WO 01/ 78796 PCT/ GB01/01755 1 1 "Type Tl Gonadotropi n-rel easi ng Hor none
Receptor 2 and Pol ynucl eoti des Encoding Therefor 3 4 The present
inventioydg§lAtgs to a novel Type Il 5 gonadotropin-rel egsipg ?ﬁggpne
receptor (Type Il 6 GiRHR), to genetically engineered host ce? s able 7
to express the Type Il GiRH-R and the |ligands and 8 antibodies therefor.
9 10 Type | gonadotropin-rel easing hornone (GhRH) is a 11 decapeptide

rel eased fromthe hypot hal amus, and 12 acts through receptors to regul ate
the secretion of 13 gonadotropins required for reproductive function 14
(see Fink et al., "Gonadotrophin secretion and its 15 control™, The
Physi ol ogy of Reproduction, E Knobil 16 and I Neill, New York, Raven.
Press, pages 1349 17 1377, 1988). 18 19 Receptors for Type | GiRH (ie Type
| GiRH-R) are 20 nenbers of the large G protein-coupled receptor 21
famly and are preferentially coupled to WO 01/78796 PCT/GBO /01755 2 1
phosphoi nositidase Cvia the G/G3,1 famly of G 2 proteins. Typically Type
| G'RH-Rs are located in 3 the gonadotroph cells of the anterior pituitary
4 gland (where binding of Type I GiRH |l eads to 5 rel ease of the
gonadotropi ns |luteinising hornone 6 and follicle-stimnulating hornone), as
well as on 7 the central and peripheral nervous systens, gonads, 8

pl acenta and on certain tunmours, such as breast and

1 wiyvpe II Gonadotropin-~releasing Hormone Receptor

2 and Polynucleotides Encoding Therefor”

3

4 The present invention relates to a novel Type II

5 gonadotropin-releasing hormone receptor (Type II

6 GnRHEH-R), to genetically engineered host cells able
7 to express the Type II GnRH-R, and the ligands and
8 antibodies therefor.

9

10 Type I gonadotropin-releasing hormone (GnRH) is a
11 decapeptide released from the hypothalamus, and

12 acts through receptors to regulate the secretion of
13 gonadotropins required for reproductive function
14 (see Fink et al., "Gonadotrophin secretion and its
15 control", The Physiology of Reproduction, E Knobil
16 and I Neill, New York, Raven Press, pages 1349-

17 1377, 1988).

18

19 Receptors for Type I GnRH (ie Type I GnRH-R) are
20 members of the large G-protein-coupled receptor

21 family and are preferentially coupled to



9 prostate. Type | GhRH receptors may display both 10 up and down

regul ation and Type | GiRH agoni sts 11 have been used i n nanagenent of
prostate ast 12 cancer, as well as to stimulate ggpg 13
secreti oﬁﬁ/‘}t@aﬁ treatment of infertility. 14 15 Expressi oneo?{/&rrlgtﬂe and
rat Type | GiRHR was first 16 achieved by injecting poly(A)+ nRNA froma
suitable 17 source (eg fromthe pituitary gland) into Xenopus 18 oocytes
(see, for exanple, Eidne et al., J. Mdl. 19 Endocr. Vol 1, pages R9-R12,
1988; Yoshida et al., 20 Mol ecul ar Endocrj nol ogy, Vol 3, pages 1953-1960,
21 1989; and Seal fon et al., Ml ecular Endocri nol ogy, 22 Vol 4, pages
119-124, 1990). This systemallowed 23 sone characterisation of t he

phar macol ogy of Dh@Sleﬁpﬁetnd@RHCRVl% thee Cghepriceeily arfcédi ng

nucl eoti de equence of, _the 27 nurlne el first. shed by
28 Tsut suni aet aPTOtEBrec Ul SPIERd e I%ogy, %ﬁ:ﬁ% W%Szeg pacgaes Qﬁ“g 1169,
1992) toget her wichb Hheadeduept <30 1aMoTo tael drsegueNic e ifaritamt ne Type |
GhRH-R WD 01/78796 PCT/ GB01/01755 3 1 Eleven different_forns of GhRH in
vert ebr at es 4have 912ngedwhicgentifPddct o fddv@ e de&EGhg <//F MA 1 ar, "Co- 3

or di nat ed e%O|Ut&%ﬂe éxﬁﬁﬁjﬁﬁ%obgg'Efé?ﬁﬁg(yﬁiélnfglﬂb(ﬁg%$&ﬁ@ron5: Gene

t o Behavi or,” Eds. Par har akuma, Braln Shuppan, Tokyo, pages
51-77, 6 19937, samdSéallﬂmlet—s&llmulEmd@@r horenpnel§: BE0+&08, as7 A997; M| ar
et al., "Plastici thy in the structural q‘n functional, evol uti o0 of GnRH:
A peptide fdr al [tV CE84LGrsan ﬁ?%&é’@@é&l FEPYHEBR G gonads,

8 placenta and on certain tumours, such as breast and

9 prostate. Type I GnRH receptors may display both

10 up and down regulation and Type I GnRH agonists

11 have been used in management of prostate and breast

12 cancer, as well as to stimulate gonadotropin

13 secretion in the treatment of infertility.

14

15 Expression of mouse and rat Type I GnRH-R was first

16 achieved by injecting poly(A)+ mRNA from a suitable

17 source (eg from the pituitary gland) into Xenopus

18 oocytes (see, for example, Eidne et al., J. Mol.

19 Endocr. Vol 1, pages R9-R12, 1988; Yoshida et al.,

20 Molecular Endocrinology, Vol 3, pages 1953-1960,

21 1989; and Sealfon et al., Molecular Endocrinology,
22 Vol 4, pages 119-124, 1990). This system allowed
23 gsome characterisation of the pharmacology of the
24 Tyvpe I GnRH-R.

25

26 The protein-encoding nucleotide sequence of the
27 murine Type I GnRH-R was first published by

28 Tsutsumi et al., (Molecular Endocrinology, Vol 6,

29 pages 1163-1169, 1992) together with the deduced

30 amino acid sequence for murine Type I GnRH-R.



10 International Conference of Conparative 11 Endocrinol ogy, Eds. S
Kagashina and S. Ki kuyama, 12 Moduzzi Editore, Italy, pages 15-27, 1997;
and see wood et al., General and Conparative 14 Ejdoggi , 112,
1998) . N&%ﬁno %¥hese different 15 GhRH forns are in fact va§?gn Z£g¥ GhRH
Type |. 16 However, distinct Type Il and Type IIl GWRHs have 17 been
identified. 18 19 Type Il GRH was originally isolated fromchicken 20
brain (see MIlar and King, News Physiol ogical 21 Science, 3:49-53, 1988)

and was initially termed 22 "chicken GiRH Il" or "cGRH I1". Subsequent 23
i nvestigations have revealed that this i soformis 24 present in nost
vertebrate species, and of all the 25 GiRH isoforns GhaRH Il is the npst

ubi qui t ous. 1The E26éveinddidifetrentutfioomsofo fGHRHH |irns wpyasteradres dpore ant 27
function and it |s postul ated to _have ,a 28 neur.onodul ry, .and, possibly a
neur oendocr ¥ne, %_@egollg & & vdﬁteaﬁﬁeﬁ‘e %lﬁéﬁéﬂh@?&tﬁﬁ systens 30

(see MIlariand Kiagnat288.cveupiabn GRANRuNand Ihdigen shgwobrigy regul ate
M currents (K+ channels) in WO 01/ 78796 PCT/ GB01/01755 4 1 the synpathetic

gRanEI iFolnI (Bégrra én §nRH Neugopspr Gediend Camdhsiviedl: FcEnsdudt-i GRrRe
ockeFel | er Uni_ver sit S, S - 1 n i at 4
reproductivé behg@SOEL %Egé Vnéggg%aﬁﬁigg%ﬂbhaﬁﬁémﬁbg¥%%%gqb'é@ﬁe to

Behavi or, eds. Paobar. (BraaigealGoshupparni)., Foldwar .pages. 3B 7180-19%/. |t has

glgz(r)lt (7Mb|e|e%r pgf tl§:9%t;eRg/.fitlﬁg_[r %;? gll.lg 61‘(%Ptlsasatsicé_}Lts eicnI ftlhce s8tr|flscl_é-1{reallea8| n9
8 and functional evolution of GnRH: A peptide for all
9 seasons”, in Proceedings of the XIIIth
10 International Conference of Comparative
11 Endocrinology, Eds. S. Kawashima and S. Kikuyama,

i2 Moduzzli Editore, Italy, pages 15-27, 1997; and see

13 Sherwood et al., General and Comparative

14 Endocrinology, 112, 1998). Many of these different
15 GnRH forms are in fact variants of GnRH Type I.

16 However, distinct Type II and Type III GnRHs have
17 been identified.

18

19 Type II GnRH was originally isolated from chicken
20 brain (see Millar and King, News Physiological

21 Science, 3:49-53, 1988) and was initially termed
22 “chicken GnRH II” or “cGnRH II”. Subsequent

23 investigations have revealed that this isoform is
24 present in most vertebrate species, and of all the
25 GnRH isoforms GnRH II is the most ubigquitous. The
26 wide distribution of GnRH II suggests on important
27 function and it is postulated to have a

28 neuromodulatory, and possibly a neuroendocrine,

29 role in the central and peripheral nervous systems
30 (see Millar and King, 1988, supra). GnRH II has

31 been shown to regulate M currents (K° channels) in



10 Type Il GhRH is highly expressed in kidney, bone 11 marrow and prostate
tissues as well as the 12 extrahypothalamc brain (Wite et al. Ref No.

15). 1314 Jdate only partial sequence information ha <=

avai | abl 0012-7(§<z;1)(2Type Il GiRH-R Specifically, 16 Ml ar Z?égﬁg()l(é]lﬁanour nal
of Endocrinol ogy, 17 162:117-126, 1999) reported a continuous nucl eoti de

18 sequence of 1642 nucl eotides of the human gene, 19 obtained by screening
t he human genonme EST 20 (expressed sequence tag) database. The EST 21
sequences were confirned in the cloned human gene 22 and in PCR products
of cDNA from several tissues. 23 Al the4EST transcripts detected were in
the 24 antisense orientation with respect to the novel 25 GiRH receptor
sequences her ei ntdeseyinpadhand cwenegl26nhi(Golsyae)gir eslsed im G wi de range of
human brain_and 27 peripheral tissues. 2 %Q PCR_anal ysi.s of .t he cDNA
partial seqdenceP&BE&RAEA NS0 SEITRM FEARECS- e S nt roni ¢
31_sequence sequi yahgalohoi BLEQR 2pabunBn STyDe do )0 L ISk 1ates

PCT/ GBOL/ 01751 5 1 Gh'RH-R was retained. The intron itself was not 2

spliced out 4i n t heprrduscriivet bebaviphirs (&ge Ximgpedt ed forimfiRiEense
transcripts,

as candi date 4, _donor. an torysit . present in
the 5 gene When“EFAREES; beée’lnﬁ3 %ﬁeﬁggﬁagﬁt%gfpi %ﬁ%nc%fgg&fG%ayel%]RH
recept or honpl ogshiespinte axikersi vages 51-RACE 1tamli esttMHdsaraleto al . di d
not obtain any 8 transcript 5 to the se u%pce correspo%%égﬁ ng intron 2

of human Type | GsRA ROsS&wdatise! ddts I acts as a
8 FSH-releasing agent (Millar et al. Ref No. 33).

9
10 Type II GnRH is highly expressed in kidney, bone
i1l marrow and prostate tissues as well as the

12 extrahypothalamic brain (White et al. Ref No. 15).

13

14 To date only partial seguence information has been
15 available for a Type II GnRH-R. Specifically,

16 Millar et al. (in Journal of Endocrinology,

17 162:117-126, 1999) reported a continuous nucleotide

18 sequence of 1642 nucleotides of the human gene,

19 obtained by screening the human genome EST

20 (expressed sequence tag) database. The EST

21 sequences were confirmed in the cloned human gene
22 and in PCR products of c¢DNA from several tissues.
23 All the EST transcripts detected were in the

24 antisense orientation with respect to the novel

25 GnRH receptor sequences herein described and were
26 highly expressed in a wide range of human brain and
217 peripheral tissues.

28

29 PCR analysis of the cDNA partial sequence obtained
30 by Millar et al., revealed that an intronic

31 sequence eqguivalent to intron 2 of human Type T



10 transcripts termnated in poly A due to the 11 presence of a

pol yadenyl ati on signal sequence in 12 the putative intron 2 when

transcri RefhiiRsdshe 13 antisense orientation (see Fig. 1).pcddpdddane of

t he sequence reveal ed any contiguous open- 16 readi ng frane mﬁla% woul d
translate a functional 17 protein. MIllar et al. concluded that the
putative 18 receptor was probably a pseudogene representing a 19 receptor
whi ch had beconme redundant and further 20 investigations have reveal ed that
the full-length 21 antisense transcript encodes a novel 22

ri bonucl eoprotein (RNP) which |ocalised t 0 23 chronosone 14 (Ref 26).
Subsequently it was found 24 that the gene was a pseudogene for both RNP
and 25 Typelll GORRHRR w26 22tEhequr.esdine ioftidie RMREXpras nsott he

wi despread .28 tissue pressi on._observed and it_is significant 29 that
only the 3 untrgﬁlﬁﬂi%(%ghdéhéﬁf QHﬁgﬁ%é£'§ﬁﬂb5%&§nﬂﬁ§ap the putative
GhRH Type | B recepiect\Wa Gbl/&16 REHLBUHMHISO pihs 1 SequpnerRsaencodi ng

the equivalent of exon 1 and 2 exon 2. 3 4 Despite the findings of Mllar
et al. whicl suggesor BnchRCcapteFerdtiare WaS i G0 PIGRMRR Iy pdie | does 6

not exist iR M .qbt-ai.ne e f. . nucl jde sequence
encoding t hg Ty?é%}nl% gg%f%%n%%\gﬁ%f%gﬁﬁ%nofl%%%agﬁ% ceopfe}%% rgg
nucl eoti de % sequrcEnRNdaddipng reXxmmdl)ogenc kgl tdhestiarani iy 10 11

GhRH R The human Type |1_GiRH- . R_herein
7 RAé%Pstudies Millar et al. did not obtain any

8 transcript 5’ to the sequence corresponding to

9 intron 2 of human Type I GnRH~R, and the antisense
10 transcripts terminated in poly A due to the
11 presence of a polyadenylation signal sequence in
12 the putative intron 2 when transcribed in the
13 antisense orientation (see Fig. 1).
14
15 None of the sequence revealed any contiguous open-
16 reading frame which would translate a functional
17 protein. Millar et al. concluded that the putative
18 receptor was probably a pseudogene representing a
19 receptor which had become redundant and further
20 investigations have revealed that the full-length
21 antisense transcript encodes a novel
22 ribonucleoprotein (RNP) which localised to
23 chromosome 14 (Ref 26). Subsequently it was found
24 that the gene was a pseudogene for both RNP and
25 Type II GnRH-R.
26
27 The presence of the RNP explains the widespread
28 tissue expression observed and it is significant
29 that only the 3’ untranslated segquences of the RNP

30 cDNA overlap the putative GnRH Type II receptor



11 reported has been |l ocalised to chromobsone 1 (1ql2- 12 21). 13 14 The
present invention thus provides a 15 pol ynucl eoti de encodi ng a functional
Type 11 ot ropi n-rel easi ng hornone receptor (Type R)
peptide.&gﬁgﬁﬁggThe term "peptide" is used herein to ref@%yvgﬁgﬁépg%z
peptidal conmpound without connotation of size, and 21 includes therefore

| ar ger nol ecul es which el sewhere 22 may alternatively be terned

"pol ypepti des” or 23 "proteins" also fall within this definition. 24 25 In
one enbodi nent the peptide encoded conpriges at 26 |east a portion of exon
. By "exon |I" we refer to 27 that portion of Type Il GRH R which

corresponds,to hipLts.:syb ntpal o] i X | of 29 Type
| GhRHR I% par%?%%?g?géeéggég%ﬁgoégép%ggﬁgggg@% %ﬁi%%bﬁnglﬁ gs over 900
of the am np aciekseqrence 31 1 to 170 in the marnoset Type Il GiRHR
sequence of WD 01/ 78796 PCT/ GB01/01755 7 1 SEQID No 2 or to a peptide

whi ch incl utles the 2 equi val ent am no acids of the human Type Il GiRHR 3
sequence. Thus, hoL,eXamphe, £eXQingsr 8Ee$119r4e@MuN0 gekdnNasgglsko 168 of
splicing alternative 1 5 as set out in SEQID No 5 (see Fig. g}. The above
6 term nol ogy hashbeeanadppratiververaipnyeft RaREhBr Typ? dpl doesreferred to

below i s heéein desi natgd.S intro2sl' to,.distin ui%gahgehr%g%ighﬁan 1. 9

Consequent | § t he"%ho %18xoﬁn(%§%ﬁa ) ggn%?ygiﬁa 107afi'n6 “acids 1nos. 1 to 9
of the humanm Typeutle&BRBeRsequence encoding the Type II GnRH-R

8 from marmoset and also the complete nucleotide

9 sequence (including exon I) encoding the human Type

10 IT GnRH-R. The human Type II GnRH-R herein

11 reported has been localised to chromosome 1 (1lgl2-

12 21).

13

14 The present invention thus provides a

15 polynucleotide encoding a functional Type II

16 gonadotropin-releasing hormone receptor (Type II

17 GnRH-R) peptide.

18

19 The term “peptide” is used herein to refer to any
20 peptidal compound without connotation of size, and
21 includes therefore larger moleculegs which elsewhere
22 may alternatively be termed “polypeptides” or

23 “proteins” also fall within this definition.

24

25 In one embodiment the peptide encoded comprises at
26 leagt a portion of exon I. By “exon I” we refer to
27 that portion of Type II GnRH-R which corresponds to
28 and exhibits substantial homology with exon I of

29 Type I GnRH-R. In particular we refer to a peptide
30 which includes over 90% of the amino acid sequence

31 1 to 170 in the marmoset Type II GnRH-R sequence of



11 peptide is incorporated into exon | as herein 12 defined. 13 14
Preferred enbodi nents of the present invention 15 include pol ynucl eoti des
havi ng ayuf! i de 16 sequence as set out in SEQ ID No J or 17
SEQ ID No 3 gﬁﬁﬁan) or pol ynucl eoti des which encode 18 é"éo %g@%?%%e
having an am no aci d sequence as set 19 out in SEQID No 2 (marnoset) or
SEQ ID Nos 4, 6, 8 20 or 10 (human). 21 22 As shown in Fig. 3 the

mar nroset am no acid sequence 23 of Type Il GhRH R has over 90% honvol ogy
with the 24 correspondi ng hunman sequence. 7Accordi ngly, the 25 present

i nvention incorporates any pol ypeptide 26 having at |east 90% honol ogy
with the am no i Y/ 0. ﬁg%% : When t he
human nucIg%tidgﬁggdﬂgﬁgzqgg§ggﬁ%a%ed oigéggﬁhg% gécfﬁgégaFﬁgset, there is
an appar ent2 si ngg@uiGdldmas cadehet aondat oposhei bnmd0 Typeh&IcGdRHEGRWO

01/ 78796 PCJ/ @B01/01755 8 1 _sequence. The earlier EST sequepce (Genbank 2
BG036291) mht CheieTREEE - anthaT  ( Fe* SEHIBHLE; BUC™ 5 FRESHALER ends at

nucl eotide 29 ofahhescodiAdnds seguencesandrceplinugg Liesradelioet ide 290 of
the 5 coding sequence, indicating that this is a splice 6 site. In the
chi cken recept oraans¢hteen WasSBRsBED No| pcased Fhda 8ini | FhepabpPvEon.
Excision of .,a v intr i ' LS. pQositign d 9
account for6thee%%5ﬂ§n§£$§§;ﬁgér§g% o%%gﬁﬁ?%o%§£ %géﬁégg’bégg ﬁ%@gg in

ot her genes7 forspXasel fefbered to below is herein designated

8 intron 1’ to distinguish it from intron 1.

9 Consequently the short exon (exon 1’) comprising

10 amino acids nos. 1 to 9 of the human Type II GnRH-R
11 peptide is incorporated into exon I as herein

12 defined.

13

14 Preferred embodiments of the present invention

15 include polynucleotides having a nucleotide

16 sequence as set out in SEQ ID No 1 (marmoset) or

17 SEQ ID No 3 (human) or polynucleotides which encode
18 a polypeptide having an amino acid sequence as set
19 out in SEQ ID No 2 (marmoset) or SEQ ID Nos 4, 6, 8
20 or 10 (human).
21
22 As shown in Fig. 3 the marmoset-amino acid sequence
23 of Type II GnRH-R has over 90% homology with the

24 corresponding human segquence. Accordingly, the

25 present invention incorporates any polypeptide
26 having at least 90% homology with the amino acid

27 sequence of SEQ ID Nos. 1 or 3.

28

29 When the human nucleotide sequence is compared to
30 that of the marmoset, there is an apparent single-

31 base deletion at position 30 of the coding



11 nouse al pha-7 integrin gene has an intron of only 12 16 bases (Genbank
g234252. There arg thrge 13 alternative splicing possibilities, involving
-, s O - base del etions, each of which would 15 r < open
r eadi ng o s P2 e Type Il 16 GaRH-R 17 18 Thepg%/g;rlbﬁllé)]f%"t he
human Type Il GhRH-R anmino acid 19 sequence follow ng each of the three
splicing 20 alternatives is set out below. 21 22 Splicing alternative 1:
23 (5 bases deleted fromposition 29 on) 24 25 Met Ser Ala Ay Asn Gy Thr
Pro Trp 9 26 1 ATG TCT GCA GGC AAC GGC ACC CCT TGG 27 28 29 Ala Ala Gy
Au du Val Trp Ala 17 30 28 GCA CGCG GGG GAG GAG GTC TGG GCT 31 WO
01/ 78796 PCT/@GBOL/ 017" 9 1 Splicing alternative 2: 2 (8 bases deleted from
position 2910n) s3cghehet.Selhdl aa@ly AsE®EIR sehwerRre (Fgnkganis 1 ATG TCT GCA

GCC AA
CaC AC GBC ACE CT 1606 7. 8 A 3.0 % G4 B ale T8l O 28

3 the match ends at nucleotide 29 of the coding

4 sequence and continues from nucleotide 290 of the
5 coding sequence, indicating that this is a splice
6 site. In the chicken receptor an intron was also
7 located in a similar position. Excision of a very
8 short intron (intron 1’)at this position would

9 account for the frame shift; very short introns
10 have been noted in other genes, for example the
11 mouse alpha-7 integrin gene has an intron of only
12 16 bases {(Genbank L23422). There are three

13 alternative splicing possibilities, involving 5-,
14 8- or 38-base deletions, each of which would

15 restore the open reading frame of the human Type IT
16 GnRH-R.

17

18 The start of the human Type II GnRH-R amino acid
19 sequence following each of the three splicing

20 alternatives is set out below:

21
22 Splicing alternative 1:

23 (5 bases deleted from position 29 on)

24

25 ‘Met Ser Ala Gly Asn Gly Thr Pro Trp 9

26 1 ATG TCT GCA GGC AAC GGC ACC CCT TGG

27

28

29 Ala Ala Gly Glu Glu Val Trp Ala 17
30 28 GCA GCG GGG GAG GAG GTC TGG GCT

31



11 Splicing alternative 3: 12 (38 bases deleted fromposition 29 on) 13 14
Met Ser Ala Ay Asn Ay Thr Pro Trp 9 15 1 ATG TCT GCA GEC AAC GEC ACC CCT
TGG 16 uVal Qu dy Ser Qu Leu 17 18 28 GIG GGC
TCA GAG SM? ﬂggo 21 The full sequences for human Type Eﬁﬁﬁgégz
according to the first splicing alternative are set 23 out in SEQID Nos 5
and 6, according to the second 24 splicing alternative in SEQ ID Nos 7 and
8, and 25 according to the third splicing alternative in SEQ 26 ID Nos 9
and 10. 27 28 As shown in SEQ ID No. 3, the human nucl eotide 29 sequence
i ncludes an apparent stop codon in the 30° first part of exon 2. In the

mar noset the 31 equival ent codon (shown at nucl eoti des 449-452 of WO

01/ 78796 PCIW GBOSplizind alk®erna3H¥d 2No 1) represents an arginine. A

nodi fied 2 _versign_of SEQ I.D No. 3 whereby. the p.codon is 3 engineered
to represent an a(% 5SS ge(]fe&edexfﬁﬁﬁ‘ éjo%ltef'rod} Srﬂ%r)lecin)l s her eby

i ncorporated. However, we 5 believe that the codon TGA does not function as

6 stop codon, but is instead translated as 7 sel enocysteine. |In eukaryotes
decodi ng of 4TGA as 8 Madl éivscyshaeiTey rAguiGles e Bed ehigeyst eihe 9

i nsertion el5erren;|7 ( Sgglé@%;dang%% $eVB Ofcdde iR k4 see Copel and et

al ., EMBO J,> 19(

6

7

8 Ala Gly Glu Glu Val Trp Ala Gly = 17

9 28 GCG GGG GAG GAG GTC TGG GCT GGA
10
11 Splicing alternative 3:
12 (38 bases deleted from position 29 on)
13
14 Met Ser Ala Gly Asn Gly Thr Pro Trp 9
15 1 ATG TCT GCA GGC AAC GGC ACC CCT TGG
16
17 Val Glu Val Glu Gly Ser Glu Leu 17
18 28 GTG GAG GTG GAG GGC TCA GAG CTG
19
20
21 The full sequences for human Type II GnRH-R
22 according to the first splicing alternative are set
23 out in SEQ ID Nos 5 and 6, according to the second
24 splicing alternative in SEQ ID Nos 7 and 8, and
25 according to the third splicing alternative in SEQ
26 ID Nos 9 and 10.
27
28 As shown in SEQ ID No. 3, the human nucleotide
29 sequence includes an apparent stop codon in the
30 first part of exon 2. In the marmoset the

31 equivalent codon (shown at nucleotides 449-452 of



11 and Fagegaltier et al., Nucleic Acids Research, 12 29(14): 2679-80,
1995). The putative UTR of the 13 sequence (see SEQ ID No. 3) was found to
contai N wftof369eSEC! S pattern 15 RTGAN{ 13, 15} AARN 23, 26} Ger/ERYS01755

sel enocysteine 16 insertion at that position of the protern (am no
acid no 177 in SEQID No 6; amno acid no 176 in 18 SEQ ID No 8; am no
acid no 166 in SEQID No 10) is 19 possible. In SEQID Nos. 3, 5, 7 and 9
the TGA in 20 shown as Xaa (and defined as TGA in the preanble to 21 the
sequence) sinply to maintain the coding 220 sequence as a whole in the
PATENTI N program 23 24 Desirably the pol ynucl eotide according to the 25
present inventi ogEgnfﬁdﬁé ) p%egk@%eyifegcan' 88018 ne26 WO RNG gpeci fical |y
to Type Il GRH and, 27 preferably, 1s able to function as a receptor 28
therefor. 29 30vhesenski| EB@ A Nbe3awhewebly &appretpgt ecdeat ishe 31

nucl eoti de ;equences of SgC%ID No_1 ang Nos 3. 5, 7.V[%%1/78796

PCT/ GBOL/ 01755 $19178RESY E8r FEEPSRE Fo Bn8 4l PePE 6 (RS MEFHBLE and 2
human gene nespegtyvglide)and hBakbgl hakbbepvabiati ongodeved, i kaly. Alelic
variants can be cl oned bg 4 probing cDNA or genonic libraries from
different 5 indP%idedrsthatoEbpngotenstahddpraspretedunesios Al elic

vari ants of -the S ce h N e_lListing, including

t hose conta?ningggﬁPeﬁgagg’ngygt?gﬂéhgﬁggghgégﬁggg%gﬁcﬁsnutations result in
9 amino aci @ seqaeherochahgese.ar EnwetiRbmybhessdepediig off tha psesent
invention, as are proteins which are

8 selenocysteine requires the selenocysteine

9 insertion element (SECIS) in the 3’ UTR of the mRNA
10 (see Copeland et al., EMBO J, 19(2): 306-14, 2000;
11 and Fagegaltier et al., Nucleic Acids Research,

12 29(14): 2679-80, 1995). The putative UTR of the

13 sequence (see SEQ ID No. 3) was found to contain

14 the SECIS pattern

15 RTGAN{13,15}AARN{23,26}GA. Thus, selenocysteine

16 insertion at that position of the protein (amino

17 acid no 177 in SEQ ID No 6; amino acid no 176 in

18 SEQ ID No 8; amino acid no 166 in SEQ ID No 10) is
19 possible. 1In SEQ ID Nos. 3, 5, 7 and 9 the TCGA in
20 shown as Xaa (and defined as TGA in the preamble to
21 the sequence) simply to maintain the coding
22 sequence as a whole in the PATENTIN program.

23
24 Desgirably the polynucleotide according to the
25 present invention encodes a peptide which is able

26 to bind specifically to Type II GnRH and,

27 preferably, is able to function as a receptor

28 therefor.

29

30 Those gkilled in the art will appreciate that the

31 nucleotide sequences of SEQ ID No 1 and Nos 3, 5, 7



11 allelic variants of SEQID No 2 and Nos 4, 6, 8 and 12 10. 13 14 The
present invention also conprises 15 pol ynucl eoti des encodi ng honol ogous
Type 11 W%% 16 fromother species, preferably ot her_lt;@ﬁgg“ﬂﬁ%sl?
Speci es. rine, porcine, ovine, bovine, canine, 18 feline, equine and
primate Type Il GRHRs are of 19 particular interest. The sequence
information 20 provided in SEQID Nos 1, 3, 5, 7 and 9 together 21 with
t he techni ques described herein and the 22 standard conventional cloning
techni ques known in 23 the art are sufficient to obtain such honol ogous
24 pol ynucl eoti des. For exanple, there isla 25 substantial body of

know edge concerning the 26 techniques required for the art of genetic 27
engi neeri ng land refdeLenee respoade tioo dvEniadtliesl eetof 281ealmarvind ssfulaard Cl oni ng,

A Laboratory Manyal, Cold 29 Spring Harbor or.at ar Col d Spr.ing Harbor,
New 30 Yor K 1982UFR§ 'glgﬂenéﬁeﬁlp%tdf%eéé’neﬁnc&%tngg]ly%'g v%’:llpa(jj nd
Prinrose, fisfth addifti@ny 19941 MOOY/18296 PCHBA/QERR B2 1 The

present invention also includes nodified 2 sequences retaining Type |
GhRH R functd on @Eroeingd ol ayi idempitis Bildyragire Ty 193 keiPHaving at 4

| east 70% hanol o .Pr. r-apl %. 0 ' ferably 85-90%
honol ogy an% m)sg" lﬁ’rngerla Ia%/écogferl% ?r?oalno%gaﬁ\?ﬁ%{%%%‘gp%\sﬁcl eotide 7
sequence i n @uestilarl iuRGidicrals equittal eNzss safqudhcschstpoiy niuc | tdot | des are
al so part of this 9 invention. In particular, we include nucleotide 10
substitutions whiSGIURSGeotl LeftHiact e BNy ddiqpe containing silent

8 mutations and those in which mutations result in

9 amino acid sequence changes, are within the scope
10 of the present invention, as are proteins which are
11 allelic variants of SEQ ID No 2 and Nos 4, 6, 8 and
12 10.

13
14 The present invention also comprises

15 polynucleotides encoding homologous Type II GnRH-Rs
16 from other species, preferably other mammalian

17 species. Murine, porcine, ovine, bovine, canine,
18 feline, equine and primate Type II GnRH-Rs are of
19 particular interest. The sequence information

20 provided in SEQ ID Nos 1, 3, 5, 7 and 9 together
21 with the techniques described herein and the

22 standard conventional cloning techniques known in
23 the art are sufficient to obtain such homologous
24 polynucleotides. For example, there is a

25 substantial body of knowledge concerning the

26 techniques required for the art of genetic

27 engineering and reference is made to Maniatis et
28 al, Molecular Cloning, A Laboratory Manual, Cold
29 Spring Harbor Laboratory, Cold Spring Harbor, New
30 York 1982 and "Principles of Genetic Engineering",

31 01d and Primrose, fifth addition, 1994.



11 expressed. The term"functional equivalent” used 12 herein refers to
any derivative in which 13 nucleotide(s) and/or am no acid(s) have been
added, \ﬁéog%hgged or replaced without a significantly ageeraioiBseffect
on expression of the gene product or on 16 bi ol ogical function thereof.
Thus, for exanple, 17 amno acid Gu nmay be encoded by the codon gag or

18 by t he codon gaa and each construct may be varied 19 in this way

wi t hout affecting the sequence of the 20 expressed peptide. Additionally,
nost vertebrates 21 have three types of Q?RH and it is postulated that 22
three cognate receptors exi st. Toget her wth 23 col | aborators (Troski e,

Kwon and Wangli) we have 24 identified Types I, Il and IIl GiRH receptors
%n ZFIXéEgﬂ?; aEUebpté$eng ifhenTyps RLEOGARHIRIES mOC&fizd similar to

ype t han V.27 therefo ose st.ence of a Type
111 human 28 Gﬁ@g‘ﬂ@ﬁ?ﬁ REHBI-BYH 9t y?yngl ?nﬁghﬁsfh{gﬁ &1 % ||| GnR)IfiPR
I s expected3to haMe sybstiept tal vhagpbegy TIPewWrth the ]iymdnlgi a@]RH—R

descri bed herein and hence WD 01/ 78796 PCT/ GBOL/ 01755 13 1 will be covered
bylthe lrmdl z_&:j ed Yerston8%ohonpdody {pHaEREBDLYI SOF0ELFCLOIYA The

pol ynucl eot jdes bhoa Lh=e I + doubl e or
S|ngIe_stra%ded)g%é?gga%gXegéﬁk%EggggogSs??gﬁgggO%N§§ﬁ§9¥%§%%%§t 7
conveni ent . Li keprs€ethplpobyrucbest hdes lagyor diltdg dbacMWQﬂ§qmm§§ent
i nvention nay be part of a 9 reconblnan% eneti c.const.ru %h itself
may 10 i ncl dde aS?QEFHPe(FquEQEEﬁPE an BgﬁFé§§l&neﬁgétg e’n‘tfloand

eukaryotic yect ogg fhagoehlicasoRAAKar Yol @lso part of this

9 invention. In particular, we include nucleotide
10 substitutions which do not affect the amino acid
11 expressed. The term "functional eguivalent" used
12 herein refers to any derivative in which
13 nucleotide(g) and/or amino acid(s) have been added,
14 deleted or replaced without a significantly adverse
15 effect on expression of the gene product or on
16 biological function thereof. Thus, for example,

17 amino acid Glu may be encoded by the codon gag or
18 by the codon gaa and each construct may be varied
19 in this way without affecting the seguence of the
20 expressed peptide. Additionally, most vertebrates
21 have three types of GnRH and it is postulated that
22 three cognate receptors exist. Together with

23 collaborators (Troskie, Kwon and Wangli) we have
24 identified Types I, II and III GnRH receptors in

25 Xenopus and bullfrog. The Type III GnRH-R is more
26 similar to Type II GnRH-R than Type I. We

27 therefore propose the existence of a Type IIT human
28 GnRH-R with homology to Type II. Thus, the Type

29 IITI GnRH-R is expected to have substantial homology
30 with the Type II GnRH-R described herein and hence



12 vectors) are of interest. Alternatively, the 13 construct may be

i ncorporated into the genone of a 14 transgenic aninmal. Any vectors or
transgeny i mals conprising a polynucl eotide as descg, <above
forma Ph&yﬁg?%gspect of the present 17 invention. 18 13“@9§&%” ?ﬁ a yet
further aspect the present 20 invention provides a reconbi nant expression
system 21 able to express the Type Il GhRH R descri bed above. 22 DNA
constructs (i.e. a standard vector 23 reconbinantly conbined with a

pol ynucl eoti de 24 sequence coding for the Type Il GiRHR of interest) 25
and cells transfornmed with such constructt3are also 26 enconpassed by the
present invention. 27 28 The term "expression systent is used herein to
29 refer toia gepelichsequeaeeaVlyCihienaloddes edl IR ariairei roferndasi ng regi on
and is operably Iinked to 31 all of the genetic signals necessary to

achi eve WO 81/ 78%96uRLTLEBALSGLP55A-14 1 expression of that region
Cptionally,3the 2 expression systemmy also include a regulatory 3

el enent, such as a pronoter or enhancer, to 4 increase transcription and/or
transl ati on4of ttae popyateilectridedi mgyr ég dm enyt Cqmovider xcomisl 6
over expression. _The requl ataor | ement_.may be 7 |lpcated upstream or
downst ream of t h&Npy SFe%NAS Qr‘?\c/%ﬁienﬁrr @dinéieors'c\ﬁatrlrﬁo%ﬂt ﬁ?autplroot ei n encodi ng
9 region itgel f.  L0erhl 1k RAGIE @t A@iddee Dhpe d leHan bR const ruct

7 convenient. Likewise the polynucleotides according
8 to the present invention may be part of a

9 recombinant genetic construct, which itself may
10 include a vector (for example an expression vector)
11 and eukaryotic vectors (as well as prokaryotic
12 vectorsg) are of interest. Alternatively, the
13 construct may be incorporated into the genome of a
14 transgenic animal. Any vectors or transgenic
15 animals comprising a polynucleotide as described
16 above form a further aspect of the present

17 invention.

18

19 Viewed in a yet further aspect the present
20 invention provides a recombinant expression system
21 able to express the Type II GnRH-R described above.
22 DNA constructs (i.e. a standard vector
23 recombinantly combined with a polynucleotide
24 sequence coding for the Type II GnRH-R of interest)
25 and cells transformed with such constructs are also
26 encompassed by the present invention.
27
28 The term "expression system" is used herein to

29 refer to a genetic sequence which includes a

30 protein-encoding region and is operably linked to

31 all of the genetic signals necessary to achieve



12 descri bed above, the present invention also 13 provides host cells
transfornmed with such 14 constructs and which may express the biologically

15 activgdmdkided gene product. 16 17 In a further aspgglychisopisesent

invention provides 18 a stable cell-line capable of expressing Type Il 19
GRH R, preferably human Type Il GiRH R as 20 descri bed above. By "stable"
we nean that the 21 cell-line retains its ability to express useful 22
gquantities of Type Il GWRHR after several (e.g. 23 10) generations, with
any decrease in the level of 24 Type Il GiRH R expression being

sufficiently low 25 not to materially afffct the utility of the cell- 26
line. 27 28 Desirably the host cell transforned with the 29 construct
encodi ng the hunappfypeibh GARHhRti segfion30 mamieheddyeritgien, but ot her
cell types may also be 31 useful. Exanples . include prokar %ﬁic cells (such
WO 01/ 787962 PCT/ €8RAEBI 7S5 SYSLEMaBaE, gEéPi }PcﬁBﬁ-enﬁ‘nﬁﬁgﬁl&\é déri ved
eukaryotic gell sy gnb3HCh g8yl A€t pr¥RBEErObrPeARbnel, Sko Suitable 3 host
cells include, for exanple, CO5-1 cells, COS-7 4 cells, COSMb cells, CHO
cell's, BHK del | sinGBaSecerhnscHEKR2I8ncehlg candr298EBNAOCReldfs theg 7 The

resent i ti i isolated _8 i LSl
Puneti onal - Sype P ObSoBhEAGPToRrnE PRSPy THoPhoHA CFote Rt 'hype 11 10

GPRH R) Pep%i de. oPeef exphb¥ssahd pepbi degeoBporseslehbnat rhgade a portion
(0] exon .

7 located upstream or downstream of the protein

8 encoding region or within the protein encoding

9 region itself.
10

11 In addition to the Type II GnRE-R construct

12 described above, the present invention also

13 provides host cells transformed with such

14 constructs and which may express the biologically
15 active modified gene product.

16

17 In a further aspect, the present invention provides
18 a stable cell-line capable of expressing Type II
19 GnRH-R, preferably human Type II GnRH-R, as
20 described above. By "stable" we mean that the

21 cell-line retains its ability to express useful
22 quantities of Type II GnRH-R after several (e.g.
23 10) generations, with any decrease in the level of
24 Type II GnRH-R expression being sufficiently low
25 not to materially affect the utility of the cell-
26 line.

27

28 Desirably the host cell transformed with the
29 construct encoding the human Type II GnRH-R is of
30 mammalian origin, but other cell types may also be

31 useful. Examples include prokaryotic cells (such



12 13 Preferred enbodi nents of the peptides according to 14 the present

i nvention include peptides having an 15 am no acid sequence correspondi ng
to the sqyisMess 16 of amino acid nos 1 to 170 of SEQ I D Ner@pdifo17ss
(preferably conprising substantially the full 18 sequence as set out in
SEQ ID No 2) or 19 corresponding to the sequence of amno acid nos 1 20 to
168 of SEQ ID No 6, amino acid nos 1 to 165 of 21 SEQID No 8 or am no
acid nos 1 to 155 of SEQID No 22 10 (preferably also conmprising
substantially the 23 full sequence of SEQ ID Nos 4, 6, 8 or 10). 24 25
Desirably, the peptide is able to bind totType Il 26 GiRH and, preferably,
is a functional receptor 27 therefor. 28 29 The present invention also
provi des antli bodhesz. 303peci hba-hamfwpeahl denRMeR peaptirgesiqrefldraabl y 31

anti bodi es which are specific to the extracell ul ar 01/ 78796
PCT/ GBOL/ 01%55 18u¢"defaiRge6t  TYpEsFI Oémﬁﬁpaﬁfé F@_rl\ﬁ%arrplséu%é@]ien exon 2
S thereof. Jhe tanm ‘aniiRodhesnads ¥sedeRsrghe, Scoachudeninot cony

nonocl onal and polyclonal 4 antibodies, but also antigen binding fragnents
5 thereof, t#rinmecetler €CotManeridscolEOr gefld san®@HKG ceddenbiGiant or

proteol ytic_antibo fr S. 8_Ant i i di rected to ECL, EC2 and
EC3 (especial |y ngééz)ﬁgggggfcﬁ&ﬁ§iéﬁ a?gg%%§§é§Fl§%d may be of 10

t herapeuticgval ue for cancer treatnent. 11 The Type Il GhRH R can be
expressed agd used to

The present invention also provides isolated
8 peptides comprising a functional Type II
9 gonadotropin-releasing hormone receptor (Type IT

10 GnRH-R) peptide. Preferably said peptide comprises

11 at least a portion of exon I.

12

13 Preferred embodiments of the peptides according to
14 the present invention include peptides having an
15 amino acid sequence corresponding to the sequence
16 of amino acid nos 1 to 170 of SEQ ID No 2

17 (preferably comprising substantially the full

18 sequence as set out in SEQ ID No 2) or

19 corresponding to the sequence of amino acid nos 1
20 to 168 of SEQ ID No 6, amino acid nos 1 to 165 of

21 SEQ ID No 8 or amino acid nos 1 to 155 of SEQ ID No

22 10 (preferably also comprising substantially the
23 full sequence of SEQ ID Nos 4, 6, 8 or 10).

24

25 Desirably, the peptide is able to bind to Type II
26 GnRH and, preferably, 1s a functional receptor

27 therefor.

28

29 The present invention also provides antibodies

30 specific to Type II GnRH-R peptides, preferably

31 antibodies which are specific to the extracellular



12 screen agents of potential therapeutic interest. 13 14 Thus, the
present invention further provides a 15 nethod of screening an agent for
phar maco i 16 activity (i.e. to ascertain its utili i hading 17
to Type W@%ﬁ%, said nmethod conprising: 18 a) provi di%%wglﬁ!#j%fe}g%l
GhRH R peptide as 19 descri bed above and exposing said Type Il 20 Gi\RHR
peptide to the agent to be tested; and 21 22 b) ascertaining whether said
agent interacts with 23 (for exanple binds specifically to) said Type 24
Il GhRHR peptide. 25 26 Labelled (eg. rﬁ%io-labelled or fluorescent- 27
| abel | ed) anti bodi es may be used to determ-ne 28 whether the agent and
Type Il G RHR interact 29 together. Optionally a washing step may be 30
i ncl uded t o ¥ eno@eriadns ©hdtyisound GeRHHR afentexrnpBd ERRHIR exen01/ 78796

PCT/ GBO1/ 017-5. .17, 1 2 An ression, syst.emable to produce the Type |
R R dedor] bdd hshrD T TRaP N AROETR AR 10 BISTUsgAhe TYPS
expressi on syst emnwidddie ravtd diansicidErbeel |ahd neol1Fdeohost cel |l usually

being 6 of manmalian origin. Alternatively the expression 7 systemmay be
a transgeni ¢ ani RRLIPAIEHT YA ISP FHel T PR LK pF RSB BRAY be nut at ed

10 to produce congldtdyd Vglryin?&iiét’gof GRS WO Ehs Al &al Bggused to

screen for antagoni sts and agoni's
6 recombinant or proteolytic antibody fragments.
7

8 Antibodies directed to EC1l, EC2 and EC3 (especially

9 EC2) are of particular interest and may be of
10 therapeutic value for cancer treatment.
11 The Type II GnRH-R can be expressed and used to
12 screen agents of potential therapeutic interest.
13
14 Thus, the present invention further provides a
15 method of screening an agent for pharmacological
16 activity (i.e. to ascertain its utility in binding

17 to Type II GnRH-R), said method comprising:
18 a) providing a Type II GnRE-R peptide as

19 described above and exposing said Type II

20 GnRH-R peptide to the agent to be tested; and

21

22 b) ascertaining whether said agent interacts with
23 (for example binds specifically to) said Type

24 II GnRH-R peptide.

25

26 Labelled {(eg. radio-labelled or fluorescent-

27 labelled) antibodies may be used to determine

28 whether the agent and Type II GnRH-R interact

29 together. Optionally a washing step may be

30 included to remove labels not bound to the agent or

31 GnRH-R.



12 13 An expression systemable to produce the Type Il 14 GhRH R descri bed
above may be used to screen agents 15 of potential therapeutic use (such
as Type %0%52-46 16 agoni sts or antagonists). Desirably, Mﬁ&ﬁﬁl‘?{{ﬁﬁt he 17
expression systemw |l imtate at | east sone 18 aspects of Type |1

GhRHi nduced signal 19 transduction. Optionally, the expression system 20
may be a stable cell line, the host cell usually 21 being of mammali an
origin. Alternatively the 22 expression systemnay be a transgenic ani mal .
23 24 I n anot her enbodi nent of the invention, the Type Il 25 GiRHR itself
or extracellular domain thereof (e.g. 26t fhe EC2 or EC3 | oop) coul d be
adm nistered in vivo. 27 The free GhRH R or extracellular domai ns (which
28 coul d belsynthetic peptides) could competitively 29 bind to GhRH and
inhibit its_reaction with the 30 nati receptor. in vivo. 31 01/ 78796
PCT/ CBO1/ 01755 4B TAFEaFRaT: SRy ot REIR 8 It OGRS, A Tip% 11

extracel | ul gr doggRii-kharget-imay Recveetads 2 MRaES in3 tofi £ omdragept i on.
For exanple, a patient may be 4 immunised by injection with the Type I
GRH-R 5 Thi s wokkfendbdy &shei sy osséductysieio wild BHpe& 11 6 GiRHR and

t he anti bodiLes s roduced .w | |, -al 7 inte IR nat | MQQSJ GhRH R
af fecting 8%reprg5§8F?95m§giFﬁg%fl}%férﬁg%i%g%§}%%ﬁg‘é%%gﬁ%gas gil'ype I
GhRhH R may sbi ndogompetiatiiwel yriieninl0 endegemadsrc@yRithe Eikpression

7 system may be a transgenic animal.

8

9 Optionally, the receptor expressed may be mutated
10 to produce constitutively active receptors which
11 can be used to screen for antagonists and agonists.
12

13 An expression system able to produce the Type II

14 GnRH-R described above may be used to screen agents
15 of potential therapeutic use (such as Type II GnRH
16 agonists or antagonists). Desirably, therefore the
17 expression system will imitate at least some

18 aspects of Type II GnRH-induced signal

19 transduction. Optionally, the expression system

20 may be a stable cell line, the host cell usually

21 being of mammalian origin. Alternatively the

22 expression system may be a transgenic animal.

23

24 In another embodiment of the invention, the Type IT
25 GnRH-R itsgself or extracellular domain thereof (e.g.
26 the EC2 or EC3 loop) could be administered in vivo.
27 The free GnRH-R or extracellular domains (which

28 could be synthetic peptides) could competitively
29 bind to GnRH and inhibit its reaction with the
30 native receptor in vivo.

31



12 The present invention will now be further described 13 with reference
to the following, non-limting, 14 exanples and Figures in which: 15 16
Fig. 11 matic representation of the human 17 ge £ of
Type | éﬁgﬁpéﬁgﬁd of Type Il 18 GhRH-R The positions ofqﬁﬁgééﬁ'rﬁéellular
(ECQ) 19 and intracellular (1C) |oop donmains, transnenbrane 20 (dark

bl ocks) and carboxy termnal tail (C are 21 indicated. The approxi nate
positions of the "short 22 splice" (SS) for intron 1' and sel enocystei ne
23 (SeCys) in the human receptor is shown, 24 25 Fig. 2 shows the

i mmunol ocal i sation of Type Il GiRH 26 re%%ptor and Luteinizing Hornone
(LH) to sheep 27 pituitary: 28 29 a) imunol ocalisation of Type Il GiRHR
using 30 ahtibodytagannsireEL3; tBe WOrel18FaBHPETLEBRL 01755 19 1 b)

i mmunol ocal psation,_of LH.t ituitary, .2 gonadotropes; 4 C

co- 1 ocal i safi on ﬁ%FﬁBCSE?Pgégiggmﬁfnaﬁaeﬁ%ogn@aYS%%n?fﬁétF@ &éFE?Pﬁon; 6 7
d) co-local gsatign ebntyBeebkiGARH Rotbkaskpianda PakMehar an) By confocal
m croscopy;. sone cells 9 contain LH only but nost expressing Type Il 10
GhRH R are £H posmmppésedihpy injection with the Type IT GnRH-R.

5 This will induce antibody production to the Type II
6 GnRH-R and the antibodies so produced will also

7 interact with native Type II GnRH-R affecting

8 reproductive ability. Alternatively, the exogenous
9 Type II GnRhH-R may bind competitively for

10 endogenous GnRH.

11

12 The present invention will now be further described
13 with reference to the following, non-limiting,

14 examples and Figures in which:

15

16 Fig. 1 is a schematic representation of the human
17 gene structure of Type I GnRH-R and of Type II

18 GnRH-R. The positions of the extracellular (EC)

19 and intracellular (IC) loop domaing, transmembrane
20 (dark blocks) and carboxy terminal tail (C) are

21 indicated. The approximate positions of the “short
22 splice” (8S8S) for intron 1° and selenocysteine

23 (SeCys) in the human receptor is shown.

24
25 Fig. 2 shows the immunolocalisation of Type II GnRH
26 receptor and Luteinizing Hormone (LH) to sheep

27 pituitary:

28

29 a) immunolocalisation of Type II GnRH-R using

30 antibody against EC3;

31



12 Fig. 3 is a conparison of the am no acid sequences 13 of human Type |
GhRH R according to splicing 14 alternative 1, and marnmpset Type Il GiRH R
15 16 T ing used is that of the human sequence. ks (*)

i ndi cate fﬂﬂ ?%y, and vertical 18 slashes (1) conserved S1Hé§1?ﬁ?$Bn
Regions 19 predicted to be helical from honol ogy nodelling 20 with the
rhodopsin crystal structure are indicated. 21 Exon boundaries, the
position of the short splice 22 (intron 1') and the apparent stop codon in
the 23 human sequence are also shown. 24 25 Fig. 4 shows the heterol ogous
conpetitor binding of 26 125 |- [Hi s5 DB9Iyr 6] GiRH nedi ated by the

Mar noset 27 Type Il GhRH-R expressed in COS-7 cells in the 28 presence of

i ncreasi ng gosesyof thenpeplbdesibhehon 39 val yesplirdiicated in nM: nGIRH
(mammalian GaRH, ~, 30 51.7 1.9nM GWRH Il (GRH Type 11, 1, 1.30.2nM; WO
01/ 78796 PCZ/GBOl/Ol?ggnaQOtIOEﬁG sGWRH (sal non GhRH, , 9 81.4nM . Error
bars 2 repgesent s.em (n=2). 3 4 Fig. 5 shows the total inositol
phosphat e 5”production nedi ated by the Marnoset Type Il GiRHR 6 expressed
in COS-7 cells ip) resp@nsechmliacmnneusiagiantdbodde&oas papt ldesin@ECS50

val ues 8 |nd|cated in nM énannallan GRH, ~, 33.2 9 6.3nM; GWRH |1
(GhRH Type PI, A oO. 46@2112%;10 {Y6teehRR™ (sal non GhRH, , 8.70.5nM); [D-Arg6]

GRH Il 11 ([D—ArgG] GhRH Type 11, , 1.10.23nM; and Ant 135- 12 18
(Ant agoni st 135 18, , 2237nM. Error bars
7 d) co-localisation of Type II GnRH-R (black) and
8 LH (grey) by confocal microscopy;. some cells
9 contain LH only but most expressing Type IT
10 GnRH-R are LH positive.
11
12 Fig. 3 is a comparison of the amino acid sequences
13 of human Type II GnRH-R according to splicing
14 alternative 1, and marmoset Type II GnRH-R.
15
16 The numbering used is that of the human sequence.
17 Asterisks (*) indicate identity, and vertical
18 slashes (]) conserved substitution. Regions

19 predicted to be helical from homology modelling

20 with the rhodopsin crystal structure are indicated.
21 Exon boundaries, the position of the short splice
22 (intron 1’) and the apparent stop codon in the

23 human sequence are also shown.

24

25 Fig. 4 shows the heterologous competitor binding of

26 1257 _1His®, D-Tyr°]CGnRH mediated by the Marmoset
27 Type II GnRH-R expressed in COS-7 cells in the
28 presence of increasing doses of the peptides (ICsg

29 values indicated in nM): mGnRH (mammalian GnRH, MW,

30 51.7+ 1.9nM; GnRH II (GnRH Type II, A, 1.3%0.2nM);



13 represent s.e.m (n=2). 14 15 Fig. 6 shows receptor binding (a) and
inositol 16 phosphate production (b) of manmalian GhRH | (0) 17 and GhRH
' () in“gyf? lls transfected with 18 marnoset Type | < (left
panel ) an 1/17&%8 19 Type | receptor (right panel). Stinu %ft/légﬁp%l £320

i nositol phosphate by Type | receptor Antagonist 21 135-18 () at the Type
Il receptor is also shown. 22 Error bars represent s.e.m of 3-6 separate
23 experinents. 24 25 Fig. 7 shows the Luteinizing hornone (LH) and 26
Follicle Stinulating Hornone (FSH) response to GaRH 27 | and Il in sheep.
28 Fig. 8 shows activation of ERK2 and p388 MAP 29 kinases by Type | (open
bars) and Type Il (closed 30 bars) GiRH receptors in COS-7 cells.

Stimul ationjof WQR1/E8796 (RGTAEROMGLT- ¥ RB+h Whe | (Mrdnddds (b) GiRH
receptors with mammalian 2 GiaRH 1, GhRH Il and Antagoni st 135-18 of 3

i Munopr eci i t at edpmes<ERK?.. ol.mset(rpa@nel s depict 4 anti - phospho- ERK2
innunoblott%ng of anti-nyc COS-7 5 cell imrunoprecipitates. c, Left panel,
selective 6 and tine-dependent activation of p38a by GaRH || 7 stinul ation
(100 nM of 4Type Hiky GERAH®REERHR .tdta3 IiMdaticon odmecd GIRH recept or
(100 nM failed 9 to activate p38a MAP kinase. The right panel 10

dermonst r at e$ t hargstus tiypse meddid- ey i 1hhaaiRrmaset eeept of ! SRt i on

i nduces a tiérﬁéd%(%{}%?g?dl%rﬁa@dsv_a; ic%ll%f iﬁ'ﬂ%é)é‘ﬁoﬂ trfhe GiRH ||

stinmul ation ype 11 receptor 1s nore prolonged. Data
7 concentration of varilous peptides (ECsy values
8 indicated in nM) mGnRH (mammalian GnRH, m, 33.2%
9 6.3nM); GnRH II (GnRH Type II, A, 0.46%0.12nM);
10 sGnRH (salmon GnRH, ¥, 8.7X0.5nM); [D-Arg®] GnRH IT
11 ([D-Arg®1GnRH Type II, 4, 1.1+0.23nM); and Ant 135-
12 18 (Antagonist 135-18, ®, 223+7nM). Error bars
13 represent s.e.m. (n=2).
14
15 Fig. 6 shows receptor binding (a) and inositol
16 phosphate production (b) of mammalian GnRH I (O)
17 and GnRH II (®) in COS-7 cells transfected with
18 marmoset Type II receptor (left panel) and human
19 Type I receptor (right panel). Stimulation of
20 inositol phosphate by Type I receptor Antagonist
21 135-18 (O) at the Type II receptor is also shown.
22 Error bars represent s.e.m. of 3-6 separate
23 experiments.
24
25 Fig. 7 shows the Luteinizing hormone (LH) and
26 Follicle Stimulating Hormone (FSH) response to GnRH
27 I and II in sheep.
28 Fig. 8 shows activation of ERK2 and p38a MAP
29 kinases by Type I (open bars) and Type II (closed

30 bars) GnRH receptors in COS-7 cells. Stimulation of



14 represent nean s.e.m, n > 3. 15 16 Fig. 9 shows expression of Type Il
GhRH receptor in 17 marnoset and human tissues. (a) RT-PCR was carried 18
out W t hyspeGshdC Primers on cDNA prepared from 19 nar nosgtr, Ry 4S9 at ed
fromvarious tissues. PCR 20 products were fracti onated by si'ze on agarose
gels. 21 Type Il GiRH receptor levels were nornalised to 22 actin RNA and
represented as the log of the RNA 23 expression relative to pituitary.

Hat ched bars 24 indicate marnoset brain tissues, solid bars 25 indicate
mar noset reproductive tissues while open 26 bars indicate other marnoset
ti ssues. (b, c) 27 Expression of the TypeZlll GnRH receptor in human 28

ti ssues was examned in Northern blots of mRNA 29 (d ontech) by

hybri di sati an w tigp32R | @beldred Tungy) ERexosrcdot 1y WwikNA rfanem higmn
cerebel lum (1), 31 cerebral cortexéé{, medu] | a (3%, spinal cord (4), WO
01/ 78796 PCH GBOEMEirs, SPRE Jdcigpid M Graany sy T35 ovft £1f 1 obe (6), tenporal

lobe 2 (7)qand p : -(,:%)elg?l}{ﬁ rmheartodil) Semidrain (2),

pl acent a (3)3, | ung ,rl(elg‘bz/le’prl E;E) 4%{5%3& nussc%epa%%, kiedp}ey (7) and

pagclreas (8K _5a/@nrmt_'—lpérosi§mtmi—MAednmdml i 3 Jalztet'm@rce’fl'sls&rdmm%c; HeEO%-"anygdal a

and | ow expression.i.n .caudat e nucl.eu corIEu ca u i ppocanpus,
A et

substantia mi gra,ceélsﬁﬁot“}l@oéjrﬁecc% EU arftr t M da SHown). 9
1O o2 1 B g e g A b Sy oRm con |1
7 stimulation (100 nM) of Type IT GnRH receptor.
8 Stimulation of Type I GnRH receptor (100 nM) failed
9 to activate p380 MAP kinase. The right panel
10 demonstrates that both Type I and Type II GnRH
11 receptor stimulation induces a time-dependent
12 activation of ERK but that the GnRH II stimulation
13 of the Type II receptor is more prolonged. Data
14 represent mean * s.e.m., n > 3.
15
16 Fig. 9 shows expression of Type II GnRH receptor in
17 marmoset and human tissues. (a) RT-PCR was carried
18 out with specific primers on cDNA prepared from
19 marmoset RNA isolated from various tissues. PCR
20 products were fractionated by size on agarose gels.
21 Type II GnRH receptor levels were normalised to
22 actin RNA and represented as the log of the RNA
23 expression relative to pituitary. Hatched bars
24 indicate marmoset brain tissues, solid bars
25 indicate marmoset reproductive tissues while open
26 bars indicate other marmoset tissues. (b, c)
27 Expression of the Type II GnRH receptor in human
28 tissues was examined in Northern blots of mRNA
29 (Clontech) by hybridisation with *?P labelled human
30 exon 1; (b) mRNA from human cerebellum (1),

31 cerebral cortex (2), medulla (3), spinal cord (4),



14 (Journal of Endocrinology (1999), Vol 162, pages 15 117-126) subsequent
wor k denonstrated that the 16 antisense sequence of MIllar et al. was the
3" 17 uplg @nshqted end of an RNP which localised to 18 clropRsOiessl4- 19
20 I't was recogni sed that as long as exon 2 or exon 3 21 sequence
information was used in PCR we would 22 always detect the 3' untransl ated
end of the RNP 23 since this is highly expressed in all tissues. In 24
addition, the putative intron 2 of Type Il receptor 25 would al ways be
retained. Since this transcript 26 ends with a pol yadenylation in the
region of the 27 equivalent of intron 1 82 the putative Type Il 28
receptor (read in the opposite direction to RNP), 29 we would never obtain
i nf or mati on jon exeribiekit he1e3Q ShY,pEddntLcaptny . (31, Weridred7 Iobe

PCT/ GB01/ 01755 23 1 We concl uded that three new el ements were necessary 2
to find the Zput atliNe apfheutpmgirH &lec it omRNR oy tgapteh(the 5L bases
for a nucleqtide Se nc in art exon h.: 7.d) Cenerate an
ant i body ag% nst bg%ﬁ'?lgﬁ(:ég ’sg)el%%%?%a g(agdnélﬁ{gm@h' ilsl‘%ersp(oér?s'i ble for

| i gand 9 seldect i wikief otede nSeal feon( 68t, HMidnedsndobr .arkD fRend sl 8(81)80- 205 and

Tros]cie et al., General . .11 and Conparative Endocri nol og: 2:296-302 12
(1998)) in extrad®athsh Risdp %“Od‘fecfpﬂéwfﬁﬁ%? ?%prﬁfpselqr}%i:c—]}éq vis Type |

receptor to gletergRRiala and low expression in caudate nucleus,

7 corpus callosum, hippocampus, substantia nigra,

8 subthalamic nucleus and thalamus (data not shown).
9

10 Examples

11

12 Following numerous failled attempts to locate exon I
13 from the sequence reported by Millar et al.

14 (Journal of Endocrinology (1999), Vol 162, pages
15 117-126) subsequent work demonstrated that the

16 antisense sequence of Millar et al. was the 3’

17 untranslated end of an RNP which localised to

18 chromosome 14.

19

20 It was recognised that as long as exon 2 or exon 3
21 sequence information was used in PCR we would

22 always detect the 3’ untranslated end of the RNP
23 since this is highly expressed in all tissues. In
24 addition, the putative intron 2 of Type II receptor
25 would always be retained. Since this transcript
26 ends with a polyadenylation in the region of the
27 equivalent of intron 1 of the putative Type II

28 receptor (read in the opposite direction to RNP),
29 we would never obtain information on exon 1 of the

30 Type II receptor.
31



14 in which tissue this rare receptor is 15 expressed. 16 17 c) Undert ake
chronosomal localisation to 18 determne if the coding sequence exists in a
19 pseud@gpmneshqcal e (with RNP) and in another 20 "real "p@fBgolH6at i On

el sewhere. 21 22 Materials and Methods 23 24 Coning of the nmarnoset Type
Il GhRH receptor. RNA 25 was isolated from marnoset pituitary and brain
stem 26 using RNAsol B (Biogenesis). 2 g of RNA was 27 incubated with 1 mm
dNTPs, 2 M random hexa 28 pol ynucl eoti des (Promega), gene specific prinmers
or 29 anchored oligo-dT prinmers at 80C for 10 min. 1x 30 RT buffer
(Sigma), 1 Ul RNAsin (Promega) and 0.5 21 U| AW reverse transcriptase
(Signma) were added WO 01/78796 PCT/ @BOL1/ 01755 24 1 in a total volune of 20
| and incubated wt 6bfic2ufied 2hht theectnhEw @l ci@nitisn welré mercestesiygned to
3 the Type Il marnoset GaRH receptor exon sequences. 4 Prinmers were chosen
to span put &ti vetPntrBAs tioPE tadite Taetedti GRSF 1568 E<¥ed RNA in the
presence 630f possible genomic DNA contam nation and the RNP 7 antisense
transcript. 50 ng of purified (Q agen) 8 cDNA produced with random

hexa- pol ynuél eot adles ferech9tbebfetbetasesPERrusi nychaedndsequences
previously _10 described (1 enomi.C S ugnce encoding 11 exon

7) and human
1 (Zynngene?ics AL 1602828 §§§?nggAR ff 5§4?§ . "Round 1 PCR 5 cycles
at 65C, 23 gycles 13 at 63C using priners Si and Al (Si,

7 b) Generate an antibody against a highly specific

8 domain which is responsible for ligand

9 selectivity (see Sealfon et al., Endocr.

10 Review 18:180-205 and Troskie et al., General
11 and Comparative Endocrinology 112:296-302

12 (1998)) 1in extracellular loop 3 of the human
13 Type II vis-a-vis Type I receptor to determine
14 in which tissue this rare receptor is
15 expressed.

16

17 c) Undertake chromosomal localisation to

18 determine if the coding sequence exists in a
19 pseudogene locale (with RNP) and in another
20 “real” gene location elsewhere.
21
22 Materials and Methods

23
24 Cloning of the marmoset Type II GnRH receptor. RNA
25 was isolated from marmoset pituitary and brain stem
26 using RNAsol B (Biogenesis). 2 Ug of RNA was

27 incubated with 1 mM dNTPs, 2 UM random hexa-

28 polynucleotides (Promega), gene specific primers or
29 anchored oligo-dT primers at 80°C for 10 min. 1x

30 RT buffer (Sigma), 1 U/pl RNAsin (Promega) and 0.5

31 U/Ul AMV reverse transcriptase (Sigma) were added



14 GATGCCACCTGGAATATCACTG (SEQ I D No 17); Al, 15 AGGCAGCAGAAGG (SEQ I D No
18). Round 2 PCR 5 16 cycles at 63C, 25 cycles at 61C using 1 | of 17
products und 1 as tenplate and priners S2 18 and <<
ot A RnC e (SEQ ID No 19): 19 A2, ST Ao Sss (SEQ 1D
No 20). Products 20 were size-purified (Q agen), cloned into pGEMT 21
(Pronega) and sequenced. Sense and antisense 22 oligonucleotides were
designed fromthe novel 23 narnoset sequences and used in 3 and 5 RACE
For 24 the remaining PCRs a three-step protocol was used 25 where the
anneal i ng tenperature of the first 5 26 c¥£les was 2C higher than the | ower
Tm of the two 27 priners. In the second step the annealing 28 tenperature
of 5 cyclesjwas the;Sapeaasvbhamkeower 20281 Tanaf ihbevkwePritmesec The third
step was 20 30 cycles with annealing tenperatures 2C below the 31 |ower Tm
of the two Prinmefsr Eoh,thbes 6RACEL@rWHO0WiT879EPOURGRUECIPSS 25 1

pol y- A sequence s added_to_50 ng nma t 2 pituitary c roduced with
gene specifsc pr?ﬁ@rgype31;rHaagP%e%e?%%%5ﬁ%%%é&%ﬁj%ﬁ%&ﬁ é%ﬁggﬁ%Tected to
4 PCR 2 jilk of progueksweleachiksh rourgalCRutasiing imtdnsgr £453 and A3,

were used in a second round of 6 PCR using priners S4 and A4 (S3, 7
GACCACGCGTAFCGATETERAETREFETFIPITPETPIPCESEST B0 118 YD) REaiehsiced RACE

primer from:Boehrgin nphei m, ; eeel Gar I D No
22): 10 S4° mﬁ%ﬁ?&%&@f s@‘le%’% No %%%2% 11%6(%@
CAAGGCAAGCAGCAAAGTAABeNSEQtBrNG ra4)).. SRomdt fed Purilfd RACR5gery mar noset
pituitary c w%%N%rodu%Fd %§ wﬁ%p an or%9 OUﬁ%T?%L rgggg(awas subj ect ed

to PCR produced with random hexa s were
9 subjected to PCR using human sequences previously
10 described (17) and human genomic sequence encoding

11 exon 1 (Zymogenetics AL 160282, BG 636291, AA

12 954764). Round 1 PCR: 5 cycles at 65°C, 23 cycles
13 at 63°C using primers S1 and Al (S1,

14 GATCCCACCTGGAATATCACTG (SEQ ID No 17); Al,

15 AGGCAGCAGAAGG (SEQ ID No 18). Round 2 PCR: 5

16 cycles at 63°C, 25 cycles at 61°C using 1 pl of

17 products from Round 1 as template and primers S2

18 and A2 (82, CAGCCTGGGGACTTAGTTTCCTG (SEQ ID No 19);
19 A2, GEGTTATAGGTGGTCTCTTGC (SEQ ID No 20). Products
20 were size-purified (Qiagen), cloned into pGEM-T

21 (Promega) and sequenced. Sense and antisense

22 oligonucleotides were designed from the novel

23 marmoset sequences and used in 3’ and 5’ RACE. For
24 the remaining PCRs a three-step protocol was used
25 where the annealing temperature of the first 5

26 cycles was 2°C higher than the lower T, of the two

27 primers. In the second step the annealing

28 temperature of 5 cycles was the same as the lower
29 T, of the two primers. The third step was 20

30 cycles with annealing temperatures 2°C below the

31 lower T, of the two primers. For the 5’ RACE a



14 using prinmers S5 and S3 (S5, ACCTCTTCACCTTCTGCTGCCT 15 (SEQ ID No 25)).
2 | of products fromthis PCR 16 and priners S6 and S4 were used in a
secondar ok7 (S6, CCTCCTCAATGCTCCTTTGGATC (SEQ I D r oduct s
were si z?dgﬁsﬁ%ed (Q agen), cloned into 19 pGEMT (Pr y(r)r%célg%]s%]ﬁ7g
sequenced. Full length 20 marnoset Type Il GiRH receptor was produced by
PCR 21 using oligos of the 5 UTR (S7, 22 GAATTCGCTTCATACTCACACTTCATC ( SEQ
ID No 27); S8, 23 CGGAATTCTCACACTTCATCCTCCTATCTC (SEQ ID No 28)) and 24
the 3' sequence including the stop codon 25 (A5,
GCTCTAGAGATCAGATTGATGTTATAGGAATG (SEQ ID Mo 26 29)). 50 ng of marnoset
brain stem cDNA produced 27 with random hexa-pol ynucl eoti des was subj ect ed
to 28 PCR usi ngppli/nBr seGhcane ASs Addedf tpr 6dueiys maiithos2d primers S8 and
AS were used in a _secondary round of 30 PCR Products of this PCR were
purified (QPagenPitudtagkoRrElA REGIHEBNATIEP OPRG SPEFd) - amtf 1&&difenced. WO
01/ 78796 PCI/ GBO 7 1 | t smi used.d R £Xpression
2 studies.cg 4 %%%é%ggﬁtggﬁ%n%g?%§$%$ié?gégg ?O%F%U%gﬁp nou§2?0 5psheep,
rhesus and gynonptagus2mnkeyspweaactsobtaan&drsAn ranhics @rn e itle human
Type Il GiRH 7 receptor was produced by immunisation of rabbits 8 with a
synt hetic pépti dBréBeEssFéndindg2Bo WET <O USSP PEVRPCRCSEQUWY 1 30))

conj ugated t.o ke I ; i h ani;n ka the Cys residue. This 11
peptide, a Eynth%??cSSé%%iEEEB%EEC§QSE%$h§4hJ§gﬁ 12 Type | receptor

( DPEMLNRLSDRC ( SEACCRCNaGRINICGandTCEACTagmaayraniDT TWaTausEEdy ab No
i nmunoneutralisation . .
8 21} (anchored RACE primer from Boehringer

9 Mannheim); A3, GAAGGGACTGGACCAGCTCG (SEQ ID No 22);

10 S4, GACCACGCGTATCGATGTCGAC (SEQ ID No 23); A4,

11 CAAGGCAAGCAGGAAACTAAG (SEQ ID No 24)). For the 3’
12 RACE 50 ng marmoset pituitary cDNA was produced

13 with anchored oligo-dT primers was subjected to PCR

14 using primers S5 and S3 (S5, ACCTCTTCACCTTCTGCTGCCT

15 (SEQ ID No 25)). 2 ul of products from this PCR
16 and primers S6 and S4 were used in a secondary PCR
17 (86, CCTCCTCAATGCTCCTTTGGATC (SEQ ID No 26).

18 Products were size purified (Qiagen), cloned into

19 PGEM-T (Promega) and sequenced. Full length
20 marmoset Type II GnRH receptor was produced by PCR
21 using oligos of the 5 UTR (87,

22 GAATTCGCTTCATACTCACACTTCATC (SEQ ID No 27); S8,

23 CGGAATTCTCACACTTCATCCTCCTATCTC (SEQ ID No 28)) and
24 the 3’ segquence including the stop codon

25 (A5, GCTCTAGAGATCAGATTGATGTTATAGGAATG (SEQ ID No

26 29)). 50 ng of marmoset brain stem c¢DNA produced
27 with random hexa-polynucleotides was subjected to
28 PCR using primers S7 and A5. 2 ul of products and
29 primers S8 and A5 were used in a secondary round of
30 PCR. Products of this PCR were purified (Qiagen),

.31 cloned into pcDNA3.1l+ (Invitrogen) and sequenced.



14 specificity studies. For detection of mammalian 15 GhRH | specific

anti serum GF6 was used (18).
to the 1 r

%Kﬂ@éscrlbed (18, 19).
usi ng the sane procedure

previously

,ﬁﬁkqase/dianinobenzidine vi sual i sati on tech }%HEBO

16 17 Tissue sections (15 pm were subjected

78S

Fl uorescent 20 | abelling was acconpli shed
21 up to the step prior to ABC reaction,

when t he

22 fluorescein | abel (Rhodam ne 600, avidin D or FITC) 23 was applied to

the slides and i ncubated at
For double 25 |abelling,

avidin D and biotin blocking solutions fo#4615 nin 27 each, then

re-incubated with the next primary 28 anti body,

room 24 tenperature in the dark for 2-4 hours.
slides were incubated sequentially with 26

foll owed by the other

fluorescent 129 | ahel kbpg1tRhedpmheeiar whkTGsedCant redickedsiedrudi ng 30
om ssion of primary antibodies and order of 31 exposure, were consistently
negative. W9 01/ $8%IEEPCT/ GB01/ 01755 27 1 | nmunofl uorescence was vi ewed at

two wave |l engths 2 by confocal mcroscopy. 3 4 Cell culture and

transf ecti on.

21). 6 Trangi ent Inmanstetbchrnistr@OS- Ticelles Wirtm fnumem, 7ongse |

COs-7 cells were 5 cultured as previously described (20,

o E6RSPru

GhRH

receptor or marnoset Tyg$§g%§GB§EGB receptor, along with c-tagged ERK2,
r

JNK and p38a

FYOPRE OG5t o8 parT et Q agen)

10

according tg the.proutact uren snphakecsl coAlthel huassays piesar idied: wer e
performed 48 h post 12 transfection. 13

7

8

9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31

receptor was produced by immunisation of rabbits

with a synthetic peptide corresponding to EC3

(YSPTMLTEVPPC (SEQ ID No 30)) conjugated to keyhole

limpet haemocyanin via the Cys residue. This

peptide, a synthetic peptide to EC3 of the human

Type I receptor (DPEMLNRLSDPC (SEQ ID No 31)) and

haemocyanin were used for immunoneutralisation
specificity studies. For detection of mammalian

GnRH I specific antiserum GF6 was used (18).

Tissue sections (15 um) were subjected to the

peroxidase/diaminobenzidine visualisation technique

as previously described (18, 19). Fluorescent

labelling was accomplished using the same procedure

up to the step prior to ABC reaction, when the

fluorescein label (Rhodamine 600, avidin D or FITC)

was applied to the slides and incubated at room

temperature in the dark for 2-4 hours. For double

labelling, slides were incubated sequentially with

avidin D and biotin blocking solutions for 15 min

each, then re-incubated with the next primary

antibody, followed by the other fluorescent

labelling (Rhodamine or FITC). Controls, including

omission of primary antibodies and order of

exposure, were congistently negative.



14 Receptor binding and inositol phosphate production. 15 Receptor binding
utilising 1251- [Hi ss-D-Tyr6]GiRH I 16 and inositol phosphate production
by GhRH Wiggand®e 17 were studied as previously descri bed K@OeB®yo1738 19
Phospho- MAP ki nase assay. Serum starved (12-16 h) 20 COS-7 cells,
transfected with human Type | or 21 marnoset Type Il GhRH receptors were
treated with 22 either manmalian GhRH |, GaRH Il or antagoni st 135- 23 18
for the tine and dose specified for Fig. 9 at 24 379C. After |igand
stinmulation, COS-7 cells were 25 prepar for imunoprecipitation (23). Co
26 transfected nmyc-tagged MAP ki nase constructs were 27 inmrunoprecipitated
fromcell lysates by overnight 28 incubation with nyc-agarose slurry
(Santa Cruz}, 29IwmshedluanceqeareveRan®leivedk altadiie WoyanpPISE IS er 30
added, resolved SDS—PA n otransferred 31 to PVDF nenbrane
(NEN Life 5%. encgg) COREPFY \(/E'thlgi gﬁﬁég%{’ou 78796 PCT/ GBOL/ 01755 28 1 ki nase
was detected using anti-phospho 2 ERK/JNK/p38a ki nase specific antisera

(New Engl and 3 Biol abs vi sual_ised b i % 4 nlfluorescence
( Aner sham Phar ne€Pa) sHatBrguand Erags ?Fﬁd°§ phgggh Sfite degree of

6 phosphor yrkat ed. %guﬁbaaae svienaali sed tadde (Boamunt. of

unphosphorylat ed I nase tected wth 8 speC|f|c antisera. 9 10
Expr essi on 6f Tymeahb1ee¢eptansﬁﬁNAleSn@ﬁnﬁ§ék7am¢11§1Vﬁdﬁaﬁwmﬁgsues
(8o 3 e B I B e T e
receptor, along with myc-tagged ERK2, JNK and p38Q

9 constructs were performed using Superfect (Qiagen)

10 according to the manufacturer’s protocol. All

11 assays described were performed 48 h post

12 transfection.

13

14 Receptor binding and inositol phosphate production.

15 Receptor binding utilising '*°I-[His®-D-Tyr®]GnRH I

16 and inositol phosphate production by GnRH ligands

17 were studied as previously described (20-22).

18

19 Phospho-MAP kinase assay. Serum starved (12-16 h)

20 COS-7 cells, transfected with human Type I or

21 marmoset Type II GnRH receptors were treated with

22 either mammalian GnRH I, GnRH II or antagonist 135-

23 18 for the time and dose specified for Fig. 9 at

24 37ec. After ligand stimulation, CO0S-7 cells were

25 prepared for immunoprecipitation (23). Co-

26 transfected myc-tagged MAP kinase constructs were

27 immunoprecipitated from cell lysates by overnight

28 incubation with myc-agarose slurry (Santa Cruz),

29 washed, an equal volume of 2x Laemmli sample buffer

30 added, resolved by SDS-PAGE and electrotransferred

31 to PVDF membrane (NEN Life Sciences). Activated MAP



14 (Anmbion). PCR was perfornmed on the cDNA using 15 marnoset Type Il GiRH
receptor cDNA specific 16 priners spanning exons 1-3 (sense: 17

CTTCGGCT CCTG antisense: 18 GGIGCCCTCTTCGGCAGO) , cBbidRsspecific
prinmers. 19 products were run on an agarose gel and blotted 0 onto
HybondN+ nyl on nmenbrane (Amersham. The 21 Sout hern bl ot was probed with
random primed 22 marnoset Type |l GiRH receptor cDNA or actin cDNA 23
Sout hern blots were quantified using a 24 phosphori nager and marnoset Type
Il GhRH receptor 25 expression was nornalised to the expression of 26
actin. 27 28 Expression in human tissues?%as exam ned by 29 Northern
blots of MRNA with random prinmed 32P 30 | abell ed human Type |11 GhRH
receptor exan 1. Xihesc3wzhumeitcbpel s igrREmecepiasplgenom ¢ sequence (P1
WO 01/ 78796 PCT/ @GO /01755 29 1 clone) was obtai hed by CGenone %ﬁiiens (St
Louis, 2 MB) usiERE/PEE/$38sertiorsel sEHeGHds a3 goPRIe I EEiHEs to
human sequences L7). ai |4 i Iﬁﬂ&ﬁ : GI'CCTGCCCGGTCCTGAG
5 sense: TG%CCAC%%%@?&%&CA %géﬁﬁﬁ%gﬁiééuené%gngﬁfdig used with the P1
clone to prdduce chedGd lnwr? samplcec oimerayein - Bitp wrsc toneawd t h 32P dCTP

6000 8 G /.mvbl i, i er' ifi ed conditi St .
: ki Grorat Wiy S0 K0T T ot BRI 55400, 005%

Hybri di satioh wa

us
SDS/ 5x 11 Denhar éfnsfpdJva/ 1t esahvmn 1Sheid s @shh nsadi ttb the 0. 1 X
SSC/ 0. 5% SDS at 552C and the blots exposed to 13 X-ray_ filmfor 6 days.

7 amount of unphosphorylated MAP kinase detected with
8 specific antisera.

9

10 Expression of Type II receptor mRNA in marmoset and
11 human tissues. Total RNA was extracted from

12 various marmoset tissues using TRI reagent (Sigma),
13 and cDNA was produced using oligo dT primers

14 (Ambion). PCR was performed on the cDNA using

15 marmoset Type II GnRH receptor cDNA specific

16 primers spanning exons 1-3 (sense:

17 CTTCGGCTGGAGGGAACCTG, antisense:

18 GETGCCCTCTTCEGCAGC), and actin specific primers.

19 PCR prbducts were run on an agarose gel and blotted
20 onto HybondN" nylon membrane (Amersham). The

21 Southern blot was probed with random primed

22 marmoset Type II GnRH receptor cDNA or actin cDNA.
23 Southern blots were quantified using a

24 phosphorimager and marmoset Type II GnRH receptor
25 expression was normalised to the expression of

26 actin.

27

28 Expression in human tissues was examined by

29 Northern blots of mRNA with random primed *2p

30 iabelled human Type II GnRH receptor exon 1. The

31 human Type ITI GnRH receptor genomic sequence (Pl



14 15 Stimulation of LH and FSH in sheep. The relative 16 potency of
mammal ian GaARH | and GhRH Il at inducing 17 FSH and LH secretion in vivo
was test j our 18 Soay ram sheep nodel (24). This £ed 19
during bot Mﬁﬁzﬁsexually active (short days, SD) 20 and ?@&EW@%E ases
(long days, LD) of the 21 photoperiod-induced reproductive cycle (24). The
22 sanme animals (n = 8) were used on the two 23 occasions. The GhRHs were
adm ni stered at doses of 24 250 ng/ramand 10 g/ramin a cross-over design
25 with a week between treatnents to pern%é1 full 26 recovery. The peptides
were dissolved in 1 m of 27 0.9% saline“and given as an intravenous
bolus. 28 Bl ood sanples were collected every 10 min, from20 29 mn
before, untill 2 klaheer whkeoblteanmdnby &eh3@ Sysdpad Wy tspgesiifs.c

radi oi rmunoassays_(24). Th 31 FSH an responses .to the GhRH agoni sts
were WO 01/ 8796“@&}"1%6‘9/ g)f%§cr§§n10%alﬂciulcgtoglﬁsa¥l& ta responses (2 h
nmean hornong 2 cenggphi:atiben ipest thr eakenisdturise20 (T .mean pre- 3
treatment hornmone concentration). These values 4 were used to cal cul ate the
FSH : LH r edpons@ligonycleotadtesn RANCH sgid Gn REATCCE QAR GHE Svier al |

ratio 6 for. the | [ a =1 dow th Zq;{%ﬂggal“} GhRH |
stinulation? Thiggﬁgg'a?ggggggcg g? eacﬁ éﬁi%ﬁ aﬁ' ?ﬁ% or tﬁgﬂﬁroup
(mean  SEM 6 9 nuze8) withdeheba@th clibrand SRroticel b Reéfulkgs and Di scussi on
12 13 d oni r%g and primary stLra Cetl"ir'e of the, Mar rmstefllt lep&TP (6000

amplicon. ing was done wil
8 Ci/mMole) using supplier’s specified conditions
9 (Stratagene). Hybridisation was performed using 2

10 x 107 cpm at 65°C in 5 x SSC/0.005% SDS/5x%

11 Denhardt’s/2 mg/ml salmon sperm DNA, washing with
12 0.1 x S8C/0.5% SDS at 55°C and the blots exposed to
13 X-ray film for 6 days.

14

15 Stimulation of LH and FSH in sheep. The relative
16 potency of mammalian GnRH I and GnRH II at inducing
17 FSH and LH secretion in vivo was tested using our
18 Soay ram sheep model (24). This was repeated

19 during both the sexually active (short days, SD)

20 and inactive phases (long days, LD) of the

21 photoperiod-induced reproductive cycle (24). The
22 same animals (n = 8) were used on the two

23 occasions. The GnRHs were administered at doses of
24 250 ng/ram and 10 pg/ram in a cross-over design

25 with a week between treatments to permit full

26 recovery. The peptides were dissolved in 1 ml of
27 0.9% saline and given as an intravenous bolus.

28 Blood samples were collected every 10 min, from 20
29 min before, until 2 h after the treatments and

30 assayed by specific radioimmunoassays (24). The

31 FSH and LH responses to the GnRH agonists were



14 1l GRH receptor. 15 16 Anplification of EC3 fromgenom c DNA froma
range 17 of vertebrate species revealed two distinct 18 sequences of
recept or nting the known Type 19 | receptors and £ II
receptor?mgﬁﬁgﬁﬁgo anphi bian and reptile (25). Searches ¥@ﬁ§%gﬁgé%¥

dat abases reveal ed honol ogous sequences to the 22 reptile EC3 (17). From
EST contigs we constructed 23 a partial receptor sequence encoding the
putative 24 exons 2 and 3 corresponding to these exons of the 25 Type |
receptor (17). Al ESTs were in the 26 antisense orientation and it
transpired that these 27 were in the 3' 3®translated region (UTR) of a
novel 28 human ri bonucl eoprotein (RBMB) which was highly 29 expressed in
al | tissuesiexancagdu(la6rd #bed3dqtequicsalosstesof(2expmebmdsateaent from the
RvB8 3' 31 UTR It was therefore evident that the x%i01/78796

PCT/ GBOL/ 01755 SPNEengEALiPRcRPEEN CoLSBGREN TS Uorr) FYSUS: &&i 1 2
was essential to.di.gequar hggmgﬁgecbhc%%ﬁ%%kgb%. 3 Sealehes 19fe uman

dat abases, using as a query exon 4 of the hunan Type | receptor,

reveal ed se%eralw@rESﬁsedndogea@nuda$eqa@ﬁcé§HBG @&BZ@@QQ@@&%&HM@ﬁ AL 6

160282. 7 Sin e_receptor i_kel be Hare 9 tr.ans
expr essed i% dis PétgnB% ggegndmég%ﬁy&én gt%@'gn?iseﬁgﬁra%%ug donaln
of the humag 11 ffypenkl cheeeptrostanthibeuns Rbrgaagaoeytocherd stry 12

strong reactivity in pituitary and brain of the 13 human, rhesus_nonkey,
sheep and nduse MRgalipn @EERH I stimulation. This was assessed

8 for each animal and then for the group (mean * SEM,
9 n = 8), under both LD and SD.
10

11 Results and Discussion
12

13 Cloning and primary structure of the Marmoset Type
14 II GnRH réceptor.
15
16 Amplification of EC3 from genomic DNA from a range
17 of vertebrate species revealed two distinct

18 sequences of receptors representing the known Type
19 I receptors and novel Type II receptors in an
20 amphibian and reptile (25). Searches of human EST
21 databases revealed homologous sequences to the
22 reptile EC3 (17). From EST contigs we constructed
23 a partial receptor sequence encoding the putative
24 exons 2 and 3 corresponding to these exons of the
25 Type I receptor (17). All ESTs were in the

26 antisense orientation and it transpired that these
27 were in the 3’ untranslated region (UTR) of a novel
28 human ribonucleoprotein (RBM8) which was highly

29 expressed in all tissues examined (26). The

30 equivalent of exon 1 was absent from the RMB8 3

31 UTR. It was therefore evident that the



14 then used oligonucleotides to the human exon 1 and 15 RBMB 3' UIR
sequences to anplify cDNA from marnoset 16 pituitary and brain by PCR and
5" RACE s. 17 The full length cDNA encodes a 3 i cid 18
protein aﬁ?ﬁﬁgﬁgfacteristic G protein-coupled 19 receptor fyaﬁ%héﬁﬁucture
SEQ ID No. 1. Although 20 it is nore honol ogous with GhRH receptors than
21 other GPCRs, it has only 41% sequence identity with 22 the human Type |
receptor suggesting an early 23 evolutionary gene duplication. It also
possesses a 24 carboxy termnal tail which is inportant for rapid 25
desensitization and is uniquely absent fr M 26 manmal i an Type | receptors
(27-30). The receptor 27 also does not have the unusual Asn/Asp

m crodomai n1 28 dfletrtdismenticane theldpesic2ambmp lafgddse tmmrdii ah 29 Type

| receptors which plays a role.in yeceptor 30 activation (21). Instead it
has the AspPasp HBSi FSSgEtEL % Sr?éﬁzr?sﬁ i%‘r? %’Eee ﬁ%ﬁé%égcoeﬁ or's
recently WO-301/ 78226 ReEH BOH GLMH M tadhsks angghd As Y -quldw, [Easophi | a

GnRH receptor 2 honol ogue has the usual Asp/Asn notif 3 characteristic of
nmost GPCRs (431) ilndifc&hiengurmat TvAPa HerSfis-@n infAvfgalenAMeGhl to Asp/ Asp
in the 5 anci ent rtebrat r Qe Py { pN
Asn/ Asp in the ng\%ﬁ";gl %glr??ﬁ%ﬁle * rgcﬁlé%g)er%%drhe ac%)ll’vén'?} o@rﬁﬂﬁg olc')t hi s
m crodomaing 8 (2kp2®y. t herefore be further elucidated by 9
experinmentation with the Type Il receptor. The 10 LSD/ EP sequence of EC3
which is inportant for 11 ligand selectivity of mamualian Type | receptors
12 (9, 20) igs repliaced iy VRRSWILRdS aligaprieset a ki reptile (VPPS)
and anphi bi an (VPPV) Type Il GIRH

9 transcript expressed in discrete tissues, we

10 generated antisera to the EC3 domain of the human
11 Type II receptor and found by immunocytochemistry
12 strong reactivity in pituitary and brain of the

13 human, rhesus monkey, sheep and mouse (Fig. 2). We
14 then used oligonuclectides to the human exon 1 and

15 RBM8 3’ UTR sequences to amplify cDNA from marmoset
16 pituitary and brain by PCR and 5’ RACE procedures.
17 The full length ¢DNA encodes a 380 amino acid

18 protein with characteristic G protein-coupled

19 receptor (GPCR) structure SEQ ID No. 1. Although

20 it is more homologous with GnRH receptors than

21 other GPCRs, it has only 41% sequence identity with
22 the human Type I receptor suggesting an early

23 evolutionary gene duplication. It also possesses a
24 carboxy terminal tail which is important for rapid
25 desensitization and is uniquely absent from

26 mammalian Type I receptors (27-30). The receptor
277 also does not have the unusual Asn/Asp microdomain
28 of transmembrane helices 2 and 7 of the mammalian
29 Type I receptors which plays a role in receptor

30 activation (21). Instead it has the Asp/Asp motif

31 as in non-mammalian Type I GnRH receptors recently



14 receptors (25). This difference in sequence is 15 likely, therefore, to
beha determ nant of Type Il 16 receptor selectivity for GaRH Il as all

ot her 17,0 ndi sites (9) are conserved. 18 19 Pharnac i <<

char act e‘r7~?jz(;<';]11?’i8?)'981i of the marnoset 20 Type Il GhRH recept géeﬂtj%@ﬁn&?b 4 shows
t he heterol ogous conpetition binding 22 of 125I- [H s5, D Tyr6] GhRH

nedi ated by the Marnoset 23 Type Il GiRH receptor expressed in the
transfected 24 COS-7 cells and shows that the Type Il GiRH 25 receptor
denonstrates high selectivity for GaRH 26 Type I1. 27 28 The affinity and
specificity of the Type Il GiRH 29 recepBdr for the natural GnRHs and two
GhRH 30 anal ogues is shown in Fig. 5. Further 31 characterisation of GiRH
agoni sts and ant agefest S WONL/ 7FHRS JHI T DH1GEEG B3cedptoan be det ermi ned
with the routine binding assays. 2 The identification of the signalling

pathway of the Bomedesiisr Nass theamved BYPR/Et MPe ability of the 4
1 gand-i nduced 1 eGeplo 1.0 Aol A G Rac g TERSENGRT; ARNRIALIG, SYSt ens.

6 7 Using the above descri expression system we 8 have determ ned t hat
the Type || dGhRHtReatt iweat es1 iSitthe lpmothedticon tof AsmSiswl iphdsphat e (see

Fig. 5) 10 but does not stimylate cyclic AMP production.. 11 12 Thus,
expression of th&PfRAFEY Iverréggﬁ‘ta&‘e iq\%gpéﬁefepltg)%eﬁjqﬂsh?"&% %d that it is

highly selegtive faat@¥Hto Asn/Asp in the mammalian Type I

7 receptors. The activation role of this microdomain
8 (21) may therefore be further elucidated by

9 experimentation with the Type II receptor. The

10 LSD/EP sequence of EC3 which is important for

11 ligand selectivity of mammalian Type I receptors

12 (9, 20) is replaced by VPPS which is also present
13 in reptile (VPPS) and amphibian (VPPV) Type II GnRH
14 receptors (25). This difference in sequence is

15 likely, therefore, to be a determinant of Type II
16 receptor selectivity for GnRH II as all other

17 binding sites (9) are conserved.

18

19 Pharmacological characterization of the marmoset
20 Type II GnRH receptor.

21 Fig. 4 shows the heterologous competition binding
22 of 2°1-[His®, D-Tyr®]GnRH mediated by the Marmoset
23 Type II GnRH receptor expressed in the transfected

24 COS-7 cells and shows that the Type II GnRH

25 receptor demonstrates high selectivity for GnRH
26 Type II.

27

28 The affinity and specificity of the Type II GnRH
29 receptor for the natural GnRHs and two GnRH

30 analogues is shown in Fig. 5. Further

31 characterisation of GnRH agonists and antagonists



14 11 in receptor binding assays (Fig. 4) and in the 15 stinulation of

i nosi tol phosphate intracellular 16 nmessenger production (40-fold and
90-fold 17 activity relative to manmalian GhRH | 18

(Tabl e 1?&§¢£|s contrasts with the Type | receptor 19 inﬂﬁgﬁ?ﬁN8ﬁ§H Il has
only 10% and 9% activities of 20 mammalian GaRH | in these assays (Fig.

6). Overall 21 GiRH Il has an affinity 24-fold greater for the 22 Type |
receptor than for the Type | receptor. The 23 Type || receptor was al so
nore selective for salmon 24 GhRH and [D;Arg6] GhRH Il (Table 1) . 25 26
27 28 29 WO 01/78796 PCT/ GB01/ 01755 34 Table 1 : Conparative |igand

bi ndi ng and |nos phosphat e production erties_of narnmpset type Il &
human Type ?e%gp o?%rmﬁgﬁﬁlgegﬁLﬁgan bgnaengl %lagbﬁgﬁﬁ%?lon

(1C50) (EC59) NMhaDsaénHuﬁa@aNabﬁnsettHanaﬁgnEypenblpﬁymwab'Eﬁp&Hé Type
GWRH Il 1.070.04 26.14 0.450.05 7.411.55 GiRH | 42.63,19 2.810.17 40.54. 43
0.630.08 sénRH §S98PLeF Yagr8xemingdoby) tesE3a95 thepakiddtys ofadhvs

11.90. 35 2. 290. 64; 3588. Zﬁdu%BHrEEegewg%' %E&@é@@%g%%n@l 4 27645.5 Full

135- 18 antagonist ~Data are expressed i n nanonol ar and represent the

5 messenger generating systems.

6

7 Using the above described expression system, we

8 have determined that the Type II GnRH-R activates

9 the production of Inositol phosphate (see Fig. 5)
10 but does not stimulate cyclic AMP production.

11

12 Thus, expression of the Type II receptor in COS-7
13 cells revealed that it is highly selective for GnRH
14 IT in receptor binding assays (Fig. 4) and in the
15 stimulation of inositol phosphate intracellular

16 messenger production (40-fold and 90-fold greater
17 activity relative to mammalian GnRH I) (Fig. 5)

18 (Table 1). This contrasts with the Type I receptor
19 in which GnRH II has only 10% and 9% activities of
20 mammalian GnRH I in these assays (Fig. 6). Overall
21 GnRH II has an affinity 24-fold greater for the
22 Type II receptor than for the Type I receptor. The
23 Type II receptor was also more selective for salmon
24 GnRH and [D-Arg®]GnRH II (Table 1).
25
26

27
28



s.e.m (n=3-6). Manmalian GhRH | (GWRH I) salnmon GhnRH (sGiRH: [Trp7, Leu$]
GWRHI1) , GRH Il ([Hiss, Trp', Tyr8 GRH 1) 1 Mreover, a Type |

recept or w@GR t agoni st behaved 2 as an agoni st at the I ept or
(Fig. 5). ItHggehas recently been denonstrated that contr%?ﬁgP&%nsép
gonadot ropi n bi osynthesis and regul ati on of 5 gonadotrope function

regul ated by GhRH can be 6 nedi ated by the activation . of mtogen-activated
WO 01/ 78796 PCT/ GB01/01755 35 1 protein kinases (MAP ki nases). Therefore
we 2 assessed the capacity of both the Type | human GhnRH 3 receptor and

the marnoset Type Il GiRH receptor to 4 activate the three major MAP
ki nase pr otliRES, » dbtfon s +@ PRELLG UL BLgiyRE RE MABKi-ngses 6 avai |l abl e
t hrough Ei suke Ni shida, 'Kyoto University 7 and p38a in CO5-7 cells. At

t he Type | plecgptadre Brodanael cmnpCnpktt ieasofomsruesabl yyper €Ipet ent t han

9 GRH Il i.n_activating Fig. . 8a). In contrast, 10 at the Type |
recept or t HETaTy egdbéﬁﬁgii{?c%%gor 1 the inverse and antagoni st 135-18
had si gni Tt 4k ~agaNigeinAliniing COMpar oG i B IWACIdYT Ty A the 13
Type | receptor (Fig. 8 panels a and b). Agonist- 14 induced activation of
JNK was not detected wi tICEB) stinul ation of eiles) the Type | or Type Il 16
recept or (data—not—showr owever—activatd 5 : a ect ed
upon stinulation of the Type Il 18 receptor but not with stinulation of
the Type | 19 receptor (Madrgrosk). Higad me comsSendfeP38yudAnact i vati on was

al so considerably nore protracted 21 than that for Type |/11 receptor
activation of 22 ERK2. ITWRRIditi on T@ndt ed t FAPSERK2 st iTrweatli on

, OWev O

GnRH IT 1.07+£0.04 26.1%4 0.45+0.05 7.41%1.55
GnRH 1 42.6%+3.19 2.81%0.17 40.5%+4.43 0.63%+0.08
SGnRH 0.48+2.17 244%23.6 5.9940.91 9.62+3.5
[D-Arg®] 3.34+0.06 11.9%0.35 2.39%0.64 3.8+0.71
GnRH IT

Antagonist  1650+478 10.6%+1.4 276+45.5 Full
135-18 antagonist

Data are expressed in nanomolar and represent the
s.e.m. (n=3-6). Mammalian GnRH I (GnRH i) salmon GnRH
(sGnRH: [Trp’,Leu’lGnRHE I), GnRH II ([His®, Trp’, Tyr®]GnRH
I)

Moreover, a Type I receptor GnRH antagonist behaved
as an agonist at the Type II receptor (Fig. 5). It
has recently been demonstrated that control of
gonadotropin biosynthesis and regulation of

gonadotrope function regulated by GnRH can be

[o) W 2 B - VS B O B

mediated by the activation of mitogen-activated



23 via the Type | GiRH receptor is nore transient than 24 that nedi ated by
Type Il GhRH receptor stimulation 25 (Fig. 8c). There are therefore

di stinct w2f,Hsberences in signalling by the two receptor 26 <11 ssue
dlstrlbutlon anéﬁexpre55|on of the marnoset 29 Type I dﬁﬁhcregigtor To
gain insight into the 30 potential functions of the Type Il receptor, its

31 expression in human and marnoset tissues was WO 01/ 78796 PCT/ GB01/ 01755
36 1 exam ned. PCR anplification of cDNA from marnoset 2 brain tissues
revealed that it is expressed in the 3 piguitary, spinal cord, pons,
cerebel lum putanmen, 4 nedulla, hypothal anmus, preoptic area, mdbrain, 5
occipital polse, % gpLal, kggg ggd FREPYS %%EE?SU”bh%x%F e @) - Expression
was high in repr uctlve FISS es such as testis, prostate manmary

gl ands, 8 séhlnabseesedlEBeandpapﬁdydpﬁlbotSub&Ean@m&ingampnessﬂun was
detected in adrenal %r0| heart 10 and skeletal nuscle but little or

no expressi or wagecﬁﬁt? uRBd FR6t RBFTPPESud¥PEudH 8%ﬂ¥%0%¥¥*BV%§9xhnd 12

bl adder (Fig.4 9a&ctMaﬁae{—.ﬂebm&%ey&n%@%dmﬁp I3 nsisd kab t%gfp%%m on pattern
(data not shown). 14 hbrthern bl ots on human tissues probed with exon 1 15

showed hi ghest eEBKes@NKn ﬁnpﬁh@l@@ﬂ@ﬁrEVp@opieMAPlﬁkmm$%mC|pltal pol e,

noder at e expressio 7 fronta ab e and ut.anen, and
|l ow 18 expré§S|on in P%e Eére IE%} %edﬁ hlgp 5pﬁ& (Flg
9b) . There was SHHétﬁ§buahneé@%e%sb%ﬂ1s20 R E%% é%%?

expression in the caudate 21 nucl eus, corpus callosun1 hi ppocanpus,

substantia nmgmmalsabtGaREnﬂcwaﬂcbeu51dﬂdabhaianuse@mnminuunhan
9 GnRH II in activating ERK2 (Fig. 8a). In contrast,

10 at the Type II receptor the ligand specificity was
11 the inverse and antagonist 135-18 had significant
12. agonist activity compared with low activity at the
13 Type I receptor (Fig. 8 panels a and b). Agonist-
14 induced activation of JNK was not detected with
15 stimulation of either the Type I or Type II

16 receptor (data not shown). However, activation of

17 p38c was detected upon stimulation of the Type II
18 receptor but not with stimulation of the Type I

19 receptor (Fig. 8c). The time course of p38a

20 activation was also considerably more protracted
21 than that for Type I/II receptor activation of

22 ERK2. 1In addition we noted that ERK2 stimulation
23 via the Type I GnRH receptor is more transient than
24 that mediated by Type II GnRH receptor stimulation
25 (Fig. 8c). There are therefore distinct

26 differences in signalling by the two receptors.

27

28 Tissue distribution and expression of the marmoset
29 Type ITI GnRH receptor. To gain insight into the
30 potential functions of the Type II receptor, its

31 expression in human and marmoset tissues was



23 shown). There was al so significant expression in 24 the heart and
pancreas but little or no expression 25 in placenta, lung, liver, skeletal

nmuscl e aqg)@@m%kdney (Fig. 9c). 27 28 Type || GIRH recepg®f Byﬂ&@gon |n
the pituitary. 29 A specific antiserumto EC3 of the human $ype I'l

receptor was used to conduct immunocytochem stry 31 and denDnstrated
specific expression of the WO 01/78796 PCT/ GBOL/017, 37 1 receptor in
human anterior pituitary (Fig. 2). In 2 view of the possibility that the
novel Type Il 3 receptor may regul ate pitygtary function, we 4 determ ned
if it was expressed in the pituitary of 5 other manmals. Staining was al so

found in aboyt 630t alacel bay (hBSibsLathuR atourigne.qf xL.qgnaotr opes).

in the anterlor mouse and Sheep n the sheep
anterior 9 puiU|bﬁayndambbaegtaeneagem thatype bk repeptserecarich the LH
antisera revealed that the Type Il receptor 11 |nnunoreact|V|ty i S
co-1ocal i sed 3 n BYSHFAEH, B 9166§|FP§§'CBPP§ ( FREELDLIehI PUESRSSE Type ||

13 receptor nosi sLudes)| frpBERaNBARL, VErLabelt arkd ShiiceamRrRl fan R |
binding sites also co 15 localise wth in up to 90% of gonadotropes in

16 the rat pi% ui tacypataprpederusrpsdepl ﬂpbesaMdk@bypuS7qaiﬂpsmhe maj ority

of gonadotropes res oth_Type 18 1| rece rs and suggests
Chat “those 10 1 elhhPor Sonmy BELORGFRAPeleSr Sians HADh
bi osynt hesi s ﬁndt§§§ﬁ§bl @achTag peesenGepebstype, %Maﬂw@q@h@@s in the

majority of gonadotropes is, at 22 first consi der at i on, unexpected as

there is a 8 seminal vesicles and epididymis. Substantial
9 expression was detected in adrenal, thyroid, heart
10 and skeletal muscle but little or no expression was
11 found in other tissues such as liver, ovary and
12 bladder (Fig. 9%9a). Northern blots yielded a
13 similar expression pattexrn (data not shown).
14 Northern blots on human tissues probed with exon 1
15 showed highest expression in the cerebral cortex
16 and occipital pole, moderate expression in the
17 frontal lobe, temporal lobe and putamen, and low
18 expression in the cerebellum, medulla and spinal
19 cord (Fig. 9b). There was substantial expression
20 in the amygdala and low expression in the caudate
21 nucleus, corpus callosum, hippocampus, substantia
22 nigra, subthalamic nucleus and thalamus (data not
23 shown). There was also significant expression in
24 the heart and pancreas but little or no expression
25 in placenta, lung, liver, skeletal muscle and
26 kidney (Fig. 9c).
27
28 Type II GnRH receptor function in the pituitary.
29 A specific antiserum to EC3 of the human Type II
30 receptor was used to conduct immunocytochemistry

31 and demonstrated specific expression of the



23 substantial literature suggesting that a single 24 GiRH (mammualian GhRH
) is sufficient to regulate 25 the secretion of gonadotropins and t hat
the 26 difd e @l secretion of LH and FSH during the 27 ?ﬁ A3 ovarian
cycle may be adequately accounted 28 for by nodul atory e ects of ‘gonadal
steroids 29 (androgen, estrogen and progesterone) and peptides 30
(activin, inhibin and follistatin) (14). However, 31 a substantial nunber
of physi ol ogi cal studies WO 01/ 78796 PCT/ GB01/01755 38 1 invoke the

exi stence of an FSHrel easing peptide to 32 account for the differenti al
secretion of 3 gonadotropins (13-16). 4 5 1In the early studies on the GhRH

Il (previously §e5§b£89 Eﬁ'ﬁ&ﬁgneﬁﬁﬁekhbr b&tW@% &guq%ukp

preferential FSHreleasing activity when conpared W th chlcken GhRHI
(chicken Type | @h&¥) of3Bhe Pokbrbavery GhRH EhehasviedeTyipecdlli sed to the
10 hypothalanmjc area ec es o an 11 ertebrates (see Refs.

(7, 8) for revieW* 3Hhofh ay1§e§HgF58ppg?ul 3F§Vg éﬁFhr Sarcuate and

pituitary 13 stakketfghensisf inopkeysxpheegeld iins tﬁl@?ﬁmultt%r dd ay a
role in gonadotropin secretion (19, 34)". W 15 therefore conducted

studi es usind a h‘?rlwa@@ﬁéﬁl i sRBaigABEp “AEdell Spo feamer fimabovd rel ati ve
17 effects of. ma I n 0 1 SH secretion. The
6 b@ %s of (%%g g%isglllve Bclcﬁr?%\?vlc %fF

responses to a 250 ng bo t 0o or “conpari son of
relati ve LH and g20a8Stirsperet i dn. tAt theetlQog ddseialarit ke rdwrs 21 showed
a robust response and evgréhggdl%%gualz)%z eéhl |t% é% ma @§£J§g|o of FSH
to LH secretitbn mouse an 15 9 p
9 pituitary double stalning with Type II receptor and

10 LH antisera revealed that the Type II receptor

11  immunoreactivity is co-localised in 69% of LH

12 positive cells (Fig. 2). Only 12% of Type II

13 receptor positive cells were negative for LH.

14 Since mammalian GnRH I binding sites also co-

15 localise with LH in up to 90% of gonadotropes in

16 the rat pituitary at proestrus (32), it is likely

17 that the majority of gonadotropes express both Type

18 IT and Type I receptors and suggests that these

19 receptors may co-ordinately regulate LH and FSH

20 Dbiosynthesis and secretion. The presence of Type

21 II receptors in the majority of gonadotropes is, at

22 first consideration, unexpected as there is a

23 substantial literature suggesting that a single

24 GnRH (mammalian GnRH I) is sufficient to regulate

25 the secretion of gonadotroping, and that the

26 differential secretion of LH and FSH during the

27 mammalian ovarian cycle may be adequately accounted

28 for by modulatory effects of gonadal steroids

29 (androgen, estrogen and progesterone) and peptides

30 (activin, inhibin and follistatin) (14). However,

31 a substantial number of physiological studies



23 when treated with GaRH Il conpared with mammalian 24 GhaRH I (Fig. 7).
The nmean ratio of FSH to LH 25 i nduced by GhaRH Il was 2.140.29 and 2.020. 34
26 (mean mes hi gher than that induced by 27 mammalj for
sexually“giﬁqegkand sexual Iy 28 quiescent rans respectlve Eﬁﬁw7%SFVLH
ratios 29 generated in both sexually active and qui escent 30 ranms upon
GWRH Il treatnent were both significantly 31 greater (p=0.03, p=0.002
respectively, paired two WO 01/78796 PCT/GBOL/ 0175 39 1 tailed t-test)
than with mammalian GaRH 1 2 treatnment. 8 4 Wien it is considered that
GRH Il has an affinity 5 and potency of < 20% of mammalian GhaRH | at the

6 Type | recgpt O{m(rizo behéo%xingn%:Qeo a}éi gg,g{hr%%%%%%%lp%

peptides is like I ne une concen %ﬁ:and 6ha5|ng
of 9 pulsatide aetease fonrthéogéﬁﬁBSehﬁﬁai k@ cadmimnsiafati on of the
peptides is a rel ati 11 crude_approach. Thus, the relative

di fferential 312 %??ﬁé ¥P8hnﬁf(¢§H15 endogenously secreted GaRH || 13 may
be nuch greatger in vivo. 14 15 The findings of GaRH Il in the
hypot hal anus, the 16 presence of the Type Il receptor imunoreactivity 17
i n gonadot r opes Endthef eerémt fahdiebeanetbe @&R@bﬁéddmﬂ@wﬁmy8§wggest t hat,

20 Torme of GnRFAEEFAGTATBUBnCERg Sbbar dte EagtaLes SF Hhdot rope
receptors. Iy orldﬂéfé@eﬁtnaut Fag- @‘bﬂé@é@ﬁ@e&dtﬂvﬁ@yawwé@l leldriag-BSH
secretion with chicken GnRH I (chicken Type I GnRH) (33).
9 Moreover, GnRH II has been localised to the
10 hypothalamic area in species of non-mammalian
11 vertebrates (see Refs. (7, 8) for review) and the
12 supraoptic, paraventricular, arcuate and pituitary
13 stalk regions of monkeys where it is thought to
14 play a role in gonadotropin secretion (19, 34). We
15 therefore conducted studies using a well-
16 established sheep model to determine the relative
17 effects of mammalian GnRH I and GnRH II on LH and

18 FSH secretion. The responses to a 250 ng bolus of
19 GnRHs was too low for comparison of relative LH and
20 FSH secretion. At the 10 pg dose all the rams

21 showed a robust response and every individual

22 exhibited a higher ratio of FSH to LH secretion

23 when treated with GnRH II compared with mammalian

24 GnRH I (Fig. 7). The mean ratio of FSH to LH

25 induced by GnRH II was 2.14%0.29 and 2.02+0.34

26 (mean + SD) times higher than that induced by

27 mammalian GnRH I for sexually active and sexually
28 quiescent rams respectively. The FSH/LH ratios

29 generated in both sexually active and quiescent

30 rams upon GnRH II treatment were both significantly

31 greater (p=0.03, p=0.002 respectively, paired two-



23 mammal ian GaRH I and GhnRH Il would have to have 24 different patterns
of duration of release, 25 concentration and pul se frequency of secretion
26 and/ i ential intracellular signalling 27 path <=
differegﬁngPE?%nporal or 28 qualitative, downstream signa |ﬁgn@éfheen t he
Type 29 11 and Type | receptors shown here may provide the 30 neans for
preferential FSH secretion. 31 WO 01/ 78796 PCT/GB01/01755 40 1 GiRH |
activation of the Type Il receptor in 2 bullfrog synpathetic ganglia
potently inhibits M 3 type K+ channels (dd). A simlar action in 4
gonadotropes would partially depolarise themthus 5 facilitating external

excitatory inputs, ?eﬁhf?-ﬁéék) bnaf. %QEhymg’an%fyl‘r%C@nLrRléﬂ ?rca 2+ through L

type 7 channel s, ch occurs’on stinulation o ype eceptors by
manmal i an GhRH |tfd4aBhenfhese two 9 GhRHs and GnhRH receptor systens, al ong
with 10 diff%rences in signalling pathways, provide the 11 neans for
differential “FSH and LH secretion and 12 open the possibility of

devel opi ng new GuReh! it 13 apakeguesaf ehathenkieatnenls af, diryaases, of the
14 reproductive systemas well as contraceptives which 15 selectively

i nhibit FSH and gadepegenesi stuet Abt of1gaamhddeinn§r&ek Isteér ¢ikg hor none
Gevel oproni &nd SERUAT ArSGEART (- vPewrSl ) P SYeiide WA ri bution i n the
central and peripberatidih B8€rvhestayspepsideaRilsl [1ikad ybeen ey oposed to
have 22 a neuronodul atory role (7, 8) as evidenced by K+

8 finely tuhed in both concentration and phasing of

9 pulsatile release, our exogenous bolus

10 administration of the peptides is a relatively

11 crude approach. Thus, the relative differential

12 stimulation of FSH by endogenously secreted GnRH II

13 may be much greater in vivo.

14

15 The findings of GnRH II in the hypothalamus, the

16 presence of the Type II receptor immunoreactivity

17 in gonadotropes and differential release of

18 gonadotropins suggest that, contrary to existing

19 dogma, gonadotropins are regulated by two different

20 forms of GnRH acting through two separate cognate

21 gonadotrope receptors. In order to elicit

22 differences in relative LH and FSH secretion

23 mammalian GnRH I and GnRH II would have to have

24 different patterns of duration of release,

25 concentration and pulse frequency of secretion

26 and/or differential intracellular signalling

27 pathways. The differential, temporal or

28 gqualitative, downstream signalling between the Type

29 1II and Type I receptors shown here may provide the

30 means for preferential FSH secretion.

31



23 channel inhibition in bullfrog synpathetic ganglia 24 (11). Qur
denonstration of a GiRH |1 -sel ective 25 receptor expression in many brain

regions (fg @7 26 9) supports this. Type Il GiRH recq&%HFB@D&yggra 27
i mmunoreactive cells'were widely seen in the 28 extrahypot hal'am ¢ Tegions,

such as nedial septum 29 bed nucleus of the stria termnalis, nmedial 30
preoptic area, substantia innom nata, basal nuclues 31 of Mynert,

cl austrum anygdal a and putanmen, and in WO 01/78796 PCT/ @A /01755 41 1

t he hypot hal am ¢ regi ons, such as supraopihc 2 nucl eus, periventricul ar
area, ventronedi al nucleus 3 and dorsonedi al nucleus in rhesus nonkeys at

4 enbryoni c dayseEss, (70 ond E78 a5 cwell g5 inithe 5 adyl ¢ cynomol ogus
nonkey. In sone 0 hese“areds 6 (e g. m Pai n-and sgpraoppic nucl eus)
the GhiRH || 27 Ibgabdrbg almpackpeessedangla Pbrenthe Snthidtitisowmt-i on
pattern of Type || GnRH receptor 9 fositive cell s’ in_extrahypothal am c
regions 10 cverF¥ppedt WidEdkE 61t he RaflPideberebidy 121 mammal i an GhRH

| cells we have i 8 2 i i God 0 t the GhRH
| cl1s "Ta ey Sonsabbeloel honl aZphBteR 1LY ALY AR LSe EXRLORERA

receptor antiSserimeiYhtstsnggestsraapotantitatorysinpuésf oo the ceddptor in
t he devel op t of 16 _nm liapn Gn | -.neurones., An intriguing 17
observation Was ?ﬁa?nﬁgﬁrgﬁegxaﬁfggyé%ﬁPgsgathgjﬁf§xﬂh&h§8ﬁ§h GhRH | gene
in the preopti c arganand, #8iparbvenlk el atinedzenoaf offheviypat hal anus
(Ref. 20 34) were stained with the Type Il GiRH receptor 1 antiserumin

t he rhesus nnkeyecsnggest Pigmemaeliap GARH [ (day)regdbhgse &Ml i an GnRH

| neurones. 9 (GnRHs and GnRH receptor systems, along with

10 differences in signalling pathways, provide the

11 means for differential FSH and LH secretion and

12 open the posgibility of developing new GnRH IT

13 analogues for the treatment of diseases of the

14 reproductive system as well as contraceptives which
15 gelectively inhibit ¥SH and gametogenesis without
16 affecting sex steroid hormone production.

17 |

18 Type ITI GnRH receptor may have roles in neural

19 development and sexual arousal. In view of its

20 wide distribution in the central and peripheral

21 nervous systems, GnRH II has been proposed to have
22 a neuromodulatory role (7, 8) as evidenced by K'

23 channel inhibition in bullfrog sympathetic ganglia
24 (11) . Our demonstration of a GnRH II-selective

25 receptor expression in many brain regions (Figs. 2,
26 9) supports this. Type II GnRH receptor antisera
27 ilmmunoreactive cells were widely seen in the

28 extrahypothalamic regions, such as medial septum,
29 bed nucleus of the stria terminalis, medial

30 preoptic area, substantia innominata, basal nuclues

31 of Meynert, claustrum, amygdala and putamen, and in



23 Mammalian GhaRH I is known to have ultrashort 24 feedback on its own
secretion (8, 35) but the co- 25 localisation of Type Il receptor on

manmal i a 026 | neurones in the hypothal am c regi ons 27 that
sone effggﬁgﬁ?%mnannalian GhRH | secretion may 28 be ned?gﬁggﬁﬁﬁgx%nRHll.
29 GhRH has been shown to have direct effects on 30 reproductive behavi our
and sexual arousal in 31 rodents independent of its stinulation of sex WO
01/ 78796 PCT/ GB01/ 01755 42 1 hornone production (8, 36). Rapid changes in
GRH 2 content of brain areas, cell nunmbgr and cell size 3 in response to
visual, olfactory and other 4 stimulants of sexual behaviour have been

observed 5 in s i i sh. .a i hi.ans ptil .mamal s (see
Refs. (7, 8, 110,19-%%,1‘?29?{:?%!}31?%\% evv?%LBh%'l\/g}légvélrs, %g‘?%%%ﬁ%ﬁ%g much nore
effective than Suabeat| apetithtriauibrnalati ngenoubirebiiplamticdeng 9 in

ring doves (7) and.song sparro 12), and GaRH 10 || distribution shifts
fronlnidbraiﬁ_ce??dbgﬂgﬁgg?glaiﬁngﬁiﬁfﬁaFnrEBP§H§ WSFFS%Fn@tthe initiation
of 12 courtship éfope¥hsc(34)s AbE! el hammgkabbe 31gongunkengs of the
di stribution of the Type Il RH 14 receptor in the tenporal |obe,

put amen, any@&dal adulscymdinalopgreopoikerr ealnyepteomiditilessucrers, 16

dorsonedi al nucl eus and. periventri.cul ar_nucleus o 1 e hu nonkey
br ai 1 i th eft ecis 3r TAOPBAS 180aHAPEr Br et FPEAPBl i FialTBR df t hese
areas on 19 7reprogacdi ve HeBavégprsesseah (as,sexyal rThAkerest, 20 erection,

introm ssion, thrusting and ejaculation 21 in rats, dogs, cats, nonkeys
and humans (86- 38} StpLEhRPN| PaRbgTEI 96 B¥BR LEcENREedeCEPtREse regions in

9 pogitive cells in extrahypothalamic regions
10 overlapped with that of the early developing
11 mammalian GnRH I cells we have described (18).
12 Later in embryonic development the GnRH I cells
13 were not consistently immunopositive with Type II
14 GnRH receptor antiserum. This suggests a potential
15 role for the receptor in the development of
16 mammalian GnRH I neurones. An intriguing
17 observation was that neurones which express the
18 mammalian GnRH I gene in the preoptic area and
19 periventricular region of the hypothalamus (Ref.
20 34) were stained with the Type II GnRH receptor
21 antiserum in the rhesus monkey, suggesting that
22 GnRH II may regulate mammalian GnRH I neurones.
23 Mammalian GnRH I i1s known to have ultrashort
24 feedback on its own secretion (8, 35) but the co-
25 localisation of Type II receptor on mammalian GnRH
26 I neurones in the hypothalamic regions suggests
27 that some effects on mammalian GnRH I secretion may
28 be mediated via GnRH IT.
29 GnRH has been shown to have direct effects on
30 reproductive behaviour and sexual arousal in

31 rodents independent of its stimulation of sex



23 the rhesus nonkey (19, 34). 24 25 The nmechani smof action of GaARH || in
the nervous 26 systemof mammals is unknown but the peptide has 27 been

i dentifi i npat heti c ganglia of 28 anphi bi ans where | i 10
selectivgqﬂpgﬁ%§9 affinity receptors (22) and potently iﬁhglg?g’ Txéo type
K+ channels (11). Inhibition of these K+ 31 channels by GiRH I
facilitates fast excitatory WO 01/ 78796 PCT/ GBOL/ 01755 43 1 transm ssion
by conventional neurotransmitters, by 2 increasing input resistance of
postsynaptic 3 neurones and by partial depplarization (11). This 4 may,
therefore, provide a general neuronodul atory 5 nechanismfor GiRH ||

effects in the 6_syst and,specificglLly.in, reproductiy
behavi our, g b9§%é§? ?t%f%%%gg%%%a??fngghy nga égrgﬁgﬁgfgeﬁglbgﬁﬂé Type |
GhRH receptor i ncaepentust i beaihsaveas, ThelllQunbemrnaet Egpe kshizenRH
receptor expression and GhRH 11 11 |igand expressign g7, 8, 11) in

I
non-neural 13 r el ooREPPBFEr BP at b8UR L ssBeE2StieRYasd e h@ RE mary 13 gl and,

prostate, goﬂadss@ﬂﬁ'uf‘élﬁEQa&fCE%Jcé Te¥eldvi 850! ¥evENBebangptandisng eni g
of the non- 15 concurrence of the %lndlng phar macol ogy of 16 receptors in

these tissue$ anthispeaiéesusitfimby sampliibeags, preptales ewdrian and
1o whi th' & Bel I BHEIRTS GEoEn Faceptor o1 niPhedd: 2811 Lokt SUesH exanpl o,
the paradox of susiiareZ]l ehkects 0& hoth fBRH ageBtsisearéaant agoni sts (1,
22 2) on proliferation of these tumour cell |ines can
mammalian GnRH I in stimulating courtship and song
9 in ring doves (7) and song sparrows (12), and GnRH
10 II distribution shifts from midbrain cell bodies to
11 terminal regions following the initiation of
12 courtship in newts (37). There is remarkable
13 concurrence of the distrxibution of the Type II GnRH
14 receptor in the temporal lobe, putamen, amygdala,
15 medial preoptic area, ventromedial nucleus,
16 dorsomedial nucleus and periventricular nucleus of
17 the human or monkey brain with effects of lesions
18 and/or electrical stimulation of these areas on
19. reproductive behaviours such as sexual interest,
20 erection, intromission, thrusting and ejaculation
21 in rats, dogs, cats, monkeys and humans (36-38).
22 GnRH II has also been localised to these regions in
23 the rhesus monkey (19, 34).
24
25 The mechanism of action of GnRH II in the nervous
26 system of mammals is unknown but the peptide has
27 been identified in sympathetic ganglia of
28 amphibians where it binds to selective high
29 affinity receptors (22) and potently inhibits M-
30 type K' channels (11). Inhibition of these K'
31 channels by GnRH II facilitateg fast excitatory



23 be rationalised if the Type Il receptor is 24 nediating these effects,
as we have shown that 25 certain mammlian GiRH | antagonists (e.g. 135-18)

26 behavg@sAagRni sts with the Type Il receptor (Fig. 27 (?p%mml)(gr,%over,
the antiproliferative effects of 28 GiRH anal ogues on celi) I nes of these

tumours is 29 consistent with the activation of p38a by'the Type 30 I
receptor since this MAP kinase is known to be 31 antiproliferative (39).
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mar noset Type Il GiRHR, 19 20 6. A polynucleotide as claimed in Claim5
having 21 tRe nucl eobrdengeilieréazgs, set dut (LH8EQBIpUsM Bipphitst whi ch
has over 90%shonol ogypLBerslfun2849245%,-A Pol ynucl eotide as claimed in
Claim4 which

4
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7
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9 King, J. A. (1986) Endocrinology 119, 224-31.
10
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12 Kohama, S. G., Garyfallou, V. T. & Densmore,
13 V. S. (1999) Endocrinology 140, 1945-8.
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19 36. Moss, R. L. (1979) Annu Rev Physiol 41, 617-
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22 37. Muske, L. E., King, J. A., O'Connell, B. G.,

23 Mocore, F. L. & Millar, R. P. (1995) Soc.
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25
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27 Brain Res 142, 105-22.
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29 39. Smalley, K. & Eisen, T. (2000) FEBS Lett 476,
30 198-202.
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25 encodes human Type Il GiRHR 26 27 8. A polynucleotide as clained in
Caim7 which 28 conprises a nucleotide sequence as set out in 29 any one

of SEQ IRN¥As798: 5. 7 or 9 or which has 30 over 90% honoll@lg&B%lbﬁggst o. 31

WO 01/78796 PCT/ GBOL/ 01755 50 1 9. A polynucleotide is clalne

whi ch 2 encodes an am no acid sequence as set out

in Caim38
inany 3 one of SEQID

Nos. 4, 6, 8 or 10 or which has 4 over 90% honol ogy thereto. 5 6 10. A
pol ynucl eotide as clainmed in any one of Clains 7 1 to 9 which encodes a
peptide able to bind 8 specifically to Bgpe Il GiRH 9 10 11. A

pol ynucl epti deciarsTied ai med in Claim 10 which 11 encodes a peptide able to
act as a receptor for 12 Type Il GhRHR 13 14 12. A reconbinant genetic
construct2conprising a 15 pol ynucl eotide as clained in any one of dains 1

16 to 11.,17 81 ' v ; ri=Si - I | eqtide 19
as clainé% in:%hy g%eﬁg%fgyéfgét?8?08§§8§%§82glgﬁhgglgngxggggé uncti onal
Type Il GhRH R peptgarad@iro@?nidel Aabanty bekmoheametepmed Witfpea IMect or as

cl ai ned gS in Giﬂé%égéRg4peptide.

6
7 2. A polynucleotide as claimed in Claim 1 encoding
8 at least a portion of exon I of Type II GnRH-R.
9
10 3. A polynucleotide as claimed in either one of
11 Claims 1 and 2 which encodes mammalian Type II
12 GnRH-R.
13
14 4. A polynucleotide as claimed in Claim 3 which
15 encodes a primate Type II GnRH-R.
16
17 5. A polynucleotide as claimed in Claim 4 which
18 encodes marmoset Type II GnRH-R.
19
20 6. A polynucleotide as claimed in Claim 5 having
21 the nucleotide sequence as set out in SEQ ID No.
22 1 or which has over 90% homology thereto.
23
24 7. A polynucleotide as claimed in Claim 4 which
25 encodes human Type II GnRH-R.
26
27 8. A polynucleotide as claimed in Claim 7 which -
28 comprises a nucleotide sequence as set out in
29 any one of SEQ ID Nos. 3, 5, 7 or 9 or which has
30 over 90% homology thereto.

31



25 15. A host cell as claimed in Claim14 able to 26 express functional
Type Il Gh\RHR 27 28 16. A transgenic aninmal having a construct as 29

cl ai med Wwo 638hop 12 stably integrated into its 30 genonmeecB&BYAIG3s 78796
PCT/ GB01/ 01755 51 1 17. A peptide conprising at |east a portion of exon 2
| of Type Il gonadotropin-rel easing hornone 3 receptor (Type Il GIRHR). 4
5 18. An isolated functional Type Il gonadotropin- 6 rel easing hornone
receptor (Type Il GiRHR). 7 8 19. A peptide as clained in either one of
daims 17 9 and 18 which conprises a porfion of exon | of 10 mammalian
Type || GhRH RP- 11 A1poRgnuplgepiidge 1gs cdledimeed it @aditn 8l ovwkeleh conpri ses
13 a portion of exo pri N @g?lél- 4 i de as
cl ai mred i% any one gpbgﬁéﬁéhﬁkﬁgy%‘gl%% |rrllg%ear?35ansl]e%o%%%tl IEZ‘%E nce as
set out im 17 SEQ bheNof ZEghiDhNoas avyers,9@%crormil agy wifidihéret 0. 19 20
22. A peptide as clained in an ne of Cains 17 to 21 20 having an am no
aci d sequénce as sePV&at °PA ?}Zl‘oiﬁ’ﬁyoﬁéleaet@EQ ID Nos. 4, 6, 8 or 10, or
whi ch  23ghas over 90% honol ogy thereto. 24

6 10. A polynucleotide as claimed in any one of Claims
7 1 to 9 which encodes a peptide able to bind

8 gspecifically to Type II GnRH.

S
10 11. A polynucleotide as claimed in Claim 10 which

11 encodes a peptide able to act as a receptor for
12 Type II GnRH-R.
13

14 12. A recombinant genetic construct comprising a

15 polynucleotide as claimed in any one of Claims 1
16 to 11.

17

18 13. An expression vector comprising a polynucleotide
19 as claimed in any one of Claims 1 to 11 and able
20 to express functional Type II GnRH-R peptide.

21
22 14. A host cell transformed with a vector as claimed
23 in Claim 13.
24
25 15. A host cell as claimed in Claim 14 able to

26 express functional Type II GnRH-R.
27

28 16. A transgenic animal having a construct as

29 claimed in Claim 12 stably integrated into its
30 genome.
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25 23. A peptide as clainmed in any one of Clains 17 to 26 22 which is able
to bind Type Il GRH 27 specifically. 28 29 24. A peptide as clained in
Claim 23 s a 30 functional receptor for Type || C%@%b
01/78796“g%%?%§%1/01755 52 1 25. An antibody able to bin /pggﬂgygglly to
Type Il 2 GiRHR 3 4 26. An antibody as clainmed in Caim25 which is 5
specific to an extracellular domain EClL, EC2 or 6 EC3 of Type Il G RH-R 7
8 27. A nethod of screening an agent for 9 pharnacol ogical activity, said
met hod 10 conprising: 11 a) providing famctional Type Il GWRH R peptide

12 and exposi ng7said peptide temphesaggnbr aedstld Roraser! t rRixg Whet her
sai d agent interacts 14 with sard Type Il GWRHR peptide. 15 16 28. The
net hod as?cl ai med i i efailiPe7 IdhepeprAcsareintretpseing GRS s exprlessedd
by a host;cell as [ 9 20 29. The nethod as claine
|% Cla|n1%7 mherelnggaggabgﬁq$§gecF? %ﬁéﬁ-ﬁ}ls expressed by a host cell 22
transforngéd with a polynucleotide as clainmed in 23 Caim1l wherein said

transduction at | east
host cel| |n1tf£es XXp so% ted %ﬂﬁgEﬁo%ggnType IT gonadotropin-

6 releasing hormone receptor (Type II GnRH-R).
7
8 19. A peptide as claimed in either one of Claims 17
9 and 18 which comprises a portion of exon I of
10 mammalian Type II GnRH-R.
11
12 20. A peptide as claimed in Claim 19 which comprises
i3 a portion of exon I of primate Type II GnRH-R.
14
15 - 21. A peptide as claimed in any one of Claims 17 to
16 20 having an amino acid sequence as set out in
17 SEQ ID No. 2 which has over 90% homology
18 thereto.
19
20 22. A peptide as claimed in any one of Claims 17 to
21 20 having an amino acid seqguence as set out in
22 any one of SEQ ID Nos. 4, 6, 8 or 10, or which
23 has over 90% homology thereto.
24
25 23. A peptide as claimed in any one of Claims 17 to
26 22 which is able to bind Type II GnRH
27 specifically.
28
29 24. A peptide as claimed in Claim 23 which is a
30 functional receptor for Type II GnRH.
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25 partially and wherein exposure of said host 26 cell to said agent
results in Type Il GiRHR 27 signal transduction when said agent binds 28
successf said Type Il GWRH R peptide. 29 30 30. <
inhibitiﬁgJ%{ﬁg¥ng of GhRH to its 31 native receptor inpggeggegg?%‘nethod
conprising WO 01/ 78796 PCT/ GBOL1l/01755 53 1 adm nistering Type Il GRHR or
an 2 extracellular domain thereof. 3 4 31. The nethod of C aim 30 wherein
the EC2 loop of 5 Type Il GhiRHR is admnistered. 6 7 32. A nmethod of
contraception, said nethod 8 conprising =&in ni stering exogenous Type Il 9
GhRH R orlan ex%rackhl ahatbddpaabhlthépebfintio speci@ ipatlilgnttd IMyguarti ti es
sufficient to 11 substantially di mnish binding of endogenous 12 Type |
GRH to ehdogenous TYPE Tt GiRHR 13 14 33. Use of Type Il GiRHR or an
extracel lglar 15 domain thereof to inhibit endogenous Type Il 16 GiRH
binding to its native receptor in vivo. 17 18 34. Use of Type Il GiRHR as
a contracéptives. 18n2gnBibodleagselasmetaimedlipdmei2thethiohe isf C ai ns 33
21 and 345mherein sgigCI¥Eg L GhRHkBrggeﬁigress%q 22 %kﬁqlﬁcgeconbinant

genetic construct. P © e lar”domain ot
6 EC3 of Type ITI GnRH-R.
7
8 27. A method of screening an agent for
9 pharmacological activity, said method
10 comprising:
11 a) providing functional Type II GnRH-R peptide
12 and exposing said peptide to the agent; and
13 b) ascertaining whether said agent interacts
14 with said Type II GnRH-R peptide.
15
16 28. The method as claimed in Claim 27 wherein said
17 Type II GnRH-R is expressed by a host cell as
18 claimed in Claim 15.
19
20 29. The method as claimed in Claim 27 wherein said
21 Type II GnRH-R is expressed by a host cell
22 transformed with a polynucleotide as claimed in
23 Claim 11 wherein said host cell imitates Type
24 IT GnREH-R gignal transduction at least
25 partially and wherein exposure of said host
26 cell to said agent results in Type II GnRH-R
27 signal transduction when said agent binds
28 successfully to said Type II GnRH-R peptide.
29
30 30. A method of inhibiting binding of GnRH to its

31 native receptor in vivo, said method comprising



WO 01/78796

w N0 Uk W N

10
11
12
13
14
15
16
17
18
19
20
21
22

31.

32.

33.

34.

35.

PCT/GB01/01755

53
administering Type II GnRH-R or an

extracellular domain thereof.

The method of Claim 30 wherein the EC2 loop of
Type II GnRH-R is administered.

A method of contraception, said method
comprising administering exogenous Type II
GnRH-R or an extracellular domain thereof to a
patient in guantities sufficient to
substantially diminish binding of endogenous

Type II GnRH to endogenous Type II GnRH-R.

Use of Type II GnRH-R or an extracellular
domain thereof to inhibit endogenous Type II

GnRH binding to its native receptor in vivo.
Use of Type II GnRH-R as a contraceptive.
The use as claimed in either one of Claims 33

and 34 wherein said Type II GnRH-R is expressed

from a recombinant genetic construct.



