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Figure 1

(57) Abréegée/Abstract:

The present invention provides a non-naturally occurring High-Density Lipoprotein-like peptide-phospholipid scaffold ("HPPS")
nanoparticle. More particularly, the invention provides a non-naturally occurring peptide-lipid nanoscaffold comprising: (a) at least
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(57) Abrege(suite)/Abstract(continued):

one phospholipid; (b) at least one unsaturated lipid, preferably an unsaturated sterol ester, further preferably an unsaturated
cholesterol ester, further preferably cholsteryl oleate; and (c) at least one peptide, the peptide comprising an amino acid sequence
capable of forming at least one amphipathic a- helix; wherein the components a), b) and c¢) associate to form the peptide-
phospholipid nanoscaffold. In embodiments of the present invention, a cell surface receptor ligand Is incorporated into the HPPS.
In one embodiment, the cell surface receptor ligand Is covalently bonded to the peptide scaffold of the HPPS nanoparticles. In
other embodiments, a cell surface receptor ligand I1s coupled to a lipid anchor and Is displayed on the surface of the HPPS
nanoparticles by Incorporation of the lipid anchor into the phospholipids monolayer of the HPPS nanoparticle. The present

Invention also provides pharmaceutical formulations comprising HPPS nanoparticles and methods of making the HPPS
nanoparticles.




wO 2009/073984 A1 I D0 AR 000 D E 0 O 0 O 1

CA 02708719 2010-06-10

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(10) International Publication Number

WO 2009/073984 Al

(19) World Intellectual Property Organization
International Bureau

(43) International Publication Date
18 June 2009 (18.06.2009)

(51) International Patent Classification: [US/CA]; 180 Holmes Avenue, Toronto, Ontario M2N
CO07K 17/02 (2006.01) CI2N 15/11 (2006.01) AMS8 (CA). ZHANG, Zhihong [CN/CA]; 411 Duplex Av-
AG6IK 47/48 (2006.01) GOIN 33/566 (2006.01) enue, #904, Toronto, Ontario M4R 1V2 (CA). CORBIN,
A61K 48/00 (2006.01) GOIN 33/574 (2006.01) Ian [CA/CA]; 1030 Sheppard Avenue West, Suite 412,
A61IK 49/00 (2006.01) CO7K 14/485 (2006.01) Toronto, Ontario M3H 6C1 (CA). CHEN, Juan [CN/US];
A61IK 51/04 (2006.01) CO7K 14/71 (2006.01) 411 Duplex Avenue, #9304, Toronto, Ontario M4R 1V2
AG61P 35/00 (2006.01) CI2N 15/87 (2006.01) (CA).

CI12N 15/10 (2006.01) (74) Agents: DINAUT, Arlette, Nicole et al.; c/o Ogilvy Re-

(21) International Application Number: nault LLP, Suite 1600, 1981 McGill College Avenue, Mon-

PCT/CA2008/002203 treal, Quebec H3A 2Y3 (CA).

(81) Designated States (unless otherwise indicated, for every

kind of national protection available): AE, AG, AL, AM,
AO, AT, AU, AZ. BA, BB, BG, BH, BR, BW, BY, BZ., CA,

(22) International Filing Date:
12 December 2008 (12.12.2008)

(25) Filing Language: English CH, CN, CO, CR, CU,CZ, DE, DK, DM, DO, DZ. EC, EE.,
o | EG, ES, FI, GB, GD, GE, GH, GM, GT, HN, HR, HU, ID,
(46) Fublication Langunge: English IL, IN, IS, JP, KE, KG, KM, KN, KP, KR, KZ, LA, LC, LK.
(30) Priority Data: LR, LS, LT, LU, LY, MA, MD, ME, MG, MK, MN, MW,
61/013,233 12 December 2007 (12.12.2007) US MX, MY, MZ, NA, NG, NI, NO, NZ, OM, PG, PH, PL, PT,
61/104,506 10 October 2008 (10.10.2008) US RO, RS, RU, SC, SD, SE, 8G, SK, SL, SM, ST, SV, SY, TJ,
TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM,

(71) Applicant (for all designated States except US): UNI- TW.

VERSITY HEALTH NETWORK [CA/CA];, 190
Elizabeth Street, R. Fraser Elliott Building, Room 1S-417,
Toronto, Ontario M5G 2C4 (CA).

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,

GM, KE, LS, MW, MZ., NA, SD, SL., SZ, TZ, UG, ZM,
(72) Inventors; and /W), Burasian (AM, AZ, BY, KG, KZ, MD, RU, 1], TM),
(75) Inventors/Applicants (for US only): ZHENG, Gang European (AT, BE, BG, CH, CY, CZ, DE, DK, ELE, ES, I'l,

[Continued on next page]

(54) Title: HIGH-DENSITY LIPOPROTEIN-LIKE PEPTIDE-PHOSPHOLIPID SCAFFOLD ("HPPS") NANOPARTICLES

> . fﬁ% PR “%%f“rﬁ&““*& Z
Size control Peptides R s
(scPep) .

ﬂ_ - oL b ._. ..
3 Za e ':Az‘?'\‘ wY I3
A R TN T T SR e A
AR S el O
Ry
2.

Phospholipid
monolayer

> ,. .. . .I' .A : ’s. v
Lol | g 5 et X R ot
s e T ¢ T A S B o AN BEAL : P TR

AR o kot AR [ AR TSR AT eI AT fp tet W X R VA

; e o > _\-/;a/l_)‘ », % e 3 A s 4[ v A )

AR UL A . - '.',\‘J_,}' Sy 2 v, - .. S - %

¥ 1% : 3 S O g >

PR MY HNDA Al LS 3 el P L ST R h:t st . }
Y X o Ak B ey AT A S R L AT
' e LR ¥ e ‘;{’-3.' 'U'r T e b s Ly WA A e P
'cV. i ;.;,':.s. ;y{,ﬂj’&ﬁé.\_‘:‘) ﬁy;-?ir"r-é"':-i’z;‘f:!f'«:‘ﬁ;llf'-‘-? Rt R M

;s - . o = QG N . ::'.:. o, gl e .? . . IO

NS R NS B A YR A sy

......

.......
.......

Figure 1

(57) Abstract: The present invention provides a non-naturally occurring High-Density Lipoprotein-like peptide-phospholipid scaf-
fold ("HPPS") nanoparticle. More particularly, the invention provides a non-naturally occurring peptide-lipid nanoscaffold com-
prising: (a) at least one phospholipid; (b) at least one unsaturated lipid, preferably an unsaturated sterol ester, further preferably
an unsaturated cholesterol ester, further preferably cholsteryl oleate; and (c¢) at least one peptide, the peptide comprising an amino
acid sequence capable of forming at least one amphipathic a- helix; wherein the components a), b) and c¢) associate to form the
peptide-phospholipid nanoscaffold. In embodiments of the present invention, a cell surface receptor ligand is incorporated into the
HPPS. In one embodiment, the cell surface receptor ligand is covalently bonded to the peptide scaffold of the HPPS nanoparticles.
In other embodiments, a cell surface receptor ligand is coupled to a lipid anchor and is displayed on the surface of the HPPS nanopar-
ticles by incorporation of the lipid anchor into the phospholipids monolayer of the HPPS nanoparticle. The present invention also
provides pharmaceutical formulations comprising HPPS nanoparticles and methods of making the HPPS nanoparticles.
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HIGH-DENSITY LIPOPROTEIN-LIKE PEPTIDE-PHOSPHOLIPID

SCAFFOLD ("HPPS") NANOPARTICLES

Background of the Invention

Field of the Invention

The mvention relates to a peptide-stabilizing ultra-small nanoparticle-based drug
delivery system that allows targeted delivery of active agents for the detection and
treatment of cancers and other diseases. The active agents can be located in the core or
the surface of the nanoplatform, whereas cell surface receptor ligands are attached to the

surtace of the nanoplatform.
Background Art
Nanoplatform

Nanoplatforms are nanoscale structures that are designed as general platforms to
create a diverse set of multifunctional diagnostic and therapeutic devices. Such
nanoscale devices typically have dimensions smaller than 100 nm and thus are
comparable 1n size to other biological entities. They are smaller than human cells
(human cells are 10,000 to 20,000 nm in diameter) and organelles and similar in size to
large biological macromolecules such as enzymes and receptors. Hemoglobin, for
example, is approximately 5 nm in diameter, while the lipid bilayer surrounding cells is
on the order of 6 nm thick. Nanoscale devices smalier than 50 nm can easily enter most
cells, while those smaller than 20 nm can transit out of blood vessels (NIH/NCI Cancer
Nanotechnology. NIH Publication No 04-5489 (2004)). As a result, nanodevices can
readily interact with biomolecules both on the cell surface and within the cell, often in
ways that do not alter the behavior and biochemical properties of those molecules. Thus,
nanodevices offer an entirely unique vantage point from which fo view and manipulate
fundamental biological pathways and processes. Most of the multifunctional
nanoplatforms reported so far are made of synthetic nanostructures such as dendrimers
(spherical, branched polymers) (Quintana, A. et al. Journal of the American Chemical
Society. 2003 125(26):7860-5), polymeric (Xu, H., Aylott, JW. & Kopelman, R.
Analyst. 2002 Nov;127(11):1471-7, Pan, D., Turner, J.L. & Wooley, K.L. Chemical
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Communications, 2400-2401 (2003)) and ceramic (Kasili, P.M., Journal of the
American Chemical Society. 2004 126(9):2799-806, Ruoslahti, E. Cancer Cell. 2002,
2(2):97-8) nanoparticles, perfluorocarbon emulsions (Anderson, S.A. et al., Magnetic
Resonance in Medicine. 2000 Sep;44(3):433-9) and cross-linked liposomes (Hood, J.D.
et al., Science. 2002; 296(5577):2404-7, L1, L. et al., International Journal of Radiation
Oncology, Biology, Physics. 2004 15;58(4):1215-27).

One common concern among these synthetic nanoplatform designs is a
biocompatibility 1ssue, which is closely associated with short-term and long-term
toxicity. Natural nanostructures could offer a solution to this biocompatibility problem.

However, nanoplatforms made of naturally occurring nanostructures are rare.

Some features for an i1deal nanoplatform are as follows: 1) uniform size
distribution (<100 nm); 2) large payload; 3) multivalency for high binding affinity; 4)
platform technologies via modularity and multifunctionality; 5) stable and long
circulating time; and 6) biocompatible, biodegradable and nontoxic. Although some of
the existing synthetic nanoplatforms meet some of these criteria, one common concem
among these nanoplatform designs 1s the biocompatibility issue, which is closely
associated with short-term and long-term toxicity. Natural nanostructures could offer a
solution to the biocompatibility problem. However, nanoplatforms made of naturally
occurring nanostructures are rare. In one example, empty RNA virus capsules from
cowpea mosaic virus and flockhouse virus served as potential nanodevices (Raja K.S. et
al., Biomacromolecules 2003; 4(3):472-6). The premise is that 60 copies of coat protein
that assemble into a functional virus capsule offer a wide range of chemical
functionality that could be used to attach homing molecules — such as monoclonal
antibodies or cancer cell-specific receptor antagonist and reporter molecules — such as
magnetjc resonance 1maging (MRI) contrast agents to the capsule surface, and to load
therapeutic agents inside the capsule. Unfortunately, even though the human body has
quite a tolerance for viruses of plant origin; the immunologic effect associated with

these nanodevices 1s undesirable.
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In another example, lipoprotein nanoplatforms are used for targeted delivery of
active agents (PCT Application Publication No. WO 2006/073419 (publication date:
July 13, 2006)).

Targeted Delivery

Although the effect of a particular pathology often 1s manifest throughout the

body of the afflicted person, generally, the underlying pathology may affect only a

- single organ or tissue. It 1s rare, however, that a drug or other treatment will target only
the diseased organ or tissue. More commonly, treatment results in undesirable side
effects due, for example, to generalized toxic effects throughout the patient's body. It
would be desirable to selectively target organs or tissues, for example, for treatment of
diseases associated with the target organ or tissue. It 1s also desirable to selectively

target cancerous tissue in the body versus normal tissue.

Most therapeutic substances are delivered to the target organ or tissue through
the circulation. The endothelium, which lines the internal surfaces of blood vessels, is
the first cell type encountered by a circulating therapeutic substance in the target organ
or tissue. These cells provide a target for selectively directing therapies to an organ or

tissue.

Endothellum can have distinct morphologies and biochemical markers in
different tissues. The blood vessels of the lymphatic system, for example, express
various adhesion proteins that serve to guide lymphocyte homing. For example,
endothehial cells present 1in lymph nodes express a cell surface marker that is a ligand
for L-selectin and endothelial cells 1n Peyer's patch venules express a ligand for the o3
integrin. These ligands are involved in specific lymphocyte homing to their respective
lymphoid organs. Thus, linking a drug to L-selectin or to the ayf37 integrin may provide
a means for targeting the drug to diseased lymph nodes or Peyer's patches, respectively,
provided that these molecules do not bind to similar ligands present in a significant
number of other organs or tissues. Certain observations of Iymphocyte circulation
suggest that organ and tissue specific endothelial markers exist. Similarly, the homing
or metastasis of particular types of tumor cells to specific organs or tissues further

suggests that organ and tissue specific markers exist.
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Targeted delivery to specific tissues, including cancerous tissue, 1s needed to

eliminate undesirable side effects associated with unspecific delivery.

Recognizing the urgent need for delivery vehicles that specifically target desired
tissues, the inventors of the present application have developed a unique peptide-
stabilizing ultra-small nanoparticle-based drug delivery system whose versatility makes

it useful for a variety of applications.

Summary of the Invention

In accordance with one aspect, there is provided a non-naturally occurring
peptide-lipid nanoscatfold comprising at least one phospholipid, at least one unsaturated
lipid (preferably an unsaturated sterol ester, further preferably an unsaturated
cholesterol ester, further preferably cholesteryl oleate) and at least one peptide, the
peptide comprising an amino acid sequence capable of forming at least one amphipathic
a-helix; wherein the foregoing components associate to form the peptide-phospholipid
nanoscaffold. In particular embodiments, the peptide 1s selected from the group
consisting of Class A, H, L. and M amphipathic o-helices, fragments thereof, and
peptides comprising a reversed peptide sequence of the Class A, H, L and M

amphipathic a-helices, or fragments thereof.

Preferably, the peptide-lipid nanoscaffold further comprises at least one homing
molecule. In one aspect, the homing molecule may be covalently bound to one of the at

least one peptide (preferably at an amino acid, particularly Lysine, at or near the

transition between a hydrophilic face and a hydrophobic face of the amphipathic o-
helix) and the at least one lipid. In another aspect, the peptide-lipid nanoscaffold

comprises at least one active agent.

In one aspect, the at least one homing molecule 1s at least one active cell surface

receptor ligand.

In accordance with a further aspect, there 1s provided a pharmaceutical

formulation comprising the non-naturally occurring peptide-lipid described herein.
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In accordance with a further aspect, there 1s provided a method of making the
non-naturally occurring pepfide-lipid nanoscaffold described herein, comprising
combining the components thereof under conditions suitable to form the peptide-lipid

nanoscaffold.

In accordance with a further aspect, there 1s provided a non-naturally occurring
peptide-lipid nanoscaffold comprising at least one phospholipid, at least one unsaturated
sterol ester (preferably an unsaturated cholesterol ester, further preferably cholesteryl
oleate), at least one peptide, at least one homing molecule and at least one active agent
comprising a double stranded RNA; wherein the active cell surface receptor ligand is
covalently bound to the at least one peptide and the foregoing components associate to

form the peptide-phospholipid nanoscaffold. In one aspect, the double stranded RNA 1s
an siRNA.

Brief Description of the Drawings

Figure 1 Schematic of an embodiment of a peptide-stabilizing ultra-smaill

nanoparticle-based drug delivery system of the present invention.

Figure 2 Compounds used for incorporation into the HPPS nanoparticle

for diagnostic and/or therapeutic applications.

Figure 3 Synthetic protocol for preparation of EGFp-(DiR-BOA)-HPPS
(Iype 1 EGFR-targeted HPPS).

Figure 4 Synthetic protocol for preparation of (DiR-BOA) HPPS (Type 2
EGFR-targeted HPPS).

Figure S FPLC, DLS and CD of untargeted DiR-BOA loaded HPPS.

Figure 6 FPLC profile and TEM of EGFp(DIR-BOA)-HPPS.

Figure 7 Influence of DiR-BOA loading on HPPS size. A: FPLC profiles

of preparation #1 and #2; B: fractions collected from FPLC. C: Correlation between
HPPS size and cargo payload (R=0.91).
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Figure 8 (a) FPLC profile and (b) TEM of (DiIR-BOA)HPPS formed with
4F and -4F.

Figure 9 Confocal imaging studies of EGFp(DiR-BOA)-HPPS.

Figure 10 Time-dependent uptake of EGFp(DiR-BOA)-HPPS by flow

cytometry.
Figure 11 Inhibition studies of EGFp(DiR-BOA)HPPS.
Figure 12 In vivo imaging studies of EGFp(D1R-BOA)-HPPS.

Figure 13 Time-dependent uptake of EGFp-Lipid (DiR-BOA) HPPS in
A549 vs H520 cells by flow cytometry. '

Figure 14 Flow cytometry studies of time-dependent uptake of EGFp-
lip1d(DiR-BOA)HPPS 1n cell lines with different levels of EGFR expression.

Figure 15 Flow cytometry studies of uptake inhibition of EGFp(DiR-
BOA)HPPS and EGFp-lipid(DiR-BOA)HPPS by EGFp.

Figure 16 Preliminary toxicity studies of EGFp-lipid (DiR-BOA) HPPS
studied by MTT and flow cytometry. a) Cell viability studied by MTT assay showing no
toxicity at even 6-fold of HPPS control (standard dose used in all previous in vitro
studies); b) Cell viability studied by flow cytometry showing no toxicity at 6-fold of

HPPS control; ¢) HPPS cellular uptake studied by flow cytometry showing uptake
saturation at 2-fold of HPPS control (standard dose).

Figure 17 In vivo imaging of MT1 tumor xenograft with EGFp-Lipid (DiR-
BOA) HPPS (i.v.). Arrow indicates tumor.

Figure 18 In vivo 1maging of EGFp-Lipid (DiR-BOA) HPPS 1n mice with

human lung primary tumor xenografts, demonstrating the EGFR-targeting specificity.

Figure 19 Confocal imaging studies with folate receptor-targeted HPPS in
KB (folate receptor positive) and HT1080 (folate receptor negative) cancer cells. Note:

Green 1s from DiR-BOA fluorescence and blue is from DAPI nucleus staining).
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Figure 20 Multi-component fluorescent labeling. Each component of the
HPPS particle (peptide, phophospholipid, core cargo) can be tagged with a fluorescent

label for detailed particle characterization and evaluation of particle degradation.

Figure 21 (a) Western blot analysis of SR-B1 receptor content of
[dIA(mSR-B1) and LdLA7 cells.

(b) Specificity of (DiR-BOA)HPPS for SR-Bl receptor.
Confocal images show strong uptake of (DiR-BOA)HPPS in SR-B1 positive cells
(IdlA(mSR-B1)) but not in SR-B1 negative cells (LDLA7). Furthermore, excess HDL
effectively inhibits (DiR-BOA) HPPS uptake in IdIA(mSR-B1) cells but has no effect
on uptake in LDLAT.

Figure 22 Confocal imaging studies with FITC-lipid(DiR-BOA)HPPS and
FITC-(-4F)(DiR-BOA)HPPS and 1dIA(mSR-B1) cells.

Figure 23 Confocal imaging studies with FITC-(-4F)(DiR-BOA)HPPS and
IdIA(mSR-B1) cells.

Figure 24 Flow cytometry studies were used to evaluate (DiIR-BOA)HPPS
uptake in SR-B1" and SR-B1" cell lines.

Figure 25 Flow cytometry studies were used to evaluate (DIR-BOA)HPPS

concentration-dependent uptake 1n an SR-B1" cell line.

Figure 26 Flow cytometry studies were used to evaluate HDL

concentration-dependent inhibition of (DiIR-BOA)HPPS uptake 1n an SR-B17 cell line.

Figure 27 Flow cytometry studies were used to evaluate differential uptake
of (DiR-BOA)HPPS 1in SR-B1" and SR-B1~ cell lines and inhibition of uptake of (DiR-
BOA)HPPS by HDL in the SR-B1” cell line.

Figure 28 Flow cytometry was used to evaluate the uptake of (-4F)(DiR-
BOA)HPPS versus (4F)(DiR-BOA)HPPS by 1dIA(mSR-B1) cells.
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Figure 29 In vivo 1maging was performed on nude mice bearing human KB

(SR-BI") tumor xenograft to study the localization of -4F(DiR-BOA)HPPS.

Figure 30 (a) Confocal studies were performed to evaluate differential
uptake of (-4F)EGF(D1R-BOA)HPPS and (-4F) (DiR-BOA)HPPS 1n A549 and H520

cells.

(b) Western blot analysis of surtace receptor profiles of A549 and
HS520 cells.

Figure 31 Flow cytometry was used to evaluate the uptake of (DiR-
BOA)HPPS and EGF(DiR-BOA)HPPS (1.0 uM) by H520, A549 and EGFR-GFP-A549

cells.

Figure 32 EGF-HPPS studies were performed in LDLA7 cells transfected
with the fusion gene of EGFR-green fluorescent protein (GFP). This experiment
removes any contribution SR-B1 may make to the cellular uptake of EGF-HPPS.

Following a 3 hour incubation with (-4F) EGF(DiR-BOA)HPPS, EGFR-GFP-LDLA7
cells displayed a strong signal of DiIR-BOA within the cytosol, indicating avid uptake of
EGF-HPPS through EGFR. The GFP signal for the EGFR was visualized on the outer

plasma membrane.

Figure 33 Confocal studies were performed to evaluate the effect of HDL
on the uptake of (-4F)EGF(D1R-BOA)HPPS 1n EGFR-GFP-LDLA7 cells.

Figure 34 Contocal imaging of EGFR-GFP-A549 and H520 cells incubated
with EGF(DiR-BOA)HPPS.

Figure 35 Confocal studies were performed to evaluate the effect of HDL

on the uptake of (-4F)EGF(D1R-BOA)HPPS 1n A549 and H520 cells.

Figure 36 In vivo 1imaging was performed on nude mice bearing dual tumor

(AS549 and H520) to determine the targeting ability of (-4F)EGF(DiR-BOA)HPPS.

Figure 37.  In vivo validation of (-4F)EGF(DiR-BOA)HPPS. In vivo imaging
(A) and biodistribution (B) shows improved delivery specificity and efficacy of HPPS.
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C) HPPS matches HDL’s long circulation time (t1/2~14h). D) Accumulation of HPPS

fluorescence signal (DIRBOA) in tumor tissues matches tumor cells fluorescence

(transfected with red fluorescence protein).

Figure 38 Cellular uptake of (-4F)EGF(DiR-BOA)HPPS in KB tumor and
H520 tumor. White bars represent fluorescence units per mg of tissue and the black
bars represent fluorescence units per million cells. The data reflects the average from

two tumor-bearing mice.

Detailed Description of the Present Invention

Figure 1 demonstrates an embodiment of the present invention. Specifically,
Figure 1 1illustrates a peptide-stabilizing ultra-small nanoparticle-based drug delivery
system, called “HPPS" (High-density lipoprotein-like Peptide-Phospholipid Scaffold),
that allows targeted delivery of active agents for the detection and treatment of cancers
and other diseases. The HPPS nanoparticles comprise three components: 1) specific
amphipathic size-control peptides (scPep) and phospholipids which form an ultra-small
nanocarrier (5 to 25nm), 2) disease-specific targeting ligands which may be conjugated
directly to the scPep on the nanocarrier, conjugated to surface phospholipid of the
nanocarrier, or disease-specific targeting ligands such as proteins or fragments thereof
which may be incorporated into the nanocarriers without conjugation to scPep or
phospholipids (not shown in Figure 1), and 3) diagnostic or therapeutic agents loaded
within the nanocarrier core or incorporated into the nanocarrier such that they are
displayed on the nanocarner surface. In order to form the preferred spherical
nanoparticles, unsaturated sterol ester is also combined therewith. Diverse targeting may
be achieved by conjugating certain targeting ligands, such as tumor-homing molecules
(e.g., folic acid), to conjugable amino acids such as Lys residues exposed on the
peptide's surfaces. The HPPS nanoparticles are thus directed to the desired cell surface
markers of cancers and/or specific tissues, i.e., molecules that are selectively
overexpressed 1n various types of cancer cells or tissues. In particular embodiments, the
HPPS nanoparticles provide targeted delivery of active agents including, but not limited

to, diagnostic, imaging and/or therapeutic agents.
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Such agents include, but are not limited to, magnetic resonance imaging (MRI)
agents, near-infrared fluorescence (NIRF) probes and photodynamic therapy (PDT)

agents.

In particular embodiments, the cholesterol esters inside the HPPS lipid core are
replaced with lipophilic agents. In additional embodiments, active agents are attached

to the surface of the HPPS nanoparticles of the present invention.

Thus, accumulation of the MRI/NIRF probes in target cells provides a facile
mechanism for amplification of the MRI/NIRF detectable signal and affords
opportunities to combine the strength of both MRI (high resolution/anatomic) and NIRF
(high sensitivity), whereas the selective delivery of PDT agents to tumors via these
pathways also provides a facile transition between detection and treatment. Finally,
HPPS nanoparticles are not expected to be immunogenic and should escape recognition
by the reticuloendothehal system, thus the HPPS platform provides a solution to

common problems associated with most synthetic nanodevices, namely biocompatibility

and toxicity. '

The terms '"nanoparticles", "nanoplatforms" and '"nanoscaffold" are used

interchangeably herein.

The invention provides HPPS nanoparticles comprising lipids such as
phosphatidylcholine  (eg. DMPC  (preferably  1,2-Dimyristoyl-sn-Glycero-3-
Phosphocholine), POPC (1-palmitoyl-1-oleoyl-phosphatidylcholine) and EYPC (egg
yolk phosphatidylcholine)), lysophosphatidylcholine, phosphatidyl-ethanolamine,
phosphatidylserine, and phosphatidylinositol.

The naturally occurring hipoprotein particles each have characteristic
apoproteins, and percentages of protein, triacylglycerol, phospholipids and cholesterol.
VLDL particles can contain about 10% protein, about 60% triacylglycerols, about 18%
phopholipids and about 15% cholesterol. LDL particles can contain about 25% protein,
about 10% triacylglycerols, about 22% phopholipids and about 45% cholesterol. HDL
particles can contain about 50% protein, about 3% triacylglycerols, about 30%

phopholipids and about 18% cholesterol. Likewise, the HPPS nanoparticles of the
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invention contain different percentages of the above constituents. The HPPS
nanoparticles may also contain one or more trtacylglycerols. The HPPS nanoparticles
may additionally contain a sterol, a sterol ester, or combinations thereof. In other
embodiments, the sterol or sterol ester is selected from the group consisting of a

cholesterol, cholesterol oleate and an unsaturated cholesterol-ester.

In particular embodiments, the HPPS nanoparticles of the present invention
contain cell surface receptor ligands which target receptors that are over-expressed in
cancer cells. In other embodiments, the HPPS nanoparticles of the present invention
contain cell surface receptor ligands that are ligands for a receptor over-expressed in

cardiovascular plaques.

In additional embodiments, the HPPS nanoparticles of the present invention

contain cell surface receptor ligands that target receptors on specific tissue(s).

In certain embodiments, the HPPS nanoparticles of the present invention contain

lipophilic compounds in the core of the HPPS nanoparticles.

In certain embodiments, the HPPS nanoparticles of the present invention contain

active agents that are molecules comprising a lipophilic and a hydrophilic component

that are located (1in part) on the surface of the HPPS nanoparticles.

In particular embodiments, the HPPS nanoparticles of the present invention
contain an active agent that is a diagnostic agent, imaging agent or a therapeutic agent.

Preferably, the imaging or diagnostic agent 1s a contrast agent, a radioactive label and/or

a fluorescent label.

In certain embodiments, the HPPS nanoparticles of the present invention contain
anticancer agents. Such active agents can be a chemotherapeutic agent, a photodynamic
therapy agent, a boron neutron capture therapy agent or a radionuclide for radiation
therapy. In embodiments, the anticancer agent 1s selected from the group consisting of
alkylators, anthracyclines, antibiotics, aromatase inhibitors, bisphosphonates, cyclo-
oxygnase 1nhibitors, estrogen receptor modulators, folate antagonists, inorganic
arsenates, microtubule inhibitors, modifiers, nitrosureas, nucleoside analogs, osteoclast

inhibitors, platinum containing compounds, retinoids, topoisomerase 1 inhibitors, kinase
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inhibitors (such as, without limitation, tyrosine kinase inhibitors), antiangiogenesis

agents, epidermal growth factor inhibitors and histone deacetylase inhibitors.

In additional embodiments, the HPPS nanoparticles of the present invention
contain a therapeutic agent selected from the group consisting of an antiglaucoma drug,
an anti-clotting agent, an anti-inflammatory drug, an anti-asthmatic, an antibiotic, an

antifungal or an antiviral drug.

In additional embodiments, the HPPS nanoparticles of the invention contain a
therapeutic agent selected from the group mcluding, but not limited to, analgesic agents,
anesthetic agents, anti-anginal agents, antiarthritic agents, anti-arrhythmic agents,
antiasthmatic agents, antibacterial agents, anti-BPH agents, anticancer agents,
anticholinergic agents, anticoagulants, anticonvulsants, antidepressants, antidiabetic
agents, antidiarrheals, anti-epileptic agents, antifungal agents, antigout agents,
antihelminthic agents, antithistamines, antihypertensive agents, antiinflammatory agents,
antimalarial agents, antimigraine agents, antimuscarinic agents, antinauseants,
antineoplastic agents, anti-obesity agents, antiosteoporosis agents, antiparkinsonism
agents, antiprotozoal agents, antipruritics, antipsychotic agents, antipyretics,
antispasmodics, antithyroid agents, antitubercular agents, anti-tussives, antiulcer agents,
anti-urinary incontinence agents, antiviral agents, anxiolytics, appetite suppressants,
attention deficit disorder (ADD) and attention deficit hyperactivity disorder (ADHD)
drugs, calcium channel blockers, cardiac inotropic agents, beta-blockers, cell adhesion
inhibitors central nervous system stimulants, cognition enhancers, corticosteroids,
COX-2 inhibitors, cytokine receptor activity modulators, decongestants, diuretics,
erectile dysfunction improvement agents, essential fatty acids, gastrointestinal agents,
genetic materials, histamine receptor antagonists, hormonolytics, hypnotics,
hypoglycemic agents, immunosuppressants, keratolytics, leukotriene inhibitors, lipid-
regulating agents, macrolides, mitotic inhibitors, muscle relaxants, narcotic antagonists,
neuroleptic agents, nicotine, nitrates, non-essential fatty acids, non-steroid anti-asthma
agents, nutritional oils, opioid analgesics, parasympatholytic agents, sedatives, sex
hormones, stimulants, sympathomimetic agents, tranquilizers, vasodilators, vitamins,

and combinations thereof.
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The invention also provides pharmaceutical formulations comprising the HPPS

nanoparticles of the present invention.
The invention further provides methods of making the HPPS nanoparticles.

LIPOPROTEIN PARTICLES

Lipoprotein particles are a class of naturally occurring nanostructures.
Cholesterol and triacylglycerols are transported in body fluids in the form of lipoprotein
particles. Each particle consists of a core of hydrophobic lipids surrounded by a shell of
more polar lipids and proteins. The protein components of these macromolecular
aggregates have two roles: they solubilize hydrophobic lipids and contain cell-targeting
signals. Lipoprotein particles are classified according to increasing density:
chylomicrons, chylomicron remnants, very low density lipoprotein (VLDL),
intermediate-density lipoproteins (IDL), low-density lipoprotein (LDL), and high
density lipoproteins (HDL) (See Table 1). Accordingly, each of them is different in size,

and most of them have nanostructures (<100 nm) with the exception of chylomicrons

and chylomicron remnants.
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Table 1. Size and class of lipoproteins

_fipobro{eins Maj or Core Lii)idg ApOprotéins Size
TChynf-lomicrons Dietary triacylglycerols, B-48,_C, E 75-1200 nm
cholesterol esters
VLDL | Endogenous ~ |B-100,C.E__|30-80 nm
triacylglycerols
_— — | ~
IDL Endogenous cholesterol | B-100, E 25-35 nm
esters
LDL Ehdog'enous cholesterol | B-100 | 18-25nm
esters
HDL FEndogenc;us cholesterol | A, C, E | 8-12nm |
esters

Low Density Lipoprotein (LDL) Particles

LDL 1s the prnincipal carrier of cholesterol in human plasma and delivers
exogenous cholesterol to cells by endocytosis via the LDLR (LLow Density Lipoprotein
Receptor). The LDL particle 1s a naturally occurring nanostructure typically with a
diameter of ~22 nm. It contains a lipid core of some 1500 -esterified cholesterol

molecules and triglycerides. A shell of phospholipids and unesterified cholesterol
surrounds this highly hydrophobic core. The shell also contains a single copy of apoB-
100 (molecular weight 550kDa) which 1s recognized by the LDLR.

High Density Lipoprotein (HDL) Particles

Plasma HDL 1s a small, spherical, dense lipid-protein complex that is
approximately half lipid and half protein. The lipid component consists of
phospholipids, free cholesterol, cholesteryl esters, and triglycerides. The protein

component includes apo A-I (molecular weight, 28,000 Daltons) and apo A-II
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(molecular weight, 17,000 Daltons). Other minor but important proteins are apo E and

apo C, including apo C-I, apo C-II, and apo C-III.

HDL particles are heterogeneous. They can be classified as a larger, less dense
HDL2 or a smaller, more dense HDL3. Normally, most of the plasma HDL is found in
HDL3. HDL is composed of 4 apolipoproteins per particle. HDL may be composed of
both apo A-I and apo A-II or of apo A-I only. HDL?2 is predominantly apo A-I only, and
HDL3 1s made of both apo A-I and apo A-II. HDL particles that are less dense than
HDL?2 are rich in apo E.

HPPS Nanoparticles

Accordingly, the present invention provides a series of nanoplatforms with
different sizes that can be made from a variety of different peptide scaffolds. Peptide

components suitable for the production of HPPS nanoparticles are described below.

The HPPS nanoparticles can be targeted to various receptors. Moreover, in
certain embodiments, both the HPPS hydrophobic core and phospholipids monolayer
can be modified to carry large payloads of diagnostic and/or therapeutic agents making
them exceptional multifunctional nanoplatforms. In certain embodiments, the HPPS
nanoparticles of the present invention contain one or more homing molecules. The
HPPS nanoparticles also can carry payloads of one or more active agents. The HPPS
nanoparticles can also contain a cell death sensor so such HPPS nanoparticles can

simultaneously perform diagnosis, treatment as well as therapeutic response monitoring

functions.

The 1nvention provides non-naturally occuring nano-platforms that are based on
peptides having particular properties as described below. The term "non-naturally

occurring” refers to nanoplatforms that do not exist innately in the human body. Such
non-naturally occuring HPPS nanoparticles can contain one or more components of
naturally occurring lipoprotein particles. For example, cholesterol esters that exist in
the core of naturally occurring LDL and HDL particles may be replaced with active
agents. Likewise, the core as found in the naturally occurring lipoprotein particles can

remain intact, but an active agent is attached to the surface of the HPPS nanoparticles.
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In some embodiments, there are several distinct advantages for using HPPS
nanoparticles for targeted delivery. In some embodiments, one advantage of the HPPS
nanoparticles of the present mvention is that they are expected to be completely
compatible with the host immune system, and they are also biodegradable. They can
also provide a recycling system for accumulation of large quantities of diagnostic or
therapeutic agents for target cells that utilize receptor mediated endocytosis. The HPPS
nanoparticles of the present invention are not expected to be immunogenic and should

escape recognition by the reticuloendothelial system (RES).

Other advantages can include: 1) the HPPS nanoparticles of the present
invention bear resemblance to physiological carriers in that they have an ideal size
range which 1s large enough to avoid renal clearance but small enough to mitigate
reticuloendothelial system (RES) uptake, thus the serum half-life of drugs/probes may
be prolonged by incorporation into these nanoparticles; 2) drug/probe sequestration in
the lipid core space provides protection from serum enzyme and water; 3) the
avallability of the array of HPPS nanoparticles provides a series of nanoplatforms with

size ranging from 5 nm to 80 nm.

Preterably, the non-naturally occurring HPPS nanoparticles of the present
Invention are (in increasing preferability) from 5 nm to 50 nm in diameter, from 5 nm to
40 nm 1n diameter; from S nm to 30 nm in diameter, from 5 nm to 25 nm in diameter;

from 5 nm to 20 nm in diameter, and from 10 nm to 15 nm in diameter.

The starting materials of the HPPS nanoparticles also contain at least one lipid
that 1s on, for example, the outer layer of the particle. Lipids useful in the HPPS
nanoparticles of the present invention include, but are not limited to, amphipathic lipids.
Phospholipids useful in the present invention include, but are not limited to
phosphatidylcholine ~ (preferably DMPC (1,2-Dimyristoyl-sn-Glycero-3-
Phosphocholine, POPC (1-palmitoyl-1-oleoyl-phosphatidylcholine) and EYPC (egg
yolk  phosphatidylcholine)), lysophosphatidylcholine, phosphatidylethanolamine,

phosphatidylserine, phosphatidylinositol and combinations thereof.



CA 02708719 2010-06-10
WO 2009/073984 PCT/CA2008/002203

-17 -
SCAFFOLD PEPTIDES

Suitable scaffold peptides for use in forming the HPPS nanoparticles comprise

an amino acid sequence capable of forming at least one amphipathic o-helix.

In preferred embodiments, the amphipathic a-helix or peptide ranges in length
(In increasing preferability) from 6-30 amino acids, 8-28 amino acids, 10-24 amino

acids, 11-22 amino acids, 4-21 amino acids, 16-20 amino acids and 18 amino acids.

Methods for detecting and characterizing protein domains with putative
amphipathic helical structure are set forth in Segrest, J. P. et al. n PROTEINS:
Structure, Function, and Genetics (1990) 8:103-117, the contents of which are
incorporated herein by reference. Segrest ef al. have identified seven different classes
of amphipathic helices and have identified peptides/proteins associated with each class.
Of the seven different classes there are four lipid-associating amphipathic helix classes
(A, H, L, and M). Of these, Class A, the designated apolipoprotein class, possesses
optimal properties for forming phospholipid-based particles.

Suitable scaffold peptides may be selected from the group consisting of Class A,
H, L and M a-helices or a fragment thereof. Suitable scaffold peptides may also
comprise a reversed peptide sequence of the Class A, H, L and M amphipathic a-helices
or a fragment thereof, as the property of forming an amphipathic a-helix is determined

by the relative position of the amino acid residues within the peptide sequence.

In one embodiment, the scaffold peptide has an amino acid sequence comprising
consecutive amino acids of an apoprotein, preferably selected from the group consisting

of apoB-100, apoB-48, apo(, apoE and apoA.

The "amino acids" used 1n this invenfion, and the term as used in the
specification and claims, include the known naturally occurring protein amino acids,
which are referred to by both their common three letter abbreviation and single letter
abbreviation. See generally Synthetic Peptides: A User's Guide, G A Grant, editor,
W.H. Freeman & Co., New York, 1992, the teachings of which are incorporated herein
by reference, including the text and table set forth at pages 11 through 24. As set forth
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above, the term "amino acid" also includes stereoisomers and modifications of naturally
occurring protein amino acids, non-protein amino acids, post-translationally modified
amino acids, enzymatically synthesized amino acids, derivatized amino acids, constructs
or structures designed to mimic amino acids, and the like. Modified and unusual amino
acids are described generally in Synthetic Peptides: A User's Guide, cited above; Hruby
V J, Al-obeidi F and Kazmierski W: Biochem J 268:249-262,1990; and Toniolo C: Int J
Peptide Protein Res 35:287-300,1990; the teachings of all of which are incorporated

herein by reference.

"Alpha-helix" 1s used herein to refer to the common motif in the secondary
structure of proteins. The alpha helix (a-helix) is a coiled conformation, resembling a
spring, 1n which every backbone N-H group donates a hydrogen bond to the backbone
C=0 group of the amino acid four residues earlier. Typically, alpha helices made from
naturally occurring amino acids will be right handed but left handed conformations are

also known.

“Amphipathic” 1s a term describing a chemical compound possessing both
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