Genetic Variants Predicting Warfarin Sensitive il CROSS- REFERENCE [ 0001]
This application clainms the benefit of U S. Provisional Application No.
60/ 638,837, filed Decenmber 21, 2004, and U.S. Provisional -Applicafion No.
60/ 679, 694, filed May 10, 2005. The disclosure of each of t hese prior

applications is jhcorporated | Ny N . . OF | NVENTI ON
[0002] This mveﬁ@%@ﬁﬁi&ﬂ@qﬁgﬁl L£=:¢ H S igREbage Y dar ti cul arl y
warfarin. REFERENCES 1. Hirsh, J. (1992) Antlthronbotlc therapy in deep
vein thronbosis and pul nonary @QQSLREFEMN@art J., 123, 1115-1122. 2.
Laupacis A., Al bers, G, Dalen, J., Dunn, M, Fei nberg, W and Jacobson,
1993) Antlthronbotl C therap in atrial fibrillation, Chest, 108,
3525 35945000 Tigs applicatbomelaimy tﬂjéﬁﬁneﬁj o8U.S.Bspisignel Applicatien en, J. E.
Gol dman, p n patients with
mechani call§° é@% #ﬁgl’ gquca C%Pé epp@%ﬁg??%ﬁ%gﬁf%g&?&ﬁo& 371 S-3795.
4. Hir sh,Nd..60/678,694, filed MANU@,r2006., The RscloRakb€eachlof thdepsiey, H , Ansel |, J.
and Deykl n D (2001% Oral. anti coagul ants: nechani sm of action, clinical
ef f ect | vemPHEANIORA I 1BF rpﬁmtedtfr%ﬁﬂaﬂw??rélr?tange Chest, 119, 85-21 S. 5.
Loebstein, R, Yonath, H., PeI eg, D., Alrmg, S., Rotenberg, M, Lubet sky,
A, Roitelman, J., Harats, Hal ki n and Ezra, D. (2001)
Interindividual variability FWJ%&EWW PN warfarin--Nature or nurture?
Clin. Pharmacol. Ther., 70, 159-164. 6. Takahashi, H., WIkinson, GR,
Caraco, Ygo mgﬂ{ven%n relfit®8 toRadPhods IS4 hFBrugd; partéuBiAwarfariand Echi zen,
H (2003) Popul ation differences in S warfarin net abol i sm bet ween CYP2C9
genot ype- mat ched Caucasi an and Japanese patients. Cin. Pharmacol. Ther.,
73, 253-263. 7. Zhao, F., Loke, Qrrefeekiciks S-C.. GQuo, J.Y., Lee, HS., W,
T.S., Tan, T., Liu, T.C., Lu, WL., Lim Y.T. et al. (2004) Novel CYP2C9

genetl c variants in 1 Asi an subj ect s and their influence on maintenance
war f ari n dose. Hiosh, 4. (198Rafntithesimbotigdherapyzig, depn gein thrombosis and

pulmonary embolism. Am. Heart J., 123, 1115-1122.

2. Laupacis, A., Albers, G., Dalen, J., Dunn, M., Feinberg, W. and Jacobson, A.
(1995) Antithrombotic therapy in atrial fibrillation. Chest, 108, 3528-359S.

3. Stein, P.D., Alpert, J.S., Copeland, J., Dalen, J.E., Goldman, S. and Turpie,
A.G. (1995) Antithrombotic therapy in patients with mechanical and
biological prosthetic heart valves. Chest, 108, 3718-379S.

4, Hirsh, J., Dalen, J., Anderson, D.R., Poller, L., Bussey, H., Ansell, J. and

Deykin, D. (2001) Oral anticoagulants: mechanism of action, clinical
effectiveness, and optimal therapeutic range. Chest, 119, 88-218.

5. Loebstein, R., Yonath, H,, Peleg, D., Almog, S., Rotenberg, M., Lubetsky, A.,
Roitelman, J., Harats, D., Halkin, H. and Ezra, D. (2001) Interindividual
variability in sensitivity to warfarin--Nature or nurture? Clin. Pharmacol.
Ther., 70, 159-164.

6. Takahashi, H., Wilkinson, G.R., Caraco, Y., Muszkat, M., Kim, R.B.,
Kashima, T., Kimura, S. and Echizen, H. (2003) Population differences in S-
warfarin metabolism between CYP2C9 genotype-matched Caucasian and
Japanese patients. Clin. Pharmacol. Ther., 73, 253-263.

7. Zhao, F., Loke, C., Rankin, S.C., Guo, J.Y., Lee, H.S., Wu, T.S,, Tan, T., Liu,
T.C., Lu, W.L., Lim, Y.T. et al. (2004) Novel CYP2C9 genetic variants in




8. Yu, HC., Chan, T.Y., Critchley, J.A and Wo, K S. (1996) Factors
determ ning the nai ntenance dose of warfarin in Chinese patients. QUM 89,
127-135. 9. Xie, HG, Kim R B., Wod, A J. and Stein, €M (2001)

Mol ecul ar basis of ethnic differences in drug dispositlon and response.

Annu. Rev. Phaigreal ects-rﬂ'iﬂ e inflfbhee ﬁ#ﬁaﬁ%w@@war@&ﬂpﬁél @ysky, J. and

Regli, F. (1985) Anticoagul ant-induced Intracerebral bleeding in brain
i schemi a. EvalRfmringooli fh@0F6patd-2Ht.s with TIAs, enboli from the heart, and

progr essing st ta. ur.Q Scand, \ - 11. Landefel d, C. S.
and Beyt hi21 R J¥ l(iigg ?:%ogﬂtﬁhflﬂ f‘e%@obﬁgt (ﬁfgr%) Fa‘g&tf’f %ni cal

epi demi ol ogy, d%'t@ﬂinﬁhgﬂ{bmﬂlﬂﬁénﬂlﬁ&\@@é bPOwarfAA inlChihed. gatl&ﬁs Oihp-8928. 12
@l lov, A L., Koefoed, B.G and Petersen, P. (1994) Bl eeding Corrpl i cations

to Long- Term C}QQI'B,&ntl coagul ant Therapy. J. Thromb. Thronbolysis, 1, 17-

enoor i B n JH chnelfli nnn,ﬁWo&@dA 7,0 n, M (Q&%ﬁggﬁ])ﬂgwas}sa&r hatic

Quengeri ch, I pes, umen hepatic
cyt ochrone P— fdﬂﬁhmdrffwmcbs ondrag dmpoémoh imyd sesponsé.rdnnmi Rew Shnehadeit abol i sm

of warfarin. pos 12, 470-477. 14. Rettie, A E., Korzekwa,
K. R, Kunze, %%960%@%&5?@ Eddy, A C., Aoyama, T., Gelboin, H. V.
Gonzal ez, q(f. J B@é&‘issﬁ@ﬂ?rl axW ﬁegl( @?@85) Nﬁﬁ'é&%ﬁ aﬁ%—irﬁi’ﬁc&f m%Eécré’Jr!ﬂn by human
c DNA- expressed cyt ochrone P- role in the etiology of

(S)-warfarin- dqlefglmgmé:remnmhnmla @vemtlolﬂesmomncmwnth HAspemiygi frars.

oA "Cibay o B Bbfpierstoa et et Mot Buseodt Llnast ATl Speci ficities

W th prinacy dtandefeld, €.s vwadBayit) Rak (BOR3) elnﬁcod}gblant-maemreeﬂm 43, 234-239.
16. Xie, HG, Prasad, HC, Kim R B. and Stein, CM (20022 CYP2C9
allelic varl hinical ezlﬁﬁn@lwsp@wenﬁdmwmdnwaﬂ@pg?ﬁ' S¥tee. Adv.

?2885) Dg:: I i cad[ﬁﬂcoty hsA glgﬁle(rqugfeé’éa(l)]? Ep(ifuflt'%gl?:tﬁllr%llirf1a(ih E?Sga ?Biee&m&aéan%ﬁq‘%?éﬁgl | (Ca]r in.
Phar macol . Theao Long-Terth-Chal AnficdagulafTheyapy. K. Thrﬁmbn%ﬁb&d}oswsgndﬁe, P.,
G egory, W, TZaSt_)er , H, Steward, A,
13. Kaminsky, L.S., Dunbar, D.A., Wang, P.P., Beaune, P., Larrey, D.,
Guengerich, F.P., Schnellmann, R.G. and Sipes, I.G. (1984) Human hepatic
cytochrome P-450 composition as probed by in vitro microsomal metabolism
of warfarin. Drug Metab, Dispos., 12, 470-477.
14. Rettie, A.E., Korzekwa, K.R., Kunze, K.L., Lawrence, R.F., Eddy, A.C,,
Aoyama, T., Gelboin, H.V., Gonzalez, F.J. and Trager, W.F. (1992)
Hydroxylation of warfarin by human cDNA-expressed cytochrome P-450: a
role for P-4502C9 in the etiology of (S)-warfarin-drug interactions. Chem.
Res. Toxicol., 5, 54-59,
15.  Kaminsky, L.S., de Morais, S.M., Faletto, M.B., Dunbar, D.A. and Goldstein,
J.A. (1993) Correlation of human cytochrome P4502C substrate specificities
with primary structure: warfarin as a probe. Mol. Pharmacol., 43, 234-239.
16. Xie, H.G., Prasad, H.C., Kim, R.B. and Stein, C.M. (2002) CYP2C9 allelic
variants: ethnic distribution and functional significance. Adv. Drug. Deliv.
Rev., 54, 1257-1270.
17.  Kirchheiner, J. and Brockmoller, J. (2005) Clinical consequences of
cytochrome P450 2C9 polymorphisms. Clin. Pharmacol. Ther., 77, 1-16.




Gonzal ez, F.J. and Idle, J.R (1995) Genetic pol ynorphismof CYP2CO and its
effect on warfarin mai ntenance dose requirenent in patients undergoi ng

anti coagul ati on therapy. Pharmacogenetics, 5, 389-392. 19. Aithal, GP.,
Day, C P., Kesteven, P.J. and Daly, A K (1999) Association of

pol ynmor phigns j C [ g{leﬁp ' fiar AR requi r ement
and risk (!)% bl gg‘ﬁﬁn’?&gﬁ‘% i cégﬁﬁcl)ns. ’gﬁé%wgwﬁgf%gﬂe 20.’%Fﬁ gashi ,

M K., Veenst r aGofizalez, FHoandbldld, JR. (1985) Geoetisknolymoighism & CHB2EH pndithanh,
S.L., Farin, F. and ttie. A E (,2002) .Associ ation between CYP2C9
genetic varian %gcéﬂﬂ Wé’ﬁRng&ddﬁéﬁ?I}cS%%eerfeé?lée&le&gﬁwgts “tf’ﬁ?’igﬂﬂ'gwar farin
therapy. JAMA adftbagil @R th&QBy. Pikrmbassenerts, 5,68b30a, T. and Ishizaki, T.
(1997) Genetic analysis of CYP2C9 polynorphismin a Japanese popul ation.

Phar macogéhet i dithalyG.0Ban §HP., Bestep, P.J. sedDalynd Kvid 89hiAsseciationrof (1972)
VAt o ot b mhibiti s » tabolite.
Nat ure, 237 s0yiBRq ftneLyt{h o BafcHORCY kith M BGTT 1 001 €

K- dependent carelqoixsthedtiaad ridk df bleediagicomiflicativab danean 338, 717419, Ef f ects of
warfarin._J. in. .l st,, 76, 79- 1884, ,..Li, T., Chang, C Y., Jin,
D.Y., Li n?OJ-P. %}gaﬂﬁv}gggvéfeeﬁs. %#‘S&QP%%&W%%WOW@&?OO%}(% dentification of
the gene for VikAsTiapSRRAXSHS RRUENESRI RURILACE, (2087 AGALaBAA. 25. Rost,
S., Fregin, A, lvaskevi o UE, V., Conzel mann, E., (I-ior%)nage\:l.‘?l K., Pelz,

H J., Lappegarbgtwien CSELCP genksticEariagsiand auticoagulatiohittidedhautroieG. et al .

(2004) Mutatigons in VKORCL cauw ' I stance and nultiple

coagul ati on f@%‘@rw%‘gﬁr}gﬁ%‘ﬁ‘@% f@u{@ 427, 537-541. 26.

Har ri ngt opt, D. Masu, Mndeibuedd. afid Ishidaks 9. (1997) SbeaticanalyMs bf CYRadgenham E. G
and Munford, A D. (2005) Pharmacodynam.c resistance to warfarin associated

with a Val 66NMeRol¥BBERNINY N dIAPRRCSGIPPRWRHOK Fépungcegerdadissch 488408 onpl ex
b1 porna, .| GRS, oy ety S Wail MOERRo I €
Mar gagl i one, M at@6GOHYy An pridy metghiolicmMarnre,t238, 32<8RCI  gene is associ at ed
wth an igforigetul dualy Kpciati L1 ¥ dnEne 9035 d0N SAaTuLAR o] Fect ©f
vitamin K metabolism in liver. Effects of warfarin. J. Clin. Invest., 76, 1879-
1884.
24, Li, T., Chang, C.Y., Jin, D.Y, Lin, P.J., Khvorova, A. and Stafford, D.W.
(2004) Identification of the gene for vitamin K epoxide reductase. Nature,
427, 541-544.
25. Rost, S., Fregin, A., Ivaskevicius,lV., Conzelmann, E., Hortnagel, K., Pelz,
H.J., Lappegard, K., Seifried, E., Scharrer, 1., Tuddenham, E.G. et al. (2004)
Mutations in VKORCI cause warfarin resistance and multiple coagulation
factor deficiency type 2. Nature, 427, 537-541.
26.  Harrington, D.J., Underwood, S., Morse, C., Shearer, M.J., Tuddenham, E.G.
and Mumford, A.D. (2005) Pharmacodynamic resistance to warfarin
associated with a Val66Met substitution in vitamin K epoxide reductase
complex subunit 1. Thromb. Haemost., 93, 23-26.
27. D'Andrea, G., D'Ambrosio, R.L., Di Perna, P., Chetta, M., Santacroce, R.,
Brancaccio, V., Grandone, E. and Margaglione, M. (2005) A polymorphism in
the VKORCI1 gene is associated with an interindividual variability in the dose-
anticoagulant effect of warfarin. Blood, 105, 645-649.




28. Massari, ME. and Murre, C (2000) Helix-I|oop-helix proteins:

regul ators of transcription in eucaryotic organisns. MIl. Cell Biol., 20,
429-440. 29: Terai, S., Aoki, H , Ashida, K and Thorgeirsson, S.S. (2000)
Human honol ogue of naid: A dom nant inhibitory helix-loop-helix protein
associ at egg, V"'M'ﬁss'ahVﬁfESa‘?ﬂQMﬁx‘r@ cgqm)o?m&aébﬁlﬂehmwﬁ R%uat&@of 357- 366.
30. Bodin, L., Verstuyft Tregoue A., Robert bert .

Funck- Br ent arfbanscxlpthnanleuwyotm orgg@mélolp(,‘ell Béndy éﬂ,t‘l-?lgtﬂ‘@ P., Becquem)nt ,

L. et al. ¢! hr, P 2 YP2 K epOXI de
reduct ase (V rgge%dt@ggghlgg%eﬁ% S g’g Qe/dr?ﬁ%?gﬂ%? sensitivi ty.
Bl ood, 106( 1)kok@Hedhdlof rddid: ﬂdlﬁnanl(mhlbltoﬁaﬁﬂﬁ@%g -hélid protaﬁmﬁﬁkda P. J.

|

Kelly, T.J. and T{lan R._. (1987) A cellular ndi ng protein that
activates eukaVil IVer-9Peaifis BENQERREFFSioRAler X BB 12 81-P6M. Cel |, 48, 79-89.

32. Riedejy Mpaliin ¥\ vhrs ferTreghuef D, ASE&% EHI‘\']ES& I9f lgg?Cl hapl ot ypes

on transcriptional tegu ol and warfarin ose 352(22):
2285-93. 33. Henweo,C. CJa,llldm P\ eakee, PetLaatent—Eﬁ{yJB),BeV&ﬁﬁﬁﬁntﬂapk ol ypes and

ant | congul at . 3205%%5%3%@858&@?&%% sy R qugideare 1 %) i

You, et al. )?Jeb%éiénn\{hérﬁ%ﬂ'hc@m&i%%aﬁﬁ A nRaconpl ex |
(VKCRCI) varl ants W|t arin dose in a Hong Kong Chinese patlent
popul at i on. Pt‘ﬂ&ﬁhﬁc@ée}*ﬂ@t Genomi cs, 15(10): 687-91. 35. Sconce, T.

| . Khan, gt al ) h C R I e
pol ynor phalqsm aJr?aész%tO érl&agcﬁaagrag})?éhog nlf%fg %’L?gﬁ%agf ’l?/grganﬁle K. ¢2§'i}| rements:
proposal for aAbelmlﬁdeNF\gblh&ggI}Sﬁcb?tmthﬂthwaléh&(uK}zryoﬁfSﬁﬁnsﬁ%& t1{>10&€&3] Al of

t he publicatiaons, patents a ? Batent applications cited above or el sewhere
in this appli dANAgRPlgatoR el A 17%%?porat ed by reference in their entirety

{0 i, JATe Gtan! Neg, I Pt REimEh SPhI0BiDS). Bfreeaatik pRlcy!ieRkBhI cati on

patent application’ or patent was sp caI y indicat ed
to be-incor portemmpjgonalefeguletnmeandwarf&mch}&théhglJW[ﬂ@@@fM]

Ml o0 4 L E IR LSRG PR S AR
fibrillation, tRé nfier-mdmdual and inter-ethnical variability of oral anticoagulation.
~ Thromb Haemost, 94(4): 773-9.
34.  Veenstra, D. L., J. H. You, et al. (2005). Association of Vitamin K epoxide
reductase complex 1 (VKORC]) variants with warfarin dose in a Hong Kong
Chinese patient population. Pharmacogenet Genomics, 15(10); 687-91.
35. Sconce, E. A., T. I. Khan, et al. (2005). The impact of CYP2C9 and VKORCI
genetic polymorphism and patient characteristics upon warfarin dose

requirements: proposal for a new dosing regimen. Blood, 106(7): 2329-33.

[0003] All of the publications, patents and patent applications cited above or

elsewhere in this application are herein incorporated by reference in their entirety to
the same extent as if the disclosure of each individual publication, patent application
or patent was specifically and individually indicated to be incorporated by reference

in its entirety.

BACKGROUND

[0004] Warfarin is a widely prescribed anticoagulant for the prevention of
thromboembolic diseases for subjects with deep vein thrombosis, atrial fibrillation, or
4




mechani cal heart val ve replacenent (1-4). However, warfarin treatnent is
probl emati ¢ because the dose requirenent for warfarin is highly variabl e,
both inter- individually and inter-ethnically (5-7). Asian -popul ations,
including the Chinese, generally require a nuch |ower maintenance dose

than Caucaéémﬁawl A f%ée:ﬁéu (?ﬂ. Oﬁ%%)@%r,%%%—iﬁ?gnﬁénttlpe DSt seri ous

conplication of eat nent ort has been devoted
to noni toproblﬂ:maSabed:apse)fhetdwsraqnaémantfbma@aﬂrailsﬂ'lighlf,uamaim bgth ittee- dose has

to be clo ni t b I term |onso d rothronbin tine
usi ng stasﬁ’é'?{‘a'}r@ I $H§ ?Fé’f“lcéiya& ’Ho p?é’ﬂalﬁ?ﬁ’bn ?Cﬁﬁ% qlg?ﬁﬁ%] Cyt ochr one
PA50, subgenataily reduive ALY RiNer dfrifedabf@dsSRthArSCal@siRhd 4l Hidharils| (8-

nmet abol i zi ngﬂenz ynme that catal yzes the hydroﬁ%l ation of warfarin (13-15).

CYP2C9* 2 AndlesdimTsby far bempast prsiopseeppiicatien sbwerfarie aetmeny(100k2)d in t he

Caucasi a Y, | ot ype
frequenc?%@ or é%@ﬁwgg?aﬁé%ﬁ%%gﬁ ty/o!fgmggxga‘?an%gﬁ&\%% 1%5}0

respect i v@lyertlyfthe dé}e hasite be@lﬂ?&@gﬁ(ﬁum’eﬂl WyeriabBdaterntindtiont of bloevé been shown
to decreasethe enzymatic %éy of CYP2C9, ich leads to warfarin
sensi t i vi Ppthaombint Suring gan inggraatignalnoregigrd retie (VD ( 18- 20) .
However, both CYP2C9*2 and CYP2C9*3 are either conpletely absent or rare

in the AS GGOS]p@ftHblﬁTohﬁrFiISWwb?aHﬁy @@nﬁélyﬁep\ﬁﬂé 'QEEOStYSPZC@b Ay gﬁﬁdpﬂn CyP2C9
thus far can on partially expld n sone he inter=indi

di f f er enctyg metabahmguenzmsﬁgécattiwzeStth@bydraxorlaﬂoneofpvﬁamnt(Haé-hsht er-ethnic
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clotting. Cﬂﬂt@s@ﬁﬁmﬂﬂ&ﬂb%}d Wltdaevﬂdaqﬁ@eﬁb hé;ms @frequeham forK and
oxygen to_add a carbon_ di oxi nol ecule to |deca|n of lutamc acid

in the cleYP?HRY* lf/ '5%9'@5* SYPRGAT HG3 aterbdXpiand -dd7e reshschivdlvi€ed 1V)-tBifin K i s
oxi di zed ¢op Z%@%r{?i dfﬁz%ﬁjo%{ & halk 99311‘@%&? Sﬁ&réﬁ'sg'fﬁce&zgrintaﬁg‘ nKis

regener at ed tam n epoxi reductase for another cy of catalysis.
Warfarin eh:hmtksf CyIPaCY| wglchaeadsrto wyrfartive sansitivity iandyi ibistriowg casdsabieedihg epoxi de

reduct ase (22, 23). n.| the LALLam n K epoxi de
reduct ase® g@ﬁﬁf‘%‘?ﬁs @g{%@ﬁ{{ QI/'GY %ﬁﬁggg ‘g‘éﬁq’@@é’ éare(eég;er 25) and
nut at i Onsch[b]é{g@%Gbelﬁ%P%rW SiciRimGboblilanesd @ 21). (Rilefit dMantPat i ents (25,
26). An intronicC phi smwas al so dj scovered to be associated with

certain vilisgoxeted in R \é‘rm%us/fadgw on}y pariglly explainsomeaf ithgrintsaindividual( 27). 5
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parti cul ar
7, 16).

[0006] Gamma-carboxylation of vitamin K-dependent clotting factors (factor II, VII,
IX, and X) is essential for blood clotting. The gamma-carboxylase uses the reduced
form of vitamin K and oxygen to add a carbon dioxide molecule to the side chain of
glutamic acid in the clotting factors. During carboxylation, the reduced vitamin K is
oxidized to vitamin K 2,3-epoxide, from which the reduced vitamin K is regenerated
by vitamin K epoxide reductase for another cycle of catalysis. Warfarin blocks
clotting factor synthesis by inhibiting vitamin K epoxide reductase (22, 23). Recently,
the gene coding for vitamin K epoxide reductase complex, subunit 1 (VKORC]I) has
been cloned (24, 25) and mutations in VKORC] gene were found in warfarin resistant
patients (25, 26). An intronic polymorphism was also discovered to be associated

with certain warfarin inter-individual variability in Italian patients (27).




the inter-ethnic variation. Furthernore, a |large part of the world's

popul ation, the Asians, is unaccounted for. Therefore, it is desirable to
find a method for predicting the proper warfarin dose range that can be
nore widely applied. SUMVARY [0008] In this study, we discovered that a
ol ynor I (G ] J ith
harTar1 SR Thes? Bl KA ool KTt AQBE yh By PRy

inter-i ncthvudereﬂﬂnandanati@r Feﬂ'ﬂhnnmord;a‘llazgeelaneﬁ thewordd s aopulaiiios ¢he

requirene Furt her S.a dwth

pr onot er X%ﬁ’:‘ﬁ’ i HFecorR ”&d%b%er%"@’"g"se esﬁﬁ ‘bﬁﬁé “}f?h dﬁ% Tg%‘ Bosi tion
(nunbereothwfpidperwm@caoge%ﬁgeqhﬁﬂdaﬁtbem&éa@ddlﬁgplﬂfedt he initiation codon) is
44% nore active than the pronoter having an A at the same position.
Patients with the -1639A pol ynorphism are nore sensitive to warfarin.
Honbzygous AA patients at the -1639 position had the | owest dose

requi rements, heterozygous AG had internedi ate dose requirenents and the
honobzygous GG patients had the hi ghest dosage. Thus, the pronoter sequence
or activity of the VKORC gene of SYMMARYt can be used to predict how
much warfarin should be prescribed for the subject. This nethod

signific [a30]s Ya Sy THBYD ntly,
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safe for th an_he. achi eved. resent vention, the
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the pr Om}'é ecftq.lt) tﬁ@ﬁrsymg’%&)ti]de%?%ﬁ]ﬁ él&‘lpﬁ ?SC4¥4% ﬁ‘ﬁ)% Q&{ve‘%ﬁ ﬁlet?lg of -t he

pr esent on provi essl ng conplication
after a mamnanha\tlﬁgesAvmﬁewam posivion/s Psmemgs thﬂaat-ugmk pglyiﬁmeplﬁsmuence of
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much warfarin should be prescribed for the subject. This method significantly

improves the accuracy of warfarin dosing. Currently, patients are given an initial
dose, their INR monitored periodically and warfarin dosage adjusted accordingly,
until a maintenance dose that is safe for the patient can be achieved. With the present
invention, the predicted dose will be much closer to the maintenance dose, thus

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 VKORCI 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
VKORC] gene of the subject. The more sensitive the subject is to warfarin, the

higher is the risk to develop complications, such as bleeding,




nucleotide (Q Cor T) at this position. In tam the sane heterozygote is
nore sensitive to warfarin than a subject having no A at this position.

[ 0011] The sequence can be investigated by assaying for an equival ent
genetic marker of the -1639A or -1639G C/ T allele, wherein the presence of

the equi vigoe! IngRRGLi4, th%éd%%hcéaZtth{‘ﬂgsﬁﬁgbé{ﬁor%fﬁmm/l%ﬁé?%ﬁﬁe Rf the

correspondi ng al'l el e. For exanpl e, qui val ent geneti ¢ marker may be an
SNP sel ecinuetigniod 1fitbe gudagtideat dhis posiigonois an As GEBOHRBY ismxBO5aBHNe to 2359612

and rs7294 qf .t VKORCI. ne ach of which.is. Lndicative.of warfarin
sensi ti viY??ﬁrbgﬁlﬁs’ %%g%cﬁga\g%gapmogséﬁ{%ﬁ}ée-d;ﬁéggﬂﬁm?xh e on, the
sequence VEKORUESeGaindet fsitivs kg adiet@biyaoruavRRtdndeatdaiotigapeci fical |y
hybri di zes with the pronoter of the VKORCI gene. Preferably, the

ol i gonuc| Bslaodde 6ae pr ThafIthiy PR§iEERdintem, Hia simgthefaseryigor; is mere 10, 12, 14,
16, 18, ZQnsifige &Y w%%arih“@%9%@8@.&9@@3{0’}9&%&@ Illabgi position of the VKORC
y stiga by

gene. The sequence na e |1 nv usi ng \ prepared fromthe
peri pheral blood of the subject. [0013] The subject of this invention is
pr ef er abl PO&1|HIeesequence eapbe investidajeddry adshyang for Gaaqasilent, geAétid matker Af ri can

Aneri can, i ni c her, net hods of dosjng warfarin can be
conbi ned %%%Htﬁﬁgﬁiomb@hegéﬁ JfG hefi REREPeiias CRUYA IR eSRIE t he
sequence @hrkbNa ifKEAE P eRpresticab e E&Tes@asﬁdwsﬂelaa?&deﬁﬂl @ edge
available in the art. For exanple, both CYP2C9%*2 and CYP2C9¥3 are

associ at exfuialant genetig maskeranas! ba an SNP s¢logadbfromthe gepiupiconsistingsgfect of the
present i i ! ey, t he dose. r,ange of
Narrari n TG R TR BE Mo VR AR e R RS, e
pronot er iadicative ofKEREErIn sgasidviey. t he subject. A higher pronoter activity is
i ndi cative of higher warfarin dose requirenents. 7 [0016] Yet another
aspect of resent .inventio rovides a kit for determnipg the dose
onge of WM REhecmoRineshin Sine Pt BBt S b RIHPs ot BUPIEMI « he
group  CQgkfrpSdnl dMoRhclécideaniRpaSfiEMly 1BHEGE Wih FROMBARERr Arfile t he - 1639
position of gﬁ\ie %IQOQ%I ggne; ﬁanlcll (B’)‘ﬂg means for detecting esequence G at

t he - 1639VRORG] ganeoPrafereblykbraligomisteotide e@eeificalty byliidizesamithi etrledse 6, conpri se

a neans fgpr.d t] S nce,C and.T at the .-1 QSi ti of the VKORC
Gene. T ochddt T dy I8l R 3 P B dss e e T R4S oh o he

VKORCI gene. The sequence may be investigated by using DNA prepared from the

peripheral blood of the subject.

[0013] The subject of this invention is preferably a human, more preferably an Asian,

Caucasian, African, African American, or Hispanic,

[0014] Other methods of dosing warfarin can be combined with the investigation of
the VKORCI1 gene. For example, the sequence of the CYP2C9 gene can also be
examined 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 VKORCI gene of the subject. A higher promoter

activity is indicative of higher warfarin dose requirements.




kit may conprise a neans for detecting each of the four possible bases at
this position. In other enbodinents, the kit may contain a nmeans for
detecting A, and a neans for detecting Q C or Tat this position, since the
presence of an A at this position is the nost indicative of warfarin

sensi ti Vi fog16]T0& BBRHESad r@%‘n : . 0l de.. The kit nmay

opti onal I[tO co]rrpri se te i%ép?g%ﬁgﬁ o¥mgP1|}tglgd§#urgﬁgg{+glg%rhufbcrll 'zléthleon, PCR
anpl i fi caddseranggodiarifarinstcomprising s laft areaon{potds sclécted iem thegentp of t he
present ipven n. provi des an ol igonucl eotide, or conplenent thereof, that

10
hybri di zecsonts%guég?fegi on of the VKORCI gene pronoter, wherein the region

spans t hez) 163Pmeas for teding!sBEueptOARE fic -26%h SRANAINIIThOVKURELES; 6
nucl eoti des. Preferably, thée oligonucl eotide specifically hybridizes with
at least ®d 8 10, 12, 14, 16, 18, 20, 22 or 24 nucl eotides spanni ng the

hi's rogh whererh opdetiiElse ARG o H B ARMGEN BE VAR LB 70, ' 7

preferably A or Cx In certain enbodinments, the oligonucl eotide nmay consi st
of about [0817ubhedot catefarther doegsise 4 fedfis fondeleetivig sbqaencB@ 2 Tuctheot | des,

25- 30 cl i des, or. 30- cleotides. An_arra conprising the
ol i gonlrjlg I'égﬁ 'a%‘*“bdf“ ?{{Pg%ﬁi&éﬂf&g}?, feép%ﬂ?’é’ﬁ@pr@y?’d H?“a[lgpefflgfé‘???@tsd@?ai s of

one or NKEmEPBRAPARY Sehs hPCtbdih RhEOHY BE Fous PhshlE bikes At file  acconpanyi ng
drawi ngs and the description below. Qher features, objects, and

advant aga®sigiont hreothayembodimenis| the ki mgypeontain a means foh detdeting A panden  and
dr awi ngs, . | ai-g...8 DESCRI PTI OF DRAW N 0201 Figure 1.
Scatter pIP %ﬂgg?gc&’gﬁlégﬁl&fégg% ﬂélagf)%g?n’ts{ge%ﬁn?iég@%&&%/pe. Varfarin

doses i n meitieatietheprdst fidictive bhwidiidbdanbitivRNSThe Medns i pref@sblytagnce (see
Table 1 for detajl s%ﬂlwe,re plotted agai nst different genotypes at the
VKORCl  pradiganwieatigsdhe kifanay, qptionally.eamprisg shasreagants ovphgmughotidet s

i ncl udi gy eXERE90m PCRRAIAfdatiBn.s and AN > | due 299 changed fromT to
A) and P3§,2L %l@oe.’, Camgﬁéltg%aitlgn’rag5| du%ﬁgggérggﬁg‘%ed fromP to Q [0021]
Figure 2. The relative neasurenents of luciferase activity levels in Hep&
cel I s. pd&18] fdtkeraspect epibe tegsentdnvetion prpvidasheolighmcdedtidgl3- A) or G
allele (p Q) .at t ropot.er -1639. positigp.olhe average of the data
from9 ef?g%ller%%\t gwlr%o}%’e%gte}éyé’ﬁ‘figf o et eosflélt?e_rgg%éﬁg?l@&r@ggm’s st andar d
devi at i gﬁvheﬁéﬂ;&tdl%gioﬁ spass tHe eIb38posiGoN bf Mle prbrhbeHindPdbnsREsOTRE Rhst$equence

i nserted.

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

VKORCT1 gene. The oligenucleotide 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.

[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.




[0022] Figure 3. The genom c sequence of the VKORCI gene (CGenbank Accession
No. AY587020). The transcription start site is at nucl eotide nunber 5086
(bol ded and boxed) in this figure, which is designated as +1 of the gene
in the traditional nonmenclature. The A of the ATG translation initiation
codon (bolded) is at nucl i %T“m@ ﬁ%@dﬂk;f“s figure, which is
recomended by the Human ﬁ%ﬂ%l arla?P%ﬁ ocie?y to be designated as +1

in the new nonmencl ature system The pronoter pol ynorphi sm described in
this i nv§0020pFiguse LinGeatter pled ofiwerfd desds ggrindt dot VHORGIHE3? g88T®& n thi s

sequence ichis at, -1413.in t traditional, syste - in the
new, rec%ﬂé@swgﬁﬁlﬁw&ﬂﬁ%&éﬂq@gﬁﬁﬁ V[‘@d%éefm%%gg%eg (J)I\%glr%eld that a
pol ynor plrsiatdiig) bR féesiigainsodiffehat MioRpes gehe VIKORES peshateed 699 t h
warfarin sensitivity. This polpérmr phi sm can_exEI ain both the, inter-

i ndi vi duspsitioni Thndiiduslswite CYPREOvararts inchidipg EXPRRITHILIPAGiFr enent s.
Furt her nqr L rohl j SRt n: tivity.
The VKerA s i fegte AT cRle ol Thg) BREETA R, Mobid RIEHRUEE ST
respect thanghé filoht Bto D)cl eotide of the initiation codon) is 44% nore
active than the pronoter having an A at the same position. Patients with

the -1639 hj jtiye. farin, AA
pat 1 ent o [ONZA] ELEoRa 8o Sg BarHYgRemaent O ditereob ke DuRts's B "o
het er ozygaus R3 I'ReiftalerepbiirdbatadfseeiiifRg tid £ (FRLEAIRE G IRI@EIBY gous GG

patients had ‘the highest dosage. Thus, the pronoter sequence or activity of
the VKORQat ermrombten-k13Bjpositionahheaverageditthe datefiom O MeRgrifsd ar f ari n
shoul d be rescribed for the j . Pri g i i t he

i nvent i Onrqsﬁntf@rapﬂgfe ISR w?%g&{tsgéérnsda&‘gg%ﬂth&f ﬁ?’éw gabsp | g%l'lfslg% ﬁgar e

defined agnttéllWithont ty} Bdmobirkequenseinsditidcat ed. Definition [0025] The term
"warfarin" enconpasses coumarin derivatives having an anticoagul ant

tivity. A f d enbodi t, i i 4-h -3-(3- - -
eyl oyt Fegves 36 dhs gagoray satses o1 e VRORE! Sl ABNALEIHE: 11 -4
hydr oxycegym VS@’I%ZO}ES%%%E&%P&?%%R& &l at Bﬁél@?tfde_ﬂlﬁn&rsmmofdeﬂiaﬁaure of

the R- isoner an I SO The term "warfarin” enconpasses the
R- i somer bokéd itSthis Sigwrey whizhys destgaated asitk ofiths, geap dn twyragitionak her eof .

S L 5 A A R RIS

number 5312 in this figure, which is recommended by the Human Genome Variation

Society to be designated as +1 in the new nomenclature system. The promoter
polymorphism described in this invention is underlined and bolded (nucleotide
number 3673 in this sequence), which is at -1413 in the traditional system and -1639

in the new, recommended system.

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 VKORC1 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,




At hr ombi n- K, warfarin-deanol, Adoisine, warfarin acid, Coumafene,
Zoocoumarin, Phenprocounon, dicunmarol, brodifacoum diphenadione,

chl orophaci none, bronadi ol one, and acenocoi unarol. [0026] Al

"ol i gonucl eotide", as used herein, is a nolecule conprising 2 to about 100
contiguo } | -1 BV, i hong J cl eoti de may
be at | gg‘é?&?ggg% A%g,?ad lg%ggélxﬁ%? %Fﬁg\%&%@s nucl S(i)lto ‘u%gégé‘%“g?? I n addition,
an ol i gqatientebad the highgst désaga bTyusuthe proradtenteq@@e onnackivityrad the ef er abl y up
to about 100, %5, 50, 40, 30,,.0r nucl eot.i des. L.ong. ,[0027] A

ybr 1t 2 Y RORCIregs el 3iubigts bGP eei e BoMR et ATt e Speci f ¢
manner t GrascEiBePfRARNEdject.st rand of nucleic acid. Such probes include
peptide nucleic acids. Probes can be any length suitable for specific
hybridi zation to the target nucleic acid sequence. The npst_ appropriate

| engt h of[003H Ksisie daseribingthe inyepiigndn durthes datailnbefgrpisiused i thisn met hod i n
which it Jj.sibei 'frfﬁiﬁs’w 1.k Gk | engt hs may be nore
appropri adlp h%iroﬂﬁgiéiaﬁmgiagrﬁg abrl égstsggjgg'?l%%%!l&\gﬁ%l e other lengths may be
nore suitable for use in classical hybridization nethods. Such

opti m zatPefindtiame known to the skilled artisan. Suitable probes and priners
typically range from about 8 nucleotides to about 100 nucl eotides in

| ength. K « . ob a ' . C -20, 10-30, 15-40,
50- 80, ar{gﬁ%sﬁ:ﬁ{eéﬁé%?y&gﬁ% &Eﬁ@ggsggé gg{aﬁlﬁl q%gﬁésﬁ%%gﬁég ucl eoti de sequence
can cor r esfosuguladt dBiyOd preferree ghbodiment, wanfrig£is &-10fdré0/-8 i8-ogevTpl enent  of
t he codi n%ﬁsequence of the gene. Methods, and Conpositions [0028] Upon
conpar i ngPhepEbetyD k- 1 brazomentc?-onrill s chitdhersy-dracehlstBelet patients with

war farin YA OF i YP2CO DNA
Sequonce AR yep bl T e A AR Ry o ol A o e

popul at i asomernd theaS-iizmes. Whe enpriwasfarihy er@vrpasses thel Rrisvaukirt theof; t wo

m ssense .nutations identified.in this stud ihcl.udin novel .mutation
(PagaL) g bt ey Tipirod 20y sl Befah cSuniipiy elihed 4 ortyen

war f ari n-;e0shimhdia, PRtdVAR! BanwhbEn, P¥5iRfethadad, Taitb&ind Warfilshowaeali f f er ent
preval ence in different ethnic populations. CYP2CO* 1/*2 was present in

20% of t Hethtalsndt.averfsipodegnploAdeising wadweanid, Gaurygdenes dpptoamarip, absent i n
the Chin | O] hj .or e I.: in CYP2C9 can
account eﬁ‘%o?&gg%rgéﬁ’?ﬁ%#n&rélép%gﬁ%%gﬁé"’cc)l ﬁ%ﬁ‘g‘ﬁ’ ﬁhlglég ?%Jflﬁg;fet’y i n-the Chinese
popul at i Groaadiolona mdtacexqoainaradlhe i nter-ethnical differences in warfarin
dose requirenents. '

[0026] An “oligonucleotide”, as used herein, is a molecule comprising 2 to about
100 contiguous nucleotides linked via nucleotide bonds. An oligonucleotide may be
at least about 10, 20, 30, 40, 50, or 60 nucleotides long. In addition, an
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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[0029] On the other hand, we found that changes in the VKORCI gene can
alter warfarin dosage requirenents both inter-individually in the Chinese
popul ation and inter-ethnically between Chi nese and Caucasi ans. Patients
with the -1639 pronoter pol ynorphi sm AA genotype had | ower dose

requir eneﬁ}bﬁes%hg,?irﬁéguﬁéﬁ%ougwgt 40296, 18a4h, BOGOCEn IS Rerdit ¥h pBENE S

(Exanples 1 and ernmore, honbzZygous AA are rare in the Caucasian
popul at i amclestidesintlngth.g€honygeotidelsequcnge cantvormesgoadito theafoditige Chi nese

popul ati on (Exampl.e 3). The,differenc in the genot frequenci es
Derween CIALETER SF egthe ehfiing somBleenrar 6 et ARBRMHT 6 EFBh war 1 ar i n
sensitivity, are in concordance with what has been observed clinically that

t he Chi ne;mmmauua(té.ﬁpoﬁﬂm res a |l ower dose than the Caucasi an
popul ati on. [0030] Accordingly, one aspect of the present invention

provi des a nethod of determ pning th ose range of warfarjn for a subject,
conpr i si §9%?3}/deen WPWgttﬁ%CYggg:aé‘ﬁgé&ﬁR?hilg?8%@9’55;5’#‘ Ghifes§/KORC 1 gene
of the s Z@ﬁ%ﬁt‘s wimm%rﬂ{%%&ivi@eﬂ%ﬁ&ﬁc@{ﬁfaﬁ{p?éi wEakiRd Mt ¢epscdhan 10%

8% 6% 4% 3% 2% or 1 %variation wthin 3 Kb fromthe transilation
i nitiati dON# sequaneapariads wereSE@ehOnNGlyLS.4Wb3% of thecklan Ebingse pdpelaticonot er

t ai t han 20, .15,..1 o D1 6,14 3 2 single b | |
vari at | onte rrERR VS RrREL GYPIERLT o Walionned DETEE BB upl ed vi th a
change i Ndefifiuaah @fis %H&Mhélﬁdig%% ﬁoﬂﬁirﬁlﬁhﬁMﬁ(F@BZLhﬂ)t%ﬁﬁﬂods%ﬂ&ﬁo@éd,wr farin

t hat should be prescribed. | In particular, the sequence at the -1639
posi t i on Weregae anik presentpahein warfarinyeeasifiyepatipntsihe (SAR2GY wartantsalsthe used to

predict vgpla5 idﬁfei%ﬂi;%é\}'ta}iéntcé( Iion"‘ﬁih*éx%ﬂl ethﬁ@\ﬁ%)ﬁ%a sfc\‘/ﬁ\s’lbﬁféw%%é idrer genot ype.

Thus, honbzygous s position s Icative of warfarin

sensi ti vigrgsenhizi 20% oy the CGaudésiamsbipuidtios (17 kowedr,at wasemspletely dbgent and

subj ects with _honozygous GG are relatively resistant actual dosage of
war farin inthg Cg’ﬁﬁﬁﬂ prﬂg‘hﬁp\}‘é % %u‘gh Eq%grevmgtagpgs g’eggptgﬁe’%@an ?‘i‘f?%‘?tnedi ately
sensi t1 Vegr ot ars?ﬂa@ltﬂeY@énYagE%%'w%}ﬁHB sURHVy AR EHE ChihSselgdBuMBbh aid N

formul ation as well "as the indication and synptons of "the subject, and can
be det er miannel dxplaimthephiysethhizal differsacasiibimarfatin doseatefvirémenttor exanpl e, our
study (Exanple 1) shows that in a selected patient group with warfarin

sensitivi r~L 6Si h ien i d requi renents
(mean 1. 1@‘%\%/ %ré;ﬁll,e °r§fé%g‘§s$ ‘%ﬁ?"fﬁ%“aﬁﬁ’i}%‘g\% fnﬁg%@&(gﬁﬁ%é%en%ﬁia ;l)tgr, those with
t he i nt ervnEdiral dosd@seqleeiedtebathtintef-dandillg4n i Cdyesepapglation 8t 10

ng/ day) had hetergzygous AG,. and the highest dose requirenents (nean 9.11
my/ day, IpkergEnEaly betyecn Adugese arg Gauresians Ralignthitit brel MERIOPEBEs GG

genotype. po’lﬁnorphism AA genotype had lower dose requirements while the AG/GG
genotypes had higher dose requirements (Examples 1 and 2). Furthermore,
homozygous AA are rare in the Caucasian population, while this genotype makes up
the majority of the Chinese population (Example 3). The differences in the genotype
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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randomy sel ected patients (Exanple 2), the AA genotype is associated with
a lower maintenance dose (2.61 +/- 1.10 ny/day) than AG and GG (3.81 +/-
1.24 ng/day). These ranges can serve as the starting points in dosing
warfarin. [0032] The genom c sequence of the VKORCI gene is avail able as

Genbank \Aﬁaﬁ@r&iiﬁmm@-kbA«é@BK.OSQcHﬁEe@ué&eN@iaﬁorEmﬁw with a Chéngediguence of
VKORCI isoform1l nRNA is avail abl e as Accessi on Nunber NM 024006.4. In

bot h of tHiBater adiyilynisdadicative of theydose range of warfama that shquithbe Breseibednat ed as
+1, thus the pronoter pol ynorphismindicative of warfarin sensitivity

descri beqoles) ahRaRilatl B8 SREALAH 1R-163 ositidhlot (ROVKOIO! gbiRvEVer

1
according to't recent recommendati ons by the Human Gengme Vari ation
Soci ety (ik@¢8Eatedr This SNFedond qanibsised togwedictnea farar seasitivig without

(http:// nom c, uni nel b. edy. au/di /, nut nonen/ ), Lhe promoter SNP is
recomren%“% oﬁ‘énséfgfgyiq’&?& gF‘?PLi}'%q'a u8’nh%029'ﬁ%uslf(%fﬂ t;hI‘TSep‘i%*l‘t‘é’“t1? ansl ati on
i ni tiati GAdicAREYT-waRdaschdiivity) RERIEY R ARG idditited ifferrhéRatd Séasithaiys! at i on
initiation codon (Met) of NM 024006, 2 or AY587020 woul d be position +1,

t he pronng sulgrpss sedhidiomnzyeovsdp@iare wintivel ypesigentpddeweriyal dosagoof and the GA

pol ynor phj t i L] r.ed . .4:c:
Toascon vt Byttt diato dateels pAF sk LBUES et SBRRS O rore
preci sel Yyor'réiMiviIv &8 fxtaht onlkb3PGRAhthowatfiis forsiubtibo asiwellias thehe sanme as the
-1413 GA c%ol ynor phi sm accoy di to tradi Lj?ﬁnal pronpt er, sequence

nunber i nddigyPTANd SyMpEAIMS 9f4 eg iedhbernd 522 b feteraingdBy B RWSICBy. . AA, AG or
GG at 1t NorestAiBg tﬂ%ﬁr%ﬁx‘?ﬁ‘)Fo%glr?%gei?oﬁfa{n&ﬁf@xﬁﬁﬂepﬁrsﬁo%é tlsesh 4 queaan of the

specific“SNPs can be used to ct the corresponding warfarin
sensi t i vipatiertgrovy with Fharferinselsgoatyse reggtatcecthe padody withdee lowkst d8siP of

I nterest tend to, co-segregat Qr_s I n Lsegui librium with the
SNP of i ﬁ?%‘}‘%egfe.ntségwéﬂgd?ﬁ?%@?%tfmgeg’?gs'@-ﬁh8’%‘?‘%5 ﬁg@ﬁﬂe&d@gv YP% equi val ent
genetiCc RRGHEHiH the SnteRcldat Gy roduitdheenty @fan @mmﬁ%/abg iR Gf7-imt er est,
which, in turn, is indicative of the |evel of warfarin sensitivity. [0034]

The VKOR®Ng/dandwd hstemzyeemioh Srangdhs highesh dese requiremantsfeasge 9-1di me@ay.| i bri um
ith th | L . | ted b

\g Andr e: TeE%, '.7_% é%@%}:wﬁc%/gsgé% g@ﬁjlgl%é fr?&?(gié)&f) ﬁgéﬁ%étﬁop{pgr%nepat iyent S

wi t h t he rdddonly belgetad pytpentdh@kamipie 2)ptheA fagarotge islassbyiattd yetht dlower he CT or

CC t- . Qu t | h t hat 7 | , 7294). 0> A

pol y%pgﬁgﬁe@%&id&@u%ﬂf Cgtl dg:t' 5 )ﬁgﬁlg!lgéﬁaﬁ-ﬁgﬁ(g{ gﬁ L Sﬁ"‘g’rﬁi,agq's in

linkage ditRetiinbédWahn$Biviiak he sti88g points in dosing warfarin,

[0032] The genomic sequence of the VKORC] gene is available as Genbank
Accession No. AY587020 (SEQ ID NO:1; Figure 3). The sequence of VKORCI
isoform 1 mRNA is available as Accession Number NM_024006.4. In both of these
sequences, the start site of transcription is designated as +1, thus the promoter
polymorphism indicative of warfarin sensitivity described herein would be located at
the -1413 position. However, 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/ mutnomen/), 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 AY587020 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:¢.-1639G>A". It should be clarified that the -1639
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A> G and 1173 C T in the Chinese popul ation. Specifically, the 3730G
allele is associated with the -1639A allele and the 1173T allele. O her
equi val ent- genetic narkers of the -1639 SNP include rs9934438 (intron 1),
rs8050894 (intron 2) and rs2359612 (intron 2). Thus, -1639A is linked with

BRI R e e R o B s AR Wy

rs7294. {8613&uke Thie SatHE ¥ShRN14 I36GRA ip6yiRyrsiEiEmGidcorimga yradiwiokalr , i ncl udi ng
m crosatellites and single nucleotide polynorphism (SNP) narkers.

Pr ef er abPEPMAierSequeace NUges@td ¢  markers are about 200 kb from the VKORCI
-1639 position or less. Mire preferably,- the nmarkers are about 100 kb, 80

kb, 60 kﬁmséfiggqu%?cg*g?ﬁé%a%ﬁg s%,gg{mgpgﬁl (@.KAA T Afor dtPaMEOR@39- 1639

position or t he present invention provides

ol i gonucpesitiér)egenctiamasgess thaparb lickedio dagihof e spevific BNPheardNPgsedto t hi s

I nvention. .The ol i onu%l eot | fle. wi | I .b§ useflrl .fsorb exa I%{) as a

hybri di zBEFEhtS< e pafarngeny gy Ue i TS 5y DSeR% %8 it er sequence of
t he VKORGhrig@eSear TRESIOP bOmeu#6dt @Ridite QoREgmbeitalor yhowapinkags the 13 sequence
TGECCGEGTGEC (3668 to 3678 of SEQ ID NO:1), or the conplenent thereof. For

t he pur péisequskibrivzn, widh fetSNhof intergst  Gprscavabiyethe peasenqeof dhege apkers

correspopdi -1 Itk OoR i r ; i gonucl eot i de.
Prefer ab{k@?ﬂ%{eﬁ@?@mﬁ?%?%?Qﬁ)elgg@?%'tlﬁagfglg } grsl&gégttg%%ﬁbs?gggerg#t’ the sequence
cor r espoidhgin tarn, 16dicativéref thd &8l eforarBsipowdsitigityposi tion is nore
preferably flanked by at least 5, 6, 7, 8 or 9 nucleotides on each side.

[ 0037] bridi zations are usually perfor[’red ug.der. st{.i na%ent conditions, for
i nst ancel0034} The YRQREHnH39A (G Bremoterpalymaraiiswds in ifkaghq o t enperature of

ﬁl;Pngf)Lg%g%’lwlﬁ:ﬂwgﬁfrﬁﬂ’a&gHlﬁiqﬁgwgﬁdez%s{ 13’{%’2‘?8%55’&8@ %EEM §%@g E)r m(:,/lqui val ent
conditi nggaiohg@w?j‘ma{e% cpall gzgw?hﬁ‘d gﬁ? explafidhér Rl4GhSGhi BABRAGEIEC probe

hybri di z ons.” More preter , ow stringent wash after hybridization
i s conduwithdhe WHI3CHT gersitypidsd tholowsy avgshge dailydossthgsthe Ghgr C§. 1% SDS; or

50C, 2xSSC, and 0.1% SDS. Hi gh-str.i t. was Ltjons_ are.nost
pr ef er abBEMOAYRF: iQﬂ}‘ﬁH{ﬁS’,a?ﬁ%ﬁogﬁé%ﬂﬁﬁgé-e-ds?@@mqmﬁ §1§B§ Equi val ent
condi t1 008, A0 1Rt h B A laliferd ok AdisOR Rl M ultforiPwRRLEBL CF S, as
known in" {he art, I''e mintaining a simlar degree of identity or
si mi | ari > beindgen3 OleTtiatgsChingse populbiicle Segifeatiy thed730(kalié iser or probe
used. )

associated with the —1639A allele and the 1173T allele. Other equivalent genetic

markers of the -1639 SNP include rs9934438 (intron 1), rs8050894 (intron 2) and

rs2359612 (intron 2). Thus, -1639A is linked with T at rs9934438, C at rs8050894, T

at 52359612 and G at rs7294, while -1639G is linked with C at rs9934438, G at

rs8050894, C at rs2359612 and A at rs7294.

[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 VKORC?1 -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] -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 VKORCT gene. The oligonucleotide preferably comprises the
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100381 The -1639 pronoter SNP is |ocated in an E-Box (the consensus
sequence of E-boxes is CANNTG ), and within a short distance (200 bp),
there are three additional E-boxes. E-boxes have been shown to be

i nportant elenments for nediating cell/tissue type specific transcription,
such as ig |68k HED 28, fiaagi ng the
second baghe&%’l%%eg@%@g?% 35%?\3%26?'{ t he _?J%Z%(%@S,ﬂrg@m%)md abol i sh the
E- box cotthreenfusontie pirpese of hybndizationeit isqrefevablgthatiihie sequesce | ear | y

act v ty oEeretpbdte ey BaiboT Rl b B iR R BR RO PRI | chea

(Fi gure ere Wietdn naakt hisdledtidies 6n bsch sidebftteelsdaveridaeoiiksponbing t6 UDEBEst s t hat

t he E-box mi? function as a repressor binding site in Hep&. Since Hep&
was der i 188 -FG3oareprgndingposition i glorwréfeyahmaﬂnlfqﬁlémam@gt 6, Bo& ot 2pr esses
transcri Bhélgé‘ﬁdégoﬁﬁﬁcﬁ%]i}ﬂg.r- [ 0039] The fact that people with the -1639 GG
genotype require a hrgher warfarin dose can be explained as follows. The
VKORC 1 gene codes for subunit 1 of vitam n K epoxide reductase conpl ex,
whi ch i s [§65hdhbiridizatibuy arc ageatlypetfomged dnder sidoged conditionsp foningtanten K. The

duced f f vitam ' ' b - bpxyl o 14
Ganme. carbbRl HFBERA P ITe R AP BEr e FAERDr S Cf AR5t o 11,
VI, IX, eRgifiple)QorndficdSs SEBLSSPE {30 tiMa0£CICM NaPBosphiRmNKERTGLA psipnot er
activity is increased, an elevated | evel of VK | nRNA can lead to

hi gher VR@Raa¢ eiternpsratupsgf 2nd0Ch g5 equivakent candifiensdhereef, arpespitgbledergener at i on

of reduc | ) ¢ ] . €Al % | ' 1., K dependent
ol ot t1 ng Pt BARARE spedth pro R Y RHREEY MRS Blorintly Wioh 4B L T e n K
Var f ar i n vash aftéryhyblridtdatiog iscdoatiigtedy whidlt iacludssy fidrlesample, 42RC, Sa88Ggandor e
active clotting factor ld require myre warfarin for its

anti .-coal&}lﬂyatS ) é@cixg%&n@IQf’Q%g’éD$gﬁi g t‘iﬁ?&%?’v?s}b?(ﬁ]gﬁ‘qnélare.tm@t.synt hesi s
of vi tamp&féabfé%amme,%ﬁxwgg&, 662, r1xs80dand$I%s 40§, & RRERR{ 0N 1 S

hi ghest in the liver, a 44% angelnthefevel of VK inthe liver is
likely t conditienscagibgrdefdanmaned biyrmaswog ome ortrherelsif Separtroeterspas rowoeiss.  Thus,

war farin_dose requirenents are associated with . \ ene_pol ynor phi sm
and | 1o HeORoUR AR ROTIS = PEOHE RoRE: ShnFuiy Phe oy e PR R B the
- 1639 posiutle@ideeqhidifte WKORE prinr@iptdde.used. her than an A, will destroy the
E- box and increase pronoter activity. An increase in pronoter activity, in

turn, increases warfarin dose requirenents. Thus, the pronoter sequence,
P

par ti cul 4P03p1 thhe -Liflrnmotes SNEHs locatedan g SrBerpithe panserys seuede &t warfarin
dosages. gl CRNNTA),RGE WAHAPH siBNdiStafle (206 bPY, BRED hre! tEE RHAIABNART OVI de

E-boxes. E-boxes have been shown to be important elements for mediating cell/tissue

type specific transcription, such as in muscle, neurons, liver and pancreas (28, 29).
Changing the second base from A to G as observed at the -1639 site would abolish the
E-box consensus 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]1 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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met hods of dosing warfarin, or determning warfarin sensitivity, by
detecting the pronoter act|V|ty of the VKORC 1 gene. Simlarly, the |evel
of the gene product of the VKORCI gene (either nRNA or pretein) or VKOR
activity can also reflect warfarin dose requirenents. A VKORC | pronoter

acti vity,gaiiiAcd &Y;SJ di Fvitain kf‘dé?bndeﬁf clé/!ﬁ%fﬁ&éﬂs\(fafcbbrtlmin R, ald | east
10% 15% 20% 25% 0% 35% or 40% nmore than that of a subject having the

AA genot )?i)es essentiad iferhlped cloftingh M@W%mromter actnht)gh mcl‘@@gh aof warfarin

t han the Q 0 0 i ni ng
pronot er & e@ﬁ?veEAg%Mgﬁ‘Aﬁg@ ?Pﬁ%ﬁd%’[h‘gﬁ fy@és §vn in the
art. In @ﬁhdn%bm@éfﬂei@hayem&gexﬁﬁﬁoﬁMréaﬁcmk@mﬁd(t'@hﬂegﬁﬁﬁla- WRNA level . In
ot her embodi nents, specific antibodies are used to neasure the VKORC

prot i n. crbeKpaten aftheviteminKdepenssnislotiing &gtors isrenbaagegidue toyfhei sol ati ng t he
promot er h?@n%ﬁf‘e%xe?ff re@0el Rea Pk © Warflkin a@{sq;ﬁf)cl&?% aguﬁlgl}?&bxpher al bl ood

sanpl e, pronot er sequence to report er expressing the
report er sgmahesis, andi hadﬁg arare activg dditingfaotond woﬁldtr&mn'eeﬁﬁfret\%rf@m(fdﬂnﬁd

Met hods of .nmeasyr.i ng . ivities are also_known in { art 5 [0042]
A add t REREPAIPE STt WECTI L ds e PRI P oy adhesis RoRBaImR
determn 'd@ﬁeridfantacl&'uﬁg FFadi'&Fs %ﬁdl V'K(ﬁic hex kGt is ﬂ?g?n%st"ih ltljle liveRacdqopar farin
dosing. In hi s met hod, pronoter activity, | evel ,” protein |evel,

or VKOR &b@ng@un}he Iﬁe@mff\féﬁpRCdmm ﬂWélvnmSeltkckYrto |hQV@@slgrx1ﬁcn@tdnmﬁd cmorrpar ed to
t hat of h ondi n ene | f the er activity,
MRNA | ev %?@ﬁﬁj&p&} ‘7% ‘0 “W ??s\?lrf%"“ gm};cq,rgggsgalagapv&: reased by at
| east 10%1{@5%1fﬁ&po@ﬁﬁﬁpfﬁ@ﬂ@n@ﬁﬁ@mﬁbté&%ﬁ@ﬁpar ed to the wild-type, the

physi ci an shoul d consider increasing or decreasing warfarin dosing. [0043]

Yet anot her ect of the present inventiaon_provides kit for determ ning
the dosd! Mié’@ e epntGEplate thef any SR@Ienes ﬁgh%tlﬁﬁﬁag%m%e fihg 98& sel ect ed

fromthe t (15 FeYak n A at the
-1639 po ?(%I?%tﬁrg ?ﬁieaﬁ a?%%cvelmélgél@ytﬁgnd (Sanﬁgﬁ%g%%gﬁé%?ﬁagﬁ |%§ sequence

G at t he inct€30 ippomdteractivity, etk ORTEasge warfarif 00seAEqiitemdaits, ’Eima their t her
conpri se neans for det

he’ vKoRERoTiaREeap BB Tourg mha e paidu Thod rdho etV RE™ ki ¢y
CoNpri se ywarfiBiaWosdges. HekRGioRy ofRE BmbbditnRstsfoP e prosat Miventkasgsviak this,

methods of dosing warfarin, or determining warfarin sensitivity, by detecting the

promoter activity of the VKORC1 gene. Similarly, the level of the gene product of

the VKORC1 gene (either mRNA or protein) or VKOR activity can also reflect

warfarin dose requirements. A VKORCI promoter activity, mRNA level, protein

level, or VKOR activity that is at least 10%, 15%, 20%, 25%, 30%, 35% or 40% more

than that of a subject having the AA genotype is indicative of the requirement for a

higher dose of warfarin than the subject with the AA genotype.

[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
VKORCI1 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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position. In other enbodinents, the kit may contain a neans for detecting
A, and a neans for detecting G Cor T at this position, since the
presence of an A at this position is the nost indicative of warfarin
sensitivity. The neans is preferably an oligonucleotide. The kit may

optlonalluomrmu&ﬁlémasp%eamaé fe9ént ftive b dnettesr di zation, PCR

anplification, and/or tructi o s of use. 045] Anot her aspect of the
pr esent |d¢tﬁ®mnmguf|@rgw¢rdastaann of t@dﬁi@R@étgenl@wﬂbmpmwprfmr:lOSmg1eineof t hat

hybri di z to on o t he .VK he region
ehans  t ndtis piesibd, B PRl afit oo RERL aiSRBnEl or YRR pBibac, "6

nucl eot i geslteffiohtihahitatidie delehiied eh®edmpieedRabhl JfaRe Lotrdipbidisl zes Wi th
at least 6, 8, 10, 12, 14, 16, 18, 20, 22 or_ 24 nucl eotides spanning the

1639 pogtild-bie FKORE] gorerifithepremoteriagtivity, BRANA ievel pmiciadevehbr i di ze t o

Lrgfeggg:\gl@gﬁ%ﬁ@ ”1stxﬁ&e?§%ﬂ%lr38érke%§d§% ah*é?sﬂé??’?ypo?g%}hggb é§?‘f‘d3% Cor T,

consi st @t 4a%oetimphbedtoche aflidegpe, die phasisian khowl @ comdiddrdndreabiigg or20- 25

nucl eoti des, 25-30 ucl eqtides, or 30-40 nucleotides. An array conprising
the olig FerEng Wadane deHRE | nvention is al so provi ded. 16 [0046] The

foll owi ng exanples are offered to illustrate this invention and are not to

be const nyesbyive: amth¥epésd of tHE préseft intéhtion PRSidds éﬁl?f&ﬂ%&%ﬂfuzﬁg‘ﬂﬁﬁnt i on.
VWiile this invention i s particularly shown and described with references

to pref edoseiraagpotivadans, comprisio at Jeastwing copponsnteleatesbfromythe Broye skilled in
the art t@%xsti’nagndfpus changes in formand details nmay be nade therein
wi t hout (fepar g fromthe spirit and scope of the invention as defined by

t he appernged clrmtais fordebedinESeqeCAX kit the -1430 pexiionlof sheeKORC I gemef ol | owi ng
abbrevi at i Sns have the followi ng nmneanings. Abbreviations not defined have
their ged®fally accepted neanings. C = degree Celsius hr = hour nmn =

mnute S§EE Of rfedns TGCRREL N SedUeRECHTRY B -1699 posiidn! dFRd @KORGFeaR! ar ™M =

milliliter

[0044] The kit can further comprise a means for detecting sequence C and T at the

- -1639 position of the VKORC] gene, respectively. Thus, in certain embodiments, the
kit may comprise a means for detecting each of the four possible bases at this
position. In other embodiments, the kit may contain a means for detecting A, and a
means for detecting G C or T at this position, since the presence of an A at this
position is the most indicative of warfarin sensitivity. The means is preferably an
oligonucleotide. The kit may optionally comprise the reagents for oligonucleotide

hybridization, PCR amplification, and/or instructions of use.

[0045] Another aspect of the present invention provides an oligonucleotide, or
complement thereof, that hybridizes to a region of the VKORC1 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
VKORC1 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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| = mcroliter nmg = mlligram g = mcrogram nol = nole pnol = piconole
ASO = allele specific oligonucleotide CYP2CO9 = cytochronme P450, subfamly
|1 C, polypeptide 9 IND = international normalized ratio LD = |inkage

di sequilibrium NTP = nucl eoside triphosphate PBS = phosphate buffered
saline FSGA6T TREFHIGWiag examples arc@Bfetddad ilhiNRate thisigVchtioh ahd efeindeto

pol ynmor phi sm VKORCI = vitam n_ K epoxi de reductase conpl ex, subunit |

Mat er i al 8¢ sPRFUIVEE Hbeny way aekmiing[toesmgpe phthe Pssantiaventiony Whils#his who

recei ved; Al i i igyascul ar clinics
of four rlr%]% {c}Irlgﬁrrlg |a%+%§n@é@%gg%ﬁa% %Ltgﬁegégg%}?é\%ﬁgg Uni versity

Hospi t al emi§adinsantntbedebf]iitowdll Rdminderssack\byttbeseiskdled i tepaet th@evasioat Vet er an
Hospital ,, and Shj n- Ko Ho- Su Memorial Hgspital )., The nean.nmi ntenance
O Rose. haes malonn 5PA deifin o B aRac8 o1 Grogt ighabiing rm 165 PBRer or o, we
consi der gehpeRA Rl A TRARLVSFHERbMRBABGAngl0se <_ 1.5 ny per day as
warfarin sensitive (Table 1, 11 patients) and patients.on warfarin

mai nt enance dose > 6 ng per day as warfarin resistant (Table 1, 5
patients). The definition of the pRAh§pjRsresi stant patients was supported
by our own data that none of the randomy selected patients (Table 2) had
war f ar i n [} Igtheatxemplds dlosv, thy foHowingrabbreviations bavetthe&tllomangaucasi an
patients, who h an. aver age i nt enance dose between 5.1 and 5.5 ng/day
(50, °57) metss) AbnaVisbursad e AR Ao Ay ARt ndntp Bl o ed [P om &
one-weekegeri od, and thedkacetelsiuit ernational normalized ratio (I NR) of

each patipgnt was recordedpglhe randomly recruited 104 patients who
received ygrfarin, Jegard\ngﬁlgteof the dose, had a target INRof 1.4 to 3
séch

fromtheg 4 hogpitals [ laRle 2). The indications of warfarin were:
val ve re|cp)L cenment (90 pat 'ﬁ@gﬁa}dlardeelo vein thronbosis (5 patients),

mM = millimolar

M = molar

mli = milliliter

ul = microliter

mg = milligram

pg = microgram

mol = mole

pmol = picomole

ASO = allele specific oligonucleotide

CYP2C9 = cytochrome P450, subfamily IIC, polypeptide 9

IND = international normalized ratio

LD = linkage disequilibrium

NTP = nucleoside triphosphate

PBS = phosphate buffered saline

PCR = polymerase chain reaction

SNP = single nucleotide polymorphism

VKORC1 = 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, Kachsiung Medical University Hospital, Taipei General Veteran

Hospital, and Shin-Kong Wu Ho-Su Memorial Hospital). The mean maintenance

17




atrial fibrillation (5 patients), and stroke (4 patients). Cinical
informatiaon (including age, sex, weight, and average daily mai ntenance
dose) was obtained fromevery participant. At the tinme of blood draw,
every pati ent had had a constant mmintenance dose for at Ieast t hree

weeks. ti e '.t h ver idn abnor nal
b codi noisk GbraraD o Chiseiiadish B i1 ATIAL 6 O] “lekifte, GRRORNer0A

addi t i onyatiohiA vaRyREAFed mamiddntidat atlesim@aiee asy ansarfatat senbitiye (T@ﬂe OCCAU,
National  Institute of General Mdical Sciences (N GVS) Human netic Cell

Reposi t okyl,1 patisstehandppiienis,ap wastesin jaaipfenanced0iess e PSARY 8F Y8 sanpl es
from 95 r%gﬂa{ﬁnggraﬁtébi %C;}alﬁe t\%ﬂdﬂ? %é@gio%f% WhRRrispRtpkicrdeds a nation-

wi de popu n Han Chi nese descendants were recruited
based ogu pbﬁecglepgmecpm datel itlsit numnnﬁtbmrmdomi,}ssemmtleme@ahl%%blh%i]s Chi nese

controls. The  Chinese roI a_I ! art| CI n t ecei vi ng
war f ari nwgﬁ@praggse\,@?aéer tﬁ ﬁ'tg ngppatt atlgmg}rl]é The Han
Chi nese @fﬁﬁ Iﬂt%ﬁéncéfdhéu&twgérpypahmsﬁahmﬁy(zmmmg up roughly 98
percent o ep pu ation. None of the participants were abor| gi nal

Tai wanese, which account for the remaini n 2% % t he Ta| popul ati on.
[ 0051] TH948} Thiy avesageadnlysloseiobyyantam W?ﬁs? fg am ar%‘%ﬁ“%? (‘.i‘ and

i nformed 18 HRNA
sequenci ﬂﬁ@ﬁiﬁs*%‘h@a@aﬁﬁcﬁ%gﬁ’qﬂfe*goﬁ%éoh?% ?fsér%ﬁ% ﬁ%&kggﬁgﬁgegg%[ 0052]
Genoni ¢ RiNAoiMBSrecARtedt 64 pusénngwhé eccRiVBE GaNE M roptsdisss offthe doscohad gy st em

Gent t M t USA YP2 t
Were 1 r SNgAENRIaR bt Dirom e sims FRuHER G OAdhI et B RU R e 3730 DA
anal yzer aﬁ&\% Ltk Bl Xéﬁl@é@ﬁienl: @ﬁhe@s} lleepcﬁam ﬂﬁﬁhbd)sﬂs (Spdtientshi nese

patients I'ng war r| n sensitivit ng/ day, 11 patjients) and

resi st anagial foflliamy5 gatients), arphstrc‘étm(% Pathntsl) n@ﬁlﬁloa}em@rg}%@il {lpéléﬁh“ﬁ desi gned
for the intron-ex nctlon exons._an 3
transcri p&% SRS ﬂ%&q é"l WCFRSF B‘@f WW&% SN% %’?@ lﬁgé ﬁ%m% Prl mer 3 PCR

primer pLoGLARhE NAf de tirleift@8odMdraw] dvepipdtizgt hadﬂlaWammmGhmntmm®_vww. cgi).
The priners used to detect variants . in. the VKORC rom)tgr were: 5'-

CAGAAGGGﬁAﬁdﬁG@Ap@A@rMWGQEQHaDBWh Iyéh neyy s MGHHRL Y5 Ok h upst ream
of the tr nscr LB TTCTICT" 1 ' TCC (SEQ I D
NO 3; anfiP? L ?P%ﬁﬁl%%éafgéfgl) ()v%ggak th%rp tream of the transcription start
site). The polynerase chain reactions (PCR) were

[0050] In addition, DNA samples from 92 unrelated Caucasians (Cat, No,

Yo

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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performed in a final volune of 25 pl, containing 0.4 Mof each priner, 10

mM Tris- HC1(pH8.3), 50 nMKCl, 1.5 M Mg 2, 0.2 nM dNTPs and 1 unit

Hot Start TagTM (Q agen Inc, Valencia, CA, USA). Anplification conditions

consisted of an initial denaturation of 12 mn at 96C, followed by 34 PCR

mhss speBVRIIFyPhadlieiably RileonrBinorphianS0B) albmemC 5L, G007 o0

USA) was then used to screen for the identified variants in 104 randomy
sel ect ed {0082 SeAomis DNA way Bolated iusipg e PEREGENISY N Apurifbativese  control s

and 92 nornal Caucasi an controls. Brije riners_and bes
desic gnedsSYsts (Ceen ssisasy MipnssetgeS gf{:ﬁggg@ﬁ‘g‘éﬂéﬂ%ﬁi D%r{/gls?‘l“ﬁf\qg(ePCR was
per f or meg.,, [ : : d ' hri

Tari RO MSUPARREby HECPsaliBERARNANER Bioe, kR 3050 PRATY | TP

al kal i ne hat ase Roche, Basel, Swtzérland), followed by
pri mer extadyesr,ohppliciBiogystanis, EdstarCitys 1ICAs Bhkindié HapaChinesepatients spot t ed

onto a 384-.el enent. silicon chi ect r oCH eque I in th
Bruker BRVIER WA ARATS RS 1< mel Fhep A hetnd adanropet By &htenon |
and the pasatd)i PENRPEFEIUPEMNASaIYRISERSSRA thd introSRR6H dibiEReXcheauénon) . 19
Luci ferase reporter assay Plasm d construction qgg;tho assay for the

VKORC p?&hps apstzgemi ofiths transnaptionareet sifa forbet@CY KORf husg- 1639

pol ynor phi : s 12 - [ |: .3:h -1639 AA and -1639 GG
genot ype ev\sf/;aﬁs&%r??{qu éﬁ%%&%%ﬁh@é%%&%ﬁrég@% ctor (Pronega, Madison,
YVD, NEJ)Sﬁ\) bwlirhn_éﬂsﬁyrﬁ@cfrﬂ%ﬁu}odsgimhe primers agpdtto dagtiagaingtsga deddKOFRCHt ct gg ( SEQ
1 4; containing_an Xhol restricti i.1e verse primer:

5 - 000 anBEIROIENERGS  SASANHE [ SET I AT EARER D sifnd | 1

restricti ' i -m’_prormter was

rel easedlS %}lg'rslnb%ﬁééd %’&hﬁ@s%gés}gBsgl%?%?%@hgiﬁsiggﬁnng the vector with Xhol and
H ndl 11| OAGTGCAACTTEGTTYEFSTANCGIEQ D NEH3 j antiesensrestranf dogated &9 ki ng sites

(Xhol and Hi ndl | of 3-hasi c vector, (Pronega)._ The 5 t or

cont ai ns“PﬂEeaEﬂé&;“éﬁmggﬁ?‘wagisﬁ?)eﬁﬁ’? PPD%‘??EF&?%’?“ R (itlgﬁP@%% %%(séed with a
pronot er Pgﬁ@fméaqn UTREG] VARV LE &l IddBtainiNs Bt ed op Ealiritieratd NI Tyisupon-
transfection into manmalian cells. The vector containing the -1639 GG

genot ype HE r8S).iambHKEE 35 mMMEGInd 2Bl 6N And ] ipRdionmE 196639 A/ A
genotype $R3effiv! Yarhed, X toh). XEPRHcaREPIRdRor SORGRELSE drlnitial

denaturation of 12 min at 96°C, followed by 34 PCR cycles in 30 sec at 96°C, 30 sec
at 60°C, 40 sec at 72°C.

[0053] MALDI-TOF mass spectrometry (SEQUENOM MassARRAY system,
Sequenom, San 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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both vectors were confirmed by direct sequencing analysis. Cell culture and
dual luciferase reporter assay [0055] Hep& cells were grown in Dul becco's
nodi fi ed ‘Eagl e nedi um (DMEM and 10%fetal calf serum supplenented with
100 units/nmL Penicillin, 100 g/nL Streptonycin and 2 mM L-d utam ne.

Twent y- fq;ycffp%ggeﬁyﬂeprasg@ transfection, 1.5 x 105 cells were seeded in
each wel | a 12-well plate. On the day of transfection, each well was

co-transfected with 1.5 g of the pG.3 vector and 50 ng of the pRL- TK
vect or ( Proneddysmidicagstrégiignect am ne 2000 (I nvitrogen Corporation,
Carl sbad, CA, USA). The pRL-TK vector encoded the Renilla | uci ferase

transcri Vi rnal control to
nor mal i Zg@ﬁﬁgl;cofa? ué)l-lr#%erase %rg&%gﬁﬂﬁgﬁé O%?laﬁofl??{s&af ter

t r ansf ectencompaskiag ¢led 4163 Mpohmiopsiasin i fropatz9te B§')sfr®n patiedtewithPi@vega) . The
cell lysat S tothelucfera | uci f erase
reporter %gﬁﬁﬁgﬁ%%tyﬁfﬁd" s lqr@ﬁp)}mgﬁ %Eﬁ{ H%Smeft?rer ase activities
ver e meagpfonsbowl Nd @oﬁqmrt@sm ﬁrthﬁ%fw& Hhﬁzfzi‘ﬂ m Gernany). 20
Statistical ana1 ysis [0 enotgg&qﬂr equenci es of each SNP were

count ed. cmécgamaggtﬂeageaacematm SH mmmmégge%pyw@mtleqa@)cu es of

Cost wor SBMaTsrtP e Rk il aarrel bR D RESTIREY 00y 1

di f f er entHigéNMbicytpiction Sitd)S The Iﬁfagiheﬂwdohﬁtﬁmhg tHeagRORM I9@gitoler ras UM was
assessed by two neasures, D and ?, calcul ated using, G.aphical Qverview of
Li nkage EF g@&@ |ﬁ|opbﬂqemﬁliw Pasy vector by digesting the vector with X0l and HindIll

nttp: // wialtes ﬁﬂe@gﬂﬂ %%1&%83%&% {Ahihe clogﬁi@ ﬁ)ﬁ:o?&?@fﬁndﬁ@ﬁ VKORCI

DNA sequence varl ts In selecte I nese "pati arin
sensi ti viof pGas- hrasmlvset:mncEro[r&@E)?]ThEhﬁ}Eréarnctnncmﬁanaﬂnc@D}m enafdeddorf arin in

Chi nese i . [ day (. . .. Therefore, we co atl nts who

recei ved ﬁ%ﬁ&%&gﬁ%ﬁ%%gbwﬁﬁﬁge%nﬁgrpna‘g?,ter §§n§ﬁ eéf; gl ive (Table 1,
11 pati eri‘ﬁs%he@?ﬂmﬂﬁér‘ Rty Qpon\BarsFckibn R HaaAdRe dén§erhe>v&-tdfg per day as
warfarin resis t (Table 1, 5 patients, see Materials and Methods for

f u(rj t hﬁr dentaining the SECAPT ggpo(ﬁypetw dssignated pEE3dh end &mcioﬁt:@fﬁﬁﬂ}ﬂﬂnct i ons,
t |
var ant s T EBR7A GERIPe s bkt Iaicl RS K GHET b il SR BRMATC® e .

1075 A> Gothlvahfs Wemnonfismed by dlrect sequencing analysis.
Cell culture and dual luciferase reporter assay

[0055] HepG2 cells were grown in Dulbecco’s modified Eagle medium (DMEM) and
10% fetal calf serum supplemented with 100 units/mL Penicillin, 100 pg/mL
Streptomycin and 2 mM L-Glutamine, Twenty-four hours prior to transfection, 1.5 x
0° cells were seeded in each well of a 12-well plate. On the day of transfection, 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).

20




1

CYP2C9*3), 895 A>G (T299A), and 1145 CT (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 nutation, 1145 C > T (P382L), was detected in the
fourth p ct 6). As shown in Table 1, CYP2CO gene variants were
not presg{ﬁ u%P%algz?'#B)svérfari n sensitive patients and were conpl etely absent
in all warfarin resistant patients. 21 Table 1. Patient denographics and
DNA s equ{ﬂﬁSé] The ganttgpe fteqtenticedf eaCa SNPRoare cageaed\e T ChiVi(DRE! tesyRERCI

#CYP2C9 I NR Sex. (k 1173, variants rin

sensiti vBseélr B&W%Pa%?sgém I&%ﬂg‘?@'}‘ﬁ'ﬁﬂf’g oﬂéaﬁnjsﬁl’gg)r @%%ﬁwﬁﬂps Tll' CYP2C9* 3
2 1 2. 69 ebftarld %c@fonﬁ&aﬁiﬁrﬂimeﬁe& Wre r?&m%@&rﬁ&lt ?E So¥iptEding of4 1.25 1.5
84 F 50 AA TT nor nal 96 68 75 AA TT CYP2C9*3 895A>(G(T299A) 6

1. 25 2. 5ngan Bogdeyels @ﬁoﬂg&@@ff@mmytypeg@% terimarkgolink@gs T nornal 8 1. 25

4o’ an Poouipim S5 Boessc) 58 it DXl Sl R Ol 15, 200° 7

group (dQIireﬁn@ﬁfEfﬂﬂfﬂtag@B@eq&ﬁbﬁuﬂlGZ)m 48 F 52 AG CT normal 13 8.57 2.09
63 F 58 GG CC normal 14 8.75 2.32 26 M 88 GG CC normal 15 10 1.3 46 M 64
AG CT noh%(’w%sﬂh“@l@y@gsﬁab@aﬁﬁ(@lp@r mal [0058] W al so sequenced the

pronoter, coding regions, and the exon-intron junctions of the VKORCH gene.
One variant (3730 GA) which was located in 3 un- translated region (UTR
of VKORCI was detected. In addition, a pronoter polynorphism -1639 GA
(or -1413 using transcription start site as +1) was

EXAMPLE 1
CYP2C9 and VKORC1 DNA sequence variants in selected Chinese patients with

warfarin sensitivity or resistance

[0057] The mean maintenance dose of warfarin in Chinese is 3.3 mg/day (8, 9).
Therefore, we considered patients who receive& maintenance dose < 1.5 mg per day
as warfarin sensitive (Table 1, 11 patients) and patients on warfarin maintenance dose
> 6 mg per day as warfarin resistant (Table 1, 5 patients, see Materials and Methods
for further details). Sequencing of the coding regions, exon-intron junctions, and the
promoter region of the CYP2C9 gene revealed three sequence variants in 4 of the 11
warfarin sensitive patients. The variants were: 1075 A> C (I359L known as
CYP2C9*3), 895 A>G (T299A), and 1145 C>T (P382L). CYP2C9*3 was detected
in 3 patients (subjects 1, 3, and 5, Table 1). Subject 5, in addition to CYi’ZC9*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.

21




detected in the upstreamregi on of VKORCI. This pol ynor phi sm showed an
association with warfarin sensitivity in that all warfarin sensitive
patients were 22 honpbzygous AA at position -1639. The warfarin-resistant
patients, on the other hand, were either heterozygous AG or honpzygous GG

(Tabl e 1) fari Qgg-%g@i- .=t.he -1639 genotypes,
it was deTr?g\r?gf?gpgé} c@@é’%%ﬁ??%ﬁ?ﬁv‘f?%u%% gé‘?\bzlth{/%g' had the | owest dose
r equi r enepts—{rear—+—19—rg/-tday—range—o0—7F1—1-56—ng/i-gday)—heterozygous AG
had i nt erqaedi aDesedoi]g r eqaiger ement s (Welght SFKORGGMEGBRC] wangecs. 07- 10

nmg/ day), Nwnd te/d)o %ygo(tys) GG genot(kge hald3® he hiTpest vdoaes requirenments
(nmean 9.11 ng/day, range 8.57-10 ng/day) (Figure 1). [0059] In addition to
t he - 1639%Wef4rin sdmsitive pesupl(dpsd ¥ inSrmpddsymE13 CT, which has been descri bed
by D Andrea et al. (27), was also identified in our patients. These two
pol ynor phi sns @ppeangd tossbe i @ strafdg |i wkage diTSequi | iddPROATE(LD) (Tabl e
1). Warfarin-sensitive patients with the -1639 AA genotype were found to
be associmted 1w th2aehe 1473 hotozygsus TRAexceplTfor omemphatient (subject
6). In warfarin-resistant patients, patients with the -1639 heterozygous
AG genot ype were fougnd torbe associtdted wath 1173 het er@¥Pggds CT, and
honozygous -1639 GG was found to be associated with 1173 honpbzygous TT
(Table 1)4 EXAMPRLE 3.5VKORE3L - 1639 G#HA pol waor phi §h i n r angde Chi nese
patients receiving warfarin [0060] To further investi gcyyget her the
-1639 G4 pol yney philgg wass assoti at eld  wi A t he (Tt er- | grggi\gmbm
differences in warfarin dosage, we genotyped 104 patients receiVing

war farin g egar dkess 2af t he dos&, usiig MAABI - TOFOFfass spéeiCPd®et2ly. The AA
and AG GG groups did not differ with respect to age, sex, and INR (Table
2). Onlyrtwo patients werie folnd t d0be héwozygodd for @3mahd t hey were
grouped together with AG for statistic analysis. W anal yzed the data
regardl ess of tke proesente of Fot hers7conf @#ndi ng TWar i ablnesnal such as di et or
ot her nedications. As shown in Table 2, the AA group had significantly

| ower dose requisy enersbs (& 61 m/ daysg thavh the AE GG gmeup! (3. 81 ny/ day).
The differences were significant by either T test (p<0.0001) or WI coxon
Mann Wi tmwey test (205 0.8002) rbet we@n t héAAA andT AG GBogrbups. 23

11 1.5 2.24 61 M 65 AA TT normal

Warfarin resistant group (dose> 6mg/day, n=5)

12 6.07 2.82 48 F 32 AG CT normal
13 8.57 2.09 63 F 58 GG cC normal
14 3.75 232 26 M 88 GG CC normal
15 10 13 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 VKORCI1 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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Tabl e 2. Mean doses and other clinical characteristics of randomy sel ected
patients on warfarin stratified according to the genotypes. Genotype
Warfarin dose, INR Age (Years) Sex (M F) (ng/day) VKORC -1639 AA (n=83)

2.61 1. 1 Ga 2.03 0.45 57.5 14.8 43 / 40 AGGE n=21) 3.81 1.24 2.08
0.47 60. / v:al ugcagf RS P A5t doSHIR0r oups.
P- val ue<§918é%’f$3%gﬁgat$831¥gétf.%sg'- \r/[gllgue:(ghgggszlgus;ﬁﬁg | (1:%1)30?1 Mann Wi t ney

t est. Datwvarer a@theebeterozygais AGD: horfoARPLFGS (Gablotl ). pWhien equfanividesesof VKORC1
-1639 G>A pol.ynoy phi sm.an YP2 variants in I nese .an asi ans
100611 TRERHRLERBPUR AL SheRaTPsb R et e B Pk Bfover
var f ar i na Agindty2R a8 thelgsRstidoadirdgiRerhaits antan . PR/ Al @Age 0011168 whet her
di fferencgggéinn @he VKCRCI5-163r9€hgenotypgﬁfrequenci eg co%?d account for the

i nt er - et mgfdaydihktesezygoesAGrhad\igtermgdiate dossageurensmtsimerni8-Mdang/day.nese

subj ects_an [ Cau i | | n. the Caucasi an
popul at i Barﬁ‘,ggﬁgﬁb%‘&g@%y%&nﬁg’% @ﬂ"ec’wg%gg(%é gFPrﬁg e%?&ﬁé \i/{\%ﬁgsé dto e AG and GG
genot ypefeqiiefents (inbsh 9 aig/day, hgé BE7A0png/day)¢RigufelB). 2% 46. 7% and 39. 1%

respectively, Table 3). In the Chinese population, on the contrary,

honozygous AA made up the majority of the pqpulation (82.10/0), with the
rest of {%9b3b%ﬁda‘tl%wtbér]r§ébﬁ%?é’béﬁmﬁsl ?’T&'Q’%.ll(ﬁocﬁ&ﬂ‘ﬂ’/ﬁbus GG was
detected, in thi.s ran S d (on, i:s.ratlg. was al.so simlar
in the 15%%%#gﬂ%ﬁgggﬁ%@%ﬁ%ﬁ%ﬁ@g&%&;@@%ﬁ%@dﬁ %gﬁ%bf?be 'e’IﬁlS?reDzygous
AA, 18. 3tWe pElvmorpiRiGs Geard 3o B&n trvelg linkageatisuquilibgiuin @D ME@aElcNRMzygous GG
The differences in. gen_ot%/pe_ frequenci es between the Catf{:?asi an %{oup and
the two WrfEssenyidvpraticafsaviththgni §39:A4 genatyra e doynd g gassqeiated ¢ han

0. 0001. f  faf ; b 0 itaps and

Chi nese) wgﬁgﬁ? ﬂie{?’cﬁnr?%gﬁggﬁf‘%f& tfo\?\ns?éh%\}gp ?gp?J%c%é%ﬁ#ﬁ%@%%tgﬂi n

concor dapatéentd, phtidritewith ithe -d 439 béiereryguus &G génmtypehvecrlitundge bepopul at i on

requires a |.ower .do than t he casj.an popul at 24 Tabl . Genot ype
frequenc ?@Qc%%ﬁwghél%ﬂ?emy@“%@lﬁ%rhﬁ’md%xg?"-s IEB@%QA‘Y as %Hﬁ@&ﬁz c -
vari ant s 5dsBcitlRiREaL1 B thorftizsasusams(TabRNQL ype Caucasi an (n=92) Chinese
(n=95) Random Sel ect ed Chi nese :

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 paitients
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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Warfarin Patients (n=104) VKORC -1639 AA 13 (14.2% 78 (82.1% 83 (79.8%
AG 43 (46.79% 17(17.9% 19 (18.3% GG 36(39.1% 0(00/0) 2(1.9% CYP2C9
variants' 2C9* 1 *2 20.4%0 (0% O0(0%, 2C9*2*2 0.9%0 (0% O (0%b
2C9*1*3 11.6% 7(7.3% 4 (5.4%b 2C9*3*3 0.4% 0(00/0) 0 (0% b P val ue
<0.0001 & r ue <0.0001
corpar ed BAF de v L abHE iy R RBN ARHaCINE e BN T QA Serds 7 et
P val ue m&a&&ﬁn@@ﬁfﬁiﬁd&z&cdnﬂingeemmnne@es and random sel ected warfarin
patients. aCYP2C9*1 is wild type of CYP2C9. CYP2C9*2 and CYP2C9*3 are

vari ant s—w+h—eys+me—%ﬁ*es—#e+—a+g1—m—ne—&t—#e&rdﬁ%—and | euci ne
substit ut es Géiotypeol euci OPBsi duNR59, Agsp¥eirsyel Bex AVILRYENci es in

Caucasi an were obt ai ned f¥§ i‘iﬂbl ished data (17). bCYP2C9*3 frequency was
derived fVIQOR@RM@E3PPIi Nng 74 warfarin patients.. [0062] In addition to -1639
G A we screened for three intronic £O| ynor p (r59934438 intron 1

1173 CT, AAdBE8BB94, i nt 26h2- Y 50944 a@45ané7r5sﬂ2é$§612 43/ ﬁ*@ron 2
0 S0DB3TR ARG A%y 3 SRR AT PROSH (7S B0 . FIF0 O g he | Chinese

popul ati g pol yirorphi Sos kage”di qpmu riumwth the
-1639 pr A 0). [0063]
CYP2C9 vﬁay:?atl'? OP&H Fl{s]b&weeé%{ﬁbpe @Ft#@ﬁeg% Cﬁg xs\%ﬁlg\rﬁggg‘?us&%ﬂrequency
of CYP2CHt. JF-V&uMOUOZSl%mQW@ooxmBMamW%mﬂneptqsu IDtd wpreaent mixand $ID. t he
randomy selected Chinese patients receiving warfarin. CYP2C9*2 vari ant
was not detected in the Chinese patients or controls. Conpared to the
publ i shed data on the CYP2C9 25 variant frequency in Caucasians, the
Caucasi an popul ati on had a nuch higher frequency of CYP2C9 variants than
Chi nese (-30% versus 7%, yet CamxasMPLE &re nore resistant to warfarin.

QG her mi ssense nmutations detected in the warfarin sensitj vePpati ents, 895
A>G ( T299A§enokype frequendiey REKORCT 2138 G Awpelgmesphism and CYF2C9

variants in Chinese and Caucasians

[0061] The Chinese population has been known to require a much lower warfarin
maintenance dose than the Caucasian population. To test whether differences in the
VKORC]1 -1639 genotype frequencies could account for the inter-ethnic differences in
warfarin dosages, 95 normal Han Chinese subjects and 92 normal Caucasian subjects
were genotyped. In the Caucasian population, homozygous AA had the lowest
frequency, while the AG and GG genotypes made up the majority of the population
(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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found in any of the randomy selected patients and controls, suggesting
that these were rare nutations. EXAMPLE 4 VKORClI pronoter activity [0064]
The differences in warfarin sensitivity between the AA and the GG genotype
patients could be explained by changes in the VKORCI pronoter activity. The
-1639  profud RiGeaRptaRquesalssst ViIcoR ke p%&ﬁetefipayﬁbgmgrﬂmeﬁg &8 Af- Box
(CANNTG, and ther}gfore, this pol ynmor phi smwould alter the E-bOx consensus
sequence addCRATHvarlaptsdntChindsaagd Caugasiehee VKORC | pronoter activity. To
test this hypothesis, the VKORCI pronoter enconpassing the -1639 position

was PCR- =
cl oned i nt 0GehetypéL- 3 Ceuchsian (nHEPJG2 Ohmleke(@a%prraq;?? :Sée %efe _fngjj}ne) was
chosen for the pronoter assay because VKORC is e gicafs (oRl i ghest

| evel in YRERIAIvEI3S A total of 9 experinments were perforned, and all
denonstrated consistent results (show) inp, Fiqgure 2). The - G VKORC
pr onot er exhi Hhed hi ghelr3 qslﬂaof?)erase é’ét(ngil%‘a (appr oxi &@%@%4% hi gher)
conpared to thgs-1639 A progblhgr. The jpGh: .§‘%§asi ¢ vectofg GRbpol did not
have any pronoter inserted in‘the rrultipTe | oning site an ad a

negligi bl e ande@t of | 3% (B3Or1&ke acti vid W%)Therefore, tRgIMGuence at the
-1639 position is inportant for pronoter activity, and higher pronoter
activity QEPRLY varas9G) is associated with higher warfarin dose

requi r enent +5XAVPLE i nation oihe VKORCI -1 ohP and CYP2C9
vari ants inszv\?agr&?agi n dosi %899%0651 Al t(ﬁgou%ﬂ t he VKORCI 66})% 9 SNP al one can
be used to mEHer warfarimoysensitivitgO¥%his SNP can cxp((j%)‘lal ly be

conmbi ned with other genetic marker(s). For exanple, the sequences of both
the VKORC | &d*3nd the &¥B2€9 gene cdd78%) examined i A (§A&¥Darin dosing.

The foll ow es the su ed Counadi n for each
hapl ot ype e _ba idered: ' %Em.ggested

2 , KO
Dose - 16381YaLH.808 Sedhipré@¥dtweer CRuctan mPChiese popiilafidn.

P value <0.0001 compared between Caucasian and Chinese random selected warfarin

patients.

P value = 0.817 compared between Chinese and random selected warfarin patients.
*CYP2C9*1 is wild type of CYP2C9. CYP2C9*2 and CYP2C9*3 are variants with
cystine substitutes for arginine at residue 144 and leucine substitutes for isoleucine at
residue 359, respectively. Frequencies in Caucasian were obtained from published
data (17}.

®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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*1 3.75 AG*2 2.5 *3 2.5 *1 2.5 AA*2 1.25 *3 1.25 [00661 A nunber of
enbodi nents of the invention have been described. Nevertheless, it wll be
under st ood t hat -vari ous nodi fications nay be nade wi thout. departing from
the spirit and scope of the invention 27 WHAT IS CLAIMED IS: 1. A nethod

of determ ning.the dosera rfarlnf ri sing

i nvest i gati il ff?éleg‘fyn‘ﬁl%aut‘f @F?uﬁaés r%)lpp |1§%1ﬁ%(gh§)%6h hl %gp3673 posi tion
of  SEQ |fRquehdy dfTCYPECS viiiaed thasl Chitiesd (30% Wheis! o), YoeCaldhjiestaré S warfarin
sensitive or resistant based on the SNP at the 3673 03|t|on wherein

hormzygot}Bﬂf,ﬂ*‘cﬁ‘\eSlfﬁéfl!téia SAy§oTs Ofisr neistensromBialgRT deteated iy AEaRS t i on
| ndi cat e telqs%{lve PaelePn?s 59}\5(% t Oé@;déa 1158 @')I»TYI\?\SIaSZTng? gjsx%x% npENsi tive,

and resis speetively; ictin r age range based
on the wWaphad i en$Tshd taritidbmi @wc&ﬁ ﬁ&t@fmd ddrofsy Bugpebting2hatkhésemet hod of
claim1l, V\}‘IIEI’EI n“the SNP at }{he 36% position is |%estgi2t3at ed by using an
oli gonucl\é@fpr@emlﬂ@twn‘spem fically hybridizes with the pronoter of the
VKORCI gene. 3. The nethod of claim 2, wherein the oligonucl eotide
specifically hybridizes with at |east 6 nucl eotides spanning the 3673
position of the VKORCI gene. 4. The nmethod of any one of clains 1 - 3,
wherein the SNP at the 3673 position is investigated by using DNA prepared
fromthe peripheral blood of the EKI@MBLE4 5. The method of any one of
clainms 1 - 4, wherein the sug C ?QS '5 6. The nmet hod of any one of
claims 1 - 4, wherein the su }( o ?r%f“ LAS8YSh. 7. The nethod of any one
of clains 1- 4, wherein the subj ect Is an Afri can, African Anerican, or

Hi spani c.[0884] The differences in warfarin sensitivity between the AA and the GG genotype

patients could be explained by changes in the VKORCI1 promoter activity. The -1639
promoter SNP was located in the second nucleotide of an E-Box (CANNTG), and
therefore, this polymorphism would alter the E-box consensus sequence and could
lead to changes in the VKORCT1 promoter activity. To test this hypothesis, the
VKORC]1 promoter encompassing the -1639 position was PCR-amplified from
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
VKORCT1 promoter exhibited higher luciferase activity (approximately 44% higher)
cornpéred 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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8. The nmethod of any one of clains 1- 7, further conprising exam ning the
sequence of the CYP2C9 gene. 9. The nmethod of claim1, wherein the SNP at
the 3673 positi'on of SEQID NO 1l is investigated by exam ning the

nucl eotide at the 3673 position of SEQID NO 1. 10. A nethod as cl ai ned
in claiml, substantially as her e'ﬁﬂ%pfﬁ: glescribed with particul ar
reference to any one or nore of the exanples, acconpanying figures, and/or
sequence | i Gombinatidh dfalie ¥IOBRIO1S1630SNR and SEY PEHMNCEatih@F i@ arfadi0> Chen,
Yuan- Tsong Yuan, Hsiang-Yu Chen, Tin-Jer <120> Cenetic Variants Predicting
warfarin Sensitivity <130> 16743-06P88% <140> us 11/316, 406 <141>
2005-12-21 <150> Us 60/638,837 <151> 2004-12-21 <150> Us 60/679, 694
<151> 2000831 Afthoush@Re VR ORGP >1 3eSNgRDicidan\WeRdeo predist Warfdd <210> 1
<211> 11190 <212> DNA <213> Honp sapi ens <400> 1 cagaggacaa catagatagg

t t cggagactensitvitn thig SNPxgy ertjeeally besogdingggritieethen gengtie tﬂ@gﬁff@- okt t age

tgcttatt , t at agcca
ot anaat (5 S RRE BFEED B PRORTITRE st e LB B Rl B8 O oo
ct cact cctekahmiddda Gagtiriagosmig! The folbagng algilidstthtestthe sagrested Cpotnadiagccc

aggagtta aacat aa  caacaactca tctctaatga, 3
99ag g&sggf %ese two genes .'gc bot?xoconsidered:

s for each haplotype when t
VKORC1 CYP2CS Suggested Dose
-1639 variants (mg/day)
*1 5
GG *2 3.75
*3 3.75
*1 3.75
AG *2 2.5
*3 2.5
*1 2.5
AA *2 1.25
*3 1.25

[0066] A number of embodiments of the 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.
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aaaaaaaaaa
ctttaggaag
at ggt caaac
t gt aat caca
gtt gcagt ga
t cacatt aat
ct ctt ggagt
attctcctgc

aaaagaaaga
ccaaggaggg
CCCgt ctcta
gct act cagg
gccgagattg
taattaattg
gaggaaggca
ct cagcct CcC

aaaaggccag
t ggat cat ga
ct aaaaacac
aggct aaggc
caccact gca
at t aaat gct
at ct cggctc

t gagt agct g

gcacagt ggc
ggt caggagt
aaaaat cagc
aggagaat ca
tttcagcctg
agaagaaaat
act acaactt
ggat t acagg

t cacgcct gt
tt gagaccag
cacgcat agt
cttgaatccg
ggcagcagag
at ggt caaaa
ccacctcccg
cacccaccac

aat cccagca
cct ggccaat
ggct ggt gcc
ggaagcagag
t gggactgtc
tcttttataa
ggttcaaatg
cat gcccggce

360
420
480
540
600
660
720
780

840
900
960
1020
1080
1140
1200
1260

ttcgccat gt tggccaagct tgtcttaaac

taattttt t acgaggt
tcctgaccggHgggFégﬁg@ﬁﬁ%ggacctcag cctcccaaat tgctgggatt acaggcatga
gccaccatgc cccgcctaat tttaaaaatg tttataaaga cagagtctta ccacgttgtc
cagacctgtc tcaaactcgct Clcaagt .cattgicttg tctcagcctc ccaaagttct
gggact acag gt 3t gca etgg‘geﬁ@eé f&@‘“ﬂ% g‘&tq{"fet 8% L artaringdar 4 ﬁg’é"&ggagg
gt ct ccct gbm@titigs ccagg gt gtctcaaa ctcctggact caagtggtcc tcctgectca
gcctcccaaa gtgctgggat tataggcata agccactgca_ cctggcccca gtgtgtgtct
t ct gaggct a agivastigating heaingdcgsteotifie pelymprngise &Sg\&’t) @t the 39t pesittanaat
tct gggggag Ag@ppgﬁﬁegﬂﬁgicagga acacaccagg agat cagaga aagctgagat 1320
acaggcctaa tgcccagtcc tctgtattca tttctaattg ctgctgtaac aagttactgc 1380
acatttaatg at detamasiang veeteadutsubjcetic Wadadysensitive bagsistantagaantcthga 1440
cagagt ct Ct aa .at caagat. tgat agtfcc, ttcccggt ct ctagagtg 1500
ngaat coag Tt P RIE B Bt g RePhon e A c et A fafhitddiatseo
t cccct t c@G aabisgbtitian imttgaaaiapdti-ocis SelGtin 6énglt@t Ghiekmédite bédsAast, 1620
cacatctccc tcfgactttc ftctgccatc ctccttcatt ttttaaggac ccctgtgggC 1680
cacgcat aghd gstnareppectivglvagditcca geactttgag aggcagagac aggegggtca 1740
cctgaggt ca goptdilrinad vAeaRAA6IH0 i@ Real o G AR HGEAL GHACACLAAR1800
aat acaaaaa ttgggccagg cacggcggCt cacacccgta atccccatac tttgagaggc 1860
t gaggcagdhe syhrticact t g aggt caggag ttcaagacca gcctggccaa cat ggtgaaa 1920
tcccgtctct act aaaaaaa aaaaaaatta caataattag tcaggcgtgg tggccaacac 1980
Page 1 sequence listing.txt ctataatccc agctacttgg gaggttgagg cacaagaatt
gcttgaaccc gagaggg@amta of giginh gowikreinAGCI R gche 3gTBsRa@agdé act ccagcect
ggg;gta g Zg\gfegt%fae%i%é{%‘élg%}ggi gor?t'{c F:‘[O(t:i ea t%%.% sp%gl%%aaﬁ)} hay%%dlazE:Sa \?\‘f?él t aetpellro%g%? gg aaat

the VKORC1 gene.

3. The method of claim 2, wherein the oligonucleotide specifically

hybridizes with at least 6 nucleotides spanning the 3673 position of the VKORCI gene.

4. The method of any one of claims 1 - 3, wherein the SNP at the 3673
position is investigated by using DNA prepared from the peripheral blood of the subject.

5. The method of any one of claims 1 - 4, wherein the subject is an Asian.
6. The method of any one of claims 1 - 4, wherein the subject is a Caucasian.
7. The method of any one of claims 1- 4, wherein the subject is an African,

African American, or Hispanic.
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aggtgtggtg
accagaagtt
t aaat t agcc
caagaat cgc
t ccagcct gg
tacacttgta
cgagaccagc
aggcat ggt t
tt gaacct gg
t aggcaacag

ggcaggagaa tcgcettt 3a¢ ,G4aa92gat 19&9&%&%@&@

gcattctagc ctgggcaaca agagcaaaac tcca
agat aggc N geiavemjizatgd by eamginatgghd madatidagithadd 13t mygmg of SEQADINOG .

gtggctcatg
t agaccagcc
aggt gt ggt g
tt gaacct gg
gt gt caaggg
at cccagcac
ct ggccaaca
gcacgcgcct

a0egagad e et

cctgtactcc
t gggaaacaa
ggacgt act t
gagacggagg
tctttgaaaa
tttgggaggc
cagt gaaacc
gt agt cccaa

cagcactttg
agt gagaccc
gt act cct ag
tt gcagt gag
aat aaacaaa
t gaggcaggc
ccgtctctac
ct gct cggga

taat ¢

Ahaen A Aa ot T Sepr

ctcaa a

aggt gggaag
catctctaca
ct act aggga
ttat gacagt
at aggct ggg
agat CcaCaaa
t aaaaat aca

ggct gaggca

gttgcttgaa
aaaat aaaaa
ggctgaggtg
gccact acac
cgtggt ggct
gt caggagt t
aaaatt agcc
ggagaat ggc
cact cca

ceC
§38PE n%f%ﬁ%@@gﬁﬁ
gt agaat ggeqieh@CSaRS @ Paab gesagca ctttgggagy cccaggt ggg tggat cat ct
gaggt cagga gtttgagacc agccCtgacca acat ggagaa accccatctc tact aaaaat
acaaaaaatt agccaggcgt ggtggcacat gcctataatc ccagctactc aggagcctga

o e R AR ED

gcggat cacc tgaggtcagg agttcaagac cagcctggcc aat atagcga aaccct gt ct
ctact aaaaa tttaaaaaat tagccaggca tgatggcggg tgcctgtaat cccagcetact

cgggaggct g aggeagyaddeibd hetisigrd i Cb9 ¢ 208828089 4t heeRbbEARSE DRI

at cacaccat tgcactcca

aaat aaaatdhRREl felgreats GRnY 5ROt MaRt
tggccat t 4,34 8C&hL AL Rt

accattattc
gagggaggag
agggt aggt g
caaccattgg

t gggt ggat c
tctctactaa

ctt gggaggc
agat ggcacc
aat aaat aaa
gggcaat gct
t agagact gg

tgtctaccac
ccagcaggag
caacagt aag
ccgggt gcgg
actt gaggtc
aaat acaaaa
t gaggcacga
gct gcactcc
t aaat aacca
ggaggcagca
gagt gt agaa

tt gggcaaca

%icacaagtt
Ctctctaga

agggaaat at
ggat ccct ct
t ggct cacgce
aggagtttaa
attagccaga
gaaccacttg
agcct gggeg
ttgggtctag
gctagtttat
tctttccaaa

agagcogaaac tccacct caa aaacaaaata

ccagggattc
agagagt aga
cacagacgcc
gggaagt caa
ct at aat cct
gacaagcctg
cat ggt ggca
aaccct ggag
acagagt gag
cgtcttggtg
ggcgt gggca
aacttgaatg

29

at gcagggac
t gt gagaaac
agaggaagag
gcaagagaag
agcattttgg
gccaacat gg
ggcacctgta
gcggaagttg
actccgtctc
acaccagcca
gcaaggaaga
t ggaggggt a

thexamplge.pgeqapanyinetiieseast t

atctttggtg
agcat ct gga
agttcccaga
acct gaaaaa
gaggccgagg
t gaaaccctg
gt ccaaact a
cagt gagccg
aaaat aagt a
ctaggtgtca
agt gaggaag
gat gggat aa

2220
2280
2340
2400
2460
2520
2580
2640
2700
2760
2820
2880
2940
3000
3060
3120
3180
3240
3300
3360
3420
3480
3540
3600
3660
3720
3780
3840
3900
3960
4020
4080
4140




tgccgggaga
agat gggaaa
ggagagat gg
gct t ggaaag
ccat gat agt
gt gaat gt at
gaggat ggga
cccgaat cgg
gctgcaattc

cctgcct cal
tttgtatth

agctigie
R adi'y

ggaggct gt
gagaaacaag
gt caccatca
gagagact ga
agagaggtta
gggagaaagg
ggct gcagcc
at cgccgt at
tt acaacagg

gaaggacctc
ttgcagtgta
gat gggacgt
ctgttgagtt
ggat actgtc
gagaccgacc
cgaat ggt gc

tt agt gaagg
gat ggggagg
ct gt gaagga
gat gcaagct
aagggt gt gt
accaggaagc
ct gaaat agt

gagatttgtt
at ggagaggt
gagacct cat
caggt gttgc
gt ggccaaag
act gt t gagg
tt caggggaa

t cgct ggat@IYEeghtsténg gt ct ct a

act t ggcata gt aags9es aaat gt gt t
acacactttt ttttttcttt ttttttttfg agacagagtc tcactctgtc

gagkgo@gicgeycangat Ttoogggcet cact gc aacctccgge tccccggetc

# agctgggatt acaggcatgt gccaccacgc
at ggggtttcac catgttggcg aggctggtct

accl.gag0lan&tGC YS FReE sChiagg eEimcwaaaagt gehgigyaty acaag

cgt gcccgge

cgcgttGadb’ Atdaé
cttaceeget
gcocHil 0%

agagggccag

a0t Gebgore?

caacagéitt
ca

HEEsE

gaggggcgceg

A &
figtuea

tgcc

g9CQgs@acys 6579986 C
ct gkiigpcgoostast-tiat cct

CCa

ggc

agggce
gacad

ggat gccaga
t ggact gct c

taaatctgtg
t cat gcct gg
cggcattctt
gggt cgt gga
gccattcgcc
acct ggagat
t gacgggct t
gggat t accg
ccaggt gt gc
tgattattct

gagact t cat
cagccgct gg
cgctgttttc
gt gcgagcac
gccecggecce
aat gggcagc
agtgctctcg
cgcgcet ctge
acgggaggt g
ggagt ct ggg

gcggggtcgt tgcacagggg

ggt g4 ¥ €038 s B Rpgaggedgag geasigngs atcagacagt
cggggact cg cacgtgaatt ggat gccaag gaat aacggt

ttcccttgat
ggccgcegat t
ct aact cgcc
ggccggccaa
tgct ccgt gg
acct ggggga
ct ctacgcgce
gacgt gggca
gaggcgt ggg
at cggt gt gc
ct gagct acc

gct ggggact
gaccaggaaa

gctgtttctg
t gaaggt gt a
ct ggcccaca
caggcgggceg
gagt ggtt ct
caggacccgg
atgcttggtt
ggt cccggat
aaccacact a
ggcctgget g
aagcaatt ct
ccggct aat t
t gaactcctg
cgagacccac
gcctt gcagce
ccgcacgt cc
cgcttgacta
t cgccgagt ¢
ctggttttct
gccctggetg
t gcacgt gaa
ccgccat cag
gcctt gcagce
ccggggaacg
cagcgat act
gggattattc

ggcggggagg

Page

1

4200
4260
4320
4380
4440
4500
4560
4620
4680
4740
4800
4860
4920
4980
5040
5100
5160
5220
5280
5340
5400
5460
5520
5580
5640
5700
5760

PageZ20>s Eg ce listing.txt caggatggcg gtagagattg acgatggtct caaggacggc
gcgéé@ﬁi@ A ggggggtgt 5820 tggcgatggc tgcgcccagg aacaaggtgg cccggtctgq
ct gt.oco gamd GOpGaggcg 5880 ttagcataat gacggaat ac agaggaggcg agt gagtggc
cagggaggt g gagattctgg 5940 (ggtccagggc aaagataatc tgcccccgac tcccagtctc
t!gagggagd%%agcé§%9&§¥§aﬁ @E%H&agact actcagagaa agggagagag aatgctagygt 60
tatctttcag ctgttttagc tgcttattgt tccagcttta gccaccatct gactgcaatt 120
gtatgagcca gaaatagcca ggtaaaattg tcttcccaaa ttectagtge acaaaaactg 180
tcagaggctg ggggcagtgg ctcactcctg taatcccage agcactttgg gaageeaggg 240
tgggagaact gcttgagcce aggagttaga ggcaacataa caacaactca tctctaatga 300
aaaaaaaaaa aaaagaaaga aaaaggccag gcacagtgge tcacgcctgt aatcccagea 360
ctttaggaag ccaaggaggg tggatcatga ggtcaggagt ttgagaccag cctggecaat 420
atggtgaaac cccgtctcta ctaaaaacac aaaaatcagc cacgcatagt ggctggtgec 480
tgtaatcaca gctactcagg aggctaaggc aggagaatca cttgaatccg dgaggcagag 540
gttgcagtga gccgagattg caccactgca tttcagectg ggcagcagag tgggactgtc 600
fcacattaat taattaattg attaaatgct agaagaaaat atggtcaaaa tcttttataa 660
ctcttggagt gaggaaggca atctcggctc actacaactt ccacctcccg ggttcaaatg 720
attctectge ctcagectec tgagtagctg ggattacagg cacccaccac catgeecgge 780
taatttttgt atttttagta gagacgaggt ttcgccatgt tggccaagct tgtcttaaac 840
tcctgacctc aggtgatcca cccacctcad cctcccaaat tgcetgggatt acaggcatga 200
gccaccatge cccgcctaat tttaaaaatg tttataaaga cagagtctta ccacgttgtc 960
cagacctgtc tcaaactcct gggctcaagt catigtcttg tctcagecetc ccaaagtict 1020
gggactacag gtgtgcacca ccacacctgg ctaartttgt ttatttttta tagagtgagg 1080
gtctccctgt gttgtccagg gtgtctcaaa ctcctgggct caagtggtcc toctgoctca 1140
gcctcccaaa gtgcetgggat tataggcata agccactgea cctggcccca gtgtgtgtcet 1200
tctgaggcta agtcataaag agattgcgge ttctatittg cttcctctta gatcactcat 1260
tctgggggaa accaacaata aataacagga acacaccagg agatcagaga aagctgagat 1320
acaggcctaa tgeccagtec tctgrattca tttctaattg ctgctgtaac aagttactgc 1380
acatttaatg atgtaaaaca acacaaattt atcttacagt tctgtagctt agaagtctga 1440
cagagtctca ctgggctgaa atcaagatgt tgatagttcc ttcccggtga ctctagagtg 1500
agaatccagt tctttaccct ttctitgectt tagaggecac ccgtatttat tagctcacaa 1560
tccccttoct ccatcttcaa accagaaaca ttgcagetct ctgtgtcttt ttictitact 1620
cacatcteccc tetgactitc ttetgccatc ctccttcatt ttttaaggac ccctgtggge 1680
caggcatggt ggcttatgcc tgtaatccca gcactttgag aggeggagge aggcgggtca 1738
cctgaggtca ggagttccag accagectgg ccaacatyge aaaaccccat ctccactgaa 18
aatacaaaaa ttgggccagg cacgacggct cacacccgta atccccatac tttgagagge 1860
tgaggcaggt ggatcacttg aggtcaggag ttcaagacca gcctggecaa catggtgaaa 1920
fCCCygtctct actaaaaaaa aaaaaaatta caataattayg tcaggcgtgy tggecageac 1980




cgttatacca
t gt aat ccca
agcct ggcca
at ggcgggt g
cgggaggcgg
t gagact ccg

gccttgecat tttaagaatt acttaagggc
gcactttggg aggccgaggc ggat ggatca
acat ggt gaa agcctgtctc taccaaaaat
ccttaatccc agctactcgg gggggct aag
aggtttcagt gagccgagat cgcgccactg
tct caaaaaa aaaaaaaaaa aaaaaaaaaa

cgggcgcegat
ctt gaagtca
agaaaaatta
gcaggagaat
cact ccagcc
agagacttac

a?atgaaaag fagggcctac ggagt agcca c%tccagg g t ct gggg agag
gac ttgggcg%g gé@é‘f%gt ﬁééﬁ%&% a\%ﬂ @téséﬁggfﬁg e

gggagg

at caf6
t e

at Cagm:'ft f&adtC gagLAagag ataaa@gtmamaagggiatagamagtmgcaamimggad ccadlge

10k

ttg gi@agc&tg@agﬁgrmag g a@atq;}aaah caatttaggiagat J:Kaggc*agg@gcgt@@tg@gc cagotcg
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gtcaccatca gatgggacgt ctgtgaagga gagacctcat ctggcccaca 4320
gagagactga ctgttgagtt gatgcaagct caggtgttgc caggcgggcyg 4380
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caacagtttt taaatctgtg gagacttcat ttcccttgat gecttgcage 5040
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t agt % 2 @?%ﬁ 2foads § tbabkxpy gRboat got
gt atcgt:a@@ggta Sédhttcag acttggccga tttatttaag aaattttatt 7620
gctcagaact ttccctccct gggcaatggc dagagcttca gagaccagic ccttggaggg 7680
gacctgttga agccrtcttt tttttttttt ttaagaaata atcttgctct gttgcccagg 7740
ctggagtgca gtggracaat catagctcac tgtaacctgg ctcaagegat cctcctgagt 7800
agctaggact ataggcatgt cactgcaccc agctaatttt trtettrttitt tttttttttt 7860
Ttttgcgaca tagtctcgect ctgtcaccag gotggagtge agtggcacga tcottggetcea 7920
ctgcaacctc tgcctcccgg gttcaagcaa ttttcctgoc tcagectoct gagtagetgg 7980
gactacaggc gcgtgtcacc acgceccaget aatttttgta tttttagtgg agacaggglt 8040
tcaccatgtt ggctaggatyg gtctcaatct cttgacctgg tgatecatce gocttggoct 8100
cccaaagtgc taggattaca ggcgtgagtc aacctcaccg ggcatttitt tittgagacg 28160
aagtcttgct cttgctgccc aagctggaat gtagtggeat gatctcggct cactgcaacc 8220
tccacctect aggttcaagce gattctccac cttagectee ccagcagectg ggattacagg 8280
tgeccatcaa cacacccgge taattrttgt atttttatta gagatggggt tttgccatgt 8340
tggccagoct getotcgaac tectaacctce aggtgateca cccccattgg ccteccaaaa 8400
tactygggatt acaggcatga gccaccgtgce ccagcetgaat ttectaaattt ttgatagaga 8460
tcgggtettt ctatgttgec caagctggte ttgaactcct agectaaage agtcttccca 8520
ccteggectec ccagagtgtt tggaatacgt gegtaageca ccacatctge cctggagect 8580
cttgttttag agacccticc cagcagetcce tggcatctag gragtgcagt gacatcatgg 8640
agtgttcggg aggtggccag tgcctgaagc ccacaccgga coctcttctg cottgcagat 8700
tgcctgcgga cacgetggge ctetgtoctyg atgetgetga gotcocctggt grotcteget 8760
ggttctgtct accrtggectg gatoctgttc ttcgtgotct atgatttctg cattgtttgt 8820
atcaccacct atgctatcaa cgtgagoctg atgitggctca gtitccggaa ggtccaagaa 8880
ccccagggca aggctaagag gcactgagoc ctcaacccaa gecaggctga cctcatctge 3940
tttgctttgg catgtgagcc ttgcctaagg gggcatatct gggtcectag aaggcecctag 9000
atgtgggget tctagattac cccctectec tgccatacce gcacatgaca atggaccaaa 9060
tgtgccacac gctecgetctt ttttacacce agtgcctctg actctgtocc catgggetgg 9120
tctccaaage tcetttccatt gocccagggag ggaaggttct gagcaataaa gtttcttaga 9180
tcaatcagcc aagtctgaac catgtgtctg ccatggactg tggtgectggg cctccctagg 9240
tgttgecttc tctggagctg ggaagggtga gtcagaggga gagtggaggg cctgctggga 9300
agggtggtta tgggtagict catctccagt gtgtggagtc agcaaggcct ggggcaccat 9360
tggcoceccac cgccaggaaa caggetggca goetcgotoct gotgoccaca ggagecagge 9420
ctcctctect gggaaggctg agcacacace tggaagggca ggctgecctt ctggrtotgt 9480
aaatgcttge tgggaagttc ttccttgagt ttaactttaa cccctccagt tgccttatcg 9540
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ctaat cggga agctggcggg aagactgctt gagcccagaa ggttgaggct gcagtgagcc 9900
at gatcactg cactccagcc tgagcaacag agcaagaccg tctccaaaaa aaaacaaaaa 9960
acaaaaaaaa acttgtgtta acgtgttaaa ctcgtttaat ctttacagtg atttatgagg 10020
tgggtactat tattatccct atcttgatga tagggacaga gtggctaatt agtatgcctg 10080
agat cacaca gctactgcag gaggctctca ggatttgaat ccacctggtc catctggctc 10140
cagcatctat atgetttttt ttttgttggt ttgtttttga gacggacttt cgctcttgtt 10200

gt ccaggct g gagtgcaatg gcacaatttc, GaELaG q&gtccaoc tcccaggttc 10260
aagt gatd @l EE IOl ERAG oC ot £feoas gﬁ& giicka 89@%‘%3@51:19&(‘3 ccagggy 10320
ct ggcteaaddctht giaat_qttwgaagttaacgagaaaagagicthmg cheadwgthgahkaar@aetggt obeo 10380

cacéﬁ@%ﬁ%%é?&ééé @ T%té% %@t%éégwﬁﬂ é§%€t ggaca 3810440
gt ga o gg%g Eg g% E@gg ctg ggo 10500
ct gt et 1099064 Gy 5515%& i % @gg%tditgg%gaa 10560
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tagg%?eﬂa 834 &gC hgR e HWIgEEBHLC %at g@g adéef 11160

_ aggtgﬁﬁ ggggé%‘é %‘égg%;% nggéézg a% 21 E <213>
Artitd ct ca BEE USEE

vari @m:ttsgamat IgeagMﬁMIagpg@mtterame 42 sagaaggst gcggg:tcgaa@cagowca 23

<2108dcgctccat ggttccagga tggcactttc atgetgggag tgagcttgoc. ctgtgccagg 10920
ctgtcattga gacgtittcc attcaacaac tgtttctcag acaaggcaca ggcaggttag 10980
ctctcccagg ccactcaagt agtaaggaaa cagatttaaa cccagacaat titggctccac 11040

" ggctaadgCc cagagagggg tggtgacaag cctagggtca cacagccaca gccccagagce 11100
taggaactgc tggctaggge aagcagacag ctgaatccta gccaactgga ggtggageag 11160
aggtggagcc agggagaccc aggtggecte 11190

<210> 2

<211> 23

<212> DNA -
<213> Artificial Sequence

<220>
<223> primer sequence used to detect the variants in the

VKORC1 promoter

<400> 2
cagaagggta ggtgcaacag taa 23

<210> 3

<211> 23

<212> DNA

«213> Artificial Sequence

<220>
<223> primer sequence used to detect the variants in the

VKGRCL promoter

<400> 3
cactgcaact tgtttctctt tce 23

<210> 4

<211> 32

<212> DNA

<213> Artificial Sequence

<220>
<223> forward primer containing an XhoI restriction site

<400> 4
ccgctcgagt agatgtgaga aacagcatct gg 32
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<211> 23 <212> DNA <213> Artificial sequence <220> <223> priner seguence
used to detect the variants in the VKORCL pronoter <400> 3 cactgcaact
tgtttctctt tcc 23 <210> 4 <211> 32 <212> DNA <213> Artificial sequence
<220> <223> forward priner containing an Xho2 restriction site <400> 4
ccgctcgagt agat gt gaga aacagcatct gg 32 Page 4 sequence listing.txt <210>
5 <211> 27 <212> DNA <213> Artificial sequence <220> <223> reverse prinmer
containing a HindllI restrictior;e site <400> 5 cccaagctta aaccagccac

ggagcag 27 Page 5 quence listing.txt

<210> 5

<211> 27

<212> DNA

<213> Artificial Sequence

<220>
<223> reverse primer containing a HindIII restriction
s1te

<400> 5
cccaagctta aaccagecac ggageag 27
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