe (F); Xerr] ise hydrsphilic
residue; X, is an aci sic residue;-

jsing: (i) a
5 an
s the

FIG. 7A  FIG.7B

FIG.7C
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20 X9 is Leu (L) or Ay (G,; Xerr]Q istlLeu (L), Trp (W or
Ay (G; X1 iswobymassphilic residue; X err] is a hydirophilic pestusiseszzr
Xl[err] is Ay (G or an aliphatic residue; 25 : X14 is Leu
(L), Trp (W, dy (G or Nal; Xerr] is a hydrophilic residue; Xerr]is a
hydr ophobi ¢ residue; Xer]- is a hydrophgpic residue; Xerr] is @dn (Q,
Asn (N) or a basic residue; 30 9/21 X[err] is d@n (Q, Asn (N
or a basic residue; X> is a basic residue; X errf\s an aliphatic residue;

Xerr] is a basic residue; Xerr]is absent or @ pgsjc residue; 35

Z1 is H2ZN- or RC(O NH; 151- Z. is -CCONRR}] E(PORoOr -CCOCH or a
salt thereof; each Ris independently -R (C, -¢6) [akkyl, (C, -C6) alkenyl,
heterocaryl, 6-26 nmenbered al kheteroaryl or a 10

(C -€6) al kynyl, (C -C21) aryl, (C6-C26) alkar 5120 5 menbered
= residue peptide or

peptrde anal ogue; each - g between resi duHﬂ»(x i ndependent|y desi gnates’
an anrde |inkage, a substituted am de |inkage, al i sostere of an anide or
an am de mnetic; or 10
s S
o~ N~y
0O H

0
0 ¢ 0 §
10~ N~ S
0 H 0
oM o M

(I —
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(ii) a deleted fromof structural formula (1) in which:at |east one and up
to eight of regiodyggsshlerrr] [err] and X err] are del&ted; or P%‘?/U@bdd 327aNn
altered formof structural formula (1) in which at | east one of residues
[err] [err] conservatively substituted with another residue; 20 2. The
ApoA-1 agonist of Caiml which exhibi tsw? | east about 38% LCAT-acti vation
activity as conpared with human ApoA-1. 3. The ApoA- |
agonist of Cdaiml which is the altered formof structural formula (1). 4.
The ApoA-1 agonist of Cdaim3 in which the hydrophobic residues are fixed

according to structural 30 formula (}) and at | east one non-fixed
residue is conservatively substituted with another residue. 5. The ApoA- |
agontst of Claim4 [n which. I 15 Pro (P), D-Pro (PJ, Cﬁ/(G) or Ala (A;
35 : XP is Al ), Leu (L) or Val (V}; X3 &s Leu (L) or Phe
(F);-_-152- X. i Leu (E f Phe (F); X6 is Leu (L)[o™N Phe (F); Xerr]

is'Led CL) or Ay (P

pe

RESIDUE

+FIG. 8A

ALPHA-HYDROGEN CHEMICAL SHIFTS

—o— CONSENSUS 22-MER

—e— PEPTIDE 4

1 2 3 45 6 7 8 9-10 1112 1314 1516 17 18 19 20

! e o~ < ©
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T i | 1
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Xerr]. is Leu (L), Trp (W; or Ay (Q; 5 . .1 Xerr] is Leu
(L), Ay (O owoA9REsssl4 1's Leu, Nal, Trp (W or dy (Q9; Xl k’é&ﬁg 8&@,
Nal, Trp (W, Ay (G, Leu {L) or Phe (F); Xerr], is Leu (L) or

Nal ; 10 X21 is Leu (L); and at |east one of [err] and
Xerr] is conservatively substituted with another residue. 6. The ApoA-1I
agonist of Aaim3 in which the 15 11)‘3/1droph| lic residues are fixed
according to structural formula (1) and at | east one non-fixed residue is
conservatively substituted with another residue. 7. The ApoA-1 agoni st of
Claim6 in which: 20 X, is Asp (D) or Au (E); X 1is Lys
CX), Arg (R) or On; Xerr] is Asp (D) or AQu (E); Xerr], is Asn (N) or
An{Q; X2is Gu(E) or Asp CD); 25 i X err] is Asp (D)
or Au (E); [err, G (Q —Asn (N -0 HX[err] isdn (Q,
Asn (N), Lys (K) or On; X[err] is Lys or Orn; X2 Lys (K) or Ora; 3
D - X23 is absent or Ly (Kf; and at |empsqone of [err] and
X[err] is conserjvatively substituted anot her res|due. S The ApoA-I
agoni st of daim7 in which X3 is Leu O or P&} (F), X6 is Phe

(F), X, is Leu (L) or Ay (G, X1, is Le) or Trp (W or Ay (G and at
| east one of [erjr]

o
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- 153- [err], is conserva,tjvely substituted with angther residue. 9.
The ApoA-1 ag o O ai m5 or 7 in which the 5 " subst

residue is cl g‘gts)? ie W|th| n the same sub- category as the sugwk#%e%ﬂ
residue. 10. The ApoA-I agonist of Claiml which is the deleted form O
structural formula (I). 10 11. The ApoA-I agonist of Caim10 in which one
helical turn of the Deptide or peptide d4@#2bgue is deleted. 12. The ApoA-|
agonist of Claiml1 which is a 22-23 15 resi due peptide or peptide
anal ogue of structural forrmula (I). 13. The ApoA-1 agonist of Claim12 in
which: the '"i-" between residues designates -C(O NH; 20

Z, is HN-; and- Z2 iS -C(OCH or a salt thereof. 14. The ApoA-1 agoni st of
Claim13, in which: XI is Pro (P), Ala (A, Ay (G, Asn (N, dn (Q, 25
Asp C) or D-Pro (p); X2 is Ala (A, Vval (V) or Leu IL); X3 is Leu IL) or
Phe ¢F); X4 is Asp ID) or Qu (E); Xs is Leu (L) or Phe (F); 30

X6 is-Leu (L) or Phe (F); X, is LysA (K, Arg (R or On;

S13HS WOIN3HO GANDISSY

FIG. 8C

TH NMR SPECTRUM

XM3H-0  JHIVdIHdNV
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Xs is Asp (D) or Qu (E); . Xg.is Leu (L) or Ay CG,; . X¥is Leu CL), Trp (W
or dy (G; 3 Xl is Asn (N) or An (Q; X1g )
or Asp (D); -?gg-”lll“ﬁlllll 1111 H~l |~ 1) 11 1111 SUBSTn%S#@SgQéE?E
(RULE 26) X113 is Ay (G, Leu (L) or Aib; X14 is Leu CL), Nal, Trp (W
or Ay (Q; Xjsis Asp (D) or Au (E); X,6is Ala (A, Nal, Trp (W, Leu
(L), Phe (F) o- 5 Ay (G; X 7 islmil (G, Leu (L) or Nal; X1Bis Gn
(Q, Asn (N, Lys (KX or On; X19, is An (0), Asn (N, Lys (K) or On; X20
is Lys (K) or On; 10 X21 is Leu (L); X22 is Lys (K) or
On; and X23 is absent or Lys (K). 15. The ApoA-I agonist of Claim1l14, in
which X23 is 15 absent. 16. The ApoA-1 agonist of Caiml13 or 14, in
whi ch one of [err][., is An (Q or Asn (N) and the other of X, , or X, is
Lys (K) or Orn. 20 17. The ApoA-1 agonist of Claim 14 in which each of X9,
[err}is other than Ay (Q.

PAP=1:15
,035 2500
—— BUFFER ‘
------- PEPTIDE 4 .
—+— 14C-CPMs ﬂ
. -2000
0.25- It
fg . _" '.'. —1500
£ : |
e 14C-CPM .
- |
é 1000
g X
< 0157 [ ¥
-500
v ~ae et .: -au'}‘ ¢
L)
: 0.05 -hseereprepspeSrauetaianate . rede,_pepepsessred

LI L) 1

0 35 710121517192 24272031343639 414346 4851535558
ELUTION VOLUME. ()

FIG. 9A
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18. The ApoA-1 agonist of Caim 14 in which one of Xg,, :25 [err]., is

dy (G and the“@dggs.ggare other than Ay (G . 19. Thé~AocoA- | s%ﬁmﬁiv
Claim1 which is selected fromthe group consisting of: 30 pepti
PVLDLFRELLNELLEZLKQKLK  (SEQ ID NO'1) ,* pepti de 2
GVLDLFRELLNELLEALKQKLKK (SEQ I D NG, 2) peptide 3 PVLDLFRELLNELLEW.KQXLK
(SEQ I D NO 3) peptide 4 PVLDLFRELLNEL#F#ALKQKLK  (SEQ I D NO 4) 35
peptide 5 PVLDLFRELLNELLEALKQKLKK (SEQ I D NO 5) peptide 6
PVLDLFRELLNEXLEALKQKLX  (SEQ I D NO 6) - 155- Deptide 7
PVLDLFKELLNELLEALKQKLK  (SEQ I D NO 7) peptide 8 PVLDLFRELLNEGLEALKQKLK
(SEQ I D NG 8) peptide 9 PVLDLFRELGNELLEALXQKLK  (SEQ I D NO 9) pepti de
D - PVLDLFRELLNELLEAZKQKLK  (SEQ ID NG 10) 5 peptide 11.

PVI DLFKELLQELLEALKQKLK ~ (SEQ I D NO 11) peptide 12
PVLDLFRELLNELLEAGKQKLK ~ (SEQ I D NO 12) peptide 13
GVLDLFRELLNEGLEALKQ LK (SEQ I D NO 13) peptide 14
PVLDLFRELLNELLEAL O (SEQ ID NO 14) peptide 1S
PVL DL FRELWKEL L EALKQKLK (SEq P_i'\o 15) 10 -  peptide 16

PVLDLLREI ELLEALKQXLK | (SEQ | 6) peptide 17 PVLELFKEL L QEL LEA} KQXLK
(SEQ ID NO 17) peptide 18 G RELLN- LLEALKQKLK ~ (SEQ I D NO 18)
peptide 19  pVLDLFRELLNEGLEALKQKLK (SEQ I D NO 19) peptide 20
PVLDLFREGLNELLEALKQXLK ~ (SEQ I D NO 20)

0.25 7

ABSORBANCE (280 nm)

0.154

o
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U -
~
w -

1214 161921 23 252830 32 3537 30 42 44 46 48 51 53 55 58 60
ELUTION VOLUME {mi)
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15 peptide 21 PVLDLFRELLNELLEALKQXLK  (SEQ-I xNO 21) peptide 22
PVLDLFRELLNELLE@OK@KIE (SEQ | D NO 22) peptide 23 ™ PCT/USS8R0327
PLLEI LFKELLQEI LEALKQKLK  (SEQ I D NO. 23) pepti de 24
PVLDLFRELLNELLEALQKKLK ~ (SEQ I D NO 24) peptide 25
PVLDFFRELLNEXLEALKQKLK ~ (SEQ I D NO. 25) 20 peptide 26
PVLDLFRELLNELLELLKQXLK ~ (SEQ I D NO 26) 152k i de 27
PVLDLFRELLNELZEALKQKLK ~ (SEQ I D NO. 27) peptide 28
PVLDLFRELLNELWEALKQKLK ~ (SEQ I D NO 28) peptide 29  AVLDLFRELLNELLE
A(Q KL (SEQ I D NO 29) peptide 123 ~ QVLIf LFRELLNELLEALKQKLK  (SEQ I D
NO 123} 25 peptide 124  PVLDLFOELLNELLEALOQOLO (SEQ I D NO 124)
peptitle 125  NVLDLFRELLNELLEALXQKLK (SEQ I D NO. 125) peptide 126
PVLDLFRELLNEL(%ﬁLlfJg LK  (SEQ I D NO 126) peptide 127
PVLDLFRELLNELLEITKQXLYA (SEQ I D NO 127) peptide 128

PVLDLFnELLNELLE q | XK (SEQ. 1D NO 128) 30 _peptide 12 12000

PVLELFNDLLRELL LK  (SEQ I D NO 129) peptide 130
PVLELFNDLLRELLEALKQKLK —(SBOFFER NO. 130) peptide 131
PVLELFKELLNELLDMIRQKI | ---4{-SEEPHOP 4O 131), pepti de 132

PVLDLFRI ETLLUZ. ELQ
pepti de 133 PVLEL

=

NO 132) - - 156-
ERLLEDLLQALNKKLK  (SEQ I D NO 133) peptide 134

PVLELFERLLEDLLXALNQ{LK  (SEQ I D NO 134), pepti de 135
DVLDLFRELLNELLEALKQKLK ~ (SEQ I D NO 135)| pepti de 136
PALELFKDLLQELLEALQKEK (SEQ I D NO 136) P pepti de 137
PVLDLFRELLNEGLEAZKKLK (SEQ I D NO 137)f pepti de 138
PVLDLREELLNEGL LK (SEQ ID NO 138) peptide 139 8000
PVLDLFRELWNEGL LK (SEQ I D NO 139)

=
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= 0151 | | 4000

e ¥
.': : .0. -
s N -"v‘vv-:T-" 3 0

5 Toteneosepepeteqeqsneqeepepi T T opafad.
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pepti de 140
"RELU GLEALK

PVLEL FREL L&NS&EKEI
and/ or CG-term nal

is Nal; and Ois On.
| east about 38k LCAT

whi ch has the structura

HWALL"-HH}, LLM-HH or a pharmaceutically acceptable salt thereof,
each mis independently an integer fromO to 1;

10; 25

| i nker; and each -

LCAT activation activity as conpared with human -

PVLDLFRELLNEGLEALOQOLO

Q I D'NO 141) 10
K

activation activit
formula (11):

each '

(SEQ I D NO 140} fpepti de 141

(SEQ I D NO 142) and the N-term nal
am dated or esterified forns thereof,
15 20. A nultilmeric ApoA-I

ggﬂg conpared with human ApoA-|

"HWq is independently a peptide or
anal opgue according to Caim1;

PVLDF
PCT/US98/20327
acyl at ed
wherein Xis Alb;, Z
agoni st which exhibits at
and

pepti de 142

(1)

wher ei n:
nis an integer fromO to
pepti de

each "LL" is independently a bifunctional

. _independently designates a coval ent 3D
i nkage. 21. A nmultineric ApoA-1 agoni st which exhibits at |east about 38k

ApoA-1 and whi ch

has t he struct _ﬁL_fornuIa (rrry: 35 (1) [err] - 157 - or a
pharnaceuticalrg ééé%ptable salt thereof, wherein:
0.35 20,000
—— BUFFER
------- PEPTIDE 4 .
—— 14C-CPNs
- 15,000
0.25
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S -10,000
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each X is independently H each HH is independently a cdre peptide of

structure (1) o:%@as?sgal ogue or nutated, truncated, 57 I pCeMSesdoy27
del eted or ext rmthereof as described herein; each LL is

i ndependently a bifunctional |inker; each mis independently an integer
fromO to 1; each n is independently an integer fromO to 8; 10
Nya and N are each independently a nulq'ﬂynctional I i nking noi ety where ya

and Yb represent the nunber of functional® groups on Nya and Nyb,
respectively; each y. or yA is independently an integer from3 to 8; 1s
pis an integer fromO to 7; and each "-1 independently designates a

coval ent bond. 22. A nultineric AnoA-I agonist which exhibits at | east
about 38t LCAT activation activity as conpared with-human 20 ApOA- |
and which has the structural fornmula (1V) or (V): or a pharmaceutically
accept’abl e salt thereof, wherein: -158- each X is independently [err]
each RH is independently a peptide or peptide anal ogue according to O aim
1; each LL is independently a bifunctional linker; 5 each n

i s independently an integer fromO to 1; each mis independently an'
integer fromO to 8a Rl is -OR or -NRR and

0.13 - e - 10,000

i —— ABSORBANCE - 8,000
0.125 —— 14C-CPM L 6,000

- 4,000
- 2,000

o*® o000 ¢

=ty g——p—tr P E——— 11T T T
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each R is independently -H, (Cl-C6) alkyl, (Cl-C6) alkKenyl, (C-C)

al kynyl ; (Co- C@g)”%d (C6-'C26) al karyl, 5-20 10 “menber eHCTAISeR20327y |
or 6-26 nenbered al kheteroaryl. 23. The multineric ApoA-I agonist of Claim
20, 21 or 22 in which the bifunctional linker is cleavable. 15

24. The ApoA-1 nmultimeric agonist of Claim?20, 21 or 22 in which nis O.
25. The multimeric ApoA-1 agonist of C /2124 En which mis o. 20 26. The
mul timeric ApoA-1 agonist of Claim20, 21 or 22 in which each HHis

i ndependently a peptide according to Caim13. 25 27. The
mul timeric ApoA-I agonist of Claim20, 21 or 22 in which each HHis

i ndependently a peptide according to Claim14. 28. The nultineric ApoA-I
agoni st of Claim20, %1 or 22 30 in which each ER i s independently a
pepti de according to ¢ aim19. 29. An ApoA-1 agongst-1lipid conplex
conpri'sing an ApoA-1 agonist and a lipid, whereinfjthe ApoA-l1 agonist is a
35 - peptide or peptide anal ogue according to @l aiml, a nultineric
ApoA-1 agoni st accordijng to Caim20, a multineri - 159- ApoA-1 agoni st
according to Caim?21,j or a multinmeric ApoA-1 aggni st according to Caim
22. 30. The ApoA-Oloaa_coni st-lipid conplex of Claifp 29 in

e PP 1010 T
—— PLP 1210 ox
----- PAP 135 c
— PP 13

ABSORBANCE (280 nm)

-0.04

FIG.9F
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5 whi ch the ApoA-1 agonist is a peptide according- o Claim12. 31. The

ApoA-1 agoni st uld f3hds corrpl ex of daim?29 in which thé ApoA-I PETAISHTFL0327S &
pepti de according to aim13. 10 32. The ApoA-I agonist-lipid

conplex of Caim29 in which the ApoA-1 agonist is a peptide according to
Claim114. 33. The ApoA-1 agonist-lipid c lex of Claim29 in which the
ApoA-1 agonist is a peptide according tdg%u m 19. 15 34. The ApoA-I|
agonist-lipid conplex of Caim29 in which the lipid is sphingonyelin.

The ApoA-1 agonist-lipid conplex of Caim29 which 20 isin the form
of a lyophilized powder. 36. The ApoA-1 agonist-lipid conplex of Caim?29
which is in the formof a solution. 25 37. A pharnmaceuti cal
conposi tion conprising an ApoA-I agonist and a pharnaceutical ly acceptable

carrier, excipient or diluent, wherein the ApoA-I agonist i8a peptide or
SR e—ApeA—tr

35.

pepti.d'e anal ogye_according to C aim.l oni st
according to Ciaim20, a mul timeric ApoA-I agoni st 30 «according to
Claim 21, or ajmultinmeric ApoA-1 agonist according tg ailm 22. 38. The
pharmaceuti cal jconposition of Caim37 in which the £ @gonist is a
pepti de accordijng Lo G @ 12 35 39. The phar macgéulif/cal %orrposi tion of
Claim 37 in whilch %& %onl st is a peptide nw, ng «=o C ai m 13.
40. The phar mgceuP &l cangp™ tion of Aaim37 in -
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5 the ApoA-1 agonist is a peptide according to,Caim1l4. 41. The
phar maceut i cal gbtion'of Caim37 in which the ADoA-|1 ageeiTAiSIsRIZ
pepti de according to Caim19. 10 42. The pharmaceuti ca
conposition of Claim37, 38, 39, 40 or 41, in which the ApoA-I
in the formof an APOA-1 agonist-lipid conplex,
ApoA-- agonist and a lipid. 15 20/28.
conposition of Claim42 in which the ApoA-1 agonist-lipid conplex is in the
formof a |yophilized powder. 44. A nmethod of treating a subject suffering

froma 20 di sorder associated with dyslipjdema, said method
conprising the step of admnistering to the SL% ect an efiective anount of

agonist is
sai d conpl ex conprising the
The phar naceuti cal

the ApoA-1 agonist of Claim1l. 45. e net hod &f Claim4%n whi ch t he
ApoA-1 agoni st 25 is in the f& m of maceuti c conposi tion,
sai d.conposition Cleestgl Sl eApo7- | agoni s and a pharnmaceutically
accept-abl e carri eriERgi ]

f daim44 in
whi ch t he ApoA-|

conpl ex, said cogm
nmet hod of O aj s
hyper chol e
di sorder a
nmet hod of
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5 associated with dyslipidema i's atherosclergsiss. 50. The nethod of
Claim44 in %?@9&%9& sor‘der associated with dyslipidenia i pCTASHSIE S.
10 : e method of Claim44, in which the disorder associ ated
with dyslipidema is HDL or ApoA-I deficiency. 52. The nmethod of C aim 44,
In which the disorder associated with dysljpidema is hyperrriglyceridem a.
15 53. The method of O aim 44, in which2W@1di sorder associated with
dyslipidem a is netabolic syndrone. 54. A nmethod of treating a subject
suffering from 20 septic shock, said nethod conprising the step. of
adm nistering to the subject an effective anount of the ApoA-1 agonist of
Caim1l. 55. The nethod of Caim44 or 54 in which said subject 25 s
a hupan. 56. The nmethod of Caim44 or 54 in which about 0.5 ng/kg to about

100 ng/ kg ApoA-1 agonist is admnistered to said subject. SUBSTI TUTE SHEET
( RULE 26)
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