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WD 2004/ 038021 PCT/ GB2003/ 004479 GPR54 KNOCK- QUT
MAMVALS AND SCREENI NG METHODS USI NG THEM The present

WO popgssoon rel ates to novel functions of a knoR€T/GB2003/004479
receptor. In particular, the invention relates to the
use of a galanin-like receptor and/or |igands thereof
in the RiS¥UIKBIOQGK-QUT MMALSANDS NING s

and reproductive SYSETMODS UBING PHEM!'. Which
encodes GPR54 is |ocated on human chronosonme 19p13. 3.

GPR54 cDNA is 1197 bp long. Studies have shown that

GPR54 is 45%identical to the rat galanin receptors

&l1R, GlIR2, and 44%to GalR3. Galanin is a

neurlhp @ptseuvicnvritivn relates o¢ naveinfurotionsodf alkmovikneeptba i patticular,

et R o e eSO Errpton ta ot s P ndhe
mablifRathoAl drhe pidlitR] KSnWInAPAG fhn Pl BRRBSET sggféﬁ{sudi ng

| earni ng and nmenory, nociception, feed ng,
neurotransm tter and hornopne rel ease and sexual

behayvi our .. and .i.s cqnsj d.to be involved in the
oot S Hotiel VhioR el PR B 1oeCon Puget Hhrambegg 19p13.3.
FEBS | eft 446: 103-107). However, it has been reported

that neither gal anin nor gal anin- |ike peptide
act iGPRX B8 4s { 1¥kbrelong| Studie9 harBovatthat AZRR 541335 Y0identical to

e Bl eBprof R BaCL HAT alkbo TR | Faret) are

| ow potency agonists of GPR54 (m cronol ar

range) (G ements et al 2001 Bi ochem Bi ophys Res Commun

284! aﬁ@w@g)e.urmp@ whishaenetepapmbereef aap imenan fayily of

. ot ) ; ' Ci

neORAARLIIER & B S SR LD AR B sims
mogitlathis@swide dvarietyeftphgdiolobRalmbegsads, incrig: lhrmiFRdd Médory,

Ki ss.pegggi gs (also called c?ﬁt astin), the products of )
ROGIFPURPS'SeGINEHATOWIISBY I apY hefgRongiTeiqase andifrpal Rebaviour, and is

corea& {6 HeGhIB IS indBE bﬁ(_ﬁo Fnag KF A?zh%iméﬁhse&iﬁaég IPLn% %é}R?fg'

14 and 13 ami no acid kisspeptins. They a
FEBS l¢tb A e i3 ridi 7ar Haéveni it hasheekirepopted thah nsither galahsmor galanin-

.. cal | t asii hese ' hi PR54 . at
i g B aBRRRE e, PR TP pbiie A 1y 7Rl i 2001
Natuhea1 B663-88969- 75; Kotani et al 2001 J Biol Chem
276: 34631-36). WD 2004/ 038021 PCT/ GB2003/ 004479
Reports suggest that FMRFamide-related peptides (FaRPs) are low potency
agonists of GPR54 (micromolar range)(Clements et al 2001 Biochem Biophys Res
Commun 284: 1189-83). FaRPS are neuropeptides abundantly distributed in invertebrates

were they function as neurotransmitters and neuromodulators.

Further studies indicate that the natural ligand of GPR54 are kisspeptins (also
called metastin), the products of the Kiss-1 gene. Three peptides with a common RF-
amide C terminus derive from Kiss-1. There are a 54, 14 and 13 amino acid kisspeptins.
They all bind GPR54 at low nanomolar affinities. Kisspeptin 54 is also called metastin.
These GPR54 ligands bind GPR54 at low nanomolar affinities (Muir et al 2001 J Biol
Chem 276:28969-75; Kotani et al 2001 J Biol Chem 276:34631-36).
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2 Several reports have suggested various functiona

roles for |ligand bound GPR54. For exanple, it has
whewn/0sseported that Kiss-1 is a netastasi s SUuppCEEBR003/004479

gene for nelanoma and breast carcinoma cells.

However, studies suggest that the Kiss-1 gene does

not affect tunorigenicity. 4t has been hypot hesi sed

that nmetastin attenuates cellular 5 notility by

excessi vely inducing the adhesi ve phenotypes of cells.
| n eyerahFrperis h&‘(ﬁesulgs@Btedmnsfmshoml aeles triligandbound GPR54.

tr tastin b erfusi on
F(Isr%g ni ﬁlgc an Orrgegsﬂgag Iﬁﬁst ge %Ste?% ts{f%resé?r ginedon1
mélaﬁmnaéarﬁﬂﬂrefsl 3a16ﬁ16)na RIS HGWdwr, stRlicdSuizBest At ﬁietlélss-l gene does
ility in B16-L16 nel anoma cells transfected wt

nog ﬁttrfe@ﬁr@swse@&m Brhas pean lypothiepiserbibat metastin attanudtes e¢llu=lar

8y SRR N R e S ve

mélymtmadsyisiested uaihelrtfﬁmlp’ﬁﬂﬁ, hdifiiist@tion 8f AeRisHR BY Heftdioh significantly
rel egse, ERK1/ MAP ki nase phosphoryl ati on,

degrgped pRetastases ﬁ%@éﬂff‘é Pﬁ%qqléﬁa‘%@"t‘ﬂ iLifHBH 7Y, Yatilarly, metastin inhibits

mcﬁflﬁi/ iﬂc E[@Ul@ PhelddSH A1 ﬁl‘tcl?s?’!ectl g'ilth ‘%h@GPkSﬂgc@g%or but ot in

4631-3). Interesti ravenous i nj e
mqustgmefﬁmedceli{) in female rat stinulates oxytocin
secretion (Kotani et al 2001 J Biol Chem 15
276: 34631-3). Oxytocin has been shown to be involved

i N sExilk stﬁ&fé@ﬁh%ﬂoﬁ%&hét@l@ﬂ alsB%ﬁEE%%tasﬂfﬂéc%ﬁﬂop) activation
antagoni sts inhibit male copul ory avi our
stipplagas GBS hEdIOB{SISQL%@luElmobﬂlts@imr axadutlom4 9c138'916§®) ERK1/2 and

p3 B av?%ﬂ&ee 1))(1¥0tsa 0 gal’éggﬁq esgg%ﬁ@gﬁ nor 1%13b enﬁlgggcqzl} pioliferation
(Kbﬁtul et AL2001CBioUBAe R 7515991 -59). ‘lhterésﬁnglﬁ'eldhﬁfleno% Redctimsor

been detected in the followng tissueS by northern
kisgpepting Logn female patatimuigiesexytoninsacration (Kietdnapiial 2001 J Biol Chem

h fron
G 0 P B e
furictiomixiytee)n {ritagonists mlnbmﬁele leEBatoey I%eha‘ﬂ*ﬂﬁlr (ﬁfg'iolié)gt)al 1988 Eur
n.s WS | est

' ' th t .b
I PE%B%@@@%‘@%%@?@O}%&? oREtogR KOs F@J@ﬂaw@iwa sgrughbehaviour
andT4i8 fErELEMiSHimlosi diiaf 996 EHONGA Y6 diSRi TRAI: PGS g 4).

ventral tegnental area, 25 dentate gyrus, arcuat
nucl eus, dorsonedi al nucl eus, olfactory cortex,

o9 Pl I o MEL B 587, g YRGS b5 Vot

braﬁv@efls @ﬂndbl@iﬂ Ith‘«ilduﬁﬁs hpp&Bilkings, lﬂﬁﬁ&ﬁﬂnﬁﬁs ARt oRMB! &JrieR! frontal
X pot hal anus, perlaqueducal P
cortex and stratium), and peripheral organs (liver and intestine) (Lee et al 1999 FEBS lett

446: 103-107).

In situ analysis in the rat brain shows highest expression in the hypothalamic and
amygdaloid areas. The receptor is highly expressed in zona incerta, ventral tegmental area,
dentate gyrus, arcuate nucleus, dorsomedial nucleus, olfactory cortex, lateral habenular
nucleus, lateral hypothalamus, locus coeruleus, cortical and medial nuclei of amygdala,
superior colliculus, preoptic, anterior and posterior hypothalamus, periaqueducal gray,

parafascicular thalamic nucleus, parabrachial nucleus and ventral mamillary body. GPR54
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par af asci cul ar thal am ¢ nucl eus, parabrachial nucl eus

and ventral mam |l ary body. GPR54 WD 2004/ 038021
weERODALBEO03/ 004479 3 expression was found to PEFEBRMIBH04479

that of galanin receptors (Lee et al 1999 FEBS lett

446: 103-107). In human tjssues, northern analysis

shows expression in braln/ﬁervous system (cortex,

put amen, nedulla, spinal cord, and | ower expression in

hi ppocanpus, thalanmus) 5 and in pituitary, heart
exps‘kssioat\ais fomstloaresseinbiteethat ofigatanin reteptensLes efedl (1999 FEBS lett 446:

n&§st|ne thynmus, lung, testis and placenta (C enents

10354 2001 Bi ochem Bi ophys Res Conmun 284: 1189- 93;

Kotani et al 2001 J Biol Chem 276:34631-36). GPR54 is

al so detected by i munocytochem stry (1CC) in human

br almrhuinment tissues; obitiswn ngalwne sloywscxprassigh in brain/pervous system

o B8 S5 B0 8 TR RSB RS,

and B%Jlﬁﬁh‘@ héef) §ké"[@tﬁpﬂnh§clé 'ki’dﬁé 1Ndﬂfs@c§m@cfh @kl éntestine, thymus,
gl ossal nucl ei ), cerebel ﬁpurkl e cells

po
lungeﬂestlsaﬁngla?lmntat(ﬁéﬂmeré%@t@haﬂ(?ﬂgB@ﬁ @‘alBlo drgst(eagymun 284: 1189-
v.er rol es perfornmed by
etﬁl%@%ﬁlgi&h@tﬁ%gﬁgiﬂ%l tsﬁ)g particularly in the
bral n has not been achl eved in the prior art. 15

Reports indicate that the vertebrate eptors for

FaRBERAH dwalpo delselpd by dmmanecysech herpne(IGRD ahipma beigyn the
fol%o%ﬁ?%g%gr g% eﬁ%ﬁh gsﬁmg%lﬁél?e?ﬁ éﬂda%ldr? gggécnldfr% ﬁg\@/g&%ﬁﬁ $aminar
layéQibsftsehsore tncﬂbr anet), @ﬂ@mp&lmmhﬁdlﬁesphemﬁmm okiga,;

1189-93) .. Furt her. studies. have shown t

byRAGHIEA Sk RO G SRR S S PRTKEL 45 MG fasiding apica
dﬂﬁ'ﬂ%’b colocalise wth sper mat heca i n | ocusta and
Wt

20 salivary glands in blood feeding bug The
Dr osophi | a FMRFam de gene was identified by its

to a LIS e ' .
PSRl AnO A e L3 RS OB s
gerfedd) @h@ paRh RGN thebraRilep hotisech aohievdibinahe priat ather vous
systemof the clam In nolluscs, it nodul ates both
cardi ac output and the actions of neurons, as well as
r eg I
oA RLRFL 57 DUSFLE BBt o o
GPRGYI &vhich function in the micromolar range) are most similar to receptors for

neuropeptide Y (NPY) at the amino acid level (Clements et al 2001 Biochem Biophys Res

Commun 284: 1189-93). Further studies have shown that FaRPs colocalise with

gonadotropin-releasing hormone (GnRH), colocalise with spermatheca in locusta and with

salivary glands in blood feeding bug

The Drosophila FMRFamide gene was identified by its homology to a gene first
sequenced in the marine snail Aplysia. FMRFamide was first purified as a
cardioregulatory tetrapeptide from the central nervous system of the clam. In molluscs, it
modulates both cardiac output and the actions of neurons, as well as regulating evoked
muscle tension. In cattle, two peptides immunoreactive to a related lobster hormone have

been identified; the cattle proteins have anti-analgesic properties.
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been identified; the cattle proteins have
anti-anal gesic properties. WO 2004/ 038021
weERONAGER03/ 004479 4 Al though the rol e of FVRFCEGBRA®3/004479

peptide has mainly be studied in invertebrates, there
are 3 papers descri bing FnﬁF am de i nmunoreactivity in
the brain of mammal s: one 7in rabbit, rat and gui nea

pig (Duann et al 1995 Gaoxiong Yi Xue Ke Xue Za ZzZhi. .
11:142- 9), one in the tree shrew (Mal z and Kuhn 2002

Dev Althaiigh Regole$ FYRE-amidepeptide bas mainkhebostudigd gt wiyprtebrates,

bat (QCel schl ager. e 1998. Brai n . (P .
thesirg 3R RUHLLPRRGTY L W Cbo R U g of mammals: one
in GBbEXRI ARShRReafig (iRRNs: dE1995KBackitchg®iRklie Ke Xue Za Zhi. 11:142-

I mmunoreactivity. In the bat and_tree shrew

t hi _
9), enpietsitea shesvo@ddr apd Huhm 20¢%Dee Pagin Res 4 d» Sa-44370d one in the

. t.erm na r i ] i1 ah. .
s 33 OBk B0 B A%, 0L, Blbsanet, i of
thefP¥dstiibe ddi8xprbstiisit o fFmRFarhide dike and GniR¥ inMannoveactivity. Int the bat
has been suggested to_have a neuronpdul atory 10 r.ol.e

andapegucwothisapressiop ds despaladdn tae SeHBIBEREAYT die trpipggierve is an

mal e h {1 Si . - .
ol AFUATESfo O o0 RS SRRE ZE 8y o
furkReph bflgss A&ve ishiikndwh, buf MRfaa bectesuggested to have a neuromodulatory

FMRFam de-rel at ed peptides (FaRPs re present ip. .
rolpelaa <L (BERET S IRER SIS YRt Hh@e a&@? ﬁ%’f‘%?feé"?%f% and
Iﬁgﬁﬁﬁﬁ?gﬁﬁnﬁﬁﬁgsQ@ﬁ@9§g@§p to be cardioexcitatory in

mammal s, to 15 inni

bi t nor phi ne-induced
anti noci ception, and to bl ock norphi ne-, defeat-, and

it A PSS o
Fl\/ﬁglf?éﬁﬁidélr%l%ﬁ Peplid At(RERAY)! ate phRentiia nddaRilidneRatrhlatbriqus system

ammesic effects in rodents. In particular, FNRE
and gastiwifessihatwact ot hava bepn shem ey casdiopHA@IEY Hi mgmmals, to

it oGy Tl iRGiccot, ety St hrppirilackne e 2
de jof At et Heddiga Mealsoninkibits koloutc promasife motidity padnces

ockmionT o sirean e B BTBe G 9B g B to have

anBS0 RREGs B rotdlaﬁﬂ'ﬁ.r &, POIRTORRRIe pfoduBbddentraBy mediated
I npai red, peripheral nerve regenera ion is r

educed,
antiatideptiyn bramiceaRaffeang Stangu9P8 BaptidestlAel v, Spwpbhet 3999

neur gpat hj ain. A 25 subset of DRG neurons is |ost
PGP?F&J‘?S%@:ﬁ‘Ei%ﬁ' mce which inplies a role for galanin in
cell

=t
o

Previous studies have shown that galanin knock out mice (no receptor knock-out
has yet described) are viable, grow normally and can reproduce but not lactate. The
response of their sensory neurones to injury is impaired, peripheral nerve regeneration is
reduced, and they have a strong reduction in the development of neuropathic pain. A
subset of DRG neurons is lost in the mutant mice which implies a role for galanin in cell

survival (Wynick et al 1998 Ann NY Acad Sci, 863:22-47)

Studies have indicated that GPR54 also plays a role in metastasis involves a

multistep process including detachment of cancer cells from primary cancer, invasion of
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survival (Wnick et al 1998 Ann NY Acad Sci,

863: 22-47) Studies have indicated that GPR54 al so
w@bkays3szrol e in nmetastasis involves a nulti SPEPGB2003/004479

process including detachnment of cancer cells from

primary cancer, invasion of _ WO 2004/038021

PCT/ GB2003/ 004479 5 surrou%ding ti ssue, spread

through circul ation, re-invasion and proliferation in

di stant  organs. However, at the tinme of filing the
sugoHadng tigghs) snread through circiplatien, re-iivesion indypRiiferatiavin distant

' i fi . Ther.ef th [ d.i
DARMIbREPY) b B rimE D8 Mk bR ST 0 BB ke of GPR54
ha€PBeeh ideifitifiédn t he brain and other tissues, for

t herapeutic and ot her uses. SUMVARY OF THE | NVENTI ON
The present inventors have created GPR54 (Harry

Pot t ice | t0, ] tigate the..i
o1 v o Hebo SR MR idda B BEfar b B it Ao B ity bouna
GRRfEhath in theibesin@xb othiet tiskubs, 6 ehepedicumy g Mant s in

their reproductive norphol ogy and 10 physi ol ogy t hat
suggests a role for GPR54 in controlling the sex

SHAARY Br e INFRSigk ' eproductive areas such as
Fing P ﬁ t he

contr ol ertility and libido. In addition,
physi ol ogy and norphol ogy of such nutants suggests a

role,for GPR54 in certain neurological disorders and
ot hahe BB AR dave SRS STR P BryRofteR dnarkput mice in order
to investRARRhE 9 vivbiRS1E Y¥r BPRIE! Tﬁ@&%@?fﬁgﬂ&gg ik S ScH kuB8kout

nodel's of disease and in identi agoni st's
migpexhabjd diffrences fromRBM-hutantstie thegienepioductive. mdiphslogy and

i t th i nvent i i GPR54 .
phiiGRky AR Sfdasal ASoBlIRT SRR B fiselhe Sechoraiins apy e in
repThtRizfive atenp eudhi ddeontSollitg ErtiBRANIMIbi A L& the Jﬁﬁéoelo gy and

present inventors have found that GPR54 knockout™ mi
mozphlegl plpsuch mutants siagests 8 pele fordGPR frbin eevieintrieurolegioal disorders

1 L SLkCS | udi ng t hose 20
o G s o o AL LA o ip Rl o g
reduced contact righting reflex and | ower Barnes naze

pergfrnjpce, alteratjons in _reproductive hormone,
| evEREY AU FROGkQYE 1BIcH o et daimagelsypd dissgse and in identifying

antBgdrEét@ bhPAsorlidls bLEPRIY Wrlth&aphlidMs@nd associ ated organ
nor phol ogy, alterations in sexual /Sr eproductive

behavi our .
Thus, in a first aspect, the present invention provides a GPR54 knockout mammal

o)

=

comprising one or more cells in which GPR54 polypeptide is functionally inactivated.

The present inventors have found that GPR54 knockout mice according to the
above aspect of the invention show several defining characteristics including those
selected from the group consisting of the following: reduced contact righting reflex and
lower Barnes maze performance, alterations in reproductive hormone levels and/or
patterns (including cycles), alterations in reproductive organ and associated organ

morphology, alterations in sexual/reproductive behaviour.
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WD 2004/ 038021 PCT/ GB2003/004479 6 As referred to
above, alterations in reproductive organ norphol ogy

WO pk888%1 any one or nore of those sel ected fPOMGBR@®3/004479

group consisting of the follow ng: atrophy of
genital s and associ at ed org&ns, atrophy of stonmach and
sub maxillary salivary gl ands atrophy of nuscle nass
and brown fat. 5 The generation of knockout mamal s
wll be famliar to those skilled in the art and uses
st andarederreddorhes; plteratons ifweproduritivh orgmahorpbology includes any
e ination as described herein,
iRIRROBE Bok AN I Eoma iaFetne Ly eV ewephy of
gehivdls and BgociBIRIRE NS AltRPhH Of stbiAbh hltBsub VRIS R8IVl Rhnds,
of the follow ng: nouse, rat, shrew, gerbil
atrophy,ebmyscde mgsyang\browndathanst er, cat and dog. Those
skilled in the art will appreciate that this list is
not intended to be exhaustive. Mst advantageously,
t he Thengaéraiion of kivdkeut mMmmelsarillod fhgilietEihbse ddiled B tHE art
ao “functignally inactivated (GPR54 by honol ogous
and gsesSAnAand laboratepnisshnigugs vehieh syvoliss bomploghes fegpiwbination as
de@pibaghlyiper formed by GPR54 pol ypeptide when it is
functioning in its native environment (that is within
an in 15 vivo environnent) is significantly inhibited

as %oquggagfd with a control in which GPR54 has not
beehTHHREDr BivAranyesicRpmpal puy s f thefodawing mampeals selected

frohthRgtSup donbistin®@Bethk YolldwRE! thi@eCrat, TRAMS LA i
thanggng of tﬁégfunpt?ons %orﬁg%ﬁﬁmperfdﬁ%@%hgga%gﬁgﬁnﬂnmem
hamppten; catj andfdege Thensiskijleid in ittesarimail] appreminte thantienkist (¢ hetintended to
[ iLthin-an in vivo enyironnen is significantly
be baliiY, §1EE o Gt Qs e RAPEGL S fonst. o oh GRS
has not been 20 functionally inactivated. Most
advant ageously, as referred to herein, the term

" f uheteisHad foherpinatbeitea od funetianallitinagtivated’ (FPR by
' ; by GP 1t
o REhANER SR I 5 Voo MBSk poretyprgormed

t1oni ng 1n i
by GRRiSBippbgeptidecwhiasit édifunttidhifg GO fabive ehviroMih ¢ (@RRS ithin an in
nal ly i1 nactivated. Likew se

vive SR e‘lgy?féj’géftc”lpﬁwihé jtedgSRampATFd|viffta eeritipl a5 which GPR54
has/iRk Bédh MRhdady aeadasd. @&vakt%ggdfw;g{g/ ey ‘&S%%ffﬁﬁ 54

. as herein defined. WO 2004/ 03
Inactivate’ means that more than one of the functions normally performed by GPR54 when

it functioning in its native environment (that is within an in vivo environment) is
significantly inhibited as compared with a control in which GPR54 has not been
functionally inactivated. Most advantageously, as referred to herein, the term ‘functionally
inactivated’ means that all of the functions normally performed by GPR54 when it
functioning in its native environment is significantly inhibited as compared with a control

in which GPR54 has not been functionally inactivated.

Likewise, ‘functionally inactivated’ GPR54 nucleic acid as herein defined encodes

functionally inactive GPR54 as herein defined.
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7 As referred to above, the term significantly
i nhibited" (GPR54 function) neans that the inhibition
w@ odo4@s80keast one GPR54 function in a nmanmal i aPCT/EBR00BH04479
honol ogous reconbi nati on, as described above) is
i nhibited by at | east 20% as conpared with suitable
control. An exanple of a suitable control is the sane
or a simlar cell in the sane or 5 simlar in vivo
envi ronment wherein GPR54 has not been functionally
i nachs xeferead thypbove; thl tego isi guificantlyi inkibiteli (GPRISfahdtion) means

AR [ion (CEAARARREE IR funCioman mmdmiAisall g Bomologous
refumnBih &AL ss dREMEA IHaYEPR inldbiteddSSa N4RETh9R 998@%&3%2?% suitable

that at |east one GPR54 function is inhibite
coptals Anzempleqd®ssiiohle 0ontralds B6%HA0 U 8 Siites celd iptheasdme or

i . SUJ trol. 10 ly, th
s e ORI Sl Rl A AR e
hormiopaiis etosdidation s heehl Qgedtsedr Aﬂ%ﬁégé@ﬁél%gg% ze?m “significantly

. described _above) means that at | east one
mlflﬁlﬁif{ (GhRP4 functipnin @ masymaloost by homplassus wicombination, as
' ct, .the. se

etk B bl et at deled bid GPR S FHRRED LB E Bl eastgos
401f>ﬁ; 6@‘{@6&%}&7@%{18@%{ SP(S%;:QG)SP% gl4$ | R GoPare@witi4 ﬁlita:)lﬁa con{trol. Most

uncti ona i ngctive .gene _conprising the steps
SR 2 S CBCHRE MBIeg. (A BielipTome Tommmoian coll
by hbReldgetatdeymBlative, LMQIHA Yo eﬁﬂ%ﬁﬂs 86051845t one ?]ei-’lp{54

Transfecting the one or nore cellfs according to s
functipn i ltlhlbitg%by i1 60F4l as womparedi with a aftableRpdtrolicl ei ¢ aci d

whi ch i s capabl e of reconbi ning by honol ogous

reconbi nation with the one or nore endogenous GPR54

genes. Sel ecting those one or nore cells in which the

one or nore endogenous GPR54 genes have undergone

honol ogous reconbi nation with the functionally

i Nagt | i.c,acid. VWO 2004/ 0380 .

pent BB ater B BrSlehe BN bRion o g% g meqngrating one or
morehhmnatian cellsnipisidpeorievrendre GinclibRal BERGEREASPR 54 gene

according to the nethods of the invention detail ed
condtsus the ategs g

; thejtegs g

‘ef erred enbodi nent of

=

selecting one or more cells comprising one or more functionally active endogenous

GPR54 genefs.

Transfecting the one or more cells according to step (a) with functionally inactive
GPR54 nucleic acid which is capable of recombining by homologous recombination with

the one or more endogenous GPR54 genes.

Selecting those one or more cells in which the one or more endogenous GPR54
genes have undergone homologous recombination with the functionally inactive GPR54

nucleic acid.
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this aspect of the invention, the mammalian cells are
conprised within a mammal. That is the cells

w@eweskony t o the above aspect of the inventi oPCTHGBR003/004479

preferably constitute a " knock 5 out' mamal
Advant ageousl y, the knock-out manmmal according to the
present invention is a nou%e. Methods for
transfecting those one or nore cells with functionally
i nactive GPR54 involve the use of standard nol ecul ar
bi ol Adpantagesusiyy thesmamthaline celbsseronding thélieinmention are generated
Li kew. s nmet hods. for sel.ecting those_one or npre .
sl 13 s HFBAGR S SR o B e sb8H0 J6 ArstierepRBodiment of
thig @Bt HEME iRER6H PREmBRIRIAE QLIS Jr@e&mgﬁmtw% |t i
fu%?i onal ly i naﬂgt ive GPR514 nucleic acid arle lB\eaﬂrn;lor rrEgThatls
theiegllsgeearding de thelabbve apseyof theinvaitiomesill mhfeciblpceanstitute a “knock-
[ erein. dn.a.further aspect, the present ) )
o HBARrAE A Gidbugly R b0 o RERa  rcpidie T GF Pl invention
is hafoukginctional |y i nactivati ng one or nore endogenous
GPR54 genes in a host cell 15 conprising: (a) A
non- honol ogous repl acenent region (b) A first honol ogy

regi tr of _the nonshonpl ogous o

FepMEnb BB Gl RTE T o b SRR BERESnaly inastie GPRS4
inwoihenthe xipe efsadartinasleoalar Bidtsy@echalubs ied hreidbdribed Bkiche

.GPR54. (d). A second honol ogy region | ocated downstream
Likgwige, methsids dersslestipg those eps ampkernellp iy whish the ore eranonsd
. n- .

o 5900 202k e MBI A G iy e
funcéighally inactived BR Humicdait beld arspafoeneéd usinpisthdird gatratory

east 90%i denti t. a. second GPR54 gene. WO
tec H?S@?g‘ﬁﬁarﬁaﬁsﬁéé%‘%g%fﬁﬁ’mmg 9 The present inventors
have identified several functions associated with

GPR54, thus they consider that GPR54 pol ypeptides, or
onelib firer aspients thegorpsent mventson prevides a nucleit laeidruoobteict suitable

for iR Bl PR BB BB P BT m 460 b

corpprasingles a comnposition

(a) A non-homologous replacement region

(b) A first homology region located upstream of the non-homologous replacement

region

(c) A mutated GPR54 gene and which when expressed does not encode

functionally active GPR54.

(d) A second homology region located downstream of the non-homologous
replacement portion, the second homology region located downstream of the non-
homologous replacement region, the second homology region having a nucleotide

sequence exhibiting at least 90% identity to a second GPR54 gene.
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5 conprising GPR54 pol ypeptides, or one or nore

bi nding protein/s thereof or the nucleic acid
wepwadssogl t hem and a pharmaceutical |y accept abtBEGB2003/004479

carrier, diluent or exipient. According to the above

aspect of the invention, agvantageously t he

conposition conprises one or nore GPR54 pol ypepti de

bi nding protein/s. Preferably the one or nore GPR54

bi ndi ng proteins are antagoni sts or agonists of GPR54.

10 TRRAésdnt ilientyrohaveddentified yeseal fanatioas pssoeietedrwitngPR54,

eI HRDSL e MR AL N GECUE bG BB AR LR S AShercof or
the@Glleftefid afcodiﬂg‘illxe% tnaY Ve thepygtuiebighiffdaied bi ndi ng

protei ns are advantagéously small nol ecul es and may
be sel ected by screening nethods which will be

fam|iar t hose skilled in the art and . e "
oo thispins Rl pepedesit i priieb iy diiopd gl somposijon
corhtiihdWUPREL PBlypBHtRies! cHlth¥ ok BRore BINARY pro®in/s thersef os the nucleic
nucl ei c acid éncoding a GPR54 binding protein or .
acid endoding themganshaphtirmgeeudpribyaqeepiphle serrss, ditngat ¢rreiapit:
i nventors have surprisingly found that GPR54 knockout
m ce have altered neuronal function as well as

al t Rcestdin@ns HHdbol Y BspySé s irdsntic)payathgsbtdly thercomtposition
20 control mce. In addition GPR54 knoc(lggc;qu% rE Cttah
comprisse s8¢ ot Iere GBRphpelygeriide binding prot@n/s Lyeterably the one or more
4 L ' out mce is at
GRRRA SR biofiins 19 SnRORGE of BediUGrSERILOC 01,01

gonadot rophs. GPR54 receptors are thus believed to be
i nvolved in contraglling this [

. , through control
| he CBROAbiEGS RpHORHRRaRS BsE et yome o Py Ga. Niturdtly
oc&%@%&ﬁﬁ%ﬁﬁoteiﬁg EnaRf ebU&HueR 8s AdHR RN QWRetelifdefined, or
I'n ockout m ce:

e. 25 (a) gonadotrophins are | ow
nudlGc 26ia4/ DSREE GRRIIABRADS PovainF gre aflyantpgeoysly sspadk molecules and

ma%%%%ialggtpé g§ rs)%ggmhg H?ﬁglig;’g? :\xahtdélﬁ\{ialﬁg? ﬁ%‘i}ﬁfé‘gttg gflfc%lé?ﬁieﬂed in the art and

areGRBG Yl hetedn.r espond; and (c) exogenous admi nistration
of GhRH provokes at | east a partial response in
secretion of FSH and LH, indicating that GPR54 maybe

inveolved.in .the . '
tion2prfer SBIREh SESIsitoR
in Chd %‘ffﬁ%‘%"ﬁ% el @E‘%i@‘?@%m fonpr8fertB1F e s .
comprises nucleic acid encoding a GPR54 binding protein or nucleic acid encoding

GPR54 polypeptide.

The present inventors have surprisingly found that GPR54 knockout mice have
altered neuronal function as well as altered reproductive systems as compared with normal
control mice. In addition GPR54 knockout mice possess other morphological and

anatomical abnormalities. The defect in GPR54 knockout mice is at the pituitary

. hypothalamic axis in production of gonadotrophs. GPR54 receptors are thus believed to be

involved in controlling this axis, through control of the pituitary-hypothalamic secrection

of gonadotrophs. The present inventors have shown that, in GPR54 knockout mice:

(2) gonadotrophins are low;
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Thus, the inventors consider that agonists and/or
ant agoni sts of GPR54 or the conpositions conprising
wo beaossayl be of particul ar therapeutic use in PEEGB2003/004479
treatment of reproductive hornone rel ated,
neur ol ogi cal, and certain her conditions. Such
neur ol ogi cal conditions inctfude but are not limted to
any one or nore of the followi ng: 10 Al zhei ners,
sensory neuropathies and epilepsy. Such reproductlve
h o r (h) mblens|cvhries teepmiditd odminisiration of exogengugnnadotrenives,

i si sting, of t foll owi ng: the
mdl‘ﬁﬂﬂ{lﬁ gﬂ&‘ﬁ ‘?t B‘? FFRapLly t"JSFR‘ch% tion, |ibido and
the onset of puberty, lactation,

ost eopor osi s/ osteopetrosi s and nmenopause. In addition,
GPR6:4 e3QgIMmoES sdmnus@atlatg of\GBRHrmSWQi@S ablsastiapartipd reppensg|in

secgegllqaio? Fgﬁlgaqdrﬁbﬁ 1ec h@g@? a%fgf) égg%pé%d Qtﬁg{gpstream control

of GARATREcHER AN M zp@tﬁﬁll@.ﬁiﬁls-pﬁﬁiﬂa@b(%l ty. Thus, in a
further aspect the present invention provi des a net hod

of |dent|fy|ng one or nore nol ecul es which agoni se

E 2?,{5; e'gl%?%%to%cctohsﬁér%h& g&?g‘)ﬁ? %]n%kf Xﬂﬁg&ﬁ&@ of @PRr54 or the

ecting”one or
coriPaBeI S c@ﬂﬂiﬁ%ingltn@nfmuydiel of patticylar decipeutic GRABAhe treatment of

pol ypepti de; treati ng t hose one no
repm@ﬁf ]éf’l‘éfro%? tedoRcusRlogica Qﬁrﬁﬂf}ﬁ‘@? cmﬁ}‘a’i‘m?“?‘
Obr 6F¥ the foll
nefihoBth] it 5 Bk oL ARAnARATE BAE bucby SRIEVE the following:
Alilefhéragehiorg acmopathies and epilepayral s t reat ed accor d| ng to

step (b) to determne if those treated mammal s have
one or nore restored characteristics conpared with

t ho§§ch fég%k:ﬁvéﬁ&%ﬁn@ delared @Bﬁﬂ1fi@n§ SdnSisEHf dnF)onerod n{odé of the
sel ecting those one or nore -Ilglétnd m m cs  whi

graupsoosistingnef the fottoveng: Sh@madal@v@m pEfertality ofonfieigrtigis élbldo and

e

GPREa ?bﬁﬁétsﬁﬂ aBfgolikt MRy be nRki4s theassefillifathormohapplacsment therapy
the tunctional activity of GPR54 pol ypepti de
(HB&hpri sing the steps of :

Other conditions include muscle wasting diseases, pain, hormone dependent cancer

and obesity.

Thus, in a further aspect the present invention provides a method of identifying one
or more molecules which agonise the functional activity of GPR54 polypeptide

comprising the steps of :

(a) selecting one or more mammals comprising functionally inactive GPR54

polypeptide;

(b) treating those one or more mammals with one or more potential GPR54 mimics

which potentially agonise at least on aspect of GPR54 activity; '
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(a) selecting one or nore manmmal s conpri si ng
functionally active GPR54 pol ypeptide; 10 (b)

W0 e@anssogl t hose one or nore mammal s Wit h one OPCTGBR003/004479
potential GPR54 antagonists which potentially
ant agoni se at | east on aspect of GPR54 activity; (c)
testing those one or nore s treated according to
step (b) to determne if those treated mammal s have
one or nore nodul ated characteristics conpared with

" t hosle) testimgrthiose e @uhed nenomald imated acsiréipg (@itep 5 to determine if
t he. i.nventi on provi des the use of

Vo
oo R hamBladifY R A REDTe THRiPReA chAiAc g ticssagrpatsd vith those

mith@hRGERBed 2bER8Ing b sR ??a )@hdmor e conmpounds. Accordi ng
to t he above aspects of the invention, the term

“antagonist' refers to a nolecule V\,hl ch significantly

coref) ilecERg AP e T mrC B F B Bice SetnGSpreone or more
chivafiti@WICEpY EnehaldiShdselhafinhl; BRMIYES0RAG 10 step ().

ant agoni sts thereof, as wel as nodul ators o
activity. Those sKki | ed in the art will recognise that

vari vv| |l C or decease th

Lo Rl B SR8 B e i i el whih
antaBomsise ihe fan&ioﬁuﬁmmt bf GRRY4

agtl\s/%t ed GPR54, ) %I nd to &%glé[ptand V\gﬁzogﬂ%sﬁ%ﬂ

PCT/ GB2003/ 004479 12 increase its activity; agonistic

. do fhe. s or

e e T b o8 AT s

polgP&iitieor endogenous GPR54 itself. Antagoni sts and

ant agoni stic nodul ators may act |ikew se, but to

decrease the biological effect of GPR54. 5 As

" ef @)iiRdihe tRRE Bhdlof £Erd fikfinals

%) . \ %ant ageoasﬁ%?et twg'ar?aq?lnm G%Inlglx?]c}) Ot‘%m%l ﬁPRSA'

antn&mwts Whmhafceq:raiallly antajgenismatiiedst o agpeyt SRGRRS£activitgm

the group consisting of the foll ow ng: nouse, rat,

gui nea-pi g, rabbit, hamster, gerbil, cat, dog and

MONKS) YestiRB @cke Hkb ot Bbré Mainifiletdatd 4d AR ' ine i

this |ist QI s not intended to bea exh §Sst| egt%oﬁ))weétemmelf
thope-wenter mgmmeals have ansms more modhlatddrphersctenistics domptapedwith those

mami A& %ed éctcgﬁhmrs%p e%_t h a

Moreover, the invention provides the use of a transgenic GPR54 knockout

mammal in an assay for a biological effect of one or more compounds.

According to the above aspects of the invention, the term ‘antagonist’ refers to a
molecule which significantly inhibits as herein defined one or more functions of GPR54 as

compared with a suitable control.

The invention makes use of GPR54 itself, agonists and antagonists thereof, as well
as modulators of GPR54 activity. Those skilled in the art will recognise that various agents
will act to increase or decease the effect of GPR54, and that the routes through which this
is achieved will vary; thus, agonists may mimic activated GPR54, or bind to GPR54 and
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potenti al antagoni st of GPR54) neans to bring one or
nore cells conprising the mammal into contact (with
Wo@r@4/0880a0r e potential antagoni sts of GPR54). PCT/OBRG0RQO4479
to the above aspect of the present invention,
i ndi cators of aberrant 15 neurol ogical characteristics
i ncl ude any of those sel ect’¥d fromthe gr oup
consisting of the follow ng: reduced contact righting
refl ex and | ower Barnes maze performance. According
ina;rcas[eﬁ‘s aaﬁmiWyg agenisitd mofulttoes offGRRS4 a)mll,v1t§f|iﬂa}t(ﬁf the same, or increase
g / or norphol o
th “ab r r ant {)g&l}ggégve SYysS rm%‘}ag& S‘%ﬂ%lg CTPRngelltself
Aﬂt@élﬁﬁ’s%%{d Mfta &ﬂ%’h@%lﬁmia@&@ g?@fjflﬁim?@ﬁ)h creas the biological
i ncl udi ng cyc es) as conpar sdita rﬁrols,
efigolof GRR3.t erations in reproductive organ and
associ at ed organ norphol ogy as conpared with suitable
controls and alterations in sexual/reproductive
behany 1efdredo GEFRA Efamiial’t &&y%
Advant ag eouétloq;1 accg?eﬁngﬂto t%erﬁztaslb%eve aspect z?dvaﬁtageously
the m@maﬂ tﬂna Il@ﬂ-g@flm memsnal rPrefeeghly dveniamenad isyany selected from the

ared with U|table C | s jncl
AR RO of B SATRERE s b S Eeiete D ealoh st at. dog
and ﬁfdfﬁké)t IM@sOkill&infthd h@ Wil gpprotibeihm tBi 1ig€ialrfoah§en”a@§ to be
WO 2004/ 038021 PCT/ GB2003/ 0 4479 13 associ ated
exbpugYs, atrophy of stomach and sub mexillary salivary
gl ands, atrophy of nuscle mass and brown fat. Tests
for aberrant neurol ogical function, aberrant

re p Pedoding/ie thigatpors ofthd inveheon, ahnd teﬁﬁpfreedﬂ@-’ (the mammzal with a
ques an

T e M T L
mt&g&?cﬂétq%ﬁ%'e)br moré ot(eﬁt}al Qhta %&ﬁsﬁg?@ﬁﬁﬁ)em of the

i nvention i nvol ves estlng ose one or’nore manmal s

to determine if those manmal s exhi bit one or nore

characteristics exhibited by GPR54 knockout m ce and

whi ch are aberrant reproductive systens and/or

nor phol ogy. 10 According to the above aspect of the

|nvent|on the one or nore mammal s sel ected according
o Aceerdmetodheabaye amesteltbs pgﬂs@mmnn,ahdmtom af@berrant

neu?&%%ﬁgfa%a}factérﬂﬁés ﬂlrcﬁldg QJS{) of ﬁltoged setscted g e group cons1st1ng of the

erern descri
following: reduced contact righting reflex and lower Barnes maze performance.

According to the above aspect of the invention, the term ‘aberrant reproductive
systems and/or morphology’ includes within its scope any alterations in reproductive
hormone levels and/or patterns (including cycles) as compared with suitable controls, any
alterations in reproductive organ and associated organ morphology as compared with
suitable controls and alterations in sexual/reproductive behaviour as compared with

suitable controls.

Advantageously, according to the above aspect of the invention, alterations in
reproductive organ morphology as compared with suitable controls includes any one or

more of those selected from the group consisting of the following: atrophy of genitals and
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As referred to herein, the term functionally
i nactive' (GPR54) neans that one or nore of the
wo covessons nornmal |y performed by GPR54 pol ypepp@T6BR0d/004479
it is functioning in 15 its native environnment (that
IS wthin an in vivo environment) is significantly
i nhi bited as conpared with B control in which GPR54 is
not functionally inactive. Advantageously, the term
to functionally inactive' neans that nore than one of
asgaseatédipngris aroptyr ofstdnyachpadfsob medilayy GG gllweds, atrophy of
mfsu ecti o\r}}irna in i.ts native environnent (that is within
TG eSS T%%4onment) is significantly inhibited as
conpared with a control in which GPR54 20 has not been
functionally inactivated. Mst advantageously, as
r ef elrestsdor ebemaneneaurolpgiealtfenction, thement wpadduytivenctemseind

R el o5 PR B R e
faratiiar (OMBBNEkill&d HitBdadki cantly i nhi bited as conpared

with a control in which GPR54 has not been
functionally inactivated. Likew se, "functionally

I nacf j.ve, R54 l\eicq, acgid as herein.defjned encodes

25 PAh AR RERy SPRLOM o Bl oncF HEhE i Ppbei rafibepisoing those
on@ B0AHEBBAR I AT dtE2 DY 10 Gbdd Thambdal A6xHibik 8hE 8EmbR: characteristics

ago%{‘f the term_ significantly inhibited (GPR54
exinfiied by PRy dmeckauh atice and Whish pretabsmantatpradudtivesystome and/or
md dofunction in a manmal i an cell by honol ogous

recon%i nati on, as described above) is inhibited by at

| east 20% as conpared with suitable control. An

exanpl e of a suitable control is the same or a simlar
cel Pepprditgddhnbaye aapect ﬂ%t thginyertign.fbe eng orrapregpemmals selected

accObBhe kst D hrd af aRBEARBIGPRHS kh&'?(g{lﬂ Midenﬁ%&‘érm&,etﬂey ¥re
honol ogous reconbi nati on "as herein descri bed.
gengeated eengeding ko themimshadsrhereis degeiibecant | y i nhi bi t ed'
(GPR54 function in a mammal i an cell by honol ogous
reconbi nation, as described above) neans that at
| eagls refeereRiRhdteinliihetiédd  fuictiohRilPida8Ev PYGRR ShPRASInsIHH one or
40% 50% 60% 70% 80% 90% 95% as conpared with a
mors ok the fencsions Remallypetfomacdb GRR44 @olypeytider whert igistfunctioning in
: Y ipiat-ed: LN in. g
ts e GAREnaf RE i 1 O RGP ) ity imbibited a
congmged withch @intrebin witieln SPRIS4tis adt fusetiinalty thatiRh Advantageously, the
fungtion is i.nhibited by 100% as conpared with a
terrg E‘?t FRonalfy inagfive’ Apeans faat gnare tham agie 9 fedingiions pgrmally

perfoRRA by QPR SN @hERT FundiibRfie' iR %s nbfiNCeMRSIBEnttildl i@within an in

vivo environment) is significantly inhibited as compared with a control in which GPR54

has not been functionally inactivated. Most advantageously, as referred to herein, the term
‘functionally inactive’ means that all of the functions normally performed by GPR54 when
it is functioning in its native environment is significantly inhibited as compared with a

control in which GPR54 has not been functionally inactivated.

Likewise, “functionally inactive’ GPR54 nucleic acid as herein defined encodes

functionally inactive GPR54 as herein defined.
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potenti al antagoni st of GPR54) neans to bring one or
nore cells conprising the mammal 15 into contact

w@ moitl3sone or nore potential antagoni sts of GPRSHEB2003/004479
According to the above aspect of the invention, the
term one or nore nodul ated  characteristics of wild
type mammal s' refers to t hel%rodul ati on of one or nore
characteristics shown by wild type mammal s as conpared
with mammal s conprising functionally inactive GPR54
pol y‘@mﬁm‘@ tasbbnes, Hertente fsigraficanflyahleabiadl’ jG’PR64 function) means

AT A A e P 5 g
redRihatiNG adddsb N bdd/abeie) iy ‘ﬁﬂﬁl‘nfé& at 14t ﬂ)% ¥p sor%)gé& with suitable
The mmcs may mmc activated R54,

contiele Ain\examplerif 4 syifatie controltisithg shme Dhesmllkp me&m the same or

s S A Prok R s bS8 hhtoP e e by

hofiRsiods fecohBinaGBRad herei dkritai Ad@&ntigé@hﬁy Qhé‘?érﬂll éi‘gaiﬁcantly
encodi n one or nor e agonl sts or ant agonli sts of

inhipijed) §GPR34 funcgion i o manpaatiealcell by domelogoys regembination, as

o R 8P L PR R BOANRARTEY oo 30
4004, 68060907, BO%, 0%)VISIES a atsrcampg&ﬂlvﬁt}mslﬁﬁble control. Most

co r|S|n within at least a pro ortlon of its cells,
adw@%@%%& &t ‘sigadicantbymbiited’ Y funefimeingapansmadian cell

[ 4
by B0 SN EAR & e ﬁFst O e ehEe 5 Rdopr 4
furgtidn giphibitedby d 00%4t ag gomipsted with Giﬂﬁtblqmmln;tpbpt ide. 5
Advant ageously, the transgenic animal is selected from
the group consisting of the follow ng: a nouse,
humARcordin togH@taspéé?@ﬂ' the R/RKEYn, Qﬁ’éjteﬁﬁv‘frea-{ﬂl Sghé HlahlBd with a
in the art wi prec:latethat this Iist
poteniiad satagonist QfeG%BeﬁfBumans & bmmmmgone@eﬂmeomm the mammal

1nt@§&§§ét (&Eth lﬁg oi‘ H} ?Qé&tgﬁhaé an mﬁfgt ertglgg?f’%gﬁ glr,lis g Ing;lt :I ¢

fromthat SpeCIfIC animal. It may however 10
ori nate fromthat same animal type or breed. For

exaffPRding tp tharhoapreperbokihe mypndomihg tsem (pr agaeriegnodulated
chatdtgd:Rkies 8fwild ?i&&ﬁ%ﬂals@kef@[s't@ th‘Lél m&ﬁﬁét%a&l of more .

transgeni c an conprises w a proportron of its
chagagitdristics shown by wild type mammals as compared with mammals comprising

functionally inactive GPR54 polypeptide as herein defined. Preferably the modulation is

the restoration of a lost function.

GPR54 mimics, as referred to herein, replicate at least one activity or function of
wild-type GPR54. The mimics may mimic activated GPR54, or may mimic inactive
GPR54 such that they further repress functions which are themselves repressed in the
absence of natural inactive GPR54.

The inventors consider that GPR54 nucleic acid or nucleic acid encoding one or
more agonists or antagonists of GPR54 may be inserted into a mammal in order to

generate one or more therapeutic effects.
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exogenous DNA encodi ng one or nore agoni sts or one or

nore antagoni sts of GPR54 As herein described, the
wmoev4fossern transgeni c ani mal nmay be any one orP@DG82M3/004479

sel ected fromthe group consisting of nouse, rat,

nonkey, dog, cat and pig. Those skilled in the art

W Il appreciate that this 115t is not intended to be

exhaustive. Studies using GPR54 knockout m ce prepared

according to the present invention have shown that

t he TRRGaa fiothep esect) ¢he resens nwentiacprovides o eanspeaic animal
function,as Il as reprogductive function (]ncluding.
copliBFiRr RS et Egrt R gprEbhEN 1S cellaioligross dueietsid GicpAing one or
mé@ selebred FeRNME bt g h&kBas

i ncl ude but arbtegjf not ﬂnﬁghﬁl%gﬁ?gﬁgﬁ%%%g%@wh%ﬁ%#det fe
merg|ageyists gf GRRSH giotmmeptidsadsmeyor nere eqgagdrisis oAGHR 54 polypeptide.

epi | epsy. Such reproductive hornone rel ated

condi tions consist of any one or nore of the group

CONAdkhtagedislyl AR trdmebétivhmithal {sRe1e8RE ol ’gllﬁ'grg&& consisting of the

fertility, |libido and the onset of pubert ati1on
follpyyiagromesses hewaapat goat idseramenkesnoanese Those skilfed indhe art will

' . Qr_an nists .25 my be used in the
spfehth AR TP indios AL RRE R B gy " (PRD) | G her
conditions include nuscle wasting di seases, pain,
hor none dependent cancer and obesity. W 2004/038021
PCT/€potd todhe Ftepve pepeph gk theiipvention,thertermd sprgenous iusleic acid’
- :] rovide: the di agnosj s
mBpEERNc aM WAELPRORY bEa (8 B8P el fimfl B8 hSwever
origimatsi fedmn Kt sdmé hindad bypewir beged AFartexfiples a traf @RI House may

neur opat hi es _and. epi l.epsy, .the nodul ati on of
cogHtg (PR ESTFG G PR LSS OTER.  pubert y,
| act ati on, osteoporosis/osteopetrosis, menopause,

muscl e wasting di seases, pain, 5 hornmone dependent
can@esferably, » besigenicaoimpali wmpyiseseitsinesopdrtion séitecéllsng

of cells froma patient to be di agnosed,
ex s R e int opt 02 isfe PERpIFEor B adts AL Hls of GPRs4
activity of GPR54 polypeptide in those sanple of
cells with one or nore control sanple/s from healthy

i ndAyihgtein descripeds the merrmaneseamin eningsd maydrepsiyoms of more
i t.s. i 10, b { .
selggitd Mol Ohe Blou oohsiiibe fdlse, HNAGRT o, ¥t A 8 Vs sited
in the aet il dppreciatenthat thlisdipn i iténdeddd be agigwstivesondi ti on

sel ected fromthe group consisting of the follow ng:
Al zhei ners, sensory neuropat hies and epil epsy, the

Mo dghydies ABin@ {GPIeS4 kildck¥ut thick E)%af’erddacl:&ﬁing to the present invention
have shown that the GPR54 polypeptide is associated with neuronal function as well as

reproductive function (including reproductive cycles) as well as being associated with
other conditions. Such neurological conditions include but are not limited to any one or
more of the following: Alzheimers, sensory neuropathies and epilepsy. Such reproductive
hormone related conditions consist of any one or more of the group consisting of the
following: the modulation of fertility, libido and the onset of puberty, lactation,
osteoporosis/osteopetrosis and menopause. In addition, GPR54 agonists or antagonists
may be used in thé useful for hormone replacement therapy (HRT). Other conditions

include muscle wasting diseases, pain, hormone dependent cancer and obesity.
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onset of puberty, lactation,

ost eopor osi s/ ost eopetrosi s, nenopause, nuscle wasting
waele®emssee] pai n, hornone dependent cancer and POEEBR003/004479

conprising the steps of: 15 selecting a sanple of

cells froma patient to be giagnosed, and anal ysi ng

t he endogenous nucl ei c acidQ in said cells to detect

one or nore polynorphisnms in the endogenous GPR54

gene one or nore natural |igands of GPR54. Accordin .

to Thes, abofiethes pepett, tfe p:rlmnt mventionqmovidens metwdbiethe dipgnosis

o oL 20, L oL A Ol IR0 A Midkimrs,
serfbily El%gaﬁ’ﬁ s'aﬂd%ﬂ%ﬁ yGRBHbdalHoRI0f ferfilifs [iBidore kied éhset of

aci ligands conprise one or nore
pumdyyrmtanhm m,opamsxsmsrmp@cbm frienoprase Myssleawashing disicases, pain,
nples from heal t.h di vi dual d es that the
hoﬁf?ﬂiﬁe\fjie%’élfa% GREFH AR ‘%’ﬁ F e gzﬂs?e gt?gsc?lgken have any
one or nore of the di seases Ilsted above. WO
2004/ 038021 PCT/ GB2003/ 004479 17 According to the
abovdeampacample efwells fivena bafient tpcbesdingnasedf cel l's from

a patient may be sel ected using standard | aboratory
techni ques, which will be famliar to those skilled

in E&ﬁ{)ﬁ'ﬁfg thé\ex Gj%gﬂs%ﬂ Réelk andbpRAclidial hetivity SAGRR 5opalypeptide

activi pol ypepti de refer
in ﬁxusmsamme MA widrons Qrymere CPBFoksaTRIe Y émﬁéte?\ﬂéy individuals.
environnment, that is withinits cell. Thus, in a
further aspect still, the present invention provides a
et gl fifrtHer Eﬂl@oﬂﬂh@m @mﬁnaﬁ)h'ﬁmm Hﬁatrb'dhttienomits’pmtlilrehligands may
sel ected fromthe consi stin scl e 3% ng
be apedaskanogsdifeese. PR o oo BRSd for e

d1ﬁ%ﬁ8§§ 5f 2 8@ rr%s?%& Qéhdm §e?&)?&f RSthIHOSHaP E@ﬁsﬁﬁﬁigﬁ)f the following:

ances re ate to the rrenopause and
Alﬂibﬁmeﬂsyseilﬁbrg Gmmfdpsﬂll[ﬂ} anilepdemsp, e modatetion 9f fertilityalibidgiand the

on%ggp&é‘&e{gﬁf Box I y o&) Eﬂ%{sféc?s etob\F/t? ang?%g?ﬁi‘se,orp&scleo&rastmg

disfegsfek,ﬁa%ﬁn ASRAGRe déﬂ%ﬁd@ﬁ @&tk ah WL 66mPprising destépsefuse
of one, or nore "agonists or antagonists of GPR54 in

the preparation of a nedicament for the prophylaxis

d
e SHEGHY tonane Pr gk Thalifhu BEULER e RE 20 T O

pai n, inflammtion, hornone dependent cancer,

| act ati on,
analysmg the endogenous nucleic acids in said cells to detect one or more

polymorphisms in the endogenous GPR54 gene one or more natural ligands of GPR54.

According to the above aspect of the invention, those samples in which the
expression levels and/or functional activity of GPR54 is increased, decreased or otherwise
altered, or in which GPR54 nucleic acids or nucleic acids encoding GPR54 ligands
comprise one or more polymorphisms, as compared with one or more control samples
from healthy individuals indicates that the individuals from which the samples are taken

have any one or more of the diseases listed above.
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ost eopor osi s/ ost eopetrosi s, hornone inbal ances rel ated

to the nmenopause and obesity. |In a further aspect
w@riokio3soehe present invention provides a nmet hoRICT/GB2003/004479

mani pul ati ng the sex hornone axis in a patient

conprising the step of tre knng the patient wwth a

therapeutically effective i unt of one or nore

ant agoni sts or agonists of GPR54. 20 In yet a further

aspect, the present invention provides the use of an

ag om;&trdmug tatiezapome aspeof ofERREwWention the spmple af aelioiomsfa patient

mag e SFATES Using SaRaA ot pde e, vis A B e ety qhose
gﬂnayﬁnﬁégﬂ preferably nanlpulatlng the sex hornpne

axis results in the mani pul ati on of any one or nore
effect s or conditi ons WO 2004/ 038021 PCT/ GB2003/ 004479

f oI el;\; ; 3&' fcfe%l}%ryp exqp Qﬁlﬁatgo%%i%c%{vl}tgg%g{}l %EE B9 lgpeptide refers to
the%ﬁ&ﬁﬁ'%%ﬁ{a‘ﬂyj BB EdhEnblent it fid ®dRInSts cell.

Figure 1 shows the structure of the genom c | ocus of
nouse GPR54 before GPR54 5 knock- out Figure 2 shovvs

t hestruct of th

af t &P S@Hh%ﬁ’rﬁ}?ﬁ GEHE* S(}gle ﬂf—ergrgsreg %U ﬁ@s ruc l(} g the
treftinedt ¢ @RItikEh M %qiaﬁéntw‘é&dteﬂ @’onht‘h&@rmgﬂuﬁlswtlng of: muscle wasting

reconbi nati on of GPR54, including the rel.evant

diseases, prigy inglnunation, hamnquegispendent @REs125iABckout nouse
[ {

ostf:oepaotr&lﬁ &g&gﬁrﬁgﬁgﬁg&ﬁﬁgm %lgmggtfegazc&gff% t\%e ?x{é‘zﬂo %Mesle gll}]& YB&ity
corfipiti€ing theisesp. offtregting tetpasihoweit & thergpeatiediyaiffegtivnanowtt of one
wi | dtype m ce and, Fl L%%%? nmutants. Figure 6 shows

or PIRES BagonIsts TASORIsISP ‘ftop) and knock-out mice
(bottom. 15 Figure 7 shows a graph of the results of
the Barnes nmaze test conparing behaviour of the wild
t y pén peta furtbelaspert, tire peeseirtiigvansion patvides the esepione gF more

agoms%s g{tggaolms%s & éﬁRgE 1rl1< 25 léep%yz{tlolq]o‘t’g ‘medicament for the prophylaxis

or treatment of a condition in a patient selected from the group consisting of: muscle

wasting diseases, pain, inflammation, hormone dependent cancer, lactation,

osteoporosis/osteopetrosis, hormone imbalances related to the menopause and obesity.

In a further aspect still, the present invention provides a method for manipulating

the sex hormone axis in a patient comprising the step of treating the patient with a

therapeutically effective amount of one or more antagonists or agonists of GPR54.

In yet a further aspect, the present invention provides the use of an agonist or
antagonist of GPR54 in the preparation of a medicament for manipulating the sex hormone

axis in an animal.

According to the above two aspects of the invention, preferably manipulating the

sex hormone axis results in the manipulation of any one or more effects or conditions
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Figure 9 shows a graph of the nean testis wei ght of

wi | dt ype and nock-out mce Figure 10 shows a graph of
wo ba4mossam muscl e wei ght of wi | dt ype and nock- oRCT/GBe@3/004479

WD 2004/ 038021 PCT/ GB2003/ 004479 19 Figure 11 shows a

graph of the nmean adrenal ?%and (Figure 11 a) and

salivary (Figure 1 |b) weirght of w | dtype and

nock-out mce. Figure 12 shows a graph of testosterone

| evels frommale and femal e GPR54 Knock-out mce
selentetdpiroradhd growp lcdnsisimgrof the. foHowingy Festility, Ebidascantigeephion and

of ,oestradiol levels in femal e knock-out mce. Figure
PreqORIQURNOHY-gr aph of FSH levels in femal es (Figure 14a)

and mal es (Figure 14b) knock-out mce. Figure 15

shows a graph of LH levels in serum (Figurel5a) and in
BRIEF DESCRIRTIORIQRFHE FIGBRES 10 Fi gure 16 shows an

el ectronic Northern. DETAILED DESCRI PTI ON OF THE

| NVENTI ON  CGENERAL TECHNI QUES The practice of the

Pr epRite 1 Y the Briithie of B Q¥omiklloesSoDhbeIWEBRS 4 before GPR54

i ndi Cated, conventional techniques of chem stry,
knonistamtul ar bi ol ogy, m crobi ol ogy, reconbinant 15 DNA

and i mmunol ogy, which are within the capabilities of a

person of ordinary skill in the art. Such techni ques

ar eFRxRl 256 the strli@ulel df @icdgdnbmic Bees of mbuexGPRS £aftct. GPR54

Sanbrook, E. F. Fritsch, and T. Maniatis, 1989,
knogstay¢ul ar O oni ng: A Laboratory Manual, Second

Edi ti on, Books 1-3, Cold Spring Harbor Laboratory

Press; Ausubel, F. M et al. (1995 and periodic

SUpPigarER tlsowahe keadtuRroftadagkting veckdr wsedi farhoBiodd geyy ,

ch. 9, 13, and 16,. John 20 Wl ey & Sons., New York,
recpmbinptiomof RER 54 includig the wlevaptireptriclian sites 995 DA

I sol ati on and Sequencing: Essential Techni ques, John

Wley & Sons; J. M Polak and Janmes O D. MGCee, 1990,

| n Bigure 4y frondi alatdckont nivisa biaih slicesand Fbgure i ieksteroxygsieiand

University Press; M J. Gt (Editor), 1984,
wilg)tyRsdftlef-eot i de Synt hesis: A Practical Approach, Irl

Press; and, D. WD 2004/ 038021 PCT/ GB2003/ 004479

Figure 5 a show the testes of wild type and mutant mice. Figure 5b shows the
preputial glands of wildtype mice and Figure 5S¢ mutants.

Figure 6 shows the ovaries for wild type (top) and knock-out mice (bottom).

Figure 7 shows a graph of the results of the Barnes maze test comparing behaviour

of the wild type and knock-out mice.
Figure 8 shows pictures of the vaginal smears of knock-out mice .
Figure 9 shows a graph of the mean testis weight of wildtype and nock-out mice

Figure 10 shows a graph of the mean muscle weight of wildtype and nock-out mice
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20M J. Lilley-and J. E. Dahl berg, 1992, Mt hods of

Enzynol ogy: DNA Structure Part A Synthesis and
wehoogiossakl Anal ysi s of DNA Met hods in Enzynol ogBCT/GB2003/004479

Academ ¢ Press. Each of these general texts is herein

I ncor porated by reference. R54 5 For the avoi dance

of doubt, the term " GPR54" ould be taken in this

docunment to refer to any of the follow ng sequences,

identified by the rel evant GenBank accession nunbers:

NT diawessd]lsbews & gpipbed thehmeanosieral gand éRigniect lapatd glivary

0 4. MIS cul us G.praotein-coupl ed receptor 54
(F%rgﬁ ,‘Ak’eﬁ%élﬂ? W%?é@%@%@o €l us G 10
prot ei n-coupl ed receptor 54, nRNA (cDNA cl one
MEC, 27839 | MAGE: 3488082), conplete cds; M 032551 Hono
sapifégige & phowet grapb of leststeegevels Ham(BRRaM] fenmdRIGPR 54
K@%{—?@&%c@a us; nor. i cuseG pr ot ei n-coupl ed receptor
r54), HRNA; “¥CRat t us norvegi cus
chronmosonme 7 WGS supercontig; AK039628 Mius nuscul us
adult male spinal cord cDNA, RIKEN full-Iength
enr FEER 13 shavay 4 graph of pestredioB Bl 5 G2nale knock-out mice.
product : G PROTEI N COUPLED RECEPTOR GPR54 (G PROTEI N-
COUPLED RECEPTOR 54), full insert sequence; NT 039496
Mus Figuse 14 sisow<hpraph 8 OFSH 16y eUSin Foingles PRiking, 148) A Rales
.CB?EJ&/ Séé6€Y029541 Honmo sapiens putative G
(Fighs{ R)rneekigrE®iGeecept or MRNA, conpl ete cds; AF343726
Mus nuscul us G protein- coupled receptor GPR54 (Gor54)
MRNA, conpl ete cds; AF343725 Hormo sapiens G 20
pr oFigure Losipivexh greple pf bH 16RR54 seamREd puRdy).and o pltaity (Figure
15 SdS; BE506644 db65f08.yl Wellcome CRC pSK egg Xenopus
tfaevi s cDNA clone | MAGE: 3377895 5' simlar to
TR QZOT7 QZOT7 ORPHAN G PROTEI N- COUPLED RECEPTOR
GPR54. ;, MRNA sequence; BB261471 BB261471 RI KEN
f ul Figneenkft shosysranchentronie Nierlermeonat e cer ebel | um  Mis
muscul us cDNA cl one A730098N23 3' simlar to AF115516
Ratt us norvegi cus 25 orphan G protein-coupl ed receptor

DETAREY NESeRiNoN I INMANRIALENCE, AF115516 Rattus
norvegi cus or phan proteln-coupl ed receptor GPR54
(GPR54) nRNA, conplete cds.

GENERAL TECHNIQUES

The practice of the present invention will employ, unless otherwise indicated,
conventional techniques of chemistry, molecular biology, microbiology, recombinant
DNA and immunology, which are within the capabilities of a person of ordinary skill in
the art. Such techniques are explained in the literature. See, for example, J. Sambrook, E.
F. Fritsch, and T. Maniatis, 1989, Molecular Cloning: A Laboratory Manual, Second
Edition, Books 1-3, Cold Spring Harbor Laboratory Press; Ausubel, F. M. et al. (1995 and
periodic supplements; Current Protocols in Molecular Biology, ch. 9, 13, and 16, John
Wiley & Sons, New York, N.Y.); B. Roe, J. Crabtree, and A. Kahn, 1996, DNA Isolaiz'on
and Sequencing: Essential Techniques, John Wiley & Sons; J. M. Polak and James O’D.
McGee, 1990, In Situ Hybridization: Principles and Practice; Oxford University Press; M.
J. Gait (Editor), 1984, Oligonucleotide Synthesis: A Practical Approach, Irl Press; and, D.
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WD 2004/ 038021 PCT/ GB2003/ 004479 21 GPR54
PCLYPEPTI DES As herein described the term

w0 Rolgpsept | de” refers to any peptide or protei PCT/GB2003/004479
conprising two or nore am no acids joined to each
ot her by peptide bonds or Egdified pepti de bonds,
i.e., peptide isosteres. | ypeptide" refers to both
short chains, commonly 5 referred to as pepti des,
ollgopeptldes or oligoners, and to | onger chains,

M. gehiglephhd/J. /E: Deihfbees, 1002,aderpodst @‘Emm@gydéﬁﬂ Sﬂe@twra{r’arm

Syngﬂpoﬁg;q(agzlngd’ah?gzrc]gl z%al)gs;%g[lg}g@yet cﬂi@ﬁg ggzgngﬁgeﬁg?a@%mm Press. Each
oftﬁ?s%%ﬂ ?te%q héigth 1ﬁ€:5rb§1rate@byri@fe%r@le processes, such

trans ational processing, or by chenlca
nodi fi cation techni ques which are 10 well known in
the art. Such nodifications are well described in
ic texts and in nore detailed nonographs, as well
as in a volum nous research literature. Modifications
can occur anywhere in a poly eptide, including the
pemedthe laamklm@f dols, thaiteron HePIRSE) s@euldcbféalﬁ@l laﬁBPStdﬁémnent to

refe[rﬁg a1§3§l ﬁ,éth[e%ﬁ g s%%{ﬁrmﬁnsg g‘ep%%%th% %el%?%{é SenBatikcs %&%on

nuSB4E: or varying degrees at several sites in a given 15
pol ypepti de. Al so, a given pol ypeptide nmay contain
many types of nodifications. Polypeptides maybe

bfa@@gﬁ 1255 Golpf hibns Bl At 101 b @m% AN Y09244 Mus

mubbAeGgeotaimdcdy F)wﬂcrh@tdnﬁdl (Gpryn)) mBRPY; |B{é&16|5§}/ Muwssmuhsculus G

from posttrans

prown§9mlh@r@cepmgﬁpég§N%gmﬁ4 elanp ST ehb IRGES 4BRE),
o B8l a0 iMighb SibiaiEprdiBR= el Abep@SHIEPREA), mRNA;

atta [ avi n, coval ent attachnent
NMT023952 Rettnon@yygicesos praein-caupled herstor 6 (GPrHdBBMAde

o L 5o e A s LA R P
mugaﬁﬁf’mﬂlﬂ Iﬁﬁlle'sﬁﬁfél Eal cDBAQFTIKBNK fulBlengicntizidd library,

oA RO, 0L Len SSTEL 8y o kG ARLL R3 flomeny.
e
chroRBsHRk i101Eendraidvontf) wnin GYTBEOEYA 024 Huhol aamcm; putatlve G
BLoteolytic processing. BoSHNOL ALbRRr, PLEMIAE Bocin
coupled receptor GPR54 (Gpr54) mRNA, complete cds; AF343725 Homo sapiens G-
protein-coupled receptor GPR54 (GPR54) mRNA, complete cds; BE506644 db65{08.y1
Wellcome CRC pSK egg Xenopus laevis cDNA clone IMAGE:3377895 5' similar to
TR:Q9Z0T7 Q9Z0T7 ORPHAN G PROTEIN-COUPLED RECEPTOR GPR54. ;, MRNA
sequence; BB261471 BB261471 RIKEN full-length enriched, 7 days neonate cerebellum
Mus musculus cDNA clone A730098N23 3' similar to AF115516 Rattus norvegicus
orphan G protein-coupled receptor GPR54 (GPR54) mRNA, MRNA sequence; AF115516
Rattus norvegicus orphan G protein-coupled receptor GPR54 (GPR54) mRNA, complete

cds.
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sul fation, transfer-RNA nediated addition of am no

acids to proteins such as arginylation, and
wa@biogisgoenat i on. See, for instance, Proteins -PCT/GB2003/004479

Structure and Ml ecul ar Properti es, 2nd WD 2004/038021

PCT/ GB2003/ 004479 22 Ed. E. Creighton, W H.

Freeman and Conpany, New Y%]rk 1993 and Wl d, F.,

Posttransl ational Protein Mbdifications: Per specti ves

and Prospects, pgs. 1-12 in Posttransl ational
GPRo4acaveEMIIESI cati on of Proteins, B. C. Johnson, Ed.,

Academ c Press, New York, 1983; Seifter et al.,

"Anal ysis for protein nodifications and nonprotein 5

Cof ! & #dorpablean

e Rt

corh{mﬁblﬁg tvat dransreantnd\géidgionedrin ehphiather tsareptide boyds or modified

663: 48-62. The. ter i.ant
peptida i £ e PRSI T ESTo o RE] LI R et i, gopmonly
reférfl%gletptals gg?tidég | 41 pé&tiies BPSlid dm’drs Qfd @f longar dhairdspgeretally referred
on of .~ repl acenen del etion of or
to @quloteinsrPaljpeptides wey oxtain aating QCIQ%P@GIT thawfhs2Q geng-encoded
sequence. Unless the 10 context admits otherw se,
amprdsiences to "GPR54" and include references to such
variants, honol ogues, derivatives and fragments of

GPR54. Were reference is nmade to the 'reg p

act [‘Rolypeptides™ iptlofe gining acitsqapencgs medified e B?t“’é?ﬁ ppcesses,
suc%Eals gg%ﬁrdgs&a} %ﬁ% tr&!egﬁn?c or b'y%;lglﬁg:t%?%ih&o cEh& teEIi’mEﬁ% which are
well ka8 Rh e the At ISUGh ﬂ@dﬁﬂd&hbm araetell\desdribsd ox baamtemsea@d in more

detierboProRRS PNl ot Bt IS FReERUtPr e R egions can
occ@g gnn%f}‘ﬂé%sfg éﬁ? & %@E{é‘ﬁ{devinkhﬁﬁlgothe bagideRStbone B glino acid side-

tivity, and nmethods of assaying
chainlargiltha tivfing orgpartmeybteaminivie wilkbe apprecipied Wit ithe Jame type of
and are descrihed in detail
eloiann e e W e bk B8 L S0t gen
eh bReh polpkpiadd ey osntaifintm saxﬂnmb&ﬁcmwns,e

po%%ﬁcﬁ%gnetgg? r?o%g) gﬁ%l eg}tll dnes or gnt?l?o acid

re3|dues respectlvely, are absent. As used herein an

nu Cﬁ’g&p‘eop deg ‘r?qujafléh%ﬁ 'a?estuﬂ%tfuﬁﬁ tibf), fad they may be cyclic,

m no aC| sequence has resulted
withibriviehcad Biantloing of yadicebranchredrand brenicbeit ¢§d:bs polypanii¢es may result

Frome oA SR GO OS PERIY Do ARG OB YRt peifods.
cﬁﬂpa?fo'ng P‘ﬁ IR ackSBitohSadylion! RDPEI%US?I&&HE NHmidhtiéH) @ovdlent

re nucleotides or amno acid
attachment of flavin, covalent attachment of a heme moiety, covalent attachment ofa

nucleotide or nucleotide derivative, covalent attachment of a lipid or lipid derivative,
covalent attachment of phosphotidylinositol, cross-inking, cyclization, disulfide bond
formation, demethylation, formation of covalent cross-inks, formation of cystine,
formation of pyroglutamate, formylation, gamma-carboxylation, glycosylation, GPI
anchor formation, hydroxylation, iodination, methylation, myristoylation, oxidation,
proteolytic processing, phosphorylation, prenylation, racemization, selenoylation,
sulfation, transfer-RNA mediated addition of amino acids to proteins such as arginylation,

and ubiquitination. See, for instance, Proteins - Structure and Molecular Properties, 2nd
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25 different nucleotides or am no acids, respectively.

GPR54 pol ypeptides according to the present invention
woreon4ab$o1 have del etions, insertions or substPCT/GBRINS/004479

of am no acid residues which produce a silent change

and result WD 2004/ 038021 PCT/ GB2003/ 004479 23 in a

functional ly equival ent ani# acid sequence.

Del i berate am no acid substitutions may be nade on

the basis of simlarity in polarity, charge,

Ed oT ubiCretghtonh YW D Hredahai 4nd, CorhiyghiyoNbivl Y k! 199383¥ Wold, F.,

t he anphi pathic nature of the residues. For exanple,
P %Eﬁ%ﬂf%’éw rotein Modifiaatians: dearwectives pud Erespeersi pgs. kd2dn
i jd: j ti i N cids, .
e o BN B P AL G, G G h e Press,
New Ylod, QQF3 i Ser oo eh,d‘ﬁg@'ad)}mr',EfSr biﬂw&iﬂ glo@iﬁdakiailis and nonprotein
r | t C euci ne, isol eucine,
col SR Bt L b T e B, et Ot
PoStéfahfl8tiorall I\ME&%OM’MXE%%?%&E@%%P&Q SN ?§92p %g,?: HREr

NUCLEOTI DES AND POLYNUCL ynucl eot
generally refers to any polyribonucl eotide or 10

ol ydeqxr.i honucl i de, whj, may. be unpodi fied RNA or
Bmﬁeq%mb%%@tﬁq o&olo%?%e@@/t&yﬁﬁeq 4 gmend’ in relation to the
rdsefd i pkhtioWiitid}dd arlyl siibdtRbfi QDo VAR iModificati
P doubl e- str anded DR’IIA DNA t%at I's a mxture o %ff 1r%)llaecfmlemOf’
delgHiem gbomadslitian efipme dormgred aminasicidyfrem carid 2 sequence. Unless the

N nd.. Jhat, .i i xt.ure of _
coff e R el G PR el B g eResi e spdarants
homolpuess idegvdiives andifrifdAerith af GPR$4be singl e-stranded or,

nore typically, double 15 stranded or a m xture of

si ngl e- and doubl e-stranded regions. In addition,
" POy L Oe f ¢ ' -.sb.ranged r.egions, .,
comy et S mARAE IR B PRt P ora
recpjotoy suehl as (¥RRe, Hesotarms larciaenDbd® refer R\NAS n@é’tﬁﬁ(ﬂichl’ﬂrlpﬁysiological
ope o dified.bases .and DNAs. or RNAs with
furglich BRI epenion inehudie ey axfivitissror dmamyefl gdHes o these
actividixsdivitie decrORs® tnd BFhBIE Side fPlecte X1 Iirﬁvlucfeﬁ'a%é/ %ﬁ{ agic and

. bases and unusual bases such as inosine. 2 riety
IIgRNQgsacf ctizities a8 thedsSPRerecepior Exompis of (P CRNAGtivityusnd methods

of asPRPHE FRl Ao HRRP RN PR EnE P iy RE FaBpredsched in
detaiy pisewhdry i thisvdboumenst ure, as well as the chemi cal

forms of DNA and RNA characteristic of viruses and
cells. "Polynucl eotide" also enbraces relatively short

Pol XeuedEiréifl&SdeflibfMis defined as a change in either nucleotide or amino
acid sequence in which one or more nucleotides or amino acid residues, respectively, are
absent. As used herein an “insertion” or “addition” is that change in a nucleotide or amino
acid sequence which has resulted in the addition of one or more nucleotides or amino acid
residues, respectively, as compared to the naturally occurring substance. As used herein
“substitution” results from the replacement of one or more nucleotides or amino acids by

different nucleotides or amino acids, respectively.

GPR54 polypeptides according to the present invention may also have deletions,

insertions or substitutions of amino acid residues which produce a silent change and result
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referred to as oligonucleotides. 25 It will be
understood by the skilled person that nunerous
woekestoede sequences can encode the sanme pol BEBEEBR@E/004479
as a result of the degeneracy of the genetic code. WO
2004/ 038021 PCT/ GB2003/ 004479 24 As used herein, the
term "nucl eoti de sequence” #¥fers to nucl eotide
sequences, ol igonucl eotide sequences, pol ynucleotide
. sequences and variants, honol ogues, fragnents and
ingefnetionplle equivalerainits acid sequepes. Dietibaratehmniaohyid sibtitutions may

T S DR i e O
hydesppliesitst srrnsiate %pﬁipﬁﬂﬁ@ﬁﬁﬁét&f%ﬁdm.ef‘gxe%(rample, negatively

represent%ggsﬁhe sense or antisense stran
chayged iaping inplude asparticTaved tret ghitand¢ ecitj pisitbetiuereged amino
ared by .use of r.econbi nant t.echni_ques
o O R 5 i i RNy aop G ncred POHRS T gfoups
ha¥inigGireidirigarcphaieeycaluelBihedcIbWbine] O 1duBIEByali@r %L?E‘i'hé; alanine,
“honol ogue”, "derivative" or "fragnment" in relatfon to
aspRReing ghHaREes sermgethreaning, phe¢nylpdamang; asdigosineit i on of |

variation of, nodification of, replacenent of,
del etion of or addition of one (or nore) nucleic acids

GPRSNNUCLEOTIDES ASBRENOVU@E0dISHSRS4  nucl eot i de
sequence. Unless the context admts otherw se,

references to "GPR54" and "GPR54" include references
to % Lanst ' i .and
{1 aghEnb Ao Send TR I R i AR BREENS o 11
pobydeerrittonuclestidyn winief by b@m:mp«ﬁﬂfé&i iRNA 01(; DNZ/ead ﬂnﬁ@ifﬁ@WA or
sQci at e i.seases, it is . useful .tq deternine the
DN o BB o ST e WESDRBUI AR 9helen i oyl rended DNA,
D& Bt 6o AlixtufBrailele- ahll dSubRRLAAES KBBKO sindd Qﬁ% ﬂBlglélF—lstranded

may be used to determ ne the organs, tis$sU€s an

RNAypad RN thedlis misgurerd sitigleelangd dowhledstrandegd esgions) hybiid nolecules
coffgls DAY TR REPE o B0 a5 Pt b35S LRl ot

strdile bS & ntix@nRsof difglasthd dSubld STtmEédVecbRY. [81238it#R8, “polynucleotide”
d to assay expression of the GPR54 gene or

ref%an?é%ie-smd@d e GomRpTIReRYS rdPNAcr doth RNAgandi@NA. The
teng?gg}ggléieggdeﬁglg%ﬂcﬁ]&% Pg’%ﬁr RRAS légﬁta%gne ' RE&HBRed bases
and DNAs or RNAs with backbones modified for stability or for other reasons. ,
“Modified” bases include, for example, tritylated bases and unusual bases such as inosine.
A variety of modifications has been made to DNA and RNA; thus, “polynucleotide”
embraces chemically, enzymatically or metabolically modified forms of polynucleotides
as typically found in nature, as well as the chemical forms of DNA and RNA characteristic
of viruses and cells. “Polynucleotide” also embraces relatively short polynucleotides, often

referred to as oligonucleotides.

It will be understood by the skilled person that numerous nucleotide sequences can

encode the same polypeptide as a result of the degeneracy of the genetic code.
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Northern analysis is a |laboratory technique used to
detect the presence of a 25 transcript of a gene and
WO pwalosses1 t he hybri di sation of a | abell ed nucl POL/G#2003/004479
sequence to a nenbrane on which RNAs from a
particular cell type or tissue have been bound. WO
2004/ 038021 PCT/ GB2003/ 004449 25 ( Sanbr ook, supra,
ch. 7 and Ausubel, F. M et al. supra, ch. 4 and 16.)
Anal ogous conputer techniques ("electronic
Nor tAsersad hyreap pheyterny “BloSTideayqusacei'seftrs o mekotte fajuences,

1.i dentli al or related mfl? ul es in nugl eati de dat abases
oHghRiIcrEestugResopolymerleqiide amien ez ema@eant hepploguss, fragments
anPAafivaloethiredf @ﬁehsélél}io%tiéﬁéﬂﬁe&&%.al‘}ﬁ' dﬁl&gp@&qﬂéﬂé}héﬁﬁé DNA or

in that they nmay 5 be faster than nultiple
RNV 91 eenoanip 95 sxhthgtiordrdecoabinans origim veltidh mayrbe dobble-stranded or

- Ltihvity of the conmputer search can be nodified.to
P B P T o 5P 58 5 SR i ot
ThaSerfa@rleotitle b&];ﬂéh&gﬁuﬁ be Efé?alféﬁ by 46 bERICOABMaRMONA techniques

pol ypepti des of the present invention, including the
(fos exarle.Jecumbipart NAYe, may be enpl oyed as research

reagents and materials for discovery 10 of treatnents

and di agnostics to animal and human di sease, as

expPasferablyi thefteimi MauclsbeidaistquenteSainbias ®NA. t hi s

docunent. EXPRESSI ON OF GPR54 PCLYPEPTI DES The

Expressi on of GPR54 pol ypeptides is required for the

gen QR «Qf - PR [.bod] e ¢ ction,.

A gony 21 Varid ] RomBllap SRR U ol Th PR o the
pregéntlimventice inclwleenyrsabsitatidn af] egiatiah by, medifiveionRRéplacement of,

ol tide, the nucl eot|de sequences encodi ng GPR54
acffton BB dgEion oL par {SHESTS BICIGE APGAT LS toRh Sgpenget a GPRS4

nud]18stR¥els8Glent & lOn18RRKO B8k BRI R LARSWRE, rLRFLRES %c’lc;‘r@lﬁfg’ and

vect or which contains the necessary el enents
“GPRafsiaelugde refareanes tosuels vaiantsnhahologues, derivatives autfragments of
GP%Eguence: Met hods which are well known to those _
SKilled in the art are used to construct 20 expression

vectors contai ni ng sequences encodi ng GPR54 and

appropriate transcriptional and translational contro
EXEE&%E&¥§§SN¥&EQR s include in vitro reconbi nant

DNA techni ques, synthetic techniques, and in vivo

genetic reconbi nation. Such techniques are described

i n Beorerdoldesign ust¢fubtherap@ @R ;folpdatingIGIR 34 Beddiged diseases, it is

usehﬁ k%c? Elgtter%' e %?engx%lréssfolﬂ'prgﬁle %’f GPR54 (whether wild-type or a particular
mutant). Thus, methods known in the art may be used to determine the organs, tissues and
cell types (as well as the developmental stages) in which GPR54 is expressed. For
example, traditional or “electronic” Northerns may be conducted. Reverse-transcriptase
PCR (RT-PCR) may also be employed to assay expression of the GPR54 gene or mutant.
More sensitive methods for determining the expression profile of GPR54 include RNAse

protection assays, as known in the art.

Northern analysis is a laboratory technique used to detect the presence of a
transcript of a gene and involves the hybridisation of a labelled nucleotide sequence to a

membrane on which RNAs from a particular cell type or tissue have been bound.
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and 16-17, Cold Spring Harbor Press, Plainview, NY.)
and Ausubel, F. M et al. (1995 25 and periodic
WG applsseent s; Current Protocols in Ml ecul ar BP@I/G89003/004479
ch. 9, 13, and 16, John WIley & Sons, New York,
N.Y.). WO 2004/038021 PCT/ GB2003/ 004479 26 A variety
of expression vector/host st ens may be utilised to
contain and express sequences encodi ng GPR54. These
i nclude, but are not limted to, mcroorgani snms such
(Saatbrodkasten,i ch. 7raad HusubebdF. Wit ¢t at. supmapindrand 16.) Analogous

cOm PTG ER Lo A PSS A7 R AT Plad SR 3o o search for
ideMBGH BF Rlattd'®8fdcufes il niY&iBBafabisel SEhaR (WnBank bf #e LIFESEQ

expression vectors (e.g., baculovirus); plant cel
datshest @meyte Phashareutoils) vl hik typeof snalygs basidyantogastintkat they may

e, 0,, cayl.iflower nobsai ¢,.virus (Ca r. topacco.,. .
be b tian S ipls mEotRr I BebeiVhiart o A acBlioh QB S Ritivity of the
codtbi¥edrch afl be mbdiftdd t8BRARink ! vAsdd ahy B&'ticul@f‘trﬁﬁih i€ edtbgorised
systens. The invention is not limted by the host cell
as exapl @yhetholageas” cont rol el ements" or "regul atory
sequences"” are those non-translated regions 10 of the
vector (i.e., enhancers, pronoters, and 5 and 3
unt TROb1ghesledtRIgs aidpolypéptides of the pedsentdhtdntionsihcluding the
cellular proteins to carry out transcription an

d :
propesdesrrabadoaboverty bt enpleyad srerpscayey gty ndTpatenals oy discovery
f %gr{xétﬁ? %‘é Hﬁgﬁgstig%)gooﬁﬁ%%dg@rﬁs%ﬁi%’ééﬁé Q5 e%ﬂ%@mrf"ﬂ?ther detail

I Sed, er @ transcription
els@vigkrd frothi doicimientel ement s, i ncl udi ng constitutive and
i nduci bl e pronoters, may be used. For exanple, when

cloning in bacterial systens, 15 inducible pronoters

16 ghg,?;lﬁy@pbg@%ﬁ onoter of the BLUESCRI PT
p agerri8 Stratagene, La Jolla, Calif.) or PSPorT1l

plasmd (G BCOBRL), and the like, may be used. The

ool 1S B tepLOBFA BaRRRTEIES s aR oo P hepfalidf B berss
antfHRARISMiH mBY Bcties b gdifistger arli&itnistORGPR AR &SQibalitbrein.
storage protein genes) or fromplant viruses (e.g.,

viral pronoters or |eader sequences) 20 may be cl oned

if Pg% é}-gee: %lee%gggss a 'bﬂﬂg@m @0 @ﬁiﬂﬂ%ghn%glﬁde LR tiRe

genes”or “from manmal’l rises are
seqRéRies eaddding GPREY ot homelbgaes vyridnts, ge deriattigestherol ateiingerted

. that contains nultiple copies of,.the sequence encodin
It R aPTe SRR ALY Vet or s VE: EHpich oy T e getnts for
the MBS ol ah n3RIZRR Ot MsBriSEbsitARqBedBR! ker .

Methods which are well known to those skilled in the art are used to construct
expression vectors containing sequences encoding GPR54 and appropriate transcriptional
and translational control elements. These methods include in vitro recombinant DNA
techniques, synthetic techniques, and in vivo genetic recombination. Such techniques are
described in Sambrook, J. et al. (1989; Molecular Cloning, A Laboratory Manual, ch. 4, 8,
and 16-17, Cold Spring Harbor Press, Plainview, N.Y.) and Ausubel, F. M. et al. (1995
and periodic supplements; Current Protocols in Molecular Biology, ch. 9, 13, and 16, John
Wiley & Sons, New York, N.Y.).
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In bacterial systens, a nunber of expression vectors
may be sel ected depending 25 upon the use intended

w0 o004/3¥821 pol ypepti de. For exanpl e, when | ar geCT/GB2003/004479
quantities of GPR54 pol ypeptide are needed for the
i nduction of antibodies, vectors which direct high
| evel expression of fusion %otei ns that are readily
purified nmay be used. Such vectors include, but are
not limted to, nultifunctional E. coli cloning and
exprayetiety of exprossiomsvastor/hast BridES ORIy L(tﬁtsetﬂitcﬁgmteel) and express

whi ch t.h GPR54 tid
AL M e T S SR
batRfia tia8sfarheDwitR kéBoRdinMEbadtéitbph ge VasgR9 4r Q§<?19i%]DNA
PCT/ GB2003/ 004479 27 subsequent resi dues

eXpIpsEen Xeqtess; yeaskiransfarmad withhydasti axprassive vectors; imsed oelbslystems

RO Oy O 5888 o P THREE SSB o

witteeines sxplddsionRegetorsNB.E, SeiifloW & nosaRYvifls $Cal8/) lb?@‘&batz&) mosaic
express foreign paol ypeptides as fusion protel ns wt

virgs &?MM)D ehwith ?tﬁﬂélfeéP%%mQ YIS (-6 aemepﬁmzmemds) or

05808 8 0,8 LA, A Raf 08 Lo

gl ut at hi one- agar ose beads followed by elution in the

preggnce of f l,ut at hi one. Proteins made in such _
syst ieﬂaf‘@g% PR SEPERRIOTY SEQRFBCHE PEg thase R Easiated regions

of e \fe@ﬁ)‘i'?ire XAHBAGEE PRENGERINRDP and!DP %.ﬁtrér% &0 éf P@) which interact
cl oned polypepti dé of | ntérest can be re ease
Wlthﬁeasegﬂuﬂmupeotymatto cariy dut th@sdripticheny easdlatiac Shelr clemests may
I.si.ae, unbe ect nt ai ni n

i ETE T SN Y OGO I —

any BEHBEL ofuR 16 krafehigasE anPRehsPHdn DS, Usthin 96nst1tut1ve and
. reviews, see Ausubel (supra) and Grant ét al. (19
ln%lbﬂronr@nmczrymay ba s dplig-axample, when aloaingih @a@epalasmstems

T e L e
(Steatygent, loa FollahpEnlif) orfASPOET EpRsmiIGIBE WRRIP), £hd thé likd, may be
Hoge%i such the 35S and 19S praonpters of MV
us ? Qs POREedigR PIENQIEHBAY BE PRsd thinsctaels. dirergaters or

enﬂaﬁ@@{@ HeSPALERREN éi{&n%fg@%é}{m UnhelsnbdO RUBISEM3nd
, an

. 6:307-311.) AI ernativ prom)tel’s such as
StOIalgé protein| gesed) on lfltonoplanﬁuﬁtss{j@ Dy vited atonsdteslor pradamdequances)

ma%%% gg)fué é!ga tlgeBY%Eqr mG‘_ ali 1a1%l f:gll { 8%11% p@@?(gﬁ(‘é érom mammalian

genéd 41 &3 Bddhmakiad VWS @Fe préferfle AF it i& A&Rddary to generate a cell line
that contains multiple copies of the sequence encoding GPR54 polypeptide, vectors based

on SV40 or EBV may be used with an appropriate selectable marker.

In bacterial systems, a number of expression vectors may be selected depending
upon the use intended for GPR54 polypeptide. For example, when large quantities of
GPR54 polypeptide are needed for the induction of antibodies, vectors which direct high
level expression of fusion proteins that are readily purified may be used. Such vectors
include, but are not limited to, multifunctional E. coli cloning and expression vectors such
as BLUESCRIPT (Stratagene), in which the sequence encoding GPR54 polypeptide may

be ligated into the vector in frame with sequences for the amino-terminal Met and the



10

15

20

25

20 Results Probl. Cell D ffer. 17:85-105.) These
constructs can be introduced into plant cells by
W@ 200a0380RINA transformati on or pat hogen- nmedi at eBICT/GB2003/004479

transfection. Such techniques are described in a

nunber of generally available reviews. (See, for

exanpl e, Hobbs, S. or I\/Ur?'gf, L. E in McGaw Hill

Year book of Science and Technol ogy (1992) MG aw H I,
New York, N.Y.; pp. 191-196.). 25 An insect system may

sub@éqiﬁnb@ rés;ﬁﬁ@s bDB-(gxIaéteslﬂaﬁ%Rﬁﬂatpﬂi}&)nd@tmtdm is priduced, pIN vectors
system_ Aut ographa califaornica

W% émﬁl?:@ﬁr Gp@KWreMr M“éﬁ/(@@g) 1 RépUhems 26523032 0)); and the like.
P e e e —

as Bi6QH pAGIeHis @sﬁﬁ@hﬁﬁuﬁ%%ﬁmﬁﬁ@taﬁﬁ(@ﬂﬁ)ﬂb@d@ﬁaﬂ sach fusion proteins
non essential region of the virus, WO 2004/038021

sesilyiw pupified from lysed erlls by adperaiiom toggliiathiopgyagarose
I
ol RSO L e Ot
systeies mawjl' bdﬂ dettigried ge inehide deparug tlathbimp oo ﬂa.sntmr XA pootbisa atﬂavage

sﬂe\éléé S cﬁ %Lgog@epgéqo%ﬁg 'es-trP%}lge:;% q cr)}tg tl\llé 641§ m01ety at

witl.r ugi perda cell's or Trichoplusia larvae i n whi ch GPR54
5 polypeptide nay be expressed. (Engel hard, E. K et
al . (1994) Proc. Nat. Acad. Sci. 91:3224- 3227) In
mam

ex p mafilg Vet gégqhgwyﬁﬁ?ceggwszﬁﬁ 3 :[il%%er o? Hecggrg é;gnm?%constltutwe

or iBGEIBNIpkstRiofess, BERths AHha Ta¥) bﬁ%ﬁbl@ld@ét&ﬁl’@@%@m@ﬁsed For
encodi n GPR54 pol ypepti de mag%1 ligated into

TeVIEMSNERE] lasslbplr(ame} angtGrans etrahi(d ,Mﬁh@%ﬁn@mﬁdﬁ '516- 544).
consisting of the late pronoter and tripartite | eader
sequence. Insertion in a non-essential E or E3
r eginodased whire pldnt akpr%[tmmectms/ ateased; el éxprasbioaiof sequences
viable virus which is caql%)_a, % of ?xre si GPR54

encaRg SRR 4RO PFIE B e st Dy eny &F A REpRere! bromajes-For

ex 61539 km(ai-gﬁ)ﬁotelg 50 asNBE b5s AR fos ﬁ%!mot&& o?@@ﬁf\ﬁﬁé&b}: ukél alone

tion, transcription enhancers, such as th ouUsS
or in@pbirEation vith msasmege tﬂadﬁcssquemafronemg\é d Tekaohaigy, daEE937)

eV 0 ERL LR ATRER L e Rl Sheb e 1R st o6
RUBESCOEST Heat @Rtk pfohaBers Eﬁa‘_i,r wusamdohml, ARt He(1984) BMBO J.

and expressed in a plasni of about_ 6 kb
3:1671-1680; Broglie, R. et al. 1984) Smence 224 838-843; and Winter, J. et al. (1991)

Results Probl. Cell Differ. 17:85-105.) These constructs can be introduced into plant cells

by direct DNA transformation or pathogen-mediated transfection. Such techniques are
described in a number of generally available reviews. (See, for example, Hobbs, S. or
Murry, L. E. in McGraw Hill Yearbook of Science and Technology (1992) McGraw Hill,
New York, N.Y.; pp. 191-196.).

An insect system may also be used to express GPR54 polypeptide. For example, in
one such system, Autographa californica nuclear polyhedrosis virus (AcNPV) is used as a
vector to express foreign genes in Spodoptera frugiperda cells or in Trichoplusia larvae.

The sequences encoding GPR54 may be cloned into a non-essential region of the virus,
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to 10 Mo are constructed and delivered via
conventional delivery nethods (I|iposones,

w@odoyossoeoni ¢ am no pol ynmers, or vesicles) forPCT/GB2003/004479
t herapeutic purposes. 20 Specific initiation signals
may al so be used to achieve nore efficient translation
of sequences encodi ng GPR528 pol ypeptide. Such signals
include the ATGinitiation codon and adjacent
sequences. I n cases where sequences encodi ng GPR54

syoblay fletol pleden gend, and platéd @idep tortad of tiipdlyheatin edhoter.
sequgﬂ?es are jnserted into the appropriate_expression

n5eg1oRdi i ioMenolynegtide wilb rondemthe pplyhpdiie Benc Bagtive and
pr%@ﬁtterr%o Bhigha gﬁugﬁélé%g é:ﬁgtgqsgm %‘ﬁ]p :fgai: %E ! bﬂu.&e@?ﬁa@ then be

where only co hereo
used iscennfmﬂ, for exanydeSUFutipandl @lls on ﬂzch‘dpﬂﬁsfu@larﬁegﬁ &tich GPR54

i,ncl heATGlntl i ogn_cgdon shoul d. be
D B Tt EneE e B R Al G O hare. ¥ S
91392M32299rrect reading frame to ensure translation of

the entire insert. Exogenous translational elenents
and initiation V\D 2004/ 038021 PCT/ GB2003/ 004479 29

cod vaJ i ous r both natural and

syntciﬁé’i1 “‘8‘¥‘ g‘ﬂb f?‘?q%r %H‘&%? é’k‘ﬁ} hase GRPICHRIQR fystems may be
utRRER N 85keb Whehean! ddehdtghRls Aded @B Bﬁ%ﬁﬁ%&lﬁf)@éc@cﬂf ééﬁhgnéeg encoding

the particular cell system used, such as thos

GRR3tpelbpeptida maydbel hgatqdanﬁqra@ ad@amhraxsftranspnp@pn/amanslgu@gagmplex

coﬁg\ cgf ntﬁé Pak?%]%r ?A%Itér a?{ltﬁ ﬁ%?l%eglugﬁcgs iﬂ’?eIFISP Ina §10n—essent1a1

Eladni E3 ieglm(bﬂtwwlrﬂtgemﬁh@hﬁyfble@@ed wfobitdif aivivids Viegk which is capable

uences_or to process . the expressed protein _in the
of guRler e FRRA sAlyDeRfde In iefarted ba%hcgﬂ% (boganpd and T. Shenk (1984)

Pré@ INaRE Rlchdl & di kg L 36‘3@436'39? Iﬁ‘ﬁ@dlﬂ%c e )Eﬁrgrﬁgnteﬁhancers such as the

acetyl ation, carboxyl at , tion
Royh sspbmn yiras (RSY) ¢rihanckaf mey be aswl tadydredse expression in mammalian
hogps -transl ati onal processing which cleaves a
pF f)ro formof the protein nmay al so be used to
facilitate correct 10 insertion, folding, and/or
function. Different host cells which have specific

c eI IHHI’@#II arfifiela] elapyposgraeso(Flk G mesyi alsa lee eraploied tordelifver larger
o EROG ST WA oo Pl ooy i ¥ e Epfaghot out 6 1

to Ty Méb &3elcbnstenctedainti deliverad ¢idTbobyerftivhhietliseryethod\Uipb&imes,
chosen.to ensure the correct nodification and
po&f’%“&%’é‘é pRiogrolyRerss g vesigleshios therapeutic pripesesong t er m
hi gh yield production of reconbinant proteins, stable

expression is
Specific initiation signals may also be used to achieve more efficient translation of

sequences encoding GPR54 polypeptide. Such signals include the ATG initiation codon
and adjacent sequences. In cases where sequences encoding GPR54 polypeptide and its
initiation codon and upstream sequences are inserted into the appropriate expression
vector, no additional transcriptional or translational control signals may be needed.
However, in cases where only coding sequence, or a fragment thereof, is inserted,
exogenous translational control signals including the ATG initiation codon should be
provided. Furthermore, the initiation codon should be in the correct reading frame to

ensure translation of the entire insert. Exogenous translational elements and initiation
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preferred. For exanple, cell lines capable of stably
expressi ng GPR54 GPCR can be transforned using

wezprespeon vectors which may contain viral orP@i/G82@8/004479
replication and/ or endogenous expression elenents and
a sel ectabl e marker gene on_the sane or on a separate
vector. Follow ng the introttucti on of the vector,
cells maybe allowed to grow for 20 about 1 to 2 days
in enriched nmedia before being switched to selective

cqsens may Paef puiqusoeiginsf betheaiedl @nd apithetivaThe efficiericy of expression

| St { ti , dit :
mgf P% \%rghaé\(segﬁ%%g glﬁzdus?%rg St enhat (%,?s @g}?@@{qy\%f%p &fesfarl]'ﬁgular cell system

ussi,Rek ad thoky/ dRUIBESE thdBref Mk OSeRSE 1584 YF - -
Resi stant cl ones of st agl y t?(gnsf or rree%ldgg%)rlr{aeﬁu%sel?mbl' Cell

Dfes120r 25at@%) usi ng tissue cul ture techniques
appropriate to the cell type. 25 Any nunber of
sel ection systens nmaybe used to recover transforned

cel lInlaiddieisn, a Adre 8€ll sthh HEG be Qﬁgseﬁrf@r A94bility b bechlifle expression

t he, herpes sinplex virus thym di ne ki nase“genes

of thg igseated sghueaEes9r to pIEps theskpressed pageiddy thentbsied fishion. Such

' I e S 0 |. et.al. )
mRUBEBOE L e 5hERETASHeR A, R0 ES nck M . yyiafion serbpation,
glypsyletedr, phodpRoRAfibn) B0 GRd GBANRY. PB4 7 thslaBBnal processing

r.espectivel g@ A,\jéo, ?ntl met abolite, antibiotic, or
W}H& FRieg e PERIQLigHR Of thgprateinmay alse bemeed tofesititatoporrect
ineBIRC H18 FHAIRNED; - @S st ance~t o
o met hot rlgl?(l %’t %ﬁ{% gl er, ?ﬂf@%{eﬁtéﬁ?@&?&&%@ S’SS‘P ecﬂgf Fgllular
masbiagry i chaiitteBis67 nighanisnpt for padterasiation haivitied @.d. hEHO,
m ' in and. G 418 (. Col bere-Garapin
el PSRk, apd STERS. e Bt drom o Amarigane s re
Coﬂé&tidﬂ@fﬂl@@éih&ﬂ@ﬂﬂ&.{) tfd il BeTHbied 18 Rndl¢ the gorrect modification
hosphi notricin acetyltransferase, respectively,
an¢ precespingqfiheforeiggaratéional sel ect abl e genes have been
descri bed, for exanple, trpB, which allows cells to
utilize indole in place of tryptophan, or hisD, which
al | Boslongltérs, highufieldipzeductibs bf RGbmbhahl ?k%&iﬂ%{ stable expression is
| St lql ne. (Hartlmfm, S. C and R C Milligan 1988?
Pre%rfﬁé; RePyample, £61l mes-gapalls of siablysxprossing 6HR 34/ GPERean be
tratbP@nRld Wiy ' LhibsWet D such
e R P s e B AR ol o BHih andvor
endogpraus SKpreSiiis) elamgntsanil heeks@bnoarktsgens whshe &infe or on a

' i.n hese .mar kers can .he used not only to
soppti{FI G TN ERE R SaCk R o4 Py eofs. il mavity allwed to grow for
aboalD Y2 days infcafish@lthedia befRO b RitEhdY t@%@l‘é@tﬁgh%g%ig. The purpose

ttributable tqo a specific veCtor system
of the selectaple narkayds tomoniRsdesisimice tBiselctids aadits pdderce allows growth

and recovery of cells which successfully express the introduced sequences. Resistant

clones of stably transformed cells may be proliferated using tissue culture techniques

appropriate to the cell type.

Any number of selection systems may be used to recover transformed cell lines.
These include, but are not limited to, the herpes simplex virus thymidine kinase genes
(Wigler, M. et al. (1977) Cell 11:223-32) and adenine phosphoribosyltransferase genes
(Lowy, L et al. (1980) Cell 22:817-23), which can be employed in tk” or apr” cells,
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Al t hough the presence/ absence of marker gene

expressi on suggests that the gene of 15 interest is
wW@bkm@a/opgoesent, the presence and expressi on of PECEGH208/004479

may need to be confirned. For exanple, if the

sequence encodi ng GPR54 poléﬁeptide is inserted within

a marker gene sequence, sformed cells containing

sequences encodi ng GPR54 pol ypepti de can be

identified by the absence of narker gene function.
resnecmaimAlvcal aptimetabalitec antibpiotic, opherbeidepbésiancd danthrEded s the
b gqg ce encodi GPR54 pol ypepti de under the
3818 ﬁ? 58 fecgen. Fos gxamplg; dhiheoniers gesistanep te Bsthoiresate(Wagler, M. et al.

(19%0) P96c. BRME AL, 'SRE P38 7179):; 'xﬂg?&rﬁhﬁ%s%t ! 16 ld é)linnoglycomdes

usual | y I ndi cat es expressi o em gene
negplytin apfl t@A b (Calbérg, Gdlapm I et his(1981)dh MIﬂnBﬁil r115()l‘11814) and als or

pap%oavlf%;rés Ao 3 R S o DO U P LS 20 ivery
5)eAdk«1ﬂfa>wa1 k&ctdbi@ée%e@ﬁav%lﬂelaﬁ dés‘&(rthQc? @‘EWT“EWB which

roce ures incl ue but are not limte
allews gglswwhmudymmml@atof tryistopkah, pr bisBj, whishodksa\cehs to utilize

hisk PR AR AR S e C M oR kMG pines Mo Acad

ScﬁBd{SOM-GUJaIRdcéthE}‘thdHhe@ffws[Bl@hﬁﬂ&rﬂst afed oﬁﬁﬁhfly with such
sequences. WD 2004/ 038021 PCT/ GB2003/ 00447

maﬁkf‘é% anaihesyapias, frabicanidsse msbpcsewbssate A ifjiangd lmme and its

sut%ﬁ%’ééﬂﬁ&%éngie gﬁgsgrm%rﬁx% %]Eiﬁ tg{elge oltJI gl\@d%%lglé% tr@}gsformants but also
to @uagﬁjﬁhé%nmimf diﬂm%ﬁoﬁtauwbm bR EdHRPatBNRRHIOD a specific
GPR54 GP Nucl eic acid nplification based assays
VeqloRypiFaL (RodesC oA ejal. db?ﬁﬁa Mﬁh@dﬁéﬁob Bidli $ydabi3lpased
on the 5 sequences encodi ng GPR54 pol ypeptide to
detect transformants contai ning DNA or RNA encodi ng
GPRBJthOlANgh/ﬂue ipe¢synaef abpemiead elakdr @enel ﬁﬁé@sidﬁﬂsu@ﬁéﬁts that the gene of

sur.ing the ressi on of GPR54, usin eit
int B S Breb O, (5 R maead aipietich GL1he Bk Wk nheh totheesontirmed.

Forldx@hpild) if thé §edﬁ%ﬁ¥@eﬂcﬂdﬁ1§@ﬁ54 é@%@lﬁrﬁé %smgs{) rted Within a marker

technlques i ncl ude enzyrre- | nosor bent assay
ZENEEEQUBASY, trapsformgd Q@llﬂ'ﬂm@a&BgmuéﬂeA@)wochmgiGPRﬂ polypeptlde can

L T IN AN N

placadria cAreienl wib isb@itines eficdaiiipl ER$ Ppd1yephidB und&HBE E&itd19f a
itopes on GPR54 is preferred, but a conpetitive
sm@? REATRRfen SXRTessigy of the marker gene in response to induction or selection

usually indicates expression of the tandem gene as well.

Alternatively, host cells which contain the nucleic acid sequence encoding GPR54
polypeptide and express GPR54 may be identified by a variety of procedures known to
those of skill in the art. These procedures include, but are not limited to, DNA--DNA or
DNA-RNA hybridizations and protein bioassay or immunoassay techniques which include
membrane, solution, or chip based technologies for the detection and/or quantification of

nucleic acid or protein sequences.
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enpl oyed. These and ot her assays are well|l described in

the art, for exanple, in Hanpton, R et al. (1990;
w®erelsspecal Met hods, a Laboratory Manual, SecPCDGBRO3/004479

APS Press, St 15 Paul, Mnn.) and in Maddox, D. E et

al . (1983; J. Exp. Med. 158;1211-1216). A wide variety

of | abels and conjugati on t¥chni gues are known by

those skilled in the art and nay be used in various

nucl eic acid and am no acid assays. Means for

pr odibeipresehabef poéyhdmjdotiﬂei iseqablimn encodiRGPRED 61yiheptide can be

degeﬁ&g&tylr{gﬁéﬂ;g%e $rﬁl§ﬁ dgﬁg’ggli(l) l ygrg](;]:'lfg%ulog %gmg probes or
frdgnRisl it dfhenf p'oﬂ}?ﬁbleaﬁ’des%ﬁc cling ﬁg%@wliék %ﬁdl&@ acid

usi ng a | abel | ed nucl eoti de.
angﬂé@@@ttmﬂzased] essdyigvol@PREdyse of ohggnublreagdmttmligbﬁfeﬂﬁased on the

s rEndnE G helaspaelo st e captaimigSNA or RNA

enagﬁmgngghly avai |l abl e, and may be used to synthesize
RNA probes in vitro by addition of an appropriate RNA
pol ymerase such as T7, T3, or SP6 and | abell ed

| i b duct ed
st et GE bR 8L AREREG e PoboieBr etpierton SEGRRS4, using
cither pohecnap bﬂmlod@cﬂom aﬂmﬂf(ﬁ@c‘spéclﬁc fd;’RhéJB%téﬂfadr@ HéWR in the art.
M ch ) Promega (Madi son, Bi ochem cal
Exagples 0 %@%‘é}ws HGWCE?)enzmptllak%lmrepmspelrenmsemﬁEéQSAS)
radl?(%g il rgagsag@gﬁfu)x ?"Ba)éldl}ﬁloﬁgé}lcre %tl\?a?el?gcreﬂfsort t&%c‘:é%”A two-site,

momhelnnzildjaseﬂaﬂmannoasmy u’tﬂlzmg)gamdbnah@ﬁﬂfoﬂles 28actiot bo B non-
|b|tors magneti ¢ particles,

intS bstrates, &ﬁﬁ%@
Fhamere ltPPGkseon s Q’lbulf’@'FPWQQ@%q pjpdimpgssaymay be
empRYtd.CRlckS aﬁd @t'ﬁ&f &%55%%&’\%11 d@ééﬁ'b@&)g'i i€ afte %Q&rﬁéle, in Hampton,

encodi n& may be cultured un cohdi tion
R. efigl: @B Semlogml Mxzihods i Icabomtniyﬂ\émers;:cmm TWAeAPS Press, St

. I t.u
pofl S8 Lol B VERon B o 900t P el a8
secreted or contained intracellularly dependi ng on t he
sequence and/or_the vector used. As 5 will be

undér¥idg yarighy of lehsls asd copjugntion-teehmiquastare lémpmbs thme skilled in
the YRS CANGRA B Dfbious ABleN MG S0F 438 AN L0n RERAS for

GPR54 esi gne 0 contaln signa
prodhdiog labdlledehybmhmtieh iop RCBf prob¥sTdr ddteaingisequdncokmlatat ioC

pol i TR Rl fpeoginec PR SR R bR Qieelibanen roismesaistion, cnd-abeling, or
Pcntaﬁhﬂﬂchﬂ&l ﬁﬁﬂg@ MMbREed BRG&HHid8 gAﬁelﬂ%de@f ¢ gel%ggﬁ&@ leRcoding

which wil|l facrljtate purification of
GPBphtasiany fragments thereof, may be cloned into a vector for the production of an

mRNA probe. Such vectors are known in the art, are commercially available, and may be
used to synthesize RNA probes in vitro by addition of an appropriate RNA polymerase
such as T7, T3, or SP6 and labelled nucleotides. These procedures may be conducted
using a variety of commercially available kits, such as those provided by Pharmacia &
Upjohn (Kalamazoo, Mich.), Promega (Madison, Wis.), and U.S. Biochemical Corp.
(Cleveland, Ohio). Suitable reporter molecules or labels which may be used for ease of
detection include radionuclides, enzymes, fluorescent, chemiluminescent, or chromogenic

agents, as well as substrates, cofactors, inhibitors, magnetic particles, and the like.
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10 purification facilitating domains include, but are

not limted to, netal chelating peptides such as
whe@tisione- t rypt ophan nodul es that all ow puri f PCEGBRI3/004479

on immobilised metals, protein A domains that allow

purification on inmobilised imunoglobulin, and the

domai n utilised in the FLAGS extension/affinity

purification system (I nmunex Corp., Seattle, Wash.).

The inclusion of cleavable |inker sequences, such as

t hoHestspHs transforuned with fedeatide Xgqusncasreneeding fERS4 may be

el S ES SRR i5 Hea LBER gyt rom o
culfRe Y98 pPoBRYRE i GylaGrindfoithbd 88IEmRY bE ldcaridiifthe celit@embrane,
such expression vec or(ﬁrOV|des for expression_ of

a
secfetisd arcoptaimes intrecebiukirlyidependimsan thgsequenpeendéorthg ypeior used. As

..encodj ng 6, hi stidipe. i d [ i QL '

i3S Gled B FraCP i B0 E"o R SR Do Aege ™

poly Rl biass Watdhl dnkbadPGPRE4 fiagdkidesignail torsontaii sigexl septeates which
~ton 20 affini t%/ﬂchrormt ography (I'M AC;, descri b%d in

dirge sear¢tion)of GER 34 thrughgpyroksrpetic engyukamygtic pell membrane. Other

263-281 il . ' .c : .
congpaag sy e i HELAGH RS RBRGPRFPE, Rty spqgnces
enddfiRige folypeptids domainonhich wilé Eicilitatephtifibattondfaoliblajsiotams. Such

proteins is provided, in }%ol I, D.J. et al, (1993; .
puhcaiicn Pici b Sarpaing inchiie; Dt eraghliieGp. Beab ol peptides

r . . :
sl QU B8ty BHROR RS Pt B
protede Andameins thadMeliow pinefichtidn op i9e®pilised mmunoglehvliggad the

Ao RS LR SLAC PP ok PERetAT e nBY Corp.,
Sealld) (WEd )S THB Indhsi AL Q¥Rdble likereegidices, s gthbdesspecific for

Applied” Biosystens 431A peptide synthesiser (Perkin,
FadsbmA)or exterolinasef(nyifesensSasr Dicersdalitgy beteens theredrain

separ at.el ' . .
copgRarR ey BRE SPUIRBo R inate Bisy WiBeh Wb g pugfostion
Ont&'rﬁiﬁﬂiﬁwsﬁoﬁ!\ﬂe%h: Srovikdes dioexpsessibn of a ffusidrhgotes penttingfg GPR54

e present inventiaoqn, there i i ded. R54 .
andchBReIG tacmnghng g;,%?t}cglpq{gglgﬂéssgg ée]%.\&/ﬁgeae %&%ch)gﬁlﬁ op R Erﬁerokmase
cle%gg %itg.Oﬂ‘ﬁéﬁtﬁﬁ’ldiﬂ@]{ésﬁh@&fh@fﬂt&@ ?ﬁﬂiﬂcat%n!oﬂélﬁﬁﬁdb@‘isﬁ:ﬁ-méfﬂﬁon

nockouts of the present invention nay arise as
affmity ehrdmatograpliy GMIgGs|described in Porath, J. et al. (1992) Prot. Exp. Purif. 3:

263-281), while the enterokinase cleavage site provides a means for purifying GPR54

from the fusion protein. A discussion of vectors which contain fusion proteins is provided

in Kroll, D. J. et al. (1993; DNA Cell Biol. 12:441-453).

Fragments of GPR54 may be produced not only by recombinant production, but
also by direct peptide synthesis using solid-phase techniques. (Merrifield J. (1963) J. Am.
Chem. Soc. 85:2149-2154.) Protein synthesis may be performed by manual techniques or
by automation. Automated synthesis may be achieved, for example, using the Applied
Biosystems 431A peptide synthesiser (Perkin Elmer). Various fragments of GPR54 may
be synthesised separately and then combined to produce the full length molecule.
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di sruption of the GPR54 gene or any portion of that
gene, including one or nore |oss of function
worioanssons, i ncluding a deletion or repl acenmeneCT/6B2G0BH04479
GPR54 gene. The nutations include single point
nmut ati ons, and may target ggding or non-codi ng regions
of 10 GPR54. Preferably, ch a knockout animal is a
non- human mamral , such as a pig, a sheep or a rodent.
Most preferably the knockout animal is a nouse or a
TRANSGENCANIMMasSkout ani mal s may be used in screening
procedures to identify agonists and/or antagonists of
GPRYpcidsssel | as to test for their efficacy as
treatnents for diseases in vivo. 15 For exanple,
knockout animals that have been engi neered to be
def {4 Rfthel gsgte f tﬁé WGt iRRnbn, GRRe & pBYidbea @ﬁ%éﬂ K¥hockout
assays to | oni sts and/ or antagoni sts of
matERia éom@mngmaysr mr@l@s gmetiichcGRRS4 pelypepdidp det fncticrally
a candidate ligand or conpound) to determne if
manevag duces a physiol ogi cal response in the absence of
GPR54 receptors. This may be acconplished by
adm nistering the drug to a knockout aninmal as 20
di sThe §PRS4tkmeckownel the preserd dzyention miwy asise aHd resvlt offunctional

cisBibn S0 1R GRES P BT PR PR SR F A st RBLPT F pprg foss of
furchién FRBRNK 106Kk adldidtioh Sr f@yaobmenﬁ ofltherGPReS*egdner The
bi ndi ng assays to determ ne whether the potential, drug

mufations meludlsrsingle peintmyiatiensgad My tagetredingprige-cepingsegions of
cpR&geptor. Such assays can be conducted by obtaining a

'rst receptor 25 preparation fromthe knockout aninal

engi neered to be deficient in GPR54 receptor

R0, RIS o R LS8 i o e e
or &’SﬁfeﬁBﬁP&% ﬁ&@é&ﬂ@tméﬁaﬁ%ﬁmmy dndse SPTRAUSIEHA knb&out

gener a and second receptor preparations
animials maypbe sieadi ihacrepming procedwpetst ideriyfy @gonists and/heanfaganisds of

d.. For if b
oS astene Biiodon Bk Ret ekarva e ae I BelloBbove
and below) is used in an assay, conparable brain
tissue froma nornal (V\Aldtype) animal is used as th

souFekexampge, thmeckat enitnalsibahiaye bpepnaitaersHo begehcignt 1 in the
t.1
o BRSSPSR Ao L EHRR Rl it g o

GPRBQ. Oneasag és dfsignbé teavatliatkad potential drug (a candidate ligand or

compound) to determine if it produces a physiological response in the absence of GPR54
receptors. This may be accomplished by administering the drug to a knockout animal as
discussed above, and then assaying the animal for a particular response. Any physiological

parameter could be measured in this assay.

Tissues derived from the GPR54 knockout animals may be used in receptor
binding assays to determine whether the potential drug (a candidate ligand or compound)
binds to the GPR54 receptor. Such assays can be conducted by obtaining a first receptor
preparation from the knockout animal engineered to be deficient in GPR54 receptor

production and a second receptor preparation from a source known to bind any identified
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i gand or conpound. Preferably, the candidate |igand

or conpound wll be exam ned at several different
w@emgestoert i ons. The extent to which bindi ng bRCT/AE82003/004479

known ligand is displaced by the test 10 conpound is

determ ned for both the figst and second receptor

preparations. Tissues derived from knockout animals

may be used in assays directly or the tissues nay be

processed to isol ate nenbranes or nenbrane proteins,, )
GPRi5H digamdserichmpewidseln genertlithe firse andigesandreceptpr prepatatigns will

knockout. ani mal is the,muse, ~The ].
B
if RSA A¥Sue Hidth 8 KABEHRlt hdifdal gﬁch Wt ddzotibed dbaivé and below]l s used in an
radi oacti ve, enzymatic, fluorescent or

assey\@niviparsblecreiarissuefsenmianprnak(wikl iypalaninalds usqdasdhe sopgoe of

t echni ques as descri ' i .
i PGP PP I B p Bl b Bt it
lighriafiolvi 16 Birito PR 3 @beitbgboth alutt dad & the prasemssf the candidate
to wild type ani mal s expressi rlg a{lcl{mctl onal

. , : . C:‘Pfﬁﬁ and dat
ligansi aresompoph Rreferably, i @Rdidzisiligand ghgorgpoupfavill be'examined a
sm%%&§§h¥8&%0§&§$%ﬁ6ﬁgiStiCS associ ated with reduced or

0

shed expressi on of GPR54 receptor function.
Det ai | ed net hods for generating non-human knockout

i mal descrj bed i further. det.ail | ow.
on o5 ars descr ot e de il bl
corggélﬁ}&l ig B&tehindl for"ﬁ&'tﬂ@lle & dMBkEcohdBRptoR prepabtivak. Tiswes

one or several copl e_S of th_e COI’]StI‘UQt may
deriveedi from kpockatibghiimatsonayee ysed dnrasseys direstlines Hedissessspgnbe

by stand transgeni c 25, t echni o .
prodiisgu KhAiEte HHEDRIGLR B RS AN Sririh 8 gt ETRs 60 i the
assiags‘( AN efliredXnBclRiu® dhig Rl e nus@dtheilizgnd fray dgdstedied nsing any

the germine of the non-human animal. WO 2004/Q038021
me@@rgammgj wih hughngggszgf&b’{% Aequld lélpbléﬁ, wighqut .llgptatlon,

vari.ous_devel o ! .
rodf i SR A B e B AT oot S nk R e B i

labchiRgstadmeques asléssetipahimmfurthér dekedl abewb) yonal tar get
cell. The specific line(s) of any animal used to
practice this invention are selected for general good

healehng ARl HEH6HRAUiess Boaflonhepbeldaniixd 5) Rithinigering
in lchgth en‘g’ryo, andvygood r.epr%uct%e fitness. In .
carmlidtité camponriis, dtadb otilddapé snimats qyprassing finctigaal (FPR54, and animals
identified which exhibit any of the phenotypic characteristics associated with reduced or

abolished expression of GPR54 receptor function.

Detailed methods for generating non-human knockout animals are described in
further detail below. Transgenic gene constructs can be introduced into the germ line of an
animal to make a knockout mammal. For example, one or several copies of the construct
may be incorporated into the genome of a mammalian embryo by standard transgenic

techniques.

In an exemplary embodiment, the knockout non-human animals of the invention

are produced by introducing transgenes into the germline of the non-human animal.
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Introduction of the transgene into the enbryo can be
acconpl i shed by any neans known in the art such as,
w0 o004@38epl e, nicroinjection, electroporation, POr/GB2003/004479
| i pofection. For exanple, the GPR54 receptor
transgene can be introduce ? into a mammal by
m croi njection of the cons Yuct into the pronucl ei of
the fertilised manmal i an egg(s) to 10 cause one or
nore copi es of the construct to be retained in the
Embsjohal tarfget ¢eils devarionp degelopraentall stages catobd il tgyintroduce

tra e DA ELG R & UG g hienaes bt detelntiegt phpe
emly b1 F@t@ﬂ M cﬁﬁ'c 'H:ﬁe(s? lof &} ifﬁfn@l’hi@ﬂ td ﬁia@tléd"t'hls invention are

rrogate OSt n vitro incubation to
selera:&ﬂlfnt paneial ngd h¢al1tht peodseropo gields geod pipahelpaVisibilifein the

emlg% Ialgrggtda%g;g &&tgg ghge%% At di 1h§ tﬁgHéﬁigf?Pé &’ 2 %%ré\ﬁ{:%g;factor.

reinplant theminto the surrogate host The progeny of
the transgenically mani pul ated enbryos can be tested
f or Infteductipney dhrcteansgenetiatoctbn smbue capype sseRmmRlished by pny means

ipcanal VE WO‘C th:&% o u'_r,‘f %fcr& FetGn e}JctrS?@raﬁBn Blipofection. For

oned coiis
exaﬁ{p?@ lie GRRSY EéHeﬁBr traﬁsgehda cargsniatredwted isto tahndmmakbwt

midereik ot oFiaranS L e TRl RGBSR £gE o
cauﬁ%?ﬁ%ﬁa rclgglsétcro &5 of E{éecoéét}%c? tob eta{iﬁ&qh% céﬂsto?'ﬂ%ddevelopmg

S can e assaye irth for the
maimBeAEs N Fodbwiig mfrodhtmalon «»nﬁﬂterttmsg@mtcomtmt gmﬁwéeﬁrhsw] egg, the

of fspring, Preferahl t.his assa
egaTYAY «anscph@e%mpw% ory %%}?&Pﬁé’f fifey R %g?eﬂ?%e
surfopdleHdst, BF b{’]tﬁeln WEe Hﬂcﬁgaﬁﬁpﬁfmﬁﬁﬁfyhs Rigiethe s@clip&bfahls(i)ﬂiventmn.
a segrrent ereof onto chronosonmal material from 2

Ont bemproogestirod firto deculaiervat prabryes syt frotheyt 1o daypi d&ﬁpﬁndmg on

at l.east co the. c their genone
R e

PCT/ GB2003/ 004479 36 For the purposes of this

i nvention a zygote is essenti al he formatj on of

di pirb¢ progeay ot R rensgenicaly w@uﬁecﬁ@v‘mﬁ FHYPS testsd £t the
preé%an_p ¢ {he Cf%'h?t?ﬂt %g]Sogﬁx%ﬁ{ Bt ¥nal g}‘Slibeof%Hcg %g%le\ﬁt bt tissB€. If one or more

contai ning a nucl eds forned,
copfeést d’tﬁhe eedgenoud qlormd canstridt céradihystally mthgateﬂugtiodhe g¢nome of

suc%g%glglg)%gl @Poléﬁiﬁgsltp% ggt&?g% e%q%l[ﬂgaeéﬂﬁcg?ﬁ(o F DSl Aies
m@ﬁﬂgg{e ?gemca?ly,adeé@&)ﬂ&ﬁh@th result in a viable Zygote

The litters of knockout altered mammals can be assayed after birth for the
incorporation of the construct into the genome of the offspring. Preferably, this assay is
accomplished by hybridising a probe corresponding to the DNA sequence coding for the
desired recombinant protein product or a segment thereof onto chromosomal material from
the progeny. Those mammalian progeny found to contain at least one copy of the construct

in their genome are grown to maturity.
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undergoing differentiation and developing into a

functioning organism Cenerally, a euploid zygote is
w@e@hmessoed. | f an aneupl oid zygote is obtai nedPCT/G8R003/004479

t he nunber of chronosones should not vary by nore

than one with respect to the euploid nunber of the

organi sm from whi ch either ﬁ%nete originated. 10 In

addition to simlar biological considerations,

physi cal ones al so govern the anount (e.g., vol une)

of &(Xnglm’mnposge néthicinvexitivn 2dygotei is Ess@ﬂﬂiﬁl@&h&ﬁﬁﬁﬁubﬁ Olf a diploid

ucl eu the zygote or to the genetic nmateria

Ce@mﬁﬁ PER 1%1°fp%ee’?1°e¥nygtglﬁté> AL Igfe geanikns, Ganeraly, the zygote will

beQRBRtisEd W{gg@on{aﬁnﬁ% ?‘Iﬂgﬁguv%fopfﬁ ﬁﬁ%@mgglg)é glt artificially, by the

exogenous geneti1 c nmat

fu$10mmf e llugplcn& auclaiiionn avgainodte o gdmdm; Ehm) ﬂhaegthrmité h\lmlél must be
e vol une

ongi v B0 R SHiEal e fePehiRe dhicaes I HETTwl skl £y el Eaable of
und&‘gﬂﬁlglﬁ)ff&bﬁﬁ%{tioh%a de\-m@[t)lﬁ@ Yith %thn&ﬂ‘oflﬁl% éﬂgﬁﬁsrﬁ d@%ﬁe‘rﬁi} a

must not be so reat as 0 phyS|ca tro
eupluom}{gotwls @fef@mei Hayoaneupphbztgots is gbtaaiedl then theafumtkee of

oSS S nhoCialy Blrore el B G Fepafido dlihdbloi augoer of the

orgdneneﬁemaamumnmrgatﬂefe Jrdigdte@l and will be readily
apparent to one skilled in the art, because the

genetlc 20 mat eri al, including the exogenous genetic
I bi ol
Capa @chtl | n| 1?193{ ﬁﬁ%édaggmnés¥c%? afions, Iﬁltyflﬁil ohes alog govern¥he
amoirhif (ergentoihﬂhd:)mf ea@gbnd&y géreponniteriyl Whl&h&:aﬁ)bgfaﬁﬂed i tBe Aucleus of
functi onal ani sm The nunber of copies of the

the zygptepE iR ﬂ@o%‘? pliqRperighvhich domnsamtiolthe evieote padeus. o
t
o AT [RA VLRGP R p T O B RERA m A A g can be
addeldds gmnted by the zmefmwiath will boatsorhed wﬁfimat)beﬁhg phydlq,ally
red; however, gener.

dlson %negzgg%,/g]g Vé)lhgn% 9# ?)fofggaousf%petm p@l mser}/ed will not exceed

aboht @0 9102)%6@9 TheBpsies cPlectsE alidifiBs GR/ENFIHRSD rg’f@att as i physically
order to insure that one copy is functional.

desltfégélilﬁj‘éla ilifpoifhe gxgnte. Thednielosisal limisof thei nwnwhaed]vmeetra of DNA
seqﬁ %Q R&?ﬂ %ﬁ!épdeﬁgﬂdl B@x{ ﬁleélaﬂﬂ:u th Ngd h]?lc{lgl%o SERY X exo genous

eac ser exog nous sequences
genetib ambcmai bhed 811 pboexadily pparentiis €86 slolledin thé ert HeRFERANS genetic
WD 2004/ 038021 P 2003{ 004479 37

C S
ma% 16 RABIoUA EPRRRES ejFria %f%%lliﬁstl tigs zygotereust be
blo@g%%}‘éﬁﬁalﬂ@ BthltfatiAB Bl h¥finthidld the differentiation and development of

the zygote into a functional organism.

The number of copies of the transgene constructs which are added to the zygote is
dependent upon the total amount of exogenous genetic material added and will be the
amount which enables the genetic transformation to occur. Theoretically only one copy is
required; however, generally, numerous copies are utilised, for example, 1,000-20,000
copies of the transgene construct, in order to insure that one copy is functional. As regards
the present invention, there will often be an advantage to having more than one
functioning copy of each of the inserted exogenous DNA sequences to enhance the

phenotypic expression of the exogenous DNA sequences.
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nucl eic genetic material can be utilised so long as it

is not destructive to the cell, nuclear nenbrane or
WwW@Re0389xi sting cellular or genetic structuresPCIE82003/004479
exogenous genetic material is preferentially inserted

into the nucleic genetic rrg erial by mcroinjection. 5
M croinjection of cells and’cellular structures is

known and is used in the art. Reinplantation is

acconpl i shed using standard net hods. Usually, the

sur Aoy aetobmth sithi¢hsalbowesdfot hetaiddisian ofithe expeensm gpraficqpaterial into

nuclflgf,g |eggq§ %ﬁ%tcgﬁe Bgv{.lf%eal sg Ilc-)rr%%stqy T‘%}%F dé\;sfgrruﬁﬁ {oytﬂg cell nuclear

meRibrandior |otHé§ bikinYg Qglulf @F’@@i{s’mb lsBuétOres hPdeiﬂg@ﬁomfgeﬁétic material
spring the speci es natural |y produces. 10 Knockout

is meﬂemnnalﬂugmeﬂtetdhat%tbﬁ nuegjsicecnein matggaldy BicraiissHon o r
.the.prese

vt RiRR 2b el ESRLETS B oh e i LREIIBIEY
by Southern blot or hbrthern bl ot anal ysi s, u3|ng a
probe that is conplenentary to at |least a __porti

of
th eRm@m@g@tm is agearanlished Bing pandazd methgdsqU Sl e sBagsate
o RE}A3 15 B E G GR6 B Sfchl 505 old SRRRET AR of
emﬁﬁ/foe &ﬁflﬁﬁteﬂ Giito alpartivubs dostewitlf vary by spezmglmtevqﬂmsdalbt be
pi ca , i's p{ﬁepare fromtail .. tissue and
comprary e @it AES sRocis TRy progices:
transgene. Alternatively, the tissues or cells
believed to express the transgene at the hi ghest
| evEhsclane offgmirerbfithe smttlgatqchcsE;mnE be serdenedforthsinsesenge and/or

t he, tr ene usij n Sout h S _or
ex;g‘aﬁ;mqq E%ggnsgpn Iy %téx e %ﬂ%%%%%egﬁmmg b g{% n g&c‘i)pn%ﬁgﬁ'ed by
So@f&inybibtor NdHhdld S1oDaddlykes, Qﬁm% dehrdtietnay is Hﬁhbl&dﬁenf@y to at least a
eval uating the B esence of the transgene_ 1nclu

portiop lef the transgenst tenshlot amlﬁlwww&odaégwgt ‘f%%lw‘fem
Dﬂoggd gsa:!n AtntYive op h&chﬂln?ﬁ Ig&&hod for

enc??ﬁ‘?ﬁgﬁ}enq? g% ema er or enzyme activities,

scréérﬁ’ﬂ% fo@ﬂieﬁpreﬁernbé: oﬁﬂﬁlt{;ﬁ&k@ne @mﬂut:h GypickRy, IANAl 1 ly yreparfﬁ from tail
| ood may al so be sef ul @g etgl %t t he [ esenc th
tissgp aphanalysgd dyerouihsg analysis T B B fransgengpergaiyely, the
’uss%g?ln“@atllg veR&eRfth %f;%reg tht B8nskent hANS BRMEst IVl ct@ve for the
various types of blood cells and other blood
presamstand expression Fithe tansgehe psifg Soutbermaanlysisss PSR, glbeugh any
to introduce trans non- human ani mal. The
tisyes i @E]i%e%?ﬁﬁﬁﬁ%ar}gmsy%m Ah be cultured in vitro
to the bl astocyst stage. WO 2004/ 038021

PCT/ GB2003/ 004479 38 .
Alternative or additional methods for evaluating the presence of the transgene

»—\_)

include, without limitation, suitable biochemical assays such as enzyme and/or
immunological assays, histological stains for particular marker or enzyme activities, flow
cytometric analysis, and the like. Analysis of the blood may also be useful to detect the
presence of the transgene product in the blood, as well as to evaluate the effect of the

transgene on the levels of various types of blood cells and other blood constituents.

Retroviral infection can also be used to introduce transgene into a non-human

animal. The developing non-human embryo can be cultured in vitro to the blastocyst stage.
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During this tine, the blastoneres can be targets for
retroviral infection (Jaenich, R (1976) PNAS
w(Q@ 3002880211264) . Efficient infection of the bl aBCDGBR@S/004479
i s obtained by enzymatic treatnent to renove the zona
pel I uci da (Mani pul ati ng thg Mouse Enbryo, Hogan eds.
(Col d Spring Harbor Labora %ry Press, Cold Spring
Har bor, 1986). The viral vector 5 systemused to
i ntroduce the transgene is typically a )
Duriap ktiis titnepthe difstoméresecandiertargets dier retraviraliinfgctiore(Jaenich, R. (1976)

e R B ol BN S S, B

tre:;lrﬁﬁﬂtsgo%ﬁlb@é"%k%oﬁﬁééﬂdéi&Wﬂﬁtﬂﬁn%ﬁhé MRt Bhibegb, Hogan eds.
u e bla f

culturing t toneres on a nonol ayer o

(CMﬂSpﬁflgHammhagommwfregsvmld Sprimg Hathor, K986 athestieahgpetor
t .. (1987 O J. 6:.383:338), ' ,
e e P S

arffin {HeYSmBSRE ARGy &AL I(SOTHPNIES BNESZT-6931; M det @utten et al.
© b agé/t ocoelgge ahner et (al@(1982) Nat ur e

(1985 BPBAS- 82264 8-Mi52). Transfension sueagty andveificiently pbtained pippulturing

t.he transgene si i ' ' .
SRR BB of PERREIRLPMIETTHE el B Sowar
al. (IW37THENEBO J 26138388 Wilfchitativelyiafdction dan berpsrfararedait a later stage.

various retroviral insertjion tran

f
Vings PF ErenPTOgBEng P@#&cw&ﬁiwect@@ i pPLY & i ) e? tf‘/t 3 §1982)
Naftrd ﬁ?’%?ﬁeﬁ?%@, Mt OF s Bouddars Wit bbInGdsl fol @b trdnsgdrie sMceO

poOSs I ntroduce transgenes into the germline by
incofporatishercturs ontyeinracsnbseatlof ihefeetls ivbichdbrmérbtheittigegania panhuman

e L i ARl 1
diffe ¥>9§lﬁbn§ﬁﬁﬁé g&ldme Whieh gefepalbeiilBssti€rabdinah effsirimin

pre-inplantation enbryos cultured in vitro and fused .
addifio it ie aisoyossibEe iyrasuceiransgaws iptorhe gerar bupby) miayisgine

rergyia) Mecfin B arghd il Rty A e D) SSE L)
(1986) Nature 322:445-448). Transgenes can be

efficiently introduced into the ES cells by

t r ansthizd tyrsrofdarestcalielor Gansegac mafugion it o odisnal ftom cell
B S LBLIRS iAo 850t RS o i
cmbhyes (Bidns et e (191813 Natire 282rb5 405 GRradlewtet alb(1984) Matuse309:255-

25l ol 28R RNAS e P A R BBl o Elpsgf Rpore
327185 Q1SS ThinskENe8 REh BE ofilcRAIR Siittctiuasd info thel RS belisbyadNA
construct for functionally “disrupti ng@? GPR54_gene in

trapsfemdion og blylretravimsredisied tapsduciem Suek Bangfomed B2 gellsgan

a non: hompl g i.on:. .h '
o STRLPESHR FACRGTED) oBBR 4 ) T8 cots it
colonise the embryo and contribute to the germ line of the resulting chimeric animal. For

review see Jaenisch, R. (1988) Science 240:1468-1474.

The present invention also pertains to a nucleic acid construct for functionally
disrupting a GPR54 gene in a host cell. The mucleic acid construct comprises: a) a non-
homologous replacement portion; b) a first homology region located upstream of the non-
homologous replacement portion, the first homology region having a nucleotide sequence

with substantial identity to a first GPR54 gene sequence; and c) a second homology region
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honol ogous repl acenent portion, the first honol ogy
regi on having a nucl eoti de sequence 30 with
wG@ipgnzsei al identity to a first GPR54 gene sePLEGB2003/004479
and c) a second honol ogy regi on WD 2004/ 038021
PCT/ GB2003/ 004479 39 Ioca§ d downstream of the
non- honol ogous repl acenent %ortion, t he second
honol ogy regi on having a nucl eoti de sequence wth
substantial identity to a second GPR54 gene sequence,
lociithé dsensiredmGHRbed ngehemelogaesreplapemen goriang thetseepnd homology

downstream of the first . .GPR54 n ence. |
regioRT MBI 5 ROHFE FoftioRsR TR ROD e Lo  HER 6oohl? GPRS4 gene
seq’(i\%@e,t ﬂp@ R&ddndt GBS Je'sé?kn@é‘ﬁav%@@fﬂéaﬁ@i@@@&repﬁgﬂf@]ﬁﬁrst

are of sufficient Tength for honol ogous reconbi natj on
GPRA4 gererseyhencein haiatirally ercuwmgendesenansiGRR 54 ggne difisiidonally, the

GPR54 ge in a host cell ' ' ot
frs Dol penpiney ey bt 8 gt H5 P S recombination
betRe&l BF el RatidmRthet dnian Badogehous PR 84 genecinl adoatesit when the

portion conprises an expression reporter, ef er abl
nudleic heidinmejeculaitsAntipdicad e the host eedl B2 pesh mbadimett, the non-

cassette refer ' ' ' includin:
ho B &g Ep 4R o SR oo A BrRSRX Al broferebly including
lacy @88 h dbsitive edlectiimt dxpressidn GRS, RCRablyfindiiding a neomycin

transgeni c ani mal my bgﬂlgaenerat eq as foll OVS (a)
phaspheirangtorass gens opgspinvely peedita A geqy gy AEPE™ Sur i ne

GPR54 genom c clones are isolated froma nouse | arge:

insert PAC library obtained from HGW (H nxton, UK)

usi AGGER f4 GPERs defimdent drapsgehicfaninalimayhbeagengratedis foflaws:

15 predicted nurine open reading frame cDNA sequence

( SEQ) Lo Mdcridh of HRDY SehenfgsthgheelRi ques. The

i solated nmuri ne” GPR54 "genomi ¢ clones are then
restriction mapped in the region of the GPR54 gene

usi PRSY T’%&%ﬁe LBRbE 48 il AREFoRAN By Idskdnsert PAC library
t echni ques. e nurine genomc locus is partially

obagd éruoeH AMP ¢Hirbiten, (UE) wiing gprobe sewaptcoymrites ramagart of the

lone into the targetin heRS: A
preﬁ%‘? Piige ?Wnoré’?%g%a?egcn% ‘étﬁ%{uleﬁ %\@ge(?ﬁ?r omlgl’ltlﬁe% tanda.rd
tecBhidBeTh AR 1AteUAne GRRTE @penic dattsag: fheanestidionenapped in the
deleted, called the 5 and

| 3' honml ogy ar ar e .
reggorphd the SR SroR USRS Sl oHERRHRREIGe BIbeS P afiar feghmiques.
the targeting vector. The position of these arns is
chosen so that a honol ogous reconbi nation event wl|
f UnThi enaldeyedomiciotug i parfaly dequenecddy edable thadpsign of

romalogent M clste s B e B hrer SFTRI R 3R89, whreaty
between 1 and 5kb in size, from either side of the region of the open reading frame to be
deleted, called the 5’ and 3’ homology arms, are amplified by PCR and the fragments are
cloned into the targeting vector. The position of these arms is chosen so that a homologous
recombination event will functionally disrupt the GPR54 gene by deleting at least the
seven trans-membrane spanning regions. A targeting vector is prepared where the deleted
GPR54 sequence is replaced with non-homologous sequences composed of an endogenous
gene expression reporter (a frame-independent lacZ gene) upstream of a selection cassette
composed of a promoted neomycin phosphotransferase (neo) gene, arranged in the same

orientation as the GPR54 gene.
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25 GPR54 sequence is replaced wi th non-honol ogous
sequences conposed of an endogenous gene expression

wo epansseel (a frane-i ndependent | acZ gene) upstPEHGBRG03/A04479
sel ection cassette conposed of a pronoted neonycin
phosphotransferase (neo) gene, arranged in the same
orientation as the GPR54 g4 e. WO 2004/ 038021
PCT/ GB2003/ 004479 40 (b) Transfection and Anal ysis of
Enbr onal Stem Cel | s Enbryonal stemcells (Evans and
Kau Q‘WWWS!&W‘Y%W@ISMQIM resi stant
errbryonal fibroblast feeder layer grown in Dul becco's
Modi fi ed Eagl es medi um suppl enmented with 20% Fet al
CaI EHSE’YQnﬁl Stﬁn%eﬂie\(\Emlls ané Klaffngay, 19§1) 2retuilyired omi meom$ein

res Bt PR APl e 7 o BEecRR A Eagles medium
su eh With|20968PetalESalE Sk, 0% rBWSsth IS8y, %MM BiaBnine,

5x106 ES cells are fransfected with 5 g of
nom—cerseatnal 28tnp a‘aésm 140 lptM Simacappuhaol emd §GBu/l leukemia inhibitory

1 24hursfo||ovv|n
oGRS A0 AR ) BN BNTR s gos
C e i S i O R AL B T AR T Bffcitance
and4(fbvidies). Behoure fdﬂk:mgg skercirepoeatidmthEhsfectedlexilsi ag cultured for 9

cl. one in which o ous recr@n’ol natlon had occurr.ed
daysdp {e H“’Pﬁ%nté ongsre Ricked Hytg @ el plates,
[
repfeAiEd EME epp B %éﬁ?ﬁwb%e’%ﬁeﬁ%ﬁ%%ﬁ&?é&%% £ ERhb tihidh
homaplogons nepdinbinstiomhdskbodenued betwaen ‘dmfehd@gaantls GPRIS4 gene and the
alit DNA 0.,. be areder n

targHRe cPUch OBV RIS P st ISR Ie et AgRepE d 0 3Fo. Fhese
cloﬁésdvlaere &Rpdded asalloi te guéasrts bE (R2ERESH RIFRCIERUNIES qﬁﬁiﬁ; $NA to

et al, 2000, Nature 2000 Mar 2; 404(6773):95-"9). (C)
be grepEed foroypusienchivs somamagion of thyltase Uy @lehb usingakiernahd’ and 3’

LS8 S5 Sl RLLSER G S P

9).clone are injected per blastocyst and 7-8 20
bl astocysts are inplanted in the uterus of a
PseyseRnLe93n L Grasa R sgter of chimeric pups
are&gorn conta E!Pnggse lenf\ +gh l evel (up to 100%
agouti nales (the agouti coat colour indicates the

CONE ST B af anB%hd18 nf&SHE ROEH arld B I6ts are isolated at 3.5 days

of gestation. 10-12 cells from a chosen clone are injected per blastocyst and 7-8

blastocysts are implanted in the uterus of a pseudopregnant F1 female.

A litter of chimeric pups are born containing several high level (up to 100%)
agouti males (the agouti coat colour indicates the contribution of cells descendent from the
targeted clone). The male chimeras are mated with female and MF1 and 129 mice, and
germline transmission is determined by the agouti coat colour and by PCR genotyping

respectively.
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targeted clone). The male chinmeras are mated with
femal e and MF1 and 129 mice, and germine

WO e@adBE08Ki on i s determ ned by the agouti coatPCDGBA03/004479
and by PCR genotyping 25 respectively. WO 2004/ 038021
PCT/ GB2003/ 004479 41 O her_non-human transgenic
animal s Al so contenpl at ed 4tcor di ng to the present
i nvention are non-hunman transgenic ani mals which
results in the over expression of GPR54 receptor or
undévvex predwiman tfaasgensompmalsd Wit h suitable controls)
of the receptor. 5 The animals are useful to identify
agoni sts and antagoni sts of the receptor function an
al sAlsblventepmlsted addoyding\MThBORISEIR inventihe pes nondagpan anbgenic

i O B o DA RS BB o RS on o
corPRHENVEHRRitANIE cSRFIR) B MM ee&i¥or. unl ess specified to .-
the contrary, includes but is not limted to,

pol ycl onal , nonocl onal, chineric, single chain, Fab

|1 ol gpinafciie prdfE Aty RS ofyeoibe b R function

an ABS {HRAMeRScAy. ch retain their binding activity for a
target = substance, Fv, F(ab') and F(ab')2 fragnents,
as well as single chain antibodies (scFv), 15 fusion

otej ns and other synthetic proteins which conprise
ANPEDo gen-binding site of the antibody. The ‘
anti bodi es and fragnents thereof may be humani sed
anti bodi es, far exanple as described in EP-A-239400Q.
Fur £\nBerest descrprd BEgPdiss waybercmnlgyer dragonsis phgptagonists of

' C their fragnments), for exanple, as
Gpgggk’?ﬁ’ég%‘{ﬁ US Patent Nos. 5,545, 807 and 6, 075, 181

may al so be used. Neutralizing antibodies, i.e., those

S g O DLl S0k U 0, 20 SURELB0FE .
co aﬁg @ﬁﬁ%&ég%uﬁﬁqlot 1iRfte8RE PolfeTonaf\HhddRnE! chierREsingle chain,

produce y standard techni'ques, such as by
Fah fragmérsaendfragmentpprodyreribina Brnerpressiop libyany; Pucdy fjagments
include fragments of whole antibodies which retain their binding activity for a target
substance, Fv, F(ab’) and F(ab’), fragments, as well as single chain antibodies (scFv),
fusion proteins and other synthetic proteins which comprise the antigen-binding site of the
antibody. The antibodies and fragments thereof may be humanised antibodies, for example
as described in EP-A-239400. Furthermore, antibodies with fully human variable regions
(or their fragmenfs), for example, as described in US Patent Nos. 5,545,807 and 6,075,181
may also be used. Neutralizing antibodies, i.e., those which inhibit biological activity of
the substance amino acid sequences, are especially preferred for diagnostics and

&

therapeutics.

Antibodies may be produced by standard techniques, such as by immunisation or

by using a phage display library.
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 polypaptidpef fheaupiont HveRRN@NEANHEL

WD 2004/ 038021 PCT/ GB2003/ 004479 42 A pol ypeptide or

peptide of the present invention nmay be used to
wa@lewelodgozan anti body by known techni ques. SucPCHGB2003/004479

anti body may be capabl e of binding specifically to

the GPR54 protein or honol ogue, fragnment, etc. If

pol ycl onal anti bodies are sired, a selected manal

(e.g., nouse, rabbit, goat, 5 horse, etc.) nmay be

i muni sed Wi th an i nmunogeni ¢ conposition conprising a

pol Agmp)ypeﬂed@or p]appﬂe dfethe forasket ipventienmayrbearsed ndevelop an

ant{Dgly B G forhmigHe ber R S Eb ARl sPBcaty
to tﬁgﬁ?ﬁmp?otbfsﬁcdr%ﬁml@ﬁte fragBe®Qtc.| i M ted to, Freund's,

m ner al such as al'umi ni um hydroxi de, and surface
active substances such as IysoIeC|th|n pl ur oni c

Egly éﬂ"qul‘?q%%‘%trﬁ?a %]t{leg esglea#eﬂl ?}IJ gle(ﬁ & ’mcé'%& rabbit, goat,
hork&2&d Y thhy G@iﬂ%ﬁh@eﬁ&ﬁhhﬁhﬁﬁﬂog&@é mﬁmmcﬁxrdomﬁrﬁafg\w m

are pot ent| al 'y useful human adjuvants which
polgpepitidy edpepitiderpthef present me@mD&nwwm@eé}@s@pecles various

ence m.ni st ered
SRR e e b S o EE IR SPEh ity neiude, b
are SWEiRNLE to] hRMASs, mbdralngely Gich bE elunmﬁum I5@toxddé, nmd smsface active
col lected and treated accor di ng to known

subgtapess guelas lyscfle@ﬁmml%r@mcaqomq%@ PpbRYOPY r?ﬁpmg‘ﬁt pib sepplsions,
key581eﬂﬂnn§&'h%%s 38 ﬂp{i&?éﬂeﬁm BC® %%%‘dlﬂﬁtt&bukhﬁ) and

|nven o ¢ anti bodies to ot
Co;@mkb@ﬁn&m phvezupmry pbtamzilly wefiil hooliae adjozmtbwhipbméy eel employed

i pp BSOS T 56 SSQPRALAET eV B SHR LBy ngogically
contf)%}g}r%gs(fgrin&bﬁluﬁfstfor thB pRffd8E of firhulaitedsyBRhiibasthse. My

the i nvention al so provides "am no acid
sequences of the invention or fragnents 20 thereof

hapt.eni s another am np. a ne r
n‘n‘% Wﬂ'&lls'sd %}lmaﬁﬁr?éhgdg%g}w 0 c?agenl a bordify Bimown
roaaidr&o ol sesnﬂ bb@r@ine;g #9168 aBBbsdiRas ankpdpeadbitsinible fom a
pol ypepti de or peptide of the %resent | nvention _can

gfbies fosrfheranfigensa he polyclonal
antéﬁ?}eg gg’? gé 8‘61’11?%& W%ﬁ&affi@%@?@n&% gﬁﬂ? CTé?:Bﬁn%%les for producing

andé}ftbbé%@ﬂg-ppl;@]hml alglseml dre khowes m:ﬁlﬂ altelncordert thak S!uyh aeﬂlbodles may
ilon and aI ot her tec es sg h rech, t
be g BB BHAIG PRV R AL Esren AL i oo R AF trgpmments

thereof haptenised to another amino acid sequence for use as immunogens in animals or

humans.

Monoclonal antibodies directed against epitopes obtainable from a polypeptide or
peptide of the present invention can also be readily produced by one skilled in the art. The
general methodology for making monoclonal antibodies by hybridomas is well known.
Immortal antibody-producing cell lines can be created by cell fusion, and also by other
techniques such as direct transformation of B lymphocytes with oncogenic DNA, or
transfection with Epstein-Barr virus. Panels of monoclonal antibodies produced against

orbit epitopes can be screened for various properties; i.e., for isotype and epitope affinity.
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transfection with Epstein-Barr virus. Panels of

nmonocl onal anti bodi es produced agai nst orbit epitopes
w@2004/08803cr eened for various properties; i.e.,PEDGB2003/004479

i sotype and epitope affinity. WO 2004/ 038021

PCT/ GB2003/ 004479 43 anogéonal anti bodi es may be

prepared using any techniq whi ch provides for the

production of antibody nol ecul es by continuous cel

lines in culture. These include, but are not |limted

to, Mdmec]byhirantﬂmhest me} he greparsdivgingany Jeckiuigoe wWhich prpvides for

T ROERENC R E L S R O

npd K 3iler and
bul EE 6N 191%&?0&19@1;: bforth Kﬁ%ﬁgdﬁg@ e Sdler an

Mlmmm (1}955 mwm;zbﬁ AAHH7), Suhimiomadeqhoisivs, e hyman B-cell zxybndoma

tec QQ nS@P% l { ﬁ%% EE%gg)lldT (?Cr%y ;a?)get:] g%y ggﬁﬁ PZOCTQ:?[I Acad Sci

80@@2@&@%%& Qe HIHY- t@'b@i@bﬁlhlt&ihnﬁiﬁle (@mememu CM@nicidmdAeﬂbodzes
splicing of nouse antibody genes to human

améﬁ‘tmmd?lelg@mﬂ@ 73-96p AR Ligb RSk th 10
appropriate antigen specificity and biol ogi ca
activity can be used (Morrison et al (1984) Proc Natl
Acath Sfditichl 1@BhinéS&eloped lﬁ@ftbeprodhctain (fTeBi)eridantibedies”, the
312: 604- 608; Takeda et _ al (19 5 Nat ure 314:452- 45lle h
SNMH&‘P%WW@W“@&?H%W gere fo PEn A BalsEyiF St
epifprile 4 H%E%dlﬂﬂ%“%%‘*éﬁg%%?ﬁ‘e%@’z‘kiﬂéz‘}% (R1cifiSorre 8l (1984)
Pr&i Magl Acmh&m%la’iﬁiﬁil{ﬁ@d b eNeubbBeetat alk(éﬂ&ésNatMt-?ﬂZ 604-608; Takeda et

monocl_onal p nal |ch are dire
o1 QPSR HarkRE) A RR Bave o Pplies ofFe By BRGOFjotion of
smgﬁ%haﬁleﬁﬁ%dlbi‘ﬁ%ﬂ’ht@iﬂt 684,909,179 eh@dbé ¥dapseiftdlpréduce the substance

I agnosi s, and those whi ch are neutrali si ng are useful

spmxﬁmmggpvbmnHHMMﬁMMQrapy Monocl onal anti bodies, in

particul ar, maybe used to raise anti-idiotype

anti bodies. Anti- idiotype antibodies are

| NUAWEBEHIRE WotiGoMbyl6dnl aad pylyelonil, whizhriad direvseybdgadfst epitopes

t he substance 20 and/ or agent agai nst which prote

obfainabledTors @ PolmeptidRIREPHEF Of P SIFERLAT PR %‘@C\ﬁaﬁy useful in
dial t%él%%gh %s@%ﬁug{‘zg WA i ﬁé ﬁsefﬂihﬁ%ﬁssﬁfétlhnhlﬁio@ﬁéfﬂﬁr

I es nmay e use I'n therapy. Antibodies
Motyloahkmtibedips,dnl panmdulay qubmmsepg to rpise andi-idiogyhecamtibadies Anti-

id 1%&1%% lﬁ%tgg)cglbqg%/afr% 1 (?th 34 Q%’{H}F’aﬁ {p%?g%ngfﬁ%r&bstance

and/or agent against which protectlon is desired. Techniques for raising anti-idiotype

——

antibodies are known in the art. These anti-idiotype antibodies may also be useful in

therapy.

Antibodies may also be produced by inducing in vivo production in the lymphocyte
population or by screening recombinant immunoglobulin libraries or panels of highly
specific binding reagents as disclosed in Orlandi et al (1989, Proc Natl Acad Sci 86: 3833-
3837), and Winter G and Milstein C (1991; Nature 349:293-299).
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25 specific binding reagents as disclosed in Ol andi

et al (1989, Proc Natl Acad Sci 86: 3833- 3837), and
w8808 and M| stein C (1991; Nature 349: 293PQPEGB2009MN4479

2004/ 038021 PCT/ GB2003/ 004479 44 Antibody fragnents

whi ch contain specific binding sites for the

pol ypepti de or peptide na 4l'so be generated. For

exanpl e, such fragnents include, but are not limted

to, the F(ab')2 fragnments which can be produced by

pepshntibyidy éegments s¥hictheondain ispenifjc binding sitbefoartitt pdigpdpaide or

f .agnment ich can .be generate reduci.n he ..
pepiGHRRY alio BF Eifutied F3F o REbe( ssn EReme R i, but are not imited
to/thé B(abay 'ﬁ\égﬂn?%ts ﬁﬁﬁ’ctﬁé&ﬁﬁ%ﬁb@ﬁbeg b pRpdif 8idERYREOS the antibody

constructe allow rapid and éasy identification of
moleide shidie Felafragmanfivavitieh ointtre generatiddiyrreducisgpthei disutfide/bridges

; I 89). Science 256: 1275-128 1),
of i e . R FRS g ian et St be constructed to
allawtrafid A sasyldéntifitation dbmofoddikhl FA8 frag®dits #ifthb Besired
adapted_to_produce single chain antibodies to
Sperafi B’e@q%@@)é’f ak (A P89); &J@Wﬂéﬁilmiﬂz&ﬂko, transgenic
m ce, or other organisns including other mamal s, may

be used to express humani sed anti bodi es. Thus, the
I nv dietintigquesdousthe produbtibn GPiRbgle @hdih oth®BesqU.$ eat. No. 4,946,778)

co sitions conprising . them may, be of particular )
cay ﬁléng gﬁ ééﬁﬂ_tid @@éome sgle ham sibediss ialyeansidee af this invention.
[ r :
AR g ErEi B (i bRy ey boused to
expmess lmganist] ahiibadiesd t o any one or nore of the

foll owi ng: Al zheiners, sensory neuropathies and
epi l epsy. Such reproductive hornone related conditions

conghgs, ted indEitoRNBnle MAEGPR 54 B&ibodlel :6_9 tMp%ts%ﬂﬂs of

the follow ng: the nodul ation of fertility, [1bido and

compdsipg gem wpy bpgbpartigulat terapeitdnyse in the treatment of neurological,
rrfBhEPE AT B A5 A5, AN TRATREE Gin el Bhiions
inchiglefbut afeaiot lmited peanyeiicnanspiof thelodpyingHRTIheikbR &densory
condj ti glgcg i.hcl ude nmuscl e wasting di seases, pain,
ne‘HBP*’r#éH‘?% ¢ls88ht cancer and obesity. DI AGNOSTIC
ASSAYS I n a further aspect, the present invention

provi des a nethod for the diagnosis of a
Such reproductive hormone related conditions consist of any one or more of the

group consisting of the following: the modulation of fertility, libido and the onset of
puberty, lactation, osteoporosis/osteopetrosis and menopause. In addition, GPR54 agonists

or antagonist may be used in the useful for hormone replacement therapy (HRT).

Other conditions include muscle wasting diseases, pain, hormone dependent cancer

and obesity.

DIAGNOSTIC ASSAYS

In a further aspect, the present invention provides a method for the diagnosis of a

disease or condition selected from the group consisting of the following: Alzheimers,
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25 di sease or condition selected fromthe group
consisting of the follow ng: Al zheiners, W
wWQo083021 PCT/ GB2003/ 004479 45 sensory neurOpaBRi0a®04479

and epil epsy, the nodul ation of fertility, |ibido and
the onset of puberty, lactation,
ost eopor osi s/ ost eopor osi s, 4 nopause, nuscl e wasti ng

di seases, pain, hornone dependent cancer and obesity
conprising the steps of: (a) selecting a sanple of
sensetylreufopethias and epdersys ﬂte o duiadign of Eatility, libido codher q>n$gt of
t he expr.essi on Ieve %g r functional tivit
RtePh el

pulptts B Bl Epr e oy pROLB s e B TP dfases. pain

one
AR Ferfdeht dafber2@RbEdS donfistiahé bigps éMdi vi dual s.
}mqéﬂs [ %entlon %Iso relg%es to the ﬂ%% of GPR54
poI ynucl eot i des, GPR54 peptide |igand encodi ng

oriPsgeeee e o b e V20 BB, cor ror

use i n di agnosi s as di agnostic reagents or |n genetic
anal ysis. Nucleic acids conplenentary to or. capabl e of
hyb(b)etpmpagng the@RPEsian dvelsandir @snctlenﬂ@mﬂﬁh GPR54

po]gn%ﬁléisgﬁ[l g'g) %\éag{qﬂg n% Eﬁl&éﬁlﬂg 81r1 X‘g{é%%éecg)‘s Mlﬁlﬁﬁl healthy

indivigadl§l pol ypepti des are al so useful in such assays.
Detection of a nutated form of the GPR54 gene,
metastin gene or other natural 15 |igand gene,
ass L o 54 BbBYhEotdes, GPR54 peptide
dlagﬁl % t$h Foéﬁg%ﬁﬁgﬂﬁa ngngf P g?‘]neoafﬁlagnospgp1
ligaid encodiagdpsbymoaclestidssapt Ipblyipapt}de\s Qasawdl almeolapiashvariants and
results frgﬁwunder expreSS| ver - @re55|on

deryatigp etk N S Ut AE0BPRES O3EhosS Tease oF B B gnalysis.
Nu%fégf %’cﬁ%lu(%g l&ﬁéﬂtﬂyﬂg ofiAblhybidish tSReRIRG aaREic ac1ds

I'nc control" sequences) nmay be " detected at the
(mammgémmoldzguea vaginits tapd derivasiyls) @ﬁf@gﬂ apgitfhefics pgapstdSPR54

polBFR/HGE A CRRopdeaes poSPiRE oG SRR B M, o

The identified pattern is corrpared to controls of
patients known to be sufferin from a dj sease

a s s de¢taation afiarutgted form gf therGPRY4 gansompigstin g%cgggqleg fratural
PR t
11g?}1q &St géﬁ&é?ntgg Wedr %ysftﬁﬁ:hloﬁ Nifi W&ee:?‘&l ﬁgof)sﬁc g(r?dl%dt @an add to or

associ at d W th
defifes D8iaposisefacdiadase otiiseearibilityyo & dinadsevhiderasily Fom under-

CGenetic 25 anal) SI S he GPR54 astin A
eSS e o e oS R RSP RoB
Individuals carrying mutations in the GPR54 gene (including control sequences) may be

detected at the DNA level by a variety of techniques.

For example, DNA may be isolated from a patient and the DNA polymorphism
pattern of GPR54 or metastin determined. The identified pattern is compared to controls of
patients known to be suffering from a disease associated with over-, under- or abnormal
expression of GPR54 or metastin. Patiénts expressing a genetic polymorphism pattern
associated with GPR54 or metastin associated disease may then be identified. Genetic
analysis of the GPR54 or metastin gene may be conducted by any technique known in the
art. For example, individuals may be screened by determining DNA sequence of a GPR54
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art. For exanple, individuals my be screened by

determ ni ng DNA sequence of a GPR54 WO 2004/ 038021
weODAGBEO03/ 004479 46 or netastin allele, by REL/BBRG03/004479

SNP anal ysis, etc. Patients may be identified as

having a genetic predlspoiltlon for a di sease

associated wth the over-, @nder- or abnor mal

expressi on of GPR54 or met ast i n by detecting the

presence of a DNA polynorphismin the gene sequence
or fetastEPRele, by RidtPacit SNP enalpsis; et Efa@mt%mam e adsntifind as having a

expression.. 5 _Patjents so.id ed can _then
e B AT EPPOB R SIS Phe SOEHPT g PV EpRBHEyor normal
exf BRI GIASSPS rﬁ&tﬁgu%ﬁf@e@é&ing Pic prEscRc@BHA B ¥8ly¥ndrPhism in
e early stages of R54 or "netastin associated
thedienesmpena for GPRAH or histdstin ohary sguenccengEolding its expression.
devel opnent of the disease. GPR54 or netastin
associ ated di seases include Al zheiners, sensory
neupgpatddosideitibdeRh HRPDE trdabtd to W@hﬁh& ebc@fence of GPR54 or

fertility, libido and the onset of puberty, |actation,
mefaBtin aétseglpt@ﬂ@lsﬁegseo ot opragesessiyelyria Hesraukyastagen oE GBR 54 or metastin

P50 R DRI PSRNl B k. o

or AlRSIAE &BoEiMeP it esed Iincludmelzbélméi*g bﬁisﬁ@r seurapetties gnd epilepsy, the
neur opat hi es and epil epsy, the m)dul ation of

moglalatipn pf {ertilityplibido andhtheonaston puberth lastations v,
ostﬁﬁ)g%?sﬁé/gﬁe tp%ﬁgﬁg gﬂ%—%@bﬂeoﬁh%g%ﬁtﬂﬁo@seﬁ@sﬂ gﬁﬁuﬁcﬁmone dependent

eases, pain, mone’ tependent

carcancer and obeS|ty Advant ageously, the disease or

condition relates to nodul ati on of the sex steroid
hormonal axis. The present invention further discloses

a kIrI a &E ertdiferhiifithbdt GRRISAR: RetAtiR @Edo@i&fedsdw&%%&ioh@nse any
pol yno Ismpattern associated with GPR54 or netastin

on@e’"sblzham@ds densonsreurqpathiesand ¢pilepsid ths mpgulatioRpidertility, libido

ancg%e ﬁg% Iﬁg 851?]?‘31”?36%?1?)8;% nqsm{o%i]s/ o%?eo?%@}@% grgangp Q%@ ehbSele wasting

dis64%84, pain, hamhdRSdebendiat endbndabpsity. @[dvaﬁtageously, the d1sease or
susceptl bility to GPR54 or netastin associ ated

congliiéerpskatesdp maodubitiog of oK stegpiddo agls- et astin
associ at ed di sease conprising GPR54 or netastin
pol ypepti de and/ or an anti body against such a
pol Yhe ptdseiﬁ ifreemtibn digntheen disofosest 9 kiafar thé Ebnipﬁ@\tllod@(ﬂ a patient’s

Nucle ds for d|a nos ained from
gensiig jpe gp 1y Ratte cé eﬁa Wé@%yg?rotgatastm ?slsi%mated disease. The
kit SRR DN A S8 glemo%%g(&heﬁiétaﬁli%aﬁﬁf&ﬁb%nuhﬂg & genetic
preferred enbodi nent
polymorphism pattern, which is then compared to control samples to determine a patient’s
susceptibility to GPR54 or metastin associated disease. Kits for diagnosis of a GPR54 or
metastin associated disease comprising GPR54 or metastin polypeptide and/or an antibody

against such a polypeptide (or fragment of it) are also provided.

Nucleic acids for diagnosis may be obtained from a subject’s cells, such as from
blood, urine, saliva, tissue biopsy or autopsy material. In a preferred embodiment, the
DNA is obtained from blood cells obtained from a finger prick of the patient with the
blood collected on absorbent paper. In a further preferred embodiment, the blood 1s
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DNA i s obtained from bl ood cells obtained froma

finger prick of the patient wwth the blood collected
wo@pooakssoebent paper. In a further preferred enpOOGBeIS/004479

the bl ood is WO 2004/ 038021 PCT/ GB2003/ 004479 47

coll ected on an AnpliCard. TM (University of

Sheffield, Departnent of MEHi ci ne and  Phar nacol ogy,

Royal Hall anshire Hospital, Sheffield, England S 10

2JF). The DNA nay be used directly for detection or
cottegtedhen ampiniiliCGatd. EVe (Whatviersitlylog Shyffields Depa@Bitawf Médieine and

PR olAsSh BorA dbAoralae ol Shebieid Hnelime Y192 Epeci 1

pol ym)rphl c DNA region within the genes of interest
may be prepared so that in the PCR reaction
anpl|Theil3dAimay bd usetl eircettygfor dstectienaanay be anplifsteehzymatically by

o N T At T Db B
pribfRpdihat tﬁré@Nﬁae"S?MmHB BolyRforsie DIeE ?egféd ﬁﬂhfnecﬁg géﬂgs lo®hterest may

enzymes to erm ne 't he genetic pol ynor phi
be Pf@@@dtsolthattlh éheafpR ir¢actidn Bmghﬁ*mt@s odith tatget sdoypend®s is achieved.

8 3t PO A ok R TBRB S T Bl i, Th bl Dva

secglehce’sl’ﬁ':‘dny ﬂie&emﬁldt@m‘m tn‘é? khen b@ranhﬁfsé“@lﬁﬁlﬁg‘fé%!rféﬂon enzymes to
t echni ques such as SNP (single nucleotid

detBpipaihpernste polrmerisms pegean hepmplisigd S@Bleewsmmé therdby

prdv'ﬂfﬁec{ éc%nggé pggﬁg}}@pgﬁhﬁg%lﬁgg Eﬁlé ﬁtlg{ﬂaﬁgﬁn tnonS frz 5t gxfts fengths may

be ghmnﬁy(pby gé]mnatysrsuA}tbmﬂﬁeljz,am ith eorij chedtioinf teélihlk}l)fes]sﬁch as SNP
.hybri di si ed DNA to |abelle GPR540r

e BuaclrtdihariBe Eeneéa@?é}ﬁ%%@ay FrRlayed  rmat ched
sequences can be distinguished from m smat ched
dupl exes by RNase digestion or by differences in
mel Detegions apkinaertivas canidAletsetpddrycecktingé ar sncettheamplified

S BT R B Il A SRRl e
hylﬁfmﬁhgl bnPUi8QBINA to Rbelid GPR Lo MBASHEAULEHHIB GequeBbes. Perfectly

Myers et al, Science 20 (1985;1230 1242, Sequence
ma@hﬁ% sRepicnges B bp ﬂi%lng@ém m niigpatghefbdupleyes by R¥age djgestion or

oy AL SRS AL AR S U R il o e

by ﬂtﬁrahmnsen eblctrolerretmc iNability\cIOINACfraditéht kO, “851 or without
97-4401. a ot h enbodi nent, an array
dena rﬂ%&iﬂéxﬁ eliregt DI SROgFRng: iS58, 3 #reNopores abrScwnce

¢! 98?}2@@19&2 @Bﬁh@ﬁ’éé Gan SR SRefhc 18Eationg@ gtﬂa?'hqs% l%%%{é?a‘?éd g}aﬂuclease

be constructed to conduct efficient screeni
protgetien pgsays, such as RNase and Slprotection or the chemical cleavage method. See

Cotton et al., Proc Natl Acad Sci USA (1985) 85: 4397-4401. In another embodiment, an

array of oligonucleotides probes comprising the GPR54 or metastin nucleotide sequence
or fragments thereof can be constructed to conduct efficient screening of e.g., genetic
mutations. Array technology methods are well known and have general applicability and
can be used to address a variety of questions in molecular genetics including gene
expression, genetic linkage, and genetic variability. (See for example: M.Chee et al.,

Science, Vol 274, pp 610-613 (1996)).
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25 nutations. Array technol ogy nmethods are well known

and have general applicability and can be used to
w@oares®2a vari ety of questions in nolecul ar gRCEGBE®3/004479

i ncludi ng gene expression, genetic |inkage, and

genetic variability. (See for exanple: M Chee et al.

Sci ence, Vol 274, pp 610- Gfg (1996)). WD 2004/ 038021

PCT/ GB2003/ 004479 48 Single strand conformation

pol ynmor phi sm (SSCP) nay be used to detect differences

i n Binetd stopd epeformatnwbpdlymyrphsnesSCRYmayrhe waed tavletegct

B L e B B e TR s o
et ﬁe%PS%SISméL RpnlAdad. @@ij KRy B86h6d, 35969&0 @SﬂSﬁ (493} l\ﬂﬁétfRes

Si ngl e- stranded %ﬂents of
285 a2pll ¢4;zmd Hayasmdwm%netonnakﬁieaksAml 9}@& 9).Singlp-glrapdgd DNA

tur d a t o renatur
e pE RS o8 B B kAL T3 8 PERtard
all&ﬁ&ﬂb%ﬁkﬂuﬂeoT RESHEBAERY s&&&u&ﬁdﬁklﬁ@raﬁﬂ&cﬁﬁu&ﬂ&@ Acids varies
el ectrophoretic nobility enables the detection of

acoovding @ sAqngice, thagesullingrdferatipndn eipironhariemnebiliy cnghles the

d ol de t
de:’[géj}ho%)1 q a s1 aég gléasngy "fhe ﬁgﬁ %ﬁ%ﬁ%ﬁg ;r/m EJST)%lled % I\%?tected
withrgsened pil&)eb hH{b dehiivity of t\‘nb lasﬁayh’(w l&mnhald:ad)bysjsmgdiNAe(rather
is nore sensitive tgo a change in sequence.

thap RYA), i avhishoib sereRdarySHECWIRIS Bt0re FBEHDE Ripe R%‘&éﬂ sequence. In
a pﬁé?%r%cp&ﬂﬁ%cﬁﬁleﬁp eyt ﬁetﬁ@ﬁ AiAsR he@%&ﬁbfex%%@@ﬂ@g separate

er oau ex nol ecules on pasi s of ¢ch anges 1 n
doﬁl@s:tt'afrﬂp& hetetaduplexoholeiules qudbe basis ofdhangdsdo Elecpophaistic

ol G b DR 5 Shocept i bi ity 16 to

i nfections such as infections such as bacterial,
fungal, protozoan and viral infections, arti cuI arly
i nf @b ilingogimassaysioffern propessrfornh\aglzosnwa@r teterpyiRiBg g susceptibility

et es es
to BlERPRE SR dtbiting sBHRHRCHi Buial gl Bro R0 visa infoctions,
parﬂkflﬁl@ﬂ?ﬁl‘iﬂe@lﬁbnsfbﬁ@@ﬂtb@rﬁmm or BTV Cl; ipain; dysbrsy diabeﬂas, obesny,
urinary retention; netabol.ic bone di seases suc

anqs@pedpaun@. asthypes Brukiasmis diesdss IMaRBPS: Ate H5ALaIS;
g 'h?%eﬂté?lgj B lilOfe dﬁ%uﬂér%f?glg %ﬁg&&@ﬂmrﬁ He@;{%'h@ $one

euna hritis: di sease;
d1seerses swchl a8 dsteopbrisis ymblostevpetiesis; gngine psetaris;gnyocardial infarction;

e B RS PR AP 3l hSRS e bowe

syridBorhé biilon PESFRMCI BrpeSRYRY; Q@R elotic and neurological disorders,

including anxiety, schizophrenia, manic depression, delirium, dementia, severe mental

retardation and dyskinesias, such as Huntington's disease or Gilles dela Tourett's syndrome

through detection of mutation in the GPR54 or metastin gene by the methods described.

In a particularly preferred embodiment, the diagnostic assays are used to diagnose
or determine susceptibility to Alzheimers disease, sensory neuropathies and epilepsy, the
modulation of fertility, libido and the onset of puberty, lactation,
osteoporosis/osteopetrosis, menopause, muscle wasting diseases, pain, hormone dependent
cancer and obesity. Advantageously, the disease or condition relates to modulation of the

sex steroid hormonal axis.
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retardation and dyski nesias, such as Huntington's

di sease or Glles dela Tourett's syndrone through
wa@ledogossoon of nutation in the GPR54 or netastiPCEB200BY04479

the met hods described. 25 In a particularly preferred

enbodi nent, the diagnostic assays are used to di agnose

or determ ne susceptibili tﬂ’9t o Al zhei ners di sease,

sensory neuropat hies and epil epsy, the nodul ation of

fertility, libido and the onset of puberty, l|actation,

oSt Fhp pressn/ of GRRfFatrmugtasin pokypspidesend muslelcacidsgninbe:

s i o LTS AR TSR O b
BP0 A b sl on o

dedzBR6d opincreatableiel af the/PRRS4 demetasith polypaniticle ot GPR Sdegr metastin
he etected in a sanple... Thus. infections . .
mRIVA  hi SRRE e BB oy LS b S Sl nigpypyering or
sus@@%{@& tShO ARG FInh Aedse ARIR i BA IR it ek deducodbaotherwise
ubject an abnornally decreased or increased | evel of

abridrmalBBRBA4 or miattstis ekpregsitty peghtdiag spetialaprismperal shangss imlevel or

MRNA. The s e [ d .cel [ o
oot SPOIa PBIS DT SR S raciog of GRR sk of Bffstingn an
orgatfsheaufRgink Foth ar slispedekiodfesatierit e thoit subh ardiveesesaaly be usefully

reduced or otherwi se abnormal GPR54 or netastin
compgreé saihohe laviebPrRAtAE AfFAPTEAFIOB i ¢ BORRA! QTEaRiREh R meAps of

. | eve] . ttern of expression. The |level or pattern
dla&?“é%(%féé%alggn of GPR54 or netastin in an organism
suffering fromor suspected to be suffering from such

a disease may bhe usefully 10 conpare it he | evel
or ﬂgtgeggqal gqereégrﬁ.r éx?vdeﬁ?{p% 1@?\.}@%? ﬁg}eﬂéﬁdgrﬁebgﬁgg ﬁaae presence of a
nu%fﬁfg rh%i@éomﬂiﬁ%‘@@?ﬁﬂfor tHePRAA Auclbid BRI RAamplE befcehRcting the

I'nvention 1ncludes a method of detecting the |
sappleseificat lodst ane mund¢ie peid peohe whinh i speeific dogaRbamcdgic acid and

nmet astin _nucl ei cidin a |l e,. hy.,C [ C
TR AR o AP e PSR e s
probReRay dpecimeally Bird 1046 GPR54A61 thetsith Afcleoatidpor aporsiah of it, and
~sanpl’e for the presence of the nucleic acid. For
bingiagpitercen the twadetsriedalbp aresressl thageraper fteqlEmpy plsgihdietected
{ ; . i i : . :
rol o Tl PEL ST UEIAR it o o oor o
or fleetin pelypeplidechycampicting hicsk simple ywith aparibody capsblegof binding
the%l{g&%&iﬁ% ragq'l‘ g}ogqetgylg% gag(ti gﬁﬂ%l%g;%gg%%%g&e%f %Eet &oque%tcide. This may

conveniently be achieved by monitoring the presence of a complex formed between the

antibody and the polypeptide, or monitoring the binding between the polypeptide and the
antibody. Methods of detecting binding between two entities are known in the art, and

include FRET (fluorescence resonance energy transfer), surface plasmon resonance, etc.

Decreased or increased expression can be measured at the RNA level using any of
the methods well known in the art for the quantitation of polynucleotides, such as, for
example, PCR, RT-PCR, RNase protection, Northern blotting and other hybridisation
methods. Assay techniques that can be used to determine levels of a protein, such as a

GPR54 or metastin, in a sample derived from a host are well-known to those of skill in the
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or netastin pol ypeptide by contacting a cell sanple
Wi th an anti body capabl e of binding 20 the pol ypepti de
wa@pa4m8802t ori ng said sanple for the presence oPCT/682003/004479
pol ypeptide. This may conveniently be achieved by
nmoni toring the presence of a conplex fornmed between
the antibody and the ponﬁ@ptide, or nonitoring the
bi ndi ng between the pol ypeptide and the anti body.
Met hods of detecting binding between two entities are
art. lﬂmisiap nidigodalihcludenddioimmhmosssSRFEonifdtitive ddubng essays, Western
resonance energy transfer), surface plasnon resonance,
Blot ppalysis amsbEEEHS 8%2% i ncreased expression can be
nmeasured at the RNA | evel using any of the nethods
well known in the art for the quantitati on of
pol Yheiptesait inheatios retdtests, a diegnosex bitiire dlmsc omsmmbﬂlty toa

RNase  protection, bl otting and ot
ispape PURTLGRERISIFES it TG ATABRIZ s SREMIID OIS PAILERS a0 ppijgosy. the
mo@%g Axﬁ 8t fé‘,?t‘i ni'ﬂﬁ&o bV @k dndt o@ %&IyelaﬁtatﬁHCh as a
stl n, 1n a sanple derived froma host are
ostwolredmmﬁvmtrommogausskmmscw wasting diagsonzindsampne dependent

CT/ 003/ 00 9 0 h
cancsguigh Sprttib AL Ay Seeiv e U R Mg MU B itifn of the
sexEétcf}Bldq{Hi‘fn)Sﬁhlsaxi’éWd ELI SA assays. The present invention

ates to a diagnostic kit for a disease or
susceptibility to a disease which conprises any one

of rrég F@P}q%ﬂy Q{%%&f&l}éﬁ%%ﬂé ‘Ii%ﬂi {l}eﬁ% g&gﬁ:o?'glha?%&’e (%1%&%6 or

sus@éﬂiﬁﬁl‘it‘y,to ki bathk @sllowis g eARhERsS sasbeopetomshies and epilepsy, the
menopause, nuscle wasting dlseai I1FFcaln hor none

modéﬁ@téﬁ@éﬁfeﬂﬂété(n]é@ﬂo andithsamsetiaf Pubgrid Busly, the
t HenonSMpendent

oS BFER o fE Rt PP EThSb o y@‘*pa???léﬁ‘e“ P
candeegriosiesity. kA dvantmgensty, the detase or emditioagrletes telmpdakation of the

or 10 susceg i bility to any of the follow ng:
sexterRig ory neur opat hi es and epi |l epsy, the

nodul ation of fertility, |ibido and the onset of

puberty, lactation, oste%por05|s/osteoEﬂfrOS|s

rre ndpa dsagnostwsl@t @W$ a PR e Srafastipgiofynuplspiigser 2 fragment
endent. ca
theEﬁo ,eaagcgngllemgg czilé})%fi g Ikgg éaéx nmodu «ngﬁgtﬁs?to 01 e tlg ex

fragxheﬁtcth&ebp iR ahuhvdst a IERIHﬂeordnagsmqmlypephde C o npri ses
GPR54 or netastin polynucl eotide or a fragnent

PROPHYLACTIC AND THERAPEUTIC METHODS

This invention provides methods of treating an abnormal conditions related to both
an excess of and insufficient amounts of GPR54 polypeptide activity and consider that
GPR54 polypeptide, binding proteins thereof and/or the nucleic acids encoding them may
be of particular use in the treatment of neurological, reproductive hormone related, and
certain other conditions. Such neurological conditions include but are not limited to any

one or more of the following: Alzheimers, sensory neuropathies and epilepsy.
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thereof; a conpl enentary nucl eoti de sequence; a GPR54

or nmetastin polypeptide or a fragnent thereof, or an
W@paokossigl t o a GPR54 or netastin pol ypepti de. PCT/GB2003/004479

PROPHYLACTI C AND THERAPEUTI C METHODS Thi s invention

provi des nethods of treating an abnormal conditions

related to both 20 an exc of and insufficient

anmounts of GPR54 pol ypeptide activity and consi der

that GPR54 pol ypeptide, binding proteins thereof

and/Bichireprodustive hormeredslataiomdditigns basistrafanybeeadr more of the
ne

P osifE oL R sokoiolE: b lotianar (o iR aAg the onset of

pubertylilhdtaish, ost r&%’éaﬁédiﬂtrﬁﬁk a@REhP85S Th Q@dlﬂgﬁ @I"R54 agonists
are not linmted to any one or nore of the fol

or aptageniptanay beesed an therisafud @mh@mgncmglaegnbmphgrapmmn
2004/ 038021 PCT/ GB2003/ 004479 51 Such reproductive
hor none rel ated conditions consist of any one or nore
of t(er @n@itidns Aeidetrnikg1e0kadting disehdes Wat) hokhéne dependent cancer
nodul ation of fertility, |ibido and t’he onset of

anéﬂb‘?ﬁrltb’y, | act ati on, osteoporosis/osteopetrosis and
menopause. In add|t| on, GPR54 agonists or antagoni st
may be used in the useful for hornone repl acenent

t herlfyby aCtiiTy) of GPRI A Byrin @Reedh 1 se0dts] dppedadHe b8 ¢diRble. One
wast i ng di seases, pain, hor none dependent cancer and

appieach fftgmprmes pdminigeTing oy syblechsihibitor poraeuEly antagonist) as
heRBY AL JRRR Qéaﬁﬁg vAfa ﬁi‘(zﬁl‘rﬂa@éﬂtlbalé}gb% a%ta cQ%PeP in an amount .

conpri ses a mnls ering to a su
effectimedomthibia ad;ta@tmn by))lcmkmgﬁnnchng oﬁhgmds ttethe IGRIESJH at bng

miibed SGRaRaa) of ety iR e V‘E?ﬁrcﬁl?/‘ﬂﬁg’gckl g

bi nding of ligands to the GPR54, or inhibiting a

second signal, and thereby alleviati ng t he abnor mal
condi anagher approanh)tShbtbleaf@ma af GPR&4 ipabyipeptides still chpaBRR&Ebinding

nREPLEASS R GARA0NG bl dh 0B (i RE 10RO kDY

embydintats ofentlocimpaniiers Cbmptisd fiegnwRs bf Mt GERISJIFReptide.
fragnents of the GPR54 pol ypeptide. 15 In still e
anot her approach, expression of the gene encodi ng
en dﬂﬂ&ﬁ%ﬁwtﬁ%@éma&? |l ¥PRBLibAES {8 e&?eﬂc@ﬁin% eh?g%qlfil%hy &PR54
expressi on ing te ni ques. nomn suc nirques
polypeptide €ai be inlslsitedfusaryg emeassien:bdmp\kmgdeanncgleb H&own such
hmternallx enera ed. or ar at Y
techniques mvolve the use o antlsense se uences elther internally generated or separately
administered. See, for example, O’Connor, J Neurochem (1991) 56:560 in

Oligodeoxynucleotides as Antisense Inhibitors of Gene Expression, CRC Press, Boca

Raton, Fla. (1988). Alternatively, oligonucleotides which form triple helices with the gene
can be supplied. See, for example, Lee et al., Nucleic Acids Res (1979) 6:3073; Cooney et
al., Science (1988) 241:456; Dervan et al., Science (1991) 251:1360. These oligomers can

be administered per se or the relevant oligomers can be expressed in vivo.

For treating abnormal conditions related to an under-expression of GPR54 and its
activity, several approaches are also available. One approach comprises administering to a

subject a therapeutically effective amount of a compound which mimics ligand bound
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adm ni stered. See, for exanple, O Connor, JNeurochem
(1991) 56:560 in A igodeoxynucl eotides as Antisense
wo ndvitlosdoor s of Gene Expression, CRC Press, BocBCRGB2003/004479
Raton, Fla. (1988). Alternatively, oligonucleotides
which formtriple helices with the gene can be
supplied. See, for exanpley“Lee et al., Nucleic Acids
Res (1979) 6:3073; Cooney et al., Science (1988)
241: 456; Dervan et al., Science (1991) 251:1360. These
GPRIsi giosremsagonist ashiesanibrdrabeve rie dorplinatien with atpharmedceyiagally

scogmiAe A oG AL R e bt consiaen AUy, e therepy
maggggﬁggd;fiéfi lg{)?fgecg %ﬁ&gg%?ﬂggg Rﬁﬁl\i@t’i&ﬂ of2BPR QB Gfe r8le@ant cells in

) conpri ses adninisterin?
thetsabjact. Bobxautple atpobmapleatideel thy invehtéen may ba saginecred iy

exg%%p 0%2‘80@? B‘%ﬁg}? gé?egtgvelcglg%g\?fldal ik‘)z_g U[ng ag\ﬁ)lsglgs%# gtf’o%gg’i!‘he retroviral
x| BREERRMG thdb£RRIcdAhE Mirolubdd Mito a packaging cell transduced
pharmaceutically acceptable carrier, to thereb

3 | y
withlal retrpvitad plasmidiestonaentassng RN/ prcoinge priypapsids of themgesent

N

theSdélt BEinterEd! TIRNE PRI ceraellohiny be ladmiristeredfio hisebject for engineering
invention may be engi neered for 5 expression i

cellsap Vivocaridsnperetion of (he PObPEBYAS BIVIVR: PBPY%@%‘?Q&?S& thegpy, see
Ch%gtgl?/ %0 G-%Bg gﬁg%h? Y%héi Bther RAEQRR RRGEEBRH lfﬁferéi‘i@llYtllé Bfproaches,

Sdla Introduced 1nto a packagi ng Ce
(anidrafesghdeseited wharbin it Humau Malbcybdra3erietics; dc3toachan and A P Read,

cont ai ni.n NA encqdi a pol ypeptide of the present
Bnpﬁ@@ﬁ?ﬁ@ﬁ%gﬁéﬁﬂﬁﬁ&ﬁ%iﬂgnpackaging cell now produces
infectious viral particles containing the gene of
interest. These producer cells nay be adninistered to
FORMVEWATEON ARD ADMAYISTRATION) 10 cells in vivo and
expression of the polypeptide in vivo. For overview of
gene therapy, see Chapter 20, Gene Therapy and ot her

Mo| egptick, B8R ES iHe-soRmRsifoFMEITAIRI4 ol Apptides; hed agonfasiahd
references cited therein) in Human Mol ecul ar. Genetjcs, .
antFg@tist pehtdes on gmall pgdeeres, may bs fapnulpied 1) eomppigptin, kit a suitable

Lt d 9 . . | .
o S AR A AL oo
thefpolipeptits cecompontd pguin shasmacmiticaliyt ageptilsle cpeisr pyexsipient. Such

small ml ecul es, my be formul at.ed. i n copbinatio '
carglegsl}pflgg¢ Bt 356, gﬁ)tnlggé?ff 10, gﬁmgn;l?ﬁeé?q S%th eXPOsS, lwg?e?rgé]lggerol,
ethaROP i BErRbih IR REAHES € Bbinvul 8 dredhobMdesudTBe!Hode bf administration,
and is well within the skill of the art. The invention further relates to pharmaceutical packs

and kits comprising one or more containers filled with one or more of the ingredients of

the aforementioned compositions of the invention.

Polypeptides and other compounds of the present invention may be employed

alone or in conjunction with other compounds, such as therapeutic compounds.

Preferred forms of systemic administration of the pharmaceutical compositions

include injection, typically by intravenous injection. Other injection routes, such as
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t he pol ypeptide or conmpound, and a pharnmaceutically
acceptable carrier or excipient. Such carriers
w0 pioste2but are not |imted to, saline, buffeP€dGB2003/004479
saline, dextrose, water, glycerol, 20 ethanol, and
combi nati ons t hereof. For 3gt|on shoul d suit the node
of admnistration, and is wthin the skill of
the art. The invention further relates to
pharmaceutical packs and kits conprising one or nore
subnutzMeausemaﬂmubdlléai o infraparidonsal, ean be Bsed: ﬁgtenwgwe ticaps o1

sysbopi G PR e B BT e BBt b FRh Wng
peﬁéﬁ‘éﬁt@ tsh&f‘asﬁﬁbé $Bs Smlsfal/ce&ldﬁcﬁ ofleR ASteBFents it &dYitidYS; if @Operly
ot her conpounds, such as therafeutlc conmpounds.

formuut@k m@memrqmn@rps@y@defmm,ulmwrg adimingsirafien pigg also be

po{’ g)g? % fa (i)rh?ftggosclé)tnlg)o J eC 4'%1%8 bg@?&l 'aﬁ&‘/te){: ocahze in the

forlP3s8Fes wges Eg@ls\é@deDSSOZl PCT/ GB2003/ 004479 53
subcut aneous, 1 ntramuscul ar, or intraperitoneal, can

be used. Alter native means for system c

inel:
A 305t e AR Ao B BN Db AP TR o,
adﬁﬂiﬁdtﬂth@n atié asture ofahd ﬁfrmdemengma hsturd of thel ditjeais, condition, and the
roperl formul ated.in erlc or encapsul at ed
udgment b aieding pIRCUfinReR SHALE FaPERR,PoReE. Bl 18 the range of 0.1-

10(2 gi@cé S Bl &y J&q W&é&z{rﬁ'ﬁbﬁ@m‘%e Ihg&%?ﬁ gﬁg’dfggol%ef@)‘e ) Be%xpected

I ca | Ze, rmof <alves,
in Wiawtof she Geledy Gfvdnigoands ailaflkaend teatifferian gﬁicteaqms pEvarious

depends . qn the choice ptide, the ro
o AT AU BEAHOR, ARG P GRS HATE o Rewepisd to require
hlgﬂ?r[ d’lﬁ@géﬁfth itk &66n ﬁ GRAJEAUR o] e@cﬂﬂl WRfatidédH MRIBE dosage

e at tendi ng pract | i oner. Sui'table dosages,
levhlswew be adjasted using h@nda’d@mp@mC@ routings ijm@)pgm{@tlgn, as is well

Wde variations in the needed dosage,
un%aﬁ%é?fgwh ?”g to be expected in view of the variety of

conmpounds avail abl e and the differing efficiencies of
vari ous routes of adm nistration. For _ exanple,

adrPelypentidtes gpedipiregiment 65p é‘é‘? be 2ensrated) smmenwsgg@rthe subject,
in 1?; %ncg&?iﬁeggﬁ&{]fe?%féﬁtt'o%g “ ﬁéﬁgye&% &Hb{ @ Thus, for
aria eve an be adju

i'ons i n these dosage st ed
exanspladells fomed shbjenp ntaydel engimetied edthf opolpmudlerntsias such as adNA or

1s well 15 understood in t art. Pol I des used. i.n .
RNA. R EROHE PP RLS BB b EPIGg IR Sy e gial Plasmid
vectSITRE kells are then introduced into the subject. o

PHARMACEUTICAL COMPOSITIONS

The present invention also provides a pharmaceutical composition comprising
administering a therapeutically effective amount of the GPR54 polypeptide, binding
molecules thereof or the nucleic acid encoding them according to the present invention
and optionally a pharmaceutically acceptable carrier, diluent or excipients (including

combinations thereof).
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in treatnment nodalities often referred to as "gene

t herapy" as described above. Thus, for exanple, cells
wo e@a03803ubj ect nmay be engi neered with a PCT/GB2003/004479

pol ynucl eoti de, such as a DNA or RNA, to encode a

pol ypepti de ex vivo, and f exanpl e, by the use of a

retroviral plasmd 20 vectg{. The cells are then

i ntroduced into the subject. PHARVACEUTI CAL

COVPGSI TI ONS The present invention also provides g

P E afmdmmma@?;:ﬁcdmomsﬁmmm@b hp fordumen cx@rimaldsegs 1R gugan and

erapeuytica effective anpu :

vetszgpBticie g ooy b ol any fhs bofof Sy phamaseuically
acc%thgﬁ gﬂﬁ&ﬂj St 6PeRes etdABEEptabld derigs @8 aitieritnfoe tidrapeutic use

optlonalfy a pharmaceutical |y acceptable .
arecerllrkinewn idithepharmaeeutindliagh, apd are @ieﬁpé%gé,i ) example, in Remington’s

conbi nat.ions thereof . 4 . :
LB H o5 oo R (S KFhparo o, 1983 The chofoe of
phdBYcdificdlVaribBiRipiént dP difadnt darbesdlectédiwith regadd to the intended
veterinary medicine and wll typically npri se an
roubef agimeielias and SEFARLBURFSAl §3) PrasiEe kiR ANBTERSC i
carrier r Lent... L ‘ ) i |
corf s oAb R b il acany
suipBRIVIBGLE), laBricant(s), suspending aghmt(s), ichasihg fgont(ex sotpbilising agent(s).
Rem ngton's 5 Pharmaceutical Sciences, Mack Publishing
Cﬁ. (A. R Gennaro edit. 1985). The choice of
N Ok O R T A
phathataitisal ampsitendEsdapldaotprpseavatives includgisogivgrngaate, sorbic

.The_ pharmaceut.i ca cCoONposi {.1,.0Ns,.m ' =
acifl A T PR DAFSOPRE R A R e el B nf e REents Blay b also
usedui tabl e binder(s), lubricant(s), suspending agent(s),
coating agent(s), solubilising agent(s). 10
Preservativgs, stabilisers, dyes and even flavouring
agents na € ..REOVI | A Lt
e BEeET B s EGpgdMidr oAb RERHC(EAl dependent on the
diffedi dqaﬁAhﬁetry ssagtgmg. B}awhygl oRachngde, dhesplurmpedwidaloopiposition of the
aci d. it 1 oxi dants and .su di ng, agents. b I
pregednveRtien @iy [BEAe 49 BhCSLATS BRI TR 2 piokmucosal
i gil1é Vel
ro S S B e o B oy e om o
pareniepiiyiih ivdrictothetchmpogitios enformplatedtbiysin piggtable form, for delivery,

by]c £ g)ugaléq%lg,dant iroltrgveen%%, iiﬁ/t?e{n%gscﬁl%ir Qgsﬁcmaﬂéo'ug qgﬁepﬁtgﬁa@vely, the

formulation may be designed to be delivered by both routes.

Where the agent is to be delivered mucosally through the gastrointestinal mucosa,
it should be able to remain stable during transit though the gastrointestinal tract; for
example, it should be resistant to proteolytic degradation, stable at acid pH and resistant to

the detergent effects of bile.

Where appropriate, the pharmaceutical compositions can be administered by
inhalation, in the form of a suppository or pessary, topically in the form of a lotion,

solution, cream, ointment or dusting powder, by use of a skin patch, orally in the form of



route, for exanple, as a nasal spray or aerosol for
i nhal ation or ingestable solution, or parenterally in
wokiogl3gohe conposition is fornul ated by an i njBCt/aBR@3/004479
form for delivery, by, for exanple, an intravenous,
i ntramuscul ar or subcutaneous route. Alternatively,
the 20 formul ati on may be Psi gned to be delivered by
both routes. Wiere the agent is to be delivered
nmucosal | y through the gastrointestinal mnmucosa, it
taldlels gbutaimangadrcipiends susheis stasthadyllectoke; bmnip dapsaules dr dvinles gither alone
the, gastroi.ptesti.nal tract; for. exanple, it should be
or I eqrERENE ith PN pF rothe SomeelikyR, Slitions or SEspaRsiens
coRlgindmE1 AR R boloBring A nflebeme§ Bhn 64 fnié‘cke?i O;Pirerﬁéljaﬁy, for
Where appropriate, the pharnmaceutical CTonpositions can
expraplgdntravesoeslpdntsymuscnlagy ar sdrentangoushe Foo panenferal administration,

s U AR S e BB Bondoicmes
colttinUufBerGibgtagdes, FoPatatple Bctish ¥altdort H8ndsRédMaffies @ make the

2004/ 038021 PCT/ GB2003/ 004479 55 tablets containing
solgfien potonicwith blpods Fert buceal ogsublingpakasiministratiorctip sampesitions

o5 ejf. [ m xture w th .
AL LA RS e GBS M o n s
comsweafietrd namsier.cont ai ni ng fl avouring or col ouri ng

agents, or they can be injected parenterally, for
exanpl e intravenously, intranmuscularly or

10 ApMHREMRARFSNS! y. For parenteral admnistration, 5 the
conpositions nmay be best used in the formof a sterile

aqueous sol ution which may contain other substances,

for.exanpl e enough salis or nosacchari des, t o nmake .

the T_YBI&?E%?&?W_P@M&{W@%% aﬁ.ualp%ﬁém@ah vgfl be most suitable
for 2 RhAiPHIMAl suBfHRt BBk At VR Wiaete l‘%t@&%éi?ht%‘ﬁ reéﬁ)sis V\ﬁ ﬂéﬁ

adm ni stered in the formof tablé&ts or |ozen
partigyatpatient. thiealosaes helaw are aveplagyef theravenege. cad® There can, of

Typically. a physician will determ.

et bRt fere e IS oo gt

i ndi vi dual subject and it will vary with the age,

wei ght and response of | the &grt icular patient. The

15 dosiBeshamastitispbcanraspions of B prersnkinsenipa roaske admisistered by

dir&@hjedfon. ‘gﬂé’ EGifiposifor] MGV ¥é Muldtt&ffo? ?gﬁﬁﬁm,eﬁﬁcgyag her

or Tower dosage ranges are nerited. e
intrpmasmmaw_amowmqbosthnéom,sinnﬁom op trasgietmalrideaiihisition.
Typrlrge}ily? €ad dprPo{yirf xtn%r %g ag%ini stered at a dose of from 0.01 to 30 mg/kg body
weight, preferably from 0.1 to 10 mg/kg, more preferably from 0.1 to 1 mg/kg body

20  weight.

The term “administered” includes delivery by viral or non-viral techniques. Viral
delivery mechanisms include but are not limited to adenoviral vectors, adeno-associated viral
(AAYV) vectors, herpes viral vectors, retroviral vectors, lentiviral vectors, and baculoviral
vectors. Non-viral delivery mechanisms include lipid mediated transfection, liposomes,

25  immunoliposomes, lipofectin, cationic facial amphiphiles (CFAs) and combinations thereof,
The routes for such delivery mechanisms include but are not limited to mucosal, nasal,

oral, parenteral, gastrointestinal, topical, or sublingual routes.
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direct injection. The conposition may be fornul ated

for parenteral, nucosal, intranuscular, intravenous,
wG@aivessaneous, i ntraocul ar or transder mal PCT/GB2003/004479

adm nistration. Typically, each protein my be

adm ni stered at a dose of gonw0.0l to 30 ny/ kg body

wei ght, preferably fromO0.1to 10 ng/ kg, nore

preferably fromO0.1 to 1 ng/kg body 20 wei ght. The

term "adm ni stered" includes delivery by viral or

nonThe teah “admimstered’sincludesibut igjaot lmitsd toudehiseny P mucosal route,

i nclude but are not |imted. ' -
o e o R AP S0 05 g o
par¥i@EiaPiotite WRbIeQUL V@Y 13 BeaDiFactdbfor] st a0 examplaywh

bacul oviral vectors. Non-viral delivery mechani sns
intraneronslgntrampiistulas @ substtapeensgPeet i on, |i posones, 25

i mrunol i posones, |ipofectin, cationic faci al

anphi phil es (CFAs) and conbi nations thereof. The

I OUTRS tehArco it gbiede tcanedhaethe Sits anditiine € administration of each
not limted to nucosal, nasal, oral, pare tera{

of fgnsxanplas the pplyarptideybitheresest eI idkAn addifopal enfigy such as
adjg\g‘aglﬁ{a%?sglgligi'ggggn %g%gé&%cﬁ#’% noq"%he-r#rlfnrlnﬁﬁ tem is achieved. Thus,

I'nc I'S not to delivery
whilit tBe ol {deradtle; adjdvant @xpbpbémimgermd nbthalsamp meoment n time

aer osol or inhal at 'éon or as an ]: ngest.abl

| uti.an;
andirtamtagiatites Bisremah Br adEIAsGRIAG e %&g’@zﬁ%’%@g at &
diffegc{rmim%%ﬁ 189 difriEntSHE TR the®djuvait Tﬁ% 9$%§mide and adjuvant may

ranuscul ar or subcut aneous Toute. he term .
evénthe-detinereil $n treesdtnerietivery tvhiclet-tand $he polxpeptide gad e antigen may

adm nj stration qf .each of .far ex

be '%%P“Rqﬁ%“gd? UEEREYG é’ﬁf@gﬁ alg%/a} Qﬁcog S i onal
entity such as adjuvant are such that the necessary
nodul ati on of the i Mmune systemis_achi

I [ ) :hi eved. ,Thlﬁs, i
whi Tae polyeeptisley pelyritdeotiddpaptide.amclrotife, aﬁgypﬂ%na y an adjuvant
admi ni st.ered at i ' t
R A i SRR o st it dose o
in RipPOdogReept i de at a 10 different tine and to a
different site fromthe adjuvant. The pol ypepti de and
adjuvant may even be delivered in the sane delivery

veh Llfxé gh%rrx]@#guﬁ&? cﬁﬁ%?@&?cﬁfs |ftenAReschPRiveaidra@Ry U@}idn&ﬂﬁstered by

coup or uncoupl ed and/or genetically couple
a nambEosf differsptees stble apinjegtiop (Whieh insdudes pefeatsralggibcutancous

eptide, nucleatide, and optionally. |
andy e S B COR LBt R TGP pr i At 3 el B oouter
adffsdiratidh] ect as a single dose or

The pharmaceutical compositions of the present invention may be conventionally
administered parenterally, by injection, for example, either subcutaneously or
intramuscularly. Additional formulations which are suitable for other modes of
administration include suppositories and, in some cases, oral formulations. For
suppositories, traditional binders and carriers may include, for example, polyalkylene
glycols or triglycerides; such suppositories may be formed from mixtures containing the
active ingredient in the range of 0.5% to 10%, may be 1% to 2%. Oral formulations

include such normally employed excipients as, for example, pharmaceutical grades of
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15 in multiple doses. The pharmaceutical conpositions

of the present invention naybe adm nistered by a
woeovbessoof di fferent routes such as injection PenGBR003/004479

i ncludes parenteral, subcutaneous and intranuscular

I njection) int ranasal mucosal , oral, intra-vaginal,

urethral or ocul ar adm ni st% ratl on. 20 The

phar maceuti cal conpositions of the present invention

may be conventionally adm nistered parenterally, by

‘manmjitel; facdose, Starch.exagnebiam stedrite) sodiibe sdcahaiies balludése, magnesium
Addi ti onal fornul ati ons which are

Ca%?“{ﬁgg#ﬁlctﬁ%ﬂ%tﬂ’éﬁe FRIBRASINS takethafosmrefispbiions spengasions,
tablBRARE, LapdES;, ﬂfégalnédri'eﬁgl At gﬁgl?ﬁ%nsqgg)lovfdgf gﬁﬂd%%hﬁﬂfc’ 10% to 95%

For supp03|tor| es, tra carriers
of getjvei ingledigat, preferably2fh & 7(]%] thﬁe}thena:cﬂfe @hmimnqg

tydgidpfisd Bt W RRLisRY FigrEHEROK e Riransiiet ananto adinistation, o.g. as
sugpafdén HecBnafiilich é%@feﬁﬁb&@f&?@ﬁﬁbgﬁ@r O al

ormul ations include such normal 'y enpl oyed
exci pi ents as, for exanple pharnaceutlcal grades of

VO 4/ 0 021 03/0 9 57 itol

| act%glg énve 319% fé}gfwﬁme pa@\(i;éculga erRhce to the examples
whidhcsbibald Mg be @@hdldér@csﬁmnmﬁﬁé HRentfy bonate, and the

i ke. These conpositions take the form of solutions,

suspensions, tablets, pills, capsules, sustained

Ezgrﬁ %?e formul ati ons or powders and contain 10%to 95%
ive ingredient, preferably 25%to 70% Were the

vaccine conposition is 5 lyophilised, the |yophilised
fl‘l al may he reconstltutedﬁrl or to adm nistration,

EX%‘“Q Lslransgenip GPRYrinogdeOd Maousei on i s preferably

effected in buffer. The invention wll now be

des Coindyatttion off GPRSY Gdule Tar g Bing bR to the exanpl es

whi ch shoul d not be considered limting of the

i nvention. EXAMPLES 10 Exanple 1. Transgeni c GPR54

Knothe Dutrint/6iRRS54 gean stas identified bloikiofdtice N candar Gefoinitbto be

SBfEg R (0 LR S5O PG droms BOC ireiga Fugher
bloiﬂfélﬁidﬁc&v&ﬁ <RIAdSEMNEIntic 95 281G, THRS do¥EE ptS AR Psufient flanking

l'i br ar%/. Furt her
sequence information to enable the design of homologous arms to clone into the targeting

vector (the structure of the targeting vector used, including the relevant restriction sites, is

shown in Figure 3).

The murine GPR54 gene has five coding exons. The targeting strategy is designed
to remove part of the first exon, prior to the start of the 7tm coding domains, and the
majority of the second 7tm-containing exon. A 4.7 kb 5’ homologous arm and a 1.0 kb 3°
homologous arm flanking the 7tm-containing exons to be deleted are amplified by PCR
and the fragments are cloned inito the targeting vector. The 5’ end of each oligonucleotide
primer used to amplify the arms is synthesised to contain a different recognition site for a
rare-cutting restriction enzyme, compatible with the cloning sites of the vector polylinkers

and absent from the arms themselves. In the case of GPR54, the primers are designed as
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bi oi nformatic work extended this contig to 28kb. This
contig provided sufficient flanking 15 sequence
w0 ndoanssaei on to enabl e the design of honpl 0goOUBCEHGBR00B004479
clone into the targeting vector (the structure of the
targeting vector used, including the rel evant
restriction sites, is showh in Fi gure 3). The nurine
GPR54 gene has five codi ng exons. The targeting
strategy is designed to renove part of the first
listek fnthe péquencd tablebelost, avith Ffarmivboningwezydies 9f dgel(Spe,and 3° arm
and the 20 mpjority of the second 7t m contai ni ng exon.
clomng_el;zmesyfzﬁ%‘ﬁ%ﬁ%gous armand a 1.0 kb 3' honvol ogous
arm flanking the 7t mcontai ning exons to be del eted
are anplified by PCR and the fragnents are cl oned
i Nt m 4ddétidrande amgprimet prits (Fhems'1 (digdD)dfS @adh(Spel) and

Gy AR oo B oo RS e d dih CPRaH Ryt re designed
for &\A&tr ﬂ?ﬁ{)wier?g:: ;ﬁ%rﬁégeﬁzi 31Gndl 85 bfdbe phifer BAEY(FEproBEF DSt prbbeR 1T and

Ing sites of the vector polylinkers 25

3°pasttFAlidmobeR Hamatripdifarrsshorekbel00bp frapmentseof sgpaepstitive

GPR5 he priners, are designe Q0 .
s oo iR B SISO G REA 85 o
the 250086 10¥uk Nin3solAEdD BN REgRAZANRS; DhofgetdnSp@ingprimat pair

arm cloning enzymes of Ascl/Fsel. I n addition to the

(hetlf andoratRawhishi allewe gifforppiftion beiren Wildstypgheterogygstq gnd

and "arnb! | /.3 ' , ] o
nofifeopt fict v w8 olRpIER FEIC Rbia el SRy bR in s
cask,0A 40208 NghdbstpO & ea getSereanihg Priner (3RS Agrvimeh apasiakssupstream of the

e o S e SR B IIa ot b R Y & PocTRE T2k aBhplimer when

Talelats ihel i L g L B (nddB363MThi® ¥in@lflleN@an ont
pa%&%l?}lgggg%ﬁk gﬁer%f&tetgqg% I§ow Sofﬁ?éhgércn é_rnla(fgyz i s of 9t hg i
be darivgdtfenn taoplate DA fh aelbowhere hej desirechgeponidel abi¢rghenhas

a_nus enot ypi,ng. ori.mer . pair e
oocirPgaEd afloper AT RAiTTas ARy Eed B3F 15k Be dhokfund of
cloALohfhifMA R ABailS intb@8ted WopHRs UbhE vetton Thellodapibaof BER: primers
W th a vector speciflcéfriner, in this case, Asc403; .
anchihd genemiostrugtureelibe i YdRringispt MhiBF tagpg) stpffgyys shown m
B qfﬁﬁhﬁalstrean1of the end of the 3' armregion, and
I'ch produces a target event specific 1.2kb anpli mer

when paired with a prinmer specific to the 3' end of

t h t 36). Thi | I ved
b PR TRGR at o DA 1 r ot CAET R g T Ao Chom ¢

musBdriyEstpabdR@N has TGTCATCCTGAGGCCCAATGGTTCTTCAGG
musHarry5'arm5’1 Age AAAACCGGT AAATGCTGTTAATCCTGCCAAGAG
musHarry5'arm3’ Spe ATAACTAGTGTAGCGAAAAACAGGGGAAC
musHarry3'arm5’end Ascl AAATTCGTCAACTACATCCAGC
musHarry3'arm3’ 2 Fse GGGAAGTGGGATAGACACG

musHarry 3P3A GGAAAAGCTAAGAACTAAGTGTGG
musHarry3'probeF1 ATGAGTGTGGACCGCTGGTATGTGAC
musHarry3'probeR1 TCTGAGACTGAGTATGTGCCCTTG
musHarryP heft TCACTCGGACCCGGATGTACAGGTCAG
musHarryP hetR AGCCCGCGTACCTGCTGGATGTAGTTG
Ascd403 CAGCCGAACTGTTCGCCAGGCTCAAGG
Neo36 CGCATCGCCTTCTATCGCCTTCTTGAC

Table 1. GPR54 Primer Sequences
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15 occurred and allows the identification of correctly

targeted cells fromthe background of clones
w@oovassoeng random y i ntegrated copies of the RPEDGBR003/004479

The | ocation of these priners and the genom c

structure of the GPR54 | ocus used in the targeting

strategy is shown in SEQ I NO 10. nusHarryP

5' probeF Il GIGIACCAGGT GAGGAGGCCATCAGAGGTG

nmusHar r yPS' probeR | TGICATCCTGAGGECCCAATGGTTCTTCAGG

mu's Hdue ippitian o6 the hoAgto A i@ Ehbsen to functionally disrupt the GPR54

AAQ&%TGTTAATCCTGCCAAGAG szHarr 5'arn8' _ Spe
senerivpdetoimetha prash A otAtey ¢ SRADNINEFESions AnEgeting

vebtoris &%ﬁg&l ??&E%%g%f ﬂ@eplgceﬁsk%th non-homologous

NEALRAC £5hoE geneshipressiGn pepottef(alframe independent
%Mccﬁ%ﬁgmep@'”eﬂﬁﬁga‘*n%'é?{dioyf%&%r%&eeﬁ“neomycm
phiW%TG he'%ﬁl?%%ireﬂp atiBf bithe GPR54 gene.

CAGCCGAACTGTTCGCCAGCCTCAAGG  Neo036

SeqPBRE IS TaM g0 P BIRES MBS G0 IS Ghe Gagong vector
pTRASBLANL f&fee FiierdoRiAgY %@mé D?\!'l@§1‘=°éiba1taﬁon is made using

functiona I Srup ene del eting the
stapgard nsﬂecstlartbhdogievehmqu%sn g@neﬁl@f &wéressbbfmrﬁmged e@;iocmsn fike DNA
vvher e e.del et
s GBI ol b Pl oo R o AR AL Mo i sicoim

theo@otd backbohe aétm&d ﬂg:mqﬂsﬂlgﬁmsﬁnw £581284 tHeRRErRI ofigin of
frame i ndependent lacZ gene) upstream of a selection

rephigations e HpAsissd @Nﬁ isthgh BrRsipdated @pfjestippended in 100 pl of
Ph&ﬁsﬁéte @Q&fe@aﬁéﬁfn%%%ag%g g&aegoaﬁe;égnged in the same
gene.

lentation as the ce the 5 and 3
honol ogy arns had been cloned into the targeting

L ec%ﬁlgﬁgﬁf@h&@% f‘gét‘rs?é)gygfqgg)?l[qge t? sfecteld%re se arlgzl c%li]tlu%/edpfg; 8 days in

medium containing 200 g/ml neomycin. Clones are picked into 96 well plates, replicated

and expanded before being screened by PCR (using primers 3P3A and neo36, as described
above) to identify clones in which homologous recombination had occurred between the
endogenous GPR54 gene and the targeting construct. Positive clones can be identified at a
rate of 1 to 5%. These clones are expanded to allow replicas to be frozen and sufficient
high quality DNA to be prepared for Southern blot confirmation of the targeting event
using the external 5’ and 3’ probes prepared as described above, all using standard
procedures (Russ et al, Nature 2000 Mar 2;404(6773):95-92000). When Southern blots of
DNA digested with diagnostic restriction enzymes are hybridised with an external probe,
homologously targeted ES cell clones are verified by the presence of a mutant band as
well an unaltered wild-type band. For instance, using the 5’ probe, BglII digested DNA
will give a 9kb wild-type band, and a 14.5kb targeted band; HindIII will give a 15kb wild-
type band, and a 9.5kb targeted band; and Xbal will give a 15kb wild-type band and a
19.5kb targeted band. Similarly, using the 3’ probe, BamHI will give a 7.5kb wild-type
band, and a 4kb targeted band; and EcoRI will give a 7kb wild-type band, and a 4.5kb
targeted band.
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standard nol ecul ar bi ol ogy techni ques. 20 gg of the
freshly prepared endotoxin free DNA 10 is restricted

WORE0H/03800t her rare-cutting restriction enzyne RUEGB2003/004479

present at a unique site in the vector backbone
between the anpicillin resistance gene and the
bacterial origin of replic#ion. The linearized DNA
is then precipitated and resuspended in 100 | of
Phosphate Buffered Saline, ready for el ectroporation.

24 litherstrubiold efthe gertingie 1668 OF aiousIGPRS4 be RS ksdkesht is depicted
ells are cultured for 9 days in 15 nedi um cont ai ni ng

in Je@re | -nihebyRiEs of theiseresicdpais of seuse GRR§4a8enksnack-out is
oS P L e 18 SRR O e SRR e

beabavwiat¢d i dentify clones in which honol ogous
reconbi nati on had occurred between the endogenous

GPR ' fruct. Positi
%ngﬁi?ﬁn%?@;ﬁéég%t(f}ﬁggﬁéﬁ%g?%‘ée ruc 0S| 'VeThese

cl ones can be | rate of 1 to 5%

cl ones are expanded to allow replicas to be frozen and
suf fdsgig! e%&l@a'&;h ' 6d ;{91

Sout her nVE{)f ot con |rg}r$aaf%ﬂlc%)rér%[\llﬁte {%gm?glra é’té?fsngarg\}%p:ﬂ%ted at 3.5 days

of gestatipnt h@-12xeléy fradn Bchoasiteldne e dijetedpaitiisestyssand 7-8
usi ng standard procedures (Russ

blagegi Qf%gwﬁ%@éeglﬁtﬁﬂzo 6 Re8PRY LY G dotrple. Pefitter of chimeric
puatt B boRtRifg Abver M98 hLE % Néf"}\t;a %ﬁ)ﬁﬂ '?19515% @Irlen%ﬁouti coat

restriction enzynmes are hybridise an ex
colgniimdicatel Srepdongrdurtion of selffedescendenidieirh the targesedaniene). These male

chiffed e albl F RS SACarRl 1 2o e et bin i o
detbrmiped b theBgolili coatdRiue An®@BRAPCN gdnofipifs Rsehvely.

w | d-type band, and a 14.5kb targeted band; Hi ndl |
will give a 15kb wild- type band, and a 9.5kb targeted

bang; i 1L O gk d-type.band an

o, SRR PehotAthe I catridl & ot i Bt Ul AR i B BT o and herm
witBarﬂﬁlrd,vWebﬁkc))r gpaecﬁi(a%ﬁnElEf(@RKst)?l This mulﬁlﬂsﬁ g( R lzdl g(ﬂvsdéfﬁbliﬂcation

t et. ; cO Wi ive_a wi | d-type
Frothe WGP aoF S P56 GRS I8 HIF Abb2 OB ORI bp band.
Th& 6 fBRARIS 888rkd In aR0nbBEoR il s Hfis Qﬁaphﬁé VW il from a

| ocus of nobuse GPR54 before knock-out s depicte in
targeiegh pllelel Howewes thau sa408 poiimer el geaptifyi 43Dbpibaaf fromuthetargeted

o SRV o S b S e e

arny Gherfefferaf thizmtildipex HER fevRBR WSERBtype of the litters as follows: wild-type
samples will exhibit a single 217 bp band; heterozygous DNA samples yield two bands at
217 bp and 439 bp; and the homozygous samples will show only the target specific 439 bp
band.
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5 Generation of GPR54 GPCR Deficient Mce C57BL/6
femal e and nale mce are mated and bl astocysts are
w0 simsseell at 3.5 days of gestation. 10-12 cel PCGI/GBRIUBM04479
chosen clone are injected per blastocyst and 7-8
bl ast ocysts are inplanted in the uterus of a
pseudopregnant FI female. AlUitter of chimeric pups
are born containing several high Ievel (up to 100%
agouti nmales (the agouti coat 10 col our indicates the
Exammile 2but i on of cells descendent .fromthe targeted
clone). These male chineras are mated with fenmale MF1
and i.ce, and germine transmssion is determ ned
by the agouti coat col our and by PCR genotyping
res notyping is carried out on |ysed
t ai Pf@%)f%%!ﬁéss?%aﬁe@sp“ mers hetF and hetR with a
th| rjg g}tlor S eC| fic primer (Asc403). This nultiplex
Ples f’f:atlon 15 fromthe wild-type | ocus
(|f present) from primers hetF and hetR giving a 217
bp site for, het.F is deleted in the knockout
i c%’n g%cwoﬁfceN ﬁfb‘frflﬁ oridh Pj\}\ﬁr? ?%"ai | froma targeted
allele. However, the Asc403 prinmer will anplify a 439
bp band fromthe targeted |ocus, in conbination wth
t he PR& Rsis, Raprogtiow i agivemtissuesis atatestasdr) jai deterted; [ detected
lLex P v
o W8 Bie, 00 B0L ] AR ER 815514 o icve
abwalapdee Testis! -+, Mtxsl%ﬂeb-l OvaryptRbgatd 1, /Sl Basdine +, Lun 7g++ Kidney +,

er ozy ous rr_gl es y| eld two bands at
'gﬁ’& B’erar%Fa’cthé fyoBkeBdnpl es wil | show onI y
t he tar get specific 439 bp band. WD 2004/ 038021

PCTR@Z@@»ﬁE@ﬁM&’B:seG&arcEasanpl e 2 BPResults 1) GCene

at + |
acc atterhRs el SC I("\hlf\ l\lnrfhnrh 5 An

BFEJ0020: o 1 MRESC: o N’oenahm&l ragies fiom ten  pcR

<

BE3QQ856; Maussqq. on Ylammw&ﬁnwrsgm%twsswsta ed as

ALH41044ot lwpaed, (+)Pheedeted | ow | evel abuhdance,

BF¢#70621det g dMeasenedi un] Beare(poabsdndance, (+++) detected

BBhP3083l evelMowdeundanceSpihgisdord +, Muscle -, Ovary +,

AI823860 at e | -Hunpitp! | 'ntK%Iﬂe?%nﬁourLung ++, Kidney +,

AA887801 Human colon tumour

2) List of Lac Z stained structures

The following structures contained evidence of lacZ expression in the lacZ assay:

brain (see sub regions below), spinal cord (sensory areas), testis.

LacZ expression was found in discrete areas of the brain, such as hippocampus
(strongest area), the suprachiasmatic nucleus, the mammillary body, the pons and the

cerebellum, as well as in the dorsal (sensory) part of the spinal cord.

Observations of microtome sections

6 Wildtype and 6 mutant GPR54 knockout mouse brains were fixed and 40

micrometre sections cut on a freezing microtome.
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Leukocytes +, Liver -, Brain +++, Heart +, Spleen + 10
Resul ts of Est database searches BF470621 Muse
woooambsoged |ibraries fromten BE309856 MouseP®EHGBG0F/004479
tunour, gross tissue AL541044 Human Pl acenta BF470621
Mouse Brain (pooled) BB193083 Muse Spinal cord
A1823800 Human Ki dney tuno 2 AA887801 Human col on
tunmour 2) List oflLac Z stained structures The
follow ng structures contained evidence of |acZ
ex pr@ssivaiion nf sdetionswilen fwayicrosbommi revdsdablosalizatiegoDing”Z
o) Fnal cord (sensory areas), testis. LacZ
@%ﬁg\é@gﬁegﬁl‘l%@g%ﬁﬁd in discrete areas of the brain,
such as hi ppocanpus 15 (strongest area), the
suprachi asmati c nucl eus, the manm || ary body, the pons
and Hippocagwuebel | um as wel |l as in the dorsal
(sensory) part of the spinal cord. Qobservations of
m crotone sections 6 WIdtype and 6 nutant GPR54
knoakeidtoriele brains were fixed and 40 micronetre
sections cut on a freezing mcrotone. WO 2004/038021
PCT/ GB2003/ 004479 62 Observation of sections under
t he gy Cr- I al ed | ocalisation of LacZ staining
in éﬁégﬁﬁﬁmnﬁggégeas: H ppocanpus d factory bul bs 5
Preopti c hypot hal anus Periventricul ar hypot hal anus

Habenuyl ar nucl eus Hypot hal am c tract
Pertventricular hypothalamus

[l

S

Habenular nucleus
Hypothalamic tract
Cochlear nucleus

Supramamillary body

3) Lac Z expression pictures

See Figure 4 a Mutant brain slice and Figure 4 b heterozygote and wild type testes.

II) Anatomical observations

Harry Potter knockout mice display some gross anatomical abnormalities: mutants
have a general strong atrophy of reproductive tract (atrophied preputial glands,
micropenis, very small testicles and seminal vesicles/coagulatory glands in males), a
reduced muscle mass, reduced brown fat mass, a smaller stomach and sub-maxillary

salivary glands.

Female mutants have underdeveloped mammary glands, atrophied ovaries (Figure

6) uterus and oviducts.
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Cochl ear nucl eus 10 Supramam |l ary body 3) Lac Z

expression pictures See Figure 4 a Mutant brain slice
wanw4Pssyere 4 b heterozygote and wild type tesPE€EGB200B)04479

Anat om cal observations Harry Potter knockout m ce

di spl ay some gross anatom cal abnormalities: nutants

15 have a general strong at®ophy of reproductive tract

(atrophi ed preputial glands, mcropenis, very snall

testicles and sem nal vesicles/coagulatory glands in

mal &hp anageniteljdmaﬁbd‘is aBkb &gﬁﬁ’ﬁﬁnﬂy shibittee th BaRWutadds as compared
smal | er stonach and sub-maxillary salivary

to FRIdines i MEtaGE Ari /st A aviliess d ke 03p PO RRRirse yatich so that

i o GRS S A W SRR e o

feramlogydnwewdr. di st ance is also significantly shorter in
mal e nutants as conpared to wldtypes (in cm

nut apk,Ss aﬁd 3varz% (Pd}thlld% ?ttgm A?nutgntz p<0.001), so

much so t 0 I'ncorrect sexing of the

anl ;B\tg, ig@ring staff. No difference i s observed in
owever. 5 Uterus and ovaries (top, wld

type bottom mutant) [11) Behaviour Al ani nal S were

hou und .

| ot il v aRE 835, 6% L8RS 1S RISt ey Fright cank
cydle ghtzh lightdh ldarknedd veith Mgliteohesve&ﬂ. at 8 to 10 weeks of

age, in the norning between 10h and 12h for 10 all

experinments except the Barnes maze and sexual

DKLU Dol A TR b0y LRI SHIRARAER Rflnd 12 o
all amerme}nt&wp@sm t]a? BBanes emzerazdsekutldshadionr whizh ivedre done in the

the Qiels7rraze|savvh|te circular platform

an R g1 T

Tests showing difference between mutants and wiltypes

a) Barnes maze

A test for spatial memory, the Barnes maze is a white circular platform designed to
require the discrimination of a particular place. It is composed of a circular platform, with
18 circular holes evenly spaced around the circumference. Underneath one of the hole is a
black escape box. The Barnes maze takes advantage of the natural tendency of rodents to

avoid brightly lit unenclosed surfaces and seek darkened enclosed shelter.

The animals are trained over 10 days and the latency to enter the escape box as

well as the number of errors and the search strategy are recorded.

There is a trend towards lower performance on male mutants on this test (Figure 7)
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15 require the discrimnation of a particular place.

It is conposed of a circular platform with 18
w@poog/0bsae1 hol es evenly spaced around the circurdBEGBR®E/004479
Underneath one of the hole is a black escape box. The
Bar nes maze takes advantage of the natural tendency of
rodents to avoid bri ghtly6l4it unencl osed surfaces and

seek darkened encl osed shelter. The animals are

trai ned over 10 days and the latency to enter the
escapdsey bakavidy wel | as the nunber of errors and the
search strategy are recorded. There is a trend towards
| oner performance on male nutants on this test (Figure
7) Y@nae ontHd8a1r11S5 WiHipSHReNR4teOwdreDlacdd in hneWrhpewith a

iR il e o B oA P\ G A SAged g @iptes. Both
dispRlEdtdrag SGIARY) Ry afdThe ;@éma&ea{&r?a%& ]y&?ﬁﬁl?gh\éeo%sér‘?été&ppeﬂod.

m nut es. Both i spl ayed interest (sniffing) towar
the females and mated within the observation period. 5

The t ant i spl ayed. no i nterest towards femal es. .
ana THF Groteses SRR ol o o TS e G mish b o gt M within the

obgelitioh %@ri_o&% QbiditioRBde Perdl ¥l afo QB I Sn AW 1@ Hint i€ hiNASeen sharing
been sharing cages w thout any pregnancy, suggestin

cageh atithpheangRrRegnakren shegasting that thedGRR 4t knoskows)miss arasterile.
cycle 6 mutant females and 6 wildtype litternmates were
subp) &stred cpflea smear test during 10 5 consecutive
days. Four 3 weeks old +/+ fenmales were al so tested.
The slides were stained using nethylene blue. All

W | & YiasntGbspleg et 6likafpeaiiciiistes WelesubinM@RSto dlitieal @REduring
of the mutants did, The vaginal snears of the -/-

5 corseantiy days dispr & vackaeldst/+ termalgs weea@sotested Wi elidgewere

[ : S
stalpLAIhE nfttafibnd GG} QLS alkplTBl LR, SIS Sy FOMRES hlihone of
theamytarsts dal. She vaginel shedarsugf,thdu't feneales regentisled gat of the Btveseks old

) R54Iputagss, both nale and fennle, are therefore
wildtypps (Bisurg)®) i ght s a) Organs wei ght s

d) Physiology
15 mating pairs comprising GPR54 mutants of either sex with wildtype mice of the

opposite sex were set up, but never produced a litter. GPR54 mutants, both male and

female, are therefore sterile.

1) Weights

a) Organs weights

The weight of the testes (Figure 9), muscle (Figure 10), adrenal gland (Figure 11a)

and salivary gland (Figure 11b) were measured.



20 The wei ght of the testes (Figure 9), nuscle (Figure
10), adrenal gland (Figure 11 a) and salivary gland

w@ Eiogusse21l | b) were neasured. WO 2004/ 038021 PCT/GB2003/004479
PCT/ GB2003/ 004479 65 2) Assays a) Testosterone,
Cestrogen and GhRH assay Testosterone was neasured in
6 male nutants and 6 mﬁldty@% m ce. Miutants have
significantly | ower |evels of testosterone (P<0.05)
conpared with wildtype mce (Figure 5 12). Mitant
f ened)ebssipmd significantly |ower |evels of oestrogen
conpared with normal fenmales at oestrus consi stent
wi t )| ZestosteforenOeseadgen and YRE adVy) d- t ype oestradi ol -
| evel s neasured at proestrus, oestrus, netoestrus,
and di oestrus shows normal cycling levels (Figure
13) . Teb®steanel wasahedsofed in 6 nidle nfuyped il GRUEHYE hiicE NuEnts have
.to.be c arableﬁgo w ld type aninmals. This_ _showed

sigiigang I OWeR18YSIoR! ReteetFrome Lr b e shmpresdayifh Hilgispeatios (Figure

5  1260RH i n knock- outs (not shown). b) LH FSHAssay FSH i s

imuch lower in nutants (Figure 14 a females and Figure
14b males). There 15 is no difference in LH |levels

(not, ,sho .. C 0 ou nadot r ophi ns. )

Ad mﬁﬂPﬁ‘P{%ﬁa&?ﬁH‘sﬁlﬁgg&aH&% %W%V@iﬁ@@%ﬁmgeﬁﬁpgmg@ﬂmﬁh normal
fernalek bt deBtruPeuias i |

1000i u of bHCG %%g?’ghrlﬁraaonﬁ agr?l Sﬁ%ﬁﬁy‘é‘”&@ﬁ%@’g% r%%%fﬁd%)le"els
mqesEEd ebproesitisaedstns, ahetaestus,cnd digestres showsakrmal epelinglevels
(F%ﬁﬂgtﬁs (n=6), 20 indicating that end organs retain

e Capacity to respond to natural gonadotrophins.
This is consistent with the hypothesis that GPR54
receptors and |ligands are acting at the |evel of the
10 pi t dievels of GpBEt mahehyrothalpmunwereshown e be pemparghledo Wil type

anin¢TAREG L e Gl %21891%{1919 ﬂé"c? 1?0 e&gct on the synthesis of GnRH in knock-

outs (not shown).

b) LH/FSH Assay

FSH is much lower in mutants (Figure 14 a females and Figure 14b males). There

15  isno difference in LH levels (not shown).

¢) Exogenous Gonadotrophins.

Administration of 1000iu of PMS (pregnant mare serum — FSH-like
gonadotrophins) followed two days later by 1000iu of bHCG (beta human chorionic
gonadotrophins) produced ovulation of mature oocytes in 50% of mutant females (n=0),

20  indicating that end organs retain the capacity to respond to natural gonadotrophins. This is
consistent with the hypothesis that GPR54 receptors and ligands are acting at the level of
the pituitary hypothalamic axis and not the end-organs.
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3) Adm nistration of exogenous GhRH and effects on FSH

and LH secretion from the pituitary Method: 25ng of
wW@REopsept | de was injected 4 tines in 30 m n i PAEGBAN0S/004479

and the animals killed to collect blood and pituitary

30mn after last injection. All mce were killed 5

between |l am | pm Animal grféups: 6 WI injected with

just PBS (control), 6 WF injected with GhRH nade in

PBS and 6 HP injected with GhRH/ PBS. All W ani mal s

ver &) Aungeistranth ofewdgcibus ChRENIRYEcts 8RW P ahd LANEEE from
theping)y A1 mce aged 2-4 nonths. This was repeated

for LH and FSH nmeasurenents. 10 Serum FSH assay:

There is a 1.9-fold increase in FSH in serumof W

| nj acdiBel: 26hf Bf GARH $ptaawas idittd P afek M 86 LR ik Rls and the

just PBS. The HP level shows a 1.7-fold 1ncrease
animpds Intled tcdlisptedoediand pitnifags 30m@BSfter gt ingcting. ARenice were killed

imals remain at |least partially responsive

bd&%&%@kﬁﬂﬁfﬁfs suggests the action of GPR54 may be in

the control of GiRH release in the hypothal anus. 15

Serum LH assay: There is a 5-fold increase in LH in

ser ol ggunshp T dejecied withdnaRBBSolepatrall 6 W njeseed with GnRH

Lol kb b P I sho a 5-fol
maliBliEFES Sndy e ehitlegiorio CRRBUEBY; K7 3PRRs Vot geed and used a
diossteoms dericheft LH bad FSHaasge) OAll bticd £oetd-MoatRITHY was repeated for

ex us GnRH QFigure 15a). Measurenent of the
Lﬂﬁgﬁﬁgﬂfﬁﬁa%¥@EﬁP?evels inthe pituitary after

stinmul ation by 20 exogenous was neasured. The result

showed a correspondi ng depletion of LH levels in the

pi t Sérusr §SK assaynbherba a 1 Befolibinemase i FSH inrseape ORI irfected

. nd LH was .rel eased fromt ituitary (Figure
wit iR hpuired B wor FiFt with st 65 ¢ Bha P devel s oy 7-fold
incRdée a_té'amng"Piﬂti &etdd@ith PBS?indi@aﬁné’Hx@lrh\ﬁ%ﬂ 4MiRals remain at least
mentioned_ in the above specification are herein
partiglboieppangivedo BRI Thigsuggesis the avtien o §PROM infayd=tin dmscontrol of

I ; Qﬂﬂ descri bed net hods and system of
G eel\|c(;"r§‘£('eﬁlsleﬁji1 | \?gl%atlélgﬁsw Il be apparent to those
skilled in the art w thout departing fromthe WO

2004/ 038021 PCT/ GB2003/ 004479 67 )
Serum LH assay: There is a 5-fold increase in LH in serum of WT injected with
GnRH compared to those injected with just PBS. The HP level shows a 5-fold increase

against WT injected with just PBS. This showed that the release of LH is stimulated by

exogenous GnRH (Figure 15a).

Measurement of the depletion of LH levels in the pituitary after stimulation by
exogenous was measured. The result showed a corresponding depletion of LH levels in the
pituitary showing that the mutants still responded to GnRH and LH was released from the
pituitary (Figure 15b). There were no deleterious effects of knocking out the gene in the

mutants.

All publications mentioned in the above specification are herein incorporated by
reference. Various modifications and variations of the described methods and system of

the present invention will be apparent to those skilled in the art without departing from the



scope and spirit of the present invention. Although
the present invention has been described in

W@ oovaestoeon Wit h specific preferred enbodi nent BCT/GB2003/004479
shoul d be understood that the invention as clained
shoul d not be unduly limted to such specific
enbodi nents. | ndeed, vari o nodifications of the
descri bed nodes for carrying out the invention which 5
are obvious to those skilled in biochemstry,

scopd @clspixit ofitted megsenaichiiat. Adthoogtoy pessent iab@itie Hak BLels

d é%l ntended.to pbe within the scope, of the fol |l ow ng
cRriheftan CqRBestinyh specifieoreFeemsd sompataents it heuldheynderstood that

thélmvéétﬁla r%@%&iﬁ%& g:‘%g% %% e&% fg)gs &ﬁﬁ%ﬁodnnents

Indwdc‘tanoae ewbdifeatidnGhRA4 dksmbkdnmbdemﬂbs earajaﬁg ot the 1ﬁﬂant10n which
ai.m avi ng.any one or, nore of the 5 features as
ar%%%%lis 8 sk AKiHRY i Pipgheraisiyapleculan biglogn and biateoheolosy or
relﬁfe@ %I&Ch?egirﬁéddeg t&be withGHHE S&b E%@Hﬁ%ll&kr dihsr €7 | €x

and | ower Barnes maze perf orngnce alterations in
reproductive hornone | evels and/or patterns (including
cycles), alterations in reproductive organ and

associ ated organ nor phol ogy, alterations in
sexual / reproductive behaviour. 3. A GPR54 knockout
nouse according to claim2 having the features

sel ected from 10 the group consisting of the
following: alterations in reproductive hornone | evels
and/ or patterns (including cycles), alterations in
reproductive organ and associ ated organ norphol ogy
and alterations in sexual/reproductive behaviour. 4. A
nmet hod for generating one or nore mammalian cells
conprising one or nore functionally inactive GPR54
gene conprising the steps of: 15 (a) selecting one or
nore cells conprising one or nore functionally active
endogenous GPR54 gene/s. (b) transfecting the one or
nore cells according to step (a) with functionally

i nactive GPR54 nucl eic acid which is capabl e of
reconbi ni ng by honol ogous reconbination wth the one
or nore endogenous GPR54 genes. 20 (c) selecting those
one or nore cells in which the one or nore endogenous
GPR54
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genes have undergone honol ogous reconbi nation with the
functionally inactive GPR54 nucleic acid. 5. A
woe@imesso2zaci d construct suitable for functi onaPCTGB2003/004479
i nactivating one or nore endogenous GPR54 genes in a
host cell conprising: WO 2004/ 038021 PCT/ GB2003/ 004479
69 (a) A non-honol ogous repltacenent region (b) a first
honol ogy region |ocated upstream of the non-honol ogous
replacenent region (c) a mutated GPR54 gene and which
when expressed does not encode functionally 5 active
CERRE}. (d) a second honol ogy region | ocated downstream
of the non-honol ogous replacenent portion, the second
honol ogy region | ocated downstream of the non-
1.honoA GHtR et knepkat ellii&nilhalrcg@ipiﬁsmgtdhe 0B ﬁfo@ﬂ S%IBSIHGMEQ%/ GPR54
reqgi on havi ng a_ nucl eoti de sequence exhibiting a
PQIQ%QIIE%%C&%WI,IX fpagvaleGecond GPRS54 gene. 10 6. A
conposi tion conprising GPR54 pol ypeptide, or one or
nore binding proteins thereof, or the nucleic acid

2. enc ol GPR 5UN@BLk AR thdsP Q@E’of(ﬁﬁgiﬁ a5 1 Ma\ﬂﬁ%gﬂ ?1% & more of the

carrier, diluent or exipien
feqtaren g4 @qmwgetbwethcmldﬁype camtrcdgsnimctdsfrmh thérgrolipeohsistivgy of:

T N N R

refrodwdtive hatrhyneAetdly en enﬁ({h]\éﬁﬂmg dAR1sP altbiafiohd Hﬂreproductwe
those one or nore manmal s with one or nore potenti al

Or%ﬂwg&é?ﬁ%faéedoqrga@mgm%%yy pégrations in gexual/repradugtivhbetaviour.
one or nore mammals to determne if those mammal s
exhibit one 20 or nore characteristics exhibited by
3. GPRIAGERS4 kAbkolt AfousdsbesflifiFlo ec‘#alfnrfﬁﬁxﬁlgthe%&ﬂr%s selected from
consi sting of the follow ng:” aberrant rolo
thecgraumeansisting o€ the falowhige ahaaﬂonse:prapmmmtlveh&ymmrlsvels and/or

pat‘?é?ﬂé 8ﬁcl%ng ré?(l;lgsqyalte:ra’uons in reproductive organ and associated organ

morphology and alterations in sexual/reproductive behaviour.

4. A method for generating one or more mammalian cells comprising one or more

functionally inactive GPR54 gene comprising the steps of:

(a) selecting one or more cells comprising one or more fimctionally active

endogenous GPR54 gene/s.

(b) transfecting the one or more cells according to step (a) with functionally
inactive GPR54 nucleic acid which is capable of recombining by homologous

recombination with the one or more endogenous GPR54 genes.

(o) selecting those one or more cells in which the one or more endogenous GPR54
genes have undergone homologous recombination with the functionally inactive

GPR54 nucleic acid.

5. A nucleic acid construct suitable for functionally inactivating one or more

endogenous GPR54 genes in a host cell comprising:
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(d) selecting those one or nore antagoni sts which
exhibit one or nore of the <characteristics according
W 2003088021 c) . WD 2004/ 038021 PCT/ GB2003/ 004479rCTIGB2003/004479
met hod according to claim7 wherein step (c) conprises
testing those one or nore nmmals to determine if
t hose manmal s exhi bit aber?gﬁt reproductive systens
and/ or norphol ogy. 9. A nmethod of identifying one or
nore nol ecul es which agonise the functional 5
act {ay At nonelormsliRgdusepppanint degioonpr i si ng the steps of
. (a) selecting one or nore manmal s conpri sing

580 A PR R BB 5 Rl b Rl

GPRR4igml m cs which potentially agoni se at | east on

aspecCt of GPR54 activity; 10 (c) testing those one or

nore manmal s treated according to step (b) to )

dot @ nimiated GRRdsgene podpiish e Eravsciasn BOlgnoads fmctionally
rest o racteristics conpared with those mammal s
selgecgltnfgg}lgi(;%brdi,ng to step (a) and (d) selecting those

one or nore GPR54-ligand minics which restore one or

nor @) acbarnddionidlegy rgionflosdtddiddwrserean mittesndnehdrhalegous

mamma| s sel ected accordi tq step. 15 (a). 10. A

ot BTSRRI RS IR Y B Eio) BEtIP Lo RS Efim of the non-
ant ﬁ&ﬁ&bg&stxjaglaﬁéiﬁ&h ir&A8, thédcbNd hom&fog{Prdgidh having a nucleotide
pol ypeptde conprising the steps of : (gai) sel ecting
onesegremerexhivéimmgdtdeast Bfdiidintisy toumescouhGPRY4 gens.ve

GPR54 pol ypeptide; 20 (b) treating those one or nore

mamal s with one or nore potential GPR54 antagonjsts
6. Whi Alcoprpositivh abinprising R4l yteptida o ope onmpecbinding protein/s

thefioba¢ it T g s BB RErRlonll hfooPRRReter

dilldn€ét &GpieRymal s have one or nore nodul ated
characteristics conpared with those mammal s sel ect ed
according to step (a).

7. A method of identifying one or more antagonists of the functional activity of

GPRS54 polypeptide comprising the step of :

(a) selecting one or more mammals comprising functionally active GPR54

polypeptide

(b) treating those one or more mammals with one or more potential antagonists of

GPR54 polypeptide,

(c) testing those one or more mammals to determine if those mammals exhibit one
or more characteristics exhibited by GPR54 knockout mice and selected from the
group consisting of the following: aberrant neurological characteristics, and

aberrant reproductive systems and/or morphology.

(d) selecting those one or more antagonists which exhibit one or more of the

characteristics according to step (c).
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WD 2004/ 038021 PCT/ GB2003/ 004479 71 11. Use of a
transgeni ¢ GPR54 knockout mammal in an assay for a

whr@kosgoenl effect of one or nore conpounds. RQ@I/GB2003/004479
nmet hod for the diagnosis of a di sease or condition

sel ected fromthe group @Sisting of the follow ng:
Al zhei ners, sensory neuropathies and epilepsy, the 5
nodul ation of fertility, libido and the onset of

puberty, lactation, osteoporosis/osteopetrosjs,
8. me nApmthed acrmsdlhgtomialm hyheiciresice ) cpmpﬁsesﬁeqtmﬁbose one or

oS SRRSE e RSl 5Bl SARLIRLL BBy s

éggm ﬁ@B (b) conparing the expression | evel s and/ or
unctiona activity of GPR54 10 pol ypeptide in those

sanple of cells with one or nore control sanple/s from

heal t hy individuals. 13. A nethod, for the di a oigun
9. a dAguéetbed of identiing e of areEe Malecules Fhislk 81[11 2tiShal

o SR gl S e, ceror

fertility, | i bido and the onset of puberty, lactation,

R e e

Obeﬁd,lwerﬁm@'pi‘l sing the steps of: (a) selecting a
sanple of cells froma patient to be diagnosed, (b)

I d f i d | | d det ect i . .
o R ooy o B SHE S i S S g (RS gmimics
tragsgs rBo"EerﬁftﬁhpﬁgoﬁgéTﬁrléa%t B9t UG5 £AisityA

propor ion 0 , exogenous nucleic aC|d
encodi ng one or nore selected fromthe gro

coni) $¢sting thofse O@Rsmormmg@#ﬁ trepted apgarding me@ (b) to determine if
ag oﬂi'@%éﬁ Ot%% ﬁ‘:ﬁwgg%lg ga'yeoo Ly Bre Q6004 c@%&?ﬁs@ﬁzg ?a?e& with

€ and one or nore no ators o

GPRﬁfbs@ﬁtahﬁmnyseia&ed dcootineth ey (2) b treat nent of a
condi tion in a patient selected fromthe group

consi stin muscl e 25 j i seases, . pai

ot (iseleE o hoR PSS h DLt B Ees piieh e g one or more

OSt é}%teﬁét&/s %?W&thﬁé &%ﬁﬁtalmrm%%éﬂﬂﬁﬁis%eﬁeﬁd nedordig to step
e menopause and obesity

(a)

10. A method of identifying one or more molecules which antagonise the functional

activity of GPR54 polypeptide comprising the steps of :

(a) selecting one or more mammals comprising functionally active GPR54

polypeptide;

(b) treating those one or more mammals with one or more potential GPR54

antagonists which potentially antagonise at least on aspect of GPR54 activity;

(c) testing those one or more mammals treated according to step (b) to determine if

those treated mammals have one or more modulated characteristics compared with

those mammals selected according to step (a).
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WD 2004/ 038021 PCT/ GB2003/ 004479 72 conprising the
step of treating that patient with a therapeutically
we@tdogossore anount of one or nore sel ected froPCT/E82003/004479
group consisting of: GPR54 pol ypeptide, one or nore
agoni sts of GPR54 polypept}de, one or nore
ant agoni sts of GPR54 pol ypedti de and one or nore
nodul ators of GPR54 activity. 5 16. The use of one or
more_sel ected fromthe group consisting of. GPR54
Hpo| JhemiiadeansganiceGBR S hbpeckgyompammal bf arGREEyfor a biological effect of -

' e or nore antagoni sts of GPR54
°nggl'§%2%{?‘% ouzf\lﬁg one or nore nodul ators of GPR54

activity, in the preparation of a nedicament for the
prophylaxis or treatnent of a condition in a patient
12sel et trethodrfonthe déagngsioupa divese ot corglitidn seleised fomakd ridep

di. , . I nflammation, hornone dependent 10
00%%5@%?0%%11%@'3%?% k@%@%ﬂﬁ%ﬁ%@@@%&s 284 eRilepsirthne
md AR Sl AbRE ahd tﬁ%seti%ﬂ?’b%ﬂ@x’ﬁ%%&ﬁf’onObes' ty. 17.

d for I e ‘sex

A net ho mani pul ating t ornone’axis in a
ostgepadresis/osteppmtiosismendpauss, episcle fwastiendiserged, painphbdrinesme dependent

w th a therapeuti.cally effective amount of one or nore
cancet %@%@S%Bﬁpp?ﬂgg osﬁ‘??sé’gnsi sting of. GPR54
pol ypepti de, one or nore agoni sts of GPR54
st.,s of GPR54

ol ypeptide, 15 ane_or re ant.agonj
ol {Heieret & ingAat Srlls s 2 ratisiias br dirgRotsiroa
activity. 18. The use of selected fromthe group

CoNgh)doniHariaf the@RPRAsiBA | HRARINILAR fuRHBn acHPHFof GPRS54
agoni sts of GPR54 pol ypeptide, one or nore antagonists
of oPBatiis iy thase saaplaed celtrewih ongror morectpiral ssmple/s from

GPR te1 Vi i.n the preparation of a nmedi canent for
mnlﬁgﬂﬁlgtl#%lgwﬁﬂb'the sex hornone axis in an aninal.

13. A method for the diagnosis of a disease or condition selected from the group
consisting of the following: Alzheimers, sensory neuropathies and epilepsy, the
modulation of fertility, libido and the onset of puberty, lactation, osteoporosis /
osteopetrosis, menopause, muscle wasting diseases, pain, hormone dependent cancer and

obesity comprising the steps of:

(a) selecting a sample of cells from a patient to be diagnosed,

(b) examining nucleic acid from said cells and detecting one or more

polymorphisms in the GPR54 gene.

14. A transgenic animal comprising within at least a proportion of its cells, exogenous
nucleic acid encoding one or more selected from the group consisting of: GPR54
polypeptide, one or more agonists of GPR54 polypeptide, one or more antagonists of
GPR54 polypeptide and one or more modulators of GPR54 activity. 15. A method for
the treatment of a condition in a patient selected from the group consisting of: muscle
wasting diseases, pain, inflammation, hormone dependent cancer, lactation,

osteoporosis/osteopetrosis, hormone imbalances related to the menopause and obesity
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comprising the step of treating that patient with a therapeutically effective amount of one
or more selected from the group consisting of: GPR54 polypeptide, one or more agonists
of GPR54 polypeptide, one or more antagonists of GPR54 polypeptide and one or more
modulators of GPR54 activity.

16.  The use of one or more selected from the group consisting of: GPR54 polypeptide,
one or more agonists of GPR54 polypeptide, one or more antagonists of GPR54
polypeptide and one or more modulators of GPR54 activity, in the preparation of a
medicament for the prophylaxis or treatment of a condition in a patient selected from the
group consisting of: muscle wasting diseases, pain, inflammation, hormone dependent
cancer, lactation, osteoporosis/osteopetrosis, hormone imbalances related to the

menopause and obesity.

17. A method for manipulating the sex hormone axis in a patient comprising the step
of treating the patient with a therapeutically effective amount of one or more selected from
the group consisting of: GPR54 polypeptide, one or more agonists of GPR54 polypeptide,

one or more antagonists of GPR54 polypeptide and one or more modulators of GPR54

activity.

18.  The use of selected from the group consisting of: GPR54 polypeptide, one or more
agonists of GPR54 polypeptide, one or more antagonists of GPR54 polypeptide and one or
more modulators of GPR54 activity in the preparation of a medicament for manipulating

the sex hormone axis in an animal.



