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SITE SPECIFIC BINDING SYSTEM,
IMAGING COMPOSITIONS AND METHODS

Background of e Inventio

This invention relates to a novel site specific
binding system and novel <compositions, and more
particularly, to such a system and compositions which are
useful in improved methods for ultrasonic imaging, drug or
chemotherapeutic agent delivery, and diagnostic assays and
detection systems. '

Heretofore, with respect to ultrasonic imaging,
although ultrasonic contrast agents based upon "bubble"
technology have been demonstrated to develop an acoustic
impedance mismatch by virtue of gas encapsulated either in
protein (Feinstein et al., J. Am. Coll. Cardiol. 1990;
16:316-324 and Keller et al., J. Am. Soc. Echo. 1989; 2:48-
52), polysaccharide (Corday et al., J. Am. Coll. Cardiol.
1984; 3:978-85) biodegradable polymers (Schneider et al.,
Invest. Radiol., 1993; 27:134-139 and Bichon et al.,
European Patent Application No. 890810367.4: 1990) or
lipids (D’Arrigo et al., J. Neurormag., 1991; 1:134-139;
Simon et al., Invest. Radiol., 1992; 27:29-34; and Unger et
al., Radiology 1992; 195:453-456), no experimental evidence
of site-specific targeting of an acoustic contrast or
imaging agent with resultant changes in the acoustic
properties of the targeted tissue, surface or support are
known. This lack of results has occurred despite numerous
methods described in the literature for modifying such
agents for targeting purposes, and the failure of past
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targeting approaches may be due to the chemical nature of

the agents, production procesgss limitations oxr particle
instabilities.

Nongaseous acoustic contrast agents have been
described i1ncluding 1lipid emulsions (Fink etp al.,
Ultrason. Imaging, 1985 7:191-197) liposomes (Lanza et al.,
J. Am. Coll. Cardiol., 1992 (abstract); 19 (3 Suppl A)
11424), and perfluorocarbon emulsions (Mattrey et al.,
Radiology 1982; 145: 759-762 and Mattrey et al., Ultrasound
Med. 1983; 2:173-176). As with the contrast agents
discussed above, no demonstration of site targeted emulsion
or liposome has been reported. Again, such failure may
reflect instability of the particles, process
incompatibilities or the chemical nature of the contrast
agent. Lipid emulsions were evaluated by Fink et al. supia
and did not exhibit adequate echogenicity in studies
examining hepatic imaging. A unigque chemical formulation
of liposomes described by Lanza et al. supra was suggested

to have the potential to be a targetable ultrasonic

contrast but such has not been demonstrated to date.

Perfluorocarbon emulsions, Perflubron
(perfluorococtylbromide, P100) and Flusol (perfluorodecalin
and perfluorotripropylamine, F20) have been used as

ultrasonic contrast agents and have been reported to

accumulate 1n liver, spleen and tumors secondary to
phagocytic uptake of emulsion particles at these sites
(Mattrey et al. 1983, supra). These perfluorocarbon

emulsions have also been noted to enhance Doppler signals
and opacify lumens. Fluorocarbons and fluorocarbon
emulsions for use as contrast agents are disclosed in U.S.
Patent Nos. 4,827,623, 5,077,036, 4,838,274, 5,068,098,
5,114,703, 5,362,477, 5,362,478, 5,171,755, 5,304,325,
5,350,571 and 5,403,575. However, no demonstration of

perfluorocarbon emulsions as a ligand targeted acoustic

contrast system has been reported.
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Previous descriptions of tissue or organ
targeting in biomedical ultrasonics has referred to the
collection of acoustically reflective particles within or
around structural tissue abnormalities. Localized acoustic
enhancement of tissue pathologies (e.g. malignancies) has
not been ligand-directed but rather has depended upon
differential dynamic rates of particle uptake and/oxr
clearance between normal and malignant tissues. Such
contrast agents have included agueous solutions (Ophir et
al., Ultrason. Imaging 1979, 1:265-279; Ophir et al.,
Ultrasound Med. Biol. 1989, 15:319-333; and Tyler et al.,

Ultrason. Imaging, 3:323-329), emulsions (Fink et al.
Ultrason. Imaging, 1985, 7:191-197), and suspensions
(Mattrey et al. 1982 supra and Mattrey et al., Radiology,
1987, 163:339-343). Although the possibility of ligand-

directed ultrasonic contrast targeting with acoustically
reflective liposomes has been suggested, no successful
applications of this concept have been reported (L.anza et
al. 1992, supra and Valentini et al., J. 2aAm. Coll.
Cardiol., 1995, 25:16A). Previous approaches to targeting
in vivo of particles have involved direct conjugation of a

ligand (e.g. monoclonal antibody) to a vesicle by a variety

of methods (see, for example, Torchlin et al., Biochemn.
Biophys. Res. Commun. 1978, 85:983-990; Endoh et al., J.
Immunol. Methods, 1981, 44:79-85; Hashimoto et al., J.

Immunol. Methods, 1983, 62:155-162 and Martin et al.,

Biochemistry, 1981, 20:4229-4238).

There zremains a need for new and improved
methodologies for ligand-based binding systems which can be
adapted as an ultrasonic contrast system permitting
detection of molecular moieties such as peptides,
carbohydrates or nucleic acids and whose uses can range
from ultrasound-based ELISA-like laboratory diagnostic
assays in 1liquid and solid phase systems and in cell
cultures; electrophoretic, chromatographic and

hyvbridization detection sgsystems to the detection of
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thrombi, infections, cancers and infarctions in patients

with the use of conventional ultrasonic imaging methods.

Summary of the Invention

Among the several objects of the invention may be
noted the provision of a novel method for ligand-based
binding of 1l1lipid encapsulated particles to molecular
epitopes on a surface in vivo or in vitro, the provision of
such a method in which the ligand is conjugated to the
lipid encapsulated particles through an avidin-biotin
interaction and the resulting conjugate is bound to
molecular epitopes on a surface; the provision of such a
method which is wuseful for enhancing the acoustic
reflectivity of a biological surface for ultrasonic
imaging; the provision of a method of this type wherein the
conjugate formed is effective for imaging by x-ray,
ultrasound, magnetic resonance or positron emission
tomography; the provision of compositions for use in
ultrasonic imaging of a biological surface and for
enhancing the acoustic reflectivity of such a surface; the
provision of ultrasonic contrast agents which become highly
reflective when bound to the desired site or biological
surface through the ligand-based binding system of the
invention; and the provision of such methods and
compositions which are capable of targeting and altering
the echogenic properties of a tissue surface for improved
and specific identification of pathological processes.
Other objects will be in part apparent and in part pointed
out hereinafter.

Briefly, in its broadest embodiment, the present
invention is directed to a method for ligand-based binding
of lipid encapsulated particles to molecular epitopes on a
surface in vivo or in vitro which comprises sequentially
administering (a) a site-specific ligand activated with a
biotin activating agent; (b) an avidin activating agent;
and (c¢) 1l1lipid encapsulated particles activated with a
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biotin activating‘agenf, whereby'the ligand i1s conjugated
to the particles through an avidin-biotin interaction and
the resulting conjugate is bound to the molecular epitopes
on such surface. The conjugate is effective for imaging by
x-ray,'ultrasound, magnetic resonance or positron emission
tomography. In a more specific embodiment, the invention
is directed to a method for enhancing the acoustic
reflectivity of a biological surface through the sequential
administration of the above-noted components whereby the
resulting conjugate is bound to a natural or synthetic
surface to enhance the acoustic reflectivity thereof for
ultrasonic imaging. The invention i1is also directed to
compositions for use in ultrasonic imaging of such surfaces
and for enhancing the acoustic reflectivity thereof.

According‘to one aspect of the present invention,
there is provided a composition comprising an emulsion of
lipid encapsulated particles having cores consisting
substantially of liquid fluorocarbon, said particles coupled
to a ligand for ligand-based binding of said particles to a
molecular epitope or receptor, for use in a subject in an
in vivo targeted diagnostic procedure, wherein said
diagnostic procedure comprises imaging said target in the
presence of said emulsion, wherein during said imaging, said

emulsion is of lipid encapsulated particles having cores

consisting substantially of liquid fluorocarbon said

particles coupled to said ligand.

According to another aspect of the present

invention, there is provided a use of a composition

comprising an emulsion of lipid encapsulated particles

having cores consisting substantially of liguid
fluorocarbon, said particles coupled to a ligand for

ligand-based binding of said particles to a molecular
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epitope or receptor, 1n the preparation of a formulation for

an 1n vivo targeted diagnostic procedure 1n a subject,

wherein sailid diagnostic procedure comprilses 1lmaging saild

target in the presence of said emulsion, wherein during said

1maging, sald emulsion 1s of lipid encapsulated particles

having cores consisting substantially of ligquid fluorocarbon

salid particles coupled to sald ligand.

According to yet another aspect of the present

invention, there is provided use of a composition comprising

an emulsion of lipid encapsulated particles having cores
conslisting substantially of liquid fluorocarbon, said
particles coupled to a ligand for ligand-based binding of
sald particles to a molecular epitope or receptor, in an
in vivor targeted diagnostic procedure in a subject, wherein
sald diagnostic procedure comprises imaging said target in
the presence of said emulsion, wherein during said imaging,
salid emulsion 1s of lipid encapsulated particles having
cores consisting substantially of liquid fluorocarbon said

particles coupled to said ligand.

Exief Description of the Drawings

Figure 1 is a graph showing changes in aggregate
particle size of biotinylated and control perfluorocarbon
emulsions with increasing avidin concentration;

Figure 2 shows ultrasonic images of control and
biotinylated perfluorocarbon emulsion before and after the
addition of avidin;

Figure 3 is a graphic illustration of dialysis

tubing images and region of interest placement for gray
scale analysis;

Figure 4 is a graph showing changes in average
pixel gray scale associated with the addition of avidin to
control or biotinylated perfluorocarbon emulsion;

Figure 5 is a graph showing the effect of control
and biotinylated perfluorocarbon emulsion on apparent
backscatter tranhsfer function and integrated backscatter of
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avidinized nitrocellulose membranes;

Figure 6 1s a graph showing the apparent
backscatter transfer function of biotinylated and control
perfluorocarbon emulsions targeted to D-dimer covalently

‘conijugated to nitrocellulose membranes;
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Figure 7 1is a graph showing the apparent
backscatter transfer function (dB) of biotinylated and
control perfluorocarbon emulsions at low ultrasonic
frequencies;

Figure 8 is a graph showing the apparent
backscatter transfer function of biotinylated and control

perfluorocarbon large particle size emulsions targeted to
avidinized nitrocellulose membranes:;

Figure 9 shows wultrasonic images of plasma
thrombi before and after exposure to control or
biotinylated emulsions:;

Figure 10 is a graph showing the average pixel
grayscale level of plasma thrombi pre-targeted with
antifibrin monoclonal antibody and exposed to control or
biotinylated perfluorocarbon emulsion;

Figure 11 shows ultrasonic images of femoral
artery thrombus acoustically enhanced with biotinvlated
perfluorocarbon emulsion in vivo;

Figure 12 is a graph showing the net change 1in
apparent backscatter transfer function of biotinylated and
control perfluorocarbon emulsions targeted to prostate
specific antigen in prostatic carcinoma relative to normal
regions;

Figure 13 is a graph showing the net change 1in
integrated backscatter between normal prostatic stroma and
cancerxr regions for control versus biotinylated
perfluorocarbon emulsions;

Figure 14 is a graph showing the net change in
apparent backscatter transfer function of biotinylated and
control perfluorocarbon emulsions targeted to O0OC-125
antigen in ovarian carcinoma relative to normal regions;

Figure 15 is a graph showing the net change in
integrated backscatter between normal ovarian tissue and

carcinoma regions for control versus biotinylated
perfluorocarbon emulsions:
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Figure 16 shows ultrasonic and optical images of

tonsil using perfluorocarbon contrast and horseradish
peroxidase targeted to epithelium with anticytokeratin
antibodies;

Figure 17 shows peak detected ultrasonic images
of tonsil epithelium acoustically enhanced with
anticytokeratin antibody targeted perfluorocarbon emulsion.

Fig. 18 1is a graph showing avidin titration
curves for three biotinylated perfluorocarbon emulsions
incorporating varying concentrations of gadolinium-DTPA-
BOA ;

Fig. 19 shows the enhancement of the acoustic
reflectivity of ©plasma clots treated with targeted
perfluorocarbon dual ultrasonic and MRI contrast; and

Fig. 20 shows the femoral artery thrombus
detected by both magnetic resonance and ultrasound.

Description of the Preferred Embodiments

In accordance with the present invention, it has
now been found that a ligand-based binding system having
broad application may be achieved through ligand-based
binding of lipid encapsulated particles to molecular
epitopes on a surface in vivo or in vitro by sequentially
administering (a) a site-specific ligand activated with a
biotin activating agent; (b) an avidin activating agent;
and (c) 1lipid encapsulated particles activated with a
biotin activating agent, whereby the ligand 1s conjugated
to the lipid encapsulated particles through an avidin-
biotin interaction oxr complexing and the resulting
conjugate is bound to the molecular epitopes on the
surface. The ligand-based binding system of the present

invention thus permits detection of molecular moieties such
as peptides, carbohydrates or nucleic acids with a specific

ligand probe (e.g. an antibody or antibody fragment)
complexed or conjugated with avidin and biotin, the latter

being carried by lipid encapsulated particles (e.g.
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biotinylated lipia enca:psulated e'mﬁlsion or liposome). The
ligand-based binding system of the invention may be
employed 1n an ultrasonic contrast agent system,
ultrasound-based ELISA-like laboratory diagnostic assays in
liquid and solid phase systems and in cell cultures,
electrophoretic, chromatographic and hybridization
detection systems, and for the detection of thrombi,
infections, cancers and infarctions in patients with the
use of conventional wultrasonic imaging methods. The
invention may also be applied for therapeutic purposes by
delivery of chemotherapeutic agents or drugs to desired
sites due to the specificity of the binding system coupled
with the ability to monitor the progresgs of the therapeutic
Lreatment through repeated imaging at such sites. In this
regard, the above-referred to conjugate of the ligand to
the lipid encapsulated particles through an avidin-biotin
interaction or complexing is effective for imaging by x-
ray, ultrasound, magnetic resonance or positron emission
tomography.

In one embodiment .of the invention, there is
provided a method for enhancing the reflectivity of a
biological surface by sequentially administering to the
surface (a) a site-specific ligand activated with a biotin
activating agent; (b) an avidin activating agent; and (c)
lipid encapsulated particles activated with a biotin
activating agent; whereby the ligand is conjugated to the
lipid encapsulated particles through an avidin-biotin
interaction and the resulting conjugate is bound to the
biological surface to enhance the acoustic reflectivity
thereof for ultrasonic imaging. This novel triphasic
approach utilizes an avidin-biotin interaction to permit
administration of the targeting ligand separate from the
acoustic 1lipid encapsulated particles. In a specific
application of the method in accordance with the invention,
a biotinylated ligand is first systemically administered to
a patient to pretarget the tissue or biological surface of
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interest and to circulate for a period of time necessary Or
sufficient to optimize the percentage bound. In the second
phase, avidin is administered, circulates and binds to the
biotinylated ligand attached to the target tissue ox
gsurface and to any residual, free circulating 1ligand.
Avidin cross-linking increases the avidity and stability of
the ligand on the target tissue or surface while promoting
the rapid clearance of circulating avidin-ligand complexes
via the reticuloendothelial system. In the third phase,
the biotinylated lipid éncapsulated particles are
administered, binding to avidin through unoccupied biotin
binding sites, and imparting increased acoustic contrast to
the targeted tissue surface. Repeated sequential
administration of avidin and the biotinylated 1lipid
encapsulated particles may be carried out to amplify the
acoustic contrast effect of the 1lipid encapsulated

particles bound to the targeted surface.

In the practice of the invention, the ligand
employved may be, for example, constituted by monoclonal or
polyclonal antibodies, wviruses, chemotherapeutic agents,
receptor agonists and antagonists, antibody fragments,
lectin, albumin, peptides, hormones, amino sugars, lipids,
fatty acids, nucleic acids and cells prepared or isolated
from natural or synthetic sources. In short, any site-
specific ligand for any molecular eplitope oxr receptor to be
detected through the practice of the invention may be
utilized.

The ligand is activated with a biotin activating
agent. As employed herein, the term "biotin activating
agent" or "biotinylated" encompasses biotin, biocytin and
other Dbiotin analogs such as bilotin amido caproate N-
hydroxysuccinimide ester, biotin 4-amidobenzoic acid,
biotinamide caproyl hydrazide and other biotin derivatives
and conjugates. Other derivatives include biotin-dextran,
biotin-disulfide-N-hydroxysuccinimide ester, biotin-6 amido

quinoline, biotin hydrazide, d-biotin-N hydroxysuccinimide
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ester, biotin.'maleimide, d-biotin p-nitrophenyl ester,
biotinylated nucleotides and biotinylated amino acids such
as Ne-biotinyl-1l-lysine.

In the second phase, as previously mentioned, an
avidin activating agent is administered. As employed
herein, the term "avidin activating agent" or "avidinized"
encompasses avidin, streptavidin and other avidin analogs
such as streptavidin or avidin conjugates, highly purified
and fractionated species of avidin or streptavidin, and non
or partial amino acid wvariants, recombinant or chemically
synthesized avidin analogs with amino acid or chemical
substitutions which still accommodate biotin binding.

The lipid encapsulated particles or contrast
agent employed in the third phase may be constituted, for
example, by a biotinylated emulsion or liposome which may
contain a gas, liquid or solid. In a specific example, the
lipid encapsulated particles may be constituted by a
perfluorocarbon emulsion, the emulsion particles having
incorporated into their outer coating a biotinylated lipid
compatible moiety such as a derivatized natural or
synthetic phospholipid, a fatty acid, cholesterol,

lipolipid, sphingomyelin, tocopherol, glucolipid,
stearylamine, cardiolipin, a 1lipid with ether or ester
linked fatty acids or a polymerized 1lipid. Thus, the

biotinylated contrast agent constituting the lipid
encapsulated particles may be produced by incorporating
biotinylated phosphatidylethanolamine into the outer lipid
monolayer of a perfluorocarbon emulsion.

Perfluorocarbon emulsions are particularly well
suited for biomedical applications and for use in the
practice of the present invention. They are known to be
stable, biologically inert and zreadily metabolized,
primarily by trans-pulmonic alveolae evaporation. Further,
their small particle size easily accommodate transpulmonic
passage and their circulatory half-life (4-8 hours)
advantageously exceeds that of other agents. Also,
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perfluorocarbons have been used to date in a wide variety
of biomedical applications, including use as artificial
blood substitutes. For use 1n the present invention,
various fluorocarbon emulsions may be employved including
5 thogse in which the fluorocarbon i1is a fluorocarbon-
hydrocarbon, a perfluoroalkylated ether, polyether or crown
ether. Useful perfliuorocarbon emulsions are disclosed in
U.S. Patent Nos. 4,927,623, 5,077,036, 5,114,703,
5,171,755, 5,304,325, 5,350,571, 5,393,524, and 5,403,575
10 and include those in which the perfluorocarbon compound is
perfluorotributylamine, perfluorodecalin,
perfluorooctylbromide, perfluorodichlorooctane,
perfluorodecane, perfluorotripropylamine,
perfluorotrimethylcyclohexane or other perfluorocarbon
15 compounds. Further, mixtures of such perfluorocarbon
compounds may be incorporated in the emulsions utilized in
the practice of the invention. As a specific example of a
perfluorocarbon emulsion useful in the invention may be
mentioned a perfluorodichlorooctane emulsion wherein the
20 1lipid coating thereof contains between approximately 50 to
99.5 mole percent lecithin, preferably approximately 55 to
70 to mole percent lecithin, 0 to 50 mole percent
cholesterol, preferably approximately 25 to 45 mole percent
cholesterol and approximately 0.5 to 10 mole percent
25 biotinylated phogsphatidylethanolamine, preferably
approximately 1 to 5 mole percent biotinylated
phosphatidylethanolamine. Other phospholipids such as
phosphatidylserine may be biotinylated, fatty acyl groups
such as stearylamine may be conjugated to biotin, or
30 cholesterol or other fat soluble chemicals may be
biotinylated and incorporated in the lipid coating for the
lipid encapsulated particles. The preparation of an
exemplary biotinylated perfluorocarbon for use 1in the
practice of the invention is described hereinafter in

35 accordance with known procedures.
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When the 1lipid encapsulated particles are
constituted by a liposome rather than an emulsion, such a

liposome may be prepared as generally described in the

literature (see, for example, Kimelberg et al., CRC Crit.
Rev. Toxicol. 6,25 (1978) and Yatvin et al. , Medical
Physics, Vol. 9, No. 2, 149 (1982)). Liposomes are known

to the art and generally comprise lipid materials including
lecithin and sterols, egg phosphatidyl choline, egg
phosphatidic acid, cholesterol and alpha-tocopherol.

With respect to the particle size of the lipid
encapsulated particles constituted by a perfluorocarbon
emulsion or liposome, the particle size may range between
approximately 0.05 to 5 microns and preferably between
approximately 0.05 and 0.5 micron. Small size particles
are thus preferred because they circulate longer and tend
to be more stable than larger particles.

As 1ndicated, the ligand is conjugated to the
lipid encapsulated particles or perfluorocarbon emulsion
through an avidin-biotin interaction. The ligand may also
be conjugated to the emulsion directly or indirectly
through intervening chemical groups or conjugated directly
or 1indirectly to biotin or a biotin analog through
intervening chemical groups. such as an alkane spacer
molecule or other hydrocarbon spacer. The use of spacer
molecules between the ligand and biotin or between biotin
and the emulsion is not required but aids in rendering the
biotin more available for binding to avidin.

As previousgsly mentioned, the emulsion or liposome
constituting the lipid encapsulated particles or vesicles
may contain a gas, 1ligquid or solid. The gas may be
nitrogen, oxygen, carbon dioxide or helium and may, for
example, be evolved from the fluorocarbon component of the
emulsions described above.

Alternatively, but less preferably, the ligand-
based binding method of the invention may be carried out by

sequentially administering a site-specific ligand activated
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with a biotin or avidin activating agent and 1lipid
encapsulated particles activated with a biotin or avidin
activating agent, a biotin activating agent being used
where an avidin activating agent was emploved in the first
step and an avidin activating agent being used where a
biotin activating agent was employed in the first step.
The direct conjugation of the ligand to a perfluorocarbon
emulsion, for example, is less preferable since it may
accelerate 1in vivo clearance of the emulsion contrast

agent.

In the practice of the invention, 1t has been
unexpectedly found that the individual components of the
ultrasonic contrast agents as described above are poorly
reflective or have low echogenicity in the bloodstream but
become highly reflective when the ligand-avidin-emulsion
complex is formed in vivo at the desired site or biological
surface and thereby Substantially enhances the acoustic
reflectivity thereof for ultrasonic imaging. This 1s 1in
sharp contrast to previously known sonographic contrast
agents which are inherently bright or of high reflectivity
in the bloodstreamn. The improved acoustic reflectivity
achieved through the present invention provides the
advantage of enhancing the signal-to-noise ratio because
the background contrast from lipid encapsulated particles
in the blood is minimal. Thus, the present 1invention
offers an improved noninvasive method for forming an
acoustic contrast agent which can be targeted in vitrxo or
in vivo and which when bound to a specific desired site
alters the acoustic reflectivity of a tissue surface or
support media in a manner detectable with ultrasonic
transducers suitable for Dbiomedical and diagnostic
applications within a frequency range of at least 5 to 50
MHz (nominal center frequencies may be wider ranging based
on the knowledge that these are broad band transducers).
The method of the invention advantageously provides a

practical means for detecting any molecular epitope or
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receptor for which a biotinylated monoclonal antibody or
other ligand is available without the need for use of
ionizing radiation with or without associated invasive
procedures in various clinical applications and while
employing standard, commercially available ultrasonic
technology. The present invention does not employ
ultrasonic contrast systems or agents to delineate blood
flow as 1in the prior art but rather to detect physiologic
and pathologic events by sensing the accumulation of the
contrast agent at specific binding sites.

In the application of the invention to diagnostic
assays such as ultrasound-based ELISA-type laboratory
diagnosgtic assays in liquid and solid phase systems, the
surface on which ligand-based binding of lipid encapsulated
particles to molecular epitopes occurs may be, for example,
nylon, nitrocellulose membranes or a gel as well as a
biological surface.

The ligand-based.bihding system of the invention
may also be applied to provide a chemotherapeutic agent or
gene therapy delivery system combined with ultrasonic
ilmaging. For example, chemotherapeutic agents or immune

activating drugs such as tissue plasminogen activator,

adriamycin, vincristine, urokinase, streptokinase,
methotrexate, cytarabine, thioguanine, doxorubicin, 5-
fluorouracil, cisplatin, etoposide, ifosfamide,
asparginase, deoxycoformycin, hexamethyl melamine and

including radiocactive agents may be incorporated in the
lipid encapsulated particles and become part of the
conjugate bound to a specific biological surface site for
therapeutic action. The present invention would also
advantageously permit the site to be ultrasonically imaged
in order to monitor the progress of the therapy on the site
and to make desired adjuétments in the dosage of
therapeutic agent subsequently directed to the site. The
invention thus provides a noninvasive means for the
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detection and therapeutic treatment of thrombi, infections,
cancers and 1nfarctions in patients while employing
conventcional ultrasonic imaging systems.

The following examples illustrate the practice of

the invention.

Example 1
The procedure for preparing a biotinylated lipid

encapsulated perfluorodichlorococtane emulsion for use in
ultrasound imaging is as follows.

The biotinylated 1lipid perfluorodichlorooctane
(PFDCO) emulsion is comprised of the following components:
PFDCO (40% v/v), safflower oil (2.0%w/v), a surfactant co-
mixture (2.0% w/v) and glycerin (1.7% w/v). The surfactant
co-mixture is composed of approximately 64 mole% lecithin,
35 mole % cholesterol and 1 mole % N- (6-biotinoyl)amino)
hexanoyl)dipalmitoyl-L-alpha-phosatidylethanolamine. These
components are welghed together into a test tube and

dissolved in chloroform. The chloroform is stripped from
the material and the resulting surfactant mixture is dried
in a 50°C wvacuum oven overnight. The co-mixture is

dispersed into water by sonication resulting in a liposome
suspension. The suspension 1s transferred into a 30 mbL
capacity blender cup (Dynamics Corporation of America, New
Hartford, CT) along with the PFDCO and oil. The mixture is
blended for 30-60 seconds to a pre-emulsion. The
preemulsified sample is transferred to the reservoir of a
microfluidizer, model S110 (Microfluidics, Newton, MA), and
emulsified for three minutes at 10,000 psi. To prevent the
emulsion from heating excessively during homogenization,
the shear wvalve and mixing coil of the microfluidizer are
immersed 1in a room temperature water Dbath during
processing. The final temperature of the emulsion is
approximately 35°C. The finished emulsion is bottled in 10
mL serum vials, blanketed with nitrogen gas and sealed with

stopper/crimp seal. The average particle size of the
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finished product, measured by a laser 1light scatter
particle sizerxr (Brookhaven Instruments Corporation,

Holtsville, NY), is 250 nm.

Example 2

The incorporation of biotinylated
phosphatidylethanolamine into the encapsulating lipid
monolayer of perfluorocarbon emulsion is prepared as
described in Example one and demonstrated to increase
aggregate particle size in the presence of titrated
concentrations of avidin (Pie:;‘ce, Rockford, IL 61105). An
identically prepared control emulsion is prepared which
incorporates nonbiotinylated phosphatidylethanolamine into
the outer lipid monolayer of the perfluorocarbon emulsion.
Avidin is resuspended in isotonic phosphate buffered saline
(PBS, Fisher Inc., Fair Lawn, NJ). Within a polystyrene
cuvette, a 3.0 ml reaction mixture is prepared containing
PBS, biotinylated or control perfluorocarbon emulsion (20
pl) and avidin, at 0.0, 0.5, 1.0, 1.5 or 2.0 ug/ml.
Contents are mixed by gentle inversion and react for thirty
minutes at room temperature. Emulsion particle sizes are
determined in triplicate with a Brookhaven BI-90 particle
size analyzer (Holtsville, NY) at 37°C. Aggregate particle
size of the biotinylated emulsion increased progressively
from a baseline of 263+2.54 nm to greater than 2000 nm with

increasing concentration of ‘avidin (Figure 1). Marked
flocculation and sedimentation are noted when avidin
concentrations exceed 2.0 ug/ml. The particle gize of the

control emulsion is 234+3.81 nm in diameter and addition of
2.0 pg of avidin to the reaction mixture does not affect
particle size. These results clearly demonstrate that the
biotinylated phosphatidylethanolamine is incorporated and
oriented appropriately into the outer lipid monolaver of
the perfluorocarbon emulsion and that surface biotins are
adequately available to avidin in the media. Multiple

biotin binding sites on the avidin molecule as well as
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multiple biotin residues on the surface of the emulsion

progresses towards a rapid complexing of particles in

vitro.

Example 3
Biotinylated perfluorocarbon emulsion particles,

approximately 250 nm in diameter, with low independent
acoustic reflectivity, are complexed with avidin 1in
solution which eventuates aggregation and enhances
echogenicity. Biotinylated and control perfluorocarbon
emulsion (200 ul) prepared as described previously are
diluted 1n PBS (15 ml) and placed within dialysis tubing
(Spectra/Por 4, 25 mm, MWCO 12,000-14,000, Spectrum Medical
Industries, Inc., Los Angeles, CA), ultrasonically imaged
within a PBS water bath at room temperature using a 7.5 MHz
focused transducer and a Hewlett Packard (HP) Sonos 2500
Phased Array Imaging System (Andover, MA). Real-time
images are recorded to SVHS video tape for subseguent image
analysis. Pixel grayscale and homogeneity are assessed on
gselected freeze-frame images using NIH Image 1.47 (National
Institutes of Health). Avidin (30 ug/ml) is added to each
emulsion suspension, mixed by gentle inversion and allowed
to complex for 30 minutes. The emulsion suspensions are
optically opague but ultrasonically undetected prior to the
addition of avidin. Complexing of the biotinylated
perfluorocarbon emulsion ensues rapidly with the addition
of avidin and a white, flocculant precipitate soon appears.
Avidin induces no changes in control emulsion suspension.
Insonification of the suspensions reveals that the
biotinylated perfiuorocarbon emulsion particles opacify the
dialysis tubing; whereas, the control particles are not
appreciated acoustically (Figure 2). Gray scale echo
intensity analysis of freeze-frame images of the control
and biotinylated emulsion suspensions before and after

avidin are summarized in Figures 3 and 4. The increased

average grayscale level of the biotinylated emulsion
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(71 .3422.1) suspénsion' relative. to i1ts pre-avidin pixel
gray scale level (2.2+4.4) demonstrates the acoustic
enhancement achieved. Average pixel gray scale levels of
the control emulsion before (3+7.33) and after (1.0+1.3)
avidin addition are similar. .These results demonstrate the
low acoustic reflectivity of the perfluorocarbon emulsion
when imaged as independent particles in comparison with the
enhanced echogenic nature of the aggregated biotinylated
particles. The lack of acoustic change in the control
emulsion suspension in the presence of avidin confirms the
ligand specificity of the biotinylated emulsion.

Example 4
Biotinyvlated perfluorocarbon emulsion,

approximately 250 nm diameter, are specifically targeted to
avidin, covalently bound to a modified nitrocellulose
membrane and increases the acoustic reflectivity of the
membrane surface at high ultrasonic frequencies (30 to 60
MHz) . Briefly, nitrocellulose membranes (S+8 NC™,

Schleicher & Schuell, Keane, NH) were conjugated to avidin

using a diaminohexane (Sigma Chemical Co., St. Louis, MO)
spacer and glutaraldehyde (Sigma Chemical Co., St. Louis,
MO) activation as described by Masson et al.
(Electrophoresis 1993, 14, 860-865). Nitrocellulose discs

(2 cm diameter) are soaked in 2.5% diaminohexane dissolved
in deionized water for 60 minutes with constant slow rotary

agitation. Membranes are washed with 1M acetic acid for 6-
7 hours followed by an 18+ hour deionized water wash with
constant agitation. The membranes are placed in 1%
glutaraldehyde in 0.1M sodium bicarbonate buffer, pH 10.0
for 15 minutes then washed for three hours with deionized
water. Nitrocellulose membranes are stored and dried at 4°C
until use; storage does not exceed three days.

Fifty (50) pl of avidin (250 ug) are spotted
dropwise upon the center of six membranes with a microliter

syringe and allowed to dry. Each membrane is extensively
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™
washed with a 0.1% Tween-20 (Sigma Chemical Co., St. Louis,

MO) in PRBS then pl.aced in 3% bovine serum albumin (BSA,
crystallized, Sigma Chemical Company, St. Louls, MO)
dissolved i1in PBS-0.1% Tween-—zomfor 20 minutes to blockade
nonspecific protein binding sites around the periphery of
the disc. After the BSA blockade, each disc is extensively
washed with PBS and placed in 300 pl of either biotinylated
or control perfluorocarbon emulsion suspended in 4 ml PRS
for 20 minutes. Unbound emulsion is removed in serial PBS
washes. Each disc 1s reexposed to avidin and control or
biotinylated emulsion to ensure saturated coverage of the
nitrocellulose surface. The nitrocellulose discs are
washed and stored in PBS at 4°C until imaged with acoustic
microscopy. ‘

For acoustic mMicCYrosScopilc imaging, each
nitrocellulose disc 1is placed £flat above a polished
stainless steel plate in a polystyrene holder with a 2 X 2
cm central window removed. The mounted specimen is
immersed into PBS at ambient temperature for ultrasonic
insonification. A custom designed acoustlic microscope,
utilizing a 50MHz (nominal frequency) broadband, focused,
piezoelectric delay-line transducer (1/4 inch diameter, 1/2
inch focal length, Model V390, Panametrics Co., Waltham,
MA) operated in the pulse-echo mode is utilized for
insonification. Backscattered radio frequency (RF) data is
collected and digitized at 500 megasamples per second
utilizing a T¢saktroni;~cT]M DSA 601 digitizing oscilloscope
(Beaverton, OR) with 8-bit resolution. A variable gain<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>