
(19) United States 
US 2011 0182992A1 

(12) Patent Application Publication (10) Pub. No.: US 2011/0182992 A1 
Anantharamaiah et al. (43) Pub. Date: Jul. 28, 2011 

(54) PEPTIDES AND PEPTIDE MIMETICS TO 
TREAT PATHOLOGES ASSOCATED WITH 
EYE DISEASE 

(76) Inventors: Gattadahalli M. Anantharamaiah, 
Birmingham, AL (US); Martin 
Rudolf, Lubeck (DE) 

(21) Appl. No.: 12/865,957 

(22) PCT Filed: Feb. 6, 2009 

(86). PCT No.: PCT/USO9/334.15 

S371 (c)(1), 
(2), (4) Date: Oct. 15, 2010 

(30) Foreign Application Priority Data 

Feb. 7, 2008 (US) .................................... 12027728 

Publication Classification 

(51) Int. Cl. 
A638/10 (2006.01) 
A638/16 (2006.01) 
A 6LX 39/395 (2006.01) 
A638/20 (2006.01) 
A638/2 (2006.01) 
A638/22 (2006.01) 
A638/19 (2006.01) 
A6IP27/02 (2006.01) 
A6IP27/06 (2006.01) 
A6IR 9/14 (2006.01) 

(52) U.S. Cl. ..................... 424/489: 514/20.8; 424/133.1; 
424/85.2: 424/85.7; 514/13.3: 514/11.5 

(57) ABSTRACT 

This invention provides novel active agents (e.g. peptides, 
Small organic molecules, amino acid pairs, etc.) peptides that 
ameliorate one or more symptoms of eye disease and/or other 
pathologies characterized by an inflammatory response, hi 
certain embodiment, the peptides resemble a G* amphipathic 
helix of apolipoprotein J. The agents are highly stable and 
readily administered via an oral route or via intraocular injec 
tion. 
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PEPTIDES AND PEPTIDE MIMETCS TO 
TREAT PATHOLOGES ASSOCATED WITH 

EYE DISEASE 

CROSS-REFERENCE TO RELATED PATENT 
APPLICATIONS 

0001. This application claims priority to U.S. application 
Ser. No. 12/027,728, titled Peptides and Peptide Mimetics to 
Treat Pathologies Associated with Eye Disease, filed on Feb. 
7, 2008, which is incorporated herein by reference in their 
entirety for all purposes. 

STATEMENT AS TO RIGHTS TO INVENTIONS 
MADE UNDER FEDERALLY SPONSORED 

RESEARCH AND DEVELOPMENT 

0002 This invention was made with government support 
under Grant No: HL30568 and Grant No: ey 06109 awarded 
by the National Heart Blood Lung Institute of the National 
Institutes of Health and the National Eye Institute. The Gov 
ernment of the United States of America has certain rights in 
the invention. 

FIELD OF THE INVENTION 

0003. This invention relates to the field of atherosclerosis 
and other conditions characterized by inflammation and/or 
the formation of various oxidized species. In particular, this 
invention pertains to the identification of classes of active 
agents that are orally administrable and that ameliorate one or 
more symptoms of conditions characterized by an inflamma 
tory response and/or the formation of various oxidized spe 
cies. This invention also relates to the field of macular degen 
eration. In particular, this invention pertains to methods of 
treating macular degeneration as well as methods of amelio 
rating a symptom of macular degeneration. 

BACKGROUND OF THE INVENTION 

0004. The introduction of statins (e.g., Mevacor R, Lipi 
tor(R), etc.) has reduced mortality from heart attack and stroke 
by about one-third. However, heart attack and stroke remain 
the major cause of death and disability, particularly in the 
United States and in Western European countries. Heart 
attack and stroke are the result of a chronic inflammatory 
condition, which is called atherosclerosis. 
0005. Several causative factors are implicated in the devel 
opment of cardiovascular disease including hereditary pre 
disposition to the disease, gender, lifestyle factors such as 
Smoking and diet, age, hypertension, and hyperlipidemia, 
including hypercholesterolemia. Several of these factors, par 
ticularly hyperlipidemia and hypercholesteremia (high blood 
cholesterol concentrations) provide a significant risk factor 
associated with atherosclerosis. 

0006 Cholesterol is present in the blood as free and esteri 
fied cholesterol within lipoprotein particles, commonly 
known as chylomicrons, very low density lipoproteins 
(VLDLs), low density lipoproteins (LDLs), and high density 
lipoproteins (HDLs). Concentration of total cholesterol in the 
blood is influenced by (1) absorption of cholesterol from the 
digestive tract, (2) synthesis of cholesterol from dietary con 
stituents such as carbohydrates, proteins, fats and ethanol, 
and (3) removal of cholesterol from blood by tissues, espe 
cially the liver, and subsequent conversion of the cholesterol 
to bile acids, steroid hormones, and biliary cholesterol. 
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0007 Maintenance of blood cholesterol concentrations is 
influenced by both genetic and environmental factors. 
Genetic factors include concentration of rate-limiting 
enzymes in cholesterol biosynthesis, concentration of recep 
tors for low density lipoproteins in the liver, concentration of 
rate-limiting enzymes for conversion of cholesterols bile 
acids, rates of synthesis and secretion of lipoproteins and 
gender of person. Environmental factors influencing the 
hemostasis of blood cholesterol concentration in humans 
include dietary composition, incidence of Smoking, physical 
activity, and use of a variety of pharmaceutical agents. 
Dietary variables include the amount and type of fat (satu 
rated and polyunsaturated fatty acids), the amount of choles 
terol, amount and type of fiber, and perhaps the amounts of 
Vitamins such as vitamin C and D and minerals such as 
calcium. 
0008 Low density lipoprotein (LDL) oxidation has been 
strongly implicated in the pathogenesis of atherosclerosis. 
High density lipoprotein (HDL) has been found to be capable 
of protecting against LDL oxidation, but in some instances 
has been found to accelerate LDL oxidation. Important initi 
ating factors in atherosclerosis include the production of 
LDL-derived oxidized phospholipids. 
0009 Normal HDL has the capacity to prevent the forma 
tion of these oxidized phospholipids and also to inactivate 
these oxidized phospholipids once they have formed. How 
ever, under some circumstances HDL can be converted from 
an anti-inflammatory molecule to a pro-inflammatory mol 
ecule that actually promotes the formation of these oxidized 
phospholipids. 
0010. It has been suggested that HDL and LDL function as 
part of the innate immune system (Navab et al. (2001) Arte 
rioscler. Thromb. Vasc. Biol., 21: 481-488). The generation of 
anti-inflammatory HDL has been achieved using class A 
amphipathic helical peptides that mimic the major protein of 
HDL, apolipoprotein A-I (apo A-I) (see, e.g., WO 02/15923). 
0011 Age-related macular degeneration (AMD) is the 
most frequent cause of legal blindness in the elderly in indus 
trial countries (Van Leeuwen et al. (2003) European Journal 
of Epidemiology 18: 845-854). It is a heterogeneous disease, 
which is characterized by progressive loss of central, high 
acuity vision. For the patient it compromises dramatically 
quality of life, since they lose their ability to read, to recog 
nize faces and day-to-day tasks become major obstacles. 
According to the WHO a total of 30-50 million individuals are 
affected and about 14 million people are blind or severely 
visually impaired due to AMD (Gehrs et al., (2006) Annals of 
Medicine 38:450-471). 
0012. The most prominent clinical and histopathological 
lesions of AMD involve the choriocapillaris, Bruch's mem 
brane, and the retinal pigment epithelium (RPE) (Ambati et 
al. (2003) Survey of Opthalmology 48:257-293). The chorio 
capillaris is a highly specialized capillary plexus with the 
highest blood flow rate in the body which interacts with the 
highly metabolic active RPE. The RPE forms the outer blood 
retina barrier and Supplies the photoreceptors, the sensory 
cells in the eye, with nutriments as well as phagocytes daily 
shed outer photoreceptor segments which are degraded and 
partially recycled. Under normal conditions unrecycled end 
products are rendered into the choriocapillaris. Bruch's mem 
brane is a five layer connective tissue between the RPE and 
choriocapillaris resembling an arterial intima in its function 
(Curcio et al. (2001) Invest Opthalmol Vis Sci 42:265-274). 
With age Bruch's membrane undergoes distinctive degenera 
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tive changes. One major characteristic feature next to thick 
ening is the accumulation of neutral lipids, which build up a 
diffusion barrier between the RPE and choriocapillaris com 
promising RPE and photoreceptor function (Curcio et al. 
(2001) Invest Opthalmol Vis Sci 42:265-274; Pauleikhoffet 
al. (1990) Opthalmology 97:171-178; Moore et al. (1995) 
Invest Opthalmol Vis Sci 36:1290-1297). 
0013. In early stages of AMD an additional deposition of 
debris is observed between the basal membrane of the RPE 
(1' layer of Bruch's membrane) and the inner collagenous 
layer (2" layer of Bruch's membrane). This debris is called 
basal linear deposits and drusen, both rich in lipids and hall 
marks of AMD, impairing even more the diffusion along 
Bruch's membrane (Gehrs et al. (2006) Annals of Medicine 
38:450-471; Curcio et al. (1999) Arch Opthalmol 1 17:329 
339; Curcio et al. (2005) Experimental Eye Research 81: 
731-741; Haimovici et al. (2001) Invest Opthalmol Vis Sci 
42:1592-1599). Furthermore, cytotoxic and lipid rich, meta 
bolic end products, called lipofuscin, accumulate in the RPE 
cells (Beatty et al. (2000) Surv. Opthalmol 45:115-134). All 
these conditions together cause oxidative stress and inflam 
mation resulting in RPE atrophy and Successively photore 
ceptor degeneration (Kopitz et al. (2004) Biochimie 86: 825 
831). This atrophy of RPE and photoreceptors is called the 
dry form of AMD and progresses slowly and irreversibly. 
Currently a treatment or prevention of this form of AMD, 
which affect about 85-90% of all AMD patients, does not 
exist (Van Leeuwen et al. (2003) European Journal of Epide 
miology 18: 845-854). 
0014. The second form of AMD is called wet AMD and 
can arise from the dry form. It affects about 10-15% of all 
AMD patients and is marked by the growth of a pathological 
vessel from the choriocapillaris into the subretinal space, 
called choroidal neovascularization (CNV) (Gehrs et al. 
(2006) Annals of Medicine 38:450-471 and Ambati et al. 
(2003) Survey of Opthalmology 48:257-293). It causes a 
rapid, irreversible vision loss due to leakage, bleeding, and 
scaring (Ambati et al. (2003) Survey of Opthalmology 
48:257-293). In the last 5 years antiangiogentic therapies 
were developed targeting vascular endothelial growth factor, 
which could show Success in slowing down the progression of 
vision loss (Michels et al. (2006) Expert Opin Investig Drugs 
15:779-793). 
0015. In general, current therapies use antibodies or anti 
body fragments against VEGF, which are injected into the 
vitreous body of the eye (Michels et al. (2006)). A prevention 
therapy of wet AMD does not exist (Gehrs et al. (2006)), 
which would be especially desirable when the vision in one 
eye is already largely compromised and the second eye shows 
definite risk factors for a progression like e.g. large soft 
drusen (Ambati et al. (2003)). 
0016. Lipids are hydrophobic and cannot simply dissolve 
in an aqueous medium Such as blood. In order to be trans 
ported in blood lipids have to be assembled in particles called 
lipoproteins. Specialized proteins called apolipoproteins help 
to form and stabilize these particles. There are several classes 
of apolipoproteins (A-JM,a). Basically their functional struc 
tures are comparable which are amphipathic helices. 
0017 Apollipoprotein mimetic peptides are synthetic heli 
cal lipid accepting peptides mimicking the function of an 
apolipoprotein (Mendez et al. (1994) J. Clin. Invest 94:1698 
1705). One of the best known is the ApoA-I mimetic peptide 
4F, has been shown to treat atherosclerosis (Anantharamaiah 
et al. (2006) Current Opinion in Lipidology 17:233-237). It is 
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available as L-4F and as its stereoisomer D-4F. It consists of 
18 amino acids, is well water-soluble, a high potent lipid 
acceptor, and acts as a highly anti-inflammatory (Navab et al. 
(2006) Nat. Clin. Pract. Cardiovasc. Med. 3:540-547). D-4F 
is based on D-amino acids and is compared to L-4F more 
resistant to degradation and can be taken orally (Ananthara 
maiah et al. (2006)). A phase I clinical trial with D-4F already 
started. So far no side effects of D-4F are described. 

SUMMARY OF THE INVENTION 

0018. This invention provides novel compositions and 
methods to ameliorate one or more symptoms of a vascular 
condition and/or a condition characterized by an inflamma 
tory response and/or a condition characterized by the forma 
tion of oxidized reactive species in a mammal. 
0019. Thus, in certain embodiments, this invention pro 
vides a peptide that ameliorates a symptom ofatherosclerosis, 
where the peptide comprises the amino acid sequence or the 
retro amino acid sequence of a peptide listed in Table 6. In 
another embodiment this invention provides a peptide that 
ameliorates a symptom of atherosclerosis, where the peptide: 
consists of 18 amino acids, the 18 amino acids consisting of 3 
alanines (A), 2 aspartates (D), 2 glutamates (E), 4 phenylala 
nines (F), 4 lysines (K), 1 valine (V), 1 tryptophan (W), and 1 
tyrosine (Y); where the peptide forms a class A amphipathic 
helix; comprises at least one "D'amino acid residue; and 
protects a phospholipid against oxidation by an oxidizing 
agent. In certain embodiments these peptides include but are 
not limited to a peptide having the amino acid sequence or the 
retroamino acid sequence of a peptidelisted in Table 4. In still 
another embodiment, this invention provides a peptide that 
ameliorates a symptom of atherosclerosis, where the peptide: 
ranges in length from about 18 to 37 amino acids and com 
prises at least 3 alanines (A), 2 aspartates (D), 2 glutamates 
(E), 4 phenylalanines (F), 4 lysines (K), 1 valine (V), 1 tryp 
tophan (W), 1 tyrosine (Y); where the peptide forms a class A 
amphipathic helix; comprises at least one "D'amino acid 
residue; and protects a phospholipid against oxidation by an 
oxidizing agent. In certain embodiments these peptides com 
prise an amino acid sequence selected from the group con 
sisting of D-W-F-K-A-F-Y-D-K-V-A-E-K-F-K-E-A-F (SEQ 
ID NO: 1191), -D-W-L-K-A-F-Y-D-K-V-A-E-K-L-K-E-A- 
F-P-D-W-L-K-A-F-Y-D-K-V-A-E-K-L-K-E-A-F (SEQ ID 
NO: 1192), -D-W-L-K-A-F-Y-D-K-V-A-E-K-L-K-E-F-F-P- 
D-W-L-K-A-F-Y-D-K-V-A-E-K-L-K-E-F-F (SEQ ID NO: 
1193), -D-W-F-K-A-F-Y-D-K-V-A-E-K-L-K-E-A-F-P-D- 
W-F-K-A-F-Y-D-K-V-A-E-K-L-K-E-A-F (SEQ ID NO: 
1194), D-K-L-K-A-F-Y-D-K-V-F-E-W-A-K-E-A-F-P-D-K- 
L-K-A-F-Y-D-K-V-F-E-W-L-K-E-A-F (SEQID NO: 1195), 
D-K-W-K-A-V-Y-D-K-F-A-E-A-F-K-E-F-L-P-D-K-W-K- 
A-V-Y-D-K-F-A-E-A-F-K-E-F-L (SEQID NO: 1196), D-W- 
F-K-A-F-Y-D-K-V-A-E-K-F-K-E-A-F-P-D-W-F-K-A-F-Y- 
D-K-V-A-E-K-F-K-E-A-F-(SEQ ID NO: 1197), or the 
reverse of any of these sequences. In still yet another embodi 
ment this invention provides a peptide that forms a class A 
amphipathic helix or a class Y amphipathic helix and is 
described by the formula: D'-X-X-K'-Y-X-X-D-K- 
X-5-Y-D-K-X-K-D-Y?-X7 where X, X2, X, X, X5, 
and X’ are independently selected from the group consisting 
of Leu, norLeu, Val, Ile, Trp, Phe, Tyr, B-Nal, and Cl-Nal, and 
all X residues are on the non-polar face of the peptide, except 
for one that can be on the polar face between two Kresidues; 
K. K. K. and Kare independently Lys or Arg, and no more 
than two K's are adjacent to each other in a helical wheel 
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diagram of the peptide;Y' and Y are independently selected 
from the group consisting of Ala, His, Ser, Gln, ASn, and Thr, 
when present on the non-polar face of the molecule; when one 
of Y" or Y are present on the polar face of the molecule, the 
YorY on the polar face of the molecule is selected from the 
group consisting of Ala, His, Ser, Gln, ASn, and Thr; D, D, 
D, and Dare independently Asp or Glu, and no more than 3 
Ds are contiguous in a helical wheel diagram of the peptide, 
and the remaining D is separated from the other D's by a Y. In 
certain embodiments these peptides comprise the amino acid 
sequence or the retro amino acid sequence of a peptide listed 
in Table 5. 

0020. In certain embodiments any one or more of these 
peptides further comprise a protecting group coupled to the 
amino or carboxyl terminus. In certain embodiments the pep 
tides comprise a first protecting group coupled to the amino 
terminus and a second protecting group coupled to the car 
boxyl terminus. In certain embodiments the protecting 
groups can be independently selected from the group consist 
ing of acetyl, amide, and 3 to 20 carbon alkyl groups, Fmoc, 
Tboc, 9-fluoreneacetyl group, 1-fluorenecarboxylic group, 
9-florenecarboxylic group, 9-fluorenone-1-carboxylic group, 
benzyloxycarbonyl, Xanthyl (Xan), Trityl (Trt), 4-methyltri 
tyl (Mtt), 4-methoxytrityl (Mmt), 4-methoxy-2,3,6-trim 
ethyl-benzenesulphonyl (Mitr), Mesitylene-2-sulphonyl 
(Mts), 4.4-dimethoxybenzhydryl (Mbh), Tosyl (Tos), 2.2.5. 
7,8-pentamethyl chroman-6-sulphonyl (Pmc), 4-methylben 
Zyl (MeBzl), 4-methoxybenzyl (MeOBzl), Benzyloxy 
(BzlO), Benzyl (Bzl), Benzoyl (BZ), 3-nitro-2-pyridine 
Sulphenyl (Npys), 1-(4.4-dimentyl-2,6-diaxocyclohexy 
lidene)ethyl (Dde), 2,6-dichlorobenzyl (2,6-DiCl-Bzl), 
2-chlorobenzyloxycarbonyl (2 Cl-Z). 2-bromobenzyloxy 
carbonyl (2—Br-Z), Benzyloxymethyl (Bom), t-butoxycar 
bonyl (Boc), cyclohexyloxy (cHxO), t-butoxymethyl (Bum), 
t-butoxy (thiuO), t-Butyl (tRu), Acetyl (Ac), and Trifluoro 
acetyl (TFA). 
0021. In certain embodiments the peptide comprises a pro 
tecting group coupled to the amino terminal and the amino 
terminal protecting group is a protecting group selected from 
the group consisting of acetyl, propeonyl, and a 3 to 20 carbon 
alkyl. In certain embodiments the peptide comprises a pro 
tecting group coupled to the carboxyl terminal and the car 
boxyl terminal protecting group is an amide. In certain 
embodiments the peptide comprises: a first protecting group 
coupled to the amino terminus where the protecting group is 
a protecting group selected from the group consisting of 
acetyl, propeonyl, and a 3 to 20 carbon alkyl, and a second 
protecting group coupled to the carboxyl terminal and the 
carboxyl terminal protecting group is an amide. 
0022. In various embodiments one or more amino acids 
comprising the peptide are "D' amino acids. In various 
embodiments all amino acids comprising the peptide “D’ 
amino acids. The peptide(s) can, optionally, be mixed/com 
bined with a pharmacologically acceptable excipient. In cer 
tain embodiments the excipient is an excipient Suitable for 
oral administration to a mammal. 

0023. In certain embodiments this invention provides 
methods of treating a vascular condition and/or a condition 
characterized by an inflammatory response and/or a condition 
characterized by the formation of oxidized reactive species in 
a mammal. The methods typically involve administering to a 
mammal in need thereof one or more of the active agents 
described in Tables 2-18, and/or a small organic molecule as 
described herein in an amount Sufficient to ameliorate one or 
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more symptoms of the condition. In certain embodiments the 
active agent is a polypeptide comprising the amino acid 
sequence of 4F (SEQ ID NO:5). In certain embodiments the 
administration is by a route selected from the group consist 
ing of oral administration, nasal administration, rectal admin 
istration, intraperitoneal injection, and intravascular injec 
tion, intraocular injection, intravitreal injection, 
Subconjuctival injection, peri-/retrobulbar injection, Subcuta 
neous injection, eye drops, eyegel, eye ointment, spray, emul 
Sion, Suspension, transcutaneous administration, and intra 
muscular injection, via any drug carriers as sponges, contact 
lenses, polymers, microspheres, implants, pellets, and geneti 
cally engineered cells. In certain embodiments the active 
agent is administered in conjunction with a drug selected 
from the group consisting of CETP inhibitors, FTY720, Cer 
tican, DPP4 inhibitors, Calcium channel blockers, ApoA1 
derivative or mimetic or agonist, PPAR agonists, Steroids, 
Gleevec, Cholesterol Absorption blockers (Zetia), Vytorin, 
Any Renin Angiotensin pathway blockers, Angiotensin II 
receptor antagonist (Diovan etc), ACE inhibitors, Renin 
inhibitors, MR antagonist and Aldosterone synthase inhibi 
tor, Beta-blockers, Alpha-adrenergic antagonists, LXR ago 
nist, FXR agonist, Scavenger Receptor B1 agonist, ABCA1 
agonist, Adiponectic receptor agonist or adiponectin induc 
ers, Stearoyl-CoA Desaturase I (SCD1) inhibitor, Cholesterol 
synthesis inhibitors (non-statins), Diacylglycerol Acyltrans 
ferase I (DGAT1) inhibitor, Acetyl CoA Carboxylase 2 
inhibitor, PAI-1 inhibitor, LP-PLA2 inhibitor, GLP-1, Glu 
cokinase activator, CB-1 agonist, AGE inhibitor/breaker, 
PKC inhibitors, Anti-thrombotic/coagulants: Aspirin, ADP 
receptor blockers e.g. Clopidigrel, Factor Xa inhibitor, 
GPIb/IIIa inhibitor, Factor VIIa inhibitor, Warfarin, Low 
molecular weight heparin, Tissue factor inhibitor, Anti-in 
flammatory drugs: Probucol and derivative e.g. AGI-1067 etc. 
CCR2 antagonist, CX3CR1 antagonist, IL-1 antagonist, 
Nitrates and NO donors, and Phosphodiesterase inhibitors. 
0024. In various embodiments this invention provides for 
the use of an active agent described in Tables 2-18, and/or a 
Small organic molecule as described herein in a treatment of 
a condition selected from the group consisting of atheroscle 
rotic plaque formation, atherosclerotic lesion formation, 
myocardial infarction, stroke, congestive heart failure, arte 
riole function, arteriolar disease, arteriolar disease associated 
with aging, arteriolar disease associated with Alzheimer's 
disease, arteriolar disease associated with chronic kidney dis 
ease, arteriolar disease associated with hypertension, arteri 
olar disease associated with multi-infarct dementia, arteriolar 
disease associated with Subarachnoid hemorrhage, peripheral 
vascular disease, chronic obstructive pulmonary disease 
(COPD), emphysema, asthma, idiopathic pulmonary fibrosis, 
pulmonary fibrosis, adult respiratory distress syndrome, 
osteoporosis, Paget's disease, coronary calcification, rheu 
matoid arthritis, polyarteritis nodosa, polymyalgia rheu 
matica, lupus erythematosus, multiple Sclerosis, Wegener's 
granulomatosis, central nervous system vasculitis (CNSV). 
Sjogren's syndrome, Scleroderma, polymyositis, AIDS 
inflammatory response, bacterial infection, fungal infection, 
viral infection, parasitic infection, influenza, avian flu, viral 
pneumonia, endotoxic shock syndrome, sepsis, sepsis Syn 
drome, trauma/wound, organ transplant, transplant athero 
Sclerosis, transplant rejection, corneal ulcer, chronic/non 
healing wound, ulcerative colitis, reperfusion injury (prevent 
and/or treat), ischemic reperfusion injury (prevent and/or 
treat), spinal cord injuries (mitigating effects), cancers, 
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myeloma/multiple myeloma, ovarian cancer, breast cancer, 
colon cancer, bone cancer, osteoarthritis, inflammatory bowel 
disease, allergic rhinitis, cachexia, diabetes, Alzheimer's dis 
ease, implanted prosthesis, biofilm formation, Crohns’ dis 
ease, dermatitis, acute and chronic, eczema, psoriasis, contact 
dermatitis, scleroderma, Type I Diabetes, Type II Diabetes, 
juvenile onset diabetes, prevention of the onset of diabetes, 
diabetic nephropathy, diabetic neuropathy, diabetic retinopa 
thy, erectile dysfunction, macular degeneration, multiple 
Sclerosis, nephropathy, neuropathy, Parkinson's Disease, 
peripheral vascular disease, and meningitis. 
0025. This invention additionally provides for the use of 
active agent described in Tables 2-18, and/or a small organic 
molecule as described herein for the manufacture of a medi 
cament for the treatment of a condition selected from the 
group consisting of atherosclerotic plaque formation, athero 
Scleroticlesion formation, myocardial infarction, stroke, con 
gestive heart failure, arteriole function, arteriolar disease, 
arteriolar disease associated with aging, arteriolar disease 
associated with Alzheimer's disease, arteriolar disease asso 
ciated with chronic kidney disease, arteriolar disease associ 
ated with hypertension, arteriolar disease associated with 
multi-infarct dementia, arteriolar disease associated with 
Subarachnoid hemorrhage, peripheral vascular disease, 
chronic obstructive pulmonary disease (COPD), emphysema, 
asthma, idiopathic pulmonary fibrosis, pulmonary fibrosis, 
adult respiratory distress syndrome, osteoporosis, Paget’s 
disease, coronary calcification, rheumatoid arthritis, pol 
yarteritis nodosa, polymyalgia rheumatica, lupus erythema 
tosus, multiple Sclerosis, Wegener's granulomatosis, central 
nervous system vasculitis (CNSV), Sjogren's syndrome, 
Scleroderma, polymyositis, AIDS inflammatory response, 
bacterial infection, fungal infection, Viral infection, parasitic 
infection, influenza, avian flu, viral pneumonia, endotoxic 
shock syndrome, sepsis, sepsis syndrome, trauma? wound, 
organ transplant, transplant atherosclerosis, transplant rejec 
tion, corneal ulcer, chronic/non-healing wound, ulcerative 
colitis, reperfusion injury (prevent and/or treat), ischemic 
reperfusion injury (prevent and/or treat), spinal cord injuries 
(mitigating effects), cancers, myeloma/multiple myeloma, 
ovarian cancer, breast cancer, colon cancer, bone cancer 
osteoarthritis, inflammatory bowel disease, allergic rhinitis, 
cachexia, diabetes, Alzheimer's disease, implanted prosthe 
sis, biofilm formation, Crohns’ disease, dermatitis, acute and 
chronic, eczema, psoriasis, contact dermatitis, Scleroderma, 
Type I Diabetes, Type II Diabetes, juvenile onset diabetes, 
prevention of the onset of diabetes, diabetic nephropathy, 
diabetic neuropathy, diabetic retinopathy, erectile dysfunc 
tion, macular degeneration, multiple Sclerosis, nephropathy, 
neuropathy, Parkinson's Disease, peripheral vascular disease, 
and meningitis. 
0026. In certain embodiments this invention provides a 
stent for delivering drugs to a vessel in a body. The stent 
typically comprises a stent framework including a plurality of 
reservoirs formed therein, and a peptide comprising the 
amino acid sequence or the retro amino acid sequence of a 
peptide listed in Tables 2-18 (e.g., Table 4, Table 5, or Table 6) 
and/or the inverse thereof. In certain embodiments the stent 
comprises a peptide comprising the amino acid sequence of 
4F (SEQID NO:5) or the inverse thereof. In certain embodi 
ments the active agent is contained within a polymer. In 
certain embodiments the stent framework comprises one of a 
metallic base or a polymeric base. In certain embodiments the 
stent framework base comprises a material selected from the 
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group consisting of stainless steel, nitinol, tantalum, MP35N 
alloy, platinum, titanium, a Suitable biocompatible alloy, a 
suitable biocompatible polymer, and a combination thereof. 
The reservoir(s) comprising said stent can, in some embodi 
ments, comprise micropores (e.g. having a diameter of about 
20 microns or less). In certain embodiments the micropores 
have a diameter in the range of about 20 microns to about 50 
microns. In various embodiments the micropores have a 
depth in the range of about 10 to about 50 microns. The 
micropores, in certain embodiments, extend through the stent 
framework having an opening on an interior Surface of the 
stent and an opening on an exterior Surface of the stent. In 
various embodiments the Stent can further comprise a cap 
layer disposed on the interior surface of the stent framework, 
the cap layer covering at least a portion of the through-holes 
and providing a barrier characteristic to control an elution rate 
of a drug in the drug polymer from the interior surface of the 
stent framework. In various embodiments the reservoirs com 
prise channels along an exterior Surface of the stent frame 
work. In various embodiments the polymer comprises a first 
layer of a first drug polymer having a first pharmaceutical 
characteristic and the polymer layer comprises a second drug 
polymer having a second pharmaceutical characteristic. In 
certain embodiments the stent further comprises a barrier 
layer positioned between the polymer comprising the active 
agent. In various embodiments a catheter can be coupled to 
the stent framework. In certain embodiments the catheter can 
include a balloon used to expand the stent. In certain embodi 
ments the catheter includes a sheath that retracts to allow 
expansion of the stent. 
0027. Also provided is a method of manufacturing a drug 
polymer Stent. The method typically involves providing a 
stent framework; cutting a plurality of reservoirs in the stent 
framework; applying a composition comprising one or more 
peptides comprising the amino acid sequence or the retro 
amino acid sequence of a peptide listed in any of Tables 2-18 
to at least one reservoir; and drying the composition. The 
method can further involve applying a polymer layer to the 
dried composition; and drying the polymer layer. 
0028. This invention also provides a method of treating a 
vascular condition. The method involves positioning a stent 
as described above, within a vessel of a body; expanding the 
stent; and eluting at least one active agent (e.g., an active 
agent from any of Tables 2-18) from at least a surface of the 
Stent. 

0029. In certain embodiments, this invention expressly 
excludes one or more of the peptides described in U.S. Pat. 
Nos. 6,037,323; 4,643,988: 6,933,279; 6,930,085; 6,664,230; 
3,767,040; 6,037,323; U.S. Patent Publications 2005/ 
0164950; 2004/0266671; 2004/0254.120, 2004/0057871; 
2003/0229015; 2003/0191057; 2003/0171277; 2003/ 
0045460; 2003/0040505; PCT Publications WO 2002/ 
15923; WO 1999/16408; WO 1997/36927; and/or in Garber 
et al. (1992) Arteriosclerosis and Thrombosis, 12: 886-894, 
which are incorporated herein by reference. 
0030. Also disclosed herein are methods for treating a 
Subject with eye disease, the method comprising administer 
ing to the subject in need thereof an effective amount of one 
or more of the active agents described in Tables 2-18, and/or 
a small organic molecule as described herein in an amount 
Sufficient to ameliorate one or more symptoms of said con 
dition. The active agent can be a polypeptide comprising the 
amino acid sequence of 4F (SEQ ID NO:5). Administration 
can be by a route selected from the group consisting of oral 
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administration, nasal administration, rectal administration, 
intraperitoneal injection, and intravascular injection, 
intraocular injection, intravitreal injection, Subconjuctival 
injection, peri-/retrobulbar injection, Subcutaneous injection, 
eye drops, eyegel, eye ointment, spray, emulsion, Suspension, 
transcutaneous administration, and intramuscular injection, 
via any drug carriers as Sponges, contact lenses, polymers, 
microspheres, implants, pellets, and genetically engineered 
cells. 

0031. Also disclosed herein are methods for treating a 
Subject with eye disease, the method comprising administer 
ing to the subject in need thereof an effective amount of one 
or more of the active agents described in Tables 2-18, and/or 
a Small organic molecule as described herein in an amount 
Sufficient to ameliorate one or more symptoms of said con 
dition, wherein said active agent is administered in conjunc 
tion with an antiangiogenic agent. 
0032. Also disclosed herein are methods of ameliorating a 
symptom of eye disease, the method comprising administer 
ing to the subject to the subject in need thereof an effective 
amount of one or more of the active agents described in Tables 
2-18, and/or a small organic molecule as described herein in 
an amount Sufficient to ameliorate one or more symptoms of 
said condition. Symptoms of eye disease can include, but are 
not limited to accumulation of extracellular lipids in Bruch's 
membranes, accumulation of lipid rich debris, vision loss, 
formation of choriocapillaris, thickening of the Bruch's 
membrane, accumulation of neutral lipids in the Bruch's 
membrane, formation of a diffusion barrier between the reti 
nal pigment epithelium and choriocapillaris, deposition of 
debris (basal linear deposits and drusen) between the basal 
membrane of the RPE, and the inner collagenous layer, accu 
mulation of lipofuscin in the RPE cells, RPE atrophy, photo 
receptor degeneration, choroidal neovascularization, as well 
as leakage, bleeding, Scarring of the eye 
0033. Also disclosed herein are methods of ameliorating a 
symptom of eye disease, the method comprising administer 
ing to the Subject an effective amount of a peptide wherein 
said peptide: ranges in length from about 18 to 37 amino acids 
and comprises at least 3 alanines (A), 2 aspartates (D), 2 
glutamates (E), 4 phenylalanines (F), 4 lysines (K), 1 valine 
(V), 1 tryptophan (W), 1 tyrosine (Y); wherein said peptide 
forms a class A amphipathic helix; comprises at least one “D’ 
amino acid residue, and protects a phospholipid against oxi 
dation by an oxidizing agent. 
0034. Also disclosed herein are methods of ameliorating a 
symptom of eye disease, the method comprising administer 
ing to the Subject an effective amount of a peptide wherein 
said peptide: ranges in length from about 18 to 37 amino acids 
and comprises at least 3 alanines (A), 2 aspartates (D), 2 
glutamates (E), 4 phenylalanines (F), 4 lysines (K), 1 valine 
(V), 1 tryptophan (W), 1 tyrosine (Y); wherein said peptide 
forms a class A amphipathic helix; comprises at least one “D’ 
amino acid residue, and protects a phospholipid against oxi 
dation by an oxidizing agent, wherein said peptide further 
comprises a protecting group coupled to the amino or car 
boxyl terminus. 
0035 Also disclosed herein are methods of ameliorating a 
symptom of eye disease, the method comprising administer 
ing to the Subject an effective amount of a peptide wherein 
said peptide: ranges in length from about 18 to 37 amino acids 
and comprises at least 3 alanines (A), 2 aspartates (D), 2 
glutamates (E), 4 phenylalanines (F), 4 lysines (K), 1 valine 
(V), 1 tryptophan (W), 1 tyrosine (Y); wherein said peptide 
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forms a class A amphipathic helix; comprises at least one “D’ 
amino acid residue, and protects a phospholipid against oxi 
dation by an oxidizing agent, wherein said peptide comprises 
an amino acid sequence selected from the group consisting of 
D-W-F-K-A-F-Y-D-K-V-A-E-K-F-K-E-A-F (SEQ ID NO: 
1191), -D-W-L-K-A-F-Y-D-K-V-A-E-K-L-K-E-A-F-P-D- 
W-L-K-A-F-Y-D-K-V-A-E-K-L-K-E-A-F (SEQ ID NO: 
1192), -D-W-L-K-A-F-Y-D-K-V-A-E-K-L-K-E-F-F-P-D- 
W-L-K-A-F-Y-D-K-V-A-E-K-L-K-E-F-F (SEQ ID NO: 
1193), -D-W-F-K-A-F-Y-D-K-V-A-E-K-L-K-E-A-F-P-D- 
W-F-K-A-F-Y-D-K-V-A-E-K-L-K-E-A-F (SEQ ID NO: 
1194), D-K-L-K-A-F-Y-D-K-V-F-E-W-A-K-E-A-F-P-D-K- 
L-K-A-F-Y-D-K-V-F-E-W-L-K-E-A-F (SEQID NO: 1195), 
D-K-W-K-A-V-Y-D-K-F-A-E-A-F-K-E-F-L-P-D-K-W-K- 
A-V-Y-D-K-F-A-E-A-F-K-E-F-L (SEQID NO: 1196), D-W- 
F-K-A-F-Y-D-K-V-A-E-K-F-K-E-A-F-P-D-W-F-K-A-F-Y- 
D-K-V-A-E-K-F-K-E-A-F-(SEQ ID NO: 1197), or the 
reverse of any of these sequences. 
0036) Also discloses is the use of an active agent described 
in Tables 2-18, and/or a small organic molecule as described 
herein in a treatment of macular degeneration. 
0037 Also disclose are methods of treating a subject with 
eye disease, the method comprising administering to the Sub 
ject in need thereof an effective amount of one or more of the 
active agents described in Tables 2-18, and/or a small organic 
molecule as described herein in an amount Sufficient to ame 
liorate one or more symptoms of said condition in combina 
tion with an anti-angiogenic therapy. 
0038 Also disclosed are methods of ameliorating a symp 
tom of eye disease, the method comprising administering to 
the subject to the subject in need thereof an effective amount 
of one or more of the active agents described in Tables 2-18, 
and/or a small organic molecule as described herein in an 
amount Sufficient to ameliorate one or more symptoms of said 
condition in combination with an anti-angiogenic therapy. 

DEFINITIONS 

0039. The term “treat when used with reference to treat 
ing, e.g. a pathology or disease refers to the mitigation and/or 
elimination of one or more symptoms of that pathology or 
disease, and/or a reduction in the rate of onset or severity of 
one or more symptoms of that pathology or disease, and/or 
the prevention of that pathology or disease. 
0040. The terms “isolated”, “purified', or “biologically 
pure' when referring to an isolated polypeptide refer to mate 
rial that is Substantially or essentially free from components 
that normally accompany it as found in its native state. With 
respect to nucleic acids and/or polypeptides the term can refer 
to nucleic acids or polypeptides that are no longer flanked by 
the sequences typically flanking them in nature. Chemically 
synthesized polypeptides are "isolated because they are not 
found in a native state (e.g. in blood, serum, etc.). In certain 
embodiments, the term "isolated indicates that the polypep 
tide is not found in nature. 
0041. The terms “polypeptide”, “peptide' and “protein' 
are used interchangeably hereinto refer to a polymer of amino 
acid residues. The terms apply to amino acid polymers in 
which one or more amino acid residues is an artificial chemi 
cal analogue of a corresponding naturally occurring amino 
acid, as well as to naturally occurring amino acid polymers. 
0042. The term “an amphipathic helical peptide' refers to 
a peptide comprising at least one amphipathic helix (amphi 



US 2011/O 182992 A1 

pathic helical domain). Certain amphipathic helical peptides 
of this invention can comprise two or more (e.g., 3, 4, 5, etc.) 
amphipathic helices. 
0043. The term “class A amphipathic helix' refers to a 
protein structure that forms an O.-helix producing a segrega 
tion of a polar and nonpolar faces with the positively charged 
residues residing at the polar-nonpolar interface and the nega 
tively charged residues residing at the center of the polar face 
(see, e.g., Segrest et al. (1990) Proteins: Structure, Function, 
and Genetics 8: 103-117). 
0044) “Apollipoprotein J” (apo J) is known by a variety of 
names including clusterin, TRPM2, GP80, and SP 40 (see, 
e.g., Fritz (1995) Pp 112 In: Clusterin: Role in Vertebrate 
Development, Function, and Adaptation (Harmony JAKEd.), 
R. G. Landes, Georgetown, Tex.). It was first described as a 
heterodimeric glycoprotein and a component of the Secreted 
proteins of cultured rat Sertoli cells (see, e.g., Kissinger et al. 
(1982) Biol. Reprod.: 27: 233240). The translated product is 
a single-chain precursor protein that undergoes intracellular 
cleavage into a disulfide-linked 34 kDa C-subunit and a 47 
kDa B-subunit (see, e.g., Collard and Griswold (1987) Bio 
chem. 26: 3297-3303). It has been associated with cellular 
injury, lipid transport, apoptosis and it may be involved in 
clearance of cellular debris caused by cell injury or death. 
Clusterin has been shown to bind to a variety of molecules 
with high affinity including lipids, peptides, and proteins and 
the hydrophobic probe 1-anilino-8-naphthalenesulfonate 
(Bailey et al. (2001) Biochem., 40: 11828-11840). 
0045. The class Gamphipathic helix is found in globular 
proteins, and thus, the name class G. The feature of this class 
of amphipathic helix is that it possesses a random distribution 
of positively charged and negatively charged residues on the 
polar face with a narrow nonpolar face. Because of the narrow 
nonpolar face this class does not readily associate with phos 
pholipid (see, e.g., Segrest et al. (1990) Proteins: Structure, 
Function, and Genetics. 8: 103-117; Erratum (1991) Proteins: 
Structure, Function and Genetics, 9: 79). Several exchange 
able apolipoproteins possess similar but not identical charac 
teristics to the G amphipathic helix. Similar to the class G 
amphipathic helix, this other class possesses a random distri 
bution of positively and negatively charged residues on the 
polar face. However, in contrast to the class G amphipathic 
helix which has a narrow nonpolar face, this class has a wide 
nonpolar face that allows this class to readily bind phospho 
lipid and the class is termed G* to differentiate it from the G 
class of amphipathic helix (see, e.g., Segrest et al. (1992) J. 
Lipid Res., 33: 141-166; Anantharamaiah et al. (1993) Pp. 
109-142 In: The Amphipathic Helix, Epand, R. M. Ed CRC 
Press, Boca Raton, Fla.). Computer programs to identify and 
classify amphipathic helical domains have been described by 
Jones et al. (1992).J. Lipid Res. 33: 287-296) and include, but 
are not limited to the helical wheel program (WHEEL or 
WHEEL/SNORKEL), helical net program (HELNET, HEL 
NET/SNORKEL, HELNET/Angle), program for addition of 
helical wheels (COMBO or COMBO/SNORKEL), program 
for addition of helical nets (COMNET, COMNET/SNOR 
KEL, COMBO/SELECT COMBO/NET), consensus wheel 
program (CONSENSUS, CONSENSUS/SNORKEL), and 
the like. 
0046. The term “ameliorating when used with respect to 
“ameliorating one or more symptoms of atherosclerosis' 
refers to a reduction, prevention, or elimination of one or 
more symptoms characteristic of atherosclerosis and/or asso 
ciated pathologies. Such a reduction includes, but is not lim 
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ited to a reduction or elimination of oxidized phospholipids, 
a reduction in atherosclerotic plaque formation and rupture, a 
reduction in clinical events such as heart attack, angina, or 
stroke, a decrease in hypertension, a decrease in inflamma 
tory protein biosynthesis, reduction in plasma cholesterol, 
and the like. 

0047. The term “eye disease' as used herein includes dis 
eases associated or compromised with/by a reduced hydraulic 
conductivity and metabolic exchange via Bruch's membrane, 
diseases characterized by an accumulation of extra-fintracel 
lular lipids in the eye, diseases that use lipid-derived media 
tors of inflammation or benefit from oxidized lipid removal as 
well as diseases that benefit from Bruch's membrane remod 
eling. “eye disease' as used herein includes, but is not limited 
to, macular degeneration, age related maculopathy (ARM), 
age related macular degeneration (AMD) including both the 
dry and wet forms of age related macular degeneration, glau 
coma, ocular hypertension, macular edema, retinal pigment 
epithelium detachments, coats disease, uveitis, sicca Syn 
drome, hereditary diseases associated with increased extra-f 
intracellular lipid storage/accumulation, and juvenile macu 
lar degeneration as well as all risk factors for each mentioned 
disease 
0048. The term “ameliorating when used with respect to 
“ameliorating one or more symptoms of eye disease' refers to 
a reduction, prevention, or elimination of one or more symp 
toms characteristic of eye disease and/or associated patholo 
gies. Such a reduction includes, but is not limited to a reduc 
tion or elimination of oxidized phospholipids, accumulation 
of extracellular lipids in Bruch's membranes, accumulation 
of lipid rich debris in Bruch's membranes, vision loss, for 
mation of choriocapillaris, thickening of the Bruch's mem 
brane, accumulation of neutral lipids in the Bruch's mem 
brane, formation of a diffusion barrier between the retinal 
pigment epithelium, deposition of debris (basal linear depos 
its and drusen) between the basal membrane of the RPE and 
the inner collagenous layer, accumulation of lipofuscin in the 
RPE cells, RPE atrophy, photoreceptor degeneration, choroi 
dal neovascularization, trapped fluid accumulation in the 
retina and retinal pigment epithelial cells, elevated intraocu 
lar pressure, as well as leakage, bleeding, Scarring of the eye, 
and the like. 

0049. The term “enantiomeric amino acids’ refers to 
amino acids that can exist in at least two forms that are 
nonsuperimposable mirror images of each other. Most amino 
acids (except glycine) are enantiomeric and exist in a so 
called L-form (Lamino acid) or D-form (Damino acid). Most 
naturally occurring amino acids are "L’amino acids. The 
terms “Damino acid' and “Lamino acid' are used to refer to 
absolute configuration of the amino acid, rather than a par 
ticular direction of rotation of plane-polarized light. The 
usage herein is consistent with standard usage by those of 
skill in the art. Amino acids are designated herein using 
standard 1-letter or three-letter codes, e.g. as designated in 
Standard ST.25 in the Handbook On Industrial Property 
Information and Documentation. 

0050. The term “protecting group' refers to a chemical 
group that, when attached to a functional group in an amino 
acid (e.g. a side chain, an alpha amino group, an alpha car 
boxyl group, etc.) blocks or masks the properties of that 
functional group. Preferred amino-terminal protecting 
groups include, but are not limited to acetyl, oramino groups. 
Other amino-terminal protecting groups include, but are not 
limited to alkyl chains as infatty acids, propeonyl, formyland 
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others. Preferred carboxyl terminal protecting groups 
include, but are not limited to groups that form amides or 
esterS. 

0051. The phrase “protect a phospholipid from oxidation 
by an oxidizing agent” refers to the ability of a compound to 
reduce the rate of oxidation of a phospholipid (or the amount 
of oxidized phospholipid produced) when that phospholipid 
is contacted with an oxidizing agent (e.g. hydrogen peroxide, 
13-(S)-HPODE, 15-(S)-HPETE, HPODE, HPETE, HODE, 
HETE, etc.). 
0052. The terms “low density lipoprotein' or “LDL is 
defined in accordance with common usage of those of skill in 
the art. Generally, LDL refers to the lipid-protein complex 
which when isolated by ultracentrifugation is found in the 
density range d=1.019 to d=1.063. 
0053. The terms “high density lipoprotein' or “HDL is 
defined in accordance with common usage of those of skill in 
the art. Generally “HDL refers to a lipid-protein complex 
which when isolated by ultracentrifugation is found in the 
density range of d=1.063 to d=1.21. 
0054) The term “Group I HDL refers to a high density 
lipoprotein or components thereof (e.g. apo A-I, paraoxonase, 
platelet activating factor acetylhydrolase, etc.) that reduce 
oxidized lipids (e.g. in low density lipoproteins) or that pro 
tect oxidized lipids from oxidation by oxidizing agents. 
0055. The term “Group II HDL refers to an HDL that 
offers reduced activity or no activity in protecting lipids from 
oxidation or in repairing (e.g. reducing) oxidized lipids. 
0056. The term “HDL component” refers to a component 
(e.g. molecules) that comprises a high density lipoprotein 
(HDL). Assays for HDL that protect lipids from oxidation or 
that repair (e.g. reduce oxidized lipids) also include assays for 
components of HDL (e.g. apo A-I, paraoXonase, platelet acti 
Vating factor acetylhydrolase, etc.) that display Such activity. 
0057 The term “human apo A-I peptide” refers to a full 
length human apo A-I peptide or to a fragment or domain 
thereof comprising a class A amphipathic helix. 
0058. A "monocytic reaction' as used herein refers to 
monocyte activity characteristic of the “inflammatory 
response' associated with atherosclerotic plaque formation. 
The monocytic reaction is characterized by monocyte adhe 
sion to cells of the vascular wall (e.g. cells of the vascular 
endothelium), and/or chemotaxis into the subendothelial 
space, and/or differentiation of monocytes into macrophages. 
0059. The term “absence of change” when referring to the 
amount of oxidized phospholipid refers to the lack of a detect 
able change, more preferably the lack of a statistically sig 
nificant change (e.g. at least at the 85%, preferably at least at 
the 90%, more preferably at least at the 95%, and most pref 
erably at least at the 98% or 99% confidence level). The 
absence of a detectable change can also refer to assays in 
which oxidized phospholipid level changes, but not as much 
as in the absence of the protein(s) described herein or with 
reference to other positive or negative controls. 
0060. The following abbreviations may be used herein: 
PAPC: L-O-1-palmitoyl-2-arachidonoyl-sn-glycero-3-phos 
phocholine; POVPC: 1-palmitoyl-2-(5-oxovaleryl)-sn-glyc 
ero-3-phosphocholine; PGPC: 1-palmitoyl-2-glutaryl-sn 
glycero-3-phosphocholine; PEIPC: 1-palmitoyl-2-(5.6- 
epoxyisoprostane E)-sn-glycero-3-phosphocholine; 
ChC18:2: cholesteryl linoleate; ChC18:2-OOH: cholesteryl 
linoleate hydroperoxide; DMPC: 1,2-ditetradecanoyl-rac 
glycerol-3-phosphocholine; PON: paraoxonase: HPF: Stan 
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dardized high power field; PAPC: L-O-1-palmitoyl-2-arachi 
donoyl-sn-glycero-3-phosphocholine; BL/6:C57BL/6J; 
C3H:C3HAHe. 
0061. The term “conservative substitution” is used in ref 
erence to proteins or peptides to reflect amino acid substitu 
tions that do not substantially alter the activity (specificity 
(e.g. for lipoproteins)) or binding affinity (e.g. for lipids or 
lipoproteins)) of the molecule. Typically conservative amino 
acid Substitutions involve Substitution one amino acid for 
another amino acid with similar chemical properties (e.g. 
charge or hydrophobicity). The following six groups each 
contain amino acids that are typical conservative Substitu 
tions for one another: 1) Alanine (A), Serine (S). Threonine 
(T); 2) Aspartic acid (D), Glutamic acid (E); 3) Asparagine 
(N), Glutamine (Q); 4) Arginine (R), Lysine (K); 5) Isoleu 
cine (I), Leucine (L), Methionine (M), Valine (V); and 6) 
Phenylalanine (F), Tyrosine (Y), Tryptophan (W). 
0062. The terms “identical” or percent “identity,” in the 
context of two or more nucleic acids or polypeptide 
sequences, refer to two or more sequences or Subsequences 
that are the same or have a specified percentage of amino acid 
residues or nucleotides that are the same, when compared and 
aligned for maximum correspondence, as measured using 
one of the following sequence comparison algorithms or by 
visual inspection. With respect to the peptides of this inven 
tion sequence identity is determined over the full length of the 
peptide. 
0063 For sequence comparison, typically one sequence 
acts as a reference sequence, to which test sequences are 
compared. When using a sequence comparison algorithm, 
test and reference sequences are input into a computer, Sub 
sequence coordinates are designated, if necessary, and 
sequence algorithm program parameters are designated. The 
sequence comparison algorithm then calculates the percent 
sequence identity for the test sequence(s) relative to the ref 
erence sequence, based on the designated program param 
eters. 

0064 Optimal alignment of sequences for comparison can 
be conducted, e.g., by the local homology algorithm of Smith 
& Waterman, Adv. Appl. Math. 2:482 (1981), by the homol 
ogy alignment algorithm of Needleman & Wunsch, J. Mol. 
Biol. 48:443 (1970), by the search for similarity method of 
Pearson & Lipman (1988) Proc. Natl. Acad. Sci. USA 
85:2444, by computerized implementations of these algo 
rithms (GAP, BESTFIT, FASTA, and TFASTA in the Wis 
consin Genetics Software Package, Genetics Computer 
Group, 575 Science Dr. Madison, Wis.), or by visual inspec 
tion (see generally Ausubel et al., Supra). 
0065. One example of a useful algorithm is PILEUP. 
PILEUP creates a multiple sequence alignment from a group 
of related sequences using progressive, pairwise alignments 
to show relationship and percent sequence identity. It also 
plots a tree or dendogram showing the clustering relation 
ships used to create the alignment. PILEUP uses a simplifi 
cation of the progressive alignment method of Feng & 
Doolittle (1987).J. Mol. Evol. 35:351-360. The method used 
is similar to the method described by Higgins & Sharp (1989) 
CABIOS 5: 151-153. The program can align up to 300 
sequences, each of a maximum length of 5,000 nucleotides or 
amino acids. The multiple alignment procedure begins with 
the pairwise alignment of the two most similar sequences, 
producing a cluster of two aligned sequences. This cluster is 
then aligned to the next most related sequence or cluster of 
aligned sequences. Two clusters of sequences are aligned by 
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a simple extension of the pairwise alignment of two indi 
vidual sequences. The final alignment is achieved by a series 
of progressive, pairwise alignments. The program is run by 
designating specific sequences and their amino acid or nucle 
otide coordinates for regions of sequence comparison and by 
designating the program parameters. For example, a refer 
ence sequence can be compared to other test sequences to 
determine the percent sequence identity relationship using 
the following parameters: default gap weight (3.00), default 
gap length weight (0.10), and weighted end gaps. 
0066. Another example of algorithm that is suitable for 
determining percent sequence identity and sequence similar 
ity is the BLAST algorithm, which is described in Altschulet 
al. (1990).J. Mol. Biol. 215: 403-410. Software for perform 
ing BLAST analyses is publicly available through the 
National Center for Biotechnology Information (http://www. 
incbi.nlm.nih.gov/). This algorithm involves first identifying 
high scoring sequence pairs (HSPs) by identifying short 
words of length W in the query sequence, which either match 
or satisfy some positive-valued threshold score T when 
aligned with a word of the same length in a database 
sequence. T is referred to as the neighborhood word score 
threshold (Altschul et al. Supra). These initial neighborhood 
word hits act as seeds for initiating searches to find longer 
HSPs containing them. The word hits are then extended in 
both directions along each sequence for as far as the cumu 
lative alignment score can be increased. Cumulative scores 
are calculated using, for nucleotide sequences, the parameters 
M (reward score for a pair of matching residues; always >0) 
and N (penalty score for mismatching residues; always <0). 
For amino acid sequences, a scoring matrix is used to calcu 
late the cumulative score. Extension of the word hits in each 
direction are halted when: the cumulative alignment score 
falls off by the quantity X from its maximum achieved value: 
the cumulative score goes to Zero or below, due to the accu 
mulation of one or more negative-scoring residue alignments; 
or the end of either sequence is reached. The BLAST algo 
rithm parameters W. T. and X determine the sensitivity and 
speed of the alignment. The BLASTN program (for nucle 
otide sequences) uses as defaults a wordlength (W) of 11, an 
expectation (E) of 10, M-5, N=-4, and a comparison of both 
Strands. For amino acid sequences, the BLASTP program 
uses as defaults a wordlength (W) of 3, an expectation (E) of 
10, and the BLOSUM62 scoring matrix (see Henikoff & 
Henikoff (1989) Proc. Natl. Acad. Sci. USA 89:10915). 
0067. In addition to calculating percent sequence identity, 
the BLAST algorithm also performs a statistical analysis of 
the similarity between two sequences (see, e.g., Karlin & 
Altschul (1993) Proc. Natl. Acad. Sci. USA,90:5873-5787). 
One measure of similarity provided by the BLAST algorithm 
is the smallest sum probability (P(N)), which provides an 
indication of the probability by which a match between two 
nucleotide or amino acid sequences would occur by chance. 
For example, a nucleic acid is considered similar to a refer 
ence sequence if the Smallest Sum probability in a comparison 
of the test nucleic acid to the reference nucleic acid is less than 
about 0.1, more preferably less than about 0.01, and most 
preferably less than about 0.001. 
0068. The phrase “in conjunction with when used in ref 
erence to the use of one or more drugs in conjunction with one 
or more active agents described herein indicates that the drug 
(s) and the active agent(s) are administered so that there is at 
least Some chronological overlap in their physiological activ 
ity on the organism. Thus the drug(s) and active agent(s) can 
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be administered simultaneously and/or sequentially. In 
sequential administration there may even be some Substantial 
delay (e.g., minutes or even hours or days) before adminis 
tration of the second moiety as long as the first administered 
drug/agent has exerted Some physiological alteration on the 
organism when the second administered agent is adminis 
tered or becomes active in the organism. 
0069. The phrases “adjacent to each other in a helical 
wheel diagram of a peptide' or “contiguous in a helical wheel 
diagram of a peptide' when referring to residues in a helical 
peptide indicates that in the helical wheel representation the 
residues appear adjacent or contiguous even though they may 
not be adjacent or contiguous in the linear peptide. Thus, for 
example, the residues A. E. K. W. K., and F are contiguous 
in the helical wheel diagrams shown in FIG. 15 even though 
these residues are not contiguous in the linear peptide. 

BRIEF DESCRIPTION OF THE DRAWINGS 

(0070 FIG. 1 shows a comparison of the effect of D4F 
(Navab, et al. (2002) Circulation, 105: 290-292) and apo-J 
peptide 336 made from D amino acids (D-J336*) on the 
prevention of LDL-induced monocyte chemotactic activity in 
vitro in a co-incubation experiment. The data are meant-SD of 
the number of migrated monocytes in nine high power fields 
in quadruple cultures. (D-J336–Ac-LLEQLNEQFNWVSR 
LANLTQGE-NH SEQID NO:1011). 
(0071 FIG. 2 illustrates the prevention of LDL-induced 
monocyte chemotactic activity by pre-treatment of artery 
wall cells with D-J336 as compared to D-4F. The data are 
meantSD of the number of migrated monocytes in nine high 
power fields in quadruple cultures. 
(0072 FIG. 3 illustrates the effect of apo J peptide mimet 
ics on HDL protective capacity in LDL receptor null mice. 
The values are the meant-SD of the number of migrated 
monocytes in 9 high power fields from each of quadruple 
assay wells. 
0073 FIG. 4 illustrates protection against LDL-induced 
monocyte chemotactic activity by HDL from apo E null mice 
given oral peptides. The values are the meaniSD of the num 
ber of migrated monocytes in 9 high power fields from each of 
quadruple assay wells. Asterisks indicate significant differ 
ence (p<0.05) as compared to No Peptide mHDL. 
(0074 FIG. 5 illustrates the effect of oral apo A-1 peptide 
mimetic and apo, peptide on LDL susceptibility to oxidation. 
The values are the meant-SD of the number of migrated 
monocytes in 9 high power fields from each of quadruple 
assay wells. Asterisks indicate significant difference (p<0.05) 
as compared to No Peptide LDL. 
(0075 FIG. 6 illustrates the effect of oral apoA-1 peptide 
mimetic and apo, peptide on HDL protective capacity. The 
values are the meant-SD of the number of migrated mono 
cytes in 9 high power fields from each of quadruple assay 
wells. Asterisks indicate significant difference (p<0.05) as 
compared to No Peptide mHDL. 
(0076 FIG. 7 illustrates the effect of oral apoA-1 peptide 
mimetic and apo peptide on plasma paraoxonase activity. 
The values are the meant-SD of readings from quadruple 
plasma aliquots. Asterisks indicate significant differences 
(p<0.05) as compared to No Peptide control plasma. 
(0077 FIG. 8 shows the effect of oral G* peptides on HDL 
protective capacity in apoE-/- mice. The values are the 
meantSD of readings from quadruple plasma aliquots. Aster 
isks indicate significant differences (p<0.05) as compared to 
no peptide control plasma. 
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0078 FIG.9 shows the effect of Oral G* peptide, 146-156, 
on HDL protective capacity in ApoE-/- mice. 
0079 FIGS. 10A through 10C illustrate helical wheel dia 
grams of certain peptides of this invention. FIG. 10A: 
VWAF97-D-4F (SEQID NO. 1168); FIG. 10B: W-D- 
4F (SEQID NO. 1132); FIG. 10C: VWF'9-D-4F (SEQ ID 
NO. 1169). 
0080 FIG. 11A standard human LDL (LDL) was added to 
human artery wall cocultures without (No Addition) or with 
human HDL (+Control HDL) or with mouse HDL from apoE 
null mice given Chow overnight (+Chow HDL), or given 
D-4F in the chow overnight (+D4F HDL) or given G5-D-4F 
in the chow overnight (+G5 HDL), or given G5,10-D-4F in 
the chow overnight (+5-10 HDL), or given G5, 11-D-4F in the 
chow overnight (+5-11 HDL) and the resulting monocyte 
chemotactic activity determined as previously described (Na 
vab et al. (2002) Circulation, 105: 290-292). 
0081 FIG. 12 shows that peptides of this invention are 
effective in mitigating symptoms of diabetes (e.g., blood glu 
cose). Obese Zucker rats 26 weeks of age were bled and then 
treated with daily intraperitoneal injections of D-4F (5.0 
mg/kg/day). After 10 days the rats were bled again plasma 
glucose and lipid hydroperoxides (LOOH) were determined. 
*p=0.027; **p=0.0017. 
0082 FIG. 13. Sixteen week old Obese Zucker Rats were 
injected with D-4F (5 mg/kg/daily) for 1 week at which time 
they underwent balloon injury of the common carotid artery. 
Two weeks later the rats were sacrificed and the intimal media 
ratio determined. 
0083 FIG. 14 demonstrates that the product of the solu 
tion phase synthesis scheme is very biologically active in 
producing HDL and pre-beta HDL that inhibit LDL-induced 
monocyte chemotaxis in apo E null mice. ApoE null mice 
were fed 5 micrograms of the D-4F synthesized as described 
above (Frgmnt) or the mice were given the same amount of 
mouse chow without D-4F (Chow). Twelve hours after the 
feeding was started, the mice were bled and their plasma was 
fractionated on FPLC. LDL (100 micrograms LDL-choles 
terol) was added to cocultures of human artery wall cells 
alone (LDL) or with a control human HDL (Control HDL) or 
with HDL (50 micrograms HDL-cholesterol) or post-HDL 
(pHDL; prebeta HDL) from mice that did (Frgmnt) or did not 
(Chow) receive the D-4F and the monocyte chemotactic 
activity produced was determined 
I0084 FIG. 15 illustrates a helical wheel representation of 
4F and reverse (retro) 4F. Reverse-4F is a mirror image of 4F 
with the relative positions of the amino acids to each other and 
to the hydrophilic and hydrophobic faces being identical. 
0085 FIG.16 shows a comparison of the HDL inflamma 
tory index of D-4F versus reverse D-4F. 
I0086 FIG. 17A (1.A from Rudolf Summary) shows elec 
tron microscopy of untreated eyes (controls) at a magnifica 
tion of 5,000x; Bruch's membrane (BrM, arrow heads) struc 
ture loosen up with many translucent lipid vacuoles, these 
degenerative changes can be observed in both control eyes in 
at least 34 of the entire Bruch's membrane. In every other RPE 
cell big lipid vacuoles (asterisks) are found, a sign of stress 
and beginning degeneration. PR: photo receptors; CC: cho 
riocapillaris: EC: vascular endothelial cell of the choriocap 
illaris. 
I0087 FIG. 17B (1B from Rudolf Summary) shows elec 
tron microscopy of untreated eyes (controls) at a magnifica 
tion of 20,000x; Bruch's membrane (BrM, arrow heads) 
shows a significant compromised morphology without the 
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regular and uniform five layer arrangement. The membrane is 
slightly thickened with multiple translucent lipid vacuoles. A 
few are marked with asterisks. EC: Vascular endothelial cell 
of choriocapillaris. 
I0088 FIG. 18A (2A from Rudolf Summary) shows elec 
tron microscopy of treated eyes (Apollipoprotein mimetic 
peptide L-4F) at a magnification of 5,000x; regular and uni 
form Bruch's membrane structure (BrM, black arrow heads) 
which resembles Bruch's membrane in healthy wild type 
mice (Dithmar et al. (2000) Invest Opthalmol Vis Sci 
41:2035-42); only occasionally a lipid vacuole left (white 
arrow head); this effect was found in the entire Bruch's mem 
brane; none of the RPE cells showed lipid droplets. 
I0089 FIG. 18B (2B from Rudolf Summary) shows elec 
tron microscopy of a treated eye (Apollipoprotein mimetic 
peptide L-4F) at a magnification of 20,000x; regular and 
uniform Bruch's membrane (BrM, black arrow heads) no 
translucent lipid vacuoles shown. 

DETAILED DESCRIPTION 

I. Methods of Treatment 

0090 The active agents (e.g. peptides, small organic mol 
ecules, amino acid pairs, etc.) described herein are effective 
for mitigating one or more symptoms and/or reducing the rate 
of onset and/or severity of one or more indications described 
herein. In particular, the active agents (e.g. peptides, Small 
organic molecules, amino acid pairs, etc.) described herein 
are effective for mitigating one or more symptoms of athero 
sclerosis and/or eye disease. Without being bound to a par 
ticular theory, it is believed that the peptides bind the “seeding 
molecules' required for the formation of pro-inflammatory 
oxidized phospholipids such as Ox-PAPC, POVPC, PGPC, 
and PEIPC. 
0091. In addition, since many inflammatory conditions 
and/or other pathologies are mediated at least in part by 
oxidized lipids, we believe that the peptides of this invention 
are effective inameliorating conditions that are characterized 
by the formation of biologically active oxidized lipids. In 
addition, there area number of other conditions for which the 
active agents described herein appear to be efficacious. 
0092. A number of pathologies for which the active agents 
described herein appear to be a palliative and/or a preventa 
tive are described below. 

A) Atherosclerosis and Associated Pathologies. 
(0093. We discovered that normal HDL inhibits three steps 
in the formation of mildly oxidized LDL. In particular, we 
demonstrated that treating human LDL in vitro with apo A-I 
or an apo A-I mimetic peptide (37 p.A) removed seeding 
molecules from the LDL that included HPODE and HPETE. 
These seeding molecules were required for cocultures of 
human artery wall cells to be able to oxidize LDL and for the 
LDL to induce the artery wall cells to produce monocyte 
chemotactic activity. We also demonstrated that after injec 
tion of apo A-I into mice or infusion into humans, the LDL 
isolated from the mice or human volunteers after injection/ 
infusion of apo A-I was resistant to oxidation by human artery 
wall cells and did not induce monocyte chemotactic activity 
in the artery wall cell cocultures. 
0094. The protective function of various active agents of 
this invention is illustrated in the parent applications (Ser. No. 
09/645,454, filed Aug. 24, 2000, Ser. No. 09/896,841, filed 
Jun. 29, 2001, and WO 02/15923 (PCT/US01/26497), filed 
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Jun. 29, 2001, see, e.g., FIGS. 1-5 in WO 02/15923. FIG. 1, 
panels A, B, C, and D in WO 02/15923 show the association 
of 14C-D-5F with blood components in an ApoE null mouse). 
It is also demonstrated that HDL from mice that were fed an 
atherogenic diet and injected with PBS failed to inhibit the 
oxidation of human LDL and failed to inhibit LDL-induced 
monocyte chemotactic activity in human artery wall cocul 
tures. In contrast, HDL from mice fed an atherogenic diet and 
injected daily with peptides described herein was as effective 
in inhibiting human LDL oxidation and preventing LDL 
induced monocyte chemotactic activity in the cocultures as 
was normal human HDL (FIGS. 2A and 2B in WOO2/15923). 
In addition, LDL taken from mice fed theatherogenic diet and 
injected daily with PBS was more readily oxidized and more 
readily induced monocyte chemotactic activity than LDL 
taken from mice fed the same diet but injected with 20.mu.g 
daily of peptide 5F. The D peptide did not appear to be 
immunogenic (FIG. 4 in WO 02/15923). 
0095. The in vitro responses of human artery wall cells to 
HDL and LDL from mice fed the atherogenic diet and 
injected with a peptide according to this invention are consis 
tent with the protective action shown by such peptides in vivo. 
Despite, similar levels of total cholesterol, LDL-cholesterol, 
IDL-VLDL-cholesterol, and lower HDL-cholesterol as a 
percent of total cholesterol, the animals fed the atherogenic 
diet and injected with the peptide had significantly lower 
lesion scores (FIG. 5 in WO 02/15923). The peptides of this 
invention thus prevented progression of atherosclerotic 
lesions in mice fed an atherogenic diet. 
0096. Thus, in one embodiment, this invention provides 
methods for ameliorating and/or preventing one or more 
symptoms ofatherosclerosis by administering one or more of 
the active agents described herein. 
0097. It is also noted that c-reactive protein, a marker for 
inflammation, is elevated in congestive heart failure. Also, in 
congestive heart failure there is an accumulation of reactive 
oxygen species and vasomotion abnormalities. Because of 
their effects in preventing/reducing the formation of various 
oxidized species and/or because of their effect in improving 
vasoreactivity and/or arteriolefunction (see below) the active 
agents described herein will be effective in treating conges 
tive heart failure. 

B) Arteriole/Vascular Indications. 

0098 Vessels smaller than even the smallestarteries (i.e., 
arterioles) thicken, become dysfunctional and cause end 
organ damage to tissues as diverse as the brain and the kidney. 
It is believed the active agents described herein can function 
to improve areteriole structure and function and/or to slow the 
rate and/or severity of arteriole dysfunction. Without being 
bound to a particular theory, it is believed that arteriole dys 
function is a causal factor in various brain and kidney disor 
ders. Use of the agents described herein thus provides a 
method to improve the structure and function of arterioles and 
preserve the function of end organs such as the brain and 
kidney. 
0099 Thus, for example, administration of one or more of 
the active agents described herein is expected to reduce one or 
more symptoms or to slow the onset or severity of arteriolar 
disease associated with aging, and/or Alzheimer's disease, 
and/or Parkinson's disease, and/or with multi-infarct demen 
tia, and/or Subarachnoid hemorrhage, and the like. Similarly, 
administration of one or more agents described herein is 
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expected to mitigate one or more symptoms and/or to slow the 
onset and/or severity of chronic kidney disease, and/or hyper 
tension. 
0100 Similarly, the agents described herein appear to 
improve vasoreactivity. Because of the improvement of 
vasoreactivity and/or arteriole function, the agents described 
herein are suitable for the treatment of peripheral vascular 
disease, erectile dysfunction, and the like. 

C) Pulmonary Indications. 
0101 The agents described herein are also suitable for 
treatment of a variety of pulmonary indications. These 
include, but are not limited to chronic obstructive pulmonary 
disease (COPD), emphysema, pulmonary disease, asthma, 
idiopathic pulmonary fibrosis, and the like. 
D) Mitigation of a Symptom or Condition Associated with 
Coronary Calcification and Osteoporosis. 
0102 Vascular calcification and osteoporosis often co 
exist in the same subjects (Ouchi et al. (1993) Ann NY Acad. 
Sci., 676:297-307; Boukhris and Becker (1972) JAMA, 219: 
1307-1131; Banks et al. (1994) Eur J. Clin Invest., 24: 813 
817: Laroche et al. (1994) Clin Rheumatol., 13: 611-614; 
Broulik and Kapitola (1993) Endocr Regul., 27: 57-60; Frye 
et al. (1992) Bone Mine. 19: 185-194; Barengolts et al. 
(1998) CalcifTissue Int., 62: 209-213; Burnett and Vasikaran 
(2002) Ann Clin Biochem., 39: 203-210. Parhami et al. 
(1997) Arterioscl Thromb Vasc Biol., 17: 680-687, demon 
strated that mildly oxidized LDL (MM-LDL) and the biologi 
cally active lipids in MM-LDL i.e. oxidized 1-palmitoyl-2- 
arachidonoyl-sn-glycero-3-phosphorylcholine) (OX 
PAPC), as well as the isoprostane, 8-isoprostaglandin F, but 
not the unoxidized phospholipid (PAPC) or isoprostane 8-iso 
progstaglandin F.C. induced alkaline phosphatase activity 
and osteoblastic differentiation of calcifying vascular cells 
(CVCs) in vitro, but inhibited the differentiation of MC3T3 
E1 bone cells. 
0103) The osteon resembles the artery wall in that the 
osteon is centered on an endothelial cell-lined lumen Sur 
rounded by a Subendothelial space containing matrix and 
fibroblast-like cells, which is in turn surrounded by preosteo 
blasts and osteoblasts occupying a position analogous to 
smooth muscle cells in the artery wall (Id.). Trabecular bone 
osteoblasts also interface with bone marrow subendothelial 
spaces (Id.). Parhami et al. postulated that lipoproteins could 
cross the endothelium of bone arteries and be deposited in the 
Subendothelial space where they could undergo oxidation as 
in coronary arteries (Id.). Based on their in vitro data they 
predicted that LDL oxidation in the subendothelial space of 
bone arteries and in bone marrow would lead to reduced 
osteoblastic differentiation and mineralization which would 
contribute to osteoporosis (Id.). Their hypothesis further pre 
dicted that LDL levels would be positively correlated with 
osteoporosis as they are with coronary calcification (Pohleet 
al. (2001) Circulation, 104: 1927-1932), but HDL levels 
would be negatively correlated with osteoporosis (Parhami et 
al. (1997) Arterioscl Thromb Vase Biol., 17: 680-687). 
0104. In vitro, the osteoblastic differentiation of the mar 
row stromal cell line M2-10B4 was inhibited by MM-LDL 
but not native LDL (Parhamietal. (1999) J Bone Miner Res., 
14: 2067-2078). When marrow stromal cells from atheroscle 
rosis susceptible C57BU6 (BL6) mice fed a low fat chow diet 
were cultured there was robust osteogenic differentiation 
(Id.). In contrast, when the marrow Stromal cells taken from 
the mice after a high fat, atherogenic diet were cultured they 
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did not undergo osteogenic differentiation (Id.). This obser 
Vation is particularly important since it provides a possible 
explanation for the decreased osteogenic potential of marrow 
stromal cells in the development of osteoporosis (Nuttall and 
Gimble (2000) Bone, 27: 177-184). In vivo the decrease in 
osteogenic potential is accompanied by an increase in adipo 
genesis in osteoporotic bone (Id.). 
0105. It was found that adding D-4F to the drinking water 
of apoE null mice for 6 weeks dramatically increased trabe 
cular bone mineral density and it is believed that the other 
active agents of this invention will act similarly. 
0106 Our data indicate that osteoporosis can be regarded 
as an “atherosclerosis of bone'. It appears to be a result of the 
action of oxidized lipids. HDL destroys these oxidized lipids 
and promotes osteoblastic differentiation. Our data indicate 
that administering active agent(s) of this invention to a mam 
mal (e.g., in the drinking water of apoE null mice) dramati 
cally increases trabecular bone injust a matter of weeks. 
0107 This indicates that the active agents, described 
herein are useful for mitigation one or more symptoms of 
osteoporosis (e.g., for inhibiting decalcification) or for induc 
ing recalcification of osteoporotic bone. The active agents are 
also useful as prophylactics to prevent the onset of symptom 
(s) of osteoporosis in a mammal (e.g., a patient at risk for 
osteoporosis). 
0108. We believe similar mechanisms are a cause of coro 
nary calcification, e.g., calcific aortic Stenosis. Thus, in cer 
tain embodiments, this invention contemplates the use of the 
active agents described hereinto inhibit or prevent a symptom 
of a disease such as coronary calcification, calcific aortic 
Stenosis, osteoporosis, and the like. 

E) Inflammatory and Autoimmune Indications. 
0109 Chronic inflammatory and/or autoimmune condi 
tions are also characterized by the formation of a number of 
reactive oxygen species and are amenable to treatment using 
one or more of the active agents described herein. Thus, 
without being bound to a particular theory, we also believe the 
active agents described herein are useful, prophylactically or 
therapeutically, to mitigate the onset and/or more or more 
symptoms of a variety of other conditions including, but not 
limited to rheumatoid arthritis, lupus erythematous, pol 
yarteritis nodosa, polymyalgia rheumatica, Scleroderma, 
multiple Sclerosis, and the like. 
0110. In certain embodiments, the active agents are useful 
in mitigating one or more symptoms caused by, or associated 
with, an inflammatory response in these conditions. 
0111. Also, in certain embodiments, the active agents are 
useful in mitigating one or more symptoms caused by or 
associated with an inflammatory response associated with 
AIDS. 

F) Infections/Trauma/Transplants. 

0112 We have observed that a consequence of influenza 
infection and other infections is the diminution in paraoXo 
nase and platelet activating acetylhydrolase activity in the 
HDL. Without being bound by a particular theory, we believe 
that, as a result of the loss of these HDL enzymatic activities 
and also as a result of the association of pro-oxidant proteins 
with HDL during the acute phase response, HDL is no longer 
able to prevent LDL oxidation and is no longer able to prevent 
the LDL-induced production of monocyte chemotactic activ 
ity by endothelial cells. 
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0113. We observed that in a subject injected with very low 
dosages of certain agents of this invention (e.g., 20 micro 
grams for mice) daily after infection with the influenza A 
virus paraoxonase levels did not fall and the biologically 
active oxidized phospholipids were not generated beyond 
background. This indicates that 4F, D4F (and/or other agents 
of this invention) can be administered (e.g. orally or by injec 
tion) to patients (including, for example with known coronary 
artery disease during influenza infection or other events that 
can generate an acute phase inflammatory response, e.g. due 
to viral infection, bacterial infection, trauma, transplant, Vari 
ous autoimmune conditions, etc.) and thus we can prevent by 
this short term treatment the increased incidence of heart 
attack and stroke associated with pathologies that generate 
Such inflammatory states. 
0114. In addition, by restoring and/or maintaining paroXo 
nase levels and/or monocyte activity, the agent(s) of this 
invention are useful in the treatment of infection (e.g., viral 
infection, bacterial infection, fungal infection) and/or the 
inflammatory pathologies associated with infection (e.g. 
meningitis) and/or trauma. 
0.115. In certain embodiments, because of the combined 
anti-inflammatory activity and anti-infective activity, the 
agents described herein are also useful in the treatment of a 
wound or other trauma, mitigating adverse effects associated 
with organ or tissue transplant, and/or organ or tissue trans 
plant rejection, and/or implanted prostheses, and/or trans 
plant atherosclerosis, and/or biofilm formation. In addition, 
we believe that L-4F, D-4F, and/or other agents described 
herein are also useful in mitigating the effects of spinal cord 
injuries. 
0116 G) Diabetes and Associated Conditions. 
0117 Various active agents described herein have also 
been observed to show efficacy in reducing and/or preventing 
one or more symptoms associated with diabetes. Thus, in 
various embodiments, this invention provides methods of 
treating (therapeutically and/or prophylactically) diabetes 
and/or associated pathologies (e.g., Type I diabetes, Type II 
diabetes,juvenile onset diabetes, diabetic nephropathy, neph 
ropathy, diabetic neuropathy, diabetic retinopathy, and the 
like. 

H) Cancer. 
0118 NFKB is a transcription factor that is normally acti 
vated in response to proinflammatory cytokines and that regu 
lates the expression of more than 200 genes. Many tumor cell 
lines show constitutive activation of NFkB signaling. Various 
studies of mouse models of intestinal, and mammary tumors 
conclude that activation of the NFKB pathway enhances 
tumor development and may act primarily in the late stages of 
tumorigenesis (see, e.g., (2004) Cell 118: 285; (2004).J. Clin. 
Invest., 114: 569). Inhibition of NFkB signaling suppressed 
tumor development. Without being bound to a particular 
theory, mechanisms for this Suppression are believed to 
include an increase in tumor cell apoptosis, reduced expres 
sion of tumor cell growth factors Supplied by Surrounding 
stromal cells, and/or abrogation of a tumor cell dedifferentia 
tion program that is critical for tumor invasion/metastasis. 
0119 Without being bound by a particular theory, it is 
believed the administration of one or more active agents 
described herein will inhibit expression and/or secretion, and/ 
or activity of NFkB. Thus, in certain embodiments, this 
invention provides methods of treating a pathology charac 
terized by elevated NFKB by administering one or more 
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active agents described herein. Thus, In various embodiments 
this invention contemplates inhibiting NFKB activation asso 
ciated with cancer by administering one or more active agents 
described herein, optionally in combination with appropriate 
cancer therapeutics. 

I) Biochemical Activity. 

0120. The active agent(s) described herein have been 
shown to exhibit a number of specific biological activities. 
Thus, for example, they increase heme oxygenase 1, they 
increase extracellular Superoxide dismutase, they reduce or 
prevent the association of myeloperoxidase with apoA-I, they 
reduce or prevent the nitrosylation of tyrosine in apoA-I, they 
render HDL Anti-inflammatory or more anti-inflammatory, 
and they increase the formation cycling of pre-BHDL, they 
promote reverse cholesterol transport, in particular, reverse 
cholesterol transport from macrophages, and they synergize 
the activity of statins. The active agents described herein can 
thus be administered to a mammal to promote any of these 
activities, e.g. to treat a condition/pathology whose severity, 
and/or likelihood of onset is reduced by one or more of these 
activities. 

J) Mitigation of a Symptom of Atherosclerosis Associated 
with an Acute Inflammatory Response. 
0121 The active agents, of this invention are also useful in 
a number of contexts. For example, we have observed that 
cardiovascular complications (e.g., atherosclerosis, stroke, 
etc.) frequently accompany or follow the onset of an acute 
phase inflammatory response, e.g., Such as that associated 
with a recurrent inflammatory disease, a viral infection (e.g., 
influenza), a bacterial infection, a fungal infection, an organ 
transplant, a wound or other trauma, and so forth. 
0122 Thus, in certain embodiments, this invention con 
templates administering one or more of the active agents 
described herein to a Subject at risk for, or incurring, an acute 
inflammatory response and/or at risk for or incurring a symp 
tom of atherosclerosis and/or an associated pathology (e.g., 
stroke). 
0123 Thus, for example, a person having or at risk for 
coronary disease may prophylactically be administered a one 
or more active agents of this invention during flu season. A 
person (or animal) Subject to a recurrent inflammatory con 
dition, e.g., rheumatoid arthritis, various autoimmune dis 
eases, etc., can be treated with a one or more agents described 
herein to mitigate or prevent the development of atheroscle 
rosis or stroke. A person (or animal) Subject to trauma, e.g., 
acute injury, tissue transplant, etc. can be treated with a 
polypeptide of this invention to mitigate the development of 
atherosclerosis or stroke. 

0124. In certain instances such methods will entail a diag 
nosis of the occurrence or risk of an acute inflammatory 
response. The acute inflammatory response typically involves 
alterations in metabolism and gene regulation in the liver. It is 
a dynamic homeostatic process that involves all of the major 
systems of the body, in addition to the immune, cardiovascu 
lar and central nervous system. Normally, the acute phase 
response lasts only a few days; however, in cases of chronic or 
recurring inflammation, an aberrant continuation of some 
aspects of the acute phase response may contribute to the 
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underlying tissue damage that accompanies the disease, and 
may also lead to further complications, for example cardio 
vascular diseases or protein deposition diseases Such as amy 
loidosis. 
0.125. An important aspect of the acute phase response is 
the radically altered biosynthetic profile of the liver. Under 
normal circumstances, the liver synthesizes a characteristic 
range of plasma proteins at steady state concentrations. Many 
of these proteins have important functions and higher plasma 
levels of these acute phase reactants (APRs) or acute phase 
proteins (APPs) are required during the acute phase response 
following an inflammatory stimulus. Although most APRs 
are synthesized by hepatocytes, some are produced by other 
cell types, including monocytes, endothelial cells, fibroblasts 
and adipocytes. Most APRs are induced between 50% and 
several-fold over normal levels. In contrast, the major APRs 
can increase to 1000-fold over normal levels. This group 
includes serum amyloid A (SAA) and either C-reactive pro 
tein (CRP) in humans or its homologue in mice, serum amy 
loid P component (SAP). So-called negative APRs are 
decreased in plasma concentration during the acute phase 
response to allow an increase in the capacity of the liver to 
synthesize the induced APRs. 
0.126 In certain embodiments, the acute phase response, 
or risk therefore is evaluated by measuring one or more APPs. 
Measuring such markers is well known to those of skill in the 
art, and commercial companies exist that provide Such mea 
surement (e.g., AGP measured by Cardiotech Services, Lou 
isville, Ky.). 

K) Eye Disease 
I0127. Also disclosed are methods for ameliorating and/or 
preventing one or more symptoms of eye disease by admin 
istering one or more of the active agents described herein. As 
described above, the “eye disease' includes, but is not limited 
to, age related maculopathy (ARM), age related macular 
degeneration (AMD) including both the dry and wet forms of 
age related macular degeneration, glaucoma, ocular hyper 
tension, macular edema, retinal pigment epithelium detach 
ments, coats disease, uveitis, sicca syndrome, hereditary dis 
eases associated with increased extra-fintracellular lipid 
storage/accumulation, juvenile macular degeneration as well 
as all risk factors for each mentioned disease. 
I0128. For example the active agents disclosed herein can 
mobilize and remove accumulated intra-/extracellular lipid 
deposits in all eye structures. The active agents can also 
structurally remodel essential transport passages and Supply 
structures and/or they have the highest affinity to oxidized 
lipids, which removal of Such oxidized lipids can causes an 
anti-inflammatory effect. 
I0129. The active agents can be used prophylactically in 
both the treatment and prevention of eye diseases if risk 
factors are present. Risk factors for eye disease are described 
elsewhere herein. 

1) Macular Degeneration. 
0.130 Age-related macular degeneration sometimes 
begins with characteristic yellow deposits in the macula (cen 
tral area of the retina which provides detailed central vision) 
called drusen between the retinal pigment epithelium and the 
underlying choroid. Most people with these early changes 
(sometimes referred to as age-related maculopathy) have 
good vision. People with drusen can go on to develop 
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advanced macular degeneration. The risk is considerably 
higher when the drusen are large and numerous and associ 
ated with disturbance in the pigmented cell layer under the 
macula. Recent research suggests that large and Soft drusen 
are related to elevated cholesterol deposits and may respond 
to cholesterol lowering agents or the Rheo Procedure. 
0131 Advanced AMD, which is responsible for profound 
vision loss, has two forms: dry and wet. Central geographic 
atrophy, the dry form of advanced AMD, results from atrophy 
to the retinal pigment epithelial layer below the retina, which 
causes vision loss through loss of photoreceptors (rods and 
cones) in the central part of the eye. While no treatment is 
available for this condition, vitamin Supplements with high 
doses of antioxidants, lutein and Zeaxanthin, have been dem 
onstrated by the National Eye Institute and others to slow the 
progression of dry macular degeneration and in some 
patients, improve visual acuity. 
0132 Neovascular or exudative AMD, the wet form of 
advanced AMD, causes vision loss due to abnormal blood 
vessel growth in the choriocapillaries, through Bruch's mem 
brane, ultimately leading to blood and protein leakage below 
the macula. Bleeding, leaking, and Scarring from these blood 
vessels eventually cause irreversible damage to the photore 
ceptors and rapid vision loss if left untreated. 
0.133 Until recently, no effective treatments were known 
for wet macular degeneration. However, new drugs, called 
anti-angiogenics or anti-VEGF (anti-Vascular Endothelial 
Growth Factor) agents, when injected directly into the vitre 
ous humor of the eye using a small, painless needle, can cause 
regression of the abnormal blood vessels and improvement of 
vision. The injections frequently have to be repeated on a 
monthly or bi-monthly basis. Examples of these agents 
include Lucentis, Avastin and Macugen. Only Lucentis and 
Macugen are FDA approved as of April 2007. Macugen has 
been found to have only minimal benefits in neovascular 
AMD and is no longer used. Worldwide, Avastin has been 
used extensively despite its “off label status. The cost of 
Lucentis is approximately $2000 US while the cost of Avastin 
is approximately $150. 
2) AMD: Dry from: Geographic Atrophy, 
0134. The remodeling of Bruch's membrane provides an 
undisturbed passage between retinal pigment epithelium and 
choriocapillaris, which is essential for the health of the retina. 
The retinal pigment epithelium stands with the choriocapil 
laris in a close relationship and they are dependent on each 
other. An uncompromised communication between these 
structures improves the blood supply for the outer retina by 
the choriocapillaris and the retinal pigment epithelium layer 
integrity by improved anchorage on Bruch's membrane via 
water soluble proteins. 

3) AMD: Wet Form: Choroidal Neovascularization, 

0135 The same mechanism as for dry AMD applies. Due 
to the improved environmental conditions retinal pigment 
epithelium cells also reduce the secretion of pro-angiogenic 
factors, which normally keeps a neovascularization active for 
a longer period. In combination with anti-angiogenic treat 
ments (elsewhere herein) pro-angiogenic mechanisms are not 
just temporarily blocked but the secretion stimulus can be 
long-term reduced. 
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4) Glaucoma/Ocular Hypertension 

0.136. One main characteristic of glaucoma/ocular hyper 
tension is elevated intraocular pressure (TOP). The treatment 
of the age-related “lipid wall' in Bruch's membrane increases 
the hydraulic conductivity along Bruch's membrane again 
and facilitates fluid transport from the vitreous to the choroid 
(vitreoretinal-choroidal outflow, uveoscleral outflow), which 
can normalize the IOP 

5) Macular Edema, Retinal Pigment Epithelium Detachments 

0.137 Macular edema is characterized by trapped fluid 
accumulations in the retina and RPE detachments by fluid 
accumulations under the retinal pigment epithelium. The nor 
mal fluid transport is directed across Bruch's membrane into 
the choriocapillaris. An improved transport across Bruch's 
membrane after lipid clean up (“lipid wall’) and remodeling 
due to ApoA-I/ApoE mimetic peptide treatment facilitates 
the natural fluid transport and helps to resolve the sight 
threatening macular edema and RPE detachment. 

L) Mitigation of a Symptom of Macular Degeneration. 

0.138. The active agents, of this invention are also useful in 
a number of contexts. For example, we have observed that eye 
disease (e.g., macular degeneration, etc.) are frequently asso 
ciated withdrusen, basal linear deposit, basal laminar deposit, 
lipid accumulation in Bruch's membrane, and/or positive 
genetic risk profiles, and so forth. 
0.139. Thus, in certain embodiments, this invention con 
templates administering one or more of the active agents 
described herein to a subject at risk for, or incurring, one or 
more of the symptoms and/or at risk for or incurring a symp 
tom of an eye disease and/or an associated pathology (e.g., 
blindness). 
0140 Thus, for example, a person having or at risk for eye 
disease may prophylactically be administered a one or more 
active agents of this invention during flu season. A person (or 
animal) Subject to an eye disease, e.g., macular degeneration, 
glaucoma, etc., can be treated with a one or more agents 
described herein to mitigate or prevent the development of 
eye disease. A person (or animal) subject to trauma, e.g., acute 
injury, tissue transplant, etc. can also be treated with a 
polypeptide of this invention to mitigate the development of 
eye disease. 
0.141. In certain instances such methods will entail a diag 
nosis of the occurrence or risk of an eye disease. The eye 
disease typically involves alterations in drusen, basal linear 
deposit, basal laminar deposit, lipid accumulation in and/or 
Bruch's membrane. 

M) Other Indications. 

0142. In various embodiments it is contemplated that the 
active agents described herein are useful in the treatment (e.g. 
mitigation and/or prevention) of corneal ulcers, endothelial 
sloughing, Crohn's disease, acute and chronic dermatitis (in 
cluding, but not limited to eczema and/or psoriasis), macular 
degeneration, neuropathy, Scleroderma, and ulcerative coli 
tis. 

0.143 A Summary of indications/conditions for which the 
active agents have been shown to be effective and/or are 
believed to be effective is shown in Table 1. 
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TABLE 1. 

Summary of conditions in which the active agents (e.g., D 
4F) have been shown to be or are believed to be effective. 

atherosclerosis symptoms, consequences thereof 
plaque formation 
lesion formation 
myocardial infarction 
stroke 

congestive heart failure 
vascular function: 

arteriole function 
arteriolar disease 

associated with aging 
associated with alzheimer's disease 
associated with chronic kidney disease 
associated with hypertension 
associated with multi-infarct dementia 
associated with Subarachnoid hemorrhage peripheral vascular 
disease 

peripheral vascular disease 
pulmonary disease: 

chronic obstructive pulmonary disease (COPD) 
emphysema 
asthma 
idiopathic pulmonary fibrosis 
Pulmonary fibrosis 
adult respiratory distress syndrome 

osteoporosis 
Paget's disease 
coronary calcification 
autoimmune: 

rheumatoid arthritis 
polyarteritis nodosa 
polymyalgia rheumatica 
lupus erythematosus 
multiple Sclerosis 
Wegener's granulomatosis 
central nervous system vasculitis (CNSV) 
Sjogren's syndrome 
Scleroderma 
polymyositis 

AIDS inflammatory response 
infections: 

bacterial 
fungal 
viral 
parasitic 
influenza 

avian flu 
viral pneumonia 
endotoxic shock syndrome 
sepsis 
sepsis syndrome 
(clinical syndrome where it appears that the patient is septic 
but no organisms are recovered from the blood) 

trauma wound: 
organ transplant 
transplantatherosclerosis 
transplant rejection 
corneal ulcer 
chronic/non-healing wound 
ulcerative colitis 
reperfusion injury (prevent and/or treat) 
ischemic reperfusion injury (prevent and/or treat) 
spinal cord injuries (mitigating effects) 

C8CES 

myeloma multiple myeloma 
ovarian cancer 
breast cancer 
colon cancer 
bone cancer 

osteoarthritis 
inflammatory bowel disease 
allergic rhinitis 
cachexia 
diabetes 
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TABLE 1-continued 

Summary of conditions in which the active agents (e.g., D 
4F) have been shown to be or are believed to be effective. 

Alzheimer's disease 
implanted prosthesis 
biofilm formation 
Crohns' disease 
dermatitis, acute and chronic 

(CZel8 

psoriasis 
contact dermatitis 
Scleroderma 

diabetes and related conditions 
Type I Diabetes 
Type II Diabetes 
Juvenile Onset Diabetes 
Prevention of the onset of diabetes 
Diabetic Nephropathy 
Diabetic Neuropathy 
Diabetic Retinopathy 

erectile dysfunction 
macular degeneration 
multiple sclerosis 
nephropathy 
neuropathy 
Parkinson's Disease 
peripheral Vascular Disease 
meningitis 
Specific biological activities: 

increase Heme Oxygenase 1 
increase extracellular Superoxide dismutase 
prevent endothelial sloughing 
prevent the association of myeloperoxidase with ApoA-I 
prevent the nitrosylation of tyrosine in ApoA-I 
render HDL anti-inflammatory 
improve vasoreactivity 
increase the formation of pre-beta HDL 
promote reverse cholesterol transport 
promote reverse cholesterol transport from macrophages 
synergize the action of statins 

0144. It is noted that the conditions listed in Table 1 are 
intended to be illustrative and not limiting. 
(0145. It is noted that the conditions listed in Table 1 are 
intended to be illustrative and not limiting. 

N) Administration. 
0146 Typically the active agent(s) will be administered to 
a mammal (e.g., a human) in need thereof. Such a mammal 
will typically include a mammal (e.g. a human) having or at 
risk for one or more of the pathologies described herein. 
0147 The active agent(s) can be administered, as 
described herein, according to any of a number of standard 
methods including, but not limited to injection, Suppository, 
nasal spray, time-release implant, transdermal patch, eye 
drops, gels, ointments, orally, intraocular injection, parenter 
ally (e.g., intravenously or Subcutaneous administration), by 
intramuscular injection, by intraperitoneal injection, Subcon 
juctival injection, peri-/retrobulbar injection, transdermally, 
extracorporeally, by intracavity administration, transder 
mally, or topically or the like, including topical intranasal 
administration or administration by inhalant, and the like 
spray, emulsion, Suspension, via any drug carriers as Sponges, 
contact lenses, polymers, microspheres, implants, pellets, 
and genetically engineered cells. The topical administration 
can be ophthalmically, vaginally, rectally, or intranasally. As 
used herein, “topical intranasal administration” means deliv 
ery of the compositions into the nose and nasal passages 
through one or both of the nares and can comprise delivery by 
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a spraying mechanism or droplet mechanism, or through 
aerosolization of the nucleic acid or vector. Administration of 
the compositions by inhalant can be through the nose or 
mouth Via delivery by a spraying or droplet mechanism. 
Delivery can also be directly to any area of the respiratory 
system (e.g., lungs) via intubation. The exact amount of the 
compositions required will vary from Subject to Subject, 
depending on the species, age, weight and general condition 
of the subject, the severity of the disorder being treated, the 
particular nucleic acid or vector used, its mode of adminis 
tration and the like. An appropriate amount for a particular 
composition and a particular subject can be determined by 
one of ordinary skill in the art using only routine experimen 
tation given the teachings herein. 
0148 Parenteral administration of the composition, if 
used, is generally characterized by injection. Injectables can 
be prepared in conventional forms, either as liquid solutions 
or Suspensions, Solid forms Suitable for Solution of Suspen 
sion in liquid prior to injection, or as emulsions. Parenteral 
administration includes use of a slow release, a time release or 
a Sustained release system Such that a constant dosage is 
maintained. 
014.9 The active agent(s) can also be administered, as 
described herein, for immediate delivery or extended release. 
The active agent(s) can also be administered as dilutions, 
Suspensions, emulsions, polymers, microspheres, gels, 
cremes, and/or pellets. The active agents can also be admin 
istered in the form of drug carriers, sponges, polymers encap 
sulated cells, engineered cells, implants, and the like. 
0150. In one particularly preferred embodiment, the pep 

tide(s) are administered orally (e.g. as a syrup, capsule, or 
tablet). 
0151. The methods involve the administration of a single 
active agent of this invention or the administration of two or 
more different active agents. The active agents can be pro 
vided as monomers (e.g., in separate or combined formula 
tions), or in dimeric, oligomeric or polymeric forms. In cer 
tain embodiments, the multimeric forms may comprise 
associated monomers (e.g., ionically or hydrophobically 
linked) while certain other multimeric forms comprise 
covalently linked monomers (directly linked or through a 
linker). 
0152 While the invention is described with respect to use 
in humans, it is also Suitable for animal, e.g. veterinary use. 
Thus certain preferred organisms include, but are not limited 
to humans, non-human primates, canines, equines, felines, 
porcines, ungulates, largomorphs, and the like. 
0153. The methods of this invention are not limited to 
humans or non-human animals showing one or more symp 
tom(s) of the pathologies described herein, but are also useful 
in a prophylactic context. Thus, the active agents of this 
invention can be administered to organisms to prevent the 
onset/development of one or more symptoms of the patholo 
gies described herein (e.g., atherosclerosis, stroke, macular 
degeneration, etc.). Particularly preferred subjects in this con 
text are subjects showing one or more risk factors for the 
pathology. Thus, for example, in the case of atherosclerosis 
risk factors include family history, hypertension, obesity, 
high alcohol consumption, Smoking, high blood cholesterol, 
high blood triglycerides, elevated blood LDL, VLDL, IDL, or 
low HDL, diabetes, or a family history of diabetes, high blood 
lipids, heart attack, angina or stroke, etc. 
0154) In the case of eye disease, factors can include, but 
are not limited to age, family history, genetic predisposition, 
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hypertension, obesity, cardiovascular health, fat intake, 
plasma lipids, oxidative stress, race, and exposure to Sunlight. 

P) Dosages 
0155 Effective dosages and schedules for administering 
the compositions may be determined empirically, and making 
such determinations is within the skill in the art. The dosage 
ranges for the administration of the compositions are those 
large enough to produce the desired effect in which the Symp 
toms of the disorder are affected. The dosage should not be so 
large as to cause adverse side effects. Such as unwanted cross 
reactions, anaphylactic reactions, and the like. Generally, the 
dosage will vary with the age, condition, sex and extent of the 
disease in the patient, route of administration, or whether 
other drugs are included in the regimen, and can be deter 
mined by one of skill in the art. The dosage can be adjusted by 
the individual physician in the event of any counter-indica 
tions. Dosage can vary, and can be administered in one or 
more dose administrations daily, for one or several days. 
Guidance can be found in the literature for appropriate dos 
ages for given classes of pharmaceutical products. For 
example, disclosed herein are methods comprising adminis 
tering one or more of the disclosed synthetic apolipoprotein 
E-mimicking peptides to a Subject, whereby plasma LDL, 
plasma VLDL, or both, are affected, wherein said synthetic 
apolipoprotein E-mimicking peptide is administered in an 
amount of about 0.01 mg/kg to about 5 mg/kg. 
0156 Dosages also suitable for administration of the 
active agents disclosed herein include, but are not limited to 
dosages of 10 ug/ml to 400 g/ml. For example, For example, 
disclosed herein are methods comprising administering one 
or more of the disclosed synthetic apolipoprotein E-mimick 
ing peptides to a subject, whereby plasma LDL, plasma 
VLDL, or both, are affected, wherein said synthetic apolipo 
protein E-mimicking peptide is administered in an amount of 
about 200 ug/ml to 800 ug/ml. 

II. Active Agents 

0157. A wide variety of active agents are suitable for the 
treatment of one or more of the indications discussed above. 
These agents include, but are not limited to class A amphip 
athic helical peptides, class A amphipathic helical peptide 
mimetics of apoA-I having aromatic or aliphatic residues in 
the non-polar face, Small peptides including pentapeptides, 
tetrapeptides, tripeptides, dipeptides and pairs of amino 
acids, Apo-J (G* peptides), and peptide mimetics, e.g., as 
described below. 

A) Class A Amphipathic Helical Peptides. 
0158. In certain embodiments, the activate agents for use 
in the method of this invention include class A amphipathic 
helical peptides, e.g. as described in U.S. Pat. No. 6,664,230, 
and PCT Publications WO 02/15923 and WO 2004/034977. 
It was discovered that peptides comprising a class A amphi 
pathic helix (“class A peptides'), in addition to being capable 
of mitigating one or more symptoms of atherosclerosis are 
also useful in the treatment of one or more of the other 
indications described herein. 
0159. Class A peptides are characterized by formation of 
an C-helix that produces a segregation of polar and non-polar 
residues thereby forming a polar and a nonpolar face with the 
positively charged residues residing at the polar-nonpolar 
interface and the negatively charged residues residing at the 
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center of the polar face (see, e.g., Anantharamaiah (1986) 
Meth. Enzymol, 128: 626-668). It is noted that the fourth 
exon of apo A-I, when folded into 3.667 residues/turn pro 
duces a class A amphipathic helical structure. 
0160 One class A peptide, designated 18A (see, e.g., 
Anantharamaiah (1986) Meth. Enzymol, 128: 626-668) was 
modified as described herein to produce peptides orally 
administrable and highly effective at inhibiting or preventing 
one or more symptoms of atherosclerosis and/or other indi 
cations described herein. Without being bound by a particular 
theory, it is believed that the peptides of this invention may act 
in vivo by picking up seeding molecule(s) that mitigate oxi 
dation of LDL. 

0161 Another theory could be that with macular degen 
eration, where the presence of lipids in the Bruch's membrane 
causes the transfer of blood from the eye vessels through the 
Bruch's membrane to the retinal pigment cells and then to the 
photoreceptors to decrease. The decrease in blood flow leads 
to a decrease in oxygen getting to the photoreceptors. The 
body then responds by creating more vasculature that invades 
the Bruch's membrane and into the retinal pigment epithelial 
cells to compensate for the decrease in oxygen Supply to the 
photoreceptors and retinal pigment epithelial cells. By pro 
viding one or more of the active agents described herein, the 
lipid accumulation could be removed and/or prevented, 
thereby relieving the need for increased vasculature. In addi 

Peptide 
Name 
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tion, by providing one or more of the active agents described 
herein in combination with an anti-angiogenic factor, not 
only could the lipid accumulation be removed and/or pre 
vented, the revascularization could be prevented as well, 
thereby relieving the need for increased vasculature and pre 
venting detrimental vascular growth. 
0162 We determined that increasing the number of Phe 
residues on the hydrophobic face of 18A would theoretically 
increase lipid affinity as determined by the computation 
described by Palgunachari et al. (1996) Arteriosclerosis, 
Thrombosis, & Vascular Biol. 16: 328-338. Theoretically, a 
systematic Substitution of residues in the nonpolar face of 
18A with Phe could yield six peptides. Peptides with an 
additional 2, 3 and 4 Phe would have theoretical lipid affinity 
(X) values of 13, 14 and 15 units, respectively. However, the 
X values jumped four units if the additional Phe were 
increased from 4 to 5 (to 19x units). Increasing to 6 or 7 Phe 
would produce a less dramatic increase (to 20 and 21x units, 
respectively). 
0163 A number of these class A peptides were made 
including, the peptide designated 4F, D4F, 5F, and D5F, and 
the like. Various class A peptides inhibited lesion develop 
ment in atherosclerosis-Susceptible mice. In addition, the 
peptides show varying, but significant degrees of efficacy in 
mitigating one or more symptoms of the various pathologies 
described herein. A number of such peptides are illustrated in 
Table 2. 
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Peptide 
Name Amino Acid Sequence 

TABLE 2 - continued 

Ac-D-F-L - 

Ac-E-F-L - 
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SEO ID NO. 

21 

22 

23 

24 

25 

26 

27 

28 

29 

31 

32 

33 

34 

35 

36 

37 

38 

39 

4 O 

41 

42 

43 

44 

45 

46 

47 

48 

49 

SO 

51 

52 

53 

54 

55 

56 

Jul. 28, 2011 



US 2011/O 182992 A1 Jul. 28, 2011 
18 

TABLE 2 - continued 
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TABLE 2 - continued 

Peptide 
Name Amino Acid Sequence 

E K N 2 

E K N 2 

Linkers are underlined. 

NMA is N-Methyl Anthranillyl. 

0164. In certain preferred embodiments, the peptides 
include variations of 4F (SEQ ID NO:5 in Table 2), also 
known as L-4F, where all residues are L form amino acids) or 
D-4F where one or more residues are D form amino acids). In 
any of the peptides described herein, the C-terminus, and/or 
N-terminus, and/or internal residues can be blocked with one 
or more blocking groups as described herein. 
(0165 While various peptides of Table 2, are illustrated 
with an acetyl group or an N-methylanthranilyl group pro 
tecting the amino terminus and an amide group protecting the 
carboxyl terminus, any of these protecting groups may be 
eliminated and/or Substituted with another protecting group 
as described herein. In particularly preferred embodiments, 
the peptides comprise one or more D-form amino acids as 
described herein. In certain embodiments, every amino acid 
(e.g., every enantiomeric amino acid) of the peptides of Table 
2 is a D-form amino acid. 

0166 It is also noted that Table 2 is not fully inclusive. 
Using the teachings provided herein, other Suitable class A 
amphipathic helical peptides can routinely be produced (e.g., 
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SEO ID NO. 

9 O 

91 

92 

93 

94 

95 

96 

198 

97 

199 

98 

2OO 

99 

2O1 

1OO 

2O2 

1O1 

2O3 

1O2 

2O4. 

103 

2O5 

by conservative or semi-conservative Substitutions (e.g., D 
replaced by E), extensions, deletions, and the like). Thus, for 
example, one embodiment utilizes truncations of any one or 
more of peptides shown herein (e.g., peptides identified by 
SEQ ID Nos:2-20 and 39 in Table 2). Thus, for example, 
SEQ ID NO:21 illustrates a peptide comprising 14 amino 
acids from the C-terminus of 18A comprising one or more D 
amino acids, while SEQID NOS:22-38 illustrate other trun 
cations. 

0.167 Longer peptides are also suitable. Such longer pep 
tides may entirely form a class A amphipathic helix, or the 
class A amphipathic helix (helices) can form one or more 
domains of the peptide. In addition, this invention contem 
plates multimeric versions of the peptides (e.g., concatam 
ers). Thus, for example, the peptides illustrated herein can be 
coupled together (directly or through a linker (e.g., a carbon 
linker, or one or more amino acids) with one or more inter 
vening amino acids). Illustrative polymeric peptides include 
18A-Pro-18A and the peptides of SEQ ID NOS:78-85, in 
certain embodiments comprising one or more Damino acids, 
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more preferably with every amino acid a D amino acid as 
described herein and/or having one or both termini protected. 
0.168. It will also be appreciated in addition to the peptide 
sequences expressly illustrated herein, this invention also 
contemplates retro and retro-inverso forms of each of these 
peptides. In retro forms, the direction of the sequence is 
reversed. In inverse forms, the chirality of the constituent 
amino acids is reversed (i.e., L form amino acids become D 
form amino acids and D form amino acids become L form 
amino acids). In the retro-inverso form, both the order and the 
chirality of the amino acids is reversed. Thus, for example, a 
retro form of the 4F peptide (DWFKAFYDKVAEKFKEAF, 
SEQID NO:5), where the amino terminus is at the aspartate 
(D) and the carboxyl terminus is at the phenylalanine (F), has 
the same sequence, but the amino terminus is at the phenyla 
lanine and the carboxy terminus is at the aspartate (i.e., 
FAEKFKEAVKDYFAKFWD, SEQID NO:104). Where the 
4F peptide comprises all L amino acids, the retro-inverso 
form will have the sequence shown above (SEQID NO: 104) 
and comprise all D form amino acids. As illustrated in the 
helical wheel diagrams of FIG. 15, 4F and retroinverso (Rev 
4F) are mirror images of each other with identical segregation 
of the polar and nonpolar faces with the positively charged 
residues residing at the polar-nonpolar interface and the nega 
tively charged residues residing at the center of the polar face. 
These mirror images of the same polymer of amino acids are 
identical in terms of the segregation of the polar and nonpolar 
faces with the positively charged residues residing at the 
polar-nonpolar interface and the negatively charged residues 
residing at the center of the polar face. For a discussion of 
retro- and retro-inverso peptides see, e.g., Chorev and Good 
man, (1995) TibTech, 13:439-445. 
0169. Where reference is made to a sequence and orienta 
tion is not expressly indicated, the sequence can be viewed as 
representing the amino acid sequence in the amino to car 
boxyl orientation, the retro form (i.e., the amino acid 
sequence in the carboxyl to amino orientation), the retro form 
where L amino acids are replaced with D amino acids or D 
amino acids are replaced with L amino acids, and the retro 
inverso form where both the order is reversed and the amino 
acid chirality is reversed. 
C) Class A Amphipathic Helical Peptide Mimetics of apoA-1 
having Aromatic or Aliphatic Residues in the Non-Polar 
Face. 

0170 In certain embodiments, this invention also provides 
modified class A amphipathic helix peptides. Certain pre 
ferred peptides incorporate one or more aromatic residues at 
the center of the nonpolar face, e.g., 3F", (as present in 4F), 
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or with one or more aliphatic residues at the center of the 
nonpolar face, e.g., 3F", see, e.g., Table 3. Without being 
bound to a particular theory, we believe the central aromatic 
residues on the nonpolar face of the peptide 3F", due to the 
presence of TL electrons at the center of the nonpolar face, 
allow water molecules to penetrate near the hydrophobic lipid 
alkyl chains of the peptide-lipid complex, which in turn 
would enable the entry of reactive oxygen species (such as 
lipid hydroperoxides) shielding them from the cell surface. 
Similarly, we also believe the peptides with aliphatic residues 
at the center of the nonpolar face, e.g., 3E'", will act similarly 
but not quite as effectively as 3F". 
0171 Preferred peptides will convert pro-inflammatory 
HDL to anti-inflammatory HDL or make anti-inflammatory 
HDL more anti-inflammatory, and/or decrease LDL-induced 
monocyte chemotactic activity generated by artery wall cells 
equal to or greater than D4F or other peptides shown in Table 
2. 

TABLE 3 

Name Sequence SEO ID NO 

(3 cm) Ac-DKWKAVYDKFAEAFKEFL-NH- 105 

(31) Ac-DKLKAFYDKVFEWAKEAF-NH- 106 

D) Other Class A and Some Class Y Amphipathic Helical 
Peptides. 
0.172. In certain embodiments this invention also contem 
plates class a amphipathic helical peptides that have an amino 
acid composition identical to one or more of the class a 
amphipathic helical peptides described above. Thus, for 
example, in certain embodiments this invention contemplates 
peptides having an amino acid composition identical to 4F. 
Thus, in certain embodiments, this invention includes active 
agents that comprise a peptide that consists of 18 amino acids, 
where the 18 amino acids consist of 3 alanines (A), 2 aspar 
tates (D), 2 glutamates (E), 4 phenylalanines (F), 4 lysines 
(K), 1 valine (V), 1 tryptophan (W), and 1 tyrosine (Y); and 
where the peptide forms a class A amphipathic helix; and 
protects a phospholipid against oxidation by an oxidizing 
agent. In various embodiments, the peptides comprise least 
one "D'amino acid residue; and in certain embodiments, the 
peptides comprise all “D: form amino acid residues. A variety 
of such peptides are illustrated in Table 4. Reverse (retro-), 
inverse, retro-inverso-, and circularly permuted forms of 
these peptides are also contemplated. 

TABLE 4 

Illustrative 18 amino acid length class A amphipathic helical 
peptides with the amino acid composition 3 alanines (A), 
2 aspartates (D), 2 glutamates (E), 4 phenylalanines (F), 

4 lysines (K) 1 valine (W) 1 try ptophan (W) and 1 tyrosine (Y) . 

Name Sequence SEQ ID NO 

Switch D-E-4F analogs 1. Of 

Switch D-E-1-4F Ac-EWFKAFYEKVADKFKDAF-NH, 108 

Switch D-E-2-4F Ac-EWFKAFYDKVADKFKEAF-NH 109 

Switch D-E-3-4F Ac-DWFKAFYEKVADKFKEAF-NH- 11 O 

Switch D-E-4-4F 
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Illustrative 18 amino acid length class A amphipathic helical 
peptides with the amino acid composition 3 alanines (A), 
2 aspartates (D), 2 glutamates (E), 4 phenylalanines (F), 

4 livsines (K 1 valine (W 1 tryotoohan (W and 1 tyrosine (Y 

Name Sequence SEO ID NO 

Switch D-E-3-Rev - 4 F-2O Ac- FAEKFKDAVKEFFAKYWD-NH, 376 

Switch D-E-4-Rev - 4 F-2O Ac- FAEKFKDAVKDFFAKYWE-NH2 377 

W-1, F-6 and K-17 Rev 4F 378 

Rew-4F-21 Ac-WAEKFFEAVKDYFAKFKD-NH2 379 

Switch D-E-1-Rev - 4 F-7 Ac-WADKFFDAVKEYFAKFKE-NH2 38O 

Switch D-E-2-Rev - 4 F-7 Ac-WADKFFEAVKDYFAKFKE-NH2 381 

Switch D-E-3-Rev - 4 F-7 Ac-WAEKFFDAVKEYFAKFKD-NH2 382 

Switch D-E-4-Rev - 4 F-7 Ac-WAEKFFDAVKDYFAKFKE-NH2 383 

W-5, F-6 and K-17 Rev- 4F 384 

Rew-4F-22 Ac- FAEKWEEAVKDYFAKFKD-NH2 385 

Switch D-E-1-Rev - 4 F-22 Ac-FADKWFDAVKEYFAKFKE-NH2 386 

Switch D-E-2-Rev - 4 F-22 Ac-FADKWFEAVKDYFAKFKE-NH2 387 

Switch D-E-3-Rev - 4 F-22 Ac- FAEKWFDAVKEYFAKFKD-NH2 388 

Switch D-E-4-Rev - 4 F-22 Ac- FAEKWFDAVKDYFAKFKE-NH2 389 

V-6, W-9, K-17 Rev- 4F 390 

Rew-4F-23 Ac- FAEKFVEAWKDYFAKFKD-NH2 391 

Switch D-E-1-Rev - 4F-23 Ac-FADKFVDAWKEYFAKFKE-NH2 392 

Switch D-E-2-Rev - 4F-23 Ac-FADKFVEAWKDYFAKFKE-NH, 393 

Switch D-E-3-Rev - 4F-23 Ac- FAEKFVDAWKEYFAKFKD-NH2 394 

Switch D-E-4-Rev - 4F-23 Ac- FAEKFVDAWKDYFAKFKE-NH, 395 

Y-2, A-4, W-12, K-17 Rev - 4F 396 

Rew-4F-24 Ac-FYEKFAEAVKDWFAKFKD-NH, 397 

Switch D-E-1-Rev - 4 F-24 Ac-FYDKFADAVKEWFAKFKE-NH2 398 

Switch D-E-2-Rev - 4 F-24 Ac-FYDKFAEAVKDWFAKFKE-NH, 399 

Switch D-E-3-Rev - 4 F-24 Ac-FYEKFADAVKEWFAKFKD-NH2 4 OO 

Switch D-E-4-Rev - 4 F-24 Ac-FYEKFADAVKDWFAKFKE-NH, 4O1 

0173 Based on the helical wheel diagrams shown in FIG. histidine, and contains either 9 or 10 amino acids on the polar 
15 it is possible to readily identify biologically active and 
useful peptides. Thus, for example, the following peptides 
have been accurately identified as active: 3F1; 3F2; 4F the 
reverse (retro) forms thereof and the retro-inverso forms 
thereof. Thus, in certain embodiments, this invention contem 
plates active agents comprising a peptide that is 18 amino 
acids in length and forms a class A amphipathic helix where 
the peptide has the amino acid composition 2 aspartates, 2 
glutamates, 4 lysines, 1 tryptophan, 1 tyrosine, no more than 
one leucine, no more than 1 valine, no less than 1 and no more 
than 3 alanines, and with 3 to 6 amino acids from the group: 
phenylalanine, alpha-naphthalanine, beta-naphthalanine, 

face in a helical wheel representation of the class A amphip 
athic helix including 4 amino acids with positive charge at 
neutral pH with two of the positively charged residues resid 
ing at the interface between the polar and non-polar faces and 
with two of the four positively charged residues on the polar 
face that are contiguous and on the non-polar face two of the 
amino acid residues from the group: phenylalanine, alpha 
naphthalanine, beta-naphthalanine, histidine are also con 
tiguous and if there are 4 or more amino acids from this group 
on the non-polar face there are also at least 2 residues from 
this group that are not contiguous. 
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- Continued 
Rew-R1O-7F Ac-FFEKFKEFFRDYFAKFWD-NH2 629 

Rew-R14 - 7F Ac-FFEKFKEFFKDYFARFWD-NH2 630 

Rev-E3 > D-7F Ac-FFDKFKEFFKDYFAKFWD-NH2 631 

Rev-D11 >E-7F Ac-FFEKFKEFFKEYFAKFWD-NH2 633 

Rev-D18 > E-7F Ac-FFEKFKEFFKDYFAKFWE-NH2 634 

0181. It is also noted that any of the peptides described 
herein can comprise non-natural amino acids in addition to or 
instead of the corresponding the natural amino acids identi 
fied herein. Such modifications include, but are not limited to 
acetylation, amidation, formylation, methylation, Sulfation, 
and the like. Illustrative non-natural amino acids include, but 
are not limited to Ornithine, norleucine, norvaline, N-meth 
ylvaline, 6-N-methyllysine, N-methylisoleucine, N-methylg 
lycine, sarcosine, inosine, allo-isoleucine, isodesmolysine, 
4-hydroxyproline, 3-hydroxyproline, allo-hydroxylysine, 
hydroxylisine, N-ethylasparagine, N-ethylglycine, 2,3-di 
aminopropionic acid, 2,2'-diaminopropionic acid, desmo 
sine, 2,4-diaminobutyric acid, 2-aminopimelic acid, 3-ami 
noisobutyric acid, 2-aminoisobutyric acid, 2-aminoheptanoic 
acid, 6-aminocaproic acid, 4-aminobutyric acid, 2-aminobu 
tyric acid, beta-alanine, 3-aminoadipic acid, 2-aminoadipic 
acid, and the like. In certain embodiments and one or more of 
the “natural amino acids of the peptides described herein, 
can be substituted with the corresponding non-natural amino 
acid (e.g. as describe above). 
0182. In certain embodiments, this invention contem 
plates particularly the use of modified lysines. Such modifi 
cations include, but are not limited to, biotin modification of 
epsilon lysines and/or methylation of the epsilon lysines. 
Illustrative peptide comprising epsilon methylated lysines 
include, but are not limited to: Ac-D-W-F-K(eCH)-A-F-Y- 
D-K(eCH)-V-A-E-K(eCH)--F-K(eCH)-E-A-F-NH 
(CH) (SEQ ID NO:635) and: Ac-DWFK(eCH)AFYDK 
(eCH)VAEK(eCH) FK(eCH)EAF-NH(CH) (SEQ ID 
NO:636). Other modified amino acids include but are not 
limited to ornithine analogs and homoaminoalanine analogs 
(instead of (CH). NH for Lys it can be —(CH) NH 
for Haa and —(CH), NH, for Ornand the like. It is noted 
that these modifications are illustrative and not intended to be 
limiting. Illustrative 4F analogues that possess modified 
amino acids are shown in Table 6. 

TABLE 6 

Illustrative 4F analogs that 
comprise modified amino acids. 

eN-Dimethyl-Lys derivative of 4F (eN-Dime) 

Ac-D-W-F-K (e.N-Dime) -A-F-Y-D-K (e.N-Dime) -W- 637 
A-E-K(eN-Dime) -F-K (e.N-Dime) -E-A-F-NH2 

Ac-D-W-F-K- (e.N-Dime) -A-F-Y-D-K (e.N-Dime) -W- 638 
A-E-K (e.N-Dime) -F-K ( (eN-Dime) -E-A-F-NH-Me 

Ac-D-W-F-K- (e.N-Dime) -A-F-Y-D-K (e.N-Dime) -W- 639 
A-E-K(eN-Dime) -F-K (e.N-Dime) -E-A-F-N- (Me) 
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TABLE 6-continued 

Illustrative 4F analogs that 
comprise modified amino acids. 

eN-Diethyl-Lys derivatives of 4F (eN-Diet) 

Ac-D-W-F-K (e.N-Diet) -A-F-Y-D-K (e.N-Diet) -W- 
A-E-K (eN-Diet) - F-K (eN-Diet) -E-A-F-NH, 

Ac-D-W-F-K (e.N-Diet) -A-F-Y-D-K (e.N-Diet) -W- 
A-E-K(eN-Diet) -F-K (e.N-Diet) -E-A-F-NH- (Et) 

eN-Monomethyl-Lys derivative of 4F (eN-Me) 

Ac-D-W-F-K (e.N-Me) -A-F-Y-D-K (e.N-Me) -W-A- 
E-K(eN-Me) -F-K (e.N-Me) -E-A-F-N- (Me) 

eN-ethyl Lys derivative of 4F (eN-Et) 

Ac-D-W-F-hK (e.N-Dime) -A-F-Y-D-hk (e.N-Dime) -W- 
A-E-hK (e.N-Dime) - F -hK (e.N-Dime) -E-A-F-NH2 

Ac-D-W-F-hK (e.N-Dime) -A-F-Y-D-hk (e.N-Dime) -W- 
A-E-hK (e.N-Dime) - F -hK (e.N-Dime) -E-A-F-N- (Me) 

Ac-D-W-F-hK (e.N-Dime) -A-F-Y-D-hk (e.N-Dime) -W- 
Dime) -F-hK (e.N-Dime) -E-A-F-NH-Me A E K (e N 

Ac-D-W-F-hK (e.N-Diet) -A-F-Y-D-hk (e.N-Diet) -W- 
Diet) -F-hK (N-Diet) -E-A-F-NH-Et A E K (e N 

4F analogs in which K is replaced O 
(O = Ornithine, -- (CH) -NH2) 

64 O 

641 

642 

643 

644 

645 

646 

647 

648 

649 

650 

651 

652 

653 

654 

655 

656 

657 

658 

659 

660 
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TABLE 6-continued 

Illustrative 4F analogs that 
comprise modified amino acids. 

0183 The peptides and modifications shown above are 
intended to be illustrative and not limiting. 

E) Smaller Peptides. 
0184. It was also a surprising discovery that certain small 
peptides consisting of a minimum of three amino acids pref 
erentially (but not necessarily) with one or more of the amino 
acids being the D-stereoisomer of the amino acid, and pos 
sessing hydrophobic domains to permit lipid protein interac 
tions, and hydrophilic domains to permit a degree of water 
solubility also possess significant anti-inflammatory proper 
ties and are useful in treating one or more of the pathologies 
described herein. The “small peptides’ typically range in 
length from 2 amino acids to about 15 amino acids, more 
preferably from about 3 amino acids to about 10 or 11 amino 
acids, and most preferably from about 4 to about 8 or 10 
amino acids. In various embodiments the peptides are typi 
cally characterized by having hydrophobic terminal amino 
acids or terminal amino acids rendered hydrophobic by the 
attachment of one or more hydrophobic “protecting groups. 
Various 'small peptides are described in copending applica 
tions U.S. Ser. No. 10/649,378, filed Aug. 26, 2003, and in 
U.S. Ser. No. 10/913,800, filed on Aug. 6, 2004, and in PCT 
Application PCT/US2004/026288. 
0185. In certain embodiments, the peptides can be charac 
terized by Formula I, below: X-X-X-XI where, n is 0 or 
1,X' is a hydrophobic amino acid and/or bears ahydrophobic 
protecting group, X is a hydrophobic amino acid and/or 
bears a hydrophobic protecting group; and when n is 0X is 
an acidic or a basic amino acid; when n is 1: X and X are 
independently an acidic amino acid, a basic amino acid, an 
aliphatic amino acid, or an aromatic amino acid Such that 
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when X is an acidic amino acid; X is a basic amino acid, an 
aliphatic amino acid, oran aromatic amino acid; when X is a 
basic amino acid; X is an acidic amino acid, an aliphatic 
amino acid, or an aromatic amino acid; and when X is an 
aliphatic or aromatic amino acid, X is an acidic amino acid, 
or a basic amino acid. 
0186 Longer peptides (e.g., up to 10, 11, or 15 amino 
acids) are also contemplated within the scope of this inven 
tion. Typically where the shorter peptides (e.g., peptides 
according to formula I) are characterized by an acidic, basic, 
aliphatic, or aromatic amino acid, the longer peptides are 
characterized by acidic, basic, aliphatic, or aromatic domains 
comprising two or more amino acids of that type. 

1) Functional Properties of Active Small Peptides. 
0187. It was a surprising finding of this invention that a 
number of physical properties predict the ability of small 
peptides (e.g., less than 10amino acids, preferably less than 8 
amino acids, more preferably from about 3 to about 5 or 6 
amino acids) of this invention to render HDL more anti 
inflammatory and to mitigate atherosclerosis and/or other 
pathologies characterized by an inflammatory response in a 
mammal. The physical properties include high solubility in 
ethyl acetate (e.g., greater than about 4 mg/mL), and solubil 
ity in aqueous buffer at pH 7.0. Upon contacting phospholip 
ids such as 1,2-Dimyristoyl-sn-glycero-3-phosphocholine 
(DMPC), in an aqueous environment, the particularly effec 
tive Small peptides induce or participate in the formation of 
particles with a diameter of approximately 7.5 nm (0.1 nm), 
and/or induce or participate in the formation of stacked bilay 
ers with a bilayer dimension on the order of 3.4 to 4.1 nm with 
spacing between the bilayers in the stack of approximately 2 
nm, and/or also induce or participate in the formation of 
vesicular structures of approximately 38 nm). In certain pre 
ferred embodiments, the small peptides have a molecular 
weight of less than about 900 Da. 
0188 Thus, in certain embodiments, this invention con 
templates Small peptides that ameliorate one or more symp 
toms of an indication/pathology described herein, e.g., an 
inflammatory condition, where the peptide(s): ranges in 
length from about 3 to about 8 amino acids, preferably from 
about 3 to about 6, or 7 amino acids, and more preferably from 
about 3 to about 5 amino acids; are soluble in ethyl acetate at 
a concentration greater than about 4 mg/mL, are soluble in 
aqueous buffer at pH 7.0; when contacted with a phospholipid 
in an aqueous environment, form particles with a diameter of 
approximately 7.5 nm and/or form stacked bilayers with a 
bilayer dimension on the order of 3.4 to 4.1 nm with spacing 
between the bilayers in the stack of approximately 2 nm, have 
a molecular weight less than about 900 daltons; convert pro 
inflammatory HDL to anti-inflammatory HDL or make anti 
inflammatory HDL more anti-inflammatory; and do not have 
the amino acid sequence Lys-Arg-Asp-Ser (SEQ ID 
NO:801), especially in which Lys-Arg-Asp and Ser are all L 
amino acids. In certain embodiments, these Small peptides 
protect a phospholipid against oxidation by an oxidizing 
agent. 
0189 While these small peptides need not be so limited, in 
certain embodiments, these Small peptides can include the 
small peptides described below. 

2) Tripeptides. 
0190. It was discovered that certain tripeptides (3 amino 
acid peptides) can be synthesized that show desirable prop 
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erties as described herein (e.g., the ability to convert pro 
inflammatory HDL to anti-inflammatory HDL, the ability to TABLE 7-continued 
decrease LDL-induced monocyte chemotactic activity gen 
erated by artery wall cells, the ability to increase pre-beta Examples of certain preferred tripeptides 

bearing hydrophobic blocking groups and 
HDL, etc.). In certain embodiments, the peptides are charac- acidic, basic, or histidine central amino acids. 
terized by formula I, wherein N is zero, shown below as 
Formula II: X-X-X II where the end amino acids (X' and SEQ ID 

2 3 ral X) are hydrophobic either because of a hydrophobic side X X X X NO 
chain or because the side chain or the C and/or N terminus is 
blocked with one or more hydrophobic protecting group(s) Boc-Glu Asp Tyr (tBu) - OtBu 696 
(e.g., the N-terminus is blocked with Boc-, Fmoc-, nicotinyl-, 
etc., and the C-terminus blocked with (tRu)-OtBu, etc.). In Fmoc-Lys (eFmoc) Arg Ser (tBul) - OtBu 697 
certain embodiments, the X amino acid is either acidic (e.g., T A. Ille-OtB 698 

- 0 - Ot aspartic acid, glutamic acid, etc.) or basic (e.g., histidine, moc-Irp rg e-Q3. 
arginine, lysine, etc.). The peptide can be all L-amino acids or Fmoc-Trp Arg Luell-OtBul 699 
include one or more or all D-amino acids. 
0191 Certain preferred tripeptides of this invention Fmoc-Phe Arg Ille-OtBul 7 OO 
include, but are not limited to the peptides shown in Table 7. Fmoc-Phe Arg Luell-OtBul 7 O1 

TABLE F Boc-Trp Arg Phe-Otsu. 7 O2 

Examples of certain preferred tripeptides Boc-Trp Arg Tyr-OtBu 7 O3 
bearing hydrophobic blocking groups and 

acidic, basic, or histidine central amino acids. Fmoc-Trp Arg Phe-Otsu. 704 

SEO ID Fmoc-Trp Arg Tyr-OtBu 7 Os 
XI x2 x3 x NO 

Boc- Orin (OBoc) Arg Ser (tBul) - OtBu 706 
Boc-Lys (EBoc) Arg Ser (tBu) - OtBu 672 

Nicotinyl Arg Ser (tBul) - OtBu 7 O7 
Boc-Lys (EBoc) Arg Thir (tBu) - OtBu 673 Lys (sBoc) 

Boc-Trp Arg Ille-Otsu 674 Nicotinyl Arg Thir (tBul) - OtBu 7 OS 
Lys (EBoc) 

Boc-Trp Arg Luell-OtBul 675 
Fmoc-Leu. Asp Thir (tBul) - OtBu 7 O9 

Boc-Phe Arg Ile - Otsu 676 
Fmoc-Leu. Glu Thir (tBul) - OtBu 71O 

Boc-Phe Arg Luell-OtBul 677 
Fmoc-Leu. Arg Thir (tBul) - OtBu 711 

Boc-Lys (EBoc) Glu Ser (tBu) - OtBu 678 
Fmoc-nor Lieu. Arg Ser (tBul) - OtBu 712 

Boc-Lys (EBoc) Glu Thir (tBu) - OtBu 6.79 
Fmoc-nor Lieu. Asp Ser (tBul) - OtBu 713 

Boc-Lys (EBoc) Asp Ser (tBu) - OtBu 68O 
Fmoc-nor Lieu. Glu Ser (tBul) - OtBu 714. 

Boc-Lys (EBoc) Asp Thir (tBu) - OtBu 681 
Fmoc-Lys (cBoc) Arg Ser (tBul) - OtBu 71s 

Boc-Lys (EBoc) Arg Ser (tBu) - OtBu 682 
Fmoc-Lys (EBoc) Arg Thir (tBul) - OtBu 71.6 

Boc-Lys (EBoc) Arg Thir (tBu) - OtBu 683 
Fmoc-Lys (EBoc) Glu Ser (tBul) - OtBu 717 

Boc-Luell Glu Ser (tBu) - OtBu 684 
Fmoc-Lys (EBoc) Glu Thir (tBul) - OtBu 718 

Boc-Luell Glu Thir (tBu) - OtBu 685 
Fmoc-Lys (cBoc) Asp Ser (tBul) - OtBu 719 

Fmoc-Trp Arg Ser (tBu) - OtBu 686 
Fmoc-Lys (EBoc) Asp Thir (tBul) - OtBu 72O 

Fmoc-Trp Asp Ser (tBu) - OtBu 687 
Fmoc-Lys (eBoc) Glu Luell-OtBul 721 

Fmoc - Trp Glu Ser (tBu) - OtBu 688 
Fmoc-Lys (EBoc) Arg Luell-OtBul 722 

Fmoc-Trp Arg Ser (tBu) - OtBu 689 

Fmoc-Lys (cFmoc) Arg Thir (tBul) - OtBu 723 
Boc-Lys (EBoc) Glu Luell-OtBul 690 

Fmoc-Leu. Arg Ser (tBu) - OtBu 691 Fmoc - Lys (EFmoc) Glu Ser (tBul) - OtBu 724 

Fmoc-Leu. Asp Ser (tBu) - OtBu 692 Fmoc - Lys (EFmoc) Glu Thir (tBul) - OtBu 72 

Fmoc-Leu. Glu Ser (tBu) - OtBu 693 Fmoc - Lys (cFmoc) Asp Ser (tBul) - OtBu 726 

Fmoc-Leu. Arg Ser (tBu) - OtBu 694 Fmoc - Lys (EFmoc) Asp Thir (tBul) - OtBu 727 

Fmoc-Leu. Arg Thir (tBu) - OtBu 695 Fmoc - Lys (EFmoc) Arg Ser (tBul) - OtBu 728 
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TABLE 7-continued 

Examples of certain preferred tripeptides 
bearing hydrophobic blocking groups and 

acidic, basic, or histidine central amino acids. 

SEO ID 
XI x2 x3 X4 NO 

Fmoc-Trp His Phe-OtBul 796 

Fmoc-Trp His Tyr-OtBu 797 

Fmoc-Trp His Thir (tBu) - OtBu 798 

Nicotinyl His Ser (tBu) - OtBu 799 
Llys (eBoc) 

Nicotinyl His Thir (tBu) - OtBu 8 OO 
Lys (EBoc) 

(0192 While the peptides of Table 7 are illustrated with 
particular protecting groups, it is noted that these groups may 
be substituted with other protecting groups as described 
herein and/or one or more of the shown protecting group can 
be eliminated. 

3) Small Peptides with Central Acidic and Basic Amino 
Acids. 

0193 In certain embodiments, the peptides of this inven 
tion range from four amino acids to about ten amino acids. 
The terminal amino acids are typically hydrophobic either 
because of a hydrophobic side chain or because the terminal 
amino acids bear one or more hydrophobic protecting groups 
end amino acids (X' and X") are hydrophobic either because 
of a hydrophobic side chain or because the side chain or the C 
and/or N terminus is blocked with one or more hydrophobic 
protecting group(s) (e.g., the N-terminus is blocked with 
Boc-, Fmoc-, Nicotinyl-, etc., and the C-terminus blocked 
with (tRu)-OtBu, etc.). Typically, the central portion of the 
peptide comprises a basic amino acid and an acidic amino 
acid (e.g., in a 4 mer) or a basic domain and/or an acidic 
domain in a longer molecule. 
0194 These four-mers can be represented by Formula I in 
which X and X’ are hydrophobic and/or bear hydrophobic 
protecting group(s) as described herein and X is acidic while 
X is basic or X is basic while X is acidic. The peptide can 
be all L-amino acids or include one or more or all D-amino 
acids. 

0.195 Certain preferred peptides of this invention include, 
but are not limited to the peptides shown in Table 8. 

TABLE 8 

Illustrative examples of small peptides 
With central acidic and basic amino acids. 

SEQ ID 
XI x2 x3 x4 NO 

Boc-Lys (EBoc) Arg Asp Ser (tBu) - OtBu 8O1 

Boc-Lys (EBoc) Arg Asp Thir (tBu) - OtBu 8O2 

Boc-Trp Arg Asp Ille-Otsu 8O3 

Boc-Trp Arg Asp Luell-OtBul 804 

Illustrative examples of small peptides 

TABLE 
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8- continued 

With central acidic and basic amino acids. 

XI 

Boc-Phe 

Boc-Phe 

Boc-Phe 

Boc-Phe 

Boc-Phe 

Boc-Phe 

Boc-Phe 

Boc-Phe 

Boc-Phe 

Boc-Phe 

Boc-Phe 

Boc-Phe 

Boc-Lys (EBoc) 

Boc-Lys (EBoc) 

Boc-Lys (EBoc) 

Boc-Lys (EBoc) 

Boc-Lys (eBoc) 

Boc-Lys (eBoc) 

Boc-Luell 

Boc-Luell 

Fmoc-Trp 

Fmoc-Trp 

Fmoc-Trp 

Fmoc-Trp 

Boc-Lys (eBoc) 

Fmoc-Leu. 

Fmoc-Leu. 

Fmoc-Leu. 

Fmoc-Leu. 

Fmoc-Leu. 

Boc-Glu 

Fmoc-Lys (EFmoc) 

Fmoc-Trp 

Fmoc-Trp 

Arg 

Arg 

Arg 

Arg 

Arg 

Asp 

Glu 

Asp 

Arg 

Glu 

Asp 

Glu 

Glu 

Glu 

Asp 

Asp 

Arg 

Arg 

Glu 

Glu 

Arg 

Asp 

Glu 

Arg 

Glu 

Arg 

Asp 

Glu 

Arg 

Arg 

Asp 

Arg 

Arg 

Arg 

Asp 

Asp 

Asp 

Glu 

Glu 

Arg 

Arg 

Arg 

Glu 

Arg 

Arg 

Arg 

Arg 

Arg 

Arg 

Arg 

Glu 

Glu 

Arg 

Arg 

Asp 

Arg 

Arg 

Glu 

Arg 

Asp 

Arg 

Arg 

Glu 

Asp 

Arg 

Asp 

Asp 

Asp 

Luell-OtBul 

Ille-Otsu 

norLell-OtBul 

norLell-OtBul 

Ille-Otsu 

Ille-Otsu 

Ille-Otsu 

Luell-OtBul 

Luell-OtBul 

Luell-OtBul 

norLell-OtBul 

norLell-OtBul 

Ser (tBu) - OtBu 

Thir (tBu) - OtBu 

Ser (tBu) - OtBu 

Thir (tBu) - OtBu 

Ser (tBu) - OtBu 

Thir (tBu) - OtBu 

Ser (tBu) - OtBu 

Thir (tBu) - OtBu 

Ser (tBu) - OtBu 

Ser (tBu) - OtBu 

Ser (tBu) - OtBu 

Ser (tBu) - OtBu 

Luell-OtBul 

Ser (tBu) - OtBu 

Ser (tBu) - OtBu 

Ser (tBu) - OtBu 

Ser (tBu) - OtBu 

Thir (tBu) - OtBu 

Tyr (tBu) - OtBu 

Ser (tBu) - OtBu 

Ille-Otsu 

Luell-OtBul 

SEQ ID 
NO 

805 

806 

8. Of 

808 

809 

821 

822 

823 

824 

825 

826 

827 

828 

829 

83 O 

831 

832 

833 

834 

835 

836 

837 

838 





US 2011/O 182992 A1 

Illustrative examples of small peptides 

TABLE 8- continued 

With central acidic and basic amino acids. 

Fmoc-Trp 

Fmoc-Trp 

Fmoc-Trp 

Fmoc-Trp 

Fmoc-Phe 

Fmoc-Phe 

Boc-Phe 

Boc-Phe 

Boc-Phe 

Boc-Phe 

Boc-Phe 

Boc-Phe 

Boc-Phe 

Boc-Phe 

Boc-Phe 

Boc-Phe 

Boc-Phe 

Boc-Phe 

Boc-Phe 

Boc-Phe 

Boc-Phe 

Boc-Phe 

Boc-Phe 

Boc-Phe 

Boc-Phe 

Boc-Phe 

Boc-Phe 

Boc-Phe 

Boc-Phe 

Boc-Phe 

Boc-Lys (eBoc) 

Boc-Lys (EBoc) 

Boc-Lys (eBoc) 

Boc-Lys (eBoc) 

Boc-Lys (eBoc) 

Arg 

Asp 

Arg 

Glu 

Arg 

Arg 

Glu 

Glu 

His 

x3 

Asp 

Arg 

Glu 

Arg 

Asp 

Glu 

Asp 

Thir (tBu) - OtBu 

Thir (tBu) - OtBu 

Thir (tBu) - OtBu 

Thir (tBu) - OtBu 

norLell-OtBul 

norLell-OtBul 

Luell-OtB ul 

Luell-OtBul 

Luell-OtBul 

Luell-OtBul 

Ille-Otsu 

Ille-Otsu 

Ille-Otsu 

Ille-Otsu 

norLell-OtBul 

norLell-OtBul 

norLell-OtBul 

norLell-OtBul 

Luell-OtBul 

Luell-OtBul 

Luell-OtBul 

Luell-OtBul 

Ille-Otsu 

Ille-Otsu 

Ille-Otsu 

Ille-Otsu 

norLell-OtBul 

norLell-OtBul 

norLell-OtBul 

norLell-OtBul 

Ser (tBu) - OtBu 

Ser (tBu) - OtBu 

Ser (tBu) - OtBu 

Ser (tBu) - OtBu 

Ser (tBu) - OtBu 

SEQ ID 
NO 

908 

909 

92 O 

921 

922 

923 

924 

925 

926 

927 

928 

929 

93 O 

931 

932 

933 

934 

935 

936 

937 

938 

939 

94 O 

941 

942 
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TABLE 8- continued 

Illustrative examples of small peptides 
With central acidic and basic amino acids. 

SEQ ID 
XI x2 x3 x4 NO 

Boc-Lys (eBoc) Asp His Ser (tBu) - OtBu 943 

Boc-Lys (eBoc) His Glu. Ser (tBu) - OtBu 944 

Boc-Lys (EBoc) Glu. His Ser (tBu) - OtBu 945 

(0196. While the peptides of Table 8 are illustrated with 
particular protecting groups, it is noted that these groups may 
be substituted with other protecting groups as described 
herein and/or one or more of the shown protecting group can 
be eliminated. 
4) Small Peptides Having Either an Acidic or Basic Amino 
Acid in the Center Together with a Central Aliphatic Amino 
Acid. 
0.197 In certain embodiments, the peptides of this inven 
tion range from four amino acids to about ten amino acids. 
The terminal amino acids are typically hydrophobic either 
because of a hydrophobic side chain or because the terminal 
amino acids bear one or more hydrophobic protecting groups. 
End amino acids (X' and X) are hydrophobic either because 
of a hydrophobic side chain or because the side chain or the C 
and/or N terminus is blocked with one or more hydrophobic 
protecting group(s) (e.g., the N-terminus is blocked with 
Boc-, Fmoc-, Nicotinyl-, etc., and the C-terminus blocked 
with (tRu)-OtBu, etc.). Typically, the central portion of the 
peptide comprises a basic or acidic amino acid and an ali 
phatic amino acid (e.g., in a 4 mer) or a basic domain or an 
acidic domain and an aliphatic domain in a longer molecule. 
0198 These four-mers can be represented by Formula I in 
which X and X’ are hydrophobic and/or bear hydrophobic 
protecting group(s) as described herein and X is acidic or 
basic while X is aliphatic or X is aliphatic whileX is acidic 
or basic. The peptide can be all L-amino acids or include one, 
or more, or all D-amino acids. 
0199 Certain preferred peptides of this invention include, 
but are not limited to the peptides shown in Table 9. 

TABLE 9 

Examples of certain preferred peptides 
havingeither an acidic or basic 
amino acid in the center together 

with a central aliphatic amino acid. 

XI x2 x3 x4 SEO ID NO 

Fmoc-Lys (eBoc) Lieu. Arg Ser (tBu) - OtBu 946 

Fmoc-Lys (eBoc) Arg Lieu Ser (tBu) - OtBu 947 

Fmoc-Lys (eBoc) Lieu. Arg Thr (tBu) - OtBu 948 

Fmoc-Lys (eBoc) Arg Lieu. Thir (tBu) - OtBu 949 

Fmoc-Lys (eBoc) Glu Lieu. Ser (tBu) - OtBu. 950 

Fmoc-Lys (eBoc) Lieu. Glu Ser (tBu) - OtBu 951 

Fmoc-Lys (eBoc) Glu Lieu. Thir (tBu) - OtBu. 952 
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TABLE 9- continued 

Examples of certain preferred peptides 
having either an acidic or basic 
amino acid in the center together 

With a central aliphatic amino acid. 

XI x2 x3 x4 SEO ID NO 

Fmoc-Lys (eBoc) Lieu. Glu. Thir (tBu) - OtBu 95.3 

Fmoc-Lys (eFmoc) Leu Arg Ser (tBu) - OtBu 954 

Fmoc-Lys (eFmoc) Leu Arg Thr (tBu) - OtBu 955 

Fmoc-Lys (eFmoc) Glu Lieu. Ser (tBu) - OtBu 956 

Fmoc-Lys (eFmoc) Glu Lieu. Thir (tBu) - OtBu 95.7 

Boc-Lys (eFmoc) Glu Ile Thr (tBu) - OtBu. 958 

Boc-Lys (eFmoc) Lieu. Arg Ser (tBu) - OtBu 959 

Boc-Lys (eFmoc) Lieu. Arg Thr (tBu) - OtBu 96.O 

Boc-Lys (eFmoc) Glu Lieu. Ser (tBu) - OtBu. 961 

Boc-Lys (eFmoc) Glu Lieu. Thir (tBu) - OtBu. 962 

Boc-Lys (eBoc) Lieu. Arg Ser (tBu) - OtBu 96.3 

Boc-Lys (eBoc) Arg Phe Thr (tBu) - OtBu 964 

Boc-Lys (eBoc) Lieu. Arg Thr (tBu) - OtBu 965 

Boc-Lys (eBoc) Glu Ile Thr (tBul) 966 

Boc-Lys (eBoc) Glu Wall Thir (tBul) 96.7 

Boc-Lys (eBoc) Glu Ala Thr (tBul) 96.8 

Boc-Lys (eBoc) Glu Gly Thr (tBu) 96.9 

Boc-Lys (eBoc) Glu Lieu. Ser (tBu) - OtBu. 97 O 

Boc-Lys (eBoc) Glu Lieu. Thir (tBu) - OtBu. 971. 

(0200 While the peptides of Table 9 are illustrated with 
particular protecting groups, it is noted that these groups may 
be substituted with other protecting groups as described 
herein and/or one or more of the shown protecting group can 
be eliminated. 
5) Small Peptides Having Either an Acidic or Basic Amino 
Acid in the Center Together with a Central Aromatic Amino 
Acid. 
0201 In certain embodiments, the “small peptides of this 
invention range from four amino acids to about ten amino 
acids. The terminal amino acids are typically hydrophobic 
either because of a hydrophobic side chain or because the 
terminal amino acids bear one or more hydrophobic protect 
ing groups end amino acids (X' and X") are hydrophobic 
either because of a hydrophobic side chain or because the side 
chain or the C and/or N terminus is blocked with one or more 
hydrophobic protecting group(s) (e.g., the N-terminus is 
blocked with Boc-, Fmoc-, Nicotinyl-, etc., and the C-termi 
nus blocked with (tRu)-OtBu, etc.). Typically, the central 
portion of the peptide comprises a basic or acidic amino acid 
and an aromatic amino acid (e.g., in a 4 mer) or a basic domain 
or an acidic domain and an aromatic domain in a longer 
molecule. 
0202 These four-mers can be represented by Formula I in 
which X and X’ are hydrophobic and/or bear hydrophobic 
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protecting group(s) as described herein and X is acidic or 
basic whileX is aromatic or X is aromatic while X is acidic 
or basic. The peptide can be all L-amino acids or include one, 
or more, or all D-amino acids. Five-mers can be represented 
by a minor modification of Formula I in which X is inserted 
as shown in Table 10 and in which X is typically anaromatic 
amino acid. 
0203 Certain preferred peptides of this invention include, 
but are not limited to the peptides shown in Table 10. 

TABL E 1O 

Examples of certain preferred peptides having 
either an acidic or basic amino acid in the center 

together with a central aromatic amino acid. 

SEQ ID 
XI x2 X3, X5 X4 NO 

Fmoc-Lys (eBoc) Arg Trp Tyr (tBu) - OtBu 972 

Fmoc-Lys (eBoc) Trp Arg Tyr (tBu) - OtBu 973 

Fmoc-Lys (eBoc) Arg Tyr Trp-OtBu 974. 

Fmoc-Lys (eBoc) Tyr Arg Trp-OtBu 97. 

Fmoc-Lys (eBoc) Arg Tyr Trp Thr (tBu) - OtBu 976 

Fmoc-Lys (eBoc) Arg Tyr Thir (tsu) - Otsu. 977 

Fmoc-Lys (eBoc) Arg Trp Thir (tsu) - Otu 978 

Fmoc-Lys (eFmoc) Arg Trp Tyr (tBu) - OtBu 979 

Fmoc-Lys (eFmoc) Arg Tyr Trp-OtBu 98 O 

Fmoc-Lys (eFmoc) Arg Tyr Trp Thr (tBu) - OtBu 981 

Fmoc-Lys (eFmoc) Arg Tyr Thir (tBu) - OtBu 982 

Fmoc-Lys (eFmoc) Arg Trp Thir (tBu) - OtBu 983 

Boc-Lys (eFmoc) Arg Trp Tyr (tBu) - OtBu 984 

Boc-Lys (eFmoc) Arg Tyr Trp-OtBu 985 

Boc-Lys (eFmoc) Arg Tyr Trp Thr (tBu) - OtBu 986 

Boc-Lys (eFmoc) Arg Tyr Thir (tsu) - Otsu. 987 

Boc-Lys (eFmoc) Arg Tip Thir (tBu) - OtBu 988 

Boc-Glu Lys (eFmoc) Arg Tyr (tBu) - OtBu 989 

Boc-Lys (eBoc) Arg Trp Tyr (tBu) - OtBu 990 

Boc-Lys (eBoc) Arg Tyr Trp-OtBu 991 

Boc-Lys (eBoc) Arg Tyr Trp Thr (tBu) - OtBu 992 

Boc-Lys (eBoc) Arg Tyr Thir (tBu) - OtBu 993 

Boc-Lys (eBoc) Arg Phe Thir (tBu) - OtBull 994 

Boc-Lys (eBoc) Arg Trp Thir (tsu) - Otsu. 995 

(0204 While the peptides of Table 10 are illustrated with 
particular protecting groups, it is noted that these groups may 
be substituted with other protecting groups as described 
herein and/or one or more of the shown protecting group can 
be eliminated. 

6) Small Peptides Having Aromatic Amino Acids or Aromatic 
Amino Acids Separated by Histidine(s) at the Center. 
0205. In certain embodiments, the peptides of this inven 
tion are characterized by n electrons that are exposed in the 
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center of the molecule which allow hydration of the particle 
and that allow the peptide particles to trap pro-inflammatory 
oxidized lipids Such as fatty acid hydroperoxides and phos 
pholipids that contain an oxidation product of arachidonic 
acid at the Sn-2 position. 
0206. In certain embodiments, these peptides consist of a 
minimum of 4 amino acids and a maximum of about 10amino 
acids, preferentially (but not necessarily) with one or more of 
the amino acids being the D-sterioisomer of the amino acid, 
with the end amino acids being hydrophobic either because of 
a hydrophobic side chain or because the terminal amino acid 
(s) bear one or more hydrophobic blocking group(s), (e.g., an 
N-terminus blocked with Boc-, Fmoc-, Nicotinyl-, and the 
like, and a C-terminus blocked with (tRu)-OtBu groups and 
the like). Instead of having an acidic or basic amino acid in the 
center, these peptides generally have an aromatic amino acid 
at the center or have aromatic amino acids separated by his 
tidine in the center of the peptide. 
0207 Certain preferred peptides of this invention include, 
but are not limited to the peptides shown in Table 11. 

TABL E 11 

Examples of peptides having aromatic amino 
acids in the center or aromatic amino 

acids or aromatic domains separated by one 
or more histidines. 

SEQ 
ID 

XI x2 x3 X4 X5 NO 

Boc-Lys (eBoc) Phe Trp Phe Ser (tBu) - OtBu. 996 

Boc-Lys (eBoc) Phe Trp Phe Thir (tBu) - OtBu. 997 

Boc-Lys (eBoc) Phe Tyr Phe Ser (tBu) - OtBu. 998 

Boc-Lys (eBoc) Phe Tyr Phe Thir (tBu) - OtBu. 999 

Boc-Lys (eBoc) Phe His Phe Ser (tBu) - OtBu. OOO 

Boc-Lys (eBoc) Phe His Phe Thir (tBu) - OtBu. OO1 

Boc-Lys (eBoc) Val Phe Phe-Tyr Ser (tBu) - OtBu OO2 

Nicotinyl-Lys Phe Trp Phe 
(eBoc) 

Ser (tBu) - OtBu. OO3 

Nicotinyl-Lys Phe Trp Phe 
(eBoc) 

Thir (tBu) - OtBu. OO4 

Nicotinyl-Lys Phe Tyr Phe 
(eBoc) 

Ser (tBu) - OtBu. OOS 

Nicotinyl-Lys Phe Tyr Phe Thir (tBu) - OtBu. OO6 
(eBoc) 

Nicotinyl-Lys Phe His Phe 
(eBoc) 

Ser (tBu) - OtBu. O. Of 

Nicotinyl-Lys Phe His Phe Thir (tBu) - OtBu. OO8 
(eBoc) 

Boc-Luell Phe Trp Phe Thir (tBu) - OtBu. OO9 

Boc-Luell Phe Trp Phe Ser (tBu) - OtBu. O1O 

0208 While the peptides of Table 11 are illustrated with 
particular protecting groups, it is noted that these groups may 
be substituted with other protecting groups as described 
herein and/or one or more of the shown protecting group can 
be eliminated. 
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7) Summary of Tripeptides and Tetrapeptides. 
0209 For the sake of clarity, a number of tripeptides and 
tetrapeptides of this invention are generally Summarized 
below in Table 12. 

TABLE 12 

General structure of certain peptides of this invention. 

XI X2 X3 X4 

hydrophobic side Acidic or — hydrophobic side 
chain or hydrophobic Basic hain or hydrophobic 

rotecting group(s) 
ydrophobic side 
hain or hydrophobic 
rotecting group(s) 

hobic side 
hain or hydrophobic 
rotecting group(s) 

hydrophobic side Basic Acidic 
chain or hydrophobic 
protecting group(s) 
hydrophobic side 
chain or hydrophobic 
rotecting group(s) 

Acidic Basic 

hydrophobic side Acidic or Aliphatic ydrophobic side 
chain or hydrophobic Basic hain or hydrophobic 
protecting group(s) rotecting group(s) 
hydrophobic side Aliphatic Acidic or hydrophobic side 

hain or hydrophobic 
rotecting group(s) 
ydrophobic side 
hain or hydrophobic 
rotecting group(s) 

hobic side 
hain or hydrophobic 

ing group(s) 

chain or hydrophobic Basic 
protecting group(s) 
hydrophobic side Acidic or 
chain or hydrophobic Basic 
protecting group(s) 
hydrophobic side Aromatic Acidic or 
chain or hydrophobic Basic 
protecting group(s) 
hydrophobic side Aromatic His rophobic side 
chain or hydrophobic Aromatic hain or hydrophobic 
protecting group(s) protecting group(s) 

Aromatic 

(0210. Where longer peptides are desired, X and X can 
represent domains (e.g., regions of two or more amino acids 
of the specified type) rather than individual amino acids. 
Table 12 is intended to be illustrative and not limiting. Using 
the teaching provided herein, other Suitable peptides can 
readily be identified. 

8) Paired Amino Acids and Dipeptides. 
0211. In certain embodiments, this invention pertains to 
the discovery that certain pairs of amino acids, administered 
in conjunction with each other or linked to form a dipeptide 
have one or more of the properties described herein. Thus, 
without being bound to a particular theory, it is believed that 
when the pairs of amino acids are administered in conjunction 
with each other, as described herein, they are capable partici 
pating in or inducing the formation of micelles in vivo. 
0212. Similar to the other small peptides described herein, 

it is believed that the pairs of peptides will associate in vivo, 
and demonstrate physical properties including high solubility 
in ethyl acetate (e.g., greater than about 4 mg/mL), Solubility 
in aqueous buffer at pH 7.0. Upon contacting phospholipids 
Such as 1,2-Dimyristoyl-sn-glycero-3-phosphocholine 
(DMPC), in an aqueous environment, it is believed the pairs 
of amino acids induce or participate in the formation of par 
ticles with a diameter of approximately 7.5 nm (...+-.0.1 nm), 
and/or induce or participate in the formation of stacked bilay 
ers with a bilayer dimension on the order of 3.4 to 4.1 nm with 
spacing between the bilayers in the stack of approximately 2 
nm, and/or also induce or participate in the formation of 
vesicular structures of approximately 38 nm). 
0213 Moreover, it is further believed that the pairs of 
amino acids can display one or more of the following physi 
ologically relevant properties: 
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0214) 1. They convert pro-inflammatory HDL to anti 
inflammatory HDL or make anti-inflammatory HDL 
more anti-inflammatory; 

0215 2. They decrease LDL-induced monocyte chemo 
tactic activity generated by artery wall cells; 

0216 3. They stimulate the formation and cycling of 
pre-?3 HDL: 

0217. 4. They raise HDL cholesterol; and/or 
0218 5. They increase HDL paraoxonase activity. 

0219. The pairs of amino acids can be administered as p 
separate amino acids (administered sequentially or simulta 
neously, e.g. in a combined formulation) or they can be 
covalently coupled directly or through a linker (e.g. a PEG 
linker, a carbon linker, a branched linker, a straight chain 
linker, a heterocyclic linker, a linker formed of derivatized 
lipid, etc.). In certain embodiments, the pairs of amino acids 
are covalently linked through a peptide bond to form a dipep 
tide. In various embodiments while the dipeptides will typi 
cally comprise two amino acids each bearing an attached 
protecting group, this invention also contemplates dipeptides 
wherein only one of the amino acids bears one or more pro 
tecting groups. 
0220. The pairs of amino acids typically comprise amino 
acids where each amino acid is attached to at least one pro 
tecting group (e.g., a hydrophobic protecting group as 
described herein). The amino acids can be in the D or the L 
form. In certain embodiments, where the amino acids com 
prising the pairs are not attached to each other, each amino 
acid bears two protecting groups (e.g., Such as molecules 1 
and 2 in Table 13). 

TABL E 13 

Illustrative amino acid pairs of this invention. 

Amino Acid Pair/dipeptide 

Boc-Arg-OtBuk 

Boc-Glu-OtBulk 

Boc-Phe-Arg-OtBu: * 

4. Boc-Glu-Leu-OtBukk 

5. Boc-Arg-Glu-OtBu: * * 

*This would typically be administered in Conjunction 
with a second aminoacid. 

**In certain embodiments, these dipeptides would be 
administered in Conjunction with each other. 
***In certain embodiments, this peptide would be 
administered either alone or in combination with one 

of the other peptides described herein. 

0221) Suitable pairs of amino acids can readily be identi 
fied by providing the pair of protected amino acids and/or a 
dipeptide and then screening the pair of amino acids/dipep 
tide for one or more of the physical and/or physiological 
properties described above. In certain embodiments, this 
invention excludes pairs of amino acids and/or dipeptides 
comprising aspartic acid and phenylalanine. In certain 
embodiments, this invention excludes pairs of amino acids 
and/or dipeptides in which one amino acid is (-)-N-(trans 
4-isopropylcyclohexane)carbonyl-D-phenylalanine (nateg 
linide). 
0222. In certain embodiments, the amino acids compris 
ing the pair are independently selected from the group con 
sisting of an acidic amino acid (e.g., aspartic acid, glutamic 
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acid, etc.), a basic amino acid (e.g., lysine, arginine, histidine, 
etc.), and a non-polar amino acid (e.g., alanine, Valine, leu 
cine, isoleucine, proline, phenylalanine, tryptophan, 
methionine, etc.). In certain embodiments, where the first 
amino acid is acidic or basic, the second amino acid is non 
polar and where the second amino acid is acidic or basic, the 
first amino acid is non-polar. In certain embodiments, where 
the first amino acid is acidic, the second amino acid is basic, 
and vice versa. (see, e.g., Table 14). 
0223 Similar combinations can be obtained by adminis 
tering pairs of dipeptides. Thus, for example in certain 
embodiments, molecules 3 and 4 in Table 13 would be admin 
istered in conjunction with each other. 

TABLE 1.4 

Certain generalized amino acid pairs/dipeptides. 

First Amino acid Second Amino acid 

1. Acidic Basic 
2. Basic Acidic 
3. Acidic Non-polar 
4. Non-polar Acidic 
5. Basic Non-polar 
6. Non-polar Basic 

0224. It is noted that these amino acid pairs/dipeptides are 
intended to be illustrative and not limiting. Using the teaching 
provided herein other suitable amino acid pairs/dipeptides 
can readily be determined. 

E) Apo-J (G* Peptides). 

0225. It was a discovery of this invention that peptides that 
mimicking the amphipathic helical domains of apo J are 
capable of mitigating one or more symptoms of atheroscle 
rosis and/or other pathologies described herein. Apollipopro 
tein J possesses a wide nonpolar face termed globular protein 
like, or G* amphipathic helical domains. The class G 
amphipathic helix is found in globular proteins, and thus, the 
name class G. This class of amphipathic helix is characterized 
by a random distribution of positively charged and negatively 
charged residues on the polar face with a narrow nonpolar 
face. Because of the narrow nonpolar face this class does not 
readily associate with phospholipids. The G* of amphipathic 
helix possesses similar, but not identical, characteristics to the 
G. amphipathic helix. Similar to the class G amphipathic 
helix, the G* class peptides possesses a random distribution 
of positively and negatively charged residues on the polar 
face. However, in contrast to the class G amphipathic helix 
which has a narrow nonpolar face, this class has a wide 
nonpolar face that allows this class to readily bind phospho 
lipid and the class is termed G* to differentiate it from the G 
class of amphipathic helix. 
0226. A number of suitable G* amphipathic peptides are 
described in copending applications U.S. Ser. No. 10/120. 
508, filed Apr. 5, 2002, U.S. Ser. No. 10/520.207, filed Apr. 1, 
2003, and PCT Application PCT/US03/09988, filed Apr. 1, 
2003. In addition, a variety of suitable peptides of this inven 
tion that are related to G* amphipathic helical domains of apo 
Jare illustrated in Table 15. 
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TABL E 15 

Certain illustrative peptides for use in 
this invention related to G* amphipathic 

helical domains of apo J. 

Amino Acid Sequence SEQ ID NO 

LLEOLNEQFNWWSRLANL TOGE O11 

LLEOLNEQFNWWSRLANL O12 

NELQEMSNOGSKYWNKEIONAVINGV O13 

IONAVINGVKOIKTLIEKTNEE O14 

RKTLLSNLEEAKKKKEDALNETRESETKLKEL O15 

PGWCNETMMALWEECK O16 

PCLKOTCMKFYARVCR O17 

ECKPCLKOTCMKFYARVCR O18 

LVGROLEEFL O19 

MNGDRIDSLLEN O2O 

QQTHMLDWMOD O21 

FSRASSIIDELFOD O22 

PFLEMIHEAQQAMDI O23 

PTEFIREGDDD O24 

RMKDOCDKCREILSV O25 

PSOAKLRRELDESLOVAERLTRKYNELLKSYO O26 

LLEOLNEQFNWWSRLANLTEGE O27 

DQYYLRVTTVA O28 

PSGWTEWWWKLFDS O29 

PKFMETVAEKALOEYRKKHRE O3 O 

0227. The peptides of this invention, however, are not 
limited to G* variants of apo J. Generally speaking G* 
domains from essentially any other protein preferably apo 
proteins are also suitable. The particular suitability of such 
proteins can readily be determined using assays for protective 
activity (e.g., protecting LDL from oxidation, and the like), 
e.g. as illustrated herein in the Examples. Some particularly 
preferred proteins include G* amphipathic helical domains or 
variants thereof (e.g., conservative Substitutions, and the like) 
of proteins including, but not limited to apo AI, apo AIV, apo 
E. apo CII, apo CIII, and the like. 
0228 Certain preferred peptides for related to G* amphi 
pathic helical domains related to apoproteins other than apo J 
are illustrated in Table 16. 

TABL E 16 

Peptides for use in this invention related to 
G* amphipathic helical domains related to 

apoproteins other than apo J. 

SEQ ID 
Amino Acid Sequence NO 

WDRVKDLATVYWDVLKDSGRDYVSOF 1031 
(Related to the 8 to 33 region of apo AI) 
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TABLE 16 - continued 

Peptides for use in this invention related to 
G* amphipathic helical domains related to 

apoproteins other than apo J. 

SEQ ID 
Amino Acid Sequence NO 

VATVMWDYFSOLSNNAKEAVEHLOK O32 
(Related to the 7 to 31 region of apo AIV) 

RWELALGRFWDYLRWWOTLSEQVOEEL O33 
(Related to the 25 to 51 region of apo E) 

LSSOWTOELRALMDETMKELKELKAYKSELEEOLT O34 
(Related to the 52 to 83 region of apo E) 

ARLSKELOAAQARLGADMEDWCGRLV O35 
(Related to the 91 to 116 region of apo E) 

WRLASHLRKLRKRLLRDADDLQKRLA O36 
(Related to the 135 to 160 region of apo E) 

PLVEDMORQWAGLVEKVOA O37 
(267 to 285 of apo E. 27) 

MSTYTGIFTDQVLSVLK O38 
(Related to the 60 to 76 region of apo CII 

LLSFMOGYMKHATKTAKDALSS O39 
(Related to the 8 to 29 region of apo CIII 

0229 
Table 17. 

Additional illustrative G* peptides are shown in 

TABL E 17 

Additional illustrative G peptides. 

SEO ID 
Peptide NO 

Ac-Lys-Trp-Ile-Tyr-His-Leu-Thr-Glu-Gly- O4 O 
Ser-Thr- Asp-Leu-Arg-Thr-Glu-Gly-NH2 

Ac-Lys-Trp-Phe-Tyr-His-Leu-Thr-Glu-Gly- O41 
Ser-Thr- Asp-Leu-Arg-Thr-Glu-Gly-NH2 

Ac-Lys-Trp-Leu-Tyr-His-Leu-Thr-Glu-Gly- O42 
Ser-Thr- Asp-Leu-Arg-Thr-Glu-Gly-NH2 

Ac-Lys-Trp-Val-Tyr-His-Leu-Thr-Glu-Gly- O43 
Ser-Thr- Asp-Leu-Arg-Thr-Glu-Gly-NH2 

Ac-Lys-Tyr-Ile-Trp-His-Leu-Thr-Glu-Gly- O44 
Ser-Thr- Asp-Leu-Arg-Thr-Glu-Gly-NH2 

Ac-Lys-Trp-Ile-Tyr-His-Phe-Thr-Glu-Gly- O45 
Ser-Thr- Asp-Leu-Arg-Thr-Glu-Gly-NH2 

Ac-Lys-Trp-Phe-Tyr-His-Ile-Thr-Glu-Gly- O46 
Ser-Thr- Asp-Leu-Arg-Thr-Glu-Gly-NH2 

Ac-Lys-Trp-Leu-Tyr-His-Val-Thr-Glu-Gly- O47 
Ser-Thr- Asp-Leu-Arg-Thr-Glu-Gly-NH2 

Ac-Lys-Trp-Val-Tyr-His-Tyr-Thr-Glu-Gly- O48 
Ser-Thr- Asp-Leu-Arg-Thr-Glu-Gly-NH2 

Ac-Lys-Tyr-Ile-Trp-His-Phe-Thr-Glu-Gly- O49 
Ser-Thr- Asp-Leu-Arg-Thr-Glu-Gly-NH2 

Ac-Lys-Tyr-Ile-Trp-His-Ile-Thr-Glu-Gly- OSO 
Ser-Thr- Asp-Leu-Arg-Thr-Glu-Gly-NH2 
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0230. Other suitable peptides include, but are not limited 
to the peptides of Table 18. 

TABL E 18 

Illustrative peptides having 
an improved hydrophobic phase. 

SEQ ID 
Name Sequence NO 

V2W3A5F1017-D-4F Ac-Asp-Val-Trp-Lys-Ala-Ala- 11.68 
Tyr-Asp-Lys-Phe-Ala-Glu-Lys 
Phe-Lys-Glu-Phe-Phe-NH2 

W2W3F1 O-D-4F Ac-Asp-Val-Trp-Lys-Ala-Phe- 1169 
Tyr-Asp-Lys-Phe-Ala-Glu-Lys 
Phe-Lys-Glu-Ala-Phe-NH2 

W3-D - 4F Ac-Asp-Phe-Trp-Lys-Ala-Phe- 117 O 
Tyr-Asp-Lys-Val-Ala-Glu-Lys 
Phe-Lys-Glu-Ala-Phe-NH2 

0231. The peptides described here (V2W3A5F10,17-D- 
4F;V2W3F10-D-4F; W3-D-4F) may be more potent than the 
original D-4F. 
0232 Still other suitable peptides include, but are not lim 
ited to: P-Dimethyltyrosine-D-Arg-Phe-Lys-P' (SEQ ID 
NO: 1171) and P-Dimethyltyrosine-Arg-Glu-Leu-P' (SEQ 
ID NO: 1206) where P1 and P2 are protecting groups as 
described herein. In certain embodiments, these peptides 
include, but are not limited to BocDimethyltyrosine-D-Arg 
Phe-Lys(OtBu) (SEQ ID NO: 1207) and BocDimethylty 
rosine-Arg-Glu-Leu(OtBu) (SEQID NO: 1208). 
0233. In certain embodiments, the peptides of this inven 
tion include peptides comprising or consisting of the amino 
acid sequence LAEYHAK (SEQID NO: 1172) comprising at 
least one D amino acid and/or at least one or two terminal 
protecting groups. In certain embodiments, this invention 
includes a peptide that ameliorates one or more symptoms of 
an inflammatory condition, wherein the peptide: ranges in 
length from about 3 to about 10 amino acids; comprises an 
amino acid sequence where the sequence comprises acidic or 
basic amino acids alternating with aromatic or hydrophobic 
amino acids; comprises hydrophobic terminal amino acids or 
terminal amino acids bearing a hydrophobic protecting 
group; is not the sequence LAEYHAK (SEQ ID NO:1173) 
comprising all L amino acids; where the peptide converts 
pro-inflammatory HDL to anti-inflammatory HDL and/or 
makes anti-inflammatory HDL more anti-inflammatory. 
0234. It is also noted that the peptides listed in the Tables 
herein are not fully inclusive. Using the teaching provided 
herein, other Suitable peptides can routinely be produced (e.g. 
by conservative or semi-conservative Substitutions (e.g. D 
replaced by E), extensions, deletions, and the like). Thus, for 
example, one embodiment utilizes truncations of any one or 
more of peptides identified by SEQID Nos: 1011-1039. 
0235 Longer peptides are also suitable. Such longer pep 
tides may entirely form a class G or G* amphipathic helix, or 
the G amphipathic helix (helices) can form one or more 
domains of the peptide. In addition, this invention contem 
plates multimeric versions of the peptides. Thus, for example, 
the peptides illustrated in the tables herein can be coupled 
together (directly or through a linker (e.g. a carbon linker, or 
one or more amino acids) with one or more intervening amino 
acids). Suitable linkers include, but are not limited to Proline 
(-Pro-), Gly-Ser (SEQID NO: 1174), and the like. Thus, one 
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illustrative multimeric peptide according to this invention is 
(D-J336)-P-(D-J336) (i.e. Ac-L-L-E-Q-L-N-E-Q-F-N-W-V- 
S-R-L-A-N-L-T-Q-G-E-P-L-L-E-Q-L-N-E-Q-F-N-W-V-S- 
R-L-A-N-L-T-Q-G-E-NH, SEQID NO:1175). 
0236. This invention also contemplates the use of “hybrid 
peptides comprising a one or more G or G. amphipathic 
helical domains and one or more class A amphipathic helices. 
Suitable class A amphipathic helical peptides are described in 
PCT publication WO 02/15923. Thus, by way of illustration, 
one such “hybrid peptide is (D-J336)-Pro-4F) (i.e. Ac-L-L- 
E-Q-L-N-E-Q-F-N-W-V-S-R-L-A-N-L-T-Q-G-E-P-D-W-F- 
K-A-F-Y-D-K-V-A-E-K-F-K-E-A-F-NH, SEQ ID NO: 
1176), and the like. 
0237 Using the teaching provided herein, one of skill can 
routinely modify the illustrated amphipathic helical peptides 
to produce other Suitable apo Jvariants and/or amphipathic G 
and/or A helical peptides of this invention. For example, 
routine conservative or semi-conservative Substitutions (e.g., 
E for D) can be made of the existing amino acids. The effect 
of various substitutions on lipid affinity of the resulting pep 
tide can be predicted using the computational method 
described by Palgunachari et al. (1996) Arteriosclerosis, 
Thrombosis, & Vascular Biology 16: 328-338. The peptides 
can be lengthened or shortened as long as the class helix 
structure(s) are preserved. In addition, Substitutions can be 
made to render the resulting peptide more similar to peptide 
(s) endogenously produced by the Subject species. 
0238 While, in preferred embodiments, the peptides of 
this invention utilize naturally-occurring amino acids or D 
forms of naturally occurring amino acids, Substitutions with 
non-naturally occurring amino acids (e.g., methionine Sul 
foxide, methionine methylsulfonium, norleucine, episilon 
aminocaproic acid, 4-aminobutanoic acid, tetrahydroiso 
quinoline-3-carboxylic acid, 8-aminocaprylic acid, 
4-aminobutyric acid, Lys(N(epsilon)-trifluoroacetyl), C-ami 
noisobutyric acid, and the like) are also contemplated. 
0239 New peptides can be designed and/or evaluated 
using computational methods. Computer programs to iden 
tify and classify amphipathic helical domains are well known 
to those of skill in the art and many have been described by 
Jones et al. (1992) J. Lipid Res. 33: 287-296). Such programs 
include, but are not limited to the helical wheel program 
(WHEEL or WHEEL/SNORKEL), helical net program 
(HELNET, HELNET/SNORKEL, HELNET/Angle), pro 
gram for addition of helical wheels (COMBO or COMBO/ 
SNORKEL), program for addition of helical nets (COMNET, 
COMNET/SNORKEL, COMBO/SELECT COMBO/NET), 
consensus wheel program (CONSENSUS, CONSENSUS/ 
SNORKEL), and the like. 

F) Blocking Groups and D Residues. 
0240 While the various peptides and/or amino acid pairs 
described herein may be shown with no protecting groups, in 
certain embodiments (e.g. particularly for oral administra 
tion), they can bear one, two, three, four, or more protecting 
groups. The protecting groups can be coupled to the C- and/or 
N-terminus of the peptide(s) and/or to one or more internal 
residues comprising the peptide(s) (e.g., one or more 
R-groups on the constituent amino acids can be blocked). 
Thus, for example, in certain embodiments, any of the pep 
tides described herein can bear, e.g. an acetyl group protect 
ing the amino terminus and/or an amide group protecting the 
carboxyl terminus. One example of such a “dual protected 
peptide is Ac-L-L-E-Q-L-N-E-Q-F-N-W-V-S-R-L-A-N-L- 
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T-Q-G-E-NH. (SEQ ID NO:1011 with blocking groups), 
either or both of these protecting groups can be eliminated 
and/or Substituted with another protecting group as described 
herein. 

0241. Without being bound by a particular theory, it was a 
discovery of this invention that blockage, particularly of the 
amino and/or carboxyl termini of the subject peptides of this 
invention greatly improves oral delivery and significantly 
increases serum half-life. 

0242. A wide number of protecting groups are suitable for 
this purpose. Such groups include, but are not limited to 
acetyl, amide, and alkyl groups with acetyl and alkyl groups 
being particularly preferred for N-terminal protection and 
amide groups being preferred for carboxyl terminal protec 
tion. In certain particularly preferred embodiments, the pro 
tecting groups include, but are not limited to alkyl chains as in 
fatty acids, propeonyl, formyl, and others. Particularly pre 
ferred carboxyl protecting groups include amides, esters, and 
ether-forming protecting groups. In one preferred embodi 
ment, an acetyl group is used to protect the amino terminus 
and an amide group is used to protect the carboxyl terminus. 
These blocking groups enhance the helix-forming tendencies 
of the peptides. Certain particularly preferred blocking 
groups include alkyl groups of various lengths, e.g. groups 
having the formula: CH-(CH2), OO– where n ranges 
from about 1 to about 20, preferably from about 1 to about 16 
or 18, more preferably from about 3 to about 13, and most 
preferably from about 3 to about 10. 
0243 In certain particularly preferred embodiments, the 
protecting groups include, but are not limited to alkyl chains 
as in fatty acids, propeonyl, formyl, and others. Particularly 
preferred carboxyl protecting groups include amides, esters, 
and ether-forming protecting groups. In one preferred 
embodiment, an acetyl group is used to protect the amino 
terminus and an amide group is used to protect the carboxyl 
terminus. These blocking groups enhance the helix-forming 
tendencies of the peptides. Certain particularly preferred 
blocking groups include alkyl groups of various lengths, e.g. 
groups having the formula: CH (CH), OO– where n 
ranges from about 3 to about 20, preferably from about 3 to 
about 16, more preferably from about 3 to about 13, and most 
preferably from about 3 to about 10. 
0244 Other protecting groups include, but are not limited 

to Fmoc, t-butoxycarbonyl (t-BOC), 9-fluoreneacetyl group, 
1-fluorenecarboxylic group, 9-florenecarboxylic group, 
9-fluorenone-1-carboxylic group, benzyloxycarbonyl, Xan 
thyl (Xan), Trityl (Trt), 4-methyltrityl (Mtt), 4-methoxytrityl 
(Mmt), 4-methoxy-2,3,6-trimethyl-benzenesulphonyl (Mitr), 
Mesitylene-2-sulphonyl (Mts), 4.4-dimethoxybenzhydryl 
(Mbh), Tosyl (Tos), 2.2.5.7.8-pentamethyl chroman-6-sul 
phonyl (Pmc), 4-methylbenzyl (MeBzl), 4-methoxybenzyl 
(MeOBzl), Benzyloxy (BzlO), Benzyl (Bzl), Benzoyl (BZ), 
3-nitro-2-pyridinesulphenyl (Npys), 1-(4,4-dimentyl-2,6-di 
axocyclohexylidene)ethyl (Dde), 2,6-dichlorobenzyl (2,6- 
DiCl-Bzl), 2-chlorobenzyloxycarbonyl (2 Cl-Z), 2-bro 
mobenzyloxycarbonyl (2—Br-Z), Benzyloxymethyl (Born), 
cyclohexyloxy (cHxO),t-butoxymethyl (Bum), t-butoxy 
(tBuO), t-Butyl (tPu), Acetyl (Ac), and Trifluoroacetyl 
(TFA). 
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0245 Protecting/blocking groups are well known to those 
of skill as are methods of coupling such groups to the appro 
priate residue(s) comprising the peptides of this invention 
(see, e.g., Greene et al., (1991) Protective Groups in Organic 
Synthesis, 2nd ed., John Wiley & Sons, Inc. Somerset, N.J.). 
In one preferred embodiment, for example, acetylation is 
accomplished during the synthesis when the peptide is on the 
resin using acetic anhydride. Amide protection can be 
achieved by the selection of a proper resin for the synthesis. 
During the synthesis of the peptides described herein in the 
examples, rink amide resin was used. After the completion of 
the synthesis, the semipermanent protecting groups on acidic 
bifunctional amino acids such as Asp and Glu and basic 
amino acid Lys, hydroxyl of Tyr are all simultaneously 
removed. The peptides released from Such a resin using acidic 
treatment comes out with the n-terminal protected as acetyl 
and the carboxyl protected as NH and with the simultaneous 
removal of all of the other protecting groups. 
0246. In certain particularly preferred embodiments, the 
peptides comprise one or more D-form (dextro rather than 
levo) amino acids as described herein. In certain embodi 
ments at least two enantiomeric amino acids, more preferably 
at least 4 enantiomeric amino acids and most preferably at 
least 8 or 10 enantiomeric amino acids are "D' form amino 
acids. In certain embodiments every other, or even every 
amino acid (e.g. every enantiomeric amino acid) of the pep 
tides described herein is a D-form amino acid. 

0247. In certain embodiments at least 50% of the enantio 
meric amino acids are "D' form, more preferably at least 80% 
of the enantiomeric amino acids are "D' form, and most 
preferably at least 90% or even all of the enantiomeric amino 
acids are "D' form amino acids. 

G) Peptide Mimetics. 

0248. In addition to the peptides described herein, pepti 
domimetics are also contemplated. Peptide analogs are com 
monly used in the pharmaceutical industry as non-peptide 
drugs with properties analogous to those of the template 
peptide. These types of non-peptide compound are termed 
"peptide mimetics” or “peptidomimetics' (Fauchere (1986) 
Adv. Drug Res. 15:29; Veber and Freidinger (1985) TINS p. 
392; and Evans et al. (1987).J. Med. Chem. 30: 1229) and are 
usually developed with the aid of computerized molecular 
modeling. Peptide mimetics that are structurally similar to 
therapeutically useful peptides may be used to produce an 
equivalent therapeutic or prophylactic effect. 
0249 Generally, peptidomimetics are structurally similar 
to a paradigm polypeptide (e.g. SEQID NO:5 shown in Table 
1), but have one or more peptide linkages optionally replaced 
by a linkage selected from the group consisting of 
CH-NH CH2—CH2—, CH=CH-(cis and 

trans), —COCH , —CH(OH)CH2—, —CHSO , etc. by 
methods known in the art and further described in the follow 
ing references: Spatola (1983) p. 267 in Chemistry and Bio 
chemistry of Amino Acids, Peptides, and Proteins, B. Wein 
stein, eds., Marcel Dekker, New York; Spatola (1983) Vega 
Data 1(3) Peptide Backbone Modifications. (general review); 
Morley (1980) Trends Pharm Sci pp. 463-468 (general 
review); Hudson et al. (1979) IntJ Pept Prot Res 14:177-185 
( CH-NH , CHCH ); Spatola et al. (1986) Life Sci 
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38:1243-1249 ( CH-S); Harm, (1982) J Chem Soc Per 
kin Trans I 307-314 (—CH-CH cis and trans); Almquist 
et al. (1980) J. Med. Chem. 23:1392-1398 (-COCH ); 
Jennings-White et al. (1982) Tetrahedron Lett. 23:2533 
( COCH ); Szelke et al., European Applin. EP 45665 
(1982) CA: 97.39405 (1982) (-CH(OH)CH, ); Holladay 
et al. (1983) Tetrahedron Lett 24:4401-4404 ( C(OH) 
CH-); and Hruby (1982) Life Sci., 31:189-199 (-CH 
S—)). 
0250 One particularly preferred non-peptide linkage is 
—CH-NH-. Such peptide mimetics may have significant 
advantages over polypeptide embodiments, including, for 
example: more economical production, greater chemical sta 
bility, enhanced pharmacological properties (half-life, 
absorption, potency, efficacy, etc.), reduced antigenicity, and 
others. 
0251. In addition, circularly permutations of the peptides 
described herein or constrained peptides (including cyclized 
peptides) comprising a consensus sequence or a substantially 
identical consensus sequence variation may be generated by 
methods known in the art (Rizo and Gierasch (1992) Ann. 
Rev. Biochem. 61: 387); for example, by adding internal 
cysteine residues capable of forming intramolecular disulfide 
bridges which cyclize the peptide. 

H) Small Organic Molecules. 
0252. In certain embodiments, the active agents of this 
invention include Small organic molecules, e.g. as described 
in copending application U.S. Ser. No. 60/600,925, filed Aug. 
11, 2004. In various embodiments the small organic mol 
ecules are similar to, and in certain cases, mimetics of the 
tetra- and penta-peptides described in copending application 
U.S. Ser. No. 10/649,378, filed on Aug. 26, 2003 and U.S. Ser. 
No. 60/494.449, filed on August 11. 
0253) The small organic molecules of this invention typi 
cally have molecular weights less than about 900 Daltons. 
Typically the molecules are highly soluble in ethyl acetate 
(e.g., at concentrations equal to or greater than 4 mg/mL), and 
also are soluble in aqueous buffer at pH 7.0. 
0254 Contacting phospholipids such as 1,2-dimyristoyl 
sn-glycero-3-phosphocholine (DMPC), with the small 
organic molecules of this invention in an aqueous environ 
ment typically results in the formation of particles with a 
diameter of approximately 7.5 nm (...+-.0.1 nm). In addition, 
stacked bilayers are often foamed with a bilayer dimension on 
the order of 3.4 to 4.1 nm with spacing between the bilayers 
in the stack of approximately 2 nm. Vesicular structures of 
approximately 38 nm are also often formed. Moreover, when 
the molecules of this invention are administered to a mammal 
they render HDL more anti-inflammatory and mitigate one or 
more symptoms of atherosclerosis and/or other conditions 
characterized by an inflammatory response. 
0255 Thus, in certain embodiments, the small organic 
molecule is one that ameliorates one or more symptoms of a 
pathology characterized by an inflammatory response in a 
mammal (e.g. atherosclerosis), where the Small molecule is 
soluble in ethyl acetate at a concentration greater than 4 
mg/mL, is soluble in aqueous buffer at pH 7.0, and, when 
contacted with a phospholipid in an aqueous environment, 
forms particles with a diameter of approximately 7.5 nm and 
forms stacked bilayers with a bilayer dimension on the order 
of 3.4 to 4.1 nm with spacing between the bilayers in the stack 
of approximately 2 nm, and has a molecular weight less than 
900 daltons. 
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0256 
mula: 

In certain embodiment, the molecule has the for 

where P', P, P, and P' are independently selected hydro 
phobic protecting groups; R' and R are independently 
selected amino acid R groups: n, i, x, y, and Z are indepen 
dently zero or 1 such that when n and X are both zero, R' is a 
hydrophobic group and wheny and i are both zero, R is a 
hydrophobic group; RandR are acidic or basic groups at pH 
7.0 such that when R is acidic, R is basic and when R is 
basic, R is acidic; and R, when present is selected from the 
group consisting of an aromatic group, an aliphatic group, a 
positively charged group, or a negatively charged group. In 
certain embodiments, R or R is —(CH.), COOH where 
j=1,2,3, or 4 and/or -(CH2), NH, where j=1,2,3,4, or 5, 
or -(CH2), NH C(=NH) NH, where n=1,2,3 or 4. In 
certain embodiments, R. R., and R, when present, are 
amino acid R groups. Thus, for example. In various embodi 
ments R and Rare independently an aspartic acid R group, 
a glutamic acid R group, alysine R group, a histidine R group, 
or an arginine R group (e.g., as illustrated in Table 1). 
(0257. In certain embodiments, R' is selected from the 
group consisting of a Lys R group, a Trp R group, a Phe R 
group, a Leu R group, an Orn R group, pr a norLeu R group. 
In certain embodiments, R is selected from the group con 
sisting of a Ser R group, a Thr R group, an Ile R group, a Leu 
R group, a norLeu R group, a Phe R group, or a Tyr R group. 
0258 Invarious embodiments x is 1, and R is an aromatic 
group (e.g., a Trp R group). In various embodiments at least 
one of n, x, y, and i is 1 and P', P, P, and P' when present, 
are independently selected from the group consisting of poly 
ethylene glycol (PEG), an acetyl, amide, a 3 to 20 carbon 
alkyl group, fmoc, 9-fluoreneacetyl group, 1-fluorenecar 
boxylic group, 9-fluorenecarboxylic, 9-fluorenone-1-car 
boxylic group, benzyloxycarbonyl, Xanthyl (Xan), Trityl 
(Trt), 4-methyltrityl (Mtt), 4-methoxytrityl (Mmt), 4-meth 
oxy-2,3,6-trimethyl-benzenesulphonyl (Mtr), Mesitylene-2- 
sulphonyl (Mts), 4.4-dimethoxybenzhydryl (Mbh), Tosyl 
(Tos), 2,2,5,7,8-pentamethyl chroman-6-sulphonyl (Pmc), 
4-methylbenzyl (MeBzl), 4-methoxybenzyl (MeOBzl), ben 
Zyloxy (BzlO), benzyl (Bzl), benzoyl (BZ), 3-nitro-2-py 
ridinesulphenyl (Npys), 1-(4,4-dimethyl-2,6-dioxocyclo 
hexylidene)ethyl (Dde), 2,6-dichlorobenzyl (2,6-DiCl-Bzl), 
2-chlorobenzyloxycarbonyl (2 Cl-Z). 2-bromobenzyloxy 
carbonyl (2—Br-Z), benzyloxymethyl (Born), t-butoxycar 
bonyl (Boc), cyclohexyloxy (cHxO), t-butoxymethyl (Bum), 
t-butoxy (tRuO), t-Butyl (tRu), a propyl group, abutyl group, 
a pentyl group, a hexyl group, and trifluoroacetyl (TFA). In 
certain embodiments, P' when present and/or P’ when 
present are independently selected from the group consisting 
of Boc-, Fmoc-, and Nicotinyl- and/or Pwhen present and/or 
P' when present are independently selected from the group 
consisting oftBu, and OtBu. 
0259 While a number of protecting groups (P', P, P, P) 
are illustrated above, this list is intended to be illustrative and 
not limiting. In view of the teachings provided herein, a 
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number of other protecting/blocking groups will also be 
known to one of skill in the art. Such blocking groups can be 
selected to minimize digestion (e.g., for oral pharmaceutical 
delivery), and/or to increase uptake/bioavailability (e.g., 
through mucosal Surfaces in nasal delivery, inhalation 
therapy, rectal administration), and/or to increase serum/ 
plasma half-life. In certain embodiments, the protecting 
groups can be provided as an excipient or as a component of 
an excipient. 
0260. In certain embodiments, Z is zero and the molecule 
has the formula: 

II 

where P', P, P, P, R, R. R. R., n., x, y, and i are as 
described above. 
0261. In certain embodiments, Z is zero and the molecule 
has the formula: 

III 

where R', R. R. and Rare as described above. 
0262. In one embodiment, the molecule has the formula: 

HN N NH2 

0263. In certain embodiments, this invention contem 
plates Small molecules having one or more of the physical 
and/or functional properties described herein and having the 
formula: 
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(C H.) k E 

SP2 (CH), 
3 P, 

where P', P, P, and P' are independently selected hydro 
phobic protecting groups as described above, n, X, and y are 
independently Zero or 1: j, k, and 1 are independently Zero, 1. 
2, 3, 4, or 5; and RandR are acidic or basic groups at pH 7.0 
such that when R is acidic, R is basic and when R is basic, 
R is acidic. In certain preferred embodiments, the small 
molecule is soluble in water, and the Small molecule has a 
molecular weight less than about 900 Daltons. In certain 
embodiments, n., x, y, j, and 1 are 1, and k is 4. 
10264. In certain embodiments, P' and/or P are aromatic 
protecting groups. In certain embodiments, R and R are 
amino acid R groups, e.g., as described above. In various 
embodiments least one of n, x, andy, is 1 and P', P, P and P 
when present, are independently protecting groups, e.g. as 
described above. In certain embodiments the protecting 
groups, when present, are independently selected from the 
group consisting of polyethylene glycol (PEG), an acetyl, 
amide, 3 to 20 carbon alkyl groups, Fmoc. 9-fluoreneacetyl 
group, 1-fluorenecarboxylic group, 9-fluorenecarboxylic, 
9-fluorenone-1-carboxylic group, benzyloxycarbonyl, Xan 
thyl (Xan), Trityl (Trt), 4-methyltrityl (Mtt), 4-methoxytrityl 
(Mmt), 4-methoxy-2,3,6-trimethyl-benzenesulphonyl (Mitr), 
Mesitylene-2-sulphonyl (Mts), 4.4-dimethoxybenzhydryl 
(Mbh), Tosyl (Tos), 2.2.5.7.8-penta. 

III. Functional Assays of Active Agents 
0265 Certain active agents for use in the methods of this 
invention are described herein by various formulas (e.g., For 
mula I, above) and/or by particular sequences. In certain 
embodiments, preferred active agents of this invention are 
characterized by one or more of the following functional 
properties: 
0266 1. They convert pro-inflammatory HDL to anti-in 
flammatory HDL or make anti-inflammatory HDL more anti 
inflammatory; 
0267 2. They decrease LDL-induced monocyte chemot 
actic activity generated by artery wall cells; 
0268 3. They stimulate the formation and cycling of pre-f 
HDL: 
0269. 4. They raise HDL cholesterol; and/or 
0270) 5. They increase HDL paraoxonase activity. 
0271 The specific agents disclosed herein, and/or agents 
corresponding to the various formulas described herein can 
readily be tested for one or more of these activities as desired. 
0272 Methods of screening for each of these functional 
properties are well known to those of skill in the art. In 
particular, it is noted that assays for monocyte chemotactic 
activity, HDL cholesterol, and HDL paraoxonase activity are 
illustrated in PCT/US01/26497 (WO 2002/15923). 

IV. Peptide Preparation 

0273. The peptides used in this invention can be chemi 
cally synthesized using standard chemical peptide synthesis 
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techniques or, particularly where the peptide does not com 
prise "D' amino acid residues, can be recombinantly 
expressed. In certain embodiments, even peptides comprising 
“D’amino acid residues are recombinantly expressed. Where 
the polypeptides are recombinantly expressed, a host organ 
ism (e.g. bacteria, plant, fungal cells, etc.) in cultured in an 
environment where one or more of the amino acids is pro 
vided to the organism exclusively in a D form. Recombi 
nantly expressed peptides in Such a system then incorporate 
those D amino acids. 
0274. In preferred embodiments the peptides are chemi 
cally synthesized by any of a number of fluid or solid phase 
peptide synthesis techniques known to those of skill in the art. 
Solid phase synthesis in which the C-terminal amino acid of 
the sequence is attached to an insoluble Support followed by 
sequential addition of the remaining amino acids in the 
sequence is a preferred method for the chemical synthesis of 
the polypeptides of this invention. Techniques for Solid phase 
synthesis are well known to those of skill in the art and are 
described, for example, by Barany and Merrifield (1963) 
Solid-Phase Peptide Synthesis: pp. 3-284 in The Peptides: 
Analysis, Synthesis, Biology. Vol. 2: Special Methods in Pep 
tide Synthesis, Part A.; Merrifield et al. (1963).J. Am. Chem. 
Soc., 85: 2149-2156, and Stewart et al. (1984) Solid Phase 
Peptide Synthesis, 2nd ed. Pierce Chem. Co., Rockford, Ill. 
0275. In certain embodiments, the peptides are synthe 
sized by the Solid phase peptide synthesis procedure using a 
benzhyderylamine resin (Beckman Bioproducts, 0.59 mmol 
of NH/g of resin) as the solid support. The COOH terminal 
amino acid (e.g., t-butylcarbonyl-Phe) is attached to the solid 
Support through a 4-(oxymethyl)phenacetyl group. This is a 
more stable linkage than the conventional benzyl ester link 
age, yet the finished peptide can still be cleaved by hydroge 
nation. Transfer hydrogenation using formic acid as the 
hydrogen donor is used for this purpose. Detailed protocols 
used for peptide synthesis and analysis of synthesized pep 
tides are described in a miniprint Supplement accompanying 
Anantharamaiah et al. (1985).J. Biol. Chem..., 260(16): 10248 
10255. 
0276. It is noted that in the chemical synthesis of peptides, 
particularly peptides comprising Damino acids, the synthesis 
usually produces a number of truncated peptides in addition 
to the desired full-length product. The purification process 
(e.g. HPLC) typically results in the loss of a significant 
amount of the full-length product. 
0277. It was a discovery of this invention that, in the syn 
thesis of a D peptide (e.g. D-4), in order to prevent loss in 
purifying the longest form one can dialyze and use the mix 
ture and thereby eliminate the last HPLC purification. Such a 
mixture loses about 50% of the potency of the highly purified 
product (e.g. per wt of protein product), but the mixture 
contains about 6 times more peptide and thus greater total 
activity. 

V. Pharmaceutical Formulations and Devices 

A) Pharmaceutical Formulations 

0278. In order to carry out the methods of the invention, 
one or more active agents of this invention are administered, 
e.g. to an individual diagnosed as having one or more symp 
toms of atherosclerosis, or as being at risk for atherosclerosis 
and or the various other pathologies described herein. The 
active agent(s) can be administered in the “native' form or, if 
desired, in the form of salts, esters, amides, prodrugs, deriva 
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tives, and the like, provided the salt, ester, amide, prodrug or 
derivative is suitable pharmacologically, i.e., effective in the 
present method. Salts, esters, amides, prodrugs and other 
derivatives of the active agents can be prepared using standard 
procedures known to those skilled in the art of synthetic 
organic chemistry and described, for example, by March 
(1992) Advanced Organic Chemistry; Reactions, Mecha 
nisms and Structure, 4th Ed. N.Y. Wiley-Interscience. 
0279 For example, acid addition salts are prepared from 
the free base using conventional methodology, that typically 
involves reaction with a suitable acid. Generally, the base 
form of the drug is dissolved in apolar organic solvent such as 
methanol or ethanol and the acid is added thereto. The result 
ing salt either precipitates or can be brought out of solution by 
addition of a less polar solvent. Suitable acids for preparing 
acid addition salts include both organic acids, e.g., acetic 
acid, propionic acid, glycolic acid, pyruvic acid, oxalic acid, 
malic acid, malonic acid. Succinic acid, maleic acid, fumaric 
acid, tartaric acid, citric acid, benzoic acid, cinnamic acid, 
mandelic acid, methanesulfonic acid, ethanesulfonic 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. An 
acid addition salt may be reconverted to the free base by 
treatment with a suitable base. Particularly preferred acid 
addition salts of the active agents herein are halide salts. Such 
as may be prepared using hydrochloric or hydrobromic acids. 
Conversely, preparation of basic salts of the active agents of 
this invention are prepared in a similar manner using a phar 
maceutically acceptable base such as sodium hydroxide, 
potassium hydroxide, ammonium hydroxide, calcium 
hydroxide, trimethylamine, or the like. Particularly preferred 
basic salts include alkali metal salts, e.g., the sodium salt, and 
copper salts. 
0280 Preparation of Esters Typically Involves Function 
alization of Hydroxyl and/or carboxyl groups which may be 
present within the molecular structure of the drug. The esters 
are typically acyl-substituted derivatives of free alcohol 
groups, i.e., moieties that are derived from carboxylic acids of 
the formula RCOOH where R is alky, and preferably is lower 
alkyl. Esters can be reconverted to the free acids, if desired, by 
using conventional hydrogenolysis or hydrolysis procedures. 
0281 Amides and prodrugs can also be prepared using 
techniques known to those skilled in the art or described in the 
pertinent literature. For example, amides may be prepared 
from esters, using Suitable amine reactants, or they may be 
prepared from an anhydride or an acid chloride by reaction 
with ammonia or a lower alkylamine. Prodrugs are typically 
prepared by covalent attachment of a moiety that results in a 
compound that is therapeutically inactive until modified by an 
individual's metabolic system. 
0282. The active agents identified herein are useful for 
parenteral, topical, oral, nasal (or otherwise inhaled), rectal, 
or local administration, such as by aerosol or transdermally, 
for prophylactic and/or therapeutic treatment of one or more 
of the pathologies/indications described herein (e.g., athero 
Sclerosis and/or eye disease and/or symptoms thereof). The 
pharmaceutical compositions can be administered in a variety 
of unit dosage forms depending upon the method of admin 
istration. Suitable unit dosage forms, include, but are not 
limited to powders, tablets, pills, capsules, lozenges, Supposi 
tories, patches, nasal sprays, injectibles, implantable Sus 
tained-release formulations, lipid complexes, etc. 
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0283. The active agents of this invention are typically 
combined with a pharmaceutically acceptable carrier (excipi 
ent) to form a pharmacological composition. Pharmaceuti 
cally acceptable carriers can contain one or more physiologi 
cally acceptable compound(s) that act, for example, to 
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 
glucose, Sucrose, or dextrans, antioxidants, such as ascorbic 
acid or glutathione, chelating agents, low molecular weight 
proteins, protection and uptake enhancers such as lipids, 
compositions that reduce the clearance or hydrolysis of the 
active agents, or excipients or other stabilizers and/or buffers. 
0284. Other physiologically acceptable compounds 
include Wetting agents, emulsifying agents, dispersing agents 
or preservatives that are particularly useful for preventing the 
growth or action of microorganisms. Various preservatives 
are well known and include, for example, phenol and ascorbic 
acid. One skilled in the art would appreciate that the choice of 
pharmaceutically acceptable carrier(s), including a physi 
ologically acceptable compound depends, for example, on 
the route of administration of the active agent(s) and on the 
particular physio-chemical characteristics of the active agent 
(s). 
0285. The excipients are preferably sterile and generally 
free of undesirable matter. These compositions may be ster 
ilized by conventional, well-known sterilization techniques. 
0286. In therapeutic applications, the compositions of this 
invention are administered to a patient Suffering from one or 
more symptoms of the one or more pathologies described 
herein, or at risk for one or more of the pathologies described 
herein in an amount Sufficient to prevent and/or cure and/or or 
at least partially prevent or arrest the disease and/or its com 
plications. An amount adequate to accomplish this is defined 
as a “therapeutically effective dose.” Amounts effective for 
this use will depend upon the severity of the disease and the 
general state of the patient's health. Single or multiple admin 
istrations of the compositions may be administered depend 
ing on the dosage and frequency as required and tolerated by 
the patient. In any event, the composition should provide a 
Sufficient quantity of the active agents of the formulations of 
this invention to effectively treat (ameliorate one or more 
symptoms) the patient. 
0287. The concentration of active agent(s) can vary 
widely, and will be selected primarily based on fluid volumes, 
Viscosities, body weight and the like in accordance with the 
particular mode of administration selected and the patient's 
needs. Concentrations, however, will typically be selected to 
provide dosages ranging from about 0.1 or 1 mg/kg/day to 
about 50 mg/kg/day and sometimes higher. Typical dosages 
range from about 3 mg/kg/day to about 3.5 mg/kg/day, pref 
erably from about 3.5 mg/kg/day to about 7.2 mg/kg/day, 
more preferably from about 7.2 mg/kg/day to about 11.0 
mg/kg/day, and most preferably from about 11.0 mg/kg/day 
to about 15.0 mg/kg/day. In certain preferred embodiments, 
dosages range from about 10 mg/kg/day to about 50 mg/kg/ 
day. In certain embodiments, dosages range from about 20 mg 
to about 50 mg given orally twice daily. It will be appreciated 
that Such dosages may be varied to optimize a therapeutic 
regimen in a particular subject or group of Subjects. For 
example, the concentration for treating an eye disease can be 
selected to provide dosages ranging from 200 ug/ml to 800 
ug/ml of fluid. 
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0288. In certain preferred embodiments, the active agents 
of this invention are administered orally (e.g. via a tablet) or 
as an injectable in accordance with standard methods well 
known to those of skill in the art. In other preferred embodi 
ments, the peptides, may also be delivered through the skin 
using conventional transdermal drug delivery systems, i.e., 
transdermal patches' wherein the active agent(s) are typi 
cally contained within a laminated structure that serves as a 
drug delivery device to be affixed to the skin. In such a 
structure, the drug composition is typically contained in a 
layer, or “reservoir, underlying an upper backing layer. It 
will be appreciated that the term “reservoir in this context 
refers to a quantity of “active ingredient(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 layer of the patch, or in any of a 
variety of different matrix formulations known to those of 
skill in the art. The patch may contain a single reservoir, or it 
may contain multiple reservoirs. 
0289. In one embodiment, the reservoir comprises a poly 
meric matrix of a pharmaceutically acceptable contact adhe 
sive material that serves to affix the system to the skin during 
drug delivery. Examples of Suitable skin contact adhesive 
materials include, but are not limited to, polyethylenes, pol 
ysiloxanes, polyisobutylenes, polyacrylates, polyurethanes, 
and the like. 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 either a polymeric matrix as described 
above, or it may be a liquid or hydrogel reservoir, or may take 
Some otherform. The backing layer in these laminates, which 
serves as the upper surface of the device, preferably functions 
as a primary structural element of the “patch” and provides 
the device with much of its flexibility. The material selected 
for the backing layer is preferably substantially impermeable 
to the active agent(s) and any other materials that are present. 
0290. Other preferred formulations for topical drug deliv 
ery include, but are not limited to, ointments and creams. 
Ointments are semisolid preparations which are typically 
based on petrolatum or other petroleum derivatives. Creams 
containing the selected active agent, are typically viscous 
liquid or semisolid emulsions, often either oil-in-water or 
water-in-oil. Cream bases are typically water-washable, and 
contain an oil phase, an emulsifier and an aqueous phase. The 
oil phase, also sometimes called the “internal' phase, is gen 
erally comprised of petrolatum and a fatty alcohol Such as 
cetyl or Stearyl alcohol; the aqueous phase usually, although 
not necessarily, exceeds the oil phase in Volume, and gener 
ally contains a humectant. The emulsifier in a cream formu 
lation is generally a nonionic, anionic, cationic or amphoteric 
Surfactant. The specific ointment 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, nonirritat 
ing and nonsensitizing. 
0291. In addition, the active agents of this invention can be 
administered via intraocular injection (e.g. intravitreal injec 
tion) in accordance with standard methods well known to 
those of skill in the art. 
0292 Unlike typical peptide formulations, the peptides of 
this invention comprising D-form amino acids can be admin 
istered, even orally, without protection against proteolysis by 
stomachacid, etc. Nevertheless, in certain embodiments, pep 
tide delivery can be enhanced by the use of protective excipi 
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ents. This is typically accomplished either by complexing the 
polypeptide with a composition to render it resistant to acidic 
and enzymatic hydrolysis or by packaging the polypeptide in 
an appropriately resistant carrier Such as a liposome. Means 
of protecting polypeptides for oral delivery are well known in 
the art (see, e.g., U.S. Pat. No. 5.391.377 describing lipid 
compositions for oral delivery of therapeutic agents). 
0293 Elevated serum half-life can be maintained by the 
use of Sustained-release protein packaging systems. Such 
Sustained release systems are well known to those of skill in 
the art. In one preferred embodiment, the ProLease biode 
gradable microsphere delivery system for proteins and pep 
tides (Tracy (1998) Biotechnol. Prog., 14: 108; Johnson et al. 
(1996) Nature Med. 2: 795: Herbert et al. (1998), Pharma 
ceut. Res. 15, 357) a dry powder composed of biodegradable 
polymeric microspheres containing the active agentina poly 
mer matrix that can be compounded as a dry formulation with 
or without other agents. 
0294 The ProLease microsphere fabrication process was 
specifically designed to achieve a high encapsulation effi 
ciency while maintaining integrity of the active agent. The 
process consists of (i) preparation of freeze-dried drug par 
ticles from bulk by spray freeze-drying the drug solution with 
stabilizing excipients, (ii) preparation of a drug-polymer Sus 
pension followed by Sonication or homogenization to reduce 
the drug particle size, (iii) production of frozen drug-polymer 
microspheres by atomization into liquid nitrogen, (iv) extrac 
tion of the polymer solvent with ethanol, and (v) filtration and 
vacuum drying to produce the final dry-powder product. The 
resulting powder contains the solid form of the active agents, 
which is homogeneously and rigidly dispersed within porous 
polymer particles. The polymer most commonly used in the 
process, poly(lactide-co-glycolide) (PLG), is both biocom 
patible and biodegradable. 
0295 Encapsulation can beachieved at low temperatures 
(e.g., -40° C.). During encapsulation, the protein is main 
tained in the solid state in the absence of water, thus minimiz 
ing water-induced conformational mobility of the protein, 
preventing protein degradation reactions that include wateras 
a reactant, and avoiding organic-aqueous interfaces where 
proteins may undergo denaturation. A preferred process uses 
Solvents in which most proteins are insoluble, thus yielding 
high encapsulation efficiencies (e.g., greater than 95%). 
0296. In another embodiment, one or more components 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 volume 
of water. 
0297. The foregoing formulations and administration 
methods are intended to be illustrative and not limiting. It will 
be appreciated that, using the teaching provided herein, other 
Suitable formulations and modes of administration can be 
readily devised. 

B) Lipid-Based Formulations 

0298. In certain embodiments, the active agents of this 
invention are administered in conjunction with one or more 
lipids. The lipids can be formulated as an excipient to protect 
and/or enhance transport/uptake of the active agents or they 
can be administered separately. 
0299. Without being bound by a particular theory, it was 
discovered of this invention that administration (e.g. oral 
administration) of certain phospholipids can significantly 
increase HDL/LDL ratios. In addition, it is believed that 
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certain medium-length phospholipids are transported by a 
process different than that involved in general lipid transport. 
Thus, co-administration of certain medium-length phospho 
lipids with the active agents of this invention confer a number 
of advantages: They protect the active agents from digestion 
or hydrolysis, they improve uptake, and they improve HDL/ 
LDL ratios. 
0300. The lipids can be formed into liposomes that encap 
Sulate the active agents of this invention and/or they can be 
complexed/admixed with the active agents and/or they can be 
covalently coupled to the active agents. Methods of making 
liposomes and encapsulating reagents are well known to 
those of skill in the art (see, e.g., Martin and Papahadopoulos 
(1982) J. Biol. Chem., 257:286-288: Papahadjopoulos et al. 
(1991) Proc. Natl. Acad. Sci. USA, 88: 11460-11464; Huang 
et al. (1992) Cancer Res., 52:6774-6781; Lasic et al. (1992) 
FEBS Lett., 312:255-258., and the like). 
0301 Preferred phospholipids for use in these methods 
have fatty acids ranging from about 4 carbons to about 24 
carbons in the sn-1 and sn-2 positions. In certain preferred 
embodiments, the fatty acids are saturated. In other preferred 
embodiments, the fatty acids can be unsaturated. Various 
preferred fatty acids are illustrated in Table 19. 

TABLE 19 

Suitable fatty acids in the sn-1 and/or sn-2 position of the preferred 
phospholipids for administration of active agents described herein. 

Carbon No. Common Name UPAC Name 

3:O Propionoyl Trianoic 
4:O Butanoyl Tetranoic 
5:0 Pentanoyl Pentanoic 
6:O Caproyl Hexanoic 
7:0 Heptanoyl Heptanoic 
8:0 Capryloyl Octanoic 
9:0 Nonanoyl Nonanoic 

10:0 Capryl Decanoic 
11:O Undcanoyl Undecanoic 
12:O Lauroyl Dodecanoic 
13:0 Tridecanoyl Tridecanoic 
14:O Myristoyl Tetradecanoic 
15:0 Pentadecanoyl Pentadecanoic 
16:O Palmitoyl Hexadecanoic 
17:0 Heptadecanoyl Heptadecanoic 
18:0 Stearoyl Octadecanoic 
19:O Nonadecanoyl Nonadecanoic 
20:O Arachidoyl Eicosanoic 
21:0 Heniecosanoyl Heniecosanoic 
22:O Behenoyl Docosanoic 
23:O Trucisanoyl Trocosanoic 
24:O Lignoceroyl Tetracosanoic 
14:1 Myristoleoyl (9-cis) 
14:1 Myristelaidoyl (9-trans) 
16:1 Palmitoleoyl (9-cis) 
16:1 Palmitelaidoyl (9-trans) 

0302) The fatty acids in these positions can be the same or 
different. Particularly preferred phospholipids have phospho 
rylcholine at the sn-3 position. 

C) Specialized Delivery/Devices 

1. Drug-Eluting Stents 

0303 Restenosis, the reclosure of a previously stenosed 
and Subsequently dilated peripheral or coronary vessel occurs 
at a significant rate (e.g., 20-50% for these procedures) and is 
dependent on a number of clinical and morphological vari 
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ables. Restenosis may begin shortly following an angioplasty 
procedure, but usually ceases at the end of approximately six 
(6) months. 
0304. A recent technology that has been developed to 
address the problem of restenosis in intravascular stents. 
Stents are typically devices that are permanently implanted 
(expanded) in coronary and peripheral vessels. The goal of 
these stents is to provide a long-term 'scaffolding or Support 
for the diseased (stenosed) vessels. The theory being, if the 
vessel is supported from the inside, it will not close down or 
reStenose. 

0305 Known stent designs include, but are not limited to 
monofilament wire coil stents (see, e.g., U.S. Pat. No. 4,969. 
458 which is incorporated herein by reference); welded metal 
cages (see, e.g., U.S. Pat. Nos. 4,733,665 and 4,776,337 
which are incorporated herein by reference), thin-walled 
metal cylinders with axial slots formed around the circumfer 
ence (see, e.g., U.S. Pat. Nos. 4,733,665, 4,739,762, 4,776, 
337 which are incorporated herein by reference). Known 
construction materials for use in stents include, but are not 
limited to polymers, organic fabrics and biocompatible met 
als, such as, stainless steel, gold, silver, tantalum, titanium, 
and shape memory alloys such as Nitinol. 
0306 To further prevent restenosis, stents can be covered 
and/or impregnated with one or more pharmaceutical, e.g., in 
controlled release formulations to inhibit cell proliferation 
associated with restenosis. Most commonly such "drug-elut 
ing stents are designed to deliver various cancer drugs (cyto 
toxins). 
0307 However, because of their activity in mitigating 
inflammatory responses, reducing and/or eliminated oxidized 
lipids and/or other oxidized species, inhibiting macrophage 
chemotactic activity and the like, the active agents described 
herein are well suited to prevent restenosis. Thus, in certain 
embodiments, this invention contemplates stents having one 
or more of the active agents described herein coated on the 
surface and/or retained within cavities or microcavities in the 
surface of the stent. 

0308. In certain embodiments the active agents are con 
tained within biocompatible matrices (e.g. biocompatible 
polymers such as urethane, silicone, and the like). Suitable 
biocompatible materials are described, for example, in U.S. 
Patent Publications 2005/0084.515, 2005/00791991, 2005/ 
0070996, and the like which are incorporated herein by ref 
erence. In various embodiments the polymers include, but are 
not limited to silicone-urethane copolymer, a polyurethane, a 
phenoxy, ethylene vinyl acetate, polycaprolactone, poly(lac 
tide-co-glycolide), polylactide, polysulfone, elastin, fibrin, 
collagen, chondroitin Sulfate, a biocompatible polymer, a 
biostable polymer, a biodegradable polymer 
0309 Thus, in certain embodiments this invention pro 
vides a stent for delivering drugs to a vessel in a body. The 
stent typically comprises stent framework including a plural 
ity of reservoirs formed therein. The reservoirs typically 
include an active agent and/or active agent-containing poly 
mer positioned in the reservoir and/or coated on the surface of 
the stent. In various embodiments the stent is a metallic base 
ora polymeric base. Certain preferred stent materials include, 
but are not limited to stainless steel, nitinol, tantalum, MP35N 
alloy, platinum, titanium, a suitable biocompatible alloy, a 
Suitable biocompatible polymer, and/or a combination 
thereof. 
0310. In various embodiments where the stent comprises 
pores (e.g. reservoirs), the pores can include micropores (e.g., 
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having a diameter that ranges from about 10 to about 50 um, 
preferably about 20 Lum or less). In various embodiments the 
micropores have a depth in the range of about 10um to about 
50 Lum. In various embodiments the micropores extend 
through the stent framework having an opening on an interior 
Surface of the stent and an opening on an exterior Surface of 
the stent. In certain embodiments the Stent can, optionally 
comprise a cap layer disposed on the interior Surface of the 
stent framework, the cap layer covering at least a portion of 
the through-holes and providing a barrier characteristic to 
control an elution rate of the active agent(s) in the polymer 
from the interior surface of the stent framework. In various 
embodiments the reservoirs comprise channels along an exte 
rior surface of the stent framework. The stent can optionally 
have multiple layers of polymer where different layers of 
polymer carry different active agent(s) and/or other drugs. 
0311. In certain embodiments the stent comprises: an 
adhesion layer positioned between the stent framework and 
the polymer. Suitable adhesion layers include, but are not 
limited to a polyurethane, a phenoxy, poly(lactide-co-gly 
collide)-, polylactide, polysulfone, polycaprolactone, an 
adhesion promoter, and/or a combination thereof. 
0312. In addition to stents, the active agents can be coated 
on or contained within essentially any implantable medical 
device configured for implantation in a extravascular and/or 
intravascular location. 
0313 Also provided are methods of manufacturing a 
drug-polymer stent, comprising. The methods involve pro 
viding a stent framework; cutting a plurality of reservoirs in 
the stent framework, e.g., using a high power laser, applying 
one or more of the active agents and/or a drug polymer to at 
least one reservoir, drying the drug polymer, applying a poly 
mer layer to the dried drug polymer; and drying the polymer 
layer. The active agent(s) and/or polymer(s) can be applied by 
any convenient method including but not limited to spraying, 
dipping, painting, brushing and dispensing. 
0314. Also provided are methods of treating a vascular 
condition and/or a condition characterized by an inflamma 
tory response and/or a condition characterized by the forma 
tion of oxidized reactive species. The methods typically 
involve positioning a stent or other implantable device as 
described above within the body (e.g. within a vessel of a 
body) and eluting at least active agent from at least one 
Surface of the implant. 

2. Impregnated Grafts and Transplants 

0315 Vascular grafts can be classified as either biological 
or synthetic. There are two commonly used types of biologi 
cal grafts. An autograft is one taken from another site in the 
patient. In peripheral vascular Surgery by far the most com 
monly used Such graft is the long saphenous vein. This can be 
used in situ with the valves surgically destroyed with an 
intraluminal cutting valvutome. 
0316 Alternatively, the vein can be removed and reversed 
but this typically produces a discrepancy between the anas 
tomotic size of the artery and vein. In thoracic Surgery the use 
of internal mammary artery for coronary artery bypass Sur 
gery is another example of an autograft. An allograft is one 
taken from another animal of the same species. Externally 
Supported umbilical vein is rarely used but is an example of 
Such a graft. 
0317 Synthetic grafts are most commonly made from 
Dacron or polytetrafluoroethylene (PTFE). Dacron grafts are 
frequently used in aortic and aorto-iliac Surgery. Below the 
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inguinal ligament the results of all synthetic grafts are inferior 
to those obtained with the use of vein grafts. Suitable vein is 
not always available and in this situation PTFE is typically 
used. It can be used in conjunction with vein as a composite 
graft. Neointimal hyperplasia at the distal anastomosis can be 
reduced by the incorporation of a segment of vein as either a 
Millar Cuff or Taylor Patch to improve the long-term patency 
of the grafts. 
0318. The commonest complications associated with the 
use of vascular grafts include Graft occlusion, Graft infection, 
true and false aneurysms at the site of anastomosis, distal 
embolization, and erosion in to adjacent structures—e.g. 
Aorto-enteric fistulae. Many of these conditions are associ 
ated with an inflammatory response, macrophage migration 
into the site, and/or the formation of reactive oxygen species 
(e.g., oxidized lipids). To reduce Such complications, the graft 
(synthetic or biological can be soaked, or otherwise coated, 
with one or more of the active agents described herein. 
0319. In addition, it is contemplated that other implantable 
tissues or materials can similarly be impregnated or coated 
with one or more active agents of this invention. Thus, for 
example, in certain embodiments this invention contemplates 
the use of impregnated Sutures to minimize inflammation 
and/or infection and/or tissue rejection. 

3. Subcutaneous Matrices 

0320 In certain embodiments, one or more active agents 
described herein are administered alone or in combination 
with other therapeutics as described herein in implantable 
(e.g., Subcutaneous) matrices. 
0321) A major problem with standard drug dosing is that 
typical delivery of drugs results in a quick burst of medication 
at the time of dosing, followed by a rapid loss of the drug from 
the body. Most of the side effects of a drug occur during the 
burst phase of its release into the bloodstream. Secondly, the 
time the drug is in the bloodstream at therapeutic levels is very 
short, most is used and cleared during the short burst. 
0322 Drugs (e.g., the active agents described herein) 
imbedded in various matrix materials for Sustained release 
provides some solution to these problems. Drugs embedded, 
for example, in polymer beads or in polymer wafers have 
several advantages. First, most systems allow slow release of 
the drug, thus creating a continuous dosing of the body with 
small levels of drug. This typically prevents side effects asso 
ciated with high burst levels of normal injected or pill based 
drugs. Secondly, since these polymers can be made to release 
over hours to months, the therapeutic span of the drug is 
markedly increased. Often, by mixing different ratios of the 
same polymer components, polymers of different degrada 
tion rates can be made, allowing remarkable flexibility 
depending on the agent being used. Along rate of drug release 
is beneficial for people who might have trouble staying on 
regular dosage, such as the elderly, but is also an ease of use 
improvement that everyone can appreciate. Most polymers 
can be made to degrade and be cleared by the body over time, 
so they will not remain in the body after the therapeutic 
interval. 
0323. Another advantage of polymer based drug delivery 

is that the polymers often can stabilize or solubilize proteins, 
peptides, and other large molecules that would otherwise be 
unusable as medications. Finally, many drug/polymer mixes 
can be placed directly in the disease area, allowing specific 
targeting of the medication where it is needed without losing 
drug to the “first pass' effect. This is certainly effective for 
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treating the brain, which is often deprived of medicines that 
can't penetrate the blood/brain barrier. 
0324. A number of implantable matrix (sustained release) 
systems are know to those of skill and can readily be adapted 
for use with one or more of the active agents described herein. 
Suitable sustained release systems include, but are not limited 
to Re-Gel R, SQ2GelR), and Oligosphere(R) by MacroMed, 
ProLease(R) and Medisorb(R) by Alkermes, Paclimer R and 
Gliadel(R) Wafer by Guilford pharmaceuticals, the Duros 
implant by Alza, acoustic bioSpheres by Point Biomedical, 
the Intelsite capsule by Scintipharma, Inc., and the like. 

4. Other “Specialty Delivery Systems’ 

0325 Other “specialty” delivery systems include, but are 
not limited to lipid based oral mist that allows absorption of 
drugs across the oral mucosa, developed by Generex Biotech 
nology, the oral transmucosal system (OTSTM) by Anesta 
Corp., the inhalable dry powder and PulmoSpheres technol 
ogy by Inhale Therapeutics, the AERX(R) Pulmonary Drug 
Delivery System by Aradigm, the AIR mechanism by Alker 
mes, and the like. 
0326. Another approach to delivery developed by Alker 
mes is a system targeted for elderly and pediatric use, two 
populations for which taking pills is often difficult is known 
as Drug Sipping Technology (DST). The medication is placed 
in a drinking straw device, prevented from falling out by 
filters on either end of it. The patient merely has to drink clear 
liquid (water, juice, soda) through the Straw. The drug dis 
Solves in the liquid as it is pulled through and is ingested by 
the patient. The filter rises to the top of the straw when all of 
the medication is taken. This method has the advantage in that 
it is easy to use, the liquid often masks the medication's taste, 
and the drug is pre-dissolved for more efficient absorption. 
0327. It is noted that these uses and delivery systems are 
intended to be illustrative and not limiting. Using the teach 
ings provided herein, other uses and delivery systems will be 
known to those of skill in the art. 

VI. Additional Pharmacologically Active Agents 

Combined Active Agents 

0328. In various embodiments, the use of combinations of 
two or more active agents described is contemplated in the 
treatment of the various pathologies/indications described 
herein. The use of combinations of active agents can alter 
pharmacological activity, bioavailability, and the like. 
0329. By way of illustration, it is noted that D-4F rapidly 
associates with pre-beta HDL and HDL and then is rapidly 
cleared from the circulation (it is essentially non-detectable 6 
hours after an oral dose), while D-113-122apo slowly asso 
ciates with pre-beta HDL and to a lesser extent with HDL but 
remains associated with these HDL fractions for at least 36 
hours. FREL associates with HDL and only HDL but remains 
detectable in HDL for much longer than D-4F (i.e., it is 
detectable in HDL 48 hours after a single oral dose in mice). 
In certain embodiments this invention thus contemplates 
combinations of, for example, these three peptides to reduce 
the amount to reduce production expense, and/or to optimize 
dosage regimen, therapeutic profile, and the like. In certain 
embodiments combinations of the active agents described 
herein can be simply coadministered and/or added together to 
form a single pharmaceutical formulation. In certain embodi 
ments the various active agent(s) can be complexed together 
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(e.g. via hydrogen bonding) to form active agent complexes 
that are more effective than the parent agents. 
Use with Additional Pharmacologically Active Materials. 
0330. Additional pharmacologically active materials (i.e., 
drugs) can be delivered in conjunction with one or more of the 
active agents described herein. In certain embodiments, such 
agents include, but are not limited to agents that reduce the 
risk of atherosclerotic events and/or complications thereof. 
Such agents include, but are not limited to beta blockers, beta 
blockers and thiazide diuretic combinations, statins, aspirin, 
ace inhibitors, ace receptor inhibitors (ARBs), and the like. 
0331. It was discovered that, adding a low dosage active 
agent (e.g., of D-4F) (1 lug/ml) to the drinking water of apoE 
null mice for 24 hours did not significantly improve HDL 
function (see, e.g., related application U.S. Ser. No. 10/423, 
830, filed on Apr. 25, 2003, which is incorporated herein by 
reference). In addition, adding 0.05 mg/ml of atorvastatin or 
pravastatin alone to the drinking water of the apoE null mice 
for 24 hours did not improve HDL function. However, when 
D-4F 1 ug/ml was added to the drinking water together with 
0.05 mg/ml of atorvastatin or pravastatin there was a signifi 
cant improvement in HDL function). Indeed the pro-inflam 
matory apoE null HDL became as anti-inflammatory as 350 
ug/ml of normal human HDL (h, HDL see, e.g., related appli 
cation U.S. Ser. No. 10/423,830). 
0332 Thus, doses of D-4F alone, or statins alone, which 
by themselves had no effect on HDL function when given 
together acted synergistically. When D-4F and a statin were 
given together to apo E null mice, their pro-inflammatory 
HDL at 50 lug/ml of HDL-cholesterol became as effective as 
normal human HDL at 350 ug/ml of HDL-cholesterol in 
preventing the inflammatory response induced by the action 
of HPODE oxidizing PAPC in cocultures of human artery 
wall cells. 

0333. Thus, in certain embodiments this invention pro 
vides methods for enhancing the activity of statins. The meth 
ods generally involve administering one or more of the active 
agents described herein, as described herein in conjunction 
with one or more statins. The active agents achieve Synergis 
tic action between the statin and the agent(s) to ameliorate one 
or more symptoms of atherosclerosis. In this context statins 
can be administered at significantly lower dosages thereby 
avoiding various harmful side effects (e.g., muscle wasting) 
associated with high dosage statin use and/or the anti-inflam 
matory properties of statins at any given dose are significantly 
enhanced. 

0334 Suitable statins include, but are not limited to prav 
astatin (Pravachol/Bristol-Myers Squibb), simvastatin (Zo 
cor/Merck), lovastatin (Mevacor/Merck), and the like. 
0335. In various embodiments the active agent(s) 
described herein are administered in conjunction with one or 
more beta blockers. Suitable beta blockers include, but are not 
limited to cardioselective (selective beta 1 blockers), e.g., 
acebutolol (SectralTM), atenolol (TenorminTM), betaxolol 
(KerloneTM), bisoprolol (ZebetaTM), metoprolol (Lopres 
sorTM), and the like. Suitable non-selective blockers (block 
beta 1 and beta 2 equally) include, but are not limited to 
carteolol (CartrolTM), nadolol (CorgardTM), penbutolol (Leva 
tolTM), pindolol (ViskenTM), propranolol (InderalTM), timolol 
(BlockadrenTM), labetalol (NormodyneTM, TrandateTM), and 
the like. 
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0336 Suitable beta blockerthiazide diuretic combinations 
include, but are not limited to Lopressor HCT, ZIAC, Teno 
retic, Corzide, Timolide, Inderal LA 40/25, Inderide, Nor 
mozide, and the like. 
0337 Suitableace inhibitors include, but are not limited to 
captopril (e.g. CapotenTM by Squibb), benazepril (e.g., 
LotensinTM by Novartis), enalapril (e.g., VasotecTM by 
Merck), fosinopril (e.g., Monopril TM by Bristol-Myers), lisi 
nopril (e.g. PrinivilTM by Merck or ZestriltM by Astra-Zen 
eca), quinapril (e.g. Accupril TM by Parke-Davis), ramipril 
(e.g., AltaceTM by Hoechst Marion Roussel, King Pharma 
ceuticals), imidapril, perindopril erbumine (e.g., AceonTM by 
Rhone-Polenc Rorer), trandolapril (e.g., MavikTM by Knoll 
Pharmaceutical), and the like. Suitable ARBS (Ace Receptor 
Blockers) include but are not limited to losartan (e.g. 
CozaarTM by Merck), irbesartan (e.g., AvaproTM by Sanofi), 
candesartan (e.g., AtacandTM by Astra Merck), Valsartan (e.g., 
DiovanTM by Novartis), and the like. 
0338. In various embodiments, one or more agents 
described herein are administered with one or more of the 
drugs identified below. 
0339. Thus, in certain embodiments one or more active 
agents are administered in conjunction with cholesteryl ester 
transfer protein (CETP) inhibitors (e.g., torcetrapib, JTT-705. 
CP-529414) and/or acyl-CoA:cholesterol O-acyltransferase 
(ACAT) inhibitors (e.g., Avasimibe (CI-1011), CP 113818, 
F-1394, and the like), and/or immunomodulators (e.g., 
FTY720 (sphingosine-1-phosphate receptor agonist), Thalo 
mid (thalidomide), Imuran (azathioprine), Copaxone (glati 
ramer acetate), Certican R (everolimus), Neoral(R) (cyclospo 
rine), and the like), and/or dipeptidyl-peptidase-4 (DPP4) 
inhibitors (e.g., 2-Pyrrolidinecarbonitrile, 1-2-(5-cyano 
2-pyridinyl)aminoethylaminoacetyl, see also U.S. Patent 
Publication 2005-0070530), and/or calcium channel blockers 
(e.g., Adalat, Adalat CC, Calan, Calan SR, Cardene, Card 
izem, Cardizem CD, Cardizem SR, Dilacor-XR, DynaCirc, 
Isoptin, Isoptin SR, Nimotop, Norvasc. Plendil, Procardia, 
Procardia XL, Vascor, Verelan), and/or peroxisome prolifera 
tor-activated receptor (PPAR) agonists for, e.g., C. Y., recep 
tors (e.g., AZelaoyl PAF, 2-Bromohekadecanoic acid, Cigli 
tizone, Clofibrate, 15-Deoxy-6'2,14-prostaglandin J, 
Fenofibrate, Fmoc-Leu-OH, GW 1929, GW7647, 8(S)-Hy 
droxy-(5Z,9E,11Z., 14Z)-eicosatetraenoic acid (8(S)-HETE), 
Leukotriene B, LY-171,883 (Tomelukast), ProstaglandinA, 
Prostaglandin J. Tetradecylthioacetic acid (TTA), Troglita 
Zone (CS-045), WY-14643 (Pirinixic acid)), and the like. 
0340. In certain embodiments one or more of the active 
agents are administered in conjunction with fibrates (e.g., 
clofibrate (atromid), gemfibrozil (lopid), fenofibrate (tricor), 
etc.), bile acid sequestrants (e.g., cholestyramine, colestipol, 
etc.), cholesterol absorption blockers (e.g., eZetimibe (Zetia), 
etc.), Vytorin ((eZetimibe/simvastatin combination), and/or 
steroids, warfarin, and/or aspirin, and/or Bcr-Abl inhibitors/ 
antagonists (e.g., Gleevec (Imatinib Mesylate), AMNO7. 
STI571 (CGP57148B), ON 012380, PLX225, and the like), 
and/or renin angiotensin pathway blockers (e.g., Losartan 
(Cozaar R), Valsartan (Diovan(R), Irbesartan (AvaproR), 
Candesartan (AtacandR), and the like), and/orangiotensin II 
receptor antagonists (e.g., losartan (Cozaar), Valsartan (Dio 
Van), irbesartan (Avapro), candesartan (Atacand) and telmis 
artan (Micardis), etc.), and/or PKC inhibitors (e.g., Calphos 
tin C, Chelerythrine chloride, Chelerythrine.chloride, Copper 
bis-3,5-diisopropylsalicylate, Ebselen, EGF Receptor (hu 
man) (651-658) (N-Myristoylated), Go 6976, H-7.dihydro 
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chloride, 1-O-Hexadecyl-2-O-methyl-rac-glycerol, Hexade 
cyl-phosphocholine (C); Miltefosine, Hypericin, Melittin 
(natural), Melittin (synthetic), ML-7.hydrochloride, ML-9. 
hydrochloride, Palmitoyl-DL-carnitine.hydrochloride, Pro 
tein Kinase C (19-31), Protein Kinase C (19-36), Quercetin. 
dihydrate, Quercetin.dihydrate, D-erythro-Sphingosine 
(isolated), D-erythro-Sphingosine (synthetic), Sphingosine, 
N,N-dimethyl, D-erythro-Sphingosine, Dihydro-, D-erythro 
Sphingosine, N,N-Dimethyl-, D-erythro-Sphingosine chlo 
ride, N.N.N-Trimethyl-, Staurosporine, Bisindolylmaleimide 
I, G-6203, and the like). 
0341. In certain embodiments, one or more of the active 
agents are administered in conjunction with ApoAI, Apo A-I 
derivatives and/or agonists (e.g., ApoAI milano, see, e.g., 
U.S. Patent Publications 20050004082, 20040224011, 
20040198662, 20040181034, 2004.0122091, 20040082548, 
20040029807, 2003.0149094, 2003.0125559, 2003.0109442, 
20030065195, 20030008827, and 2002007 1862, and U.S. 
Pat. Nos. 6,831,105, 6,790,953, 6,773,719, 6,713,507, 6,703, 
422, 6,699,910, 6,680,203, 6,673,780, 6,646,170, 6,617,134, 
6,559,284, 6,506,879, 6,506,799, 6,459,003, 6,423,830, 
6,410,802, 6,376.464, 6,367,479, 6,329,341, 6,287,590, 
6,090,921, 5,990,081, and the like), renin inhibitors (e.g., 
SPP630 and SPP635, SPP100, Aliskiren, and the like), and/or 
MR antagonist (e.g., spironolactone, aldosterone glucu 
ronide, and the like), and/or aldosterone synthase inhibitors, 
and/or alpha-adrenergic antagonists (e.g., Aldomet(R) (Meth 
yldopa), Cardura.R. (Doxazocin), Catapres(R); Catapres 
TTSR); DuraclonTM (Clonidine), DibenzylineR (Phenoxy 
benzamine), Hylorel(R) (Guanadrel), HytrinR (Terazosin), 
Minipress(R (Prazosin), Tenex(R) (Guanfacine), Guanabenz, 
Phentolamine, Reserpine, and the like), and/or liver X recep 
tor (LXR) agonists (e.g., T0901317, GW3965, ATI-829, 
acetyl-podocarpic dimer (APD), and the like), and/or farne 
soid X receptor (FXR) agonists (e.g., GW4064, 6alpha-ethyl 
chenodeoxycholic acid (6-ECDCA), T0901317, and the 
like), and/or plasminogen activator-1 (PAI-1) inhibitors (see, 
e.g., oxime-based PAI-1 inhibitors, see also U.S. Pat. No. 
5,639,726, and the like), and/or low molecular weight hep 
arin, and/or AGE inhibitors/breakers (e.g., Benfotiamine, 
aminoguanidine, pyridoxamine, Tenilsetam, Pimagedine, 
and the like) and/or ADP receptor blockers (e.g., Clopidigrel, 
AZD6140, and the like), and/or ABCA1 agonists, and/or 
Scavenger receptor B1 agonists, and/or Adiponectic receptor 
agonist oradiponectin inducers, and/or Stearoyl-CoA Desatu 
rase I (SCD1) inhibitors, and/or Cholesterol synthesis inhibi 
tors (non-statins), and/or Diacylglycerol Acyltransferase I 
(DGAT1) inhibitors, and/or Acetyl CoA Carboxylase 2 
inhibitors, and/or LP-PLA2 inhibitors, and/or GLP-1, and/or 
glucokinase activator, and/or CB-1 agonists, and/or anti 
thrombotic/coagulants, and/or Factor Xa inhibitors, and/or 
GPIb/IIIa inhibitors, and/or Factor VIIa inhibitors, and/or 
Tissue factor inhibitors, and/oranti-inflammatory drugs, and/ 
or Probucol and derivatives (e.g. AGI-1067, etc.), and/or 
CCR2 antagonists, and/or CX3CR1 antagonists, and/or IL-1 
antagonists, and/or nitrates and NO donors, and/or phos 
phodiesterase inhibitors, and the like. 
0342. In addition, other pharmacologically active materi 
als that can be delivered in conjunction with one or more of 
the active agents described herein include, but are not limited 
to, agents that reduce the risk of eye disease events and/or 
complications thereof. Such agents include, but are not lim 
ited to anti-angiogenics or anti-VEGF (anti-Vascular Endot 
helial Growth Factor) agents. For example, the active agents 
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described herein can be used in conjunction and/or combina 
tion with anti-angiogenic therapies for choroidal neovascu 
larization. The net effect of the combination can result in 
limiting the expression of pro-angiogenic factors due to 
remodeled Bruch's membrane and thus result in a better 
metabolic situation for the retinal pigment epithelium and 
retina, which can limit the duration/circles of anti-angiogenic 
retreatmentS. 

0343 Angiogenesis is an important cellular event in 
which vascular endothelial cells proliferate, prune and reor 
ganize to form new vessels from preexisting vascular net 
work. There are compelling evidences that the development 
of a vascular Supply is essential for normal and pathological 
proliferative processes (Folkman and Klagsbrun (1987) Sci 
ence 235:442-447). Delivery of oxygen and nutrients, as well 
as the removal of catabolic products, represent rate-limiting 
steps in the majority of growth processes occurring in multi 
cellular organisms. Thus, it has been generally assumed that 
the vascular compartment is necessary, not only for organ 
development and differentiation during embryogenesis, but 
also for wound healing and reproductive functions in the 
adult. 
0344 Angiogenesis is also implicated in the pathogenesis 
of a variety of disorders, including but not limited to, tumors, 
proliferative retinopathies, age-related macular degeneration, 
rheumatoid arthritis (RA), and psoriasis. Angiogenesis is 
essential for the growth of most primary tumors and their 
Subsequent metastasis. Tumors can absorb sufficient nutrients 
and oxygen by simple diffusion up to a size of 1-2 mm, at 
which point their further growth requires the elaboration of 
vascular Supply. This process is thought to involve recruit 
ment of the neighboring host mature vasculature to begin 
sprouting new blood vessel capillaries, which grow towards, 
and Subsequently infiltrate, the tumor mass. In addition, 
tumor angiogenesis involve the recruitment of circulating 
endothelial precursor cells from the bone marrow to promote 
neovascularization. Kerbel (2000) Carcinogenesis 21:505 
515; Lynden et al. (2001) Nat. Med. 7:1194-1201. 
0345. In view of the remarkable physiological and patho 
logical importance of angiogenesis, much work has been 
dedicated to the elucidation of the factors capable of regulat 
ing this process. It is suggested that the angiogenesis process 
is regulated by a balance between pro- and anti-angiogenic 
molecules, and is derailed in various diseases, especially 
cancer. Carmeliet and Jain (2000) Nature 407:249-257. 
0346 Vascular endothelial cell growth factor (VEGF), 
which is also termed VEGF-A or vascular permeability factor 
(VPF), has been reported as a pivotal regulator of both normal 
and abnormal angiogenesis. Ferrara and Davis-Smyth (1997) 
Endocrine Rev. 18:4-25: Ferrara (1999).J. Mol. Med. 77:527 
543. Compared to other growth factors that contribute to the 
processes of vascular formation, VEGF is unique in its high 
specificity for endothelial cells within the vascular system. 
VEGF is essential for embryonic vasculogenesis and angio 
genesis. (Carmelietetal. (1996) Nature 380:435-439; Ferrara 
et al. (1996) Nature 380:439-442). 
0347 In addition to being an angiogenic factor in angio 
genesis and vasculogenesis, VEGF, as a pleiotropic growth 
factor, exhibits multiple biological effects in other physi 
ological processes, such as endothelial cell Survival, vessel 
permeability and vasodilation, monocyte chemotaxis and cal 
cium influx. Ferrara and Davis-Smyth (1997), supra. More 
over, recent studies have reported mitogenic effects of VEGF 
on a few non-endothelial cell types, such as retinal pigment 
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epithelial cells, pancreatic duct cells and Schwann cells. 
Guerrin et al. (1995) J. Cell Physiol. 164:385-394: Oberg 
Welsh et al. (1997) Mol. Cell. Endocrinol. 126:125-132: Son 
dellet al. (1999) J. Neurosci. 19:5731-5740. 
0348 Substantial evidence also implicates VEGF's criti 
cal role in the development of conditions or diseases that 
involve pathological angiogenesis. The VEGF mRNA is 
overexpressed by the majority of human tumors examined 
(Berkman et al. J. Clin Invest 91:153-159 (1993); Brown et al. 
Human Pathol. 26:86-91 (1995); Brown et al. Cancer Res. 
53:4727-4735 (1993); Matternet al. Brit. J. Cancer. 73:931 
934 (1996); and Dvorak et al. Am J. Pathol. 146:1029-1039 
(1995)). Also, the concentration of VEGF in eye fluids are 
highly correlated to the presence of active proliferation of 
blood vessels in patients with diabetic and other ischemia 
related retinopathies (Aiello et al. N. Engl.J.Med. 331:1480 
1487 (1994)). Furthermore, recent studies have demonstrated 
the localization of VEGF in choroidal neovascular mem 
branes in patients affected by AMD (Lopez et al. Invest. 
Ophtalmo. Vis. Sci. 37:855-868 (1996)). 
0349 Given its central role in promoting tumor growth, 
VEGF provides an attractive target for therapeutic interven 
tion. Indeed, a variety of therapeutic strategies aimed at 
blocking VEGF or its receptor signaling system are currently 
being developed for the treatment of neoplastic diseases. 
Rosen (2000) Oncologist 5:20-27; Ellis et al. (2000) Oncolo 
gist 5:11-15; Kerbel (2001) J. Clin. Oncol. 19:45 S-51 S. So 
far, VEGF/VEGF receptor blockade by monoclonal antibod 
ies and inhibition of receptor signaling by tyrosine kinase 
inhibitors are the best studied approaches. VEGFR-1 
ribozymes, VEGF toxin conjugates, and soluble VEGF recep 
tors are also being investigated. 
0350 Suitable antiangiogenics therefore include, but are 
not limited to pegaptainib (MacugenTM by Pfizer), ranibi 
Zumab (LucentisTM by Genentech) bevacizumab (AvastinTM 
by Genentech), carboxyamidotriazole, TNP-470, CM101, 
IFN-O, IL-12, platelet factor 4, Suramin, SU5416, thrombo 
spondin, VEGFR antagonists, angiostatic steroids--heparin, 
cartilage-derived angiogenesis inhibitory factor, matrix met 
allopreteinase inhibitors, angiostatin, endostatin, 2-methox 
yestradiol, tecogalan, prolactin, CfB inhibitors, and lino 
mide, VEGF-Trap (by Regeneron Pharmaceuticals), 
Aminosterols (Evizion(R) by Genera Corp.), Cortisen (Re 
taane R by Alcon), tyrosine kinase inhibitors, anti-angiogenic 
siRNA, inhibitors of the complement system, and genthera 
peutic therapies (e.g. AdPEDF.11 by Genvec). 
0351. Other suitable antiangiogenics suitable for the 
methods described herein are described, for example, in U.S. 
Patent Publications 2006/01341 11, 2007/0031413, 2007/ 
0160608, and the like which are incorporated herein by ref 
CCC. 

0352 One or more of the active agents can also be admin 
istered in conjunction or combination with compounds that 
Support remodeling of Bruch's membrane and the adjacent 
structures (e.g. chelators for iron, calcium, Zinc, metallopro 
teinase inhibitors etc.). As described above, the National Eye 
Institute and others have shown that administration of vitamin 
Supplements with high doses of antioxidants, lutein and Zeax 
anthin can slow the progression of dry macular degeneration 
and in Some patients, improve visual acuity. As such, one or 
more of the active agents can also be administered in con 
junction or combination with vitamin Supplements with high 
doses of antioxidants, lutein and Zeaxanthin. 
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0353. One or more of the active agents can also be admin 
istered in conjunction, combination, or in a preparation for 
cell transplants (e.g. stem cells, engineered, autologous, etc.) 
and biotechnical implants where cell survival and outcome of 
the procedure is improved by remodeled Bruch's membrane 
and reduced inflammation response. 

IX. Kits for the Treatment of One or More 
Indications 

0354. In another embodiment this invention provides kits 
for amelioration of one or more symptoms of atherosclerosis 
or for the prophylactic treatment of a subject (human or 
animal) at risk for atherosclerosis and/or the treatment or 
prophylaxis of one or more of the conditions described 
herein. For example, also disclosed herein are kits for ame 
lioration of one or more symptoms of atherosclerosis or for 
the prophylactic treatment of a subject (human or animal) at 
risk for eye disease. 
0355 The kits preferably comprise a container containing 
one or more of the active agents described herein. The active 
agent(s) can be provided in a unit dosage formulation (e.g. 
Suppository, tablet, caplet, patch, etc.) and/or may be option 
ally combined with one or more pharmaceutically acceptable 
excipients. 
0356. The kit can, optionally, further comprise one or 
more other agents used in the treatment of the condition/ 
pathology of interest. Such agents include, but are not limited 
to, beta blockers, vasodilators, aspirin, statins, ace inhibitors 
or ace receptor inhibitors (ARBs) and the like, e.g. as 
described above. 
0357. In addition, the kits optionally include labeling and/ 
or instructional materials providing directions (i.e., proto 
cols) for the practice of the methods or use of the “therapeu 
tics” or “prophylactics' of this invention. Preferred 
instructional materials describe the use of one or more active 
agent(s) of this invention to mitigate one or more symptoms 
of atherosclerosis (or other pathologies described herein) 
and/or to prevent the onset or increase of one or more of Such 
symptoms in an individual at risk for atherosclerosis (or other 
pathologies described herein). The instructional materials 
may also, optionally, teach preferred dosages/therapeutic 
regiment, counter indications and the like. 
0358 While the instructional materials typically comprise 
written or printed materials they are not limited to such. Any 
medium capable of storing Such instructions and communi 
cating them to an end user is contemplated by this invention. 
Such media include, but are not limited to electronic storage 
media (e.g., magnetic discs, tapes, cartridges, chips), optical 
media (e.g., CDROM), and the like. Such media may include 
addresses to internet sites that provide Such instructional 
materials. 

EXAMPLES 

0359 The following examples are offered to illustrate, but 
not to limit the claimed invention. 

Example 1 
Use of Apol-Related Peptides to Mediate Symptoms 

of Atherosclerosis 

Prevention of LDL-Induced Monocyte Chemotactic Activity 
0360 FIG. 1 illustrates a comparison of the effect of D-4F 
(Anantharamaiah et al. (2002) Circulation, 105: 290-292) 
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with the effect of an apolypeptide made from Damino acids 
(D-J336, Ac-L-L-E-Q-L-N-E-Q-F-N-W-V-S-R-L-A-N-L-T- 
Q-G-E-NH, SEQID NO:1177)) on the prevention of LDL 
induced monocyte chemotactic activity in vitro in a co-incu 
bation. Human aortic endothelial cells were incubated with 

medium alone (no addition), with control human LDL (200 
ug protein/ml) or control human LDL-- control human HDL 
(350 ug HDL protein/ml). D-J336 or D-4F was added to other 
wells in a concentration range as indicated plus control 
human LDL (200 g protein/ml). Following overnight incu 
bation, the Supernatants were assayed for monocyte chemo 
tactic activity. As shown in FIG. 1, the in vitro concentration 
of the apo variant peptide that prevents LDL-induced mono 
cyte chemotactic activity by human artery wall cells is 10 to 
25 times less than the concentration required for the D-4F 
peptide. 
Prevention of LDL-Induced Monocyte Chemotactic Activity 
by Pre-Treatment of Artery Wall Cells with D-J336 
0361 FIG. 2 illustrates a comparison of the effect of D-4F 
with the effect of D-J336 on the prevention of LDL induced 
monocyte chemotactic activity in a pre-incubation. Human 
aortic endothelial cells were pre-incubated with D-J336 or 
D-4F at 4,2, and 1...mu.g/ml for DJ336 or 100, 50,25, and 12.5 
ug/ml for D-4F for 6 hrs. The cultures were then washed and 
were incubated with medium alone (no addition), or with 
control human LDL (200 lug protein/ml), or with control 
human LDL-- control human HDL (350 ug HDL protein/ml) 
as assay controls. The wells that were pre-treated with pep 
tides received the control human LDL at 200 ug protein/ml. 
Following overnight incubation, the Supernatants were 
assayed for monocyte chemotactic activity. 
0362. As illustrated in FIG. 2, the Apo variant peptide 
was 10-25 times more potent in preventing LDL oxidation by 
artery wall cells in vitro. 

The Effect of Apo J Peptide Mimetics on HDL Protective 
Capacity in LDL Receptor Null Mice. 

0363 D-4F designated as F, or the apolypeptide made from 
Damino acids (D-J336, designated as J) was added to the 
drinking water of LDL receptor null mice (4 per group) at 
0.25 or 0.5 mg per ml of drinking water. After 24- or 48-hrs 
blood was collected from the mice and their HDL was iso 
lated and tested for its ability to protect against LDL-induced 
monocyte chemotactic activity. Assay controls included cul 
ture wells that received no lipoproteins (no addition), or con 
trol human LDL alone (designated as LDL, 200.mu.gcholes 
terol/ml), or control LDL-- control human HDL (designated 
as +HDL, 350.mu.g. HDL cholesterol). For testing the mouse 
HDL, the control LDL was added together with mouse HDL 
(+F HDL or +J HDL) to artery wall cell cultures. The mouse 
HDL was added at 100 ug cholesterol/ml respectively. After 
treatment with either D-4F or D-J336 the mouse HDL at 100 
ug/ml was as active as 350 ug/ml of control human HDL in 
preventing the control LDL from inducing the artery wall 
cells to produce monocyte chemotactic activity. The reason 
for the discrepancy between the relative doses required for the 
D-J336 peptide relative to D-4F in vitro and in vivo may be 
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related to the solubility of the peptides in water and we believe 
that when measures are taken to achieve equal solubility the 
D-J peptides will be much more active in vivo as they are in 
vitro. 

Protection Against LDL-Induced Monocyte Chemotactic 
Activity by HDL from Apo ENull Mice Given Oral Peptides. 
0364 FIG. 4 illustrates the effect of oral apoA-1 peptide 
mimetic and apo, peptide on HDL protective capacity. ApoE 
null mice (4 per group) were provided with D-4F (designated 
as F) at 50, 30, 20, 10.5mu.g. per ml of drinking water orapo 
peptide (designated as J) at 50, 30 or 20.mu.g. per ml of 
drinking water. After 24 hrs blood was collected, plasma 
fractionated by FPLC and fractions containing LDL (desig 
nated as mLDL for murine LDL) and fractions containing 
HDL (designated as mHDL) were separately pooled and 
HDL protective capacity against LDL oxidation as deter 
mined by LDL-induced monocyte chemotactic activity was 
determined. For the assay controls the culture wells received 
no lipoproteins (no additions), mLDL alone (at 200 ug cho 
lesterol/ml), or mLDL+ standard normal human HDL (des 
ignated as Cont. h HDL, at 350 ug HDL cholesterol/ml). 
0365 For testing the murine HDL, mLDL together with 
murine HDL (+F mHDL or +J mHDL) were added to artery 
wall cell cultures. The HDL from the mice that did not receive 
any peptide in their drinking water is designated as no peptide 
mHDL. The murine HDL was used at 100.mu.g. cholesterol/ 
ml. After receiving D-4F or D-J336 the murine HDL at 100 
ug/ml was as active as 350.mu.g/ml of normal human HDL. 
As shown in FIG.4, when added to the drinking water the D-J 
peptide was as potent as D-4F in enhancing HDL protective 
capacity in apo E null mice. 
Ability of LDL Obtained from ApoE Null Mice Given Oral 
Peptides to Induce Monocyte Chemotactic Activity. 
0366 FIG. 5 illustrates the effect of oral apo A-1 peptide 
mimetic and apo, peptide on LDL susceptibility to oxidation. 
ApoE null mice (4 pergroup) were provided, in their drinking 
water, with D-4F (designated as F) at 50, 30, 20, 10, 5.mu.g 
per ml of drinking water or the apolypeptide (D-J336 made 
from Damino acids and designated as J) at 50, 30 or 20 ug per 
ml of drinking water. After 24 hrs blood was collected from 
the mice shown in FIG.4, plasma fractionated by FPLC and 
fractions containing LDL (designated as mLDL for murine 
LDL) were pooled and LDL susceptibility to oxidation as 
determined by induction of monocyte chemotactic activity 
was determined. For the assay controls the culture wells 
received no lipoproteins (no additions), mLDL alone (at 200 
ug cholesterol/ml), or mLDL-- standard normal human HDL 
(designated as Cont. h HDL, 350 ug HDL cholesterol). 
0367 Murine LDL, mLDL, from mice that received the 
D-4F (F mLDL) or those that received the apolypeptide (J 
mLDL) were added to artery wall cell cultures. LDL from 
mice that did not receive any peptide in their drinking water is 
designated as No peptide LDL. 
0368. As shown in FIG. 5, when added to the drinking 
water, D-J336 was slightly more potent than D-4F in render 
ing the LDL from apo E null mice resistant to oxidation by 
human artery wall cells as determined by the induction of 
monocyte chemotactic activity. 
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Protection Against Phospholipid Oxidation and Induction of 
Monocyte Chemotactic Activity by HDL Obtained from Apo 
E Null Mice Given Oral Peptides. 
0369 FIG. 6 illustrates the effect of oral apoA-1 peptide 
mimetic and apo, peptide on HDL protective capacity. ApoE 
null mice (4 per group) were provided with D-4F (designated 
as F) at 50, 30, 20, 10, 5.mu.g. per ml of drinking water or apo 
peptide (D-J336 made from Damino acids and designated as 
J) at 50, 30 or 20.mu.g. per ml of drinking water. After 24 hrs 
blood was collected, plasma fractionated by FPLC and frac 
tions containing HDL (designated as mHDL) were pooled 
and HDL protective capacity against PAPC oxidation as 
determined by the induction of monocyte chemotactic activ 
ity was determined. For the assay controls the culture wells 
received no lipoproteins (no additions), the phospholipid 
PAPC at 20.mu.g/ml+HPODE, at 1.0 ug/ml, or PAPC+ 
HPODE plus standard normal human HDL (at 350 ug HDL 
cholesterol/ml and designated as +Cont. h HDL). 
0370. For testing the murine HDL, PAPC+HPODE 
together with murine HDL (+F mHDL or +J mHDL) were 
added to artery wall cell cultures. The HDL from mice that did 
not receive any peptide in their drinking wateris designated as 
“no peptide mHDL’. The murine HDL was used at 100 g 
cholesterol/ml. 

0371. The data shown in FIG. 6 indicates that, when added 
to the drinking water, D-J336 was as potent as D-4F in caus 
ing HDL to inhibit the oxidation of a phospholipid PAPC by 
the oxidant HPODE in a human artery wall co-culture as 
measured by the generation of monocyte chemotactic activ 

Effect of Oral ApoA-1 Peptide Mimetic and Apo Peptide on 
Plasma Paraoxonase Activity in Mice. 

0372 FIG. 7 shows the effect of oral apoA-1 peptide 
mimetic and apo, peptide on plasma paraoxonase activity in 
mice. ApoE null mice (4 per group) were provided with D-4F 
designated as F at 50, 10, 5 or Oug per ml of drinking water or 
apo peptide (D-J336 made from D amino acids and desig 
nated as J) at 50, 10 or 5ug per ml of drinking water. After 24 
hrs blood was collected and plasma was assayed for PON1 
activity. These data demonstrate that, when added to the 
drinking water, D-J336 was at least as potent as D-4F in 
increasing the paraoXonase activity of apo E null mice. 

Example 2 

Oral G* Peptides Increase HDL Protective Capacity 
in Apo E Deficient Mice 

0373 Female, 4 month old apoE deficient mice (n=4 per 
group) were treated with G* peptides having the following 
amino acid Sequences. Peptide 113-122=Ac 
LVGRQLEEFL-NH. (SEQID NO. 9), Peptide 336-357=Ac 
LLEQLNEQFNWVSRLANLTQGE-NH. (SEQID NO.17), 
and Peptide 377-390=Ac-PSGVTEVVVKLFDS-NH. (SEQ 
ID NO.19). 
0374 Each mouse received 200.mu.g. of the peptide by 
stomach tube. Four hours later blood was obtained, plasma 
separated, lipoproteins fractionated and HDL (at 25 ug per 
ml) was assayed for protective capacity against the oxidation 
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of LDL (at 100 g per ml) in cultures of human artery wall 
cells. The data are shown in FIG. 8. The peptide afforded 
significant HDL-protective capacity in the mice. 
0375. In another experiment, female, 4 month old apoE 
deficient mice (n=4 per group) were treated with the 11 amino 
acid G* peptide 146-156 with the sequence: Ac-QQTHMLD 
VMQD-NH. (SEQID NO:11). The mice received the pep 
tide in their drinking water at the indicated concentrations 
(see FIG. 9). Following eighteen hrs, blood was obtained, 
plasma separated, lipoproteins fractionated and HDL (at 
50.mu.gcholesterol per ml) was assayed for protective capac 
ity against the oxidation of PAPC (at 25 ug per ml)+HPODE 
(at 1.0 g per ml) in cultures of human artery wall cells. Assay 
controls included No additions, PAPC+HPODE and PAPC+ 
HPODE plus Control HDL (designated as +HDL). The data 
are mean+/-SD of the number of migrated monocytes in nine 
high power fields in triplicate cultures. Asterisks indicate 
significance at the level of p-0.05 vs. the water control (O 
g/ml). 

Example 3 

Solution Phase Chemistry for Peptide Synthesis 

0376. In certain embodiments, a solution-phase synthesis 
chemistry provides a more economical means of synthesizing 
peptides of this invention. 
0377 Prior to this invention synthesis was typically per 
formed using an all-solid phase synthesis chemistry. The 
Solid phase synthesis of peptides of less than 9 amino acids is 
much more economical than the Solid phase synthesis of 
peptides of more than 9 amino acids. Synthesis of peptides of 
more than 9 amino acids results in a significant loss of mate 
rial due to the physical dissociation of the elongating amino 
acid chain from the resin. The Solid phase synthesis of pep 
tides containing less than 9 amino acids is much more eco 
nomical because the there is relatively little loss of the elon 
gating chain from the resin. 
0378. In certain embodiments, the solution phase synthe 
sis functions by converting the synthesis of the 18 amino acid 
apoA-I mimetic peptide, 4F (and other related peptides) from 
an all solid phase synthesis to either an all solution phase 
synthesis or to a combination of solid phase synthesis of three 
chains each containing, e.g., 6 amino acids followed by the 
assembly of the three chains in solution. This provides a much 
more economical overall synthesis. This procedure is readily 
modified where the peptides are not 18 amino acids in length. 
Thus, for example, a 15 mercan be synthesized by solid phase 
synthesis of three 5 mers followed by assembly of the three 
chains in solution. A 14 mer can be synthesized by the solid 
phase synthesis of two 5 mers and one 4 mer followed by 
assembly of these chains in Solution, and so forth. 

A) Summary of Synthesis Protocol. 

0379 A scheme for the synthesis of the peptide D4F (Ac 
D-W-F-K-A-F-Y-D-K-V-A-E-K-F-K-E-A-F-NH. (SEQ ID 
NO:5) is illustrated in Table 20. (The scheme and yields for 
the synthesis are shown in Table 20. 
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TABL E 

Illustrative solution phase synthesis scheme. 
Methods Used for D4F Synthesis 

Wt. of 
Final Wt. Crude 

Fmoc of Peptide Wit. of Pure 
Amino Coupling Resin (gms) Peptide (mg) 

Synthesis Resin Acid Reagent (gms) Yield (%) Yield (% 

Stepwise Rink. Amide 6 Equiv HBTU/ 4. 2. O SOO 
Solid Phase (1 mmole) HOBT 86 25 

1.8 gms 

Stepwise Rink. Amide 2 Equiv DIC/HOBT 3.9 2. O 450 
Solid Phase (1 mmole) 86 22.5 

1.8 gms 

Fragment Rink. Amide HBTU/ 3.3 1. O 1OO 
coupling (1 mmole) HOBT 43 10 
(6 + 6 + 6) 1.8 gms* 
Synthesis of D4F Fragments Fragments Fragment 1 
(2HN-KFKEAF (SEQ ID NO: 1178) on rink amide resin 
(K and E are properly protected) 

Fragment 2 Cl-TrT-Resin 6 Equiv HBTU/ 11 2.2 crude 
6 residues (5 mmol) HOBT protected 
stepwise 6.5 gms 32 
Solid Phase 
Fmoc-Y (But) -D (But) - K(Boc) -W-A-E (But) -COOH (SEQ ID NO: 1179) 
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Fragment 2 Cl-TrT-Resin 6 Equiv HBTU/ 10 1.8 crude 
6 residues (5 mmol) HOBT protected 
stepwise 6.5 gms 32 
Solid Phase 
Ac-D (But) -W-F-K (Boc) -A-F-COOH (SEQ ID NO: 118O 

Synthesis by solution phase using fragments produced by the solid phase method. 
Fragment Wang resin. C-terminal hexapeptide (Subjected to ammonolysis). Yield quantitative. 
1. NH-K (Boc) - F-K (Boc) – E (But) –A-F-Wang resin (SEQ ID NO: 1181 
NH-K (Boc) –F-K (Boc) -E (But) –A-F-CO-NH (SEQ ID NO : 1182): 
Fragment 2 from above was coupled to fragment 1 in DMF using DIC/HOBT. 
Fmoc-Y (But) – D (But) - K(Epc) -v-A-E (But) –K (Boc) - F-K (Boc) – E (But) – F – Co-NH2 (SEQ ID NO: 1183) 
12 residue peptide was characterized as free peptide after 
removing protecting groups. Yield was 50% 

Fmoc from the above-12 rtesidue was removed by piperidine in DMF 
(20%. After drying the peptide was copied to Fragment 3 using DCIf HOBT in DMF. 
AC-D (But) –W-F-K (Boc) -A-F-Y (But) -D (but) –K (Boc) –W-A-E (But) –K (Boc) –F– 
K (Boc) -E (But) –A-FCO-NH (SEQ ID NO: 1184) 
Protected peptide yield was quantitative. 
Protecting groups removed using mixture of TFA (80%), phenol (5%), thioani sole 
(5%). Water) 5%), triisopropylsilane (TIS, 5%), stirred for 90 min. Precipitated by 
ether and purified by C-4 HPLC column. Yield 25% 

B) Details of Synthesis Protocol. 

1. Fragment Condensation Procedure to Synthesize D-4F 
0380 Fragments synthesized for fragment condensation 
on Solid phase are: 

Fragment 1: 
(SEQ ID NO: 1185) 

Ac-D (OBut) -W-F-K (eBoc) -A-F-COOH; 

Fragment 2: 
(SEQ ID NO: 1186) 

Fmoc-Y (OBut) -D (OBut) - K(eBoc) -W-A-E (OBut) -COOH; 
and 

Fragment 3 
(SEO ID NO : 1187) 

Fmoc-K (eBoc) F-K (eBoc) -E (OBut) -A-F-Rink amide resin. 

0381 Fragment 1 was left on the resin to obtain final 
peptide amide after TFA treatment. 
0382 To synthesize fragment 1: Fmoc-Phe (1.2 equiva 
lents) was added to chlorotrityl resin (Nova Biochem, 1.3 
mMol/g substitution, 5 mMol or 6.5 g was used) in presence 
of six equivalents of DIEA in DMF:dichloromethane (1:1)) 
and stirred for 4 h. Excess of functionality on the resin was 
capped with methanol in presence of dichloromethane and 
DTEA. After the removal of Fmoc-Fmoc amino acid deriva 
tives (2 equivalents) were added using HOBut/HBTU 
reagents as described above. Final Fmoc-D(OBut)-W-F-K 
(EBoc)-A-F Chlorotrityl resin was treated with Fmoc 
deblocking agent and acetylated with 6 equivalents of acetic 
anhydride in presence of diisoprolylethylamine. The result 
ing Ac-D(OBut)-W-F-K(eBoc)-A-F-resin was treated with a 
mixture of trifluoroethanol-acetic acid-dichloromethane 
(2:2:6, 10 ml/g of resin) for 4 hat room temperature. After 
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removal of the resin by filtration, the solvent was removed by 
aZiotropic distillation with n-hexane under vacuum. The resi 
due (1.8 g) was determined by mass spectral analysis to be 
Ac-D(OBut)-W-F-K(eBoc)-A-F-COOH (SEQ ID 
NO:1188). 
0383 Fragment 2, Fmoc-Y(OBut)-D(OBut)-K(eBoc)-V- 
A-E(OBut)-COOH (SEQ ID NO:1189), was obtained using 
the procedure described for Fragment 1. Final yield was 2.2g. 
0384 Fragment 3. 0.9 g (0.5 mmol) of Rink amide resin 
(Nova Biochem) was used to obtain fragment Rink amide 
resin was treated with 20% pipetidine in dichloromethane for 
5 min once and 15 min the second time (Fmoc deblocking 
reagents). 1.2 equivalents of Fmoc-Phe was condensed using 
condensing agents HOBt/HBTU (2 equivalents in presence of 
few drops of diisopropylethylamine) (amino acid condensa 
tion). Deblocking and condensation of the rest of the amino 
acids were continued to obtain the of Fmoc-K(EBoc)F-K 
(eBoc)-E(OBut)-A-F-rink amide resin (SEQ ID NO:1190). 
Fmoc was cleaved and the peptide resin K(EBoc)F-K(EBoc)- 
E(OBut)-A-F-rink amide resin (SEQID NO: 1190) was used 
for fragment condensation as described below. 
0385 Fragment 2 in DMF was added to Fragment 3 (1.2 
equivalents) using HOBt-HBTU procedure in presence of 
DIEA overnight. After washing the resin with DMF and 
deblocking Fmoc-Fragment 1 (1.2 equivalents) was added to 
the dodecapeptide resin using HOBt-HBTU procedure over 
night. 
0386 The final peptide resin (3.3 g) was treated with a 
mixture of TFA-Phenol-triisopropylsilane-thioanisole-water 
(80:5:5:5) for 1.5 h (10 ml of the reagent/g of the resin). The 
resin was filtered off and the solution was diluted with 10 
volumes of ether. Precipitated peptide was isolated by cen 
trifugation and washed twice with ether. 1 g of the crude 
peptide was subjected to HPLC purification to obtain 100 mg 
of the peptide. 

2. Characterization of Peptide. 

0387. The peptide was identified by mass spectral and 
analytical HPLC methods. 
0388. As shown in FIG. 14 the product of the solution 
phase synthesis Scheme is very biologically active in produc 
ing HDL and pre-beta HDL that inhibit LDL-induced mono 
cyte chemotaxis in apo E null mice. ApoE null mice were fed 
5 micrograms of the D-4F synthesized as described above 
(Frgmnt) or the mice were given the same amount of mouse 
chow without D-4F (Chow). Twelve hours after the feeding 
was started, the mice were bled and their plasma was frac 
tionated on FPLC. LDL (100 micrograms LDL-cholesterol) 
was added to cocultures of human artery wall cells alone 
(LDL) or with a control human HDL (Control HDL) or with 
HDL (50 micrograms HDL-cholesterol) or post-HDL 
(pHDL; prebeta HDL) from mice that did (Frgmnt) or did not 
(Chow) receive the D-4F and the monocyte chemotactic 
activity produced was determined. 

Example 4 

Comparison of D-4F and Reverse (Retro-) D-4F 
Activity 

0389. As shown in FIG. 16, the biological activities of 
D-4F and reverse RD-4F are not significantly different. 
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Female apoE null mice were administered by stomach tube 0. 
3, 6, 12, or 25 micrograms of D-4F or Reverse D-4F in 100 
microliters of water. Blood was obtained 7 hours later and the 

plasma was fractionated by FPLC. A standard control human 
LDL was added to human artery wall cells at a concentration 
of 100 micrograms of LDL-cholesterol/mL (LDL). The 
resulting monocyte chemotactic activity was normalized to 
1.0. The same LDL at the same concentration was added to 

the human artery wall cells together with HDL at 50 micro 
grams HDL-cholesterol/mL from a normal human (hHDL) or 
from the apoE null mice that received the dose of D-4F or 
Reverse D-4F shown on the X-axis. The resulting monocyte 
chemotactic activity was normalized to that of the LDL added 
without HDL. The resulting value is the HDL Inflammatory 
Index. The results shown are the MeantS.D. for the data from 
three separate experiments. 

Example 5 

Effects of L-4F on the Bruch's Membrane of Aged 
C57BL/6J-apoE Null Mice 

0390 Aged C57B1/6J-apoE null mice area classic athero 
Sclerosis model with significantly elevated plasma choles 
terol levels even under standard diets. Previous studies dem 

onstrated lipid accumulation in Bruch's membrane 
mimicking early stages of AMD in these animals (Dithmaret 
al. (2000) Invest Opthalmol Vis Sci41:2035-42). An effective 
clearance of this lipid debris via an ApoA-I mimetic peptide 
(L-4F) could prevent early AMD-like degeneration. 

Study Design 

0391 L-4F was injected directly into the vitreous cavity of 
right eyes of 10 eight month old C57B1/6J-apoE null mice. A 
single dose of 3 ul was injected with a L-4F concentration of 
400 ug/ml. All left eyes were untreated throughout the study 
and thus be served as controls. The animals were then sacri 
ficed 21 days after the injection and the eyes were immedi 
ately enucleated and fixed. Eyes then were processed for 
electron microscopy (EM). 

Results 

0392 EM of 2 mice was reviewed. The treated eyes (L-4F) 
showed in both cases a significant improvement in Bruch's 
membrane and RPE morphology as well as lipid content 
compared to the untreated eyes (control). 

Example 6 

Animal Model 

0393 Aged C57B1/6J-apoE null mice area classic athero 
Sclerosis model with significantly elevated plasma choles 
terol levels even under standard diets. Previous studies dem 
onstrated lipid accumulation in Bruch's membrane 
mimicking early stages of AMD (Dithmaret al. (2000) Invest 
OpthalmolVis Sci41:2035-42). An effective clearance of this 
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lipid debris via an ApoA-I/ApoE mimetic peptide will 
remodel Bruch's membrane structure to a state of wild type 
animal and restore Bruch's membrane function with 
improved hydraulic conductivity and increased metabolic 
exchange rate. In this study the ApoA-I mimetic peptides 
L-4F and D-4F will be analyzed. 
Animals 

0394 Female C57BL/6J-apoE null mice were purchased 
from Jackson Laboratories (Bar Harbor, Me...). The use of 
animals was conducted according to the Association for 
Research in Vision and Opthalmology (ARVO) Guidelines 
for the Care and Use of Animals. Animals can be kept in 
plastic cages with regular light-dark cycle and will be pro 
vided continuous free access to water and food. All animals 
will receive a regular rodent chow diet. At 9 months animals 
will be divided into 8 groups with 7 animals each. 
0395. Single intravitreal injection of 3 ulcan be performed 
in the right eyes of all Study I animals. All left eyes will be 
kept uninjected and served as intra-individual negative con 
trols. Group 1 received a concentration of 200 ug/ml L-4F, 
group 2 received 400 ug/ml L-4F group 3 received 800 ug/ml 
L-4F and group 4 served as inter-individual negative control 
with sham injections (no L-4F). 
0396. In addition, single intravitreal injection of 3 ul can 
be performed in the right eyes of all Study II animals. All left 
eyes will be kept uninjected and served as intra-individual 
negative controls. Group 1 received a concentration of 200 
ug/ml D-4F, group 2 received 400 ug/ml D-4F, group 3 
received 800 ug/ml D-4F and group 4 served as inter-indi 
vidual negative control with sham injections (no D-4F). 
Procedure 

0397. Inhalation anesthesia was induced with 5% isofluo 
rane. Additional topical 0.5% paracaine anesthesia eye drop 
were administered as well as tropicamide eye drops for pupil 
dilation. With continuous 3% isofluorane inhalation anesthe 
sia mice were positioned under a Surgery microscope. Eyelids 
were gently retracted, eyeballs manually protruded and gen 
tly fixed. A sterile 30/2-gauge needle (Becton Dickinson, 
Franklin Lakes, N.J.) were used for sclera penetration and the 
intraocular position of the needle tip was checked under the 
microscope. A volume of 3 ul of L-4F or D-4F diluted in 
saline solution was injected with sterilized 10ul glass micro 
syringes (Hamilton, Reno, Nev.) directly into the vitreous 
cavity. The concentration varied between the 3 groups. 
Groups 1 received 200 g/ml L-4F (Study I) or D-4F (Study 
II), group 2 received 400 ug/ml L-4F or D-4F and group 3 
received saline without L-4F or D-4F. The needle was held in 
place for 1 minto allow the drug to diffuse into the vitreous 
cavity and to prevent retrograde efflux. After the injection is 
finished both eyes were treated once with antibiotic 0.3% 
gentamicin Sulphate eye ointment (GentakR), Akorn Inc., 
Buffalo Grove, Ill.). After treatment mice were daily observed 
for adverse events, especially relating to the eye. 
0398. After 21 days all animals were sacrificed after deep 
ketamine/xylazine intraperitoneal anesthesia by thorac 
otomy/exsanguinations followed by a whole body perfusion 
with 1.2% paraformaldehyde/0.8% glutaraldehyde in 0.1M 
phosphate buffer. Immediately all right and left eyes were 
enucleated and stored in the above mentioned fixative. 

Transmission Electron Microscopy 
0399. The fixed eyes were bisected under a dissecting 
scope (SMZ-U, Nikon Instruments Inc., Melville N.Y.) for 
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further processing for TEM. The halves used for TEM were 
postfixed in 2% buffered osmium tetroxide, dehydrated in a 
graded ethanol series, and embedded in epoxy resin accord 
ing to standard protocols. One-gm thick Semithin sections 
were stained with toluidine blue; ultrathin sections will be 
stained with uranyl acetate and lead citrate and examined with 
an electron microscope (1200 EXII: JEOL, USA, Peabody, 
Mass.) equipped with a digital camera (Optronics, Goleta, 
Calif.). 
0400 From each specimen, sections including the central 
retina including Bruch's membrane will be investigated. 
Images were acquired according to a random sampling pro 
cedure using the bars of the Supporting grid as points of 
reference, by which 5 consecutive areas adjacent to the right 
side of a grid bar will be imaged at a magnification of 5,000x 
and 20,000x and later analyzed. 

Image Analysis 

04.01 The investigator performing electron microscopic 
image evaluations and measurements will be masked regard 
ing the origin of the specimens. With Image.J (a public 
domain, Java-based image processing program developed at 
the National Institutes of Health) a standard grid was placed 
above each image. For standardization Bruch's membrane 
will be evaluated with point counting stereology only above 
capillary lumens and not in intercapillary pillar areas. 

Statistical Analysis 

0402 For statistical analysis of the morphological param 
eters from TEM imaging, the meant-SD of the individual 30 
measurements will be calculated for each eye. The mean 
values will be compared between groups using the non-para 
metric Mann-Whitney test; differences will be considered 
significant at p-0.05. The SPSS for Windows statistics pro 
gram (Version 6.0.1, SPSS Inc.) will be used. 

Example 7 

0403. To study the pharmacokinetics and pharmacody 
namics of ApoA-I mimetic peptides in the eye both eyes of 15 
ApoE null mice can be injected with 400 g/ml of biotiny 
lated but functional L-4F or D-4F. Animals can then be sac 
rificed at different time points after injection, 3 mice for each 
time point (1 day, 2 days, 4 days, 7 days, and 12 days after 
injection). 
0404 One eye of each animal can then be cryo-preserved 
for fluorescent labeling of the biotinylated compound and 
light microscopy, the second eye can then be paraformalde 
hyde/glutaraldehyde-fixed for electron microscopy for evalu 
ation of structural effects as described above. 

0405. It is understood that the examples and embodiments 
described herein are for illustrative purposes only and that 
various modifications or changes in light thereofwill be Sug 
gested to persons skilled in the art and are to be included 
within the spirit and purview of this application and scope of 
the appended claims. All publications, patents, and patent 
applications cited herein are hereby incorporated by refer 
ence in their entirety for all purposes. 
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SEQUENCE LISTING 

<16O is NUMBER OF SEO ID NOS : 12 O8 

<210s, SEQ ID NO 1 
&211s LENGTH: 18 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: note = 
Synthetic Construct 

<4 OOs, SEQUENCE: 1 

Asp Trp Lieu Lys Ala Phe Tyr Asp Llys Val Ala Glu Lys Lieu Lys Glu 
1. 5 1O 15 

Ala Phe 

<210s, SEQ ID NO 2 
&211s LENGTH: 18 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: note = 
Synthetic Construct 

<4 OOs, SEQUENCE: 2 

Asp Trp Lieu Lys Ala Phe Tyr Asp Llys Val Ala Glu Lys Lieu Lys Glu 
1. 5 1O 15 

Ala Phe 

<210s, SEQ ID NO 3 
&211s LENGTH: 18 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: note = 
Synthetic Construct 

<4 OOs, SEQUENCE: 3 

Asp Trp Phe Lys Ala Phe Tyr Asp Llys Val Ala Glu Lys Lieu Lys Glu 
1. 5 1O 15 

Ala Phe 

<210s, SEQ ID NO 4 
&211s LENGTH: 18 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: note = 
Synthetic Construct 

<4 OOs, SEQUENCE: 4 

Asp Trp Lieu Lys Ala Phe Tyr Asp Llys Val Ala Glu Lys Phe Lys Glu 
1. 5 1O 15 

Ala Phe 

<210s, SEQ ID NO 5 
&211s LENGTH: 18 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: note = 
Synthetic Construct 
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- Continued 

<4 OOs, SEQUENCE: 5 

Asp Trp Phe Lys Ala Phe Tyr Asp Llys Val Ala Glu Lys Phe Lys Glu 
1. 5 1O 15 

Ala Phe 

<210s, SEQ ID NO 6 
&211s LENGTH: 18 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: note = 
Synthetic Construct 

<4 OOs, SEQUENCE: 6 

Asp Trp Lieu Lys Ala Phe Tyr Asp Llys Val Phe Glu Lys Phe Lys Glu 
1. 5 1O 15 

Phe Phe 

<210s, SEQ ID NO 7 
&211s LENGTH: 18 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: note = 
Synthetic Construct 

<4 OO > SEQUENCE: 7 

Asp Trp Lieu Lys Ala Phe Tyr Asp Llys Phe Phe Glu Lys Phe Lys Glu 
1. 5 1O 15 

Phe Phe 

<210s, SEQ ID NO 8 
&211s LENGTH: 18 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: note = 
Synthetic Construct 

<4 OOs, SEQUENCE: 8 

Asp Trp Phe Lys Ala Phe Tyr Asp Llys Phe Phe Glu Lys Phe Lys Glu 
1. 5 1O 15 

Phe Phe 

<210s, SEQ ID NO 9 
&211s LENGTH: 18 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: note = 
Synthetic Construct 

<4 OOs, SEQUENCE: 9 

Asp Trp Lieu Lys Ala Phe Tyr Asp Llys Val Ala Glu Lys Lieu Lys Glu 
1. 5 1O 15 

Phe Phe 

<210s, SEQ ID NO 10 
&211s LENGTH: 18 
212. TYPE: PRT 
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- Continued 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: note = 
Synthetic Construct 

<4 OOs, SEQUENCE: 10 

Asp Trp Lieu Lys Ala Phe Tyr Asp Llys Val Phe Glu Lys Phe Lys Glu 
1. 5 1O 15 

Ala Phe 

<210s, SEQ ID NO 11 
&211s LENGTH: 18 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: note = 
Synthetic Construct 

<4 OOs, SEQUENCE: 11 

Asp Trp Lieu Lys Ala Phe Tyr Asp Llys Val Phe Glu Lys Lieu Lys Glu 
1. 5 1O 15 

Phe Phe 

<210s, SEQ ID NO 12 
&211s LENGTH: 18 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: note = 
Synthetic Construct 

<4 OOs, SEQUENCE: 12 

Asp Trp Lieu Lys Ala Phe Tyr Asp Llys Val Ala Glu Lys Phe Lys Glu 
1. 5 1O 15 

Phe Phe 

<210s, SEQ ID NO 13 
&211s LENGTH: 18 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: note = 
Synthetic Construct 

<4 OOs, SEQUENCE: 13 

Asp Trp Lieu Lys Ala Phe Tyr Asp Llys Val Phe Glu Lys Phe Lys Glu 
1. 5 1O 15 

Phe Phe 

<210s, SEQ ID NO 14 
&211s LENGTH: 18 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: note = 
Synthetic Construct 

<4 OOs, SEQUENCE: 14 

Glu Trp Lieu Lys Lieu. Phe Tyr Glu Lys Val Lieu. Glu Lys Phe Lys Glu 
1. 5 1O 15 

Ala Phe 
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- Continued 

<210s, SEQ ID NO 15 
&211s LENGTH: 18 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: note = 
Synthetic Construct 

<4 OOs, SEQUENCE: 15 

Glu Trp Lieu Lys Ala Phe Tyr Asp Llys Val Ala Glu Lys Phe Lys Glu 
1. 5 1O 15 

Ala Phe 

<210s, SEQ ID NO 16 
&211s LENGTH: 18 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: note = 
Synthetic Construct 

<4 OOs, SEQUENCE: 16 

Glu Trp Lieu Lys Ala Phe Tyr Asp Llys Val Ala Glu Lys Lieu Lys Glu 
1. 5 1O 15 

Phe Phe 

<210s, SEQ ID NO 17 
&211s LENGTH: 18 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: note = 
Synthetic Construct 

<4 OOs, SEQUENCE: 17 

Glu Trp Lieu Lys Ala Phe Tyr Asp Llys Val Phe Glu Lys Phe Lys Glu 
1. 5 1O 15 

Ala Phe 

<210s, SEQ ID NO 18 
&211s LENGTH: 18 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: note = 
Synthetic Construct 

<4 OOs, SEQUENCE: 18 

Glu Trp Lieu Lys Ala Phe Tyr Asp Llys Val Phe Glu Lys Lieu Lys Glu 
1. 5 1O 15 

Phe Phe 

<210s, SEQ ID NO 19 
&211s LENGTH: 18 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: note = 
Synthetic Construct 

<4 OOs, SEQUENCE: 19 

Glu Trp Lieu Lys Ala Phe Tyr Asp Llys Val Ala Glu Lys Phe Lys Glu 



US 2011/O 182992 A1 Jul. 28, 2011 
70 

- Continued 

1. 5 1O 15 

Phe Phe 

<210s, SEQ ID NO 2 O 
&211s LENGTH: 18 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: note = 
Synthetic Construct 

<4 OOs, SEQUENCE: 2O 

Glu Trp Lieu Lys Ala Phe Tyr Asp Llys Val Phe Glu Lys Phe Lys Glu 
1. 5 1O 15 

Phe Phe 

<210s, SEQ ID NO 21 
&211s LENGTH: 14 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: note = 
Synthetic Construct 

<4 OOs, SEQUENCE: 21 

Ala Phe Tyr Asp Llys Val Ala Glu Lys Lieu Lys Glu Ala Phe 
1. 5 1O 

<210s, SEQ ID NO 22 
&211s LENGTH: 14 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: note = 
Synthetic Construct 

<4 OOs, SEQUENCE: 22 

Ala Phe Tyr Asp Llys Val Ala Glu Lys Phe Lys Glu Ala Phe 
1. 5 1O 

<210s, SEQ ID NO 23 
&211s LENGTH: 14 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: note = 
Synthetic Construct 

<4 OOs, SEQUENCE: 23 

Ala Phe Tyr Asp Llys Val Ala Glu Lys Phe Lys Glu Ala Phe 
1. 5 1O 

<210s, SEQ ID NO 24 
&211s LENGTH: 14 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: note = 
Synthetic Construct 

<4 OOs, SEQUENCE: 24 

Ala Phe Tyr Asp Llys Phe Phe Glu Lys Phe Lys Glu Phe Phe 
1. 5 1O 
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<210s, SEQ ID NO 25 
&211s LENGTH: 14 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
Synthetic Construct 

<4 OOs, SEQUENCE: 25 

Ala Phe Tyr Asp Llys Phe Phe Glu Lys Phe Lys Glu Phe Phe 
1. 5 1O 

<210s, SEQ ID NO 26 
&211s LENGTH: 14 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
Synthetic Construct 

<4 OOs, SEQUENCE: 26 

Ala Phe Tyr Asp Llys Val Ala Glu Lys Phe Lys Glu Ala Phe 
1. 5 1O 

<210s, SEQ ID NO 27 
&211s LENGTH: 14 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
Synthetic Construct 

<4 OOs, SEQUENCE: 27 

Ala Phe Tyr Asp Llys Val Ala Glu Lys Lieu Lys Glu Phe Phe 
1. 5 1O 

<210s, SEQ ID NO 28 
&211s LENGTH: 14 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
Synthetic Construct 

<4 OOs, SEQUENCE: 28 

Ala Phe Tyr Asp Llys Val Phe Glu Lys Phe Lys Glu Ala Phe 
1. 5 1O 

<210s, SEQ ID NO 29 
&211s LENGTH: 14 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
Synthetic Construct 

<4 OOs, SEQUENCE: 29 

Ala Phe Tyr Asp Llys Val Phe Glu Lys Lieu Lys Glu Phe Phe 
1. 5 1O 

<210s, SEQ ID NO 3 O 
&211s LENGTH: 14 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

ote 

ote 

ote 

ote 

ote 
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- Continued 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
Synthetic Construct 

<4 OOs, SEQUENCE: 30 

Ala Phe Tyr Asp Llys Val Ala Glu Lys Phe Lys Glu Phe Phe 
1. 5 1O 

<210s, SEQ ID NO 31 
&211s LENGTH: 14 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
Synthetic Construct 

<4 OOs, SEQUENCE: 31 

Lys Ala Phe Tyr Asp Llys Val Phe Glu Lys Phe Lys Glu Phe 
1. 5 1O 

<210s, SEQ ID NO 32 
&211s LENGTH: 14 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
Synthetic Construct 

<4 OOs, SEQUENCE: 32 

Lieu. Phe Tyr Glu, Llys Val Lieu. Glu Lys Phe Lys Glu Ala Phe 
1. 5 1O 

<210s, SEQ ID NO 33 
&211s LENGTH: 14 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
Synthetic Construct 

<4 OOs, SEQUENCE: 33 

Ala Phe Tyr Asp Llys Val Ala Glu Lys Phe Lys Glu Ala Phe 
1. 5 1O 

<210s, SEQ ID NO 34 
&211s LENGTH: 14 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
Synthetic Construct 

<4 OOs, SEQUENCE: 34 

Ala Phe Tyr Asp Llys Val Ala Glu Lys Lieu Lys Glu Phe Phe 
1. 5 1O 

<210s, SEQ ID NO 35 
&211s LENGTH: 14 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
Synthetic Construct 

<4 OOs, SEQUENCE: 35 

Ala Phe Tyr Asp Llys Val Phe Glu Lys Phe Lys Glu Ala Phe 

ote 

ote 

ote 

ote 

ote 

ote 
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<210s, SEQ ID NO 36 
&211s LENGTH: 14 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
Synthetic Construct 

<4 OOs, SEQUENCE: 36 

Ala Phe Tyr Asp Llys Val Phe Glu Lys Lieu Lys Glu Phe Phe 
1. 5 1O 

<210s, SEQ ID NO 37 
&211s LENGTH: 14 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
Synthetic Construct 

<4 OO > SEQUENCE: 37 

Ala Phe Tyr Asp Llys Val Ala Glu Lys Phe Lys Glu Phe Phe 
1. 5 1O 

<210s, SEQ ID NO 38 
&211s LENGTH: 14 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
Synthetic Construct 

<4 OOs, SEQUENCE: 38 

Ala Phe Tyr Asp Llys Val Phe Glu Lys Phe Lys Glu Phe Phe 
1. 5 1O 

<210s, SEQ ID NO 39 
&211s LENGTH: 18 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
Synthetic Construct 

<4 OOs, SEQUENCE: 39 

ote 

ote 

ote 

ote 

Asp Trp Lieu Lys Ala Lieu. Tyr Asp Llys Val Ala Glu Lys Lieu Lys Glu 
1. 5 1O 15 

Ala Lieu 

<210s, SEQ ID NO 4 O 
&211s LENGTH: 18 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
Synthetic Construct 

<4 OOs, SEQUENCE: 4 O 

ote 

Asp Trp Phe Lys Ala Phe Tyr Glu Lys Val Ala Glu Lys Lieu Lys Glu 
1. 5 1O 15 

Phe Phe 
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- Continued 

<210s, SEQ ID NO 41 
&211s LENGTH: 18 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: note = 
Synthetic Construct 

<4 OOs, SEQUENCE: 41 

Asp Trp Phe Lys Ala Phe Tyr Glu Lys Phe Phe Glu Lys Phe Lys Glu 
1. 5 1O 15 

Phe Phe 

<210s, SEQ ID NO 42 
&211s LENGTH: 18 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: note = 
Synthetic Construct 

<4 OOs, SEQUENCE: 42 

Glu Trp Lieu Lys Ala Lieu. Tyr Glu Lys Val Ala Glu Lys Lieu Lys Glu 
1. 5 1O 15 

Ala Lieu 

<210s, SEQ ID NO 43 
&211s LENGTH: 18 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: note = 
Synthetic Construct 

<4 OOs, SEQUENCE: 43 

Glu Trp Lieu Lys Ala Phe Tyr Glu Lys Val Ala Glu Lys Lieu Lys Glu 
1. 5 1O 15 

Ala Phe 

<210s, SEQ ID NO 44 
&211s LENGTH: 18 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: note = 
Synthetic Construct 

<4 OOs, SEQUENCE: 44 

Glu Trp Phe Lys Ala Phe Tyr Glu Lys Val Ala Glu Lys Lieu Lys Glu 
1. 5 1O 15 

Phe Phe 

<210s, SEQ ID NO 45 
&211s LENGTH: 18 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: note = 
Synthetic Construct 

<4 OOs, SEQUENCE: 45 

Glu Trp Lieu Lys Ala Phe Tyr Glu Lys Val Phe Glu Lys Phe Lys Glu 
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- Continued 

1. 5 1O 15 

Phe Phe 

<210s, SEQ ID NO 46 
&211s LENGTH: 18 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: note = 
Synthetic Construct 

<4 OOs, SEQUENCE: 46 

Glu Trp Lieu Lys Ala Phe Tyr Glu Lys Phe Phe Glu Lys Phe Lys Glu 
1. 5 1O 15 

Phe Phe 

<210s, SEQ ID NO 47 
&211s LENGTH: 18 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: note = 
Synthetic Construct 

<4 OOs, SEQUENCE: 47 

Glu Trp Phe Lys Ala Phe Tyr Glu Lys Phe Phe Glu Lys Phe Lys Glu 
1. 5 1O 15 

Phe Phe 

<210s, SEQ ID NO 48 
&211s LENGTH: 18 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: note = 
Synthetic Construct 

<4 OOs, SEQUENCE: 48 

Asp Phe Lieu Lys Ala Trp Tyr Asp Llys Val Ala Glu Lys Lieu Lys Glu 
1. 5 1O 15 

Ala Trp 

<210s, SEQ ID NO 49 
&211s LENGTH: 18 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: note = 
Synthetic Construct 

<4 OOs, SEQUENCE: 49 

Glu Phe Lieu Lys Ala Trp Tyr Glu Lys Val Ala Glu Lys Lieu Lys Glu 
1. 5 1O 15 

Ala Trp 

<210s, SEQ ID NO 50 
&211s LENGTH: 18 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: note = 
Synthetic Construct 
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- Continued 

<4 OOs, SEQUENCE: 50 

Asp Phe Trp Lys Ala Trp Tyr Asp Llys Val Ala Glu Lys Lieu Lys Glu 
1. 5 1O 15 

Trp Trp 

<210s, SEQ ID NO 51 
&211s LENGTH: 18 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: note = 
Synthetic Construct 

<4 OOs, SEQUENCE: 51 

Glu Phe Trp Lys Ala Trp Tyr Glu Lys Val Ala Glu Lys Lieu Lys Glu 
1. 5 1O 15 

Trp Trp 

<210s, SEQ ID NO 52 
&211s LENGTH: 18 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: note = 
Synthetic Construct 

<4 OOs, SEQUENCE: 52 

Asp Llys Lieu Lys Ala Phe Tyr Asp Llys Val Phe Glu Trp Ala Lys Glu 
1. 5 1O 15 

Ala Phe 

<210s, SEQ ID NO 53 
&211s LENGTH: 18 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: note = 
Synthetic Construct 

<4 OOs, SEQUENCE: 53 

Asp Llys Trp Lys Ala Val Tyr Asp Llys Phe Ala Glu Ala Phe Lys Glu 
1. 5 1O 15 

Phe Lieu. 

<210s, SEQ ID NO 54 
&211s LENGTH: 18 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: note = 
Synthetic Construct 

<4 OOs, SEQUENCE: 54 

Glu Lys Lieu Lys Ala Phe Tyr Glu Lys Val Phe Glu Trp Ala Lys Glu 
1. 5 1O 15 

Ala Phe 

<210s, SEQ ID NO 55 
&211s LENGTH: 18 
212. TYPE: PRT 
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- Continued 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: note = 
Synthetic Construct 

<4 OO > SEQUENCE: 55 

Glu Lys Trp Lys Ala Val Tyr Glu Lys Phe Ala Glu Ala Phe Lys Glu 
1. 5 1O 15 

Phe Lieu. 

<210s, SEQ ID NO 56 
&211s LENGTH: 18 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: note = 
Synthetic Construct 

<4 OOs, SEQUENCE: 56 

Asp Trp Lieu Lys Ala Phe Val Asp Llys Phe Ala Glu Lys Phe Lys Glu 
1. 5 1O 15 

Ala Tyr 

<210s, SEQ ID NO 57 
&211s LENGTH: 18 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: note = 
Synthetic Construct 

<4 OO > SEQUENCE: 57 

Glu Lys Trp Lys Ala Val Tyr Glu Lys Phe Ala Glu Ala Phe Lys Glu 
1. 5 1O 15 

Phe Lieu. 

<210s, SEQ ID NO 58 
&211s LENGTH: 18 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: note = 
Synthetic Construct 

<4 OOs, SEQUENCE: 58 

Asp Trp Lieu Lys Ala Phe Val Tyr Asp Llys Val Phe Llys Lieu Lys Glu 
1. 5 1O 15 

Phe Phe 

<210s, SEQ ID NO 59 
&211s LENGTH: 18 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: note = 
Synthetic Construct 

<4 OO > SEQUENCE: 59 

Glu Trp Lieu Lys Ala Phe Val Tyr Glu Lys Val Phe Llys Lieu Lys Glu 
1. 5 1O 15 

Phe Phe 






































































































































































































































































































































































































































































































