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PEPTIDES HAVING REDUCED TOXICITY THAT STIMULATE
CHOLESTEROL EFFLUX

CROSS-REFERENCE TO RELATED APPLICATIONS
16641} This application claims priority benefit of U5, provisional application no.

61/798,191, filed March 18, 2013, which application is herein incorporated by reference.

STATEMENT AS TO RIGHTS TO INVENTIONS MADE UNDER
FEDERALLY SPONSORED RESEARCH AND DEVELOPMENT
16882} This invention was made with government support under Contract No. DE-AC02-
O05CH 11231 awarded by the U.S. Department of Encrgy and Grant No, HLO85791 awarded

by the National Institutes of Health. The Government has certain rights in this invention.

BACKGROUND OF THE INVENTION
#0383} Elevated levels of plasma HDL cholesterol are associated with reduced nisk of
atherosclerosis (Gordon ef /., “High Density Lipoprotein As A Protective Factor Against
Coronary Heart Discase,” Am. 4 Med., 62:707-14 (1977)). The bencficial effects of HDL are
related, in part, to activity in mediating the anti-atherogenic reverse cholesterol transport
{RCT) pathway. RCT involves the transport of cholesterol from peripheral macrophages to
the liver for excretion of sterel in feces (Lewis ef af, “New Insights Into The Regulation of
HDL Metabolism and Reverse Cholestero] Transport,” Cive, Res., 96:1221-32 (2005)). The
rate-Emiting step of RCT mmvolves stimnilation of cholestero! effhix from macrophages,
mediated by native apolipoproteins such as Apo A-Tand Apo E. This process of cholesterol
cfftux geoerates nascent HDL and requires the ATP-binding cassetic transporter Al
{ABCA1) or else atherosclerosis is developed (Calpe-Berdicl ef ol , “Direct Evidence In Vivo
of Impaired Macrophage-Specific Reverse Cholestere! Transport in ATP-Binding Cassette
Transporter Al-Deficient Mice,” Biochim. Biophys. Acta., 1738(1-33:6-9 (2005). ABCAl is
the defective mwolecuie in Tangiers discase, which is characterized by severe deficiency in
plasma HDL and premature atherosclerosis {Attic ef of., “Pivotal Role of ABCAL in Reverse
Cholestero! Transport Influencing HDL Levels and Susceptibility to Atherosclerosis,” J Lipid

Res., 42011:1717-26 (2001, Apolipoproteins A and E also stabilize cellular ABCAL
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protein by preventing its degradation, which ensures high-levels of cellular cholesterel expoert

and HDL. assembly.

163664} The clinmical importance of HDL has sparked interest in the development of strategies
to mandpulate RCT for therapeuatic purposes. Peptides have been identified that can stimulate

5 cholesterol efftux in vivo (sec, e.g., WO 2008/115303 and WO 2009/155366). These
peptides arc characterized by alpha helices having a polar and non-polar surface and an
alignment of acidic amino acids residuss. However, in some contoxts, these peptides have
exhibited toxicity when administered at very high pharmacological doses. Accordingly, there
is a need to provide improved peptides that have redoced toxicity. The present invention

10 fulfils this need.

SUMMARY OF THE INVENTION
[6885] The present tovention relates to peptides that have cholesterol efflux activity and that

have superior propertics in terms of cytotoxicity profile.

16886} In one aspect, the invention provides a family of peptides having cholesterol effiux

i
RN

activity that parallels that of full-length apolipoproteins (e.g., Apoe Al and Apo E); and having
high selectivity for ABCAT that parallels that of full-length apolipoproteins. Moreover, the
family of peptides has a desirable cytotoxicity profile in that they display little or no
cytotoxicity when administered at bigh pharmacological doses. The polypeptides of the
present invention also stimulate cholesterel efftux from macrophage foam cells in vive,

20 promote a sustained increase in fecal sterol secvetion, and reduce the severity of established
atherosclerosis in the presence of hypercholesterolemia and a high-fat dictary insult in an

apolipoprotein E-deficient mouse model of disease.

{8847} The peptides of the present invention can be used therapeutically to promote ABCAT-
stabilization as well as ABCA I-lipid efflux activity, and can be used alone or, alternatively,

25 in combination with other known pharmacological agents, for the treatment of cardiovascular
discase to reduce atherosclerosis. In addition, the polypeptides of the present invention can
be used alone or, alternatively, in combination with other known pharmacological agenis, for
the treatment of acute corovary syndrome 1o reduce plaque lipid content and to stabilize

vulnerable plagues. Further, the peptides of the present invention can be used alone oy,

(43
<

alternatively, in combination with other known pharmacoiogical agents, for the treatment of
dyshipidenya, hypercholesterolemia and inflammation to raise plasma HDL concentrations

and/or to promote reverse cholesterol transport. Further, the peptides of the present invention
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can be used therapeutically, alone or with other pharmacological agents, to lower ghucose in
patients having diseases of abnormal glucose metabolism. In some embodiments, the
peptides of the present invention can be used thevapeutically to treat or prevent one or more
symptoras of Alzheimer’s Disease or frontotemporal dementia. In various aspects, the

mvention includes, but is not Hmited to, the following embodiments,

{6848} The peptides of the nvention comprise certain features that together define the
pharmacokinetic and pharmacodynamic properties of the peptides. Tn some embodiments,
the peptides comprise a core sequence of 24 amine acid residues that selectively bind to HDL
in plasma and target the ABCATL transporter in cells. Features of the peptides inclode an
amphipathic a-helix structure, with alignment of acidic residues down the center of the polar
surface and positively charged amino acids at the lipid-water interface. Further a peptide of
the tnvention has one or more uncharged residues at the polar surface of the lipid water
interface, e.g., at position 3, 14, and/or 23 of the 24 amino acid sequence, as nombered with
reference to SEQ 1D NO: 1. In some embodiments the one or more uncharged residues is a
polar umcharged residue. In some embodiments, the peptide comprises one or more
uncharged hydrophobic amino acids at the polar surface, e.g., at one or two of positions 3, i4,
and 23. In some crubodiments, the peptide comprises one or more uncharged aliphatic asdno
acids at the polar surface, e.g., at one or two of positions 3, 14, and 23. Tn typical
embodiments, a peptide of the invention has a net negative charge. In some embodiments,
aliphatic aming acids are preferred at the non-polar surface. b some crbodiments, alanine

can be used to reduce hydrophobicity.

16889} The peptides also lack substantial stereo-specific effect, e g., peptides that comprise L

and D amino acids and inverted forms work equally well,

{6618} In one aspect, the invention provides an isolated peptide having cholesterol efflux
activity and litic or no toxicity at high pharmacoloegical doses, where the peptide comprises
an aminoe acid sequence that is an amphipathic g-helix having a non-polar surface and a polar
surface, where the polar surface comprises charged and uncharged amino acid residues at the
hpid-water interface. In some embodiments, the peptide comprises the amino acid sequence
EVeitSKEEEWLAALCHELAEELLARL (SEGQ 1D NO: 1), wherein “cit” represents citrulline.
o some embodiments, the peptide comprises a variant of SEQ 1D NO:1 that has at least 50%
wdentity, or at least 60% identity, or at least 70%, at least 8%, at least 85%, at least 909%

identity, or at least 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98, or 9% identity to SEQ 1D
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NGO Fo some embodiments, the peptide comaprises the amino acid sequence
EVetSKLEEWIAAICHEIAEEILARL (SEQ [D NO:2), wheremn “cit” represents citrulline. In
some embodiments, the peptide comprises a variant of SEQ 1D NO:2 that has at least S0%
identity, or at least 60% identity, or at least 70%, at least 80%, at least 85%, at least 90%
identity, or at least 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98, or 99% identity to SEQ 1D
MNO:2. The amine acid positions described here are determined with reference to SEQ 1B
NO:T or SEQ 1D NO:2Z. Peptide variants of SEQ 1D NO:1 or SEQ 1B NG:2 typically have an
acidic amino acid residue at position 1, 7, 8, 15, 18, and 19 as numbered with reference to
SEQ ID NOLL In some embodiments, a variant has an uncharged residue at the polar
surface, e.g., at at least one of positions 3, 14, or 23 as numbered with reference to SEQ ID
NG:1. In some embodiments, the variant has citrulline at two of positions 3, 14, or 23 as
numbered with reference to SEQ 1D NO:1. In some embodiments, a variant has cifrulline at
positions 3 and 14, positions 3 and 23, or positions 14 and 23. in some embodiments, a
variant has citrolline at positions 3 and 14 and an R or K at position 23; citrulline at positions
3 and 23 and an R or K at position 14; or citrulline at positions 14 and 23 andag R or K at
position 3. In some embodiments, a variant has no more than two R residucs. For example,
i some embodiments, a variant may have an R at position § and an R at position 23. In some
embodiments, the amino acid sequence compriscs an uncharged residue at ong or two of
positions 3, 14, and 23 where the residuc is a hydrophobic amino acid, suchas Q, N, Y, W,
AL L, V. Insome embodiments, the uncharged vesidue at one or two of positions 3, 14, and
23 is an aliphatic amine acid, such as A, L, L, or V. In embodiments when there is a
bydrophobic or aliphatic amino acid at one or two of positions 3, 14, and 23, the third
positions is an B, K, or citralline. In some embodiments, a variant comprises a hydrophobic
amino acid at position 2, 6, 8, 10, 13, 16, 17,20, 21, 22, and 24 as determined with reference
to SEQ 1D NO:1. o some embodiments, a variant comprises an aliphatic amine acid at at
feast one, or at least two, three, four, five, six, seven, gight, or nine of positions 2, 6, 10, 13,
16, 17,20, 21, 22, and 24. In some embodiments, a variant comprises an aliphatic residue at
cach of positions 2, 6, 10, 13, 16, 20, 21, and 24. In some embodiments, the aliphatic amino
acid is L, V, or L. In some embodiment, the sliphatic amino acid residue at position 2, 6, 18,
13,16, 20, and 21 18 L. In some embodimend, the aliphatic aminoe acid residue at position 2,
6, 10, 13, 16, 20, and 21 1s 1. In some embodiments, the aliphatic amino acid residue at
position 2 is V. In some embodiments, the aliphatic amino acid residue at position 2 is V and

the aliphatic amino acid residue at position 6, 10, 13, 16, 20, and 21 is L.. To some
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embodiments, the aliphatic aminoe acid at each of positions 10, 13, 16, and 20 is the same
amino acid. In some embodiments, the aliphatic amino acid is a branched chain amino acid.
In some embodiments, the aliphatic amino acid at each of positions 106, 13, 16, and 20 is the
saroe amine acid selected from the group consisting of L, 1, or V. In some embodiments, the
aliphatic amino acid at each of positions 10, 13, 16, and 20 35 1. Tn some embodiments, the
aliphatic aming acid at each of positions 10, 13, 16, and 20 is L. In some embodiments, the
aliphatic amino acid at position 2 is V, the aliphatic amino acid at position 6, 21, and 24 is L,
and the aliphatic amine acid residue at position 10, 13, 16, and 20 is [ or L. Insome
embodiments, a variant comprises A at positions 11 and 12, In some embodiments, a peptide
of the invention has ghicose-lowering activity and/or treats or prevents one or more
symptoms of Alzheimer’s Disease or frontotemporal dementia. In some embodiments, a
peptide of the invention can sensitize a subject to fusulin. For example, in some
embodiments, the peptide has the same aliphatic residue at X, X3, X5 and Xo) wherein the
residuc is a branched chain aliphatic amino acid residue. In some embodiments, Xig, X3, X6
and Xy is L or Xyp, Xi3, X6 and Xy is L. In some embodiments, the polypeptide comprises

SEQ D NO:T or SEQ D NO:2.

16811} In some embodiments, a peptide of the invention, ¢.g., SEQ 1D NO:1 or a variant as
described herein, further comprises amino acids at positions 25 and 26, as numbered with
reference to SEQ ID NO: 1. In some cmbodiments, the amino acid residue at position 25 is K
or N and the aminoe acid residue at positions 26 is S or Y. In some embodiments, the amino
acid at position 25 is K and the amino acid at position 26 is S, In some embodiments, the
peptide comprises the amino acid sequence EVeitSKEEEWLAALCHELAEELLARLKS
(SEQ IDNO:3). In some embodiments, the polypeptide comprises

EVcuSKLEEWIAAICUEIAEEILARLKS (SEQ ID NG:4).

{8412} In some embodiments, the invention provides an isolated polypeptide having
cholesterol offlux activity and little or no cytotoxicity, where the polypeptide comprises an
amino acid sequence that has the following features: an amphipathic a-helix structare, with
alignment of acidic residues down the center of the polar surface and positively charged
amino acids at the lipid-water interface. Further a peptide of the nvention has one or more
uncharged residues at the polar surface of the lipid water interface, ez, at positions 3, 14, or
23. Thus, in some embodiments, the fnvention provides a peptide that comprises the

following 24-amino acid sequence:
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XXX XX s KeXoXeXoX 10811 K 10X 13X 14X 15X 16X 17X 18X 10X 06X 01 X2 X 23 X 22 (sequence 1)

wherein X, Xo, Xy, Xi5, X5 and Xy are independently sclected from the group consisting of
E and 13; X, X, Xo, Xyg, X1z, X13, Kig %17, Koo, K91 and Xy4 are hydrophobic amino acid
residues; X3, X4 and Xp3 are uncharged amino acids; Xy, X1, and Xy are aming acids
imdependently selected from the group consisting of S, T, G, Aand Y, and Xs B R or K. In
embodiments in which Xs is R, the peptide typicaily has no more than two R residues. ITn
some embodiments, Xo, Xs, X g, %12, X13, XKis, %17, X0, K21 and X4 are aliphatic amino
acids. Tn some embodiments, two of positions X, X4, and Xy are citrulline and the third
position is R or K. In some cmbodiments, the 24-amino acid sequence comprises no more
than two aromatic andne acids. Tn some embodiments, a peptide of the invention has
glucose-lowering activity and/or freats or prevents one or more symptoms of Alzheimer’s
Discase or frontotemporal dementia. In some embodiments, a peptide of the invention can
sensitize a subject to insulin. For example, in some embodiments, the peptide has the same
aliphatic residue at Xyn, X3, X6 and Xo; wherein the residue is a branched chain aliphatic

amino acid residue. In some embodiments, Xig, X3, X6 and Xz is L or X, Xz, Xig and

18613} The invention additionally provides an isolated peptide having cholestero] efflux
activity that has Httle or no cytotoxicity that comprises the following 24-amino acid

sequence:
KKK XX s XeXr XXX 10X 11 XK 13X 14X 15X 16X 17X 18X 10X 00X 01 X 22X 22X 04 (sequence 2)

wherein X, X, Xg, X5, X and X6 ave acid amino acids; and Xp, Xe, Xo, Xio, X1, X2, X3,
X6, K17, Xon, Xa1, KXo, and X4 are hydrophobic amino acids, e.g., aliphatic amino acids, In
somg embodiments, X3, X4 and Xy, are uncharged amine acids. In some embodiments, two
of positions Xs, X4 and Xp3 are citrulline and the third position is R or K. Insome
embodiments, X1y and Xp; are A, Tn some embodiments, Xy 15 a polar amino acid, preferably
a polar uncharged amino acid. In some embodiments, X4 i85, T, G, or Y. Insome
embodiments, X4 is S. In some embodiments, X; is a positively charged amino acid, In
some embodiments, X5 1s R or K, In some embodiments, X 1s R, In some embodiments, X
and X4 are citrolling. 1n some embodiments, Xy, X3, X6, and Xyp are I, Insome
embodiments, the 24-amino acid sequence comprises no more than two aromatic amine
acids. In some embodiments, where X5 is R, the peptide has no more than two R residues. In

some embodiments, X, Xs, X5, X5, X5 and X5 are independently selected from D and E;

6
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Xm, X‘i}ﬂ X]ﬁﬁ and Xz@ are I; Xze Xéﬂ Xgﬁ Xn, Xig, Xy;, XZL) ngﬁ and X24 are hydmpiwbic
amino acids; and two of positions X, X4 and Xy are citrulline and the third position is R or
K. Insome embodiments, X, Xo, Xa, Xis, Xis and X0 are independently selected from D
and F; X, X3, Kie, and Xog are L; Xo, X, Xy, Xz, X7, Xoi, Xop, and Xy, are aliphatic
amino acids; and two of positions Xs, Xy and Xj3 are citrulline and the third position is R or
K. insome embodiments, X, Xy, X, X5, X3 and X6 are independently selected from D
and E; X]o, X] kN X;@:? and Xg(\, are I; Xz_, Xg_, X(;ﬁ Xnﬁ Xm, X]7, Xg],, ngﬂ and Xq are
hydrophobic amino acids, e.g., aliphatic amino acids; positions X3, and X4 are citrulling, and
position Xp3 is R or K. In some embodiments, X, X;, Xg, Xis, X5 and Xjo are independently
selected from D and E: Xqo, Xis, X6, and Xopp are L; Xo, X, Xa1, Xio, X7, X217, 202, and Xoy
are aliphatic amino acids; positions X, and X4 are citrulline, and position X3 is R or K. In
some embodiments, a peptide of the invention has glucose-lowering activity and/or freats or
prevents one or more symptoms of Alrheimer’s Disease or frontotemporal dementia, In

some embodiments, a peptide of the invention can sensitize a subject to insulin.

[8014] In some embodiments, the invention provides an isolated peptide having cholesterol
efflux activity that has little or no eytotoxicity and comprises the following 24-amino acid

sequence:
203X X e XXX oX 1028155221320 420152016201 72X 52K00X00 X0 1 X Ko Xy (sequence 3)

wherein Xy, Xy, Xg, X5, Xz and X;o are anmino acids independently selected from the group
consisting of E and D; X5, Xe, X0, Xin, Xiz, Xi6, 217, Xo0, Xpp and Xy are amino acids
independently selected from the group consisting of A, V, L, or I; Xy is sclected from the
group consisting of A, V, L, F and W, at least two of X3, X4 and X are citrulline; Xsis K or
R, and Xy, X1, and Xy, are amino acids independently selected from the group consisting of
S, T,G, Aand Y. Io some embodiments, Xs and X4 are citrulline. In some embodiments,
X5 and X4 are citrulline and Xy is R or KU In some embodiments, X and Xy are citralline
and X141 1s R or K. In some embodiments, X4 and Xz3 are ctirglline and Xsis R or K. In
some embodiments, e.g., in which X is R, the peptide has no more than two R residoes. In
some embodiments, the 24-amino acid sequence comprises no more than two aromatic amino
acids. In some embodiments, a peptide of the invention has glucose-lowering activity and/or
treats or prevents one or more symptoms of Alzheimer’s Disease or frontotemporal dementia.

In some embodiments, a peptide of the invention can sensitize a subject to insulin. For
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example, in some embodiments, X9, X3, X6, and Xao are the same aliphatic amino acid

residue, e.g., Tor L.

13615} In some embodiments, the jnvention provides an isolated peptide baving cholesterod
efftux activity that has hittle or no cytotoxicity and comprises the following 24-amino acid

sequence:
KiXKoXKs XX s XeXrXsXoX 10K 1 X 10X 13X 14X 15X 16X 17X 18X 10X 20X01 X 22X X (sequence 4)

Wherein X}, X'y, Xg, X15_, Xg and Xg- are D or E; Xz_, Xéﬁ X;()ﬁ Xlg, X}g, ng, Xlﬁ;ﬁ Xzoﬁ X21 and
Xz are amino acids independently seleeted from the group consisting of A, V, L, or T; at feast
two of X3, X4 and Xo3 are citrullme; Xois Wi Xs s K, and X, X1, and Xy are
independently selected from the group consisting of S and A, In some embodiments, X3 and
X4 ave citrulline. In some embodiments, X and X4 are citrulline and X s Ror K, In
some embodiments, the 24-amino acid sequence comprises no more than two aromatic amino
acids. In some embodiments, a peptide of the invention has glucose-lowering activity and/or
treats or prevents one or more symptoms of Alzheimer’s Discase or fronictomporal dementia.
In some embodiments, a peptide of the invention can seusitize a subject to insulin. For
example, in some embodiments, X, X3, Xis, and Xy are the same aliphatic aminoe acid

residue, eg, Lor L.

{8016} In some embodiments, the invention provides an isolated peptide having cholesterol

efflux activity that has little or no eytotoxicity and comprises the following 24-amino acid

KX XX Ko XXX o X 10X 11X 221 214X 15X 16X 7K 1 5100050 150 Kos X {sequence S)

Wh@l‘eil‘z X}, X;r, Xg, le;, Xig and Xig are E; Xg, Xﬁ, Xm, Xiz, XB, X}é, X]y, Xzo, X21 and XM
are amino acids independently sclected from the group consisting of L and I; at least two of
Xa, Xig and Xoz are citrulline; Xo is Wi X515 K, Xy, is S; and X5, and X5 are A, In some
embodiments, X3 and X4 are citrulline. In some embodiments, Xi and X4 are citrulline amd
X318 Roor K. In some embodiments, a peptide of the invention has glucose-lowering activity
and/or treats or prevents one or more symptoms of Alzheimer’s Disease or frontotemporal
dementia. In some embodiments, g peptide of the nvention can sensitize a subject to nselin.
For example in some embodiments, Xy, X3, X6, and Xoo are the same aliphatic amino acid

residue, e.g., Tor L.
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{8817} The tnvention further provides an isolated polypeptide having cholesterol efflux
activity that has Httle or no cytotoxicity, where the peptide comprises an amino acid sequence
that is an amphipathic o-helix haviog a non-polar surface and a polar surface, wherein the
peptide has at least 60% identity, or at least 70%, at least 8(%, or at fcast 90% ideniity 1o
SEQ 1D NO:1 or has at least 60% identity, or at feast 70%, at least 80%, or at least 90%
wdentity to SEQ 1D NO:2, wherein the peptide comprises at least one chemical staple at
position 3, 14, or 23, The positions described here are determined with reference to SEQ ID
NGO or SEQ 1D NG:2. Thus, for exampie, the peptide may comprise a residue at position 14
that forms a staple with 2 residue at position 21, Preferably, the peptide has acidic amino
acid residues at positions 1, 7, &, 185, 1§, and 19, In some embodiments, a variant comprises a
hydrophobic residue at positions 2, 6, 9, 18, 13, 16, 17, 20, 21, 22, and 24 as determined with
reference to SEQ 1D NO:1. In some cmboediments, the variant comprises an aliphatic amino
acid at at least one, or at least two, three, four, five, six, seven, gight, or nine of positions 2, 6,
16, 13, 16, 17, 20, 21, 22, and 24 as determined with reference to SEQ ID NG:i. Insome
embodiments a variant comprises an aliphatic residue at each of positions 2, 6, 14, 13, 16, 20,
21, and 24. In some embodiments, the aliphatic amino acid is L, V, or L. Insome
embodiments, the aliphatic amine acid residue at position 2, 6, 10, 13, 16, 20, and 21is L. In
some embodiments, the aliphatic amino acid residue at position 2, 6, 10, 13, 16, 20, and 21 is
I. In some embodiments, the aliphatic residuce at cach of positions 10, 13, 16, 20d 206is L In
somg embodiments, the aliphatic residue at cach of positions 10, 13, 16, and 20 is L. Tn some
embodiments, the aliphatic amino acid residue at position 2 is V. In some embodiments, the
aliphatic amino acid residue at position 2 is 'V and the aliphatic amino acid residue at position
10, 13, 16, and 20 is L. In some embodiments, the aliphatic amino acid at position 2 is V, the
aliphatic amino acid at position 6, 21, and 24 is L, and the aliphatic amino acid residue at
position 10, 13, 16, and 20 is L. In some embodiments, a variant comprises A at positions 11
and 12. In some embodiments, a peplide of the invention has glucose-lowering activity
and/or treats or prevents one or more sympioms of Alzheimer’s Disease ot frontotemporal
dementia. In some embodiments, a peptide of the invention can sensitize a subject 1o nsulin
For example, in some embodiments, X o, X3, Xy, and X are the same aliphatic aminoe acid

residue, e.g, for L.

[8818] As vnderstood in the art, a variant peptide of any of the foregoing embodiments can
comprise one or more non-naturally ocourring amine acid residues. In some embodiments, at

least one citruiline in any one of the foregoing embodiments 1s replaced with a citulline

9
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amino acid analog. Thus, in some embodiments, one or more of positions X3, X4 and Xos
may be an analog of citrulline. In some embodiments, one or more hydrophobic amino acids
18 replaced with a non-nastrally occurring analog amino acid that has long alipbatic carbon

changes, e.g., long carbon (Cs.g) alkenyl or alkanyl side chains.

S

5 [8819] In one embodiment, the polypeptides of the present invention further comprise 2
protecting group. For instance, the polypeptides can be modified so that the R-groups on the
constituent amino acids and/or the terminal amino acids are blocked, i.e., protected, by a
protecting group. [t has been found that blockage, particalarly of the amino and/or carboxy
tormind, can greatly improve oral delivery and sigoificantly increases serum balf-life. Thus,

10 in one cmbodiment, the polypeptides of the present invention further comprise a protecting
group coupled to the amino or carboxy terminus. In one embodiment, the polypeptides
further comprise a first protecting groop coupled to the amine terminus and a second

protecting group coupled to the carboxy! terminus.

{88281 Suitable protecting groups inchude, but are not Emited to, acetyl {Ac), amide, 3 to 20
carbon alkyl groups, Fimoc, t-butoxycarbonyl (Thoc), 9-tfluorencacetyl group, 1-
fluorenecarboxylic group, 9-fluorencearboxylic group, 9-fluorenone-1-carboxylic group,
benzyloxycarbonyl, xanthyl (Xan), trityl (Trt), 4-methyitrityl (Mit), 4-methoxytrityl (Mmt),
4-methory-2,3,6-trimethyl-benzenesulphonyl (Mtr), mesitylene-2-sulphonyl (Mts), 4.4-
dimethoxybenzhydeyl (Mbh), tosyl (Tos), 2,2,5,7 8-pentamethyi chroman-6-sulphonyl {Pme),
20 4-methylbenzyl (MeBzl), 4-moethoxybenzyl (McORBz1, benzyloxy (Bzl0), benzyl (Bz),
benzovl (Br), 3-nitro-2-pyridinesulphenyl (Npys), 1-(4,4-dimethyl-2,6-
dioxoeycichexylidene)ethyl (Dde), 2,6-dichlorobenzyl (2,6-DiCl-B2l), 2-
chlorobenzyloxycarbonyl (2-Cl-Z), 2-bromobenzyloxycarbouyl (2-Br-Z), benzyloxymethyl

(Bom), cyclohexyloxy (¢HxQ), t-butoxymethy! (Bum), t-butoxy (tBu(), t-butyi (tBu), and

25 trifluorcacetyl {TFA).
(8021 In a preforred embodiment, the polypeptides comprise a first protecting group coupled
to the amino terminus, the first protecting group including, but not limited to, acetyl,
propionyl, and a 3 to 20 carbon alkyl In a preferred embodiment, the first protecting group is
an acetyl. In another preferred embodiment, the polypeptides comprise a second protecting
30 group coupled to the carboxyl terminus, the second protecting being an amide.

(6822} The polypeptides of the present invention can comprise all “L.” amino acids, all “[»”

amino acids or a mixture of “L7 and “D” amino acids.

10
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[8023] A polypeptide of the present invention has cholesterol offlux activity and/or has
ABCAT stabilizing activity. In yet another embodiment, a polypeptide of the present
inveniion protects a phospholipids from oxidation by an oxidizing agent {i.e., the polypeptide
has anti-oxidant activity). Iu still another emabodiment, a polypeptide of the present invention
5 has anti-inflammatory activity, including inhibition of adhesion molecules. In another
embodiment, administration of a polypeptide of the mvention lowers LDL and/or has
favorable offects on glucose control, i, glocose-lowering offects. In some embodiments, a
peptide of the invention treats or prevents syoptoms of Alzheimer’s disease or
frontotemporal dementia. In some embodiments, a polypeptide of the present invention

10 comprises cach of these activities.

166824} A further aspect of the invention provides pharmaceutical compositions comprising at
least one peptide of the invention as described herein and 8 pharmaceutically acceptable
carrier of gxcipient. In some embodiments, the pharmaceutical compositions comprise an
additional therapeutic agent (e.g., a statin such as atorvastatin, fovastatin, pravastatin,

15 simvastatin, fluvastatin, or rosuvastatin; a bile acid binder such as cholestyraming or
colestipol; a Niemaun-Pick C1-Like 1 sterol transporter channel inhibitor sach as Ezetimibe; a
platelet clumping inhibitor such as aspirin, ticlopidine, or clopidogrel, niacin/nicotinamide, a
PPAR activator, Vitamin E, or combinations therveof, for treating a disecase or disorder

associated with cholesterol efflux (e.g., cardiovascular diseasce).

20 8825 In another aspect, the ovention provides peptidomimetics of the polypeptides
disclosed herein, wherein the peptidomimetic is an analog peptide, e.g., a retro-inverse
analog or retro-enantio analog; or surrogate peptide having a non-amide backbone. In yet
another ecmbodiment, the analog 1s a trans-olefin surrogate peptide or dertvative. In some

embodiments, a peptide of the invention can comprise other back-bone modifications. Such

b
N

peptide analogs or surrogates can further comprise a protecting group as described herein
and, preferably, a protecting group at both the amino and carboxy! termini.

[8826] In a further aspect, the present invention provides a composition comprising a
polypeptide of the present invention as described herein, e.g.. a polypeptide comprising SEQ

1D NG or SEGQ D NOG:2, or variants thereof, or a peptidomimetic thereof complexed with a

.
(]
o
o

flipid. In one embodiment, the hipid 1s a phospholipid. In another embodiment, the

phospholipids is 1-palmitoyl-2-cleoyl-sn-glycerol-3-phosphatidyicholine (“POPC™). In yet

11
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another embodiment, the composition further comprises a pharmaceutically acceptable

Carrier.

16271 Yet another aspect of the fovention provides methods of mediating cholesterol efflux
in a mammalian subject {e.g., a primate such as a human or chimpanzee, or a rodent such as a
S rat or mouse) by administering at least one polypeptide or peptidomimetic described herein to

the subject. Those of skill in the art will appreciate that a nucleic acid encoding such a
polypeptide {or peptidomimetic) can be adminstered to the subject in Heu of admimistering
the polypeptide {or peptidomimetic). The present invention provides such mucleic acids.
Based on their cholesterol efftux activity, the polypeptides and peptidomimetics of the

10 present invention can be advantageously used to treat, amcliorate or prevent a discase or
condition associated with dyshipidemia, hypercholesterclemia, sbnormal glucose metabolism,

Alzheimer’s Disease, frontotemporal dementia, and inflammation.

{8828} Sull another aspect of the present invention provides methods for treating or
preventing a symptom of atherosclerosis in a mammal by administering at least one
polypeptide or peptidomimetic described herein to the subject. Again, those of skill in the art
will appreciate that a nucleic acid encoding such 2 polypeptide {or peptidomimetic) can be
administered to the subject in lieu of adnunistering the polypeptide {ov peptidomimetic).
Such nueleic acids are provided by the present invention. In one embodiment of this method,
the mammal is @ mammal diagnosed as having onc or more symptoms of atherosclerosis. In
20 another embodiment, the mammal is diagnosed as at risk for atherosclerosis. Preferably, the
mammal is a human, but can also be a non-human animal. Tn one embodiment, the
polypeptide comprises an aminoe acid sequence of SEQ 1D NO:1 or a variant thereof as
described berein. In one embodimend, the polypeptide comprises SEQ 1 NO:2, or a variant

thereof as deseribed hevein.

25 {8029 In ancther related embodiment, the methods further comprise administering at least
one additional therapeutic agent. Examples of such therapeutic agents inchide, but are not
limited to, agents that treat abnormalities of glucose metabolism, e.g., anti-diabetic agents,
agents that treat Alzheimer’s discase and/or frontotemporal dementia, an antibody, an

enzyme inhibitor, an antibacterial agent, an andiviral agend, a stevoid, a non-steroidal anti-

.
(]
o
o

mflammatory agent, an anti-metabolite, a cytokine, or a soluble cytokine receptor. The
enzyme mhibitor may be a protease inhibitor or a cyclooxygenase inhibitor. The additional

agent may be added as a part of a pharmaceutical composition, or may be administered

12
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concomitantly or within a time period when the physiological effect of the additional agent
overlaps with the physiological effect of the polypeptide(s) or peptidomimetic(s) of the
present nvention. For example, more specifically, an additional agent may be administered
concomttantly one week, several days, 24 hours, 8 hours, or immediately before the

5 administration of the polypeptide(s) or peptidomimetic(s). Alternatively, an additional agent
may, for example, be administered one week, several days, 24 hours, 8 hours, or immediately

after the administration of the polypeptide(s) or peptidomimetic(s).

[8838] Yct another aspect of the present invention provides methods for stabilizing a
vuinerable plague, the methed comprising administering {0 a mammal at least one

10 polypeptide or peptidomimetic described herein, Again, those of skill in the art will
appreciate that a nucleic acid encoding such a polypeptide can be administered to the subject
in lieu of administering the polypeptide. Such nueleie acids are provided by the present
invention. In one embodiment of this method, the mammal is 2 mammal diagnosed as having
one or more vulnerable plagues. In another embodiment, the manwual is diagnosed as at risk

15 for having a vulnerable plague(s). Preferably, the mammal is a human, but can also be a non-
human antmal. In one embodiment, the polypeptide has an amino acid sequence of SEQ ID
NO:T or is a variant as described herein. In one embodiment, the polypeptide has an amino

acid sequence of SEQ H3 NO:Z, or is a variant as described herein.

{8831} In another aspect, the present inveniion provides methods of lowering LDL, the

20 method comprising administering to 2 maromal at least one polypeptide or peptidonimetic
described herein. Again, those of skill in the art will appreciate that a nucleic acid encoding
such a polypeptide can be adminisiered to the subject in licu of administering the
polypeptide. Such nucleic acids are provided by the present invention. In one embodiment

of this method, the mammal is a mammal diagnosed as having elevated LDL. In another

25 cmbodiment, the mammal is diagnosed as at risk for baving clevated LDL. Preferably, the
mammal is a hyman, but can also be a non-human animal. In one embodiment, the
polypeptide has an amino acid sequence of SEQ 1D NO:1 or is a variant as described herein,
In one embodiment, the polypeptide has an amine acid sequence of SEQ ID NG:2 or ds
variant as described herein

30 {8932} In ancther aspect of the present invention provides methods of lowering glucose

levels in a patient having abnormal glacose metabolism, e.g., in a patient having diabetes,

e.g., Type I or Type | diabetes, or metabolic syndrome, or pre-diabetes, the method

-

13



16

20

o]
RN

36

WO 2014/144708 PCT/US2014/029232

comprising administering to a manunal at least one polypeptide or peptidoraimetic described
herein. Agam, those of skill in the art will appreciate that a mucleic acid encoding such a
polypeptide can be administered to the subject in Heu of administering the polypeptide. Such
nucleie acids arc provided by the present invention. In one embodiment of this method, the
mammal is a mammal dlagnosed as having abnormal glucose metabolism. In another
embodiment, the mammal is diagnosed as at risk for having abnormal glicose metabolism.
Preferably, the mammal is a human, bot can also be a non-homan animal. Inone
embodiment, the polypepiide has an amine acid sequence of SEG D NO:1 or is a variant as
described herein. o one embodiment, the polypeptide has an amino acid sequence of SEQ
1D NO:2 or is a variant as described herein. In some embodiments, the polypeptide that is
administered to lower giucose is a polypeptide as described herein, with the provise that the
polypeptide does not comprise the amino acid sequence of SEQ D NG:2. Insome

embodiments, the polypeptide that 1s administered to lower glucose comprises SEQ 1D NO:2.

{6833} In another aspect of the present invention provides methods of preventing or freating a
symptom of frontotemporal dementia, Alzhemmer’s Disease or Mild Cognitive Tmpatrment,
the method comprising administering to a subject at least one polypeptide or peptidomimetic
described berein. Again, those of skill o the art will appreciate that a nucleic acid encoding
such a polypeptide can be administered to the subject in lieu of administering the
polypeptide. Such nucleic acids are provided by the present imvention. In one embodiment
of this method, the subject is diagnosed as baving Alzheimer’s Diseac. In another
embodiment, the subject is diagnosed as having Mild Cognitive Tmpairment. In some
embodiments, the subject has an ApoE4 allele. Tn one emboediment, the polypeptide has an
amino acid sequence of SEQ 1D NO:1 or is & variant as described herein. Inone
embodiment, the polypeptide has an amino acid sequence of SEQ 1D NG:.2 or is a variant ag

described heretn,

[8034] The prosent invention also provides kits for treating or preventing a disease or
condition associated with dyslipideria, hypercholesterclemia, abnormal glucose metabolism,
mflanmation, and/or Alzheimer’s Disease or frontotemporal dementia. In one embodiment,
the present invention provides kits for treating or preventing a symptom of atherosclerosis,
the kit comprising a container containing a polypeptide or peptidomimetic of the present
invention. In onec embodiment, the present invention provides kits for treating or preventing a
discase associated with abnormal glucose metabolism, e g, diabetes or metabolic syndrome,

the kit comprising a container containing a polypeptide or peptidomimetic of the present
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invention. o one ershodiment, the present invention provides kits for freating or preventing a
symptom of Alzheimer’s Disease, the kit comprising a container containing a polypeptide or
peptidomimetic of the present tnvention. The kit can further comprise a pharmaceutically
accoptable carvier. In addition, the kit can further comprise instructional materials teaching
the use of the polypeptide or peptidomimetic for treating or preventing the disease or
condition. The polypeptides and peptidomimetics provided in the kits of the present
invention can comprise all L amino acids, all D amino acids or a mixture of L and D amino

acids in either natural sequence or {retro)inverted sequence.

18635} In connection with the above kits, instructional material can include a document or
recorded media ncluding a written or audible tnstruction for the use of a pharmaceutical
composition. fnstruction material fncludes, for example, a label on a bottle, a paper inserted
in a box, printing on the box or carton, instructions provided by a website at an address given

in any of these locations, erc.

[8836] In yet another aspect, the present invention provides use of at least one polypeptide or
peptidomimetic of the present fnvention in the preparation of a medicament for mediating
cholesterol efffux in a manwumal, e.g, a buman. In one emwbodiment, the polypeptide has an
amine acid sequence of SEQ TD NO:1 or is 2 variant as described herein, Inone
embodiment, the polypeptide has an aming acid sequence of SEQ 18 NO:2 or 15 a variant as

described herein.

{88371 In a further aspect, the present invention provides use of at least one polypeptide or
peptidomimetic of the present invention in the preparation of a medicament for treating 8
syniptom of atherosclerosis in a mammal, e.g., a human, In one embodiments, the
polypeptide has an amino acid of SEQ 1D NO:1 or a variant as described herein. fn one
embodiment, the polypeptide has an aming acid sequence of SEQ 1D NO:2 or is a variant as

described herein.

[B838] In yet a further aspect, the present invention provides use of at least one polypeptide
or peptidomimetic of the present invention in the preparation of 3 medicament for stabilizing
& vulnerable plaque in a mammal, e.g., 2 human, In one embodiment, the polypeptide has an
aming acid of SEQ 1D NO: 1 or a variant as described herein. In one embodiment, the

polypeptide has an amino acid sequence of SEQ ID NO:2 or 1s a variant as described hercin..
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{6838} In vet a further aspect, the present invention provides use of at least one polypeptide
or peptidomimetic of the present mvention in the preparation of a medicament for treating

dyshipidemia or hypercholesterolemia in a patient. In one embodiment, the polypeptide has
an amino acid of SEQ 1D NO:1 or is a variant as described herein. In one embodiment, the

polypeptide has an amino acid sequence of SEQ 113 NO:2 or is a variant as described herein.,

(8044} In vet a fRurther aspect, the present invention provides use of at least one polypeptide
or peptidomimetic of the present invention in the preparation of a medicament for decreasing
blood glucose levels in a mammal, e.g, 2 haoman. In one embodiment, the polypeptide has an
amino acid of SEQ 1D NO:1 or is a variant as described herein. In one embodiment, the

polypeptide has an amino acid sequence of SEQ 113 NO:2 or is a variant as described herein.,

{88411 In yet a further aspect, the present invention provides use of at least one polypeptide
or peptidomaimetic of the present invention in the preparation of a medicament for preventing
or treating a symptom of frontotemporal dementia, Alzheimer’s Disease or Mild Cognitive
Impairment in 2 human. In one embodiment, the polypeptide has an amino acid of SEQ 1D
NG:T or is a variant as described herein. In one embodiment, the polypeptide has an amino

acid sequence of SEQ 13 NO:Z or is a variant as described herein.

{8842} Another aspect of the invention provides an isolated nucleic acid encoding a
polypeptide of the present invention, an expression vector comprising the nucleic acid, and a

host cell comprising the expression vector,

180431 A polypeptide and peptidomimetic of the fnvention is also useful as a research tool
and/or diagnostic tool. For example, such a peptide can be used 1o identify subjecis having
reverse cholesterol deficient plasma and those subjects that are responders o reverse
cholesterol treatment. Also, a polypeptide of the invention can be used to cvaluate the anti-
atherosclerotic potential of other compounds (including, e.g., peptidomimetics).

18044} In addition, a polypeptide or peptidomimetic of the invention can be used for
investigating fipoprotein-receptor interactions in animals and animal models, particularly
when a polypeptide or peptidomimetic of the present invention is labeled {e.g., radivactive

label, fluorescent label, efc. ).

88458} A polypeptide or peptidomimetic of the fnvention can also be used to identify

appropriate antmal models for elacidation of Hpid metabolic pathways. For example, a
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polypeptide or peptidonimetic ¢an be used to wdontify animal models and gene and/or drug

mteractions that have an effect on reverse cholestero! transport..

16846} Other features, objects and advantages of the invention and its preferred ernbodiments
will become apparent from a reading of the detailed deseription, examples, claims and figures
that follow.

BRIEF DESCRIPTION OF THE DRAWINGS
{88471 Figure 1- High dose administration of HDL mimetic peptide ATE-5261 induces a
cytotoxic response in rats and rabbits.
[6848] Figure 2- High dose administration of HDL mimetic ATI-S261 increases plasma
triglycerides and cholestero] in rats and rabbits.
83849} Figure 3- Intravenous infusion of high dose ATI-5261 induces a cytotoxic response in
monkeys,
166368] Figure 4- The cytotoxic response of ATI-5261 found in rat, rabbit and cynomolgus
monkey is recapitulated in mice.
[B851] Figure 5- Aromatic phenylalanine residues associated with the non-polar surface of
ATI-5261 contributed to a majority of the peptide toxicity.
1652} Figure 6- Councentrations of plasma Hpids in CS7BI/6 mice following administration
of the aliphatic analogs of ATI-5261.
{6853} Figure 7- Deomonstration that aliphatic analogs of ATH-5261 lacking phenylalanine
residues retain potent ABCAT selective cholesterol efflux activity. In pancl A and all similar
two-bar graphs in the Figures that show cholesterol effiux activity with and without cAMP,
the left bar represents cholestorol efffux without cAMP and the right bar represents
cholesterol efflux after cAMP (1.e. ABCA-dependent efflux).
[0054] Figure 8- Toxic properties of lysine residues in ATI-5261.
[0055] Figure 9- Toxic properties of arginine residues in ATI-5261.
6656} Figure 10- Hydrophobicity can be modulated to reduce the residual toxicity of ATH-
5261 analogs.
{8857} Figure 11- Further evidence that hydrophobicity can be modulated to reduce the
residual toxicity of ATI-5261 analogs
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(G058} Figure 12- Additional substitations of less hydrophobic amino acids for tryptophan

can be used to reduce toxicity of ATI-5261.

1659) Figure 13- Hydrophobic amino acids can be used at position R 14 to create safe and
effective peptides.

(8064} Figure 14- The R14L substitution can be used in other ATI-5261 analogs to create
safe and effective HDL mimetic peptides.

16861} Figure 15- Citrolline substitutions for arginine can be used {o create safe and effective
HDL mimetic peptides

{8862} Figure 16- Citrulline analogs of ATI-5261 retained functionality and stimulated
cholesterel efflux with high potency

16863} Figure 17- Citrolline analogs of ATI-5261 arc compatiblc with other amino acid
substitutions in generating safe and efficacious peptides.

{6864} Figure 18- The LenATI-5261 peptide can support citrulline substitutions to creaie safe
and effective HDL mimetic peptides.

[8865] Figure 19- Citralline analogs of ATI-5261 retain functionality and stimulate
cholesterol cfffux with high potency.

[8866] Figure 20- The presence of negatively charged residues along the polar surface of
amphipathic o-helix plays a major role tempering the toxic propertics of HDL mimetic
peptides.

6667} Figure 21-Peptides with acidic residue substitutions retain functionality in mediating
celluiar cholesierol efftux.

#0868 Figure 22- Small 24-mer forms of Leu-ATIS5261 and its citrulline analog are safe and
effective in mediating ABCA mediated cholesterol effiox.

186869} Figure 23- Hydrophobic leucine can be used to replace citrulline at the lipid-water
interface of an amphipathic o-helix to create safe and effective HDL mimetic peptides.
16676] Figure 24- The citrulline form of LenATE-5261 supports other amine acid

substitutions to create safe and effective peptides.
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{8871} Figure 25- Citrulline forms of LeuATI-5261 with various leucine substifutions retain

cholestero} efflux activity.

18672} Figure 26- Isoleucine can be used to replace phenylalanine in ATI-5261 to create safe

and effective cholestero! efflux pepuides.
5 8873} Figure 27- Isoloucing forms of ATI-5261 retain cholesterol efflux activity.

18874} Figure 28- Peptides CS56253 and T6991-2 stimulate cellalar cholesterol efflux via
ABCAL with high potency.

6673} Figure 29- The leucine form of Cit ATI-5261 stabilizes macrophage ABCAT and

stirmalates cholesterol efffux in an ABCAT dependent manner.

16 [8876] Figure 30- Peptide CS6253 interacts with native ABCAT oligomeric forms to mediate

celiular Hpid efffux and nascent HDL assembly.

10677} Figure 31- CS6253 formulated with phospholipid stimulates cholesterol efflux via
SEBI.

[G878] Figure 32- CS6253 formulated with phospholipid stimulates cholesterol efflux via
15 ABCGH
80791 Figure 33- CS6253 induces formation of preB-HDL and enhances the cholesterol

efflux activity of human plasma.

{8088} Figure 34- T6991-2 induces formation of prefi-HDL and enhances the cholesterol

etflax activity of human plasma.
20 8081} Figure 35- CS6253 induces pref HDL formation in vive in hamsters.

18082} Figurc 36- Plasma half-lifc of CS6253 inrats, CS6253 was designed with a 826 —> Y

substitution to facilitate labefing with 1 (sequence at the top of the figure).

{8883} Figure 37- CS6253 stimulates macrophage reverse cholesterol transport (RCT) to

feces in vivo.
25 [8084] Figure 38- CS6253 reduces substantial atherosclerosis in apoE-/- mice.

6685} Figure 39- Low-dose administration of CS6253 reduces substantial atherosclerosis in

apok-/- mice.
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(G886} Figure 40- CR6253 aduunistered subcutancously (SC) also reduces substantial

atherosclerosis in apoE-/- mice.

1087} Figure 41 - Stapied peptides can be designed to roediate ABCAT dependent

cholesterol efflux.

o

[GORR] Figure 42- Stapled peptides based on the ATI-5261 design raediate ABCA]

dependent cholesterol efflux in a concentration dependent manner.
18089} Figure 43- Blood glucose lower properties of T6991-2 in mice. Peptide To991-2:

[668968] Figure 44- T6991-2 lowers blood glucose concentrations upon ghicose challenge in

DIO mice.
10 [0091] Figure 45- T6991-2 improves sensitivity to insulin in DIO mice.

18092} Figure 46- T6991-2 lowers blood glucose concentrations upon glucose challenge in
ob/ob genetic mouse model of obesity.

6893} Figure 47- The leucine form of CitATI-3261 supports various amino acid

substitutions fo ¢reate safe and effective peptides.

16694} Figure 48- Aliphatic forms of CHATI-5261 with cither leucine or isoleucine

substitutions retain chelesterol efflux activity and reduce blood glucose in mice.

G895} Figure 49- Analogs of C56253 with increasing numbers of isoleucine residues are
safe and effective.

18#096] Figure 50- Aliphatic forms of CS6253 with increasing isoleucing substitutions retain

20 cholesterol efflux activity and reduce blood glucose in mice.

(80497} Figure 51- C86253 and T6991-2 lower blood gliucose concentrations upon ghucose

any

chalienge 10 C57BV6 mice.
[0098] Figure 52- Plasma clearance of £S6253 and T6991-2 in rals,

[6699] Figure 53- Systemic adminisiration of peptide T6991-2 increases brain ABC

25 transporters in mice.

{3106} Figure 54- Systemic administration of either CS6253 or T6991-2 increases apol

levels and bipidation in brain of mice.
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{6161} Figure 55- Systemic admirdstration of C862353 and T6991-2 decrease P-tau and

amyloidB42 in brain of mice.

(#3862} Figure 56- Systemic administration of C56253 and T6991-2 reverses E4 phenotype

with regards to suppressed VGiut! and apoERcceptor? and mmcreases nouronal plasticity.

DETAILED DESCRIPTION OF THE INVENTION
Befinitions
[83183}1 The term “ABC” or “ATP Binding Cassette” vefers to multidomain membrane
proteins, responsible for the controlied efflux and infhx of alloerites (e g, cholesterol) across
cellular membranes, ABC proteins comprise four domaios, with two fransmembrane
domains (TMDs) responsible for allocrite binding and transport and two nucleotide-binding
domains (NBDs) responsible for coupling the energy of ATP hydrolysis to conformational
changes in the TMDs. The family members include, e.g., ABCAT and ABCAT (see, e.g.,
Dean et ¢l 4 Lipid Res., 42:1007-1017 (20011, ABCAI 15 characterized in Denis et af., J
Biol Chem., 279(40):41579-36 (2004). ABCA1 plays arole m cholesterol efflux and is
upregulated o cells that are exposed to cholesterol enriching conditions and is the defective
molecule v Tangiers Discase (Brooks-Wilson ef o, Nat. Gen., 22:336-344 (1999); Bodzioch
et al, Nar. Gen., 22:347-351 {1999); Rust ef af., Nat. Gen., 22:352-355 (1999}). ABCAIL
tarns over rapidly and has a half life of about 1 hour in the absence of a suitable stabilizer,
such as an apolipoprotein (see, e.g., Wang ef al., J. Clin. fnvest., 111:99-107 (2003)) ABCAL
sequences are sct forth in Genbank Accession Nos.: AJ012376; NM_173076; NM_013657;
NM_005502; NP_005493; 0953477, ABCA family members are reviewed in Broecardo er

al., Biochimica et Biophysica Acta, 1461:395-404 (1999).

[#184] The term “arphipathic alpha helix™ or “amphipathic o helix” refers to a polypeptide
sequence that can adopt 8 secondary structure that is helical with one surface, L2, face, being
polar and comprised primarily of hydrophilic amine acids {e.g., Asp, Gluo, Lys, Arg, His, Gly,
Ser, Thr, Cys, Tyr, Asn and Gln), and the other surface being 2 nonpolar face that comprises
primarily hydrophobic amino acids (e.g., Leu, Ala, Val, lle, Pro, Phe, Trp and Met) {see, e.g.,
Kaiser and Kezdy, 4nn. Rev. Biophvs. Biophys. Chem., 16:561 (1987), and Science, 223:249

(1984)).

{8165} The polar face of an amphipathic o helix can, in some mstances, display an
“alignment of negatively charged amino acids” or “an alignment of acidic amino acids,” ie.,
a scrics of negatively charged or acidic amino acids {e.g., Asp and/or Glu) positioned
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approximately evendy (e.g., at about every one, two or three helical turns) within the
polypeptide secondary structure. Amphipathic ¢ helices play a role in both intra- and inter-
molecular protein-protein interactions, and proteins and lipoproteins {e.g., inchiding
apolipoproteins) comprising amphipathic o helices bave been postulated 1o play 2 role wn lipid
{e.g., HDL) transport and metabolism (see, e.g., Anantharamaiah et ol Adv. Exp. Med. Biol.,
285:131-40 (1991)}. The structure and function of amphipathic ¢ helices has been reviewed
in, e.g., Segrest ef al., Profeins, (20 103-17 {31990). fn silico methods of identifying
amphipathic a helices have been described by, e.g., Jones ef al., 4 Lipid Res., 33(2):141-66
{1992). Multiple proteins comprising amphipathic o helices have been identified inchuding,

e.g., apolipoproteins and serum amyloid proteins.

18186} The terms “cholesterol efthod” and “cholesterol efflux activity” refer to efflux of
cholesterol from any cell type. For example, macrophage foam-cells in the artery wall
release {1.e., oxport) cholestere! to appropriate acceptors, such as apolipoproteins and/or
HDL. A compound that mediates cholesterol offlux enhances the release, f.e., movement, of
cholesterol out of the cell and into the extracelular medium or compartment. Cholesterol
offlux is often accompanied by or preceded by, ie., follows, the efflux of phospholipids from
cells, The coordinated release of both cholesterol and phosphbolipids produces HDL in the
presence of a suitable lipid acceptor, e.g., apolipoprotein or peptide. Therefore, the processes
of cholesterol- and phospholipid-efflux are linked and synonymous with one another. A
compound that ¢nbances the release of cholesterol from cells increases the amount of
cholesterel and/or phospholipids appearing outside the cell by at least 25%, 50%, 75%, 100%
or by at least 2-fold, 4-fold, 8-fold, 10-fold or more compared to the level of cholesterol

effhux in the absence of the compound.

18167} The term “ABCA stabilization activity” or “ABCA1 stabilization” refers 1o enbancing
and/or extending the half life of an ABCA protein by preventing its degradation. A
compound that has ABCAI stabilization activity will significantly delay the proteins
degradation. This will produce an increase in cellular ABCAT protein levels of at least 25%,
0%, 75%, 100% or at least 2-fold, 4-fold, 8-fold, 10-fold or higher compared to ABCAT
protein detected in the absence of the compound.

[8188] The term “anti-mflammatory activity” refers to prevention or reduction of
imflammation. Inflammation will be recognized as playing a role in atherosclerosis

development and associated with dyslipidemia, hypercholesterolemia and/or Hpoprotein lipid

]
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oxidation as well as other discases. The nflammatory response can be Jocal, such as in the
artery wall or brain or other extra-vascular tissues, and/or systemic. A peptide that has anti-
mflammatory activity will decrease an inflammatory response as measwured by a decrease 1n
inflanumatory mediators {e.g., adhesion mwolecules, cytokines and/or oxidized lipids) and/or a
5 decrease in macrophages and/or macrophage activation in plagues and tissues, compared to in

the absence of the peptide.

{3189} The term “antioxidant activity” refers to prevention or reduction of oxidation caused
by reactive onygen species {ROS) including, e.g., hydrogen peroxide (HrOy); hypochliorite
ion {-OCH); hydroxyl radical (-OH); and the superoxide anion {Oy-). Many naturally

10 occurring substances possess antioxidant activity. For example, apolipoproteins can inlubit
lipid peroxidation, thus protecting phospholipid surfaces from lipophilic, as well as, water
soluble free radical mitiators (see, e.g., Riochemistry, 41:20889-2096 (2002)). In the context
of this invention, a peptide with an antioxidant activity has an antioxidant activity that is at
least 25%, 50%, 75%, 100% or at least 2-fold, 4-fold, 8-fold, 10-fold or more higher than the

15 antioxidant activity in the absence of the peptide.

1318} “Plaque stabilization,” as used herein, refers to the stabilization of vulnerable plagues
from risk of rupture or erosion by removing cholesterol from lipid rich plaques, including but
not lmited to, removal of cholesterol from foam cell macrophages. Plaques contain
thrombogenic substances, i.e., substances that when exposed to plasma are very powerful in
20 aggregating platelets with the visk of local thrombosis and vessel ceclusion, such as fissue
factor. The rupture of the plaque and exposure of such material is prevented by the fibrous

cap separating the plagoe from the vessel. Lipid removal confers plaqoe stability.

18111} “Reverse Cholesterol Transport {RCTY),” as used herein, refers to the process of
removing cholestercl from macrophage foam cells and the hipid vich plagoe from the arterial
25 wall, with subscquent transfer through plasma to the Hiver for uptake, processing and
excretion as neutral sterols (cholesterol) or acidic sterols (hydroxylated cholesterol/bile) in
feces. The effhux of cholesterol from macrophage foam cells 1s a requirement for RCT
benefit in iisclf even though the cholesterol may be shifted to other less vulnerable adjacent

cells. However, the further disposal of such cholestero! by transport in HDL-like particles to

.
(]
o
o

the Hver for excretion is a favorable aspect of treatment. Such complete RCT provide a
general rejuvenation of the arterial tree by actual net removal of the cholestere! content in the

arterics. The RCT and plague stabilizing effects are either conferred divectly by the peptides,

X
()
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or the complexes that they naturally forro with phospholipids io plasma and cells or,
alternatively, apoA-I/HDL as the peptides bind to endogenous HDL particles, thereby

changing their properties and making them more efficient to promote RCT.

18112} A disease or disorder associated with “dyslipidemia” is any disease or disorder in

5§ which lipid metabolism is disregulated, due to alterations in tissue (7.e., blood) lipids and
lipoprotein concentrations and/or aberrant mediation of cholesterol efflux or aberrant ABCA
stabilization. Such diseases nclude, for example, heart disease, atherosclerotic lesions,

stroke, Alzheimer’s, and storage disorders.

1113} The term “amino acid” refors to naturally occurring and synthetic amino acids, as well
3 as amino acid analogs and amino acid mimetics that function n 2 manner similar to the
naturally ocourring amino acids. Natorally ocaurring amino acids are those encoded by the
genetic code, as well as those amino acids that are later modified, e.g., hydroxyproline, v-
carboryglotamate, and O-phosphoserine. The amino acids may be neutral, positive or
negative depending on the substitaents in the side chain. "Neutral amino acid” means an
amino acid containing uncharged side chain substituents. Examples of neuiral amine acids
include alanine, valine, leucine, isoleucine, proline, phenylalanine, tryptophan, methionine,
glveine, serine, threonine and cysteine. "Positive aming acid” means an anino acid in which
the side chain sobstituents are positively charged at physiological pH.  Examples of positive
amino acids include lysine, arginine and histidine. "Negative amino acid” means an amino
20 acid in which the side chain substituends bear a net negative charge at physiclogical pH.
Examples of negative amino acids include aspartic acid and glotamic acid. Amino acid
analogs refers to compounds that have the same basic chemical structure as a naturally
occurring amgino acid, i.e., an o carbon that 1s bound te a hydrogen, a carboxyl group, an

amino group, and an R group, e.g., homoserine, norleucine, methionine sulfoxide, methionine

29 4P

b
N

methyl sulformom. Such analogs have modified R groups {e.g., norleucing) or modified
polypeptide backbones, but retain the same basic chemical structure as a natorally occurring
amino acid. Aminoe acid sdmetics refers to chemical compounds that have a structure that is
different from the general chemical structure of an amino acid, but that functions in a manner
similar to a naturally cccurring amino acid. Amino acid s also meant to include -amino acids
30 baving L or D stercochemistiry at the a-carbon. A more detailed description of amino acid as
well as conservative amino acid substitutions is provided below in the section entitled

“Polypeptides.”
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(8114} A "non-natyral amino acid” is included in the definition of an amino acid and refers to
an amino acid that is not one of the 20 common naturally occurring amino acids or the rare
naturally occurring amino acids e.g., selenocysteine or pyrrolysine. Other terms that may be
used synonymously with the ferm "non-patural amine acid” is "nen-naturally encoded amino

18

acid,” "onnatural amine acid,” "non-naturally-occurring amine acid,” and variously
hyphenated and non-hyphenated versions thereof. The term "non-natural amine acid”
inchudes, but is not limited to, amino acids which occur naturally by modification ofa
naturally encoded amino acid (including but not imited to, the 20 common amino acids or
pyrrolysine and selenocysteine) but are not themselves incorporated into a growing
polypeptide chain by the translation complex. Examples of natorally-occurring amino acids
that are not naturally-encoded include, but are not limited to, N-acetylghucosaminyl-L-sering,
N-acetyighicosaminyl-L-threonine, and O-phosphotyrosine. Additionally, the terom "non-
natural aming acid” includes, but 1s not himited to, amino acids which do not occur naturally
and may be obtained synthetically or may be obtained by medification of non-natural amine

acids.

[#115] Amino acids may be referred to herein by either their commonty known three letter
symbols ot by the one-letier symbols recommended by the IUPAC-TURB Biochemical
MNomenclature Commission. Nucleotides, likewise, may be referred to by their commonly

accepted single-letter codes.

[#116] The torm "aliphatic,” as used herein, includes both saturated and unsaturated,
nonaromatic, straight chain (i.e., unbranched), branched, acychic, and cychic (i.e., carbocyelic)
hydrocarbons, which are optionally substituted with one or more functional groups. As will
be appreciated by one of ordinary skill in the art, "aliphatic” is intended herein to include, but
is not Hmited to, alkyl, alkenyl, alkynyl, cveloalkyl, cycloalkenyl, and cycloalkynyl moieties.
Thus, as used herein, the term “alkyi” includes straight, branched and cyelic alkyl groups. An

o

analogous convention applics o other generic terms such as "alkenyl,” "altkynyL" and the
like. Furthermore, as used herein, the terms "alkyl” "alkenyl,” "alkynyl," and the like
encompass both substituted and unsubstitoted groups. In certain embodiments, as used
herein, "aliphatic” s used to indicate those abiphatic groups (cyclic, acychic, substituted,
unsubstiteted, branched or unbranched) having i-20 carbon atoms. Aliphatic group
substituents include, but are not hmited to, any of the substituents described herein, that result
in the formation of a stable moiety {e.g., aliphatic, alkyl, alkenyl, alkynyl, heteroaliphatic,

heterocyclic, aryl, heteroaryl, acyl, oxo, imino, thicoxo, cyano, isocyano, aminge, azido, nitro,

25
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bydroxyl, thicl, balo, aliphaticaninoe, heteroaliphaticamino, alkylamino, heteroalkylamino,
arylamino, heteroarylamino, alkylaryl, arvlalkyl, aliphaticoxy, heteroaliphaticoxy, alkyloxy,
hetercalkyloxy, aryloxy, heteroaryloxy, aliphaticthiony, heteroaliphaticthioxy, alkylthioxy,

heteroalkylthioxy, arylthioxy, heteroarylthioxy, acyloxy, and the like, cach of which may or

RN

may not be further substituted).

{8117} The torms “polypeptide,” “peptide”™ and “protein” are used inierchangeably herein to
refer to a polymer of amino acid residues. The terms apply to amino acid polymers in which
one or more antino acid residue is an artificial chemical mimetic of a corresponding naturally
gccurring amino acid, as well as to naturally occuorring amino acid polymers and non-

10 naturally occurring amino acid polymers. Amino acid polymers may comprise entirely L-
amino acids, entively D-amine acids, or a mixture of L and [ amino acids. The use of the
term “peptide or peptidomimetic” n the current application merely emphasizes that peptides
comprising natorally occorring amino acids as well as modified amino acids are

conteraplated.

16118} "Stapling” or "hydrocarbon-stapling” as used herein introduces into a8 peptide at least
two moictics capable of undergoing reaction to promote carbon-carbon bond formation that
can be contacted with a reagent to generate at least one cross-linker between the at least two
moicties. Stapling provides a constraint on a secondary structure, such as an alpha helix
structure, The iength and geometry of the cross-linker can be optimized to improve the yield
20 of the desired secondary structure content. The constraint provided caun, for example, prevent
the secondary structure to unfold and/or can veinforce the shape of the secondary structure. A

secondary structure that is prevented from unfolding is, for example, more stable.

16115} A "stapled” peptide is a peptide comprising a selected mmmber of standard or non-
standard amino acids, further comprising at least two moicties capable of undergoing reaction

25 to promote carbon-carbon bond formation, that has been contacted with a reagent to generate
at least one cross-linker between the at least two moieties, which modulates, for example,

peptide stability.

11268] The terms “isolated,” “purificd,” or “biclogically pure” refer to matorial that is

substantially or essentially free from components that normally accompany it as found in its

(43
<

native state. Purity and homogeneity are typically determined using analytical chemisiry
techniques such as polyacrylamide gel electrophoresis or high performance liguid

chromatography. A protein that 1s the predominant species present in a preparation is

26
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substantially purificd. The term “purificd” denotes that a nucleie acid or protein gives rise to
essentially one band in an electrophoretic gel. Particolarly, #t means that the nucleic acid or
protein is at least 85% pure, more preferably at least 95% pure, and most preferably at least

99% pure.

S5 [8121} The terms “identical” or pereent “identity,” in the context of two or more polypeptide
sequences (or two or more pucleic acids), refer to two or more scquences or subseguences
that are the same or have a specified percentage of amino acid residues or nucleotides that are
the same e.g., 60% identity, preferably 65%, T0%, 75%, 80%, 85%, 90%, 1%, 92%, 93%,
4%, 95%, 96%, 97%, 98%, 99% or 100% identity over 3 specified region (such as the 24

10 amino acids of SEQ 1D 1 or the 24 amine acids of SEQ 1D NO:2), when comparced and
aligned for maximuom correspondence over a comparison window, or designated region as
measired using one of the following sequence comparison algorithms or by mamual
alignment and visual mspection. Such sequences are then said to be “subsiantially identical.”

This definition alse refers 1o the compliment of a test sequence.

1122} For sequence comparison, typically one sequence acts as a reference seguence, 10
which test scquences are compared. Wheo using @ sequence comparison algorithim, test and
reference sequences are entered into a computer, subsequence coordinates are designated, 1t
necessary, and sequence algorithm program parameters are designated. Default program
parameters can be used, or alternative paramcters can be designated. The sequence

20 comparison algorithm then caleulates the percent sequence identitics for the test sequences
relative to the reference sequence, based on the program parameters. For sequence
comparison of nucleic acids and proteins, the BLAST and BLAST 2.0 algorithms and the

default parameters are used.

(8823} The torms “numbered with reference to”, or “corresponding to”, or “determined with
25  reference to” when used in the context of the numbering of 2 given amino acid, refers to the
numbering of the residues of a specified reference sequence when the given amino acid

equence is compared to the reference sequence. Thus, a residue in a polypeptide

2]

“corresponds {07 an amino acid at a position o SEQ 1D NO:1 when the residuc aligns with

the amino acid in an aligoment of SEQ 1D NO:1 1o the variant protein. The polypeptide that

.
(]
o
o

is aligned to the reference sequence need not be the same length as the reference sequence.

(8124} The torms “nucleic acid” and “polynucieotide” are used interchangeably herein to

refer to deoxyribonucleotides or ribonucleotides and polymers thereof in either single- or
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double-stranded form. The term encompasses nucleic acids containing known nucleotide
analogs or modified backbone residues or linkages, which are synthetic, naturally occurring,
and non-naturally occwrring, which have similar binding properties as the reference micleic
acid, and which are metabolized in a manner similar to the reference nucleotides. Examples
of such analogs include, without Emitation, phosphorothioates, phosphoranmidates, methyl
phosphonates, chiral-methyl phosphonates, 2-O-methyl ribonucleotides, polypeptide-nacleic
acids (PNAs). Unless otherwise indicated, a particular nucleic acid sequence also
encompasses “conservatively modified variants” thereof {c.g., degenerate codon
substitutions) and complementary sequences, as well as the sequence explicitly indicated.
Specifically, degenerate codon substitutions may be achieved by generating sequences in
which the third posttion of one or morg sefected (or all) codons is substituted with mixed-
base and/or deoxyinosine residues (Batzer er af., Nucleic Acid Res. 19:5081 (1991); Ohtsuka
et al., J. Biol, Chem., 260:2603-2608 (1985); Rossolini et al., Mol Cell. Probes, 8:91-98
(1994)). The term mucleic acid is used interchangeably with gene, cDNA, mRNA,

oligomucleotide, and polynuciestide,

1#325] An “expression vector” is a nucleic acid construct, generated recombinantly or
synthetically, with a series of specified nucleic acid elerends that perout transcription of a
particular nucleic acid in a host cell. The expression vector can be part of a plasmid, virus, or
nucleic acid fragment. Typically, the expression vector includes a nucleic acid to be

transcribed operably linked to a promoter.

{3126} By “host cell” 1s meant a cell that contains an expression vector and supports the
replication or expression of the expression vector. Host cells may be prokaryotic colls such
as £. coli, or cukaryotic cells such as yeast, inscct, amphibian, or mammalian cells such as

CHO, Hela and the like, e.g., culivred cells, explants, and cells in vivo.

[6127] A “label” or “detectable label” 15 a composition detectable by spectroscopic,
photochemical, biochemical, immunochemical, or chemical means. For example, useful

. o . 3y 35q 32p S 125
{abels include radivisotopes (e.g., "H, S, 7P, >'Cr, or 1), fluorescent dyes, electron-dense
reagents, enzymes (e.g., alkaline phosphatase, horseradish peroxidase, or others commonly
used in an FLISA), biotin, digoxigenin, or haptens and proteins for which antisera or
monoclonal antibodies are available {e.g., the polypeptide encoded by SEQ 1D NOS: 1, 2, or
3 can be made detectable, e.g., by incorporating a radiclabel mto the polypeptide, and used to

detect antibodies specifically reactive with the polypeptide).
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[8128] As used hercin, “amcliorates” means alleviate, lessen, or decrease the extent of a

symptom or decrease the number of occcurrences of episodes of a discase manifestation.

1#129] The term “preventing” is art-recogrized, and when used o relation to a condition,
such as recurrence or onset of a disease such as hypercholesterolenuia or atherosclerosis, 1s
well understood in the art, and inchides administration of a composition which reduces the
frequency of, or delays the onset of, synptoms of 3 medical condition in a subject relative to

a subject which does vot receive the composition.

14138} As used herein, “ircating” meauns cithor slowing, stopping or reversing the progression
of the disorder or discase. In a preferred embodiment, “treating” means reversing the

progression o the point of climinating the disorder or diseasc.

{8131 As used herein, “inhibits” means that the amount is reduced as compared with the
amoumt that would occur in a control sample. In a preferred embodiment, inhibits means that
the amount 18 reduced by at least S0% or more, or even more preferably by more than 75% or

gven 100%.

[#132] A “subject,” “patient” or “mammal” to be treated by the methods disclosed hergin can

mean cither a human or non-buman animal.

POLYPEPTIDES

14133} The present invention provides a family of non-paturally occwrring polypeptides that
use the potent Reverse Cholesterol Transport (RCT) pathway o mediate cholesterol efflux.
The polypeptides of the present invention typically comprise a peptide having the amino acid
sequience of SEQ ID N1 or non-natarally ocawrring peptide variants of SEQ ID NO: L or
comprise a peptide having the amine acid sequence of SEQ 1D NO:Z or non-naturally
occurring variants of SEQ 1D NO:Z. Awino acid positions of variants of SEQ 1D NO:t are
determined with reference to SEQ 1D NO:{. Similarly, anuino acid positions of variants of
SEQ D NO:2 are determined with reference to SEQ ID NG:2. The peptides of the invention
stinuate ABCA I-dependent cholesterol efffux with a molar potency similar to that of
apolipoproteins {2 g, Apo A-L, Apo E, ef¢.). In addition to being potent and selective
mediators of ABCA l-dependent cholesterol effux, the polypeptides have little or no toxicity
when administered at high doses. The polypeptides of the present invention also have ABCA

stabilization activity, LDL-lowering activity, anti-oxidant activity as well as anti-
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inflaromatory activity, can improve glucose metabolism, can treat symptoms of Alzheimer’s

Disease or have any combination of these activities and, preferably, all of these activities.

#3134} As used herein, the torm “little or no toxicity™ is used interchangeably with “little or
no eytotoxicity” to refer to a level of eytotoxicity for a peptide of the invention admunistered
at a high pharmacological that typically s essentially equivalent to that obtained using a
conirol only, i.e., a vehicle such as PBS that does not contain the peptide. Toxicity can be
measured in an m vitro or in vivo assay. For example, in a rat, mouse, or rabbit model in
which a peptide is administered IP at a dose of 300 mg/kg a response S0% or more above

PBS, and in some embodiments, 40%, 30%, or 20% above PBS is considered ioxic.
2 3 2

18138} As used herein, a “high pharmacological dose”™ refers to an amount that is above the

therapeutic dose, e.g., at least two-fold to 10-fold higher. For example, using a rat, rabbit, or
mouse model, a high pbarmacological dose may range from 30 mg/kg to 300 mg/kg, orup 1o
500 mgdkg. o some embodiments, a high therapeutic dosce in a rat, mouse or rabbit model to

evaluate toxicity is 300 mg/ke.

16136} Regarding arophipathic a-helix peptides, hydrophobic amino acids are concentrated
on one side of the helix, usually with polar or hydrophilic amino acids on the other. This
arrangement is common in alpha helices of apolipoproteins and globular proteins, where one
face of the helix is oriented toward the hydrophebic core and one face s oriented toward the
water-exposed surface. Different amino-acid sequences have different propensities for
forming a-helical structure. Methionine, alanine, leucine, ghitamate, and lysime alf have
especially high helix-forming propensitics, whereas proling, glycine, tyrosineg, and scrine
have relatively poor helix-forming propeusities. Proline tends to break or kink belices
because it cannot donate an amide hydrogen bond (having no amide hydrogen), and because
its side chain interferes sterically. Iis ring structure also restricts its backbone dihedral angle
to the vicinity of -70°, which is less common 1o o-belices. One of skitl understands that
although proline may be present at certain positions in the sequences described herein, the
presence of more than three prolines within the sequence would be expected to disrupt the
helical structure. Accordingly, the polypeptides of the invention do not have more than three
profines, and conwnonly do not have more than two prolines present at positions in the alpha-
helix forming sequence. Typically, when a proline is present in the sequence of a core helical
structure of a peptide of the invention, e.g., a peptide variant of SEQ 1D NG, it is present in

only one position of the core helix sequence.

30
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{8137} A polypeptide of the present invention having cholestero] effhux activity comprises an
amino acid sequence that is an amphipathic o-helix having a non-polar sarface and a polar
surface where the polar surface comprises charged and and uncharged amino acid residues at
the lipid-water interface. In some cmbodiments, a peptide of the invention comprises an
amino acid sequence of BEQ 1D NG:T or SEQ 1D NO:2, or variants thercof, wherein the
variants comprises an amino acid sequence having at least 50%, typically at least 55%, at
feast 60%, at least 65%, at lcast 70%, at least 80%, at least 859%, at least 90%, or at least 95%,
or greater identity to SEQ ID NG:1 or SEQ ID NO:Z. In typical embodiments, a variant has
an uncharged residue at at least one of positicns 3, 14, or 23 as mumbered with reference to
SEGQ ID NO: L. fn one embodiment, a peptide of the invention comprises the amino acid

sequence of SEQ D NO:T or SEQ IDNO:2,

[8138] In some embodiments, the peptide has a citrulline, or analog of citrulline, that is
present at the lipid-water interface, for example at 3, 14, or 23 as numbered with reference to
SEQ ID NGO, Insome embodiments, 2 variant has a citrulline at position 3 and 14, positicn

3 and 23, or position 14 and 23,

{8139} Variants of SEQ ID NO:1 or SEQ 1D NO:Z typically have only a limited number of R
amino acid residues, typically no more than two R residues. For example, i some
embodiments, & variant may have an R at position 5 and an R at position 23. In some
embodiments, a variant may have a citrulline at position 3 and 14 and an R at position 23; or
a citrulline at positions 3 and 23 and an R at position i4; or a citrulline at positions 14 and 23
and an K as position 3. In some embodiments, an R at an jndicated position may be
substituted with a K residue. Thus, m some embodiments, a variant may have a K at position
5 and an R at position 23, or an R at position § and a K at position 23, or 2 K at both positions
5and 23. Ion some embodiments, a variant may have a citrulline at posttion 3 and 14 and a K
at position 23; or a citrulline at positions 3 and 23 and a K at position 14; or a citrulline at

positions 14 and 23 and a K at position 3.

1148} In some embodiments, & variant conprises a hydrophobic amine acid, typically an
aliphatic aming acid, at at least one, or at least two, three, four, five, six, seven, eight, nine, or
ten of positions 2, 6, 8, 10, 13, 16, 17,20, 21, 22, and 24 as determined with reference to SEQ
D NO:1. Insome embodiments, a variant of SEQ 1D NO:1 or SEQ 1D NO:2 comprises no
more than three or no move than two, or no more than one aromatic amino acids. fn some

embodiments a variant comprises an aliphatic residue at cach of positions 2, 6, 10, 13, 16, 20,
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21, and 24, In some cmbodiments, the aliphatic aminc acidis L, V, A, or L. In some
embodiments, & peptide of the invention comprises the same aliphatic amino acid at cach of
posttions 14}, 13, 16, and 20. In some embodiments, the same aliphatic aming acid at each of
positions 10, 13, 16, and 20 is 2 branched chain aliphatic amino acid. In some embodiments,
5 the same aliphatic amino acid at each of positions 10, 13, 16, and 20 is selected from the

group consisting of L, 1, or V. In some embodiments, the aming acid residue at position 10,
13, 16, and 20 s §. In some embodiments, the aming acid residue at position 10, 13, 16, and
20 is L. In some crubodiments, the aliphatic amino acid residue at position 2is Vor L. In
some embodiments, the aliphatic amino acid residue at position 2 18 V and the aliphatic

16 amino acid residue at position 10, 13, 16, and 20 is T or L. In some embodiments, the
alipbatic amino acid at position 2 is V, the aliphatic amino acid at position 6, 21, and 24 s L,
and the aliphatic amine acid residue at posttion 10, 13, 16, and 20 is Lor L. To some

embodiments, a variant comprises A at positions 11 and 12,

{6141} In some embodiments, 2 peptide of the nvention further comprises amino acids at

15 positions 25 and 26, as numbered with reference to SEQ 1D NO:1. In typical embodiments,
the amino acid residue at position 25 15 K or N and the amine acid residue at position 26 is S,
Y, or P, In some erobodiments, the amino acid at position 25 is K and the amino acid at
position 26 18 S. In some embodiments, the peptide comprises the amine acid sequence of

SEQ ID NO:3 or SEQ ID NO:4.

20 {8142} it will be readily understood by those of skill in the art that the foregoing polypeptides
are not fully inclusive of the family of polypeptides of the present invention. In fact, using
the teachings provided hercin, other suitable polypeptides {e.g., additional conservative

variants} can be routinely produced by, for example, conservative or semi-conservative

substitutions {e.g., D replaced by ), extensions, deletions and the like. In addition, using the

25 assays provided herein, other suitable polypeptides can be routinely sercened for desired
biological activitics.
#3143} Non-identical amino acid residues can be naturally or non-naturally cccurring. The
torm “percent identical” refers to sequence identity between two amino acid sequences {(or
hetween two nucleotide sequences, which are also provided by the present invention).

30 Identity can each be determined by comparing 8 position in each sequence that may be

aligned for purposes of comparison. When an equivalent position in the compared sequences

is occupied by the same amine acid or base, then the molecules are identical at that position;
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when the equivalent sife is occupied by the same or a similar amino acid residuc {e.g., similar
m steric and/or electronic nature), then the molecules can be referred to as homologous
{similar) at that position. Expression as a percentage of homology, 1.e., similarity, or identity
refers to a fimetion of the number of similar or identical amino acids at positions shared by
the compared sequences. Various alignment algorithms and/or programs can be used,
mchuding, for example, FASTA, BLAST and ENTREZ. FASTA and BLAST arc available as
a part of the GCG sequence analysis package (University of Wisconsin, Madison, Wis.), and
can be used with, e.g., default settings, ENTREZ s available through the National Center for
Biotechnology Information, Natignal Library of Medicine, National Institutes of Health,
Bethesda, MD. In one embodiment, the percent identity of two sequences can be determined
by the GCG program with a gap weight of 1, e g., cach amino acid gap is weighied as if it

were & single aming acid mismateh between the two sequences.

{6144} In another exemplary embodiment, which can overlap with the embodiments
described above, variants of SEQ 1D NO:1 or SEQ 1D NO:2 are substituted with conservative
{or semi-conservative) amino acid residues. The term “conservative amino acid
substitutions” refers to the substitution {conceptually or otherwise) of an amino acid from one
such group with a different amino acid from the same group. A functional way to detine
common properties between individual amine acids is 1o analyze the normalized frequencies
of amino acid changes between corresponding proteins of homologous organisms {see, e.g.,
Schufz, G. E. and R. H. Schirmer, Principles of Protein Structure, Springer-Verlag).
According to such analyses, groups of amino acids may be defined where amino acids within
a group exchange preferentially with each other and, therefore, resemble each other most in
their impact on the overall protein structure (see, e.g., Schulz, G. E. and R, H. Schirmer,
Principles of Protein Structure, Springer-Verlag). One example of a set of amino acid groups
defined in this manner include: (1) a charged group, consisting of Glu and Asp, Lys, Arg and
His; (i1} a positively-charged group, consisting of Lys, Arg and His; (111} a negatively-charged
group, consisting of Glu and Asp; {iv) an aromatic group, consisting of Phe, Tyr and Trp; (v)
& nifrogen ring group, consisting of His and Trp; (vi) a large aliphatic vonpolar group,
consisting of Val, Leu and Hle; (vi) a shghtly-polar group, consisting of Met and Cys; (viti) 4
small-residue group, consisting of Ser, Thr, Asp, Asn, Gly, Ala, Ghy, Gln and Pro; (ix) an
aliphatic group consisting of Val, Leu, Ile, Met and Cys; and (%) a small hydroxyl group
consisting of 8ot and Thr. In the context of this fnvention, reference to the charge of an

amino acid refers to the charge at physiological pH.
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{3145} In another exeoplary embodiment, which again can overlap with the embodiments
described above, “a conservative amino acid substitution” can refer to the substitution of an
amino acid for another that is similar in molecular weight or similar in hydrophobicity, By
“sigdlar molecular weight” and “similar hyrdrophobicity” is meant a value that is within
25%, more preferably 20%, 15%, 10%, or less than 10% of the respective value., Data for
amino acid molecular weights and hydrophobicities are set forth in Table 1. A
hydrophobicity ranking is set forth in Table 2; a conservative substitution includes
exchanging an amino acid that is designated “=" 1o another (e.g., Tyr = Trp) and exchanging
one amino acid for another that 1s adjacent to it in the ranking order as delineated by the

greater and lesser than symbols.

TABLE §i:
Paramcters for the Unmodified Physiclogical L-alpia-Amino Acids

Amino Acid | 3-Letter Code | I-Letter Code | Molecular Weight' | Hydrophobicity®
Alanine Ala A §9.09 0.616 |
Cysteine Cys C 121.16 0.680
Aspartate Asp 3 133.10 0.028
Glutamate Glu E 147.13 0.043
Phenylalanine {Phe F 165.19 1.00
Glycine Gly G 75.07 0.501
Histidine His H 1558.16 0.165
Isoleveine fle i 13118 0.943
Lysine Lys K 146.19 0.283
Leucine Leu L 13118 (0.943
Methionine Met M 149.21 {.738
Asparagine Asn N 132.12 0.236
Proline Pro P 11513 0.711
Glutamine Gla Q 146.15 0.251
Arginine Arg R 174.20 0.000
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Parameters for the Unmodified Physiological L-alpia-Amino Acids
Amino Acid | 3-Letter Code | 1-Letter Code | Molecular Weight' | Hydrophobicity’
Serine Ser S 105.09 0.359
Threonine The T 119.42 0.450
Valine Val v 1i7.15 0.825
Tryptophan Trp W 204.23 (.87%
Tyrosing i81.19 0.8%0

" The melecular weights given are those of the neutral, free amiuo acids; residue welghts can be obtained by

subtraction of one equivalent of water {18 g/mol).

FThe hydeophobicities given are the "Scaled” values from compuiational Jog(P) deterrainations by the "Small
Fragroent Approach (see, "Oevelopment of Hydrophobicitv Parameters to Analyze Proteins Which Bear Post-
or Cotransiational Modifications” Black, S.I3. and Mould, DR, dnal Biockem., 193:72-82 {1991)). The
equation nsed 10 scale raw logr ) values to the scaled values given is as follows: Scaled Parameters = (Raw
Paramerters + 2.061/4.484 .

Tuble 2:

Trend of Hydrophebicity Parameters for the Physiclogical L-alpha-Amino Acids

Phe > Leu = He > Tyr = Trp > Val > Met > Pro > Cys > Ala > Gly >

Thr > Ser > Lys > Gl > Asn > His > Gla > Asp > Arg

{8146} Anocther indication that two polypeptides are conservative variands of one another is
that the two polypeptides carry out the same function and, in preferred embodiments, the
same function at the same or very stmilar level of activity, Thus, in one embodiment, a
conservative variant of a polypeptide of this invention will comprise an activity of at least
R%, 85%, 86%, B7%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 953%, 96%, 97%, 8%, 99%,
or 100% of that found in a polypeptide of SEQ 1D NO:1 or SEQ 1D NO:Z; and will also not
exhibit toxicity when administered at high doses. Again, in some embodiments, the
polypeptides of this invention will possess more than one activity. For example, a
polypeptide of the mvention can comprise cholesterol efflux mediating activity, ABCA
stabilization activity, LDL-lowering activity, anti-inflammatory activity as well as
antioxidant activity, any combination of these activities or, ideally, all of these activities.
Conservative variants can have one or more of the same activities and, ideally, all of the same
activities. The screening assays described hevein can be readily used by those of skill inthe

art to determine whether two or more polypeptides possess similar activities. In addition,
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those of skill in the art will know of other screening assays that can be used to determaine

whether two or more polypeptides possess similar biclogical properties or activitics.

#3147} One of skill understands that amino acid residucs may be added to either the C-
terminus and/or N-terminus of the polypeptides of the present invention without effecting the
5 activity of such polypeptides. Thus, a polypeptide of the invention that comprises an -
helical sequence as deseribed herein (e.g., SEQ ID NG: | or SEQ ID NG:2), mchudes
embodiments that are over 24 amino acids in length, e.g., peptide that are 25, 26, 28, 30, 32,
35, or 40 amino acids 1o length. One of skill also understands that polypeptides of the
mvention may also be hinked, e.g., via a proline or other hinker residues, to another
10 amphipathic ¢ helical peptide that can stimulate cholesterol efftux to form a bi-helix or
multimer polypeptide, e.g., of 50, 60, 70, 80, 90, or 100 amino acids in length, Accordingly,
& scquence of any of a peptide as described hercin can bave amino acid additions or can be
jomed. For example, one molecule of a pelypeptide of the invention, e g, SEQ 1D NG:{ or
SEQ ID NG:2, or vanants thercof as described herein, may be joined to another molecule of
15  the polypeptide through a proling residue to provide a polypeptide that is 49 rosidues in
length. Such a polypeptide can have cholesterol efflux activity that exceceds that of a native
full-length apolipoproteins (¢.g., Apo Al and Apo E), or that of the cholesterol efflax-
mediating domain of the apolipoprotein. Using the methodologies described herein, one of
skill can readily add additional amino acids to cither the C-terminus and/or N-terminus, and

20 then screen the resulting pelypeptides for the desired activity.

(8148} In some embodiments, a peptide of the invention may be joined to another peptide
that bas a short balf-life to provide a bi-peptide that has a longer half-life thao the latter
peptide when administered to 8 subject at a comparable molar dose. In some embodiments, a

peptide of the invention may be joined to another physiologically active peptide to provide a

o]
wh

dual function hybrid peptide. In some embodiments, a peptide of the invention may be joined
to another physiologically active peptide from a cellular protein, or the physiologically active
peptide may target a cellodar protein, such as areceptor. For example in some embodiments,
SEQ ID NO:1 or SEQ ID NQO:Z, or variants thereof as described herein, may be joined ic A
and B-naturctic peptides (ANP, BNP and variants thercof), which have short half-lifes;

30 bivalidradin (and other thrombin and Xa inhibitors); or glicose regulating peptides (GLP-1,

glucagon and variants of them).
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{6149} In yet another embodument, peptidomimetics of the polypeptides of the present
mvention are provided. A “peptidomimetic” melodes any modified form of an amino acid
chain, including, bat not limited to, phosphorylation, capping, fatty acid modifications and
ncluding unnatural backbone and/or side cham structures. It will be readily apparent to those
of skill in the art that a peptidomimetic comprises the stractaral continuum between an amine
acid chain and 2 non-peptide small molecule. Peptidomimetics generally retain a
recognizable polypeptide-like polymer unit structure. Thus, a peptidomimetic typically
retains the function of binding to any target molecule that a natural polypeptide binds to.
Examples of suitable peptidomimetics are disclosed in UK, Patent Application Publication
No. 2006/0069030, the teachings of which are incorporated by reference for all purposes.
Other peptidomimetics and methods of making same will be known to those of skill in the

art.

[8158] Peptidomimetics of the present invention fall inio one of two categories: (i)
surrogates; and (il) analogs. Numerous surrogates have been developed for the amide bond
of polypeptides. Frequently exploited surrogates for the amide bond jnclude, but are not
fimited to, the following groups: (i} trans-olefins, (i) fluorcalkene, (i1t} methylencamino, (iv)
phosphounamides, and (v) suifonamides. Examples of such surrogates are disclosed in U.S.
Patent Application Publication No. 2006/0069030. Additionally, peptidomimetics based on
more substantial modifications of the backbone of a polypeptide can be used.
Peptidomimetics that fall in this category include (i) refro-inverso analogs, and (ii) N-alkyl
glycine analogs {so-called peptoids). Again, exaraples of such analogs are disclosed in U.S.

Patent Application Publication No. 2006/0069030.

13151} In one embodiment of the present invention, the peptide or peptidomimetic 15 a refro-
mverso analog. Retro-inverso analogs can be made according to the methods known in the
art, in a manner stimilar to synthesizing L-amino acid based polypeptides. More specifically,
examples of methods suitabic for preparing such retro-inverso analogs are described in ULS.
Patent No. 4,522,752, which issued to Sisto ef ¢f. The final product, or intermediates thercof,
can be purified by HPLC or any other suitable chromatographic method known to those of

skill in the art.

16182} In another embodiment, the peptide or peptidomimetic is a refro-enantio analog.
Retro-enantio analogs can be synthesized from comumercially available D-amino acids (or

analogs thereof) using standard solid- or solution-phase polypeptide-synthesis techniques.
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{3153} In still another crbodiment, the peptidondmetic is a trans-olefin surrogate peptide or
derivative. Such trans-olefin peptides can be readily synthesized according to the method of
Shue et al., Tetrahedron Lete., 28:3225 (1987). In addition, other methods known i the art
can also be used. 1t will be appreciated that variations in the procedure of Sjuc e /., or other
procedures avatlable, may be necessary depending on the nature of the reagents used in

synthesizing the trans-olefin derivative.

{8154} It is also possible to couple the pseudodipeptides synthesized by the above method to
other pseudodipeptides, to make pseudopeptides with several olefinic functionalities in place
of amide functionalitics. For example, pseudodipeptides corresponding to certain di-peptide
sequences can be made and then coupled together by standard technigues to yield an analog

of the polypeptide that has alternating olefinic bonds between residues.

[B155] Sull another class of peptidomimetic derivatives jucludes phosphonate derivatives.
The synthesis of such phosphonate derivatives can be adapted from known synthesis schemes
{see, for example, Loots ef ol i “Peptides: Chemistry and Biclogy,” (Escom Science
Publishers, Leiden, p. 118, 1988); Petrillo ef o in “Peptides: Structure and Founction

(Procecdings of the 9th American Peptide Symposium),” (Pierce Chemical Co. Roeckland, U1,

1985).

(#1586} In other embodiments, a polypeptide of the invention can be modified. One example
of a modification s the introduction of carbohydrate or lipid moicties. Such modifications
can change the sohubility of the polypeptides in various mediinms so that they can
advantageously be prepared as a suitable pharmaceutical composition. Modifying Hpid
groups include, but are not fmtted to, farnesyl groups and myristoyl groups. Modifying
carbohydrate groups include, but are not himited to, single sugars or oligosaccharides of any
natorally occurring and/or synthetic sugar and sogar alcohols including, for example, glucose,

galactose, rhamnose, mannose, arabinose, and other sugars, and their respective alcohols.

{81571 In certain embodiments, a polypeptide of the tnvention may further comprise
modifications analogous to post-translational modifications. Such modifications inclade, but
are not limited fo, acetylation, carboxylation, glycosyiation, phosphorylation, lipidation, and
acylation. As arcsult, the modified peptidomimetics may contain non-amine acid elements,
such as polyethyiene ghyeols, lipids, poly- or mono-saccharide, and phosphates. Effects of
such non-amine acid clements on the functionality of a peptidormumetic can be tested using

the assay methods disclosed herein,
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[B158] In particular embodiments, the peptidosimetics include at least one backbone hinkage
that 1s not an amide hinkage in the aminoe to carboxy direction, such as 4 retro-inverso
polypeptide relative to a naturally-cecurring polypeptide, or at least one backbone linkage

that is not an amide linkage.

[81589] As previously described, reference to an “amino acid” in the present context refers to
both naturally occurring and unnaterally occurring aming acids. Accordingly, a peptide of
present invention may comprise one or more amino acid analogs. Examples of amino acid

analogs, include, but are not Hmited to, the following:

an alkyl, aryl, acyl, azido, cvano, halo, hydrazine, hydrazide, hydroxyl, alkenyl, alkynyl,
cther, thiol, sulfonyl, sulfo, seleno, ester, thicacid, borate, boronate, phospho, phosphono,
heterocyclic, enone, imine, aldehyde, alkoxyamine, hydroxyiamine, ketg, or amino
substituted aminoe acid, or any combination thercof] a glycosylated or carbohydrate modified
amino acid; a keto containing anuno acid; 4 sugar substituted amine acid, e.g., a sagar
substituted serine or the like; a carbon-linked sugar-containing aming acid; 8 sugar-
substituted cysteing; a redox-active amino acid; an o-hydroxy containing acid; an amino thic
acid containing amino acid; an . oo disubstituted amino acid; a B—aminoe acid; sulfotyrosine,
4-borone-phenylalanine, an aminooxy amino acid, an aminooxy lysine, an aminooxy
ornithing, an aminooxy tyrosine, or a cyclic amino acid other than proline, Other unnatural
aminoe acids include, but are not lmited to, vonatural amino acids comprising any one or
more of the following functional groups: an aldehyde moiety, a keto moiety, a beta-diketo
moiety, an alkoxyamine moiety, an acyl bydrazide moiety, a dehydroalanine moiety, a
thioester moiety, an estor moiety, & boronate moicty, an azide moiety, an acetylenic moiety,
an olefinic mwiety, a vicinal thiol amine moiety, and the like. Unnatural amino acids include,
N-substitated glycines, N-methyl amino acids, phenylalanine analogs, and derivatives of
tysing (Lys}, ommithine {Orn) and o, y-diaminobutyric acid (Dbu) in either the L.- or D-

configuration that function in a manney similar to the naturaliy-occurring amine acids.

[#168] Additional examples of umnatural amine acids include, but are not limited to,
azetidinecarboxylic acid, 2-amincadipic acid, 3-aminoadipic acid, beta-alanine,
aminopropionic acid, Z-aminobutyric acid, 4-anvnobutytic acid, 6-aminocaproic acid, 2-
amincheptanoic acid, 2Z-amingisobutyric acid, 3-aminoisbutyric acid, 2-aminopimelic acid,
tertiary-butylglycine, 2,4-dlaminoisobuiyric acid, desmosine, 2,2'-diaminopimelic acid, 2.3-

diaminopropionic acid, N-ethylglycine, N-cthylasparagine, homoproline, hydroxyiysine, allo-
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hydroxylysine, 3-hydroxyproline, 4-hydroxyproline, isodesmosine, allo-isoleucine, N-
methylalanine, N-methyiglycine, N-methyliscleucine, N-methylpentylglycine, N-

methy Ivaline, naphthalanine, norvaline, ornithine, pentylglycine, pipecolic acid, thioproline,
aminophenylalanine, hydroxytyrosine, and aminotyrosine. In some other embodiments, an
unnatural amino acid may be -aminocyclopentane-1-carboxylic acid (Acp), 1-
aminocyclobutane- F-carboxvlic acid {Ach), -aminocyclopropans-t-carboxylic acid {Acpe),
homoecitrutline (HoCit), o-aminohexanedicic acid (Aad), 3-(4-pyridvhalanine (4-Pal}, 3-(3-
pyridybalanine (3-Pal), propargylglycine (Pra), a-aminoisobutyric acid (Aib), a-anivobutyric
acid (Abu), norvaline (Nva), o, B-diandnopropionie actd (Dpr), o, y-diaminobutyric acid
{(Dbu), o~rert-butylglycine (Bug), 3,5-dinitrotyrosine Tyr(3,5-di N(h), norlencine (Nie), 3-(2-
naphthylialanine (Nal-2), 3-(1-naphthyljalanine (Nal-1), cyclohexylalanine {Cha), di-n-
propylglveine (Dpg), cvelopropylalanine (Cpa), homoleucine {Hie), homoserine {HoSer),
homoarginine {Har), homocysteine (Hey), methionine salfoxide (Met(()), methionine
methyiselfonium (Met (S-Me}), a-cyelohexylglycing {Chg), 3-benzo-thienylalanine (Bta),
taurine (Tan), hydroxyproline (Hyp), O-benzyl-hydroxyproline (Hyp(Bzh), homoproline
{HoPro), B-homoproline (BHoPro), thiazolidine-4-carboxylic acid (Thz), nipecotic acid (MNip),
1sonipecotic acid {IsoNip), 3-carbonymethyl-T-phenyh- 1,3 8-trigzaspiro{4,5]decan-4-one
{(Cptd), tetrahydro-isoguinoline-3-carboxylic acid {3-Tic), 5H-thiazolo {3,2-ajpyridine-3-
carboxylic acid (Btd), 3-aminobenzoic acid (3-Abz), 3-(2-thienyhalavine (2-Thi}, 3-(3-
thienyDalanine (3-Thi), s-amincoctanedioc acid (Asu), dicthyiglycine (Deg), 4-amino-4-
carboxy-1,1-dioxo-tetrahydrothiopyran {Acdt), 1-amino- i-(4-hydroxycyclohexyl) carboxylic
acid (Abch), 1-amino-1-{(4-ketocyclohexylcarboxylic acid (Akch), 4-amino-4-
carboxytetrahydropyran (Actp), 3-nitrotyrosine (Tyr(3-NO3}), -amino-1-cyclohexane
carboxyhic acid (Ach), T-amino-1-CG-piperidinyljcarboxylic acid (3-Ape), 1-amino-1-(4-
piperidinylicarboxylic acid (4-Apc), 2-amino-3-(4-piperidinyl) propionic acid {4-App), 2-
aminoindane-2-carboxylic acid (Aic), 2-amino-2-naphthylacetic acid (Ana}, (25, 5R)-5-
phenvipyrrohidine-2-carboxvlic acid (Ppea), 4-thiazoylalanine (Tha), 2-amincoctanoic acid
{Aoa), 2-amincheptancic acid {Aha), ornithine {Orn), azetidine-2-carboxylic acid (Aca), o~
amino-3-chloro-4,S-dihydro-5-iscazoleacetic acid { Acdi), thiazoliding-2-carboxylic acid
{Thz(2-COOH)), allvlglvcine (Agl), 4-cyano-Z-amincbutyric acid (Cab), 2-pyridvialanine (2-
Paly, 2-quinoylalanine (2-Qal), eyclobutylalanine {Cba), a phenylalanine analog, a bysine
derivative, a ornithine (Orn) derivative, an ¢, y-diaminobutyric acid Dbu derivative,

stereoisomers thereof, and combinations thereof (see, L and Lam, Anal Biochem., 295:9-16
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(2001)). As such, the unnatural g-arino acids are present cither as unnatural L-g-amino
acids, unnatural D-a-amino acids, or combinations thereof, Additional suttable amino acid
analogs include, withoot hmitation, f-amino acids and y-amino acids. Suitable R groups for
f}- or y-amine acids include, but are not limited to, side-chains present in naturally-occurring
amino acids and unpatural aminoe acids. N-methyl amino acids inclade N-methyl-Ala,
Nemethyl-Cys, N-methyl-Asp, N-methyl-Gla, M-methyl-Phe, Mmethyl-Gly, N-methyi-His,
N-methyl-ie, N-methyi-Arg, N-methyl-Lys, N-methyl-Leo, N-methyl-Met, N-methyl-Asn,
N-methyl-Gin, N-methyl-Ser, N-methyl-Thr, N-methvi-Val, ¥-methyl-Trp, MN-methyl-Tyr,
N-methyl-Acp, N-methyl-Ach, N-methyl-Acpe, N-methyl-Cit, N-methyl-HoCi,
N-methyl-Aad, N-methyl-4-Pal, Nomethyl-3-Pal, N-methyl-Pra, N-methyl-Aib,
N-methyl-Abu, N-methyl-Nva, M-methyi-Dpr, N-methyl-Dbu, N-methyl-Nie,
N-methyi-Nal-2, N-methyl-Nal-1, N-methyl-Cha, N-methyl-Cpa, ¥N-methyl-Hie,
N-methyi-HoSer, N-methyl-Har, N-methyl-Hey, Mmethyl-Chg, N-methyl-Bia,
N-methyl-2-Thi, N-methyl-3-Thi, N-methyl-Asu, N-methyl-Acdt, N-methyl-Abeh,
N-methyl-Akch, A-methyl-Actp, N-methyl-Tyr(3-NO;y), N-methyvl-Ach, N-methyl-3-Apc,
N-methyl-4-Apc, N-methyl-4-App, M-methyl-Tha, N-methyl-Aoca, V-methyl-Aha,
N-methyl-Om, N-methyl-Aca, N-methyl-Agl, N-methyl-Cab, M-methyl-2-Pal, N-methyl-Cha,
N-methyl-HoPhe, N-methyl-Phg, N-methyl-Phe(4-NHz), N-methyl-4-Phe(4-Me),
N-methyi-Phe(4-F}), N-methyl-Phe(4-Cl), N-methyi-Phe(2-Bry, N-methyl-Phe(3-Br),
N-methyi-Phe(4-Br), N-methyl-Phe(3- CFs), N-methyi-Phe(4- CFs), N-methyl-Phe(4-NOy),
N-methyl-Phe(4-CN), N-methyl-Bpa, N-methyl-Phg{4-Cl), N-methyl-Phg(4-Br),
N-methyl- Ty Me), N-methyl-Lys38, N-methyl-Lys27, N-methyl-Lys73, N-methyl-Lys35,
N-methyl-Lys28, N-methyl-Lys72, N-methyl-Lys12, N-methyl-Lys 123, Nemethyl-Lys63,
N-methyl-Lys 124, N-methyl-Lys82, N-methy-Lys3 1, N-methyl-Lys15, N-methyl-Lys125,
N-methyl-Lysd3, N-methyl-Lys24, N-methyl-LysS, N-methyl-Lys4, N-methyl-Lys50,
N-methyi-Lys81, N-methyl-Om38, N-methyl-Om27, M-methyl-Om73, N-methy-Om535,
Nemethyi-Or28, Nomethyl-Om72, N-methy-Omi2, Mmethyl-Om 123, N-methy-Om63,
Nemethyl-Omi24, N-methyl-Orm&2, N-methy-Orn3 1, Namethyl-Om 15, N-methy-Orni28,
N-methyl-Omd3, Nomethyl-0m24, N-methy 03, Nomethyl-Ornd, M-methyl-OmS54,
N-methyl-Om8 1, N-methy-Dbu38, N-methyl-Dbu2 7, N-methyl-Dbu73, AN-methyl-Dbuss,
N-methyl-Dbu28, N-methyl-Dbu72, N-methyl-Dbul 2, N-methyl-Dbul23, Nomethyl-Dbu63,
N-methyl-Dbel24, N-methyl-Dbu82, N-methyl-Dbu3 i, N-methyl-Dbuls, N-methyl-Dbul 25,
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N-methyl-Dbud 3, N-methyl-Dbu24, N-methyl-Dbus, N-methy-Dbud, N-methyl-Dbus0,

N-methyl-Dbuf1, sterecoisomers thereof, and combinations thereof

{8161} Analogs of lysine (Lys), ornithine (Om) and ¢, yv-dianinobutyric acid (Dbu) include,
without bmitation, Lys38, Lys27, Lys73, Lys35, Lys28, Lys72, Lys12, Lys123, Lys63,
Lys124, Lys82, Lys31, Lysi5, Lysi25, Lysd3, Lys24, LysS, Lysd, Lys50, Lyssi, Om3\,
Orn27, Om73, OrnS5, Gm28, Om72, Gmi2Z, Omi23, Omé3, Omi24, Om&2, G331, Omls,
Ornl25, Omd3, Om24, OmS, Ornd, Orns0, Orn#l, Dbu3s, Dbu27, Dbu73, Dbuss, Dbu2¥,
Dbu72, Dbul?, Dbul23, Dbus3, Dbul24, Dbug2, Dbul3i, Dbuls, Dbul2s, Dbud3, Dbul4,
Dbus, Dbud, Dbusd, DbuS|, stereoisomers thereof, and combinations thereof. Derivatives of
Orn and Dbu are similar to the lysine derivatives with corresponding carboxylic acid attached
to the side chain of Orn and Dbu, respectively. Hydrophobic amine acid analogs of leucine,
vahine, isoleucing, glycine, alanine, methionine inchide norvaline (Nva), i-
aminocyclopropane-1-carboxylic acid (Acpe), T-aminocyclobutane- {-carboxylic acid {Acb),
a-cyclohexylglycine (Chg), g-aminoisobutyric acid (Aib), a-aminobutyric acid {Abu), 3-(2-
thienylalavine (2-Thi), 3-(3-thienyhalanine (3-Thi), 3-(3-pyridyhalanine (3-Pal), 3-(2-
naphthyhalanine (Nal-2), 2-amino-2-naphthylacetic acid (Ana), 3,3-dimttrotyrosine (Tyr(3,5-
di NGy, diethylglycine (Deg), 4-amino-4-carboxy-1, 1-dioxo-tetrahydrothiopyran (Acdt), 1-
amino- 1-{(4-hydroxyeyciohexyl) carboxylic acid (Ahch), 1-amino-1-{4-
ketocyclohexyhearboxyhic acid (Akch), 4-amunoe-4-carboxyietrahy dropyran (Actp), 3-
nitrotyrosine {Tyr(3-N0Oy)), 1-amino-f-cyclohexane carboxylic acid {Ach), 2-aminoindane-2-
carboxylic acid (Alc), (28, SR)-3-phenylpyirclidine-2-carboxylic acid (Ppea), 4-
thiazovlalanine (Tha), 2-amincoctanoic acid (Aoa), 2-amincheptanoic acid (Aha), and 2

stereoisomer thereof. Preferably, the proline analog is hydroxyproline.

(8162} Analogs of negatively charged amino acids includ n-aminohexanedioic acid, o-
aminooctanedice acid, homoaspartic acid, y-carboxy-glutamie acid, 4-carboxyphenylalanine,
and a stereoisomer thereof, In other embodiments, the negatively charged amino acid is

selected from Aad, Bec and Bme.

Protecting Groups

18163} The polypeptides as well as the peptidomimetics of the present invention, including,
for example, the retro-tnverse peptidomimetics, can be modified so that the R-groups on the
constituent amino acids and/or the terminal amine acids are blocked, i.e., protected, by a

protecting group. [t has been found that blockage, particalarly of the amino and/or carboxy
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termind, greatly taproves oral delivery and significantly increases serum half-life. As used
herein, “protecting group” refers to a temporary substituent that protects a potentially reactive
functional group from undesired chemical transformations. Examples of such protecting
groups generally include csters of carboxviic acids, sityl ethers of aleohols, and acetals and
ketals of aldehydes and ketones, respectively, The field of protecting group chemistry has
been reviewed (Greene, T. W.; Wuts, P. G. M. Protective Groups in Organic Synthesis, 2™

ed.; Wiley: New York, 1991},

[#164] A wide number of protecting groups are suitable for thas purpose. Such groups
include, but are not Himited to, acetyl, CHx-(TH;,)-CO-, amide, Fmoc, t-butoxycarbonyl (t-
BOQO), 9-fluorenecacetyl group, 1-flucrenccarboxylic group, 9-fluorenecarboxylic group, 9-
fluorenone- 1-carboxylic group, benzyloxyearbonyl, Xanthyl (Xan), Trityl (T11), 4-
methylrityl (Mtt), 4-methoxyinityl (Mmt), 4-methoxy-2,3,6-trimethyl-benzenesulphonyl
{Mir), Mesitylene-Z-sulphonyl! (Mis), 4,4-dimethoxybenzhydryl (Mbh), Tosyl {Tos},
2,2,5,7 8-pentarmpethyl chroman-6-sulphonyt (Pmce), 4-methylbenzyl (MeBz!), 4-
methoxybenzyl (MeOBzl), Benzyloxy (BzIO), Benzyl (Bzl), Benzoyl (Bz), 3-nitro-2-
pyridinesuiphenyl (Npys), 1-(4,4-dimethyi 2, 6-dioxocyclohexylidenclethyl (Bde), 2,6~
dichlorobenzy! (2.6-DCE-Bzl), 2-chlerobenzyloxycarbouyl (2-C1-2), 2-
bromobenzyloxycarbonyl (2-Br-2), Benzyloxymethy! (Bom), cyclohexyioxy {(cHxO), t-
butoxymethyl (Bum), t-butoxy (tBa0), +-Botyl (tBu), and Trifluorcacetyl (TFA). The
variable “n” is an integer from G to 12, typically § to 6 such as 0 to 4. Other suitable
protecting groups are disclosed in ULS. Patent No. 6,933,279, the teachings of which arc

meorporated by reference.

13165} In one embodiment, preferred protecting groups include, but are not limited to, acetyl,
amide, and alkyl groups with acety] and alkyl groups being particularly preferred for N-
terminal protection and amide groups being particolarly proferred for carboxyl terminal
protection, In one preferred embodiment, an acetyl group is used to protect the amino
terminus and an amide group is used to protect the carboxy! terminus. In this embodiment,
acetylation can be accomplished during the synthesis when the polypeptide is on the resin
using acetic anhydride. Amide protection can be achieved by the selection of a proper resin
for the synthesis. For instance, a rink amide resin can be used. After the completion of the
synthesis, the semipermanent protecting groups on acidic bifunctional amino acids, such as
Asp and Glg, and basic amino acids, sach as Lys, as well as the hydroxyl of Tyr, are all
simultancously removed. The polypeptides released from such a resin using acidic treatment
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comes out with the N-teroiunal protected as acety] and the C-terminal protected as NHz, with

the simultancous removal of all of the other protecting groups.

13166} In a particularly preferred embodiment, the polypeptides of the present invention
comprise one or more D-amino acids as deseribed herein. Tn certain embodiments, every
S amino acid {e.g., every enantiomeric aming ackd) is a D-amino acid. It has been found that

polypeptides comprising all D-amino acids stimulate cholesterol efflux with high-capacity
and high-affinity like the L-amino acid polypeptides. D-amino acids are readily incorporated
at one or more positions in the polypeptide simply by using a D-form derivatized amino acid
residue in the chemical synthesis. D-form residues for solid phase polypeptide synthesis are

10 commercially available from a number of supplicrs {see, e.g., Advanced Chom Tech,
Louisville, KY; Nova Biochem, San Dego, CA; Sigma, St Louis, MO; Bachem Califorma
Inc., Torrance, CA, efc.}. The D-form aming acids can be incorporated at any position in the
polypeptide as desired. Thus, for example, in one embodiment, the polypeptide can comprise
a single D-amino acid, while 1o other embodiments, the polypeptide comprises at least two,

15 generally at least three, more generally at least four, most generally at least five, preferably at
feast six, more preferably at least seven and most preferably at least eight B amine acids. In
one cobodimend, essentially every other (enantiomeric) argino acid is & D-form aminoe acid.
In certain embodiments, at least 80%, preferably at least 90%, more preferably at feast 95%
of the enantiomeric aming acids are D-form amine acids. In one particularly preferred

20 cmbodiment, essentially every enantiomeric amino acid is a D-form amino acid.

{8167} While m preferred embodiments, the polypeptides of this invention utilize naturally-
occurting amino acids or D forms of naturally occurring amino acids, substitutions with non-
naturally occurring amino acids {e.g., methionine sulfoxide, methionine methylsulfonium,

norieucine, episilon-aminocapreic acid, 4-aminobutanoic acid, tetrahydreisoguinoline-3-

25 carboxylic acid, 8-aminocaprylic acid, 4-aminobutyric acid, Lys(N{epsilon)-trifhuoroacetyl},
g-aminoisobutyric acid, and the hike) can be used in the polypeptides of the present invention.
As with the other amino acid substitutions, non-naturally occurring amino acids are typically
substituted so that, upon substitution, they retain the spatial and ionic or nen-ionic character
of the residuc that they substitute.

30 [8168] In some embodiments, a citrulline is replaced with a citrulline analog amino acid.

Such analogs and their preparation are known {o the person skilled in the art. For example,

Sonke, ¢t al., in Siereoselective Biocatalysis (2000), pp. 23-58, and Greene: Protective
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Groups in Organic Synthesis (Wiley, New York 1999}, Example of citrulline amino acid

analogs can be found in ULS. Patent No. 7,888,133).

13169} In some embodiments, non-naturally occurring amino acids are eroployed at positicns
in the peptide where non-naturally occurring amino acids have long, e.g., Cs.s, carbon alkenyl

or alkanyl side chains.

{81781 In some embodiments, a variant of SEQ [D NO:1 or SEQ D NO:2 may comprisc a
chemical staple. For cxample, a-methyiated amino acids containing olefinic side chains of
varying length are introduced at the (1) and (i+7) positions of the peptide sequence and then
cychized by olctin metathesis. As used herein, (i) refers to a veference amino acid residue and
the torm (3+x) refers to an amino acid ¥ residues from the (3) amine acid. By making the
peptides more resistant to degradation and enabling their cellular uptake, the hydrocarbon
staple overcomes some of the classic shortcomings of peptide therapeutics. Stapled peptides
retain their natural shape, are resistant to degradation, and can enter and exert their intended
function n cells. Stapled peptides are known in the art. (See, for example, Verdine and
Helinski Methods Enzymeol. 2012;503:3-3; Schafineistor et al. J Am Chem Soc 122:5891-92
(2000). See, also U.S. Patent Publication No. US2005/6250680, which is herein
incorporated by reference in its entirety. In the present invention, it is understood that when a
chemieal staple 1s said to be present at a particular residue, e.g., at a position 3, 14, or 23 of
SEQ IDNG:1 or SEQ ID NO:2, or variants thereof, there 13 a corresponding residue in the
peptide e.g. at a position 4 or 7 residues from the recited position that is also 2 stapling

residue such that a staplc linkage is formed.

{8171} 1o a further cmbodiment, the invention provides a method of reducing the toxicity of a
peptide having chelesterol efflux activity, the polypeptide comprising an amino acid
sequence that forms an amphipahic a-helix that has non-polar and polar surfaces; wherein the
polar surface has positively charged aming acids at the Hpid-water interface such that the
polar surface comprises positively charged and uncharged amino acids. Replacement of
cationic residucs with uncharged amino acids creates a polypeptides that a) 1s non-toxic at
high pharmacological doses and b) stimulates cellular cholesterol effhux efficiently. In
typical embodiments, the method comprises utilizing citrulline and/or its analogs in place of
cationic residucs at the lipid-water interface. In some cmbodiments, a peptide such as ATH-
5261 can be modified to replace cationic residucs at the lipid water interface with uncharged

amino acids at at least one, typically two, of posttions 3, 14, and 23. WO 2008/115303,
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which is incorporated by reference, additionally describes variants of ATY-5261 that can be
modified in accordance with the mvention, 1.e, to replace cationic residues at the hipid water
interface with uncharged amino acids, 2.2., at at least one, typically two of positions 3, 14,

and 23,

S Preparation of peplides
{8172} Polypeptides of the invention can be prepared using known techniques. For exampie,
peptides can be chemically synthesized using methods well known n the art including, e.g.,
solid phase synthesis (see, e.g., Memifield, J. dm. Chem. Soc., 85:2149-2154 (1963} and
Abelson ef ¢l Methods in Enzymology, Volume 289: Solid-Phase Peptide Synthesis (1st ed.
10 1997)). Polypeptide syothesis can be performed to generate a full-length peptide.
Alternatively, various fragments of the polypeptide can be chemically synthesized separately

and then combined using chemical methods to produce the full length polypeptide.

{8173} The polypeptides described herein can also be expressed recombmantly, especially
when the polypeptide does not comprise a “D” amino acid residues. This embodiment relics
on routine technigues in the ficld of recombinant genetics. Generally, the nomenclatore and
the laboratory procedures o recombinant DNA technology described herein are those well
known and commonly employed in the art. Standard techniques are ased for cloning, nucleic
acid isolation, amplification and purification. Many manuals that provide divection for
performing recombinani DNA manipulations arc available, e.g., Sambrook & Russell,
20 Molecular Cloning, A Laboratory Manual (3rd Ed, 2001)}; and Current Protocols in Melecular
Biology (Ausubel, ef al., Johm Wiley and Sons, New York, 2009, supplements through 2013).
Ume of skill can generate a nucleic acid encoding a polypeptide of the invention and obtain

high level expression using known technigues.

{8174} To obtain high level expression of a nucleic acid sequence, such as the nucleic acid
25 sequences encoding a polypeptide of this invention, one typically subclones a nucleic acid
sequence that encodes a polypeptide sequence of the invention inte an expression vector that
18 subseguently transfected into a suitable host cell for expresion. Expression vector
components, mchuding promeoters, sequences encoding selectable markers and the hike are

well known inthe art. The particular expression vector used to transport the genetic

.
[
o
o

nformation into the cell is not particularly eritical. Any of the conventional vectors used for

expression in eukaryotic or prokaryotic cells may be used.
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METHODS OF IDENTIFYING POLYPEPTIDES WITH DESIRED ACTIVITY
{8175} The polypeptides or peptidomimetics of the present invention can be readily evaluated
for their ability to mediate cholesterol efflux and/or stabilize ABCA {e.g., ABCAL) using

methods well known to those of skill in the art.  Peptides may be additionally cvaluated for

RN

toxicity,

18876} A number of different screening protocols can be utilized to identify polypoptides or
peptidomimetics of the present mvention that mediate cholestero] effhay and/or stabilize
ABCA {e.g., ABCAL). In one embodiment, the screening methods involve sereening a
plurality of tost polypeptides to identify those polypeptides that mediates cholesterol effiux

10 and/or stabilizes ABCA (e.g., ABCAY) in, e.g., mammahan cells, including human cells.

{81771 In addition to screening for their ability to mediate cholesterol effhix and/or stabilize
ABCA, candidate test polypeptides can also be screened for other activities inclading, e g,
anti-oxidant activities and anti-inflanmatory activities. A mumber of different screening
protocols can be utilized to identify polypeptides or peptidomimetics of the present mvention

that have anti-oxidant activity and/or anti-inflammatory activity.

16178} 1t will be readily apparent to those of skill in the art that numerous other screening
assays, in addition to those disclosed herein, can be used to screen the polypeptides or

peptidomimetics of the present invention for the desired biological activites,

Activity Assays- Cholesterol Effiux Activity

20 1179} Suitable cholestero! offlux assays are deseribed in, e.g., Bielicki, J. K and Oda, M. N,
Riochemistry, 41:2089-2096 (2002); Ha et al., Riochem. Biophys. Res. Common., 297.206-
213 (2002). In some embodiments, a polypeptide known to mediate cholesterol efflux {eg.,
helix 9/10 of Apc A-1} is used to screen for additional mediators of cholestero! efflux in a cell
based assay. For example, cell fines in which cholesterel efftux can be enhanced using a

25 cAMP apalog that up-regulates ABCAT protein expression {e.g., 774 macrophages) can
conveniently be used to assess the ability of a polypeptide of the present invention to mediate
cholesterol efffux. The cells are incubated with labeled cholesterol {e.g., {3Hjchcrlestemi)
under conditions appropriate for cholesterol uptake by the celis. Thus, cAMP or cAMP

analogs {e.g., CPT-cAMP) are incubated with the cells for a suitable time before the initiation

By

(43
<

of cellular cholesterol efflux, /e, prior o contacting the cells with a test polypeptide.
Measurement of labeled cholesterol appearing in the medivm is used to determine the

cholesterol efflux mediating activity of the test polypeptide.
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Activity Assays- ABCA Stabilization Activity

[#186] Multiple assays known in the art can be used to measure the ABCA stabilization
activity of a polypeptide of the invention. For example, binding assays can be used to test the
ability of the test polypeptide to bind to ABCA (e.g., ABCAT). It has been found that
polypeptides having ABCA stabilization activity are also hikely mediators of cholesterol
efflux. Assuch, in a preferred embodiment, the polypeptides or peptidemimetics of the
present invention have the ability to modiate cholesterol effhux and to stabilize ABCA. In
one screening cmbodiment, the binding assays can be competitive assays. Other assays
mehade, for example, direct measurement of ABCA (e.g., ABCA protein or nucleic acids)

following contact with the test polypeptide.

Binding Assays

[6181] Binding assays osually mvolve contacting ABCA with one or more test polypeptides,
and allowing sufficient time for ABCA and the test polypeptides to form a binding complex.
Any binding complexes formed can be detected using any of a number of established
analytical techniques. Protein binding assays include, but are not limited to,
immunchisiochemical binding assays, flow cytometry or other assays. In some
embodiments, competition assays are used to determine whether a test polypeptide has
ABCA stabilization activity. Competition assays are well known in the art. Typically, a
competitor compound, e, a compound known to bind ABCA, is labeled so that differences
in binding to ABCA (e.g., in the presence of increasing amount of a test polypeptide of the
invention that may bind to0 ABCA) can be measured. The particular label or detectable group
used in the assay is not a critical aspect of the invention, as long as 1t does not significantly
mterfere with the binding of the test compound to ABCA. As described herein, the
detectable group (or, altcrnatively, detectable moiety or label) can be any material having a
detectable physical or chemical property. Such detectable labels have been well-developed in
the field of immunoassays and, in general, most any label usefid in such methods can be
applied to the present invention. Thus, a label is any composition defectable by
spectroscopic, photochemical, biochemical, immunochemical, eloctrical, optical or chemical
means. Usetul labels 0 the present invention inchude, but are not Hiited to, magnetic beads
{e.g., DYNABEADSTM), fluorescent dyes (e.g., fluorescein isothiocyanate, Texas red,
rhodamine, and the like), radiolabels (e.g., 3n, 125y, 358 14, or 32?)9 enzymes {(e.g., horse

radish peroxidase, alkaline phosphatase and others commonly vsed in an ELISA), and
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colorimetric labels such as colloidal gold or colored glass or plastic beads (e.g., polystyrene,

polypropviene, latex, efc.).

1182} In some embodiments, ABCA expressing and non-cxpressing cells arc used to
measure the ABCA (e.g, ABCAT) stabilization activity of a test polypeptide by measuring
the relative ABCA binding affinities of the test polypeptide and a competitor compound {(e.g.,
full-length Apo A-1 A or Apo A-I 9/10 poelypeptide) for ABCA. In some embodiments, the
binding affinity of full-length Apo A-1 A to ABCA is compared to the binding affinity of a
labeled polypeptide of the invention as described i, e.g., Remaley ef al, J Lipid Res.,
44:828-836 (20033, Cells expressing ABCA are incubated in the presence and absence of the
competitor compound, and then exposed to a range of concentrations of individual labeled
test polypeptides {e.g., a radiolabeled polypeptide of the invention). Typically, the
concentrations of test polypeptides will range from about (.1 pg/ml to about 200 yg/ml,
about 0.5 pe/ml to about 100 ug/mi, about 1 ug/ml to about 40 ug/mi, or abowt 5 pig/mlito

about 20 pg/ml

Dirvect Measurement of ABCA

#1831 In some embodiments, the stabilization of ABCA is measured by direct measurement
of ABCA {e.g., ABCA protein, or nucleic acid) using a cell based assay. Cell based assays
can be performed in any cells in which ABCA is expressed (e.g., J774 macrophages),
including cells which have been transfected with ABCA {e.g. Hela cells). Any cell type can
be used. For example, J774 macrophages can be used to assess relative ABCA I proten
fevels in the presence and absence of polypeptides of the invention. The cells are fivst
contacted with a compound that will induce ABCA {e.g., cAMP or a cAMP analogue such as,
&-bromo-cAMP) 1o upregulate ABCA (e.g., ABCAL) expression, then exposed to syunthetic
ABCAT protemn levels in the presence and absence of polypeptides of the invention in the
absence of the cAMP stimulus to evaluate whether ABCAL protein was stabilized or
degraded. Relative levels of ABCAT protein can be assessed using any means known in the
art including, e.g., immunocblot analysis of cell membranes (Ovam ef af., /. Biol. Chem.,

278:52379-52385 (20033} or hybridization of nucleic acid probes 1o ABCA mRNA.
Toxicity Assays

[8184] Peptides or peptidomeimetics of the invention can be evahuated for toxicity using
known assays. Examples of such assays are illustrated in the Examples section. Toxicity is

typically assayed in a rat, rabbit, mouse, monkey or dog model. In an illustrative assay such
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as that described in Example 1, a peptide is aduunistered intravenously using a rabbit or rat
model at doses of 3, 30, and 300 mg/kg and vehicle alone s also administered at 48 hour
mtervals for a total of four injections. Safety chemistry panels including plasma alanine
aminotransferase (ALT), aspartate amino transferase (AST), and creatine kinase (CK) can
then be determined in the blood. The presence of elevated levels of these enzymes in the
blood compared to control normal valiues is indicative of toxicity. A peptide of the invention
is typically considered to be non-toxic or to bave littic toxicity, when the results using the
highest dose, 300 rag/kg 1o this tlustrative assay, arc equivalent (fall within the standard
deviation) of the values measured for the control amimals that veceived vehicle alone, or are
no more than 2 or 3 times backgroond obtained with vehicle alone. In some embodiments, a
toxicity assay is performed where the toxicity of a peptide of the invention is compared to
that to ATT-53261. A peptide of the invention that has vo or little toxicity typically exhibits
fess than 50%, preferably less than 2096, or more preferably less than 1096 of the toxicity
observed with ATI-5261 when administered to a mouse, rat or rabbit at a dose of 300 mg/kg,
e.g., 4 hours after injection.  Other animal models, e.g., monkeys, may also be used fo

evaluate toxicity

Antioxidant Activity

181838} Peptides or peptidomimetics of the invention can be evaluated for antioxidant activity
using methods known in the art. For example, U.S. Patent Publication No. 2003/0087819
describes multipic assays that can be used to determine the antioxidant activity of a
polypeptide, including, e.g., micelle substrate assays. A wmdcelle substrate comprising 2
phospholipids {e.g., {-palnitoyl-2-linoleoylphosphatidyichobine) is used to measure rates of
lipid peroxidation catalyzed by specific enzymes {e.g., soybean lipoxygenase and/or
xanthine/xanthioe oxidase). The enzymes initiate lipid peroxidation following the addition of
recorabinant polypeptides of the invention to the phospholipid micelles. Increases in
conjugated dienes (a product of lipid peroxidation) are monitored by ultraviolet absorption
spectroscopy (234 nm) at 25°C. The mass of phospholipid hydroperoxides is calculated
using the molar absorptivity cocfficiont (s=29,500 Lern™ mol) of conjugated dienes. Initial
rates of lipoxygenase mediated Hpid peroxidation are calculated from the slopes of the linear
portion of the oxidation curves and results can be expressed as nmoles of phospholipid
peroxide formed/min. Based on the maximum levels of lipid peroxide accumulation obtained
in the absence of polypeptide (i.e., the plateau associated with the oxidation curves), it is

possible to derive quantitative information regarding the potency of the polypeptides of the
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imvention {e.g., & conceniration of polypeptides resulting in 50% protection agaiost Hpid
peroxidation). Other methods relates to screening for polypeptides capacity fo prevent

oxidation of ApoB lipoproteins as LDL, VLDL and Lp(A).

18186} Other assays for screening for anti-oxidant activity are disclosed in PCT Publication

MNo. WO 02/15923, the teachings of which are incorporated herein by reference.

Anti-Inflammatory Activity

{81871 Polypeptides or peptidomimetics of the invention can be evahuated for anti-
inflammatory activity using any means known in the art. For cxample, assays to assess the
activity of enzymaes (e.g., lecithin:icholesterol acetyltransferase (LCAT) or paraoxoenase
(PON)) sensitive to inflammatory events can be used to assess the anti-inflammatory activity
of the polypeptides of the inventions. Suitable assays are described in, e, Chener el J
Lipid Res., 23:680-691 (1982), which describes quantification of LCAT activity using an
exogenous proteoliposome substrate, and Forte ef al., J. Lipid Res., 43:477-485 (2002}, which
describes quantification of PON activity. Other screens can include monitoring the
polypeptides capacity to inhibit the mRNA expression and/or protein production of target
cells following various stimulations (for example, adhesion molecules, TNF-q, LPS or

combinations thereof).

Further Testing

[#188] Polypeptides that are inttially identified as mediating cholesterol efflux or interacting
with ABCA can be further tested to validate their ability to mediate cholesterol effhu and/or
stabilize ABCA. The basic format of such methods involves adminisicring a lead compound
identificd during an initial screen to an animal that serves as a model. The aontmal models
utilized n validation studies generally are mammals of any kind. Specific examples of
suitable animals inclode, but are not himited to, primates {e.g., chimpanzees, monkeys, and
the like) and rodents {e.g., 1oice, rats, guinea pigs, rabbits, and the like}. In a preferred
embodiment, Apo E-/- mice, Apo A-II -/~ mice, or Apo C-II /- mice are used. Additional

animal models are described in, e.g., Marschang ef af., Sem. Cell Dev, Riol,, 14:25-35 (2003).

18189] Peptide may adduionally be screcued for the ability to lower glucose using methods
illustrated in the EXAMPLES section, e.z., Example 31. For example, the ability to lower
glucose can be cvaluated using ing animal models, such as mice or rats. Mice, eg.. C57BV6
nuce, fod a normal lab chow dict are injected 1P with 2 peptide that is undergoing evaluation,

e.g., at a does of 300 mg/kg, and the glucose levels in the blood are measured at a time
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period, e.g. 6 hours, following injection and compared to the levels of blood glucose ina
control animal that received PBS. Alternatively, peptides may be sereened for the ability to
tower glucose as illustrated in Example 36. For example, 300mg/kg peptide injected IP into
to fasted antroals and 3h thereafier a glucose tolerance test is performed by injecting 2g/kg
glucose during which the glucose concentration is followed for 120minutes. Peptides that
have glucose lowering activity show statistically significant lowered glucose relative to
conirols. Typically, peptides lower glucose by at least 5%, often at least 10% or greater,
relative to countrols. Peptides may alse be evaluated for ghucose-lowering activity in animal
models of obesity, 2.g., DIO mice. Further, peptides may be evaluated for the ability to

nmprove sensitivity to insulin, e g, as described in Example 31 of the EXAMPLES section.

16196} Additionally, peptides may be screened for the ability to treat a symiptom of
Alzheimer’s Disease using know methods, such as those llustrated in the EXAMPLES
section, inchiding general or sclective effects on apoE4 and apoE3 allcle-associated
Alzhcimer's discase. An example of such an assay is provided in Example 40, To this
example, the levels of P-tan and/or amyloidB42 in the brain of humman apoE3 or apoE4
replacement mice that express human apo3 or apol4. Peptides that have the ability 1o treat
a symptom of Alzheimer’s Diisease show statistically significant lowered P-tau and/or

amyloidf42 lovels relative to controls.

16191} Peptides may be screened for activity using any format. For example, high
throughput screening (HTS) methods may be used to identify polypeptides or
peptidomimetics of the present invention that mediate cholesterol effiux and/or stabilize
ABCA. HTS methods involve providing a combinatorial polypeptide ibrary containing a
large number of potential therapeutic compounds {i.e., polypeptides or peptidonuimetics that
mediate cholesterol efflux or stabilize ABCA). Such libraries are then sereened in one or
more assays, as described herein, to idontity those hbrary members (fe., particular
polvpeptides or peptidomimetics) that display a desired characteristic activity, The
compounds thus identified can serve as conventional “lead compounds” or can themselves be

used as potential or actual therapeutics.

PHARMACOKINETICS AND CELL TARGETING
14192} The peptides bind to HDL and assume the long HDL half-fife, estimated to be 8 howrs
in rats (sce rat PK example in the EXAMPLES section, Figures 36 and 52A) and 3-5 days in

humans, thereby allowing administration with long intervals. The peptides when bound to

wh
]



16

20

b
N

36

WO 2014/144708 PCT/US2014/029232

other peptides, small molecules or moteties (the cargo molecules) can in an analogous
manner inerease the half-life of these moelecules. The HDL binding properties in plasma and
the ABCAT cell binding of the peptide creates umique PK, tissue and cell distribution
propertics of the peptide and its cargo that can be used for diagnostic and therapeutic
purposes, mcluding but not Hmited to heart failure, vascular discase, diabetes mellitus, cancer

and nearological diseases.

METHODS OF USE

[#183] The non-naturally oceorring polypeptides of the present invention use the potent
Reverse Choelesterol Transport {RCT) pathway to mediate cholesterol efflux. In addition to
being potent and selective mediators of ABCAT-dependent cholesterol efflux, the
polvpeptides of the present invention alse have ABCA stabilization activity, anti-diabetic
activity, anti-oxidant activity as well as anti-inflammatory activity, any combination of these

activitics and, preferably, all of these activitics.

[#184] In view of their biological activities and, in particular, their ability to mediate
cholesterol efffux, the polypeptides of the present nvention {or peptidomimetics thereof) can
be used to treat elevated cholesterol lovels 1o a maramal, or to freat prophylactically a
mammal at risk of developing clevated cholesterol levels. In addition, the polypeptides or
peptidomimetics can also be used for improving the lipid parameters in @ mammal. An
improvement in “lipid parameters” fncludes, for example, one or more of a decrease in the
propeusity of lpoproteins to adhere to a blood vessel, a decrease in the amount of
atherosclerotic plague {even though plasma LD and/or HDL concentrations may not
significantly changed), a reduction in the oxidative potential of an HDL or LDL particle, a
regression in athorosclerosis {e.g., as measured by carotid angiography or ultrasound) and a
reduction in cardiac events. Thus, the polypeptides or peptidomimetics of the present
mvention can be used to treat or prevent (7.e., prophylactically treat) discases and conditions
associated with dyslipidemia, hypercholesterolemia and inflammation, diabetes, or diseascs
and conditions that are freatable by altering lipid parameters, such as those diseases and
conditions disclosed herein. In some embodiments, the peptides can be used to treat a patient
that has a complication of a disease as described herein. Thus, in some embodiments, the
paticnt has macro or microvascular disease, chronic kidney discase, or congestive heart

failure.
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(8195} In addition to the discases and conditions specifically disclosed herein, those of skill
n the art will know of other diseases and conditions associated with dyslipidemia, |
hypercholesterolemia and inflammation that can be treated or prevented using the

polypeptides or peptidomimetics of the present invention.

S Treating or Preveniing o Symptomis} of Atherosclerosis

{8196} In onc cmbodiment, the present invention provides methods for treating, amcliorating
and/or preventing one or more symptoms of atherosclerosis. The methods preferably invelve
administering to an organism, preferably a mammal and, more preferably, a homan, one or
more of the polypeptides of this invention {or peptidomimetics of such polypeptides). The

10 polypeptide(s) can be administered, as described herein, according fo any of @ number of
standard methods inclading, but not lmited to, njection, suppository, nasal spray, time-
release implant, transdermal patch, orally and the like. In one particalarly preforred

cembodiment, the polypeptide(s) is administered orally {e.g., as a syrup, capsule, tablet, efc. ).

{81971 The methods of the present invention are not timited to treating humans or non-human
animals having one or more sympiom{s) of atheroscierosis (e.g., hypertension, narrowing of
vessels, plague formation and rupture, heart attack, angina, or stroke, high levels of plasma
cholestersl, high levels of tow density Hpoprotein, high levels of very low density Hpoprotein,
or inflammatory proteins, efc. ), but are also very useful 1n a prophylactic context. Thus, the
polypeptides of this invention (or peptidomimetics thercof) can be administered to an
20 organism, such as a human or non-human animal, to prevent the onset, i.e., development, of
one or more symptoms of atherosclerosis. Suitable candidate subjects for prophylactic
treatment include, for example, those subjects having one or more risk factors for
athorosclerosis {e.g., family history, genetic markers that correlate with atherosclerosis,

hypertension, obesity, high alcohol consumption, smoking, high blood cholestero], high

25 blood triglycerides, elevated blood LDL, VLDE, IDE, or fow HDL, disbetes, or a family
history of diabetes, high blood lipids, heart attack, angina or stroke, efe.).
[#188] Treatment can complement or obviate the need for invasive procedures and vascular
surgery making anti-atherosclerosis treatment systemic and sustainable. Thus, the peptide
can be given before infervention to optimize circulation before surgery, during surgery for
30 regional administration in the vasculatuve ot its vicinity, or post-surgery to lessen

inflammation and atherosclerosis caused by mechanical tragma by surgical intervention,
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Treating or Preveniing A Symptom(s) of Atherosclerosis Associated with an Acure
Inflammatory Response
[#199] The atherosclerosis-inhibiting polypeptides of this mvention are also useful n 2
number of other contexts, In particular, it has beer found that cardiovascular complications

5 {e.g., atherosclerosis, stroke, efe.) frequently accompany or follow the onset of an acute phase
mflammatory response. Soch an acute phase inflammatory response is often associated with
a recurrent inflammatory disease (e.g., leprosy, tuberculosis, systemic hupus erythematosus,
rheumatoid arthritis, efc.), a viral infection (e.g., influcnza, HIV, efc.}, a bacterial infection, a
fumgal infection, an ovgan transplant, a wound or other trauma, an implanted prosthesis, a

10 biofilm, and the like.

[62668] In view of their antioxidant activity, the polypeptides described herein can be used to
reduce or prevent the formation of oxidized phospholipids during or following an acute phase
inflaromatory response, thercby mitigating or climinating cardiovascuolar complications
associated with such 2 condition. The inflammatory response can also be of more chronic

15 nature as in alcoholic and non-alcoholic liver disease, chronic kidney disease and congestive

heart failure.

Treating or Preventing a Disorder Involving Abnovmal Glucose Metabolism

[8261] In a further aspect, the invention provides a method of altering mammal that has

abnormal glucose metabolism. In some embodiment, the mammal has Type I diabetes. In
20 some embodiments, the manmal bas Type | diabetes. n some embodiment, the mammal has

pre-diabetes or metabolic syndrome. In some embodiments, the mammal 18 2 human. {some

embodiments, the mammal is a human that has a fasting blood glucose level of over 100

mg/dl.. o some embodiments the marmal has complications of diabetes as macro or

microvascular disease, kidney discase or congestive heart fathure.

25 {9282} In some embodiments, the manvymal is administered a peptide that comprises the
following sequence:
K KKK Xs XXy XXX 10X 11 X 10K 13K 14X 15X 16K 17X 18X 16X20X01 X 22X 23X 4, wherein X, Xy,
Xy, Xis, X3 and Xy are acidic aming acids; X, is a polar amine acid; X is a positively

charged amino acid; Xy, Xe, Xo, Xy, Xog, X7, Xayp, X, and Xy, are hydrophobic amino

.
(]
o
o

acids; Xy, X3, X, and Xop are the same aliphatic amino acid residue, e.g., the same
branched chain aliphatic amine acid residue; and X5, X4 and Xos are uncharged amine acids,

In some embodiments, at least two of positions X, X4 and Xy are citrullineg and the third

W
n
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position is R or K. o some embodiments, X4 15 a polar uncharged amino acid; and two or
more of X, Xe, Xi1, Xi2, X7, X21, Ko, and Xp4 ave aliphatic amine acids. In some
embodiments, Xa, X¢, X11, Xi2, X7, Xa1, X, and Xy, are all aliphatic aminoe acids. In some
embodiments, Xo is W. In some embodimenis, Xg, X113, X6, and Xyg are l. In some

5 embodmments, Xio, X1, X1, and Xop are L. In some embodiments, X, X, Xg, X3, Xz and
X1y are independently sclected from B and E; X, Xia, X, and Xy are Tor X, X5, Xis,
and Xy lare L; X, and X5, arg aliphatic amino acids, X418 S, T, G, or Y, Xo is W, Xsis R or
K and X4, X4 and Xy, are selected from the following: X, and ¥4 are citrulline and Xy 8 R
or K; citrulline at positions 3 and 23 and an R or K at position 14; and citnilline at positions

10 14 and 23 and an R or K at position 3.

Treating ov Preventing Alzheimer s Disease or Mild Cognitive Impairment
[8263] In a further aspect, the invention provides a method of treating a human patient that
has Alzheimes’s Discase or Mild Cognitive Impairment , frontotemporal dementia; or

vascular dementia.

12684} As used herein, "Alzheimer’s discase” refers to senile dementia as diagnosed using
comunonfy accepted criteria in the art, such as the criteria set forth by The National Institute
of Neurological and Commumicative Disorders and Stroke and the Alzheimer’s disease and
Related Disorders Association and/or the criteria as listed i the Diagnostic and Statistical
Mamual of Mentai Disorders (DSM-IV-TR) published by the American Psychiairic

20 Asscctation. The Diagnostic and Statistical Manual of Mental Disorders (Fourth Edition,
revised m 2000), also known as the DSM-IV-TR, outlings a detailed set of eriteria for the

diagnosis of Alzheimer’s discase.

18245} In some embodiments, a patient may have mild to moderate dementia, or early-stage
Alzhcimer’s discase, which can be identified using neurological testing and other clinical

25  endpoims. For example, a subject with roild to moderate dementia, e.g., Alzheimer’s discase,
can be identified using the Mini-Mental State Examination (MMSE), Typically, ascore of 16
to 26 (hoth mchusive) 1s indicative of mild to moderate Alzheimer’s disease. Patients with
advanced Alzheimer’s discase can also be identified based on clinical parameters. Subjects

with this form of Alzheimer’s disease may no longer respond to therapy with

.
(]
o
o

acetyicholinesterase inhibitors, and may have a markedly reduced acetylcholine level.

{6286} In some embodiments, & patient treated with 2 peptide of the invention may have Mild

Cognitive Impairment. Such patients arc at risk for development of Alzheimer’s discase.

whn
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Mild Cognitive imapaitment can be diagnosed and cvaluated using any of the many objective

tests or eriteria well-known and accepted in the fields of psychology or psychiatry.

1247} “Frontotenporal dementia” is a neurodegenerative disease characterized by
progressive neuronal loss predominantly involving the frontal and/or temporal lobes. The
5 disorder was first identified in 1994 by Kirk Wilhelmsen and colleagues, who distinguished i

from Alzheimer's discase and Lewy body dementia based on the fact that it did not manifest
with amyloid plaques, neurofibrillary tangles, or Lewy bodies. The term "frontoterporal
lobar degeneration” or “FTLD” s used to describe the specific pathological diseases that
result in frontotemporal dementia syndromes. These tare united by their impact on frontal

10 and teraporal brain stroctures. Subtyping is based on the specific proteins foumd within
neuronal inclusions. Most degneration subtypes are either FTLD-1an, which includes Pick’s
disease, UBD and PSP, all of which show tau-contaiming inclusions or FTLD-TDP, which

inchudes several subtypes in which TDP-43 containing inclusions are seen.

[82088] In some embodiments, the patient having Alzheimer’s disease, frontotemporal

dementia, or vascular domentia; or who is at risk for having Alzheimer’s discase, ez, 2

patient having Mild Cognitive Impairroent, is administered a peptide that comaprises the

following sequence:

XXX XX s X e XX e X oK 1o X 11X 10X 15X 14X 15X 62517250 s X0 X 00X 01 X2 X0 X, wherein X, X,

X3, Xy, Xyg and X are acidic amino acids; X4 is a polar amino acid; Xs is a positively

20 charged amino acid; X3, X, Xo, X11, X1, X17, X231, X2z, and X4 are hydrophobic amino
acids; X, X113, Xis, and Xpo are the same aliphatic amino acid residue, e.g., the same
branched chain aliphatic amino acid residue; and X, X4 and X5 are uncharged aminoe acids,
in some embodiments, at least two of positions X4, X4 and Xy are ciirulline and the third

position 18 R or K. In some embodiments, X, is a polar uncharged amino acid; and two or

b
N

more of Xy, Xg, Xi1, X12, Xi7, Xo1, Xop, and Xo4 are aliphatic aminoe acids. In some
embodiments, X, X, Xii, X2, X7, X1, Xy, and Xos are all aliphatic aming acids. In some
embodiments, Xq is W, In some embodiments, Xqo, Xi3, Xy, and Xy are §. Insome
embodiments, Xyg, X13, Xis, and Xoe are L. In some embodiments, X1, X7, Xg, Xis, X5 and
X0 are independently selected from D and 3; Xqo, Xiz, Xis, and Xop are [ or Xie, X3, Xis,

30 and Xy lare L; Xy, and Xy are aliphatic aminc acids, Xu i8S, T, G, or Y, Xois W, Xsis R or
K; and Xs, X4 and Xo; are selected from the following: X5 and X4 ave citrulline and X515 R
or K; citralline at positions 3 and 23 and an R or K at position 14; and citraliine at positions

14 and 23 and an R or K at position 3.

W
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Additional Therapeutic Uses
{8289} In some embodiments, a peptide of the invention may be used to deliver a therapeutic
agent. Thus, for example, in some embodiments, a peptide may be linked to an agent such as

a toxin or radiciabel to treat cancer. Any fype of cancer can be treated.

[6218] In other embodiments, the polypeptides of the present invention are used to reduce or
prevent the formation of oxidized phospholipids. In such methods, the polypeptides of the
present invention can be administered to a human or non-human animal to reduce or prevent
the formation of oxidized phospholipids, thereby inhibiting or preventing a symptom of 8
disease such as polymyaigia rheumatica, polyarteritis nodosa, scleroderma, idiopathic
pulmonary tibrosis, chronic obstructive pulmonary disease, AIDS, coronary calcification,

caleific aortic stenosis, osteoporosis and the like.

{6211} Tvpically, ali of the above methods involve the administration of a single polypeptide
of this invention or, alternatively, the administration of two or more different polypeptides of
this invention. Such polypeptides can be administered alone or in combination with other
therapeutic agents, such as those disclosed herein. The polypeptides can be provided as
monemers ot in dimeric, oligomeric or polymeric forms. 1o certain embodimerds, the
multimeric forms may comprise associated monomers {e.g., ionically or hydrophobically
Enked); whereas, in other embodiments, other moltimeric forms comprise covalently linked

monemers {directly linked or through a linker).

{212} In addition, although all of the foregoing methods ave described herein with respect to
humans, it will be readily apparent to those of skill that such methods are also useful for other
animals, i.e., for veterinary use. Thus, preforred organisms include, but are not limited 1o,
humans, non-human primates, canines, equines, felines, porcines, ungulates, largomorphs,

and the hike.

Stabilization of Vulnerable Plagues

{8213} In some embodiments, polypeptides of the present invention can stabilize valnerable
plagues prone to rupture potentiaily causing thrombotic arterial seclusion, ey, by reducing
plague lipid content through reverse cholesterol transport. Thus, in another embodiment, the
present invention provides methods for stabilizing a vulnerable plagque in a blood vessel of a
manmal by administering to the mammal {and, more preferably, a human), one or more of
the polypeptides of this invention (or peptidomimetics of such pelypeptides). A “vulnerable”

plague is generally defined as a hipid-rich plague with a thinned fibrous cap lacking proper

L
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collagen and smooth muscle cell support. A mavnunal, preferably a buman, can be diagnosed
as having one or more vulnerable plaques using known methods, including temperature
detection strategics, labeling strategies, imaging strategies (e.g., devices ulilizing magnetic
resonance, ultrasound, fnfra-red, fluorescence, visible hight, radio waves, x-tay, efc.)}, general
strategies for discriminating the vulnerable plague from swround healthy vascular tissue and
the ke (see, e g, U.S. Patent Nos. 6,245,026, 6,475,159, 6,475,210 and 7,118,567, In
another embodiment, the mammal, preferably a human, is at risk of having one or more
vuinerable plagues. In this embodimend, a clinical symptom has developed and/or a clinical

event has occurred that leads one of skill in the art to believe that the mammal is at risk of

having one or more vilnerabie plagues.

COMBINATION THERAPY

[8214] In some embodiments, the polypeptides or peptidomimetics of the present invention
are administered in combination with one or more additional therapeutic agents for freating or
preventing discases and disorders associated with dyslipidemia, bypercholesterolemia and
mflammation, such as cardiovascular disease, including atherosclerosis, For instance, in one
embodiment, a polypeptide of the present invention is adminisiered in conjunction with any
of the standard treatments for atherosclerosis including, for example, statins (e.g.,
atorvastatin, lovastatin, pravastatin, simvastatin, fluvastatin, or rosuvastating; a Nieman-Pick
(C1-Like 1 sterol transporter channel inhibitor {e.g., Eretimibe); bile acid bindess (e.g.,
cholestyramine or colestipol); platelet clomping inhibitors {e.g., aspirin, ticlopiding, or
clopidogrel); niacin/nicotinamide; PPAR activators; Vitamin E; surgical intervention {e.g.,
angioplasty, stents, stents, or endarterectomy); and lifestyle changes (e.g., low-fat dicts,

weight loss, and exercise).

16218} More particularly, the polypeptides or peptidomimetics of the present invention can
be used in combination, either as separate units or fixed combinations, with one or more of
the following: an antibody which binds to an unwanted inflarnmatory molecule or cytokine
such as interlcukin-6, mterteukin-¥, granulocyte macrophage colony stimulating tactor, and
tomor necrosts factor-g; an enzyme inhibitor such as a protease inhibitor aprotinin or 4
cyclooxygenase inhibitor; an antibiotic such as amoxicillin, rifampicin, erythromycin; an
antiviral agent such as acyclovis; a steroidal anti-inflammatory such as a ghicocorticoid; 2
non-steroidal anti-inflammatory such as aspirin, ibuprofen or acetaminophen; or a non-
mflammatory cytokine such as interleukiin-4 or interleukin-10. Gther cytokines and growth
factors such as interferon-f, tumor necrosis factors, antiangiogenic factors, erythropoietins,

39
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thrombaopoicting, interleukins, maturation factors, chemotactic profein, and their variants and
derivatives that retain similar physiological activitics may also be used as an additional

therapeutic agents.

16216} The polypeptides or peptidomimetics of the present invention can be used n
combination with drugs commonly used to treat hpid disorders in, for example, disbetic
paticnts. Such drugs include, but are not limited to, HMG-CoA reductase inhibitors, nicotinic
acid, ezetimide, bile acid sequestrants, fibric acid derivatives, MTP inhibitor, ACAT mnhibitor
and CETP inhibitors. Examples of HMG-CoA reductase inhibitors inclade lovastatin,
pravastatin, simvastatin, rosuvastatin, fluvastatin and atorvastatin, Examples of bile acid
sequestrants include chelestyramine, colestipol and colesevelam. Examples of fibric acid

derivatives include gemfibrozil and fenofibrate,

18217} The polypeptides or peptidemimetics of the invention can also be used in combination
with anti-hypertensive drugs, such as, for example, diretics, B-blockers, cathepsin S
nhibitors, methyidopa, o2-adrenergic agonists, guanadrel, reserpine, B-adrenergic receptor
antagounists, o 1-adrenergic receptor antagonists, hydralazine, minoxidil, calciom channel
antagonists, ACE inhibitors and angiotensin U-receptor antagonists. Examples of § -blockers
include acebutolol, bisoprolol, esmolol, propanolol, atenolol, labetalol, carvedilo! and
metoprolol. Examples of ACE inhibitors include captopril, enalapril, lisinopril, benazepril,

fosinoprii, ramipril, qoinapril, perindopril, randolapril and moexipril.

[#218] The polypeptides or peptidomimetics of the invention can also be used in combination
with cardiovascular drugs such as calcium channel antagonists, -adrencrgic recepior
antagomists and agonists, aldosteronce antagonists, ACE inhibitors, angiotensin H receptor
antagonists, nitrovasodilators, and cardiac glycosides. The polypeptides or peptidonmimetics
of the invention can also be used in combination with anti-inflanunatory drugs such as Hi-
recepior antagomists, H2-receptor mediated agonists and antagonists, COX-2 mbhibitors,
NSAID, salicylates, acetaminophen, propionic acid derivatives, enolic ¢ids, diaryl substituted

fuanones, cycloonygenase inhibitors, and bradykinin agonists and antagonists.

18219} Other therapeutic ageunts suitable for use in combination with the polypeptides or
peptidontimetics of the present invention are disclosed in ULS. Patent Application Publication
No. 2005/0142 180, which was published func 30, 2003, the teachings of which are

incorporated herein by reference.
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8228} The polypetide (or peptidomuraetics thereot) and the additional therapeutic agent can
be administered simultancously or sequentially. For example, the polypeptide may be
administered first, followed by the additional therapeutic agent. Alternatively, the additional
therapeutic agent may be administered first, followed by the polypeptide of the invention. In
5 some cases, the polypeptide of the invention and the additional therapeutic agent ave
administered in the same formulation. In other cases, the polypeptide and the additional
therapeutic agent arc adminisiered in different formulations. When the polypeptide and the
additional therapeutic agent are administered in different formulations, their administration

may be simultaneous or sequential.

1¢
PHARMACEUTICAL FORMULATIONS
{8221} In order to carry out the methods of the invention, one or more polypeptides of this
mvention o1 peptidomimetics thereof are administered to an individaal diagnosed as having
or at risk of having a disease or disorder associated with dyslipidemia, hypercholesterolemia
15  and inflammation {e.g., to an individual diagnosed as having one or more symptoms of

athoroscleresis, or as being at risk for atherosclerosis); or a discase associated with abnormal
glucose metabolismy; or Alzhetmer’s Disease. The polypeptides or peptidomimetics thereof
can be administered in their “native” form or, if desived, in the form of, for example, salts,
esters, amides, prodrugs, derivatives, and the ke, provided that the salt, ester, amide,

20 prodrog or derivative is suitable pharmacologically, i.e., effective in the methods of the

present mvention.

1$222} In one embodiment of the methods described herein, the route of adnunistration ¢an
be oral, miraperitoneal, ransdermal, subcutaneous, by intravenous or intramuscular injection,
by inhalation, topical, intralesional, infusion; liposome-mediated delivery; topical,

25 intrathecal, gingival pocket, rectal, intrabronchial, nasal, transmucosal, intestinal, ocular ot
otic dehivery, or any other methods known in the art as one skilled in the art may easily
perceive. Other embodiments of the compositions of the invention imcorporate particulate
forms protective coatings, protease inhibitors or permeation enbancers for various routes of

administration, including parenteral, pulmonary, nasal and oral. The pbarmaceutical

.
(]
o
o

compositions can be administered in a variety of unit dosage forms depending upon the

method/mode of administration, Suitable unit dosage forms include, but are not limited to,
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powders, tablets, pills, capsules, lozenges, suppositories, patches, nasal sprays, injectibles,

mplantable sustained-release formulations, efc.

1223} As such, in another aspect, the present invention provides pharmaccutical
compositions comprising a pharmaceutically effective amount of a polypeptide or
S peptidomimetic of the present invention and an acceptable carrier and/or excipients. A

pharmaceutically acceptable carrier includes any solvents, dispersion media, or coatings that
are physiologically compatible and that preferably does not interfere with or otherwise inhibit
the activity of the polypeptide or peptidomimetic. Preferably, the carrier is suitable for
intravenous, mtramuscular, oral, intraperitoncal, transdernyal, topical, or subcutancous

10 administration. Pharmaceutically acceptable carriers can contain one or more physiologically
acceptable compound(s) that act, for example, 1o stabilize the composition or to increase or
decrease the absorption of the active agent(s). Physiologically acceptable compounds can
include, for example, carbohydrates, such as ghicose, sucrose, or dextrans, antioxidants, such
as ascorbic acid or glutathione, chelating agents, low molecular weight proteins,

15 compositions that reduce the clearance or hydrolysis of the active agents, or excipients or

other stabilizers and/or buffers.

16224} Other physiologically aceeptable compounds include, but are not limited 1o, wetting
agents, emulsifying agents, dispersing agents or preservatives which are particolarly aseful
for preventing the growth or action of microorganisms. Various preservatives arc well

20 known and inclade, for example, phevoel and ascorbic acid. Oue skilled 1o the art will
appreciate that the choice of pharmaceutically acceptable carrier(s), mcluding a
physiologically acceptable compound depends, for example, on the route of administration of
the polypeptide(s) or peptidomimetic(s} and on the particular physio-chomical characteristics

of the polypeptide(s) or peptidomimetic(s).

25 {9225} In a preferred embodiment, the phammaceutically acceptable carrier is physiological
saline. Other pharmaceutically acceptable carriers and their formulations are well-known and
generally described in, for example, Remington's Pharmaceutical Science (18" Bd., ed.
Gennaro, Mack Publishing Co., Easton, Pa., 1990}, Various pharmaceutically acceptable

excipients are well-known in the art and can be found in, for example, Handbook of

.
(]
o
o

. e il o . . xr .
Pharmaceutical Excipients (47 ed., Ed. Rowe et af., Pharmaceutical Press, Washington,
B.C.y. Again, the pharmaceutical composition can be formulated as a solution,

microemulsion, liposome, capsule, tablet, or other suitable form. The active component may
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be coated in a material to protect it from inactivation by the environment prior to reaching the

target site of action.

1226} In cortain crabodiments, the polypeptides or peptidondmetics of this invention can be
administered orally {e.g., via a tablet) or as an injectable in accordance with standard methods
5 well known to those of skill in the art. In other preferred embodiments, the polypeptides or

peptidomimetics can also be delivered through the skin using conventional transdermal drug
delivery systems, i.e., transdermal “patches,” wherein the polypeptide(s) or
peptidomimetic(s) are typically contained within 2 laminated strocture that serves as a drug
delivery deviee to be affixed to the skin. in such g structure, the drug composition is

10 typically contained o a layer, or “reservoir,” underlying an upper backing layer. Htwill be
appreciated that the term “reservoir” in this context refers to a guantity of “active
mgredient(s)” that is ultimately available for delivery to the surface of the skin. Thus, for
example, the “reservoir” may include the active ingredient(s} in an adhesive on a backing
layor of the patch, or in any of a varicty of different meatrix forroulations known to those of

15 skill in the art. The patch may contain a single reservoir, or it may contain multiple

Teservoirs.

16227} In one embodiment, the reservoir comprises a polymeric matrix of 8 pharmaceutically
acceptable contact adhesive material that serves to affix the system to the skin during drog
delivery. Examples of suitable skin contact adhesive materials include, but are not limited to,
20 polyethylenes, polysiloxanes, polyisobutylenes, polyacrylates, polyurethanes, and the Hke.
Alternatively, the drug-containing reservoir and skin contact adhesive are present as separate
and distinct layers, with the adhesive underlying the reservoir which, in this case, may be
cither a polymeric matrix as described above, or it may be a liquid or bydrogel reservoir, or

may take some other form. The backing layer in these lanunates, which serves as the upper

25 surface of the device, preferably functions as a primary structural eloment of the “pateh” and
provides the device with muoch of its flexibility. The material selected for the backing layer is
preferably substantially impermeable to the active ageot(s) and auy other materials that arc
preseut.

16228} Other formudations for topical drug delivery include, but are not imited to, ointroends

"(\; P i 5y A} o Q ave Qe \'E ¥t lh{ ore ~“»,Hr 2 = P

30 and creams. Ointments are semisolid preparations that are typically based on petrolatum or

other petrolenm derivatives. Creams containing the selected active agent are typically

viscous liquid or semisolid emulsions, often cither oil-in-water or water-in-oil. Cream bascs
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are typically water-washable, snd contain an oil phase, an emulsifier and an aqueous phase,
The o1l phase, also sometimes called the “internal” phase, is generally comprised of
petrolatum and a fatty alcohol such as cetyl or stearvi alcohol; the aqueous phase usually,
although not necessarily, exceeds the oil phase in volume, and generally contains
humectant. The emuldsifier in a cream formulation is generally a nonionic, anionic, cationic
or amphoteric surfactant. The specific sintment or cream base to be used, as will be
appreciated by those skilled in the art, is one that will provide for optimum drug delivery. As
with other carriers or vehicles, an ointment base should be inert, stable, nonirritating and

nonsensitizing.

1229) In some embodiments, implanted devices {e.g., arterial and intravenous stents,
including eluting stents, and catheters) are used to deliver the formmlations comprising the
polypeptides and peptidomimetics of the nvention. For example, aqueous solutions
comprising the polypeptides and peptidomimetics of the invention are admiunistered directly
through the stents and catheters. In some cmbodiments, the stents and catheters may be
coated with formulations comprising the polypeptides and peptidomimetics described herein.
In some embodimenis, the polypeptides and peptidomimetics will be in time-release
formulations an chuted from the stents. Suitable stents are described in, e.g., U.S. Patent Nos.
6,827,735, 6,827,7735; 6,827,7732; 6,824,561; 6,821,549; 6,821,296; 6,821,291, 6,818,247
6,818,016; 6,818,014; 6,818,013; 6,814,749; 6,811,566; 6,805,709; 6,805,707, 6,805,705;
6,405,704, 6,402,459 6,802,857 6,802,856; and 49 6,802,849, Suitable catheters arc
described 1n, e.g., ULS. Patent Nos. 6,829,497, 6,827 794; 6,427,730; 6,827,703 ; 6,824,554;

6,824,553; 6,824,551; 6,824,532; and 6,819,951

162368] Polypeptides of this conyprising L-form or D-form amino acids can be adoinistered
without protection against proteolysis by stomach acid, efe. Nevertheless, in certain
embodiments, polypeptide delivery can be enhanced by the ase of protective excipients, as

kaown in the art (see, e.g., U.5. Patent No. 5,391,377}

#2313} Elevated serum half-life can be maintained by the use of sustained-release
polypeptide “packaging” systems. Such sustained relcase systems are well known to those of
skill inthe art. In one preferred embodiment, the Prelcase biodegradable microsphere
delivery system for proteins and polypeptides is used (Tracy, Bivtechnol Prog., 14108
{1998); Johnson ef al., Nature Med,, 2.795 (1996); Herbert et ¢l., Pharmaceut, Res., 15357

(1998)), which involves the use of a dry powder composed of bicdegradable polymeric
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microspheres containing the polypeptide in a polymer matrix that can be compounded as a

dry formulation with or without other agents.

16232} In another embodiment, one o7 more corponents of the solution can be provided as a
“concentrate,” e.g., in a storage container {e.g., in a premeasured volume) ready for dilution,

or in a soluble capsule ready for addition to a volame of water.

(82331 In certain embodiments of the present invention, the pharmaceutical compositions are
sustained release formmidations. Polypeptides or peptidomimetics of the present invention
may be admixed with biologically compatible polymers or matrices which conirol the release
rate of the copolymers into the mmediate environment. Controlled or sustained release
compositions include formulation n lipophilic depots (e g, fatty acids, waxes, oils). Also
contemplated by the invention are particulate compositions coated with polymers {(e.g.,
poloxamers or poloxamives). Other embodiments of the compositions of the invention
meorporate particulate forms, protective coatings, protease mnhibitors or permeation
enhancers for various routes of administration, including parenteral, pulmonary, nasal and

oral. Acceptable carriers include carboxymethyl celiulose {CMC) and modified CMC.

16234} The pharmaceutical composition of the present invention is preferably sterile and non-
pyrogenic at the time of delivery, and is preferably stable under the conditions of
manutacture and storage. These pharmaceutical compositions can be sterilized by

conventional, well known sterilization techniques.

18235} In therapeutic applications, the compositions of this nvention are administered to an
individual diagnosed as baving or at risk of having a discase or disorder associated with
dyshipidemia, hypercholesterolemia and inflammation (and, in preferred embodiments, to an
individual diagnosed as having one or more symptoms of atherosclerosis or as being at risk
for atheorosclerosis) or a discase associated with abnormal glucose metabolism, or
Alzheimer’s Disease, in an amount sufficient to cure or at least partially prevent or arrest the
disease, condition and/or its complications. An amount adequate to accomplish this is
defined as a “therapeutically effoctive dose.” Amounts effective for this use will depend
upon the severity of the discase and the general state of the paticot’s health. Single or
multiple administrations of the compositions can be administered depending on the dosage
and frequency as required and tolerated by the patient. In any cvent, the composition should

provide a sufficient quantity of the active agents, i.e., polypeptides or peptidomimaetics, of the
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formulations of this invention to effectively treat (ameliorate one or more symptoms) the

mdividual or paticnt.

16236} The concentration of polypeptide or peptidomimetic can vary widely, and will be
selected primarily based on fhud volumes, viscosities, body weight, circulating plasma levels
of the polypeptide, polypeptide toxicities, progression of the discase {(e.g., atherosclerosis),
the production of antibodies that specifically bind to the polypeptide, and the like in
accordance with the particular mode of administration selected and the patient’s needs.
Typically, the dose equivalent of a polypeptide or peptidomimetic 1s from about 0.1 to about
50 mg per kg, preferably from about T to about 25 or 30 mg per kg, or from about 1 {o about
20 mg per kg body weight. Tt will be appreciated that such dosages may be varied to

optimize a therapeutic regimen in a particalar subject or group of subjects,

8237} For adovuistration, polypeptides of the present invention can be adroinistered at a rate
determined by the LSO of the polypeptide, and the side-etfects of the polypeptide at various
concentrations, as applied to the mass and overall health of the patient. Administration can

be accomplished via single or divided doses, e.g., doses administered on a regular basis (e.g.,

daily} for a period of time {e.g., 2, 3, 4, 5, 6, days or 1-3 weeks or more).

{8238} As explained herein, the polypeptides or peptidomimetics of the present invention can
be modificd in a munuber of different ways. For fnstance, the polypeptides can be modified so
that the R-groups on the constituent aminoe acids and/or the terminal amino acids are blocked,
i.e., protected, by a protecting group. It has been found that blockage, particularly of the
amino and/or carboxy termini, can greatly improve oral delivery and significantly increases
serum half-life. In addition, to enhance delivery and/or biological acitivites in vivo, salts,
esters, amides, prodrugs and other derivatives of the polypeptides or peptidomimetics of the
present nvention can be prepared using standard procedures known to those skilled in the art
of synthetic organic chemistry and described, for exampile, by March (1992) Advanced

Organic Chemistry; Reactions, Mechanisms and Structure, 4th Ed N.Y. Wiley-Interscience.

16239} For cxample, acid addition salts are prepared from the frec base using conventional
methodelogy, which typically fnvelves reaction with a suitable acid. Generally, the base
form of the drug 1s dissolved in a polar organic solvent such as methanol or cthanoel and the
acid is added thercto. The resulting salt either precipitates or may be brought out of solation
by addition of a fess polar solvent. Suitable acids for preparing acid addition salts inchude

both organic acids, e.g., acetic acid, propionic acid, glycohe acid, pyruvic acid, oxalic acid,
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malic acid, malonic acid, succinic acid, maleic acid, fumaric acid, tartaric acid, citric acid,
benzoic acid, cinnamie acid, mandelic acid, methanesulfonic acid, ethanesulfomc acid, p-
toluenesulfonic acid, salicylic acid, and the like, as well as inorganic acids, e.g., hydrochloric
acid, hydrobromic acid, sulfuric acid, nitric acid, phosphoric acid, and the like. Ap acid
5 addition salt may be reconverted to the free base by treatment with 2 suitable base.

Particudarly preferred acid addition salts of the polypeptides described herein are halide salts,
such as may be prepared using hydrochloric or hydrobromic acids. Conversely, preparation
of basic salts of the polypeptides or peptidomimetics of the prosent invention are prepared in
a similar manner using a pharmaceutically acceptable base such as sodim hydroxide,

10 potassium hydroxide, ammoniom hydroxide, caleium hydroxide, trimethylamine, or the like.

Particularly preferred basic salts include alkali metal salts, e.g., sodium salts and copper salts,

[6248] Preparation of esters typically involves fimetionalization of hydroxyl and/or carboxyl
groups that may be present within the polypeptides or peptidomimetics of the present
imvention. The esters are typically acyl-substituted derivatives of free alcohel groups, e,
15 moieties that are derived from carboxylc acids of the formula RCOOH, wherein R is alky]
and, preferably, lower alkyl. Esters can be reconverted io the frec acids, if desired, by using

conventional hydrogenclysis or hydrolysis procedures.

{8241} Amides and prodrugs can also be prepared using techmiques known to those skilled in
the art or described in the pertinent fiterature. For example, amides may be prepared from
20 esters, using suitable amine reactants, or they may be prepared from an anhydride or an acid
chloride by reaction with aromonia or a lower alkyl amine. Prodrogs are typically prepared
by covalont attachment of a moiety that results in 2 compound that is therapeutically inactive

until modified by an individual’s metabolic system.

(8242} The forcgoing formulations and administration methods arc clearly intended to be
25 illustrative and not limiting inany way. It will be appreciated that, using the teaching
provided herein, other suitable formulations and modes of administration can be readily

devised.

LIPID-BASED FORMULATIONS
30 {0243} In another aspect, the polypeptides and peptidomimetics of the present invention arg

preferably administered in conjunction with one or more lipids. The Hpids can be formulated
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as an exeipiont to protect and/or enbance transport/uptake of the polypeptides or

peptidomimetics or they can be administered separately.

16244} The lipids can be formulated into hiposomes, nanocapsules, microparticles,
microspheres, Hpids particles, lipid vesicles and the Bke. Such hipid formulations can be used

S to encapsulated the polypeptides and peptidomimetics of the present invention and/or they
can be simply complexed/admixed with such polypeptides and peptidomimetics. Those of
skill in the art will know how to use such lipid formulations to either encapsulate or complex
the polypeptides or peptidomimetics of the present invention. For instance, the formation and
use of liposomes is generally knowa to those of skill in the art. Recently, liposomes were

10 developed with improved serum stability and circulation haif-times (see, U5, Patent No.

5,741,516). Further, various methods of Hposome and liposome-like preparations as potential
drug carriers have been reviewed (see, U.S. Patent Nos, §,567,434; 5,552,157; 5,565,213;

5,738,868 and 5,795,587

[$#245] In one embodiment, the polypeptides or peptidomimetics of the present invention are
complexed with a lipid, such as a phospholipid {e.g., -palmitoyl-2-cleoyl-sn-glycerol-
phosphatidyicholine (*POPC”} in a manner similar to that disclosed in U.S. Patont
Application Publication No. 2005/0142 180, which was published fune 30, 2005, the
teachings of which are mcorporated herein by referenice. As such, the present invention
provides polypeptide-lipid complexes {or, altormatively, peptidomimetic-lipid complexes)

20 baving an increased ability to offiux cholesterol from celis. Typically, the lipid s mixed with
the polypeptide prior to administration. The polypeptides of the present mvention and lipids
can be mixed in an aqueous sclution in appropriate ratios and can be complexed by methods
known in the art, including, but not Houted to, freeze-drying, detergent solubilization

followed by dialysis, microfluidization, sonication, and homogenization. Complex efficiency

25 can be optimized, for example, by varying pressure, altrasonic frequency or detergent
concentration. An example of a detergent commonly used to prepare polypeptide-lipid
complexes is sodium cholate,

16246} In cortain embodiments, the polypeptide-lipid (e.g., phospholipids) complex can be in
solution with an appropriate pharmaceutical diluent or carrier. In other erohodiments, freeze-

30 dried or lyophilized preparations of the polypeptide-lipid complexes can be hydrated or

reconstitited with an appropriate pharmaceutical diluent prior to administration. In another
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embodiment, the polypeptide-lipid complexes can be frozen preparations that are thawed

until a homogenous solution is achieved prior to administration to a subject in need thereof.

16247} The lipid can be any suitable lipid known to those of skill inthe art. Inone
embodiment, non-phosphorus containing lipids can be used, including stearylamine,

5§ dodecylamine, acetyl palmitate, (1,3)-D-mannosyl-(1,3)digly- ceride, ammophenylglycoside,
3-cholesteryl-6'-(glycosylthiotheuyl ether glycolipids, N-(2,3-di(9-{Z)-octadecenyloxy))-

prop- 1-y-N N N-trimethylammonium chiovide and fatty acid amides.

16248} In another embodiment, a phospholipids or a mixture of phospholipids is used.
Suitable phospholipids nclude, but are not limited to, can be a small alkyl chain

13 phospholipid, phosphatidyicholine, egg phosphatidyicholine, soybean phosphatidvicholine,

dipalmitoylphosphatidylcholine, soy phosphatidylglycerol, egg phosphatidylglycercl,

distearoylphosphatidylgly- cerol, dimyristoylphosphatidyicholine,
distearoylphosphatidylcholine, dilaurylphosphatidvicholine, 1-myristoyl-2-
palmitoylphosphatidyicholine, 1-palmitoyl-2-myristoylphosphatidyleholine, 1-palmitoyl-2-
stearoylphospha- tidylcholine, 1-stearoyi-2-paimitoyiphosphatidyicholine,
dioleoviphosphatidyicholine, t-palmttoyl-2-oleoviphosphatidylcholine, 1-oleoyl-2-
palmitylphosphatidyicholine, dioleoylphosphatidyiethanolamine,
dilawroylphosphatidylglveerol, phosphatidylserine, phosphatidylethanclamine,
phosphatidylinositol, phosphatidylglyceral, diphosphatidylglycerol,

20 dimyristoylphosphatidylglycerol, dipalmitoyiphosphatidylglyeerol,
distearoyiphosphatidylglycerol, dicleoylphosphatidyiglycerol, phosphatidic acid,
dimyristoylphosphatidic acid, dipalmitoylphosphatidic acid,
dimyristoylphosphatidylethanolandne, dipalmitoylphosphatidyiethanolamine,
dimyristoylphosphatidyiserine, dipalmitoyiphosphatidylserine, brain phosphatidylserine,

25 sphingomyelin, sphingolipids, brain sphingomyelin, dipalmitoylsphingomyehin,
distearoylsphingomyclin, galactocercbroside, gangliosides, cerebrosides,
phosphatidylglyeerol, phosphatidic acid, lysolecithin, lysophosphatidylethanolaming,
cephalin, cardiolipin, dicetylphosphate, distearoyl-phosphatidylethanolamine and cholesterol
and its dertvatives. Similarly, the phospholipid can be a derivative or analogoe of any of the

30 foregoing phospholipids or, again, 8 mixture of two or more of any of the foregoing
phospholipids. Such phospholipids can be obtained from commercial sources, natural

sources or by synthetic or semi-synthetic means known to those of skill in the art.
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6249} In preferred embodiments, the pelypeptide-lipid complex is 2 polypeptide-
phospholipid-complex. In a more preferred embodiment, the lipid is t-pahmnitoyi-2-oleovl

phosphatidyicholine (“POPC”) or {(*“I-palmitoyl-2-oleoyl-sn-glycero-3-phosphocholing™).

16256} 1t »ill be readily apparent to those of skill in the art that the complex comprising a
S5 polypeptide of the present invention and a lipid, preferably a phospholipids, can comprise any

amount of lipid and any amount of the polypeptide, provided the complex is effective to
mediate cholestero] efflux and, 1n tarn, to treat discases or symptoms associate thevewith, As
previously mentioned, it has serprisingly been found that when the polypeptides of the
present invention are comaplexed with, for example, POPC at ratios ranging from about 1:0.5

10 1o about 1:5 {polypeptide:POPC), distinct Hipid-polypeptide particles are formed having sizes
of between about S and about 20 nm, which result in a significantly enhanced capacity, i.e.,
ability, to efflux cholesterol from cells. However, the polypeptide-lipid complexes of the
present mvention can comprise complexes with other ratios of phospholipid to polypeptide,
such as about 100:1, about 10:1, about 5:1, about 3:1, about 2:1, about 1:1, about 1:2, about

15 1.3, about 1:5, about 1:10 and about 1:100 {wt of polypeptide/wt of hipid).

18251} The polypeptide-lipid complexes of the present invention can be made by any method
known to one of skill in the art, In some cases, it is desirable to mix the lipid and the
polypeptide prior t¢ administration. Lipids can be n selution or in the form of Hposomes or
emulsions formed using standard techniques, such as homogenization, sonication or

20 extrusion. Sonication is generally performed with a tip sonifier, such as a Branson tip
sonifier, in an ice bath. Typically, the suspension is subjected to several sonication cycles.
Extrusion can be carried out by biomembrane extraders, such as the Lipex Biomembrane
Extruder. TM. (Lipex Biomembrane Extruder, Inc. Vancouver, Canada). Defined pore size in

the extrusion filters can generate unilamellar hposomal vesicles of specific sizes. The

25 Hposomes can also be formed by extrusion through an asymmetric coramic filter, such as a
Ceraflow Microfilter. TM., which is commercially available from the Norton Company,
Worcester, MA, or through a polycarbonate filter or other types of polymerized materials
{i.e., plastics) known to those of skill m the art.

12582} As previously mentioned, the polypeptide-lipid conplexes of the present invention

30 can be prepared in a variety of forms including, but not limited to, vesicles, liposomes or

protecliposomes. A variety of methods well known to those skilled in the art can be used to

prepare the polypeptide-lipid complexes. A number of available techniques for preparing
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liposomes or proteeliposoraes can be used. For example, a polypeptide of the present
mvention {e.g., a polypeptide of SEQ ID NO:1 or SEQ 1D NO:2, or a variant thereof) can be
co-sonicated (using a bath or probe sonicator) with the appropriate lipid to form the
polypeptide-hipid complexes. 1o certain cmbodiments, the polypeptide can be combined with
preformed Hpid vesicles resulting in the spontaneous formation of a polyeptide-lipid
complex. In ancther embodiment, the polypeptide-lipid complex can also be made by a
detergent dialysis method. In this method, a mixture of the polypeptide, lipid and a detergent,
such as sodium cholate, can be dialyzed to remove the detergent and reconstituted to make
the polvpeptide-lipid complexes (see, e.g., Jonas et af., Methods Enzymol., 128:553-82

(1986)).

16283} In other embodiments, the polypeptide-lipid complexes can be made by co-
Iyophilization as described in U.S. Patent Nos, 6,287,590 and 6,455,088, the teachings of
both of which are hereby incorporated by reference in their entirety, Other methods are
disclosed in, for example, U.S. Patent Nos. 6,004,925, 6,037,323 and 6,046,166, the
teachings of all of which are incorporated herein by reference in their entiretics. Gther

methods of preparing polypeptide-lipid complexes will be apparent to those of skill in the art.

16284} In one preferred embodiment, the polypeptide-Hpid complexes can be made by

homogenization.

NUCLEIC ACIDS

[#2585] In another embodiment, the present invention provides isolated nucleie acids
encoding the polypeptides disclosed herein, expression vectors comprising the nucleic acids,
and host cells comprising the expression vectors, More particularly, the present invention
provides 1solated nucleie acids encoding the pelypeptides of the present invention having
cholesterol efftux activities similar to full-length apolipoproteins, on a per molecule basis,
and having high sclectivity for ABACT in a manner similar to full-length apolipoproteins, the
polypeptides inchuding, but not Himited to, polypeptides having an amino acid sequence of

SEQ ID NG:T or SEQ 1D NO:2, or a variant as described herein.

1256} In certain crobodiments, nucleic acids encoding the polypeptides of the invention are
used for transfection of cells i vitreo and in vive. These nucleic acids can be inserted into any
of a nomber of well-known vectors for the transfection of target cells and organisms as
described below. The nucleic acids are transfected into cells, ex vivo or in vivo, through the

mteraction of the vector and the target cell. The nucleic acids, vmder the control of a
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promoter, then express a polypeptide of the present invention, thereby mitigating the effects
of a disease associated with dyslipidemia, hypercholesterolemia, mflammation, sbnormal

glucose metabolism, or Alzheimer’s Discase.

USE AS RESEARCH TOOLS AND IN METHODS OF DIAGNOSIES

5 [8287} The polypeptides and peptidomimetics of the invention are also asefud as research
tools. For example, the polypeptides or peptidomimetics of the nvention can be used for
mvestigating Hpoprotein-receptor nteractions i animals and animal models.. In addition, the
polypeptides of the invention can also be used to identify appropriate amimal moedels for
clucidation of lipid metabolic pathways. For example, the polypeptides can be used to

10 identify animal models where Hpid peroxidation contributes to the progression of

atherosclerosis. Morcover, the polypeptides of the invention can be used to evaluate the anti-
atherosclerotic potential of other compounds (including, e.g., polypeptide variants and other

peptidomimetics).

[8258] In some cases, the polypeptides or peptidomimetics of the invention are used to target

therapeutic agenis to cells and tissues expressing ABCA.

16285} In other embodiments, the polypeptides or peptidomimetics of the invention can be
used in methods of diagnosing discases and disorders associated with aberrant cholesterol
efftux or with ABCA. For exampie, the peptides can be used in assays to diagnose reverse
cholesterol transport deficiency and to identify mdividuals predicted to be responders to

20 peptide reatment. Such diagnostic assays include in vitro assays. For example, cholesterol
efftux can be cvaluated in an assay in which a polypeptide of the invention is mixed with
plasma from a subject and exposed to cells to indicate whether a subject would respond to
treatment {2.g., a large increasce in efflux in the presence of the peptide compared with
plasma-mediated efflux in the absence of the peptide suggests that the subject would be

25 responsive). Similarly, a pelypeptide of the invention can be mixed with plasioa from a
subject to detect changes n HDL subclass distribution and/or to detect changes in anti-

oxidative properties of the plasma in the presence of the peptide.

1268] In some embodiments, the polypeptides or peptidomimetics are used for in vivo

imaging methods. The polypeptides or peptidomimetics are conjugated to a detectable

(43
<

moicty and administered to a subject (e.g., a mammal such as a buman). Detection of the
detectable moiety aliows imaging of a cell, tissue, or organ of interest, inclading, e.g., an

atherosclerotic lesion or an amyloid plague.)

72



WO 2014/144708 PCT/US2014/029232

{8261} Imaging methods are well known in the art. Examples of tmaging modalitics jnclude,
but are not limited to, magnetic resonance, nuclear magnetic resonance, radioscintigraphy,
positron emission tomography, computed tomography, near-infrared fluorescence, X-ray,
ultra sound, uliraviolet ight, or visible light (see, e.g., Dahnhert, Radiology Review Manual
5 {(4th ed. 1999); Brant ef ¢f, Fundamentals of Diagnostic Radiobiology (Znd ed. 1999);
Weissleder ef ol Primer of Diagnostic Imaging (Znd ed. 1997); Buddinger et ¢/, Medical
Magnetic Resonance A Primer, Society of Magnetic Resonance, Inc. (1988); and Weissicder

et al., Nature Biotech., Y7:375-378 (1999)).

18262} The phrase “detectable moiety,” as used herein, refers to a moiety or label that can be

10 imaged and/or detected in vive, ex vive, or in vifro by a procedure or reodality described
herein or known 1o one of skill in the art. The detectable moiety can be directly or mdirectly
linked to a polypeptide or peptidomimetic of the invention. Linking of a detectable moiety to
a polypeptide or peptidomimetic of the nvention may be achicved by covalent or non-
covalent means using well known methods, usually involving interaction with one or more

15 functional groups located on the detectable moiety, the Hnker and/or the polypeptide. The
particular linker is not a critical aspect of the invention. Any linker known in the art may be
used as long it binds the polypeptide or peptidomimetic and the detectable moicty together
for an adequate period, 7.e., a period sufficient for the polypeptide the desived target and be

detected.

20 [8263] The detectable moictics used in the methods of the present fovention can be any
moiety capable of detection either dircctly or indirectly in an imaging procedure described
herein or known to onc of skill in the art. These may be include moietics which emit or may
be caused to emit detectable radiation {e.g., by radicactive decay, fluorescence excitation,

spin resonance excitation, efc. ), moietics which atfect local electromagnetic fields {e.g.,

b
N

paramagnetic, superparamagnetic, ferrimagnetic or ferromagunetic species}, moieties which
absorb or scatter radiation encrgy {e.g., chromophores, particies {including gas or higuid
containing vesicles), heavy elements and compounds thereof, efe.), and moicties which
generate a detectable substance (e.g., gas microbubble generators). See, for example, LS.
Patent Nos. 5,228, 446; 4,647, 447, 4,863, 715; 4,770, 183, and 5,387, 080; PCT Publication
30 NWNo. WO 97/25073, WO 96/09840, WO 85/02772, WO 92/17212, W 97/29783,

WO 01715243, WO 93/0381R8, WO 96/23524, WO 95/26208 and WO 96/17628; EP-A-
554213; and GB 9624918.0; WO 91/14460, WO 89/00SS7, WG 92/17215, WO 96/40287 and
Wi 96/22914; and U.S, Patont Nos. 4,647,447, 5,367,080 and 5,364 ,613; Matsuoka, Topics
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in Applicd Chemistry: Tofrarcd absorbing dyes (1990); Waring et of., Topics in Applied
Chemistry: The Chemistry and Application of Dyes (1990); “Handbook of Fluorescent
Probes and Research Chemicals” Haugland, Molecular Probes Ing, 1996, DE-A-4445065,
DE-A-4326466, JP-A-3/228046, Narayanan ef /., J. Org. Chem., 60:2391-2395 (1993},

5 Lipowska er af., Heterocyclic Comm., 1:427-430 (1995), Fabian et al., Chem. Rev., 92:1197
{1992); PCT Publication No. W(96/23525: Strekowska ef al,. J. Org. Chem., 57:4578-4580
(1992); and PCT Publication No. WO 96/17628; visible dyes as described in, Waring and
Hallas, The Chomistry and Application of Dyes, Topics in Applied Chemistry (1990);

Haugland, Handbook of Fluorescent Probes and Research Chemicals (6th ed. 1996).

10 [9264] In cortain circurnstances, it may be desirable that the linker biodegrade after
administration. By selecting an appropriately biodegradable linker, it is possible to modify

the biodistribution and bicelimination patterns for the polypeptide and/or detectable moiety.

KITS

i
RN

1265} In another aspect, the prescot invention provides kits for the treatioend, ie,
amelioration, or prevention of a disease or disorder, i.e., condition, associated with
dyslipidemia, hypercholesterolemia and inflaromation; or a discase or condition associated
with abnormal ghucose metabolisoy or Alzheimer’s Disease. In a preferred embodiment, the
present invention provides kits for the treatment, 7.e., amelioration, of one or more symptoms
20 of a disease or for the prophylactic treatment of a subject {e.g., human or animal} at risk for
the disease. The kits preferably comprise a container containing onc or more of the
polypeptides {or peptidomimetics) of this invention. The polypeptide or peptidomimetic can
be provided n a unit dosage formulation (e.g., tablet, caplet, patch, suppository, efc.) and/or

can be optionally combined with one or more pharmaceutically acceptable excipients.

25 |8266] The kit can, optionally, further comprise one or more other agents used in the
treatment of a disease or condition associated with dyslipidemia, hypercholesterolemia and
inflammation (such as heart discase and/or atherosclerosis); or a disease or condition
associated with abnormal ghicose metabolism; or Alzheimer’s Disease. Such agends inchude,

but are not hinnted to, those set forth above in connection with the sections above and the

(43
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section on “Combination Therapy.” For instance, in certain embodiments, the kit can include
beta blockers, vasodilators, aspivin, statins, ace inhibitors ot ace receptor inhibitors (ARBs)

and the fike.
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(8267} In addition, the kits can optionally inchude labeling and/ov instructional materials
providing directions {i.e., protocols} for the practice of the methods or use of the
“therapeutics” or “prophylactics” of this invention. Preferred instructional materials deseribe
the use of one or more polypeptides or peptidomiraetics of this invention, for example, to

5 mitigate one or more symptoms of atherosclevosts and/or 1o prevent the onset or increase of
one or more of such symptoms in an individual at risk for atherosclerosis or to mitigate one
or more symptoms of a discase associated with abnormal glucose metabolism; or to mitigaie
one or more symptoms of Alzheimer’s Disease or Mild Cognitive tmpairment. The
mstructional materials can also, optionally, teach preferved dosages/therapeutic regiment,

10 counter indications and the like.

18268] While the instructional materials typically comprise written or printed materials, they
are not limited to such. Any mediam capable of storing such instructions and communicating
them to an end user is contemplated by this invention. Such media include, but are not
hmtted to, electronic storage media {e.g., magnetic discs, tapes, cartridges, chips, efc.},

15 optical media {e.g., CD ROM), and the ke, Soch media may mclade addresses to internet

sites that provide such instructional materials.

16265} The invention will be described in greater detail by way of specific examples. The
following examples are offered for illustrative purposes, and are not intended to hmit the
invention in any manner. Those of skill in the art will readily recognize a variety of non-

20 critical parameters that can be changed or modified to yield essentially the same results.

EXAMPLES

Exampie 1
{8276} This example shows toxicity of a peptide ATI-5261 when the peptide was

25 administered at high doses.

1271} Cytotoxicity of an HDL numetic peptide ATI-5261 at high doses was evaluated in
rats and rabbits (Figure 1), Male chow-fed Wistar rats (Panels A and B) were intravenously
{1V} admimistered peptide ATI-5261 (lipid-free) at doses of 3, 30 and 300 mg/kg or vehick
alone at 4% h intervals for a total of 4 injoctions. Blood was collected for assessment of

30 plasma alanine aminotransferase {ALT, pancl A) and aspartate aminotransferase (AST, panel

B) activities at the indicated times. Male New Zealand White rabbits (Pancls C and D) fed
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standard chow were administered a single I'V bolus tnjection of 3, 30 or 300 mg/kg ATH-

5261, and blood subsequently collected for assessment of ALT (panel C) and AST (panct D).
Vahies are means +SD, =5 animals per group, with duplicate determinations made for rats at
(.2 — 24 h. The results showed that high-dose administration induced a cytotoxic response in

rats and rabbits.

RN

{6272} High-dose administration also increased plasma triglycerides and cholesterol (Figure
2). For the experiments in Figore 2, male chow-fod Wistar rats (Panels A and B) were
administered ATI-5261 at doses of 3, 30, and 300 mg/kg as deseribed n Figure 1. Plasma
trighyceride (TG, Panel A) and unesterified cholesterol (Pancl B) concentrations were

10 deterovined enzymatically at the times indicated. Male New Zealand White rabbits (Pancls C
and ) were administered a single bolus injection of ATI-5261 of 3, 30 or 300 mg/kg, and
plasma TG (Panel C) and unesterified cholestercl (Panel C) determined. Values are means

=50, n=3 animals per group, with daplicate deferminations made forrats at 0.2 - 24 h

#2731 Intravenous mfusion of high dose ATI-5261 additionally induced a cytotoxic response
in monkeys (Figure 3). Male (upper panel) and female (lower pancl) cynomolgus monkeys
were administered ATE-5261 at a fixed dose of 100mg/kg by TV infusion (60 min) cvery 96
hours for a total of 4 injections. Blood was collected 24 b post infusion and levels of plasma
ALT, AST, creatine kinase {CPK), and total and mmdirect bilirubin determined. Values are
expressed as a fold-increase vs. pre-dose fevels. A marked increase in piasma creatine kinase
20 was seen afier the first infusion {male and fomale monkeys), with relatively modest increases

returning 1o base-line with subsequent infusions.

18274} The bigh-dose cytotoxic response of ATI-5261 ohserved in rat, rabbit and
cynomolgus monkey is additionally recapitulated in mice (Figure 4). Male chow-fed CS7bl/6

mice were injected niraperitonelly (IF) with 30 or 300 mg/kg of lipid-foe ATI-5261. Blood

25 was collected via the retro-orbital plexus 4 b afier peptide injection and plasma subsequently
obtained for measurement of CPK (Pancl A) and ALT and AST activities (Panel B, ALT le
bars, AST, right bars). Values are means +50, n=4 mice per group. High levels of cytotoxie
markers were scen following adminisiration of 300 mg/kg ATI-5261.

Example 2
30 [0275] This example ilustrates that aromatic phenylalanine restudes associated with the non-

polar surface of ATI-5261 contributed to the majority of the peptide toxicity (Figure 3).

Analogs of ATI-5261 with aliphatic leucine (L) were created to evaluate toxicity (Figure 5.
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Variants of AT1-5261 with aliphatic leucine (L) systematically used (sequence lst Panel A)
to replace phenylalanine (F) were injected P into male chow-fed C57BY/6 mice. Blood was
collected via retro-orbital plexus 4 b after injection for isclation of plasma. Levels of plasma
CPK {Pancl A), ALT (pavel B) and AST (Panel ) were determined as described in Figure 1.
Values are means 5D, n=4 mice per group. Inset in panel A shows residual toxicity
associated with the all aliphatic analog lacking phenylalanine vesidues (T3055-13, i.e. zero or

0o F) vs. vehicle alone (PBS conirol).

{8276} The concentrations of plasma lipids in C57BY6 mice following administration of the
aliphatic analogs of ATI-5261 was also determined. Figure 6 shows the concentration of
fipids in blood plasma collected from mice in Figure 5, following adumunistration of peptide at
300 mg/kg. All values (img/dl) are means £58D, n=4, determined at 4 and 6 h post treatment
with peptide. ATI-3261 produced a marked increase tn plasma TG, total and unesterified
{free) cholesterol (FC), which was greatly attenuated using an aliphatic analog lacking

aromatic phenylalanine residues (i.e., T5055-13).

16277} Aliphatic analogs of ATI-5261 lacking phenylalanine residues retained potent
ABCATL selective cholesterol efflux activity (Figwre 7). 1774 macrophages were labeled (48
hy with PHicholesterel and treated (18 h) with a cAMP analog to induce ABCAT protein
expression; cells incubated in the absence of cAMP (left bars) served as contrels. Panel A-
The ali aliphatic apalog of ATI-5261 (LeuATI-5261, i.c. T5055-13) stimulated cholesterol
efftux in an ABCA 1-dependent manner. Peptides were used at a concentration of 30 ug/mi,
which was maximal for promoting cholestorel efftux activity. Panel B-Dependence of
cholesterol efflux on the concentration of peptides. Similar saturation in cholestero!l effhix
was obtained at roughly 3 yg/mli peptide, indicating the LeuATI-5261 analog retained ability
to stimulate cholesterol efflux with high efficiency, similar to the parent ATI-5261 peptide.
Pancl C shows a sunmmary of ABCA1-dependent cholesterol efflux activity of peptides with
various leucine substitutions. Results are expressed as the difference in cholesterol effhux
{%o/4 h) observed using cAMP treated vs. non-treated 1774 cells. V ahues are means +SD,
=3, The results show that alipbatic analogs of ATI-5261 lacking phenylalanine residues

retained potont ABCAT-selective cholesterol efflux activity.

Exampile 3
1278} To tost whether the cytotoxic response of ATI-5261 was preferentially linked to

arginine or lysine residucs, peptide analogs of ATI-3261 with lysine climinations or R>K
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substitutions were created and evaluated in vdce (Figure 8). Pancl A-Safety and TG
elevating cffects were evaluated by injecting (1P} peptides (300 mg/kg) into male, chow-ted
C57BY6 mice, as described in Figure 5. Values are means SD, n=4. Removal of lysine25
(K25} from C-terounal end of ATI-5261, by cither ablation (T5766-3) or amino acid
substitution (K25 —> N, T5594-4) greatly reduced muscle toxicity as judged by decreased
CPK activity in plasma (left panel), suggesting lysine residues promote toxicity, Peptides
with all lysine residues (i.e. R > K substitutions, T5594-5) also displayed cytotoxic and TG
clevating activity, consistent with a role of cither lysine or arginine in medisting negative
cffects of the peptides. Pavel B-ABCA I-dependent cholesterol efflux activity of peptides
determined using J774 macrophages labeled with PHicholesterol. Results are expressed as
the ABCA L component of effhex, as described in Figure 7. All peptides were fimcetional and
stinudated high-levels of cholesterol efflux at a saturating concentration of 3 ug/ml, suwilar to

that scen using the parent ATE-5261 peptide.

182791 To firther evaluate the role of specific charged residues in the toxic response of ATI-
5261, arginine residues were replaced with uncharged glotamine {QQ) or asparagine (N}
(Figure 9). Panel A- Safety and TG clevating cffects were evaluated by injecting (IP)
peptides (300 mg/kg) into male, chow-fed C57BV6 mice, as described in Figure §. Values
are means S, n=4. Use of cither ghitamine or asparagine at positions 3 and 14, 1. R3,14 >
O {T5766-3) or R3,14 > N (T5766-4) respectively, greatly reduced the increase in CPK and
TG elevating effects of ATI-5261, indicating that the positively charged arginine was, in part,
coniributing to toxic responses of the peptide. Panel B-ABCA I-dependent cholesterol efflux
activity of peptides determined using 1774 macrophages labeled with [*H]cholesterol.
Results are expressed as the ABCA T conmponent of ¢fflux, as deseribed i Figure 7. Al
peptides were functional and stimulated high-levels of cholesterol efflux at a saturating

concentration of 3 ug/md, similar to that seen using the parent ATI-5261 peptide.

Exampie 4

[B286] This example demonstrates that hydrophobicity can be modulated to reduce the
residual toxicity of ATE-5261 analogs. To identify factors in addition to charged vesidues that
climinate the toxicity of ATI-5261, hydrophobicity was systematically reduced using alanine
substitutions (Figure 10). Panel A- Safety and TG clevating effects were evaluated by
imjecting (IP) peprides (300 mg/kg) into male, chow-fed C37BY6 nice, as described in Figare

S. Values are means SD, n=4. Use of single leacine to alanine sobstitution (L24A or L21A,
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i.c. T48R3-6 or T4883-7) inthe LeuATL-53261 peptide was sufficient to climinate the residual
muscle toxicity {L.e. CPK activity) and further reduced cytotoxic response and TG elevating
effects. Panel B-ABCA-dependent cholesterol efftux activity of peptides determined using
1774 macrophages fabeled with "Hlcholesterol. Results are exprossed as the ABCAL
component of efflux, as deseribed in Figure 7. Peptides with single L24A or L21A
substitations were fimctional and stimulated high-levels of cholesterol efflux at a saturating
concentration of 3 ug/ral, similar to that seen using the parent ATI-5261 peptide. Pane} C-
Detailed stady verifying the potent functionality of peptides. [*Hicholesterol labeled, 1774
cells treated with cAMP were incubated with increasing concentration of peptides and
cholesterol efflux mio the medium assessed after 4 b, Peptides with single alanine
substitutions supported highly potent offhux activity, as judged by low Km (3 pg/ml or loss)
and saturation in cholesterol efflux, indicating amine acids substitutions reducing overall

hydrophobicity can be used to create safe and effective peptides.

[6281] Further evidence that hydrophobicity can be modulated to reduce the residual toxicity
of ATI-5261 analogs is provided in the results provided in Figure 11, To identify additional
amino acid substitutions that can be used to reduce the residual toxicity of ATI-3261 analogs,
alanine was systematically used to replace valine (V) or leuine (L) within different regions of
the peptide. Panel A- Safety and TG elevating effects were evaluated by injecting (IP)
peptides (300 mg/kg) into male, chow-fed CS7BY/6 mice, as described in Figure 5. Valoes
are means 5D, n=4. Use of a single leucine to alanine substitution (L.24A) in combination
with tryptophan (W) substitution (TSS505-9) markedly reduced the increase in plasma CPK
and AST as well as TG elevating activity. This combination appeared to be most favorable
as substitution invelving V2 and L 10 retained some cytotoxic and TG clevating effects, albeit
at greatly reduced levels compared to ATI-5261. Panel B-ABCAI-dependent cholesterol
efflux activity of peptides determined using J774 macrophages labeled with [3H]|cholestercl,
Resulis are expressed as the ABCAL component of efffux, as described in Figure 7. Al
peptides were functional and stimulated high levels of cholesterol etfiux at a saturating
concentration of 10 ug/ml. Panel C- Detatled study verifying the potent functionality of
peptide T5505-9 {L.24A; WOL substitutions), determined as described for Figore 11, Peptide
TS5505-9 stimudated cellular cholesterol efffux with high efficiency, as judged by low Km

{0.58 ug/ml) and saturation in cholesterol efflux at ~3 pg/mi concentrations.
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[8282] Additional substitutions of less hydrophobic amino acids for tryptophan can be used
to reduce toxicity of ATI-5261 (Figure 12). Peptides with either alanine {A) or valine (V)
substitutions for tryptophan (W) were evaluated for toxic responses, TG elevating effects and
functionality in mediating cellular cholestero} offtux. Panel A- Safety and TG elevating
5§ effects were evaluated by injecting (1P) peptides (300 mg/kg) into male, chow-fed C57B6

mice, as described in Figure 5. Vahues are means SD, n=4, Peptides with W > A or V
substitutions produced low levels of plasma CPK, AST and TG elevating effects compared to
ATI-5261. Pancl B-ABCAl-dependent cholesterol efftux activity of peptides determined
using J774 macrophages labeled with ["H]cholesterol. Cholestorol efftux from cells treated

3 with and without cAMP 15 shown. Al peptides were functional and stimulated cholesterol
efftux in an ABCAT dependent manner. Panel C- Peptide analogs with WOA or L24A; WOV
substitutions stimulated cellular cholestero! effhux with high efficiency, as judged by low Km

1 /

and saturation n cholesterol efffux at ~3 ug/ml concentrations.

Example §

16283} This example demonstrates that hydrophobic amine acids can be used at position R14

to create safe and effective peptides. Use of multiple alanine substitutions down the length of

LeuATI-3261 produced low toxicity and greatly ablated TG clevating effects of ATI-5261

analogs (Figure 11, peptide T5305-12). However, excessive use of alanine substitutions

produces a loss of functionality in mediating cellular cholesterol efflux. To rescue the

20 cholesterol efftux activity of peptides with multiple alanine substitutions, we deleted R14 or
replaced R14 with hydrophobic leveine within T5505-12 or ATI-5261 (Figure 13). These
deletions/substitutions expand the hydrophebic surface while removing a harmful positively
charged residuc from the lipid-water interface of the peptide. Pancl A- Safety and TG
clevating effects were evaluated by ingecting (1P) peptides (300 mg/kg) into male, chow-fed

25 CS7BY6 mice, as described in Figure 5. Values ave means SD, n=4. A peptide (T5211-2)
with an R14L substitution displayed little or no toxic responses and low TG in plasina,
despite the use of alanine at various positions {V2, L6 and 1.24 > A). Panel B-ABCAI-
dependent cholesterol efftux activity of peptides determined using 1774 macrophages labeled
with ['H]cholesterol. Results are expressed as the ABCAT component of effiux, as described

30 in Figore 7. The poptide analog of TS055-12 with R14L substitution {i.c. T5211-2) displayed
high-levels of cholesterol efflux activity at a saturating concentration (10 ug/ml) similar to
ATI-5261 and markedly improved vs. the parent T5055-12 peptide. Thus, the use of

hydrophobic leucine residues at the lipid-water interface of an amphipathic o-helix peptide
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can be used to restore cholesterol efflux activity of peptides rendered less toxic through use

of alanine substitutions.

Exampie

16284} This example demonstrates that an R141L substitution can be used in other ATI-32561
analogs to create safe and effective HDL mimetic peptides. Peptide analogs of T5211-2
containing the R14L substitution were created by substituting valine (V) for various alanine
residues (Figare 14). Panel A- Safety and TG elevating offects were evaluated by injecting
{IP} peptides (300 mg/kg) mnto male, chow-fed C57BY6 mice, as described in Figure 5.
Values are means SB, n=4. Peptide analogs of T5211-2 containing singic or multiple A—>V
substitutions and lacking C-terminal residues KS exhibited relatively low cytotoxic responses
compared to ATE-3261 positive control. Panel B-ABCAI-dependent cholesterol effiox
activity of peptides determined using J774 macrophages labeled with [3H]cholesterol.
Peptide analogs of TS211-2 were fimctional, mediating high-lovels of cholesterol effhix in an
ABCAI-dependent manner at concentrations (10ug/md) similar to ATI-5261. Panel C-
Concentration dependence studies demonstrated that the R14L peptides with and without
valine substitutions stimulated cholesterol efflux in a highly officient maoner, displaying a
low Km and saturation of cholesterol efflux at 3 ug/ml. The panel on the left shows the
efftux activity of the R14L peptide (batch# T6023-3, i.e., T5211-2 original), llustrating that
the R14L substitution imparted potent functionality in comparison to wealk activity of the

parent T5055-12 peptide (see Figure 11, panel O).

Example 7

1285} This example demonstrates that citrulling substitutions for arginine can be used to
create safe and effective HDL mimetic peptides (Figure 15). Citrulline is 2 patural amine
acid analog of arginine that lacks a positive charge, but retains hydrogen bonding to preserve
salt-bridge configurations. To test whether lack of positive charge, per se, eliminates toxicity
and TG elevating offects of ATI-5261, a series of peptide analogs were created with R

-> Citrulline substitutions at positions 3, 14 and 23 (see sequence fist in Figure 15), The
figure and table show safety and TG clevating effects of peptides injected 1P (300 mg/kg)
into male, chow-fed C57BVS mice, as described in Figure 5. Values are means SB, n=4, For
the peptides tested, use of citroliine at position 3 and 14 greatly reduced the muscle toxicity

of ATH-5261, while overall general toxicity (AST) and plasma TG remained increased.
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(6286} Citrulline analogs of ATI-5261 retained functionality and stimoulated cholesterol
efflux with high potency. Figure 16 shows activity of peptides to stimulate cholesterol efflux
determined using J774 macrophages labeled with [3H]|cholesterol. Results are expressed as
the ABCA T component of offfux, as described in Figure 7. High levels of ABCA1-dependent
5 cholesterol efflux were obtained with saturating concentrations (3 pg/mi) of all pepnides,
similar to ATE-5261. Km and Vmax values characterizing the peptides potency for mediating
cholesterol efflux are shown in the table. All peptides tested, with the exception of triple
R3,14, 23 —> Citrulline substitution (T5426-7), proved highly cfficient in mediating
cholesterol efftux, as judged by low Km (i.e. high affinity for ABCA1) similar to the parent

10 ATL-5261 peptide.

Example 8
18287} This cxample demonstrates that citrulline analogs of ATI-5261 support other amino
acid substitutions. Various hydrophobic amino acid (W —> L, V or A} substitations were
created in the double citrulline form of ATL-5261 (le. R3, 14 > Citrulline, T5426-4), to test
1S whether the peptide could support other amino acid changes to further chiminate toxic
responses and TG elevating effects. Results of these experiments are shown in Figure 17.
Panel A- Safety and TG elevating effects were evaluated by injecting (1P} peptides (300
mg/kgy nto male, chow-fod CS7BI6 mice, as described in Figure 5. Values are means SD,
=4, Citralling forms of ATI-5261 with W9 > L, V or A substitition(s) displayed Httle or
20 notoxic- and TG elevating- responses i plasma. Panel B-ABCA I-dependent cholesterol
efftux activity of peptides determined using J774 macrophages. Results are expressed as the
ABCAT component of cfflux, as described in Figure 7. Peptide analogs with citrulline
substitutions were functional and displayed high-levels of cholesterol efflux activity at a

saturating concentration (3 pg/ml) similar to ATI-5261.

25 Example 9
{6288} This example demonstrates that LeuAT1-5261 peptide can support citrubiine
substitutions to create safe and effective HDL mimetic peptides. To test whether elimination
of both positively charged arginine and aromatic phenylalanine (F) residues created safe

peptides that retained potent cholesterol etflux activity, a series of citrulline substitutions

o
o
o

were created in the LeuATE-5261 analogs (see sequence list in Figure 18). Results evaluating
the peptides are provided in Figure 18, The graph and table show safety and TG elevating

effects of peptides injected 1P (300 mg/kg) into male, chow-fed C57BVO mice, as described
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in Figure 5. Values arc means 50, n=4. For the peptides tested, use of citrulline at position 3
and 14 greatly reduced muscle toxicity (CPK activity) and overall cytotoxic responses (ALT
and AST) and TG elevating effects of ATI-5261. Most notable, peptides with two citrulline
substitutions, at positions 3 and 14 {i.c. R3,14 —> Citrulline) displayed no detectable muscle
or hepatic toxicity compared to PBS controls. This is in contrast to the modest increase in
AST and TG observed with the citralline forms of ATI-5261 possessing F residues (Figure
15, i.e. T5426 peptides), indicating that the citrolline analogs of LeuATI-5261 were

exceptionally safe when administered at high doses.

16289} Citralline analogs of ATI-5261 retained fimctionality and stimulated cholesterol
efftux with high potency (Figure 19). The bar graph shows activity of peptides to stimulate
cholesterel efflux from J774 roacrophages labeled with [3H]cholesterol. Results are
expressed as the ABCAT component of efflux, as described in Figure 7. High levels of
cholesterol offlux were obtained with saturating concentrations (3 pg/ml) of peptides
possessing either one {R3 —> citrulline) or two (R3,14 —> Citrglling) substitutions, similar to
ATI-5261. This was verified through detatled dose-response studies shown in the table,
where the peptides tested possessed g low Km value for stimulating cholesterol offfux with

high ctficiency.

Example 16

{6298} This example shows that the presence of negatively charged residucs along the polar
surface of the amphipathic o-helix plays a major role tempering the toxic properties of HDL
mimetic peptides (Figure 20). Uncharged ghitamine (Q) was nsed to replace negatively
charged glotamate (B} at various positions throughout ATI-5261, LeuATI-5261 and its
citrulline analogs, as shown in the sequence list in Figure 20. The net-charge of the peptides
ranged from +1 (T5554-1) to -1 {T5554-5 and T5554-6} for the sequences shown. The graph
and table show safety and TG clevating effects of peptides injected 1P (300 mg/kg) into male,
chow-fed C57BV6 mice, as described in Figure 5. Values are means SD, n=4. Removal of
acidic residucs from ATI-5261 (E7, 18->(3, i.c. T3554-1) produced a large increase i the
toxic response compared to that seen with the paront ATI-5261 peptide. This was somewhat
dampened in the presence of the favorable citralline substitutions (i.e. T5554-5 and T53554-4);
however, both retained strong toxic (CPK, ALT, and AST) and TG elevating responses.
These results indicate that the safety profile of HDL mimetic peptide ATI-5261 was partially

dependent on the presence and position of negatively charged amino acids.
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[8281] Peptides with acidic residue substitutions retained fimctionality in mediating cellvlar
cholesterol efflux. The bar graph depicted in Figure 21 shows activity of peptides to
stimudate cholesterel efflux from J774 macrophages labeled with [3H]cholesterol. Results
are expressed as the ABCAL component of offlux, as described in Figure 7. High levels of
cholesterol efflux were obtained with saturating concentrations (3 ug/ml) of all peptides,
mdicating the peptides possessed sufficient acidic residues, structure and charge-character for

mediating ABCAL dependent cholesterol efflu.

Example 11

18292} This example demonstrates that small 24-mer forms of Leu-ATI5261 and its citrulline
analog are safe and effective (Figure 22). Removal of C-terminal residues appeared to veduce
the toxic responses of ATI-5261 without altering peptide activity (Figure 8, T5766-5). To
test if this effect was recapitulated with other more safe forms of ATE-5261, amino acids 25
and 26 (K85 respectively) were deleted from LegATE-5261 and its citruiline analog (Figure
22). Panel A- Safety and TG clevating cffects were evaluated by injecting (IP) peptides (300
mg/kg) nto male, chow-fod C57BI6 mice, as described in Figure 5. Values are means 5,
n=4. Peptides lacking the C-terminal residucs KS exhibited relatively low cytotoxic
responses but retained TG elevating effects, as seen using 24-mers based on ATE-5261
{(Figure 8). Panel B- Cholestorol efflux activity of peptides determined using 1774
macrophages labeled with [3H]cholesterol. The peptides were functional, mediating high-
levels of cholesterol efflux in an ABCAT-dependent manner at concentrations (1{ug/mi)
similar {0 a parent 26-mer peptide based on citrulline form of LeuATI-5261 (C56253, 1.c.
equivalent to batch T5237-4). Panel C- Dose response demonstrating that the 24-mer
peptides stimudated cholesterol efflux in a highly cfficient manner, displaying a low Km and

saturation of cholesterol effhiex at 3 ftg/ml.

Example 12

6293} This example demonstrates that hydrophobie leucine can be used to replace curulline
at the hipid-water mterface of an amphipathic o-helix 1o create safe and effective HDL
mimetic peptides (Figure 23). To verify that a double citrulline form of LeuATI-5261
{T5237-4) can be ased as a platform to create safe and effective HDL mimetic peptides,
hydrophobic leucine was used at position 3 or in place of valine at position 2. Panel A-
Safety and TG elevating cftects were evaluated by injecting (1P) peptides (300 mg/kg) into

male, chow-fed C37BY6 nyce, as described in Figure 5. Values are means 8D, n=4.
n p 2
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Peptides with loucine substitutions displayed hittle or no cytotoxic propertics, similar to
analogs with R14L substitutions (Figure 13). This indicates that positions R3 and 14 are
highly robust and can be targeted by a wide array of amino acid substititions to create safe
and effective HDL numetic peptides. Pancl B- Cholestero! efftux activity of peptides
determined using I774 macrophages labeled with [3H]cholesterol. The peptides were
fimctional, mediating high-levels of cholesterol efflux in an ABCA I-dependent manner at
concentrations (10ug/ml} similar to a parcot citrulline form of LeuATI-5261 (CS6253, i.e.
equivalent batch of T3237-4). Pancl C- Dose response demonstirating that peptides with
feucine substitutions stimulated cholesterol offlux in a highly efficient manuer, displaying a

fow Km and saturation of cholesterol efflux at 3 pg/ml

Exampile 13

16294] This example demonstrates that a citrulline form of LeuATI-5261 supports other
amino acid substitutions to create safe and effective peptides (Figure 24). Various analogs of
len ATI-5261 were created with either lencine or citrulline at positions 3 and 14 or leucine at
position 2. Panel A- Safety and TG elevating effocts were evaluated by injecting (IP)
represeniative peptides (300 mg/kg) o male, chow-fed CA7BV6 mice, as described in
Figure 5. Values are means 3D, n=4. A peptide possessing leucine at position 14
{Citrulline 14 —> L) displayed little or no cytotoxic properties, similar to analogs with R14L

substitutions (Figure 13).

Example 14

[#285] This example demonstrates that citrulbine forms of LenATI-5261 with varigus leucing
substitutions retained cholestero] efflux activity. Cholesterol efflux activity of peptides
{Figure 25) was determined using 1774 macrophages labeled with [*H]cholesterol and treated
with (right bars) and without (left bars) cAMP to modulate ABCAT expression. Panel A-
Peptide analogs with citrulline and/or leucine substitations were functional, mediating high-
fevels of cholesterol efflux i an ABCA dependent manner at concentrations of 10ug/ml
Pancl B- Dose-response demonstrating the T6275-5 peptide (single curullinedd —> L
substitution) stimulated cholestercl efflux in a highly efficient manner, displaying a low Km

and saturation of cholesterol efflux at 3 ug/ml

Example 15
{8296} This example demonstrates that isoleucine can be used to replace phenylalanine in

ATIL-5261 1o create safe and offective cholestero! offlux peptides (Figure 26). Peptide analogs
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of ATI-5261 were ereated to identify amino acid substitutions that can be used on the non-
polar surface to create safe peptides. Safety and TG elevating effects were evaluated by
mjecting (IF) peptides (300 mg/kg) into male, chow-fed CSTBY6 mice, as described in Figure
5. The bar graph (lower loft) shows that analogs of ATE-5261 (T6991-1) and Cit. ATI-5261
{T6991-2) possessing isoleucine substitutions (F10, 13, 16, 20-21) displayed little or no
cytotoxic propertics related to CPK elevations. Servm ALT and AST values were also
markedly reduced with isoleucine peptides vs. ATI-5261 control {Table). In conirast, analogs
of ATI-5261 with serine or tyrosine replacements on the non-polar surface induced relatively
high CPK, ALT and AST responses, indicating that the position of polar residues on the
linid-binding surface of the peptide did not lower eytotoxic responses. These results provide
evidence that toxic propertics of ATI-5261 were related to aromatic and positively charged
residues, which could be eliminated by strategic use of citrulling and aliphatic amine acid

restidues. Values are means S0, n=4,

Exampie 16

{82971 This example demonstrates that 1soleucine forms of AT]-5261 retain cholesterol
efflux activity (Figure 27). Cholesterol efflux activity of peptides was determined using J774
macrophages labeled with [3H]cholesterol and treated with (right bars) and without (left bars)
cAMP to modulate ABCAT expression. Panel A- Isoleucine forms of ATL-5261 (T6991-1)
and CHLATI-5261 (T6991-2) were functional, mediating high-levels of cholesterol effhix in
an ABCA-dependent manner at concentrations of 10ug/ml. Panel B- Demonstration that the
isoleucine form of ATI-5261 stimulated ABCAT cholesterol efflux in a highly efficient
manner. Panel C- Demonstration that the isoleucine form of Cit ATI-5261 (T6991-2)
stinudated ABCAT cholesterol efflux in a highly efficient manner. Panel D- Peptides (10
ug/mi) with serine or tyrosine on the non-polar surface retained ability to mediate high levels
of cholesterol efflax in an ABCAT-dependent manner, 1.e. using J774 cells treated with and
withouwt cAMP. Panel E- Data showing that peptides T6991-2 and CS56253 stimulated
cholesterol efffux with the same rate kinetics as full-length apeA-1 from 1774 macrophages.
Peptides and apoAl were used in hpid-free form at 16 yg/ml concentrations. Valoes are

means S0, n=4.

Example 17
16298} This example demonstrates that peptides C86253 and T6991-2 stimulated cellular

cholesterol efflux via ABCAT with high potency. (Figure 28). Cholesterol efflux activity of
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peptides was determined using J774 macrophages labeled with [3H]|cholesterol and treated
with {right bars) and without (left bars) cAMP 10 modulate ABCAT expression. Pancl A-
Leucine (CS6253) and iscleucine (T6991-2) forms of Cit. ATI-5261 were functional,
mediating high-levels of cholestero! efflux in an ABCA I-dependent manner at concentrations
of Hug/ml. Panel B- Summary of the cholesterol efflux potency (K values) for peptides,
apoA-L, apoE and apol C-terminal (CT) domain calculated using the Michaehs Menten
equation (Graph-Pad Prism3$ software) and efflox data obtained from cAMP treated 1774
cells. Km values are expressed on 2 mass (pg/ml) or molar basis (uUM). The latter indicates
that C56253 and T6991-2 stimulated cholesterol efflux with near apolipoprotein molar
potency, particularly when compared to the native efffux domain {CT) of apoE. Panel C-
Dgse-response demonstrating that T6991-2 and 86253 stimulated cholesterol efflux ina

highly cfficient manner, displaying a low Km and saturation of cholesterol efffux at 3 ug/ml.

Example 18

[8299] This example demonsirates that the leucine form of Cit ATI-5261 stabilizes
macrophage ABCAT and stimulates cholestero! effhux in an ABCA I-dependent manner.
{Figure 29). J774 macrophages were used for experimenis. Paoel A~ Cells were labeled (4%
h) with 3H cholesterol and treated with (right bars) and without (left bars) a cAMP analog to
modalate ABCAT expression. Apolipoprotem{apo)s A-1, B, the C-terminal (CT) domain of
apok, and peptide CS6253 were added (190 fig/ml) to cells in lipid-free form to initiate
cellular cholesterol efflux. After 4 b, medium was assayed for effluxed [3H cholesterol.
Values and means +5D, n=3. High levels of cholesterol efflux were seen for all
apolipoproteins and peptides using cells up-reguiated for the ABCAT response using cAMP
vs. the low response in the absence of cAMP. Thercfore, peptide C56253 stimulated ABCAL
dependent cholesterol effhux similar to native apolipoproteins. Panel B- Westorn-blot of
whole-celf lysates showing ABCAT protein expression following treatment of J774 cells with
cAMP (Jane 1, =0}, ABCA/T was maintained at high-levels in the continued presence of
either peptide CS6253 (Jance 4) or apoA-1 (lane §) diring a subsequent 6 h chase; whereas
ABCAT protein was degraded with serum free medium alone (Jane3). These data indicate
that the leucine form of Cit. AT1-5261 stabilized ABCA] protein in cellufar membrances.
Panel C- ABCA1-dependent cholesterol efflux activity of CS6253:phospholipid complexes.
Small 7-8 nm complexes of CS6253 peptide and POPC were prepared by cholate dialysis and
incubated with [3H {cholestero! labeled J774 cells treated with and with cAMP. Values are

means +50, n=3. The cholesterol efflux activity of the POPC-complexed, new, safe peptide
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(CS6253 was identical to the corresopnding parent ATI-5261 peptide,thus providing

additional supporting data for retained functionality.

Example 19
163668] This example demonstrates that peptide CS6253 interacts with native ABCA
5 oligomeric forms to mediate celhdar bBpid effhix and nascent HDL assembly (Figure 30},

BHK celis stably transtected with ABCATL or mock transfected control cells were labeled
with [3H]cholesterol, as described in Figure 5. Panel A- Demonstration that C86253
mteracted with native forms of ABCATL in celhular membranes similar to ATL-5261 and
apoA-1, as determined via crosslinking assay and western blot analysis using aotibodics to

10 either peptide or apoA-L Panel B- C86253 stumulated chelesterol offlux via ABCAT with
high potency, similar to apoA-1 and ATI-5261. Panel C- Peptides mediated the assembly of
nascent HDL particles of similar size compared to apeA-1, as determined by native PAGE.
The data indicate single o-helix peptides of the present invention, as excroplified by CS6253,
were sufficient to mediate ABCATL lipid effhix with high potency, including cholesterol and

phospholiptd efflux, and support the assembly/structure of nascent HDL particies.

Example 28
{8361} This example demonstrates that peptide C56253 foroualated with phospholipid
stimudated cholesterol efflax via SRBI (Figure 31). To further evaluate potential anti-
atherogenic mechanisms of CS6253, FuSAH cells, that express primarily SR-B1 for

20 mediating cellolar lipid effiux, were labeled with [3H]cholestero! and used in efflux
experiments. The leucine form of Cit ATI-5261 (CS56253) Hipidated with POPC was used as
a cholesterol acceptor in the medium at $O ug peptide/ml concentration. Panel A- Time-
course for SR-B1 mediated cholesterol effhoc. Complexes of CS6253:POPC stimulated high-
fevels of cholesterel efflux versus the poor activity of the lipid-free peptide, consistent with

25 imvolvement of SR-B1 which requires liptdated acceptor particles as substrate. Pancl B-
Comparison between C56253 and ATI-5261 1n mediating cellular cholesterol efflux via SR-
Bt [3Hicholesterol labeled FuSAH cells were incubated with either Lipid free peptides or
peptides formulated with POPC. Relatively high-levels of cholesterol efflux (4 h) (o
CS6253:POPC complexes were achieved, exceoeding that obtained with ATI-5261:P0PC

30 complexes. The data mdicate that peptide formulations with phospholipid produced HDL-

like particles that are highly effective n mediating cholesterol effhig via SR-BL
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Example 21

{8382} This example demonstrates that peptide CS56253 forouilated with phospholipid
stimudates cholesterol effhix via ABCG1 (Figure 32). To further evaluate potential anti-
atherogenic mochanisms of C86253, BHK cells stably transfected with ABCG1 and mock-
wansfected control cells were labeled with [3H]cholesterol and used in offlux experiments,
The leucine form of Cit. ATI-5261 (CS56253) and ATI-5261 lipidated with POPC were used
as cholesterol offlux acceptors at 50 ug peptide/m! serum-free medium. Pancl A- Tioe-
course for ABCGI mediated cholestero} effiox from cells to lipid-free CS6253 peptide or
CRA253:POPC complexes. Complexes of CS6253:POPC stimulated high-levels of
cholesterol efflux versus the poor activity of the lipid-free peptide, consistent with
mvolvement of ABCG1 which requires lipidated particles as substrate. Panel B- Comparison
between €56233 and ATE-5261 in mediating cellular cholesterol efftux via ABCGL
[3H]|cholestero! labeled BHK colls (ABCGT vs. mock transfected; loft bars, control BHE,
right bars, G1-BHK) were incubated with either lipid-free peptide or peptides formuldated
with POPC. Surprisingly, relatively high-levels of cholesterol efflux (4 k) were observed
using C86253:POPC complexes; whereas, ATI-5261 {free peptide or POPC complexes) was
poorly active. Therefore, C56253 proved to be a superior peptide based on several criteria,
mchiding safety and activity for mediating cholestero! efflux via various cell-surface

reCepiors.,

Example 22

{0383} This examples shows that CS6253 induces formation of pref-HDL and enbances the
cholesterol efftux activity of human plasma. (Figure 33). To test whether C56253 exerts anti-
atherogenic ctfects in & biological milicu, human plasma was expoesed (5 min} to lipid-froe
peptide. Tutoractions of CS6253 with HDL in plasma and activity of plasma to stimulate
cholesterol efflux was assessed; the latter using 774 macrophages labeled with
[3H]cholesterol. Panel A- Cholesterol efflux activity of plasma treated with lipid-free
peptides. Human plasma was incubated with 300 pg/mi peptides for 5 minutes (4° C),
diluted 1o 1% in serum-free RPMI-1640 culture medium and invmediately added 1o
[3H]cholesterol-labeled J774 cells. Plasma treated with peptide (CS6253 or ATI-5261)
possessed greater capacity fo stimulste cholesterol efflux from cells via ABCAI {ie, from
cAMP treated cells, right bars) versus control plasma treated with vehicle alone (left bars).
Panel B- Induction of preff HDL upon treatment of human plasma with CS6253. Plasma was

exposed to a small amount of peptide relative 10 endogenous apoA-I (1:10 mole ratio,
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respectively) and formation of prefd HDE assessed by 213 non-denaturing gradient gel
clectrophoresis (NDGGE) and western blot analysis. The left pancl shows the amount of
pref HDL (5-6% of total HDL) in plasma with no peptide treatment, as judged osing
antibody against apoA-1. The right panel shows an increase in pref HDL with peptide
treatment and a corresponding decrease in the o-migrating HDL species {apoA-1 antibody).
The middle panel illostrates that CS6253 associated with @-HDL in plasma, as judged osing
an antibody against CS6253. The results indicate that C86253 displaced apoA-1 from the
surface of o-HDL to induce preft HDL formation and cholesicrol offfux activity (panel A).
The results are consistent with the production of authentic prefl HDL particles composed

entively of endogenous apoA-L

Example 23

[0384] This example demonstrates that peptide T6991-2 induces formation of pref-HDL and
enhances the cholestere! effiux activity of homan plasma (Figure 34). To test whether
T6991-2 cxerts anti-atherogenic effects in a biological milieu, human plasma was cxposed {5
oun) to lipid-free peptide. oteractions of T6991-2 with HDL 1o plasma and activity of
plasma to stimulate cholesterol efflux was assessed using 1774 macrophages labeled with
[3H]cholesterol. Panel A- Cholesterol efflux activity of plasma treated with lipid-free
peptides. Human plasma was incubated with 300 pg/mi peptides for 5 gunutes (4° C),
diluted to 1% in serum-free RPMI-1640 culture medium and immediately added 1o
[3H]cholesterol-labeled 1774 cells. Plasma treated with peptide (T6991-2 or CS6253)
possessed greater capacity to stimulate cholesterol efftux from cells via ABCAT {ie. from
cAMP treated cells, right bars} versus control plasma treated with vehicle alone (left bars).
Panel B- Induction of prefs HDL upon treatment of human plasma with T6991-2, Plasma was
exposed fo a stoall amount of peptide relative 1o endogenous apoA- (1:10 mele ratio,
respectively) and formation of prefd HDL assessed by 2D non-denataring gradient gel
clectrophoresis (NDGGE) and western blot analysis, The two left panels (e, duplicate runs}
show the amount of prefy HDL (~6% of total HDL) in plasma with no peptide treatment, as
judged using antibody against apoA-1. The right pancls show an increase in pref HDL with
peptide treatment and a comresponding decrease in the o-migrating HDL specics {apoA-i
antibody). The results indicate that T6991-2 induced prefl HDL particies in plasma that are

functional in mediating cholestere! efflux via ABCATL, similar to peptide CS6253.
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Example 24
[6363] This example demonstrates that CS6253 induces prefd HDL formation in vive in
hamsters (Figure 353 Gold Syrian hamsters, which are known to have more human hke

HDL metabolism than mice, were fed high-fat western diet for 4 weeks were injected

o

subcutancously (SC} with 30 mg/kg of ipid-free C86253 peptide. At 1, 2, and 4 h post-
injection, plasma was collected for analysis of prefl HDL levels by native 2D PAGE and
Western-blotting using an antibody against apoA-1. Pancl A- Bar graph showing distribution
of HDL speeies, as prefl HDL (left bars) and the major o-HDL migrating species (right
bars) for vehicle control injections (4 h time-point) and for peptide (1, 2 and 4 h). A large

10 increase (~8-fold) in pref1 HDL was observed with peptide treatment vs. control, indicating
that C56253 is able to interact with and favorable modulate HDL in vive. Panel B-
Representative Western blot (apoA-1 antibody) of 2D-PAgel (native), showing distribution of
HIDL subspecies for PBS control and CS6253 injections (4 h data). Panel C- Dose-response
for small HEL increase and LDL lowering with peptide treatment in gold Syrian hamsters.
Hamsters were injecied SC with 14, 30 and 100 mg/kg peptide and PBS (n=3 per group) and
plasma collected 4h later. Following removal of albunun by centrifugation, plasma was
injected and lpoproteins separated with gas-phase differential electrophoretic
macromoiecular mobility-based method (lon mobility, or IM) (Caulfield er ¢l Clin Chem
2008 54:8 1307-16). The dose-response for preP HDL increase was associated with a dose-

20 response for LDL particles, particularly LDL particles of small size.

Example 25
163646} This example shows the half-life of C56253 in rats (Figure 36). CS6253 was
designed with a 826 —> Y substitution to facilitate labeling with 121 (sequence at the top of

the figure). Radiolabeled peptide was then jected jnto male, chow-fed Wistar rats via

25 various administration routes and its uptake in plasma quantified. Pancl A- Clearance
kinetics from plasia following injection of '21-C86253. The table (right) shows the half-life
of C86253 calculated from clearance curves as well as its bicavailability as a % of injected
dose. Panel B- Cholesterol effhux activity of Y26 form of C56253 determined using J774
macrophages labeled with [3H]cholesterol. The peptide was functional, mediating high-

30 levels of cholesterol efflux in an ABCAT dependent manner at concendrations (10ug/ml)

similar to the parent CS6253 peptide. Pancl C- Dose response demonstrating that peptides
stinulated cholesterol efflux with high efficiency, displaying a low Km and saturation of
cholesterol efffux at 3 pg/ml.
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Example 26

{8387} This examples shows that T6991-2 and C56253 stimulated macrophage reverse
cholesterol transport (RCT) to feces in vive (Figure 37). 1774 macrophage foam-cells loaded
with acetylated LD (100 pg/ml) and labeled with [3H ] cholesterol were injected 1P into
male, atherosclerotic apokE deficient (apoE-/-) mice 4 months of age together with vehicle
alone (PBS) or the indicated lipid-free peptides at doses of 10 or 30 mg/kg. Feces were
collected at 24 h for assessment of [ 3H]sterol. Panels A and B- Quiput of [3H]sterclin
response to T6991-2 injection compared to the PBS vehicle treatment group. Results were
cxpressed as dpro per gram feces (panel A) or as % of injected [3Hcholesterol (B). Pancl C-
Cutput of [3H]sterol in response to C386253. Peptides on average increased macrophage-

specific reverse cholesterol transport. Values are means £SD, n=4 mice per group.

Exampie 27

[#3068] This example shows that C56253 reduced substantial atherosclerosis in apoE-/- mice.
{(Figure 38). Male apoE-/- mice at 8 weeks of age were fed a high-fat western diet for 14
weeks, Mice were subsequently randomized 1o cither a control group to receive 1P injection
of vehicle alone (left bars) or lipid-free peptide (30 mg/kg) at 48 hour intervals for 6 weeks.
Two citrulline forms of the loucine containing ATE-3261 peptide were evaluated: T5460-1
(roiddle bars), which was equivalent to T5237-1 possessing a single R3 —> Citrulline
substitution and T5460-2 (right bars) equivalent to C56253 (i.e. T3237-4) possessing R3,14
-> Citrulline, see Figure 18. The extent of whole aorta covered with fatty lesions is shown,

determined by Oil-Red O staining. Values are means =51, n=10 mice per group.

Example 28

18369} This cxample shows that low-dose administration of CS6253 reduced substantial
atherosclerosis in apoE-/- mice (Figure 39). Male apoE-/- mice at § weeks of age were fed a
high-fat western diet for 14 weeks. Mice were subsequently randomized to either a control
geoup to receive 1P mjection of vehicle alone (eft bar) or lipid-free CS6253 (10 mg/kg, right
bar} at 48 hour intervals for 10 weceks. The extent of whole aorta covered with fatty lesions is

shown, determined by Oil-Red O staining. Values are means 25D, n=10 mice per group.

Example 29
18318}] This example shows that (S6253 administered subcutaneously (3C) also reduced
substantial atherosclerosis in apoE-/- mice. (Figure 40). Male apoE-/- mice at 8 wecks of

age were fod a high-fat western diet for 14 weeks., One group was terminated before
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treatmeent start as bascline control. Mice were subsequently randomized to one of 3 arms to
receive subcutancous (SC) injections on alternate days for 6 weeks; vehicle alone, C386253
30mg/kg or C86253 60mg/kg. During the first 4 treatment weeks the mice remained on high-
fat western dict while during the last two weeks they were switched to chow diet. The extent
of whole aorta covered with fatty lesions is shown, determined by Oil-Red O staining. Values

are means =50, w=10 mice per group.

Exampie 38
[#311] This example shows that stapled peptides can be designed to mediate ABCAL

dependent cholesierol efffux.

18312} ATI-5261 with uncharged alanine (A) at positions 3 and 23, i.¢. peptide CS6257, and
the leucine form of ATE-5261 with glutamine (Q) at positions 3 and 23, peptide CS6259,
were designed. Both possessed a chemical staple as shown in the sequences (Figure 41).
Ability of peptides to stimulate cholesterol efffux from [3H]cholesterol-labeled F77
macrophages reated with (vight bars) and without (left bars) cCAMP was evaluated. The
peptides were used in Hpid-free form at a concentration of 10 ug/ml. Values arc means =80,
=3 wells. Cholesterol efflux to both peptides (Lo, C86257 and CS6259) was highly
dependent on ABCA 1 comparable 1o ATI-5261, which stimualated an overall greater efflux

TOSPOTIse.

16313} Stapled peptides based on the ATI-5261 design roediated ABCAT dependent
cholesterol efflux m a concentration dependent manner (Figure 42). ATI1-5261 peptides were
constructed with uncharged alanine (A) at positions 3 and 23, peptide CS6257A, above, and
glutamine (3 at positions 3 and 23, peptide CS6256A. Both also possessed a chemical
staple as shown in the sequences. Panel A shows the ability of peptides to stinwlate
cholesterol efflux was determined using J774 macrophages labeled with {3H[cholesterol and
treated with {right bars) and without (Ieft bars) cAMP to modulate ABCAL expression. The
peptides were used in Hpid-free form at a concentration of 10 ug/ml. Values arc means =80,
=3 wells. Cholesterol efftux to both peptides (Le. CS6Z57A and CS56256A) was highly
dependent on ABCA L comparable 10 ATI-3261, which stinnilated a greater efflux response.
Panel B is a graph showing that the peptides were fumetional, stimulating cholestero! efflux in

8 concentration-dependent manaer.
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Example 31
8314} This example llustrates blood ghicose-lowering properties of an illustrative peptide of

the invention.

18315} The blood glucose lowering-properties of T6991-2 were evaluated in mice. Peptide
T6991-2 has the sequence EVC*SKLEEWIAAIC*EIAEEILARLKS, with R3, 14—
Citrulline (C*) in an isoleucine form of ATI-5261. Cholesterol and glucose are shown 6 h
following IP injection of 300mg/kg peptide administered to C57BV6 mice fed chow diet

991-2 showed significantly lower total cholestercl (TC) cholesterol

~

(n=3) (Figure 43). T6
ester {CE) and glucose (G) values compared fo animals receiving PBS injection, n=3 per
grovp. The graph also shows the triglyceride {TG) clevation effects characteristic of the ATI-

5261 toxic responses scen at high doses (300 mg/kg), which was used as positive control,

[8316] T6991-2 also lowered blood glocose concentrations upon ghicose challenge in DI
mice (Figure 44). Male CS7BY6 mice were fed a 60% high-fat diet for 6 weeks (D10
model); then mjected imtraperitonelly (IF) with either vehicle alone, 10 or 30 mg/kg of hipid-
fee T6991-2 on alternate days for 6 weeks. Following treatment, 2 glucose tolerance test was
performed via IP imjection of 1 g/kg glucose. Blood was collected via the tail vein at the
indicated times and blood glucose measured using a glacometer. Panels A and B- Blood
glucose concentrations expressed as percent of comrol values at =0, with corresponding arca
under the curve plot, respectively. Panels C and D- Blood ghicose concentrations expressed
as absolute valoes over time following ghucose challenge, with corresponding arca under the
curve, respectively. Values are means =813, n=4 mice per group. (Panels B and 7 left bar,
PBS; nuddle bar, 10 mg/kg T6991-2; right bar, T6991-2, 30 mg/kg) The data indicated that
low-dose T6991-2 attenuated the blood ghicose response upon ghucose challenge and that the

effect was dose-dependent.

{83171 T6991-2 also improved sensitivity fo insulin in DIC mice (Figure 45}, Male CSTBV6
mice were ted a 60% high-fat dict for 6 weeks (DIO model); then injected intraperitoncily
(1P} with cither vehicle alone, 10 or 30 mg/kg of lipid-free T6991-2 on alterpate days for 6
weeks as described in Figure 44, Following treatment, an insulin tolerance test (1TT) was
performed via P imjection of 0.75 Units/kg. Blood was collected via the tail vein at the
indicated times and blood glucose measured using a glacometer. Panels A and B- Blood
glucose concentrations expressed as percent of comrol values at =0, with corresponding arca

under the curve plot, respectively. Panels C and D- Blood ghicose concentrations expressed
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as absolate values over time following ghucose challenge, with corresponding arca under the
curve, respectively. Values are means =81, n=4 mice per group. (Right side of Figure-
Panels B and D: left bar, PBS; middle bar, 10 mg/kg T6991-2; night bar, T6991-2, 30 mg/kyg)

The data indicated that low-dose T6991-2 waproved seusitivity to insulin and that the cffect

RN

was dose-dependent.

{8318} In addition, T6991-2 lowered blood glucose concentrations upon glucose challenge in
ob/ob genetic mouse model of obesity (Figure 46}, Male ob/ob mice were fed chow diet for 6
weeks (DIO model); then igjected intraperitonelly (IP} with either vehicle alone (left bars of
bar graphs) or 10 mg/kg of lipid-fee T6991-2 (right bars of bar graphs} on aliernate days for 6

10 weeks. Following treatment, 2 glucose tolerance test was performed via 1P injection of |
g/kg glocose. Blood was collected via the tail vein at the indicated times and blood ghicose
measired using a ghicometer. Panels A and B- Blood ghicose concentrations expressed as
percent of control values at t={}, with corresponding area uander the curve plot, respectively.
Pancis C and [3- C-peptide and msulin concentrations foliowing 6h fasting and 7 post

15 peptide injections are lower in treated muice suggesting that the improved ghicose challenge
response shown in panels A and B are not insulin mediated. Values are means +SD, n=4
mice per group. The data indicated that low-dose T6991-2 attenuated the blood glucose

response upon giucoese challenge in ob/ob mice.

Example 32

20 8319 This exanple illustrates that the lencine form of CHATI-5261 supports vatious amine
acid substitutions to create safe and cffective peptides (Figure 47). Analogs of ATT-3261
were created with isoleucine (1) at positions 10, 13, 16, 26 and/or citrulline at positions 3 and
14, as well as shorter 24-mers lacking C-terminal KS residues (sequences - top of Figure 47,

i.e. T7983 serics of peptides). Panel A- Safety and TG clevating effects were evaluated by

25 imjecting (IP) peptides (300 mg/kg) into male, chow-fed C57BV6 mice, as described in Figure
5. Values are means SD, n=4. Al peptides having citrelline, leucine and isoleucine in
various combinations at the specified positions were safe and displayed little or 10 TG
clevating offects.

Example 33
30 10328 This example 1lustrates that aliphatic forms of CATI-5261 with either leucine or

isoleucing substitutions retain cholesterol efflux activity and reduce blood glucose in mice

(Figure 48). The peptides tested were from Figure 47, i.e. T7943 scrics. P anct A-
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Cholesterol efflux activity of peptides was determined using J774 macrophages labeled with
[3H]cholesterol and treated with (right bars) and without (left bars) cAMP to moedulate
ABCAT expression. Peptide analogs with leucine, iscleucine and/or citralline substitutions
were functional, mediating high-levels of cholesterol efffux in an ABCA-dependent manner
at concentrations of 10ug/ml. Panel B- Glucose concentrations in blood of C57BV6 mice
{chow fed) used 1n Figare 47, following a single 1P injection of 300 mg/kg of T7983 peptides.

Nearly all the peptides tested reduced blood ghicose levels following single injection.

Example 34

16321} This example illustrates that analogs of CS6253 with increasing numbers of
isolencine vesidues are safe and effoctive (Figure 49). Increasing nombers of isoleucine
residucs were systematically introduced nto CS6253 via L1 substitutions at differcnt
locations down the hydrophobic length of the peptides (sequences - top of Figure 49, 1.¢.
T8212 series of peptides). Panel A- Safety and TG elevating effects were evaluated by
injecting (1P} peptides (300 mg/kg) into male, chow-fed CSTBY6 mice, as described in Figure
5. Values are moeans SD, n=4. Al peptides having the various combinations of leucine and

isoleucing at the specified positions were sate and displayed hittle or no TG elevating effects.

Example 35

8322} This example llustrates that aliphatic forms of C56253 with increasing isoleucine
substitutions refain cholesterol effhux activity and reduce blood ghicose in mice (Figure S0).
The peptides tested were from Figure 49, e, T8212 series. Panel A - Cholesterol efffux
activity of peptides was determined using J774 macrophages labeled with [3H chelesterol
and freated with (right bars) and without (Jeft bars) cAMP to modulate ABCAT expression.
Peptide analogs with imcreasing iscleucing substitutions were functional, mediating high-
fevels of cholesterol efflux in an ABCA-dependont manner at concentrations of 10ug/ml.
Panel B- Representative CS6253 peptides with cither one or two L->1 substitutions stimulate
ABCAT cholesterol effhix in a concentration dependent manner and with high potency.
Results were obtained using cAMP treated 1774 macrophages. Panel C- Glucose
concentrations in biood of C57BY6 mice (chow fed) used in Figure 49, following a single
(1P} injection of 300 mg/kg of T8212 peptides (left bars, 4H; right bars, 6H). Nearly all the

peptides tested reduced biood glucose levels compared to PBS following a single injection
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Example 36

{8323} This example llustrates that C36253 and T6%991-2 lower bloed glucose concentrations
upon glucose challenge in C57BY6 mice (Figure 51). Fasted male CSTBIY6 mice on chow
diet recetved a single intraperitonel (1P} injection of either vehicle alone or 300 mg/kg of
lipid-free peptide, as deseribed for safety studies in Figure 5. Following treatment, a glucose
tolerance test was performed via IP injection of 2 g/kg glucose. Blood was collected from the
tail vein at the indicated times and blood glucose measured using a glicometer. Pancls A and
B- Blood glucose concentrations expressed as mass values over time following glucose
challenge, with corresponding area under the curve, respectively. (Bar graph, panel B, bars
from left to right are PBS, CS56253, T699102, 2, 4, §, 6, and 9, respectively) Values are
means =50, n=4 mice per group. The two citrulline forms of ATI-5261 with cither all
feucine {U86253) or all isoleucine (T6991-2) at positions 10, 13, 16 and 20, fowered blood
glucose concentrations upon glucose challenge, In contrast, peptides 2, 4, S, 6 and 9
{corresponding to sequences T8212-2, T8212-4, T8212-5, T8212-6, and T8212-9 in Figure
49% with varicus corgbinations of leucine and isolencine residues were poorly active in
lowering blood glucose responses. Collectively, these data indicate that homogenous use of
either leucine or iscleucine at important positions down the length of HDL mimetic peptides

is a factor in creating highly efficacious anti-digbetic compounds.

Example 37

{6324} This example illustrates the plasma clearance of CS6253 and T6991-2 in rats (Figure
52). Both peptides were designed with a $26 —> Y substitution to facilitate fabeling with ',
as described in Figure 36, Radiolabeled peptides were injected 1P into male, chow-fod Wistar
rats and its appearance and subsequent clearance from plasma quantified. Panel A- Plasma
kinetics following injection of *I-CS6253 or 'I-T6991-2 peptide indicating a plasma half-
life of approximately 7.5h for both peptides. Panel B- Tissue distribution of 'L-peptides at 6
and 24 b post injection (C86253 = left bars and To%91-2 = right bars). Note that small
amoumts of both peptides appeared in the brain, which fncreased over time. Panel C-
Cholestero] efflax activity of T6991-2 and its Y26 analog (T7983-11) determived using 1774
macrophages labeled with [3H]cholesterol {ABCA dependent efflux shown on right bars).
The peptides were functional, mediating high-levels of cholestero] efflux inan ABCA1-
dependent manner at concentrations (10ug/ml). Panel D- Dose response demonstrating that
T6991-2 and its Y26 analog (T7983-11) stimuilated cholesterol efflux with high efficiency,

displaying a low K and saturation of cholesterol efftux at 3 ug/ml
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Exampie 38
{8325} This example 1llustrates that peptides of the invention increase brain ABC transporters
m mice. [Hustrative data showing that systemic administration of peptide T6991-2 increased
brain ABC transporters in mice are provided in Figure 53, T6991-2:

5 EVC*SKELEEWIAAICYEIAEEILARLEKS, (C*) an isoleucine form of ATI-5261 was
administered TP at 30mg/kg/48h once daily for § weeks to ApoHE3 mice. At termination
hippocampus was asscssed for ABCAL ABCGH and apoE by ELISA. T6991-2 (right bars)

significantly increased their concentrations (p<0.05) compared to PBS (left bars).

Example 39

10 H326] This example iHlustratives that peptides of the fovention increase brain apol levels
and hipidation using human apoB3 and £4 replacement mouse models. Hlustrative data
showing that systemic admimstration of either CS6253 or T6991-2 increased brain apoE
levels and lipidation are provided in Figure 54. T5237-4 (i.e. C86253):
EVC*SKLEEWLAALC*ELAEELLARLKS (CH=citrulline), a leucine form of ATI-5261 and

15 T6991-2: EVC*SKLEEWIAAICF*EIAEEILARLKS, (C*) an isoleucine form of ATI-3261
were adminisiered to human apoE3 (huApeE3) and E4 (huApoE4) replacement mice,
30mg/kg/4dh 1P for 5 weeks and compared to PBS (n=mice per group), 1.e. “the AD study™.
At ternunation, hippocampus was assessed for apoE protein levels (SDS gel) and ipidation
{native gel). Pancl A- Representative blots showing relative lovels of apoE protein in their

20 respective mouse model, Le., human E3 vs, E4 protein and by peptide treatment. Panels B
and C- Levels of lipidated {(pative) and total apoE protein (SDS-PAGE) in the E3 {(open bars)
vs. B4 (solid bars) mice, respectively. Lipidated apoE was markedly higher in huApoE3
mice than the corresponding levels of huApoE4. The peptides, in particolar C86253,

increased the amount of lipidated apoE4 relative to corresponding samples of T6991-2 treated

Example 48
18327} This example provides data (Figure 55} illustrating that systomic administration of
peptides of the invention decreased P-tau and amyloidB42 in the brain of mice, At
termination of the AD study described in Example 39 and Figore 54, the CAJ3 region of

30 hippocampus was assessed for P-Tau (AT-8 a.b.} and amyloidf42. In huApoE4 mice,
CS6253 significantly decreased P-Tau (p<0.001) and anmyloidB42 (p=0.04) compared to PBS.
Peptide To991-2 also decreased P-Tau and Amyloidf4?2 in both huApoE3 and huApoE4
mice.
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Example 41

{8328} This example provides data illustrating that systemic administration of peptides of the
mvention reversed B4 phenotype. Hustrative data showing that systemic administration of
CR6253 and T6991-2 reversed the pathological apoE4 phenotype with regards to suppressed
VGhut! and apoEReceptor? are provided in Figure 56, At termination of the AD study
described tn Example 39 Figure 54, the CA3 region of hippocampus was assessed for VGlut!
{glutaminergic neuron) and apoEReceptor?. Both peptides reversed the deficiency in the

tevels of VGIUTT and apoER2 of huAapoE4 mice compared to PBS.

18329} The exemplary data provided above demonstrates that the polypeptides of the
mvention exhibited Bittle to no cytotoxicity and demonstrated their in vive efficacy, had
glucose lowering effects, and reversed phenotypic indicators of Alzheimer’s Disease in nice.
Anti-diabetic, anti-athevosclerotic and effects in brain were found at pharmacological doscs,

e.g., <30 mg/kg,

S

(8334} 1t is 1o be undersiood that the above description is intended to be illustrative and not
restrictive, Many ermobodiments will be apparent 1o those of skill in the art upon reading the
above description. The scope of the invention should, therefore, be determined not with
reference to the above description, but should instead be determined with reference to the
appended claims, along with the full scope of equivalents to which such claims are entitied.
The disclosures of all articles and references, including patent applications, publications, and

accession numbers are incorporated herein by reference for all purposes.
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WHATIS CLAIMED IS:
1. An isolated polypeptide having cholesterol efflux activity, the

polypeptide comprising an amino acid sequence that is an amphipathic o-helix that has a non-
polar surface and a polar surface, wherein the polar surface comprises charged and uncharged
amino acid residues at the lipid-water interface, wherein the amino acid sequence:

has at least 60% identity to SEQ ID NG:i,; and

has an uncharged amino acid vesidue at at least two of positions 3, 14, and 23

as determined with reference to SEQ ID NO:1.

~

2. The isolated polypeptide of claim 1, wherein the uncharged amino acid
residue amino acid residue at at least two of positions 3, 14, and 23 is a polar uncharged

amino acid residue.

3. The isolated polypeptide of claim 1, wherein the aninoe acid sequence
further comprises a position 25 and 26, wherein position 25 1s K or N and position 26 1s S or

Y.

4. The isolated polypeptide of claim 1, wherein the amino acid sequence

has citruliing or an analog of citrulling at at least one of positions 3, 14, or 23,
5. The isolated polypeptide of claim 1, wherein the amino acid sequence
has a citrulline or an analog of citrufline at two of the positions 3, 14, or 23,

6. The isolated polypeptide of claim 5, wherein the amine acid sequence

has an R or K at the third position.

~

7. The isolated polypeptide of claim §, wherein the two positions that

have a citrulline or analog of citrulline are positions 3 and 14,

8. The isolated polypeptide of claim 7, wherein the aming acid sequence

has R or K at the third position.

g, The isolated polypeptide of claim 1 or claim 4, wherein the

polypeptide has Q, N, L, V| I, or A at at least one position 3, 14, or 23,

10, The isolated polypeptide of claim 9, wherein the polypeptide has Q or

N at at least one position 3, 14, or 23.
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11, Theiselated polypeptide of claim 1, wherein the amino acid residuc at

B3

at at least two of positions 3, 14, and 23 is independently selected from Q, N, L, V, [, or A,

12, Theisolated polypeptide of claim 11, wherein the amino acid residue

at at least two of positions 3, 14, and 23 is independently selected from G or N

13. The isolated polypeptide of claim 11 or 12, wherein the amino acid

residhie at the third position is R, K, or citradline or an analog of citraliine.

i4. The isolated polypeptide of any one of claims | to 13, wherein the
polypeptide comprises hydrophobic amine acids at positions 2, 6, 9, 10, 13, 16, 17, 20, and

24 as determined with reference to SEQ 1D NO:L.

15. The isolated polypeptide of claim 14, wherein four, five, six, seven, or

all eight of residues at positions 2, 6, 10, 13, 16, 17, 20, and 24 arc aliphatic amxine acids.

-

16.  The isclated polypeptide of claim 15, wherein the aliphatic amino acid

18 sclected from the group consisting of L, V, A, and L

17.  'Theisolated polypeptide of claim 15, wherein the residuc at position

10, 13, 16, and 20 15 selected from the group consisting of L, L, and V.

18, The isolated polypeptide of claim 15, wherein the residue at position

10, 13, 16, and 20 is I ¢r the residue at position 1, 13, 16,and 20 s L,

19, Theisolated polypeptide of any one of the preceiding claims, wherein
the polypeptide has at least 70% identity, at least 80% identity, or at least 90% identity to

SEQ D NO:L.

24, The isolated polypeptide of claim 1, wherein the polypeptide

comprises SEQ HI NO:.

21, Theisolated polypeptide of claim 1, whercin the polypeptide

comprises SEQ ID NG:2

22. An isolated polypeptide baving cholesterol efflux activity, wherein the

polypeptide comprises an amine acid sequence having at least 60% identity to SEQ 1D NO:1,
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wherein the peptide comprises at least one chemical staple at position 3, 14, and 23 ag

determined with reerence to SEQ 1D NO: 1,

23.  The isolated polypeptide of claim 22, wherein the amino acid sequence
further comprises a position 25 and 26, wherein position 25 is K or N and position 26 is S or

Y.

24, The iselated polypeptide of claim 22, wherein the polypeptide
comprises hydrophobic amino acids at positions 2, 6, 9, 10, 13, 16, 17, 20, and 24 as

determined with reference to SEQ 1D NO: 1.

25. The isolated polypeptide of claim 24 wherein four, five, six, seven, or

all cight of residues at positions 2, 6, 14, 13, 16, 17, 20, and 24 are sliphatic amine acids.

26. The isolated polypeptide of claim 25, wherein the aliphatic amino acid

ig selected from the group consisting of L, V, A, and L

27.  Theisolated polypeptide of claim 25, wherein the residue at position

19, 13, 16, and 20 is selected from the group consisting of L, L, and V.,

28.  The isolated polypeptide of claim 25, wherein the residuc at position

10, 13, 16, and 20 is | or the residue at position 10, 13, 16, and 20 1s L.

¥

29, The isolated polpeptide of any one of claims 22 to 28, wherein the
polypeptide has at least 70% identity, at least 803% identity, or at least 80% identity to SEQ

b NO:L

30, Anisolated polypeptide having cholesterol efflux activity, the
polypeptide comprising an amino acid sequence that is an amphipathic o-helix that has a non-
polar surface and a polar surface, wherein the polar surface comprises charged and uncharged
amino acid residues at the lipid-water interface, wherein the amino acid sequence comprises
Ky KKKy K s KK g Ko X 30X 11812 XK 13X 14X 1K 16 X 17K 15 K 19800821 X022 K03X4: wherein:

Ky, Ko, Xe, Xis, Xis and Xo are acidic amino acids;

X is & polar amino acid;

Xs is a positively charged amino acid;

Xg, X.g, Xg, Xlg, X}j, X]g, Xg, Xm, .Xy;, Xz(‘,, Xg}, ng, and Xz,q are hyd‘!’()phﬂbi@

amino acids; and
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Xa, Xy4 and Xps are uncharged amine acids.

3L The polypeptide of claim 30, wherein X, is a polar uncharged amino

acid.

32, The polypeptide of of ¢laim 30 or claim 31, wherein four or mors of

Xz, XG_, Xx) Xmﬁ Xn, X‘;g, X]g,, X]Gﬁ Xr,'ﬁ Xg(}, }p), ng, and X24 are ahphauc aming acids.

33. The polypeptide of claim 30, wherein two of positions Xs, Xys and X3

are citrulline and the third position is R or K.

34, The polypeptide of any one of claims 30 to 33, wherein X5, and Xy

(ad
N

The polypeptide of claim 30 or claim 33, wherein X4 i85, T, G, or Y
36, The polypeptide of claim 50, wherein X418 S.
37. The polypeptide of claim 30 or claim 33, wherein X51s R or KL

38. The polypeptide of claim 30 or claim 33, wherein Xyg, X135, Xig, and

X are each the same aliphatic amino acid

39. The polypeptide of claim 38, wherein Xyo, X113, X6, and Xy are each

the same aliphatic amino acid sciected from the group consisting of L, L or V.

40. The polypeptide of elaim 30 or claim 33, wherein Xy, X3, X6, and

KXo are I; or Xyg, X3, Xig, and Xpp are L.

41. The polypeptide of claim 30, wherein:

Xy, Ky, Xs, Xis, Xz and Xjo are independently selected from D and E;

X]o, X]3, Xm, and Xzo are I;

X3, Xs, X9, K11, K12, K17, Xa1, X, and Xos ave hydrophobic amino acids;
and two of positions X3, X4 and X are citrulline and the third position is R

or K.

42. The polypeptide of claim 41, wherein X3, Xe, Xy, X2, iy, Xo1, X2,

and Xo4 are aliphatic anvino acids.
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43, The pelypeptide of claim 30, wherein:

X1, X7, X5, Xys, X1z and Xo are independently selected from D and E;

s, Xys, Xyg, and Xy arce L;

Ky, Koy Ko, Xii, Xi2, X7, o1, Xy, and KXoy are hydrophobic amino acids; and

two of positions X, Xy and Xy ave citrulline and the third position 1s R or K.

44, The polypeptide of claim 43, wherein X, X, X1, Xz, X, Xy, X,

and X,4 are aliphatic aming acids.

45, The polypeptide of claim 30, wherein:

Xy, X7, X, X5, X5 and Xjo are independently selected from D and E;
Kig, X3, Xjg, and Xop are I;

Xz, Key Ko, X1, Xup, Xiz, Xai, Koo, and Xy, are hydrophobic amino acids;

Xa, and Xy, are citrulline and Xx» s R or K.

46, The polypeptide of claim 45, wherein Xz, Xe, Xi1, X2, X7, Xz1, X212,

and Xos are aliphatic anvino acids.

47.  The isolated polypeptide in accordance with any of the preceding

claims, wherein the polypeptide further comprises a protecting group.

48.  The isolated polypeptide in accordance with claim 47, wherein the
protecting group is a protecting group selected from the group consisting of acetvl {Ac),
amide, 3 to 20 carbon alkyt groups, Fmoce, t-butoxycarbonyl (Thoc), 9-fluerencacetyl group,
I-fluorenecarboxylic group, 9-fluorenecarboxylic group, 9-tfluorenone-1-carboxylic group,
benzyloxyecarbonyl, xanthyl (Xan), trityl (Trt), 4-methyftrityl (Mtt), 4-methoxytrityl (Mmt),
4-methoxy-2,3,6-trimethyl-benzenesulphonyl (Mir), mesiiylene-2-sulphonyl (Mts), 4,4-
dimethoxybenzhydryl (Mbh), tosyl (Tos}, 2,2,5,7, 8-pentamethyl chroman-6-sulphounyl (Pmc),
4-methylbenzyl (MeBzl), 4-methoxybenzyl (MeOBzl), benzyioxy (BzI0), benzyl (Bzl),
benzoyl (Bz), 3-nitro-2-pyridinesalphenyl (Npys), 1-(4.4-dimethyl-2,6-
dioxocyelohexylidencyethyl (Dde), 2,6-dichlorcbenzyl (2,6-DiCl-Bzl), 2-
chlorobenzyloxyearbonyl (2-C1-7), 2-bromobenzyioxyearbonyl (2-Br-Z), benzyloxymethyl
{Bom), cyclohexylony (cHx O}, t-butoxymethyl (Bom), t-butoxy (1BuD), t-butyi (tBu), and
triflooroacetyl (TFA).
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4%, The isclated polypeptide in accordance with claim 47 or 48, wherein

the protecting group 1s coupled to the amino or carboxy termuinus.

50.  Theisolated polypeptide n accordance with claim 47, 4%, or 49,
wherein the polypeptide comprises a first protecting group coupled to the amino termimis and

a sccond protecting group coupled fo the carboxyl terminus.

SL The isolated polypeptide in accordance with claim S{, wherein said
first protecting group is a protecting group selected from the group consisting of acetyl,

propionyl, and a 3 1o 20 carbon alkyl.

52, The iselated polypeptide in accordance with claim 51, whercin the first

protecting group is an acetyl.

th

3. The isolated polypeptide in accordance with claim 50, 51, or 52

wherein said second protecting group is an amide.

S4.  Theisolated polypeptide in accordance with any onc of the preceding

claims, wherein all enantiomeric amino acids are “D” amino acids.

55, Theisolated polypeptide in accordance with any one of clatms |
through 53, wherein the enantiomeric amino acids are a mixtare of “L” amino acids and “D”

amino acids.

56.  Ananalog of a peptide of any one of claims 1 to 22, wherein the

analog is a retro-inverso analog or a retro-enantio analog.

57, A composition comprising a pofypeptide of any ovne of claims 1 to 55

or an analog of claim 56 and a pharmaceutically acceptable carrier.

58. The composition in accordance with claim 587 further comprising a

therapeutic agent for treating cardiovascular disease.

$9.  The composition in accordance with claim 5%, wherein the therapeutic
agent is selected from the group consisting of a statin, a bile acid binder, a platelet chumping

inhibitor, nicotinamide, a PPAR activator, vitamin E, and combinations thereof.
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60, A comapostiion comprising a pofypeptide of any ove of claims 1 to 55
or an analog of claim 56 complexed with a hipid.
61. The composition in accordance with claim 60, wherein said lipid s a
phospholipid.
62, The composition in accordance with claim 61, wherein the

phospholipid is 1-palmitoyl-2-oleovl-sn-glycerol-3-phosphatidyleholine (“POPC”).

63.  The composition in accordance with any one of claims 60 to 62,

further comprising a pharmaccutically acceptable carrier.

64. A method for mediating cholesterol efflux i a mammal, said method
comprising administering to said manmal a polypeptide of any one of claims 1 to 55 oran

analog of claim 56, whercby cholesterol efflux 1s mediated.

65, The method in accordance with claim 64, wherein said polypeptide

stabilizes ABCA.

66, The method in accordance with clain: 65, wherein said ABCA is

ABCAL.

67, The method in accordance with claim 64, wherein said polypeptide has

an anti-oxidant activity.

68.  The method in accordance with claim 64, wherein said polypeptide has

an anfi-inflammatory activity.

69. The method in accordance with claim 64, wherein said mammal is a
human.
70. The method in accordance with claim 64, wherein said mammal is a

non-human mammal.

71, A method for ireating a symptom of atherosclerosis in @ mammal, said
method comprising administering to said mammal a therapeutically effective arsount a

polypeptide of any one of claims 1 10 55 or an analog of claim 56.
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72, The method in accordance with claim 71, wherein said mammal is a

mammal disgnosed as having one or more symptoms of atherosclerosis.

73. The method in accordance with claim 71, wherein said manmmal is a

mammal diagnosed as at risk for atherosclerosis.

74. The method in accordance with claim 71, wherein said mammal is a
human,
75. The method in accordance with claim 71, wherein said mammal is a

non-human mammal.

76. A method for stabilizing a valnerable plaque in a lumen wall of a
mammal, said method comprising administering to said mammal a polypeptide of any one of

claims 1 t0 55 or an analog of claim 56.

77, The method in accordance with claim 76, wherein said mammal is a

mammal disgnosed as having one or more vulnerable plaguoes.

78, The method in accordance with claim 76, wherein said manmmal is a

mammal diagnosed at risk for having one or more vulnerable plagues.

79, A method for lowering glucose levels 8 mammal, said method

comprising administering to said manunal a polypeptide of claim 18, 28, or any one of claims

38 to 47, or a retro-inverso of retro-cnantio analog of said poiypeptide, to the mammal,

%0, The method of any onc of claims 71 to 79, wherein the mammal has

diabetes, metabolic syndrome or pre-diabetes.

81. The method of any one of claims 71 to 80, whercin the manunal has

macro or microvascular discase, chronic kidney disease, or congestive heart fatlure.
42, The method of claim 79, 80, or 81, wherein the mammal is a human,

83, The method of claim 79, 80, %1, or 82, with the proviso that the

polypeptide does not comprise the amine acid sequence of SEQ D NO:2,
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84, The method of claim 79, 80, 81, or 82, wherein the polypeptide

comprises SEQ ID NG:2

85. The method of claim 79, wherein the polypeptide further comprises a

protecting group.

86. The method of claim 85, wherein the protecting group 1s a protecting
group selected from the group consisting of acetyl (Ac), amide, 3 to 20 carbon alky] groups,
Fmog, t-butoxycarbonyl (Thoe), 9-flucrencacetyl group, 1-fluorenccarboxylic group, 9-
fluorenecarboxylic group, 9-fluorenone- 1 -carboxylic group, benzyloxycarbonyl, xanthyl
{(Xan), trity] (Trt), 4-methyhrity] (Mtt), 4-methoxytrityl (Mmt), 4-methoxy-2,3,6-trimethyl-
benzencsulphonyl (Mtr), mesitylene-Z-sulphonyl (Mts), 4.4-dimethoxybenzhydeyl (Mbh),
tosyl (Tos), 2,2.5,7, 8-pentamethy! chroman-6-sulphony! (Pmc), 4-methytbenzy! (MeBzly, 4-
methoxybenzyl (MeOBzl), benzyloxy (BzIO), benzyl (Brl), benzoyl (B7), 3-nitro-2-
pyridinesuiphenyl (Npys), 1-(4,4-dimethyl-2, 6-dioxocyclohexylideneethyl (Bde), 2,6+
dichlorobenzyl (2,6-DiCLBzD, 2-chlorcbenzyloxycarbouy! (2-CL-Z)Y, 2-
bromobenzyloxycarbonyl (2-Br-2}, benzyloxymethy! {Bom), cyclohexyioxy {cHxO), t-

butoxymethyl (Bum), +-butoxy (tBa0), +-butyl {tBu), and trifhuoreacetyl (TFA).

87.  The isolated polypeptide of claim 85 or 86, wherein the protecting

group is coupled to the amino or carboxy termings.

§8.  The method of claim 85 or 86, wherem the polypeptide comprises a
first protecting group coupled to the amino torminus and & second protocting group coupled

to the carboxyl terounus.

89. The method of claim &8, wherein said first proteciing group is 2
protecting group selected from the group consisting of acetyl, prepionyl, and a 3 to 20 carbon

atkyl,

96, The method of claim 89, wherein the fivst protecting group is an acetyl
91, The method of claim 88, 89, or 90, whercin said second protecting

group is an amide.
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92, The method of any one of claims 8%, 89, 90, or 91, wherein all

enantiomeric anino acids are “I¥” amiino acids.

93. The method of any one of claims 88, 89, 940, or 91, wherein the

enantiomeric amino acids are a mixtare of “L” amino acids and “D” amino acids

G4, A method for treating or preventing a symptom of Alzheimer’s Disease
or frontotemporal dementia, said method comprising administering a polypeptide of any one
of claims 1 10 55 or an analog of claim 56 to a patient diagnosed with Alzheimer’s Disease,

Mild Cognitive fmpairment, or frontotenporal dementia.

95, The method of claim 94, wherein the polypeptide s a polypeptide of
claim 18, 28, or any one of claims 38 10 47, or a ov a retro-inverso or retro-enantio analog of

said polypeptide.

96. The method of claim 94 or 95, wherein the patient has been diagnosed

with Alzheimer’s Disease.

97. A kit for treating a symptom of atheroselerosis, said kit comprising a

container containing a polypeptide of any one of claims 1 to 55 or an analog of claim 56.

98. The kit in accordance with claim 97, further comprising a

pharmaceutically acceptable carrier.

93. The kit in accordance with claim 97, wherein said polypeptide is

combined with a pharreaceutically acceptable carrier in a unit dosage formulation.
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