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ABSTRACT

Compositions useful for target detection, imaging and treat-

ment, as well as methods of production and use thereof, are

disclosed herein.
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COMPOSITIONS USEFUL FOR TARGET,
DETECTION, IMAGING AND TREATMENT,
AND METHODS OF PRODUCTION AND USE
THEREOF

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims benefit under 35 U.S.C. 119
(e)of U.S. Ser. No. 61/387,137, filed Sep. 28,2010. The entire
contents of the above-referenced application are expressly
incorporated herein by reference.

STATEMENT REGARDING FEDERALLY
SPONSORED RESEARCH OR DEVELOPMENT

[0002] Not Applicable.

BACKGROUND OF THE INVENTIVE

CONCEPT(S)
[0003] 1. Field of the Inventive Concept(s)
[0004] The presently disclosed and claimed inventive con-

cept(s) relates generally to compositions useful in target
detection and/or treatment, as well as methods of producing
and using same.

[0005] 2. Description of the Background Art

[0006] Targeted microbubbles are an important and emerg-
ing ultrasound molecular imaging and therapy tool. Many
disease states such as but not limited to, cancer, inflammation
and thrombosis have unique expression of proteins on the
surface of the vascular lumen.

[0007] Lanza et al. (1996) describe the sequential delivery
of a biotinylated biomarker, avidin, and perfluorocarbon
emulsion. In U.S. Pat. No. 7,186,399, Lanza et al. describe an
in vivo or in vitro method for ligand-based binding of lipid
encapsulated particles to molecular epitopes on a surface.
This is accomplished by the sequential delivery of a site
specific ligand activated with biotin activating agent, an avi-
din activating agent, and lipid encapsulated particles acti-
vated with a biotin activating agent.

[0008] The simultaneous delivery of targeted higher order
aggregates of contrast agents has also been described in the
literature. These higher order aggregates employ
microbubbles, liposomes, nanoparticles, bubble liposomes,
liposomal bubbles, nanostructured materials, supramolecular
aggregates, quantum dotes, nanotubes, and micelles in vari-
ous combinations. Many of these particles are multimodal
and have therapeutic properties. See for example, Lentacker
et al. (2010); Suzuki et al. (2007 and 2008); Myhr et al.
(2006); Tinkov et al. (2009); Kheirolomoom et al. (2007);
Huang (2008); Kim et al. (2009); Cai et al. (2008); Accardo et
al. (2009); Ghaleb et al. (2008); Husseini et al. (2008);
Schroeder et al. (2009); McCarthy et al. (2008); U.S. Pat. No.
7,078,015. The entire contents of each of the above-refer-
enced patents and publications are hereby expressly incorpo-
rated by reference herein.

[0009] Unfortunately, typical adhesion rates of
microbubbles retained at the target site are low (on the order
of 10 microbubbles per microliter of tissue (Dayton, 2009)),
even with the addition of acoustic radiation force. In particu-
lar, Dayton (2009) listed the following limitations for targeted
contrast agent technology: (1) the low number of contrast
agents adherent to a target site; (2) lack of sensitivity to small
numbers of contrast agents; and (3) the high background from
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circulating untargeted contrast. These limitations are dis-
cussed in greater detail herein below.

[0010] While targeted ultrasound contrast agents demon-
strate good specificity to disease, the diagnosis of disease
states is limited by the sensitivity attainable by imaging tech-
nologies. When contrast agents target specific sites, they are
limited to the number of binding sites available on the endot-
helial surface of the lumen, and therefore one binding site
only allows binding of a single microbubble. In addition, the
interaction of the microbubble with sites on the endothelial
surface is limited by the shear forces created by blood flow
through the lumen; thus, the microbubble cannot bind to a
surface that it does not “touch” (i.e., with which it comes into
contact). Therefore, the prior art methods result in typical
binding levels of about 10 microbubbles per microliter.
[0011] Furthertechnical limitations of the prior art reside in
the imaging equipment: depth and frequency dependent
attenuation is seen with ultrasound, and at high power imag-
ing, the high peak negative pressures result in burst
microbubbles. In addition, similar depth limitations are seen
with other imaging modalities, such as but not limited to, MRI
and PET.

[0012] Therefore, there is a need in the art for new and
improved agents useful in targeted imaging and/or treatment.
It is to such compositions, as well as methods of producing
and using same, that the presently disclosed and claimed
inventive concept(s) is directed.

BRIEF DESCRIPTIONS OF THE DRAWINGS

[0013] FIG. 1 depicts a universal multi-modal targeting and
therapeutic system of the presently disclosed and claimed
inventive concept(s).

[0014] FIG. 2 illustrates the sequentially deliverable com-
binable formulation of the presently disclosed and claimed
inventive concept(s).

[0015] FIG. 3 graphically depicts that amplification
improves contrast agent imaging penetration.

[0016] FIG. 4 graphically depicts the power dissipationin 1
mm?® of tissue versus frequency.

[0017] FIG. 5 graphically depicts heating time versus fre-
quency.
[0018] FIG. 6A graphically depicts single stage amplifica-

tion of a single targeting liposome. The targeting liposome
(Stage I agent) is shown in black.

[0019] FIG. 6B graphically depicts a second stage of ampli-
fication of a single targeting liposome. The single targeting
liposome is shown in black, and the nine adhering amplifica-
tion liposomes (Stage II agents) are shown in grey. Twenty
eight imaging liposomes (Stage III agents) that form the final
adhering cluster are shown as circles without fill.

[0020] FIG. 7a illustrates a dose response curve establish-
ing the relationship between the signal magnitude and the
binding of microbubbles. The table in FIG. 75 summarizes
the multistage amplification of microbubbles using BIA-
CORE™ X100 Optical Biosensor.

[0021] FIGS. 8-10 contain photomicrographs of dark phase
confocal microscopy illustrating in vitro assembly of multi-
stage complexes insitu. FIG. 8 illustrates Stage I binding (i.e.,
binding of targeting agent), F1G. 9 illustrates Stage [1 binding
(i.e., binding of amplification agent), and FIG. 10 illustrates
Stage III binding (i.e., binding of imaging agent).

[0022] FIG. 11 contains photomicrographs illustrating in
vitro assembly of Stage [ targeting and Stage Il amplification.
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DETAILED DESCRIPTION OF THE INVENTIVE
CONCEPT(S)

[0023] Before explaining at least one embodiment of the
inventive concept(s) in detail by way of exemplary drawings,
experimentation, results, and laboratory procedures, itis to be
understood that the inventive concept(s) is not limited in its
application to the details of construction and the arrangement
of the components set forth in the following description or
illustrated in the drawings, experimentation and/or results.
The inventive concept(s) is capable of other embodiments or
of'being practiced or carried out in various ways. As such, the
language used herein is intended to be given the broadest
possible scope and meaning; and the embodiments are meant
to be exemplary—not exhaustive. Also, it is to be understood
that the phraseology and terminology employed herein is for
the purpose of description and should not be regarded as
limiting.

[0024] Unless otherwise defined herein, scientific and tech-
nical terms used in connection with the presently disclosed
and claimed inventive concept(s) shall have the meanings that
are commonly understood by those of ordinary skill in the art.
Further, unless otherwise required by context, singular terms
shall include pluralities and plural terms shall include the
singular. Generally, nomenclatures utilized in connection
with, and techniques of, cell and tissue culture, molecular
biology, and protein and oligo- or polynucleotide chemistry
and hybridization described herein are those well known and
commonly used in the art. Standard techniques are used for
recombinant DNA, oligonucleotide synthesis, and tissue cul-
ture and transformation (e.g., electroporation, lipofection).
Enzymatic reactions and purification techniques are per-
formed according to manufacturer’s specifications or as com-
monly accomplished in the art or as described herein. The
foregoing techniques and procedures are generally performed
according to conventional methods well known in the art and
as described in various general and more specific references
that are cited and discussed throughout the present specifica-
tion. See e.g., Sambrook et al. Molecular Cloning: A Labo-
ratory Manual (2nd ed., Cold Spring Harbor Laboratory
Press, Cold Spring Harbor, N.Y. (1989) and Coligan et al.
Current Protocols in Immunology (Current Protocols, Wiley
Interscience (1994)), which are incorporated herein by refer-
ence. The nomenclatures utilized in connection with, and the
laboratory procedures and techniques of, analytical chemis-
try, synthetic organic chemistry, and medicinal and pharma-
ceutical chemistry described herein are those well known and
commonly used in the art. Standard techniques are used for
chemical syntheses, chemical analyses, pharmaceutical
preparation, formulation, and delivery, and treatment of
patients.

[0025] 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 publi-
cations and patent applications are herein incorporated by
reference to the same extent as if each individual publication
or patent application was specifically and individually indi-
cated to be incorporated by reference.

[0026] 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 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
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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 skilled in the art are deemed to be within the spirit,
scope and concept of the inventive concept(s) as defined by
the appended claims.

[0027] As utilized in accordance with the present disclo-
sure, the following terms, unless otherwise indicated, shall be
understood to have the following meanings:

[0028] The use of the word “a” or “an” when used in con-
junction with the term “comprising” in the claims and/or the
specification 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 alterna-
tives only or the alternatives are mutually exclusive, although
the disclosure supports a definition 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. The use of the term “at least one” will be
understood to include one as well as any quantity more than
one, including but not limited to, 2, 3, 4, 5, 10, 15, 20, 30, 40,
50, 100, etc. The term “at least one” may extend up to 100 or
1000 or more, depending on the term to which it is attached;
in addition, the quantities of 100/1000 are not to be consid-
ered limiting, as higher limits may also produce satisfactory
results.

[0029] 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 and/or the
variation that exists among study subjects.

[0030] As usedinthis specification 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.

[0031] 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.

[0032] The term “combinable formulation as used herein
will be understood to refer to a mixture of components that is
prepared according to a specific procedure and useful for one
ormore particular applications. In certain embodiments of the
presently disclosed and claimed inventive concept(s), the
components of the combinable formulation are not combined
together prior to administration; rather, the components are
provided separately and delivered serially or sequentially so
that the formulation/complex is formed in situ.



US 2013/0183234 Al

[0033] The term “agent” as used herein will be understood
to refer to any vehicle with a surface capable of having one or
more binding sites thereon for interaction with a target and/or
another agent in a lumen of a subject. In certain embodiments,
the “agent” may be selected from the group consisting of
vesicles, liposomes, echogenic liposomes, multimodal
echogenic liposomes, microbubbles, microballoons, micro-
spheres, matrix particles, micelles, aggregation based con-
structs, nanoparticles, perfluorocarbon nanodroplets, and
combinations thereof.

[0034] The term “contrast agent” as used herein will be
understood to a substance used to improve the resolution in
highlighting an organ or tissue during imaging analysis. Con-
trast agents are substances used to enhance the contrast of
structures or fluids within the body in medical imaging.
[0035] The term “targeted contrast agent” refers to a con-
trast agent that has a biomarker attached thereto that “targets”
the contrast agent to a target site to which the biomarker
binds.

[0036] The term “target” as used herein will be understood
to refer to any moiety present on a surface of a luminal wall,
wherein a targeting agent has affinity therefor and thus can
bind to said moiety. The “target” may be a peptide, polypep-
tide, protein, epitope, antigen, receptor, complex (i.e., an
MHC-peptide complex), and combinations or derivatives
thereof.

[0037] The term “binding site” as used in accordance with
the presently disclosed and claimed inventive concept(s) will
be understood to refer to any biomolecule that has binding
affinity to another substance/binding site and is capable of
forming a complex therewith, thereby providing affinity
between two agents/vesicles. For example but not by way of
limitation, the binding sites may be peptides, proteins, anti-
gens, antibodies, antibody fragments, receptors, ligands, gly-
coconjugates, and combinations or derivatives thereof. In one
embodiment, the “binding site” is one of a complimentary
pair (for example but not by way of limitation, biotin-avidin,
antibody-antigen, etc.). Materials should, in general, be
selected from a group that will not elicit an allergic response
but are not ordinarily found within the test lumen. Examples
of non-targeting binding sites (i.e., infrastructural binding
sites utilized for binding of amplification, imaging and/or
therapeutic agents to a previously targeted agent or agent
complex) that may be utilized in accordance with the pres-
ently disclosed and claimed inventive concept(s) include, but
are not limited to, proteins such as but not limited to creati-
nine-kinase-brain-type (CKBB), or therapeutic drugs such as
but not limited to carbamazepine, cortisol, tobramycin, theo-
phylline, phenytoin, vancomycin, digitoxin, digoxin, genta-
mycin, phenobarbital, and valproic acid, along with their
corresponding humanized antibodies.

[0038] The term “polypeptide” as used herein is a generic
term to refer to native protein, fragments, or analogs of a
polypeptide sequence. Hence, native protein, fragments, and
analogs are species of the polypeptide genus.

[0039] The term “receptor” as used herein will be under-
stood to include a biomolecule to which one or more specific
kinds of molecules (i.e., ligands) may attach. In one embodi-
ment, the term “receptor” refers to a ligand, any peptide,
protein, glycoprotein, polycarbohydrate, or lipid that is
expressed on the surface of a luminal wall of an organ/tissue
to be targeted and is exposed in a manner that will allow
interaction with a circulating targeting agent; that is, in said
embodiment, the “receptor” functions as a “target” as
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described in detail herein above. However, it is to be under-
stood that any receptors known in the art or otherwise con-
templated by a person of ordinary skill in the art may function
as a “binding site” as described herein above.

[0040] The term “naturally-occurring” as used herein as
applied to an object refers to the fact that an object can be
found in nature. For example, a polypeptide or polynucleotide
sequence that is present in an organism (including viruses)
that can be isolated from a source in nature and which has not
been intentionally modified by man in the laboratory or oth-
erwise is naturally-occurring.

[0041] “Antibody” or “antibody peptide(s)” refer to an
intact antibody, or a binding fragment thereof that competes
with the intact antibody for specific binding. The term “anti-
body” is used in the broadest sense, and specifically covers
monoclonal antibodies (including full length monoclonal
antibodies), polyclonal antibodies, multispecific antibodies
(e.g., bispecific antibodies), and antibody fragments (e.g.,
Fab, F(ab')2 and Fv) so long as they exhibit the desired bio-
logical activity. Antibodies (Abs) and immunoglobulins (Igs)
are glycoproteins having the same structural characteristics.
While antibodies exhibit binding specificity to a specific anti-
gen, immunoglobulins include both antibodies and other anti-
body-like molecules which lack antigen specificity. Antibody
binding fragments are produced by recombinant DNA tech-
niques, or by enzymatic or chemical cleavage of intact anti-
bodies. Binding fragments include Fab, Fab', F(ab")2, Fv, and
single-chain antibodies. An antibody other than a “bispecific”
or “bifunctional” antibody is understood to have each of its
binding sites identical.

[0042] A “chimeric” antibody refers to an antibody made
up of components from at least two different sources. In
certain embodiments, a chimeric antibody comprises a por-
tion of an antibody derived from a first species fused to
another molecule, e.g., a portion of an antibody derived from
a second species. In certain such embodiments, a chimeric
antibody comprises a portion of an antibody derived from a
non-human animal fused to a portion of an antibody derived
from a human. In certain such embodiments, a chimeric anti-
body comprises all or a portion of a variable region of an
antibody derived from a non-human animal fused to a con-
stant region of an antibody derived from a human.

[0043] When antibodies are utilized in accordance with the
presently disclosed and claimed inventive concept(s) and
administered to a human, said antibodies may be “human-
ized” to prevent elicitation of an immune response thereto. A
“humanized” antibody refers to a non-human antibody that
has been modified so that it more closely matches (in amino
acid sequence) a human antibody. The humanized antibodies
are engineered such that antigenic portions thereof are
removed and like portions of a human antibody are substi-
tuted therefore, while the antibodies’ affinity for the desired
epitope is retained. This engineering may only involve a few
amino acids, or may include portions or entire framework
regions, variable regions and/or complementarity determin-
ing regions (CDRs) of the antibody. A humanized antibody is
thus a type of chimeric antibody. Many methods of human-
izing antibodies are known in the art and are disclosed in U.S.
Pat. Nos. 6,180,370, issued to Queen et al. on Jan. 30, 2001;
6,054,927, issued to Brickell on Apr. 25, 2000; 5,869,619,
issued to Studnicka on Feb. 9, 1999; 5,861,155, issued to Lin
onlJan. 19,1999; 5,712,120, issued to Rodriquez et al. on Jan.
27, 1998; 5,225,539, issued to Winter on Jul. 6, 1993; and
4,816,567, issued to Cabilly et al. on Mar. 28, 1989, the
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Specifications of which are all hereby expressly incorporated
herein by reference in their entirety. In addition, the prior art
is filled with published articles relating to the generation or
use of humanized antibodies. Many of these studies teach
useful examples of protocols that can be utilized with the
presently disclosed and claimed inventive concept(s), such as
but not limited to, Sandborn et al., Gatroenterology, 120:1330
(2001); Mihara etal., Clin. Immunol. 98:319 (2001); Yenari et
al., Neurol. Res. 23:72 (2001); Morales et al., Nucl. Med.
Biol. 27:199 (2000); Richards et al., Cancer Res. 59:2096
(1999); Yenari et al., Exp. Neurol. 153:223 (1998); and
Shinkura et al., Anticancer Res. 18:1217 (1998), all of which
are expressly incorporated in their entirety by reference. The
presently disclosed and claimed inventive concept(s) further
includes the use of fully human monoclonal antibodies; meth-
ods of providing fully human monoclonal antibodies are well
known in the art and are described, for example, but not by
way of limitation, in the following: U.S. Pat. Nos. 5,545,807,
5,545,806; 5,569,825; 5,625,126, 5,633,425; 5,661,016;
5,916,771, 5,939,598; PCT publication WO 94/02602; and in
the non-patent references of Kozbor, et al., Hybridoma, 2:7
(1983); Cole, et al., PNAS 82:859 (1985) Cote, et al., PNAS
80:2026 (1983); Cole, et al., (1985); Marks et al., J Biol.
Chem. 267:16007 (1992); Lonberg et al., Nature, 368:856
(1994); Morrison, 1994; Fishwild et al., Nature Biotechnol.
14:845 (1996); Neuberger, Nat. Biotechnol. 14:826 (1996);
and Lonberg and Huszar, Int Rev Immunol. 13:65 (1995).

[0044] However, it is to be understood that the inventive
concept(s) is not limited to the protocols described above, and
other protocols of producing humanized antibodies or fully
human antibodies which are known to a person of ordinary
skill in the art may be utilized in accordance with the pres-
ently disclosed and claimed inventive concept(s).

[0045] The term “effective amount™ refers to an amount of
a biologically active molecule or conjugate or derivative
thereof sufficient to exhibit a detectable therapeutic effect
without undue adverse side effects (such as toxicity, irritation
and allergic response) commensurate with a reasonable ben-
efit/risk ratio when used in the manner of the inventive con-
cept(s). The therapeutic effect may include, for example but
not by way of limitation, inhibiting the growth of undesired
tissue or malignant cells. The effective amount for a subject
will depend upon the type of subject, the subject’s size and
health, the nature and severity of the condition to be treated,
the method of administration, the duration of treatment, the
nature of concurrent therapy (if any), the specific formula-
tions employed, and the like. Thus, it is not possible to specify
an exact effective amount in advance. However, the effective
amount for a given situation can be determined by one of
ordinary skill in the art using routine experimentation based
on the information provided herein.

[0046] The phrase “in conjunction with” when used in ref-
erence to the use of one or more agents described herein
indicates that the agent(s) are administered so that there is at
least some chronological overlap in their physiological activ-
ity on and/or binding to the organism. Thus the agent(s) can
be administered sequentially. In sequential administration,
there may even be some substantial delay (e.g., minutes or
even hours or days) before administration of the second moi-
ety, as long as the first administered agent has exerted some
physiological effect on the organism and/or remains bound to
the organism when the second administered agent is admin-
istered and/or becomes active in the organism.
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[0047] The terms “administration” and “administering”, as
used herein will be understood to include all routes of admin-
istration known in the art, including but not limited to, oral,
topical, transdermal, parenteral, subcutaneous, intranasal,
mucosal, intramuscular and intravenous routes, including
bothlocal and systemic applications. In addition, the methods
of administration may be designed to provide delayed or
controlled release using formulation techniques which are
well known in the art.

[0048] Theterm “lumen” as used herein will be understood
to refer to an interior space of a biological tubular structure.
Examples of lumens utilized in accordance with the presently
disclosed and claimed inventive concept(s) include, but are
not limited to, a vascular lumen, a spinal lumen, a lymphatic
lumen, and the like.

[0049] The term “pharmaceutically acceptable” refers to
compounds and compositions which are suitable for admin-
istration to humans and/or animals without undue adverse
side effects such as toxicity, irritation and/or allergic response
commensurate with a reasonable benefit/risk ratio.

[0050] As used herein, “substantially pure” means an
object species is the predominant species present (i.c., on a
molar basis it is more abundant than any other individual
species in the composition), and preferably a substantially
purified fraction is a composition wherein the object species
comprises at least about 50 percent (on a molar basis) of all
macromolecular species present. Generally, a substantially
pure composition will comprise more than about 80 percent
of all macromolecular species present in the composition,
more preferably more than about 85%, 90%, 95%, and 99%.
Most preferably, the object species is purified to essential
homogeneity (contaminant species cannot be detected in the
composition by conventional detection methods) wherein the
composition consists essentially of a single macromolecular
species.

[0051] The terms “cancer” and “cancerous” refer to or
describe the physiological condition in mammals that is typi-
cally characterized by unregulated cell growth. Examples of
cancer include but are not limited to, carcinoma, lymphoma,
blastoma, sarcoma, and leukemia. More particular examples
of'such cancers include squamous cell cancer, small-cell lung
cancer, non-small cell lung cancer, gastrointestinal cancer,
pancreatic cancer, glioblastoma, cervical cancer, ovarian can-
cer, liver cancer, bladder cancer, hepatoma, breast cancer,
colon cancer, colorectal cancer, endometrial carcinoma, sali-
vary gland carcinoma, kidney cancer, renal cancer, prostate
cancer, vulval cancer, thyroid cancer, hepatic carcinoma and
various types of head and neck cancer.

[0052] The term “metastasis™ as used herein will be under-
stood to refer to the spread of cancer from a primary tumor to
other parts of the body. Metastasis is a sequential, multistep
process in which tumor cells detach from a primary tumor,
migrate through the basement membrane and extracellular
matrix, and invade the lymphatic and/or blood systems. This
is followed by the establishment of secondary tumors at dis-
tant sites.

[0053] Asusedherein, the term “anticancer agent” refers to
a molecule or complex of molecules capable of inhibiting
cancer cell function. The agent may inhibit proliferation or
may be cytotoxic to cells. A variety of anticancer agents can
be used and include those that inhibit protein synthesis and
those that inhibit expression of certain genes essential for
cellular growth or survival. Anticancer agents include those
that result in cell death and those that inhibit cell growth,
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proliferation and/or differentiation. In one embodiment, the
anticancer agent may be selectively toxic against certain
types of cancer cells but does not affect or is less effective
against other normal cells. In another embodiment, the anti-
cancer agent may kill at cells equally, but the faster growing
cells are killed faster. In a further embodiment, the anticancer
agent is an antineoplastic agent.

[0054] The term “antineoplastic agent” is used herein to
refer to agents that have the functional property of inhibiting
a development or progression of a neoplasm in a human or
animal, particularly a malignant (cancerous) lesion, such as a
carcinoma, sarcoma, lymphoma, or leukemia. Inhibition of
metastasis is frequently a property of antineoplastic agents.
[0055] The terms “patient” as used herein includes human
and veterinary subjects. “Mammal” for purposes of treatment
refers to any animal classified as a mammal, including
human, domestic and farm animals, nonhuman primates, and
any other animal that has mammary tissue.

[0056] The term “healthy patient” as used herein will be
understood to refer to a patient who is free of a disease/
condition/disorder being studied in a separate patient thatis to
be subjected to treatment.

[0057] The terms “treating” and “treatment” as used herein
refer to reduction in severity and/or frequency of symptoms,
elimination of symptoms and/or underlying cause, prevention
of'the occurrence of symptoms and/or their underlying cause,
and improvement or remediation of damage. The present
method of “treating” a patient or individual, as the term is
used herein, thus encompasses both prevention of a disorder
in a predisposed individual, reduction in occurrence of symp-
toms, and treatment of the disorder in a clinically symptom-
atic individual.

[0058] A “disorder” is any condition that would benefit
from treatment with the compositions of the presently dis-
closed and claimed inventive concept(s). This includes
chronic and acute disorders or diseases including those patho-
logical conditions which predispose the mammal to the dis-
order in question.

[0059] As used herein, the term “treating cancer” or “treat-
ment of cancer” means to inhibit the spread of cancer,
decrease tumor size, lessen or reduce the number of cancer-
ous cells in the body, and/or ameliorate or alleviate the symp-
toms associated with the cancer. The treatment is considered
therapeutic if there is a decrease in mortality and/or morbid-
ity, or a decrease in disease burden manifested by reduced
numbers of malignant cells in the body.

[0060] “Preventing cancer” or “prevention of cancer” is
intended to mean preventing the occurrence or recurrence of
the disease state of cancer. As such, a treatment that impedes,
inhibits, or interferes with metastasis, tumor growth, or can-
cer proliferation is deemed preventive.

[0061] Asusedherein, the term “managing cancer” encom-
passes reducing the chance of recurrence of cancer in a patient
who had suffered from cancer, lengthening the time a patient
remains in remission, reducing the occurrence of cancer in
patients at risk of suffering from cancer (e.g., patients who
had been exposed to high amounts of radiation or carcino-
genic materials; patients infected with viruses associated with
the occurrence of cancer; and patients with genetic predispo-
sitions to cancer), and reducing the occurrence of malignant
cancer in patients suffering from pre-malignant or non-ma-
lignant cancers.

[0062] Administering a therapeutically effective amount or
prophylactically effective amount is intended to provide a
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therapeutic benefit in the treatment, prevention, or manage-
ment of a disease/disorder/condition, such as but not limited
to, cancer. The specific amount that is therapeutically effec-
tive can be readily determined by the ordinary medical prac-
titioner, and can vary depending on factors known in the art,
the patient’s history and age, the type and stage of the disease/
disorder/condition, the co-administration of other therapeutic
compositions, etc.

[0063] The term “sonoporation” as used herein will be
understood to refer to the use of sound (typically ultrasonic
frequencies) for modifying the permeability of the cell
plasma membrane. This technique is usually used in molecu-
lar biology and non-viral gene therapy in order to allow
uptake of large molecules such as DNA into the cell, thus
enhancing gene or drug delivery to a cell. Sonoporation
employs the acoustic cavitation (i.e., formation of empty
cavities in a liquid by high forces and the immediate implo-
sion thereof) of microbubbles to enhance delivery of these
large molecules. In addition, extended exposure to low-fre-
quency (<MHz) ultrasound has been demonstrated to resultin
complete cellular death (rupturing).

[0064] The term “acoustic radiation force™ as used herein
will be understood to refer to a physical phenomenon result-
ing from the interaction of an acoustic wave with an obstacle
placed along its path. Generally, the force exerted on the
obstacle will result in displacement of the obstacle. Acoustic
radiation force is utilized as a mechanism to move a freely
flowing contrast agent toward the endothelium and thus
enhance contrast agent adhesion to a target surface.

[0065] The term “echogenic liposome” as used herein will
be understood to refer to a liposome that comprises a gas;
echogenic liposomes reflect high-frequency sound waves and
thus can be imaged by ultrasound techniques. Acoustic radia-
tion force may be utilized to move echogenic liposomes
toward the endothelium and thus enhance their adhesion to a
target surface. Microbubbles are a type of echogenic lipo-
somes in which the perfluorocarbon fills the entire cavity.
[0066] The term “ablation” as used herein will be under-
stood to refer to the use of high-intensity focused ultrasound
for precise targeting of tissues for therapy (i.e., removal or
destruction of tissue). The use of ultrasound ablation tech-
niques is described in detail in Halpern (2005). Briefly, the
mechanisms of tissue destruction with high-intensity focused
ultrasound (HIFU) ablation are related to hyperthermia and
cavitation. Low-intensity ultrasound energy, as used in diag-
nostic imaging, propagates harmlessly through tissue. High-
intensity focused ultrasound ablation focuses an extracorpo-
real source of ultrasound to a specific target tissue. The
ultrasound energy passes harmlessly through overlying tis-
sues en route to a tightly focused target area. The rapid rate of
energy deposition at the target tissue far exceeds the rate of
heat dissipation, resulting in a rapid rate of temperature rise.
While other thermal ablation techniques are limited by dissi-
pation of heat into adjacent tissues, the rapid, focused depo-
sition of ultrasound energy with high-intensity ultrasound
ablation (0.5-1.0 seconds) produces local cavitation and tem-
peratures of 65°-100° C. with little heating of adjacent tis-
sues. Temperatures above 56° C. for a period of 1 second
result in irreversible cell death, with a sharply defined region
of'tissue necrosis. The ability to focus and accurately target a
lesion with high-intensity focused ultrasound by using real-
time ultrasound or magnetic resonance imaging guidance
allows precise ablation of lesions of any shape without dam-
age to surrounding structures.
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[0067] Turning now to the presently disclosed and claimed
inventive concept(s), targeted microbubbles are an important
and emerging ultrasound molecular imaging and therapy tool
that provide enhanced specificity to the use of contrast agents.
Many disease states such as but not limited to, cancer, inflam-
mation and thrombosis have unique expression of proteins on
the surface of the vascular lumen. The use of biomarkers
attached to contrast agents enhances accumulation of the
contrast agents at a specified site, thus increasing the effective
signal at the site; in addition, the use of targeted contrast
agents reduces the rate at which contrast agents are cleared,
thus increasing the useful clinical window for imaging. How-
ever, the current state of the targeted contrast agent prior art
possesses the disadvantage of limited sensitivity: the technol-
ogy is limited by the number of available binding sites (i.e.,
one targeted imaging agent per binding site). In addition,
typical adhesion rates are low (approximately 10 bubbles per
microliter), even with the addition of acoustic radiation force
(which typically doubles the adhesion rate), and thus binding
is limited by the interaction of the targeted contrast agents
with sites on the lumen.

[0068] While targeted ultrasound contrast agents demon-
strate good specificity to disease, the diagnosis of disease
states is limited by the sensitivity attainable by imaging tech-
nologies. When contrast agents target specific sites, they are
limited to the number of binding sites available on the endot-
helial surface of the lumen, and therefore one binding site
only allows binding of a single microbubble. In addition, the
interaction of the microbubble with sites on the endothelial
surface is limited by the shear forces created by blood flow
through the lumen; thus, the microbubble cannot bind to a
surface that it does not contact. Therefore, the prior art meth-
ods utilizing microbubbles and ultrasound result in typical
binding levels of about 10 microbubbles per microliter. Simi-
lar limitations are seen with other imaging modalities, where
once again said methods are limited to one imaging vesicle
per binding site, and thus the number of imaging vesicles is
determined by the concentration of available binding sites.
[0069] Furthertechnical limitations of the prior art reside in
the imaging equipment: depth and frequency dependent
attenuation is seen with ultrasound, and at high power imag-
ing, the high peak negative pressures result in burst
microbubbles.

[0070] The presently disclosed and claimed inventive con-
cept(s) overcomes these disadvantages and defects of the
prior art by increasing the signal from a target site. This is
specifically accomplished by increasing the number of bound
microbubbles (or other vehicular agents) significantly, thus
providing significant improvement in targeted imaging sen-
sitivity.

[0071] In addition, the enhanced targeting and amplifica-
tion functions of the presently disclosed and claimed inven-
tive concept(s) enable the delivery of an adequate number of
microbubbles (or other vehicular agents) for more efficient
uses of therapeutic ultrasound, such as but not limited to,
directed tissue heating, sonoporation and ablation. The
increased number of targeted microbubbles in a given region
oftissue enables targeted acoustic energy mediated therapy. A
sufficient number of bubbles in a region of tissue will increase
the conversion of acoustic energy to heat in an insonified
region to an extent greater than the normal absorption of heat
by the surrounding tissue. The unit absorption of ultrasound
for a microbubble is more than a unit of ultrasound absorption
for normal tissue. However, it is only when there is a high
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concentration of microbubbles in a localized area that suffi-
cient ultrasound absorption of energy occurs to induce hyper-
thermia. A large region of tissue can then be insonified, and a
differential heating effect based on concentrations of targeted
bubbles will occur. Therapy can therefore be localized by the
combination of targeting on the molecular level and directed
ultrasound energy.

[0072] The term “sufficient number of bubbles” as used
herein will be understood to vary depending on factors such
as but not limited to, bubble size, insonation (i.e., ultrasound
wave exposure) frequency and intensity, and particular appli-
cation method. For example but not by way of limitation, in
the case of imaging targeted agents, increases in the number
of targeting bubbles increases the backscattered signal,
improving signal to noise ratio. A doubling of the number of
targeted bubbles within a given volume should provide an
approximate doubling of the received backscattered acoustic
signal. Amplification can also enhance imaging penetration.
The effect is a function of frequency. At 3 MHz, for example,
a two fold increase in targeted contrast agent binding will
enable an additional 1 cm penetration of the acoustic signal
(see FIG. 3). In another non-limiting example, in therapeutic
applications where bubbles are used to convert acoustic
energy to heat energy, the number of targeted bubbles must
exceed a threshold to overcome the natural heating effect of
acoustic energy on the surrounding tissue. Based on calcula-
tions of heating effect of bubble and tissue with an average
bubble diameter of about 3 micrometers, somewhere between
20 and 100 bubbles per microliter are needed to achieve this
affect. Fewer or larger numbers of bubbles may be needed
depending on the physical factors listed above. For the case of
targeted ablation, increases in the number of targeted bubbles
will cause a greater ablation effect. In the case of targeted
ischemia, a sufficient number of bubbles to cause substantial
blockage in a capillary are needed. For example but not by
way of limitation, with a 10 micrometer diameter capillary
and using a 3 micrometer liposome, two stage amplification
may be sufficient to significantly block the flow of red blood
cells having a diameter of about 6-8 micrometers. As the
microbubble size increases, the number of steps required to
obtain partial occlusion decreases. Also, in general, the lipo-
somes would have smaller diameters to minimize occlusion.
[0073] Heating tissue by several degrees can increase the
activity of drugs and the amount of blood flow without induc-
ing permanent tissue damage. Higher levels of heating can
induce permanent tissue damage which may be of therapeutic
benefit. In addition to increased heating, increases to the
number of targeted bubbles can also lead to increases in other
therapeutic effects such as cavitation or bubble collapse,
which can be used to ablate tissue or induce sonoporation.
Sonoporation is associated with increased drug and gene
delivery and therapeutic benefit.

[0074] In addition to ultrasound uses, the presently dis-
closed and claimed inventive concept(s) also improves other
imaging modalities (such as but not limited to, MRI and PET)
with the unique feature that the targeting agents are confined
to the lumen.

[0075] The presently disclosed and claimed inventive con-
cept(s) provides a universal multi-modal targeting and thera-
peutic system that overcomes limitations in the quantity of
targeted material through amplification (see FIGS. 1 and 2).
The presently disclosed and claimed system has both imaging
and therapeutic applications. The therapeutic arm of this sys-
tem enables new applications that deliver substantially more
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therapeutics (such as but not limited to, energy, drugs and/or
genes) to a targeted site. Particular examples include, but are
not limited to, sonoporation and the blood brain barrier;
inflammation (i.e., Crohn’s disease); targeted and directed
chemotherapy; heat increased activity of various therapeutic
compositions; targeted and directed ablation; and the like.
[0076] As depicted in FIGS. 1 and 2, the presently dis-
closed and claimed inventive concept(s) is related to a com-
plex of sequentially deliverable pharmaceutical reagents use-
ful for detecting a target exposed in a lumen through imaging,
wherein the complex is formed in the lumen. Said complex
comprises at least one targeting agent (also referred to herein
as a “Stage [ agent” or “Stage I vesicle”) that binds to a target
(Stage 1 binding), a plurality of amplification agents (also
referred to herein as a “Stage 1 agent” or “Stage II vesicle™)
and a plurality of imaging agents (also referred to herein as a
“Stage I1I agent” or “Stage 1] vesicle”). Each of the plurality
of amplification agents binds to at least one targeting agent
(Stage 11 binding), and each of the plurality of imaging agents
binds to atleast one amplification agent (Stage 111 binding). In
addition, at least one of the Stage I, II and/or III agent(s) is
detectable by an imaging modality, thus allowing detection of
the complex bound to the target.

[0077] The Stage I, IT and/or I1I agents may comprise a gas
for detection and/or manipulation via ultrasound. In addition,
the targeting, amplification and/or imaging agent may contain
material that can be detected by imaging modalities other
than ultrasound. Yet further in addition, the targeting, ampli-
fication and/or imaging agent may further comprise a thera-
peutic composition incorporated/encapsulated therein. The
therapeutic composition may be delivered, used, released,
activated and/or excited upon targeting via the Stage I (tar-
geting) agent, as described in more detail herein below. Said
release/activation/excitation may be in response to exposure
to heat/ultrasound.

[0078] The term “therapeutic composition” as utilized
herein will be understood to include any composition that
exerts a biological effect and thus possesses the ability to
modify the physiological system of an organism. The “thera-
peutic composition” may be biologically active through its
own functionalities, or said composition may be biologically
active based on its ability to activate or inhibit molecules
having their own biological activity. Examples of therapeutic
compositions that may be utilized in accordance with the
presently disclosed and claimed inventive concept(s) include,
but are not limited to, drugs, small molecules, nucleic acids
(DNA, RNA siRNA, etc.), proteins/peptides, conjugates,
polymers, polymer conjugates, glycoproteins, glycoprotein
conjugates, gas, energy, and combinations or derivatives
thereof.

[0079] In certain embodiments, the agents are provided
with at least one binding site thereon, whereby each binding
site is one of a complimentary pair (for example but not by
way of limitation, biotin-avidin, antibody-antigen, receptor-
ligand, etc.). The Stage I (targeting) agent may comprise a
primary binding site and a secondary binding site, while the
Stage II (amplification) agent may comprise at least two
binding sites, such as but not limited to, a tertiary binding site
and a quaternary binding site. The at least two binding sites of
the amplification agent may be the same or different. The
Stage III (imaging) agent may comprise at least one binding
site, such as but not limited to, a quinary binding site. In this
example, the primary binding site of the targeting agent forms
a first binding complex with the target, the secondary binding
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site of a targeting agent forms a second binding complex with
the tertiary binding site of an amplification agent, and the
quaternary binding site of an amplification agent forms a third
binding complex with the quinary binding site of the imaging
agent. In one alternative, the tertiary and quaternary binding
sites of the amplification agent are identical and are comple-
mentary to the secondary binding site of the targeting agent
and the quinary binding site of the imaging agent. In another
alternative, the secondary binding site of the targeting agent is
identical to the quaternary binding site of the amplification
agent, whereby the secondary binding site of the targeting
agent can also bind the quinary binding site of an imaging
agent to form the third binding complex.

[0080] The Stage I (targeting) agent comprises a targeting
ligand unique to the target/disease state; however, the ampli-
fication and imaging agents (i.e., Stage Il and I1I agents) may
be universal. That is, the content of the agent and the linkers/
binding sites thereon of the Stage II and III agents may be
identical for a given imaging modality and independent of
target/disease state. The Stage II and IIT agents may link with
the same complementary pairs independent of the imaging
modality utilized. In addition, the Stage II and/or III agents
may be multi-modal and thus contain components related to
multiple imaging modalities (i.e., combinations of ultra-
sound, MRI, CR, etc. reagents).

[0081] Inanother alternative, multiple imaging agents may
be utilized. In this instance, the Stage II agent may be pro-
vided with binding sites for two or more Stage III agents;
these binding sites may be a single binding site that binds both
Stage 111 agents, or multiple different binding sites may be
provided, based on the number of different Stage I1I agents to
be utilized.

[0082] Stage L, IT and/or I1I agents are defined only by the
linkers required for a given stage and are independent of their
content (see FIG. 2). Stated in another way, the technology is
akin to tinker toys comprising hubs and pegs. The pegs (i.e.
linkers) define the stage; the hubs can contain anything.
[0083] The binding sites described herein above may be
any biomolecule that has binding affinity for another sub-
stance and is capable of forming a complex therewith, thereby
providing affinity between two agents/vesicles. For example
but not by way of limitation, the binding sites may be pep-
tides, proteins, antigens, antibodies, antibody fragments,
receptors, ligands, glycoconjugates, and combinations or
derivatives thereof.

[0084] Particular examples of target sites that may be uti-
lized in accordance with the presently disclosed and claimed
inventive concept(s) include, but are not limited to, ICAM-1,
P-selectin, MadCAM-1, VCAM-1 (i.e., targets for inflamma-
tion); awvp3 Integrin and VEGFR2 (known in art as targets for
angiogenesis); and GP IIb/Illa (known in art as target for
thrombus). A list of exemplary antibodies that may be used as
the primary binding site can be found in the following refer-
ence: Paul Carter, Nature Reviews Cancer, Vol. 1, pp. 118-129
(November 2001); the entire contents of which are hereby
expressly incorporated herein by reference.

[0085] Inanother embodiment, the presently disclosed and
claimed inventive concept(s) is directed to a complex of
sequentially deliverable pharmaceutical reagents useful for
detecting a target exposed in a lumen through imaging,
wherein the complex is formed in the lumen. The complex
includes at least one Stage 1 (targeting) agent having a plu-
rality of Stage II (amplification) agents attached thereto,
wherein the at least one Stage I (targeting) agent binds to a
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target exposed in a lumen. Said complex may further com-
prise a plurality of Stage III agents, wherein each of the
plurality of Stage I1] agents comprises at least one binding site
exposed on a surface thereof for binding to a Stage II agent.
The at least one binding site on the Stage III agents may also
be capable of binding to the at least one Stage I (targeting)
agent.

[0086] The presently disclosed and claimed inventive con-
cept(s) is also directed to a sequentially deliverable combin-
able formulation. Said formulation comprises a first admin-
istrable composition comprising a Stage I (targeting) agent
that is capable of binding to a target exposed in a lumen, a
second administrable composition comprising a Stage II (am-
plification) agent, and a third administrable composition
comprising a Stage III (imaging) agent. The Stage II agent
comprises a first moiety having affinity for the Stage I agent
and a second moiety having affinity for the Stage III agent.
The Stage 1, IT and/or III agent(s) is detectable by an imaging
modality, thus allowing amplification of the targeting agent
signal bound to the target. The moieties comprise the binding
sites described herein previously.

[0087] The presently disclosed and claimed inventive con-
cept(s) is further directed to a method of generating enhanced
images of a subject’s body. Said method comprises the steps
of'administering to the subject’s body the sequentially deliv-
erable combinable formulation described herein above, and
generating an ultrasound, magnetic resonance, X-ray or
radiographic image of at least a part of said body.

[0088] In any of the methods described herein before or
herein after, the sequentially deliverable combinable formu-
lation may be administered as follows: first, administering to
said body the first administrable composition, and thereafter
administering to said body the second administrable compo-
sition, and thereafter administering to said body the third
administrable composition. In certain embodiments, follow-
ing administration of the first administrable composition, the
body is incubated for an amount of time to allow for binding
of the Stage I (targeting) agent to the target exposed in a
lumen and substantial clearance of unbound Stage I agent
from the lumen. Then following administration of the second
administrable composition, the body is incubated for an
amount of time to allow for binding of the Stage II (amplifi-
cation) agent to the Stage [ agent and substantial clearance of
unbound Stage 11 agent from the lumen. In addition, follow-
ing administration of the third administrable composition, the
body is incubated for an amount of time to allow for binding
of the Stage III agent and substantial clearance of unbound
Stage III agent from the lumen. Additional administration(s)
of the first, second and/or third administrable compositions
may also be included in the method.

[0089] Through the use of the phrases “substantial clear-
ance”, “substantially clear out” and “substantially wash out”,
it will be understood that it is not necessary to remove all of
one agent from a lumen/bloodstream prior to administration
of'a second agent. Rather, these phrases simply indicate that
a sufficient number of the first agents have been cleared/
washed out of the lumen/bloodstream so that sufficient con-
trast can be seen and a sufficient signal-to-noise ratio is pro-
vided.

[0090] The presently disclosed and claimed inventive con-
cept(s) is further directed to a kit useful for imaging a targetin
a lumen. Said kit may include the sequentially deliverable
combinable formulation described herein above. In addition,
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the kit may further include a software module that analyzes
information generated by an image delivery device that
detects the Stage I1I agent.

[0091] The presently disclosed and claimed inventive con-
cept(s) is further directed to a device for detecting a signal
generated by a Stage 111 (imaging) agent bound to a target in
a lumen. The device may include a computing system and an
image delivery device that detects Stage 111 agents. The com-
puting system comprises an application module and a pro-
cessing unit; the application module comprises a software
module that analyzes information generated by an image
delivery device, and the processing unit is configured to
execute the software module. The Stage I1] agents detected by
the image delivery device are complexed with at least one
Stage I (targeting) agent bound to a target and a plurality of
Stage II agents bound to the Stage I (targeting) agent. In
certain embodiments, the image delivery device may also
function as an energy delivery device that delivers directed
energy to the target in the lumen to which the complex of
Stage I/1I/111 agent is bound. In particular embodiments, the
image/energy delivery device may be an ultrasound image/
energy delivery device. The energy delivery device may also
serve as a source of acoustic radiation force.

[0092] The presently disclosed and claimed inventive con-
cept(s) is also directed to a method of increasing the strength
of a signal detected by an imaging modality. The method
comprises administering an effective amount of a Stage |
(targeting) agent to a subject, wherein the Stage [ agent travels
through the system of the subject and binds to a target exposed
on a surface of a lumen (i.e., a luminal wall) of the subject.
Next, an effective amount of a Stage II (amplification) agent
is administered to the subject, wherein a plurality of Stage II
agents bind to the Stage I agent bound to the target. Then, an
effective amount of a Stage III agent is administered to the
subject, wherein the Stage III agent binds to the Stage I agent
bound to the target site via the Stage I agent. Then, a signal
produced by the Stage III agent is detected via the imaging
modality.

[0093] In certain embodiments of the methods described
herein above and herein below, it may be desired that follow-
ing administration of an agent (i.e., targeting/amplification/
imaging/therapeutic agents), the method includes a step of
allowing non-bound agents to substantially clear out of the
lumen (i.e., blood stream) before administration of a subse-
quent agent.

[0094] The presently disclosed and claimed inventive con-
cept(s) is further directed to a method of diagnosing a condi-
tion/disorder in a subject. In the method, an effective amount
of the Stage I (targeting) agent described herein above is
administered to a subject; the Stage I agent comprises a bind-
ing site that binds to a target specific to the condition/disorder,
and the Stage I agent travels through the system of the subject
and binds to any target exposed on a surface of a lumen of the
subject. Then, an effective amount of the Stage II (amplifica-
tion) agent described herein above is administered to the
subject, wherein a plurality of Stage II agents bind to the
Stage 1 agent bound to the target site. Then, an effective
amount of the Stage III (imaging) agent described herein
above is administered to the subject, wherein the Stage III
agent binds to the Stage IT agent bound to the target site via the
Stage I agent. Then, any signal produced by the Stage I, 11
and/or III agent(s) is detected via one or more imaging
modalities, and it is determined that the subject has the con-
dition/disorder if a signal is detected.
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[0095] The presently disclosed and claimed inventive con-
cept(s) is further directed to a method of treating a condition/
disorder in a subject. In said method, an effective amount of
the Stage I agent described herein above is administered to a
subject; the Stage I agent comprises a binding site that binds
to a target specific to the condition/disorder, and the Stage I
agent travels through the system of the subject and binds to
any target exposed on a surface of a lumen of the subject.
Then, an effective amount of the Stage II agent described
herein above is administered to the subject, wherein a plural-
ity of Stage II agents bind to the Stage I agent bound to the
target site. Then, an effective amount of a Stage I1I (therapeu-
tic) agent is administered to the subject, wherein the Stage 111
agent binds to the Stage IT agent bound to the target site via the
Stage I agent. At least one of the Stage I, II and III agents
includes a therapeutic agent that may be effective in treating
the condition/disorder. Once the complex is formed, said
therapeutic agent present in the Stage I, II and/or III agents
may be effective in treating the condition/disorder. Alterna-
tively, the therapeutic agent may be activated following bind-
ing to the target site, whereby the activated therapeutic agent
is effective in treating the condition/disorder.

[0096] The presently disclosed and claimed inventive con-
cept(s) is further directed to a method of delivering a thera-
peutic composition to a target site. In said method, an effec-
tive amount of the Stage I agent described herein above is
administered to a subject; the Stage | agent comprises a bind-
ing site that binds to a target specific to the condition/disorder,
and the Stage I agent travels through the system and binds to
any target exposed on a surface of a lumen of the subject.
Then, an effective amount of the Stage II agent described
herein above is administered to the subject, wherein a plural-
ity of Stage II agents bind to the Stage I agent bound to the
target site. Then, an effective amount of a Stage III agent is
administered to the subject, wherein the Stage I1I agent binds
to the Stage II agent bound to the target site via the Stage III
agent. A therapeutic composition is incorporated/encapsu-
lated within at least one of the Stage [, I and 11l agents. In one
embodiment, the therapeutic composition is delivered to the
target site once bound to the target site. Alternatively, the
method may further include the step of activating the Stage 1,
1T and/or I1I agent to release said therapeutic composition and
thus deliver the composition to the target site.

[0097] Examples of therapeutic applications include, but
are not limited to, hyperthermia; tissue heating by several
degrees (which may increase the activity of drugs and/or
increase the amount of blood flow without permanent tissue
damage); tissue heating to a higher level that induces perma-
nent tissue damage for a therapeutic benefit; increasing cavi-
tation and/or agent collapse; tissue ablation; sonoporation
induction; increasing drug and gene delivery; and the like.
Another therapeutic application includes the induction of
ischemia/necrosis of vascularized tissue, as described in fur-
ther detail herein below.

[0098] Any of the imaging methods described herein above
may further include the step of administering an effective
amount of a therapeutic agent to the subject, wherein the
therapeutic agent binds to at least one of the Stage [T agent and
the Stage III agent bound to the target site via the Stage I
agent. In addition, any of the imaging methods described
herein above may further include the step of administering an
effective amount of a second Stage I1I agent to the subject,
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wherein the second Stage 111 agent binds to at least one of the
Stage II agent and the Stage I1I agent bound to the target site
via the Stage [ agent.

[0099] Any of the agents utilized in any of the methods
described herein above or herein below may comprise a gas
(i.e., echogenic liposomes), and thus acoustic radiation force
may be utilized to increase targeting efficiency by pushing
one or more types of agent(s) against the interior surface of
the lumen. For example but not by way of limitation, when the
Stage [ agent comprises a gas, the ultrasound exposure pushes
the Stage I agent against the luminal wall and increases the
likelihood of interaction of the Stage I agent with the target
site. Optionally, when the Stage II agent comprises a gas, the
ultrasound exposure pushes the Stage Il agent against the
luminal wall and increases the likelihood of interaction of the
Stage 1I agent with the Stage [ agent bound to the target site.
[0100] In any of the methods described herein above or
herein after, the target site may be exposed on the surface of
at least one of blood-brain barrier, ovaries, pancreas, kidneys,
liver, cancerous tissues of any of the above and/or tissues
supplying same. The target site may be disease specific.
[0101] In any of the methods described herein above or
herein after, the imaging modality utilized therein may be
selected from the group consisting of ultrasound, magnetic
resonance imaging (MRI), computerized tomography (CT),
dual source CT (perfusion imaging), diffusion tensor imaging
(DTI), delayed enhanced imaging, X-ray and fluoroscopy
(contrast fluoroscopy) imaging, computerized SPECT, PET
or PET-CT imaging, and molecular imaging (radiopharma-
ceuticals).

[0102] While the use of gas disposed in a Stage I, II and/or
IIT agent has been described herein for use with ultrasound, it
is to be understood that the presently disclosed and claimed
inventive concept(s) also encompass the use of other compo-
sitions disposed in the Stage I, IT and/or I1I agents for use with
other imaging/therapeutic modalities. For example, but not
by way of limitation, a gadolinium chelate derivative (such as
but not limited to, gadolinium-diethylene-triamine-pentace-
tic acid (see for example, Accardo et al., 2009)) may be
utilized with MRI modalities, whereas a radionuclide may be
utilized with x-ray modalities (i.e., radiotherapy).

[0103] In addition, any of the Stage I, 1T and/or III agents
may be a multimodal echogenic liposome—that is, said agent
(s) comprise a gas such that said agent(s) is susceptible to
acoustic radiation force, and may also comprise a second
imaging modality as described herein above (i.e., MRI, CT,
DTI, PET, etc.). Thus, another embodiment of the presently
disclosed and claimed inventive concept(s) includes the use
of a Stage [ (targeting) agent that comprises a multimodal
echogenic liposome/microbubble/vesicle. Said Stage I agent
may be utilized in the presence or absence of amplification.
[0104] The presently disclosed and claimed inventive con-
cept(s) is additionally directed to a complex of sequentially
deliverable pharmaceutical reagents useful for detecting a
target exposed in a lumen through imaging, wherein the com-
plex is formed in the lumen. The complex comprises at least
one Stage [ agent as described herein above and a plurality of
Stage I1I (imaging) agents as described herein above. Each of
the plurality of Stage III agents binds to at least one Stage [
agent, and wherein the Stage I and/or I1I agents are detectable
by an imaging modality, thus allowing detection of the com-
plex bound to the target.

[0105] The presently disclosed and claimed inventive con-
cept(s) is further directed to a method of targeting a signal
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visualized by an imaging modality. In said method an effec-
tive amount of a Stage I agent is administered to a subject,
wherein the Stage | agent travels through the subject and
binds to a target site exposed on a lumen of the subject. An
effective amount of a Stage I1I (imaging) agent is then admin-
istered to the subject, whereby the Stage I1I agent binds to the
Stage I agent. A signal produced by the Stage I and/or 111
agent(s) is then detected by the imaging modality.

[0106] Inany ofthe methods described herein, the complex
formed in the lumen does not substantially obstruct fluid flow
(i.e., blow flow) in the lumen. This is achieved by sequential
addition of agents, by limiting the size (structural dimen-
sions) of the individual agents utilized in the methods and/or
by limiting the amount of Stage II agent utilized so that the
dimensions of the complex formed therefrom are limited and
thus do not exceed the dimensions of the lumen. For example,
the targeting/amplification/imaging agents may be provided
with diameters that are sufficiently small whereby the sum of
the three diameters does not exceed the diameter ofa capillary
(i.e., Z10p; Dayton, 2002).

[0107] Alternatively, in any of the methods described
herein, the complex formed in the lumen may substantially
obstruct blood flow at the target site in the lumen of the
subject, thereby resulting in ischemia to a targeted portion
(i.e., tissue, organ, body part, etc.) of the subject. Therefore,
the presently disclosed and claimed inventive concept(s) is
further directed to a method of producing ischemia and necro-
sis of the vascularized tissue at a targeted site in a subject, as
described herein above. In said method, the Stage I, Il and III
agents are administered as described herein above. Then mul-
tiple doses of Stage II and/or III agent(s) are administered
until the lumen is substantially obstructed at the target site.
Therefore, for sequential additions over time, the Stage III
agent may also function as an “amplification agent” in
obstructing the lumen.

[0108] The complex formed in the lumen may include any
combination of agents described herein (i.e., targeting and
imaging agents; targeting, amplification, and imaging agents;
targeting, amplification and therapeutic agents). In addition,
when the complex formed in the lumen includes targeting,
amplification and imaging agents, a therapeutic agent (i.e.,
comprising a chemotherapeutic or other cytotoxic substance
encapsulated therein) may be further administered to the sub-
ject such that the therapeutic agent binds to the imaging agent
and delivers the cytotoxic substance to the ischemic, damaged
tissue to provide an additional killing mechanism. Optionally,
the imaging agent may be removed from the complex prior to
administration of the therapeutic agent, whereby the thera-
peutic agent subsequently administered will bind to the
amplification agent and then deliver the cytotoxic substance
to the ischemic, damaged tissue to provide an additional
killing mechanism.

[0109] This same technique of removing a Stage III agent
from the complex following imaging, followed by adminis-
tration of a subsequent agent (such as but not limited to,
another imaging agent or a therapeutic agent), may be utilized
in any of the methods described herein above or otherwise
contemplated herein. In this fashion, the complex formed
from the Stage [ agent and one or more Stage 1l agents forms
a substructure/scaffold/lattice network upon which multiple
uses (such as but not limited to, multiple imaging techniques
or a combination of imaging and therapeutic techniques) may
be performed. Optionally, the substructure also allows for
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multiple applications over the course of time. In this manner,
the scaffold can be reused as desired.

[0110] In a further alternative, it may be desirable to
remove both the Stage III agent as well as the Stage Il agent
(s), leaving only the Stage I agent to form the scatfold that can
be reused for multiple uses or multiple applications.

[0111] Any of the methods described herein may also
include the step of degrading at least a portion of the complex
(or all of the complex) after the protocol (imaging and/or
therapeutic) is applied. Degradation may involve the use of
energy, heat, chemical methods (i.e., reduction of a disulfide
bond in unique way), pH change, addition of a competing
agent (Ab), and the like. In this manner, one or more of the
targeting/amplification/imaging/therapeutic agents can be
ruptured (such as but not limited to, by ultrasound) when
desired; in addition, all of the agents can be ruptured when the
complex is no longer needed. For example but not by way of
limitation, if the spacer is a peptide with an amino acid
sequence that is cleaved by an enzyme, the spacer will be
cleaved and the complex degraded. The enzyme could be
attached to one of the vehicles and may require a cofactor or
heat for activation.

[0112] The Stage I (targeting) agents utilized in accordance
with the presently disclosed and claimed inventive concept(s)
is manufactured by providing multiple (i.e., at least two)
attaching/binding sites or points on a vesicle framework, as
described in greater detail herein below. For the Stage I (tar-
geting) agent, a primary binding site for binding to the target
is attached to the vesicle framework through a linker, while a
secondary binding site for binding to the Stage II agent is
attached to the vesicle framework through another linker.
[0113] The Stage II (amplification) agents utilized in accor-
dance with the presently disclosed and claimed inventive
concept(s) are manufactured by providing multiple points of
attachment (i.e., multiple binding sites) on a vesicle frame-
work. The use of multiple points of attachment will enable:
(1) multiple points of attachment for multimodal imaging; (2)
multiple applications (over the course of time); and/or (3)
multiple uses (such as but not limited to, imaging and thera-
peutic uses). The amplification agents may be provided with
tertiary and quaternary binding sites, as described herein
above, and may further be provided with additional binding
sites to allow interaction with additional imaging/therapeutic
agents (i.e., other than the imaging/therapeutic agent that
interacts with the quaternary binding site).

[0114] In one embodiment, the tertiary and quaternary
binding sites may be attached through the use of linkers. The
multiple points of attachment on the amplification vesicle are
prepared using a mixture of linkers, as described in greater
detail herein below. However, it is to be understood that
linkers are not required for the attachment of the tertiary and
quaternary binding sites to the amplification agent.

[0115] The imaging/therapeutic agents utilized in accor-
dance with the presently disclosed and claimed inventive
concept(s) is manufactured by providing at least one point of
attachment on a vesicle framework. The at least one point of
attachment may be attached to the vesicle framework through
a linker; however, it is to be understood that linkers are not
required for the attachment of the quinary binding site to the
imaging/therapeutic agent.

[0116] Production of the targeting/amplification/imaging/
therapeutic agents utilized in accordance with the presently
disclosed and claimed inventive concept(s) may begin by
providing microbubbles, liposomes, or other types of vesicles
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as a framework, and then adding the binding sites (i.e., link-
ers/complexing agents) thereto. Examples of general vesicle
framework that may be utilized for the targeting/amplifica-
tion/imaging/therapeutic agents are well known in the art for
use in imaging/therapeutic applications (said prior art
vesicles produced in the absence of targeting and/or the link-
ers/complexing agents utilized for producing the scaffolding
of'the claimed complex). Particular examples include, but are
not limited to, the following. U.S. Pat. No. 5,123,414, issued
Jun. 23, 1992 to Unger, discloses liposomes suitable as ultra-
sound contrast agents, said agents containing media of vari-
ous types including gases, gaseous precursors and perfluoro-
carbons that are activated by pH, temperature and/or pressure.
Unger et al. (2004) disclose microbubbles having pertluoro-
carbon gases entrapped within lipid coatings with both diag-
nostic and therapeutic applications, including the ability to be
cavitated with ultrasound energy for site-specific local deliv-
ery of bioactive materials and for treatment of vascular throm-
bosis; said reference also discloses that the blood-brain bar-
rier (BBB) can be reversibly opened using ultrasound, which
also cavitates microbubbles within the cerebral microvascu-
lature for delivery of both low and high molecular weight
therapeutics to the brain. The Review Article of Klibanov
(2006) discloses the use of microbubble contrast agents for
targeted ultrasound imaging and ultrasound-assisted drug-
delivery applications by providing targeting ligands on the
surface of the microbubbles. Hernot and Klibanov (2008)
describe microbubbles in ultrasound-triggered drug and gene
delivery, where the microbubbles enhanced ultrasound
energy deposition in target tissues and serve as cavitation
nuclei for increased intracellular drug delivery. Ferrante et al.
(2009) describe a perfluorocarbon-filled phospholipid
microbubble contrast agents targeted to the adhesion mol-
ecules P-selectin and VCAM-1 by coupling a polyethylene
glycol-biotin-streptavidin bridge with mAb MVCAM.A and/
or a sialyl Lewisx polymer (PAA-sLex). Liu et al. (2006)
disclose encapsulated ultrasound microbubbles that have tar-
geting ligands attached to the surface thereof, and their appli-
cations in drug delivery or gene therapy. Suzuki et al. (2007
and 2008) describe bubble liposomes (which are smaller in
diameter than conventional microbubbles) that contain per-
fluoropropane and use thereof in gene therapy and ultrasonic
destruction technology. Tinkov et al. (2009) disclose
approaches for manufacturing and drug-loading
microbubbles for use as ultrasound triggered drug carriers.
Jong et al. (2009) describe different strategies for character-
izing ultrasound contrast agents (UCAs), including acoustic
and optical methods. Schroeder et al. (2009) describe the
interaction of ultrasound with liposomes and the mechanical
mechanism of drug release from liposomes using low fre-
quency ultrasound (LFUS), including the effects of liposome
lipid composition and physicochemical properties as well as
LFUS parameters on liposomal drug release, and the use of
acoustic cavitation. Huang (2008) discloses ultrasound-con-
trolled drug release and ultrasound-enhanced drug delivery
via liposomes having gas and/or drugs entrapped therein. The
entire contents of each of the above-referenced patents and
publications are hereby expressly incorporated herein by ref-
erence.

[0117] Inaddition, commercially available ultrasound con-
trast agents that may be utilized in accordance with the pres-
ently disclosed and claimed inventive concept(s) include, but
are not limited to, SONAZOID™ (GE Healthcare, Oslo, Nor-
way)—see Otani et al. (2009) for disclosure of attaching
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antibodies thereto; DEFINITY® (Bristol-Myers Squibb
Medical Imaging, Billerica, Mass.); and OPTISON™ (GE
Healthcare, Oslo, Norway). In addition, various ultrasound
contrast agents that may be utilized in accordance with the
presently disclosed and claimed inventive concept(s) are pro-
duced by Targeson, Inc. (San Diego, Calif.), including but not
limited to, TARGESTAR-B®, a biotinylated microbubble
contrast agent for conjugation of biotinylated ligands.
[0118] Once the vesicle framework is provided, the method
of manufacture proceeds by attaching the binding sites
thereto; the binding sites may be attached via the use of
linkers. Each of the linkers comprises one member of a
complementary pair of complexing agents. In Stage I agent/
Stage Il agent binding, the Stage I (targeting) agent comprises
a first member of the complementary pair (i.e., secondary
binding site), while the Stage II (amplification) agent com-
prises a second member of said complementary pair (i.e.,
tertiary binding site). In amplification agent/imaging (or
therapeutic) agent binding, the amplification agent comprises
a first member of another complementary pair (i.e., quater-
nary binding site) while the imaging (or therapeutic) agent
comprises a second member of said complementary pair (qui-
nary binding site).

[0119] Thelinkers utilized in accordance with the presently
disclosed and claimed inventive concept(s) are provided with
functionalization at two terminals. When the two terminals
are activated with the same reactive moiety, the linker is
referred to as “homobifunctional”, whereas if the functional
groups present are different, the linker is referred as “hetero-
bifunctional”. One of the two terminals attaches the linker to
the vesicle framework, while the other terminal comprises the
one member of a complementary pair of complexing agents.
When utilizing a homobifunctional linker, the same type of
connector is utilized at both ends of the linker, and thus
connects the linker to the vesicle framework of the agent as
well as interacts with the other member of the complementary
pair of complexing agents to bind the targeting/amplification/
imaging/therapeutic agent to another targeting/amplification/
imaging/therapeutic agent. A non-limiting example of a
homobifunctional linker is the Avidin-PEG-Avidin (which is
readily made and/or commercially available). Many of the
linkers potentially exhibit multiple binding sites. Undigested
antibodies are bidentate; avidin, streptavidin and neutravidin
each offer up to four binding sites. The multidentate mol-
ecules can be used in lieu of the homobifunctional linker.
[0120] When utilizing a heterobifunctional linker, a first
type of connector is utilized for connecting the linker to the
vesicle framework of the agent, and a second, different type of
connector is utilized for interacting with the target site and/or
the other member of the complementary pair of complexing
agents to bind the targeting/amplification/imaging/therapeu-
tic agent to another targeting/amplification/imaging/thera-
peutic agent. A non-limiting example of a heterobifunctional
linker is Avidin-PEG-Antibody. The targeting/amplification/
imaging/therapeutic agents may be prepared by mixing the
appropriate proportions of homo and heterobifunctional link-
ing agents in which both linking agents share a common
connector type, wherein this common connector type is the
complementary pair of the linker attached to the base vesicle.
The mixture is then added to the base vesicle to obtain the
desired multiple attaching points.

[0121] The linkers may further comprise a tether or
extender molecule, such as but not limited to, a peptide or
PEG. The size of the individual agents should be sufficient for
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maximum tethering of two agents via the linkers. The tether/
linker should be of sufficient length to maximize binding of
agents but not so long that significant entanglement of the
tethers/linkers occurs.

[0122] In the production of the Stage I (targeting) agent, a
heterobifunctional linker is utilized to attach the primary
binding site to the Stage I agent. For example but not by way
of limitation, an avidinylated liposome/microbubble (which
is readily made and/or commercially available) may be pro-
vided and interacted with Biotin-PEG-Antibody, wherein the
antibody may be any antibody that is commercially available
or otherwise known in the art. The precursor of avidinylated
vesicle framework-Biotin-PEG- provides a universal precur-
sor that may be utilized with any binding molecule to form
any desired Stage [ agent. For example, said precursor may be
provided, and then different antibodies for different types of
disorders/diseases/cancers may be attached thereto. In addi-
tion, multiple antibodies/binding molecules may be utilized
for the primary binding site.

[0123] A heterobifunctional or homobifunctional linker
may then be used to attach the secondary binding site (for
binding to the amplification agent) to the vesicle framework.
For example but not by way of limitation, the homobifunc-
tional linker Biotin-PEG-Biotin may be utilized, wherein the
Biotin forms the secondary binding site and can thus interact
with an amplification agent that comprises a biotinylated
liposome/microbubble having an Avidin-PEG-Avidin linker
attached thereto (i.e., the Avidin forms the tertiary binding
site that interacts with the Biotin secondary binding site).
[0124] In the production of the Stage II (amplification)
agent, the tertiary and quaternary binding sites may be
attached to the vesicle framework by any method known in
the art. For example, the Stage II agent may simply comprise
a biotinylated microbubble, wherein the biotin on the Stage I1
agent comprises the tertiary and quaternary binding sites and
interacts with avidin as the secondary and quinary binding
sites. Moreover, the Stage II agent may comprise additional
binding sites attached to the vesicle framework, wherein said
additional binding sites render the vesicle multifunctional
and thus allow for multimodal imaging, multiple applications
and/or multiple uses (imaging and/or therapeutic).

[0125] In an alternative method of producing the Stage II
agent, a homobifunctional or heterobifunctional linker may
be utilized to attach the tertiary binding site to the vesicle
framework, and at least one additional heterobifunctional
linker may be utilized to attach the quaternary binding site to
the vesicle framework. Moreover, the Stage II agent may
comprise additional binding sites attached to the vesicle
framework via heterobifunctional linkers. These additional
binding sites render the vesicle multifunctional and thus
allow for multimodal imaging, multiple applications and/or
multiple uses (imaging and/or therapeutic). For example but
not by way of limitation, the Stage Il agent may comprise a
biotinylated liposome/microbubble having an Avidin-PEG-
Avidin homobifunctional linker attached thereto for forming
the tertiary binding site (that interacts with the Biotin second-
ary binding site of the Stage I agent), and further comprises a
heterobifunctional linker, such as but not limited to, Avidin-
PEG-Biotin, wherein the Biotin forms the quaternary binding
site that interacts with the quinary binding site of the Stage 111
agent. In addition, any free Avidin-PEG-Avidin linkers
attached to the Stage I agent that do not bind to the Stage |
agent may further be utilized as an additional binding site for
capturing a second imaging/therapeutic agent.
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[0126] In the production of the Stage I1I agent, the quinary
binding site may be attached to the vesicle framework by any
method known in the art. For example but not by way of
limitation, the Stage III agent may simply comprise a bioti-
nylated microbubble, wherein the biotin (i.e., quinary binding
site) on the Stage III agent interacts with avidin (i.e., quater-
nary binding site) attached to the Stage II agent.

[0127] In an alternative method for producing the Stage II1
agent, a homobifunctional or heterobifunctional linker may
be utilized to attach the quinary binding site to the vesicle
framework. For example but not by way of limitation, a
homobifunctional linker Avidin-PEG-Avidin may be uti-
lized, wherein the Avidin forms the quinary binding site and
can thus interact with Stage II agent that comprises a bioti-
nylated liposome/microbubble (i.e., the biotin forms the qua-
ternary binding site that interacts with the Avidin quinary
binding site).

[0128] Inaddition, the Stage III agent may further comprise
additional binding sites attached to the vesicle framework.
These additional binding sites may function to allow addi-
tional agents to bind thereto (i.e., another imaging agent or a
therapeutic agent). For example but not by way of limitation,
a first imaging agent (an ultrasound contrast agent) may com-
prise an additional binding site of an anti-fluorescein anti-
body attached thereto. This first imaging agent may be uti-
lized with a second imaging agent for MRI detection, wherein
the second imaging agent is provided with fluorescein on a
surface thereof. These additional binding sites may be
attached by any method known in the art including, but not
limited to, via heterobifunctional linkers.

EXAMPLES

[0129] Examples are provided hereinbelow. However, the
present invention is to be understood to not be limited in its
application to the specific experimentation, results and labo-
ratory procedures. Rather, the Examples are simply provided
as one of various embodiments and are meant to be exem-
plary, not exhaustive.

Example 1

In Vitro Formation of the Stage I Agent/Stage 11
Agent/Stage 111 Agent Complex

[0130] In this Example, the proposed in vitro agent critical
raw materials (CRMs) were fluoresceinated BSA and 2H1
(an antibody to fluorescein). A polystyrene binding surface
was prepared by fluoresceinating BSA, and then binding the
fluoresceinated BSA to polystyrene (pH 8, bicarb buffer). The
fluoresceinated BSA served as the target for the primary
binding site of the Stage [ (targeting) agent.

[0131] Preparation of Stage I (targeting) agent: Commer-
cially available biotinylated microbubbles (i.e., targeting
agent, Targestar B, obtained from Targeson, Inc., San Diego,
Calif)) and 2H1 antibody (which binds to fluoresceinated
BSA) were obtained. Avidin-PEG-2H1 (i.e., the primary
binding site on the targeting agent) was prepared from het-
erobifunctional PEG, while Avidin-PEG-Avidin (i.e., the sec-
ondary binding site on the targeting agent) was prepared from
homobifunctional PEG. The Avidin-PEG-2H1 and Avidin-
PEG-Avidin were reacted with the biotinylated microbubbles
to form the primary and secondary binding sites of the Stage
I (targeting) agent, respectively.
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[0132] Preparation of Stage 11 (amplification) agent: Com-
mercially available biotinylated microbubbles functioned as
Stage 11 agent in this Example. The biotinylation sites func-
tion as both the tertiary and quaternary binding sites of the
Stage 1I agent.

[0133] Preparation of Stage III (imaging) agent: Commer-
cially available biotinylated microbubbles were provided and
reacted with Avidin-PEG-Avidin to form the quinary binding
site of the Stage III agent.

[0134] Formation of the Stage I (targeting) agent/target
complex: The Stage I (targeting) agent was reacted with the
polystyrene binding surface, and the Avidin-PEG-2H1 on the
targeting microbubbles bound to the fluoresceinated BSA on
the polystyrene binding surface. The polystyrene binding
surface was then washed to remove any unbound
microbubbles. If desired, binding and ultrasound effects were
measured at this time.

[0135] Formation of amplification complex: The Stage 11
(amplification) agent was reacted with the polystyrene bind-
ing surface having the Stage [ (targeting) agent bound thereto,
and the biotinylation site (i.e., the tertiary binding site) on the
Stage II (amplification) agent interacted with the Avidin-
PEG-Avidin (i.e., secondary binding site) on the Stage I (tar-
geting) agent, whereby the Stage II (amplification) agent
bound to the Stage I (targeting) agent bound to the polysty-
rene binding surface. The binding surface was then washed to
remove any unbound biotinylated microbubbles (i.e., Stage 11
(amplification) agents). If desired, binding and ultrasound
effects were measured at this time.

[0136] Formation of imaging complex: The Stage I1I agent
was reacted with the polystyrene binding surface having the
Stage I/I1 agents bound thereto, and the Avidin (i.e., quinary
binding site) on the Stage I1I agent interacted with the bioti-
nylation site (i.e., quaternary binding site) on the Stage II
(amplification) agent. Thus, the Stage III agent bound to the
Stage II (amplification) agent bound to the Stage I (targeting)
agent bound to the polystyrene binding surface. The binding
surface was then washed to remove any unbound
microbubbles (i.e., imaging agents).

[0137] Binding and ultrasound effects were measured at
this time, to confirm the enhancement of ultrasound contrast
agent signal (CPS), and also to verify the bubble heating
calculations in vitro to demonstrate that bubble aggregation
was not affected.

[0138] In addition, bubble aggregation was studied with
optical microscopy to confirm the three stages of binding.

Example 2

In Vivo Ultrasound Use of Targeting/Imaging Agent
Complex

[0139] Preparation of Targeting Component: First, avidiny-
lated unilaminar liposome preparation was prepared accord-
ing to the procedure described in Szoka and Papahadjopoulos
(1978) with the exception that the phospholipids are avidiny-
lated. Biotin—PEG;,—Antibody was prepared from hetero-
bifunctional crosslinker obtained from Thermo-Fisher. The
antibody in this instance may be taken from the list found in
Nature Reviews Cancer, Vol. 1, pp. 118-129 (November
2001). Biotin—PEG,,—Biotin was prepared from homobi-
functional crosslinker obtained from Thermo-Fisher. The
Biotin—PEG;,—Biotin and the Biotin—PEG;,—Antibody
were mixed with the avidinylated unilaminar liposomes to
prepare targeting reagent.
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[0140] Preparation of Imaging Component: Commercially
available biotinylated microbubbles were used. Avidin—
PEG;,—Avidin was prepared from homobifunctional
crosslinker obtained from Thermo-Fisher. The biotinylated
microbubbles were mixed with Avidin—PEG;,—Avidin to
obtain the imaging component.

[0141] Inthe method of use, the targeting component/lipo-
some preparation is injected into the bloodstream, and the
patient is incubated with said component for a sufficient
amount of time (such as but not limited to, about 3-10 min-
utes) so that targeting occurs and circulating free liposomes
substantially wash out of the bloodstream. Next, the patient is
injected with an effective amount of the imaging component,
and the patient is incubated with said component for a suffi-
cient amount of time (such as but not limited to, about 3-10
minutes) so that secondary targeting occurs and circulating
free microbubbles substantially wash out of the bloodstream.
Diagnostic imaging of targeted agent or targeted therapeutic
activity is then performed.

Example 3

In Vivo Ultrasound Use of
Targeting/ Amplification/Imaging Agent Complex

[0142] Preparation of Targeting Component: First, biotiny-
lated unilaminar liposome preparation was prepared accord-
ing to the procedure described in Szoka and Papahadjopoulos
(1978). Avidin—PEG;,—Antibody was prepared from het-
erobifunctional crosslinker obtained from Thermo-Fisher.
The antibody in this instance may be taken from the list found
in Nature Reviews Cancer, Vol. 1, pp. 118-129 (November
2001). Avidin—PEG;,—Avidin was prepared from homobi-
functional crosslinker obtained from Thermo-Fisher. The
Avidin—PEG;,—Avidin and the Avidin—PEG;,—Anti-
body were mixed with the biotinylated unilaminar liposomes
to prepare targeting reagent.

[0143] Preparation of Amplification Component: Biotiny-
lated unilaminar liposome preparation was prepared accord-
ing to procedure described in Szoka and Papahadjopoulos
(1978).

[0144] Preparation of Ultrasound Imaging Component:
Commercially available streptavidin ultrasound imaging
agent (Targestar SA from Targeson, Inc., San Diego, Calif.)
was used.

[0145] Inthe method of use, the targeting component/lipo-
some preparation is injected into the bloodstream, and the
patient is incubated with said component for a sufficient
amount of time (such as but not limited to, about 3-10 min-
utes) so that targeting occurs and circulating free liposomes
substantially wash out of the bloodstream. Next, the patient is
injected with an effective amount of the amplification com-
ponent, and the patient is incubated with said component for
a sufficient amount of time (such as but not limited to, about
3-10 minutes) so that secondary targeting occurs and circu-
lating free vesicles substantially wash out of the bloodstream.
Next, the patient is injected with an effective amount of the
imaging component, and the patient is incubated with said
component for a sufficient amount of time (such as but not
limited to, about 3-10 minutes) so that secondary targeting
occurs and circulating free vesicles substantially wash out of
the bloodstream. Diagnostic imaging of targeted agent or
targeted therapeutic activity is then performed.
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Example 4

In Vivo MRI Use of
Targeting/ Amplification/Imaging Agent Complex

[0146] This Example proceeds in a similar fashion to
Example 3, except that an MR imaging component is substi-
tuted for the ultrasound imaging component. The MR Imag-
ing Component is prepared as follows: Contrast agents are
entrapped within the internal aqueous space of the biotiny-
lated liposomes; the contrast agent should have high molecu-
lar weight to enhance signal. Examples of contrast agents
include, but are not limited to, macromolecular gadolinium
(IIT) chelates such as dendrimers, linear polymers, gadoful-
lurenes, gadonanotubes, and large proteins (see for example,
Accardo et al., 2009).

[0147] Lipophilic contrast agents are incorporated in the
lipid bilayer of the multilaminar liposome. Avidin—PEG,,—
Avidin is prepared from homobifunctional crosslinker
obtained from Thermo-Fisher. The biotinylated liposomes
are mixed with Avidin—PEG;,—Avidin to obtain the MR
imaging component.

[0148] Gd-DTPA is acommon MRI contrast agent. A typi-
cal dose is 0.17 mmol/kg body weight. The molecule has a
molecular weight of 0.56 kDa and a diameter of 10.0 A
(Higgins et al., 2006).

0.17x1073 moles/kgx100 kg/bodyx6.022x 10?3 mol-
ecules/mole=1.02x1023 molecules/body

[0149] Assuming 6 liters of blood per body, there would be
1.7x10" particles per uL of blood in a regular dose of agent.
Blood forms about 10% (between 5-14% depending on tissue
type) of the volume of a given region of tissue, so there are
about 1.7x10'* particles in a uL of tissue.

[0150] Surface loading of contrast molecule: the surface
area of a sphere of radius r is given by 4mr®. A 3 um diameter
sphere has a surface area of 2.8x107!* m*. A Gd-DTPA mol-
ecule has a cross sectional area of 7.85x10™*° m?. Therefore,
about 36x10° Gd-DTPA particles will fit around the surface
of each sphere.

[0151] Assuming there are 100 spheres ina 1 ulL oftargeted
region, this will provide 3.6x10° Gd-DTPA particles targeted
with full particle packing around each sphere. This is about
0.002% of the regular dose.

[0152] However, in some work at the University of Wiscon-
sin, antibodies capable of binding 100 Gd ions per molecule
were created (Glazer et al., 2004). This work cited antibody
concentrations as low as 0.1 uM as sufficient for imaging in
vivo.

0.1x107% moles/literx107¢ liter/uLx6.022x10%* mol-
ecules/mole=60.2x10° antibodies/uL.—6.02x10*2
Gd ions/uL

[0153] According to this work, about 6x10*% Gd complexes
in a 4 should achieve an image with MRI. This requires an
amplification factor of over 1600 over the assumed 100
sphere full particle packing case.

[0154] Therefore, the present Example utilizing MRI
agents with better contrast to provide greater numbers of
Gd-DTPA particles targeted to the targeted spheres. In one
embodiment, PEG chains provide additional binding sites
that could greatly increase the number of Gd-DTPA particles
that are bound to each sphere.

[0155] Volume loading of contrast molecule: The volume
or a sphere if radius r is given by 4/3nr’. A 3 um diameter
sphere has a volume of 1.4x107'* m*. A Gd-DTPA molecule
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has a volume of about 5.28x1072® m?®. Therefore, about
26x10° Gd-DTPA particles should fit within the volume of
each sphere. The molecules are suspended or somehow con-
strained so that the MRI response is maximized.

[0156] By targeting 10 spheres per 4, about 260x10° Gd
complexes per 4 will be achieved, which is about factor of 23
less than the required to image with MRI (6x10'? complexes
per 4). The MRI detectability limit can be achieved with an
amplification factor of 23. Greater levels of amplification may
relax the requirement on the number of Gd-DTPA particles
that must be loaded onto the spheres.

[0157] Increasing the volume of the targeting spheres to be
able to load more Gd complexes will also help. A 10%
increase in diameter will yield a 30% increase in Gd payload
capacity.

[0158] Conclusions: Amplification will enable targeted
MRI contrast imaging by increasing the number of Gd com-
plexes delivered to a region to a level sufficient to be detected.
Amplified targeted MRI contrast agents are confined to the
vascular lumen.

Example 5

Method of Delivering Heat to a Localized Site in the
Body to Treat a Disease State/ Ailment/Cancer

[0159] A setofliposomes coated with antibodies that target
the localized site in the body are provided. The set of lipo-
somes is also coated with one member of a complementary
pair of complexing agents.

[0160] A setofmicrobubblesis provided, wherein the set of
microbubbles is coated with the other member of the comple-
mentary pair of complexing agents. Each of the set of
microbubbles is filled with gas.

[0161] The patient is injected with an effective amount of
the set of liposomes, and the patient is incubated with the
liposomes for a sufficient amount of time (such as but not
limited to, about 3-10 minutes) so that targeting occurs and
circulating free liposomes substantially wash out of the
bloodstream. Next, the patient is injected with an effective
amount of the set of microbubbles, and the patient is incu-
bated with said microbubbles for a sufficient amount of time
(such as but not limited to, about 3-10 minutes) so that sec-
ondary targeting (i.e., amplification) occurs and circulating
free microbubbles substantially wash out of the bloodstream.
[0162] Ultrasound is then applied to a localized portion of
the patient, whereby the ultrasound is applied at the appro-
priate frequency and amplitude such that the sound energy is
absorbed by the material and is converted to heat. In this
manner, the localized tissue is heated to a point where necro-
sis occurs with minimal damage to surrounding tissue.

[0163] In this method, the bubble size is selected to maxi-
mize the absorption of sound without blocking flow of blood.
Example 6
In Vivo Therapeutic Use of Targeting/Imaging Agent
Complex
[0164] The targeting component is prepared as in Example

2

[0165] Preparation of Therapeutic Component for use in
US and PET applications: Commercially available biotiny-
lated microbubbles are used for ultrasound applications.
Commercially available biotinylated radiopharmaceuticals
are used for PET applications. Avidin—PEG;,—Avidin is
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prepared from homobifunctional crosslinker obtained from
Thermo-Fisher. The biotinylated microbubbles are mixed
with Avidin—PEG;;—Avidin to obtain the therapeutic com-
ponent.

[0166] Inthe method of use, the targeting component/lipo-
some preparation is injected into the bloodstream, and the
patient is incubated with said component for a sufficient
amount of time (such as but not limited to, about 3-10 min-
utes) so that targeting occurs and circulating free liposomes
substantially wash out of the bloodstream. Next, the patient is
injected with an effective amount of the imaging component,
and the patient is incubated with said component for a suffi-
cient amount of time (such as but not limited to, about 3-10
minutes) so that secondary targeting occurs and circulating
free microbubbles substantially wash out of the bloodstream.
Secondary target free bubble activity can be monitored with
imaging modality. Diagnostic imaging of targeted agent and/
or targeted therapeutic activity is then performed.

[0167] Some common PET tracer isotopes are ''C, °N,
130, '®F, #*Cu, ®*Cu, '**1, "°Br, **Rb and **Ga, with '*F. The
typical sensitivity of a PET scanner allows detection of
between 107'' and 107" mol/l. concentrations. This
Example also expects resolution on the order of several mil-
limeters.

107 moles/L.x6.022x10%® molecules/molex10~¢
L/uL=6x10° molecules/pL

Assuming there are 100 targeting spheres ina 1 pl. oftargeted
region, then about 60,000 isotope particles are needed in each
targeting sphere.
[0168] A unilamellar liposome with a diameter of 100 nm
(0.1 um) composed of a 5 nm thick bilayer of phosphatidyl-
choline contains

Nir = 17.69%

(5) +(5 5]

molecules or about 80,000. With the same 5 nm bilayer thick-
ness, a 1000 nm (1 pm) liposome contains about 8.8 million
molecules.

[0169] Therefore, about 60000 isotope particles per 8.8x
10° molecules or a concentration of 0.68% radioactive mate-
rial are needed, assuming the shell is the only place contain-
ing the isotope.

[0170] However, isotopic water may also be encapsulated
within the volume of a 1 um shell, thus providing:

10°mL lg 1 mole
X —X

m3 mL™ 18 g

4 6,13 23
§7r(0.5 x 107°m)” x X 6 x 1077 moleculesmole =

17.5%10° molecules

The 60,000 isotope particles per 17.5x10° molecules corre-
sponds to a radioactive isotope concentration of about 3 parts
per million in water.

[0171] The prior art discloses the labeling of liposome
shells rather than the water within. However, the lipid bilayer
is permeable to water molecules and impermeable to ions and
small hydrophilic molecules like glucose and larger macro-
molecules like proteins and RNA. So the present Example
encompasses the labeling of not only liposome shells but also
the water encapsulated therein. The use of larger radioac-

Jul. 18,2013

tively tagged molecules in the water encapsulated in the lipo-
some shells is required for labeling to ensure they are main-
tained within the liposome shell.

Example 7

In Vivo Therapeutic Use of
Targeting/ Amplification/Therapeutic Agent Complex

[0172] The targeting component and amplification compo-
nent are prepared as described in Example 3.

[0173] Preparation of Therapeutic Component: Commer-
cially available biotinylated microbubbles are used for ultra-
sound applications (note that the imaging agent and therapeu-
tic agent may be the same agent). Commercially available
biotinylated radiopharmaceuticals are used for PET applica-
tions. Avidin—PEG;,—Avidin is prepared from homobi-
functional crosslinker obtained from Thermo-Fisher. The
biotinylated microbubbles are mixed with Avidin—PEG;,—
Avidin to obtain the therapeutic component.

[0174] Inthe method of use, the targeting component/lipo-
some preparation is injected into the bloodstream, and the
patient is incubated with said component for a sufficient
amount of time (such as but not limited to, about 3-10 min-
utes) so that targeting occurs and circulating free liposomes
substantially wash out of the bloodstream. Next, the patient is
injected with an effective amount of the amplification com-
ponent, and the patient is incubated with said component for
a sufficient amount of time (such as but not limited to, about
3-10 minutes) so that secondary targeting occurs and circu-
lating free liposomes substantially wash out of the blood-
stream. Next, the patient is injected with an effective amount
of the therapeutic component, and the patient is incubated
with said component for a sufficient amount of time (such as
but not limited to, about 3-10 minutes) so that binding of the
therapeutic component to the target/amplification complex
occurs and circulating free microbubbles substantially wash
out of the bloodstream. Therapeutic component free bubble
activity can be monitored with an imaging modality. Diag-
nostic imaging of targeted agent and/or targeted therapeutic
activity is then performed.

Example 8

In Vivo Therapeutic Use of
Targeting/ Amplification/Imaging Complex to Induce
Ischemia

[0175] This Example proceeds as described in Example 7.
Once diagnostic imaging confirms that the complex of Stage
T agent/Stage II agent/Stage I1I agent has formed at the target
site, an additional amount of Stage II (amplification) agent
and/or Stage 11 (imaging) agent is administered. While visu-
alizing through imaging, additional amounts of agents with
complementary pairs (binding sites) to those exposed on the
complex are administered in a sequential fashion until the
vessel is substantially obstructed at the target site. Obstruc-
tion of the lumen at the target site results in necrosis of the
vascularized tissue at the target site. The process of necrosis
may be monitored using the appropriate imaging modality,
and the obstruction may be eliminated via ultrasound when
desired.
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Example 9

Calculations Related to the Heating Effects of
Bubbles in Tissue

[0176] Bubble kinetic energy: Based on Kirk T. McDonald,
“Single-Bubble Sonoluminescence”, Joseph Henry Labora-
tories, Princeton University, Princeton, N.J. 08544 (Feb. 2,
1995) (published at www.physics.princeton.edu/~mcdonald/
examples/sonobubble.pdf) the maximum kinetic energy
available in a collapsing bubble was computed. Assuming the
bubble starts out nominally at 3 pm diameter and expands to
10 um (the maximum that will fit in a capillary) and collapses
to 1 um without popping, the amount of energy available in
the size change from 10 um to 1 pm is given by:

4nP . 5
W= PAV = = (R - R)

Where P is 1 Atm or 10° N/m?

[0177] W=5.2x107'' T kinetic energy available in size
change (10 to 1 um)

[0178] Energy available in bubbles per cycle of insonation:
Assuming 100% of the kinetic energy from the size change
(from both the increasing and decreasing phases) of 10 tar-
geted bubbles ina 1 puLL volume could be converted to heat, the
amount of energy converted to heat per cycle is given by:

Eypp1es=252x1071x10=107° J/cycle in a 1 uL vol-
ume

[0179] Greater amounts of energy could be dissipated with
larger number of targeted bubbles. A lesser amount of energy
is available if all of the kinetic energy is not converted to heat.
Only a fraction of this energy would be converted to heat
depending on the bubble damping factor.

[0180] Bubble Heat dissipation: From de Jong et al. (2009),
for small excitation levels, the displacement of a bubble wall
in a liquid environment is characterized by an equation of
motion: m&+px+Sx=F,,, ., where m is the mass of the
bubble-liquid system, f§ is the mechanical resistance related
to the dissipation, S is the stiffness of the system, F (1) is
the driving force, and x(t) is the radial displacement of the
bubble wall relative to the initial radius R,,. The equations for
mass, mechanical resistance and stiffness are as follows:

m=4nR,p where p is the density of the surrounding
medium

B=9,,,,0m where d,,,, is the total damping and o the
angular frequency

S=127KP R, where K is the heat capacity ratio C,/C,,
and P is ambient pressure,

The equations for the resonance frequency and Q factor of a
second order system characterized by L(s*+2as+m,>), rewrit-
ten as

(e )
mls*+ —s+—|,
m  m

is
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Substituting the earlier equation for 3, we find

2

61010[

[0181] De Jonget al. suggest a damping coefficientd, ,,; on
the order of 0.1 for gas bubbles in water between 1 and 10 pm
diameter, leading to a Q of 20, which leads to a conversion
factor of about 5% (1/Q).

[0182] In reality, the viscous damping of blood is about
three times higher than water, so de Jong et al. (2002) suggest
a total damping coefficient closer to 0.5, starting from a
damping coefficient in water of 0.15 for bubbles with diam-
eters between 4 pm and 10 pm, which leads toa Q of 4 and a
therefore a higher conversion of ultrasound to heat will be
seen—on the order of 25%.

[0183] A 25% conversion factor was used for the calcula-
tions which follow.

[0184] Tissue Heating: It is assumed that all attenuation of
high frequency sound in tissue is due to absorption and that all
of'this energy is converted to heat. Assuming an attenuation of
0.4 dB/cm-MHz and a tissue heat capacity, p=3.5 J/g® C. the
power dissipation as a function of insonation frequency
assuming that the maximum allowable power of 720
mW/cm?is used is plotted in FIG. 4. Itis also assumed that the
density of tissue is equal to water, which should be accurate to
within about 5%.

[0185] The goal of targeted heat therapy is to find arange of
insonation frequencies and bubble geometry and composition
where heating from bubbles is greater than heating from
tissue. Heating from bubble size change kinetic energy trans-
formed to heat will depend on the number of bubbles in a
given volume as well as how much of the kinetic energy is
transformed to heat from the viscous friction from the bubble
shell.

[0186] Measurements from the 4C1 abdominal probe on
the Siemens Acuson Sequoia ultrasound system were made
for a specific imaging condition: 160 mm depth with a 20 mm
wide field of view while performing contrast pulse sequenc-
ing (CPS) imaging with a 21 dB power reduction from maxi-
mum to avoid bubble destruction. The power spatial peak,
temporal average, (SPTA) and mechanical index (MI) are
shown in Table 1.

TABLE 1
CPS Reduced power Reduced
frequency SPTA power Full power Full Power
(MHz) (mW/em?) MI (+21 dB) SPTA MI
1.5 3.76 21 434 1.9
2.0 2.88 21 341 1.9
2.5 6.46 22 624 1.9

[0187] Inall cases the system transmit about 2 cycles every
267 psec, spread out over 3 collinear firings and 10 transmit
lines at a frame rate of 124 Hz.

[0188] For the case of P2.0, or 2.0 MHz transmit, the 2
cycles every 267 usec repeated 3 times at 124 Hz leads to 744
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cycles per second for each line in the field of view. The FDA
thermal limit of 720 mW/cm? allows for a 250 fold increase in
duty cycle (2.88 mW/cm?® to 720 mW/cm?), increasing the
number of bubble cycles per second to 186,000. With a maxi-
mum ten-bubble kinetic energy of 10~° J/sec in 1 uL the total
power dissipated, assuming 100% conversion of kinetic
energy to heat is 186 uW, as shown in Table 2.

TABLE 2

Maximum duty

cycle increase Best possible

possible 10 bubble
assuming Maximum power dissipation power
Frequency 2 cycles increase possible before  transfer assuming
(MHz) to start 720 mW/cm? FDA limit  100% conversion
1.5 200 x 190 x 141 pW
2.0 267x 250x 186 pW
25 333x 111 x 82 W
[0189] The time to increase the tissue temperature by 1° C.

for tissue heating due to insonation and to heating due to
targeted bubble conversion of sound to heat is plotted in FIG.
5. The heat capacity of the tissue is assumed to be p=3.5 J/g°
C.

[0190] Targeted bubble therapeutic effectiveness occurs
when the time to increase a given volume of tissue by 1° C. is
greater for bubbles than it is for tissue. The actual therapeutic
effect would be achieved with a temperature rise of several
degrees, taking possibly several minutes to reach the desired
temperature.

[0191] Inthe examples shown in FIGS. 4 and 5, increasing
the number of bubbles from 10 bubbles per microliter to 100
bubbles per microliter will increase the heating contribution
of the bubbles to an amount substantially greater than the
heating contribution of the tissue. Depending on the bubble
size, insonation frequency, and intensity, a varying number of
bubbles is required to achieve the crossover from mainly
tissue heating to mainly bubble heating and into a regime of
therapeutic benefit.

[0192] These curves demonstrate that it is possible to heat
regions of targeted agent faster than normal tissue if sufficient
aggregated bubbles and a high level of conversion of sound to
heat are achieved. Smaller maximum bubble sizes will reduce
the power dissipated by bubbles. The power is proportional to
the third power of the radius. There are limits on how large the
bubbles can be expanded since the water will boil at body
temperature at pressures approaching 6 kPa.

[0193] It will be possible to further defocus the ultrasonic
insonation beams in elevation to maximize the power transfer
to bubbles over a volume, staying within the thermal and MI
limits mandated by safety considerations

[0194] Sphere Packing and Bubble Amplification and
Aggregation
[0195] A stage of amplification can increase the number of

bubbles that are targeted to a particular region of the tissue by
a factor which is proportional to the increase in surface tar-
geting area provided by a targeting liposome.

[0196] Consider the following case, where a single target-
ing liposome is attached to a surface ligand of a capillary
blood vessel. For targeting liposomes and bubbles which are
all of the same diameter and with ideal packing of spheres
bounded by a half-plane (i.e. the capillary wall), up to nine
bubbles can be attached to a single targeting liposome, shown
in FIG. 6A.
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[0197] With two stages of amplification a maximum ampli-
fication factor of 38 over the single targeting liposome is
possible, based on perfect half-plane sphere packing with
spheres of identical diameter. A single targeting liposome
(Stage L agent, shown in black) has 9 adhering Stage 11 (ampli-
fication) liposomes (shown in grey). For Stage III, twenty
eight liposomes form the final adhering cluster, shown in
three row levels in the FIG. 6B. The 38 fold amplification is
obtained from the nine bound spheres for Stage Il and the 28
additional bound spheres for Stage III (along with the one
Stage 1 liposome).

[0198] In practice the actual level of amplification may be
lower since bubbles are not all of uniform diameter allowing
gaps between bubbles and less efficient packing.

[0199] Bubbles which are highly clustered may experience
smaller changes in diameter in response to insonation pres-
sure change than single free bubbles, potentially somewhat
limiting the heat conversion improvements from increased
bubble aggregation.

[0200] In order to efficiently transfer acoustic energy to
targeted bubbles to achieve meaningful therapeutic effect it
will be necessary to increase the number of targeted bubbles
that attach within a tissue region. The increase in bubble
attachment is achievable with the amplification scheme pre-
viously described.

[0201] Amplification can be combined with other bubble
attachment improvements such as acoustic radiation force to
further increase targeted bubble aggregation. Acoustic radia-
tion force can be applied to the initial targeting liposome or to
any or all of the stages of liposome amplification, including
the final gas filled imaging or therapeutic liposome stage.
[0202] After thermal treatment, high acoustic pressure
pulses (i.e. MI>0.7) can be applied to destroy the aggregated
gas filled bubble shells and disperse the bubbles. This can
help avoid longer term blockage of capillaries after therapy.
[0203] Prior to therapeutic energy delivery, freely circulat-
ing bubbles can be destroyed by high intensity, short bursts of
acoustic energy directed towards larger blood vessels or the
chambers of the heart to ensure that subsequent thermal
energy delivery phase is better localized to the treatment
targets—the targeted aggregations of bubbles rather than the
freely circulating bubbles.

Example 10

Confirmation of Multistage Amplification Utilizing a
BIACORE™ X100 Optical Biosensor

[0204] This Example demonstrates multistage amplifica-
tion in situ. The protocol for multistage amplification of
Example 10 involved four steps. To begin, the target/binding
surface was prepared by attaching a fluoresceinated BSA
(F-BSA) to a gold surface of a BIACORE™ flow cell. In
Stage 1, 2H1-neutravidin was bound to the F-BSA. Then,
biotinylated microbubbles were allowed to saturate the sur-
face of the 2H1-neutravidin on the BIACORE™ surface. In
Stage 2, neutravidin was allowed to bind to the Stage 1 biotin
microbubbles. This was followed by the addition of more
biotin microbubbles that were allowed to bind to the Stage 1
neutravidin microbubble complex. In Stage 3, neutravidin
was allowed to bind to the Stage 2 microbubbles. Then biotin
microbubbles were again allowed to bind to the Stage 2 neu-
travidin microbubble complex.

[0205] FIG. 7a depicts the BIACORE™ dose response
curve for Stage 1 binding. In this experiment, the BIA-
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CORE™ surface was saturated with binding agent (i.e., neu-
travidin), and the microbubbles were the limiting reagent. As
microbubbles were added, the signal increased in a linear
fashion. This observation establishes that the change in signal
was directly related to the binding of microbubbles on the
BIACORE™ surface.

[0206] The Table in FIG. 75 illustrates the results for Stage
2 amplification using the BIACORE™ optical biosensor.
Unlike the dose response curve experiment, binding experi-
ments were conducted with microbubbles in excess and the
binding sites on the BIACORE™ surface limiting. When the
gold surface was saturated with Stage 1 binding, a signal
displacement of 12.5 Response Units (RU) was observed
(FIG. 7b). The biotin microbubbles were then converted to
neutravidin microbubbles by the addition of neutravidin.
Stage 2 amplification was obtained by adding biotinylated
microbubbles. The microbubbles were added until saturation
was observed (no increase in RU seen). A signal displacement
ot 46.3 RU was observed for Stage 2 binding. The ratio of
Stage 11 signal displacement to Stage I signal displacement
indicates an amplification factor of 3.7.

Example 11

In Vitro Assembly of Multi-Stage Complexes as
Observed by Dark Phase Microscopy

[0207] In this Example, a polystyrene binding surface was
prepared by incubating biotinylated BSA overnight in a poly-
styrene petri dish; neutravidin was then bound to the biotiny-
lated BSA to form the target site. For Stage 1 binding, bioti-
nylated microbubbles were bound to the neutravidin on the
polystyrene surface; this is depicted in FIG. 8.

[0208] For Stage 2 binding, neutravidin was allowed to
bind to the Stage 1 biotin microbubbles, and biotin
microbubbles were then allowed to bind to the Stage 1 neu-
travidin microbubble complex. Stage 2 binding is depicted in
FIG. 9.

[0209] For Stage 3 binding, neutravidin was allowed to
bind to the Stage 2 biotin microbubbles, and then biotin
microbubbles were allowed to bind to the Stage 2 neutravidin
microbubble complex. Stage 3 binding is depicted in FIG. 10.

Example 12

In Vitro Demonstration of Stage 2 Amplification

[0210] Materials: 60 mm Not TC-Treated culture dishes
were obtained from Corning, Inc. (Lowell, Mass.). Targestar
B biotinylated microbubbles were obtained from Targesson,
Inc. (San Diego, Calif.). A 50 pg/ml biotinylated BGG coat-
ing solution was prepared. The center of the petri dish was
spotted with 25 pl of the B-BGG solution, and the spot was
allowed to dry. A neutravidin (coat)—BSA (block) solution
was prepared with a final concentration of 30 pug/ml neutra-
vidin in phosphate buffered saline (PBS) buffer containing
1% BSA. The plate was incubated overnight with the neutra-
vidin-BSA solution with no mixing and then washed with 4
volumes of PBS spiked with TWEEN®20 to 0.075%.
[0211] For Stage 1 binding, 50 pl of the biotinylated
microbubbles were added to the center of the petri dish, and
the plate was inverted and mixed gently by hand for 10 min-
utes. The plate was then washed with 4 volumes of PBS and
photographed at 200x (FIG. 11, left panel).

[0212] For Stage 2 binding, 0.2 mM biotin in 1% BSA in
PBS was added to the dish, and the plate was mixed gently for
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one hourto block excess neutravidin sites. After washing with
4x3 ml PBS, the plate was then incubated with 0.15 mM
neutravidin in 1% BSA in PBS for 30 minutes, followed by
washing 4x3 ml PBS. The added neutravidin converted the
biotinylated microbubbles into neutravidin microbubbles. 50
pl microbubbles were added to the center of the petri dish,
which was then inverted and hand mixed on a flat surface for
10 minutes. The plate was then washed with 4 volumes PBS.
1 ml PBS was then added, and the plate photographed at 200x
(FIG. 11, right panel).

[0213] The results shown in FIG. 11 clearly demonstrate
amplification of the original target microbubbles.

[0214] Thus, in accordance with the present invention,
there has been provided compositions for target detection
and/or treatment, as well as methods of production and use
thereof, that fully satisty the objectives and advantages set
forth hereinabove. Although the inventive concept(s) has
been described in conjunction with the specific drawings,
experimentation, results and language set forth hereinabove,
it is evident that many alternatives, modifications, and varia-
tions will be apparent to those skilled in the art. Accordingly,
it is intended to embrace all such alternatives, modifications
and variations that fall within the spirit and broad scope of the
presently disclosed and claimed inventive concept(s).
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What is claimed is:

1. A complex of sequentially deliverable pharmaceutical
reagents useful for detecting a target exposed in a lumen
through imaging, wherein the complex is formed in the
lumen, the complex comprising:

at least one Stage I agent that binds to a target;

a plurality of Stage II agents;

a plurality of Stage I1I agents;

wherein each of the plurality of Stage II agents binds to at
least one Stage [ agent, and wherein each of the plurality
of Stage III agents binds to at least one Stage II agent,
and wherein at least one of the Stage I, Stage I1and Stage
IIT agents is detectable by an imaging modality, thus
allowing detection of the complex bound to the target.

2. The complex of claim 1, wherein two or more Stage 111
vesicles are bound to a single Stage II vesicle.

3. The complex of claim 1, wherein the Stage I, Stage [T and
Stage 111 vesicles are each selected from the group consisting
of liposomes, echogenic liposomes, multimodal echogenic
liposomes, microbubbles, microballoons, microspheres,
matrix particles, micelles, aggregation based constructs,
nanoparticles, perfluorocarbon nanodroplets, and combina-
tions thereof.

4. The complex of claim 1, wherein at least one of the Stage
1, Stage II and Stage 111 agents comprises a gas.

5. The complex of claim 1, wherein at least one of the Stage
1, Stage I1 and Stage 111 agents further comprises a therapeutic
composition incorporated/encapsulated therein.

6. The complex of claim 4, wherein the therapeutic com-
position is delivered, released, activated and/or excited upon
targeting via the Stage [ vesicle.

7. The complex of claim 5, wherein the release/activation/
excitation is in response to exposure to at least one of heat,
ultrasound and chemical methods.

8. The complex of claim 1, wherein:

(a) the Stage I vesicle is further defined as comprising a

primary binding site and a secondary binding site;

(b) the Stage II vesicle is further defined as comprising a
tertiary binding site and an quaternary binding site;

(c) the Stage 111 vesicle is further defined as comprising a
quinary binding site;

(d) wherein the primary binding site of the Stage I vesicle
forms a first binding complex with the target, the sec-
ondary binding site of a Stage I vesicle forms a second
binding complex with the tertiary binding site of a Stage
1I vesicle, and the quaternary binding site of a Stage 11
vesicle forms a third binding complex with the quinary
binding site of the Stage 111 vesicle.

9. The complex of claim 7, wherein at least one of:

(a) the tertiary and quaternary binding sites of the Stage 11
vesicle are identical and complementary to the second-
ary binding site of the Stage I vesicle and the quinary
binding site of the Stage III vesicle; and

(b) the secondary binding site of the Stage I vesicle is
identical to the quaternary binding site of the Stage 11
vesicle, whereby the secondary binding site of the Stage
I vesicle can also bind the quinary binding site of a Stage
11T vesicle to form the third binding complex.

10. The complex of claim 8, wherein each of the primary,
secondary, tertiary, quaternary and quinary binding sites is
selected from the group consisting of peptides, proteins, anti-
gens, antibodies, antibody fragments, receptors, ligands, gly-
coconjugates, and combinations or derivatives thereof.
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11. The complex of claim 1, wherein the complex further
comprises a second Stage III vesicle different from the first
Stage 111 vesicle, and wherein a first Stage I1I vesicle and a
second Stage II1 vesicle are bound to a single Stage Il vesicle.

12. The complex of claim 11, wherein the Stage II vesicle
is provided with two different binding sites to which the first
and second Stage 111 vesicles bind.

13. A complex of sequentially deliverable pharmaceutical
reagents useful for detecting a target exposed in a lumen
through imaging, wherein the complex is formed in the
lumen, the complex comprising:

at least one Stage I vesicle having a plurality of Stage 11
agents attached thereto, wherein the at least one Stage [
vesicle binds to a target exposed in a lumen.

14. The complex of claim 13, wherein the at least one
binding site on the Stage I1I agents is also capable of binding
to the Stage I agent.

15. A sequentially deliverable combinable formulation,
comprising:

a first administrable composition comprising a Stage |
agent that is capable of binding to a target exposed in a
lumen;

a second administrable composition comprising a Stage 11
agent;

a third administrable composition comprising a Stage II1
agent;

wherein the Stage II agent comprises a first moiety having
affinity for the Stage I agent and a second moiety having
affinity for the Stage I1I agent, and wherein at least one
of'the Stage I, Stage II and Stage 111 agents is detectable
by an imaging modality, thus allowing detection of the
Stage 1 agent bound to the target.

16. A method of generating enhanced images of a subject’s

body, the method comprising the steps of:

administering to said body the sequentially deliverable
combinable formulation of claim 15; and

generating an ultrasound, magnetic resonance, X-ray or
radiographic image of at least a part of said body.

17. The method of claim 16, wherein the administering step

is further defined as:

administering to said body the first administrable compo-
sition; and thereafter administering to said body the
second administrable composition; and thereafter
administering to said body the third administrable com-
position.

18. The method of claim 17, wherein the administering step

is further defined as:

administering to said body the first administrable compo-
sition;

incubating the body for an amount of time to allow for
binding of the Stage I agent to the target exposed in a
lumen and substantial clearance of unbound Stage I
agent from the lumen;

administering to said body the second administrable com-
position;

incubating the body for an amount of time to allow for
binding of the Stage II agent to the Stage I agent and
substantial clearance of unbound Stage I1 agent from the
lumen;

administering to said body the third administrable compo-
sition; and

incubating the body for an amount of time to allow for
binding of the Stage III agent and substantial clearance
of unbound Stage III agent from the lumen.
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19. A kit useful for imaging a target in a lumen, the kit
comprising:

a first administrable composition comprising a Stage [
agent that is capable of binding to a target exposed in a
lumen;

a second administrable composition comprising a Stage 11
agent;

a third administrable composition comprising a Stage 111
agent;

wherein the Stage I agent comprises a first moiety having
affinity for the Stage I agent and a second moiety having
affinity for the Stage III agent, and wherein at least one
of the Stage I, Stage II and Stage 11T agents is detectable
by an imaging modality, thus allowing detection of the
Stage 1 agent bound to the target.

20. The kit of claim 19, further comprising a software
module that analyzes information generated by an image
delivery device that detects the Stage I, Il and/or I1I agent(s).

21. A device for detecting a signal generated by a Stage I,
1T and/or 111 agent(s) bound to a target in a lumen, the device
comprising:

a computing system comprising an application module and

a processing unit, the application module comprising a
software module that analyzes information generated by
an image delivery device, and the processing unit con-
figured to execute the software module; and

an image delivery device that detects Stage I, II and/or III
agent(s), wherein the Stage I1I agent is complexed with
at least one Stage [ agent bound to a target and at least
one Stage II agent bound to the Stage I agent.

22. The device of claim 21, wherein the image delivery
device also functions as an energy delivery device that deliv-
ers directed energy to the target in the lumen to which the
complex of Stage 1 agent/Stage II agent/Stage III agent is
bound.

23. The device of claim 22, wherein the image/energy
delivery device is an ultrasound image/energy delivery
device.

24. A method of increasing the strength of a signal detected
by an imaging modality, the method comprising the steps of:

administering an effective amount of a Stage [ agent to a
subject, wherein the Stage 1 agent travels through the
subject and binds to a target exposed on a surface of
luminal wall of the subject;

administering an effective amount of a Stage I agent to the
subject, wherein a plurality of Stage I agents bind to the
Stage 1 agent bound to the target;

administering an effective amount of a Stage III agent to
the subject, wherein the Stage III agent binds to the
Stage II agent bound to the target site via the Stage I
agent; and

detecting a signal produced by at least one of the Stage I,
Stage 1I and Stage I1I agents via the imaging modality.

25. A method of diagnosing a condition/disorder in a sub-
ject, the method comprising the steps of:

administering an effective amount of a Stage [ agent to a
subject, wherein the Stage I agent comprises a binding
site that binds to a target specific to the condition/disor-
der, and wherein the Stage I agent travels through the
subject and binds to any target exposed on a surface of a
luminal wall of the subject;

administering an effective amount of a Stage I agent to the
subject, wherein a plurality of Stage I agents bind to the
Stage 1 agent bound to the target site;
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administering an effective amount of a Stage III agent to
the subject, wherein the Stage III agent binds to the
Stage II agent bound to the target site via the Stage I
agent; and

detecting any signal produced by at least one of the Stage I,
Stage II and Stage 111 agents via the imaging modality;
and

determining that the subject has the condition/disorder if a
signal is detected.

26. A method of treating a condition/disorder in a subject,

the method comprising the steps of:

administering an effective amount of a Stage [ agent to a
subject, wherein the Stage I agent comprises a binding
site that binds to a target specific to the condition/disor-
der, and wherein the Stage I agent travels through the
subject and binds to the target exposed on a surface of'a
luminal wall of the subject;

administering an effective amount of a Stage I agent to the
subject, wherein a plurality of Stage I agents bind to the
Stage I agent bound to the target site; and

administering an effective amount of a Stage III agent to
the subject, wherein the Stage III agent binds to the
Stage II agent bound to the target site via the Stage I
agent, and wherein at least one of the Stage I, IT and 111
agents comprises a therapeutic composition.

27. A method of delivering a therapeutic composition to a

target site, comprising the steps of:

administering an effective amount of a Stage [ agent to a
subject, wherein the Stage I agent comprises a binding
site that binds to a target specific to the condition/disor-
der, and wherein the Stage I agent travels through the
system and binds to the target exposed on a surface of'a
luminal wall of the subject;

administering an effective amount of a Stage I agent to the
subject, wherein a plurality of Stage I agents bind to the
Stage I agent bound to the target site; and

administering an effective amount of a Stage III agent to
the subject, wherein the Stage III agent binds to the
Stage II agent bound to the target site via the Stage I
agent, and wherein at least one of the Stage I, IT and 111
agents comprises a therapeutic composition incorpo-
rated therein.

28. A method of inducing ischemia and necrosis of vascu-
larized tissue at a targeted site in a subject, the method com-
prising the steps of:

(a) administering an effective amount of'a Stage I agent to
a subject, wherein the Stage [ agent comprises a binding
site that binds to a target specific to the condition/disor-
der, and wherein the Stage I agent travels through the
subject and binds to any target exposed on a surface of a
luminal wall of the subject;

(b) administering an effective amount of a Stage Il agent to
the subject, wherein a plurality of Stage 11 agents bind to
the Stage I agent bound to the target site;

(c) administering an effective amount of a Stage [l agent to
the subject, wherein the Stage III agent binds to the
Stage II agent bound to the target site via the Stage I
agent; and

(d) repeating at least one of steps (b) and (¢) until the lumen
is substantially obstructed at the target site.

29. The method of any of claims 24-28 wherein, in the step

of administering an effective amount of a Stage I agent, the
Stage [ agent comprises a gas.
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30. The method of claim 29, further comprising the step of
exposing the subject to ultrasound after administration of the
Stage 1 agent, whereby the ultrasound exposure pushes the
Stage 1 agent against the luminal wall and increases the like-
lihood of interaction of the Stage I agent with the target site.

31. The method of any of claims 24-30, wherein the Stage
1T agent comprises a gas.

32. The method of claim 31, further comprising the step of
exposing the subject to ultrasound after administration of the
Stage 11 agent, whereby the ultrasound exposure pushes the
Stage Il agent against the luminal wall and increases the
likelihood of interaction of the Stage I1 agent with the Stage |
agent bound to the target site.

33. The method of any of claims 24-32, wherein the Stage
IIT agent comprises a gas.

34. The method of claim 33, further comprising the step of
exposing the subject to ultrasound after administration of the
Stage III agent, whereby the ultrasound exposure pushes the
Stage III agent against the luminal wall and increases the
likelihood of interaction of the Stage I1I agent with at least
one of the Stage II agent and the Stage I agent bound to the
target site.

35. The method of any of claims 24-34, wherein the target
site is exposed on the surface of at least one of blood-brain
barrier, ovaries, pancreas, kidneys, liver, cancerous tissues of
any of the above and/or tissues supplying same.

36. The method of claim 35, wherein the target site is
disease specific.

37. The method of any of claims 24-36, wherein the com-
plex of Stage I agent/Stage 11 agent/Stage I1I agent does not
substantially obstruct fluid flow in the lumen.

38. The method of any of claims 24-37, wherein the imag-
ing modality is selected from the group consisting of ultra-
sound, magnetic resonance imaging (MRI), computerized
tomography (CT), dual source CT (perfusion imaging), dif-
fusion tensor imaging (DTI), delayed enhanced imaging,
X-ray and fluoroscopy (contrast fluoroscopy) imaging, com-
puterized SPECT, PET or PET-CT imaging, and molecular
imaging (radiopharmaceuticals).

39. The method of any of claims 24-38, wherein the subject
is a human or veterinary subject.

40. The method of any of claims 24-39, further comprising
the step of administering an effective amount of a second
Stage 111 agent to the subject, wherein the second Stage 111
agent binds to at least one of the Stage II agent and the Stage
IIT agent bound to the target site via the Stage I agent, and
wherein the second Stage III agent comprises at least one of
an imaging agent and a therapeutic agent.

41. The method of claim 25 or 26, wherein the condition/
disorder is selected from the group consisting of ovarian
cancer, pancreatic cancer, kidney cancer, liver cancer, inflam-
mation (Crohn’s disease), angiogenesis, and thrombosis.

42. The method of claim 26, further comprising the step of
activating the Step III agent to treat the condition/disorder.

43. The method of any of claims 24-42, further comprising
the step of degrading at least a portion of the Stage I/Stage
1I/Stage 111 complex.

44. The method of any of claims 24-43, further comprising
the steps of:

removing the Stage III agent from the complex, thereby

leaving a scaffold of Stage I agent/Stage II agents
attached to the target site;
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administering an effective amount of a second Stage III
agent to the subject, whereby the second Stage 111 agent
binds to the Stage [T agent bound to the target site via the
Stage I agent.

45. The method of any of claims 24-43, further comprising

the steps of:

removing the amplification and Stage III agents from the
complex, thereby leaving a scaffold of Stage I agent
attached to the target site;

administering an effective amount of a second Stage III
agent to the subject, whereby the second Stage 111 agent
binds to the Stage I agent.

46. The method of claim 44 or 45, wherein the second
Stage I1I agent comprises at least one of an imaging agent and
a therapeutic agent.

47. The method of claim 46, wherein the second Stage II1
agent comprises an imaging agent, and wherein the method
further comprises the step of detecting any signal produced by
the second Stage 111 agent via a second imaging modality.

48. A method of targeting a signal visualized by an imaging
modality, comprising the steps of:

administering an effective amount of a Stage [ agent to a
subject, wherein the Stage 1 agent travels through the
subject and binds to a target site exposed on a lumen of
the subject; and thereafter

administering an effective amount of a Stage II agent,
wherein a plurality of Stage II agents binds to the Stage
T agent; and

detecting a signal produced by at least one of the Stage |
and Stage II agents by the imaging modality.

49. The method of claim 48 wherein, in the step of admin-
istering an effective amount of a Stage I agent, the Stage |
agent comprises a gas.

50. The method of claim 49, further comprising the step of
exposing the subject to ultrasound after administration of the
Stage 1 agent, whereby the ultrasound exposure pushes the
Stage I agent against a wall of the lumen and increases the
likelihood of interaction of the Stage I agent with the target
site.

51. The method of any of claims 48-50, wherein the target
site is exposed on the surface of at least one of ovaries,
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pancreas, kidneys, liver, cancerous tissues of any of the above
and/or tissues supplying same.
52. The method of claim 51, wherein the target site is
disease specific.
53. The method of any of claims 48-52, wherein the imag-
ing modality is selected from the group consisting of ultra-
sound, magnetic resonance imaging (MRI), computerized
tomography (CT), dual source CT (perfusion imaging), dif-
fusion tensor imaging (DTI), delayed enhanced imaging,
X-ray and fluoroscopy (contrast fluoroscopy) imaging, com-
puterized SPECT, PET or PET-CT imaging, and molecular
imaging (radiopharmaceuticals).
54. The method of any of claims 48-53, wherein the subject
is a human or veterinary subject.
55. An imaging composition having enhanced binding
upon exposure to acoustic radiation force, the imaging com-
position comprising a multimodal echogenic liposome that
binds to a target, wherein the multimodal echogenic liposome
comprises a gas and a second imaging modality.
56. The imaging composition of claim 55, wherein the
second imaging modality is selected from the group consist-
ing of magnetic resonance imaging (MRI), computerized
tomography (CT), dual source CT (perfusion imaging), dif-
fusion tensor imaging (DTI), delayed enhanced imaging,
X-ray and fluoroscopy (contrast fluoroscopy) imaging, com-
puterized SPECT, PET or PET-CT imaging, molecular imag-
ing (radiopharmaceuticals), and combinations thereof.
57. A method of generating images of a subject’s body, the
method comprising the steps of:
administering to said body the imaging composition of
claim 55 or 56;

exposing the subject to ultrasound after administration of
the imaging composition, whereby the ultrasound expo-
sure pushes the imaging composition against the luminal
wall and increases the likelihood of interaction of the
Stage 1 agent with the target site; and

generating an image of at least a part of said body utilizing
the second imaging modality of the imaging composi-
tion.

58. A kit useful for imaging a target in a lumen, the kit
comprising the imaging composition of claim 55 or 56.
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