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

i nventi owoel/z7e6 to a novel Type Il 5 gonadotropi n-rel er€i/cgotior7adONe
receptor (Type Il 6 G RHR), to genetically engineered host cells able 7
to express the Type Il GiRH R and the ligands and 8 antibodies therefor.
9 10 Type | gonadotropin-rel easing hornone (GWRH) 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/ GB01/01755 2 1
phosphoi nositidase Cvia the &G/ Gi 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 wpivpe II Gonadotropin-releasing Hormone Receptor

2 and Polynucleotides Encoding Therefor”

3

i The present invention relates to a novel Type IT

5 gonadotropin-releasing hormone receptor (Type II

6 GnRH-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
prost at e ve@dr/g7east 12 cancer, as well as to stinul ate gpeHEBOI/OTFH 13
secretion in the treatnent of infertility. 14 15 Expression of nouse 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 Mdl ecul ar Endocrg nol ogy, Vol 3, pages 1953-1960,
21 1989; and Seal fon et al., Ml ecular Endocrinol ogy, 22 Vol 4, pages

119-124, 1990). stem.allowed . 23 s racte ti f t he

phar macol ogy1 Eﬁbo % a’ﬁ %ﬁﬁ—kch otr}g% #’?G‘a Iﬁl r¥e(%€0%| ng

nucl eoti de %equerﬁx%@élﬂéﬂe R eyl ne hpe 1 @mﬁﬂz&mfm@atwmxushed by
28 Tsutsum et al., (Mlecular Endocrl nol ogy, Vol 6, 29 pages 1163-1169,

1992) toget er withe tenagialed Sl b PRRIENC LT ORI FRIFY ne Type |
GRHR WD 01/ 787 r of GhRH in
vert ebrates l%ave 99_1%{ {1%%@&1%30 dat@%s%gé%%%gf%%é (I\)ﬁma "Co- 3

ordi nat ed evwl ut |Me:£fse€5rtﬁf-lst:laaﬂcgctztfeiwtrmﬁpﬁ olsteinisimg GniEndeer ons:  Gene
t o Behavi or, Eds. S. Pa,rhjeqr 5 and Y. Saflfuma B)gal n Sh an, Tokyo, pages
51-77, 6 1997; PN FREch TEEGRERLAY 2% 4997; M| ar

et al., "Pl aﬁt'Cléa'e'&ﬂ{@aﬁtaﬂ@tpﬁﬁph&@ﬁ%éw&&éogwt@m Udrnaef GnRH:

A pept| de for all 9 seasons”, in Proceedings of the XlillIth
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 ocoocytes (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 some characterisation of the pharmacology of the
24 Type I GnRH-R.

25

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

28 Tguteumi 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
Kawashi ma and S. Ki kuyama, 12 Mduzzi Editore, Italy, pages 15-27, 1997;
and see WQo0BMIpewod et al., General and Conparative 14 EpdDGBOnel76yy, 112,
1998). Many of these different 15 GhiRH forns are in fact variants of GiRH
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 Physiological 21 Science, 3:49-53, 1988)
and was initially termed 22 "chicken GhaRH 11" or "cGiRH I1". Subsequent 23
[ nvesLi gations have reveal ed that this isoformis 24 present in nost
vertebrate speC| and the. 25 G&n i.sof or ns e nost
%52169 é%dﬁé rrefrbtutqodﬁn%fo 11 e %'réteé Shé\p

ubi qui t ous. Sug ges S on |npor%ant 27

function an@ It iSedipstadrat e 40 v ite 26 s DIPHELANNT Ylaand @essi bly a
neur oendocrine, 29 role in the central and }[{Jerl pheral nervous systens 30

(see MIlar %nd Kinbinaless, cwuprEhon GiRIEIRE AN 3nee SHRIFPTD regul at e
Mcurrents (K+ ct}%{tr&fﬂﬁg Ql/#ﬁ@@@%@pﬁ?l?ﬁs 31 It hﬁ‘aﬁlﬁ’ at hetic
et al., in el ns an u

ganglion (Bosma pro I gnal " Transducti on,

RockeFel | er 53 Uniatet sf i ysdhess, Bages ABxaiHn 1919ﬂ§ycancpage$nﬂﬂat"é"é, 4
reproducti ve behavi gur (see Kinhg et aI in RH 5 Neuro to
Behavi or, eds. Parhar’ (%‘?’%l%‘?ajeg CT pdifes 5€§7J780% " 1t has

al'so 7 beery pOStl@ﬁe%ii@r %LR%l aﬁﬁﬁa@@iéltﬁpeﬁﬂlftlﬁe @tﬁﬁtmﬂfasi ng

agent (Mllar et ‘al. Ref

8 and functlonal evolutlon 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,

12 Moduzzi 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 ubiguitous. 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 (KXK' 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). 13Wwdolles78@te only partial sequence information hasPOBPEeB01/4555

avai lable for a Type Il GWRH R Specifically, 16 MIlar et al. (in Journal
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 confirnmed in the cloned hunan gene 22 and in PCR products
01;] CDNA from several tissues. 23 Al the EST transcripts detected were in
the 24 antisense orientation wth respect t he nov 25 RH recept or
sequences herein SR Qf%m%@?g%ﬂPWNiﬁh%m%iﬁ%éggéﬁ %%qg wi de rgnge of
human brain and 26 qerdPhaidls idresuesra2fiu9 GCR el Bstisenél 1de cDNA
partial sequence obtained 30 by Mllar et _al., revealed that an intronic
31 sequence %qui Watiemrsicy MyeHF 2 RFgefurfe Tpel 9 o and 78yogrlates

PCT/ GB01/ 01755 I cdhe op i1 pel finas ot 2
spliced out Z'%lsn t%éﬁ%ﬁé%ﬁ%%%ﬁﬁﬂ% &/\?a%e%%(%e% e%fi‘brlantiz?és?ense
transcripts,5 as candidaie : £atonoro Buhaciompt oxdsi t Ramere OBFyimpresent in

the 5 gene when transcribed . in the orientation odi 6 t GnRH
receptor horfl og SEER e eSSy ROgERS eglgi}&%OE jsﬁ}gl esﬂi%l ]il?%ra tCal . did
not obtain apy 8 dJANSEIdfill 2xred chdle GRGHENCEE0E r&SPANEHAGi£Dc9 intron 2
of human Type | GWRH- R, and the antisense

8 FSH-releasing agent (Millar et al. Ref No. 33).

9

10 Type II GnRH is highly expressed in kidney, bone

11 marrow and prostate tissues as well as the

12 extrahypothalamic brain (White et al. Ref No. 15).
13

14 To date only partial sequence information has been

15 availlable 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¢cDNA 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
27 peripheral tissues.

28

29 PCR analysis of the cDNA partial seguence 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 bveadoi/ms7phe 13 anti sense orientation (see Fig. 1).PCL&BABONS e of

t he sequence reveal ed any conti guous open- 16 reading frame which 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 egcodes a novel 22

ri bonucl eoprotein (RNP) which localised to 23 chronosone 14 (Ref 26).

Subsequently. it nd 24 that the gene,was a eu ene for both RNP
and 25 Type i Cﬁgﬁgégw'%%§2§?H%£n%¢ESéﬂ%% 5¥@fﬂ%12§@ég§gW%?nEOEhe
wi despread 28 tigSUE-EXPHESSiQN-10bSEFryRdcangri tohs shsi frhgant 29 that

only the 3" untransl ated sequences of the RNP 30 cDNA overlap_the putative
GhRH Type |13 r ecesterc Wl 0997 706l PETREBOLr@n96510Es 1 88guenéedatfcodi ng

t he equi val ept of n i Lndin of MIlar
et al. mhicHpsugd%%?gpé%?%g%:%épgﬁgr%f?%% Vé?%?%ﬁi%fp%ggﬁék %%pgﬁfl does 6
not exi st ik mmMmedse wieehaveanevr Obédi ivvdthbeotiibhtaZionckrobddegsequence
encodi ng the Type Il GhWRHR 8 from marnpset and al so the cogg%ete

nucl eot i de gsseqJ@H%é3%$%c¥%ﬁﬁE@P%x%ﬁﬂ@}o%ncoB?ﬁ@lFﬁeeﬁEﬁﬁﬁ pe 10 |
GhRH R The humargiypesthagEARR Neretd a1. 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 seguence 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 sequences 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 || M0 @ursidot r opi n-rel easi ng hornone receptor (Type PCT/GBI/ATRH R)
peptide. 18 19 The term "peptide” is used herein to refer to any 20
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 conpri$es at 26 |least a portion of exon
. By "exon I" we refer to 27 that portion of Type Il GRH R which
correspondslto 28dartcerhiebicoslisgbshanteicnliviedemlitogpf wixtom éxemd of 29 Type
| GiRH-R Ipn particular we refer to a peptide 30 which includes over 900
of the anind aci 3*S€qfience 31 1 to 170 in the marnoset Type Il GiRHR
sequence of 3\WD 01/ 78796 PCT/ GB01/01755 7 1 SEQID No 2 or to a peptide

whi ch includes the 2 equivalent am no acids of the human Type Il GiRH-R 3
sequence. ThAus, PefFPékanphe, féngdnosr efepd lg ednicdo atiiFMEs9gesto 168 of

Spl i ci ng al %er na{:hé% él’l %8%§a§§t\feo%llsq_0§l.ngl El’l -%.r EI%% EIB'.lgIdO%)S The above

6 term nol ogy has been adopted for clarity; the's ce referred to
bel ow i s herpei n desi grdtedi8 matmai sl' wieo Maivat inoguickit alitngd aoha rfuddn 1. 9

Consequently the short exon (exon 1') conprising 10 am_no acids nos. 1 to 9
of the hunaﬁ Typ@uF&e@ﬁR ersequence ‘encoding tﬁ% Type IT GnRH-R
8 from marmoset and also the complete nucleotide
9 sequence (including exon I) encoding the human Type

10 II GnRH-R. The human Type II GnRH-R herein
11 reported has been localised to chromosome 1 (1gl2-
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 gize, and
21 includes therefore larger moleculeg 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 least 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 aw@el/z9é de 16 sequence as set out in SEQ ID No 1PCHW&BADBKES) or 17
SEQ I D No 3 (human) or pol ynucl eoti des which encode 18 a pol ypepti de
having an am no aci d sequence as set 19 out in SEQID No 2 (marnoset) or
SEQID Nos 4, 6, 8 20 or 10 (human). 21 22 As shown in Fig. 3 the

mar noset am no acid sequence 23 of Type |l GiRH R has over 90% honvol ogy
with the 24 correspondi ng human sequence. “Accordingly, the 25 present

i nvention incorporates any pol ypeptide 26 having at | east 90% honol ogy
with the anilno a8E@ IR7Neeguemctoofr SEQtLBeNwbich dnc3ude® the \WWen the

human nucl egti de_sequence_is _conpared to t hat of _the r there is
o appar ent 251 noP 83 EREe SHEREE REROR: S5olhei GAT30 dFDEnd LSRN0

01/ 78796 PC3/ GBO4LGhéRBe.8 theequeneeexiipledr kikeh ESTeFeguemee (CGenbank 2
BG036291) matches the 5 end of the se%uence, but 3 the match ends at

nucl eoti de 29 of aPhBEOCBEFAGNESseduéfcd can@ic6RIARIEY PASRIMGENESt ilde 290 of
the S codipg seguenge, ol,pdifaLERITHNR, Bhidels rdgsPhice theskigyd n the
chi cken receptor an intron was also | dcated in2a Si il ar position.
Exci si on of 6a vetgrm8nshopty hatr brefl ativphed! Yatr chiesipgsi tthen showltd 9
account for _the frine shift; ggr¥os % t introns .10 have beeg.noted in

ot her genes7 for SB éﬁﬁ|€eﬁﬁ€r ow is herein designate

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 marmosetvamino acid sequence
23 of Type II GnRH-R has over 90% homology with the
24 corresponding human sequence. 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
L23422). There are three 13 alternative splicing possibilities, involving
5-, 14 8001788 base del eti ons, each of which would 15 rPET/GBe1/61185 open
reading frame of the human Type Il 16 GhRHR 17 18 The start of the
human Type Il GiRH-R amno 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 GEC AGEL CCT TGG 27 28 29 Ala Ala Gy
Giy AQu Val Trp Ala 17 30 28 GCA GCG GGG GAG GAG GIC TGG GCT 31 WO

01/ 78796 PCT/GBOl/01755 9 I|C|n native 2. bases del eted
from positidn 29 % NEL'thégeﬁ*ar&lja A&e%%ncl%r&iér rp 9 5 1 ATG

TCT GCA GGCAAC %M@l@ﬁaﬁ@ﬁeﬁs the & Alendd of Ahe GaqMabedr pota Ay 17
9 28 GCG GGG GAG GAG GIC TGG GCT GGA 10

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 II
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 1l:
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 Wovals7® u Val Gu Ay Ser u Leu 17 18 28 GIG BAGGBIB GG GCC
TCA GAG CTG 19 20 21 The full sequences for human Type Il GiRH R 22
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 ncl udes an apparent stop codon inthe 30 first part of exon 2. In the

mar noset the 31 e iMaJent on gsho at nucl eoti des 449-452 of WD

01/ 78796 PCT/ GBO ' represents an arginine. A

modi fied 2 wersi@n Kgseiﬁ@é_{_éﬂ_\gaBfﬂMrlg@ylH@nszg)poﬁpdon is 3 engineered
to represent an amno acid (for exanple 4 arginine) is hereby

i ncor porated However, we 5 believe t hat the codon TGA does not function as
6 stop codon, but is | e S £n S | § eukaryotes
decodi ng of 4I'GA as e’% enocys ei n@rzg%%l (Ele Sﬁlﬁe %g e%g ystel %e 9

i nsertion el®nentl (SE@LCB} TAT tdheA BCWUTARAOf CEheAORNACT 1DGEsee Copel and et

al ., ENBC)J,619(2): 306- 14, 2000;

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
contain WaAo/MIISECI S pattern 15 RTGAN{ 13, 15} AARN{ 23, 26} GACT/GIBOE()1755

sel enocysteine 16 insertion at that position of the protein (amno 17
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 22%sequence as a whole in the
PATENTI N program 23 24 Desirably the polynucl eotide according to the 25
present invénti oREGNEDd&s 4)peppirdsentrisclhn siratiind ne26 tPo ryidid isgecifical ly

to Type II RH and, .27 ref ra i o function as receptor 28
therstor 28 50 THELERSRE FER IR DRe 2ab Rty SiBr Gioh SR ne 81
nucl eoti de sequeeﬁggn@%réathDrM@rbs@m Mes ahind afi\W0 G’ &486ple

PCT/ GB01/ 01755 11 1 and 9 correspond to one allele of the marnoset and 2
human gene fespedfbiaifpe) add tieaeby [1ecoePeasitad on HO&’GW@IM Ry, Alelic
variants Cag be Bkﬁgg@ebléhétpftg@ 29 HNACRN 9 %%0%% | Bl Al s f om

di fferent i ndi vidual's according to standard procedures. elic
variants of 6t he BiNApsequenedushdwn instelel t%asmjiaﬁmﬁe ad sti ng i ncl udi ng

t hose cont ai ni ng lent 8 rrutatlons and those i V\/rg atlons result in
9 amino acid seqﬁ@h@@o&"ﬁ’éﬁﬁé@e ar e i FFYPlif@S 6%;5: edifg & Ffesent
invention, @s argePEebeiRs MRCRe L res 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,

i2 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 Nosg. 3, 5, 7 and 9 the TGA in

20 shown as Xaa (and defined as TGA in the preamble to

21 the sequence) simply to maintain the coding

22 sequence asg a whole in the PATENTIN program.

23

24 Degirably 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 skilled 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 || @®Wi/RI96 16 from ot her species, preferably other PemMGBDI/GNTSL7
speci es. Mirine, 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
t echni ques known in 23 the art are suffigiient to obtain such honol ogous
24 pol ynucl eotides. For exanple, there is a 25 substantial body of

know edge caoncernin he ~ 26 techni ques r ited for. the art etic 27
engi neering and r (gréen%%r]f%sgfﬁrb%%% %%i%#%feet()% 2@%@21%?%%%%?&0 oni ng,
A Labor at or y2 ManualmarCaléhe 2% Spgd gy paind abiesat £1 Vel Gol ¢aSpat hgn Har bor,

New 30 York 1982 and "Principles of Genetic Engineering”", 31 Ad and
Prinrose, fi¥th aidtlikilemly 1994l 1840 © Vet PCIFEEA/ 917850 B2 1 The

present inventio i e i fi : e t ! pe |

GRis R funct on (62 ng e Lo R S B PPt g ot 4
Iheaslt 70% hgjrml ognd o edhver Ted | ayc E8A oot @ gyt arld@Esp epr et égupeef er abl y 85- 90%
onol ogy and_nost_ 6 preferably over_90% honol o with the nucleotide 7
sequence in %uest%%ﬁéi¥ﬁuﬁﬁ¥ S Jui %e%ﬂ% %%¥g%n%%%hs%%W9nﬁ%l Tides are

al so part ofythi ssQuidventi pdidd), PaLdl ey, tiesd NEbhELi AuUeh eotider 10
substitutions which do not affect the anm no acid

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 technigques known in
23 the art are sufficient to obtain such homologoug
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, Modersped or replaced without a significantly adper/s801/4B5%f f ect
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 the codon gaa and each construct nmay 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 @RH and it is postulated that 22
three cognate receptors exist. Together with 23 col | aborators (Troskie,

Kwon and vapg||) we have 24 jdentified Ig es | and l% ghRH receptors
- hdies ppat Ehete

in 25 Xenopls aﬁ@ﬁ%nﬂ#@??ﬁf HeeRyheR 134 imilar to
Type 11 GR Rt JYRE ré’@agrzlﬁ%]efyel;gg@rfl REQROSE Eﬁﬁcé‘%bﬁt ence. of a Type
11 human 28 GhRH mnth honol ogy ype I1. Thus, the Type 29 Il GWRHR

is expected 30 hauve sal:lmslﬂatrbtlm khnm@I@ig’tSlH B Th) th@d'ﬂy@@lmg @ARH R
descri bed he eln

01/ 787 1/ 'l b
by the nodif ?asﬁ‘b% h?nh O9Y o n%%cﬁgységtﬁ 51§<am%§ &%WThe e covered

pol ynucl eotiﬂes r@é@&ﬁamﬁrﬁré@émmiﬁrswmlﬁom&@% anhdRMAstdoubl e or
singl e stranded) but eneral |y doubl e stranded is the nost 7

conveni ent . QlkeWW@@i@ ol gvreie | Tt | HEBOBREG A h? Bh?onFﬁ%e%Fég%nt

i nvention be p ant o] [ itself
may 10 i nol ue & TERBRT 18! Brannl & an Senroseian vador o1 Shd
eukaryotic WEcton&uﬂaqmﬂﬂﬁue&EQMn&esy@reoalso part of this

9 invention. In particular, we include nucleotide
10 substitutions which do not affect the amino acid
11 expressed. The term "functional equivalent" 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 bioleogical 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 sequence 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 III human
28 GnRH-R with homology to Type II. Thus, the Type

29 III CGnRH-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

t ransgenivwo 26781m6 nal s conpri sing a pol ynucl eoti de as descPChéem®o1/AB5Rbove
forma further aspect of the present 17 invention. 18 19 Viewed in a yet
further aspect the present 20 invention provides a reconbi nant expression
system 21 able to express the Type Il GiRH R described above. 22 DNA
constructs (i.e. a standard vector 23 reconbinantly conbined with a

pol ynucl eot i de 24 sequence coding for theq type Il G\RHR of interest) 25
and cells transformed with such constructs are also 26 enconpassed by the
present invention. 27 _ 28 The term "expressjon systen] is u herein to
29 refer toh geﬁ@tlljc %%Wﬁ?@e@ﬁﬁéﬁ}ﬁ@?@%@%ﬁ%@ﬁb?%n é &‘ﬁl ng region
and is operaply | é?ftf'éh dsi. the genetic signals necessary to

achi eve WO 01/ 78796 PCT/ GB01/01755 14 1 expression of that region.
Optionally, 3 he 2 expression systen1nay also include a regulatory 3

el ement, such as r onot er ancer increase t c n and/or
transl ati on “of ttﬁlepé’ W%Cfln %?r%at’?e%?ojrflo?’m(o %]?%vg e§aé}ézgn¢jr‘)ol

over expressi on. pifre dregwiAl sl €ents Iyl dest Fahdsal edutipst r eam or
downstream of the protein 8 encoding region or within the protein encodi ng
9 region itdelf. el by dhts oiEinde TYhel$ | LERRPPEE const r uct

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 vectors) are of interest. Alternatively, the
13 construct may be incorporated into the genome of a
14 transgenic animal. Any vectorsg or transgenic
15 animals comprising a polynucleotide asg 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 described above, the present invention also 13 provides host cells
transforned with such 14 constructs and which may express the biologically
15 acti vevoodrd7ped gene product. 16 17 In a further aspeRCT/GBAEIPISRSENt

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 || RH R expressi on being
sufficiently low 25 not to materially affect the utility of the cell- 26
line. 27 28 Desirably the host cell transfor 29 construct
enﬂ)dl ng thée hunﬁ%@i‘fﬁéqqn @#RI—’@IQF 5%10'“30 %H?.l Yori'gth, but ot her

ce types y al H%Ea I jv6, cel I s (such
WO 01/78796@gCT/ 1/01755 5 1 as .%ggﬁfffﬂﬁgﬁ?ﬁéﬁnal|5¥g%g${ved (

eur?ryptlr deII?eIEMEHHﬂ1&uch|&ﬁﬂﬂ pqamﬁﬂennonﬂaﬂhanﬁﬂne)UDSuitable 3 host
cells include, far exa COSs-1 cells 4 cel eIIs
cells, BHK &ell s,lnﬁrlfag})eczflrlaﬁs ceairf%?s If@%ﬁki& Tel : e6 7 The

present inventi om sl rPreMddiEisng s@giad o8 wmﬂm@wamm a

functional Type Il 9 gonadotropin- reIeaS|n hornDne recept or (Eype I
GhRH R) peptf de. ot exaIspsigite pdpt qeLlomendt HRARE a portl on
of exon I. 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 GnRH-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.d.

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 segoentsss 16 of amno acid nos 1 to 170 of SEQ | D MNOT/&BaW01755
(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 al so conpri sing
substantially the 23 full sequence of SEQED Nos 4, 6, 8 or 10). 24 25

Desirably, the peptide is able to bind to Type Il 26 GiRH and, preferably,
is a functiognal receptor 27 therefor 28 29 The nt vent aI SO
provi des antli bodPés E-3¢Spdci AR TEAtd-a1 %{ﬁéﬁ? ]?%pg: r°e§ Ably 31

ant i bodi es whi ch arepspeci Xt aG8ldit e VR 01/ HAG b1
PCT/ GBOl/Ol\%,gS 1%‘11‘% d%%callfrrlis%é):]&tng;pégasﬁz %— oer \Me%xarrplszllECS |en exon 2

3 thereof. Bhe t&omt" aetlillsodinesices Jsed eh@ﬂ&iﬂrﬁe QO] udessl fpt Gfly/
nonocl onal gnd poI I on nt i-bo but al s t bi ndi ng fragnents
&sff 1&1 ¥ Tho W Sl JGEr, biddi

5 thereof, t |rrerC| reconbi nant or

proteol yticesnti la@qﬁsframmrgtﬁ celﬁsBaﬁ.ﬁIMm digleid ed to EC1, EC2 and
EC3 (especially 9 EC2) are of particular interest and may be of 10
t her apeutic bval ue for cancer treatment. 11 The Type || GiRH-R can be

expr essed aqd us%%et%resent invention also provides isolated
8 peptides comprising a functional Type II
9 gonadotropin-releasing hormone receptor (Type II

10 GnRH-R) peptide. Preferably saild 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 seguence
16 of amino acid nog 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 macolvo@ouozi796 16 activity (i.e. to ascertain its utiliPgTiGBobIY@s ng 17
to Type Il GWRHR), said nmethod conprising: 18 a) providing a Type I
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 GRH-R peptide. 25 26 Labelled (eg. ragi o-labelled or fluorescent- 27
| abel | ed) anti bodies may be used to determ ne 28 whether the agent and

Type Il G&n Rinteract 2 oget her tionally a washi step be 30

i ncl uded to TemVETHHY soﬁoiyzg%uf]ﬁ (%%&—h%' aﬁ%ﬁte%?mp T @%QH}%. e%%{01/ 78796
PCT/ GB01/ 01755 1¥ tHered¥. eXHESSEEN S¥st Epdabée” t 9s phodaceetdenType |1 3
GhRH- R descri bed above may be used in this nethod;, 4 preferably the
expressi on syst egludee o5 epbnsioroetorel | and eolyaboRdst cel | usually
being 6 of i { Qi n. t ti : S§] ystem nmay be
a transgeni cfgmr}%gég%t?@na %8 %%@%l%%re‘%%%é%gp?tgggﬁgﬁgy be nut at ed
10 to producke congietadf yvetyimetiveor eceptamsrivi chnstitucas dedused to
screen for a6nt agoni sts and agoni st s.

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 GnRH-R peptide as

19 described above and exposing said Type II

20 GCnRH-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 MWO@GIRH96 16 agoni sts or antagoni sts). Desirably, PORGBIDIES: he 17
expression systemw || imtate at | east sone 18 aspects of Type |

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 In another enbodi ment of the inventhyen, the Type Il 25 GiRH-R itself
or extracellular domain thereof (e.g. 26 the EC2 or EC3 | oop) could be
adninistereqsin vivo. 27 The free GhRH-R or extracellular domai ns (which
28 coul d be-synthetic peptides) could conpetitively 29 bind to GhaRH and

i nhi bi t itszeacwxpré;aﬁxtébéif&l R 1B | 3MEL & e P dide iv®. Tv3de WO 01/ 78796
PCT/ GB01/01755 18 1 Alternatively, the Type Il GiRHR or an 2
extracel | ul & dofamRil-thelassir kel POUsedas ke msed 1B Yrigdmearept i on.

For exanple,, a pati 4 ] i i.nd j ith the Type |
GRHR 5 THi S w%fleeﬂlén%cﬁr};gl g%fel béogg\} pr%ﬁ%%%énﬂ%%%%gf ypeglll 6 GhRH R and
t he anti bodises sarjumfiwettdiddl lallsime, itHerfantt vidhl naduakl Fyipeindg GhRH R

affecting 8 reproductive ability., Alternatively, the exogenous 9 Type ||
GnRAH R may i nd SomFeii v P eﬂd%egfewﬂ)&yﬂs‘f%&ﬁﬁ%e 1gxpression

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 itself 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. 1 iavaosediesrati c representati on of the human 17 genPCHGBOUOLISE Of
Type | GWRHR and of Type Il 18 GhaRH R The positions .of the extracellular
(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 showngg 24 25 Fig. 2 shows the
LE?;noIOCﬁlisation of Type Il GiRH 26 receptor and Luteinizing Hornone

to sheep 27 pituitary: . 28 29 i o) | {sation -of Type Il GWRHR
using 30 anti bpd‘@%?dﬁi%{v%é@; %ie %ﬁfﬁn}%%@ﬁ%&/%ﬁ%nssyplg 1 b)
i mmunol ocal izsat i @kifadd] hoL tabdaly tiZegumdely apesiséd #s G means
co-localisation using antibodies a) and b) and 5 enzymatic detection; 6 7
d) co-local ikati &f cforyRCIRtIQIRH R E9P hd 2 #3H ¢3F €)3Y BY° conf ocal
m croscopy; ., SO S { aj ; ; X i Type Il 10
T CYOSCORY: g pgg;@@lvrlel_se@gﬂ@j&a%ﬁwtmhmp@ Pf €85kilGR TYP

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 IT

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

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

21 indicated. The approximate positions of the “short
22 splice” (SS) 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 marnoset Type Il GiRH R
15 16 Theveaoamsspé ng used is that of the human sequence. RCT/EBOEOI7SKS (*)
indicate identity, and vertical 18 slashes (1) conserved substitution.
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 al so shown. 24,25 Fig. 4 shows the heterol ogous
conpetitor binding of 26 125- [H s5, D Tyr 6] GiRH nediated by the

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

i ncreasi ng doses df  t HEMPERiEEd 1EeESOR 5% des RS in nM: nGnRH
(nannalianC%nRH, N, hok M GiRH Il (GRH Type I'l, A 1.30.2nM; WO
01/ 78796 PCIT/ GB01/ 017 20 1 and sGWRH (salnmon GhaRH, T, 9.81.4nM. Error
bars 2 represent s.e.m (n=2). 3 4 Fig. 5 shows the total inositol
phosphate 5 production

di ated by the Narnoset. Type 11 GnRHR, 6 d
a8, 7 cold s 1 It eopohod T PACERTAE G oo URT00 Fopt et Eas0

values 8 indjcated in RH{gmsmldran GhiRH, ~, 33.2 9 6.3nM; GRH |
(GRH Type 11, A 0.460.12nM; 10 sGRH (sal nron GhRH, 1, 8.70.5nM;
[D-Arg6] GaRH Il 11 ([D-Arg6] GaRH Type |1, , 1.10.23nM; and Ant 135- 12
18 (AntagonL;t 1%5'18bd—f%%§@¥@atfgﬂ(gfl%yﬁ% IT GnRH-R (black) and

8 LH (grey) by confocal microscopy;. some cells

9 contain LH only but most expressing Type II

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®]GnRH mediated by the Marmoset

27 Tyvpe II GnRH-R expressed in COS-7 cells in the

28 presence of increasing doses of the peptides (ICsg
29 valueg indicated in nM): mGnRH (mammalian GnRH, H,

30 51.7+ 1.9nM; GnRH ITI (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
1 () invioeyB7eel | s transfected with 18 marnoset Type | PCT/eBeposss (| eft
panel ) and human 19 Type | receptor (right panel). Stimulation of 20

i nositol phosphate by Type | receptor Antagonist 21 135-18 (0) 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) respong to GiRH 27 | and Il in sheep.
28 Fig. 8 shows activation of ERK2 and p3 MAP 29 ki nases by Type | (open
bars) and Type Il (closed 30 bars) GiRH receptors in COS-7 cells.

Stinul ati on Jof WRIGL/SIBEIG Maﬂ/r@oﬂm}?}s? - &) . (Fravid Pargb) GnRH
receptors with mammlian GnRH I QQRH Il and Antagonlst 135-18 of 3

i mrunopr eci i t at Hﬁﬁ?%ﬁﬁcf $8%et Bahlel s depict 4 anti-phospho- ERK2

i munobl otting of anti-nyc COS-7 5 cell imunoprecipitates. ¢, Left panel,
selective 6 and tine-dependent activation of p38a by GhRH 11 7 stimul ation
(100 nM of 4I'ype Hllgaﬁ?whcé@%p@b? tatat i featoh @flosf?]%t? GnRH r ecept or
(100 nM faid { r

dennnstrates that Q%% <§%ﬁ%§%%pe I$ﬂ%§E§?m%%§Fe%g%%o?§2$+%%?%t|on

i nduces a tigre- d&pqm@ﬂed&racﬂ@&a’tlwlbsé BRKrbsponbat tohe GhRH | |

stimul ation 13 of the ;Xfe 1 rfcggtor S mor e grokga ged. .Data

concentration o rious peptid values

8 indicated in nM) mGnRH (mammalian GnRH, W, 33.2%+

9 6.3nM); GnRH II (GnRH Type II, A, 0.46+0.12nM);

10 SGnRH (salmon GnRH, V¥, 8.7+0.5nM); [D-Arg®] GnRH II
11 ([D-Arg®]GnRH 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 (0) 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 C0S-7 cells. Stimulation of



14 represent nean s.e.m, n > 3. 15 16 Fig. 9 shows expression of Type
Il GiRH receptor in 17 marnoset and human tissues. (a) RT-PCR was carried
18 out wiwoospsseé fic priners on cDNA prepared from 19 mar ROBEBIRNASS sol at ed
fromvarious tissues. PCR 20 products were fractionated by size 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 5,36 bars indicate other narnoset
tissues. (b, c) 27 Expression of the Type I'l GiRH receptor in human 28

ti ssues was exanmined in Northern blots of mRNA 29 (Clontecq% b i
hybri di sati oh wi tWWERF | &elad hundy FREXEHCARTIH HRNA Wﬁﬁmn

cerebel lum (;1), rebr 5655' - ipal cord (4), WO
o1 58706  PCR bro T BEEE %Rlﬁo%%ﬁ&bﬂﬁ%?t 5ol eié(%):,@ Lorar | obe (6§,)

Lenpor?l)lobb 2 i(mRyuramnel gt et 8 )my ¢ cBRERNALLs om peeets (d9pivhol e 3
rain (2), p)acenta (3 | un liver 4 skeletal.nmuscl 6), Kkidney
(7) and panct eas %é%%—g%Pﬁﬁhéﬁéﬁa%n%ﬂﬁ%&ﬁ@éﬁ t%ﬁﬂ%r%%eaa§iﬁ%¥%iéﬁé7% the 6
anygdal a ands | ow &xpr esgn@iopeCasiod e HUCE PUSe £t Tp£RE PSS EBbL O5WE)

hi ppocanpus, substantia nigra, 8 subthalam c nucl eus and thal anus (data not

shown). 9 10 Exanpl esimd-dd<@erkddn oo vaimernust fad $@dovit EeRipt Xt o | ocat e
exon | 13 fgon1th3£§iL§$g§ (f@@t&ﬁp gy %@ééafleénﬁﬁ'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 marmeset 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 32p 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 uwoan7a ed end of an RNP which |ocalised to 18 ch€DGBOOMTSL4.

20 I't was recognised that as long as exon 2 or exon 3 21 sequence

information was used in PCR we would 22 al ways detect the 3

end of the RNP 23 since this is highly expressed in all tissues. In

addition, the putative intron 2 of Type Il receptor 25 would al ways
retained. Since this transcript 26 ends w,t,h a pol yadenyl ation in the
region of the 27 equivalent of intron 1 0O the putative Type Il 28
receptor (read in the opposite dlrectlon we woul d. never

i nformation bn erﬁFJHPJOl?a]t Heelgol ﬁ'&pefjl?nt%%ejp?]%‘? @h V@I@E?“?%]?Q%O e

PCT/ GB01/ 01755 23,
to find the putatlve Type I RH receptor.

19

unt ransl at ed

24
be

obt ai n

(4 hat (Lhrgeglen-shegeots veye pesessary 2

3 4 a) Search the data bases

for a nuclediide bzfaﬂeqtﬂehpepmm@dtmg ?p)artlmllgek@h, 11ieer 7(b), Generate an

8 Horm Con
gl R RS on PR b “Hae SRS B0l 05 and
Troskie et a., Gonstmdr Hilownshdépsmancddyer Endest&ool ©gyid12n@96- 302 12

(1998)) in extracellular | oop 3 of the human 13 Type Il vis-a-vis Type |
receptor to @eterafygdala and low expression in cau ate nucleus,

antlbody ag
l'i gand 9 sel

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

nst
cti

corpus callosum, hippocampus, substantia nigra,

subthalamic nucleus and thalamus (data not shown).

Examples

Following numerous failed attempts to locate exon I
from the sequence reported by Millar et al.
(Journal of Endocrinology (1999), Vol 162, pages
117-126) subsequent work demonstrated that the
antisense sequence of Millar et al. was the 3’
untranslated end of an RNP which localised to

chromosome 14.

It was recognised that as long as exon 2 or exon 3
sequence information was used in PCR we would
always detect the 3’ untranslated end of the RNP
since this is highly expressed in all tissues. In
addition, the putative intron 2 of Type II receptor
would always be retained. Since this transcript
ends with a polyadenylation in the region of the
equivalent of intron 1 of the putative Type II
receptor (read in the opposite direction to RNP),
we would never obtain information on exon 1 of the

Type II receptor.



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 pseudovene7d47ecal e (With RNP) and in another 20 "real "PQEGB0I/OC&L I ON

el sewhere. 21 22 Materials and Methods 23 24 Coning of the marnoset Type
Il GhRH receptor. RNA 25 was isolated from marnoset pituitary and brain
stem 26 using RNAsol B (Biogenesis). 2 jig of RNA was 27 incubated with 1
mM dNTPs, 2 M random hexa 28 pol ynucl eoti des (Pronega), gene specific
priners or 29 anchored oligo-dT prinmers gt 80C for 10 min. Ix 30 RT
buffer (Sigma), 1 Ul RNAsin (Promega) and 0.5 31 Ul AW reverse
transcriptase (Sigm) were added WD 01/ 78796 PCT/ @GB01/01755 24 1 in a
total vol umé of ICoRsd UdRcidAtedd S EDT 1DrCHEH-S (R 68RCFDF2EY i n.
Priners designed 4 ¢i3,d he,TYRA i1 fRrARSSt Otk 068R49F £X0N Sequences.

4 Primers were chosen to span putative’introns, to 5 enable detection of
processed RNA in the presence 6 of possible genomic DNA contam nation and

the RNP 7 antisense transcript. ng _of ified i agen) 8 CDNA produced
wi th random exa-asol y ITTCTEE itﬁlee's Cfﬁ%‘ae%aégeg iCeted Cgﬁ%?l Usi ng human
sequences previously cHndesd idrbdih pnet amaskgenon ¢ sequence encodi ng

11 exon 1 (Zynogenetics AL 160282, BG 636291, AA 12 954764). Round 1 PCR 5
cycles at 68C, 23 cycles 13 at 63C using priners S1 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)) in 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 IT GnRH receptor. RNA
25 was isolated from marmoset pitultary and brain stem
26 using RNAsol B (Biogenesis). 2 pg 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 ID No 17); A, 15 AGGCAGCAGAAGG (SEQ ID No
18). Round 2 PCR 5 16 cycles at 63C, 25 cycles at 61C using 1 1 of 17
product s WoonvReand 1 as tenplate and prinmers S2 18 and ARCT/EB01/01755
CAGCCTGGECGACTTAGITTCCTG (SEQ I D No 19); 19 A2, GGTTATAGGTGGTCTCTTGC (SEQ I D
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 ppgtocol was used 25 where the
anneal ing tenperature of the first 5 26 cycles was 2C hi gher than the | ower
T. of the two 27 priners. In the second step the annealing 28 tenperature

of 5 cycles mas tihe ssdmtals Yhlamevet 20dTmet IHEBaREPra ez C The third
step was 20 30 cycle i th.annegl | te raiure bel o h ower T.
of the two i merst Ii’o%'th & %&%Oﬁglgﬁ%?g?%ﬁ%o%%ﬁ%%é%é 1

pol y- A sequence was atgad 10 b smramnset rec gt o t @kyn chbdpuptiodsiced with

gene specific primers. 3 Products were purified (Q agen) and subjected to
4 PCR 2 | o prdyuctersfverdi¢heseburel $RIL Ry VS PrERRRS SPand A3,

CACCACIIGT AT T ST R A T R (B DR 8 B1), W aniharad RACE
primer fromdoehrdhgessSidvbnndeiogic ANA GAAGGRAGTEGAGCABST O31¢ SEKP | D No
&@2&&%&%&%@%% S E%E)Irr% E‘gf gggfﬁéf%@%%g%%) mar noset
Itoijt E'C}?ary CONA was il Qs s-d3 Wi th 2aehen ede0h 1 961 PuPI LB GeyaFesEbj ect ed
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 GATGCCACCTGGAATATCACTG (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 pul of

17 products from Round 1 as template and primers S2

18 and A2 (S2, CAGCCTGGCGACTTAGTTTCCTG (SEQ ID No 19);

19 A2, GGTTATAGGTGGTCTCTTGC (SEQ ID No 20). Products

20 were size-purified (Qiagen), cloned into pGEM-T
2L (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 Tp 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 WO®CR7878¢ (S6, CCTCCTCAATCCTCCTTTGGATC ( SEQ | D NoPCBGBO1L@L7RF oduct s
were size purified (Q agen), cloned into 19 pGEM T (Pronmega) and
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 33 (A5,
GCTCTAGAGATCAGATTGATGITATAGGAATG (SEQ I D 26 29)). 50 ng of marnoset

brain stem cDNA produced 27 with random hexag(ﬁld%/nucl eot i des was subj ected
to 28 PCR Li‘smgpfﬂyﬁ'eﬁ‘sge@vled?ﬂﬁﬁ@s? E TEHIOSRE pri mers S8 and

AS were used, )ap %%%@Elf}éne %&{uce’i{) mP1+ (%Dérgg%ﬂécpélé hisi R wer e

purified (Q agen t o pcDNA3 nvi trogen) and sequenced. WD
01/ 78796 PCTH GBOH &S s 26rie 'Iiha:r@saﬂtmaq&m)smrdi m&]ﬁ@ded nE@xpr essi on

2 studies. 3 4 I munocyt ochem stré Ti ssues from human, nouse, , 5 sheep,

rhesus and éynorr@%us H-oltfaithddt T 5n %ﬁ%e@% t‘bgjtrﬁ% human

Type Il &G 7 C £8 with a
synthetic Eelgptl d& %ggrf«%rgsgp%% r%o%g E’%p% 1{%%?%\%& (SEQ I D SN% 30))
conj ugat ed td keyuH eisiky lpmipedr hadbhooydarid B3 the Cys residue. This 11

(DPEMLNRL SR ( SEO-ENE 1 BT i I St of 06

i munoneut r g i satd1ON (anchored RACE primer from Boehringer

9 Mannheim); A3, GAAGCGACTGGACCAGCTCG (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 pl 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 (Qilagen), cloned into
19 DGEM-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 CGCGAATTCTCACACTTCATCCTCCTATCTC (SEQ ID No 28)) and
24 the 3’ sequence including the stop codon

25 (A5, GCTCTAGAGATCAGATTGATGTTATAGGAATG (SEQ ID No

26 29)). 50 ng of marmoset brain stem cDNA 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.l+ (Invitrogen) and sequenced.



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

anti serum GF6 was used (18). 16 17 Tissue sections (15 n) were subjected
to the 18v@etr/mtpease/ di am nobenzi di ne vi sual i sati on t echnPQEBILG175835

previ ously described (18, 19). Fluorescent 20 | abelling was acconpli shed
using the sanme procedure 21 up to the step prior to ABC reaction, when the
22 fluorescein | abel (Rhodam ne 600, avidin D or FITC) 23 was applied to
the slides and incubated at room 24 tenperature in the dark for 2-4 hours.
For double 25 labelling, slides were incypated sequentially with 26
avidin D and biotin bl ocking solutions for 15 mn 27 each, then
re-incubated with the next primary 28 anti body, foll owed by the other

fl uorescent 129 Ig@@IﬁQﬁfk¢ﬁ86§$Qﬁ@%ﬂ'WQSHESGQIﬁﬂr?ﬁQEe%§£§QMing 30

om ssion of ~pri j bodi es and order of 31 exposure, were consistently
negati ve. mB Ol?%%%ggQ;CT/G801/01755 27 1 | mmunof | uorescence was vi ewed at
two wave lersgths 2 by confocal mcroscopy. 3 4 Cell culture and

transfection. -7 cell re. 5 cultuyr.ed as evi d | bed (20,
216 Tr and ent TGRS s TR W e TR GorH
receptor or grar negledly pehddudSRtd &yirseniefus adgew theryc- t agged ERK2,
JNK and p38(x 9 constructs were perfornmed using Superfect (Q agen) 10
accordi ng t® t he drdmiirest ur 0 Supristasedl LoalGhe NurasyyyRRe ﬁﬁgﬁlmere

performed 4% h p9§§xﬂﬁ§n;Qﬁﬂ§ﬁfggddyéd:5§ immunisation of rabbits
8 with a synthetic peptide corresponding to EC3
9 (YSPTMLTEVPPC (SEQ ID No 30)) conjugated to keyhole
10 limpet haemocyanin via the Cys residue. This

11 peptide, a synthetic peptide to EC3 of the human

12 Type I receptor (DPEMLNRLSDPC (SEQ ID No 31)) and
13 haemocyanin were used for immunoneutralisation

14 specificity studies. For detection of mammalian

15 GnRH I specific antiserum GF6 was used (18).

16

17 Tissue sections (15 pum) were subjected to the

18 peroxidase/diaminobenzidine visualisation technique
19 as previously described (18, 19). Fluorescent

20 labelling was accomplished using the same procedure
21 up to the step prior to ABC reaction, when the

22 fluorescein label (Rhodamine 600, avidin D or FITC)
23 was applied to the slides and incubated at room

24 temperature in the dark for 2-4 hours. For double
25 labelling, slides were incubated sequentially with
26 avidin D and biotin blocking solutiong for 15 min
27 each, then re-incubated with the next primary

28 antibody, followed by the other fluorescent

29 labelling (Rhodamine or FITC). Controls, including
30 omission of primary antibodies and order of

31 exposure, were consistently negative.



14 Receptor binding and inositol phosphate production. 15 Receptor binding
utilising 1251- [H s5-D-Tyr6] GhRH 1 16 and inositol phosphate production
by GhRH W@an@s9e 17 were studi ed as previously descri bed PRQDGBR)/01738 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 372C. After |igand
stinulation, COS-7 cells were 25 prepareg~for imunoprecipitation (23). Co
26 transfected nmyc-tagged MAP ki nase constructs were 27 inmunoprecipitated
fromcell |ysates by overnight 28 incubation wt c-agarose slurry
(Santa Cruz), 29 Iasmed lugy SsqeRIcS) e 1Sk ar_tag:r?{'giw ‘g?rp}eén% Fer 30
added, resolved RAGH transferred 31 to PVDF nenbrane
(NEN Life Sgience )?E%gfivatgggﬁﬁgﬁﬁ%¥%1/78796 PCT/ GB01/ 01755 28 1 ki nase
was detected using anti-phospho 2 ERK/ JNK/ p38a- ki nase specific antisera
(New Engl an 3 Biql.abs).,.  visualjsed by enzyne-1i d, 4 i f rescence

( Aner sham Pfrar mageg’)l é’r’l‘%}té‘rc?ueﬁ"iﬁ %read‘g/ufselér%goa@'phosp g?icnééggérjw%ée) degr ee of
6 phosphor ylsat ed MAR Uddma SR wiefudlhi sethdwoivd®e R @mmmy . of
unphosphoryl ated MAP ki nase detected with 8 specific antjsera. 9 10

Expr essi on &f Tyﬁ@aWﬁiﬁé&e5ﬂ@mﬁﬁQQQHQ¥ﬁnﬂﬁnEQ§1%ﬂﬁ?lﬁ%‘WUH%HmF$§%ues.

(S o). 17 and "HENA e 0 ot Uog o e T P ers onRe T reagent
8 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 C0S8-7 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, COS-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
CTTCGCCTO®MAGBHHCCTG, anti sense: 18 GGTGCCCTCTTCGECAGC), ReUGROIAITSSpeci fic
primers. 19 PCR products were run on an agarose gel and blotted 20 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 GnRH receptor 25 expression was nornebigsed to the expression of 26-
actin. 27 28 Expression in human tissues was exam ned by 29 Northern

bl ots of nRNA wi th random prinmed 32P 30, | abel | ed human Type Il GhRH
receptor exon 1. XFHEBSS W RRCASHRY 1S BRI et et 9FP48noni ¢ sequence (P1
VD 01/ 78796 PCT/ GROL/ QKI5 0 2% 2l OnSlois; ObLa ned- by (FBROFR; Tysyems (St
Louis, 2 using PCR screen of P1 clones with 3 oligonucleotides to
human sequerites (Hif)lakk)q igonuelsetd des ¢mryneehseke@TGTCCTGCCCGGTCCTGAG,

5 sense: TGCCCACCITCT! GCA) to this seguence were, d with the P1
clone to prdduce %mﬁ%%ﬁﬂq%o%mﬁﬁ%ﬁ a%%gﬁ%ﬁegr\?\n&th 32P dCTP
(6000 8 G /9ol et NEE SUPRE 1185 ' $ Shesphioetnsgadi t iOhe QefHbe adbagene).

Hybridi sati on was performed using 2 10 x 107 cpmat_652C in 5 x SSC/ 0. 005%
SDS/ 5x 11 Denhar dthagphaigy v ted | ¥n kierse DRSS BRERRhESeft ho 81220. 1 x

SSC 0. 5% SDS; at - 558G, And, ¢ e, Dl 98 5n &XPPSELs tbap 181 Ko £ 8Yabt b EQ w BrHays.

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 GETGCCCTCTTCGGCAGC), 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 II GnRH receptor genomic sequence (Pl



14 15 Stimulation of LH and FSH in sheep. The rel ative

16 potency of

mammal ian GaARH | and GhRH Il at inducing 17 FSH and LH secretion in vivo

was test adoos?stge our 18 Soay ram sheep nodel (24).

Thi s mamGBepeased 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 sanme animals (n = 8) were used on the two 23 occasi ons.

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 treatnments to pernpy full 26 recovery. The peptides
were dissolved in 1 n1 of 27 0.9% saline and given as an intravenous

Gﬂ%pe0|%|c

r adi oi mTUﬂO@SSEWMD( 24)sinhecBkdihdansk L responsesidio the GhRH agoni sts
were WO 01/ 78796 PCT/GBOl/01755 30 1 calcul ated as delta responses (2 h

bol us. 28 Blood s s were_col.l ec 1
before, untid r "Ee qbrqtéadﬁ?éi??/ ec% %%? (ag ssatyéem

mean hor nond 2 coidemmumtlient st G SHREhtSSAURICSD M

Foii : LH reponed Patt 1y e RS i e R s

stinulation. Thi s was assessed 8 for each anl and

(mean SEM 6 9 n a9y Wiffddhiedth CLJL?%cFCS[?r Cella

mean

pre-

Wﬁ%@é’m ate the
thus the overall

ratio 6 forsthe g | ITGIGORMCGITCICERTHECA w ttthntmesehummlvv@me GhRH |

el G

t he group
d Di scussi on

12 13 Coninrg and iy, StidicdiurePhuddeadvs npset F¥pecTe (6000

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 SSC/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 pug/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 3voeprsgsent i ng the known Type 19 T receptors andPebGB01/TNE |
receptors in an 20 anphibian and reptile (25). Searches of human EST 21
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 angjsense orientation and it
transpired that these 27 were in the 3' untranslated region (UTR) of a
novel 28 human ri bonucl eoprotein (RBMB) which hi ghly 29 expressed in
all tissues lexanic®d@ylzérd e 950 &g di Qﬂﬁe%ﬁﬁgjbﬁé%QéhP t fromthe
RVB8 3' 31 UTR I Ident tr 4t Qs ra—

PCT/ GB01/01%55 ??thnfl ertaﬁtrtﬁfoi?{:gﬁ%c?ﬁ\ﬁof sénqefjﬂglﬁéﬂelsrﬁﬁso\%él og%ﬂugget%gle%(oen 1 2
was essenti @ to tciescmesrt fHoernibase ddnaesdepttoran) 3 Swsshez bfeshuman

dat abases, using as a query exo of .th man _Type | recept

reveal ed several “@r%f%%&%&?&ﬁ@%teeq& ecgpsgi'gG (r)tﬁgzt%fjpo 993957%215; AL 6
160282. 7 & Si ngey he\Rreceptpd ek ikeland alss anarerd-dransetigpt
expressed in discrete tissues, we 10 %gnerated antisera to the EC3 domain

of the hunarf 11 fPppéhe Gradkptlors el fadui BPHRARRb WG e stry 12
51100 0t i L)l i AL AALI o e 3 URRY. LSS TN
ig. 2).

sheep and nouse

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 pvoovmhipes. 17 The full | ength cDNA encodes a 38PCHGBADOKST d 18
protein with characteristic G protein-coupled 19 receptor (GPCR) structure
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 whigh is inportant for rapid 25
desensitization and is uniquely absent from 26 manmal i an Type | receptors

(27-30). The receptor . 27 also does not have .t he unusual LASpP

m crodonmai n — 28 d‘%{etnrt Ghe eﬁe?%esncze%n%owioj?g?%% %(é\snfg'r% |aln 29 Type
| receptors i chad asantlle dd desepiar e apppyat’ ofed¢@dfordnstead it
has the Asp/Asp notif 31 as in non-mammalian Type | GiRH receptors
recently WO01/ 78E36 PEH GED uaers3aZpoases oet 1T, 29)2 THEX Yr 88ophi | a
GhRH receptor 2.h I pﬁﬁjt ééyg n i c ristic of
nost GPCRs (431) iln I'ca |ng'l at f:{%Défjﬁiﬂlerajlee S ﬁisn' i%‘%%%lfé(%ru%%fé%%fto Asp/ Asp
in the 5 and ent Rard ebrdataer@RH resgptored BCG W2 Hy, BANUHAT6H4n AD

Asn/ Asp in the mammal ian Type | 7 receptors. The activation role of this
ni cr odomai n © 8 (iﬂo%%@"therefore be further elucidated by 9
experimentatjon with the Type Il receptor. The 10 LSD/ EP sequence of EC3
which is inportant for 11 ligand selectivity of mammalian Type | receptors
12 (9, 20) & repliacesd He VvERSDNEHES bllolpriead® 2 132Ta reptile (VPPS)

and anphibi%ﬁ (Vﬁﬁ-nég@¥§é'eéﬁﬁﬁésed 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 oligonucleotides to the human exon 1 and
15 RBMB 3’ UTR sequences to amplify cDNA from marmoset

16 pituitary and brain by PCR and 5’ RACE procedures.

17 The full length cDNA encodes a 380 amino acid
18 protein with characteristic G protein-coupled
19 receptor (GPCR) structure SEQ ID No. 1. Although
20 it i1s 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
27 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

be a determ nant of Type Il 16 receptor selectivity for GaRH || as al
ot her 17Wonuistge sites (9) are conserved. 18 19 Phar nacoPoliGBal/017s5
characterization of the marnoset 20 Type Il GiRH receptor. 21 Fig. 4 shows

t he heterol ogous conpetition binding 22 of 125I- [H s5, D Tyr 6] GiRH

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
dermonstrates high selectivity for GaRH 26,5Type Il. 27 28 The affinity and
specificity of the Type Il GiRH 29 receptor for the natural GhRHs and two

GnRH 30 anal ogues is shown in Fig. 5. Further_ 31 characterjsation of GhRH
agoni st's an&-anté&ﬁﬂ%Qs(W[)%h/7g$§%'@fﬁ?@@@&%@fﬁ%@ﬁ B3C9PLAh be det er mi ned

weh the routine i 00,2350y Sen 2,06 | deptidi caston of the signalling

pat hway of eceptor was exam ned esting the ability of the 4
| i gand-i nduckd r edemtart4ol sictd vaf enselc dBiCRs nedseniedigehenat Hagtsyst ens.

6 7 Using the above described expression syste 8 have. de m ned t hat
the Type || {;ﬁ%+$%%ﬁﬁiWEﬁe§P o ?%9%f%%ﬁ% }%%n%?wgﬁ%é??%ll%h%@%hate (see
Fig. 5) 10 Dhut doesidet sdiiabed e cyeki CrddEbpopdEciionedldy 12 Thus,

expression of the Type Il receptor in COS-7 13 cells revealed that it is
hi ghl y sel ec i ve Myratgymy to 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 IT
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 257-[His®, D-Tyr®]GnRH mediated by the Marmoset
23 Type ITI GnRH receptor expressed in the transfected
24 C0S8-7 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-fol d gveat/e8796 17 activity relative to mammali an GhRH | PCT/6iBg1/0555 18
(Table 1). This contrasts with the Type |I receptor 19 in which GhRH 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 |l receptor was al so

nmore selective for salnon 24 GhRH and [D3Arg6] GanRH Il (Table 1). 25 26
27 28 29 WO 01/78796 PCT/ GB01/01755 34 Table 1 : Conparative ligand -

bi ndi ng and1li nosttal bephbesphatiecd aditt ithie proopard és nofi narmssis type |1 &
human Type 1 GhRH receptors. Peptides L and b| ndi ng | nsP producti on

(1C50) (EC58) MaPRoe nﬁ&#&ﬁ%Pﬁn?& Y Rfpdha Type |
GhRH 11 1. 0%0. 04r2@e§ﬁo@ 420 Q2ihkl B t@%%h!nlg ft%eﬁ%b%%l%&%@: %e40 54. 43
0.630.08 sGiRH 9.482.17 24423.6 5. 990. 623.5 [ D Arg6] “3. 340

11.90. 35 2. 390. GIiQaSQ.indu@ﬁEHrbbeAﬁpag@na@pt1@5@¢7$eﬂ©n@ﬂ 4 27645 5 Ful
135-18 ant agonl st Data are ex %ssed in nanorml ar and represent the

messénger gJgehe 1hg system

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

29



s.e.m (n=3-6). Mammalian GhaRH 1 (GiRH I) salnon GaRH (sGRH [Trp7, Leu8]
GWRHI1) , GiRHII ( [Hiss, Trp', Tyr8 GiRH 1) 1 Moreover, a Type |

recept or V@aRH78IA¢ agoni st behaved 2 as an agoni st at the FgPE&Bh1/OY/&Tept or
(Fig. 5. It 3 has recently been denonstrated that control of 4

gonadot ropi n bi osynthesis and regul ati on of 5 gonadotrope function

regul ated by GhRH can be 6 nediated 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 Typ& | human GnRH 3 receptor and
the marnoset Type || GhRH receptor to 4 activate the three maj or NMAP

ki nase prot@appes]l 5 ERKpaibkife paoendubdndiyge agid MR itmdses 6 available
t hrough Ei su i da 0 University) 7 _and p38a.in COS-7 cells.

the Type | 588%%3? kﬁéﬁﬁ&ﬁ?&np@ﬁﬁﬁr%g soéomﬁéﬁW%ﬁﬁfXﬂﬁ 8t ent than

9 GhRH || i Ruashi Yapkndy ERKZ (Eigpt8a)k. In contrast, 10 at the Type |
receptor t i ifici i 35-18
had signifiBaatides, agohigﬂndcbﬁvﬁiygconparedlmﬁfhpI©@u©bl©nity at the 13
Type | receptor (Fig. K?§ Is a and b). Agoni?%é }4 i nduced activation of
JNK was not detected wt B’'stinmulati on of either’’'the Type | or Type |l 16
receptor (data not shown). However, activation of 17 p38a was detected

upon stinulation of the Type I 18 receptor but not with stinulation of
the Type | 19 receptor (¥BpETOBey. THEMRRme colfaenefehlgdiPtRractivati on was

al so considerably nore Qgéatf}_ed ﬁ%pé han thaf@%RKfzfype in{#é § ecept or

activation of 22 ERK2. ddition noted th St ation
GnRH II 1.07+0.04 26.1+4 0.45+0.05 7.41%1.55
GnRH I 42 ,6%3.19 2.81%0.17 40.5%4.43 0.63%0.08
sGnRH 9.48+2.17 244123.é' 5.9920.91 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®]GnRH 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 T S O R N

mediated by the activation of mitogen-activated



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

di stinct weodid7perences in signalling by the two receptor BCT/GBI/@B5 i ssue
di stribution and expression of the marnoset 29 Type Il GiRH receptor. 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 pPPuitary, spinal cord, pons,
cerebel lum putanmen, 4 nedulla, hypothal anmus, preoptic area, mdbrain, 5
occi pital pole, promedn kibesasd OB ES readdsumTieldHigre 98 . Expressi on

was high in reproductive ti ssues suc s testis, prostate, mammary
O andse 8'seh nAPORESF e BTN SO BSTIES © RIb IS vas
detected in agdr e%befﬁ;bw Qi theahla rHiandsiel ot anfsed @ty ldd tl e or

no expression was 11 found in other tissues such as liver, ‘ovary and 12

bl adder (Fi g.4 9apctNyeitieetinehltdireeyimelidad MAP I3 rsigd [RUoteXfyessi on pattern
(data not sh ) 4 ern _hl.ats -on hupan td probed with exon 1 15
showed higheg¥ne§5%€s§$%%qﬁn ﬁﬁg%%$%l?afgéwzéiﬁﬂg ant %%cipital pol e

nmoder at e expressk@na ilavike thi-dugentmlsdkeberi dieinpeor atydabarant miamen, and
|l ow 18 expression in the cerebellum nedulla and spinal 19 cord (Fig.
9b). There wdé sabst paicalinexiPessianl 120 At tthee dimrrlal areeebtow

cIpLeSelon 1 ighuiaLe calenurl oo s Al aum L pacamys
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 gtimulation of either the Type I or Type II

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

17 p38a 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 II 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 ando 867&pPeney (Fig. 9c). 27 28 Type |1 GiRH r ecepPOT/GBONGt7sHN i n
the pituitary. 29 A specific antiserumto EC3 of the human Type Il 30

receptor was used to conduct immunocytochem stry 31 and denonstrated
specific expression of the WD 01/78796 PCT/ GB01/01755 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 pit&ptary function, we 4 determ ned
if it was expressed in the pituitary of 5 other manmals. Staining was al so
found in about 6ek@¥iakdel IR @Entid irfdlcatdiven adc wDNENCerad mag@ratot r opes) ,
in the anterior pituyitary of the 8 _nouse and sheep (Fig. 2). In _the sheep
anterior 9 pitui B&P}}ndcli&lﬂséleﬁ &VSd s ety gd 13S reeisisiehnd He LH

antisera reveal egiftt&qttatxhy% Biaall ALl dJPBIOIRAET Iyidandss,
co-localised in 69% of LH 12 positive célls (Fig. 2). Only 12% of Type 11
13 receptor pbsi tiedeldel,| Svpartdaiegats,vefepptild arks Simcremimal i an GhRH |
bi nding sites_also co.15-localise with_ LH in u 0. 90% of nadotropes in
16 the rat pitui P&F p&t%aﬁc}r éjé’g‘t g eI iPRS qpnlieqciffplis? Hat°THe majority
of gonadotropes expLes®ahat h Ekesshi®r wanthibed rasephaisivand suggest s
that these 19 receptors may co-ordinately regulate LH and FSH 20

bi osynt hesi s ‘AndtdEeles SHchTiRe Fresddifoe B30 » TEMTY Hegidsts in the

maj ority of gonadallioRgs et Alelarld w3l ARRLE it adinexpected as there

e ] 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 Dbladder (Fig. 9%9a). Northern blots yielded a
13 similar expression pattern (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, coxpus 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 that
the 26 diw®eresipé al secretion of LH and FSH during the 27PauGBal/ANEAS ovari an
cycle may be adequately accounted 28 for by nodul atory effects 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 33 account for the differential
secretion of 3 gonadotropins (13-16). 4 5 1In the early studies on the GiRH
Il (previously @&ecepted dhmi dthernGeREddior il wed fmunFio. ave 7Zn

preferential FSH-releasing activi.ty en .co red 8 with chicken GhRH |
Cchi cken Typed | it Sase Gos BT Gl T A M d sed 1o ¢ he
10 hypot hal am ¢ akeaptbrSpRS el dtenpgimi-an fhhoerdebrat es (see
Refs.' (7, 8) for review) and the 12 supraoptic, paraventricular, arcuate

and pituitary* 18e§eaMminesyiidnd tofvarpkeEamest d1 tthes rRiHsugRTYt ®f14 play a
rol e i n gonadot r gpi han (19Q,. - ther : ed studies
using a well d§i6 gg%h%lglsﬁ%ﬁ@%lgﬁeeé%%}é]%gt%aégl&r% ne ﬁd; lﬁglrég%bﬁ%/te 17

ef fects of nedmualliog&n oBnkBd 1l sand tGeRitdllatdrvel IdcandrkBd~SH secreti on. The

ol ative: LH ahd_ C28RRGRToRERdr o RE FRESTOSY GUCE AT K 1l 21 Showed
a robust responsgcard ewer ¥niR$ irdegl 2)22 @xhidid ehadighen-i@tio of FSH
to LH secretion :
9 pituitary double staining 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 ITI 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 isg 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 (nmeanw@b)/7¢7éres hi gher than that induced by 27 manmal PEVGBARM 7S f or
sexual ly active and sexually 28 quiescent rans respectively. The FSH LH
ratios 29 generated in both sexually active and qui escent 30 rans upon
GWRH Il treatnent were both significantly 31 greater (p=0.03, p=0.002
respectively, paired two WO 01/78796 PCT/ GB01/01755 39 1 tailed t-test)
than with manmalian GhaRH I 2 treatnment. 38 4 Wen it is considered that
GRH Il has an affinity 5 and potency of < 20% of mammalian GhaRH | at the
6 Type | receptotinfdke9d th20kxiafetnidee din an \RSH- rsdoyaadiirgn miptiide tve
peptides is likely to be 8 finely tuned in hoth concentration and phasi ng

of 9 pulsatie PEFENEE, oG tERoFeidGET B IF FFHFRHHSt3ation of the

peptides is & rebahiWelYophheCryde 1@0proach. Thus, the relative
differential 12 Stimulation of FSH by endogenously secreted GhaRH Il 13 may

be nmuch great4er in vivo. 14 15 The findings of GhaRH Il in the

hypot hal anus,_th presence of..the T L1..r or__immunoreactivity 17
in gonadot r opes zﬁd%g’lef F@I@;{t isg|uq;&seg§%%§¥e fgl%g%o{p Spi % ¥ggest t hat
contrary to exi stiungeld ctagmen geRadatmopiins vl FRMH adethdye two di fferent

20 forns of GhRH acting through two _separate cognate 21 gonadotrope
receptors. |/ or BEefegeariigit e -aielrardmice 4 A A MWRAR [ FPTERRFF5H

secretion 8 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 2.1440.29 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 guiescent

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/ owdapf/fsspential intracellular signalling 27 pathwegsGBIhel7ss
differential, tenporal or 28 qualitative, downstream signalling between the
Type 29 11 and Type | receptors shown here may provide the 30 neans for
preferential FSH secretion. 31 WD 01/78796 PCT/-GB01/01755 40 1 GaRH I |
activation of the Type Il receptor in 2 bullfrog synpathetic ganglia
potently inhibits M 3 type K+ channels (3%) A simlar action in 4
gonadotropes would partially depolarise themthus 5 facilitating external
excitatory input satidetdhee -¢eddt) Glem enttly nfmmext racetdRH af Ca 21 through L
type 7 channel s h occurs on stinmulation of Type | 8 receptors by
marmmal i an GnRH | ('ffa%)mencrt‘hese two 9 GhRHs and GnRH receptor systens, al ong
with 10 diffesences in signalling pathways, provide the 11 neans for
differential FSH and LH secretion and 12 open the possibilit

devel opi ng nefv GiRen |1t I3 aqmeagiﬁr@d d?hatﬂ”leGItRPéﬁhé’mS oin cﬁ%%?el@e’fs‘/of t he

14 reproducti ve sysf teprgt%%c £nt r]i%%%ré ax‘{"‘l’;rﬁ:ﬂ{ fS tse,é ftl vel y

i nhi bit FSH and ganetogenesi ‘t hou‘t T ng Ssex steroid hornone
production. 1§ i8pE/pe ﬂdce@ﬁal-_& rEece or20mmy atraﬂ/e:k[e)lm vhvaeural 19

devel opnent and sexual arousal. In viewof its 20 wide distribution in the
central and péri pREEAtion dr Jdifs R RIRE1AsRHT 11 MR b e BF oposed to

have 22 a negr O@?l‘é'l%it UhdPli& orBledtaw dancsd Mg li)"haSJ.ng of
9 pulsatile release, our exogenousgs 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 qualitative, downstream signalling between the Type
29 II and Type I receptors shown here may provide the
30 means for preferential FSH secretion.
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23 channel inhibition in bullfrog synpathetic ganglia 24 (11). Qur
denonstration of a GiRH |1 -sel ective 25 receptor expression in many brain
regi ons Wog@e7872¢ 26 9) supports this. Type |l GiRH recep€bGBanoi’sera 27
i mrunor eactive cells'were widely seen in the 28 extrahypot hal am ¢ regi ons,
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/ GB01/01755 41 1

t he hypot hal ami ¢ regi ons, such as supraoptPc 2 nucleus, periventricular
area, ventronedi al nucleus 3 and dorsonedi al nucleus in rhesus nonkeys at
4 enbryoni ¢ daysGhBRE, IE/GcantraEidra®iwvelde asden tTheredeachy tircynonol ogus

nonkey. |In sone of ese areas _6 (.e.g. m.dbrain and supragpti c nucl eus)
the GiRH I1 % H%aéﬁ%rpg SEe Tetg.2 ?@Penﬁﬁa &St %dt on
pattern of Type LL GnRH £ReRAEPE (91POSI Al ¥eneehkS kR 6%t Hahypot hal am c

regions 10 overl apped with that of the early developing 11 manmalian GhRH
| cells we have desedobedperswoull peattdrlily alepolericeddeEmiiarnt t he GRH

| cells 13 re.not -consi.stent |y i nopasitive with Type Il 14 RH
receptor ant },\%er E%Cl‘}ﬁigg% E&ggﬁt)érg%ggteerﬁliscfltorﬁ P %/g:ro s rceecl((a%;)t or in

the devel opment ef LatagmMedE icah rGad ThiirReurRAt St h AN UG | Gybag 17
observation was that neurones which express the_ 18 mammmalian GhRH | gene
in the preoptTc §PeRNSAE. YHisEr OFSHS OF &t imsyiadd B athe Yok hal amus

el e e ecSEaLast Hhgihe (Pally DL sacontsica Lt soru L
| 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 pogsibility of developing new GnRH II
13 analogues for the treatment of diseases of the
14 reproductive gystem as well as contraceptives which
15 selectively inhibit FSH and gametogenesis without
16 affecting sex steroid hormone production.
17 |
18 Type II 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 immunoreactive cells were widely seen in the
28 extrahypothalamic regions, such as medial septum,
29 Dbed 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 | is known to have ultrashort 24 feedback on its own
secretion (8, 35) but the co- 25 localisation of Type Il receptor on
manmal | aw@aR$7926 | neurones in the hypothal anm ¢ regi onsPEGBEF0527 t hat
sone effects on mammalian GhRH | secretion may 28 be nediated via GiRH |1
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
GhRH 2 content of brain areas, cell nunb®&t and cell size 3 in response to
visual, olfactory and other 4 stimul ants of sexual behaviour have been
observed 5 in spheihspothbﬂamicanp@ﬁhm&nssum@pb&lempma¢piﬂuunnﬂs (see

Refs. (7, 8, 10, 36, 37) for review 7 Moreover, GiRH IS ch nore

Sf Tt \ve Chn BIRGHRHENa RS REE T USRS ei nd St 16‘]aﬁ’dl 9 in
ring doves (A aBHdSQBQS%RQGHQWSnﬁ%@kusa&%.@%Béuslgm%kéyéﬁdﬂ bution shifts
frommdbrain cell bodies to termnal regions followng the initiation
of 12 courtsHp EmbWEWMSC(QayS Eﬁ@neﬂ7§ eewva E &b loe M@ﬂdoﬁ%UﬂﬂeﬁdEfof t he
di stribution of t y RH_ 14 receptaqr i_n the oral | obe,

put amen, anyégalagul£ %¥§8 SgﬁPéoﬁPMke rea% ﬁFanEdl nuc%ﬁﬁ? 16

dor sonedi al rmaicl gds ganehi@@i-ad eNnbhide Wpradpelieushuefl eukd tdiee lenmn mr nonkey
brain with effects of lesions 18 and/or_  electrical stinmulation of these
areas on 19 f@prééaéﬁﬁvésbéﬁé9i§6P§e§§@ﬁ-é§9se§édl i ft€rest, 20 erection

Lo oo 0 ek ARat) 0 el nt s el s, Tonkeys
9 ©positive cells in extrahypothalamlc 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 is 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 denti fi adobn7&yepat heti c ganglia of 28 anphi bi ans wher e PECT/GBAUS176D
selective high 29 affinity receptors (22) and potently inhibits M 30 type
K+ channels (11). Inhibition of these K+ 31 channels by GiRH I
facilitates fast excitatory WO 01/ 78796 PCT/ GB01/01755 43 1 transm ssion
by conventional neurotransmitters, by 2 increasing input resistance of
post synaptic 3 neurones and by partial depdlarization (11). This 4 nay,
therefore; provide a general neuronodul atory 5 nechanismfor GiRH ||
effects in the naorovact psysiuemicand ssped)f.i c@dpid reiaapreduiat iIGHRH

behavi our, 7 by facilitating_signalling by neurotransmtters. 8 9 Type |

GhRH recept or? i n°PBpRBGUEE P& ais §568S TIRE L L1 Yo S&t KRl 191%&RH

receptor expressian,-asgo@aRH: 1L 1lhiahi 9N RRES R dithesS, 11) in
non-neural 12 reproduction-related tissues such®as the manmary 13 gl and,

prost ate, gorfadssanduddnsisaloicekixsiadnpehsavicsy \navtehéddegngplsteandichg eni gna

of the non- concurrence of. the. bindi har macol of 16.receptors in
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19 which is believed to be the receptor in these 20 tissues. For exanple,
the paradox of sMArpavezr: EPREcHd ofF BoCh ORe &fdmcstissarddiaght agoni sts (1,

22 2) on prO@'fe&g&%g@igB b%%%eltH%pgkfﬁﬁfatHE@F§xﬁﬂQship 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 distribution 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, catsg, 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 nerxrvous
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 facilitates fast excitatory



23 be rationalised if the Type Il receptor is 24 nediating these effects,
as we have shown that 25 certain manmalian GhRH | ant agoni sts (e.g.
26 behavavasvzayeni sts with the Type Il receptor (Fig. 27r8bGBoNvm7&OVer
the antiproliferative effects of 28 GiRH anal ogues on cell lines of

tunours is

receptor

29 consistent with the activation of p38a by'the Type

since this MAP kinase is known to be 31 antiproliferative
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pol ynucl eotide as clainmed in Caim3 which 15 encodes a primate Type |1
GiRH-R 16 1I 531A pdlapsed edt-i-dSasedmanst il & aim 4 which 18 encodes
mar noset Type, | | GhRHR. ; - olynugel eqtd ; i el i aimb5
having 21 tﬁze nucl eotd? g&rps%el&%ncg%sfﬂsg’ olbtcjt 6|?Lng%EQ(B}BI%ES%I\% 2265%1}% whi ch
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Caim4 whi ch4 ‘
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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 | WOI0E787%¢ 5, 7 or 9 or which has 30 over 90% honoPCUygBOher78t 0. 31
WO 01/78796 PCT/ @GB01/01755 50 1 9. A polynucleotide is claimed in Claim8
whi ch 2 encodes an am no acid sequence as set out in any 3 one of SEQ ID
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 Type II GiRH 9 10 11. A

pol ynucl eédti deCh8I¥Paimed in Claim 10 which 11 encodes a peptide able to
act as a neceptor for 12 Type Il GiRHR 13 14 12. A reconbinant genetic
construct conprising a 15 polynucleotide as clainmed in any one of Clains 1
16 to 11.317 18 132 @ml@mmﬁ&sﬁt@da@imdm@miﬁjmjmmwwi de 19
as clainmed in any one of Cl ai ns o 11 ang@abl e 20 to ex ss functi onal
Type || GARH R pept F#E ?fro,’?}nrﬁfe ARIostS ﬁmocr}eaﬁ%%c'c?ﬁtéb‘p & Yector as

claimed 23 in O ai @hkd-r34peptide.

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 ag set out in
29 any one of SEQ ID Nosg. 3, 5, 7 or 9 or which has
30 over 90% homology thereto.
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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
clai med wo@/z7e6 12 stably integrated into its 30 genonmePCBGBWINIF 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 GIRH R) 7 8 19. A pep bl de as clained in either one of
ion of exon | of 10 mamalian

Clains 17 9and 18 whi rise
Type 11 GIRHR”'11 ‘é@’m‘}& % Jg it © M AP HHFRA conpri ses
13 a portipon of eXO%chdHesora!r{mén%n-B/%?cﬂd @'&Blérfée d4 d&x 2dut Alpepti,de as

claimed in any one of Clains 17 to 16 20 having an am no acid sequence as
set out iR 17 SEQ IDeN®f @E&i@l\f% (ﬂ/,er6,90%%rﬁﬂdgly vigi¢hdraso. 19 20
22. A peptide as clalngd ne i 17 to 21 20 having an am no
acid sequ%nce as set” out 'ddl %OO'L ?t':ﬂEQ ID Nos. 4, 6, 8 or 10, or
whi ch 23shas over 90% hom)l ogy thereto

6 10. A polynucleotide as claimed in any one of Claims
7 1 to 9 which encodes a peptide able to bind
8 specifically to Type II GnRH.
9
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. A
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
Claim23whbo7e a 30 functional receptor for Type || CARHGBBLOINNES

01/ 78796 PCT/ GB01/01755 52 1 25. An antibody able to bind specifically 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 GiRH-R 7
8 27. A nethod of screeni ng an agent for 9 pharmacol ogical activity, said
met hod 10 conprising: 11 provi di ng f8hct i onal Type Il GiRH R pepti de

12 and exposi ng7sai & mﬂ’q e sgehtat dirpst 3 Borsker taf riFep whet her

sai d agent interacts 3[—%—] 16 28. The
met hod asbcl ainmed in &%% ﬁec'%er%&bg’é}ld(}) %I %é)seﬁé gﬁ-\ﬂ%l s expressed
by a host 3cel|l as I@cdpsiared(Typel anka-R9. 20 29. The nethod as clai ned

in CQaim27 wherein said 21 Type Il GiRHR is expressed by a host cell 22
transfornéd with a pol ynucl eotide as clained in 23 Caimll wherein said

host cel | i mitakes Typa shida R SiAnatydd ansdystd At atpd east

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
13 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 sequehce 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 Claimg 17 to
21 20 having an amino acid sequence as set out in
22 any one of SEQ ID Nog. 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 WO y1/18596ai d Type Il GhRH R peptide. 29 30 30. AP@RGBOUIITHS
inhibiting binding of GhRH to its 31 native receptor in vivo, said nethod
conprising WD 01/ 78796 PCT/ GB01/01755 53 1 admi 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 GiRHR s adnjj istered. 6 7 32. A nethod of
contraceptlon sai d_net hod. 8 conpr.i sing nlste ogenqus Type |1
GnRH- R or tan eXPracéf l?inirlbd’&%‘ag% enéﬁoeoflr{rgo I} Jp‘%’lf‘@ﬁgc ?FU rf Fti es
sufficieng to 11 subgiantd ally di m ni sh bindi ng of endogenous 12 Type ||

GnRH t o endogenous Type Il GiRHR 13 14 33. Use of Type Il GhRH R or an
extracel l gl ar 15 domai n thereof to inbhi bit endogenous Type 1 16 GhRH

binding tqg its native recept v lype Il GRH-R as
a cont racgptl vé% énz n%%%e aussé;jlé%m al me ]ianl“é. one 6t dains 33
21 and 34swherein sapédchyjie IHo %Rﬂvﬁﬁa%eaﬂnﬂe&sexbmaaaq fﬂrcmm &axaanbi nant

genetic construct.
6 EC3 of Type II GnRH-R.

7

8 27. A method of screening an agent for

9 pharmacological activity, said method

10 comprisging:

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 GnRH-R signal 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 gsuccessfully 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
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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 quantities 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.



