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(57) Abrege/Abstract:

he current disclosure provides for specific peptides, and derived Ionization characteristics of the peptides, from the
Serine/Threoninc-Protein Kinase B-raf (BRAF) that are particularly advantageous for quantifying the BRAF protein 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 where the biological sample Is 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.
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(57) Abstract: The current disclosure provides for specific peptides, and derived 1onization characteristics of the peptides, from the
Serine/ Threoninc-Protein Kinase B-raf (BRAF) that are particularly advantageous for quantifying the BRAF protein directly mn bio -
logical 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

W

and tixed where the biological sample 1s selected from tissues and cells treated with formaldehyde containing agents/tixatives mclud -
g formalin-fixed tissue/cells, formalin-fixed/parattin embedded (FFPE) tissue/cells, FFPE tissue blocks and cells from those
blocks, and tissue culture cells that have been formalin fixed and or paratiin embedded.
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SRM/MRM Assay for the Serine/ Threonme-Protein Kinase B-rat (BRAK}

This apphication claims prionty (0 provisional application seral no. 62/023,6195, filed

Tulty 11, 2014 the contents of which are herehy mcorporated by reference m their entiretv.
- 2 % . o o

introguction

Specitic peptides denved from subsequences of the Senne/Threonmne-Proteimn Kinase
B-raf, (also referred to as Proto-Oncogene B-Raf, pY4, v-Rai murine sarcoma viral oncogene
homolog B1, and BRAVF, and reterred 1o herein as “BRAF”) are provided. The peptide
sequence and fragmentation/transition ons  for cach peptide are useful m 3 mass
spectrometry-based Selected Reaction Momtorning (SRM) assay, which can alsoe be referred 1o
as a Multipic Reaction Monttoring (MRM ) assay, and reterred 10 hercin as SRM/MEM., The
use of peptides for SRM/MRM guantitative analysis of the BRAF protem 18 described.

This SRM/MRM assay can be used to measure relative or absofute quantitative levels

of one or more of the spocific pephtides from the BRAY protemn and theretore provides

methods of measuring the amount of the BRAK protein i a given protein preparation
obtained from a biological sample by mass spectrometry.,

More specifically, the SRM/MERM assay can wmeasure these peptides directly 1n
cormaplex protein lysate samples prepared from celis procured from pationt tissue sampies,
such as formalin fixed cancer pationt fissue. Methods of preparing protein samplies from
formalin-tixed tissue are described 1 ULS. Patent No. 7,473,532, the contents of which are
hereby mcorporated by veferences wm thew entirety. The methods described 1 ULS. Patent No.

7,473,532 may convemiently be carnied out using Ligumd Tissue® reagents and protocol

available from Expression Pathology Inc. {(Rockvilie, MD).

The most widely and advantageously avadable form of tissues from cancer patients
fissue 18 formalin fixed, paratiin ombodded tissue. Formaldehvde/formalin fixation of
surgically removed fissuc is by far the most common method of preserving cancer fissuc
samples worldwide and 1s the accepted convention for standard pathology practice. Agueous
solutions of formaldehyde are referred to as formahn, "1009%" {ormalin consists of a saturated
solution of formaldehyde (about 40% by volume or 37% by mass) m water, with a small
amount of stabiizer, usually methanol (o hmit oxidation and degree of polymerization. The
most common way m which tissue 18 preserved 18 to soak whole fissue for extended penods
of time (2 hours to 48 hours) i agueous formaldehyde, commaonly termed 10% necutral

butfered tormalin, followed by embedding the fixed whole tissue in paraifin wax {for ong
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term storage at room tomperature. Thus molecular anaiviical methods 0 analyze formalin
fixed cancer tissue will be the most accepled and heavily utilized methods tor analysis of

cancer patient f1ssuc.

Results from the SRM/MRM assay can be used to correlate accuraie and precise

quantitative levels of the BRAFK protemn within the specihic tissue samples (¢.g., cancer tissue
sample) of the pationt or subject from whom the tissye (biclogical saraple) was collected and
preserved. This not only provides diagnostic and prognostic mformation about the cancer,
but also aliows a physician or other medical protfessional 1o more accurately determine
appropriate  therapy for the palient.  Such an assay that provides diagnostically,
prognostically, and therapeutically unportant mformation about levels of protemn expression
i g discased tissug or other patient sampic 18 tormed a companion digenostic assay., For
cxampie, such an assay can be designed to diagnose the stage or degree of a cancer and

determune a therapeutic agent to which a patient 18 most likely to respond.

SUMMAary

The assays described herein measure relative or absolute levels of specific
unmodified peptides from the BRAF proten and also can measure absolute or relative levels
of specific modified peptides from the BRAF protem. Examples of modifications mclude
phosphorylated aming acid residues and glycosylated anuno acid residucs that may be present
on the peptides.

Relative quantiative levels of the BRAF protemn are determined by the SRM/MRM
methodology by, for example, comparing SKRM/MRM signature peak areas (.., signature
peak area or mtegraied fragment 1on mtensity) of an individual BRAF peptide 1 dhiifferent
samples.  Alternatively, 1t 18 possible 1o compare multiple SRM/MRM signatare peak areas
for multiplc BRAF signature peptides, where cach peptide has ds own spectfic SRM/MEM
signature peak, to determune the relative BRAY protein content in one biological sample and
cornpare it with the BRAF protein content 1o one or more additional or ditferent biological

samples. In this way, the amount of a particular peptide, or peptides, from the BRAF profein,

and therefore the amount of the BRAV protein, 18 determined relative 10 the same BRAFK
peptide, or peptides, across 2 or more biglogical samples under the same cxperimental
conditions.  In addiion, relative quantitation can be determiuned for a given peptide, or
poptides, from the BRAY protemn within g single sample by comparing the signature peoak

arca for that peptide by SRM/MEM methodology to the signature peak area for another and
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ditferent peptide, or peplides, from a different protein, or proteins, within the same protein
preparation from the biclogical sample. In this way, the amount of a particular peptade from
the BRAF protemn, and theretore the amount of the BRAY proten, 18 determined relative one

to another within the same sample. These approaches permit guantitation of an mdividual

peptide, or peptides, from the BRAVY protemn to the amount of another peptide, or peptides,
between samples and within samples wheremn the amounts as determined by signatue peak

arca arc relative one to another, regardiess of the absolute weight to volume or weight (0

werght amounts of the BRAF peptide i the protein preparation from the biclogical sample.
Relative quantitative data about mdividual signature peak areas between different samples
can be normalized 1o the amount of protem analyzed per sample. Relative quantitation can be
performed  across many  pepiudes  from  muluple protemns and the BRAF  protein
simltaneously m a single sample and/or across many samples to gain msight into relative
profein arpounts of one peptide/protem with respect 10 other peptides/proteins.

Absolute quantitative levels of the BRAF protemn are determined by, for example, the
SRM/MRM methodology whereby the SRM/MRM signature peak area of an mdividual
peptide from the BRAF protom i one biological sample 15 compared to the SEM/MREM

signature poak arca of 4 spiked mtomal standard. In one embodiment, the mternal standard 18

a synthetic version of the same exact BRAF peptide that containg one or more aming acid
restdues labeled with one or more heavy isotopes. Such an sotope labeled mnternal standard
s synthesized so that, when analyvzed by mass spectrometry, it generates a predictable and
consistent SKM/MRM signature peak that ¢ difiorent and distinet from the native BRAF
peptide signature peak and which therefore can be used as a comparator peak., Thus, when
the mnternal standard 18 spiked o a protemn preparation from a biological sample m known
amounts and analvzed by mass spectrometry, the SRM/MRM signature peak area of the
native peptide 18 compared to the SRM/MRM signature peak arca of the miernal standard
peptide, and this namerical comparison mdicates either the absolule molarity and/or absolute
weight of the native peptide present i the original protein preparation from the biological
sample.  Absolute quantitative data for fragment peptides are displayed according {0 the
amount of protein analyzed per sample. Absolute quantitation can be performed across many
peptides, and thus protems, sumultaneoushy mn a single sample and/or aCross many samples 10
oain msight mto absolute protein amounts i mdividual biological samples and m ontire
cohorts of ndividual samples.

The SRM/MRM assay method can be used (o aid diagnosis of the stage of a cancer

and/or the patient progoosis, for example, directly i patient-derived tissue, such as {ormahn
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fixed tissue, and to aid in determining which therapeutic agent would be most advantageous
for use m freating that patient.  Cangcer tissue that 18 removed from a patient either through
surgery, such as for therapeutic removal of partial or ontire fumaors, or through biopsy
procedures conductied o determing the presence or absence of suspected disease, 18 analvzed
to determine whether or not a specific proten, or profemns, and wiich forms of proteins, are
present in that patient tissue.  Moreover, the expression lovel of a protemn, or multiple
proteins, can be determined and compared {0 a "normal” or reference level found i healthy
tissye. Normal or reference levels of protemns found i healthy tissue may be dertved from,
for exarmple, the relevant tissues of one or more wmdividuals that do not have cancer.
Alternatively, normal or reference lovels may be obtamed for mdividuals with cancer by

analysis of relovant tissues not affected by the cancer.

Assays of protemn levels (e

1

. BRAF levels)y can aiso be used to diagnose the stage of
cancer and provide prognostic mformation about g paticnt or subject dagnosed with cancer
by emploving the BRAF levels. The level of an mdividual BRAF peptide 18 detined as the
molar amount of the peptide determined by the SRM/MRM assay per {otal amount of protein
tysate analyzed., Information regarding BRAFE can thus be used to aid m determining the

stage or grade of a cancer and/or paticnt prognosis by correlating the level of the BRAF

protein (or fragment peptides of the BRAF protem) with levels observed i normal tissucs.
{Once the stage and/or grade, and/or BRAL protein expression characteristics of the cancer
has been determined, that mformaton can be wmatched to a hst of therapeuhic agents
(chenucal and biological) developed to spocifically treat cancer tissue that 18 charactenzed
by, for example, abnormal cxpression of the protem or protein{s) (¢.g., BRAF) that were
assayed.  The therapeutic agents Vernurafenib and Soralemb are particuiarly usetul for
targeting BRAF-expressing cancer ¢ells. Other BRAF mhbitors meiude GDC-O879, PLX-
4724, dabrafenib, and LGXE1¥ Matching wnformation from a BRAF protein assay to a list of
therapeutic agents that specifically targets, for example, the BRAF protemn or celis/tissue
expressing the protemn, defines what has been tormed a personalized medicine approach 10
treating discase. Theo dssay methods described heremn form the foundation of a personalized
medicine approach by using analysis of proteins from the patient’s own fissue as a source for

dragnostic and treatment decisions.
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Briel Description of the Drawings

Figure 1, parts A to €, shows an exampie of an SRM/MRM assay of a single peptide
from the BRAF protem performed on a Ligquad Tissue tysate from a formalin fixed biological
sample with quantitation of the BRAF pephide conducted on g iriplequadrupoic mass
spectrometer.  The specific charactenstics about how 10 measure this pepiide 1 biological

samples that have been fixed m formahin 1s shown.

Detailed Description

in principle, any predicted peptide denved from BRAF protemn, preparved for example

by digesting with a protease of known specificity {e.o. frvpsing, can be usced as a surrogate

reporter to determine the abundance of BRAF protein i a sample using a mass spectrometry-
based SRM/MRM assay. Similarly, any predicted peptide sequence contaming an aming acid
residue at a sie that s known to be potentially wodified i the BRAF protemn also mught
potentially be used to assay the exient of modification of the BRAF protemn in a sample.
BRAF fragment peptides may be generated by a variety of methods mcluding by the
use of the Liquid Tissue protocol provided m US Patent 7,473,532, The Ligwnd Tissue
profocol and reagents are capabie of producing pepiude samples suitable for mass
spectroscopic analvsis from formalin fixed paraffin embedded tissuc by proteclyiic disestion
of the protomns mn the tissuc/biclogical sampie.  In the Liguid Tissue protocol the
tissue/brological 1s heated 1 a bufter for an extended peniod of time (e.g., from about 30° C
to about 1307 C tor 2 pernod of timne from about 10 nunutes 10 about 4 hours) 10 reverse or
release protewn cross-hinking, The buffer employed 18 a neutral butter, {¢.g., a Tris-based
bulfer, or a buffer contaiming a detergent). Followmng heat treatment the fissug/biological
sample 18 freated with one oOr more profeases, mcluding but not humiied 10 trypsin,
chyvmotrypsin, pepsin, and endoprotemnase Lys-C, for a time sufficiont to disrupt the {fissue
and cellular structure of said biclogical sample and {0 hquetly the sampie {¢.g., 2 period of
tirpe from 30 manutes 0 24 hours at a terpperature from 37° € 10 65° ). The result of the

heating and proteolysis 18 a hiquid, soluble, dilutable biomwoiecule lysate.

Surprisingly, i was found that many potential peptide sequences from the BRAF
profein are unsaitable or mettective for use m mass spectrometry-based SRM/MRM assays
tor reasons that are not immediately ovident. This 18 particularly true for peptides derived
from formalin fixed fissuc. As it was not possible 10 predict the most suitable peptides for

MRM/SRM assay, it was necessary to experimentally identity modified and unmodified
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peptides 1 actual Liquid Tissue lysaies to develop a reliable and accurate SRM/MRM assay
tor the BRAF protem. Whale not wishing to be bound by any theory, it 1s beheved that some
cptides might, Tor exanple, be difficult to detect by mass spectrometry as they do not wonize
well or produce fragments that are not distinct from other protemns. Peptides may also faid 1o
resoive well 1o separation (e.g., hquid chromatography), or may adhere to glass or plastic
Ware,
BRAF peptides found in various embodiments of this disclosure (e.g., Tables 1 and 2)
were dertved from the BRAF protem by protease digestion of all the protemns within a
complex Ligund Tissye lysate prepared from cells procured from formalin fixed cancer fissue.

Unless noted otherwise, mn cach mstance the protease was frvpsin, The Liguid Tissue lysate

was then analyzed by mass specirometry {0 determine those peptides dertved from the BRAF
protein that are detected and analyzed by mass spectrometry.  Identification of a specific
preferred subset of peptides tor mass-spectrometric analysis 18 based on; 1) experimental
determination of wihich peptide or peptides {rom a profein 10RIZE I IMASS specirometry
analyses of Ligud Tissue lysales, and 2) the ability of the peptide to survive the protocol and
cxperimental conditions used 1 preparmng a Liquid Tissue lysate.  Thas latter property
cxicnds not only 10 the amino acid sequence of the peptide but also to the ability of a
modified anmuno acid residue within a peptide 1o survive in modified form during the sample
preparation.

Protem tysates from cells procured divectly from formalin (formaldehvde) fixed tissue
were prepared using the Liguid Tissue reagents and protocol that entails collecting cells mto a
sample tube via fissue nucrodissection followed by heating the cells in the Liguid Tissue
butter for an extended penied of time.  Once the formabn-mduced cross linkaing has been
negatively affocted, the tissue/cells are thon digested to completion in a predictable manner
using a protease, such as, for example, trypsin {although other proteases can be used). Each
protein lysate 18 turned mto a collection of peptides by digestion of mtact polypeptides with
the protease. Each Liquid Tissue lysate was analyvzed {¢.g., by 1on trap mass spectrometry) 1o
perform multipie global protconue survevs of the peptides, where the data was presented as
wdentification of as many peplides as could be dentified by mass spectrometry from all
cellular protems present m each protem lysate.  An ion frap mass spectrometer or another
form of a mass spectrometer that 18 capable of performing global profiling for wdentification
of as many peptides as possible from a single complex protewv/peptude fysate 1s employed.
fon trap mass spectrometers however may advaniageously be used conducting global

profiling of peptides.  Although an SRM/MRM assay can be developed and performed on
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any type of mass spectrometer, including a3 MALDI, ion trap, or triple guadrupole,
advantageously a tnple quadrupole mstrument plattorm 1 used for an SRM/MRM assay.
That type of a mass spectrometer 18 suitable mstrument for analyvzing a single solated targoed
peptide within a very complex protemn iyvsate that mav consist of hundreds of thousands to
miihions of mndividual peptides from all the proteins contained within a cell.

Once as many peptides as possible were identified in g single MDD analysis of a single
ysate under the condutions empioved, then that List of peptides was collated and used o
determine the proteimns that were detected 1 that lysate. That process was repeated for
multiple Lyquad Tissue lysates, and the very large list of peptides was collated mto a single
dataset. That type of dataset can bo constdered 1o reprosent the peptides that can be detected
in the type of biological sample that was analyzed (after protease digestion), and speciiically
it a Liquid Tissue lysate of the biclogical sample, and thus mcludes the peptides tor speciic
proteins, such as for example the BRAF protein,

in one embodiment, the BRAF trypic peptides identified as useful m the
determination of absolute or relative amounts of the BRAF protemn include one or more, two
or more, three or more, or four or more of the peptides of SEQ 1 NO: |, SEQ 1D NO:2, SEQ
{1 NO:3, SEQ D NO4, SEQ 1D KOS, SEQ 1D NO:6, SEQ 1D NOQ:7, SEQ 1D NGO, SEQ
D NO:9, SEQ ID NGO, and SEQ D NO:11, all of which are listed m Table 1. Hach of

those peplides was detected by mass spectrometry 1n Liquid Tissue lysates prepared from

tormahn fixed, parathn embedded tissue.  Thus, each pephide 1 a candidate {or use n
developmg a quantitative SRM/MRM assay for the BRAF protein i human bioclogical
samples, including directly in tormalin fixed patient tissue.
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The BRAF tryptic peptides listed m Table 1 were detected from multiple Liquid
Tissue tysates of multiple dilfierent formalm fixed tissues of difforent hurpan organs meluding

prostate, colon, and breast.  Each of those peptides 15 considered usetul for guantitative

SRM/MRM assav of the BRAF protein in formalin fixed tissue. Further data analysis of
these experiments mdicated no preference for any speciiic peptides from any specific organ
site. Thus, these peptides may be used for conducting SRM/MRM assays of the BRAF
protemn on a Liquid Tissue lysate from any formalin fixed fissue origmating from any
brological sample or from any organ site in the body.

in order to most ethiciently ymplement an SRM/MRM assay for each peptide denved
from the BRAF protemn 1t 18 deswable to uiilize miformation m addition to the peptide
sequence i the analysis.  That additional mformation may be used i directing and
mstructing the mass spectrometer {¢.g. a triple quadruapole mass spectrometer) to periorm the
correct and focused analysis of specific targeted peptide(s), such that the assay way be

cffectively performed.

The additonal information about target peptides 1 general, and about speciic BRAFK
peptides, may include one or more of the mono sotopic mass of the peptide, its precursor
charge state, the precursor nvz value, the wy/z transition wons, and the 1on type of cach

transttion on. Table 2 shows additional peptide wformation that may be used to develop an

SRM/MRM assay for the BRAF protew for two (2} of the BRAF peplides trom the hist
Table 1. Syoular addifional information described tor the two (2) BRAFK peptides shown by
cxample 1 Table 2 may be prepared, obtamed, and applied 1o the analysis of the other

peptides contained in Table 1
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The method desenbed below was ysed to) 1) wdentily candidate peptides from the

BRAF protemn that can be used for a mass spoctrometry-based SKM/MRM assay for the

BRAF protemn, 2} develop an mdividual SRM/MRM assay, or assays, for target peptides from

the BRAF protemn in order to correlale and 3) apply quantitative assays to cancer d1agnosis

and/or choige of optimal therapy.

Assay Method

i

2.

fdentification of SEM/MREM candidate fragment peptides tor the BRAF protein

a.

ad.

C.

Prepare a Liguid Tissue protem lysate from a formalin fixed biological sample
using a protease or proteases, (that may or may not mclude trypsing, to digest
Drofems

Analyze all protemn fragments in the Liguid Tssue lysate on an won trap tandom
mass spectrometer and identity all fragment peptides {rom the BRAF protem,
where mdividual fragment peptides do not contamn any peptide modifications such
as phosphoryiations or glycosyiations

Analyze all protein fragments i the Liguid Tissue lysate on an ion trap tandem

mass spectrometer and wdentidy all fragment peplides from the BRAF profemn that
carry peptide modifications such as for example phosphorviated or glycosylated
residucs

All peptides gencrated by a specific digestion method from the entire, full longth
BRAF protein potentially can be measured, bt preferred peptides used for
development of the SRM/MRM assay are those that are wdentificd by mass
spectrometry directly in a complex Liquid Tissue protein ivsate prepared from a
formalin fixed biclogical sample

Peptides that are specifically moditied (phosphorviated, glyvcosylated, efc.)
patient tissue and which 1onize, and thus detected, m 4 mass spectrometer when

analyzing a Liquid Tissue lysate from a formalin fixed bioclogical sample are

wdentified as candidate peplides tor assaying peplide modifications of the BRAF

protemn

Mass Spectrometry Assay for Fragment Peptides from the BRAF Protein

a.

SRM/MRM assay on a triple guadropole mass spectrometer for mdividual
fragment peptides wdentificd m a Liquid Tissge lysate 18 applied to peptides from

the BRAF protemn
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Determine optimal retention time for a fragment peptide for optimal
chromatography conditions  mcluding  but not looied 1o gel
clectrophoresis, hiquid chromatography, capillary electrophoresis, nano-
reversed  phase  hiquid  chromatography, high  performance  hqd
chromatography, or  reverse  phase high  performance hqund
chromatography

Dicternune the mono i1sotopic mass of the peptide, the precursor charge
state for each peplide, the precursor myv/z value for each peptide, the nvz
transifion yons for each peptide, and the on type of each transition 1on for
cach fragment peptide in order to develop an SRM/MRM assay for cach
peptide.

SRM/MRM assay can then be conducted using the mformation from (1)
and {11} on a triple guadrupole mass spectrometer where cach peptide has a
characteristic and unique SRM/MRM signature peak that precisely defines
the unique SRM/MRM assay as performed on a tniple quadrupole mass

spectrometer

b, Perform SEM/MEM analysis so that the amount of the fragment peptide of the

BRAK protemn that 18 detected, as a function of the umique SRM/MRM signature

peak arca from an SRM/MRM mass spectrometry analysis, can mdicate both the

relative and absolute amount of the protein in a particular profom lysate,

1.

Relative guantitation may be achieved by:

i, Determining mereased or decreased presence of the BRAF protein
by comparing the SEM/MEM signature peak arca from a given
BRAF peptide detected ina Liguid Tissue lysate from one formalin
fixed biological sample 1o the same SRKM/MRM signature peak
arca of the same BRAF fragment peplide 1o at ieast a second, third,
fourth or more Lagquid Thssue bysates from least a socond, third,

fourth or more formalin fixed biological samples

2. Determiming moreased or decreased presence of the BRAL proten
by comparning the SEM/MEM signature peak area from a given
BRAF peptide detected ina Liguid Tissue lysate from one formalin
fixed biological sample to SRM/MRDM signature peak arcas
developed from fragment peptides from other protems, mn other

samples derived from different and separate brological sources,

10
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where the SRM/MEM signature peak arca comparison between the
N ¢ Eoey . L AR N ; ) b : v 4 :
2 sampies for a peptide fragment are normalized 1o amount of

protemn analyvzed 1 cach sample.

Deternuning mcreascd or decreased presence of the BRAFK proten
by companng the SRM/MRM signature peak arca for a given
BRAF peptide to the SRM/MRM signature peak arcas from other
fragment peptides derived from different protcins within the same
Liguid Tissue lysate from the formalin fixed biological sample i
order to normahze changing levels of BRAF protem to fevels of
other protemns that do not change thewr fevels of expression under
various cellular conditions.

These assays can be applied to both unmoditied fragment peptides
and for moditied fragment peptides of the BRAT protewmn, where the
modifications include but are not limited to phosphorviation and/or
olycosylation, and where the relative levels of modified peptides
are determmed i the same manner as determining relative amounts

of unmaodified peptides.

Absolute guantitation of a given peptide may be achieved by comparing

the SRM/MRM signature peak area for a given fragment peplide from the

BRAF protom m an mdividual biclogical sample 1o the SRM/MRM

signature peak area of an mternal fragment peptide standard spiked mto

the protein bysate from the biclogical sample

i

The mtornal standard 18 a labeled synthetic version of the fragment
pepiide from the BRAF protein that 8 being mnterrogated.  Thas
standard 18 spiked mto a sample m known amounts, and the
SRM/MIRM signature peak area can be determuned for both the
internal fragment peptide standard and the native fragment peptide
in the bwslogical sample separately, foliowed by comparison of
both peak areas

This can be applied to anmodilied fragment peptides and modihied
fragment poptides, where the moditications mclude but are not
imited to phosphorylation and/or glycosviation, and where the
abisolute levels of modified peptides can be determined in the same

rpanner as determining absohute levels of unmodified pephides.

11
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3. Apply Fragment Peplide Quantitation to Cancer Diagnosis and Treatment

a. Perform relative and/or absolute guantitation of fragment peptide levels of the
BRAF protemn and demonstrate that the previoushy-determined association, as well
understood 1 the field of cancer, of BRAF protemn expression to the
stage/grade/status of cancer i patient tumor tissue 18 confirmed

b. Perform relative and/or absohite quantitation of fragment peptide levels of the
BRAF protemn and demonstrate correlation with clinical outcomes from diffcrent
treatment strategies, wherein this correlation has already been demonstrated n the
ficld or can be demonstrated m the future through correlation studies across
coborts of patients and fissue from those patients.  Once eiher previously
cstablished correlations or corrclations dertved 1 the future are confirmed by thus

assay then the assay method can be used o deternmine optimal treatment strategy

Figure 1 shows an cxample of a single SRM/MRM assay performed on a Ligud
Tissue lysate from a formalin fixed biciogical sample. An SRM/MRM assay was developed
tor a single peptide for quantitation of the BRAF protem on a tnpleguadrupole mass
spectrometer.  Specific and umique characteristics about this BRAF peptide (sequence
LLFQGEFR) were developed by analysis of ali BRAF peptides on both an 1on trap and triple
quadrupole mass spectrometers and are shown i Figure 1A, That miormation includes the
moneisotopic mass of the peptide, s procursor charge state, the procursor mvz valug, the
transition nvz values of the precursor, and the 1on types of cach of the identified transitions.
That mformation must be deternuned experimentally for each and eovery candidate
SRM/MRM peptide directly m Ligind Twssue lysates from tormalin hixed samples/fissue;

because, mterestingly, not all peptides from the BRAF proteimn can be detected i such lysates

using SRM/MRM as described herein, indicating that BRAFK peptides not detected cannot be
considered candidate peptides for developing an SRM/MRM assay for use in quantitating
peptides/protems directly m Lyquad Tissue lysates from formalin fixed sarmples/tissye.

As shown m Figure 18, this particular SRM/MEM assay was pertormed on a iniple
quadruapole mass spectrometer. The expernimental sampie m this experiment was a Liguid
Tissue protemn lysate prepared from a cell bne that had been formahn fixed, parafiin

cmibedded 1o act as a tissye surrogate. Data from the assay mdicates the presence of the

unigue SKM/MRM signature peak for this BRAFK peptide in the formalin fixed sample.
Figure 1€ shows the specific transition ion cCharactenistics for this peptide used to

quantitatively measure the above-mentioned pephide i tormalin fixed byological samples.

12



L

10

25

CA 02954689 2017-01-095

WO 2016/007959 PCT/US2015/040202

These data indicate absolute amounts of this BRAFK peptide as a function of the molar amount
of the peptide per microgram of protew tysate analyzed. Assessment of BRAF protem levels
i tissucs based on analysis of formalin fixed paticnt-derived tissue can provide diagnostic,
progunostic, and therapeutically-relevant mtormation about ecach particular patient.  In one
crbodiment, this disciosure describes a method for measunng the level of the

Serine/ Threonine-Protein Kinase B-ral (BRAT) protemn in a biological sample, comprising

detecting and/or quantifving the amount of one or more modified or unmodificd BRAFK
fragment peptides 1 a protein digest prepared from said biclogical sample using mass
spectrometry; and ¢alculating the level of modified or unmodified BRAF protemn m said

sample; and where the level 1§ a relative lovel or an absolute level, In a related embodiment,

quantifying one or more BRAF fragment peptides comprises determining the amount of the

cach of the BRAF fragment peptides mm a biwological sample by comparison to an added
internal standard peptide of known amount, wherein cach of the BRAF fragrent peptides 1n
the biological sample 18 compared to an mternal standard peptide having the same amino acid
sequence.  In some embodiments the iternal standard 18 an isotomcally labeled internal

N,

14

; . ~ ,. s oo 18 17
standard peptide comprises one or more heavy stable isotopes selected from 70, 0,

fSa: 13,4 2y SE -
N, 7C, "H or combmations thereot.

The method for measuring the level of the BRAFK protein i a biological sample
described heremn {or fragment peplides as surrogates thereol) may be used as a diagnostic
and/or prognostic mdicator of cancer in a paticnt or subject. In one ernbodument, the resulls
trom measurements of the level of the BRAF protemn mav be cmploved 1o determine the
diagnostic stage/grade/status and/or the prognostic status of a cancer by correlating (e.g.,
comparing ) the level of BRAF protemn found 1o a tissue with the level of that protein found in
normal and/or Cancorous OF precancerous tissues.

Because both nuclewe acids and protemn can be analyvzed from the same Liguid
Tissue™ biomolecuiar preparation it 18 possibie to generate additional information about
discase diagnosis and drug treatment decisions from the nucleic acids i samme sample upon
which protems were analvzed., For oxample, if the BRAF protein 18 oxpressed by ceortain
cells at increased leveis, when assayed by SRM the data can provide information about the
state of the cells and thewr potential for uncontrolled growth, potential drug resistance and the

fevelopment of cancers can be obtained. At the same tune, miormation about the status of

the BRAF genes and/or the nucleic acids and protems they encode (e.g., mRNA molecules
and thew expression levels or sphice variations) can be obtained from mucleic acids present in

the same Laquid Tissue™ biomolecular preparation can be assessed sumultaneously to the

13
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SRM analysis of the BRAFL protem. Any gene and/or nucleie acid not from the BRAF and
which 1s prosent in the same biomolecular preparation can be assessed simulfancously 1o the
SRM analysis of the BRAF protem.  In one ¢mbodiment, mformation about the BRAF
protein and/or one, two, three, fouwr or more additional protemns may be assessed by
cxamining the nucleic acids encoding those protems. Those nucleie acids can be examned,
tor exampile, by one or more, two or more, or three or more of sequencing methods,
polvmerase chain  reaction  methods, restriction  iragment polymorphism  analysis,
wdentification of delctions, mnscertions, and/or determmations of the presence of mutations,
mcluding but not hiuted o, single base pair peolymorphisms, transifions, fransversions, or

combinations thereof

14
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Clanms
i A method for measuring the level of the BRAF tyrosine kinase receptor protem

(BRAF)} 1 a bological sample, compnising defecting and/or quantifying the amount of one or
more modified or unmoditied BRAF fragment peptides in @ protemn digest prepared from said
biological sample using mass spectrornetry; and calculating the level of wmoditied or unmoditied
BRAF protem in said sampie; and

wherein said fevel 18 a relative level or an absolute fevel,

2. The method of claym 1, hurther comprising the step of tractionating said protein

digest prior to detecting and/or quantifyving the amount of one or more moditied or unmodified
BRAF fragment peptides.
3. The method of claim 2, wherein said fractionating step 18 selected from the group
consisting of gel clectrophoresis, haguid chromatography, capiiary clectrophoresis, nano-
reversed phase liquid chromatography, high performance liquid chromatography, or reverse
phase high performance hiqud chromatography.

23 The method of any of claims 1-3, wherein said protem digest of said biological

sample 18 prepared by the Liguid Tissue protocol.

3. The method of any of claums 1-3, wherein said protemn digest comprises a protease
digest.

0. The method of claim 5, wherein said protem digest comprises a trypsin digest,

7. The method of any of claims 1-6, wherein said mass specirometry Compriscs

tandom mass spectrometry, won trap mass spectrometry, tnple quadrupole mass spectrometry,
MALDI-TOF mass spectrometry, MALDI mass spectrometry, and/or time of fhight mass
SPeCromeity.

K. The method of claim 7, wherem the mode of mass spectrometry used 18 Selected
Reaction Monttoring {(SKM}, Multiple Reaction Monitoring (MRM}, and/or multiple Selected
Reaction Monttoring {(mSRM .

9. The method of any of claims 1 to 8, wheremn the BRAF fragment peptide
COMPriscs an anung acid sequence as set forth as SEQ D NO: 1, SEQ 1D NG:2, SEQ D NO:3,
SEQ 1D NG:4, SEQ D NO:S, SEQ 1D NO:6, SEQ ID NOLT, SEQ 1D NGB, SEQ 1D NO:9, SEQ
D NO:1O, and SEQ D NO: 1.

15



CA 02954689 2017-01-095

WO 2016/007959 PCT/US2015/040202

i).  The method of any of claims 128, wherein the biological sample 18 a blood
sample, a urne sample, a serum sampie, an ascites sample, a sputum sample, lymphatic fluid, a
sativa sampie, a cell, or a solid tissue.

i1, The method of claimm 10, wherem the tissue 1s formalin fixed tissue.

12. The method of claym 10 or 11, wherein the tissue 1s parattin ermobedded tissue.

i3 The method of claim 18, wherein the tissue 18 obtained from a tumor.,

14, The method of claim 13, wherein the furnor 18 4 primary furmor.

15.  The method of claum 13, wherein the tumor 18 2 secondary fumor.
16.  The method of any of clamns 1 to 15, further comprising quantifying a modified

or unmodified BRAF fragment peptide.

i7. The method of claim 16, wheremn quantifying the BRAF fragment peptide

comprises comparing an amount of one or more BRAF {ragment peptides comprising an amingo

acid scquence of about 8 to about 45 arnino acid residuecs of BRAF as shown m SEQ ID NGO,

00000

HD NORE, SEQ D NO:O, SEQ 1D NG:18, and SEQ 1D KO:11 in one biological sampie to the
amount of the sarne BRAF fragment peptide m a ditferent and separate biological sample.

18,  The method of claim 17, whercin quantitying one or more BRAF ifragment
peptides comprises deterrmning the amount of the cach of the BRAF fragment pephides i a
biglogical sample by comparison to an added mtemnal standard peptide of known amount,
wherein each of the BRAF fragment peptides i the biological sample 18 compared to an micrnal
standard peptide having the same amino acid segquence.

i%. The method of clamm IS, wherein the internal standard peptide 18 an 1sotopically
labeled peplide.

283, The method of claim 19, wherein the isotopically labeled internal standard peptide
compriscs one or more heavy stable isotopes selected from 0, V0, 'S, TN, PC, H or
combinations thereof.

21, The method of any of claims 1 1o 20, wherem detecting and/or guanfitving the

amount of one or more modified or unmodified BRAF fragment peptides 1 the protemn digest

mndicates the presence of modified or ynmodified BRAF protein and an association with cancer

mn the subject.

16
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22.  The method of claim 21, turther comprising corrciating the results of sad
detecting and/or quantilying the amount of one or more modificd or unmodificd BRAF fragroent
peplides, or the level of said BRAF protein to the diagnostic stage/grade/status ot the cancer.

23, The method of claim 22, wherein corrclating the results of said detecting and/or
quantitying the amount of one or more moditied or unmoditied BRAF fragment peptides, or the
level of sawd BRAF protemn to the diagnostic stage/grade/status of the cancer 1s combined with
detecting and/or quantitying the arnount of other proteins or peptides from other protems in a
multipiex format to provide additional mformation about the diagnostic stage/grade/status of the
Cancer,

24, The method of any one of claims 1-23, further comprising selecting for the
subject from which said biological sampic was obtamned g treatinent bascd on the presence,
absence, or amount of one or more BRAF fragment peptides or the level of BRAFK proteimn.

23, The method any one of claims 1-24, further comprising admmistering {o the
patient from which said biological sample was obtamed a therapeutically etfective amount of a
therapeutic agent, wherein the therapeutic agent and/or amount of the therapeoutic agent
admirustiered 15 based upon amount of one or more modified or unmodified BRAF fragrent
pepiides or the level of BRAF protein.

26, The method of clamns 24 and 25, wheremn therapeutic agents bind the BRAF
protein and/or inhibit its biological activity.

27. The mcthod of clazm 26, wherein the therapeutic agent 18 selected from
Vemurafentb, Soratenib, or other agents that specifically target BRAF-expressing cancer ceils.

28, The method of claims 1 to 27, wherein the biological sampie 18 formain fixed
tumor tissue that has been processed for quantifyimmg the amount of one or more modified or
unmodified BRAF fragment peptides emploving the Liguid Tissue protocol and reagents.,

29.  The mcthod of clann 9, wherem the BRAF {ragment peptide has the armino acid

sequence as set forth as SEQ 1D NO:4,
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Figure 1

Ay Charactenstics that Define the SRM/MRM Signature Chromatographic Peak of this
Peptide i a Liquid Tissue Lysate from a Formaln Fixed Biological Sample

Mono Isotopic Precursor Precursor Transitions
Peptide Sseguence Mass {Charge State gvz /2 ion Type
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2 440756 507267 4
, 140756 654.335 v
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3} Demaonstration of SEM/MEM Signature Precursor Chromatographic Peak for this
Peptide m a Liguid Tissue Lysate from a Formalin Fixed Sample
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00T — LLFOQGER
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() Characteristic Transition lons that Define the SRM/MRM Signature of this Peptide
Licqud Tissue Lysates from Formalin Fixed Biological Samples
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() Characteristic Transition lons that Define the SRM/MRM Signature of this Peptide
Liqund Tissue Lysates from Formalin Fixed Biological Samples
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