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(54) Title: MUTATIONS AND POLYMORPHISMS OF FMS-RELATED TYROSINE KINASE 1

(57) Abstract: This invention relates generally to the analytical testing of tissue samples in vitro, and more particularly to aspects
of genetic polymorphisms and mutations of the FL'T1 gene. The invention provides new FLT1 mutations and SNPs, useful in the
diagnosis and treatment of subjects in need thereof. Accordingly, the various aspects of the present invention relate to polynu-
cleotides encoding the FL.T1 mutations of the invention, expression vectors encoding the FL.T1 mutant polypeptides of the invention
and organisms that express the FLT1 mutant and polymorphic polynucleotides and/or FLT1 mutant/polymorphic polypeptides of the
invention. The various aspects of the present invention further relate to.diagnostic/theranostic methods and kits that use the FLT1
mutations and polymorphisms of the invention to identify individuals predisposed to disease or to classify individuals with regard
to drug responsiveness, side effects, or optimal drug dose.
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 MUTATIONS AND POLYMORPHISMS OF FMS-RELATED TYROSINE KINASE [

FIELD OF THE INVENTION
[01] ThlS invention relates generally .to the analytical testing of tlssue samples in vztro and,

more partlcularly to aspects of ‘genetic mutations and polymorphlsms of FMS-related tyrosme
kmase 1 (FLT1).

BACKGROUND OF THE INVENTION'

-[02] Conventmnal medical approaches to dlagnosm and treatment of disease is based on
‘clinical data alone or made in con_]unctlon with a dlagnostlc test. Such traditional practlces
often lead to therapeutic choices that are not optimal for the ,efﬁcacy.qf the prescribed drug
therapy or to minimize the likelihood of side effects for an individual subject. Iherépy
specific diagnostics (a.k.a., thereinosﬁcs) is an emerging medical technology. field, ’Whieh
provideé tests useful to diagnose a disease, choose the cor.rect't;eatinent regime and. moni'tor a -
subjeet.;e responSe. “That is, theranostics are useful to predict and assess drug response in
individual subjects, i.e., individualized medicine. Theranostic 'ieste are also useful to'select
subjects for treatments that are particularly likely to benefit from the treatment or to provide
an early and objective mdlcatmn of treatment efficacy in 1nd1v1dua1 subjects, so that the

~ treatment can be altered with a minimum of*delay. Theranostlcs are useful in clinical

. diagnosis and management of a variety of dlseases and dlsorders whlch include, but are not
limited to, e.g., cardlovascular dlsease cancer, infectious dlseases Alzheimer’s dlsease and
the predlctlon of drug tox1c1ty or drug re51stance Theranostlc tests may be developed in any -
sultable dlagnostlc testing format, whlch include, but is not hmlted to, e.g.,

- immunohistochemical tests clinical chemistry, i immunoassay, cell—based technologles and .
micleic acid tests. , . ‘

[03] Progress in pharmacogenomlcs and pharmacogenet1cs which establishes correlauons
between responses to specific drugs and the genetic proﬁle of md1v1dual patients and/or their

' tumours, is foundatlonal to the development of new theranostlc approaches. As such, there is

aneed in the art for the evaluation of patlent-to-pauent vanatlons and tumour- mutatlons in

gene sequence and gene expressmn A common form of genetic proﬁlmg relies on the .

1dent1ﬁcat10n of DNA sequence variations called single nucleotide polymorphxsms (“SNPs™),

which are one type of genetic alteration leading to pat1ent-to-pat1ent variation in individual



WO 2007/109183 PCT/US2007/006723

2

drug IesSponse. - In addition, it is well established in the art that acqmred DNA changes -
(mutations) are respon31ble alonie or in part, for pathologlcal processes. It follows. that, there
isa need art to 1dent1fy and characterize genetic mutatrons and SNPs which are useful to
identify the genotypes of subjects and their tumours assomated with drug responsnveness side
effects, or optimal dose. . . '

[04] Vascular endothelial cell growth factor (VEGTF) is a potent angiogenié factor'
expressed during enrbryonic development, lering'vr'odnd ~healin.g, and in pathologies

dependeﬁt on neovascularization, includirig cancer. Regulation of the- rec'eotor tyrosine -

kinases, KDR and FMS-related tyrosme kinase 1, to which VEGF binds on endothelial cells is. .

incompletely understood. Wang etal.,J Bzol Chem. 275(21):15905- 11 (2000) FMS—related
tyrosine kinase 1 (vascular endothelial growth factor/vascular permeab111ty factor receptor
aka., FLT1; VEGFRI FLT; F RT; VEGFR1) is related to oncogene ROS (MIM 165020).

‘ Like other members of this farmly, it shows tyrosine proteln kinase activity that is 1mportant
_for the control of cell proliferation and differentiation. The sequence structure of the FLT
gene resembles that of the FMS gene (MIM 164770) hence; Yoshlda et al. (1987) proposed

. the name FLT as an acronym for FMS-like tyrosme kmase Yoshida et al., Cytogenet. Cell
Genet. 46: 724 ( 1987) An alternately sphced form of F LTl produces a soluble protein,
termed sFLT1, which blnds vascular endothelial growth factor (VEGF; 192240) with hlgh
affinity. Kendall et al., Biochem. Biophys. Res. Commun 226: 324-328 (1996). FLT-1 has .
been linked to the aetiology of many cancers including, breast cancer (Wuetal., Zhonghua Yi
Xue Za Zhi. 82(1 O).708 -11 (2002));. gastromtestmal canc_:er (Zhang etal., World J .
Gastroenterol. 8(6):994-8 (2002)); 'lymphom'a (Ho et al., Appl Immunohistoc{aenl Mol.
.Morphol. 10(4):316-21 (2002)); Yamada et al., Cancer Sci. Jun;94(6):536-9 (2003)); juvenile :
haemangiomas (Walter et al., Genes Chromosomes Cancer 33(3)'295-303 (2002)):
glomeruloid microvascular prohferatlons (Straume er al., Angzogeneszs 6(4):295-301 .
(2003)); tumourlets and in neuroendocrine cell hyperplaSIa of the lung (Sartelet etal., Hum
Pathol. 35(10) 1210-7 (2004)); and transmonal cell carcinoma (TCCy of the urmary bladder
(Sato et al., Tohoku J. Exp. Med. 185(3):173-84 (1998)). Accordlngly? there is'a need in the

art for additioral information about the relationship between FLT1 mutations and cancer.
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'SUMMARY OF THE INVENTION
[05] The invention provides for the use of a FLT1 modulating agent i in the manufacture of a
medicament for the treatment of cancer in'a selected patient populatlon The patlent ’
‘pOpulatlon is selected on'the basis of the genotype of the patients at a FLT1 genetic locus .
indicative of efﬁcacy of the FLT1 modulatmg agent in treatlng cancer. In several
embodlments, the cancer can be colon cancer.
[06] . The 1nvent10n also prov1des an 1solated polynucleotlde having a sequence encoding a_
FLT1 mutatxon In several embodlments the FLT1. mutations are the prevxously-umdentlﬁed
- mutations hsted in TABLE 1. Accordlngly, the invention provrdes vectors and organisms
containing the FLTI ‘mutations of the invention and polypeptides encoded by polynucleotides .
- containing the FLT1 mutatxons of the invention.
[07] The invention further provides a method for treating cancer in a subject. The genotype
or haplotype of a subject is obtained at a FLT1 gene locus, so that the genotype and/or
haplotype are indicative of a propensity of the cancer to respond to the drug. Then, an anti-
cancer therapy is adnﬁnistered to the subject. |
[08] The inv:ention provides a method for diagnosing cancer in a subject and a method for
choosing subjects for. inclusion in a clinical trial for determining efficacy of a FLT1
modulating agent; in both these methods the genotype and/or haplotype of a subject is
mterrogated ataFLT1 gene locus. Also prowded by the invention are kits for use in.
determmmg a treatment strategy for cancer.
[09] The ‘invention also prov1des for the:use of each of the mutations of the inventions as.a
drug target

DETAILED DESCRIPTION OF THE INVENTICN

[10] Iti is to be apprecxated that certain aspects, modes embodlments, vanatlons and
features of the invention are.described below in various levels of detail in order to prov1de a
substantial understanding of the present invention. In general, such d1sclosure provndes new
'FLT1 mutations and SNPs that may be useful alone or in combmatlon in the dnagnosxs and
| treatment of sub_]ects in'need thereof Accordmgly, the vanous aspects of the present
invéntion relate.to polynucleotides encoding FLTl mutations and polymorphlsms of the -
invention, expression vectors encoding the FLTI mutant polypeptides of the mventlon and
'orgamsms that express the FLT1 mutant/polymorphic polynucleotides and/or FLT1
mutant/polymorphlc polypeptides of the invention. The vanons aspects of the present :
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invention further relate to diagnostic/theranostic methods and kits that use the FLT1
mutations and/or polymorphisms of the invention to 1dent1fy 1nd1v1duals predisposed to
dlsease or to classify. individuals and tumours with regard to drug responsweness side effects,
or optimal drug dose. In other aspects, the invention provxdes methods for compound
validation and a computer system for storing and analyzing data related to the FLTl
mutations and polymorphlsms of the invention. Accordingly, various partlcular embodlments
that illustrate these-aspects follow.
[11] Def nitions. The definitions of certain terms as used in this spec1ﬁcatlon are provided
below. Deﬁmtlons of other terms may be found in the glossary prov1ded by the U. S
_ Department of Energy, Office of Science, Human Genome Project’
(http://www.ornl. gov/scx/techresources/Human Genome/glossary/)
[12] As used herem, the term “allele” means a particular form of a gene or DNA sequence
ata specific chromosomal location (locus).
[13]  As used herein, the term “antlbody” includes, but is not limited to, polyclonal
antibodies, monoclonal antibodies, humamzed or chimaeric antlbodles and blologlcally
functional antlbody fragments sufficient for bmdmg of the annbody fragment to the proteln
[14] As used herein, the term “clinical response” means any or all of the following: a
quantitative measure of the response no.response, and adve'rse response (i.e., side effeclé)
{15] As used herein, the term “clinical trial” means any.research study designed to collect
clinical data on responses to a partlcular treatment, and includes but i is not limited to phase L.
phase IT and phase III clinical tnals .Standard methods are used to define the patient
populanon and to ‘enrol subjects
[16] . As used herein, the term "effective amount" of a compound isa quantlty sufﬁcxent to
achieve a de51red pharmacodynamlc toxicologic, therapeutic and/or prophylactlc effect; for
example, an amount which results i in the prevention of or a decrease in the symptoms
associated with a disease that is bemg treated, e. 8 the diseases associated wﬂ:h FLT1, mutant o
polypeptldes and FLT1 mutant polynucleotldes 1dent1ﬁed herem The amount of compound o
administered to the subject will depend on the type and severity of the d1sease and on the
characteristics of the individual, such as general health, age, sex, body weight and tolerance to. .
drugs. It will also depend on the degree, seventy and type of disease. The skilled artisan will
be able to determine appr’opnate dosages dependmg on these and other factors. Typically, an

) eﬁ‘ectwe amount of the compounds ‘of the present invention, sufficient for achieving a -
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therapeutic or prophylactic_ effect, range from about Q.OOOOOI m'g per kilogram body weight
per day to about 10,000 mg per kiiograrn' body weight per day. Preferably, the dosage rangcs
are from about 0. 0001 mg per kllogram body weight per day to about 100 mg per kilogram
‘ body weight per day The compounds of the present invention can also be administered in
combmatron w1th each other, or with one or more addmonal therapeutic compounds
(1 7] Ghveo® (Gleevec® 1mat1mb) isa medrcatlon for chromc myeloid leukaemia (CML)
and certain stages of gastromtestlnal stromal tumours (GIST) It targets and 1nterferes with
the molecular abnormahtres that drive the growth of cancer cells. Corless CL et al., J. Clin.
'.Oncol 22(1 8) 3813-25 (September 15, 2004) Verweij J et al., Lancet 364(9440) 1127-34 |
(September 25, 2004), Kantarjian HM et al., Blood 104(7) 1979-88 (October 1,2004). By
1nh1b1t1ng multiple targets, Glivec® has potential as an anticancer therapy for several types of
cancer, 1nclud1ng leukaemla and solid tumours.
-[18] - The aromatase inhibitor FEMARA® is a treatment for advanced breast cancer in
postmenopausal women. Tt blocks the use of oestrogen by certain types of breast cancer that
require oestrogen to grow, Jamcke F, Breast 13 Suppl 1: SIO 8 (December 2004); Moundsen
Hetal, Orzcolpgzst 9(5):489-96 (2004).
[19] Sandostatin® LAR® is used to treat patients with acromegaly ‘and to control
s'ymptoms ‘'such as severe diarrhoea and ﬂushing, in patients with functional gastro-entero-
pancreatrc (GEP) tumours (e g, metastatrc carcmord tumours and vasoactlve intestinal
peptlde-seoretmg tumours [v IPomas]) Oberg K Chemotherapy 47 Suppl 2: 40-53 (2001),
Raderer M et al.,' Oncology 60(2) 141-5 (2001); Aparicio T et al., Eur. J. Cancer
37(8) 1014-9 (May 2001). Sandostatm® LAR® regulates hormones in the body to help
manage diseases and their symptoms.
[20] . ZOMETA® is a treatment for hypocalcaemia of mahgnancy (HCM)1 and for the
freatment of bone metastases across a broad range of tumour types.’ These tumours include.
multiple myeloma, prostrate cancer, breast cancer, lung cancer, renal cancer and other solid
tumours. Rosen LS et al., Cancer 100(12):2613-21 (June 15, 2004)
[21] Vatalamb (1- [4—chloroan11mo]-4 [4-pyridylmethyl] phthalazrne succinate) is a multi-
- VEGF receptor (V EGF) inhibitor that may block the crcat;on of new blood vessels to prevent
tumour growth. This compound inhibits all known VEGF receptor tyrosine kinases, blocking
angiogencsis and lymphangiogenesis: Drevs J et al., Cancer Res. 60:4819-4824 (2000);
Wood IM et al., Cancer Res. 60:2178-2189 (2000). Vatalanib is being studied in two large,
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multinational, randormzed phase II1, placebo-controlled tnals in combmatlon with FOLFOX-
4 in first-line and second-line tréatment of patients with metastatic colorectal cancer. Thomas
Aet al 37th Annual Meeting of the American Society of Clinical Oncology, San Francisco,
- CA, Abstract 279 (May 12-15 2001)
[22] The orally b1oava11able rapamycin denvatlve everolimus inhibits oncogemc signalling
in tumour cells. By blockmg the mammahan target of rapamycm (mTOR)-medlated
. signalling, everolimus exhibits broad antlprohferatlve act1v1ty m tumour cell lines and ammal
models of cancer. Boulay Aetal, Cancer Res. 64:252-261 (2004). In prechmcal studies,
everolimus also po;tentl}; inhibited the proliferation of human urnbilical vein endothelial ‘cells e
_ directly indicating an 1nvolvement in angiogenesm By blockmg tumour cell proliferanon and
angiogenesis, everolimus may prov1de a chmcal benefit to patients with cancer. Everollmus '
is being mvestxgated for its ant1tumour properties in a number of clinical studies in patients
with haematological and solid tumours. Huang S & Houghton PJ, Curr. Opin. Investig.
Drugs 3:295-304 (2002).
[23] Gimatecan is a novel oral inhibitor of topoisomerase [ (topo D. Glmatecan blocks cell
division in cells that d1v1de rapidly, such as cancer cells, which activates apoptosis. Prechmcal '
data indicate that gimatecan is not a substrate for multldrug resistance pumps, and that it . 3
increases the drug-target mteractlon. De Cesare M et al., Cancer Res. 61:7189-7195 (2001).
Phase I clinical studies indicate that the dose-limiting toxicity of gimatecan is
. myelosuppression.
[24] Patupﬂone isa microtubule stabilizer. Altmann K-H, Curr. Opzn Chem Biol. 5:424-
431 (2001); Altmann K-H etal, Blochzm Bzophys Acta. 470:M79-M91 (2000); O’Nelll Vet
al., 36th.Annual Meeting of the American Soczety of Clinical Oncology; May 19-23, 2000,
New Orleans, LA, Abstract 829; Calvert PM et al. Proceedings of the 11th National Cancer
Institute-European Organizariori for Iéesearch and Treatment of C&ncer/ﬁmerican '
Assoczatzon Jor Cancer Research Symposzum on New Drugs in Cancer Therapy, November
7-10, 2000 Amsterdam The Netherlands, Abstract 575. Patupilone blocked mitosis and
induced apoptosis greater than the frequently used anticancer drug pachtaxel Also '
patupilone retained full activity agamst human cancer cells that were resistant to pachtaxel
and other chemotherapeutlc agents.
[25] Midostaurin is an inhibitor of multiple signalling proteins. By targeting specific

receptor tyrosine kinases and components of several signal transduction pathways,
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" midostaurin inipacts several targets involved in cell growth (e.g:, KIT, PDGFR, PKC),
. leukaemic cell proliferation (e g, FLT3) -and anglogenesxs (e.g., VEGFR2). Welsberg E et
al. Cancer Cell 1 433-443 (2002); Fabbro D et al. Antlcancer Drug Des. 15: 17—28 (2000).
In prechmcal studles mldostaunn showed broad antrprohferatrve activity against various .
tumour cell lmes, mcludmg those that were resistant to several other chemotherapeutlc agents.
[26] The somatostatln analogue pasireotide is a stable cyclohexapeptlde with broad -
somatotropm release inhibiting factor (SRIF) receptor bmdmg Bruns C et al Eur. J.
. Endocrmol 146(5) 707—16 (May 2002), Weckbecker Get al, Endocrmology 143(10):4123-
30 (October 2002), Oberg K, Chemotherapy 47 Suppl 2:40-53 (2001).
[27] LBH589 is a histone deacetylase (HDAC) m}ubltor By blockmg the deacetylase
activity of HDAC, HDAC 1nh1b1t0rs activate gene transcrlptlon of critical genes that cause
apoptosrs (programmed cell death) By tnggermg apoptosrs LBHS589 induces growth
;1nh1b1tlon and regression in tumour cell lines. LBH589 is being tested in phase I clinical trials .,
as an anticancer agent See also, George Per al Blood 105(4): 1768-76 (February 15, 2005).
[28] - 'AEE788 inhibits multlple receptor tyrosme kinases. 1nc1ud1ng EGFR, HER2, and
VEGFR, whrclr stimulate tumour cell growth and anglogenesrs, Traxler P et al., Cancer Res.
64:4931-4941 (2004). In preclinical studies, AEE788 showed high target specificity and
demoﬁsu'ated antiproliferative effects against tumour cell lines and in animal models of
cancer. AEE788 also exhibited direct antranglogemc actlvrty AEE788 is currently in phase I
clinical development 7
[29] AMN107 is an oral tyrosine kinase inhibitor that targets BCR-ABL, KIT, and
PleF R.-Preclinicai studies have shown in cellular assays using Philadelphia chronrosomef
positive (Ph+).CML cells th'at AMN107 is highly potent and has high selectivity for BCR- |
ABL KIT and PDGFR. Weisberg E et al., Cancer Cell 7(2): :129-41 (February 2005);
O'Hare T et al., Cancer Cell 7(2):117-9 (February 2005). AMN107 also shows act1v1ty
agalnst mutated vanants of BCR—ABL AMN107 is currently being studied in-phase I clinical
trials. -
[30] As used herein,"the term “ FLT1 modulating agent” is any compotnd that alters (e.g.,
increases or decreases)' Th'e expression level or biological activity level of FLT1 polypeptide
compared to the expressmn level or brologlcal activity level of FLTl polypeptide in the
absence of the FLT1 modulatmg agent FLT1 modulating agent can be a small molecule,
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antibody, polypeptide, carbohydrate, lipid, nucleotide, of corhbinetion thereof.- The FLT1
modulatlng agent can be an organic compound or an 1n0rgamc compound
[31] -As used herein, “expression” inchides but is not limited to one or mor'e'.of the
~ following: transcription of the gene into precursor mRNA;"spli'cing and other processing of
. the precursor mRNA to 'produce. mature mRNA; mRNA stability; translation of the mature
.mRNA into protein (mcludmg codon usage and tRNA avallablhty), and glycosylatlon and/or
other modifications of the translation product 1f requlred for proper expressmn and function.
[32] . As used herein, the term “gene” means a segment of DNA that contains all the
information for the regulated biosynthesis 6f an RNA product, 1ncludmg promoters, exoﬁs, ‘
. introns, and other untransleted fegions that.contro'l expression.
[33] As used herein, the term ‘;genoty.p'e'” means an unphased 5’ to 3* sequence of -
nucleotide pé'irs found at one or more polymorphic or mufent sites in a locus on a pair of -
'homologou's chromosomes in an individual. As used l;erein,' genotype includes a full- .
_genotype and/or a sub-genotype. . |
[34]. As used herein, the term “locus” means a location on a chromosome or DNA molecule
corr'esi)ondiﬁg. to a gene or a physical or phenotypic featuye.
[35] As used herein, the term “mutant” means any heritéble or acquired variation from the
| wiid-type that alters the nttcleotide sequence thereby changing the prdtein'éequenbe.
The term “mutent” is used interchangeably W1th the terms. “marker”, “biomarker”, and
“target” throuéhout the specification. |
[36] - As used herem the term “medxcal condition” includes, but is not limited to, any
condition or disease mamfested as one or more physical and/or psychological symptoms for
which treatment and/or prevention is desirable, and includes prev1qusly and newly lde_ntlﬁed _
diseases and other disorders. -
[37] Asused herein, the term “riucleotide pair” means the two nucleotides bound to each
other between the two nucleotlde strands.
[38]- As used herem, the term “polymorphic site” means a position within a locus at which -
at least two alternative sequences are found in a population, the most ﬁ'equent of whlch has a.
frequency of no more than 99%.
[39] Asused herein; the term “polymorphism” means any sequence variant present at a
. frequency of >1% in a population. "The seciﬁence variant :may be present at a frequency

significantly greater than 1% such-as 5% or 10% or more. Also, the term may be used to refer
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_to the sequence variation observed inan individual at a polymorphlc site. Polymorphlsms
include nucleotide substltutlons 1nsert10ns deletions and microsatellites and may, but need
not, result in detectable dlﬁ'erences In gene expression or protein function.

[40] As used herem, the term ¢ polynucleoude” means any RNA or DNA, whlch may be
unmodlﬁed or modlﬁed RNA or DNA. Polynucleotldes mclude w1thout lxmltatlon single--
and double—stranded DNA, DNA thatis a rmxture of smgle- and double-stranded regions,
smgle- and double-stranded RNA RNA that i is mlxture of single- and double-stranded
regions, and hybnd molecules compnsmg DNA and RNA that may be smgle-stranded or,

“more typically, double—stranded ora nnxture of single- and double-stranded regions. In
addition, polynucleotlde refers to tnple—stranded reglons comprising RNA or DNA or both
RNA and DNA. The term polynucleotlde also mcludes DNAs or RNASs conta1mng one or
more modified bases and DNAs or RNAs with backbones modified for stability or for other
-reasons. In a particular embodunent the polynucleotide contains polynucleotlde sequences
from the FLT1 gene.

[41] - ‘As used herein, the term “polypeptide” means any polypeptlde comprising two or

'more amino acids joined to each other by peptlde bonds or modlﬁed peptide bonds, i.e.,
peptide isosteres. Polypeptlde refers to both short chains, commonly referred to as peptides,
glycopeptides or oligomers, and to longer chains, generally referred to as protems
Polypeptldes may contain amino acids other than the 20 gene-encoded amino ac1ds
Polypeptldes mclude amino acid sequences modlﬁed either by natural processes, such as post-
translatlonal processing, or by chemical modlﬁcatlon techniques that are well known in the
art Such modlﬁcatlons are well described in basic texts and in more detailed monographs as '
well as in a voluminous research literature. In a particular embodiment, the polypeptide
contalns polypeptide sequences from the FLT1 protein.

[42] As used herein, the term "small molecule" means a composition that has a molecular
welght of less than about 5 kDa and more preferably less than about 2 kDa. Small molecules .
~canbe, e.g, nucleic acids, peptldes polypeptides, glycopeptides, peptldomlmetlcs,
carbohydrates lipids, llpopolysacchandes combinations of these or other organic or :
inorganic molecules.

[43] Asused herem the term ‘mutant nucleic acid” means a nuclexc acid sequence, which

comprises a nucleotide that is vanable within an otherwise identical nucleotlde sequence

between individuals or groups of 1nd1v1duals, thus, existing as alleles. Such mutant nucleic
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acids are prefefably from about 15 to about 500 nucleotides in length. . The mutant'.nuéleic
acids may be part of a chromosome, or they may be an exact copy of a part of a_chromosome,
e.g., by amplification.of such a part of a chromosome through PCR or through cloning: The
mutant probes according ‘to the invention are oligonucleotfdes that are complementary toa
mutant nucleic acid. |

[44] Asused herein, the term “SNP nuclelc ac1d” means a nucleic acid sequence whlch
.compnses a nucleotide that is variable within an othermse 1dent1ca1 nucleotide sequence

between individuals or groups of 1nd1v1duals thus, existing as alleles. Such SNP nuclelc

acids are preferably from about 15 to about 500 nucleotides in length. The SNP nucleic acxds D

may be-part of a chromosome or they may be an exact copy of apart of a chromosome e. .8,
by amplification of such a part of a chromosome through PCR or through clomng. 'Ihe SNP
nucleic acids are referred to hereafter simply as “SNPs”.: The SNP probes according to the
invention are oligonucleotides that-are complementary to.a SNP nucleic acid. Ina particular
embodiment, the SNP is in the FLT1 gene. | |

[45] As used herein, the term “subject" means that preferahlylr'the subject is a mammal,
such as a human but can also be an animal, e.g., domestic animals (e.g., dogs, cats and the -
like), farm ammals (e g., cows, sheep, plgS, horses and the hke) and laboratory animals (e g .

- monkey (e.g., cynmologous monkey) rats, mice, guinea pigs and the hke)

[46] As used herein, the admlmstratlon of an agent or drug to a subject or patient mcludes
self- admlmstratlon and the admlmstratlon by another. It is'also to be appreciated that the
various modes of treatment or preventlon of medical conditions as described are 1ntended to’

' mean “substantial”, which includes total but also less than total treatment or preventlon, ‘and
wherein some biologically or medically relevant result is achieved.:

[47] The details of one or more embodiments of the invention are set forth in the
accompanying descriptioni below Although any methods and materials 51m11ar -or eqmvalent
to those described herein can be used in the practlce or testing of the present invention, the
preferred methods and materials are now descnbed Other features, obJects, and advantages .
of the invention will be apparent from the description and the claims. In the spec1ﬁcatlon and
the appended cla.lms the smgular fornis include plural referents unless the context clearly
dictates otherwise. Unless defined otherwise, all technical and scientific terms used herein
have the same meaning as commonly unde'l:stood by one of ordinary skill in the art to which g

" this invention belongs. All references cited herein are incorporated herein by reference in
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' their entireties and for all purposes to the same extent asif each 1nd1v1dua1 publication, patent,
or patent apphcatlon was specxﬁcally and individually incorporated by reference in its entirety
for all purposes.

| [48] ' FLTI Mutations and Polymorphisms bf the Invention. To investigate FLT1 mutations.
in assomatlon w1th cancer DHPLC (Lllleberg S.L., Curr. Opm Drug. Discov. Devel

' 6(2) 237 52 (2003)) analy51s was conducted on blood samples from colon cancer patients.

Three (3) missense mutations were identified as summarized below in TABLE 1 and TABLE

-2 below Computatlonal analyses were designed to. evaluate the effect of these mutations on
'FLT1 function.

TABLE 1 ‘
FLT1 Mutations Identified in Colorectal Cancer Patients
'Exon  Mutation/SNP  Allelic  Unmutated " Mutated
’ . Frequency . Seguence ' Sequence
Exon 6 insert T256 0.2 AATTGTACTGCTACCAC AATTGTACTGCTACCAT
S . * SEQ ID NO:1 SEQ ID NO:2
Exon 11 ATG>TTG 0.1-0.25 GACAGCAACATGGGAAAC GACAGCAACTTGGGAAAC
‘ M498L ) SEQ ID NO:3 : - ~ SEQ ID NO:4
Exon 20 CGT>GGT 02 . CAAGAGCAAACGTGACTT CAAGAGCAAAGGTGACTT

R925G . : ATTT SEQ ID NO:5  ATTT SEQ ID NO:6

[49] As shown above in TABLE 1 and further summarized below in TABLE 2, three (3)

missense mutations were 1dent1ﬁed were identified in the present invention.

TABLE 2
.FLT1 Mutatlons in Cancer Patlents
Gene Cancer NT chan ange: Mutation/SNP Alle Freq. Obs.
FLT1 Colon . ~ insert T256 02 - 1
FLT1 Colon ATG>TTG M498L 0.1-0.25 2
FLT1 Colon CGT>GGT R9ZSG 0.2 .

- [50] ~ The missense mutatlons were located in the human FLT1 gene (NP 00201 0)
Bioinformatics analysis of the FLTl mutatlons of the lnventlon are further detailed in’

. EXAMPLE 1.

[51] Identifi catzon of FLT1 Mutations and Polymorphzsms of the Inventzon in Human
Cancers. Identification and Characterization of Gene Sequence Varzatzon Sequence

variation in the human germline consists primarily of SNPs, the remainder being short tandem
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repeats (including micro-satellites), long tandem repeats (mlni-satellites); and other insertions
and deletions A SNP is the occurrence of nucleotide variability at e single position in the
genome in which two alternative bases occur at apprecmble ﬁ'equency (i.e,>1%) in the
human population. A SNP may occur within a gene or w1th1n mtergemc regnons of the’
genome.

[52] Due to their prevalence and widespread' nature, SNPs have the potential to be
nnportant tools for locatlng genes that are involved in human dlsease conditions. See e.g.,
Wang et al., Science 280: 1077-1082 (l 998))

[S3] An association between SNP’s and/or mutations and a partlcular phenotype (e.g.,
cancer type) does not necessanly indicate or reqmre that the SNP or mutauon 1s causative of
the phenotype. Instead, an association w1th a SNP may merely be due to genome prox1m1ty
‘between a SNP and those genetlc factors aétually respon51ble for a given phenotype, such that
‘the SNP and said genetic factors are closely linked. That is,a SNP may be in linkége
.dlsequ]hbnum “LD™) with the “true” functlonal variant. LD’ exists when alleles at two
dlStlnCt locations of the genome are motre hlghly associated than expected. Thus a SNP may
serve as a marker that has value by virtue of its proximity toa miutation or other DNA
alteration (e. g., gene duplication) that causes a particular phenotype.

[54] SNPsand mutations that 'erre associated with disorders may also have a direct effect on
the function of the genes in which they are located. For example, a sequence variant (e.g.,
SNP) may result in an amino acid change or may alter .exon-intron splicing, thereby directly .
modifying the relevant protein, or 1t _may exist in a regulatory reglon, altering tlie cycle of
expression or the stability of the mRNA (see, e.g., Nowotny et al., Current Opinions in
Neuroblology, 11 :637-641 (2001)).

[55] In describing the polymorphlc and mutant sites of the mventlon reference is made to
the sense strand of the gerie for convemence As recognized by the skllled artisan, however
nucleic acid molecules contalmng the gene may be complementary double stranded molecules
and thus reference to a particular site on the sense strand refers as well to the correspondmg
site on the complement_ary antisense strand. That is, reference may be made to the. same
polymorphic or mutant site on either sirand and an oligonucleotide may be designecl to -
hybridize' specifically to cither strand ata target region containing the polymorphic end/or
-mutant site. Thus, _the inv:ention also includes single-stranded'polynucleotides and mutations _

" that are complementary to the sénse strand of the genomic variants described herein.
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[56] - Identyicat;‘on and Chdracteriza{ion of SNPs cnd Mutations. Many different
techniques can be used to identify' and characterize SNPs and mutations, including single-
strand conformation polymorplﬂsm (SSCP) analysis heteroduplex analysis by denaturing
mgh-performance hquld chromatography (DHPLC) dlrect DNA sequencing and
computatlonal methods (Shi er-al., Clin Chem 47:164- 172 (2001)) There is a wealth of
sequence mformatlon in public databases, computational tools useful to identify SNPs in .
silico by aligning 1ndependently submitted sequences for a given gene (either cDNA or
gen_omic sequences). The most-common SNP-typing methods currently include
.hybridi'zation, primer extension, and cleavage methods. Each of t}lese methods must be
connected to an appropriate detection system. Detection technologies include fluorescent
polarization (Chan ef al., Genome Res. 9:492-499 ( 1 999)), luminometric dete.ction of
pyrophosphate release (pyrosequeneing) (Ahmadiian et al, Anal. Biochem. 280:103-10
-(2000)), fluorescence resonance energy transfer (FRET)-based cleavage assays, DﬁPLC, and
mass spectrometry (Shi, Clin Chem 47:164-172 (2001); U.S. Pat. No. 6,300,076 B1). Other
methods of detecting 'and characterizing SNPs and mutations are those disclosed in U.S. Pat.
Nos. 6,297,0 l$ Bl and 6,300,063 B1.

[57] In a particularly preferred embodiment, the detection of polymorphisms and mutations
is detected 'using INVADER™ technology (available-from Third Wave Technologies Inc.

. Madison, Wisconsin USA). In this assay, a speclﬁc upstream 1nvader” ohgonucleotlde and-a
partlally overlappmg downstream probe together form a specific structure when bound to
complementary DNA template. This structure is recogmzed and cut ata specific site by the
Cleavase enzyme, resulting in the release of the 5° flap of the probe oligonucleotide This -
fragment then serves as the ‘;invade > oligonucleotide with respect to synthetic secondary’
ta.rgets and secondary fluorescently labelled signal probes contained i in the reaction mixture. -
This results in specific cleavage of the secondary signal probes by the Cleavase enzyme
Fluorescent signal is generated when this secondary probe (labelled with dye molecules

. capable of ﬂuorescence resonance energy transfer) is cleaved. Cleavases have stringent
reqmrements relatlve to the structure formed by the overlapplng DNA sequences or flaps and
'can? therefore, be used to specifically detect single base pair mlsmatches immediately ‘
upstream of the cleauage site on the downstreain DNA strand. Ryan D et al., Molecular |
Diagnosis 4(2): 135-144 (1999) and Lyamichev V et al. Nature Bioteehriolg)gy 17: 292-296. ‘
(1999, see also U.S. Pat. Nos. 5,846,717 and 6,001,567.
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[58] The identity of polymorphisms and mutations may also be determmed using a
mismatch detection technique including, but not limited to, the RNase protection method
using nboprobes (Winter et ql., Proc. Natl. Acad. Sei. USA 82:7575 (1985); ngers etal.,.
Science 230:1242 (198 5)) and proteins which recognize nucleotide mismatches, such-as the E. o
coli mutS protein (Mbdrich P, Ann Rev Genet 25:229-253 (1991)). Alternatively, variant
alleles can be identified by single strand conformatlon po]ymorphlsm (SSCP) analys1s (Onta :
etal., Genomics 5: 874-879 (1989); Humphrles et al in Molecular Diagnosis of Genetic
Diseases, Elles R, ed. (1 996) pp. 321-340) or denaturing gradlent gel electrophoresm (DGGE)
(Wartell et al., Nucl. Aczds Res 18:2699- 2706 (1990); Sheffield et al., Proc. Natl. Acad. Sci.
US4 86: 232-236 (1989)). A polymerase-medxated primer extension method may alsobe
used to identify the polymorphlsms/mutatlons Several such methods have been descnbed in -
the patent and scientific literature and include the “Genetlc Bit Analysis” method -
(WO 92/15712) and the ligase/polymerase mediated genetic bit analysis (U.S. Pat. No. .
'5,679,524). Related methqu are disclosed in WO 91/02087, WO 90/094535, WO 95/ 17676,
and U.S. Pat. Nos. 5,302,509 and 5,9'45,283.' Extended prlimers. éontairiing a po‘l'ymorphism‘ or
mutation mé,y be detected by mass spectrometry as described in'U.S. Pat. No. 5 605 ,798. ‘
Another prlmer extensmn method is allele-spemﬁc PCR. Ruafio et al., Nucl. Acids Res. 17:'
8392 (1989); Ruaﬁo et al., Nucl. Aczds Res. 19: 6877-6882 (1991); WO 93/22456 Turkl et
al., J. Clin. Invest. 95: 1635-1641 (1995). In addxtlon multxple polymorphlc and/or mutant
sites may be investigated by s1mu1taneously amphfymg multiple reglons of the nuicleic acid .
using sets of allele-spemﬁc pnmers ‘as described in WO 89/ 10414.
[59] Haplotyping and Genotypmg ‘Oligonucleotides. The invention provndes methods and
composmons for haplotyping and/or genotypmg the genetic polymorphisms (and p0351b1y
mutatxons) in an individual. As used herem, the terms “genotype” and “haplotype” mean the
genotype or haplotype contalmng the nucleotide pair or nucleotide, respectively, that is.
present at one or more of the novel polymorpmc (or mutant) sites described herem and méy
Optlonally also include the nucleotide pair or nucleotide present at one or more additional
polymorphic (or mutant) sites in the gene. The additional polymorphlc (and mutant) sites
may be currently known polymorphlc/mutant sites or sites that are subsequently dlsqovered.
[60] The compositions contain oligonucleotide probes and primers designed to specifically
hybridize to one or more target regions coﬁfaining, or that are adjacent to; a' polymorphic or

" mutant site. Oligonucleoiide compositions of the invention are useful in methods for
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genotyping and/or haplotyping a gene in an indi’vidué.}. The methods and compositions for

| establishing the gehotypé or hapldtype of an individual at the novel polymorphic/mutant sites
described herein are useful for studymg the effect of the polymorphlsms and mutations in the

.aetxology of diseases affected by the expressmn and function of the protein, studying the
efﬁcacy of drugs targetlng, predicting individual susceptlblhty to dlseases aﬂ'ected by the
expression and function of the protem and predlctlng individual responsiveness to drugs .
targetlng the gene product.
[61] Some embodlments of the invention contain two or. more dxfferently labelled

'_genotypmg ollgonucleotldes, for mmultaneously probing the identity of nucleotides at two or
more polymorphlc or mutant sites. Iti 1s also contemplated that primer composmons may
contain two or more sets of allele-specxﬁc Jprimer pairs to allow mmultaneous targetmg and
amphﬁcatlon of two or more regions containing a polymorphlc or mutant site. -

[62] - Genotyping ohgonucleotldes of the 1nvent10n may be immobilized on-or syntl1es1zed
on a solid surface such asa rmcrochlp, bead, or glass slide (see, e. g WO 98/20020 and

WO 98/20019). Such 1mmoblhzed genotyping ohgonucleotldes may be used in a vanety of
polymorplusm‘ and mutation detection assays, including but not limited to probe hybridization
and polymerase extension assays. Ifnmobilized genotyping oligonucleotides of the invention
may cemprise an ordered array of oligonucleotides designed to rapidly screen'a DNA sample
for polymorphlsms and mutations in multlple genes at the same time.
[63] An allele-spec1ﬁc oligonucleotide primer of the invention, has a 3’ terminal nucleotide,
or preferably a 3’ penultlmate nucleotlde, that is complementary to only one nucleotlde ofa
particular SNP, thereby acting as a primer for polymerase-mediated extension only 1f the
allele containing that nucieofide is'present. Allele-specific oligonucleotide (ASO) primers
h}{bridizing to either the codirig or noncoding strand are contempleted by the invention. An -
ASQ primer for detecting gene polymorphisms and mutations can be developed using ,
teehhiques known to those of skill in the art..

[64] Other genotyping oligonucieotides of the invention hybridize to a target region located
one to several nucleotides downstream of one of the novel.'polyr'norphic or mutant sites

- identified herein. ~Such: oligonucleotides are useful in pqumerase-mediated ‘primer extension
nriethods for detecting one of the novel polymdrphisms or mutations described herein end
therefore such genotyping oligonucleotides are referred to herein as ;‘primerlextension

oligonucleotides™. In a preferred embodiment, the 3°-terminus of a primer-extension
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oligonucleotide isa deokynneleotide complementary 1o the nucleotide located immediately

4 adjacent to the polymorphic[mutant site.

[65] Direct Genotyping Method of the Invention. One embodiment of a génotyping method

- of the invention involves 'isolating from an individual a nucleic acid mixture comprising at

least oné copy of the gene of interest and/or a fragment or ﬂankmg regions thereof, and,
determlmng the 1dent1ty of the nucleotide pmr at one or more of the polymorphxc/mutant srtes
in the nucleic-acid mrxture As will be readily understood by the sk111ed artisan, the two

“copies” of a germline gene in an mdrvrdual may be the same on each- alléle or may be -
different on each allele. In a partlcularly preferred embodlment the genotyping method'

, compnses determining the rdentlty of the nucleotlde pair at each polymorphle and mutant 51te :
[66] © Typically, the nueleic acid mlxture is isolated ﬁ'om a blologrcal sample taken from the .
individual, such as a blood sample, tumour or tissue sample. - Sultable tissue samples include

.whole blood, tumour or as part of any tissue type, semen, sahva, tears, urme faecal matenal

'sweat, buccal smears, skm and hair. The nuelelc acrd mixture may be compnsed of genomrc
DNA, mRNA or cDNA and, in the latter two cases, the blologrcal sample must be obtained’
from an organ m which the gene may be expressed Furthermore, it will be understood by the
skilled artisan that mRNA or cDNA preparatlons would not be used to detect polymorphlsms
or mutations located in introns or ‘ln 5° and 3’ nontranscribéd regions. If a gene. fragment is
isolated, it must usually contain the polymorphic and/or mutant sites to be genotyned.
Exeeptions can include mutations leading to truncaﬁon of the gene where a specific
polymorphlsm may be lost. In these cases, the specific DNA alteratrons are determrned by
assessing the flanking sequences of the gene and underscore the need to speerﬁeally look for
both polymorphisms and mutations.

[67] Direct Haplotyping Method of the Invention. One embodiment of the haplotypmg
method of the invention eompnses isolating from an individual a nucleic acld molecule.
containing only one of the two copies of a gene of interest, or a fragment thereof and.
determmmg the identity of the nucleotide at one or- more of the polymorphrc or rnutant sites in
that copy. ‘The nucleic dcid .may be isolated using any method capable of separatlng the two
copies of the gene or fragment As will be readlly appreciated by those skilled in the art, any
individual clone will only provrde haplotype information on one of the two gene copies
present in an individual. If ‘haplotype inforrnation is desired for the individual’s other copy,

" additional clones will need to be examined. 'fypicalIy, at least five clones should be
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examined to have more than a 90% probability of haplotypmg both cOpleS of the gene inan
individual. In'a particularly preferred embodiment, the nucleotide at each polymorphm or
mutant s1te is 1dent1ﬁed

| [68] Ina preferred embodiment a haplotype pair is determined for an individual by
1dent1fy1ng the phased sequence of nucleotides at one or more of the polymorphic/mutant sites
iri'each copy of the gene that is present in the individual. In a partlcularly preferred
embodiment, the haplotyping method compnses identifying the phased sequence of

' nucleotldes at each polymorphic/mutant site in each copy of the gene. .When haplotyping

“both coples of the gene, the 1dent1fy1ng step is.preferably performed w1th each copy of the
gene being placed in separate containers. However, if the two copies are labelled with
different tags, or are otherwise separately d1st1ngmshable or identifiable, it is pos51ble in some
cases to perform the method in the same container. For example, if the first and second
-copies of the gene are labelled with dlfferent first and second fluorescent dyes respectlvely,
and an allele-specific oligonucleotide labelled with yet a third different fluorescent dye'is used
to assay the polymorphic/mutant .si'tes, then detecting a combination of the first and third dyes
would identify the polymorphism or mutation in the first gene .copy, while detecting a
combination of the second and third dyes yvould identify the polymorphism or mutation in the
second gene copy.
[69] - In both the genotypmg and haplotyping methods, the 1dent1ty of a nucleotide (or
nucleotide palr) ata polymorphic and/or mutant site may be determmed by amphfylng a
target region contammg_ the polymorpl’uc and/or mutant sites dn'ectly from one or both copies
of the gene, or fragtnents thereof and sequencing the amplified regions by conventlonal
methods. It will be readlly appreciated by the skilled artisan.that only one nucleotide will be
detected ata polymorphlc or mutant site in individuals who are homozygous at that site, while
two different nucleotides will be detected if the individual is heterozygous for that site. The .
polymorphlsm or mutationi may be identified directly, known as posmve-type identification, -
or by mference, referred to as negative-type identification. For example where a SNP is
known to be guanine and cytosme in a reference population, a su:e may be positively -
determined to be elther guanine or cytosine for all individuals homozygous at that sxte or both
guanine and cytOsme if the md1v1dual is heterozygous at that site, Altematnvely, the s1te may
_be negatively. determmed to be not guanine (and thus cytosine/cytosine) or not cytosine (and

thus guanine/ gumﬁne).
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[70]  Indirect Genotyping Method using Polymorphic and Mutation Siies in Linkage
Dzsequllzbrzum with a Target Polymorphism or Mutation. .In addltlon the identity of: the
alleles present at any of the riovel polymorphic/mutant S1tes of the i 1nventlon may be 1nd1rectly
determined by genotypmg other polymorphlc/mutant s1tes in lmkage dlsequlhbnum with :
those sites of interest. As described supra, two sﬁes are said to be in linkage dlsequlhbrmm if
the presence of a partlcular variant (polymorphlsm or mutatlon) at one site is 1nd1cat1ve of the

presence of another variant at a second site. See, Stevens JC, Mol Diag. 4:309-317 1 999)
Polymorphlc and mutant sites in hnkage dlsequlhbnum with the polymorph1c or mutant sites
of the invention may be located in regions of the same gene or in other genomic reglons

 Genotyping of a polymorphlc/mutant site in hnkage disequilibrium with the novel
polymorphic/mutant sites described herem may be performed by, but is not hmlted to, any of
the above-menttoned methods for detecting the 1dent1ty of the allele at a polymorphic/mutant

| site.

[71]  Amplifying a Target Gene Region. The target regions may be amphﬁed using any
ohgonucleotxde—dlrected amphﬁcatlon method including but not limited to polymerase cham
reaction (PCR). (U.S. Pat. No. 4 ,963,188), hgase chain reactlon (LCR) (Barany et al., Proc.
Natl. Acad. Sci. USA 88:189-193 (1991); published PCT patent application WO 90/01 069),
and ohgonucleotlde ligation assay (OLA) (Landegren et al., Science 241 1077-1080 (1988))
Ohgonucleotldes useful as primers or probes in such methods should specifically hybridize to
a region of the nucleic acid that contams oris adjacent to the polymorphlc/mutant site.
Typically, the ohgonucleotldes are between 10 and 35 nucleotldes in-length and preferably,
between 15 and 30 nucleotldes in length. Most preferably, the ohgonucleotldes are 20 to 25
nucleot1des long The exact length of the ollgonucleotlde will depend on many factors that
are routmely considered and practlced by the skilled artisan.

[72] Other known nucleic ac1d amplification procedures may be used to amplify the target
region including transcnptlon-based amphﬁcatlon systems (U.S. Pat. No. 5, 130 238; .

EP 329,822; U S. Pat. No. 5,169,766, pubhshed PCT patent application WO- 89/06700) and
isothermal methods (Walker et al., Proc. Natl. Acad Sci. USA 89: 392 396 (1992))

[73] A polymorphlsm or mutation in the target region may be assayed before or after
amphﬁcatxon using one of several hybndlzatlon-based methods known in the art. Typically,
allele-specific oligonucleotides are utilized in performing such methods. The allele-specific |

oligonucleotides may be used as differently labelled probe pairs, with one member of the pair
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-showing a perfect match to exie variant of a target sei]uence and the ether member showing a_
perfect match to a different va_rianf. In some embodiments, more than one
polymorphic/mutent site may be detected at once using a set of allele-specific
oligonueleotiﬂes or oli éo’nucleotide pairs. Preferabiy, the members of the set have mélting
temperatures w1th1n 5°C, and more preferably within 2°C, of each other when hybndlzmg to
each of the polymorp}nc or mutant sites being detected.

[74] . Hybrzdzzmg Allele-Specgf ic OItgonucleotzde toa Target Gene. Hybndlzatlon of an
allele-spec1ﬁc ohgonucleotlde to a target polynucleotlde may be performed with both entities

"m solution, or such hybndlzatlo_n may be performed when either the oligonucleotide or. the
target polynucleotide is covalently or noucovalently affixed to a solid suppert Attachment
may be mediated, for example by antibody-antigen interactions, poly-L-Lys, streptav1d1n or.
av1d1n-b10t1n, salt bndges hydrophoblc 1nteract10ns chemical linkages, UV cross-lmkmg,
‘baking, efc. Allele-specxﬁc ohgonucleotnde may be synthesized directly on the solid support
or attached to the solid support subsequent to synthesis. Solid-supports suitable for use in.
detection methods of the invention include substrates made of sﬂlcon glass, plastic, paper and
tbe like, whnch. may be formed, for example, into wells (as m 96-we11 plates), slides, sheets,
membranes, fibres, chips, dishes, and beads.' The solid support may be treated, coated or
derivatised to facilitate the immobilization of the allele—speciﬁe oligonucleotide or target
nucleic acid. | .

[73] The genotype or haplotype for the gene of an individual may also be determined by
hybridization ofe nucleic saxnple containing one or both copies of the gene to nucleic acid

-arrays .and.subarray.s such as described in WO 95/11995. The arrays would contain.a battery
of allele-specific oligonucleetides representing each of the polymorphic or mutant sites to be
inciuded in the ,genotype_ox; haplotype.

[76] Determz'm:ng Paopulation Genotypes and Haplotypes and Correlating Them Witha
Trait. The present invention prov1des a method for determining the frequency of a genotype

" or haplotype i in a population. The method comprises determining the genotype or the -
haplotype for a gene present in each member of the popuiation, Wherein the genotype or

- haplotype comprises the nucleotide pair or nucleotide detected atone or mote of the

polymorphxc sites in the gene and mutations identified in the region, and calculating the

frequency at which the genotype or haplotype is found in the population. The population may -

be a reference population, a family populatlon, a same sex population, a population group, or
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a trait populatian (eg.,a grbup‘ of individuals exhibiting a trait of interest such as a medical

condition or response toa thcrap’eutié treatment).

[77] 'In another aspect of the invention, “frequency data for genotypes and/or haplotypes

~ foundina reference populatlon are used i ina method for 1dent1fy1ng an association between a |

trait and a genotype or a haplotype. The trait may be any detectable phenotype, including but
not limited to canc'er suscéptibility toa diseasé or rasponse toa tréatment The method
involves obtaining data on the frequency of the genotypes or haplotypes of interest in a ‘
reference population and comparing the data to the frequency of the genotypes or haplotypes
in a population exh1b1t1ng the tralt Frequency data for one or both of the reference and trait’

- populations may be obtamed by genotypmg or haplotypmg each individual i in the populatlons
using one of the methods described above. The haplotypes for the tralt populatxon may be ‘

_determined dlrectly or, alternanvely, by the predlctlve.genotype to haplotype approach
described above.

[78] In preferred embodiments, the trait is susceptibility to a disease, severity of a disease,
the staging of a disease of i-esponse toa drug. Such methods have applicability .in developing
diagndstic tésts.and therapeutic treatr.ne.nts‘far all pharmacogenetic applications where there is
the potential fog an association between a geaotype and a tfeatm,ent outcome, including . '
efficacy measuremeats PD méasm"ements PK measuremehts and side effe'ct measureménts

) [79] In another embodlment the frequency data for the reference and/or trait populatlons
are obtained by accessmg previously determmed frequency data, Wthh may be in wntten or.
electronic form. For example, the ﬁequency data may be present in a database that is .
ag:casmble by a computer. Once the frequency data are obtamed, the frequenales of the
genotypes or haplotypes of interest in the reference and trait populations are compared. Ina
preférred embodiment, the frequencies of all genotypes and/or haplotypes Aobservecll in the
populations are compared. Ifa particalar genotype or haplotype for the gene is more frequent
in the trait population than ia the'reference population at a statistically significant amount,
then the trait is predicted to be associated with tﬁat geﬂofypé or haplotype.

[80] Ina preferréd embodiment, the haplotype frequency data for different ethnogeographic
groups are examined to determine whether ’ghéy are consistent with Hardy-Weinberg '
equilibrium. ‘Hartl DL et al., Principles.of Population Genomics, 3rd Ed. (Sinauer Associates;.

-Sunderland, MA, 1997). Hardy—Weinberg-'e.:quilibrium postulates that the frequency of ‘

" finding the haplotype pair Hy/H, is equal to Py (Hi/Ha) = 2p(H;) p (Fb) if Hy # Hy and Py
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(H\/H) = p (Hy) p (Eb) if: Hy = H. A statistically significant difference between the observed
| and expected haplotype frequencles could be due to one or more factors mcludmg mgmﬁcant
.1nbreed1ng in the populatlon group, strong selective pressure on the gene samphng bias,
and/or errors in the genotypmg process. If large deviations from Hardy-Wemberg equilibrium
are observed inan ethnogeographlc group, the number of 1nd1v1duals in that group can be
mcreased to see if the deviation is due to a sampling bias. It a larger sample size does not
» reduce the dlfference between observed and expected haplotype pair frequenmes then one
may \msh to con31der haplotyping the individual usmg a d1rect haplotypmg method such as,
for example, CLASPER SystemTM technology (U.S. Pat. No. 5,866 404), SMD, or allele-
specific long-range PCR (Michalotos-Beloin et al., Nucl. Acids Res. 24: 4841-4843 (1996)).
[81] In one embodiment of this method for predlctlng a haplotype pair, the assngmng step -
1nvolves performmg the followmg ana1y31s First, each of the possible haplotype pa1rs is
.compared to the haplotype patrs in the reference population. Generally, only one of the
haplotype pairs in the reference population matches a possible haplotype pair and that pair is
assigned to the ipdividual.. Occaeionally, only one haplotype represented in the reference -
haplotype pa1rs is consistent with a possible haplotype pair for an individual, and in such
cases the individual is assigned a haploty'oe pair containing this known haplotype and a new
haplotype derived by subtracting the known haplotype from the possible haplotype pair. In
rare-cases, elther no haplotypes in the reference populatlon are cons1stent with the possible - . .
haplotype pan's, or alternatlvely, multlple reference haplotype pairs are consistent with the
possible haplotype pairs. In such cases, the md1v1dua1 is preferably haplotyped using a direct
molecular baplotyping method such as, for example, those discussed supra. | '
[82] In a preferred embodiment; statistical analysis is performed by the use of standard” |
A'NO‘VA teets with a Bonferoni correction and/or a bootstrapping method that simulates the
genotype phenotype correlation many times and calculates a significance value. When many
poiyrrxorphisms and/or mutations are being analyzed, a calculation may be performed to
_correct for a significant associatiorr that might be found by chance. For statistical methods
useful in the methods of the present invention, see Bailey NTJ, Statzstzcal Methods in Biology,
Edztzon (Cambndge Univ. Press, Cambridge, 1997); Waterman MS, Introductton to .
Compu{atlonal Blology (CRC Press, 2000) and Bioinformatics, Baxevanis AD & Ouellette
BFF, eds. (John Wiley & Sons, Inc., 2001).
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[83] Ina preferred embodiment of the method, the trait of mterest isa chmcal response
exhibited by a patient.to some therapeutlc treatment, for example, response to a drug targetrng
ortoa therapeut1c treatment for a medical condition. '

[84] - In another embodiment 'of the invention, a detectable genotype or haplotype that is in
hnkage disequilibrium with a genotype or haplotype of interest may beusedasa surrogate
marker. A genotype that is in linkage dlsequrhbnum W1th another genotype is mdrcated
wheré a particular géenotype or haplotype for a given gene is more frequent in the populatlon
that also demonstrates the potential surrogate marker genotype than in the reference .
population. If the frequency is statlstlcally s1gmﬁcant then the marker genotype is predrctrve -
of that genotype or haplotype,. and can be used as a surrogate marker.

[85]" Correlatmg Subject Genotype or Haplatype to Treatment Response 'In order to
deduce a correlatlon between a clinical response to a treatment and a genotype or haplotype;
genotype or haplotype data is obtained on the clinical responses exhibited by a population of

Jindividuals who received the treatment, hereinafter the “clinical population”. This clinical
data may be obtained by analyzing the results of a clinical trial that has already heen .

: previohsly conducted and/or by designing and carrying out one or more new clinical trials.
[86] Itis preferred that the individuals included in the chmcal population be graded for the
existence of the medical condition of interest. This grading of potential patlents could employ ’
a standard physmal exam or one or more lab tests. Alternatively, grading of patients could
use genotyping or haplotyping for srtuatlons where there is a strong correlation between |
haplotype pair and disease susceptrbxhty or severity.

[87] The therapeutic treatment of interest is administered to each 1nd1v1dua1 in the trial
populatlon and each individual’s response to the treatment is measured using one-or more _
predetermmed criteria. Itis contemplated that in many cases, the trial populatron will exhibit
arange of f fesponses, and that the investigator may .choose more than one responder groups
(e.g., low, medium, high). made up by the various responses. In addition, the gene for.each
mdlvrdual in the trial population is genotyped and/ or haplotyped which may be done before
or after adm1mster1ng the treatment.

[88] . These results are then analyzed to determine if any observed variation in clinical
response between polymorphianlmutation groups is statistically significant. Statistieal
analysis methods, which may be used, are described in Fisher LD & vanBelle G, Biostatistics:
A Methodology for the Heaith Sciences (Wiley-Interscience, New York, 1993). This an‘alysis.
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_may also include a regress_ion' oalcuiation of which. polymorphie/mutation_sites' in the gene
contribute most signiﬁcalntly to the differences in phenotype.
[89] A second method for ﬁndmg correlations between genotype and haplotype content and
chmcal responses uses predlctlve models based on error-m1mm1zmg optrmlzatlon algorithms,
one of which i is a genetlc algorithm. Judson R, Genetic Algorlthms and Thezr Uses in
Chemzstrjy, in Revzews in. Computatzonal Chemistry, Vol. 10, Lipkowitz KB & Boyd DB, eds.
Vv CH Pubhshers New York, 1997) pp. 1- 73. Slmulated annealing (Press et al., Numerical
Reczpes in C The Art of Scientific Computmg, Ch. 10 (Cambndge University Press,
"Cambndge, 1992)), neural networks (Rich E & Knight K, Artificial Intelligence, 2nd Edition,
Ch. 10 (McGraW—HiIl, New York, 19915, standard gradient descent methods (Press et al.,
Numerical Recipes in C: The Art of Scientific Computing, Ch. 10 (Cambridge University:
Press, Cambridge, 1992), or other global or local optim:ization,‘epproaehes (see discussion in
J uds,on, supra) can also be- used.
[90] Correlatlons may also be analyzed using analysis of variation (ANOVA) techniques to
determine how much of the variation in the clinical data is. explamed by different subsets of
the polymorphrc and mutant sites in the gene. ANOVA is used to test hypotheses about
whether a response variable is caused by or correlates with one or more traits or variables that
can be measured (Fisher & vanBelle, supra, Ch. 10).- A
[91] After the clinieal mutation and polyrnorphism data have been obtained, c'orrelations .
between mdrvrdual response and genotype or haplotype content are created Correlations may
be produced in several ways. In one method, individuals are grouped by their genotype or
haplotype (or haplotype pair) (also referred to as a polymorphism/mutation group), and then '
the averages and standard deviations of clinical responses exhibited by the members of each
polymorphisrn/mutation group are calculated. »
[92] From the analyses describéd above, the skilled artisan that predicts clinical response as
a function of genotype or haplotype content may readlly construct 2 mathematical model. The
identification of an association between a clinical response and a genotype or haplotype (or
haplotype pair) for the’ gene may be the basis for designing a dlagnostrc method to determine
those individuals who will or will not respond to the treetrnent, or alternatively, will respond
at a lower level and thus may require more treatment, i.e., a greater dose of a drug or suffer an
.adverse reacuon The dragnostrc method may take one of several forms for example, a direct

DNA test (i.e., genotyping or haplotypmg one or more of the polymorphlc/mutant sites in the
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gene), a serological test, or a physical exam measurement. The only requirement is that there -

be a good correlation between the diagnostic test resulis and the untlerlying genotype or

haplotype. In a preferred embodiment, this diagnostic method uses the predictive

genotyping/haplotyping method described above.

[93] Patient Selection for Therapy Based Upon Polymorphisms and/or Mutations. The

application of genotypes and/ or haplotypes that correlate with efﬁcacious drug responses will

be used to select patlents for therapy of existing dlseases Genotypes and haplotypes that

correlate with adverse consequences will be used to either modlfy how the drug is

administered (e.g., dose,: schedule or in cormbination with other drugs) or eliminated as an

~ option.
[94] Patient Selection for-ProphyIac_tic Therapy Based Upon Pob)morphisms Zznd/ar

Murations. The application of genotypes and/or haplotypes that correlate with a

. predisposition for disease will be used to select patients for preventative therapy.

[95] Computér System for Storing or Displaying Polymorphism and Mutation Data.
The invention also provi(ies a.computer system for storing and tiisplaying polyniorphism and
mutation data determined for the gene. T}ie'compilter system comprises a corn]suter.
processing umt adisplay, and a database containing the polymorphism/mutation data. The
polymorphlsm/mutatlon data mcludes the polymorphisms, mutations, the genotypes and the
haplotypes identified for a given gene in a reference population. Ina preferred embodiment,
the computer system is capable of producing a display showing haplotypes organized
according to their evolutionary relationships. A computer may implement any or all
analytical and ma'thernatical operations involved in practicing the methiods of the present -
invention.' In atldition, the computer may execute a program that generates views~(or screens)
dispiayed on a display device and with which the user can interact to view and anaiyze large
amounts of information relatmg to the gene and its. genomic variation, including chromosome

. location, gene structure, and gene family, gene expressron data, polymorphism data, mutation

data, genetic sequence data, and clinical populatlon data (e. g data on ethnogeographnc origin, :

clinical responses, genotypes, and haplotypes for one or more populatxons) The

polymorphism and mutation data desciibed herein may be stored as part of a relatxonal

database (e.g., an instance of an Oracle database or a set of ASCII flat files). These

. polymorphlsm and mutation data may be stored on the computer’s hard drive or may; for -

" example, be stored on a, CD-ROM: or on one or more other storage devices accessible by the
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computer. For example, the data may be stored on one or more databases in communication
with the' computer via a network.
[96] Nucleic Acid-based Diagnostics. Tn another aspect, the invention provides SNP and
mutatnon probes, whlch are'useful in classrfymg subjects according to their types of genetic
variation. The SNP and mutation probes according to the mventlon are ohgonucleotldes
which dlscmmnate between SNPs or mutations and the wﬂd—type sequence in conventional '
allelic discrimination assays. In certain preferred embodiments, the oligonucleotides _
accordlng to thls aspect of the invention are complementary to one allele of the SNP/mutant
“nucleic acid, but not to any other allele of the SNP/Mutant nucleic acxd Oligonucleotides
according to this embodiment of the’ myentlon can discriminate betwee_n SNPs and mutations .
in various ways. For example under stringent hybridization conditions, an oligonucleotide' of:
appropnate length will hybndxze to one SNP or mutation, but not to any other. The :
-oligonucleotide may be labelled usmg a radlolabel or a fluorescent molecular tag.
Alternatively, an ohgonucleotlde of appropriate. length can be used as a primer for PCR,
wherein the 3’ temtin'al nucleotide is complementary to one allele containing a SNP or
mutation', but not to any other allele. .In this embodiment, the presence' or absence of
amplification by PCR determines the haploty.pe of the SNP or the specific mutation.
[97] Genomic and cDNA fragments of the invention eomprise at least one novel
polymorphlc sxte or mutation identified hereln, have a length of at least 10 nucleotides, and
may range up to the full length of the gene. Preferably, a fragment accordmg to the present
invention is between 100 and 3000 nucleotides in length, and more preferably between 200
and 2000 nucleotides in length, and most preferably between 500 and 1000 nucleotldes in .
length.
[98] . Kits of the Invention. The invention provides nucleic acid and polypeptide detection
kits useful for haplotyping and/or genotyping the genes in an individual. Such kits are useful
for clasmfymg individuals for the purpose of classifying individuals. Spec1ﬁcally, the -
_invention encompasses kits for detecting the presence of a polypeptide or nucleic acid
correspondmg toa marker of the invention in a biological sample e. g ., any tissue or bodlly
: ﬂmd including, but not limited to, serum, plasma, lymph cystic fluid, urine; stool,
cerebrospmal fluid, ascites fluid or blood, and including biopsy samples of body tissue.
For example, the kit can comprise a labelled compound or agent capable of detecting a

polypeptide or an mRNA encoding a polypeptide corresponding to a marker of the invention
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in a biological sample and means for determining the amount of the polypeptide or mRNA in

the sample e.g., an antibody which binds the polypeptide or an ohgonucleotlde probe whlch

binds to DNA or mRNA encoding the polypeptide. Kits can also include instructions for

interpreting the results obtained using the kit.

[99] " In another embodiment the invention provides a kit compri sing at least two

genotyping oligonucleotides packaged in separate contamers The kit may also contam other
components such as. hybndxzatlon buffer (where the oli gonucleotldes are to be used as a

probe) packaged ina separate container. Altematwely, where the ohgonucleotldes are to be

used to amplify a target reglon the kit may contain, packaged in separate containers, a

_ polymerase and a reaction buffer optimized for pnmer extension mediated by the polymerase,
such as in the case of PCR. .
[100] Ina preferred embodlment such kit may further compnse a DNA sample collectmg
means. In particular, the genotyping pnmer compos1t10n may compnse at least two sets of -

allele specific'primer palrs, Preferably, the two' genotypmg ohgonucleotrdes are packaged rn
separate containers. | |
[lOl] ' For antibody-based kits, the kit can comprise, e.g., (1) a‘first antibody, e.g., attached to
a solid support, which binds to a polypeptide correspondihg to a marker or the invention; and,
optibnally; 2 a sec’ond, different antibody which binds to either the polypeptide or the first
antibody and is conjugated to a detectable label. | '
[102] For oligonucleotide-based kits, the kit can comprise, e.g., (l) an oligonucleotide, e.g.,
a detectably-labelled ohgonucleotlde Wthh hybridizes to a nucleic acid sequence encodmg a
polypeptlde correspondmg to a marker of the invention; or (2) a pair of primers useful for
amphfymg a IIUClClC acid molecule correspondmg to a marker of the invention. -
[103] The kit can also compnse e.g.a buffering agent, a preservatlve ora protein-
stabilizing agent. The kit can further comprise components necessary for detecting the
detectable-label, e.g., an enzyme or a substrate. The kit can also contain a control sample ora
series of control samples, which can be assayed and compared to the test sample Each
component of the kit can be enclosed within an individual container and all of the various
containers can be within a single package, along with instructions for interpreting: the results |
of the assays performed using the kit. -

{104] Making Polymorphisms and Mutatfons of the Invention. Effects of the polymorphisms

and mutations identified herein on gene expression may be investigated by preparing



WO 2007/109183 PCT/US2007/006723

27~

recombinant cells and/or organisms, preferably 'recoir_lbinant animals, containinig a
polymorphic variant and/or mutation of the gene.
[105] In one aspect, the present invention includes one or more polynucleotldes encoding
mutant or polymorph1c polypeptldes, lncludlng degenerate variants thereof. The invention
also encompasses allelic variants of the same, that is, naturally occumng alternatwe forms of
thie 1solated polynucleotldes that encode mutant polypeptides that are identical, homologous
or related to those éncoded by the polynucleotldes Altematwely, non-naturally occurring
vanants may be produced by mutagenesis techmques or by direct synthe81s techniques well
_known in the art. Accordmgly, nucleic amd sequences capable of hybndlzmg at low
stringency with any nucleic acid sequences encoding mutant polypeptlde of the present
invention are considered to be within the scope of the invention. For example, for a nucleic -
acid sequence of about 20»40 bases, a t'ypical prehybridization, hybridization, and wash
-protocol is as follows: (1) i)rehybridization' incubate nitrocellulose filters containirlg the
denatured target DNA for 3-4 hours at 55°C in 5xDenhardt's solution, 6xSSC (20xSSC
consists of 175 g NaCl 88.2¢g sodium citrate in 800 ml HzO adjusted to pH. 7.0 with 10N
NaOH), 0.1% SDS, and 100 mg/ml denatured salmon sperm DNA, (2) hybridization: incubate -
filters in prehybridization solution plus probe at 42°C for 14-48 hours, .(3) wash; three 15
- minutes. washes in 6xSSC and 0.1% SDS at room tempe.rature,l followed by a final 1-1.5
r'ninutes wash in 6xSSC and 0,1% SDS at 55°C. Other equivalent proceddres e.g., employing
orgamc solvents such as formamide, are well known in the art. Standard stnngency
condltmns are well charactenzed in standard molecular biology clomng texts. See, for
example, Sambrook, Fritsch & Maniatis, Molecular Cloning A Laboratory Manual, 2nd Ed.,
(Cold Spring Harbor Laboratory Press, Cold Spring Harbor, New York, 1989); Glover DN,.
DNA Clom’ﬁg, Volumes I and II , (1985); Oligonucleotide Synthesl's, Gait MJ, ed..(1984);
Nucleic Acid Hybridization, Hames BD & Higgins SJ, eds. (1984). '
I1 06] Recombinant Expression Vectors Another aspect of the invention includes vectors
containing one or more nucleic ac1d sequences encoding a mutant or polymorplnc
polypebtide. In practicillg the present invention, many conventional techniques in molecular.
- biology, microbiology and recombinant DNA are used. These techniciues are well known and
are explained in, e. g.., Cyri‘ent Protocols in Molecular Biology, Vols. I-1II, Ausubel, ed.
.(1997); Sambrook et al., Moleeular C’lom‘ng: A Laboratory Manual, 2" Edition. (Cold Spring
Harbor Laboratory Press, Cold Spring Harbor, New York, 1989); Glover DN, DNA Cloning:
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A Practical Approach Vols. I and I (1985); Olzgonucleotzde Syntheszs, Galt, Ed. (1984);
Nucleic Acid Hybrzdzzatlon Hames & Higgins, eds. (1 985); T ranscrzptzon and T ranslatzon,.
Hames & Higgins, Eds. (1984); Animal Cell Culture, Freshney, ed. (1986), Immobzlzzed Cells
and Enzymes (IRL Press, 1986), Perbal, 4 Practical Guzde to Molecular Clomng, the series
Methods in Enzymol., (Academlc Press, Inc., 1984); Gene Transfer Vectors for Mammalian
Cells, Miller & Calos eds. (Cold Spnng Harbor Press, Cold Spring Harbor Laboratory, New
York, 1987); and Methods in Enzymology, Vols 1 54 and 1 53, Wu & Grossman, and W, .
Eds., respectlvely
[107] For recombmant expressmn of one or more the polypeptrdes of the invention, the
nucleic-acid containing all or a portlon of the nucleotide sequence encodlng the polypeptlde is
inserted into an approprlate cloning vector or an expression vector (z e., a vector that contains
the necessary elements for the transcription and translatlon of the inserted polypeptide coding
sequence) by recombinant DNA techniques well known in the art and-as detailed below
[108] In general, express1on vectors useful in recombinant DNA techniques are often in the
form of plasmlds In the present spec1ﬁcat10n "plasmid" and "vector” can be used
mterchangeably as the plasmid is the most commonly used form of vector. However, the )
invention is 1ntended to include such other forms of expression vectors that are not techmcally
plasmids, such as v1ral vectors (e. g replication defective retroviruses, adenovu'uses and
adeno- assoclated v1ruses), whrch serve equivalent functions. Such viral vectors permit
infection of a subject and expression m that subject of a compound Becker etal, Meth Cell
Biol. 43: 161 89 (1994)
' [109] The recombinant expressmn vectors of the invention comprise 2 nuclerc acid encoding
a mutant or polymorphic polypeptide in a form suitable for expression of the nucleic ac1d ina
host cell, which means that the recombmant expression vectors mclude one or more
regulatory sequences selected on the basis of the host cells to be used for expression that is
operatively linked to the nuclelc acid sequence to be expressed Within a recombmant
expressmn vector, "operably linked" is 1ntended to mean that the nucleotlde sequence of -
interest is linked to the regulatory sequences in'a manner that allows for expression of the
nucleotide sequence (e g., in an in vitro transcnptlon/translatlon system or in a host cell when .
the vector is introduced into the host cell).
[110] ~ The term "regulatory sequence" is lntended to include promoters, enhancers and other

' expression control elem_ents (e.g., polyadenylation signals). Such regulatory sequences are
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described, for 'example, in 'Go'eddel, Ger;e Expression Technolo‘g.y: Methods in 'Enzymology ,
(Academic Press, San Diego, Calif 1990). Regulatory sequences include those that direct
constitutive expressmn ofa nucleotxde sequence in many types of host cell and those that
direct- expressmn of the nucleotide sequence only in certain host cells (e.g., tissue specific .
regulatory sequences) Tt will be appreciated by those skilled in the art that the design of the
expression vector can depend on such factors as the choice of the host cell to be transformed
the level of expressmn of polypeptlde desn'ed efc. The expression vectors of the invention
can be 1ntroduced into host cells to thereby produce polypeptldes or peptides, including fusion

" polypeptldes encoded by nuclelc acids as described herein (e.g., mutant polypeptldes and
mutant-derived fusxon polypeptldes etc )-

[111] Mutant and Polymorphtc Polypeptzde-Expressmg Host Cells. -Another aspect of the .

mventxon pertains to mutant and polymorphlc polypeptxde-expressmg host cells, whlch
-contain.a nucleic acid encodlng one or more mutant/polymorphic polypeptldes of the

invention.  To prepare a recombinant céll of the invention, the desired i isogene may be
introduiced into a host cell in a vector such that the isogene remains extrachromosomal.

In such a situation, the gene will be expressed by the cell from tne extrachromosomal

location. In a preferred embodiment, the isogene is introduced into a cell in such a way that it

recombines with the endogenous gene present in the cell Such recombination requires the
occurrence of a double recombination event thereby resultmg in the desired gene
polymorphlsm or mutation. Vectors for the introduction of genes both for recombination and
for extrachromosomal maintenance are known i in the art, and any suitable vector or vector
constmct may Be used in the invention.. Methods such as electroporation, particle
bombardment, calcium phosnhate co-precipitation and viral transduction for introducing DNA
into cells are known in the art; therefore, the choice of method masr lie with the competence
and preference of the skilled practitioner.

[1 '12]' The recombinant expression vectors of the invention can be designed for expression of
 mutant polypeptides in prokaryotic or eukaryotic cells. For example, mutant/polymorphic
polypef)tides.can be expressed in bacterial cells such as Escherichia coli (E. coli), insect cells
- (using baculovirus expt:'ession vectors), fungal cells, e.g., yeast, yeast ceils or mammalian

cells. Sultable host cells are dxscussed ﬁ,lrther in Goeddel, Gene Expresszon Technology:
.Methods in Enzymology (Academlc Press San Diego, Calif.,, 1990). Alternatively, the

recombinant expression vector can be transcribed and translated in vitro, for example using
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T7 promoter regulatory seqhences and T7 polymerase. The SMP2 promoter is useful in the
expression of polypeptldes in smooth muscle cells, Qian et al., Endocrinology 140(4): 1826
(1999).

[113] Expressmn of polypeptldes 1n prokaryotes is most often carried out in E. coli ‘with;
vectors containing constltutlve or inducible promoters directing the expression of either fusion
or non fusion polypeptides. Fusion vectors add a number of amino ac1ds toa polypeptlde
encoded therein, usually to the amino termmus of the recomblnant polypeptide. Such ﬁ151on
vectors typlcally serve three | purposes: (1) to increase expression of recombmant polypeptlde
(ii) to increase the solublhty of the recomblnant polypeptide;-and (iii) to aid in the punﬁcatlon :
of the recombinant polypeptlde by acting as a hgand in affinity punﬁcatlon Oﬂen in fusmn
expression vectors, a proteolytic cleavage site is 1ntroduced at the Junctlon of the ﬁlsmn

_ mmety and the recombinant polypeptide to enable separatlon of the recombinant polypeptxde
from the fusion moiety subsequent to purification of the fusmn polypeptlde Such enzymes,

. and their cognate recognition sequences, include Factor Xa, thrombm and enterokmase
Typlcal fusion expression vectors include pPGEX (Pharmacia Blotech Inc; Sm1th and Johnson,
Gene 67: 31 40 (1988)), pMAL (New England Biolabs, Beverly, Mass.) and pRITS
(Pharmacia, Plscataway, N.J.) that fuse glutathione S transferase (GST), maltose E bmdmg
polypeptide, or polypeptide A, respectlvely, to the target recombinant polypeptlde
[114] Examples of smtable 1nducnble non fusion E. coli expression vectors include pTrc
(Amrann et al., Gene 69:301 315 ( 1988)) and pET 11d (Studier et al Gene Expression .
Technology: Methods In Enzymology (Academic Press, San- Dxego Cahf 1990) Pp- 60 -89).
[1 15] One strategy to maximize recombinant polypep‘ude expressionin E. coli is to’ express
the polypeptide in host bacteria with an 1mpa1red capacity to proteolytically cleave the
recombinaht polypeptide See, e.g., Gottesman Gene Expression Technology: Methods In
Enzymology (Academic Press Sari Diego, Calif., 1990) 119 128. Another- strategy is to alter
the nucleic acid sequence. of the nucleic acxd to be inserted into an express1on vector so that
the 1nd1v1dual codons for each amino acid are those preferentlally utilized in the expresswn
host, e.g., E. coli (see e .g.,» Wada et al., Nucl. Aczds' Res. 20:2111-21 18 (1992)) Such
alteration of nucleic acid sequences of the invention can be carried out by standard DNA
synthesis techniques. In another embodlment the mutant/polymorphic polypeptide

expression vector is a yeast expression vector.



WO 2007/109183 PCT/US2007/006723

-31-

_[116] Examples of vectors for expression in yeast Saccharomees cerivisiae include
pYepSecl (Baldari et al., EMBO J. 6:229 234 (1987)), pMFa (Kurjan & Herskowitz, Cell 30:
933943 (1982)), pJRY88 (Schultz et al., Gene 54: 113 123 (1987)), pYES2 (InV1trogen

' Corporatlon ‘San Dlego ‘Calif,, USA), and pch (InV1trogen Corp, San Diego, Calif,, USA). .

Altematlvely, mutant polypeptlde can be expressed in insect cells using baculov1rus

' expression vectors. Baculovirus vectors available for .expression of polypeptides in cultured

insect cells (e g.,'SF9 cells) 1nclude the pAc series (Smith et al., Mol. Cell. Biol. 3: 2156 2165

~ (1983)) and the pVL series (Lucklow & Summers Vzrology 170: 31 39 (1989)).

"[117] 'In yet another embodrment a nucleic acid of the invention is expressed in mammallan
cells using a mammahan expression veetor Examples of mammalian expressmn vectors
include pCDM8 (Seed, Nature 329: 842 846 (1 987)) and pMT2PC (Kaufman et al., EMBO J:
6: 187 195 (1987)) When used in mammahan cells, the expression vector's control functions
-are often provided by vn'al regulatory elements For example, commonly used promoters are .
derived from polyoima, adenovirus 2, cytomegalovirus, and simian virus 40. For other . .
suitablé expression systems for both prokaryotic and eukaryotic cells see, e.g., Chapters 16
and 17 of Samhrook, et al., Molecular Cloning: A Laboratozjy 'Manual, 2nd Ed.(Cold Spring
Harbor Laboratory Press, Cold Spring Harbor, New York, 1989).

[118] In @nother embodiment, the recombinant mammalian expression vector is capable of
dlrectmg expressmn of the nucleic acid preferentlally ina partlcular cell type (e 2., tissue
spe<:1ﬁc regulatory elements are used to express the nucleic acid). Tlssue specific regulatory
elements are known in the art. Nonlimiting examples of suitable tissue specific promoters
mclude the albumm promoter (hver specific; Pinkert, et al., Genes Dev.-1: 268 277 (1987)),
lymphord specific promoters (Calame & Eaton, Adv. Immunol. 43:235 275 (1988)), in
partlcular promoters of T cell receptors (Winoto & Baltlmore, EMBO J. 8:729 733 (1989)) .
and nnmunoglobulms (Banetyji er al., Cell 33: 729 740 (1983); Queen & Baltimore, Cell 33;
741 748 (1983)), neuron specific promoters (e.g., the neurofilament promoter; Byrne &

Ruddle, Proc. Natl: Acad. Sci. USA 86: 5473 5477 (1989)), pancreas specific promoters

(Edluntl et al., Science 230: 912 916 (1985)),-and mammary glend specific promoters (e.g.,

: milk whey promoter; U S. Pat. No. 4,873,316 and European Application Publication No.

264 ,166). Developmentally regulated promoters are also encompassed e.g., the murine hox

promoters (Kessel & Gruss Science 249: 374 379 (1990)) and the a-fetoprotein promoter

(Campes & Tilghman, Genes Dev. 3: 537 546 (1989)).
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[119] The invention further provides a recombinant expression vector comprising a DNA
molecule of the invention cloned into the" expressmn vector in an antlsense onentatlon That
is, the DNA molecule is operatlvely linked to a regulatory sequence ina manner that allows
for expression (by transcnptlon of the DNA molecule) of an RNA molecule that is antisense
to a mutant polypeptide mRNA.. Regulatory sequences operatlvely linked to a nuclelc acid
cloned in the antisense onentatlon can be chosen that direct the continuous express1on of the
‘antisense RNA molecule in a variety of cell types, for instance v1ral promoters and/or

enhancers or regulatory sequences can be chosen that direct constitutive, tlssue specnﬁc or

cell type specific expressmn of antisense RNA The antisense expression vector can be in the : -

form of a recombmant plasmld phagemld or attenuated virus in which ant1sense nucleic ac1ds
are produced under the control of a hxgh efﬁc1ency regulatory reglon , the activity of which - .
can be deterrined by the cell type into which the vector is 1ntroduced For a discussion of the
regulatlon of gene expressnon using antisense genes see, eg., ‘Weintraub ef al., "Antlsense
“RNA as a molecular tool_for genetic analy31s," Reviews Trends in Genetics, Vol. I 1 ) (1986).'
.[120] Another aspect of the invention pertains to host cells into which a recornbinan_t ,
expression vector of the invention has been 1ntroduced The terms "host cell” and
recombmant host cell" are used mterchangeably herein. It is understood that such terms refer
not only to the particular subject cell but also to the progeny or potential progeny of such a
cell. Because certain modiﬁcations may occur in succeeding generations due to either
mutation or environmental influences, such progeny may not, in fact be identical to the parent
cell, but are still 1ncluded within the scope of the term as used herein.
[121] A host cell can be any prokaryotic or eukaryotlc cell. For example, mutant
polypeptlde can be expressed in bactenal cells such as &, coli, insect cells, yeast or
mammalian cells (such as Chinese hamster ovary cells (CHO) or COS cells). Other suitable
host cells are known to those skilled in the art.
[122] Vector DNA can be 1ntroduced into prokaryotlc or eukaryotic cells via conventional
transformatlon or transfection techmques As used herem the terms "transformat1on and
"transfection" are 1ntended to refer to a variety of art recognized techmques for mtroducmg
foreign nucleic acid (e.g., DNA) into a host cell including calcium phosphate or calcmm
chloride co precipitation, DEAE dextran medlated transfectlon lipofection, or electroporatxon., X

Suitable methods for transformlng or transfectlng host cells can be found'in Sambrook, et al.,
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~Molecular Cloning: A Laboratory Manual, 2nd ed. (Cold Spririg Harbor Laboratory Press,
Cold Spring Harbor, New York, 1989), and other laboratory manuals -
[123} For stable transfectlon of mammalian cells, it is known that, dependmg upon the
expressmn véctor and transfection technique used only a small fraction of cells may integrate
the forelgn DNA into their genome. In order to identify and select these lntegrants a gene -
* that encodes a selectable marker (eg, re51stance to antibiotics) is generally introduced into
the host cells along with the gene of interest. Vanous selectable markers mclude those that
: confer re51stance to drugs such as G418, hygromycm and methotrexate Nuclelc acid
"encoding a selectable marker can be introduced into a host cell on the same vector as that
encoding mutant polypeptide or can be mtroduced on a separate vector. Cells stably
transfected with the introduced nucleic acid can be identified by drug selection (e.g., cells that
have incorporated the selecfable .markei"gerie will survi:ve,~while the other cells-die). -
.[124] A host cell that inciudes a compound of the .invention,'such asa pi'okaryotio or-
eukaryotic host cell in culture, can be used to produce (i.e., express) recombinant
mutant/polymorphio polypeptide. In one embodiment, the met_hod comprises culturing the
host cell of inv:entior'n (into which a recombinant expression 'vec.tor encoding
mutant/polymorphic polypeptide has beeo introduced) in a suitable medium such that mutant
. polypeptidé is produced. In another embodiment, the method further comprises the step of
isolating mutant/polymorphm polypept1de from the medlum or the host cell Purification of -
recomblnant polypeptldes is well known in the art and includes i ion exchange punﬁcauon
techniques, or affinity punﬁcatlon techniques, for example with an antibody to the compound.
Mo'tho'ds of creatiné antibodies to the compounds of the present invention are diSCuosed .
below. ' '
[125] Transgemc Animals. Recombinant organisms, i.e., transgenic animals, expressinga -
vanant gene of the invention are prepared using standard procedures known in the art.
Transgemc animals carrying the constructs of the invention can be made by several methods
known to those having skill in the art See, e.g., U.S. Pat. No. 5,610,053 and “The
Introduction of Foreign Genes into Mice” and the cited references ﬂ:lerein, in: Recombinant
DNA, Watson JD,-Giln;an M, Witkowski J & Zoller M, eds. (W .H. Freeman and Company,
New York) pp. 254-272. Transgenic animals stably expressing a human isogene and '

producing human protein can be used as biological models for studying diseases related to
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abnormal expression and/or activity, and for screening and assaymg vanous candidate drugs
compounds and treatment reginiens to reduce the symptoms or effects of these, dlseases
[126] Characterizing Gene’ ‘Expression Level. Methods to detect and measure mRNA levels
(i.e, gene transcnptron level) a.nd levels of polypeptide gene expressmn products (i.e., gene
translation level) are well—known in the art and mclude the use of nucleotide mlcroarrays and
polypeptide detection methods involving mass spectrometers reverse-transcnptlon and
amphﬁcatlon and/or antrbody detection and quantlﬁcatlon techmques See also, Strachan T &
Read A, Human Molecular Genetics, 2" Edition. (John Wiley and Sons, Inc. Publication,
New York, 1999)).
[127] Determmatzon of Target Gene Transcrzptzon The determination of the level of the
expression product of the gene in a blologlcal sample, e.g., the tlssue or body ﬂulds of an
individual, may be performed in a variety of ways. The term “biological sample” is intended
to include tissues, cells, blologlcal fluids and isolates thereof, isolated from a sub_]ect as well -
as tissues, cells and ﬂmds present w1th1n a subj ect Many expressxon detection methods use '
isolated RNA. For in vitro methods, any RNA isolation techmque that does not ‘select against
the 1solatlon of mRNA can be utilized for the purification of RNA from cells: See, e.g.,
Ausubel et al., Ed, Curr. Prot. Mol. Biol, (John Wiley & Sons New York, 1987-1999) .
[128] In one embodiment, the level of the mRNA expression product of the target gene is
determined. Methods to measure the level of d specrﬁc mRNA are well-known i in the art and
include Northern blot analysis, reverse transcnptlon PCR and real t1me quantitative PCR or .
by hybndlzatlon toa ohgonucleotlde -array or microarray. In other more preferred
embodiments, the determmatlon of the level of expression may be performed by -
determination of the level of the protein or polypeptlde expression product of the gene in body
fluids or tissue samples mcludmg but not limited to blood or serum. Large numbers of tissue
samples can readily be processed using techniques.well-known to those of'skill in the art,
such as, e.g., the single-step RNA isolation process of U.S. Pat. No. 4,843, 155
[129] The 1solated mRNA can be used in hybndlzatron or amphﬁcatlon assays that mclude
but are not limited to, Southern or Northem analyses, PCR analyses and probe arrays One
* preferred diagnostic method for the detection of mRNA levels involves contacting the isolated
mRNA with a nucleic acid molecule (probe) that can hybridize to the mRNA encoded by the
- gene being detected. The nucleic acid probe can be, e.g., a full-length cDNA, or a portion
" thereof, such as an oligonucleotide of at least 7, 15, 30, 50, 100, 250 or 500 nucleotides in
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. length and SUfﬁClent to spemﬁcally hybnd1ze under stnngent condltlons to an mRNA or
genomic DNA encoding a marker of the present invention. Other suitable probés for use in
the dlagnostle assays of the lnventlon are described herein. Hybndlzatlon of an mRNA with

. the probe indicates that the ‘marker in questron is bemg expressed.

[130] In one format the probes are 1mmob1hzed ona sohd surface and the mRNA is
contacted with the probes for example in an Affymetrix gene ch1p array (Affymetrix, Calif.
‘USA) A skllled artisan can readlly adapt known mRNA detection methods for use in
detectmg the level of mRNA encoded by the markers of the present invention.

'. [131] An alterna’uve method for deternnmng the level of mRNA correspondlng to a marker
of the present mventlon in a sample involves the process of nucleic acid amphﬁcatmn eg,by
RT-PCR (the expenmental embodiment set forth in u. S Pat. No. 4,683,202); hgase cham
reaction (Barany et al Proc Natl. Acad. Sei. USA 88: 189-193 (1991)) self—sustamed '

-Sequence replication (Guatelh etal. » Proc. Natl. Acad Sci. USA 87: 1874-1878 (1990)),
transcnptxonal amphﬁcatlon system (Kwoh et al., Proc. Natl. Acad. Sci. USA 86: 1173-1177
(1989)); Q-Beta Replicase (leardl etal, Bzol T echnology 6:1 197 (1988)); rolling circle
replication (U S. Pat. No. 5 854 ,033); or any other nucleic acid amplification method,
followed by the detection of the amplified molecules usmg techniques well-known to those of
skill in the art. These detection schemes are especially useful for the detection of the nucleic
acrd molecules 1f such molecules are present in very low numbers As.used hereln, ,

amphficatlon pnmers” are deﬁned as being a parr of nuelelc acid molecules that can anneal
to 5’ or 3’ reglons of a gene (plus and minus strands, respectively, or vice-versa) and contain a
short region in between In general, amplification primers are from about 10-30 nucleotldes
in length and flank a reglon from about 50-200 nucleotides in length

[132] Real-tlme quantitative PCR (RT-PCR) is one way to assess gene expression levels,
e. g s of genes of the invention, e.g/, those containing SNPs and mutations of i interest; The RT- .
PCR assay utilizes an RNA reverse transcriptase to catalyze the synthesis of a DNA strand
from an RNA 'strand, including an mRNA strand. The resultant DNA may be specifically
detected and. quantlfied and this process may be used to determine the levels of specific
species of mRNA. One method for doing this is TAQMAN® (PE Apphed Blosystems, -

Foster City, Calif., USA) and exploxts the 5° nuclease activity of AMIPLITAQ GOLD™ DNA
polymerase to cleave a specrﬁc form of probe during a PCR reaction. Thls is referred to as a
TAQMANT™ probe. See Luthra etal., Am. J. Pathol. 153: 63-68 (1998); Kuimelis ef al ,
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Nucl. Acids Symp Ser. 37: 255-256 (1997), and Mullah er al Nucl. Acids Res. 26(4): 1026-
1031 (1998)). During the reaction, cleavage of the probe separates a reporter dye and a

quencher dye; resultlng in increased fluorescence of the reporter The accumulatlon of PCR

products is detected dlrectly by monitoring the increase in ﬂuorescence of the reporter dye.

Heid et al., Genome Res. 6(6): 986-994 (1996)). The higher the starting ¢opy number of

nuclelc acid-target, the sooner a mgmﬁcant lncrease 1n fluorescence is observed., See Gibson,

Heid & Williams et al., Genome Res. 6: 995-1001 (1996).

[133] Other technologles for measunng the transcriptional state of a-cell produce pools of

restriction fragments of hrnlted complexrty for electrophoretic analysis, such as methods

_ combining double restnctlon enzyme dxgestron with phasmg pnmers (see eg., EP 0 534858
Al), or methods selecting restriction ﬁagments thh sites closest to a deﬁned mRNA end.

. (See e.g.. Prashar & Welssman Proc. Natl. Acad. Scz US4 93(2) 659-663 (1996))

’ [ 134] Other methods statxstlcally sample cDNA pools, such as by sequencmg sufﬁcrent

_bases, e.g., 20-50 bases, m each of mult1ple cDNAs to identify each cDNA, or by sequencmg
short tags e.g., 9-10 bases, which are generated at known posmons relative to a deﬁned
mRNA end pathway pattern. See, e. g, Velculescu Scrence 270: 484-487 (1995) The .
cDNA levels in the samples are quantified and the mean, average and standard deviation of
each cDNA is determined using by standard statistical means well-known to those of skill in
the art. Norman T.J. Bailey, Statistical Methods In Biology, 3rd Edition (Cambndge
University Press, 1995).
[135] Detection of Polypeptzdes Immunologzcal Detectzon Methods. Expressron of the
protern encoded by the genes of the invention can be detected by a probe whlch is detectably
labelled, or which can be subsequently labelled. ‘The term “labelled”, with regard to the probe
or antlbody, is intended to encompass direct-labelling of the probe or antlbody by couplmg,
i.e., physically 11nkmg, a detectable substance to the probe or antibody,.as well as indirect-
labelling of the probe or antlbody by react1v1ty with another reagent that is dlrectly-labelled
Examples of mdlrect labelling include detection ofa pnmaxy antxbody usmg a ﬂuorescently- -
labelled secondary antrbody and end-labellmg of.a DNA probe with biotin such that it can be
detected with ﬂuorescently-labelled streptavxdm Generally, the probe is an antlbody that
recogmzes the expressed protein. A varlety of formats can be employed to determine whether.
a sample contains a target protein that binds to a given antibody. - Immunoassay methods

useful in the detection of target polypeptides of the present invention include, but are not
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limited to, e.g., dot blotting? western blotting, protein chips, competitive and non-competitive
protein binding assays, irnmdnohistochemistry, enzyrne-linked immunosorbant assays |
(ELISA), fluorescence acnvated cell sorting (FACS) and others commonly used and widely-
described-in scientific and patent literature, and many employed commerc1ally A skilled .
artlsan can read1ly adapt known proteln/antlbody detection methods for use, 1n determmmg
whether cells express a marker of the present invention and the relative concentration of that
speclﬁc polypeptlde expression product in blood or other body tissues. Protems from .
1nd1v1duals can be 1solated using techniques that are well-known to those of Sklll in the art.
The protein 1solat10n methods employed can, e.g., be such as those described in Harlow & |
Lane, Antzbodzes. A Laboratory Manuql (Cold Spring Harbor Laboratory Press, Cold Spring
Harbor, New York, 1988))

[136] For the productlon of antibodies to a protein encoded by one of the dlsclosed genes,
-various. host animals may be immunized by 1njectlon with the polypeptlde, or a portion
thereof, . Such host animals ‘may‘inclnde, but are not limited to, rabbits, mice and rats.
Various adjuvants may be used to increase the immunological response, depending on the
host species including, but not limited to, Freund’s (complete and incomplete), mineral gels,
such as almninium hydroxide; surface active'sub.stances, such as lysolecithin, pluronic
polyols, polyanions, peptides, oil emulsions, keyhole limpet haemocyanin and dinitrophenol;
and potentially useful human adjuvants such as bacﬂle Camette- Guerm (BCG) and
Corynebacterzum parvum.

[137) Monoclonal antibodies (mAbs), which are homogeneous populations of antibodies to a
particular antigen, rnay be obtained by any technique that provides for the production of
antibody molecules by continuOUS cell lines in culture. These include, but are not limited to,
the hybridorna‘technique of Kohler & Milstein, Nature 256: 495-497 (1975); and U.S. Pat.
No. 4,376,110; the human B-cell hybridom'a techniqne of Kosbor et al., Immunol. Today 4:72
(1983); Cole et al., Proc. Natl. Acad. Sci. US4 80: 2026-2030 (1983); and the EBV-
hybridoma technique of Cole et al.., Monoclonal Antibodies and Cancer Therapy (Alan R:
Liss, Inc., 1985) pp. 77-96.

[138] In addition, techniques developed for the production of “chimaeric antibodies” (see
Morrison et al., - Proc: Natl. Acad Sci. US4 81: 6851-6855 (1984); Neuberger et al., Nature
312: 604-608 (1984); and Takeda et al., Nature 314: 452-454 (1985)), by splicing the genes o

from a mouse antibody molecule of appropriate antigen specificity together with genes from a
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human antibody molecule of appropriate biological activity can be used. ' A chimaeric
antlbody is.a molecule in which different portions are derived from different animal specles
such as those having a variable or hypervariable region derived form a murine mAb and a
human 1mmunoglobulm constant region.
[139j Alternatively, techniques described for the production of single chain antibodies (u.s.
Pat. No. 4,946,778, Bird Science' 242: 423-426 (19'88), Huston et al., Proc. Natl. Acad. Sci.
‘USA 85: 5879-5883 (1988) and Ward et al., Nature 334: 544-546 (1989)) can be adapted to
produce drfferentlally expressed gene smgle—cham antlbodles
[140] Techniques useful for the productlon of “humanized antibodies™ can be adapted to
produce antibodies to the protems, fragments or denvatlves thereof. Such techmques are
disclosed in U.S. Pat. Nos. 5,932,448; 5 693 762; 5 ,693,761; 5,585, 089 5,530,101;
5,569,825; 5, 625 126; 5,633 425 5,789,650; 5,661 ,016; and 5 ,770,429.
[141] Antibodies or antibody fragments can be used in methods, such as Western blots or
_immunofluoréscence techmques to detect the expressed protems In such uses, itis generally
preferable to immobilize either the antlbody or proteins on a solid support. Surtable solid
phase supports or carriers include any support capable of bmdmg an antigen or an antlbody
Well-known Supports or carriers include glass polystyrene, polypropylene polyethylene
dextran, nylon, amylases, natural and modified celluloses, polyacrylamrdes gabbros and
magnetite.
[142] A useful method, for ease of detectlon is the sandwich ELISA of whlch a number of
variations exist, all of which are 1ntended to be used in the methods and assays’ of the present
mventlon As used herem “sandw1ch assay” is intended to encompass all vanatlons on the
basic two—51te techmque Immunofluorescence and EIA techniques are both very. well-
estabhshed in the art. However, other reporter molecules, such as radlorsotopes
chemiluminescent or blolummescent molecules may also be employed. It'will be readily -
apparent to the skilled artlsan how to vary the procedure to suit the required use.
[143] Whole genome monitoring of protem, i.e., the “proteome,” can be carned out by
constructlng a mlcroarray in which binding sites comprise xmmoblllzed preferably
monoclonal, antibodies specxﬁc toa plurahty of protein species encoded by the cell . genome.
Preferably, antibodies are present for a substantlal fraction of the encoded proteins, or at least .
for those proteins relevant to testing or conﬁrmmg a biological network model of interest. .

As noted above, methods for making monoclonal antibodies are well-known. See, e.g.;



WO 2007/109183 PCT/US2007/006723

-39-

Harlow & Lane, Antibodies: 4 Laboratory Manual” (Cold Spnng Harbor Laboratory Press
Cold Spring Harbor, New York, 1988)) 'In a preferred embodiment, monoclonal antxbodles
are raised against synthetlc peptlde fragments designed based on genomlc sequence of the
cell. ‘With stich an antlbody array, proteins from the cell are contacted to the array and their _
bmdmg is measured with assays known i in the art.

[144] Detectton of Polypeptzdes Two-Dimensional Gel Electrophoresis. Two-dimensional
gel electrophore51s is well-known in the art and typically involves isoelectric focusing along a
first dlmensmn followed by SDS-PAGE electrophoresis along a second dimension. See, e.g.,
Hames et al., Gel Electrophoreszs of Protems A Practical Approach (IRL Press, New York,
1990); Shevchenko et al., Proc. Natl. Acad. Sci. US4 93: 14440-14445 ( 1996), Sagliocco et
al., Yeast 12: 1519-1533 (1996) and Lander, Science 274 536-539 (1996)).

[145] Detectzon of Polypeptzdes Mass' Spectroscopy. ‘The identity as well as express1on
-level of target polypeptlde can be determined using mass spectrocopy techmque (MS). MS-
based ana1y51s methodology is. useful for analysis of isolated target polypeptide as well as.
analysis of target polypeptide in a biological sample. - MS formats for usein analyzmg a target .
polypeptide mclude ionization (I) techmques such. as, but not lnmted to, matrix assisted laser
desorption (MALDI), continuous or ‘pulsed electrospray ionization (ESI) and related methods,
such as ionspray or thermospray, and massive cluster i 1mpact (MCI). Such ion sources can be
matched with detection formats, mcludmg linear or non-hnear reflectron time of fli ght (TOF),
smgle or multlple quadrupole, single or multlple magnetlc sector. Founer transform ion
cyclotron resonance (FTICR) ion trap and combinations thereof such as 1on-trap/T0F For
ionization, numerous matnx/wavelength combinations (e.g., matrix assisted laser desorption
(MALDI)) or solvent combinations (e.g., ESI) can be employed

[146] For mass spectroscopy (MS) analysis, the target polypeptlde can be solubilised in an
appropnate solution or reagent system. The selection of a solution or- -reagent system e.g.; an
organic or inorganic solvent, will depend on the properties of the target polypeptide and the
type of MS performcd and is based on methods ‘well-known in the art. See e.g, Vormet al.,
Anal. Chem 61: 3281 (1994) for MALDI; and Valaskovic ef al., Anal. Chem. 67: 3802
(1995) for ESI. MS of peptides also is described, e.g., in Internatlonal PCT Application No.
WO 93/24834 and U.S. Pat. No 5,792,664. A solvent is selected that minimizes the risk that
.the target polypeptlde will be decomposed by the energy mtroduced for the vaporization
process A'reduced risk of target polypeptlde decomposition can be achieved, e.g., by
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embedding the sample in a matrix. A suitable matrix can be an organic compound'such asa
sugar, e.g., a pentose or hexose, or a polysaccharide such as cellulose. Such compoun‘ds are
decomposed thermolytlcally into CO, and H,O such that no re51dues are fonned that can lead
to chemical reactlons The matnx also can be an 1norgamc compound such as nitrate of.,
arnmonium, wh1ch is decomposed essentially w1thout leaving any residue. Use of these and
other solvents is known to those of skill in the art. See e.g., U.S. Pat. No. 5, 062 935.
'Electrospray MS has been described by Fennet al., J. Phys Chem 88: 4451-4459 (1984) and
PCT Apphcatnon No. WO 90/ 14148; and current apphcatlons are snmmanzed in review -
articles. See Smith et al., Anal. Chem. 62: '882-89 (1990); and Ardrey, Spectroscopy 4: iO-l’8 i
(1992).. - |
[147]1 The mass of a target -poly'p‘eptide determined by MS can be compared to the mass of a
correspondmg known polypeptlde For example, where the target polypeptide is a mutant
. protem, the corresponding known polypeptide ¢an be the correspondlng non-mutant protein,
eg., wild-type protein. Wlth ESI, the determination of molecular welghts in femtomole
amounts of sample is very accurate due to the presence of multlple ion peaks, all of whmh can
be used for mass calculation. Sub-attomole levels of proteln have been detected, e.g., usmg
ESIMS (V alaskowc et al., Science 273: 1199-1202 (1996)) and MALDI MS'(Liefal.,J. _Am.
Chem. Soc. 118: 1662-1663 (1996)).
[148] Matrix Assisted Laser Desorption (MALDI). The level of the target protein in a
biological saniple eg., body fluid or tissue sample, may be measured by means of mass
spectrometnc (MS) methods mcludmg, but not limited to, those techmques known in the art”
as matnx—asmsted laser desorp’aon/xomzatlon time-of-flight mass spectrometry (MALDI-
TOF-MS) and surfaces enhanced for laser desorptlonllomzatlon, time-of-flight mass
spectrometry (SELDI-TOF-MS) as further detailed below. Methods for performiﬁg MALDI
are well-known to those of skill i the art. See, e.g., Juhasz et al., Analysis, Anal. Chem. 68:
941-946 (1996), and see also, e.g., U.S. Pat. Nos. 5,777,325; 5,742,049; 5,654,545;
5,641,959; 5, 654 545 and 5,760,393 for descnpttons of MALDI and delayed extraction
protocols.- Numerous methods for i 1mprovmg resolution are also known MALDI-TOF MS
has been described by Hlllenkamp et al., Bzologzcal Mass Spectrometry, Butlingame &
McCloskey, eds. (Elsevier Science Publ., Amsterdam, 1990) pp. 49-60.
[149] A variety of techniques’ for marker detection using mass spectroscopy can be used.
See Bordeaux Mass Specirometry-Conﬁarencé Report, Hillenkamp, Ed., pp. 354-362 (1988);
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Bordeaux Mass Spectrometry Conference Report, Keras & Hill_énkamp, Eds., pp. 416-417

| (1988); Karas & Hillenk'amp,:Ana'l. Chem. 60: 2299-2301 (1988); end.Karas etal, Bionted.
Environ. Mass Spectrum 18: 841-843 (1989). The use of laser beams in TOF-MS is shown,

. e.g,inU.S. ‘Patent Nos. '4,694,167; 4,686, 366 4,295,046 and 5,045,694, which are ‘
mcorporated herem by reference in their entlretles Other MS techniques allow the successful
volatlhzatxon of hlgh molecular weight blopolymers without fragmentation, and have enabled
a w1de variety of biological macromolecules to be analyzed by mass spectrometry. .
[150] Swfaces Enhanced for Laser Desorptzon/[omzatzon (SELDI) Other techniques are

“used which employ new MS probe element compositions with surfaces that allow the probe,
element to actlvely participate in the capture and dockmg of specific analytes described as -
Affinity Mass Spectrometry (AMS). See SELDI patents U.S. Pat. Nos. 5,719,060, 5,894,063;
6.020,208; 6,027,942; 6,124,137; and U.S. Patent application No. U.S. 2003/0003465. -

-Several types of new MS orobe elements have been designed with: Surfaces Enhauced for
Affinity Capture (SEAC). See Hutchens & Yip, Rapid Commun. Mass Spectrom. 7: 576-580
(1993). SEAC prohe' elements have been usetl successfully to retrieve and tether different
classes of biopolymers, particularly proteins, by exploiting what is known about protein
surface su'ucurres and biospecific molecular recognition. The immobilized affinity capture
devices on the MS probe element surface, i.e., SEAC, determines the location and affinity
(spe01ﬁc1ty) of the analyte for. the probe surface, therefore the subsequent analytlcal MS
process is effi(:lent
[151] Within the general,category of SELDI are three separate subcategories: (1) Surfaces
Enhanced 'for Neat l)esorption (SEND), where the probe element surfaces, i.e., sample
presenting' means, are desigrled to-contain Energy Absorbing Molecules (EAM) instead of
"nratrix“ to facilitate desorption/ionizations of analytes added direetly (neat) to the surface;
(2) SEAC, where the probe element surfaces, i.¢., sample presenting means, are de51gned 1o
conitain chemically defined and/or bxologlcally defined affinity capture devices to facilitate

~ either the specific or non-specific attachment or adsorption (so-called docking or tethering) of
analytes to the probe surface, by a variety of mechanisms (mostly non-covalent); and_

(3) Surfaces Enhanced for Photolabile Attachment and Release (SEPAR), where the probe
element surfaces, i.e'., samiple presenting means,-are designed or modified to contain one or

_more types of ohemically defirted cross-linking molecules to serve as covalént docking

devices: The chemical specificities determining the type and number of the photolabile



WO 2007/109183 PCT/US2007/006723

-472-

molecule attachment points between the SEPAR sample presenting means (i.e;, probe element -
surface) and the analyte (e.g., protein) may involve ziny one or more of a number of diﬁ;erent
residues or chemical structures in the analyte (e.g., His, Lys, Arg, Tyr, Phe and Cys residues
in the case of proteins and peptides).
[1 52] Functionalizing Polypeptides. - A polypeptide of interest also can be modified to
facilitate conjugation to a solid support. A che’micdl or physical moiety can be incorporate
‘into the polypeptide at an appropriate position F01; exaniple a polypeptide of interest can be
modified by adding an appropnate functional group to the carboxyl terminus or amino
terminus of the polypeptlde or to an ammo acid in the peptide, (e.g., to a reactive side cham, .
or to the peptide backbone. The artisan W111 recogmze however, that such a modxﬁcatlon
e.g., the mcorporatlon ofa blotln moiety, can affect the ability of a partlcular reagent to
interact spemﬁcally with the polypeptide and, accordingly, will consider this factor, if
relevant, in selecting how best to modify a polypeptide of iriterest. A ‘nannally-oocnfring
_amino acid nérmally present in the polypeptide also can contain a ﬁmctional group suitable
for con_]ugatlng the polypeptide to the solid support. For example a cysteine res1due present
in the polypeptlde can be used to conjugate the polypept;de to a support containing a
sulfhydryl group through a disulfide linkage, e.g., a support having cysteirie residues attached
thereto. Other bonds that can be formed between two amino acids, include, but are not.
limited to, e. g monosulfide bonds between two lanthionine residues, which are non-
naturally-occurring amino acids that can be incorporated into a polypeptlde, a lactam bond
formed by a transamidation reactlon between the side chains of an acidic amino ac1d and a
basic amino acld such as between the y-carboxyl group of Glu (or alpha carboxyl group of
Asp) and the amino group of Lys; ora lactone bond produced, e.g., by a crosslink between the
hydroxy group of Ser and the. carboxyl group of Glu (or alpha carboxyl group of Asp). Thus,
a solid support can b‘e modiﬁed to contain a desired amino acid residue, é g., a Glu residue,
and a polypeptlde having a Ser res1due partlcularly a Ser residue at the N-termmus or |
C-terminus, can be conjugated to the solid support through the formatxon of a lactone bond
The support need not be modified to contain the particular amino ac1d e.g, Glu where itis
desired to form a lactone-like bond with a Ser in the polypeptide, but can be modified,
instead, to contain an accessible carboxyl group, thus providing a function c'orresponding to

the alpha carboxyl group of Glu.
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{153] Thiol-Reactive F unctionalities. A thiol-reactive f\mctioriality is particularly useful for
conjugating a polypeptide to a solid support A thiol;reactive functionality isa chemical
group that can rapldly react wuh a nucleophlllc thlol moiety to produce a covalent bond, e. g,
a disulfide bond or a thioether bond. A vanety of thiol-reactive functionalities are known in
the art mcludlng, e. g, haloacetyls, such : as iodoacetyl; dlazoketones epoxy ketones alpha--
and beta-unsatmated carbonyls, such as alpha-enones and beta-enones and other reactive
M1chael acceptors, 'such as maleimide; acid halides; benzyl halides; and the like. See Greene
& Wuts Protectzve Groups in Organic Synthes:s 2 Edition ¢l ohn Wiley & Sons, 1991).
[154] If des1red the thiol groups can be blocked with a photocleavable protecting group, .
which then can be selectively cleaved, e.g., by photohthography, to prov1de portlons ofa
surface activated for immobilization of a polypeptlde of interest. Photocleavable protecting -
groups are known in the art (see, e.g., published International PCT Application No.
-WO0.92/10092; and MeCruy et al.., Ann. Rev. Biophys. Biophys. Chem. 18: 239-276 (1989)) -
and can be selectivély de-blocked by irradiation of selected areas of the surface using,.e.g., a . -
photolithography mask. | ‘
’[155] Linkers. A polypeptide of interest can be attached dlrectly to a support via a linker.
Any linkers known to those of skill in the art to be suitable for linking peptides or amino acids
to supports, either directly or via a spacer, may be used. For example, the polypeptide can be
conjugated toa support such as a bead, through means of a variable spacer Linkers, include,
Rink amide hnkers (see, e.g., Rink, Tetrahedron Lett. 28: 3787 (1976)), trityl chloride linkers
(see e.g., Leznoff Ace Chem. Res. 11: 327 (197 8)), ‘and Merrifield linkers (see, . g »
Bodansky et al., Peptzde Synthesis, 2™ Edition (Academic Press, New York, 1976)). For
example trityl linkers are kuown -See, e.g., U.S. Pat. Nos. 5,410,068 and 5,612,474. Amino
trityl. lmkers are also known. See, e.g., U.S. Pat. No. 5,198,531. Other linkers include those
that can be mcorporated into fusion proteins and expressed in a host cell. Such linkers may be
selected amino acids,-enzyme substrates or any suitable peptide. The linker may be made,
e.g., by approprlate selection of primers wher isolating the nucleic acid. Altematively, they
may be added by post—translatlonal modification of the protein of interest. Linkers that are .
sun;able for chemxcally linking peptides to supports, include disulfide bonds, thioether bonds, -
~hindered, disulfide bonds and covalent bonds between free reactive groups, such as amine' and

thiol groups.
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[156] Cleavable Linkers. - A linker can provide a reversible linkage such tnat it is cleaved
under the select conditions. In particular,'.selectivelj cleavable linleers, including
'photoeleavaible linkers (see U.S. Pat. No. '5,643,722),_acid cleavable linkers (see Fattom et al.,
' Infect. Immun. 60: 584-589 (1992)), acid-labile linkers (see Welhoner et al., J. Biol. Chem.
266: 4309-4314 (1991)) and heet sensitive linkers are useful. A linkage can be,e.g., a
. disulfide bond, which is chemically 'cleavable by mercaptoethanol or dithioefyﬂirol" a
'blotm/streptawdm lmkage which can be photocleavable a heteroblfunctlonal derivative of a
trityl ether group, which’ can’be cleaved by exposure to acidic condmons or under oondmons
of MS (see Koster ef al, T etrahedron Lett. 31: 7095 (1990)); a levuhnyl-medlated hnkage, :
~ which can be cleaved under almost neutral conditions with & hydrazuuum/acetate buffer; an
argxmne-argmme or a lysine-lysine bond either of which can be cleaved by an endopeptldase .
such as trypsin; a pyrophosphote bond, which can be eleaved by a pyrophosphatase; or a
ﬁbonucleotide bond, which can be cleaved usirig a ribonucleaée or by exposure to’ alkali
_condition. A photolablle cross-lmker such as 3-am1no (2—n1trophenyl)prop10mc acld can be
employed as a means for cleaving a polypeptlde from a solid support Brown et al.; Mol
Dzvers, pp. 4- 12 (1995); Rothschild ez al., Nucl Acids. Res 24:351-66 (1996); and U.S. Pat..
No. 5,643, 722. Other linkers include RNA lmkers that are cleayable by ribozymes and other
RNA enzymes and hnkers such as the various domains, such as CH,, CH2 and CHj3, from the ‘
constant reg1on of human IgGl 'See, Batra et.al., Mol Immunol 30: 379-396 (1993).
[157] Combmatlons of any linkers are also contemplated herein. For example, a hnker that
is cleavable under MS conditions,’ such as a silyl linkage or photocleavable linkage, can be
combined with a linker, such as an'avidin biotin linkage, that is not cléaved undet'these '
conditions, but may be cleaved under other conditions. Acid-labile linkers are parttcularly
useful chemlcally cleavable hnkers for mass spectrometry, especially for MALDI-TOF,
because the acid labile bond is cleaved during conditioning of the target polypeptlde upon
addition of a 3-HPA matrix solutlon The acid lablle bond can be mtroduced as a separate
linker group, e g., an acid labile trityl group, or can be mcorporated ina synthetxc linker by
introducing one or more silyl bridges using d11s0propy1ys11yl thereby formmg a
diisopropylysilyl linkage between the polypeptlde and the solid support. The
dusopropylysﬂyl linkage can be cleaved usmg mildly acidic conditions, such as 1. 5%
. trifluoroacetic acid (TFA) or 3:HPA/1% TFA MALDI-TOF matrix solution. Methods for the
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preparation of diis_opropylysilyl linkages and an'alog{les thereof are well-known in theé art:
See, e.g:, Saha et al., J. Org. Chem. 58: 7827-7831 (1993).

[158] Use of a Pin Tool to Immobtlzze a Polypeptzde The immobilization of a polypeptide
. of interest to a solid support using a pin tool can be partlcularly advantageous ' Pin tools
include those disclosed herein or otherwise known in‘the art. See, e.g., US. Apphcatxon
Serial Nos. 08/’786,988 and 08/787,639; and International P.CT Application No.

WO 98/20166.

[159]. A p‘in.tool in an array, e.g., a4 X 4 aﬁ-ay, can be applied to wells containing -
'.polypeptldes of mterest Where the pin tool has a functional group attached to each pin tip, or
a solid support, e.g., functionalized beads or paramagnetlc beads are attached to each pin, the
polypepudes in a well can be captured (1 pmol capacnty) During the capture step, the pins -

can be kept in motion (vertical, 1-2 mm travel) to increase the efficiency of the capture.
-Where a reaction, such as an in vitro transcription is being performed in the wells, 'movement
of the pins can increase efficiency of the reaction. Further immobilization can result by
applying an electrical field to the.p'in tool. When a voltage is applied to the pin tool, the
polypeptides a:re attr’acted to the anode or the cathode, deperldihé on their net charge.
[160] ‘ For more specificity, the pin tool (With or without voltage) can be modified to have
conjugated thereto a reagent specific for the polypeptide of interest, such that only the
polypeptldes of 1nterest are bound by the plns For example the pms can have nickel ions
attached such that only polypeptides containing a polyhxstxdme sequence are bound.
Similarly, the pins can have antibodies specific for a target polypeptlde attached thereto, or to
beads that; in ttlro, are attached to the pins, such that only the target polypeptides, v(rhich .
contain the epitope recogpized'by the antibody, are bound by the pins.
[161] Captured polypeptides‘ can be analyzed by a variety of means including, e.g.,
spectrometnc techmques ‘such as UV/VIS, IR, fluorescence, chemiluminescence, NMR
spectroscopy, MS or other' methods known in the art, or-combinations thereof. If conditions

_ preclude direct analysis of captured polypeptides, the polypeptides can be re_leased or
transferred from the pins, under conditions such that the advantages_of sample concentration

- are not lost. Accordingly, the polypeptides can be removed from the pins using a minimal
volume of eluent, and w1thout any loss of sample. Where the polypeptldes are bound to the
‘beads attached to the pms the beads contaunng the polypeptides can be removed from the

pins and measurements made directly from the beads.
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[162] Pin tools can be useful for immobilizing polypeptides of interest in spatially
addressable manner on an array.” Such spatially addressable or pre-addressable arrays are
useful i ina variety of processes, including, for example, quahty control and amino acid
sequencing diagnostics. The pin tools described in the U. S. Appllcatmn Nos. 08/7 86,988 and
08/787,639 and International PCT Application No. WO 98/20166 are serial and parallel '
dispensing tools that can be employed to generate multl-element arrays of polypeptldes ona
surface of the solid support The array surface can be ﬂat with beads or geometrically altered
to include wells, which can contain beads. In addition, MS geometnes can be adapted for
accommodating a pin tool apparatus

[163] Other Aspects of the.Bzologzcal State. In various embodiments of the inyention, .
aspects of the biological activity state,- or mixed aspecis can be measured in "order to obtain
drug and pathway responses. The activities of protelns rélevant to the characterization of cell
ﬁmctlon can be measured, and embodiments of this invention can be based on such
measurements. Activity measurements can be performed by any functlonal blochemlcal or
physical means appropnate to the partlcular act1v1ty being charactenzed Where the activity
involves a chemlcal transformation, the cellular protein can be contacted with natural
substrates, and the rate of transformation measured. Where the _act1vr'ry involves assocration.

- in multimeric units,'e. g, associatidn of an activated DNA binding complex with DNA, the
amount of associated protein or secondary con'sequences of the associati‘on such-as arnounts
of mRNA transcribed, can be measured Also, where only a functronal activity is known eg.,
as in cell cycle control performance- of the function can be observed Howevet known and

" measured, the changes in protem activities form the response data analyzed by the methods of
this invention. In alternative and non-limiting embodiments, response data rnay' be formed of -
mixed aspects of the biological state of a cell. Response data can be constructed from, e.g.,
changes in certain mRN A abundances, changes in certain protein abundances and changes in
certain protein activities. .

[164] The followmg EXAMPLES are presented in order to more fully 1llustrate the preferred :
embodxments of the invention. These EXAMPLES should in no way be construed as limiting
the scope of the invention, as defined by the appended claims. ‘
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- EXAMPLEI

. BIOINFORMATICS ANALYSIS OF FLT1 MUTATIONS

[165} Identzf catzon of FLTI Mautations in Colon Cancer. To determine FLTI1 mutations in
association with cancer DHPLC analysis (Lllleberg SL, Curr. Opin. Drug Discov. Devel.,
6(2) 237-52 (March 2003)) was conducted on test samples derived from human tissues, e.g:,
colon cancer, as summarized i in TABLE 3 below. Spec1ﬁcally, blood tissue samples were
'analyzed from colon cancer patxents Three (3) FLT1 missense mutations were identified as
detailed below in TABLE 3 (see also, TABLE 1 and TABLE 2 supra)

TABLE 3
FLT1 Mutations in Cancer Patients

Mutation Ammo Acid Change ‘Ammo Acid Posmon‘ Identifier

insert . - 256 insert T256
ATG>TTG M>L 498 M498L -
CGT>GGT R>G . 925 R925G

[166] Computatzonal Analysis of FLTI Mutations. The FLT1 mutations identified i in human
cancer were analyzed using computatlonal analysis tools to deterimine the effect(s) of these
mutations on FLT1 function. _

[167] ’ Comparison of Known FLT. 1. Mutations and SNPs with the FLT1 Mutations and SNPs
of the Preséht Inventipn. FLT1 mutations hgwe been characterized pfeviously. As
‘éummarized in TABLE 4, there was one (1) coding SNPs within the SNP databaee for FLT1~
(dbSNP: http://www.ncbi. nlm. nih. gov/SNP/mdex html)) None of the mutations in TABLE 1
matches known cSNPs..

' TABLE 4
Select FLLT1 SNPs '

cSNP Allele 1 frequency Allele 2 frequency - RefSNP
T1213T ok T  1s7993418
P1068P T: 0.831 C:0.169 rs2296189
A1024A A: 0.997 "G:0.003 rs2296191
V687V C T . rs11843776
T568T G:'0.958 A:0.042 -rs17537350

F135F C:0.979 T: 0.021 152387856
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[168] Analysis of the Effect of FLTI Mutations on FLTI. Protem Domam Structure and
Function. Pfam Analysis of the Potential Effect of the FLT1 mutations on FLT] Protein
Domam Structure. The effect of the FLTT mutations on the protein domam structure of FLT1
-~ was analyzed using the Pfam computatlonal analysis tool. “Pfam is a large collection of
‘mu1t1ple sequence alignments and hidden Markov models covering many common protein
families based on the Swissprot 44.5 and SP-TrEMBL 27.5 protem sequence databases A
search using Pfam (Bateman et al., Nucl. Acids Res Database Issue 32:D138-D141 (2004))
showed that FLT1 contamed ten (10) domains as summarized in TABLE 5. The FLT1
mutations at amino acid’ posmons T256 and R925 were ldentlﬁed as located inan -

~ immunoglobulin domam and a protein tyrosine domam respectlvely

TABLE S -
Pfam Analysis of FLT1 Domain Structure
Model Seqg-from Seg-to Description -
V-set - 231 337 Immunoglobulin V-set domain
ig 245 313 Immunoglobulin domain -
I-set 332 427 Immunoglobulin I-set domain
V-set . 558 656 Immunoglobulin V-set domain
Cig 570 638 Immunoglobulin domain
I-set 661 749 Immunoglobulin I-set domain
V-set 661 . 749 Immunoglobulin V-set domain
ig 675 733 Immunoglobulin domain;
Pkinase_Tyr 827 1154 Protein tyrosine kinase

Pkinase 827 1154 Protein kinase domain
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[169] Sequence ahgnments of the wﬂd-type human FLT1 polypeptlde sequence with the ,
| Pfam domain polypeptide sequences are summarized below in TABLE .6 through TABLE 15.
Sequence ahgnment of the w11d -type human FLT1 polypeptide sequence with the Pfam V-set
‘ 1mmunoglobulm domam sequence is summarized below in TABLE 6. -A V-set
1mmunoglobu11n domain was identified in the wild-type FLTl polypeptlde at ammo acid
position231 to 337 (TABLE 6: score 17 7, E = 0.00059).

TABLE 6

Seguence Allgnment Comparison of Human FLT1 from AA 231 to AA 237 vmth Pfam Model

.of V—set Immunoglobulm Domain

—>qsvvtqepprLLLASLprtsvtvaeGgsvtLpCtysfddsssssgt
++++++ | R 0 S 3 = N I I TR S St S SRS
FLT1 = 231 DVQIST-—PR——--——v———PVKLLRGHTLVLNCTAT—TPL——NTRV 262

gsvyWyrqqppGekpellllsfytyyspsegngtvserfkgrvrfsgnps

: . +4++ | ++ ol +++ 4 L 2 R )
FLT1 263 —QMTWSY———PDEKNKRAS—~————7--—VRRRIDQSNSHANIFYSV--— 295
kgdfshtIsnlglsDsGEYyCa. . v eneeennn... gsgtrLtVl<—*"
. . L I I e e = b1+
FLT1 296 ——m——e LTIDKMONKDKGLYTCRvrsgpsfksvntsvhi YDKAFITVK 337

SEQ IN NO:###

[170] Sequence alignment of the wild-type human FLTl polypeptide sequence with the
Pfam 1mmunoglobuhn domain sequence is summarized below in TABLE 8 An’
1mmunoglobuhn domam was identified in the w11d—type FLT1 polypeptlde at amino acid
position 245 to 3.13'(TABLE 7, score 294, E = l.le—OS).

‘ TABLE 7
Sequence Ah gnment Comuanson of Human FLT1 from AA 24510 AA 313 with Pfam Model

of Immunoglobuhn Domaln

*->GesvtLtCsv. . gppdvtthlrngk le. gvlvtssenngdstyq
|+t |+|+++++ + )+ ) + + o+ + + 4+ +
FLT1 245 GHTLVLNCTAttpLNTRVQMTWSYPDEkNKrASVRRRIDQSNSHANI 291

t...LtitnvtpeDsgtYtCvv<-*
K L N o I B B R
FLTI 292 FysvLTIDKMONKDKGLYTCRV 313

SEQ IN NO:###

[171] Sequence alignment of the wild-type human FLT1 polypeptide séquérice with the
Pfam I-set immunoglobulin domain sequence is summarized below in TABLE 8. An I-set
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immunoglobulin domain was identified in the wild-type F-L'I"l polypeptide at amino acid
position 332 to 427 (TABLE 8; score 23.0, E = 9.7¢-06).

TABLE 8

Sequence Alignment Companson of Human FLT1 from AA 332 to AA 427 w1th Pfam Model

of I-Set Immunoglobulin Domain

—>Pkthkpkdvque.. Ge. sarFeCkVthPePtVstKdqulss
. L A Bt B e B D I O A
FLTY 332 AFITVKHRKQQVLEtvaGKrSYRLSMKVKAFPSPEVVWLKDGLPATE 378

vllpsrrfkvtydgngtytLtIsnvquDsGkYthA....thaGeae
: +  ++ ] - I+ ++1+ +1+] 1+ + 4] +
FLT1 379 ———r-KSARYLTRG————YSLIIKDVTEEDAGNYTILL51quNVFKNLT 419

asaeLtVg<—-+
' : [+, ++]+
FLT1 420 ATLIVNVK . 427

SEQ "IN NO:#i#

-[172] Sequence alignment of the w11d—type human FLT1 polypeptlde sequence with the
Pfam V-Set nnmunoglobuhn domain sequence is sumrnanzed below in TABLE. 9. A V- Set
immunoglobulin domain was identified i in the wild-type FLT1 polypeptlde at amino acid
position 558 t6 656 (TABLE 9; score 10.2, E = 0.0039). .

TABLE 9
Seguence Allgmnent Comparison of Human FLT1 from AA 558 to AA 656 W1th Pfam Model
of V—Set Immunoglobulm Domain

*—>qsvvtqepprLLLASLprtsvtvaeGgsvtLpCtys.fddsssssg.
i +. 1 + - | [++++]+ )+ +] ¥
FLT1 558 GFHVNL—J—; —————————— EKMPTEGEDLKLSCTVNkFLYR ————— :585

tgsvyWyrqqppGekpellllsfytyyspsegngtvserfkgrvrfsgnp

IR 2 R B +dtt ]| A+ R +
FLT1 - 586;——DVTWIL—LRT———————————-;-——VNNRTMHYSISKQKMAITKEHS,616
skgdfsLtIsnlglsDsGEYyCa. cvcueenn. -gsgtrLtvVl<—*
R s T O T T O S N S AU Ay B

FLT1 617 I-—TLNLTIMNVSLQDSGTYACRarnvytgeelLQKKEITIR ‘656
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SEQ IN NO:###

[173] Sequence alignment of the wﬂd-type human FLT1 polypeptlde sequence: w1th the
Pfam 1mmunoglobulm domain sequence is summarized below in TABLE 10. ‘An
immunoglobulin domain was 1dent1ﬁed in the wild-type FLT1 polypeptide at amino ‘acid’
position: 570 to 638 (TABLE 10; score 20.7, E = 0.0044).

"TABLE 10

Sequence Alignment Comnanspn of Himan FLT] from AA. 570 to AA 638 wr[h Pfam Model
of Immuno globulm Domaln

* e >GESVELECSV. e e vnnennnnn. ;..gppdvﬁvtwlrngk.le.gyl.
. Fldtd I+ i+ ]+ 4+ 4+ 4 4+ 44+ b bbbt
FLT1 . 570 GEDLKLSCTVnkflyrdvtwillrtvNNRTMHYSISKQKMaITkEHS 616
vtssenngdstyqtLtitnvtpeDsgtYtCvy<—*
A UL 11+ +1TTT T ++

FLT1 617 ITLN-————m———- LTIMNVSLODSGTYACRA - 638 .
. . SEQ IN No:###

(1741 :SQ&{uence align_xhent'of the wild-type human FLT1 polypéptide sequence with the
Pfam protein I-set immunbglobulin domain sequence is suinmérized below in TABLE 11. A
I-set nmnunoglobulm domam was 1dent1ﬁed in the wild-type FLT1 polypeptide at amino acid
posmon 661 to 749 (TABLE 11; score 87.9, E = 2. 7e-23).

TABLE 11

Sequence Alignment Comparison of Human FLT1 from AA 661 to AA 749 with Pfam Model

of I-Set Immunoglobulm Domam

—>PkthkpkdvqueGesarFeCkVthPePtVstKdqulssvllp

R S IR I I T S O [ S TR T O N O QU RIS
FLT1 661 PYLLRNLSDHTVAISSSTTLDCHANGVPEPQITWFKNNHKIQQ——~— 703
-srrfkvtydgngtytLtIsnvquDsGkYthAthaGeaeasaeLth
++ + . FEIFD #0 HIRD+HD THLLE L DT
FLT1 704 EPGIILGPGS--~-STLFIERVTEEDEGVYHCKATNQKGSVESSAYLTVQ 749

SEQ IN NO:#i##
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[175] Sequence alignment of the wild-type human FLT1 polypeptlde sequence with the
Pfam V-set immunoglobulin domain sequence is summanzed below in TABLE 12. A V-set
1mmunoglobulm domain was identified in the wild-type FLTl polypeptlde at ammo acid
position 661 to 749 (TABLE 12 score 19.1, E=0. 00042)

TABLE 12
Sequence Alignment Comnanson of Human FLT1 from AA 661 to AA 749 W1th Pfam Model

of V-Set Immunoglobulin Domain

*—?qévvtqepprLLLASLprtsvtvaeGgsvapCtysfddsssssgt
A RN I 11 1+ + .+t
FLT1 661 PYLLRNLSDH——-f ———————— TVAISSSTTLDCHAN-—GV-—-—PE 689

gsvyWyrqqppGekpelll1sfytyyspsegngtvserfkgrvrfsgnps
+d ) ++ B & S 2

FLT1 . 690 PQITWFK-==—s——==—mmm e e~ _NNHKIQQEPG 706

. . kgdfsLtIsnlqlsDsGtYyCa. . .gsgtrLtVl<-*
. + I+ +1 | +++ 1+ +]+] ++ +++ I+ 10
FLTL _ 707 '111gPGSSTLFIERVTEEDEGVYHCKatngkgsvESSAYLTVQ 749 .

SEQ IN Ne:###

[176] Sequence elignment of the wild-type human FLT1 polypeptide sequence with the
Pfam immunoglobulin domain sequence is summarized below in TABLE 13. An
unmunoglobuhn domain was identified in the wild-type FLT1 polypeptlde at amino acid
position 675 to 733 (TABLE 13; score 44.0, E = 4.3e-10).

TABLE 13

Sequence Ali.gment Comparison of Human FLT1 from AA 675 to AA 733 with Pfarn Model

of Immunoglobuhn Domain

*->GesvtLtCsv.gppdvtthlrngk.le.gvlvtssenngdstyth
FLOLL (bt ] bbbt | b bbbt T+ bt f
"FLT1 675 .SSSTTLDCHAnGVPEPQITWFKNNHkIQqEPGIILGPGSST————fL 716

. titn’vtpéDsgthCvx'r<— *
‘ NS N L I
FLT1 717 FIERVTEEDEGVYHCKA 733

SEQ IN NO:###
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[177] Sequence ahgnment of the W11d-type human FLT1 polypeptxde sequence with the
| Pfam protein tyrosme kinase domaln sequence is summarized below in TABLE 14. A protein
tyrosine kinase domain was identified in the wﬂd-type FLTI1 polypeptlde at ammo acid ‘
A posmon 82710 1154 (TABLE 14; score 527, 4 E=1 3e-155).

TABLE 14
Seguence Ahggment Comparison of Human FLT1 from AA 827 to AA 1154 with Pfam

Model of Protein Tyrosine Klnase

*—>1klgkkLGeGaFGeVythlkg sgegtklkVAVKthelgasseel
. PIALE LT L+ [t et [ 1+ L+ +]
FLT1 .827 LKLGKSLGRGAFGKVVQASAFGlKKSPTCRTVAVKMLKE ~-GATASE~ 871
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[17 8] Sequence alignment of the wild-type humhan FLT1 polypeptlde sequence with the
Pfam proteln klnase domain sequence is summarized below in TABLE 15. A proteln kmase
domain was 1dent1ﬁed in the wild-type FLT1 polypeptide at amino acid position 827 to 1154
(TABLE 15; score 151.2, E= 2.3e-42)."
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TABLE 15

Sequence Alig@ent Comparison of Human FLT1 from AA 827 to AA 1 154 with Pfam"
' Model of Protem Kinase Domain :
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{179] Analysis of the Potentiél Effect of FLT1 mutations on FLTI Protein Regulatory Sites.
NetPhos Analysis of the Effect of FLTl mutations on FLT1 Protein Phosphorylatlon.
Potential FLT1 phosphorylatlon sites were identified by computational analysxs using the.
NetPhos computatlonal analysis tool. NetPhos produces neural network predictions for
serine, threonine and tyrosine i)hosphorylation sites in eukéryotic proteins (Blom.ef al., J. .
Mol. Biol., 294(5): 1351.—1'362, 1999). Potential FLT1 phosphorylation sites predicted by
NetPhos are summarized below in TABLE 16. The known tyrosiné phosph;)rylafion sifes of
FLT1 include Y1213, Y1169 and Y1333. The FLT1 amino acid T256 was 1dent1ﬁed asa
putatlve threonine phosphorylatlon site. The FLT1 ammo ac1ds M498 and R925 were

observed as close to potential serine phosphorylation sties. ‘To be considered a po,tentxal‘
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* phosphorylation site a threshold score of 0.5 was required. The predicted pho"sphorylation

sites marked in bold text represenf possible mutation interference.

TABLE 16

"F LTl Phosphorylation Sites Predicted by NetPhos
Phosphorylation . i Amino Acid Position

25,27, 35, 68; 71,75, 115, 162,188, 235, 267, 277, 287, 315, ,
325,356, 436, 437, 476, 496, 504, 527, 530, 549, 616, 627, 739,
743,752, 755, 786, 787, 788,796, 832, 852, 923, 959, 962, 963,

Serine 968, 969, 976, 978, 986, 1001, 1015, 1077, 1080, 1098, 1125,
1190, 1197, 1205, 1207; 1221, 1237, 1268, 1277, 1279, 1282,
1285, 1291, 1295 _
L 114,131, 168, 222, 228, 236, 256, 297, 335, 377, 463, 506, 521,
Threonine .

568, 654, 722, 1126, 1227, 1276, 1308 . o
4,109, 125, 139, 199, 216, 220, 309, 457, 533, 584, 634, 729,

‘Tyrosine 745, 794, 990, 1048, 1053, 1124, 1130, 1169, 1184, 1213 1327, .
1333

[180] PROSITE Ar.zaly;is of the. Potential Eﬂe(;:t; of FLTI muiatipns on Other FLT! Protein
Regulatory Sz‘te;. The effe.ci of the FLT1 mutations on other protein regulatory sites was
analyzed using the PROSITE computational analysis tool. PROSITE is a database of protein
fémilies and domains. It consists of biologically sigqiﬁcant sites, patterns and profiles that
help to reliably identify to which known protein family (if any) a new sequence belongs as
well as to 1dent1fy potential sites for protein modlficatlon (Hulo N. et al., Nucl. Acids. Res.,
32: D134~D137 (2004), Sigrist C.J.A. et al. , Brief Bioinform. 3 265-274 (2002); Gattiker A. et
al. Applzed Bloznformattcs 1:107-108 (2002)). Other potential 51tes for protein modification
of FLT1 polypeptlde as predlcted by ProSite analysis are suminarized below in TABLE 17.
Amino acid positions hxghhghted in bold text represent possible interference by mutations.
FLTl ammo acid R925 was observed as contained in a putative phosphorylation site by

casem kinase II. FLT1 amiino acid T256 was observed as close to a putative glycosylation site.
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TABLE 17
Potential FLT1 protein modification s; sites predicted by PROSITE
Function Amino Acid Posmon
PS50915 ICRYSTALLIN BETAGAMMA (proﬁle) 1328 - 1338
Crystallins beta and gamma 'Greek key' motif
PS00107]PROTEIN_KINASE ,_ATP (pattem) 833 - 861
Protein kinases ATP-binding region signature ' i
PS00240|RECEPTOR TYR_KIN_III (pattern) - 886 - 899
Receptor tyrosine kinase class Iil signature o
PS00109]PROTEIN_KINASE_TYR (pattern) - 1018-1030

Tyrosine protein kinases speCIf' ic active-site
signature

PS00006|CK2__ PHOSPHO ) SITE (pattem) Casein
kinase II phosphorylation site

PSOOOOSIMYRISTYL (pattem) N-myristoylation
‘site

PSOOOOSIPKC PHOSPHO_SITE (pattern) Protein
kinase C phosphorylation site

PS00001]ASN_GLYCOSYLATION (pattern) N-
glycosylation site

PS00004CAMP_PHOSPHO_SITE (pattern) cAMP-

and cGMP-dependent protein kmase
phosphorylation site
PS00007|TYR_PHOSPHO_SITE (pattem) Tyrosme
kinase phosphorylation site
PS00009|JAMIDATION: (pattem) Amxdatlon site
PS00015[NUCLEAR (rule) Bipartite nuclear -
targeting sequence

PSOOOO3|SULFATION (rule) Tyrosine sulfation site

- 3-6; 62-65; 198-201; 228-231; 267-270; 396-

399; 437-440; 484~487 568-571; 627-630;

' 643-646 654-657; 678-681; 722-725; 755-

758; 786-789; 818-821; 868 871; 923-926;
961-964; 976-979; 978-981 995-998; 1070-
1073; 1078-1081; 1125-1128; 1207-1210;
1227-1230; 1237-1240; 1259-1262.

8-13; 22-27; 203-208; 307-312; 373-378; 531-
536; 632-637;.727-732; 738-743; 866 871;-
915-920; 948-953

35-37; 71-73; 106-108 114-116; 115 117
131-133; 168-170 188-190;'198-200; 222-
224; 236-238; 277—279 310-312; 318-

320;335-337; 352-354; 356-358;377-379; 380- .

382; 408-410; 463-465; 506- 508; 538-540;
654-656; 752-754; 854—856 923-925; 1014-
1016; 1015-1017; 1077-1079 1268-1270

. 1276-1278

100-103; 164-167; 196-199; 251-254; 323-
326; 402-405; 417-420; 474-477; 547 550;
597-600; 620-623; 625-628; 666-669; 916-
919; 1234-1237

117-120 274-277; 784-787, 1256—1259 1305-
1308

117-125; 656-662; 737-745

180-183; 348-351; 951-954; 1302-1305
941-957 -

983-997; 1235-1249

[181] ‘ClustalW Polypeptlde Ahgnment and Sequence Analysis to Estimate the Potential

Effect of FLT1 mutation on FLT1 Functlon ClustalW polypeptide alignment and sequence

analySIS was used to estimate the effect of FLT1 mutatlon on FLTl blologlcal function.

_ Known FLTI -related sequences of various orgamsms mcludmg, e.g., mouse FLT4; rat FLT4;
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human FL.T4; human FLT1, mouse FLTI ,rat FLT1, ehicken VEGFR3, mouse KDR, rat
KDR, human KDR, chicken KDR, chicken FLT1, and zebrafish KDR sequences were |
obtainé_d from GenBank and z_tfighed using ClustalW. Chenn_a etal., Nucleic Acids Res., 31.
(13):3497-500. (2603) ' '
[182] ClustalW isa general purpose multiple sequence alignment program for DNA or

protems It produces biologically meamngful multiple sequence alignments of dlvergent

sequences. It calculates the best match for the selected sequences and lines them up so that

the 1dent1t1es, similarities and differences can be seen.

[183] ‘For the position with the mutatlon reported, the mutated resxdue was inspected for its

occurrence in organisms other than human. It was hypothesmed that if the mutated residue

was present in the wﬂd-type sequence of another specnes in the correspondmg posmon the

amino aC1d change may not have any adverse effect on the protein function. The results of the
.Clustal W comparison analys1s are summarized below in TABLE 18 and TABLE 19 The

mutated amino acid residues identified in the present studies is highlighted in bold, underlined

text. ###Al

TABLE 18

Summary of Sequence Alignment of FL.T1 Sequences from Multiple Organ ism

FLTQ*mouse .
FLT4_rat.
FLT4_human
VEGFR3_chicken
KDR_mouse
KDR_rat
KDR_human
KDR_chicken
FLT1_rat
FLTL_mouse’
FLTL_human
FLTLl_chicken
KDR_zebrafish

FLT4_mouse
FLT4_rat
FLT4_human
VEGFR3_chicken
KDR_mouse
KDR_rat.
KDR_human
KDR_chicken
FLT1_rat
FLT1l_mouse
FLTL1_human
FLTL —chicken
KDR zebrafish’

FLT4_mouse’
FLT4_rat
FLT4_human
VEGFR3_chicken
KDR_mouse

———————— MQPGAALN———————-——~LRLWLCLGLLQG——LANGYSMTPPTLNITEDSY
———————— MQPGAALN=~==~===—=eRRLWLCLGLLQG--LANGYSMTPPTLNITEDSY
-------- MORGAALC———-—~—~+--LRLWLCLGLLDG--LVSDYSMTPPTLNITEESH

MTVRSTVLMENSSESNRYFEMFVHEQLARCVSCTACRRY--LVSSYSMTPPTLSITEEEH

- H H

m————— MESKALLA=—=—======= VALWFCVETRAASVGLPGDFLHPPKLSTOKDIL
———————— MESRALLA——~— =~ ==~==---VALWFCVETRAASVGLPGDSLHPPKLSTQKDIL
e mm = ~MQSKVLLA= == === =mwi~VALWLCVETRAASVGLPSVSLDLPRLS IQKDIL
———————— MELGPLRV-mm========~LTVLLCLPPVFTGLFIS-—--MDQPTLS IQKSVL
———————— MVSCWDTA~—========~VLPCALLGCLLLTGYCSGSKLKGPELSLKGTQH
———————— MVSCWDTA——=====m==—~VLEPYALLGCLLLTGYGSGSKLKVPELSLKGTQH
———————— MVSYWDTG~~---===-=~VLLCALLSCLLLTGSSSGSKLKDPELSLKGTQH
-------- MPRQLLSG=~———rm===—TVLLG-~AAFLLAGSTSGSKLKVPVLSVNGROH
—————— MTPLKTSVKA---~===-=~=FFTLHVLESCISHGLVEGSRLPDPQLLPDGDTH
v k *
VIDTGDSLSISCR - ~~---GQHP --LEWTWPGAQEV
VIDTGDSLSISCR~====mm==== ~~GQHP~ === e - ===~ LEWTWRGAQEV
VIDTGDSLSISCR-~ ~~GQHP -~ LEWAWPGAQEA
VINAKDTLTITCRTGDLCRSIPPDTDHARAGWKPQRC FDRGMWHSRVKGLYDTYSGRKEV
TILANTTLQITCR=======———=m e m— GORD LDWLWPNAQ--
TILANTTLQITCR - GQRD LDWLWPNTE--
TIKANTTLQITCR: GORD LOWLWPNNQ-~
TITTNDTLNITCS = GQRA = = ' e o m et om VYWSWPNNQ--
VMQAGQTLFLKCR o GERR= =~ = mmm e S HSWSLPTTV-=
UMQAGQTLFLKCR === =i e m e GERR = e e = ~HSWSLPTTV-~
IMQAGQTLHLQCR -—GERA-—==—=—————— = HKWSLPEMV-~
VVQAGQTLNLTCR-- --GEML HSWSLPEAL~~
LOHVGETLTLICR====m—m === mm—m GSTA LHWRL
ek e U *

LTTGGKDS--EDTRVVHDCEGTEARPYCKVLLLAQTHANNTGSYHCYYKYIKARIEGTTA
LTTGGKDS-~EDTQVVQDCEGTEARPYCKVLS LAQTHANNTGSYYCYYKYIKARIEGTTA
PATGDKDS~~EDTGVVRDCEGTDARPYCKVLLLHEVHANDTGSYVCYYKYIKARIEGTTA
FDPGALLAPAEEMSAVTGMEEPEDQ-AVPCHMAPQWCLGTYHTCCSFLRVCDCWVPLCCP
————— RPS-~-EERVLVTECGG-GDSIFCKTLTIPRVVGNDTGAYKCSYR~—-~~~DVDIA



WO 2007/109183

KDR_rat
KDR_human -~
KDR_chicken
FLT1_rat

FLT1 mouse
FLT1_human
FLT1_chicken
KDR_zebrafish

‘FLT4_mouse
FLT4_rat
FLT4_human
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KDR_rat |
KDR_human
KDR_chicken
FLT1_rat
FLT1_mouse
FLT1_human
FLT1_chicken

KDR_zebrafish °

FLT4 mouse
 FLT4_rat
FLT4_human
VEGFR3_chicken
KDR_mouse
KDR_rat
"KDR_human
KDR__ chzcken
FLTl ‘rat
FLTl_mouse
FLT1_ human
FLT1_chicken
KDR_zebrafish

» FLT4_mouse
FLT4_xat
FLT4_human

VEGFR3_chicken’

KDR_mouse
KDR_rat
KDR_human
KDR_chicken
FLT1_rat
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FLT1_human
FLT1_chicken
KDR_zebrafish

FLT4_mouse
FLT4_rat
FLT4_human

VEGFR3_chicken ‘

KDR_mouse
KDR_rat -
KDR_human
KDR_chicken
FLT1_ rat
FLT1l_mouse
FLT1_human
FLT1_chicken -
KDR_zebrafish
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----- RDS~~EERVLVTECG~-~DSIFCKTLTVPRVVGNDTGAYKCFYR~~~—~=DTDVS
----- SGS~--EQRVEVTECS~=-~DGLFCKTLTIPKVIGNDTGAYKCFYR—~~——~ETDLA
————— SNA-~EKRLAVTGCS~-~DGPECKTLTLLRVIGNDTGDYRCLYG~~~~~-DSQAR

. w===SQEDKKLSVTR~-SACGR~-NNRQFCSTLTLNMAQANHTGLYSCRYLPKSTSKEKKME.

~—=--SQEDKRLSITPPSACGR-DNRQFCSTLTLDTAQANHTGLYTCRYLPTSTSKKKKAE
«===SKESERLSITK~SACGR~NGKQFCSTLTLNTAQANHTGFYSCKYLAVPTSKKKETE
~—=~~SKDSKRLNVIK~YACGR-NGTQFCSTLTLSRTQANDTGRY SCRYPTSPVKKKR~-~E

—————— ASRNVSSVRIESCEE~RLHKHCSKLVIHNLRHNDTGIYSCSHKKSSD--~~~HE
ASTYVEVR~—~——=———mm DFKHPFINKP~——~-- DTLLVNRKDSMWVPCLVSIPGLNITL
. ASTYVFVR——---f———-DFEQPFINKP ------ DTLLVNRKDSMWVPCLVSIPGLNITLf'
ASSYVEVR==—m e DFEQPFINKP~—~—=~~~ DTLLVNRKDAMWVPCLVSIPGLNVTL
PTAYSRIQQDKRVLSPGSNFEQPFINKP~—~—=~ ETLLISKKENTWVPCLVSIPDLNVTL
* STVYVYVR=—mw—m——mm DYRSPFIASVSDQHGIVYITENKNKTVVIPCRGSISNLNVSL
SIVYVYVQm—~—— e DHRSPFIASVSDEHGIVYITENKNKTVVIPCRGSISNLNVSL
SVIYVYVQm——mmmm e DYRSPFIASVSDQHGVVYITENKNKTVVIPCLGSISNLNVSL
TPIYVYVQ-m e DYRSPFVTSVGDQLGIVYIT~-KNKTVVVPCLGTVSNLNVSL"
SAEIYIFVS—————————— DAGSPFIEMHSDIP--KLVHMTEGRELIIPCRVTSPRITVTL
SSIYIFVS=~=m=m=—==u~DAGSPFIEMHTDIP-~-KLVHMTEGRQLIIPCRVTSPNVTVTL
SATYIFIS——mmsmmmm— DTGRPFVEMYSEI P-~EITHMTEGRELVIPCRVTSPNITVTL
SIVYVFIN-—~—====~~DTSNPFVEMHSDIP-~KIIHMTVGKEMI IPCRVTAPNIAVTL
VSTYVFVK-—-——ﬁf-1—DPHHPFVEAYSLPH--PLFAYRNDPYFVVPCRTTYPNQNVIL.

*, = - Hode s stk o

RSQSS~-ALHPDGQEVLWDDRRGMRVPTQLLRDALYLQCETTWGDONFLSNLEVVHITGN
RSQS5-~VLHPDGQEVLWDDRRGMRVPTLLLRDALYLQCETTRWGDODFLSNPFLVHITGN
RSQSS~-VLWPDGQEVVWDDRRGMLVSTPLLHDALYLQCETTWGDODFLSNPFLVHITGN
ISONS—~LIHPDRKAIFWDNKKGMOVPTQLIRDSLEFVQCETVIDKKVFKSNFFIIHIAGI
CARYPEKRFVPDGNRISWDSEIGFTLPSYMISYAGMVFCEAKINDETYQSIMYIVVVVGY
CARYPEKRFVPDGNRISWDSEKGFTIPSYMISYAGMVFCEAKINDETYQSIMYIVLVVGY
CARYPEKRFVPDGNRISWDSKKGETIPSYMISYAGMVFCERKINDESYQSIMYIVVVVGY
HAKYPEKVFVEPDGKSISWDNKKGFTIPSHLISYAGMVFCEAKIDNESYQSVIYIVAVVGY
K~KFPFDALTPDGQRIAWDSRRGFIIANATYKEIGLLTCEATVNGHLYQTS~YLTHRQTN
K-KFPFDTLTPDGORITWDSRRGFIIANATYKEIGLLNCEATVNGHLYQTN-YLTHRQTN
K-KFPLDTLIPDGKRIIWDSRKGFIISNKTYKEIGLLTCEATVNGHLYKTN-YLTHRQTN

‘K—KIPFLTlLIPDGKTIIWDNMRGFRIPEATYRFIGLLSCETTIGGHKYSTK-YLTHFLTIN

—TQMNPMADDVKRGVQWDPKKGETVPLKPYDSYHLITCLTRVDNAEFSSV -YLLKRLTM

. KK *e o « * . a s

. .2 s . : . . .

ELYDIQLYPKKSMELLVGEKLVLNCTVWAEFDSGVTEFDWDYPGKQAERAKWVP—~—~ERRS
ELYDIQLYPKKSLELLVGEKLVLNCTVWAEFDSGVTEDWDY PGKQAERAKWVP~~-~ERRS
ELYDIQLLPRKSLELLVGEKLVLNCTVWAEFNSGVTFDWDYPGKQAERGKWVP~—~ERRS
ELYDIQLYPKKAMELLVGEKLVLNCTVWAEFNSGVRFQWTYPGKQMORAVIES~~-~ERRS
RIYDVILSPPHEIELSAGEKLVLNCTARTELNVGLDETWHS PPSKSHHKKIVNRDVKPEP
RIYDVVLSPPHEIELSAGEKLVLNCTARTELNVGLDESWQFPSSKHQHKKIVNRDVKSLP
RIYDVVLSPSHGIELSVGEKLVLNCTARTELNVGIDFNWEYPSSKHQHKKLVNRDLKTQS
RIYDLTMNPHYQVELAVGEKLVLNCTVRTELNVGIDFKWDYPSIK-~EKRATIRDLKTTA -
TILDVQISPPSPVRELRGQTLVLNCTVTTDLNTRVOMSWNYPGKATKRASIRQR~~IDQS
TILDVQIRPPSPVRLLHGOTLVLNCTATTELNTRVOMSWNYPGKATKRAS IRQR~—~IDRS
TIIDVQISTPRPVKLLRGHTLVLNCTATTPLNTRVOMTWSYPDEKNKRASVRRR-~IDQS
TIFPIKLSTPRLVKLLKGDSLAINCTVKARWNTRVOMTWIYPGEAMKRGSVTQR-~IDQK
EIKNLAIEPERP RVLVGDTLILNCSAETTYNGRIHFEWEFHKERINRPHHFST——TPVQ

¢« se & ok akdks s 2 2 s K%

QOTHTELSSILTIHENVSQNDLGPYVCEANNGIQRFRESTEVIVHEKPFISVEWLKGPVLE
QQTHTELSSILTIHNVSQHDLGPYVCEANNGIQQFRESTEVIVHEKPFLSVEWLKGPVLE
QOTHTELSSILTIHNVSQHDLGSYVCKANNGIQRFRESTEVIVHENPFLISVEWLKGPILE
LQTHTELSS ILTLHNVSQQDLGRYTCTATNGAQMLEESTDVIVHEKPFINVEWRKGPVIE
GTVAKMFLSTLTIESVTKSDQGEYTCVASSGRMIKRNRTFVRVHTKPFIAFGSGMKSLVE
GTVAKMELSTLTIDSVTKSDOGEYTCTAY SGLMTKKNKTEVRVHTKPFIAFGSGMKSLVE

. GSEMKKFLSTLTIDGVTRSDOGLYTCAARSSGLMPKKNSTFVRVHEKPFVAFGSGMESLVE

G-EIKTFVSTLTIDSVNLSDKGRYTCAASSGRMNMKNSSYFIIHESPFIHLEK-MENVVE
NPHSNVFHSVLKINNVESRDKGLYTCRVKSGSSFRTEFNTSVHVYEKGFISVKHRKQQVQE
HSHNNVFHSVLKINNVESRDKGLYTCRVKSGSSFQSFNTSVHVYEKGFISVKHRKQPVQE
NSHANIFYSVLTIDKMONKDKGLYTCRVRSGPSFKSVNTSVHIYDKAFITVKERKQQVLE
NREANVEYSILVIDRVRDIDKGQYACHVKSGPSNKLVNTTVIVYDKRFINLKRRRKTMLE
LAQIMVMSKALIVPNVTMEDKGTYTCTGSIEFKKLQMSTKVIVYEHPFLNVTHNKRKFTS

e e * ok A .w
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FLT4_mouse
FLT4_rat
FLT4_human
VEGFR3_chicken
KDR_mouse -
KDR .rat
KDR_human
KDR_chicken
FLT1_rat
FLT1_mouse
FLT1 human
FLT1 chicken
KDR_zebrafish

FLT4_mouse
FLT4_rat
FLT4_human
- VEGFR3_chicken
.KDR_mouse
KDR_rat
KDR_human
KDR_chicken
FLT1_rat

FLTl _mouse
FLT1 human
FLTl_chlcken
KDR_zebrafish

FLT4_mouse
FLT4_rat
FLT4_human
VEGFR3_chicken
KDR_mouse
KDR_rat’
KDR_human
KDR_chicken
FLT1_rat
FLT1_mouse
FLT1_human
FLT1 chlcken
KDR zebraflsh .

FLT4_mouse
FLT4 . _rat

FLTY4 human
VEGFRB _chicken
KDR mouse
KDR_rat
KDR_human .
KDR_chicken -
FLT1 rat
FLT1_mouse
FLT1_human
FLT1:chicken
KDR_zebrafish
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ATAGDELVKLPVKLAAYPPPE-FQWYKDRKAVTIGRHNPHA—-——~== LVLKEVTEASAGVYT
ATAGDEMVKLPVKLAAYPPPE—FQWYKDRKAVTGRHNPHB—-—F-LVLKEVTEASAGVYT
ATAGDELVKLPVKLAAYPPPErFQWYKDGKALSGRHSPHA ————— LVLKEVTEASTGTYT
ATAGDEAVKLPVKVVAYPPPD-FQWYKDGKLIP-KQSQSS~~=~==MQIKDVAEHHAGTYT

ATVG~SQVRIPVKYLSYPAPD-IKWYRNGRPIESNYTMIVGD~~ELT IMEVTERDAGNYT -
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LLQGRGLQEEEEVCMAP--RSSQSSEEGSFSQVSTMALHIAQADAEDSPPSLORHSLARR -
LLQEN-VQOEGKDYIPL~-NDSHSSEDDGFSQVPSSAQ~~QONSDEEDFDMRIRCHSLAARR

LLQAN~AQQDGKDYIVLPMSETLSMEEDSGLSLPTSPVSCMEEEEVCDP—~~~==—=~ KFH
LLQAN-AQODGKDYIVLPMSETLSMEEDSGLSLPTSPVSCMEEEEVCDP ~—=——==— KFH
LLQAN-AQQODGKDYIVLPISETLSMEEDSGLSLPTSPVSCMEEEEVCDP—~=——=~ -~KFH
LLOAN~VRQDGKDYVVLPLSVSLNMEEDSGLSLPTSPASCKEEEEVCDP === === KFH

LLQAN-VQQODGKDY I PLN~~AILTRNSGETYSVPTFSEDFFKDGETDPK~—~=———~—=—
LLOAN~VQODGKDY IPLN=~AILTRNSGFTYSTPTFSEDLFKDGEFADPH= =~ = — =
LLOAN-VOQDGKDY IPIN--AILTGNSGFTYSTPAFSEDFFKESLSAPK—m=mm=m=mmm
LLOAS-VQQEGKDY IPLD-~TLFTAESGF~—=-~PPASDPLCNEKFPVPS ~~~———————~
LLQAS-VQQEGKHY IPIN~~TALLT~——==w==w-=" KADPSNQSPTEETS ~mmmmmmm e

wokk

s »
ses 3 s - 5



WO 2007/109183 PCT/US2007/006723

-63-

FLT4_mouse ’ YYNCVSFPGRLARGTKTPGSSRMKTFEELPMTPTTYKASMD-NQTDSGMVLASEEFEELE

. FLT4_rat . YYNCVSFPGRLVRGTKAPGSSRMKTFEELPMTPTTYKASVD-NQTDSGMVLASEEFEQIE
FLT4_human . YYNWVSFPGCLARGAETRGSSRMKTFEEFPMTPTTYKGSVD~NQTDSGMVLASEEFEQIE
VEGFR3_chicken® ~ YYNCVSFPGCLTGGNQIRCSSRIKTFEEFPMTHTMYKAHPD-NQTDSGMVLASEEFERIE

KDR_mouse YDNTAGISHYLONSKRKSRPVSVKTFEDI PLEEPEVKVIPDDSQTDSGMVLASEELKTLE

KDR .rat, ) YDNTAGI SHYLONSKRKSRPVSVKT FEDI PLEEPEVKVIPDDSQTDSGMVILASEELKTLE

- KDR_human . . YDNTAGISQYLQNSKRKSRPVSVKTFEDIPLEEPEVKVIPDDNQTDSGMVLASEELKTLE
KDR_chicken * YDNTAGISQYRQGSKRKSRPVSVKT FEDI PLVTT-VKVVQEENQTDSCMVLASEELKTLE'

FLT1 rat - ’ FHSGSSDDVRYVNAFKFMSLERIKTFEELSPN-~ATSMFED~YHLDTSSLLTSPLLKRET

FLT1_mouse 'FHSGSSDDVRYVNAFKFMSLERIKT FEELSPN~-STSMFED-YQLDTSTLLGSPLLKRET
FLT1_human FNSGSSDDVRYVNAFKFMSLERIKT FEELLPN-~ATSMFDD-YQGDSSTLLASPMLKRET
FLT1_chicken ° ' PNCRSTERARYINTFKIKPPQRIKTFEELPIK~-EKLVFND-YOADSGMVLASEELKRET .
KDR_zebrafish TRPVSLRDSGTAWNIKIRP-ESVKTFDEVILENGTNKIHEG-GQSDSGIGLSSDDLKTLK

- . sHhkk o e . e * b ce

FLT4_mouse SRHR--~PEGSFSCKGPGQH~MDI PRGHPDPQGRRRRPTQGAQGGKVFYNNEYGEVSQPC
FLT4_rxat SRHR---QEGSFSRKDPGQH-MDISRGHPDLOGRRRRPTQGAQGGKVFYNNEYGEVSQPC
FLT4_human SRHR---QESGFSCKGPGQN-VAVTRAHPDSQGRRRRPERGARGGQVFYNSEYGELSEPS

- VEGFR3_chicken NRHR--~KEGGFS SKGPNRT -AELSAEQSDLRGRCRPSYGSQVGGQTFYNSEYGELSEHS

.KDR_mouse - DRNK~--LSPSFGGMMPSKSRESVASEGSNQTSGYQSGYHSDDTDTTVYSSDEAGLLKMY

KDR_rat : DRNK-~~LSPSFGGMMPSKSRESVASEGSNQTSGYQSGYHSDDTDTTVYSSDEAGLLKLY

KDR_human - DRTK-~--LSPSFGGMVPSKSRESVASEGSNQTSGYQSGYHSDDTDTTVYSSEEAELLKLI.
KDR_chicken ERDKQ--VKIPFSTLAPSKSNESVMSEASNQTSGYQSGYHSDDMDTMVCS SEDTELLCAQ
FLT1_rat WIETKPKASMKIDLRITSKSKEAGLSDLPGP-SFCFSSCGHIR-PVRQEDEDDPELG-KE
FLT1_mouse WTETKPKASMKIDLRIASKSKEAGLSDLPRP~SFCFSSCGHIR~PVQ~~-DDESELG-KE
FLT1_human  ~ WTDSKPKASLKIDLRVTSKSKESGLSDVSRP-SFCHSSCGHVSEGKRRFTYDHAELERKI
FLT1_chicken WIGSKQKWTL-FGMKGVSRSKESGLSGITKPRSFCSFSCDOLSESKRRYTYGNTVLEKMK
KDR_zebrafish . = RLESLARPRSFMSRAMKRKSKES-=-—=~~~-VLLEGEMDKYPPLVPSLSLEDSSLDSEM
FLT4_mouse ' TEGDGCP-~~---~-SAGSTFFADSSY SEQ ID NO:7
FLT4_rat TEGDCCP~=mmmm ~SAGSTFFADSNY SEQ ID NO:8-
FLT4_human EEDHCSP—w=m~m== SARVTFFTDNSY SEQ ID NO:9
VEGFR3_chicken . EDGSCTPPGEGASPTALHTSFFSEQY SEQ ID NO:10
KDR_mouse : DAAVHA-—————~=m— DSGTTLRSPPV SEQ ID NO:11
KDR_rat’ DVAGHV~—mmmm——— DSGTTLRSSPV SEQ -ID NO:12
KDR_human ’ EIGVQTGSTAQILQPDSGTTLSSPPV SEQ ID NO:13
KDR_chicken EASPTLPRVHG-LVHDSPAPLVSPPL SEQ ID NO:14
FLT1_rat SCCSPPPD~-----YNSVVLYSSPPA SEQ ID NO:15
FLT1_mouse - SCCSPPPD~~=~=--=~YNSVVLYSSPPA SEQ ID NO:16
FLT1_human ACCSPPPD-———-- YNSVVLYSTPPI SEQ ID NO:17
FLT1_chicken ACHSPPPD====== YSSVVHYSQPST SEQ ID NO:18
KDR_zebrafish ECHSPPPD---—-- YNYVYRYSTEPV SEQ-ID NO:19

1 34] A summary of the sequence alignment of FLT1 sequences from multiple ofganisms is’
shown in TABLE 19 below.

TABLE 19
Summary of Sequence Alignment of FL.T1 Sequences from Multiple Organisms.
. Mutation Comment
M498L. - L is present in mouse FLT1 and I in rat and chicken

R925G No variation
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[1 85] Analysi& of the Poténtiai Effect of FLTI mutations. on FLT1 Prote.in.. Secondary
Structure. The Effect of FLT1 Mutat;'on on Amino Acid Praperty The change of amino .a.cid
property observed by FLT1 mutation is summarized i in TABLE 20 (V aldar WS, Proteins -
48(2): 227-41 (2002))

} TABLE 20 , |
Influence of FLT1 Mutations on FLT1 Amino Acid Property
‘Mutation " Property change
Ins T256
M498L
R925G " Positive -> tiny

[1 36] nriPredict Method Analysis of the Wild-type FLTI Secondary S;tructure. Secondary

- structure predictions of wild-type FLT1 (TABLE 21) and mutant FLT1 polypeptides ,'(TABLE
23; TABLE 25; and TABLE 27) were performed by nnPredict. The basis of the prediciien is

"a two-layer, feed-forward neural network. The network weights were determined by a
separate program — a modification of the Parallel Distributed Programming suite of
McClelland and Rumelhart (MIT Press, Cambndge MA.1, Vol. 3, pp 318-3 62 (1988)).
Complete details of the determmatmn of the network weights is found in Kneller et. al. (J:.
Mol. Biol., (214): 171-182 (1990)). The output is a secondary structure prediction for each-
position in the éequence. _
[187] All TABLES (e.g., TABLE 22; TABLE 24; TABLE 26 and TABLE 28) in this
section that summarize the FLT1 protem secondary structure as predicted by nnPredict use
“H”, “E” and a dash “-“ as identifiers, which are defined as follows. A helix element is
des1gnated by the letter “H”, A stiand element is designated by the letter “E”. No- prediction
is desighated by a dash (“~ ”). Grey shading represents polypeptide regions where mutation

was identified.
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[188] The ar.hin(} acid sequence of wild-type FLT1 'polypeptidé (SEQ ID NO: 1 7) is'shown
below in TABLE 21.

TABLE 21

MVSYWDTGVLLCALLSCLLLTGSSSGSKLKDPELSLKGTQHIMQAGQTLHLQCRGEAAHK
WSLPEMVSKESERLSITKSACGRNGKQFCSTLTLNTAQANHTGFYSCKYLAVPTSKKKET
ESAIYIFISDTGRPFVEMYSEIPEIIHMTEGRELVIPCRVTSPNITVTLKKEPLDTLIED
GKRIIWDSRKGFIISNATYKEIGLLTCEATVNGHLYKTNYLTHRQTNTIIDVQISTPRPV
KLLRGHTLVLNCTATTPLNTRVQMTWS Y PDEKNKRASVRRRIDQSNSHANIFYSVLTIDK .
MQNKDKGLYTCRVRSGPSFKSVNTSVHIYDKAFITVKHRKQQVLETVAGKRSYRLSMKVK
‘AFPSPEVVWLKDGLPATEKSARYLTRGYSLIIKDVTEEDAGNYTILLSIKQSNVFKNLTA
TLIVNVKPQIYEKAVSSFPDPALYPLGSRQILTCTAYGIPQPTIKWFWHPCNHNHSEARC
DFPCSNNEESFILDADSNMGNRIESITQRMAI IEGKNKMASTLVVADSRISGIYICIASNK
VGTVGRNISFYITDVPNGFHVNLEKMPTEGEDLKLSCTVNKFLYRDVTWILLRTVNNRTM.
HYSISKQKMAITKEHSITLNLTIMNVSLQDSGTYACRARNVYTGEEILQKKEITIRDQEA
PYLLRNLSDHTVAISSSTTLDCHANGVPEPQITWFKNNHKIQQEPGIILGPGSSTLFIER
VTEEDEGVYHCKATNQKGSVESSAYLTVQGTSDKSNLELITLTCTCVAATLFWLLLTLLI
RKMKRSSSEIKTDYLSIIMDPDEVPLDEQCERLPYDASKWEFARERLKLGKSLGRGAFGK
VVOASAFGIKKSPTCRTVAVKMLKEGATASEYKALMTELKILTHIGHHLNVVNLLGACTK
QGGPLMVIVEYCKYGNLSNYLKSKRDLFFLNKDAALHME PKKEKMEPGLEQGKKPRLDSY
'TSSESFASSGFQEDKSLSDVEEEEDSDGFYKEPITMEDLISYSFQVARGMEFLSSRKCIH.
RDLAARNILLSENNVVKICDFGLARDIYKNPDYVRKGDTRLPLKWMAPESIFDKIYSTKS
DVWSYGVLLWEIFSLGGSPYPGVQMDEDFCSRLREGMRMRAPEYSTPEIYQIMLDCWHRD
PKERPRFAELVEKLGDLLQOANVQODGKDYIPINAILTGNSGETYSTPAFSEDFFKESISA .
" PKENSGSSDDVRYVNAFKFMSLERIKTFEELLPNATSMEDDYQGDSSTLLASPMLKRETW
TDSKPKASLKIULRVTSKSKESGLSDVSRPSFCHSSCGHVSEGKRRFTYDHAELERKIAC
CSPPPDYNSVVLYSTPPI

"SEQ ID NO:17
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[189] A schematic representation of the secondary structure of w1ld-type FLT1 polypeptlde
(SEQ ID NO:17) predicted using nnPredict analysis is ‘shown below in TABLE 22. The

pos1t10n of the mutated amino acid residués are identified with grey shaded text.

TABLE22
-—~E~~~~HHHHHHHHHEEEE - === - = e HH~--HHHHHEH~~HHHHE———~HH———
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[190] The amino acid sequence. of FLT1 mutant polypeptide Iﬁsert T256 (SEQ ID NO:20) is
shown below in TABLE 23. The position of the mutated amino acid residue is hlghhghted in

bold underlmed text.

TABLE 23

MVSYWDTGVLLCALLSCLLLTGSSSGSKLKDPELSLKGTQHIMOAGQTLHLQCRGEAAHK

WSLPEMVSKESERLS ITKSACGRNGKQFCSTLTLNTAQANHTGFYSCKYLAVPTSKKKET

ESAIYIFISDTGRPFVEMYSEIPEIIHMTEGRELVIPCRVTSPNITVTLKKFPLDTLIPD .
GKRIIWDSRKGFIISNATYKEIGLLTCEATVNGHLYKTNYLTHRQTNTIIDVQISTPRPV

KLLRGHTLVLNCTATTTPLNTRVOMTWSYPDEKNKRASVRRRIDQSNSHANIFYSVLTID

"KMONKDKGLYTCRVRSGPSFKSVNTSVHIYDKAFITVKHRKQQVLETVAGKRS YRLSMKV

KAFPSPEVVWLKDGLPATEKSARYLTRGYSLIIKDVTEEDAGNYTILLSIKQOSNVFKNLT

ATLIVNVKPQIYEKAVSSFPDPALYPLGSRQILTCTAYGIPQPTIKWFWHPCNHNHSEAR

CDFCSNNEESFILDADSNMGNRIESITQRMAIIEGKNKMASTLVVADSRISGIYICIASN |
KVGTVGRNISFYITDVPNGFHVNLEKMPTEGEDLKLSCTVNKFLYRDVTWILLRTVNNRT

MHYSISKQKMAITKEHSITLNLTIMNVSLODSGTYACRARNVYTGEEILQKKEITIRDQE

APYLLRNLSDHTVAISSSTTLDCHANGVPEPQITWFKNNHKIQQEPGIILGPGSSTLFIE

RVTEEDEGVYHCKATNQKGSVESSAYLTVQGTSDKSNLELI TLTCTCVAARTLFWLLLTLL

IRKMKRSSSEIKTDYLSIIMDPDEVPLDEQCERLPYDASKWEFARERLKLGKSLGRGAFG
- KVVQASAFGIKKS PTCRTVAVKMLKEGATASEYKALMTELKILTHIGHHLNVVNLLGACT
KOGGPLMVIVEYCKYGNLSNYLKSKRDLFFLNKDAALHME PKKEKMEPGLEQGKKPRLDS

VTSSESFASSGFQEDKSLSDVEEEEDSDGFYKEPITMEDLISYSFQVARGMEFLSSRKCI
"HRDLAARNILLSENNVVKICDFGLARDIYKNPDYVRKGDTRLPLKWMAPESIFDKIYSTK

SDVWSYGVLLWEIFSLGGSPYPGVOMDEDFCSRLREGMRMRAPEYSTPEI YQIMLDCWHR

DPKERPRFAELVEKLGDLLQANVQODGKDYIPINAILTGNSGFTYSTPAFSEDFFKESIS

'APKFNSGSSDDVRYVNAFKFMSLERIKTFEELLPNATSMFDDYQGDSSTLLAS PMLKREFT

WTDSKPKASLKIDLRVTSKSKESGLSDVSRPSFCHSSCGHVSEGKRRFTYDHAELERKIA

CCSPPPDYNSVVLYSTPPI

SEQ ID NO:20
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[191] A schematic representation of the secondary structure of FLT1 mutant polypef)tide
Insert T256 (SEQ ID NO:20) predicted using nnPredict analysis is shown below in TABLE
24. The position of the mutated amino acid residue i is identified by grey shaded text.

TABLE 24
———E-——-~HHHHHHHHHEEEE~~—————————~—— HH--~HHHHHH--HHHHE-—~HH-~-
————— H-HH---HE-EE~~=~-~====—-E-EE-E-~————~=m e e aEe—Bom e mmm— e
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[192] The amino acid s sequence of FLTI mutant polypeptide M498L (SEQ ID NO: 21) is
shown below in TABLE 25. The position of the mutated amino acid residue is hlghhghted in
bold underlined text.

TABLE 25

MVSYWDTGVLLCALLSCLLLTGSSSGSKLKDPELSLKGTQHIMQAGQTLHLQCRGEAAHK
WSLPEMVSKESERLSITKSACGRNGKQFCSTLTLNTAQANHTGFYSCKYLAVPTSKKKET
ESAIYIFISDTGRPFVEMYSEIPEIIHMTEGRELVIPCRVTSPNITVTLKKFPLDTLIPD,
GKRIIWDSRKGFIISNATYKEIGLLTCEATVNGHLYKTNYLTHRQTNTIIDVQISTPRPV
KLLRGHTLVLNCTATTPLNTRVQMTWSYPDEKNKRASVRRRIDQSNSHANIFYSVLTIDK
MQNKDKGLYTCRVRSGPSFKSVNTSVHIYDKAFITVKHRKQQVLETVAGKRSYRLSMKVK
AFPSPEVVWLKDGLPATEKSARYLTRGYSLIIKDVTEEDAGNYTILLSIKQSNVFKNLTA
TLIVNVKPQIYEKAVSSFPDPALYPLGSRQILTCTAYGIPQPTIKWFWHPCNHNHSEARC
DFCSNNEESFILDADSNLGNRIESITQRMAIIEGKNKMASTLVVADSRISGIYICIASNK'
VGTVGRNISFYITDVPNGFHVNLEKMPTEGEDLKLSCTVNKFLYRDVTWILLRTVNNRTM,
HYSISKQKMAITKEHSITLNLTIMNVSLQDSGTYACRARNVYTGEEILQKKEITIRDQEA
PYLLRNLSDHTVAISSSTTLDCHANGVPEPQITWFKNNHKIQQEPGIILGPGSSTLFIER
VTEEDEGVYHCKATNQKGSVESSAYLTVQGTSDKSNLELITLTCTCVAATLFWLLLTLLI
RKMKRSSSEIKTDYLSIIMDPDEVPLDEQCERLPYDASKWEFARERLKLGKSLGRGAFGK

-VVQASAFGIKKSPTCRTVAVKMLKEGATASEYKALMTELKILTHIGHHLNVVNLLGACTK‘
QGGPLMVIVEYCKYGNLSNYLKSKRDLFFLNKDAALHMEPKKEKMEPGLEQGKKPRLDSV
TSSESFASSGFQEDKSLSDVEEEEDSDGFYKEPITMEDLISYSFQVARGMEFLSSRKCIH

'RDLAARNILLSENNVVKICDFGLARDIYKNPDYVRKGDTRLPLKWMAPESIFDKIYSTKS

'DVWSYGVLLWEIFSLGGSPYPGVQMDEDFCSRLREGMRMRAPEYSTPEIYQIMLDCWHRD
PKERPRFAELVEKLGDLLQANVQQDGKDYIPINAILTGNSGFTYSTPAFSEDFFKESISA
PKFNSGSSDDVRYVNAFKFMSLERIKTFEELLPNATSMFDDYQGDSSTLLASPMLKREFTH
TDSKPKASLKIDLRVTSKSKESGLSDVSRPSFCHSSCGHVSEGKRRFTYDHAELERKIAC
CSPPPDYNSVVLYSTPPI

SEQ ID NO:21
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[193] A schematic representation of the secondary structure of FLTl mutant polypeptxde
M498L (SEQ ID NO:21) predicted using nnPredict ana1y51s is shown below in TABLE 26

The position of the mutatéd amino acid residue is identified by grey shaded text.

TABLE 26
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[194] The a:hinq acid sequence-of FLT1 mutant polypeptide RQZSG (SEQ ID NO:22) is
shown below in TABLE 27. The position of the mutated amino acid residue is highlighted in

bold underlined text.

TABLE 27

MVSYWDTGVLLCALLSCLLLTGSSSGSKLKDPELSLKGTQHIMQAGQTLHLQCRGEAAHK
WSLPEMVSKESERLSITKSACGRNGKQFCSTLTLNTAQANHTGFYSCKYLAVPTSKKKET
ESAIYIFISDTGRPFVEMYSEIPEIIHMTEGRELVIPCRVTSPNITVTLKKFPLDTLIPD
GKRIIWDSRKGFIISNATYKEIGLLTCEATVNGHLYKTNYLTHRQTNTIIDVQISTPRPV
KLLRGHTLVLNCTATTPLNTRVQMTWSY PDEKNKRASVRRRIDQSNSHANT FYSVLTIDK
'MQNKDKGLYTCRVRSGPSFKSVNTSVHIYDKAFITVKHRKQQVLETVAGKRSYRLSMKVK
AFPSPEVVWLKDGLPATEKSARYLTRGYSLIIKDVTEEDAGNYTILLSIKQSNVFKNLTA
TLIVNVKPQIYEKAVSSFPDPALYPLGSROILTCTAYGIPQPTIKWFWHPCNHNHSEARC
DFCSNNEESFILDADSNMGNRIESITQRMAIIEGKNKMASTLVVADSRISGIYICIASNK'
VGTVGRNISFYITDVPNGFHVNLEKMPTEGEDLKLSCTVNKFLYRDVTWI LLRTVNNRTM
HYSISKQKMAITKEHSITLNLTIMNVSLQDSGTYACRARNVYTGEEILQKKEITIRDQEA
PYLLRNLSDHTVAISSSTTLDCHANGVPEPQITWFKNNHKIQQEPGIILGPGSSTLFIER
‘VTEEDEGVYHCKATNQKGSVESSAYLTVQGTSDKSNLELITLTCTCVAATLFWLLLTLLI
RKMKRSSSEIKTDYLSIIMDPDEVPLDEQCERLPYDASKWEFARERLKLGKSLGRGAFGK
VVQASAFGIKKSPTCRTVAVKMLKEGATASEYKALMTELKILTHIGHHLNVVNLLGACTK.
QGGPLMVIVEYCKYGNLSNYLKSKEDLFFLNKDAALHMEPKKEKMEPGLEQGKKPRLDSV
TSSESFASSGEQEDKSLSDVEEEEDSDGFYKEPITMEDLISYSFQVARGMEFLSSRKCIH
RDLAARNILLSENNVVKICDFGLARDIYKNPDYVRKGDTRLPLKWMAPES T FDKT YSTKS
DVWSYGVLLWEIFSLGGSPYPGVOMDEDFCSRLREGMRMRAPEYSTPEI YO TIMLDCWHRD
PKERPRFAELVEKLGDLLQANVQQDGKDYIPINAILTGNSGFTYSTPAFSEDFFKESISA
PKFNSGSSDDVRYVNAFKFMSLERIKTFEELLPNATSMFDDYQGDSSTLLAS PMLKRETH
TDSKPKASLKIDLRVTSKSKESGLSDVSRPSFCHSSCGHVSEGKRRFTYDHAELERKIAC
CSPPPDYNSVVLYSTPPI '

SEQ ID NO:22
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[195] A schematic representatlon of the secondary structure of FLT1 mutant polypeptlde
' R925G (SEQ ID NO:22) predicted usmg nnPredict analysis i is shown below in TABLE 28. .

The posntmn of the mutated amino acid residue is identified by grey shaded text.

TABLE 28
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[ 196] The influence of FLT1 mutations on FLT1 protein secondary structure is summarized
below in TABLE 29.

TABLE 29

Influence of FLT1 Mutations on FLTl Protein Secondarv Structure

Mutation Predicted Protein Secondary Structure Charige

Ins T256 No change -

M498L .  Modify upstream and downstream structures slightly
R925G ‘

Alter the downstream helix structure

[197] General Overvzew Analysis. A sumrnary of the results of computatlonal analy51s of

the effect of the FLT1 mutatlons and SNPs 1dent1ﬁed in the present mventlon on select
features of w11d-type FLTI is prov1ded below in TABLE 30.
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. TABLE 30.
Eva]uatlon of FLT1 Mutations by Seguence Feature
' Mutation - Protein Phosgho- - Other AA " AA  Secondary
.. domain. ' rylation modification conservation property Structure
. o : : : ~ change .
Insert T256 + T+ : + .
- M498L . + : : +
R9256 ++ .+ - + B + o+
+: the eﬁ'ect of mutation on protein function is low '

++:  the effect of mutation on protein function is - medium
B the effect of mutation | on protem function is h1gh

[198] The FLT1 amino acid at position T256 was 1dent1ﬁed asa putatlve threonine
phosphorylatlon site.. The FLT1 amino acids M498 and R925 were observed as close to -
putative serine phosphorylatnon sites at FLT1 amino acid positions 5496 and S923
:respectlvely In addltlon, FLT1 amino acid T256 was observed as adjacent to a potentlal
glycosylatlon site between amino acid positions 251 and 254. FLTI1 amino acid position
T256 was observed as located in an immunoglobulin domain. .FLT1 amino acid position
R925 was 1dent1fied as located in a protein tyrosine kinase domain. Sequence alignment of
known FLTls from human rat mouse and chicken 1nd1cated that R925 was observed as
h1gh]y conserved while M498 was not. FLT1 amino acid position R925G was predicted to
reduce a positive charge of the FLT1 protein and may alter its downstream helix structure.
The FLT1 mutant M498L may also affect F LT1 suwrrounding secondary structures.

EXAMPLE II .

ANALYSIS OF FLT1 MUTATION FOR THERANOSTIC CANCER TREATMENT IN A

SUBJECT -

{199} In ﬂﬁs invention, an agent that modulates F LT1 biological activity (i.e., FLT1

modulatmg agent, e.g., FLT1 antagonist; Vatalanib (1- [4-chloroan111no] 4- [4-pyr1dylmethyl]

: phthalazme succmate), AEE788) is administered to a patlent with cancer, e.g., colon cancer,
when the patlent has a single nucleotide polymorphism (SNP) pattein 1nd1cat1ve of a FLT1

| mutation that correlates with the diseasé. In one embodiment, the SNP is selected from the

group consisting of .the FLT1 ‘mutation 'sumr_nari.zed. in TABLE 1 and TABLE 2.
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EQUIVALENTS

[200] The present invention is not to be limited in terms of the particular embodiments
d'escril’)ed in this application, which are intended as single illustrations of indivjdual aspects of
the invention. Many. modifications and variations of this invention can be made without :
.departing from ité spi'ri't'and spobe, as will be apparent to those skilled in the art: Functionally
equivalent methods and apparatuses within the scope of the invention, in addition to those
‘enumerated herein, will be apparent to those skilled .in the art from the foregoing descript.ions.
Such modifications and variations are intended to.fall within thé scope of the appended -
claims. The present invention is to be limited only by the terms of the appended claims,. along.

with the full scope of equivalenfs to which such claims are entitled.
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CLAIMS
We claim:
1. The use of a FLT1 modulating agent in the manufacture of a medicament for the

treatment of cancer in a selected patlent population, wherein the patient populatlon is,
selected on the basis of the genotype of the patients at a F LTI genetlc ‘locus indicative A

‘of a propensity for having cancer.

2. .The use of an anti-cancer agent in the manufacture of a medicament for the treatment
of cancer in a selected patient pb'pulation wherein the patient population is selected on
the basis of the genotype of the patients ata FLT1 genetlc locus indicative of a

' propen51ty for having cancer.

3. An isolated polynucleotlde having a sequence encoding a FLT1 mutation listed in
_TABLE 1.

4. A vector comprising a polynucleotide of claim 3.

5. An organism containing a polynucleotide of claim 3.

6. The 'polyi;ucledtide of claim 3, further comprising a polyriucleotide sequence encoding

aFLT1 polypeptide having a sequence selected from the group consisting of: SEQ ID -
' NO:20; SEQ ID NO:21; and SEQ ID NO:22.

7. An isolated polypeptide having a sequence selected from the group consisting of: SEQ
ID NO:20; SEQ ID NO:21; and SEQ ID NO:22,

8. A method for treating cancer in a subject, comprising the steps of:
(a obtaining the genotype or haplofype ofa subjeet at a FLT1 gene locus, wherein
the genotype and/or haplotype is indicatiye of a propensity for having cancer;
and

(b)  administering an anti-cancer therapy to the subject.



10.

11.

12.

13.

14.

15.-
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The method of claim 8, wherein the anti-cancer therapy is selected from the group
consisting of Glivec®, FEMARA@, Sandostatin® LAR®, ZOMETA®, vatalattib, )
everolimus, gimatecan, patupilone, midostaurin, pasireotide; LBH589, AEE788 and
AMN107.

The method of claim 8, wherein the caricer is selected from the group consisting of
glioblastoma; breast cancer; melanoma, ovarian cancer, cholangloma, non-small-cell

lung cancer (N SCLC) prostate cancer; and colon cancer.-

The method of claim 8, wherein the genotype is heterozygous, with at least one of the

alleles contammg aFLT1 polymorphlsm and/or mutation of TABLE 1.

The method of claim 8, wherein the genotype is homozygous, with at least one of the

alleles containing_a FLTl‘m'utati‘on'or onlymorphism of TABLE 1.,

The method of claim 8, wherein the enti-eencer therapy is the administration of a

therai)euticatly effective amount of a FLT1 modulating agent.

A method for diagnosing a propensity for having cancer in a subject, comprising. the -

steps of: _ .

@ obtaiﬁing'the genotype or haplotype of a subject ata FLT1 gene locus, wherein
thé genotype and/or haplotype is indicative of a propensity of the cancer to

respond to the drug; and

“(b) identifying the subject as having a propensity for having cancer.

The use of a polynucleotide having a sequence encoding 4 FLT1 mutation listed in

TABLE 1 as a drug target.
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