wo 2013/134647 A1 |[IN NI NDF 0000000 OO

(43) International Publication Date

=

(29) World Intellectual Property
Organization
International Bureau

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

0 DY O 0
(10) International Publication Number

WO 2013/134647 Al

12 September 2013 (12.09.2013) WIPO | PCT
(51) International Patent Classification: (74) Agents. SUNSTEIN, Bruce, D. et a; Sunstein Kami
GO1N 33/543 (2006.0 1) C12N 5/00 (2006.0 1) Murphy & Timbers LLP, 125 Summer Street, Boston, MA
GO1N 33/53 (2006.01) 021 10-1618 (US).
(21) International Application Number: (81) Designated States (unless otherwise indicated, for every
PCT/US20 13/029891 kind d national protection available): AE, AG, AL, AM,
. . ! AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
(22) International Filing Date: BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
8 March 2013 (08.03.2013) DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
(25) Filing Language: English HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
] KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
(26) Publication Language: English ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
(30) Priority Data: NO, NZ, OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU,
61/608,348 8 March 2012 (08.03.2012) us RW, SC, D, SE, SG, SK, SL, SM, ST, sV, SY, TH, TJ,
61/617,833 30 March 2012 (30.03.2012) us TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA,
61/661,388 19 June 2012 (19.06.2012) us ZM, ZW.
61/668,497 6 July 2012 (06.07.2012) US (84) Designated States (unless otherwise indicated, for every
61/668,490 6 July 2012 (06.07.2012) us kind d regional protection available): ARIPO (BW, GH,
61/669,956 10 July 2012 (10.07.2012) us GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, Sz, TZ,
(71) Applicant: BIOSCALE, INC. [USUS]; 4 Maguire Road, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
Lexington, MA 02421 (US). TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
(72) Inventors. ALDERMAN, Edward, Marshall; 20 Cahill MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
Park Drive, Framingham, MA 01702 (US). DICKERSON, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
William, Matthew; 1121 Washington Street, Dorchester, ML, MR, NE, SN, TD, TG).
MA 02124 (US). BEAUSANG, Lee, Anne;, 67 Priscilla bublished:

Avenue, Norfolk, MA 02056 (US). MASTERS, Brett,
Peter; 1723 El Verano Way, Belmont, CA 94002 (US).
LATTERICH, Martin; 1712 Blue Water Lane, San Mar-
cos, CA 92078 (US).

with international search report (Art. 21(3))

(54) Titlee METHODS AND KITS FOR ANALYZING BIOMARKERS IN A SIGNAL TRANSDUCTION PATHWAY

A431 Cdlls

0.4+

AMM® (2U)

o
Y

Neratinib + EGF
EGF

(57) Abstract: Provided are methods and kits for analyzing biomarkers in one or more signal transduction pathways in a cell, that
permit simultaneous analysis of more than one biomarker and/or more than one signal transduction pathway. Further provided are
methods for detecting whether a cell treated with an agent targeting a targeted biomarker isresponding to the agent, or whether the
cell isdeveloping resistance to the agent, and methods for determining which biomarker to target in a diseased or damaged cell, or

which pathway an agent istargeting in an agent-treated cell. Also provided are kits for carrying out the described methods.



WO 2013/134647 PCT/US2013/029891

Attorney Docket: 3784/1017WO

Methods and Kits for Analyzng Biomarkers in a
Signal Transduction Pathway

Cross-Reference  to Related Applications

[0001] This application claims priority to USprovisional application no. 61/608,348 filed
March 8, 2012, and to U Sprovisional application no. 61/617,833 filed March 30, 2012, and to
U Sprovisional application no. 61/661,388 filed June 19, 2012, and to U Sprovisional application
no. 61/668,490 filed July 6, 2012, and to U Sprovisional application no. 61/668,497 filed July 6,
2012, and to U Sprovisional application 61,669,956 filed July 10, 2012. The entire disclosures
of each of these application is hereby are hereby incorporated by reference.

Technical Field

[0002] The present invention relates to biology and biochemistry, and more particularly
to intracellular signal transduction pathways.

Background Art

[0003] Detection of small concentrations of biomarkers (e.g., biological molecules, such
asproteins) is essential for quickly and accurately diagnosing disease states and potential disease
states (e.g., cancer, degenerative diseases) in patients. Such detection is also critical to
understanding the biological responses of drug candidates and for evaluating their efficacy and
potential adverse effects in patients. Moreover, in drug development, detection of biomarkers
aids in determining beneficial and adverse biological responses to drug-on-target interactions.

[0004] The development of custom assays for such unique proteins is often limited to
time-consuming manual techniques using optical detection and quantitation procedures, such as
ELISA or Western blotting. Western blotting analysis is extremely time- and labor-intensive.
Optical methods, such as immunofluorescence staining, have been used effectively for biomarker
detection, but they carry significant disadvantages. Quantification of biomarkers using the
ELISA assay can be complicated by sample matrix effects. Furthermore, optical techniques can
require time-consuming and labor-intensive sample preparation, as well as harsh denaturing



WO 2013/134647 PCT/US2013/029891

conditions. These optical techniques also may introduce operator-dependent errors in the
observation of results.

[0005] The complexity of development on aternate platforms, and the difficulty of using
conventional assays to detect biomarkers in complex biological matrices contribute to difficulties
in developing assaysto reliably detect small concentrations, and/or small changes in
concentrations of biomarkers relative to themselves, reference standards or reference biomarkers

[0006] Thus, there is aneed to develop new assay technologies that can be used to
quickly and accurately detect and/or quantify small concentrations, and /or small changes in

concentrations of biomarkers.

Summary of the Embodiments

[0007] In some embodiments, the invention provides new assay technologies that can be
used to detect and/or quantify small concentrations of biomarkers. Such methodologies are
useful to determine, for example, if apatient with a diseased or damaged cell isresponding to a
therapy, or which therapy should be used to treat the patient. In some embodiments, the assays
disclosed herein can be used to detect and/or quantify a secreted biomarker in blood, and in
blood serum. In some embodiments, the assays disclosed herein can be used to detect and/or
quantify a cell surface biomarker in cell lysates, in intact fixed cells, and in living cells. In some
embodiments, the assays disclosed herein can be used to detect and/or quantify cytosolic and/or
cell membrane biomarkers in a cellular signal transduction pathway of interest in cells, and also
to detect and/or quantify dimers of two or more biomarkers in a cellular signal transduction
pathway of interest.

[0008] Accordingly, in one aspect, the invention provides amethod for determining if a
cell isresponding to treatment with an agent. The method comprises: (a) providing a sample of a
cell treated with the agent; (b) providing afirst binding agent that specifically binds to an entity
selected from the group consisting of a first epitope on a first biomarker in afirst signal
transduction pathway and anoninterface epitope on the first biomarker, wherein said first
biomarker is in the first signal transduction pathway in the first signal transduction pathway and
isthe same as or is different from the targeted biomarker, and wherein the first binding agent is
attached to a solid support; (c) providing a second binding agent that specifically binds to an
entity selected from the group consisting of a first alternate epitope on the first biomarker,
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wherein the first alternate epitope is different than the first epitope, and anoninterface epitope on
afirst biomarker partner, wherein said first biomarker partner isin the first signal transduction
pathway, and wherein said second binding agent is capable of attaching to a sensor; (d) mixing
the sample, the first binding agent, and the second binding agent together under conditions
whereby a sandwich assay formation will be formed if the sample contains a component selected
from the group consisting of the first biomarker comprising the first epitope and the first
alternate epitope and the first biomarker complexed with the first biomarker partner; (e)
presenting the result of step (d) to a sensor that emits an output signal that relates to the sensor's
acoustic response to obtain an agent number; and (f) repeating steps (b)-(e) with a control sample
of anuntreated cell or acell treated with a control agent to obtain a control number; wherein a
change in the agent number of step (e) as compared to the control number of step (f) that is a
positive number or that is greater than a predetermined fold change indicates the agent-treated
cell isresponding to the agent and wherein a change in the agent number of step (e) as compared
to the control number of step (f) that is anegative number or that is less than a predetermined
fold change indicates the agent-treated cell is not responding to the agent. In various
embodiments, the predetermined fold change is either at least 10%, a least 20%, at least 25%, a
least 50%, at least 100%, a least 150%, a least 200%, at least 250%, at least 500%, &t |east
1000%, e least 2500%, at least 5000%, or at least 10,000%.

[0009] In another aspect, the invention provides a method for determining if a cell treated
with an agent is developing resistance to the agent, the method comprising: (a) providing a
sample of a cell treated with the agent; (b) providing afirst binding agent that specifically binds
to an entity selected from the group consisting of a first epitope on afirst biomarker in a first
signal transduction pathway and anoninterface epitope on the first biomarker, wherein said first
biomarker isin the first signal transduction pathway in the first signal transduction pathway and
isthe same as or is different from the targeted biomarker in the first signal transduction pathway
from the targeted biomarker, and wherein the first binding agent is attached to a solid support;
(c) providing a second binding agent that specifically binds to an entity selected from the group
consisting of afirst alternate epitope on the first biomarker, wherein the first alternate epitope is
different than the first epitope, and anoninterface epitope on afirst biomarker partner, wherein
said first biomarker partner isin the first signal transduction pathway, and wherein said second

binding agent is capable of attaching to a sensor; (d) mixing the sample, the first binding agent,
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and the second binding agent together under conditions whereby a sandwich assay formation will
be formed if the sample contains a component selected from the group consisting of the first
biomarker comprising the first epitope and the first alternate epitope and the first biomarker
complexed with the first biomarker partner; (€) presenting the result of step (d) to a sensor that
emits an output signal that relates to the sensor's acoustic response to obtain an agent number;
and (f) repeating steps (b)-(e) with asample of a control cell taken from the group consisting of
an untreated cell and a cell treated with a control agent to obtain a control number; wherein a
change in the agent number of step (e) as compared to the control number of step (f) that is a
positive number or that is greater than a predetermined fold change indicates the agent-treated
cell is developing resistance to the agent and wherein a change in the agent number of step (e) as
compared to the control number of step (f) that is a negative number or that is less than a
predetermined fold change indicates the agent-treated cell is not developing resistance to the
agent. In various embodiments, the predetermined fold change is either at least 10%, a least
20%, a least 25%, at least 50%, at least 100%, at least 150%, at least 200%, at least 250%, at
least 500%, at least 1000%, a least 2500%, at least 5000%, or a least 10,000%.

[0010] Asused above, the term "interface” simply means the position on abiomarker and
abiomarker partner where the two molecules touch one another to form a dimer.

[0011] In some embodiments, the output signal (also referred to as an acoustic output
signal) is calculated by subtracting a background output signal from the sensor presented only
with the first binding sample from an initial acoustic output signal from the sensor presented
with the mixture of the sample, first binding agent, and second binding agent.

[0012] In another aspect, the invention provides a method for analyzing two or more
signal transduction pathways in a cell treated with an agent. In some embodiments, the two or
more signal transduction pathways are analyzed simultaneously. The method comprises (@)
providing a sample comprising a cell treated with an agent; (b) providing afirst binding agent
that specifically binds to an entity selected from the group consisting of afirst epitope on a first
biomarker in afirst signal transduction pathway and a noninterface epitope on the first
biomarker, wherein the first binding agent is attached to a solid support; (c) providing a second
binding agent that specifically binds to an entity selected from the group consisting of a first
alternate epitope on the first biomarker, wherein the first alternate epitope is different than the

first epitope, and a noninterface epitope on afirst biomarker partner, wherein said first biomarker
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partner is in the first signal transduction pathway, and wherein said second binding agent is
capable of attaching to a sensor; (d) mixing the sample, the first binding agent, and the second
binding agent together under conditions whereby a first sandwich assay formation will be formed
if the sample contains a component selected from the group consisting of the first biomarker
comprising the first epitope and the first alternate epitope and the first biomarker complexed with
the first biomarker partner; (e) presenting the result of step (d) to a sensor that emits an output
signal that relates to the sensor's acoustic response to obtain a first number; (f) providing athird
binding agent that specifically binds to an entity selected from the group consisting of a second
epitope on a second biomarker in a second signal transduction pathway, wherein the second
biomarker is different than the first biomarker, and anoninterface epitope on the second
biomarker, and wherein the third binding agent is attached to a solid support; (g) providing a
fourth binding agent that specifically binds to an entity selected from the group consisting of a
second aternate epitope on the second biomarker in the second signal transduction pathway,
wherein the second alternate epitope is different from the second epitope, and a noninterface
epitope on a second biomarker partner, wherein said second biomarker partner is in the second
signal transduction pathway, and wherein said fourth binding agent is capable of attaching to a
sensor; (h) mixing the sample, the third binding agent, and the fourth binding agent together
under conditions whereby a second sandwich assay formation will be formed if the sample
contains a component selected from the group consisting of the second biomarker comprising the
second epitope and the second alternate epitope, and the second biomarker complexed with the
second biomarker partner; (i) presenting the result of step (h) to a sensor that emits an output
signal that relates to the sensor's acoustic response to obtain a second number; (j) repeating steps
(b)-(i) with a control sample of an untreated cell or a cell treated with a control agent to obtain a
first control number and a second control number; and (k) comparing the first number to the first
control number to obtain afirst difference and the second number to the second control number
to obtain a second difference, wherein said first difference and said second difference are
represented as positive numbers, wherein afirst difference larger than a second difference
identifies the first signal transduction pathway as the pathway that will be preferentially selected
to be targeted by the agent and wherein a second difference larger than afirst difference
identifies the second signal transduction pathway as the pathway that will be preferentialy
selected to betargeted by the agent.
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[0013] In some embodiments, athird pathway is analyzed by repeating steps (b)-(j)
above with afifth binding agent that specifically binds to an entity selected from the group
consisting of athird epitope on athird biomarker in athird signal transduction pathway and a
noninterface epitope on the third biomarker, wherein said third biomarker isin athird signal
transduction pathway, wherein the fifth binding agent is attached to a solid support; a sixth
binding agent that specifically binds to an entity selected from the group consisting of athird
alternate epitope on the third biomarker, wherein the third alternate epitope is different than the
third epitope, and anoninterface epitope on athird biomarker partner, wherein said third
biomarker partner isin the third signal transduction pathway, and wherein said sixth binding
agent is capable of attaching to a sensor that emits an output signal that relates to the sensor's
acoustic response to obtain athird number, afourth number, athird control number and a fourth
control number.

[0014] In yet another aspect, the invention provides a method for identifying a
signal transduction pathway to target with an agent in adiseased or damaged cell, comprising (@)
providing a sample of adiseased or damaged cell; (b) providing afirst binding agent that
specifically binds to an entity selected from the group consisting of afirst epitope on afirst
biomarker in afirst signal transduction pathway and a noninterface epitope on the first
biomarker, wherein said first biomarker isin afirst signal transduction pathway, wherein the first
binding agent is attached to a solid support; (c) providing a second binding agent that specifically
binds to an entity selected from the group consisting of afirst alternate epitope on the first
biomarker, wherein the first alternate epitope is different than the first epitope, and a
noninterface epitope on afirst biomarker partner, wherein said first biomarker partner isin the
first signal transduction pathway, and wherein said second binding agent is capable of attaching
to a sensor; (d) mixing the sample, the first binding agent, and the second binding agent together
under conditions whereby a first sandwich assay formation will be formed if the sample contains
a component selected from the group consisting of the first biomarker comprising the first
epitope and the first alternate epitope and the first biomarker complexed with the first biomarker
partner; (e) presenting the result of step (d) to a sensor that emits an output signal that relates to
the sensor's acoustic response to obtain afirst number; (f) providing athird binding agent that
specifically binds to an entity selected from the group consisting of a second epitope on a second

biomarker and anoninterface epitope on the second biomarker, wherein the second biomarker is
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in a second signal transduction pathway, wherein the second biomarker is different than the first
biomarker, and wherein the third binding agent is attached to a solid support; (g) providing a
fourth binding agent that specifically binds to an entity selected from the group consisting of a
second alternate epitope on the second biomarker in the second signal transduction pathway,
wherein the second alternate epitope is different from the second epitope, and a noninterface
epitope on a second biomarker partner, wherein said second biomarker partner isin the second
signal transduction pathway, and wherein said fourth binding agent is capable of attaching to a
sensor; (h) mixing the sample, the third binding agent, and the fourth binding agent together
under conditions whereby a second sandwich assay formation will be formed if the sample
contains a component selected from the group consisting of the second biomarker comprising the
second epitope and the second alternate epitope, and the second biomarker complexed with the
second biomarker partner; and (i) presenting the result of step (h) to a sensor that emits an output
signal that relates to the sensor's acoustic response to obtain a second number; (j) repeating steps
(b)-(i) with asample of a healthy cell to obtain a first control number and a second control
number; and (k) comparing the first number to the first control number to obtain a first difference
and the second number to the second control number to obtain a second number, wherein said
first difference and said second difference are represented as positive numbers; wherein afirst
difference larger than a second difference identifies the first signal transduction pathway asthe
pathway to target with the agent in the diseased or damaged cell and wherein a second difference
larger than afirst difference identifies the second signal transduction pathway as the pathway to
target with the agent in the diseased or damaged cell.

[0015] In some embodiments, athird pathway is analyzed by repeating steps (b)-(j)
above with afifth binding agent that specifically binds to an entity selected from the group
consisting of athird epitope on athird biomarker in athird signal transduction pathway and a
noninterface epitope on the third biomarker, wherein said third biomarker isin athird signal
transduction pathway, wherein the fifth binding agent is attached to a solid support; a sixth
binding agent that specifically binds to an entity selected from the group consisting of athird
alternate epitope on the third biomarker, wherein the third alternate epitope is different than the
third epitope, and anoninterface epitope on athird biomarker partner, wherein said third
biomarker partner isin the third signal transduction pathway, and wherein said sixth binding

agent is capable of attaching to a sensor that emits an output signal that relates to the sensor's
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acoustic response to obtain athird number, afourth number, athird control number and a fourth
control number.

[0016] In still another aspect, the invention provides amethod for determining if a
damaged or diseased cell treated with an agent targeting abiomarker isresponding to the agent
comprising: (a) providing a sample of a damaged or diseased cell treated with the agent; (b)
providing afirst binding agent that specifically binds to afirst epitope on afirst biomarker in a
first signal transduction pathway, wherein said first biomarker isin the first signal transduction
pathway in the first signal transduction pathway and isthe same as or is different from the
targeted biomarker in the first signal transduction pathway from the targeted biomarker, and
wherein the first binding agent is attached to a solid support; (c) providing a second binding
agent that specifically binds to afirst alternate epitope on the first biomarker, wherein the first
alternate epitope is different than the first epitope and wherein the first epitope and the first
alternate epitope are both present only on an activated form or an inhibited form of the first
biomarker, and the wherein said second binding agent is capable of attaching to a sensor; (d)
mixing the sample, the first binding agent, and the second binding agent together under
conditions whereby a sandwich assay formation will be formed if the sample contains athe first
biomarker comprising the first epitope and the first alternate epitope; (€) presenting the result of
step (d) to a sensor that emits an output signal that relates to the sensor's acoustic response to
obtain an activated agent number or an inhibited agent number; and (f) repeating steps (b)-(e),
with afirst reference binding agent that specifically binds to afirst reference epitope on a
reference biomarker within the sample, or aportion of the sample, and a second reference
binding agent that specifically binds to a second reference epitope on the reference biomarker,
wherein the first reference epitope and the second reference epitope are not the same, to obtain
an agent reference number; (g) repeating steps (b)-(f) with acontrol sample to obtain an
activated control number or an inhibited control number and a control reference number, the
control sample selected from the group consisting of an untreated cell and a cell treated with a
control agent; and (h) comparing the activated agent number or the inhibited agent number to the
agent reference number to obtain a first ratio and comparing the activated control number or the
inhibited control number to the control reference number to obtain a control ratio; wherein a
change in the first ratio to the control ratio that is a positive number or that is greater than an

predetermined fold change indicates the agent-treated cell is responding to the agent and wherein
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achange in the first ratio to the control ratio that is anegative number or that is less than the
predetermined fold change indicates the agent-treated cell is not responding to the agent. In
various embodiments, the predetermined fold change is either at least 10%, at least 20%, & least
25%, a least 50%, at least 100%, at least 150%, a least 200%, at least 250%, at least 500%, at
least 1000%, at least 2500%, at least 5000%, or at least 10,000%.

[0017] In still another aspect, the invention provides amethod for determining if a
damaged or diseased cell treated with an agent targeting abiomarker is developing resistance to
the agent comprising: (a) providing a sample of adamaged or diseased cell treated with the
agent; (b) providing a first binding agent that specifically binds to afirst epitope on afirst
biomarker in afirst signal transduction pathway, wherein said first biomarker isinthe first signal
transduction pathway in the first signal transduction pathway and isthe same as or is different
from the targeted biomarker inthe first signal transduction pathway from the targeted biomarker,
and wherein the first binding agent is attached to a solid support; (c) providing a second binding
agent that specifically binds to afirst alternate epitope on the first biomarker, wherein the first
alternate epitope is different than the first epitope and wherein the first epitope and the first
alternate epitope are both present only on an activated form or an inhibited form of the first
biomarker, and the wherein said second binding agent is capable of attaching to a sensor; (d)
mixing the sample, the first binding agent, and the second binding agent together under
conditions whereby a sandwich assay formation will be formed if the sample contains athe first
biomarker comprising the first epitope and the first aternate epitope; (€) presenting the result of
step (d) to a sensor that emits an output signal that relates to the sensor's acoustic response to
obtain an activated agent number or an inhibited agent number; and (f) repeating steps (b)-(e),
with afirst reference binding agent that specifically binds to afirst reference epitope on a
reference biomarker within the sample, or aportion of the sample, and a second reference
binding agent that specifically binds to a second reference epitope on the reference biomarker,
wherein the first reference epitope and the second reference epitope are not the same, to obtain
an agent reference number; (g) repeating steps (b)-(f) with a control sample to obtain an
activated control number or an inhibited control number and a control reference number, the
control sample selected from the group consisting of an untreated cell and a cell treated with a
control agent; and (h) comparing the activated agent number or the inhibited agent number to the

agent reference number to obtain a first ratio and comparing the activated control number or the
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inhibited control number to the control reference number to obtain a control ratio; wherein a
change in the first ratio to the control ratio that is a positive number or that is greater than an
predetermined fold change indicates the agent-treated cell is developing resistance to the agent
and wherein a change in the first ratio to the control ratio that is a negative number or that is less
than the predetermined fold change indicates the agent-treated cell is not developing resistance to
the agent. In various embodiments, the predetermined fold change is either at least 10%, a least
20%, a least 25%, at least 50%, at least 100%, at least 150%, at least 200%, at least 250%, at
least 500%, at least 1000%, a least 2500%, at least 5000%, or a least 10,000%.

[0018] In another aspect, the invention provides a method for analyzing two or more
signal transduction pathways in a cell treated with an agent comprising: (a) providing a sample
comprising a cell treated with an agent; (b)providing a first binding agent that specifically binds
to afirst epitope on afirst biomarker in afirst signal transduction pathway, wherein the first
binding agent is attached to a solid support;(c)providing a second binding agent that specifically
binds to afirst aternate epitope on the first biomarker, wherein the first alternate epitope is
different than the first epitope, wherein the first alternate epitope and the first epitope are both
present only on an activated form or an inhibited form of the first biomarker, and wherein said
second binding agent is capable of attaching to a sensor;(d)mixing the sample, the first binding
agent, and the second binding agent together under conditions whereby a first sandwich assay
formation will be formed if the sample contains the first biomarker comprising the first epitope
and the first aternate epitope; (e)presenting the result of step (d) to a sensor that emits an output
signal that relates to the sensor's acoustic response to obtain afirst number; (fjrepeating steps
(b)-(e), with afirst reference binding agent that specifically binds to afirst reference epitope on a
first reference biomarker within the sample, or aportion of the sample, and a second reference
binding agent that specifically binds to afirst alternate reference epitope on the first reference
biomarker, wherein the first reference epitope and the first alternate reference epitope are not the
same, to obtain afirst reference number; (g)providing athird binding agent that specifically
binds to second epitope on a second biomarker in a second signal transduction pathway, wherein
the second biomarker is different than the first biomarker, and wherein the third binding agent is
attached to a solid support; (h)providing afourth binding agent that specifically binds to a second
alternate epitope on the second biomarker in the second signal transduction pathway, wherein the

second alternate epitope is different from the second epitope, wherein the second alternate
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epitope and the second epitope are both present only on an activated form or an inhibited form of
the second biomarker, and wherein said fourth binding agent is capable of attaching to a sensor;
(i)mixing the sample, the third binding agent, and the fourth binding agent together under
conditions whereby a second sandwich assay formation will be formed if the sample contains the
second biomarker comprising the second epitope and the second alternate epitope; (j)presenting
the result of step (h) to a sensor that emits an output signal that relates to the sensor's acoustic
response to obtain a second number; (K)repeating steps (g)-(j), with athird reference binding
agent that specifically binds to a second reference epitope on a second reference biomarker
within the sample, or aportion of the sample, and a fourth reference binding agent that
specificaly binds to a second alternate reference epitope on the reference biomarker, wherein the
second reference epitope and the second alternate reference epitope are not the same, to obtain an
second reference number; (I)repeating steps (b)-(k) with a control sample to obtain a control first
number, acontrol first reference number, a control second number, and a control second
reference number, the control sample selected from the group consisting of an untreated cell and
acell treated with a control agent; and (m)comparing the first number to the first reference
number to obtain afirst ratio, comparing the second number to the second reference number to
obtain a second ratio, comparing the control first number to the control first reference number to
obtain acontrol first ratio, and comparing the control second number to the control second
reference number to obtain a control second ratio; wherein a change in the first ratio to the
control first ratio is greater than the change in the second ratio to the control second ratio
identifies the first signal transduction pathway asthe pathway being preferentially targeted by
the agent and wherein a change in the first ratio to the control first ratio is less than the change in
the second ratio to the control second ratio identifies the second signal transduction pathway as
the pathway being preferentially targeted by the agent. In various embodiments, the first
reference biomarker and the second reference biomarker are the same.

[0019] In some embodiments, athird pathway is analyzed by repeating steps (b)-(j)
above with afifth binding agent that specifically binds to an entity selected from the group
consisting of athird epitope on athird biomarker in athird signal transduction pathway and a
noninterface epitope on the third biomarker, wherein said third biomarker isin athird signal
transduction pathway, wherein the fifth binding agent is attached to a solid support; a sixth
binding agent that specifically binds to an entity selected from the group consisting of athird
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alternate epitope on the third biomarker, wherein the third alternate epitope is different than the
third epitope, and anoninterface epitope on athird biomarker partner, wherein said third
biomarker partner isin the third signal transduction pathway, and wherein said sixth binding
agent is capable of attaching to a sensor that emits an output signal that relates to the sensor's
acoustic response, and a fifth reference binding agent that specifically binds to athird reference
epitope on athird reference biomarker within the sample, or aportion of the sample, and a sixth
reference binding agent that specifically binds to athird alternate reference epitope on the third
reference biomarker, wherein the third reference epitope and the third alternate reference epitope
are not the same, to obtain athird number, athird reference number, a control third number, a
control third reference number.

[0020] Inyet another aspect, the invention provides a method for identifying asignal
transduction pathway to target with an agent in adiseased or damaged cell, comprising (a)
providing a sample of adiseased or damaged cell; (b)providing afirst binding agent that
specificaly binds to afirst epitope on afirst biomarker in afirst signal transduction pathway,
wherein the first binding agent is attached to a solid support; (c) providing a second binding
agent that specifically binds to afirst alternate epitope on the first biomarker, wherein the first
alternate epitope is different than the first epitope, wherein the first alternate epitope and the first
epitope are both present only on an activated form or an inhibited form of the first biomarker,
and wherein said second binding agent is capable of attaching to a sensor; (d) mixing the sample,
the first binding agent, and the second binding agent together under conditions whereby a first
sandwich assay formation will be formed if the sample contains the first biomarker comprising
the first epitope and the first alternate epitope; (€) presenting the result of step (d) to a sensor that
emits an output signal that relates to the sensor's acoustic response to obtain a first number; (f)
repeating steps (b)-(e), with afirst reference binding agent that specifically binds to afirst
reference epitope on afirst reference biomarker within the sample, or aportion of the sample,
and a second reference binding agent that specifically binds to afirst alternate reference epitope
on the first reference biomarker, wherein the first reference epitope and the first aternate
reference epitope are not the same, to obtain afirst reference number; (g) providing athird
binding agent that specifically binds to second epitope on a second biomarker in a second signal
transduction pathway, wherein the second biomarker is different than the first biomarker, and

wherein the third binding agent is attached to a solid support; (h) providing a fourth binding
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agent that specifically binds to a second alternate epitope on the second biomarker in the second
signal transduction pathway, wherein the second aternate epitope is different from the second
epitope, wherein the second alternate epitope and the second epitope are both present only on an
activated form or an inhibited form of the second biomarker, and wherein said fourth binding
agent is capable of attaching to a sensor; (i) mixing the sample, the third binding agent, and the
fourth binding agent together under conditions whereby a second sandwich assay formation will
be formed if the sample contains the second biomarker comprising the second epitope and the
second alternate epitope; (j) presenting the result of step (h) to a sensor that emits an output
signal that relates to the sensor's acoustic response to obtain a second number; (k) repeating
steps (g)-0), with athird reference binding agent that specifically binds to a second reference
epitope on a second reference biomarker within the sample, or a portion of the sample, and a
fourth reference binding agent that specifically binds to a second alternate reference epitope on
the reference biomarker, wherein the second reference epitope and the second alternate reference
epitope are not the same, to obtain a second reference number; (1) repeating steps (b)-(k) with a
control sample to obtain a control first number, a control first reference number, a control second
number, and a control second reference number, the control sample selected from the group
consisting of an untreated cell and a cell treated with a control agent; and (m) comparing the first
number to the first reference number to obtain a first ratio, comparing the second number to the
second reference number to obtain a second ratio, comparing the control first number to the
control first reference number to obtain a control first ratio, and comparing the control second
number to the control second reference number to obtain a control second ratio; wherein a
change in the first ratio to the control first ratio is greater than the change in the second ratio to
the control second ratio identifies the first signal transduction pathway asthe pathway asthe
pathway to target with the agent in the diseased or damaged cell and wherein a change in the first
ratio to the control first ratio is less than the change in the second ratio to the control second ratio
identifies the second signal transduction pathway asthe pathway to target with the agent in the
diseased or damaged cell. In various embodiments, the first reference biomarker and the second
reference biomarker are the same.

[0021] In some embodiments, athird pathway is analyzed by repeating steps (b)-(j)
above with afifth binding agent that specifically binds to an entity selected from the group
consisting of athird epitope on athird biomarker in athird signal transduction pathway and a
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noninterface epitope on the third biomarker, wherein said third biomarker isin athird signal
transduction pathway, wherein the fifth binding agent is attached to a solid support; a sixth
binding agent that specifically binds to an entity selected from the group consisting of athird
alternate epitope on the third biomarker, wherein the third alternate epitope is different than the
third epitope, and anoninterface epitope on athird biomarker partner, wherein said third
biomarker partner isin the third signal transduction pathway, and wherein said sixth binding
agent is capable of attaching to a sensor that emits an output signal that relates to the sensor's
acoustic response, and a fifth reference binding agent that specifically binds to athird reference
epitope on athird reference biomarker within the sample, or aportion of the sample, and a sixth
reference binding agent that specifically binds to athird alternate reference epitope on the third
reference biomarker, wherein the third reference epitope and the third alternate reference epitope
are not the same, to obtain athird number, athird reference number, a control third number, a
control third reference number.

[0022] In various embodiments of the invention, the reference biomarker may be a
house-keeping protein (i.e., encoded by a house-keeping gene), the total first biomarker, or the
total second biomarker. Thetotal first biomarker (or total second biomarker) includes all forms
of the biomarker. For example, if the first biomarker can exist in an activated form (e.g.,
phosphorylated) and anon-activated form, the total first biomarker includes both activated and
non-activated forms of the first biomarker. Similarly, if the first biomarker can exist in an
inhibited form (e.g., amethylated form) and anon-inhibited form, the total first biomarker
includes both inhibited and non-inhibited forms of the first biomarker.

[0023] Invarious embodiments, areference biomarker is ahouse-keeping protein such as
B-actin.

[0024] Invarious embodiments of the various aspects of the invention, the agent may be
acocktail of agents targeting a signaling pathway (e.g., the signaling pathway comprising the
targeted biomarker). For example, the cocktail of agents may target both the first biomarker and
the second biomarker. In another example, the cocktail of agents may comprise agents targeting
the first biomarker (e.g., one agent is abinding agent that specifically bind to the C-terminus of
the biomarker and the other agent is a small molecule that binds to the N-terminus of the

biomarker).
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[0025] In some embodiments, the acoustic output signal is calculated by subtracting a
background acoustic output signal from the sensor presented only with the first binding sample
from an initial acoustic output signal from the sensor presented with the mixture of the sample,
first binding agent, and second binding agent.

[0026] In some embodiments, the agent is an SSRNA molecule that targets the biomarker
by hybridizing to anucleic acid molecule encoding the targeted biomarker. In some
embodiments, the agent is an SSRNA hybridizes under stringent conditions or under high
stringent conditions to anucleic acid molecule encoding the targeted biomarker.

[0027] In some embodiments, the agent is a small molecule that targets the biomarker. In
some embodiments, the agent is abinding agent that specifically binds to biomarker. In some
embodiments, the agent is abiologic (e.g., afusion protein).

[0028] In some embodiments, the damaged or diseased cell is human. In some
embodiments, the damaged or diseased cell is atumor cell, an injured cell, and infected cell, or a
degenerative cell. In some embodiments, the tumor cell is selected from the group consisting of
acolon cancer cell, abreast cancer cell, aprostate cancer cell, aleukemia cell, alymphoma cell,
and glioblastoma cell, apancreatic cancer cell, aliver cancer cell, alung cancer cell, askin
cancer cell, and a stomach cancer cell.

[0029] In some embodiments, the damaged or diseased cell is a human colorectal
carcinoma cell. In some embodiments, the first biomarker and the targeted biomarker are the
same. In some embodiments, the first biomarker and the targeted biomarker are different.

[0030] In some embodiments, the first biomarker is downstream of the targeted
biomarker in the signal transduction pathway. In other words, the downstream biomarker
participates in the signal transduction pathway after participation of the targeted biomarker. In
some embodiments, the earlier biomarker is activated and its activation leads to the involvement
of the downstream biomarker.

[0031] In some embodiments, the targeted biomarker is KRAS. In some embodiments,
the targeted biomarker is MEK. In some embodiments, the targeted biomarker is PI3 kinase. In
some embodiments, the targeted biomarker is epidermal growth factor receptor (EGFR), raf,
braf, MEK1, MEK2, ERK1, ERK2, ERK3, ERK4, ERK5, ERK7, ERK8, JNK1, INK2, INK3,
MKK3, MKK®6, p38a, p38B, p38y, p383, MKK4, MKK7, MTK1, DLK, TAOI, TA02, RSK1,
RSK2, RSK3, MNK1, MNK2, MSK1, MEKS5, Fos, Jun, CDK2, p27, SMAD, AKT, PI3K, Bcl-
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xl, STAT3, STATS, caspase 8, caspase 9, Bad, Bim, Bax, cdc42, Akka, FADD, JAK, CDK4,
Rb, or NF-KB.

[0032] In some embodiments, the damaged or diseased cell istreated with a second agent
targeting an additional biomarker in an additional signal transduction pathway.

[0033] In some embodiments, the first biomarker comprises the first epitope and the
second epitope when the first biomarker isin an activated form. In some embodiments, at least
one of the first epitope and the second epitope comprises a phosphorylated amino acid residue.
For example, the phosphorylated amino acid residue may be aphosphorylated tyrosine residue, a
phosphorylated serine residue, or a phosphorylated threonine residue.

[0034] In some embodiments of the various aspects of the invention, the first binding
agent binds to afirst epitope on the biomarker and the second binding agent binds to a second
epitope on the biomarker, wherein the first epitope and second epitope are not the same. In some
embodiments, the first biomarker comprises the first epitope and the second epitope when the
first biomarker isin an activated form.

[0035] In some embodiments of the various aspects of the invention, the acoustic output
signal is calculated by subtracting a background acoustic output signal from the sensor presented
only with the first binding sample from an initial acoustic output signal from the sensor
presented with the mixture of the sample, first binding agent, and second binding agent.

[0036] Invarious embodiments of the various aspects of the invention, conclusions can
be drawn by observing a change in the acoustic output signal from one sample as compared to an
acoustic output signal from another sample (e.g., from areference biomarker). The change can
be quantified by any means including, for example, apositive number versus anegative number,
an increase or decrease in percentage, achange in ratio, etc. When the change isrepresented by
apercentage change, the percentage change may be 10% (one number is one-tenth of the value
of the other number), or 25% (i.e., one number is one-fourth of the value of the other number),
or 50% (i.e., one number is half the value of the other number),or 75% (i.e., one number is three-
fourth of the value of the other number), or 150% (one number is 1.5 times the value of the other
number), or 200% (i.e., one number istwice the value of the other number), and so forth.

[0037] Accordingly, in various embodiments of the various aspects of the invention, the
numbers (e.g., the first number, the second number, the control numbers, the reference numbers,

etc.) are normalized numbers. In some embodiments, the numbers are normalized against the
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number from a house-keeping protein (e.g., B-actin) in the sample. In some embodiments, the
numbers are normalized by being taken from an approximately equivalent or equal mass of
sample (e.g., 1.25 ug). In embodiments, the numbers are normalized by being taken from
approximately equivalent or equal number of cells.

[0038] Of course the ordinarily skilled person will understand that the reference
biomarker can be any biomarker including, without limitation, total amounts of that biomarker
(e.g., including both activated form and non-activated form such as in the examples below), or a
house-keeping protein (i.e., aprotein that is expressed in al cells of the same organism and type
(e.g., dl B lymphocytes) at relatively constant levels). In addition to p-actin, some other non-
limiting house-keeping proteins include heat shock protein 90 (HSP90) and glyceraldehyde-3-
phosphate dehydrogenase (GAPDH), (-tubulin, and other proteins involved in the basic
functioning of the cell such asthose proteins involved in processing DNA and RNA.

[0039] In some embodiments of the various aspects of the invention, the first biomarker
comprises the first epitope and the first alternate epitope when the first biomarker isin an
activated form. In some embodiments, the first biomarker comprises the first epitope and the
first alternate epitope when the first biomarker isin an inhibited form.

[0040] In some embodiments of the various aspects of the invention, the second
biomarker comprises the second epitope and the second alternate epitope when the second
biomarker isin an activated form. In some embodiments, the second biomarker comprises the
second epitope and the first alternate epitope when the second biomarker isin an inhibited form.

[0041] Invarious embodiments of the various aspects of the invention, the damaged or
diseased cell (and/or an agent-treated cell) is human. In some embodiments, the cell is atumor
cell, an infected cell, an injured cell, or a degenerative cell. In some embodiments, the tumor cell
is selected from the group consisting of a colon cancer cell, abreast cancer cell, aprostate cancer
cell, aleukemia cell, alymphoma cell, and glioblastoma cell, apancreatic cancer cell, aliver
cancer cell, alung cancer cell, askin cancer cell, and a stomach cancer cell.

[0042] In some embodiments, the sample is selected form the group consisting of atissue
biopsy sample, abodily fluid sample axenograft cell sample, aliving cell sample, afixed cell
sample, afine needle aspirate sample, acirculating tumor cell sample, ablood sample, an
exosome sample, acell lysate sample, a conditioned culture media sample, acultured cell

sample, acell lysate sample, adiseased cell sample, a saliva sample, amucous sample, atears
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sample, atumor cell sample, asynovia fluid sample, a serum sample, atissue sample, amarrow
sample, alymphatic fluid sample, an interstitial fluid sample, abuccal cell sample, apleural
effusion sample, amucosal cell sample, a cerebrospinal fluid sample, abreast milk sample, a

semen sample, afeces sample, aplasma sample, and aurine sample.

Brief Description of the Drawings

[0043] The patent or application file contains at least one drawing executed in color.
Copies of this patent with color drawing(s) will be provided by the Patent and Trademark Office
upon request and payment of necessary fee.

[0044] The foregoing features of embodiments will be more readily understood by
reference to the following detailed description, taken with reference to the accompanying
drawings, in which:

[0045] Figure 1lis aschematic diagram showing the AMMP technology in an antibody
sandwich assay, one non-limiting type of assay that can be run using the AMMP technology.

[0046] Figures 2A and 2B are line graphs showing the standard curves obtained by
measuring the concentration of recombinant prolactin using AMMP technology (Figure 2A) and
proximity ligation assay (isPLA; Figure 2B).

[0047] Figures 3A and 3B are line graphs showing the concentration of prolactin in
human blood serum obtained using AMMP technology (Figure 2A) and proximity ligation assay
(isPLA; Figure 2B).

[0048] Figures 4A and 4B are line graphs showing the standard curves obtained by
measuring the concentration of recombinant cMET using AMMP technology (Figure 4A) and
proximity ligation assay (isPLA; Figure 4B).

[0049] Figure 5is aline graph showing the standard curves obtained by measuring the
concentration of cMET inthe MPER lysis buffer (square symbols) or the TPER lysis buffer
(triangle symbols) using AMMP technology.

[0050] Figure 6 is aline graph showing the standard curves obtained by measuring the
concentration of endogenous cMET in HepG2 cell lysates after cell lysisinthe MPER lysis
buffer (square symbols) or the TPER lysis buffer (triangle symbols) using AMMP technology.

[0051] Figures 7A and 7B are line graphs showing the showing the concentrations of

CcMET obtained by measuring the concentration of standard cMET (Figure 7A) or endogenous
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cMET in HepG2 cell lysates (Figure 7B) following post-optimization of antibody bead loading
to increase assay sensitivity using AMMP technology.

[0052] Figure 8is aline graph showing detection of endogenous cMET in living HepG2
cellswith low antibody loaded onto beads (square symbols) or high antibody |oaded onto beads
(triangle symbols) using AMMP technology.

[0053] Figure 9is a schematic diagram showing apart of the MAP kinase signal
transduction pathway.

[0054] Figures 10A and 10B are a schematic diagrams showing a part of the MAP kinase
signal transduction pathway in acell, and the potential biological effects of such signaling.

[0055] Figures 11A and 11 B are line graphs showing the standard curves obtained by
measuring the concentration of MEK using AMMP technology (Figure 11A) and proximity
ligation assay (isPLA; Figure 1IB).

[0056] Figure 12 is aline graph showing the detection of endogenous phosphorylated
MEK (ser218/ser222) in HepG2 cell lysates with (triangle symbols) or without (square symbols)
competitive free pMEK (ser218/ser222) peptide using AMMP technology.

[0057] Figures 13A and 13B are line graphs showing the detection of ERK/MEK dimers
using AMMP technology. Figure 13A shows the standard curve while Figure 13B shows the
concentration endogenous ERK/MEK dimer from HepG2 cell lysates in the presence (triangle
symbols) or absence (square symbols) of 20 ng peptide inhibitor.

[0058] Figures 14A and 14B are bar graphs showing the detection and quantification of
MEK-ERK heterodimers in EGF-treated (white bars) or non-treated (purple bars) MCF-7 cell
lysates in two separate experiments.

[0059] Figures 15A and 15B are bar graphs showing the detection and quantification of
MEK-ERK heterodimers in EGF-treated (white bars) or non-treated (purple bars) A43 1 cell
lysates in two separate experiments.

[0060] Figures 16A and 16B are bar graphs showing the detection and quantification of
MEK-ERK heterodimers in EGF-treated (white bars) or non-treated (purple bars) MCF-7 cell
lysates in two separate experiments.

[0061] Figures 17A and 17B are bar graphs showing the detection and quantification of
MEK-ERK heterodimers in EGF-treated (white bars) or non-treated (purple bars) A43 1 cell

lysates in two separate experiments.
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[0062] Figures 18A and 18B are bar graphs showing the detection and quantification of
PMEK-ERK heterodimers in EGF-treated (white bars) or non-treated (purple bars) MCF-7 cell
lysates in two separate experiments.

[0063] Figures 19A and 19B are bar graphs showing the detection and quantification of
PMEK-ERK heterodimers in EGF-treated (white bars) or non-treated (purple bars) A431 cell
lysates in two separate experiments.

[0064] Figures 20A and 20B are bar graphs showing the detection and quantification of
PMEK-ERK heterodimers in EGF-treated (white bars) or non-treated (purple bars) MCF-7 cell
lysates in two separate experiments.

[0065] Figures 21A and 21B are bar graphs showing the detection and quantification of
PMEK-ERK heterodimers in EGF-treated (white bars) or non-treated (purple bars) A431 cell
lysates in two separate experiments.

[0066] Figure 22 is abar graph the amount of phospho-p38 in the indicated cell lysate
and tumor lysate samples, with recombinant p38 (green) as apositive control. Protein levels
tested and calculated cell numbers are indicated onthe X axis. Untreated A43 1 cells are shown
in blue and EGF-treated A43 1 cells are shown inred. C2 tumor (purple) is arandom tumor from
the "C" group of mice and DI tumor (yellow) is arandom tumor fromthe D group of mice.

[0067] Figure 23 is abar graph showing the amount of phosphorylated EGFR in the
indicated samples, with recombinant phosphorylated EGFR (green) as a positive control. Protein
levels tested and calculated cell numbers are indicated on the X axis. Untreated A43 1 cells are
shown in blue and EGF-treated A43 1 cells are shown inred. C2tumor (purple) is arandom
tumor fromthe "C" group of mice and DI tumor (yellow) isarandom tumor from the D group
of mice.

[0068] Figure 24 is abar graph showing the amount of total EGFR in the indicated
samples. Protein levelstested and calculated cell numbers are indicated on the X axis. Untreated
A43 1 cells are shown in blue and EGF-treated A43 1 cells are shown inred. C2 tumor (purple) is
arandom tumor fromthe "C" group of mice and D 1tumor (yellow) is arandom tumor fromthe
D group of mice.

[0069] Figure 25 is aWestern blotting anaysis showing phospho-p38 (which runs at
38kDa) in EGF-stimulated A43 1 cells (lane 2) and arandom xenograft tumor (lane 3). The
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molecular weight marker isin lane 1. Both EGF-stimulated A43 1 cells and the xenograft tumor
are positive for phospho-p38 expression

[0070] Figure 26 is a Western blotting analysis showing phospho-EGFR (which runs a
135kDa) in EGF-stimulated A43 1 cells (lane 2) and arandom xenograft tumor (lane 3). The
molecular weight marker isin lane 1. While the EGF-stimulated A43 1 cells are positive for
expression of phospho-EGFR, the xenograft tumor is negative.

[0071] Figure 27 is aWestern blotting analysis showing total EGFR (which runs at
135kDa) in EGF-stimulated A43 1 cells (lane 2) and arandom xenograft tumor (lane 3). The
molecular weight marker isin lane 1. Both EGF-stimulated A43 1 cells and the xenograft tumor
are positive for expression of total EGFR

[0072] Figure 28 is abar graph showing the reproducibility of the phospho-p38 AMMP
assay over 21 days.

[0073] Figure 29 is abar graph showing the reproducibility of the phospho-EGFR
AMMP assay over 15 days.

[0074] Figure 30 is abar graph showing the reproducibility of the phospho-EGFR
AMMP assay, measuring the phospho-EGFR from cell lysates of EGF-stimulated A431 cells,
over 15 days.

[0075] Figure 31is abar graph showing the amount of phospho-p38 measured in cell
lysates of A43 1tumors taken fromthe indicated mice. Error bars represent one standard
deviation of triplicate analysis of each sample.

[0076] Figure 32 isabar graph showing the amount of total EGFR measured in cell
lysates of A43 1tumors taken from the indicated mice. Error bars represent one standard
deviation of triplicate analysis of each sample.

[0077] Figure 33 is abar graph showing the amount of phospho-EGFR measured from
cell lysates prepared from A43 1tumors from the C5 mouse, arandomly selected mouse, that had
been spiked (i.e., had been supplemented with) the recombinant p-EGFR a amounts indicated on
the X axis (i.e., 0.0156 ng/ml, 0.0313 ng/ml, 0.0625 ng/ml, 0.125 ng/ml, 0.25 ng/ml, 0.5 ng/ml, 1
ng/ml, or 2 ng/ml). The recombinant p-EGFR was added to either MPER buffer alone (green
bars), lug of C5 tumor lysate mass (purple bars), 2 ug of C5 tumor lysate mass (orange bars), or

4 ug of C5 tumor lysate mass (blue bars).
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[0078] Figure 34 abar graph showing the amount of phospho-EGFR measured from cell
lysates prepared from the A43 1tumor taken from the C4 mouse, arandomly selected mouse, that
had been spiked (i.e., had been supplemented with) the recombinant p-EGFR a amounts
indicated onthe X axis (i.e., 0.156 ng/ml, 0.313 ng/ml, 0.625 ng/ml, 1.25 ng/ml, 2.5 ng/ml, 5
ng/ml, or 10 ng/ml). The recombinant p-EGFR was added to either MPER buffer aone (green
bars), 10 ug of C4 tumor lysate mass (purple bars), 20 ug of C4 tumor lysate mass (orange bars),
or 40 ug of C4 tumor lysate mass (blue bars).

[0079] Figure 35 abar graph showing the amount of phospho-p38 measured from cell
lysates prepared from the A43 1tumor taken from the D5 mouse, arandomly selected mouse,
that had been spiked (i.e., had been supplemented with) the recombinant p-p38 & amounts
indicated onthe X axis (i.e., 0.156 ng/ml, 0.313 ng/ml, 0.625 ng/ml, 1.25 ng/ml, 2.5 ng/ml, 5
ng/ml, or 10 ng/ml). The recombinant phospho-p38 was added to either MPER buffer alone
(green bars), 10 ug of D5 tumor lysate mass (purple bars), 20 ug of D5 tumor lysate mass
(orange bars), or 40 ug of D5 tumor lysate mass (blue bars).

[0080] Figure 36 is abar graph showing the amount of total Akt kinase at the indicated
concentrations of protein per well. Recombinant Aktl isshown as agreen bar, while Akt from
the following cell lysates are as follows: light blue bars—IgF-1 stimulated WM266.4 cells plus
LY; dark blue bars— IgF-1 stimulated WM266.4 cells; pink bars— IgF-1 stimulated MCF-7 cells
plus LY; red bars— IgF-1 stimulated MCF-7 cells; light yellow bars—A431 cells lysed in TPER
buffer; orange bars—A43 1 cells stimulated with EGF.

[0081] Figure 37 isabar graph showing the amount of EGFR in lysates made from EGF-
stimulated A431cells (red bars) or unstimulated A43 1 cells (blue bars). The green bars show
recombinant EGFR.

[0082] Figure 38 isabar graph showing the amount of phosphorylated p38 (recombinant;
green bars) in lysates made from A43 1 cells (using TPER buffer; blue bars), lysates from EGF
stimulated A431cells (red bars); lysates taken from the C2 tumors (purple bars) or lysates taken
from DI tumors (orange bars).

[0083] Figure 39 isabar graph showing the amount of total EGFR in A43 1 cells lysed
with TPER buffer (blue bars); lysates of EGF-stimulated A431 cells (red bars); lysates taken

from the C2 tumors (purple bars) or lysates taken from DI tumors (orange bars).
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[0084] Figure 40 is abar graph showing the amount of phosphorylated Akt (recombinant,
green bars) in lysates made from untreated HEK cell lysates (light blue bars), lysates from HEK
cells treated with anisomycin (dark blue bars), lysates from GI tumors (red bars), lysates from
G5 tumors (orange bars), and lysates fromH3 tumors (purple bars).

[0085] Figure 41isabar graph showing the amount of total Akt (recombinant, green
bars) in lysates made from untreated HEK cell lysates (light blue bars), lysates from HEK cells
treated with anisomycin (dark blue bars), lysates from Gl tumors (red bars), lysates from G5
tumors (orange bars), and lysates from H3 tumors (purple bars).

[0086] Figure 42 is abar graph showing the amount of phosphorylated Akt in lysates
made from H1 tumors (0.39 grams; green bars); H2 tumors (0. 11 grams; blue bars); H3 tumors
(0.35 grams, red bars); H4 tumors (0.08 grams, orange bars); and H5 tumors (0.05 grams; purple
bars).

[0087] Figure 43 isabar graph showing the amount of total Akt in lysates made from H|
tumors (0.39 grams; green bars); H2 tumors (0.11 grams; blue bars); H3 tumors (0.35 grams; red
bars); H4 tumors (0.08 grams; orange bars); and H5 tumors (0.05 grams; purple bars).

[0088] Figure 44 is aline graph showing the standard curve for phosphorylated Aktl.
The standards are shown in open squares while the unknowns are shown as open diamonds.

[0089] Figure 45 is aline graph showing the standard curve for total Aktl . The standards
are shown in open squares while the unknowns are shown as open diamonds.

[0090] Figure 46A isabar graph showing the direct comparison of the amounts of
phosphorylated Akt and total Akt in lysates from G1-G5 mice bearing HEK293 tumors.

[0091] Figure 46B is abar graph showing the direct comparison of the amounts of
phosphorylated Akt and total Akt in lysates from H1-H5 mice bearing HEK 293 tumors.

[0092] Figure 47 isabar graph showing the ratio of phosphorylated Aktl tototal Aktl in
qguantified signal (light purple bars) and raw signal (dark purple bars).

[0093] Figure 48 is aline graph showing the correlation between phosphorylated Aktl to
total Aktl asplotted by quantified value (ng/ml in 0.625 ug lysates) versus raw signal.

[0094] Figure 49 is aschematic diagram showing the biomarkers involved in two non-
limiting representative signal transduction pathways, namely the rasMEK/ERK pathway and the
PI3BK/AKT pathway.
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[0095] Figure 50A isabar graph showing the AMMP detection and quantification of
high levels of total EGFR expression from A431and low level of EGFR expression from MCF-7
cell lysates regardless of the being stimulated (EGF) or left untreated (NT).

[0096] Figure 50B is adepiction of aWestern blot for EGFR expression in MCF-7 non-
treated and EGF (lanes 1 & 2) and A43 1 non-treated and EGF (lanes 3 & 4) cell lysates.

[0097] Figure 50C is abar graph showing the AMMP detection and quantification of the
phosphorylation of the EGFR on A43 1 cells following EGF stimulation and in the untreated
population of A43 1 cells.

[0098] Figure 50D is adepiction of a Western blot using the phospho-specific antibody
in MCF-7 non-treated and EGF (lanes 1& 2) and A43 1 non-treated and EGF (lanes 3 & 4) cell
lysates.

[0099] Figures 51A-51D are bar graphs showing the AMMP detection and quantification
of phosphorylation activity in each of the four kinase pathways. Figure 51A for ERKI/2 in
Jurkat cells; Figure 51B for INK in HEK293; Figure 51C for p38 in 3T3 cells; and Figure 51D
for AKTl in WM266.4. For al of Figures 51A-51D, stimulated cells are shown in bars with
black and white squares, and untreated cells are shown in black and white dotted bars.

[00100] Figure 52 is abar graph showing the AMMP detection and quantification
of the activation state of ERKI/2, p38, INK and AKTI fromuntreated MCF-7 cells (black bars),
EGF stimulated MCF-7 cells (bars with black and white squares), untreated A43 1 cells (black
bars with white X's), and EGF stimulated A431 cells (black bars with vertical white line).

[00101] Figures 53A-53E are bar graphs showing the AMMP detection and
quantification of phosphorylation activity in the MEK/ERK pathways: Figure 53A, total ERKI/2
expression; Figure 53B, total MEKI expression; Figure 53C, phospho-MEKI expression; Figure
53D phosphor-ERKI/2 expression; and Figure 53E, phospho-HER3 expression from untreated
MCF-7 cells (black bars), EGF stimulated MCF-7 cells (bars with black and white squares),
untreated A43 1 cells (black bars with white X's), and EGF stimulated A43 1 cells (black bars
with vertical white line).

[00102] Figures 54A-54D are bar graphs showing side to side comparison of the
AMMP detection and quantification of phosphorylation activity for EGF stimulated kinase
activation in A431 (EGFR high expressing) cell line for p38, AKTI, JNK, MEKI, ERK, EGFR,
and HERS: Figure 54A, EGF stimulated (bars with black and white squares) compared to no
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treatment (black and white dotted bars); Figure 54B, EGF stimulated (bars with black and white
squares) compared to EGF stimulated with Gefitinib (black and white dotted bars); Figure 54C,
EGF stimulated (bars with black and white squares) compared to EGF-stimulated with Afatinib
(black and white dotted bars); and Figure 54D, EGF stimulated (bars with black and white
squares) compared to EGF stimulated with Neratinib (black and white dotted bars)..

[00103] Figures 55A-55D are bar graphs showing side to side comparison of the
AMMP detection and quantification of phosphorylation activity for EGF stimulated kinase
activation in MCF-7 (EGFR low expressing) cell line for p38, AKTI, JNK, MEKI, ERK, EGFR,
and HERS: Figure 55A, EGF stimulated (bars with black and white squares) compared to no
treatment (black and white dotted bars); Figure 55B, EGF stimulated (bars with black and white
squares) compared to EGF-stimulated with Gefitinib (black and white dotted bars); Figure 55C,
EGF stimulated (bars with black and white squares) compared to EGF-stimulated with Afatinib
(black and white dotted bars); and Figure 55D, EGF stimulated (bars with black and white
squares) compared to EGF-stimulated with Neratinib (black and white dotted bars).

[00104] Figure 56 is a schematic diagram showing the signaling pathways
involved in melanoma tumor cells.

[00105] Figure 57 is a schematic diagram showing the signaling pathways initiated
by the PDGFR-bet receptor tyrosine kinase.

[00106] Figure 58 is abar graph showing the amount of phosphorylated p38 in
SV48 human colorectal cancer cells treated with an SIRNA that selectively targets KRAS
(Sample 1; blue bars); an SIRNA that selectively targets MEK (Sample 2; red bars); an SRNA
that selectively targets PI3 Kinase (Sample 3; gray bars); concurrent treatment with an SRNA
that selectively targets MEK and an SsIRNA that selectively targets PI3 Kinase (Sample 4; purple
bar), and an irrelevant SSRNA (orange bars). Recombinant phosphorylated p38 is shown in green
bars. The samples were tested (in duplicate) a two dilutions, with saturation at lower dilutions.

[00107] Figures 59 and 60 are abar graphs showing the amount of phosphorylated
JINK (Fig. 59) and total INK (Fig. 60) in SV48 human colorectal cancer cells treated with an
SIRNA that selectively targets KRAS (Sample 1; blue bars); an SSRNA that selectively targets
MEK (Sample 2; red bars); an SSRNA that selectively targets PI3 Kinase (Sample 3; gray bars);
concurrent treatment with an SIRNA that selectively targets MEK and an sSIRNA that selectively
targets PI3 Kinase (Sample 4; purple bar), and an irrelevant SSRNA (orange bars). Recombinant
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phosphorylated JNK is shown in green bars in Fig. 59 and recombinant total INK is shown in
green barsin Fig. 60. The samples were tested (in duplicate) a two dilutions, with saturation at
the lower dilutions.

[00108] Figures 6 1A and 61B are abar graphs showing the amount of
phosphorylated epidermal growth factor (EGFR; Fig. 61A) and total EGFR (Fig. 61B) in SV48
human colorectal cancer cells treated with an SSIRNA that selectively targets KRAS (Sample 1;
blue bars); an SIRNA that selectively targets MEK (Sample 2; red bars); an SSRNA that
selectively targets PI3 Kinase (Sample 3; gray bars); concurrent treatment with an sSIRNA that
selectively targets MEK and an SIRNA that selectively targets PI3 Kinase (Sample 4; purple bar),
and an irrelevant SIRNA (orange bars). Recombinant phosphorylated EGFR is shown in green
bars in Fig. 6 1A and recombinant total EGFR is shown in green bars in Fig. 61B. The samples
were tested (in duplicate) at two dilutions, with saturation at the lower dilutions.

[00109] Figures 62A and 62B are abar graphs showing the amount of
phosphorylated AKT kinase (Fig. 62A) and total AKT (Fig. 62B) in SV48 human colorectal
cancer cellstreated with an SSIRNA that selectively targets KRAS (Sample 1; blue bars); an
SIRNA that selectively targets MEK (Sample 2; red bars); an SSRNA that selectively targets PI3
Kinase (Sample 3; gray bars); concurrent treatment with an SSRNA that selectively targets MEK
and an SIRNA that selectively targets PI3 Kinase (Sample 4; purple bar), and an irrelevant
SIRNA (orange bars). Recombinant phosphorylated AKT is shown in green bars in Fig. 62A and
recombinant total AKT is shown in green bars in Fig. 62B. The samples were tested (in
duplicate) at two dilutions, with saturation at the lower dilutions.

[00110] Figures 63A and 63B are abar graphs showing the amount of
phosphorylated MEK kinase (Fig. 63A) and total MEK (Fig. 63B) in SV48 colorectal cancer
cellstreated with an SSRNA that selectively targets KRAS (Sample 1; blue bars); an SSRNA that
selectively targets MEK (Sample 2; red bars); an SSIRNA that selectively targets PI3 Kinase
(Sample 3; gray bars); concurrent treatment with an SIRNA that selectively targets MEK and an
SIRNA that selectively targets PI3 Kinase (Sample 4; purple bar), and an irrelevant ssSRNA
(orange bars). Recombinant phosphorylated MEK is shown in green bars in Fig. 63A and
recombinant total MEK is shown in green bars in Fig. 63B. The samples were tested (in

duplicate) at two dilutions, with saturation at the lower dilutions.
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[00111] Figures 64A and 64B are abar graphs showing the amount of
phosphorylated ERK kinase (Fig. 64A) and total ERK (Fig. 64B) in SV48 human colorectal
cancer cellstreated with an SIRNA that selectively targets KRAS (Sample 1; blue bars); an
SIRNA that selectively targets MEK (Sample 2; red bars); an SSRNA that selectively targets PI3
Kinase (Sample 3; gray bars); concurrent treatment with an SSRNA that selectively targets MEK
and an SSRNA that selectively targets PI3 Kinase (Sample 4; purple bar), and an irrelevant
SIRNA (orange bars). Recombinant phosphorylated ERK is shown in green bars in Fig. 64A and
recombinant total ERK is shown in green bars in Fig. 64B. The samples were tested (in
duplicate) at two dilutions, with saturation at the lower dilutions.

[00112] Figures 65A and 65B are bar graphs showing the amounts of the indicated
phosphorylated proteins (Fig. 65A) or the amounts of total (i.e., phosphorylated and non-
phosphorylated) proteins (Fig. 65B) in SV48 human colorectal cancer cells treated with an
SIRNA that selectively targets KRAS. In Fig 65A, the following phosphorylated proteins are
shown as follows. p38 is shown in green bars;, JNK is shown in asblue bars; EGFR is shown as
red bars, AKT is shown as gray bars, MEK is shown as purple bars; and ERK is shown as orange
bars. In Fig. 65B, the following total proteins are shown as follows: JNK is shown in as green
bars; EGFR is shown as blue bars, AKT is shown asred bars, ERK is shown as gray bars, and
MEK is shown as purple bars.

[00113] Figures 66A and 66B are bar graphs showing the amounts of the indicated
phosphorylated proteins (Fig. 66A) or the amounts of total (i.e., phosphorylated and non-
phosphorylated) proteins (Fig. 66B) in SV48 human colorectal cancer cells treated with an
SIRNA that selectively targets MEK kinase. In Fig 66A, the following phosphorylated proteins
are shown as follows: p38 is shown in green bars; JNK is shown in as blue bars;, EGFR is shown
asred bars, AKT is shown as gray bars, MEK is shown as purple bars, and ERK is shown as
orange bars. In Fig. 66B, the following total proteins are shown as follows: JNK is shown in as
green bars, EGFR is shown as blue bars, AKT is shown asred bars, ERK is shown as gray bars,
and MEK is shown as purple bars.

[00114] Figures 67A and 67B are bar graphs showing the amounts of the indicated
phosphorylated proteins (Fig. 67A) or the amounts of total (i.e., phosphorylated and non-
phosphorylated) proteins (Fig. 67B) in SV48 human colorectal cancer cells treated with an
SIRNA that selectively targets PI3 kinase (PI3K). In Fig 67A, the following phosphorylated
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proteins are shown as follows: p38 is shown in green bars; JNK is shown in asblue bars; EGFR
is shown asred bars, AKT is shown as gray bars;, MEK is shown as purple bars; and ERK is
shown as orange bars. In Fig. 67B, the following total proteins are shown as follows: JNK is
shown in as green bars; EGFR is shown as blue bars, AKT is shown asred bars, ERK is shown
as gray bars, and MEK is shown as purple bars.

[00115] Figures 68A and 68B are bar graphs showing the amounts of the indicated
phosphorylated proteins (Fig. 68A) or the amounts of total (i.e., phosphorylated and non-
phosphorylated) proteins (Fig. 68B) in SV48 human colorectal cancer cells treated concurrently
with an SIRNA that selectively targets PI3 kinase (PI3K) and an SSRNA that selectively targets
MEK kinase. In Fig 68A, the following phosphorylated proteins are shown as follows: p38is
shown in green bars; INK is shown in asblue bars; EGFR is shown asred bars, AKT is shown as
gray bars; MEK is shown as purple bars;, and ERK is shown as orange bars. In Fig. 68B, the
following total proteins are shown as follows: INK is shown in as green bars, EGFR as blue bars,
AKT asred bars, ERK as gray bars, and MEK as purple bars.

[00116] Figures 69A and 69B are bar graphs showing the amounts of the indicated
phosphorylated proteins (Fig. 69A) or the amounts of total (i.e., phosphorylated and non-
phosphorylated) proteins (Fig. 69B) in SV48 human colorectal cancer cells treated with an
SIRNA that selectively targets an irrelevant molecule. In Fig 69A, the following phosphorylated
proteins are shown as follows: p38 is shown in green bars; JNK is shown in asblue bars; EGFR
is shown asred bars, AKT is shown as gray bars, MEK is shown as purple bars; and ERK is
shown as orange bars. In Fig. 69B, the following total proteins are shown as follows: JNK is
shown in as green bars; EGFR is shown as blue bars, AKT is shown asred bars, ERK is shown
as gray bars, and MEK is shown as purple bars.

[00117] Figures 70A, 70B, and 70C are bar graphs showing the fold change in
phoshorylated AKT1 (Fig. 70A), total AKT1 (Fig. 70B), and the ratio of phosphorylated
AKTl/total AKT1 (Fig. 70C) in human colorectal cancer cellstreated with SRNA targeting
KRAS, siRNA targeting MEK, siRNA targeting PI3k (PI-3-kinase), SRNAS targeting both MEK
and PI3K, and a luciferase control. Each bar represents samples loaded a 1.25 ug.

[00118] Figures 71A, 71B, and 71C are bar graphs showing the fold change in
phoshorylated MEK1 (Fig. 71A), total MEK1 (Fig. 71B), and the ratio of phosphorylated
MEKI/total MEK1 (Fig. 71C) in human colorectal cancer cells treated with SSIRNA targeting

28



WO 2013/134647 PCT/US2013/029891

KRAS, siRNA targeting MEK, siRNA targeting PI3k (PI-3-kinase), SSRNAS targeting both MEK
and PI3K, and a luciferase control. Each bar represents samples loaded at 1.25 ug.

[00119] Figures 72A, 72B, and 72C are bar graphs showing the fold change in
phoshorylated ERK1/2 (Fig. 72A), total ERK1/2 (Fig. 72B), and the ratio of phosphorylated
ERKI/2 /tota ERK1/2 (Fig. 72C) in human colorectal cancer cells treated with SSRNA targeting
KRAS, siRNA targeting MEK, siRNA targeting PI3k (PI-3-kinase), SSRNAS targeting both MEK

and PI3K, and a luciferase control. Each bar represents samples loaded a 1.25 ug.

Detailed Description of Specific Embodiments

[00120] In some embodiments, the present invention is based upon the
development of methods and systems for accurately detecting levels of biological molecules in
samples, and for detecting dimers of two biological molecules in samples.

[00121] The published patents, patent applications, websites, company names, and
scientific literature referred to herein establish the knowledge that is available to those with skill
inthe art and are hereby incorporated by reference in their entirety to the same extent asif each
was specificaly and individually indicated to be incorporated by reference. Any conflict
between any reference cited herein and the specific teachings of this specification shall be
resolved in favor of the latter.

[00122] The further aspects, advantages, and embodiments of the invention are
described in more detail below. The definitions used in this specification and the accompanying
claims shall following terms shall have the meanings indicated, unless the context clearly
otherwise requires. Any conflict between an art-understood definition of aword or phrase and a
definition of the word or phrase as specifically taught in this specification shall beresolved in

favor of the latter. Asused in this specification, the singular forms "a," "an" and "the"
specifically also encompass the plural forms of the terms to which they refer, unless the content
clearly dictates otherwise. The term "about” is used herein to mean approximately, in the region
of, roughly, or around. When the term "about" is used in conjunction with anumerical range, it
modifies that range by extending the boundaries above and below the numerical values set forth.
In general, the term "about” is used herein to modify anumerical value above and below the

stated value by avariance of 20%.
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[00123] Technical and scientific terms used herein have the meaning commonly
understood by one of skill in the art to which the present invention pertains, unless otherwise
defined. Reference is made herein to various methodologies and materials known to those of
skill inthe art. Standard reference works setting forth the general principles of recombinant
DNA technology, al of which are incorporated herein by reference in their entirety, include
Ausubel et al. Current Protocols in Molecular Biology, John Wiley & Sons, New York, N.Y.
(1989 and updates through Sept. 201 1), Sambrook et al., Molecular Cloning: A Laboratory
Manual 2nd Ed., Cold Spring Harbor Laboratory Press, New York (1989); Kaufman & al, Eds.,
Handbook of Molecular and Cellular Methods in Biology in Medicine, CRC Press, Boca Raton
(1995); McPherson, Ed. Directed Mutagenesis. A Practical Approach, IRL Press, Oxford (1991).

[00124] Accordingly, in some embodiments, the invention provides novel methods

and kits for detecting small concentrations of biomarkers in multiple sources including human
serum, cell lysates, and cell surfaces. In some embodiments, using the methods described herein,
the invention provides an assay for detecting the presence and level of expression of a secreted
biomarker in human blood serum, and for detecting the presence and level of expression of a cell
membrane biomarker in cell lysates, in intact fixed cells, and in living cells. In some
embodiments, using the methods described herein, the invention provides an assay for detecting
cytosolic and/or cell surface biomarkers associated with aparticular cellular signal transduction
pathway (e.g., the mitogen-activated protein kinase (MAPK) signaling pathway). In some
embodiments, using the methods described herein, the invention provides an assay for detecting
dimers of two biomarkers in aparticular cellular signal transduction pathway (e.g., dimers of two
biomarkers in the MAPK signaling pathway). In some embodiments, the solid support is
magnetic.

[00125] Particularly, in some embodiments, the invention provides methods and
kits for detecting the presence of abiomarker, or acomplex of two or more biomarkers, in a
sample. The methods are kits are useful, for example, in determining which pathway to target in
adiseased or damaged cell. Or, if the cell is aready being treated by an agent, determining
whether the cell isresponding to the agent or developing resistance to the agent. By "targeting”
in reference to abiomarker or apathway, is meant that an agent binds to the biomarker in the
pathway, binds to abiomarker upstream of the "targeted”" biomarker in the pathway, or even
binds to abiomarker in another pathway other than the targeted pathway, but that binding by the
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agent influences the targeted biomarker or the targeted pathway. As can be seen in Figs. 10A-
10B, and Fig.49, signal transduction pathways are not necessarily linear. Note that if an agent is
an SRNA, an sSiRNA targeting abiomarker (e.g., KRAS) can bereferred to as an SSRNA that
hybridizes to a KRAS-encoding nucleic acid molecule or an SsIRNA that knocks down KRAS.
Likewise, if the agent is an antibody, an antibody targeting abiomarker can bereferred to as an
antibody that specificaly binds to the biomarker.

[00126] Some of the methods described herein comprise providing a sample
suspected of containing the biomarker or the complex; providing afirst binding agent that
specifically binds to the biomarker (or first biomarker in the complex), wherein the first binding
agent is attached to a solid support; providing a second binding agent that specificaly bindsto
the biomarker (or second biomarker in the complex), wherein said second binding agent is
capable of attaching to a sensor; mixing the sample, the first binding agent, and the second
binding agent together under conditions whereby a sandwich assay formation will be formed if
the sample contains the biomarker or the complex; presenting the mixture to a sensor that emits
an acoustic output signal and detecting a change in the acoustic output signal, wherein a change
in the acoustic output signal indicates the attachment of the sandwich assay formation to the
sensor and thereby indicates the presence of the biomarker or the complex in the sample.

[00127] Accordingly, in one aspect, the invention provides amethod for
determining if a cell treated with an agent is responding to the agent or developing resistance to
the agent. The method comprises: (a) providing a sample of a cell treated with the agent; (b)
providing afirst binding agent that specifically binds to an entity selected from the group
consisting of afirst epitope on a first biomarker in afirst signal transduction pathway and a
noninterface epitope on the first biomarker, wherein said first biomarker isin the first signal
transduction pathway in the first signal transduction pathway and isthe same as or is different
from the targeted biomarker in the first signal transduction pathway from the targeted biomarker,
and wherein the first binding agent is attached to a solid support; (c) providing a second binding
agent that specifically binds to an entity selected from the group consisting of afirst alternate
epitope on the first biomarker, wherein the first alternate epitope is different than the first
epitope, and a noninterface epitope on afirst biomarker partner, wherein said first biomarker
partner isin the first signal transduction pathway, and wherein said second binding agent is

capable of attaching to a sensor; (d) mixing the sample, the first binding agent, and the second
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binding agent together under conditions whereby a sandwich assay formation will be formed if
the sample contains a component selected from the group consisting of the first biomarker
comprising the first epitope and the first alternate epitope and the first biomarker complexed with
the first biomarker partner; (e) presenting the result of step (d) to a sensor that emits an output
signal that relates to the sensor's acoustic response to obtain an agent number; and (f) repeating
steps (b)-(e) with a control sample of an untreated cell or acell treated with a control agent to
obtain a control number; wherein a change in the agent number of step (e) as compared to the
control number of step (f) that is a positive number or that is greater than apredetermined fold
change indicates the agent-treated cell either developing resistance to the agent or is responding
to the agent and wherein a change in the agent number of step (€) as compared to the control
number of step (f) that is anegative number or that is less than apredetermined fold change
indicates the agent-treated cell is either not developing resistance to the agent or is not
responding to the agent.

[00128] In still another aspect, the invention provides amethod for determining if
adamaged or diseased cell treated with an agent targeting abiomarker is responding to the agent
comprising: (a) providing a sample of a damaged or diseased cell treated with the agent; (b)
providing afirst binding agent that specifically binds to afirst epitope on a first biomarker in a
first signal transduction pathway, wherein said first biomarker isin the first signal transduction
pathway in the first signal transduction pathway and isthe same as or is different from the
targeted biomarker in the first signal transduction pathway from the targeted biomarker, and
wherein the first binding agent is attached to a solid support; (c) providing a second binding
agent that specifically binds to afirst alternate epitope on the first biomarker, wherein the first
alternate epitope is different than the first epitope and wherein the first epitope and the first
alternate epitope are both present only on an activated form or an inhibited form of the first
biomarker, and the wherein said second binding agent is capable of attaching to a sensor; (d)
mixing the sample, the first binding agent, and the second binding agent together under
conditions whereby a sandwich assay formation will be formed if the sample contains athe first
biomarker comprising the first epitope and the first alternate epitope; (e) presenting the result of
step (d) to a sensor that emits an output signal that relates to the sensor's acoustic response to
obtain an activated agent number or an inhibited agent number; and (f) repeating steps (b)-(e),
with afirst reference binding agent that specifically binds to afirst reference epitope on a
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reference biomarker within the sample, or aportion of the sample, and a second reference
binding agent that specifically binds to a second reference epitope on the reference biomarker,
wherein the first reference epitope and the second reference epitope are not the same, to obtain
an agent reference number; (g) repeating steps (b)-(f) with acontrol sample to obtain an
activated control number or an inhibited control number and a control reference number, the
control sample selected from the group consisting of an untreated cell and a cell treated with a
control agent; and (h) comparing the activated agent number or the inhibited agent number to the
agent reference number to obtain a first ratio and comparing the activated control number or the
inhibited control number to the control reference number to obtain a control ratio; wherein a
change in the first ratio to the control ratio that is a positive number or that is greater than an
predetermined fold change indicates the agent-treated cell either developing resistance to the
agent or is responding to the agent and wherein a change in the first ratio to the control ratio that
is anegative number or that is less than the predetermined fold change indicates the agent-treated
cell is either not developing resistance to the agent or is not responding to the agent.

[00129] Asused herein, by "acoustic output signal" (or simply "output signal) is
meant asignal that is based on sound. For example, the acoustic output signal may be from a
sensor that emits an output signal that relates to the sensor's acoustic response. In some
embodiments, an acoustic output signal isnot based on light (e.g., fluorescence) or color.

[00130] The change in the acoustic output signal (or anumber or avalue derived
therefrom) from atested sample (e.g., of adiseased or damaged cell) as compared to a control
sample (e.g., of ahealthy cell) or a control biomarker will take aformthat will depend upon the
biomarker (or heterodimer of two biomarkers, or multimer) being tested and the control being
tested. The acoustic output signal may either be increased or decreased depending on the nature
of the response of the cell to disease, damage or treatment.

[00131] It should be noted that the change can be represented by any means. The
ordinarily skilled person would know how to calculate such changes based, for example, on
inclusion of proper controls, normalization over protein concentration, reduction of background
signal, ratios based on total marker signal to areference marker signal, and so forth.

[00132] For example, to control for the amount of an analyzed biomarker (or
heterodimer of two biomarkers, or multimer), two acoustic output signals can be obtained from

an analyzed sample (e.g., from adiseased or damaged cell): the first acoustic output signal from
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abiomarker of choice (e.g., to seeif the biomarker is phosphorylated) and the second acoustic
output signal from aknown house-keeping protein (e.g., B-actin). The data from the analyzed
sample can then be normalized for, for example, protein content by representing the acoustic
output signal from the analyzed sample as aratio of the acoustic output signal from the
biomarker of choice to the acoustic output signal of the house-keeping protein. A ratio can
similarly be obtained from another sample (e.g., from ahealthy cell, from a diseased or damaged
cell treated with atherapeutic, etc.). The change in the ratios of the acoustic output signals will
provide information on the signal transduction pathways of both tested samples.

[00133] Y et another way to represent change in the acoustic output signals of two
different samples is by representing the change as a percentage change.

[00134] Y et another way to represent change in the acoustic output signals of two
different samples isto simply compare the hard numbers of the acoustic output signal form one
sample to the acoustic output signal of another sample.

[00135] In accordance with the various embodiments of the invention, two
different signal transduction pathways can be analyzed (e.g., simultaneously), and their acoustic
output signals compared. For example, the first acoustic output signal may result from detecting
the output signal from abiomarker of choice in afirst signal transduction pathway (e.g., the
acoustic output signal is given if the biomarker of choice is phosphorylated) in adiseased or
damaged cell as compared to the biomarker of choice in the first signal transduction pathway in a
healthy cell. The acoustic output signals of the two samples is represented either as aratio, a
percentage, or adifference (i.e., the result when the value of one of the output signalsis
subtracted from the other). The second acoustic output signal may result from detecting the
output signal from abiomarker of choice in a second signal transduction pathway (e.g., the
acoustic output signal is given if the biomarker of choice is phosphorylated) in adiseased or
damaged cell as compared to the biomarker of choice in the second signal transduction pathway
in ahealthy cell. The acoustic output signals of the two samples isrepresented either as aratio, a
percentage, or adifference (i.e., the result when the value of one of the acoustic output signalsis
subtracted from the other). If atherapeutic regimen is desired to be designed for the patient with
the disease (e.g., fromwhom the diseased or damaged cell was taken), the signal transduction
pathway (i.e., the first or the second signal transduction pathway) that had the greater change
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between the diseased or damaged cell and the healthy cell isthe signal transduction pathway that
is selected to be blocked by the therapeutic regimen.

[00136] Accordingly, in further aspects, the invention provides a method for
analyzing two or more signal transduction pathways in a diseased or a damaged cell, or in a cell
treated with an agent. In some embodiments, the two or more signal transduction pathways are
analyzed simultaneously. The method comprises (a) providing a sample comprising the cell; (b)
providing a first binding agent that specifically binds to an entity selected from the group
consisting of afirst epitope on afirst biomarker in afirst signal transduction pathway and a
noninterface epitope on the first biomarker, wherein the first binding agent is attached to a solid
support; (c) providing a second binding agent that specifically binds to an entity selected from
the group consisting of a first alternate epitope on the first biomarker, wherein the first alternate
epitope is different than the first epitope, and anoninterface epitope on afirst biomarker partner,
wherein said first biomarker partner is in the first signal transduction pathway, and wherein said
second binding agent is capable of attaching to a sensor; (d) mixing the sample, the first binding
agent, and the second binding agent together under conditions whereby a first sandwich assay
formation will be formed if the sample contains a component selected from the group consisting
of the first biomarker comprising the first epitope and the first alternate epitope and the first
biomarker complexed with the first biomarker partner; (€) presenting the result of step (d) to a
sensor that emits an output signal that relates to the sensor's acoustic response to obtain a first
number; (f) providing athird binding agent that specifically binds to an entity selected fromthe
group consisting of a second epitope on a second biomarker in a second signal transduction
pathway, wherein the second biomarker is different than the first biomarker, and a noninterface
epitope on the second biomarker, and wherein the third binding agent is attached to a solid
support; (g) providing afourth binding agent that specifically binds to an entity selected from the
group consisting of a second aternate epitope on the second biomarker in the second signal
transduction pathway, wherein the second alternate epitope is different from the second epitope,
and anoninterface epitope on a second biomarker partner, wherein said second biomarker
partner is in the second signal transduction pathway, and wherein said fourth binding agent is
capable of attaching to a sensor; (h) mixing the sample, the third binding agent, and the fourth
binding agent together under conditions whereby a second sandwich assay formation will be

formed if the sample contains a component selected from the group consisting of the second
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biomarker comprising the second epitope and the second aternate epitope, and the second
biomarker complexed with the second biomarker partner; (i) presenting the result of step (h) to a
sensor that emits an output signal that relates to the sensor's acoustic response to obtain a second
number; (j) repeating steps (b)-(i) with a control sample of an untreated cell or a cell treated with
acontrol agent to obtain afirst control number and a second control number; and (k) comparing
the first number to the first control number to obtain afirst difference and the second number to
the second control number to obtain a second difference, wherein said first difference and said
second difference are represented as positive numbers; wherein a first difference larger than a
second difference either identifies the first signal transduction pathway asthe pathway that will
be preferentially selected to be targeted by the agent or identifies the first signal transduction
pathway asthe pathway to target with the agent in the diseased or damaged cell, and wherein a
second difference larger than afirst difference either identifies the second signal transduction
pathway asthe pathway that will be preferentially selected to betargeted by the agent or
identifies the second signal transduction pathway asthe pathway to target with the agent in the
diseased or damaged cell.

[00137] In some embodiments, athird pathway is analyzed by repeating steps (b)-
(j) above with a fifth binding agent that specifically binds to an entity selected from the group
consisting of athird epitope on athird biomarker in athird signal transduction pathway and a
noninterface epitope on the third biomarker, wherein said third biomarker isin athird signal
transduction pathway, wherein the fifth binding agent is attached to a solid support; a sixth
binding agent that specifically binds to an entity selected from the group consisting of athird
alternate epitope on the third biomarker, wherein the third alternate epitope is different than the
third epitope, and a noninterface epitope on athird biomarker partner, wherein said third
biomarker partner is in the third signal transduction pathway, and wherein said sixth binding
agent is capable of attaching to a sensor that emits an output signal that relates to the sensor's
acoustic response to obtain athird number, afourth number, athird control number and a fourth
control number.

[00138] In further aspects, the invention provides methods for identifying a signal
transduction pathway to target with an agent in adiseased or damaged cell, or in a cell treated
with an agent. The methods comprise (a) providing a sample of the cell; (b) providing afirst

binding agent that specifically binds to afirst epitope on afirst biomarker in afirst signal
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transduction pathway, wherein the first binding agent is attached to a solid support; (c) providing
a second binding agent that specifically binds to afirst alternate epitope on the first biomarker,
wherein the first alternate epitope is different than the first epitope, wherein the first alternate
epitope and the first epitope are both present only on an activated form or an inhibited form of
the first biomarker, and wherein said second binding agent is capable of attaching to a sensor; (d)
mixing the sample, the first binding agent, and the second binding agent together under
conditions whereby a first sandwich assay formation will be formed if the sample contains the
first biomarker comprising the first epitope and the first alternate epitope; (€) presenting the
result of step (d) to a sensor that emits an output signal that relates to the sensor's acoustic
response to obtain a first number; (f) repeating steps (b)-(e), with afirst reference binding agent
that specifically binds to afirst reference epitope on afirst reference biomarker within the
sample, or aportion of the sample, and a second reference binding agent that specifically binds
to afirst alternate reference epitope on the first reference biomarker, wherein the first reference
epitope and the first alternate reference epitope are not the same, to obtain afirst reference
number; (g) providing athird binding agent that specifically binds to second epitope on a second
biomarker in a second signal transduction pathway, wherein the second biomarker is different
than the first biomarker, and wherein the third binding agent is attached to a solid support; (h)
providing a fourth binding agent that specifically binds to a second alternate epitope on the
second biomarker in the second signal transduction pathway, wherein the second aternate
epitope is different from the second epitope, wherein the second alternate epitope and the second
epitope are both present only on an activated form or an inhibited form of the second biomarker,
and wherein said fourth binding agent is capable of attaching to a sensor; (i) mixing the sample,
the third binding agent, and the fourth binding agent together under conditions whereby a second
sandwich assay formation will be formed if the sample contains the second biomarker
comprising the second epitope and the second alternate epitope; (j) presenting the result of step
(h) to a sensor that emits an output signal that relates to the sensor's acoustic response to obtain a
second number; (k) repeating steps (g)-(j), with athird reference binding agent that specifically
binds to a second reference epitope on a second reference biomarker within the sample, or a
portion of the sample, and a fourth reference binding agent that specifically binds to a second
alternate reference epitope on the reference biomarker, wherein the second reference epitope and
the second alternate reference epitope are not the same, to obtain a second reference number; (1)
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repeating steps (b)-(k) with a control sample to obtain a control first number, acontrol first
reference number, a control second number, and a control second reference number, the control
sample selected from the group consisting of an untreated cell and a cell treated with a control
agent; and (m) comparing the first number to the first reference number to obtain afirst ratio,
comparing the second number to the second reference number to obtain a second ratio,
comparing the control first number to the control first reference number to obtain a control first
ratio, and comparing the control second number to the control second reference number to obtain
acontrol second ratio; wherein a change in the first ratio to the control first ratio is greater than
the change in the second ratio to the control second ratio either identifies the first signal
transduction pathway asthe pathway asthe pathway to target with the agent in the diseased or
damaged cell or identifies the first signal transduction pathway asthe pathway to target with the
agent in the diseased or damaged cell, and wherein a change in the first ratio to the control first
ratio is less than the change in the second ratio to the control second ratio either identifies the
second signal transduction pathway as the pathway that will be preferentially selected to be
targeted by the agent or identifies the second signal transduction pathway as the pathway to
target with the agent in the diseased or damaged cell.

[00139] In some embodiments, athird pathway is analyzed by repeating steps (b)-
(j) above with afifth binding agent that specifically binds to an entity selected from the group
consisting of athird epitope on athird biomarker in athird signal transduction pathway and a
noninterface epitope on the third biomarker, wherein said third biomarker isin athird signa
transduction pathway, wherein the fifth binding agent is attached to a solid support; a sixth
binding agent that specifically binds to an entity selected from the group consisting of athird
alternate epitope on the third biomarker, wherein the third alternate epitope is different than the
third epitope, and a noninterface epitope on athird biomarker partner, wherein said third
biomarker partner is in the third signal transduction pathway, and wherein said sixth binding
agent is capable of attaching to a sensor that emits an output signal that relates to the sensor's
acoustic response, and a fifth reference binding agent that specifically binds to athird reference
epitope on athird reference biomarker within the sample, or aportion of the sample, and a sixth
reference binding agent that specifically binds to athird alternate reference epitope on the third

reference biomarker, wherein the third reference epitope and the third alternate reference epitope
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are not the same, to obtain athird number, athird reference number, a control third number, a
control third reference number.

[00140] Asused herein, by "biomarker" is ssimply meant abiological molecule.
Non-limiting biomarkers include proteins (including non-derivatized and derivatized proteins
such as glycoproteins or lipoproteins), carbohydrates, lipids, and nucleic acid molecules (e.g.,
RNA or DNA). In some embodiments, abiomarker may be associated with a disease or a
potential disease. By "disease” is sSimply meant any condition (i.e., disease state) that may affect
a subject such that the subject is not healthy. An affected cell from adiseased subject isreferred
to asadamaged or diseased cell. Non-limiting diseases include cancer (both benign and
metastatic), degenerative diseases (e.g., Alzheimer's disease, Parkinson's disease, multiple
sclerosis), immune diseases (e.g., Graves disease, celiac disease, Type | diabetes, rheumatoid
arthritis), infectious diseases (e.g., tuberculosis, AIDS, leishmaniasis, tapeworm), inflammatory
diseases (e.g., Multiple Sclerosis, atherosclerosis, Crohn's disease), and heart disease. Of course,
some diseases fit more than one category. For example, rheumatoid arthritis is an immune
disease, but is aso an inflammatory disease.

[00141] In various embodiments of the methods and kits described herein, the
damaged or diseased cell ishuman. In various embodiments, the damaged or diseased cell isa
tumor cell, an injured cell, and infected cell, or adegenerative cell. In some embodiments, the
tumor cell is selected from the group consisting of a colon cancer cell, abreast cancer cell, a
prostate cancer cell, aleukemia cell, alymphoma cell, and glioblastoma cell, apancreatic cancer
cell, aliver cancer cell, alung cancer cell, a skin cancer cell, and a stomach cancer cell.As used
herein, by "sample" is meant any sample that may contain abiomarker. Thus, a sample includes,
without limitation, living intact cells (e.g., healthy cells or diseased or damaged cells such as
cancer or tumor cells), cells from a xenograft, cells from genetically engineered mouse models
(GEMSs, see, eg., Richmond and Su, Dis Model Mech. 1:78-82, 2008), fixed intact cells, cell
lysates, conditioned culture media (i.e., culture media in which cells are grown in vitro), saliva,
mucous, tears, blood, circulating tumor cells, synovia fluid, serum, tissues, marrow,
lymph/interstitial fluids, buccal cells, pleural effusion, fine needle aspirate, mucosal cells,
cerebrospina fluid, breast milk, semen, feces, plasma, urine, a suspension of cells, abiopsy

sample (e.g., taken from normal or diseased tissue), or a suspension of cells and viruses or
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extracts or any of the foregoing, In some embodiments, samples useful in the practice of the
methods described herein may be obtained from any mammal.

[00142] In some embodiments, the sample of damaged or diseased cells is selected
from the group consisting of a cultured cell sample, acirculating tumor cell, atissue biopsy
sample, afine needle aspirate sample, and ablood sample.

[00143] In some embodiments, the sample of atumor cell comprises cell parts or
portions of atumor cell that have been shed, for example, by adying tumor cell, adividing
tumor cell, or a healthy tumor cell. For example, a sample of atumor cell may be an exosome
(see, e.g., Henderson and Azorsa, Frontiers in Oncology 2, Article 38 (2012)).

[00144] Any sample obtained from a subject having or suspected of having a
disease is suitable for use in the methods described herein. In one embodiment, the sample
comprises cells obtained from abiopsy. The biopsy may be obtained, according to standard
clinical techniques, from tissues occurring in an organ of the animal having or suspected of
having the disease. Where the disease is cancer, the biopsy may betaken from secondary tumors
that have metastasized in other tissues. In another embodiment, the biological sample comprises
cells obtained from a fine needle aspirate taken from atumor, and techniques for obtaining such
aspirates are well known in the art (see Cristallini et al, Acta Cytol. 36(3): 416-22 (1992)).

[00145] It shall be understood that any biological sample comprising cells (or
extracts or parts thereof, such as exosomes) from a diseased or damaged cells (or normal control
cells) is suitable for use in the methods and kids described herein. For example, the biological
sample may be obtained from an effusion, such as apleural effusion. Pleural effusions (liquid
that forms outside the lung in the thoracic cavity and which contains cancerous cells) are known
to form in many patients and the presence of such effusion is predictive of a poor outcome and
short survival time. Standard techniques for obtaining pleural effusion samples have been
described and are well known in the art (see Sahn, Clin Chest Med. 3(2): 443-52 (1982)). Serum
and bone marrow samples may be particularly preferred for patients with leukemia. For cancers
involving solid tumors, such as sarcomas and carcinomas, the biological sample may comprise
cells obtained from atumor biopsy, which maybe be obtained according to standard clinical
techniques.

[00146] In addition, samples of circulating tumor cells may also be obtained from

serum using tumor markers, cytokeratin protein markers or other methods of negative selection
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as described (see Maet a, Anticancer Res. 23(1A): 49-62 (2003)). Circulating tumor cells
("CTCs") may also be purified, for example, using the kits and reagents sold under the
trademarks Vita-Assays™, Vita-Cap™, and CellSearch™. (commercially available from
Vitatex, LLC (aJohnson and Johnson corporation). Other methods for isolating CTCs are
described (see, for example, PCT Publication No. WO/2002/020825, Cristofanilli et al, New
Engl. J. of Med. 351 (8):781-791 (2004), and Adams et al, J. Amer. Chem. Soc. 130(27): 8633-
8641 (July 2008)).

[00147] Asused herein, by "subject” is meant any animal including, without
[imitation, humans, non-human mammals (e.g., primates, rodents, ungulates), companion
animals (e.g., horses, cats, dogs), livestock animals (e.g., cows, sheep, pigs, goats), birds, and
reptiles. A subject may aso bereferred to as an individual.

[00148] In some embodiments, the sample of adamaged or diseased cell (or a
normal control cell) contains apurified biomarker.

[00149] Asused herein, by "purify" or "purified" (or "isolate" or "isolated") refers
to abiomarker (e.g., aprotein or an nucleic acid) that isremoved or separated from other
components present in its natural environment. For example, apurified cell surface biomarker is
one that is separated from other components of the cell membrane. A purified cytosolic
biomarker is one that is separated from other components of the cell (eg., separated from the
endoplasmic reticulum, cytoplasmic proteins and/or RNA). A purified secreted biomarker is one
that that is separated from other components of the extracellular space of the cell or other
components of the culture media in which the cell is being grown. A purified biomarker is at
least 60% free, or & least 75% free, or a least 90% free, or a least 95% free from other
components present in natural environment of the indicated biomarker. For example, a
recombinant biomarker (e.g., a human protein produced by prokaryotic cell) ispurified.

[00150] In some embodiments, the methods of the invention may utilize the
acoustic membrane and microparticle (AMMP®) technology. AMMP assays are described in
U S Patent Nos. 7,300,631; 7,598,094; 7,61 1,908; and 7,615,381, 7,629,137; aswell asU.S.
Patent Application Publication No. 2010/023031, all of which are hereby incorporated by
reference in their entireties. In one example of using the AMMP technology, which can be
performed on the VIBE® instruments sold by BioScale, Inc., Lexington, MA, magnetic solid

supports (e.g., magnetic microparticles or beads) are attached (e.g., via conjugation or specific
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binding) to afirst binding agent that specifically binds to atarget or analyte of interest. A second
binding agent that also specifically binds to the target of interest (e.g., a an epitope on the target
that is different from the epitope specifically bound by the first binding agent) can be tagged,
with a hapten tag for example, that in turn provides a specific means for bridging captured
targets on microparticles to anti-tag functionalized sensors (e.g., the sensor is coated with anti-
tag antibodies). The functionalized sensors respond acoustically to loading of the magnetic
microparticles and this isresponse is sensitively transduced by piezoelectric material. Inthe
embodiment where the AMMP assay isused, a"sensor" (asused herein) isthe specific surface
connected to an acoustically sensitive chip and the "acoustic output signal” isthe signal derived
primarily from acoustic interaction with the sensors through the use of the piezoelectric
transduction. In some embodiments, the portion of the binding agent that does not contain the
binding fragment is attached to the solid support (e.g., either the sensor surface or the
microparticle bead surface). For example, if the binding agent is an antibody, the portion of the
antibody attached to the solid support may be, for example, the Fc portion of the antibody
leaving the antigen binding domain of the antibody (i.e., the binding fragment of the antibody)
free to interact with any target present in the sample.

[00151] In some embodiments, the Acoustic Membrane MicroParticle (AMMP)
assay technology (BioScale Inc., Lexington, Mass.), performed on the ViBE protein analysis
platform (BioScale Inc.), permits the use of asingle technology for detecting oncology
biomarkers in serum, cell lysates, cell surfaces and awide variety of other sample types (see,
e.g., Dickerson et a, J. Vis. Exp. 48: 2493, 201 1 and Yan et a. AnalBiochem 410(1): 13-18,
201 1). In some embodiments, AMMP assays offer advantages over conventiona approaches to
assay development — most importantly, the non-optical detection of low-abundance biomarkers
in complex samples with minimal sample manipulation. Other reported advantages of the
AMMP technology include improved sensitivity and reproducibility, less manual sample
manipulation, the capability of walk-away operation, reduced consumption of critical samples
and antibodies, and the ability to measure proteins in their natural states.

[00152] AMMP technology assesses analyte concentration by measuring changes
in the oscillations of apiezoelectric sensor as antibody-labeled magnetic microparticles bind to
the sensor surface. Thus, in some embodiments of the non-limiting methods of the invention, the

acoustic output signal is quantifiable, such that amount of the biomarker or the complex in the
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sample can be quantified. The biosensor membranes are resonant devicesthat change their
oscillation frequency in direct proportion to microparticles accumulated on their surfaces, in
proportion to mass and acoustic loading, thus permitting rapid and efficient determination of
analyte concentration through the specific binding of microparticles. These AMMP assays have
been used to analyze pharmacodynamic biomarkers for inhibition of the proteosome and
phosphoinositol 3-kinase (see Yan et a. Anal Biochem 410(1): 13-18, 201 1). In that context, the
AMMP assay proved to be arobust method for measuring recombinant protein standards as well
as endogenously derived proteins from both tissue culture and mouse xenograft tumor lysates.

[00153] Thus, in the AMMP technology, which can be performed on the ViBE
instruments sold by BioScale, Inc., Lexington, MA, magnetic solid supports (e.g., magnetic
microparticles) are attached (e.g., via conjugation or specific binding) to analyte-specific binding
agents (e.g., biomarker-specific antibodies). These binding agent-coupled magnetic solid
supports, are mixed in sample with an additional competing or affinity reagents (i.e., binding
agents such as another antibody) specific for the analyte, and the resulting captured complexes,
post incubation, are detected with a specific surface applied to an acoustically sensitive chip.
The AMMP technology quantifiably measures changes in the frequency emitted by a
piezoelectric material proportional to the amount of an antibody-antigen sandwich that binds to
the vibrating specific surface.

[00154] Figure 1 shows anon-limiting embodiment of an AMMP assay. As
shown in Figure 1, in the first step for atypical sandwich assay, a sample suspected of containing
the analyte (e.g., abiomarker of interest) is mixed with a solid support (e.g., magnetic beads)
attached to afirst binding agent (e.g., afirst antibody) that specifically bind to the analyte. The
solid support can be coated with binding agent by any means. For example, the solid support
(e.g., magnetic beads) can be coated with streptavidin, and the first binding agent conjugated to
biotin. When the streptavidin-coated solid support and the biotinylated first binding agent are
allowed to interact, the strong affinity of streptavidin and biotin will result in the attachment of
the first binding agent to the solid support.

[00155] Also included in the mixture of sample suspected of containing an analyte
and the anti-analyte first binding agent-coated solid support is a second binding agent that
specifically binds to the analyte. In some embodiments, the second binding agent (e.g., second

antibody) specifically binds to the analyte on an epitope that is different than the epitope on the
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analyte that is specifically bound by the first binding agent (e.g., first antibody). By "epitope” is
meant aportion on an anayte (e.g., abiomarker) that can be specifically bound by abinding
agent. If the sample does indeed contain an analyte, the mixture of sample suspected of
containing an analyte, the anti-analyte first binding agent-coated solid support, and the second
binding agent that specifically binds to the analyte will form a complex comprising a solid
support-attached first binding agent/analyte/second binding agent. This complex isreferred to
herein as a"sandwich assay formation".

[00156] Returning to Figure 1, this second binding agent (which, in Figure 1, isan
antibody) istagged with FITC (fluorescein isothiocyanate). This mixture (i.e., containing the
sample suspected of containing an analyte, the anti-analyte first binding agent-coated solid
support, and the second binding agent that specifically binds to the analyte) is presented to one
side of the sensor which, in Figure 1, is coated with anti-FITC antibodies. A magnet isthen
applied to the other side of the sensor, thereby accumulating the sandwich assay formation (if the
analyte is present in the mixture) or the second antibody tagged with FITC (if the analyte is not
present) to the anti-FITC antibody-coated side of the sensor. The anti-FITC antibody-coated side
of the sensor is then washed while the magnet is still engaged to remove non-binding, excess
materials (e.g., excess magnetic beads). Next, the magnet is disengaged and incomplete bead
sandwich complexes are washed away while FITC-Ab/analyte/bead-Ab complexes (i.e., the
sandwich assay formation) remain specifically bound to the anti-FITC antibody-coated side of
the sensor. The frequency emitted by the vibrating sensor from the bound magnetic beads isthen
measured and used to quantify the amount of analyte present in the sample.

[00157] One advantage of the AMMP technology isthat the sensor can be
regenerated and prepped for analysis of a subsequent sample (See, e.g., US Patent Nos.
7,300,631; 7,61 1,908; and 7,615,381).

[00158] Asused herein, by "specifically bind" means that abinding agent (e.g., an
antibody) binds to its intended target (e.g., the biomarker or analyte) such that the interaction
between the binding agent and its specific target is dependent upon the presence of a particular
structure of target; in other words, the binding agent is recognizing and binding to a specific
target structure rather than to all molecules (e.g., all other biomarkers) in general. When atarget
(e.g., abiomarker) is bound by abinding agent such as an antibody, that target is said to be
"specifically bound" by the binding agent. Binding agents that specifically bind to a particular
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target may be referred to as atarget-specific binding agent (e.g., a cMET-specific antibody), a
binding agent that is specific for that target (e.g., an antibody that is specific for cMET), or an
anti-target binding agent (e.g., an anti-cMET antibody). Note that by "binding fragment" means
afragment or portion of abinding agent that specifically binds the target. For example, the Fab
fragment of an antibody is abinding fragment of an antibody. In some embodiments, a binding
agent (e.g., an antibody) that specifically binds its target has a dissociation constant (K ) for its
target of Ix 10 M or less. In some embodiments, abinding agent that specifically bindsto its
target (or tag) binds with aKp of 1xIO7 M or less, or aKpof 1xI0® M or less, or aKpof 1 X
10” M or less, or aKjof 1x 100 M or less, ofa K of 1x 10711 M or less, ofa Kof 1x 10°# M
or less. In certain embodiments, abinding agent that specifically binds to itstarget (or tag) binds
with aKof 1pM to 500 pM, or between 500 pM to 1uM, or between 1uM to 100 nM, or
between 100 mM to 10 nM.

[00159] It should be noted that in the AMMP assays describe herein, any method
can be used to attach the first binding agent to the solid support. For example, the first binding
agent can be chemically conjugated to the solid support using standard methods (see, e.g.,
"Thermo Scientific Pierce Crosslinking Technical Handbook" published by Thermo Scientific
(part of ThermoFisher Scientific), Article No 1601673, 04/09; copyright 2009 by Thermo Fisher
Scientific, Inc.). In some embodiments, the portion of the binding agent that does not contain the
binding fragment is attached to the solid support. For example, if the binding agent is an
antibody, the portion of the antibody attached to the solid support may be, for example, the Fc
portion of the antibody.

[00160] Similarly, any means can be used to enable the second binding to become
attached to the side of the sensor to which the magnet will not be applied. Although in the above
description of Figure 1, the first binding agent is attached to the solid support viaa
biotin/streptavidin interaction and the second binding agent is able to attach to the side of the
sensor to which the magnet will not be applied via a FITC/anti-FITC antibody interaction, any
interactions may beused. For example, the two interactions described may be exchanged (e.g.,
the first binding agent is attached to the solid support via aFITC/anti-FITC antibody interaction
and the second binding agent is attached to the sensor via a streptavidin/biotin interaction). Of

course, other interactions may be used. For example, the second binding agent may be attached
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to atag, and the sensor coated with abinding agent that will specifically bind to thetag. Such
tag /binding agent pairs are known and include, without limitation, those listed on Table 1.

Table 1
Tag Binding Agent
Avidin or streptavidin biotin
biotin Avidin or streptavidin
FITC Antibody that specifically binds to FITC
His tag (i.e., tag comprising 6 histidine Ni-NTA agarose
residues in a row)
GST tag (tag of approx. 26kDa) glutathione
Myec-tag Antibody that specifically binds myc tag
FLAG-tag Antibody that specifically binds FLAG tag
[00161] For GST-tagged binding agent specific for an analyte (e.g., abiomarker),

glutatione coated solid supports are commercially available (e.g., Glutathione agarose and
glutathione magnetic beads are available from Thermo Scientific (Watham, MA), catalog nos.
15160 and 88822, respectively). Other companies also sell glutathione coated solid supports
(e.g., Qiagen (Valencia, CA), SigmaAldrich (St. Louis, MO), etc.).

[00162] For HIS-tagged binding agent specific for an analyte (e.g., abiomarker),
Ni-NTA agarose beads, Ni-NTA resin and Ni-NTA magnetic agarose beads are commercially
available from Qiagen (Valencia, CA). Other companies also sell Ni-NTA resins and sold
supports (e.g., Invitrogen, Inc. (Carlsbad, CA), ThermoScientific, etc.).

[00163] Anti-FITC, anti-myc, and anti-FLAG antibodies are commercially
available (e.g., Cell Signaling Technology, Inc. (Danvers, MA), ThermoScientific (Waltham,
MA), Millipore (Billerica, MA), Abeam (Cambridge, MA), etc.).

[00164] Other tags are specifically bounds by binding agents. For example, His
tag is specifically bound by Ni-NTA (e.g., Ni-NTA magnetic beads can be used to specifically
bind His tagged biological molecules). Likewise, theV 5tag (i.e., derived from the Pk epitope
present on P and V proteins of the paramyxovirus of simian virus 5 and having the sequence of
14 amino acids (GKPIPNPLLGLD ST), or a shorter 9 amino acid sequence (IPNPLLGLD)) can
be specifically bound by an anti-V5 tag antibody (i.e., an antibody that specifically binds to V5).

Such aV5-specific antibody is sold as catalog no. ab9137 by Abeam, Cambridge, MA.
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[00165] In some embodiments, the biomarker (or the first or the second biomarker
in the complex) is selected from the group consisting of a cell surface biomarker, a secreted
biomarker, and a cytosolic biomarker.

[00166] Asused herein, by "secreted" is meant that abiomarker is secreted into the
extracellular space from the cell producing it. In other words, the secreted biomarker is
expressed by the cell, which then transmits the secreted biomarker through the cell membrane
into the extracellular space. If the cell isablood cell, the secreted biomarker will be secreted
into the serum of the blood. If the cell is grown in vitro, the secreted biomarker will be secreted
into the conditioned culture media in which the cell is being grown. The secreted biomarker may
then bepurified. Secreted biomarkers include, without limitation, hormones, cytokines,
antibodies, and growth factors.

[00167] In contrast, by "cytosolic" (or "intracellular” is meant that abiomarker is
not secreted fromthe cell producing it. In other words, the cell must be lysed (i.e., broken open)
in order to purify the cytosolic biomarker fromit. Cytosolic biomarkers include, without
l[imitation, intracellular kinase enzymes, ribosomal proteins, and DNA polymerase. Some
cytosolic biomarkers may be attached to the cytoplasmic side of the cell membrane, or may be
attached to an organelle membrane (e.g., a cytosolic biomarker may be attached to the
endoplasmic reticulum).

[00168] By "cell surface" ismeant abiomarker that is attached to the cell
membrane, and part of the molecule is extracellular to the cell. 1n some embodiments, a portion
of the cell surface molecule (i.e., the transmembrane domain) spans the cell membrane and has
both an extracellular portion and an intracellular portion. For example, abiomarker such aT cell
receptor is a cell surface biomarker because it is attached to the cell membrane, has an
extracellular portion and a cytoplasmic tail (i.e., the intracellular portion). A cell surface
molecule may be attached only to the extracellular cell surface, and not have a cytoplasmic tail.

[00169] In some embodiments of the various non-limiting methods and kits of the
invention, the biomarker (or the first or the second biomarker in the complex) plays arole in a
signal transduction pathway. Asused herein, by "signal transduction pathway" or "signaling
pathway" or "signal transduction cascade" is meant a collection of biomarkers involved in the
transmission of asignal within acell. Each of the biomarkers in aparticular signal transduction

pathway may be referred to as abiomarker in that pathway. The biomarker members in a signal
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transduction pathway may be upstream or downstream of each other. The signal transmitted by a
signal transduction pathway resulting in an effector function includes, without limitation, asignal
to secrete aprotein in response to an external trigger (e.g., asignal from the B cell antigen
receptor for the B cell to secrete antibody), asignal to grow in response to stimulus (e.g., binding
of agrowth factor to its receptor on the cell's surface), and a signal to undergo apoptosis or
otherwise die following a lethal error within the cell such asthe loss of part of a chromosome
during mitosis.

[00170] A signal is passed along the signal transduction pathway by the activation
of downstream biomarkers by upstream biomarkers. By "upstream” is meant that an upstream
biomarker participates in the pathway before participation of a downstream biomarker. By
"downstream” is meant that the downstream biomarker participates in the signal transduction
pathway after participation of an upstream biomarker.

[00171] The downstream biomarker member within asignal transduction pathway
effecting the effector function may bereferred to as the effector biomarker. Such effector
biomarkers include, without limitation, gene regulation factors (e.g., activation of NF-kB or Fos),
apoptosis factors (e.g., Bax activation). The biomarker member initiating the signal transduction
pathway cascade may bereferred to asthe initiator biomarker. Such initiator biomarkers
include, without limitation, growth factor receptors (e.g., EGFR), and cytokine receptors.

[00172] Often, asignal transduction pathway is activated (i.e., the signal
transduction pathway cascade is started or initiated) by a signal received extracellularly (e.g.,
from agrowth factor) that binds to and activates a cell surface receptor biomarker. That
receptor, once activates, transmits the activation signal through the cell along asigna
transduction pathway to elicit aphysiological response. Some cellular signal transduction
pathways are well understood. For example, in a cancer cell, the MAP kinase signaling pathway
iswell characterized, as further described in Example 4 below. Accordingly, in some
embodiments, the signal transduction pathway isthe MAPK signal transduction pathway.

[00173] Other signal transduction pathways are well characterized including,
without limitation, the JAK/STAT signal transduction pathway (see, e.g., Aaronson et al,
Science 296(5573): 1653-1655, 2002; Shuai, K., Cell Research 16(2): 196-202, 2006), the
PI3kinase/ AKT/mTOR signaling pathway (see, e.g., Morgensztern et al, Anti-Cancer Drugs
16(8): 797-803, 2005; Yap et a, Current Opinion in Pharmacology 8 (4): 393-412, 2008; Di
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Cosimo et al, Journal d Clinical Oncology 25 (18S): 351 1, 2007), and the
WNT/hedgehog/notch signaling pathway (see, e.g., Liu et al, Cancer Research 66(12: 6063-
6071, 2006; Bhardwaj et al, Nature Immunology 2(2): 172-180, 2001).

[00174] Much study has been done to elucidate the signal transduction pathways
that are altered (i.e., have pathway members whose activation or expression is aberrant) in
disease states. Indeed, the Vogelstein group identified twelve core signaling pathways that were
altered in human pancreatic cancers (Jones et al, Science 321: 1801-1806, 2008). These signal
transduction pathways include the following pathways: K-ras signaling, TGF-beta signaling,
JNK signaling, Integrin Signaling, Wnt/Notch signaling, Hedgehog signaling, Control of GI/S
phase transition, Apoptosis, DNA damage control, Small GTPase signaling, Invasion, and
homophilic cell adhesion (see U.S. Patent Publication No. 201201 15735, herein incorporated by
reference).

[00175] Asdiscussed herein, some of these pathways are well elucidated. For
example, Kras signaling activates raf which activates MEK which activates Erk which then
enters the nucleus to activate FOS to activate cells.

[00176] Similarly, TGF-beta signaling activates a number of related signal
transduction pathways. For example, TGF-beta signaling activates PISK which activates PDKI
which activates AKT which activates mTOR, which activates p70 S6Kinase. TGF-beta also
activates MEKK 1 which activates MKK3/6 which activates p38. TGF-beta also activates
MEKK1 which activates MKK4/7 which activates INK which activates Jun.

TGF-beta also activates SOS which activates RAS which leads to activation of ERK1/2

[00177] Many signal transduction pathways in cancer and other diseased and/or
damaged cells (e.g., degenerative disorders) involve the ubiquitin pathway. For example, the
TGF-beta signaling pathway isregulated by ubiquitin-mediated proteolysis at different levels
(see Aggrawal and Massaque, Nat. Cell Biol. 14(7):656-657, 2012).

[00178] Of course, other signal transduction pathways have been well studied. For
example, the signal transduction pathway initiated by the binding of interleuekin-17 to its
receptor (or the aberrant signaling by the IL-17 receptor). Interleukin-17 promotes cartilage
breakdown by inducing matrix metalloproteinases (MMPs) and aggrecanases (adisintegrin and
metalloproteinase with thrombospondin motif, ADAMTY) in arthritic joints (see Sylvester & d,
Cell Signal. 16(4): 469-476, 2004). Interleukin-17 is also implicated in the development of T
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helper cellsinto TH1 or TH2 cells. Non-limiting biomarkers involved in the Interleukin-17
signaling pathway include phosphorylation of extracellular signal-regulated kinase (ERK),
protein 38 (p38) and c-Jun N-terminal kinase (JNK).

[00179] Another signal transduction pathway that can be studied using the methods
and kits described herein isthe signal transduction pathway initiated by the binding of
interleukin-13 to its receptor (or the aberrant signaling by the 1L-13 receptor). IL-13 signaling is
strongly implicated in the development and onset of asthma. Yet another signal transduction
pathway that can be analyzed is the Interleukin-4 signaling pathway which isrelated to
Interleukin-13 signaling; these two signal transduction pathways may be salvage pathways for
each other. For example, if an asthma-treating agent is designed to target abiomarker involved
in Interleukin-13 signaling, aresistant cell (i.e., acell that no longer responds to the agent) may
be escaping the effects of the agent by signaling through the Interleukin-4 signaling pathway.
And vice versa.

[00180] Additional (but non-limiting) signal transduction pathways that can be
studied using the methods and kits described herein isthe signal transduction pathway initiated
by the binding of interleukin-2 or interleukin-21 to their respective receptors (or the aberrant
signaling by these receptors).

[00181] Using the methods and the kits described herein, one can determine
whether acell being treated with an agent targeting abiomarker or pathway (or a cocktail or
agents) is actually responding to the agent. In other words, the methods and the kits described
herein can be used to determine if the agent is effective & treating the cell. Asused throughout,
an agent is "effective” istreating a damaged or diseased cell if the cell responds as desired
following treatment with the agent. For example, if the damaged or diseased cell is atumor cell,
a desirable response may be, for example, death of the tumor cell or abrogation of growth of the
tumor cell. Other indiciathat a cell isresponding to an agent include, without limitation,
shrinkage of the tumor (e.g., by reduction in the number of tumor cells in the tumor growth),
resumption of the tumor cell of controlled cell growth, and loss of metastatic ability of the tumor
cell. These indicia can be measured according to standard methods (e.g., haemocytometer for
cell growth, calipers for tumor size, etc.). A diseased or damaged cell responding to treatment
with agent is said to be "responsive."

[00182] In some embodiments, the methods and kits described herein can be used
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to determine if an agent-treated cell is developing resistance to the agent. By "resistance” is
meant that the cell no longer responds to the agent (e.g., the cell resumes its ability to grow in the
presence of the agent). The cell can become resistant by, for example, signaling (e.g., to express
proteins needed for cell division) through asignal transduction that does not include the
biomarker targeted by the agent. For example, as described in Jones et a, Science 321: 1801-
1806, 2008 and in U.S. Patent Publication No. 201201 15735 (both herein incorporated by
reference in their entireties), twelve signaling pathways, including the K-ras signaling pathway,
the TGF-beta signaling pathway, the INK signaling pathway, the Integrin Signaling pathway, the
Wnt/Notch signaling pathway, the Hedgehog signaling pathway, the Apoptosis pathway, can go
awry in human pancreatic cancers. If an agent istargeting abiomarker in one of these pathways,
aresistant cell may start signaling through another signal transduction pathway to escape the
effects of the agent.

[00183] It should be understood that in all of the methods described herein (and the
kits for performing the methods), multiple signaling pathways can be analyzed, and multiple
agents targeting one or more biomarkers in one or more signaling pathways can likewise be
analyzed for their effectiveness in having treated cells respond to the agent. Similarly, multiple
pathways can be analyzed to determine whether two or more biomarkers, possibly in more than
one signal transduction pathway, are preferentially targeted in adiseased cell. For example, if a
signal transduction pathway (e.g., the MEK/ERK pathway) in a diseased or damaged is identified
as being the pathway to preferentially target with an agent, the diseased cell, that cell can be
treated with one or more inhibitors targeting biomarkers in that pathway. For example, the cell
may betreated with one agent targeting MEK (e.g., trametinib (also called GSK1 120212); see
Caroline Robert et al, 2012 ASCO Meeting Abstract No. LBA8509, J. Clin Oncol. 30, 2012), or
two agents, one targeting MEK (e.g., trametinib) and one targeting Raf (e.g., sorafenib (also
called Nexavar); see Smalley et al, Oncogene 28: 85-94, 2009; Wilhelm et al, Mol. Cancer
Ther. 7(10): 3129-3 140, 2008).

[00184] In some embodiments, the methods herein described demonstrate the
flexibility and versatility of AMMP assay technology. Particularly, the results show the
feasibility of rapidly developing novel highly sensitive drug screening methods for human
cancer, hybridoma-screening protocols, and sensitive biomarker detection assays from human

serum samples for use in aclinical diagnostic setting.

51



WO 2013/134647 PCT/US2013/029891

[00185] One of the great advantages of the methods and kits described herein lies
in the multiple ways the data can berepresented. For example, afold change in abiomarker of
interest can be predetermined and used as areference against which the experimental results are
compared. For example, in Example 9 below, human melanoma patients are screened for
phosphorylated AKT and biomarkers in the ERK/MEK pathway. Using astandard cell line (e.g.,
the human SK-MEL-28 cell line commercially available from the American Type Culture
Collection, Manassas, VA (Order No. 300337), the fold change of, for example, phosphorylated
AKT1, invemurafenib-treated cells versus untreated cells or cells treated with a control agent
can be predetermined. The results obtained from Example 9 can be compared to this fold
change. The predetermined fold change may be at least about 10%, or at least about 20%, or at
least about 25%, or at least about 50%, or at least about 100%, or a least about 150%, or a least
about 200%, or at least about 250%, or at least about 500%, or & least 1000%, or & least about
2500%, or at least about 5000%, and at least about 10,000%.

[00186] The most widely used immunoassays today, including ELISA, MesoScale
Discovery (Gaithersburg, MD using, e.g., the SECTOR Imager 6000 or SECTOR Imager 2400),
and AlphaLISA platforms, rely on optical detection with fluorophore-conjugated or enzyme-
linked antibodies. Current diagnostic methods lack the sensitivity necessary to detect key low-
abundance protein biomarkers present in bodily fluids, mainly due to interference caused by
complex sample matrices. Furthermore, these methods are expensive and therefore not cost
effective for large-scale biomarker screens. Many immunoassay platforms are prone to signd
interference, matrix effects, cross-reactivity, antibody interference, and the hook effect, and
many designs are specifically prone to particular types of interference. AMMP assay technology
quantifies protein concentrations non-optically by calculating the analyte mass amplified by the
bound magnetic microparticles mass. Cross-reactivity or non-specificity occurs when a
molecule in the sample competes with the analyte for antibody binding due to structural
similarities. While this type of interference is highest for competitive immunoassays, two-site
"sandwich" assays, such asthe design of the AMMP technology, minimize cross-reactivity.
Most importantly, the non-optical readout associated with the AMMP assay minimizes signal
interference compared to typical optical immunoassay systems where the signal can be quenched

due to sample complexity, pH, ionic strength, lipid and protein concentration, and other matrix
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effects. Because of the advantage AMMP has in minimizing sample effects, researchers are able
to shorten the required sample preparation time and reduce operator-related error.

[00187] In yet another aspect, the invention provides akit comprising (a) afirst
binding agent that specifically binds to afirst biomarker, said first biomarker involved in a
KRAS signaling pathway, and/or a second binding agent that specifically binds to a second
biomarker, said second biomarker involved in a TGF-beta signaling pathway, and/or athird
binding agent that specifically binds to athird biomarker, said third biomarker involved in aINK
signaling pathway, and/or a fourth binding agent that specifically binds to afourth biomarker,
said fourth biomarker involved in an integrin signaling pathway, and/or afifth binding agent that
specifically binds to afifth biomarker, said fifth biomarker involved in awnt/notch signaling
pathway, and/or asixth binding agent that specifically binds to a sixth biomarker, said sixth
biomarker involved in a hedgehog signaling pathway, and/or a seventh binding agent that
specifically binds to a seventh biomarker, said seventh biomarker involved in a GI/S phase
transition signaling pathway, and/or an eighth binding agent that specifically binds to an eighth
biomarker, said eighth biomarker involved in an apoptosis signaling pathway, and/or aninth
binding agent that specifically binds to aninth biomarker, said ninth biomarker involved in a
DNA damage control signaling pathway, and/or atenth binding agent that specifically binds to a
tenth biomarker, said tenth biomarker involved in a small GTPase signaling pathway, and/or an
eleventh binding agent that specifically binds to an eleventh biomarker, said eleventh biomarker
involved in an invasion signaling pathway, and/or atwelfth binding agent that specifically binds
to atwelfth biomarker, said twelfth biomarker involved in a hemophilic cell adhesion signaling
pathway, wherein, if present, the first binding agent, the second binding agent, the third binding
agent, the fourth binding agent, the fifth binding agent, the sixth binding agent, the seventh
binding agent, the eighth binding agent, the ninth binding agent, the tenth binding agent, the
eleventh binding agent, and/or the twelfth binding agent is selected from the group consisting of
binding agent capable of being attached to a solid support and abinding agent capable of being
attached to a sensor; and instructions for utilizing the first binding agent, the second binding
agent, the third binding agent, the fourth binding agent, the fifth binding agent, the sixth binding
agent, the seventh binding agent, the eighth binding agent, the ninth binding agent, the tenth
binding agent, the eleventh binding agent, and the twelfth binding agent to identify a signaling

pathway utilized by acell. In some embodiments, the instructions (e.g., written instructions)
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include a description of the AMMP technology described herein and in, for example, U S Patent
Nos. 7,300,631; 7,61 1,908; and 7,615,381. In some embodiments, the solid support is magnetic.

[00188] In various embodiments, part of, most of, and/or al of asigna
transduction pathway is analyzed using the methods and kits described herein.

[00189] In various embodiments of the invention, the methods and kits are
optimized for use with the acoustic membrane and microparticle (AMMP®) technology. The
AMMP assay technology offers its own distinct advantages over alternative platforms. These
include exploitation of antibodies without bias toward antibody orientation upon conjugation. In
addition, there need not be concern about antibody species, allowing for alarger library of
polyclonal and monoclonal pairings to be used. Finally, the AMMP assay offers the flexibility to
detect post-trandlational modifications, protein/protein interactions, and even intact cellsin a
short amount of time. In some embodiments, the methods and kits are optimized for use with a
ViBE instrument.

[00190] In further aspects, the invention provides methods for detecting the
presence of abiomarker, or acomplex of two or more biomarkers, in asample. The methods
comprise providing a sample suspected of containing the biomarker or the complex; providing a
first binding agent that specifically binds to the biomarker (or first biomarker in the complex),
wherein the first binding agent is attached to a solid support; providing a second binding agent
that specifically binds to the biomarker (or second biomarker in the complex), wherein said
second binding agent is capable of attaching to a sensor; mixing the sample, the first binding
agent, and the second binding agent together under conditions whereby a sandwich assay
formation will be formed if the sample contains the biomarker or the complex; presenting the
mixture to a sensor that emits an acoustic output signal and detecting a change in the output
signal as compared to a control output signal of the sensor, wherein a change in the output signal
indicates the attachment of the sandwich assay formation to the sensor and thereby indicates the
presence of the biomarker or the complex in the sample. In some embodiments, the sample is of
acell (e.g., of adamaged cell). In some embodiments, the control output signal is emitted from
the sensor presented with the first binding agent, the second binding agent, and a control sample
known to contain the biomarker. In some embodiments, the output signal is calculated by

subtracting abackground output signal from the sensor presented only with the first binding
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sample from an initial output signal from the sensor presented with the mixture of the sample,
first binding agent, and second binding agent.

[00191] In some embodiments, the output signal is quantifiable, such that amount
of the biomarker or the complex in the sample can be quantified. In some embodiments, the
biomarker (or the first or the second biomarker in the complex) is selected from the group
consisting of a cell surface biomarker, a secreted biomarker, and a cytosolic biomarker.

[00192] In some embodiments, the biomarker (or the first or the second biomarker
in the complex) is aprotein. In some embodiments, the biomarker (or the first or the second
biomarker in the complex) plays arole in asignal transduction pathway. In some embodiments,
the signal transduction pathway isthe MAPK signal transduction pathway.

[00193] In some embodiments, the biomarker (or the first or the second biomarker
in the complex) is associated with adisease. In some embodiments, the sample is obtained from
a subject having or is suspected of having adisease. For example, the disease may be a cancer, a
degenerative disease, an immune disease, an infectious disease, an inflammatory diseases, or
heart disease.

[00194] In afurther aspect, the invention provides akit for detecting the presence
of acomplex comprising afirst biomarker and a second biomarker in a sample. In some
embodiments, the kit includes a first binding agent that specifically binds to the first biomarker,
wherein said first binding agent is attached to a solid support; a second binding agent that
specifically binds to the second biomarker, wherein said second binding agent is capable of
attaching to a sensor that emits an acoustic output signal; and instructions for using the first
binding agent and the second binding agent to detect the presence of the complex. In some
embodiments, the first biomarker and the second biomarker are in the same signaling pathway.

[00195] In yet another aspect, the invention provides akit for detecting the
presence of abiomarker in an activated form, the activated biomarker comprising afirst epitope
and a second epitope in asample. In some embodiments, the kit includes a first binding agent
that specifically binds to the first epitope on the biomarker, wherein said first binding agent is
attached to a solid support; a second binding agent that specifically binds to the second epitope
on the biomarker, wherein said second binding agent is capable of attaching to a sensor that
emits an acoustic output signal; and instructions for using the first binding agent and the second

binding agent to detect the presence of the activated biomarker. In some embodiments, at least
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one of the first or the second epitopes is a phosphorylated amino acid residue. In some
embodiments, the activated biomarker is present in a sample of a cell signaling through a signal
transduction pathway involving the biomarker.

[00196] In another aspect, the invention provides a method for identifying a signal
transduction pathway to target with a second agent in the treatment of a damaged or diseased cell
resistant to afirst agent, the method comprising (a) providing a sample of a damaged or diseased
cell resistant to afirst agent, wherein the first agent targets atarget biomarker in afirst signal
transduction pathway; (b) providing afirst binding agent that specifically bindsto afirst epitope
on a second biomarker in a second signal transduction pathway, wherein the first binding agent is
attached to a solid support; (c) providing a second binding agent that specifically binds to a
second epitope on the second biomarker in the second signal transduction pathway, wherein said
second binding agent is capable of attaching to a sensor; (d) mixing the sample, the first binding
agent, and the second binding agent together under conditions whereby a sandwich assay
formation will be formed if the sample contains the second biomarker comprising the first
epitope and the second epitope; (d) presenting the result of step (d) to a sensor that emits an
acoustic output signal; and (f) detecting the acoustic output signal, wherein a change in the
acoustic output signal of step (f) as compared to an acoustic output signal of a sensor that is not
presented the results of step (d) indicates the attachment of the sandwich assay formation to the
sensor and indicates that the second signal transduction pathway is atarget for the second agent
totreat the damaged or diseased cell resistant to the first agent. In some embodiments, the first
binding agent binds to afirst epitope on the biomarker and the second binding agent bindsto a
second epitope on the biomarker, wherein the first epitope and second epitope are not the same.

[00197] In yet another aspect, the invention provides a method for treating with a
damaged or diseased cell that is resistant to afirst agent, comprising (a) providing a sample of a
damaged or diseased cell resistant to afirst agent, wherein the first agent targets atarget
biomarker in afirst signal transduction pathway; (b) providing afirst binding agent that
specifically binds to afirst epitope on a second biomarker in a second signal transduction
pathway, wherein the first binding agent is attached to a solid support; (c) providing a second
binding agent that specifically binds to a second epitope on the second biomarker in the second
signal transduction pathway, wherein said second binding agent is capable of attaching to a
sensor; (d) mixing the sample, the first binding agent, and the second binding agent together
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under conditions whereby a sandwich assay formation will be formed if the sample contains the
second biomarker comprising the first epitope and the second epitope; (e) presenting the result of
step (d) to a sensor that emits an acoustic output signal; (f) detecting a change in the acoustic
output signal of (f) as compared to an acoustic output signal of a sensor that is not presented the
results of step (d); and (g) treating the damaged or diseased cell with an agent that targets at least
one biomarker in the second signal transduction pathway.

[00198] The teachings of all references cited above and below are hereby
incorporated herein by reference in their entireties. The following examples are provided only to
further illustrate the invention, and are not intended to limit its scope. The present invention
encompasses modifications and variations of the methods taught herein which would be obvious

to one of ordinary skill in the art.

Examples
Example 1: Detection of a Secreted Biomarker
[00199] To determine whether the methods described herein are able to detect a

secreted biomarker, an assay to detect |actation-associated peptide hormone prolactin (PRL; also
known as luteotropic hormone) was devel oped.

[00200] Hyperprolactemia is associated with hypoestrogenism and erectile
dysfunction in men, and can result from prolactinomas and excess thyrotropin-releasing hormone
(TRH), usually found in primary hypothyroidism (Jacobson et al, DiscovMed. 11(59):3 15-324,
201 1; PubMed PMID: 21524385). A robust assay that quantifie PRL in serum could be used as a
diagnostic tool for various conditions. To better evaluate the effectiveness of the AMMP
technology in detecting PRL, we conducted parallel experiments using previously developed, in-
solution proximity ligation assays (isPLA). In unpublished results, the lower limit of detection
for isPLA assay was found to be 1pM for prolactin detection.

[00201] For these studies, recombinant PRL was titrated over a 3-fold dilution
series to the indicated concentrations in buffer recommended by the manufacturer to generate
standard curves using AMMP assay technology and isPLA techniques. An in-house rabbit
polyclonal antibody was labeled with either biotin (for conjugation to streptavidin-magnetic
beads) or FITC for use with the AMMP assay as directed by the manufacturer. With the isPLA
technology, the same PRL antibodies used in the AMMP assay was labeled with biotin and
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conjugated with streptavidin-oligo A or B according to the manufacturer's protocols. 2uL of
sample was then incubated with 2uL of probes a afina concentration of 62.5 pM and analyzed
using isPLA. The mean and standard deviation of triplicate determinations of each PRL
concentration were background-corrected, then plotted.

[00202] For standard curves of PRL with AMMP assay and isPLA using
recombinant PRL doped into human serum, recombinant PRL was titrated over a 3-fold dilution
series to the indicated concentrations in either buffer recommended by the manufacturer or Low
Cross Buffer, LCB, (Candor Biosciences GmbH) supplemented with and without 50% human
serum. The same PRL antibody conjugates utilized above were used with the AMMP assay as
directed by the manufacturer. Recombinant PRL was titrated in the same manner and analyzed
using is PLA technology as directed by the manufacturer.

[00203] To evaluate the analysis of prolactin using AMMP assay technology (see
Figure 1), the limit of detection (LOD), dynamic range, and importantly, the effects of serum
interference on assay performance was determined. The results obtained from an AMMP assay
on the ViBE platform were then compared to an isPLA platform developed for PRL using the
same antibody pairs. Further analysis of dilution buffer comparison to minimize sample matrix
interference was also performed on both platforms and results were compared. Although
Prolactin can be analyzed using other commercial technologies (e.g., ECL and ELISA), isPLA
has been reported to be a sensitive detection method (see Fredriksson et a, Nat Biotechnol 20
(5): 473-477, 2002; Gullberg et al, Proc Natl Acad SciUSA 101(22): 8420-8424, 2004), so a
comparison of the performance of isPLA to that of the AMMP assay technology was made.
Using AMMP detection, recombinant PRL was used to generate a standard titration curve with
an in-house-designed, rabbit polyclonal antibody. Both methods detected PRL over a 3-log
detection range (see Figures 2A and 2B). The LOD of PRL detection was similar for both
technologies, detecting PRL at approximately 10 22 M. The results shown in Figures 2A and 2B
represent the background-corrected mean and standard deviation of triplicate determinations for
each PRL concentration.

[00204] Considering that both platforms (AMMP/VIBE and isPLA) have potential
to detect low-level biomarkers in aclinical setting for disease diagnosis, the abilities of both
platforms to the detection of PRL doped (i.e., added) into human serum was next compared. The
AMMP assay detected PRL doped into human serum samples diluted in a high salt PBS 1% BSA
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buffer (PBSBS) or Low Cross Buffer (LCB) with markedly less interference compared to the
isPLA technology diluted in LCB or Cell Resuspension Buffer (CRB) (compare Figure 3A
(AMMP) with Figure 3B (IsPLA)). Furthermore, serum interference was decreased in samples
diluted in LCB (see LCB 50% serum) compared to those diluted in PBSBS, indicating LCB may
be avaluable diluent for detection of PRL in human serum.

[00205] The results of this example demonstrated that detection of PRL by both
AMMP and isPLA can be achieved a similar sensitivities over comparable dynamic ranges, but
detection of PRL in serum significantly improved using the AMMP assay compared to the isPLA
platform. The non-optical AMMP technology is most likely contributing to this major difference
in serum interference. The isPLA platform utilizes enzymatic ligation, PCR amplification and
detection with afluorescent TagMan Probe. The high complexity of serum samples is known to
inhibit the ligation and PCR enzymes as well as quench the fluorescent readout associated with

this technology.

Example 2: Detection of prostate-specific antigen in male human blood

[00206] Prostate-specific antigen (PSA) is aprotein produced by normal prostate
cells. Although PSA isnormally found in semen, some PSA can escape the prostate and be found
in blood serum. Rising levels of PSA in the serum are associated with prostate cancer in men.
Using the methods described herein, if ahuman male has an elevated level of PSA in his serum,
he may choose to have additional screenings for prostate cancer (e.g., rectal exam or atransrectal
ultrasound).

[00207] For these methods, anti-PSA antibodies are purchased from Millipore,
Billerica, MA (e.g., Catalog No. 05-761, mouse anti-human, clone 2F5). The antibodies are
biotinylated according to standard methods (e.g., using the ChromaLink Biotin Labeling kit
available from Solulink, Inc. (San Diego, CA) or the EZ-Link Amine-PEG-Biotin kit
commercially available fromThermoScientific, Inc. (Waltham, MA)). A second anti-PSA
antibody (rabbit anti-human PSA is purchased from Epitomics, Inc. (Burlingame, CA; Catalog
No. AC-0070, clone EP109).

[00208] Magnetic beads coated with streptavidin and then mixed with the
biotinylated antibodies to attach them. The sensor is coated with anti-rabbit antibodies.
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[00209] A serum sample istaken from aman (e.g., by taking his blood and
separating the cells from the serum), and the serum is mixed with the anti-PSA antibody coated
magnetic beads and the free rabbit anti-human antibodies. 1f PSA ispresent in the man's serum,
asandwich assay formation will be formed. The mixture (i.e., possibly containing a sandwich
assay formation) presented to the anti-rabbit antibody-coated sensor and, the magnet applied.
Under flow conditions, the acoustic output signal from the sensor is obtained and measured.
This acoustic output signal can be compared to the acoustic output signal from a sample with a
known amount of PSA to determine how much PSA isin the man's serum. The acoustic output
signal can also be compared to the amount of PSA in the serum of a healthy man to determine if

the man whose serum is being tested has an elevated level of PSA.

Example 3: Detection of a Cell Surface Biomarker

[00210] To determine whether the methods described herein can be used to detect
a cell surface biomarker, detection of proto-oncogene cMET was assayed.

[00211] The proto-oncogene cMet encodes the receptor tyrosine kinase (RTK)
hepatocyte growth factor (Bottaro et al, Science 251(4995): 802-804. 1991). Aberrant cMet
activation occurs in numerous solid tumor types, and correlates with poor prognosis (Peruzzi and
Bottaro Clin Cancer Res. 12(12):3657-60, 2006; PubMed PMID: 16778093). Autocrine,
paracrine, amplification, and mutational activation of cMet trigger tumor growth, angiogenesis
and metastasis.

[00212] cMet and its ligand are involved in all stages of malignant progression and
represent promising biomarkers for targeted cancer therapies (Wang et al, Mol Cancer Ther.
10(1 1): 2022-2023. 201 1). Although many are being tested, afew cMet inhibitors have entered
clinical trials, and cMet diagnostic tests are lacking. Additionally lacking are tests to determine
whether the cMET inhibitors are initially and/or continuous decreasing the amount of aberrantly
expressed cCMET.

[00213] The assay described in this example is capable of measuring cMet levels
in cell lysates and in intact HepG2 cells (i.e., ahuman liver hepatocellular carcinoma cell line
commercialy available from the American Type Culture Collection (ATCC), Manassas, VA;

catalog no. HP-8065). This assay can be used to diagnose patients who aberrantly express cMET,

60



WO 2013/134647 PCT/US2013/029891

to test whether a cMET inhibitor is initially reducing cMET expression, and whether the cMET
inhibitor, after repeated administration, continues to be effective in reducing cMET expression.

[00214] For these studies, a commercially available cMet antibody was used to
further validate the AMMP assay technology. Aswith the PRL assay described above, a standard
curve was generated using both AMMP assay technology and isPLA technology using a
recombinant human HGF-R/cMet-Fc chimeric protein (see Figures 4A and 4B, respectively).
The lower limits of detection for iSPLA assay were found to be 0.1 pM for cMET detection, and
fully optimized isPLA technology detected cMet a concentrations as low as 5 x 1" # M . Under
similar conditions, an unoptimized AMMP assay was capable of measuring cMet a
concentrations of 1x 10° M. These experiments demonstrated that both technologies are capable
of detecting cMet sensitively and that these antibodies are an appropriate pairing for use in
AMMP assays. Theresults shown in Figures 4A and 4B are representative of the average of
triplicate determinations of each cMET concentration with background subtracted.

[00215] Detection of recombinant cMet was tested in two different, widely used
lysis buffers: M-Per and T-Per (also called MPER and TPER, both commercialy available from
ThermoScientific (Pierce), Waltham, MA), because the ultimate goal of this assay was to detect
and quantify cMet levelsin cell lines of varying origin and tumor grade. Recombinant cMet was
detected equally well using the AMMP technology in both M-Per and T-Per lysis buffers (see
Figure 5). Although the sensitivity was slightly diminished in these buffers compared to the
sensitivity of cMet detection in the manufacturer's recommended diluent buffer, the assay is still
sufficiently sensitive to detect endogenous cMet levels below 1" M and with high confidence.
Similar to the detection of recombinant cMet, the isPLA technology exhibited more sensitive
detection of endogenous cMet compared to the unoptimized AMMP assay (data not shown).

[00216] Interestingly, an obvious increase in sensitivity and dynamic range for
endogenous cMet was observed in samples of HepG2 cell lysates prepared with T-Per vs M-Per
lysis buffer using the AMMP technology (Figure 6). Thisis most likely due to the more stringent
extraction capabilities of T-PER buffer towards membrane-spanning receptors. Thus, not only do
these data show that the choice of buffer is critical for maximizing extraction of cMet, but they
also demonstrate that even in abuffer containing more detergent and amore complex matrix,
there isminimal, if any, loss in sengitivity. Thisisin stark contrast to buffers used in the isPLA

technology, where more interference is elicited in more complex buffers with more complex and
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higher concentrations of detergents. The results shown in Figures 5 and 6 are representative of
the background-corrected mean and standard deviation of triplicate determinations of each
CMET concentration.

[00217] After initial range-finding experiments and lysis buffer compatibility, the
AMMP assay was next optimized in order to achieve similar sensitivity to the isPLA assay
described above. By increasing the amount of recombinant cMET antibody on the magnetic bead
surface by an additional 150 pg per well, the AMMP assay achieved similar sensitivity to the
iSPLA assay (see Figure 7A). Increasing the antibody concentration on the beads increased the
sensitivity of the assay from 1pM to below 0.1 pM. Correspondingly, the new assay was able to
detect cMET in 100 ng of total HEPG2 |ysates, an order of magnitude more sensitive than the
iSPLA assays (see Figure 7B).

[00218] Next, an assay was performed to determine if cMET-positive HEPG2 cells
could be quantified using the AMMP technology on whole, unlysed cells. In this scenario, the
sandwich assay formation was comprised of anti-cMET antibody-attached magnetic
beads/HepG2 cells expressing cMET at their cell surface/free anti-cMET antibody. The higher-
loaded beads (see square symbols, Figure 8) were able to detect well below 1,000 cells per
sample. Beads optimally loaded with anti-cMET antibody were compared to beads with lower
loads to assess sengitivity (see Figure 8).

[00219] These experiments indicated that a single AMMP assay was able to
quantify recombinant cMET, cMET in cell lysates and cMET on intact cellswith greater
sensitivity than the isPLA assays.

[00220] Thus, using the AMMP assay technology, endogenous cMet levelsin cell
lysates and in intact cells was quantifiable. Thistechnology leads to the possibility of
developing acMet diagnostic assay for use on human samples. It also provides avery rapid
method for quickly determining whether a candidate is capable of reducing cMET levelsin a
treated cell.

Example 4: Detection and Analysis of Cytosolic Biomarkers
[00221] To determine whether the methods described herein can be used to detect

acytosolic protein, aprotein involved in the MAP kinase signal transduction pathway was
assayed.
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[00222] The mitogen-activated protein kinase (MAPK) cascade is akey signa
transduction pathway that governs cellular communication between protein receptors on the cell
surface and the cell nucleus. Mitogen-activated protein (MAP) kinases are an evolutionarily
conserved family of enzymes that play an important role in modulating avariety of cellular
processes, including proliferation, differentiation and apoptosis. Four major groups of MAP
kinases have been identified in mammalian cells, these are known asthe extracellular signal-
regulated kinases (ERK 1and 2), the c-Jun amino-terminal kinases (JNK), the p38 kinases (p38)
and ERKS5. Asshown in Figure 9, following activation of ras, MAP kinases are part of athree-
tiered cascade consisting of aMAP kinase (e.g., MAP3K or Raf), aMAP kinase kinase
(MAPKK, MKK or MEK) and a MAP kinase kinase kinase (MAPKKK or MEKK).

[00223] Figure 9 also shows the phosphoinositide 3-kinase (PI3K-AKT) cascade
which, together with the MAPK cascade, is asigna transduction pathway which heavily
influences the regulation of cell proliferation, differentiation, and survival, and as such, are
implicated in awide variety of cancers.

[00224] Of course Figure 9isjust asmaller part of alarger signal transduction
network contained within acell. Figures 10A and 10B show alarger part of this network, but the
true network is larger, and the relationships between the individual biomarkers are still not fully
understood. The ability to measure the activation states and molecular interactions of the kinases
comprising these pathways are crucial in the efficient and effective development of anti-
oncological pharmaceuticals and therapeutics. Moreover, if different members of these
pathways can be accurately measured, the activity of the entire pathway can be monitored to
assess any change, transformation, or resistance during the lifetime of a cell including during
carcinogenesis or during the cell's response to atreatment (e.g., treatment with a
chemotherapeutic). The activity can aso be monitored to determine if the cell is developing
resistance to atreatment, for example, by using a salvage pathway to bypass the member of the
pathway targeted by the therapeutic.

[00225] The MAPK signaling pathway is among the most frequently dysregulated
in human cancers. The MAPK kinases MEK1 and MEK?2 mediate the extracellular signal-
regulated kinase (ERK), which has received considerable research attention in cancer treatment
as apotential target for inhibitors (Ohren et al, Nature Structural and Molecular Biology 11:
1192-1 197. 2004; Sebolt-Leopold et a, Nat Rev Cancer 4 (12): 937-947. 2004. PMID
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15573 115; Catalanotti et al, Nature Sructural and Molecular Biology 16: 294-303. 2009;
Roberts and Der Oncogene 26(22): 3291-3310, 2007). Although approximately 30% of al
human cancers display evidence of constitutive activation of the MAPK pathway, only 1%
exhibit mutations in MEK1/2, and as of yet, no mutations have been reported in ERK1/2
(Schubbert e al, Nat Rev Cancer. 7 (4): 295-308, 2007. 17384584; Fremin and Meloche, J
Hematol Oncol. 3:8, 2010. PMID 20149254; Davies et a, Nature. All (6892): 949-954, 2002.
PMID 12068308. To date, eleven MEK1/2 inhibitors have either been tested or are undergoing
clinica trial evaluation (Fremin and Meloche, J Hematol Oncol. 3:8, 2010. PMID 20149254).
Small molecule MEK1/2 inhibitors significantly inhibit the proliferation of numerous carcinoma
and leukemia cell lines through cell cycle arrest and induction of apoptosis (Dudley et al, Proc
Natl Acad Sci USA 92(17): 7686-7689. 1995 PMID 7644477; DeSilva et a, JImmunol. 160 (9):
4175-4181. 1998. PMID 9574517; Sebolt-Leopold et al, Nat Med 5(7): 810-816. 1999. PMID
10395327). It is hypothesized that down regulation of MEK1 levels may reduce signaling and
disrupt the positive feedback loop to Raf kinase, which enhances MEK activity. The
phosphorylation of MEK on residues S218 and S222 is catalyzed by Raf kinase, which leads to
the activation of the MAPK pathway. MAP kinase family members are also phosphorylated on
the threonine and tyrosine residues in the T-loop of aMAP kinase family member, resulting in
activation.

[00226] Upon activation of MEK1 upon phosphorylation at serine218 and
serine222, ERK?2 is directly phosphorylated, leading to its release from MEK1 and subsequent
nuclear translocation.

[00227] Sensitive detection of total MEK, pMEK (S218/S222), and ERK/MEK
heterodimer levelsin both human cell lines and clinical samples would be akey enabler for the
development of therapeutic approaches (Hoshino et al, Oncogene. 18 (3): 813-822. 1999 PMID
9989833; Raman et al, Oncogene. 26(22): 3100-3112. 2007. PMID 17496909; Rajakulendran et
al, Nature 461: 542-545. 2009). Immunoassays capable of detecting and quantifying pMEK
levels, PMEK/MEK ratios, and ERK/MEK dimers could bereadily utilized to screen libraries of
small molecules or peptides directed toward inhibition of the MAPK pathway, including not only
direct inhibitors of kinase activity, but aso inhibitors of the MEK/ERK interaction in cells.

[00228] Using AMMP technology, this example describes the development of
assays for pMEK and total MEK measurement. In addition, an assay to detect and quantify the
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MEK/ERK protein heterodimer has been developed, which could be used in conjunction with the
other assays to screen drug libraries and evaluate the efficacy of drug candidates in patients.

[00229] For these studies, standard curves of MEK concentration were determined
using AMMP assay technology. Baculovirus-produced MEK (using reagents commercially
available from Invitrogen, Carlsbad, CA) was titrated over a 3-fold dilution seriesto the
indicated concentrations in buffer recommended by the manufacturer. An anti-MEK N-terminus
rabbit monoclona antibody (Epitomics, Burlingame, CA) was labeled with biotin and
conjugated to streptavidin-magnetic beads, and an anti-MEK C-terminus rabbit monoclonal
antibody (Epitomics, Burlingame, CA) was labeled with FITC for use with the AMMP assay.
Logarithmically growing HepG2 cells were lysed in M-PER buffer and protein concentrations
were determined using the Pierce BCA Protein Assay kit (Thermo Scientific) according to
manufacturer's instructions. Lysates were titrated over a 3-fold dilution series to the indicated
total protein amounts in 25% M-PER buffer. The same MEK antibody pairing as in the previous
experiments was employed for use with the AMMP assays.

[00230] For detection of pMEK S218/S222 in lysates with and without addition of
apMEK-specific peptide, logarithmically growing HepG2 cells were lysed in M-PER buffer and
protein concentrations were determined using the Pierce BCA Protein Assay kit
(ThermoScientific, Watham, MA) according to manufacturer's instructions. Lysates were
titrated over a 3-fold dilution series to the indicated total protein amounts in 25% M-PER buffer.
A pMEK specific peptide used to immunize rabbits for production of the pMEK antibody was
added to the indicated samples to afinal concentration of |IOnM. An anti-MEK N-terminus rabbit
monoclonal antibody (Epitomics) was labeled with FITC and an anti-pMEK S218/S222 rabbit
monoclonal antibody (Epitomics) was labeled with biotin and conjugated to streptavidin-
magnetic beads for use with the AMMP assay.

[00231] For the detection of ERK/MEK dimers in lysates with and without
addition of aMEK/ERK interaction blocking peptide, Baculovirus-produced MEKI (Invitrogen)
and ERK?2 (Protein One) were incubated together a a concentration of IOnM, and then titrated
over a 3-fold dilution series to the indicated concentrations in buffer recommended by the
manufacturer. An anti-MEK C-terminus rabbit monoclonal antibody (Epitomics) was labeled
with FITC and an anti-ERK rabbit polyclonal antibody (Cell Signaling Technology, Inc.) was
labeled with biotin then conjugated to streptavidin-magnetic beads for use with the AMMP
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assay. Inthis assay, the sandwich assay formation, if formed, would comprise the anti-ERK
antibody-coated magnetic beads’ERK-MEK dimer/anti-MEK FITC labeled antibody. For the
iSPLA experiments, logarithmically growing HepG2 cells were lysed in M-PER buffer and
protein concentrations were determined using the Pierce BCA Protein Assay kit (Thermo
Scientific) according to manufacturer's instructions. Lysates were titrated over a 3-fold dilution
series to the indicated total protein amounts in 25% M-PER buffer. An ERK/MEK peptide that
competes with ERK for the binding site on MEK was added to the indicated samplesto afina
concentration of 200 nM.

[00232] The results of in this example demonstrate the flexibility and feasibility of
applying the AMMP assay technology and the ViBE platform to apharmaceutical or drug screen
setting. The MAPKinase (MAPK) pathway was chosen for these experiments due to the
considerable research and drug development aimed in this direction. The MEK/ERK pathway is
hyperactivated in amajority of known cancers. The AMMP assay technology was used to
generate a standard curve utilizing recombinant MEKI protein with an LOD of 0.05 nM over a
4-log dynamic range (see Figure 11A). Endogenous MEKI in HepG2 lysates was also detected
using AMMP technology over a 3- to 4-log dynamic range with as little as 0.5 pg of lysate
within the linear range of the curve (see Figure 1IB).

[00233] The AMMP assay technology was also used to develop sensitive detection
assays for total MEKI, pMEKI (S218/222), and ERK/MEK dimers. Effective assays for these
analytes allow for the characterization and quantification of the activation status of the MAPK
pathway. Since inhibitors of the formation of ERK/MEKheterodimers are attractive targets for
oncology therapies, detection and quantification of the dimer in cells could offer atool for
assessing efficacy of drug candidates, and informed drug design and discovery.

[00234] A pMEK and N-terminal MEKI antibody pairing was utilized to detect
PMEK in cell lysates. Comparison of these results with the results from the total MEK assay
allows for the determination of the pMEK/MEK ratio, which is critical for evaluating the
efficacy of drugs that target the MEKI kinase. Levels of pMEK were computed with as little as
50 ng of total lysate (see Figure 12).

[00235] To further assess the stringency of the assay, the same lysate dilution
series was treated with the pMEK peptide utilized to generate the pMEK antibody used in this

immunoassay at a constant concentration of 5nM. As shown in Figure 12, with decreasing
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amounts of lysate, the signal for pMEK detection was competed away with the constant
concentration of peptide.

[00236] Next, an assay was performed to determine if protein-protein interactions
inthe MAPK signal transduction pathway could be detected using the AMMP assay technology
to alevel of sensitivity comparable to the total protein and phosphorylated proteins described
above. Utilizing recombinant MEKI| and recombinant ERK?2, a standard curve was generated for
detection of ERK/MEK heterodimers, ERK/MEK dimers were detectable with aLOD of around
0.05 nM over a 3-log dynamic range (see Figure 13A). Ascontrols, ERK2 and MEKI were
incubated independently and were not detectable using an ERK/MEK antibody pairing (data not
shown), demonstrating high antibody specificity and minimal cross reactivity. HepG2 lysates
were then used to determine the concentration of ERK/MEK dimers in cells. Dimers were
detectable with as little as 100 ng total lysate over a4-log dynamic range (see Figure 13B).
Furthermore, apeptide inhibitor was utilized that mimics the ERK binding region of MEK and
directly competes with endogenous ERK for MEK binding. As shown in Figure 13B, using a
constant concentration of 200 nM peptide inhibitor in each of the diluted lysate samples, the
peptide reduced the endogenous ERK/MEK interaction by 60%, with 80 ug of lysate and almost
completely with 5 pg of total lysate. Thus, the AMMP assay technology has proven its capability
to detect low levels of biomarkers, phosphorylation events, and protein-protein interactions.

[00237] Next, the dimerization state of MEK with ERK and phosphorylated MEK
with ERK was assessed using the methods described herein. Previous immunoprecipitation
assays have shown that MEK and ERK exist in a heterodimer but no publication has shown that
the active state of MEK in the dimer state with ERK.

[00238] For sample preparation, the materials used and the vendors from which the
materials were purchased are shown in Table 2.

Table2
Material Vendor from which Catalog # Lot #
material was purchased
MCF-7 cells ATCC, Manassas, VA n/a
A431 cells ATCC CCL-163 n/a
Mammalian Protein Extraction | ThermoFisher/Pierce, 78505 157931, 157138
| Reagent Rockford, 1L
Dimethyl sulfoxide (DM SO) SigmaAldrich, St 472301-2L | 26696MJ
Louis, MO
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Endothelial growth factor
Phorbol 12-myristate 13- SigmaAldrich P8139 031M 1775V
acetate
Cdll Culture Medium RPMI ATCC 30-20 30001 181
1640
Halt* Phosphatase Inhibitor ThermoFisher/Pierce 78428 ME156486
Cocktail
Halt* Protease Inhibitor ThermoFisher/Pierce 78430 MD156798
Cocktails
[00239] MCF-7 human breast cancer cells and A43 1 human epithelial carcinoma

cells (both commercially available from the American Type Culture Collection ("ATCC"),
Manassas, VA) were grown in media as specified by ATCC. Cell lines were maintained and
split when appropriate. When cells were approximately 80% confluent in aT75 flask, they were
prepared for analysis. Growth media was removed from each flask and replaced with 10
milliliters of basal media supplemented with or without 100ng/ml of endothelial growth factor.
Each flask was return to the 37°C incubator for 10 minutes. Following the 10 minute incubation,
3ml of cold T-PER lysis buffer (commercially available from ThermoScientific, supplemented
with proteases and phosphatase inhibitors) was added to each flask. The cells were scrapped
from the flask when necessary especialy inthe case of the A431cell line. The lysates were
pipetted into 50ml conical tubes and placed onice. Through a series of aternating vigorous
vortex mixing steps and sitting on ice, the lysiswas completed. Aliquots of each lysates were
placed in 1.7mL Eppendorf tubes and placed on dry ice before being transferred to -80 °C freezer.
[00240] For the AMMP assay to be performed on aViBE platform, the materials

used and the vendors from which the materials were purchased are shown in Table 3.

Table 3
Material Vendor Catalog # Lot #
Bead-pMEK antibody coupled | BioScale, Inc., n/a
Lexington, MA
Fl-labeled -Antibody-total BioScale, Inc. n‘a
MEK
Diluent BD Biosciences, San | 555213 84293
Jose, CA
Mammalian Protein Extraction | ThermoFisher/Pierce | 78505
Reagent
Lysate (MCF-7 & A431) BioScale, Inc. -
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PBS-Tween BioScale, Inc. n/a n/a
25 mM Phosphoric Acid BioScale, Inc. n/a n‘a
[00241] The assay for detecting aMEK-ERK heterodimer was constructed as

follows. Streptavidin-coated paramagnetic beads were coupled with 0.5ug of biotinylated rabbit
anti-MEK (Epitomics, Inc., Burlingame, CA; Catalog #1235) antibodies per milligram of bead.
Antibodies to total ERK (Cell Signaling Technology, Inc., Danvers, MA; Catalog #3374) were
labeled with fluorescein for VIiBE assay detection reagents. These reagents were diluted for
assay use in diluent (commercially available from BioScale, Inc., Lexington MA) to four times
the final desired concentration. Beads were diluted to 8xI0 7 and fluorescein labeled antibody to
1200ng/ml. The samples were diluted using MPER (Thermo Scientific) to twice the final
desired protein concentration when diluted 1:1with Bioscale diluent. Assays were runin a
sandwich format, with simultaneous incubation of the sample with the beads and fluorescein
labeled antibody. To set-up the assay plate 80ul of samples and 40ul of reagents were added to
the desired wells.

[00242] Similarly, the assay to detect pPMEK-ERK heterodimer was constructed as
follows. Streptavidin-coated paramagnetic beads were coupled with 2ug of biotinylated rabbit
anti-phosho MEK (Cell Signaling Technology, Inc. #9154) antibodies per milligram of bead.
Antibodies to total ERK (Cell Signaling Technology, Inc. #3374) were labeled with fluorescein
for VIBE assay detection reagents. The assay as constructed just as above using the same
concentrations of beads and fluorescein labeled antibody.

[00243] Cdll lysate samples were prepared for the assays by thawing them on ice,
then clarifying by centrifugation in amicrocentrifuge a 14,000 RPM for 10 minutes.
Supernatants were removed from the samples and the total protein concentrations were adjusted
in MPER for the assays. Serial two-fold dilutions were aso prepared in MPER and subsequently
assayed intriplicate. Forty microliters of lysate sample were assayed for each dilution, added to
40 ul of assay diluent (Becton Dickinson, Franklin Lakes, NJ). The sample/reagent incubation
time together was 4 hours prior to analysis on the ViBE. Elapsed time to achieve results was
approximately 8 hours. Negative controls containing the bead only with the samples (no
fluoresceinated antibody) were run and the ViBE response was subtracted from the sample signal

readings to determine the specific assay signal.
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[00244] From these experiments, results were obtained for two days in two
separate cell lines for each of the MEK-ERK dimers and the pMEK-ERK dimers.
[00245] For day 1for the MEK-ERK dimers (also called heterodimers, since the

two molecules in the dimer are different), lysates from MCF-7 and A43 1 prepared on two
separate days were analyzed for the expression of MEK-ERK heterodimers.  The results from the
MCF-7 cells are shown in Figures 14A and 14B, and the results from A43 1 cells are shown in
Figures 15A and 15B. Each cell line was either treated with EGF or left untreated. For day 2 for
the MEK-ERK dimers Lysates from MCF-7 and A43 1prepared ontwo separate days were
analyzed for the expression of MEK-ERK heterodimers. The results from the MCF-7 cells are
shown in Figures 16A and 16B, and the results from A43 1 cells are shown in Figures 17A and
17B. Each cdll linewas either treated with EGF or left untreated. The expression results shown
in Figures 14A-17B were anayzed at 7 dilutions and each dilution was run in duplicate, with the
graphs in the figures showing mean values with standard deviation of error.

[00246] For day 1for the pMEK-ERK dimers (also called heterodimers, since the
two molecules in the dimer are different), lysates from MCF-7 and A43 1 prepared on two
separate days were analyzed for the expression of pMEK-ERK heterodimers. The results from
the MCF-7 cells are shown in Figures 18A andI8B, and the results from A431 cells are shown in
Figures 19A and 19B. Each cell line was either treated with EGF or left untreated. For day 3 for
the pMEK-ERK dimers, lysates from MCF-7 and A43 1 prepared ontwo separate days were
analyzed for the expression of pMEK-ERK heterodimers. The results from the MCF-7 cells are
shown in Figures 20A and 20B, and the results from A43 1 cells are shown in Figures 2 1A and
21B. Each cell line was either treated with EGF or left untreated. The expression results shown
in Figures 18A-21B were analyzed at 7 dilutions and each dilution was run in duplicate, with the
graphs in the figures showing mean values with standard deviation of error.

[00247] Asthe results from Figures 14A-21B show, specific assays for two
dimerization states of MEK and ERK have been developed. These proteins (i.e., MEK, pMEK,
and ERK) were detectable in whole cell lysates, and there was good reproducibility between the
assays run together on one cartridge or independently from each other. Traditionally these types
of analysis would only be done with co-immunoprecipitation which would take a couple days to

perform, but using the assays described herein, this analysis was performed in a single day,

70



WO 2013/134647 PCT/US2013/029891

although of course the assays were repeated on another day to determine whether the results
were reproducible.

[00248] Notably, the analysis of these dimerization states described herein does
not require the dimerized ERK-MEK or pMEK-ERK pairs to be removed and denatured as
would be required by Western blot. This is important because it can be highly informative of the
natural state of dimer (or heterodimer) or multimer. This datais believed to be the first to
demonstrate detection of the "activated' state (phospho-MEK) still dimerized to its potential
target ERK.

[00249] The methods described herein provide atool to detect activation states of
kinases and other proteins in anative state. Thisis very important to drug development and
discovery aswell astoxicology. The harsh treatment of many of these tissue type samples to
analyze such interactions in fact eliminates the ability to do such analysis. The interaction
between proteins isjust asimportant asthe activation state and the understanding of both
activation states and protein interactions in a single sample can be very impactful in the
understanding of key biological events aswell as drug devel opment.

[00250] In summary, this Example shows that the quantitative detection of MAPK
protein kinases can be an important tool for screening the efficacy of oncology drug candidates.
As shown in this Example, AMMP assay technology represents amethod to sensitively assess
MEK concentrations in a complex matrix with minimal sample preparation. The non-optical
basis of the technology reduces sample matrix effects experienced with fluorescence-based
immunoassays. AMMP can be used on the ViBE protein analysis platform, which offers the
possibility of automated walkaway operation. To date, detection of ERK/MEK heterodimers has
not been directly measurable, and dimers of ERK/pMEK have never been detected. This assay
measures true physiological interactions that are indicative of pathway activation states. As
many drug development efforts are focused on the activation of the MAPK pathway, this
technology can help researchers ascertain the level of pathway activation. It could be used in
drug screening to indicate the efficiency of the upstream blockade of the MAPK pathway. In
addition for a site specific protein-protein drug target, this technology offers anovel method to
measure the effectiveness for these drugs. The AMMP assay described here shows promise as a

tool for drug development, screening and for investigation of MAPK cascade biology.
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Example 5: Detection and Analysis of Biomarkers in Cultured Cell Lysates and in Xenograft
Tumor Cell Lysates

[00251] Mouse models of cancer are used extensively to evaluate the efficacy of
new anticancer drugs. The most frequently used models are xenografts of human tumors grown
in immunodeficient mice. Samples taken from such xenografts are excellent models for tumor
biopsy samples taken from patients. These models are sometimes referred to asin vivo models
as opposed to cells grown in tissue culture which are in vitro models.

[00252] In this example, the use of the BioScale ViBE instrumentation and AMMP
assay technology to study the expression of proteins that are central to cancer research in anude
mouse tumor model are described. As shown in the results, reproducible measurement were
obtained of natural and recombinant phospho-P38 in lysates of xenografts tumors of A43 1
epidermoid carcinoma cells in nu/nu mice. These results also demonstrate the reproducible
measurement of total and phosphorylated EGFR in the same tumor lysates. ViBE measurement
of both analytes in tumors compare favorably with lysates of the same cells grown in vitro. The
assays are robust, with minimal interference from cell and tumor lysate matrix when comparing
to analyte detection levelsin detergent lysis buffer.

[00253] For these studies, p38 and EGFR (total and phosphorylated), non-limiting
analytes in accordance with the methods described herein, were detected and analyzed.

[00254] P38, also known as mitogen activated protein kinase or MAPK
(pT180/pY 182), isresponsive to cellular stress such as osmotic shock, heat shock or infection,
and irradiation. P38 modulates the cell cycle, activation of DNA repair, regulation of protein
trandation and initiation of the immune response. The p38 pathway includes a cascade of
protein kinases which ultimately leads to its phosphorylation on specific tyrosine and threonine
residues. In mammals there are four isoforms of p38; alpha, beta, gamma and delta, the most
abundant of which isp38 alpha. P38 isimportant in cell cycle regulation, apoptosis, and cancer
research.

[00255] The Epidermal Growth Factor Receptor (EGFR) is a cell surface receptor
which is activated by the binding of epidermal growth factor or another related ligand,
transforming growth factor apha. Upon ligand binding, the EGFR transforms from an inactive
monomer state to an active dimer state in which its protein tyrosine kinase activity is stimulated.

This stimulation results in phosphorylation of a series of tyrosine residues in the C terminus of
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the molecule. Hence, it is useful to detect and measure both total EGFR and phosphorylated

EGFR (i.e., stimulated EGFR).
[00256]

and phospho- and total EGFR from A43 1 cell line lysates and from Xenograft tumor cell lysates.

Table 4 lists some materials and their sources used for these methods.

PCT/US2013/029891

For these studies, sample was prepared for the detection of phospho-p38,

Table 4
_Materials-L ysates

Material Vendor Catalog # Lot #
A-431 Cells ATCC CRL-1555 |n/a
Mammalian Protein Extraction | ThermoFisher/Pierce | 78505 157931, 157138
Reagent
Dimethyl sulfoxide (DMSO) Sigma Aldrich 472301-2L | 26696MJ
Recombinant Human EGF R&D Systems 236-EG HLM2911041
Cell Culture Medium RPMI ATCC 30-20 30001181
1640
Halt* Phosphatase Inhibitor ThermoFisher/Pierce | 78428 ME156486
Cocktail
Halt* Protease Inhibitor ThermoFisher/Pierce | 78430 MD156798
Cocktails

[00257] For the sample preparation from A43 1 cells, the following methods were

used. Human epidermoid carcinoma cells A43 1 (American Type Culture Collection (ATCC),
Manassas, VA; ATCC Catalog No. CRL-1555) were grown to approximately 80% confluence in
T75 flasks according to standard cell culture techniques. Cells were stimulated for EGFR
production with 100 pgrecombinant epidermal growth factor (R&D Systems, Minneapolis, MN)
in serum free medium for 10 minutes. Negative control cells were incubated with serum free
medium without stimulant, also for 10 minutes.

[00258]
treatment), the medium was aspirated and replaced with 3 ml TPER (Tissue Protein Extraction

Following treatment of the A43 1 cells with epidermal growth factor (or no

Reagent, Pierce) to lift the cells from the plastic flasks. Additional scraping was required to
release the cells from the plastic. The resulting cell suspension was incubated for approximately
15 minutes on ice with vortexing every five minutes for effective cell lysis. Phosphatase and
protease inhibitors (HALT, Thermo Fisher (Pierce)) were included in the detergent cell treatment
preparation. Cell lysates were aliquoted and snap frozen on dry ice, and then transferred to a-
80°C freezer until analysis. A BCA protein assay (Thermo-Fisher/Pierce, e.g., Catalog No.

23225) was used to determine total protein concentration of the lysates.
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[00259] For sample preparation from tumor cell lysates, multiple steps were
involved to create the xenograft models, and then harvest xenograft tissue and prepare lysates.
For creation of the xenograft models, A43 1 cells were used to implant nu/nu mice (from Charles
River Laboratories, Wilmington, MA). For these methods, BD Matrigel ™ Matrix HC was
obtained from BD Biosciences (San Jose, CA; e.g., Catalog No. 354248). Asthisis stored
frozen, the BD Matrigel™ Matrix HC was thawed at 4 °C on ice overnight. All pipette tips,
pipettes, and microcentrifuge tubes used in the implantation procedure were aso chilled
overnight & 4 °C. A431cellswere obtained from the Cell Culture Department a TGA Sciences,
Inc. (Medford, MA). These célls, arereferenced above, are also available fromthe ATCC. A
1.2 dilution of cells inthe BD Matrigel™ Matrix was prepared on ice immediately prior to
injection of the cells into the nu/nu mice. The fina concentration of the cells in the 1:2 dilution
was approximately 1x 106cells/ 100 uL. Using a syringe needle, a subcutaneous pocket was
formed in each nu/nu mouse by swaying the needlepoint to the right and left after needle
insertion. A volume of 100 uL of the matrix/cell dilution was injected into the subcutaneous
pocket formed with the needle. The syringe was rotated during withdrawal to prevent |eakage of
the matrix/cell dilution. Ten mice were injected and split into two groups, namely Groups C and
D, with 5 mice per group. Group C mice were housed in one cage and Group D mice were
housed in another cage.

[00260] Immediately after injection of al 10 mice, the length and width (cm) of
the tumor site was measured using a caliper measuring device. The tumor length and width was
recorded daily. The average of the length and width was calculated for each day of
measurement. Thetumors were harvested when the tumor average exceeded 0.5 cm in size or
when the tumor site threatened to break through the skin. The harvested tumors were
immediately flash frozen in liquid nitrogen and stored in 2 ml cryo- vias at -80 °C until
processing.

[00261] For preparation of tumor lysates, each frozen tumor was transferred to a
15 ml polypropylene round bottom conical, and the weight of each individual tumor was
recorded. The tumor samples were allowed to thaw a room temperature. During the thaw time,
the amount of complete lysis buffer was calculated based on the recorded tumor weight. The
Complete Lysis buffer was prepared (75 total) by adding 750 pl., 100X Halt PIC and 750 pl.,
100X 0.5M EDTA to 73.5 ml of T-PER buffer (Thermo Fisher). The appropriate volume of
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Complete Lysis Buffer was added to each individual thawed tumor sample. The sample tumor
in Complete Lysis Buffer was next homogenized using a handheld homogenizer. The samples
were allowed to settle a 2 - 8 °C, and then re-homogenized. This step was repeated two times
for each sample. The homogenizer probe was changed between each tumor sample. The
samples were then centrifuged samples a 3300 RCF for 5minutes a 4 °C. Six 150 uL portions
of sample were aliquoted into 0.5 ml microcentrifuge tubes per tumor sample. The remaining

sample was stored in bulk. All lysate samples were stored a -80 °C until lysate processing.

[00262] Next, AMMP Assays were performed on the A431 cell lysates and the
A431 xenograft lysates. Table 5 lists some materials and their sources used for these methods.
Table 5
Material Vendor Catalog # Lot #
Bead-Phospho-P38 Antibody | BioScale n/a 11-047, 13-025, 13-
coupled 126
Bead-Phospho-EGFR BioScale n/a 12-083, 13-026
Antibody coupled
Bead-Total-EGFR Antibody | BioScale n/a 12-161, 13-119
coupled
Fl-labeled Antibody-P38 BioScale n/a 11-013
Fl-labeled Antibody-EGFR BioScale n/a 12-173, 13-024
Diluent BD Biosciences 555213 84293
Mammalian Protein ThermoFisher/Pierce | 78505 158971, 163779
Extraction Reagent
Lysate (A431) BioScale-prepared - 20111220;
20120110;
20120118
Recombinant Human Active | R&D Systems 5477-KS 1260044
p38alpha
Phospho-EGFR (Y 1068) R&D Systems DYC3570-2 | 1236924
Standard
PBS-Tween BioScale n/a n/a
25 mM Phosphoric Acid BioScale n/a n/a

[00263]

For the AMMP Assays, streptavidin-coated paramagnetic beads (Dynal

beads, from Invitrogen, Carlsbad, CA) were coupled with biotinylated rabbit anti-analyte

antibodies (Cell Signaling Technology, Inc., Danvers, MA). A mouse or rabbit anti-analyte
antibody (Cell Signaling Technology) was labeled with fluorescein for use asthe ViBE assay
detection reagent (BioScale, Inc., Lexington, MA). These reagents were diluted for assay use in

standard biological diluents (Diluent, Becton Dickenson) to ViBE assay-specific concentrations.
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Assays were run in a sandwich format, with simultaneous incubation of the sample with the
beads and fluorescein labeled antibody.

[00264] Cell lysate samples were prepared for the assays by thawing them on ice
then clarifying by centrifugation in amicrocentrifuge a 14,000 RPM for 10 minutes.
Supematants were removed from the samples and the total protein concentrations were adjusted
in MPER (Mammalian Protein Extraction Reagent (Thermo Fisher/Pierce) for the assays. Serial
two-fold dilutions were also prepared in MPER and subsequently assayed intriplicate. Forty
microliters of lysate sample were assayed for each dilution, added to 40 pi of assay diluent
(Becton Dickinson). The samples and assay reagents were combined and then loaded onto the
ViBE apparatus (BioScale, Inc.) for analysis. The ViBE apparatus was programmed to provide
an incubation time of 4 hours, prior to analysis of the samples on the ViBE. Elapsed time to
achieve results for atwo 96 well plate assay was approximately 8 hours. Negative controls
containing the bead only with the samples (no fluoresceinated antibody) were run and the ViBE
response was subtracted from the sample signal readings to determine the specific assay signal.

[00265] Samples were also analysed by Western blotting analysis using phospho-
p38, phopho-EGFR, and total EGFR-specific antibodies. For these studies, cell lysate samples
were prepared as described above, and total protein concentrations were adjusted to a specific ug
total per well, to compare to the ViBE assay total protein/test. The samples were diluted 1:1in
SDS-PAGE sample preparation buffer and run on 8-16% Tris-glycine gels under constant current
for 2 hours. Chemiluminescent molecular weight markers (Invitrogen) were run on each gel.
Proteins were then transferred to 0.45 wn pore size PVDF membranes according to standard
techniques. The membranes were blocked with 5% BSA/or 5% milk in Tris buffered saline/
0.1% tween then probed with the analyte specific antibody a the manufacturer's recommended
concentration overnight with constant agitation. The following day the membranes were washed
then probed with a secondary rabbit or mouse 1gG specific perioxidase antibody (Jackson
Immunoresearch, West Grove, PA) diluted to aworking concentration in normal donkey serum
(Equitech Bio, Inc., Kerrville, TX). The membranes were developed with chemiluminescent
substrate (ChemiGlow reagent from Protein Simple (formerly Cell Biosciences), Santa Clara,
CA). The membranes were developed for 40 seconds then they were photographed for image

preservation. Elapsed time to achieve results was approximately 30 hours.
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[00266] The results fromthe AMMP analyses on the ViBE apparatus are shown in
Figures 22-24. Figure 22 shows the results for detection of phospho-p38; Figure 23 shows the
results for the detection of phospho-EGFR; and Figure 24 shows the results for the detection of
total EGFR. Note that in Figure 23, phosphorylated EGFR was not found in tumor lysates using
the AMMP assay method. Also note in Figure 24 that recombinant total EGFR was not available
to serve as apositive control.

[00267] Figure 22 demonstrates reproducible measurement of natural and
recombinant phospho-P38 in lysates of xenograft tumors of A431 epidermoid carcinoma cells in
nu/nu mice (Charles River Laboratories). Also demonstrated in Figure 24 is the reproducible
measurement of total EGFR in the same cell and tumor lysates. ViBE measurement of both
analytes in tumors compare favorably with lysates of the same cells grown in vitro. The
following conclusions were made from these experiments.

[00268] First, the lowest cell numbers detected in each tumor or cell lysate
approach the 100-1000 cell range, based on correlation of protein concentration to cell number.
An example of this is shown in Table 6, which shows the number of cells and total protein for

the samples analyzed on different days using the BCA assay from Thermo Fisher/Pierce.

Table 6
Culture Date Cells/ml Cells/ul Protein Cells/5 ug
MPER lysate (ug/ml) by protein
BCA
A431 28-Oct 1.19E+06 1190 498.6 11948
A431 4-Nov 1.25E+06 1250 496 12600
A431 11-Nov 1.33E+06 1330 422.1 15755
A431 21-Nov 5.20E+05 520 287.5 9043
A431 5-Dec 8.80E+05 880 335.7 13107
A431 9-Dec 2.90E+05 290 300 4833
A431 20-Dec 5.40E+05 540 401.9 6718
A431 10-Jan 6.40E+05 640 644.6 4964
A431 Stim 18-Jan 1.25E+06 1250 628.7 9941
A431 Unstim 18-Jan 1.25E+06 1250 582.2 10735
[00269] Secondly, the measurements from the AAMP assay were reproducible,

with triplicate analysis of each sample. And finally, comparable signal levels were observed for
P-P38 and Total EGFR in A43 1 cell and tumor lysates.
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[00270] Western blotting analysis of EGF-stimulated A43 1 cells and tumor lysate
(randomly chosen) was performed using phospho-p38 specific antibody (See Figure 25),
phospho-EGFR specific antibody (Figure 26) and total EGFR-specific antibody (Figure 27). The
results of the p38 ViBE assay and the Western blots were compared for detection in
stimulated/unstimulated A43 1 cell and unstimulated tumor lysates. The signal on the VIBE
(Figure 22) was detectable over background at 0.156 pg of protein while the western blot signal
(Figure 25) was visible at the 10 pg level tested. The results of the p-EGFR ViBE assay (Figure
23) and the western blot (Figure 26) were compared for detection in EGF stimulated A43 1 cell
and tumor lysates. For the stimulated cell lysate, the signal on the VIBE (Figure 23) was
detectable over background at 0.0625 pg of cell lysate protein while the western blot signal
(Figure 25) was visible at the level tested (5 pg). There was no detection of phospo-EGFR in the
tumor lysate by either method (see Figure 23 and Figure 26). The results of the Total-EGFR
VIBE assay (Figure 24) and the western blot (Figure 27) were compared for detection in EGF
stimulated A43 1 cells and unstimulated tumor lysates. For both the cell and tumor lysates, the
signal onthe VIBE (Figure 24) was detectable over background at 0.0156 ug of lysate protein.
The western blot signal (Figure 27) showed strong positive reactivity for each of the samples
tested. Recombinant total EGFR was not available for these studies.

[00271] The Western blots (Figures 25-27) confirmed the presence or absence of
the ViBE measured analytes in the xenograft lysates (compare to Figures 22-24).

[00272] Next, recombinant p-P38 (R&D Systems), recombinant p-EGFR (R&D
Systems) and natural total EGFR were measured in each of the kinase analyte assays described
above over severa dayswith multiple cartridge lots and multiple ViBE instruments. The assay
responses in signal units were assessed. Protein concentrations were adjusted to 10 ng/ml (for
phospho- P38), 10 ng/ml (for phospho-EGFR) or 0.5 ug (for natural total EGFR) in MPER
buffer (Thermo Scientific /Pierce) for the top point of dose response curves, then these samples
were serialy diluted two-fold in MPER for the remaining points on the curves.

[00273] Representative mid-points on the curves were chosen for illustration in the
graphs shown in Figures 28-30. Figure 28 shows detection of recombinant phospho-p38 as
measured using the AMMP assay over twenty-one days. Figure 29 shows detection of
recombinant phospho-EGFR using the AMMP assay over fifteen days. The phosphorylated
EGFR was aso detected in cell lysates prepared from EGF-stimulated A43 1 cells, and Figure 30
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shows the measurements obtained of phospho-EGFR from EGF-stimulated A43 1 cell lysates
over fifteen days. Asshown in Figures 28-30, percent coefficients of variations between days of
measurement were found to be generally less than 3 %, and between replicates on the same day
(i.e., duplicates) were found to be less than 6%.

[00274] Next, the reproducibility of in vivo sample measurements of phospho-P38
(i.e., phosphorylated p38) and Total EGFR was assessed. For these studies, tumors from 5 of the
10 mice injected with A43 1 cells were tested using the AMMP assay with replicates for each
dilution measured. Figure 31 shows the amount of phosphor-p38 measured in tumors from DI-
D5 mice using the AMMP assay. Figure 32 shows the amount of total EGFR measured in
tumors from D1-D5 mice using the AMMP assay. The reproducibility of the triplicate readings
for each tumor and the consistency of the results obtained for each tumor in the tested group lend
confidence to the data.

[00275] Next, experiments were doneto determine the range of specificity of the
AMMP assayusing the ViBE apparatus. These studies were done to demonstrate that the AMMP
assays on the ViBE can recover and measure various amounts of spiked analyte in a dose
dependent manner, when performing the measurement in increasing amounts of cell or tumor
lysate. In other words, these studies tested for matrix interference of the analyte measurements,
and whether or not the "spiked" analyte could still be accurately recovered and measured using
the AMMP assay.

[00276] For these studies, different amounts of recombinant phosphorylated EGFR
or recombinant phosphorylated p38 was added to different masses of tumor lysates prepared
from randomly chosen mice or to MPER buffer alone. In Figure 33, different amount of
recombinant phospho-EGFR were added to MPER buffer, or lug, 2ug, or 4ug of tumor lysate
mass taken fromthe C5 mouse. Table 7 shows the recovery of the p-EGFR taken from these
studies as compared to from MPER buffer alone.

Table 7
Phospho-EGFR ng/ml | 1 ug lysate 2 ug lysate 4 ug lysate
2 92.7 91.1 83.9
1 92.8 87.5 99.1
0.5 84.0 92.2 103.1
0.25 84.8 101.5 104.0
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[00277] In Figure 34, different amounts of phospho-EGFR were added to MPER
buffer, or 10 ug, 20 ug, or 40 ug of tumor lysate mass taken from the C4 mouse. Table 8 shows
the recovery of the p-EGFR taken from these studies as compared to from MPER buffer alone.

Table 8
Phospho-EGFR ng/ml | 10 ug lysate 20 ug lysate 40 ug lysate
10 93.5 87.2 36.6
5 91.1 74.3 17.7
2.5 82.8 56.1 6.6
1.25 67.2 38.8 5.5
0.625 58.2 41.9 10.8
0.313 72.1 51.7 22.6
0.156 95.9 118.6 39.8
[00278] In Figure 35, different amounts of phospho-p38 were added to MPER

buffer, or 10 ug, 20 ug, or 40 ug of tumor lysate mass taken from the D5 mouse. Table 9 shows
the recovery of the p-EGFR taken from these studies as compared to from MPER buffer alone.

Table 9
Phospho-p38 10 ug lysate 20 ug lysate 40 ug lysate
ng/ml in MPER
20 89.2 84.8 55.2
10 90.5 86.0 65.8
5 91.2 87.3 71.6
2.5 94.2 90.8 84.9
1.25 102.4 99.8 99.2
0.625 129.7 136.1 119.0
[00279] Thus, against the background of interference of up to 20 ug of tumor

protein, 80-100% of the spiked analyte was recovered and measured using the AMMP assay.

[00280] Overall, the results in this Example show the use of AMMP assays,
performed on the BioScale ViBE apparatus, for the detection of phosphorylated MAPK protein
p38, and phospho and total EGFR in the A43 1 cell line and A43 1 cell xenograft tumors in mice.
Comparative signal levelswere observed for the three markers in the cell and tumor lysates,
indicating that the AAMP technology is capable of delivering highly sensitive and reproducible
measurements in both matrices.

[00281] The phospho-p38, phospho-EGFR, and total EGFR proteins were

detectable in human xenografts {in vivo) and whole cell {in vitro) lysates, by western blot, results
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of which corroborate the results of the AMMP assays. However, compared to western blots run
on the same cell lysates, the VIBE assay takes less time and requires less starting material, asthe
VIBE assays have lower limits of detection than western blots. The cell numbers detectable
(lower limit) by the AMMP assays are in the range of 100-1000 cells, which iswell within the
range of cell numbers required for tumor biopsies. Additionally, recombinant forms of the
phosphorylated p38/phosphorylated EGFR proteins were reproducibly detectable when spiked
into the cell and tumor lysates with the AAMP assays. At total protein levels of up to 20 pg/test,
the spiked proteins are recovered between 80-100%.

[00282] Asdemonstrated by the excellent reproducibility over multiple ViBEs and
days of testing, the AMMP assays can berun on different cartridges/days of assays. Assay
coefficients of variance (CVs) are less than 3% between days and less than 3% between
duplicates run on asingle day. Further, the open system nature of the AAMP technology allows
multiple analytes to be assayed within a single run of a cartridge, which corresponds to one or
more 96 well plates. Thus, multiple AMMP assays can berun on asingle ViBE cartridge.

[00283] The results showed good reproducibility between five xenograft tumor
lysates when tested in both the phosphorylated p38/phosphorylated EGFR assays. The
coefficient of variance (CVs) were less than 5%. Further, there is good reproducibility between
analyte replicates from a single tumor—for these, the CV's are less than 5%.

[00284] Additional studies were next performed to look a members of the MAPK
signaling pathway and the PI3K-AKT signaling pathways. The mitogen-activated protein kinase
(MAPK) and phosphoinositide 3-kinase (PI3K-AKT) cascades are signal transduction pathways
which heavily influence the regulation of cell proliferation, differentiation, and survival.
Schematic diagram of these pathways are shown in Figures 9, 10A, and 10B. The ability to
measure the activation states and molecular interactions of the kinases comprising these
pathways are crucial in the efficient and effective development of anti-oncological
pharmaceuticals and therapeutics.

[00285] AKT (aso known as Protein Kinase B) is a serine/threonine-specific
protein kinase that plays akey role in multiple cellular processes such as glucose metabolism,
apoptosis, cell proliferation, transcription and cell migration. There arethree AKT family
members. Aktl isinvolved in cellular survival pathways, by inhibiting apoptotic processes.

Aktl isaso ableto induce protein synthesis pathways, and istherefore akey signaling protein in

81



WO 2013/134647 PCT/US2013/029891

the cellular pathways that lead to skeletal muscle hypertrophy, and general tissue growth. Akt2 is
an important signaling molecule in the Insulin signaling pathway and is required to induce
glucose transport. Therole of AKT3 is less clear, but it appears to be predominantly expressed
in the brain.

[00286] For these studies, the non-optical acoustic membrane microparticle
(AMMP) technology was used to assess and quantify the activation state of several implicated
kinases, namely EGFR, p38, and AKT. Cell lines used were HEK 293 cells, NIH-3T3 cells,
WM 266.2 cells, A431 cells, and MCF-7 cells.

[00287] Xenograft models were created as described above by injecting HEK293
tumor cells (embryonic kidney cells) into nu/nu mice from Charles River Mice. These groups
were called groups G and H, and the members of the groups were identically treated.

[00288] Lysates were prepared from several human tumor cell lines, with or
without stimulation of surface ligand receptors or mitogen stimulation and compared with lysates
prepared from xenografted tumors derived from the same cell lines.

[00289] Asshown in Figure 36, in an early study, the AMMP method was able to
detect total Aktl inlgF-1 and EGF stimulated WM266.2, MCF-7, and A43 1 cell. The control
"AKT1 Recomb" is active recombinant AKT, sold as Catalog No. 1775-KS from R&D Systems
(Minneapolis, MN).

[00290] This result was achieved from very low protein levels and cell numbers.
Indeed, the lowest cell numbers detected in each cell or tumor lysate approach the 100-1000 cell
range, based on the correlation between protein concentration and cell number.

[00291] Thiswas surprising because, as shown below in Table 10, other common
molecular/biochemical techniques typically require higher cell numbers

Table 10

Technique Minimum Cell Requirement

PCR, RT-PCR, immunohistochemistry, CGH 1-1000
with whole genome amplification

Western blot 2000-5000

2-D protein gel analysis 50,000-100,000

Southern blot, Northern blot, CGH without 100,000-200,000
whole genome amplification
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[00292] An assessment was made of the amount of protein used in the methods
described in this example based on different lysate preparations and the amount of protein as
determined using the bicinchoninic acid (BCA) protein assay reagent (Thermo Scientific) for
measuring protein quantity. To do this assessment, data from eight different cell lysate
preparations were analyzed. The numbers were used to calculate cell numbers detected. The
cells/5 ug protein represents the highest cell number tested, followed by serial two-fold dilutions.

The results of these studies are shown in Table 11.

Table 11

Culture Date Cells/ml MPER | Cells/ul lysate |Protein (ug/ml) by BCA|Cells/5 ug protein
Jurkat 28-Sep 5.00E+06 5000 180.7 135000
Jurkat 5-Oct 3.75E+06 3750 1945 96649
HEK 12-Oct 3.20E+06 3200 652 24539
HEK 26-Oct 2.08E+06 2080 639 16275
313 12-Oct 5.50E+05 550 258.2 10658
313 19-Oct 5.00E+05 500 309.5 8090
A431 28-Oct 1.19E+06 1190 498.6 11948
A431 4-Nov 1.25E+06 1250 496 12600

[00293] In Figure 37, the EGF receptor (EGFR) was detected and semi-quantified

in lysates made from EGF stimulated A43 1 cells at very low cell numbers. Similarly,
phosphorylated p38 was detected in lysates made from low numbers of EGF-stimulated A431
cells (see Figure 38). Note in Figure 38 the dramatic increase in the amount of phosphor-p38
observed in EGF-stimulated cells (red bars) as compared to unstimulated A43 1 cells (blue bars);
this was not the case for the amount of total EGFR observed in these cells (see Figure 39,
compare unstimulated A43 1 (blue bars) to EGF-stimulated A43 1 (red bars).

[00294] Next, detection of phosphorylated Aktl and total Aktl in lysates made
from tumor xenografts was attempted. As shown in Figure 40, phosphorylated Aktl was
detected in both unstimulated HEK cells aswell as HEK cells sitmulated with anisomycin (from
Sigma-Adrich, St. Louis, MO). Interestingly, the amount of phosphorylated Aktl in the different
tumors varied. The Aktl Recomb control in Figure 40 was R& D Systems' Active Recombinant
AKT, Catalog number 1775-KS, the solid phase (bead)-bound antibody to phosphorylated AKT
is Catalog No. 4058 (pAKT s473) (arabbit monoclonal antibody) from Cell Signaling
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Technology, Inc. (Danvers, MA), and the fluorescein-labeled anti-total AKT antibody is Catalog
No. 2697 (amurine monoclonal antibody) from Cell Signaling Technology, Inc.;

[00295] Similar results were obtained for total Aktl inunstimulated HEK cells and
anisomycin-stimulated HEK cells in Figure 4 1. However, the amount of total Aktl expressed in
the three tumor lines was higher than phosphorylated Aktl (compare Figure 4 1to Figure 40).
For these studies, the solid phase (Bead) antibody was Cell Signaling Technology, Inc. catalog
no. 2697 (amouse MAD to total AKT) and the detector (FL labeled ab) was Cell Signaling
Technology, Inc. catalog no. 4691 (amouse MAD to total AKT).

[00296] The levels of phosphorylated Aktl and total Aktl inthe HI, H2, H3, H4,
and H5 tumors was next assessed. Asshown in Figure 42, tumors HI and H3 had the highest
levels of phosphorylated Aktl , aswell asthe highest levels of total Aktl . The weights of the
tumors are shown on the right in Figures 41 and 42. These data appears to indicate that the
larger the tumor mass, the higher the amount of phosphorylated Aktl expressed by the tumor
and, to adlightly lesser extent, the higher the amount of total Aktl expressed by the tumor.

[00297] From these data fromthe AMMP assays using the ViBE instrument,
standard curves of phosphorylated Aktl (Figure 44) and total Aktl (Figure 45) were generated.

[00298] Figures 46A and 46B show side-by-side comparisons of phosphorylated
Aktl andtotal Aktl in Gl, G2, G3, G4, and G5 tumor lysates (Figure 46A) and in HI, H2, H3,
H4, and H5 tumor lysates (Figure 46B). Figure 47 showsthe ratio of pAKTI/total AKT1 as
calculated using either the raw signa (AMMP units; light purple bars) or as calculated from the
concentrations of proteins calculated by the ViBE instrument. Figure 48 show regression
analysis of the data shown in Figure 47 in order to generate the R squared value and the
regression equation to demonstrate the relationship between the two methods numerically.

[00299] Asthe results in this Example 5 show, the correlation of measurement of
kinases and receptors in tumor cell lines with the same cell line xenografts was excellent. The
number of cells contained in specific amounts of cell lysate has been determined, allowing the
elucidation of the amounts of these analytes in samples representing very low cell counts.
Consequently, the use of AMMP technology has permitted measuring the activation states of
multiple kinases, from fewer than 2000 cultured or xenografted tumor cells per assessment.

Moreover, the methods described herein provide a quantification method by which phospho and
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total AKT can be measured in ng/ml quantities and provide correlation data by which
guantification was readily and accurately assessed.

[00300] Thus, the combination of the ability to detect the phospho and total
analytes in small cell number samples, the absence of matrix effects from tumor and cell lysates,
and the ease of use make the AMMP assays on the VIBE excellent tools for oncology research,

for both in vitro and in vivo models (e.g., xenograft mouse models).

Example 6: Detection and Analysis of Biomarkers to Determine Efficacy of a Therapeutic
Treatment

[00301] There are severa candidate small molecule agents currently in
development that target the PI3K pathway. Table 12 provides anon-exclusive list of these

agents.
Table 12

Agent Compan Molecular targets
BYL719 Novartis PI3Kq,
GDC-0032 Genentech PI3Ka
INK-1117 Intellikine PI3Kq,
XL-147 Exelixis/Sanofi Pan-PI3K
NVP-BKM120 Novartis Pan-PI3K
GDC-0941 Genentech Pan-PI3K
PKI-587 Pfizer Pan-PI3K
XL-765 Exelixis/Sanofi PI3K / mTOR
NVP-BEZ-235 Novartis PI3K / mTOR
NVP-BGT-226 Novartis PI3K / mTOR
PF-4691502 Pfizer PI3K/mTOR
AZD8055 Astrazeneca mTOR (catalytic)
INK 128 Intellikine mTOR (catalytic)
MK-2206 Merck AKTI1,2,3
GDC-0068 Genentech AKT

[00302] In some embodiments, using the methods described herein, subjects

having tumors, such as HEK-293, that expressed activated (i.e., phosphorylated Aktl) canbe
treated with varying dosages of one or more of these candidate therapeutics. Fine needle
aspirates are taken from the tumor tissue before the start of treatment and a various times during
treatment. In some embodiments, the methods described herein provide rapid and accurate
measurements of the amounts of biomarkers from very small numbers of cells. If there is a
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reduction in the amount of phosphorylated Aktl (or another signaling molecule in the PI3 kinase
pathway such as PDK1 or S6K), the reduction may indicate that the drug is being used a an
effective dosage and/or that it is effective in shrinking the tumor.

[00303] In addition, it iswell known that certain tumors may initially respond to a
therapeutic regimen, but the tumor may by-pass the signaling molecule targeted by the
chemotherapeutic and continue to propagate using aparallel signaling pathway. Using the
methods described herein, rapid assessments can be made of the levels ofbiomarkers in salvage
pathways by predicting what pathways might be used based on the hallmark pathways identified
in Jones et a. (Science 321: 1801-1806, 2008). By being able to quickly and accurately detect
changes in levels of active and total protein, in some embodiments, the methods described herein
provide amethod to tailor apatient's therapeutic regimen and change that patient's drug based
on the response made by the patient's cells.

Example 7: Analyzing Tumor Cells Treated with Specific Anti-Cancer Agents

[00304] The Ras pathway is perhaps one of the most commonly deregulated
pathways in human cancer (see, e.g., Courtois-Cox et a, Oncogene 27: 2801-9 (1 May 2008).

[00305] Some non-limiting well known signal transduction pathways include the
ras/PI3 kinase pathway where activated ras can activate PI3 kinase which in turn activates PDK
which in turn activates Akt (by phosphorylating it) which in turn activates anumber of targets
including mTOR (which activates protein trandation), XIAP (which inhibits apoptosis), and IKK
(which activates NF-kB). Another well known pathway isthe ras/raf pathway, where active ras
activates raf which activates MEK 1/2 which activates ERKI/2, which then activates
transcription. Figure 49 shows parts of these signal transduction pathways.

[00306] Anti-cancer agents can selectively target biomarkers that play roles in a
desired signal transduction pathway. For example, active MEK is selectively targeted by
PD0325901, AZD6244, and XL418. Similarly, PI3 kinase is selectively targeted by XL 147 and
BGT226.

[00307] To determine whether or not the targeted treatment of a particular
biomarker in the signal transduction pathway of atumor cell (e.g., aneoplastic, metastatic cancer
cell or abenign, hyperplastic cell) with an anti-cancer agent is able to specifically inhibit the

target of the anti-cancer agent, tumor cell samples can be treated with various anti-cancer agents
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to determine whether or not the targeted biomarker shows areduced expression in cells treated
with the agent.

[00308] Treating the cell with an agent will, of course, depend upon the agent.
Typically, adamaged cell (or normal control cell) can be treated with an agent by simply
contacting the cell with the agent. For example, the agent may be an SIRNA targeting a
biomarker, and treatment with the SRNA may be, for example, simply introducing a dsRNA to a
cell culture which isuptaken by the cell and cleaved into SRNA. Working from the signal
transduction pathways depicted in Figure 49, the biomarkers may be, for example, MEK, PI3K,
and KRAS. The sequences of nucleic acid molecules encoding KRAS, MEK, and PI3 kinase are
known. For example, the sequence of KRAS is provided at GenBank Nos. AF493917.1 and
L00049.1 (Shimizu et al, Nature 304: 497-500, 1983; McGrath et al, Nature 304: 501-506,
1983). SIRNA molecules targeting such biomarkers, and cells expressing the same can easily be
made by standard methods (see, e.g., Brummelkamp et al, Science 296: 50-553, 2002; Elbashir
et a, EMBO J. 20: 6877-6888, 2001; Yu et al, Proc. Natl. Acad. Sci. 99(9): 6047-6052, 2002,
Paddison et al, Genes Devel. 16: 948-958, 2002; and U S Patent Nos. 7,078,196 and 8, 198,252).

[00309] Other agents can be used, such asthe agents described here. For example,
the MEK-targeting PD03325901 compound (see, e.g., CAS No. 391210-10-9; Henderson et a,
Mol. Cancer Ther. 9(7): 1968-1976, 2010) can be purchased commercially as Catalog No. 13034
from Cayman Chemical, Ann Arbor, MI. Example 6 above likewise lists severa agents and their
suppliers that selectively target PI3 kinase. These small molecules can be, for example, added to
cultured cellswhich will internalize them. For in vivo delivery, subjects (e.g., human patients)
can betreated by oral or injection, and the damaged cells within the subject are thus treated when
the subject is treated.

[00310] The agent may also be abinding agent (such as an antibody) that
specificaly binds to the biomarker. For example, the binding agent may be a humanized
neutralizing antibody. Treatment of cells with such an agent may entail lipid bilayer fusion, for
example, with an encapsulated agent such that the binding agent will be internalized by the cell
such that it can specifically bind to the biomarker inside the cell.

[00311] It will be understood that the various agents can be used in combination.
For example, an agent targeting KRAS may be used in combination with an agent targeting
MEK to treat atumor cell and/or an agent targeting PI3 Kinase. Likewise, an agent targeting PI3
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Kinase can used betogether with an agent targeting MEK totreat acell. It should also be noted
that if two or more agents are used together, they need not both target nucleic acid or both target
apolypeptide. For example, an SIRNA targeting anucleic acid encoding MEK can be used in
combination with a small molecule (e.g., the PF-05212384 (also known as PK1-587; CAS NO.
1197160-78-3) compound that targets PI3 kinase.

[00312] Finally, tumor cells can be from any source. Mammalian tumor cells (e.g.,
colon cancer cells, breast cancer cells, leukemia cells, lymphoma cells, prostate cancer cells, lung
cancer cells, etc.) are commercially available from the American Type Culture Collection
("ATCC"; Manassas, VA). Tumor cells taken from tumor biopsies or from other bodily tissues
or fluids (e.g., from afine needle aspirate or blood) may also be used.

[00313] Thus, treating the damaged cell with the agent will depend upon the agent
and upon the damaged cell. For example, a cell may be treated in vivo, the damaged cells
excised (e.g., viaabiopsy), and the biomarker presence and level measured using the AMMP
methods described herein.

[00314] It is expected that a damaged cell such as atumor cell that istreated with
an agent that targets a specific biomarker will show areduced level of expression of that
biomarker. Itisaso expected that atumor cell treated with an agent that targets as specific
biomarker will show areduced level of expression of an activated form of abiomarker
downstream in the signal transduction pathway that the downstream biomarker shares with the
targeted biomarker.

[00315] Note that by "downstream” is meant that the downstream biomarker
participates in the signal transduction pathway after participation of an earlier biomarker. In
some embodiments, the upstream biomarker is activated and its activation leads, directly or
indirectly, to the involvement of the downstream biomarker.

[00316] By "upstream" is meant that the upstream biomarker participates in the
signal transduction pathway before participation of a later downstream biomarker. In some
embodiments, the upstream biomarker is activated and its activation leads, either directly or
indirectly, to the involvement of the downstream biomarker (e.g., the upstream biomarker once
activated may activate the downstream biomarker by phosphorylating it.

[00317] For example, the phosphorylation of AKT kinase is downstream of (and
activated) by active PI3 kinase. Thus, if PI3K were inhibited (e.g., by treatment with an anti-
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cancer agent targeting PI3K such as an SSRNA that hybridizes (e.g., under stringent conditions or
highly stringent conditions) to anucleic acid sequence encoding PI3K or treatment with the
NVP-BKM120 compound from Novartis), it is expected that the phosphorylated form of AKT
may be decreased in the treated cell. However, the amount of total AKT (i.e., both
phosphorylated and non-phosphorylated) may or may not be decreased in the treated cell.

[00318] Likewise, since both phosphorylation of INK and phosphorylation of p38
occur downstream of RAS activation, it is expected that the amounts of both phosphorylated p38
and phosphorylated JNK will bereduced intumor cells treated with an agent targeting RAS, but
the amount of total protein (i.e., total INK and total p38) may or may not be similarly reduced in
the treated cell as compared to an untreated cell.

[00319] Once a signal transduction pathway is inhibited by targeting a biomarker
involved in the pathway, the entire pathway may be shut down. Thus, it is also expected that a
tumor cell treated with an agent that targets as specific biomarker will show areduced level of
expression of an activated form of abiomarker upstream in the signal transduction pathway that
the downstream biomarker shares with the targeted biomarker.

[00320] Since phosphorylation of the Epidermal Growth Factor Receptor (EGFR)
isupstream of RAS activation, it is expected that the amount of phosphorylated (i.e., active)
form of EGFR may bereduced intumor cells treated with an agent targeting RAS, but the
amount of total EGFR (i.e., both phosphorylated and non-phosphorylated forms) may stay the
same in the treated cell ((as compared to an untreated cell).

[00321] Note that asused herein, by "stringent conditions" is meant that the two
complementary single-stranded nucleic acid molecules will hybridize to form a dimer and remain
dimerized at 60°C in 1.0 X SSC (standard sodium citrate) buffer, where a20X SSC solution
comprises 3M NaCl and 300mM Na,CH:0 , a apH of 7.0 (adjusted with HC1). By "high
stringent conditions” means that the two complementary single-stranded nucleic acid molecules
will hybridize to form adimer and remain dimerized at 65°C in 0.1X SSC (standard sodium
citrate) buffer, where a 20X SSC solution comprises 3M NaCl and 300mM Na;CsHs0; at apH
of 7.0 (adjusted with HC1).

[00322] Additionally, asdiscussed in Example 6, it is known that tumor cells
treated with chemotherapeutic can develop resistance by signaling through alternate signal
transduction pathways. For example, in estrogen receptor positive (ER+) advanced breast
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cancer, endocrine therapy (therapy inhibiting estrogen and progesterone) is largely successful,
with approximately 60% of ER+ breast cancers responding (Hynes et a, J Mammary Gland Biol
Neoplasia. 2006;1 1:53-61; Leary et al, Br J Cancer. 2006;95:661-666.). However,
hyperactivation of the PI3K/ATK/mTOR signal transduction pathway has been shown to allow
tumors to evade endocrine therapy, and thus develop resistance to the therapy (see Miller et a, J
Clin Invest. 2010;120(7):2406-2413)

[00323] The methods described herein can be used to detect whether or not a
tumor cell may be attempting to resist the treatment with the anti-cancer agent by using an
alternate signaling pathway.

[00324] For example, in atumor cell treated with an agent targeting MEK kinase,
it is expected that the cells will try to escape the effects of the agent by signaling through an
alternative signal transduction pathway. Thus, the amount of phosphorylated TNK
phosphorylated p38, and/or phosphorylated AKT is expected to increase in the treated cell (i.e.,
the cell treated with the agent targeting MEK), while the amount of total INK, total p38, and/or
total AKT may or may not increase in the treated cell (as compared to an untreated cell).

[00325] In another example, the MCF7 breast cancer line expresses Estrogen
receptor. Endocrine therapy may be used on these cells (using, e.g., the methods described in
Beeram et al, Ann. Oncol. 18 (8): 1323-1328, 2007), and the PISBK/ATK/mTOR signal
transduction pathway may be analyzed to determine if the biomarkers in the pathway are
activated and, if so, if they are present in amounts higher than atreated MCF7 cell line that has
just begun treatment with endocrine therapy and is still responding (e.g., still showing slowed
growth).

[00326] It is expected that using the methods described herein, some number of
MCF-7 cellsthat have been treated for amonth, or two month, or three months, or four months
with endocrine therapy may begin to express higher levels of phosphorylated AKT kinase than
MCF-7 cellsthat have been treated with endocrine therapy for less than one month or for less

than one week.

Example 8: AMMP studies for the prediction of the effectiveness of kinase inhibitors in the TRK

pathways
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[00327] Kinase signaling pathways play an integral role in regulating cell growth
and survival. Not surprisingly, dysfunction of kinase signaling pathways has been linked to the
development and progression of numerous cancers. This genera principle istrue of cancers
linked to anumber of tyrosine receptor kinases (TRKS), including fibroblast growth factor
receptor (FGFR), insulin-like growth factor-I receptor (IGF-IR) and epidermal growth factor
receptor (EGFR). Dysfunction of the TRK signaling pathway in particular is linked to a number
of cancers, including non-small cell lung cancer, basal cell carcinoma and esophageal cancer. As
a consequence, TRK-linked cancers are frequently targeted therapeutically by monoclonal
antibodies and small molecule tyrosine kinase inhibitors (TKls), such as Gefitinib (IRESSA ®),
Erlotinib (TARCEVA®) and Lapatinib (TYKERB ®), that inhibit different components of the
TRK signaling pathway (see Y oshikawa et al, Oncogene 32(1):27-38, 2012). More than twenty
small-molecule and monoclonal antibody TKIs are already approved for clinical treatment of a
number of cancers, and dozens more are in various stages of clinical development.

[00328] Developing cancer therapeutics that target the TRK signaling pathway is
complicated on severa fronts. First, mutations in the TRK and downstream components of its
signaling pathway confer resistance to TKIs, leading to increased pressure to develop drugs that
target drug-resistant mutants. Second, the multiplicity of downstream signaling pathways for
TRK's complicates the identification of appropriate targets for new therapeutics. Finally,
traditional studies of TRK signaling focus on individual signaling pathway components and their
individual interactions. However, that approach limits the real-world applications of TRK
signaling when devising new therapeutics for kinase signaling-linked cancers.

[00329] The EGF family of receptors typifies the complications associated with
developing therapeutics for TKR-related cancers. There are four EGFR family members, erbBlI-
B4, aswell as several downstream signal transduction pathways, including the major pathways
RASRAF/MAPK, RAS/PI3-K/AKT and SRC/STAT1 and STAT3, that also play arole in
downstream signaling for other receptor tyrosine kinase growth factors (Chakravarti et a, Int. J.
Rad. Oncol, Biol, Phys. 58: 927-931, 2004). Crosstalk between EGFR and other growth factor
signaling pathways can lead to acquired resistance against drugs that target only EGFR, as
evidenced by crosstalk between EGFR and IGF-IR leading to acquired resistance to drugs
targeting only EGFR in the treatment of cancer. Such complications have serious implications

for effectively treating cancer. For example, anumber of breast cancer anti-estrogen resistance
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genes associated with different signal transduction pathways have been identified that correlate
with tamoxifen resistance in breast cancer, while malignant gliomas exhibit variable responses to
treatment depending on the EGFR pathway component that is targeted.

[00330] Given the complicated nature of identifying appropriate targets for the
development of novel chemotherapeutic agents, this Example 8 describes the development of a
series of assays that reveal molecular interactions of components of classic kinase signaling
pathways. The assay herein described using the AMMP technology permitted rapid exploration
of the interrelated kinase signaling pathways across multiple cell lines, while providing new
information regarding the interactions between proteins in kinase pathways. Drugs that target
TRK pathways require particularly detailed knowledge interactions between the signaling
pathway components. The development of drug-resistant EGFR mutants, combined with
crosstalk between kinase signaling pathways, creates a complicated scenario for drug
development. Though many drugs have been developed to prevent EGF-led carcinogenesis,
many have failed to achieve complete remission of patient disease. This Example 8 provides a
panel of assays that revealed molecular interactions of components of classic kinase signaling
pathways and was used for predicting both the on-target and off-target effects of the EGFR class
of kinase inhibitors.

[00331] This Example 8 focuses on exploration of the EGFR signaling pathway as
amodel for understanding kinase activity and crosstalk between signaling pathways. This assay
shed new light on interactions between known components of the intracellular signaling of
EGFR through MAPK, MEK, JNK and AKT, while also furthering current knowledge of other
receptors that influence the EGFR signal transduction pathway. With apanel of kinase assays
such asthe panel described in this Example 8, the biology of the EGF class of receptors can be
better understood and screening for the efficacy of EGFR inhibitors for wanted and unwanted
specificity has been made possible. This study provided arich foundation for discovering and
developing new cancer therapeutics.

[00332] Cell Used. For this Example, the following cells were used. Jurkat, HEK-
293, 3T3, WM266.4, A431 and MCF-7 cells (purchased fromthe American Type Culture
Collection, Manassas, VA (ATCC)) were grown & 37°C in a CO , supplemented incubator in
basal media containing fetal bovine serum. Cells were cultured as specified by the ATCC.

92



WO 2013/134647 PCT/US2013/029891

[00333] Methodology Used: For drug treatment, cells were stimulated with or
inhibited by one or more combinations of following drugs. epidermal growth factor (EGF)
[OOng/ml (R&D Systems) for 10 minutes, phorbolmyristate acetate (PMA) 250ng/ml (Sigma
Aldrich) for 30 minutes, Rapamycin Ing/ml (Sigma Aldrich) for 180 minutes, Calyculin 10ng/ml
(Sigma Aldrich) for 30 minutes, insulin-like growth factor 1 (IGF-1) 100ng/ml (R&D Systems)
for 20 minutes, Anisomysin a 200 or 2000ng/ml for 30 minutes or LY 294002 50uM (Cell
Signaling Technology, Inc.) for 20 minutes in basal cell culture media prior to lysis of the
treated cells with tissue protein extraction reagent (TPER; ThermoFisher/Pierce). For the EGFR
inhibitor studies, cells were treated with EGFR inhibitors Afatinib (13nM), Gefitinib (37nM) or
Neratinib (92nM) (Selleckchem), for 2 hours in basal media prior to EGF stimulation
(stimulation a 100ng/ml for 10 minutes). TPER was supplemented with phosphatase and
protease inhibitors (ThermoFisher/Pierce) as described by the manufacturer. The cells were
lysed by pipetting the TPER on the adhesion cell layer, or onto the cell pellet in the case of
Jurkat cells. Cell lysates were collected into conical tubes, placed on ice, and vortexed every 5
minutes for atotal of 20 minutes before aliquoting and freezing on dry ice. A standard BCA
protein assay was used to determine total protein concentration of the lysates.

[00334] AMMP Assay Design: These studies were designed using AMMP®
(Acoustic Membrane Microparticle Assay) asrun on the ViBE® workstation (BioScale). Assays
were constructed so that strepavidin coated magnetic microparticles were loaded with analyte-
specific biotinylated antibody and the solution phase sandwich partner antibody was conjugated
with fluorescein. The complex of bead-analyte and fluorescien-labeled antibody was detected by
the anti-fiuorescein antibody-coated acoustic membrane of the VIiBE. All of the antibodies used
in these assays were procured from Cell Signaling Technology, Inc. (Danvers, MA), with the
exception of the anti-HER3 MAB3481 which was purchased from R&D Systems. Specificaly,
for the total EGFR assay, anti-EGFR antibody 2646 (i.e., Cell Signaling Technology, Inc.,
catalog No. 2646) was coated on beads, and anti-EGFR antibody 2256 labeled with fluorescein.
For the pEGFR assay, anti-phospho (tyrl068)-EGFR antibody 3777 was coated on beads, and
anti-EGFR antibody 2256 was fluorescein labeled. For the pERKI/2 assay, anti-p44/42 MAPK
antibody 4695 was coated on beads, and anti-phospho-p44/42 MAPK (thr202/tyr204) antibody
4376 was fluorescein labeled. For the pMEKI assay, anti-phospho MEK1/2 (ser217/221)
antibody 9154 was coated on beads and anti-MEKI| antibody 2352 was fluorescein labeled. For
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the pp38 assay, anti-p38-alpha MAPK antibody 9218 was coated on beads, and anti-phospho-
p38 MAPK (thrl 80/tyrl 82) antibody 4511was fluorescein labeled. For the pJNK assay, anti-
SAPK/INK antibody 9258 was coated on beads, and anti-phospho-SAPK/INK  (thrl83/tyrl85)
antibody 4668 was fluorescein labeled. For the pAKTI assay, anti-phospho-AKTI (ser473)
antibody 4058 was coated on beads, and anti-AKTI (pan) antibody 2967 was fluorescein
labeled. For the pHERS assay, anti phospho-HERS3/ErbB3 (tyrl 197) 4561 was coated on beads,
and anti-HER3 MAB3481 (purchased from R&D Systems) was fluorescein labeled.

[00335] Assay Set-Up: Cdll lysates were thawed on ice then centrifuged at 14,000
RPM. Forty microliters of diluted cell lysates were pipetted in to the appropriate well of each
plate with forty microliters of sample diluent. Also to each well, atotal of forty microliters of a
mixture of 1.5 x 10° magnetic beads and 200ng/ml of fluorescein labeled detector antibody were
added. Separate wells were loaded with beads and lysates alone to serve as negative controls.
The plates were loaded on the ViBE workstation (BioScale Inc., Lexington, MA) and incubated
for 4 hours prior to analysis. Results were obtained for each sample by subtracting the AMMP
signal of the bead only control fromthe raw signal assay values derived from the sample and
reported in AMMP response units.

[00336] Western Blotting Analysis Methods: For these analyses, cell lysates were
diluted 1:1in SDS-PAGE sample buffer (Invitrogen, Carlsbad, CA) and were electrophoretically
resolved on 8-16% Tris-glycine gels (Invitrogen) under constant current for 2 hours. The
resolved proteins were subsequently transferred to PVDF membranes (Invitrogen). The PVDF
membranes were blocked for 1 hour in Tris buffered saline containing 5% non-fat dried milk or
5% bovine serum albumin (BSA). PVDF membranes were then incubated with primary
antibodies diluted in either of the two blocking buffers overnight a 4°C. The next day each
membrane was washed vigorously with Tris buffered saline containing 0.1%Tween, and then
incubated with peroxidase |abeled anti-species specific secondary antibodies in normal donkey
serum for 1 hour a room temperature. The membranes were then incubated with a
chemiluminescent substrate reagent (Invitrogen) for 40 seconds and images were captured using
aProtein Simple Fluorechem E.

[00337] From this Example 8, anumber of results were obtained. First, these
studies confirmed EGFR expression levels and activity in A431and MCF-7 cell lines. Using the
methods described above, the first step was to identify and confirm both high- and low-
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expressing EGFR cell lines. The high total EGFR expression reported for the A43 1 cell line, for
both stimulated and non-stimulated cells was confirmed using AMMP assay technology (Figure
50A)) ("A431NT" for no treatment and "A43 1LEGF" for A43 1 cells treated with EGF). The
low total EGFR expression levels of MCF-7 cells (both stimulated and non-stimulated) was also
confirmed by AMMP assay technology (Figure 50A) ("MCF-7 NT" for no treatment and
"MCF-7 EGF" for MCF-7 cellstreated with EGF). Total EGFR expression was seen in as little
as eight nanograms of lysate of the A43 1 cells with no changes in expression seen following a 10
minute pulse of EGF. Western blotting analyses confirmed these findings as shown in Fig. 50C
showing Western blotting analyses for total EGFR expression in non-treated MCF-7 cells in lane
1, EGFR-treated MCF-7 célls in lane 2, non-treated A431 cells in lane 3, and EGF-treated A431
cellsin lane 4).

[00338] AMMP assay technology was also used to confirm EGFR activity as
measured by the level of phosphorylated EGFR. As expected, EGF stimulation of A431cells
caused phosphorylation of the EGFR which was detectable in as little as eight nanograms of
lysate in the assay, while minimal EGFR phosphorylation was detected in the MCF-7 cell lines
with or without EGF stimulation (Figure 50C). AMMP assay technology was aso used to
confirm EGFR activity. Asexpected, EGF stimulation of A43 1 cells caused phosphorylation of
the EGFR which was detectable in as little as eight nanograms of lysate in the assay, while
minimal EGFR phosphorylation was detected in the MCF-7 cell lines with or without EGF
stimulation (Figure 50B). EGFR phosphorylation datawas also confirmed by using six
micrograms of lysates on the Western blotting analysis (see Figure 50D, showing phosphorylated
EGFR expression in non-treated MCF-7 cells in lane 1, EGFR-treated MCF-7 cellsin lane 2,
non-treated A431 cells in lane 3, and EGF-treated A43 1 cells in lane 4).

[00339] Theresults also showed that this assay development could be used to
identify activated signaling pathways. Although the essentia outlines of kinase signaling
pathways are well understood, the specific details of their molecular interactions are frequently
debated in the literature. Inthis study, several different cell lines and stimulation conditions
previously reported in the literature as being specific to each analyte were used to confirm
performance of the AMMP assay.

[00340] Four AMMP assays were developed to monitor phosphorylation activity
in each of the four (ERK1/2, p38, INK and AKT1) distinct but interrelated pathways (see, e.g.,
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Figs. 9, 10A, and 10B) that were selected for further exploration. Detection of kinase activity by
the AMMP assay was confirmed using agonists known to stimulate each test cell line. For the
assay designed to detect of phosphorylation of ERKI/2, Jurkat cells were stimulated with PMA
and Calyculin or inhibited with Rapamycin as the negative control to prevent the
phosphorylation of ERKI/2 (see Figure 51A). The assays developed to detect phosphorylation
of INK or p38 utilized Anisomyosin stimulation of HEK293 (see Figure 51B) or mouse 3T3 (see
Figure 51C), respectively, as positive control cell line lysates. Finally the AMMP assay used to
detect the phosphorylation of AKTI utilized the cell line WM266.4 stimulated with IGF-1 (see
Figure 51D). All results were again confirmed by Western blot (data not shown). Asfew asone
hundred nanograms of lysate were needed to measure each target kinase.

[00341] ERKI/2 is suggested by scientific literature to bethe primary downstream
kinase activated by EGF stimulation (see Seger et al, FASEB J. 9: 725-736, 1995). To confirm
this, the AMMP assays were applied into A431and MCF-7 cells stimulated by EGF. Data
confirmed phosphorylation of ERKI/2, p38 and AKTI, and TNK (see Fig. 52). Asshown in Fig.
52, phosphorylation of ERK 1/2 predominated the signaling pathway in EGF-stimulated A431
cells (Figure 52). Interestingly, the assay detected phosphorylation of ERKI/2 and moderate
phosphorylation of p38 in EGF-stimulated MCF-7 cells, despite their low EGFR expression
levels. There were only detectable levels of phosphorylation of ERKI/2 inthe EGF stimulated
MCF-7 cell line with no change in TNK in either cell line. Detection of pp38 under these
experimental conditions suggested crosstalk, whereby EGF may activate areceptor other than
EGFR to stimulate kinase signaling. Alternatively, another EGF family receptor could be
involved.

[00342] Given that pERKI/2 was identified asthe major signaling pathway
following EGFR stimulation (i.e., with EGF), another series of AMMP assays were developed to
detect MEK1 and ERKI/2. Inthe absence or presence of EGF, total ERKI/2 levels were
virtually undetected (data not shown) whereas total MEK1 was largely similar in expression in
both cell lines (Figure 53B). However, pERKI/2 was easily detected in A431 cells stimulated
with EGF (see Fig. 53D). pERKI/2 was also detected to alesser degree in EGF-stimulated
MCF-7 cells (see Figure 53D). Strong phosphorylation of MEK1 was observed with EGF
stimulation of A43 1with modest phosphorylation of MEK1 inthe MCF-7 (see Figure 53C).
Thus, the data shows that EGF stimulation also caused phosphorylation of MEK1 in A431 and

96



WO 2013/134647 PCT/US2013/029891

MCF-7 cells. The lack of detectable total ERK1/2 in this experiment was contradicted by the
detection of pERKI/2. Further experiments using SDS to denature ERK | /2 revealed the
presence of total ERKI/2 in A43 1 cells (see Figure 53A). The expression of total ERKI/2 was
determined to be higher inthe A43 1 cell line as compared to MCF-7 cell line regardless of EGF
stimulation. The requirement to denature ERKI/2 suggests that binding of the antibody required
having the antibody be able to accessto anormally inaccessible or cryptic epitope, possibly due
to ERKI/2 tightly associating with one or more additional proteins as part of its signaling
pathway. No change was seen in the MEK1 or pMEKI levelswith SDS treatment (data not
shown).

[00343] Additionally, to better understand the activity seen by EGF stimulation, an
assay was developed to detect the phosphorylation of HER3 as indicative of HER2 and HER3
activity. Asshown in Fig. 53E, the data showed that there are high levels of phosphorylation of
the HER3 receptors in the A43 1 cells which increased with EGF stimulation, while little
phosphorylation was observed inthe MCF-7 cell line.

[00344] Theresults also showed that the AMMP assays are useful for identifying
downstream effects of EGFR inhibitors. The utility of the AMMP assay to simultaneously detect
multiple kinases in a single panel of assays was further explored using A431 and MCF-7 cells.
This panel was constructed to better understand on and off-target effects of EGFR inhibitor drugs
in-vitro. The panel of assays consisted of pEGFR, pHER3, pERKI/2, pMEKI, pAKTI, pp38
and pINK. For this assay, the A43 1cell line was utilized to measure on-target effect and efficacy
whereas MCF-7 was used to measure ofj-target effects. EGF mediated EGFR-stimulation was
tested for each cell line in the presence or absence of specific EGFR inhibitors, afatinib, gefitinib
or neratinib.

[00345] EGF stimulation of MCF-7 and A43 1 cells was confirmed EGF treatment
led to phosphorylation of EGFR, MEK1, ERKI/2 and p38 in A431 cells, while phosphorylation
of HER3 receptor was high even in non-treated A43 1 cells (see Figure 54A). EGF stimulation of
MCF-7 cellsresulted in phosphorylation of HER3, MEK1 and ERKI/2 and a small amount of
AKT1 phosphorylation which varied between cell preparations (see Figure 55A). No
phosphorylation of INK was seen in either A431or MCF-7 cell lines (see Figures 54A and55A,

respectively).
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[00346] The pre-treatment with EGFR inhibitors had varying effects on A43 1 and
MCF-7 cells. Pre-treatment with gefitinib had no significant effect on the EGF stimulated
phosphorylation of EGFR, HER3, MEK1, ERK1/2, p38 in A431 cells (see Figure 54B), however
phosphorylation of ERK1/2 in MCF-7 cellswas inhibited (see Figure 55B). Afatinib had little
effect on the phosphorylation of EGFR receptors tested or on downstream kinase activity caused
by EGF stimulation on either A431 or MCF-7 cell lines (Figures 54C and 55C, respectively).
Neratinib pre-treatment was able to largely inhibit the phosphorylation of EGFR and the HER3
receptors in EGF-stimulated A431 cells (see Figure 54D) while HER3 phosphorylation was only
partialy inhibited in EGF-stimulated MCF-7 cells (see Figure 55D). Additionally, neratinib had
inhibitory effects on MEK1 and ERK /2 phosphorylation in EGF-stimulated MCF-7 (see Figure
55D) but no such effect on EGF-stimulated A431 cells (see Figure 54D). All other kinases
tested (i.e, p38, pAKTI, pINK, pMEKI, pMEKI, and pERK) were largely unaffected in
neratinib treated EGF-stimulated A43 1 cells (see Fig. 54D). In neratinib treated EGF-stimulated
MCF-7 cells, adlight loss in phosphorylation of p38 and AKT1 was seen (in addition to the
inhibition of pMEKI and pERKI/2, and the partial inhibition of pHER3 (see Figure 55D).

[00347] Thus, the panel of assays described herein using AMMP detection
methods has shown that adrug's efficacy can fail on multiple levels. First, the drug neratinib
was highly effective a inhibiting the kinase activity of EGFR and HER3 receptors, whereas
gefmitib and afatinib had little efficacy. Downstream from the inhibitor target the effect of the
drug neratinib was much less than expected on MEK1 and ERKI/2 in A431cells. Interestingly,
phosphorylation of ERKI/2 was partially inhibited by all three drugs in MCF-7 cells and MEK1
with neratinib pretreatment only. Varying degrees of responsiveness of MCF-7 and A431 cell
linesto drug treatment as indicated by MEK1 and ERKI/2 activation may be the result of
activation of different EGF responsive receptors in each cell line. The sustained activity of
MEK1 and ERKI/2 may betelling to the biology of EGF receptors and the potential lack of
efficacy of some EGFR inhibitors. Fully mutated forms of the EGF receptor lacking the tyrosine
phosphorylation sites have been reported to fully stimulate MAP kinase phosphorylation upon
EGF stimulation (Decker et al, J.Biol. Chem. 268: 9176-9179, 1993). Additionally, genetic
alterations have been observed and cited for continued phosphorylation of ERKI/2 following
certain EGFR inhibitors treatment regimen (Ecran et al, Cancer Discovery 2: 934-947, 2012).
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[00348] The assays (e.g., the assays using AMMP assay technology) described
herein also shed light on the various activation states of different kinase pathways following
stimulation with the same agonist in different cell lines. Most notable was the evidence for
crosstalk between multiple kinase signaling pathways. Kinase signaling pathways are frequently
studied in isolation from each other, limiting the conclusions that can be drawn therefrom. In
contrast, this multiplexing approach provides insight into multiple pathways simultaneously, and
permits comparison of the relative contribution of each pathway component in response to a
single stimulus. Such an approach provides anew tool for rapid exploration of cell signaling
pathways that is critical for future development of new therapeutics for anumber of diseases.

[00349] Understanding the interactions between intracellular signaling pathway
components is required in order to develop effective therapeutics against anumber of diseases.
Rapid identification and exploration of intracellular signaling pathways has been demonstrated
and can be similarly implemented for anumber of diseases by analyzing their signaling pathways
with multiplex assaying using AMMP detection methods. In some embodiments, the analysis of
two or more signaling pathways may be performed simultaneously using the methods described

in this Example 6, and in the whole of the present disclosure.

Example 9: Detection and Analysis of Biomarkers in Two Different Pathways to Detect Escape

from a Therapeutic Treatment by a Tumor Cell Using an Alternate Signaling Pathway

[00350] Melanoma patients having the V600E B-raf being treated vemurafenib
(Zelboraf) are screened for indication that their melanoma cells are escaping death from the
vandetanib treatment by signaling through an alternate pathway.

[00351] Vemurafenib, which is marketed as Zelboraf, is a small molecule inhibitor
of a B-raf kinase having aV600E mutation (i.e., the valine that normally occurs at position 600
isreplaced by glutamic acid). Asabout 60% of melanomas have this mutation. In melanoma
cells lines, vemurafenib causes programmed cell death (i.e., apoptosis) by interrupting the B-
Raf/MEK/Erik pathway (see Fig. 56), and it is thought to do the same in vivo. In arecent
studies, vemurafenib treatment was able to reduce the number of cancer cells in over half of the
patients with advanced melanoma who were treated, and increased the survival time (on average)
by about six months (Garber, K., Science 326: 1619, 2009; Flaherty et al, N.Engl. J. Med 363:
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809-819, 2010). However, some vemurafenib-treated cells area able to escape death by
overexpressing the PDGFR-beta receptor tyrosine kinase (see Fig. 57) or mutating a second gene
called N-Ras, which reactivates the normal B-raf survival pathway (Nazarian et al, Nature 468:
973-977, 2010).

[00352] Given how aggressive and lethal metastatic melanoma is, vemurafenib-
treated patients are given weekly screens using the methods described herein. Briefly, samples of
melanoma cells are taken from the patients (e.g., from blood samples) and screened for the intact
signaling of two pathways.

[00353] The first pathway screened isthe MEK-ERK pathway by determining
whether MEK kinase is phosphorylated using the methods described above (e.g., in Example 8).
This phosphorylation event should be missing in cellsthat are still responsive to vemurafenib,
but will resume again if the patient's melanoma cells are able to reactive the normal B-raf
pathway, for example, by mutating N-ras. The data from the patient's cells will be compared to
data from a healthy person's cells and, if the patient is till responding to vemurafenib, the
acoustic output signal from the patient's cells will be lower than the acoutstic output signal from
ahealthy person's cells.

[00354] The second pathway screened the phsophorylation of AKT, again, using
the methods described above (e.g., in Example 8). Although some baseline level of AKT
phosphorylation may be seen in melanoma cells responding to vemurafenib, higher than normal
phosphorylation of AKT (with the normal phosphorylation level of AKT measured in cells taken
from healthy people) indicates the patient's cells may have started overexpressing the PDGFR-
beta receptor which, when activates, will phosphorylate AKT.

[00355] Using the methods described herein, which harness the rapid, highly
sensitive, extremely reproducible methods that are based on an acoustic output signals,
phosphorylation events (e.g., phosphorylated AKT or phosphorylated MEK) can bereadily
detected in patients cells and compared to the phosphorylation events from normal cells. As
shown in this Example 9, the change in the acoustic output signal from anormal cell and the
acoustic output signal from a diseased or damaged cell (in this case, melanoma) can be apositive
or negative number. However, it isthe change that is important, whether that changeis

represented as aratio, apercentage, etc.

100



WO 2013/134647 PCT/US2013/029891

[00356] Moreover, in some embodiments, using the methods described herein,
more than one pathway can be analyzed simultaneously. Indeed, in some embodiments, using
the methods described herein, more than one pathway can be analyzed from the same sample.
This in convenient for the patient, and since the sample sizes are small, the patients can be tested
frequently (e.g., weekly, monthly, or even daily). The detection of an escape pathway in a
diseased or damaged cell (e.g., amelanoma cell) being treated with one targeted therapeutic
(e.g., vemurafenib which targets the B-raf V600E mutation) allows arapid change in the
patient's therapy.

[00357] For example, apatient whose cells are screened as in this Example 9
where the cells are found to show higher than normal AKT phosphorylation may not yet become
symptomatic for melanoma regression. However, that may indeed be happening, but the number
of melanoma cells using this escape hasn't increased to a high enough number for the patient to
become symptomatic. It is at this point that a second targeted therapy is most useful, because
those mutated cells can be "nipped in the bud”, and killed before they spread their mutation to
their progeny and ultimately kill the patient. In such a scenario, the patient's therapy may be
changed to atherapeutic regimen with a drug that targets the PDGFR-beta receptor (e.g.,
sunitinib, which is sold under the name Sutent by Pf zer, Inc.) either instead of or in combination
with vemurafenib. Because of the early detection of the escape pathway using the methods
described herein, the therapeutic regimen for the patient can be changed before the patient show

symptoms from melanoma regression.

Example 10: Analysis of impaired signal transduction pathways in SRNA knockdown colorecta

cells

[00358] To determine whether or colorectal cells treated with SSRNA to knock
down particular biomarkers in signal transduction pathways actually show areduction in the
expression of the biomarker targeted by the SSRNA, human SV40 colorecta cells comprising
SIRNA targeting KRAS, siRNA targeting MEK, sSiRNA targeting PBkinase, or sSiRNA targeting
both PBKinase and targeting MEK (i.e., two SIRNA in the cell), and a SV48 cell line comprising
an irrelevant SsSRNA molecule were obtained. Such cells can be made by standard methods. For
example, the SW620 human colorectal adenocarcinoma cell is commercialy available from the
American Type Culture Collection ("ATCC"; Manassas, VA; catalog No. CCL-227). Similarly,

101



WO 2013/134647 PCT/US2013/029891

the sequences of nucleic acid molecules encoding KRAS, MEK, and PI3 kinase are known. For
example, the sequence of KRAS isprovided a GenBank Nos. AF493917.1 and L00049.1
(Shimizu et a, Nature 304: 497-500, 1983; McGrath et al, Nature 304: 501-506, 1983).

[00359] From the known sequences of MEK, PI3K, and KRAS, ssRNA molecules
were made according to standard methods (see, e.g., Brummelkamp et al, Science 296: 50-553,
2002; Elbashir et al, EMBO J. 20: 6877-6888, 2001; Yu et a, Proc. Natl. Acad. Sci. 99(9):
6047-6052, 2002; Paddison et al, Genes Devel. 16: 948-958, 2002; and U S Patent Nos.
7,078,196 and 8, 198,252).

[00360] MEK, PI3K, and KRAS siRNA knock-downs were used because these
three biomarkers all play roles in signal transduction pathways. Fig. 49 is a schematic diagram
showing two signal transduction pathways in which MEK, PI3K, and KRAS play roles. Because
there are other biomarkers upstream and downstream of these three biomarkers in the signaling
pathways shown in Fig. 49, expression levels of those biomarkers were aso analyzed.

[00361] The phosphorylated (i.e., active) form of p38, INK, EGFR, AKT, MEK,
and ERK was measured in each of the different knock-down cells using the AMMP methods
described herein. Additionally, to determine if the proteins were present but not phosphorylated,
total (i.e., including both phosphorylated and non-phosphorylated forms) protein of INK, EGFR,
AKT, MEK, and ERK were measured. Asshown in Figs. 58-64B, the amounts of
phosphorylated protein and total protein different in the treated cells as compared to untreated
Sample 5 cells. For example, in comparing Fig. 59 to Fig. 60, expression of phosphorylated JNK
(Fig. 59) is decreased in Samples 1 (cells treated with SRNA targeting KRAS), but total INK
(Fig. 60) is largely unaffected. Likewise, by comparing Fig. 62A to Fig. 62B, it is clear that
knocking down either PI3K aone (Sample 3, gray bars) or knocking down both PI3K and MEK
simultaneously (Sample 4, purple bars) serves to reduce the amount of phosphorylated AKT in
the cells (see Fig. 62A) without having anoticeable effect ontotal AKT (see Fig. 62B). The
effect of the different gene knock down on protein expression level is set forth in Figs. 65A-69B.
Asshown in Figs. 65A and 65B, the level of phosphorylated JNK but not total INK isreduced in
the Sample 1 KRAS knock-down cells. Interestingly, inthe Sample 4 MEK and PI3K knock-
down cells, both total MEK and phospho MEK are reduced compared to control Sample 5.

[00362] Data from these studies was also represented asratios of phosphorylated
biomarker versus total marker. Figs. 70A, 70B, and 70C show the fold change of
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phosphorylated AKT1 (Fig. 70A), total AKT1 (Fig. 70B), and the ratio of phosphorylated
AKTl/total AKT1 (Fig. 70C) for cells treated with SRNA targeting KRAS, siRNA targeting
MEK, siRNA targeting PI3K, siRNAs targeting both MEK and PI3K, and a luciferase control.
Figs. 71A, 71B, and 71C show the fold change of phosphorylated MEKI (Fig. 71A), total MEKI
(Fig. 71B), and the ratio of phosphorylated MEK 1/total MEK 1 (Fig. 71C) for cells treated with
SIRNA targeting KRAS, SIRNA targeting MEK, sSIRNA targeting PI3K, siRNAs targeting both
MEK and PI3K, and aluciferase control. Figs. 72A, 72B, and 72C show the fold change of
phosphorylated ERK 1/2 (Fig. 72A), total ERK 1/2 (Fig. 72B), and the ratio of phospho ERK
12 /total ERK 12 (Fig. 72C) for cells treated with SIRNA targeting KRAS, sSIRNA targeting
MEK, siRNA targeting PI3K, siRNAs targeting both MEK and PI3K, and a luciferase control.

[00363] Thus, these data show that not only the targeted biomarker, but also
biomarkers in the same signal transduction pathway asthe targeted biomarker, including
reference biomarkers such astotal versus activated forms, can be quickly detected and
guantitated using the methods described herein. As Figs. 70A-70C, 71A-71C, and 72A-72C
show, the data can also be viewed asratio's of activated and total, or marker to reference marker
a agiven lysate protein loading for comparison. Being able to finely resolve effects between
samples, treatments and markers of the same pathway as the targeted markers, or pathway to
pathway elucidates neighboring, correlated or adjunct effects and allows for tailoring of targeted
therapies. With the focus on targeted therapeutics in the treatment of cancer, the methods and
kits described herein allow the rapid and reliable detection of whether or not the therapeutic is
actually hitting its intended target. Thus, rapid and accurate detection and/or quantification of a
biomarker (i.e., abiologica molecule, such asaprotein) would be useful.

[00364] The embodiments of the invention described above are intended to be
merely exemplary; numerous variations and modifications will be apparent to those skilled in the
art. All such variations and modifications are intended to be within the scope of the present

invention as defined in any appended claims.
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What is claimed is:

1 A method for determining whether a cell treated with an agent targeting atargeted
biomarker is developing resistance to the agent or responding to the agent comprising:

€) providing a sample of a cell treated with the agent;

(b) providing a first binding agent that specifically binds to an entity selected
from the group consisting of afirst epitope on afirst biomarker in afirst signal transduction
pathway and anoninterface epitope on the first biomarker, wherein said first biomarker isin
the first signal transduction pathway and isthe same as or is different from the targeted
biomarker, and wherein the first binding agent is attached to a solid support;

(© providing a second binding agent that specifically binds to an entity selected
from the group consisting of a first alternate epitope on the first biomarker, wherein the first
alternate epitope is different than the first epitope, and a noninterface epitope on a first
biomarker partner, wherein said first biomarker partner is in the first signal transduction
pathway, and wherein said second binding agent is capable of attaching to a sensor;

(d) mixing the sample, the first binding agent, and the second binding agent
together under conditions whereby a sandwich assay formation will be formed if the sample
contains a component selected from the group consisting of the first biomarker comprising
the first epitope and the first aternate epitope and the first biomarker complexed with the
first biomarker partner;

(e presenting the result of step (d) to a sensor that emits an output signal that
relates to the sensor's acoustic response to obtain an agent number; and

() repeating steps (b)-(e) with a control sample to obtain a control number, the
control sample selected fromthe group consisting of an untreated cell and a cell treated with
acontrol agent;

wherein achange in the agent number of (e) as compared to the control number of
step (f) that is apositive number or that is greater than an predetermined fold change
indicates the agent-treated cell is either developing resistance to the agent or is responding to
the agent and wherein a change in the agent number of step (€) as compared to the control
number of step (f) that is anegative number or that is less than the predetermined fold
change indicates the agent-treated cell is either not responding to the agent or not developing
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resistance to the agent.

2. A method for analyzing two or more signal transduction pathways in a cell treated
with an agent comprising:

€) providing a sample comprising a cell treated with an agent;

(b) providing a first binding agent that specifically binds to an entity selected
from the group consisting of afirst epitope on afirst biomarker in afirst signal transduction
pathway and anoninterface epitope on the first biomarker, wherein the first binding agent is
attached to a solid support;

(©) providing a second binding agent that specifically binds to an entity selected
from the group consisting of a first alternate epitope on the first biomarker, wherein the first
alternate epitope is different than the first epitope, and a noninterface epitope on a first
biomarker partner, wherein said first biomarker partner is in the first signal transduction
pathway, and wherein said second binding agent is capable of attaching to a sensor;

(d) mixing the sample, the first binding agent, and the second binding agent
together under conditions whereby a first sandwich assay formation will be formed if the
sample contains a component selected from the group consisting of the first biomarker
comprising the first epitope and the first alternate epitope and the first biomarker complexed
with the first biomarker partner;

(e presenting the result of step (d) to a sensor that emits an output signal that
relates to the sensor's acoustic response to obtain a first number;

(f) providing athird binding agent that specifically binds to an entity selected
from the group consisting of a second epitope on a second biomarker in a second signal
transduction pathway, wherein the second biomarker is different than the first biomarker, and
anoninterface epitope on the second biomarker, and wherein the third binding agent is
attached to a solid support;

(9) providing a fourth binding agent that specifically bindsto an entity selected
from the group consisting of a second alternate epitope on the second biomarker in the
second signal transduction pathway, wherein the second alternate epitope is different from
the second epitope, and a noninterface epitope on a second biomarker partner, wherein said
second biomarker partner is in the second signal transduction pathway, and wherein said
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fourth binding agent is capable of attaching to a sensor;

(h) mixing the sample, the third binding agent, and the fourth binding agent
together under conditions whereby a second sandwich assay formation will be formed if the
sample contains a component selected from the group consisting of the second biomarker
comprising the second epitope and the second alternate epitope, and the second biomarker
complexed with the second biomarker partner;

0] presenting the result of step (h) to a sensor that emits an output signal that
relates to the sensor's acoustic response to obtain a second number;

), repeating steps (b)-(i) with a control sample to obtain afirst control number
and a second control number, the control sample selected from the group consisting of an
untreated cell and a cell treated with a control agent; and

(k) comparing the first number to the first control number to obtain afirst
difference and the second number to the second control number to obtain a second
difference, wherein said first difference and said second difference are represented as
positive numbers; and wherein afirst difference larger than a second difference identifies the
first signal transduction pathway as the pathway being preferentially targeted by the agent
and wherein a second difference larger than afirst difference identifies the second signal
transduction pathway asthe pathway being preferentially targeted by the agent.

3. A method for identifying a signal transduction pathway to target with an agent in a
diseased or damaged cell, comprising

@ providing a sample of a diseased or damaged cell;

(b) providing a first binding agent that specifically binds to an entity selected
from the group consisting of afirst epitope on afirst biomarker in afirst signal transduction
pathway and anoninterface epitope on the first biomarker, wherein said first biomarker isin
afirst signal transduction pathway, wherein the first binding agent is attached to a solid
support;

(© providing a second binding agent that specifically binds to an entity selected
from the group consisting of a first alternate epitope on the first biomarker, wherein the first
alternate epitope is different than the first epitope, and a noninterface epitope on a first
biomarker partner, wherein said first biomarker partner is in the first signal transduction
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pathway, and wherein said second binding agent is capable of attaching to a sensor;

(d) mixing the sample, the first binding agent, and the second binding agent
together under conditions whereby a first sandwich assay formation will be formed if the
sample contains a component selected from the group consisting of the first biomarker
comprising the first epitope and the first alternate epitope and the first biomarker complexed
with the first biomarker partner;

(e presenting the result of step (d) to a sensor that emits an output signal that
relates to the sensor's acoustic response to obtain afirst number;

) providing athird binding agent that specifically binds to an entity selected
from the group consisting of a second epitope on a second biomarker and a noninterface
epitope on the second biomarker, wherein the second biomarker isin a second signal
transduction pathway, wherein the second biomarker is different than the first biomarker,
and wherein the third binding agent is attached to a solid support;

(9) providing a fourth binding agent that specifically bindsto an entity selected
from the group consisting of a second alternate epitope on the second biomarker in the
second signal transduction pathway, wherein the second alternate epitope is different from
the second epitope, and anoninterface epitope on a second biomarker partner, wherein said
second biomarker partner is in the second signal transduction pathway, and wherein said
fourth binding agent is capable of attaching to a sensor;

(h) mixing the sample, the third binding agent, and the fourth binding agent
together under conditions whereby a second sandwich assay formation will be formed if the
sample contains a component selected fromthe group consisting of the second biomarker
comprising the second epitope and the second alternate epitope, and the second biomarker
complexed with the second biomarker partner; and

0] presenting the result of step (h) to a sensor that emits an output signal that
relates to the sensor's acoustic response to obtain a second number;

()] repeating steps (b)-(i) with a sample of a healthy cell to obtain a first control
number and a second control number;

(k) comparing the first number to the first control number to obtain afirst
difference and the second number to the second control number to obtain a second
difference, wherein said first difference and said second difference are represented as

107



WO 2013/134647 PCT/US2013/029891

positive numbers;

wherein afirst difference larger than a second difference identifies the first signal
transduction pathway as the pathway to target with the agent in the diseased or damaged cell
and wherein a second difference larger than afirst difference identifies the second signal

transduction pathway as the pathway to target with the agent in the diseased or damaged cell.

4. A method for determining whether a cell treated with an agent targeting atargeted
biomarker is developing resistance to the agent comprising:

@ providing a sample of a cell treated with the agent;

(b) providing afirst binding agent that specifically binds to afirst epitope on a
first biomarker in afirst signal transduction pathway, wherein said first biomarker isin the
first signal transduction pathway in the first signal transduction pathway and isthe same as
or is different from the targeted biomarker, and wherein the first binding agent is attached to
a solid support;

(© providing a second binding agent that specifically bindsto afirst alternate
epitope on the first biomarker, wherein the first alternate epitope is different than the first
epitope and wherein the first epitope and the first alternate epitope are both present only on
an activated form or an inhibited form of the first biomarker, and the wherein said second
binding agent is capable of attaching to a sensor;

(d) mixing the sample, the first binding agent, and the second binding agent
together under conditions whereby a sandwich assay formation will be formed if the sample
contains athe first biomarker comprising the first epitope and the first alternate epitope;

(e presenting the result of step (d) to a sensor that emits an output signal that
relates to the sensor's acoustic response to obtain an activated agent number or an inhibited
agent number; and

) repeating steps (b)-(e), with afirst reference binding agent that specifically
binds to afirst reference epitope on areference biomarker within the sample, or aportion of
the sample, and a second reference binding agent that specifically binds to a second reference
epitope on the reference biomarker, wherein the first reference epitope and the second
reference epitope are not the same, to obtain an agent reference number;

(9) repeating steps (b)-(f) with a control sample to obtain an activated control
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number or an inhibited control number and a control reference number, the control sample
selected fromthe group consisting of an untreated cell and a cell treated with a control agent;
and

(h) comparing the activated agent number or the inhibited agent number to the
agent reference number to obtain a first ratio and comparing the activated control number or
the inhibited control number to the control reference number to obtain a control ratio;

wherein a change in the first ratio to the control ratio that is apositive number or that
is greater than an predetermined fold change indicates the agent-treated cell is developing
resistance to the agent and wherein a change in the first ratio to the control ratio that is a
negative number or that is less than the predetermined fold change indicates the agent-treated
cell isnot developing resistance to the agent.

5. A method for analyzing two or more signal transduction pathways in a cell treated
with an agent comprising:

@ providing a sample comprising a cell treated with an agent;

(b) providing a first binding agent that specifically binds to afirst epitope on a
first biomarker in afirst signal transduction pathway, wherein the first binding agent is
attached to a solid support;

(© providing a second binding agent that specifically bindsto afirst alternate
epitope on the first biomarker, wherein the first alternate epitope is different than the first
epitope, wherein the first alternate epitope and the first epitope are both present only on an
activated form or an inhibited form of the first biomarker, and wherein said second binding
agent is capable of attaching to a sensor;

(d) mixing the sample, the first binding agent, and the second binding agent
together under conditions whereby a first sandwich assay formation will be formed if the
sample contains the first biomarker comprising the first epitope and the first alternate
epitope;

(e presenting the result of step (d) to a sensor that emits an output signal that
relates to the sensor's acoustic response to obtain afirst number;

(f) repeating steps (b)-(e), with afirst reference binding agent that specifically

binds to afirst reference epitope on afirst reference biomarker within the sample, or a
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portion of the sample, and a second reference binding agent that specifically bindsto afirst
alternate reference epitope on the first reference biomarker, wherein the first reference
epitope and the first alternate reference epitope are not the same, to obtain afirst reference
number;

(9) providing athird binding agent that specifically binds to second epitope on a
second biomarker in a second signal transduction pathway, wherein the second biomarker is
different than the first biomarker, and wherein the third binding agent is attached to a solid
support;

(h) providing a fourth binding agent that specifically bindsto a second alternate
epitope on the second biomarker in the second signal transduction pathway, wherein the
second alternate epitope is different from the second epitope, wherein the second aternate
epitope and the second epitope are both present only on an activated form or an inhibited
form of the second biomarker, and wherein said fourth binding agent is capable of attaching
to a sensor;

0] mixing the sample, the third binding agent, and the fourth binding agent
together under conditions whereby a second sandwich assay formation will be formed if the
sample contains the second biomarker comprising the second epitope and the second
alternate epitope;

()] presenting the result of step (h) to a sensor that emits an output signal that
relates to the sensor's acoustic response to obtain a second number;

(k) repeating steps (g)-(j), with athird reference binding agent that specifically
binds to a second reference epitope on a second reference biomarker within the sample, or a
portion of the sample, and a fourth reference binding agent that specifically binds to a second
alternate reference epitope on the reference biomarker, wherein the second reference epitope
and the second alternate reference epitope are not the same, to obtain an second reference
number;

(0] repeating steps (b)-(k) with a control sample to obtain a control first number, a
control first reference number, a control second number, and a control second reference
number, the control sample selected from the group consisting of an untreated cell and a cell
treated with a control agent; and

(m)  comparing the first number to the first reference number to obtain afirst ratio,
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comparing the second number to the second reference number to obtain a second ratio,
comparing the control first number to the control first reference number to obtain a control
first ratio, and comparing the control second number to the control second reference number
to obtain a control second ratio;

wherein achange in the first ratio to the control first ratio is greater than the change
in the second ratio to the control second ratio identifies the first signal transduction pathway
asthe pathway being preferentially targeted by the agent and wherein a change in the first
ratio to the control first ratio is less than the change in the second ratio to the control second
ratio identifies the second signal transduction pathway asthe pathway being preferentially
targeted by the agent.

6. A method for identifying a signal transduction pathway to target with an agent in a
diseased or damaged cell, comprising

@ providing a sample of a diseased or damaged cell;

(b) providing a first binding agent that specifically binds to afirst epitope
on afirst biomarker in afirst signal transduction pathway, wherein the first binding agent is
attached to a solid support;

(© providing a second binding agent that specifically bindsto afirst alternate
epitope on the first biomarker, wherein the first alternate epitope is different than the first
epitope, wherein the first alternate epitope and the first epitope are both present only on an
activated form or an inhibited form of the first biomarker, and wherein said second binding
agent is capable of attaching to a sensor;

(d) mixing the sample, the first binding agent, and the second binding agent
together under conditions whereby a first sandwich assay formation will be formed if the
sample contains the first biomarker comprising the first epitope and the first alternate
epitope;

(e presenting the result of step (d) to a sensor that emits an output signal that
relates to the sensor's acoustic response to obtain a first number;

) repeating steps (b)-(e), with afirst reference binding agent that specifically
binds to afirst reference epitope on afirst reference biomarker within the sample, or a
portion of the sample, and a second reference binding agent that specifically bindsto afirst
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alternate reference epitope on the first reference biomarker, wherein the first reference
epitope and the first alternate reference epitope are not the same, to obtain afirst reference
number;

(9) providing athird binding agent that specifically binds to second epitope on a
second biomarker in asecond signal transduction pathway, wherein the second biomarker is
different than the first biomarker, and wherein the third binding agent is attached to a solid
support;

(h) providing a fourth binding agent that specifically binds to a second alternate
epitope on the second biomarker in the second signal transduction pathway, wherein the
second alternate epitope is different from the second epitope, wherein the second aternate
epitope and the second epitope are both present only on an activated form or an inhibited
form of the second biomarker, and wherein said fourth binding agent is capable of attaching
to a sensor;

0] mixing the sample, the third binding agent, and the fourth binding agent
together under conditions whereby a second sandwich assay formation will be formed if the
sample contains the second biomarker comprising the second epitope and the second
alternate epitope;

()] presenting the result of step (h) to a sensor that emits an output signal that
relates to the sensor's acoustic response to obtain a second number;

(k) repeating steps (g)-(j), with athird reference binding agent that specifically
binds to a second reference epitope on a second reference biomarker within the sample, or a
portion of the sample, and a fourth reference binding agent that specifically binds to a second
alternate reference epitope on the second reference biomarker, wherein the second reference
epitope and the second alternate reference epitope are not the same, to obtain a second
reference number;

(0] repeating steps (b)-(k) with a control sample to obtain a control first number, a
control first reference number, a control second number, and a control second reference
number, the control sample selected from the group consisting of an untreated cell and a cell
treated with a control agent; and

(m)  comparing the first number to the first reference number to obtain afirst ratio,
comparing the second number to the second reference number to obtain a second ratio,
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comparing the control first number to the control first reference number to obtain a control
first ratio, and comparing the control second number to the control second reference number
to obtain a control second ratio;

wherein a change in the first ratio to the control first ratio is greater than the change
in the second ratio to the control second ratio identifies the first signal transduction pathway
asthe pathway asthe pathway to target with the agent in the diseased or damaged cell and
wherein achange in the first ratio to the control first ratio is less than the change in the
second ratio to the control second ratio identifies the second signal transduction pathway as
the pathway to target with the agent in the diseased or damaged cell.

7. The method of claim 2 or 3, wherein athird pathway is analyzed by repeating steps
(b)-(j) with afifth binding agent that specifically binds to an entity selected from the group
consisting of athird epitope on athird biomarker in athird signal transduction pathway and a
noninterface epitope on the third biomarker, wherein said third biomarker isin athird signal
transduction pathway, wherein the fifth binding agent is attached to a solid support; a sixth
binding agent that specifically binds to an entity selected from the group consisting of athird
alternate epitope on the third biomarker, wherein the third alternate epitope is different than
the third epitope, and a noninterface epitope on athird biomarker partner, wherein said third
biomarker partner is in the third signal transduction pathway, and wherein said sixth binding
agent is capable of attaching to a sensor that emits an output signal that relates to the sensor's
acoustic response to obtain athird number, afourth number, athird control number and a

fourth control number.

8. The method of claim 5 or 6, wherein athird pathway is analyzed by repeating steps
(b)-(j) with afifth binding agent that specifically binds to an entity selected from the group
consisting of athird epitope on athird biomarker in athird signal transduction pathway and a
noninterface epitope on the third biomarker, wherein said third biomarker isin athird signal
transduction pathway, wherein the fifth binding agent is attached to a solid support; a sixth
binding agent that specifically binds to an entity selected from the group consisting of athird
alternate epitope on the third biomarker, wherein the third alternate epitope is different than

the third epitope, and a noninterface epitope on athird biomarker partner, wherein said third
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biomarker partner is in the third signal transduction pathway, wherein said sixth binding
agent is capable of attaching to a sensor that emits an output signal that relates to the sensor's
acoustic response, and a fifth reference binding agent that specifically binds to athird
reference epitope on athird reference biomarker within the sample, or aportion of the
sample, and a sixth reference binding agent that specifically binds to athird alternate
reference epitope on the third reference biomarker, wherein the third reference epitope and
the third aternate reference epitope are not the same, to obtain athird number, athird

reference number, a control third number, a control third reference number.

9. The method of claim 5 or 6, wherein the first reference biomarker and the second

reference biomarker are the same.

10. The method of claim 8, wherein the first reference biomarker, the second reference

biomarker, and the third reference biomarker are the same.

11.  The method of claim 4, wherein the reference biomarker is selected from the group
consisting of a house-keeping protein and atotal first biomarker, wherein the total first

biomarker comprises all forms of the first biomarker.

12. The method of claim 5 or 6, wherein the first reference biomarker is selected from the
group consisting of ahouse-keeping protein and atotal first biomarker, wherein the total first

biomarker comprises al forms of first biomarker.

13. The method of claim 5 or 6, wherein the second reference biomarker is selected from
the group consisting of a house-keeping protein and atotal second biomarker, wherein the

total second biomarker comprises all forms of second biomarker.
14. The method of claim 11 or 12, wherein the total first biomarker is selected from the

group consisting of activated and non-activated forms of the first biomarker and inhibited

and non-inhibited forms of the first biomarker.
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15. The method of claim 13, wherein the total second biomarker is selected from the
group consisting of activated and non-activated forms of the second biomarker and inhibited

and non-inhibited forms of the second biomarker.

16. The method of claim 11, 12, or 13 wherein the house-keeping protein is B-actin.

17. The method of claim 1or 4, wherein the predetermined fold change is selected from
the group consisting of at least 10%, & least 20%>, at least 25%, at least 50%>, a least 100%,
a least 150%, at least 200%, a least 250%, at least 500%, a least 1000%, at least 2500%, at
least 5000%, and at least 10,000%.

18. The method of claim 1, wherein the agent number and the control number are

normalized.

19. The method of claim 4, wherein the activated agent number or inhibited agent
number, the agent reference number, the activated control number or the inhibited control

number, and the control reference number are normalized.

20. The method of claim 1, 2, 3, 5, or 6, wherein the first number, second number, first

control number, and second control number are normalized.

21. The method of claim 15, wherein the numbers are normalized against a house-

keeping protein in the sample.

22. The method of claim 21, wherein the house-keeping protein is B-actin.

23. The method of claim 18, 189, or 20, wherein the normalized numbers are the

numbers compared at about an equivalent mass of sample.

24, The method of claim 18, 19, or 20, wherein the normalized numbers are the numbers

compared at about an equal number of cells
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25. The method of claim 2 or 5, wherein the agent targeting a signal transduction
pathway is an agent that targets atargeted biomarker in the pathway.

26. The method of claim 1, 2, 3,4, 5, or 6 wherein at least one of the first epitope and the
first alternate epitope is a phosphorylated amino acid.

27. The method of claim 2, 3, 5, or 6, wherein at least one of the second epitope and the
second alternate epitope is aphosphorylated amino acid.

28. The method of claim 1, 2, 3,4, 5, or 6, wherein the sample is selected form the group
consisting of atissue biopsy sample, abodily fluid sample a xenograft cell sample, aliving
cell sample, afixed cell sample, afine needle aspirate sample, a circulating tumor cell
sample, ablood sample, an exosome sample, a cultured cell sample, a cell lysate sample, a
diseased cell sample, asaliva sample, a mucous sample, atears sample, ablood sample, a
tumor cell sample, a synovia fluid sample, a serum sample, atissue sample, amarrow
sample, alymph fluid sample, an interstitial fluid sample, abuccal cell sample, apleural
effusion sample, amucosal cell sample, a cerebrospina fluid sample, abreast milk sample, a

semen sample, afeces sample, aplasma sample, and aurine sample.

29. The method of claim 1, 2, 4, or 5, wherein the cell is selected form the group
consisting of anormal cell, atumor cell, an infected cell, an injured cell, and a degenerative
cell.

30. The method of claim 3 or 6, wherein the diseased or damaged cell is selected form

the group consisting of atumor cell, an infected cell, an injured cell, and a degenerative cell.

3L The method of claim 29 or 30, wherein the tumor cell is selected from the group
consisting of a colon cancer cell, abreast cancer cell, aprostate cancer cell, aleukemia cell, a
lymphoma cell, and glioblastoma cell, apancreatic cancer cell, aliver cancer cell, alung

cancer cell, askin cancer cell, and a stomach cancer cell.
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32. The method of claim 1, 2, 3, 4, 5, or 6 wherein the agent is an SRNA molecule that
targets the targeted biomarker by hybridizing to anucleic acid molecule encoding the

targeted biomarker.

33. The method of claim 1, 2, 3, 4, 5, or 6, wherein the agent is a cocktail of agents

targeting the signaling pathway.

3. The method of claim 1, 2, 3,4, 5, or 6 wherein the agent is a small molecule.

35. The method of claim 1, 2, 3, 4, 5, or 6 wherein the agent is abiologic.

36. The method of claim 1, 2, 3,4, 5, or 6, wherein the targeted biomarker is KRAS.
37. The method of claim 1, 2, 3, 4, 5, or 6, wherein the targeted biomarker is MEK.

38. The method of claim 1, 2, 3,4, 5, or 6, wherein the targeted biomarker is PI3 kinase.
39. The method of claim 1, 2, 3,4, 5, or 6, wherein the targeted biomarker is selected
from the group consisting ofraf, braf, MEKI, MEK2, ERKI, ERK2, ERK3, ERK4, ERKS5,
ERK7, ERK8, INK1, JNK2, XNK3, MKK3, MKK®6, p38a, p38[3, p38y, p38d, MKK4,
MKK7, MTKI, DLK, TAOI, TA02, RSKI, RSK2, RSK3, MNKI, MNK2, MSKI, MEKS5,
Fos, Jun, CDK2, p27, SMAD, AKT, PI3K, Bcl-xl, STAT3, STATS5, caspase 8, caspase 9,

Bad, Bim, Bax, cdc42, Akka, FADD, JAK, CDK4, Rb, andNF- kB.

40. The method of claim 1, 2, 3, 4, 5, or 6, wherein the targeted biomarker is epidermal
growth factor receptor (EGFR).

41.  The method of claim 1, 2, 3,4, 5, or 6, wherein the method is performed using an

Acoustic Membrane Microparticle Assay.
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42. The method of claim 41, wherein the AMMP isrun on aViBE workstation.
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