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the functionality of the MDR-1 gene product can directly affect the
effectiveness of any drug that serves as a substrate of MDR-1. For
exanple, it is well known that the expression |evels, and hence the degree
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and availability of drugs. For example, MDR-1 in colon can control or modulate the
degree of drug uptake from the colon following oral drug intake. MDR-1 at the blood-
brain barrier may aiso influence or control the degree to which MDR-1 substrates can
be taken up into the brain. Here, elevated MDR-1 activity may prevent the uptake of
sufficient amounts of desired brain-drugs into the brain, or vice versa, MDR-1
variants with reduced activity towards certain drugs might lead to abnormally
increased accumulation in the brain, leading to undesired or even dangerous drug
side effects.

The common factor that controls MDR-1 dependent transport in malignant as well as
normal cells and tissues is the activity of MDR-1. The MDR-1 activity in tumn is



and regions that influence the node or efficacy of splicing of MDR-1
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The second parameter, the functionality of the synthesized MDR-1 protein, i.e. which
substrates are recognized and transported out of the cell with which effectiveness, is
predominantly determined by the amino acid sequence of the protein that is encoded
by the MDR-1 allele. It is well known that amino acid changes may alter the
functionality of proteins. Examples for naturally occurring variations, i.e. different
alleles that have a direct impact on the actions of various drugs are, e.g., cytochrome



was hitherto not avail able but are neverthel ess highly desirable. Thus, the
techni cal problem of the present invention is to conply with the needs
descri bed above. The solution to this technical problemis achieved by
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The solution to this technical problem is achieved by providing the embodiments
characterized in the claims.

Summary of the invention

The present invention is based on the finding of novel, so far unknown variations in
the nucleotide sequences of the human MDR-1 (Multi Drug Resistance) gene and the
popuiation distribution of these alleles. Based upon the knowledge of these novel
sequences and MDR-1 gene base deviations, diagnostic tests and reagents for such
tests were designed for the specific detection and genotyping of MDR-1 aileles in
humans, including homozygous as well as hetefozygous, frequent as well as rare
alleles of the MDR-1 gene. The determination of the MDR-1 gene allele status of



1. The diagnosis of the individual allelic MDR-1 status permts a nore
focused therapy, e.g., by opening the possibility to apply individual dose
regi mens of drugs. It may also be useful as prognostic toot for therapy
outconme, gRydiAéiy an inproved appro&ch over the use of PUEERDOGYII4
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gene (Accession No: M9432 or J05168), at a position corresponding to
position 83946 of the MDR-1 gene (Accession No: A0005068), at a position

cor r espopdstiption BPfHd inventigd /0 of the MDR-1 gene (Accession No:
AC005068), at a positron corresponding to position 176 of the MNDR-1 gene
(Accession No: M29445 or J05168), at a position corresponding to position
171456, T 4Rding" add eRarictetizitn &Dharbtiot thHaC MR OgerldD and diagnostic

tests for the discrimination of different MDR-1 alleles in human individuals provide a

very potent tool for improving the therapy of diseases with drugs that are targets of

the MDR-1 gene product, and whose cellular uptake is therefore dependent on MDR-

1. The diagnosis of the individual allslic MDR-1 status permits a more focused

therapy, e.g., by opening the possibllity to apply individual dose regimens of drugs. it
may also be useful as prognostic tool for therapy outcome, certainly an improved
approach over the use of general MDR-expression as prognostic maker.
Furthermore, diagnostic tests to genotype MDR-1, and novel MDR-1 variants, will not
only improve therapy established drugs and help to correlate genotypes with drug
activity or side effects. These tests and sequences also provide reagents for the
development of novel inhibitors that specifically modulate the activity of the individual
types of MDR-1. The feasibility to use specific inhibitors of individual (artificially



A0002457), at a position correspondi ng to position 77811 of the MDR-1 gene
(Accessi on No: A0005068) or at a position corresponding to position 137 of
the MDR-1 gene (Accession No: M9445 or J05168) a nucl eotide exchange, a
nucl eoti de g@ltoﬁ}ghgg, an additional nucleotide or an additi eozEPMMBBIOtI de
and a nucl e exchange; WO 01/09183 7 PCT/ EPOOG/ 07314 (d) a
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L171512, 1844y bdehlddionstaledlii.a a6 steld (MEScow J. 1A 16t &, Blootilea (vB5R)]
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141530, 13%67%; Dqse§49t9al-,ﬁmfmtstw&%ég?gﬁﬁé?é-ﬁﬁéﬁ).174901 of the MDR-1 gene

(Accession No: AC002457) a A, at a position corresponding to position
141590, 139015, 140216, 140595, 175142 or 175180 of the MDR-1 gene

( Accessi onThs, the@agsent jnvention provides,ainavehway e exploitamatecuigr biciegy and
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(Accessi on A0002457 , at”a position corresponding to position 101
of the NMDRefeqiewhichAse dusiiapxppssigpoligriagt MFS1g®Pnes. A, at a position
corresponding to position 308 of the MDR-1 gene (Accession No: M9432 or
JO05168) a T, at a position corresponding to position 83946, 78170, 70237 or
70200 of tAecoudirgly, Jbe dnyentions miaias No: aApolysedegtide selegteda freas ithe @roup
correspondj:&gsigtﬁ gjgsition 77811, 84032 or 73252 of the MDR-1 gene

(Accessi on No: 8 )5068) a G at a position corresponding to _position
84701, 844, =:mpalymucigdidehaving3he nugleieswid sequence of 38y epe of SERLIDMNASL gene
(Accessi on No: 5 pasidd C ; 0$4d i 43263
O the MOR 1 gont CALocI Reteredt. RRDBE 8, No1T ROE0RAP 12 0k R 1BDRIS, 25
correspondi ng ttH4pdSbt 160 1646 166, 187, 2, t1H8, ViR 17 eleéd, (186c 486 ], NG6,
M29445 or J0516f ; ) y I i ' e gant
VR 1 pept | de, e cob 205 a0, BpYRYE #1208, 931, 000 2o, B2 o8 e 200
substitution at244024bi 250,2251, 268, 8574282, #63, £68, 2AR-274p@r5pepd.i 284, 286,
(Accessi on No: ) fahad I Oh & | Andp! I
variant, MDR-1 ép%é??%g’p?lg%e% S(V\ﬁ}‘aa?’e?ﬁg és/daglf?@bﬁa?/g'g%ﬁ}g@qlcg%’r ?g%s&z;slrﬂl 32%1 no
aci d substit ut i 384, 885,\84003®1,:846p847,t352n323,, 356359 IB4aB6HEF0, Bohod8%;; F to L

(Acoessi onto:  bapHuEoilsndiic» B3no8PdY nbulfy 18 Bind BLiRERbbAS ot
~ "nol ecul ar var i anytoneMiSEQ) & NOso 872,878t I4nor87Sised herein means that said
et S o L RSt B 0ol fid Bl B rBRrES (RS
polypeptide, wherein said polynucleotide is having at a position corresponding
to position 140837, 141530, 141590, 171466, 171512 or 175068 of the MDR-1
gene (Accession No: AC002457), at a position corresponding to position 101
or 308 of the MDR-1 gene (Accession No: M29432 or J05168), at a position
corresponding ito position 83946 of the MDR-1 gene (Accession No:
AC005068), at a position corresponding to position 78170 of the MDR-1 gene
(Accession No: AC005068), at a position corresponding to position 176 of the
MDR-1 gene (Accession No: M29445 or J05168), at a position corresponding
to position 171456, 171404 or 175074 of the MDR-1 gene (Accession No:
ACO002457), at a position corresponding to position 77811 of the MDR-1 gene
(Accession No: AC005068) or at a position corresponding to position 137 of
the MDR-1 gene (Accession No: M28445 or J05168) a nucleotide exchange, a
nucleotide deletion, an additional nucleotide or an additional nucleotide and a
nucleotide exchange;



for exanples, for exons 1-7: Accession nunber A0002457; for exon 8:
Accession nunber M29429, J05168, A0005068; for exon 9: Accessi on nunber
M29430, WO 01/09183 8 PCTI EPOO 07314 J05168, A0005068; for exon 10:
Accessi on yiy iiaRissM29431, J05168, A0003068; for exon 11 tperkpoyds@esSSi on
nunber M29432, J05168 and A0005068; for exon 14: Accessi on number M29433,
J05168, 005& for on 15: Acces nunber M29434, J05168, A0005068;-
for exon @8@5‘&?'89“ fpeqding 848! ecy@s Varant MEtitt opnlypepide.cwbereiny -

Accessi on nundaid pbAdAEotid0B Haing/ &0 pB&iBon tofreshePRingle: pcﬁﬁfbﬁsﬂdﬁ%n unber

M29437, J0516 0 ccession nunber  M9438 5168,

A0005068: for%1>§A2 gg{)&gcéégé{?ﬁﬂ%ﬁ&ﬁeﬁb\%SAWQPO@lB@m1AUGU§W -1f or exon
- 21: Accessi ongenenfdeteddRiviNG; A@OBZW) f@QQﬁQ?snt‘Bﬁrco%Qﬁond%}?ﬂ) i on
[ _exon_2 Accessi on n 442

5' ggtfgrs NigggélféégBlﬁg‘ﬁoggg‘gﬁgAéQ&% KOOSR AN 2!?2@4117349030816@ MDRJ005068:
for exon 25: gmﬁe(mc@esndmnbeAcw a Aoﬁtlgioogg g.é soridit F@(@d}ltlo%ts

Accessi on nurrlg &/58445 JOSlg AF016535 or e

Accessi on nu @rsg BN, 190246, 1405895035142 o HAaIB8026f thacMBRs1 eneunber
M29447, J0516(&ccmms);\¢oomwé @usd aobbgtﬁoﬁtb%%s@bﬂd. t5)p ﬂféﬂ'“on(s)
and/ or del et %6,)1 Pr ef er abl i d nucl eotide subs on( resul t(s)

in a correspo @9&99&5 %H@g%ﬁ n@ggz@’d"%a@@cﬁwméhm&mrot ei n.
The term " corgengAase t onl
det er m ned byg&ﬁ A ﬁ?%" N Hpod2toT) & 1, B0 Besilin oofedienkingh posud | o' Y
respectively.! h‘g tB% DR-3rgene @cgﬁﬁ&ﬁ" Nﬂg\"@%%@f 15188 ad\, atiacpasition

accor dance V\nédﬁreisb@-.dnriy dﬁgﬁndmmm e MbRChggﬁ’é/ngy \c/agréibﬁg\f‘deiwt;ﬁagﬁtd tuted or

conprise one nor e onal nucl eoti de 6%t i ons or
addi ti onal u&%ﬁ? ) dds abp ROsitisp WHGPE@'@]%WWW %Q%e 7867 9237 log

pol ypept i de. 7ijzae. ofuméemm-1 CiTie® fRRB64I59 Nd’OECbé 404 98fign WM th the

8 4T
present invention it _is to be understood t e€s or ‘am no aci ds

may differ i ﬁqrﬁépqm&é? eaowmoé? bl sﬁ%a sQ"l V325%1\R§ thei MDRBs! genehbor i ng
nucl eot i des chmsm M&IAboosaasph Glﬁié%saﬂéﬁc&? s%]cr]amg%&bdémomﬁa AR, My be

exchanged, dgfv%% or se_additional nucl eot or amno acills are
al so conpris g BALIS @%7 8 4P3%ks p5I28P N 4024 pf 149162 ofthe MDBtlegeneles or
ami no  aci ds (KBdeskieh N@s&@omsbpsw heg ﬁﬂsinbn EBﬁéépdﬁ@ir%ﬁBCHﬁltxf:Rﬁ guences

whi ch may be _involved in the regulation 8ene expréession, stability of
the correspor®i g MeR-dr QGN\IA(A?G?%%'QTQ NQasA@@ 50683 én@o@e atuﬂcppsﬂm domai ns

or motifs of dohespsreirdj fo Phsitie 176”6’[6'?97%% @Lpgéﬁé {55‘&#’&81 07314
node and popul'a

I n accor dancw th the esent i nvention, t1on
di stri buti on Mg944RQFP5E) Ak uni dentii fi ed genet ic variations in the MDR-1

gene havg)beenpaipdicledtile encoding a molecular variant MDR-1 peptide, wherein said
polypeptide comprises an amino acid substitution at position 21, 103 or 400 of
the MDR-1 polypeptide (Accession No: P08183); and
® a polynucleotide encoding a molecular variant MDR-1 polypeptide, wherein
said polypeptide comprises an amino acid substitution of N to D at position 21,
F to S at position 103, F to L at position 103 or S to N at position 400 of the
MDR-1 polypeptide (Accession No: P08183).

In the context of the present invention the term "molecular variant” MDR-1 gene or
protein as used herein means that said MDR-1 gene or protein differs from the wild
type MDR-1 gene or protein (Genomic sequences of the MDR-1 gene are described,
for examples, for exons 1-7: Accession number AC002457; for exon 8: Accession
number M29429, J05168, AC005068; for exon 9: Accession number M29430,



by sequence anal ysis of relevant regions of the human MDR-1 gene from many
different individuals. It is a.well known fact that genom c DNA of

i ndi vi dual s, which harbor the individual genetic nmakeup of all genes,

i ncl uding MDR-1 cgr\llAeasi |y be purifiedgfromindividual blpefepdmmmigs.
These i ndi WP sanplés are then used for the analysis.of the
sequence conposition of the MDR-1 gene alleles that are &r’esent in the

ndi vi dual JOHESHABBB50GR: fonexen 0o Adoessian uMtBIMEoARTe 05165 AGAD5068iat
abseauent XY 1TE AL Ebah (il MESER osi 60 A3 ACDOSOR: MoFetof 182
a}équgnci n?Awessioexsnubbe:s M29488,t d&ﬁﬁi@B( mooﬁp_saemn wgmﬁstﬁ@b&mI?nameng) .
e i npor F@bq r r o i
deter m)ne e Q%ngt?ﬁ aaﬁé@sﬁ@ 6%n8@pg%g?ﬁ?é§g?i%ﬁ%v@%bgl\)ﬁ-{éé\?aspi ants
by direct BRA05068)fonekony 18f Ac@Rsiononiuober M2OASEuI05168) ACA05@68) for e | S
he f X ) i
the Tact t I?g:tA&ﬂegglon DR W@%Z,Z%#ﬁ%ﬁﬁb@os&#é;q &k {ﬁ‘%c%g%i&ﬁ@g@gﬁrs e of

exceptions) two ne copi eSS a onal 'gene (diploi
t hat, greaM29488, HESHa8) AGOASMB8N farexdre 20e\Adcessiom mumiberhkM29488)eJd051681 0 be

al'so het er aroyatied JAF BieH B Akediglon ity BRBAE M B8 IHERBEQIE 1o bioH "
(NoMD2yGoUSr A heL el S VAL oAl 5 iaacr ech LB Ehe Sxar bae tn anct 2. bel o
The mit ot | MESHs," BRI IAQEDOR for GRGLAAT kBt R, rodsn Biasant
i nvention AQOGS%&; Ust erbred5i Acéésgioneniinbemkl20é44; JOsy 68NAC005088; fdihexoret hods
detail 1n ERe Boafit e OheRERS, S0BIGE ArRISRT AGadbel fr Rborfance
with the pAesassion number M294d6, Je5168,ACOAS06BL foyhexumt 281 Acsgesinr number vel |
Fesi ot ance MBI 1 40g B GRS dRRT b s pr iR eg st Py, By Py
E:gﬁf g/rDEaéL [ geieﬁ%rle(s)r:mr hi g?rl?gsﬁld Si s oﬁdéa?jbsﬁnég(aﬂgésgft(ig? 5i.scgmj?n(?‘jdilr@'mlsee
al so M ckl g(}]a'fgﬁiégje e %?%WE@%E’E%FJ%DBF@P'@?%V' On the bas?s of 5
t horough clinical characterization of many patients the phenotypes can then
be correlated to fhese %i ons

as |l as to tations.that had been

descri bed &4%|%HP. "GRFEHRY 385 (U§sgr X%Efﬁﬁr(‘)/ r@g@nﬁqﬁ%ai DOBIYOR I8¢ “&0 °f‘§fe
person ski détermingdt by thet riufber nefv the! pradedingd Miclebiidde Gade dgino Cagid§low be
used to exactlé. c&arrﬁcter,l,ze %he, enotY g .of the mdgx&at |r§nt V\h&r ?xga
gi ven dr ug"ERREVEY, THRROFHPN of B GMENHFiegtide o8 aming agid ingecorganee it theg
years, genpigsentiriventste Whidhy mitys bb egeletetC seBstitiallyor @eR@AsE theddr anore
S|gn|f!cant ource of yariation in dru re_sgonse. _I\/ana/ scjentific .
conmmuni cat PEHLONE! Rucletdel)mayuery due-pHelalions ph afional prcieptdes or 30206
and West, deid€disbwhere in the gene or the polypeptide. Thus, under a “corresponding

position” in accordance with the present invention it is to be understood that

nucleotides or amino acids may differ in the indicated number but may still have
similar neighboring nucleotides or amino acids. Said nucleotides or amino acids
which may be exchanged, deleted or comprise additional nucleotides or amino acids
are also comprised by the term “corresponding position”. Said nucleotides or amino
acids may for instance together with their neighbors form sequences which may be
involved in the regulation of gene expression, stability of the corresponding RNA or
RNA editing, as well as encode functional domains or motifs of the protein of the
invention.



Pharmacol . 37 (1997), 635-648) have clearly shown that sone drugs work
better or may even be highly toxic in sonme patients than in others and
that these variations in patient' s responses to drugs can be related to

mol ecul ar v{@ﬁgﬁ g3 1Ni's  "pharmacogenomge” concept spot s CPETRPRIdTHAS bet ween
responses rugs and genetic profiles of patient's (Marshall, Nature -

Bi ot echn 15 (1 97 954-957: _Marshal |, Nature Biotechnol ogy, .
(1997), gggqgg%e %%lpéeﬁ%’ nvention, %Gp’UP‘a‘P i35 Repulation ‘?‘FW'DW'QThOfr egar d
to drug tnbeélfa@yfar un»hanmwmvaﬁaﬁm |h€!ﬁél MDRPO§EE REveibb&P hnal d" in
theldenlflcatlonﬁ% ? ft on OtrP nts whi ch_can respon

particul &Y SROHENGH ARYYSis O Jeleypntoragions e hyrear i MPEat |98ﬁ?sf[9r%dﬂﬁ"b’n can be
based up@fiferatt eedidualsli wwaswéa: kiowgefRt | trfat g&abwoﬂn 5%01@1}6&@”'%&' ng DNA
froml euko%é}ﬂql n_ the blood of pati ent for _exanp and characterization

of di seadd" jndivigyah gepglis e 9kl 9?2‘9{5:19"9'1’}5'“9 MRB‘ZB@" eafiiibe J.
Chr omat Oﬁﬁﬁf‘ edﬂ‘mrﬁ'lﬁm&sal Add: sa@r?ﬁeé. 798¢ indidddl DNA EQanfe‘%ee}]re ftt%mﬁk?ergs of

heal t h c;‘ihr such heal t h mai nt enance organi zations In

gover nne ‘Bﬁbqqaysﬁ"eﬁﬂ the saquence compogition of the MRR-1. sene Ellelss thay are

phar macogfeefit FSthBNRGIVRAIGE WHIRh REVIESE He BlovdsaRipld Ok b@ﬂiﬁéﬁ\éé%a@@%‘ th care
and reduci nhg qver heads bhecause _there is a Iarge cost to unnecessary drugs,

i nef f ect WR8 CRfFieqyPub Ry FGH)amplificationgel selevantsregions afitha iINIAB-1 geneie
variant NbsehugANurificsRhi 8 HRSWER! Prodics? ﬁ)?b edeh th%fv%)ted DN

insertion(s) and in particular in substitutio e|t er alone or In

conbi nat S8aLencingiwithgstablighed methads (ABLdyateraningiogeyria seauenginghgi neer such
mut at i oNPrigNmplohant! PPEmERR WatHad tetﬁaeasodme%ti irf %“@tten?ﬁtta féforinite the

|ntrodUC| .such nodifications in the q uence gene are wel |

known to! yab ‘MBR-1 |genplyge; and Heentify ”°¥é'eM . Va@?f%r@bl@'fecﬂvﬂl‘@cul ar
C oni ng ée?mCTnPEPOOI Wﬁs frStnChunkdn %o&"@"eﬁ@hd-gmrlﬁttﬁé Y%ex%%ach‘ Y. WO

01/ 09183 In a preferre enbodi ment I nvention, the
above deSumABdaress (Hsualye withyery fewchnesmal Q)‘&PP‘&Q&S) MMQQNQJWR!@ f egchf r agnent

t her eof , a@togomap ai?é'(aipﬁfhﬁnﬁeeéuéwbﬁthéi‘PbFéh?eéaré’fhatdh?o P ReRGhdngeauence
encoded by SEQ I D NGs: "85, or 274.  For the i1nvestigation of the

nature ofValuation b e éﬂ%UQ"ﬁe% h@ &8i ableade didastfyieunambiguoyshe nabRonly pr ot ei n
conput er hBFn@Q{%i:FE sBENerQ;’é \léﬁﬁﬁbn%qﬁﬁ‘ a%% H& NakiatnS. Tﬁ@g@thf@gf‘ tﬁef rom the

I nternet. _ Fur rnore, | di ng sinulations "an nput er redesi

st r uct ur Siffepast | $taps: dm tbé \genmfwam ang ﬁba"éﬁ‘l?é'?atlﬂﬁ‘ppf)mqul MQBﬁp@P@P

Sou fi X%Pét I
Blr gg(r:?.msfl&él 95), I(%(J?@é%?ghé.]%gg?p%%@rs Cgﬁﬁﬁ%&ﬁ%&ﬁb@ 'ﬁ e con or}raf\f)gnal

and ener @88 R2belgNal ysi s of detail ed protein nodels (ange J. Mol. Biol.
247 (1995), 995-1012; Renouf, Adv. Exp. Med. Biol. 376 (1995), 37-45).
These anal ysi s can be used for the identification of the influence of a

par t i cul dhe futaliansin te MPRa1 sgne detested:in apeqidanceowithithegeresent invention

are illustrated in Figure 2 (indicated by an arrow). The methods of the mutation
analysis followed standard protocols and are described in detail in the examples. In
general such methods to be used in accordance with the present invention for
evaluating the phenotypic spectrum as well as the overlapping clinical characteristics
with other forms of multidrug resistance and altered tolerance to drugs in patients
with mutations in the MDR-1 gene encompass for examble haplotype analysis,
single-strand conformation polymorphism analysis (SSCA), PCR and direct
sequencing; see also Mickley (1998), and references cited therein. On the basis of
thorough clinical characterization of many patients the phenotypes can then be
correlated to these mutations as well as to mutations that had been described earlier.



Usual Iy, said amino acid del etion, addition or substitution in the anino
acid sequence of the protein encoded by the pol ynucl eotide of the
i nvention is due to one or nore nucleotide substitution, insertion or .

del eti on, o3 4‘? onbi nations thereof. 4greferably said nugtpepsddsis
substltutlo‘ﬁ t § tion or deletion results in an am no acid substitution

of Asn2l to Asp in exon 2,Phel 03 to Ser or Leu i'nh exon 5 and/or Ser400 to
CAsn in eXenislevident ﬁm&wwsmngpétﬂled imike @l thisunew ceoleeular genalici knowirdgen may

further c

el oy on. AIPF 8 uskS oxdly GHeFhaBHIS S Rehorfil bR Inkod Bhiih e o
her ei nabo\givenf drug dakes@inaurusualefiéct and btlisifamilyne prior art; e.g., Mckley
(1998). This enbodiment of the present. invention allows the study of
synergistic effects of the nutations in the MDR-1 gene on the

pEar mal ogi@vdr the pasti2 yearsjgegstic hetesogeaneity has bge@ki;reaaing\y racognized asas of
desor bed Rt oufle' BLVatlelt i W, FEihonSan M Sierithe otflR s .
eL 1; ﬁg% S gr(MdyéesAtrte.eiB\ev. Prl'naifrgabcﬂ.c T!'nkigol. hay c(mmg, mgraﬂeé add uW_esEsJ scgmt
fevel op horr e, 3a 973 e Baan e benhl ST bin, SER mes blsp betidfy
ica\r)cer i wi | rhalg peer by highlyeib’:]dc 1r|1 Eb?rled%étlegfts thanfire othlecbr an\:db:hht rhiwese, va_riaﬁornr iag ent
wher e 't HAORILT oGrepaBSert 4 BlosCcirt bn TR Ro Boledliss Bios. OTHE™

PCT/ EPOO O‘iaamnacmgbsd;mbﬂtcbnoep‘teqadts conreidiions dubtwegrr esspomses fiot dragy andant

MDR-1 gene_co tQ 60 dj Wi

pol ynua) e ITRLE arSiles, o polinds ARPATNARr BislergioditNs (e, 54867 mua
or synt heMachil, NawredBicedhhdégyyri SRNGOT); 1249-8282)bi nant |y produced chineric
nucleic acid nol ecule conprising. any of those pol ynucl eotides either alone
or in conbination. Preferably said polynucleotide is part of a vector,

particul arlhy thisascortext efospopldation r varebilitynd MCtmg'am)ha@esirmg;eMerapy,

The. i nventihaahtehis Bes Hha) Bomprd 85 e o cleegiinaneogkieion apg,

genes whi cdeledtibn\wf batieritd ahivhl cadit resporaf tos@particalat drugi witrous sidéedoﬂeetshws cel |
and under awtable C I’lthIOI’lS In a further preferred enbodinme

vector of 'gemficatonise %‘H‘mt (N 18y nRRseSot YRER Jrolegylar ﬂ‘@gﬂ?ﬁ'%n Fsgé)neﬂc
operati Ve'pblﬁm@’ﬁﬁiéntsowwr@w@ DNAtforh 166KDegREE B! BldoBJof patenEsfdron in

e | o5 SRIING, 3151 Hisfagierieatorof §Rears Bre, it oty kinet o2y (1997,
trans| at ald®-268\ EngdReguChioniato eraarmuaneaswmn@nxprs%w 9@103) eRgtahgot i c
cells, efe ny l'ian { known tqQ those Fléhedlnthe
art. They GVt FGRRr e, 60138 beglh mBiRNAIGS QRRTIFAIRGS i e HS GAdor

transcri ptg@anm%htoppum'aal healtko! ¥erridesdnial S i UT Efv@pe&®! NGolptrice) @his

transcription and stabilization of the transcript. Addltlonal reqgul atory
pharmacogenomics approach can represent a way of both improving health care and

reducing overheads because there is a large cost to unnecessary drugs, ineffective
drugs and drugs with side effects.

The mutations in the variant MDR-1 genes sometime resuit in amino acid deletion(s),
insertion(s) and in particular in substitution(s) either alone or in combination. It is of
course also possible to genetically engineer such mutations in wild type genes or
other mutant forms. Methods for introducing such modifications in the DNA sequence
of MDR-1 gene are well known to the person skilled in the art; see, e.g., Sambrook,
Molecular Cloning A Laboratory Manual, Cold Spring Harbor Laboratory (1989) N.Y.



el ements may include transcriptional as well as translational enhancers.
Possible regulatory elenents permtting expression in prokaryotic host
cells conprise, e.g., the lac, tip or fac pronoter in E. coil, and

exanpl es Wolfog\%‘;(' atory elenments permfting expression bB’rlEi%ﬁﬁé‘th i ¢ host

cells are or GAL1 prormter In yeast or the OCWwW-, SV40-,

RSV-pro ter Rous, sarcoma virus),. CW-enhancer, SV40- enhancer or a globin
intron i eg embadiment (of Jhe Havention; the pboverdascrbesh polymacleotider e
responsi ah@ocfeera Vitfant MORA!$rafi b IrkGifent theldof Tl AU SBmpRGL Y o1 5 fbfeTENt S
may al so nprise transcription termnation Si

SV40- pol 9p'ﬁ99§§t°éﬂl9ram!ne apldsquppc%emoped by SER I Bia: 85, Shdqsmrmem eoti de.
In this context, suitable expression vectors are known in the art such as

Ckayama- Ber CDNA ex‘pr ession vector pcDV1 (Pharnacia), pCDVB, pRc/CM/
pcDNAL, EEDaRsm(?s{ﬁlQe iqn g thecatureapiche alteratiopsin tre amirer atid senuencesefi d

vector | %@MWPW&%W@OMB@%PH@%Q%QJ Bsrlﬁehr%fé‘é BRASMAL 4R4t @ vector.

.Expr essi on vectors derived romyviruses sucC as retroviruses, vacci ni a
virus, a@biainabledmm thelntemety Eurthermese, foldingssimulationsand nemputer redssignvi r us,

WO 01/ 0 9 4B 3l QuBCHdERO 4D ﬁlﬁerrldfﬁx\éd %xrﬂf gﬁaelf' %{pgpogtngyee é%‘mgtxtgg ﬁ?o%'gwgl ati on.

pol ynucl eot1 des or vector of e |1 nvent

Met hods ¥Piszewsi, Prokeins 28 (AA96}, £861R99% Hofmane Gomput. iﬁppda.rﬁlosci,nﬁ ble995)3ed to

t i dﬂ?it
.gggir |r gggﬂf' E?%mﬁ er!'craf\et(o:é’uﬁgérd)\a?g?f fgfrﬁétbor aF@é ene nuaﬁ?‘?ggfcs)l Spring
Har bor  Oelgiedpestgin (modais (Moﬂge,ahd\dﬂu&lge?-ﬂ dﬁ%da.nSQEPﬂ Qt2;ddenouf,nAdb| ecul ar
Bi ol 00y, £ aA8d. HbIPLYS i) A5A08) Thess atlyall ba bb G 6118 femifbalion( 1994)

Al ternatively, ol'ynu ‘'eoti'des an ectors o ention can be
reconst i Pﬁfi’éd’ﬂ‘-‘ﬁﬂ@ﬁ of Hpardawar mytation enibinsing ang/erdranspon of HrugsThe pr esent

I nvention furtherm)re relates to host cells transfornmed with a

pol ynucl eoti de or vector of the invention. Said host cell may be a

pr okar yobsually; said aming acid deletion,; adslision on substitation ip tive/aminocarid dequenceect or  of

the invegf ih@rbr%incé’nc%?ﬁeﬁ FBQ%@SJB’VnUGIE&?deh%‘?Ee gﬁ}ehggﬁ)'s 8iid Q?Bnp o niYrgorated .

into the genone
ext r achr BugleQisg| supstitution, finsertichseredaletion; or enxac@obmetlcms mwx sRretatably hat t he

reconbi nggy n@H@bTﬂH ﬁfﬂéﬁﬁtl&ﬁ lﬁéﬁnérp&eaglétfﬂﬁ t‘é?ﬁ\%st%ﬁ all'lséarfﬁnﬁ%rmdf Qfpuligy 96t i ng”

and/ or "gene replacenen 'for restori or creating a
nut ant gehésnama A@rﬂ‘)l%gb@s PhetQhis Semrdmu lemoh&awm@eﬁom&hm Pr oc.

Nat | . 1990), 4712-4716; Joyner, Gene Targeting, A
| ?%Rpprbﬂhlﬁ’%& 1%enb:

Practica oac Uni versity Press. The host cell can be any
prokaryotic or eukaryotic cell, such as a bacterial, insect, fungal,

Dy e OB RSB 0 ol 5 G o oG o "%
cerevi si eléllonallteammomcnd deletion; yddﬁen and/orre@bﬂntl.ttlon iother dinen tahorse Ispecified a whi ch
can be t fGRHLBEVE Foroixahipie HolE deleribed in the prior art; e.g., Mickley (1998). This

embodiment of the present invention allows the study of synergistic effects of the

mutations in the MDR-1 gene on the pharmalogical profile of drugs in patients who

bear such mutant forms of the gene or similar mutant forms that can be mimicked by

the above described proteins. It is expected that the analysis of said synergistic

effects provides deeper insights into the onset of multidrug resistant phenotypes of

certain forms of cancer. From said deeper insight the development of diagnostic and

pharmaceutical compositions related to cancer will greatly benefit.

Thus, in a preferred embodiment, the present invention relates to polynucleotides of
molecular variant MDR-1 genes, wherein the nucleotide deletion, addition and/or



wi th a polynucl eotide for the expression of a variant MDR-1 protein or
fragment thereof. Prokaryotic hosts may include gram negative as well as
gram positive bacteria such as, for exanple, E.-co/i, S. typhinmurium
Serratia I’Y%B?ﬁeﬁﬁbs and Bacillus subtilBs. A pol ynucl eoti decertiongsiéor a
mutant formof MDR-1 variant proteins can be uséd to transform or

or di nary. SHPRITER vt P pShtg CpledSiph ot 108 NAR BTRI g RS PELC

genes and cowpspmawingwidiypeigenbacteria or animal cells are well-known in the
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descri bed 19 produced pesteiaror fragmentfiemag géliureg, A Practical  Approach
(1993), Oxford University Press. The DNA of the enbryos can.be analyzed
using, e.g., Southern blots with an appropriate probe. The invention al so
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Thi s ani neanthagknowmnederivatives themqfsfor their ability to complement the drug transport
deficiency caused by mutations in the MDR-1 gene. For these embodiments the host
cells preferably lack a wild type allele, preferably both alleles of the MDR-1 gene
and/or have at least one mutated from thereof. Alternatively, strong overexpression
of a mutated allele over the normal allele and comparison with a recombinant cell line
overexpressing the normal allele at a similar level may be used as a screening and
analysis system. The cells obtainable by the above-described method may also be

used for the screening methods referred to herein below.

Furthermore, the invention relates to a variant MDR-1 protein or fragments thereof
encoded by a polynucleotide according to the invention or obtainable by the above-
described methods or from cells produced by the method described above. In this
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-recombinant organisms, and for the identification of compounds interacting with the
proteins according to the invention. For example, surface plasmon resonance as
employed in the BlAcore system can be used to increase the efficiency of phage
antibodies which bind to an epitope of the protein of the invention (Schier, Human
Antibodies Hybridomas 7 (1996), 97-105; Malmborg, J. immunol. Methods 183

(1995), 7-13).

Furthermore, the present invention relates to nucleic acid molecules which represent
or comprise the complementary strand of any of the above described polynucleotides
or a part thereof, thus comprising at least one nucleotide difference compared to the



obt ai ning an MDR-1 inhibitor capable of nodulating the activity of a

nol ecul ar variant of the MDR-1 gene or its gene product conprising the
steps of (a) contacting the-variant MDR-1 protein or a cell expressing a
nol ecul ar vVgyd @bissMPR- 1 gene conprising a pol ynucl eoti de afcTiEreom73¥£Nt i ON
I n the presence o} conponents capabl e of providing a detectable signal in
response to dSB%’F transport, with a co%md to be screened un

condi t | on<CHESpRNdinG Wilgryre MRM199n¢ tudleptidesequepces speciiias) bﬂg'leeélf’?‘f?g t he

presence odessABE plckebtide SuBStRltios, Uél@[t@l@%ﬂ@fadﬁltﬁrﬁnduchg@mﬁlﬁéj mdym t he
drug tranegort wherein the presence I ncrease of the

i S
i ndi cat i veeithgF bg afroxyTiRRNUCIiG 8¢id oF a r%?@”?'@l"rﬁ"'%cﬁ%dﬁﬁbcwﬁg SO'PPBE'%JWE)f t he

i nvention éappelemtidesdd'BNA. THESS Adfctus rﬂay mrtﬂe%bfé/beimﬁédofat@meﬁcwl ch
may or may not be identical. Said conpound(s) nmay be chem cally synthesized

or  pr oduceWhioh whenctramscsibed codadat at ntmymt therrbyaproadugiag ¢ FigpryaeR) Which f or
exanpl e, sgigalmay &eﬂ/es tFeisbristy of ﬁ&l&ﬁuclédtgﬁls a‘éc&dmg%f%ﬁé fhvedtibr/el s or

m cr oor gani sns. ernore, said conmpounds known in the art but
hitherto not known to be useful as an inhi bltor respectlvely The

plurality Rﬁrtlﬁ!?ﬁ@%”lﬁé ;B’i%¥er§elﬂv§ntﬁn re?éigfq old vEBt%r“dé'rﬁ i’sﬁw”@%d&@l@racnd

injected into a non- human ani mal of the i nve sanpl e

~ cont ai ni ngmPlgpuleseserding to)the invieption. iExagplesfor ﬁ@cmm@ aje deperibeghaboveon,
then it isSpgiddsl, HPALGLES akéih 'n%?é&ﬁ@ é!s%n?ﬁﬂ%“%bt&i RNbAdIaIRI ny Pﬁl{éahtosarfp' e
Ion Oor one ca

i dentified as coOhtalning oun cLuest

subdi vi de tegulatary glemagnts 9&@1’(@9 emresgmrfplpeo aryotictorasarystic host qellpiseeal ity
of differeglyy. %onpounds so as to reduce the nunber of different substances
per sanple zfn repeat the method with the subdivisions of the original
sanple. It can then be determ ned whether said sanple or conpound displ ays
the desiregnd i B .
bet Eroor o g hreRgfiihFentioh Hed ERUIEN 4 AkiddtpENAGGuE %%eg'%i‘rééee'ﬁgg"?
Cel | s manuBYmar eanisghr syreferaily e ransgenit mwse,.orﬁnr@namg omtrpmctigarrmfeg t he
steps desc | neft b i the
sampl e 1 denlTIARREY Br CGRoP 6 thBTNGRBAE IS & ¢RI ol AT SmeRfoBlctaysbmbiiy |
alimted ouAheegdor & celhlqerwaé therefronn cHes non-hemane apima) cani bie suseg! in

[ d
oot pref cRougrorries; aed st B of S oo WyeBhindd b8Ichf ang Wt BH o fdh-, 201
i nvent i on tansgevicdwsithy apimadloonmay have dedisondey prgferably padisarders¢auseddyi n t he
f I
art, Tor espalcodd wREARNIATAE MDAR, SAL TR aiBRe AaRaKdhar bR |

the prior art S as
Furt her nor fgr, e. ue nharmamlogzkall $tadie$ of dnggsaint cannectiore adthl variant dermiszef thiei ch

further co ”Sésc?rﬁgé"&a&ﬂ? WIBFS-! Wotefﬁg Yred th@s%o rp(?&relntsoop S 11854D ik

met hods of Faventron
functional domains are conserved between specues in higher eukaryotes, particularly

in mammals. Production of transgenic embryos and screening of those can be
performed, e.g., as described by A. L. Joyner Ed., Gene Targeting, A Practical
Approach (1993), Oxford University Press. The DNA of the embryos can be analyzed
using, e.g., Southern blots with an appropriate probe.

The invention also relates to transgenic non-human animals such as transgenic
mouse, rats, hamsters, dogs, monkeys, rabbits, pigs, C. elegans and fish such as
torpedo fish comprising a polynucleotide or vector of the invention or obtained by the
method described above, preferably wherein said polynucleotide or vector is stably
integrated into the genome of said non-human animal, preferably such that the
presence of said polynucleotide or vector leads to the expression of the variant MDR-



necessary, that convert a certain conpound into the precursor which in turn
represents a substrate for the MDR-1 protein. Such adaptation of the nethod
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appropriate drug derivatives and anal ogues can be used, for exanple,
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andi or  HeRioRe dracivated viyRs aleip,of BETBHE oH TS SPPRYREREaloNt 0E. uscd

for the dxgpipld tHeCStutipdf e infdrastim cwarwuba&naﬁtffoanatﬂfamnel pfdreubs tipr and
the MDR-1, EI‘OtEI n of  the |nvent|o&§% uter a55|stant searc r?s for
conpl endRigHt e alsp desiiable toriactivate 1 ﬁ?ﬁ?fﬁ%f?é‘t‘?fd&g ction atgygarain

114- 120)stade/bf 86VelcHMSR RINHAY thecémmtt%nsgdﬁ& @mnélmrhitshsancmuimedawied
design of “protein and neptides, are, describ i n the r|or ar t

f or
exanpl e,using, HeF r%xa"mfbc weic; gleyeersen ’WOPB Jegulaigd  ang/pt,ng oo
(1994) , Adtibié PREmotdesl Anich e e o ré’af‘eibh of5@.g., 2R larftis88s0 or tibdzaime Pabo,
Bi ochem str 1986), 5987-5991. %JI ts obtained fromt he bove-
escr | beliecissaasinst dwn Nt Yacsiphat (oM agiie: SE4 PR SHPEh A SUhIR nod of
t het h“\ﬁﬁ&]dt:&é spgém 8 fcg exaﬁ@wh@gaemn&mgumw gehe bﬂﬁr&ssn&?’ & @BSdrided,

eptidom netics and other inhibi i fi

gyﬁt hesi®&9oPY §9seen &rdRuard (P E‘Zﬁ'rﬁ't ?ﬁ?‘?%‘c' 1 $90Pg§‘1 @ggﬁnﬁéﬁg%sgﬁc%’ﬁgm ve

chem cal gHgydnf érca '(%naélfbnéteéﬁ | @ (wsm), 6862).t Siilaf, OMBOLNISssich of theaccor di ng
to the nmet hods descri bed herein. t hods for the: |g,eneratlon and use of

pept i dorafiant MDEchBengmay |b§I°°m"9'|°9rt?ye‘§-'°B reguiaton; ¢lg
exanple in Gstresh, Methods in Enzynol ogy 267 (1996) 220- 234 and’ Doner
Bi oorg. Med. Chem 4 (1996), 709-715. 4? urt hernore, %&1 di.nmensi onal
and/ or cWﬂBtﬂéﬁ vaians MRR-1Rdlnucieptidesy and, proteips, aad é{ﬁ‘éf"fsh%” VMo i n of

the invegt $tile 18 usdird Divotdia Hevire the leffiefibicy dAd nrcrelamsro( Rose
Bi ochemqgtdroylgg 1£e996 1{2933 12944; by g

(1996) , %wamygyaﬂomm ins thenMBR-1 tgﬁi‘ep?ggeqﬂ"eph9@ftm%ﬁ%ﬁ?%€ R!\?§°WB? hods f or
i dent i f Y Hhefre? el dHan® MDR-1 proteins of the invention can be used to determine

the pharmacological profile of drugs and for the identification and preparation of
further drugs which may be more effective for the treatment of, e.g., cancer, in
particular for the amelioration of certain phenotypes caused by the respective
mutations such as those described above.

Thus, a particular object of the present invention concems drug/pro-drug selection
and formulation of pharmacautical compositions for the treatment of diseases which
are amenable to chemotherapy taking into account the polymorphism of the variant
form of the MDR-1 gene that cosegregates with the affected phenotype of the patient
to be treated. This allows the safe and economic application of drugs which for

MSn the prior art, for



conpounds whi ch can be used in specific doses for the treatnent of specific
forms of diseases, e.g., cancer the chenotherapy of which is conplicated
by mal functions of the NDR 1 gene often resulting . in a drug resistant or
sensitive phwooinmss I n a preferred enb®i nent of the met hoperkedoaesia
invention said cell is a cell of or, obtained by the nethod of the
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i nventi on metheda fdesaribedo|rereihe cakndan usedpefoboerample, MR- ilngpows edosingd f or m
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whet her saadjustoreptaudepedidingl axcthe considerfeidpatientogreapl € from sai d fi rst
conpl ex. WD 01/09183 21 PCT/ &P00/ 07314 Advantageously, in said nethod said

measuring ' step conprises neasuring the formation of a second conpl ex of
sai d prot elma mrﬂmesambodmherhltb@prmnﬂindemtbn reRites &5 althethod oF fHemBRing ar) St ep

corrprlses ur| cule hat I s not bound to
sai d prote %[9%@?{91 é’EhD%f 'faa?@?é’?f’l?&'“%ﬁ%gf%ﬂt"‘%f’ fRelegirvaiat i ped
(rjret hod IO];I eﬁhdemstgeMretsldeaelpsodwe@amléln%ﬂ‘dhstﬁpﬂaff hQ/C| OSDSFIP AhOF
mventi on B d RHGIG ST kgiant MOR1 B0 of el Stpressin § AREAT GUaG!

fl Iuo; esctent I ab?IDR-ﬂ gerae sbmbhsnhgrat bdyrzitmlﬂlmder&ﬂhe ﬁrt\%gﬂ?maﬁ]ﬁe pregendd en f
relates to a ne a .disorder related to esence of a
mol ecul ar vari am @%‘%@ ?%5% %’B%tq tﬂ%ﬁcﬁﬁ? Fianatin afeﬁP%’%P

conpri sing: (a) tdepmnmvmmg cbmponnd!scebeectﬁenéd RadynssHdrinsde pefmit |MDR-

i nvention in acﬁ? g { O{P subhgc and/or (b) determ ning the presence
of a variant f ?#%‘P for exanple, with the antibody of the
i nvention. (b)n atemtldgnme présbntélldr emwdenﬂma gignbher piheabé ofhuesighain, the
met hod of testlngP?é%cf st af.us , of adls ﬁr or .susceptibility to such a

di sorder can b&S eugruggtr%pspg g iie peesgpce, opindrease ofct

nol ecul e of t hesignayisnhdioativedona putativd tmmb‘nafm of a Southern or Northern
blot or in situ analysis. Said nucleic acid sequence may hybridize to a
coding region of either of the genes or to a non-coding region, e.g.

i ntron. | nThéermasompband'aneometHodesTitaé YnvehtivteMefides 2C8hyleedstaRcd BEamet hod

of the plurality of substances which may or may not be identical.
Said compound(s) may be chemically synthesized or produced via microbial
fermentation but can also be comprised in, for example, samples, e.g., cell extracts
from, e.g., plants, animals or microorganisms. Furthermore, said bompounds may be
known in the art but hitherto not known to be useful as an inhibitor, respectively. The
plurality of compounds may be, e.g., added to the culture medium or injected into a
cell or non-human animal of the invention.
If a sample containing (a) compound(s) is identified in the method of the invention,
then it is either possible to isolate the compound from the original sample identified
as containing the compound, in question or one can further subdivide the original
sample, for example, if it consists of a plurality of different compounds, so as to
reduce the number of different substances per sample and repeat the mesthod with
the subdivisions of the original sample. It can then be determined whether said
sample or compound displays the desired properties, for example, by the methods



I nvention, said nucleic acid nolecule can again be used in Northern blots.
Additionally, said testing can be done in conjunction with an actual

bl ocking, e.g., of the transcription of the gene and thus is expected to
have t her amavdiovissel evance. Furtherm@re, a priner or ol i gepspscadiede can
al so be used for hybridizing to one of the above-nentioned MDR-1 genes or

correspondin gRNAs The nucl ei c. aci used for bridi zati on can

cour se, H%S%gﬁ e o5, In e litgratyye | (%ES‘F" ’bte&tﬁ'mgcg manuak $eg sugab

radi oact Dé?eﬁd‘mg)bhethe rw:kméxnysuctmer@ddsﬂw méest&pé |deE6ﬁH§ii BBovehBarfibb- The
| abel i ng ot said nucleic acid,nolecul Eshcan effected (%/ convent i onal

met hods. PerirAed; severalytimes, cpreferakly untl tha e jidentfied, agcoxsling Nprthe genes

can be nmRigticd didhe MvertRinBhicathprigts fthifed Mithbérit? o Bhffddeysdb%ﬁrnbd(s fes to
ei ther of the correspondl ng WO 01/09183 22 PCT/ EPO0O/ 0 nuclelrc acid

sequenceBreferably,said sappie, comprisesoeubstancesi ofsiavan Faemigal andioa minsieal
procedur Fﬁ)peﬁﬂgchﬁdl FndY PrefEiabil $418 sebsthhfosoeVReAtidH]. PRE Phathataesr Bk Priners

pref erab %; occurs at stringent hybridjzation conditions. The term

P Stri ngeRleseRiBYention sen b casilvPeNerRed aad esignachaéng ReEAR Skiied indbe. f of

exanpl e, aﬁ%bé%sﬁn aécordandwmpyhaf céll mbashsséysteé&mé@wmwwbn second
ed., CSH Press prin Har bor, 1989; "Nucleic Acid Hybridisation, A

Pract i caPf by psiagand quaytng @ﬁﬂ‘Odﬂ|a§g19ﬁ§"Qﬂﬂ’shefelﬂREUW%r§§3fe dhe peeson 1985,
Fur t her NBgifad mtte BRWM re%ﬁi}%receemée Whuctﬂ@ﬁﬁé? &n%nﬁ?%ﬂlb?@nﬁirﬁ@% g Subj ect

may be sequenced to identity nutations which may be characteristic
fi nger pr PRtUSed in prieste srEonm thevmethpdgai dhe inventiore Jemexamploceraysiesi fir t her

conpri sepesBsHRIShal gomidn %U%Bnﬁnf EOEBSIHd Hto M . F?ecﬂ@é&ﬂrﬁhféﬁ Y turftFLPs - of
DNA or RNA obtained fromthe sub ect optlonall or RNA may be

anpl i fi etPASPSamES & Substraty irdhe i5irh SHOhaRaBIRtian o s MRSl e t he

art. RNAnvbhiHEs Ridinithidie 4K @ﬁhé%m ékﬁledflﬁiheeéﬁ'iﬂb%ancﬂéﬁﬁ%drﬁ% an RNA
sanple obtained fromthe subject with a suitable RNA-Enzynme, for exanple

RNase Ti. Withplfsdyo experimenationke or a ri bozyme and, for exanpl e,

el ectrophoretically separating and detecting the RNA fragnents as

descri bed above. Further nodifications of the above-nentioned enbodi nent of
t he i nveRoMmpeupds, which eansbe \sgd\in sacgowianes withetheopresnt inventio ingluder ¢ |

Wi t hout Wudé@dgfbtéﬁé’ernhéﬁﬂté’éldé)“antfbbﬁiébt @h\%lldbrgﬁhﬁs%rﬁpom; Ilgani?ds, the

exanpl es. An additional enbodi nent res invention réelates to a

net hod wReptidomimgtics, FANAS ran¢h the ikes Said &9!"!&9”!395 @malse H§ Bmctienal body of
the i nveggjipifived of é@ﬂ?ﬁ%& rkﬁbﬁﬁfdrug?gﬁfcﬁrﬁs' Mﬁarﬁiﬁ@ﬁ'cﬂb%ﬁn ethoasl of the

i nvention may be det e e tags such as histidine flags or

a biotin Q'rdh%@[ﬂ@"aﬂoﬁ of ghegrical rdeavatnfséanﬁeanalqsues 1Rse M@'s'@'!ﬂwﬂ 1o/1988@ on, t he
above de§ﬁn¢§iﬂﬁdrha%hmfare%&3ahbé&f$% eﬂawé eaéna@w H&tibobR of dr&&hé i ction

di gest 1 on rect sequencin nucl el c aci d anp | fI cation techni 8ues
hybri di zé;hamstWeanmngmegtﬂ@n jevnYiodkBe.a ) 25 Fiftindvasnyr, New York, N.Y. 10010

U.S.A. and Organic Synthesis, Wiley, New York, USA. Furthermore, said derivatives
and analogues can be tested for their effects according to methods known in the art
or as described. Furthermore, peptide mimetics and/or computer aided design of
appropriate drug derivatives and analogues can be used, for example, according to
the methods described below. Such analogs comprise molecules having as the basis
structure of known MDR-substrates and/or inhibitors and/or modulators; see infra.

Appropriate computer programs can be used for the identification of interactive sites
ot a putative inhibitor and the MDR-1 protein of the invention by computer assistant
searches for complementary structural motifs (Fassina, Immunomethods 5 (1994),
114-120). Further appropriate computer systems for the computer aided design of
protein and peptides are described in the prior art, for example, in Berry, Biochem.



et al., loc. cit. CSH cloning, Harlow and Lane loc. cit. CSH anti bodi es).
In a preferred enbodi ment of the nethod of the present invention said
disorder is cancer. In a further enbodi ment of the above-descri bed net hod,
a further stwpoesmiss i sSing administerirmgpto the subject a npghspégpiiat O
abolish or alleviate said variations i n WO 01/09183 23 PCT/ EP0O0/ 07314 the
MDR- 1 gene I n _accordance with a | i cati ons of the nethod o
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enbodi ment p r'ﬁoo@r Wbﬂem’%ﬁs}gﬁé 73)952‘11’5t %n&Qﬁnéﬁéeir?e%r&J %E)Bal

|nflannatory |seas neur onal | seases Or cardlovascu I'Seases,
in parti cudrd/on mﬁaﬂmtgphvc)@tru@uramf iphibitors ansikieddBReh prsttein Qfalne mentMDR 1
gene woul d _ _

The_gener agaba? debd Tor il Helth Y JeptborelicThbe TSR Bibchohiby of (R, L0
Accor di ngl ¥2938-1294d; Butﬁlnbeb@l@mgl Med. @l@me@lﬁ‘w(ﬂ,ﬁé%ﬂ;ﬁ%hm on level to | ow
| evel s or abolish the sane. This can be done, for exanple, by at |east
partial elimnation of the expression of the mutant gene by bi ol ogi cal
means, forlnealammlaw. thg present usvention mroddgsrmethedst fos ddentifying | aridcobtainihg

ngai nat t HETIROHER HsPlarfl L nSheRific HiSes YR ESRRIN BEfhesils Binis
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" der  var & PR sFinoolin il o abP oG SR IR Mo Botd s f e BE ot m
The WO 01/ @gaigéd by PETheR©Od 6f/ 81l invention or is comprised in the above-described

' transgenic non-human animal. ' .

In a further embodiment the present invention relates to a method of identifying and

obtaining an MDR-1 inhibitor capable of modulating the activity of a molecular variant

of the MDR-1 gene or its gene product comprising the steps of

(@ contacting the variant MDR-1 protein of the invention with a first molecule
known to be bound by MDR-1 protein to form a first complex of said protein
and said first molecule;

(b) contacting said first complex with a compound to be screened; and

(¢} measuring whether said compound displaces said first molecule from said first
complex.



t herapeutically useful compounds identified according to the nethod of the
i nvention may be fornulated and adm nistered to a patient as di scussed
above. For uses and therapeutic doses determ ned to be appropriate by one
skilled i nwohneaes see infra. Furtheznore, the present igpaiobeRid € ates
to a method for the preparation of a pharmaceutical conposition corrprl si ng
t he steps of t he @rove descri bed nethods; . and fornul ating a drug o -
pro-dr ug'°1 Mantageq yi’n'Euﬁ“&tﬂ‘@thf-’@rSQ'q1éP%&%h‘!‘QCStSBp¢qrﬂHtsie§nmSﬁ%ilnn|§rﬂlﬁent| ng
or amel i edriation &Ma @essHdtomplext bF Suid] sroteini AN QaRM inHibkdiCcamiidiag, of the

‘invention, qlt’ s or pro-drugs after their in vivo admnistration are
met abol i F&eferabls r said mea%mgétem GRmRitses; MRasuring Hec pBtaudh airsaly firsd abol | sm

to one Omdidduie Mat is \ﬁbtﬁbuﬁd‘l%céa'id’ oté‘ﬂ?t abolites (Meyer, J. Pharmacokinet.
Bi opharm 24 (1996), 449-45 rather than using the actual conpound
or inhibitor identified and obt al ned i n accordance wth t'he nethods of the

present iiuSgdriUlarly pRISREPERBbAMEhP biMHeAbbVE-déschibed tdlfiot of 648 & Used

which is converted’into 1ts active. in the patient. Precautionary neasures
t hat may MalequigisnVerapamihalspodat Syclesperin bmd@mggldm fFughermare, itlisscri bed

in the lPl'éfSrrréd HaBin tﬁ@‘?netﬁﬁ)oﬁﬁ!'uﬁié{nh&éﬂafﬂrs} mol I?Q'I%e preS%’lWﬁ 48°6) .

323- 329) preferred odi nent o nmet ho I nvention
sai d dr ugadwactlﬁeeaﬂw%@nalabeh vative of a medi canent as defined

herei nbefore. In a still further enbodi nent the present invention rel ates
to an inhibitor identified or obtained by the nethod described

her ei nbefba&til fyrityes embogiment ¢he present igyerntiondslatesge@ methad of otlamonbgvar i ant

MR 1 pr @ QidardilrFldteli P Hhe Oftesdii® AL 4 DRMIEBIar Vit CMBH-f!. ool B gl es and

inhibitors of the present 1nvention preferably have a speci t | east
subst ant F’lﬁqe}aﬂb'lﬂr@ﬁ@%ﬂ a digorsler gPmBrig@ci ficity of the natural ligand or

bi ndi ng teffining e h@?eﬂceoéf%t ﬁ‘dl\?hdéfeottlﬁﬁ of {Héqmérﬁiﬁn i\g & Iebﬁe or

|nh|b|tor can ave a bi ndi ng finity to 1 proteln o
i nvention of @subjectsandios M1, preferably hi gher than 107 M1 and

advant ag US | d!'et lltll'ﬂa Wnﬁre%ﬂce' &t aGRsianiMoin b MR rﬁrdtgﬁhwlﬁamﬁﬁ, glﬁﬁr essed.

‘Hence, i diment, a suppressive a ody or tor of
the inventi oﬁhﬁ@ﬁ“@ﬁd%ﬂfﬁhmwwt@ﬂ at | east about 10"' M preferably at |east
about 10'9 M and nost preferably at |last about 10'11 M WD 01/09183 25

PCT/ EPOQO/ 07314 Furthernore, the Present invention relates to the use of an
ol igo- ofn woytﬂaj&ee\m this embedimeat githecaresent dnvantipe. haunelbed ofitesyingt he

et ool ot B st YOkl 16 86 ARRRAIA o B oA idRl by R | €1 o,

Preferab ol 1go- or nucleot | IS a eot | or- a nucleic
aci d nol pelynucieatidener armslecq ewddaglewlee‘zf thef 'BV@"flODn eag -plir thecf@rrarofpa eferred

ebodi e gy hdied of | NG AAL b5 ishu WAMsis] (i@ ARic TRIL sedlidhber ARYY 15 o

50 nucleotides in I'ength and conpri ses e nucl eotide sequence o any one
of SEQ | hytnidize tp @@oq!mg region ofigither ghthe( genes)or igra monLreRg(regign; BOsequence

intron. In the case that a complementary sequence is employed in the method of the
invention, said nucleic acid molecule can again be used in Northem blots.
Additionally, said testing can be done in conjunction with an actual blocking, e.g., of
the transcription of the gene and thus is expected to have therapeutic relevance.
Furthermore, a primer or oligonucleotide can also be used for hybridizing to one of
the above-mentioned MDR-1 genes or corresponding mRNAs. The nucleic acids
used for hybridization can, of course, be conveniently labeled by incorporating or
attaching, e.9., a radioactive or other marker. Such markers are well known in the art.
The labeling of said nucleic acid molecules can be effected by conventional methods.
Additionally, the presence or expression of variant MDR-1 genes can be monitored
by using a primer pair that specifically hybridizes to either of the corresponding



of the pronoter or of an exon of the MDR-1 gene depicted in Table 8 or a
conpl enentary sequence of any one of those. Hence, in a still further
enbodi ment, the present invention relates to a prinmer or probe consisting
of an oligonuomnmumde as defined above22in this context, thBCt/EPI0NT3I4
consisting of" means that.the nucleotide sequence'described above and
enpl oyed t he r ner or be_of. t he es._no Ve
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addi tion, géierrms wfobtdwemfrbﬁntrfeeé@,@a rhay tbléesetﬁeneéd as |§éﬁtif¢‘hﬁhtaﬁ2fnsa
substance ﬁ)abl e of bindin eci flcak/ﬂ{é ﬁgé Produc_ﬁh?gf an MDR-1
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In a preferred embodiment of the present invention, the above described methods
comprise PCR, ligase chain reaction, restriction digestion, direct sequencing, nucleic
acid ampilification techniques, hybridization techniques or immunoassays (Sambrook
et al., loc. cit. CSH cloning, Harlow and Lane loc. cit. CSH antibodies).

In a preferred embodiment of the method of the present invention said disorder is
cancer.

In a further embodiment of the above-described method, a further step comprising
administering to the subject a medicament to abolish or alleviate said variations in



del eterious to the recipient thereof. The pharmaceutical carrier enployed
may be, for exanple, either a solid or liquid. Exanplary of solid carriers
are lactose, terra alba, sucrose, talc, gelatin, agar, pectin, acacia,
magnesi umwoeHomse, stearic acid and @he |ike. Exenpl ar yPCITEPRO/RFAI4
carriers are phosphate buffered saline solution, syrup, oil such as peanut

oil and ' LI LANS A t tti,ng. agents,
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Furt her m{1999)t361-388 of pharmaceutical conpositions which conprise

anti sense- oligonucl eotides which specifically hybridize to RNA encodi ng
nmut at ed versions of a MR-1 gene according to the invention or which
.conpr i se lardnothed | prefetned cerhbodiment of diae gibove-dgscribedt mathdds: saidr niethod but not

or not Slfb tantial.l?f%/ the functional wild- type formis conceivable in cases
i n whi ch "UHET CBMPERES ?%‘f?'rlﬂ‘ the mutated formin the cells should be’

reduced. (WoaGundhieAdiand expfeEsbROMIBE MDRHagene dro t he present invention the
parti cul drug selection, dosage redipen an cqorrespondi ng patients to be
Preated dinSibledis s Bpecie S ele A BRInAton G0 SBEEcn: | aventi on. The
dosi ng recommendations will be indicated in product |abeling by allow ng
the prescrijer -to anticipate, dos just ment s..dependi.ng ..o consi der ed
a1 ot db 15 confern 2R =8 fig nPleRaR hist hRH RuGE P AR IS s g 't o
t he wr ongneamisiacgére wieréinahsvendgiedgaateinthavidgasarooreall dfitike primagndtructuvaint i on
relates to di agnosti c .composjtiqn or . ki.t conprisi any.one of the
1 or e- de SOPREEEIL P, haYEoPPR DR Bl e, pESERENE Ih ffibaic Préperty
pr ot ei ns of anédidting the, diughirémsportsthroughl thiecmefribrarin | Fris leertbodimériteof the
correspondi ne% yectors, of tgef I pventi o and .og%i On&qlnl( . Suitabl e neans for
det ect i oPresephnveption,is syited;iny AT S W@%r’@&f%ﬁi's such
as sel ectONS fdrmaw or ca_&didva:summl rumasd ed,dn ﬁaﬂiw_tﬁr]iiwgpmd?.mﬂebﬂmbbﬂhéor t he
generation of transgeni an [ e kit t invention nmay
Sy ant agasBEeson 3 ALRem HIBELF softh ol alaw the ieiisin fat Sl AfieRlih ong
coul d be,is intérreiated tathecdapleratior or Mmaintendncet of adorrgzpbiding pbherotypesofghe in the
di agnost Id?sefalsglgcc%{'dir?gﬁy,rae gtee%rv%]ulé %8|a'ppl-{ehae td’ %%ge me é)bperesigign %Lelttgel\ov'vnvent 'on
levels or abolish the same. This can be done, for example, by at least partial '
elimination of the expression of the mutant gene by biological means, for example, by
the use of ribozymes, antisense nucleic acid molecules, intracellular antibodies or the
above described inhibitors against the variant forms of these MDR-1 proteins.
Furthermore, pharmaceutical products may be developed that reduce the expression
levels of the corresponding mutant proteins and genes. |

In a further embodiment the invention relates to a method for the production of a
pharmaceutical composition comprising the steps of any one of the above described
methods and synthesizing and/or formulating the compound identified in step (b) or a
derivative or homologue thereof in a pharmaceutically acceptable form. The



can be packaged individually in vials or in conbination in containers or
mul ticontainer wunits. Manufacture of the kit follows preferably standard
procedures which are knowmn to the person skilled in the art. The kit or
di agnostic cOMIYEINBI ons may ibe used for24 net hods for det ect PERERITHLES| on
of a nmutant formof MDR-1 gene in accordance wth any one of the
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|l ead to altered proteln confornmatlona sone Vvari ant
MDR-1 proteins possess a terticary structure that renders themfar |ess
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i nvent i on Rigyealingorameliosatingdhe disordpn ofithey subjectelingriogedin! theuhethod/iof die ar e

capabl e of ,gqg,gﬁoéatl ng the wild-type function of a MDR-1 gene or protein.
WO 01/ 0918 CT/ EPOO 07314 | n anot her enbodi nent the present invention
relates to the use of a drug or prodrug for the preparation of a

ghar eceu: it GUBRRA e P 1 9 BMpE0 B FUARIBRAT 28

di agnosed %l’l
i nvent i on elninated either fhy excestioh embeimetaboliem thoese afr raoreuattiviecor mattive

sequence e ' t : . .£ssi bl ' t - rotein for
t he prepa&%ﬁygﬁﬁgg'@%ﬁé{r %@%@gg@(?&ﬁgﬁrh ;323%1&%?)’ @gﬁgﬁl‘gr RH%h i ng
and/ or del @ahrugingathei actualeconmpaundosreidhibitor identifidchand abtdited imucttriatce A
gene encodj ' e i_b - 1 _protein. can be introduced
Toto the. cuftf i meBRos F fe @S GHirEeR bR dnB oAb < By

t her apy, wgarche bsecbwhiel imconverted dntoiits gctiveeinathe wiatient. Brsvastiomdiry mesufesby
eX- Vi VO Of gnl 13\ V, lgues_iS. one of the nost jinportant, appljgcati ons of
gene trans?’g{:fn\égu% éag‘ﬁgqsggleo?@%&ﬁ@"%{ H@dérupﬁraq%- ap radecﬂespﬁfqd Mothegene

t her apy arldersdurey see tbrireviewncOarmay JtToxieol 8di. a1 ¢1998)yBr3-829)he person skil | ed
in the art; see, e.g., Gordano, Nature Medicine 2 (1996), 534-539;

“Schaper, Crc. Res. 79 (1996), 911-919; Anderson, Science 256 (1992),
808- 813; |lgnarpreleeadeémBadimentl 80 Me nistRod b4, thélresentsiavention’ Said Rﬁﬁ% of /

07/ 00057 T ORAR g8 SPeRhve e iAo Heriotingt BERARSTE- 7 (1006) . 635 640,

and references cited therein. The gene nay be designed for direct

e ouct % 80 e P ERSEH, B8 edart BRBRGT e f B e el 1 ne
obtained by the method described hereinbefore. Preferably, the inhibitor binds
specifically to the variant MDR-1 protein of the invention. The antibodies, nucleic acid
molecules and inhibitors of the present invention preferably have a specificity at least
substantially identical to binding specificity of the natural ligand or binding partner of
the MDR-1 protein of the invention. An antibody or inhibitor can have a binding
affinity to the MDR-1 protein of the invention of at least 10° M, preferably higher
than 10’ M and advantageously up to 10'® M in case MDR-1 activity should be
repressed. Hence, in a preferred embodiment, a suppressive antibody or inhibitor of
the invention has an affinity of at least about 107 M, preferably at least about 10 M
and most preferably at last about 10" M.

<



cell, enmbryonic cell, or egg cell or derived therefrom nost preferably
said cell is a stemcell. As is evident fromthe above, it is preferred
that in the use of the invention the nucleic acid - -sequence is operatively
| i nked to "Ql/nery el enents all ow n@sfor the expressi onpcpisedoaisisar geti ng
of the IVDR 1 protei n to specific cells. Suitable gene delivery systens

t hat can I oy I n accordance ig§et h the i nvent I on may i nclude
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system W ueRotidér £1RSAI6It e Rlecilé ok trTRvdritoA Yestidd befisred.  Sci. USA 88
(1991) 6-2729). Standard nethods for transfecting cells with

reconbi nant DNA are well known to those skilled in the art of nolecul ar
bi ol ogy, 1A & parficdlar er%/ &RB6dment Saidl sligoRtdlEctide (8 ol #6 A0 Y 00PMoRe WO
01/ 09193 29 7314 carried out by directly adm nistering the
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cancer orco?nﬂ*@ﬁé,ggﬁl seqBheed rdﬁb%mgl ar disease. As shown in Exanples 6
and 8 the pol ynorphisms i dent |ed I n accordance with the present

I nvention, especially the si ngI e nucl eoti de pol ynorphism (SNP) C3435T in
exon 26 fﬁerfcge ifVeFsth fiRnsr %So&lﬁ@n‘t" th8SpraseMtanieHiRA SeRites td ACHither HA

enabl es the prediction of blo | evel' s of diverse MDR-1 substrates and

i nducer s Arebe capFigingneinan OMOW@Q"Q%faét @ﬁfﬁ'ﬁﬁ ahovec Htihis context; dheytas ct and
prevent - SeaRsigtingAt fe@Rs! tikt e nhé]é@ﬁu%%éd@@ﬁcé‘H@séﬂbeﬂ%o@é%ﬂd%ﬁl@}@d

conpliance. Such substrates and inducers are, for exa
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like Di g%hﬂendd@BfWMBIﬁf ?géhé/ ﬁm‘ﬂé&iﬁﬁeh} bdﬁﬁcé&f‘&k Réﬂoédd?or‘?s 3Rd. ﬁéﬁ%

macrolid- antibiotics, Clarithronyci'n and Erythromnycin;
macr ocyclqﬂa,el’amQ'Qﬂ%t Sk‘!@ asi labelsy eanpbwtmm@&cu{eﬁe frwtslyerﬂags.maeﬁquyn al so

relates Undnih!SoiBioal IADAKE AewBll B hudiitBe NoqheRba WHGHERShoC act or

in accor ceW| ove. Preferably hismis the MDR-1
exon 26 (C@H#QW El\ltheeMQﬁ’eﬂ gengnmay by Rf@@ﬂﬁ umtm B"r'i“e(/vaﬂ% paeResopthie SNP

such as eﬁ?@é&\ﬂﬁ\?&ﬁ Reﬁuﬂh& re FHri%hﬁléoWsHé‘ttd)% tHe ?BSV@‘He)é@ﬁ'He@h' ShB

identified 1n accor ance W t present 1 nvention and neans and net hods
that can n@étqywdnuwe@t@@orsaqwew aRdt e C@B‘!:W@ themc Withe @tharb busletidles can be

found in ,cﬁaeerweﬂsoagweh frbé, X NIDRS net Efe'infﬁiﬁ'eéen adbifiofiaio nGabotite4

wherein the there escri means an f or ensi CS, Pat er ni ty
testing, segueraqemargnnfefsppfﬁeginmﬂpmqmeswtmr Heaneolgic @cids ot whergiantei c

nucleic acid does not correspond to nucleotide sequences of the MDR-1 gene.

In addition, the present invention relates to the use of an antibody or a substance
capable of binding specifically to the gene product of an MDR-1 gene for the
detection of the variant MDR-1 protein of the invention, the expression of a molecular
variant MDR-1 gene comprising a polynuclectide of the invention andfor for
distinguishing MDR-1 alleles comprising a polynucleotide of the invention.

Moreover, the present invention relates to a composition, preferably pharmaceutical
composition comprising the antibody, the nucleic acid molecule, the vector or the
inhibitor of the present invention, and optionally a pharmacetutically acceptable



mappi ng of phenotypic traits, etc. can be equally applied in accordance
with the present invention. These and other enbodi nents are disclosed or
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MDR- 1 material well known to the art, such as glyceryl mono-stearate or glyceryl distearate

alone or with a wax.

The dosage regimen will be determined by the attending physician and other clinical

factors; preferably in accordance with any one of the above described methods. As is

well known in the medical arts, dosages for any one patient depends upon many

factors, including the patient’s size, body surface area, age, the particular compound

to be administered, sex, time and route of administration, general health, and other

drugs being administered concurrently. Progress can be monitored by periodic

assessment.

Furthermore, the use of pharmaceutical compositions which comprise antisense-

oligonucleotides which specifically hybridize to RNA encoding mutated versions of a

MDR-1 gene according to the invention or which comprise antibodies specifically

recognizing mutated MDR-1 protein but not or not substantially the functional wild-

type form is conceivable in cases in which the concentration of the mutated form in

the cells should be reduced.



all el es. Agarose (Appli Chem Darnstadt) gel el ectrophoresis (1.5% Agarose
gel) of the allele specific PCR fragnents of exon 2 (261 bp) and exon 5
(180 bp). The invention will now be described by reference to the foll ow ng
bi ol ogi cal vecampisss which are merel 27l lustrative and ar ecipgboddsie
construed as a limtation of the scope of the present invention.
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fina
For the With Any pog %W&. F'P%‘?%"F‘P?‘Xé“?tﬁ fntﬁe invention, employmg.

example, immuno assay techniques -such as radioimmunoassay or
enzymeimmunoassay or preferably nucleic acid hybridization and/or amplification
techniques such as those described herein before and in the examples.

Some genetic changes lead to altered protein conformational states. For example,
some variant MDR-1 proteins possess a tertiary structure that renders them far less
capable of fascilitating drug fransport. Restoring the normal or regulated
conformation of mutated proteins is the most elegant and specific means to correct
these molecular defects, although it is difficult. Pharmacological manipulations thus
may aim at restoration of wild-type conformation of the protein. Thus, the
polynucleotides and encoded proteins of the present invention may also be used to
design and/or Identify molecules which are capable of activating the wild-type
function of a MDR-1 gene or protein.



WO 01/09183 33 PCTI EPOOr 07314 annealing tenperatures were applied: A 53C
B: 56C, C 55C D 57,5C, E: 58C F: 59C, G 54C, H 60C. PCRs were carried
out for all fragnents (pronoter and enhancer) in-a.reaction volune of
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( Qui agen, ' . ; ; ' cler
el 970l e emBbdimBhthe Wik Sork HeRBR ol do HRY lisd! of s Bhig b Bl
di fferent tonhe piepatation of aphasmacauticalrcomnasiion dor the digatmentor-prevestien of

enhancer fr X i r atggge@g i for ronot er fragment
1 and enhaﬁ%&é’a%%ﬁ%%@é@@gﬁ{é’?uqefg I'on Z[E]%P%fr% 0 secl,O pri mer .g
an gegl) i pg Ggpbenhmg, the présenpinventionsrelates torthe usepéan effectiverdoRed adiucleihs: A
an or Inkreh_ AS f 72C
for 2 m nooRspabrneeloofiRosEfintinal B oRbigelBlc vl oo MITR HLERTIch e, 7
t ﬁrrper at :JI‘ preparation ﬁ]EmphwmacMimOpmaosiB@CfdrH@aﬁm,i preventingGrdiorrdalayinghs and
the resulting si.ze . I ' . | 4 | n
Tabl e 1. ERAES” dRonged0 il Ry RRTLI0e Fafton. A REE Brtodhf o ubbfthal |
L u][t he(r]I anah?%kpreséibtehﬂDRnﬂbndteiua:hn@erimrqqmedrirﬂo thecsallstwhich in tBimypnoducel. The
efi ne ragnent s. cont.ai i Ng..s | T t o e,
exon seq%?“&g'%ﬁsﬁ%@ﬂs &ﬁ%“’.gméf%ﬁ) s‘gﬁﬁ@ﬁ%et% s%{] (irﬂ@t&)légg{ﬁ P%eﬁﬁé’
boundari es geﬂes dntpr calissby cext-wivo @moinesiveo teahoiupsristate wfidhe onpste inpondanbuf f er
conponent s t i

t..oth | 1 ght J f - e
et or i nat FBRTioRh F aaE AN euete isfort\ A BthoRl JBE Wik, v g
\l;g; et hi sdptgeh_é imahpyv)\?{e d?smitbgd dn itiosn litexatheengrd atehkmoven (tgthﬁopqrsolla(skiﬂfm llnﬁs
use i agen s~for . r akh . ; e
fragnents, (ﬂg%jﬁﬁfiqeeﬁtg-yﬁigca@ogﬁabﬁgﬁ\??%n?%agﬁ%‘ﬁt é?g'g’é?'t %@fgg e?’oéf"lré(;iﬂretgbt DNA
fﬁqtjence arrgl msefs), gua_r-mg}?mdeiwh, Ememdl @56 offt 982); Emmaym _ddr, daneetf 348)nent s
at were use rdir equence a Waloll -
et a3, St AR E o B 517 R B P it
et er et | o Rl o L he. Seanonse anavals Al Lelevant
in, sequ Si. rel evan
regi ons of cﬁﬂ’éwﬂ‘ fpt °‘P9¥1gn@%$13%35%1439 apg f%gﬁﬁé‘ﬁfs Fﬁ%&lb{eﬁﬂi @Fe 9%?
anpl i ficat irdy 86 ddsfynedl for airectr ingodudtionf ot foe iMSIubtios va lipesamesyrariviel out
(see Tab.1) and &%e rifjed PCR Hlio%uc‘%s sgbée ueﬂt I% sequenced .t h
est abl i shedROfhtRIS: Vigle fRAFAYIrAR AP 186 cell BTEIRIBNNY; ﬂ?c ¥ & $Tht t ant
cell, embryonic cell, or egg cell or derived therefrom, most preferably said cell is a
stem cell.

As is evident from the above, it is preferred that in the use of the invention the nucleic
acid sequence is operatively linked to reguiatory elements allowing for the expression
and/or targeting of the MDR-1 protein to specific cells. Suitable gene delivery
systems that can be employed in accordance with the invention may include
liposomes, receptor-mediated delivery systems, naked DNA, and viral vectors such
as herpes viruses, retroviruses, adenoviruses, and adeno-associated viruses, among
others. Delivery of nucleic acids to a specific site in the body for gene therapy may
also be accomplished using a biolistic delivery system, such as that described by
Williams (Proc. Natl. Acad. Sci. USA 88 (1991), 2726-2729). Standard methods for
transfecting cells with recombinant DNA are weil known to those skilled in the art of
molecular biology, see, e.g., WO 94/29469; see also supra. Gene therapy may be



paranmeter that was needed to consider using this approach was that each
normal  human i ndividual harbors two MDR-1 gene copies. Because of this
di pl oidy (of autosomal genes, and MDR-1 is autosonmally encoded), great
care had we dierseken in the evaluat®®n of the sequencespdcmEiwenEME t O
I dentify unanbi guously not only honbzygous sequence variations but al so

ot or i 1O BT R achfBioR e folBinoinant DA mtfRcile REIAGR &30 o

defi ned iMBEtibnde mepdtieatjocby transfectingadells mdihvthe pmlynublgotides queeatomef thet h

uan poprsen s WeSandfusidng Pobabed te Al B8 oM T nS ' el lGi ng il

exons, of the human MDR-1 gene was carried out fromthe genom c DNA from

24 different indivi .S, Thi | s (o [ YA e ! les. t.hen

‘ext ende dlnfaoﬁregegflegcg rﬂ%’%ﬁﬂl&éﬁﬂ Q‘%%)gmf@dggg X@e @‘?‘L’ n\fﬁi‘r’@ﬁﬁ ﬂ%ﬁaﬂéﬁ n

anal yzedcdncenorl2ieuronaly CNGadreardibvassalgrdisease. wer e manual |y i nspected for
the occurrence of DNA sequences that were deviant fromthe published MR-1
sequences, which are considered as "w | dtype" sequences in all of this

work. B&ksshewen froExdmples s ah@ thecpolgmatphisnsaideatified iataccordahce mdtheahgect ed

f f ..h . t .allel f a ' Har d
Vel nber PRSI INGBRIAN. gapectal 1S ol atdd pdiyRreiych (SREL KRBT IR cnr 1 n
th he pr edgxvinezb ?i\l/m?mnmmagg%mramltmbml dsgiphahuh'thad:ageneﬁc fantar ztlmcerml n blo?s.the .

et erozygoys..a es. an viati: experd nent.al. findi ngs. is
serves. waHiEneh AERISRY BVRisio SO R hatbeiies S5 BalRR o impr Qe .
devi at i ogf Hﬂ@eedfg_tyeahdsemgacya irgovtol p@kﬁoel.andl Smna:fs_idm\egbcﬁm dtdrs{@g]uence
vari ation e _di scovered and. experinpenta C rmed  usin i s
appr oac h'"%ﬁ%,‘\%{‘?“ﬁragagﬂ\émeﬁ? PRGN EOE'PH%‘GSOHV%BPH%% £S gBﬂé%‘#ucgﬁwa'ient ron
S eg ui 28 ettbr examplef ?mﬂkanggsbrl%aml\lgﬂnpfg drﬁgs,llkggﬁgedﬁoiOSEﬂdidb gl@ao( xa sicféls, N%) 541 "

or .exon NOs . an or ,exo J ]

for v olR0BIEs: PhinuhRERRres, druds, ik g”é‘}“%’?ﬂi’"( éE@({]B%Eg’. BRI o 372
for exonaritibjoticd, liké Diaritivoyin aed Erfihromycin; nand enapotiyelic-antibictivs, Bkd n t he
cxons 2 Bl TR SRR ot B et S o BB LIR30 "
(for eX_oleéés,aslg@héfmactqgéﬁeticlﬂa)ctolrliﬁaobbmanee(mhlm%ehahm&ezvréfémpgexm 1), f
respectiv : varj atjons, resu n i am no aci gguence o
the” DR bR, & bRMBEeEoh 28 ER4RSRDIRR, st fard ST el 06
(for S40QMH any 618pSNPisuch ul thoBealescriiealalmveni | | alter the MDR protein. One .
change that does not alter the protein is located directly before the ATG

transl ational start codon (SEQID NGO 79). It is well known that this
posi t i onFiirther eipplidations bitie pslymbiphishrevidbstifiet! in excporiance withfthg pedsenhs by

i LA S e Sy Be 88 e P S BB 0 et
described embodiments can be found in the prior art, for example, as described in
US-A-5,856,104, wherein the there described means and methods for forensics,

Paternity testing, correlation of polymorphisms with phenotypic traits, genetic
mapping of phenotypic traits, etc. can be equally applied in accordance with the
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YR

present invention.

These and other embodiments are disclosed or are obvious from and encompassed
by the description and examples of the present invention. Further literature
concerning any one of the methods, uses and compounds to be employed in
accordance with the present invention may be retrieved from public libraries, using
for example electronic devices. For example the public database "Mediline" may be



are useful tools for MDR-1 genotyping. because each of.these variations
define a novel MDR-1 allele. It is known that the expression of MOR-1
varies greatly between different individuals, and one very likely

expl anati on womimshes variability in ex@ession |evels is arCEEP9/07314
differences in the region directly in and surrounding the MDR-1 gene. Thus
al.-l novel and defined MDR-1 all el esllagerve as nar gers for the determ nation

of the VOizedjene WHigh us i1 pat AliEBleThe Ofpor ¢ AMEESYF  hieS-VDR- nder

genot ypi ngmtfp@/rww\bﬁhcbmﬁﬂﬂ@gb\s/mamew?ﬁé@w Hohl. di SPadies ! S difbhsée) OWarido
experts in the field, and It al so been exglalned n detajl abov? in
it he

t he i nt r ocRAIeISESchAMCBr . a¥he h@?é’(‘!‘fW%BE'P'tﬂ"Brﬂﬁh O: f URtRYAVWY niQPjogepr

novel  NDR- Faalhinfivaihi. c/Biologslirgsedrs 1618 imi, Wkﬁ?)wvﬁﬁﬂ?@&%ﬁ RBhriAUR R
devi ation, and the honpbzygous vs. heterozygous .dis ut| on of the allele

in the popreﬁraen ﬁ'ﬁ“@r@thﬁﬂb@q ﬁar'rabpévezobtmsdm% iR WWBHYGOS. cam.
honmozygot egn aflergiéw é(ﬁf)dt@r&tmﬁhhﬁﬂl& iNeiSteE Rl 2aRd a%n;éyeofbe@vmcgouwa
Har dy- Wi nber g di st ution devi ant base in the, Sequence is bold and
under | i nedof natgmn@om@m\!@e@ﬂdﬁwé@smﬂw@ear%mm/meyfoawrrepb@uar@ne%s isf

novel var I:%D'%B @Tb slgagygous or heterozygous individuals.
Exanpl e 3: éﬁiﬁﬁoscfﬂ or speC|1?S(c1§g gt]@gn and di agnosis of MDR-1 alleles
Met hods to detect the various MDR-1 alleles that have been identified

utilize theye Bl?éorir‘h%'gﬁx{ngﬁaiegﬁé d%@ﬁ&étfc'&n%&%ﬂ%%é&sf gt & ﬂ@‘fﬁv&? cﬁdﬁs' at ed

into reagents erentl at’'i on hese reagents provi

necessary Prausesbios thaﬁlagm@memé trepiment of\g! bmﬂgmg@eaaewmmlmwm@s of

di agnosti c REIDH- n ted
to - oli go?léu'c séao?tlﬁ ?e%;?ﬁg}% ?om t he§ﬂepgé%ﬁ%&°%@§ugﬁe&d®n t he
newy ideand ﬂswofuas@rssamﬂn\tamtlp@mayl:bequeamblx/ errtpke'egrm dimanss ahough

di agnostic f MoBa e status
i ncl ude - % %Q?%Jtﬁ% Fl%lﬁo e(f% W aegéq %F%n@%@%fj%aﬁ %gb%’ygésl di za’él'l Fﬁﬁl
efficiencies of such reagents to the various MDR-1 alleles. In addition,
differences in the efficacy of such reagents in, or as different
substrates for, enzymatic reactions, e.g. ligases or polynerases or
restriction enzymes can be applied. The principles of these tests are well
known to experts in the field. Exanples are PCR- and LCR techni ques,

Chi p- hybri di zati ons or MALDI - TOF anal yses. Such techni ques are descri bed
In the prior art, e.g., PCR technique: Newton, (1994) PCR, BIOS Scientific
Publ i shers, Oxford; LCR-technique: Shinmer, Ligase chain reaction. Methods
Mol . Biol. 46 (1995), 269-278; Chip hybridization: Ransay, DNA chi ps:
State-of-the art. Natrue Bi otechnol ogy 16 (1998), 40-44; and MALD -TOF
anal ysis: Ross, H gh level nultiplex genotyping by MALDI - TOF nass
spectronetry, Nature Biotechnology 16 (1998), 1347-1351. O her test
principles are based on the application of reagents that specifically
recogni ze the MDR-1 variant as transl ated expressed protein. Exanples are
al |l el e-specific antibodi es, peptides,



substrate anal ogs, inhibitors, or other substances which bind to (and in
sone instances nmay also nodify the action of) the various MDR-1 protein
forms that are encoded by the new I\/Dsi-l all el es. The exanples that are
present ed weroe/09180 denonstrate the p 1 nei pl es of di agnoSkPCHER0S7334 Wi t h
reagents derived fromthe novel nucleotide substitutions defined in this
application, are based on PCR-nethods. It is obvious that, applying the .
descri beg sEeEi fi,-c,reagﬁntﬁ, -any of the other nethods will also work for
the diff IgHo el es. Exanple 4: Diagnosis of MDR-1 Alleles
by specific PCR Allele-specific PCRis a technique well known to experts in
the field,that, allows .th di fferentiation of alleles of genes by the

appl i cat FeHTE 15t heé)ﬂcﬂfﬁ?&’éé‘uag(éﬁﬁﬁg"ﬂ%ﬁt befare and pltecpyification. fgasese

conbi nati ons) that(AEﬁlﬁ CHeps bbﬁﬁétbmzcgémm@pﬁ&@sfshgsi%tg hiogd dyj) ofsi ngl e

al l el e sequences. T§ in-conponent of such test and the only ‘reagent
&t P before @t

that provides the MB (& fragrpents and after (B) theoprirtiicatian gié Mhat are
designed to cont ghdlesRatoansight thiakempPes2Bi CRCRY fflighintd Uesraithg f eent
al 'el es of genes. WD 01/09133 37 PCT/EPOO 07324 In this exanple, specific
ol i gonucl eot i des \R8AUEREES;QfexaNs f:28 of dhe human MIPR-Jraenss insfuding rejewraty

al | el es because ofgghliendesdhat’ £16 ARAkiAY tHashekahgzat i on efficacy to different
alleles and because of their varying ability to serve as substrates for
enzymatic reactions (the enzynme in this exanple being a thernostable

pol yner afqgureie "BRaHPKS 16 HomoGéuss RRAI hierdZyjods MORer ARfbsabig to

detect the presence and/or absencé of the _n.evax defined ndr-1 alleles in
i ndi vi dual humans Sgedencesf PGR fagments eoigining the seauenees i exonsi-28ach new

allele in Table 3.otthe R@RbOMDR-1 g, "lrﬂ:’!\ﬂﬁﬁt{ FelBd@RSséfuentdS g

di scovered nucl eoti de sequences and base substitutions in the human MDR-1
gene, which are priaskiRgdbpserexonsnyeee deteimined by adtiomatedsequepciagdsindgur e 2.
In addition to t i mﬁw ' e ' ' at are
based upon the p?ﬁ%gﬁoll gﬂggrpo yrre?é_ggghgﬁﬂi ﬂb%%%g?gﬁ%eggﬁg?%zati on
of test conditi ongleviatians fegm | ez eublished cCMPHR-1 i sauvengd care dg| detgptedest i s
in this case givenjRetyPinine DA SquepbsprfiRsOf specific DNA fragments

obt ai ned usi ng genom ¢ DNA from i ndividual humans as testabl e ingredient
(tenpl ate). The preparation.of the genomc DNA from the blood of

i ndi vi dUEﬁiéuﬂess:defESJah{Wéé iior MeYPBLIS df hBHBSyY¥RECaRd hdtdzytus’ MIDFRK !
fragments Tn a reaction volunme of 20pl. 50ng DNA tenplate was added to
standard PCR buf f élleles) Agarose (AaBiiihem nDarmstagt) 1 gelgiactreproresis 265%1 dNTP' s
(Q agen, Hilden), i 1 39 i hdﬁig i mer
(Met abi on, Muni ch;Abs?E%s(%??LBmm?li(e%r + (':Coir::fcmn prrin?rreﬁg dz%bgngge?i@nut
priner + conmon prﬂnﬁiﬁ’(?"zﬁr(@@.bpraq pol ymerase (Q agen, Hilden). Al PCRs
were performed on a Perkin Elmer thernocycler (nodel 9700) with an initial

denaturation step of 3 min at 95C and 30 anplification cycles of
denat ur atThgdnvention will naw Be gescribed by reference to the following biological examples

which are merely illustrative and are not to be construed as a limitation of the scope
of the present invention.



primer anneal i ng depending on the priner's nelting tenperature (PCR
conditions: A- E) for 30 sec, and 30 sec for 72C foll owed by a fi nal
extension of 72C for 8 min. For the single PCR conditions A-E the

fol | owi ng anweeioMg3t enperatures were afdlied: A:  54C, B: PEUEP@NO7BOIC, D
61C, E: 53C. The deviant base in the respective specific priner sequence is
under | i nedEand in a bold style. The presence or absence of specific DNA
fragnents assay translates in presence or. absence of the tested
allel'e. Exanples for such readouts as results for the MDR-1 allele

detection dia , vvn ur ObVI romthese exanpl es
(Tab 3, °ri ARG 5 1sBlefion” o8 Geronte' Bagh ttamc Rl Pliihclr Seheratiph Snd
presence oputifieatiorebf MDR- W@anéfﬂédmém in humans. Honpbzygous as wel |l as
het erozygous, frequent as well as rare alleles of the VMDR-1 WO 01/09183 38

PCT/ EPOQ' 07314 gene can be detected. TFie specificity of these tests
relies sol ggnomidBNROWAS lobtaitmpﬂﬁsmndafu ioheemnangé cirofiatgrapiey tsthnidges

Gependent - (auipkeh KeCRE seiaion of GPPRDICING fram Boae el Barmpirne i,

and novel wdialeie tedtbadl(valliRebisehemting delibaﬂm@ﬁt) ot PaaﬁﬁéboT@gyl &t ﬂ'le @miraé e 5:
Di agnosi s geﬂ orrelation, of different ssion

| evel s and i Was abtaigeq inger mlgerﬂogagf, éﬁt'?aqqo r%%a%ﬂt pp 'Bﬁ‘t"‘ﬁ"ﬁ‘t E%

di rect cor patediubrifisaldbqiifdment RPtheTHdes Thnibliinin Betlifi, GRimagy.evant
phenotypes in humans, probands froma study at the Dr . Mar gar et e

Fi scher-Bosch- Institut for dinical Pharmacology in Stuttgart, were

subj ect ed igpetifie digbMidiédiak] mn@rfs 2Mar- éadhOfragméﬁthlvﬁéfé asplidaser biam by
exanples 2-4. The expressign ls of %f@gl n the colon and_liver o?f
t

these pati GRVIGRES %re@ﬂ'%ﬁﬁ ) dgfined Bents GRANNBINOSPSERE RARS
detection efe hhmaNDﬁbh-pbehéﬂvheéelﬂsﬁéaﬁncpélgggnae thﬁﬁqbﬁmwer@ deS§ighsd ten to
I N

neasur enen he EXPress| on | evel s of e col on neasurenents

of MDR-1 uﬁym fonerAUENEPS HPStiaam abddanstiepm Bl the,wariquscexapsef, theMDRA] 5o,
the in viveens! The P%mfngmkréwﬁ@ftsmw%edd@ast bhll &3h CdeeRehtel) batl

condi tions was determ ned by neasuring t bl ood concentrations of orally

adni ni st er &FOFARKINtrop Segygnceg At dhe F%th'nﬁfﬁﬂmumef SYBR inteanic seRYeRReS e
bl ood con%ﬁi&bft@&né)&mﬂssa?e KREWA S be' %Pbﬁam dorféct bidck¥sihg ahB%uEQéc?ll%nt The

results of the MDR-1 neasurenents, I ci ne 1 nduction experimen
di goxi n- ex S¥PiesEiARsof Abe wprateias epeasing smE‘M’m fheragess 1knawr nas plspliging”.

det ection Gli@éht‘i&é&ldbﬂpr;rhﬁ' %gom W8 Wilisy Hi%cﬁ%frﬁbaéa SREND BF RN

MDR- 1 gene expressm In Vvivo act|V|ty wWth certain
pol yror phi $wEanVMRA:1 geneeisynihesized : anss pyifirch bynaffieibl ehupmatography (OPC

pol ymor phi TahAdg égys'r,.féeé\?gﬁgg& i’opeéﬁ?oﬁmﬁéﬂéﬁs}@éﬁbelgt exon 26 correl ates

with the expression s of Presence o T allele at

Polymerase chain reactions were performed under conditions that were optimized for
each of the fragments that cover the 28 exons of the human MDR-1 gene as well as
the core promoter and enhancer region. PCRs were carried out for all exons in a
reaction volume of 25ul. 50ng DNA template was added to standard PCR buffer
containing 1,5mM MgCl. (Quiagen, Hilden), 50uM dNTP's (Quiagen, Hilden), 25
pMol each primer (Metabion, Munich) and 0,625 U Taq polymerase (Quiagen,
Hilden). All PCRs were performed on a Perkin Elmer thermocycler (model 9700) with
an initial denaturation step of 2 min at 94°C and 36 amplification cycles of
denaturation 94°C for 45 sec, primer annealing depending on the primer’s melting
temperature (PCR conditions: A-H) for 45 sec, and 45 sec for 72°C followed by a
final extension of 72°C for 5 min. For the single PCR conditions A-H the following



this position indicates weaker MDR-1 expression |evels conpared to sanpl es
whi ch have only the correspondi ng honozygous C-allele. The nean of the

ri fanpicin- induced MDR-1 | evel s of é&;e C-allele population is nuch higher
as that ofW@M9 popul ation (924 vs°%587 rel ative units) PCIRPIUMNTAL
agreenent with that, a proband honozygous for the T-allele had the | owest
det ect thﬁ‘eaTﬁHg ﬂéhﬁﬁ@ﬁt&@é Wé}etmme&/DR sseteBelsentl I: 5590 DhaBIEmIZY gous
for the C | S t he hi ghest |evel of all WD 01/09183 39

PCT/ EPO@'@ﬁﬁg"%r@b%n@gﬂ 88td. The difference of induced MDR-1 expression

level s peReGErd B@Frﬁd ém%vléiiUﬁéﬁmmé @rdrabtdr abBRerhdnigeni Moa agkctiont - Tabl e
5 shows the results of measurenents of the in vivo activit
frggrag@tgd e by

under  MelHMedRf &Syl H0ARg MN%WB'??%(GP‘FRRS@BE: 1Q0ng; fer Bramotet,
measur i Q%Déﬂ“dedb{oo@ﬂne%cpeﬁ Bhffél’”é%rlﬁéln%aﬁ |5thdeOI25(@u1§§erﬂ' Gideiny) Whi ch is

a kno substrate and whose entratl&z g ?ﬁﬁ ds on the
MDR- 1 al00nhit gNTR's: {QuiagenorHildephs P8t BM! \#ach PHEESLH (Ve BSE t he
pol yror RRbeoft 20 Ghld) 16 edrighcen trafifent P A 5L I0FAG olyinérise 1QdiagdH, C

correl ates V\nth t expression levels correl ailon of, th|s

pol ynor piiden Mmﬂgwremmmmﬁd angoRerkingriBes theémeFxC'em
reflectg |ﬁiﬁal'\4@ﬁ?&1r&bﬂtﬁé f'igtfﬁlﬁ'art B4¢C aHd Wﬁfergﬂi%nﬁﬁlmbﬁmscycfé%t@bﬁrbor the T

allele corre Pre33|on 'see ntaln
hi gher Iprerooter EEment%M@é@ﬂhﬁn%Qirﬁ?QF@ﬂ i&%fgﬁﬁf%%otﬁmf%gf"%\%% f'y the

corr esp%%.g@ dﬁrldeﬁlfﬁgmshfs 2) QA RRafupatidnN94°G Jort Sekes,he upt ake
of MDR trates suc oxin~ fromthe colon tog theq‘PAood gppears to

be nore penrrfee@nneaimgrdepawng onithe Pripge s mMating tempeptuces(RER copditonssA ¢ ) |y
const st il Y foP 3bi8c! A 5b RBobr a@'&u follbfled B9 £ dexdnsion se72°0RAZPOr { and

elimnatio substrates fromt t.aki ng Ils into the |unen of the
col on. Thin. Femtheosingle PGR condition:A %&d Reine f&ﬂo"f"ﬂgzﬁﬂﬂ%ﬁ“}g femRAsHregi goxi n

concent rv?éré% lre[a hhgaié kgegorrel ates invers to MOR-1 activi ty) of the
C-allele BB ation are consistantly | ower than those of the, T, -popul ation

(63.9 vsThe4aptiymaedj PCRscongitions. andhthg msuiting dizecel) they ﬁeﬁ'Fﬁda?“daQP@&?Qnt Wit h
that, 2 fiihaRdaid idfed ReTadie D KRS lordht Ctebultng NIDR-1igehe sagmiehect abl e:

di goxi n- cgncent ration after rifanprcine induc 57.3

Di g. AUC)thatrwere Lpe@tmiurthasmgvg@@ theyindjvicuabgenolyne-are RIP%?W%%/%‘Q IGYf8 | owest
| evel ofy all probands (12.3 Dig. AUC). The difference of the digoxin blood
| evel s bétween these individuals was nore than 4-fold. MDR-1 in a patient
copul ation: The results of our analysis of the correlation of MDR-1

det ect
anal yer o B e e O B BE DT o direcc o anc

MDR- 1 gesxon\gequenasss asmweb@as same inhon saaRncasat the eXan-hipa (aoundaries
Fi scher - B8 Chadddstd td fenidte ddnintofiftratB HuBREMAdind ButférWohipdhnts that

otherwise might interfere with the subsequent determination of the individual MDR-1
genotype by direct DNA sequencing. For this purification, standard ion exchange
chromatography techniques were used (Quiagen kits for PCR fragment purification).
For all of the fragments, sufficient yields of purified fragments, suitable for direct DNA
sequence analyses, were obtained. Examples of purified MDR-1 gene fragments that
were uséd for direct sequence analysis of the individual MDR-1 genotype are
presented in Figure 1.



| mmunohi st ol ogy was perforned on the various patient tissue sanpl es,
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MDR-1 sequences, which are considered as "wildtype" sequences in all of this work.
Because population genetics enables a calculation of the expected frequency of
homozygous vs. heterozygous alleles of a defined gene (Hardy Weinberg formula, p
e2 + 2pq + q e2 = 1), it was also possible to confirm the predicted (with that formula)
distribution of homozygous vs. heterozygous alleles and deviations with the
experimental findings. This serves as internal control and confirmation that a

detected sequence deviation indeed represents a novel allele.

Several novel MDR-1 sequence variations were discovered and experimentally
confirmed using this approach which are shown in Figure 2. 8 polymorphisms appear
in intron sequences close flanking the exons 5, 6, 12 and 17 (SEQ ID NOs: 91, 154
and 160 for exon 5), (SEQ ID NOs: 101 and 166 for exon 6), (SEQ ID NO: 116 for
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the MDR-1 gene status in patients The importance of this MDR-1 genotyping for the

diagnosis and therapy of diseases is well known 1o experts in the field, and it has

also been explained in detail above in the introductory chapter.

The exact positions and further details of the novel MDR-1 alleles, including the exact
novel sequence and sequence deviation, and the-homozygous vs. heterozygous
distribution of the allele in the population are listed in ‘Table 2. The expected
frequency for homozygotes of the variant allele were célcul_ated.on the basis of the
Hardy-Weinberg distribution. The deviant base in the sequence is bold and
underlined. Figure 2 shows examples of the discovery and appearance of novel
variants in DNA samples from homozygous or heterozygous individuals.

Example 3: Methods for specific detection and diagnosis of MDR-1 alleles
Methods to detect the various MDR-1 alleles that have been identified utilize the

principle that specific sequence differences can be translated into reagents for allele
differentiation. These reagents provide the necessary backbone for the development



WE11l.6 U1.2 ¢ 00.8 0.4 0.0Tcc TT (n=7) (n=7) Exanple 7:

| dentification of new MDR-1 pol ym)rphl sns by sequence analysis of a large
col l ection of various individual s An extended search for SNPs in the hunman
MDR-1 gene rwoembwsh i n addition to thegsdi fferent novel NDReér/pRdOpMI4phi sns
nunerous further new pol ymorphisnms in the NMR-1 gene which are listed in
Table 8. Wthin the new screen the nunber of di vi dual sa {ie S

ext ended f°(§rd'%9’1°sNﬁ)lt@s_Es -k %arapleg Jorsuph Jeageyjis t“PFg“‘RﬁDFP‘f arg: 8 &e‘%i%gnent s
sone of g d&lﬁ&id@@ QRat el ikt dron QAL 2vfidtypeli MDER S‘equ%é) A 0&6839»4@

PGT/ EPOO/ Q7 I's possible that in additiqn to H?S'g
(C3435T) Wfﬁ‘étbaéans%“ﬁ%‘% Freausnty e P@c@ﬁﬁr%fsg'%'ﬁps“&t fosts Brare

pol ymor phi fei@miifhtioR Wi thE il‘RilVle&l w@ﬁ 1 gefi6"Ratld fc/@de O beP BRe Abf RAlted fo-
expression. E.g. pronoter hi sms and protein_ changing SNPs are very

li kel y t o difigrencas 'adb?th\/@ﬁﬁ'lza ’T e iciepaieRat- sycbxrsaa%@ﬁs 3@ ﬂameraaelﬁ MR
Fut her mor ea ok, Wﬁ&&u&?vﬁh efeRLYSTY RhY %ﬁﬁa&frbf R@icH trbhderts! i, Ooagﬁé‘%ﬁfﬁetrél'ttan - -

- exact in IVI dual MDR-'1"genotype -1 . el e conmposi tion- whic may be
uni que. f(ﬂUbﬁiﬁ%lWl@aaleQZ}aﬁ%llq eactipasy mefvmse§ooprm!nrmerasa@.v d%ﬁ'['CTWDR 1
dependent giug, ied h?hérghﬁc@ekwr%é&u 24 é\"ée\Nglf‘RﬁWﬁ B Eﬂ?er%”iﬁa”
MDR- 1 gene, he m)re conpl ete hus nore usef ul an i ndivi dual
MDR- 1 gendhgrﬂelcue&z@mnm are BER-and LCBd@ﬁbmw@atGmprhmbndm@@sssz MélAPIVDR 1
pol yror phi-Fi ghi chftggnr R Ar8osBHER ir @wﬁ aPC iR VLR {obkni

est abl i shi ng- many er ent enotypes t redi Ct out cone d 5| e

ef fects ofNewian, (mﬁhﬁﬁﬂr BIQS Sejandifig: lebsfaerm Qatqr@nLGB-teﬁmm Shimekon 26
C3435T C C .dru
{overs | eadiPERih SEon° MandRAVERCSIGE 1 (fooshoaeH 278 EnipiHyohiaiRaon: I 19
ant i convulBamsayirNA Rhipsy State-of-the: erindlatrye (Rjetechnplegie 16 Hé9%&iy 48f44e@ndepsi a,

acut e and AL BTEFHRNERS AA, Ao Rel HiAL: BRAOYBRGT Ao PRI O st 2! | <

i nt oxi cati on hé narrow t her & I C rang severe side
ef fect s- igpectometnatNature Bnoteqhnnlogy Aén(1 Ba&)aﬂ3ﬂﬁéaﬁac6manéestcprmmp@s are

over propord anal thdapfitafion bt RlagehR th&'épetificly recognize the MDR-1 variant as

translated expressed protein. Examples are allele-specific antibodies, peptides,
substrate analogs, inhibitors, or other substances which bind to (and in some
instances may also modify the action of) the various MDR-1 protein forms that are
encoded by the new MDR-1 alleles. The examples that are presented here, to
demonstrate the principles of diagnostic tests with reagents derived from the novel
nucleotide substitutions defined in this application, are based on PCR-methods. It is
obvious that, applying the described specific reagents, any of the other methods will
also work for the differentiation of MDR-1 alleles.

Example 4: Diagnosis of MDR-1 Alleles by specific PCR

Allele-specific PCR is a technique well known to experts in the field that allows the
differentiation of alleles of genes by the application of the polymerase chain reaction
with reagents (primer combinations) that are specifically designed for the detection of
single allele sequences. The main component of such tests, and the only reagent
that provides the specificity of such tests, are oligonucleotides that are designed to
contain sequences that specifically distinguish different alleles of genes.
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H GH  anqger, dEoufid BRIrPEE{cagen, 26iden), 1 x Q-solution (Qiagen, Hllden), 20 pMol
-each primer (Metabion, Munich; specific wt primer + common primer and specific mut
primer + common primer) and 1 U Taq polymerase (Qiagen, Hilden). All PCRs were
performed on a Perkin Elmer thermocycler (model 9700) with an initial denaturation
step of 3 min at 95°C and 30 ampilification cycles of denaturation 94°C for 30 sec,
primer annealing depending on the primer’s melting temperature (PCR conditions: A-
E) for 30 sec, and 30 sec for 72°C followed by a final extension of 72°C for 8 min. For
the single PCR conditions A-E the following annealing temperatures were applied: A:
54°C; B: 58°C; C: 50°C; D: 61°C; E: 53°C. '
The deviant base in the respective specific primer sequence is underlined and in a
bold style. The presence or absence of specific DNA fragments in this assay
translates in presence or absence of the tested allele.

Examples for such readouts, as results for the MDR-1 allele detection diagnosis, are
shown Figure 3. It is obvious from these examples (Tab.3, Fig.3), that these tests are
suitable to differentiate the presence of the analyzed MDR-1 alleles in humans.
Homozygous as well as heterozygous, frequent as well as rare alleles of the MDR-1
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Example 5: Diagnosis and correlation of different MDR-1 polymorphisms with
expression levels and in vivo activity of MDR-1 in patients

To identify potential direct correlations of MDR-1 polymorphisms with clinical relevant
phenotypes in humans, probands from a study at the Dr. Margarete Fischer-Bosch-
Institut for Clinical Pharmacology in Stuttgart, were subjected to the determination of
MDR-1 polymorphisms as described in examples 2-4. The expression levels of MDR-
1 in the colon and liver of these patients was also estimated by established
immunohistochemical detection of the MDR-1 protein. In the proband population, in
addition to measurements of the expression levels of MDR-1 in the colon,
measurements of MDR-1 upon induction of the gene by rifampicine were performed.
Also, the in vivo activity of MDR-1 under noninduced and rifampicine induced
conditions was determined by measuring the blood concentrations of orally
administered digoxin (1mg), which is a known MDR-1 substrate and whose blood
concentration also depends on the MDR-1 activity in the colon.

The results of the MDR-1 measurements, rifampicine induction experiments and
digoxin-experiments, as well as results from the MDR-1 polymorphism detection
analysis in the proband population show correlations between MDR-1 gene
expression and MDR-1 in vivo activity with certain polymorphisms.

MDR-1 protein levels:
As shown in table 4, a T/C polymorphism at position 176 in Acc.#M29445/J05168 in

exon 26 correlates with the expression levels of MDR-1. Presence of the T allele at
this position indicates weaker MDR-1 expression levels compared to samples which
have only the corresponding homozygous C-allele. The mean of the rifampicin-
induced MDR-1 levels of the C-allele population is much higher as that of the T-
population (924 vs 587 relative units). In total agreement with that, é proband
homozygous for the T-allele had the lowest detectable uninduced and induced MDR-
1 level while a proband homozygous for the C allele displayed the highest level of all
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1w, substrhi)e 4nlt whdse(sloosd céhdéntration also depends on the MDFH activity in the
colon. Consistant with the observation that the polymorphism at position 176 in
Acc.#M29445/J05168 In exbn 26 T/C correlates with the expression levels of MDR-1,
a correlation of this polymorphism was observed with digoxin blood levels, which in
turn reflects the MDR-1 protein activity in vivo. The probands that harbor the T allele
(correlates with weaker MDR~1 expression, see Tab. 4), contain higher blood levels
of digoxin compared to samples which have only the corresponding homozygous C- |
allele. The reason for that is that the uptake of MDR-1 substrates such as digoxin
from the colon to the blood appears to be more effective in humans with lower MDR-
1 expression. This is totally consistent with the function of MDR-1 in the colon, i.e. re-
transport and elimination of substrates from the uptaking cells into the lumen of the
colon. The mean of the non-induced as well as rifampicin-induced . digoxin
concentration in the blood (correlates invers to MDR-1 activity) of the C-allele
population are consistantly lower than those of the T-population (63.9 vs. 44.9 and
45 vs. 28.6 Dig AUC-induced). In total agreement with that, a proband with the'
homozygous T allele had the highest detectable: digoxin concentration in the blood
after rifampicine induction (57.3 Dig.AUC) and a proband homozygous for the C-
allele displayed the lowest level of all probands (12.3 Dig.AUC). The difference of the
digoxin blood levels between these individuals was more than 4-fold.

[
n

MDR-1 in a patient population:

The results of our analysis of the correlation of MDR-1 expression levels, MDR-1
protein activity and MDR-1 polymorphism detection analysis are further corrobated by
an analysis of the MDR-1 expression and MDR-1 genotyping of various patients from
the Dr. Margarete Fischer-Bosch-Institut for Clinical Pharmacology in Stuttgart.
Immunohistology was performed on the various patient tissue samples, particularly
colon and liver, and they were compared to each other to allow a relative comparison
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which carry homozygous the C allele at this position. In this analysis, two other

polymorphisms showed some correlation with MDR-1 expression: A homozygous T

genotype at position 171466 in AC002457 (intron 4) may correlate with high

expression and a polymorphism (GA) at position 101 in exon 11 (M29432/J05168)

. may correlate with low expression.

Example 6: Validation of the genotype/phenotype correlation of the exon 26
(C3435T) polymorphism with extended sample numbers

To further validate the correlation of the single nucleotide polyrhorphism (SNP) T/C at
position 176 in ACC.# M29445/J051 68 described in the previous examples and now
also referred to as MDR-1 exon 26 SNP C3435T, (position correspond to MDR-1
c¢DNA GenBank accession no. AF016535, Codon TTC exon 10, F335, is missing in
that sequence), with the first base of the ATG start codon set to 1) with the levels of
intestinal MDR-1 expression (first results shown in Example 5), additional volunteers
of a further experimental study at the Dr. Margarete Fischer-Bosch-Institute for
Clinical Pharmacology in Stuttgart were analysed. The expression ievels of MDR-1 in
~ the intestine of these volunteers and patients had been determined by quantitative
immunohistochemistry and Western blots of biopsies and enterocyte preparations of
the duodenum. To assure that this analysis reflect the specific PGP expression in
intestinal enterocytes, an additional marker protein that is expressed in enterocytes,
villin, was simultanously analyzed. The results of this analysis are shown in Figure 4.
The T/T genotype is associated with significant lower MDR-1 expression levels
compared to the C/C genotype. Individuals with a C/T genotype show an
intermediate phenotype.
For a further validation of the correlation of MDR-1 genotype with intestinal digoxin
uptake, additional volunteers of another clinical study at the University Medical
Center, Charite in Berlin that addresses blood levels of digoxin after oral application



-QC)--C".E—-COE—E—CC""‘-UruO_C..'-E—S—O~rJJ
2 ' vvrL Ar :f12.,.1: ~ U. . 77U ... ~11 U1 tf1 - - 1 cn ..~
Ly U r ~ Qmm377d:,4{3CJCyry6a1y:,med:,07-N
H01S401‘2’H)d’1’“ﬁ§3 U S 01S4U S 0) s-1 40 1- V) Necrivopenig 14 0) -
f L Sab - 0|-.r7rS+(01+(0$4101 Oau'014 b la CO1-1 fa 1la [a

"o
1y . 3 (with@t gfgngin ndsiction apd PGH protein rtet%rynmttap Johneget4il. 9939) Lla) 3 m 1s

I\I-I{hsrr?%é\bé 'BB ?ﬁ %38> ?&& \ﬁ?r)a C?viluétédl %r edf WJFQ %e?logge n eﬁpﬁ rzeg QUO 0)

S
L- C: udn this- study-maxioom -plastha cgngentratmrmnea were evaluateddjurigosteady 1 c A

{\ID tG staé& L}%ﬁdﬁt@'@ 4of{ gﬁx{n M‘r%»s W%Pcoﬁlﬂeé@ Piratng)etgr esh?%@&([ 88ve N : N '
ClL 1-1 ifférences mthel\amorptlon af/digoxin(between thedifterent grouss. Figitred shows) C C_ to
L7

qcogﬂ:iaMsgn §f Qé :ﬁr]r &ﬁ cif&\t%f_\fs théﬁaﬂédéior%%&o%!yltﬁéfﬂ' éliéle—gEl v

11
N fi N Bhdr 7t ®iv@eers| withv the hotbgygousr Ci® geholviphl in exoiD Z6.r Volonteersl . . Cl r

5.1 b PG ShjscRors G0 o el ! 5,

co C2 ' SOlunteers with- ar C/C rgenotyper Ther meaf difference LOFUSBY Ur cligoxmcha,a‘ f"

oot B bt oy o gy Lo, 1,7,

. -4 a itbst) drid refflacts thegimpecivbithis pgdlyvherphism dvi digoxiih/phalfmadcldnetlcs T;~" C CD

Figure 4:  Correlation .of the exon 26 SNP with MDR-1 expression under non-
induced conditions. The MDR-phenotype (expression and activity) of 21 volunteers
and patients was determined by Western blot analyses. The box plot shows the
distribution of MDR-1 expression clustered according to the MDR-1 genotype at the
relevant exon 26 SNP. The genotype-phenotype correlation has a significance of

p=0.056 (N=21).
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| 1 1 ,= tgifférefice (p=0.006; Mann Whitney U 2 sample test) was found in the comparison of
maximum concentrations (Cmax) Of digoxin between two groups of 7 healthy
volunteers harboring either T/T or C/C genotype. The mean difference of 38% in Cmax
may reflect the importance of genotype on the absorption of digoxin after oral
application. A 0.25 mg dose was applied upon steady-state of digoxin.
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Example 7: Identification of new MDR-1 polymorphisms by sequence analysis
‘of a large collection of various individuals

An extended search for SNPs in the human MDR-1 gene revealed in addition to the
different novel MDR-1 polymorphisms numerous further new polymorphisms in the
MDR-1 gene which are listed in Table 8. Within the new screen the number of
individual samples was extended for all MDR-1 exons, as well as for the MDR-1
promoter fragments, some of which have been analyzed from 236 individuals.
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changlng SNPs are very likely to have an additional effect on MDR-1 expression and
activity. Futhermore, al these novel polymorphisms can be utilized to generate an -
exact individual MDR-1 genotype —i.e. allele composition- which may be unique. for
individuals and thus very useful to predict individual MDR-1 dependent drug
response.
The more polymorphisms are known in the human MDR-1 gene, the more complete
and thus more useful will an individual MDR-1 genotype description be. The - -
identification of these 32 new MDR-1 polymorphisms is an further important step
towards achieving the goal of establishing-many different MDR-1 genotypes that
predict outcome and side effects of drug therapy. -

Example 8: Determination of the MDR-1 exon 26 (C3435T) polymorphism as a
~ pharmacogenetic factor that influences drug levels in combination with other
pharmacogenetic factors

The anticonvuisant drug Phenytoin is commonly used in the therapy of epilepsia,
acute and chronic suppression of ventricular arrhythmias and in digitalis intoxication.
The narrow therapeutic range with a-number of severe side effects-in combination -
with a nonlinear pharmacokinetic (i.e. overpreportional increase of plasma ievels in
response to dosage elevation) make Phenytoin ireatment challenging and suitable ---
parameters to predict plasma levels from a givén dose highly desirable in order to
improve therapeutic outcome and to prevent side effects. -

It is known that the polymorphic enzymes 2C9 and 2C19 have an effect on the
metabolism of Phenytoin (Mamiya.et al. 1998, Epilepsia Dec;39(12):1317-23), and it
has been shown that 2C9 defects can lead.to abnonﬁ_al blood levels that may cause
side effects or drug inefficacy (Aynacioglu et al. 1999, Br J Clin Pharmacol.
Sep;48(3):409-15). However, it is also clear that 2C9 genotyping does not permit to
make exact bloodlevel predictions from given dose. Even in 2C89 genotyped
individuals, compensated for the respective enzyme genotype, blood levels-vary
significantly.
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role in phenytoin blood levels, and MDR-1 genotyping for this SNP permnts a more
accurate correlation between phenytoin dose, genotype and blood levels.

Within 2C9/19 enzyme genotyped groups, variation of levels can be explained by the
MDR-1 genotype, particularly in the groups of 2C9/C19 poor metabolizers, which
already show increased blood levels. Here MDR-1 genotyping is able to identify a
subgroup of patients who is at increased risk to exhibit extraordinary high phenytoin
blood levels: Poor metabolizers which have the MDR-1 T/T genotype. These patients
have an increased risk to encounter overdose related adverse drug effects. For
example, within a group of 100 patients which received phenytoin, a 2C9 deficient
patient with the low PGP (T/T) genotype showed the highest blood concentration,
which was about twofold increased compared to the ,normal" population. The
correlation between Cyp 2C9 genotype and Phenytoin plasma levels is statistically
significant, but the significance increases by taking into account the MDR-1 T/T
genotype as a covariate (p< 0.001, ANCOVA).

Table 6: Dependence of Phenytoin levels on pharmacogenetic components
MDR-1 CCand CT TT

genotype

intestinal PGP | high/medium low

Phenytoin blood levels:

2C9 normal normal

metabolizers

2C9 weak | high VERY HIGH

and/or deficient
metabolizers
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185, 190, 191, 196, 197, 202, 203, 208, 209, 214, 215, 220, 221, 226, 227,
232, 233, 238, 239, 244, 245, 250, 251, 256, 257, 262, 263, 268, 269, 274,
275, 280, 281, 286, 287, 292, 293, 298, 299, 304, 305, 310, 311, 316, 317,
322, 323, ®E@AMBY, 334, 335, 340, 383, 346, 347, 352, IWIEMEBBIB59, 364,
365, 370, 371 or 376; (b) a polynucleotide encoding a pol ypepti de havi ng
the am no acid sequence of any one of SEQ ID NGs: 372, 373, 374 or 375;

(c) a polynucl eotide encoding a nol ecular variant Multi Drug Resistance
(MDR) -1 pol ypeptide, wherein said polynucleotide is having at a position
corresponding to position 140837, ¥{dignd, 141590, 171466, 171512 or 175068
of the MDR-1 gene (Accession No: A0002457), at a position corresponding to
position 101 or 308 of the MDR-1 gene (Accession No: M29432 or J05168), at

a position caqr f: Shi 1 : MDR-1 gene (Accession
No: Aooof;o68?,‘;°§tm§@g{6%%?étl?%tﬁ&ﬂéﬁtpg§p'éo%qéiHniﬁ%%"c')é ggsition 78170 of the MDR-1
g;an;ah( AC(I\Z/gSRS (1a)n apolypoaesiied)aving the nusisic peid seqrerasehamhene 6f BEQ tion 176
0 e -1 ge | 0 : 08{4 |
correspondi ng t oqgo'g@%?ﬁis"fv?ﬂ’%i' %géégl’g?' #?@gﬁbgﬁ‘ ?q{?igoméi 1%’ene
(Accession No: AODR439) 1221t154, p85.i 160016t0t68IBnHTHG A 178061184, 77811 of
the MDR-1 gene ( hO 96 98P 3B r | 44 nding to
position 137 of the ﬁ/%b?{lb{g\ke)'ngg ?%cesélhgﬁ' 2(@6:26%232%5?105?@% '%%1352@2

nucl eot i de exchan2@y, 2825203, 96 889,R44e ABN250, 251289613 26212R3, €88 de or an
encodi ng a o ec tSy BTy £78 UST BT 20y 267 AA203; 204 ock, BBL 905 IsAG, | e

‘pol ynucl eot i de i s3tig\E16g3 R, 3R2pBEB.t 32 368{3@5@65(134@; 349,846 347,1362 1 1111

Frerr el 1 i ' / EPOQO 07314 position 140837,

171512, 171456, 1 34 i,b' %E}fg,é%gzti'?1%jgz D or 171511 of the MDR-1 gene

(Accessi on Nfb) A0AOpdgtclentide ancading o palypeptide r baving dhagaming@sid i on

141530, 139117, 138428 Mg Adhe orHASRINCSSTRTAY sA 698701 the MR- 1 gene
%%‘}fla A, o\ On ‘correésp

(Accession No: Al a position corrésponding to position
141590, 139095, 440¥heclettdsoacoding a4polerular sadant dViulti HarugDResistgaes:

177466, 175008, " 1003R T nduthprdb, JuRESh' 48 CAARIRARG. O angat i on
position corresponding to position 140837, 141530, 141590, 171466,
171512 or 175068 of the MDR-1 gene (Accession No: AC002457), at a
position corresponding to position 101 or 308 of the MDR-1 gene -
(Accession No: M29432 or J05168), at a position corresponding to
position 83946 of the MDR-1 gene (Accession No: AC005068), at a
position corresponding to position 78170 of the MDR-1 gene (Accession
No: AC005068), at a position corresponding to position 176 of the
MDR-1 gene (Accession No: M29445 or J05168), at a position
corresponding to position 171456, 171404 or 175074 of the MDR-1
gene (Accession No: AC002457), at a position corresponding to
position 77811 of the MDR-1 gene (Accession No: AC005068) or at a
position corresponding to position 137 of the MDR-1 gene (Accession
No: M29445 or JO5168) a nucleotide exchange, a nucleotide deletion,
an additional nucleotide or an additional nucleotide and a nucleotide
exchange;

(d) a polynucleotide encoding a molecular variant MDR-1 polypeptide,
wherein said polynucieotide is having at a position corresponding to

A



MDR-1 gene (Accession No: A0002457) a T, at a position corresponding to
position 101 of the MDR-1 gene (Accession No: M9432 or J05168) a A at a
position corresponding to position 308.f the MDR-1 gene (Accessi on No:
M29432 or JOWPAYMIB T at a position rrespondi ng to posi PFHRPISGH4
78170, 70237 or 70200 of the MDR-1 gene (Accession No: A0005068) a T, at a
position correspond crsmdnmosswwmz??ﬂmsa 3720404, a397 82,5396 9f i‘mmFbrl gene

(Accession No: A0005 ) osition corr itjion
84701, 84074, 8411‘971%5399'6““976@'18" 56%%4‘@%?5&?4‘ W&%ﬂ%?l\ﬂ? 81 gene
El égggSS} OnhNO;VDQO(iOMﬁﬂn eorfkspahdnagnaqmd:gign gaggm AG9dT7\01834790 4401 18)

of the - ccession or at,.a positijon
corresponding to pog‘qusén%%i 3%89“14 WP%gnee"? AAcseSIh -
M29445 or J05168) aAcT,ooé@naapnl xamualwtidﬂeceﬂégpbnmwmbwﬁdramvmant
MDR-1 peptide, wherein  sai ri ses an

d
substitution at pos!39US: 21@2?@0%49?95'1087%&?% M58 g}t%é\ﬂﬁﬂﬂe gene

(Accession No: P081@@:essa&dN6f )\ceomwwsl apa 'p@gltueﬁ%@ﬂé%rﬁlﬁ@io%dﬁtﬁh
variant MDR-1 poly

acid substitution o?yﬁslsewﬁpﬁﬁer}e?@?{%? Il)%gé)ef' @9536»81439(:507%8&" i%sﬁﬁg@fgtheF to L

at position 103 or @pM{ Ngeﬂé F{Rééésbféﬂ 408 ActdzslyPRal Wolatpapt pdbftion
(Accession No: P08183). 2. pol ynucl eoti de of claim 1, wherein the

nucl eoti de del et i onCOTEﬁﬁﬂpﬂﬂlﬂg @nﬂ?@'ﬂm s ef the iIMRR Lgene (Arcgssian dio:
expression of the Vghbags owﬁ&ﬂaa%nﬁeagagpaé.ﬂ&, chfted deﬁ@rtbwmlm gl d

type gene. 3. A vector conprisin ynucl eot i of ‘claim1 or

LTTIIET ME 111 1111the MDR-5oeme 0Asasssion Ny MRS32rer0/Q5168ha Ty atmosu@ét or.
of claim 3, wherein cfr?ésplaﬁbma%besaimgsg@s emv@t TOS7Yor 70260 brttRe MOW-9SSi on

control sequences a? OW ng eXpression |nqq%ro aryotic or eukaryotic cells.
5. A host cell geneﬂﬁfé,%l('ﬁciﬂeéﬁgﬂd‘é%ré@(’% ) @hé, ﬁblaymﬁﬂ‘%f??fd%ﬁwd@gatpm 1 or

2 or the vector of eéuﬁdmﬁ 8 Pf, g4039. oﬁ?@ﬁé‘@fjtﬁé)i\dmﬁ-qd%&\é‘%&eﬁgbﬁ% -ar

variant MDR-1 proteln or arrent t her eof risin culturing the
host cell of cI ai m BCOQﬁQﬁ&)@ Gy ata\positiag cga'eapwhngetmpfaﬁl Iy 8RN 8407%m t he

3;”;[}? NZ)R A et hogs{ @y #4o78U%0881,Co0253, CRzoll 6r 9516 R AR BR genacul ar
(Accession No: AC005068) a A, at a position corresponding to position
43263 of the MDR-1 gene (Accession No: AC005068) a C or at a
position corresponding to position 176 or 137 of the MDR-1 gene
(Accession No: M29445 or J05168) a T;

(e) a polynucleotide encoding a molecular variant MDR-1 peptide, wherein
said polypeptide comptises an amino acid substitution at position 21,
103 or 400 of the MDR-1 polypeptide (Accession No: P08183); and

1) a polynucleotide encoding a molecular variant MDR-1 polypeptide,
wherein said polypeptide comprises an amino acid substitution of N to
D at position 21, F to S at position 103, F to L at position 103 orSto N
at position 400 of the MDR-1 polypeptide (Accession No: P08183).

2. The polynucleotide of claim 1, wherein the nucleotide deletion, addition and/or
substitution result in altered expression of the variant MDR-1 gene compared

to the corresponding wild type gene.

3. A vector comprising the polynucleotide of claim 1 or 2.

RN O AU



1 gene conprising genetically engineering cells with the pol ynucl eoti de of
claiml1 or 2 or the vector of claim3 or 4. 8. A MDR-1 protein or fragnent
t her eof encoded by the pol ynucl eoti g&of claiml or 2 or obtainable by the
met hod of WOAIAMB or fromcells pro ed by the nethod FCTEPAVWIA O. An
anti body which binds specifically to the protein of claim@8. 10. The

anti body of claim9 which specifically recognizes an epitope containing
one or nore amno acid substitution(s) as defined in claiml1l or 2. . 11. A
nucl ei c4aci ditifoveetar of ciaipl 3misheminy the nolynyrieatide dyopgratiyelycinkeshte or 2.

12. A nucl ei i - - &did b & d

cl eavi ng the&pgﬁsg}r?%"ggﬁﬁ‘éﬁ?? @%Ihgvﬁfﬁég‘rﬁﬁ%&bqg{b%ké@?gr& ggﬁr@r’@s&l ng the
nucl ei ¢ aci a8l ecule of claim 11 or 212. TIALILIELIIYILItitilLiL,, ', 1 WO
01/ 09183 66 PCT/EPOQ 07314 14. A transgenic non-human ani mal conpri sing at
| east one pol énucl eotide of claiml or 2 or the vector of claim3 or 4.

15. The5t r ank esiicsll geneticaity eanginpared with the priynudlestide ¢falaitohpr 2 o7 thg at | east

one inactiy i allele of the MDR- 1 gene. 16. The transgenic
non- human an‘?gr?gqiogﬂagﬁlg%b?ngm or 15, which is a nouse or arat. 17. A

met hod of identifying and obtaining an MDR-1 inhibitor capable of

nodul at ixgng t { M -y i - N% rits
gene prduc@ﬂé%ﬁn%drgbgmogg 'Hg d;?tﬂg%gugf {’?"5?“3’% Aﬁr?t%tg?p? he Sﬂ%?g?bﬁe@f claim38
or a cell exgoamepyisingg a nol ecul ar variant MDR-1 gene conprising a

pol ynucl eo‘ti%z Ofcuﬁtlﬂ)rﬁ-lgﬂ-l&heéﬁc%llid?cfahﬁS; phesence of conponents capabl e of
t a S n

providing a ect Irgnal 1 response to drug transport, with a
compound to & scecayarng saidproteintdiagmentirem theewiureNDR- 1 nedi at ed drug
transport, and (b) detecting the presence or absence of a signal or
increase of a signal generated fromthe drug transport, wherein the
presencd. or Ameateed for producing csillgcapable of axpressing 8 melecapvarant MOR-nhi bi t or .

18. The meth ' 7 ' ' : ' Chl . obt ai ned
by the met hodeap Gripriing” gERlcally ehBinkefiy ek’ wnCfe pljmdciud of 0
~ani mal of anglaimoher 2bpr theaiestor pf claim 8®@r419. A net hod of identifying and
obtaining an MDR-1 inhibitor capable of nodulating the activity of a

mol ecul ar variant of the MDR-1 gene or its gene product conprising the

st eps of. (a) AMPRdRrotein @nfeagmmtéhefe@rer@pdetgrbﬂthﬁi WMV@OFQQ*@?%EB'P@&&I e known

~ to be or 2 or obtainable by the method of claim 6 or frorh cells produced by the
method of claim 7.

9. An antibody which binds specifically to the protein of claim 8.

10. The antibody of claim 9 which specifically recognizes an epitope containing
one or more amino acid substitution(s) as defined in claim 1 or2.

11. A nucleic acid molecule complementary to a polynucleotide of claim 1 or 2.

12. A nucleic acid molecule capable of specifically recognizing and cleaving the
polynucleotide of claim 1 or 2. -

13. A vector comprising the nucleic acid molecule of ciaim 11 or 12.

_—

N



bound by MDR-1 protein to forma first conplex of said protein and said
first nolecule; (b) contacting said first conplex with a conpound to be
screened; and (c) neasuring whet her said conpound displaces said first
nol ecul e fromoopesnss first conplex. IITISBIIIIITITITITI M IPCI/EPGOOPIE WO
01/09183 67 PCT/ EPO0/ 07314 20. The method of claim 19, wherein said

nmeasuri ng ep ' AGES wg .t he ' of
sai d prot eiﬂrtf anﬁq?g‘l’sgé@%moun -é@%mr}?%\ecér@{)ﬁ%%éﬁ.lg%%{?%ﬁ% r u%%?ﬁé\lfﬁgei n
sai d neasuri ng caiept oodwer theaectormd slaim@prtdae anount of said first nol ecul e
that is not bound to said protein. 22. The nethod of any one of claim 19

to 21 wherein said first nolecule is Verapam |, Val spodar, Cyclosporin A or
dexni gul di pbne. TiStrafsgenicendmeburnan animal rof cl#fimcl afunthed omprigiag \eh dzast angai d

first nolecule Js.. I A D agnosi ng a disorder related
to the presence'hg?t“}g?e??gW§£WP§§"e‘9a‘t’??’iaemscﬁ?{ I.QHQ&I\/DR- 1 gene or susceptibility

to such a di sorder conprising (a) determning the presence of a

B e oy Py BhE0k bl RATHl e T8} FURLRRLA rDSF 7R, o
24, whe_rei n said pli sor der is cancer. 26. The net _hod of cl ai m 24 or 25
Cbenet 17 onNe B P BrFRG. el opii L B SRNEL copb o

t echni ques or i modolatsg thesactiity of hemolethiar varfiardrof tiven MDR-1cgenierer < gbne 26,

further conprisin dmnistering to .a subject a nedicanment to abolish or
alleviate said ngacﬁ?mp"fg’gt%%%ﬂtuod of any one of clainms 24 to 27,

further conpris(a)g icohtaeting thegprotein ofci&irm8 br acall expréssing raraslebllar variatt t ype
MDR-1 gene or (ii) & c] eotide aci.d nolecule of .claim,/1l or 12,0t the
vector of claim 13 a}‘ﬂﬁﬁb 8P Copgrsing r?Etpr?ﬁﬂ’uP%Pt'ﬁ?leOpr% c{i%rnzofn a‘ﬁe
phar maceuti cal conpgqsedence sfocamporients thpable tof provifinghe detddtatsle cfigrahin one

f | ai 17 t 23; d teearrer el o, 1111111 | * CLMS 01/ 09183
o8 PCTI EPOO] 07914 (ESPaSR 1Rediis: YATISRE Bt &, cRTIPOUN o, fi Seiiiensd pnder

identified and obt aigenditibhs to permit MDR-1 mediated drug transport, and
(b) detecting the presence or absence of a signal or increase of a signal

generated from the drug transport, wherein the presence or increase of
the signal is indicative for a putative inhibitor.

18. The method of claim 17 wherein said cell is a cell of claim 5, obtained by the
method of claim 7 or is comprised in the transgenic non-human animal of any
one of claims 14 to 16.

18. A method of identifying and obtaining an MDR-1 inhibitor capable of
modulating the activity of a moiecular variant of the MDR-1 gene or its gene
product comprising the steps of
(a) contacting the protein of claim 8 with a first molecule known to be

bound by MDR-1 protein to form a first complex of said protein and said
first molecule;
(b) contacting said first complex with a compound to be screened; and
() measuring whether said compound displaces said first molecule from
said first complex.
\
L

L M s .



step (b) of a derivative thereof in a pharmaceutically acceptable form

30. A nethod for the preparation of a pharmaceutical conposition conprising
formulating a drug or pro-drug in the _formsuitable for therapeutic

appl i cat i OMO oH#sa83r event i ng or aneli &ating the di sorder PSI/EPAMOT3 D] ect

di agnosed In the nethod of claim?24 or 25. 31. The nethod of claim29 or
30 wherep@p Sap b i i : f pcanment -
2s dori e | i AR o e i D B e g T he
met hod of anythefrsmatior phi second qogplexsof said profrin ARH saIdiGOMRIUNG] ai m 32 whi ch
bi nds specifically to the protein of claimB. 34. Use of an oligo- or

pol ynucl eotide for the detection of a polynucleotide of claim 1 or 2

and/ or f3at. gethe: ysithed of dlaiay VPdormRONMARerein| $aid JveasutingTHieP eXMPAISes| ai m 34

wherein said Lden ; i ' j i im0l a

nucl eic acid '?r%%@ﬂg(ltaﬁéc))%ﬂngﬁrgior?ns%fggét@&lg%m#‘ﬁse@é&s%hg? %c%%{? %Fo?ﬁm{/\her ein
said oligonucleotide is about 15 to 50 nucleotides in Iength and conprises
the nucl ggti ) ' I i D fi kl d type
Ca ) B et BRRRE Bt By e O R, BRI 2], Miiieln ‘ol isfimblecdiels 1 e
MDR-1 gene deYerapamil,iValspodas Gyclpsperin 895 dexrigeldipine. sequence of any one of
those. 37. A prinmer or probe consisting of an ol igonucl eotide as defined in
claim36. 38. Use of an antibody or a substance capabl e of binding

speci fi c28l y The methagkof anpranguet cleimsi1OMORRE wheteinfeald it moleseleiisn of t he
protein of clg , the expression of a nolecular variant MDR-1 gene
conprising a polyfucl eoti de of WD 01/09183 69 PCT/ EPOQ 07314 claim 1l or 2
and/or for distinguishing MDR-1 alleles conprising a polynucleotide of
claim1l 2. r@%ﬂ j (Eﬁga)(?'s' ]! i aim1l or
2, the vgg’t oer ethéﬁi %?m- grEfngf‘at e écgslltemg%(? Ite&ct)'?& .%é%bgcgéréi_cﬁ)ﬁ%uﬁéd by the
met hod of cl avasiamt oftthe MOR-dtgena ossugsdeniibiitg to sueh adisordsd gomprisingi m 9 or 10,
t he nucleic \d ‘ ' \eBfHOF i ' 3, the
e BT o 0 S Wity it prg%e?gg?‘oi% pg{%’?éégmg of ¢l 0% inf Sdrpid

conposi tion of cl dfriom @subjestcand/er a di agnostic or a pharnaceuti cal

conposi tion. . : f i f _ or prodrug for the
prepar ati on o@-a U%ﬁee'{'?ﬁr% SFi%%%%%g%?@#f?'g?ﬁt e treatnment or
prevention of a disorder of a subject conprising a polynucleotide of claim

Lor 2 | Bs! U STeCAiRa of traint 28, WRéreR seff aibBitleFishanger! di sorder 1s cancer or

a neuron

26. The method of claim 24 or 25 comprising PCFI, ligase chain reaction,
restriction digestion, direct sequencing, nucleic acid amplification techniques,
hybridization techniques or immunoassays.

27. The method of any one of claims 24 to 26, further comprising administering to
a subject a medicament to abolish or alleviate said disorder.

28. The method of any one of claims 24 to 27, further comprising introducing
()] a functional and expressible wild type MDR-1 gene or
(i) a nucleotide acid molecule of claim 11 or 12 or the vector of claim 13

into cells.

29. A method for the production of a pharmaceutical composition comprising the

steps of the method of any one of claims 17 to 23; and
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cardi ovascul ar di sease. 43. Use of a MDR-1 gene single nucleotide

pol ynor phism (SNP) as a pharmacogenetic factor for the prediction of blood
| evel s of a MDR-1 substrate and/or indycer for inprovenent of drug safety
and efficacyoedpiledi ct and prevent stde effects and dr ugPGHERWABIE ons
and/or to increase patient .conpliance. 44. The use of claim 43, wherein

the substrate g/ osyritheiging and/er kPmBRAIAG tHe eclﬁmpc'iﬁ“ﬁddidentiﬁéd and obtained in
druge. macr ol | - ant FBPART ol STV ISR & FRRIm Aol aChoPIBIRIRGR. <! ai m
43 or 44, wherein the SNP is the MDR-1 exon 26 (C3435T) SNP.
JITTTTH 11§01.1| IAI In!telta'nclaé |f<|>r %e preparation of a pharmaceutical composition comprising
formulating a drug or pro-drug in the form suitable for therapeutic application
and preventing or ameliorating the disorder of the subject diagnosed in the
method of claim 24 or 25.

31.  The method of claim 29 or 30 wherein said compound drug or prodrug is a
~ derivative of a medicament as defined in claim 27.

32.  An inhibitor identified or obtainable by the method of any one of claims 17 to
23

'33.  The inhibitor of claim 32 which binds specifically to the protein of claim 8.

34. Use of an oligo- or polynucieotide for the detection of a polynucleotide of claim
1 or 2 and/or for genotyping of individual MDR-1 alleles.

35. The use of claim 34 wherein said polynucieotide is a polynucleotide of claim 1
or 2 or a nucleic acid molecule of claim 11 or 12.

36. The use of claim 34 wherein said ofigonucleotide is about 15 to 50 nucleotides
in length and comprises the nucleotide sequence of any one of SEQ ID NOS:
1 1o 179 or a wild type ("wt")- or mutated ("mut")-sequence of the promoter or
of an exon of the MDR-1 gene depicted in Table 8 or a complementary
sequence of any one of those.

37. A primer or probe consisting of an oligonucleotide as defined in claim 36.

38.  Use of an antibody or a substance capable of binding specifically to the gene
product of an MDR-1 gene for the detection of the protein of claim 8, the
expression of a molecular variant MDR-1 gene comprising a polynucleotide of

—_—
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39.

40.

41.

42,

43.

45.

claim 1 or 2 and/or for distinguishing MDR-1 alleles comprising a

polynucleotide of claim 1 or 2.

A composition comprising the polynucleotide of claim 1 or 2, the vector of
claim 3 or 4, the host cell of claim 5 or obtained by the method of claim 7, the
protein of claim 8, the antibody of claim 9 or 10, the nucleic acid molecule of
claim 11 or 12, the vector of claim 13, the inhibitor of claim 32 or the primer or
probe of claim 37.

The composition of claim 39 which is a diagnostic or a pharmaceutical
compossition.

Use of an effective dose of a drug or prodrug for the preparation of a
pharmaceutical composition for the treatment or prevention of a disorder of a
subject comprising a polynucleotide of claim 1 or 2 in its genome.

The use of 41 wherein said disorder is cancer or a neuronal, CNS or
cardiovascular disease.

Use of a MDR-1 gene single nucleotide polymorphism (SNP) as a
pharmacogenetic factor for the prediction of blood levels of a MDR-1 substrate
and/or inducer for improvement of drug safety and efficacy, to predict and
prevent - side effects and drug interactions and/or to increase patient

compliance.

The use of claim 43, wherein the substrate and/or inducer are selected from
anticonvulsant/antiepileptic drug_s, cardiac glycosides, immunosuppressive
drugs, macrolid-antibiotics, or macrocyclic-antibiotics.

Use of claim 43 or 44, wherein the SNP is the MDR-1 exon 26 (C3435T) SNP.
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