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 hor eptor; and tandens/oligomers of said no |f| d growth

hor none Q%ﬂgﬁginains GHdis a nenber of a large fam| (§ 58ﬁ3%es

i nvol ved |n the regulation of 10 mammalian growth and developnent. Human GH
is a 22kDa pol ypeptide which is involved in a nunber of biol ogical
processes. For exanple, cell growth, lactation, the activation of

macr ophages and the regul ation of energy nmetabolism GH interacts
.sequentially with two nenbrane bModifledPélyeptida t wo separate sites on GH
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 GHRrkinlfnTaekYid Effm4icpolfidfded irrdi Ot BoiGHBHEE dHRsoRD! ex. The

conplex is then intemalised and activates a signal transduction cascade
| eadi ng td chmadifed bindlrged@maemfrg@mhdwnncrm:dmé&d ez ekcepivrbindogdomainfof t he GHR
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surface and wbihén @;ﬁalm;,nal SD- 100 dOfTB.I 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 trineric conplex GHR-GH GHR 25 Modified GH s are

di scl osed i NS5 t. e
nodi fi cation # I?%l%ftr \rﬁ:ﬁg‘lg?aéﬂl éﬁ%ﬁ‘iﬂﬂqlﬁ% Elng Si f%ﬁﬁn%-g?
nodi fi catd onmaminalisi grewth mcbdhyebpmeﬁﬂ—l Humhm(ﬁiﬂﬂ ds wialkiba pelgpeptide gheh iaf finity

for GHR conpared o w ld-type Gd These nodified | ecu] es act agoni st s.
There is al sBVelVetingg g ercf%/fq%?lf’@"ai PRRFEPSFY: cafh W@P%: gJEgF | fRCtRtpn, he

creation of &Lﬂa&waé&p@frﬁiéoprﬁgéstahe the30eBARARE Eferf mPRGUIshe A4H GR&adte GH whi ch
alter the binding affinity of for site 1 are ~disclosed in US 5, 854, 026;
US 6, 004, 931seqiuadbiallpwijtiz to Irld%r@ﬁ Po@EPGHR Isd/ia two separate sites on GH referred
as site 1 and site 2. Site 1 is a high affinity 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 modiﬁcétion 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
Table 1. Moddifications to site 2 are also disclosed, in particular am no
acid residue G120 which when nodified to either arginine, |ysine

t rypt ophan, W@ Y¥¥87%e, phenyl al anine, or glutanic acid cr e?pgém&”ﬁﬁﬁ” 5

nol ecul e with antagoni stic properties. In addition, the nodified GHis
coated in pol yethylene glycol (PEG by a process known as "pegylation" this
has sever al k€ : j t oAl T na e
effective rmpgg%;%g?j \%g?hgfﬁgq%?&ma% ?%énbggﬁgh@o?gggggi rr'%ttst(i:lL y 40%?)@?0 The

ef fect this madificgionpmdde teesitel iglprovidedlimTatile 1t Maadibeations BHite Rearebiyo
increasing the. half-life.of GHin. viw i reduces the.dose adm ni stered
to produce t?llld?fggi’rn l%lﬂ?re?ﬂmolaﬁlda’&fflg?%,\@ﬁsgewﬁ‘f W?‘S’ﬁ I?%dlg?ﬁfﬁ?gﬂ %o reduce
both the i mMmuBRGRNIYSInEY haf_l,Q?'iOQinE,YPf@Iflylﬂﬁlﬁﬁé?ldﬂ Ithrhiehacl Erehtbea@r in this
way, see Abuchowski et al" J Biol Chem, 252, 3578-3581, (1977). 15 However,
a consequencaolstulpwifh pategemsticprepsrtieeduce the affinity of the nodified GH
nol ecule for GHR This neans that an increased dose is required to counter
the reduced affinity. This is undesirable since it counteracts the

advant ageouseddiitioh, e m@iHsd GH Rreoued h peIsAREnd gytd1QPBEFbRG froeeshal f 1ife
of nodified GH It would be 20 desirable to prqvide a nodified GH nol ecule

whi ch does niB™ncRguinesylpiagy | thisihsn speral bﬁ%ﬁcg'aﬁg_effﬁ%tﬁ-ea&raﬂ)héhﬁ PEGr®3hnd al so
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According to a first aspect o ention ere I s provi a chimeric
pol ypept 1@le TiSeffeonthisi lsisigto decrease glemerlao fitirationl iof iGH therebyiingeaimgether of
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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:
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
i) 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
grow h hornone. In a further preferred enbodi nent of the invention said

pol ypept i de¥P838Hfied in the 5 site 2 binding domai n off CYITRRASEDr none.
In a yet further preferred enbodi nent of the invention said pol ypeptide is
nodified at both site 1 and site 2 of growh hornone. 10 As previously

descri bed, sj.t j r J . i i; .
affinity of %ramé%gﬁ%%hn%@ orc’?iﬂjtfegﬂ\15)\%}}?:3{?1 ﬁ%ﬁ]g%l%%pﬁw%ﬁqg?%%%&hqgg%ﬁ
receptor. Sisdingdothiinefiggmtinhdrmiooe.none acts as an agonist. If a site 1
nodi fication 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 a ol e ?référe%%nﬁi&kﬁ%ﬁﬂbisﬁw in¥entidn IR bf:liyﬁéﬁd'd@ 0 thidified Mthd L€ 2

whi ch exploits a wld-type site 1 binding site al 5o creates an antagoni st.
. I'n a furt hete 2hrindieg devkie nbgrdivibdrmorie. t he i nvention there is provided a

pol ypeptide conprising a site 1 binding dormain which has been nodified by
amno acid 20 substitution wherein said nodification is selected fromthe

group consi SkiaRgt fxkthéd préfedéd\embodingért Bf&h%ﬂeﬂ@n&ﬁid%ﬁ)%é tide ig@lodified e/ or
histidine 21 with aspar agl ne; and/or glutam ne 22 wth al ani ne; and/or
phenyl al ani rkotipsite)i anq sie Anf gewtabkImoRe.aspartic acid 26 with al ani ne; and/ or
glutamne 29 with alanine; and/or glutamc acid 167 with al anine; and/or
aspartic acid 171 with serine; and/or lysine 172 with serine or alanine; 25
and/ or Mol eNEpeeioksl) deschibed, sitodi meatatiods dré) &noe|iretheeart epichsadrtad then Fi gure
13 . Preferably said nodificatjon to increase the affinity of site 1 for
i ts binding aé@wé/l af growth hormone for its binding domain on growth hormone receptor.

Such modified growth hormone acts as an agomist. 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  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; as
represented by the GH am no acid sequence in Figure 13. 3 WD 03/070765
PCT/ GB02/ 0%‘%%”0797?% further preferred enbodi ment of the PRVEHRFBN2%ai d
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;

glutam ne 22 al ani ne; phenyl al ani ne 25 al anine; 5 aspartic acid 26 al ani ne;
glutam ne 29 alanine; glutamc acid 65 alanine; |ysine 168 al anine; and

gl ut am ¢ aci bh dfadthe meferred embodimpntefdint inderttipn k¢ niadifagating tatictasetbguence i n
Figure 13. In.a further ef err.ed enpodi nent the invention. said site 2
nodi fi cati onaI}ﬁ%‘tX of ity ]a#ir"hétsa@flgmggg’% 1y fcoflﬂétss%'g n®Bin8, #idnt ed in
Figure 13. Pagkfudpkynisidife 38 afinfhe; PRALiACES biafiné;SpHefIRlafiad 294 Adhirg! t € |

modi fications as herein disclosed. Alternatively, is nodified only at
am no acid raspartic acidl2g lanine] ghytamine 29 plapinesr gletgmicnasadi ffrelenines lysine 16hvent i on
said site 2 dificat]j I . 1S t] ion_1 v&ing.f or. an_amno acid
sel ected fron the aél?o%}gtgf:ncl)cis?? léit ﬁ“; alc")lﬁ’j.%’afgsgire |e%8r?£%ﬁ)é(mﬁlﬁe;§H %f/lsnl% nae";1 "

trypt ophan; deyiicdse mFig@goedy!l al ani ne; and glutam c acid. Preferably said

substitution is glycine 120 for arginine or lysine or alanine. In a further
preferred enbodi nent of the invention the growth hornone binding 20 donain

of GHRis t rn%&gﬁ.lé lg"ﬁ e L pgli ng
domain is t% a?:%?lcn? }r?gel%egti 0 é(;hr%%l&r% 0 @ﬁ%ﬁ%ﬁg&gﬁ@%@&@gpgé gc? ndi ng
domai n i K t hanifiolhdid kesidge h2@biRhe 2&qukncepresemédinfeghre b oBreferatily edid sikee? | Nnvent i on
said chineric | ypeptide is fusion protej.p wherein the mydified GH is an
Cnfrane trarGploeER] it PRI (At e dr raﬁlﬁcatlpﬂ%r%fherwgﬁwlaw sai d

fusion pol ypgpdrhARe 50 G isesdi fRny fdnftd RNkedif& Sicine 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 is 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 linker nmay be flexible. 5 The linker could be at any_residue within the
extracel | uMO¥BHEPn of the receptor which would all ow t RETGBMYSEY cH to
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

o motectl @ aNdl ot ARng! DotErddboltiBinlint 6 BBy, fHefhodlabindiiee! et abl y

the Iinkage 1s ma tweena residue close tot -termnus o dified 10
GH nol ecul e &mhimof 68l id kieked W& linker ttd the GH dindingadonafin 0HEHR- t Brenlinkat of t he
C termnal SD 16’(28. .I\(bre preferably the linkage is made at any of residues
126-128 of TPAONIPMF nus of the C-terminal SD-100 of the GHR In one
enbodi nent of the invention, the |linkage is made at residue 127 of the
N-term nus of the C-terminal SD- 100. Preferably the linker is a peptide. 15
The crystial Fhe linkenceuldbetah @nyrmidaelvathin the extradednlar dowainsofitheirecepter di st ance

bet ween the CG-.termnus of. G4 (residue 191) .an erm nus of 1 -term nus
SD- 100 (resV ﬁ%‘”ﬂ@-@%)th‘? todif5E b‘%‘ﬁ‘?ﬁb‘ﬂ?’v‘?“&‘g"s"% S A R
respect to dutfakerPreifRfabhnthe BikaPe &f idHeivdeh @ résidile@lost %o the[@teyizng bfle whi ch

conprises 5 to 30 amino acid residues. Mre preferably the_ linker conprises

10 to 20 amith® medifipd GHjmelecule apst a rpvidireeaieps |ty thesNitpymipgeof GHRer MoBpri ses at
oSt o OBty ELRER e dinflt RSt SuS e pugalan 1T 1o
aci ds i nid engHhmealachle and a residue close to the N-terminal of the N-terminal of the C-
terminal SD-100. More preferébly 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
linker is 20 amno acids in |ength and conprises four copies of the d y4Ser
linker. 5 W9 470768765 PCT/ GB02/ 05523 In a preferred enb88T/&BA/082 t he

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 ecule which encodes a pol ypeptide according to the invention
selected fromthe group consisting of: i) a nucleic acid nolecule as

repr esent ed Ihy gréferrediethbodimanttiof tiscipuaition said pblygeptide isl@erivdd fmndhurhgn a nucl ei ¢
aci d nol ecul e which hybridises to the nucleic acid sequence in (i). Nucleic
aci d nol ecul @ aphhwnatdHBde a nodified growth hornone according to the
invention can typically be synthesized by nol ecul ar techni ques known in the
art and 15 include reconbi nant nethods as well as the synthesis of nucleic
aci d nol éculAsondiigny adhithernaspee aifi tle isyentidre thiere iss prolvitled g nadlec raal

enbodi nent of .the inpvention said nucleic acid l.ecul.e hybridi se under
stringent h%‘?’lf’cd‘fes‘gg‘icgﬁ?‘cofﬁs ?W8g?@IWF'a%@F%@n‘g8WﬁPWH ?cfegné%ﬁlﬁ tions" as
used herein gafebasiltthgRAr aneters 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 Manual, J. Sanbrook, et al.,
eds:, Second, Edition. . Cold Lhn rbo ratory 25 Press. | d Spring
Har bor , Newlxlorka glg’ﬁ acglrm%%crurleen Jé%re 0 éeglgsgt’}? G Iﬁlc%tl)%l%c Cgfeé]rugncgil%ﬁ%ﬁ%, F.M

Ausubel ,10et 13] and eds., John Wley & Sons, Inc., New York. Mre

ii) a nucleic acid molecule which hybridises to the nucleic acid sequence in (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, FM. 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,PO,(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, 2.5mMV

NaH2 PQa( pHQﬁ 0. 5% SDS, 30 '2nM EDTA). SSC is 0. 15M sodi um chl Or/i C51263/ 0. 015M

sodi um ci t MY &8 SDS is sodi um dodecyl sul phate; andPEBFRIVE

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
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t enper at ures “up 8C. 5 According to a further aspect of the invention
there is proS§@atdoemieuperatursoandrtheni at§.1 +he XnSl/8ilcc SB8 dt temipstatiires wpccor di ng
to the invent% i In a preferred enbodi mrent of the invention said vector is
an expressi&ﬁ ector adapted for reconbi nant gene expression. 10 Typically
sai d adaptation includes, by exanple and not by way of limtation, the
provi sion of transcription control sequences (pronpter sequences) which
nedi ate Tel Agcprding fe asfyaberaspech opthednyeation thersde PioVisled Betecton GUBPRYRE nay be

cell/tissue (WP O i . Sstiturive. 15 Pronoter is an
art-recognigégﬁggé%gg%ﬁPﬂggga?%%hgéﬁgﬁ%ébé%g#ity, i ncludes the foll ow ng
features which are provided by exanple only, and not by way of limtation.

Enhancer elenents are cis,_ acti nucl ei.c aci d sequences often found 5 to
the transcrilpta Breferied; grnbadiment it t8e dRveRtione said (VEARR AT R SXPEESSIOR S6°1fe f ound 3

to a gene sgﬂggapgr °°5%5ﬁnﬁ£mé9ﬁﬁ%§ﬂnj” intronic sequences and is therefore
epe . Enhante

position in ndent rs unction to increase the rate of
transcriliti on of the gene to which the enhancer is |inked. Enhancer

activity Ts {60 oansiid Sabat drPiend&d b) Lxbhe 556 't b9 Wd A5 Rlnititins theaVe

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 25 Latchman, Academ c Press Ltd, San Diego) is responsive to a

nunber of I ntal cues which include, by exanple and not by way of
limtati on,ﬁgl}{%ﬁ%ggdi ary metabolites and/or environnent alpcgﬁ@yf’%?%.

Pronpoter elenents also include so called TATA box and RNA pol ynerase
initiation 30 selection (RI'S) sequences which function to select a site of

{ransor i pUi oyl dudhi@Myizo BindCh AT HRAR OFEEH B0 1975231c, TaoBBRRAENCES

al so bind polypeptides which function, inter alia, to facilitate

transcri pti orenseriptioninitationeselectiandry RIYA polgmerabeymer ase. Adapt ati ons al so

i nclude the provision of selectable markers and autononous 5 replication
sequences which both facilitate the nai ntenance of said vector in either

the eukaryotAdaptsiohs @lsoPin@lidé Ued ipfovirisit of Yeledtatle niké) ah@ dfnBindised
autononously are referred to as episomal vectors. Episomal vectors are

desi rabl & sitfelicatiproscguenass sdiphdothe fzrilitate Sheypnintepanc of saidyactey Ribet s
30- 50kb DNA) ' : j ' ' /07876
\(/\,hi ch is incor ;e)‘ggléyt%gg% El;l\é?gﬁogr ?\%@.ﬁos&g} eiﬁ%%‘?@tc ?%ﬁsﬂﬁ%{ﬁg? gtgl é}f‘%{% e the

expr essi on aire refeired teras oghibne (ve&ons N Episotralt Yeztorprages idsdirableosinder theseCcr i pti on
t erm nati on/ pol yadenyl ati on s?quences. This al sq includes, the provision of

internal riBBYEHICSSRRAGCEPIae WpRENA gt (RPN FalspRrlsectoskpr essi on
of vector engeledpdsnaRsaitkatonbonBicimtl Ao Rkalb ferflpbroni ¢ 15

expressi on cassettes. These adaptations are we nowi 1n the art. There is
a signiflcant anmobunt of published literature with respect to expression

vector constyucti.on and.reconbi nant DNA techni ques i eneral . Pl ease see,
Sambr ook ot AfPLAGRo M BEUTT TN BRIRYE AT S0 PARbRAES A RRAATe %o d Spri hg
Har bour Labgraligby of feahsdristiin tenifiioRPelyaddylaBbitlsequences. This also includes

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 11 IRL Press, Oxford UK; DNA d oning: F M Ausubel et al,
Current Protocols in Ml ecular Biology, John Wley & Sons, Inc.(1994). 25
Accordi ng ﬁ:«dJ7H';§her aspect of the invention there is provided the use of
the pol ypé’g? g %2 cor di ng to the invention as a phar macedtTER 05 4
preferred enbodi nent of the invention said polypeptide is for use in the
manuf acture of a nmedicament for the treatnent of a condition selected from
the group consisting of. gigantism acronegaly; cancer (e.g. WInls tunour,
osteogeni c sarcomm, breast, 30 colon, prostate, thyroid); diabetic

reti nopat hy; Thti padneptidaseqndr enmenosifionan af dheniavention rpgn | hgaadmpinistesdd by amet es and

GH excess. 8 3/ Q70765 .PCT{.GB02/ 05523 , The | ypepti des and c osi ti ons
of the inven(3 0%1%853 58 ead?ﬁ?l;rll-‘{“%% SP& °By°raP1)§/ graggﬁv n Slli)%r{ng et g‘[ﬁ‘?'e, ?lﬂgricl udi ng

i nj ection oradainigEAidyaay| fok egdriple, Betral] infFvendilRCintrapdritoneal, imtanfidcul@y, f or
exanpl e, be oral, intravenous, intraperitoneal, intranuscular, 5

i nt racavid y, infrafeyise c dnteaoculay b Subaitrseens, oF wasdamel nelhe Tmharmmesyticakeut i cal
v _ . : RS :
o ebared by SRS Gl hhldhiBRyPOEPRRLEA Ll dostRORIE Wl MANER [BY P°

adm ni st er edhrefabed tyhaay vhihe uietlmak well&kpownin the at of pHakr@adynvent i on are appli ed

in 10 pharmaceutical |l y-acceptable anbunts and in
pharmaceutical | y-acceptabl e conpositions. The term "pharmaceutically

accept abl " WRaNSinRinRRRd el ghafRAcRhtic@] prep@ions 88 Brei@lertidh &k é‘ﬂéfﬁed\/iﬁ h the
effecti veness of the biological acti w?y of the active ingredients. Such

pr epar at Ilonsphamyeacewicell redeyptetat aamownts t sandoufif er plegmacpaically-acpeptabda vat i ves,
COMat1 e Sl 2 QB SRS R n 308008 LS o o
carrier. Thenitelol nithaterBeomtt &Rl Ittt lofitleehisiBichlCactivitR 3N thedBvedr NOr e
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 a2 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"
denotes an organic or 20 inorganic ingredient, natural or synthetic, with
which the active ingredient is conbined to facilitate the a)o | i cation. The
phar maceut WaP3/¥BK¥Posi ti ons may contain suitabl e bufferi RGTEHEHENS23
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 contain, [ | 1.y, [ RY : . S, a’m&ﬂﬁ ni um
chl ori de; ZSgBEhI}%?%bJS%ia %‘J;St“g%r“a% ﬁgssg%%alﬁ’l %?ecrhé)a:% %\?gor I ngJ {:egloa yet
further aspeelg ChineséHainsterOvirg)) aphat ellj a ipseoveelldel gaddpodoprert: spp)sf or med  or
transfected with the nucleic acid or vector according to the invention. 30
In a preferred enbodi ment of the invention said cell is a eukaryotic cell.
Preferably galdaikflaivé %%%Eﬁ%éﬁ% dhidecedil @Uﬁgﬁﬁkﬁ{%ﬁ& icBd, ptfeabfl | Me moul d
(e.g. Dictyostelium 9 03/ 070765 PCT/ (B02/ 05523 spp) a yeast cell (e.g.
Sacchar orfy cesckarchy cgaer, Baiilblsisgp.spp) ; a manmmal i an cell (e.g. Chi nese Hanster
Ovary); a plant cell; an insect cell (e.g. Spodoptera spp). In an
alternative preferred enbodinment said cell is a prokaryotic cell, preferably
5 Escher chi aa&@tdingOto Bafirthbt Sspebtd of AeC Qiveitiof theredisl provitRl asmelkdd &f the
invention there is provided a nethod to manufacture the pol ypeptide
accor di ng t dnamyéciureBaPPlyReriaaeqosding o thagnyentipn eemprisiegia cel | according to
the invention; ii) incubating said cell under conditions conducive to the
production of the polypeptide according to the invention; and optionally
iii) isoltatiing t peovidihypeqit acderdinpaotticlventtdn; or the cell culture nmedium 15
In a preferred nmethod, of the invention said polypeptjde is provided with a
secretion sPgnafmcibatingcidq cgif dngeecopgitipps E%"cdiuﬁ)‘ﬁe de t%‘ﬁé’r?f’é‘F{))ﬁ'bﬁk thfe from
said cell. Mire abl b ql o RE aTal : is provided with an
affinity tag to ? g@f,ﬁt?g? %Cotr(ﬁ%é {[g)utlrliéi?},%g? I?Oa\éHgPﬁélﬁﬁy

iii)  isolating the polypeptide from the cell or the cell 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 pol ypeptide according to the invention. According to a further aspect of
t he invent WShO3(0A¥62 is provided a chineric 25 pol ypepti dBCEERIHIBng nore
than two nodified growth hornone binding domains wherein said nodification
is the addition, deletion or substitution of at |east one amno acid

residue. |nR aPfehe pRERINHARMNt OF thdBivEmo8 thE@Ns thi6ViBed 8 Birifcded a
chinmeric polyggptjde 30 conprising a plurality of nodified growth hornone
bi ndi ng dom@plyseptilo saBINgG7et7 8BstPOY @REIIPSSE32 growsh thormerer bdwer r ed
enbodi nment 9%n+ig invention there is provided a chineric polypeptide
conprising at Teast two nodified site 2 growth hornone binding domains. 5
In a further preferred enbodi nrent of the invention there is provided a
chinmeric_ polypeptide conprising 3, 4,. 5, 6,.7, 8, 9, 10 nodifjed site 2
growth hér mbhé E‘F‘h%ﬁ prglertad ipbadiment, of, theainvention Hbgre Js drevidedia cpicnent of
the inventi | i -] i : } nodi fi ed
ar out b hor o RS TR PO TR Ry BNk B

Pref erabl y demadinki nker nol ecule is as hereinbefore disclosed. According to
a yet further aspect of the invention said chinmeric polypeptide conprising
nore than two nodified growh hornone binding domains further 15 conprises

at | east ong gr %ﬁbﬂi&?ﬁa?@?&tﬁhd%xﬂﬁﬁdﬁlﬁerﬂ@f&h@ixﬂfzntﬁmgiam/\'bﬁlnﬁﬁbFﬁég@eptfd@celot or.
Preferably said chineric polypeptide consists of two nodified growh hornone

bi ndi ng 18omaemeriseh thosnidag evnpdified stomeh hormene bindegwiomais liakest ieggtherhor none

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 coﬁprisng 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 chinmeric pol ypeptide conprising growh a hornone binding
domain linked to a receptor binding domain are applicable_to chineric

pol ypept i A0 EYHIF si ng nore than or a plurality of growt RCHEBARENE® bi ndi ng
domai ns. For exanple, vectors conprisng nucleic acids encodi ng said
chinmeric pol ypeptides, pharnmaceutical conpositions conprising said

pol ypept i despolyfeptick land hﬁ&ﬁd@&p&%bﬂmﬁm&%sﬁalgaggkﬁidapbﬂépgp&iﬂdﬁ%e nmet hods
to manufacture said 11 WO 03/ 070765 PCT/ GB02/ 05523 pol ypepti des and

met hods of tScera ¢hdhs invantion siithgespagtdo ten spprigstaf ghunenc olypeptiget hi n the scope
of the invention with respect to this species of chineric polypeptide. An
enbodi nent of the invention will now be described by exanple only and with
5 ref erence Awemhadifnettl afvthe) inveatidnewidinbw bgdesesbedlay beaniple eplyemdvith a sunmary
of the amno acid supsfitutio to site 1 and site 2 of human GH 10 Figure
1 Pl asm na‘ﬁgbeflcﬁ)@égﬁé@v@ﬁé%ﬁf%ﬁ@ﬁe%s generated by ligating the

GH. G120R gene,, synthesised by PCR between the BamH and Nod restriction
sites. The selective marker on the plasmd is AnpR, Figure 2 Plasmd nmap of
pTr cHi s- TOP(ablieAl7reprdséntha wernmaryrad tha ainp weidisylstituitpns tesite] b a@-$i@I20R gene

bet ween t he h%%lm-ll ind Nod sites in pTrcHis Al. The linker is (&4S)4, and
t he selective r%ﬁer r on the plasmd is AmpR Figure 3 Plasm d map of

pTrcH s-TOPO. 1B2, which was generated by ligating the GH G 20R gene
between the BanH and Nod sites in pTrcH s 1Bl1. The linker is . 20 ((4S)4,
and the Yol digyred Flaynid maprfiEAT- SERF HRRs Whighrvas gangiated by ligaliagihe map of

PTrcH s- TOPQsy E530R WhHeC ByniRsisERPPER 6k tlden! thPRLhRP add Worl restriction 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.GI20R gene between the BamHI and Notl sites in pTrcHis 1Al. 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 NotI sites in pTrcHis 1B1. The linker is
20 (Ga4S)s, 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 HinDII sites in pTrcHis 1A7. The linker is
(G4S)s, 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 HinDI Il sites in pTrcH s 1A7. The I|inker
Is (A5)4, and the selective marker on the plasmd is AmpR, 25 Figure 5.
Sequence of the GH d 20R gene, showing the start codon, 6xH s tag, relevant
restrictio ngﬁ%Sstop codons and the GL20R nutation (CGQ). The actual

GH. G120R cor\'rg%&{ {®i's shown in CAPI TALS, and the sequenced G&F%IS%r e
shown in bold 30 12 WO 03/070765 PCT/ GB02/ 05523 Figure 6. Sequence of the
1A7 gene, showing the start codon, 6xH s tag, relevant restriction sites,
stop codons gipdrd hSepleiiRoftHeat | AN gddeFRowink e 86t WdlornH8xHs2AE releth®) 4- GHR( b)
conponent is shown in CAPITALS, and the secluenced regions are shown in

bol d; 5 Fi guFestriptionsfesesioncogpns 3 thep31208 yautatignd (G- ThecaciahbH.GHEBn, 6xHi s

tag, relevan e Gt 1 | a tj.on (CGCC).
The actual - CORISGHROP SsApeRkd ol R GRABAT AN bERedate BbRAPS (ang

t he sequenceshoweghdokl;are shown in bold; 10 Figure 8. Sequence of the 1C3
gene, showi ng the start codon, 6xH s tag, relevant restriction sites, stop
codons and the GL20R nutation (CEC). The actual GH Gl20R- ((AS)4- CGH. G120R
conponent i Sg 1 g S, SREUS ' i in

bol d; 15 Fi gu?fgﬁ\s’;’.1 S\?‘g‘éeﬁéghggileot!sﬁu%nﬁ’g& §nti-hﬂ%§ﬁcgﬁ&é§%ﬁe@%ﬁfﬁ%ﬂami body
of 15% SDS fRatGEtieresites,fstap dodenseng thesSi26R meutetiind €GSY). The. acaaDRH.GIRPR- 1B2 and

1G. (G4S)4-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.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 1A7and 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.GI20R 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. colt SURE
cells, these sanples were taken 4 hours after induction wth 1mM (final
concentration) 20 I PTG The blots show that GH GL20R and 1C3 produce single
bands, whil h anpl es of 1A7 and 1B2 contain cleavage products; Figure
10. Coomass 8()%/?7697 ed [C] 15% SDS PAGE gel s of purified G—f‘@i‘i‘!ﬂ?’,ﬂﬁzim 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 probigferens asHebRfativhLarPh¥0apday GrvithiBveMBtruéthe difestéRddndth@htfons how t hat
only GH Gl20R and 1C3 produce single bands, while the sanple of 1A7 contain
cl eavage proWitkt2Sng/gy bk Fhese shaw sk nondefrthg pretpias have inhsreat agontstieH

bi oassay fro t.g]@ : 7 . . Fa¢ . r urve, the
assay with the %: ns?fﬁtljg a%ng%gmgtgc g%?%%&%%%@%%%%ﬁ%é%ﬁgvecdl fferent
concentrati omsl ahdl7 thedesdagsay with the construct at different concentrations
W th 25ngén1 hGH. These show that none of the proteins have inherent

agoni stic® activity, but all have antagonistic activity with the GH GL20R
bei ng the nDBfzuRALIYMe amAifhcikleqhdiBe bf@RlodifRdfdgure 12 is the amino acid
sequence of unnodified G4, Figure 13 is the nucleic acid sequence of
unnodi fied GH 10 Materials and Methods The nethods to generate nodified GH
at site 1 angd/or si.tg 2 are di.sclased dn US:.5 49, 535; US 5, 854, 026; US
6 004, 0a1; B3 4 e PuBeE Bl S S EBE brmpRER GEE ST 200 S o o

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

14



GENERATI ON OF SI TE 2 MUTATED GH ANTAGONI ST (GHa) 20 The cDNA for human CGH
(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 anplifi uman |iver cDNA using PCR. G owth Hor ni st
(GLl20R) Congg)r({?@?%%p% GL20R Mutati on of G owth Hornone ngg’gf;@%/ﬁgﬁor none
(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 Hi ndu
sites, to propieeDNADIFIB1SEH Whi hePhattsdbywhsngitpethe cédoatsf ClyIR0Ifibft 0 E.

coli CJ236 and single stranded ssDNA produced. 14 W) 03/070765

PCT/ GB02/ 0552@GC1‘th mﬂmﬁﬁ@l@ﬂ)ﬁ%wﬁféﬁdﬁ}?&@d by changi ng the codon
for Glyl20 from GEC to CGC, the primer CGH (Gl 20R) For was used (Table 1).
The dsDNA pT7T318- GH GL20R produced after the nutation process was then used
5 to sub- cl orlhetdSBNBHTGTI0RGHGH2QR priokiin®d efter tthr mutativrsprgeese wak tedBisedH. 3 20R

(Fig.1) ner atj on of i . Const s 10 A7

[ GH. 6120?%964$)52b &%@ﬁ%ﬁ% od PEAt 38?]~Fﬁ'i’ ﬁl]ﬁﬁfgaﬁ—ﬂﬁ.}mfh%(}@@éo§0R gene
was exci sed f(Fggm)pHEAT GH 3 20R (Fig. 1) using the restriction sites BanH
and Nod. The gene was then ligated in place of the GH gene in pTrcHi sxl Al
[@-(AS)4- GHR(b)] (Fig. 2). The resultlng plasmd was transformed into
Escherichia def BIGH. (13 mstrietdsn LB (0. 3% gl ucose, 15 50g/m
anpicillin, 12. Sg/ m tet racycl i ne) agar plates. x1B2 [CGH GL20R- (A4

) 4- GHRY | el = (@A [ GHNG EXTORE- (G, EUGHR @Dt GHeXinkaice bldehmatn sfG@RN  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 pTrcHisylAl [GH-(G4S)-GHR(b)] (Fig. 2). The resulting plasmid was
transformed into Escherichia coli XL1 Blue and plated on LB (0.3% glucose,

15  50ug/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 x1A7 gene was repeated, however the
20 r.ecipient vector was pTrcHisy1B1 [GH-(G4S)s-GHRflec] (Fig. 3). The resulting

plasmid was transformed into E. coli XL1 Blue and plated on LB (0.3% glucose,
50ug/ml ampicillin, 12.5pg/ml tetracycline) agar plates.

¥1C3 [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-
(GsS)4-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 pient vector was pTrcHi sxI Bl [GH(AS)4-CHRflec] (Fig. 3). The resulting
plasm d was transforned into E. coli XLI Blue and plated on LB (0.3%

gl ucose, [ arrpl cillin, 12.5g/m tetracycline) agar es. x1C3
[ GH. GL20R- ( &&%’ &H. G120R1= GHa tandem 25 A PCR react | onp%rﬁg %qspar med on

pTrcH sGH u5| ng the pri mers Di GHEcoFl and DIGHHi nRI (Table 1). The PCR
product was then digested with EcoRI and Hi ndm this was then ligated in
place of the GHR(b) domain in pTrcH sxIAl [G+ (&AS)4-GHR(b)] (Fig. 4). The
resulting plasmd was transfornmed into the reconbinant deficient E. cols
SURE and pl atféasmigs OBBtap@nB%‘:gplaﬁgﬁgtéengo’gqrmequg@e%r%épquems of therggneyy

tetracycline, WO
031 070765 PCHFEBEIrOusRARBrEL Y RGO, ALR% 1 BRMERICT i kinide e
sequenced. TI5e8, sgeteinelgs of the genes and the regl ons sequenced for

GH GlL20R, x1A7, x1B2 and x1C3 are shown in Figs. 5-8, respectively. 5

Expr essi ol Studi es Single colonies were used to inoculate 3nl LB (0.3%
gl ucose, 50gE¥pressiandtudies; 12 5g/m tetracycline) broth for E. coli XL1

Blue cells and LB (0.3%glucose, 10 50.ig/m anpicillin, 12.5g/m

tetracycli ne,SirfgtIkgtcr}dmiksawmymsbd]}o moatldte Bodd LB. (03846 igluc&dREO;cgéﬂnl smpitillige wer e
grown, shakin rnight at 37C._ 4nmls of a, caqntaining the

appropri ate éﬁﬂ‘ tF‘E%"de@B SRR £n6elirdt Ze%l h aﬁé &éyékgu%’@“er ni ght LB
cul ture. {ghe ken (To
sanpl es). 1b ZG}%E %rﬁcgl\rf@sfl\%)\gprlgm? (r?]éé![%léydlhuce Iﬁif%ﬁ%a brbth #0??2 o
concentrati OtSU@lE ¢eith) Thesk were grown, shaking, overnight at 37°C.

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 1mM and

then further incubated for another 4 hours (T, 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 centrifuged to pellet the cells, the supernatant was then discarded
and the pellet processed for running on a SDS PAGE gel. Protein was

visual i sed 3P BREYE PAGE gels by either Coommssie staini nge BFBHPSWEst ern

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

construct. HQRBratidnh6f TRANS! THCESHs AN &e UABRENE By WntriFEzaiB tAA NyRU Wy (Fi 9.
9). These show that in all cases protein of the correct size 1s expressed.

30 Purifi cat itesAtment yish bisedymsrand spdiumaglsoxyghqlate &dlopied by sonicgtoOml cul t ur es
grown in 4YT, containing the appropriate antibiotics, and induced for 4-5
hours with IPTGto a final 16 WD 03/070765 PCT/ GBO2/ 05523 concentrati on of
1mM The cel I'Thevigseéd chiy werstoentrifiyged e temdva gall idebriscand thy Sekrimant inigatyment wit h

| ysozynme and sadi um.deoxychol ate fol |l q . by sanjcat.ion. The |ysed cells
were cent %i flPé“Ege‘fBSH?‘ ge% 70%888#@V\zﬁ’duﬁ‘ﬁﬁr%shﬁé‘?’ﬂé{‘faéﬁ{ut?%‘ﬁngaﬁ?]y 5
purified usinkyMMidisdgen ProBond Resin (N -colum). Protein was el uted
using 5mM 0.5M i m dazole. The protein sanple was further purified by

diluting the eluant fromthe Ni-colum 10 tinmes in a suitable buffer and
t hen passi ng The ptdiein saphpla web fiwer prifies b ditgegdind elnant frofrOthPMNcelumnvids el ut ed

i | t di ent. of .0-1M NadCl 20mL at f 0.5m/mn; 0.5m
1ch f Ia(r:]tg i gn: awe it regbrli ?eglﬂtf‘glﬁ .butifl, e@tﬂg\éﬁgg ’gg'f%‘gf‘l ﬁ@ﬁ%@?ﬁ%’ﬁ’?%éﬁhalng? °?1Vr?81r‘]' presence

of the const rpygikin widdeluhtd s Bis@ﬂ%grﬁ‘(ﬁéﬁteﬂfrﬂ-m NB€l eoashomrht Raaleeskt The
purified protein was anal ysed by SDS PAGE (Coonmssie staining and western

15 blot) (Fi @-Smlfyinahémb&aeticng weee eadlgstad. clhetfmctonscwere than anglysephier gicot ei n was

then 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 x1A7 and x1B2, 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 ¢ 1Bl 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
Rapid Transl ation System (RTS) for in vitro 20 transcription. Previous,

studi es on x1Bl1 have shown that cleavage was gre Zug d using
the RTS sysﬂéﬁq Oz&gonj unction with protease inhibitors ang{’(lﬁcgﬁw2 %ﬁes for
expression. Bioassay 25 The purified constructs were submtted to the
Asterion standard CGH bi oassay. Prepared 293 H, which stably express growh
hor none receptor, were stinmulated wth the construct using a range bf
doses. A second dupl i cate pI ate was al so prepared, but 25ng/nl GH was added
30ni n. aft er SSE&! M CZEOHE to observe the 30 antagonistic capability
of the construct AII the GH. GL20R constructs had ant agoni stic activities

b st abl | st SrRRREIERIAR Flk AR ARRE o BRLERILRE (Ol AJRLAGBR AR ot 1

per manent 5cellihe ekpressivy ehepfidls &npth GHR fsutrénsieangtmnéﬂaﬁed svithr ariau&n‘asby
transfected with a lu at binds activated StatS (9).

i.ferase re ort
Twent y-four FEORE fhat g’lmdtsh%"t’é’étleﬂs§)t st Wentafody Bauet 13kl £y cdlshdBirs” wi t h
or wi thout aetﬁagt@a Slith @ﬁ%ﬁ@h&ﬁs Lt ot hRodt ¥igoni@N drrk Wehd SE ARA 1RGAIT Vi ty
measured (9). 10 Testing netabolic clearance rate in vivo Sprague-Daw ey
rats are anaesdlhefdrasedctavity measwed 6. i npl anted in fenoral and jugular veins.
Two days later GH chinera or tandemis .adm nistered by intravenous or
subcut aneous injection. Blood sanples are collected via the fenoral cannul a
and 15 chp nerastmgdnétabsiRledrande rgiBivier otei n | evel s neasured 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 |RI67 [KI68 | 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 acid substitutions nade to site 1 of GH 20 Modifications to site 2

i nclude the substitution of GL20 for any of arginine; alanine; |ysine;
tryptophan; tyrosine; phenylal anine; or glutamc acid. H18 H2 Q@2 F25 D26
Q@9 E65 RlGZJ'f&@B D171 1(172 E174 1179 1 DNNASRST AAAAAAAA
AAAAA AAAAASAAAAAAAS DAAAAAAA AAAAAA
AA DNNASRST AAAAAAAAI18 CLAIM5 1. A chineric polypeptide
conprising: i) a first, nodified growh hornone receptor binding domain of
growt h hor mbne AMsbimstis POlyPEPYASFOMPESNEON i s the addition, deletion or

substitutiop of @hrétqa&&iﬁ&ﬁgrm Brméie! Qcép%ﬁ'iol\ﬂjvth'(ﬁh%ﬁeﬁllam bf Browik ABfndHRdi T i ed

growt h hornone receptor binding domain of "gr ornone wierein sai
nodi fi cat i owhereintsail madiificatiom iddheadditipno delgtidnser substitutioroéf attledstast amine  ani no
acid residu ch%rg,cayhglri zed in that said binding domains are fused in tandem

and the no |l?fec§laf’l|’on is to site 2 in at | east one binding domain of growth

hor none andii) whe4 sdcondsidbdifipd gxopah homtiont ecaftoebih@@@ domhin of growth
hormone wherein said modification is the addition deletion or substitution of at least one
amino acid residue, characterized in that said binding domains are fused in tandem and
the modification is to site 2 in at least one binding domain of growth hormone and

wherein said polypeptide is an antagonist.

2. A polypeptide according to claim 1 wherein said first and second binding

domains are also modified in site 1 of growth hormone.

3. A polypeptide according to claim 1 wherein said first and second binding domains

are modified in site 2 of growth hormone.

4, A polypeptide according to claim 1 wherein said modification is to binding

domains of both site 1 and site 2 of growth hormone.

5. A polypeptide according to claim 1 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; and/or isoleucine 179 with tyrosine, as represented by the GH amino acid

sequence in Figure 12.
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2. A pol ypeptide according to claim1 wherein said first and second bi ndi ng
domains are also nodified in site 1 of gromh hornone. 3. A polypeptide
according to claim1 wherein said first and second binding domains are
nodified in site 2 of growmh hornone. 4. A polypeptide according to claim1
wherein said nodification is to binding domains of both site 1 and site 2
of grow h hornone. 5. A polypeptide according to claim1l wherein said

nodi fication is selected fromthe group consisting of: histidine 18 with
al ani ne or gsparAiglfepide astdrdihg bd %tahﬁ“lnﬁ'vhgr@lnv‘éaﬁ&" mo@ﬁﬂﬁﬁ@tg'c&?sustsaefi{lﬂr
glutam ne 22 wi th al@anine; and/or enyl al anine 25 with al anine; and/or
aspartic acp@inpecig Sﬁtht&WéﬂﬂSn]@StldamF Q)Fspgll’ﬂﬂtaalﬁi histidine 3] aspagaging rgininenk®or
glutam c a i FabddC / ri

andior Tys, pippl Mkl 1% arBlel pARRE AL CLAE belnk] ndl el B8,
tyrosine, athreonjreeae fipesieityd by the@H amimachicsequenseipuigae 12n Figure 12. 19 6 A
pol ypeptide according to claim1 wherein said nodification consists of the
am no acid substitutions: histidine 18 aspartic acid; histidine 21

aspar agi ne; 7ar gi Qi fiftypeptide a8RdiAY IO RaiASPVhElefn &6d %oh?ﬁca%ﬂ'cﬂhsﬂs@s ofldt am c
acid 174 serine; and isoleucine 179 threonine; as represented by the GH

ani no aci d 8wingesrik sybstiftigng: distidine718 lanipe; ygietpmr@@?ael@mmg; plgenwblamnaﬂrﬁ 1
wher ei n sai [ i iy

st i me. 10RE ispEAt o OB, 31 Bjerhl 29 o et SR At M
aspartic acil@8 zﬁmaiearand]eglutgﬂnui acid nlg429amhamsn£epreg¢nn¢chhycthacﬁld eﬁﬁnalaam ne;

| ysine 168 al anine.. and..glutamc acid 174 al anine; as represented by the CH
ami no acid SSWERFERESUF M gure 12. 8. A pol ypeptide according to any of
clainms 1-3 wherein said site 2 nodification is to amno acid residue

gl ycine 120 of the am no_aci d sequence presented in Figure 12,

pol ypept i de 8accofdrohpeptifleicgording tapat & dpimail o \ghetr@nzalﬁﬁm?rr@&tﬁcahom@ a
Substl t ut |0, gfing i rifanle Yyt A dfheekifo 26tk SEQRHcd BrBWEntdn BlgRHPIZ ONS! Sti N

of . arginine

9. A polypeptide according to claim 8 wherein said site 2 modification is a
substitution of glycine for an amino acid selected from the group consisting of: arginine;

alanine; lysine; tryptophan; tyrosine; phenylalanine; and glutamic acid.

10. A polypeptide according to claim 9 wherein said site 2 substitution is glycine

120 for arginine or lysine or alanine.

11. A polypeptide according to any of claims 1-10 wherein the first modified
binding domain of growth hormone is linked by a linker to the second growth

hormone binding domain.

12. A polypeptide according to claim 11 wherein the linker is a polypeptide

which comprises 5 to 30 amino acid residues.

20



al ani ne; lysine; tryptophan; tyrosine; phenylal anine; and glutamc acid. 10.
A pol ypeptide according to claim9 wherein said site 2 substitution is
glycine 120 for arginine or lysine or alanine. 11. A pol ypeptide according
to any of clains 1-10 wherein the first nodified binding domain of growth
hornmone is linked by a linker to the second growth hornone bindi ng domain.
12. A polypeptide according to claim11l wherein the linker is a polypeptide
whi ch conpril&es 5Hob’PSmidfrﬁcﬁQfd’a’Git@ICﬁ%ilau@me@ﬁ)ebskerﬁomhwé@ttpag accor di ng
to Claim12 s gt i.nker conprises 10 to 20 am no acid residues. 14.
A polypeptidgggggg@gf%gm%%'Clain112 or 13 wherein the |inker conprises at

| east one copy of the peptide Ay Ay Ay Ay Ser. 15. A nucleic acid

nol ecul e whi ch encodes a pol ypeptide according to any of clainms 1-14. 16. A

vector compnisi no, Gedial aler e & ARERHLA ARAIAING S, Sl IoT 1l A

n sal'd véctor 1S an expression vector
adapt ed f or onecopytof terfepidpGhsGlydily Gl8SerA pol ypepti de according to any of
clainms 1-14 for use as a pharmaceutical. 19. Use of the pol ypeptide
according to any of clains 1-14 for the manufacture of a nedi canent for the
treatnment of _a cqondifion.selected fromthe group consisting of: _gjantism
acromegal y; léancérhuc q?‘ﬂlimp rhighsencgdesd W?%Pﬂ&ﬁw@ﬂ%@ta,ny@éﬂéﬁ?s
prostate, tRhygoi d; diabetic retinopathy; diabetic nephropathy, diabetic
conplications. 20. Use according to claim19 wherein said condition is
acronegal y. 21. A pharmaceutical conposition conprising a pol ypeptide

accor di ng t q6any xQfectof i iisids hé mudiic o8 rlAA QR BlbrfifiEho citfiis! N Sal d cel | i's

transformed or transfec € nuc

-

17. A vector according to claim 16 wherein said vector is an expression vector

adapted for recombinant expression.

18. A polypeptide according to any of claims 1-14 for use as a pharmaceutical.

19.  Use of the polypeptide according to any of claims 1-14 for the manufacture

of a medicament for the treatment of a condition selected from the group consisting of:
giantism; acromegaly; cancer; Wilm’s tumour, osteogenic sarcoma, breast, colon,
prostate, thyroid; diabetic retinopathy; diabetic nephropathy, diabetic complications.

20.  Use according to claim 19 wherein said condition is acromegaly.

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

claims 1-14.

22. An isolated cell, wherein said cell is transformed or transfected with the nucleic

acid or vector according to any of claims 15-17.
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acid or vector according to any of clains 15-17. 21 23. An isolated cel

according to claim?22 wherein said cell is a eukaryotic cell selected from
the group consisting of: a sline nould; a yeast cell; a mammalian cell; a
plant cell; an insect cell. 24. A cell according to claim22 wherein said
cell is a prokaryotic cell. 25. A nethod to manufacture a pol ypeptide

according to any of clainms _1-14 conprising: i) providing a cell according
to any of cP#i nsApdsalated;cell qcﬁ?fdbﬁt‘ionﬂalgh?g vhergin saldesellc Bnglictkasyaiccestlduci ve
to the prodygtdonggh tﬁ@?ﬂ)up%héﬁﬂﬁﬁtdfd@'slilﬁ@%oﬁﬂl"; g _§4t|c¥ll;'éh1)anh1§a§’ihﬁlgélﬂgt the
pol ypeptide fromthe celll or the cCell culture medium 26. A nethod according
to cl ai m 25plankged: an ina¢cticedbl ypeptide is provided with a secretion signal to
facilitate the purification of the polypeptide fromsaid cell. 27. A method
according to claim25 or 26 wherein said polypeptide is provided with an
affinity tag4to Aaelllacdoadiag tdelaipi2d wherainisaid cell istapeol@yotieasetli de from said
cell or the <cell culture nedium 28. A chineric polypeptide according to
claiml conprising a plurality of nodified growh hornone bindi ng donains.
29. A pol ypept i desageiiodi 39 mafufabitie™ JR1Mepi® Qcc%?dh% 99'%}?6% BnE QU | Ses
3, 4, 5 6, 7, 8, 9, or at least 10 site 2 nodified growth hornone binding
domai ns. 30comppangpepti de according to claim?29 wherein said pol ypeptide

conpri ses 2i) mdblro'vﬁﬁlngsi L &c@d&‘é"t@aﬁ%ﬁ&%s%%,“g domai ns. 22

ii) incubating said cell under conditions conducive to the production of said

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

26. A method according to claim 25 wherein said polypeptide is provided with a

secretion signal to facilitate the purification of the polypeptide from said cell.

217. A method according to claim 25 or 26 wherein said polypeptide is provided
with an affinity tag to facilitate the purification of the polypeptide from said cell or the

cell culture medium.

28. A chimeric polypeptide according to claim 1 comprising a plurality of modified

growth hormone binding domains.

29. A polypeptide according to claim 28 wherein said polypeptide comprises 3, 4, 5,
6,7, 8,9, or at least 10 site 2 modified growth hormone binding domains.

30. A polypeptide according to claim 29 wherein said polypeptide comprises 2

modified site 2 growth hormome binding domains.
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