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#1: ABCC1 10X 754 AMIBMNB LTIV Y - Y4 X
ABCC11
TV #1% (bp) AFSALRAT T &~ RTT4RAFF—
1 5'UTR+99 Not determined ACTTATTTATgtaagtagat
2 137 cttttccaagAAAACCTATA | CCAAGCCGAGgtgaghcctyg
3 159 cetetactagGTTTCCTGCC ATGTCCAAAGgtgaagectgce
4 148 tettttcaagGCTTCACCGC | ACTCGGGCCAgtaagtggea
5 234 ttccttgtagATATTGATTA | CTCAGGAGAGgtaagcagct
6 174 tgtettgocagGCCATCAGCT | CCCACTGGCGgtaatgtctt
7 148 ctgactccagGTATTCATGA | ATCATTGAAGgtatggaaag
8 149 tatttcccagACCTAAGAAG | AGCGTCAATGgtaagggttt
9 108 tcttatccagGCCTTCAGCA | GAGGTTCAAGgtaggtcate
10 252 gbtctttacaghAGTTTTTCC GGTGTCCAAGgtagecctbgt
11 72 tggettgcagGGGATGATGT | CCTGGAGGAGgtaagtgatc
12 125 tcbtgccgeagATGCACTTGC | ACAAGGCCCGgtaagetecet
13 73 tocttcacagATACCTCCAG CATGACAGAGgtgagaggga
14 204 ctgtctgcagATTGGAGAGC | CCAGCTGCAGgttageaccc
15 135 gactgtccagTACTTAGAAT | AGCCACTTCGgtgagtectyg
16 97 ctctecccagGACATGTTGC | GGAAATGCTGgtaatggtgt
17 90 cctgacccagTGCCGGAGCA | GCAGCTGGAGgtacyggtacc
18 104 tceetcccagGTTACATGGET | GGGCTCGGGGgtgagtgeca
19 198 tttcttgaaghCCAATAGCA | CTTCAACAAGgtatgggcct
20 227 gtccctgecagGTTTTCCGCT | TTTATTATATgtgagtaggt
21 138 gtccatgcagGATGTTCAAG | TCATCAGCCAgtgagtcctt
22 187 tccttotecagGTTTAAGAGG CGTGCTGCAGgtgagggggt
23 90 ttocctbctagCTGGCGTCCA | GTACATGAAGgtggggttca
24 150 caaaaacaagATGTGTGTCT | ACGGGCTCTGgtgagectgag
25 160 tgccccacagGGAAGTCCTC | GAACCATCAGgtgagtgccy
26 79 catatggtagATTCAACCTA | GACCAAGGCCgtaagtagct
27 114 catatcgcagATCTCAAAGT | CAACTCCAAGgtgaggeccac
28 165 tattcatcagATCATCCTTA | CAATGGGAAGgtgaaggctyg
29 93+3'UTR taccctccagGTGGTAGAAT Not determined
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[ £2: L MABCC110x27YV DNABIU{A b DNA
E KHzEES| —rv>r mRNA mRNAW o LEE R LER TrvyrE BRY04  BRHho4  A¥EE¥E
FldA Ty DTV Ty v tpo by ror®m Yhorm
Yy VD ORT OB DT BH#G BT
[ Eiass %
[
[ 2 . 1 - {|8UTR+99 | - 25501 -..25949(" n| --259501 ¢ 27198 1249
[ 3 2 450 586 27199| = 27335 137 27336 29807 2472
[ 4 3 587 745 29808 29966 159 29967 33342 3376
[ 5 4 746 893 33343 33490 148 33491 34940 1450
6 5 894 1127 34941 35174 234 35175 41483 6309
: 7 6 1128 1301 41484 41657 174 41658 42426 769
[ 8 7 1302 1449 42427 42574 148 42575 42741 167
[ 9 8 1450 1598 42742 42880 149 42891 44220 1330
[ 10 9 1599 1706 44221 44328 108 44329 46571 2243
[ 11 10 1707 1958 46572 46823 252 46824 49274 2451
[ 12 11 1959 2030 49275 49346 72 49347 52233 2887
[ 13 12 2031 2155 52234 52358 125 52359 54470 2112
[ 14 13 2156 2228 54471 54543 73 54544 57290 2747
C 15 14 2229 2432 5724 57494 204 57495 59492 1998
' 16 15 2433 2567 59493 59627 135 59628 59700 73
17 16 2568 2664 59701 59797 97 59738 61447 1650
[ 18 i7 2665 2754 61448 61537 90 £1538 63786 2249
[ 19 18 2755 2858 63787 63890 104 63891 65051 1161
l 20 19 2859 3056 65052 65249 198 65250 70341 5092
[ 21 20 3057 3283 70342 70568 227 70569 70678 110
[ 22 21 3284 3421 70679 70816 138 70817 73142 2326
[ 23 22 3422 3608 73143 73329 187 73330 79082 5753
c 24 23 3609 3698 79083 79172 90| 79173] 80655 1483
[ 25 24 3699 3888 80656 80845 190 80846 82351 1506
[ 26 25 3889 4048 82352 82511 160 82512 86801 4290
27 26 4049 4127 86802 86880 79 86881 87550 670
[ 28 27 4128 4241 87551 87664 114 87665 90108 2444
[ 29 28 4242 4406] 901091 90273 165 90274 90402 129
[ 30 29 4407 4862]  90403]  90858(93+3
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#3 : E52kichbk3ABCC11, ABCC12, ABCC5, ABCC4,
ABCC1, BXUABCA 1073/ BEFEOHERELE E—HE2%E
4 K EH] ABCCI11 ABCCI12 ABCCS ABCC4 ABCCI ABCAl
ABCCI11 100 /100
ABCCI12 59/49 100 /100
ABCCS 50/41 52/42 100 /100
ABCC4 47/36 50/39 51/41 100 /100
ABCCI 44/33 47/35 47/36 53/44 100 /100
ABCAI - - - - - 100 /100
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1
NUCLKXIC ACIDE OF THE HUMAN ABCC11 peme, YECTORS CONTAINING
SUCH N{UCLEIC ACIDS AND USES THEREOF

The present invention relates to a novel nucleic acid corresponding to ABCCL1
gene, and a eDNA encoding the novel ABCCL1 protein. The invention also relates to
means for the detection of polymorphisms in gencral, and mutations in particular in the
ABCCI1 gene or corresponding proteins produced by the allelic forms of the ABCCI1
pene.

The ATP-binding cassette (ABC) transporter superfamily is one of the largest gene
lumilies und encodes a functionally diverse group of membrane proteins involved in
energy-dependent transport of a wide vamiety vl subsirates acress membrancs (Dean ct al.,
Cure Opin Genet Dev, 1995, 5, 779-85)_ The active transporter proteins constitute a family
of proteins that are extremely well conserved during cvalution, from bacteria to humans
{Ames and Lecar, FASEB J,, 1992, 6, 2660-2666), The ABC proteins are involved in
extra- and intracellular membranc transport of various subsirales, for example ions, umino
acids, peptides, sugars, vitamins or slervid hormones. Among the 40 characterized humans
members, |11 members have been desceribed as associated with human discase, such as infer
alie ABCAL, ABCA4 (ABCR) and ABCC7 (CFTR) which are thought (o be involved in
Tangicr discasc (Bodzioch M et al., Nt (Fenet., 1999, 22{4) ; 347-351; Brooks-Wilson et
al., Nut Genet, 1999, 22(4), 336-345; Rust 8§ ot al., M, Ganet, 1999, 22, 352-355;
Remuley A T et al,, ), the Stargardt disease (Lowis R A <t al., Am. J Hiume Genet., 1999,
64, 422-434), und the Cystic Fibresis (Ricrdan IM ¢t al., Seferce, 1989, 245, 1066-1073),
respegtively, These jraplications reveal the importance of the functional role of the ARG
gene family and the discovery of new family gene members should provide new insights
into the physiopathology of human diseases,

The prototype ABC protein hinds ATP and uses the energy fom ATP hydrolysis to
drive the transport of various molecules across cell membranes, Most ABC functional
profeins from cukaryoles encode full-transporter, each consisting of twe ATP-binding
domains (nuclectide binding fold, NBF} ard iwe tramsmembrane (TM} demains. Most full-
transparters are arranged in a TM-NBEF-1M-NBF fashion (Dean et al., Curr Opin Genet,
1993, 5, 79-783}.

Analysis of amino acids sequence alignments of the ATP-binding domains has
atlowed the ABC genes to be separated into sub-famiiies (Allikroets ct al., Hum Mol Gener,

JP 2004-531241 A 2004.10.14
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1996, 3, 1649-1655). Currently, according to the recent HUGO classification, seven ABC
gene sub-families named ABC A to G have been described in the human genome, ie.,
ABCA (ABC1 subfamily), ABCB (MDR/TAP subfamily), ABCC (CFTR/MRP
subfumily), ABCD (ALD subfamily), ABCE (OABP subfamily), ABCF {(GCN20
subfamily), and ABCG ({whitc subfimily). For the most part these subfamilies contain
wenes that alse display considerable conservation in the transtnembrane domain sequences
and have similar pene organizalion, However, ABC profeins fransport very various
substrates, and seme members of different subfinilies have been shown to share more
similarity in substrale recognition than do proteins within sarme subfamily. Five of the
subfamilies arc also represented in the yeasl genome, indicating that these groups have
been and retained early in the evolution of eukaryotes {Decottignies et al., Nat Ganet, 1997,
137-45; Michaclis et al., 1995, Cold Spring Harbor Lahoratory Press}.

Several ABC transpart proteiny thal have been identitied in humans are associated
with various diseases. Some multiple drug resistance phenotypes in tumor cells have been
associated with the gene encoding the MDR (multi-drug resistance) pratein, which also has
an ABC transporter structure, Other ABC transporters have been associated with neuronal
and tumor conditions (LS Patent No. 5,858,719) or potentiaily involved in discases caussd
by impairment of the homeostasis of mctals (Biochim Biophys Acta, 1999 Dec
6;1461(2):18-404)

The human ABCC subfamily currenily has ten identified members (ABCCI to 10),
seven of which arg from the multidrug resistance-like (MRP) subgroup, two from the
sulfonylurea receptor (SUR) subproup, and the FTR gene. MRP-like proteins are organic
amiun (ransporters; L.e., thoy transport anionic drugs, exemplificd by methotrexate (M1X},
as well as neutral drugs conjugated to acidic ligands, such as plutatbione (GSFD,
glucuronate, or sulfate, and play a role in resistance to nueteoside analogs (Cui et al., Mol
Pharmacal, 1999, 55, 929-37; Kool et al., Proc Natl dead Sei, 1999, 96, 6014-8 ; Scluetz,
ct al., Naf Med, 1999, 5, 1045-31 ; Wijnholds et al., Proc Newl Acad Sci, 2000, 97, 7470-
81). More specifically, ABCC1, ABCC2 and ABCC3 transport drugs conjugated Lo GSH,
glucuronate, sulfate and other organic anions, such as MTX, whereas ABCC4 and ABCCS
proteins confer resistance to nucleolide analogs, including PMEA and purine base analogs.
Several genetic variations in some ABCC subfumily members have been identified as
assacisted with various human inhcrited discases. For example, cyslic fibrosis is cavsed by

mutations o fhe ABUCT gene or CUIR feystic fibrosis transinembrane conductance

JP 2004-531241 A 2004.10.14
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regulator} gene (Riordan ct al., Science, 1939, 245, 1066-73). Another member of the
ABCC sublamily, the ABCC2 pene, has been associated with the Dubin-Jumson syndrome
(Wada et al., Hum Mol Gener, 1998, 7, 203-7). Also, mutations in the coding sequencc of
another gene belonging to the ABCU subfamily, the ABCC6 pene, have been rocently
identified as responsible of the phenotype of pseudoxmthoma elasticum (Bergen et al,
Nat. Gener,, 2000, 25, 228-31 ; Le Saux et al., Nat Genet, 2000, 25, 223-7), which is a
pensiic disorder of the connective tissue, Likewise, a receptor of sulfonylureas, ABCCS or
SURI, appears to be invelved in famrilial persisient hyperinsulinemic hypoglycemia of
infancy (Thomas et 41l Science, 1995, 268, 426-9).

Thercfore, characterization of a new pene from the ABCC subfamily 15 likely to yieki a
biologically important transporter that may heve a (ranslocase activity and may play a major
role in human pathologies.

The applicant have discovered and characterized 2 novel gene belonging (o the
ABCC protein sub-family, which has been designated ABCCI1. The newly discovered
gene also shows considerable conservation of the amino acid sequences, particularly within
the transmembranc region (TM) and the ATP-binding regions (NED), and have a similar
pens orgmmization, In parlicular, this gone appears 1o by closely related to other ABCC
subfamily members such as ABCCS, ABCC2 and ABCC3, particularly in the A'TP-binding
domnain, and more particularly in the C-lerminal ATP binding domains. Ihe ABCCI1
protein, as well as ARCC4 and ABCCS, is smaller then mother well-known member of the
subgroup, ABCC1 (MRP1), appearing to lack the extra N-terminal domain (Borst ct al., J
Natl Cancer Inst, 2000, 92, 1295-302), which is however not required for the transport
funculon (Bakos ¢t al., J. Biol Chem, 1948, 273, 32167-75). Since structuraily related AC
proteins often transport similar substrates across the membranes, it would be reasonable to
suggest that the ABCC11 protein could share fimetional similarities with ABCC 4 andior
ABCCS genes, Le., the resistance to nucleolide analogs, such a3 PMEA, and purine base
analogs {Schuetz ef al.. Nat Med, 1999 5, 1048-51 . Wijnholds e al., Proc Netd deod Sci,
2000, 97, TAT6-81).

Furthermore, the applicants have mapped the novel gene ABCC11 in a region
locnted in the 16¢12 Tocus of the human chromosome 16, which is & tegion statistically
linked with twe genstic pathologies gemerally designated paroxysmal kincsigenic
dyskinesia (PKD), i.e., patexysmul kinesigenie choreoathetosis (PRC) (Tomita et al, dmJ
Hum Gener, 1989, 65, 1685-97; Bonnett e al., Nawrology, 2000, 54, 123-130) and infantile

JP 2004-531241 A 2004.10.14



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

a5

30

(74)

WO 02A72632 POT/EPO203241
4
convulsions wilh paroxysmal choreoathetosis or the ICCA syndrome {Lee et al., 1998,
Human Genet, 103, 603-612). These rcsults support the hypothesis that ABCCLL
represents a positional eandidate on human chromosame 16 for paroxysmal disorders, such
us paroxysmal kinesigenic chorenathetosis and/or infantile convulsions wilh paroxysmal
choteoathetosis.

Paroxysmal kincsigenic choreouthetosis (PKC), the most frequent type of
paroxysmal dyskinesin, is a disorder characterized by recmirent, freguent altacks of
involuntary mavements and postures, including chorea und dystonda, inducad by sndden
voluntary moverents, Stress, or excitement (Swoboda ef al,, Newroiogy, 2000, 53, 224-30).
The onset is in childhood or emty adoicscenee, the [requency and severity diminish with
age, and it responds to treatment with anticonvulsants. PK.C oceurs in familial and sporadic
forms and affects more males than females. In most familics it is inherited as an autosomal
dominant trait with incemplete penetrance. The gene locus has been mapped to buman
chromosomne 16911912 (Tomita et al, (1999) Am. I Hum. Genst, 65, 1383-1697; Bonwett
et al. (2000) Newrology 54, 125-130).

An overlapping locus has been predicled to contain the gene for infantile
convulsions with paroxysmal choreoathetosis (ICCA) {Lee et ul. (1998) Hum. Genet. 103,
608-612). The ICCA syndrome is a newological syndrome Jinked to the pericentromeric
region of humun chromeseme 16, characterized by involuntary-movements disorder and
attacks that occur spontancously or are induced by a variety of stimuli.

The Applicants have further determined vapression pattern of the ABCC11 gene by
PCR and by LST database mining that suggests that the ABCCIL genc is expressed in

tissues such as CNS znd muscle which are potentially involved in the eticlogy of PEC.

SUMMARY OF THE INVENTION
The present invention relates to a nucleic &cld wf the human ABCCTL gene, which is

likely to he invelved in the tansport of organic union transporters, such as cysteinyl
Jeukatrisne, anianic drgs, such as methotrexate, as well as neulral drugs conjugated to acidic
ligands, such as glutathione {GSH), glucuronate, or sulfate, or in the pathology whose
candidate chrumosomal region is simated ar chromosome 16, more precisely on the 16q anm
and still more precisely in the 16g12 Tocus tor paroxysmal kinesigenic chorecathetosis.

Thus, 2 first subject of the invenlien is a nucleic acid comprising a nucleolide

sequence of any onc of 8EQ I WOs: 1-30, or & complementary nucleotide sequence thercofl
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The invention also telates to a nucleic acid comprising at loast 8 consceutive
nucleotides of & mueleotide sequence of a) any one of SEQ ID NOs: 1-30 or a complementary
nucleotide sequence theraal,

The inventien also relates in & nucleic acid having at least 80% nucleotide identity
with a nucleic acid comprising a nucleotide sequence of any one of SFEQ IM'NOs: 1-30, or a
complementary nucleotide sequence thereof.

The invention also relates to a nucleic acid having at least 85%, preforubly $0%, more
preferably 95% and still more preferably 98% nucleotide identity with a nucleic acid
comprising a nucleolide segquence of any one of SEQ 1D NOs: 1-30, or a complementary
nucleotide sequence thereof.

The invention alse rclates to a nucleic acid hybridizing, under bigh siringency
conditions, with a nuclectide sequence of any one of 8EQ 1D NOs: 1-30, or 4 complementary
nueleatide sequence thereof,

‘The invention also relates to a nucleie scid, particularly a cDNA molecule, which
cocode the full length humun ABCCLI protein. Thus, the invention relates to a nucleic acid
comprising a nucleotide sequence of SEQ D NO: [, or a complementary nuclectide sequence
thereof.

The invention also relates to 2 nucleic acld comprising a mucleotide sequence as
depicted in SEQ ID NO: 1, or a complementary nucleotide sequencc thereof.

According o the invention, a nucleic acid comprising a nucleotide sequence of
SE(Q} [D NO: 1, which encodes a full length ABCC11 polypeptide of 1382 amino acids
comprising the amine acid sequence of STCHID NO: 31

Thus, the invention also relates o & nucleic aeid encuding a polypeptide comprising an
amino acid sequence of SEQ T NG 31,

Thus, the invention elso relates to a polypeptide comprising un smine acid sequence of
SEQ D NO: 30,

The invention slso relates 1o a polypeptide comprising an amino acid sequence us
depicted in any one of SEQ 1T NO: 31,

The invention also relates to & means (or detecting polymorphisms in general, and
mutatiuns in partienlar, in the ABCCI1 gene or in the corresponding proteins produced by the

gllelic form of these genes.
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According to another aspect, the invention also relates to the nucleotide sequences of
ABCC1Y gene comprising o1 least one biallelic polymorphism such as for cxampls
substitution, addition or deletion of one or more nucleotides.

Mucleotide probes und primers hybridizing with a nuelsic acid sequence located 1n the
region of the ABCC11 nugleie acid {(genomic DNA, messenger RNA, ¢DNA), in particular. a
nucleic acid sequence comprising any one of the mutations or polymorphisms.

The nucleotidc probes or primers according to the invention comprise ai least §
consecutive pucleotides of & nueleic acid comprising any one of SEQ IDNOs: 1-30, or a
complementary mucleotide sequence thereof.

Preferably, nucleetide probes or primers acconding to the invention will have a length
of 10, 12, 15, 18 or 20 to 25, 33, 40, 50, 70, 80, 100, 200, 500, 1000, 1500 consecutive
mucleotides of a nucleic acid according te the invention, in partieular of a nucleic acid
comprising any one of SCQ TD NOs: 1-30, or a complementary nucleotide seynence thereof.

Alternaiively, a nucleotide probe or primer according {o the invention will consist of
andsor comprise fragments having u length of 12, 13, 18, 20, 23, 35, 40, 30, 100, 200, 300,
1000, 1500 consceutive nuclectides of a nucleic avid according to the invention, more
particularly of a nucleic acid comprising any one of SR 10 NOs: 1-30, or a complamentary
nucleotide sequence thersof.

The definition of a nucleotide probe or primer according to the invention therefore
cavers aligonucleatides which hybridize, under the high stringeney hybridization conditions
defined above, with a nuclsic acid comprising any one of SEQ 1D NOs: 1-30, ur a
complementary nuclectide sequence (hersof.

The pueleotide primers according to the invention may be used to amplify a nucleic
acid according to the invention, and more pariicularly a nucleic acid comprising a nucleotide
sequence of any one 0f SEQ ID NOs: 1-30, ar a complementary nucleotide sequencs thereof.

Another subject of the invention relates o a methiod of wmplifying a nucleic acid
according to (he invention, and mors particularly a nuclsie acid comprising any one of STQ
M NOs: 1-30, a complementary nuclentide sequence thereof, a nucleic acid us depicted in any
one of SFQ TD NOs: 1-30, or a complementary mucleotide sequence thercof, contained in a
sample, said method comprising lhe sleps of:

a) bringing the sample in which the presence of the target nucleic acid is suspected into

contact with a pair of nuclectide primers whose hybridizatien position is located respectively
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on the 5 side and an the 3° side of the region of the target nucleie acid whose woplification is
sought, in tho presence of the reagents necessary for the amplification reaction; and

b} detecting the amplified nucleic acids.

The present invenlion also relates to 2 method of detecting the presence of a nuelele
acid comprising 2 nucleotide sequence of any one of SEQ ID NOs: 1-30, or a complementary
nueleotide sequence thereof, or a nucleic acid fragment or variant of any ane of 8EQ ID NOs:
1-30, or a complementary nucleotide sequence thoreof in a sample, said method comprising
the steps oft

1) bringing one uor more nuclentide prabes according to the invention into contact with
the sample to be tested;

2} detecting the complex which may have formed between the probe(s) and the nucleic
acid present in the sample.

According to a specific embodiment of the method of detection secording e the
invention, the oligonucleotide probes are immabilized on a support.

Acconling to another aspect, the oligenucleotide probey comprise a deteciablo marker.

Another subject of the invention is 2 hox or kit for amplifying all or part of a nucleic
acid comprising a) any enc of SEQ ID NOs: 1-30, or a complementary nucleotide sequence
thersof, or b) as depicted n any ane of SEQ ID NOs: 1-30 or of a complementary nuclectide
sequence thereof. said box er kit comprising:

1) a pair of nucleotide primers in accordance with the invention, whose hybridizativn
position is located respectively on the 5' side and 3" eide of the target nucleic acid whose
amplification is sought; and optionally,

2) reagents neeessary for an amplificalion reaction.

Such an amplification box or kil will preferably comprise at least one pair of
nucleotide primers as described above,

The inveriion also relates o a box or it for detecting the presence of a nueleie acid
aceording to the invantion in a sample, sald box or kit comprising:

) one or more nacleotide probes according to the invention;

) apprepriate reagents necessary for a hybridisation reaction.

According 1o & first aspect, the detection box or kit is characterized in that the
nucieotide probe{s) and primer(s)ure immobilized on a support.

According to a second aspect, the deteviion hox or kit is characterized in that the

nucleotide probe(s) and primer(s) comprise a detectable marker.

JP 2004-531241 A 2004.10.14



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

23

(78)

WU 021072632 PULEPOZO3241
8

According to & specific cmbediment of the detection kit described above, such # kit
will comnprise a plurality of oligonucieotide probes andfor primers in secordunce with the
invention which may be used to deiec target nueleic acids of interest or alternatively to deteer
mutations i the coding regions or the non-coding regions of the nucleic acids according to the
invertion. According to preferred cwbodiment ol the invention, the tarpet nueleic acid
comprises a nuclestide sequence of any onc of SEQ 1D NQs: 1-30, or of a complementary
nucleic acid sequence. Altermatively, the target nucleic acid is a nucleic acid Gagment or
variant of a nusleic acid comprising any one of SEQ ID NOs: 1-30, or of a complementury
nucleotide sequence.

According to apother preferred embodiment, a primer according to the invention
camprises, generally, all or part of any onc of SEQ ID KOs: 1-30, or a complementary
sequence thercof.

The invention also relates te a recombinant vector comprising a nueleic acid secording
to the invention. Preferably, such a reconibinant vector will comprise a nuclcic acid sclected
from the group consisting of

&) a nucleic acid comprising a nucleotide sequense of upy one of SEQ ID NOs: 1-30,
or & complementary nuclestide sequence thereof,

b} & nucleic acld comprising » nucleofide sequence as depicted i uny one of SEQ ID
N(s: 1-30, or a complemeniary nucleotide sequence thereof,

¢} & nucleic acid having at least cight conseculive mucleotides of a nueleic acid
comprising a nucleotide sequence of any one of SEQ ID NOs: 1-30, or a complementary
nucleotide sequence thereot;

d) a mucleic acid having at least 80% nucleotide idenlily with a nucleic acid
crmprising a nuclectide sequence of any onc of SEQ ID NOs: 1-30, or a complementary
nucleotide sequence thereof;

&) a mucleic acid having 83%, YU%, 95%, or 98% nucleotide identity wilh 4 nucleic
acid comprising a nucleotide sequence of any one of LG ID NOs: 1-30, or a complementary
nucleotide sequence thereof;

) 2 nueleie acid hybridizing, under Ingh siringency hybridization conditions, with a
nucleie acid comprising 2 nuclcotide sequence of any one of SEQ 1D NOs: 1430, or a
complementary nucleotide sequence; and

&} a nuelsic acid encoding a polypeptide comprising an aming acid scquence of SEQ
T NO: 31,
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Aceording to a first embodiment, 2 recombinant vector according to the invention {s
used 1o amplify 2 rucleic acid inserted therein, following transfermation or fransfestion of 2
desired cellular host.

According to a second embodiment, a recombinaat vector according to the invention
corresponds to un expression vector comprising, in addition to o nucleic acid 10 accordance
with the invention, & rogulatory signul or nucleotide sequence that directs or controls
transcription andror transtation of the nucleic acid and ifs encoded mRNA.

According to a preferred embodiment, a recombinant veclor according to the invention
will comprise in particular the following components:

(1) an element or signal for regulating the expression of the nucleic acid to be inserted,
such as a promuter and/or enhancer sequence;

(2) a nucleotide coding region comprised within the nueleic acid in accordance with
the invention to be inscried into such a veetor, said coding region being placed in phase with
the regulatery element or signal deseribed in (1): and

(3) an appropriate nucleic acid for initiation and termination of wanseription of Lhe
pueleetide coding regivn of the nucleic acid described in (2).

The present invention alsa relates to a defective recambinant virus comprising a cDNA
nucleic acid cneoding the ABCCI1 pulypeptide involved in the transport of various
substances, or in the pathology whose camdidate chromosomal region is situated on
chromosome 16, more precisely on the 16q arm and still more precisely in {he 16q12 locns for
paroxyamal kinesigenie chorecathetosis.

In another preferred embodiment of the invention, the defoctive recnmbinant virus
comprises 1 gDNA nucleic scid eneoding the ABCCI11 polypeptide involved in paroxysmal
kinesigenic chorcoathetosis. Prelerably, the ABCCIL polypeptide compises amine acld
sequence of SEQ D NO: 31,

In ancther prefirred embodhnent, the invenlion relates to a defeclive recombinant
virus comprising a nucleic acid encoding the ABCCI1 polypeptide under the conirol of 4
promoter chosen from REV-LTR or the CMV early promoter.

According (o a specific embodiment, a method of introdueing a mucleie acid according
to the invention into @ bosi cell, in particular a host. cell ubtained frorm 2 mammal, iz wve,
conpriscs a step during which a preparation compiising 2 pharmaceutically compatible vector
and  “naked” nuclete avid according to the invontion, placed under the contrel of appropriate

regulatory sexquences, 15 introduced by local injestion ai the level of the chosen tissue, for
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example a smooth musecic tissue, the “nuked” nucleic acid being absorbed by the cells of this
tissue.

According (w a spevific embodiment of the invention, a composition is provided for
the in viva production of the ARCC1L protein. This composition comprises a rudlcic acid
encoding the ABCC11 polypeptide placed under the comirel of appropuate regulatory
sequences, in solution in a physiologically acceptable vehicle andfor cxcipient,

Therefore, the present invention also relates to a compesition comprising a nucleic
acid encoding the ABCCH] polypeptide comprising an amino acid sequence of
SEQ 1D NO: 30, wherein the nucleic acid is placed under the eontrol of appropriate regulatory
claments.

Consequently, the invention also rclates to a pharmaceutical comyposition intended for
the prevention of or treatment of a patient or subject affeated by a purnxysmal kinesigenic
choreoathatosis comprising a nucleic acid encoding the ABCC11 protein, in combination with
one or more physiologically compatible excipients,

Preferably, such o composition will comprisc & nucleic acid comprising a nucleatids
scquence of any one of SEQ 1D NOS:1-30, wherein the mucleic acid is placed under the
conirol of an appropriate regulatory clement or signal.

In addition, the present invention is directed to a pharmaceutical composition intemled
for the prevention or treatment of a patient or 4 subject affected by a a pathology locaicd on
the chromosome 16q12, such as the paroxysmal kinesigenic chorsecathetosis, comprising a
recombinant vector wccording (o the invention, in combination with ome or more
physiologically compatible excipients.

The invention also rclates to the use of a nucleic acld acconding to the invention
encoding the ABCCI11 protein for the manufactave of a medicament intended for the
prevention of a pathology lucated on the clromosome locus 16q12, or more purticularly for
the treatment of subjects affected by = paroxysmal kinesigenie choreoathetosis

The invention also relates to the use of A recombinant vector aceording to the invention
comprising # nueleio acid encoding the ABCC11 protein for the manufacturc of a medicament
intended for the prevention of & pathulogy loeated on the chremasome locus 16412 or more
particularly for the treatment of subjects affected by a paroxysmal kinesigenic chorevathetosis.

The subject of tﬁe invention is therefore also a recombinant vector comprising 2
nuelcic acid according 1o the invention [hat encodes the ABCCI1 protein or polypcptide

involved in the paroxysmal kinesigenic choreoathetosis.
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The invention also relates 1o the use of such a recombinant vector for the preparation
of a pharmaceutical compositicn intended for the treabment and/or for the prevention of
diseases or senditions associated with deficiency of the ABCI11 gene and with a pathology
located on the chromosome locus 1612,

The present invention alsu relates to the use of cells genefically modified ex vivo with
such 2 recombinant veeter according to the invention, or cells producing a recombinant
vector, wherein the cells are jmplanted in the body, to allow a prolonged and effective
expression in vivo of any one biologically active ABCCI1 polypeptide.

The invention also relates to the use of a nueleic acid according to the invenfion
eneoding the ABCCL] protein for the manufacture of a medicament infended for the
prevention andlor the tremmment of subjects affected by a paroxysmal kinesigonic
choreoathetosis.

The invention also relates to the use of a recombinant vector according to the invention
comprising a nucleic acid encoding the ABCCH polypoptide according to the invention for
ihe manufacture of a medicament intended for the prevention and/or the treatment of subjecls
affected by a a paroxysmal kinesigenic chorenathetesis.

The invention also relates to the use of a recomhinant host celi according te the
invention, comprising 2 nucleic acid encoding the ABCCI pelypeptide according te the
invention for the manufacture of a mcdicament intended for the prevention and/or the
treatment of subjects affected by & a paroxysmal kincsigenic choreoathetosis.

The preseat invention alse relates to the vss of & recombinant vector according fo the
invention, preferably 4 defective recombinant virus, for the preparation of a pharmaceulical
composition fer the treatment and/or prevention of pathologies finked o the dysfunction of
the transport of anionie drugs, such as methotrexate (MTX), neutral drugs conjugated to acidic
ligunds, such as GSIT, glucuronate, or sulfate conjugated drags.

The invention relates to the use of such a revombinant vector or defective
rccombinant virus for the preparation of a pharmaceutical compesition intended for the
trewtment and/or for the prevention of o puthology located on the chromnsome locus 16912,
such as PEC. Thus, the present invention alsv relules to a pharmaceutical compnsition
comprising one or more recombinant vectors or defective recombinant virases according to
the invention.

The present invention also relates to the use of cells genetically modified ex vivo with

a vitus according to the invention, o the use of cells producing such viruses, implanted in the
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body, allowing a prolonged and effective expression in vivo 1 biclogivaily active ABCC11
protein.

The present invention shows that it is possible to incorporate a nucleic acid cneading
the ABCC11 polypeptide according to the invention into a viral vector, and that these veetors
make it possible to effectively vaxpress a biologicaily active, mature polypeptide. Morc
particularly, the invention shows thai the in wvo expression of the ABCCII protein may be
ohtained by divect administration of an adenovirus or by implantation of a producing ccll or of
a cell genetically modiffed by an adenovirus or by a retrovirus incorporating such a nucleic
agitl,

In this regard, unolher subject of the invention relates to any mammalian cell infeeted
with ong or more defective Tecombinant viruses according to the invention, More particularly,
the invention relates to any poputation of human cells infected with these vivuses. These may
be in pamicular cells of blood origin (totipotent stem cells or precursors), fibroblasts,
myntlasts, hepatocytes, keratinocytes, smooth muscle and cndothelial cells, glial cells and the
like.

Another subject of the invention telates to an implant comprising marpmalian cells
infected with one or more delective recombinant virses according to the invention or ¢clls
produeing recombinant viruscs, and an exdmocllular matiiv, Prefersbly, the implanis
aceording to the invention comprise 105 to 1019 cells. Morc prefirably, they comprise 106 to
108 cells.

More particularly, in the implants of the invenlion, the extracelllar matrix comprises
a pelling compound and optionally, a support allowing the anchoruge of the cells.

The invention also relates to a recombinant host cell comprising # nucleic acid of the
invention, and more particularly, a nucleic acid comprising any one of SEQ 1) NO: 1-30, ar a
complementary nucleotide sequence thercof.

The invention also relates to & recombinant host cell comprising 2 nueleic acid of the
invention, and more particularly a nucleic acid comprising a mucleotide sequence as depicted
in any one SEQ ID NOS: 1-30, or a compiemenlery nucieatide scquence thereof,

According to another aspect, the invention also relates to a recombinant host cell
comprising 4 recombinant veolor aceerding 1o the invention, Therefore, the invention also

relates 1o a recombinant host cell comprising a recombinant veetor comprising, any of the
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nucleic acids of the invention, and mote particularly a nucleic acid comprising any one
muweleolide sequence of SEQ T NOS: 1-30, or a complementary nuclectide sequence thereot.

Specifically, fhe invention relates to a recombinant host cell comprising a recombinant
veetor comprising a nucleic acid comprising any one of BEQ 1D NOs: 1-30, or a
complementary nucleotide sequence thereol.

The invention also relates to a recombinant host cell comprising & recombinant vector
comprising a nucleic acid comprising a nucleatide seguence as depicted in uny une of SEQ 1D
KOS&: 1-30, or of & complementary nucleotide sequence thereof.

"The invention also relates to a recombinant host cell comprising a recombinant vector
comprising a nueleic acid encoding a polypeptide comprizing an amino acid sequence of SEQ
[ NG: 31,

The invention also relates to a method for the preduction of a polypeptide comprising
an amiro acid sequence of SEQ D NOs: 31, or of & peptide fragment or & variant thereof, said
method comprising the steps of:

&) inserting n nucleic acid cnending sald polypeptide into an approprizte vector;

b) culturing, ia an appropriate cullure mediwn, a previously transformed host cell or
transfecting a host coll with the recombinunt vector of step a);

&) recovering the conditioned cultare medium or Lysing the host cell, for example by
sonicatinn or by osmotic shock;

d} separating and parifying szid pelypeptide from said culture medium or alienatively
from the cell bysales obtained in step c); and

) where appropriate, characterizing the recombinant polypeptide produced.

A palypeptide termed “homolegous™ ta a polypeptide having an amino acid sequence
of SEQ ID NO: 31 alse forms part of the invenlion. Such a homologous polypeptide
comprises an amino ucid sequence possessing one or more substitutions of an amino acid by
an equivalent amino acid.

The ABCCI11 polypeptide according to the inveation, in purlicular 1) a polypeptide
comprising 4n amino acid sequence of SEQ ID NC: 31, 2) a polypeptide frugment or varant
of a polypeptide comprising an amino acid sequence of SEQ I NO: 31, or 3) a polypeptide
termed “hemologeus” 1 a polypeptide compusing aming acid sequence of SR() Ty NG: 30,

In a specific embodiment, an antibody according to the invention is directed ugainst 1)
a polypeptide comprising an amino acid sequence of SEQID NO: 31, 1) 2 polypeptide

fragment or variant of a polypeplide comprising an amino acid sequence of SEQ ID NO: 31,
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or 3) a polypeptide termed “homologous” to a polypeptide vomprising amino acid sequence of
SEQ D NO: 31. Such antibody fs produced by using the trioma technique or the hybridoma
techrique described by Kozhor et ul. (fmmunology Today (1983) 4:72).

Thus, the subject of the iovention is, in addition, a method of deteeting the presence of
any one of the polypeplides uccording to the imventian in a sample, said method comprising
the steps of:

a) bringin the sample 1o be tested into contact with an antibody dirccted against 1) 2
pulypeptide comprising an amine acid sequence of §EQ TD NC: 31, 2) 4 polypeptide fragiment
or variant of u polypeptide comprising an amino acid sequence of SEQID NOs: 31, 33 a
palypeptide termed “hormclogous” to & polypeptide comprising amino acid sequence of SEQ
1D NO: 31, and

b) detecting the antigen/antibody complex formed.

The invention also relates to a box ov kit for diagnosis or fur detecting the presence of
any ane of polypeptide in accordance with the invention in a sample, said box comprising:

4) an antibody directed against 1) a polypeptide comprising an amino acid seguence of
SEQ 1D NO: 31, 2) a polypeplide fragment or varjant of a polypeptide comprising an amine
acid scquence of any vne of SEQID NOs: 31, or 3) a polypeptide “homelogous” 10 a
polypeptide comprising amino acid sequence o SEQ M) NO: 31, and

) a reagent allowing the detection of the antigen/antibody complex s formed.

The invention also relates to a phatmaceutical compasition comprising 4 nucleic acid
according to the invention.

The invention also provides pharmaceutical compusilions comprising a nuclcic acid
encoding the ABCCIL polypeplide avcording to the invention and pharmaceutical
compositions comprising the ABCC11 polypeptide according to the invention intended for the
treatment of a pathology located on the chromesome locns 16412, such as the parcxysmal
kinesigenic choreouthetosis,

The present invention also relates to 2 new therapeulic approach for the treatment of
patholugies located on the chromosome locus 16412, such ay the paroxysmal kinesigenic
chorecathetisis, comprising transforring and expressing ée vve 2 nucleie acid encoding the
ARCC11 prolein accarding te the invention.

Thus, the present invention offers a new approach for the treatment and/or prevention

of pathologies located on the chromosome locus 16q12, such as the paroxysmal kincsigenic
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chareoathetasis in a patient or subject, Specifically, the present invention provides methods to
reslore or promate the deficiency of the gene cavsing such pathology.

Consequent]y, The invention also relates (o a pharmaceutical composition intended for
the prevention and/or treatment of subjects affected by, a dysfunction of the gene located on
the chromoesome logas 16412, such us paroxysmal kanesigenic choreoathetosis, comprising a
nucleic acid encoding the ABCC1 1 protein, in combination with one ar more physiologically
compatible vehicle andfor excipicnt,

According to a specific embodiment of the invention, a compusition is provided for
the in vive production of the ABCCL1 protein. This composition comprises a nucleic acid
encoding the ABCCL1 polypeptide placed under the control of appropriate rogulatory
sequences, in solution in a physiologically compatible vehicle andior excipient.

Therefore, the preseit invention 2lso relates to u composilion comprising a nucleic
acid encoding a polypeptide comprising 2n amino acid sequence of SEQ D NOs: 31, whercin
the nueleic acid is placed ender the control of appropriute regulatory cleinents.

Preferably, such o composition will comprise a nucleic acid coniprising a nucleotide
sequence of any one of SEQ 11> NOs; 1-30, placed under the control of appropriate regulatory
elements.

‘The invention also Telatcs to a phormaceutical composition intended for the prevention
of or treatment of subjects affected by a dysfunction of the (ransport of anionic drugs, such as
methotrexate (MTX), neutral drugs conjugated to acidie ligands, such as GSH, glucuronate, or
sulfate comjugated drags, comprising a recombinant vector ascording to the invention, in
combination with cne or more physiologmeally compatible vehicle and/or excipient.

According to another aspect, the subject of the invention is also a preventive or
curative thetapeutic method of treating diseases cansed by a deficiency of the mansport of
anionic drugs, such as methotrexate (MTX), neutral drugs conjugated to acidie ligands, such
as GSH, glucuranate, or sulfate, such » method comprising administering to 4 patiens 2 nucleic
acid encoding the ARCC11 polypoptide apcording to the inveotion, suid nucleic acid being
combined with one or more physiologically appropriate vehicles and/or excipients.

The invention relates tc a phammaccutical composition for the prevention undfor
treatment of o patient ot subject affecled by a dystunction of the transpori of anionic drogs,
such as methotrexate (M1X), neutral drugs conjugaed 10 acidic ligands, such as GSH,

glucuronate, or sulfate comprising a therapeutically effective quantity of a polypeptide having
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an amino acid sequence of SEQ ID NOs: 31, combined with one ur more physiologically
appropriate vehicles and/or excipients.

‘The iovention alsn relates to a pharmaceutical composition for the prevention andfor
tremtment of PX.C comprising a therapeotically effective quantity of a polypeptide having an
amine acid sequence of SEQ ID NOs: 31, combined with one or more phystalagically
appropriate vehicles and/or excipients.

The invention also relates 1o a pharmaceutical cormposition for the prevention and/or
lrentment of PKC, such a method comprising admunistering 0 a patient a nucleic acid
encoding the ABCCI1 polypeptide according to the invention, suid nucleic acid being
combined with one or more physiologivally appropriatc vehicles and/or excipients.

According to a specific embodiment, & method of introducing at least a nucleic acid
according to the invention into a host cell, in particulur & host cell obtained from & mammal,
i vive, comprises a step during which & preparation comprising o pharmaceutically
compatible vector and a “naked” nucleic acid nccording te the invention, placed under the
control of upprepriate regalatory sequences, is introduced by local injection at the lovel of the
chosen tissue, for example a smooth muscle tissue, the “naked” nucleic acid being absorbed
by the cells of this tissuc.

Aceording to yet another aspect, the subject of the invention is also a preventive ot
curative therapeutic method of treating diseases causcd by a doficicney of the transporl of
anionic dings, such as methotrexate (MTX), neutra) dmgs conjugated to acidic ligands, such
us GSH, glucuronate, or sulfate, such & method comprising administering to a patient u
therapeutically effective quantity of the ABCC11 polypeptide according to the anvention, said
polypeptide being combined with one or more physiolopically appropriate vehicles and/or
excipients,

The jnvention also provides methads for screening small melecules and compounds
that act an the ABCCI] protein to identify agonists and antagonists of such polypeptides that
can restore or promote improved the transport of anionic drugs, such as methotrexate (MTX),
neutral drogs comjupated to acidic ligands, such as GSH, glueurenate, or sulfule (o effectively
curs and or prevent dysfunctions thereof These methods are useful to identify small
moleewles and eompounds for therapeutic use in the treatment of diseases due to a deficiency
of the fransport of anionic drugs, such as methotroxate (MTX), neutral drugs conjugated to

acidic ligands, such a3 GEH conjugated drugs, slucuranate, or sulfate.
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‘Yherefore, the invention also relates 1o the use of the ABCC11 polypeptide or a cell
expressing the ABCCLI polypeptide according to the invention, for screening active
ingredients fur the prevention andior treatment of diseases resulting from a dysfunction of the
transpoert of unionic drugs, such as methotrexate (MTX), neutral drugs conjugated to acidic
ligands, such as GSH conjugated drugs, glucuronale, or sulfate.

The invention also relates to a method of screening 4 compound or smafl moleeule, an
agonist or antagonist of the ABCCI1 polypeplide, said method comprising the following
steps:

a) preparing 4 membrane vesicle comprising the ABCC11 polypeptide and a lipid
substrate comprising a deteetable marker;

b} incubating the vesicle obtained in step a) with an agonist or antagonist candidate
compound;

¢) qualitatively andfor quentitatively measuring relcase of the lipid subsmate
comprising a detectable marker; and

dy comparing the release measurcment obtained in step b) with & measurement of
release of a labelled lipid substrate by a vesicle that has not been proviously incubated with
the ugonist or anjagonist candidatc compound,

In @ first specific embodiment, the ABCC11 polypeptide corprises 8EQ TN NOs: 31,
Texpectively.

The invention also relates to a method of scraening a compound or small malecule, an
agonist or antagunist of (he ABCCLL polypeptide, said method comprising the [ollowing
steps:

) obtaining a cell, for cxample a cell line, that, sither naturally or after transtecting the
cell with the ABCCL1 encoding nucleic neid, expressing the corresponding ARCCIL
polypeptide;

b) incubating the celi of step 2} in the presence of an anion labelled with 4 detectable
marker;

) washing the cell of step b) in order to remove the excess of the labelled anion whick
has not penetrated into these cells;

d} incubating the cell obtuined in stepe) with an agenist or antagonist candidate
compound for the the ABCC11 polypeptide;

€) measuring cfflux of the labelled anion; and
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[) comparing the value of efflux of the labelled anion determined in step ¢) with a
value of «fflux of a lahclled anion measursd with cell which has not been previously

incubated in the presenve of (he agonist or antagonist candidate compound for the ABCCI1

polypeptide.
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In a specific embodiment, the ABCC11 polypeptide comprises SEQ ID NO: 30.

BRIEF DESCRIPTION UF TIIE DRAWINGS

Higure 1z

Figure 2:

Figare 3:

represents the alignment of ABCCL1, ABCCI2, and ABCCS proteins.
Identical amino acids are shaded, gaps are indicuted by perods. Walker A
ad B motifs and the ABC transporter family signamre sequence C are
underlined and labelled with respective letters. Amino acid scquences were
aligned with the PILEUP program in the Genetics Computer Greup
Package. Potential transmembrapc spanning segments arc given an beld

type

represents the physical map of the chromosome 16 and localization of the
human ABCC11 and ABCC!2 genes. Human ABCC11 and ABCC12 genes,
flanked by markers D1653093 and D165409, are sepaated by about 200kb,
and organized in a head-tu-tail fushion, with thoir 5 end facing fhe
centromers, Toci for [NCA, PKC, and their vverlap, are defined by brackets,
ABCC11 and ABCCI2 gence are indicated by gray and black amows,

respectively.

Tepresents the expression profiting of the human ABCC11 gencs by PCR on
human Multiple Tissue cDNA (MTC®, Clontech). Each lane comtains
normalized, ficst-sirand ¢ A from 16 human tissuecs/cells. Lanes 1-16 thus
represent cDNA from heart, brain, placenta, lung, liver, mmscle, kidney,
pancreas, spleen, thymus, testes, ovary, intcstine, colon, leukocyte, and
prostate, respectively. N represents the negative control 3 M represents the
marker lane (1kb Plus DNA Ladder). The following primer pairs amplified
specific pene products: ABCC1L: firward 5°-AGA ATG GCT GTG AAG
GCT CAG CAT C-37, reverse 51T CCT CTC CAG CTC CAG TGC-3.
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Figure 4: displays the splicing pattern of the ABCCI1 and ABCCL2 genes. Clear
hoxcs represent exons, and vertical lines define splice sites. The cxon
numnbers [or each gene is shown bath above and below the drawing. Filled

hoxes indicate the exons coding for ABC domams.

Figure 5: displays a phylogenetic relationship of genes in the ABCC subfamily.
Complete protein sequences of all members of the ABCC subfamily were
aligned with the CLUSTALW program. The distance measurc is given in

substitutions per umning acid,

DETAILED DESCRIPITON OF THE INVENTTON

GENERAL DEFINITIONS

The present invention contemplates isolation of a human gene encoding ABCCLI
pulypeptide of the invention, including a Al length, or naturally ocewrring form of ABCCL]
and any antipenic fragmenis thereaf from any animal, particularly manmalian or avian, and
more particutarly humnan source.

In accordance with the present invention, conventional molecular biclogy,
microbiology, and reearbinant WA techmaques within the skill of the ast are used. Such
techniques are fully explained in the literatare {Sambroelk et al,, 1959, Molecular cloning a
laboratory manual. Zed. Celd Spring [larbor Laboratory, Cold spring Harbor, Mew Vork;
Glover, 1985, DMA Cloning: A pratical spproach, volumes I and IT oligonucleotide synthesis,
MRL Press, LTD.., Oxford, UK ; Hames and Higgins, 1985, Transcription end transiation;
Hames and [liggins, 1984, Animal Cell Culture; Freshney, 1986, lmmohilized Cells And
Enzymes, RL Press; and Perbal, 1984, A practical guide to molecular cloning).

As used herein, the term "gene" refers to an assembly of nucleotides thal encode a
polypeptide. and includes eDNA aned genomic DNA nucleic acids.

The torm “iscluled” for the purposes of the present invention designates a biological
material (nucleic acid or profein} which has besn removed from its original environment (the

environment in which it is naturally present).
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For example, a polynucleotide present in the natural state in a plant or en auimal is ot
isolated, The same nucleotide separated from the adjacenl mmeleie acids in which il is naturally
inserted in the genome of the plant or animal is considered as being “isolated™.

Such a polynucleotide may be included in a vector and/or such a polynucleotide may
be included in a composition and remains nevertheless in the isnlated state because of the fact
that the vector or the composition docs not constitute 1ls naiural environment.

The tenn “purified” does nol require the material to be present in a form exhibiting
ahsolute purity, exclusive of the presence of viher compounds. Tt i rather a relative definition.

A polynucleotide js in the “parified” state atter purification of the starting matetial or
of the nataral material by at least one order of magnitude, preferably 2 or 3 and preferably 4 o
5 orders of magnitude,

For the purposes of {he present description, the expression “mucleotide sequence” may
be used t0 designate cither a polynuclestide or a nucleic acid. The expression “rucleptide
sequence” covers the genetic material itself and is therefore nol restricted to the information
relating to its sequence.

The terms “mucleic acid”, “polynucleotide™, “oligonucleotide™ or “nucleciide
sequence” cover RNA, DNA, or cDNA sequences or alternafively RNA/DNA - hybrid
sequences of more than one nucleotide, either in the single-stranded form or in the duplex,
double-standed form.

A “nucleic acid” is 2 polymeric compound comprised of covalontly linked subunits
called  nuelwotides, Nugleie acid includes polyribonucleic acid (RNA} and
pelydeoxyribonuclele acid (DMA), both of which may be single-stranded or double-stranded.
DNA includes ¢DNA, genomic DNA, synthetic DNA, and semi~synthetic DNA.  The
sequence of nuclevtides thal encodes a protein is called the yense sequence or coding
scquence.

The term “nucleotide” designates both the natural nucleotides (A, 1, G, C) a8 well ag
the modified nuelentides that comprise at least one modification such as {1} un analog of a
purine, (2) &n analog of 4 pyrimidine, or (3) an analogous sugar, examples of such modified
nucleotides being described, for example, in the PCT application No. WO 95/04 064,

[or the purposes of the present invention, a fiest polymicleotide is considercd as being
“complementary” 1o a sccond polynucleotide when each base of the first nucleotide is paired
with the complementary basc of the second polyaucleutide whose orientation is reversed. The

complementary bascs are A and T {er A and U), or C and G.
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"Heterologous” DNA refers to DNA not naturally located in the cell, or in a
chromasomal site of the cell. Preferably, the heterologons DNA includes u gene foreiun lo the
cell.

As used herein, the term "homologous” in all its grammatical forms and spelling
vagiations refers to the relationship belween proteins that possess a "eommon evolutionary
orign,” inchuding proteins from superfamilies (e.g., the immunoglabulin saperfamily} and
homolopous proteiny o different species (e g., myosin lght chuin, efc) (Reeck et al., 1987,
Cell 50:667)). Such proteins (and their eneodipg penes) have sequence bomology, as
reflented hy Lbeir high degree of sequence similarity.

Accordingly, the term “sequence similarity” in all its grammatical forms refers to the
degres of idestity or sorrespordence between nucleic acid o avune acid sequencey of protens
thut may or may nol share a common evolutionary origin (see Reeck et al., supra). However,
I common usage and in the mstant application, the torm “homologous,” when modified with
an adverb such as "highly,” may refer to sequence similurity and not a common evolutionary
origin.

[n a specific embodiment, fwo DNA scquences arc "substantelly homologous™ or
"substantially similar” when at least about 50% (preferably at lcast about 75%, und mure
preferably at least about 90 ot 95%) of the nucleotides match over the defined length of the
DNA sequences. Sequences that are substantially homologous can be identified by eomparing
the scquences using standard software uvailable in sequotce data banks, or in a Southemn
hybridization cxperiment under, for example, strinpent comditions as defined for that
particulur system. Defining appropriate hybridization conditions is within the skill of the art.
Sce, ¢.g., Maniatis et al., supra; Glover et al. (1985. DNA Cloning: A practical approach,
volumes 1 and IE oliponucleatide synthesis, MRL Press, Lid, Oxford, U.K); TTames and
Higgins (1985, Transcription and Trapslation).

Similarly, in a particular embodiment, two amino acid sequences are "subsiantially
homologous" or “substantially similar” when greater than 30% of lhe amino acids are
identical, or greater ithan about G0% are similar (fancticnally identical). Prelerably, the
similar or homologous sequénces are identified by alignment using, for example, the GCG
(Geneties Computer Group, Program Manual for the GCG Package, Persion 7, Madisomn,

Wisconsin} pileup program.
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The “percentage identity” between two nuelcotide or amino acid sequences, for the
purposes of the present invention, may be determined by comparing two sequences aligned
cptimally, through « window for comparison.

The pertion of the nacleotide or polypeptide sequence in the window for comparisen
may thus comprise additions or deletions {for exumple “gups”) relative to the reference
sequence (which does not comprise (hese additions or these delotions) so as lo obluin an
aptimum alignment of the two sequences.

The pereentage is caleulaied by determnining the number of puositions at which an
identical pucleic base or un identical amino acid residue is observed for the two sequences
(rucleic or peptide) compared, and then by dividiog the number of positions at which there is
iuentity between the iwe bases or amina acid residues by the tofal aumber of positions in the
window for compurison, aud then muluplying the resuit by 100 in erder to obtsin the
percentage sequence identity.

The optimum sequence alighment for the comparison may be achicved using a
eomputer with the aid of known algorithms coniained in the package from the company
WISCONSIN GENETICS SOFTWARE PACKAGE, GENETICS COMPUTER GROUP
(GCA3), 575 Science Doctor , Madison, WISCONSIN.

By way of illusivation, it will be possible to preciuce the percentape sequence Identify
with the aid of thc BLAST softwarc (versions BLAST 1.4.9 of March 1996, BLAST 2.0.4 of
February 1998 and BLAST 2.0.6 of Scptembor 1998). uwsing exclusively the defiult
paramelers (Altschul etal, 1990, . Mal. Biol., 215:403-410; Altschul el al, 1997, Nucleic
Acids Res., 25:3389-3402). Blast searches for sequimces similar/homologous to a reference
“request” sequence, with the aid of the Altschul et al. algorithm. The request scquence and the
databases used may be of the peptide or nueleic types, any eombination being possibie.

The term "comresponding to” is used herein to refer to similar or homologous
sequences, whether the exact position s identical or differcnt from the molecule to which the
similarity or homology is measured. A nucleic acid or amino acid sequence alignnent may
include spaces. Thus, the term "correspomding to” refers to the sequence similarity, and not
the numbcering of the amine ncid residues or nucleotide bases.

A gene encoding the ABCCI1 polypeplide of the invention, whether genomic TINA or
cDNA, can be isolated from any soutce, particularly from o human ¢DNA or genomic library.

Methods for abtaining genes are well known in the art, as described above (see, eg.,
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Sambrook ot al., 1989, Moleculor cloning: a laboratory manual. 2ed. Cold Spring Harbor
Lahoratory, Celd spring Harbor, New York).

Accordingly, any animal cell potentially can serve a3 the muclsic acid sovrce for the
molecular cloning of the ABCC11 gene. The DNA may be obtained by standard procedures
known in the art from cloned DNA (e.g., a DNA "library"), and preferably is obtained from 2
oDNA library prepared trom tissucs with high level expression of the protein and/or the
transeripts, by chemical synthesis, by ¢DNA cloning, or by the cloning of genomic DNA, or
frapments thereof, purified from the desired cell (See, for cxample, Sumbrook el al., 1989,
Molecuiar cloning: o laboratory manual, Zed. Cold Spring [larbor Laberatory, Cold spring
Harbor, New York; Glover, 1985, DN Clening: A Praclical Approach, Volumes I and if
Oligonuclectide Synthesis, MRL Press, Lid., Oxford, UK).

Cloncs derived from genvinic DNA may contain regilatery and intron DNA regions in
addition to coding regions; clones derved from ¢DNA will not contain infron sequences.
‘Whatever the source, the gene should be molecularly olored into a suitable vector for
propagation of the pene.

In the molceular cloning of the gene from genomic DNA, DNA fragmenls are
peperated, some of which will encode the desired gene. The DNA may be cleaved at specific
sits using various restriction enzymes. Alternatively, one may use DNAge in the presence of
manganese to fragment the DNA, or the DNA can be physically sheared, as for example, by
sonication. The linear T¥NA, fragments can then be separated according o size by standard
techniques, including but not limited to, agarose and polyacrylamide gel electrophoresis and
column chromatography.

Onee the DNA fragments are penerated, identification of te apecific DNA frapment
containing the desired ABCC11 genc may be accomplished in 2 mumber of ways. For
example, it an amount of a portion of the ABCCI1 gene or its specific RNA, or a fragment
thereof, is available and can be purified and lablled, the penerated DNA {ragroents may be
screened by nucleic acid hybridization to the labelled probe (Benton and Davis, Scierce
{1977, 196:180; Grunsteiu et al., Proc Notl. Acad. Sci. U.8A. (1975) 72:3961). For example,
a set of olipomiclootides corresponding te the partial ceding sequence information obtained
far the ABCC1I protein can be prepared and uscd as probes for DNA sneoding the ABCCIT,
as was done in a spoeitic cxampie, inffa, or as pimers for ¢cDNA or mRNA (eg., in

combination with & poly=T primer far RT-PCR). Preterably, 2 fragment is sclected that is
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highly unique to the ABCC11 nucleie acid or polypeptide of the invention. Those DNA
fragments with substantial homology o the probe will hybridize. As noted above, the greater
the degree of hiomology, the more stringent hiybridization conditions can be uscd. In a specitic
embodimeni, varions stringency hybridization conditions are used i jdentify homelogons
ABCCI] gene.

Further seloetion can be carried out en the basis of the properties of the gene, .., if
the gene encodes a protein product having the isvelechic, electrophoretic, amino acid
composition, or partial amino acid sequence of the ABCCI1 protein as disclosed herein.
Thus, the presence of the gene may be detected by assays bascd on the physical, chemical, or
immunological properties of s expressed product. For example, ¢DNA. cloncs, ar DNA
clones which hybrid-select the proper mRNAs, can be selccted which produce a protein that,
e.g., has similar or identical clectrophoretic migration, isoelectric focusing or non-equilibrium
pH pel electrophoresis behaviour, proteolytic digestion maps, or amtigenic proporlics as
known for ABCCI1.

ABCCI1 genc of the invention may also be identified by mRKA selection, ie, by
nucleic avid hybridization foltowed by in vitro translation, According te this procedure,
nucleotide frugments are used to isolate complementary mRNAs by hybridization, Such DNA
fragments may represent available, purified ABCCI1 DNA, or may be synthetic
oligonucicotides  designed from the  partial oding  sequence  information.
[mmunoprecipitation analysis or functional assays {e.g., tyrosine phosphatase activity) of the
in virro translation preducts of the products of the isolated mRMAs identifies the mENA and,
therefore, (he complementary DNA frugmenls, that contain the desired sequences. In
addition, specific mRNAs muy he selected by adsorption of polysomes isolated from celis to
immobilized amtibodics specifically directed agamnst the ABCCI1 polypeptide of the
invention.

A radiolabeled ABCCI! ¢DNA can be synthesized using the sclected mRMA (from
the adsorbed polysomes) as a template. The radiclabeled mRINA or cDNA may then he used
a5 a probe Lo identify homologous ABCC11 DNA fragments from among other genomic DNA
fragments.

“Variant” of 4 nueleic acid according to the invention will be understoog to mean a
nuelcie acid which differs by one or more bases relative to the reference polynucleotide, A
variznl mueleie acid may be of rataral origin, such as an allelic variant which exists naturally,

or it may also be a nornatural variant abtained, for example, by mutagenic technigues.
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In general, the differences betweon the teforence (generally, wild-iyps) nucleic acid
and the variant nucleic acid arc small such that the nuclectide sequences of the reference
nucleic acid and of the variant nueleic acid are very similar and, in many regions, identical.
The nueleotide modificalions present in a variant nuclgic acid may be silent, which means that
they do not alter the amino acid sequences envoded by said variant nueleic actd.

However, the changes in maclectides in a variant nueleic acid may also resalt in
substitutions, additions or deletions in the polypeptide encoded by the variant nucleic acid in
relulion to (he pelypeptides encoded by the reference mucleic acid. In addition, nucleotide
modifications in the coding repions may produce conservative or non-conscrvative
substitutions in the amino acid sequence of the polypeptide.

Preferably, the variant nucleie acids according to the nvention encode polypeptides
which substantially conserve the same function or biological sctivily as the polypoptide of the
reference nuclsic asid or alternatively the capacity to bt Tecognized by antibodies directed
saginst the polypeptides encoded by the initial reference nucleic acid.

Some variant nueleic ucids will thus encode mutated forms of the polypeptides whose
systematic study will make it possible to deduce structure-activity cclationships of the proteins
in question, Knawledge of these varianis in relation to the disease smdied is sssential since it
makes it possible to understand the molecular cause of the pathology.

“Fragment” will be undersiood to mean a pucleotide sequence of reduced length
relafive to the reference nucleic acid and comprising, ever the common portien, a nucleotide
soquence identical tu the reference nucleic acid. Such a nucleic acid “fragment™ according to
the invention may be, where appropriate, included in a larger polynuclectide of which it is a
constimient. $uch fragments comprise, or altematively consisl of, oligonuclentides ranging in
length from 8, 10, 12, 15, 18, 20 1o 25, 30, 40, 50, 70, 80, 100, 200, 500, 1000 or 1500
consecutive nuclectides ol a mucleic acid according 1o the invention.

A "nucleic acid molecule® refers o the phosphate ester polymeric form of
ribonucleosides  (adennsine, guanasine, uridine or cytidine; "RNA  molecules™ or
deoxyribonueleosides {devxyadenusine, deoxymuanasine, deoxythymidine, or deoxycytidine;
*DNA moleenles™, or any phosphoester anolugs |herenf, such as phesphorothloates and
thioesters, in either single stranded form, or & double-stranded helix. Double stranded FANA-
DNA, DNA-RNA and RNA-RNA helices arc possible. The torm mueleic acid moleculs, and
in pasticular DNA or RNA malecule, relers only to the primury and sceondary strueture of the

molecule, and does not limit it to any purticular tertiary forms, Thuy, this teom includes
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double-stranded DNA found, nter alig, i linear or circular DNA molecules (e.g., restriction
fragments), plasmids, and chromosomes. In discussing the struciure of particular double-
stranded TRTA molceules, sequences may be described hersin according to the pomal
convention of giving only the sequence in the 5 ta 37 direction along the nentranscribed
strand of DMA fie, the strand having a ssquence hemologous fo the mRNA). A
"recombinanl DNA molecule” is 2 DNA molecule that hay undergone a melecular biological
manipuiation.

A muelcic acid molecule is "hybridizable” to another nusleic acid molecule, such as a
cDNA, genomic DNA, of RNA, when a single stranded form of the nucleic acid malecule can
anieal to the other nucleic acid molecule under Ibe appropriatc conditions ol lemperature and
solution ionis strength (see Sambrook et ul., supra). The conditions of ternperature und fonic
strenggth determine the "stringency” of the hyhridization. For preliminary sereening for
homologons nuclcie acids, low siringency hybridization conditions, corresponding o a Ty of
55°, can be used, eg., 5% SSC, 0.1% SDS, 0.25% milk, and ne formamide; or 30%
formamide, 5x 55C, 0.5% SDS. Modcrate stringency hybridization conditions correspond to
a higher T, eg., 40% formamide, with 5x or 6x SCC. High stringency hybiidization
conditions carrespand to the highest Ty, e.g., 50% fonnamide, 5% or 6x SCC. Hybridization
requires that the two nuclsic acids contain complemnentiry sequences, altheugh depending on
the stringency of the hybridizalion, mismatches between bases arc possible. Lhe appropriate
stringeney for hybridizing nmclcic acids depends on the Jengih of the migleie aeids and the
degree of complemenlation, variables well known in the art. ‘The grealer (he degree of
similarity or homology between two nucleolide sequences, the greater the valoe of 'Ly for
hybtids of nueleic acids having those sequences. The relalive sability {coresponding to
higher T,;) of nuclele acid hybridizations decreuses in the following order: RNARNA,
DNARNA, DNA:DNA. For hybrids of greater than 100 nucleolides in length, equations for
calculating Ty, have heen derived (see Sambrook cf al., supr). For hybridization with shorter
nucleic acids, ie, oligonuclentides, the position of mismatches becomes more important, and
the length of the oligomucleotide determines its specificity {see Sambrook et al., supra).
Prefarably a minimum length for @ hybridizable nucleic acid is at least about 10 nueleotides;
praferably at least ubout 15 nucleolides; and more preferably the length is at cast about 20

nucleotides.
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in a specific embodiment, the term “standard hybridization conditdons" refers to @ T
of 53°C, and utilizes conditions as set fortk above. In a prefemed embodiment, the Ty, is
60°C; in a more preferred embodiment, the Ty, 18 65°C.
“High stringency hybridization eenditions™ for the purposes of the present invention
will be understood to mean ihe following conditions:
1- Membrane competition and PREHY HRIDIZATION:
- Mix: 46 pl salmen sperm DNA (10 mgfml)
+ 40 pl human placental DNA (10 mg/ml)
- Denature for 5 minutes at 96°C, then immerse the mixture in ice.
- Remove the 2X 88C and povr 4 ml of frmamide mix in the hybridization tube containing
the membranes.
« Add the mixture of the two denatured DNAs.

- [ncuhation at 42°C for 5 to 6 hours, with rotation.

2- Labeled probe competition:
- Add to the lubeled and purified probe 10 1o 50 ul Cot [ DNA, depending on the quantity of

rcpeats.
- Denature for 7 fo 10 minutes at 95°C.
- Incubate at 65°C for 2 to 3 hours.

3- HYBRIDIZATION:

- Remaove the prehyhbridization mix.

- Mix 40 pl salmon sperm DNA + 40 pl buman placental DNA; denature for 5§ min at 96°C,
then immerse in fcc.

- Add {o the hybridization tube 4 ml of formamide mix, the mixture of the bvo DNAs and the
denatured labeled probe/Cot TTINA

- Incuhate 15 to 20 hours at 42°C, with rotation.

4- Washes and Lixposure:

- Ome wash al reom temperature ia 2X $8C, to rinse.

- Twicc 5 minutes at Toom temperature 27X S5C eud 0.1% SD3 at 65°C.
- Twice 15 minutes 0.1X $8¢C and 0.1% $DS 4t 63°C.

- Envelope the membranes in clear plastic wrap and expose.
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The hybrdization conditions described shove are adupted Lo hybuidization, under high
siringency comditions, of a molecule of nuclelt acld of varving length from 20 nucleviides to
several hundreds of nuclevlides, Tt poes without saying ihat the hybridization conditions
deseribed above may be adjusted as a function of the length of the nucleie acd whose
hybridization is scught or of the type of labeling chosen, according to techniques known to
one skilled in the art.  Suitable hybridization condifions may, for example, be adjusted
according to the teaching contained in the manual by Hames and Higgins (1985, supra).

As used herein, the tenm "cligonucleotide” refers to a nucleic acid, generally of at least
15 npucleotides, thal is bybridizable to a nucleic acid according to the invention.
QOligonucleotides can be labelled, e.g., wilh *2p_yaclectides or nucleotides to which a label,
sugh ag biotin, has been covalently conjugsied. In one embodiment, a lahcled oligonucleotide
can be used as a probe to detect the prescuce of n nucleic acid enceding the ABCCL1
polypeptide of the invention. In another cmbodiment, oligonucleatides (one or both of which
may be lahelled} can be used as PCR primers, either for cloning full lengths or fragments of of
the ABCCLL rueleic acid, or lo deteot the presence of 2 nuclaic acid encoding the ABCCI1
protein. In a further embodiment, an oligonucleotide of the invention can form a trigle helix
with the ABCC11 DNA molccule. Generally, oligunuclectides are prepared syntheticaily,
preferably on a nucleic acid synthesizer. Accordingly, cligonueleolides can be prepared with
non-naturally occurring phosphoester anatog bonds, such as thiocster bonds, ele.

"Homologous recombination” refers to the insertion of 2 foreign DNA sequence of a
voctor in # chromosome, Preferably, the vector targets a spocific chromosomal site for
homologons recombination. For specilic homologous recombination, the vector will contain
sufficiently long regions of homology to seynences of the chromesome to allow
complementary binding and incorporation of the veclor into the chromosome.  Longer regions
of homology, and greater degrees of sequence similasity, may increase the efficiency of
homologous resombination.

A DNA, "eading sequence” is a double-stranded E'NA soquence whick is transeribed
and translated irrto a polypeptide in a cell i vitro or in vivo when placed under the control of
appropriate regulatory sequences. The buundaries of the coding sequenve are defermined bya
start codon at the 5° (amino) terminus and a translation stop codon at the 37 (carboxyl)
torminus. A coding sequence ean include, but is not limited to, prokaryotte sequences, cCDNA
from eukaryotic mRNA, genomlic DNA sequences fom eukaryulic (e.qr., mammalian) DNA,

and even synthetic DA sequonces. If the eoding sequence is intended Lor expression mn «
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cukaryatic cell, a polyadenylation sipnal and transeription termination sequence will usually
be located 3° to the coding sequence.

Transeriptional and (ranslational control sequences are DNA regulatory sequences,
such as promoters, echancers, terminators, and the like, that provide for the expression of a
coding sequence in a host eell. In eukuryotic cells, polyadenylation signals are control
SECUELICES,

“Regplatory tegion” means a nucleic acid sequence which regulates the expression of
a nucleic acid. A regalatory region may include sequences which are naturally responsible tor
cxpressing & pasticular nucleic acid (a homologous region) or may include sequences of a
different origin (responsible for expressing different proleing or even synthetic protcins). n
particular, the sequences can be scquences of eukaryotic or viral genes or derived sequences
which stimulate or repress transcription of a gane m # specific or non-specific manner and in
an inducible or non-inducible manner. Regulatory regions include origins of replication, RNA
splice sites, enhancers, transcriptional termination ssquences, wignal sequences which direot
the polypeptide into the secretory pathways nf the target cell, and promotars,

A regulatory reglon from a “heterologuus source” is a regulatory region which is not
naturally associated with the cxprossed nuelcle acid.  Jucluded among, the heterologous
regulatory regions are regulatory regions from a differont specics, regulatory regions [rom 2
different gene, hybrid regulatory sequences, and regulatory sequences which de not occur in
nature, but which are designed by one having ordinary skill in the art,

A "cassette” refers 1o a segment of IINA that can be inserted into a vector at specific
restrietion sites. The segment of DNA encodes a polypeptide of interest, and the cassette and
rectiiction sites are designed to cnsure insertion of the casseite n the proper reading frame for
franscription and translation.

A "promoter sequence” is a DNA regulatory region capable of binding RINA
polymerase in 2 cell and initiating tremscriplion of a dowmstream (37 direction) coding
sequence. For pumoscs of defining the present invention, the promoter sequence is bounded
ot its 3’ terminus by the transeription initiation site and extends upstream (5 direction) to
inclade the minimum number of bases or elemenls noccssary to injbiate transeription at levels
deteciable above hackgiound. Within |bhe promoter sequence will be found a transeription
initiation site (conveniently defined for example, by mupping with nuclease 51), as well as
protein. binding demains (consensus sequences) responsible for the binding of RNA

polymerase.
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A coding sequence is "under the contrel® of transeriptional and fransiational control
sequenees in a cell when RNA polymerase transcribes the eoding sequence into mRNA,
which is then trans-RNA spliced and trenslated into the protein encoded by the coding
scquence.

A "signal sequence” is included at the beginping of the coding sequence of a protein to
be expressed on the surtace of a cell. This sequence encodes o signal peptide, N-torminal to
the mature pelypeptide, that direets the host cell to translocate the polypeptide. The lerm
"ranslocation signal sequence” is used herein tv refer to {his sort of signal sequence.
Translocation signal sequences can be found associated with a variety of proteins native to
cuktaryales and prokaryotes, and are often functional in both fypes of organisms.

A “polypeptide” is 4 pulymeric compound comprised of covalently Iinked amina acid
residucs, Amine acids have the following general struchire:

H

1
R-C—COOH

1

NH

Amino acids are classified into seven groups on the basis of the side chain R: (1)
aliphatic sidc chains, (2) side chaing containing a hylroxylic {OH) group, (3) side chains
containing sulfur atoms, (4) side chains containing an acilic or amide group, (5) side chains
containing a basic group, (6) side chains containing an aramatic ring, and (7} proline, an
imino acid in which the side chain is fused o the amino group.

A “protcin” is a polypeptide which plays a structural or functional role in a living cefl.

‘The polypeptides and proteins of the lirvention may bo glycosylated or unglycosylated.

“Homology” meaps similarity of sequence reflecting a common cvolutionary origin,
Polypeptides or proteins are said to have homology, or similarity, if a substantial number of
their amine scids we either (1) identical, or (2) have a chemically similar R side chain.
Nucleic acids are said to have homology if a substantial number of their nucleotides are
ientical,

“Isolated polypeptide” or “isolated protein” is a polypeplide or protein which is

substantially free of those compounds that are normally associuted therewith in its nafaral
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state (e.g., other proteins or polypeptides, nueleic acids, carbohydrates, lipids). "lsolated” is
ot meant to exclude artificial or synthetic mixtures with other compounds, or the presencs of
impurities which do net inierfere with biological activity, and which may be present, for
example, due to incomplele pudfication, addition of stabilizers, or compounding into a
phanmaceutically acceptable preparation.

“Fragment of a polypeptide according to the invention wil be anderstood to mean 2
paiypeptide whose amino acid seguence is shorter than that of (he reference polypeptide and
which comprises, over the entire portion with these reference polypeplides, an identical amine
acid sequence. Such fragments may, where appropriate, be lnchided in a larger polypeptide of
which they are 2 part. Such fragments of a polypeptide according to the mvention may have a
lenpth of 5, 10, 15, 20, 30 to 40, 50, 100, 200 or 300 amwno acids.

“Variant” of a polypeptide according to the inventinn will be understood fo mean
mamnly a polypeptide whose amino acid sequence comtains one ur morc substitutions,
addilions or deletions of at least onc amino acid residuc, relative to the amino acid sequence
of the reference polypeptide, it being understood that the aming acid substitutions may be
cither conservative or nonconservative.

A “variant” of a polypeptide vr protein is any aualogue, fragment, derivative, or
mutant which is derived from a polypeptide or protein and which retaing at least one
hiological property of the polypeptide or protein. Ditfercnt variants of the polypeptide or
protein may exist n natwre. These variants may be allefic variations characterized by
Jifferences in the rucleotide sequences of the structural gene coding for the protein, or may
involve differential spliving or post-translational modification. Variants also include a relaled
prowein having substantially the same biological activity, bur obtained from a different specics.

The skilled ariisan cun produce variants hawving single or multiple amino acid
substitutions, deletions, additions, of replaccments. These variauts may include, inzer afia: (a}
variants in which one or more amine acid residues are substituted with conservative or non-
conservative amino acids, (b) variants in which one er more wmino acids are added to the
polypeptide vr protein, (¢) variants in which one or morc of the amino acids includes a
substituent group, and {d) variants in which the polypeptide or protein is fused with unother
pelypeptide such as serum slbwmin. The techniques for obtaining (hese variants, including
genslic (suppressions, deletions, mutations, ete.), chemical, and enzymatic techniques, are

known to persons having ordinary skill in the art.
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If such ullelic variations, analogues, fragmonts, derivatives, mutants, and
madificatiens, including alternative mRMNA splicing forms and altemative post-translational
modification forms resull in derivatives of the polypeptide which retain any of the biological
propertics of the polypeplide, they are intended to be included within the scope of this
invention.

A "vector" iz a replicon, such as plasmid, virus, phage or cosmid, to which another
DNA segment may be attached so as ta bring about the replieation of the aitached segment. A
“rgplicon” is any genetic olement (e.g., plasmid, chremosome, virus) that funciions as an
autenomous unit of DNA replication in viv, i.2., capable of replication under its own control,

The present invention also relates to cloming vectors containing a gene encoding
analogs and derivatives of the ABCC11 polypeptide of the invention. The production and use
of dervatives and analogs related to the ABCC1] protein are within the seupe of the proscnt
Invention. T a specific embodiment, the derivatives or analogs are finetionally active, Le.
capable of exhibiting nne or more functional activitics associated with a full-length, wild-type
ABCC11 polypeptide of (he invention.

ABCCI11 detivatives can be mude by aliering encoding nucleic ackl sequences by
substitutions, 2dditions or delctions that provide lor functionally equivalent molecules.
Preferably, derivatives are made that have enhanced or increased funciional uctivity celative to
native ABCCI1. Alternatively, such derivatives may encode soluble fragments of the
ABCL11 extracellular domains that have the same or greater affinity for the natural ligand of
ABCCI11 polypeptide of Lhe invention. Such soluble derivatives may be poteat inbibitors of
ligand hinding to ABCC11.

Due to the degencracy of nuclestide coding sequences, other DA sequences which
encade substantizlly same amine acid sequences us that of ABCCI1 gene may he used in the
practice of the present irvention. These include but are not limiled to allclic genes,
homologous genes from other species, and nucleolide scquences comprising all or portions of
ABCC1I gene which arc altered by the substitution of different codons that encode the same
amino acid residue within the sequence, thus praducing a silent change.  Tikewise, ihe
ABCCI1 derivatives of the invention include, but arc not limited fo those containing, as 2
primary aming acid scquence, all or purt of the amine acid sequence of the ABCCI1 protein
including allered sequences in which functionally equivalent amino acid residues are
substituted for residues wilhin the seyuence reswlting in 4 conscrvative amino acid

subsiilntion.  For example, one or more amino acid residues within (he sequence can be
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substituted by another emine acid of a similar polarity, which acts as a fanctional equivalent,
resulting in a silemt alteration. Substitutes for an aming acid within the sequence may be
selected [rom viker members of the class to which the amino acid belongs. For examplc, the
nonpolar {hydrophobic) amino acids include alenine, leucing, isoleucine, valine, proline,
phenylalanine, tryptophan and methionine, Amino acids containing aromatic ring strucrares
are phenylalanine, typtophan, and tyresine. The polar neutral amine acids include glycine,
serine, threonine, cysteine, fyrosinc, asparagine, and plutsmine. The positively charged
(basic) amino acids include arginine, lysine and Distidine. The negatively charged (acidic)
amino acids include aspartic acid and glotamic acid. Sueh alterations will not be expected to
affect apparent molecular weight as determined by polyacrylamide gel elecirophorcsis, or
isoelectric paint,

Particularly preferred substitutions are:

- Lys for Arg apd vice versa such that a positive charge may be maintained;
- Glu lor Asp and vice versa such that a negative charge may be maintained;
- Ser for Thr such that u free -OH can he mafntained; and
- Gin for Asn such that a fiee CONF can be maintained.

Armino acid substitutions may also be infraduced to substitule an amine acid with a
particularly preferable property. For example, a Cys may be introduced as a potential site for
disulfide bridges with another Cys. A Tiis may be introduced a5 a particularly "catalytic™ site
(ie,, His can act as an acid or base and i3 the most common amino acid in biochemical
catalysis). Pro may be introduced because of its particularly planar stracture, which induces
b-tarns in the protein's siructure.

The gencs encoding ABCCIL derivatives and analogs of the invention can he
produced by varicus methods kaown in the art. The manipulations which result in their
production can occur at the gene or proteis level For example, (be cloned ABCC11 sequence
can be modified by any of numerous straicgics known in the art (Smnbrook ct al,, 1089,
supra). The sequence can be cleaved at appropriaic sites with restriction endonnclease(s),
followed by further epxymatic modification if desired, isolated, und ligated in witro.
Production of & gene encoding u derivative or analog of any onc of the ABCCIT and
ABCE2, should ensure (hat the modified gene remains within the same translational reading
frame as the ABCC1] gene, umintermupted by translational stop signals, in the rogion whers

the desired activity is encoded.
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Additionally, the ABCC11-encoding nuoleie neid can be mulated in vifro or in vivo, 1o
create and/or destroy translation, initiation, and/or termination sequences, ur io create
variations in cuding regions and/or form new restriction endonuclcssc‘sites or destroy pre-
cxisting ones, to lacilitate further in vitre modification. Preferably, such mutations enhance
the functional activity of the nmutated ABCCL] gene products, Any technique for mutagenesis
known in the art may be used, including fnter alia, in vitro site-directed mutagenesis
(Hutchinson ct al., (1978} Biol. Chem, 253:6551; Zoller and $mith, (1984) DNA, 1:479-438;
Oliphant ez al., (1986) Gene 44:177; Hutclinson et al,, (1986) Proc. Natl, Acad, Sci. US4,
$3:710; Huygen et ul, {1996) Nature Medicine, 2(8):893-898) and usc of TAB® likers
(Pharmacia). PCR techoiques we proferred for site-divected mutagenesis {Higuchi. 1959,
“Using PCR to Ergineer DNA", in PCR fechnology: Principles and Applications for DNA
Amplification, H. Exlich, ed., Stockton Fross, Chapter 6, pp. 61-70).

Identificd and {solated ABCCI1 gene may then be inserted inte an appropriate cloning
vector, A large number of veclor-bost syslems known in the art may be used.  Possible
vectors inelude, but are not limited to, plasmids or moditied viruses, bul the vector system
musl be compatible with the host cell used. Examples of vectors inctade, but ure nol Tnated
to, Escherichia cafi, bacteriophages such as lambda derivatives, or plasmids such as pBR322
derivatives or pUC plusmid derivatives, e.g., pGEX vectors, pmal-c, pFLAG, ¢te. The
insertion inte a cloning vecter can, [or example, be accomplished by ligating the DNA
fragment into 2 cloning veeter which has complementary cehesive termini. However, if the
complementary restriction sites used to fragment the DNA are uot present in the cloning
vector, the ends of the DNA molecules may be enzymatically modified.  Alternatively, any
site desited may be produced by ligating nuclentide scquences (linkersy omo the IINA termini;
these ligatadl linkors may comprise specific chemically synthesized oligonucleotides encoding
restriction endonuclense recegnition sequences. Recombinant moleeules can be introduced
into host cells wia transformation, transfection, infection, electroperation, efc., so that many
copies of the gene sequence arc gonerated. Preferably, the cinned gene is contained on a
shuttle vector plasmid, which provides for cxpansion in a cloning cell, .., Escherichia coli,
and facile purification for subseyuent insestion inte an approprite expression ocll line, if such
is desired. For example, a shuttle vectar, which is a voetor that can replicate in more than one

type of organism, can be prepared tor replication in both Escherichia coli and Saccharomyees
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cerevisive by linking sequences from an Escherichia coli plasmid with sequences form the
yeast 2m plasmid.

In un alternative method, e desired gene may be identitied and isolated aifter insertion
into a suituble cloning vector in a "shot gun” approach, Corichment for the desived gene, for
example, by size fractionation, can be done before insertion info the cloning vector.

The nucleotide sequencs coding for the ABCC11 pulypeplide or antigenic fragments,
derivatives or analogs thereof, or functionally active derivatives, including chimeric proteins
thersof, muy be inserted inta an apprapriate expression vector, ie., a vector which contains
the necessary elements for the transcription and translation of the inserted protein-coding
sequence. Such clements are temmed herein a "promnter,” Thus, mucleic acid encoding the
ABCCIL polypeptide of the invention ure operationally assoclated with 2 promoter in an
expressian vector of the invention. Both ¢DNA and genomioc sequences can be cloned and
expressed under control of such regulatory sequences. An expression vector alsv preferably
includes a replication nrigin.

The necessary transeriplional and tanslational signals can be provided on a
recombinant expression veotor, or they may be supplied hy a native gene encoding ABCC11
and/or its flanking regions.

Potential host-vector systems include but arc not limited o mammaban ccil systems
infected with virus (e.g., vaccina virus, adenovirus, ete.); insect cell systems infocted with
virus (e.g., baculoviras); micreorganisms such as yeast containing yeast veetors; or bacteria
transtormed with bacteriophage, DNA, plasmid DNA, or cosmid DNA.  The expression
dlements of veetors vary in their strengths and specificities. Depending on the host-vector
systen ulilized, any onc of a number of suitable transription and translation elements may be
used.

A recombinant ABCCL protein of the invention, or funclional fragments, derivatives,
chimeric constructs, or analogs thereof, may be exprassed chromosomally, alter intepration of
the coding sequence by rccombination. In this regard, any of a number of amplification
systems may be use to achieve high levels of stable gene expression (Sez Sambrook el ul,
1989, supra).

The eell into which the recombinant vector comprising the nucleic acid encoding the
ABCC11 polypeptide aceording to the invention s cultwed in an appropriate vell culture

medium under conditions that previde for expression of thy ABCC! | polypeptide by the cell.
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Any of the methads proviously described for the insertion of DNA fragments intu a
wloming vector may be used to constract expression vectots coptaining a gene consisting of
appropriale (runseriptional/iranslational confrol signals and the protcin coding sequonces.
These methuds may include in vitra recombinant DNA and synthetic techniques and in vive
recomhination {genctic recombinetion).

Cxpression of ABCC11 polypepiide may b controlled by any promoter/enhancer
element known in the art, but these regulaiory clements must be functional in the host selected
for ewpression. Promoters which may be used w0 contrel ABCCIT gene expression include,
but are not limited to, the SV40 sarly promoter region (Benoist and Chambon, 1981 Nature
200;304-310Y, the promoter coniained in the 37 long teminal repeat of Rous sarcoma virns
(Yamamoto, f al., 1980 Ccll 22:787-767), the herpes (hymidine kinase promoter (Wagner et
al, 1981 Proc. Natl. Acad. Sci. US.A, 78:1441-1443), the regulntory sequences of the
metallothionein pene (Brinster et al., 1982 Nature 296:39-42): prokaryotic expression veclars
such as the B-lactamase promoter {Villa-Kamamff, et al., 1978 Proc, Natl. Acad. Sci. US.A.
75:3727-3731), or the tac promoter {DeBoer, of al, 1983 Proc. Nall. Acad. Sci. U.8.A. 80:21-
25 ace also "Usefnl proteins from secombinant bacteria” in Scientific American, 1980,
242:74-64; promaoter elements fom veast or other fungi such as the Gal 4 promoier, the ADC
(alouhol debydrogenase) promoter, PGK (phosphoglyceral kinasc) promoter, alkuline
phosphatuse promoter; and fhe animal transoriptional control regions, which exhibit tissuc
speeificity and have been utilized in transgenic animals: elastase [ gene control region which
Js active in pancrearic acinar cclls (Swift ot al., 1984 Cell 38:639-6:46; Ormitz et al., 1986 Cold
Spring [larbor Symp. Quant Biod. 50:399-409; MacDonald, 1987} insulin gene control
regian which is active in pancreatic beta cells (Hanshan, 1985 Nature: 315:115-122),
immunoglobulin gene contvol region which is active i lymphoid cclls (Grosschedl et al,
1084 Cell 38:647-65%; Adames et al,, 1985 Nature 318:333-538; Alexander ot al | 1987 Mol,
Cell. Biol, 7:1436-1444), mouse mammary tunor virus control tegion which is active in
testicular, breast, lymphoid and mast cells {T.eder of al., 1686 Cell 45:485-495), albumin gene
control region which is active in liver (Pinkert et al., 1987 Genes and Devel. 1:268-276),
alpha-fetoprotein gene control region which is active in Liver (Kramlauf et al., 1985 Mol. Cell.
Riol. 5:1630-1648; Hammer et al,, [987 Science 235:33-58), alpha 1-antitrypsin gene control
region which is active in the liver {Kelsey ot al., 1987 Genes and Devel. [1161-171) boeta-

globin gene control region which is ective in mycloid cells (Moprm el al., 1985 Naturc
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315:338-340; Kollias et al, 1986 Cell 45:82-84), myelin hasic protein gene control region
which is active in oligodendrocyte cells in the brain (Readhead et al., 1987 Cell 48:703-712),
myosin light chain-2 gene control region which 15 active in skeletal musele (Sani, 1985 Namie
314:283-286), and gonadotropic releasing hormone gene control region which is active in the
hypothalamus (Mason el al., 1985 Science 234:1372-1378).

Expression vectors vonlaining a nueleic acid encoding the ABCCL1 polypeptide of the
invention can be identiticd by five general approaches: (a) polymerase chain reaction (FCR)
amplification of the desired plasmid DNA or specific mRINA, {b) nucleie acid hybridization,
(¢) presence or ahsence of selection marker gene functions, (d) unalyses with appropriate
restriction endonucloases, and (€) expression of mserted sequences. In the first approach, the
naeleie acids can be amplified by PCR fo pravide for detection of the araplified product. In
the second approach, the presence of a foreign genc inserted in an expression vector can be
detected by nucleic acid hybridization using probes comprising sequences that are
hamolagous to an nserted marker gene. In the third approach, the recombinani vector/host
system can be identified and selected based upon the presence or abscnce of vertuin "selection
muarker" gene fungtions (e.g., b-galaclosidase astivity, thymidine kinase activity, resistance to
antibivtics, tansformation phenolype, occlusion body formation  baculovirs, cte.) caused
by the inscrtion of forcign senes in (he vector, Tn another example, if the nucleic acid
encoding the ABCC11 polypeptide is inserted within (he “seloction marker” gene sequence of
the vector, tecombinants containing the ABCCI1 nucleic aeid van be identified by the absence
of the ABCCI1 gene funclions. In the fourth approach, recombinunl expression veotors arc
idemtified by digestion with appropriste restriclion enzymes. In the fifth approach,
recombinant expression veclors can be identified by assaying for the activity, biochemical, or
imummological characteristics of the gene product expressed by the recombinant, provided
that (he expressed protein assumes a functionally active conformation.

A wide varicty ol host/expression veotor combinaiions may he employed in expressing
the mucleie acids of this invention, Usafil cxpression vectors, for example, may consist of
segments of chromasomal, non-chromosomal and synthetic DNA sequences. Suitable vectors
inctude derivatives of V40 and known bacterial plasmids, ¢.&., Escherichia coll plasmids col
Fl, pCR1, pBR322, pMal-C2, pET, pAEX (Smith ef af, 1988, Geue 67:31-40), pMBY and
their derfvatives, plasmids such as RT'4; phage DMAs, e.g., the numernus derivatives of phage
1, .., NM989, and other phuge DNA, eqr., M13 and filamentous single stranded phage DNA;

yeast plasmrids such as the 2m plasmid or derivatives thercof} veclors uselul in eukaryotic
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cells, such as vectors useful in insect or mammalinn cells; vectors derived from combinations
of plasmids and phage DNAs, such as plasmids that have bee modified W employ phage
DINA or other expression control sequences; and the like.

For example, in # basulovires expression systems, both non-lusion transfor voctors,
such as but not limited to pVL41 (BaimH1 cloning site; Summers), pVL1393 (Bamiil, Smal,
Xbal. EcoRl, Netl, Xinalil, Befll, and Psd cloning site, Invitrogen), pVL1392 (Befll, Psil,
Nutl, Xmalll, EeaRl, Ybal, Smal, avd BamH) cloning site; Summers and Tavitrogen), and
pBlueBaclil (BamH |, Bgllf, Psfl, Neol, and Hindlil cloning site, with blue/white recombinant
screening possible; nvitrogen), and fusion transfer vectors, such as but net limited to pAc7Ol
(BamHI and Kpal cioning site, in which ihe BamH1 recogniion site begins with the initiation
codon; Summers), pAe70l and pAcT02 (same as pAcT00, with different reading Rames),
pAGIG) (BTl cloning site 36 basc pairs downstream. uf o polyherdiin initiation codon;
Tnvitrogen(195)), and pBlueBacllisA, B, C {three difforent reading [rumes, with BamHI,
Rgfll, Psil, Ncol, and Hindlll cloning site, an N-terminal peptide for ProBond purification,
and bluerwhite recombinant screening of plaques; Invitrogen (220} can be used.

Mammalian expression vectors comtemplated for use in the invention include vectors
with inducible promoters, such as the dihydrofolate reduclase (DHFR) promoter, .., any
expression vector with & DHFR expression vector, or a DHFR/methotrexate co-amplification
veator, such as pED (Pstl, Sadl, Sbal, Smal, and EcoRJ cloning site, with the veclor expressing
both he cloned gene and DHER, See, Kaufiman, Current Protocofs in Molecular Biology,
16.12 (1991). Alfernatively, 4 glitaming synthetase/methionine sulfoximine co-ampiification
vector, such as plT14 (Findlll, XBal, Smal, Shal, EcoRI, and Boll cloning site, in which the
vector expresses glutamine synthasc and the cloned gene; Celltech). In another embodiment,
a vector that directs cpisomal expression under control of Epstein Bar Virus (EBV) can be
used, such as pREPS (BamIll, S, Yhol, Notl, Mhel, Hindlll, Akel, Pull, and Kl cloning
gile, constitutive RSV-LTR promoter, hygromyein scicctable marker; Invitrogon), pCEP4
(BamH\, SAY, Xhol, Noil, Nhel, IIndlil, Nhel, Pradl, and Kpal cloning sile, constitutive
BCMYV immediate early gene, hygromycin selectable marker: Invittogen), pMEP4 (Kpnl,
Dol Whel, HindUil, Notl, Yhol, SA1, BumH1 cloning site, inducible methallothionein u gene
prometes, hygronyein selectable marker; Ivitrogen), pREPS (Baml1l, Xhol, Nofl, Hindlll,
Nkel, and Kpnf cloning site, RSV-LTR prometer, histidinel sclectable marker; Tnvitragen),
PREP# (Kpnil, Nhel, Itindlll, Noil, Xhol, A1, and BamH! cloning site, RSV-LTR promoler,
(418 selectable marker; Invitrogen), and pEBVHis (RSV-ITR promotor, hygromycin

JP 2004-531241 A 2004.10.14



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

30

(109)

WO 02/072632 PCTEPOZEZ4L
29

selectable marker, N-terminal peptide purifiahle via ProHond resin and cleaved by
enterokinase; Tnvitrogen}, Selectahle mammalian expression veetors for use in the invention
include pRO/CMY (HindT, BXI, Norl, Sbel, and Apal cloning site, G418 scloction:
Invitrogen), pRo/RSY (Hindlll, Spel, AeeXI, Mod, Xbal cloning site, G318 seleciion,
Invitrogen), and others. Vaecinia virus mammalian expression vectors (see, Kaufman, 1991,
supra) for use according to the invention include bul are not limited to p8CT1 {Smal cloning
site, TK~ and b-gal selection), pMIGOL (Sail, Simal, Afl, Narl, BspMIL, BumHi, Apul, Nhel,
SocHl, Kpil, and HindTl cloning site; TK- and b-gal selection), and plKgptt 18 (BroRT, Psd,
Sall, Aecl, Hindll, Shal, BamH], and Hpa cloning site, TK. or XPRT selection).

Yeast expression systems can also be used according e the invention to express the
ABCC11 polypeptide. For cxample, the nou-fusion pYES2 vector {(Ybal, Sphl, Shol, Ned,
GsiX1, EcoRl, BsrXT, famlll, Sacl, Kpnl, and Hindlll vloning sit; Iivitrogen) or the fosion
pYFSHisA, B, C (Xbal, Sphl, Shol, Notl, BsiXI, EcoRl, BamHl, Sacl, Kpnf, and Hindlll
cloning site, W-tzrminal peptide purified with ProBond resin and cleaved with saterokinase,
Invilrogen), fo mention just twe, can he empioyed according to the invention,

Once a parficular recombinanl DNA molecule is identified and isolated, sevcral
methods known in the art may be used to propagats it Oince a suitable host system and
growth conditions erc established, recombinant expression vectors van be propagated and
prepared in quantity. As previously expiained, the expression vectors which can be used
fnchade, but are not limited to, the following vectors or their dervatives: humum or apimal
viruses such as vaccinia virus or adenovirus; insect viruses such as baculovinus; veast vectors;
hacteriophage vectors (eg., lambda), and plasmid and cosmid DNA vectors, to name but a
few.

In addition, a host ccll strain may be chosen which modulates the expression of the
inserted sequences, or modifies and processcs the gene product in the specific fashion desired.
Different host cells have characleristic and specific mechanisms for the (ranslational and post-
wanslational processing and modification (e, glycosyiztion, cleavage for example of the
signal sequence) of proteins. Appropriate cell lines or host systems can be chosen to ensure
the desired modificalion and processiag of the foreign protein cxpressed. For exumple,
cxpression in a bacterial system can be used to produce an ponglyensylated corc protein
product. Flowever, the iransmembrane ABCC11 protein cxpressed in bactetia may not be
properly folded. Fxpression in yeast can produce a glycosylated product. Expression in

eukaryotic cells can increasc the likelihood of "mulive" glycosylation and folding of a
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helgrolugous protein.  Morcover, expression in mammalian cells can provide a tool for
reconstititing, or comstituting, ABCC11 activity.  Furthermare, different vector/host
cxpression systems may affeci processing reactions, such as profeolylic cleavages, io a
different extent.

Vectors are introduccd into the desired host cells by melhods known in the art, .0,
transfection, electroporation, micreinjeetion, ransduction, cell lusion, DEAE dextran, caloium
phosphate precipitation, lipofection (lysosome fusion), use of a gene gun, ur a IINA vector
transporter (s¢2, c.g., Wu et al,, 1992, 1. Biol. Chem. 267:963-867; Wu and Wu, 198¥, 1. Biol.
Chem, 263:14621-14624; Hartmut et al,, Canadian Patent Application No. 2,012,311, filed
March 15, 1990},

A c€ll has been "transfected” by exogenous or heterologous DNA when such DNA has
been introduced inside the cell. A cell has been "transformed" by exogenous or heterologous
DA wlen the hansfected DNA effects 2 phenotypic change. Preforably, the tramsforming
DA should be integraten] {ovalently linked) into chromosomal DNA making up the genome
of the ccll.

A recombinant marker protein expressed as an integral mombrane protein can be
isolated and purified by standard methods. Generally, the integral membrane protein can be
obtained by lysing the membrane with detergents. such as but not limited to, sodium dudeeyl
sulfate (SDS), Triten X-100 polyoxyethylene ester, Ipagelinonidet P-40 {NP-40)
(vetylphenoxy)-poiyethoxyethanol, digoxir, sodiun deoxycholate, and the liks, including
mixlures thereol, Solubilization can be enhanced by sonication of the suspension. Soluble
forms of the protein can be oblained by collecting enlture fluid, or solubilizing inclusion
bodies, e.g., by weatment with detergent, and if desired sonication or other mechanical
processes, as described above. The solubilized cr seluble protein can be isnlaied using
various technigues, such as polyacrylamide gel electrophoresis (PAGE), isoelectric focusing,
2-Jimensional  gel  clectrophoresis, chromategraphy (eg, ion exchange, affinity,
immunoa.[Tuﬁty,' and sizing column chromatography), centrifugation, differential solubility,
imenamontosipitation, or by uny olher siandard tecimique for the purification of proteing.

Alternatively, 8 mieleic acid or veclor according to the mvestion can be introduced s
vive by lipofection. For the past decade, there bas been increasing use of liposomes tor
encapsulation and (ransteetion of nucleic acids ir virro. Syntbetic cationic lipids designed o
limit the difficulties and dangers encountered with liposume mediated transfection can be

used to prepare liposomes tor in vive transtection of 2 genc encoding » marker (Felgac, ct. al.
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(1087. PNAS 84/7413); Mackey, et al. (1988, Proc. Nati. dead. Sci. US4, 85 :8027-8031)
Ulmer et al. (1993, Seience, 259 :1745-1748). The use of cationic [ipids may promote
cneapsulation of negatively charged nuclelc acids, and alse promote fusion with negatively
charged cell membranes (Felgner et al., 1989, Seierce, 337:387-338). Particularly useful lipid
compounds and compasitions tor transfer of nueleic acids are deseribed in International Patent
Publications WO95/18863 and WO26/17823, and in U.S. Patent No. 5,450,127, The use of
lipofection to introduce exogenous genes inbo the specific organs i# vive has certuin practical
advantages. Molecular targeting of lipasomes to specific cells reprosents one avea of benefit.
Tt is clear that directing translection to particular cell types would be particularly preferred i a
tissue with cellular heterogeneity, such as pancress, liver, kidnoy, and the brain, Lipids may
he chemically coupled e other molecities for the purpose of targeting [see Mackey, et. al,
supral., Targeted peptides, e.g, hormoncs or newotemsmitters, and proteins such as
autibodies, or non-peptide melecules could be coupled to liposomes chemnically,

Other molecules are also uscfal for facilitating transfection of a nuelcic acid in vive,
such us o cationic oligopeptide (e.g., Tuternational Patent Publication WO®5/21931), peptides
derived from DNA binding proteins (e.g., Iternational Patent Publication WO96/23508), or a
cationic polymer (€.g., Totemational Patent Publication WO85/21931).

It is also possible to introduce the veetor i vivo as a naked DNA plasmid {see 1.8
Patents 5,693,622, 5,586,466 and 5,580,859). Naked DNA vectors for gene therapy cau be
introduced ink the desired host cells by methods koown in the art, eg., transfection,
clectroporation, microinjeciion, ttansdustion, cell fusion, DUAE dextran, caleium phosphate
precipitation, use of a gene gam, or use of 2 DNA vector transporter (see, Wu et al,, 1992,
supra, Wa and W, 1988, supra; Harmut ¢4 al,, Canadian Patent Application No, 2,012,311,
filed March 15, 1990; Williams et al,, 1991, Proc, Null. Acud. Sci. UUSA 88:2726-2730),
Reeeptor-mediated DA delivery approaches can also be used (Curiel et al., 1992, Hum.
Gene Ther, 3:147-154; Wu and W, 1087, F. Biol. Chem. 262:4420-4432).

“Pharmaceutisally acceptable vehicie or excipient ™ includes diluents and fillers which
are pharmaceutically aceeptable for method of administration, are sterile, and may be aqueus
or oleaginous suspensions formulated using suitable dispersing or welting agents and
suspending agents. The particuler pharmaceutically acoeptable carser and the ratio of active
compound 1o cardier arc determined by the solubility and chemical properties of the

compozition, the particular made of administration, and standard phannaceutical practice.
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Any nuclete acid, polypeptide, vector, or host ecll of the invention will prefernbly be
intraduced {n wive in a phacmaceutically acceptable vehicle or excipient. The phrase
"pharmaccutically acceplable” refers 1o molecniar entities and compasitions that are
physiologically tolerable :nd dv not fypicallv produce an allerpic or similar untoward reaction.
such as gasiric upset, dizziness and the like, when administered to a human. Preferably, as
used herein, the term “pharmaccutically acceptable” means approved by a regulatory agency
of the Federal or a state government or listed in the U.S. Phanmacopein or other generally
recognized pharmacopeia for use in animals, and more parficulaly in humans. The tenm
*excipienl” refers to a diloent, adjuvant, excipient, or vehicle with which the compound is
administered. Such pharmoceutival corters can be sterile lguids, such as water and oils,
inchuding those of petroleum, animal, vegelable or synthelic origin, such as peanut oil,
sovhean oil, miners! oil, sesame oil and the like. Water or agueous solution saline solutions
and agucous dextrose and glycerel solutions are preferably emploved as excipients,
particularly for injectable solutions. Sultable pharmaceutical exciptents arc described in
"Remningion's Pharmaceutical Sciences” hy EW. Martin.

Naturally, the invenlion contemplates delivery of a vector that will expross a
therapoutically effective amount of the ABCCILL polypeptide tor gene therapy applications.
The phrase “therapeutically etfeetive amount” i used herein to mean an amount sufficient to
reduce by at least about 15 percent, preforably by at least 50 percent, more preferably by at
lenst 9 percent, and still more prefersbly provent, a clinically significant delicit in the
uclivity, fonction and response of the host. Alternatively, a therapeutically effective amount is

sufficient tn cause un improvemnent in 2 clinically significant condition in the host.

NUCLEILC ACIDS OF THE ABCC11 GENE

The applicants have identificd a novel human ABCC-like geve, designated
ABCCI 1. The applicants huve also delexmined that this novel gene is located on the region
of chromosome 16912 (figure 2).

Tie applicanis have also determined thet the ABCC11 gene has 2 unique expression
pattem, suppesting thul the corrcspending proteins may perform tissuc-speciulized functions
(Example 5). In effect, the expression pattern of ABCC11 gene was examined by RT-PCR on
mBNA of 16 different human tissues (Clopiech). Fxpression pailern showed that the
approximately 3Kb ARCC1) transeript was expressed in all rissucs, exvept kidney, spleen,

and colon.
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The applicants have further determined potential transeript sequence that coresponds
to the full coding sequence (CDS) of ABCCLL, und thal the ABCCI] according to the
inventicn comprises 29 oxons and 28 introns. Al cxons were flanked by GT and AG
dinudleolides consistent with the consensus sequences for splice juncticns in eukaryolic genes

{Table 1),

Table | : Splice sites sequences and exon sizes of ARCCIT

aBCC11
Exon gize (Dp) Splice acceptor 3plice deonor
1 ERTEE) X6k determined ACTTATTTATgEARGEAGAL
3 137 cibtbensagARARCUTATA CAMGCCGAGgtgactacty
E] 159 cebotactagBTTRCCTGIC ANIGTCCAARGATIAYCLge
4 148 Lottt EoaagGnTTCACCGE I‘LCTCGGG_(:_‘Cagtangtggca
5 234 LtocttgtaghTATTOATTA | CLCAGGARAGgtaageagct
& 174 tatotbneagGUCRTCAGCT | CCLACTGGCGtaatgtott
7 148 ot gamnagGTnT'rCM?GA ATCATTGAAGYtatgoanag
] 149 i tatthoncaghCCTAACALG | AGCETCAAUGgEangggitt
a 108 [ tettatcoagGCCTTCAGEA | GAGGTTCARGetaggteate
19 4bi  grottiscaghsCGITILICC | GETGTCCAAGgtagorhhgl
11 7z LygctigoagCLGATOAT CCIGEACGROgtaagtgatc
12 125 7| kotgocacaghTUCACTISC COgeaagonoct
13 T Toottoacagh s CICCAG AGgLragagega
14 204 | ebgroigoagaATTGGAGAGE ) CCAGCTGCACEEtagraces
15 |~ 135 gacig-ccag- ACTTAGRAT | ACCCACT COgtuaglooty
T1g 57 ctotoccoagACATGITRL | OuARATGIICgEastggtal _ |
17 30 CotgaceoafICCCOGRO0E | OrRGIIGUAGEERCY ST
18 104 tocelooragGTTACATAR, | GEGLTCA0CEgtuag L uaca
15 186 CLtoligeagaCCRATAGCA | CTTUANCARGAEATIUCOt _ |
20 227 | gtcectgeagdTTITCCCOT | TTTAT ATATgtys g tage®:
21 _38 giccaigoagGATGT CARS | TCALCACCCAgRgaglar
22 187 Loot Lot nagOTToANGAGE GCTICAGHEyaggggdT_ |
23 30 trcgttr:taqﬂmGCGTCC.". GTACATCAAGE LY sthoa
Z4 T cannaacasgATATGIGICT | ACGGCL IeTogtgagatyag
25 T isb tgeocorcagGBARETUOTS | GAACCATCROgEgagtyccy
26 | TG catarggtagATMCAACCTA | GACCRAGOCCgtaagtagel
27 Tia_~ | catatcgcaghTCICRARGT | CAACTOCARD@EOayguUeac
28 16b tattoatoagh CATCUITA | CRATERGAANGLgaaggeta
[ 2% ] ©93+3'UIR | taccctooagUrGOuAGRAT HWot determlied

The applicants have thus characterized exonic sequences of a novel human ABCCIL
gene, which are particulaily useful accarding te the juvention for the production of various
means of detection of the corespouding, ARCCTT gene, nr muclestide cxpression producis in
a sample.

Several exons of ABCC11 gene have been characterized by their nocleotide scquence
and are identified in Table 2. The human ABCCLY gene vonsisla of 29 exons, having sizes

which range from 72 ta 252 bp. Of the 28 introns in the ABCC1T gene, 18 ave class O (where
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the splice accurs between codons), four are class 1 {where the codon is interrupted between,
the first and the second nucleotide), and six are class 2 (where the splice occurs between the

secomd and the third nucleotide of the codon).

Table 2 : Humuan ABCCI1 exons and introns DNA

SEQID| Exenor Exon Exon Exon Exen Length  Intron Intron  Lergth
NG: Intron starts stops  &tartsin  stopsin of starlsin  stopsin of
number In in genomic genomic exon fragment fragment intron
mENA mRNA_ fragment iragrrent
2 1 1]5UTR+ 92 25501 25349 25950 27198| 1248
3 2 450 586 27196] 27485 137 27sos|  29807] 2472
4 3 587 745| 25808 29266 159] 29967 33342 3376
5 4 746 883 333143 33490, 145 3349 34840, 1450
B S 89 1127 34841 35174 234 35175 41483 6308
7 [} 1128 1301 41484 41657 174] A1558] 42428 789
g 7 1302 1449 42427 42674 148] 42575] 42741 167
9 8 1450, 1508 42742 42880 149 42891 44220 1330
10 g 15899 1706 44221 44328 108, 4432 48571 2243
11 10 1707 1958 46572 46823 252 45824[ 48274 2451
12 hk| 1659 2030 49275 49346 EE 52233 2887
13 12 2031 2155 oepa4| 59358 125 52359| 54470 2112
14 13 2156 o208 5447l 54543 73]  m4544] 57290 2747
18 14 2229 2432, 57281 57184 284 57495| 59492 19986
16 15 2433 25667 59483 59627 135 59623| 69700 75
17 16 2568 2664/ 59701 59797 o7 5G78H 61447 1850
18 17 2665 2754] 61148| 61587 S0 #1538 63786 2249
19 13 2755 2858 63787 63690 104 63851 65051 1161
20 13 28539 3056] 65052 65245  1e@[ 65280 7034 5092]
21 20 3057 3283 70342 70568 227 70569 70678 110]
22 21 3284 3421 70679 70816 138 To817) 73142 2306
23 22 3122 3608 73143 73329 157] 73330, 78082 5753
24 23 3609 3693 73083 79172 a0 773 BESE| 1483
25 24 3699 3888 BOEES 80845 190)] 80846 82351 1508
26 25 3p88] 4048] 82352 82511 160 2512 86801 4290
27 28 4049] 4127| 36802 86880 79 86881 87550 670
28 27 41 Eﬂl 4241 87581 87664 114 87665 90108 2444
29 28 4242| 4406 ap10g 90273 165 90274 80402 129
30 29 4407 4862} 90403 a0858/23+3"
UTH

Thus the present invention also relates to a nueleic acid comprising any one of SEQ I
KOQs: 1-30, or a complementary scquenec thereof.

The invention also relates to & nucleic acid comprising a nuclentide sequence as
depicted in any one of SEQIDNOs: 1-30, or a complementary muclsotide sequence

thereof.
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The invention also relates to a nuclole acid comprising at least 8 consecutive
nuelenlides of any ane of 8EQ D NOs: 1-30, or a complementary nuelectide sequence.

The subject of the invention is, in addition, a nucleic acid having at least 80%
mucleotide identity with a nucleic acid comprising any one of SEQ ID NOs: 1-30, or a
complementary nucleotide sequence thereof,

The invention also relates to a nucleic acid having al least 85%, preferably 90%, mote
preferably 95% and still more preferably 08% nucleotide identily with a nucleic acid
comprising any one of SEQ D NOs: 1-30.

The iovention alsv relates to s nucleie acid hybridizing, under high stringency
conditions, with a nueleic acid comprising any one of SFQ T NOs: 1-30, or a complementary

nucleotide sequence thereof.

cINA MOLECULE ENCODING THE ABCCII PROTEIN

e applicants have further determined the ¢cDNA sequences and the full coding
sequenecs {(C0D%) comesponding to the human ABCC11 pene, and encodes the full length
human corrcsponding protein (Example 2).

The ¢cDNA molecule of the novel human ABCC11 pene consists of 4862 nucleotides
as set forth tn S13Q ID NG: 1 and contains 2 4182 pacleutide coding sequence cotresponding
to a 1382 amino acids (ax) ABCC11 polypeptide (SEQ ID N 31} produced in subjects not
affected by disorders of paroxysmal kinesigenic chorecathotesis. The cDNA molecule of the
novel human ABCCI] gene having the nueleotide sequence as set forth in SEQ ID NO: 1
comprises an open reading frome beginning fiom the nuclestide at pusition 318 to the
nucleotide at position 4499 (bazc A of the TAA stop codun). According to the invention the
ABCC11 ¢DNA (SEG ID NO:1) contains a 4149 bp coding sequence from the nucleotide 351
(hase A of the ATG codon for iniliation of franslation) to the nucleotide 4499 of SEQ XD
N1, which encodes a full length ABCCH] polypeptide of 1382 aminu acids of sequence
SEQ 1 NO:31.

The present invention is thus directed to a mcleic acid comprising SEQ ID NO: 1, ora
complementary nucleotide sequence theresl

The invention also telates W u nucleic acid comprising a nucleotide sequence as
depicled in SEQ ID NO 1, or a complementury nuclentide sequence thereof.

The invention also relates to a nueleic acid comprising at Jeast sight consecutive

nuclentides of SEQ 1) NO: 1, or a complementary nucleotite sequence thercof,
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The subject of the invention is also a nueleic acid having at least 80% nucleotide

identiiy with a mucleic acid comprising nucleotides of SEQ ID NO:1, or a nucleic acid having

. @ complementary nucleotide sequence thereof .

‘The invention also relates to a nucleic acid having at least 85%, preferably 90%, more
preforebly 93% and still more preferably 93% nucleotide identity with a nucleie acid
comprising a mcleotide sequence of SEQ [D NO:L, or 8 complementary nuclectide sequence
thereof .

Another subject of the invention is a nucleic acid hybrdizing, under bigh stringency
conditions, with a micleic acid comprising noclectide sequence of 8REQ ID NO: 1, or a nucleic
acid having a complementary nuclemide sequence thereo.

The invention also relates to a nucleic amd encoding a polypeptide comprising an
umino acid sequence of SEQ D NO: 31

‘I'he invention relates Lo a nucleic acid cneoding a polypeptide comprising an amino
acid sequence as depicted in SEQ 1D NO: 31,

The invention also relatcs to a polypeptide comprising amino acid sequence of SEQ 1D
NO: 31,

The invention also relates to a polypeptide comprising amino acid sequencc as
depicted in SEQ N NO: 30.

The invention also relates to a polypeptide comprising an amino acid sequenee having
at least 80% amino ucid identily wiih & polypeptide comprising an amino acid sequenee of
SEQ IN N 31, ot a peptide tragment thereof.

“The invention also rlates to a polypeptide having at least 83%, preferably D0%, more
preferably 95% and still more prefirably 98% amino acld identily with a polypeptide
comprising an amino agid sequence of 310 [D NO: 33,

Preferably, a polypeptide according to the invention will bave a length of 4. 5 1¢ 10,
15, 18 ot 20 to 25, 35, 40, 50, 70, 80, 100 or 200 consecutive anino acids of a polypeptide
according to the invention comprising an amina acid sequence of SEQ ID NO: 31.

‘Fopolugy predictions based on hydropathy profiles and corpparison with ather
knowm ABC iransporters, suggesi ibat the encoded ABCCILI protein is a full ABC
wansporters contuimning two ATP-binding domains (including Walker A and B demains,
and signature motifs) and {wo mensmerobrane domains (Tigure 1). The amino acid
sequence of ABCCLT is 41% identical to the human ABCCS protein, 36% to human
ABCC4 and 32% identical t human ABCC?2 and ABCC3 proteins. The ABCCLL protein,
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like ABCC4 and ABCCS proteins, is smaller than another well- known member of the
subgroup, ABCCT (MRP1), appearing to lack the extra N-terminal dorpain (Bars( et al., J
Narl Cancer Inst, 2000, 92, 1205-302), which has been shown, however, not to he required
for the transporl [unclion (Bakos et al., J. Biol Chem , 1998, 273, 32167-75).

Table 3: Homulogy / [dentity percentages between the aming geid sequences of
ABCCI1. ARCCT2, ABCCS, ABCCH, ARCCI, and ABCAI along the entirg sequenve

Lotal ABCCLE © o ARCCIZ ABCCS ABCCd ABCC1 ABCAL
sequente

ABCCH 100 /100

ABCLC? 59149 100 /100

ANCCS S0/41 52042 100 /100

| _auccs 17036 50:39 5141 1607100

ABCC1 44/33 | 47435 4736 5344 100 /100

ABCAL - | - - - 100 /100

25

Alignnient of the amino acid sequences of ABCCI1, ABCCI12, and ABCCS genes
revenls an ideatity ranpine from 49 to 41%4 along the entive sequence (Table 3 und Figure
1.

Phylogenetic analysis of the ABOC subfamily proteins clearly demonsirates a closc
evolutionary relationship of the ABCC11 gepe with the ABOCS gene (Figure 4). In
addition, the analysis of the tree suggests o recent duplicution of the ABCCS and ABCCH
mencs, Wwhile ABCCL0 seens to be one of the first genes to separate from the common
angesfor. ABCCL, ABCC2, ABCC3, and ABCCH genes constitute a well-defined sub-
cluster, while the ABCC4 and CFTR (ABCCT) gones form another reliahle subsct despils

apparent early divergence.

POLYMORPHISMS WITHIN THE ABCCL11 GENE

‘I'he analysis of mutations in the ABCCI1 gene may be carvied out on genomic
DMA trom several individuals bulpnging (o a family of which several members suffer from
the paroxysmal kinesigenic chorenathetoris, According to the invention, a single nucleotide
palymorphisin has been identified in the cuding region of the ABCCL1 gene, which
encodes the ABCCL1 polypeptide, This mulation is more precisely located in the first

exon, wherein a G (Guanine) was replaced by a A (adenine) in position 56 of SEQ 1D
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NO:1, and results in the reptacing of an arginine (R) by an histidine (H) at position 19 of
the seyuence SEGQ ID NO:31.

The siructural characieristios which muke it possible to differcntiate the narmal
sequenees from the mutated sequences of ABCEH! | (penomic sequences, messenger RNAs,
cDXNA) may be exploited in order to produce means of detection of the mutated sequences
of ABCC11 in a sample, in particular, probes specifically hybridizing with the mutated
sequences of ABCCIL or pairs of primers making it possible 10 selectively amplify the
regions of the ABCCI! gene carrying the mutations described sbove, it being possible to
cary out the detection of the presence of these mutations in paricular by distinguishing the
length of the amplified nucleic acid fragments, by hybridization of the amplified Fagments
with the aid of the specilic probes described above, or by direct sequencing of these

amplitied fragments.

The detection of these pelymorphisms in a DNA sample obtaincd trom a subject
may also be carred ow with the aid of nucleatide probes or primers specifically
hybridizing with a given allele containing one of the polymorphic bases of 4 polymaoiphism
of the ABCC11 gene according to the invention.

By way of illustration, appropdats nucleotide primers are for example primers
whose base at the 3” cnd hybridizes with the base located immediately on the 5° side of the
polymorphic base of the fragment comprising said polymorphism. After the step of
hyhridizetion of the specific primer, a step of extension with a mixture of the two
dideoxynucleatides complementary to the polymerphic bage of said polymorphism, far
example differentially labeled Dby fluorescence, and then a step detection of the
fluorescence signal obtained makes it possible to determine which of the two differentially
Jubeled Auorescent dideaxynucleotides has been incorporated and to directly deduce the
nature of the polymorphic hase present at the Ievel of this polymerphism,

Various approachcs may be used for the labeling and delection of the
dideoxynuclectides. A method in homogeneous phase based on FRET ("Fluorescence
resotlance energy transter”) has been described hy Chen and Kwok (1997). According to
this method, the amplified fragments of genomic DNA containing polymorphisms are
incubated with a primer abcled with fluorescain at the 5'end in the presence of labeled
dideoxynueleotide triphosphate and a modified Tag polymerase. The labeled primer is
extended by ons base by incorporation of the lahcled dideoxynucleotide specific for the
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allcle present on the complementary genemic DNA sequence. At the end of this genotyping
reaction, the fluorescence intensitics for the two lubeling compounds for the labeled
dideoxynucleotides are directly analyzed without separation or purification. All these steps
may be carried out in the same tube and the modifications of the fluorescence signal
monitored in real time. According to another embodiment, the extended primer may be
analyzed by MALDI-TOF type muss speciromeiry. The base located at the level of the
polymorphic site is identitied by measuring the mass added to the microsequencing primer
(Haff and Smimov, 1997}

Such nucleotide primers may, for example, be immobilized on a support.
Furthermore, it is possible to Immobilize on a support, for example in an orderly manner,
multiple specific primers as described above, each of the primers being suited to the
detection of one of the polymorphisms of the ABCC11 genc aceording to the invention.

The polymerphisms of the ABCC11 gene according to the invention ave useful in
particular as genetic markers in studies of association berween the presence of a given
allele in a subject and the predisposition of this subject ta a given pathology, in particular
o one of the pathologies already associated with the cluemesomal region 16912 preferably
with a pathology linked io a dysfunction in the reverse transport of cholesterol,

The methods for the senetic unalysis of complex characters (phenotypes) are of
various types (Lander and Schork, 1994, Science, 265, 2037-2048, 1994). Tn general, the
hiallelic polymorphisms according to the invention are useful in any of the methods
described n the state of the art infended to demonstrate a statistivally significant correlation
between a genotype and a phenotype. The biallelic polymorphisms may be used in linkage
analyses and in allele sharing mefhods. Preferably, the biallelic pelymorphisms according
t the invention are used to idenlify genes associated with detectable characters
(phenotypes) in use tor studics of association, an approach which does not requirc the use
of families affected by the character, and which allows, in addition, the idenlification of

poncs associated with complex and sporadic charueters.

Ofther statistical methods using ballelic polymorphisms according to the invention
are for example (bose described by Forsell et al,  Biol. Psychiatry, 1997, 42 1 898-003),
Kiong et al. (Am. J. Hum. Genet, 1999, 64 : 629-640), Horvathctal. ( Am. J. TTum.
Genet., 1998, 63 : 1886-1897)), Sham et al. (Ann. Tum. Genet., 1995, 59 : 523-336) or
Nickerson ed al. (Genomics, 1992, 12 : 377-387).
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NUCLEOTIDE PROBES AND FRIMERS

Nucleotide probes and primers hybridizing with 2 nucleic acié (genomic DNA,
messenger RNA, ¢DMA) uccording Lo the invention also form part of the invention.

According to the invention, nucleic acid frugments derived from a polynucleotide
comprising any one of $£Q ID NOs: 1-30 or of a complementary nucleetide seyuence are
usefil for the detection of the presence of at least one eapy of a nueleotide sequence of the
ABCCII gene or of a fragment or of a variaot {comtyining a mulation or 2 polymorphism)
theresf in a sumple.

The nucleotide probes or primers according lo the invention comprise a nucleotide
sequence comprisiag any one of SEQ ID NQu: 1-30, ur a complementary nucleotide sequence
thereof.

The nucleotide prohes or primers according fo the invention comprige at least 8
eonsecutive nucleotides of 2 nucleie acid comprising any one of SEQ ID NOs: 1-30, or a
complementury nuclentide sequence.

Preferably, nucleotide probes or primers according o the invention have a length of
10, 12, 15, 18 or 20 to 25. 35, 40, 50, 70, 80, 100, 200, 500, 1000, 150} consecutive
nucleatides of a nucleic acid according to the invention, in particular of a nucleiv acid
comprising any onc of SEQ ID NOs: 1-30, o a complementary nucleotide sequence.

Alternatively, a nucleotide probe or primer according to the invention consists of
undor comptise the Gagments heving a length of 12, 15. 18, 20, 25, 35, 40, 50, 160, 200, 500,
1000, 1500 consecutive nucleotides of 4 mmeleic acid according to the inventivn, more
particulatly of 2 nugleic acid comprising any one of SEQ [D NOs: 1-30, or a compiementary
nucleotide sequence.

The definition of a nucleolide probe or primer according to the invention (berefore
covers oligonuclectides which hybridize, under the high stringeney hybridization conditiony
defined above, with a nucleic acid comprsing any one of SEQ TD NOs: 1-30, or a
complementary nucleolide sequence.

A nucleotide primer or probe according (o the invention muy be prepared by any
guitalle method well known to persous skitled in the at, mncluding by cloning and activn of
reslriction enzymes or by dircet chemical synthesis accerding lo fechniques such as the
phnsphotdisster method by Narang etal. (1979, Methods Enpmel, G8:90-95) or by
Brown et al. (1979, Methods Enzymol, 6§:169-150), the disthylphosphoramidite method by
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Beaucage ¢t al. {1981, Tetrahedron Lett, 22: 1859-1862) or the technique on a solid suppart
described in EU patent No. EP 0.707,592.

Fach of the nucleic acids according o the invention, including the oligemucleotide
probes and primers described abeve, may be laheled, it desired, by incorporating a marker
which can be detected by speciroscopic, photocherrueal, blochemical, immunochemical ot
chemnical means. For example, such markers may consist of radioactive isotopes £2p, ¥p, 11,
), fluorescent molecules (5-bromodeoxyuridine, fluorescein, acetylamino{luarene,
dipoxigenin or ligands such as biotin. The labeling of the probes is preferably carried out by
incorpuraling labeled molecules into the polynucleotides by primer extension, or alternatively
by addition to the 3’ or 3" ends, Examples of nonradicactive labeling of nucleic acid
fragments are described in particular in Freoch patent Mo. 78 108 75 or in the articles by
Urdea et al. (1988, Nucleic Acids Research, 11:4937-4957) or Sancher-Pescador et al. (1988,
£ Clin. Microbisl., 26(10):1934-1938).

Preferably, the nuclcotide probes and primers according to the invention may huve
structura) charactcristies of the 1ype to allow amplification of the signal, such as the probes
described by LUrdea el al. (1991, Nuclee Acids Symp Ser.. 24:197-200) or alternatively in
European paient Mo. EP-0,225 807 {CHIRON},

The oligonucleotide probes according to the inwention may be used in parficular in
Southem-type hybridizations with fiie genomic DNA or alternatively in nerthern-type
hybridizations with the corresponding messenger RNA when the expression of the
cormresponding transoript is sought ia a sample.

"The probes and primers acconling to the iuvention may also be used for the detection
of products of PCR amplification or alternatively for the detection of mismatches.

Nucleotide probes or primers according (o the imvention may be immobilized on a
solid support. Such solid supports are well known o persons skilled in the art and comprise
surfaces of walls of microtiler plates, pelystyrens beads, magnetic beads, nitmecllulose bands
or mioroparticles such as latex particles.

Consequently, the present invention alse relates w0 a method of deteciing the presence
of a nuclese actd comprising a suecleotide sequence of any one of SEQY D 'NOs: 1-30, ur of 2
complemenlury nucleotide secuence, or a nucleic acid fragment or variant of any one of SEQ
ID NOs: 1-39, or of a complementary nucleotide sequence in a sanple, said method

comprising the steps of:
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1) bringing onc o2 more nucleotide probes or primers accurding to the invention into
contact with the sample to be tested;

2) detecting the complex which may have formed between the probeds) and the nucleic
acid present in the sample.

According to & specitic embadiment of the method of detsclion according to the
invention, the oligonucleotide probes und primers are immokilized on a support.

According to another aspect, the oligenuclevtide probes and primcrs comprisc 4
detectable marker,

The invention relates, in additton, to a box or kit for detceting the presence o 4 nucleic
acid according to the invention in a sampie, said box or kit comprising:

u) one or more nucleotide probe(s) or primer(s) as deserihed above;

b) where appropriate, the rengents necessary for the hybridization reaction.

According 10 a firsl aspect, the detection box or kit is characterized in that the probe(s)
or primer(s) arc immaobilized on u support.

Accordiug to a sccond aspect, the detection box or kit is characterized in that the
oligonuclcotide probes comprisc a detcetable marker.

According to a specitic embodiment of the detection kit deserihed above, such a kit
will comprise a plurality of oligonucleotide probes and/or pritmers in accordance with the
invention which may be used to detect a target mucleic acid of interest or alternatively o
detect mutations in the coding regions or the non-coding regions of the nucleic acids
according to the invention, more particularly of nucleic acids eomprising any one of SEQ ID
NQOs: 1-28, oo 2 complementary mucleotide sequence.

Thus, the probes acuording to the invention, irnmobilized on a suppost, may be ordered
into matrices such as “DNA chips™ Such ordered matrices have i particular heen described
in US patent Ko, 5,143,854, in published PCT applications WO 90715070 and WO 92/10092.

Support matrices on which oligonucleotide probes have been immobilized at a high
density are for example described in US patent Ne. 5,412,087 umd in published PCT
application WO 95/11995.

The nucleatide primers according to the invention may be used to amplify any one of
the nucleic acids according to the invention, and more particularly a nuclcic acld comprising a
micleotide sequence af any one of SEQ T NOs: 1-30, ar of a complementary nucleotide

sequence.  Alternatively, the nuclestide primers sccording 1o the invention may be used to
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amplify a nucleic acid fragment or variant of any one of SEQ I NOs: 1-30, or of a
complementary nuelectide sequence.

In a particular embodiment, the nucleatide primers according to the invention may be
used to amplify = nucleic acid comprising any one of §FQ T NOs: 1.30, or as depicted in agy
one of SEQ ID NOs! 1-30, or of & complementury nucleoiide sequence.

Another subject of the nventien relates to & method of amplifying a nueleie acid
according to the invention, and more particularly a nucleio acid comprising &) any one of SEQ
ID NOs: 1-30, or a complementary nueleotide sequence, b) as depicted in any one of SEQ
I NOg:1-30, or of & complementary nuclcotide sequance, contained in 4 sample, said method
compeising the steps oft

) bringing the sample in which the presence of the target nucleic acid is suspected inlo
contact wiih a pair of nuclectide primers whose hybridization positien is located respectively
onthe 5 side and on the 3° side of the region of the farget nuelede acid whose amplification is
sought, in the presence of the reagents necessary for the amplification reaction; and

b} detecting the amplified nucleic acids.

To carry out the amplification method as defined sbove, usc will be preferably made of
any of the nucleotide primers described above.

The subject of the invention is, in addition, a box or kit for amplifying a nucleie acid
according 1o the invention, and more particularly a nucleic acid comprising any one of SEQ
1D NOs: 1-30, ur 2 complementary nuclectide scguence, or as depicted » any one of SEQ 1D
NOs: 1-30), or of a complementary nucleotide sequence, said box or kit comprising:

a) a pair of nucleotide primers in avcondance with the invention, whose hybndization
pusition is located respectively on the 57 side and 3’ side of b target nucleic acid whose
amplification is sought; and optivnally,

h) reagents necessury for the amplification reaction.

Such an amplification box or kit will preferably eomptise at least one pair of
nucleotide primers as described above.

The subject of the invention is, in addition, a box or kit for amplifying all or part ol
nucleic soid comprising any one of SEQ 1D NOs: 1-30, or a complementary muelcotide
sequence, said box or kit comprising:

1) a pair of nucieotide primers in accordance with the invention, whose hybridization
position is lacated respectively on the 57 side and 3° side of the tirget nucleic acid whose

amplification is sought; and optionally,
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2} reagents necessary for an amplification reaction,

Such an amplification box or kit will preferubly cemprise at least one pair of
nucleotide primers as described above.

The invention also relates 1o a box er kif for delecting the presence of a nucleic acid
according to the invention in a sample, said box or kit comprising:

a) ore or more nucicotide probes according e the invention;

b) where appropriate, reagents necessary for a hybridization reaction.

According to a first aspect, the detection box or kit is characterized in that the
nucleotide probe(s) and primer(s)are immobilized on a support,

According to a secund aspect, the detection box or kit is characterized in thut the
muclectide probe(s) and primer(s) comprise 3 detectable marker.

According to 2 specific embadiment of the detection kit described above, such a kit
will comprise a pluratity of eligonucleotide probes and/or primers in accordance with the
invention witcl may be used to detect target nuelcic acids of interest or alternatively tr detect
murtutions in the coding regions or the non-ceding regiens of the nueicic acids accordiug to the
invention, According lo preforred cmbodiment of the invention, the terget nucleie acid
comprises u nucleotide sequence of any one of SEQ 1D NOs: 1-30, or of a complementary
nucleic acid scquence. Alternatively, the target nucleie acid is a nucleic acid fragment or
variant of a nucleic acid comprising any onc of SEQ ID XNOs: 1-30, or of 4 complemsntary
nucleotide sequence.

The nuclentide primers according to the invention are particularty uselul in methods of
genotyping subjevts and/or of genolyping populations, in particular in the context of studies of
agsociation between particulur allele forms or particular forms of groups of alleles
(haplotypes) in subjects and the existence of a paricular phenotype (character) in these
subjects, for example the predisposition of these subjcets to develep diseases 2 pathology
whose candidate chromosomal region i3 situated on chromosome 16, more precisely ci the
16q arm and still more precisely in the 16g12 locus. such as a paroxysmal kinesipenic

choresathetosis.

RECOMBINANT VECTORS
The invention also relatcs to a recombinant vector comprising a nucleic acid accarding

i the invention. “Vector” for the purpeses of the present invention will be undersiood to
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mean & circular or linear DNA or EN.A molecule which is either in single-stranded or double-
stranded form,

Preferably, such a recombinant vector will comprise u nucleic acid chosen from the
following nucleic acids:

a) a nuclzic acid enmprising a nuclevtide sequence of any onc of SEQ ID NOs: 1-30,
or a complemenlary mucleotide scquenee thereof,

b) a nucleic neid comprising a nucleotide sequence as depicted in any one of SEQ ID
NOs: 1-29, or & complementary muclcotide sequence thereof:

¢) a nucleic acid having at least cight consccutive nucleotides of a nucleic acid
comprising a nucleatide sequence of any one of SEQ 1D NOs: 1-30, or of a complementary
nucleotide sequence thereot;

d) a rucleic acid having st least B0% nuclcotide identity with a nucleic acid
comprising a ruclentide sequence of any one of SCG ID NOs: 1-30, or a complementary
nucleotide sequence thereof,

¢) a nueleie acid having $5%, 90%, 95%, or 98% nucleotide identity with a nucleic
acid comprising 2 nucleotide seguence of any vne of SEQ 1D KOks; 1-30, or a eomplementary
nucleotide sequence thereoft

) a nucleic acid hybridizing, under high stringency hybridization conditions, with 4
nucleic acid comprising a nucleotide sequence of 1} any ong of SEQ 1D NOs: 1-30, or a
complementary nuelentide sequenee thercof;

2 a nuclvic acid encoding a polypeptide comprising an amino acid sequence o SEQ
T NG 31; and

hY 4 nucleic acid encoding & polypeptide comprising amino scid sequence SLQ) 1D MNO:
31

According to a first embodiment, a recombinant veetor according to the invention is
used to amplify & nucleie acid inserted therein, following transformation or iransfection of a
desired cellular host,

Accerding to 2 second embodiment, a recontbinant veetor aceording lo the invention
corresponds 1o a0 expression vector comprising, in addiion to a pueleie acid in accorimee
with the invention, a regulatory sipnal or nucleotide seguence that directs or conirols
teanscription and/or transiation of the nucleic acid and its encoded mRNA.

Acconding 1o a preferred embodiment, a recombinant vector according to the invention

will comprise in pariicular the fullowing compunents:
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(1) an element or signal for regulating the expression of the nucleic acid to be mserted,
such as a promoter and/or enhancer sequence;

£2) a pucleotide coding region comprised within the mucleic acid in accordance with
the invention te be inserted into such a vector, said coding rcgion being placed in phase with
the regulatory clement or signal described in {(1); and

(3) an appropriate nuclcic acid for initiation and ternination of transcription of the
nucleotide coding region of the nucleic acid described in (2).

Tn addition, the recombinant vestors according to the invention may include one or
more origins for replication in the cellular hosts in which their amplification or their
expression is sought, markers or selectable markers.

By way ot exumple, the bacterial promoters may be the Lacl or LacZ promoters, the
T3 or T7 bacteriophage RNA polymerase promoeters, tire lambda phage PR or PL promaters.

The promoters for cukaryotic cells will comprise the hecpes simplex virus (HSV) virus
thymnidine kinase promoter or alternatively the mouse metallotlionein-1. promuoter.

Generally, for the choice of a suitable promoter, persons skilled in the art can
preferably refer to the hook by Sambrook ot al. (1989, Molecular cloning: a laboratory
manual, 2ed. Cold Spring Haxbor Laboratory, Cold spring Harbor, New York) cited above or
to the techniques described by Fuller ef al. {1996, hnmunology, In: Current Protocels in

Molecidur Biclogy, Ausubel ct al.(eds.).

When the expression of the genomic sequence of any one of the ABCCL1 genc will be
sought, use will preferably be made ol the vectors capable of containing large inscrtion
sequences. In a particular embodiment, bacteriuphage vectors such as the P1 bacteriophage
vectors such as the vector pl 58 or the vector pl58meo described by Stemberg (1992, Trends
Cienct., 8:1-16; 1994, Mamm, Genome, 5:397-404) will be preterably used.

The: preferred hacterial vectors according to the invention are Jor example the vectors
PERIZHATCCITOLT) ur alternatively vectors such as pAA223-3 (Pharmacia, Uppsala,
Sweden), and pGEM! {Promegy Biotech, Madison, WT, INTTED STATES).

There may also be cited other commercially available vectors such as the veclors
pQET0, pOEAD, pGQR9 (Qiagen), psiX174, pBlucseript SA, pNHBA, pNHLGA, pNHIEA,
PpNHA6A, pWLNLG, pSV2CAT, pOGA4, pXTI, 050 (Suatagens).
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They may alse be vectors of the baculovirus type such as the vector pVT.1302/1383
(Pharmingen} used o transfect cells of the $fY line (ATCC Mo CRL 1711) derived from
Spodoptera frugiperda.

"They may also be adenoviral vectors such as the human adenovirus of type 2 or 5.

A recombinant vector uccording fo the invention may aiso he a retroviral veetor or an
adeno-associated vector (AAV). Such adenc-assuciated veclors are for example described by
Flotte et al. (1992, Am. J. Respir. Cell Mol, Bial., 7:349-336), Samulski ¢l al. (1989, .1 Virol,
£3:3822-3828), or McLaughlin BA et al. (1994, Am. J. Fum, Ganet., 39:361-569).

Lo allow the expression of 2 polynucleotide according to the invention, the latter musl
e introduced into a hest cell. The introductzon of a polynucleotide according to the mvention
into a host cell may be cavried out #n vigre, according 1o the techniques well knewn to persons
skiiled in the art for transtorming or transfocting vells, either in primcr culture, or in the form
of cell lines. Tt s also possible o carry out the ntroduction of a polynucleotide according to
{he invention in vivo or ex vivo, Tor the prevention or treatment of disenses inked fo ABCC11
deficiencies .

To introduce « polynuclevtide or vector of the juvention into a host cell, a person
skilled in the art can preferably refer to varions techniques, such as the calefum phosphate
precipitation technique (Graham ct al., 1973, Virology, 32:456-437 ; Chen et al,, 1987, Mol.
Cell. Biol., 7 ; 2745-2752), DEAE Dextran (Gopal, 1985, Mol. Cell. Bial., 5:1188-1190),
electroporation {Tur-Kaspa, 1896, Mol. Cell. Biol,, 6:716-718 ; Potter et al, 1984, Prow Nall
Acad Sul U 8 AL, RIQ22E7161-5), direct microinjection (Hlarland et al, 1985, 1. Cell. Biol,
101:1004-1045), Liposumes charged with DNA (Nicolau et al., 1982, Methods Enzymal,
149:157-76; Fraley et al., 1079, Proc, Natl. Avad. Sci. USA, 76:3348-3352).

Once the polynucleotide has been introduced into the host cell, it may be stably
integrated into the penome of the czll. The infregration may be achicved at 4 precise site of the
gepome, by homologous recombination, or it may be ramdomly integrated. In some
embodiments, the polynuclectide may be stably maintained in (he host cell in the form of an
episome [ragment, the cpisome comprising sequences allowing the retention and the
replication of the latter, aither independently, or in a synchronized manner with (he cell cycle.

According to a specific embodiment, a method of inteducing a polynucleotide
according to the invention into a host cell, in particular a host cell oblained trom a memmal,
in vive, comprises a step during which a preparation comprising a phamaccurically

compatible vector and a “naked” polynuclestide according lo the invention, placed under the
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control of appropriate regulatory sequences, is intvoduced by local injection at the level of the
chosen, tissue, for example myocardial tissue, the “naked” polynucleotide being absorbed by
the myocytes of this lissue.

Compasitions [ot use in vitro and in vive comprising “naked™ polynucleotides are for
example deseribed in PCT Application No. WO 95/11307 (Institut Pasteur, Inserm, University
of Ottaws) as welt as in the articles by ‘Tacsun et al, (1996, Nature Medicine, 2(8):388-892)
and Huygen et al. (1998, Nature Medicine, 2(8):893-898) .

Aceording 1o 1 specific embodiment of the invention, a composition is provided for
the in vivo production ol he ABCCI1 protein. This composition compriscs a pelynuclectide
encoding the ABCCIL polypeptide placed under the control of appropriate regulatory
sequences, in solution In a physiologically wcceptable vestor.

The quantity of vecior which is injected into the host ovganism chosen varies
according to the site of fhe injection. As a guide, there moy be injected beween ahout 0.1
and about 100 pg of polynucieotide encoding the ABCCI1 protein into the bedy of an
amimal, proferably into a patient Kkely to develop a discase linked ABCC11 defiviency.

Conscquently, the fnvention also relates 1o a pharmaceutical composition intended
for the prevention of or treatment of a patient or subject affected by ABCC11 deficiency,
comprising a nocleic acid encoding the ABCCI1 prutedn, in combination with one or more
physinlogically compatible excipients,

Preferahly, such a composition will comprise a nucleic acid comprising & nucleatide
sequence of SEQ ID NO: |, wherein the nucleic acid is placed under the conlrol of an
appropriate regulatory element or signal,

The subject of the invention is, in addition, 2 pharmaceutical composition intended for
the prevention of or ireatment of 2 patient or a subject sffected ABCCLI deficiency,
eomprising . recombinant vector according o the invention. in combination with one or more
physiolagically compatible excipients.

The invention rolates to the use of a nucleie acid sccording to the invention, cncoding
the ABCC11 protein, for (he manutacture of 2 medicament intended for fhe prevention or the
trealment of subjects affected by u paroxysmal kinesigenic choréoathctosis.

‘The invention also relates to Lhe wvse of a recombinant vectnr according to the
imvention, comuprising 4 nucleic acid encoding the ABCC11 protein, for the manufacture of a

medicament intended for the prevention of paroxysmal kincsigenic choreoathetosis.
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The invention further relates to the wse of 2 nucleic acid according to the invention,
encoding the ABCCI1 protein, for the manufaciure of a medicament intended for the
prevenlion or the treatment of pathologies linked 1o the dysfunction of transport of anionic
drugs, such as methotrexate (MTX), neutral drugs Cﬂnjl;gatcd to acidic ligands, such as GSH,
glucuronate, or sulfule,

The invention also relates to the use of a recombinant vector aceording to the
imvention, comprising a nucleic acid encoding the ARCC!I protein, for the matinfactre of a
medicament imtended for the tremtment offund prevention of pathologies linked to the
dysfunetion of transport of anionic drugs, such as methotrexate (MTX), neutral dmgs
conjugated te avidic figands, such as GSH, glucuronate, or sulfate.

The subject of the invention is therefore also a recombinant vector comprising a
nucleic acid according tn the inventiun that encodes the ABCC11 pratein or pelypoptide.

The invention also relates to the use of such 2 recombinznt vector for the preparation
of 2 pharmaceutical composition intended for the reatment andfur for the prevention of
diseases or conditions associated with deficiency or paroxysmal kinesigenic choreoathetosis.

The present inventirm also relates to the use of cells genetically modificd ex vive with
such a recombinant vector according to the invention, or of cells producing a recombinant
vector, wherein the cells arc implanted in the body, w allow a prolonged and effective
expression in vivo of at least a biologically active ARCCL] polypeptide.

Vectors usefisl in methods of somatic gene therapy and compaositions containing such
wCetors.

The present invention also relates to a new therapentic approach [or the treatment of
pathologies linked fo ABCC1) deficiencies. It provides an advantagcous solution to the
disadvantages of the prior ari, by demonstrating the possibility of weating the pathologies
linked to the ABCC11 deficiency by gene therapy, by the transfer and expression ir vivo ot a
gene envoding fhe ABCC11 protein involved in the paroxysmal kinesigenic choreoathetosis.
The iovention thus offers 3 simpke means allowing a specific and effective treannent of the
16412 lacated pathologies such as, parexysmal kinesigenic choreoathetosis.

Gene {herapy consists in correcting a deficiency or an abnormality {mutation, aberrant
expression and the like) and in bringing about the expression of a protein of thorapeutic
interest by introducing genstic information into the affected ccll or organ. lhis genetic
information may be introduced either ex vive into a cell extracted from the organ, the meodified

gell then heing reintraduced into the body, or direstly fa vive infe the appropriate tissue. Tn
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fivis second case, various lechnigques cxist, among which varous transfection techniques
involving complexes of DNA and DEAE-dexttan (Papano ot al., 4 Firel, 1 (1967)891), of
DNA and nuclear proteins (Kaneda et al., 1989, Seience 243:375), of INA and lipids (Felmer
ct ul, 1987, PNAS §4:7013), the vse of liposomes (Traley et al., 1980, J.Biol Chem.,
255:10431), and the tike. More recently, the use of viruses as vectors for the transfer of genes
has appeared us u promysing alternative to these physical transfection techniques. In this
regard, various viruscs have been tested [or their capaoity to infect certun cell populations. Tn
particular, the retrovimses (RSV, HMS, MMS, and the like), the HSV virus, the adeno-
associated viruses and the udenoviruses.

The pwesent invention therefore also relates to a new therupeutic approach for the
treatment of patholegies linked to ABCC11 deficiencies, conzisting in transforving and jn
cxpressing fi7 vivo genes encoding ARCCII, Tn a particularly preferred manncr, the applicant
Thas now found that it is possihle to construct recombinant vectors comprising a nucleic acid
encoding ABCC11 protein, to administer these recombinant vectors in vivo, and thaf this
administration allows a stable and ctfcetive expression of at least one of the hintogically
active ABCC11 protein in vive, with no cytopathological ctfect.

Adenoviruses constitute particularly efficient vectors for the transfer and ihe
cxpression of any one of the ABCC11 gene. The use of recombinant adenoviruses as veetors
makes it possible to obtain sutficiently high levels of expression of this gene to produce the
desired (herapeutic ¢ffect. Other viral vectors such as relrevinses or adono-associated viruses
fAAY) can allow a stable expression of the gene are also claimed.

The present invention is thus likely lo offer a new approach for the treatment and
prevention of ABCC11 deficiencies.

The subject of the invention is therefore also a defective recombinant viras
comprising a nucleie acid according to the invention that encodes the ABCCI1 protein or
polypeptide.

The inveniion also relates to the use of such a detective recombinant virus for the
preparation of a phanmaceulical composition which may be useful for the treatmenl and/or for
the prevention ef ABCC11 deficiencies.

The present invention also relztes to the vss of cclls genetically modified ex vive with
such a defective recoinbinent virus according lo the invention, of of cells producing a
defaetive tacombinant vims, wherein the colls are implanted in the body, to 2llow a prolonged

and effective expression # vive of the biologically active ABCC11 polypeptide.
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The present invention ts particularly advanlageous because it is it possible to induce 2
controlled expression, and with no harmful effect of ABCC)] in organs which are not
normally involved in the expression of this protein. In particular, a significant release of the
ABCC1 protein js obtained by implantation of cells producing vectors of the invention, or
infiected ex vivo with vectors of the invention.

The activity of lhese ABCC protein transporters produced in fthe context of the
present invention may be of the human or amiinal ABCC L type. The nucleic sequence used io
the context of the present invention may be u cDNA, a genomic DNA (gDNA), an RNA {in
the case of retroviruses) or a hybrid construct consisting, for example, of a cDNA into which
one or murs atrons (DAY would he inserted. It may also involve syathetie ar semisynthetic
sequences. In o particutarly advantageous mannor, a cDNA or 2 gDNA 1s used. Tn particular,
the use of a gDNA allows a hetter oxpression in human cclls. To allow their incorporation into
a viral vector according to the invention, these sequences are preferably modified, for example
by site-directed mutagenesis, in particular for the insertion of appropriate Tesiriction sites. The
sequences described in the prior art are indeed not comstructed for use accurding to the
invention, and prior adaptations may prove necessary, in order o obtain substuntial
expressions. In the eontext of the present invention. the use of a nudeic sequenee encoding
the fuman ABCC11 prolein is preferred. Moreover, it is also possible to use a construet
enceding a derivative of lhe ABCCI] protein, A derivative of the ABCCI1 protein
comprises, for cxample, any sequenee obtained by mutation, dejeiien and/or addition relutive
to the native sequence, and encoding a product retaining the lipophilic subtances transport
actjvity. These modifications may be made by technigues knownl to a person sicilled in the art
(see general mulecular biological techniques below). The biclogical activity of the derivatives
thus obtained cun then be easily determined, a8 indicated in particular in the cxamples of the
measutement of the efflux of the substrte from cells. The derivatives for the purposes of the
inventiun may also he obtained by hybridization from nucieic acid libraties, using uy probe the
native sequence or a fragment thercot.

These derivaiives are in particular molccules having u higher affinity for their
binding aites, moleenles exhibiling greuler resislance to proteases, mulecules having & higher
therapeutic efficacy or fewer side effects, or optionally new bielogicsl properties. The
derivatives also include the modificd DNA sequences allowing improved expression in vive,

In & first embodiment, the present invention zclates to a defective recombinant virus

comptising a cDNA encoding the ABCC11 polypeptide. Tn another preferred embodiment of
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the invention, a defective recambinant virus comprises a penutiic DNA {sDDNA} encoding the
ABCCL1 polypeptide. Preferably, the ABCCIL polypeptide comprises an amino acid
sequence SEQ ID NO: 31, respectively.

The vectors of the invention may be prepared from varions types of viruses.
Prelerably, vectors derived from adencviruses, adenn-associated viruses (AAV), herpesviruscs
{HEV) or retroviruses are used. It is préferable to vae an adenovirus, for dircet administratien
or for the ex vivo modification of cells intended to be implanled, or a retrovirus, for the
Implantation of produsing cclis,

The viruses according tv the invention are dofoetive, that s to say thal they are
incapable of autonomously replicuting in the largel cell. Generally, the genomc of the
defective viruses used in fhe confext of the present invention therefore lucks al leust the
sequences necessary for the replication of said virus in the infected cell. These regions may be
either climinated (completely or partially), or made non finctional, or substituted with other
scquences and in particular with the nucleic sequence enceding the ABCCI1 protein,
Preferably, the detective virns retains, nevertheless, the sequences of its genome which are
necessary for the encapsidation of the viral particles.

As regards more particularly adenoviruses, varions scrotypes, whose structure und
propertics vary somewhat, have been characterized. Among thess serotypes, human
adenaviruses of type 2 or 5 (Ad 2 or Ad 5) or adenoviruses of animal origin (sce Application
WO 04/26914) are preferably used in the context of the present invention, Among the
adenoviruses of animal origin which van be uvsed in the context of the present invention, there
may he mentioned adenoviruses of canine, bovine, murine (example: Mavl, Beard ot al,
Virclogy 75 (1990) 81), ovine, poreine, avian or simian (exomple: SAV) origin. Preferably,
the adenovirus of animul vtigin is a canine adencviros, more preferably a CAVZ adenovirus
[Manhattan or A26/61 strain (ATCC VR-800) for example]. Proferably, adenoviruses of
humnan or caning ot mixed origin erc used in the coniext of the invenlion, Preferably, the
defective adenoviruses of the invention comprise the ITRs, a sequence allowing the
encapridation and the sequence encoding the ABCC 11 protein. Preferably, in the genome of
the adenvviruses of (he invention, the El region at least is made non fimetional. Still more
prelerably, in the genome of the adenoviruses of the invention, the E1 gene and at least one of
the E2, B4 and L1-1.5 wenes are non functional. The viral gene considered may be made non
Tunctional by any technique known to a person skilled in the art, and in particular by total

suppression, by substitution, by parial deletion or by addition of one er mare hases in the
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gene(s) considered. Such modifications may be oblained in vitro (on the isolated DNA) or in
sifu, for example, by means of genetic engineering technigues, or by treatment by means of
mutagenic agents. Other tegions may also be modified, and in puticular the T3
(WOUS/02697), B2 (WOD4/2803%), F4 (WOO4/28152, WO94/12649, WOI5/02697) and L3
(WOD5/02697) region. Aceording Lo a preferred embodiment, the adenovirus according to the
invention comprises a deletion in the E1 and E4 regions and the sequence encoding ABCC11
is inserted at the level of the inactivated El region. Acvording to another prelerred
emhodiment, it comprises & deletion in the B region at the level of which the F4 regfon and
the sequence encoding the ABCCIL protein {Irench Patent Application FR94 13335) are
inserted.

The delective recombinant adenoviruses acconding to the invention may he prepared
by any technigue known to persons skilled in the art (Levrero ct al., 1991 Gene 101; EP 185
573; ang Grahkam, 1984, EMBO T, 3:2917). In patticular, they may be prepared by homologous
recombination between an adenovirus and o plasmid carrying, iwier alia, the nucleic acid
encoding the ABCCI1 protein, The homelogous recombination cccurs after cotransfection of
said adenoviruses and plasmid into an appropriate ccll line. The cell line used must preferabiy
(i) be transformable by said elements, and (i), contain the scquences capable of
complementing the part of the defective adenovirus genoms, preferahly in integrated form in
order to avoid the risks of recombination. By way of example of a line, there may he
mentioned the human embryonic kidney line 293 (Grabam et al., 1977, J. Gon. Virol,, 35:35),
which contains in particular, iniegrated into its genome, the lefl part of lhe penome of un AdS
adenovirus {129) or lines capable of complementing the E1 and L4 functions as described in
particular in Applications No. WO 94/26914 and WO95/02697.

As regurds (he adeno-associated viruses (AAV), they are DNA viruses of a relatively
saall size, which intemrate into the panome of the colls which they infect, in 2 stable and site-
specific manner, They arc capable of infeeting a broad spectrum of cells, without inducing any
cffect on cellular growth, morphology or differentiation, Moreover, (hey do not appear to he
involved in pathologies in humans, The genome of AAVs has been cloned, sequenced and
charactarized. It comprises bout 4700 bases, and contains at each end an inverted repeat
region (ITR} of about 143 buses, serving as replicatian origin for the virus. The remainder of
the genome is divided into 2 essential regions vintying the encapsidation functions: the lefl

hand part of the genome, which contains the rep gene, involved in the viral replication and the
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cxprossion of the viral genes; the right hand part of the genome, which confaing the cap gene
encoding the virus capsid proteins,

The use of vectors derived from AAVs fur the transfer of genes fn virra and i viva
has been described in the literature (sec in particular WO 91/13088, WO 93/09239; US
4,707,368, US5,135,941, EP 488 528). These applications deseribe various comstructs derived
form AAVs, in which the rep und/or cap genes are deleted and replaced by u gene of infersst,
and their ose for transferting i visro (on vells in culture) or ir vive (directly into an orgunism)
said gene of interest. However, none of these documents either deseribes or suggests the use
of u recombinant AAV for the wansfer and cxpression in vive or ex vive of the ABCCL]
protein, or the advantages of such a tramsfer. The defective recombinant AAVs according t©
the inventicn may be prepared by cotransfection, into u cell line infected with a hurnan helper
virus (for example an adennvirus), of a plasmid containing the sequence creoding the
ABCCIN protein hordered by two AAV invered repeat regions {ITR), and of a plasmid
carrying the AAV cneapsidation genes (rep and cap genes), The recombinant AAVs produced
are then purificd by conventional techniques.

As regards the herpesviruses and Lhe retroviruses, the construction of recombinant
veetors has been widely described in the literature: see in particuler Breakfield et al,, (1991,
New Biologist, 3:203); BP 453242, EP178220, Bemstein et al. (1935): MeCormick, (1985
BioFechnology, 3:689), and the like.

I particular, the retroviruses are integrating viruses, infecting dividiog cells, The
genome of the retrovituses essentially comprises two long terminal repeats (L1Rs}, an
encapsidation sequence and three coding regions (gag, pol and env). Tn the reeombinant
veetors derived from retrovituses, the gag, pol and env genes are generally deloted, completely
or partially, and replaced with u heterologous nucleic acid sequence of intorest. These vectors
mav be produced from various types of retroviruses such as in particular MoMuLV ("mwine
moloney leukemia virus"; also called MoMLV), MSV (“nrine moloney sarcoma virus"),
HaSV ("harvey sarcoma virus")y; SNV ("spleen necrosis virus"); RSV ('rous sarcoma virus™)
or Friend’s virus.

"'o copsiract recombinant retroviruses containing & scquence encoding the ABCC11
protein according fo the invention, a plasmid containing in particular the LTRs, the
encapsidation sequence and said coding sequence is generally conslwoled, and then nsed to
transfect a so-called encapsidation cell line, capable of providing In tmns lhe retroviral

funetions deficient in the plasmid. Generally, the encapsidation lines are thercfore capable of
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expressing the gag, pol and env genes. Such encapsidation lines have been deseribed in the
peior art, and in patticular the FA317 lipe {US 4.861,719), the PsiCRIP line (WO 90 /02806)
and the GP+envAm-12 line (WO 89/07150). Moreover, the recurnhinant retroviruses may
contain modifications at the level of the LTRs in order to suppress the transcriptional activity,
as well as extended encupsidation sequences, containing a portion of the gag fene (Bender et
al., 1887, T. Virol,, 61:1639). The recombinant retrovimses produced are then purified by
oonventional technigues,

Ta carry out the present invention, it is preferable to use a defective recombinant
adenovirus. The particularly advantageous properties of adenoviruses are preferred for the i
v#va expression of a preiein having 2 lipophilic subtrate transport activity. The adenoviral
verlors 2ccording to the invention are particularly preforred for a direct administration in vivo
of a purified suspensicn, or for the ex vivo transformation of cells, in parlicalur autologous
cells, in view of their implantation, Furthermore, the adenoviral voetors according 1o the
invention exhibit, in addition, considerable advantages, such as in particular their very high
infection efficiency, which makes it possible to carry out infections using small volumes of
viral suspension.

According to another parficularly preferred embodiment of the invention, a line
producing retroviral vectors containing the sequence encoding the ABCCL1 protein is used
for implantation i vive, The lines which can be used to this end are in particular the PA317
(US 4,801,719}, PsiCrip (WO $0/02806) and GP+oavAm-12 (US 5,278,056) cells modified
50 as to allow the production of & retrovirus containing & nucleic sequence enceding any one
of ABCCI11 and ABCC12 proleins according to the invention. For example, totipotent slem
wells, precursors of blood eell lines, may be: collceted and isnlated from a subject. Those cells,
when cultured, may then be transfected with the retroviral vector containing the sequence
encoding the ABCC1] protein under the control of viral, nonviral or nonviral pramoters
specific for macraphages or under the control of its ewn promoater. These cells are then
reintrodueed into the subject. The differentiation of these eells will be respansible for blood
cells cxpressing the ABCC11 protein.

Preferably, in the veclurs of the invention, the sequence encoding the ABCCI!
protein is placed under the control of signals allowing its expression in the infected cells,
These may be expression signals which are homologous or heterologous, that is to say signals
different from those which afe naturally responsible for the expression of fhe ABCC11

protein. They may also b in particular sequences respensible for the expression of other
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proteins, or syathetic scquences. [n particular, they may be sequanecs of cukaryotic or viral
genes or derived sequences, stimulating ur repressing the transcription of a gene in 2 specific
mamner or otherwise and in an inducible manner or ntherwise. By way of example, they may
be promater sequences derived from the genome of the cell which it is desired to infect, or
from the genome of a virus, and in particular the promaters of the ELA or major laic promoter
(VEP) genes of adenoviruses, (he cylomegalovirus (CMV) promoter, the REV-LTR and the
like. Among the eukaryotic promoters, there may alse he mentioned the ubiquitous promoters
(HPRT. vimentin, o-actin, tubulin and the like), the pramoters of the imtermediate filaments
(desmin, newrstflaments, keratin, GFAP, and the like), the promoters of therupeutic genes (of
the MDR. CFTR ar factor VIIL type, and the like). tissuc-specific promoters (pyruvate kinase,
villin, promoier of the fatty acid binding intestinal protein, promeoter of the smooth nsele cell
te-actin, promoters specific for the liver; Apo Al Apo AT, human albumin and the like) or
premoters corresponding to a stimulus (steroid hormone receptor, retinnic aeid receptor and
the like). In addition, these expression sequences may be medificd by addition of cilancer or
regulatory sequences and the like, Movcover, when the inscried gene does nut contain
expression sequences, it may be inserted int the genome of the defective virus downstream of
such a sequence.

In a specific embodiment, the invention relates to a defective recombinant virus
comprising a nucleie acid encoding the ABCC11 pratein the control of a promoter chosen
from RSV-LTR or the CMYV early promoter,

As indicated above, the present invention also relates to any use of a viras as
described above for the preparation of a pharmaceutical compuosition for the treatment and/or
prevention of pathalogies linked to the transport of lipophilic substances.

‘I'he present invention alse relates to a pharmaccutical composition comprising one or
more defeetive reconbinant virgses as described above. Thess pharmaceutical compositions
may be formulated for adminisiration by the topical, oral, parenteral, intranasal, intravenous,
intraramscular, subcutancous, intracculur or transdenmal route and the like. Preferably, the
pharmaceufical compositions of the invention compriscs a pharmaceutically acceptuble
vehicle or physiclogically compatible excipient for an injectable formulation, in particular for
an intravenons injection, such as for example into the palient’s portal vein. These may relate
in particular to isotonic sterile solutions or dry, in particular, freere-dried, compositions

which, upon addition. depending on the case of sterilized water or physiological saline, allow
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the preparation of injectable sohutions. Direct injection into the patient’s portal wvein is
preferred because it makes it possitle to target the infection at the level of the lver and thus to
concentrale the therapeutic effect at the level of this organ.

‘The doses of defective recombinant virus vsed for the injection may he adjusted as a
function of various paramelers, and in particular as a function of the viral vector, of the mode
of administration uscd, of the relevanl pathology or of the desired duration of treutment. In
general, the recombinant adenoviruses according to (he invention are formulated and
administered in the fonn of doscs of between 104 and 1014 pfu/ml, and preferably 166 to
1010 pfivml. The term “pfu” {plaque forming unif) corresponds to the infectivity of a virus
sulution, and is determined by infecting an appropriate cell culture and measuring, generally
after 48 hours, the numbsr of plagues thet result from infected cell Lysis. The technigues for
determining the plu Liter of & viral solution are well documented in the literature.

As regards retroviruses, (he compositions according to the invention may directly
contain the praducing cells, with a view to their inplantation.

in this regard, another subjcet of the invenlion relates to any mammalian cell infected
with one or more defeclive recombinant viruses according to the ivention. More particularly,
the invention relates to any population of buman cells infected with such viruses. These may
be in parlicular cells of blood origin {ttipotent stem cclls or precursors), hibroblasts,
myoblasts, hepatocyles, keratinocyies, smaoth muscle and endothelial eclls, uhial cells and the
like.

The cells according to the invention may be derived from primary culturcs. These
may he eollected by any lechnigue known to persons skilled in the art and then cultured under
conditions allowing their proliferation. As regards mote particularly fibrohlasts, these may be
casily oblained from biopsies, for example according to the technique described by Ham
(1980). These cells may be uscd dircetly for infection with the viruses, or stored, for example
by freezing, for the establishment of autologous libraies, in view of a subsequent use. The
cells aceording to the invention may be secondary enlfures, obtuined for example from pre-
catablished libraries {sec for cxample KP 228438, EP 289034, EP 400047, TP 436640).

The cells in eolture are then infected with a recombinant virus according to the
invention, in order to confer oo them the eapacity to produce a biologieully active ABCC11
protein. The intection s camied out in vizro according to technigues known to persons skilled

in fhe wrt, In particular, depending on the (ype of cclls used and the desired number of copies
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of virus per cell, persons skilled in the art can adjust the multiplicity of infection and
uplionally the number of infectivus cycles produced. It Is clearly understood that thesc steps
must be carried ont under appropriate conditions of sterility when the cells are intended for
administration iv vive, The doscs of recombinant virus used for the inflection of the cells may
be adjusted by persons skilled in the art according io the desired aim. The conditions
described above for the administration i vvo may be applied to the infection i vitro. For the
infection with o retrovirus, it is also possible v co-culture a cell to be infected with a cell
producing the recombinaut relrovirus aceording to the inventiom. This makes il possible to
eliminate purification of the retrovirus.

Another subject of the invention relutes lo @ implant comprising marmvalian cells
infected with one or more defective recombinant viruses according to the jnvention ot cells
producing recombinant viruscs, and an extraccllular matrix. Preferably, the implants
according 1o the invention comprise 105 to 1010 cefls. Morc preferably, they comprise 109 to
108 cells,

More particularly, in the implants of the invention, the extracellular matrix comprises
a gelling compound and opticnally & support allowing the anchorage of the celis.

Tor the preparation of the implants according to the invention, various types of
gelling agents may be used. The gelling agents are used for the inclusion of the <ells in 2
ntatzix having the constitution of a gel, and for promuling the anchorage of fhe cells on Lhe
suppert, where appropriate. Varous cell adhesion agents can therefore be vsed as geiling
sgents, such as in particalar collagen, gelatin, glycosaminoglycans, fibronectin, lecting and the
like, Preferably, collagen is used in the context of the present inventior. This may be collagen
of humen, bovinc or muring origin, Mare proterably, type | collagen is used.

As indicated aheve, the compositions according to the invertion preferably comprise
4 support allowing the anchorage of the cells. The term unchorage designates any form of
biological and/or chemical andfor physical interaction causing the adhesion undfor lhe
attachment of the cells to the support. Mureover, the celis may either cover the support used,
or penetraie inside this support, or both. It is preferable to use in the context of the inventon »
solid, nontoxic and/er biocompatible supporl. In particular, it is possible to usc
pelyletrafiuoroetbylene (PTTE} fibers or a suppott of biological arigin.

The present invention thus offers a very effeclive meuns for the treatment or

prevention of pathologies linked to the transport of lipophilic substances.
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In addition, this treatment may be applied to both humans and any animals such a3

ovines, bovines, domestic animals {dogs. cats and the like), horses, fish and the like.

RECOMBINANT IHOST CELLS

The invention relates to a recombinant host cell comprising & nueleie acid of the
invention, and more particularly, u nucleic acid comprising a nucleotide scquence sclected
Trom SEQ I WO 1-30, or a complementary muckselide sequence thereof.

The invention also relates 1o a recombinant host cell comprising a nuelcic acid of lhe
invention, and more particularly a nucleic acid comprising a nueleotide sequence as depicted
in SEQ ID NO: 1-30, or a complementary nucleotide sequence thereof.

According to ancther aspect, the invention aleo relules 1o a recombinant host cell
comprising 4 recombinant vector according to the invention. Therefore, the invention also
relates to a recombinant host cell comprising a recombinant vector comprising any of the
nucleic acids of the invention, and marc particularly a nucleic acid comprising a nueleotide
scquence of selected frem SEQ ID NG 1-30, ar a complementary aucleotide sequence
thersof,

The invention alse relates to a recombinant host cell comprising a recombinant vecter
comprising a micleic acid comprising a muclentide soquence as depicted in any one of SEQ 11
NOs: 1-30, or of a complementary nucleotide sequence thereof,

“Ihe preferred host cells aceording to the invention are for exumple the following:

) prokaryotic host eells: strains of Kecherichia cofi (sirain DHS-0), of Bacillus
subtilis, of Safmonelly typhimurium, or straing of genera such a5 Pseudomonas, Strepiomyces
and Sraphylococns |

1) eukaryotic host cells: Hela cells (ATCC No. CCLZ), Cv 1 eells (ATCC No.
CCL70), CO% eells (ATCC No. CRL 1630}, 819 cells (ATCC No. CR1. 1711), CHO cells
(ATCC No. CCTL-461) 3T3 cells (ATCC No, CRI-6361) or human Erythroleukemia K562
(ATOC N° CCL-243),

METHODS FOR PRODUCING ABCC11 POLYPEPTIDE
The invention also relutes to u method for the production of a polypeptide comprising
zn amino acid sequence SEQ ID NOs: 31, said method comprising the steps of:

a) inserting a nucleic acid encoding said polypeptide inlo an appropriate vector;
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b) cultuting, in an appropriate culture medium, a previously transformed host cell or
transfecting a host cell with the recombinant vector of step a);

¢} recovering the conditioned culfure medium or lysing the hest cell, for example by
soniculion or by osmotic shock;

d) separating and purifying said polypeptide from said enlture medium or alternatively
from the cell lysates obtained in step ¢); and

&) where appropriate, characrerizing the recombinant polypeplide produced.

The palypeptides according lo the invention may be characterized by binding to an
immunouaffinity chromatography column on which the antibudies directed agafnst this
polypeptide or against a fragment or a variant thereof have been previously immobilized.

According to another aspect, a recombinant pelypeptide according to the inventivn
may be puiified by passing it over an appropriate series of chromatography columns,
according to methods knuwn i persons skilled in the art and deseribed for example in F.
Ausubel et al (1989, Current Pratocols in Molecular Biology, Green Publishing Assoclales
and Wiley Interseience, N.Y).

A polypeptide accerding to the invention may also be prepared by conventional
chemical synthesis fechniques either in homogencons solution or in solid phase. By way of
illustration, a polypeptids according to the invention may be prepared by the lechnique cither
in homogeneous solution deseribed by Houben Weyl (1974, Meuthode der Crgardschen
Chemie, E. Wunsch Ed, 15-1:15-[) er the solid phase synthesis technique deseribed by
Mermifield (1965, Mature, 207(596):522-523; 1965, Science, 150(6933:178-185).

A polypeptide termed “homologeus” 1o a polypeptide baving an aminc avid sequence
selected from SEQ 1D NO: 31 also forms part of the imvention, Such a homologous
polypeptide comprises an amino acid sequence possessing onc or more substitutions of an
amino acid by an equivalent amino acid of SEQ I NO: 30.

An Yequivalent amino acid” aceording to the present invention will be understood to
menn for example replacement of a residuc in the L [orm by a residue in the D form or the
replacemnent of a glutamic acid (E) by a pyro-ghutamic aeid according te techniques well
known to persons skilled in the art. By way of illustration, the synthesis of peptide contalning
at least one Tesidue in ihe D form is deseribed by Koch (1977). Accerding to another aspect,
two amino acids belonging to the same class, that is 1o say two uncharged polar, nonpolar,

hasic or acidic amine acids, are also constdersd as equivalent amino acids.
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Polypeptides comprising at least one nonpeptide bond such as a retro-inverse bond
NHCO}, a carba bond {CH.CHz)} or a ketemethylene bond {CO-CH:) also form part of the
mventinmn.
Preferably, the polypeptides according to the invention comprising onc or mare
additions, deletions, substitutions of at lcast one amino acid will retain their capacity to be

recognized by untibudies dirceted against the nonmedified polypeptides.

ANTIBODIES

The ABCCIL polypeptide sccording to the invention, in particuar 13 a polypepiide
comprising an amino ueid sequence of any onc of SEQ D NO: 31, 212 polypeptide fragment
or variant of a polypeptide comprising an ain acid sequence of any one of SLQ 1D NO: 30,
or 3) a polypeptide termed “homologous” to a polypeptide comprising amino acid sequence
selected from SEQ ID NO: 31, may be vsed for the preparation of an antibody, in particular
for detecting the production of a normal or altered form of ABCC11 polypeptide in & patient,

An antibody directed against a polypeptide termed “hemelopons” to & polypeptide
having an amino acid sequence selected from SCQ ID NO: 31 also forms part of the
invention. Such an antibody is dirccted against a homologous polypeptide comprising an
amino acid sequénce possessing one or more subslitutions of an amino acid by an cquivalent
wrning acid of SEQ 10 NO: 31,

“antibady” for the purposes of the present invention will be understood to mean in
particular polyelonal or menoclonal antibedies or tragments (for example the F{ab)> and Fab
fragments) or any polypeptide comprising a donsin of the initial antibody recogmizing lbe
target polypeptide or polypeptide fragment according to the invertion.

Monoclonal antibodics may be prepared from hybridomas according to the technique
described by Kohler and Milstein (1973, Narare, 256:495-487).

Aceording to the invention, a polypeptide produced recombinanily or by chemical
synthesis, and fragments or other derivatives or analogs thereof, including fusion proteins,
may be used as an immunogen to generats antiboedies that 1ecopmize a polvpeptide according
to the inveniion. Such antibedies mclude but are not limited to polyclonel, moenoclonal,
chimeric, single chain, Fab fragments, and an Fab expression lbrary. The anti-ABCCS, anti-
ABECA, or anti-ABCC1 antibodies of the invention muy be cross reactive, e.g., they may
recognize comesponding ABCCI1 polypeptide from different spevies. Polyclonal antibodies

have greater likelihood of vruss reavtivity. Alternatively, an antibady of the invention may be
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specific for & single form of ABCC1(. Preferably, such an antibady iz speeific for human
ABCCIL,

Various procedures known in the url may be used for the production of polyclonal
antihodics ta the ABCC11 polypeptide or derivative or analog ihereof. For the production of
anlibody, various host animals can be immunized by injection with the ABCCIL polypeptide,
or a derivatives (g.g., [ragment ar fision protein) thereof, inclading but not limiled to rabbits,
mice, rats, sheep, goats, sfc. In one embodiment, the ABCC11 polypeptide or a fragment
thereof can e conjugated to an immunogenic carrier, e.g., hovine serum slbumin {BSA) or
keyhole limpet hemocyanin (KIH). Various adjovants may be used to increase ihe
immnological response, depending on the host specics, including but not limited to Freund's
{complete and incomplete), mineral gels such as aluminum hydroxide, surface active
substances such as lysolecithin, plurenie polyols, polyanions, peplides, oil emulsions, keyhole
limpet hemocyanins, dinitrophenol, and potentially useful human. adjuvants such as BCG
(Brcille Calnetie-Guerir) and Corvacbacterium parvim.

For preparation of monoclonal antthodies dinected toward the ABCC11 polypeptide, or
a fragment, analog, or derivalive thereof, any technique that provides for the production of
antibody molecules by continuous cell lines in culture may be used. These include but are not
Jimited 1o the hybridoma technique originally developed by Kohler and Milstein (1975,
Nature, 256:495-497), as well as the trioma techniqug, the human B-cell hybriduma lechnique
(Koghor el al,, 1983, Inmnunology Today. 4:72; Cote ¢t al., 1983, Proc. Na#. Acad, Sci,
1.5, §0:2026-2030), and the FBV-hybridema techniyue to preduce human monoclonal
antibodies (Cole et al,, 1985, ln: Monoclonal Antihodies and Cancer Therapy, Alan R. Liss,
Inc., pp. 77-96). In an additional embodiment of the invention, monoclonal antibudies can be
produced in germ-free animals (WO89/12690). In fact, according io the invention, techniques
developed for the production of "chimeric antibedies” (Mordson et al., 1984, J Bacteriol,
159:870; Weuberger et al., 1984, Nafure, 312:604-608; Takeda et al., 1985, Nafure 314:452-
454) by splicing the gencs from 2 mouse aniibody molecule specific for the ABCCI1
polypeptide topether with genes from a human antibody molecule of appropriate biological
activily can he used; such antibodies are within the scope of this invention. Such human or
humanized chimeric antibodies ave preferred for use in therapy of human diseases or disorders
(Gescribed nfra), since the human o Inrnanized amtibodies arc much less likely than
xenogenic antibodies lo induce sn immmne response, in particular an allergic response,

themselves.
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According to the invention, techniques described for the production of single chain
antibodies {U.S, Patent Nos. 5,476,786 and 5,132,405 to Huston; U.S. Patent 4,945,778} can
be adapted to produce ABCCI1 polypeptide-specific single chain antibodies. An additional
cmbodiment of the invention utilizes the techniques described for the censtruction of Fab
expression libraries (Huse et al., 1989, Scicnce 246:1275-1281) to allow rapid and easy
identification of monoclonal Fab fragmenis with the desired specificity for the ABCCL1
polypeptide, or its derivative, or analog.

Antihody fragments which comtain the idiotype of the antibody molecule can be
generated by known lechniques. For example, such fragments include bul are not limited to:
the F(ah’}; fragment which can be produced by pepsin digestion of the antibody molecule; the
Fub® fragments which ean be generated by teducing the disulfide bridges of e F(ab’)»
fragment, und the Fab fragments which can be penerated by treating the antibody molecule
with papain and a reducing ugent.

In the production of antibodies, screening for the desired antibody can be
accomiplished by technigues known in the art, e.g., radivimmunnassay, ELISA {enzyme-linked
immunosorbant assay), "sandwich” immunoassays, immuncradiometric assays, gel diffusion
precipitin reactions, imnwnediffusion assays, in situ immunoassays (using colloidal gold,
enzyme or radicisotope labels, for example), westemn biots, precipitation reaclions,
agglutination assuys {e.g., gel agplutination assays, hemapglutination assays), complement
[ixalion assays, immunofluorescence assuys, protein A assays, and immunoelectrophoresis
assays, ete. In one embodiment, antibody binding is detected by detecting a label on the
primary antibody. In anotier embodiment, the primary antibody is detected by deteeting
binding of & sceondary antibody or reagent to (he primary antibody. In a further embodiment,
ths secondary anlibody is labelled. Many means ure known in the art for detecting binding in
an imnumoassay and are within the scnpe of the present invention. For example, to seleci
antibodies which recognize a specific cpitope of the ABCCI] polypeptide, one may assay
generled hybridomas for a product which binds to the ABCCL1 pelypeptide fragment
contnining such epilupe. For seloction of an antibody specitic to the ABCCT] polypeptide
fiom a particular species of aniral, one can select on the basis of positive binding with the
ABCCH1 polypeptide expressed by or isolated from cells of that specics of animal,

The foregoing mmtibodies can be used in methods known in the art rclating to the

localization and activity of the ABCCIL polypeptide, e.g., for Western blotting, ABCC11
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polypeptide in situ, measuring levels thersof in approprizie physiological samples, etc. using
any of the detection techniques mentioned above er known in the art.

In a specific embodiment, antibodics that agonize or antagonize the activity of the
ABCC11 polypeptide can be penerated.  Such antibodies can be lesled using the assays
described fifra Lor identifying ligands.

The present invention relates to an amtibody directed against 1) a polypeptide
comprising an awino acid sequence of the SEQ ID NO: 31, 2) a pulypeplide fragment or
variant of a polypeptide comprising an amino acid sequence of the 8EQ 1D NO: 31, or 3) 2
polypeptide termed “homolegous” to a polypeptide comprising amine acid sequence selected
from SEQ ID NO: 21, also forms part of the invention, as produced in the rioma technique or
the liybridoma technique described by Kozbnr et al. (1983, Hybridome, 2(13:7-16).

“I'he invention alse relates to single-chain Fv antibody fragments (S¢Fv) as described in
US patent No. 4,946,778 or by Martineau et al. {1998, J Mef Biol, 280(1x11 7-127).

The antibodies according fo the invention also comprise antibody fragments obtained
with the aid of phage libraries as described by Ridder et al., (1995, Biotechnology (NY),
153(3):255-260) or humanized antibodics as described by Reinmann etal. (1997, AIDS Res
FHum Retroviruses, 13(11%%33-943) and Leger ot al., (1997, Hunt Antibadies, 8(1):3-16).

The antibody preparations according to the invention are vsefil in immunological
detection tests intended for the identification of the presence and‘or of the quantity of antigens
present in 2 sample.

An antibody according to the invention may comprise, in addilion, a detectable marker
which is isolopic or nonisotopic, for example tluoreseent, or may be coupled io a molecule
such a5 biotin, according to techniques well known to persons skilled m the art,

Thus, the subject of the invention is, in addition, a method of detecting the presence of
a polypeptide according to the invention in u sapiple, said method comprising the steps of:

1) bringing the sumple to be tested into contact wilh an antibody directed against 1) a
palypeptide comprising an amivo acid sequence of the SEQ [ NO: 31, 2) a polypeptidc
fragrment or variant of a polypeptide comprising an amino acid sequence of the SEQ 11 NO:
31, or 3) u polypeplide termed “homologous” to & polypeptide comprising amino acid
sequence of SEQ 1D NO: 31, and

h) detecting the urtigen/antibody complex formed,

The invention also relates 1o & box or kit fur diagnosis ot for detecting the prescoce of

a polypeptide in accordance with: the invention in a sample, said box comprising:

JP 2004-531241 A 2004.10.14



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

W

25

30

(145)

WO 0272632 PUTEPO203241
75
a) an antibody directed against 1) a pelypeptide comprising an amina acid sequence of
SFQ D NO:31, 2) 2 polypeptide fragment or variaut of 3 polypeptide comprising an aiminag
acid sequence of the SEQ ID NO: 31, or 3) a pulypeptide tormed “homolegous” t© a
polypeptide comprising amine acid sequence of SEQ 1D NO: 31, md
b) a reagent allowing the detection of fhe antigen/antibody complexes formed.

PHARMACEUTICAL COMPOSITIONS AND THERAPEUTIC METOODS OF
TREATMENT

The invention alse relates to phammaceutical eomposilions intended for the prevention
andior treatment of a deficicney In the wransport of cholesterol or inflavmnatory lipid
substancas, characterized in that they comprise a therapeutically cffective quantity of a
polynuclectide capable of giving rise to the produciion of an effeclive quantity of the
ABCC1] finctional polypeptide, in particular a polypeptide comprising an amino acid
sequence of SEQ ID NO: 31,

The invention aiso provides pharmaceutical comnpositions comprising & nucleic acid
cnending any one of ABCC11 polypepiide according (o the invention and pharmacentical
composilions comprising the ABCC11 polypeptide according to the invention intended for the
preventiun and/or treatment of diseases which are tnapped on the chromosorme locus 16912,

The present invention also relates 1o a new therapeutic approach for the reatment of
pathologies linked to the transporl of lipophilio substances, comprising fransfeiring wnd
expressing i vivo mucleic acids encoding the ABCCLI protein according lo the invention.

Thus, the present invention offers a new approach for the weatment andfor the
prevention of patholagies such as the paroxysmal kinesigenic choreoathetosis.

Consequently, the invention also relates to a phamacentical composition intended for
the prevention of or treatment of subjeots affecled by a dysfunction of the transport of anionic
drugs, such as methotrexate (MTX), neutral drugs conjugated to acidic ligands, soch as GSH
conjugated drugs, glucuronate, or sulfate, comprising a nuclei acid encoding at the ABCC11
protein in combination with one or mare physiologically compatible veficle and/or excipicnt,

According to a specific embodiment of the invention, a compositivn is provided tor
the i vive production of the ABCCI1 protein. Thia composition comprises a mileic acid
enceding the ABCC11 polypeptide placed under the contrel of approprate 1ugalatory

sequences, in solution in 2 physielogically acceplably vehicle and/or excipient.
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Therefote, the present invention also relates to a compesition comprising a nucleic
acid encoding a polypeptide comprising &n amino acid sequence of SEQ 1D NO: 31, wherein
the nucleic acid is placed under the control of appropriste regulatory slements,

Preferably, such a composition will comprise 2 nucleic acid comprising a nucleetide
sequence of SEQ) 1D NO:{, placed under the control of appropriate regulalory elements.

According to another uspect, the subject of the invention is also n preventive and/or
cmative therapeutic methed of treating disvases caused by u deficiency in the transport of
lipophilic substances, such a method comprising a step in which there is administered to a
patient 2 nucleic acid encoding the ABCC11 polypeptide uccording te the invention in said
pationt, said nucleic acid beinp, where appropriatg, combined wilth onc or more
physiologically compatible vehicles and/or cxeipients.

‘Yhe invention also relates to a pharmaecutical composition intended for the prevention
of or treatment of subjects affccted by, a deficiency of the ABCCL1 gene, comprising a
recomtibinant  vector according Lo the invention, in combination with one or move
physiologically compatible excipiens.

Accotding to a specific cmbodiment, a methed of iutroducing a nucleic acid according
to the invention into a bost cefl, in particular a host call obtained from a mammal, in v,
comprises a step during which a preparation comprising a pharmaceutically compatible vector
and u “naked™ nucieie acid according to the invention, placed under the control of appropriate
regulatory scquences, s inlroduced by local injection at the level of the chosen tissue, for
example & smooth muscle tissue, the “naked” nuclcic acid being absorbed by the cells ol this
tissue.

The invention also telates 1o the use of a nucleic acid according to the invention,
encoding the ABCCII protein, for the manufacture of a medicament intended for the
prevention and/or treatment in various forms or more partiowlarly for the ircatment of subjects
affected by a paroxysmal kinesigenic chorevathetogis,

The invention also rclates to the use of a recombinant vector according to the
invention, comprising a nucleic acid encoding the ABCC1! protein, for the manufacture of a
medicament intended for the prevention and/or treatment of subjects affected by 2 paroxysmal
kinesigenic choreoathetosis.

The invention also relates to the use of a nuclcic avid according to the invention,
encoding the ABCC11 protein, for the manfacture of a medicament intended for the

prevention and/or treatment in various forms or mure particularly for the treatment of subjects
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affected by a a deficiency in the transport of aniouic drugs, such as methotrexate (MTX),
neuiral drgs conjugated to acidic ligands, such us GSH conjupated drugs, glucuronate, or
sulfate,

The invention also rclates to the usc of a recombimam veclor according to the
invention, comprsing a nucleic acid encading the ABCCI1 protein, for the manufacture of a
medicament intended for the prevention and/or treatment of a deficiency in the transport of
amiomic drugs, such a3 methotrexate (M1X), neulral drugs conjugated lo acidic ligands, such
as GSH conjugated drugs, glucuranate, or sulfate.

As indicated above, the present invention also relates to the use of a defective
recombinant virus according to the invention for the preparation of a pharmaceutical
cumpusition for the treatment and/er prevention of pathulogies livked to the paroxysmal
kinesigenic choreoathetosis.

The invention relates to the use of such a defective recombinanl virus for the
preparation of a pharmaccutical compasition intended for the treatment and/or prevention ofa
deficiency associated with the transpert of anionic drugs, such as methotrexate (MTX), neutral
drugs conjugated 1o acidic ligands, such as GEH vonjugated drugs, glucurenate, or suifate,
Thus, the present invention also relates 1 a pharmaccutical composition eomprising one or
mare defective recombinant viruses according to the invention.

The present invention also relates (o the use of ¢olls genetically modified ex vive with
a virus according to the invention, or of producing cells such as viruscs, implanted i the
budy, allewing a prolonged and effective expressinn #1 vivo of a biclogically active ABCC11
protoin.

The present invention shows that it is possible to incorporate a nucleic acid encading
the ABCCI1 polypeptide into a virul vector, and that these vectors make it possible tv
effectively express a biologically active, muture furm. More particularly, the invention shuws
that the in vive expression of the ABCC11 gene may be obtained by direct administration of
an adenovirus or by implantation of a producing cell ur of a cell genetically modified by an
adenoviras or by a relrovims incorporating such a DNA.

Praferably, the pharmacentical compositions of the invention comprise &
pharmaceutically acceptable vehicle or physiclogically compatible excipient for an injectable
formulation, in particular for an intavenous injection, such as for exawple into the patient’s
portal vein. These may relate in particular 1o isclomic sterile solutions or dry, in particulur,

freeze-dried, compositions which, upon addition depending an the case of sterilized water or
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physiological saline, allow the preparation of injectable solutions. Brircet injection inlo the
palient’s portal vein is preferred because it makes it possible to target the infection at the level
of the liver and £hos to concentrate the therapentic cffect at ihe level of this organ,

A “‘phurmacentically acceptable vehidde or cxcipient” includes diluents and fillers
which arc pharmaceulically acceptable for method of administration, are sterile, and may be
aguevus or oleaginous suspensions fonnulated using suitable digpersing or welling agents and
suspending agents. The particular pharmaceutically acceptable currier and the ratia of active
compound 1o carrier are determined by the solubility and chemical properties of e
composition, the particular mode of administration, and stendard pharmaceutical practice,

Any nucleic acid, polypeptide, vector, or host ¢ell of the invention will proferably ba
introduced in vive in = pharmaceutically acceptable vehicle ar excipient. The phrase
“pharmaceutically acceptable” tefers to molceular entities and compositions ihat are
physiologically tolerable and do not typically produce an allergic or similar untoward reaction,
such as gastrie upsct, dizziness end the like, when administered to a human, Preforably, as
uscé herein, the term “pharmacentically acceptable” means approved by a regulatory agency
of the Federal or a state government or listed in the U.S, Pharmacopsia or other generally
recognized pharmacopeia for use in asimals, and more particularly in humans. The term
excipient” refers to a diluent, adjuvant, excipient, or vehicle with which the compound is
administersd.  Such pharinaceutical carricrs can be sterile liquids, such as water and vils,
including those of petoleum, animal, vogetable or synihetic ofigin, such as peunul oil,
soybean oil, mincral oil, sesame oil and the like. Watcr or agueous solulion saline solutions
and aqueous dextrose and plycerol solutions are preferably cmployed as excipients,
particularly for injectable solutions. Suitsble pharmaceutical excipients arc described in
"Reminglon's Phannacentical Sciences” by E.W. Martin,

The pharmaceutical compositions according to the invention may be cqually well
admiinisicred by the oral, rectal, parcnteral, ntravenuus, subentaneous or intradermal route.

According to another aspeci, the subject of the invention is also a prevenlive and/or
curative therspeutic method of treating diseases caused by a deficiency in the transport of
cholesterol or inflammatory lipid substances, comprising administering to a putient or subject
a nucleic acid cneoding the ABCCI1 polypeptide, said nucleic acld being combined with one
or more physiologically compatible vehicles andior excipients.

In anothcr cmbodiment, the nucleic wcid, recombinant vectors, and compuositions

according 1o the invention can be delivered in a vesicle, in particular a liposome (sec Langer,
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1990, Science, 249:1527-1333; ‘I'real et al., 1989, Liposomes in the Therapy of Infectious
Disease and Cancer, Lopez-Borestein and Fidler (eds.), Liss: New York, pp. 353-365; and
Lopez-Rerestein, 1989, [n: Liposomes in the Therapy of Infeciious Disease and Cancer,
Lopez-Berestein and Fidler (eds.), Liss: New York, pp. 317-327).

In & turther aspect, recombinant cells that have been transformed with 2 nucleic acid
aceurding 1o the invention and (hat express high levels of the ABCCL1 polypeptide according
to the invention can be transplanted in a subject in need of the ABCCI1 polypeptide.
Preferably autologous ceils transformed with the ABCCI 1 encoding nucleic acid according o
the inventivn are transplanted to aveid rejection; sllemnatively, technology is available 10
shield non-autologeus cells that produce suluble factors within 2 polymer matrix that prevents
immune recognition and rejection.

A subject in whom administration of the nucleic acids, polypeptides, recombinant
vectors, recombinant host eells, and compositions according Lo the invention is performed is
preferably a human, but can be any animal. Thus, #s can be readily appreciated by onc of
ordinary skill in the art, the methods and phannaceulical compositions of (he present
invention are particularly suited to administation ta any animal, particwlarly a mammal, and
including, but by no means limited to, domestie animals, such as feline or caning subjects,
{arm animals, such as but not limited to bavine, equine, caprine, oving, and porcine subjects,
wild animals (whether in the wild or in a zoological garden), research snimals, such as mice,
rats, rabbits, goats, sheep, pigs, dogs, cats, etc., avian specics, such as chickens, turkeys,
songhirds, cte., Le., for veterinury medical use.

Preferably, a pharmaceutical composifion eomprising a nuclele acid, a recombinant
vector, or a recombinant host ecll, as defined above, will be administered to the patient or

subject,

METHODS OF SCREENING AN AGONIST OR ANTAGONIST COMPOUND FOR
THE ABCC11 POLYPEITIDE

Awcording to another aspect, the nvention also relates to various methods of screening
compounds or small moleculss for therapeutic use which are useful in the treatment of
diseases duc to & deficiency in the transport of cholesterol or inflammatory lipid substanees.

The invention therefore alsy relates to the use of the ABCCI1 polypeptide, or of cells

expressing the ABCC11 pulypeptide, for screcning aclive ingredients for (he provention
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and/for froatment of discases resulting [rom z dysfunction in the ABCC11gene. The catalytic
siles and oligopeptide or tmmunogenic fragments of the ABCCIL polypeptide can serve for
sexeening product libraries by a whole range of existing techniques. The polypeptide fragment
used in this type of sercening may be tree in solution, bound to 2 solid support, at the cell
sueface or in the cell. The formation of the binding complexes between the ABCCII
polypeptide fragment and 1he testod agent can then be measured.

Anoiher product screeming lechnique which may be used in high-Mux screeniugs
giving access to products having affinity for the protein of interest is described in
application WO84/03564. In this method, applied to the ABCCL] protein, various products
are synthesized un 2 solid surtace. These products react with the corresponding ABCC1L
profein or fragment thereof and the complex is washed. The products binding the ABCCI11
protein are then detected by methods known to persons skilled in the art Nen-neutralizing
antibadics can alsu be used io capture a peptide und immebilize it on a support.

Another possibility is (o perform a product screening method wsing the ARCCH
neutralizing competition antibodies, ABCCI] pratein and a product potentially binding (he
ABCC1! protein. In this manncr, the untibodies may be used to detect the presence of a
peptide having a common antigenic unit with the ABCC11 polypeptide or protein.

Of the products to be svalated for their ability to increase activity of ABCC11, there
may be mentiened in particular kinase-specific ATP homologs invelved in the activation of
the molecules, as well as phosphatases, which may be able te avoid the dephosphorylation
resulting from said kinases, There may be mentioned in particular inhibitors of the
phosphodiesterase  (PDE) theophylline and  3-isobufyl-1-methylxanthine type or the
adenyleyelase forskelin activators.

Accordingly, this invention relates to the usc of any methed of sereening products, £.e..
compounds, small molecules, and the like, based on the method of translocation of chulesterol
ar lipophilic substances between the membranes or vesicles, this being in all synthetic or
cellular types, that is to say of manials, insects, bacteria, or yeasts expressing constitutively
or having incorporated human ABCCL1 encoding mucleic acid. To this effect, labeled
lipophilic substances apalogs may be used.

Furthermore, knowing that the disruption of numerovs transporters have been
deseribed (van den Hazel et al,, 1999, J. Biol Chesm, 274: 1934-41), iLis possible to think of
using cellular mutants having o characteristic phenotype and to complement the function

fhereof with the ARCC1 L protein and to use the whole for scresning purposes.
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The inventicn also relates o a method of serecning u compowd or small molecule
active on the transport of a substrale, an agonist or antagonist of the ABCCILL polypeptide,
said method comprising the following steps:

a) preparing a membrane vesicle comprising the ABCC11 polypeptide and the
substrate comprising a detectable marker;

b} incubating the vesicle obtained in step a) with an agonist or antagonisi candidatc
compound;

¢) qualifatively endfor guantitatively measuring release of the substrate comprising a
dctectable marker; and

d) comparing the release measurement cbtained in siep b) with a mensurement of
release of labeled substratc by a vesivle thai has not been previously incubated with the
agonist or antagonist candidate compound.

ABCCi1 polypeptide comprise an amina acid sequence of SEQ TDNO: 31

According to a first aspeet of the above screening method, the membrane vesicle is a
synthetic lipid vesicle, which may be prepared according to techniques well known to a person
skilled in the art. Accozding to (s particular aspect, the ABCCI1 protein muy be
recomnbinant proteins,

According to a second aspeet, the membrane vesicle is a vesicle of a plasma membranc
devived from cells expressing at least onc of ABCCL1 polypeplide. These may be cells
muturally expressing the ABCCI1 polypeptide or cells lransfected wifh a nucleic acid
encoding at least one ABCC11 polypeptide or recombinant vector comprising a nueleic acid
encoding the ABCC11 palypeptide.

According (o a third aspect of the above scroeping method, the substrate is an anionic
dnyg, such us the methofraxate (MTX).

According ta a fourth aspeet of the above screcning method. the substrate is & aeutral
drug conjugated to acidic ligands such as GSH, glucuronate, or sulfatc comugated drugs.

According to a fitth aspect, the substrate is radioactively labelled, for example with an
isulope chosen from *1L or 1L

According to a sixth aspect, the substrate is labelled with  fluorescent compuound,
such uy NBID or pyrene.

According 1o a sevesth sspect, thc membrane vesicle comprising the labelled

substrates and the ARCC11 polypeptide is immobilized at the surfuce of a solid suppori prior
to step b).
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According to a cighth aspect, the measuzement of the [uorescence or of the
radioactivity released by the vesicle is the direct reflection of the activity of the substrate
tramsport by the ABCC11 polypeptide.

The iavention also relates to a method of screening a compound or small molecule
active on the transpott of anion, an agonist or antagonist of the ABCC1I pelypeptide, said
method comprising the following steps:

a) ohtaining eells, for example a cell Tine, that, either naturally or aficr transfeciing the
cell with the ABCC11 encoding nucleic avid, expresses the ABCC11 polypepiide;

1) incubating the cells of step a) in the presence of an anion labelled with a detcctable
marker;

) washing lhe cells of step b} in order to remove the excess of the Tabelled anion
which has not penetrated info these cells;

d) incubating the cells obtained in step €) with an agonist or antagonist candidale
compeund for the ABCC11 polypeptide;

€) measuring efflux of the labelled anion; and

1) comparing the value of efflox of the labclled anion determined in step €) with a
value of lhe efflux of a labellcd anion measured with cells that bave not been previously
incubated in the presence of the agonist or amtagonist candidate compound of ABCCL!
polypeptide,

In a first specific cmbodiment, the ABCCL1 polypeptide comprises an awune acid
sequencs of SEGQ ID NO: 31

According to a second aspecl, the cells used in the screening method described above
may be cells not nalurally expressing, or alternatively cxpressing at 2 low lovel, the ABCCI11
polypeptide, said cells being iransfected with a recombinant vector according (o the invention
capable of directing the expression of a nucleie acid encoding the ABCC11 polypeptide.

Acourding to a third aspect, the cells may be cells huving a napial deficieney in anton
transport, or cells pretreated with one or more anion channel inhibitars such as Yerapamil™
or wetracthylammonivm.

Aceording to a fourth aspect of said sereening method, the anion is a radinactively
labelled iodide, such as the salts KT o Na' L

According to a fifth aspect, the reasuremcnt of efflux of the labelled union is
determined periodically over time during the experiment, thus making it pessible also

establish a kinetic measurement of this eflfux.
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According to & sixth aspect, the value of efflux of the Jahelled smion is determined by
measuring the quantity of labelled anion present at a given time in the cell culture supstalant.

According to a seventh aspect, the value of efflux of the labelled avion is detenmined
as the proportion of radicactivity found in the cell culture supernatant relative Lo the total
radioactivity corresponding to fhe sum of the radivactivity found in the cell lysate and the
radigactivity tound in the cell cullure supermatant.

in the presence of & compound stimulating the preduciion of inferleuking and of an
agonist ar antagonist ¢andidate compound;

The following examples are intended to further illusirate the presont invention but do

not limit the inventicn,

EXAMPLES
EXAMPLE | : Search of human ABCCI1 gene in genomic dataliase

Searches of the GeneBank HTGS database were performed with the TBLASTN and
TBLASTP programs with the known ABC transporter nucleotide and protein sequences as
queries, Amino acid alignments were generated with the PILEUP program included tn the
Genetics Computer Group (GCG) Package. The GRAIL and GeneScan programs on
Genome analysis pipeline ) were olilized to predict genomic structures of the new genes.

The human ABCCI11 transporter gene sequence was detected on the bacterial
artificial chromosome (BAC) elone #ACO07600 from the GenBank HTGS database. ¢cDNA.
sequencing, genomic structure prediction programs, and computer searches determined the
sequence and genemic stucture of the new gene helanging to the ABCC subfamily,

Primers were designed from expressed sequence tag (ES1) clone scquences and
from predictcd cDNA sequences from 5° and 3 regions of genes, ABCCII oDNA
sequence was confinned by PCR amplification of testis or Tiver cDNA {Clontech).
Sequencing was performed on the ABI 377 sequencer according w© the manuficturer’s
protocols (Perkin Lilmer), Positions of introns were determined by comparisen bebween

wenomnic (RAC AC007600} and ¢DNA sequenees.

EXAMPLE 2: Radintion bybrid Mapping (Kigure )
The chromosomal lncalization of the human ABCCI1 gene was dstermined by
mapping an the GeneBridged radiation hybrid pancl (Research Gencetics), according to the

manufacturer's protocol.
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Radiation hybrid mepping placed ABCCIT fo the centromeric region of human
chromosome 16, flanked by markers D1653093 and D168409 (Figure 2). The region
encompasses 5.4 civl, or 132.5 cR, and could not be narrowed down further due to the luck
of recombination andéor mapped polymorphic markers in this region. The ABCCI| gene
most likcly localized on chromosome 16¢12.1, since il maps closer to the 16q marker
D165406 (13.24 cR) than the 16p marker N16583093 (119.40 ¢R} {Figure 2). The ABCC12
was located at the same locus, separated by about 200kb from ABCCI1. ABCCH] and
ABCCI2 arc located tandemly with their 5 ends [cing towards the centromere. Two more
ABCC subfamily genes, ABCCT and ABCCS, have been mapped to the short mm of the
same chromosome, o [Gpl3.1 (Cole et al. {1992) Science 258, 1650-1654 ; Allikmets et
al. £1996) Human Mol. Genet. 3, 1649-1655, The 3’ ends of ABCC! and ABCCH are only
about 9 kb apart from each viher so the genes face opposite direetions {Cai et al., J Mol
Medd, 2000, 78, 36-46).

The lacus for paroxysmal kinesigenic choreoathelosis (PK.C) has been assigned to
16p11.24) 2.1, between markers D1653093 and D16S416 (Lomila el al, Am J Hum Genet,
1999, 65, 1688-97 : Bennett et al., Newrology, 2000, 54, 125-30; Figure 2). An asrerlapping
Joeus has been predicted to contaln the gene for infasiile convulsions with paroxysmal
choreoatherosis (TCCA; Lee et al., Zhum Genet, 1998, 103, 608-12), It was suggested rhul
mutatiens in a novel ion-channel gene on chromesome 16 might be responsible for PRC
andfar ICCA (Benmeit ot al,, Newralogy, 2000, 54, 125-30). Since another member of the
ABCU subfamily, cystic fibrosis transmembrane conductance regulator {CF1R), functions
as a cyclic AMP-rogulazed channe], and also as 2 regulator of other ion channels and
transporicrs (Kleizen et al, J Cell Biol, 2000, 79, 544-56), it is fensible that this gene may
fnction as ion channels (or regulators) and that mutations in these could result in a disease
phenotype. Expression aralysis of 4BCCI7 reveals that this gene is expressed In muscle
and brain tissues, supporting the working hypothesis of the skeletal muscle or brain-related
eliology of PKC. In summary, chromosomal localization, petential {unction, and

cxpression profile make this gene a promising candidate for PKCACCA.

EXAMPLE 3: Phylogenetle Analysis (Figure 5)
Phylogenetic analyses of the ABCC subfamily proteins Glearly demonsirale a
relatively vecent duplication of the ABCCLL and ABCCL2 genes (Fig. 5). “The resulting

peighbor-joining tree shows with maximum confidence (100-level of bootstrap support) a
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close evolutionary relationship of the ABCCIV/ABCCI2 <lusler with the ABCCS gene
{Fig.5). Tn addition, the analysis of flie free suggests a recert duplication of the ABCCE el
ABCCY penes, while ABCCIO scoms to be one of the first genes to separate from the
common ancestor. ABCC1, ABCC?, ABCCS, and ABCCS genes constitute o well-defined
sub-cluster, while the ABCC4 and CFIR (ABCC7) genes fomm another reliahle subset

despite aapparent carly divergence.

EXAMPLE 4 : Cell lines

‘The human eryvthrolenkemia K562 cells were obtained furm the American Tissue
Culture Collection {Rockville MD) and were cultured n REMI-1640 medium
supplemented  with  10%  fetal calf senmy, 2 mM Z-glotamine, The 9-(2-
phosphenylmethoxycthyl)adenine {PMEA) resistant cells, KS62T'MEA, were derived us
described by Tatse et al. (Mol Pharmacsl, 1996, 50, 1231-42). T-lymphoblast ccll lines
CFM and (-)Z,3-dideoxy-3"thiacytidine {37C)-resistant CEM-3TC cells were sclected.
Cell lines, CEMss and CEM-r1, were described by Robhins et al. (Mol Pharmacol, 1995,
47, 391-7}. CEM-rl is highly resistant to PMEA duc to an everexpression of ABCCH
(Schuetz el al, Nat Med, 1999, 3, 1048-51). Total RNA from these six cell lines (three
pairs of wild type and resistant cell linesy was isolated with TRIZOL (GIBCO BRL), and
RT-PCR performed at varying eycle numbers oligonucleotide primers as mentioned in

Figure 3. The PCR products were subcloned and verified by direct sequencing.

Reverye transcription

In & total volume of 11.5 pl, 500 ng of mENA poly(A)+ (Clontech) mixed with 500
ng of aligedT are denaturated al 70°C for 10 min and then chilled on jce. After addition of
10 units of RNAsin, 10 mM DT, 0,5 mM dNTP, Superscript first strand buffer and 200
units of Superseript I {Life Technologics), the reaction is incubated for 45 min at 42°C.
PCR

Fach polymerase chain reaction contsined 400 pM each dNTP, 2 unite of Thermme

aguaticus (Taq) DNA polymerase {Ampli Tag Gold; Perkin Elmer}, 0.5 wM each primer, 2.5
mM MgClg, PCR busfer and 50 ng of DNA, or about 25 ng of cDNA, or 1/50& ot primary
PCR mixture. Reactions were carried out for 30 cycles in & Perkin Ehner 9700 thermal eyeler

in 96-well microtiter platcs. After an initial denaturation at 94°C for 10 min, each eycle
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comsisted of: a denaturation step of 30 s (84°C), a hybridszation step of 30 s (64°C for 2
cyeles, 61°C for 2 cyeles, 58°C for 2 cycles and 55°C for 28 eycles), and an elongution step of
| minkh (72°C). PCR ended will: a final 72°C extension of 7 min. In case of R1T-PCR,
control reactions withont Teverse iranscriptase apd Teactions containing water instcad of

eDINA were perforned for every sample.

DA Scquencin
PCR producis are analyzed and quantified by agarnse gel electropharesis, purified with

a PLOC column. Purified PCR products were sequenced using ABI Prism BigDye terminator
ovole sequencing kit (Perkin Elmer Applied Biosystems). The sequence reaction mixture was
purified using Mictocon-100 mmicroconcentrators (Amicon, Inc., Beverly). Sequencing
reactions were resolved on an ABI 377 DNA sequencer (Perkin Elmer Applied Biosystems)

according ta manufacturer's protocol (Applied Rivsystems, Perkin Clmer).

Timers
Oligonucleotides were selecled using Prime from GCG package ot Oligo 4 {MNational
Biosciences, Inc.) softwarcs. Primers were ordered from Life Technologies, Ltd and nsed

without further purification.

EXAMPLE 5: Expression of ABCC11 jn human tissues and nucleotide-resistant cell
lines

The cxpression paltera for the ABCCH! gene was cxamined by PCR on muliiple
tissue expression arrays (Clontech) wilh pene-specific primers resulting in about 500 bp
PCR fragments {Figure 3). Approximately S000 bp mRMA species was abscrved by
WNorthem blat . The primers used in expression studies amplified the ABCC11 CDNA from
exon 7 to exon 10, resulting in a 527pb PCR fragment (Figore 3). In case of lung, a smaller
(410pb) fragment was deteeted also (Figore 3). Direct sequencing of the PCR produet
determined that the shorter PCR praduct lacked exon 9 of the ABCCL! gene. Since these
results werc eonfirmed i repeated experiments, frequent skipping of ABCCI1 exon 9 may
vcgur in vivo. Bxon skipping and alternative splicing events have bren described for
several ABC genes by Rickers et al. (Human Ganet. (1994) 94, 311-313) and Bellincampi
et al. (Biochenm. Biophys. Res. Commm. (2001} 283, 590-597).
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Systematic analysis of the tissue souwree of the ABCCSL ESTx from the public
JhEST and the proprictary Incyte LifeScq Gold databases resulted in 29 ESTs, with the
majority heing derived from breast tumer tissue (17). ‘I'he others were from prostate (5
clanes), testis (3), CNS (2), and colon {2). No EST had been derived (rom muscle libranies,

Since this new gene shows extensive structural similarity o ABCCS (and Lo 2 certain
extent, ABCCH), exprossion in ihree pairs of cell lines, K562 and K362-PMEA, CEMss and
CEM-rl, CEM and CEM-3TC was also assessed, The K562-PMEA and CEM 1] lines have
been selected for resistance to PMEA, the CEM-3TC for resistance to the cytidine nucleoside
analog, 3TC. Mo difference was observed in cxpression levels of ABCC1] between the
parental and PMEA-resistant cell lines. In conirast, the CEM-3TC cell ling revealed 2
reproducible 2-3 fold increase in the expression of ABCCT 1, when compared to the parcntal
line CEM. This is a potentially inleresting finding when one considers the close evolutionary
relationship of ABCC11 and ABCCS (Figures | and 5), in further view of recent studics
demonstrating selective nucleotide analog transport by ARCCS (Winholds et al,, Proc Nad
Acad Sei, 2000, 97, 7476-81%. In addition, since the cfflux-resistant phenatype of CRM-3TC
can be explained only in part by ABCCS overexpression, the higher cxpression of 4BCCIT in

these cells warranls Lurther investigation.

EXAMPLE 6 : Construction of the expression vector contsinimg the complete cDNA of
ABCC11 in mamimalian cells

The ARCCI| gone may be expressed in mammaliun cells, A typical eukaryntic
expression vector contains a promater which allows he initiation of the franscription of the
mRIA, a scquence encoding the protein, and the signals required for the terminution of the
wranseription and for the polyadenylation of the trauscript. It also contains additional sigmaly
such as enhancers, the Kozak scquenec ond seguences neecssary for the splicing of the
IMRNA. An effective transeriplion is obtained with the early and late clements of the 8V40
virus promoters, the retroviral L1Rs or the CMV vitus ealy promoter. However, cellular
siements such as the actin promoter may also be uscd, Mzny expression vectors may be used

o carry out the present invention, an cxample of such a vector is peDNA3 (Invitrogen).

EXAMPLE 7 : Prodnctien of normat and wwutated ABCC11 polypeptide.
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The normal ABCC11 pelvpeptide encaded by complete corresponding eDNAs whose
isolation is described in Example 2, or the muiated ABCCIL polypeptide whose complete
cDNA may also be obtained according to the techniques deseribed in Uxample 2, muy be
casily produced in a bacterial or insect cell exprossion system using the baculavirus vectors ot
in mammalian cells with or without the vaceinia virus veetors. All the methods are now
widely described and arc kmown v persons skilled in the art. A detailed descripion thereof
will be found for example in F. Ausubel et al. (1989, Current Protocols in Molecutar Biology,

Green Publishing Associates and Wiley Interscience, NY).

EXAMPLE 8: Productien ¢f an aniibody directed spalwst a mutated ABCCLL
polypeptide,

The antibodies in the preseni invention may be prepated by various methods (Corrent
Pratacals Tn Motecular Biology Velume ! edited by Frederick M. Ausubel, Roger Brond,
Robert E. Kingston, David D. Moeore, 1.G. Seidman, Juhn A. Smith, Kevin Strubl -
Wassachusetts General Hospital Harvard Medieal School, chapler 11, 1989). For example, the
cells expressing a polypeplide of the present invention are injected inte an animal in order to
induce the production of serum centaining the antibodies. In one of the methods described, the
proteins are prepared and purificd so as 0 avoid contaminations. Such a preparation is then
introduced into the animal with the aim of producing polyclonal antisera having a higher
activity.

Tn tho preferred method, the antibodics of the presenl invention are monoclonal
antibodies. Such monoclenal antibodies may be prepared using the hybridoma techmique
(Kéhler et al, 1975, Nature, 236:495 ; Kohler et al, 1976, Cur. J. Tmmunol. 6:292; Kéhier etal,
1976, Bur, 1, Tnemunol., 6:511; Hamaneling et al, 1981, Monocional Antibodies and T-Cell
Hybridomas, Elsevier, N.Y., pp. 563-681). Tn gencial, such methods invoive Immuonizng the
animal {proferably & mousch with a pelypeptide or better still wilk » cell expressing the
polypoptide. These cells may be cultured in a suitable tissue colture medivm. However, it 5
preferable to culture the cells in an Cagle medivm (modified Barle) supplemented with 10%
fetal bovine serum (inactivated st 56°C) and supplemented with about 10 g/1 of nonessentinl
amino acids, 1000 Utml of penicittin and aboat 100 pg/m of streptomyein,

The splenocytes uf these mice are exteacted and fused with a suitable myeloma ccll
tine. However, it it preferable to use the parcnial myeloma cell line (SP20) availuble from the

ATCC. After fusion, (he resultng hybridoma eells are sclectively maintained in HAT medinm
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and then cloned by limiting dilution as described by Wunds et al. (1981, Gastroenierology,
20:225-232), The hybridoma cells obtained after such a selection re lested in order to identify
the clones secrefing antibodies capsble ofhinding to the polypeptide.

Moreover, other antibodies capable of binding to the polypeptide may be produced
aceording to a 2-stage procedure using anti-idiotype antibodies such a method is based on the
fact that the nntibodies aro themselves antigens and consequently it is possible to obtain an
anlibody reeognizing anoiher antibody. According to this methixd, the antibodies specific for
the protein we used to immumize an animal, preferably a mouse. The splepocytes of this
ammal arc then used to produce hybridoma cells, and the latter are soreened in order ta
jdentify the clones which produce an antihody whose capucity te bind ro the specific antibody-
protein complex may be blocked by the polypepdide. These antibodics may be used to
immumize an animal in order to induce the formition of antibodies specific for the protein in a
lurge guantity.

It is preferable to use Fab and F(ab®)2 and the other frapments of the antibodies of the
present invention zccording to the methods deseribed here. Such frugments are typically
produced by protcalytic cleuvage with the aid of enzymes such as Papain (in order to produce
the Fab fragments) or Pepsin (in order to produce the F(ab®)2 fragments). Otherwise, the
scoreted fragments recognizing the profein muy he produced by applying the recombinant
DM A or synthetic chemistry technolagy.

For the in vive use of antibodies in humans, it would be preferable to use “humanized”
chimerie monvclony] antihodics. Such uniibodies may be produced using genetic constructs
derived from hybridoma cells producing the monoulonal antibodies described above. The
methods for producing the chimeric antibodies are known ta persons skilled in the art (for a
review, sco: Morrison (1985, Sclence 229:1202); Oi et al,, (1986, Riotechnique, 4,214
Cabilly et ai, US patent No. 4,816,567 ; Taniguchi ¢t al., EP 171496 ; Morrison ot al.,
TP 173494 ; Meuberger et al., WO 8601333 ; Robinson et al., WO 8702671 ; Boulianne ef al ;
{1084, Nature, 312:643) ; and Neuberger et al,, {1985, Naturc, 314:268).

EXAMPLE ¢ : Determinaiion of polymorphisms/mutations in the ABCCII gene.
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The detection of polymorphisms or of mutatiens in the sequences of the transcrpls or
in the genomic sequence of the ABCCL] gene may be carried cat according to various
protocals. The preferred method is direct scquencing,

For patients from whom it is possible to obtain an mRNA preparation, the preferred
method consists in preparing the cDNAs and sequencing them dircctly. For patients for whom
only INA is availuble, aud in ihe case of a transcript where the structure of the comresponding
gene is unknown ot partially known, it is necessary to precisely detenning its intron-exow
structure as well as the genomic sequence of the comesponding gene. This therefore involves,
in a first instance, isolating the genamic DNA BAC or cosmid clone(s) comresponding (e the
tramscript studied, sequencing the insert of the corresponding clone(s) and detemrining the
intran-exon structure by comparing the cDNA sequence to that of the genomic DNA obtained.

The technique of detection of mutations by direct sequencing consists in comparing
the genomoic sequence of the ABCCI1 gene obtained from homozygotes for the disease or
from at least 8 individuals {4 individuals affected by the pathology sfudied and 4 individuals
not affected) or fiom at least 32 unrelated individuals fiom the studied population. The
scquence divergences constitute polymorphisms. All those modifying the amino acid
sequence of the wild-type protein may be mutations capable of affecting the function of said
protein which it is preferred to consider more particnlarly for the siudy el cosegregation of the
mutziion wnd of the disease (denoted genuvtype-phenolype cotrelation) in the pedigree, or of a
pharmacological response to a therapentic molecule in the pharmacogenamic smdies, or in the

studies of case/control association for the analysis of the sporadic cases.

EXAMPLE 10 : Identification of a cousal gene for a disease linked io the chromosoeme
locus, such as paroxysmal kimesigemic choreoathetosis by causal mutation or a
transcriptional difference

Among the mutations identified according io Lhe methnd deseribed in Dxample 9, all
those associated with the disease phenotype are capable of being causal. Validation of these
results is made by sequencing the gene in all the atfeczed individuals and their relations.

Mureover, Northern blot or RT-PCR, gnalysis, according to the methods deseribed in
Example 4, using RNA specific to affceted or nonaffected individuals makes it possible to
deteet notable variations in the level of expression of the gene studied, in particular in the

absence of transcription ol the gene.
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EXAMPLE 11: Construction of recombinant vectors comprising a nucleic acid encoding

the ABCC11 protemn

Synthesis of 2 nuclcic acid encoding the human ABCC11 protein:

Total RNA (500 ng) isolated Fom 2 human cell (for example, placental tissue.
Clontech, Palo Alio, CA, USA, or THP1 cells) may he used as source [or the synthesis of the
DNA of the human ABCC1] gene, Mithods to reverse transcribe mRNA to eDNA are well
Jmown in the axt. For oxample, one may use the system “Superseript one step RT-PCR (Life
Technologies, Gaithersburg, MD, USA).

Oligonudeotide primers specific for ABCCL1 oDNA may be used for this purpose,
These oligonuclectide primers may be synthesized by the phosphoramidite method on a DNA
synthesizer of the ARI 394 Lype (Applied Biosystems, Foster City, CA, USA).

Sites tecognized by the Testriclion enzyme Notl may be incorporated into the amplified
ABCC11 ¢DNA to flank the cDNA region desived [or insettion Into the recombinant voctor by
a sceond amplification siep nsing 50 ng of human ABCC11 ¢DNA as template, and 0.25 yM
of the ABCC!1 specific oligorucleotide primers used above contuining, &t their 5 end, the
site recopnized by the restriction enzyme Notl (3-GOGGCCGC-3), in the presence of
200 1M of cach of suid didenxynucleotides dATP, dCtP, dTTP and dG1P as well us the
Pyrocacess firiosus DNA polymerase (Stratagene, Ine. La Jolla, CA, USA).

The POR reaction may be carmied oul over 30 cycles euch comprising a step of
denaturation at #5°C for une minute, a step of renaturation at 50°C for one minute and a step
of extension at 72°C for two minutes, in a thermocycler apparatus for PCR (Celus Perkin

Elmer Nurwalk, CT, USA]J.

Cloning of the eTINA eof thg human ABCC11 gene inte an expression vector:
The human ABCC11 cDNA insert maay then be cloned into the Notl restriction sitc of

an expression vestor, for example, the pCMV vector confaining n cytomegalovimus {CMV)
garly promoter and an enhanver sequence as well as the 3V40 polyadenylation sigeal (Beg et
al., 1990, PNAS, 87:3473; Applebaun-Boden, 1996, JCI 97), in order to produce an
expression vector designated pABCCI1.

The sequence of the cloned cDNA can be confirmed by sequencing or the two stranids

using the reaction set “ABT Prism Rig Dryc Terminator Cyele Sequencing ready” (marketed by
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Applied Biosystems, Foster City, CA, USA} in 2 capillary sequencer of the ABY 310 fype
(Applied Biosystems, Foster City, CA, USA).

Construction of a recombinant adenoviral veetor conteining the ¢DNA of the human ABCC11
gene:
Modificalion of the expression vocior pCMY-[i:

The B-galactosidase cDNA of the expression victor pCMV-B (Clentech, Palo Alto,
A, USA, Gene Bank Accession No. (002431) may be deleted by digestion with the
restriction endunuclense Notl and replaced with a multiple cloning site containing, from the 5°
end to the 3’ end, the following sites: Notl, AseT, Rarll, Avrll, Swal, and Noll, cloned at the
region of the Notl restriction sita. The sequence of this multiple cloning site is:
5 CGGCCGCGGUCCCCCOGGACCGCCTAGGATITAAATCOCGGCCUGOG-37.

The DNA fragment between the EcoRl and Sanl sites of the nodificd expression
vector pCMV muy be isolated and cloned inta the modified Xbal sitc of the shullle vector
pXCXI {(MeKinnun ef al,, 1982, Gene, 19:33; McGrory et al,, 1988, Viralogy, 163:614).

Modification of the shuttle vector pXCXII

A muliiple cloning sitc comprising, from the 5° end to the 3 end the Xhal, CeoR1, S,
Pmel, Nhel, Sril, Pacl, Sall and Xbal resiriction sitcs having the segquence:

S CTCTAGAATTOOGOCTCCOTGROCGTTITAAACGC TAGCGCCCGGGUTTANTTAA
GTCGRACTCEAGAGC-3', may be inserted at the level of the Xbal site (nucleotide at position
3326% of the vector pXCXI (McKimon ct al., 1982, Gene 19:33; MeGrory ct al, 1988,
Virology, 163:614),

‘Ibe GeoR1-Sall DNA fragment isolated [rom the modified vector pCMV-p containing
the CMV promoterfenhancer, the donor and acceptor splicing sites of FV44 and the
polyadenyiation signal of Fv40 may then be clonced into the EcoRI-Sall site of the modifled
shuttle veclor pXCX, designated pCMV-11.

Preparation of the shuttle vector pAD12-ABCA:
The human ABCCI1 ¢DNA js obtained by an RT-PCR teaction, us described above,
and cloned at the level of the Not). site fnto the vector pCMV-12, resulting in the obtaining of

the vector pCMV-ABCC11.
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Construction of the ABC1 recombinant adenovirus:

The rccombinant adencvius containing the humm ABCCIT <DRNA may he
constructed avcording to the technigue described by MeGrary et al. (1988, Firplogy, 163:614).

Bricfly, the vector pATM2-ABCA is cotransficted with the vector 1GM17 according fo
the technique of Chen ct al, (1987, Mol Cell iol., T:2745-2752),

Likewise, the vector pAD12-Luciferase was constructed and cotransfected with the
vector pIM17.

“Ihe recombinant adenoviruses are identified by PCR amplificarion and subjected w
two purification eycles beforc a large-seale amplification in the human embryonic kiduey cell
Tine HEK 293 (American Type Culture Collection, Rockville, MD, USA).

The infected cells are collected 48 to 72 hours after their infection witk the adeneviral
veetors and subjected lo Ove [recze-thaw lysing cycles.

The crude lysates arc cxtracted with the aid of Freon {Halocarbone 113, Matheson
Product, Scaucas, N.J. 1J8A), sedimented twice in cosium chleride sapplemented with 0.2%
murine albiumine Sigma Chemical Co., §t Louis, MO, USA) and dialysed exiensively against
buffer composed of 150 nM NaCl, 10 mM Ilepes {pH 7.4), 5 mM KCL 1 mM MgCl, and 1
mM CaCla,

The recombinanl adenoviruses are stored at -70°C aund litcated betore their
administration te animals or their incubation with cells in culture.

The absence of wild-type contaminating adennvirs is cenfirmed by screening with the
sid of PCR amplification using oligonueletide primers located in the siructursl portion of the

deleted region.

Vatidation of the expression of the human ABCC11 ¢DNA:

Polyclonal antibadies specific for a human ABCC11 polypeptide may be prepared as
described above in rabhits and chicks by injesting a synthetic polypeptide fragment derived
fiom an ABCC11 protein, comprising all or part of an amino acid scquence as desoribed m
SE£) 1D MO: 30. These polyclonal antibodics are used to detect and/or quantify the eapression
of the human ABCCI1 gene in cells and animal madels by immunoblotiing and/or

immunodctection.

Fxpression ir viire of the human ABCCI1 cDNA in cclla:
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Cells of the IIEK293 ling and of the COS-7 line (Amurican Tissue Culture Collection,
Bethesda, MDD, USA), as well as fibroblasts in primary culture derived from Tangier patients
or from patients suffering, from hypo-alphalipoproteinemia arc transfected with the expression
veetor pCMV-ABCCLL (5-25 ng) using Tipofectamine (BRL, Gaithersbarg, MD, USA) or by
coprecipiation with the aid of calefum chloride (Chen ef 21, 1987, Mol Cell Biol., 7:2745-
2752).

These cells may also be infected with the vector pABCC11-AdV {Index of infection,
MOI-10)

‘'he expression of human ABCC11 may be monitored by immunoblotting as well as
by quantification of the efflux of chelesterel induced by apeA-1 using transfected and/or

infested cells,

Expression in viva of the ABCC11 gene in various animal models;

An appropriate volume (108 to 300pl) of a medium containing the purificd
recombinant adenovirus (pABCA-AdV or pLucif-AdV) containing from 10° 1o 10° lysis
plague-forming units (pfu) are infused into the Szphenous vein of mice (CSTBLAG, hoth
cuntrol mice and models of transgenic or knock-out mice) on day 0 of the experiment.

The evaluation of the physiological role of the ABCCIL protein in the transport of
cholesterol er inflammatory lipid substances is carried out by detormining the total quantity of
cholesterst o appropriate inflammatory lipid substances hefore (day zero} and after (days 2, 4,
7, 1¢, 14) the adminisieation of the adenovirus,

Kinetic studies with the aid of radioactively labelled products are ¢arricd out on day 5
afier the administration of the vectors rLucif~Ady afnd rABCA-AdV in order to evaluate the
ffect of the expression of the ABCC11 gene on Lhe transport of cholesteral and inflammatory
lipid substances.

Furthermore, transgenic mice and rabbits oversxpressing the ARCC11 gere may be
produced, in accordance with the teaching of Vaisman (1993) and Hoeg (1996) using
constructs confaining the human ABCCI1 cDNA under the control of endogenous promoter
such as ABCCLI, or CMV ur apoF.

The present invention is ot 1o be limited in scope by the specific embodiments
described horein,  Indeed, varous modifications of e invention in addition to those

described hovein will become spparent to those skilled in the art fom the foregoing
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description and the accompanying figures. Such modifications are intended to fall within the

scope of the appended claims.
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CLAIMS

1. An isolated nucleic acid comprising any one of S3EQ ID NOs: 1-30, or a
complementary nucleotide sequence thereof.

2. An isolated nueleic acid comprising at least eight consecutive nucleotides of u
nucleotide sequence ol any one of SEQ TD NOs: 1-30, or a complementary nucleotide
sequence thereofl

3. An isolated pucleic acid comprising at least 80% pucleotide identity with a
nucleic acid comprising any one of SEQ T NO=: 1-30, or a complementary nucleotide
sequence thercof.

4, The isolated nueleic acid acenrding to cloim 3, wherein the nucleic acid
compyises an 85%, 90%, 93%, or 98% nucleotide identily with the nucleic geid comprising
any one of SEQ ID NOs: 1-30, or a conlplementary nuclevtide sequence thereef.

5. An isoluted nucleic acid that hybridizes under high stringency conditions with a
nueleic acid comprising a) any one of SEQ TD NOs: 1-30, or a complementary micleotide
sequence thereof.

6. Axn isolated mucleic acid comprising & nucleotide seqaence as depioted in any
one of SEQ I NOs: 1-30, or a complementary nucleotide sequence thereol.

7. A nucleotide probe or primer specific of ABCC11 gene, wherein the nucleotide
prohe or primer comprises at least 13 consecutive nucleotides of a nucleotide sequence of uny
one of SLQ ID NOs: 1-30, or a complementary nucleotide sequence thereof.

8. A nucleotide probe or primer specific for an ABCCI1 gene, wherein the
nucleotide prabe or primer comprises a micleotide sequence of any one of SEQ 1D NCG; 1-30,
or & complementary nucleotide sequence thereof. '

9. A method of umplifving a region of the nucleic acid according to claim 1,
wherein the method comprises:

a) contacting the nucleic acid with two nucleotide primers, wherein the first nucleotide
primer hybridizes at & position 5° of the region of the nucleic acid, and the second muclcotide
primer hybridizes at a position 3’ of the region of the nucleic acid, in the presence of reagents
necessary tor an amplification reaction; and

b detecting the amplified mucleic acid region.

10, A method of amplifying a region of the nucleic acid according i claim 1,

wherein the two nuclestide primers are selected from the group consisting of
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a) anucleotide primer comiprising at least 15 consecuiive mucleotides of a nucleotide
sequence of any one of SEQ TD NOs: 1-29, or of a complementary nucieolide sequence,
b) & nucleotide primer as in 2ny one of claims 7-9,
o) o nuclectide primer comprising a nucleotide sequence of any onc of SEQ 1)
NOg; 1-30, or a nueleiv ucid having a complementary sequence thereof.
11. A Kil for amplifying the nucleic acid aceording to claim 1, wherein the kit
cOmpriscs:
a) twa nucleotide primers whose hybridization position is located respectively §° and
37 of the Tegion of the nucleic acid; and optionally,
b} reagents necessary for an amnplification reaction.
12, The kit aceording to claim 11, wherein the two nucleatide primers ave selected
from the group consisting of
a) a mucleotide primer comprising at least 15 consecutive nuclgotides of a nuclcotide
seguence of any one of SEQ 10 NOs: 1-30, ur of a complemeniary nucleotide sequence,
b} a nucleotide primer as in any onc of claims 7-9,
¢) a nuclentide primer comprising a nucleotide sequence of uny one of SEQ ID NOs:
1-30, or a nucleic acid having a complementary sequence thersot.
13, The nucleatide probe or primer according to mny of elaim 7-9, wherein the
nucleotide probe or primer comprises a marker compound.
14. A method of detecting a nucleic acid acearding to claim 1, wherein the method
comprises:
a) contacting the nucleic acid wilh a nucleotide probe selected irom the group
congisting of
11 anuclectide probe comprising at least 15 congeentive nucleatides of &
nuclevtide sequence of any one of SEQ [D KOs: 1-30, or a complementary nucleotide
sequence thercof,
2) & nucleotide primer as in 2ny one of claims 7-9,
3} 4 nueleotide probe comprising a nucleotide sequence of any vne of SHQ TD
NOs: 1-30, or o complementary nucleotide sequence thereof, and
1) detecting = complex formed belweon the miclcte acid and the probe.
15, The method of claim 14, wherein ihe probe is inmobilized on a support.
16, A kit for detecting the nucleic acid aceording to claim 1, wherein the kit

cOmprises
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a) a nucleotide probe selected from the group consisting of 1) a nucleotide probe
eomprising at least 15 consecutive nucleotides of a nuelestide sequence of any one of SEQ 1D
NOs: 1-30, or of a somplementary nucleotide sequence, 2) a vucleotide primer as in any onc
of ¢laims 7-9, 3) a nucleclide probe comprising o nucleotide sequence of any one of SEQ 1D
NQs: 1-30, or a complementary nucleotide sequence thercof, and optionully,

b) reagents necessary for o hybridization reaction.

17.  Thekit according to claim 16, wherein the probe is immobilized on a support,

18. A recomhbinant vector comprising the nucleic acid according claim 1.

1% The vector according to cluim 18, wherein (he vector is an adenavirus.

20, A recombinanthost cell eomprising the recombinant vector according (o claim

21. A recombinunt host cell compnising the nucleie acid according claim 1.

22, An iwlated nucleic acid eneoding a polypeptide comprising an atnino acid
sequence of any ane of SEQ 1D NO: 31

23. A recombinant vector comprising the nucleic acid according to claim 22,

24. A recombinant hast cell comprising the nucleic acid according te claim 22.

25. A recombinant host cell comprising the recombinant vector according to claim 23,

26. An isolated polypeptide selected from the group consisting of

u) 2 polypeptide comprising an amino acid sequence of the SEQ TDWO: 31,

b) a pelypopiide fragment or variant of a polypeptide comprising an amino acid
sequence of 8EQ IDWNO: 31, and

¢} a pelypeptide homologous to a polypepiide vomprising anine acid sequence o' 8EQ
D NO:; 30,

27, An antibody directed against the [solated polypeptide aceording to claim 26.

28.  The antibody according tv claim 27, wherein the autibody comprises u
detectable compound.

26. & methad of detecting a polypeptide, wherein the method comprises

a) contacting the potypoptide with an antibedy according to claim 27; and

b) detecting an antigen/zntibudy complex formed between the polypeptide and the
antibody.

30, & diagnostic kit for detecting a polypeptide, wherein the kit comprises

a) the antibady aceoréing to ¢laim 27; and

) a resgent allowing detection of an antigenvantibody complex formed hetwesn the

pelypeptide and the antibody.
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31, A pharmaceuiical camposition comprising the nucleic acid according to claim | and a
physiologically compatible excipient.

32, A phaonacewtical composition comprising the recombinant vector according to
claim 1% and a physiologicaily compaiible excipient.

33, Use of the nueleiec acid according to claim 1 for the muanufscture of a
medicament intended for the prevention and/or treatment of 2 subject affected by paroxysnal
kinesigenic choreoathetosis.

34,  1lse of a recombinant voctor according to ¢luim 21 for the manufacture of a
medicament for lhe prevention and/or iweatment of subjects affected by paroxysmal
kincsigenic chorcnathetosis.

35, 1lse of isolated ABCCI1 polypeptide comprising an amine acid sequence of
SEQ ID NO; 31 for the manuficture of a medicament intended for the prevention andfor
ircatment of subjects attected by puroxysmal kinesigenic chorenathetosis.

36. A pharmaceutical composition comprising a pelypeptide comprsing an aniinn
acid sequence of the SEQ 1D NO: 31, and a physiologically compatible excipicnt.

37.  Use of iselated ABCCLL polypsptide comprising an amine acid sequence of
the SEQ 1D NO: 31 for screening an active ingredient for the prevention or treatment of
paronysmal kinesigenic choreoathetosis,

38, Use of a recombinant host cell expressing the ABCCTI polypeptide comprising
an aming acid sequence of SEQ ID NQ: 31 for screening an active ingredient for the
prevention or treatment of parokysmal kincsigenic charcoathetosis.

39, A method of soreening ap agonist or an antagonist of the ABCC11 polypeptide,
wherein the method comprises

a) preparing a memhrane vesicle comprising at least ong of the ABCC11 polypepiide
and a substrate comprising & detectable marker;

b) incubating, the vesicle obtained in step a} with an agonist or antagonist candiduie
commpound;

©) gualitatively andfor quantitatively measiring a rslease of the subsirate comprising
the detectuble marker, and

d) comparing the release of the substrate measured in step b) with a measurement of a
release of a labeled substrate by & membrane vesicle thal has not been previousty incubated

with the agonist or antagonist candidate compound.
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40, A method of screening an agonist, or an antagonist of ABCCILI polypeptide,
wherein the method comprises

) incubatimyg « cell that expresses the ARCCIT polvpeptide with an anion labeled with
2 detectuble marker;

b) washing the cell of step &) wherely cxccas labeled anion thul has nol penelrated into
the cell is removed;

¢) incubating the cell obtained in stop b) with an agonist or antagonist candidate
compaund for the ABCC11 polypeptide;

d) measvring efflux of the labeled anion from the ccll; and

&) comparing the efflux of the labeled umion delermined in step d} with offfux of a
labeled anion measured with a cell that has not been previously mcubated with the agonist or
antagonist candidute compound.

41, An implant comprising the recomhinanl host cell according to elaim 24 or 25,
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imlematianzl Apgicavon no. PCTEP 02 53241

FURTHER INFORLATION CONTINUER FROM  PCTASA! 2ig

Continuation of Box 1.2

Claims Nos.: 7, 8

Present claim 7 relates fo a product defined by reference to a desirable
characteristic or property, namely a nucleotide probe or primer specific
of tha ABCC1Y gene, whereln the nucleotide probe or primer comprises at
least 15 consecutive nusTectides of a nuclactide sequance of any of SEQ
ID KOs: 1-30.

Tha claim covars all products having this characteristic or property,
whereas the application provides support within the meaning of Article &
PCT and/or disclosure within the meaning of Article 5 PCT for none of
such products. In the prasent case, the claim s¢ lacks support, and the
application 5o lacks disclosura, that a meaningful search over the whole
of the ¢laimed scope s impossible. Independent of the above reasoning,
the claim also lacks clarity (Article 6 PCT). An attempt 15 made io
define the product by reference to a result to be achieved. Agafn, this
lack of ¢larity In the present case is such as ta render a2 meaningful
search over the whole of the claimed scope impossibie. A similar
objection applies to claim 8 which hasn’t been searched sither.

The applicant’s atiention is drawn to the fact that claims, or parts of
¢laims, relating to inventions in respect of which no international
search report has been astablished need not be the subject of an
internaticnal preliminary examination (Rule 66.1{e) PCT). The applicant
15 advised that the EFO policy when acting as an International
Preliminary Examining Autherity is wormally not to carry out a
preliminary examination on matter which has not been searched. This is
the case irrespective of whether or not the claims are amended following
receipt of the search report or during any Chapter II procedure.
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