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BACKGROUND

[0004] Warfarin is a widely prescribed anticoagulant for the prevention of
thromboembolic diseases for subjects with deep vein thrombosis, atrial fibrillation, or
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Thus, the pronoter
warfarin dosing will be quicker, safer, and more economical.
[0009] Accordingly, one aspect of the present invention provides a method of
determining the dose range of warfarin for a subject, comprising investigating the
sequence of the promoter of the VKORCI1 gene of the subject. Another aspect of the
present invention provides a method of assessing the risk of complication after a
patient takes warfarin, comprising investigating the sequence of the promoter of the

VKORCI1 gene of the subject. The more sensitive the subject is to warfarin, the

higher is the risk to develop complications, such as bleeding.
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t han etero t e hayi an A and.anot her nucl eoti de
uscreg arpoligomys e%egqtﬁ?@psg)épaﬁ%dwbnmef With the premotgref the the
iy %é{-%OtP?eﬂat%bgpfh% ﬁ%@ﬁﬁcﬁéo‘ﬁ%ets cWail?%gﬂn&Q@snwﬁh at least 6,

aving n6’ A at this posi
&slé)q iZride 1 6,28, &, 22mr@dtrugkpedestsparasgithicn bo Fogrostion of the

| ent . genetic marker. of th 1639A 163
VR B, aRe B iofie B B b estspfer i Bite BN AuEried B ne
péphkRI blodd bhtheGabjewe of the presence of the
corresponding allele. For exanple, the equival ent

dgenetlc mar ker may be an SNP selected fromthe group .
[0943kThe subjechpf ﬁhssgggemw is prefrmaily @ human,merggreferably an Asian,

chchéaf, Atichd AR neliERe or ggsg]bn f which is indicative

arin’sensitivity. n some enbodi nents of
the present invention, the sequence is investigated by
[0034NQOthen m@thogs nﬂdcbsémg Wwalgaritheen lsp@mbﬁme@lawlytmm‘rdsafgaz@s; of

iR G Bt 1o Seplele PE a9 s s PEDE R e el E
eximined based on knowledge available in the art. For example, both CYP2C9*2 and

CYP2C9*3 are associated with warfarin sensitivity.

[0015] An additional aspect of the present invention provides a method of
determining the dose range of warfarin for a subject, comprising investigating the
activity of the promoter of the VKORCI1 gene of the subject. A higher promoter

activity is indicative of higher warfarin dose requirements.



8, 10, 12, 14, 16, 18, 20, 22 or 24 nucleotides

spanni ng the -1639 position of the VKORCI gene. The
wWeagesss may be investigated by using DNA pr eper/esk005/046869

fromthe peripheral blood of the subject. [0013] The

subject of this invention is preferably a human, nore
[0BFedr st apptheratpod ph e P@%ﬁ‘iﬂ%ﬂé‘i“%fﬁ‘,onﬂ?‘f‘g%ﬁﬁ kipgar @gﬁmf{mg the
dd@@?d’n'g@ Bﬁwaﬁamg," SRR at 3% Bhe ShiBoneR sH8dSd RbmARS bfvtip

war f e conbi f "t he

rin can ed wth the investigation o

coukiem@ ofyene. For exanple, the sequence of the CYP2C9

o o R SRR B0 PR 9 DAL

andl € associated with warfarin sensitivity. [0015] An
addi tional aspect of the gresent i nvention provides a
(bhet Hoaewts feredaseqtingispapenereCdb e -1 athrossiongfthaVKORG) gepe.

subj ect, conprising investigating the activity of the
. r
1081 e G thlfcr CB{ise AFn Olor WEEcip# efidnee & AlOf i tne
-163% positepuo fitbe ¥ KIQGR € D@di] reypdctizelyt Abus, ars partin ehbodiments, the
Jpresent i.nventio ovi .des ' or det.ermning,the
ifipER CPLRG CRcH PRI SSring sy otithe ik poRuSE P aftils

poRRIFRO e BiheS &hB&diREnt ! Bt hthyLoRtiih £ ARREASTok B&te&ing A ahda
nmeans for detecting sequencé A at the -1639 position

merins foredelcORCS @ﬁ“ d' atalig position sinsathe frevengeofan A agthis
G at the -163 i tion.of v _
p%%ﬁ%%-e}? ﬁ).?aﬁréos‘? indic glﬁe Pﬁ \}V?ﬁﬁ?f? éetnlrs,[%l?}tg Th'GelS oerfquﬂ? an

| er co e a neans
olipoheclédtig. TBEURMES dptidhallylcomtiprise ehe rkaZhtos blig@iuctebtide
the. VKORCl gene, respectively. Thus, in certain

hybridization HCK amplifigation,and/ox Fansofwgains for
detecting each of the four possible bases at this

[0098)! Ah@fer asPecP bk p%m&qhg@mbﬁ pra\n&efs kihtoligBYudQHaa ot g

means for detecting A and a neans for detecting G
complamertt theméof, thoshybridizes &1 amgianhaf the ¥K&REel génegmomotgt,

Wlieg%izit e? %:g{({p%rﬁﬁzth%glgq,}gop?)tgmbﬂ g¥ atéqig?)/rie)otg;]an cgcfn%{slsnof at least 6
Rl doBl8& FHrefetablie the Uigokidledtriy sﬁwﬁ@mglﬂymsi@awitﬁ at lehst 6, 8,
reagents for oligonucleotide hybridization,

: ) . PCR
103431 14 i1 6.ak8, 80, 2201 oruclentidesippiing thef-19geposftipmcd]the
he S . . A i i
VRRCELSTRE Bl LS B SR LSO s
nutidotidelatzke - 1639 posiagn & 0B, G teT, \ikEIRGb] ygk ne Gp o oertad |
embodiments, the oligonucleotide may consist of abqut 15 nucleotides or less, 16-20
nucleotides, 20-25 nucleotides, 25-30 nucleotides, or 30-40 nucleotides. An array

comprising the oligonucleotide of this invention is also provided.

[0019] The details of one or more embodiments of the invention are set forth in the
accompanying drawings and the description below. Other features, objects, and
advantages of the invention will be apparent from the description and drawings, and

from the claims.



wherein the region spans the -1639 position of the

pronoter and consists of at |east 6 nucl eotides.
wdoreebesmbd y, the ol i gonucl eoti de specifically PCT/US2005/046869

hybridizes with at least 6, 8, 10, 12, 14, 16, 18, 20,

22 or 24 nucleotides s annlggfthe -1639 p03|t|on of
the VKORC gene DE{RHT BBAVENG8Nn hybri di ze to
this region wherein the nucl eotide at the -1639

[Oﬁﬁiiﬁéé‘u?rg p! %cﬁ}eﬁ go?of"{;va%an G638 g%ﬁhéf e PRORC1 N638 Eérﬁitﬁbe

nts oll onuc eot | may consi st of about
Wakfarinudlsexini selested paﬂlmwltn §raPfrin Gmseotlﬁydns¢8152@wz gsee Table 1

nucl eoti de 25-30 n |de eot j.de
TorFa) i Aot DAEreDt BGBRRET LR YA ORCT RGO EFT 639
poélﬂxﬁ NEjaRidwl AR CYPRod@tanth Q%QimgT bwrdebes, ITR90A (hag
nmore enbodi nents of the invention are set forth in

arrumaacad cosita?PP shanged fionyE tadd anhR3 &) pringacibresiue 382
h gr feﬁQ%;Fs obj ects, and advantages of the

changed ffomy 1 be apparent fromthe description and
draw ngs, and fromthe clai ns. DESCRI PTI ON OF DRAW NGS

(00039 2QgurE2g The rdlativBantdsarenphtofdicifesast acﬁivit)desésin HepG2

celi ﬁ&]&‘:’i e REP G PPFGh R ARIRS 1 i U S r Gfefe (POL3-
GY £ gfe{ ( ﬁ%@ bafibR. Fhé %erﬁ?et &Hthé ﬁat)i\%ﬁl Pberitbnts is

agal ferent genotypes a pr onot er
prestH88, szdsthd: eroor. batd repicoérdsisthadand dwmqnz m@hﬂabasmwgs used as

i ncl udi ng CYP2C9* 3, T299AE% am no acid residue
copgel i 81 PIODIREF SPQICRFe 31%382L (i.e., anino acid

resi due 382 changed fromP to L). [0021] Figure 2. The
[002)) gu/re 3MERE eRsTRsBqhct ufiht SIEORCAgthe/{GenbhidyAtession

HepG2 cells. pGL3 luciferase reporter contai

NeiAFsT02he The (1EicaipAyn shrtarta s A Eciepdetinger 28 mgtded and
3 f

bo%r @'EBREE %hl%ﬂslé Hés atey%l@ @:ﬁ)?{tl%e}ﬁegr@ rl% frH%Q?rqgfoﬁalf rom

nolheqnblaa&mt fhcsA@ﬁ d&rAT(Ri eamslatlomnmtlp@mscctdwl(boMaﬁ ig glathiclpotide

TR TS iy B
SdcfRPRANKIAR ﬁt%a Iag’ﬁll Npthe&\éa&w?e%}atuw eyswrﬂnmw pﬂ@iﬂo@eﬁ

start site1s at nucl eotide nunber 5086 ol ded and
pdhxmw)nsmﬂetsmlsedfmg’rus avensigreiy undertiaed #ikh da(sm eatides

e S5P R E*l.cﬁﬂsa%togﬁfr?’(ﬁh?a%%@f’?% Bybnihathes
inThECh&R réddenmeHibe by @aiz inthis figure, which is
recomrended by the Human Genone Vari ation

DETAILED DESCRIPTION

[0023] We discovered that a polymorphism in the promoter of the VKORCI gene is
associated with warfarin sensitivity. This polymorphism can explain both the inter-
individual and inter-ethnic differences in warfarin dose requirements. Furthermore,
the polymorphism is also associated with promoter activity. The VKORCI1 promoter
having a G at the -1639 position (numbered with respect to the first nucleotide of the
initiation codon) is 44% more active than the promoter having an A at the same
position. Patients with the -1639A polymorphism are more sensitive to warfarin.

Homozygous AA patients at the -1639 position had the lowest dose requirements,



Society to be designated as + 1 in the new

nomencl ature system The pronoter pol ynorphi sm
walemenedsed in this invention is underlined andrdDUS®AS/046869

(nucl eotide nunber 3673 in this sequence), which is at

-1413 in the traditional systemand -1639 in the new,
hetgrppyaopn Asuhad igicanedipiefarq fearirgments %ﬂ%p@@mouv@dv

I r e
e RS A R U o
VEQIRC lpgrtnpmf la;shbjsm caabe axql ta |pned1>¢1tHowt hech wagaiimstiouldeal
and, |$gq{é ni c differences in warfarin dose
PIESSGGF P Wbigetr ¢ her nore, the pol ymorphismis al so
associated with pronoter activity. The VKORC pronoter
[0024])i Pordo Gestiribidiahe H3RiR0aI flitid deU)BRtEEhsWiskdin this
respect to the first nucl eotide of the initiation
apphiedion ngmrﬁf@lwaﬂﬁspﬂ’éﬁ”ﬁﬁ@mter havi ng an
A at the sane position. Patients with the -1639A
DE@A Y{gR" Phi sm are nore sensitive to warfarin.
nbzygous AApatients at the -1639 position had the
| onest dose requi rerrents het er ozygous AG had
[0023)eTineteima( ‘wadfoge mqmipa@n%mlmlaamoﬂermetimﬁinyg ens GG

atie st ,dos T rompter
Bl a8 A eired PR iR G s CH BOBTR Bpo-
pieaplbhg/zed -E&z@%ﬁdﬁ-@onﬁ@‘é n&ﬁfph\éﬂéyflép’-adétyﬂétﬁjdl-d be
prescri bed for the subject 0024] Prior to descrihbin I?
hytdrexyicay@atine il ierfurrant searndein rpduqt fie? FASERHS MEdereiof the
n efl n®
bk Car B S A TR e REin S Snoolgp S IOk Elner, the S
isdmer; by facémenmixresmedang saltrtheieof.d8pdoifidal ly ésclindedias gvaafarin

antico gul nt activit ref ey, enbod: mafg
arg &opgya . agevg.nh%wé;q,éﬁ ?tgl’ 111, gldﬁ%tﬁmnsu 91|‘ one, Waran,

AbhbRERZORYIrANAGNON & dbisind; wadardn A& @ mafene, Zoocoumarin,
b-acetyl et hyl - 4- hydroxycoumarin). The current

lenmpmman 43¢10mmh br@lfacm@ml@nndmw chlogdphatigom, sonmer.
b IIERﬂﬁ drS; 1 The 1t erm"warfarin" enconpasses the
rﬂnﬁaglé) ] %‘?‘?8%?0 any racem c m xture, and any
salt thereof. Specifically included as warfarin are
[002éInAd FBligdviacieuhde”, Balmﬂhéﬂem isRr mb lecolerdinprisihg 12tto abne,
Warfil one, Waran, “i'thr onbi n- rfari n&g‘gano
100 eomsipwans npalepdqsdinked yia ReBlgS ds 708 08RG Gptide may be
atl?%%pﬁ’t{o% ROITTRN3.0,H0C YT B0 mubleOds 36:04Mh ofisiRENAMI One,
orop aci none,
oligonucleotide is preferably up to about 200, and more preferably up to about 150,

100, 75, 50, 40, 30, or 20 nucleotides long.

[0027] A hybridization “probe” is an oligonucleotide that binds in a base-specific
manner to a complementary strand of nucleic acid. Such probes include peptide
nucleic acids. Probes can be any length suitable for specific hybridization to the
target nucleic acid sequence. The most appropriate length of the probe may vary
depending upon the hybridization method in which it is being used; for example;
particular lengths may be more appropriate for use in microfabricated arrays, while
other lengths may be more suitable for use in classical hybridization methods. Such
optimizations are known to the skilled artisan. Suitable probes and primers typically

range from about 8 nucleotides to about 100 nucleotides in length. For example,
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br omadi ol one, and acenocoumarol. [0026] An
"ol i gonucl eotide", as used herein, is a nolecule
WEowpoéssng 2 to about 100 contiguous nucl eot i BEBUS2005/046869
I i nked via nucl eoti de bonds. An oligonucl eotide may be
at |east about 10, 20, 30, 40, 50, or 60 nucleotide
prpbesnd prinaggzican ksrabouhS-80i IPoid Pt FOr80; @dmrs#e@:@bf%iﬁp
ndefigfiBth 1, PRETREBIPSEIERAaK cicipopl ot 3388
sehydck off thetdena of rthoedmplsmant aflthgycoding sequenbe of ikt gepends
in a base-specific manner to a conpl enentary strand of
Mgg;:l ei c i d. Such probes include peptide nucleic
ogls ang GRS o 4ny | ength suitable for specific
hybri di zation to the target nucleic acid sequence. The
[00RS]t UpSiPEsparidig@hd ENPRE9 ahd VKEORC D IDN Arsgqueadeg of Chinese
dependi ng upon the hybridjzatign rreih d i R, which jt ié
paventsgVithswerfarorengifiyith prresisianeq pmPlq Bnye guweﬂc)atb%YP ?
r - o I ;
D RaRARE ABigr e T & A M R Dpulaion.
Tlod esmntsaderb phimiadlyz@Y P69 T t InadditioSutet mpsénst ratitons

care known to th illed ti : i tabl .0b
BRI LRl TR Rk B A B S L AR s

walQhtle ahl Proabist! D} inokeﬁfdrm-sleﬁﬁgwgatﬁms. PRI B20Y PRt also
and priners can ‘be about 8-20, 10-30, 15-40, 50-80,

shamgd gifédrentanewalenge odiffarenbeshnig @epulationsn HHE2Cd/*2 was

nucl eof {,de.se nce c t. f
o S SR B AR B 6o ey e
inftgég gfsi?le%@@p@mﬁ@n o tHi hﬁu%e n%g;dgghmdgati\a)ﬂdir@@%@ taroagount
on conmpari ng the s .an CORC .
fog ealu_eaffé@gl Rﬂfc%?ﬁpgﬁé’§ év%pfafm SFTEUNG R ik R popUlation and
c%&&?la&&% if¥er-E@RcIE ARECRnEGS IR MR Brit Hose ¥ ghivdtchtd, hat

sequence variants were present 'in only
5.4-7.3% of the Han Chi nese popul ation. The variants
[08291eO0p theethér hand;vwr2 (3ma that nhangds in the VKQRC higernaetagalter

tations identified in this.study, i.ncluding a novel
Wit SRR 1SR ee bob bR RO MY in MR R e Pyl Fand
inBRGtHH QHI§ Metvidth YChifesvand @hidasiany)SPdtied® wied then1639 pfodoter
CYP2C9 variants al so showed different preval ence in

palympenhism Adtgenporp bpdiloxter dpse. reqrspraty while hg MGG ent
; ! . . . Ay .
sdrdupHA] bl A3 KR BReRP PR AN Ay e, |

hdrhozy g AN arcliaes @fthe Cauausina popuistion) whP2IGS gemutyzecraakeastup
thfp %rgljé)ﬂri:t!yyﬁé ggsﬁgb%ﬁeg)?){)gﬁgéﬁ xal%fplé/\gr. fﬁfél(fiﬁffg_g&%ls tlrll %Qetg\f/:ntl)tgpe

frequencies between Caucasians and Chinese, and the correlation of AA with warfarin

sensitivity, are in concordance with what has been observed clinically that the Chinese

population requires a lower dose than the Caucasian population.

[0030] Accordingly, one aspect of the present invention provides a method of
determining the dose range of warfarin for a subject, comprising investigating the
sequence of the promoter of the VKORCI gene of the subject. The promoter
sequence preferably contains less than 10%, 8%, 6%, 4%, 3%, 2%, or 1% variation
within 3 kb from the translation initiation site compared to SEQ ID NO:1. More

preferably, the promoter contains less than 20, 15, 12, 10, 8, 6, 4, 3 or 2 single base
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cannot explain the inter-ethnical differences in
warfarin dose requirenents. [0029] On the other hand,
wowooboenssh t hat changes in the VKORC gene can Bd1/852005/046869
war farin dosage requirenments both inter-i ndi vidual |l y
opul.ation and int.er-ethni c t ween

the Ohi | 1
VAR Thid KTGBIRG] A & peaBiFu GUigionh conued Yidhg Ehange

prBfifd i NePtfdd36 Ritipk RE WasErih BN ShN$ B ibed.
requ@%gqngﬁplsxgﬂkﬂe the AG GG&Hgg)énotypefc,1 had hi ghe(r:prg(s)%r:ee

requi rements glExan'pI es 1 and 2). Furthernore,
lﬂﬁélqﬂolzwnw anthe sequenceeatithe 11029 Desidensotihe YESIRE1 igeps is
. Whi t.h
il B AR RE SR ORI S Do
hay@ipotoepasult G LueinG igesothpd. VERR, Kaneagow s Aan thiChositesds

and the correlation of AAwith wa farin sensitivity,
indjcatiygofopEainasAY B ViRY, DRCTHEEOY irptesyRisFyedjate sensitivity,

|§uB e‘&%lelMu ﬁ({g‘ﬁﬁzy%ﬁ& @' a?@?e?at%%%ﬂaﬂp "Irh%chghfa?&isﬁge of

ose t ucasi an ul ation
wmfmm thiatnghoyld engvastosobjects whoarpsensitine, intevmediately sensitive,

t ho f d f
OnRefaH Y Rt apeighy s WA E PR o5 3P e
indRAHG &R s?fnﬂt&ﬁs of l(BE"'s’ﬁlﬂ EctOdndtdag b¥IdeREhing@ B9 i pHydRian

subj ect . pronoter sequence preferably contains

pnesg@ntmﬁ whofpsin 8Fpr eggnplgpunsydytixagplel b shaws shat éha selected
patlenrI mé]g'wtlft?l vfgarr[_.% S@ﬁﬁﬁﬁ}@%&@él&tg&el Hl' §6ﬁédt9 Qﬁtﬁ'tﬁ@loweFt dose

re@@llﬂér{%mli(mwsl 19ag/dag, radde, OhIIZJ SmGng/aay) Gl,ad fhe AA%Jenaype

Sin e asevariations in this [ . Suc
thg%w@h&e 1pigFmediats Joseisapirapents (e ? Sc%‘gwg)éa% “oé%? 4p
m?ﬂa%r)vﬁqtgmetéé§@’§egé Adt éﬁ@h@ﬁlg%g% éi%&sll%qﬁl?aﬂ&l@(mé’ﬁrg‘ ar ﬂnB/day,

rescri bed particul ar
raggg86Hde mg/daﬁeavera 630cipted ivtithothe bbmbtuegovs(détzergmyp@ |Is

i nve a SNP a e used to. ed ct
ra R e LEEHTY TOHRE P A BPRGRA Comeie iy lover
metnf@hn@EdRE Y061 +/Thum mPAGPZHEONE M GG (3.81 9/034 fighiay).

i s indicative of warfarin sensitivity, heterozygous AG

Thesgrangeecan seresrassb steing eaits iNAosipg War@risubj ects with
honbzygous GG are relatively resistant. The actual

[Oﬁ\gg]a‘gﬁ génow %e?k'i/lleﬂ:e Jidthe §ﬁ?ﬁ ?e%e% Hab1e a8 @hﬁzﬁfks

re-sensi i nterne sensitive,
Acedsgivn Wel §Y6 amwt(SEQ RN Dl ; \Fagqre w) t The iequmefoﬁNKORCl

Cformul a n. ) as the i ati o S 0

isp R BRAGYis AxpBlas RsseaamN nhad ik, oAb e TR it these

eﬁﬁ@&% 'tﬁ’é £t9n E@@oﬂ@s{r{séﬁﬁtfbn 3 9581?&%8@11 K t}%tp%gﬁﬁoter
Exanple 1) shows that in a se

cted patient grou

Q/Wmhrplmﬁ mdicatiseaBwarfarin sengitivite dessribercleereiniyeoubd be Eml@d at
the 1‘1 3 prg)gltljo(r)l twe(\jlgrs according to the recent recommendations by the Human
Genome Variation Society (HGVS) for the description of sequence variations
(http://www.genomic.unimelb.edu.au/mdi/ mutnomer/), the promoter SNP is
recommended to be described in relation to the A of the ATG translation initiation
codon. Under this nomenclature, the A of the ATG translation initiation codon (Met)
of NM_024006.4 or AY 587020 would be position +1, the promoter SNP described
herein would be at position -1639, and the G>A polymorphism at this position would

be referred to as “NM_024006.4:¢c.-1639G>A". It should be clarified that the -1639
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requi renents (nean 1.19 ng/day, range 0.71-1.50
ng/ day) had the AA genotype, those with the
WO moenemssti at e dose requirenents (nean 8. 04 ny/BENUS2005/046869
range 6.07-10 ng/day) had heterozygous AG and the
hi ghest dose requirenents (nean 9.11 n‘g/day ran

G%@Iymcmgfrgé??mp@caslso @406p ¢is-1pE0 M’t’)ﬁé%és GG
aisRRRAR G snts RO GEN SR PRI IR o MRl

prdilmgfsfequ&keﬁﬁmbénﬂg) my/ day) than AG and GG (3.81 +/ -
1.24 ng/day). These ranges can serve as the starting

10BR) T idenionhigheer o s ALk RGE O eS8 E°
ngﬁagf&rﬁ%@a{ de Nkdd to éa:lblg Hf e 3eciflSNPE BMEREC G0

I soform 1nR is avail | e as” Accessi on Nunber
prefiidt G4 sghnding mfatnrm%nmhweawdb el és bachesegeaetic

site of ftr CLipti desi gnat.ed t he
magkessptis A NS E e oot CERee0RRE br Yo ByinkRee
dlsé?ﬂﬁbﬁﬁr\ﬂ' {ith GRSSNP BEGItdIE. eCBné@ﬁﬂértﬂlyb&he Ipessaticbfakiest rearkers
position. However, according to the re

(emmmmumkerWSﬂmcquﬁﬁ ﬂ?@éﬁ%ﬁ%C%frth%@NBr??ghEﬁe@t y
wl‘%ﬂ}, f or dlc%tlgceg’ic&lé Pév'e {'fbv%r da%ﬁl ﬁﬂgﬁlp’ ari ations

enom c. uni ne nmut nonen/ ),
t he prom)ter SNP is recomended to be described in
[003] athe MK ORCY hEs38 AF> G ponftés ol pnarphisinais in Hnkdgat i on
codon. Under this nomenclature, the A of the ATG
disequitibtiamiwith theMK@RCoN 1 ¢bEonT (neanjc pelymmmbzmnrrsentiyor

AY587020 Id b +
ey S AT R b stk P BRI LR paigus
gtag theCeoret to
WI@&&W O}gﬁg(g)%l&tzﬁec@dltgg190&62(3%&%@(%}3?63 Ee él arified

gehbtgpe.t Oer stidBA@>shops| thathedii 3Orti.¢.ors7TAMES Friepdlyaiogphism,
R T oS I o
A gég qt iolﬁg% >RR TR @ﬁm?s%g)%gﬂfaﬁoﬂugﬁ&ﬁﬁ&?g th Q%G Ial'i‘ele is

t6 the Sspéci ynor phi sm

as@%ﬁa@éd Wie thelﬁ399§2 Qﬂél% Iaﬂdnihe 19¢BEhileleNaMlee eqm/hlam @netlc
i nked to each of ecific SNPs can be use

markerd iof thet-he3 TSNP @!Pbbi?dﬁ 4433 ot s 8999 W%ﬁ and
rsfR0k) 2, G 2, TS8R RS WK Sirsodiaats (OR 830804, T

to-Segregate, or showa
at 423896112 dnldrG bltfPs72/94t b/htlbl el 639!8 iptinked witle €tat rs9934438 G at
Consequent | the presence of these markers

rs§BQ8P4 4 @ﬁ?ﬁf@ﬁ& P@‘ﬁﬁ?’f@@%“} i s indicative of the

presence of the SNP of interest,
[0035] The equivalent genetic marker can be any marker, including microsatellites

and single nucleotide polymorphism (SNP) markers. Preferably, the useful genetic
markers are about 200 kb from the VKORC1 -1639 position or less. More preferably,
the markers are about 100 kb, 80 kb, 60 kb, 40kb, 20 kb, 15 kb, 10 kb, or 5 kb from
the VKORC]1 -1639 position or less.

[0036] One aspect of the present invention provides oligonucleotides that are capable
of hybridizing to the SNPs of this invention. The oligonucleotide will be useful, for
example, as a hybridization probe or primer for the detection of the promoter

sequence of the VKORC1 gene. The oligonucleotide preferably comprises the
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which, in turn, is indicative of the |evel of warfarin
sensitivity. [0034] The VKORCO - 1639 A > G pronoter

w@adognasphi smis in |inkage disequilibriumw tPCt/£2005/046869
VKORC 1173 O T intronic poI ynor phi smrecently

ST e S S e
CT
e T L T

co(’neslmndmyﬁe U9 @ositien pojepnthe phmtsm)f thir bl goriuslebtidat Regferably,

3 ran dre in |inkage
theyR Sacqi Fh P UTPQdER ob SEEsSTde ot Reayolde Rasmpndipa tp1630.
THei1 885 EorRRPSHdREd Sobitions eloré frifdribly sk &iBP4e 1edst 8/ 6 71 8 or 9
associated with the - 1639A allele and the 1173T
nugleotifles ongagbsidgqui val ent genetic markers of the -1639
SNP i ncl ude rs9934438 (intron 1), rs8050894 (intron 2)

O, AR S0 B RS s

at atsalt s @dtratwdn dfero-M&G3 91@111 1sSM andlegtdmpitaburCofist 1eas9 404 Iyr

exfirple RnURBAT S38REE (ESUPRRPCl AV plPRgP i iy DT A b

7. 4)“&4&%1% ex‘ﬂtﬁ'é 9?@5 8h4a, o8 8qatalerfti cOBdiB o RHBERSE, I aék€suitable for
pol ynmor phi sm ( markers. Preferably, the useful

single) euqlcotrdafslpemﬁc aroé)e Alybuidizatpms k Mdre praferaly\kloRGitring@to

of.._ l.ess. r af.-ar er
Wit R Rt s ool it Bilytes, O RpES 3SR, and
0.0% SD¥ b>rf50€m1 XSS CYhkeREA % SJB§9Hﬁ3g1ﬁsthhgemt Waslh e@ﬁhudrﬁaaeﬁﬂnost
One aspect of the pr esent i nvention gr ovid

preferablmand isgludeder exampla pé° o HpSE, and Ay i sesz iEqyivalsnt
CO%E&IS?&:F@ I?J ?&%néw i’lgg 'OI’IJ E‘legxgl‘é mﬂéj Ar%&epse aé"kjlxdwn mn

exa ridi zat on probe o
thp m’rtmehllé maintdiging etsdoildrceget of hienmymmtrmdarﬁg hetmrer thn‘target

Fﬁﬁ‘ﬁg ‘%eng The oI i gonucl eotide preferably
nyclsfifs seaueRdrAnd dhepile (3668 to 3678 of SEQ
ID NO 1), or the conplenent thereof. For the purpose

[0038]VHY 1163 G plonftter SNP isSodtal ifhalH-Bok (Wt cohenss quqrace of
correspondi ngét he -1639 05|t| on is near the center of

E-bpresdb CHOMIEGacmdathipp shast distapce €208/bg). dhare ate thesgeddigional
E 'Bg)gcj:sl %B&l}&% hle ﬁ%ﬁ Shg\!wq % 0di rﬁ&ﬁaﬁ@@%%? f(ﬁ%éd?ﬁﬁl%% H8sue

cor respondi ng positron
typé sfeeifRittansérpiokesichys &t mbigdes tnebron§ livér aifil muncas (28 29).

nucl eobl des ggwggq%ggga%sgqoq%%q %{a'd @@ghé%%;gf bolish the

E-bB% tcé‘ﬁk%{"?sus and alter the promoter activity. This was clearly demonstrated by

the promoter assay that in HepG2 cells the promoter activity was increased by 44%
when the consensus sequences was abolished (Figure 2). Without wishing to be
limited by theory, this suggests that the E-box may function as a repressor binding site
in HepG2. Since HepG2 was derived from a hepatoma, it is likely that the -1639 E-

box represses transcription in the liver.

[0039] The fact that people with the -1639 GG genotype require a higher warfarin
dose can be explained as follows. The VKORC] gene codes for subunit 1 of vitamin
K epoxide reductase complex, which is responsible for regenerating the reduced form

of vitamin K. The reduced form of vitamin K is required by gamma-carboxylase, and
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at a salt concentration of no nore than 1M and a
tenperature of at |east 250C. For exanple, conditions

W®2006R&SRE (750 mM NaCl, nmM NaPhosphat e, nM EDACHUSIob/046869
7.4) and a tenperature of 25-30C, or equivalent

condi tjons thereof, are SUI able for single
EaRWRA- BP9 RMNGTERS itamin K b?lptﬁﬁngé@?teﬁgfa%.ﬂe VIL, IX, and

XPs %gs%ﬁlg'cﬁlfbfr JQO({lAEthﬁ{g Wil Km ﬁ‘t)ﬁl%[eriaxtb\';lt b¥1ﬂ:tréa‘§&i an

i s conduct e es, for exanple, 42C SSC,
elevatbdJevieloBMR.OREC 1 SRIA 2ar58@] tcalngh@ W.I%)B%tlwty (25) and thus

enfih the Lo R i ar oo Bty SRS Bupds® ™

camstwéab%h}fe%dhﬁm F@rﬁianb@oﬁag%&@r@@emnée@mem@mne
or nore of paraneters, as known in the art, while

highgr tevsl of mgu@dsﬂtmnnraK Wagfasia asts hychlpeking cleptingifastpiar i t y

e A

anh%&c%?\ildl\}_}_démeMt 581806( lr:(lérhetm;?rﬂ&&m% urpas dopuhe synthdsisfofbvitamsn K
s a t t 200

depipdeat dpBni e F0NKQRET > DGR PRIRGS heapei?e

chﬁﬁﬁl‘fﬁ th@1eREl dFNREOR@Min HleAVRP{sAikeB/ toHaJE 8K gﬂﬁicant impact on

tissue type specific transcription, such as in
therblwot elottiveg propess. Thys wasfadn daseocguiseni@s arg @ysociatedrwitng

econd pas romA.to rved at the -1639
V]g Fé’og'ﬁlﬂr?}gﬂntaﬂg‘tﬁpﬁo&oﬁ E‘@ﬁ%us and alter the
pronoter activity. This was clearly denonstrated by

[0b40] w&@aimeﬁpla&s&awmyrsaqudnae ah&2) 638 lpositibh ef ieONORC
activity was increased 44% when t he consensus

prg@qt%m& thagsangb oy il sdﬁétaox tdnr: Eobex and ingrepssemaies Asthityr 4n
il A 080 5SRO el B
prb{ap@.? sevpasncke pameuilaﬂy dra saqnlmpautﬂm -1630 positionkie Iix;did;d’uiart: of

e. - 1639 Ebox. repres transcrip in he li.ve
Wftr St FRERTRa 0 BB o Gt wiss @éeatém%@e
mEtﬁSWé ¢f%o%in 'v@?ﬁhnm@rrée@édnﬂnﬁg %rfﬁﬁﬂ sERitRX] W d’@éﬁtﬁ@ the
| ows. The VKORC gene codes for subunit of

prvmbmctl\{(tye}fake YK ORLdugangs Sirodanty, &he lev iof thel gene product of

o SRR R o S B POREICHS I 8 Mo

walYarhodo¥e réiremsiits A aeVK OREY Em‘ﬁiﬂotbﬁ a&mxt;yl ﬁiRle le\vél protem
vitam n K-dependent clotti facto

leyek OraWGOR) SchR oL IncR last 1990015 G g0k, 0 t4, ABTh Hpr 400 more

{ e offh Yrdhfed f
o SRR AR A KBl R o P e Bl oy e
higls dosael warfisinsthiiathesubjleet veitt theiAgkggnotyper egener at i on

of reduced vitam n K. Thus, ganmacarboxyl ation

[0041] Methods of determining promoter activities or levels of mRNA or proteins are
well known in the art. In certain embodiments, PCR can be employed to detect
mRNA level. In other embodiments, specific antibodies are used to measure the
VKORCI protein. Promoter activities can be examined, for example, by isolating the
promoter sequence from the subject of interest using a peripheral blood sample,
linking the promoter sequence to a reporter gene, expressing the reporter gene, and
determining the amount of the reporter produced. Methods of measuring VKOR

activities are also known in the art.
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of the vitamn K dependent clotting factors is

enhanced due to the higher level of reduced vitamn K
wMabme43sy act s by bl ocking clotting factor synediEES®N5/046869

and having nore active clotting factors would require

nmore warfarin for its anti-coagul ation effect %1 nce
[0042]cAn pdditipral grnestehthe prssnt fnyentippproyiien a spethagko
b

O o S e R T g S erin Sosing. In
thismethed elhe mbmidkeprRE vityn mRNA ldvek prateinllévelloy VIKORawtvity

reSyid o e apythbs Soer hed andrrabari o BB F Eiaprnsing

mvas VI@@R@I%&W Wﬁfm@pr%mo@aqctﬁ@ BIRNR | &el, ppdteivi IE:\Yel or
We contenplate that any sequence at ‘the -16

VKGR aqtlany@ﬁmt:msedmd@re@ﬂeé rabicastdDon SV aR STy 0 F5%
orq@g? (éo %ar?tﬁtol':tpg%ltd nd I Céh%sé?an%ﬁlgﬁgtcgﬁsxa&tlhyﬂeé%’ég 6Afn

ncre

dea&raélﬁgmrﬁﬁﬁaoglﬁgwrerrents Thus t he pronoter
sequence, particularly the sequence at the -1639

osition, is indicative of. warfarin
T Ve RS 2sBEH i A RIGHTHBHPRIOBPTY Yidewy B i determining the
ddsQY £ oW aPhAY] GengiRIHE0H fea®f ond R MPEn AR & E18EE froRY the group
determning warfarin sensitivity, by detecting the

copsi@tmg@{]t activity of the VKO?CI gene. Simlarly, the
t duct ' .
(ohrit B3 0f SLEG PSP Aieeee Adt 151 167 s ek ROREH gone

andar farin dose requirenents. AVKCRCI pronoter activity,
MRNA | evel , protein |evel, or VKOR activi tty that is at
(b) e ast megw,fon degctmgrrauengy Gt he -3639 pesitinmafihe YKQRR! gene.

that of a subject having the AA genotype is indicative

[Otﬁ{l{g e ﬁﬁ?ﬁgﬁoﬁ{ﬁﬁg gteur?g%]% gg@?@n cqiedck @ Aty T hele

subject w 41] Met hods of
-1639 positiori ofithe N&@R@l g, respedtiaslyo Thigve Ics‘taolfl emdliments, the
roteins.are well.known. in the.art. In rtain .
BBy Bt meess e fFipna ety hé Far aBrt bl i el
pdshtiodt he bth%fT’@xﬂ%dIﬁféh@; the REGhAy Contdid b hRdhEfor AeRCHivseAl, dnd a
measure the VKORCI protein. Pronoter activities can be

meam fomndatecting G, Examipatdhis positign|since tep RRENE? ohn L4t this
ue - (1€ : 1.3 e

P ERAIRER S MATRL B SR P LR Ehe b8ty o,

oltgbnacleamar e kirangy opeiopakbys somygrisehie reagaitd for otjgomicleride

det erm ni ng the _anmpount of the reporter produced.
yosidizgten, &&ré@ghﬁ?aﬁ ré’éstt’l“ﬂ‘g sfUsf-e al so known in
_the art.[0042] An addl ti onal aspect of the present
[009¥1EREHRE RPQY bEBR pres¥RE iRCELRH provides an oligonucleotide, or

complement thereof, that hybridizes to a region of the VKORCI1 gene promoter,
wherein the region spans the -1639 position of the promoter and consists of at least 6
nucleotides. Preferably, the oligonucleotide specifically hybridizes with at least 6, 8,
10, 12, 14, 16, 18, 20, 22 or 24 nucleotides spanning the -1639 position of the
VKORCI1 gene. The oligonucleotide can hybridize to this region wherein the
nucleotide at the -1639 position is A, G, C or T, preferably A or G. In certain
embodiments, the oligonucleotide may consist of about 15 nucleotides or less, 16-20
nucleotides, 20-25 nucleotides, 25-30 nucleotides, or 30-40 nucleotides. An array

comprising the oligonucleotide of this invention is also provided.
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determining if a given nutation of the VKORC gene
wi Il inpact warfarin dosing. In this nethod, the
wEemansssy activity, nmRNA | evel, protein |evel,PoOr/uSitaR46869
activity resulted fromthe nutation is determ ned and
conpared to that of the goryesponding. wild-type, VK
10946 Lhey tpllowing sxamples prept qr?ff oyl uwmgise}v‘éfmtwﬁ 2B{ ageqotito
bel B*Ghued'; 64 liMiting the sdope bEARSHesht HOEIRAS Suthillythay
eI east elCl)%/<;;Mlﬁlq&"?&;;él 2(1)% ryfpS% S_??g% _35/0%!‘ 410% conpared to
invdngionild phrtigyia]y shosnmndsiesdrdoed shibukeeransesiodueferred

i,.ncr easi or. .de asi rfarin Ae! 0043
erigirngn BepRbi Bl b R B AR et Bl LBl
chbhRfes §€ FRfndnl dathils gaydRSRadeaR@einokithveait éepdrting OMRL¢ Spifigand

at | east one conponent sel ected fromthe group
scepmefi the invgntisn aS(r%fmad hetseppended slaiips.i ng sequence A at

the - 1639 position of the VKORO gene; and (b) a

means for detecting sequence G at the -1639 position

of the VKORC gene. [OSEX}AMBEEQH can further
rise for : 1 t he

106535 SEelelA B1o D GUERk BLREMERE Rale AT b
medningS/ Abbrevidiioas hordufined hive thiit germyallycarpeptedmaaningns
. Jor detecting each of the four possible bases at this

osition.=In ot HEBre&HSHSrents, the kit may contain a
hrpeans f or= det ectho_ﬁg A, and a neans for detecting G C
mpy T at this pogihmpen, since the presence of an A at
sethis position i setdnd nost indicative of warfarin
uMdensi tivity. Thenitemndan s preferably an
mM i gonucl=ot i de.milliv@okst t nmay optionally conprise the
Mr eagents £or ol iigglapcl eoti de hybridi zati on, PCR
mpPnplification, apgi@er i nstructions of use. [0045]
ulAnot her aspect QqfjctdifePr €sent invention provides an
mgl i gonucl eot | de'mﬁ’l'i ¢Qnpl enent thereof, that

ybridizes to a regron _of the VKORC gene pronoter,
H&herein the r egi'o} 4As the -1639 position of the
mBr oot er and cord8?'Sts of at |east 6 nucl eoti des.
pPRlef er ably, the BFIRucl eot i de spgci fically
ABQbri di zes wi t h Blelqspaaficgliggnuckegtider 14 16, 18, 20,
CYP269 24 Tucl eotdythebrambrionsibfpeily 165 90ppsptidech of
INIhe VKORGF gene.infEhmatiohdlgormalizedratibe can hybridi ze to
Lbhi s regi®wn wherlaikage disequildiremi i de at the - 1639
NPPsition s A, @ucléoside Triphosgifacr ably A or G In
pE®rtain = phosphate buffered saline

PCR = polymerase chain reaction
SNP = single nucleotide polymorphism
VKORCI = vitamin K epoxide reductase complex, subunit 1

Materials and Methods
Patients

[0048] We recruited 16 patients who received warfarin either at low or high dose
from cardiovascular clinics of four major medical centers in Taiwan (National Taiwan
University Hospital, Kaohsiung Medical University Hospital, Taipei General Veteran

Hospital, and Shin-Kong Wu Ho-Su Memorial Hospital). The mean maintenance
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enbodi nents, the oligonucl eotide may consi st of about

15 nucl eotides or less, 16-20 nucleotides, 20-25
waombeassdes, 25-30 nucl eotides, or 30-40 nuclBOL/USES5/046869

An array conprising the oligonucleotide of this

invention is also provided.[0046] The fol |l ow ng
dosemiresindn €hifese patibntsds 313l mg/dantt N hTherpiove id ‘&’?Sléﬁ‘i?d

poltmhoreoOh e proncheLs ot Pl i 2o LR Gl (re
1, HS er rsggﬂé ﬁ‘gl%tﬁﬂ%fﬁ-ﬁﬂn&ﬁﬁeﬁﬁmd@&ﬂ)swﬁh@ peleaa@rmsmfaun

odiments thereof, it wll be. understood
res::myaltt IGT)&iJge iki patlmntso nnThedefzition pfhe VaFfAHRrEesistan gatenty,was
orm.an et ai
supgegiii o 18 R cp TR hoRE oEREFaldifNF selettd paidhi SRR D) A
watParih 1R s@prRete el &en 6l rag/dBy. "Hiié\MFih ESntr30 %7Tadcasiampatients, who

haf o PP ERBERRREIoSROBERH A1 BHS HPE KT hED have

their generally accepted nmeanings. 0C degree Cel sius

[Om] R VPE goflalm qusk %f SAFfalh was calc@lern dromvh Bhéweblobariod,
Mmolar ml milliliter nm mcrolltgr
andithd Ma@sﬂntem@ptmalrrwgmalmqiaatl@:(lh}&) of parbl patieny; wastgsadeds ggn

L i e
targef I bZ £4 & 3ificen 1He shine ka@epidilsEable 2)bMheimdications of
warfarin were: valve replacement (90 patients), deep vein thrombosis (5 patients),
atrial fibrillation (5 patients), and stroke (4 patients). Clinical information (including
age, sex, weight, and average daily maintenance dose) was obtained from every
participant. At the time of blood draw, every patient had had a constant maintenance
dose for at least three weeks. Patients with liver, kidney, gastro-intestinal cancer, or

abnormal bleeding problems before warfarin therapy were excluded.

[0050] In addition, DNA samples from 92 unrelated Caucasians (Cat. No,
HD100CAU, National Institute of General Medical Sciences (N IGMS) Human
Genetic Cell Repository, Camden, NJ, USA) were used as Caucasian controls. DNA
samples from 95 healthy subjects randomly selected from a biobank under a nation-
wide population study, in which 3312 Han Chinese descendants were recruited based
on the geographic distribution across Taiwan, were used as Chinese controls. The
Chinese controls and all participating patients receiving warfarin therapy were
unrelated Han Chinese residing in Taiwan. The Han Chinese forms the largest ethnic
group in Taiwan, making up roughly 98 percent of the population. None of the
participants were aboriginal Taiwanese, which account for the remaining 2% of the

Taiwan’s population.

[0051] The study was approved by the institutional review board, and informed

consent was obtained from all of the participants.
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NTP nucl eosi de tri phosphate PBS phosphate buffered

sal i ne PCR pol ynerase chain reaction SNP single
wowbeessde pol ynor phi sm VKORC vitam n K epoxPdBUS2005/046869

reduct ase conpl ex, subunit 1 Materials and Met hods

Patients [0048] W recruited 16 patients who received
DA sequancing andesingle nueigptiffe nobyporghéa (SIYiph genotyping

cardi ovascul ar clinics of four major medical centers
W@J%“\S‘ﬂgc % b:”gF ?Jf)}na}-é\?er Si tyHQ &%@%ﬁ@*ﬁgﬂl@é [ ngg?lté?nal
syMeingiGentridewgsidni s Minmsdthhﬁsm)KﬁlYg’ZM drid - \KIOREITdPINA| sequence

vaEhhase st RaneL et R (5 oo ffon Bl A pNa
an%@gé‘h%‘fygﬁéh BRk{SGhS POber CRE X SIS ARIM EAAN CRIrdSSSatients

_ er day"as warfarin sensitive (Table 1, 11
hapigivearfasin sensitipigt (sehd sghdeywdl patidnts) and rasistrace & 69Jeg/day, 5

r day as warfarin resist . (Table 1
pafigfiRl e Yy sndPitly Bin' e B ARG b RioeRn hungPgpsy goms and
2 e upBikany\8Sths taRRkibaeh St 9ité fR oty R2CHahd VERIGR Ofusing
the randomy selected patients (Table 2). had warfarin

the|Byment RaR evimas progsamgttryyokiren v mi.edy/Cgiont rast to
. ] ti . i
biEBHAREY B’ Wi Sei) " He Ao A e B/ RAE: HALEHARCOK ORC
prameteagerd al 1 JAGASGOG TWIGEGCA AGSGTAIAC(NES HA NG:2sease
one:- week- i od, d the latest interpati I
o R et A S M o e
cAbe ooty TTaend et d (REQ @b NDBS amhSens € 6tinda8cated 0.9 kb

warfarin, regardless of the dose, had a target |NR of
upstréan of theftrapsaription stantsitd). HBwiol wheragetedginareagtiony RRCR) were

i ndi catiops of  warfayin were:. val ve . eplacer .
pepmeh iy Bt 3oy Lo sl Shird B AR RATETRES o Ryt s
HEi (g 3)aso aiM KTIPRS ineVItN YC1, 202 nNIIddKEP s (ahd RatniitefddtShart Tag™™

Clinical information (including age, sex, weight, and
(Qigaspde \aenci?, frdl Hharfteplifécagipn GlBgLRBees PO el
deﬁXt%FaXiop%Etlg‘?ﬁﬂg{@sc’c%oﬁd%?edtﬁ " RER @k&@sdi doAe aBYERLY 30 sec

pat1 ent had had a cdnst ant Nai nt enahce dose for at
atl60&B 140t dec ae73M€eks. Patients with liver, Kidney,

gastro-intestinal cancer, or abnormal bl eeding

oSBT RO i ) PRGN SRS )
Sefq@é‘ﬁom,"ﬁ%n Diego, CA, USA) was then used to screen for the identified variants
in 104 randomly selected Chinese patients receiving warfarin, 95 normal Chinese
controls and 92 normal Caucasian controls. Briefly, primers and probes were
designed using the SpectroDESIGNER software (Sequenom). Multiplex PCR was
performed, and unincorporated dNTPs were dephosphorylated using shrimp alkaline
phosphatase (Hoffman-LaRoche, Basel, Switzerland), followed by primer extension.
The purified primer extension reactions were spotted onto a 384-element silicon chip
(SpectroCHIP, Sequenom), analyzed in the Bruker Biflex IIl MALDI-TOF
SpectroREADER mass spectrometer (Sequenom), and the resulting spectrum was

processed with SpectroTYPER (Sequenom).
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HD OOCAU, National Institute of General Medical
Sci ences (NIGVS) Human Cenetic Cell Repository,
wazvdesn33iN], USA) were used as Caucasi an cont red BUSIONR046869
sanpl es from 95 healthy subjects randonly sel ected
from a biobank under a nation w de popul ati on st udy,
Lugifefgse 6P Ass8n Chi nese descendants were recruited
based on the geographi c distribution across Tai wan,
vverePMF,g fhkdgse controls. The Chinese controls
and part|C| pating patients receiving warfarin
t herapy were unrel ated Han Chi nese resi dlpé?bl n Tai wan.

[Wﬁﬁ TFanssan fordke VKSIRES] plomategragivty, sienHKORSF bpgemoter

| wan Ki rou t
enc nglsg | qﬁ g% ElSl¥l é%‘?{ng ﬁzgéneﬂ) 3\/\2 atlents w1th] -1639
AKaanmmGGvg@ncﬂypes:@mxtst {lonedih® the p&EMﬂgEa&%veétot he

A popul ation. [0051] The study_was approved by
(Pf?féegaand!Sl?fH Wial S peviitdtheawerd prmeer] ?\f ormed consent

AR AETS A A S 18 O LGRS Oy o i
amglehoteypisa gpnh&%ﬂ}cc%goﬁhaaac@%mgcsg)(m D N :Agcdnitaining a

S B TGRS e T

rel@ﬁédaf%rﬁ tNEFGEM-T Has e Bor'P DmArtﬁQesﬁﬁg tHervRefor WW la@ HindIII
(Applied Biosystens 3730 anal yzer

pli
remsgtscrmymes Fod ﬁlérc@wmtocme mydiiyle pwnm@&aﬁ (XHol pad Hindll)
oiﬁ)ﬁﬂf—g%s‘? ea Yo r(?reo\sﬁsi@er a L’i&lge Izc'@ﬂ é' \I(Szlct\()lr }:écf{ntgunsél E?fg ?Xv)bdegl%or

fireflly rrﬁﬁﬁera&emhﬁn etieh ifigset] Wthdﬂ&b@lﬁmﬂ danrbetdsed fordnalae eheon
junctions, exons and 2 kbps upstream of t

mﬁerl*afﬁé%?maw At vty gppn ér@tl%eqt'@fl lwetm@r@vﬁz@ce@ﬁd Thkreeter

cdgz%tn?ig.g }l?ae 8&% F‘R\?\A %eﬁ]&ﬁ)tg%/%%f% ?rp@ﬂb -G and the vector containing

thpr 163818 Angenoeyps wasmesignated plhle3-Ar. | VIROR Glgerdmpter desfuentes in
Q{ﬁrlants |%‘§%& Qrormter vver]%.S'-
CEETEA R SERISCIeNPALYSISs anse st rand

| ocated 1.5 kb upstream of the transcription start
Si t eCelpphitire an@ it FucierhdéFepbididstdfC (SEQ | D NO 3;

anti-sense strand | ocated 0.9 kb upstream of the
transcription start SJte) The ain
[0 é%lclrlﬁ&ﬁce( Icxgre gere pdilbsarad TFHLET FRlE M EOMEMnd
§ HC
1 (5(‘}? E%Ql%ﬁ?f%‘gginﬂ%p% é}i"néﬂ}_&f;\i’% ‘T‘%L&mzs"/lﬂgpfmjcghm 00 i BmL,

NTPs and 1
Stoeptemyon Sod? the{quutjtm'(r@ dyenty-fooyr hitas grior ®, trapsfectiga)l.> x

1&%@1@ \fvier%asteleé)ela in %Qc elPOfa P2 il ptlaﬁe 8n t ende{yncl)tI tia%lsfection, each
well was co-transfected with 1.5 pg of the pGL3 vector and 50 ng of the pRL-TK
vector (Promega) using lipofectamine 2000 (Invitrogen Corporation, Carlsbad, CA,
USA). The pRL-TK vector encoded the Renilla luciferase transcribed by a HSV-TK
promoter, which was used as an internal control to normalize firefly luciferase
expression. Forty-eight hours after transfection, the cells were lysed in passive lysis
buffer (Promega). The cell lysate was added to the luciferase substrate (dual
luciferase reporter system, Promega) and the Firefly and Renilla luciferase activities

were measured with a luminometer (SIRIUS, Pforzheim, Germany).
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denaturation of 12 mn at 96C, followed by 34 PCR
cycles in 30 sec at 96C, 30 sec at 60C, 40 sec at 72C
WO 20684938ALDI - TOF nmass spectronetry ( SEQUENOM IMEBESI8HA4 6869
system Sequenom San Di ego, CA, USA) was then used to
screen for the identified variants in 104 randomy
Staistisat @lxsis nese patients receiving warfarin, 95
normal Chi nese controls and 92 normal Caucasi an
[0659) 1T genot3hé ?rfe{;IYencf%E oBich NTHwBreQidaftee The B kgIRCSIest was
usi'ng the ect r oDESI GNER sof t ware ( Sequenom .
uskditat ¢opipexe BDRtyprITageeicdesad ¢achaSNP dorithe gvaamré@l goNpPsT-

wer hosphor ted using shri ' -
oo SRR Moy MRHAE (R Pte PR ToCHul hs rompppyisons of
mé dRYRI RN MRS difsienngéndiype BRoupa U Mntti-Rdrker lifkage
.extension reactions were spotted onto a 384-el enment
disgqnilbonmewagrssespedtby BeHRrasuss gl etishy , calgiated wing Graphical
ker Bi. . i (BhSPect r oREADER nass
O‘E%ﬁ‘é?r%r?’é@é%?&e%&%b%ﬂ( and&?he resul ting spectrum

htsp/dwwivesphsisech. edu/ tsgGpectsistGOPBR. ( Sequenomn) . Luci f er ase
reporter assay Plasm d construction [0054] To assay
for the VKORC pronoter activity, the VKORC pronoter
enconpassi ng the -1639 pol ynorphism (from-1798 to
-35) frompatients with -1639 AA and -1639 GG

genotypes was first cl opkdMPLE 1t he pCEM T Easy vect or
Promega, Madison, W, USA) with the forward priner:

CYP2Cnnek YEQRGH RN spapenecvtiantt igtplqotrd Chinesgopatients with

contai ning an Xh t L1 Gl ' d the reverse
prinmer: 5'- cccaa%%f{ag%a%éggg@ggsg‘gg)égg&( SEQ I D NG 5;

containing a Hl Il restriction site). The fragnent
[008T{t Bliennexn rhhiatekGRCosp o Dwatfarin inveGhinese énd.d dng/dayn(s Ak

T E ) . by dij ting th t j Xhol
TR oKt CPUSOEY PRIl RS e et Fmeai -+ I A8
asWhrfdriRl sendii R TABleSH, i ?%at{éﬁhg lan@patiehey drl Wari@driPfaitdnastecdose
vector (Pronega). ‘i’he pGL- 3 vector contains_ the cDNA
> emptsday a3 waiTawn repistant (Fableals 8, patipnteseqviaterialsang Methrds

aspLonmmt e : t . i r-1ed:
R , SER BB SaBRRLHOE R o ot
pro@bles reglfieoithe CYMP2C9Ndeat Rivegled iece Sqaende/varigmts irt 4 pEthe 11
was desi gnated pGL3-G and the vector containing the

warfgBosenginve Baisnis & heaariaris werrat 8% A G (18591 kapn as
PSB! s ERURE ¢FRo0lAY, and 1145 C>T (P382L). CYP2C9*3 was detected
in 3 patients (subjects 1, 3, and 5, Table 1). Subject 5, in addition to CYP2C9*3, also
had the 895 A>G (T299A) change as previously described (7). A novel exonic
mutation, 1145 C>T (P382L), was detected in the fourth patient (subject 6). As
shown in Table 1, CYP2C9 gene variants were not present in all warfarin sensitive

patients and were completely absent in all warfarin resistant patients.
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both vectors were confirmed by direct sequencing
analysis. Cell culture and dual luciferase reporter
wWasmayePH55] Hep& cells were grown i n Dul becror/852005/046869
nodi fi ed Eagle nmedium (DVMEM and 10% fetal calf serum
suppl enented with 100 ynits/nmL Penicillin, 100 ng/nmL
T§?1f°‘épP%WbﬁiW%ﬁﬁﬁl’}Q"%ﬁﬂdIPl&‘\GF%Hﬁ“ﬁ%Ya%fi?nffl r hours

prior to transfection, 1.5 x 105 cells were seeded in

C s%Chl?é@el | of a AZzwell plajRinOviEdReHaykgke) #cypaco

NEr an g/gg—m e welek  wag f,go-t_qggrgs ecligsl Wt idnd N
pGA.3 vect'or and 50 ns of the pRL-TK vector

- US| ieotacd A %QQ (I'nvitrogen
V&é{a&?ﬁ%%ﬁér@%} tds?ggd, CA@ U%A : $he pRL- TK vect or
| encoded th%(?Rengg I a lwcifepase tyanscrifged by @ypigysTK
pronot er, ich was used as an internal control to
y,hormglize figyefly |ugjferage expiessionpp Fort yaight
hours after transfection, the cells were lysed in
spassijve |ysi;s byffer \Prongga). Alhe celdr | ysat@ypyps«s
added to the luciferase substrate (dual |uciferase
sreponter systemg, Pronega) and the Firefdy and Repylla
luci ferase activities were neasured with a |um none*ter
(Sl RI1]9§, Pf&rzhgi m Ggrmany) . St afd sti cajy anal ySYRC*3
5[0056 The genotype frequenci es of each SNP wef98A>G(T299A)

ccountgd. The d}i”_squq:re tegf wasygised t@r corrpalr1@5c>Tfp382L)
genotype frequencies of each SNP for the three sample

20roupss Ttgest apd Wlgoxongvann-, Wit neyr t est wehf
perfornmed tfor nultiple conparisons of nean dose |evels

ganongthe differpent genotype groyps. | nger- marfgha
| i nkage di sequillbriumwas assessed by two neasures,

oD andsr2,; gal cyhated,usi ng Grapp cal Qver vi ewopfal
Li nkage Di sequil 1 brium (GOLD,

ot p:][4§\AMN\§_§ph. ygn ch.edu/ cgg/ abegasi s/ GgLD/) . [G@VPLE
1 CYP2C9 and VKORCI DNA sequence variants in selected
lphl ngsxe pajient g w t hyvar f gy i N SEQSI tIvity OF normal
resi stance [0057] The nean nai ntenance dose of

WREL ATy §d§%ﬂ£@%§o‘ Gngady, Mkglay (8, 9). Therefore,

we consi ients recei ved nmi nt enance dose <

13- 5_ %7per2_§§ay asg wardf ar i nszsensi/;d ve (Teple 1,,odda

patients) and patients on warfarin maintenance dose >

l? ng&Bgr d% aSGWarfq{i n r?BSiStaéﬁ (Tak&@ 1, 5hormal

patients, see Materials and Met hods

14 8.75 2.32 26 M 88 GG CcC normal
15 10 1.3 46 M 64 AG CT normal
16 10 2.33 58 F 61 GG CC normal

[0058] We also sequenced the promoter, coding regions, and the exon-intron junctions
of the VKORCI gene. One variant (3730 G > A) which was located in 3’ un-
translated region (UTR) of VKORC1 was detected. In addition, a promoter
polymorphism, -1639 G > A (or -1413 using transcription start site as +1) was
detected in the upstream region of VKORC1. This polymorphism showed an

association with warfarin sensitivity in that all warfarin sensitive patients were
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for further details). Sequencing of the coding
regions, exon-intron junctions, and the pronoter
wo e@soe3sf the CYP2C9 gene reveal ed three sequBIIVES2005/046869
variants in 4 of the 1 1 warfarin sensitive patients.
The variants were: 1075 (1359L known as
homppyes A algmsitiencl ¢35 @mwaréﬁ’&-rﬂ%@n@aﬁe{lmz@? other hand,

we?«;y g&g h%te&\?z&g%t,@%togﬂofngz oH?@C?Q%l le( UW}%tw?‘ar?ann?doses

ect ,In a |t| n to CYP2C9*3
weié photteddgdihs tl&9—5 639 ger@tjp'éﬁ,ggﬁ()as dhamgeraad that @aimusWyth the
escri bed veI exonlc

AR Eaanvge haabé e stIRes Foo e QT Eh AL (08 0de-50
mg)iay)’aﬁet&}a%uk 'AGTHM iBtelmedriRA68e AQ0ReMats AREM 3184 thglhl,

resent In warfarin sensitive patl ents and were

mgnﬁa%ﬂ@m;g/@tyémﬂ thharhozygews GEi genelyne Badithe highest dose

ro e AP o e A T S TR RO AN IV o
VKORO VKORO #CYP2C9 No. (mg/d) 1INK (yr) ex (kg)

[00§$§ 38 addifidn YtHead® W& A ai ifitrGie D polyimoeplgsmup7 AosE, which
1.5 ng/day, n=l 1) 1 0. 71 3.23 65 F 42 AA TT CYP2C9*3
has baeradesgrlbed byl B naleeaTer ah ¢2 Hawagalso lepifigbinygug patigntsrTThese

5 Pofmiorgios appesdedta 5544 st e BBl 608 oyBle 1
WZ@aIﬁﬁs&Iltllll 2EIHtPRAR e -1639 A4 gfénatyibe weBOfodid %Tbeﬂmmihted

2.9 72 F 67 AA TT nornal .9 %515967
wrﬁﬂh@dﬂﬁ%homezmonsﬁ eesenfgéorpenmamtfﬁrl HSt Pl L nﬂarl%l“@ resistant

paglar?té ep%g%n ay, 1:%59 Tg{eg?)gg %grgbﬁ‘ot Qggxtezﬂﬁmﬂfo%ép

assuziaved wiltB 18735Het€ro®fgoﬁi§ H, &gl l@r@z@@om}ﬂ 639 GG was found to be
associated with 1173 homozygous TT (Table 1).

EXAMPLE 2
VKORC1 -1639 G > A polymorphism in random Chinese patients receiving

warfarin

[0060] To further investigate whether the -1639 G > A polymorphism was associated
with the inter-individual differences in warfarin dosage, we genotyped 104 pétients
receiving warfarin regardless of the dose, using MALDI-TOF mass spectrometry.
The AA and AG/GG groups did not differ with respect to age, sex, and INR (Table 2).
Only two patients were found to be homozygous for GG, and they were grouped
together with AG for statistic analysis. We analyzed the data regardless of the
presence of other confounding variables, such as diet or other medications. As shown
in Table 2, the AA group had significantly lower dose requirements (2.61 mg/day)
than the AG/GG group (3.81 mg/day). The differences were significant by either T
test (p<0.0001) or Wilcoxon Mann Whitney test (p = 0.0002) between the AA and

AG/GG groups.
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14 8.75 2.32 26 M88 G G CC normal 15 10 1.3 46 M 64 A

G CT normal 16 10 2.33 58 F 6 1 G G CC nornmal [0058]
wMeoabes3sequenced the pronoter, codi ng regi onBCT/ESIH05/046869

the exon-intron junctions of the VKORC gene. One

variant (3730 G > A) which was Jocated |n 3" u :
Ta[b?f‘a%sl\q{%& Sf:%@ddﬁh?rwﬁ*pe)calo&waﬁ@jw Jarfloyl¥selgeted patients
onAgEHEd i ratiRe® L QTRIIRS tPBE YERIIARssm - 1639 G > A (or

-1413 using transcription start site as +1) was

detected in the upstreamregion of VKORC This

EZ%H&W@ sm SMarierth daseassogiat i on ‘%\%% 6\5@5far§eg (M/ F)
P

ity in tngtdag) | warfarin se ive patients
REygous AA at position -1639. The
warfarin-resistant patients, on the other hand, were
A (re83) het er oz Rgius 1 AG or 210802 ¢Hous7.BE 1dTabl e 43/ 40
When warfarin doses were platted_against the -1
ARHGEIRED ) | Wit Bdriins ARG S hat Cshdi Brk s vi 03 Ehe
AA genot ype . had the | owes requi renent s. an.
P GhopRigrson deiEen A A6 HG) R P e 8 g
te12P- el MRad %Eiﬁ% YRR xb R Yiinh WEIM Y téEBRa BefddseiOmEaY+ SD.
range 6.07-10 ng/day), and the honbzygous genot ype
had the hi ghest dose requirenents (nmean 9. 11 ng/ day,
range 8.57-10 ng/day) (Figure 1). [0059] In addition
to the -1639 G A an intron 1 pol ynorphism 1173 O T1
whi ch has been describ pifdrea et al. (27), was
also identified in our patients. These two
OénoIRs it G cits 0€ MIEORCA -b639 G >sA pohgndriphksnyend CYP2C9
di sequilibrium (LD) (Table 1). Warfarin-sensitive
patients with tyariantgBpChinegead (pucagdams f ound to be
associated wth the 1173 honozygous TT except for one
anto{subi Y 2" ; . .
1088 B CARREphadn hisbeP i b d el b Rt o P
miiatenandealobethan slecCatcedampdpuldtibn3 Toaest mdizthgodiffetEhcesindhe
honozygous -1639 GG was fou to be associated w th .
VRORA RS spstiperra vt ot et is MCHenc Sifctgnces in
wiTEAPRISYER! PNhSHHa Fah THAREE KHj QeSB! AHEPCERESRY Sitgects
war farin [0060] To further investigate whether the
wert @8sotgpedA Ip sheyGurcpsing pomdations kevozigeds Mthadithelowest

ﬁ%ﬁ%&r}{y 'Blglﬂ'e X}'Ef%k@ lgp? Ié_‘{é géneort])(/:p%g rr%a e \ﬁ\%rt}flear%iaj%rigyogﬁgg pofﬁﬁation

(14.2%, 46.7% and 39.1% respectively, Table 3). In the Chinese population, on the

contrary, homozygous AA made up the majority of the population (82.1%), with the
rest of the population being heterozygous AG (17.9%). No homozygous GG was
detected in this randomly selected population. This ratio was also similar in the 104
warfarin patients in which 79.8% were found to be homozygous AA, 18.3% were
heterozygous AG, and the remaining 1.8% were homozygous GG. The differences in
genotype frequencies between the Caucasian group and the two Chinese groups were
significant, with the p values less than 0.0001. These differences between the two
ethic groups (Caucasians and Chinese) and the correlation of AA with warfarin
sensitivity are in concordance with the clinical observation that the Chinese

population requires a lower dose than the Caucasian population.
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receiving warfarin regardl ess of the dose, using

MALDI - TOF mass spectronetry. The AA and AG GG groups
waolkaenes3di ffer with respect to age, sex, and PAFRUS2005/046869

(Table 2). Only two patients were found to b e

TORE 1. G1oheiome fernensins ot Y QRCaramelrs sl mprrbiart 639 8]
anﬁmz‘btrgéia?iaﬁfs iﬁ ke iRkse s uRia®t her confoundi ng

varil a such as diet or other nedications. As shown
in Table 2, the AA group had significantly | ower dose

r equir eent ay) ~f4 hgAG Bandem§slactedgihinese
n%% Aywe Th?a&%?sﬁélr@%é%s V\gbllég% n??fcarWarlﬁgrirePattimts (1=104)
( 0.0001) or WIcoxon Mann VWiitney test (p =
v%.égg&&/}get\/\een the AA and AG GG groups. Table 2. Mean
dosesAand ot her3 @hi2eé)cal chap82.evd)stics of rRANARAYY

sel ected patients on warfarin stratified accordi ngo 0
t he Afénot ypes.43-(40dMari n dd€él7-9%) Genot ype 10rd#- 45)

R Age~(Years) N/ T TF) -1639 AA,(M58I)
5 6001 1on 2 BIX0%s 57. 5 4¥H 45 1 a0 ac 2EEH

CYPFdvariants31 1.24 2.08 0.47 60.4 13.1 13/ 8 aP
val ue of conparison between AA and AG+GG groups.

P-2CA*IED, 000 u2PdYe T test. F(MPue=0.0002 usith@%)’

W Qh Mann [ tphey test. epresent ne .

EE:% Genoy%%%frequenci BZEG;%’{VKO?G -163?@@
pojwrkphi sm and @YP2C9 vari agyged)n Chi nese amgs.4%)°
Caucasi ans [0061] The Chi nese popul ation has been

kri2@i3td requir 0.4%nuch | ower0 @X ari n mai nt erfh®d

dose than the Caucasi an_popul ation, 1o test whether
P walng €9.8AQleeomparedbetyraRCucasign andychigesairoputaligienci es

I ; ; - . . . _
P 54 <9 PASEBALET vl P B LML SRR S3e kB e
pafientgor mal Caucasi an subj ects were genotyped. In the

Caucasi an popul ati on, hgnozygous AA had the | owest .
P yalugmdritly ,Comia{eg Behueep& e @5 &@H&%ﬁﬁggteﬁd@épaaﬁ paggnts.
CREHDRI0H Ys \Qfld iR dreRdi Rl e PoEd*2Ahd ¢GPEloaNdre3ridih with
respectively,” Table 3). In the Chinese population, on
cystiree substitnts Jor dnginbe\ay casluaAdfranitleuping ebstifijtes fot jsolphicine at

t.he ulation (82.19% , with the rest of .th .
resifs PR shetbily, Tradusheisy i Culoifar §8fegfaifqirom published
daforoyygous GG was
®CYP2C9*3 frequency was derived from genotyping 74 warfarin patients.

[0062] In addition to -1639 G> A, we screened for three intronic polymorphisms
(rs9934438, intron 1 1173 C>T; rs8050894, intron 2 g.509+124C; and rs2359612,
intron 2 g.509+837C) and one 3’ UTR polymorphism (rs7294, 3730 G> A) in the

Chinese population. All four polymorphisms were in linkage disequilibrium with the
-1639 promoter polymorphism (Inter-marker D’ and 12 values = 1.0).

[0063] CYP2C9 variants were also genotyped in the Chinese groups. The frequency
of CYP2C9*1/*3 was 7.3% in Chinese normal population and 5.4% in the randomly
selected Chinese patients receiving warfarin. CYP2C9*2 variant was not detected in

the Chinese patients or controls. Compared to the published data on the CYP2C9
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detected in this randomy sel ected popul ation. This

ratio was also simlar in the 104 warfarin patients in
wowioehed®m 8% were found to be honbzygous AA, 1BCBU62003/€16869

heterozygous AG and the remaining 1.8% were

hono ous The di ff
VAT NSNS ST POPHB O DBER THEE D e
ﬁ%&ﬁl‘éﬁcf%ﬂ?ﬁ’i@@%ma W fhbn ek (\L@b%e&erélﬁ%@t DaAC R, are

erences between the two eth gr oups
mfEausistantan svaafadncmthmrsmyseamnuheommmtqt llndhe whrfagn

e 1B R S Sk SRS ek
L e N

wﬁfe@ﬁfehﬁrtatﬁmisyrmr phi sm (- 1639 G>A) and CYP2C9 vari ants
i n Chinese and Caucasians. , _ , . Random Sel ect ed
Chi nese Cenotype Caucasi an (n=92) Chinese (n=95) . .

.. Vvv' Wrfarin Patients (,n= 11041) VKORC
71639 AA 13 (14.2% 78 (82.1% 83 (79.8% AG 43
(46.7% 17 (17.9% 19 (ERAMPLEQ 36 (39.1% 0 (0% 2
(1.99% CYP2C9 variants 2C9*1*2 20.4%0 (0% O (0%b
2C9*2*2 0.9% 0 (0N KORGYpromoter petivity 6057 (7.3% 4
(5 4% b 209*3*3 0.4%0 (0% O (0% b P val ue <0.0001

S e AP AR (e D Bty

patmnt#&nulsldie&arxphadwdﬂxyfcaamges prathedA O@RCP pramhater act{yitg1 The -1639

bet ween Ch nese
PRRRREARE, VPR P Sy AUrlpieat 2ipeBos (CATRaCEh 4
th@&%rg\{ﬁ%%‘rﬁn&{)ﬁlsmmataﬁeIWh& B-toxohstns e ieghidric bRG chdd
arginine at” residue 144 and | eucine substitutes for

lead tsl changesdn the YK ORGulepromoter petiibye ot fhis yratiesife hes
Vk%l@lugr%rsﬁo?& e‘ﬁ@&ﬁp&%g t}ﬁee-q 6§§ 8@1@%&5?%&-%@&9 %17&11

patients with the -1639 AA or GG genotype and cloned into the pGL-3 vector. HepG2

cell (a human hepatoma cell line) was chosen for the promoter assay because
VKORCI is expressed at the highest level in the liver. A total of 9 experiments were
performed, and all demonstrated consistent results (shown in Figure 2). The -1639 G
VKORCI1 promoter exhibited higher luciferase activity (approximately 44% higher)
compared to the -1639 A promoter. The pGL-3 basic vector control did not have any
promoter inserted in the multiple cloning site and had a negligible amount of
luciferase activity. Therefore, the sequence at the -1639 position is important for
promoter activity, and higher promoter activity (e.g., -1639G) is associated with

higher warfarin dose requirements.
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bCYP2C9*3 frequency was derived from genotyping 74
warfarin patients. [0062] In addition to -1639 G A,
wowosossened for three intronic pol ynor phi sns PCT/US2005/046869
(rs9934438, intron 1 1173 OT; rs8050894, intron 2
g. 509+124C; and rs2359612, |ntron 2 g.509+837C) and
one 3' UTR pol ynor phi sn]i:w&@ﬁ 3730 G A in the
' | | rfarin
| CoRBaRAIAR il VRORCL 1IN R CYBCE IR RS f v
pol yrmor phi sm (I nt er - mar kedosiagand r2 val ues = 1.0).
[ 0063] CYP2C9 variants were al so genotyped in the

(oo IChT Rk BET QRS 6P SRR orl palr B ST et fari
sehgligiey, ads CRiPrRas ephctally Tbb%ombﬁﬁd Wltkg)tmrgeﬁétldhnaﬁ‘éﬂm
variant was not detected in _the Chi watl ent s or

examile; dlesequnapseidwth hetHeOBGH 1gees % gr@e can be
t .
e Sk ARh g SRR EREFoiohas ?%35?2%;@%?‘?8%%%%8@“%“‘“
dc)aseer foa Bich Habmnylﬂwhmﬁbes(e-tﬁﬁ%enﬁm@botﬁ%msi@@ed Caucasi ans
are nmore resistant to warfarin. Qher nissense
nmut ati ons detegkted tar "en"‘ pat i ent s,
895 A > G (ngéﬁd%ﬁa Z%Y%CPQ( ‘gﬁ%ﬁe 1) were
not found in an\r1ﬁ39th= r ARARE cnl atlents and
controls, suggestl ng t hat *tlhese ere rére rrut at i ons.
EXAMPLE 4 VKQRC pronoter—activity 0064 —The
di fferences i|fSGarfarin sdBsitivity bef¥€en the AA and
the GG genotype patients ¢quld bg expl ?I ged by changes
in the VKORCI| pronoter|activity.|The - g 9 pronoter
SNP was | ocatjed in the|seagnd nugcl eoti gegsof an E- Box
(CANNTG), and therefore—this poelyrerphismweul d alter
the E-box conse@sus sequerf@e andjcoul d2l5ead tp changes
in the VKORC| pronoter ou,uvuy To test this
hypot hesi s, tlhe VKORC | pr Jrot er 3nconp%§si ng the -1639
posi tion was |[PCR-anplified,from patien withithe
-1639 AA or GG genotype_and cloned intaothe pH -3
vector. HepG2 ggl|l (a human hepatoma celbls |ing) was
chosen for the pronptetr—assay—begauseWORE—S
expressed at [the highest I*8vel in the Li2der. A total
of 9 experinents —were performed,” and aiT denonstrated
consi stent results (shown in Figure 2). The -1639 G
VKORC pronot er exhibited higher luciferase activity
[0066lpA axmbat eff embbgiméntg bfthg invention have been described.

Nevertheless, it will be understood that various modifications may be made without

departing from the spirit and scope of the invention.

27



conpared to the -1639 A pronoter. The pG.-3 basic
vector control did not have any pronoter inserted in
wo beensissd pl e cloning site and had a negli gi bl BCEI®2004/046869
of Iuciferase activity. Therefore, the sequence at the
39 position is inportant for promoter activity, and

Wﬁ@ﬁé? e AMED ISsct i vity (e.g., -1639G is associated
wi th higher warfarin dose reqU| rement s. EXAMPLE 5

Conbj nat i Qimod JRieldiHifihe the@i3%e ﬁNﬁ’e NEwarfmARor a subject,
variants in warfarin dosi ng [ 0065] "Al t hough the VK
confBBingShirestigating the sequenessafdhe propotatiod thevbél%D&G Ingene of the
ensitivity, this SNP can optionally be conmbined with
Su% gr genetic marker(s). For exanple, the sequences of
both the VKORC gene and the CYP2C9 gene can be
exant.ned The methbaof tlaido$ iwigreid the seqldnowhatge t B30eosition of
illustrates the suggested Counadi n doses for each
thﬁé[é‘?%ﬂ}bée%‘éhﬂ‘t%%%agedcm genes are both consi dered:
[ 0066] Anunber of enbodi nents of the invention have

beem desctydagdmodNeY Shinh ¢lo89 Swhekdin %xhbzytg%uymeatsﬁ@q@w
that various nodifications nay be nade W t hout

pasiivardafithVKORE |t genedpindicatismell wardgyin sehsitivisy.
invention. WHAT IS CLAIMED IS: 1. A nethod of

det Y m ni fa, LA 8??11); (\?,He%}% fd Pl% g&g%&ﬁﬁ& Whdreid th? sequence

subj €ct, conprising i’n € sequence
is mm@gmd l@f as%ﬂ&ng/mmqulelbnogenbﬁemﬂdar ef:ﬂhe P639PRher

GBIk, Ehueindbriesign of i SHHyEEH garetmasker pgdicative

1. RAeRE of HRt dBttsdnd o Mgleel N honbzygous AA at the
Oﬂﬁ 9 epOSIOtI on ofsyﬂrwle \%K(Rcel gene is indicative of

warfarln sensitivity. 4. The nethod of any one of the
pr eckdi ngThd metied whielaisn A wheeeis Swpegnivelens ginetie starkpateen

58 338 POR hSBrBRSHE 4 EPR DR A0,

rsBUBD8OA U YFHOB L aRERGLIL chEl dBIhitls isl indicatitel ofavadfariniyensitivity.
presence of the corresponding aIIeIe 5 The net hod of

claim4 wherein th qui v ene rker is .an

SNP &el ectisgmethgdo ﬁ‘éy p? E3Y ‘Ffﬁ’ © SAYeRSSIF t he
1nVég§ged 85 USing an %%géﬁll?&eotlde that specifically hybridizes with the promoter

of the VKORCI1 gene.

7. The method of claim 6 wherein the oligonucleotide specifically
hybridizes with at least 6 nucleotides spanning the -1639 position of the VKORCI1

gene.

8. The method of any one of the preceding claims wherein the sequence

is investigated by using DNA prepared from the peripheral blood of the subject.

9. The method of any one of the preceding claims wherein the subject is
an Asian.

10.  The method of any one of claims 1-8 wherein the subject is a
Caucasian.
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rs8050894, rs2359612 and rs7294, each of which is

i ndicative of warfarin sensitivity. 6. The nethod of
wampeoers3nf clains 1-3 wherein the sequence i SPCT/US2005/046869

i nvestigated by using an oligonucl eoti de that

specifically %bridizes with the pronoter of .the )
VKORd::  gehke method pEameenef chims 1 wheyeinihe aybieqt ppan African,

Ag[gag%wcg ti4f8ssmeei fical ly hybridizes with at |east

nucl eot1 des spanning the -1639 position of the
VKORCl gene. 8. The nmethod of any one of the preceding
cl ai 'd whEhemnpthoé ef soeremfdhé precedingelpigest focthérycomprising

- _DNA prepared fromt | pheral bl ood of the subject.
ex@mlﬁ*ﬁgﬁ%ﬁeﬂ‘éed’%f’%?‘e%}%@ogentehe precedi ng cl ai ns
wherein the subject is an Asian. 10. The net hod of any

one 1f. cl Ainfgholt & deteeméiing the@osedange df 4 wasfarin for a subject,

Caucasian. 11.  The nethod of any one qof clains 1-8
compsisEIEiny $iE 2ating the actpdtypf the premeter oAthe Yia Radegeng gh the
Sug!ec{—_li spanic. 12. The nmethod of any one of the

precedi ng clains further conprising exam ning the
sequence of the CYP2C9 gene. 13. A nethod of
det et4ri ni Hlae method of daina hevhefeima lgarer doseshioyld e prescribed if

A N TR A S

391BttH 307 Pbf SEQIMNG: Iwherei n a | ower dose shoul d be
prescribed if the pronoter activity is at |east about

20% | ower than a prorr_oterAé:on'prisi ng residues 3514 t?
52771%f Sidgtiter detsrmining thedqse fangg of g dtaghapin rfampristg at least

ot oﬂ&q%e@peétfegg{@r@g;n&{phcgﬁmﬁ 619 at |east one

component sel ec gro consisting of: (a) a
(ayreansmicans fdedeedtinggegenoeAatths -463% prsitiob6Ehe¥KIQR ©hgene;
of the VKORC gene; and (b) a neans for detecting
alr§iequence G at the -1639 position of the VKORC gene.

(36 dhRald for Bdte@indiseydenciaadt eld1L 165 pss@dSofthe VRIOROH gene.

he neans of (b) are
16. The kit of claim 15 wherein the means of (a) and the means of (b) are

oligonucleotides.

17. An oligonucleotide, or complement thereof, that hybridizes to a region
of the VKORCI1 gene promoter, wherein the region spans the -1639 position of the

promoter and consists of at least 6 nucleotides.

18.  The oligonucleotide of claim 17 wherein the nucleotide at the -1639

position of the promoter isan Aora G

19.  The oligonucleotide of claim 17 comprising the sequence

TGGCCGGGTGC (3668 to 3678 of SEQ ID NO:1) or the complement thereof.

20. The oligonucleotide of any one of claims 17-19 consisting of about 15

nucleotides or less.

21.  The oligonucleotide of any one of claims 17-19 consisting of 16-20

nucleotides.
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ol i gonucl eotides. 17. An oligonucleotide, or

conpl enent thereof, that hybridizes to a region of the
WO/KORE938peNe pronoter, wherein the regi on spansCT/tig2005/046869

-1639 position of the pronoter and consists of at

| east 6 nucl eotides. 18. The ol jgonuc| eotide, of clai

17 wéfer ei hhe plegonuelpatisis of@ny one g 3@ln§61§919p3§18w18&°t?6-5]5
ndcdi@tiREQMOter is an A or a G 19. The oligonucl eotide

of clarm 17 conprising the sequence TGECCGEGTGC (3668

to 3678 of SEQ ID NO 1) or the conplenent thereof. 20.

The 3.i goRuoligenbeleotiste afiapy oneobelaigisali7nkd qonsisgng of 25-30

c e%%i sting of about 15 nucl eotides or less. 21. The

0 |ggﬁ%cl eoti de of any one of clains 17-19 consisting

of 16-20 nucl eoti des. 22. The ol i gonucl eoti de of any

one 4. cl dhewligbhudiBotidenstiaay ongobHElaiiy- 1751 hewmsthg d£30-40

23. The oligonucl eotide of any one of clains 17-19
nycliolidet i ng of 25-30 nucl eotides. 24. The

ol i gonucl eoti de of any one of clains 17-19 consisting
of 38540 RHGHEPLT Slefonudleetid cBMbAYInS thedligdAntIERRIFARS
conprising the oligonucl eotide of any one of clains
ongpfzhpims 17-24.
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