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

bi ndi ng dwowB7abs gr owt h hornone |inked to a receptor binacmgRrRbeBI2e Of
growt h hornone receptor; and tandens/oligomers of said nodified growth

hor mone binding domains. GHis a nenber of a large famly of hornones
involved in the regulation of 10 mammalian growt h and devel opnent. Hunman
GH is a 22kDa pol ypeptide which is involved in a nunber of biol ogical
processes. For exanple, cell g D, ctation, the activation of

macr ophages and the regulationhgllﬁﬁ%£@¥9ﬁ§¥§bolisn1 GH interacts
sequentially with two nenbrane bound GHR' s via two separate sites on CH

referred as site 1 and site 2. Site 1 is a high affinity binding site and
site 2 a | Ghe afvenion selaed to.chirbery milypgpadGHvinabiacaldepdiypedtdds GHIRrisE a si te 1.

A secon t he cruited vi site rma GHR: Rco
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the GHR exists as ' ked domal ns each O approximately 100 am no
aci ds (SDbﬁﬁyn,gctohRmG-term nal SD-100 donain (b) be| ng closest to the cell
surface and the N-term nal SD-100 domain (a) being furthest away. It is a

conformati onal change in these two domains that occurs on hornone binding

with the fagmati R: GHs are
di scl osed in Usagl?leg{?g% IagS [d\/\g? géhlﬁllbg%:?ﬁ{gg%&c%éa%negg‘r V%RP e?ﬂer %%gla{lbr?%f

nmodi f i t@t | mamnoli@h gircswtzhtanklaiehelspmmtl Hundars GHeis2 Mkih padyseiptiés whicheas
nodi fications ce a CGH nol ecul e which sahlgher affinity

Q site 1

for GHR co‘r’i‘ffﬁlr"éél 18 & nugticy of @ﬁﬁoml SRR S A A o
agoni sts. ﬂi@% didn VR QY fhe 1BEuSdnfore I {d Gk an tGhefgesul t in
the creation éHnant aéwﬁ) %s. (?: s %u g)(t? exél%?es of 1m)d Pitvﬁc}lai&?%ns to GH
whi ch al tesequhﬁlaliywdt}ntgvoarhémbiahybmindmfmw vigittve sdpazdte sitadi @cGHIefdrred US
5,854, 026; US 6,004, 931; US6, 022, 711; US6, 057,292; and

as site 1 and site 2. 'Site 1 1s a high affinity binding site and site 2 a low affinity site.

15 A single GH molecule binds | 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



1 WD 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
Tabl e 1. WodBhrwasi ons to site 2 are also disclosed, in pamt¢rRioas23an no
acid residue G120 which when nodified to either arginine, |ysine,

trypt ophan, tyrosine, phenylalanine, or glutamc acid creates a. GH 5

nol ecul e with antagoni stic properties. In addition, the nodified GHis

coated in Mﬂ@é‘?ﬁﬁgl eft‘?fé of y’fh;ﬁ; f%@com@raiedprbac%@en%novﬁn sasmasi opf| Bei on” )
his h . i cj al. . t Fi . PEG t . t
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ef fect thi gisbRsed, SntarttRtdreasi®o HeaMBdskiudrGIad whashl @Re®imdditiéches eftber
increasing the half-life of GHin vivo which reduces the dose adm ni stered

t o produce argine dgding drypedphen tyrosmeapledinylabininse gy ighttarie dcid cieatagatGHo reduce
bot h thg inngno%gnjtﬁ:i tt ang. toxirtcity of proteins which are treated in this
way, sed ABIPSTORSK™ BB eT®em , 252, 3578-3581, (1977). 15
However, a consequence of pegylation is to reduce the affinity of the

modi fied G4 nolecule for GHR. This neans that an increased dose is
required t & edlimergrthe hedifiesdGtled cofed nn pplyetthianei dyaph dBEG) byl eprocesse it

t ts th . effect aof i it t
ncr eas: noRPHE AL PAMARTOR At RPN BT ber S0 HaRt PER EHo
provi de a fsliakdsatle GHdTRlaRYloRAN BB TRSHNRm ORI o PRGBSI has

an increased half-life and al so has the added benefits of reduced
i mmunog@ni dhe gffecaris lhas kestot deciease glomapdarfdiragon of &GH thestbyadspeasingothet he

TSN LG, L3R 2 e Rl g, BRLRGRIL e, ESom Sl
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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:

1) 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

1) 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

t he i nvernwba/os@ssl pol ypeptide is nodified in the site 1 ParrcBmgssteomai n of
grow h hornone. In a further preferred enbodi nent of the invention said

pol ypeptide is nodified in the 5 site 2 binding domain of growth hornone.
In a yet further preferred enbodi ment of the invention said polypeptide is

modi fi ed ain aprsférre emebotiment of itheinpersfongaisvtolypeptiderorianodifiedisn the &g busl y
descri bed, ,site #1% gﬁ)fgre known i'n the art which increase the
affinity ofl nélr‘@vﬁgoﬁiaﬂfb? A& 3P ™MOPE bi ndi ng domai n on growth hor none
receptor. Such nodified growth hormone acts as an agonist. If a site 1
modi fication is conbined with a site 2 nodification wherein the latter
nodi fi cat i &na fuethet plsfdrmdamboiiimamt pidse anvepaor $ad polypeptide & mpdigedimbbadi ng
site th cule S8 anta on| st. 15 A nodification just to site

2 whic exfﬂ%?}[’@dﬁl O fnding site also creates an
antagonist. In a further preferred enbodi mrent of the invention there is

provi ded a pol ypeptide conprising a site 1 binding domain which has been
nmodi fi ed bin aydt fatiee peferpd enbystirhenttof tre imbention said potypapietiefis ordifoad at s

sel ected f r ou nsi hi stidine 18 with al anine or
aspartic aé‘i’ g]suﬁﬁdﬁ%?lteﬁ% Q{J ?Feh‘?%‘Wt h asparagi ne; and/or glutanine 22

wi t h al ani ne; and/or phenyl aI anine 25 with al anine; and/or aspartic acid
26 with alanine; and/or glutamne 29 with alanine; and/or glutamc acid 167
with H anAsgreanslodesaspat, tsitc lamiuthtidid amsi kriowseini the ;artawtlichrinérgssertbe 172 wit h

serine or ani n nd/ o soI eucine 179 . with t i ne, of the sequence
repr esent e@m‘l g%%f%l ormagse éﬂtébli”f}dl?&l %IOPI%Q.%(, ?P%éfrenﬁef Ye the

affinity og,g hﬁ’)dijﬁefdoéro\vttﬁ hlahﬂ&ié’gctg%adnnagd?nst. 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 glutamic 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  serne; 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

ar gi ni ne;wgloaw2a0ms® acid 174 30 serine; and isol euci ne 179 PChrGBniop3 as
represented by the GH am no acid sequence in Figure 13. 3 WD 03/070765
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 am no acid substitutions: histidine 18 al ani ne;

gl ut ar ni ne_ 22 .al.ani ne; enyl al ani 25 al ani ne; .5 rfic.

al ani ne; gph?5W#ﬁ§pﬂ%aﬂggﬂPﬁ%ﬁnﬁPh@§ﬂ$8“5%&%1%%93¥§%?%§?£F%§?%3g3§§

al ani ne; anffifyub@rIte 12Ghd itd /Kin@in@NddiRiin 3% GEIR @3845tedobyhel BRiHoHagil no acid
sequence in Figure 13. In a further preferred enbodi nent of the invention
sai d site Substitlitiohe dtistishing §8 mbanine) ghidmive 22i alanies inhgeylaRoingf25t HanB®quence
presentgd in Figur 3, Preferabl aid.site 2 . nmodjficatian,i i ned
with site ¥HE |?°|“£a %’Hgleagﬁlﬁ ! ¥r%gcﬁllaélérfeoéu&gnmﬁcfdeé%é&w& %?',S&E‘Jc—llglgis)

modi fied OBjayind! aAdN dhtaed Acide$74] heantiley Gis N@prbsdhted Byather HeRmMaM eggodi ment
of the invention said site 2 nodification is a substitution 15 of glycine
for an am souandedndeduecidd from the group consisting of. arginine; alanine;
| ysi ne; tryptophan; tyrosine; phenylalanine; and glutamc acid. Preferably
said substitution is glycine 120 for arginine or lysine or alanine. In a

further pref ermaferepbRM-AeMboAmEdir thY @Rvdnfbn (shidd 8feoModigEsmRCishbndi ng
20 domain of GHR is the extracellular domain of GHR. Mre preferably the

bi ndi ny0 demmxiorecidsresidee T2Q of e nedueBB pré@otedondiguro 3. Prefapblgsudtsitgdl y sai d
bi ndi ng do

mai.n.is the full .length GAR 25 In. referred enbodi nent of the
i nventi on %ﬁ&céﬂ?lhe‘rsi foﬁml?fgeg‘f”it eSi%s ﬁ ngf%ﬁgoﬁsr o?semer%e%éﬁcﬁg?%e
modi 1 ed Gajtegaffel),"GHARdd RAESAY hOMGho hidr&idul %wci&aﬂo.or part thereof.
Pref eraby, said fusion polypeptide conprises nodified GH and the C
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

bi ndi ng wormaiomm7éd GH is |inked by a linker to the GH bi neCagRboMB28 Of
GHR The linker nmay be flexible. 5 The linker could be at any residue
within the extracellular domain of the receptor which would allow the

modi fied G4 to flexibly bind with the free receptor at the cell surface.
Pr ef er abl y I pe alt¢rpataigduither paeferrerbembedimantrad shejigeensions hetnpodified @odiaeni nus of

or ot or abl y Somet) P EGS RN 8 ERLEdRe EFBEed dofulel BER IR Sbie ' L o

nodi fi ed lehsAhemmekagall € and a residue close to the Ntermnal of the
N-termnal of the G terminal SD 100. Mdre preferably the |inkage is nmade
at any of residues 126-128 of the N-termnus of the Cterm nal SD 100 of

the GHR. | mbodi f the invention the linkage is nmade at
ol dued 127 GTAFOTREL B AL ror e s ARree s 995880 Be RIS ¢ ne
linker is ahR@pkinde alldw tHdW@o8iike G tShdHaY i whh HardetEe otdr @Reep! ex
reveals that the distance between the Cterm nus of GH (residue 191) and

N-t er mi nus sefaceh&rafemablyrtherliskegpis made beteserdaeesidng cia@g Yo the Q-Ominkisiof
id i I | e 1.n0f i ith i nk design. .20
b ef er abl y BRSSO EETD A BgER G SRFSHP BErrBueisol S0 Mitfo aci «
resi dues. K/%@ér@bl? e I%H@Fé ¥% thilR Hebkera €S L186StokRe LOeRRinBSbNR0dGHd
y

resi dues. re preferab still the linker conprises at |east one copy of
the pepli d&H 2®ld@ule @id/ aGesid@ ygloSerto (the Nefermainak of tef d-teadinab ofishe' G-y4Ser ") .

;2 done enb?egringrlg?ng{OOF I}\%orienp\fg'\ e;aibi)ynthg tlxig'\lk.':ltgiqu %{ad(ia gt ail'n(g/ oe}IP;isrll uees‘(ii28-312i8 rg)f ength
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
copi es ofwole/3ed y4Ser |inker. In yet an alternative eniradicEntoss2Bhe
linker is 20 amino acids in |ength and conprises four copies of the

G y4Ser linker. 5 WD 03/070765 PCT/ GB02/ 05523 In a preferred enbodi nent of
the invention said polypeptide is derived fromhuman GH and human GHR 5
According to a further aspect of the invention there is provided a nucleic

id I | e tid t t t
el ccted 1 PORPINEGREHETRERGTIRY MyRORr 154 RORBRMETE B8l ratiRenas
representeq&pﬁyimﬁnﬁpgﬁgrc aci d sequence in Flgure 10 13; and ii) a

nucl eic acid nol ecul e which hybridises to the nucleic acid sequence in (i).
Nucleic acid nol ecul es which encode a nodified growh hornone according to

th t b th d I | t k
' the B { ARICTE o | AR SEBo i TR MBI GE § RLCEPAsi & of

nucl ei c aChﬂlé&Qie%lﬁkE%né&ieQQ poﬁ?%ﬂ%ﬁc@l@iﬂgd@ 8y r&mﬁﬁb@ @éléeted Rom Eeferred
enbodi ment of the invention sai'd nucleic acid nol ecul e hybridi ses under

stringent Qybpicdissinged. 20 The term "stringent hybridisation conditions"
as used herein refers to paraneters with which the art is famliar
Nucl ei ¢ acid hybridization paraneters may be found in references mhich

conpi | e sugh nej hedsic agldgnollé@h@(ﬁyfe?resgltg@b the rﬁcle"i’cb&ﬁ@ts&fu)éncel\(ﬁmﬂglr
Sanbr ook, et al., eds Second Edition d Spring Harbor Laboratory 25

Press, UEDIHBSpdlng Fbrbor New Yor k, 1989, or Current Protocols in

:ll/g\ll\/e%glr Er ’N)olr gl Oggclelc acid n'%igcl{ltfe whlcﬁthygndlses She nucﬁalc acV\c'll eﬁ%e%? I&?’

Nucleic acid molecules which encode a modified growth hormone according to the
invention can typically be synthesi-ze'd 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% polwoiagtorepyrr ol i done, 0.02% Bovi ne Serum Al bum n, PRTEIHWR/05523
NaH2POXA( pH7), 0.5% SDS, 30 '2nM EDTA). SSC is 0.15M sodi um chl ori de/ 0. 015M
sodiumcitrate, pH7; SDS is sodium dodecyl sul phate; and EDTA is

et hyl enedi ami netetracetic acid. After 6 WO 03/070765 PCT/ GB02/ 05523

hybr i di zat hgbridizatennetnembrane spommvhich tha OIHNAS iteanslerad fieaghedid 28shed at

temper at ur S50 oo M BtPel W 202K S0 SRE e Bont i on

there is proggeded a vector conprising the nucleic acid nol ecul e according
to the invention. In a preferred enbodi nent of the invention said vector is
an expression vector adapted for reconbi nant gene expression. 10 Typically

sai d adapt ation. incl b X | e _and t b f limtation, the
rovi oo areepinedd A BRe e T OF ©udliencibe Bpiiiede weltrahbetoani oh
medi ate  celelnublefSdér] mBREUEIa6cRERE ES e MiventileSe pronot er sequences nmay be
cell/tissue specific, inducible or constitutive. 15 Pronoter is an

art-recogni sed termand, for the sake of clarity, includes the follow ng
features ich are provided hy anpl e onl and not by way .of limtation.
ennancer 8 runeged BBt o R emuRE s et abreBelh vbfhas °lo
t he transchddptddqBr rebothbindht Rfe skpréssh. @ gene (enhancers can al so be found
3' to a gene sequence or even 20 located in intronic sequences and is

theref b8 e position i ndependent). Enhancers function to increase the rate
ked ancer

R R M IR T MG N
provision of transcription control sequences (promoter sequences) which mediate
cell/tissue 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 2asolbavoitesman, Academ ¢ Press Ltd, San Diego) is re®PpdrGBmes120 a
nunber of environnental cues which include, by exanple and not by way of
limtation, intermediary nmetabolites and/or environnmental effectors.
Promoter el ements also include so called TATA box and RNA pol ynerase

ini tiati onTh@e ssanenses aiso( Ring) pelrpntidesewhighi fmctemcifasnclico t8elagiditaty site of
transcriptjon i.nitiation. 7 WD.0 Q765 PCT/ GB02/ 05523 These sequences
al so bind b&?%@%‘ﬁl téa?\ﬁﬂisﬁlﬁ“f‘ﬁ‘nbéﬁ{l‘%,m yﬁ‘%eé?%m ia, to facilitate
transcription initiation selection by RNA pol ynerase. Adaptations al so

i ncl ude the provision of selectable markers and autononmous 5 replication
sequences Wamhtidnst #lsé do¢lbfle dhe pravesiomiohtselegiable ofarkeas d apd EUENOMQUR| t her

t he eukaryoti.c cell or prokaryot.i ¢ hpest..Vectgrs whigch .are i nt.ai_ned

aut ono usfeﬁhcaélrog SF%?WE%WE{CE}%Q@ 3%‘?1&%{?&5}16 \%aé@g}asn? © Eﬁf%@r‘r’ﬁftovgcélg{reg are
desirabl e gieRGRarbIRSBell BPpREAMYESC FGHR VLSS RAHEH &e lnddig@inBiNAufoha@ bRy S
(30-50kb DNA). aEI|So,i somal v%ct%)yrys of this type are described in W98/07876

whi ch is iaeorefuoredt tod abyepisetnat encters. Hpisadaptvactornsrendésitiableagingd these t he
expression_of vector.encoded.gen i ncl ud ravisi an. of transcription
t er mi nati OWPI?SFW%G%WCQW% eé%é%@ﬁé% gg@ﬁrﬁgt(gﬁ 2%18% ﬁﬁl@dgglsoqlﬁleveﬁr%%i si on of
internal rjHeRApR KBHEErBEA BSWIOIRROR 78R ié 1#R6ipofied ) fdBkéd¥ESE  expression

of vector encoded genes arranged in bicistronic or multi-cistronic 15
expresti on cassettes. These adaptations are well known in the art. There is

ignifi ! bl i shed |i ith i
vect or coratrmiirb R PBUG RGP BRA oL Rt gHe R Sl aRe: Arbace See

Sambr 0ok - efy@isidn 138 Pans M RAUERTin S R M d ey AR nLRRREREL TDhi MaB Blcluded | d
Spring Harbour Laboratory, Cold Spring Harbour, NY and

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 III 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 WoaBoecwbks i n Ml ecul ar Biol ogy, John WIley & Son®CTIGRN2(03294). 25
According to a further aspect of the invention there is provided the use of
the polypeptide according to the invention as a pharnmaceutical. In a
preferred enbodi nent of the invention said polypeptide is for use in the
manuf acture of a nedicament for the treatnent of a condition selected from

t he group nsi of antlsn1 romegal v; .cancer .(e.d.. WIlnis

t unour , ﬁg fyp tgdffca(?ﬂagm%? ositions gﬁ%dliweﬂgo%f%%_t &t e, ;F?%q gg’;anﬁi abetic
reti nopat h)é@nv‘éhﬁ"&ﬁtl 'rguﬁemtﬂﬁ% Wjetish Of ST gra@@IPinfigald one @medi gtpet es and
GH excess. 8 WO 03/ 070765 PCT/ 0]2/ 05523 T e pol ypeptides and conpositions

of the i nvecrlmlrmurauamniag fadrkavisle cheeerab ynteavgnousontreparitereal, intoamwsculancl udi ng
i njectipn radual |nfu5| n.over tine. m.ni stration for
exanpl eg) b& F%‘Tl | IR Al u SUPTH % r |°trorJf'éa’éﬂs(Ferrinal(fj %sc?ﬂagpac e

i ntracavi tMomp&m&@%L@rconwp&myaeé%&en@a f&ﬂ@tﬂ@(ﬁ%?' forthen®hasymeeut i cal
conposi tions may conveniently bé presented in unit dosage formand may be
pr epar ed byrepargd by abhef thre trtetitbsls wedllHkromanin therart dfpharmaayt phar macy. Wen
adm ni stered, the pharnmaceutical preparations of the invention are applied
in 10 pharnmaceutical |l y-acceptable anbunts and in

phar maceut gk | MnRfGcEeRIa M hafRATRARE Ip%gﬁrauzﬁgeof BleThviRhRE eplicaah! v
accept abl e” neans a non-toxic material ‘that does not interfere with the

ef f ect i¥ englssmeéeutivalybicobmehleal ammbitsi t yndf ithe Ma@utlpdwwﬁﬁnbb Such
S S R T i T o MR
conposi ti ofgs AR R nﬁeﬂmje Neich tHel erARBVERES ofMhk bidlogical activity of the active
phar rraceutl cally-acceptable carrier. The term "pharmaceutically-acceptable
carrier" ngreslientse ofuchopeeparations 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 In a 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"
denot es awoasg@a0Te€ or 20 inorganic ingredient, natural or pegréBRFR23 W th
which the active ingredient is conbined to facilitate the application. The
pharmaceutical conpositions may contain suitable buffering agents,
including: acetic acid in a salt; citric acid in a salt; boric acidin a
salt; and prOspherst celcied. iSacehasamyces Tarevishar Rebauspmala wompwdian icehs al so

may cont ai tionall ui t abl reservatives, suych.as: benzal koni um
chiori de; ﬂi%egﬁfggﬁﬁﬁ%ﬁaér?ygéﬁﬁ%@ﬁ@ﬁ5ﬂ&“€ﬁfﬁ§£%§§??¢%%%8ﬁﬂ?ng to a yet
further aspect of the invention there is provided a cell transforned or
transfected with the nucleic acid or vector according to the invention. 30
In a prefeft ed aiptmotiverpraferéd embodimennsiidreeBds d prokhryiosic acBukmfaydilyc cel | .

Preferably aid.cel,l is selected fromthe group consisting of a sline

noul d (g.ggs%eéc?’ffo% ’e‘?ﬁ%”?’ﬁsﬂb 03/ 070765 PCT/ GB02/ 05523 spp) a yeast cell
(e.g. Saccharonyces cerevisae; Pichia spp); a marmalian cell (e.g.Chinese
Hamster Ovary); a plant cell; an insect cell (e.g.Spodoptera spp). In an

al t er nat i vacgardihgrioed farthodiaspent of ahel iveehtion shere pisofmvidstli € mehdd to

preferably_ 5 cherchia coli or Bacillus spp. According to a further
aspect of Fﬂ%ugﬁggﬁg?BﬂyPﬂ§W8ag?ngp%b1%%H“ﬁgﬁﬁlﬂ%EPQ%Pgnanufacture t he
pol ypepti de according to the invention conprising: 10 i) providing a cel

according to the invention; ii) incubating said cell under conditions
conducli®e Do t hgopdoirtdllascoingte thepovenpiept i de according to the invention

and optionally iii,) ..isolati t he polypeptide fromthe ce]l .or the cel
o oPL TR L inciaing Falt SR bl BRANBER confdil TR B ettt bR Sent i de
i's provided W tfhohepBEE g@dogﬁ%ﬁtgg%eﬁtgbnf & bjtlAkgy the purification of the

pol ypeptide fromsaid cell re preferably 'still” said polypeptide is
provi ded wii)h asolafifg thietpplypeptidedrdnattielcell at thetcel cplimiefmeimon of

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.

10



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

t r eat mrentwofozm7ovesmal , preferably a human, conpri sing adnpairstErioss23t o sai d
manmal the pol ypepti de according to the invention. According to a further
aspect of the invention there is provided a chinmeric 25 polypeptide

conpri si ng han no gr om h, hor none bi ndi ng. donai ns Wwherein
sai d nodi fF’cét % ‘?i’gl?ct"{nﬁﬁnt efethet iInyentigp @G‘[?s’tslﬁrﬁﬂdéﬁ 2ofhiBierif east one

am no aci dp (512@1}#&!@ c yp ot 352[5?48@”91%@%”&1’[60]‘2 h?nol}l(?ﬁée I s

provi ded a chineric pol conprising a ura i ed
growt h horéemanki ndi ng donmai ns. 10 WO 03/ 070765 PCT/ GB02/ 05523 In a

further preferred enbodi nent of the invention there is provided a chineric
pol ypeptide conprising at |least two nodified site 2 growh hornone binding

domai n 514l r r e i f i FQn qt:here i's
provi d(sasd amcﬁlfﬁngfrlélfcﬁ@%eg pﬁz%ﬁd; eggoér?};@?sl?ﬁgﬁlgﬁ tﬂ&x@?s ;gﬂ‘%%l&&% C}gg%ég

modi fi ed spalppeptide ombprising Broh e, bj Hidi AYL0 doditied site 2 grmyhbnﬁmdﬂmdmpr eferred
enbodi nent , of .the invention said chineric polypeptide 10 conprises nore
than two nd¥¥P®d growth hormone bindi ng donei ns |inked together by a

| i nker nol ecule. Preferably said |inker nolecule is as herei nbefore

di scl osed. According to a yet further aspect of the invention said

chi meri c pol y pepfurther pmfcrperdi sr'nhgdimanteOf teninyewsionodid ickithegicopdlipepadéerone

bi ndi % domains furth 15 cog&rlses | east. one grow h hornone bindi ng
domai LU G WOHo Fﬁb {5t Iik’roé‘fléli‘ealﬁp91n§ Bagsi lked ogsthey pept i de

consi sts Q; 4 MR dcufd Igét@f’éﬁonl J&&f Iﬁﬁ&?mo@cﬂfé'lggs HeEBbOs ANt 1008 9rowt h

hor none bi nd| ng domain of a gro

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 comprisng 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
whi ch relwoasbm7es chi meri c pol ypepti de conprising growth PpaTheBwOsR3bI Nndi ng
domain linked to a receptor binding domain are applicable to chineric

pol ypeptides conprising nore than or a plurality of growth hornone binding
domai ns. For_exanpl e, vectaqrs conprisng.nucleic acids encodi ng said

chi meri c p8PYpepideyaad msthedrat Bgatment ul 5314 polyReRtislep resiLhy ity the

pol ypeptid =L i i l-mer ptides, nethods
to nanufac?ﬁ?ﬁ%ggﬁﬁh%T%beéé%g?%%géggﬂga%?kgggp8g§§§$0§§h?g%btides and

nmet hods of treatnment utilising said polypeptides are all within the scope
of the invention with respect to this species of chineric polypeptide. An

enbodi ment g erppdimen; afithe iVgnion Wiknpw Reedssrriprddbdp sxanpitenly 84 yithnd wi t h
5 rEfer?”?ﬁﬁ%@m%hﬁﬂ&ﬂ%hQ%ﬁ%ﬁgh@Qﬁ@ﬁ di.figures: Table 1 represents a
t u

summary o e am no acl stitutrons to site 1 and site 2 of human GH;
10 Figure 1 Plasm d map of pHEAT. GH GL20R, which was generated by l|igating
the GH d ﬁqg ene,, synthesi sed, by PCR,(gitmeen the BanH and Notl
restricti on2RlF fgepresenficd SERBER Adhframme ad, syhsltysions 1 st § apgsite 2efgure 2
Plasm d map,Qf, @ff:cH s-TOPO. 1A7, which was generated by ligating the 15
GH. G120R gene betWween the BanH and Notl sites in pTrcHi s 1Al. The |inker
is (4S)4, and the selective marker on the plasmd is AnpR Figure 3
Plasm d map. of pTrcH. s-TOPQ _1B2.  which was generated by ligating the
G CL2bR Qb EEHEBHT 78 SR b Koo PRar PG Wis SmeEifison Bgetingiie | nker
is 20 (4 ; e i r T3 itk gure 4
Prasi d mag a7 o SEPEo BB KEPCR e ol TR BIPR ol Ml RS e

The selective marker on the plasmid is Amp~;

Figure 2 Plasmid map of pTrcHis-TOPO. 1A7, which was generated by ligating the
15 GH.GI20R gene between the BamHI and Noil sites in pTrcHis 1A1. The linker is
(G4S)4, 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 Nof sites in pTrcHis 1B1. The linker is
20 (GqS)4, and the selective marker on the plasmid is Amp® ;

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)4, and the selective marker on the plasmid is Amp™;

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 H nDI Il sites in pTrcH s 1A7. The
linker is ((4S)4, and the selective marker on the plasmd is AnpR, 25

Fi gure 5.wBaguartee of the GH d 20R gene, showi ng the star PCraaRM/O5B3H s
tag, relevant restriction sites, stop codons and the GL20R nutati on (CGC).
The actual GH Gl20R conponent is shown in CAPITALS, and the sequenced
regions are  shown in bold 30 12 WO 03/070765 PCT/ GB02/ 05523 Fjgure 6.
Sequence offiguse 6:13¢qugasreof thRoviAgseseshoming thegtsh codprbxHis a8, TElsFaant

restriction, si o codons i ( . ct ual

GH. G120R- (%ﬁﬁﬁﬁ% g&éﬁr‘f?&n@ﬁ%é s%gﬁﬂ%%ﬁ%%,a%Gﬁﬁﬁggquenced
regi ons ar €G,SPOMR (b} co@bstiend iFth@whein 1CABAUIES) @ad alic sdy@eriddd regioes arshowi ng
the start codon, 6xH s tag, relevant restriction sites, stop codons and
the GL20R siavar indpldCGC). The actual GH Gl20R- (AS) 4- GHR(fl ec) conponent
IS shomg in CAPI TALS, and the sequenced regions are shown in bold; 10
Figure 8. Sequence of the 1C3 gene, showing the start codon, 6xHi s tag,

rel evant Faskd 7C8équBnd dfothe SIBMgdRUsHSVIg thet st Eddod) BxHigttad, irelev4n€GC) . The
actual GH Gl20R- ((AS)4-GH.GL20R conponent is shown in CAPI TALS, and the
sequenced Feslicsas sites stogisedensiand s @l 20Rsmptagion £0GC)- Mdsraeial GHde 20Rsi ng

SR T e

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)s-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.G120R, 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 westem blots show that only
GH.GI120R 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
concent r awoaap7®6s | PTG The bl ots show that GH d 20R and PC3/gBo@ss2e singl e
bands, while the sanples of 1A7 and 1B2 contain cl eavage products; Figure
10. Coonmssie stained [C] 15% SDS PACE gels of purified GH Gl20R, 1A7 and
1C3. Western blots [W of these sanples using anti-hyman GH as the 25
primary andiffsen) capeengridenssmndvie asay vabothgsoperuct ﬂ’ggg%’élcgn@ﬁgquﬁat t he
purified ptg ' S Al 9 I v : S show t hat
e e L R g S e
contain chaaiggButpilidehive atagSstid gtif ity HithGha BEEGE2Rbeigg tiempgiswtive of the
GH bi oassay fro GH GL20R, 1A7 and | C3. Each graph shows a standard curve,
the assay @4 hl&Aahelsasiiruct al one at 13 WD 03/ 070765 PCT/ GB02/ 05523
differ egrwt concentrations and the assay with the construct at different
concenttations wth 25ng/mM hCGH These show that none of the proteins have
i nherent agpakstl & thé@hingiatid, seuincabf ulmasdfieahGRgoni stic activity with the
GH. G 20R being the nost active, and 1A7 the least; 5 Figure 12 is the

am no acid sequence of unnodified G4 Figure 13 is the nucleic acid
sequence ot. un j fie 3, {Als, hods The nethods to
generate m%%ﬁlﬂfefn}e)%fs&—? %’ECQSI% ?Cel&geda\é%gﬁdr Sl tog daMr?ﬁg' 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
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

25
G120R Mutation of Growth Hormone

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 HindII 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
t he vect owomBnedes- Topo (pTrcH s- TOPO GHst op). The GHR ewyicmacmi2losd2ar
domain was anplified fromhuman |iver cDNA using PCR G owth Hornone

Ant agoni st (GL20R) Constructs 25 Gl20R Mutation of G owth Hornone The

growt h hor npne IéIgGH) ,lgé_n was mnut ated using the_ phagem d ssDNA nutation
net hod. ThehessigAe élﬁﬁ%ﬁ’vaéHwnen@ﬁfé@bwcb%ﬁgyr&@ﬂcg@m fortdylzPArems

bet ween 3 Fgg r T{AT318- GH. This plasmd
was t hen tQ;r(ggfgf_tr még1 0 éH é‘%%ﬁlgg&lg%ng% Z? stranded ssDNA
produced. 14 WO 03/070765 PCT/ GB02/ 05523 The ssDNA pT7T318 GH was then

mut at ed by _changing the codon for Gl rom GGC to CGC, the priner
G1 (G 208 FoF GENARISI N PR &1 PR prodciiSiion G aten e 2R et arter

DrEAT vact o S Ree aa TRLIEIR (5f5Cs 2B RHod (S G A AP O 20

Construct s(Bi@1x 1A7 [ GH GL20R- (AS) 4- GHR( b)1 GHa Ilnked to b domin of
GHR. The GH. d 20R gene was excised from pHEAT. GH. G120R (Fig. 1) using the
restriction sites BanHI and Not | . The gene was then ligated in place of the
GH gene | f=cpgnatd : Coy BHR(b)] (Fig. 2). The resulting plasmd
was transforned |nto Escherl chia CO|I XL1 Blue and plated on LB (0.3%

gl ucose) 15A5®©Hrd}1m{®4_bl GHR (82 =Sefiadinkedtto depalaime) GHgar pl ates. X | B2

FGH. GI120R- ((#AS) 4-GHRflecl = GHa linked to full length extracellul ar domain
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 pTrcHisyl1Al [GH-(G4S)s-GHR(b)] (Fig. 2). The resulting plasmid was
transformed into Escherichia coli X1 Blue and plated on LB (0.3% glucose,

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

y11B2 [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
plasmid was transformed into £. coli XL1 Blue and plated on LB (0.3% glucose,

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

yx1C3 [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
HindIII, this was then ligated in place of the GHR(b) domain in pTrcHisy1A1 [GH-
(G4S)s-GHR(b)] (Fig. 4). The resulting plasmid was transformed into the
recombinant deficient E. coli SURE and plated on LB (0.3% glucose, 50ug/ml

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

Sequencing Results

15



The strategy used to generate the x1A7 gene was repeated, however the 20
reci pi ent vector was pTrcH sx1Bl1 [GH ((AS)4-CGHRfl ec] (Fig. 3). The

resul ti ngwopBamTtsdl was transforned into E. coli XL1 Bl ue aoa/gnoansit3on LB
(0.3%glucose, 50g/m ampicillin, 12.5g/m tetracycline) agar plates. x1C3
[ GH GL20R- ((AS) 4- GH. G120R] = GHa tandem 25 A PCR reaction was perfornmed on
pTrcH sGH using the prinmers D GHEcoFl and DiGHH nRlL (Table 1). The PCR
product was then digested with EcoRI and H ndlU this was then Iigat ed in

pl ace of th ] The
oqulting praaqopelBE LR ol B el sontPee AiPMaiRpRn s i Lo
SURE and phii #6 réfonseqendtd @rGR.Sa 20R0PIAT, 180 aadRi1C3dré showhdin Fygsn
tetracycline, 509/ m kanamycin) agar plates. Sequencing Results 15 WO

03/ 070765 PEITeSBBHNEBE23 Pl asni ds contai ning the construct genes were
sequencid The sequences of the genes and the regions sequenced for

GH. G120 IA? x1I§ nd x1C3 are shown in Figs. 5-8, respectively. 5
Expr essi on—%éf—gg—éfﬁéie col onies were used to inoculate 3mL LB (0.3%

gl ucose, 509/ m anpicillin, 12.5g/m tetracycline) broth for E. coli XL1
Bl ue cel | sSiaglg @Bn(l@s W%egmagéé@enoculﬂtﬁ Bob LR (Opighicpss, F0pa/m!grpaillin,

t et I 09/ k broth  f I Th

e onn Sl a8 Bl BT i’ S Gy SO TR i e
appr op{¢ at ep anhl Bietdis, %pg/nmg@a |5@P§/ﬂllvﬁaﬁlgmgglggérdﬂfx £ Qyer ni ght
LB cul ture. ese were grown for 3 ours m sa 15 then taken

(To sanpl eSYRETeHs. Ms@whmelgrmnwbalang,Mﬁmghdm&M th IPTGto a final
concentration of 1nmM and

4mls of 4YT media, containing the appropriate antibiotics, were then inoculated with
200p] 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 1mM and

then further incubated for another 4 hours (T4 samples).

20  The Ty 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 cenwoilBowgedsto pellet the cells, the supernatant waearies2eszear ded
and the pellet processed for running on a SDS PAGE gel. Protein was

visual i sed on these PAGE gels by either Coomassie staining or by western

bl ot using an anti-GH pri.mar anti bodg‘ptg,o probe for the construct. 25 In
al | cases tcRBCcaHatiRlsef dmi¥lg The sehncrerydpvested byt caatipiiedinar ard brsed fvon of

the CONSt iGnen QR YEErrh b QIR HEDS RIS PARSIEY Bicklisy vest er n bl ot s

(Fig. 9). ese s rn all case p#oteln 0 he correct size is
expressed. 30 Purification In general protein was purified from4 x 250n

cultures grown in 4YT, containin the appropriate antibiotics, and induced
for 4-5 hodhs lysed pellprera esnfiifugechio repmvor debrroasbthecpemenomiely

. . o I [ d | d
by crenmbanoy bR kBT R ER B ROLERLAD, PIOGATL BRIl ol on

The | ysed ©OeéM smitezede.centrifuged to renove cell debris and the supernatant
initially 5 purified using Invitrogen ProBond Resin (N -colum). Protein
was eluted using 5m 0.5Mimdazole. The protein sanple was further
purified bybdipraiein sgmpleevas|fudlrar phribed bhdilningdbe elwantifcom thed¥scelama 18ui t abl e

buffer and. then passi it through_ a. Mo i on-exchange colum. . 10 Protein
was. o ut od ST TP Sk Hbuer it A9 Br s AR RSB SRty
0.5m / myn; PeotSifilwhy skitddoNSinyver €alf @tddemt @ 0-The NaCaWvieP 28miedt € thterpranal ysed
for the presence of the construct, and the fractions containing the

construct Posileen; TAml giactionsedergrootiedted. vids frastipysswdretherspmipador bsomassi e
stai ning and _western 15 bl ot Fig.. 10 nd _assayed t ure its
concentr at Pgerslc_an ﬁg{hﬁrCSPsgfuﬁk Ve\lﬂé tk{ehﬂé%hons gon?ammg the %ngtruc? pg&%&
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 yy1A7 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 ¥1A1l and y1B1 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).
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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
Rapi d Tr aweloaniwrs System (RTS) for in vitro 20 transcri pPCOrGBOR0S230US,
studi es on x1Al1 and x1B1 have shown that cl eavage was greatly reduced using
the RTS systemin conjunction with protease inhibitors and chaperones for
expression. Bioassay 25 The purified constructs were submtted to the
Asterion standard GH bi oassay. Prepared 293 H, which stably express
growt h hor . re {,mulated with the construct using a range
of doses. Enih S Andagontli sl e was al so prepared, but 25ng/m GH was
added 30m n. after adding the construct to observe the 30 antagonistic
capabi | i t yAQfesthIBhE®BivhEdd§ s ustl ko §h&n Gt éﬁlz?g@ﬂis@@d”tﬁ/ﬁtggg)t. A prashaddit 8@pni stic
activities (Fig. 11). 17 W 03/070765 PCT/ GB02/ 055 Screeni ng of

Ant agorfi st ligkc exressingAthee §ulh Bérigth eHRB i dranaignily taselgcted with eefuciforase

antagoni st_activjity.(9). A. per t.cel l.i ne, expr.essi the full
ength GRePENS il e gt PRI 40w Tre T, pEFBIEST BB sHE ot oy

bi nds act i sahigstePHathGH%br 6 HYBRIWItH SUKitRAM hitabRigl THAEhteSthed Brsed
stinmulated wwth GH for 6 hours with or without antagonist. The cells are
t hen | ysedanddneifdraseiafeyiismeasyrdduPly measured (9). 10 Testing netabolic

cl earance rate in vivo Sprague-Dawl ey rats are anaesthetised and cannul ae
inplanted in fenoral and jugular veins. Two days later GH chinera or

tandemg s pefinbinsdt@hSItk QYaraftd BMERPHSo OF subcut aneous injection. Bl ood
sanples are colTected via the Tenoral cannula and 15 chinera and tandem or

ol i goner protein |levels nmeasured by radi o-i mmunoassay.

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 |R167 | K168 | D171 | K172 | E174 | 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 1 represents a sunmary
of am no woiod/osukstituti ons made to site 1 of GH 20 ModipCrgaRROMR3It0 Site
2 include the substitution of GL20 for any of arginine; alanine; |ysine;
trypt ophan; tyrosine; phenylalanine; or glutamc acid. H18 H2 Q2 F25 D26
Q9 E65 R167 K168 D171 K172 E174 1179 1 DNNASRST AAAAAAAA
AAAAAAA DAAAAAASAAAAAAAS DAAAAAAA AAAAA
AAA D N%?ER STAAAAAAAA 18 W 03/070765 PCT/ GB02/ 05523

CLAI M5 1. ric polypeptide conprising: 5 i) at |east one nodified

bi ndi ng domain of growh hornone wherein said nodification is the
addition, deletion. or substitution of at |east one amno acid residue; and
ii) a |igahd bi AdHHYCERPRIYREPEAS 6PTBIRA S or none receptor. 10 2. A pol ypepti de

accordiqyg Ho G ai r.el I i hding. d pagé'fﬁﬂﬂ'js ggﬁgd'ﬂ‘i ! pte 1 of
grow h 5Eor ne. 5‘93'1’9%1: %fg‘%@??‘gé’g‘ggﬁg%ﬁlﬁﬁl t80 al mh or evm%g?rgwn Sé;igi d
bi ndi ng domadificaon is the addition, deletion or substitution of at least one amino acid

residue; and

11) 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.

5. 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 alarﬁne; 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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nodified in site 2 of growth hornone. 15 4. A polypeptide according to
Claiml wherein said nodification is to both site 1 and site 2 of growth
hor nrone. WO Md/opwkypepti de according to Claim1l or 2 or 4 woarGsm/osasd
nodification is 20 selected fromthe group consisting of. histidine 18

wi th alanine or aspartic acid; and/or histidine 21 with asparagi ne; and/or
glutamne 22 with al anine; and/or _phenyl al anine 25 wth al ani ne; and/ or
aspartic adid 26 nlynepadepcardingiedflerm 5 giherainsaid muglifigatian spusisthet thand/ or
glutamc acgid 167, w,t I anine; ..an p | C: id 1 i Lne;
and/ or | ys%rr%nolaféd W l%sﬂtuglgp F'nhelg%drm%?éa%{aﬁgl;%’ gfrllﬁ ore i%goﬁ%nd%%rpe eﬁj%ﬁﬁ% W th
tyrosi ne agsnppiesSaphrl dcid F6 glihReldutathite PDARRP] gldende eciddisnganie; O ai m 5
wherein said nodification consists of the amno acid substitutions:

hi sti di ne Deingdp8elenmeamdiglutamie pad Ae ganiggpar agi ne; argi nine 167
asparagi ne; aspartic acid 171 arginine; glutamc acid 174 serine; and

i sol eucine 30 179 threonine. 19 WO 03/070765 PCT/ GB02/ 05523 7. A

pol ypept i dg. accargdiypeplide &dcatdindrovdigine whemlntkaibsliefl 1 eatifientieinsé sts of the
am no acid substitutions: histidine 18 al anine; glutam ne_22 al ani ne;
pheny! al anpmino 2pil rssidug glycingd 3@ pf the seguepcezgprgsatidia Figirad ani ne 29 al ani ne;
glutam c acid 65 alanine; lysine 168 alanine; and glutamc acid 174
alanine. 5 8. A polypeptide according to Claim3 wherein said site 2

modi fi cation i sAtglypaplidacesidihg e igkes ghyelnidlsad Dhotifieat@gisence
represented in Figure 13. 9. A polypeptide according to Caim8 wherein
sai d slQe subsb@iipn @4t igbisinesios anpamsinp Acid salecdrs HPyIHgceraBp fCORSIEHZa® no aci d

SRR U T A N
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  GHR is 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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10. A pol ypeptide according to Caim9 wherein said site 2 substitution is
glycine 120 for arginine or lysine or alanine. 15 11. A pol ypeptide

accor di ngwoasanyreéd®f Cl ai ms 1- 10 wherein the growth hor nonectiiBudiosgp3domai n
of GHR is the extracellular domain of GHR 12. A polypeptide according to
Claim 11l wherein the extracellular domain of 20 GHRis the Cterm nal SD

100 donai n of GHR 13. A pol ypeptide. according to any of Clains 1-12
wher ei n sailf: polARRIpRSPYEe pecording tastlgim e stherey thedinker'is A pRYPERIKISt i de

accordi ng : pm i n: Sai i an pol ypeptide conprises nodified
GH accordi h&gmtqo&}g?%/rpsg y\%e%(?én@mﬁafghjgﬁgﬁ%he C-termnal SD-100 domain of

GHR. 15. A pol ypeptide according to any of Clains 1-14 wherein, the

nodi fied bi pdin 30 donmin of GHis.linked by a ljnker to the G4 binding
domai n of &LR PO ELD I PEBOTY I 29 ahszen thfémi(%‘ sommyisentd @e%accor di ng
to Caim1l i |l i nker is a polypeptide which conprises 5 to 30

anm no ag}dg?ggf%ﬁ%§§ﬁgg? A pol ypepti de according to Caim 16 wherein the

|l i nker conprises 10 to 20 5 amino acid residues. 18 A pol ypeptide
according to Claim16 or._ 17 wherein_the |inker conprjses at |east one copy
of the peptPde GNPUYRPPHSS acepidingfo Clagm 1§ or A7 gereinthe bpker fop@Estsettnhi ch
encodes a nY gg5'§ @RE 505 Clains 1-18 selected fromthe
group conp?%gfﬁb: ? 8% ngggg%ggzgﬁﬁaﬂ%Fﬁiﬁ?é as represented by the nucleic
acid sequence in Figure 13; and 15 iii) a nucleic acid nolecule which

hybridises_to the nucleic acjd sequence i ). L )
y 1(% 15. R nuc eCic acid moiecule \Sllmjicl? encodes (a golypeptlde 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

15 i) a nucleic 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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20. A nucleic acid nolecule according to Caim19 which hybridises under
stringent hybridisation conditions to the nucleic acid sequence in Figure
13. 20 21woAsmomrbkei c acid nol ecul e according to Claim19 @CTABROMREStI Ng
of the DNA in Figure 13. 22. A vector conprising the nucleic acid nolecule
according to any of Clains 19 -21. 25 23. A vector according to Caim22
wherein said vector is _an expression vector adapted for reconbi nant

expr essi on of 24nedigamet for e Featynsaphel aeonditd, wleatsdifrmihe PP CaRRHEINg- 18 as a

phar maceut i gal., .. 30 . ) t j |k Cl ai s
1-18 for tﬁg' 1a1}]ths aca%ﬁorr%e%a%l%%%egz?'g'%@gggkﬁ%%gﬁé%ﬁ%S&rg?lﬁ%ybég |t’carrent
for the trealfprfronitea thadidi)i i diibesie! atinophthy;odiabbic gieplfopathysi ditbatig of
gi anti sm acronegaly; cancer (efg. Wl ms tunour, osteogenic. sarcong,
breast, c&PRlicaippsingany disepsenfdyH e¥¢esbeti c retinopathy; diabetic
nephropﬁthy, di abetic conplications and any di sease of GH excess. 5 26.
Use of the polypeptide according to Claim25 for the treatnent of

acronegal y2627. Uke pbfarihegrifpepade Cogdiigt t@nClammp2s sforgtha peityeaptdfde
according to any of 10 Clains 1-18. 28. A cell transforned or transfected
with the n@@PBicgalici d or vector according to any of Caims 19-23. 15 29. A
cell according to Claim28 wherein said cell is a eukaryotic cell selected
fromthe group consisting of. a slinme nould (e.g. Dictyosteliumspp) a
yeast cell 2(e. gA 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:
1) providing a cell according to any of Claims 28-30;
25 1) incubating said cell under conditions conducive to the production of said

polypeptide; and optionally

1i1) 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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Saccharonyces cerevisae; Pichia spp); a mammalian cell (e.g.Chinese Hanster
Ovary); a plant cell; an insect cell (e.g.Spodoptera spp). 20 30. A cell
accor di ngwD®3@rEsin 28 wherein said cell is a prokaryotic @®€riGBI325528 net hod
to manufacture a pol ypeptide according to any of Clainms 1-18 conprising:
i) providing a cell according to any of Clains 28-30; 25 ii) incubating
said cell under condjtions conducive to the production of said |,

pol ypept i dé3 and®dpttheshagersding to)Claigy3 hey Hywhereinsaidnobmepids is peidade cel | or
the cell cyk gﬁg} e r i al i.n said
pol ypepti dg}lltlhégn gdrfow dteég] t\(/)\n%fgﬂhé\te@%%ggg%@?oon t@?gé\lg?egtngé ;ﬂ a@%ﬁ%% l?a 0? he

puri ficati the cell ctingepoddyymept i de fromsaid cell. 22 WO 03/070765

PCT/ GB02/ 05523 33. A nethod according to Caim31 or 32 wherein said

pol ypeptide is provided with an affinity tag to facilitate the

urificati of At i I i . gul ture medi um
E 34. g\sa rre'?ﬂod é{ﬁ??é’ﬁ{)%?%}(% % %gfdnngmmrlg 3&5%24% ggw&g%ﬁgl%%m gcorrpri si ng

adm ni st er adiginistersi@ito sard mmadmalhiee pallyypéit aaderdingoraty ofClamanyl 8of C ai s
1-18. 35. A nethod according to Claim34 wherein said treatnent is treat a
condition selected fromthe group consisting of. giantism acronegaly;

cancer (e gs. WA HefholQotdf o CRAON0ONGn SAHGRIR PSS! o ciphih Prostate,

t hyroi d); I ¢ retinopathy; i abet1 ¢ nephropat abetic
conpl i cat i shstainffomnthe dirsgasensftin@Hdfegmatian; dGomaghly;2&ancd0(e.23Wilm’s

10 tumour, osteogenic sarcoma, breast, colon, prostate, thyroid); diabetic retinopathy;

diabetic nephropathy, diabetic complications and any disease of GH excess.
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