WD 2004/ 038021 PCT/ GB2003/ 004479 GPR54 KNOCK- OQUT MAMVALS AND SCREENI NG
METHODS USI NG THEM The present invention relates to novel functions of a
known receptor. In particular, the invention relates to the use of a

gal ani n-1i k‘g rz&ﬁﬁ)?ﬁo% and/ or ligands thereof in the mydYEMobHeepd t he
pituitary h PHORAT Axi s and reproductive systens. 5 Harry potter, which
encodes GPR54 is |ocated on human chronosone 19p13.3. GPR54 cDNA is 1197 bp
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receptors : , an iHipi S @ neuropeptide ichis
not a menber of any known fam ﬁ@églfieﬁ\é;g’rsc!g?p?ﬁ es. It is expressed in both
the central and the peripheral nervous systens and 10 nodul ates a w de
vari ety of physiol ogical processes, including |earning and nmenory,

noci ception, feeding, neurotransmtter and hornone rel ease and sexual

behavi our, and iFhe preseat le¢rtidnirelatoeto novell fusdion of dilkengeat fecgpeoreRi martidular,

Al zhei ner' s _di sease ee et al 1999 FE | eft 446: 103-107). [k ver, it
has been rePEiRERNIHZIAESIP thedise Qg? ﬁﬂ?‘ﬂn'ﬁg? reggptgrrﬁn%[oq ‘ig%'éd%ﬁlé%?‘?tgg ctivate
PB4 (Lee_ghniphaddiO0r hERRutzAS horktfal ah@ind dfiroddblikdysinsal 2001 15 Natur e
411:613-617). Reports suggest that FNRFanlde-reIateJ'peptldes (FaRPs) are

| ow potency agonists of GPR54 (m cronolar range)(d enents et al 2001

Bi ochem Bi ophys : (e i
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neurotransmtters and neuronodul ators. 20 Further studies indicate that the

oroduct s of t he WPEH DYa I Ep BRI E SR RS Ao
term nus demkvagﬁraamr&e%&réﬁam?mm&mto d4rand 13 am no acid
ki sspeptins. They all bind GPR54 at | ow nanonolar affinities. Kisspeptin 54

is also called netastin. These GPR54 |igands bind GPR54 at | ow nanonol ar
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neuropeptides. It is expressed in both the central and the peripheral nervous systems and

10  modulates a wide variety of physiological processes, including learning and memory,
nociception, feeding, neurotransmitter and hormone release and sexual behaviour, and is
considered to be involved in the pathogenesis of Alzheimer’s disease (Lee et al 1999
FEBS lett 446: 103-107). However, it has been reported that neither galanin nor galanin-
like peptide activate GPR54 (Lee et al 1999 FEBS lett 446: 103-107; Ohtaki et al 2001

15 Nature 411:613-617).

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.

20 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

25  Chem 276:28969-75; Kotani et al 2001 J Biol Chem 276:34631-36).



2 Several reports have suggested various functional roles for |igand bound
GPR54. For exanple, it has been reported that Kiss-1 is a netastasis
suppressor gene for nelanona and breast carcinoma cells. However, studies
suggest that the Kiss-1 gene does not affect tunDrlgen|C|t @ S been
hypot hesi s&¥0 209403883 astin attenuates cellular 5 nDt|I|?§ Bé"g? ] lvely

I nduci ng the adhesi ve phenotypes of cells. In mce which have had nel anomas
injected in their footpads, adm nistrapion of netastin by perfusion
significantly decreased netastases (Chtaki et al 2001 Nature 411:613-617).
Simlarly, netastin inhibits notility in B16-L16 nel anoma cells transfected

with the GPR54 rgg 4 gﬁq] ansh (AL & und yher
studi es have shovm%%fé? %ﬁg?%%egﬂg Xa ggmr?et asstﬁn récgpt or a((:jti)ik\léat i on
stimul ates Pbrl%zamyldrlbhgasbesn repatted thet Kishil lis smeiastasis suppodssatgenefoaci d r el ease,
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stinmul at es OthOCIn secretion (Kotani et al 2001 J Biol Chem

276: 34631 3oty Py s¥FessiNely inbemedbrAthesve RhenetiResiof cells. Hl@éswﬂ}wh have had
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oxyt oci nKO décreasedi ragihsiases (Phtalti et ehd08l Nowerdliloaisd- 6150tc81m11@t1}',emtaﬂtle inghibitshi nor i

et al 1996 Pr C S GPR54 has been
detected i nmpﬁgtyfubﬁb%ﬁqﬁgnet%ngggegl%éanﬁ% Eaerndﬂé HU éec tﬂbbgr acftﬁn(pons
m dbr ai n, timablammfecteﬁmenhal anus, h| ppocanpus, anygdal a, cortex, frontal

cortex and stratium, and peri pheral organs (liver and intesti ne) (Lee et al
1999 FEBS left 446: 103-107). In situ analysis in the rat brain shows

hi ghesty@xpressi piiie stulifes RARAHBFh At GPRRY (ﬂﬁ%ﬂ@@hﬁtﬁuﬁf&éﬁorﬁbﬁvaﬁ%ept or
is highly expressed in zona incerta, ventral tegnental area, “25 dentate

gyrus, ar custmeulatecPIBa dydwdysisopaleiimmehilisations arachidanic aeid relorseeRRK 1 Rtand al
habenul ar
haien . 40 bbb W b 3RSt e ALl
post eri or hKndinked adliﬂ&], I Banl |CHanuéZTl6(3é63 ljB)ahterestmgly, intravenous injection of
kisspeptin-10 in female rat stimulates oxytocin secretion (Kotani et al 2001 J Biol Chem
15 276:34631-3). Oxytocin has been shown to be involved in sexual behaviour/testicular-

function; oxytocin antagonists inhibit male copulatory behaviour (Argiolas et al 1988 Eur

J Pharmacol 149:389-92). However, oxytocin KO mice display normal sexual behaviour
and are fertile (Nishimori et al 1996 Proc Natl Acad Sci USA 93:11699-704).

In the rat, GPR54 has been detected in the following tissues by northern blotting:
20  brain (pons, midbrain, thalamus, hypothalamus, hippocampus, amygdala, cortex, frontal
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,
25  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



par af asci cul ar thal am ¢ nucl eus, parabrachial nucleus and ventral mam ||l ary
body. GPR54 WD 2004/ 038021 PCT/ GB2003/ 004479 3 expression was found to
ressenbl e that of galanin receptors (Lee et al 1999 FEBS |l ett 446:

103-107) . | Ryd@wwaisshiissues, northern anal ysis shows expr %5@3063@0 479

brai n/ nervous system (cortex, putanmen, nedulla, spinal cord, an 1ower
expression in hippocanpus, thalanus) 5 and in pituitary, heart, skeletal
muscl e, kidney, liver, stomach, small Bntestine, thynus, lung, testis and
pl acenta (C enments et al 2001 Bi ochem Bi ophys Res Commun 284: 1189- 93;
Kotani et at 2001 J Biol Chem 276: 34631-36). GPR54 is al so detected by

i Mrunocyt oc kepression wa$ f@@Y to reskennble that off galanin re¢eptors GldewhanPo FEBS: lett d4@br al
cortex (pyr YI% cells and their ascendi ng processes in lamnar 10 |ayer
1l of sens {i%f tor cortex), thalanus, pons-nedulla (raphe, inferior olive,
hypogl ossal nuclei), cerebellum (purkinje cells perikarya and their

ascendi ng apical_ dendrites). However, an understanding of the roles
perfornmed by GPRBAumanissHes) northern agalysis shows cEpIsesion BrapMmervons $¥§8Thr ai n has
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gonadot r opi 93;1&ten st Q00D T Bisl€HefadH)3468pB6Cal i se with spermatheca in

| ocusts and with 20 salivary glands in blood feeding bug The Drosophila
FMRFam de gene was identified by its honology to a gene first sequenced in
the marine snai | GAREYRiato JelMRRATydRmiBSCykdchShisRY (IdCae haf brain in th

cardi oregul atory tetrapeptide fromthe <E':yfédnt ralsg?;glr vc?us syst err%mq t%e cl am

I n nol | uscsfollowingavehs! cerebsaliortex (yramidal colls gnditheinascemdingprocesses inflamivan ons,

as well.as re i tensi o | ttle,. t pepti des
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hypoglossal nuclei), cerebellum (purkinje cells perikarya and their ascending apical
dendrites).

However, an understanding of the roles performed by GPR54 in mammals in

general and particularly in the brain has not been achieved in the prior art.

15 Reports indicate that the vertebrate receptors for FaRPs (low potency agonists of
GPR54 which 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

20  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
25 muscle tension. In cattle, two peptides immunoreactive to a related lobster hormone ixave

been identified; the cattle proteins have anti-analgesic properties.



been identified; the cattle proteins have anti-anal gesic properties. WO
2004/ 038021 PCT/ GB2003/004479 4 Although the role of FVRF-am de peptide has
mai nly be studied in invertebrates, there are 3 papers describing FnRF
anode i mmunoreactivity in the brain of manmals: one in rabbit, rat and
gui nea pig (VDnawwossp2ial 1995 Gaoxiong Yi Xue Ke Xue Za Zivicyr/dghodshdss7®), one
in the tree shrew (Mal z and Kuhn 2002 Dev Brain Res 135:39-44), and one in
the 5 big brown bat (Celschlager et al ,1998 Brai n Behav Evol 52:139-47).
Interestingly, all of them describe co-expression of FnRFam de-|ike and
GhRH i munoreactivity. In the bat and tree shrew, this expression IS

ner.ve anterior cranial

described in the rm.n I ner e. The erm
nerve t hat inner@ifg H%i“’}sé“%?lytbﬁé MWQW‘? I9tes, The
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car di oexci t manmal s th bi e-i nduced, ant ci ception,
and to bl oc%‘ ‘i%?ﬁrh?em’e’@é‘?s%‘%o ﬁ‘ﬁ‘ \?‘?A%W‘@W‘P AR *‘Tbt?‘ k’? al so
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adm ni stered 1 ntrat hecally, and has been reported to have amesic effects
i n rodent s. antarigrpranigdmenye, that rrreats be chamnsensery epithelieedfithe pasal eavisy The

ant i noci ceptgl | ' Oy, St [ Gupt a et
al 1999 20%}512%?1%?1%3 S%%r&e%& 35%) ,E@é@%gé&%ﬁ#%tﬂg@g]agh ﬁuga? al anin
knock ol nrale Dammgede i marvékingaies mating bﬂaviymtind@nalethenk}tea(\&!mgamide, gr ow
normal Iy and can du but, nat ctate. The response of their sensory
neur ones to?‘F?ﬁaﬂqWﬁﬁaﬂ%@?Sﬁgé;ﬁg@P% heral nerve regeneration is reduced,
and they have a strong reduction in the devel opnent of neuropathic pain. A

25 subset of DRG neurons is |lost in the mutant mice which inplies a role for
gal anin in cel | According toRaffa (Raffa and Stone 1988 Peptides 19: 1171-75), amide, or

FMRFamide-related peptides (FaRPs), are present in mammalian central nervous system
and gastrointestinal tract and have been shown to be cardioexcitatory in mammals, to

15  inhibit morphine-induced antinociception, and to block morphine-, defeat-, and
deprivation-induced feeding. It also inhibits colonic propulsive motility, induces
behavioural effects when administered intrathecally, and has been reported to have
amnesic effects in rodents. In particular, FMRF amide produces centrally mediated
antinociception in mice (Raffa and Stone 1998 Peptides 19: 1171-75, Gupta et al 1999

20  Peptides 20: 471-78).

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

25  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



survival (Wnick et al 1998 Ann NY Acad Sci, 863:22-47) Studies have
indicated that GPR54 also plays a role in netastasis involves a nultistep
process including detachnment of cancer cells fromprinmary cancer, invasion
of VO 2004/03802 1 doGT/ GB20031004479 5 surrounding ti ssuygmcioeadsnr ough
circulation, re-invasion and proliferation in distant organs. However, at
the time of filing the present application no further roles of GPR54 have
been identified. Therefore, there remaPns a need in the art to identify the
functions of ligand bound 5 GPR54 both in the brain and other tissues, for
t herapeutic and ot her uses. SUMVARY OF THE | NVENTI ON The present inventors
have creat eecur@ERRSiag tiskner spréadithrongh dircutationtreinvasion andyprgbiferatiop indistat i gat e t he
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physi ol ogy hiatbeeniggntificl. a rol e for GPR54 in controlling the sex hornone
axis and in reproductive areas such as controlling fertility and libido. In
addi tion, the physiology and norphol ogy of such nutants suggests a role for

GPR54 in certai nrﬁ@emﬁ, Bk Rnatlls S YeblemShe AP i idra]lgyg Eﬁqa%bhp@mgaaab le

nmuscl e wasting and I nflanmation. Harry Potter out mce are useful as
nodel s of dGPRA4 bothrid therbraidand pthyt tisgues] Hr therapgutiv dothendsesgoni st s of GPR54
for therapeutic use. Thus, in a first aspect, the present invention provides
a GPR54 knockout mamral conprising one or nore cells in which GPR54

pol ypept i deStmmaney@radNvENTIONCt | vat ed. The present inventors have found
t hat GPR54 knockout m ce according to the above aspect of the invention show
several defining characteristics including those 20 selected fromthe group

consi sting of theyd ﬁieéeamnn&atofs@aw&éate&emga (I%Jrﬂ)l‘dtﬂ&ﬂ 1Bk nf?in drd¥per

Barnes maze performance, alterations in reproductive hornone |evels and/or

patterns (i techvestigaje eon @iy rolgiof GPRE# ofhs inventosplayd shawn hatsugh kneckdut
associ at ed gF A0ini RASRY YronfildnShithh® B b r 3Bk HRIASHEY by e Pehavi our.
10  physiology that suggests a role for GPR54 in controlling the sex hormone axis and in
reproductive areas such as controlling fertility and libido. In addition, the physiology and
morphology of such mutants suggests a role for GPR54 in certain neurological disorders

and other conditions for example muscle wasting and inflammation.

Harry Potter knockout mice are useful as models of disease and in identifying
15  antagonists and agonists of GPR54 for therapeutic use.

Thus, in a first aspect, the present invention provides a GPR54 knockout mammal
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
20  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.



WD 2004/ 038021 PCTI GB20031004479 6 As referred to above, alterations in
reproducti ve organ norphol ogy includes any one or nore of those sel ected
fromthe group consisting of the follow ng: atrophy of genitals and
associ at ed @Bg@qm”og}rophy of stomach and sub naxill ary malésmeepogirands,
atrophy of rmuscle nmass and brown fat. 5 The generation of knockout manmal s
will be famliar to those skilled in the art and uses standard | aboratory
t echni ques whi ch invol ves honol ogous r8combi nation as described herein.
Preferably, the transgenic mammal is any one of the follow ng manmal s
selected fromthe group consisting of the follow ng: nouse, rat, shrew,
gerbi |, gui nea- pAgrefereikte above] altdratings &y reproductive @rgangoorphalegy wkiudesanyi n t he

art will appreciate at this JJdst.is not i t e tive. Most
advant ageouSI'§ PH& ohﬁ%s&fe?e{cied feer &?sm?lée}$h§%r%gg]etf§u%‘§§§i &rﬁb%?{ﬁg krt ermto
“functi onal lggnifalsaal assatiattd ofganRéroply ofstutidch godisutr axdlidry salivaenylandsans t hat
one or nore of the functions normally perforned by GPR54 pol ypepti de when
it is functPBEPRELPHsele massmd oWty onnent (that is within an in 15 vivo
environment) is significantly inhibited as conpared with a control in which

GPR54 has not been func_tionallg i nactivated. Advantageously, the termto
“functiohal |y i Tbeginermtien ofilrekout mammals will beafamdling tothoseskilladrin theoart

| f b wh . aGt.ioni N, ' '
(enac i€ b o VEee e e ok Rmion AR R ol ebkRaficiey oo™
conpar ed W Héscabaiteidinl 1 n whi ch GPR54 has not been 20 functionally

I nactivated. Mst advantageously, as referred to herein, the term
“functionally inactivated means that all of the functions normally

performed by GPRBAFMMIN thd tradspéiié maRinBYis' My bhSoftAE FIRWAP/hAARER Yelebed
significantly inhibited as con&gred with a control in which GPR54 has not
been funct i &amthe gionp eensisting af theifeliaming: mouse,met shyers gerbil, guinea-pig, awnkgpPR54

il €105 i g R RIS SOk bt B R

be exhaustive. Most advantageously, the mammal is a mouse. -

As referred to herein, the term to ‘functionally inactivated’ (GPR54 by
homologous recombination) means that one or more of the functions normally performed
by GPR54 polypeptide when it is functioning in its native environment (that is within an in

15  vivo environment) is significantly inhibited as compared with a control in which GPR54
has not been functionally inactivated. Advantageously, the term to ‘functionally
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

20 functionally inactivated. Most advantageously, as referred to herein, the term ‘fumctionally
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
25 functionally inactive GPR54 as herein defined.



7 As referred to above, the term significantly inhibited (GPR54 function)
means that the inhibition (of at |east one GPR54 function in a manmal i an
cell by honol ogous reconbination, as described above) is inhibited by at

| east 20@6§? g&ﬂBgﬁgp with suitable control. An exanpl ecGicro®woiadl e
control is TRE™SETE or a similar cell in the same or 5 simlar in vivo

envi ronnent wherein GPR54 has not been functionally inactivated by

honol ogous reconbi nati on as herein des@ri bed. Advantageously, the term
"significantly inhibited (GPR54 function in a mamualian cell by honol ogous
reconbi nation, as described above) neans that at |east one GPR54 function

i s inhibited by Asrdfefsitto 36e, thé @b BiEniTioantiyGahibial(GPRI4 fiibfomsneaaspar ed

with a suitable control, Mst 10 af nt.ageously, the.term signjificantl
bt o | Paths ifieh o5 K 1Btst Ane ARHaf Fa LR PR ANFED by Ho AR ot on.
as descri begaRponBadscitRalabsie) iCRRibitaISy £81E3erR0% U6ddnited with BitiBiet €d by

100% as conpared with a sui table control. I'n a further aspect, the present
i nvention peautoldn exampleni@ spitableeonsiohisithasameor a similas cefbindtheBameon an cel | s
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steps of? seléecting one or nore ce conprising one or ‘nore tunctionally
act i ve endohenaugous Gitieinbimtior Asherdinaiestibed. iAdyattigeoosiy, the termr dgiicdmly

according tp,ste wi.th functional Ly inactive 20 GPR54.nucleic acid

o oh 1 o caaiER SERRSH SRR oA Boh Chomoloshls FPPBPRRS t he one or
nor e endogeaqbsibddRBork) ariafsthaSe &t dRIGERFASEn@R iPihhibREEbE & lesst BOWhi ch the
one or nore endogenous GDqué)l%egenes have under gone honmpol ogous reconbi nati on

with the fuf%i a0y, 76 o nuay @mpagdwith ygvitablgsonteelobipst

PCT/ GB2p3/ &g&agggﬂ§5¥ Lh®it ' SRkl o the

i nventi gg a?cg,%g% gPa?Qgg accordi ng %yol t 1gg@n@%ﬁgﬁgﬁ+%%ventq¥%%& etailed
above. | n abyhafiepgad recoimbifiatiomtas described above) means that at least one GPR54

function is inhibited by 100% as compared with a suitable control.

In a further aspect, the present invention provides a method for generating one or
15 more mammalian cells comprising one or more functionally inactive GPR54 gene

comprising the steps 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
20  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.



this aspect of the invention, the manmalian cells are conprised within a
manmmal . That is the cells according to the above aspect of the invention
will preferably constitute a 'knock 5 out' mammal . Advant ageously, the
knock- out mggqﬁhmg&gprding to the present invention is @iioseesoodadhods for
transfecting those one or nore cells with functionally inactive GPR54

i nvol ve the use of standard nol ecul ar bi ol ogy techni ques and are descri bed
herein. Likew se, nmethods for selectiBg those one or nore cells in which
the one or nore 10 endogenous GPR54 genes have under gone honol ogous
reconbination with the functionally inactive GPR54 nucleic acid are
perfornmed usi ng Atdeamttgecuslygtermimmylian el adcopdisg to il inbertioa atkeganetatedd her ei n.

In a further aspect,. the esent. inventjo rovi des a nucleic acid gonstruct
SUi tabl e T BRI S GLaRe Iy ERHeR G e BV & Per OB ABRapReS ganes
in a host celid ashect 6PMRikvEhiEh, tHeltharmAkAr MR RERYEsddSRkAS & TRimACHRRR (D) A
first honol ogy region |ocated upstream of the non- honol ogous repl acenent

regi on (c) Heralinaceerdisie thegbaee anectwnif thetinventon wilkipreferably enpstitutens ‘kaegkode 20
functi ongl | gkl ERftaadsiliy/\ns RG0ALR AIREOIUoEEhOR hOSRLET fRHRRI T eam
of the non-honbl'ogous Trepfacemnent portion, the secon ondbl ogy Tregion

| ocat ed dowsstmesm of the non- honol ogous repl acenent region, the second
honol ogy regi on having a nucl eoti de sequence exhibiting at |east 90%
identity to a second GPR54 gene. WD 2004/038021 PCTI GB2003/ 004479 9 The

present invent or Mehauefor damifédting those ¥RE 6 mérd Bélls WIS fimeSaallf ietivé GhrSPRS4S,
thus they consider that GPR54 pol ypeptides, or one_or nore binding proteins

thereof or invalethecysepEstandanl waleedlpnbjolor techrigues end prerdeaqribed hereln.
signific anCEﬂcem,smcﬂgﬁdsafof WidoRfig tRSPEH orHdrt bells'i! GHRAIAE e drW&GBL T ON

provi des a conpositi
10  endogenous GPRS54 genes have undergone homologous recombination with the

functionally inactive GPR54 nucleic acid are performed using standard laboratory

techniques, which are described herein.

In a further aspect, the present invention provides a nucleic acid construct suitable
for functionally inactivating one or more endogenous GPR54 genes in a host cell

15  comprising:

(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
20 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.



5 conprising GPR54 pol ypeptides, or one or nore binding protein/s thereof or
the nucleic acid encoding them and a pharmaceutically acceptable carrier,
di luent or exipient. According to the above aspect of the invention,

advant ageousyy 260d@3ge9MPOsi ti on conpri ses one or nore GPR Lde

bi nding protein/s. Preferably the one or nore GPR54 bin ?Egggﬁﬁ¥@ﬁ)g%4k€ are
ant agoni sts or agonists of GPR54. 10 GPR54 binding proteins may be naturally
occurring or synthetic. Naturally occlrring binding proteins may be

pol ypepti des such as anti bodi es as herein defined, or nucleic acids.
Syntheti ¢ GPR54 binding proteins are advantageously small nol ecul es and may
be sel ected by sTthemasentinvertttr daverddentifiedisévera) durfciiond dssocidted with&PRSKj | | ed i n

th t and d i in 15| | t ti nbodi ment . of th
vent i on. Be iy SRR e GBRE e bpehlidet oh i aratorh Al e BREMRNG b
GPR54 bi ndi @ néleicatid AtoditiEthemtmacbdbfanigrtutidsigidibate p0l ypeptide. The

present inventors have surprisingly found that R54 knockout m ce have
al tered neuronal function as well as altered reproductive systens as

conpared with n | in 2Rt | Ge. ﬁﬂﬂé . [ m ce
possess ot her nor pE’olInogl ca‘f}%%k%@étﬁge ré:sg a r?g?ﬁgﬁgaggéc ﬁ‘g efect in
GPR54 kn®c k cerprisingeGPRS 4polyreptidest on araroy mokg/binding prniéin/s dhereofion thermmdigst | on of
gonadot r ophs.. . GPR54 receptors,are thus,.believed ta be. involved in
Jont 1ol | | ngsiipFasodipe g Bl s phAeGebitsRy feoriE picier Btyeed S et
secrection of gonadotrophs. The present inventors have shown that, in GPR54
knockout m ce: 25 (a) gonadotrophins are | ow, W) 2004/038021 .
PCT/ GB2003/ 0044 7According tp) the abqvsaspecholthe myentioniyantageonshyiths campositign of
exogenous ¢ ide dalaid 0
respond; and (c E%%%?éﬁ%odg dmh%?é?r&%ﬁeon ofé@tﬁﬁﬁ%%ég%r&teﬁ tg‘?&ﬁ:gdggorg
partial resPBRS4bindingpreteins arsrantagofigsonagbnistd ofiGRRat i ng t hat GPR54 may be
involved in the upstreamcontrol 5 of GhRH secretion in the
hypot hal anus-pituitary.

10 GPR54 binding proteins may be naturally occurring or synthetic. Naturally

occurring binding proteins may be polypeptides such as antibodies as herein defined, or
nucleic acids. Synthetic GPR54 binding proteins are advantageously small molecules and
may be selected by screening methods which will be familiar to those skilled in the art and

are described herein.

15 In an alternative embodiment of the invention, preferably the composition
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
20  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:

25 (a) gonadotrophins are low;



Thus, the inventors consider that agonists and/or antagonists of GPR54 or
the conpositions conprising themmmay be of particular therapeutic use in
the treatnment of reproductive hornone rel ated, neurol ogical, and certain

ot her condi ty@bg4nsgen neurol ogi cal conditions include l%tr/(,asrzﬁm;},g}“%i mted
to any one or nore of the follow ng: 10 Al zhei mers, sensory neuropathies and

epi | epsy. Such reproductive hornone rel ated conditions consist of any one or
nmore of the group consisting of the f&Pl owing: the nodul ation of fertility,
contracteption, libido and the onset of puberty, |actation,

ost eopor osi s/ ost eopetrosi s and nmenopause. In addition, GPR54 agonists or
ant agoni st may bé) atleakt bvarids eespemt toladiinistiatiomofiexogepiua gevrslotropliiey, apy 15

(HRT). Ohet_conditions include nuscle wasting di seases, pain, hornone
dependent cHfi8 ng%‘ﬁ@%@&%ﬂ@%@?%ﬁ?@“?u@?her aspect the present

i nvention provides a nethod of identifying one or nore nol ecul es which
agoni se the functional activity of GPR54 pol%geptide 20 conprising the steps
of : (a) sel ecti(§ycxngendis adpyinistrationaf SnREMsIYokenY leashe parialapipgnsedBct i ve

GPR54  pol @%@eﬁibﬂﬁfﬁﬁ%&%ﬁé%ﬂ@&ﬁh@%ﬁ%ﬂ ﬁﬁ%ﬂpﬁﬁ'o 8 upbedAmQUGS  Or €

potenti al m m cs pot ent | agoni se at [east ©on aspect of
GPR54 acfi vof GnRE\Ee@eindy i6 Is0ypotb@lRBBp(0B1rY.04479 11 (c) testing those one
or nore manmal s treated according to step (b) to determine if those treated
manmal s have one or nore restored characteristics conpared with those

mammal s sel ect edTiagche dhvegtorOcobider that)aganists bt/ orskHohisRGL GPRIE 0B Or nore
GPR54-1igand mn.cs which restore qne or nore. 5 characteristics of wld

type mammal SORROSHIOBS EORRRTRE Gemdnayticd paicahergpeuiicaise i the freatigat oy ent i on
further  pr oxotaoiVelontloRd reldfll hturoBEal 0N RftailiRi: BRdiHsCSuchh! Ch

ant agoni se e functional activity GPR54 pol ypeptide conprising the steps
of : neurological conditions include but are not limited to any one or more of the following:

10  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, contracteption, 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

15 (HRT).

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
20  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;



(a) selecting one or nore manmal s conprising functionally active GPR54

pol ypeptide; 10 (b) treating those one or nore manmals with one or nore
potential GPR54 antagonists which potentially antagonise at | east on aspect
of GPR54 a%{)%ot )6'80§1C) testing those one or nore manmal $drichehageor di ng
to step (b) t0 3e?erm’ ne if those treated mammal s have one or nore

nodul at ed characteristics conpared wth those mammals sel ected according to
step (a). 15 Moreover, the invention plbvides the use of a transgenic GPR54
knockout rmammal in an assay for a biological effect of one or nore
conpounds. According to the above aspects of the invention, the term

;ja][]t aggni st” ref@) &s#ix@gmosdmﬂe&ﬁ?ioeemhinnialssiegmﬂfab@a%ihgybéﬁqj”lfbb'tddveta?ﬁﬂmeﬂfei n I
efined one or nore functjqons of GPR54 as ¢ ared.wth a sui, e control .
20 The i nvemwmemgm@éis%aw pRsHe3 e Legiored ﬁﬁegﬁfgcsgﬂ@parﬁa &@'55‘ s |

thereof, aspiginlals REeciBa@taing o &bp @t activity. Those skilled in the art
w Il recognise that various agents WwIll act to increase or decease the
effect of GPR54, and that the routes through which this is achieved wll

vary; thus, agonj 1m LV R -0F _hi.n R nd. WO
2004/ 038021 PCT/ @5@6%6@?? ghie ?éﬁ’%’fﬁﬁf@%ézﬁa?é‘%ﬁ%% ’te%a‘?r?’ungﬁ’f gere

modul at 0§ s cliarddiirsticsaftwild type mayhnthis to iese mammaly seldttadasseding estgy Guct i on of
endogenous agoni sts of GPR54 or endogenous GPR54 itself. Antagonists and
ant agoni stic nodul ators may act |ikew se, but to decrease the biological

effect of GPRSA. TR fiSertRbFIRA pkdvides htttod b Rich@fyig orndRiire mOR¥nIRE whitY
manmmal . Advant ageo non- human manmal . Preferably, the

eousl the mammal isS a J n
manmal is aﬁ%tamsééh%%‘ﬂﬁﬁ% aghiity gf GERSEpmineptidnepraprisingsthe sepsorfi-ng:  nouse,
rat, guinea-pig, rabbit, hanster, gerbil, cat, dog and nonkey. Those
skilled in the art wll appreciate that this list is not intended to be
exhaustive. 10 A@}sdlehting ohe ot inbs maymaals cahpridirez funetboially activielGPR %Y m
“treating' Igthe ngrmal with .a
olypeptide;

10 . (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).

15 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.

20 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



potential antagoni st of GPR54) neans to bring one or nore cells conprising
the mammal into contact (wth one or nore potential antagonists of GPR54).
According to the above aspect of the present invention, indicators of
aberrant 15 neurol ogi cal characteristics include any of t hose sel ected from
the group coALPEHBZ!of the followi ng: reduced contact FGHFBIPI%EP| ex and
| ower Barnes maze perfornmance. According to the above aspect of the
invention, the term  aberrant reproductjve systens and/or morphol ogy’
includes within its scope any alterations in reproductive hornone |evels
and/ or patterns (including cycl es) as conpared with suitable controls, any
20 alterations in.r ucti.ve or an ci.ated or hol o

conpar ed wi PSS %’ﬁgﬁ%&gf’?lﬁﬁ's gpg??gﬁguww%aérxcg)aﬁﬂf $8&H§?¥a§
behavi our asheppdauati6itloféndbgendis ig%bisﬁ otwmsoloSend%@mhwstsw according to
t he above aspect of the invention, alteratigons in_ reproductive, organ

mor phol ogy A%tagerists apd) aRtpgqnistiG Frtqéblat@r%faﬁx%ﬂlgewwbaa@&eamsedh@bmog% mor e
of those sedﬂ\%gg R?%r)the group consisting of the follow ng: atrophy of
genital s an 80 38021 PCT/ GB2003/004479 13 associ ated organs, atrophy
of stomach and sub maxillary salivary glands, atrophy of nuscle nmass and
brown fat. Tests,for. aberrant erolpica fungtion re ductive
systens and abeéf&‘ﬁ? f%%ﬁ&t@‘?%?nﬁgﬁﬁ 6’9 ?‘W@gmo a&n’ﬁd]f“at g%b'ﬁ atory
techni ques giednaththil i€ no®dhiv@si hiamnal Préfably, thk ilaheshliigardyeleatell from the

Advant ageousl y, step (ﬁ% of . the above aspect of, the .invention involves

testing tho8%UP GeRsIStng ohhe ﬂlé?ﬁﬁ'ﬁgén‘tlﬁe’détt SHRTaRIS; TR ?lh@é@s'%ﬁﬁﬁ’lﬂs"%’)&ﬂgblt one
or rmore Chasﬁpﬁeﬁk@tmesﬁnmmm@&tmsﬁéﬁtmwi;%tm&%ﬂmemw are
aberrant reproductive systens and/or norphol ogy. 10 According to the above
aspect of tewhapstiventi on, the one or nmore mamials selected according to
step (a) are advant ageously GPR54 knockout m ce. Preferably, they are
generated according to the nethods herein described.

10 According to this aspect of the invention, the term ‘treating’ (the mammal with a

potential antagonist of GPR54) means to bring one or more cells comprising the mammal

into contact (with one or more potential antagonists of GPR54).

According to the above aspect of the present invention, indicators of aberrant
15 neurological characteristics include any of those selected from the group consisting of the

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 pattems (including cycles) as compared with suitable controls, any

20  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

25 more of those selected from the group consisting of the following: atrophy of genitals and



As referred to herein, the term functionally inactive' (GPR54) neans that
one or nore of the functions normally perfornmed by GPR54 pol ypepti de when
it is functioning in 15 its native environment (that is within an in vivo
environnment) is significantly inhibited as conpared with a control in which
GPR54 i s novORMM®EIRNal |y i nactive. Advantageously, the PGIAFHA0§3P0447
“functionally inactive' means that nore than one of the functions normally
performed by GPR54 when it functioningign its native environment (that is
within an in vivo environnent) is significantly inhibited as conpared with
a control in which GPR54 20 has not been functl onal l'y inactivated. Mst

e a0k kSl s A e e R 37

functi oni ngmukclé inassmidibv@wveivi ronment is significantly i nh| bited as corrpar ed
with a control in which GPR54 has not been functionally inactivated.

Li kewi se, “functionally inactive' GPR54 nucleic acid as herein defined
encodes 25 funcilangy hweﬂaﬁﬁ%ﬁaiggﬁ’ﬁﬁféu@& abGEt ftﬁmmﬂhystéﬁs%ﬂ@MO%OZl
PCT/ GB20031004479 14 As referred to above, the term sig ficantly

i nhi bited' ¢@PREUrcproductivemorpdony utilise standaed kboratory iedmnws aadWhléh@t one
GPR54 fupct | cell by honol ogous reconbination, as

descri be Eangh?rq?gmse 1&4&3}‘%% at | east 20% as conpared with suitable
control. An exanple of a suitable control is the same or a simlar cell in

the same or 5 simlar in vivo environnpent V\,herle n.GPR54 has, not been
functional |y i naffyapiaesenshy;, step tsabeve wspestaf thainvsation nyalves testingdhesened.

Advant ageougie/or rﬁ&@ ﬂaﬁ’uﬂ&ls & &'EEnfnhféEif'thYe mhrLR 'eﬁﬁglt oh&Hnbrel dRableARidsn

manmal i an cel | by ogous reconbi nation, as described above) neans that

at | east on@i@ﬁgb}/f@%i‘i @?Ckcﬂltm%@dt\’éwltﬁ}e gheraptyeprogoofive systems and/or

40% 50% 600&%&%@? 9@% 95% as conpared with a suitable control. Mst 10
advant ageous term significantly inhibited (GPR54 function in a
manmal i an cell by honnlogous recombi nation, as described above) neans that

at | easf,one GPR54 f{.u on, i s inhj O%as conpar ed t
sui t abl {90 control? CCRE%Bg a'i’?)vetaﬁ?eé’{ %’lslb%@tv 8@‘?}9’9’??5%6%“’? SQ@‘?{ﬁq
“treating' 4dchRinpRioTERp (4 irb advantageously GPR54 knockout mice. Preferably, they are

generated according to the methods herein described.

"’,r

As referred to herein, the term ‘functionally inactive’ (GPR54) means that one or

more of the functions normally performed by GPR54 polypeptide when it is functioning in

15  itsnative environment (that is within an in vivo environment) is significantly inhibited as
compared with a control in which GPR54 is not functionally inactive. Advantageously, the
term to ‘functionally inactive’ 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

20  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
25 functionally inactive GPR54 as herein defined.



potential antagoni st of GPR54) neans to bring one or nore cells conprising
the mammal 15 into contact (wth one or nore potential antagonists of
GPR54). According to the above aspect of the invention, the term one or
nor e nodul %F)%o‘:‘foggorzfmt eristics of wld type mammal s' r ef&&piodsdoasro

nodul ati on Of ‘one of nore characteristics shown by wld type manmal s as
conpared with manmal s conprising functionally inactive GPR54 pol ypepti de as
herein defined. Preferably the nodul atildn is 20 the restoration of a | ost
function. GPR54 mimcs, as referred to herein, replicate at |east one
activity or function of wld-type GPR54. The mimcs may m mc activated
GPR54, or nmay m Kk eefbmédiolabove, Heerfn Significaitiy inhibityd’ f(GPRE¢ furtctipn)aasankunct i ons
whi ch are thensel ves, repressed in _the _absence of nafura active GPR54. 25

. [
The i nvent o#@_t s iahibigion (ofat I@Rﬁﬁqli’géf‘ dmetigp ing 1 _ ?‘Ue‘?eh beY oalPEOYsi ng one
or nore ageRhsbafibn, a8 HERABSIRVS is FARIBHEd BRYt 184t 2W3 Q5 E@Iﬁ%ah'&l it shmdm@l i n

order to generate one or nore therapeutic effects. WO 20041038021

PCTI GB2003/ oontzpt.An exguphe ef 4 suitable oentred s the gametor atsirailagceld émthe isamenr | on

provi desca | i | .'Gi"lﬂ' L £ Qi 2in d jon of its
cells, eiogé%ggggﬁ‘ﬂ{éf%%og%eﬁtvgﬁ;coéi ng gr}f\éé %erbg?mreé%g%}é?iggﬁ‘?a?%rrﬂ he group
consi sti ng hbétmblogodsaktdombingion @RréinpiskoribeghtAdventagevaslyy the ranme! siggifichmtlys of

GPR54 pol ypept.i.de, Qr _nore ant ggoni.sts. of .GPR54 pol tide. 5
Advant ageougypitea it Shiadiondt A e 2HE S Lk Puniopp PR conei st | ng
of the fol heuibal abdveRHeMAs (HALAEEast SIGPRPAmctbRgS inhiBNel BY atleskt 30y, Those
skilled in the art w | reciate that this list is not intended to be

|__app . !
exhaust i ve. 4¥6c¥%ai 4050.t79%, 88%a BepeI a8 pe c B efmpard Withy & suitable copiyal. Mask
" exogengys ' | g %ﬁai | Coach i : i ql from
t hat gspg?:li f ?@gﬁgﬁoau?& ﬁ‘tet??gi; omﬂéﬁé f:g# gg?gg/t@e {r?gl?nmt ataﬂfsﬂaargr%d]gérlfrml
type or br ebyhorfologensarginghination; arisgrzibed amyesmeana hat eblegst oBeGERBR4 agoni st
nucl ei ¢ aci ﬂﬂg{i?r}b%ﬁﬁfgﬁi'tﬁad{bf@é?% %;coﬁ{pg}ceﬁ%lalgwtgblé ransgeni c ani mal conpri ses

within a pr

]

According to this aspect of the invention, the term ‘treating’ (the mammal with a
potential antagonist of GPR54) means to bring one or more cells comprising the mammal

15 into contact (with one or more potential antagonists of GPR54).

According to the above aspect of the invention, the term ‘one or more modulated
characteristics of wild type mammals’ refers to the modulation of one or more
characteristics shown by wild type mammals as compared with mammals comprising
functionally inactive GPR54 polypeptide as herein defined. Preferably the modulation is

20  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.

25 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 agom sts or one or nore antagonists of
GPR54 As herein described, the non-human transgeni c ani mal maybe any one or
nore 15 selected fromthe group consisting of: nouse, rat, nonkey, dog, cat
and pig. Those skilled in the art will appreciate that this list is not

i nt ended t OVO@OMOBRLL i ve. Studi es using GPR54 knockout HRTEEBIIPHNA R
according to the present invention have shown that the GPR54 pol ypeptide is
associated with neuronal function as wgkl as reproductive function

(i ncluding reproductive cycles) as well as being associated with 20 ot her
condi tions. Such neurol ogi cal conditions include but are not limted to any

gB?I g[)sy.m)'rsﬁcﬁfr %r 0 uWén%gt%:}?es?%l e egm{;@'%&ﬁn%#ém onsam?n gpdany one

]gr rmlr e of Fb}gplgaingmé}ﬁ@ atSleast b@@p@?hdnhglts tetls| lé)Wg&g)us nbicleicadid et oditlg Gde or
ertility, libidp and th onset 0 erty act
ost eopor osi FOFsIE legise dro %ﬂ’&cﬁ%ﬂ fP“P"&B&‘l‘E’?WPmﬂd%QBHP%tS or

ant agoni st sy2h, iﬁ@%f@k‘h Bt dé%ﬁﬁ% &1%hord @hABGHst BPGAR gapy
(HRT). O he?’%coz{n% tsl ons é’ )rpgﬁhrrusc l e t3/\last(|)n di se%ses £ aﬁ&yﬁ?ﬁr@}one
dependent cancer and obe5| ty. WD 2004/038021 PCT/ GB20031004479 16 Thus, in
a further aspect { | t for the nosi s
of a di sgéase or %%‘%’g 5u%ﬁ§ﬂf a?l\égéﬁcraﬁlu @lé)é/elle(rggea[)ﬁ% (r:'gﬁls %&pncé’ ey mfgrf%tgeq
f ol | owi ng: ﬂdnbiwmg‘remse haman,pig, rpeut; deenirhorkey amblcosiThepsskillddia thexdtwwil | on of

fertility, libidag e, ponset  of er | act ati on,

ost eopor osi %@’ﬂ%ﬁ‘é 1ihb°‘ SEIS%%MG‘%E’%WF&%‘WEV%SU ng di seases, pain, 5
hor none dependent cancer and obesity conprising the steps of: selecting a
sanple of cells froma patient to be diagnosed, corrparl ng the expreSS| on

level s and/or f uhesordingio the ehavetagpest oftthemmaentiony th epﬁrmd‘exoaenousrm@blwrﬁal e of

cells with & GO 5@ &QP

further enb%gi&r?eq%lfl@gﬁg yrmy[i) %’?ﬁn@gpﬂrﬁ r% %géc'i gf %ta'g%(ﬁvﬁ | gands may
10 be us@d bmlgmlétagnmsthatdhmeanmal ﬂpambltebm For exaanile, |aruaasgenmnnqmsemajes a

met hod for the or.condition selected fromthe group

O s clel ﬁ ?ﬁ% al
consi sti ng gqmq%g ?%’W hﬁu ‘AF? 8t Pt o v neur opat hi es and epi | epsy,
the nodul ation of fertility, libido and t he

Preferably, a transgenic animal comprises within a proportion of its cells,

exogenous DNA encoding one or more agonists or one or more antagonists of GPR54

‘ As herein described, the non-human transgenic animal may be any one or more
15  selected from the group consisting of: mouse, rat, monkey, dog, cat and pig. Those skilled
in the art will appreciate that this list is not intended to be exhaustive.

Studies using GPR54 knockout mice prepared according 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

20  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

25 maybeusedin tﬂe useful for hormone replacement therapy (HRT). Other conditions

include muscle wasting diseases, pain, hormone dependent cancer and obesity.



onset of puberty, lactation, osteoporosis/osteopetrosis, nmenopause, mnuscle
wasting diseases, pain, hornone dependent cancer and obesity conprising the
steps of: 15 selecting a sanple of cells froma patient to be diagnosed, and
anal ysi ng t heoesdeggemous nucleic acids in said cells to nor e
pol ynmor phi snms in the endogenous GPR54 gene one or nore ngfﬁggﬁmpﬂgg%%s of
GPR54. According to the above aspect of the invention, those sanples in

whi ch the expression levels and/or fundfional activity of GPR54 is

i ncreased, decreased or otherwise 20 altered, or in which GPR54 nucleic
acids or nucleic acids encoding GPR54 |igands conprise one or nore

pol ynor phi sns, aShuspimzafugtiendspért,dhepmesenhimvention providessanghabfor fhealiagnesik t hy

e s e
PCT/ GB2003/ Q&lédri heurbpathies aidégipsyy tHelifodalive offepslity, [ibidd &l thowest 60N t he

sanple of cells froma patient , may be sel ected usi ngl standard | aboratory

t echni ques, Puliriyhlaciption, BEeenoresis/esteopalrsifpBIENONaNse, MUSCle yaptng digepsesyppin, ef er r ed
to abovegth - 'ﬁ@ﬁ} SHe¥itd 36 -S@ﬁ;ﬁ Qeypeptide refers to 5

t he func?ioﬁmégéggqﬁggﬁgk y pgggofﬁ%}%ﬁm?%glnatlﬁg gnvironnent, that is
withinits cell. Thus, in a further aspect still, the present invention
provi des a nmethod,for the treat of a.condition in a patient selected
fromthe group cBh ?ﬁﬂm@FQ?ﬁaEB%%nﬁB%FPﬁﬁ c§ia8B8¥Ls  pain, inflammation,
hor nrone dependent cancer, |actation, osteoporosis/osteopetrosis, hornone

i nhal ances rel ated to, t he nenopause and,  obesity 10 conprising the step of
treating the patFEpRarRg the e&ﬁﬂ%@?’éif@&?%@l@‘"@%‘@%’@’%ﬁ@%@ PRIYRSBECE or nore

ant agoni sts i@tﬁo&g;gﬂk:ﬁto? c8lis WHRSAE or'hork Sbntibl iif1E8 FroRSRGhy iddiAapiesent

i nvention provid e use of one. or nmore agonists or antagonists of GPR54
in the preparation of a nmedicanent for the prophylaxis or treatnent of a

vasti ng di Seacedt Ptk FRhe i RREAHE RUERE RN b AR ERUTRRY  on,

10  be used to diagnose disease. Thus, the present invention provides 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*

15 selecting a saraple of cells from a patient to be diagnosed, and

analysing 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
20  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.



ost eopor osi s/ ost eopetrosi s, hornone inbal ances related to the nenopause and
obesity. 1In a further aspect still, the present invention provides a nethod
for mani pulating the sex hornobne axis in a patient conprising the step of

treating theypadoseskooM th a therapeutically effective a or nore
ant agoni sts or agonists of GPR54. 20 In yet a further agggg?nahﬁgug;esent

I nvention provides the use of an agoni st or antagonist of GPR54 in the
preparation of a medicament for mani pulldting the sex hornone axis in an
animal. According to the above two aspects of the invention, preferably
mani pul ating the sex hornone axis results in the mani pul ati on of any one or
nore effects or AmmgMemwgmaaaamvmww@mm&om&mbmt ed

fromthe gro consi sfin f follo . r | t bi.do ontraception
and pr ecocf%ﬁg ﬁ‘g ‘{ “%%”éﬁ‘%?ﬁg%%‘ ?&1@’%&5 B‘ré %%f shows the
structure Oghn&ﬁnmﬁﬂﬁﬂlc | ocus of nobuse GPR54 before GPR54 5 knock- out

Figure 2 shows the structure of the genom c | ocus of nouse GPR54 after GPR54
knock-out. Figure 3 shows the structure of a targeting vector used for

roroloseus,, ¢ CCORRRBIN iy HE R WAERH BRI BRL S

sites. 10 Figure 4a shows a nDuse

het er ozy§ot ereefmbtion/GPR Sthynoemalispesforméingtsmatite mvsbmmcﬂthmattlewmm itsfeelli | d t ype
and nutant mce. Figure 5b shows the preputial glands of wildtype mce and
Figure 5¢c mutants. Figure 6 shows the ovaries for wild type (top) and

knock-out mce ('blﬁisﬁmf’éﬁmﬁ&déﬂ@ﬁﬁtﬁl , fheSitesasit iavekian Prodidet AndtiRsilo e Of t he

Barnes maze test caonparing behavjour, of the wild type and knock out, m ce.
Fi gure 8 shiadmgntofgcaadion nrpajisn) sslerted Gomythe s!roukﬁ%svéﬂaap ‘rsgle wasting

diseases, pain, inflammation, hormone dependent cancer, lactation,
osteoporosis/osteopetrosis, hormone imbalances related to the menopause and obesity
10  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 one or more
- agonists or antagonists of GPR54 in the preparation of a medicament for the prophylaxis
or treatment of a condition in a patient selected from the group consisting of: muscle
15 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.

20 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 apimal,

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



Figure 9 shows a graph of the nean testis weight of wldtype and nock- out
mce Figure 10 shows a graph of the nean nuscle weight of w | dtype and
nock-out m ce WO 20041038021 PCT/ GB2003/004479 19 Figure.l 1 shows a graph
of the nmeanvaglsRPadsosl and (Figure 11la) and salivary (Fi 9%5‘)’01420(13’8344‘!? ght of
wi | dt ype and nock-out mce. Figure 12 shows a graph of testosterone 1evels
fromnmal e and femal e GPR54 Knock-out mce conpared to wldtype mce. 5
Figure 13 shows a graph of oestradiol L&vels in female knock-out nmice.
Figure 14 shows a graph of FSH levels in females (Figure 14a) and nal es
(Figure 14b) knock-out mce. Figure 15 shows a graph of LH levels in serum
( Fi gur el 5a) salevted fronpttelgrowr gonkikting wfehe foHbWingOfeRiligyrithidd; cartrassption aadl ect r oni ¢
Nort hern. DETALLED é)ESCRI PTI ON OF THE | NVENTI ON GENERAL TECHNI QUES The
practi ce. of PRI BURHY i nvention will enploy, unless otherwise indicated,
conventional techniques of chem stry, nolecul ar biol ogy, m crobiol ogy,
reconbi nant 15 DNA and i mmunol ogy, which are within the capabilities of a
person of oBBRIEFNESCRIFTION ORTHRFIGIRES Such t echni ques are explained in the
literature. See, for exanple, J. Sanbrook, E. F. Fritsch, and T. Maniatis,
1989, Mol ecul ar doning: A Laboratory Manual, Second Edition, Books 1-3,
Col d Spring Har bfigurkdishows treystriRetesef thpeneic, lodus ofinoate GPRS54 &8s GPRIS4
periodi c_suppl ements; Current Protocols in Mlecular Biology, ch. 9, 13, and
16, JohnSZOE‘gﬂpﬁ'é’y'} & Sons, New York, N.Y.); B. Roe, J. Crabtree, and A. Kahn,
1996, DNA Isolation and Sequencing: Essential Techniques, John Wley &
Sons; J. M Polak and James O D. MGCee, 1990, In Situ I—%bri di zati on:
Principl es and FAfigaei2chowsihestycuys of thegengmin laans.of prouseyGPRE# aftqr KR Yr ) |
1984, Qi gopheleati de Synthesis: A Practical Approach, Irl Press; and, D
2004/ 038021 PCIT/ 3B2003/ 004479

Figure 3 shows the structure of a targeting vector used for homologous

recombination of GPR54, including the relevant restriction sites.

10 Figure 4a shows a knockout mouse brain slice and Figure 4 b heterozygote and
wild type testes.

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

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

15 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



20 M J. Lilley and J. E. Dahl berg, 1992, Methods of Enzynol ogy: DNA
Structure Part A: Synthesis and Physical Analysis of DNA Methods in
Enzynol ogy, Academ c Press. Each of these general texts is herein

i ncor por at ence. GPR54 5 For the avoi dance ofpcdag®doos/dolp@ot erm

" GPR54" shg‘gpg}{%@g{%&en in this document to refer to any of the foll ow ng
sequences, identified by the rel evant GenBank accession nunbers: NT_011255
Hono sapi ens chronosome 19 genomic coni®g; NM 053244 Mus nuscul us G

prot ei n-coupl ed receptor 54 (Gor54), nmRNA; BC016531 Mus nmusculus G 10

prot ei n-coupl ed receptor 54, nRNA (cDNA cl one MGC: 27839 | MAGE: 3488082) ,
conpl ete cds; MUEKig@s31 shiowmna geaph efithe thepn edrenal giand (Figdrerld eppidsalitaty ( GPR54) ,

mRNA;  NMD23992 Rat.t us .nor.vegj cus ot ei n- coupl ed receptor 54 (Gpr54),
TRNA;  NW 04 %e@mrégh%f@éb@a@fvﬂ%e}EWv WGS supercontig: AK039629 Mis
muscul us adult male spinal cord cDNA, RIKEN full-length enriched library, 15

cl one: A330075102_pr oduct : G PROTEI N- COUPLED RECEPTOR GPR54 (G PROTEI N-
COUPLED RECEPTORiguy 121shows 2 geaph of teatgsieraaelevaly fronumale ppd fample GPRS4

chr onosone CR Hile 5091?]5.&“ Stildne BL16J; AY029541 Hono sapi ens
putative G fﬁ%)l(r)(g(ted(}{l@n-coup eagl rgcep()i?%pr H%A conpl ete cds; AF343726 Mus

muscul us G protein- coupled receptor GPR54 (Gpr54) nRNA, conpl ete cds;
AF343725_Homo sapi ens,0. 20 protei p-coupl ed receptar . GPR54 ( GPR54) nRNA,
Coml et o5 cdo: paaus 3 o F vl pogRiRe AR KB Me | acui o cONA
clone | MAGE: 3377895 5' similar to TR QZOT7 QZOT7 ORPHAN G PROTElI N COUPLED

RECEPTOR GPR54. :, MRNA sequence:. BB261471 1313261471 RIKEN ful | -1 ength
enriched, 7 daysFigwsidshowes ermeh PERSH jaysls in fmales{Fignred 48) andemales0098N\23 3'

simlar to Qf&é&%ﬁkﬁ@ﬂdﬁ%nﬂ% vegi cus 25 orphan G protein-coupled receptor
GPR54 (GPR54)" nRNA] MRNA sequence; AF115516 Rattus norvegi cus orphan G

protein-coupl ed receptor GPR54 (GPRS4) nRNA, conplete cds.
Figure 15 shows a graph of LH levels in serum (Figurel5a) and in pituitary (Figure
15b)

10 Figure 16 shows an electronic Northern.
DETAILED DESCRIPTION OF THE INVENTION
GENERAL TECHNIQUES

The practice of the present invention will employ, unless otherwise indicated,

conventional techniques of chemistry, molecular biology, microbiology, recombinant

15 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

20 Wiley & Sons, New York, N.Y.); B. Roe, J. Crabtree, and A. Kahn, 1996, DNA Isolaﬁon
and Sequencing: Essential Techniques, Johm 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, Il Press; and, D.



WO 2004/ 038021 PCT/ GB2003/ 004479 21 GPR54 POLYPEPTI DES As herein descri bed
the term " Pol ypeptide" refers to any peptide or protein conprising two or
nore ami no acids joined to each other by peptide bonds or nodified peptide
bonds, i.e., peptide isosteres. "Polypeptide" refers to both short chains,
commonl y 5 rw0aer@igoeio as pepti des, oligopeptides or ol i genRIER03R§7$ O

| onger chains, generally referred to as protei ns. Pol ypeptides may contain
am no acids other than the 20 gene-encg& am no aci ds. "Pol ypeptides"

i nclude am no acid sequences nodified ther by natural processes, such as
post-transl ati onal processi ng, or by chem cal nodification techniques which
are 10 well known in the art. Such nodifications are well described in

basi ¢ t ext sMaddLillgy W%EdEFHPP@dW?BnMQ‘ihQM ngpnafeg: DA Siudurgdiagtd nous
research i ﬁ%ﬁésﬂrﬁg 13)423% léﬁ:ﬁé}kzﬁ’ Bﬁeﬁgwﬁg&gc‘ﬁlﬁ gﬂ%ﬁﬁ‘émgéf |cBdéniB PP aRich d€,

i ncl udi ng t pept a ns and the amino or
car boxyl t epfithese. geheralfexts idtereip prrerportad yrbfetenthe sane type of nodification
may be present in the sane or varying degrees at several sites in a given 15
pol ypeptide. Also, a given polypeptide may contain nmany types of

nodi fi cati ogPRs4Pol ypepti des maybe branched as a result of ubiquitination,
and they may be cyclic, wth or without branching. Cyclic, branched and
branched cyclic pol ypeptides nay result from posttranslation natural

processes or maypg 1&%c§¥fﬁoﬁlﬁ£ﬂfét$ﬂ?& %4”sﬁ@ﬁ&ﬁéfa@kﬁ 'sidagﬁxﬂgﬁto
ent 0 attachnent

acetyl ation, acy at I on, ADP-ri1bosylation, am dation, cova

of flavin, referad emy ofithe ﬁﬂhmngseqﬁenaemglmhﬁndﬂmtb@rmﬂ@e@aakamth of a
nucl eoti de or l;lucl eotide derivative, covalent attachnent of a lipid or lipid
derivative, ™EVEl ent attachnent of phosphotidylinositol, cross-inking,
cyclization, disulfide bond formation, denethylation, formation of coval ent
cross-inks, for stine, formatlon of p Iutamate formylation,

ganma- car boxyl at &quége | S3piPT chreaagsonss 1 gﬁE’I‘RS?‘%f"B %%053ﬁ§ﬁ%§yl ation,
i odi nat i on, ;R Ghiofitn- cmmwfe@aﬂt&tsuqafrw IMAOECOlmQtMﬁH thdcanpriPcessi ng,

phosphor(%ll ation, prenylation, racernization, sel enoyl
protem-couple receptor 54, mRNA (cDNA clone MGC:27839 ]MAGE 3488082)

complete cds; M_032551 Homo sapiens G protein-coupled receptor 54 (GPR54), mRNA;
NM_023992 Rattus norvegicus G protein-coupled receptor 54 (Gpr54), mRNA;
NW_047773 Rattus norvegicus chromosome 7 WGS supercontig; AK039628 Mus
musculus adult male spinal cord cDNA, RIKEN full-length enriched library,

15 clone:A330075J02 product:G-PROTEIN-COUPLED RECEPTOR GPR54 (G PROTEIN-
COUPLED RECEPTOR 54), full insert sequence; NT_039496 Mus musculus
chromosome 10 genomic contig, strain C57BL/6J; AY029541 Homo sapiens putative G
protein-coupled receptor mRNA, complete cds; AF343726 Mus musculus G-protein-
coupled receptor GPR54 (Gpr54) mRNA, complete cds; AF343725 Homo sapiens G-

20 protein-coupled receptor GPR54 (GPR54) mRNA, complete cds; BE506644 db65108.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

25  orphan G protein-coupled receptor GPR54 (GPR54) mRNA, MRNA sequence; AF115516
Rattus norvegicus orphan G protein-coupled receptor GPR54 (GPR54) mRNA, complete

cds.



sul fation, transfer-RNA nedi ated addition of am no acids to proteins such as
arginylation, and ubiquitination. See, for instance, Proteins - Structure
and Mol ecul ar Properties, 2nd WO 2004/ 038021 PCT/ GB2003/004479 22 Ed., T.

E. Crei ght onyoYoslussoly eenan and Conpany, New York, 1993 3;&& 6134/005(79
Posttransl ati onal Protein Modifications: Perspectives an rospects,

1-12 in Posttransl ational Coval ent Mdification of Proteins, B. C Johnson,
Ed., Academic Press, New York, 1983; &kifter of al., "Anal ysis for protein
nodi fications and nonprotein 5 cofactors”, Meth Enzynol (1990) 182:626-646
and Rattan et alL, "Protein Synthesis: Posttranslational Modifications and
Agi ng", Ann GPR54POLYSEPTIDE®O2) 663:48-62. The terns "variant", "honol ogue”,
"derivative" or "fragnent"” in relation to the present invention include any
substitution of, variation of, nodification of, replacenment of, deletion of

or addition of 0R§héx@i’nd&érﬁ%dﬂ{@t&%%lﬁbe{:ﬁ&"ﬂr%rstt@m@yﬁ@ﬁ‘d@@?ﬁmt&dﬁ” ess the 10
context admts otherw se, references to " and 1 nclude references to

such vari anﬁ%lnpnm‘)dg Rz aginoj agigs jjqjped taﬁﬁphf‘?*hﬁj e peptidsrbogpreymodified e
reference i @ﬁﬁﬁg %&c&s ﬁ&?fs@&%s. ap) gf!éptn e” rgfe(rf ; BIpBHP oﬁ%#naﬁ%téoﬂn;&ﬁl%()f a

r ecept or Rese terns ar&inte ore olic
or physi® I ogifersdd to sl pcntudes; oljgopepéd@léRoEgomem epd trlpngen chaink, ipenexaliy teferred

activities rov actiyities hese I viti with d eased
e eul 1 ot ooty o bebldes e Rt aRa acids oS it de 70 bl ched
activities aghidohRidsPR54 receptor. Exanpl es of GPCR activity, and rret hods of

assayi ng and quantifying these activities, are known in the art, and are
described in detail elsewhere in this document. As used herein a "del etion"

is defined as a cﬂlﬂﬂﬁ?ﬁ&é@” cimranﬂﬁkpz{c?d)&égégmr et 9@elth%9bgect ral Qﬁei n

whi ch one or npre nuc eotides or amno a ues, res
absent. As smbads pestetanslampﬂal processingor bychémidaliniadification tetchamuadmhgbanen a

ormor o1 Qe L in B o, SEHTAGTablels HAT of BN R R PSR 0,1 o7
t he natural Hgtmtndmrrdgf@haubateﬂraem a Yslumineds feegasihliter; ﬁmbMd;dxﬂéatmn canesul t s
fromthe r egclzc%{':éan% ereolfn aopn ?ypepu e, mcluguC ltﬁé) Igelpd g ba%li&bone O a?rﬁrlxg gcu? glde-

chains and the amino or carboxyl termini. It will be appreciated that the same type of

modification may be present in the same or varying degrees at several sites in a given

15  polypeptide. Also, a given polypeptide may contain many types of modifications.

Polypeptides may be branched as a result of ubiquitination, and they may be cyclic,
with or without branching. Cyclic, branched and branched cyclic polypeptides may result
from posttranslation natural processes or may be made by synthetic methods..
Modifications include acetylation, acylation, ADP-ribosylation, amidation, covalent

- 20  attachment of flavin, covalent attachment of a heme moiety, covalent attachment of a
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

25  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



25 different nucl eotides or ami no acids, respectively. GPR54 pol ypepti des
according to the present invention may al so have deletions, insertions or
substitutions of am no acid residues which produce a silent change and
result WO 2004/ 038021 PCTI GB2003/004479 23 in a functi | ent

am no aci d RWEABE2! Del i berate ami no acid substituti ongquﬂ}imﬁﬂwdﬁe on the
basis of simlarity in polarity, charge, solubility, hydrophob| city,
hydrophilicity, and/or the anphipathicopature of the residues. For exanple,
negatively charged am no acids include aspartic acid and glutam c acid;
positively charged am no 5 acids include |ysine and arginine; and am no
acids with C lg city val ues
i ncl ude | eug{%hgaﬁl sgﬂgguc’l ne, ?fi‘] %ﬁ%@?oﬁ%nﬁe@%ﬁ 81@,99%%%”;}?%5 ‘ne

gl ut am ne, Bmmlattohale‘bﬁteneMomemdnai Bmpaeeaveamkl Pwspsats;(pgs GPES#& NUCLEOTI DES

AND POLYNUC|.EQTI DES, " Po tjde" al | :
pol yri bonuct 8¥{H ”BFalléf}{’ﬁéflﬁf@D @?F‘?’H’d’rﬁzg’??r%‘f‘f ﬁaerce %ﬁ%dm&?% ed RNA
or DNA or ek fviope 18R\ Rifter BING., “ABRIME 17 bfSAdih &@aiﬁchﬂ@ds%a,noﬁﬁrbtwt

limtation single- and doubl e-stranded is a mxture of

si ngl e- Sandcqi“ s Math Enzvare! (1990L12:626104§Iand Raml qﬂshbrPéot@m%m@@s RNA, and
RNA t hat | d nol ecul
conpr 1 2i ng. TRt i Sl MY iond il AR, BENT ARARS (RD2BERaRYsT O Ty, oo oS

doubl e 15 stranded or a m xture of single- and doubl e- stranded regions. In
addition, "poly Ieot| e ers, to,tr Shr ed r ons.compri sing RNA
or DNA or both ‘I’eigom?l@ 0‘165?4%7: IeeSIEa‘qga&r[?flg%n ﬂﬁﬁ“ﬂ’cfggheDNAs or
RNAs cont ai presesit m@m&; i A Fubstiadion 3% 8ariattRd NV fiedtioR N Sreplat dindd@ e bones
nodi fied for stability or for other reasons. = "Modified" bases include, for

exanpl e, t realgonodar pdition ofipne (Rracrs) aming acid forprae asemsnere Undss evar i ety of
difi nb
modi Tl C?f ' Oébﬁteliﬁm&fx% ltemat abofwg;;% aﬂd(}ﬂélude dréiids kEQich Yeriant£ 70T aces

chem cally, enzynmatica i ed orns of polynucleotides
as typical Ilyoniqieglws,ld\vnnmwmndﬁmsofﬁ% chemical fornms of DNA and RNA
characteristic of viruses and cells. "Pol ynucl eotide" al so enbraces
relatively short polynucl eoti des, of t en

Where reference is made to the “receptor activity” or “biological activity” of a

receptor such as GPR54, these terms are intended to refer to the metabolic or physiological
function of the GPR54 receptor, including similar activities or improved activities or these

15 activities with decreased undesirable side effects. Also included are antigenic and
immunogenic activities of the GPR54 receptor. Examples of GPCR activity, and methods
of assaying and quantifying these activities, are known in the art, and are described in

detail elsewhere in this document.

As used herein a “deletion” is defined as a change in either nucleotide or amino
20  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

25  different nucleotides or amino acids, respectively.

GPRS54 polypeptides according to the present invention may also have deletions,

insertions or substitutions of amino acid residues which produce a silent change and result



referred to as oligonucleotides. 25 It will be understood by the skilled
person that nunerous nucl eoti de sequences can encode the sane pol ypeptide
as a result of the degeneracy of the genetic code. WO 2004/ 038021
PCT/GBZOOB«QQ%Q]BS g0t As used herein, the term "nucl eot ipda/easmoces refers
to nucl eotide“sequences, ollgonucleotlde sequences, pol ynucl eoti de
sequences and variants, honol ogues, fragnents and derivatives thereof (such
as portions thereof). The nucl eotide s3uence may be DNA or RNA of genomc
or synthetic or reconbi nant origin which may be doubl e-stranded or 5

si ngl e-stranded whet her representing the sense or antisense strand or
ConbinatiOnﬁliﬁmaﬁﬁkﬂye@ﬁﬁﬂ&ﬁﬁﬂhﬁﬂ&kﬂﬂhﬁﬂﬁeikﬁbaﬂﬁﬁnﬁmymﬂ&mﬂﬁﬁﬁﬁbﬂﬂnﬁy use

he ter m * nEFaER Pbe D8 ok el heOTasin <itee, LY. DARRBRPISY” homol ogus:

"derivativehyfb ﬁiﬁ&@gmr thé Ampl ﬁfﬂc%ﬁm}@oﬁtﬁ@mgﬁu&r PSR bmbldY é]gttahoay' ncl ude
any substltu ion of, variation o fication of, rep acerre

del etion 011: chargedcating endswinclydeaspartic md@pd glutaneit ecidiposiiivelyoerged auinohe
gteﬂgre\r,lmcgeo & er eﬁéeelggi‘tdg lﬁ%&éﬁn andgﬂ&gﬁﬂggm #hgfo%eﬁg)g ag)rﬁaer@%é 0 such

vari ants, hhmmhg)gmﬂsn h}dmphyla:nﬁywaEesmmdluﬂe hgoiretilaicineGFRRnd, glidnd XBRSSI ON
ASSAYS FOR GPR54. I n .order to.de n. useful therapeutics for treating GPR54
associ at ed aﬂﬁﬁﬁgﬁsgu??uW%smﬁ§e 3@5?3?%Wﬁ%a§§5”@§$?e33|on profile of
GPR54 (whether wild-type or a partlcular mut ant). Thus, nethods known in
the art nmay be used to determ ne the organs, tissues and cell types (as
wel | as t he GRRAMNIFHESTERESHDRODYNULLRPTIBES GPR54 i s expressed. For 20
exanple, traditional or "electronic" Northerns may be conduct ed.
Reverse-transcriptase PCR (RT-PCR) may al so be enployed to assay expression
of the GPR54 gen@odynupieotde”’ genm}lyerd@mmi anb'\pelyribomthotiﬂc)or determ ning the

expression protid e ol HRES il HelP SR AUR S DR 3983 Rea RRALOMD 11

DNA. “Polynucleotides” include, without limitation single- and double-stranded DNA,
DNA that is a mixture of single- and double-stranded regions, single- and double-stranded
RNA, and RNA that is mixture of single- and double-stranded regions, hybrid molecules
comprising DNA and RNA that may be single-stranded or, more typically, double-

15 stranded or a mixture of single- and double-stranded regions. In addition, “polynucleotide”
refers to triple-stranded regions comprising RNA or DNA or both RNA and DNA. The
term polynucleotide also includes DNAs or RNAs containing one or more modified 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.
20 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.

25 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.



Northern analysis is a |laboratory techni que used to detect the presence of a
25 transcript of a gene and involves the hybridisation of a |abelled

nucl eoti de sequence to a nenbrane on which RNAs froma particular cell type
or tissue W%O?@g@nbound. WO 2004/ 038021 PCT/ GB2003/ 004é1&B28d3/00&0970r 00K,
supra, ch. 7 and Ausubel, F. M et al. supra, ch. 4 and 16.) Anal ogous
conputer techniques ("electronic Northern") applying BLAST may be used to
search for identical or related nmolecit es in nucleotide databases such as
GenBank or the LI FESEQ database (Incyte Pharmaceuticals). This type of

anal ysis has advantages in that they may 5 be faster than nultiple

menbr ane- based Msarsediherein) the terhrnadidotidesaquenée? refersdo niidledtideskquenees, conput er

search can he nodif.i,ed to detern ne et her an articular, match i s

cat egor | secPHERBRISRHE oo xR bRuT o RRE RS e PRl RS ARt des of
t he presentand@éevitiveytherbo¥qbustiad gortiohs thereot) cEhedRERbRARqRRRY tray BB DN or

enpl oyed as_research reagents and materials, for discover 10 of treatnments

. s. for y
and di agnosRiNAof gepoxpc ausynthelic QT Frapmbinan gsigin vehickagy he detble-pirgnded per  det ai |

el sewherge g fihi BB gﬁgf E@rﬂh GRRRénsE SRR Thibia ssion
of GPRSZ?e poﬁrﬂny%%%)ttﬁlngggwl S rrér ireg orgé%%ogeneénastg I on ?? -EG 52'35%”@%%% es
whi ch may fThedtinomckeotidesaguencs may kemrepguadibytuse of re@Rabinant PNIA sehinigees her ei n.

15 I n order,to eX@r ess ab.bi ically active GPR54 pol ypeptide, the .
nucl eoti de (goé'cfﬁﬁrﬁ & eyl 54 or honol ogues, variants, or derivatives
thereof are inserted into appropriate expression vector, i.e., a vector

whi ch contains the necessary elements for the transcription and translation
of the inserted fegferzhly isderan awcleptidassauenchimerna PNAvwl | known to those
skilled in the art are used to construct 20 expression vectors containing
sequences encodi ng GPR54 and appropriate transcriptional and translational
control el ement SThe Timsévananko deomeleguede derivalive’t o ‘agment’ i relationo the

t echni gues, et i [ . ' ' -6 L i.pation. Such
t eohni s PAERY tEabin LRI o S iheiBln b il M A SRRF AR o 00
Labor at ory dehtioa bf orcddditibn of one (or more) nucleic acids from or to the sequence of a GPR54

nucleotide sequence. Unless the context admits otherwise, references to “GPR54” and

“GPR54” include references to such variants, homologues, derivatives and fragments of

GPR54. .

[5 EXPRESSION ASSAYS FOR GPR54

In order to design useful therapeutics for treating GPR54 associated diseases, it is
useful to determine the expression profile of 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

20 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.

Northem analysis is a laboratory technique used to detect the presence of a
25  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.



and 16-17, Cold Spring Harbor Press, Plainview, N Y.) and Ausubel, F. M et
at. (1995 25 and periodic supplenents; Current Protocols in Ml ecular

Bi ol ogy, ch. 9, 13, and 16, John Wley & Sons, New York, N.Y.). WO

2004/ 038021 PCT/ GB20031004479 26 A variety of expression vector/host

syst ens maywbeoutossizsed to contain and express sequencesCEeBmI3/Mgs7oPR54.
These include, but are not limted to, mcroorgani sns such as bacteria
transfornmed with reconbi nant bacteri ophage, plasmd, or cosm d DNA
expression vectors; yeast transforned “Wth yeast expression vectors; insect
cell systens 5 infected with virus expression vectors (e.g., baculovirus);
pl ant cell systens transformed wth virus expression vectors (e.g.,

caul i f1 onerHBYEPE sypra -  eadpsihel, Folvh 663 ¥B@ark 4 apd A0J ADRIOEPYS or with
bacteri al i ; 8, ] : jgal cell
oystoms. TioHpEEElahide e oficNorthdfny YapPiTg I AUERAY Be bieddh seal 7
"control elidentinalor related molpahlas brnuckeetidecdatabgses auch asi{isnBamioor-the AFHIRQd

regions 10 t v, or (i.e. hancer ronpters.. and &' and 3

unt r ansl at edﬁ%%gg R@ﬁ!‘%ﬁ’&‘ﬁ‘%“%eﬁ‘%ﬂé?-g@iﬂy%ﬁ ?tts?h?i@%l? H!%)Seq VEftages i gmgtet?nﬁ%m[ag carry
out tr amnscrbeffisted thanaultiple menttirnbas&ligfbridizations! B addition MBE Yensifivithof thest r engt h
and speci fici té' Dea{)csndi g o ,%He vectqr sil/%{lem and haost utjilised, . any
nunber of <OMPUET 2R LAR ?FtS‘H} b, feterrpngwhether GRY BtifgAR atch igatrgprspd
constituti vugeéor Hopshlsgdeke pronoters, nay be used. For exanple, when

cloning in bacterial systens, 15 inducible pronoters such as the hybrid lacZ
pronoter of the BLUESCRI PT phagem d (Stratagene, La Jolla, Calif.) or

Sy B B R

pol yhedrin prono e us rsTor ©enhancers
derived fr pootick desgrbinabeveaimgy erdmpleyel as feseaych rehigents sl ardteriald 8t Gistavennd

storage . protein genes) .or from plant viyuses .(e.g., viral, pronoters. or
eader 1050 GE AEHTH i apmastiy T il ATLRRA Giie s oxmlined B ere, deai|
systens, preaewhat i thisidvcomenel i an  genes or from mammal i an viruses are
preferable. If it is necessary to generate a cell line that contains

mul tiple copies of the sequence encodi ng GPR54 pol ypepti de, vectors based

on SVA40 or fERVesRYN BF GHES PhivbeBtmepPr OPri ate sel ectabl e marker.

The Expression of GPR54 polypeptides is required for the generation of GPR54

antibodies which may function as agonists or antagonists of GPR54 as described herein.

15 In order to express a biologically active GPR54 polypeptide, the nucleotide
sequences encoding GPR54 or homologues, variants, or derivatives thereof are inserted
into appropriate expression vector, i.e., a vector which contains the necessary elements for

the transcription and translation of the inserted coding sequence.

Methods which are well known to those skilled in the art are used to construct

20  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

25  and periodic supplements; Current Protocols in Molecular Biology, ch. 9, 13, and 16, John
Wiley & Sons, New York, N.Y.).



In bacterial systens, a nunber of expression vectors may be sel ected
dependi ng 25 upon the use intended for GPR54 pol ypeptide. For exanple, when
| arge quantities of GPR54 pol ypeptide are needed for the induction of

ant i bodi es’W(X?l‘%SI%ﬁZI\-Ah! ch direct high |evel expressionppg/dpdfisBiusiy Ot €i ns
that are readily purified may be used. Such vectors include, but are not

limted to, nultifunctional E. coli cloning and expression vectors such as
BLUESCRI PT (Stratagene), in which the 2equence encodi ng GPR54 pol ypepti de
may 30 be ligated into the vector in frame with sequences for the

am no-term nal Met and the WD 20041038021 PCT/ GB2003/ 004479 27 subsequent 7
resi dues of - galAetdety dfiegrasioh radtorzhdst/dysienhs praytbeiutilisesl tp comtaiaadd egprdésvect or s

(Van Heeke, G and S. .M ster (1989) J. Biol..Chem . 264:5503-5509), and
the like. {FERSRCH:TLHliEe F‘iﬁ%#e@é??e %&@_ﬁ@&ﬁ?%@ ‘)mﬁ%togmgcaoqs&a%w% Xpr ess
forei gn pol yReHk kdAForndRl WitPicesnbingit Bhdtériophhse, Bl bt @RMidDpanst erase
(GST). In general, such fusion proteins 5 are soluble and can easily be

purified frexprassioeyeciers] yeagyransfornqes withhyaast sypiesaerhyastnss; aefaetosh sydiemsls
fol | owed: by: &l Hit.i [ : f_fr | | de in
such oyt Sl oAb Vit REroRISARRGE (e, talohid Bl CCgrith b 25 Ce )
pr ot ease cl willveiyes exprdsgion sectérh &d.g.} daalifidweranospiel wine (CaM¥) of tobatce hesaiccan be
rel eased framt T jety at will. 10 In the, ye accha ces

Cor ovi o1 ac. MBS EEREY S b Bictertl exsimsion g de e 1 AT 122 RASRTSRRRS: b1 e
promoters, g caH sf'»dtah@I&aacﬁmﬁtiozﬂihﬁ@hﬁhitmycta@mstaaﬂmﬁﬁyedmy be used. For
reviews, see Ausubel (supra) and Grant et al. (1987; Methods Enzynol .

153: 516-544). I n cases where plant expression vectors are used, the

expr essi on of SefieusRR AP B ERRAnAYIAER" NI HNE Rditisany Of

a nunber of pronoters. For 15 exanpfe pronoters such as t
19S pr olbt evfshoiecta . nenhatpers, prothotdrs; aad 5oandi 3 untwarislatesltreginns)ithiich interastre ga

ceder seauintiod LM HOHTRAR S eelbad T B S R, o1 oo
shock pronoiagy th thely Steengdeshd spédificifz Depéndingtondhe veciod SeisteritMRChobt utiltsed 571- 1680;
Broglie, R an(}altnm%lbér (g s?ust;ll;le tsr%s%plgt?onza%ﬁ :trsagsqglt?oéxll?)e;lerr?e%gs, \l/nvc l}d?l{g’ co%étit&ttiveaelrid ( 19_91)
inducible promoters, may be used. For example, when cloning in bacterial systems,
15 inducible promoters such as the hybrid lacZ promoter of the BLUESCRIPT phagemid
(Stratagene, La Jolla, Calif.) or PSPorT1 plasmid (GIBCO/BRL), and the like, may be
used. The baculovirus polyhedrin promoter may be used in insect cells. Promoters or
enhancers derived from the genomes of plant cells (e.g., heat shock, RUBISCO, and
storage protein genes) or from plant viruses (e.g., viral promoters or leader sequences) -
20 may be cloned into the vector. In mammalian cell systems, promoters from mammalian .
genes or from mammalian viruses are preferable, If it is necessary 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
25  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

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



20 Results Probl. Cell Differ. 17:85-105.) These constructs can be
i ntroduced into plant cells by direct DNA transformation or
pat hogen- nedi at ed transfection. Such techniques are described in a nunber

of general | yoa¥addsaRie reviews. (See, for exanple, HobbsprGepRbsmddory, L.
E. in MG aw H ( Year book of Science and Technol ogy (1992 I\/tcgraw Hill,

New York, N. Y.; pp. 191-196.). 25 An insect systemnay al so be used to
express GPR54 pol ypeptide. For exanpl €7 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. Thabsgtese 13RS 6PElsREct6AaHRE soyt £ Hiidgﬂadiniia ﬁdﬂcda,ogﬁ@ﬁ&&%i al
regi on of theﬁsi rus, WO 200%%038021 PCTI GBZ%%S/ 04479 f)28 such as the

pol yhedr i n (YenHeeleen & prdisd- Sahyeter @ 88 JoBiobCheme 2¢455303e1H0Ph apd Bhediker .
Successful | - fl ' | ene

| nactive arﬂ?ﬁgﬁ’%ﬁﬁgéﬁ TP%‘%%% > Vi r'udslgfaélc l%énugis&(ﬁ)&a 'b{)e%%@é%lgﬁ }5&3&@&4&'&9

r econbi nantas fiusiongesteim ywithhghatathione Sstemhsferase (GET) In denerak seeipfusion protéinsigi per da
cells or, Trichoplusia | arv i n.which R4 ol ypepti de be expressed.
(Engel har d,areEs:o?\&)_le f@p_eail%ggﬁngg%gpm%}ag ci@ _adé(%pgon tg]gl\gtg%wng %§¢ I'n
manral i an hyeads R byPeliMiGHIA thereséhé Ao R LRMRORE. PostkiAL nfaMé ifdtieh MY be
utilised. In cases where an adenovirus, is used as an_expression vector,

sequences SHEEES Mgy bedrsianed ip ipside herarinetrambin,ioy fack Xhprotesse awiigvi r us
transcript 'sﬁgyas{?rtﬁmﬁéélbﬂéa j&&fﬂ%{;ﬁd& oFntERB%hS be ReaSld fltR tt}eaég RopLer and

tripartite er sequence. ertion in a non-essentia or regi on of
the viral geHome may be used to obtain a viable virus which is capable of
expressi ng GPR54 pol ypeptide in infected host cells. (Logan, J. and T. Shenk
(1984) Proc. Natl. Acad. Sci. 81:3655-3659.) In addition, transcription

enhancqgps, suchhfthetyesst SReUAGrBBCEHUFPeVisidelS iy )of @€dIGE C6ritainii@ycobstittped t 0
i ncrease expres%gon i n mamral i an

15 host l's, H tificial
chr omosome &t le pregpoterss ich@s alppe @3841“6’%3}9‘?’5 ?’uagg&]’ 5’2:’:’ “Ilafylrbgdg%fgr of DNA
than can beeRQi, 8id18esBE st Ry 28 TREntieDald(10B AN HodsHNZSmB]. 139916-584)Kb

In cases where plant expression vectors are used, the expression of sequences

encoding GPR54 polypeptide may be driven by any of a number of promoters. For

15 examplé, viral promoters such as the 35S and 19S promoters of CaMV may be used alone
or in combination with the omega leader sequence from TMV. (Takamatsu, N. (1987)
EMBO J. 6:307-311.) Alternatively, plant promoters such as the small subunit of
RUBISCO or heat shock promoters may be used. (Coruzzi, G. et al. (1984) EMBO J.
3:1671-1680; Broglie, R. et al. (1984) Science 224:838-843; and Winter, J. et al. (1991)

20  Results Probl. Cell Differ. 17:85-105.) These constructs can be imtroduced 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.).

25 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,



to 10 Mo are constructed and delivered via conventional delivery nethods
(Ii posones, polycationic am no polyners, or vesicles) for therapeutic

pur poses. 20 Specific initiation signals may al so be used to achi eve nore
efficient %ﬁ)@%hﬁ” of sequences. encodi ng GPR54 pol ypeRig:iBwearch
signals inclu e ATGinitiation codon and adjacent sequences. |In cases
wher e sequences encodi ng GPR54 pol ypeptide and its initiation codon and
upstream sequences are inserted into tR& appropriate expression vector, no
additional transcriptional or translational control signals may be needed.
25 However, in cases where only codi ng sequence, or a fragnent thereof, is

inserted, QBAS MR PDIyhedis hebe] MAPlace® ide borflol BHENS pb Rﬁédﬂiﬂ prembhee. ATG
initiation codon shoul d be@ggﬁow ded. Furt her nor e, e initiation codon

shoul d be i Augcpssid ipsertion of fgolypentide pall r@ﬁ@&thepqlw%ﬁﬁl@mae%maetwemé entire
I nsert. 021

beT G205 BRRId i i"cﬁl“fodﬁ giﬁgﬂrmkf/ﬁ CoFprobire ?@82&8?1."’817"% Iﬁg’gg%’grﬁgl and
synthetic. Ued teinféctifonoypmple, 8xpugipsincells na%zdwpéuhdmadlmyhmhéim‘jél usi on of

enhancer ,ate for the ticul el | u A S .as those
GonarToe RO gy b s ?@Z%%ﬁe B, K7 etaﬁl'.s()(?éfgg]&}"' REE ARt o0 ")
Differ. 20:92%M6327)5 In addition, a host cell strain may be chosen for its
ability to nodul ate expression of the inserted sequences or to process the
expressed protein in the desired fashion. Such nodifications of the

pol ypepti de i nC! idfamibiiariiost AA, alrullibkRok i -baks bkl oiystet hyekat | on.

gl ycosyl ation, phosphoryl ati on, I'i pi dation, and ac

Post - t r ans| wiilisehdh CRACH WBSEKS] angdenmunsus sbeskas@n expressiappmeotor fsequenods enheding ot ei n
may al so be

functi on.  Co7Re: bpiile el B Beligl ki hn S bR b BRpub Piflelhon B80RE, |
charact By i stonsistimgrdfzthe kuwsprbmotep et tripatitesieader ssyabncachbertion fsa ﬁ@-@senti@HO

HeLa, MDCK, ,HEK293, . an W38 are av Iab fromth Aner i Ty Iture
Col | ecti on f‘ﬂ?‘g,sq e’i°m<fﬂ:8 “i ARA VY le‘ﬂgﬁ"é“‘%}’rfé EQ?P ect
nodi fi cati OfF expiessiig GPRSS ngéﬁndé hﬁnfd@feﬁlhﬂﬁt cBHQKEd)g%n N and0r SheaRQI98ay M hi gh
yi el d productiaon of reco grotelns stabl e, expression is

Proc. Natl. Acad. Sci. 81 3655 3659.) In addition, transcription enhancers, such as the

Rous sarcoma virus (RSV) enhancer, may be used to increase expression in mammalian

15 hostcells.

Human artificial chromosomes (HACs) may also be employed to deliver larger
fragments of DNA than can be contained and expressed in a plasmid. HACs of about 6 kb
to 10 Mb are constructed and delivered via conventional delivery methods (liposomes,

polycationic amino polymers, or vesicles) for therapeutic purposes.

20 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.

25 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



preferred. For exanple, cell |ines capable of stably expressing GPR54 GPCR
can be transforned using expression vectors which may contain viral origins
of replication and/or endogenous expression elenments and a sel ectable

mar ker gengmgﬂmi&ﬁzﬁane or on a separate vector. Fol | oppgsbdesosdator oducti on
of the vector] s S may be allowed to grow for 20 about 1 to 2 days in
enriched nedi a before being switched to selective nedia. The purpose of the
sel ectable marker is to confer resista?e to selection, and its presence
allows growth and recovery of cells which successfully express the

I ntroduced sequences. Resistant clones of stably transfornmed cells may be
prol i f er at ecbdoss may bé sfvacionsibrigins bothabtural and synthefic. Ofire efficienay dflegpressidn t ype.

25 o et B AcheS R BYGNETE Ml 25 MBS0 EERY LA SRS

t hynm di ne kieaSRclfBsse deWiribe® in thilitepdturd] (Schak D! bt £16¢1994) R ekdfts Brdbl. @efl
adeni ne phosphori bosyl transferase genes (Lowy, |. et al. (1980) Cell

22:817- 23) , Differ-A9:124rl689 enployed in t1C or apr cells, WD 2004/ 038021
PCT/ GB2003/ 004479 30 respectively. Also, antinetabolite, antibiotic, or
her bi ci de resi stance can be used as the basis for selection. For exanple,
dhfr corff ers rednstidition, alwsheEllsohinenatte chiveglferits dvilitg to mbduléte @RPesdivroc.

Nyt a8 g Sl B e S bR B i A St o1 O
150: 1- 14) ; mpdifisAtionsbf the palypide Giclude st ar e litnited B, aétdbfiot, 0frbaxiation,

phosphi notricin acetyltransterase, respectively _(Mirry, supra). Additional
sel ect'abl e BJ¥snsylation, Phespberyiationylinidationsagd agylatigh. Bosttragglationai prgcessingons cel | s

to utilize yndpbrajed ap*)@gf'o’%nﬁ biVﬂBESMmag%lsBibé bsed¥Bigsdirae! cBEctCel | S to
utilize histinol in place of histidine. (Hartman, S. C and R C. Milligan
(1988) I® ocinsedxtien, foldimgoand/csdunctigs. I¥ifisrenthiosy calle wdinhl have spesifiessllvlar vi si bl e

(- gl ucur onPAREBRLmRRtRRlekidle decndn R or o PGl B NGRS
luci ferin. HeélesdDEKKEEK293nnd VI3 dreravhilabld fyorh the AlmsticanyT ype@ustheer mant s,  but
attri but ab osstsh EOCHRREoL 0l | et Rorgiuh gusirbie oy B faieds)

Met hods Mol andBirétessirigbofltBd fotéign protein.

15 For long term, high yield production of recombinant proteins, stable expression is
preferred. For example, cell lines capable of stably expressing GPR54 GPCR can be
transformed using expression vectors which may contain viral origins of replication and/or
endogenous expression elements and a selectable marker gene on the same or on a
separate vector. Following the introduction of the vector, cells may be allowed to grow for

20  about 1 to 2 days in enriched media before being switched to selective media. The purpose
of the selectable marker is to confer resistance to selection, and its presence 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.

25 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,



Al t hough the presencel absence of marker gene expression suggests that the
gene of 15 interest is also present, the presence and expression of the
gene nmay need to be confirmed. For exanple, if the sequence encodi ng GPR54
polypeptidgmiﬁmh&ggﬁted wi thin a marker gene sequence, ptransdoeneme cel | s
cont ai ni ng sequences encodi ng GPR54 pol ypeptide can be identified by the
absence of nmarker gene function. Alternatively, a marker gene can be placed
in tandemwith a sequence encodi ng GPR®4 pol ypepti de under the control of a
20 single pronmoter. Expression of the marker gene in response to induction
or selection wusually indicates expression of the tandem gene as well.

Al t er nat i vedespectinvedy. Ads, hstinaétatatlite; antitdotic, diierbicide edsistance darsteusedaethencodi ng

or ocodur as PRI SlECHh SELeAGRPIS AN coHk o eants b6l GieReat defuqe
but are not(1580)Pr&d Nafl. ASAIASciDIV 8 557-R; et Corifé¥brdiishintsltozifib bdfiogh/RbsiddsOt i n

bi oassay or i mrunoassay techni ques y\/m’ch i ncl ude nenbrane, solution, or

chi p based neeeiyeinland Cedl & Glolherr=Gaapiack e pl PRI dr MgliSieh 15 htl#h andals onucl ei ¢
acid or gr | - 3 . hepresence
of pol yr?u.cﬂ%g%%%qg%g%%%%gﬂﬂgﬁ%?%g% %piﬁégc% %ég%ﬁ e %gr%?ebre &%fgtgglgt ed by
DNA- DNA or (DRiryRbpré)y Additiosal selectalile gamephaveibeert desoribesl, fig eparaplestrpB, wiiclagnent s
or fragments, of | ynucl eoti.des _.encadi n R54, . . Nugcl ei ¢ id..

ool | 17 cat 10w aEldd Hifeg Bur R Thp 6 R tbP el pr Wb yeish ALY S8 TP gorer s
based on t hfisthobiagise o€ histidiae (HagmaiR €. pel e Nndgat O 9d8) et NdtAshdr mant s
contai ning DNA or RNA_ _encoding GPR54. A variety of protqcols for detecting

and reasur i3ty $504Ew by &essusly, e upgpiasiblg maksrs hasgawed pepulaytydth syeh
nmonocl I ' ' i Tl : ' aTalY Al t..
Exanpl gs@a ofﬁa'{s}%%lﬁ Qétjéelgﬁonﬁ%él]ﬁg% B:-%g%lgénéa%ﬁ %‘E/H rrftgst ﬁb%ﬁaéﬁéﬁnsgu nos 8# %ggne{ﬁg g{g ays
(ELI SAs), Xtbstmtt locifierinn Thess ayskdriRtahdde, usedubt bhlydo édentificteanaformensts,dait alsd |

ti FAGS) . -sit | | - based i tilizic
ronoc! onal AL SR TRRRD o A0 B St AP A Rb o e SBhcpRs4 | s
preferred, veblor §ysteailPRhodes M Aieball (19959 atodsMobBiol. 55:121-131.)

Although the presence/absence of marker gene expression suggests that the gene of
15 interest is also present, the presence and expression of the gene may need to be confirmed.
For example, if the sequence encoding GPR54 polypeptide is inserted within a marker
gene sequence, transformed cells containing sequences encoding GPR54 polypeptide can
be identified by the absence of marker gene function. Alternatively, a marker gene can be
placed in tandem with a sequence encoding GPR54 polypeptide under the control of a
20  single promoter. Expression 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

25 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.



enpl oyed. These and ot her assays are well described in the art, for exanple,
in Hanpton, R et al. (1990; Serological Mthods, a Laboratory Mnual,
Section IV, APS Press, St 15 Paul, Mnn.) and in Maddox, D. E. et al. (1983,
J. Exp. Med. 158:1211-1216). A w de vari ety of |abels ang @@9@@@&{7%
t echni ques VP OKPIBIH by those skilled in the art and n i'n various
nucl ei ¢ and and am no acid assays. Means for producing | abelled

hybri di sation or PCR probes for detectijng sequences related to

pol ynucl eoti des encodi ng GPR54 i ncl ude oligol abeling, nick translation,

end- | abeling, or 20 PCR anplification using a | abelled nucleoti de.

Al ternatively, r reof may
be cloned into ;Ikh\%g{s '1)??3?&9&9&%13 u%dr?ég coﬁfng%%&%@ﬁ&es%a%% vectors
are known idetdcted bgMNADNADD m«mm hybrmhsaﬁdnadm amgpldficationysidgprobssed t o

Slch a5 T7, Soemehlsr Eagman of e is it ol FRRCE Noflb AGhbs "y be

conduct ed Zgy Eﬁbnéba!é%f:isﬁi}& ﬂolmefﬂf‘@hédhu&\é@thd@'%} ehgdxﬁés b&ses bn &ife t hose
provi ded by Pharnmaci a R5Ohn (Kal amazoo, .), Prone Madi son, Ws.),

and U. S5 Bi agqmm@apoc@g GPR5¢ prlypentidap detst Bansf%manfg@p@t NAorRAcul es
or | abels V\Qll (i}n ?gg used for ease of detection include radionuclides,
enzynes, fluorestent, chem | um nescent, or chronbgenic agents, as well as
substrates, cofactors, inhibitors, magnetic particl es, and the |ike. WO

2004/ 035021 PCT/GB2003/ 004479, .32 cells 1 formed. wi | eoti de
sequences encodl%ﬁnﬁgﬁ% glﬁéordfggﬁﬁ g ﬁﬁ’fﬂrfsé’r‘?goig??ﬁg’l‘ésqgor t he
EXPr essi on eifher goBRIoHal yr mimdclltﬁxapm“bedxes dpecific f&hﬂle protéid, WreSkmoWhen BeQirei N

pr oduced by a transforned cell y. be Iocatgf in the cell nenbrane

secret ed orExaglesiof sephiteghnigues inglude przymerinked imymunpsprhentassays REISASk/ or t he
vector s eqadléﬁmﬁuﬂﬁa&éa%@ﬁ{ﬁkﬁﬂ Ghé hﬁ&gscgﬂcetabﬁ\?‘?eﬁmlﬂ}%gﬂ gn 3 Ogﬁf‘ A ffd-site,

expression vectors contalning polynucl eot GPR54 may be
desi gned t gnonsaloailrbaseédjimamiunoasay ubs mpzmlonal adibpdice taaetivedn twé n@?R54

through a prokaryot i e i , € ctions may
be used to owms%ecﬁ"t% %s;‘)sn %%ng r&éﬁs ut'ZEc 1L[¢ e‘(’)etb%‘gggequgm%é%g encodi ng a
pol ypepti daenthksmdm‘htdsemhdm&ﬂas&aysaielwmdmmdiﬂ tha tittpfor exansyslé, b Hamptont ei ns.
Such R. et al. (1990; Serological Methods, a Laboratory Manual, Section IV, APS Press, St

15 Paul, Minn.) and in Maddox, D. E. et al. (1983; J. Exp. Med. 158:1211-1216).

A wide variety of labels and conjugation techniques are known by those skilled in
the art and may be used in various nucleic acid and amino acid assays. Means for
producing labelled hybridisation or PCR probes for detecting sequences related to
polynucleotides encoding GPR54 include oligolabeling, nick translation, end-labeling, or

20 PCR amplification using a labelled nucleotide. Altemnatively, the sequences encoding
GPRS54, or any 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 RINA probes in vitro by addition of an appropriate RNA polymerase
such as T7, T3, or SP6 and labelled nucleotides. These procedures may be conducted

25 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.



10 purification facilitating domains include, but are not limted to, netal
chel ati ng peptides such as histidine-tryptophan nodul es that all ow
purification on i mobilised netals, protein A donains that allow

purificati oRy@®syok/4a¥pRI | | sed i mmunogl obul in, and the do ' in the
FLAGS ext ensi on/ a/f finity purification system (I munex Corr?;b)?/dﬁ@' ):g@‘t%?ge,
Wash.). The inclusion of cleavable |inker sequences, such as those specific
for 15 Factor XA or enterokinase (Invi32ogen, San Diego, Calif), between the
purification domain and the GPR54 GPCR encodi ng sequence may be used to
facilitate purification. One such expression vector provides for expression
of a fusion protlééshcdtsrtrafsfohngiﬁﬁeﬁdclemiddsequmk eﬁaodingi@l’léﬁmnaﬁm 6 -

histidine re rec hi_or.edoxi n .or entero as eavage
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TRANSGENI C ‘ANl MALS ~ KnockGuts In a further aspect of the resen I nventi on,
there is prowhashistidigpryptorhasaredwesteataiow punifination ﬁglmmeblbsedmﬂélscel s in
whi ch GPR5 knockout s
of the pr eipe ?’lﬂynvem.ailagrtlljmEE aﬁW?ﬁﬁ@&gﬂsﬁén 'rn?gb aﬁ%ﬁcglogﬁr}% nde

domain utilised in the FLAGS extension/affinity punﬁcatlon system (Immunex Corp.,

Seattle, Wash.). The inclusion of cleavable linker sequences, such as those specific for

15  Factor XA or enterokinase (Invitrogen, San Diego, Calif.), between the purification
domain and the GPR54 GPCR encoding sequence may be used to facilitate purification.
One such expression vector provides for expression of a fusion protein containing GPR54
and a nucleic acid encoding 6 histidine residues preceding a thioredoxin or an enterokinase
cleavage site. The histidine residues facilitate purification on immobilised metal ion

20  affinity chromatography (IMIAC; 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
inKroll, D. J. et al. (1993; DNA Cell Biol. 12:441-453).

Fragments of GPR54 may be produced not only by recombinant production, but
25  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 431 A peptide synthesiser (Perkin Elmer). Various fragments of GPR54 may
be synthesised separately and then combined to produce the full length molecule.



di sruption of the GPR54 gene or any portion of that gene, including one or
nore | oss of function nutations, including a deletion or replacenent, of
the GPR54 gene. The nutations include single point nutations, and nmay
target codi Rg f4/80z1C0di Nng regions of 10 GPRG54. Pref er 8pr)on2609/664a®
knockout aninmal is a non-human manmal, such as a pig, a sheep or a rodent.
Most preferably the knockout animal is a nouse or a rat. Such knockout
animals may be used in screening proceddires to identify agonists and/or
antagoni sts of GPR54, as well as to test for their efficacy as treatnents
for diseases in vivo. 15 For exanple, knockout aninmals that have been

engi neer ed TBANSGENE AMIMALS i n the production of GPR54 may be used in assays
to identify agonists and/or antagonists of GPR54.0One assay is designed to
eval uate a pot enkhadkogts Ug (a candi date ligand or conpound) to determne if
it produces a physiological response in the absence of GPR54 receptors.
This nmay be acconplished by adm nistering the drug to a knockout aninal as
20 di scussed abome fufifiét dspedofhs phokeid irvestich iheFd is pvided AGHR SAUndEkdugS ponse.
Any physiol ogi cal paranmeter could _be neasured in this assay. Tissues
derived froftmme! egmpsisingRRe0s dora il which (3HEe4 pelbypentidereboptionally bi ndi ng
assays to dghgfjsieae whether the potential drug (a candidate |igand or
conmpound binds to the GPR54 receptor. Such assays can be conducted by
obtaining a first receptor 25 preparation fromthe knockout anim

engi neered to b b1k § - iLon on

Fecept or pr epar sl K Rhock BushTE plebirf Bh Bl LA uER @R o RETHAE

2004/ 03802 1dikiapticzBATRS GPB4S4 gene G4AnHpeifidn bf thatgkne dnclading onislamorelog@fier al |

the first apd second.recepfar pr rations will e sinilar ip all respects
except for g’ﬂ@“?dﬂ‘:‘]t&té‘”?sr wﬁ*‘@m%ﬁ)ﬂ%@? 0%1?3812‘8‘8?%"#?(&@“’ ét&‘{e&%?ﬁp if brain
tissue fromnatakieRGkelde SAEIERbint Mufloms aklBBey laBRH IRy & rRtoRRE¥iohshorused in
an assay, conparable brain tissue froma nornal (wild type) aninmal Is used
as the ur € - 5 the second receptor preparation. Each of the receptor
preparations is incubated with a |igand known to bind to GPR54 receptors,

both al one and in the presence of the candidate
Preferably, such a knockout animal is a non-human mammal, such as a pig, a sheep

or a rodent. Most preferably the knockout animal is a mouse or a rat. Such knockout
animals may be used in screening procedures to identify agonists and/or antagonists of

GPR54, as well as to test for their efficacy as treatments for diseases in vivo.

15 For example, knockout animals that have been engineered to be deficient in the
production of GPR54 may be used in assays to identify agonists and/or antagonists of
GPR54. One assay is designed to evaluate a 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

20  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

25 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



|l i gand or conpound. Preferably, the candidate |igand or conpound w Il be
exam ned at several different concentrations. The extent to which binding
by the known ligand is displaced by the test 10 conmpound is determ ned for
bot h the fi ngd 20ak6889Acond recept or preparations. TissuespcgﬁﬁhMﬁﬂm&EP”‘
knockout aninmals may be used in assays directly or the tissues nmay be
processed to isol ate nenbranes or nenbrane proteins, which are thensel ves
used in the assays. A preferred knockdtt animal is the nouse. The | i gand
may be | abelled using any neans conpatible with binding assays. This would
I nclude, without Iimtation, 15 radioactive, enzymatic, fluorescent or
chemi | um neGERA4 ligande bi engnfosigdsadit gengml,dbd st anidsbesindirengptoe prepargtions widl

descri bed i f. UL I il abov Furt e i st R5
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exnl bl t any o t he n ty I,C characteristi.cs assqcl e W t reduce or
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generatifng {HeReddHIPRHBPFEPAhHG IR oF tRY Redpstprdpatifiohdls idddbitB@ widatl ai |
bel ow. Transgeni c gene constructs can be introduced into the germline of an

ani mal to nhgaadinewetdkind t@RRed recentersdetinglprs andrie therpresencerafitheeppdidsteof t he
construct ' aked, | ot o i e by
standard tra sgtéﬁf(%:dégi?g%hn %&%@eﬁa%mgﬁggggﬁ&r%&?s%%o m%ﬁe Ay exé nockout
non- human aseveml diffefent doncentrations. on  are produced by introduci ng transgenes
into the germine of the non-human animal. WD 2004/ 038021 PCTI GB2003/ 004479
35 Enbryonal target cells at various devel opnental stages can be used to

i ntroduce transp@Rfent fd Which BintingD RS okhigdSER EPRREEbY ekt t he stage of
devel opment of the, enbryonal target cell. The specific |l1ne(s) of any

ani mal s edcanepoypdistdetsaminer dor hotfuthe it apd feconduepsptarpremgratigahdisitesgood” -
heal th, gOOGkrRIf RS anilAR W%G&ﬁ?&sa}%ﬁ@tﬂy'o&ﬂx&d&sﬁé@%a}ﬁmryo’ and

good reproductive fitness. In addi'tion, the otype I's a significant
factor. processed to isolate membranes or membrane proteins, which are themselves used in the

assays. A preferred knockout animal is the mouse. The ligand may be labelled using any
means compatible with binding assays. This would include, without limitation,

15 radioactive, enzymatic, fluorescent or chemiluminescent labeling (as well as other
labelling techniques as described in further detail above).

Furthermore, antagonists of GPR54 receptor may be identified by administering
candidate compounds, etc, to wild type animals expressing functional GPRS54, and animals
identified which exhibit any of the phenotypic characteristics associated with reduced or

20  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

25  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.



I ntroduction of the transgene into the enbryo can be acconplished by any
means known in the art such as, for exanple, mcroinjection,

el ectroporation, or lipofection. For exanple, the GPR54 receptor transgene
can be intr lep10 @ manmmal by microinjection of the Into the
pronucl ei o?ﬂ?%ggggg%ilised manmal i an egg(s) to 10 causgggaéﬁggﬁhﬁﬁé copi es
of the construct to be retained in the cells of the devel oping mammal (s).
Fol l owi ng i ntroduction of the transgen® construct into the fertilised egg,
the egg may be incubated in vitro for varying anounts of tinme, or
reinmplanted into the surrogate host, or both. In vitro incubation to

mat urity i SEmbiybhdl tdrfet celn@aidustdevéloprmatal isiages can Gaassasimirodied hod in to

i ncubate the enbrygs._in vitro, for ahout 1-7 days, depending on t he
speci es, anfaanﬁweﬁﬁ)éffﬁﬁpmtﬁmémw geranding op Hisase 5§Y91°Pﬁ‘@tﬁ’rl'g‘ﬁeny of the
transgeni calgprysHaliabitk 83IEGHE Eﬁ&:iﬂ%slm‘é@? Of)ﬁlytﬁﬁﬁﬁ dsddab Tp}é%ﬁce i ERPafen afe  he

construct by Sout hern blot analysis o he segnent of tissue. |If one or nore
copi es of td¢lecied deyeaguers! goiodheslths gerdt enotyo yielda geod pramurlpar visibiditwingbe i nt o t he
genone %SP Qgﬁ Ik Tl kLl | - nent
knockougsf manra Ogﬁéri\)gé %ggrt%/c?%néts%éh?r@gs E%*@Bf°ﬁ?g3%%§%ﬁ§§%‘§ﬁ°@t. The
litters of knockout altered manmal s can be assayed after birth for the

i ncorporation of the consfruct intaq t enome of the offspring. Preferably,
Lhis hasay 1o _dRESRERPLRLES Borsdisnin Sy HEPR0 BrOtAComP LR RARLEES: e DA
sequence CqdioRd ih fHe aktiBch 8L FdrleRampleCratthiimeétionPéledtRIpBraloR bt Hpofettich, FEQMENt

t hereof onto chronosonmal material from leg_the pr ogeny. Those mammal i an
progeny f ouskampls, the §iPR54 reqepios Hansgencandg ynteduesddniosisanmel by i n t heir genone

are grown tg; fabbiich¥s oAl faPie %ﬁﬁ@kﬁWé&&%@g 8@%%)*18 pur poses

of this invention a zygote I's essent ormati o ord cell
whi ch 19 capads aneof mbdes/edpigsiofi thei cohsirust odepttained rthecilswf theadewelaping, t he

ot al 'y, GPene S, Bilice AboR i AR ah BB S OB e B o
ganete or gaEBiabe iddubated ideiirg doreviaeying aheaintefiimd) er feimplanteiMite thear e

nat ur al | conpatiple, i.e., ane ich result in.a.viable z te capabl e of
Y sugggate Eost, orlboti. In vitro ?ncu at{:on to matunty {s within the scope 0%%3918 vaen OIL

One common method in to incubate the embryos in vitro for about 1-7 days, depending on

15  the species, and then reimplant them into the surrogate host.

The progeny of the transgenically manipulated embryos can be tested for the
presence of the construct by Southern blot analysis of the segment of tissue. If one or more
copies of the exogenous cloned construct remains stably integrated into the genome of
such knockout embryos, it is possible to establish permanent knockout mammal lines

20 carrying the transgenically added construct.

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

25  the progeny. Those mammalian progeny found to contain at least one copy of the construct

in their genome are grown to maturity.



undergoing differentiation and developing into a functioning organi sm
Cenerally, a euploid zygote is preferred. If an aneuploid zygote is
obt ai ned, then the nunber of chronosones should not vary by nore than one
with respegf 8&Mh§ﬁé@“pl0id nunber of the organi sm fropcifiigbesRbiher ganete
ori gi nat ed. 926" % addition to sim/lar biological considerations, physical
ones al so govern the anount (e.g., volune) of exogenous genetic materi al
whi ch can be added to the nucleus of B8fthe zygote or to the genetic material
which forns a part of the zygote nucleus. If no genetic material is
renoved, then the amobunt of exogenous genetic material which can be added
is limted by theraiepliposeholihis\hventioiea 2yppoy ib esteniallpaby fobmbtivn ¢ffaydpleid! |y 15
di sruptive. Cenerally, the volune of exogenous genetjc terial inserted
will not exesdlowhiclplssapableptisexelppipg o a spmplgi PEgagism. Giengrals, the 2vegte¥hlon must
not be so gpeQmpmiRed %ﬁ%@'cﬁﬁ’thﬂn}hg adrﬁéle!ixé’.’tzfoﬁg@ e}ShN%\liiaHnm& &farﬁﬁ@alﬁ?,’ gphe- - The

biological Iimt of the nunmber and varie sequences W I'T vary

dependi ng ufrsiontofitvlapidid nhclei fropy e gametn dr gamaiesi Bhiss, tie gatmsteguclsemoside geneti ¢
mat eri al . and W | | [ | en 0 kihl.ed in t rt ecause the
genetic 520 et (‘a’Jrhllchg?e ‘.‘aﬁ@fgﬂ%?’%’gg@%’ éé‘b%%eﬁ%%hggéﬁgtﬁg vﬁig’%eegr}i%gfé,ca%afb??‘%g

resul ting zygietgeingdifferomtiatioh ahd develiping intepafihationingiongdnisad. iGegerallg, avai nt ai ni ng

the differentjiation and devel gpnent of,. the zygote .into_a functional ,
o oant sm | B AR B Prelg . & Ay earunloid gt HE BB, e SURAS oy e added
to the zygodforhSsonfés BEAMIER hbR thAlche vAREdpect@b t}ﬁ)@ﬁﬁi@hﬁn&ﬁ@ﬂﬂec

e

materi al added and wil| be the 25 anpunt whi ch enabl es the genetic

t r ansf or nmat ¢1&#nism feacwhich vithes gamete Arigipatsdl v one copy is required; however,
general ly, numerous copies are utilised, for exanple, 1,000-20,000 copies
of the transgene construct, in order to insure that one copy is functional.
As regat@s the Ipraddiéion ta simdet biologicalvensideratidns,gfysivallbmesadsagwant thge to
havi ng nore than one .funct.ioning copy.of each.of the inserted expgenpus DNA
Sequences. ¢ BIUh e B RrReAOw AP CRPRT S 3 o ARt SiE B CITRA
sequences. MOz7RRA¢A3 M kn ACTIIBANOH B0 pBToARY z§ RIS, WRbCh al | ows

for the additign of ,the exogenous genetic material info . .
genetic material 1s removed, then the amount of exogenous genetic material which can be

added is limited by the amount which will be absorbed without being physically

15  disruptive. Generally, the volume of exogenous genetic material inserted will not exceed
about 10 picoliters. The physical effects of addition must not be so great as to physically
destroy the viability of the zygote. The biological limit of the number and variety of DNA
sequences will vary depending upon the particular zygote and functions of the exogenous
genetic material and will be readily apparent to one skilled in the art, because the genetic

20  material, including the exogenous genetic material, of the resulting zygote must be
biologically capable of initiating and maintaining 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 materia} added and will be the
25  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

30 phenotypic expression of the exogenous DNA sequences.



nucl eic genetic material can be utilised so long as it is not destructive to
the cell, nuclear nenbrane or other existing cellular or genetic
structures. The exogenous genetic material is preferentially inserted into
the nucl ei ¢ vagsRlbsos@t €rial by microinjection. 5 M croipp é&?m94ﬂpells_
and cellular structures is known and is used in the art. el nplantation is
acconpl i shed using standard nethods. Usually, the surrogate host is

anaest heti sed, and the enbryos are insdfted into the oviduct. The number of
enbryos inplanted into a particular host will vary by species, but wll
usually be conparable to the nunber of off spring the species naturally
produces. 10 Knodhytechmgieswhich gllofs fohthe sdditiomof the bxngenonsygebeticsuateralgato f or

h dlor.. £ssi . th ' hod.
Screni ng. 1 Sua effet FRRERTGROR Bliscdd8 B TOE RS, Rle Bk Rl Rl oy s
usi ng a profembhat of Stheexistiageshnar\or genclit sinfbits. The pRodenoius gthetidwateridinsgene.

Western bl ot anal ysi s .using. an _anti body agai nst .the protein encoded by the
transgene nifyprefereatiglydnse e inios e AFleic ganety naierioh B FESTORBSCUARL hod for 15

screeni ng . f Rﬁcrbfﬁj%lc%x?éf&ﬁ@a&f cllifr MERATEEE RndWPEHGE useiRitPdd.Y, DNA is

prepared fromtai ti ssue and anal ysed by Sout hern analysis or PCR for the
transgene. Alternatively, the tissues or cells believed to express the

transgene at the,highest. | evels ar ested f pFesefce and expressi on
of the tr ansgengR 1?%%8%85%%@?%@%@?@% 8 Sg?ndg@%agﬂshggﬁf}aﬁ‘ﬁ sm?cl’%a%ues or

cel | types. hayishaassthetdsddpind the smbryak wsiisserted intoXfie Avidestn@he mantser oflddi t i onal
met hods for eval uating the presence of the transgen i ncl ude,. wit hout
limtation,® WP%’&?%“’%?‘%H%&%?“??{EQ%h§WYa?G 4 %W'E]rﬂf}‘%fy b‘?_ mmunol ogi cal
assays, hi sgahmeitieto thd minier bPbfRAriG a6 bitkiel BatliRlly PfodaBesy e activities, flow
cytonetric analysis, and the like. Analysis of the blood may al so be useful

to detect the presence of the transgene product in the blood, as well as to

eval uat g the ef f%x?%%@ﬁt&?%@ﬁoftﬁ@% Hok e s‘éfé%?% ’% Px\eég%ésgﬁ& AndRES Of

bl ood cells and onstrtuéents. trovira I on can al so be
used t o i ntexprkssion bf thesmespene by anyssuitarle methmd. Scaerning) is offtreadtemplisteil by

non- human epghryo ul t d in.vitro to,the, bl astocyst sitage. WO
2004103802 1%8@%@@&9& 5fo?§l§llys1s, using a probe Exat 1S compPenYen%ary Eo a(%?east a

portion of the transgene. Western blot-analysis using an antibody against the protein

encoded by the transgene may be employed as an alternative or additional method for

- 15 screening for the presence of the transgene product. Typically, DNA is prepared from tail
tissue and analysed by Southern analysis or PCR for the transgene. Alternatively, the
tissues or cells believed to express the transgene at the highest levels are tested for the
presence and expression of the transgene using Southern analysis or PCR, although any

tissues or cell types may be used for this analysis.

20 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 détect the
presence of the transgene product in the blood, as well as to evaluate the effect of the

25  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.



During this tine, the blastoneres can be targets for retroviral infection
(Jaenich, R (1976) PNAS 73:1260-1264). Efficient infection of the
bl astomeres i s obtained by enzynmatic treatnent to renove the zona pell ucida
(Mani pul at i se Enbryo, Hogan eds. (Cold Spring atory
Press, CDIdQ%%%Pﬁdmﬁgrbor 1986). The viral vector 5 sys g?&%@%ékﬁagf
|ntroduce the transgene is typically a replication-defective retrovirus
carrying the transgene (Jahner et at. B38985) PNAS 82:6927-6931; Van der
Putten et al. (1985) PNAS 82:6148-6152). Transfection is easily and
efficiently obtained by culturing the blastoneres on a nonol ayer of
Vi r us- pr odu®urifig g6 tirde, (hécblasiernersitincte, ta:getp fot retfdvérabinifectibn (Raknick, FR1Y76EMBO J.
6: 383-388). AIternat|v§a% g|nfect|on ca per f or | at er stage. 10
c

d a
Virus or vi PHASBg26011 ﬁi%enéwfeqyenPﬁsheg%aétanﬁemsgse?bf@nafagff%@é% (Jahner
et al. (198ZLaumbkity Ee@n&%ﬁh%a@%ﬁaadm@fauhgﬁlefmuﬁg@@ase |I|Io%3ﬁ e®sai ¢ for

t he transgene since I ncorporation occurs onl In a Ssu e cells

whi ch f or me{Calthptingiizrgent.aboreryiresaCold Apring e{arbwr, 11884), Thereral gesider nay
contain yari ' ent

posi ti ongs/ [ 1&%{1\55%&?\08%&%%&({1?55&%%' 9{) IFSF feégg%%g}%fq%hv?%gog spring. In
15 additi oncarryﬁngthe &hmgeqm)(gshﬂei-eteﬂqwsst) PNAISCE2: ﬁmmgmém der®Pattehet ajer m | i ne

by intrauterj L@l Lt ect f th t Jah t
o (1082) BoBDBNAN s o1 T icionenceny fhcreliciontly Qfune Y AbEE L on | s
the enbryongle bidsRmesRlon a:ﬁ&ﬁ)layeE&ﬁﬁislp?o@mg@msacmdief PEBnDEprd; RbwARE &t | on

enbryos cultured in vitro and fused with enbry Evans et al. (1981)

Nat ure 292: 35U 98DEMBPL 6SE3 88y Altemnatigely, mfa@tmnéas o porforuyed apadnterctags| er et
al . (19¢§) %oﬁﬁmsgy &ﬁc&%@%bs @ﬁ%e:ﬁggﬁéé ?%@Bla?dgcoélé&gﬁ‘)er %P?Hu( Eg)cel s by

322: 445- 448) . Transgenes C e efficiently 1ntroduced into
DNA transf hfetllra)??8cﬁr23t6}8) Mosh of the Soundelis anikk He mosais thrdhé wansg@esincer ansf or ned

ES cells can ea 0 non-.numan

i ol S ook BEHSEbIdEs Gy HO R el Llidh A Rkl b BRI AR, |
germ | i ne ofniinak Fueises) the fgmded mey contamvariols rehoviral Afsertéons efitisaandgasatsch, R
(1988) Scien%g 240: 1468-1474. The present .jnvention als grtaln to a

nucl ei ¢ aci SHEEsALRgs{fions jrhthe genams Wi hseﬁera&wﬂ SEERBRS n a host

cel|. Tie nuaRinCitdcdlsh SREBI t itrddQbPirdns Shes Ao the B0 1i hﬁq@t@ﬁné epl acenent
portion; b) a first honol ogy region |l ocated upstream of the non-
retroviral infection of the midgestation embryo (J a.hner et al. (1982) supra).

A third type of target cell for transgene introduction is the embryonal stem cell
(ES). ES cells are obtained from pre-implantation embryos cultured in vitro and fused with
embryos (Evans et al. (1981) Nature 292:154-156; Bradley et al. (1984) Nature 309:255-

20  258; Gossler et al. (1986) PNAS 83: 9065-9069; and Robertson et al. (1986) Nature
322:445-448). Transgenes can be efficiently introduced into the ES cells by DNA
transfection or by retrovirus-mediated transduction. Such transformed ES cells can
thereafter be combined with blastocysts from a non-human animal. The ES cells thereafter -
colonise the embryo and contribute to the germ line of the resulting chimeric animal. For

25 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 nucleic 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

30  with substantial identity to a first GPR54 gene sequence; and c) a second homology region



honol ogous repl acenent portion, the first honol ogy regi on having a

nucl eoti de sequence 30 with substantial identity to a first GPR54 gene
sequence; and c) a second honol ogy regi on WO 2004/ 038021 PCT/ GB2003/ 004479
39 | ocated eywwisRen of the non-honol ogous repl acenent BE?EB?(QB/ 9, f’ second
honol ogy region having a nucl eotide sequence with substantia A Ity to a
second GPR54 gene sequence, the second GPR54 gene sequence having a

| ocati on downstream of the first GPR5¥ gene sequence in a naturally
occurring endogenous GPR54 gene. Additionally, the 5 first and second

honol ogy regions are of sufficient |ength for honol ogous reconbi nation

bet ween t helotated dbwnstreanl of the sibn<homokgousaeplasedegepurtion, BrREdommmalogya host
cell when the, npucleic gcid nolecule. js.introduced into t t cell. In a
referred cigonRang = et Teanrmvi st ieEERn A Fond AR T ses an
expressi on gegiacs, fhe seebrRf GPROA geri_e%&?déﬂt_kdlﬁvinb&qgcaﬁa_ﬁi dewR@feainl ofeheSBisECt | ON
expression cassette, preferably including a neomycin 10 phosphotransferase
gene oper at PRRI4/sane seagnecon 2 nagylly-acewying prApgpRqus ﬁPR&"'(EBRSZA‘&i@%aHEﬁh% i ent
transgery c | othl el ENo\ P R54
gene. ¢ aret T e o B ekl P 5 e BB Bl s
| ar ge i nserbehwos@ the tyucksigacid bonsimetdnd ap endeg@rious GPRY# gane iold) hogsdeligviengheobe

sequence anplified, fr a.part .of .the p Lcted murine e eadi ng
Frane. oDna Dilssfie b Q8 1 Rlepgy G B B B Eftrlbe erind BB ERORCT o
mur i ne GPRSbn@Re1s feplicomes patitont dotpritedh kksrbdsivh répateereferabhitinclo@iggon of
the GPR54 gene using, smal]l oligonucl eotide probgs .and _standard .t echni ques.
The nurine %%quﬁé’ﬁﬁlfgn%aﬁxﬂeé?‘?’iﬁaé@&&eﬂﬁf@@ bonelndige @ IeprBYdRsi gn of
honol oggus Eﬁo&@ns‘fér@é?geh@h rhifi]ly Bike8 td D@ oVBehPélemdiils)r €gi ons of DNA,
typically 20 between 1 and 5kb i n 'size, fromeither sidé of the region of
the open reading frane to be deleted, called the 5 and 3' honvol ogy arns,
are anplified by, g ¥ ' eting
veotor, The postt CBRoBEbGH Bl AR Bt hmal PR eordbied A ARIEC

reconbi nation event wll. fu Qnal |y disrupt the GPR54 gene by deleting at
| east the severl@ éfﬁ”%ﬂﬂ?g;%gggﬁﬂf%ﬂ%“'fgeﬁf?ﬁs. A targeting vector is
prepared where the del eted

-

Murine GPR54 genomic clones are isolated from a mouse large insert PAC library
obtained from HGMP (Hinxton, UK) using a probe sequence amplified from a part of the
15  predicted murine open reading frame cDNA sequence (SEQ ID NO: 4), using standard
techniques. The isolated murine GPR54 genomic clones are then restriction mapped in the

region of the GPR54 gene using small oligonucleotide probes and standard techniques.

The murine genomic locus is partially sequenced to enable the design of

homologous arms to clone into the targeting vector. Two regions of DNA, typically

20  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

25 GPRS54 sequence is replaced with non-homologous sequences composed of an endogenous
gene expression reporter (2 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.



25 GPR54 sequence is replaced with non-honol ogous sequences conposed of an
endogenous gene expression reporter (a frane-independent |acZ gene)
upstream of a sel ection cassette conposed of a pronoted neonycin
phosphotran‘g,{}\%&gg,g8 }860) gene, arranged in the sane orighi@lo@oaset he
GPR54 gene Z? 38021 PCT/ GB2003/004479 40 (b) Transfection and
Anal ysis of Enbryonal Stem Cells Enbryonal stemcells (Evans and Kauf man,
1981) are cultured on a neonycin resi4tant enbryonal fibroblast feeder

| ayer grown in Dul becco's Mdified Eagles nedium supplenmented with 20%
Fetal Calf Serum 10% new born calf serum 2 nmM glutam ne, 5 non-essenti al
am no acids, 10QbbMaRsfaetionaqpdoulysinof Embrkord] Stent Qells eukemi a i nhi bitory
factor. Mediumis changed daily and ES cells are subcul tured every three

days. 5x106 ES cells are transfected with 5 pg | i neari zed plasm d by
el ect r opor at i on Em¥yenal sisogells (Bvans anddKanfioan/d P8 B)are oultuinesi onsa figsindysiti ng

cont ai i n st astegRr AL ARG ERS gt S U et DbE R, Mo ded Biges RadilE' |1,
replicat ed supplemrmaddéitl 2085 Betal wmﬁcmemdbdsryl cRifBerugn, adﬂvnghitmnmlepnes in

whi ch honol ogous reconbi nati_gn had occur rtg lfetween t he ndogenous GPR54
gene and t Hen-essgafakamigo agids Py uM 2-pisesaptogiaang! apd 00wl depkemia mbibitogyng j £ i ed

at a rate act%x%. ?\%dghnﬁ% lshsngﬁ (faap%&‘énsvears%x BaiAe dve é&"&g%@@hiegﬁésbt o be

frozen and su ity DNA to e prepare or | ot
confirmati mﬂmﬁremsfeac@mﬂlﬁgl@afdmbmzsd pigsreidibyretemiroporationd(23' pFldapariebes, al |

t and t ,al, 2000, t Vh
Hon( 0775, gaa 40l VRFES YhRub Rlfo iocuondaton. i Bttt calls s AR o and
mal e nice adas HEh&HuRMEntalddd TRy a1 @Joﬁaybﬁ%l%h@s%x@?mﬁe@u@@y@we@iﬂaﬁ%st gtl on.

10-12 cells froma chosen clone ‘are injected astocyst and

bl ast oclfst srepliceteid apd axnasded beforedeingseraencd by R Chstoddmpife clonesinmbicheral e. A
litter of %h‘{E?l{éeOﬁs RidB ﬁfaﬁon?ﬂ:{cdg?cg&?édad | tl?egéﬁ?ﬁ@nom ﬁ'ﬁ)@é@ﬁe e&&i 0 100%

agouti mal es agou coa our |n I cat'e con on o ceIIs
descendent thrgeting dmestruct Positive clones are typ1ca11y identified at a rate of 1 to 5%. These
clones where expanded to allow replicas to be frozen and sufficient high quality DNA to
be prepared for Southern blot confirmation of the targeting event using external 5’ and 3’ -
15  probes, all using standard procedures (Russ et al, 2000, Nature 2000 Mar 2; 404(6773):95-

9),

(¢) Generation of GPR54 Deficient Mice

C57BL/6 female and male mice are mated and blastocysts are isolated at 3.5 days
of gestation. 10-12 cells from a chosen clone are injected per blastocyst and 7-8

20  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

25 respectively.



targeted clone). The male chinmeras are mated with female and MF 1 and 129
mce, and gernmine transmssion is determ ned by the agouti coat col our and
by PCR genotypi ng 25 respectively. WO 2004/ 038021 PCT/ GB20031004479 41

Gt her non- hgeiedidsapsoeni ¢ animals Al so contenpl at ed aCCﬂ@ghﬂgm&ﬁmgge
present invention are non-human transgenic animals which results in the
over expression of GPR54 receptor or underexpression (as conpared with
suitabl e controls) of the receptor. 5 4he animals are useful to identify
agoni sts and antagoni sts of the receptor function an also therapeutically.
ANTI BODI ES As herein described anti bodi es nmay be enpl oyed as agoni sts or
ant agoni sts of (ERRSnpolmanentrisgaic dméler t he pur poses of this invention,
the term"anti body”, unless specified to the contrary, includes but is not
limted to, polyclonal, nonoclonal, chinmeric, single chain, Fab fragments
and fragments pridsiuensteniplatad Redordingiodbspresent invendion arewomHnimangiransgenic | ncl ude

fragnents of. . i i i t ai i.r binding,activity for a

t ar get subgs angte”,&cﬁ@%sl“a?g“o‘g§ oﬁ%&gﬁ&ésﬁogofﬁl%ﬂa%ﬁ%%epg”ro ggqﬁé?)ﬁpreggw ﬁfrg| e chain
anti bodi es dospbrell withSsuittlsie oontfvlg)o€ihesedepdr.ot her synthetic protei ns. which
conprise the antigen-binding site of the antibody. The anti bodi es and
fragments thereof may be humani sed antibodies, for exanple as described in
EP- A-233400. FurpRenadii€are 80 HenffMgbiistk dthd ¥n Mfhd RBERor BBRAS  (Or
their fragments), for exanple, as described in US Patent Nos.” 5,545,807 and
6, 075, 181 amsjsodherapeplicallyed. Neutral i zing antibodies, i.e., those which
inhibit biological activity of 20 the substance am no acid sequences, are
especially preferred for diagnostics and therapeutics. Antibodies nay be
produced byAremBowiesd t echni ques, such as by immnisation or by using a
phage display library.

As herein described antibodies may be employed as agonists or antagonists of
GPR54 polypeptide.

10 For the purposes of this invention, the term “antibody”, unless specified to the
contrary, includes but is not limited to, polyclonal, monoclonal, chimeric, single chain,
Fab fragments and fragments produced by a Fab expression library. Such fragments
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),

15 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 buman variable regions
(or their &agmmﬁ), 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

20 the substance amino acid sequences, are especially preferred for diagnostics and

L4

therapeutics.

Antibodies may be produced by standard techniques, such as by immunisation or
by using a phage display library.



WO 20041038021 PCT1GB20031 004479 42 A pol ypeptide or peptide of the present
I nvention may be used to develop an antibody by known techni ques. Such an
anti body may be capabl e of binding specifically to the GPR54 protein or
honol ogue, fW@gHgptdse21et c. | f polyclonal antibodies are degricgdssseSs ect ed
manmal (e.g., nouse, rabbit, goat, 5 horse, etc.) may be inununised with an
I mmunogeni c. conposi tion conprising a polypeptide or peptide of the present
i nvention. Depending on the host speci#&, various adjuvants may be used to
i ncrease i munol ogi cal response. Such adjuvants include, but are not
limted to, Freund's, mineral gels such as al um ni um hydroxi de, and surface
active subst anckpolpeptidasr pgide of thelprasent phvention maypbe ysetl 49 dgmelopaam ons,

pepti des, oil.e sjons,, 10.ke | £ |inpet henmpcyanjn, .and.di ni t.r.ophenol .
BB (Bact | | PR FENG festmighet e e pofRet LR LT VABRP oG R AE BoCEREPaI | y
usef ul hune taElGER 8N p otk bERoniFYgdeeremidng)esl 1 f purified the substance .
am no acid sequence 1s adm nistered to i munol ogically conprom sed

i ndi vidual s for the purpose of stinulating system c defence. Serumfromthe
I muni sed ani malygi ek dipg edures.
| f serum cont ai nﬁfh‘glyglgbéll%ﬁ%ﬁ%fég% (?%gg‘?’ggelt@%ggﬁ epl %i?%é’l&g t ai rr??a’t It’go om a
pol ypepts dehasse, elad npydedmmunised with@n inombegenis campoditoh esnringther ant i gens,

t he pol ycl onal tibodi.es can be purified. by i.munagaf.finity. chramatography.
roehn quos TarpepBt AiRRN S o AL paSeo it aigR DA R O sl Vo mns ©
the art. | nadpvaets nidydde wedto iAgttasd ddindfiologival réspomsedSuchtabifviiity @ithide il So
provi des am no acid segﬁl{;nces of the_ invention or fragnents 20 thereof

hapt eni sed #®ngtlsRitrdto sl s aviperalegrinaelsas Abvmipign Bydroside,dag swrdacedolivs mal s
or  hunmans. s,ianaek Qitdlas ?gbg?ﬁg%gp?m@iﬂb%ﬁy%g, P, &Bﬁa&Fsﬁ effisfnsabl e from

a polypeptide or pepti presént invention can also be readily

produceld bykeyhele dikipet kqgnqcyanipcang dinitraphenol gBaer(BeciliieCewate-6upgritloandnaki ng

| | . C \ :
ant 1 body- praEtefimhribice QRRRTy sl hupS B phiEA Y emploved |
ot her t echifipurificel theisibstancalamino hcitl seaqeharisadministepédd B impmpblogicakbg with

oncogent ¢ I%%%prc?nrnised individuals for the purpose of stimulating systemic defence.

Serum from the immunised animal is collected and treated according to known
15  procedures. If serum containing polyclonal antibodies to an epitope obtainable from a
" polypeptide of the present invention contains antibodies to other antigens, the polyclonal
antibodies can be purified by immunoaffinity chromatography. Techniques for producing
and proceésing polyclonal antisera are known in the art. In order that such antibodies may
be made, the invention also provides amino acid sequences of the invention or fragments
20  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.

25 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.



transfection with Epstein-Barr virus. Panels of nonoclonal antibodies
produced agai nst orbit epitopes can be screened for various properties;
i.e., for isotype and epitope affinity. WD 2004/038021 PCT/ GB2003/ 004479 43
Monocl onal anti bodi es nay be prepared using any techni que which provides for
t he product WeR004/038¢2d i body nol ecul es by continuous cel | PcTIeB260s00Yr9t U €.
These include, but are not limted to, the hybridoma technique originally
descri bed by Koehler and M lstein (19 Nat ure 256:495-497), the triom
techni que, the human B-cell hybridoma 5 techni que (Kosbor et al (1983)

| mmunol Today 4:72; Cote et al (1983) Proc Nall Acad Sci 80:2026-2030) and

t he. EBV- hybri do te Cole et al Mbonocl Ant i d| es. d Cancer
Ther apy. oo, 77 giosiyial anbodifcay B mRpisk e any 1 Shaise PIHFL RIOEHR hes
devel oped f@g piddfctiin@FdRtiicad nfleculel bifRbtimaaY del Wb EH ciﬂtﬁ:'éeTh&B linchideg of
nouse, antlbody genes to human anti body genes to obtain a nolecule wth 10

appr opr i at ebuiateingélimited to, ﬁe@bwmemwﬂlﬁéﬁmm@)bﬁﬂe% agded

(A0 oo, kR 8 B85 B 0 A

Al t er nats v eteghnique {Kosbopn ersal dEIS8) ImmdndldfodamnernWatal 61988) Pro&lNaglI AcadlSai n

peci o o MR EPlentihs ¥ ehddhe Rt LB BodorBlegel Shtodzng -

pol ycl onal , ansrCaidereliRrdhy] §i: 72 D62ARINTS LisPint 9 PF8%). Obt ai nabl e from a _
pol ypeptide or peptide of the present invention are particularly useful in
di agnosi s, and those mhlch are neutralising are useful in paSS|ve

| mmunot her apy. 'Yﬁrag&agl b e Bésbd%:@ dl%g%dfopth@?&?dg PSR Gntf éa' €

anti-idiotype anti ype antibodies are I mmunog obu I ns
whi ch car r ysphicing pﬁmeumnlnubmhem mmensntﬂmﬂmgws t@obtaind/moleadewithagai nst

whi ch pr.otecti on esired Tec ues for .rais i.di ot ‘ ti bodi es
e Rl ipbtopBale hpliseh pEa G A HIRS s OOt he Bucdtortifonth KRGORRL | PO
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single chain antibodies (US Patent No. 4,946,779) can be adapted to produce the substance

specific single chain antibodies.

15 Antibodies, both monoclonal and polyclonal, which are directed against epitopes
obtainable from a polypeptide or peptide of the present invention are particularly useful in
diagnosis, and those which are neutralising are useful in passive immunotherapy.
Monoclonal antibodies, in particular, may be used to raise anti-idiotype antibodies. Anti-
idiotype antibodies are immunoglobulins which carry an “internal image” of the substance

20 and/or agent against which protection 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 ‘

25  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).



25 specific binding reagents as disclosed in Olandi et al (1989, Proc Nat!
Acad Sci 86: 3833- 3837), and Wnter G and MIstein C (1991; Nature

349: 293-299). WD 2004/ 038021 PCT/ GB2003/ 004479 44 Antibody fragnments which
contain specific binding sites for the pol ypeptide or epti de may al so be
gener at ed. WQRWOAIBAY! e, such fragments include, but arePROCHWBHPES to, the
F(ab')2 fragnents which can be produced by pepsin digestion of the anti body
nol ecul e and the Fab fragnments which cgp be generated by reducing the
disulfide bridges 5 of the F(ab')2 fragnments. Alternatively, Fab expression
libraries may be constructed to allow rapid and easy identification of

I | Fab f i | . LI LCl t_al (1989
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express humanised antibodies.

Thus, the inventors consider that GPR54 antibodies or the compositions
comprising them may be of particular therapeutic use in the treatment of neurological,
reproductive hormone related, and certain other conditions. Such neurological conditions

15 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

20 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

25  disease or condition selected from the group consisting of the following: Alzheimers,



25 di sease or condition selected fromthe group consisting of the follow ng:
Al zhei mers, WD 2004/ 038021 PCT/ GB2003/ 004479 45 sensory neuropat hi es and
epi | epsy, the nodul ation of fertility, libido and the onset of puberty,

| act ation, & fRREIsesI S/ ost eopetrosi s, nenopause, nuscl eptisghiieoblisseases,
pai n, hornone dependent cancer and obesity conprising the steps of: (a)
selecting a sanple of cells froma patient to be diagnosed, 5 (b) conparing
the expression |evels and/or functional#activity of GPR54 pol ypeptide in

t hose sanple of cells with one or nore control sanple/s from healthy

i ndi vidual s. This invention also relates to the use of GPR54

pol ynucl eot sehsery nGizBpathipemid epilepdy] the mbdehationlofifgrtiioy, \libido andtthalesetofd

pol ypepti des .(as |l as  honmol ogues, variants and 10 derjvatives thereof)
Por” bee. | 1 Bvtiaiatont SeroRaT RSB E Pt Reipp eyl MRt ey R ) o
aci ds conpl Béfibneidpeh@end barfoaPaidl obesify ddydpeibiells #ioteepk @£ GPR54 nucl ei ¢ aci ds

(i ncludi ng honol ogues, variants and derivatives), as well as antibodies

agai nst GPR54 pol ypeptides and GPR54 |igand pol ypeptides are al so useful in
such assays. Det ' ene, netastin gene or
ot her natural 15@f%%§ﬁﬁgégﬁggugggﬁ%fﬁﬁigbﬁ#?ﬂggeg?@?ﬁﬁ%tion will provide a
di agnostic tool that can add to or define a diagnosis of a disease or

susceptipility tp,a disease which results.from under.. ex Lon,

over - exp$ essi on @? °%P93@P§3§ee?%¥63§1§?%1¥gf51m °t’(§’flgfat° vﬁ%%&gﬁjf)l gands.

I ndi vi dual Spélﬂfegbiﬂélﬂ thdkedhmpleDf icélls with 6% haeosmtrol Suehpléls Rgmialhp!
sequences) may.be detected at the DNA |l evel by a variety of techniques. 20
For exanpl el y be isolated froma patient and the DNA pol ynor phi sm

pattern of GPR54 or netastin determned. The identified pattern is conpared
to controls of patients known to be suffering froma di sease associ at ed

wi th over-, undéeFhis mventipmalsoaelates ipthe us¢ o GIRS4gPRBMcIsotidast GERShperidei ent s

expressi ng i ) ' ' met astin
2sS00i at od HpadaRtsdRRleBR LR B R ae 5 0Bl B Bltndlobibs e P O° Hrss
or met agd i ndgratvestherdnd) foo nshintdiainbsis asndiagrestivreageatslan dveretic hidysis.

Nucleic acids complementary to or capable of hybridising to GPR54 nucleic acids

(including homologues, variants and derivatives), as well as antibodies against GPR54

polypeptides and GPR54 ligand polypeptides are also useful in such assays.

Detection of a mutated form of the GPR54 gene, metastin gene or other natural
15 ligand gene, associated with a dysfunction will provide a diagnostic tool that can add to or
define a diagnosis of a disease or susceptibility to a disease which results from under-
expression, over-expression or altered expression of GPR54 or its natural ligands.
Individuals carrying mutations in the GPR54 gene (including control sequences) may be
detected at the DNA level by a variety of techniques.

20 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 abnormat
expression of GPR54 or metastin. Paﬁents expressing a genetic polymorphism pattern
associated with GPR54 or metastin associated disease may then be identified. Genetic

25  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



art. For exanple, individuals may be screened by determ ning DNA sequence of
a GPR54 WD 2004/ 038021 PCT/ GB2003/ 004479 46 or netastin allele, by RFLP or
SNP anal ysis, etc. Patients may be identified as having a genetic

pr edi sposi t{ di sease associated with the over-, 5 bnor mal
expression gﬁ‘yb&@%i&ér metastin by detecting the presenci(’al(r:]lﬁ);gﬁé{m11_56%{&‘ﬂg

pol ynorphismin the gene sequence for GPR54 or netastin or any seguence
controlling its expression. 5 Patientsdso identified can then be treated to
prevent the occurrence of GPR54 or netastin associ ated di sease, or nore
aggressively in the early stages of GPR54 or netastin associated disease to
prevent t heorfmstistinnlldehyRER er INP aenlysispetoefutientt niagdeddentifisdas kaviipa or

nmetastin assocj ated di seases qiinCl ude Aléfej rs, sensory ggurl%m\thi es and
epi | epsy, tSRECUGRIBHIFROSINGR 1o52 q13Rapq 3spqqjat OX Fe DGEr- O puberty,
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di seases, pain, hornone dependent = cancer. In a preferred enbodi nent, GPR54
or netasti nthageasspauicaee for Q%Béé@r ESHAY arany sequengeccopirolng s expessionsensor y
neur opat hi es and epil epsy, the nodulation of fertility, libido and the
onset of puberty, lactation, osteoporosis/osteopetrosis, nenopause, nuscle
wast i ng 515 di sedatients paidentifiedroan then de reatekbtotprewntihe oenirenbesi GRR54 or

Advant ageously.. t he disease or__condition.relates to nod Lon of the sex
St erof d nor e BReB Ry b Rt vanh R o FRvifeit o GBRAE Sr BRtattt or ot he
i denti fi catdsgyeiadd discasd to@névefit the Gttt SccR@éntaof aéuem?mat bBhe dRERO GRS W th
GPR54 or netastin associ ated di sease. The kit includes DNA sanple

col | ecti ng grauaiastin assopiater diseeses inslude Mlzheimpers Sgéﬁ@twromtbmﬂayﬁﬁp%x«ﬂw
pattern, | | € %g@g . 0 determne a patient's
suscepti bi |l t(gl dl%ng@%ﬁ%mrgfgﬁ@ﬁ%{s% iugt ed ?aglgg’se. Kits for diagnosis
of a GARS4 asteoporesisiostéopetrosisgnenopaiiseimusaks ovasingdisesisesgpadmRiptmone dapendent n

pol ypeptidecag&g/or an anti body against such a pol ypeptide (or fragment of
it) are al sO provided. Nucleic acids for diagnosis maybe obtained froma
subject's cells, such as from 25 blood, urine, saliva, tissue biopsy or
autopsy mater| a&ﬁ a lppeféirréjc{ e%];b%rd{rggnt,eéﬁ?& or;errrllétdsﬁ;[l ralls(.asocizstted diseases comprise any

one of Alzheimers, sensory neuropathies and epilepsy, the modulation of fertility, libido

—

and the onset of puberty, lactation, osteoporosis/osteopetrosis, menopause, muscle wasting
15  diseases, pain, hormone dependent cancer and obesity. Advantageously, the disease or

condition relates to modulation of the sex steroid hormonal axis.

The present invention further discloses a kit for the identification of a patient’s
genetic polymorphism pattern associated with GPR54 or metastin associated disease. The
kit includes DNA sample collecting means and means for determining a genetic

20  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
25 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 is



DNA is obtained fromblood cells obtained froma finger prick of the patient
with the blood collected on absorbent paper. In a further preferred

enbodi nent, the blood is WD 20041038021 PCT/ (826031004479 47 col |l ected on
an Anpl Car %J%\Mﬁ%ﬁi versity of Sheffield, Departnent of pMpdigbiReans

Phar macol ogy, "Roya ]Hal | anshire Hospital, Sheffield, England S 10 2JF). The
DNA may be used directly for detection or nmay be anplified enzymatically by
using PCR or other anplification techmMXues prior to anal ysis.

A igonucleotide DNA 5 priners that target the specific polynorphic DNA
region within the genes of interest may be prepared so that in the PCR
reacti on anglleétedad a0 AnpliCahETMa((@ifttersmiSheffisld, Pepatiheiv 6fMedichid 284 CDNA may
al so be used as tenplates_in simlar jaz%iggﬁrnghe arrgl i fied DNA sequences
from the t ePhsragcolagvaReyal Hallamshite Hospita) kgeted8id éfHon enzynmes to
determ ne the genetic pol ynorphisns present in the anplified sequences and

thereby 10 provide a genetic pol ynorphismprofile of the patient.
Restriction fragihemNAmayfieseddiyectlyforiddtentiorn dravaythe apaplified ahymnatically by
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nor mal genatype. Point nutations can be identifie y 15 hybridi sin

anpl i fied R o regetionamplificaiion of e dangnisequgioetis achieysdy { o y

mat ched seRIGRGRSDRRNMAR allb BE LAk Sdugitéd iA Anils MRhbACEh i imeaDNX RNase
digestion or by differences in nelting tenperatures. DNA seqguence

di f f er encesseauppces fsam e teaplate IANA may then herapelysedusing rsstaetionogepies foc nobi ity
of DNA fragyents | | ' FRY) . %th r y direct
DNA sequenci ng. £?§%e3§P%g@5s§¥%%?ﬁg%F%nc %&?@g@%gé@dﬁg@% Sequence
changesl(at mpdade 4 genetio patyimomshism prodilsaf thepatiente Restdctinn fragnieatsdengtirmabyect i on
assays, sugh .as,. e and Slprotection or. the chem cal .cl eavage hod. See
Cotton et dib idengAe bR ee] suabisly iRl Hin sTuictoREemidut MRS 5T oy

enbodi ment , (siaglle natledtideqiol Mhophisnie) Salysid amybe ebptoye@npri sing the GPR54 or
nmetastin nucl eoti de sequence or fragnents thereof can be constructed to
conduct efficient screening of e.g., genetic

Deletions and insertions can be detected by a change in size of the amplified

product in comparison to the normal genotype. Point mutations can be identified by -

15 hybridising amplified DNA to labelled GPR54 or metastin nucleotide sequences. Perfectly
matched sequences can be distinguished from mismatched duplexes by RNase digestion or
by differences in melting temperatures. DNA sequence differences may also be detected
by alterations in electrophoretic mobility of DNA fragments in gels, with or without
denaturing agents, or by direct DNA sequencing. See, e.g., Myers et al, Science

20  (1985)230:1242. Sequence changes at specific locaﬁdns may also be revealed by nuclease
protection assays, 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

25 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)).



25 nutations. Array technol ogy nethods are well known and have general
applicability and can be used to address a variety of questions in

nol ecul ar genetics including gene expression, genetic Iinkage and genetic
vari abi | i t ywo2e6g3k@h exanmpl e: M Chee et al. Sci ence, et GRLf30de010- 613
(1996)). WD 20041038021 PCT/ (GB20031004479 48 Single strané con?ornation
pol ynor phi sm (SSCP) may be used to detect differences in electrophoretic
mobi l ity between nutant and wild type 4ficleic acids (Oita et al. (1989)
Proc Natl. Acad. Sci USA: 86: 2766, see also Cotton (1993) Miutat Res

285: 125-144; and Hayashi (1992) Cenet Anal Tech App! 9:73-79).
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The diagnostic assays offer a process for diagnosing or determining a susceptibility

15 to infections such as infections such as bacterial, fungal, protozoan and viral infections,
particularly infections caused by HIV-1 or HIV-2; pain; cancers; diabetes, obesity;
anorexia; bulimia; asthma; Parkinson's disease; thrombosis; acute heart failure;
hypotension; hypertension; erectile dysfunction; urinary retention; metabolic bone
diseases such as osteoporisis and osteopetrosis; angina pectoris; myocardial infarction;

20  ulcers; asthma; allergies; rheumatoid arthritis; inflammatory bowel disease; irritable bowel
syndrome benign prostatic hypertrophy; and psychotic 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.

25 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

30 sex steroid hormonal axis.



retardati on and dyskinesias, such as Huntington's disease or Glles dela
Tourett's syndronme through detection of nutation in the GPR54 or netastin
gene by the nethods described. 25 In a particularly preferred enbodi nent,

t he di agnoswicc2ea6638023 are used to diagnose or determ nepéﬂéggﬁg,i“m%i ty to
Al zhei ners di sease, sensory neuropathies and epil epsy, the nodulation of
fertility, libido and the onset of puberty, l|actation,

ost eopor osi s/ ost eopetrosi s, nenopause, 4fuscl e wasting di seases, pain,

hor nrone dependent cancer and obesity. Advantageously, the di sease or
condition relates to nodul ation of the 30 sex steroid hornonal. axis. WO
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sample with at least one nucleic acid probe which is specific for said nucleic acid and

15 monitoring said sample for the presence of the nucleic acid. For example, the nucleic acid
probe may specifically bind to the GPR54 or metastin nucleic acid, or a portion of it, and
binding between the two detected; the presence of the complex itself may also be detected.
Furthermore, the invention encompasses a method of detecting the presence of a GPR54
or metastin polypeptide by contacting a cell sample with an antibody capable of binding

20  the polypeptide and monitoring said sample for the presence of the polypeptide. 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.

25 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

GPRS4 or metastin, in a sample derived from a host are well-known to those of skill in the



or netastin polypeptide by contacting a cell sanple with an anti body capabl e
of binding 20 the pol ypeptide and nonitoring said sanple for the presence of
t he pol ypeptide. This may conveniently be achieved by nonitoring the
presence of v sle@pisex forned between the antibody and t ide, or
nonitoring the binding between the pol ypepti de and the gﬁ;@%{%’%}.ﬁ&k@ hods of
detecting binding between two entities are known in the art, and include
FRET (fl uorescence resonance energy trahsfer), surface plasnon resonance,
etc. 25 Decreased or increased expression can be nmeasured at the RNA | evel
using any of the nethods well known in the art for the quantitation of
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can be usedﬁi"ba'&i’%fsésrq%‘fl%éﬂgé\?éﬁ?’ags'of a protein, such as a GPR54 or netastin,
in a sanple derived froma host are well-known to those of skill in the WD
2004/ 038021 PCT/ GB2003/004479 50 art. Such assay nethods incl ude
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ost eopor osi SFELPREFEsEeRY ?ISTFB?P(S’BQ?EE“’“%‘K‘?SB“ 9aFRy PYPshoTmoue dependent

hor none depgRedhd oS@R?EAd@ﬂﬁgéﬂﬁ@?’, th disBebe 3P tRRRIASEMtes thRodhIBBAS6F 188
condition relates to nodul ati on of the sex steroid hornonal axis. A

parti cul ar | §exsteesid beraepngl @dhostic kit is used to detect -or di agnose di sease
or 10 susceptibility to any of the follow ng: Al zheiners, sensory

neur opat hi es and epil epsy, the nodulation of fertility, libido and the
onset of pubert yA gagicmiariyqmeferretdiegnpstiokit /usst todptett asiiagnosedisgaseise, nuscl e

Advant sfcodRravE oy LA A

 wery

epe nt _cancer besity. .
R Ao S8 pdN BRI e ex
st eroi d hormodaitionof fertilify, libido dhdupe oaset 6f pubertg,daguationes a GPR54 or netastin
pol ynucl eoti de or a fragnent e e ;
osteoporosw/osteo;?etrosm, menopause, muscle wasting diseases, pain, hormone dependent
cancer and obesity. Advantageously, the disease or condition relates to modulation of the

sex steroid hormonal axis.

15 The diagnostic kit comprises a GPR54 or metastin polynucleotide or a fragment
thereof; a complementary nucleotide sequence; a GPR54 or metastin polypeptide or a
fragment thereof, or an antibody to a GPR54 or metastin polypeptide.

PROPHYLACTIC AND THERAPEUTIC METHODS

This invention provides methods of treating an abnormal conditions related to both
20  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.



t hereof; a conpl enentary nucl eoti de sequence; a GPR54 or netastin

pol ypeptide or a fragnent thereof, or an antibody to a GPR54 or netastin
pol ypepti de. PROPHYLACTI C AND THERAPEUTI C METHODS Thi s invention provides
net hods of Lhealossh,fn abnormal conditions related to baidiceMosngxcess of
and insufficrent amobunts of GPR54 pol ypeptide activity and consider that
GPR54 pol ypeptide, binding proteins thereof and/or the nucleic acids
encoding them may be of particular usélin the treatnent of neurol ogical,
reproductive hornone related, and certain other conditions. Such

neur ol ogi cal conditions include but are not limted to any one or nore of
the foll ow ng: ASwhetpredstive bormoong relatad ocpmﬁttdnesomisdoﬁqnylcmpsoymommﬁé)m 038021

PCT/ GB2003/ 004479 .51 Such .r pr.od t|v or el d|t| consi st
of any one &°Y Prﬁ?@sgf‘gf’ﬁé’ef@f &‘flli;hf’é‘r%? {\‘é{ %ﬁ?ﬁ%ﬁﬂ’ﬁ q(i@?rmdul ation
of fertili tﬁub&t&@a@t@h@ﬂ@st&&lﬁr&%eo@é&osw a8l BRhbpausd. 3¢ haditiét) GPR54 agonists

ost eopor osi s/ ost eopetrosi s and nenopause. |n addition, GPR54 agonists or
ant agoni st ARgntageniskEAy beusedn theais bbhom@pm@cmmtéh@m&m erapy (HRT).
5 G her conditions include nuscle wasting di seases, pain, hornone dependent
cancer and obesity. If the activity of GPR54 is in excess, several
approach®s are aOthet ahidmonmludampmdamhsm@tbsaamg)mﬂnonn@teeiepelglentnaacsubj ect
an inhi bitoé‘é‘f r’rgl und (antagonist) as herein above described along with a
phar maceut i qV cceptable carrier in an anount 10 effective to inhibit
activation by blocking binding of ligands to the GPR54, or by inhibiting a
second signal, and thereby alleviating the abnormal conditjion. |In another

approach, sol ublﬁtheoﬂcﬁﬁltbP PRI s 1B EXGsESH B VEHRL anprpachesasp avAllablst OBS ndi ng  t he

ligand in c b LBmERIS4E iR nlaspi cal
enbodi nent s%g? suc ué’!s etrtors mrlgggﬂagmﬁﬁgggﬂ%%% )péc%l ypepti de.
15 In sti | Ihaﬂotahe\re @pmmd@lopgewﬂrmmwenﬁcaﬂhec@mable@m% amelmgenous

GPR54 h b I ng 4 echni ques.
Known s Qfe%%] rp’ltla t1v g %BY%%%E@ :m"'egx({}ﬁlg%%dé Othgéﬁé#éégrb %i t her
I nt er nal I y @ﬁr\ﬂi@:ﬂécmd sig;ab,raaﬂ eleyeby alleviating the abnormal condition.

In another approach, soluble forms of GPR54 polypeptides still capable of binding
the ligand in competition with endogenous GPR54 may be administered. Typical
embodiments of such competitors comprise fragments of the GPR54 polypeptide.

15 In still another approach, expression of the gene encoding endogenous GPR54
polypeptide can be inhibited using expression blocking techniques. Known such
techniques involve the use of antisense sequences, either 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

20  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
25  activity, several approaches are also available. One approach comprises administering to a

subject a therapeutically effective amount of a compound which mimics ligand bound



adm ni stered. See, for exanple, O Connor, JNeurochem (1991) 56:560 in
A i godeoxynucl eoti des as Antisense |Inhibitors of Gene Expression, CRC Press,
Boca 20 Raton, Fla. (1988). Alternatively, oligonucleotides which form

triple heli a@s00hbdzoihe gene can be supplied. See, for ¢ et al.,
Nucl eic Acids Res (1979) 6:3073; Cooney et al., Science ??@égm’fﬁﬁ%%

Dervan et al., Science (1991) 251:1360. These oligoners can be adm nistered
per se or the relevant oligonmers can b&expressed in vivo. For treating
abnormal conditions related to an under-expression of GPR54 and its 25
activity, several approaches are also avail able. One approach conprises
admi ni st er i GHRES, ix., as apgmstias desctibedabeu, i edrhbinatioh et asghammacentically a conmpound

which m mcs_|igand hound 2004/.038021 PCT{ GB2003/ 004479 .52 GPR54, i.e.,
an agoni st ACCHEYR PATHEG 1, iERY %“%6&\3?%%&‘?‘8(1%“32@%?%%§‘E‘}°Ctg?fﬁ?/y
accept abl e gy bé employed foledfetile atdoguioat Brodliction i GPRBY by IMMSheldvarit cells in
Al ternatively, gene therap may be eérqp fgge,d to effect the endogenous

9

y . §
product i on B supreFesexample, apalimmgicot: ¢ iWventior mayjecpgineqred f&xanpl e, a
pol ynucl got Eyga??sgifonﬁrbfreknﬂyﬁah!dgfécﬁ?é’reggvﬁﬁ' & ,e£seiﬂscfu9§§d QBW&PTRQ?%':;B%AI” a
replication dertective retroviral vector, as discussed above. e retroviral
expr essi on expmession constragt mhdethevbe isglated tandiintnoduded into d paelchgingtcell frapsinkalgi ng

cell transduced. with retroviral  pl.asgi.d vect.or containing.RNA encodi ng a
ol ypept | de"h e srdaie vRriot e EnRE R SREE nBSRails S oo ow

produces i ningeitionuticivthatithe pakhgiap €ll €Wwpdildesd thfedtidas giedl Hatticles dbMbipsle. These
producer cells may _be adpjnistered tQ a bject. for engineering 10 cells in

Vivo and ex{&sas Shinierst RBcs aryvERiceliuma by Mpgtisteged 19 gk PRhPomedeREns
ther apyso Segis Wb &hd Siproskidh & HaHoRipkotiiadn v Wortabifw of i iRy, ased

Ther apeuti c Approaches, = (and references cited therein) in Human | ecul ar

Genetics, TCEntes@Ra@enenktherepy apd ather MolacslasGensticibasas ThepipeuticoApprpaakes, 1996) .
FORMULATI | ST : i . rm of
GrRS4 pol y pil oA ehcel ik il Rl Mcifilor S5 BCr SREREC AT RO

nol ecul es, BEY®EciéndifivHubligatrs tdqd9fd).nat i on with a suitable pharnmaceuti cal
carrier. Such fornulations conprise a therapeutically effective anount of

FORMULATION AND ADMINISTRATION

15 Peptides, such as the soluble form of GPR54 polypeptides, and agonists and
antagonist peptides or small molecules, may be formulated in combination with a suitable
pharmaceutical carrier. Such formulations comprise a therapeutically effective amount of
the polypeptide or compound, and a pharmaceutically acceptable catrier or excipient. Such
carriers include but are not limited to, saline, buffered saline, dextrose, water, glycerol,

20  ethanol, and combinations thereof. Formulation should suit the mode of administration,
and is well within the skill of the art. The invention further relates to pharmacentical 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

25  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



t he pol ypeptide or conpound, and a pharnaceutically acceptable carrier or
excipient. Such carriers include but are not limted to, saline, buffered
saline, dextrose, water, glycerol, 20 ethanol, and conbi nations thereof.
Formul ati on should suit the node of administration, and is well within the
skill of thWO004/0383d i nvention further rel ates to phar nBCEGBIO3M04gracks and
kits conprising one or nore containers filled with one or nore of the

i ngredients of the aforenentioned co sitions of the invention.

Pol ypepti des and ot her conpounds of the present invention may be enpl oyed
25 alone or in conjunction with other conpounds, such as therapeutic
conpounds. referred forns,of svstem, c adm nistration of the arnaceuti cal
conposi ti on§“lgfﬁﬁeﬁﬁse ’Iftf‘i’f‘gléﬂl%rh?r < gin‘eé, Wrﬁeﬁ??cg\%ﬁﬂﬁgv? W@Eﬁ?‘bn. Gt her

i nj ection rgufetsc admifitraton 2 12Q0HEREERE] T TAGRRANA 28ddsftttioh Isifgbcut aneous,

i ntranmuscul ar, or intrap_eriione | ,..can be used. Alternatjve means for
syst eni ¢ adPingirays sich asbile @ity erfupidic acids opether defrassnts B additen, LpEeRHYst r at i on

usi ng peneﬁhﬁ@&ég%@%&h&@ﬁ%&%ﬂm |, gt &ﬁin?s&aasn&faiatsrs%fl@tergent&

In addition, 1 erly for ated in enteric or encapsulated
f or mul at3 onpossibleahdministration ofthessreompyunds snrytatsodepopicil ishd/or Jadatizej inttheat i on of

t hese conpopnds | so be, topi.cal, and/or localize, in the formof salves,
past es, gelgmg%%%egfiqais%&geﬁshagﬁ&e?gﬁé range required depends on the choice
of peptide, the route of admnistration, the nature of the fornulation, the
nature of the sypject's condition, andg th ] udgnent of the attending
practitioner. sﬁ{egsfaéea%g&gweﬂe}m&?n&eﬁw%Péiw&rswe@.f 1 10 100 g/ kg
of subj ect . adAligiStrMRh] R hofife dffthd REMIBESE thelRARIST thD KURTs coAdifor, AndP the
expected in view of the variety of compounds available and the differing

ef fi ci enci elgdgrneny of the gtiending pradfitioner, witahlesdosagep.dipwerer; ams)im fhgirangef §i1-

adm ni at § e C 10 . | L.oghe

2 ni 1 at | Dbl pRE AR ih Bt St hoPRE AN b Bhectod | o
can be adj uatvisv sfthégaritypofiaithoands availsble anduke di€ferihpeffiojentios ofatariots as i s
b o en St F ARy on e sfplerial MR wétnd bEBipIEi o Bl 5° P°

higher dosages than administration by intravenous injection. Variations in these dosage

levels can be adjusted using standard empirical routines for optimisation, as is well

15  understood in the art.

Polypeptides used in treatment can also be generated endogenously in the subject,
in treatment modalities often referred to as “gene therapy” as described above. Thus, for
example, cells from a subject may be engineered with a polynucleotide, such as a DNA or
RNA, to encode a polypeptide ex vivo, and for example, by the use of a retroviral plasmid

20  vector. The cells are then introduced into the subject.

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

25 and optionally a pharmaceutically acceptable carrier, diluent or excipients (including

combinations thereof).



in treatnment nodalities often referred to as "gene therapy" as descri bed
above. Thus, for exanple, cells froma subject may be engineered with a
pol ynucl eoti de, such as a DNA or RNA, to encode a pol ypeptide ex vivo, and
for exanpl e, wdyookszozise of a retroviral plasmd 20 vect are
then introduced into the subject. PHARVACEUTI CAL CCNPCSI%FEKéaﬁﬁéﬁgbgsent

I nvention al so provides a pharnaceutical conposition conprising
admi ni stering a therapeutically effectfd4e anpunt of the GPR54 pol ypepti de,
bi ndi ng nol ecul es thereof or the nucleic acid encoding themaccording to
the present invention 25 and optionally a pharmaceutically acceptable
carrier, dil uentTlermphemeiceitioal eonfpasitionsimaybe fwibinamor animal wsegeinfhiumau@nd
2004/ 038021 _PCTI GB200Q3/ 00447 54 The pharmaceutical c sitions y be for
numan or  ant HEPACRRHECRR ORI ORGAY RalRahr Ao o s e RER BT P ey cal |y
conpri se anycceptsblOdilvent, €aier,dr pRAPIEMC Abdeptablel crriepCaraiifuatits Sordhdrapitic uear ri er,
or excipient. A ceptabl&ﬁcarriers,or di luents for therapeutjc use are well

known in t &SR rReNR it the pharmaceutisplprty and e describrdy foregpmpleaipicgingtan’s
Remi ngt 0’ Spl,RARLAEE SkiehSR! Matk BibERRing VBCHA. RUBelnehb Bt §985) fhe ERoiRYFAN O

edit. 1985). The choice of " pharmaceutical carrier, excipient or diluent can
be sel ect edplwimarcenticpheatrien; exdipicntror diluend cany b seleciofl vadregard ta e indendsd d
standard ph eal .. L,cer. 4l b 511, ons may

e GBS B o rar ARSI LA GO Ame SOPROGLILS

conpri se as - | e carrier; exci rdr'uent any
sui t abl e bi cudgogisipns haypcomprise(as } or Buaddition torghe garies, sxcipienadridilgeragayt (S) ,
sol ubi |'i si ng.agent (.s). .Preservatiyes, stabilisers, es and even
Flavour i ng SHEE BatagpROE s ENporE e R FHEE AR SaRE HEBHD
Exanpl es of preservatives include sodi um benzoate, sorbic acid and esters

of p-hydroxybenzoi c acid. Antioxidants and suspendi ng agents nmybe al so
used. THere may Hseseriatives; stabilisessndyes andenen Baveuring peantsyagube rpEdedingbpendent
on the 15 ﬂjaﬁ] Bikal | eeggg 3 ceuti cal
conposition o %c%e prgtgé%ar%?{ %nggﬁlﬁg%fﬁg%é e ‘fegl;mrru aggg‘%fnogeglgoagéé]?{;@gcr ed

usi ng a m nacidandpsters dfyp-laydnenybendoic acid. Antioxidants and suspending agents may be also

used.

There may be different composition/formulation requirements dependent on the
15  different delivery systems. By way of example, the pharmaceutical composition of the
present invention may be formulated to be delivered using a mini-pump or by a mucosal
route, for example, as a nasal spray or aerosol for inhalation or ingestable solution, or
parenterally in which the composition is formulated by an injectable form, for delivery,
by, for example, an iniravenous, intramuscular or subcutaneous route. Altematively, the

20 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.

25 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 inhalation or ingestable
solution, or parenterally in which the conposition is formulated by an
injectable form for delivery, by, for exanple, an intravenous,
intranuscuL@§28%m§§9futaneous route. Alternatively, the pcd:i0630dkadi on may
be designed to be delivered by both routes. Wiere the agent is to be
del i vered nmucosally through the gastrointestinal nucosa, it should be able
to remain stable during transit though5ihe gastrointestinal tract; for
exanple, it should be resistant to proteol ytic degradation, stable at acid
pH and resistant to the detergent effects of bile. 25 Were appropri ate,

t he phar nacbletscahtamingesigientssich asistiveh axllattnses beinedpduies or obhalksa¢ithenalong t he

formof a suppository q, pessary, topically in the formof a |otion

sol uti on, c?‘g’gﬁamﬂﬁ%i%r’?ﬂ‘hépxﬁ I?Eg?ﬁlﬂg&péﬁﬂﬁ?hw’ ‘i?i‘gm(‘i‘f OBSERI P&t ch, orally
[ the for mdikaiiky AGAIAZYR SloREE 8IS0 HAGAAT Be inirdatfikditdiaigoRiral ni ng

exci pients such_as starch or |lactose, or_in capsules or ovules either alone
or in adni xeisEwplentraveaguslyintmmauscyprly of subeutimepusly fFoe pargntern] admpinistraens or
suspensi ons I+ 1] |01 ' , . be

I nj ecte patrhg%?[g#g%lﬁ#,g %%Jr&%g%dﬁp%qﬁenﬁ?ﬁégg%gﬁg}%gﬁ% P %%g{l:g’ apﬁ%{}or

subcut aneousimyain biber gubstendesy fat exadipleinstghedaito nr mbndsherhenidgsds ntakethe may be

best used in,the.form of stekil.e aqueo sol uti.on ich may contain other
Subst ances. Rttt Bt Fertfie Qe Ufnal B RrAiie e ShinasTifRs

sol ution i sphpbé Sdntinisteréd MaBe fonalof RbReSdr Idengdsbilicticsal bedfiinilated fad | on t he
conpositions nmay be admnistered in the formof tablets or | ozenges which
can be for neAoYeRPnAlMaNCE oyent i onal nmanner. 10 ADM NI STRATION Typically, a
physician will determ ne the actual dosage which will be nost suitable for
an individual subject and it will vary with the age, weight and response of
the palQi cADPMINIBERATON. The dosages bel ow are exenplary of the average
case. There can, of course, be individual instances where higher or | ower
dosage ranges are nerited. 15 The pharnmaceuti cal conpositions of the present
I nvention may beTypilully) spleysizthnyill determine the actual dosage which will be most suitable

for an individual subject and it will vary with the age, weight and response of the

particular patient. The dosages below are exemplary of the average case. There can, of

course, be individual instances where higher or lower dosage ranges are merited.

15 The pharmaceutical compositions of the present invention may be administered by
direct injection. The composition may be formulated for parenteral, mucosal,
intramuscular, intravenous, subcutaneous, intraocular or transdermal administration.
Typically, each protein may be administered 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
(AAV) vectors, herpes viral vectors, retroviral vectors, lentiviral vectors, and baculoviral
vectors. Non-viral delivery mechanisms include lipid mediated transfection, liposomies,

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.



direct injection. The conposition may be formul ated for parenteral, nucosal,
I ntramuscul ar, intravenous, subcutaneous, intraocular or transdennal

adm nistration. Typically, each protein may be adm nistered at a dose of
fromO. 01 tgyah body weight, preferably fromO.1 nor e
preferably fronfg&%&?o 1 ng/ kg body 20 weight. The teen }Qﬁéﬁﬁﬁg gﬁga

I ncl udes delivery by viral or non-viral techniques. Viral delivery

mechani sns i nclude but are not |inited3 o adenoviral vectors,
adeno-associ ated viral (AAV) vectors, herpes viral vectors, retroviral
vectors, lentiviral vectors, and baculoviral vectors. Non-viral delivery
nmechani sns i ncl Ulie thinp{‘almivisfesd? iictudanbiitestat dimitetl itp dalivenshy 2Mmucosal route

i mmunol i pos | pof ect cationi acia hi | es

conbi nat i on Fmpé%iasa%sﬁr%?re@r‘FB f°§ﬁ’§ﬁla€%‘}‘5@\?&a§ ‘él%s%@ég’? dcl ude but
are not | i mpiréflerhiorotilécatfend delivasas by adinpctablRab@i)s@élRds, fcﬁ%ﬁ&ﬁﬁlbrﬁneStl nal ,
topical, or_ sublingual routes. WO 2004 038021 PCT/ 6B2003/ 004479 56 The term
" adni ni st er wEevenas, frEsuseRlarn of suheptaneqs f@Me-t o del i very by a nucosal route,
for exanple, as a nasal spray or aerosol for inhalation or as an ingestable
solution; a parenteral nute where delivery is by an injectable form such
as, for 5exarrp| e T}wtenn‘moramumst@m ” meansatinatdbedirand tineudf @dmanisgotion ofieeh 5 The

cach of { ot BENPE T eyt Eratsp sk ARl b B2,

addi ti onal mjwawarsurdntaﬁ m@wcessa@tm@uﬁusu ehthe hﬁhuh@@sf&ﬁﬂ%&ﬁévemw ation
of the immung Sé&t emis.achieved, Thus, . whilst the ﬁagl ypeptide and the

adj uvant eSyRiist Shepokipeptidesand the adjyantipay hradmiristerediat the samp gosgent Hime ne

site, ther %W&E%mﬁggﬁé“ﬂ?&@ﬁxayﬂe Q@%@g&hﬁ%&xﬂ%&é}ﬁx RR¢ Y &%kldéfa@é a 10
different tine and to a different site"fromthe ad uvant ol ypepti de

and adj W andiffergyt tivee/and toa differentesite Gomrthe h«buwﬁﬂhd@plwmt;de\ﬂgﬁ laéuu@ant mayd t he

pol ypept i de ety e

genetically v%@g%b«tlgr anc}#1 %gﬁh{)&gaﬁﬁ% po‘f@gé&ﬁ%ﬁgpo‘#ym}aﬁg nt%%lx"e
pepti de, anblcmoplediend/an'ldlcomlemaml/dr)gemucamy conpletl anddeyuieuplddl ni st er ed
separately or co-admnistered to the host subject as a single dose or

The polypeptide, polynucleotide, peptide, nucleotide, and optionally an adjuvant
may be administered separately or co-administered to the host subject as a single dose or

15  in multiple doses.

The pharmaceutical compositions of the present invention may be administered by
a number of different routes such as injection (which includes parenteral, subcutaneous
and intramuscular injection) infranasal, mucosal, oral, intra-vaginal, urethral or ocular
administration.

20 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

25  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

inchide such normally employed excipients as, for example, pharmaceutical grades of



15 in multiple doses. The pharmaceutical conpositions of the present

I nvention may be adm nistered by a nunber of different routes such as

i njection (which includes parenteral, subcutaneous and intranuscul ar

i nj ection) &@%&}q@%ﬁ;ﬁn, mucosal , oral, intra-vaginal, urgidt@see¥eongs!! ar

adm ni stratT on. e pharmaceutical conpositions of the present invention
may be conventionally admnistered parenterally, by injection, for exanple,
ei ther subcutaneously or intranuscul affy. Additional formnulations which are
suitable for other nodes of admnistration include suppositories and, in
sone cases, oral formulations. For suppositories, traditional binders and
carriers mepahrifol,4stRese! fircE iAdEaksium BRhME), L04iRhR SacdBariiley ScMufoss, mighbaamcer i des;
such suppositories may be formed from m xtures containing the  active

i ngredi ent §asbangts, @%’é@ like. Thesmgompositioys tala the formopfiselutiops, ¥spprnsiafsnul at i ons

or ades of D PU0RT ARG Peaed 3 Bh ST aistous & B RPN EpntBAOIE A O

magnesi um sofsetive mgrediznt, preferablyl28Vi tnd0%c SHerd the ®accinegroawpiosition sar bonat e, and

the like. These..c ositiqns.take the formof | utions, .suspensions,

bl et s pi DpiSEd e TPk ARG PR SR et PR e f o g

cont ai n 10%uispenSfot Re€dongtithifioteis predrably effectedindbfeabl y 25%to 70% Were the
vacci ne conposition is 5 lyophilised, the |Iyophilised nmaterial naybe
reconstituted prior to admnistration, e.g. as a suspension. Reconstitution

s pref erabl y et fioahad o wiltbbdbe AIRLLVRTPIACIN Lhor BRI R deaRgEDE W LI

particul ar reference to the exanples not be consi dered
limting ofwhinkshowldmetibsreongidesedlimiting bfthesnueption. 1. Tr ansgeni ¢ GPR54

Knock- Qut Mouse Construction of GPR54 Gene Targeting Vector The murine
GPR54 gene was identified bioinformatically, and was found to be situated
W thin a 10ER4wergsnoni ¢ contig, derived froma PAC |ibrary. Further

10 Example 1. Transgenic GPR54 Knock-Out Mouse

Construction of GPR54 Gene Targeting Vector

The murine GPR54 gene was identified bioinformatically, and was found to be .
situated within a 10.3kb genomic contig, derived from a PAC library. Further
bioinformatic work extended this contig to 28kb. This contig provided sufficient flanking

15  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
20  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 into 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

25  and absent from the arms themselves. In the case of GPR54, the primers are designed as
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D

15  occurred and allows the identification of correctly targeted cells from the background of
clones containing randomly integrated copies of the vector. The location of these primers

and the genomic structure of the GPR54 locus used in the targeting strategy is shown in

SEQ ID NO: 10.

musHarryP $'probeF TI GTGTACCAGGTGAGGAGGCCATCAGAGGTG
musHarryP5'probeRII TGTCATCCTGAGGCCCAATGGTTCTTCAGG
musHarry5'arms’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
Asc403 CAGCCGAACTGTTCGCCAGGCTCAAGG
Neo36 CGCATCGCCTTCTATCGCCTTCTTGAC

20 Table 1. GPR54 Primer Sequences



15 occurred and allows the identification of correctly targeted cells from
t he background of clones containing randomy integrated copies of the
vector. The | ocation of these prinmers and the genom c structure of the
GPR54| ocus used in the targeting strategy is showmn in SEQ ID NO 10.
musHanyP 5''BP a¥e038031 GTGTACCAGGT GAGGAGGCCATCAGAGGTG  nuSAfGRAPSHPHARRI |
TGTCATCCTGAGGCCCAATGE TCTTCAGG musHarrys' arnb' 1 Age
AAAACCGGTAAATGCTGTTAATCCTGCCAAGAG  muskgarry5' arnB' Spe
ATAACTAGTGTAGCGAAAAACAGGEGGAAC  nusHarry3' arnb' end Ascl
AAATTCGTCAACTACATCCAGC nmusHany3' ann3' 2 Fse GGGAAGIGCGGATAGACACG

1
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| acZ gene) upstream of a selection cassette conposed of a pronoted neonycin

phosphotransferase (neg) gene arranged in the sane orientation as the GPR54
gene. Once the QPCC&F?OG ﬁgﬁom@agyam@aﬁhﬁnmd&%#@daﬁaemvwrt argeting
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standard molecular biology techniques. 20 pg of the freshly prepared endotoxin free DNA.

10  is restricted with another rare-cutting restriction enzyme Pmel, present at a unique site in
the vector backbone between the ampicillin resistance gene and the bacterial origin of
replication. The linearized DNA is then precipitated and resuspended in 100 pl of
Phosphate Buffered Saline, ready for electroporation.

24 hours following electroporation the transfected cells are cultured for 9 days in

15 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 -

20  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

25  well an unaltered wild-type band. For instance, using the 5’ probe, BglIl 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

30 targeted band.
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PCR Genotyping is carried out on lysed tail clips, using the primers hetF and hetR

with a third, vector specific primer (Asc403). This multiplex PCR allows amplification

15 from the wild-type locus (if present) from primers hetF and hetR giving a 217 bp band.
The site for hetF is deleted in the knockout mice, so this amplification will fail from a
targeted allele. However, the Asc403 primer will amplify a 439 bp band from the targeted
‘locus, in combination with the hetR primer which anneals to a region just inside the 3’
arm. Therefore, this multiplex PCR reveals the genotype of the litters as follows: wild-type

20  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.



5 Generation of GPR54 GPCR Deficient Mce C57BL/6 fenale and male mce are
mat ed and bl astocysts are isolated at 3.5 days of gestation. 10-12 cells
froma chosen clone are injected per blastocyst and 7-8 bl astocysts are

i npl ant ed iWohikosdest Us of a pseudopregnant F 1 fenal e. perridizoooffro Chi meric
pups are born containing several high |level (up to 100% agouti males (the
agouti coat 10 colour indicates the contribution of cells descendent from
the targeted clone). These male chinmebhs are mated with female MF1 and 129
m ce, and gernline transmssion is determ ned by the agouti coat col our and
by PCR genotyping respectively. PCR Genotyping is carried out on |lysed tail
clips, usingxamipleRri ners hetF and hetR with a third, vector specific priner
(Asc403). This multiplex PCR allows anplification 15 fromthe wld-type

| ocus (if presenékgsrlmgm primers hetF and hetR giving a 217 bp band. The site
for hetF is del et)e I'n the knockout mce, so this anplification will fail
froma targete the Asc403 prinmer will anplify a 439 b
band fromthe tgl??g%ié‘%rf%%ﬁ?}ml&gsconbi nation with the hetR priner whi chIO
anneals to a regjQnchisit NorgkAge the 3 arm Therefore, this nultiplex PCR
reveal s the genotype of the litters as follows: wld-type 20 sanples w ||
exhibit a single 217 bp band; heterozygous DNA sanples yield tw bands at
217 bp anpd 439 by elddebnid NotHR ID@ewWa isFReq8. W | | show only the target
specific 439 bp band. WO 2004/ 038021 PCI/ 6B2003/ 004479 61 Exanple 2
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il?_u n ﬂlag (r:l SS/ Q-E)?Jﬁégncs:e. -'Ii’est%u E,ﬁ\"[&scié - 8<lgrr3y+, -lgfosf;{eo-? ISI%% h{téstigg?i-l, ulllgni-l?, 'Idl?e?/ +-t . Lung
Leukocytes +, Liver -, Brain +++, Heart +, Spleen +

10 Results of Est database searches
BF470621 Mouse Normalised libraries from ten
BE309856 Mouse Mammary tumour, gross tissue
AL541044 Human Placenta
BF470621 Mouse Brain (pooled)
BB193083 Mouse Spinal cord
AlI823800 Human Kidney tumour
AA887801 Human colon fumour

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
15  (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.



Leukocytes +, Liver -, Brain +++, Heart +, Spleen + 10 Results of Est

dat abase searches BF470621 Mouse Normalised libraries fromten BE309856
Mouse Mammary tunmour, gross tissue AL541044 Hurman Pl acenta BF470621 Mbuse
Brai n (pooledhisgRhS3083 Mouse Spinal cord Al1823800 Hurpeti/dg:00agadrainmour
AA887801 Human colon tunmour 2) List oflLac Zstained structures The foll ow ng
structures contained evidence of lacZ expression in the |acZ assay: brain
(see sub regions below), spinal cord (8nsory areas), testis. LacZ
expression was found in discrete areas of the brain, such as hippocanpus 15
(strongest area), the suprachiasmatic nucleus, the manm |l ary body, the pons
and the cer ebel Obseyvatisn ofdections undertthemiboossepe rewmibesidogalisgimtof &acZ he spi nal

cord. Cbservations crotone sections 6 Wl dtype and 6 nutant GPR54

of . i
knockout rotiRBmE My olgWiRE Be8% and 40 nicronetre sections cut on a
freezing mcrotonme. WO 2004/ 038021 PCT/ GB2003/ 004479 62 Observation of
sections under the mcroscope reveal ed |ocalisation of LacZ staining in the
fol | owi ng ar eas:H¥pPpp8WYfpus O factorybulbs 5 Preoptic hypot hal anus
Periventricul ar hypot hal amus Habenul ar nucl eus Hypot hal am ¢ tract

Olfactory bulbs

5 Preoptic hypothalamus
Periventricular hypothalamus
Habenular nucleus
Hypothalamic tract
Cochlear nucleus

10 Supramamillary body

3) Lac Z expression pictures

See Figure 4 a Mutant brain slice and Figure 4 b heterozygote and wild type testes.

IT) Anatomical observations

Harry Potter knockout mice display some gross anatomical abnormalities: mutants
15 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

20  6) uterus and oviducts.



Cochl ear nucl eus 10 Supramam |l ary body 3) Lac Z expression pictures See
Figure 4 a Mutant brain slice and Figure 4 b heterozygote and wld type
testes. 11) Anatom cal observations Harry Potter knockout m ce display sone
gross anatom cal abnormalities: nutants 15 have a gener iro rophy of
repr oduct i WO 20048380215t r ophi ed preputial gl ands, n1crop§%F§§"mB@&“2%a|
testicles and sem nal vesicles/coagulatory glands in nales), a reduced
muscl e mass, reduced brown fat mass, gssnaller stomach and sub-maxillary
salivary glands. Femal e nutants have underdevel oped mamrary gl ands,

atrophi ed ovaries (Figure 20 6) uterus and ovi ducts. WO 2004/038021
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wi | dt ypefs Jio4mldt}®e§(m momﬂ&i;bs, 0.9% irrxf.(?rwwy%dsfa}4 +08j p<(h@(51)1b Sbaﬂudh(CjSOItllthOF rect
sexi ng of the anj arln ta ifference is_observed in

f emal es, o‘gié\}‘é% &%ghelaggmtli ‘?i’bcanﬁgls@%tcyﬁéhffﬁélﬂ‘iedﬁ? bssiyed it )

L11) Behawigﬂgle@lhbw@{;grnal S Were housed with free access to food and water
under a light-dark cycle of 12h |ight/12h darkness with |ights on at |am

M ce were tested,at 8 ! in the norning between 10h and 12h
for 10°all expelfHEAp 0‘&’55%1’1‘1‘.’&‘? %8?"%'8‘ 4 sexual behaviour which
were done in tth%gf%ernoon bet ween 15h and 17h. Tests show ng difference

bet ween nut ants pes a) Barnes naze A test for spatial nenory, the
Barnes maze is a white circular platformdesigned to

All animals were housed with free access to food and water under a light-dark
cycle of 12h light/12h darkness with lights on at 7am.

Mice were tested at 8 to 10 weeks of age, in the morning between 10h and 12h for
10  all experiments except the Barnes maze and sexual behaviour which were done in the
afternoon between 15h and 17h.

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
15  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

20 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)



15 require the discrimnation of a particular place. It is conposed of a
circular platform with 18 circular holes evenly spaced around the

ci rcunference. Underneath one of the hole is a black escape box. The Barnes
maze takes \@83@63?0?&?1 of the natural tendency of rodents ¢gqceeiddsddsi ahtly
| it unencl osed surfaces and seek darkened encl osed shelter. The aninmals are
trained over 10 days and the |latency to enter the escape box as 20 well as
t he nunber of errors and the search stfdategy are recorded. There is a trend
towards | ower performance on nmale nutants on this test (Figure 7) WO
20041038021 PCT/ GB2003/004479 64 b) Mating behaviour 5 male nutants and 5
w I type |itterndi) daringbehgiceed in.a new cage with a wldtype female in
estrus (assessed by vagi nal snmear) and observed for 30 mnutes. Both

di spl ayed interest (sniffing) towards the females and nmated within the
observati on per i5odale faufdngs andtSamiltypellitqrinates serepplacet ér @8¢w tageawitlsat he f enal es
and di d not te wthi.n the, K observation period.. |n addition,. several male
and femal e ‘W@Qﬁ%@éﬂ RRrS (ﬁé%sﬁ&gﬁ'a asfngl P%?Q@Qd\&kf%%%ﬁ%(gmﬁ‘éﬁgngﬂ@y,
suggest i ng didpdyel hteredtiRadfiingpRatds tie femaks endingled athirCthe OBdekvifioi Yeti&. 6

mut ant fenmales and 6 wldtype littermates were submtted to a snear test
during 10 5 consecutive days. Four 3 weeks old +/+ females were al so
tested. <The sli MRLRs dishi LS. i j

di spl ayesd cl ear qgjgt rus %gl/lc lggldg?gglg%%e S?Eﬁg#gqg@dgéﬁgdﬁbgtn%&w%ﬁ%e

vagi nal snmedbservatifontpesod./In aflditien, severa smalbinddemhla musdnt irhies Bavedetrsshatiog

w | dtypes (Fiqure 8) d) Physiolo 15 i ai r's.canprisjng GPR54
nut an%/g of (cég%k@ogé?%rf%yaﬁﬂ’a? %t"ﬁit%ag ﬂbn&#ﬁg“ ﬂ@ﬁ%%‘gﬁlgpgrgf{eﬂgq’e set up,
but never produced a litter. GPR54 nutants, both nale and fenale, are
therefore steri I%?Sﬂw‘\%‘r'lghts a) Organs weights

6 mutant females and 6 wildtype littermates were submitted to a smear test during
10 | 5 consecutivé days. Four 3 weeks old +/+ females were also tested. The slides were
stained using methylene blue. All wiltypes displayed clear estrus cycle stages, but none of
the mutants did. The vaginal smears of the -/- females resembled that of the 3 weeks old

wildtypes (Figure 8)
d) Physiology
15 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

20 The weight of the testes (Figure 9), muscle (Figure 10), adrenal gland (Figure 11a)
and salivary gland (Figure 11b) were measured.



20 The weight of the testes (Figure 9), nuscle (Figure 10), adrenal gl and
(Figure | la) and salivary gland (Figure | |Ib) were neasured. WO

2004/ 038021 PCT/ GB2003/004479 65 2) Assays a) Testosterone, Qestrogen and
GhRH assay ‘;1,'8%&(3)%35?10% was neasured in 6 nmale nutants gigd/dB20030didPe m ce.
Mut ants have ‘significantly | ower |evels of testosterone (P<0.05) conpared
wth wildtype mce (Figure 5 12). Miutant females had significantly | ower

| evel s of oestrogen conpared with norm@ fenales at oestrus consistent with
| ack of an oestrus cycle. WIld-type oestradiol |levels neasured at
proestrus, oestrus, netoestrus, and dioestrus shows normal cycling |evels
(Figure 13) 10 L2\Adsgysof GaRH in the hypothal anus were shown to be
conparable to wild type animals. This showed that the nmutation had no
effect on the syakTemserolk, GesdgematdGeRH assays (not shown). b)  LH FSHAssay
FSH is nuch lower in nutants (Figure 14 a fermales and Figure 14b nal es).
There 15 is no difference in LH levels (not shown). c¢) Exogenous

Gonadot r ophi ns. Tektostereterwdsinngaswed 0O Miale noftarPd/hd widtype micea Mutags have-

FSH- I i ke ganadotrophin f.ol l.owed two | at er by..10Q0i u of b (beta
hurman chor | SARECIAG P e tAR e S 03 ARl Vet WHilots BGUEUER | n 50
of mutan§ fepples (n=6), 20 indicating that end organs retain the capacity
to respond to natural gonadotrophins. This is consistent with the

hypot hesi s that GPR54 receptors and |ligands are acting at the |level of the

ituitary hypot ! | 5
FF; = 6820%3/ %844?@“% fenidsthad BidnfiRhntly BwENEreN SRR SrogiR 8RB 338 Tbrmal

females at oestrus consistent with lack of an oestrus cycle. Wild-type oestradiol levels

measured at proestrus, oestrus, metoestrus, and dioestrus shows normal cycling levels
Figure 13).

10 Levels of GnRH in the hypothalamus were shown to be comparable to wild type
animals. This showed that the mutation had no effect 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=6),

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.



3) Adm nistration of exogenous GhRH and effects on FSH and LHsecretion from
the pituitary Method: 25ng of GIRH peptide was injected 4 tinmes in 30 mn
intervals and the aninmals killed to collect blood and pituitary 30m n after

| ast i njecty ice were killed 5 between || am | pRcphtsiisdoogfoups: 6
W i nj ect ed\!v%i'i?%ﬁ};ég%{“ PBS (control), 6 WI injected with GhRH nade in PBS

and 6 HP injected wwth GnRH/ PBS. All W aninals were staged and used at
di oestrous (end of LH and FSH surge). # | mce aged 2-4 nonths. This was
repeated -for LH and FSH neasurenents. 10 Serum FSH assay: There is a
1.9-fold increase in FSH in serumof W injected wth GiRH conpared to

those injected vo)t4aniiniStaioRe; néis CriREEAnSRRYE oR FEH ardd Bl seck o §AE
agai nst WI' jp g@,{aﬂ,\ﬁl with just PBS, indicating the nutant animals remain at

| east partially responsive to GhiRH. This suggests the action of GPR54 maybe
in the control of GIRH release in the hypothal anmus. 15 Serum LH assay:

There is a 5-f0|Meﬂl$&r2§_§§6fGﬂRH|ﬂetl:_ﬂde§@£sliﬁb&EdNnie@irﬁ%ﬁ‘ﬁhiﬁtéﬂ?qlsﬁ!ﬁhlscorfpar ed
to those injected with just PBS. The HP |evel shows a 5-fold_ increase

agai nst Wr juipals killgd ¢ eqllepteodud pitpiary 30minafier laskbinjectian. Al missavese killed s
stiml ateed Qv r GhRH (Figure 15a). Measurenent of the depletion of
LH Ievels(s3 in t%eg)ﬁglgttﬁlr}@#gry after stinulation by 20 exogenous was neasured.
The result showed a correspondi ng depletion of LH levels in the pituitary

showi ng that the nutants still .r.e nded t R was, r.el. from
the pituitary (@Fﬁ‘ﬂf@oﬁ@b ‘*#HH?‘Z%@E@%%@@F@%@&PF&@F@&% cki ng
out the genfadeinPBS and6tFEMingected Wit GHRH/MES. AMSWTRAL£18 ¥erd sfaged andried Gt
specificatign are herejin inc%r or at egséEy_ 25 reference. Various

modi f i cat i gHeestaes (¢ad phkH AL FEH spree). Adbiice pesdl Jrs momehs. Ahig vy sepsatedfor  he

present i nveibiPPSMimdasiiemagparent to those skilled in the art w thout
departing fromthe WO 20041038021 PCT/ GB2003/ 004479 67

10 Serum FSH assay: There is a 1.9-fold increase in FSH in serum of WT injected
with GnRH compared to those injected with just PBS. The HP level shows a 1.7-fold
increase against WT injected with just PBS, indicating the mutant animals remain at least
partially responsive to GnRH. This suggests the action of GPR54 may be in the control of
GnRH release in the hypothalamus.

15 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
20  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
25 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 connection with specific preferred enbodi nents, it
shoul d be understood that the invention as clainmed should not be unduly
Ithexitcy@gg&)éaﬁglflc enbodi ments. I ndeed, various rgdidseaidoes of the
descri bed node or carrying out the invention which 5 are obvious to those
skilled in biochem stry, nolecul ar biology and bi otechnol ogy or related
fields are intended to be within the sédpe of the followi ng clainms. W
2004/ 038021 PCT/ GB2003/ 004479 68 CLAIM5S 1. A GPR54 knockout mammal
conprising one or nore cells in which GPR54 pol ypeptide is functionally

i nacti vat edsc emﬁi of the 1 vmemm%mdierwes&mﬁi@uahhadmhng any one
or nore of the eatures as. conpared with wild type controls selected from

the group céwsm%q@mgowecuoqulﬂfmﬁ?fa@@ qrbodiments, iteshpeld bsypdersiped thalr nes
maze perfor {H%%gnnéﬂ ésec'i?fn'e? Qﬁmﬂci‘notrb%l%&’nﬁ&' filditEtd G 1ﬁceéﬁ‘i’do%luﬁ£t{i¥ or
patterns (including cyc alterations™ i n reproducti organ and

associ at ed bdgedy vanous mxdifgpations Qféheadesmdmodssafoua*rtymppwhcmvmmiaoﬂ our.

3. A GPR54 kno kout use a tures sel ected
from 1 th%reﬁ ‘61uf)s tgoqﬁm ss{qlﬁﬁé ﬁo%]%m% 1e°‘ngb1§11|° g%‘i F%ﬁegﬁfr}ogye%r oduct i ve
hor none | evedidedfivldsdre uﬁﬁidb@tdﬁe*&iﬂimlth&bcq&@ﬂﬁﬁﬂbwn@ldlﬁm&tl ons in
reproductive organ and associ ated organ norphology and alterations in

sexual / reproductive behaviour. 4. A nethod for generating one or nore
mammal i an 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 inactive GPR54
nucl ei c acid which is capable of reconbining by honol ogous reconbination
with the one or nore endogenous GPR54 genes. 20 (c) selecting those one or
nore cells in which the one or nore endogenous GPR54



genes have undergone honol ogous reconbi nation with the functionally inactive
GPR54 nucleic acid. 5. A nucleic acid construct suitable for functionally
i nactivating one or nore endogenous GPR54 genes in a host cell conprising:

WO 2004/ 03 P 2003/ 004479 69 (a) A non-honol ogoysri@Rh@sRMPat region
(b) a firssgﬁéwﬁﬁ%ggpregion | ocat ed upstream of the non-honol ogous

repl acenment region (c) a nutated GPR54 gene and whi ch when expressed does
not encode functionally 5 active GPR548 (d) a second honol ogy region

| ocat ed downstream of the non-honol ogous replacenent portion, the second
honol ogy region | ocated downstream of the non- honol ogous repl acenent

regi on, the second honol ogy region having a nucl eotide sequence exhibiting
at | east 903%%%@?tity to a second GPR54 gene. .10 6. A conposition

conpri si ng pol ypeptide, or one or nore binding protein/s thereof, or
the nucleic acid encoding them and a pharmaceutically acceptable carrier,
di luent or exi pi A&IGPR5A knbckerit Aachnedl coprising otieog mdiecdls iWhechaGBRYONI sts of
the functional activity of GPR54 pal ypeptide conprising the step of : 15
(a) sel ect i ReYBHIG}S fHRgHonalbLRaFYatednpr i si ng functional Iy active GPR54

pol ypeptide . (b) treating those one or nore manmals with one or nore
potential antagonists of GPR54 pol ypeptide, (c) testing those one or nore

manmal s to gdet er KIGAR 34 knbblak® mvase@ksrdiigho Blaim 0 Bgving tnyoéndBore of the
characterisg%cs exhibiteg q¥8&fR54 knockout niﬁe and selected fromthe
group cohsi SEes a8 Fompared yrth yEidgpe cartipls aplecteb e thyygroup comsstBe o8 i st cs,

and  aber r apiquéRARLRAYHGIghRg Poffk GHE 1 Bame SRR R R8Mance, alterations in

reproductive hormone levels and/or patterns (including cycles), alterations in reproductive

organ and associated organ morphology, alterations in sexual/reproductive behaviour.

3. A GPR54 knockout mouse according to claim 2 having the features selected from
10  the group consisting of the following: alterations in reproductive hormone levels and/or
patterns (including cycles), alterations 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:

15 (a) selecting one or more cells comprising one or more functionally 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.

20 (c) 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:



(d) selecting those one or nore antagoni sts which exhibit one or nore of the
characteristics according to step (c). WO 2004/038021 PCT/ GB2003/ 004479 70
8. A nethod according to claim7 wherein step (c) conprises testing those
one or  NDr QydBEWBdss21t © deternmine if those mammal s exhi bi, STQ;% A9
reproductive systens and/or norphol ogy. 9. A nmethod of ent| yi ng one or
nore nol ecul es whi ch agoni se the functional 5 activity of GPR54 pol ypepti de
conprising the steps of : (a) selectin®one or nore mammal s conpri sing
functionally inactive GPR54 polypeptide; (b) treating those one or nore
manmal s with one or nore potential GPR54 mimcs which potentially agonise
at | east on asped@)Aabn@eRblogaus replacgment fegfom) t esting t hose one or nore
mammal s treated according to step (b) to deternmine if those treated mammals

el ccted accordi By T boapoELy Ao BarSarBRe imbhartoieeae el °

GPR54- | i gand mi megisnwhi ch restore one or nore characteristics of wild type
manmal s to t hose marmal s selected according to step 15 (a). 10 A et hod of
i dentifying one | es i ch, ant agoni se, the f nctlo a |V|ty
of CPRSA pol y perdt) BT PRSheste it uhich R Sptpod ddks aot oo oo

mammal s g£onpri siggvd gprb4onal |y active GPR54 pol ypeptide; 20 (b) treatl ng

t hose one or nore mamual s with one or nore potential GPR54 antagonists

whi ch potentially anta i se at | east on ect of GPR54 activity; (c)
testing those orf@ %)?ecﬁg‘fg orpalegy Fegt %%?feé‘diaﬁg‘é ofghe Borsherpoleggust o det er ni ne

if those treat gy Rt ﬁor"ﬁ@ﬂ Qh@éb%oﬂf hoiR16y egiBh FcRidd ABRN@FdaR! dfihd fich-
compared with those manmal s sel ected according to step (a).
homologous replacement region, the second homology regmn aving a nucleotide -

sequence exhibiting at least 90% identity to a second GPR54 gene.

10 6. A composition comprising GPR54 polypeptide, or one or more binding protein/s
thereof, or the nucleic acid encoding them, and a pharmacentically acceptable carrier,

diluent or exipient.

7. A method of identifying one or more antagonists of the functional activity of
GPR54 polypeptide comprising the step of :

15 (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
20 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).



WD 2004/ 038021 PCT/ GB2003/004479 71 11. Use of a transgeni c GPR54 knockout
manmmal in an assay for a biological effect of one or nore conpounds. 12. A
nmet hod for the diagnosis of a disease or condition selected fromthe group
consi sting &fo bdagoisell ow ng: Al zhei mers, sensory neur 0pa¥%’rﬁ;§;z ﬂoﬁ% | epsy,
the 5 nodul ation of fertility, |ibido and the onset of puberty, lactation,
ost eopor osi s/ ost eopetrosi s, menopause, nuscle wasting di seases, pain,

hor mone dependent cancer and obesity &nprising the steps of: (a) selecting
a sanple of cells froma patient to be diagnosed, (b) conparing the
expression | evels and/or functional activity of GPR54 10 pol ypeptide in

t hose sanpl & of Aaielt}md/dct:dsrdegeo olainy® mérereimstepo(c) ecm‘miset testingthoselmmalor hy

individuals. 13. A e dia s, of. ease o condi tion
sel ect ed frﬁm?'ﬁ@nﬁgles?ﬁ&m m@h"?ﬁ&%ﬁ%@“ﬁ?% YHEEE®Ssensory
neur opat hi egnd@sitdn @@s , the rmdulatlon of fertility, libido and the

onset of puberty, lactation, osteoporosis / 15 osteoperosis, nenopause,
nmuscl e wasti ng di seases, pain hor nrone dependent cancer and obesity

SRR, €7 KER R AN I R e N .
or nore ;5 poﬁwmmpm4paypmd@aﬁﬁnmes@& dﬂ. A transgeni ¢ ani nal

conprising within at |east a proportion of its cells, exogenous nucleic
acid encodi ng one or nore selected fromthe group consisting of. GPR54
pol ypepti de, ongapdeldslihg o8O thofeIn@mAR privglg/Reqionaiey inaétie GPRSH € -

ant agoni sts of GPR54 pol ypeptide and one or nore nodul ators of GPR54
activity. 15. A $or the treatnent of a condition in a patient
selected fromthe group consisting of: nuscle 25 wasting di seases, pain,
inflamation, hqpyRaRing MRV ERE br HBRGRIMmMAIS GitRlohe Br more potential GPR54 mimics

ost eopor osi s/ osteopetrosi s, hornone inbal ances related to the rrenopause and
obesity which potentially agonise at least on aspect of GPR54 activity;

10 (c) testing those one or more mammals treated according to step (b) to determine if
those treated mammals have one or more restored characteristics compared with

those mammals selected according to step (a) and

(d) selecting those one or more GPR54-ligand mimics which restore one or more
characteristics of wild type mammals to those mammals selected according to step
15 @).

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;

20 (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).



WO 2004/ 038021 PCTI GB2003/004479 72 conprising the step of treating that
patient with a therapeutically effective anount of one or nore selected
fromthe group consisting of GPR54 pol ypeptide, one or nore agonists of

GPR54 pol ypgBLhibfifssee Oor nore antagoni sts of GPR54 pol viRepékAes/@issone or
nore nodul ators o? GPR54 activity. 5 16. The use of one or nore sel ected

fromthe group consisting of. GPR54 polypeptide, one or nore agonists of
GPR54 pol ypepti de, one or nore ant agoni7¥ts of GPR54 pol ypepti de and one or
nore nodul ators of GPR54 activity, in the preparation of a nedicanent for
t he prophylaxis or treatnent of a condition in a patient selected fromthe
group consi $t.i ngUsd of atransgemio@BR $hkpogkas appenal praamassaynfor abindegicnl effers ofione

dependent 1Q c i on, osteoporosis/osteopetrosis, hornone
I mbal ances 8% %tqﬁcggf’% ﬁ(ﬁ‘{en% ‘menopause and obesity. 17. A nethod for

mani pul ati ng the sex hornone axis in a patient conprising the step of
treating the patient with a therapeutically effective amount of one or nore
sel ected frdn tAanathasidor thediaguesinef adisa@rRELopditigmegiedteficiron the groumor e -

agoni sts of GPR54 ti.de,\.15.0one or nore_aniagoni,st.s of GPR54

ol ypept i decian S Y RN ArRIES S TRl A e 4% The Use of
sel ect eds f r pwodiilbgorgsftetiliey 1ibide ahd the@hnset GPbertp sttt | de, one or nore

agoni sts of GPR54 p&lﬁ/pe tide, one or nore ant aa_oni sts of GPR54 pol Xpeptide
and one or OFRAPATAHSASICAPSTOsisoNeRgPRBSE, MBAS WRSHng Hispases, BrisphrraIons dersmdent

medi cament  {QterBaAloBeYi coRPrisiA tHeRfps 6K hormone axis in an ani mal.

(a) selecting a sample of cells from a patient to be diagnosed,

(b) comparing the expression levels and/or functional activity of GPR54
10 polypeptide in those sample of cells with one or more control sample/s from
healthy individuals.

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 /

15  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.

20 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

25  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 counsisting 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.





