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ABSTRACT

Embodiments provided here generally relate to combinations
of ultrasound aspects and antibodies. In some embodiments,
antibodies are immobilized on a surface and binding of the
antibodies to antigens can be detected by detecting changes in
the vibrational properties of the surface.
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antigen to the at least one
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ULTRASOUND BASED ANTIGEN BINDING
DETECTION

FIELD

[0001] Embodiments provided here generally relate to
combinations of ultrasound aspects and antibodies.

BACKGROUND

[0002] Ultrasound techniques can be used for obtaining
images in a variety of technologies. For example, endoscopic
ultrasound (EUS) provides a powerful imaging modality and
can be used in medical procedures to image various internal
organs and structures.

SUMMARY

[0003] In some embodiments, an endoscopic ultrasound
(EUS) probe is provided. The device includes a piezoelectric
surface and at least one antibody immobilized on the piezo-
electric surface.

[0004] In some embodiments, a method of detecting the
presence of an antigen is provided. The method can include
providing an endoscopic ultrasound probe that includes a
piezoelectric surface and at least one antibody immobilized
on the piezoelectric surface. The method can include stimu-
lating the endoscopic ultrasound probe with at least one ultra-
sound wave. The method can include detecting a change in
vibration frequency of the piezoelectric surface upon binding
of an antigen to the at least one antibody.

[0005] In some embodiments, an aspiration needle is pro-
vided. The needle includes a piezoelectric material and at
least one antibody on the piezoelectric material.

[0006] Insome embodiments, a kit is provided. The kit can
include at least one ultrasound transducer, at least one fine-
needle aspirator needle, at least one piezoelectric material,
and at least one antibody.

[0007] The foregoing summary is illustrative only and is
not intended to be in any way limiting. In addition to the
illustrative aspects, embodiments, and features described
above, further aspects, embodiments, and features will
become apparent by reference to the drawings and the fol-
lowing detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] FIG.1 isa drawing that depicts some embodiments
of an endoscopic ultrasound probe.

[0009] FIG. 2A is a drawing that depicts some embodi-
ments of an endoscopic ultrasound probe positioned in a
tissue.

[0010] FIG. 2B is a drawing that depicts some embodi-
ments of an endoscopic ultrasound probe that includes a
needle.

[0011] FIG. 3 is a graph that illustrates an example of the
type of data output which can be received from a 14-unit
sensor functionalized with antibodies recognizing markers
for different stages of cancer.

[0012] FIG. 4 is a flow diagram illustrating some embodi-
ments of a method of detecting the presence of an antigen.

DETAILED DESCRIPTION

[0013] In the following detailed description, reference is
made to the accompanying drawings, which form a part
hereof. In the drawings, similar symbols typically identify
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similar components, unless context dictates otherwise. The
illustrative embodiments described in the detailed descrip-
tion, drawings, and claims are not meant to be limiting. Other
embodiments may be utilized, and other changes may be
made, without departing from the spirit or scope of the subject
matter presented herein. It will be readily understood that the
aspects of the present disclosure, as generally described
herein, and illustrated in the Figures, can be arranged, substi-
tuted, combined, separated, and designed in a wide variety of
different configurations, all of which are explicitly contem-
plated herein.

[0014] Provided herein are embodiments that relate to the
combination of ultrasound equipment and antibodies and/or
antibody binding fragments. As described herein, it has been
appreciated that one can combine one or more of the benefits
of an ultrasound device, with one or more benefits of antibody
based detection. For example, while ultrasound can deliver
useful image based information regarding the surroundings
of the probe, it traditionally lacks the ability to provide infor-
mation on the molecular level. In contrast, antibodies can
provide information on a molecular level. Not only does the
combination of the two techniques allow for greater informa-
tion and convenience, but some such combinations offer even
greater benefits. For example, in some embodiments, the
antibodies can be associated with a piezoelectric surface.
Such a surface can respond to ultrasound energy by vibration
and generate an electrical signal in response to the ultrasound
signal that corresponds to the vibration generated. As binding
of a target to the antibody can alter the vibration properties of
the piezoelectric surface, this alteration can be used to deter-
mine whether or not a target molecule has been bound by the
antibody. Thus, an ultrasound device can be used to not only
obtain ultrasound information regarding the environment, but
can also beused to detect binding of antigens by antibodies on
a piezoelectric surface.

[0015] In some embodiments, an ultrasound probe is pro-
vided. The probe can include a piezoelectric surface and at
least one antibody immobilized on the piezoelectric surface.
[0016] FIG. 1illustrates some embodiments of an antibody
probe 100. The antibody probe can include a piezoelectric
surface 110 and one or more antibodies 120 immobilized on
the piezoelectric surface. In some embodiments, the antibod-
ies 120 can bind specifically to tissue-specific antigens 130.
The antibody probe 100 can include an electrode transducer
140. The electrode transducer can be in electrical and/or data
communication with a recording device 150 via, for example
a lead or wire 155. Optionally, the antibody probe can be
positioned on the outer surface of a needle 160, for example
an aspiration needle. The electrode transducer 140 can be
positioned underneath the piezeoelectric surface (for
example, the transducer can be positioned between the piezo-
electric surface and the outer surface of the needle).

[0017] As noted above, the electrode transducer allows for
changes in the vibrations of the piezoelectric surface 110,
provided by changes in the electrical properties of the piezo-
electric surface, to be communicated to other devices, such as
the recording device 150 in FIG. 1.

[0018] FIG. 2A illustrates some embodiments of an endo-
scopic ultrasound probe, which includes the antibody probe,
positioned in a tissue. An endoscope 210 includes an ultra-
sound head 220 on a first end of the endoscope. Optionally,
the first end of the endoscope is also connected to a biopsy
needle, for example an aspiration needle 230. The antibodies
240 can be placed anywhere on the probe or on a part asso-
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ciated with the probe, such as the needle 230 or other surface.
The placement of the antibodies 240 on the needle 230 allows
for immediate testing of the sample surrounding the needle.
Furthermore, the placement of the antibodies 240 proximally
to the needle, allows one to test the local molecular environ-
ment for specific markers and then take a biopsy of the region
of interest or tissue of interest via the needle 230. While not
shown in FIG. 2A, the antibodies can be on top of a piezo-
electric surface and electrode transducer, as shown in FIG. 1
(even if not located on the needle). Furthermore, while the
antibodies are shown as being on the needle 230, one of skill
in the art will appreciate that the antibodies can be on any
location that is part of or separate from the ultrasound device,
as long as ultrasound energy can be supplied to the piezoelec-
tric surface to create the vibration in the piezoelectric surface.
The energy can be from an ultrasound device, in which case,
the antibodies and the piezoelectric surface should be posi-
tioned appropriately so that the piezoelectric surface can
receive the ultrasound energy.

[0019] While not the only embodiment envisioned, FIG.
2B illustrates an endoscopic ultrasound probe needle 310
with an array of antibody probe zones on it. The antibody
probeincludes a first surface 320 on which a first antibody can
or is immobilized, and a second surface 325 on which a
second antibody can oris immobilized. The probe caninclude
additional surfaces (a third surface 330, a fourth surface 335,
a fifth surface 340, a sixth surface 345, a seventh surface 350,
an eighth surface 355, a ninth surface 360, a tenth surface 365,
an eleventh surface 370, a twelfth surface 375, etc.), and an
additional antibody or antibody type (for example, an anti-
body that binds to a specific protein) can be immobilized on
each surface. The first 320, second 325, third 330, fourth 335,
fifth 340, sixth 345, seven 350, eighth 355, ninth 360, tenth
365, eleventh 370, and twelfth 375 surfaces can be arranged in
a systematic pattern; however, they can also be different in
shape and arranged randomly. In the depicted embodiment,
when a single type of antibody is associated with each surface
area or zone, one can effectively provide an array of sensing
zones. That is, if the antibodies of surface 320 bind to protein
X and antibodies of surface 325 bind to protein'Y, the device
canbe used to detect the presence and/or absence of protein X
and/or Y and to distinguish between the two antigens. For
example, a change in electrical signal of surface 320, without
a change in signal from surface 325 can indicate the presence
of protein X and the absence of protein Y. If changes in
electrical signals from both surfaces occur, then both proteins
X andY can be present (or that some other change in binding
activity has occurred regarding the antibodies in each of the
two zones).

[0020] As shown in FIG. 1, the piezoelectric surface can
include a single layer of a material; however, the piezoelectric
surface can also include two or more layers of material. Any
range of thickness can be used for the piezoelectric surface,
for example, about 1 micrometer to about 5000 micrometers.

[0021] For the sake of brevity, the term “antibody” is use to
denote both complete antibodies and binding fragments
thereof. Thus, unless otherwise specified, any disclosure
regarding antibodies also encompasses the option of binding
fragments of antibodies (including antibody fragments such
as antigen-binding fragments (Fab), single chain variable
fragments (scFv), third generation (3G), etc.). The antibody
can be immobilized on the piezoelectric surface by at least
one of a covalent bond, crosslinking, a linker molecule, for
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example a peptide or a second antibody, electromagnetic
force, or it can be embedded in the surface.

[0022] The surface can include two or more antibodies that
respectively bind specifically to two or more different anti-
gens. The surface can include two or more antibodies that
respectively bind to different epitopes of the same antigen.
The antibodies can be arranged and/or isolated such that
specific antibodies are associated with specific areas of the
piezoelectric surface (such that a signal generated from the
piezoelectric surface can be correlated back to a specific type
of antibody and thus the presence of a specific target mol-
ecule. The antibodies can also be randomly distributed such
that one only knows that at least some antibody directed target
antigen is present in the environment, but not necessarily
which exact molecule.

[0023] The piezoelectric surface can include a crystal. The
piezoelectric surface can be crystalline. The piezoelectric
surface can include a non-crystalline material, for example
polyvinylidene fluoride (PDVF), or piezoelectric ceramic
material. Any material that is able to convert vibrational fre-
quency to an electrical signal (either directly or indirectly)
can be used to monitor the bound or unbound state of the
antibodies on the surface.

[0024] The probe can include an electrode in electrical
communication with the piezoelectric surface. The electrode
can be an ultrasound transducer. The electrode can be posi-
tioned beneath the piezoelectric surface as described herein.
The electrode can be configured to detect a change in piezo-
electric activity. In some embodiments, a synthetic piezoelec-
tric material can be used for the electrode (e.g. PVDE, syn-
thetic crystal or ceramic material). The electrode can be
configured to distinctly detect a change in piezoelectric activ-
ity for two or more areas of the piezoelectric surface. Thus,
multiple, electrically isolated electrodes can be present, such
as a separate electrode under each surface shown in FIG. 2B.
The probe can include two or more electrodes. The probe can
include a first electrode and a second electrode that are each
positioned beneath the same area of the piezoelectric surface
(for example a primary and a backup electrode). The probe
can include a first electrode positioned beneath a first area of
the piezoelectric surface, and a second electrode positioned
beneath a second area of the piezoelectric surface. The probe
can include additional electrodes, each positioned beneath an
additional area of the piezoelectric surface.

[0025] The device can include a processor in data commu-
nication with the electrode. The electrode can be in data
communication with the processor via a data cable connect-
ing the electrode to an input of the processor. The electrode
can be in data communication with the processor via an
electrical lead connecting the electrode to an output or input/
output of the processor. The electrode can be in data commu-
nication with the processor wirelessly.

[0026] Insomeembodiments, the first antibody specifically
binds to a first antigen, and the second antibody specifically
binds to a second antigen. The second antigen can be different
from the first antigen. The first, second, and each of the
additional antibodies can specifically bind to a different anti-
gen than the other antibodies. The first antibody can specifi-
cally bind to a first epitope of the first antigen, and the second
antibody specifically binds to a second epitope of the first
antigen. The first antigen can include a first tissue-specific
antigen, and the second antigen can include a second tissue-
specific antigen. The first tissue-specific antigen and the sec-
ond tissue-specific antigen can be typically present in the
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same tissue. In some embodiments, the first tissue-specific
antigen and the second tissue-specific antigen are not typi-
cally found at detectable levels in the same tissue. The antigen
canbe atissue-specific antigen. The second antibody can bind
to the same epitope as the first antibody, and/or is a clone of
the first antibody, and thus provides a replicate of the binding
activity of the first antibody (e.g. for detecting the binding
activity of the first antibody in duplicate).

[0027] A first quantity of the first antibody can be immobi-
lized on the first surface, and a second quantity of the first
antibody can be immobilized on the second surface. Addi-
tional quantities of the first antibody can be immobilized on
additional surfaces. The different quantities of the first anti-
body on different surfaces can recognize different concentra-
tions of antigen. Different quantities of the first antibody on
different surfaces can increase the sensitivity range of the
probe.

[0028] Insomeembodiments, at least one of the additional
antibodies binds to a different epitope as the first and second
antibody. One or more of the second antibody and/or the
additional antibodies can bind to an antigen that is non-tissue-
specific, or ubiquitous in the tissue or tissues to be probed (e
g immunoglobulin of the species being probed), thus provid-
ing a “positive control antibody”. The positive control anti-
body can bind specifically to an antigen that is tissue-non-
specific (“tissue-non-specific marker,” e.g. albumin, LDH,
muscle markers when muscle is probed, liver markers when
liver is probed, etc). At least one of the second antibody or the
additional antibodies can bind to an antigen that is not natu-
rally found in any of the tissue or tissues to be probed, or
contains a mutation (for example, at least one of a point
mutation, insertion, or deletion) that interferes with the bind-
ing of the antibody to an antigen, thus providing a “negative
control antibody.”

[0029] The antibody can be monoclonal. The antibody can
be from a mammalian host, for example goat, sheep, camel,
horse, donkey, cow, pig, rabbit, mouse, rat, hamster, guinea
pig, and human. The antibody can be from an avian host, for
example chicken. The antibody can be a shark (IgNAR)
single domain antibody. The antibody can be chimeric. A
mixture of antibodies from two or more hosts can be pro-
vided. The antibody can include at least one region of an
antibody from a first host, and the remaining regions are from
a second host. The “region” from the first host can be at least
one of the following: Fe, Fab, CH2, CH3, heavy chain CDR1,
heavy chain CDR2, heavy chain CDR3, light chain CDR1,
light chain CDR2, light chain CDR3, heavy chain variable
region, light chain variable region, heavy chain FR1, heavy
chain FR2, heavy chain FR3, heavy chain FR4, light chain
FR1, light chain FR2, light chain FR3, and/or a light chain
FR4, and the “regions” not from the first host can be from the
second host. In some embodiments, one or more of the CDRs
is from afirsthost (e.g., 1,2,3,4, 5, or 6 of the CDRs are from
the first host). The antibody can include a heavy chain from a
first host. The antibody can include at least one of a heavy
chain framework region 1, aheavy chain framework region 2,
a heavy chain framework region 3, a heavy chain framework
region 4 from the first host. The antibody can include a con-
stant domain from the first host. The antibody can include a
variable domain from the first host. The antibody can include
a constant domain and a variable domain from the first host.
The antibody can include at least one of a heavy chain frame-
work region 1, heavy chain framework region 2, heavy chain
framework region 3, heavy chain framework region 4, con-
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stant domain, or variable domain from the second host. The
antibody can be humanized, and contains at least one region
from a human host. The antibody can be a humanized anti-
body with 1,2, 3,4, 5, or 6 CDR’s from a non-human host.
[0030] The antibody can be an IgY antibody. The antibody
canbe an IgM antibody. Theantibody can be an IgA antibody.
The antibody can be an IgG antibody. The antibody can be an
IgE antibody. The antibody can be an IgD antibody. The term
“antibody” encompasses antibody mimetics and/or engi-
neered antibodies, including, but not limited to Small Modu-
lar ImmunoPharmaceuticals (“SMIPs”), Fab, F(ab')2 Fab',
scFv, di-scFy, etc.

[0031] The isolated antibody can be in a substantially pure
form. In some embodiments, the isolated antibody is separate
from any cells.

[0032] Antibodies canbe selected to bind to desired targets.
Thus, any antibody can be used, and the specific antibody can
be selected based upon the use of the probe and/or what one
wishes to be able to detect via the antibody. In some embodi-
ments, the antibody binds to a tissue-specific antigen, which
provides a tissue specific marker. The antibody can bind to a
tissue-non-specific antigen, which provides a tissue-non-spe-
cific marker. The appropriate tissue-specific marker and/or
tissue-non-specific marker can be selected based on the iden-
tity of the tissue being probed and/or biopsied. A tissue-
specific marker can include an antigen present in the tissue
being biopsied, but not present, or present in substantially
lower concentrations in tissue surrounding the tissue being
biopsied. For example, a tissue-specific marker can include a
cancer cell marker.

[0033] Insomeembodiments, atissue non--specific marker
can include an antigen present in the tissue being biopsied,
and in tissue surrounding the tissue being biopsied. For
example, for a tissue-non-specific antigen can include an
albumin, an albumin fragment, or lactose dehydrogenase
(LDH), or a marker found throughout the organ or tissue
being probed (e.g. muscle-specific markers when muscle is
being proved). The antigens can be extracellular markers, for
example molecules immobilized on the surfaces of cells,
molecules in the extracellular matrix, or molecules secreted
by cells. Different antibodies, each of which is specific to a
different maker in the same tissue, or a different epitope of the
same marker can be employed, for example to increase the
sensitivity and robustness of detection. For example, different
monoclonal antibodies to different markers of the same tissue
canbe provided. In some embodiments, each type antibody is
immobilized on a different area of the piezoelectric surface.
In some embodiments, the antibodies can bind to a general
class or type of epitope. In some embodiments, the first anti-
gen bound by the first antibody is a different antigen from the
second antigen that is bound by the second antibody. In some
embodiments, the absence of a particular antigen within a
subject can be used to assist in diagnosing the subject subject.
[0034] Asshownin FIGS.2A and 2B, the antibodies can be
associated with the surface of an FNA needle. The needle can
be sterile and/or packaged separately from an ultrasound
device. The needle can be any size, for example, no larger in
gauge than 12G. The needle can be about 18G to 23G. The
needle can be a fine needle aspiration needle. While not
limited in size, the needle can have a gauge from 12 to 30. The
antibody and/or the piezoelectric surface and/or electrode can
all be part of the surface of the needle (and thus, the needle can
have electrical leads for communication with other electrical
devices). The antibody and/or the piezoelectric surface and/or
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electrode can all be part of any other surface of the ultrasound
device and/or be on a separate device that can be positioned
independently of the ultrasound device.

[0035] In some embodiments, a method of detecting the
presence of an antigen is provided. The method can include
providing an EUS probe that includes at least one antibody
immobilized on a piezoelectric surface as described herein.
The method can include stimulating the EUS probe with at
least one ultrasound wave and detecting a change in vibration
frequency of the piezoelectric surface upon the binding of an
antigen to the antibody. One can also combine this with
performing an ultrasound of the surrounding tissue, such that
one obtains and can map the antibody based data with the
structures obtained via the ultrasound. In some embodiments,
one can use the ultrasound information to guide one to a
specific structure or location, in which the antibody based
probe can be used.

[0036] FIG. 4 is a flow diagram illustrating some embodi-
ments of a method of detecting the presence of an antigen. An
endoscopic ultrasound probe that includes a piezoelectric
surface and at least one antibody immobilized on the piezo-
electric surface can be provided 410. The endoscopic ultra-
sound probe can be stimulated with at least one ultrasound
wave 420. A change in vibration frequency of the piezoelec-
tric surface, upon binding of an antigen to the at least one
antibody, can then be detected 430. One skilled in the art will
appreciate that, for this and other processes and methods
disclosed herein, the functions performed in the processes
and methods may be implemented in differing order. Further-
more, the outlined steps and operations are only provided as
examples, and some of the steps and operations may be
optional, combined into fewer steps and operations, or
expanded into additional steps and operations without
detracting from the essence of the disclosed embodiments. In
some embodiments, all that need be stimulated is the piezo-
electric surface, so that changes in the vibrational frequency
of the surface (due to binding of a target molecule to an
antibody associated with the surface) can be detected.
Optionally, before, during, or after the antibody based detec-
tion, one can obtain ultrasound information of the surround-
ing tissue and correlate it with the antibody based informa-
tion.

[0037] The method can include stimulating the ultrasound
probe with at least one ultrasound wave. The ultrasound probe
can be stimulated at a frequency of at least about 0.1 MHz, for
example, between about 0.1 MHz and about 50 MHz. The
ultrasound probe can be stimulated at a surface intensity of at
least about0.5 mW/cm?. The antibody covered section can be
stimulated for a duration of at least about 0.1 s, for example
at least about 0.1 ps to 10 or more seconds. The stimulation
may be conducted at intervals, thereby monitoring mass
changes at discrete times. The stimulation can provide con-
tinuous excitation, monitoring for seconds to several minutes,
monitoring mass changes during this time. The stimulation
can be provided by an ultrasound transducer.

[0038] Themethod can include detecting a change in vibra-
tion frequency of the piezoelectric surface upon binding of an
antigen to the antibody immobilized on the piezoelectric sur-
face. For example, in embodiments in which two or more
antibody molecules are immobilized on an area of a piezo-
electric surface, binding the antibody to an antigen includes
binding at least 20% of the antibody molecules immobilized
on a surface to an antigen.
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[0039] The change of the piezoelectric surface can be com-
pared to the frequency change of a surface on which a nega-
tive control antibody is immobilized as described herein (e.g.
a surface having a bound antibody for an antigen not present
in humans. Such a negative control can indicate non-specific
binding), and the fractional frequency change can be calcu-
lated. The frequency change for the piezoelectric surface can
be compared to the frequency change of a surface on which a
positive control antibody is immobilized as described herein
(e.g. a surface having an antibody known to be bound to its
antigen), and the fractional frequency change can be calcu-
lated. In some embodiments, the frequency change for the
piezoelectric surface can be compared to the frequency
change of both a positive control surface as described herein
and a negative control surface as described herein.

[0040] Detecting a change in vibration frequency can
include determining a first vibration frequency of the piezo-
electric surface when no antigen is bound to the at least one
antibody and determining a second vibration frequency of the
piezoelectric surface when an antigen is bound to the at least
one antibody.

[0041] The vibration frequency can be monitored in real
time. An electrode as described herein can be used to measure
the vibration frequency of a piezoelectric surface (via the
electrical signal generated from the piezoelectric surface).
The vibration frequency can be communicated to a processor,
which produces an output corresponding to a vibration fre-
quency. Vibration frequencies can be measured in real time,
and binding rates of antibodies to antigen can be calculated
using a curve-fitting algorithm.

[0042] The antibody can bind specifically to the tissue-
specific antigen, and the method can include binding of the
antibody to a tissue-specific antigen. Multiple antibodies that
bind specifically to the same tissue-specific antigen can be
immobilized on an area of the piezoelectric surface. A posi-
tive binding threshold or “positive detection event” can be set
as desired, for example, when about 20% of the antibody
molecules are bound to the tissue-specific antigen. The
threshold can depend upon the amount of target molecule that
should be present and the binding ability of the antibody
itself.

[0043] While not needed for all situations, it can be useful
to have a baseline level of electrical activity or control level of
activity in order to determine if and how much, binding has
occurred. Obtaining such a baseline can include allowing the
binding of the first antibody to a tissue-specific antigen and
also obtaining an electrical signal when the first antibody is
bound or is not bound to the tissue-specific antigen. The
bound and unbound electrical signals can be compared in
order to determine how the change in presence or absence of
a target translates into a change in electrical signal. In some
situations, a contemporaneous comparison between two or
more surface areas can beuseful, for example, a first antibody
can bind to the tissue-specific antigen at the first surface area
while a second antibody, in a second area, may or may not
bind to the molecule. The second antibody can be a negative
control, where the antibody should not bind to the target
molecule. The second antibody can be a positive control
antibody, where it will bind to the target molecule. These
comparisons can allow one to obtain a clearer reading to
verify that the change in electrical signal is indeed due to
changes in specific binding by the antibodies, or some other
effect. A vibration frequency of the second surface can be
detected when the second antibody is not bound to an antigen.
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Binding of the first antibody to the tissue-specific antigen can
be inferred by comparing the vibration frequency of the first
surface to the vibration frequency of the second surface, in
view of whether the second surface is known to be bound (e.g.
positive control) or not bound (e.g. negative control) to an
antigen.

[0044] The vibration frequency of the first surface and sec-
ond surface can be determined at substantially the same time.
The vibration frequency of the second surface can be deter-
mined first (e.g. a calibration step), and the vibration fre-
quency of the first surface can be subsequently determined.
[0045] The method can include binding the antibody to a
tissue-non-specific marker, as described herein. The tissue-
non-specific marker can include, as non-limiting examples,
an albumin, an albumin fragment, or lactose dehydrogenase
(LDH).

[0046] In some embodiments, an aspiration needle is pro-
vided. The aspiration needle can include a piezoelectric sur-
face, for example a piezoelectric crystal, on a surface of the
aspiration needle; and at least one antibody on the piezoelec-
tric surface. In some embodiments, the antibody can be
covalently connected to the surface.

[0047] The aspiration needle, or aspirator, can include a
piezoelectric surface immobilized on the surface of the
needle, and at least one antibody immobilized on the piezo-
electric surface. The piezoelectric surface can include a
piezoelectric crystal or other material that converts vibra-
tional energy to electrical energy. The piezoelectric crystal
can be immobilized on a surface of the needle. The piezoelec-
tric crystal can be directly covalently bonded to the surface of
the needle. The piezoelectric crystal can be bonded to the
surface of the needle via an adhesive. The piezoelectric crys-
tal need not be bonded to the surface of the needle, but can be
attached mechanically.

[0048] The antibody can bind specifically to an extracellu-
lar marker. The extracellular marker can be a tissue-specific
marker. The extracellular marker can be a tissue-non-specific
marker as described herein.

[0049] The fine needle aspirator can include a first antibody
immobilized on a first area of the piezoelectric surface as
described herein, and a second antibody immobilized on a
second area of the piezoelectric surface as described herein.
The fine needle aspirator can include additional antibodies
immobilized on additional areas of the piezoelectric surface
as described herein. FIG. 2B illustrates an embodiment of a
fine needle aspirator with twelve areas of a piezoelectric
surface, each area can have an antibody that binds specifically
to a different molecular target immobilized on it.

[0050] The first area, second area, and any additional areas
of the piezoelectric surface can be positioned in an ordered
array. FIG. 2B illustrates some embodiments of an ordered
array. The ordered array can include continuous cells, each
cell having antibodies immobilized on it. The ordered array
can include cells separated by spaces that do not have anti-
body immobilized on them. The first area, second area, and
any additional areas of the piezoelectric surface can be posi-
tioned in a random pattern on the piezoelectric surface. The
fine need aspirator needle can include a third antibody con-
figured to bind specifically to the first antigen, and the third
antibody can be immobilized on a third area of the piezoelec-
tric crystal. In some embodiments, the third antibody binds to
the same epitope of the first antigen as the first antibody. In
some embodiments, the third antibody binds to a different
epitope of the first antigen than the first antibody. In some
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embodiments, the third antibody is present in the same quan-
tity as the first antibody, as described herein. In some embodi-
ments, the third antibody is present in a different quantity than
the first antibody, as described herein. For example, the third
antibody can be used increase the robustness or sensitivity for
detecting the antigen.

[0051] The needle can be configured to be reversibly
attached and removed from a surface of the endoscopic ultra-
sound probe. The needle can be configured to attach to the
endoscopic ultrasound probe via a screw, a nipple, a friction
mount, or an adhesive. The needle can be disposable.

[0052] Insomeembodiments, kits are provided. The kitcan
include an ultrasound transducer, a fine-needle aspirator
needle, and a piezoelectric material. The kit can include at
least one antibody. The kit can include an ultrasound trans-
ducer, a fine-needle aspirator needle, a piezoelectric material,
and, optionally, an antibody. The antibody can be immobi-
lized on the piezoelectric material.

[0053] The device and/or methods provided herein can be
used to identify and stage cancers on organs in the sub-
thoracic cavity EUS can be enhanced to allow for the accu-
rate, real-time characterization of lesions. It can provide an
EUS technology that is able to quickly and accurately distin-
guish healthy tissue from abnormal tissue, and further go on
to characterize the abnormal tissue. For cancerous lesions,
early detection and accurate staging of cancers with such a
technology can reduce costs associated with end-stage cancer
medical treatment and also improve the patient quality of life.
In some embodiments, the antibody or antibodies selected
can bind to an antigen that would be useful in one or more
blood drawn test. Antibodies can be employed that allow for
detection of antigens that are normally examined in one or
more blood drawn test. Thus, the presence of the antibody on
the needle can allow one to assay a subject’s blood for one or
more antigen, without having to withdraw the blood and/or
blood sample from the subject. Similarly, the absence of
binding of an antigen to such an antibody can allow one to
determine that the subject lacks such antigens in the tested
area.

[0054] In some embodiments, a piezoelectric membrane
that contains immobilized antibodies to specific tissue mark-
ers, coats the outer surface of the fine needle aspirator com-
ponent of an EUS probe. The piezoelectric membrane can be
arranged in an array where each unit of the array contains not
only the piezoelectric crystals but also antibodies for a spe-
cific tissue marker. These markers can include soluble pro-
teins excreted by the tissue. Fach unit is dedicated to the
detection of one particular marker or a group of related mark-
ers. There are also positive and negative reference units. The
crystals in the membrane units can vibrate at known frequen-
cies under stimulation from ultrasound wave from the EUS
probe’s own ultrasound transducer. Upon the binding of an
antigen, the vibration frequency of the unit can change, which
can be detected by electrodes that are between the membrane
and the fine needle aspirator outer surface. The electronic
signals can be registered at an ex vivo processor which com-
putes signals from all units and produces a screen output. This
mass-based immunosensor can thus characterize, in real-
time, the tissue that is queried, whilst allowing the normal
operation of current EUS including fine needle aspiration
biopsy.

[0055] Theelectrodes of each membrane unit can be manu-
factured directly on to the needle aspirator to become one
unit. Thus upon the use of the needle to retrieve a biopsy
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sample, the immunological detection mechanism provides
pre-biopsy information about the tissue source of the sample.
This method of pre-characterization of the tissue can be used
to supplement the results of the biopsy giving assurance to the
endoscopist of the correct positioning of the FNA needle.
This can be useful confirmatory information, for example,
when multiple lesions are observed, and the endoscopist
chooses to sample a subset thereof. The probe can also be
used to navigate margins of a lesion that the clinician has
determined to be cancerous as multiple injections with the
needle can be made without aspirating a biopsy sample until
a positive indication is received through the probe. In some
embodiments, there may be a wash step in between such
measurements, which can be achieved by retracting the probe
internally into the structure, and providing it with high ionic
strength solution to remove all bound antigen. This wash step
can optionally be monitored in real time to ensure sufficient
regeneration of the probe surface. In some cases, the probe is
merely switched for a new probe before reinserting.

[0056] Many sorts of piezoelectric immunosensor mem-
branes have previously been microfabricated to sizes that can
be suitable for this application. Membranes of this scale can
be stimulated by a small amount of ultrasound stimulation for
a decent and constant vibration frequency to be maintained.
The 7-12 MHz ultrasound frequencies of ultrasound probes
can be sufficient for adequate stimulation of such a mem-
brane.

[0057] As noted above, the array can have more than one
unit functionalized in the same manner in order to provide for
better statistical power. These repeated units can be placed
randomly on the array in order to account for any location
differences which may occur. The raw data is indicative of the
increase in the mass density of a particular unit in relation to
the amount of specific binding of antigen to antibodies. The
non-specific binding can be accounted for by at least one unit
of the array being functionalized with an equivalent amount
of non-specific antibody or de-functionalized antibody. In
some embodiments, in order to provide a meaningful signal,
atleast oneunit of the array is typically functionalized with an
equivalent amount of antibody specific for a known antigen in
abundance in the tissue of interest, such as albumin This can
be particularly useful when determining whether the probe
has been saturated with antigen. The data can be normalized
using these control signals.

[0058] The binding of the antibodies can be monitored in
real time, and measurements taken of the rate of binding,
ultilizing curve fitting algorithms. Alternatively, absolute lev-
els of binding can be determined by determining the relative
mass changes in each unit after a particular amount of time
after being inserted into the tissue within the ultrasound win-
dow. Comparison of each unit, or group of related units to
each other, as well as with the positive and negative controls,
gives an indication of the binding of particular antigens has
occurred to different units, and can be used therefore, to
characterize the tissue it is inserted into. In some embodi-
ments, statistical analysis is performed to determine whether
the signals received are statistically significant. Statistical
analysis can also be useful to ensure proper sampling of the
tissue, such as ensuring that a threshold level of binding for
controls and test units has been achieved, in order to provide
for correct inference about the test results.

[0059] Insomeembodiments, the functionalization of each
array unit is done with a unique antibody, such as a mono-
clonal antibody to a particular epitope, or alternatively a
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polyclonal antibody to a particular antigen. Alternatively, in
order to broaden the specificity of response, the array unit
may be functionalized with a mixture of antibodies to a group
of antigens. For example, a particular array unit can be func-
tionalized with a mixture of antibodies recognizing a range of
markers for a stage of cancer, disease state, or for a particular
tissue type. Similarly, an array may have units which recog-
nize different markers for the same disease state, or tissue
type, in order to provide for a statistically stronger response.
Different array units can be funtionalized with the same type
of antibody, or mixture of antibodies, but with different con-
centrations in order to increase the dynamic range of the
probe. For example, array units for a particular marker may be
functionalized with the same antibody but with orders of
magnitude different amounts.

[0060] FIG. 3illustrates a simplified example of the type of
data output which can be received from an embodiment of a
14 unit sensor functionalized with antibodies recognizing
markers for different stages of cancer. As shown on the x-axis
of the representative graph, each unit of the array is doped
with antibodies that detect specific antigens or markers of a
particular stage of cancer. The frequency change can be cal-
culated as a signal relative to that of the positive and negative
control units. In this example, all six array units recognizing
Stage I and Stage II markers recorded a positive signal, pro-
viding a strong indication that the tissue is a Stage II tumor.
This data, or a derivative thereof, can be displayed on the US
screen, indicating to the endoscopist that the assay has suc-
cessfully completed and recorded a statistically significant
signal.

[0061] In some embodiments the piezo-membrane immu-
nosensor—needle aspiration combination provides double
confirmation of a diagnosis. The inclusion of the imunnosen-
sor provides for an intermediary process between visual
analysis using EUS and a biopsy test.

[0062] Some embodiments provide real-time analysis of
tissue which may have changed position from that observed
in pre-operative images. By identifying changed tissue prop-
erties, some embodiments bridge a gap between selecting a
region of interest as seen on the ultrasound image, and then
proceeding to take a biopsy sample from this region.

[0063] Some embodiments conduct a binding assay within
the ultrasound window.

[0064] While some embodiments relate to tumor staging
using EUS, it can be appreciated that there are many different
applications for other EUS and non-EUS applications. For
example, stand-alone systems with discrete US transducers
can be used in a number of biopsy settings for confirmatory
results prior to obtaining the biopsy. In some embodiments,
systems are designed for robust specificity and wide dynamic
range, with a number of methods to provide for control, and
powerful inference.

Example 1

[0065] A piezoelectric crystal having an average thickness
of about 200 micrometers is divided into fourteen areas,
which are labeled as units 0-13 for reference purposes. 1 g of
antibody is crosslinked to each of units 0-13. The antibody for
each unit is a monoclonal antibody from a mouse host, and
has an IgG isotype. The antibody crosslinked to unit 13 is an
anti-human L.DH antibody, and is provided as a positive con-
trol antibody. The antibody crosslinked to unit 0 is an anti-
luciferase antibody, and is provided as a negative control. The
antibody crosslinked to units 1, 5, and 9, binds specifically to
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a marker of stage 1 hepatocellular carcinoma. The antibody
crosslinked to units 2, 6, and 10 binds specifically to a marker
of stage 2 hepatocellular carcinoma. The antibody
crosslinked to units 3, 7, and 11 binds specifically to a marker
of stage 3 hepatocellular carcinoma. The antibody
crosslinked to units 4, 8, and 12 binds specifically to a marker
of stage 4 hepatocellular carcinoma.

[0066] The piezoelectric crystal is on the outer surface of a
20G aspiration needle so that the crystal surrounds the outer
surface of the needle. An electrode transducer is positioned
between the crystal and the needle, and connected to a power
source and processor via an electrical lead and data cable.
Thus, a fine-needle aspirator is produced.

Example 2

[0067] A piezoelectric ceramic surface having an average
thickness of about 500 micrometers is divided into eight
areas, which are labeled as units 0-7 for reference purposes. 1
pg of antibody is crosslinked to each of units 0-7. The anti-
body for each unit is a humanized monoclonal antibody and
has an IgG isotype. The antibody crosslinked to unit 7 is an
anti-human albumin antibody, and is provided as a positive
control antibody. The antibody crosslinked to unit 0 is a
mutant variant of the antibody cross-linked to unit 7, in which
CDR1 of the heavy chain and CDR3 of the light chain have
each been replaced with a scrambled peptide sequence, and is
provided as a negative control. Units 1, 3, and 5 are each
crosslinked to 2 pg of an antibody that binds specifically to
anti-pancreatic cancer-associated antigen. Units 2, 4, and 6
are each crosslinked to 2 ug of an antibody that binds specifi-
cally to anti-pancreatic cancer-associated antigen. Units 1, 3,
and 5 are each crosslinked to 20 ug of an antibody that binds
specifically to anti-pancreatic cancer-associated antigen.
[0068] An electrode transducer is positioned beneath the
piezoelectric surface, and the piezoelectric surface is inte-
grated on the surface ofa 23G aspiration needle at the time the
needle is manufactured. The electrode is connected to a pro-
cessor via a wireless antenna. Thus, a fine-needle aspirator is
produced.

Exaniple 3

[0069] The fine-needle aspirator of Example 1 is fitted on
the end of an endoscopic ultrasound probe. The fine-needle
aspirator is attached to an endoscopic ultrasound probe as
illustrated in FIG. 2A. The fine-needle aspirator and ultra-
sound are positioned in the liver of a patient for the purposes
of collecting a biopsy. The probe is vibrated at a frequency of
10 MHz in pulses of 1 ps, and a baseline vibration frequency
of each unit is determined. Unit 13 becomes saturated with
LDH, producing a change in vibration frequency of unit 13.
This changed vibration frequency is provided as a positive
control. Luciferase is not present in the human tissue, and the
antibodies of unit 0 remain unbound, and the vibration fre-
quency of Unit 0 is used as a negative control An operator
moves the probe through the liver of the patient, and the
vibration frequency of each unit is monitored, and fit to a
curve modeled on the negative and positive controls. The
probe is positioned proximally to early stage hepatocellular
carcinoma cells. The antibodies immobilized on units 1, 2, 5,
6,9, and 10 bind to antigens of the carcinoma cells. A change
in vibration frequency is observed for units 1, 2, 5, 6, 9, 10,
and a processor produces an output as illustrated in FIG. 3,
thus alerting the operator of binding of early-stage. A biopsy
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is taken from the region where the binding to units 1, 2, 5, 6,
9 and 10 is detected using the aspiration needle. The ultra-
sound probe is then withdrawn from the patient.

Example 4

[0070] The fine-needle aspirator of Example 2 is affixed to
an endoscopic ultrasound probe as in Example 3. The probe is
inserted into the pancreas of a patient. The probe is vibrated at
9 MHz in pulses of 0.5 ps. The antibodies of unit 7 bind to
albumin, while the antibodies of unit 0 remain unbound, thus
providing a change in the vibration frequency of unit 7, but
not unit 0. The amount of change of vibration frequency is
noted, and the probe is slowly moved through the pancreas.
The probe is positioned near pancreatic cancer cells, and the
antibodies of units 1-6 bind to PCCA on the surfaces of these
cancer cells. The vibration frequency changes for units 1-6,
and is compared to the change of vibration frequency of unit
7, anditis determined that units 1-6 are boundto their relevant
antigen. While the probe is positioned in a region of interest
that indicated binding of PCCA, a biopsy is taken using the
aspiration needle, and the probe is withdrawn from the
patient.

[0071] Thepresentdisclosureis not to belimited in terms of
the particular embodiments described in this application,
which are intended as illustrations of various aspects. Many
modifications and variations can be made without departing
from its spirit and scope, as will be apparent to those skilled in
the art. Functionally equivalent methods and apparatuses
within the scope of the disclosure, in addition to those enu-
merated herein, will be apparent to those skilled in the art
from the foregoing descriptions. Such modifications and
variations are intended to fall within the scope of the
appended claims. The present disclosure is to be limited only
by the terms of the appended claims, along with the full scope
of equivalents to which such claims are entitled. It is to be
understood that this disclosure is not limited to particular
methods, reagents, compounds, compositions or biological
systems, which can, of course, vary. Itis also to be understood
that the terminology used herein is for the purpose of describ-
ing particular embodiments only, and is not intended to be
limiting.

[0072] With respect to the use of substantially any plural
and/or singular terms herein, those having skill in the art can
translate from the plural to the singular and/or from the sin-
gular to the plural as is appropriate to the context and/or
application. The various singular/plural permutations may be
expressly set forth herein for sake of clarity.

[0073] It will be understood by those within the art that, in
general, terms used herein, and especially in the appended
claims (e.g., bodies of the appended claims) are generally
intended as “open” terms (e.g., the term “including” should
be interpreted as “including but not limited to,” the term
“having” should be interpreted as “having at least,” the term
“includes” should be interpreted as “includes but is not lim-
ited to,” etc.). It will be further understood by those within the
art that if a specific number of an introduced claim recitation
is intended, such an intent will be explicitly recited in the
claim, and in the absence of such recitation no such intent is
present. For example, as an aid to understanding, the follow-
ing appended claims may contain usage of the introductory
phrases “at least one” and “one or more” to introduce claim
recitations. However, the use of such phrases should not be
construed to imply that the introduction of a claim recitation
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by the indefinite articles “a” or “an” limits any particular
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claim containing such introduced claim recitation to embodi-
ments containing only one such recitation, even when the
same claim includes the introductory phrases “one or more”
or at least one and indefinite articles such as “a” or “an” (e.g.,
“a” and/or “an” should be interpreted to mean “at least one” or
“one or more”); the same holds true for the use of definite
articles used to introduce claim recitations. In addition, even
if a specific number of an introduced claim recitation is
explicitly recited, those skilled in the art will recognize that
such recitation should be interpreted to mean at least the
recited number (e.g., the bare recitation of “two recitations,”
without other modifiers, means at least two recitations, or two
or more recitations). Furthermore, in those instances where a
convention analogous to “at least one of A, B, and C, etc” is
used, in general such a construction is intended in the sense
one having skill in the art would understand the convention
(e.g., “a system having at least one of A, B, and C” would
include but not be limited to systems that have A alone, B
alone, C alone, A and B together, A and C together, B and C
together, and/or A, B, and C together, etc.). In those instances
where a convention analogous to “at least one of A, B, or C,
etc” is used, in general such a construction is intended in the
sense one having skill in the art would understand the con-
vention (e.g., “a system having at least one of A, B, or C”
would include but not be limited to systems that have A alone,
B alone, C alone, A and B together, A and C together, B and
C together, and/or A, B, and C together, etc.). It will be further
understood by those within the art that virtually any disjunc-
tive word and/or phrase presenting two or more alternative
terms, whether in the description, claims, or drawings, should
be understood to contemplate the possibilities of including
one of the terms, either of the terms, or both terms. For
example, the phrase “A or B” will be understood to include
the possibilities of “A” or “B” or “A and B.”

[0074] In addition, where features or aspects of the disclo-
sure are described in terms of Markush groups, those skilled
in the art will recognize that the disclosure is also thereby
described in terms of any individual member or subgroup of
members of the Markush group.

[0075] As will be understood by one skilled in the art, for
any and all purposes, such as in terms of providing a written
description, all ranges disclosed herein also encompass any
and all possible subranges and combinations of subranges
thereof. Any listed range can be easily recognized as suffi-
ciently describing and enabling the same range being broken
down into at least equal halves, thirds, quarters, fifths, tenths,
etc. As a non-limiting example, each range discussed herein
can be readily broken down into a lower third, middle third
and upper third, etc. As will also be understood by one skilled
in the art all language such as “up to,” ““at least,” and the like
include the number recited and refer to ranges which can be
subsequently broken down into subranges as discussed
above. Finally, as will be understood by one skilled in the art,
arange includes each individual member. Thus, for example,
agroup having 1-3 cells refers to groups having 1, 2, or 3 cells.
Similarly, a group having 1-5 cells refers to groups having 1,
2,3, 4, or 5 cells, and so forth.

[0076] From the foregoing, it will be appreciated that vari-
ous embodiments of the present disclosure have been
described herein for purposes of illustration, and that various
modifications may be made without departing from the scope
and spirit of the present disclosure. Accordingly, the various
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embodiments disclosed herein are not intended to be limiting,
with the true scope and spirit being indicated by the following
claims.

1. An endoscopic ultrasound probe comprising:

a piezoelectric surface; and

at least one antibody immobilized on the piezoelectric

surface.

2. The endoscopic ultrasound probe of claim 1, wherein the
piezoelectric surface is crystalline.

3. The endoscopic ultrasound probe of claim 1, further
comprising at least one electrode in electrical communication
with the piezoelectric surface.

4. The endoscopic ultrasound probe of claim 3, further
comprising a processor, wherein the electrode is in data com-
munication with the processor.

5. The endoscopic ultrasound probe of claim 1, wherein the
atleast one antibody immobilized on the piezoelectric surface
comprises:

at least a first antibody immobilized on a first area of the

piezoelectric surface; and

at least a second antibody immobilized on a second area of

the piezoelectric surface.

6. The endoscopic ultrasound probe of claim 5, wherein the
at least the first antibody specifically binds to a first antigen,
and wherein the at least the second antibody specifically
binds to a second antigen.

7. The endoscopic ultrasound probe of claim 6, wherein the
first antigen comprises a first tissue-specific marker, and
wherein the second antigen comprises a second tissue-spe-
cific marker.

8. The endoscopic ultrasound probe of claim 5, wherein the
first area and second area are arranged in a systematic pattern
on the piezoelectric surface.

9. The endoscopic ultrasound probe of claim 1, further
comprising an aspiration needle, wherein the piezoelectric
surface is a surface of the aspiration needle.

10. A method of detecting the presence of an antigen, the
method comprising:

providing an endoscopic ultrasound probe comprising;

a piezoelectric surface; and
at least one antibody immobilized on the piezoelectric
surface;

stimulating the endoscopic ultrasound probe with at least

one ultrasound wave; and

detecting a change in vibration frequency of the piezoelec-

tric surface upon binding of an antigen to the at least one
antibody.

11. The method of claim 10, wherein detecting a change in
vibration frequency comprises:

determining a first vibration frequency of the piezoelectric

surface when no antigen is bound to the at least one
antibody; and

determining a second vibration frequency of the piezoelec-

tric surface when an antigen is bound to the at least one
antibody.

12. The method of claim 10, wherein detecting a change in
vibration frequency comprises monitoring data in real time.

13. The method of claim 10, wherein the at least one
antibody is configured to bind specifically to the tissue-spe-
cific antigen, the method further comprising binding the at
least one antibody to a tissue-specific antigen.
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14. The method of claim 10, wherein the at least one

antibody immobilized on the piezoelectric surface comprises:

at least a first antibody immobilized on a first area of the
piezoelectric surface; and

at least a second antibody immobilized on a second area of

the piezoelectric surface.

15. The method of claim 14, wherein the first antibody
specifically binds to a tissue-specific antigen, and wherein the
second antibody does not bind to the tissue-specific antigen,
the method further comprising:

binding the first antibody to a tissue-specific antigen;

detecting a vibration frequency of the first surface when the

first antibody is bound to the antigen; and

detecting a vibration frequency of the second surface.

16. The method of claim 15, wherein detecting a vibration
frequency of the second surface occurs when the first anti-
body is bound to the antigen at the first surface.

17. The method of claim 10, wherein the at least one
antibody binds to an albumin, an albumin fragment, or lactose
dehydrogenase (LDH).

18. An aspiration needle comprising:

a piezoelectric material on a surface of the aspiration

needle; and

at least one antibody on the piezoelectric material.

19. The fine needle aspirator of claim 18, wherein the at
least one antibody bind specifically to an extracellular
marker.

20. The fine needle aspirator needle of claim 18, wherein
the at least one antibody comprises:

a first antibody that binds specifically to a first antigen,

wherein the first antibody is immobilized on a first area
of the piezoelectric material; and
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a second antibody that binds specifically to a second anti-
gen, wherein the second antibody is immobilized on a
second area of the piezoelectric material.

21. The fine needle aspirator needle of claim 20, wherein
the first area of the piezoelectric material and the second area
of the piezoelectric material are positioned in a random pat-
tern on a surface of the piezoelectric material.

22. The fine needle aspirator needle of claim 20, wherein
the first area of the piezoelectric material and the second area
of the piezoelectric material are positioned in an ordered array
on a surface of the piezoelectric material.

23. The fine need aspirator needle of claim 20, wherein the
at least one antibody further comprises a third antibody con-
figured to bind specifically to the first antigen, wherein the
third antibody is immobilized on a third area of the piezoelec-
tric material.

24. The aspiration needle of claim 18, wherein the aspira-
tion needle is configured to fit on an endoscopic ultrasound
probe.

25. The aspiration needle of claim 18, further comprising
an electrode transducer, wherein the electrode transducer is
positioned beneath the piezoelectric material.

26. The aspiration needle of claim 25, further comprising
an electrical lead in electrical communication with the elec-
trode transducer.

27. A kit comprising:

at least one ultrasound transducer;

at least one fine-needle aspirator needle;

at least one piezoelectric material; and

at least one antibody.

28. The kitof claim 27, wherein the at least one antibody is
immobilized on the at least one piezoelectric material.
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