I *I Innovation, Sciences et Innovation, Science and CA 3046202 A1 2018/06/14
Déeveloppement economique Canada Economic Development Canada
ey 3 046 202

Office de |la Propriete Intellectuelle du Canada Canadian Intellectual Property Office

(12 DEMANDE DE BREVET CANADIEN
CANADIAN PATENT APPLICATION
(13) A1

(86) Date de depot PCT/PCT Filing Date: 201/7/12/06 (51) CLInt./Int.Cl. GOTN 33/74 (2006.01),

L L _ CO7K 14/50 (2006.01), C12Q 1/37 (2006.01),
(87) Date publication PCT/PCT Publication Date: 2013/06/14 GO1N 33/574 (2006.01) GOTN 33/68 (2006.01)
(85) Entree phase nationale/National Entry: 2019/06/05

(71) Demandeur/Applicant:

(86) N° demande PCT/PCT Application No.: US 201/7/064906 EXPRESSION PATHOLOGY, INC., US
(87) N° publlcatlon PCT/PCT Publication No.: 2018/106801 (72) Inventeurs/Inventors:
(30) Priorité/Priority: 2016/12/06 (US62/430,887) HEMBROUGH, TODD, US;

CECCHI, FABIOLA, US;
SCHWART/Z, SARIT, US;
SCOTT, KERRY, US

(74) Agent: SMART & BIGGAR

(54) Titre : METHODES AMELIOREES DE TRAITEMENT DU CANCER PAR IDENTIFICATION DE PATIENTS SENSIBLES A UNE
THERAPIE PAR INHIBITEUR DE FGFR

(54) Title: IMPROVED METHODS OF TREATING CANCER BY IDENTIFICATION OF PATIENTS SENSITIVE TO FGFR INHIBITOR
THERAPY

(57) Abrege/Abstract:

Methods are provided for guantifying specific proteins directly in biological samples that have been fixed in formalin by the method
of Selected Reaction Monitoring (SRM) mass spectrometry, or what can also be termed as Multiple Reaction Monitoring (MRM)
mass spectrometry. Such biological samples are chemically preserved and fixed whereln said biological sample Is selected frorr
tissues and cells treated with formaldehyde containing agents/fixatives including formalin-fixed tissue/cells, formalin-fixed/paraffir
embedded (FFPE) tissue/cells, FFPE tissue blocks and cells from those blocks, and tissue culture cells that have been formalir
fixed and or paraffin embedded. A protein sample Is prepared from said biological sample using the Liguid Tissue reagents and
protocol and a designated protein is quantitated in the Liquid Tissue sample by the method of SRM/MRM mass spectrometry by
quantitating in the protein sample at least one or more of the described peptides. The proteins that can be detected and/or
quantitated are TYMP, TROPZ2Z, INSR, and/or the FGFR family of proteins.

50 rue Victoria e Place du Portage1l e Gatineau, (Québec) K1AOC9 e www.opic.ic.gc.ca i+

50 Victoria Street e Place du Portage 1 ¢ Gatineau, Quebec K1AO0C9 e www.cipo.ic.gc.ca C anada



wO 2018/106801 A 1 I M0 A0 10 AL 00 0 R

CA 03046202 2015-06-05

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

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date
14 June 2018 (14.06.2018)

(51) International Patent Classification:

GOIN 33/74 (2006.01) C120Q 1/37 (2006.01)
GOIN 33/574 (2006.01) CO7K 14/50 (2006.01)
GOIN 33/68 (2006.01)

(21) International Application Number:
PCT/US2017/064906

(22) International Filing Date:
06 December 2017 (06.12.2017)

English
English

(25) Filing Language:
(26) Publication Language:

(30) Priority Data:
62/430,887 06 December 2016 (06.12.2016) US

(71) Applicant: EXPRESSION PATHOLOGY, INC.
[US/UST; 9600 Medical Center Drive, Suite 300, Rockville,
MD 20850 (US).

Inventors: HEMBROUGH, Todd; 24336 Newberry
Road, Gaithersburg, MD 20882 (US). CECCHI, Fabiola;
1226 Shepherd Street NW, Washington, DC 20011 (US).
SCHWARTZ, Sarit; 11950 Bargate Court, Rockville, MD
20852 (US). SCOTT, Kerry; 13008 Shamrock Glen Drive,
Germantown, MD 20874 (US).

Agent: BOOTH, Paul, M. et al.; Edell, Shapiro & Finnan,
LLC, 9801 Washingtonian Blvd., Suite 750, Gaithersburg,
MD 20878 (US).

(72)

(74)

(81) Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AQO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
CA,CH, CL,CN, CO, CR, CU, CZ, DE, DJ, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
HR, HU, ID, IL, IN, IR, IS, JO, JP, KE, KG, KH, KN, KP,
KR, KW,KZ,LA,LC, LK, LR, LS, LU, LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available). ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ, TZ,

UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,

WIPO I PCT

(10) International Publication Number

WO 2018/106301 Al

TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SL, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

Published:

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

(54) Title: IMPROVED METHODS OF TREATING CANCER BY IDENTIFICATION OF PATIENTS SENSITIVE TO FGFR IN-

HIBITOR THERAPY

(57) Abstract: Methods are provided for quantifying specific proteins directly in biological samples that have been fixed in formalin
by the method of Selected Reaction Monitoring (SRM) mass spectrometry, or what can also be termed as Multiple Reaction Monitoring
(MRM) mass spectrometry. Such biological samples are chemically preserved and fixed wherein said biological sample 1s selected from
tissues and cells treated with formaldehyde containing agents/fixatives including formalin-fixed tissue/cells, formalin-fixed/paraffin
embedded (FFPE) tissue/cells, FFPE tissue blocks and cells from those blocks, and tissue culture cells that have been formalin fixed
and or paraffin embedded. A protein sample is prepared from said biological sample using the Liquid Tissue reagents and protocol
and a designated protein 1s quantitated in the Liquid Tissue sample by the method of SRM/MRM mass spectrometry by quantitating
in the protemn sample at least one or more of the described peptides. The protemns that can be detected and/or quantitated are TYMP,

TROP2, INSR, and/or the FGFR family of proteins.



10

15

20

25

30

35

CA 03046202 2015-06-05

WO 2018/106801 PCT/US2017/064906

IMPROVED METHODS OF TREATING CANCER BY IDENTIFICATION
OF PATIENTS SENSITIVE TO FGFR INHIBITOR THERAPY

Cross-Reference to Related Applications

This application claims priority to provisional application serial no. 62/430,887, filed
December 6, 2016, the contents of which are hereby incorporated by reference in their

entirety.

Introduction

Methods are provided for measuring the level of protein expression in patient tumor
tissue of one or more of the proteins TYMP, TROP2, INSR, and/or FGFR. Protein
expression 1s determined by quantitating a specified peptide derived from subsequences of
each of the full-length proteins. Each peptide 1s detected using mass spectrometry-based
Selected Reaction Monitoring (SRM), also referred to as Multiple Reaction Monitoring
(MRM), and referred to herein as an SRM/MRM assay. An SRM/MRM assay 1s used to
detect the presence and quantitatively measure the amount of a specified fragment peptide,
directly 1n cells procured from cancer patient tissue, such as, for example formalin fixed
cancer tissue.

The quantitation 1s relative or absolute. When absolute quantitation 1s required the
measured level of each peptide 1s compared to a known amount of a labeled reference peptide
having the same amino acid sequence as the measured peptide. The peptides are unique to a
specific protein and, accordingly, one peptide molecule 1s derived from one protein molecule
and therefore the quantitative level of the peptide allows quantitation of the intact protein
from which the peptide 1s derived. The measurements of protein expression can be used for
diagnosis of cancer, staging of the cancer, prognosis of cancer progression, predicting the
likelihood of clinical response to various cancer treatments and therapies, and the like.

Summary of the Invention

What 1s provided 1s a method for measuring the level of protein in a biological sample
of formalin fixed tissue, by detecting and quantifying, using mass spectrometry, the amount
of one or more modified or unmodified fragment peptides derived from the protein in a
protein digest prepared from the biological sample; and calculating the level of the protein 1n
the sample. The level 1s a relative level or an absolute level, and the protein can be TYMP,

TROP2, INSR, and/or the FGFR famuly of proteins. The protein digest may contain a
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protease digest, such as a trypsin digest. The tissue may be paraffin embedded tissue, and
may be, for example, obtained from a tumor, such as a primary tumor or a secondary tumor.

The protein may be TYMP and the fragment peptide may be the peptide of SEQ ID
NO:1. The protein may be TROP2 and the fragment peptide may be the peptide of SEQ ID
NO:2. The protein may be INSR and the fragment peptide may be the peptide of SEQ ID
NO:3. The protein may be FGFR 1, 2, 3, and/or 4 and the fragment peptide may be the pan-
FGFR peptide of SEQ ID NO:4. The protein may be FGFR 1, 2, and/or 3 and the fragment
peptide may be the FGFR peptide of SEQ ID NO:5. The protein may be FGFR 1, 3, and/or 4
and the fragment peptide may be the FGFR peptide of SEQ ID NO:6. The protein may be
FGFR 1 individually and the fragment peptide may be the exclusive FGFR 1 peptide of SEQ
ID NO:7. The protein may be FGFR 3 individually and the fragment peptide may be the
exclusive FGFR 3 peptide of SEQ ID NO:8. The protein may be FGFR 4 individually and the
fragment peptide may be the exclusive FGFR 4 peptides SEQ ID NO:9 and/or SEQ ID
NO:10.

The digest may be fractionated prior to detecting and quantifying the amount of the
one or more modified or unmodified fragment peptides. The fractionating step can be, for
example, liquid chromatography, nanoreversed phase liquid chromatography, high
performance liquid chromatography, or reverse phase high performance liquid
chromatography.

The mass spectrometry can include tandem mass spectrometry, 1on trap mass
spectrometry, triple quadrupole mass spectrometry, 10n trap/quadrupole hybrid mass
spectrometry, MALDI-TOF mass spectrometry, MALDI mass spectrometry, and/or time of
flight mass spectrometry, and the mode of mass spectrometry used 1s may be Reaction
Monitoring (SRM), Multiple Reaction Monitoring (MRM), and/or multiple Selected Reaction
Monitoring (mSRM).

In one embodiment, quantifying the fragment peptide can be achieved by comparing
an amount of the fragment peptide 1n one biological sample to the amount of the same
fragment peptide 1n a different and separate biological sample. In another embodiment,
quantifying the fragment peptide can be achieved by determining the amount of the fragment
peptide 1in a biological sample by comparison to an added internal standard peptide of known
amount having the same amino acid sequence. The internal standard peptide may be an
isotopically labeled peptide, labeled with, for example '°0, 170, **S, PN, 1°C, and *H or

combinations thereof.



10

15

20

25

30

CA 03046202 2015-06-05

WO 2018/106801 PCT/US2017/064906

In certain embodiments, detecting and quantifying the amount of the at least one
fragment peptide in the protein digest indicates the presence of the corresponding protein and
an association with the diagnostic stage/grade/status of cancer in the subject. The method
may also include correlating the results of the detecting and/or quantifying the amount of the
at least one fragment peptide, or the level of the corresponding protein to informing an
optimal cancer treatment therapy for the subject. Correlating the results of the detecting
and/or quantifying the amount of the at least one fragment peptide or the level of the
corresponding protein to informing an optimal cancer treatment therapy for the subject may
be combined with detecting and/or quantifying the amount of other proteins or peptides from
other proteins 1n a multiplex format to provide additional information about an optimal

cancer treatment therapy for the subject.

Detailed description

Measured proteins

TYMP (also known as thymidine phosphorylase, platelet-derived endothelial cell
orowth factor [ECGF1], and gliostatin) 1s an enzyme that catalyzes the reversible
phosphorylation of thymidine, deoxyuridine, and their analogs (except deoxycytidine) to their
respective bases (thymine/uracil) and 2-deoxyribose 1-phosphate and plays a key role 1n
pyrimidine salvage to recover nucleosides after DNA/RNA degradation. Biologically,
TYMP 1s an angiogenic factor that promotes angiogenesis iz vivo and stimulates the 1n vitro
orowth of a variety of endothelial cells. TYMP has a highly restricted target cell specificity
acting only on endothelial cells. TYMP also limits ghal cell proliferation. TYMP plays a
dual role 1n both cancer development and therapy. Because TYMP’s angiogenic activity
promotes tumor growth 1t 1s the target of TYMP mhibitor cancer therapeutic agents. TYMP
has also been found to play an essential role in the activation of the anti-cancer drug
capecitabine which acts as a thymidylate synthase inhibitor. Thus the presence and
quantitative levels of TYMP has relevance in the choice of cancer therapy and 1t 1s very
informative to the cancer treatment decision process to know the quantitative amount of the
TYMP protein 1n patient tumor cells.

TROP2 (also known as tumor-associated calcium signal transducer 2 and epithelial
olycoprotein-1 antigen [EGP-1]) 1s a carcinoma-associated protein that 1s expressed in many
different tumor types. TROP2 1s a member of a family including at least two type I
membrane proteins. It transduces an intracellular calcium signal and acts as a cell surface

receptor. TROP2 1s the target of a cancer therapeutic agents and thus the presence and
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quantitative levels of TROP2 has relevance in the choice of cancer therapy. Thus 1t 1s very
informative to the cancer treatment decision process to know the quantitative amount of the
TROP2 protein 1n patient tumor cells.

INSR (also known as insulin receptor [IR]) 1s a transmembrane receptor that 1s
activated by insulin, IGF-I, IGF-II and belongs to the large class of tyrosine kinase receptors.
Metabolically, the insulin receptor plays a key role 1n the regulation of glucose homeostasis, a
functional process that under degenerate conditions may result in a range of clinical
manifestations including diabetes and cancer. INSR 1s the target of a cancer therapeutic
agents and thus the presence and quantitative levels of INSR has relevance 1n the choice of
cancer therapy. Thus 1t 1s very informative to the cancer treatment decision process to know
the quantitative amount of the INSR protein in patient tumor cells.

FGFR (also known as fibroblast growth factor receptor) comprises a family of
proteins that bind to members of the fibroblast growth factor family of proteins. Some of
these receptors are involved 1n pathological conditions including cancer. There are 4 stmilar
FGFR genes (FGFR1-4) that code for 4 different yet related receptors, each of which consist
of an extracellular ligand domain composed of three immunoglobulin-like domains, a single
transmembrane helix domain, and an intracellular domain with tyrosine kinase activity. These
receptors bind fibroblast growth factors, members of the largest family of growth factor
ligands, comprising 22 members. Because many different versions of the FGFR proteins are
involved 1n driving the growth of cancer cells, many small molecule and biological inhibitors
of this family of proteins have been developed as cancer therapeutic agents. The quantitative
amount of the various versions of this protein family 1n patient tumor cells can be used to
inform the cancer treatment decision process by determining which cancer therapeutic agent
likely provides the best treatment outcome for the patient.

The methods below provide quantitative proteomics-based assays that quantify each of
the measured proteins in formalin fixed tissues from cancer patients. Data from the assays
can be used as part of improved methods of treatment and/or to make improved treatment
decisions for cancer therapy, for example.

The SRM/MRM assays can be used to measure relative or absolute quantitative levels
of the specific peptides from each of the measured proteins and therefore provide a means of
measuring by mass spectrometry the amount of each of the proteins 1n a given protein
preparation obtained from a biological sample. More specifically, the SRM/MRM assay can
measure these peptides directly in complex protein lysate samples prepared from cells

procured from patient tissue samples, such as formalin fixed cancer patient tissue. Methods of
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preparing protein samples from formalin-fixed tissue are described in U.S. Patent No.
7,473,532, the contents of which are hereby incorporated by references in their entirety. The
methods described in U.S. Patent No. 7,473,532 may conveniently be carried out using
Liqud Tissue reagents and protocol available from Expression Pathology Inc. (Rockville,
MD).

The most widely and advantageously available form of tissues from cancer patients
tissue 1s formalin fixed, paraffin embedded tissue. Formaldehyde/formalin fixation of
surgically removed tissue 1s far and away the most common method of preserving cancer
tissue samples worldwide and 1s the accepted convention for standard pathology practice.
Aqueous solutions of formaldehyde are referred to as formalin. "100%" formalin consists of a
saturated solution of formaldehyde (about 40% by volume or 37% by mass) 1n water, with a
small amount of stabilizer, usually methanol to limit oxidation and degree of polymernization.
The most common way 1n which tissue 1s preserved 1s to soak whole tissue for extended
periods of time (8 hours to 48 hours) 1n aqueous formaldehyde, commonly termed 10%
neutral buffered formalin, followed by embedding the fixed whole tissue 1n paraffin wax for
long term storage at room temperature. Thus molecular analytical methods to analyze
formalin fixed cancer tissue will be the most accepted and heavily utilized methods for
analysis of cancer patient tissue.

Results from the SRM/MRM assay can be used to correlate accurate and precise
quantitative levels of each of the specified proteins within the specific tissue samples (e.g.,
cancer tissue sample) of the patient or subject from whom the tissue (biological sample) was
collected and preserved. This not only provides diagnostic information about the cancer, but
also permits a physician or other medical professional to determine appropriate therapy for
the patient. Such an assay that provides diagnostically and therapeutically important
information about levels of protein expression 1n a diseased tissue or other patient sample 1s
termed a companion diagnostic assay. For example, such an assay can be designed to
diagnose the stage or degree of a cancer and determine a therapeutic agent to which a patient
1s most likely to respond.

The assays described herein measures relative or absolute levels of specific
unmodified peptides from the specified proteins and also can measure absolute or relative
levels of specific modified peptides from each of the specified proteins. Examples of
modifications include phosphorylated amino acid residues and glycosylated amino acid

residues that are present on the peptides.
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Relative quantitative levels of each of the proteins are determined by the SRM/MRM
methodology for example by comparing SRM/MRM signature peak areas (e.g., signature
peak area or integrated fragment 10n 1ntensity) of an individual fragment peptide derived
from a protein 1n different samples. Alternatively, 1t 1s possible to compare multiple
SRM/MRM signature peak areas for multiple signature peptides, where each peptide has 1ts
own specific SRM/MRM signature peak, to determine the relative protein content in one
biological sample with the content of the same protein(s) in one or more additional or
different biological samples. In this way, the amount of a particular peptide, or peptides,
from the subject protein(s), and therefore the amount of the designated protein(s), 1s
determined relative to the same peptide, or peptides, across 2 or more biological samples
under the same experimental conditions. In addition, relative quantitation can be deternmuned
for a given peptide, or peptides, from a given protein within a single sample by comparing the
signature peak area for that peptide by SRM/MRM methodology to the signature peak area
for another and different peptide, or peptides, from a different protein, or proteins, within the
same protein preparation from the biological sample. In this way, the amount of a particular
peptide from a designated protein, and therefore the amount of that protein, 1s determined
relative one to another within the same sample. These approaches generate quantitation of an
individual peptide, or peptides, from a designated protein to the amount of another peptide, or
peptides, between samples and within samples wherein the amounts as determined by
signature peak area are relative one to another, regardless of the absolute weight to volume or
weight to weight amounts of the selected peptide 1n the protein preparation from the
biological sample. Relative quantitative data about individual signature peak areas between
different samples are normalized to the amount of protein analyzed per sample. Relative
quantitation can be performed across many peptides from multiple proteins and one or more
of the designated proteins simultaneously 1n a single sample and/or across many samples to
gain 1nsight into relative protein amounts, such as one peptide/protein with respect to other
peptides/proteins.

Absolute quantitative levels of the designated protein are determined by, for example,
the SRM/MRM methodology whereby the SRM/MRM signature peak area of an individual
peptide from the designated protein in a biological sample 1s compared to the SRM/MRM
signature peak area of a spiked internal standard. In one embodiment, the internal standard 1s
a synthetic version of the same exact peptide derived from the designated protein that
contains one or more amino acid residues labeled with one or more heavy 1sotopes. Such

1sotope labeled internal standards are synthesized so that when analyzed by mass
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spectrometry a standard generates a predictable and consistent SRM/MRM signature peak
that 1s different and distinct from the native peptide signature peak and which can be used as
a comparator peak. Thus when the internal standard 1s spiked into a protein preparation from
a biological sample 1n known amounts and analyzed by mass spectrometry, the SRM/MRM
signature peak area of the native peptide 1s compared to the SRM/MRM signature peak area
of the internal standard peptide, and this numerical comparison indicates either the absolute
molarity and/or absolute weight of the native peptide present in the original protein
preparation from the biological sample. Absolute quantitative data for fragment peptides are
displayed according to the amount of protein analyzed per sample. Absolute quantitation can
be performed across many peptides, and thus proteins, simultaneously 1n a single sample
and/or across many samples to gain insight into absolute protein amounts 1n individual bio
logical samples and 1n entire cohorts of individual samples.

The SRM/MRM assay method can be used to aid diagnosis of the stage of cancer, for
example, directly in patient-derived tissue, such as formalin-fixed tissue, and to aid 1n
determining which therapeutic agent would be most advantageous for use 1n treating that
patient. Cancer tissue that 1s removed from a patient either through surgery, such as for
therapeutic removal of partial or entire tumors, or through biopsy procedures conducted to
determine the presence or absence of suspected disease, 1s analyzed to determine whether or
not a specific protein, or proteins, and which forms of proteins, are present in that patient
tissue. Moreover, the expression level of a protein, or multiple proteins, can be determined
and compared to a "normal" or reference level found 1n healthy tissue. Normal or reference
levels of proteins found 1n healthy tissue may be derived from, for example, the relevant
tissues of one or more individuals that do not have cancer. Alternatively, normal or reference
levels may be obtained for individuals with cancer by analysis of relevant tissues not affected
by the cancer. Assays of protein levels from one, some, or all of the designated proteins can
also be used to diagnose the stage of cancer 1n a patient or subject diagnosed with cancer by
employing the protein levels.

The level of an individual peptide derived from a designated protein 1s defined as the
molar amount of the peptide determined by the SRM/MRM assay per total amount of protein
lysate analyzed. Information regarding a designated protein or proteins can thus be used to
aid 1n determining the stage or grade of a cancer by correlating the level of the protein(s) (or
fragment peptides from the proteins) with levels observed in normal tissues. Once the
quantitative amount of one or more of the designated proteins has been determined 1n the

cancer cells, that information can be matched to a list of therapeutic agents (chemical and
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biological) developed to specifically treat cancer tissue that 1s characterized by, for example,
abnormal expression of the protein or protein(s) that were assayed. Matching information
from a protein assay to a list of therapeutic agents that specifically targets, for example, the
designated protein or cells/tissue expressing the protein, defines what has been termed a
personalized medicine approach to treating disease. The assay methods described herein form
the foundation of a personalized medicine approach by using analysis of proteins from the
patient's own tissue as a source for diagnostic and treatment decisions.

In principle, any predicted peptide derived from a designated protein, prepared for
example by digesting with a protease of known specificity (e.g. trypsin), can be used as a
surrogate reporter to determine the abundance of a designated protein 1n a sample using a
mass spectrometry-based SRM/MRM assay. Similarly, any predicted peptide sequence
containing an amino acid residue at a site that 1s known to be potentially modified in the
designated protein also might potentially be used to assay the extent of modification of the
designated protein in a sample.

Suitable fragment peptides derived from a designated protein may be generated by a
variety of means including by the use of the Liquid Tissue protocol provided in US Patent
7,473,532. The Liquid Tissue protocol and reagents are capable of producing peptide samples
surtable for mass spectroscopic analysis from formalin fixed paraffin embedded tissue by
proteolytic digestion of the proteins III the tissue/biological sample. In the Liquid Tissue
protocol the tissue/biological 1s heated 1n a buffer for an extended period of time (e.g., from
about 80° C to about 100° C for a period of time from about 10 minutes to about 4 hours) to
reverse or release protein cross-linking. The buffer employed 1s a neutral buffer, (e.g., a Tris-
based buffer, or a buffer containing a detergent). Following heat treatment the
tissue/biological sample 1s treated with one or more proteases, including but not imited to
trypsin, chymotrypsin, pepsin, and endoproteinase Lys-C for a time sufficient to disrupt the
tissue and cellular structure of said biological sample. The result of the heating and
proteolysis 1s a liquid, soluble, dilutable biomolecule lysate.

Surprisingly, 1t was found that most potential peptide sequences from the proteins
listed above are unsuitable or ineffective for use 1n mass spectrometry-based SRM/MRM
assays for reasons that are not immediately evident. As 1t was not possible to predict the most
suitable peptides for MRM/SRM assay, 1t was necessary to experimentally identity modified
and unmodified peptides 1n actual Liquid Tissue lysates to develop a reliable and accurate
SRM/MRM assay for each designated protein. While not wishing to be bound by any theory,

1t 1s believed that some peptides might, for example, be difficult to detect by mass
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spectrometry because they do not 1onize well or produce fragments distinct from other
proteins. Peptides may also fail to resolve well 1in separation (e.g., iqud chromatography), or
may adhere to glass or plastic ware.

The peptides found 1n Table I were derived from the respective designated proteins by
protease digestion of all the proteins within a complex Liquid Tissue lysate prepared from
cells procured from formalin fixed cancer tissue. Unless noted otherwise, in each instance the
protease was trypsin. The Liquid Tissue lysate was then analyzed by mass spectrometry to
determine those peptides derived from a designated protein that are detected and analyzed by
mass spectrometry. Identification of a specific preferred subset of peptides for mass
spectrometric analysis 1s based on; 1) experimental determination of which peptide or
peptides from a protein 10onize 1n mass spectrometry analyses of Liquid Tissue lysates, and 2)
the ability of the peptide to survive the protocol and experimental conditions used in
preparing a Liquid Tissue lysate. This latter property extends not only to the amino acid
sequence of the peptide but also to the ability of a modified amino acid residue within a
peptide to survive in modified form during the sample preparation.

Protein lysates from cells procured directly from formalin (formaldehyde) fixed tissue
were prepared using the Liquid Tissue reagents and protocol that entails collecting cells into a
sample tube via tissue microdissection followed by heating the cells in the Liquid Tissue
buffer for an extended period of time. Once the formalin-induced cross linking has been
negatively affected, the tissue/cells are then digested to completion 1n a predictable manner
using a protease. Suitable proteases include, but are not limited to, trypsin. Each protein
lysate 1s reduced to a collection of peptides by digestion of intact polypeptides with the
protease. Each Liquid Tissue lysate was analyzed (e.g., by 10on trap mass spectrometry) to
perform multiple global proteomic surveys of the peptides where the data was presented as
1dentification of as many peptides as could be 1dentified by mass spectrometry from all
cellular proteins present in each protein lysate. An 1on trap mass spectrometer or another
form of a mass spectrometer that 1s capable of performing global profiling for 1dentification
of as many peptides as possible from a single complex protein/peptide lysate 1s typically
employed. Ion trap mass spectrometers however may be the best type of mass spectrometer
for conducting global profiling of peptides.

Although an SRM/MRM assay can be developed and performed on any type of mass
spectrometer, including a MALDI, 10n trap, or triple quadrupole, the most advantageous
instrument platform for an SRM/MRM assay 1s often considered to be a triple quadrupole

instrument platform. Once as many peptides as possible were 1dentified 1in a single MS
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analysis of a single lysate under the conditions employed, then that list of peptides was
collated and used to determine the proteins that were detected in that lysate. That process was
repeated for multiple Liquid Tissue lysates, and the very large list of peptides was collated
into a single dataset. That type of dataset can be considered to represent the peptides that can
be detected 1n the type of biological sample that was analyzed (after protease digestion), and
specifically 1n a Liquid Tissue lysate of the biological sample, and thus includes the peptides
for each of the designated proteins.

In one embodiment, the tryptic peptides 1dentified as useful in the determination of
absolute or relative amounts of the designated proteins are listed in Table 1. Each of these
peptides was detected by mass spectrometry in Liquid Tissue lysates prepared from formalin
fixed, paraffin embedded tissue. Thus, each peptide can be used to develop a quantitative
SRM/MRM assay for a designated protein in human biological samples, including directly 1n

formalin fixed patient tissue.

SEQ ID NO 1 GLGEISAASEFK
SEQ ID NO 2 GEINFK
SEQ ID NO 3 INSR

SEQIDNO4 |FGFR 1,2, 3. 4| WMAPEALFDR
SEQIDNOS5 | FGFR 1,2.3 |QLVEDLDR
SEQIDNO6 | FGFR 1,3.4 |[NVLVTEDNVMK
SEQ ID NO 7 FGFR1 |IGPDNLPYVQILK
SEQ ID NO 8 FGFR3 |DGTGLVPSER

SEQ ID NO 9 FGFR4 |YNYLLDVLER
SEQIDNO 10| FGFR4 |LEIASFLPEDAGR

The peptide of SEQ ID NO:4 1s found in FGFR 1-4 and so detecting this peptide
allows quantification of all 4 receptors. The peptide of SEQ ID NO:5 1s found in FGFR 1-3
and so detecting this peptide allows quantification of these 3 receptors. The peptide of SEQ
ID NO:6 1s found in FGFR 1, 3 and 4 and so detecting this peptide allows quantification of
these 3 receptors. The peptides of SEQ ID NO:7-10 are found in FGFR 1, FGFR 2, FGFR 3
and FGFR4 respectively, and so detecting each peptide allows exclusive quantification of a

single receptor.
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The tryptic peptides listed in Table 1 typically were detected from multiple Liquid
Tissue lysates of multiple different formalin fixed tissues of different human organs
including, for example, prostate, colon, and breast.

One consideration when conducting an SRM/MRM assay 1s the type of instrument
that may be employed in the analysis of the peptides. Although SRM/MRM assays can be
developed and performed on any type of mass spectrometer, including a MALDI, 10n trap, or
triple quadrupole, the most advantageous instrument platform for an SRM/MRM assay 1S
often considered to be a triple quadrupole instrument platform. That type of a mass
spectrometer may be considered to be the most suitable instrument for analyzing a single
1solated target peptide within a very complex protein lysate that may consist of hundreds of
thousands to millions of individual peptides from all the proteins contained within a cell. The
described method was used to: 1) identify candidate peptides from each designated protein
that can be used for a mass spectrometry-based SRM/MRM assay for the designated protein,
2) develop an individual SRM/MRM assay, or assays, for target peptides from the designated

protein 1n order to correlate and 3) apply quantitative assays to cancer diagnosis and/or choice

of optimal therapy.

Assay Method
1. Identification of SRM/MRM candidate fragment peptides for a protein
a. Prepare a Liquid Tissue protein lysate from a formalin fixed biological sample
using a protease or proteases, (that may or may not include trypsin), to digest
proteins
b. Analyze all protein fragments in the Liquid Tissue lysate on an 1on trap
tandem mass spectrometer and 1dentify all fragment peptides from a
designated protein, where individual fragment peptides do not contain any
peptide modifications such as phosphorylations or glycosylations
c. Analyze all protein fragments in the Liquid Tissue lysate on an 1on trap
tandem mass spectrometer and 1dentify all fragment peptides from the protein
that carry peptide modifications such as for example phosphorylated or
olycosylated residues
d. All peptides generated by a specific digestion method from an entire, full
length protein can potentially be measured, but preferred peptides used for

development of the SRM/MRM assay are those that are 1dentified by mass
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spectrometry directly in a complex Liquid Tissue protein lysate prepared from
a formalin fixed biological sample
2. Mass Spectrometry Assay for Fragment Peptides from a Designated Protein
a. SRM/MRM assay on a triple quadrupole mass spectrometer for individual
5 fragment peptides 1dentified in a Liquid Tissue lysate 1s applied to peptides
from the protein
1. Determuine optimal retention time for a fragment peptide for optimal
chromatography conditions 1ncluding but not Imited to gel
electrophoresis, liqud chromatography, capillary electrophoresis,
10 nano-reversed phase liqud chromatography, high performance liquid
chromatography, or reverse phase high performance liqud
chromatography
11. Determine the mono 1sotopic mass of the peptide, the precursor charge
state for each peptide, the precursor m/z value for each peptide, the m/z
15 transition 1ons for each peptide, and the 1on type of each transition 1on
for each fragment peptide 1n order to develop an SRM/MRM assay for
each peptide.
111. SRM/MRM assay can then be conducted using the information from
(1) and (1) on a triple quadrupole mass spectrometer where each
20 peptide has a characteristic and unique SRM/MRM signature peak that
precisely defines the unique SRM/MRM assay as performed on a triple
quadrupole mass spectrometer
b. Perform SRM/MRM analysis so that the amount of the fragment peptide of the
protein that 1s detected, as a function of the unique SRM/MRM signature peak
25 area from an SRM/MRM mass spectrometry analysis, can indicate both the
relative and absolute amount of the protein 1n a particular protein lysate.
1. Relative quantitation may be achieved by:
1. Determining increased or decreased presence of the protein by
comparing the SRM/MRM signature peak area from a given
30 fragment peptide detected in a Liquid Tissue lysate from one
formalin fixed biological sample to the same SRM/MRM
signature peak area of the same fragment peptide 1in at least a
second, third, fourth or more Liquid Tissue lysates from least a

second, third, fourth or more formalin fixed biological samples
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2. Determining increased or decreased presence of the protein by
comparing the SRM/MRM signature peak area from a given
fragment peptide detected in a Liquid Tissue lysate from one
formalin fixed biological sample to SRM/MRM signature peak

5 areas developed from fragment peptides from other proteins, in
other samples derived from different and separate biological
sources, where the SRM/MRM signature peak area comparison
between the 2 samples for a peptide fragment are normalized to
amount of protein analyzed in each sample.

10 3. Determining increased or decreased presence of the protein by
comparing the SRM/MRM signature peak area for a given
fragment peptide to the SRM/MRM signature peak areas from
other fragment peptides derived from different proteins within
the same Liqud Tissue lysate from the formalin fixed

15 biological sample 1n order to normalize changing levels of a
protein to levels of other proteins that do not change their levels
of expression under various cellular conditions.

4. These assays can be applied to both unmodified fragment
peptides and for modified fragment peptides of the protein,

20 where the modifications 1nclude but are not limited to
phosphorylation and/or glycosylation, and where the relative
levels of modified peptides are determined 1n the same manner
as determining relative amounts of unmodified peptides.

11. Absolute quantitation of a given peptide may be achieved by
25 comparing the SRM/MRM signature peak area for a given fragment
peptide from the designated protein in an individual biological sample
to the SRM/MRM signature peak area of an internal fragment peptide
standard spiked into the protein lysate from the biological sample

1. The internal standard 1s a labeled synthetic version of the

30 fragment peptide from the designated protein that 1s being
interrogated. This standard 1s spiked into a sample 1n known
amounts, and the SRM/MRM signature peak area can be

determined for both the internal fragment peptide standard and
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the native fragment peptide in the biological sample separately,
followed by comparison of both peak areas
2. This can be applied to unmodified fragment peptides and
modified fragment peptides, where the modifications include
5 but are not limited to phosphorylation and/or glycosylation, and
where the absolute levels of modified peptides can be
determined 1n the same manner as determining absolute levels
of unmodified peptides.
3. Apply Fragment Peptide Quantitation to Cancer Diagnosis and Treatment
10 a. Perform relative and/or absolute quantitation of fragment peptide levels of the
designated protein and demonstrate that the previously-determined
association, as well understood 1n the field of cancer, of expression of the
designated protein to the stage/grade/status of cancer in patient tumor tissue 1S
confirmed
15 b. Perform relative and/or absolute quantitation of fragment peptide levels of the
designated protein and demonstrate correlation with clinical outcomes from
different treatment strategies, wherein this correlation has already been
demonstrated in the field or can be demonstrated in the future through
correlation studies across cohorts of patients and tissue from those patients.
20 Once either previously established correlations or correlations derived 1n the
future are confirmed by this assay then the assay method can be used to

determine optimal treatment strategy

Specific and unique characteristics about specific fragment peptides from each

25  designated protein were developed by analysis of all fragment peptides on both an 1on trap
and triple quadrupole mass spectrometers. That information must be determined
experimentally for each and every candidate SRM/MRM peptide directly in Liquid Tissue
lysates from formalin fixed samples/tissue; because, interestingly, not all peptides from any
designated protein can be detected in such lysates using SRM/MRM as described herein,

30 1ndicating that fragment peptides not detected cannot be considered candidate peptides for
developing an SRM/MRM assay for use 1n quantitating peptides/proteins directly in Liquid
Tissue lysates from formalin fixed samples/tissue.

A particular SRM/MRM assay for a specific fragment peptide 1s performed on a triple

quadrupole mass spectrometer. An experimental sample analyzed by a particular protein
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SRM/MRM assay 1s for example a Liquid Tissue protein lysate prepared from a tissue that
had been formalin fixed and paraffin embedded. Data from such as assay indicates the
presence of the unique SRM/MRM signature peak for this fragment peptide in the formalin
fixed sample.

Specific transition 1on characteristics for this peptide are used to quantitatively
measure a particular fragment peptide in formalin fixed biological samples. These data
indicate absolute amounts of this fragment peptide as a function of the molar amount of the
peptide per microgram of protein lysate analyzed. Assessment of corresponding protein levels
1n tissues based on analysis of formalin fixed patient-derived tissue can provide diagnostic,
prognostic, and therapeutically-relevant information about each particular patient. In one
embodiment, this disclosure describes a method for measuring the level of each of the
proteins listed 1n Table 1 1n a biological sample, comprising detecting and/or quantifying the
amount of one or more modified or unmodified fragment peptides 1in a protein digest prepared
from said biological sample using mass spectrometry; and calculating the level of modified or
unmodified protein 1n said sample; and wherein said level 1s a relative level or an absolute
level. In a related embodiment, quantifying one or more fragment peptides comprises
determining the amount of the each of the fragment peptides 1n a biological sample by
comparison to an added internal standard peptide of known amount, wherein each of the
fragment peptides in the biological sample 1s compared to an internal standard peptide having
the same amino acid sequence. In some embodiments the internal standard 1s an 1sotopically
labeled internal standard peptide comprises one or more heavy stable 1sotopes selected from
130, 170, **S. >N, BC. ’H or combinations thereof’

The method for measuring the level of a designated protein a biological sample
described herein (or fragment peptides as surrogates thereof) may be used as a diagnostic
indicator of cancer 1in a patient or subject. In one embodiment, the results from measurements
of the level of a designated protein may be employed to determine the diagnostic
stage/grade/status of a cancer by correlating (e.g., comparing) the level of the protein found
1in a tissue with the level of that protein found 1n normal and/or cancerous or precancerous
tissues.

Because both nucleic acids and protein can be analyzed from the same Liquid Tissue
biomolecular preparation 1t 1s possible to generate additional information about disease
diagnosis and drug treatment decisions from the nucleic acids in same sample upon which
proteins were analyzed. For example, 1f a designated protein 1s expressed by certain cells at

increased levels, when assayed by SRM the data can provide information about the state of
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the cells and their potential for uncontrolled growth, potential drug resistance and the
development of cancers can be obtained. At the same time, information about the status of the
corresponding genes and/or the nucleic acids and proteins they encode (e.g., mRNA
molecules and their expression levels or splice variations) can be obtained from nucleic acids
present 1n the same Liquid Tissue biomolecular preparation can be assessed simultaneously to
the SRM analysis of the designated protein. Any gene and/or nucleic acid not from the
designated protein and which 1s present in the same biomolecular preparation can be assessed
simultaneously to the SRM analysis of the designated protein. In one embodiment,
information about the designated protein and/or one, two, three, four or more additional
proteins may be assessed by examining the nucleic acids encoding those proteins. Those
nucleic acids can be examined, for example, by one or more, two or more, or three or more
of: sequencing methods, polymerase chain reaction methods, restriction fragment
polymorphism analysis, 1dentification of deletions, insertions, and/or determinations of the
presence of mutations, including but not limited to, single base pair polymorphisms,

transitions, transversions, or combinations thereof
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Claims

1. A method for measuring the level of protein in a biological sample of formalin
fixed tissue, comprising detecting and quantifying the amount of one or more modified or
unmodified fragment peptides derived from the protein in a protein digest prepared from said
biological sample using mass spectrometry; and calculating the level of said protein in said
sample;

wherein said level 1s a relative level or an absolute level, and

wherein said protein 1s selected from the group consisting of TYMP, TROP2, INSR,
and/or the FGFR family of proteins.

2. The method of claim 1, further comprising the step of fractionating said
protein digest prior to detecting and quantifying the amount of said one or more modified or
unmodified fragment peptides.

3. The method of claim 2, wherein said fractionating step 1s selected from the
ogroup consisting of, liquid chromatography, nanoreversed phase liquid chromatography, high
performance liquid chromatography, or reverse phase high performance liquid
chromatography.

4. The method of any of claims 1-3, wherein said protein digest comprises a
protease digest.

5. The method of claim 4, wherein said protein digest comprises a trypsin digest.

6. The method of any of claims 1-5, wherein said mass spectrometry comprises
tandem mass spectrometry, 10n trap mass spectrometry, triple quadrupole mass spectrometry,
1on trap/quadrupole hybrid mass spectrometry, MALDI-TOF mass spectrometry, MALDI
mass spectrometry, and/or time of flight mass spectrometry.

7. The method of claim 6, wherein the mode of mass spectrometry used 1s
Selected Reaction Monitoring (SRM), Multiple Reaction Monitoring (MRM), and/or multiple
Selected Reaction Monitoring (mSRM).

8. The method of any of claims 1 to 7, wherein said protein 1s TYMP and said
fragment peptide 1s the peptide of SEQ ID NO:1.

9. The method of any of claims 1 to 7, wherein said protein 1s TROP2 and said
fragment peptide 1s the peptide of SEQ ID NO:2.

10. The method of any of claims 1 to 7, wherein said protein 1s INSR and said
fragment peptide 1s the peptide of SEQ ID NO:3.

11. The method of any of claims 1 to 7, wherein said protein 1s FGFR 1, 2, 3,
and/or 4 and said fragment peptide 1s the pan-FGFR peptide of SEQ ID NO:4.
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12. The method of any of claims 1 to 7, wherein said protein 1s FGFR 1, 2, and/or
3 and said fragment peptide 1s the FGFR peptide of SEQ ID NO:5.

13. The method of any of claims 1 to 7, wherein said protein 1s FGFR 1, 3, and/or
4 and said fragment peptide 1s the FGFR peptide of SEQ ID NO:6.

14.  The method of any of claims 1 to 7, wherein said protein 1s FGFR 1
individually and said fragment peptide 1s the exclusive FGFR 1 peptide of SEQ ID NO:7.

15. The method of any of claims 1 to 7, wherein said protein 1s FGFR 3
individually and said fragment peptide 1s the exclusive FGFR 3 peptide of SEQ ID NO:8.

16.  The method of any of claims 1 to 7, wherein said protein 1s FGFR 4
individually and said fragment peptide 1s selected from the group of exclusive FGFR 4
peptides consisting of SEQ ID NO:9 and SEQ ID NO:10.

17.  The method of any preceding claim, wherein the tissue 1s paraffin embedded
tissue.

18. The method of any preceding claim, wherein the tissue 1s obtained from a
tumor.

19. The method of claim 18, wherein the tumor 1s a primary tumor.

20. The method of claim 18, wherein the tumor 1s a secondary tumor.

21. The method of any of claims 1-19, wherein quantifying said fragment peptide
comprises comparing an amount of said fragment peptide in one biological sample to the
amount of the same fragment peptide 1n a different and separate biological sample.

22, The method of any of claims 1-19, wherein quantifying said fragment peptide
comprises determining the amount of said fragment peptide 1n a biological sample by
comparison to an added internal standard peptide of known amount having the same amino
acid sequence.

23. The method of claim 22, wherein the internal standard peptide 1s an
1sotopically labeled peptide.

24 The method of claim 23, wherein the 1sotopically labeled internal standard
peptide comprises one or more heavy stable isotopes selected from 80, 170, *4S, PN, PC,
and “H or combinations thereof.

25. The method of any of claims 1 to 24, wherein detecting and quantifying the
amount of at least one fragment peptide 1n the protein digest indicates the presence of the
corresponding protein and an association with the diagnostic stage/grade/status of cancer in

the subject.
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26. The method of any of claims 1-25, further comprising correlating the results of
said detecting and/or quantifying the amount of said at least one fragment peptide, or the
level of the corresponding protein to informing an optimal cancer treatment therapy for the
subject.

27. The method of claim 26, wherein correlating the results of said detecting
and/or quantifying the amount of said at least one fragment peptide or the level of said
corresponding protein to informing an optimal cancer treatment therapy for the subject 1s
combined with detecting and/or quantifying the amount of other proteins or peptides from
other proteins 1n a multiplex format to provide additional information about an optimal

cancer treatment therapy for the subject.
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