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(57) ABSTRACT 

The present invention includes compositions and methods for 
making and using a drug conjugated to a peptide or protein 
that binds speci?cally to a ligand in vivo, Wherein the conju 
gate binds to its ligand in vivo and increases the half-life of the 
drug. 
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DIRECT UTILIZATION OF PLASMA 
PROTEINS FOR THE IN VIVO ASSEMBLY OF 

PROTEIN-DRUG/IMAGING AGENT 
CONJUGATES, NANOCARRIERS AND 
COATINGS FOR BIOMATERIALS 

TECHNICAL FIELD OF THE INVENTION 

[0001] The present invention relates in general to the ?eld 
of in vivo assembly of conjugates, and more particularly, to 
compositions and methods for the targeted delivery of active 
agents in in vivo. 

STATEMENT OF FEDERALLY FUNDED 
RESEARCH 

[0002] None. 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0003] This application claims bene?t of US. Provisional 
Application Ser. No. 61/141,536 ?led on Dec. 30, 2008, 
Which is incorporated herein by reference in its entirety. 

INCORPORATION-BY-REFERENCE OF 
MATERIALS FILED ON COMPACT DISC 

[0004] None. 

BACKGROUND OF THE INVENTION 

[0005] Without limiting the scope of the invention, its back 
ground is described in connection With the delivery of active 
agents in vivo. 
[0006] It is Well knoWn that loW-molecular Weight pharma 
ceutics are rapidly cleared from circulation folloWing intra 
venous injection. This restricts the amount of time a thera 
peutically relevant dose can be maintained and greatly limits 
the effectiveness of many of these compounds.A great deal of 
research has been conducted in an effort to prolong plasma 
residence times via conjugation to macromolecular con 
structs that display extended circulation pro?les, such as 
polymers or proteins. HoWever, these methods require the 
conjugation to be carried out ex vivo. 
[0007] One such method is taught in US. Pat. No. 7,344, 
698, issued to LanZa, et al., for Integrin targeted imaging 
agents. Brie?y, this patent teaches emulsions of nanoparticles 
formed from high boiling liquid per?uorochemical sub 
stances, Wherein the particles are coated With a lipid/surfac 
tant coating are made speci?c to regions of activated endot 
helial cells by coupling said nanoparticles to a ligand speci?c 
for OM33 integrin, other than an antibody. The nanoparticles 
may further include biologically active agents, radionuclides, 
or other imaging agents. 
[0008] Yet another example is US. Pat. No. 6,818,630, 
issued to Duncan, et al., for biologically active materials, 
particularly materials that comprise a biodegradeable poly 
mer, linked to a biologically active agent. The patent is said to 
teach materials knoWn as polymer-drug conjugates that typi 
cally contain a therapeutic agent, for instance a bioactive 
cytotoxic drug linked to a polymer backbone (the linkage is 
typically a convalent linkage). In some embodiments the dis 
closure concerns other polymer conjugates including those 
Where the biologically active agent is an imaging agent, such 
as a tyrosinamide, a diagnostic agent, or a targeting agent, 
such as biotin. 
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[0009] Yet another example is US. Pat. No. 5,965,131, 
issued to Grif?ths, et al., for the delivery of diagnostic and 
therapeutic agents to a target site. Brie?y, this patent teaches 
improved in vivo pretargeting methods for delivering diag 
nostic or therapeutic agents to a target site in a mammal uses 
a clearing agent that binds to the target-binding site of the 
targeting species, Whereby non-bound primary targeting spe 
cies is cleared from circulation but the clearing agent does not 
remove the bound primary targeting species. Anti-idiotype 
antibodies and antibody fragments are preferred clearing 
agents. Fast clearance is achieved by glycosylating the clear 
ing agent With sugar residues that bind to the hepatic asia 
loglycoprotein receptor. 

SUMMARY OF THE INVENTION 

[0010] In one embodiment, the present invention includes 
compositions and methods for targeted drug delivery com 
prising: identifying a patient in need of drug therapy; attach 
ing a drug to a molecular recognition element to form a 
drug-molecular recognition element conjugate that binds spe 
ci?cally to a target in vivo, and treating the patient With the 
conjugate, Wherein the conjugate binds its ligand in vivo and 
increases the half-life of the drug. In one aspect, the ligand 
comprises a serum protein, a cell surface, a cancer, or a tissue. 
In another aspect, the drug and the molecular recognition 
element are conjugated by a biodegradable linker. In another 
aspect, the drug and the molecular recognition element are 
conjugated by a cleavable linker. In another aspect, the drug 
and the molecular recognition element are conjugated by a 
stimuli-responsive cleavable linker. In another aspect, the 
molecular recognition element binds to its ligand in vivo With 
an a?inity greater than 100 nM. In another aspect, the 
molecular recognition element is multimeric and generates 
plasma protein-based nanoparticles in vivo. In another aspect, 
the molecular recognition element directs assembly of a pro 
tective protein coat to the surface of nanoparticles in vivo. In 
another aspect, the molecular recognition element binds a 
biomaterial surface and directs protein opsoniZation to the 
biomaterials surface. 
[0011] In another embodiment, the present invention 
includes a composition comprising a drug conjugated to a 
molecular recognition element that binds speci?cally to a 
ligand in vivo, Wherein the conjugate binds to its ligand in 
vivo and increases the half-life of the drug. In another 
embodiment, the present invention includes a composition 
comprising a drug conjugated to a peptide or protein that 
binds speci?cally to a ligand in vivo, Wherein the conjugate 
binds to its ligand in vivo and increases the half-life of the 
drug. In one aspect, the ligand comprises a serum protein, a 
cell surface, a cancer, or a tissue. In another aspect, the drug 
and the molecular recognition element are conjugated by a 
biodegradable linker. In another aspect, the drug and the 
molecular recognition element are conjugated by a cleavable 
linker. In another aspect, the drug and the molecular recog 
nition element are conjugated by a stimuli-responsive cleav 
able linker. In another aspect, the molecular recognition ele 
ment binds to its ligand in vivo With an a?inity greater than 
100 nM. In another aspect, the molecular recognition element 
is multimeric and generates plasma protein-based nanopar 
ticles in vivo. In another aspect, the molecular recognition 
element directs assembly of a protective protein coat to the 
surface of nanoparticles in vivo. In another aspect, the 
molecular recognition element binds a biomaterial surface 
and directs protein opsoniZation to the biomaterials surface. 
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[0012] The present invention also include a composition 
and a method for targeted drug delivery comprising: identi 
fying a patient in need of drug therapy; attaching a drug to a 
peptide or protein to form a drug-ligand binding peptide or 
protein conjugate that binds speci?cally to a ligand in vivo; 
and treating the patient With the conjugate, Wherein the con 
jugate binds its ligand in vivo and increases the half-life of the 
drug. In yet another embodiment, the present invention 
includes a composition and a method of making the compo 
sition for targeting a ligand for delivery of a drug in vivo 
comprising identifying a ligand, isolating a ligand-speci?c 
molecular recognition element speci?c for the ligand, 
Wherein the molecular recognition element is capable of 
binding to the ligand in vivo, and attaching a drug to the 
molecular recognition element. In one aspect, the ligand com 
prises a serum protein, a cell surface, a cancer, or a tissue. In 
another aspect, the drug and the molecular recognition ele 
ment are conjugated by a biodegradable linker. In another 
aspect, the drug and the molecular recognition element are 
conjugated by a cleavable linker. In another aspect, the drug 
and the molecular recognition element are conjugated by a 
stimuli-responsive cleavable linker. In another aspect, the 
molecular recognition element binds to its ligand in vivo With 
an a?inity greater than 100 nM. In another aspect, the 
molecular recognition element is multimeric and generates 
plasma protein-based nanoparticles in vivo. In another aspect, 
the molecular recognition element directs assembly of a pro 
tective protein coat to the surface of nanoparticles in vivo. In 
another aspect, the molecular recognition element binds a 
biomaterial surface and directs protein opsoniZation to the 
biomaterials surface. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0013] 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 ?gures and in Which: 
[0014] FIG. 1 shoWs the direct opsoniZation method of the 
present invention in Which the opsoniZing molecules are pre 
attached to the surface using direct conjugation rather than 
random binding. 

DETAILED DESCRIPTION OF THE INVENTION 

[0015] While the making and using of various embodi 
ments of the present invention are discussed in detail beloW, it 
should be appreciated that the present invention provides 
many applicable inventive concepts that can be embodied in a 
Wide variety of speci?c contexts. The speci?c embodiments 
discussed herein are merely illustrative of speci?c Ways to 
make and use the invention and do not delimit the scope of the 
invention. 

[0016] To facilitate the understanding of this invention, a 
number of terms are de?ned beloW. Terms de?ned herein have 
meanings as commonly understood by a person of ordinary 
skill in the areas relevant to the present invention. Terms such 
as “a”, “an” and “the” are not intended to refer to only a 
singular entity, but include the general class of Which a spe 
ci?c example may be used for illustration. The terminology 
herein is used to describe speci?c embodiments of the inven 
tion, but their usage does not delimit the invention, except as 
outlined in the claims. 
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[0017] The present invention can be used to target a Wide 
variety of proteins, carbohydrates, lipids and combinations 
thereof for both the delivery and targeting of the molecules. 
[0018] As used herein, the term “antibody” refers to a pro 
tein produced by a mammalian immune system that binds 
tightly and speci?cally to particular molecules. 
[0019] As used herein, the term “antigen” refers to a ligand 
that is bound speci?cally by an antibody. 
[0020] As used herein, the term “biodegradable” refers to 
degradation in a biological system, for example, enZymatic 
degradation or chemical degradation. For example, a biode 
gradable linker is a chemical moiety that is degradable under 
physiologic conditions and that upon degradation releases 
previously linked into individual molecular entities. 
[0021] As used herein, the terms “drug,” “therapeutic,” or 
“active agent” refer to any molecule, molecular complex or 
substance administered to an organism for diagnostic or 
therapeutic purposes, including the treatment of a disease or 
infection, medical imaging, monitoring, contraceptive, cos 
metic, nutraceutical, pharmaceutical and prophylactic appli 
cations. The term “drug” includes any such molecule, 
molecular complex or substance that is chemically modi?ed 
and/or operatively attached to a biologic or biocompatible 
structure. The term “prodrug” refers to a drug, drug precursor 
or modi?ed drug that is not fully active or available until 
converted in vivo to its therapeutically active or available 
form. The term “prodrug complex” refers to a prodrug com 
prising at least tWo noncovalently bound molecules and 
includes, Without limitation, a drug speci?cally bound to a 
synthetic receptor. The term “multi-prodrug complex,” also 
described herein as a “multi-prodrug reservoir,” refers to a 
prodrug complex comprising at least tWo drug molecules 
speci?cally bound to at least tWo synthetic receptors. 
[0022] As used herein, the terms “speci?cally bind,” “spe 
ci?cally bound” and “speci?c binding” refer to saturable, 
noncovalent interaction betWeen a ligand and a receptor that 
can be competitively inhibited by structural analogs of the 
ligand. 
[0023] As used herein, the term “ligand” refers to any 
serum protein, host cell, cell surface antigen, cell surface 
receptor, or host organ that may be used to be bound to the 
molecular recognition element in vivo. Other non-limiting 
examples of ligands include groWth factors, cytokines, pros 
thetic groups, coenZymes, cofactors, regulatory factors, anti 
gens, receptors, haptens, vitamins, nucleic acids and natural 
or synthetic heteropolymers comprising amino acids, nucle 
otides, carbohydrates or non-biologic monomers, including 
analogs and derivatives thereof, and conjugates or complexes 
formed by attaching or binding any of these molecules to a 
second molecule. Generally, the ligands for the present inven 
tion are serum proteins. 

[0024] As used herein, the term “receptor” refers to a spe 
ci?c binding partner of a ligand and includes, Without limi 
tation, membrane receptors, soluble receptors, cloned recep 
tors, recombinant receptors, hormone receptors, drug 
receptors, transmitter receptors, autacoid receptors, cytokine 
receptors, antibodies, antibody fragments, engineered anti 
bodies, antibody mimics, molecular recognition units, adhe 
sion molecules, agglutinins, integrins, selectins, nucleic acids 
and synthetic heteropolymers comprising amino acids, nucle 
otides, carbohydrates or non-biologic monomers, including 
analogs and derivatives thereof, and conjugates or complexes 
formed by attaching or binding any of these molecules to a 
second molecule. 
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[0025] As used herein, the term “drug-ligand binding pep 
tide conjugate” or “drug-ligand binding protein conjugate” 
refers to a molecule that includes tWo domains, one domain 
that binds speci?cally to a ligand in vivo, and a second 
domain that includes a drug. For example, the present inven 
tion may include a drug-ligand binding peptide or protein 
conjugate that includes an antibody or fragment thereof (e.g., 
a humanized antibody fragment) that binds speci?cally to a 
serum protein (e.g., Complement cascade proteins, albumin, 
LDL, HDL, VLDL) and that forms a conjugate in vivo that 
then helps deliver the drug to a target Within the body. In one 
example, the drug-ligand binding peptide or protein conju 
gate modi?es the half-life of the drug (for example increases 
the half life) and can also increase the relative concentration 
of the drug at the target site. 
[0026] As used herein, the term “molecular recognition 
element” refers to molecules capable of speci?cally (i.e., 
non-randomly) binding to, hybridiZing to, or otherWise inter 
acting With a desired ligand molecule. Examples of molecular 
recognition elements include, but are not limited to, polypep 
tides (e.g., antigen binding proteins, receptor ligands, signal 
peptides, hydrophobic membrane spanning domains), anti 
bodies (and portions thereof), nucleic acid molecules (e.g., 
RNA and DNA, including ligand-binding RNA molecules), 
organic molecules (e.g., biotin, carbohydrates, glycopro 
teins), and inorganic molecules (e.g., vitamins). A given drug 
may be bound to one or more molecular recognition elements. 

[0027] As used herein, the term “target” refers to cells, 
organs or the organism in need to treatment With a drug or 
active agent. In certain cases, the target Will be diseases cells, 
disease causing cells, autoimmune, microorganism, bacteria, 
virus, fungus, plant, protoZoa, or pathogen or portion of an 
organism, cell, microorganism, bacteria, virus, fungus, plant, 
prion, protoZoa or pathogen. 
[0028] Other methods for screening ligands for protein 
binding can be envisioned. Methods Which are “loW through 
put” are less desirable than high through-put ones such as a 
one-bead-one-compound (OBOC) peptide library. Other 
methods are knoWn for generating combinatorial peptide 
libraries. 
[0029] The present invention provides compositions and 
methods for enhancing immune responses Will likely be pos 
sible using methods outlined here. Many cancer types avoid 
immune recognition through tolerance mechanisms. This tol 
erance could be overcome by selectively tagging proteins on 
the surface of cancer cells With stimulatory signals for the 
immune system, such as tagging With non-speci?c lgG. 

Example 1 

Novel Small-Molecule Conjugates Capable of Bind 
ing With High Af?nity to Plasma Proteins 

[0030] LoW-molecular Weight pharmaceutics are rapidly 
cleared from circulation folloWing intravenous injection. 
Rapid clearing restricts the amount of time a therapeutically 
relevant dose can be maintained and greatly limits the effec 
tiveness of many of these compounds. A great deal of research 
has been conducted in an effort to prolong plasma residence 
times via conjugation to macromolecular constructs that dis 
play extended circulation pro?les, such as polymers or pro 
teins. Prior art methods almost exclusively require the conju 
gation to be carried out ex vivo. An in vivo method is more 
desirable, and this embodiment of the invention encompasses 
a method for attaching the loW molecular Weight therapeutics 
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to speci?c proteins in vivo to extend their plasma half-lives. 
The conjugate includes a molecular recognition element 
(e.g., a protein or peptide that speci?cally binds to a ligand in 
vivo) speci?c for a desired plasma protein and a therapeutic. 
For example, a ligand that binds non-covalently to albumin 
With high-a?inity and selectivity is elucidated by using a 
one-bead-one-compound (OBOC) peptide library used to 
?nd molecular recognition elements (also referred to herein 
as targeting ligands) for, e.g., cancer cells. A high-a?inity 
ligand is linked to a therapeutic molecule through either a 
degradable or non-degradable linker. When administered by 
intravenous injection, this conjugate should selectively bind 
to albumin in circulation, Which reduces the rate of clearance 
of the therapeutic. TWo aspects of the conjugate are impor 
tant: 1) choice of ligand proteinia Wide variety of plasma 
proteins can be targeted including: albumin, transferrin, as 
Well as proteins expressed on the surface of red blood cells, 
etc., With the identity of the ligand protein altering the bio 
distribution of the therapeutic and engendering the ability to 
target speci?c cells or tissues, 2) the release of the therapeutic 
can be facilitated by either tailoring the af?nity of the molecu 
lar recognition element or targeting ligand for it’s ligand to 
achieve the desired release rate pro?le or by incorporating a 
stimuli-responsive linker betWeen the molecular recognition 
element and the drug, therapeutic or active agent. 

Example 2 

Nanoparticles Assembled In Vivo 

[0031] Conjugates described in example 1 in Which the 
targeting ligand is made multimeric are used to generate 
plasma protein-based nanoparticles in vivo. Therapeutics 
contained in these nanoparticles can display signi?cantly dif 
ferent biodistribution pro?les compared to free therapeutic or 
even conjugates from example 1. Release of therapeutic is 
achieved as outlined in example 1. 

Example 3 

Directed Assembly of a Protective Protein Coat to 
the Surface of Nanoparticles In Vivo 

[0032] Plasma protein targeting ligands such as those 
described in example 1 are conjugated to the surface of nano 
particles to facilitate the binding of target proteins to the 
surface of the particle upon intravenous injection. The pro 
teins bound as a result of binding camou?age the particle and 
reduce particle recognition by cells of the immune system, 
such as macrophages, thereby extending the circulation time 
of the nanoparticle. 

Example 4 

Directed Protein OpsoniZation to Biomaterials Sur 
faces 

[0033] Custom-tailored materials ?nd Widespread use in 
drug delivery, tissue engineering, bioanalytical chemistry, 
and implantable medical devices. Despite their Widespread 
use, a detailed understanding of hoW these materials interact 
With living systems is still lacking. When a material is intro 
duced to the body, a complex series of events ensue beginning 
With protein adsorption to the surface of the material (op 
soniZation), Which leads either to local in?ammation or to 
sequestration of the material by cells of the immune system. 
In the case of an implanted material, the foreign body 
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response (FBR) universally occurs. This response begins With 
opsoniZation, Which leads to in?ammation and ultimately to 
encapsulation of the material in a dense ?brous coat. Mac 
rophages, a sub-set of leukocytes, play an important role in 
FBR. When they encounter an implanted material, they 
remain at the Wound site inde?nitely eventually fusing 
together to form foreign body giant cells (FBGC) at the mate 
rial/tissue interface. These cells, observed exclusively during 
FBR, release toxic and in?ammatory compounds at the 
Wound site. 
[0034] OpsoniZation plays a central role in the activation of 
the immune system. It begins immediately after a material 
comes in contact With plasma. The exact nature of the types 
and quantities of proteins, and their conformations, dictate 
the body’s reaction to the material. It is therefore paramount 
that this process be harnessed and used to orchestrate desired 
outcomes based on application-speci?c requirements. The 
mechanisms involved are not Well understood; hoWever, the 
major opsonins are knoWn. lmmunoglobulin and comple 
ment proteins are the predominant contributors to the recog 
nition of foreign materials by macrophages. lmmunoglobulin 
adsorbed to the surface binds to macrophages through an Fc 
receptor on the macrophage. This attachment results in adher 
ence to the material and possibly to intemaliZation depending 
on the siZe of the material relative to that of the cell. Adsorp 
tion of complement protein C3 can induce conformational 
changes in the protein’s structure that activate it toWard cleav 
age to C3b. Macrophages express a receptor to C3b (CR1), 
Which again facilitates attachment to the material. 
[0035] FIG. 1 shoWs the direct opsoniZation method of the 
present invention in Which the opsoniZing molecules are pre 
attached to the surface using direct conjugation rather than 
random binding. 
[0036] This example of the invention describes the eluci 
dation of peptide-based ligands capable of high-af?nity bind 
ing to speci?c plasma proteins like those described in 
example 1. These ligands, When immobilized on the surfaces 
of biomaterials, direct protein adsorption in vivo. For 
example, a high-a?inity peptide ligand for albumin bound to 
the surface of a material adsorbs albumin upon exposure to 
plasma (albumin makes up ~60% of blood protein). Similarly, 
a material coated With a hi gh-a?inity peptide ligand for trans 
ferrin Will bind that protein When exposed to plasma. Using 
this method controls Which proteins adsorb to the surface of 
biomaterials, and in What proportions. 
[0037] Methods used extensively in the search for cancer 
targeting ligands are employed to identify short peptide 
sequences capable of binding to various plasma proteins. 
Using a one-bead-one-compound (OBOC) library, 1><104-1>< 
108 individual peptide sequences are generated via traditional 
solid-phase peptide synthesis (TantaGel S NH2 resin, 130 
pm). A 4-hydroxymethylbenZoic acid resin linker is used to 
facilitate sequencing via MALDI-TOF mass spec analysis. 
Beads are screened for binding to the desired ?uorescently 
labeled protein. Positive hits Will be identi?ed via ?uores 
cence microscopy, removed from solution using a micro 
pipette, and analyZed by mass spec. A batch of beads With 
only this peptide on the surface is synthesiZed. These beads 
are incubated With plasma and the identities of bound proteins 
determined via standard methods. 

[0038] This invention makes possible the in vivo recruit 
ment of proteins to the material surface that can be used to 
dictate the body’s response to the material. Vascular endot 
helial groWth factor (V EGF) can be recruited to promote 
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Wound healing and ligands capable of binding to inhibitory 
receptors expressed by macrophages Will be used to decrease 
in?ammation near the biomaterial surface. Cell-type speci?c 
ligands Will be used to promote selective coloniZation of the 
biomaterial surface. 
[0039] It is contemplated that any embodiment discussed in 
this speci?cation 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. 
[0040] 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 speci?c 
procedures described herein. Such equivalents are considered 
to be Within the scope of this invention and are covered by the 
claims. 
[0041] All publications and patent applications mentioned 
in the speci?cation are indicative of the level of skill of those 
skilled in the art to Which this invention pertains. All publi 
cations and patent applications are herein incorporated by 
reference to the same extent as if each individual publication 
or patent application Was speci?cally and individually indi 
cated to be incorporated by reference. 
[0042] The use of the Word “a” or “an” When used in con 
junction With the term “comprising” in the claims and/or the 
speci?cation may mean “one,” but it is also consistent With 
the meaning of “one or more,” “at least one,” and “one or more 
than one.” The use of the term “or” in the claims is used to 
mean “and/or” unless explicitly indicated to refer to altema 
tives only or the alternatives are mutually exclusive, although 
the disclosure supports a de?nition that refers to only alter 
natives and “and/or.” Throughout this application, the term 
“about” is used to indicate that a value includes the inherent 
variation of error for the device, the method being employed 
to determine the value, or the variation that exists among the 
study subjects. 
[0043] As used in this speci?cation and claim(s), the Words 
“comprising” (and any form of comprising, such as “com 
prise” and “comprises”), “having” (and any form of having, 
such as “have” and “has”), “including” (and any form of 
including, such as “includes” and “include”) or “containing” 
(and any form of containing, such as “contains” and “con 
tain”) are inclusive or open-ended and do not exclude addi 
tional, unrecited elements or method steps. 
[0044] The term “or combinations thereof’ as used herein 
refers to all permutations and combinations of the listed items 
preceding the term. For example, “A, B, C, or combinations 
thereof’ is intended to include at least one of: A, B, C, AB, 
AC, BC, or ABC, and if order is important in a particular 
context, also BA, CA, CB, CBA, BCA, ACB, BAC, or CAB. 
Continuing With this example, expressly included are combi 
nations that contain repeats of one or more item or term, such 

as BB, AAA, MB, BBC, AAABCCCC, CBBAAA, 
CABABB, and so forth. The skilled artisan Will understand 
that typically there is no limit on the number of items or terms 
in any combination, unless otherWise apparent from the con 
text. 

[0045] 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 
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compositions and methods of this invention have been 
described in terms of preferred embodiments, it Will be appar 
ent to those of skill in the art that variations may be applied to 
the compositions and/or methods and in the 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 modi?cations apparent to 
those skilled in the art are deemed to be Within the spirit, 
scope and concept of the invention as de?ned by the appended 
claims. 
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What is claimed is: 
1. A method for targeted drug delivery comprising: 
identifying a patient in need of drug therapy; 
attaching a drug to a molecular recognition element to form 

a drug-molecular recognition element conjugate that 
binds speci?cally to a target in vivo; and 

treating the patient With the conjugate, Wherein the conju 
gate binds its ligand in vivo and increases the half-life of 
the drug. 

2. The method of claim 1, Wherein the ligand comprises a 
serum protein, a cell surface, a cancer, or a tissue. 

3. The method of claim 1, Wherein the drug and the molecu 
lar recognition element are conjugated by a biodegradable 
linker. 

4. The method of claim 1, Wherein the drug and the molecu 
lar recognition element are conjugated by a cleavable linker. 

5. The method of claim 1, Wherein the drug and the molecu 
lar recognition element are conjugated by a stimuli-respon 
sive cleavable linker. 

6. The method of claim 1, Wherein the molecular recogni 
tion element binds to its ligand in vivo With an af?nity greater 
than 100 nM. 
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7. The method of claim 1, Wherein the molecular recogni 
tion element is multimeric and generates plasma protein 
based nanoparticles in vivo. 

8. The method of claim 1, Wherein the molecular recogni 
tion element directs assembly of a protective protein coat to 
the surface of nanoparticles in vivo. 

9. The method of claim 1, Wherein the molecular recogni 
tion element binds a biomaterial surface and directs protein 
opsoniZation to the biomaterials surface. 

10. A composition comprising a drug conjugated to a 
molecular recognition element that binds speci?cally to a 
ligand in vivo, Wherein the conjugate binds to its ligand in 
vivo and increases the half-life of the drug. 

11. The composition of claim 10, Wherein the ligand com 
prises a serum protein, a cell surface, a cancer, or a tissue. 

12. The composition of claim 10, Wherein the drug and the 
binding peptide or protein are conjugated by a biodegradable 
linker. 

13. The composition of claim 10, Wherein the drug and the 
binding peptide or protein are conjugated by a cleavable 
linker. 

14. The composition of claim 10, Wherein the drug and the 
binding peptide or protein are conjugated by a stimuli-re 
sponsive cleavable linker. 

15. The composition of claim 10, Wherein the binding 
peptide or protein binds to its ligand With an a?inity greater 
than 100 nM. 

16. The composition of claim 10, Wherein the binding 
peptide or protein is multimeric and generates plasma pro 
tein-based nanoparticles in vivo. 

17. The composition of claim 10, Wherein the binding 
peptide or protein directs assembly of a protective protein 
coat to the surface of nanoparticles in vivo. 

18. The composition of claim 10, Wherein the binding 
peptide or protein binds a biomaterial surface and directs 
protein opsoniZation to the biomaterials surface. 

19. A composition comprising a drug conjugated to a pep 
tide or protein that binds speci?cally to a ligand in vivo, 
Wherein the conjugate binds to its ligand in vivo and increases 
the half-life of the drug. 

20. The composition of claim 19, Wherein the ligand com 
prises a serum protein, a cell surface, a cancer, or a tissue. 

21. The composition of claim 19, Wherein the drug and the 
binding peptide or protein are conjugated by a biodegradable 
linker. 

22. The composition of claim 19, Wherein the drug and the 
binding peptide or protein are conjugated by a cleavable 
linker. 

23. The composition of claim 19, Wherein the drug and the 
binding peptide or protein are conjugated by a stimuli-re 
sponsive cleavable linker. 

24. The composition of claim 19, Wherein the binding 
peptide or protein binds to its ligand With an a?inity greater 
than 100 nM. 

25. The composition of claim 19, Wherein the binding 
peptide or protein is multimeric and generates plasma pro 
tein-based nanoparticles in vivo. 

26. The composition of claim 19, Wherein the binding 
peptide or protein directs assembly of a protective protein 
coat to the surface of nanoparticles in vivo. 

27. The composition of claim 19, Wherein the binding 
peptide or protein binds a biomaterial surface and directs 
protein opsoniZation to the biomaterials surface. 
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28. A method for targeted drug delivery comprising: 
identifying a patient in need of drug therapy; 
attaching a drug to a peptide or protein to form a drug 

ligand binding peptide or protein conjugate that binds 
speci?cally to a ligand in vivo, 

treating the patient With the conjugate, Wherein the conju 
gate binds its ligand in vivo and increases the half-life of 
the drug. 

29. The method of claim 28, Wherein the ligand comprises 
a serum protein, a cell surface, a cancer, or a tissue. 

30. The method of claim 28, Wherein the drug and the 
binding peptide or protein are conjugated by a biodegradable 
linker. 

31. The method of claim 28, Wherein the drug and the 
binding peptide or protein are conjugated by a cleavable 
linker. 

32. The method of claim 28, Wherein the drug and the 
binding peptide or protein are conjugated by a stimuli-re 
sponsive cleavable linker. 

33. The method of claim 28, Wherein the binding peptide or 
protein binds to its ligand in vivo With an a?inity greater than 
100 nM. 

Jul. 1,2010 

34. The method of claim 28, Wherein the binding peptide or 
protein is multimeric and generates plasma protein-based 
nanoparticles in vivo. 

35. The method of claim 28, Wherein the binding peptide or 
protein directs assembly of a protective protein coat to the 
surface of nanoparticles in vivo. 

3 6. The method of claim 28, Wherein the binding peptide or 
protein binds a biomaterial surface and directs protein 
opsoniZation to the biomaterials surface. 

37. A method of making the composition for targeting a 
ligand for delivery of a drug in vivo comprising: identifying a 
ligand, isolating a ligand-speci?c molecular recognition ele 
ment speci?c for the ligand, Wherein the molecular recogni 
tion element is capable of binding to the ligand in vivo, and 
attaching a drug to the molecular recognition element. 
38.A composition made by the method comprising: select 

ing a ligand for targeting the delivery of a drug in vivo com 
prising identifying a ligand, isolating a ligand-speci?c 
molecular recognition element speci?c for the ligand, 
Wherein the molecular recognition element is capable of 
binding to the ligand in vivo, and attaching a drug to the 
molecular recognition element. 

* * * * * 


