[Document Name] Specification

[Title of the Invention]

METHOD FOR PARALLEL QUANTIFICATION OF PROTEIN VARIANT
[Technical Field]

[0001]

The present invention relates to a method for peraliantification of protein variants, more
specifically, relates to a method that allows protariants that can be mixed in a sample to be
simultaneously detected and quantified using massteometry without separating the protein

variants.
[Technical Background]
[0002]

Similar to a normal tissue, supply of nutrientessential also in a proliferative process of cancer
and at the same time, excretion of wastes generageg@roliferative process is also important.
Therefore, as cancer proliferates, it draws newdhessels into its own tissues and tries to
survive. In order to draw in blood vessels, méxessary to promote growth of blood vessels.
Therefore, cancer tissues produce a blood vessetigifactor and draw in new blood vessels.

In this way, by securing supply of nutrients andaste excretion route, it is possible for cancer
tissues to further proliferate. As such a groveitidr, a vascular endothelial growth factor

(VEGF) is a typical factor.
[0003]

In cancer chemotherapy, a strategy has been adtupédthck supply of cancer by inhibiting an
effect of this growth factor and suppressing geti@naf new blood vessels. For example,
bevacizumab (trade name: Avastin), which is a mmmad antibody, is an antibody drug having
an anti-cancer effect achieved by neutralizing &¥EA that belongs to a VEGF family. By
binding to a binding site of a receptor of a VE®Eyacizumab competitively inhibits binding of
the VEGF to the receptor and inhibits activationha receptor by the VEGF. Further, as
molecularly targeted drugs of low molecular weigbtpounds, sorafenib, sunitinib and the like
are known that inhibit tyrosine kinase activityao¥ EGF receptor.



[0004]

VEGF-A is a growth factor discovered in the 198ats] it is now known that various splicing
variants exist from combinations of exons (Non-ReBocuments 1 — 4). A large number of
splicing variants are produced due to differenoesombinations of 8 exons and in 3'- region
splicing sites. A variant spliced at a splicingg $roximal to an eighth site exon (proximal
splicing site (PSS)) is expressed as VEGF-Axxx, andriant spliced at a splicing site distal to
the eighth site exon (distal splicing site (DSS)gxpressed as VEGF-Axxxb. It is believed that
there are mainly variants called VEGF-A206, VEGRBA1VEGF-A183, VEGF-A165, VEGF-
A148, VEGF-A145, VEGF-A121, VEGF-A189b, VEGF-A183W:-GF-A165b, VEGF-A145b,
and VEGF-A121b. Among these variants, the VEGFAtgpe variants have an angiogenesis
promoting effect, while the VEGF-Axxxb type variartonversely have an angiogenesis
inhibiting effect. By maintaining an exquisite &ate among these variant expressions, vascular

proliferation of a living body and production ofwadlood vessels are controlled.
[0005]

Although about 70% of variant production by altéiveasplicing is determined by gene
expression control, it has been reported thatigglis controlled as disease such as cancer
progresses. That is, there are variant expressiotrol associated with an angiogenesis
promoting effect and a variant expression mechaxigento molecular switch associated cell

malignancy.
[0006]

A most common technique for quantification of atpno is ELISA (Enzyme-Linked
ImmunoSorbent Assay). This is a technique forlgagiantifying molecules to be measured by
preparing an antibody with respect to a proteibg¢aneasured and further sandwiching with
detection antibodies. As a solid-phase ELISA éritdquantifying VEGF-A, for example, a
Human VEGF Quantikine ELISA Kit (http://www.rndsgshs.com/Products/DVEQQ) of R&D
Systems Inc. can be used. According to this, nreasent ranges are 15.6 — 1,000 pg/mL (cell
culture supernatant) and 31.2 — 2,000 pg/mL (sevuplasma). Although many other ELISA
kits are commercially available (IBL, Funakoshigi®a, Pierce, Life Technologies, and the like),

these are kits that quantify a total VEGF-A amaurkits that can quantify some variants. A



multiplex ELISA called a 3-ELISA system that sinarieously measures VEGF-A 165, VEGF-
A 121 and VEGF-A 110 has also been developed (Naef® Document 5).

[0007]

Further, in addition to VEGF-A, various proteing &nown for which splicing variants exist.
Further, for example, although Human B-type nagtigrpeptide (BNP) is a peptide formed of
32 amino acids, it is known that a processed vaispresent in blood and a ratio of the mixed
variant can be a biomarker after a treatment aéememic heart disease (Non-Patent Document
6).

[Related Art]
[Non-Patent Documents]
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[Problems to Be Solved by the Invention]
[0009]

ELISA does not directly measure a target to be oreas Therefore, there are many problems
such as that an abnormal value may be generatadf thkes time and cost since it is necessary
to produce an antibody for each target to be medsand that it is impossible to simultaneously

measure multiple analysis targets.
[0010]

Further, for example, VEGF-A is a protein havingoanplex and characteristic structure called a
cysteine knot protein. Therefore, although itasyeto prepare antibodies of VEGF-A and there
are a large number of antibodies of VEGF-A, itiremely difficult to prepare high-affinity
antibodies specific to variants of the antibodie¥BGF-A. Therefore, even for an antibody
capable of quantifying a variant, it is assumed tlmaspecific binding cannot be sufficiently

suppressed and variation in data increases.
[0011]

Analysis conditions of ELISA adopted in an aninmedting phase are often not directly
applicable to large animals or humans becauseefsipecific crossing problems or the like.
Therefore, in a drug discovery development stageima human clinical trial, it is inevitable to
perform comparison under separate measurementtimorsdi Further, in ELISA of a drug
concentration in a lesion tissue, matrix compong#rds inhibit detection are different. Therefore,
in order to perform pharmacokinetics based on ELIE& necessary to prepare multiple
antibodies. This has a very large risk such asmreoos cost in drug development and dropout in

late-stage development.
[0012]

Further, since a monoclonal antibody is a very agp@ medicine, its use should be limited to a
case where a medicinal effect is expected, arsddésirable that its medicinal effect can be
predicted prior to administration to a patient. wéwer, as described above, the anti-cancer
effect of bevacizumab is achieved by binding toEEGF-A and inhibits angiogenesis by
neutralizing activity of the VEGF-A. However, thiEGF-A binding site is equally possessed

by variants having a promoting effect and an irtmbi effect with respect to angiogenesis.
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Therefore, measuring a total amount of VEGF-A in a sample derived from a patient to be treated
does not accurately reflect an anticipated medicinal effect. This is the same for other proteins

that have different in vivo effects depending on variants.
[0013]

For the reasons described above, in order to gain a more accurate understanding of an in vivo
effect of a protein, when the protein in a sample is quantified, it is necessary to measure an

amount of each variant that can be present.
[Means for Solving the Problems]
[0014]

Quantitative and structural analysis of a protein using mass spectrometry has been dramatically
expanded in its application range, along with developments of mass spectrometry technologies
and data analysis server and software. In particular, an absolute quantification technique using
mass spectrometry has increased awareness as a method independent of specific antibodies. The
present inventors examined possibility of simultaneously quantifying variants of a protein using

mass spectrometry.
[0015]

As an example, in order to be able to quantify all VEGF-A variants at once, a peptide fragment
obtained by protease digestion from each variant was designed. Then, by selecting a peptide
having an amino acid sequence specific to each variant, it was possible to develop an analytical
condition that enables an all-at-once quantitative analysis of the variants by detecting them in
parallel using mass spectrometry. The method developed by the present inventors is not only

applicable to VEGF-A, but is also similarly applicable to a protein having 2 or more variants.
[0016]

Disclosed is a method for parallel determination of variants of a protein having 2 or more

variants using mass spectrometry, comprising: protease-digesting a protein in a sample; detecting,
using mass spectrometry, among peptides obtained by the protease digestion, 2 or more kinds of
peptides having an amino acid sequence specific to each of the variants; and determining an
amount of each of the variants in the sample based on a result of the mass spectrometry, wherein

the variants are splicing variants of the protein associated with
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the production of new blood vessels or the growth of vascular endothelial cells. Also disclosed
is a kit for use in executing the method according to the present invention using high
performance liquid chromatograph mass spectrometry (LLC-MS) comprising: a protease; a
reaction container for digesting the protein by bringing the protein and the protease into contact
with each other; a buffer solution for causing a digestion reaction due to the protease to occur;
and 1 or more internal standard peptides having amino acid sequences specific to the variants.
Also disclosed is a computer readable recording medium that is for use in the method according
to any one of claims 1-5 and in which data for executing mass spectrometry is stored, wherein
the data includes data of a parent ion, a fragment ion, an expected retention time, and voltages at
triple quadrupoles with respect to 1 or more peptides having amino acid sequences specific to
variants. Also disclosed is a method package for parallel detection of a protein variant using high
performance liquid chromatograph mass spectrometry (LC-MS), comprising: the recording
medium according to the present invention; and an instruction manual of the recording medium.
In one aspect, the present invention provides a method for parallel determination of multiple
splicing variants produced by alternative splicing of the protein associated with the production of
new blood vessels or the growth of vascular endothelial cells using mass spectrometry,
comprising: designing peptides obtained by protease digestion of all variants of the protein in a
sample; protease-digesting the protein; detecting, using mass spectrometry, among the peptides
designed, 2 or more kinds of peptides having an amino acid sequence specific to each of the
splicing variants and a peptide having an amino acid sequence common to 2 or more splicing
variants among the multiple splicing variants; and determining an amount of each of the splicing
variants in the sample based on a result of the mass spectrometry wherein the protein is a

vascular endothelial growth factor (VEGF)-A. Also described herein is the following:.

(1) A method for parallel determination of variants of a protein having 2 or more variants using
mass spectrometry, includes: protease-digesting a protein in a sample; detecting, using mass

spectrometry, among peptides obtained by the protease digestion, 2 or more kinds of peptides
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having an amino acid sequence specific to each of the variants; and determining an amount of

each of the variants in the sample based on a result of the mass spectrometry.

(2) The method according to the above-described example (1) includes further detecting a

peptide having an amino acid sequence common to 2 or more variants.

(3) In the method according to the above-described example (1) or (2), the variants are splicing

variants of the protein.

(4) In the method according to any one of the above-described examples (1) — (3), the protein is a
vascular endothelial growth factor (VEGF}-A.

(5) In the method according to the above-described example (4), the variants include 2 or more
selected from the following splicing variants of VEGF-A: 206 (SEQ ID NO: 1), 189 (SEQ ID
NO: 2), 183 (SEQ ID NO: 3), 165 (SEQ ID NO: 4), 148 (SEQ ID NO: 5), 145 (SEQ ID NO: 6),
121 (SEQ ID NO: 7), 165b (SEQ ID NO: 8), 121b (SEQ 1D NO: 9), and 111 (SEQ ID NO: 10).

(6) In the method according to the above-described example (4) or (5), 1 or more peptides having

amino acid sequences shown in SEQ ID NOs: 11 — 26 are detected.

(7) A kit for use in executing the method according to any one of examples 1 — 6 using high
performance liquid chromatograph mass spectrometry (LC-MS) includes: a protease; a reaction
container for digesting the protein by bringing the protein and the protease into contact with each
other; a buffer solution for causing a digestion reaction due to the protease to occur; and 1 or

‘more internal standard peptides having amino acid sequences specific to the variants.

(8) The kit according to the above-described example (7) further includes an instruction manual

describing a mass spectrometry condition for detecting the variants.

(9) The kit according to the above-described example (7) or (8) includes peptides as internal
standard peptides having amino acid sequences shown in SEQ ID NOs: 11 —26.

(10) A computer readable recording medium for use in the method according to any one of the
above-described examples (1) — (6) stores data for executing mass spectrometry. The data
includes data of a parent ion, a fragment ion, an expected retention time, and voltages at triple

quadrupoles with respect to 1 or more peptides having amino acid sequences specific to variants.



(11) A method package for parallel detection of a protein variant using high performance liquid
chromatograph mass spectrometry (LC-MS) includes: the recording medium according to the

above-described example (10}; and an instruction manual of the recording medium.

(12) In the recording medium according to the above-described example (10) or the method
package according to the above-described example (11), the data is with respect to I or more

peptides having amino acid sequences shown in SEQ ID NOs: 11 —26.
[0017]

The present specification incorporates a disclosure content of Japanese Patent Application No.

2015-153656 on which priority of the present application is based.
[Effect of the Invention]
[0018]

According to the present invention, it is possible te detect, all at once, amounts of variants that
are mixed in a sample and have different effects, and it is possible to collectively acquire

information that is only partially obtained in the case of using the conventional ELISA.
(0019]

For example, all-at-once quantification of VEGF-A variants becomes possible by setting an
optimization condition in mass spectrometry quantification of VEGF-A. By accurately detecting
and quantifying each variant, it is possible to gain an understanding of to-what extent each
individual cancer patient has been exposed to an angiogenesis promoting effect or an
angiogenesis inhibiting effect. By regulating the proliferation of cancer, it is possible to establish
a more effective dosing strategy. That is, in a case of a highly proliferative cancer,

chemotherapy based on neutralization with an antibody can be a first priority and can be a
medication method that allows a maximum medicinal efficacy to be obtained. On the other hand,
in a case where it is judged that proliferation is not so high, it is preferable to prioritize a low
molecular anticancer drug and radiotherapy. Therefore, it is possible to provide an anti-cancer

treatment according to each individual patient.

[0020]



For a functional protein such as a growth factat eytokine, there are a large number of
variants having different functions. For examglegn in immunomonitoring in order to know a
medicinal effect, it is possible to formulate aremt medicinal effect indicator by quantifying
multiple cytokine variants all at once.

[0021]

Further, also in a basic research field, it becoptessible to see an activity indicator of each
variant by performing a correlation analysis betwealues of all-at-once quantification of
hormonal molecule variants (such as growth factansl) biological functions.

[Brief Description of the Drawings]

[0022]

[Fig. 1-1] Fig. 1-1 shows sequence alignment of VHAGvariants.
[Fig. 1-2] Fig. 1-2 is continuation of Fig. 1-1.

[Fig. 2-1] Fig. 2-1 shows results of a prelimindi analysis and a Q3 scan analysis of a
peptide P09 (SEQ ID NO: 19).

[Fig. 2-2] Fig. 2-2 shows MS2 analysis resultshe peptide P09 (SEQ ID NO: 19) and peaks of
expected product ions obtained by an analysisselected precursor ion and detected product

ions.

[Fig. 2-3] Fig. 2-3 shows examination results ofimzation conditions of collision energies for
detecting product ions to be used for analyzingpiiyatide P09 (SEQ ID NO: 19) (in a case
where LCMS-8040 was used).

[Fig. 2-4] Fig. 2-4 shows examination results ofimization conditions of collision energies for
detecting product ions to be used for analyzingoygtide P09 (SEQ ID NO: 19) (in a case
where LCMS-8050 was used).

[Fig. 2-5] Fig. 2-5 shows results of quantifyingetpeptide P09 (SEQ ID NO: 19) by detecting
y(2), y(3), y(4) and y(5) ions under the optiminaticonditions.

[Fig. 3-1] Fig. 3-1 shows results of a prelimindi analysis and a Q3 scan analysis of a
peptide P14 (SEQ ID NO: 24).



[Fig. 3-2] Fig. 3-2 shows MS2 analysis resultsh@ peptide P14 (SEQ ID NO: 24) and peaks of
expected product ions obtained by an analysissefected precursor ion and detected product

ions.

[Fig. 3-3] Fig. 3-3 shows examination results ofimpzation conditions of collision energies for
detecting product ions to be used for analyzingoygtide P14 (SEQ ID NO: 24) (in a case
where LCMS-8050 was used).

[Fig. 3-4] Fig. 3-4 shows examination results ofimgzation conditions of collision energies for
detecting product ions to be used for analyzingpiiyatide P14 (SEQ ID NO: 24) (in a case
where LCMS-8050 was used).

[Fig. 3-5] Fig. 3-5 shows MS2 analysis resultshe peptide P14 (SEQ ID NO: 24) and peaks of
expected product ions obtained by an analysisselected precursor ion and detected product

ions.

[Fig. 3-6] Fig. 3-6 shows examination results ofimization conditions of collision energies for
detecting product ions to be used for analyzingoygtide P14 (SEQ ID NO: 24) (in a case
where LCMS-8050 was used).

[Fig. 3-7] Fig. 3-7 shows results of quantifyingetpeptide P14 (SEQ ID NO: 24) by detecting
y(2), y(3), y(4) and y(5) ions under the optiminaticonditions.

[Fig. 4] Fig. 4 shows an example of an suitabldysis condition for simultaneous

determination of peptides PO1 — P16.

[Fig. 5] Fig. 5 shows an example of simultaneousmheination of the peptides P01 — P16.
[Mode for Carrying Out the Invention]

[0023]

[Method for Quantifying Variant]

The present invention provides a method for pdrd#&rmination of variants of a protein
having 2 or more variants using mass spectromdthg method includes: protease-digesting a
protein in a sample; detecting, using mass speeiymamong peptides obtained by the

protease digestion, 2 or more kinds of peptidesniggan amino acid sequence specific to each



of the variants; and determining an amount of edc¢he variants in the sample based on a result

of the mass spectrometry. .
[0024]

Here, a “variant” of a protein refers to a proteaving a different amino acid sequence, for
which the difference is due to deletion, substitutiaddition, or the like with respect to a part of
a protein having a certain amino acid sequencejsansually called a “variant,” a “mutant” or
the like in the art. A variant may be a naturalbgurring variant or an artificially produced

variant.
[0025]

In the present invention, it is assumed that 2 orenvariants are mixed in the same sample.
Therefore, in a case where only a “mutant-type‘tgrothat is different from a “wild-type”
protein is contained in a sample, the method optleseent invention does not include detecting

the “mutant-type” protein.
[0026]

As a variant, an example is a splicing variant.isAwell known in the art, when exons are
ligated from primary transcription products (pre-N¥#S) generated in transcription from
eukaryotic DNAs and mRNAs are generated, spliciagants refer to different proteins
translated from multiple MRNAs having different segces generated by splicing at different
sites, selection of different exons, and the lik&ese are sometimes described as “isoforms” of
the same protein. In the present specificatidrpadsible proteins are described as “mutants” or
“variants.” Further, in a case where a proteinggated by translation is subsequently modified
or cleaved by processing or the like, as long asrbdification products and the cleavage
products can be mixed in a sample, the modificgtimaucts and the cleavage products are
included in the “mutants” or “variants” to be deatt using the method of the present invention.

[0027]

The “sample” is a sample taken from a subject veéhassumed to have a specific protein, and,
for example, can be a sample or the like derivethfblood (whole blood, serum or plasma),
body fluid such as saliva, pleural effusion andtasgcand tissue. A sample may contain a

reagent added as needed. In order to efficiemtigio a protein to be analyzed from a sample
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such as blood, for example, an antibody specifibéoprotein may be used. For example, when
the protein is VEGF-A, all VEGF-A can be collectagdimmunoprecipitation from serum of a
patient using an anti-VEGF-A antibody such as bivewab, and a proportion of a VEGF-A
variant contained therein can be quantified. VE&&Ad an antibody complex can be subjected

to an LCMS analysis by protease-digestion aftencade alkylation.
[0028]

A peptide to be detected using the method of thegnt invention is a peptide having an amino
acid sequence specific to a variant among the geeptibtained by the protease digestion.

[0029]

A protease that can be suitably used in the metiitite present invention may be appropriately
selected according to a kind of a protein to bengjtied or identified using mass spectrometry,
and is not limited. Examples of the protease ideltrypsin, chymotrypsin, lysyl endopeptidase
(Lys-C), V8 protease, Asp N protease (Asp-N), ArgrGtease (Arg-C), papain, pepsin,
dipeptidyl peptidase, and the like. Two or moneds of these proteases can be used in
combination. Examples of a protease that can bre swatably used in the present invention
include trypsin, Lys-C, Glu-C, Asp-N, chymotrypsind the like.

[0030]

Among these proteases, trypsin is particularlygraddly used in the present invention. Trypsin
has high substrate specificity and has Lys or Arg @ terminal of a peptide after cleavage and
thus can homogenize a charge amount and charde & of a peptide, and is particularly
suitable for preparation of a sample for mass spewtry. Examples of the protease that can be
suitably used in the method of the present inventiclude Trypsin Gold (manufactured by
Promega), Trypsin TPCK-Treated (manufactured byn@jg and the like.

[0031]

The protease can also be used by being immobitinesl support such as activated carbon, a
porous membrane, porous resin beads, metal partiake the like, when necessary. Procedures
of the protease digestion for mass spectrometrg@renonly performed in the art, and a person
skilled in the art can appropriately determine t&ifled reaction condition.

[0032]
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The method of the present invention allows presamckean amount of each variant in a sample
to be determined by detecting a peptide havingn@n@acid sequence specific to the each
variant. In the present specification, “an amin@aequence specific to each variant” means an
amino acid sequence that exists in some variamtslaes not exist in other variants. Therefore,
“a peptide having an amino acid sequence speoifeath variant” means a peptide that is
obtained by protease digestion of one variant oresof multiple variants of a protein and
enables quantification of the one variant or thms®of the multiple variants based on existence
thereof. In particular, a peptide having an ananml sequence specific to one kind of a variant
may sometimes be described as “a peptide havirgramo acid sequence specific to only -” in

the present specification.
[0033]

Each variant may contain one “peptide having aifipeamino acid sequence” or may contain
two or more “peptides having a specific amino agduence.” Depending on a protein, it may
also be necessary to detect two or more such gspitidorder to identify presence and an

amount of a variant.
[0034]

In addition to this, the method of the present imi@n may further include detecting a peptide
having an amino acid sequence common to 2 or maants. Such a peptide can be a peptide
having an amino acid sequence common to all variduatt are present in a sample. By detecting
also such a peptide, an amount of information akthfrom an analysis can be increased, and
reliability of a detection result can be furthecrisased. By detecting a peptide having an amino
acid sequence common to 2 or more variants iniaddiv a peptide having an amino acid
sequence specific to each variant, it can be aoefirthat an intended protein can be reliably
measured, and each variant can be quantified hémidince a total amount of a protein can also
be quantified, it is very important to quantify egtide having an amino acid sequence that is

common among variants.
[0035]

Some variants themselves may sometimes not cofagiaptide having a specific amino acid

sequence.” For example, in a case where a vastaained by deleting a part of a protein

-12 -



(variant) is produced, the deletion variant may stimes not contain “a peptide having a
specific amino acid sequence.” In this case, basesl detection result of a peptide having an
amino acid sequence specific to other variantssatietection result of a peptide having an
amino acid sequence common to 2 or more varianisspossible to quantify the above-
mentioned variant that does not include “a peptialng a specific amino acid sequence.” In a
case where various variants coexist, it is possitdeall multiple kinds of peptides obtained by
protease digestion of a certain variant are peptidat are commonly contained with any other
variant. In this case, in the present specificatio order to identify those peptides, they are
described as “a peptide having an amino acid seguesmmon to (all) variants” and “a peptide

having an amino acid sequence specific to (multipids of) variants.”
[0036]

For example, in a case of simultaneous quantiboadif splicing variants of VEGF-A, by
detecting a peptide having an amino acid sequemroenon to the variants in addition to a
peptide having an amino acid sequence specifia¢h gariant, an evidence that VEGF-A can be
reliably measured and information such as an amofugdéich variant among them can be
obtained, and further a total VEGF-A amount cao als referenced.

[0037]

In the method of the present invention, two or monels of protease-digested peptides are
subjected to mass spectrometry. A sample in wiielprotease-digested peptides are mixed can
be directly subjected to mass spectrometry, fongte, without separating the peptides by SDS-
PAGE or the like. However, when necessary, remokalused protease or the like can be

performed.
[Mass Spectrometry]

The method of the present invention allows idetdtfiion and quantification of multiple variants
to be simultaneously performed in parallel by analy, using mass spectrometry, a sample
containing two or more kinds of peptides obtainkedve. For mass spectrometry, preferably,

liquid chromatography mass spectrometry (LC-M3)sed.

[0038]
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For a purpose such as more reliably separatingdeefpagments and improving analysis

accuracy, a sample before being subjected to npessremetry is subjected to separation and
concentration using liquid chromatography (LC). &Ntseparation of a sample is performed

using LC, an eluate from LC may be directly ionized subjected to mass spectrometry. An
analysis can also be performed using LC/MS/MS ofM&n combining LC with tandem mass
spectrometry. Further, the eluate from the LC imaygollected once and then subjected to mass
spectrometry. An LC column is not particularly iied, and a reverse phase column such as C30,
C18, C8, and C4 generally used in a peptide arslgstarrier for hydrophilic affinity
chromatography, and the like can be appropriatlcsed and used.

[0039]

Mass spectrometry can determine an amino acid seguend thus can determine whether or not
a peptide fragment is a peptide fragment derivethfa specific protein. Further, based on a
peak intensity, a concentration of a peptide fragnmea sample can be determined. In
performing an analysis, when necessary, a sampyebmased for the analysis after being

subjected to treatments such as desalting, satahon, extraction, concentration, and drying.
[0040]

An ionization method in mass spectrometry is netipaarly limited, and an electron ionization
(El) method, a chemical ionization (Cl) methodieddf desorption (FD) method, a fast atom
collision (FAB) method, a matrix assisted laseradpson ionization (MALDI) method, an
electrospray ionization (ESI) method, and the tka be adopted. A method for analyzing an
ionized sample is also not particularly limiteddanmethod of a magnetic field deflection type,
a quadrupole (Q) type, an ion trap (IT) type, aetiofi flight (TOF) type, a Fourier transform ion
cyclotron resonance (FT-ICR) type, or the like barappropriately determined according to the
ionization method. Further, an MS/MS analysis oitistage mass spectrometry of MS3 or

higher can also be performed using triple quadeipadss spectrometer or the like.
[0041]

A device that is suitable for being used in thehudtof the present invention is not particularly
limited. Examples of the device include LCMS-80BGMS-8040, LCMS-8050, and LCMS-
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8060 (all manufactured by Shimadzu Corporationd, B@MS-IT-TOF and LCMS-Q-TOF

(manufactured by Shimadzu Corporation).
[0042]

Based on a mass spectrometry result, in orderetatiigt a protein, an existing database can also
be used. For example, various information suddetification of a protein candidate can be
obtained by using a Mascot search (Matrix Scienmg@@ration) to automatically perform
attribution of assumed parent ion or fragment iemes from spectrum information obtained

using mass spectrometry.
[0043]

Further, it is also possible to identify a protbinidentifying an amino acid sequence of a
peptide fragment using multistage mass spectronoetiiye like. When a peptide fragment
having an amino acid sequence specific to a ceviiant can be detected, a target variant can

be identified and quantified.
[0044]

The number of amino acid residues of a peptideetddiected is preferably about 5 — 30, and
more preferably about 7 — 25. When the numbeh@f&imino acid residues is excessively small,
column retention capacity becomes weak and putidicdbecomes difficult, and it is difficult to
be distinguished from a contaminant or a peptidgrirent derived from another site of the same
protein, and this can cause erroneous detectiomhenike. Further, when the number of the
amino acid residues is excessively large, for nessoich as instability of a collection rate or that

ionization becomes difficult, detection may becatifécult and quantitativeness may decrease.
[0045]

When concentration of each variant is quantifiedamount of the each variant can be calculated
based on a peak area or a peak intensity of atddtpeptide fragment ion (in the case of
multistage MS, a fragment ion obtained by cleavaige parent ion). For example, based on a
correlation between a predetermined calibrationeand a peak area, or a correlation between a
peak area derived from an internal standard addadsample and a peak area derived from the
sample, a concentration of a peptide fragmenterstimple is calculated, and, based on the
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concentration of the peptide fragment, an amoudtaaconcentration of each variant are

calculated.
[0046]

For detection of each variant, measurement of gaghnt can be performed with a
measurement time in a range of several millisecersisveral tens of milliseconds, and a
continuous analysis can be performed while swiigltimannels. As a result, for purposes such
as quantifying a protein in a sample and deterrgiam abundance ratio of each variant, variants
that can be present in a sample can be quantifiatl @ce. Detection using mass spectrometry
is fast and accurate, and a very large amountfofrimation can be obtained in a short time. The
number of variants that can be quantified in paralsing the method of the present invention is
not particularly limited, but is two or more kindkyree or more kinds, four or more kinds, or five

or more kinds, and can be 10 or more kinds, 15arerkinds, or 20 or more kinds.
[VEGF-A Variant]

A preferred embodiment of the present inventioa isethod for detecting and quantifying a

splicing variant of a vascular endothelial growdltbr (VEGF)-A.
[0047]

It is known that there are about 10 kinds of splicvariants of VEGF-A, and it is believed that
an effect is determined by a balance of an entigtume of variants present in an individual

human body.
[0048]

Each amino acid sequence of VEGF-A variants caobib@ned by referring to a database that
can be accessed via the Internet, for exampleSwissProt database (http:
[lIwww.genome.jp/dbget-bin/www_bget?sp: VEGFA_HUMAN)

[0049]

For selection of partial peptides suitable for amjuative analysis of 10 kinds of variants 206,
189, 183, 165, 148, 145, 121, 165B, 121B and 1EQY® NOs: 1 — 10), the present inventors
first compared amino acid sequences of these \tarignsequence alignment. Results of the
alignment are shown in Figs. 1-1 and 1-2.

-16 -



[0050]

In order to be able to quantify all VEGF-A variaatonce, the present inventors examined a
peptide candidate generated from each variant wigpsin is used as a protease. That s, in
order to identifiably quantify each variant, fragmee (peptides PO1 — P16, SEQ ID NOs: 11 — 26)
that have a sequence common to all variants aeduwesce specific to one or several kinds of
variants in the above alignment and are obtainegrbtease digestion were selected. The results

are shown in Table 1.
[0051]

[Table 1]

Table 1. Peptide targets for quantifying all VEGF-A variants at once

No Peptide e 1206 | 189 | 183 | 165 | 148 | 15 | 121 | 00| 12 ang
PO1 | APMAEGGGQNHHEVVK m |olo|lo|]o|o|o|lo|o|o]|oO
P02 | FMDVYQR 2 |olo|lo|o|o|o|lo|o|o]|oO
P03 | IKPHQGQHIGEMSFLOHNK 3 |olo|lo|]o|o|o|lo|o|o]|oO
P04 | CECRPK 4 |o|lo|o|o|o|o|o|o]|o
PO5 | SWSVYVGAR 5 | O

P06 | CCLMPWSLPGPHPCGPCSER | 16 | O

PO7 | HLFVQDPQTCK 7 |o|lo|o|o]|o ®

P08 | NTDSR 8 |o|o|o|o]|o ®

P09 | QLELNER 9 |olo|o]|o ®

P10 | CDKPR 20 O] O] O] O | O
P11 | SWSVPCGPCSER 21 ®

P12 | SRPCGPCSER 22 ®

P13 | QENPCGPCSER 23 O | O O

P14 | SWSVCDKPR 24 e

P15 | QENCDKPR 25 e

P16 | SLTRK 2% O
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[0052]

As can be understood from Table 1, the peptides(8EQ ID NO: 11), P02 (SEQ ID NO: 12)
and P03 (SEQ ID NO: 13) are peptides that are tigten all of the 10 kinds of the variants.
Further, the peptides P07 (SEQ ID NO: 17) and BB ID NO: 18) are peptides that are
detected in 6 kinds among the 10 kinds of the wésialn contrast, the peptides P05 (SEQ ID
NO: 15), P06 (SEQ ID NO: 16), P11 (SEQ ID NO: H)2 (SEQ ID NO: 22), P14 (SEQ ID NO:
24), P15 (SEQ ID NO: 25), and P16 (SEQ ID NO: 2&)@eptides that are respectively detected
only in the variants 206, 206, 189, 183, 145, Hz 165B.

[0053]

That is, the peptides P05, P06, P11, P12, P14,dntbR16 are peptides having amino acid
sequences that respectively specific to only thi@mes 206, 206, 189, 183, 145, 121, and 165B,
and the peptides P01 — P03 are peptides that eaehdm amino acid sequence common to the
10 kinds of the variants. The peptides P04, PB16; and P13 are peptides that each have an

amino acid sequence specific to some of the 10skafidhe variants.
[0054]

Therefore, by detecting the peptides P01 — P16nmbination, all of the variants 206, 189, 183,
165, 148, 145, 121, 165B, 121B and 111 can beifdshtind quantified. That is, the present
invention provides, as an embodiment, a methodhichwvthe variants include 2 or more selected
from the following splicing variants of VEGF-A: 26EQ ID NO: 1), 189 (SEQ ID NO: 2),

183 (SEQ ID NO: 3), 165 (SEQ ID NO: 4), 148 (SEQND: 5), 145 (SEQ ID NO: 6), 121

(SEQ ID NO: 7), 165b (SEQ ID NO: 8), 121b (SEQ IDND), and 111 (SEQ ID NO: 10).
Although not particularly limited, this embodimentludes, for example, detecting 1 or more of
the peptides (P01 — P16) having amino acid seqsestwavn in SEQ ID NOs: 11 — 26.

[0055]

To further describe the method of the present itiwarusing the above embodiment, in a case

where variants contained in a sample are alreadwhknor in a case where variants to be
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analyzed are specific variants, as shown in Tabieid sufficient to detect only peptides for

each variant.
[0056]

On the other hand, in a case where variants cadama sample are unknown and it is desired
to detect the variants all at once, these pepi@ds— P16 can be simultaneously quantified.
Based on the detection results of the peptidesH16, an amount of each variant in the sample

can be calculated.
[0057]

For example, the peptide P14 (SEQ ID NO: 24) igg@tide having an amino acid sequence
specific to only the variant 145 (SEQ ID NO: 6)herefore, the existence and the amount of the
variant 145 in the sample can be determined byctetethe peptide P14 with or without
detecting the peptides P01, P02, P03 and P04.

[0058]

Further, the peptide P16 (SEQ ID NO: 26) is a mlepkiaving an amino acid sequence specific to
only the variant 165B (SEQ ID NO: 8). Therefotes £xistence and the amount of the variant
165B in the sample can be determined by detedii@géptide P16 with or without detecting the
peptides PO1 — P04, P07 — P09 and P13.

[0059]

On the other hand, each of the variants 165, 1288 and 111 does not contain a peptide
specific to only the each of the variants. Howetee existence and the amounts of these
variants can be determined based on detectiontsesfypeptides that each have an amino acid
sequence specific to some of the variants, ordditi@n to that, based on detection results of

peptides that each have an amino acid sequence @otanall the variants.
[0060]

For example, the variant 165 (SEQ ID NO: 4) caregate, by trypsin digestion, the peptides

P01 — P03 that each have an amino acid sequenceaoto the 10 kinds of the variants, and

the peptides P04, P07 — P10 and P13 that eachanaanmino acid sequence specific to some of
the variants. Further, the variant 165 is sinmtitathe variant 165B in that the peptides P01 — P04,
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P07 — P09 and P13 are included, and is differemh fhe variant 165B in that the peptide P10 is
included and the peptide P16 is not included. d@loee, the presence and the amount of the
variant 165 in the sample can be determined byctietethe peptides P04, P07, P08, P09, P10
and P13 in addition to the peptides P01, P02, R@3Jased on the detection results.

[0061]

Peptides obtained by trypsin digestion of the varid 1l (SEQ ID NO: 10) are the peptides P01
— P03 that each have an amino acid sequence cotontio& 10 kinds of the variants, and the
peptide P10 that has an amino acid sequence spercthe 6 kinds of the variants (206, 189, 183,
165, 121B and 111). Peptides obtained by trypgjaestion of the variant 121B (SEQ ID NO: 9)
are the above 4 kinds of the peptides obtainedypgin digestion of the variant 111 and the
peptide PO4. Therefore, the presence and the amotithese variants in the sample also can be
determined by detecting these peptides and bas#teatetection results.

[0062]

Further, by quantifying the peptides PO1 — PO3 ¢laah have an amino acid sequence common
to all the variants, the total VEGF-A amount cargbantified, and that the peptides PO1 — P03
can be simultaneously measured can also be usestifisation data of that VEGF- A is

undoubtedly measured.
[Optimization of Quantification Condition]

The method of the present invention is to iderdifig quantify each variant in a sample, and
detection is directed to peptides generated byepsat digestion of the sample. However, in
order to establish a detailed condition for theedgbn of each peptide, it is possible to
chemically synthesize a peptide based on aminoiafdnation acquired in advance. Synthesis

of a peptide can be performed based on a methodhooiy used in the art.
[0063]

A main objective of the present invention is tcaéfish a method that allows detection to be
promptly performed in a clinical setting. Therefpthe present inventors examined optimization
of a quantification condition for each synthesipegtide. The following description is based on
an experiment performed on VEGF-A. However, a@eskilled in the art can understand that

detection of variants of other proteins can begraréd by the same procedure.
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[0064]
[1. Identification of Structure, Confirmation of M8S lon]

For a synthesized peptide, although it is not @ems$al step, first, it is preferable to perform
confirmation of a structure. For example, it isfprable to perform MS and MS/MS ion
confirmation and a detailed structure analysisgisl8MS-IT-TOF (manufactured by Shimadzu

Corporation).
[0065]

For the above purpose, for example, the preseentovs performed a Flow inject MS/MS auto

analysis.
[0066]

A private database incorporating VEGF- A variastsreated. On the other hand, attribution of
fragment ion series can be performed using a Mdd&MS ion search that performs a Mascot
search. For a peptide that was not involved inNEsIn the auto analysis, manual MS/MS

analysis can be performed again using a parerdasan indicator.
[0067]

Further, as a result of a Mascot search, for aigeefitagment that has a small chain length and is
not involved in criteria, collation of a fragmehi can be performed using a Fragment lon
Calculator (http://db.systemsbiology.net:8080/pootecsToolkit/FraglonServlet.html).

[0068]

The following Table 2 shows an example of masstspaetry conditions that can be performed

for structure identification of a peptide and MS/M& confirmation.

[0069]
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[Table 2]

Table 2. Identification of structure, confirmation of MS/MS ions

LC Conditions (flow inject) MS measurement conditions
Inject: 2pmol /pL 1 L Segment 1 Positive ion mode
T.Flow: 0.2 mL/ minute Auto analysis Event1 (MS1) Event2 (MS2)
B.Conc: 20% MS program: 0.00 minutes Flow path switching Introduction side
A pump: 0.1% FA/ DDW 1.00 minutes Flow path switching Drain side
(wako DDW 3 L + FLUKA FA3 mL) MS measurement time:: 0.00 - 1.00 minutes
B pump: 0.1% FA/ACN Measurement m/z: 100 - 1500 (MS)
(wako ACN 1L + FLUKA FA 1 mL) 200 -1300 (MS2 precursor ion))
50 -2000 (MS2 precursor ion))
Repeat: 3 (Initial value)
lon storage time: MS 30 milliseconds
MS 270 milliseconds
CID energy: 50% (usually 30%)
[0070]

The present inventors performed valence identiboad parent ion detected under the above
conditions for each of the synthesized peptides-PB16. The results are shown in Table 3. In
Table 3, m/z values of calculated parent ions hosve; parent ions detected using both LCMS-
IT-TOF suitable for structure determination and LEM050 suitable for quantification (both
LCMS-IT-TOF and LCMS-8050 are manufactured by StimaCorporation) are indicated in
bold and underlined; and parent ions detected wmihgone of LCMS-IT-TOF and LCMS-8050

are underlined.

[0071]
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[Table 3]

Table 3. Valence identification of detected VEGF-A peptides

No Peptide +1 +2 +3 +4 +5

P01 | APMAEGGGQNHHEVVK 1660.786 830.8894 | 554.2596 | 415.9447 | 332.9558
P02 | FMDVYQR 958.445 480.2226 | 320.4817 | 240.6113 | 192.6890
P03 | IKPHQGQHIGEMSFLQHNK 2229135 | 11155673 | 744.0448 | 558.2836 | 446.8269
P04 | CECRPK 735.328 368.1681 | 245.7813 | 184.5880 | 147.8640
P05 | SWSVYVGAR 1024.521 512.7648 | 3421791 | 256.8863 | 205.7028
P06 | CCLMPWSLPGPHPCGPCSER 2169.916 | 1085.4622 | 723.9774 | 543.2350 | 434.7817
P07 | HLFVQDPQTCK 1315.646 658.3274 | 439.2209 | 329.6676 | 263.9262
P08 | NTDSR 592.269 296.6385 | 198.0949 | 148.8232 | 119.2523
P09 | QLELNER 901.474 451.2411 | 301.1634 | 226.1245 | 181.0933
P10 | CDKPR 618.303 309.6556 | 206.7731 | 155.3318 | 124.4591
P11 | SWSVPCGPCSER 1307.551 654.2796 | 436.5224 | 327.6437 | 262.3087
P12 | SRPCGPCSER 1091.472 546.2403 | 364.4961 | 273.6241 | 219.0930
P13 | QENPCGPCSER 1219.483 610.2458 | 407.1665 | 305.6268 | 244.6952
P14 | SWSVCDKPR 1077.515 539.2615 | 359.8436 | 270.1347 | 216.3015
P15 | QENCDKPR 989.447 495.2277 | 330.4878 | 2481178 | 198.6879
P16 | SLTRK 604.378 302.6931 | 202.1313 | 151.8505 | 121.6741
[0072]

[2-1. Optimization of MRM Condition in Device (LCM8040) to be used]

A mass spectrometry condition can vary depending davice to be used. Therefore, it is
necessary to determine an optimum MRM conditioa @device to be actually used in

measurement.

[0073]
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The present inventors subsequently performed,damgle, a Q3 scan and a product ion scan
using LCMS-8040 (manufactured by Shimadzu Corponmdtwhich is also suitable for
guantification.

[0074]

Comparing to ions attributed using LCMS-IT-TOF,raqursor ion and a product ion to be used
for an MRM gate are selected based on a calculatied and a measured value. The product
ion is preferably obtained from a y ion series hg\sequence specificity. However, when
selection of a y ion is difficult, in some cases®, i@n series can also be a transition of a

guantification target.
[0075]

It is preferable to preferentially select a seqeespecific fragment. For example, a fragment
having a large structural strain such as a C-teahsie fragment of Pro can be used as an

indicator.

[0076]

An optimum collision energy can be obtained usitayFnject MRM.

[0077]

Table 4 shows an example of MRM conditions optiife detection of VEGF-A variants.

[0078]
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[Table 4]

Table 4. Optimization of LCMS-8040 MRM conditions

LC conditions (flow inject) MS measurement conditions
Inject: 2pmol/puL 1 pL (MRM 5 L) Positive ion mode
T.Flow: 0.2 mL / minute Q3 scan
B.Conc: 20% Measurement start m/z 250.00 end m/z 1000.00
A pump: 0.1% FA / DDW Event time: 1.000 seconds
(wako DDW 3 L + FLUKA FA 3 mL) Product ion scan
B pump: 0.1% FA/ACN Measurement start m/z 100.00 end m/z 1000.00
(wako ACN 1 L + FLUKAFA 1 mL) Event time: 0.500 seconds
Time program: 0.00 minutes Valve switching MS side Scan speed: 1875 u/s
1.00 minutes Valve switching drain side Loop time: 2 seconds
Measurement time: 0.00 - 1.50 minutes Collision energy: -10 ~ -25'V
MRM
Event time: 0.412 seconds
Loop time: 0.824 seconds
Dwell Time: 100 milliseconds
Collision energy: -10 ~ -35V

[0079]
[2-2. Optimization of MRM Condition in Device (LCM8050) to be used]

The present inventors subsequently confirmed whetheot the MRM gate candidate
determined using LCMS-8040 can also be used in L&WD. Further, optimization of a Q1
Pre Bias voltage, a collision energy, a Q3 Pre Basage was performed.

[0080]

Here, resolution was changed from “unit” to “higdrid m/z of a precursor ion was optimized in

a high resolution MRM mode.
[0081]

Table 5 shows an example of MRM conditions optimife detection of VEGF-A variants.
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[0082]

By using three kinds of LCMS, confirmation of siilgj reproducibility and model dependence

of a generated ion was performed, and that MRMsttiam reliably functions was confirmed.
[0083]

[Table 5]

Table 5. Optimization of LCMS-8050 MRM conditions

LC conditions (flow inject) MS measurement conditions
Inject: 200 fmol / uL 5 pL (1 pmol upon injection) Positive ion mode
T.Flow: 0.2 mL / minute Q3 scan
B.Conc: 20% Measurement start m/z 250.00 end m/z 1000.00
A pump: 0.1% FA / DDW Event time: 1.000 seconds
(wako DDW 3 L + FLUKA FA 3 mL) Product ion scan
B pump: 0.1% FA/ACN Measurement start m/z 100.00 end m/z 1000.00
(wako ACN 1 L + FLUKA FA 1 mL) Event time: 0.500 seconds
Time program: 1.50 minutes Controller stop Scan speed K: 1875 uls
No valve switching Loop time: 2 seconds
Measurement time: 0.00 - 1.50 minutes Collision energy: -10 ~ -25V
MRM
Event time: 0.412 seconds
Loop time: 0.824 seconds
Dwell Time: 50 milliseconds
Collision energy: -10 ~ -35V

[0084]
[3. Determination of Column Retention time, MRM Aysis]

Subsequently, determination of a retention time iRM measurement under the determined
condition were performed using an L-columnZui(@, 2.1 x 50 mm (Chemical Substance
Evaluation and Research Organization, CERI)) of ISE8050. LC conditions used are shown

below.
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[LC Conditions]

Inject: 200 fmoliL, 5 uL (1 pmol upon injection)

Flow rate: 0.m mL/minute

B concentration: 1 — 40%

A: 0.1% formic acid / DDW (wako DDW 3 L + FLUKA FA mL)
B: 0.1% formic acid / acetonitrile (wako ACN 1 LFEUKA FA 1 mL)
Time program: 1.00 minutes controller event 2 (FM® side)
2.00 minutes pump B.Conc 1%

10.00 minutes pump B.Conc 40%

11.00 minutes pump B.Conc 98%

11.00 minutes controller event O (Flow Drain side)

13.00 minutes pump B.Conc 98%

13.50 minutes pump B.Conc 1%

15.00 minutes pump B.Conc 1%

15.00 minutes Controller Stop

Measurement time: 1.00 — 11.00 minutes

Table 6 shows examples of measurement fragmeritathaespectively suitably selected for the
peptides PO1 — P16 (SEQ ID NOs: 11-26) under opgthconditions. Table 6 shows m/z
values and a retention time of one kind of a fraginnen for each of of the peptides. By
detecting these fragment ions, detection of theigep PO1 — P16 can be performed.

[0085]
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[Table 6]

Table 6. Optimized conditions for quantifying VEGF-A variants (MRM transition for quantification
and retention times of peptides)

Parent | Fragment —

No Peptide Valence ion ion Measurement fragment Reten.tlon time
miz miz [minute]

P01 | APMAEGGGQNHHEVVK +3 554.25 746.85 MAEGGGQNHHEVVK 3.30-4.30
P02 | FMDVYQR +2 479.90 680.30 DVYQR 4.80-5.80
P03 | IKPHQGQHIGEMSFLQHNK +4 558.15 663.50 PHQGQHIGEMSFLQHNK 4.30-5.30
P04 | CECRPK +2 368.40 503.25 CRPK ND
P05 | SWSVYVGAR +2 512.95 751.35 SVYVGAR 5.40-6.40
P06 | CCLMPWSLPGPHPCGPCSER +3 723.97 860.39 PWSLPGPHPCGPCSE 6.40 - 7.60
P07 | HLFVQDPQTCK +3 439.25 576.30 PQTCK 4.40-5.40
P08 | NTDSR +2 296.75 262.20 SR ND
P09 | QLELNER +2 451.40 660.30 ELNER 410-5.10
P10 | CDKPR +2 309.55 272.25 PR ND
P11 | SWSVPCGPCSER +2 654.45 848.25 PCGPCSER 5.40-6.40
P12 | SRPCGPCSER +3 364.50 494.25 CSER 3.20-4.40
P13 | QENPCGPCSER +2 610.35 424.65 PCGPCSER 3.70-4.70
P14 | SWSVCDKPR +3 360.00 618.30 CDKPR 4.00-5.00
P15 | QENCDKPR +2 49510 272.20 PR 1.00-1.50
P16 | SLTRK +2 302.80 303.20 RK ND
[0086]

Alternatively, the method of the present inventaso allows two or more kinds of fragment
ions to be selected and simultaneously detectedéfi@ction of the peptides P01 — P16. Table 7

summarizes optimized analysis conditions for qdi@ation of each of the peptides P01 — P16.
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[0087]
[0088]

[Table

Table 7. Optimized conditions for quantifying VEGF-A variants (MRM transition)

7]

. Parent Fragment 01. CE 03.
No Peptide sequence ion ion Pre Bias V] Pre Bias
m/z m/z V] V]
P01 | APMAEGGGQNHHEVVK 554.25 581.30 -22.0 -21.0 -30.0
645.80 -22.0 -20.0 -34.0
681.35 -22.0 -20.0 -26.0
746.85 -22.0 -20.0 -28.0
P02 | FMDVYQR 479.90 466.30 -18.0 -18.0 -23.0
565.25 -18.0 -22.0 -40.0
680.30 -18.0 -18.0 -36.0
811.35 -18.0 -20.0 -30.0
P03 | IKPHQGQHIGEMSFLQHNK 558.15 663.50 -22.0 -18.0 -24.0
261.15 -22.0 -27.0 -18.0
398.20 -22.0 -26.0 -29.0
631.15 -22.0 -21.0 -32.0
P04 | CECRPK 368.40 24415 -14.0 -24.0 -27.0
400.35 -14.0 -18.0 -29.0
503.25 -14.0 -17.0 -38.0
632.30 -14.0 -18.0 -32.0
P05 | SWSVYVGAR 512.95 303.20 -38.0 -17.0 -22.0
402.30 -38.0 -20.0 -29.0
565.25 -38.0 -18.0 -40.0
751.35 -38.0 -18.0 -28.0
P06 | CCLMPWSLPGPHPCGPCSER 723.97 618.75 -28.0 -29.0 -40.0
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718.80 -28.0 -28.0 -38.0
848.25 -28.0 -36.0 -32.0
860.80 -28.0 -20.0 -32.0
P07 | HLFVQDPQTCK 439.25 288.65 -16.0 -14.0 -20.0
479.30 -18.0 -16.0 -24.0
576.30 -16.0 -15.0 -30.0
691.30 -16.0 -12.0 -38.0
P08 | NTDSR 296.75 262.20 -11.0 -16.0 -29.0
377.15 -11.0 -10.0 -27.0
478.25 -11.0 -10.0 -17.0
P09 | QLELNER 451.40 304.20 -17.0 -17.0 -22.0
418.25 -17.0 -17.0 -30.0
531.25 -17.0 -20.0 -40.0
660.30 -17.0 -21.0 -34.0
P10 | CDKPR 309.55 272.25 -12.0 -16.0 -30.0
400.30 -12.0 -17.0 -29.0
515.30 -12.0 -16.0 -26.0
258.15 -12.0 -14.0 -18.0
P11 | SWSVPCGPCSER 654.45 648.20 -26.0 -35.0 -24.0
751.20 -26.0 -32.0 -40.0
848.25 -26.0 -22.0 -32.0
1034.45 -26.0 -23.0 -40.0
P12 | SRPCGPCSER 364.50 296.25 -27.0 -12.0 -21.0
391.25 -27.0 -14.0 -28.0
494.25 -26.0 -14.0 -25.0
591.15 -27.0 -14.0 -32.0
P13 | QENPCGPCSER 610.35 424.65 -24.0 -22.0 -30.0
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648.30 -24.0 -22.0 -34.0
848.25 -24.0 -25.0 -32.0
962.30 -24.0 -24.0 -36.0
P14 | SWSVCDKPR 360.00 272.25 -26.0 -20.0 -19.0
400.30 -26.0 -19.0 -29.0
515.25 -26.0 -18.0 -38.0
618.30 -26.0 -17.0 -32.0
P15 | QENCDKPR 495.10 272.20 -18.0 -26.0 -19.0
400.30 -18.0 -24.0 -30.0
P16 | SLTRK 302.80 259.25 -24.0 -15.0 -29.0
303.20 -24.0 -9.0 -21.0
404.25 -24.0 -15.0 -29.0
517.25 -24.0 -16.0 -38.0

[0089]

Other examples of quantification of a protein udimg method of the present invention are not
limited, and include, for example, quantificationam angiotensin variant. Angiotensin is a
peptide generated from angiotensinogen by enzyrdatjcadation, and there are four (I — IV)
kinds of variants. Among these variants, althotighangiotensins Il — IV have a blood pressure
increasing effect, it is known that the angioterigines not have a blood pressure increasing
effect. Therefore, for the method of the preseméntion, a peptide suitable for quantification of
each variant using mass spectrometry can be selbased on amino acid sequences of

angiogenesinogen (SwissProt: P01015) and the amgiots | — 1V.
[0090]
[Kit]

The present invention further provides a kit foe urs executing the method of the present
invention using high performance liquid chromatgiranass spectrometry (LC-MS), the kit

including: a protease; a reaction container foedimg the protein by bringing the protein and
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the protease into contact with each other; a busibdution for causing a digestion reaction due to
the protease to occur; and 1 or more internal stahpleptides having amino acid sequences

specific to the variants.
[0091]

Measurement using mass spectrometry enables digéryprecision analysis. On the other hand,
proper sample preparation and setting of appragpéaalysis conditions are very important. For
example, in order to more conveniently obtain atueate examination result at a clinical site,

the present invention provides a kit that can le®lder implementing the above method.
[0092]

The reaction container included in the kit of tmeggnt invention is not particularly limited as
long as the reaction container is a container dapaftallowing a protein (as a subject to be
analyzed) and a protease to be in contact with edwdr in a liquid phase. However,

considering an operation after detection using rspsstrometry, the reaction container is
preferably a micro tube or a plate. Consideriragtion processes such as mixing using a vortex
or a rotator performed for a reaction and filtratfor separation of a peptide and a protease after
the reaction, a person skilled in the art can eowian appropriate reaction container.

[0093]

The buffer solution included in the kit of the peasinvention is introduced into the reaction
container together with a sample, which contaiespitotein, and a protease, and is for causing a
digestion reaction by the protease to occur, angiges a reaction condition suitable for
protease digestion. A reaction condition can hiabkly determined depending on a protease and

the like to be selected, and composition of thédsigolution can also be suitably determined.
[0094]

The kit of the present invention can further indwfiltration membrane for removing the
protease and the like after the protease digest@action and extracting a product of the

digestion reaction together with the buffer solntio

[0095]
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The kit of the present invention can further in@wh instruction manual describing how to use

the kit and/or a mass spectrometry condition faeckeng each variant.
[0096]

The kit of the present invention can further inéwhe or more internal standard peptides. The
internal standard peptides provide more reliabbdyais results by being analyzed at the same
time as a specimen or separately under the santitioonas the specimen. The internal
standard peptides are peptides that each contaimar acid sequence specific to a variant as a
measurement target and that have amino acid seggiémet can be generated by digestion by
the protease included in the kit of the preseng¢mtion. The internal standard peptides can each
be labeled, for example, using a stable isotopehis case, since a mass spectrometry
guantification condition can be slightly differeag compared to an isotope-free peptide, it is
preferable to enclose a quantification conditionafo internal standard.

[0097]

For example, when a measurement target is a sph@nant of VEGF-A, a peptide having 1 or
more amino acid sequences of SEQ ID NOs: 11 — @®eancluded as an internal standard
peptide.

[0098]

By using the kit of the present invention, a pratmeent such as preparation of a protease
digestion fragment peptide and operation of masstspmetry can be simplified and automation
by using a device can also be easily achieveghatticular, when a protease such as trypsin is
provided as a component of the kit in a form oframobilized enzyme, the peptide preparation

operation can be further simplified.
[0099]

The kit can further contain reagent quality assceahata (atomic purity measurement result and
the like), and can contain various other reagemdisthe like. Optional components of the kit are

not particularly limited.
[0100]

[Recording Medium]
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The present invention further provides a compwgadable recording medium that is for use in
the method of the present invention and in whidla dlar executing mass spectrometry is stored.
The data is not limited, but includes data of aeparon, a fragment ion, an expected retention
time, and voltages at triple quadrupoles (firstdqupole, second quadrupole, and third

guadrupole) with respect to 1 or more peptidesrgaaimino acid sequences specific to variants.
[0101]

The expected retention time, the voltage datatla@dike are numerical values that vary
depending on a device to be used and a measurepmatition and the like, and are preferably
provided in accordance with the device. Furthefatilitate understanding by a person skilled
in the art, for a numerical value that varies del@g on a condition, it is preferable to also

provide a variation range of the numerical value.
[0102]

The recording medium may be of any form, and ispasticularly limited. Examples of the
recording medium include disks and memories capatabeagnetically or optically recording

information.
[0103]

More specifically, the above method package calude; for example, the following

information and software functions.
[0104]

* Optimized (*) parent ion m/z value

* Optimized fragment ion m/z value

* Optimized Q1 pre bias voltage value

* Optimized Q2 collision energy voltage value

» Optimized Q3 pre bias voltage value

» Expected retention time and mass spectrometry dinaetarget ion
e Quantitative value conversion formula

» Analysis result report output function
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(*): Each condition item was actually measured, anée with the highest ionic strength and a

most reproducible m/z value is adopted, and thigken as an optimum value.
[0105]

For example, the conditions/parameters describdéaeimbove Table 6 and/or Table 7 can be

included as data for quantification of the splicuagiants of VEGF-A.
[0106]
[Method Package]

The present invention further provides a methodkage for parallel detection of a protein
variant using high performance liquid chromatograpss spectrometry (LC-MS), the method
package including the above-described recordingumgdand an instruction manual of the

recording medium.
[0107]

In the present specification, the term “method pgek means independently distributable
package that includes, in a readable form, an aisatpndition of liquid chromatography mass
spectrometry with respect to a specific analysigaia By importing the data contained in the
method package into LC-MS, it is possible to perf@an analysis with an optimum measurement

condition obtained after detailed examination.
[0108]

As described above, while measurement using massremetry enables very high-precision
analysis, analysis conditions can be completelgdht depending on target ions. Therefore,
although setting appropriate analysis conditiongery important, it is extremely difficult, and
enormous time is required for setting the condgioBy preparing these conditions beforehand,
convenience of a user who actually performs masstgpmetry can be improved. The present
applicant has so far provided method packages$éset analyses using LC-MS in order to allow
a user to more easily perform mass spectrometrfpoéxample, agricultural chemicals or

animal medicines.

[0109]
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An example of the above-described recording mediumethod package is one that includes
only information limited to a specific variant. @tefore, when variants to be analyzed are, for
example, splicing variants of VEGF-A, a recordingdium or a method package in which
analysis conditions suitable for the splicing vatsaare described can be provided.

[0110]

In this case, the data included in the recordindiom can be related to, for example, analysis
conditions with respect to 1 or more peptides hgr@mino acid sequences shown in SEQ ID
NOs: 11 — 26.

[0111]

The method package may describe data common tgpheuthass spectrometers or may describe

various data suitable for an analysis using a §penass spectrometer.
[0112]

The recording medium or the method package camdyaded together with the above-described

kit of the present invention or separately from kite
[Examples]
[0113]

The present invention is further described in dié@ased on the following examples. However,

the present invention is not limited by these exas\p
[0114]

<Example 1>

[Detection of Peptide P09 (QLELNER, SEQ ID NO: 19)]

Optimization of a condition for detecting the peptP09 and detection of the peptide P09 were
performed, the peptide P09 having a sequence oceatan the VEGF-A variants 206, 189, 183,
165, and 165B and being generated from these v‘argrirypsin digestion. The peptide P09

was chemically synthesized for the present example.
[0115]

[1. Identification of Structure, Confirmation of M8S lon]
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First, valence identification of a parent ion PO%é detected was performed.

The m/z values for calculated valences (+1 — +3hefpeptide P09 are shown in Table 3.
Among these, a +2 valence ion was detected inf &ICMS-IT-TOF, LCMS-8040 and LCMS-
8050 (Fig. 2-1).

[0116]
[2. Optimization of MRM Condition]

Next, an MRM analysis was performed using the H#2nae ion of the peptide P09 as a
precursor ion. Fig. 2-2 shows results of an MS&yais using LCMS-IT-TOF and analysis
results of LCMS-8050.

In a Mascot search, as shown in the lower parignfZ=2, generation of various ions
corresponding to six kinds of y ions and six kinfl® ions and various decomposition products
of these ions is predicted. However, among these kinds of y ions (y(2), y(3), y(4), y(5))
were detected both in an MS2 analysis using LCMS-OF and in LCMS-8050. Therefore, it

was suggested that it is preferable to detect tioeseas product ions.
[0117]
[3. Optimization of LCMS-8050 MRM Condition]

For each of the selected four kinds of ions (Y§23), y(4), y(5)), an optimum condition of a
collision energy in a case of performing detectith MRM using LCMS-8040 and LCMS-
8050 was examined. The results are shown in Bigsand 2-4.

From the results of Fig. 2-3, it was shown thathie case where LCMS-8040 was used as an
analysis device, the optimum collision energiesdietiecting the 4 kinds of the ions were all 20
V. Further, from the results of Fig. 2-4, it wdmwn that, in the case where LCMS-8050 was
used as an analysis device, the optimum collismangies for detecting the 4 kinds of the ions
were 15V or 20 V.

[0118]

[4. Determination of Column Retention time, MRM Aysis]
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Setting of a column retention time was performadgithe conditions optimized in 2.3. LCMS-
8050 was used as an analysis device. HPLC wasrpetl under the conditions shown in Table
5.

As shown in Fig. 2-5, in a case of detecting tH3,W(3), y(4) and y(5) ions using a +2 valence

ion of the peptide P0O9 as a precursor ion, a netemime is about 4.6 minutes, and it was found

that adequate detection can be performed with thwaiti4.20 — 5.20 minutes as a measurement
time. A lower part of Fig. 2-5 shows results meadwsing an established measurement

condition.

[0119]

<Example 2>

[Detection of Peptide P14 (SWSVCDKPR, SEQ ID NQj|24

Optimization of a condition for detecting the peptP14 and detection of the peptide P14 were
performed, the peptide P14 having a sequence ceatainly in the VEGF-A variant 145 and
being generated from this variant by trypsin digest The peptide P14 was chemically
synthesized for the present example.

[0120]
[1. Identification of Structure, Confirmation of M8S lon]
First, valence identification of a parent ion Pabée detected was performed.

The m/z values for calculated valences (+1 — +3hefpeptide P14 are shown in Table 3.
Among these, a +2 valence ion and a +3 valencevese detected in all of LCMS-IT-TOF,
LCMS-8040 and LCMS-8050 (Fig. 3-1).

[0121]
[2. Optimization of MRM Condition (1)]

Next, an MRM analysis was performed using the H#2nae ion of the peptide P14 as a
precursor ion. Fig. 3-2 shows results of an MS&yamis using LCMS-IT-TOF and analysis
results of LCMS-8050.
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In a Mascot search, as shown in the lower parignf3-2, generation of various ions
corresponding to eight kinds of y ions and eightdki of b ions and various decomposition
products of these ions is predicted. However, antbase, one kind of a b ion (b(2)) and six
kinds of y ions (y(3), y(4), y(5), y(6), y(7) and/y++) were detected both in an MS2 analysis
using LCMS-IT-TOF and in LCMS-8050. Further, a)yi@ was detected with a high peak in
LCMS-8050. Therefore, it was suggested that fireferable to detect these ions as product ions.

[0122]
[3. Optimization of LCMS-8050 MRM Condition (1)]

For each of seven kinds of ions (y(2), b(2), y{@&Y,)++, y(5), y(6) and y(7)), an optimum
condition of a collision energy in a case of parforg detection using LCMS-8050 as an

analysis device was examined. The results aresiowigs. 3-3 and 3-4.

Further, from the results of Figs. 3-3 and 3-4yas shown that, in the case where LCMS-8050
was used as an analysis device, the optimum anilishergies for detecting the above-described

ions were in a range of 15V - 25 V.
[0123]
[4. Optimization of MRM Condition (2)]

In parallel with the above sub-section 2, an MRMIlgsis was performed using the +3 valence
ion of the peptide P14 as a precursor ion, and @& suitable analysis condition was examined.
Fig. 3-5 shows results of an MS2 analysis using ISSNW-TOF and analysis results of LCMS-
8050.

Among ions predicted by a Mascot search, four kimfdens (y(2), y(3), y(4) and y(5)) were
detected both in an MS2 analysis using LCMS-IT-TddE in LCMS-8050. Therefore, it was

suggested that it is preferable to detect theseasrproduct ions.
[0124]
[5. Optimization of LCMS-8050 MRM Condition (2)]

For each of the four kinds of the ions (y(2), y§&8%) and y(5)), an optimum condition of a
collision energy in a case of performing detectising LCMS-8050 as an analysis device was
examined. The results are shown in Fig. 3-6.
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From the results of Fig. 3-6, it was shown thathie case where LCMS-8050 was used as an
analysis device, the optimum collision energiesdketiecting the 4 kinds of the ions were 15V
(y(4) and y(5)) or 20 V (y(2) and y(3)).

[0125]
[6. Determination of Column Retention time, MRM Aysis]

Setting of a column retention time was performadgithe conditions optimized in 4.5. LCMS-
8050 was used as an analysis device. HPLC wasrpertl under the conditions shown in Table
5.

As shown in Fig. 3-7, in a case of detecting tH3,W(3), y(4) and y(5) ions using a +3 valence
ion of the peptide P14 as a precursor ion, a netemime is about 4.61 minutes, and it was found
that adequate detection can be performed with gwafd4.20 — 5.20 minutes as a measurement
time. A lower part of Fig. 3-7 shows results meadwsing an established measurement

condition.
[0126]
<Example 3>

In the same way as in Examples 1 and 2, an optiamatysis condition was examined for each
of the 10 kinds of the peptides PO1 — P16. Thelteare shown in Fig. 4. Although detailed
data is not shown, the results in Fig. 4 were oletias a result of performing examination for

each of the peptides in the same way as that éopéiptides P09 and P14.
[0127]
<Example 4>

A sample in which the peptides P01 — P16 were matespecific quantitative ratios was actually
analyzed using the method of the present inventidiere specifically, according to the
conditions shown in Fig. 4, an analysis was cormtiraly performed while switching channels at
an event time of 0.023 seconds and a dwell tim0d milliseconds. The results are shown in
Fig. 5.

-40 -



From the results of Fig. 5, it is clear that thetmes that are mixed and contained in the sample
can be simultaneously detected in parallel. Am®ant relative ratios of the peptides

respectively reflected peptide amounts added tsdhgple, which were measured in advance.
[Industrial Applicability]
[0128]

According to the method of the present inventimmwentionally, even when a protein having
multiple variants exists, only quantification awlaole or quantification of some of the variants
is possible, there was a problem in using suchrin&bion in a clinical setting where an effect

appears as a combined result of mixed variants.
[0129]

In the method of the present invention, informatonvariants can be simultaneously obtained
in parallel by an MRM analysis, and the obtainedrgitative values can be instantly fed back to
a doctor and used as an indicator for clinical rogtithn and treatment options. This provides

new medical care that has not been proposed iat thié past.
[0130]

All publications, patents and patent applicatiomsdcin the present specification are

incorporated by reference in their entirety in pinesent specification.
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Claims
[Claim 1]

A method for parallel determination of multiple splicing variants produced by alternative
splicing of the protein associated with the production of new blood vessels or the growth of
vascular endothelial cells using mass spectrometry, comprising:

designing peptides obtained by protease digestion of all variants of the protein in a

sample;

protease-digesting the protein;

detecting, using mass spectrometry, among the peptides designed, 2 or more kinds of
peptides having an amino acid sequence specific to each of the splicing variants and a peptide
having an amino acid sequence common to 2 or more splicing variants among the multiple
splicing variants; and

determining an amount of each of the splicing variants in the sample based on a result of

the mass spectrometry

wherein the protein is a vascular endothelial growth factor (VEGF)-A.

[Claim 2]

The method according to claim 1 wherein the splicing variants include 2 or more selected
from the following splicing variants of VEGF-A: 206 (SEQ ID NO: 1), 189 (SEQ ID NO: 2),
183 (SEQ ID NO: 3), 165 (SEQ ID NO: 4), 148 (SEQ ID NO: 5), 145 (SEQ ID NO: 6), 121
(SEQ ID NO: 7), 165b (SEQ ID NO: 8), 121b (SEQ ID NO: 9), and 111 (SEQ ID NO: 10).

[Claim 3]

The method according to claim 1 or 2, wherein 1 or more peptides having amino acid

sequences shown in SEQ ID NOs: 11 — 26 are detected.
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