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SYSTEM, METHOD AND DEVICE FOR
TISSUE-BASED DIAGNOSIS

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the benefit of U.S. Provi-
sional Patent Application No. 61/152585, filed Feb. 13, 2009,
which is incorporated by reference in its entirety.

BACKGROUND OF THE INVENTION

[0002] The biomolecular composition of human tissues,
represented by a multitude of lipids, proteins, nucleic acids,
and other miscellaneous molecules, is a sensitive indicator of
local pathologies, such as cancer, allergies, and eczema, as
well as several systemic diseases, such as cardiovascular dis-
ease, Alzheimer’s disease, and diabetes. In addition, tissue
molecular composition also holds critical information about
the body’s exposure to exogenous chemical and biological
entities. However, this information is not currently used in
diagnostic methods due to a lack of patient-friendly and stan-
dardized methods for routine sample collection from tissues.
Instead, clinical diagnosis is invariably performed by visual
observation and histopathological analysis of tissue biopsies,
which are highly limited due to their qualitative nature, lead-
ing to increased misdiagnosis and inappropriate use. In addi-
tion to being invasive, current methods also fall short in
explaining a complete molecular genesis of diseases, and fail
to distinguish between diseases.

[0003] Prior approaches using physical and chemical meth-
ods for assessing tissue fluid have focused chiefly on extract-
ing a few low molecular weight molecules that are freely
present in the interstitial fluid, such as calcium and glucose.
Use of tape stripping for physically harvesting superficially-
lying tissue constituents with an adhesive tape has been
reported; however this technique has been shown to be lim-
ited by inefficacy, lack of a standardized protocol, and high
heterogeneity in tissue sampling.

BRIEF SUMMARY OF THE INVENTION

[0004] The current invention describes system, method and
device, as well as compositions useful in such systems, meth-
ods and devices, involving application of energy to a tissue of
interest to generate a liquefied sample comprising tissue con-
stituents so as to provide for rapid tissue sampling, as well as
qualitative and/or quantitative detection of analytes that may
be part of tissue constituents (e.g., several types of biomol-
ecules, drugs, and microbes). Determination of tissue com-
position can be used in a variety of applications, including
diagnosis or prognosis of diseases, evaluating bioavailability
of therapeutics in different tissues following drug adminis-
tration, forensic detection of drugs-of-abuse, evaluating
changes in the tissue microenvironment following exposure
to a harmful agent, tissue decontamination and various other
applications.

[0005] The current invention provides methods and devices
for generating a liquefied tissue sample from a subject—
living or diseased. The device and method involve applying
energy and a liquefaction promoting medium to a tissue of
interest of a subject, the applying producing a liquefied tissue
sample, and collecting the liquefied tissue sample. In some
embodiments, an analysis for the presence or absence of at
least one analyte in the liquefied tissue sample is performed,
wherein the analysis facilitates diagnosis of a condition of
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interest. In certain embodiments, the analysis involves gen-
erating an analyte profile from the liquefied tissue sample and
comparing the analyte profile to a reference analyte profile,
wherein the comparing facilitates diagnosis of a condition of
interest.

[0006] In some embodiments, the purpose of said tissue
liquefaction is to remove, or decontaminate the tissue from
undesired substances. Non-limiting examples of such undes-
ired substances include chemicals, environmental contami-
nants, biological toxins, and in general substances that are
considered toxic or hazardous to the body. In certain embodi-
ments, the said method of decontamination is performed by
continuously moving the tissue liquefaction device over tis-
sue-of-interest until removal of undesired substances at a
preferred level is attained.

[0007] In some embodiments, the liquefaction promoting
agent comprises of one of more of sodium chloride, potas-
sium chloride, sodium phosphate dibasic, potassium phos-
phate monobasic, 3-{[tris(hydroxymethyl)methy]]
amino}propanesulfonic  acid, N,N-bis(2-hydroxyethyl)

glycine, tris (hydroxymethyl) methylamine, N-tris
(hydroxymethyl)methylglycine, 4-2-hydroxyethyl-1-
piperazineethanesulfonic acid, 2-{[tris

(hydroxymethypmethyl]amino } ethanesulfonic acid, 3-(N-
morpholino)propanesulfonic acid, piperazine-N,N'-bis(2-
ethanesulfonic acid), dimethylarsinic acid, saline sodium
citrate, 2-(N-morpholino)ethanesulfonic acid. In certain
embodiments, the liquefaction promoting agent comprises of
one or more of a protease inhibitor, an RNase inhibitor, or a
DNase inhibitor. In certain embodiments, the liquefaction
promoting agent comprises at least one of free radical scav-
enger, a defoaming agent, and a protein stabilizer. In certain
embodiments, the liquefaction promoting agent comprises at
least one of Brij-30, 3-(Decyl dimethyl ammonio) propane
sulfonate (DPS), 3-(Dodecyl dimethyl ammonio) propane
sulfonate (DDPS), N-lauroyl sarcosine (NLS), Triton X-100,
Sodium Dodecyl Sulfate, DMSO, fatty acids, azone, EDTA,
or sodium hydroxide. In certain embodiments, the liquefac-
tion promoting agent comprises a suspension of abrasive
particles. In certain embodiments, the abrasive particles com-
prise silica or aluminum oxide.

[0008] In some embodiments, the energy is applied in the
form ofultrasound, mechanical, optical, thermal, or electrical
energy. In certain embodiments, the mechanical energy is
applied by an abrasive material. In certain embodiments, the
thermal energy is applied in the form of radio frequency
energy. In certain embodiments, the optical energy is applied
in the form of a laser.

[0009] Insome embodiments, the liquefied tissue sample is
generated for each of a healthy tissue of interest of the subject
and a suspected diseased tissue of interest of the subject, and
the analysis comprises comparing analytical results from the
healthy tissue sample with analytical results from the sus-
pected diseased tissue sample, wherein the comparing facili-
tates diagnosis of a condition of interest. In some embodi-
ments, the liquefied tissue sample is generated for multiple
tissue sites and the analysis comprises comparing analytical
results from the multiple tissue sites, wherein said comparing
facilitates diagnosis of a condition of interest. In some
embodiments, the liquefied tissue sample is collected from
multiple tissue sites, and the samples are combined to make a
diagnosis.

[0010] Insome embodiments, the liquefied tissue sample is
collected by aspiration. In certain embodiments, the collect-
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ing is by retaining the liquefaction agent in a housing placed
in contact with the tissue. In certain embodiments, the col-
lecting is by mechanized transfer of the liquefied tissue
sample in a housing located in the device.

[0011] Insomeembodiments, the liquefied tissue sample is
mixed with a substance which assists in further liquefaction
and in stabilization of analytes of interest for storage or trans-
portation. In certain embodiments, the transferred tissue
sample from that sample container is mixed with the sub-
stances which are pre-stored in a container. Examples include
a protein stabilizer such as protease inhibitor, a nucleic-acid
stabilizer such as EDTA, phenol, nonspecific proteinase, an
RNase inhibitor and a DNase inhibitor, a defoaming agent,
and surfactants such as Triton X-100, Sodium Dodecyl Sul-
fate, and DMSO, and abrasive particles comprise silica or
aluminum oxide.

[0012] In certain embodiments, the device evaluates the
tissue of interest prior, during, or after liquefaction process. In
certain embodiments, the evaluation is performed by electro-
chemical, biochemical, or optical means. In some embodi-
ments, the evaluation involves measurement of tissue’s elec-
trical conductivity. In an exemplary embodiment, electrical
conductivity is measured by a means applying an AC electri-
cal signal across the tissue of interest. The said electrical
signal has voltage between 0.1 mV and 10 V and frequency
between 1 Hz and 100 kHz.

[0013] Insomeembodiments, the device involves detecting
certain tissue constituents in the liquefied tissue sample prior
to analysis of an analyte of interest, such as a disease marker.
In certain embodiments, the detecting is by electrochemical,
biochemical, or optical means. In some embodiments the
electrochemical means of detecting is an ion-elective elec-
trode. In some embodiments the optical means of detecting is
measuring the absorption or scattering coefficient of a liquid
solution.

[0014] In some embodiments, the energy is applied to a
tissue in the form of ultrasound with a mechanical index
between 0.1 and 50. In certain embodiments, the energy is
applied by contacting the tissue with a moving abrasive sur-
face. In certain embodiments, the energy is applied to the
tissue by contacting the tissue with a moving brushing device
comprising a plurality of bristles. In certain embodiments, the
energy is applied to the tissue by mechanical insertion of a
patch bearing plurality of micro-needles into the tissue; and
further injection of liquefaction medium through the micro-
needles into the tissue. In some embodiments, additional
energy is applied by moving the said micro-needle patch after
its insertion into the tissue. In certain embodiments, the
energy is applied to the tissue by mechanized stirring of the
liquefaction agent. In certain embodiments, the energy is
applied to the tissue by contacting the tissue with a high
velocity jet comprising of liquefaction promoting medium,
which may also contain abrasive particles in different
embodiments.

[0015] In some embodiments, the tissue comprises breast,
prostate, eye, vagina, bladder, nail, hair, colon, testicles, or
intestine. In certain embodiments, the tissue comprises skin
or a mucosal membrane. In certain embodiments, the tissue
comprises lung, brain, pancreas, liver, heart, bone, or aorta
wall.

[0016] In some embodiments, the analyte comprises a
small molecule, a drug or metabolite thereof, a polypeptide, a
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lipid, a nucleic acid, or a microbe. In certain embodiments,
the analyte comprises an antibody, a cytokine, an illicit drug,
or a cancer biomarker.

[0017] Insome embodiments, the liquefied tissue sample is
held in a container, and the analyte profile is generated by
integrating the liquid container with one or more analytical
devices. In certain embodiments, the tissue liquefaction
device contains a means for measuring the concentration of a
calibrator analyte to provide a means for calibrating the
analysis of the analyte.

[0018] Insomeembodiments, the device involves diagnos-
ing allergic disease in a subject, and the device comprises
means for analyzing the liquefied tissue sample for the pres-
ence or absence of IgE and IgG antibodies, cytokines such as
1L4, ILS, IL10, IL-12, IL13, IL-16, GM-CSF, RANTES,
MCP-4, CTACK/CCL27, IFN-g, TNFa, CD23, CD-40,
Eotaxin-2, and TARC, wherein the analysis facilitates diag-
nosis of allergic disease in the subject.

[0019] Insomeembodiments, the device involves diagnos-
ing cancer in a subject, and the device comprises means for
analyzing the liquefied tissue sample for the presence or
absence of one or more cancer markers, wherein the analysis
facilitates diagnosis of cancer in the subject. In certain
embodiments, the tissue of interest is breast, colon, prostate,
skin, testicle, intestine, or mouth.

[0020] Insomeembodiments, the device involves diagnos-
ing heart disease in a subject, and the device comprises means
for analyzing the liquefied tissue sample for the presence or
absence of one or more of cholesterol, triglycerides, lipopro-
teins, free fatty acids, and ceramides, wherein the analysis
facilitates diagnosis of heart disease in the subject.

[0021] Insomeembodiments, the device involves detecting
the presence of an illicit drug, or metabolite thereof, in a
subject, and the device comprises means for analyzing the
liquefied tissue sample for the presence or absence of an illicit
drug, or metabolites thereof, wherein the analysis provides
for detection of illicit drugs in the subject.

[0022] Insomeembodiments, the device involves detecting
amicroorganism in a subject, and the device comprises means
for applying energy and a liquefaction medium to a tissue of
interest in a subject and analyzing the liquefaction medium
for the presence or absence of a microorganism, wherein the
analysis provides for detection of the presence or absence of
a microorganism.

[0023] Another object of the current invention is to provide
a method and device for liquefying a tissue of a subject for
facilitating the passage of a drug across or into the tissue. The
method and device disclosed above are applicable not only to
collection of tissue constituents but also to drug delivery. The
device and method involve applying energy and a liquefac-
tion medium to a tissue of interest of a subject, and delivering
adrug through or into the site of the tissue to be liquefied. The
advantage of using the present invention is 1) to provide
higher fluxes of drugs into a tissue, and 2) to allow greater
control of fluxes into a tissue. Drugs which would simply not
pass through the tissues such as the skin are forced through
the tissues when the method is applied.

[0024] Insomeembodiments, the present invention offers a
method for delivering one or more drugs through the tissue to
be liquefied into the circulatory system, which circumvents
degradation in the gastrointestinal tract and rapid metabolism
by the liver from which drugs to be routinely administered
either orally or by injection suffer. In certain embodiments,
the current invention provides a method and device for deliv-
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ering one or more drugs locally to the tissue of interest, thus
limiting side effects to the healthy tissues. The method and
device may also be applicable for enhancing transport to
cellular membranes.

[0025] In particular, the device of the present invention
consists of the following major components: 1) an energy
generator; 2) a liquefaction promoting medium; 3) a reservoir
to hold drugs to be delivered and/or collect the liquefied tissue
sample.

[0026] A drug to be administered can be added into the
liquefaction medium prior or during tissue liquefaction pro-
cess. In an alternate embodiment, application of energy is in
combination of the liquefaction medium which does not con-
tain a drug can be used for liquefying a tissue, and subse-
quently a drug in an appropriate carrier such as a patch can be
applied on a site of the tissue to be liquefied.

[0027] The transport of drug into the tissue can be further
enhanced by the simultaneous or subsequent application of a
secondary driving force such as chemical permeability or
transport enhancers, convection, osmotic pressure gradient,
concentration gradient, iontophoresis, electroporation, mag-
netic field, ultrasound, or mechanical pressure. The driving
force can be applied continuously over a period of time or at
intervals during the period of liquefaction.

[0028] Insome embodiments, the tissue to be administered
comprises an organs as well as biological surfaces. In certain
embodiment, the biological surfaces comprise a biological
membrane and cellular membrane. In certain embodiment,
the biological membrane comprises skin or a mucosal mem-
brane. In certain embodiments, the biological membrane
comprises a buccal membrane, eye, vagina, colon, or intes-
tine. In some embodiment, the tissue comprises a diseased
tissue.

[0029] Inone embodiment, a device is provided that can be
used on a tissue to obtain a liquefied sample comprising an
energy source operably coupled to the tissue, and a chamber,
operably coupled to said tissue, capable of delivering lique-
faction promoting medium to and/or collecting said liquefied
sample from said tissue.

[0030] Inanother embodiment, the device can be used on a
tissue which is a part of a living organism; and the tissue can
be excised from the organism prior to diagnosis.

[0031] In another embodiment, the device of claim 1
wherein the liquefied tissue sample is transferred to an assay
for monitoring the presence or absence of at least one analyte.
[0032] In yet another embodiment, the chamber of the
device can be a sponge-bellow assembly where the sponge is
capable of storing said liquefaction promoting medium and/
or liquefied tissue sample.

[0033] In another embodiment, a device is provided com-
prising an energy source operably coupled to the tissue, and a
chamber, operably coupled to said tissue, capable of deliver-
ing liquefaction promoting medium to and/or collecting said
liquefied sample from said tissue; also comprises a tube/
needle, connected to said chamber, capable of delivering the
liquefaction promoting medium to and/or aspirating liquefied
tissue sample from the tissue.

[0034] In still another embodiment, a device is provided
comprising an energy source operably coupled to the tissue,
and a chamber, operably coupled to said tissue, capable of
delivering liquefaction promoting medium to and/or collect-
ing said liquefied sample from said tissue; also comprises a
sample container, operably connected to said chamber,
capable of storing aspirated liquefied tissue sample contain-
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ing analytes, or transferring said aspirated liquefied tissue
sample to an ancillary chamber; wherein the chamber is used
only to deliver the liquefaction promoting medium to the
chamber.

[0035] In another embodiment, a pressurized container
and/or vacuum container is part of the device, which facili-
tates transfer of said liquefaction promoting medium and/or
liquefied tissue sample.

[0036] In one embodiment, the energy emitted from the
energy source in the deice is in the form of ultrasound,
mechanical, optical, thermal, or electrical energy. In a par-
ticular embodiment, the mechanical energy is applied to the
tissue by an abrasive material, vacuum, pressure or shear
force. In another embodiment, the thermal energy is applied
to the tissue in the form of radio frequency energy. In another
embodiment, the optical energy is applied to the tissue in the
form of a laser.

[0037] In yet another embodiment, a device is provided
comprising an energy source operably coupled to the tissue,
and a chamber, operably coupled to said tissue, capable of
delivering liquefaction promoting medium to and/or collect-
ing said liquefied sample from said tissue further comprising
a sample container, operably connected to said chamber,
capable of storing aspirated liquefied tissue sample contain-
ing analytes, or transferring said aspirated liquefied tissue
sample to an ancillary chamber; wherein the chamber is used
only to deliver the liquefaction promoting medium to the
chamber.

[0038] In another embodiment, a device is provided com-
prising an energy source operably coupled to the tissue, and a
chamber, operably coupled to said tissue, capable of deliver-
ing liquefaction promoting medium to and/or collecting said
liquefied sample from said tissue, wherein the energy source
comprises of a pad connected to a shaft.

[0039] In a more particular embodiment, the shaft has a
pressure sensing unit, which maintains a predetermined pres-
sure profile on to the tissue upon contact.

[0040] In another embodiment, the pad is selected from a
group consisting of an abrasive surface and a patch compris-
ing of a plurality of micro-needles.

[0041] Inyet another embodiment, the device further com-
prises a plunger, operably connected to the top of the cham-
ber.

[0042] Inanother embodiment, the device is divided into an
upper and lower unit, and wherein the lower unit is detachable
from said upper unit; wherein the upper unit comprises the
energy source and the lower unit comprises the chamber.
[0043] Instill another embodiment, the device further com-
prises an analytical unit operably connected to the chamber,
and where the analytic unit is capable of performing temporal
monitoring of the tissue sample by electrochemical, bio-
chemical or optical means; or the analytic unit is capable of
analyzing the analytes within said liquefied tissue sample.
[0044] Inanother embodiment, the device is connected to a
diagnostic probe or a catheter; wherein the diagnostic probe is
selected from a group consisting of endoscope, colonoscope,
and laparoscope.

[0045] In still another embodiment, the use of the device
results in situ liquefaction of the tissue sample.

[0046] Inanother embodiment, the device contains a lique-
faction promoting medium that can preserve and enhance the
detection of proteins, lipids and nucleic acids, comprising:
3-(decyl dimethyl ammonio) propane sulfonate (DPS) and
polyethylene glycol dodecyl ether (Brij 30) dissolved in a
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buffered solution; and where the concentration of 3-(decyl
dimethyl ammonio) propane sulfonate and polyethylene gly-
col dodecyl ether (B30) is between 0.01-10% (w/v); and
where the 3-(decyl dimethyl ammonio) propane sulfonate
and polyethylene glycol dodecyl ether are present at a ratio of
50:50.

[0047] In yet another embodiment, the liquefaction pro-
moting medium within the device is buffered in a solution
comprising either phosphate-buffered saline, Tris-buffered
saline, Tris-HCL or EDTA.

[0048] In another embodiment, liquefaction promoting
medium within the device comprises a nonionic surfactant
selected from a Brij series surfactant, a Triton-X surfactant,
and a Sorbitan surfactant; an anionic or a zwitterionic surfac-
tant; and a hydrophilic solvent; wherein the medium has a
total concentration of the surfactants from about 0.01%-10%
(Wiv).

[0049] These and other features of the invention will
become apparent to those persons skilled in the art upon
reading the details of the system, method and device for
tissue-based diagnosis as more fully described below.

BRIEF DESCRIPTION OF THE DRAWINGS

[0050] The invention is best understood from the following
detailed description when read in conjunction with the
accompanying drawings. It is emphasized that, according to
common practice, the various features of the drawings are not
to-scale. On the contrary, the dimensions of the various fea-
tures are arbitrarily expanded or reduced for clarity. Included
in the drawings are the following figures:

[0051] FIG.1 (Panels a-g) is a collection of cross-sectional
drawings illustrating structure, components and functioning
of various abrasive energy-based tissue liquefaction devices.
Panels a-c and Panels e-g show the sequential working of two
separate liquefaction devices. Panel d is a schematic repre-
sentation of a pressure-sensitive motorized shaft bearing an
abrasive head.

[0052] FIG. 2 (Panels a-b) is a collection of cross-sectional
drawings of moveable tissue liquefaction devices for continu-
ous sampling of a large area of tissues.

[0053] FIG. 3 (Panels a-c) is a collection of cross-sectional
drawings illustrating structure and components of various
linear abrasive motion-based tissue liquefaction devices.
Panel c is a schematic representation of a pressure-sensitive
support shaft bearing a gear.

[0054] FIG. 4 (Panel a-g) is a collection of cross-sectional
drawings illustrating several types of abrasive heads.

[0055] FIG. 5 (Panels a-d) is a collection of cross-sectional
device drawings and schematics for measuring tissue’s elec-
trical conductivity.

[0056] FIG. 6 (Panels a-g) is a collection of cross-sectional
drawings illustrating structure, components and functioning
of various microneedle-based tissue liquefaction devices.
[0057] FIG. 7 (Panels a-e) is a collection of cross-sectional
drawings of an exemplary abrasive energy-based tissue liq-
vefaction device. Panel a shows various assembly compo-
nents of the device. Panel b-d show sequential working steps
ofthe device including transfer of the liquefaction medium to
be placed in contact with the tissue (Pane b-c), sample gen-
eration by liquefaction (Panel ¢), and collection of the sample
in a container (panel d). Panel e shows post-liquefaction
retrieval of sampling container from the device.

[0058] FIG. 8 (Panels a-d) is a collection of cross-sectional
drawings illustrating sequential working steps of an exem-
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plary microneedle-based tissue liquefaction device: transfer
of the liquefaction medium to be placed in contact with the
tissue (Pane a-b); sample generation by liquefaction (Panel
¢); and collection of the sample in a container (panel d).
[0059] FIG. 9 (Panels a-d) is a collection of drawings illus-
trating a sampling container. Panels a-d show the sequential
working steps for transporting and/or analysis of the gener-
ated samples. Panel a shows substrates which selectively bind
to analytes of interest are coated on the inside surface of the
container. The analytes in the liquefied tissue samples are
selectively captured by the coated substrates (Panel b). Upon
sufficient incubation of the tissue sample, the sample is dis-
carded while the analytes are held in the container (Panel c).
The analytes are eluted by a buffer for subsequent analysis
(Panel d).

[0060] FIG. 10 (Panels a-c) is a collection of drawings
illustrating the screening methodology for identifying unique
surfactant formulations of LPMs. Panel a ranks over 150
surfactant formulations in their ability to preserve protein
bioactivity. Panel b ranks best formulations from Panel a on
their tissue solubilization potential. Panel ¢ compares the best
LPM from entire screening—0.5% (w/v) DPS-Brij30 with
other conventional surfactants in their potential to sample
functional proteins from skin tissue.

[0061] FIG. 11 (Panel a-b)is a collection of drawings illus-
trating . PM-assisted preservation of bioactivities of various
proteins (IgE—panel a; IgE, LDH and 3-gal—panel b) under
mechanical stress of ultrasound exposure.

[0062] FIG. 12 (Panel a-c) is a collection of drawings illus-
trating the ability of ultrasonic exposure in the presence of
LPM (saline solution of 0.5% (w/v) DPS-B30) to sample a
variety of functional disease biomarkers (IgE—Panel a; Cho-
lesterol—Panel b; Bacteria—Panel ¢) from skin tissue.
[0063] FIG. 13 is a graph illustrating the effect of buffers in
LPMs on the compatibility with quantitative PCR.

[0064] FIG. 14 is a graph illustrating the influence of sur-
factant mixture on the compatibility with quantitative PCR.
[0065] FIG. 15 is a graph illustrating the effect of ultra-
sound intensity and exposure time on E. Coli viability.
Samples were exposed to ultrasound at intensities of 1.7
W/cm? (*) and 2.4 W/cm?® (M) Each point represents the mean
value from three independent samples.

[0066] FIG. 16 is a photograph of agarose gel-electro-
phoresis of genomic DNA from E. coli cells sonicated at
different conditions in tris-HCI. Lane 1 molecular standard;
lane 2 Non-treated cell; lane 3 1.7 W/em?, 2 min; lane 4 1.7
W/cm? 3 min; lane 5 2.4 W/em?, 3 min.

[0067] FIG. 17 (Panels a and b) is a graph illustrating the
number of bacteria sampled by ultrasound coupling with
tris-HCI, swabbing, and surfactant scrub technique, mea-
sured by (a) culture assay and (b) quantitative PCR. Each
point represents the mean value from five independent
samples.

[0068] FIG. 18 is a graph illustrating the effect of adding
various sensitivity enhancers in LPM for enhanced detection
of a model analyte—human IgE antibody, in it. Sensitivity
enhancers used in the analysis are a mixture of 10% w/v BSA
and 0.5% w/v Tween 20 in phosphate-buffered saline (PBS)
(open diamond); and a mixture of 10% w/v BSA and 0.5%
w/v Tween 20 in tris-buffered saline (closed circle). Prior to
analysis, each of the sensitivity enhancers was diluted at 1:10
ratio with LPM containing model analyte. As a control, LPM
containing model analyte (open square) and a commonly-
used analytical solvent comprising of a mixture of 1% w/v
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BSA and 0.05% w/v Tween 20 in tris-buffered saline (solid
square) were used. The LPM was composed of a solution of
1% w/v mixture of NLS and Brij 30 in PBS. Error bars
indicate the standard deviation.

[0069] FIG. 19 (Panels a-b) is a collection of graphs illus-
trating delivery of Inulin across and of Acyclovir into pig skin
in vitro after ultrasound application (a) or abrasion with a
plurality of bristles (b).

DETAILED DESCRIPTION OF THE INVENTION
Definitions

[0070] “Energy” as used herein means any appropriate
energy that can be applied to tissue to accomplish the objec-
tive of the methods disclosed herein (e.g., liquefying tissue).
Exemplary types of energy include mechanical energy (e.g.,
abrasion, shear, vacuum, pressure, suction), ultrasound, opti-
cal (e.g., laser), magnetic, thermal, and electrical energy.
[0071] An “analyte” as used herein means any biomolecule
(e.g., polypeptide, nucleic acid, lipid, and the like), drug (e.g.,
therapeutic drugs, drugs-of-abuse, and the like), small mol-
ecule (e.g., natural moisturizing factors, nicotine, and the
like, with the understanding that small molecules can also be
drugs), warfare agent, environmental contaminant (e.g., pes-
ticides, etc.), microbe (e.g., bacterium, virus, fungus, yeast,
and the like) and the like that is present in or on the tissue and
can be extracted from the tissue of interest (e.g., skin, a
mucosal membrane, and the like) and detected, analyzed,
and/or quantified.

[0072] The term “liquefaction” is used to describe the pro-
cess by which tissue and/or tissue constituents are converted
to a sufficiently soluble state through exposure to sufficient
energy and, optionally, a liquefaction promoting medium,
and can involve conversion of at least a portion of a tissue
structure of interest to a liquid form. A tissue sample that has
been subjected to liquefaction as sometimes referred to herein
as a “liquefied” sample.

[0073] The term “liquefaction-promoting medium” (LPM)
is used to describe a substance that facilitates solubilization of
one or more tissue constituents, facilitates conversion of at
least a portion of a tissue structure into a liquid when exposed
to energy, and/or facilitates preservation of bioactivity of one
or more solubilized tissue constituents.

[0074] The term “liquefaction-promoting agent” (LPA) is
used to describe a component of the liquefaction promoting
medium, particularly an agent that promotes at least solubi-
lization and/or preservation of bioactivity of one or more
tissue constituents, and/or analysis of subsequent diagnostic
assays.

[0075] A “calibration analyte” as used herein means any
molecule naturally present in a tissue of interest at a known
concentration, which can serve as a reference analyte (e.g., as
a positive control to ensure a desired degree of liquefaction
was achieved).

[0076] A “biomolecule” as used herein means any mol-
ecule or ion which has a biological origin or function. Non-
limiting examples of biomolecules include proteins (e.g., dis-
ease biomarkers such as cancer biomarkers, antibodies: IgE,
IgG, IgA, IgD, or IgM, and the like), peptides, lipids (e.g.,
cholesterol, ceramides, or fatty acids), nucleic acids (RNA
and DNA), small molecules (e.g., glucose, urea, creatine),
small molecule drugs or metabolites thereof, microbes, inor-
ganic molecules, elements, or ions (e.g., iron, Ca2+, K+, Na+,
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and the like). In some embodiments, the biomolecule is other
than glucose and/or is other than a cancer marker.

[0077] The term “abused drug” or “drug-of-abuse” or
“illicit drug” are used interchangeably herein to refer to any
substance which is regulated by a governmental (e.g. feder-
ally or state regulated) of which presence in a human tissue,
and/or presence above a certain level in a human tissue, is
illegal or can be harmful to a human being. Examples of
abused drugs include: cocaine, heroin, methyl amphetamine,
and prescription drugs taken in excess of dosage, or taken
without a prescription (e.g., painkillers such as opioids).
[0078] The term “warfare agent” as used herein refers to
any molecule, compound, or composition of either biological
or chemical origin that may be used as a weapon. Examples of
warfare agents include nerve gases (e.g. VX, Sarin), phos-
gene, toxins, spores (e.g., anthrax), and the like.

[0079] The term “environmental contaminant” as used
herein includes any molecule, compound, or composition
which can be detrimental to an individual, e.g., when at con-
centrations elevated above a risk threshold. Examples include
water pollutants (e.g., fertilizers, pesticides, fungicides,
insecticides, herbicides, heavy metals, halides), soil pollut-
ants (e.g., fertilizers, pesticides, fungicides, insecticides, her-
bicides, heavy metals, halides), air pollutants (e.g., NOx,
SOx, greenhouse gases, persistent organic pollutants (POPs),
particulate matter, smog).

[0080] The term “decontamination” as used hereinincludes
removal from tissues of any unwanted or undesired molecule,
compound, or composition which can be detrimental to an
individual. Examples include environmental contaminants
(as defined above), toxic chemicals, and biological toxins.
[0081] The term “natural moisturizing factor” (NMFs) as
used herein means any one of several types of small mol-
ecules, including but not limited to free amino acids, lactate,
and urea, which are derivatives of fillagrin. NMFs can be used
as analytes to facilitate assessment of general skin health
(e.g., dry skin, flaky skin, normal skin, etc.). The term
“mechanical index” as used herein means the ratio of the
amplitude of peak negative pressure in an ultrasonic field and
the square-root of the ultrasound frequency (Mechanical
Index=(Pressure (MPa))/(Frequency (MHz))"0.5.

[0082] The term “drug delivery” as used herein means the
delivery of one or more drugs into blood, lymph, interstitial
fluid, a cell or tissue.

[0083] The term “sensitivity enhancer” as used herein
means a substance or a mixture of substances that is mixed
with LPM to stabilize liquefied tissue analytes and facilitate
their analysis in terms of enhancing the sensitivity and speci-
ficity of the diagnostic analytical tests.

[0084] The term “blocking reagent” is used to describe a
component which is used to prevent non specific binding of
analytes to substrates used in a diagnostic assay.

[0085] Before the present invention and specific exemplary
embodiments of the invention are described, it is to be under-
stood that this invention is not limited to particular embodi-
ments described, as such may, of course, vary. It is also to be
understood that the terminology used herein is for the purpose
of describing particular embodiments only, and is not
intended to be limiting, since the scope of the present inven-
tion will be limited only by the appended claims.

[0086] Where arange of values is provided, it is understood
that each intervening value, to the tenth of the unit of the lower
limit unless the context clearly dictates otherwise, between
the upper and lower limits of that range is also specifically



US 2011/0212485 Al

disclosed. Each smaller range between any stated value or
intervening value in a stated range and any other stated or
intervening value in that stated range is encompassed within
the invention. The upper and lower limits of these smaller
ranges may independently be included or excluded in the
range, and each range where either, neither, or both limits are
included in the smaller ranges is also encompassed within the
invention, subject to any specifically excluded limit in the
stated range. Where the stated range includes one or both of
the limits, ranges excluding either or both of those included
limits are also included in the invention.

[0087] Unless defined otherwise, all technical and scien-
tific terms used herein have the same meaning as commonly
understood by one of ordinary skill in the art to which this
invention belongs. Although any methods and materials simi-
lar or equivalent to those described herein can be used in the
practice or testing of the present invention, some potential and
preferred methods and materials are now described. All pub-
lications mentioned herein are incorporated herein by refer-
ence to disclose and describe the methods and/or materials in
connection with which the publications are cited. It is under-
stood that the present disclosure supersedes any disclosure of
an incorporated publication to the extent there is a contradic-
tion.

[0088] It must be noted that as used herein and in the
appended claims, the singular forms “a,” “an,” and “the”
include plural referents unless the context clearly dictates
otherwise. Thus, for example, reference to “a tissue” includes
a plurality of such tissues and reference to “the liquid”
includes reference to one or more liquids, and so forth. It is
further noted that the claims may be drafted to exclude any
optional element. As such, this statement is intended to serve
as antecedent basis for use of such exclusive terminology as
“solely,” “only,” and the like, in connection with the recitation
of claim elements, or use of a “negative” limitation.

[0089] The publications discussed herein are provided
solely for their disclosure priorto the filing date of the present
application. Nothing herein is to be construed as an admission
that the present invention is not entitled to antedate such
publication by virtue of prior invention. Further, the dates of
publication provided may be different from the actual publi-
cation dates which may need to be independently confirmed.
[0090] The current invention provides systems, methods
and devices, as well as compositions useful in such systems,
methods and devices, involving application of energy to a
tissue of interest to generate a liquefied sample comprising
tissue constituents so as to provide for rapid tissue sampling,
as well as qualitative and/or quantitative detection of analytes
that may be part of tissue constituents (e.g., several types of
biomolecules, drugs, and microbes—might want a paragraph
to formally defined what you mean by tissue constituents).
Determination of tissue composition or constituents can be
used in a variety of applications, including diagnosis or prog-
nosis of local as well as systemic diseases, evaluating bio-
availability of therapeutics in different tissues following drug
administration, forensic detection of drugs-of-abuse, evalu-
ating changes in the tissue microenvironment following
exposure to a harmful agent, decontamination, and various
other applications.

[0091] Another object of the current invention is to provide
a method and device for liquefying a tissue of a subject for
facilitating the passage of a drug across or into the tissue. The
method and device disclosed above are applicable not only to
collection of tissue constituents but also to drug delivery. The
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device and method involve applying energy and a liquefac-
tion medium to a tissue of interest of a subject, and delivering
adrug through or into the site of the tissue to be liquefied. The
advantage of using the present invention is 1) to provide
higher fluxes of drugs into a tissue, and 2) to allow greater
control of fluxes into a tissue. Drugs which would simply not
pass through the tissues such as the skin and into the circula-
tory system are forced through the tissues when the method is
applied.

[0092] Although the present invention may be described in
conjunction with human applications, veterinary applications
are within the contemplation and the scope of the present
invention.

Tissue Diagnostics

Energy Application Devices

[0093] The tissue liquefaction devices disclosed herein can
be generally described as having an energy source/generator
operably coupled to a reservoir unit/housing, where the res-
ervoir houses a medium in which analytes are collected and
which, in most embodiments, facilitates transfer of energy to
the tissue of interest and can thus, where desired, facilitate
liquefaction of a tissue sample. In use, the reservoir housing is
placed in contact with the subject’s tissue to make contact
between the medium and the tissue, and the energy source is
activated. The device can be operably coupled to additional
energy sources, (e.g., abrasive actuator, piezoelectric trans-
ducer, suction or pressure), which can also be applied to the
tissue to facilitate transfer of energy to the tissue. As energy is
applied to the tissue, constituents of the tissue are solubilized
by the energy and collected in the medium. The medium can
be retained in the reservoir housing, or alternatively be trans-
ferred to a separate container. The reservoir housing or con-
tainer can be operably coupled to a detection device that can
quantitatively measure the tissue constituents present in the
medium.

[0094] Energy can be applied to the tissue from a single
energy source or as a combination of sources. Exemplary
energy sources include mechanical (e.g., abrasion, shear,
vacuum, pressure, and the like), piezoelectric transducer,
ultrasound, optical (e.g., laser), thermal, and electrical
energy. The intensity of the energy applied, as well as the
duration of the energy application, may be appropriately
adjusted for the particular tissue of interest and the particular
application of the method. The energy intensity and duration
of application may also be appropriately adjusted based on
the particular liquefaction promoting medium (LPM) used in
connection with the energy. In some embodiments, an energy
exposure time of greater than 1 minute, greater than 90 sec-
onds, or greater than 2 minutes is provided in order to produce
a suitable liquefied tissue sample. The magnitude of energy
depends on the analyte of interest and the selection of LPM.
Higher energies are required to liquefy tissues in the absence
of surfactants or particles in the LPM. Use of high energies is
limited by their adverse effects on the tissue or its constitu-
ents. A significant adverse effect is injurious tissue damage.
In some embodiments, therefore, it might be necessary to
incorporate certain device components that provide temporal
monitoring (ideally, in real-time) of the change in tissue prop-
erties or the extent of tissue liquefaction such that, once safe
limit for energy exposure is reached, the device can be
stopped. The temporal evaluation can be performed prior,
during, and after liquefaction process. In certain embodi-
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ments, the temporal evaluation is performed by electrochemi-
cal (e.g., tissue’s electrical conductivity, measurement of cer-
tain ions by ion-selective electrodes, etc), biochemical (e.g.,
measurement of certain tissue components in the LPM by
enzymatic assays such as ELISA and the like), or optical (e.g.,
measurement of LPM turbidity by spectrophotometer, etc)
means. In an exemplary embodiment, tissue’s temporal elec-
trical conductivity is measured by applying a pre-defined AC
electrical voltage across the tissue with a signal generator, and
analyzing the resultant electrical current by a multimeter.
Another significant adverse effect of high energy exposure is
attributed to temperature elevation in the tissue, also known as
thermal effects. In some embodiments, therefore, it might be
necessary to incorporate a temperature sensing element (e.g.,
a thermocouple) that allows monitoring of the temperature of
the tissue and/or the LPM, facilitating the judgment of a safe
amount of energy exposure to the tissue.

[0095] The necessary energy level is significantly reduced
by appropriate selection of LPM. For example, use of saline
alone along with ultrasound resulted in recovery of less than
0.1 mg protein per cm? of skin. On the other hand, incorpo-
ration of surfactants such as DPS, NLS and Brij-30 at a
concentration of 1% w/v in LPM increased protein recovery
to more than 0.6 mg per cm?® of skin.

[0096] In certain embodiments, use of energy to liquefy
tissue may lead to reduction in biological activity of solubi-
lized tissue constituents, necessitating selection of LPM
which adequately preserve the bioactivity of tissue’s mol-
ecules as well as aid tissue solubilization. For example, incor-
poration of one or more surfactants such as DPS, NLS and
Brij-30 at a concentration of 1% w/v in LPM facilitated
complete preservation of the bioactivity of solubilized pro-
teins and nucleic acids under ultrasonic energy exposure.
[0097] In certain embodiments, energy can be applied to a
tissue using an energy delivery chamber that includes an
energy producing element. The chamber, when placed on the
tissue, will expose the tissue to the energy producing element
and allow energy to be applied to the tissue with minimal
interference. Such a chamber can contain LPM and provide
for contact of the LPM with the tissue such that, upon appli-
cation of energy, tissue constituents can be directly collected
into the solution.

[0098] In certain embodiments, the energy delivery cham-
ber containing the LPM may also comprise a diagnostic
device, for example, an analyte sensor, for detecting and,
optionally, quantifying analytes that may be present in the
LPM. These diagnostic devices can serve as chemical sen-
sors, biosensors, or can provide other measurements to form
a complete sampling and measurement system. An element
having an internal channel for fluid transfer can be fabricated
together with a sensor to form a disposable unit. The device
can also be adapted to include or be provided as a disposable
unit that provides for collection of analytes in the LPM for
analysis.

[0099] Alternatively, the diagnostic element can be located
elsewhere (e.g., separate from the energy device) and the
contents of the energy delivery chamber in contact with tissue
can be pumped using mechanical forces, capillary forces,
ultrasound, vacuum, or electroosmotic forces into a sensing
chamber and analyzed.

[0100] Incertain embodiments, e.g., when evaluating topi-
cal formulations or determining pharmacological parameters,
the unit can be constructed to function as a closed loop drug
delivery unit, including drug delivery means, analyte recov-
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ery means, sensing means to measure the analyte, and control
means to provide a signal to the drug delivery means.
[0101] An example of the general operation of an energy-
assisted analyte device is described here. A portable dispos-
able unit is inserted into a portable or bench-top energy gen-
erator. The energy generator may also include circuitry for
tissue resistance measurements, analyte concentration mea-
surements, and display of analyte concentration measure-
ments. The system (e.g., energy applicator and disposable
unit) is placed against the tissue, and energy is applied for a
certain period of time, either alone or as a combination with
other physical, mechanical, electrical, and chemical forces.
The tissue of interest is liquefied, and analytes from the lig-
uefied tissue are collected in the disposable unit and are
measured using appropriate assays.

[0102] The preferred embodiment of the present invention
and its advantages are best understood by referring to FIGS.
1 through 19 of the drawings, like numerals being used for
like and corresponding parts of the various drawings.

[0103] Referring to FIGS. 1a through 1g, the structure,
components and functioning of abrasive energy-based tissue
liquefaction devices are shown. Panels a through ¢ of FIG. 1
show the sequential working of a device that utilizes a rotary
abrasive component 101 as means for applying energy to
tissues for liquefaction. Liquefaction is achieved by placing
and setting abrasive component 101 in motion against a tissue
ofinterest 107. Abrasive component 101 is attached to a shaft
102, which is further connected to a rotary motor 103 in the
device. In some embodiments, shaft 102 is designed to sense
and control the pressure applied by abrasive component 101
on tissue 107. In an exemplary embodiment, shaft 102 is
constructed of shaft 1021 and shaft 1022 which are connected
to each other by a pressure-sensitive spring 1023 (FIG. 1d). In
another embodiment, shaft 1021 and shaft 1022 sandwich
between them a pressure-sensing piezoelectric crystal for
monitoring and controlling applied pressure to tissue 107. A
battery pack 104 powers motor 103, which can subsequently
set abrasive component 101 in rotary motion when directed
by the device operator. Prior to liquefaction, abrasive compo-
nent 101 is designed to be held in isolation against tissue 107
using a housing 105, and specifically, a thin sheet 106 located
on the base of housing 105 (FIG. 1a). Upon initiation of the
liquefaction process, LPM stored in a cartridge 108 is trans-
ferred to the housing 105 (FIG. 1a), whereupon the LPM
contacts the surface of the sheet material 106, followed by
setting the abrasive component 101 in motion against sheet
106. Material of sheet 106 is chosen such that it can be quickly
abraded by abrasive component 101, allowing LPM and abra-
sive component 101 to come in contact with tissue 107 lead-
ing to tissue liquefaction (FIG. 16). Non-limiting examples of
sheet 106 include sheet of paper, rubber sheet, metal foil,
plastic sheet, or any water-soluble sheet. Upon completion of
liquefaction process, motor 103 stops and LPM containing
tissue constituents is transferred to a sample container 110
(FIG. 1¢) [not liquefied sample not clearly shown in 110 so
would need a revised figure]; or directly into a pre-vacu-
umized container (thus avoiding the need for suction pump
109 and container 110). Where there is no pre-vacuumized
container, collection of the sample is facilitated by a suction
pump 109.

[0104] In some embodiments, certain device components
are designed as disposable units such that, after each use of
the device, these components can be replaced to allow sterile
usage. Such components may include housing 105, abrasive
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component 101, cartridge 108, sample container 110, and
other fluid-handling device components, as deemed neces-
sary to maintain device sterility. Alternatively, in some
embodiments, the whole device may be made disposable.
[0105] Incertain embodiments, LPM storing cartridge 108
can be replaced with a sponge-bellow assembly for storage
and release of LPM. Panels e through g of FIG. 1 show the
sequential working of such a device. A flexible bellow-shaped
housing 112 contains a sponge 111 filled with LPM (FIG. 1e).
As the device is pushed against tissue 107, sponge-bellow
housing is squeezed to release LPM and abrasive component
101 is set in motion (FIG. 1f). Upon completion of liquefac-
tion process, motor 103 stops and LPM containing tissue
constituents is transferred to a sample container 110 (FIG.
1g). Collection of the sample is facilitated by a suction pump
109. Alternatively, in some embodiments the suction pump
109 and container 110 may be avoided by collecting the
sample into the sponge by lifting the device back into its
original position.

[0106] Referring to FIGS. 2a and 25, the structure and
components of moveable tissue liquefaction devices designed
for continuous sampling of a large area of tissue are shown.
Panel a of FIG. 2 show a device that utilizes a rotary abrasive
component 201 as means for applying energy to tissues for
liquefaction. Liquefaction is achieved by placing and setting
abrasive component 201 in motion against a tissue of interest
207. Abrasive component 201 is attached to a shaft 202,
which is further connected to a rotary motor 203 in the device.
In some embodiments, shaft 202 is designed to sense and
control the pressure applied by abrasive component 201 on
tissue 207. In an exemplary embodiment, shaft 202 is con-
structed of two distinct shafts which are connected to each
other by a pressure-sensitive spring or a pressure- pressure-
sensing piezoelectric crystal for monitoring and controlling
the applied pressure to tissue 207. A battery pack 204 powers
motor 203, which can subsequently set abrasive component
201 in rotary motion when directed by the device operator.
Once the device is placed against tissue 207, a continuous
liquefaction procedure is initiated by performing three key
processes—LPM stored in a cartridge 208 is continuously
delivered to housing 212 at the device-tissue interface; abra-
sive component 201 is set in motion against tissue 207; and
liquefied tissue sample is continuously collected in a sample
container 210 using a suction pump 209. The device can be
moved around such that additional tissue surfaces are
exposed to the device and liquefied. When desired, the lique-
faction process can be stopped by switching-off motor 103
and cumulative tissue sample can be accessed from container
210.

[0107] In some embodiments, additional device compo-
nents may be used for preventing [.PM leakage from housing
212 due to the motion of device over tissue surface. In an
exemplary embodiment, suction pump 209 can be used to
create a vacuum-assisted seal between tissue 207 and cham-
ber 206 located in a flanged housing 205 around the device.
[0108] Panel b of FIG. 2 show a device that utilizes a
piezoelectric element 251 as means for applying mechanical
energy to tissues for liquefaction. Piezoelectric element 251
is placed in a housing 252 that interfaces with a tissue of
interest 259, and liquefaction is achieved by activating piezo-
electric element 251 with LPM present as a coupling fluid
between tissue 259 and piezoelectric element 251. Piezoelec-
tric element 251 is a transducer of electrical energy, which is
supplied to it by means of circuitry placed in a flexible tubing
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253. During liquefaction, LPM is supplied to housing 252 by
a flexible tubing 254 using an operator-controlled injection
system 256. Liquefied tissue sample can be simultaneously
collected from housing 252 into a sample container 257 using
a flexible tubing 255. Sample collection is facilitated by a
suction pump 258 which is serially connected to sample con-
tainer 257. In some embodiments, suction pressure created in
housing 252 by suction pump 258 may provide for an effec-
tive seal between housing 252 and tissue 259 for preventing
LPM leakage from housing 252 during liquefaction. In some
embodiments, suction pressure created in housing 252 by
suction pump 258 may provide for an additional source of
energy for liquefaction.

[0109] In some embodiments, housing 252 may be moved
to liquefy additional tissue surfaces and collect a sample
representing tissue constituents accumulated from various
tissue surfaces. In such a device LPM is continuously sup-
plied to housing 252 by tubing 254 and sample is continu-
ously collected by tubing 255.

[0110] In certain embodiments, the device in FIG. 256 may
operate without a piezoelectric element 251. In this embodi-
ment, the LPM which flows from a tubing 254 into the hous-
ing 252 makes contact with the tissue and liquefies the tissue.
Liquefied tissue is collected from the housing by tubing 255.
The housing may be moved continuously or intermittently to
collect samples from a large tissue area. The device may have
additional means that are practically necessary to allow the
movement of the device on a tissue, liquefaction of tissue and
collection of liquefied tissue. In certain embodiments, either
pressure or vacuum but not both may be used to direct LPM
towards the tissue and collect liquefied tissue.

[0111] In certain embodiments, liquefaction devices may
be integrated with a diagnostic probe such as endoscope,
colonoscope, laparoscope, and the like.

[0112] Referring to FIGS. 3a through 3¢, the structure and
components of liquefaction devices that utilize an oscillating
abrasive component as means for applying energy to tissues
for liquefaction are shown. Referring to FIGS. 3a, liquefac-
tion is achieved by placing and setting abrasive component
301 in motion against a tissue of interest 311. Linear motion
can be achieved, for example, by a rack and pinion arrange-
ment (FIG. 3a). Specifically, abrasive component 301 is
attached to a rack 302, which slides in a linear oscillatory
motion using a circular gear 303 (pinion). Gear 303 is driven
in oscillatory circular motion by a motor 304. A battery pack
305 powers motor 304. In some embodiments, motor 304 is a
servo motor which may require an electronic microchip con-
troller 306 to produce oscillatory circular motion. Prior to
liquefaction, abrasive component 301 is designed to be held
in isolation against tissue 311 using a housing 307, and spe-
cifically, a thin sheet 308 located on the base of housing 307.
LPM can be pre-stored in housing 307, for instance, so that it
is in contact with 308. In some embodiments, LPM may be
transferred to housing 307 from a cartridge located elsewhere
in the device. Liquefaction process is initiated by setting the
abrasive component 301 in linear motion against sheet 308.
Material of sheet 308 is chosen such that it can be quickly
abraded by abrasive component 301, allowing LPM and abra-
sive component 301 to come in contact with tissue 311 lead-
ing to tissue liquefaction. Non-limiting examples of sheet 311
include sheet of paper, rubber sheet, metal foil, plastic sheet,
or any water-soluble sheet. Upon completion of liquefaction
process, motor 304 stops and LPM containing tissue constitu-
ents is transferred to a sample container 309. Collection of the



US 2011/0212485 Al

sample is facilitated by a suction pump 310. In certain
embodiments, the sample may be directly collected in a pre-
vacuumized container, avoiding the need of suction pump
310 and container 310.

[0113] In some embodiments, certain device components
are designed as disposable units such that, after each use of
the device, these components can be replaced to allow sterile
usage. Such components may include housing 307, abrasive
component 301, sample container 309, and other fluid-han-
dling device components, as deemed necessary to maintain
device sterility. Alternatively, in some embodiments, the
whole device may be made disposable.

[0114] Insome embodiments, the linear oscillatory motion
ofabrasive component 301 may be generated by other mecha-
nism such as using linear motors, linear motion actuators, ball
screw assembly, leadscrew assembly, jackscrew assembly,
and other devices for translating rotational motion to linear
motion.

[0115] Insomeembodiments, a single rack and pinion sys-
tem as described in FIG. 3a may be replaced with an arrange-
ment of multiple gears and a belt as exemplified in FIG. 34.
Specifically, a belt 327 (not clear where belt is on figure—
need revised figure) is mounted on gears 321, 322, 323, 324,
325 and 326. An abrasive component 328 is attached to belt
327 and is set in a linear oscillatory motion when gear 321 is
driven by motor 304 in an oscillatory rotation motion. While
gears 321, 322 and 326 are fixed to the housing of device,
gears 323, 324 and 325 are mounted on shaft 328. Shaft 328
is fixed to the housing of device. In some embodiments, shaft
328 has a flexible length such that, as abrasive component 328
is pressed against a non-flat tissue surface, shafts 328 attached
with gears 323, 324 and 325 are able to adjust their lengths in
order to make abrasive component 328 contour with the non-
flat tissue surface. Additionally, shaft 328 may be designed to
sense and control the pressure applied by abrasive component
328 ontissue surface. In an exemplary embodiment, shaft 328
is constructed of shaft 3281 and shaft 3282 which are con-
nected to each other by a pressure-sensitive spring 3283 (FIG.
3¢).

[0116] Referringto FIGS. 4a through 4g, several designs of
abrasive component used in devices, methods and systems
disclosed in this invention are described. FIG. 4a illustrates
an abrasive component comprising of a sheet of abrasive
material with uniform thickness. Non-limiting examples of
abrasive material with uniform thickness include fabric, abra-
sive crystals (e.g., quartz, metal, silica, silicon carbide, dust
and derivatives of aluminum (such as AlO,), diamond dust,
polymeric and natural sponge, and the like, etc. In some
embodiments, it may be advantageous to design an abrasive
component with heterogeneous abrasiveness, for example,
those having spatial variation of abrasiveness. In an exem-
plary embodiment, abrasive component is a disc with a gra-
dient of abrasiveness that varies from high abrasiveness at
disc’s center to low abrasiveness at the disc periphery (FIG.
4b). In some embodiments, the shape of abrasive component
may be varied to a non-planar geometry. In exemplary
embodiments, FIG. 4¢ shows an abrasive component with a
smooth and rounded tissue-facing surface (aspect ratio—
defined as the ratio of height and width—may vary from 10 to
0.1), and FIG. 4d shows a circular ring-shaped abrasive com-
ponent. FIGS. 4e through 4g show embodiments of abrasive
components using brush as means for tissue abrasion. FIG. 4e
illustrates an abrasive component comprising of a brush with
bristles of uniform height and abrasiveness. In some embodi-
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ments, abrasive component comprises of a brush with bristles
of different height and/or abrasiveness. FIG. 4f shows an
exemplary embodiment of a circular disc-shaped brush with
bristles of high abrasiveness at the center surrounded by
bristles with low abrasiveness in the disc periphery. FIG. 4g
shows an exemplary embodiment of a brush with bristles of
different lengths forming a smooth and rounded tissue-facing
surface (aspect ratio—defined as the ratio of height and width
of abrasive component—may vary from 10 to 0.1).

[0117] Referring to FIGS. 5a through 5d, device compo-
nents for measuring a tissue’s electrical conductivity are dis-
closed. While high energy exposure favorably liquefies tis-
sues, its use may lead to significant adverse effects such as
injurious tissue damage. In some embodiments, therefore, it
might be necessary to incorporate certain device components
that provide temporal monitoring (ideally, in real-time) of the
change in tissue properties, e.g., tissue’s electrical conductiv-
ity, such that, once safe limit for energy exposure is reached,
the device can be stopped. Temporal measurement and moni-
toring of tissue’s electrical conductivity during liquefaction
process can be done by applying a pre-defined AC electrical
voltage across the tissue of interest 503 using a measurement
electrode 501 placed on tissue 503 and a reference electrode
502 placed in the vicinity of the region on tissue 503 that is
being liquefied. The resultant electrical current across the two
electrodes, as measured by an ammeter 504, can be taken asa
measure of tissue’s electrical conductivity. In some embodi-
ments, measurement electrode 501 is maintained in electrical
contact with LPM, or directly with the region on tissue 503
that is being liquefied. In an embodiment, measurement elec-
trode 501 is located as an inner surface lining of LPM housing
509 (FIG. 5a). In certain embodiments, measurement elec-
trode is a sliding contact 506 that is fastened to a motorized
shaft 510 immersed in LPM (FIG. 54). Electrical current is
transmitted by sliding contact 506 to an isolated stud 505
secured on the device housing. In some embodiments, refer-
ence electrode 502 is an extension of LPM housing 509 and is
placed in peripheral vicinity of the region on tissue 503 that is
being liquefied (FIG. 5a and FIG. 5b). In some embodiments,
reference electrode is a handheld cylindrical electrode 507
that is electrically connected with the electrical conductivity
measurement components located in the liquefaction device
(FIG. 5¢). In some embodiments, reference electrode is a
patch electrode 508 that is electrically connected with the
electrical conductivity measurement components located in
the liquefaction device (FIG. 5d).

[0118] Referring to FIGS. 6a through 6g, structure, com-
ponents and functioning of devices utilizing microneedle-
based tissue liquefaction are disclosed. Microneedle-based
devices apply energy to tissues through mechanical disrup-
tion of tissue components which is primarily accomplished
by pushing microneedles into the tissue. FIG. 6a shows the
basic design of a microneedle patch 601 bearing a multitude
of microneedles 602 which are pre-filled with LPM 613.
Microneedle patch 601 can be inserted in the tissue of interest
allowing disruption and dissolution of tissue components in
LPM 613. LPM 613 can be later aspirated from patch 601 for
diagnostic analysis.

[0119] Additional energy for liquefaction may be applied
by post-insertion motion of microneedles inside the tissue.
FIG. 65 illustrates a vibratory component 603 which may be
secured on microneedle patch 601, which after insertion of
patch 601 into tissue can be activated to vigorously shake
microneedles 602 inside the tissue. Vibratory component 603



US 2011/0212485 Al

contains a multitude of mechanical vibrators 6031 and a
battery-operated electronic circuit board 6032 for powering
and controlling the motion of mechanical vibrators in desired
directions. In an exemplary embodiment, mechanical vibra-
tors 6031 can be vibrated in directions parallel and perpen-
dicular to the axis of microneedles 602.

[0120] In some embodiments, motion of microneedles
post-insertion may be produced by the motion of each
microneedle 602 with respect to patch 601. FIG. 6fdiscloses
an electromagnet 612 placed on top of patch 601. Electro-
magnet 612 may be used to produce oscillatory motion of
each microneedle 602 along its axis. This can be achieved by
fastening a magnet 611 on top of each microneedle 602, such
that magnet 611 responds to an alternating polarity profile of
electromagnet 612 leading to oscillatory linear motion of
microneedles 602. In certain embodiments rotary motion of
microneedles may be desired. Electromagnets 6121, 6122,
6123 and 6124 are placed symmetrically around patch 601
(FIG. 6g). Magnet 611 attached on top of each microneedle
602 responds to alternating polarity profile of electromagnet
6121, 6122, 6123 and 6124 leading to rotary motion of
microneedles 602.

[0121] In FIG. 6b-6¢, additional energy for liquefaction
may be further applied by forced motion of LPM in tissue
using active injection and withdrawal of LPM through
microneedles. A housing 604 placed in the device may con-
tain a compressed air container 605 which can be utilized to
force LPM contained in patch 601 to flow inside tissue. A
suction pump 606 in housing 604 may be used to apply
vacuum for withdrawing LPM from tissue. In some embodi-
ments, compressed air container 605 and suction pump 606
may be alternatively used for repeated injection and with-
drawal of LPM from tissue for enhanced liquefaction. A
battery-operated electronic circuit board 607 in housing 604
is used for powering and controlling compressed air container
605 and suction pump 606. In some embodiments, suction
pump 606 may be additionally connected to a sample con-
tainer to aspirate and transfer liquefied tissue sample from
patch 601 to the sample container. In certain embodiments,
housing 604 may be replaced by a flexible elastic cap 608 (see
FIG. 64) fitted on top of patch 601. Flexible cap 608 may be
repeated pushed in and pushed out, for example, by pushing
with a finger, such that LPM is repeatedly injected and with-
drawn from the tissue through microneedles 602.

[0122] Microneedles 602 may be coated with a substance
610 to enhancetissue liquefaction (FIG. 6¢). In some embodi-
ments, substance 610 is an abrasive material which may help
in enhanced disruption of tissue constituents and their faster
dissolution in LPM. In some embodiments, substance 610 is
anenzyme which may cleave specific tissue components such
as extracellular matrix for enhanced tissue liquefaction. In
some embodiments, substance 610 is a molecule that specifi-
cally binds to tissue analytes of interest leading to enhanced
recovery of the analyte from the tissue. In an exemplary
embodiment, substance 610 is an antibody.

[0123] Referring to FIG. 6, in some embodiments, certain
device components may be designed as disposable such that,
after each use of the device, these components can be replaced
to allow sterile usage. Such components may include micron-
eedle patch 601, microneedles 602, compressed air container
605, suction pump 606 and other fluid-handling device com-
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ponents, as deemed necessary to maintain device sterility.
Alternatively, in some embodiments, the whole device may
be made disposable.

Liquefaction-Promoting Medium (LPM)

[0124] The LPM can be designed to serve one or more of
the following four purposes: a) it facilitates dispersion of
tissues into its constituents, b) it acts as a medium to collect
liquefied tissue constituents, and ¢) it inhibits degradation of
the sampled constituents such that their chemical or biologi-
cal activity is retained (e.g., by preserving various molecules’
structural conformation and by preserving the ability of
sampled microbes to multiply), and d) ensure compatibility to
the subsequent analytical techniques.

[0125] Ingeneral, LPM comprises a solvent, such as aque-
ous solutions (e.g., Tris-HCI, phosphate buffered saline, etc)
or organic (“non-aqueous”) liquids (e.g., DMSO, ethanol,
and the like), which may additionally contain a variety of
liquefaction-promoting agents, including but not limited to
surfactants (non-ionic, anionic, or cationic), fatty acids,
azone-like molecules, chelating agents (e.g., EDTA, etc),
inorganic compounds, and abrasive substances. “Liquefac-
tion-promoting agent™ as used herein refers to a component of
a LPM which can facilitate liquefaction of a tissue sample
and/or solubilization of tissue constituents. Depending on the
tissue type and the analytes of interest, constituents of the
LPM canbe rationally selected based on the criteria described
above. For example, a delicate tissue, such as mucosal mem-
brane, can be liquefied by a saline solution with minimal or no
surfactants, whereas keratinized tissues, such as skin, will
require additional constituents, such as surfactants.

[0126] The liquefaction promoting agents within the LPM
can comprise a variety of suitable components including, but
not limited to: water, tris-HCl saline (phosphate-buffered
saline (PBS), and tris-buffered saline (TBS)), alcohols (in-
cluding ethanol and isopropanol (e.g., in a concentration
range of 10-100% in aqueous solution)), abrasive substances,
such as dust or derivatives of silica, aluminum oxide, or
silicon carbide (e.g., in a concentration range of 0.01-99%
(w/v) in water-based solution), surfactants, such as Brij (vari-
ous chain lengths, e.g., Brij-30), 3-(Decyl dimethyl ammo-
nio) propane sulfonate (DPS), 3-(Dodecyl dimethyl ammo-
nio) propane sulfonate (DDPS),N-lauroyl sarcosine (NLS),
Triton X-100, Sodium Dodecyl Sulfate (SDS) and Sodium
Lauryl Sulfate (SLS), HCO-60 surfactant, Hydroxypoly-
ethoxydodecane, Lauroyl sarcosine, Nonoxynol, Octoxynol,
Phenylsulfonate, Pluronic, Polyoleates, Sodium laurate,
Sodium oleate, Sorbitan dilaurate, Sorbitan dioleate, Sorbitan
monolaurate, Sorbitan monooleates, Sorbitan trilaurate, Sor-
bitan trioleate, Span 20, Span 40, Span 85, Synperonic NP,
Tweens, Sodium alkyl sulfates, and alkyl ammonium halides,
(e.g., in concentrations ranging between 0.01-20% in water-
based solution), DMSO (e.g., in a concentration range of
between 0.01-20% in water-based solution), fatty acids such
as linoleic acid (e.g., in a concentration range of between
0.1-2% in ethanol:water (50:50), azone (e.g., in a concentra-
tion range of 0.1-10% in ethanol:water (50:50), polyethylene
glycol (e.g., in a concentration range of 10-50% in water-
based solution), histamine (e.g., in a concentration range of
10-100 mg/ml in water-based solution), EDTA (e.g., in a
concentration range of 1-100 mM), and sodium hydroxide
(e.g., in a concentration range of 1-100 mM). In some
embodiments the LPM may contain surfactants other than
TWEEN, CTAB, SPAN, or Sodium Alkyl Sulfate. In some
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embodiments, the LPM may contain surfactants other than
cationic surfactants. Where the LPM includes a surfactant,
the total concentration of the surfactant (w/v) in the LPM can
range from at least 0.5%, to 10%, and can be, for example,
about 0.5%, about 1%, about 1.5%, about 2%, about 2.5%, or
about 3%.

[0127] The LPM can include agents that facilitate preser-
vation of bioactivity of an analyte of interest. For example, the
LPM can contain free radical scavengers (e.g., antioxidants
(e.g., polyphenol, beta-carotene, lutein, lycopene, selenium,
etc), vitamin A, vitamin C, vitamin E, alpha-tocopherol, buty-
lated hydroxytoluene, sodium benzoate, sodium formate, and
the like); defoaming agents (e.g., silicone or non-silicone
anti-foaming agents such as dimethylpolysiloxane, hydrocar-
bon oil, low fatty acid diglyceride, and the like); and shear
protectants (e.g., polyethylene glycol, polyvinyl alcohol, plu-
ronic F68, and the like). “Bioactivity” as used in the context of
an analyte refers to a structural conformation that facilitates
detection (e.g., such as an epitope bound by a specific anti-
body or other structural feature that is sensitive to denatur-
ation), and may also include a biological activity of an analyte
(e.g., enzymatic activity).

[0128] LPM of particular interest are those that contain a
combination of surfactants that when used in connection with
the devices, methods and systems disclosed herein provides
for a desired level of tissue constituents in the LPM while
providing for preservation of bioactivity of analytes in the
LPM, particularly so as to provide for maintenance of struc-
tural conformation of an analyte (e.g., avoid denaturation of a
protein analyte).

[0129] Use of different combinations of surfactants includ-
ing combination of nonionic surfactant, zwitterionic surfac-
tant and anionic surfactant in the LPM may provide for both
high levels of tissue constituents in the LPM and good pres-
ervation of bioactivity of an analyte contained in the LPM
following use in devices, methods and systems described
herein.

[0130] Non-limiting examples of non-ionic surfactants of
interest include Brij series surfactants (e.g., Polyethylene gly-
col dodecyl ether (Brij 30), Polyoxyethylene 23-lauryl ether
(Brij 35), Polyoxyethylene 2-cetyl ether (Brij 52), Polyoxy-
ethylene 10-cetyl ether (Brij 56), Polyoxyethylene 20-cetyl
ether (Brij 58), Polyoxyethylene 2-stearyl ether (Brij 72),
Polyoxyethylene 10-stearyl ether (Brij 76), Polyoxyethylene
20-stearyl ether (Brij 78), Polyoxyethylene 2-oleyl ether (Brij
92), Polyoxyethylene 10-oleyl ether (Brij 96), Polyoxyethyl-
ene 100-stearyl ether (Brij 700), Polyoxyethylene 21-stearyl
ether (Brij 721), and the like); Triton X (e.g., Triton X-15,
Triton X-45, Triton X-100, Triton X-114, Triton X-165, Tri-
ton X-200, Triton X-207, Triton X-305, Triton X-405, and the
like); and Sorbitan (e.g., Span-20, Span-40, Span-60, Span-
65, Span-80, Span-85, and the like).

[0131] Non-limiting examples of zwitterionic surfactants
of interest include 3-(Decyl dimethyl ammonio) propane sul-
fonate, 3-(Dodecyl dimethyl ammonio) propane sulfonate,
Myristyldimethyl ammonio propane sulfonate, Hexade-
cyldimethyl ammonio propane sulfonate, ChemBetaine C,
ChemBetaine Oleyl, ChemBetaine CAS, and 3-(3-cholami-
dopropyl)-dimethylammonio-1-propanesulfonate.

[0132] Non-limiting examples of anionic surfactants of
interest include N-lauroyl sarcosine, Sodium Cocoyl Sarco-
sinate, Sodium Myristoyl Sarcosinate, Isopropyl Lauroylsar-
cosinate, Sodium Palmitoyl Sarcosinate, and Disodium Lau-
roamphodiacetate Lauroyl Sarcosinate.
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[0133] In some embodiments, non-ionic surfactants are
combined with zwitterionic surfactants. In certain embodi-
ments, non-ionic surfactants are combined with anionic sur-
factants. In these embodiments, the ratio of non-ionic surfac-
tant to zwitterionic, or anionic surfactant present in the LPM
can be adjusted to achieve desired results. Non-limiting ratios
of interest include 25:75 non-ionic:zwitterionic surfactant,
50:50 non-ionic: zwitterionic surfactant, 75:25 non-ionic:
zwitterionic surfactant, 25:75 non-ionic:anionic surfactant,
50:50 non-ionic:anionic surfactant, and 75:25 non-ionic:an-
ionic surfactant. A mixture of particular interest is a 50:50
surfactant mixture of a Brij series surfactant (e.g., Brij-30)
and N-lauroyl sarcosine (NLS). Another mixture of particular
interest is a 50:50 surfactant mixture of a Brij series surfactant
(e.g., Brij-30) and 3-(Decyl dimethyl ammonio) propane sul-
fonate (DPS). As illustrated in the Examples below, these
combinations of surfactants, when included in the LPM at a
total surfactant concentration of 0.5-1% (w/v), provided for
solubilization of a high level of tissue constituents as assessed
by total protein concentration, and provided for retention of
bioactivity (as assessed by ELISA technique).

[0134] In some specific cases, for example, the collection
of'live pathogens, different LPM compositions can be used to
achieve desired results. Saline and tris-Hcl were used as an
LPM to provide for collection of a wide variety of skin-
resident bacteria, and additionally, these microbes remained
potent to multiply and grow ex vivo. In some embodiments,
an LPM may contain an enrichment broth medium to sup-
ports growth of sampled microbes. Some of anaerobic bacte-
ria are sensitive to an oxygen atmosphere. Thus, the LPM for
collecting anaerobic bacteria may contain a nitrogen and
hydrogen atmosphere. It will be evident to the ordinarily
skilled artisan upon reading the present disclosure that LPM
compositions varying in components can be readily produced
for use in specific applications.

[0135] LPM can also include stabilizers of analytes of
interest, such as protease-inhibitors, RNase-inhibitors, and
DNase-inhibitors, which can provide for collection and at
least temporary storage of analytes with minimal or no detect-
able degradation or loss of bioactivity. Other exemplary lig-
uefaction-promoting agents are described in U.S. Pat. No.
5,947,921, which is incorporated herein by reference in its
entirety. For example, the liquefaction-promoting agent can
include surfactants, abrasive particles, and biomolecule sta-
bilizers.

[0136] In one exemplary embodiment, the LPM is com-
posed of a solution of 1% w/v mixture of NLS and Brij-30 in
sterile PBS. In another exemplary embodiment, the LPM is
composed of a solution of 0.5% w/v mixture of DPS and
Brij-30 in sterile PBS. In certain embodiments, specifically
where the analytes are one or more proteins, the LPM con-
tains a 1-10% v/v protease inhibitor cocktail (e.g., catalog
number: P8340, provided by Sigma-Aldrich, St. Louis, Mo.).
In certain embodiments, the LPM is a saline solution. In
certain embodiments, the LPM is a tris-HCI solution.

[0137] LPM can also include agents defined as “sensitivity
enhancers”, which are used to stabilize liquefied tissue ana-
lytes and facilitate their analysis in terms of enhancing the
sensitivity and specificity of the diagnostic analytical tests. As
deemed necessary to achieve these goals, the sensitivity
enhancers can be added into LPM prior, during or after tissue
liquefaction process, or prior or during the diagnostic analy-
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sis. For example, the sensitivity enhancer may be pre-stored
in a container, and later the liquefied tissue sample may be
mixed.

[0138] In typical embodiments, sensitivity enhancers are
formulated of substances that synergistically act with specific
components of LPM (as disclosed above) to enhance the
detection sensitivity and specificity of analytes of interest. In
an exemplary embodiment, sensitivity enhancers are formu-
lated of substances for preventing non-specific binding of
protein analytes present in tissue sample to various diagnostic
assay substrates, resulting in their sensitive and specific
detection. In some embodiments, sensitivity enhancers are
formulated to stabilize analytes of interest by deactivating
molecules such as protease, RNase and DNase. In some spe-
cific cases, sensitivity enhancers may be formulated of sub-
stances that activate proteases to prevent non specific biding
of certain analytes of interest with proteins present in the
liquefied sample. In some embodiments, sensitivity enhanc-
ers are used to adjust the physiological state (for example, pH)
of the liquefied samples to facilitate downstream analysis of
analytes of interest.

[0139] In some embodiments, sensitivity enhancer may
comprise of a solvent, such as aqueous solutions (e.g., phos-
phate buffered saline, tris-buffered saline, etc) or organic
liquids (“non-aqueous”) liquids (e.g., DMSO, ethanol, phe-
nol and the like), which may additionally contain but not
limited to blocking reagents (e.g., Tween 20, Triton X-100,
bovine serum albumin, non-fat dry milk, casein, caseinate,
fish gelatin, sonicated-sperm-nucleic acids and the like), sta-
bilizers such as protease, protease-inhibitors, RNase-inhibi-
tors and DNase-inhibitors, broth mediums. Depending on the
type of tissue and analyte of interest, components of the
sensitivity enhancer can be rationally chosen. In an exem-
plary embodiment, for detecting nucleic acids in liquefied
keratinized tissue such as skin, the sensitivity enhancer com-
prises of 100 mM NaCl, 10 mM Tris C1 (pH 8), 25 mM EDTA
(pH 8), 0.5% SDS, and 0.1 mg/ml protease K. Herein, Pro-
tease K may not only facilitates liquefaction of the skin but
may also stabilize nucleic acids by decomposing DNase and
RNase—present in the sample as a tissue analyte.

[0140] In some embodiments involving analyte detection
by an immunoassay, sensitivity enhancer may comprise of a
variety of suitable components including, but not limited to:
solvent (e.g., water, a buffer solution (e.g., phosphate-buff-
ered saline, tris-HC], tris-buffered saline, etc), and the like), a
stabilizer such as a protease inhibitor, and a blocking reagent
such as Tween 20, Triton X-100, bovine serum albumin (e.g.,
in a concentration range of 1-5%), non-fat dry milk (e.g., in a
concentration range of 0.1-0.5%), casein or caseinate (e.g., in
a concentration range of 1-5%), fish gelatin (e.g., in a con-
centration range of 1-5%). In an exemplary embodiment, the
sensitivity enhancer forimmunoassays is composed ofa solu-
tion of 10% BSA and 0.5% Tween 20 in Tris-buffered saline
and is mixed with the tissue sample at ratio of 1:10.

[0141] In some embodiments involving detection of
nucleic acids as an analyte of interest, sensitivity enhancer
may comprise of various suitable components including, but
not limited to: water, a buffer solution (e.g., TE, TAE, sodium
citrate, etc), a chelating agents such as EDTA, a stabilizer
(e.g., RNase-inhibitor, DNase-inhibitor, protease, phenol,
ammonium sulfate, guanidine isothiocyanate, etc), a surfac-
tant such as sodium dodecyl sulfate, and blocking reagents
such as sonicated-sperm-nucleic acids, Tween 20, Triton
X-100, bovine serum albumin (e.g., in a concentration range
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of 1-5%), non-fat dry milk (e.g., in a concentration range of
0.1-0.5%), casein or caseinate (e.g., in a concentration range
of'1-5%), fish gelatin (e.g., in a concentration range of 1-5%).
In some embodiments, where detection of nucleic acids is
desired by using polymerase-chain-reaction (PCR) technol-
ogy, the LPM has to be chosen so as to avoid inclusion of
PCR-inhibitors as LPA. In exemplary embodiments, PCR-
compatible LPM is Tris-Hcl buffer, or EDTA buffer.

[0142] Insome embodiments involving detection microbes
as an analyte of interest, sensitivity enhancer may comprise
an enrichment broth medium so as to facilitate growth of
microbes ex vivo. Some of anaerobic bacteria are sensitive to
an oxygen atmosphere. Thus, the sensitivity enhancer for
collecting anaerobic bacteria may contain a nitrogen and
hydrogen atmosphere.

[0143] Other formulations of sensitivity enhancer for spe-
cific assay system or specific analyte of interest will be evi-
dent to the ordinarily skilled artisan upon reading the present
disclosure.

[0144] Insome embodiments, the thermal properties (e.g.,
temperature, heat-capacity, and the like) of the LPM can be
manipulated before or during tissue liquefaction so as to
reduce the adverse thermal effects of energy exposure on
tissue and/or its constituents. In one embodiment, the tem-
perature of the LPM is maintained low enough not to induce
melting of the tissue constituents. In another exemplary
embodiment, a pre-cooled LPM having temperature lower
than the ambient temperature (about 25° C.) can be used for
ultrasound liquefaction. In another exemplary embodiment,
the temperature of the LPM can be continuously reduced
during energy exposure by transferring its heat to a pre-
cooled liquid flowing through a heat-transfer jacket coupled
to the LPM-containing reservoir.

Analytes

[0145] A variety of analytes can be detected (qualitatively
or quantitatively) with the devices, methods and systems dis-
closed herein and, optionally, characterized to provide an
analyte profile of the tissue in question. Non-limiting
examples include: structural and signaling proteins (e.g., ker-
atins (e.g., basic keratins, acidic keratins), 3-actin, interleu-
kins, chemokines, growth factors, colony-stimulating factors,
interferons, antibodies (IgE, 1gG, IgA, IgD, IgM), cancer
biomarkers (e.g., CEA, and the like), heat shock proteins
(e.g., Hsp-60, Hsp-70, Hsp-90, etc.), and the like, lipids (e.g.,
cholesterol), ceramides (e.g., ceramides 1-6), fatty acids, trig-
lycerides, paraffin hydrocarbons, squalene, cholesteryl
esters, cholesteryl diesters, free fatty acids, lanosterol, cho-
lesterol, polar lipids (e.g., glucosyl-derivatives and phospho-
lipids), and the like, nucleic acids (e.g., RNA and DNA),
small molecules (e.g., free amino acids, lactate, exogenously
delivered drug molecules, environmental contaminants, war-
fare agents, and the like) and microorganisms (e.g. bacteria,
fungi, viruses and the like). These analytes are found within
the tissue itself, and may not be solely present in the intersti-
tial fluid around the tissue. The analyte may be other than a
marker associated with interstitial fluid, such as a tumor
marker. Thus, the devices, methods and systems disclosed
herein can be adapted to detect tumor markers that are present
in tissue structures, but which may or may not also be present
in interstitial fluid.

[0146] Inaparticularembodiment, antibodies against aller-
gens and cytokines are liquefied (are these liquefied or is the
tissue liquefied to produce these soluble analytes) and char-
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acterized to provide an allergy profile for the tissue and the
subject in question. Specific types of antibodies include but
are not limited to IgE and IgG antibodies. Specific types of
cytokines include but are not limited to 114, IL5, IL.10, IL-12,
1113, IL-16, GM-CSF, RANTES, MCP-4, CTACK/CCL27,
IFN-g, TNFa, CD23, CD-40, Eotaxin-2, and TARC.

[0147] The analytes can be analyzed in many ways, which
can be readily selected by the ordinarily skilled artisan in
accordance with the analyte to be evaluated. A reservoir or
collecting container can be applied to the site for collection of
sample, which is then measured using analytical techniques.
Application of energy can be optimized to maximize analyte
recovery. It may be desirable for certain applications to main-
tain the relative levels of the analyte to other components of
the sample. Exemplary assay methods include but are not
limited to gel electrophoresis, agar plating, enzymatic testing,
antibody-based tests (e.g., western blot tests, Enzyme-Linked
Immuno Sorbent Assay (ELISA), lateral flow assays, and the
like), thin layer chromatography, HPL.C, mass spectrometry,
radiation-based tests, DNA/RNA electrophoresis, (UV/Vis)
spectrophotometry, flow assays, and the like.

[0148] A quantitative measurement of the presence of tis-
sue constituents in the liquefied tissue sample can assess the
extent of tissue liquefaction. Such an internal calibration can
be accomplished by measuring one or more optical properties
of the liquefied tissue sample such as absorbance, transmit-
tance, scattering, or fluorescence emission upon being irradi-
ated by a source emitting electromagnetic waves. Additional
sample parameters such as gravimetric-weight, total protein
content, pH, and electrical conductance can be used for cali-
brating the extent of liquefaction. Further, measurement of
tissue properties such as thickness, rate of water loss, and
electrical conductivity can be used. Direct measurement of
the concentration of one or more sampled analytes such as
B-actin, B-tubulin, GAPDH (glyceraldehyde 3-phosphate
dehydrogenase), LDH (lactate dehydrogenase), or any other
abundantly-present biomolecule whose concentration is
expected to remain constant in the tissue, can be used for
calibrating the extent of tissue liquefaction. Analytes could
also be quantified using immunological based assay (i.e.
radioimmuno; Eliza; FACs).

Tissue Cells and Microorganisms

[0149] In addition to the analytes described above, whole
cells of tissue under analysis, as well as a variety of microor-
ganisms, can be detected in tissues of interest using the
devices, methods and systems disclosed herein. Tissue cells
and most microorganisms are much larger than the analytes
described above, and their extraction from a tissue of interest
can be accomplished using various embodiments of the cur-
rent invention. Pathogenic and nonpathogenic bacteria, virus,
protozoa, and fungi play well-known roles in various infec-
tious diseases, and their detection can facilitate a diagnosis of
a disease caused by the microorganism (e.g., tuberculosis,
herpes, malaria, ringworm, etc.). The disease state exhibits
either the presence of a novel microorganisms or an alteration
in the proportion of resident microorganisms. When a subject
is suspected of having an infection with such a microorgan-
ism, the devices, methods and systems disclosed herein can
be used to quantify or detect the presence or absence of a
microorganism, and facilitate diagnosis of the condition.

[0150] Non-pathogenic microorganisms are normally
present in healthy tissues (“normal flora”), and can play arole
in many bodily functions and maintenance of health of a

Sep. 1, 2011

subject. Detection of these normal flora microorganisms
(e.g., bacteria) in a tissue of interest can also be accomplished
with the current method and device. A subject’s tissue can be
sampled and analyzed using the devices, methods and sys-
tems disclosed herein to examine the various microorganisms
that are naturally present. When a subject is suspected to have
an abnormal condition, tissue of the subject can be sampled
according to the devices, methods and systems disclosed
herein to detect the presence or absence of a change in a
profile of non-pathogenic microorganisms relative to that of a
normal, healthy subject. A change in this microorganism
profile can facilitate diagnosis of a condition of interest in the
subject.

[0151] In some embodiments, tissues can be liquefied to
recover their cells or microorganisms residing therein. Appli-
cation of the present devices, methods and systems using
energy provide for collection of bacteria from skin of a sub-
ject into a collection medium which may optionally contain
an LPA. For example, application of ultrasound energy to the
tissue of interest using tris-Hcl or PBS is sufficient to collect
bacterial microflora. In general, use of a device utilizing this
method involves application ofa sufficient level of ultrasound
energy so as to dislodge microorganisms from the tissue and
enter the collection medium, which is then collected for sub-
sequent analysis, which may include culturing the medium to
determine whether certain microorganisms are present,
directly assaying the medium (e.g., using ELISA techniques,
e.g., involving microorganism-specific antibodies, e.g.
involving a latex agglutination test, e.g., using a nucleic-acid-
based diagnostic assay including the polymerase chain reac-
tion hybridization, DNA sequencing method), or a combina-
tion of these approaches. Detection of microorganisms in the
medium facilitates diagnosis of a condition of interest. Fur-
thermore, a high yield collection of microorganisms could
shorten or eliminate a process to amplify the number of
nucleic acids for diagnostics.

[0152] The invention described herein can also be used to
collect cells from the tissue. Application of energy with an
appropriate LPM that liquefies tissues without disrupting cell
membranes can be used to harvest whole cells, including
viable whole cells from tissues. LPM in this case may com-
prise chemicals including but not limited to ion chelating
agents such as EDTA or enzymes such as trypsin to dislodge
the cells. Similarly, with changes in parameters of energy
and/or LPM as discuss above, the devices, methods and sys-
tems of the present disclosure can be used to collect nuclei or
other cellular organelles.

Tissue of Interest

[0153] A variety of tissues are well suited to the devices,
methods and systems disclosed herein. These tissues include
but are not limited to skin, mucosal membranes (nasal, gut,
colon, buccal, vagina etc.) or mucus, breast, prostate, eye,
intestine, bladder, stomach, esophagus, nail, testicles, hair,
lung, brain, pancreas, liver, heart, bone, or aorta wall. In one
embodiment, the tissue is skin, which can be skin of the face,
arms, hands, legs, back, or any other location. While skin and
mucosal surfaces are highly accessible for performing lique-
faction, liquefaction devices, methods and systems described
in this disclosure can be designed to readily adapt to various
internal tissues listed above. Exemplary devices specific to
internal tissues that can find use in the methods disclosed
herein include those disclosed in U.S. Pat. No. 5,704,361,
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U.S. Pat. No. 5,713,363, and U.S. Pat. No. 5,895,397, each of
which are incorporated herein by reference in their entirety.
[0154] In some embodiments, the tissue of interest is other
than a tumor or a tissue suspected of being a tumor. Where the
devices, methods and systems disclosed herein are applied to
detection of a microorganism, the tissue of interest is one
suspected of containing a microorganism (e.g., a tissue sus-
pected of having an infection, particularly a deep tissue infec-
tion, e.g., infection of the dermal and/or subdermal layers of
the skin, including such layers of mucosal membranes).

Method of Use

[0155] The methods disclosed herein can be used for a
broad range of tissue evaluations, including assessment of the
presence or absence of an analyte(s) of interest to facilitate
diagnosis of a condition of interest. In some embodiments,
the methods find use where, for example, the patient presents
with clinical signs and symptoms suggestive of one or more
conditions, where the methods disclosed herein can facilitate
a differential diagnosis.

[0156] In certain embodiments, the current invention pro-
vides methods that involve comparing a test analyte profile
generated from a patient sample to a reference analyte profile.
A “reference analyte profile” or “analyte profile for a refer-
ence tissue” generally refers to qualitative or quantitative
levels of a selected analyte or setof 1,2,3,4,5,6,7,8,9, 10
or more analytes, which are characteristic of a condition of
interest. Exemplary conditions of interest for which a refer-
ence analyte profile may be provided include, but are not
limited to, normal reference analyte profile (e.g., healthy
tissue (i.e., absence of disease), general tissue health, accept-
able or tolerated levels of an analyte (e.g., a drug, environ-
mental contaminant, etc.), disease reference analyte profile
(e.g., an analyte profile characteristic of the presence of, for
example, microbial infection (e.g., bacterial, viral, fungal, or
other microbial infection), localized diseases in tissues (e.g.,
dermatitis, psoriasis, cancers (prostate, breast, lung, etc.),
urticaria, etc.), systemic diseases manifested in tissues (e.g.,
allergies, diabetes, Alzheimer’s disease, cardio-vascular dis-
eases, and the like); etc.), environmental contaminant refer-
ence analyte profile (e.g., an analyte profile characteristic of
the presence of unacceptably high levels of an environmental
contaminant (e.g., warfare agent, pollens, particulates, pesti-
cides, etc.), drug reference analyte profile (e.g.. an analyte
profile characteristic of therapeutic levels of a drug, drug-of-
abuse (e.g., to facilitate assessment of drug-of-abuse), etc.);
and the like. Reference analyte profiles may include analytes
that are members of one or more classes of analytes (e.g.,
proteins (e.g., antibodies, cancer biomarkers, cytokines,
cytoskeletal/cytoplasmic/extra-cellular proteins, and the
like), nucleic acids (DNA, RNA), lipids (which include cera-
mides, cholesterol, phospholipids, etc.), biologically-derived
small molecules, drugs (e.g., therapeutic drugs, drugs-of-
abuse), environmental contaminants, warfare agents, etc.) or
members of a subclass of analytes (e.g., antibodies, phospho-
lipids). Reference analyte profiles of a given condition of
interest may be previously known in the art or may be derived
from the tissue using the methods described in this invention.
Reference analyte profiles can be stored in electronic form
(e.g., in a database) to provide for ready comparison to a test
analyte profile to facilitate analysis and diagnosis.

[0157] A “test analyte profile” or “analyte profile for a
tissue of interest” refers to qualitative or quantitative levels of
a selected analyte orsetof 1,2,3,4,5,6,7,8,9, 10 or more
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analytes, to facilitate diagnosis or prognosis of a condition of
interest. A test analyte profile may include analytes that are
members of one or more classes of analytes (e.g., proteins,
nucleic acids, lipids, biologically-derived small molecules,
drugs (e.g., proteins (e.g., antibodies, cancer biomarkers,
cytokines, cytoskeletal/cytoplasmic/extra-cellular proteins,
and the like), nucleic acids (DNA, RNA), lipids (which
include ceramides, cholesterol, phospholipids, etc.), biologi-
cally-derived small molecules, drugs (e.g., therapeutic drugs,
drugs of abuse), environmental contaminants, warfare agents,
etc.) or members of a subclass of analytes (e.g., antibodies,
phospholipids). In general, the analytes selected for analysis
to generate a test analyte profile are selected according to
analytes of a desired reference analyte profile. Comparison of
a test analyte profile to an appropriate reference analyte pro-
file facilitates determining the presence or absence of the
condition or state of interest, e.g., by assessing whether there
is a substantial “match” between a test analyte profile and a
reference analyte profile.

[0158] Methods for generating reference and test analyte
profiles of a selected analyte or set of analytes can be accom-
plished using methods available in the art, and will be selected
according to the analyte(s) to be assessed.

[0159] The current methods can be used for a broad range
of tissue evaluations. Energy-assisted tissue liquefaction can
provide a quantitative evaluation and profile of normal tissue.
Comparison of the normal tissue profile with a profile of
tissue under investigation can facilitate diagnosis of changes
in tissue microenvironment (e.g. up/down-regulation of sev-
eral proteins, lipids, nucleic acids, small molecules, drugs,
etc) which can indicate various diseased conditions such as
allergies, cardio-vascular disease, dermatitis, etc. The meth-
ods can also be used as a tool for monitoring tissue recovery
and evaluating therapeutic efficacy of various treatments (as
in monitoring of therapy, which can be combined with modi-
fication of therapy as desired or needed). The analyte profil-
ing methods can also provide tools for the personal-care
industry for evaluation of topical formulations (e.g., as in
cosmetics). This methodology can be utilized for determining
pharmacologic parameters by liquefying tissues and detect-
ing the drug molecules therein. In a similar manner, rapid and
routine testing of chemicals, bio-hazardous contaminants,
and drugs-of-abuse can also be quantitatively accomplished.
The methods can also be used for sensitive detection and
diagnosis of pathogenic microflora.

[0160] In certain embodiments, the current methods pro-
vide a profile of normal tissue, wherein normal tissue is
defined by the absence of the abnormal tissue condition of
interest. Energy is applied to the normal tissue, e.g., by ultra-
sound exposure or abrasion, in the presence of a liquefaction-
promoting agent. Various tests are performed upon the lique-
fied tissue sample to isolate and identify the analytes present
in the tissue.

[0161] Incertain embodiments, the methods can be applied
to facilitate diagnosis of various tissue diseases which are
characterized by a quantitative evaluation of a change in the
tissue microenvironment. This evaluation is performed by
comparing an analyte profile of a reference tissue (e.g., a
reference analyte profile, which may be stored in a database)
with the analyte profile of the tissue of interest (i.e., the test
analyte profile). The quantitative presence or absence of a
certain analyte or set of analytes present in a tissue under
investigation, when compared to the quantitative presence or
absence of the same analytes in a reference tissue will indicate
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the presence or absence of a particular disease, and thus
facilitate diagnosis of the condition. The reference analyte
profile can be one characteristic of tissue which is known to
not be affected with the disease in question, or can be a
reference analyte profile characteristic of the disease in ques-
tion for the tissue in question.

[0162] Inoneembodiment, the tissue under investigation is
skin and/or mucosal membranes, and the quantitative test
analyte profile is compared to a reference analyte profile to
determine the presence or absence of a disease such as allergy,
urticaria, microbial infection, auto-immune disease, cardio-
vascular disease, or cancer.

[0163] In certain embodiments, this method can be used to
monitor tissue recovery. This monitoring is performed by
comparing an analyte profile of reference tissue with the
analyte profile of tissue under investigation. The quantitative
presence or absence of a certain analyte or composition of
analytes present in a tissue under investigation, when com-
pared to the quantitative presence or absence of the same
analytes in a reference tissue can indicate whether or not the
tissue is returning to its healthy state. The reference tissue is
usually tissue that is in a healthy state.

[0164] In certain embodiments, the current methods can be
used to evaluate the therapeutic effect of various treatments,
including bioavailability of therapeutics in tissues of interest.
The analyte in the liquefied tissue sample can be quantified to
indicate how much of the analyte is present in the tissue. The
quantitative presence or absence of a certain analyte or com-
position of analytes present in a tissue under investigation,
when compared to the quantitative presence or absence of the
same analytes in a reference tissue, can indicate whether or
not the dosed therapeutic agent is staying in the specific tissue
or body long enough to achieve its desired effect. The refer-
ence tissue is usually tissue that is in a healthy state.

[0165] In certain embodiments, the methods disclosed
herein can be used to evaluate therapeutic formulations on a
tissue such as skin, specifically, whether component(s) of a
formulation (e.g., lotions, creams, salves, and the like) are
being absorbed by the tissue, and if the amount delivered is
therapeutically effective. In certain embodiments, the meth-
ods disclosed herein can include a closed loop system, in
which the same system can apply the therapeutic formulation,
liquefy the analytes, analyze the analyte profile, and adjust
the delivery of the formulation accordingly. The reference
tissue in this case would be healthy tissue, or tissue at various
levels of recovery from the condition that the therapeutic
formulation was treating.

[0166] In certain embodiments, the current methods can be
used to determine the analyte profile for use in determining
pharmacological parameters or efficacy of pharmaceutical
agents. The presence or absence of certain analytes (e.g.,
immune system responders, cytokines) can be used to corre-
late certain dosages of pharmaceutical agents to biological
parameters, including but not limited to bioavailability, AUC,
clearance, and half life.

[0167] In certain embodiments, the methods disclosed
herein can be used to detect the presence or absence of certain
chemicals, including but not limited to bio-hazardous con-
taminants, warfare agents, illicit drugs, known pharmaceuti-
cal agents, and the like. Such methods find use in, for
example, law enforcement, regulation of doping in competi-
tive sports, evaluation of exposure and/or risk of disease as a
result of exposure to toxins or contaminants, and the like.
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[0168] In certain embodiments, the current methods can be
used for detecting or diagnosing pathogenic microbes (e.g.,
bacteria, fungi, viruses, and the like). Current methodologies
for microbial diagnostics in tissues, such as replica plating,
swabbing, and washing, are unattractive due to large variabil -
ity and low dispersion of extracts, which leads to decreased
sensitivity and high protocol-dependency. Various tests can
be performed upon the liquefied tissue sample to isolate and
identify the microbial analytes present in the tissue. In certain
embodiments, these tests include plating on agar plates.

Drug Delivery

[0169] The present invention provides a method and device
involving liquefaction of a tissue so as to control and enhance
the flux of drugs into or through the tissue. The method
includes the steps of 1) applying energy and a liquefaction
promoting medium to a tissue where transport is desired of a
subject; and 2) delivering one or more drugs into or through
the tissue to be liquefied continuously or repeatedly. The
method may further include reliquefy the tissue over the
period of time during which transport occurs. The method
comprising liquefying a tissue can perturb the barrier prop-
erties of a tissue or biological surface, leading to reducing the
resistance to the drug’s passage. The advantage of the present
invention is that the rate and efficiency of transfer is both
improved and controlled. Drugs which would simply not pass
through the biological surfaces, or pass at a rate which is
inadequate or variable over time, are forced into the biologi-
cal surfaces when energy in combination of a LPM is applied.
By controlling the mode, intensity and time of energy appli-
cation and formulation of a LPM, the rate of transfer is con-
trolled.

[0170] The transport of drugs can be modulated or
enhanced by the simultaneous or subsequent application of a
secondary driving force such as chemical permeability or
transport enhancers, convection, osmotic pressure gradient,
concentration gradient, iontophoresis, electroporation, mag-
netic field, ultrasound, or mechanical pressure.

[0171] Enhancement of the disclosed method was demon-
strated by the following non-limiting example employing
*H-labelled Acyclovir and Inulin. The required type, length of
time, and intensity of energy and formulation of a LPM are
dependent on a number of factors including the type of tissues
and the property of drugs, which varies from species to spe-
cies, with age, injury or disease, and by location on the body.

Drug to be Administered

[0172] Drugs to be administered include a variety of bio-
active agents, but are preferably proteins or peptides. Specific
examples include insulin, erythropoietin, and interferon.
Other substances, including nucleic acid molecules such as
antisense, siRNA and genes encoding therapeutic proteins,
synthetic organic and inorganic molecules including anti-
inflammatories, antivirals, antifungals, antibiotics, local
anesthetics, and saccharides, can also be administered. The
drug will typically be administered in an appropriate pharma-
ceutically acceptable carrier having an absorption coefficient
similar to water, such as an aqueous gel. Alternatively, a patch
can be used as a carrier. Drug can be administered in a gel,
ointment, lotion, or suspension.

[0173] In one embodiment, the drug is in the form of or
encapsulated in a delivery device such as liposome, lipid
vesicle, emulsion or polymeric nanoparticles, microparticle,
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microcapsule, or microsphere (referred to collectively as
microparticles unless otherwise stated). These can be formed
of polymers such as polyhydroxy acids, polyorthoesters,
polyanhydrides, and polyphosphazenes, or natural polymers
such as collagen, polyamino acids, albumin and other pro-
teins, alginate and other polysaccharides, and combinations
thereof. The microparticles can be coated or formed of mate-
rials enhancing penetration, such as lipophilic materials or
hydrophilic molecules, for example, polyalkylene oxide
polymers, and conjugates, such as polyethylene glycol.

Administration of Drug

[0174] The drugs are preferably administered, using the
liquefaction devices mentioned, to the tissues at a site selected
based on convenience to the patient as well as to achieve
desired treatment results. A variety of tissues including bio-
logical surfaces are well suited to the current method. These
tissues include but are not limited to skin, mucosal mem-
branes (nasal, gut, colon, buccal, intestine, vagina, etc.). In
one embodiment, the method of the current invention is pref-
erably administered to the skin of the face, arms, hands, legs,
back, or any other location. While skin is highly accessible for
performing liquefaction, the devices described in this disclo-
sure can be designed to readily adapt to various internal
membranes listed above.

[0175] In some embodiment, the tissue to be administered
is a diseased tissue such as infectious organs, tissues that is
inflamed, and solid tumors. In a certain embodiment, the
present invention comprises using the liquefying devices on
the healthy tissues in the vicinity of and/or the diseased tissue,
and delivering drugs across the healthy tissues and/or into the
site of the diseases. Steroids such as corticosteroids and many
of chemotherapeutic agents including estramustine phos-
phate, paclitaxel, and vinblastine have potentially severe side
effects. Hence, if given systemically, they are likely to cause
undesirable side effects. This problem is overcome by deliv-
ering these drugs locally to the disease tissues. Other indica-
tions include delivery of drugs into abnormal skin such as
psoriasis, atopic dermatitis, and scars.

[0176] Insomeembodiments, the current invention is used
to enhance the passage of acompound such as a large molecu-
lar weight or polar molecule through the tissue such as skin,
mucosal membranes (nasal, gut, colon, intestine, buccal,
vagina etc.). Greater control and drug utilization are achieved
by increasing the rate and directional control of the applied
drug. The percentage of drug which quickly enters the blood-
stream is increased accordingly and undesirable side effects
are avoided. Drugs through the tissues stated above are
infused into the bloodstream at an optimal rate.

Liquefaction Promoting Medium (LPM) for Drug Delivery

[0177] A LPM is also an important component for drug
delivery. The design of the LPM for drug delivery is overlap-
ping somewhat to that of the LPM for sample collection. The
LPM can be designed to serve one or more of the following
five purposes: a) it couples energy to a tissue, b) it facilitates
liquefaction of the tissue, c¢) it storages drugs to be delivered
into the tissue, d) it increases the solubility of the drugs, and
e)itinhibits degradation of the drugs such that their biological
or chemical activity is retained.

[0178] The LPM may also contain a drug prior or during
tissue liquefaction process. In an alternate embodiment,
application of energy and the LPM which excludes a drug can
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be used for liquefying a tissue, and subsequently a drug in an
appropriate carrier such as a patch can be applied on a site of
the tissue to be liquefied.

Kits

[0179] The present disclosure also encompasses kits for
practicing the current methods. The subject kits can include,
for example, the entire energy application device and a lig-
uefaction-promoting agent to liquefy tissues of interest,
reagents for conducting assays to detect and analyze (quali-
tatively or quantitatively) the presence or absence of tissue
analytes in the liquefied tissue sample generated through
methods disclosed herein. The various components of the kit
may be present in separate containers, or certain compatible
components may be pre-combined into a single container, as
desired.

[0180] Inaddition to the above-mentioned components, the
kits typically further include instructions for using the com-
ponents of the kit to practice the methods. The instructions for
practicing the subject methods are generally recorded on a
suitable recording medium. For example, the instructions
may be printed on a substrate, such as paper or plastic, etc. As
such, the instructions may be present in the kits as a package
insert, in the labeling of the container of the kit or components
thereof (i.e., associated with the packaging or sub-packaging)
etc. In other embodiments, the instructions are present as an
electronic storage data file present on a suitable computer
readable storage medium, e.g. CD-ROM, diskette, etc. In yet
other embodiments, the actual instructions are not present in
the kit, but means for obtaining the instructions from a remote
source, e.g. via the internet, are provided. An example of this
embodiment is a kit that includes a web address where the
instructions can be viewed and/or from which the instructions
can be downloaded. As with the instructions, this means for
obtaining the instructions is recorded on a suitable substrate.

EXAMPLES

[0181] The following examples are put forth so as to pro-
vide those of ordinary skill in the art with a complete disclo-
sure and description of how to make and use the present
invention, and are not intended to limit the scope of what the
inventors regard as their invention, nor are they intended to
represent that the experiments below are all or the only
experiments performed. Efforts have been made to ensure
accuracy with respect to numbers used (e.g. amounts, tem-
perature, etc.) but some experimental errors and deviations
should be accounted for. Unless indicated otherwise, parts are
parts by weight, molecular weight is weight average molecu-
lar weight, temperature is in degrees Centigrade, and pressure
is at or near atmospheric.

[0182] While the present invention has been described with
reference to the specific embodiments thereof, it should be
understood by those skilled in the art that various changes
may be made and equivalents may be substituted without
departing from the true spirit and scope of the invention. In
addition, many modifications may be made to adapt a par-
ticular situation, material, composition of matter, process,
process step, or steps, to the objective, spirit and scope of the
present invention. All such modifications are intended to be
within the scope of the claims appended hereto.

Example 1

Sampling of Skin by an Abrasive Energy-Based
Device
[0183] Referring to FIGS. 7a through 7e, an abrasive
energy-based tissue liquefaction device for sampling of skin
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tissue is described. Device is assembled from three compo-
nents—751 (assembly of device housing 701 containing
motor 704 and electrical conductivity components 705 and
706); 752 (disposable assembly of LPM cartridge 708, col-
lection container 707 and needle 709); and 753 (disposable
assembly of LPM housing 712, abrasive pad 711 and shaft
710) (FIG. 7a). The assembled device is placed against a
pre-identified region of interest on skin 713, such that abra-
sive pad 711 is facing skin 713 (FIG. 75). Sliding plunger 702
located on top of the device is pushed towards skin, which
pushes needle 709 into LPM cartridge 708, breaking its sterile
seal and transfers LPM into housing 712. Sliding plunger 702
also energizes motor 704 through battery pack 703, setting
the shaft 710 and abrasive pad 711 in rotary motion against
skin tissue 713. As skin tissue is liquefied, tissue components
are dissolved in LPM contained in housing 712. Electrical
conductivity of skin tissue 713 is also simultaneously mea-
sured using sliding contact 705 fastened to shaft 710 as mea-
surement electrode and reference electrode 706. Once the
safe energy exposure limit is reached as determined by
threshold electrical conductivity, motor 704 stops. Sliding
plunger 702 is further pushed towards skin such that needle
709 punctures a pre-vacuumized sample container 707,
which aspirates the sample from housing 712 in it (FIG. 7d).
The device is removed form skin and disassembled. The
device component 752 is further dissembled and sample con-
tainer 707 is processed for detection of analytes.

Example 2
Sampling of Skin by a Microneedle-Based Device

[0184] Referring to FIGS. 8a through 84, a microneedle-
based tissue liquefaction device for sampling of skin tissue is
described. The device is placed against a pre-identified region
of interest on skin 807, such that microneedle bearing patch
805 is facing skin 807 (FIG. 8a). Sliding plunger 801 located
ontop ofthe device is pushed towards skin 807 such that LPM
soaked sponge 804 is squeezed and releases LPM into hous-
ing 803 (FIG. 85). Consequently, microneedles in patch 805
and housing 803 at the skin interface are filled with LPM. To
initiate liquefaction process, sliding plunger 801 is further
pushed into skin tissue 807 leading to insertion of micron-
eedles 805 into skin tissue 807 (FIG. 8¢). As skin tissue is
liquefied, tissue components are dissolved in LPM contained
in housing 803. Upon completion of skin liquefaction, pre-
vacuumized sample container 802 is pushed towards skin
tissue 807 such that needle 806 punctures sample container
802 resulting in aspiration of sample from housing 803 in it
(FIG. 8d). The device is removed from skin and disas-
sembled. Sample container 802 is retrieved for analyte analy-
sis and the rest of the device components are disposed off.

Example 3
Reservoir Housing for Capturing Tissue Analytes

[0185] Referring to FIG. 9 (Panels a-d) a design for a res-
ervoir housing to capture tissue analytes from liquefied tissue
samples is described. The reservoir housing (901) is intended
to be used with energy-application devices described herein,
as a container to collect the liquefied tissue sample. The
housing is coated with capture substrates (902) which selec-
tively bind to tissue analytes (903) present in the sample.
Upon sufficient incubation of the tissue sample, the sample is
discarded while the analytes (903) are held in the housing.
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The analytes are eluted by an elution buffer in the housing for
subsequent capture of the analytes as a separate sample (904).
Alternatively, the housing can be integrated in an analytical
tool for analyzing the bound analytes (903).

Example 4

Surfactant Formulations for Enhanced Tissue Solubi-
lization and Protein Functionality Retention

[0186] Unique surfactant formulations were identified that
make up the liquefaction promoting medium (LPM) accord-
ing to the definition disclosed in this text. A library of 153
binary surfactant formulations was created using 19 surfac-
tants belonging to four distinct categories: (i) anionic surfac-
tants (sodium lauryl sulfate (SLS), sodium laureth sulfate
(SLA), sodium tridecyl phosphate (TDP), sodium deoxycho-
late (SDC), sodium decanoyl sarcosinate (NDS), sodium lau-
royl sarcosinate (NLS), sodium palmitoyl sarcosinate
(NPS)); (ii) cationic surfactants (octyl trimethyl ammonium
chloride (OTAB), dodecyl trimethyl ammonium chloride
(DDTAB), tetradecyl trimethyl ammonium chloride
(TTAB)); (iii) zwitterionic surfactants (3-[(3-Cholamidopro-
pyl) dimethyl ammonio]l-propane sulfonate (CHAPS),
3-(Decyl dimethyl ammonio) propane sulfonate (DPS),
3-(Dodecyl dimethyl ammonio) propane sulfonate (DDPS));
(iv) nonionic surfactants (Polyethylene glycol dodecyl ether
(B30), Polyoxyethylene 23-lauryl ether (B35), Polyoxyeth-
ylene 10-cetyl ether (B56), Polyoxyethylene 2-stearyl ether
(B72), Polyethylene glycol oleyl ether (B93), Nonylphenol
polyethylene glycol ether (NP9)). Only a handful of surfac-
tants from these categories (for example, nonionic surfac-
tants) have been traditionally utilized for extracting func-
tional tissue proteome. Additionally, these surfactants are
highly limited in their ability to efficiently solubilize tissue
constituents. As such, across all surfactant types, extraction
potential and bioactivity preservation of tissue constituents
are largely considered as mutually conflicting properties. By
combining nonionic surfactants with other types of surfac-
tants that have been previously described for their high solu-
bilization ability (anionic, cationic and zwitterionic surfac-
tants), we show the discovery of new families of surfactant
formulations that simultaneously possess superior solubiliza-
tion as well as non-denaturing capabilities.

[0187] The surfactant library was first screened for identi-
fying non-denaturing surfactant formulations that retain pro-
tein bioactivity in extracts, and subsequently ranked for the
ability of formulations to solubilize tissue proteins. FIG. 10a
shows the potency of 153 surfactant formulations to preserve
the specific functionality of a model protein—IgE antibody.
Specifically, binding ability of IgE antibody with ovalbumin
was tested. The x-axis in this figure represents the formula-
tion index unique to each binary formulation. The y-axis
represents % IgE bioactivity retention, defined as the frac-
tional IgE binding activity in surfactant formulation com-
pared with IgE binding activity when surfactants in pure
solvent (phosphate buffered saline, PBS). The formulations
spanned a wide range of denaturing potentials. Surprisingly,
an increasing number of denaturing surfactants upon combi-
nation with gentler nonionic surfactant yielded a high syner-
gistic gain in IgE functionality retention. Non-denaturing
potential, averaged over all binary surfactant formulations
was found to be significantly higher than their constituent
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single surfactant formulations (p<0.006; two-tailed het-
eroscedastic student’s t-test); further demonstrating unique
synergic interactions.

[0188] Surfactant formulations exhibiting high bioactivity
retention (£90%) were further screened for their ability to
extract tissue proteins in conjunction with a brief sonication
treatment. Porcine skin was used as a model tissue for these
studies. While a majority of formulations revealed an extrac-
tion potential close to 0.1 mg protein per cm? of skin tissue,
only a couple of formulations achieved protein extraction
exceeding 0.3 mg/cm? (FIG. 105).

[0189] The leading candidates screened from the surfactant
library generally resulted in formulations that were excep-
tionally non-denaturing, yet more effective in solubilizing
tissues than some of the most widely used extraction surfac-
tants reported in the literature. FIG. 10c compares the leading
surfactant formulation—0.5% (w/v) DPS-B30, with 1%
(w/v) SDS for skin sampling. Despite a moderate extraction
ability (0.16x0.07 mg/cm?), SDS is highly denaturing which
results in a low yield of functional protein recovery (product
of fractional bioactivity retained and total extracted protein).
In contrast, 0.5% (w/v) DPS-B30 formulation not only
extracts more skin proteins (0.48x0.12 mg/cm?) but also pre-
serves protein activity, amounting to an excess of 100-fold
enhancement in expected functional protein recovery over
SDS. Similarly, more than 10-folds of protein recovery were
accomplished over commonly used non-denaturing surfac-
tant 1% (w/v) Triton X-100 and PBS.

Example 5
Bioactivity Retention Under Stress

[0190] We show that unique surfactant formulations, or
LPMs (as indentified by method described in Example 1)
additionally protect a variety of analytes under stress. We
specifically show denaturing effects of mechanical energy
such as ultrasound exposure (a commonly known denaturant
to biomolecules), can be neutralized with the use of unique
surfactant formulations.

[0191] In separate experiments, a globular protein (IgE)
and two representative enzymes—Ilactate dehydrogenase
(LDH) and beta-galactosidase (3-Gal) were dissolved in
0.5% (w/v) DPS-B30 surfactant formulation and sonicated to
determine retention of protein bioactivity over time. Proteins
dissolved in saline (PBS) were prepared as comparative con-
trols. A progressively sharp decrease in functionality was
observed for IgE dissolved in PBS; however, 0.5% (w/v)
DPS-B30 formulation, surprisingly, extended protection to
IgE proteins towards ultrasonic denaturing stress (FIG. 11a).
Irrespective of ultrasound treatment, IgE dissolved in SDS
showed complete state of denaturation. Similar trends were
observed on extended preservation of enzymatic activities for
LDH and p-Gal prepared in 0.5% (w/v) DPS-B30 formula-
tion (FIG. 115). Protein preparation in PBS resulted in sig-
nificant loss of bioactivity (p<0.006; two-tailed heteroscedas-
tic student’s t-test), amounting to a fractional bioactivity of
16.7% (IgE), 70.8% (LDH) and 68.7% ($-Gal) after 3 min-
utes of sonication.

Example 6
Tissue Sampling And Molecular Diagnostics

[0192] The ability of ultrasonic exposure in the presence of
LPM (saline solution of 0.5% (w/v) DPS-B30) to sample a
variety of functional disease biomarkers from tissues was
demonstrated.
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[0193] Sampling of allergy-specific IgE antibodies from
the skin of mice allergic to egg was demonstrated. Six to eight
weeks old female BALB/CJ mice were purchased from
Charles River Labs (Wilmington, Mass.) and maintained
under pathogen-free conditions. Allergic reaction was
induced in mice by an epicutaneous exposure protocol. After
anesthesia with 1.25-4% isofluorane in oxygen, the skin on
the back of the mice was shaved and then tape stripped
10-times (Scotch Magic tape, 3M Health Care, St Paul,
Minn.) to introduce a standardized skin injury. A gauze patch
(1 emx1 cm) soaked with 100 pL. 0of 0.1% OVA was placed on
the back skin and secured with a breathable elastic cloth-
based adhesive tape. The patches were kept affixed for 1
week. The whole experiment comprised a total of three
1-week exposures with a 2-week interval between each expo-
sure week. Sampling was performed by gluing a custom made
flanged chamber (skin exposure area of 1.33 cm?) to the
shaven skin area with a minimal amount of cyanoacrylate-
based adhesive. The chamber was filled with 1.8 ml 0f 0.5%
(w/v) DPS-B30 surfactant formulation and 20 kHz ultra-
sound was applied at 50% duty cycle, 2.4 W/cm? for 5 min-
utes. Skin biopsies of ultrasound treated or untreated eczema
skin sites were obtained, and skin homogenate samples were
prepared as positive controls. FIG. 12a shows that ultra-
sound-assisted sampling successfully sampled significantly
more amount of allergy-specific IgE antibodies from allergic
mice skin as compared to healthy mice. Expectedly, no dif-
ference was seen in the amount of IgG antibodies in the
samples from allergic and healthy mice skins.

[0194] Sampling of cholesterol from mouse skin was also
demonstrated. With similar procedures as described in above
paragraph, skin samples with the ultrasound procedure were
collected. Skin homogenates were prepared as positive con-
trols from biopsies collected from untreated skin. Skin cho-
lesterol is an important biomarker for diagnosing cardiovas-
cular disease [1]. FIG. 125 shows that ultrasound-assisted
sampling successfully samples cholesterol from skin and the
amount sampled is comparable to the cholesterol present in
skin homogenate.

[0195] Lastly, sampling of bacterial genome from porcine
skin was demonstrated. Tissues, particularly skin and
mucosal membranes are colonized by a diverse set of micro-
organisms including bacteria, fungi and viruses [2-5]. Accu-
rate diagnosis of bacterial infection leads to appropriate
patient management, providing information on prognosis and
allowing the use of a narrow-spectrum antibiotics [6-8]. Thus,
definitive microorganism detection is essential for diagnosis
for treatment of infection and trace-back of disease outbreaks
associated with microbial infections. Accurately obtaining
samples which represent microorganisms on skin, however, is
a major challenge [2]. The most practical method of collec-
tion would be swabbing because it is simple, quick and non-
invasive [3, 9]. However, swabbing has several limitations
including poor recoveries of the microorganisms and lack of
a standardized protocol, which suggests it either does not
accurately represent the microorganisms on the skin or pro-
vide quantitative data. Ultrasound-assisted sampling can
effectively address these limitations. In particular, excised
porcine skin was sampled by swabbing with a cotton ball
soaked in saline (PBS), and by ultrasound-assisted sampling
with 0.5% (w/v) DPM-Brij30 as LPM in separate experi-
ments. The bacterial genome was purified from each sample
by standard phenol-chloroform extraction method. Briefly,
samples were first incubated in a solution consisting of 20
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mM Tris at pH 8.0 (BP154-1, Fisher Scientific), 2 mM EDTA
(BP120-500, Fisher Scientific), 1.2% Triton X-100 (BP151-
100, Fisher Scientific), and 20 mg/ml lysozyme (62970-1G-F,
Sigma-Aldrich) for 30 min at 37° C. [9]. Subsequently,
samples were incubated for 3 hours at 37° C. in a solution
consisting of 0.1 mg/ml Proteinase K (P2308-25MG, Sigma-
Aldrich), 0.5% (w/v) sodium lauryl sulfate (S529, Fisher
Scientific), and 100 mM sodium chloride (BP358-1, Fisher
Scientific). Genomic DNA was then extracted with an equal
volume of phenol (P4557, Sigma-Aldrich), followed by
extraction with phenol/chloroform/isoamyl alcohol, 25:24:1
(P2069, Sigma-Aldrich). The DNA was precipitated by incu-
bation with ethanol and centrifugation for 20 min. The DNA
pellets were washed twice with 70% ethanol, allowed to dry,
and resuspended in 80 pl of tris buffer. The amount of bacteria
sampled by each methodology was evaluated by determining
the presence of the conserved 16S bacterial gene in each
sample  using  quantitative-polymerase-chain-reaction
(qPCR). FIG. 12¢ shows that ultrasound-assisted sampling
sampled at least 7-fold higher amount of bacterial genome
from skin than the conventional cotton swabbing procedure.

Example 7

Buffer Design of LPMs Compatible With Nucleic-
Acid-Based Tests

[0196] To ensure compatibility of the liquefied tissue
samples with subsequent analysis, the components of LPMs
have to be carefully chosen. Compatibility of several LPM
components with nucleic-acid-based analytical technique
was tested. Specifically, the compatibility of LPM compo-
nents with qPCR—the most common gene-based test, was
evaluated by measuring the test’s ability to amplify plasmid
DNA added in different LPMs.

[0197] Ten million copies of Luciferase plasmid (E1741,
Promega Corp.) were spiked in 10 pul of different solutions: (i)
water, (ii) 0.91% (w/v) sodium chloride (BP358-1, Fisher
Scientific) in water, (iii) PBS (P4417, Sigma-Aldrich), (iv) 10
mM Tris-HCI, pH 7.9 (BP154-1, Fisher Scientific), (v) 0.075
M sodium phosphate buffer, pH 7.9, derived from sodium
phosphate monobasic monohydrate and sodium phosphate
dibasic (S9638-25G, 57907-100G, Sigma-Aldrich), and (vi)
0.5 mM EDTA (BP120-500, Fisher Scientific) in water. The
solutions were combined with 10 pl of PCR reaction buffer.
Luciferase amplification primers were 5'-GCC TGA AGT
CTC TGA TTA AGT-3' for the forward primer and 5'-ACA
CCT GCG TCG AAG-3' for the reverse primer, creating an
amplicon of 96 bp [10]. Amplification reactions were per-
formed in a 20 pl solution containing MgCl, at 1.5 mM,
primers at 0.2 pM (each), and 0.2 mM dNTPs in PCR buffer
and 0.025 units/pl of Taq polymerase (10966-034, Invitro-
gen) and SYBR-green (S-7563, Invitrogen) at 1:45,000. Ali-
quots of plasmid DNA were diluted in water to generate a
standard curve. Analysis was performed on iCycler PCR
machine (Bio-Rad Laboratories, Inc.) using optical grade
96-well plates. Thermal cycle of the reaction was set as fol-
lows: initial denaturation at 95° for 3 min, followed by 40
cycles of denaturation at 95° C. for 30-sec, 30-sec annealing
at 60° C., and 30-sec elongation at 72° C., all followed by a
final extension of 10 min at 72° C. For each sample, three
replicates were performed. For each buffer, the compatibility
was calculated by comparing with the control (plasmid DNA
in water).

Sep. 1, 2011

[0198] FIG. 13 shows that sodium chloride, PBS, and
sodium phosphate buffer was incompatible as detection
buffer for quantitative PCR assay as compared with control.
However, use of tris-HCI or EDTA as buffer increased the
analytical assay’s detection ability.

Example 8

Compatibility of LPMs With Nucleic-Acid-Based
Tests

[0199] Compatibility of various LPMs (disclosed in
EXAMPLE 1) with existing nucleic-acid-based tests was
tested. Specifically, plasmid DNA was mixed with different
LPMs and the ability of qPCR to amplify DNA was assessed.
LPMs were prepared by adding surfactants at various con-
centrations in 10 mM Tris-HCI buffer. To mimic the process
of'tissue liquefaction as disclosed in this text, each LPM was
mixed with 0.2 mg/ml of pig skin homogenate and ten million
copies of Luciferase plasmid (E1741, Promega Corp.) were
spiked per 10 pl of LPM. This solution was combined with 10
wl of PCR reaction buffer. qPCR was performed according to
the protocol described in Example 4. Purified plasmid DNA
were diluted in a tris-HCI solution to generate a standard
curve. Compatibility of each LPM was calculated by detrmin-
ing the amount of plasmid amplified by qPCR and comparing
it with the control buffer (plasmid DNA in tris-HC] without
surfactant).

[0200] FIG. 14 shows that Triton X-100, Brij 30, DMSO,
OTAB, OTAB-Brij 30, and DPS-Brij 30 were highly compat-
ible with quantitative PCR; however LPMs consisting of NL.S
or NLS-Brij30 failed to amplify the DNA. Notably, DPS-Brij
30 as a LPM effectively samples biomolecules from tissues,
retains protein activity and is compatible with analytical
methods including ELISA, chromatography and qPCR.
Therefore, DPS-Brij 30 is most desirable as liquefaction pro-
moting media for analyzing proteins, lipids and nucleic acids.
Triton X-100 and DMSO, which have been known as a facili-
tator of PCR [11], were consistently shown to effectively
produce polymerase-chain reactions; however, they do not
yield satisfactory tissue extraction.

Example 9

Identification of Ultrasonic Parameters for Sampling
Viable and Genetically-Intact Microorganisms From
Tissues

[0201] This example describes a nonlethal condition of
ultrasound to efficiently collect living microorganisms from
tissues. Microorganisms can be collected from tissue by
applying various form of energy to tissues; however use of
high energies is highly detrimental to the viability of micro-
organisms. Therefore, it is essential to find out nonlethal
conditions of energy application for sampling living micro-
organisms. We describe ultrasound exposure conditions for
sampling viable and genetically-intact bacteria from skin.

[0202] Bacterial culture of £. Coli strain DH10o. (18290-
015, Invitrogen) were grown in Luria-Bertani (BP1426,
Fisher Scientific) at 37° C., 250 rpm or as solid culture on
Agar plates (37° C.). Culture was harvested by centrifugation
and the resulting pellet was suspended in LPM comprising of
10 mM Tris-HCI, pH 7.9 at a concentration of 10° cells/ml. E.
Coli cells were quantified with a spectrophotometer (Biopho-
tometer, Eppendorf), and a bacterial culture of0.25x10° cells/
ml was considered to correspond to an optical density absor-
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bance value of 0.25 at a wavelength of 600 nm. One ml of the
resuspended cells was placed in a sterilized cylindrical con-
tainer (internal diameter 20 mm, flat base, 1.3 mm wall thick-
ness, 31 mm height). All experiments were performed with a
600-Watt sonicator (Sonics & Materials, Newtown, Conn.)
operating at a frequency of 20 kHz at 50% duty cycle. The
power setting and the time of ultrasound exposure were varied
in this experiment. The transducer was lowered into the con-
tainer until the probe was immersed in the fluid at a distance
of 5 mm from the bottom. The transducer was sterilized by
70% ethanol between sonication procedures on different
samples. After sonication, 10-fold serial dilutions of each
sample were prepared in 10 mM Tris-HCI (pH 7.9). 100 ul of
sample from each dilution step was plated onto Luria-Bertani
agar and spread with a sterile spreader. The plates were incu-
bated at 37° C. for 24 h and viable bacterial colony counts
were made on the surface of agar plates. Results were
expressed as percentage reduction in viability relative to non-
sonicated controls. To evaluate integrity of bacterial genome
in samples exposed to ultrasound, electrophoresis was carried
out. All samples were incubated at 56° C. in Proteinase K
(19131, Qiagen) and 0.5% (w/v) sodium lauryl sulfate (S529,
Fisher Scientific). After 1-h incubation, total genomic DNA
was extracted by using the DNeasy DNA Extraction Kit
(69504, Qiagen). The standard protocol for the kit was fol-
lowed for all subsequent steps. The purified genomic DNA
was resuspended in 400 pl of Buffer AE and stored at -20° C.
until analysis. The purified DNA was electrophoresed for 90
min at 100 V in a 2% (w/v) Tris-acetate-EDTA-agarose gel.
The gels were stained with SYBR Gold (S 11494, Invitrogen)
and visualized under UV light.

[0203] FIG. 15 shows that viability of E. coli exposed to
ultrasound at an intensity of 1.7 W/cm? for up to 2 min was
statistically insignificant to the viability of non-treated £. coli
samples. This suggests that these ultrasonic liquefaction con-
ditions can be used for sampling bacteria without a major loss
of viability. However, samples sonicated at higher power
output exhibited a more rapid decrease with application time,
and the cell viabilities were significantly different compared
with non-treated cells. Even after 1 minute exposure at a
higher intensity, viability was reduced to 3.6% (p<0.05). This
observation is in agreement with bacterial genome integrity
as assessed by electrophoresis (FIG. 16). No damage to bac-
terial genome was observed upon sonication for 2 minutes at
1.7 W/cm? (conditions shown to maintain cell viability); how-
ever, in contrast, the genomic DNA of E. coli cells sonicated
at intensities of 1.7 W/cm? (32% viability) and 2.4 W/cm?
(8% viability) for 3 min were highly fragmented as can be
seen by their migration to lower molecular weight part of the
gel. These results suggest that collection of living bacteria
should be performed at an ultrasound intensity of 1.7 W/cm?®
for up to 2 min.

Example 10
Detection of Living Microorganisms from Tissues

[0204] A brief exposure of ultrasonic energy coupled with
LPM (tris-HCI buffer) can sample viable bacteria from skin.
Skin bacteria sampled by ultrasound were quantified by the
conventional colony counting assay as well as real-time quan-
titative PCR, and evaluated by comparing with standard sam-
pling methods such as swabbing and the surfactant scrubbing
technique.

Sep. 1, 2011

[0205] In vitro experiments were performed on porcine
skin to assess sampling of skin-resident bacteria. Pre-cut fro-
zen full-thickness porcine skin harvested from the lateral
abdominal region of Yorkshire pigs was procured in 10
cmx25 cm strips from Lampire Biological Laboratories Inc.,
PA. The skin was stored at —70° C. until the experiment. Skin
pieces with no visible imperfections such as scratches and
abrasions were thawed at room temperature and cut into small
pieces (2.5 cmx2.5 cm) and mounted on a Franz diffusion cell
(Permegear, Hellertown, Pa., USA). The receiver chamber of
the diffusion cells was filled with phosphate buffered saline
(PBS) (P4417, Sigma-Aldrich, St. Louis, Mo.) and the donor
chamber (skin exposure area of 1.77 cm?) was filled with 1 ml
of 10 mM Tris-HC1 buffer (pH 7.9), which also acted as the
coupling fluid between the ultrasound transducer and skin.
The ultrasound transducer was placed at a distance of 5 mm
from the skin surface and an ultrasonic intensity of 1.7 W/cm>
was applied for 2 minutes. The probe was disinfected with
70% ethanol between experiments on different samples. As
comparative controls, samples were obtained by swabbing
the skin. Cotton swabs (B4320115, BD Diagnostics) were
soaked in sterilized phosphate-buffered saline before use. The
area of the sample site was standardized by holding a steril-
ized metal ring enclosing an area of 3.3 cm? onto the skin
surface. The skin surface was rubbed gently and repeatedly
for approximately 20 seconds. Each swab was extracted with
1 ml of PBS. Skin bacteria were also sampled by the surfac-
tant scrub technique of Williamson and Kligman [2, 12]. A
sterile metal ring was firmly held against the skin surface and
1 ml of 0.1% Triton X-100 in 0.075 M phosphate buffer, pH
7.9, was pipette into it. The skin surface within the ring was
rubbed firmly for 1 min with a Teflon cell scraper and the
resulting sample was collected in a sterile centrifuge-tube.
The procedure was repeated at the same skin site for two
additional times and samples were pooled together. Serial
10-fold dilutions of each sample were prepared and 100 pl
aliquots from each diluted sample were placed on Tryptic Soy
agar plates (90002, BD Diagnostics) [12]. The plates were
subsequently incubated under aerobic conditions at 37° C. for
24 hours and colonies were counted to obtain an estimate of
extraction efficiency by calculating the colony-forming unit
per unit area of sampled skin (CFU/cm?). To quantify total
bacteria, real-time quantitative PCR was performed based on
an amplicon of the 16S rRNA gene. All biological specimens
were first incubated in a preparation of enzymatic lysis buffer
(20 mM Tris at pH 8.0, 2 mM EDTA, 1.2% Triton X-100) and
lysozyme (20 mg/mL) for 30 min at 37° C. [9]. Subsequently,
samples were incubated for 1 hour at 56° C. in Buffer AL and
Proteinase K from the DNeasy DNA Extraction Kit (Qiagen).
The standard protocol for the kit was followed for all subse-
quent steps. The DNA eluted by Buffer AE was precipitated
by incubation with equal volumes of absolute isopropanol
and then centrifuging for 20 min. The DNA pellets were
washed once with 70% ethanol, allowed to dry, and resus-
pended in 80 pul of Buffer AE. Negative controls were also
prepared using untreated sterile cotton swabs in PBS. Analy-
sis of the 16S genes was performed on the iCycler PCR
machine (Bio-Rad Laboratories, Inc.) using optical grade
96-well plates. A portion of the bacterial 16S gene was ampli-
fied using forward primer 63F (5'-AGAGTTTGATCCTG-
GCTCAG-3") and reverse primer 355R (5'-GACGGGCGGT-
GTGTRCA-3 [9, 13]. A standard curve was constructed by
amplifying serial dilutions of genomic DNA from known
quantities of E. Coli cells in 10 pl of Buffer AE. 10 ul of
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purified DNA was mixed with 2 pmol of each primer and
Platinum PCR Supermix (11784, Invitrogen) to a final reac-
tion volume of 20 pl Thermal cycling was set as follows:
initial denaturation at 94° for 5 min, followed by 32 cycles of
a 30-sec 94° C. denaturation, 30-sec annealing at 66° C., and
30-sec elongation at 72° C., all followed by a final extension
of 10 min at 72° C. For each sample, three replicates were
performed.

[0206] FIG. 17 shows comparison of the sampling effica-
cies of different techniques. FIG. 17a shows that ultrasonic
sampling recovered approximately 17-fold higher number of
bacteria from skin than cotton swabbing (p<0.05). Notably,
counts of the total number of bacteria collected by ultrasound
did not differ significantly from the positive control (surfac-
tant scraping method). The effectiveness of ultrasonic sam-
pling was further tested using quantitative real-time PCR
based on amplifying the 16S rDNA bacterial gene (FIG. 175).
Consistently, ultrasound collected 1.7x10* bacteria/cm®
which is significantly higher than swabbing (4.5x10> bacte-
ria/cm?), and equivalent to scrubbing technique (1.6x10* bac-
teria/cm?).

Example 11

Use of Sensitivity Enhancers to Facilitate Detection
of Human IgE in LPM

[0207] The ability of sensitivity enhancers to facilitate
detection of a model analyte—human IgE antibody, which
was dissolved in a model LPM—1% w/v NLS-Brij 30 in a
PBS, was tested. ELISA assay was used to evaluate detection
of human IgE antibody in presence or absence of sensitivity
enhancers in LPM. Specifically, 1 microgram of antibodies
(A80-108A, Bethyl laboratory, TX) with specific binding to
human IgE antibodies was coated per well of a 96-well
ELISA plate. Human IgE (RC80-108, Bethyl laboratory, TX)
was dissolved in the LPM with or withour sensitivity
enhancer at a concentration of 0-100 ng/ml. As a positive
control, human IgE samples were prepared by dissolving in a
standard diluent containing 1% w/v BSA and 0.05% w/v
Tween 20 (P7949, Sigma-aldrich, MO) in 50 mM Tris-buff-
ered saline (16664, Sigma-aldrich, MO) which is commonly
used in immunoassays. Two types of sensitivity enhancers
were formulated: 10% BSA and 0.5% Tween 20 in PBS and
10% BSA and 0.5% Tween 20 in 50 mM Tris-buffered saline.
Each of these sensitivity enhancers was separately added to
LPM containing IgE in a ratio of 1:10. After 30-minutes
incubation of ELISA plates with a standard blocking buffer,
these samples were incubated in individual wells for 1 hour.
After washing the wells, HRP-conjugated-secondary anti-
bodies at a concentration of 1 microgram/ml were incubated
in each well for 1 hour. After washing, a HRP-based chemi-
luminescence signal (induced by substrates 54-61-00, KPL,
MD), signifying detection ability of IgE antibodies by
ELISA, was measured for each test case using a spectropho-
tometer.

[0208] FIG. 18 plots the chemiluminescence signal inten-
sity from various test cases as a function of analyte concen-
tration. Results show that LPM by itself was not a suitable
detection reagent for ELISA assay as compared with positive
control. However, adding sensitivity enhancers to LPM
increased the analytical assay’s detection ability. Addition-
ally, tris-buffered saline was shown to elevate the signal inten-
sity as compared with phosphate-buffered saline, when they
are used as solvents to prepare sensitivity enhancers. These
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results demonstrated that LPM by itself is not efficient in
facilitating analyte detection by ELISA; however, addition of
sensitivity enhancers can significantly enhance detection
ability of analytes by ELISA.

[0209] The preceding merely illustrates the principles of
the invention. It will be appreciated that those skilled in the art
will be able to devise various arrangements which, although
not explicitly described or shown herein, embody the prin-
ciples of the invention and are included within its spirit and
scope. Furthermore, all examples and conditional language
recited herein are principally intended to aid the reader in
understanding the principles of the invention and the concepts
contributed by the inventors to furthering the art, and are to be
construed as being without limitation to such specifically
recited examples and conditions. Moreover, all statements
herein reciting principles, aspects, and embodiments of the
invention as well as specific examples thereof, are intended to
encompass both structural and functional equivalents thereof
Additionally, it is intended that such equivalents include both
currently known equivalents and equivalents developed in the
future, i.e., any elements developed that perform the same
function, regardless of structure. The scope of the present
invention, therefore, is not intended to be limited to the exem-
plary embodiments shown and described herein. Rather, the
scope and spirit of the present invention is embodied by the
appended claims.

Example 12
Delivery of Inulin and Acyclovir into Pig Skin

[0210] Drug delivery experiments were performed on pig
skin in vitro. Pre-cut frozen full-thickness porcine skin, har-
vested from the lateral abdominal region of Yorkshire pigs,
was obtained from Lampire Biological Laboratory, Inc., PA.
The skin was stored at —-80° C. freezer prior to the experiment.
The skin was thawed at room temperature, and the skin with
no visible imperfections such as scratches and abrasions were
cutinto small pieces (2.5%2.5 cm). Skin pieces were mounted
on to a Franz diffusion cell (PermeGear, Inc., PA). Before
each experiment, the receiver compartment was filled with a
LPM or phosphate buffer saline (PBS). A 1%-w/v mixture of
NLS and Brij 30 in PBS was chosen as a model formulation
of'a LPM. Prior to each experiment, the electrical conductiv-
ity of the skin was measured to ensure its integrity. The skin
was considered damaged if the initial conductivity was more
than 2.2 microA/cm?. Ultrasound was applied using a soni-
cator (VCX 400, Sonics and Materials) operating at a fre-
quency of 20 kHz at an intensity of 2.4 W/cm? for 5 minutes.
After the LPM or PBS was removed, the donor compartment
was filled with 10 microCi/ml solution of Inulin
(NETO086L.00IMC, PerkinElimer Life and Analytical Sci-
ences, Inc., MA) in PBS. Samples were taken from the
receiver compartments 24 hours after ultrasound application.
In a separate experiment, a rotating abrasive surface (a circu-
lar brush with plastic bristles) was introduced in the donor
chamber such that it directly contacted the skin sample. 10
microCi/m1 solution of Acyclovir was placed on the skin for
24 hours. The skin was washed by a saline and dissolved in
Solvable (PerkinElmer, MA). The concentrations of those
samples were measured by a scintillation counter (Tri-Carb
2100 TR, Packard, CT). All experiments were conducted at
room temperature, 22° C. Neither ultrasound nor abrasive
device was applied on the controls. Error bars indicate the
standard deviation.
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[0211] 5 minutes of ultrasound irradiation in combination
with the LPM increased drug transport, compared to that both
by ultrasound alone and by the passive diffusion on intact
skin, as shown in FIG. 19(a). The same effect was observed
when the skin was abraded with a moving brushing device
comprising a plurality of bristles (FIG. 19(5)). In summary,
the examples using pig skin in vitro demonstrated that apply-
ing energy with a LPM is effective in enhancing the passage
of molecules through or into tissues. Parameters such as
power, time of application and a formulation of a LPM can be
optimized to suit the individual situation, both with respect to
the type of tissue and the substances to be transported.
[0212] Although the present invention has been described
in connection with the preferred embodiments, it is to be
understood that modifications and variations may be utilized
without departing from the principles and scope of the inven-
tion, as those skilled in the art will readily understand.
Accordingly, such modifications may be practiced within the
scope of the following claims.

What is claimed is:

1-80. (canceled)

81. A device for obtaining a liquefied sample from a tissue,
comprising:

an energy source operatively connected to the tissue,

wherein the energy source is not a heated liquid;
areservoir housing operatively connected to the tissue; and

a liquefaction promoting medium,

wherein the reservoir housing is configured to apply the

liquefaction promoting medium to the tissue.

82. The device of claim 81, wherein the reservoir housing
is configured to collect the liquefied sample from the tissue.

83. The device of claim 81, wherein the liquefaction pro-
moting medium is contained within the reservoir housing.

84. The device of claim 81, wherein the energy source is
configured to apply an energy to the tissue, and wherein the
energy is applied to the tissue within the reservoir housing.

85. The device of claim 81, wherein the reservoir housing
comprises a sponge-bellow assembly, which comprises a
sponge configured to at least one of: store the liquefaction
promoting medium, or collect the liquefied sample from the
tissue.

86. The device of claim 81, further comprising a sample
container operatively connected to the reservoir housing,
wherein the sample container is configured to contain at least
one of: the liquefaction promoting medium, and the liquefied
sample.

87. The device of claim 81, further comprising a suction
pump operatively connected to the reservoir housing,
wherein the suction pump is configured to facilitate the col-
lection of the liquefied sample.

88. The device of claim 81, wherein the energy source is
configured to apply an energy to the tissue, and the energy is
at least one of ultrasound energy, mechanical energy, optical
energy, thermal energy, and electrical energy.

89. The device of claim 81, wherein the energy source is
configured to apply a mechanical energy to the tissue, and the
mechanical energy is applied to the tissue by at least one of: a
piezoelectric element, an abrasive component, a vacuum, a
pressure, and a shear force.

90. The device of claim 81, wherein the energy source is
configured to apply an optical energy to the tissue, and the
optical energy is applied to the tissue by a laser.

91. The device of claim 81, wherein the energy source
further comprises an abrasive component connected to a
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shaft, and wherein the abrasive component is at least one of:
a sheet of abrasive material, an abrasive disc, an abrasive ring,
and a brush having bristles.

92. The device of claim 81, wherein the energy source
further comprises a microneedle-based device comprising a
plurality of microneedles.

93. The device of claim 81, wherein the reservoir housing
includes a base section, the device further comprising an
abradable sheet positioned in the base section of the reservoir
housing.

94. The device of claim 81, further comprising at least one
of: a detection device operatively connected to the reservoir
housing, and a diagnostic device operatively connected to the
reservoir housing.

95. The device of claim 81, further comprising an addi-
tional energy source, wherein the additional energy source is
at least one of: an abrasive actuator, a mechanical motor, an
electro-magnetic actuator, a piezoelectric transducer, a suc-
tion device, and a pressure device.

96. The device of claim 81, further comprising at least one
of:

a catheter; and

a diagnostic probe, wherein the diagnostic probe is at least

one of: an endoscope, a colonoscope, and a laparoscope.

97. A device for obtaining a liquefied sample from a tissue,
comprising;

an energy source operatively connected to the tissue,

wherein the energy source is configured to apply a
mechanical energy to the tissue;

areservoir housing operatively connected to the tissue; and

a liquefaction promoting medium.

98. The device of claim 97, wherein the reservoir housing
is configured to at least one of; apply a liquefaction promoting
medium to the tissue, and collect the liquefied sample from
the tissue.

99. The device of claim 97, wherein the mechanical energy
is applied to the tissue by at least one of: a piezoelectric
element, an abrasive component, a vacuum, a pressure, and a
shear force.

100. The device of claim 97, wherein the mechanical
energy is applied to the tissue by an abrasive component
connected to a shaft, and wherein the abrasive component is
at least one of: a sheet of abrasive material, an abrasive disc,
an abrasive ring, and a brush with bristles.

101. The device of claim 97, wherein the mechanical
energy is applied to the tissue by a microneedle-based device
comprising a plurality of microneedles.

102. A device for delivering a drug to a liquefied tissue,
comprising:

an energy source operatively connected to the tissue;

a reservoir housing operatively connected to the tissue;

a liquefaction promoting medium; and

a drug;

wherein the reservoir housing is configured to apply to the

tissue at least one of: the liquefaction promoting
medium, and the drug.

103. The device of claim 102, wherein the reservoir hous-
ing is configured to collect and analyze a sample of the lig-
uefied tissue.

104. The device of claim 102, wherein the energy source is
configured to apply an energy to the tissue, and the energy is
at least one of: ultrasound energy, mechanical energy, optical
energy, thermal energy, and electrical energy.
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105. The device of claim 102, wherein the liquefaction tissue, increase the solubility of the drug, and inhibit degra-
promoting medium is configured to at least one of: couple an dation of the drug.
energy from the energy source to the tissue, facilitate lique-
faction of the tissue, store the drug to be delivered to the woR R Rk
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