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30  cleavable, functionally interposed between the scaffold and the hydrophobic anchors.

The present invention also provides a method of synthesizing a small molecule complex for targeted
delivery of therapeutic agents. The method includes coupling covalently two or more monovalent
peptidomimetic compounds to a scaffold, wherein each monovalent peptidomimetic compound is

selected from the group consisting of fragments IKs, GKs, 1Ds, GSs, GTs, VSs, TKs, KTs, ARs, Kls,
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KB1107, KB1108, or KB1109. In one aspect, the target tissue is a melanoma and the targeting ligand

is compound is at least one of KB1037, KB1109 and KB1123.

In another embodiment, the present invention includes a method of isolating a peptidomimetic
compound for binding to a target tissue comprising the steps of: preparing a composition of formula:
30  A-scaffold-A’, wherein A and A’ comprise monovalent peptidomimetic compounds, wherein each
monovalent peptidomimetic compound is selected from the group consisting of fragments IKs, GKs,
1Ds, GSs, GTs, VSs, TKs, KTs, ARs, KIs, KEs, AEs, GRs, YSs, IRs, and morpholino; and one or
more hydrophobic anchors covalently linked to the scaffold; contacting a target tissue with the
peptidomimetic compounds; isolating those peptidomimetic compounds that binding specifically to
35  the target tissue; and characterizing the formula of the composition that bound specifically to the

target tissue. The target tissues may include human pancreatic cancer, human breast cancer, human
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25 1solating those peptidomimetic compounds that binding specifically to the target tissue; and

characterizing the formula of the composition that bound specifically to the target tissue. In one
aspect, the target tissue is defined further as cells in tissue culture. In another aspect, the target tissue
is defined further as cells in tissue culture and the cells are selected based on the effect of the nucleic
acid on the cells. In yet another aspect, the target tissue is defined further as cells in tissue culture,
30  wherein the nucleic acid is a selective marker for negative or positive selection, expresses a selective

marker for positive or negative selection, or expresses a detectable marker.
Description of the Drawings

For a more complete understanding of the features and advantages of the present invention, reference
is now made to the detailed description of the invention along with the accompanying figures and in
35  which:

FIG. 1 is diagram of the general schema for identifying the compounds.
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FIG. 10 is a graph that shows the transfection efficiency of the listed compounds against MCF10A

15 cells.

FIG. 11 is a graph that shows the relative luciferase expression in Pancl cells using the listed

compounds in a coated liposome delivery system.

FIG. 12 is a graph that shows the relative luciferase expression in Mia PaCa2 cells using the listed

compounds in a coated liposome delivery system.

20  FIG. 13 is a graph that shows the relative luciferase expression in HPDE cells using the listed

compounds in a coated liposome delivery system.

FIG. 14 shows the transfection enhancement in a co-culture of HUVEC and HI299 cells with the

listed compounds.

FIG. 15 shows the shows the transfection results in a culture of HI299 cells alone with the listed

25  compounds, no enhancement was noted.

FIG. 16 shows the transfection enhancement in a culture of HUVEC cells alone with the listed

compounds, no enhancement was noted.

FIG. 17 shows the shows the transfection enhancement in a co-culture of HUVEC and PANCI1 cells

with the listed compounds.

30 FIG. 18 shows the shows the transfection results in a culture of PANCI1 cells alone with the listed

compounds, no enhancement was noted.
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RT-PCR and Western blottmg Endothehal VEGF-A expression 1ncreased at transcrlptlonal (a) and
translational (b) levels after co-culture compared to that of the HUVEC control. *P<0.01, N=6.

FIGS. 22a to 22f. Prolonged tube survival after co-culture. At 8 days after co-culture in transwell
dishes at a plating ratio of 10:1 HUVEC:PANCI, endothelial cells were harvested and seeded on
Matrigel. At 16 h later, both the HUVEC control (a) and endothelial cells of the co-culture (b) form
20 capillary-like tubular structures. These structures started to degrade 48 h later. By 72 h, the tubular
structure of the HUVEC control was almost completely degraded (c). However, in the co-culture a
significant amount of tubular structures survived (d). These structures maintained an excellent tubular

network and survived for 11 more days (e, f).

FIGS. 23a and 23b. Bivalent small molecule structure and library screening. The general structure of
25  the bivalent small molecule (23a) includes two B-turn mimics for interaction with cell surface
receptors, a hydrocarbon tail for insertion into BIV liposomal complexes, and a linker. The structure
of our “hit” molecule, KB1023, is also shown. A high-throughput luciferase assay (23b) was used to
screen for tumor endothelial cell-specific targeting ligands. At 7 days after co-culture, cells were
harvested and seeded to 96-well plates at 2x10* cells/well. On the same day, BIV-luciferase
30 DNA:liposome complexes were prepared followed by coating of compounds at various
compound:DNA ratios. The coated complexes were incubated at RT overnight. The following day,
cells were transfected with 50 pL of serum free medium that contained 0.52 pl. coated complexes.
Transfection was ended by replacing the transfection medium with cell culture medium containing
serum. At 24 h post-transfection, cells were lysed and the cell lysate was loaded to 96-well plates at

35 20 uL/well for luciferase assay using the Luminoskan plate reader.

FIG. 24 is a flowchart of a method of the present invention.
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Small peptides multimerized on the surface of liposomes can generate immune responses after

20  repeated injections, particularly systemically, and peptides can preclude penetration and delivery
across the interstitial pressure gradient of tumors. Other larger ligands including antibodies, antibody
fragments, proteins, partial proteins, etc. are far more refractory than using small peptides for targeted
delivery on the surface of liposomes. What is needed are small non-immunogenic molecules that can
be placed on the surface of delivery systems, such as liposomes, to target them selectively to target

25 tissues.

A peptidomimetic is a molecule that mimics the biological activity of a peptide but is no longer
peptidic in chemical nature. The term peptidomimetic describes, in general, a molecule that no longer

contains any peptide bonds (that is, amide bonds between amino acids).

As used herein, the term “peptidomimetic” refers to molecules that are no longer completely peptidic
30  in nature, such as pseudopeptides, semi-peptides, and peptoids. Whether completely or partially non-
peptide, peptidomimetics according to this invention provide a spatial arrangement of reactive
chemical moieties that closely resembles the three-dimensional arrangement of secondary structure
motifs found at hotspots in protein-ligand interactions, e.g bivalent beta-turn mimics designed to have

an affinity for cell surface receptors.
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These results were produced after a total of three IV injections administered about once every 2

weeks. Furthermore, when we increased the overall TSP1 therapeutic dosage by increasing the total
number of injections to a total of five that were administered once per week, tumor growth was
further suppressed and the tumors nearly eliminated (the average tumor volume was 0.7mm’).
35  Although mice treated with untargeted delivery of TSP1 demonstrated tumor growth retardation by
62.69% with the mean volume of 146.82mm’, the reduction was not statistically significant (P>0.05).
Interestingly, we exceeded the efficacy data reported for TSP1 anti-angiogenic gene therapy
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35 PRISM 7900HT Sequence Detection System (Applied Biosystems, Foster City, CA) using a

DyNAmo HS SYBR Green qPCR kit (New England BioLabs, Finnzymes, Finland). Cycling
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complexes that internalize into tumor vascular endothelial cells more efficiently than non-targeted

15  BIV complexes. The assay features a luciferase reporter gene and a dedicated plate reader
luminometer, the Luminoskan Ascent, which is certified for ultra-sensitive detection of luciferase
expression (Thermo Electron Corp., Waltham, MA) that has 3 injectors/robotic dispensers. The
Luminoskan is versatile insofar as it allows many different sample formats from single 10 cm tissue
culture dishes to 384-well plates, all of which can be analyzed either from the top or the bottom of the

20  sample. It offers an extremely high degree of sensitivity (<1 fmol ATP/well) for observing small
differences in addition to a high dynamic range for samples (>9 decades over whole gain setting arca).

The Luminoskan provides accurate data by allowing optimal control of assay conditions including
temperature (the amount of light emitted is very sensitive to small changes), adequate mixing of
reagents (orbital shaking feature), a constant delay between each measurement, and other features

25  such as allowing multiple replicates per sample (30/well and up to 3500/culture dish). Finally, the
Luminoskan Ascent software is designed well for data management. If the plasmid DNA encoding
luciferase is internalized and efficiently transported to the nucleus, then bioluminescence is detected

in cells grown in the wells of the plates. The read out is fast, enabling rapid testing of functionalized

BIV complexes in a one-bivalent compound-per-well format. Normal HUVECs were used for

30  controls, and delivery to the tumor cells alone or to the co-cultures was compared. Luminoskan data
was used to identify the bivalent compounds that produce the highest levels of luciferase gene
expression in HUVECs that are co-cultured with human tumor cells and not in normal HUVEC cells

or in the tumor cells. Approximately 150 members of the small molecule library were tested at
various concentrations on the surface of BIV-luciferase complexes. Optimal transfection time,

35  amount of complexes used for transfection, the optimal integration and lag time were also determined.

Briefly, 7 days after co-culture, cells were harvested and 50 pL cell suspension was seeded to 96-well

dishes at 2x10” cells/well. Complexes were prepared as previously described [15]. The compounds
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old severe combined immunodeficient (SCID) mouse. All animal procedures were performed in

accordance with the Baylor College of Medicine (Houston, TX) institutional guidelines using an

20  approved animal protocol.

In Vivo Targeted Delivery and CAT Assay. At 8 weeks post-IP injections of co-cultures detailed
above, BIV-CAT DNA complexes were prepared and coated with the small molecule KB1023 at 500
pg compound/pug DNA as discussed above. The complexes were mixed with various concentrations of
reversible masking reagent, n-dodecyl- -D-maltopyranoside (Anatrace, Maumee, OH), just prior to
25  intravenous (IV) injections into mice. Each mouse was injected with a total volume of 110 pL
complexes containing 50 pg of p4119 CAT DNA. At 14 h post-IV injection, mice were sacrificed,
tissues were harvested, and total protein was extracted as previously described [15]. CAT protein
production was measured using the CAT ELISA kit (Roche, Indianapolis, IN) following the
manufacturer’s instructions. Protein concentration was determined using the Micro BCA kit (Pierce)

30  following the manufacturer’s instructions.

Anti-Angiogenic Cancer Therapy. At 2 weeks post-IP injections of the co-cultures detailed above, in
vivo delivery was performed using the protocol described above, except that 35 pg TSP1 plasmid
DNA was encapsulated in the BIV-KB1023 coated complexes and 11mM reversible masking reagent
was used prior to IV injections. Injections were performed biweekly for a total of three injections. In a
35  different experimental group, injections were performed weekly for a total of five injections. Two

weeks after the final injection (8 weeks post-IP injection of the co-cultures to establish the tumor
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transfection of left gluteal melanoma tumor cells with KB1037, KB1109 and KB1123. It was found
that KB1109 significantly increased expression on melanoma cells from all sources. KB1037 and

20  KB1123 increased expression on SK-MEL-28 and melanoma cells from the abdominal wall of Patient
GB0270.

It is contemplated that any embodiment discussed in this specification can be implemented with
respect to any method, kit, reagent, or composition of the invention, and vice versa. Furthermore,

compositions of the invention can be used to achieve methods of the invention.

25 It will be understood that particular embodiments described herein are shown by way of illustration
and not as limitations of the invention. The principal features of this invention can be employed in
various embodiments without departing from the scope of the invention. Those skilled in the art will
recognize, or be able to ascertain using no more than routine experimentation, numerous equivalents
to the specific procedures described herein. Such equivalents are considered to be within the scope of

30 this invention and are covered by the claims.

All publications and patent applications mentioned in the specification are indicative of the level of
skill of those skilled in the art to which this invention pertains. All publications and patent
applications are herein incorporated by reference to the same extent as if each individual publication

or patent application was specifically and individually indicated to be incorporated by reference.
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s used herein, words of approximation such as, without limitation, “about”, "substantial" or
"substantially"” refers to a condition that when so modified is understood to not necessarily be absolute
or perfect but would be considered close enough to those of ordinary skill in the art to warrant
25 designating the condition as being present. The extent to which the description may vary will depend
on how great a change can be instituted and still have one of ordinary skilled in the art recognize the
modified feature as still having the required characteristics and capabilities of the unmodified feature.
In general, but subject to the preceding discussion, a numerical value herein that is modified by a
word of approximation such as “about” may vary from the stated value by at least +1, 2, 3, 4, 5, 6, 7,
30 10, 12 or 15%.

All of the compositions and/or methods disclosed and claimed herein can be made and executed
without undue experimentation in light of the present disclosure. While the compositions and
methods of this invention have been described in terms of preferred embodiments, it will be apparent
to those of skill in the art that variations may be applied to the compositions and/or methods and in the
35  steps or in the sequence of steps of the method described herein without departing from the concept,

spirit and scope of the invention. All such similar substitutes and modifications apparent to those
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WO 2011/ 029028PCT/ US2010/ 047858 wherein A and A conprise nonoval ent
pepti dom neti c conpounds, wherein each noval ent peptidom netic conpound
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group.

4, The targeted ligand of claim 1, wherein one or more of the hydrophobic anchors comprise a

hydrocarbon moiety.

15 5. The targeted ligand of claim 4, wherein one or more of the hydrophobic moieties comprise an

octadecyl group.

6. The targeted ligand of claim 1, further comprising one or more linkers functionally interposed

between the scaffold and the hydrophobic anchors.
7. The targeted ligand of claim 6, wherein one or more of the linkers are specifically cleavable.

20 8. The targeted ligand of claim 1, wherein the tissue is a cancerous cell, tissue or endothelium
selected from pancreatic cancer, breast cancer, non-small cell lung carcinoma (NSCLC), pancreatic

cancer vascular endothelium or NSCLC cancer vascular endothelium.

9. A method for synthesizing a small molecule complex for targeted delivery of therapeutic

agents, the method comprising the steps of:

25  coupling covalently two or more unprotected monovalent peptidomimetic compounds to a scaffold,
wherein each monovalent peptidomimetic compound is selected from the group consisting of
fragments IKs, GKs, IDs, GSs, GTs, VSs, TKs, KTs, ARs, KlIs, KEs, AEs, GRs, YSs, IRs, and

morpholino; and
coupling covalently one or more hydrophobic anchors to the scaffold.

30 10. The method of claim 9, wherein the selected monovalent peptidomimetic compounds are

identical.

11. The method of claim 9, wherein the scaffold comprises a reactive dichlorotriazine group.



31. The nethod of claim 22, wherein the targeting |ligands are at |east one
of conmpounds 25KB1001, KB1003, KB1042, KB1051, KB1062, KB1096, KB1107,
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The net t'hog of, cl ai m33 wherein the target tissue is a human pancreatic
cancer Vv r@ﬁ"fr%mgﬂgﬁdot helium 35. The rret hod of claim 22, wherein the
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17. A ligand-functionalized delivery system comprising:
a therapeutic agent carrier;
a tissue-specific targeting ligand for targeted delivery of therapeutic agents to a tissue comprising:
a composition of formula:
15  A-scaffold-A’,

wherein A and A’ comprise monovalent peptidomimetic compounds, wherein each monovalent
peptidomimetic compound is selected from the group consisting of fragments IKs, GKs, IDs, GSs,

GTs, VSs, TKs, KTs, ARs, Kls, KEs, AEs, GRs, YSs, IRs, and morpholino; and
one or more hydrophobic anchors covalently linked to the scaffold.

20 18. The ligand-functionalized delivery system of claim 17, wherein the therapeutic agent carrier

is a liposome.

19. The ligand-functionalized delivery system of claim 17, wherein the therapeutic agent carrier

is a cationic liposome having an internal lipid bilayer and an external lipid bilayer.

20. The ligand-functionalized delivery system of claim 17, wherein the targeting ligand is non-
25  covalently anchored to the exterior surface of the external lipid bilayer of the cationic liposome

through one or more hydrophobic anchors.

21. The ligand-functionalized delivery system of claim 17, wherein the tissue is a cancerous cell,
tissue or endothelium selected from pancreatic cancer, breast cancer, non-small cell lung carcinoma

(NSCLC), pancreatic cancer vascular endothelium or NSCLC cancer vascular endothelium.
30 22. A method of delivering a payload to a target tissue comprising the steps of:
preparing a composition of formula:

A-scaffold-A’,



15i sol ati ng those peptidom netic conpounds that binding specifically to the
target tissue; and characterizing the gg)rrml a of the conposition that bound
speci f i cavbyotio2pi28 t arget tissue. The net hod of clrpairms3@p/owtses ei n t he
met hod is a high throughput assay and the target tissue includes cells from
a pati enthetdiah aad & amqmiyeﬁiomﬁvalemtﬂeytidoﬂﬁﬂmmclgpcamdi &sleneinasraélonnomivelpnt 41. The
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met hod aiTscV&as, MK3K TWABK,KH IR I{EsndEmg}RastmH{spmpitmcdphmlmtand I | br ary is
screened by conparing binding between tunor cells and normal cells. 43.
The net had oohor hadrmpldic antherseiomaléntlg lipkgitto contafetd;c | i brary i s screened
directly using tinme resolved fluorometry. 2544. The net hod of claim 39,
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to a targe tlss

pept i domncra@sulaiedatbcrapewlmgentonpom t| ons of for mJI a 30A- scaf f oI d A' 37 WO
2011/ 029028PCT/ US2010/ 047858 wherein A and A" conprise peptidom msti C
conpoundsatinghler lgiosongaeith aerzetnay lezatd; pept i dom neti ¢ conmpound is sel ected from
the group consisting of fragnents IKs, Ks, IDs, GSs, GIs, VSs, TKs, KTs,
ARs, Kl somKEsmg tiHEsrgct@REpostiBs conbiRs, widnadrenasiplh olaklneg reagent; andk achi ng one or
nore bi-lipid |layer anchors covalently to the peptidom netic conmpounds;
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cont act iﬂﬁﬁen‘?i&&%@%’ére& ssue wWith the peptidom netic conpounds;

23. The method of claim 22, wherein the liposome is a bilamellar invaginated vesicle.

24. The method of claim 22, wherein the reversible masking agent is a small neutral lipid with a

molecular weight of about 500 Da or lower.

15 25. The method of claim 24, wherein the small neutral lipid is n-dodecyl-beta-D-

maltopyranoside.
26. The method of claim 25, wherein the target tissue is a human pancreatic cancer.

27. The method of claim 22, wherein the targeting ligands are at least one of compounds KB995,
KB1005, KB1012, and KB1109.

20 28. The method of claim 27, wherein the target tissue is a human breast cancer.

29. The method of claim 22, wherein the targeting ligands are at least one of compounds

KB1035, KB1036, KB1039, KB1063, KB1064, KB1066, and KB1067.
30. The method of claim 29, wherein the target tissue is a human non-small cell lung carcinoma.

31. The method of claim 22, wherein the targeting ligands are at least one of compounds

25 KBI1001, KB1003, KB1042, KB1051, KB1062, KB1096, KB1107, KB1108, and KB1029.

32. The method of claim 31, wherein the target tissue is a human non-small cell lung carcinoma

vascular endothelium.
33. The method of claim 22, wherein the targeting ligand is compound KB1061.

34. The method of claim 33, wherein the target tissue is a human pancreatic cancer vascular

30  endothelium.

35. The method of claim 22, wherein the targeting ligand is compound KB1023.



i sol ating those peptidom netic conpounds that binding specifically to the
target tissue; and characterizing the ggrnula of the conposition that bound
speci f i cavbyotio2pi28 t arget tissue. A et hod of scr @emiusgoioou7sas
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I|po§onﬁ§8ﬂ09ambKBb@ﬁprlse a nuclelc acid for dellvery to a cell
contacting a target tissue with the peptidom netic conpounds; 20i sol ati ng
t hose péﬁtidohhnﬁmdqﬁaﬂwm@@mdskbhﬁnﬁbmWMNRQd§pébﬁﬁ%¢@¢wymt@wmhenmaﬁget
tissue; ﬁgﬁ haracterizing the formula of the conposition that bound
specifica to the target tissue. 47. The method of claim46, wherein the

target Lisas: | fpRLNEH, IHEEDELOAR BB F diluhl Soue culture.  48. The

nmet hod issue is defined further as cells
in tlssqg(% tuge and the cells are sel ected based on the effect of the
nucleic acid on the cells. 2549. The nethod of claim46, wherein the target
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aCI IS a Sse ect!ve tive or |t|ve se t1on expresses a
sel ect i mptmrrklmtwfcompwdu& aeli:ete@ fromélg‘agrpuperosseﬂt@g of agmepts Lok sikesBlsGs,

det ect at&”ﬁs, %{, I'T%rs; KTs, ARs, KIs, KEs, AEs, GRs, YSs, IRs, and morpholino; and
one or more anchors covalently linked to the scaffold;
contacting a target tissue with the peptidomimetic compounds;
15  isolating those peptidomimetic compounds that binding specifically to the target tissue; and
characterizing the formula of the composition that bound specifically to the target tissue.

40. The method of claim 39, wherein the method is a high throughput assay and the target tissue

includes cells from a patient that are assayed directly following a dissociation step.

41. The method of claim 39, wherein anchor is selected from at least one of a europium cryptate,

20  aterbium cryptate or a hydrophobic tail.

42, The method of claim 39, wherein binding of the peptidomimetic library is screened by

comparing binding between tumor cells and normal cells.

43. The method of claim 39, wherein the peptidomimetic library is screened directly using time

resolved fluorometry.

25 44, The method of claim 39, wherein the peptidomimetic library is screened in a transfection

based system.

45. A method of screening for a peptidomimetic compound that binds to a target tissue or cell

comprising the steps of:
preparing a peptidomimetic library of compositions of formula:

30  A-scaffold-A’,
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wherein A and A’ comprise peptidomimetic compounds, wherein each monovalent peptidomimetic
compound is selected from the group consisting of fragments IKs, GKs, IDs, GSs, GTs, VSs, TKs,
KTs, ARs, KIs, KEs, AEs, GRs, YSs, IRs, and morpholino;

attaching one or more bi-lipid layer anchors covalently to the peptidomimetic compounds;
mixing the peptidomimetic compounds with lipids to form liposomes;

contacting a target tissue with the peptidomimetic compounds;

isolating those peptidomimetic compounds that binding specifically to the target tissue; and
characterizing the formula of the composition that bound specifically to the target tissue.

46. A method of screening for a peptidomimetic compound that binds to a target tissue or cell

comprising the steps of:
preparing a peptidomimetic library of compositions of formula:
A-scaffold-A’,

wherein A and A’ comprise peptidomimetic compounds, wherein each monovalent peptidomimetic
compound is selected from the group consisting of fragments IKs, GKs, IDs, GSs, GTs, VSs, TKs,
KTs, ARs, KIs, KEs, AEs, GRs, YSs, IRs, and morpholino;

attaching one or more bi-lipid layer anchors covalently to the peptidomimetic compounds;

mixing the peptidomimetic compounds with lipids to form liposomes, wherein the liposomes further

comprise a nucleic acid for delivery to a cell;

contacting a target tissue with the peptidomimetic compounds;

isolating those peptidomimetic compounds that binding specifically to the target tissue; and
characterizing the formula of the composition that bound specifically to the target tissue.

47. The method of claim 46, wherein the target tissue is defined further as cells in tissue culture.

48. The method of claim 46, wherein the target tissue is defined further as cells in tissue culture

and the cells are selected based on the effect of the nucleic acid on the cells.

49. The method of claim 46, wherein the target tissue is defined further as cells in tissue culture,
wherein the nucleic acid is a selective marker for negative or positive selection, expresses a selective

marker for positive or negative selection, or expresses a detectable marker.



