WO 03/ 070765 PCT/ GB02/ 05523 Modified Pol ypeptide The invention relates to
chinmeric pol ypepti des wherein said polypeptides conprise a 5 nodified

bi ndi ng domain of growth hornone |inked to a receptor binding donain of

growt h horw@osoomeept or; and tandens/ ol i gomers of sai d mpdirigeegiozgowt h

hor mone binding domains. GHis a nenber of a large famly of hornones
involved in the regulation of 10 nammalian growth and devel opnent. Hunman CGH
is a 22kDa pol ypeptide which is involved in a nunber of biol ogical
processes. For exanple, cell gromﬁh | actation, the activation of

macr ophages and the regul ati on!g ﬁﬂé SR gbol ism GH interacts
sequentially with two nenbrane a two separate sites on CH
referred” as site | and site 2. Site 1 is a high affinity binding site and

site 2 alowaffinity site. 15 A single GH nolecule binds | GHR via site 1.
A second GHRYSBYEHHER TS %te&mhéraeuﬁ %?1YP§P‘E4$S WhErSITy S PAYRSPIISIOERRS O pl ex. The

compl ex 4 S hiiffled iR AohRb ANy AohIRIARe Lo @OGHuor iIASHAR By cascade

| eadi ng to changes i n gene expression. The extracellul ar domain of the GHR
exi sts as tgwowth hommdneiteceptors anditahdeiis/olipomarsmfsxid meadified grodthalrdrmoneci ds
(SD-100), t;he Cft{grm nal SD-100 domain (b) being closest to the cell
surface anab?(H’ég P4P%i nal SD- 100 domai n (a) being furthest away. It is a
conformati onal change in these two domains that occurs on hornone binding
with the formation of the trimeric_conplex GHR-G4+ GHR 25 Modified GH s are
di scl osed i @HUS & megihyr of 35 laggg &milys OFRQ@P%'S? ARV odyiny @Pefeéwe@ﬂ °frhe

modi fi cgf i QRarhQalidd $r8w31t axﬁo&egelﬁﬁﬁlgnt Gﬁﬂngfx%ﬂ?s £2 Mf)ﬂ%@

m)dlflcatlons to s uce a ecul e er afflnlty
for GHR conpedled hoa numbeﬂd)bpﬂogﬂbﬂl pidvesses. nBati dmamdlebelhgﬂothIIMatmt agoni st s.
There is al J sc

|f|c tions in the
creation oftjﬁ ﬁ’i‘aé’{‘g’ aﬁﬁt"{“ﬁg’f’ TRy aé‘)‘?% Tn(fggyd?%g’is?lr gg'h“&ﬁﬁ%mt o GH which
alter the tye@synfimﬁf«i‘ﬂh fd MeRbrabbbid GHR® via oBsepaFhts Glt@SHIGH RefeiPed, 854, 026;
US 6, 004, 931; US6, 022, 711; US6, 057, 292; and
as site 1 and site 2. Site 1is a high afﬁmty binding site and site 2 a low affinity site.
15 A single GH molecule binds 1 GHR via site 1. A second GHR is then recruited via
site 2 to form a GHR:GH:GHR complex. The complex is then internalised and

activates a signal transduction cascade leading to changes in gene expression.

The extracellular domain of the GHR exists as two linked domains each of
20  approximately 100 amino acids (SD-100), the C-terminal SD-100 domain (b) being
closest to the cell surface and the N-terminal SD-100 domain (a) being furthest away.
It is a conformational change in these two domains that occurs on hormone binding

with the formation of the trimeric complex GHR-GH-GHR.

25 Modified GH’s are disclosed in US 5, 849, 535 which is incorporated by reference.
The modification to GH is at both site 1 and site 2 binding sites. The modifications
to site 1 produce a GH molecule which has a higher affinity for GHR compared to
wild-type GH. These modified GH molecules act agonists. There is also disclosure
of site 2 modifications which result in the creation of GH antagonists. Further

30  examples of modifications to GH which alter the binding affinity of GH for site 1 are
disclosed in US 5,854,026; US 6,004,931; US6,022,711; US6,057,292; and



| WO 03/070765 PCT/ GB02/ 05523 US6136563 each of which are incorporated by
reference. A sunmary of the nodifications made to site 1 is provided in
Table 1. Moddifications to site 2 are also disclosed, in parti cul ar am no
acid resi Qg ofahgRsWhi ch when nodified to either argini ngerlogsi,

trypt ophan, tyrosine, phenylalanine, or glutamc acid cr eat es a

nol ecul e with antagoni stic properties. In addition, the nodified CGH |s
coated in pol yethylene glycol (PEG by a process known as pegyl ation" this
has sever al UB&136563Cieadh ef fwidls areFincarporyted ttye rdfér€nazoatA sinmmaqaséshet he

effective nol ecul ar ht .of .GH from 2 o] oxi mat e 40k 10 The
effect thi Smﬂtﬁ@cqhgq B‘agfg@rsétﬁslels i%i’??ﬁ E\f@%%ﬂoﬁméﬁg?

i ncreasi ng diffosed) &hf &ﬁéﬁmoatml%' abfd MENR BI2E WHAdURes Iﬂdaeﬁééot%ee@d,m ni st er ed
to produce the desi red effect. In addition pegylation is thought to reduce
both the |rmgmmg,elmmc,ttyypmman,ttmsm,tp}nerwﬂalmm oF Bitahic agidagreatesra@ltled in this
way, se Abuglho Sk t ‘%10 § Chem 252, 3578-3581, (1977). 15 However,
a conse(ca?uenrge 0 é%ﬁggqn(l) iP§ pte%lef‘educe the affinity of the nodified GH
nol ecule for GHR This neans that an increased dose is required to counter

the reduced affini ty This is undesirable since it counteracts the
advant ageous adelitient themodified, GHtis saated impalyativdene glyral AREGLBY APTR96E hal f 1ife

of modi 1 el ot pBEMbDaniE hatl SSehA Blrfeb a1 RERXS A FRtsf{RGhd PG it 0l ecul @

whi ch does not req e pegy ati1on but as an |ncrease ife and al so
has the addadedswﬁ:ﬁ.leffsctufe meldenda dveightoh Giefromi 224D terappteaxokaely dRkRi t y .

Accor di r st as ect of th i nven nth .S provi ded chimeric
pol ype fgf &ﬁ’ﬁﬂ% qcﬁea%?tg‘i’%%{g]f’r gh‘?”%f??ﬁ%h‘eﬁgﬁ FrAGGY8 M n of
growt h hor rmﬁalmfemﬂ B Sidd dfhxc'ﬂ'(}ddlfcbscﬁk 'd9£b ddmihiBRreaddiprédiRde titedesirddon or

substitution of at |east one am no acid
effect. In addition pegylation is thought to reduce both the immunogenicity and

toxicity of proteins which are treated in this way, see Abuchowski et al J Biol Chem.,
252, 3578-3581, (1977).
15
However, a consequence of pegylation is to reduce the affinity of the modified GH
molecule for GHR. This means that an increased dose is required to counter the
reduced affinity. This is undesirable since it counteracts the advantageous effect of
pegylation with respect to increasing the half life of modified GH. It would be
20  desirable to provide a modified GH molecule which does not require pegylation but
has an increased half-life and also has the added benefits of reduced immunogenicity

and lacks toxicity.

According to a first aspect of the invention there is provided a chimeric polypeptide
25  comprising:
i) at least one modified binding domain of growth hormone wherein said
modification is the addition, deletion or substitution of at least one amino acid
residue; and
it) a growth hormone binding domain of a growth hormone receptor.
30



residue; and ii) a growh hornone binding domain of a growth hornone
receptor. 30 2 WD 03/070765 PCT/ GB02/ 05523 In a preferred enbodi nent of
the invention said polypeptide is nodified in the site | binding domain of
growt h horwooseroted a further preferred enbodi ment of the picpngdbHRE Sai d

pol ypeptide is nodified in the 5 site 2 binding domain of growth hornone.
In a yet further preferred enbodi nent of the invention said pol ypeptide is
nodified at both site 1 and site 2 of growth hornone. 10 As previously
descri bed, Isiameferredierabadimentanf ¢hekinvemtion said halypaptidedsimédifiertingbssitethe

affinity of,_.gr.omh horpone for its binding domain on growth hornone
receptor. %ﬁ‘ilﬂg%?lflf)géowlbﬁﬁrﬂloﬂ%rmne acts as an agonist. If a site 1
nodification is conbined with a site 2 nodification wherein the latter

nodi fication results in an_ inactive or partially active site 2 binding site

then such ansdiuhegpeeferredgmbadimegbef the invamion s#id aplypepside trmpdifed indhesj t e 2

whi ch expl o L] £l I inding site also creates an antagoni st.
. In a ﬁrt%%?%%%&%#gﬁgﬁn%ﬁbﬁj the invention there is provided a

pol ypeptide conprising a site 1 binding dormain which has been nodified by
amno acid _ 20 substitutio rein id nodification s .selected fromthe
group consiB@Yg T PRy E‘i‘?cg‘?rﬁ\’,g’ Rer\fvf’? ﬁe HVEMIRS rp°<i;?§’ﬁ%ticféi 1&“’8@&8& 243nd/ or

hi stidine Zbiiteh MARAE BGF fewtiehdihhe. 9l Utani ne 22 with al anine; and/ or
phenyl al ani ne 25 with al anine; and/or aspartic acid 26 wth al anine; and/or

glutamne 29 with alanine; and/or glutamc acid 167 with al anine; and/or
aspartig acjd 171 with serine; and/or lysine 172 Wt i | ani ne; 25
and/ or 1;bsol eu lie‘rlllé’u\ﬁﬂf esv?nns Tﬁd’ tsge/tF' (%sllmrll{g&ongf%? eovg%hnugl\reﬁcaép?vgl%pe@%%%éﬁ n Figure
13 . Pref eiffidiityy ofs gloththrhinidneafot @8 Himding) d6:R4is cont prowa homdng eepsirt e 1 for
its bindingsdomairjin ) . e
uch modified growth hormone acts as an agonist. If a site 1 modification is
combined with a site 2 modification wherein the latter modification results in an
inactive or partially active site 2 binding site then such a molecule is an antagonist.
15 A modification just to site 2 which exploits a wild-type site 1 binding site also creates

an antagonist.

In a further preferred embodiment of the invention there is provided a polypeptide
comprising a site 1 binding domain which has been modified by amino acid
20  substitution wherein said modification is selected from the group consisting of:
histidine 18 with alanine or aspartic acid; and/or histidine 21 with asparagine; and/or
glutamine 22 with alanine; and/or phenylalanine 25 with alanine; and/or aspartic acid
26 with alanine; and/or glutamine 29 with alanine; and/or glutamié acid 167 with
alanine; and/or aspartic acid 171 with serine; and/or lysine 172 with serine or alanine;

25  and/or isoleucine 179 with tyrosine, of the sequence represented in Figure 13 .

Preferably said modification to increase the affinity of site 1 for its binding domain in
GHR consists of the amino acid substitutions: histidine 18 aspartic acid; histidine 21
asparagine; arginine 167 asparagine; aspartic acid 171 arginine; glutamic acid 174
30  serine; and isoleucine 179 threonine; as represented by the GH amino acid sequence

in Figure 13.



GHR consists of the am no acid substitutions: histidine 18 aspartic acid;
hi stidine 21 asparagi ne; arginine 167 asparagine; aspartic acid 171
arginine; glutamc acid 174 30 serine; and isoleucine 179 threonine;

repr esent agloByofofye GH am no acid sequence in Figure 13. P%Tﬁﬁhgﬁ§970765
PCT/ GB02/ 05523 In a further preferred enbodi nent of the invention said

nodi fication to increase the affinity of site 1 for its binding domain in
GHR consists of the amino acid substitutions: histidine 18 al ani ne;
gl utam ne 22 al ani ne; phenyl al ani ne 25 al anine; 5 aspartic acid 26 al ani ne;

gl utam ne 29 alani ne ta aci d. 65. al ani ne al a and
gl utanic aci‘%‘oa ﬁ‘%eraﬁrstﬁgﬁ%emg]% %’b&%&%‘f‘é@%ﬂg} S?"Hémgs—ﬁczfﬁf’ﬂg Hléfeaseqb%quence in
Figure 13. Affinity foarditeer fof efsebingidlg edvbmet e rCHRS conbigtsi 6f @fet k@fhoSaidl site 2
nodification is to 10 amno acid residue 120 of the sequence presented in

Figure 13. Pibgitations| bdstscan@ll&aiaelr@, ghutsanning 22 plawine; sheaylalgnine #5alaninesi t e 1
di f ly at
T o ac) o paft a0 i Bhfatile 29 Rlahfe Bhtafe doid ¥ alaudlDBhi 868 00 Y, 5

sai d site 2alaniok;fandagluami¢ sicdl 3T aianinef homeprésbnted byl thei GH tminoascidam no aci d
sel ected fromthe, group consisting of: arginine; alanine; |ysine,;

t rypt ophan; Seﬁ%“ﬁ%lngég“rﬁﬁgnyl al anine; and glutarnic acid. Preferably said
substitution is glycine 120 for arginine or lysine or alanine. In a further
preferred enbodi nent of the invention the growh hornone binding 20 domain
of GHR i s tlhea &xthenprefdrred agmiphdimént oéfth@Rentmrsalqos@ arraQﬂli}'cattlhe ipitmdi ng

domai n the Ct. QQ_danmai_n n i ndi ng
dorai n 1€ +#En0 a0 <FdiE 0R0 R AR SR whesiaf Tl T Blersk 302 vent i on
sai d chi ner6difedtisReRs | énbisedd Witsi Ge 1prxa6<ﬁﬁfhtiohseres nhetréiﬁ Eﬁ%dllo§dded GHis an
inframe translatjonal fusion with GHR or&ﬁgrt t hereof . Preferaby, said

fusi on pol ypkenatiyelye GFbisimedifisdnnly ataming pe SlEiWeleﬁme 120.

In a preferred embodiment of the invention said site 2 modification is a substitution

15  of glycine for an amino acid selected from the group consisting of: arginine; alanine;
lysine; tryptophan; tyrosine; phenylalanine; and glutamic acid. Preferably said
substitution is glycine 120 for arginine or lysine or alanine.

In a further preferred embodiment of the invention the growth hormone binding
20 domain of GHR js the extracellular domain of GHR. More preferably the binding
domain is the C-terminal SD-100 domain of GH.

Alternatively said binding domain is the full length GHR.

25 In a preferred embodiment of the invention said chimeric polypeptide is a fusion
protein wherein the modified GH is an inframe translational fusion with GHR, or part
thereof. Preferaby, said fusion polypeptide comprises modified GH and the C-
terminal SD-100 domain of GHR.



term nal SD-100 domain of GHR 4 WD 03/070765 PCT/ GB02/ 05523 In an
alternative further preferred enbodi nent of the invention, the nodified
binding domain of GHis linked by a linker to the GH bi nding domai n of GHR
The |inkeryo tdtoee flexible. 5 The linker could be at anyctresbsiesesw thin the
extracel lul ar domain of the receptor which would allow the nodified GHto
flexibly bind with the free receptor at the cell surface. Preferably the

| i nkage is nade between a residue close to the CGtermnus of the nodified
GH nol ecul elnzandltemates fyrher pireferred amtiodiment oftherinventionf thejHRdifigdrbinding ef er abl y

G ol oou eSO B PR HESLpPa 1R ¢ Toe W B doi of RERHR Ml of ' The

C term nal mopbelfkibldbre preferably the |inkage is nmade at any of residues
126-128 of the N-termnus of the Ctermnal SD-100 of the GHR In one
enbodi nent of .the invention, the |linkage is made at residue 127 of the

N-term nys : 5018 i ; f ihNd¢Gthe k@ efloPEPt | de. 15
The crygjal ’ﬁ{setltrult}%{ %&el&g?a?%{ely %ué%%{hgo% eyﬁlfa}e\t/lglg%ng t ha% t ﬁlg(odi st ance
bet ween t hewlich souidrallewdlie Gbilified SHotu dletidly) bimhetitiNtecfragirensptooait théreellC- t er mi nus

SD- 100 (residue 126-128) i.s 10A. Thi.s, provides inval uable infornmation with
respect to S“ftg?ﬁ( rre%.@&ﬁ'g%‘? .i%g?’r‘séfl%‘gat’ﬁf"%ef‘ﬁéesll‘?“r‘?lfi‘?seit%g‘ﬁ (%mgi){’?de whi ch

conpri ses 5ht enodtied"GAMSlebWe bk h Fekifue cldR 6 thy RiteraRhs/of OHR. i Megy conpri ses
10 to 20 amino acid residues. Mdxre preferably still the |Iinker conprises at

| east one cspfyrably thelinksepis mede betyveen ¢ rasidpe cloge tg the Seternpipes efimedifie referred
10,35 'f3 VA mbiealll oRRG RERRILARo B ARSmbAAY 8P h N flfickd BKEle &5 10 am no
terminal SD-100. More preferably the linkage is made at any of residues 126-128 of
the N-terminus of the C-terminal SD-100 of the GHR. In one embodiment of the
invention, the linkage is made at residue 127 of the N-terminus of the C-terminal SD-

100. Preferably the linker is a peptide.

15
The crystal structure of the GHR:GH:GHR complex reveals that the distance
between the C-terminus of GH (residue 191) and N-terminus of the C-terminus SD-
100 (residue 126-128) is 10A. This provides invaluable information with respect to
linker design.

20
Preferably the linker is a polypeptide which comprises 5 to 30 amino acid residues.
More preferably the linker comprises 10 to 20 amino acid residues. More preferably

still the linker comprises at least one copy of the peptide:

25 Gly Gly Gly Gly Ser (hereinafter referred to as “Gly4Ser”).

In one embodiment of the invention the linker is 10 amino acids in length and
comprises two copies of the Gly4Ser linker. In an alternative embodiment of the
invention, the linker is 15 amino acids in length and comprises three copies of the

30 Gly4Ser linker. In yet an alternative embodiment, the linker is 20 amino acids in
length and comprises four copies of the Gly4Ser linker.



conprises two copies of the Ay4Ser linker. In an alternative enbodi nent of
the invention, the linker is 15 amno acids in |length and conprises three
copies of the 30 Ay4Ser linker. In yet an alternative enbodi nent, the

l'i nker isw®oigee® acids in length and conprises four cepresoféssisne G y4Ser
linker. 5 WD 03/070765 PCT/ (B02105523 1In a preferred enbodi nent of the

i nvention said polypeptide is derived fromhuman GH and human GHR 5
According to a further aspect of the invention there is provided a nucleic
acid nol ecul e which encodes a pol ypepti de according to the invention

sel ected fromt tln ei.c ,aci uIe as
repr esent e&ngfr%}%gecﬂ t’j(g lgle?im gﬂglﬁééa‘%’rﬁ’ﬂi’%‘fi’rds 18 E‘B'ng ﬁ"l) a nucleic
aci d nol ecut® avdbheharh@HRI, di ses to the nucleic acid sequence | n (i). Nucleic

aci d nol ecul es which encode a nodified growh hornone according to the
invention can typically be synthesized by nol ecul ar techni ques known in the

art 2nd st Adghaifierd sRRbLnARL.. B! Rads o) Hke 38 plobfuct I hligaL SR, nucl el ¢

aci d nolec eot1 de syn esl zer na preferred
enbodi nment rmdleduItEBWhmhentodama$a1y;1epualelaedocdmgtodthermﬂn&nmd>mdhgdmdl fecinsdte  under
stringent hybridisatio 20 The term "stringent hybridisation conditions" as
used her ei FPFEPYsYng 0garameters with which the art is famliar. Nucleic
acid hybridization paraneters may be found in references which conpile such
nmet hods, e.g. Ml ecular Coning: A Laboratory Mnual, J. Sanbrook, et al.
eds:, Second Edetuelaic acigll rolgpHe asgrepigsented by Alvorust e §m¢§eqP¢1@§sn Fgsted Spring
Har bor,loNevy3 ?(.)nd 1989, or Current Protocols in Mlecular Biology, F.M
Ausubel, a eds., John Wley & Sons, Inc., New York. More

11) a nucleic ac1d molecule which hybridises to the nuclelc acid sequence in (i).

Nucleic acid molecules which encode a modified growth hormone according to the
invention can typically be synthesized by molecular techniques known in the art and
15 include recombinant methods as well as the synthesis of nucleic acid molecules using

oligonucleotide synthesizers.

In a preferred embodiment of the invention said nucleic acid molecule hybridises
under stringent hybridisation.

20
The term “stringent hybridisation conditions” as used herein refers to parameters with
which the art is familiar. Nucleic acid hybridization parameters may be found in
references which compile such methods, e.g. Molecular Cloning: A Laboratory
Manual, J. Sambrook, et al., eds:, Second Edition, Cold Spring Harbor Laboratory

25  Press, Cold Spring Harbor, New York, 1989, or Current Protocols in Molecular
Biology, F.M. Ausubel, et al.,. eds., John Wiley & Sons, Inc., New York. More
specifically, stringent conditions, as used herein, refers, for example, to hybridization
at 65°C in hybridization buffer (3.5 x SSC, 0.02% Ficoll, 0.02% polyvinyl
pyrrolidone, 0.02% Bovine Serum Albumin, 2.5mM NaH,PO4(pH7), 0.5% SDS,

30 2mM EDTA). SSC is 0.15M sodium chloride/0.015M sodium citrate, pH7; SDS is
sodium dodecyl Sulphate; and EDTA is ethylenediaminetetracetic acid. After



specifically, stringent conditions, as used herein, refers, for exanple, to
hybri di zation at 65C in hybridization buffer (3.5 x SSC, 0.02% Fi col |,

0. 02% pol yvi nyl  pyrrolidone, 0.02% Bovine Serum Al bum n, 2.5mM

NaH2POA4( phWo 03/650%% SDS, 30 2mM EDTA). SSC is 0. 15M sodi upc¢/tpes/isdey 0. 015M
sodiumcitrate, pH7; SDS is sodium dodecyl sul phate; and EDTA is

et hyl enedi am netetracetic acid. After 6 W 03/070765 PCT/ GB02/ 05523

hybri di zati on, the menbrane upon which the DNA is transferred is washed at 2
X SSC at rindndizatigre thet membeine uperewhish tie PNA §, teangfegedip washed Shg xat

temper at ur egedil rob s Br GAQREH 19,119 2 8E&ATx SREF terflerdlifs VNt i on

there is provi a ve conpri sing e nucleic acid ecu ccordi ng
to the invewt8W. In a preferred enbodi nrent of the invention said vector is
an expression vector adapted for reconbi nant gene expression. 10 Typically
sai d adaptation includes, by exanple and not by way of limtation, the

provi si o1 OfcdofdiipSterd Rith&NaspRof Ble IMRAHG'HER i BFATRHEY vesRA 6MfRIAg Wi ch
mediate cell/tissue specific expression. These pronoter sequences may be

cel | / ti ssuethe pestdi¢ aaid molesul¢@ctnirdingto thoimuentiont i ve. 15 Pronoter is an
art-recogni sed termand, for the sake of clarity, includes the follow ng
features which are provided by exanple only, and not by way of limtation.

Enhancer  eieqpréféredr @nddimatt dfMlie MikentoiC s&l6 i dcdeqslan Caprafibevedtound 5' to
the transcription initiation site of a gene (enhancers can al so be found 3
to a gene s¥grtehios regpmbinapt gENe PHERSFI®A i n i ntroni c sequences and is therefore
positi oy i ndependent). Enhancers function to increase the rate of
transcription of the gene to which the enhancer is |inked. Enhancer
activity i sTypeslynai \adaptatidrr mBides; tby regathiplaresd rmop by omayf af timitatwdmi, ¢e have

provision of transcription control sequences (promoter sequences) which mediate
celltissue specific expression. These promoter sequences may be cell/tissue specific,
inducible or constitutive.

15
Promoter is an art-recognised term and, for the sake of clarity, includes the following
features which are provided by example only, and not by way of limitation. Enhancer
elements are cis acting nucleic acid sequences often found 5’ to the transcription
initiation site of a gene (enhancers can also be found 3’ to a gene sequence or even

20 located in intronic sequences and is therefore position independent). Enhancers
function to increase the rate of transcription of the gene to which the enhancer is
linked. Enhancer activity is responsive to trans acting transcription factor which have
been shown to bind specifically to enhancer elements. The binding/activity of
transcription factors (please see Eukaryotic Transcription Factors, by David S

25 Latchman, Academic Press Ltd, San Diego) is responsive to a number of
environmental cues which include, by example and not by way of limitation,

intermediary metabolites and/or environmental effectors.

Promoter elements also include so called TATA box and RNA polymerase initiation

30  selection (RIS) sequences which function to select a site of transcription initiation.



been shown to bind specifically to enhancer el enents. The binding/activity
of transcription factors (please see Eukaryotic Transcription Factors, by
David S 25 Latchman, Academ c Press Ltd, San Diego) is responsive to a
nunber of wensntoosstent al cues which include, by exanpl e e duboiy: way of
limtation, internediary netabolites and/or environnental effectors.
Pronpoter elenents also include so called TATA box and RNA pol yner ase

initiation 30 selection (RS) sequences which function to select a site of
transcri pti &hese wpqueamsmlw bnd\prlgpptide 7ebickdmaiBo /8e5 28s, thissiitalequences

al so bind p BﬁR§ ﬁn%; alia, to facilitate
transcripti g#él ?lgt\f{]\g}{ss%re n byp&k&te ?ymerase Adapt ati ons al so

i nclude the provision of selectable markers and autononous 5 replication
sequences whi.ch poth facilitate the naintenance of said vector in either

the eukaryoff2Ptations also pichids the Provigiens of selgetple Magkers h 2ad AUAEPHOY ned
aut onomoys| ¥nli @kibn g@c{u%ﬁéeeqvm bth GRiB@IEBhe ¥Emtdhoe JERARIQMRor MEGHEF S are

desirabl e sihce these nolecules can i1ncorporate |arge DNA fragnents
(30-50kb DNA} eulapyotioregll ov gudkarystic bdst.t Vactorg whish a:eemehegmedtawnomou%%/ 07876
V\:hIChISInCOI’ r.ef erence. Cl|kh te the

expr 6551 o BF "UREFO RLGURE D Reer FEITTE LS B Eurlls Bres Fefbcr i pti on

t er mi nat i onhpletyied&nVihedrparated a@rme&agﬁféhw(wlss)% IDNA Y @pSombiecRitOVi si on of
internal ribosome entry sites (I RES) which function to nmaximse expression

of vector eddbadmegesricscrinef amPRPS/HSH] whish sgngospasptedry referencet ronic 15
express;d)n cassettes. These adaptations are wel| known in the art. There is
a signifticant amount of published literature with respect to expression
vect or consAdaptdtions whiich faeilitatditieaetpressiid df eehtor gnesied rgegesnarchbe th ease see,

Sanbr ook et al 9) Ml ecul ar. C oni 20 Labor at Cold Sprin
Har bour Labrap‘aflgw P e RO erlptign geaences. s afs0 Rhde Prine

the provision of internal ribosome entry sites (IRES) which function to maximise
expression of vector encoded genes arranged in bicistronic or multi-cistronic

15  expression cassettes.

These adaptations are well known in the art. There is a significant amount of
published literature with respect to expression vector construction and recombinant
DNA techniques in general. Please see, Sambrook et al (1989) Molecular Cloning: A

20  Laboratory Manual, Cold Spring Harbour Laboratory, Cold Spring Harbour, NY and
references therein; Marston, F (1987) DNA Cloning Techniques: A Practical
Approach Vol IIT IRL Press, Oxford UK; DNA Cloning: F M Ausubel et al, Current
Protocols in Molecular Biology, John Wiley & Sons, Inc.(1994).

25 According to a further aspect of the invention there is provided the use of the
polypeptide according to the invention as a pharmaceutical. In a preferred
embodiment of the invention said polypeptide is for use in the manufacture of a
medicament for the treatment of a condition selected from the group consisting of:
gigantism, acromegaly; cancer (e.g. Wilm’s tumour, osteogenic sarcoma, breast,‘

30 colon, prostate, thyroid); diabetic retinopathy; diabetic nephropathy and other

complications of diabetes and GH excess.



references therein; Marston, F (1987) DNA C oning Techni ques: A Practi cal
Approach Vol 111 IRL Press, Oxford UK, DNA C oning: F M Ausubel et al,
Current Protocols in Mlecular Biology, John Wley & Sons, Inc.(1994). 25

Accor di Nng w@ odlofosdst her aspect of the invention there is Wc‘i)@xﬁ?ﬁss bhe use of
the polypeptide according to the invention as a pharmaceutica I'n a

preferred enbodi nent of the invention said polypeptide is for use in the
manuf acture of a nedicanent for the treatnent of a condition selected from
the group consisting of. gigantism acronegaly, cancer (e g WIlms tunour,
ost eogeni c reast, 30 colon rost W? 3 etic

%

ret i nopat hyfﬁﬁpgﬂémge%gﬁn?%?swnﬁﬁg it HE{Fn °Bo°r?B éer &laﬁ)bet es and
GH excess. &nWeatidR4I0rdiel Indtdinh ESBRREEDAOSS by TRAIUBIO Infeet iodes tied TREPOSi tions

of the invention can be adm nistered by any conventional route, including
i nj ecti on ordnypisgaticamedy, farfeyampla, baasal, mﬁrﬁbenoqméltraamfpmaétm@%m%wl#ay, for

exanpl e, bemE}B&Lq ' q}#@o\éﬁﬂ?“ subélﬂﬁd'ef&?ser fo'&?r?shern{ it rﬁfg'l ﬁlﬁ’!"ﬂgﬁar naceut i cal

|ntracaV|ty, Fhit Thoct Subcutaneous ransder na
conposi t i onconwyitionn vy cmveniely pe pssaited] in ninitnddsagto Sarge aﬁabrmayahd may be

prepared by any of the nethods well-known i e art of pharmacy. Wen
adm ni st er eH@%TpebmﬁPﬁ%éﬂﬁth@élweﬂr@ﬁWﬂfhﬁﬁg PhARACY nvention are appli ed

in 10 pharnaceutical | y-acceptabl e amounts and | n
pharmaceuti cal | y-acceptabl e conpositions. The term "pharnaceutically
accept abl e" Wirem admiaistened, thexplarmedestidah preparhtinns @b dhe imventiontase spplied Wi t h t he

ff he, bi ol I f.th d Such
ot cpar ald or@ e B REEPUED, afbad | tod' by o pRAbal G DS, Ve,

conpati bl e ¢afposifioss. ThtdteApt pmlabaﬂuedm@ccdp&ereams @ rﬁvﬁ&ﬂils maldiallhe
conpositions nay be conbined, if desired, with a pharnaceutically-acceptable

carrier. Th@attQé’FﬁP"tﬁH@Ffﬁﬁc‘éﬁt theanffegtiveass nf 49 @O@S}Cﬁ tvitgoh the SHES or nore

ingredients. Such preparations may routinely contain salts, buffering agents,
preservatives, compatible carriers, and optionally other therapeutic agents.
15
The compositions may be combined, if desired, with a pharmaceutically-acceptable
carrier. The term “pharmaceutically-acceptable carrier” means one or more
compatible solid or liquid fillers, diluents or encapsulating substances which are
suitable for administration into a human. The term “carrier” denotes an organic or
20 inorganic ingredient, natural or synthetic, with which the active ingredient is
combined to facilitate the application. The pharmaceutical compositions may contain
suitable buffering agents, including: acetic acid in a salt; citric acid in a salt; boric
acid in a salt; and phosphoric acid in a salt. The pharmaceutical compositions also
may contain, optionally, suitable preservatives, such as: benzalkonium chloride;

25  chlorobutanol; parabens and thimerosal.

According to a yet further aspect of the invention there is provided a cell transformed

or transfected with the nucleic acid or vector according to the invention.

30 Ina preferred embodiment of the invention said cell is a eukaryotic cell. Preferably

said cell is selected from the group consisting of: a slime mould (e.g. Dictyostelium



conpatible solid or liquid fillers, diluents or encapsul ati ng substances
which are suitable for adm nistration into a human. The term"carrier"
denotes an organic or 20 inorganic ingredient, natural or synthetic, with
whi ch the ywgbiBrdsngredient is conbined to facilitate thergyelossi on. The
pharmaceuti cal conpositions may contain suitable buffering agents,
including: acetic acid in a salt; citric acid in a salt; boric acidin a
salt; and phosphoric acid in a salt. The pharnaceutical conpositions also
may cont ai ngppppt yeastadelly(e.gs acetior@nypese saewiswe Péskja spmh aammambghaabdloni um

chl ori de; 5 chl orabut angl ;:  parabens and thiperosal. According to a yet
further asp t,gtégx?es? é"ﬁ%@ﬁ%’?gﬁp?ﬁ‘?g?ez" f@nﬁpgeﬁrﬁgg'g'%go@(ﬂ“fmf?p nsformed ~or
transfected with the nucleic acid or vector according to the invention. 30

In a preferred enbodi nent of the invention said cell is a eukaryotic cell.
Pref er abl y Insan eltesnative i prefemeds embelimens raaidneellgisod prakamvetis celgprsferadlys| i me moul d

(e.q. Discty&%;lgrlc)liy%ligryp%@gjﬁv? 0765 PCTI @B02/ 05523 spp) a yeast cell (e.qg.

Sacchar onyces Ccerevi sae; spp); a manmalian cell (e.g.Chinese Hanster
Ovary); a plant cell; an insect cell (e.g.Spodopiera spp). In an alternative
preferred epbodjnent said cell is_a prokaryotic cell,  prefer

[ bly 5
Escher chi a 2¢°rding tBac & 2gneat ot MmYPRIPN; thete 5, Prayided 2 0dofo 1 he

i nvention thsh@chs %i id@ aPRkdIRsholti: inVeHRibh 86thprigng: e pol ypepti de
according to tuhg ien{\?%%t iygﬁﬂlcorrpri Si né): 118 i) pr ov%i nég a cell according to

the invention; ii) incubating said cell under conditions conducive to the
productjon .of the .pol % ti dgia(ic%rdi ngt.t(_) the invention; and optionally
iii) isolat?ng tPFPeV“ﬁPﬁ%B B?%f T RMCRE™ @1 or the cell culture nedium 15
In a preferifjed nmubRthgofaid Rell ivAd&NEdnBRios tshdaeivy REPthe dRodustig oFited wWith a

secretion signal to facilitate the purification of the polypeptide from
sai d cel | . MorePplpentidgiarserding fo the myentiopAng sehenal¥ i s provi ded with an

affinity t gy to iJo?a%E itﬁea}}o?yptepﬁde%’gnil fle Gt &rfe O11 culture medium.

15 In a preferred method of the invention said polypeptide is provided with a secretion
signal to facilitate the purification of the polypeptide from said cell. More preferably
still said polypeptide is provided with an affinity tag to facilitate the purification of
the polypeptide from said cell or the cell culture medium.

20  According to a yet further aspect of the invention there is provided a method of
treatment of a mammal, preferably a human, comprising administering to said

mammal the polypeptide according to the invention.

According to a further aspect of the invention there is provided a chimeric
25  polypeptide comprising more than two modified growth hormone binding domains
wherein said modification is the addition, deletion or substitution of at least one

amino acid residue.

In a preferred embodiment of the invention there is provided a chimeric polypeptide

30  comprising a plurality of modified growth hormone binding domains.
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t he pol ypeptide fromsaid cell or the cell culture medium 20 According to a
yet further aspect of the invention there is provided a nethod of treatnent
of a mammal , preferably a human, conprising admnistering to said nanmal

t he polypepébg@mﬁgcordlng to the invention. According topgridHob/bass aspect of
the invention there is provided a chineric 25 polypeptide conprising nore
than two nodified growth hornone binding domains wherein said nodification

is the addl tion, deletion or substitution of at | east one anino acid
resi due. | ringa firdies preferresnerabadiment offthe ieventionofhereo i piowided iaschimeriq ded a

E?LH?LL%E?#@W% R R S SR Rt b
enbodi nent dwimaigse i nvention there is provided a chineric pol ypepti de

conprising at least two nodified site 2 growth hornone binding domains. 5
In a further preferred enbodi ment of the invention there is provided a

chineri s palypgiet PererRiPEMSIdNEent. of4the 5nve§b10n7the?b is9proHdedQditimeast site 2

growt h hornone binding domains. In a further preferred enbodi nent of
the invent |R9|11>’P§nﬁ1¢9 comPRsing 8, AL §pb st 9,d¢9 mOﬂmqgcﬁﬁp%MhMﬂeonemdmgm nodi fi ed
growt h hor i ndi ng domains |inked together by a |inker nolecule.
Preferably sard Iinker nolecule is as herei nbefore disclosed. According to
a yet further aspect of the invention said chineric polypeptide conprising
nore than two nD h hornnne bi ndi ng .domai.ns, further 15 conpri ses
at |east orf®@ ag)"ﬁ eHci?r ﬂ' dipgntaRf ke Anysation @?S@W%Pﬁmﬁp Udeacept or .

Pref er afyl y c%ﬁipﬁsé%%&l@"tﬂaﬁ tQQtﬁGaﬁfHd'gQ@mﬁ%ﬁh&k%lﬂQﬁngtd&nthﬁﬁe@%gQﬁM h hornone

bi ndi ng domai ns and one growth hornone binding donain of a growth hornone
by a linker molecule. Preferably said linker molecule is as hereinbefore disclosed.

According to a yet further aspect of the invention said chimeric polypeptide
comprising more than two modified growth hormone binding domains further
15 comprises at least one growth hormone binding domain of a growth hormone

receptor.

Preferably said chimeric polypeptide consists of two modified growth hormone
binding domains and one growth hormone binding domain of a growth hormone

20  receptor.

Preferably said chimeric polypeptide consists of at least two modified site 2 growth

hormone binding domains.

25  Aspects and embodiments which relate to a chimeric polypeptide comprising growth
a hormone binding domain linked to a receptor binding domain are applicable to
chimeric polypeptides comprising more than or a plurality of growth hormone
binding domains. For example, vectors cotnprisng nucleic acids encoding said
chimeric polypeptides, pharmaceutical compositions comprising said polypeptides,

30 cell-lines expressing said chimeric polypeptides, methods to manufacture said

11



20 receptor. Preferably said chineric polypeptide consists of at |east two
nodified site 2 growh hornone bindi ng donai ns. 25 Aspects and enbodi nents
which relate to a chineric polypeptide conprising growth a hornone binding
domai n | i Rk§Gs/878763 " €ceptor binding donain are applicabl @chRposiNssEr i C

pol ypeptides conprising nore than or a plurality of growth hornone binding
domai ns. For exanple, vectors conprisng nucleic acids encoding said
chimeric pol ypeptides, pharnmaceutical conpositions conprising said

pol ypept i deBOlymhd;@lalnd methods of preamentyilisiag gaid ipokiweptidep areygbpithindke et hods

t o manuf act 3/ 07 Rept i des and

nmet hods of %Er ? {nv%lomﬁlnrlag’éegﬁtgﬁ%o yépep élglgééi’d@%tywthl n the scope
of the invention with respect to this species of chimeric polypeptide. An
enbodi nent of the invention will now be describ arrpl e gnly and with
5 refer enceR{‘SmPH@mfeBtl‘P e igyentien wilbpop br geicate degléﬁ?‘/@nﬁ Bl @ddhitts a summary
of the agm n&fe@&icgtogd{pﬁﬂllow&t%léaﬁd)ﬁﬁrése 1 and site 2 of human GH 10 Figure
1 Plasm d map of pHEAT. GH GL20R, which was generated by ligating the

GH. d 20R gene,. synthesised by PCR between the BamH and Nod restriction
sites. The ctive rker on | asm R 2 Plasmd map of
pTrcHi s- TCPB1 ?elgriepr%nts aalenéatg%f“g ° amd Su{’& mﬁ}?g%’ tt%(%ltegiljgn %ﬁte(élgél? gene

bet ween t hemBeaitdiH:and NoII sites in pTrcHl s 1AI The linker is (4S)4, and
the selective marker on the plasmd is AnpR, Figure 3 Plasm d map of

pTrcH s-TOPO. 1B2, which was generated by ligating the GH GL20R gene

bet ween; g hepgaat piafislahReb 3 SESAT OGRSk luwad B O iing 3 (O19) 4
andthe seleCtiv rrarker lasmd I's gure Plasmd map of
pTr cHi s- TOPGH.G120RB gewdy syxi’ahemsd g}eBQRab@'dedwht BgraHiI agd Nhé restnctlon sites.

The selective marker on the plasmid is Amp ;

Figure 2 Plasmid map of pTrcHis-TOPO. 1A7, which was generated by ligating the
15 GH.G120R gene between the BamHI and Nofi sites in pTrcHis 1A1l. The linker is
(G4S)s, and the selective marker on the plasmid is Amp®;

Figure 3 Plasmid map of pTrcHis-TOPO. 1B2, which was generated by ligating the
GH.G120R gene between the BamHI and Nod sites in pTrcHis 1B1. The linker is
20 (GsS)4, and the selective marker on the plasmid is AmpR ;

Figure 4 Plasmid map of pTrcHis-TOPO. 1C3, which was generated by ligating the
GH.G120R gene between the EcoRI and HinDIII sites in pTrcHis 1A7. The linker is
(GaS)s, and the selective marker on the plasmid is AmpR;

25
Figure 5. Sequence of the GH.G120R gene, showing the start codon, 6xHis tag,
relevant restriction sites, stop codons and the G120R mutation (CGC). The actual
GH.G120R component is shown in CAPITALS, and the sequenced regions are
shown in bold

30

12



GH. GL20R gene between the EcoRl and HnDI Il sites in pTrcH s | A?. The |inker
Is (AS)4, and the selective marker on the plasmd is AmpR, 25 Figure 5.
Sequence of the GH GL20R gene, showing the start codon, 6xH s tag, relevant
restricti owoaBARIes sStop codons and the GL20R nutation ( CEgncBRfssast ual

GH. G120R conponent is shown in CAPI TALS, and the sequenced regions are
shown in bold 30 12 WD 03/070765 PCT/ GB02/ 05523 Figure 6. Sequence of the
1A7 gene, showi ng the start codon, 6xlis tag, relevant restriction sites,
st op codons Figee 6-neq@ire RS thet al ADgeneCsb@ingrthe starttoedon, GHHE ROReleyadY S) 4- GHR( b)

conponent i | S J redi o own in
bold; 5 Fi gﬁﬁsgngw&egu%ﬁ@@ or WZI%?%%@%&%’@WRQ %}aé:@ Q?I?G%:%gon, 6XHi s
tag, rel evalit;S)/EHR(b)Cdonponerttie showst aCARITALS, anddthe BequendddRegivtisodre on ( CGC) .
The act ual . GL20R-  (AS) 4-GHR(fl ec) component is shown in CAPI TALS, and

t he sequenc&PWyi 85 are shown in bol d; 10 Figure 8. Sequence of the 1C3
gene, shewing the start codon, 6xH s tag, relevant restriction sites, stop
codons and the GL20R nutation (CGC). The actual CGH GL20R- ((AS)4-CGH GL20R
conponent i SiguteoluBequencapf thal S| B2igehet showingthe sterdodernyitaHss tagrrelegdndpwn i n

of 159 Sos “SREESIE e DR bl e CRRR Ll CE R T R DS IR 150

1CG3. (GaS)s-GHR(flec) component is shown in CAPITALS, and the sequenced regions are

shown in bold;

10
Figure 8. Sequence of the 1C3 gene, showing the start codon, 6xHis tag, relevant
restriction sites, stop codons and the G120R mutation (CGC). The actual GH.G120R-
(G4S)4-GH.G120R component is shown in CAPITALS, and the sequenced regions
are shown in bold;

15
Figure 9. Western blots using anti-human GH as the primary antibody of 15% SDS
PAGE gels for the expression studies of GH.GI20R, 1A7, 1B2 and 1C3.
Expression was from the pTrcHis vector in E. coli XL1 Blue or E. coli SURE cells,
these samples were taken 4 hours after induction with 1mM (final concentration)

20 IPTG. The blots show that GH.G120R and 1C3 produce single bands, while the

samples of 1A7 and 1B2 contain cleavage products;

Figure 10. Coomassie stained [C] 15% SDS PAGE gels of purified GH.G120R,
. 1A7 and 1C3. Western blots [W] of these samples using anti-human GH as the
25  primary antibody are also shown. The coomassie stained gels show that the purified
protein samples are >95% pure, however the western blots show that only
GH.G120R and 1C3 produce single bands, while the sample of 1A7 contain

cleavage products;

30  Figure 11 Graphs showing the results of the GH bioassay fro GH.G120R, 1A7 and
1C3. Each graph shows a standard curve, the assay with the construct alone at

13



Expression was fromthe pTrcH s vector in E. coli XL1 Blue or E. coli SURE
cells, these sanples were taken 4 hours after induction wth 1mM (final
concentration) 20 IPTG The blots show that GH d 20R and 1C3 produce single
bands, whiweg os/ia76ssanpl es of 1A7 and 1B2 contain cl eavag%ﬁ;}@yﬁéﬁé Figure
10. Coonmssie stained [C] 15% SDS PACE gels of purified . . 1A7 and
1C3. Western blots [W of these sanples using anti-human GH as the 25
primary anti body are al so shown. The coonassie stained gels show that the
purified prdiffeient gampitatons ad>thé dsspymith thevenstruct tah diffeesit eomrentratioss show t hat

only GH G2 n r.Qduce si e bha i.le.the sanple of .1A7 contain
Cleavage pr i 2onmbitel R oGl Racilohe mPRE nPCHRRER ool &)

bi oassay fratiGty, GhPalRhavkAhtagirilsticldcBvityraitih tHe GG 130R BEing tisd Mo asttbecur ve, the
assay with the construct alone at 13 WD 03/070765 PCT/ GB02/ 05523 different

concentr at i ¥fs ]aﬁﬁthf’ﬁeés‘assay with the construct at different concentrations
wi th 25ng/ m "hGH. These show that none of the proteins have inherent
agonistic activity, but all have antagonistic activity with the GH GL20R
bei ng t he nitgured2is the amimradidlséquenteof mawtlified GH;gure 12 is the ami no acid
sequence of unnodified G4, Figure 13 is the nucleic acid sequence of
unnodi fied GE. 10 Materials and Methods The nethods to generate nodified GH

at site 1 aFighren3$d thenwcldt Geidl kbRt uhhodifedGH. 849, 535; US 5,854, 026; US
6, 004, 931; US6, 022, 711; US6, 057, 292; and US6136563 each of which is

i ncorporated by reference. 15 DNA constructs
10 Materials and Methods

The methods to generate modified GH at site 1 and/or site 2 are disclosed in US 5,
849, 535; US 5,854,026; US 6,004,931; US6,022,711; US6,057,292; and US6136563
each of which is incorporated by reference.

15
DNA constructs

GENERATION OF SITE 2 MUTATED GH ANTAGONIST (GHa)

20 The cDNA for human GH (Fig 1) has been PCR amplified from human pituitary
tissue and cloned into the vector pTrcHis-Topo (pTrcHis-TOPO-GHstop). The GHR

extracellular domain was amplified from human liver cDNA using PCR.

Growth Hormone Antagonist (G120R) Constructs

G120R Mutation of Growth Hormone

25

The growth hormone (GH) gene was mutated using the phagemid ssDNA mutation |
method. The GH gene was first sub-cloned from pTrcHisGH into pT7T318 between

30 BamHI and Hindl sites, to produce pT7T318-GH. This plasmid was then
transformed into E. coli CJ236 and single stranded ssDNA produced.

14



GENERATI ON OF SITE 2 MJUTATED GH ANTAGONI ST (GHa) 20 The cDNA for human CH
(Fig 1) has been PCR anplified fromhuman pituitary tissue and cloned into
the vector pTrcHi s-Topo (pTrcHi s-TOPO GHstop). The GHR extracel lul ar donain
was anpl i fWeasd7o human |iver cDNA using PCR G owt h Hopgpgosasoni st
(Gl20R) Constructs 25 GL20R Mutation of G owth Hornone The growth hornone
(G&H) gene was nutated using the phagem d ssDNA nutation nethod. The CGH gene
was first sub-cloned frompTrcH sGH into pT7T318 between 30 BanH and

Hindl 11 si t Bae ssPNAR B3 & wes then aptatefhy<changing,thg coden fon &ly120 frams f or ned

into E. col %@Ca gl E%l@ ced. 14 WO 03/070765

PCT/ GB02/ 05 glg he%ﬁ%ﬁ%@%&a@t elgﬂr?u?f fed by changi ng the codon
for Glyl20 from GEC to CGC, the primer CGH (GL20R)For was used (Table 1).
The dsDNA plL7T318- r ed after the .ation process t hen used
5 to sub o BirPA R TTAISGRE TN Brogeenholby mPeion poReR vis RBATRGH, ca 20
(Fig.1).5 GegasBlciond tBé ARIGEIG0 tEUNSHEAT tvectdf) this| dabe gHHEAT.GH.GIZOR

[ GH Gl20R- (AS) 4- GHR(b) 1= GHa | inked to b domai n of R The GH d 20R gene

was exci sedFi&lm pHEAT. GH. GL20R (Fig. 1) using the restriction sites BarH
and Notl. The gene was then ligated in place of the GH gene in pTrcH sxl Al

L (619 GLbildn 4/efl e CUBGAER"1 | 1 P51 O v, trenT oo nce
([ag?ll &;@%@ﬁ[&%&éﬁ@iﬁ@ . nidia S racel | ul ar domai n
of the GHR The GH.G120R gene was excised from pHEAT.GH.G120R (Fig. 1) using the

restriction sites BamHI and Notl. The gene was then ligated in place of the GH gene

in pTrcHisy1Al [GH-(G4S)s-GHR(b)] (Fig. 2). The resulting plasmid was

transformed into Escherichia coli XL1 Blue and plated on LB (0.3% glucose,

15  50pg/ml ampicillin, 12.5ug/ml tetracycline) agar plates.

11B2 [GH.G120R-(G4S)4-GHRflec] = GHa linked to full length extracellular domain
of the GHR.
The strategy used to generate the y1A7 gene was repeated, however the
20 recipient vector was pTrcHisy1B1 [GH-(G4S)s-GHRflec] (Fig. 3). The resulting
pllasmid was transformed into E. coli XL1 Blue and plated on LB (0.3% glucose,
50pg/ml ampicillin, 12.5pg/ml tetracycline) agar plates.

%x1C3 [GH.G120R~(G4S)4-GH.G120R] = GHa tandem.

25 A PCR reaction was performed on pTrcHisGH using the primers DiGHEcoF1
and DiGHHinR1 (Table 1). The PCR product was then digested with EcoRI and
HindII, this was then ligated in place of the GHR(b) domain in pTrcHisy1Al [GH-
(GsS)s-GHR(b)] (Fig. 4). The resulting plasmid was transformed into the
recombinant deficient E. coli SURE and plated on LB (0.3% glucose, 50pg/ml

30  ampicillin, 12.5ug/ml tetracycline, 50pug/ml kanamycin) agar plates.

Sequencing Results

15



The strategy used to generate the x1A7 gene was repeated, however the 20
reci pient vector was pTrcHi sxI Bl [GH(AS)4-CHRflec] (Fig. 3). The resulting
plasm d was transforned into E. coli XL1 Blue and plated on LB (0.3%

gl ucose, vwaPaygFhr6anpicillin, 12.5g/m tetracycline) agarpgfisessss 1C3
[ GH GL20R- (GGS) 4- GH. G120R1 = GHa tandem 25 A PCR reaction was perfornmed on

pTrcH sGH using the prinmers D GHEcoFlI and DiGHH nRI (Table 1). The PCR
product was then digested with EcoRI and HndlIl, this was then ligated in
pl ace of the GHR(b) domain in pTrcHi sxIAl [GH+ (AS)4-GHR(b)] (Fig. 4). The

resul ting ! . f Lot i efel;ci E. coli
SURE. and- plrAREotfiinibl B3R TE et st Bt B Al B RS
tetracycl i nfad tlegiths seqticityd fon GERGAZOR) kAR S 1 B3ead 11 CB age SReslit Bigd5 WO

03/ 070765 PCT/ GB02/ 05523 Plasm ds containing the construct genes were
sequenced. 5T$té¢§éﬁl¥él¥ces of the genes and the regions sequenced for

GH. G120R, x1A7, x1B2 and x1C3 are shown in Figs. 5-8, respectively. 5

Expr essi on el ﬁsﬂl&g;e col onies were used to inoculate 3m LB (0.3%

gl ucose, 5%&Wm| lin, 12.5g/m tetracycline) broth for E. coli XL1

Bl [ LB (.0. 3% gl , .10 .50q/ icillin, 12.59/n.
te'tJ (raagscl ?r?g’?gq%ﬁ‘g?#s LEGE u@?‘fijenoﬁ‘flﬁﬁnﬂwﬁ /(r‘lrcpgh‘i%l‘)s%lé&@/@ila{“gl.c%ese wer e
gr own, shahbrsggngvt%&geégme) arotR for E4b5 Xal1 ANE dmdiafd L@%?‘%%lﬁ&s& he

appropriate anti bioti were then inoculated wth 200 of “t he "over ni ght
LB cul tlfr e.50ged empiriBing d 2bpg/fd rtet@icyrdine,s30ugm] ksmaplyes) bwtlefor 15 dofien t aken

(To sanpl eqhp T YT ULLYL G5 W606L LRMLNYPERE W LN 1PTG to a fina
4mls of 4YT media, containing the appropriate antibiotics, were then inoculated with

200ul of the overnight LB culture. These were grown for 3 hours, 1ml samples were

15  then taken (T samples).

The 4YT cultures were then induced with IPTG to a final concentration of ImM and
then further incubated for another 4 hours (T4 samples).

20 The To and T4 samples were processed immediately after they had been taken. They
were first centrifuged to pellet the cells, the supernatant was then discarded and the
pellet processed for running on a SDS PAGE gel. Protein was visualised on these
PAGE gels by either Coomassie staining or by western blot using an anti-GH primary
antibody to probe for the construct.

25
In all cases the Coomassie stained PAGE gels do not show over-expression of the

construct. However, the constructs are observed on the western blots (Fig. 9). These

show that in all cases protein of the correct size is expressed.
30  Purification

In general protein was purified from 4 x 250ml cultures grown in 4YT, containing

the appropriate antibiotics, and induced for 4-5 hours with IPTG to a final

16



then further incubated for another 4 hours (T4 sanples). 20 The To and T4
sanpl es were processed imedi ately after they had been taken. They were
first centrifuged to pellet the cells, the supernatant was then discarded
and the paR)bdsAIoREOCESSed for running on a SDS PACE gel . pPi/aei/issias
visual i sed on these PAGE gels by either Coomassie staining or by western

bl ot using an anti-GH primary antibody to probe for the construct. 25 In
all cases the Coomassi e stai ned PAGE glel s do not show over-expression of the

construct. $9Bseairation phdmdbnThe gellsswereehapissted by ceatifugrsioneandysedobot s (Fi g.
9). These i ' r . Sl ze IS expressed.
30 Purifi cat?élagf#ﬁtt%é}ﬁg%ﬁé aﬁ@%’? %@ﬁwfg@%ﬂ?@??lgogﬁp ?:gr%&?é%(u 50m cultures
grown in 4YT, containing the appropriate antibiotics, and induced for 4-5

hours with PTG t.0 final 6 WO 03/070785, PCTI 2/ 05523 cancentration of
Tt The ¢ oTtidSRgsreelt e tFocepisiinny o Srover ooy SEPOR S e YRRy UEABAt nant wi b
| ysozymes angirified usiAg HR&0geh PréBoRd RRkin QR Eb1RYn)S PRiteiatwRRIutdd@sing/sed cel | s
were centrifuged to renove cell debris and the supernatant initially 5
purified usQ-ﬂ\glmriwaf:-ogen ProBond Resin (N -columm). Protein was el uted
using 5nmL 0.5M i m dazole. The protein sanple was further purified by
diluting t lyant _fromthe N -c 0. ti i uit-abl e buf fer and

t hen pagsi %eﬁ’{&?lﬁrsgﬁﬁlﬁwésmgbo%ﬁfa @g&lg%néethgglﬁﬁn&%o%% %8[ug|mnllbfwas el ut ed
usi ng a saltimegriadsefableduffer did thePassivgit th26ligh ad¥loroQ ineexdhange botluni n; 0. Sni

fractions were, collected. The fractions were thEn analysed for the presence
of the Wondirpigin: Was glytednusing gcsaftogadiens Rfa0-AMh Hafbh O Ve Adn} gk e Psotled. The

puri i ed pr@&ﬂ@&%.gﬂg%tmﬁdﬁd@y cotidctel e #4ABIPASAn AlalOPR ML WS er n

15 blot) (Fig. assayed to nmeasure 1ts concentrati e protein was
t hen presence of the construct, and the fractions containing the construct pooled.

The purified protein was analysed by SDS PAGE (Coomassie staining and western
15 blot) (Fig. 10) and assayed to measure its concentration. The protein was then

submitted for the bioassay.

In the cases of 1A7 and % 1B2, which showed cleaved products by western blot, the
constructs were submitted to the Rapid Translation System (RTS) for in vitro
20 transcription. Previous, studies on 1Al and x1B1 have shown that cleavage was
greatly reduced using the RTS system in conjunction with protease inhibitors and

chaperones for expression.

Bioassay
25

The purified constructs were submitted to the Asterion standard GH bioassay.

Prepared 293 Hi, which stably express growth hormone receptor, were stimulated

with the construct using a range of doses. A second duplicate plate was also prepared,

but 25ng/ml GH was added 30min. after adding the construct to observe the
30 antagonistic capability of the construct.

All the GH.G120R constructs had antagonistic activities (Fig. 11).

17



submtted for the bioassay. In the cases of x1A7 and x1B2, which showed

cl eaved products by western blot, the constructs were submtted to the
Rapid Transl ation System (RTS) for in vitro 20 transcription. Previous,
studi es ofgvgdaphosed x| Bl have shown that cl eavage was greaticsos/@dssced using
the RTS systemin conjunction wth protease inhibitors and chaperones for
expression. Bioassa 25 The purified constructs were submtted to the
Asterion standard CGH bi oassay. Prepared 293 H, which stably express growh
hor nrone receptor, were stinulated wth the construct using a range of
doses. 1d: dupl .nl .was al so prepared, but 25ng/m GH was added
30m n. aft;s'(\crﬂigbg A{n:‘tlgéo%lﬂ L to observe the 30 antagonistic capability
of the construct. AI | the GH 4 20R constructs had antagonistic activities
(Fig. 11). Arledtaf3Ha3bibassas Bs Wed todofian b amdgonsit eetbiity(). AfpeAnimpgnrellst Activity

An establighed bi oassay i s used to _screen for antagonist ‘activity (9). A
per manent CBF|SXPISSYing, dhe, fiy} dength, GHR, a5 fransfently %ﬁﬁw ith @ Wpiksras | y

transf ect eqepirth thht | i Bk  SBBOMCr Thidd. fahnﬁéugqstw%ee@elﬁt &S (9).
Twenty-four 'hours later the cells aré stinulated wth for hours with
or without stimtlatedrwight GHTﬂoe6 dets svithro witheut anyagenist. it dells axfeehmslasedct ivity
measur ed (%d %eTeSth rret abﬁ ?c cl earance rate in vivo Sprague- Daw ey
rats are anaeguf I3 vi Lg ae inplanted in fenmoral and jugular veins.
Two days later GH chi msra or tandemis .administered by intravenous or
subcut aneous i njection. Blood sanpl es are collected via the fenoral cannul a
and 15 18ni dsstingmetabalicielparapceate,in yivo protein |level s nmeasured by

radi o-i munoassay.

Sprague-Dawley rats are anaesthetised and cannulae implanted in femoral and jugular
veins. Two days later GH chimera or tandem is administered by intravenous or
subcutaneous injection. Blood samples are collected via the femoral cannula and
15 chimera and tandem or oligomer protein levels measured by radio-immunoassay.
Pharmacokinetic parameters are estimated using available computer programs fitting

hormone concentration against time.

Table 1 represents a summary of amino acid substitutions made to site 1 of GH.
20  Modifications to site 2 include the substitution of G120 for any of arginine; alanine;
lysine; tryptophan; tyrosine; phenylalanine; or glutamic acid.

H18 |H2 [ Q22 [F25 | D26 | Q29 [ E65 |RI67 [KI68 [DI71 [ K172 [El74 | 1179
1

D N N A S R S T

A A A A A A A A

A A A A A A A

D A A A A A A S

A A A A A A A S

D A A A A A A A

A A A A A A A A

D N N A S R S T

A A A A A A A A
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Phar macoki netic paraneters are estinmated using avail abl e conputer prograns
fitting hornone concentration against tine. Table | represents a sunmary of
am no acid substitutions nade to site 1 of GH 20 Modifications to site 2

i ncl ude t e 83)@Igst uti on of GL20 for any of arginine; al ap@ir/RBo20dsysi nNe;
tryptophan; tyrosine; phenylal anine; or glutamc acid. H18 H2 Q@2 F25 D26
Q9 E65 R167 KI68 D171 K172 E174 1179 DNNASRST AAAAAAAAAA
AAAAA DAAAAAAS AAAAAAAS DAAAAAAA AAAAAAA
A 75- 1 NNASRSTAAAAAAAA 18 W 03/070765 PCT/ GB02/ 05523
CLAIM5S 1. AcgRip®ric pol ypeptide conprising: 5 i) at |east one nodified

bi ndi ng domarnm or grow h hornone wherein said nodification is the addition,
del etion or substitution of at |east one amno acid residue; and ii) a

| i gand bindjng d in.of grow.h hormone receptor. 10 2. A pol ypeptide
accor di ng tid C 4?%?%3?@?#@3%%}8% ng donain is nodified in site 1 of
growt h fsor nipne. a8.leabt PAt MGt BiRIGEOG6hAA dfogoivii Rodndile WhetRl sidai d
bi nding domain_is, nodified.in site 2 of growth hornone. ) )
modification is the addition, deletion or substitution of at least one amino acid
residue; and

ii) a ligand binding domain of growth hormone receptor.

10 2. A polypeptide according to Claim 1 wherein said binding domain is modified

in site 1 of growth hormone.

3. A polypeptide according to Claim 1 or wherein said binding domain is
modified in site 2 of growth hormone.

15
4, A polypeptide according to Claim 1 wherein said modification is to both site

1 and site 2 of growth hormone.

3. A polypeptide according to Claim 1 or 2 or 4 wherein said modification is
20 selected from the group consisting of: histidine 18 with alanine or aspartic acid;
and/or histidine 21 with asparagine; and/or glutamine 22 with alariine; and/or
phenylalanine 25 with alanine; and/or aspartic acid 26 with alanine; and/or
glutamine 29 with alanine; and/or glutamic acid 167 with alanine; and/or aspartic
acid 171 with serine; and/or lysine 172 with serine or alanine; and/or isoleucine 179

25  with tyrosine as represented in Figure 13.

6 A polypeptide according to Claim 5 wherein said modification consists of the
amino acid substitutions: histidine 18 aspartic acid; histidine 21 asparagine; arginine
167 asparagine; aspartic acid 171 arginine; glutamic acid 174 serine; and isoleucine

30 179 threonine.
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15 4. A polypeptide according to Claim1l wherein said nodification is to
both site 1 and site 2 of growh hornone. 5. A polypeptide according to
Claim1 or 2 or 4 wherein said nodification is 20 selected fromthe group
consi st i ngwofsntarést i dine 18 with al anine or aspartic aci /@by hi stidine
21 with asparagi ne; and/or glutamne 22 with al anine; and/or phenyl al ani ne
25 with alanine; and/or aspartic acid 26 with alanine; and/or glutamne 29
with alanine; and/or glutamc acid 167 with al anine; and/or aspartic acid
171 with se¥i ne;A aplpentide pedording oClaim f whereinrseidonodifieationsonsistedfdhe i sol euci ne
179 25 wit r.OS p [ accordi ng
to Cdaim5 &7&{8353?‘? sggftgén&% %ﬁéﬂﬁl gﬁ ajéaglﬁgl s oﬂf]e??zl'ﬁ1 é%gg@%%ﬂee
substituti omalaﬂﬁhestakmteaclﬁzaapajn‘e;l glutammd,29hﬂmﬂed'glmmﬂ&. acid[Garak@ineg; argi ni ne
167 asparag ne &gﬁartl o d 171 c\y%i'g{;gaﬁl ne; glutamc acid 174 serine; and
' sol euci ne 1ve téRATERG gd platariio? ¥HF765 PCT/ GBO2/ 05523 7. A
pol ypepts de accordl ng to Caim5 wherein said nodification consists of the
am no acid substitutions: histidine 18 al anine; glutam ne 22 al ani ne,
phenyl al ani he %pdmnd@accamtpu@mmcﬁ wherein said st mogification ingo 29 al ani ne;

| utam c acj g n n c acid 174
gl anine. 5 gﬁil g%lg%)ﬁ%ymﬁg |c1 5¥ggcgtrhége%ga{cgpé@f&emgg%vﬁé&tgﬁ? said site 2
nodi fication is to amno acid residue glycine 120 of the sequence

represented in Figure 12. 9. A pol ptide accordin to C.aim 8 wherein said
site 2 modi¥i cath BHYPRde aqgordingstp (ﬁgﬁ&)‘ﬁh%‘?m&f@é‘lt% gification, iano aci d

sel ectefh f rﬁmﬁtﬁtﬁ)n%tolg@%&&nﬁir%' BinO'acid s%fe&'e@'fﬂﬁn i %‘&hﬁ%onéléfﬁg

trypt ophan; tyrosine; phenylal anine; and glutamc aclrd. 10. A pol ypeptl de
accordi ng mg:@ina; atargnepfysine] fyrterihdn;dyrosng pherytalaning; amd1glu§mg¢ 30id. ne

10. A polypeptide according to Claim 9 wherein said site 2 substitution is glycine
120 for arginine or lysine or alanine.

15
11. A polypeptide according to any of Claims 1-10 wherein the growth hormone
binding domain of GHR is the extracellular domain of GHR.

12. A polypeptide according to Claim 11 wherein the extracellular domain of
20 GHRis the C-terminal SD-100 domain of GHR.

13. A polypeptide according to any of Claims 1-12 wherein said polypeptide is a

fusion protein.

25 14. A polypeptide according to Claim 13 wherein said fusion polypeptide
comprises modified GH according to any of Claims 1-10 and the C-terminal SD-100 .
domain of GHR.

15. A polypeptide according to any of Claims 1-14 wherein, the modified binding
30 domain of GH is linked by a linker to the GH binding domain of GHR.
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120 for arginine or lysine or alanine. 15 11. A polypeptide according to any
of Clains 1-10 wherein the gromh hornone binding domain of GHR is the
extracel lul ar donmain of GHR 12. A polypeptide according to Claim1l wherein
the extragg) dswhéves domain of 20 GHR is the C-term nal SDpdf@pehagisn of GHR
13. A pol ypeptide according to any of Clains 1-12 wherein said pol ypeptide
is a fusion protein. 25 14. A polypeptide according to Caim 13 wherein

sai d fusion pol ypeptide conprises nodified GH accordi ng{ to any of C ains

1-10 and tHé C tAePQWR?HPdWQIGGIEt@l§h%md56‘fhe@4ﬁhellekefﬂﬁ pPAlyRsEidd de according
to any of G Lfied binding 30 domain of GHis

|i nked by a}lﬁ?m%nlipto { e olno & ‘?ﬁégg}a ofmain of GHR 20 WD 03/ 070765

PCT/ GB02/ 05523 16. A poI ypeptl de according to C aim15 wherein the i nker
is a polypeptid |ch onpri.ses to Oamn dreS|du

pol ypept i dggacc Pg %dmgf%éh‘f@rlgl“ﬂ‘qeﬁ’e F‘ﬂllﬁeél"mélﬂﬂifﬁ Q 0 to 20 5
am no agi d mmlfwd&&_A pol ypeptide according to Claim16 or 17 wherein

the linker conprises at |east one copy of the peptide Ay Ay Ay Ay Ser.
10 19. A nucl ei c acid nol ecul e which encodes a pol ypeptide according to any

of ~dains 318 3 gﬂ ?Pﬁ’t& ﬁ’dbfa[c é‘]Pd}nE% kg loctlly "5 the dnicd D&Jﬁrgskscaltad d

nol ecul e as repre uclel ¢ aci se uence in 3; and 15
iii) a nucllﬂsmrﬁccnpiyoﬁmep&plndeﬂhyﬁty@lyln}ly ferses to the nucleic acid sequence
in (i). 20. A nucleic acid nolecule according to Caim 19 which hybridises
under .

10 19. A nucleic acid molecule which encodes a polypeptide according to any of

Claims 1-18 selected from the group comprising:
i) a nucleic acid molecule as represented by the nucleic acid sequence in Figure
13; and

1S i)  anucleic acid molecule which hybridises to the nucleic acid sequence in (i).

20. A nucleic acid molecule according to Claim 19 which hybridises under

stringent hybridisation conditions to the nucleic acid sequence in Figure 13.

20 21. A nucleic acid molecule according to Claim 19 or 20 consisting of the DNA
in Figure 13.

22. A vector comprising the nucleic acid molecule according to any of Claims 19

-21.
25
23. A vector according to Claim 22 wherein said vector is an expression vector
adapted for recombinant expression.
24.  Use of the polypeptide according to any of Claims 1-18 as a pharmaceutical.
30

25.  Use of the polypeptide according to any of Claims 1-18 for the manufacture
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stringent hybridisation conditions to the nucleic acid sequence in Figure
13. 20 21. A nucleic acid nolecule according to Caim19 or 20 consisting of
the DNA in Figure 13. 22. A vector conprising the nucleic acid nolecul e
accordi ng woosavgreef Clainms 19 -21. 25 23. A vector accopgiigolfsssd ai m 22
wherein said vector is an expression vector adapted for reconbi nant
expression. 24. Use of the pol ypeptide according to any of Clains 1-18 as a
pharmaceutical. 30 25. Use of the pol ypeptide according to any of C ains
1-18 for t hef naadicamant fos thezEewmaf@mvgsomwm@wzgoumﬁorﬁlsmi cament

for the tre . Of Lt s bty of .

gi antism agfﬁ gr%g%sé@y%&o(% C FE%“%%%%NW%;% %%ﬂio?égge{ng&;%ém c’lgggra%:t’ona,

breast, cotodom, proststeatthyroidiry rdidbalic rmdiimipathiy;c diabefic)opephivpathyli alebetic

nephropat hy, di.abetic . conplicatigns and any di sease of GH excess. 5 26. Use
of the pol yPBRICHONSAdAY; astec?fé}'gf’?‘ffs% for the treatment of acronegaly.
27. A phaarnmaceutical conposition conprising a polypeptide according to any
of 10 Clains 1-18. 28. A cell transforned or transfected with the nucleic
acid or vectbor d&€optlithey Robypeplide @scording fg ¢im 325 1for pthe @eatment afcording to
Cl aim 28 V%?Cﬁxile%a@ai d cell is a eukaryotic cell selected fromthe group
consi sting of: lime nould (e.g. Dictyosteliumspp) a yeast cell (e.g.
Saccharonyces cerevisae; Pichia spp); a manmalian cell (e.g.Chinese Hanster

27. A pharmaceutical composition comprising a polypeptide according to any of

10 Claims 1-18.

28, A cell transformed or transfected with the nucleic acid or vector according to

any of Claims 19-23.

15 29. A cell according to Claim 28 wherein said cell is a eukaryotic cell selected
from the group consisting of: a slime mould (e.g. Dictyostelium spp) a yeast cell (e.g.
Saccharomyces cerevisae; Pichia spp); a mammalian cell (e.g.Chinese Hamster
Ovary); a plant cell; an insect cell (e.g.Spodoptera spp).

20 30.  Acell according to Claim 28 wherein said cell is a prokaryotic cell.

31. A method to manufacture a polypeptide according to any of Claims 1-18

comprising:
i) providing a cell according to any of Claims 28-30;
25 i) incubating said cell under conditions conducive to the production of said

polypeptide; and optionally
iii)  isolating the polypeptide from the cell or the cell culture medium.

32. A method according to Claim 31 wherein said polypeptide is provided with a
30 secretion signal to facilitate the purification of the polypeptide from said cell.
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Ovary); a plant cell; an insect cell (e.g.Spodoptera spp). 20 30. A cell
according to Claim28 wherein said cell is a prokaryotic cell. 31. A nethod
to manufacture a pol ypeptide according to any of Clains 1-18 conprising: i)
provi di ng wo6sdt7eaccording to any of C ainms 28-30; 25 ii pcirRpébedshig sai d
cell under conditions conducive to the production of said polypeptide; and
optionally iii) isolating the polypeptide fromthe cell or the cell culture
medi um 32._ A nethod according to Caim31 wherein said polypeptide is

provi ded with a “swethed pesording ©iCrim 3195 32 aderain seidpalypepiids is Pravidedon of the
pol ypeptid E | £ L A3 sai met hod
accordi ng ??)ﬁﬁﬂglg:afn@% té(;gre%ﬁm\%ﬁg\r/%f g%@%g&ggf @ggfﬁ%{d?s prg]\l/(?gghé with an
affinity tabeced! dultvid mediems. t he purification of the pol ypeptide fromsaid
cell or the cell culture medium 5 10 15 20 25 30 23
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