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SYNTHETI C scFv  ANALOGUE TO THE 6313/ G2 ( ANTI
ANG OTENSI N Il TYPE 1RECEPTOR) MONOCLONAL ANTI BODY

WWRRbABIE REG ONS The present invention rel at eBCT/GB2009/000443

synthetic scFv anal ogue (R6313/ &) of the 6313/ & anti
angiotensin Il type 1 receptjor nonocl onal anti body
vari abl e donmai ns. Angiotensin-Il plays a central role

in manmal i an el ectrol yte honeostasis and bl ood
AR HIC a0k tNADGUE DAY HE (19/(62 (ANEISANGIOTENSIN I

; 0 MYARATB o ABTE RECIBNS

angi otensin-11 receptors, desi gnét ed types 1 and 2
ATl and AT2), have been recogni sed, but the majority
%he preectiidnyening firlatgs tq »sathstic Spy SRaloie(ROP LYERY P (hef313/G2

S auttliuoBR 1N BtTc { Pclo: MacibofBhay Hlipday THRRIL &RGaind
. Biol 43 271-280 (1992)). A nonoclonal anti body
313/ G2. t he ATI| recept.or subtype ar.ker, et aJ] J.

o ciRim A1) 4 Cpiteb S8 3 G B U i el S G Ttgts gud blood
%b‘&%‘e b&ﬁr&i(ﬁbadhbp@ism Réy §1813-89@ Rt ®17){ ViddsR R @l “Bhe Adrenal
. Med. Today 1 35-38 1995);. The nonocl onal ) ]
garteb o dyeriins Hadle Englefglddieghts 619939e B0 maithbipgp efiengiotensin-11

a t tq contr Vas0- CO kCti,o [ '

R bree RS BID b A aOATAT G i), SRRk obisid) but the
fajofiity WEethe NEJll kaowh agtivad of BRgiotdsinbNdycchas/id g ATiesubtype
as a_specific_imging agent in various tjssues,

f
ATablin & #/ednpnb dRiDoRERS: Sr2OpNE0SS 419%AL ek eog! i, Biochem.

t 96)), kid Har ri -B d et
bphsen 43R SRR Yo 9% (Loory: “neng ot

al Am J. Physiol. 43 F10-F17 (1998)), and brain (Yang

t a . Neur.osci enc 7 1660-1669 (199 . e
/_gnrflp a4 gati ng@ﬁZﬁ% ki ihﬂo?-aikrea Porbiibicy Hfer et al . Mo
ERGNSED] ATI0 41 80811 993)h H{xsec;e'%ﬁ &Pl e yamd dlfélﬁ_@oution of the receptor

activation but conversely pronotes the calcium
(\aspuneter! (Malp déede Toddy Bi36SBPIB).0 Ay snorRenalartthodg tas been
1292-1298 (1994): Vinson et al J. Endocrinol.. 14 .
serae] 1ol e pPatonie B oI RS iy, gampte n
1hB tRa@aHt of HiFHchsiBAST BRSNsTh&RR kiugeleWetl fe. b O@B4ine) contraction.
production of angiotensin (Inwang et al Brit. J.

Cancer 75 1279-1283 (1997); Tahmasebi et al Eur. J.

E oo L paf ded P e 0B, o8 0 Bicns s
&ample laryngeal cancer (Marsigliante et al Cancer Letters 110 19-27 (1996)),
kidney (Harrison-Bernard et al Am. J. Physiol. 42 F170-F177 (1997); Cheng et al Am.
J. Physiol. 43 F10-F17 (1998)), and brain (Yang et al J. Neuroscience 17 1660-1669
(1997)). The antibody has been shown to block angiotensin-II induced AT1 receptor
internalisation and PKC activation but conversely promotes the calcium response
(Kapas et al Biochem. Biophys. Res. Comm. 204 1292-1298 (1994); Vinson et al J.
Endocrinol. 141 R5-R9 (1994)). The presence of AT1 and AT?2 receptors in breast
tumours has been reported with local production of angiotensin (Inwang et al Brit. J.

Cancer 75 1279-1283 (1997); Tahmasebi et al Eur. J. Cancer 34 1777-1782 (1998)).
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July 1993 with the European Collection of Animal Cel
Cul tures (ECACC), Porton Down, United Kingdom under

w0 bmoBesdepest Treaty, and designated by the acRPEr&EBRIV9/000443

no. 930721 17. The deposit was made by Dr Gavin P

Vi nson and Dr Stewart Barken, Departnent of

Bi ochem stry, Queen Mary & Westfield College, Mle End

Road, London El 4NS. The depositor has authorised the

NMeowbelend tantibodye $213/633 is vecreliep byi a bybrideres ¢¢ll ling deppsited on 22
L Y H oi i -

Y 4088 bt KB PG YAt uBh SCUERECNATC MM (ReACO), Porton

Deda, Byacd Kilgdotn) uhbier theBudepdsnTaasy aaddesgndttdbiRitteeaccession

28(1)(d). of the European Patent Canvention. e

S &3?()%%2.}3 . chg deppsis Vigs Sepdedy Ggﬁpi%gwoy ﬁlgg tbr Stewart Barker,
RSGidf el Mioki 0 CRA i '

PRBEUA 3 BoPh Syl LIRS RSP Rk, Ml chnd o

EBemloarfle4NS. dlhsalepositat ham agtherigsithe epistot toofefdrdentire deposited

@awnd %&‘ﬁ&al > I%Bﬂclati@% gﬁcﬁ]&es&ljxtéq%{}ggse g%g%ﬁargiirrae%oéa%llel SoiRent to the
N U nfeRiaf beind enddéS avdilblel & BN phsiRe A Rrc¥dahce with Rule
Monocl onal antibodies to the peptide sequence

2¥(jid) efi the Eunrepenn Petent Genvestigiuence of t he

angi otensin-11 type-1 receptor have been prepared

(Barker et al Journal of Mbdlecular Endocrinology 11

P8 h 2Rl ofk983) 1indVPr& OO 1B entibddly thaisspeeiivallg pirdsetld amino acid
t hat such nonocl onal anti bodi es have, additi onal

XeRige® (R | ¢ ofidb’ rat Y asRHarmpoi BUERlF Abharcepiohs ™Gk sgquence is
THEBSITOEETE) RbE BY hAMPL InFHAREIRE, e SPAUE soquencefs as

folewabi | ity of the nonoclonal antibodies to bl ock the
harnful actions of angiotensin-Il in the nedica
condi tions concerned whilst preserving the beneficial
BPGIRR$QPD the nolecule. It has now been found that
synthetic scFv anal ogues of nonocl onal anti bodies
specific for the ATl receptor possess advantageous and
nexpect.ed. properties whi chprovide for the use of such
Qﬁfﬁ(‘g’@ﬂégg?’ﬁx?%éseflﬁé’rapy or treatment of diseases. The
I nventors have produced both nmurine scFv anal ogues and

hunmani sed vari ants of the
NH,-Glu-Asp-Gly-lle-Lys-Arg-lle-Gln-Asp-Asp-COOH

Monoclonal antibodies to the peptide sequence comprising the N-terminal sequence
of the angiotensin-IT type-1 receptor have been prepared (Barker et al Journal of
Molecular Endocrinology 11 241-245 (1993); WO 95/09186). It has been reported
that such monoclonal antibodies have additional therapeutic uses in certain medical
conditions where such uses were mnot previously suggested or shown
(WO02004/018519).  These therapeutic effects are seen in the ability of the
monoclonal antibodies to block the harmful actions of angiotensin-II in the medical

conditions concerned whilst preserving the beneficial actions of the molecule.

~ It has now been found that synthetic scFv analogues of monoclonal antibodies

specific for the AT1 receptor possess advantageous and unexpected properties which
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murine scFv anal ogues. According to a first aspect of
the invention, there is provided a specific binding

woredoeaedded whi ch specifically binds to a pepti deCTIGBR0VG/000443

the am no acid sequence of EDG KRI QDD and conprises a

pol ypepti de having an i mmunagl obulin VL domain |inked

to an i mmunogl obulin VH domain in which the VL domain
conprises Conpl ementarity Determ ning Regions (CDRs)

Po@BRI for VieCDR2o fasgh \An@ORBes amthei thetapy oh tiehianevitH of daseses. The

comprises Conpl epent,ari t. erm,ni ng Reqi ons.
TR e SRR e SR AT RS Ay BaRisbE Ve of the
Akirfle SEOUERA as follows in which VHCDRI is GYSFTGYNWN
VHCDR2 is NI YYGGTTYNQKFKG VHCDR3 is EVDY VLCDRI is
RASKSVSTSTSGYSYMVH VLCDR2 is LVSNLES VLCDR3 i s

— : a H t 0 . .
BLFFRITE 0 o0 S Fl a0 06 ol 8881, s bindin
moleente whichrspedifiesllyabiyde ¢o fa pephida dianimgnthk exmihe achi sdyuence of

Eﬁm&ﬁ XIEEQI%%%%@&% éefgt b erlﬁggi\é/'ign lbgﬁg}%gs&q&@c{/g domain
b o, STRAOELER v, MorSTRn et N9 @omain. comprise

i mmunogl obul 1 n domai n in which the VL domain
CompleansamtariCy Metemenng R agjonddCERE) W IHGDRég VS PR TBRE )VLCDR3,
VLCDR . .VL angd VLCDR3, and An ich the VH donmi .
S it ey o A | s Gt R et o et Bk "Regions
(RG] VEEISRRZ VIHHIORE3 , VEETIR 3) 2dticA Ohaifi € P e€spkitered Bindid acid
aci d sequence as follows in whi chVHCDR is GYSFTGYNWN
quUENSET GYIVS IYMABFR i s NI DPYYGGTTYNQKFKG VHCDR3 i s

EVDY

VHCDR1 is GYSFTGYNMN
VHCDR2 is NIDPYYGGTTYNQKFKG
VHCDR3 is EVDY

VLCDRI1 is RASKSVSTSTSGYSYMH
VLCDR2 is LVSNLES
VLCDR3 is QHIRELTRSEG

or an amino acid sequence at least 70% identical thereto.

In one embodiment, the present invention provides a specific binding molecule which
specifically binds to a peptide having the amino acid sequence of EDGIKRIQDD and
comprises a polypeptide having an immunoglobulin Vi domain linked to an
immunoglobulin Vy domain in which the Vi domain comprises Complementarity
Determining Regions (CDRs) VLCDR1, VLCDR2 and VLCDR3, and in which the
Vu domain comprises Complementarity Determining Regions (CDRs) VHCDRI,
VHCDR2, VHCDR3, each having a respective amino acid sequence as follows
which
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VLCDRI i s RASKSVSTSTSGYSYMH VLCDR2 is LVSNLES VLCDR3
is QH RELTRSEG or an am no aci d sequence at |east 80%

w0 d@atioved thereto. I n anot her enbodi nent of tPEI/GB2009/000443
i nvention the CDRs of the specific binding nolecule
have am no acid sequences ag follows VHCDR is
GYSFTGYNWN or GYSFTGYNMS VHCDR2 is N DPYYGGTTYNQKFKG
VHCDR3 is EVDY VLCDR i s RASKSVSTSTSGYSYMWH VLCDR2 i s
LVSNLES PR 1 isSpY BB GYODRY drSPFRENTREEG The CDRs are

desi g ¢ ' pnation of conserved
sequeﬂ?gﬁg%?fsﬁﬁﬁﬁﬁ?@mgﬁa i n "Sequences of

Pr ot eVBRCTOR 3 I9WNIDY! ogi cal Interest”, Nat'l. Inst.
Heal t h, Bethesda, MD (1987)), and structural
definition (Chothia and Lesk J. Ml Biol.

196: 9 Y KAkl ons were al so
subsegégr}iflﬁyl/gg%%%lﬁqggggl?ﬁéﬁrter etal, Proc Nat'l Acad
Sd USKLCERURID/ONIAD92). Using the three letter and
one | cO 1 N0 acids may al so be referred
to assﬁ‘gﬁm%e;@%% or Ay), alanine (A or Al a),
valine (V or Val), leucine (L or Leu), isoleucine (I

or lie), proline (P or Pro), phenylalanine (F or Phe),
enangaiine a¢id sequenye 3t least $PYveagertival hewto.Trp) , 1 ysine (K
or Lys), arginine (Ror Arg), histidine (H or Hs),
aspartic acid (D or Asp), glutamc acid (E or G u),
RsHitlagiepgboddhedt oAthy invehtiba Hen€DRYWT it Bpeci iy blrglinpemolecule
(C or Cys), nethionine (Mor Met), serine (S or Ser)
have amin@ avif seduetcesias follows where a resi due may be
aspartic acid or asparagi ne, the synbols Asx or B may

be used. Were a residue may be glutamc acid or
gl ut avHGDR T reGEFRBGYNMINordrY EFHEY NdSused.

of ot anrc s b FRERGRECHTRkREC U 2287 he' Cont o

speci VirDRS asvhee.

VLCDR1 is RASKSVSTSTSGYSYMH
VLCDR2 is LVSNLES or LVSDLED
VLCDR3 is QHIRELTRSEG.

The CDRs are designated according to a combination of conserved sequence
definition (Kabat et al in “Sequences of Proteins of Immunological Interest”, Nat’l.
Inst. Health, Bethesda, MD (1987)), and structural definition (Chothia and Lesk J.
Mol Biol. 196:901-17(1987)). These definitions were also subsequently described in
Carter et al, Proc Nat'l Acad Sci U S A. 89:4285-9 (1992).

Using the three letter and one leiter codes the amino acids may also be referred to as
follows: glycine (G or Gly), alanine (A or Ala), valine (V or Val), leucine (L or Leu),
isoleucine (I or Ile), proline (P or Pro), phenylalanine (F or Phe), tyrosine (Y or Tyr),
tryptophan (W or Trp), lysine (K or Lys), arginine (R or Arg), histidine (H or His),
aspartic acid (D or Asp), glutamic acid (E or Glu), asparagine (N or Asn), glutamine (Q
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The present invention also extends to variants of
pepti de sequences referred to above. An exanple of a

wQ a000a096eof the present invention is a fusion PCDGBR0V9/000443

conprising a peptide as defined above, apart fromthe
substitution of one or noresam no acids with one or
nore other am no acids. The skilled person is aware
that various am no aci ds have simlar properties.

On
o Glror @steinet Conri Giis). ansitiianive (M eiviet) e et 1k & Faconine (T
S5, L RO ALy BGRB8 Ao or ey
behisidanhere Thesiduemeaydre ghaamdd atbsd ot glaiandne, Bleamimbels Glx or Z may

valine, leucine and isoleugine can often b D
Bopked ¢ _J%%r_eflﬁﬁs igrsPa 3t | el BSPREPGs ap, elyjggnic acid include
BlutRRAL hcad 88 cehatiRgacifidfothidi®ag. possi bl e

Substitutions it is preferred that glycine and al ani ne
are used to substitute for one another (since they

ve rel ativel hor i de_chains) and that vali

RBS Bresen Sttt b eidrah, P vl S0p e prkess® Bt o above
ANGikheple(cTianadantREhehasent idvgtionad & BR& goint@dniRigingS peptide
whi ch are hydrophobic). Qi her ami no acids whjch can .
& definegaabevd Appit dtoan thegubgiutiomet aes of were o acids with one or
ﬁ%ﬁn YAk AAE acily " gﬁé '3%119@ %efs{)%f RS QRBANLEATA s 3RS acids have

avi ng aronatic side chains); Tysine, arginine and
finslat gioperticardmor airel sudhawmiing atids bfa sitdencheainrdien be substituted
aspartate and gl utamafe (am ng acids .having.acidic. .
&y @B Oh anoTs)othes speh é‘ﬁ}%eﬂ%dwﬁh%&taﬁ?‘i“ﬂ%a“(n&rﬁ fieigd jagidvity of that

jaAg am de side chains); and cysteine and net hi oni ne

am no aci ds havi ng sul phur containing side chains).
Substitutions of this nature are often referred to as
"congervative" or, "sem conservative".am np.acid.
THR TG BPin SoltnalYRB AR e R feei PG PHERg Gpayoften be
Alb3eRA BRI ARHRE (MAnd cilihRaang AGphAGE sids SRR C OffiRse possible
the fusion protein referred to above. Thus, for

sybatifutions i4is profered thet sititinn arrbalanine R tsed tostybsfithigtipaene another
ffe th CtiVity. ] . de l. :

(picE bt SR Y e e b PP PR 1 Blpe Pl s are

Siedho debstitit® As ohaBndiBerdtiviedthag Gavislagden aipHakie side ehaiby which are

| ength_and the nol ecul ar wej %ht of a %oly eptige can
hudropholiad fihar samine jacids whigh pangofien g supstitttagl Jfog oRe another

HRARkE Bﬁgﬁlﬁwt@%ingoﬂpg%%g%r{ ?Zﬁ%i%l{) eflids aving aromatic side

partic pur pos 0 ber exanpl e, dosage
ttened);slysiag, drgininedind éiktidine (amino acids having basic side chains); aspartate

and glutamate (amino acids having acidic side chains); asparagine and glutamine (amino
acids having amide side chains); and cysteine and methionine (amino acids having

sulphur containing side chains).

Substitutions of this nature are often referred to as "conservative" or "semi-

conservative" amino acid substitutions.

Amino acid deletions or insertions may also be made relative to the amino acid sequence
for the fusion protein referred to above. Thus, for example, amino acids which do not

have a substantial effect on the activity of the polypeptide, or at least which do not
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Amino acid insertions relative to the sequence of the
fusion protein above can al so be made. This nmay be

walowe/10396®l t er the properties of a substance oPCT/G82009/000443

present invention (e.g. to assist in identification,
purification or expression, Gas expl ai ned above in

relation to fusion proteins). Am no acid changes

relative to the sequence gi ven above can be nade using
sliyingig; sugh peliviiye w@aéie&t%: Pigh slelotigns canebejadvaptagepus since the
O A RORHL Ind I Rbleta! Bhen P pTprild oAU R whilst sl
Teteaing iaotiatyn Thik wat keabdc thp enmiunt b&plyespeide réquired foranparticular
can b de, usi ng naturally occurring or, nopn-naturally
BEDeiP G b W PRIDIORRIAREISGIS HBE° FRUERAl  or

synthetic amno acids are used, it is preferred that

only L- amino acids are present. "ldentity" as known
Amin ecid ripsertions iielatid tatthe Aetiepcened the dusionprotain Alegve can also be

Lypeptide sequences or two or re | yvnuel.eot . .
B4R C RS, S RIS Whhe by Rellon BE R PTwR L et nvention
(e, tdr@ssidt in ideiefidatibly, pakisicativRcst expieesicle 9k @gplaihed e eclation
rel at edness bet ween pol ypepti de or pol ynucl eoti de
todysiempieinyds t he case may be, as deternined by the
mat ch between strings of such sequences. Wile there
exi st a nunber of nethods to neasure identity between
Awingpatid plepiedelatve tohe golupmecientabdes eaduentiesising any suitable

t hods conmonl y. enpl oyed to deternmine identity are
R oS B WSBRS IO e g BREeSI 05 Pt Ei° SeHiTer
prograns to determne identity between two sequences
i nclude, but are not limted to, GCG program package
1t Bhowld dgrappreciatdd. thatNuaihe iacid ssubstigutiRms ea iedertion wihgythe scope of

1984) .. .BLASTP, BLASTN, and FASTA (Atschul et al.,.J . .
o PRtntgRuTos pat 55 sanck 3 0 matiBpL odelBfigt oo eyl ocourring
#fiind 25118 WWRE@e0dr dob BattadRsr Yhihehe amihoaitids @ el bt Blpreferred that
| east 70% identity, using the default paraneters of
ey LBpINGD asisiepser pesept-ogr am (At schul etal ., J. Mol.

Bi ol . 215, 403-410 (1990) provided by HGW (Hunan

Genone Mapping Project), at the amno acid |level, to
"Thentay! ao kaswa if ek ende sheofeldtiomsMpl wetwleed tdDBSmore polypeptide
descri bed above. Mre preferably, the gDR sequence may,
$edyencss of 5% pr moug pelyopclentide sogidgnces ¢ determined by compafing the

sequences. In the art, identity also means the degree of sequence relatedness between
polypeptide or polynucleotide sequences, as the case may be, as determined by the
match between strings of such sequences. While there exist a number of methods to
measure identity between two polypeptide or two polynucleotide sequences, methods
commonly employed to determine identity are codified in computer programs.
Preferred computer programs to determine identity between two sequences include,
but are not limited to, GCG program package (Devereux, et al., Nucleic acids
Research, 12, 387 (1984), BLASTP, BLASTN, and FASTA (Atschul et al., J. Molec.
Biol. 215, 403 (1990).

Preferably, the amino acid sequence of the CDRs of the invention have at least 70%

identity, using the default parameters of the BLAST computer program (Atschul et
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96% 97% 98% or at least 99% identity, at the am no
acid level, to the sequences shown above. |In one

werwodiayent of the invention, the specific bi nRPCTIGB2009/000443

nol ecul e may have one of the follow ng arrangenent of
CDRs (R6313cl onel 2D and hum@ni sed vari ants HuCY and
var 3) VHCDRI GYSFTGYNWN VHCDR2: NI DPYYGGTTYNQKFKG
Y VLCDRI : RASKSVSTSTSGYSYNMH VI CDR2: LVSNLMS
%@1@1 Bapi ﬂEﬁT‘F@E@%ﬂ%%@PS@eé R HE) Genome Mapping

Rl R R B NGO Gy ERrT n @en vi R

QARSI or (Humani sed vari ant var4) VHCDR :
GYSFTGYNWN VHCDR2: NI DPYYGGTTYNQKFKG VHCDR3: EVDY
VLCDRI : RASKSVSTSTSGYSYMH VLCDR2: LVSDLED VLCDRS:

- ERlefFHE the CDR sequence may have at least 75%, 80%, 85%, 90%, 95%,
96%, 97%, 98% or at least 99% identity, at the amino acid level, to the sequences

shown above.

In one embodiment of the invention, the specific binding molecule may have one of

the following arrangement of CDRs

(R6313clonel12D and humanised variants HuCY and var3)
VHCDR1: GYSFTGYNMN

VHCDR2: NIDPYYGGTTYNQKFKG

VHCDR3: EVDY

VLCDR1: RASKSVSTSTSGYSYMH

VLCDR2: LVSNLES

VLCDR3: QHIRELTRSEG

or

(R6313clonel1B)

VHCDRI1: GYSFTGYNMS

VHCDR2: NIDPYYGGTTYNQKFKG
VHCDR3: EVDY

VLCDRI1: RASKSVSTSTSGYSYMH
VLCDR2: LVSNLES

VLCDR3: QHIRELTRSEG

or

(Humanised variant var4)
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In one enbodi nent of the invention, the specific
bi ndi ng nol ecul e may conpri se a variabl e heavy chain

w@ Xidp/1e396b a variable |ight chain (VL) connect eRCTGB2009/000443

peptide linker. The linker may conmprise from1 to 20
am no acids, such as for example 1, 2, 3 or 4 am no
acids, 5, 10 or 15 amno acids, or other internediate

nunbers in the range 1 to 20 as conveni ent. The
pept i ¥ETPRkeFYBBYGHYNYDY med from any general ly

conve such as gl yci ne and/ or
seri nw%?ghx@pﬁbgfﬁgQ%Qe linker is dy4Ser.
I\/UItllcha)m Evapﬁr I | nkers may be used, such as for
exanple a trimer, a tetraner or a pentamer,
MKﬁ‘éS?ﬁg@p) $YNH yaser)4 or (dy4Ser)s.
I—Iovvevgliq K%Q‘MLE%EMI ments of the invention no

pept i present and the VL domain nay be
Iinke&ﬂﬂDR&éﬁHRﬂEﬁRﬁﬁ@-by a peptide bond. The

speci fic binding nolecule may be a single-chain

vari abl e anal ogue (scFv). The specific binding

prbﬁ&%ﬁocﬁﬁleﬁﬁgf/ tHEBYvERioh ﬂ{%eéf)eﬁl‘ficq;lﬁkﬁﬁ%:m@dtﬂé €nay comprise a
bi nd |ng nol ecul es (for exanpl é other sc

sariablro Hsaviyr chgire (¥s), anchianvariablel ightaoheing6di)eepnpectgd by & peptide
P%ﬁg/eénifil% ﬁﬂ%mn[éa?% orse'fr k?q? §2|8 ﬁafé‘xtrl& V\%ﬁ@ & Elli/ch agffo} Q}?ample 1,2,3

rmarru

ol nirfPgadst b Cl(bblﬂﬂiﬁ B @idy, br ofher m@éfﬁmiia&a aurdberein the range
trimer or a tetramer. Bi-specific scFv' 1:‘fsorne‘tlrne‘s
FePe?? @8 qopverieni abei Reptide linkep dea Pe e deom any generally

L vt %gf’::?rﬁm%n%ﬁ& ?%éi@ue%p hf ésc E’Uﬁl@ a%ﬁ/otres%ﬁﬁﬁggbrgé eX¥Efe of a

each or tetraner
stiifabler Briter SipeGlyh$eti t Mulﬁlmtmdf @sch linkabadaye deamsbd, such as for
tetrabodies can .al so be nonospecific, when

prale AfliHSE, 2 ({FiMeEr A JPURBET g DAY & (F35.8e35 (atyasen,
@2536;( &@R'éé; dh0 'ﬁo@@@i’ G R eﬁfboﬁﬁﬁeﬂté"éﬁeﬂ% i@bntibA90 peptide

mol ecul’e may be the nonocl onal
hniter kmai;y barmésogu end ¢y Viidéerhaihi ey ds 1RGRA30CGhe Vhidomain by a
sckv, IbS | soreferred to herein as R6313cl onel 2D or
RIPHIEP9BH and has the sequence shown in Figure 14. In
another enbodi nent of the invention, the specific
bi ndi ng_nol ecul e may be the monocl onal ant i body
?.ﬁhgsmgtf@ kingingimelseileiayy be a REBiaehadnspigyle anrslegue (scFv). The

%Hecﬁfc lﬂgch{ﬁg moq{:c“auly 01a§<\1FRJ 24 ?bé bR OS5 fed g}%ldﬁﬁcﬁnhﬁg molecules

(for example other scFvs, Fab antibody fragments, chimeric IgG antibodies (e.g. with
human frameworks)) or linked to other scFvs of the invention so as to form a
multimer which is a multi-specific binding protein, for example a dimer, a trimer or a
tetramer. Bi-specific scFv’s are sometimes referred to as diabodies, tri-specific such
as triabodies and tetra-specific such as tetrabodies when each scFv in the dimer,
trimer or tetramer has a different specificity. Diabodies, triabodies and tetrabodies
can also be monospecific, when each scFv in the dimer, trimer or tetramer has the

same specificity.

In one embodiment of the invention, the specific binding molecule may be the

monoclonal antibody analogue scFv identified as R6313/G2. This scFv is also
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The scFv may be prepared by any suitable technique
usi ng standard chem cal or nol ecul ar bi ol ogy

wo e@bndxyees hi one enbodi nent of the inventi onPCT/G82009/000443

nonocl onal anti body anal ogues can be prepared as

scFv's froma nave human andi body phage displ ay

library (McCafferty et al., Nature 348, 552-554

(1990); and as descri bed in WO 92/ 01047). The

nefernsd| to dmrelaraslkﬁidyclan@]l% aeclony 180 muhhes thecselyence shown in

lf'gurlp e%{l gn am n d%]:%}q Sf §1u ﬁlgglﬁ%fnsakéec? e%ﬁ'v cbblllx(gﬂgoxgglecule

By 86 lth@i‘ndi’bclbhﬁ Arbedy iaBlo SRy s¢widuﬂ@ﬁéa3& BB&deldStgel@B also
to a suitable antibody franmework scaffold or_variable

rgired de hersus e rdanc, Idib adIops sryuerceds alsg showr infigae

nmut agenesi s or other comonly used nol ecul ar

bi ol ogi cal techni ques (Roguska et al Protein Eng. 9
’H%scﬂ@4m(a3:9%)n)epa1@lﬁw angtshivatde agyhniquabistng standard| dngmical or

elde flcatlon of _potential,. T-cell itopes wWth
culet biolney iechininishe 18 988 SbRAimSnE 05y Typiiae 43¢ wopoclonsl
Mbéa;t §nﬁb§1fe@,tc%ﬁ B‘&%x@ﬂﬁ@&% %cﬁ@l'e ﬂdﬁananﬁasaé h@Rdn antibody phage

Humani sati on of the specif bi ndi ng nol ecul e may be
deday Gbrawh Ve Ceffertyret ehuN@urcs 34% 158-1ded 999); and as described in

wéﬁgﬁg@c agent. Humani sation of the CDR regions or
Toundi ng framework sequence nay be carried
out as desired. The present inventors have produced
humani sed vari ants of the scFv R6313/ &2, as.describ

The mpeodionaingnikody) analngae @Wobﬁ Premenisgd bheadifyes: the ﬁimmo acid

I
AFPRESE e 0L LR B T o R B oA incine
nieledulesT b€ thedovsncion mﬁy hﬂir&&te KR prsftidg smiFvs aasetableoamtibody
in Figure 14.1n ang ect,fthel ention, there,.
fF%n‘iﬂ‘?f i gt ph é(ﬁ%lﬁ rﬁiﬁfﬁ‘ﬁﬁﬁlﬁ)éﬁr’m%m%& by r@{eadlrected
rﬁﬁ’tﬁ didebis iRt REmIRISF Héé?l ﬁ%legﬁﬁlcﬁloﬁfgg?a@@&lﬁﬁt quéd\@Roguska et al

osition used I n accordance wth s aspect of the
Zi’mmEng;rf) 820 900e(1086)ul at ed for use by any conveni ent
route. The nedi cament will usually be supplied as part
of a sterile, pharmaceutical conposition which wll

OQEMRethods HphHEHBIAcan include the identification of potential T-cell epitopes

within the molecule, and the subsequent removal of these e.g. by site-directed

mutagenesis (de-immunisation). Humanisation of the specific binding molecule may
be desired where the molecule is to be used as a therapeutic agent. Humanisation of
the CDR regions or of the surrounding framework sequence may be carried out as

desired.

The present inventors have produced humanised variants of the scFv R6313/G2, as

described in the Examples.

In one embodiment of the invention, the specific binding molecule may be any one or
more of the humanised scFvs identified as HuCY, var3 and/or var4. The sequences of

these humanised scFvs are shown in Figure 14.
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pharmaceutically acceptable carrier. The conpositions
of the invention may be enpl oyed in conbination with a

w@bapiesveut i cal |y acceptable carrier or carri ePGI/GB2@9/000443

pharmaceutically acceptabl e adjuvant and/or dil uent.
Such carriers may include, but are not limted to,
saline, buffered saline, dextrose, |iposones, water,
| ycerol, polyethylene glycol, ethanol and ) .
gbﬁmth%ﬁ ppset phthecipventiphi Weishiarprarided iacpharpeagbisnk sypposition

' | I ' th
Rteridnt RoPRtae HpbER ol RO BEET, L0y 14

may be provided in unit dosage form w Il generally be
govided in a seal ed container, and gg{ be pLovided as

3 § (°ogPogItion; used, ih agtoRIanc ity thisr AtHCFY Of dhe HBURKCRoRaY be
RRAGESAT for Yibe b ShyShveRihiHElel AR h&licdtes will uSBilly be supplied
include a plurality of said unit dosage forms. Thé

ghaerrack at sterle, qiapoanetiich qemypasidiondwpickd whlbrnormally include a

dm nistration b ny appropriate route, for exanpl e
BoeReS iRl (Paetei ot cahe Srtulpsitions ok e EHioR may be
aapRlyed §10Pb®iBInalibm Glithcd ﬁ@r&@@&ﬁicaﬂ? dbddp®latarer or carriers or a
transdernmal ), vagi nal or parenteral (including

Rhimsmacentically acqeptablenatievantpnd/ondiluspén Sush eqrriers may include, but

i ntrad l+) . r out: Y r e
b AL o] Ui USAEQURS KR0S, TR ARG Gicor,
poigethylenbdy glgdal, xéthghol hendaadombindtiops e thieesolf. Wi Tlis t plearmaceutical
carrier(s) or, excirient und sterile condition
PHBRGPHIR Y e Eb?r@béﬁllﬁq’i%?% Z%tpsag% rupgRifie desired fnethod of
K {gke%{ﬁgaiﬂooi‘pﬁﬁm)-be presented as discrete units such
a

as capsules or 't ets; as powders or granul es; as
sol utions, syrups or suspensions (in aqueous or

on- aqueou L qui.ds; or.as edjble foans or. i ps: O .
B A EPYRey i hisastoRR ol pesrdly Wit 5 Bl container
SRl aalyNee pARSIICSs Pﬁk@'dfde? kltactage a RivERiI® hdfkilly0 $a1though not
derivatives thereof, stearic acid or salts thereof.
®igeesanly? irohedepinstriconsotor ysee Wimay wekude gatlarelityeof said unit dosage
%@1?3“' es include for exanple vegetable oils, waxes,

ats, sem-solid, or liquid polyols etc. For the

preparati on of solutions and syrups, excipients which
may be used include for exanple water, polyols and

Thiphamaegyticelonmosigian My de aderisd doferdminisgatinn by ey gppropriate

route, for example by the oral (including buccal or sublingual), rectal, nasal, topical

(including buccal, sublingual or transdermal), vaginal or parenteral (including
subcutaneous, intramuscular, intravenous or intradermal) route. Such compositions may
be prepared by any method known in the art of pharmacy, for example by admixing the

active ingredient with the carrier(s) or excipient(s) under sterile conditions.

Pharmaceutical compositions adapted for oral administration may be presented as
discrete units such as capsules or tablets; as powders or granules; as solutions, syrups or
suspensions (in aqueous or non-aqueous liquids; or as edible foams or whips; or as

emulsions)
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vegetable oils) may be used to provide oil-in-water or
water in oil suspensions. Pharnmaceutical conpositions

w@eomptiesded or transdernmal admi nistrati on may bePCT/GB2009/000443

presented as discrete patches intended to remain in
intimate contact with the epiderm s of the recipient
for a prolonged period of tinme. For exanple, the

active ingredient may be delivered fromthe patch by
Seirbiperstmaits fdabjetn o hrdyeelptise eapsules iinelytledpctasse owizeattarch or
5%§% 2318 maceuti cal conpositions

a ap?g%ﬂ?%géfé%%%hcag %gﬁ?%gggﬁion may be fornul at ed

as ointnents, creans, suspensions, |otions, powders,

ol yti ons, pastes, gels prays, aerosols.or oils. Fo )
SRiabls Pimierts or e w 2 st scltiineica e_é%é‘i‘ & fos sxpaple fegetable oils
SREPES;, SRMLLANG IRftld bolfdiEetE OTPOSi i ons are

\
preferably applied as a topical ointnent or cream
When fornul ated in an ointnent, the active ingredient

be enpl.oye 1t.h either a parafftnic.or a :
FER P FrGRBEAEgl & P Rt e, RSO Ol fpaf b aised include for
SEinipl® vidieH QBIRIN an@Yues.f OFdiLHhet Sipdritich ©f @aspenbibls alls (e.g.
oil -in-water cream base or a water-in-oil base.
Presiahlecils) ey be vendie pravidernil-indugiercy Waser in o isespensions.
admnistration to the eye include eye drops wherein
the active ingredient is dissolved or suspended in a
Bhartnaddutical agofripesitions ppted! foy tramsdating admissttatientmay be presented

Phar maceuti cal, conpositions, adapted for topical | )
AR @ RGeS ARG TFBHIH I HEMAR PRGN the epidermis of the

REpldnt i6iSa BRAHIM b8 DG, PBEF BBEEHL,! 8 lactive ingredient may b
[ofe] ositi% S %%ptﬂé%g or reecta acgr%ﬁﬂié’strgf?%enln%eylegemay ©
falivsredt faan abe guppbolsy iatdpheresis asngmasaliPhdaseriteduini Bldrmaceutical
onposi 310 ted for nasal adm nistration wherein
g?fggrfg’ri(lﬁsgfﬁ @gg&sol id include a coarse powder having

a particle size for exanple in the range 20 to 500

m crons which is admnistered in the manner in which
Bhragpcaugical slommpositions adpptadafior toniesh attatinisratioh maygbe fargulated as

| .passage froma nt ai ner. of the powder hel d
AR R oneP 0l SRR ARl BTANES A0 Gy, serosls
éilsC FHoF iirffections af tHethye @r ofhef eaeifbNiiStiss fdreRa@pleand@Bahd skin,
spray or_as nasal drops, include aqueous or oil
ihe| cpmnaskions are ralerablie applifdeas énforigah pipRehtqrcaieam.  When

Lt 40 d.f.or ..adm : v At .
fbnc| it ﬁ@ par |g’l télfed%cg? gr%ge ?nieét?gﬁ h3 eﬁ""&*;}g’géé‘ Widieither a
meaféneterd vigtemminoiblodinwsnt bass. Atteamtiofly,the actdd ingsdient may be

formulated in a cream with an oil-in-water cream base or a water-in-oil base.

Pharmaceutical compositions adapted for topical administration to the eye include eye
drops wherein the active ingredient is dissolved or suspended in a suitable carrier,
especially an aqueous solvent. Pharmaceutical compositions adapted for topical

administration in the mouth include lozenges, pastilles and mouth washes.

Pharmaceutical compositions adapted for rectal administration may be presented as

suppositories or enemas.
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pressuri sed aerosols, nebulizers or insufflators.

Phar maceuti cal conpositions adapted for vagi nal
wW@eiwpNnoPsy at i on may be presented as pessari es, PCEHGBR019/000443

creans, gels, pastes, foans or spray fornul ations.

Phar maceuti cal conpositionsiadapted for parenteral

adm ni stration include aqueous and non-aqueous sterile

i njection solution which may contain anti-oxidants,
Bhrmapatica) somperitiensapdapiadofos apsa admipiitiation Sfhgesin fligecarrier is a

(LT AR EIhARE bRvhi o (AR 1 el S P HRRE 20 to 500
mﬁc&omsl wh&hspetdﬁnmstsred/rmcme maghnen dd wdéchssByie redtaken, ie. by rapid

B Ariieh St PP SRR PO oL HERITT e Bota to e

H&Jey @hﬁabl&&dfﬁﬁd’sitﬁ%s rot L AR aRIcR i fiuid, foF acﬁ?ﬁﬁﬁﬁlaﬁon as a nasal

he conpositions nmay be presented in uni t - dose or
ma)t or-adoesa! dions,ancledssaqubars apisplutionsexf|tieiacsivg ngredienind
vials, and may be stored in a freeze-dried
(Iyophilized) condition requiring only the addition of
Phemateiitdl ecdnspeitidns aidapted., fof Adn@xaripbe dMRteHaldtioh include fine
i njections, imediately prior_ to use. Extenporaneous

pafiele dhsnotmisti theisanpel eanssehay waans iy apesyaaiapetered dose
%Je&%?édeare 0!5815 F}%ﬂﬁ{e%s oldh@kGs, and tablets. The

harmaceut 1 cal npositions may contain preserving
agent s, solub|I|S|ng agents, stabilising agents

BseaneT <Shpestot APt VOPne GRS RENR Ry drk pigsented as
PRYarteD SBAINES e s, %gg,g¢£§9 fbékn% b6 fagffe}rﬁéla

pnarnaceu ically a I’e sa ufrfers coatlng
agents or antioxidants. They nay also contain

%ﬁ%@?‘%ﬁﬁ@l %?rlnlp i Iea\ég 24 %%f}%ﬁemtedﬂ 5 t@gﬁ,g}on 1n(r;]1ude aqueous and

SRR kferild hl%e&ﬂfd“ébﬁlhb@ Nwhicht ARy a6dntMe Bfitilxidants, buffers,
concentrate may conprise a gharnaceutlcally acceptable
d

bagterioptaty aageqqlutesawbwhfr@ndﬁ gémulat@ncpuhstanually isotonic with the
BB BPBE Ll L iAEReRLAR) o BT Agh Alheo UL SROAIRURIohs which

e active |n red

by $ncheidisusp enhmg palgaﬁte ,anﬁfﬂﬁdtb&ﬁigcageﬁt@d IEimg@étﬁﬁ pihidhemay be used
di basi ¢, sodium,chl oride, poI %sor pbate 80 or

98 Frjesiblipsolutings fnclideasie elcpkplnipalvaiss 8lyperie apfl vegetable oils, for
/
SR YRR 2AR0 8 kel A Efr GHIELER Siders, o

exampleasealed chnfpoiiles and vials, and may be stored in a freeze-dried (lyophilized)

condition requiring only the addition of the sterile liquid carried, for example water for
injections, immediately prior to use. Extemporaneous injection solutions and

suspensions may be prepared from sterile powders, granules and tablets.

The pharmaceutical compositions may contain preserving agents, solubilising agents,
stabilising agents, wetting agents, emulsifiers, sweeteners, colourants, odourants, salts
(substances of the present invention may themselves be provided in the form of a
pharmaceutically acceptable salt), buffers, coating agents or antioxidants. They may
also contain therapeutically active agents in addition to the substance of the present

invention.
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The active drug concentrate may or may not be
| yopbilised. OQther fornulations may conprise sodi um

wae®vaomed ri hydrate as a buffering agent, sodiRCT/GB2009/000443

chloride as a tonicity nodifier, acetic acid for pH
adjustnent, and water for iygection. The active drug
concentrate may al so be diluted in 0.9% sodi um
chloride prior to adm nistration. Dosages of the
substance of the present invention can vary between

¢ . : _
B e g E A SRR RR bR acth B R o Hocli OB ccpfprie o
perhaeatiedly aat&ptalmﬂtbnmlwa@m; iadbuffsring aghit] amt elpharmaceutically
deter e appropriate dosages to be used. This dosage
ﬂﬁﬁp Eﬁ@gggd as often as appropriate. If side

effects devel op the anmount and/or frequency of the

dosage can be reduced, in accordance w th nornal
Altemau%ﬁly,pﬂwctfcproellatmﬂ nweemptiseatheoactive megradiest piusd sodium

%rgtg ulﬁgq Qg,gs?ﬁwg] BE%s[g)?laex ea%%:g?‘ilhat ?hﬂe%d gb}[y%orbate 80 or
Me @@dééui’f@cttglﬁtt to IiinGad bk & cigietion-PRREKD aggregatlon) and
bod ght. The physician in any event w ||
WA TBLENS, ciarally SOUbLaRIUeNp Fhou 6 hgat0, .2. around 6.5
sui table for an individual which will bedependant on
factors including the age, weight, sex and response of
Theeadtind ditiglioatentrbixemap ov magt@astipelyopliitisakenpl ary of the
average case. There can, of course, be instances where
hi gher or | ower dosages are nerited, and such are

(‘Mh@p 'f@rrﬁlﬁﬁ otfs §y brdp glsé sbBVEN bEQkte tﬁh?drﬁfée g T Euffenng agent,

bi ndi ng nD ecu €s as cribed above can be used in
svdiling ichleridé @s agruigjsy enddifieh ecdticearidrént phbfadjsiameent, and water for
W t {{out wi shing to be bound by theory, it is believed
Y ancer s which contain the angiotensin type-1

receptor (ATIR) may be particularly susceptible to
t herapy using the specific bindi ng ol ecul es of the _
Thevegitiealrng Seotensaiecmey adsoebadiviedus &X' sadeumgdiloride prior to
%tneas{rateancer prostate cancer, ovarian cancer,

7°R8"®ancer, colorectal cancer, pancreatic cancer,
pituitary gl and

Dosages of the substance of the present invention can vary between wide limits,
depending upon the disease or disorder to be treated, the age and condition of the
individual to be treated, etc. and a physician will ultimately determine appropriate

dosages to be used.

This dosage may be repeated as often as appropriate. If side effects develop the amount
and/or frequency of the dosage can be reduced, in accordance with normal clinical

practice.

For administration to mammals, and particularly humans, it is expected that the daily
dosage of the active agent will be from 1ug/kg to 10mg/kg body weight, typically
around 10pug/kg to Img/kg body weight. The physician in any event will determine

the actual dosage which will be most suitable for an individual which will be
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cancer, chori ocarci noma, Hodgkins di sease, skin
cancer, kidney cancer, adrenal tunours, |iver cancer,

wo evg/1encer, | eukaem a and neur obl ast oma cel | BCT/GBR2@®9/000443

aspect of the invention therefore also includes a

met hod for the treatnent ofjgancer in a subject,
conprising admnistering to the subject a specific

bi ndi ng nol ecul e as descri bed above. The i nvention
tienenddndran fictass mmtheoaaehwe@é s@pc andsigencins¢ ef the individual.

Jgtlg %b@\ge ﬁgéa%éy la?ef oren%o &r $1b ﬁ'% éa@et hﬁ?e@%% agt HSiftse, be

ﬁisanmtth‘e highier enlonen ﬂosﬁgeys at m?ermdmﬁd Stichadie asnthmathe scope of
g@?;ect and the invention extends equally to uses in

fi#Hn and/or veterinary medicine. In a further
aspect of the invention, there is provided a conbi ned
preparation of a specific binding nolecule as
s spedid badbing rmidculmgaa)ﬂmsibad labotoican fee swepanamedicine, for

ElIG AR BB ST R 4B L e g e i
baRsEd bed caheye thdhecdnth@ e zﬁ{guﬁlﬂ%@n %ﬁw %%?@r (ATlR) may be

COﬂpOSItIOﬂ (0] r|S|ng a speC| i c bi ecul e of
paticylahe nqvisenptides defthereply alstnge then@pembe chlédigg nmplecules of the

%&81;}10%0 n‘%gl Ca?x?&?s ARYy l?ger&?g n}iﬁ %.Ilc%ld gre%st cancer, prostate cancer,

armaceu ositiron conprisi

@Mfaﬁ&tﬁﬁdérl Qedring cﬁﬁ@@pbcﬂbfe@taﬁ@mhbe@nparﬁf&lhe rcancer, pituitary gland
di luent. Alterpatively, the inventjon also EfOVIdes a
saneelyfchorprarcingmdy iHqdgling diseases Sking PaRgeR gkidBee Canesropdrenal

ﬁlﬁﬁ)uﬁ] Y58t éa?l@flaggl%%ggée?tlgtﬂéﬂeﬂud ﬁnﬂe&g@ogl%tﬁﬂd%l @%Igs? for

rmaceuti ca nistration inc ng,
I|n1ted to, as tablets for oral adn1nistration

halersfo tra d|n
LBR Pt otrbe PHER0 dhSEO G Al T p—
&dnckhgn 1N\EHLED Qoﬁﬁh@i‘hgnﬁirﬁlﬁlsttéiﬁlguﬁ tﬁ’é sﬁﬁj@btohesfb%bﬂic' binding
npriseés any generally conveni ent form of
mné:onkea‘ssqmcsbﬂd alisive. fBre wyention theredorecalsoy extendm@r the use of 2

Sui he..a ot ensj,n
TRl PR Moy ps DG G RS G iR Bl bbent for
iRSh thetréSmeet dfeaflcdr T eheftdUf twiuh&ﬁtmésﬂdﬂaahtﬂﬁ?ﬁ or an animal
Angiotensin_Il, trehal ose, human serum al bum n and

Bbgact @nd dhel invonton Gicads e(ﬂuayblﬁatpn%ﬁ@é iR jhed humag end/or veterinary
Abgi teen5| nill is NIBSC, South M ninms, UK which
supplires Angiotensin Il in the

In a further aspect of the invention, there is provided a combined preparation of a
specific binding molecule as described above and angiotensin-II for the separate,
simultaneous or subsequent administration for the treatment of cancer in a subject.

The cancer may be as described above.

The invention also provides a composition comprising a specific binding molecule of
the invention as defined above and angiotensin-II. Such compositions may be
formulated as a pharmaceutical composition comprising a pharmaceutically

acceptable adjuvant and/or diluent.
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form of an anpoul e containing freeze-dried residue
prepared fromO.5m of a solution a solution

W@ pno®eng 2. 5ng Angiotensin Il (11 eu5), 3ng PCT/GB2009/000443

trehal ose, | ng human serum al bumn, 2 x 10 3 nol/1

acetic acid. Synthetic anal pgues of the variable

regions of the 6313/ & nonocl onal antibody, such as

the scFv referred to as R6313/ &2, have uni que and

éét@ralﬁtm@mf&ns mvempen wlse snrmeéqseeckla of yamm mmnmmaeﬁea;ﬁ‘t hinding
[

el g PR, MBI DR RRCIRE Y 6% BRI g pldtmacentica

fidhin@srati G0 Bdchiderg, Hug ﬁmflirﬁfmi floy ad fabldm foe drdl adméxisiestioh, inhalers
gF mﬁh This is surprlslng because at concentrations

ngrAfgrinislation wat nipsiabla SolHieds fer ighrrvsapus ation.
wei ght, circul ating al dosterone concentrations, or
animal activity, i.e. other angiotensin rel ated

Ewmbodintmss efsthe inveafidrecianig t¢ Not we dflegotdnginiaimay comprises any

SRR S5 Erigt drk R ABRG PR, BIBEIoTEoF e Py 4G lprinary

laeigh slﬁsgnzs ftlhé s aslenas I:Iniﬁﬁ')& bERIHSIRAEN RS Fdrh of a freeze dried
proteins ( Cl\/p derived from the Engel brot h- Hol m Swam

PEEm)t inpdseh therresiduats deomekfiomas $Qihsorofha5gorﬁﬁde@mgwtensm 10,

OB 258, i 05 BB Bl

afdicedsin FUid NEBRUJ SouthnMihimsPUES &tich lipplizgiQtgstsisin III in the
at ICEhnDIL in Figure 9(b)) the effect of the
f%@ ten@mﬁrqeé%ﬁwdyreﬁ&ue pﬁ?ﬂﬂf?@uﬁﬁ%(ﬁ) 3pl of a solution

9‘%‘5‘? FbpRaRE 23 A loin AR ARG g i scrum

ﬂbsmyy@e«l@ﬁnmﬁlmmﬁchﬁd.presence of up to | COnnol
angiotensin Il per L R6313/ &, significantly inhibits
breast cancer cell proliferation. This is surprising
@ﬁﬁﬁé%ﬁ:eantan%l% SEHBGE e Pétgﬂin‘é LERR! er1kIGE &oh@éth&leaﬁtlbody, such
and R6313/ has no effe in the absence of

@nthicosarys rerfeﬂred 40 d3i ROM34G2, hates unrquw aol, afRGBLRE@S properties,
Si gni Ei cgnt I¥ i nhi,bi. S; t he stre | nduc E a Creases i’gn
BPEIYHPEERS IEPaI?ﬂ vathythe gﬁ%‘b‘?‘u‘?‘ CRERIERY tH U SEEMR St

reduce and may even increase resting bl ood pressure.

1. In intact nu/nu mice bearing cancer cells in hollow fibres, R6313/G2
significantly inhibited cancer cell growth. This is surprising because at
concentrations of 13nmol/kg 2X per day, it had no effect on body weight,
circulating aldosterone concentrations, or animal activity, i.e. other angiotensin
related functions were unaffected. (Note: the original hybridoma antibody

increased aldosterone secretion in vitro).

2.  R6313/G2 alone inhibits T-47D cell invasion through reconstituted basement
membrane matrix proteins (ECM) derived from the Engelbroth-Holm-Swam
(EHS) mouse tumour at concentrations of 50 and 250 nmoVl/L (see Figure 9(b)).
The purified monoclonal antibody (at 100nmol/L) has no significant inhibitory
effect. Furthermore, in the presence of angiotensin II at 100nmolL (in Figure

9(b)) the effect of the R6313/G2 becomes significantly more pronounced at the
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5. In the presence, but not the absence, of up to
| COnnol angiotensin Il per L, R6313/ & enhances

W@ 2®pas®edr i ven apoptosis in breast cancer cel PGT/GBR@®9/000443

om ssion of angiotensin blocks its effects. Hence the
presence of angiotensin Il §g surprisingly required
for the activity of the R6313/& 6. Surprisingly
R6313/ & was greatly nore effective in vivo than in

! al 'y n 1n,
vi t r bighash gencentratien of ROBHY 3| (25nmel/Ivi-vep dave%eaihibition of cell
anti - | C i.val ent to that achi eved by
3. Srﬁn%?%ﬁrgf)yq%%?énzﬁlélrﬁo% Sa?’%%fl\réai ntact nu/nu mce
beari ng xenograft cancer cell tunmours, R6313/ &
ignificantly inhibited cancer cel| growt t .
3nnB 1R Presspes o W ih Shretlieicgmeu e s Radlgp, gnificanty

see nin{l}{b@@bgéagy Ehcbleell Ex?y?i?er@%&( ] istig i dadsd e presence

peptide antigen in res ace humani sed) scFv versus

mur i ofeangitensiT il & tdysired,oamel Bo2E¥ARshammadifactt mgthei absence of
terns of both potential cost per treatnment and al so

gi veBIRFR L £ rom having | ess potential to elicit an

i mrune response in humans. Furthernore, the hunmani sed

vari ant var4 showed the nost significantly increased

Bi ndimndnteeninis eid vivor HR63J3fGht signifipanlys duybitsTRhe sfggss-induced
sur pLri.si Si e the .t ) i
v Plikhl8sh Hod BRsSRE, Phis 50 Subtiihe WekaRSA dBls Al Rduce and

scFvmaPeedreihtiRasd eating s1sod presdut@ second and subsequent
aspects of the invention are as for the first aspect

mutatis nutandis. I n one enbodi nent, the present

snvept ihgg)rgé'eﬁ&%,qﬁﬁ 1ot gﬂg Gbdente bdfqu 391 B EQ Wi MU 1T per L,
conpri ses a pol’ypeptide having a sequence shown in
Fi gURE31BAG2 Thrthapeess eadpaberdavdr aipoptiobls imowrdest faancdrecells. The

descri bed by way of. exanpl.e wi.th reference to th } .

f ol | SHISHH %@P@@%ﬁﬁ%ﬂga@@%& S¢ GF Repeepe P hggigensin I
of i|{#ﬁ{ ' : erence is
madejstso asﬁltg}‘r}‘g%ﬁ ﬁig%d/%)irg%r %%ﬁ%tgéahﬂ}gclﬁﬁléf%RE 1 shows

i mmunobl otting for the angiotensin |l receptor
ubt ypes.. ATI or (A) .and AT2.receptar (B) . .
%’ont ﬁpn%gg yalﬁéf@?g% Wag %ﬁélgtng%re Oe%fect?ve 7 VIVo {hall in vitro. Thus a
dose of 25nmol/Kg in vivo gave an anti-cancer cell effect equivalent to that

achieved by 3.3micromol/L in vitro.

7. In intact nwnu mice bearing xenograft cancer cell tumours, R6313/G2
significantly inhibited cancer cell growth, at 13nmol/kg, again without other
effects.

8.  As can be seen from Figure 12, there was increased binding to peptide antigen
in resurfaced (humanised) scFv versus murine scFv. This therefore presents an
advantage in terms of both potential cost per treatment and also gives benefit
from having less potential to elicit an immune response in humans.
Furthermore, the humanised variant var4 showed the most significantly

increased binding compared to the parent murine scFv. This was surprising
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three breast cancer cell lines (Lane B, T47D;, Lane C,
MDA- MB- 231; Lane D, MCF-7), and snooth nuscle cells

W@ k@naody2? Only |ysates fromthe three breast PERIC8B2009/000443
cell lines (Lanes B-D) contained the AT2 receptor,
t hough MDA- MB- 231 cells cong@ained relatively little:
there was no detectable AT2 receptor in RASMC (Lane
A). FIGURE 2 shows ep@éA dose dependent inhibition of
cel | sigge thewoar o therBBRS (ERCOR ) 10f this eaant avasfmodifipthwpiith respect
angi Mhich was determ ned by XTT assa
fte?(il@@%g%%ls&mﬁ'ﬁ%sec?hol d values (*) for the three ceIIy
lines (P <0.05 or better) were 0.05mM for MCF-7 and

- VB- 231 ceII and 1.25nM for T47D c
VEptered e Tor B sriOYAER SHERSRID ADeRin & PO st o for the
fg@sp%gygsgg,;m MCF-7 cells respectively. (B)

Losartan al one produced a 43%i nhi bition of T47D cells
at 25mmol /L, other cell types were unaffected at all

oncent a s,used sults are. e i ht .
Gb S R enl EREV RO apbchee Spfidimeipoule which

E@tﬁﬁﬁée@%ﬁé BSRATNINY o sfibhod shywhiin FEGR £l 1s in the

presence and absence of 100nnol/L angiotensin Il after

12 hours and 48 hours. After 12 hours, angiotensin ||

D BLLSE S6RRART S o kAot SARIAER, WY Wns B SEEESE it

contro es an PRAIDTET OfF Was
fcdéredee (dhhs fdtloodkd Bgaraples Whlcﬂf arRpdestd/ i&thbqﬁmﬂ)ms of illustration
mar ked at_the_hi gher doses used, but after 48 hours
%1315#@2%%19&59%6%6%@@@@5%% ef ofcfrauesdngyhich
caspase-3/7 activity. (C in MCF7 cells, R6313/ @&

al one reduced caspase-3/7 activity, but in the

pr eseREUBRE hsbowdt Gnm'tmobllottirtg fhoshe degietrleint Ilyreceptor subtypes.

i ncre d cas a 7 tivit are nmean
ei ght 81’ é‘\e) dk A§5 Xr (&cgﬁelglwas,:ft@_ﬁgd 4n lysates of

S hOV\’St}{ré@ bﬂe£ht ké]&ef BelY hhé@(ﬂaﬁé BO‘IW?]D bL&‘nea@ SM.‘DA—R@@'Q@/I Rane D,
dose de(g%ndent i nhi bited survi val hr ee

br easM(el) andn%soqﬂ’rmuxclwgﬁlﬂ (loamg 4’\’DA-(WB§’2151132119s inent Hee three

\Fl)lr Ssegr%gsto(f:angg i ﬂlsels Lanes £3t ]Sf c%gtapned(t%% ATZ re%eﬂpor, though
MDA-MB-231 cells contained relatively little: there was no detectable AT2
receptor in RASMC (Lane A).

FIGURE 2 shows (A) dose dependent inhibition of cell survival by R6313/G2
in the presence of 100nmol angiotensin IT per L which was determined by
XTT assay after48 hours. Threshold values (*) for the three cell lines (P
<0.05 or better) were 0.05uM for MCF-7 and MDA-MB-231 cells, and
1.25uM for T47D cells; IC50 values were: 2.8p mol/L, 1.53nmol/L. and
30nmol/L. for T47D, MDA-MB-231 and MCF-7 cells respectively. (B)
Losartan alone produced a 43% inhibition of T47D cells at 25pmol/L, other
cell types were unaffected at all concentrations used. Results are means of

eight samples + S.D.
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holl ow fi bre assay at the s.c. site, R6313/ & dose
dependently inhibited cell survival only in MCF-7

w@eiobag3oshough MDA MB 231 cel | s were inhibitedPElt/GBR@®9/000443

hi ghest dose. (C) hi the in vivo hollow fibre assay at

the i.p. site, R6313/ X inhi®ited MCF7 cell survival
inanimals treated with 0.07 and 0.7 ng/kg (2.5 and 25
nrml/k tw ce per day, and in T47D and MBA MB 231

cel | sFHSUBED shomed A axl Bhibe ekigyt afiR@Bd 3(6&% or agppasgad/destivity in

are eXRyBRadiPheTielice thdabschiPof PoonmdlilaflidenditPhn after 12

Body wei ghts experinental ani na
changasurd uamdng8 thberspeﬂ%lﬂa:d 1c2f hbure,ahm@&ﬁensﬁlbﬁﬂﬁb&e& hmsqzmse—Sﬂ
in vivao. R6313/ msnt the |SWI

cel | 239 S?”PP 3“15%?\?@” nEOREAL gt g ?So§’% lsdgg‘é}%ltlon was
Of 0 ﬂlo@ﬁéck R@?)Iﬁ@l IS bI‘oclhn@'&gtu% 8 RB4 159G Aas less marked at

A- tw ce per day, and there was no
mort athet ;ugh@r dn@sms@dx batiaften 8 peatirp R63B3IG3 nlangegdrega dose-

g/ kg 49r four ody

Si gnl %%:eglﬁg}tym?rg uce C?Sﬁxsae ?ﬁa?%w]’ @EIHSIOEFF?Q C‘?’rﬁi %196313 /G2
(45. 3ampn®ddeged caspaisB/Dagtivafdbal ih tﬁ& Bdsdie doynotehdih Al it dose
are neans + S.E.M, "=8, except where indicated

ot her #frsad wlmaﬁv@é@ qeppase Ak agtisyty. ddwfe aes means offighyreamples
6 sho ]bn*p%bsﬁ/gﬁ:p%smof R6313/ & on MCF-7 cell

xenografts tunour volunes, neans S.E. M
(B) Sanme data as for A treated val ues expressed as

f_th | | *
P PeolkSIREf ahpees ARSNGB sk e REIEY SUFY OB pG2 dose
in Coﬂéﬂeﬁher{tlj'ﬂﬁﬁlfa)te@ﬁgvf\lapw&ﬂ tEd ﬁﬂ'easttrc@ﬁth'ﬁ@@éﬁf?@' MCF-7 and

days wth /R tw ce per day f days,
as fOMMQ\ABGB1F1ﬂh@@f@es¢m®ngimmlmﬁeﬁsu4&h OB) datle in vivo

oy o) B EPIGREY A B e RESHT B RaP Sendidfaty intibited call

al onesurivalorlP in MUMAIcER thdHeh GAD ASVGR 2‘3:1%11@1 iv$é Rihiited at the
pressures. FIGURE 9 shows a conpari son between the

puri f highestdasse | Gnain thstin bédyhollow fibre assay at the i.p. site, R6313/G2
inhibited MCF7 cell survival in animals treated with 0.07 and 0.7 mg/kg (2.5

and 25 nmol/kg) twice per day, and in T47D and MBA MB 231 cells at 0.7
mg/kg (25 nmol/kg) twice per day. Values are expressed as means * S.D.
*P<0.05, **P<0.001. (D) Body weights of the experimental animals showed

no changes during the period of treatment.

FIGURE 5 shows in vivo R6313/G2 treatment in the animals with MCF7 cell
xenograft implants gave no weight loss at doses of 0.4 mg/kg (13 nmol/kg;
—m—) and 0.8 mg/kg (27 nmol’kg; —A—); twice per day, and there was no
mortality during the treatment period, but in the 0.8 mg/kg group, four died by
day 8. Body weight was significantly reduced in animals receiving 1.36
mg/kg (45.3 nmol/kg; —e— *P<0.05) and all died by day 8. Data are means =+
S.EM., #=8, except where indicated otherwise (n numbers in brackets).

Control (—e—).
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from hybri doma supernatant (Mab; Figure 9a) and the
scFv, R6313/ & clone 12D (scFv; Figure 9b), in a

W@ 000369 | nvasi on assay using T-47D breast caPCEGB2009/000443

cells. In this assay invading cells will have broken

t hrough an established nodejg of extracellular matrix.
Figure 9b shows that scFv alone significantly inhibits
T-47D cel |l invasion through reconstituted basement

e mbr BIEURE 6 shews o visp RSt EOHR 63&3/Geah M@ chlb xenografts. (A)
Engel - Hol m Swam ( EHS t uppur, at
Coae R P ool PR bt P 5 Ny TR Saftl data s for A troated

NDNOCY AN eﬁg%géeadxs (RicehREBMorhae Ratil B&HtFdICodlties. *P<0.05,
inhibitory effect. Furthernore, in the presence of

angi ot@ 901 (Ang 11) at I OOnnol /L (in b), the scFv

ef fect becones significantly nore pronounced at the

hi ghest concentrati on of scFv (250nM. FI GURE 10 shows

t he aFIGIMRE M shofvs shapleWICFS el @ Bitsafty incddoatrels(upped) aidl(lower)
11 B. The effective am no, acid sequence for the s(gql;v

var i ates tisatnend for 7 dnisiwithBidngke 03 13/(ek tvyice gy dayger 7 days,
from of the sequence presented in this

fi gurées.%rrﬁ%dgddi tional am no acids at each end include
part of the pCANTAB 5E vector | eader sequence

(N-t ] tq the, sckv sequence), .and .pepti

SequatGIRRd duiHgbRar Prrutenar B AEainvHL FE G2 (P, 0.4
pept ig b @hy¥al dd édﬁgﬁi&d/ S8 QUBREB X ChbRplecéiRme PBS alone.
expr esggg%&si ngft.he B@N\I‘I’ B SEWand used)(i nﬁg‘efi ni tgy

pur i fiRE 0D gontpatisne of Fon, andrbops didstalicapressugs. ef f ecti ve

am no acid sequence begins after an MA signal

pepti dase cl eavage site that is part of the

peri pIGURE 9 sh@ed aN@nlpRHSS bewauenhe parifiensndokihal entibody
a triple alanine bridgi ng sequence and_t he GAPVPY

E- t adTeBghedomar supgepatant €¥alis Figvee a39) g e 6fFvnB6313/G2

full f : : . . X

o1 a5ia0F 6oL 193, 42Pr Bl 10t 7D b
repr esacdr telly. Bepds adseayElhGdinporplly ivsitin havaroroled tidbugh an
intriplicate. This shows_the ampu

fi ve Sfrapfighedhiodelrof rracalivlar pyihe B%iggff@ Ghe He% tf?afﬁ SGhY alone
ATl - reeERESyNidHESIE Ted7D QYUICHVasibRE Br&fAWRecBSstituted basement
membrane matrix proteins (ECM) derived from the Engelbreth-Holm-Swam
(EHS) mouse tumour at concentrations of 50 and 250 nmol/L (b). The purified
monoclonal antibody (at 100nM) has no significant inhibitory effect.
Furthermore, in the presence of angiotensin II (Ang II) at 100nmol/L (in b),

the scFv effect becomes significantly more pronounced at the highest

concentration of scFv (250nM).

FIGURE 10 shows the alignment of the full sequences of clones 12D and 11B.
The effective amino acid sequence for the scFv variants begins at amino acid
9, and ends 9 residues from the end, of the sequence presented in this figure.
The additional amino acids at each end include part of the pPCANTAB 5E
vector leader sequence (N-terminal to the scFv sequence), and peptide

sequence including part of the E-tag expression peptide (C-terminal to the
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mean S.E.M of the absorbance val ues at 450nm per ny
protein/well after background subtraction. FlIGJRE 13

W@ w303 i ndi rect conparison of murine scFv (BCDGBaWd/000443

engi neered variant scFvs against purified IgMfrom
original hybridoma. ELISA wag carried out using an

anti-H s tag peroxi dase secondary anti body conjugate
(1:1000) for the scFvs, and an anti-|gM peroxi dase ]
secon sefengso diratc viak Legatessed using ahy TAB SE and used in
hybr i - der | g I E 14 b OF . .
of 't neRERy A ERoh ol e, D3, U e YRR Ao acia
var i apdgaette@éginsadiicrnn MAadighay peptitake dleavdg@dRE tHdi is part of the
Panel a) shaws a conparison of change. in resgnance, .

f r equBFIRIasTAL fareeiine 15Ads: spqente i <ils bRtpre pét alninedrideing
| gM apdiuthe afiMe GATVY §.-tad BaREnciAt @ were obt ai ned

using an Attana 100 QCM Bi oSensor and are expressed as
nean S.E.M of the resonance frequency of a

St PTGk e EhLR, B0 SO IVLRL BRI, 1,
showedos] WE, UFcBO! b, 7, B! 8¢, AMaAYEE. | N resonance

frequency over the 100 second injection period. Panel
b) conpares the apparent off-rates of thevarious

ant i bpg . . ar anifi .
di fferences qitzﬁia?‘%lg % 26 f@?ér%glﬁt%&ﬂo%ypg%% %Iél% ?éethg%issgirl\g/ g%hed out
under int thiplieatexPigis ishews e anait bf bivdingbx@fivgd different scFv variants

Preparation of scFv The 6313/ & npuse nonocl onal
ant i bdpeRiisr andigeR (fem drlohwreeerton Netaraing! fe@@@c rPHafhown as

Bar k : ' - )
A poor e DA O e P et Lk PG P well afer

heavybahgraundistbtedrsions by PCR. A |inker fragnent
encoding (Ay Ser)3 was used to assenble the scFv
library of inserts and a phage display library was

cr eat piNEd i 8§ egidvwanah | hasb&NEAEpAeae of NARARS st¥ Q12D) and
the pCANTAB 5 E phagem d vector (Amersham Pharnacia,
H gh eneseaekesl vernt 2eFVE- agaipst qrurified Esddr Gomedrigiglidnydadoma.
GAPVPR, EPR was Jjncluded in thi.s. vector..and us in. ..
Subs ot “Earchrne ARl Prdlid PG hioRlt petBthel Rntbocy
phagegoniudakdd (211900 $ort BiRNscFys, and an anti-IgM peroxidase secondary

antibody conjugate (1:2500) for the hybridoma-derived IgM.

FIGURE 14 shows the alignment of the sequences of clones 12D, 11B and the

humanised variants HuCY, variant 3 and variant 4.

FIGURE 15 Panel a) shows a comparison of change in resonance frequency,
apparent on-rate in Hz/second, between the IgM and the scFv variants. These
data were obtained using an Attana 100 QCM Biosensor and are expressed as
mean = S.E.M. of the resonance frequency of a streptavidin-coated QCM chip
with biotinylated peptide antigen as binding target. ScFvs 12D, var3 and var4
showed significantly greater changes in resonance frequency over the 100

second injection period. Panel b) compares the apparent off-rates of the
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used to transform T@ E. coli, and phagem d rescue was
carried out using the ML3KO/ hel per phage foll owed by

w@ewenedssy ounds of panning. Positive expressi NECTGBR@®Y/000443

were identified by ELI SA using 96 well plates coated
with the original antigenicpeptide (EDA KR QDD) and
an anti-E-tag anti body (Anmersham Pharnaci a) detected
using an HRP-Iinked secondary anti body. One particul ar i
cl onevatkgsis ratieadyf protearsaddtenminsdhsidlotlisn Nnsignificant differences in
purifjcation f Lonal .S .4
G vi R He BRI E b e3P ER G e S iR T 0o
6313/ & scFv (R6313/ &, clone 12D) was purified using
H Trap E-tag col umms. ( Arer sham Pharmaci a) fol |l owed by

: a S&VProtein L colum (BD d ontech,

R @g’:’)/(@(frﬁ e rtg%é%oc%ﬂa‘f hBbB8P HyBRUARY! WY okdPn as, IS)reviously

InCIUIng SCFV. In vitro an In vIivo experi nen
describsl (Bakasaral £ dehrEndoonitolnddli 4m246a(1893)). A pool of cDNA

urificati f.ol | owed verni ght dialysis. agai .
Bty fEsTe oA Pt oot (bR e eent e pind 4 PER. A timer
£R0RENENBERAS (GIV,$dr)PRALusc Wb fa8dethbld M- scFigibtdrp & inserts and a
anti body stock was routinely reconstituted on PBS at a

plage edisplay ilibreryf wag cregtedi by Mirestipratial claningbbese iaseefs into the

f rison in<.nvasi.qQn r;f e '

PEADTAT S Pkl RN AR AP PP PRk, U0, An

Bahe e ehd bpkdsdgd idqhé@&e@ABYPG@M&[HBRiWEchuﬁlied@n i3 vector and
g

kDa nol ecul ar weight cut-off filters.Prelimnary
used dpeybseauenitRANEAG A BHedsatigntsicpst yhe ph i ray was then

' Cc 364 o ' a
o a R At R P REr L Faslby ] Gl lng the
RA3K87 heipdr2ihaybiCBRbwedCYSRE@MAMOUEICORPanning. Positive expressing
| DPYYGGTTYNQKFKG VI . EVDY. VL : . . .
ERSVSFSHSETEAPPVESHD: u%%?@@eﬁ@ﬁ@ﬁﬁ%:@dﬁﬁﬁﬁ%%ﬁemm
antigenic peptide (EDGIKRIQDD) and an anti-E-tag antibody (Amersham

Pharmacia) detected using an HRP-linked secondary antibody. One particular clone

was taken forward for expression and purification and functional assessment on the

basis of giving the highest signal in the antigen ELISA.

The 6313/G2 scFv (R6313/G2, clone 12D) was purified using HiTrap E-tag columns
(Amersham Pharmacia) followed by purification using a Protein L column (BD
Clontech, Cowley, Oxford, UK) which binds immunoglobulins, including scFv. For
in vitro and in vivo experiments it was necessary to carry out medium scale
purification followed by overnight dialysis against PBS and concentration using 30
kDa cut-off concentrators (Millipore, Watford, UK). The final antibody stock was

routinely reconstituted on PBS at a concentration of 10 mg/ml.

Monoclonal antibody used for comparison in invasion assay was purified using
immobilised mannan binding protein column (Perbio Science UK Ltd) followed by

concentration using 100 kDa molecular weight cut-off filters.
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or R6313cl onel | B VHCDRI : GYSFTGYNMS VHCDR2:
NI DPYYGGTTYNQKFKG VHCDR3: EVDY VLCDRI :

WORBEINMIIBTSGYSYVH VLCDR2: LVSNLES VLCDR3: CHI REL/GB3HES000443
These were significantly stronger binders to the
antigen in an ELI SA plate &Jsay during panning of the
CDNA library derived fromRNA fromthe original
hybrl doma cell popul ation. The only change in t
Brslimipaprcrrdies seee e r shoth drighess aéﬁgléy olﬁea%PFﬂé?e " with " clones

3‘ VR Pl Y i) Raﬁé@%&r}y&%ﬁ:ﬁﬁ?ﬂéﬁf GRE 1@63 1*391%ne1113 in which the

term nus, respectively. addi’t’i onal
@BRs ateasesllshow ot her changes in CDRs and eI sewhere in
the structure (see Figure 11), however in the ELISA
assay these bound less strongly to the ELI SA anti gen
pl at ere3ielche]dD sequences of clones 12D and H B are
aligned as shown in Figure 10. The first 6 am no acids
and |'BCTRIAGYFHSYHMMre the | eadi ng sequences from

of -t REAEHEE; NIPESPO TR NGRS c22ca or ot 6i ' product

used VH(j]j}ﬁ;s@men nents. The effective amno acid
sequences of clones 12D and H B are shown in Figure

14. EXBRPRd: EAS&&YS/TSFES§¥§X%HThe activity of the

scFv {Rﬁﬁﬂé/ t udi ed in the foll ow ng assays:
Cel | ure pr oce ures.: MCF-7, T47D and MDA- MB-23 1

br easVL@ERGeQHIEEI[ﬁRBBG—: obt ai ned from The Anerican
Ti ssue Culture Collection (LGC Pronochem Teddi ngton,
QK). Rat aortic snooth nuscle cells (RASMC) were
develpppd fonemgri mary culture (Barker et al., 1996).
MCF-7 cells were maintained in Mniml Essenti al

Medi uMHCERW: GYISIZIGYNMS

VHCDR2: NIDPYYGGTTYNQKFKG
VHCDR3: EVDY

VLCDR1: RASKSVSTSTSGYSYMH
VLCDR2: LVSNLES

VLCDR3: QHIRELTRSEG

These were significantly stronger binders to the antigen in an ELISA plate assay
during panning of the cDNA library derived from RNA from the original hybridoma
cell population. The only change in the CDRs is in VHCDRH1. However, there is
also one other difference between the two sequences at the N-terminus, KL.QQ and
QLQE, respectively. An additional ten clones show other changes in CDRs and
elsewhere in the structure (see Figure 11), however in the ELISA assay these bound
less strongly to the ELISA antigen plate.

The full sequences of clones 12D and 11B are aligned as shown in Figure 10. The
first 6 amino acids and last 8 amino acids are the leading sequences from the
pCANTAB SE vector, with the last 5 comprising part of the E-tag present in the

expressed protein product used in these experiments.
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and MDA-MB-23 1 cells in RPM 1640 nmedi um and RASMC
were nmai ntained in Dul becco's Mdified Eagle's Medi um

W@ DiEM396AU nedi a were suppl enented with 2nM  PCT/GB2009/000443

L-glutam ne, 10% fetal bovine serum (FBS), 50U m
penicillin and 0.05nmg/ M stx¥ptonmycin. Cells were

mai ntained at 37C in a humdified atnosphere (95%
oxygen, 5% CQ2). Cell viability assay: Confluent cell
nonol ayers were renoved fromtissue culture fl asks

T'ﬁ’é tth/X Qﬁmg% A?qugﬁées of gﬂ)gf% 1z e lote) sh%qn Fi r1%;u:re 14.

see d iV REs I'ssue cu es cont ai
t he approprlate medi um f or each ceII I|ne After 24

Eours, cglls were treated with angiotensin Il (100nM
tyhgss ange of concentrations from 0. 005
TR Zoify o?EheMchh Re3$ 8idaRasdudled i tht F511RARE %&H&ﬂ ion

range, and incubated for a further 48 hours
viability was assessed by the ability of netabolically

%ﬁlﬁ}é? cellsdto reduce 2, 3-bis

? : REERBREP A A%y 0- 5- sul  rhophenyl ] - 2Ht et razol i um 5-
PREOPXYAnD! kel MeMBSaBt dréhl)cahert BEllsC @lepd! ro@tzhmed from The
f or mazan product. Absorbance was neasured using

Motk Bissus ealitrerfeliespomtleGe é’aa@pcqum»ewmm }E@e fat aortic
516 B TR Pl PO T o RRPE e Rpaner o,

1996 ONAIGE7 icell$ wepd incariteined Gb OiniealeEsantédll Medidmu@VIBY)a T47D

748 IR0 P dpiaT SB14 mariehond BAVN e cRaintained in
E%ECC%FQde@(ﬁQQQ’%'MEHlﬁﬁWE I ROkt ivAGe stflibMented with

were grown in t resence or absence of angiotensin
IthM( L@Drtamiirtel, )1 OT/cofetaZbohmﬂ rssruith BN SAEENL tmmallm arisO. Dﬁmy ml

terile.P H7.4 bat ar 5 e Si
Sisploansimrel et hainlafieda®) $7c O S HeIET fheptind ©o5%
@@%m@ - YD ?h um deoxychol ate, with the protease

i bitors [eupeptin | Ong/nl, aprotinin 30ng/n and

O I muol /L phenyl net hyl sul phonyl fl uori de), and
Bal{wag” d, < Cell lysates were honpgeni sed using an
ur't r'as %agfl)ér (2x5 sec cycl es; Bandelin Sonopl us,
Sbeffluehiesedie M@olaﬁrﬁ etvehOiegRRts ativ fifdte Sanipires flasitse using
centrifuged at 9 g for 10 mnutes

trypsin/EDTA. Cells (15x1 per Well) were seeded into 96 well tissue culture plates
containing the appropriate medium for each cell line. After 24 hours, cells were

treated with angiotensin II (100nM) and R6313/G2 at a range of concentrations from

0.005 to 25uM, or with losartan at a similar concentration range, and incubated for a
further 48 hours. Cell viability was assessed by the ability of metabolically active
cells to reduce 2, 3-bis [2-Methoxy-4-nitro-5-sulphophenyl]-2H-tetrazolium-5-
carboxyanilide inner salt (XTT) to the coloured formazan product. Absorbance was
measured using a Multiskan Ascent microplate reader (Thermo Labsystem, Helsinki,
Finland) at a wavelength of 450nm and a reference wavelength of 630nm. Each
measurement was performed in triplicate. IC50s were calculated using a non-linear
regression formula using GraphPad Prism v4.0 software (GraphPad Software Inc, San
Diego CA, USA).
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at 40C. The supernatants were renoved and stored at
-800C. Protein concentrations were estimted using the

w@Be@omRadepr ot ei n assay (Bi o- Rad Laboratories, PeENnEB2009/000443

Henpstead UK). For western blotting, sanples
contai ning 50ng of total cepd |ysate were | oaded on to
a 10% SDS- pol yacryl am de gel and subjected to
el ectrophoresis. Proteins were transferred to Hybond-C
Reetpin dnegctiorerd HasieBt bodingnces Ltd, Chalfont St Gles

i 991 B 8 T o 4
hoas lﬁﬁlnoﬁaishedittgé@timaﬁhﬁétmlu ngs RpH- 7R ri}ﬂcaiaaiedifmﬁ winutes in lysis
belEr PRSP REr 34 b oA ol a0 2104 SRS pETg-TY sodium

[ . i 0 J
b2 B Y A My TN Bl Ty
Subswgdenphegnyhmstheulphomdfltonde3, fand Irvestedt e€ell nlysates were

shin ffer (IL.X TBS and Q. 1% Tween 2Q).. Ihe
hegretihed Sk G U W CTPop I BT GHRN Sl Bpfaplus, SLS, Hessle
! AR héﬁ@%ﬁgg%ioﬁrth@% pl&T%efeetiﬁé?ﬁjifﬁée(ﬁBtt 206U 890210 Ainutes

di 'ution of I'n bl ocking buffer. After overni ght
rin¢b diiconwpatnatk@ts whee remevedaed sioeed aiva¥fedPepdein concentrations

descri,be bove d..n ated .wi th anty. rahbi | -

SERC RiRGeS e 30 RSl Bt At E Bl TR Linssftips, Hemel
LeRpstea®UK)0 Foy WRReh MoHifs, sAedidsi RRBlininB RS dretorl cell lysate
carried out and i mune detection was perforned b

. C y .
warsuloadddnon the HS1SIrpelytuylamids gelt and subjctednieselegtrpphoresis.

R R R e
Chagai StROGACHRYinNansiBAL e \BIDLASYE gl(inqammmél/L. Tris-Base,

activity: Activation of caspases during apgptosis was

adpemaibaee. waring08Te AB8). OB aniEysRdstdmi agpanyys (Bio-Rad
E&?‘o?%tgéi?sr, %@rﬁ@l ﬁgxrsn?ste ?%SWW%T lgéé;ﬁ?ﬁg' aﬁgflf’t(g? rl\g%branes

manu Uréer’s i1nstruc S were
tvere90hed nht uksic ivcabadedvasbiedtihg daffti (186 TwistBufitret Balene (TBS),

BT agen SRRnd Sya gaebRRIERGI Y M ALl R o g dggbseauently
Waltea Rh:3E Qi_rﬁé&dfofk 16 lﬁ*ﬁ%ﬁficg il’{“\)vtgghh% BBLGA SATBS and 0.1% Tween 20).

concentrations from0.1 to 3nMTn the presence or .
s mevbrafes vEOn islubated mythgtodyrdénal kabbitt antiaA TV aéaeptor or anti-AT2

%egglgg% éa%%"?(%gs ad. g llut%f?)%r (S)’f 1'%606 rin ! bqgcﬁggé ! lgjur}fer. After overnight

incubation at 4°C, the membranes were washed as described above and incubated

with anti rabbit IgG secondary antibody (Amersham Biosciences) (1:2000) for 1 hour
at room temperature. Additional washes were carried out and immune detection was
performed by incubating the membranes for 1 minute in ECL western blotting
detection reagent (Amersham Biosciences), and exposed to a Biomax

chemiluminescence detection film (Kodak, Rochester NY, USA).

Apoptosis — Caspase-3/7 activity:
Activation of caspases during apoptosis was determined using the Apo-ONE
homogenous caspase-3/7 assay (Promega Corp, Southampton UK), according to the

manufacturer’s instructions. Briefly, cells were grown to 90% confluence and washed
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10 substrate (100M) was added to each well. Bl ank
wel | s cont ai ned reagent al one, and controls omtted

wo b@oamosbody and/ or angi otensin Il. Fl uorescePCEGRARI/000443

nmeasured every 2 hours over an 8 hour period using a
Fl uostar Optina spectrofl uo2fneter (BMS Laboratories,
O fenburg Germany), with an excitation wavel ength of
485nm and_an em ssion wavel ength of 535nm Hal | ow

thres Emags with sigsils BRSFCeHe weredgwmsicdsusing ToRel/ BIREA and counted.

o0 By TEbE) oS BRRR e o VPR PaCncibaed VR H313/G2 o

E{ﬁicyma[t;dns tiere0.dith i3uM iwthe(pradohge dStOstaWefGﬂiIOanbBD&nglotensin
cut-off, I mm.inner dianeter; Spectrum Europe B

Er il volena &5 Qi 83)2%@1%48 hewRedfiemingwoAtion: e4sp7m93/7 % bEVD-

bl d
B4 15 Sod e Bpdith AHSRUCBERY S0k oblelics repagpt atone,
ddl Estitiods orhltiedREl ahtilbQyOthdAG g otdsth AOFh@EdaaRk, wish@Basured
distilled water, and then autoclaved at 131C. Finally,

ot e hpwa diviey aged [hogy pedind iusme, afﬂlmsé@ Qitimar spgeirefjiiorimeter

O P8P ML ot BB o s

glehai dmiesiontvadelbngth 08585n¢hC6 cel I s/ M. Fibres were
then heat-sealed at 2 cmintervals and placed in Petri

di shes containing 3 ml of the cell appropriate nedi um

A9ubs ficacy of the method before use in vivo,
+ ?ﬁé%ug i bres were incubated in vitro for 48

Hol]ms Filire ptm:e*hnes éo‘lkn&ve«irthabsﬁmd@f &Tollimgshéraid yHallingshead et al
tions from0.33 mMMto 33nmol /L and
é&n%6’t€{1égﬁ 41%? 9(9f nmol /L). In vivo hollow fibre

assay: Cel | -1 oaded hollow fi bre segnents were incubated
at 37C in culture nmedi um overni ght before inplantation
P@ar@mzeafébﬂaizﬁbﬁesﬁ vveek old femal e bal b/c nu/nu

@r ea’ﬁzﬂ‘gﬂﬁ%o : li’vgtTﬁP@ée@@‘ 515&? gut-o dfia&ﬁm inner

&lﬁﬁlﬁeﬁ!r négﬁgtrl%ﬁ%lﬂnf) pd B8/, CE{édal NOES 15y Were HiRed Rirough with 70%
were i npl anted at both subcutaneous (s.c.)

qh@nql msmg@eblumdh]e ghugeinopdle apidtldmlispriogedibres were then immersed
in 70% ethanol for 72 hours, flushed through again with 70% ethanol, then distilled
water, and then autoclaved at 131°C. Finally, before loading cell suspensions, fibres
were flushed through with RPMI 1640 culture medium. Cells (MCF-7, T47D, and
MDA-MB-231) were introduced into fibres at densities of 2.5 to 3.0 x10° cells/ml.
Fibres were then heat-sealed at 2 cm intervals and placed in Petri dishes containing 3

ml of the cell appropriate medium.

To test the efficacy of the method before use in vivo, cell-loaded fibres were
incubated in vitro for 48 hours in the presence or absence of antibody at a range of

concentrations from 0.33uM to 33umol/L and angiotensin II (100nmol/L).

In vivo hollow fibre assay:
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animal . For i.p. inplants, a small incision was nade
t hrough the skin and nuscul ature of the ventral

wabaomived wal . Fibres were placed into the prCT/GBRE®&I000443

cavity and both incisions were closed with netallic
suture clips (Harvard Instr@gents, Edenbridge UK). For
s.c. inplants, a small incision was made dorsally. The

fibres were inplanted to the left of the dorsal .
frelitlpared holipve ridnp asesdicntsc tiesh incbetednall B77Gidins Peliugeagiedium

Y e I

Fiteed edravirhplaiR6d 1o Ghe (Dialeuidgr G2acsthetib /(RY) Isoflndrane). Three
.7 k 5 |/ Kk i .1m  PBS, t I

Dbt SRR SR godif e < M e L gD A-MB-231,

GREECIHHFIENE M Bbe ﬁib@ﬁﬁnecixiél ﬁ@ggr aﬁqdai‘nh%ﬁ@ﬂt!?ﬁeall @&Sp.) sites into each

injection, animals were Ki by cervical dislocation
amienal. Héor fi iphineydante rassmadbimeisioadv eade tirgigbrtheskin end musculature

- war PM. 164 di um cont ai ni 20%.FBS for ., 30
B fist BBttt i, FRSe Bo Rt RO nE mebiial Givied nd botn
heldief whicedosededlth thalilicl utureedipde@RLd Hgtumgends, Edenbridge

nodi fied MIT assay. Fibres were incubated in RPM 1640
onForns. mplagtsng amall irpisiog pias My dogsaly. ThedBueswers implanted

7 o for . . e

o R 26 oA OBh T p cPinif S, TpbPEEMon 8 cloced
sithphetbldic GQtugkgeliyaCl , 2. 5g protam ne sul phate in 100m

wat er) was added. Specinens were stored at 4C for a

m ni mum of 24 hours in the dark to fix the formazan

RERBE redrn&zh Protam ne sul phate (2.5% was added and
fibres were stored for a further 2 to 4 hours at 4C.
Fheh(n=5greupasittt hellost Ebreddhplantsawenes theatad witlRR63EI/G2 (0.07mg/kg

Bl SiForiat ol b 55 BNEBS B hice e
asies shod83CO0oMRI1 landidls (R6) fredeRaanhRIOMLES. 220UARE hRE the last
An al i quot §190m) fromeach well was transferred to a

Deokien) angima Sewemckiﬁ@t by tsendeal rdé%l@mﬁlosmrirth@ dibrey ‘a{f‘re recovered
. v - 7
M bR 5L RLTER G T RERL Bl 20980t 30

Sys val ues wer
pemget age of the controls. In vivo Xenograft Assay:

Assessment of tumour cell growth within hollow fibres:

Cell viability was measured using a modified MTT assay. Fibres were incubated in
RPMI 1640 with 20% FBS containing 1mg/ml MTT, and incubated at 37°C under
95% O3, 5% CO, for 4 hours. The reagent was aspirated, and 2ml sterile filtered 2.5%
protamine sulphate (0.9g NaCl, 2.5g protamine sulphate in 100ml water) was added.
Specimens were stored at 4°C for a minimum of 24 hours in the dark to fix the
formazan product. Fresh protamine sulphate (2.5%) was added and fibres were stored
for a further 2 to 4 hours at 4°C. Each fibre was transferred to a well in a 24 well
plate, cut in half and air-dried overnight, protected from light. Dimethyl sulphoxide
(DMSO) (300ul) was added to each well and the formazan product extracted. An

aliquot (190ul) from each well was transferred to a 96 well plate and absorbance read
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Mce were injected s.c. on the right-flank, with 150
sterile PBS containing 7.5xl106 MCF-7 cells. Tunour

w@ediobgoimer e all owed to grow for 4 weeks w t hourCTIGBRWNO00443

support, thereafter mce received weekly s.c.

i njections of 17b-oestradi opyvalerate (0.1 ng/ Kg body

wei ght), in sesanme oil (Kasukabe et ah, Breast Cancer

Res. 7(6) R 097- 110 (2005)) for a further 8 weeks.
Anidfenm weing rodvlelgslen descent pbetogwstrer ahichapdate hreaderd (Thermo

gyStéﬁﬁj g[%az c}é@t'l&es%eq‘g légllgl‘ﬁa{eéﬂ aga tp}%? { ég g TSt S’ll z€

was’ measur er ‘viee a I|p
and vol unes were cal cuI ated as (L X W)/ 2, where L and

ga_re ihe 22] or and m nor dianeters, respectively.
s reached 150 to 200 nmmB, m ce were
faed %}ezﬁ'ﬁje ﬁﬁ 4Gt tﬁg?i?ggﬂg'&g Q{}{Hs u%och SRS ng c%n{aﬁ)mr}é) 7.5x10°

per group: ce were taneou

M(RGt ¢a])1@s BhmBm3da1sGRedenalitweddi toe gfdBS f§r04 ]vméeks aﬁltldms gé®rmone
of 0.4ng (13 nnol,/kg), .0.8nmg/ kg (27 nnol / g

iupsveﬁgm@ge LT FE0TIR) W ey s fieinisetions off 8-qss ra@aml@r@te (0.1

tﬁ%)rﬁgngna@ gvl;c]lggiﬁ Hﬁ:lsa gﬁ (Kgﬁﬁgagf gt It %riers@ o er ﬁé Z{;S R1097-

Were sacri
tHY (@004)) B al forthdr &Weelae Azimyle vaard ynomiioeddt <$a1(y°/ﬁor \gemeﬁral health,

ca ated as (W/W) X 100, ere W is . the body
%‘94 é?éy %(Flg&fﬁfwaﬁe\fe?ﬁsmeééwmwwmlys TURRULIE Wik F@%ﬁmsfé 3 times

f)ére\ﬁéékeﬁith'sﬂﬁé cAlibos; aﬂ}p{folﬁh‘l@? Werd 9%11915{'3’[6&’3&% (EakoyPd efhere T

, Where I's the tunour volune at any given
anché?V aard tWe ingjor hendt ommpar divoletens mbpachegelst &hrtceofumour volumes

T e R T
&t Ll¥er! dto). SWice fwdrd Bbited b9 BLSdutddedtd Actibhy of R6BIPGY in sterile
gBessur e assays. Female Wstar rats were first

] (%rtll)s@tddms hefn 814tk d3 tireoldiedo d- ﬁ@nyksﬁé nmol/Kg), and
F.ggfn n 45 o%/kgz)ﬁg%f bef r e ex er\rl\lg{ye tastgv% ﬁ%yds ?‘%nhral mice

pF es ust

&cdﬁ@&l sﬁ@il@ PBS. i At ﬂi@rﬂ&ﬁﬁﬁhhn@ﬂ oﬂﬁé studg! afintals v&é‘fe‘\)sacriﬁced by
Coda 6+ tail cuff systemin which the animls

frevigal islpsptiry Redadive drodurvecighis |(&0)pyers cajsndaded, a%éW\MéN i@ X 100,
@g%g%ﬁﬁﬁ -thé\Bb I Si e{tean& gﬁv%%x tf;ﬁé‘i%d Wi SduRdal Sbﬁeg%ht al {reatment

ood press reta re treatnent.
infteatiobr Nk | tymoenwekthe was calculated as Vi-Vi, where Vt is the tumour
volume at any given time and Vi is the tumour volume at the start of treatment, and

expressed as a percentage of Vi.

Rat Blood pressure

Rats were chosen for this part of the study in view of their greater tractability in blood
pressure assays. Female Wistar rats were first acclimatised to handling and the blood
pressure equipment for 4-5 days before experimentation. Blood pressure in the
conscious animals was determined using a Kent Scientific Corporation (Torrington
CT, USA) Coda 6+ tail cuff system in which the animals were held in warmed
restrainers while blood pressures were assessed. Animals were first stabilised and
their basal blood pressure taken before treatment. They were then briefly removed

from the restrainers for sc injection of R6313/G2, 0.4mg/kg in sterile PBS (0.1ml).
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fromthe restrainers for sc injection of R6313/ &,
0.4ng/ kg in sterile PBS (0.1m ). Controls recei ved PBS

W@bk@na0398) ood pressures were then taken at i ntRCw&B2009/000443

over a period of 1 hour, before restoring to cages.
The procedures were repeaterg daily for 3 days.
Statistical Analysis: Al data were presented as neans

SE. Statistical analysis was performed using one way

Gowtrphs reogiviedePBS sdonst Bloash prsksuresawerer theul tek¢mat fgervals over a
0

GO 1B B hRE (4 BReb B Redlf PRTGhERRPEAS for 3

&dyatistically significant. Fluorinmetric Invasion assay

The nethod used is QCMtm Cell invasion assay

(Chem con Cat No. ECWVb55). This uses fluorinetric

sieteetl 9.mtiscell's which have broken through a

reéonstﬁqt% ed basement menbrane matrix proteins (ECM

Alﬁ diataedert rpmaented aErmgﬂhbt@Eﬁ Skipistival Bnalysi§ BHS)perforsesd using one-

%\? hoi‘g{lg\% @}IJ{CQX asl L@P B}“ﬁi&é@& ﬁ}@égmmt s t-test was

meatﬁff ﬁh@dd&&QeEBorﬁé M@Aﬂwezd i) TEdse ehae 0iog M dthsidered
to the interior of the inserts in order to hydrate the

geptipallpesigeifieant| - 2h at room tenperature. Medi a was
removed and 150 ml of serum free nedi um added to the
well's of the 96-well|l plate housing the inserts. 100 ni

moﬂﬁdjrwmo@ﬁb;abmapg 105 cel I s/ per insert was then
i ntroduced. The &[ was covered and i ncubat ed

37C .
The method wspd BN T GRENUISTERFsE Cclirapisen L8t N24E8M555)- This
fikd q{uo'i'ﬁl[@%{% W%é%?ﬂohsof{ 100 LRl e[irbﬁéle rtfu‘oﬁ%ﬁj 2 S1)'%c_onstituted

rrnsing w the insert was replaced int
basthent| alembcart aijatiingpr@eink (BEME Iﬂmned Sodmit the nEsgetbreth-Holm-

UGS FEUE AT RSB LAGHV e ERESPAURRS S 8 [Pr209)

this way, dislodged fromthe insert for subsequent
| ysis and measurenment of fluorescence usi 2‘3 a 480/ 520
ECMrematskeinsents werd plestdain QﬁpWﬁHﬁ)létst and 489 Of Brawarmed serum-

abt eﬁ@—r& a&%gio{ d{,‘qn fl%e ulhgﬂ act er Srtder 0 flﬁlj 2 ECM layer

over 1 2h at room temperature. Media was removed and 150 pl of serum free medium

added to the wells of the 96-well plate housing the inserts. 100 pl of medium
containing 10° cells/per insert was then introduced. The plate was covered and
incubated at 37C in a 5% C0O2/95% air humidified incubator for 24h. After removing
cells from inside the insert and rinsing with PBS, the insert was replaced into a 96-
well plate containing Cell Detachment Solution and incubated at 37C for 30 min.
Cells that had invaded through the ECM to the bottom of the insert were, in this way,
dislodged from the insert for subsequent lysis and measurement of fluorescence using
a 480/520 filter set in a Fluostar Optima fluorimeter (BMG Labtech), according to

manufacturer’s instructions.

Example 3: Design of humanised variants

The humanised variants were based on the murine sequence 12D described above.

The amino acid substitutions were chosen by using a combination of previously
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The humani sed variants were based on the nurine
sequence 12D descri bed above. The am no acid

W@ aestd39ed i ons were chosen by using a conbi nat POIIGB2009/000443
previ ousl ypubl i shed approaches together with a degree
of intellectual latitude. Fpgstly, the nmurine scFv
sequence was used to find the nost honol ogous vari abl e
heavy and variable |ight chains in the NCBI database

peblisged appmeThesetagether SJeidordiisgres ioé iaishleciseh lajiduder iHiestly, the
r o)
%%?s)cﬁ@ sch‘én ag lilgﬁ: C;i?rldo \E/i\%é l%ﬁgtg{rﬁf}ﬁ%@ 9%16%316 heavy and
\(ikﬁﬁ%ﬂé ﬂ1§1@ﬂbyha§hﬁs hetlaﬁ@mdde(taba% ubmgra) Bg_iAS’El)seﬁbl?.bSHdoﬁdﬂy, the
r oplI.C resi dues in the whol e scEv CcCul e,
eireRcdy e ilkd e Paglan EMelasylapdigmatolaex 88&%/5%%&98 (1991)) was
QR %‘Smﬁﬁ% tenEdh NUIRE 484 r?ekl]ﬁﬂ% -0 Opiad, % ‘B@U!e%ol%’@d (.e.
used to substitute appropri ate Yy for nmurine resid
apdtopllichorsbuniryl (hrdrephoteciaresidsesrindbewhotsFarFwimeelequlé. Reference

| I t of. .t d
ol artile b Podlit BRP audidsd i RSN e Rt Bgfi Tt Bfipo acids
éesma de h&é@t@ﬁﬂubétﬂﬁtédg%%ﬁﬂatéﬁy Rfi%n\ﬂﬁ{eereh1ﬁﬁé§JQQ1Qth1E R@fy generate

i de of one of hence CY) that were
wm@eerde@bﬁ\fovvberesengmﬂr:d, raplayh@mgfeoﬁé@a@ sepashé muingrresidues
gver rI LB eIS|SqJes | ne}ng%vsn él\/%vp(r)gl {ions were

H@S% ﬁ ¢o gm%nd)gacross our P&Y groups of variabl e
reg| ons, | n accordance with the disclosure of Padl an
%@u pra) three of the humani sed variants

ewfiﬁmp@ldm@ys‘tmn@tlamW@&clﬁcluﬁﬁfbw sFids efrpnevefrthe GRBwy(hence
‘E&) g RE t&&ﬁuﬁ?ﬁd 4 Be (seﬁﬁf;@ett]% 1@3&% ﬁﬁ:gttﬁé human germ-line

erninal region) nmore stron A than the tWwo
rasidueeinsthBsestwd positions dbis. co'ﬁipietﬁlyr aqmeelwecﬂ:ucmm)fmlr rsubgroups of

se nce. was nodi fied q he fr rk regions
ROk B9y lflﬁpwrflwem&fh ‘ésrié% éwfi)méw SUPHEN o i ght

chains in order to produce the humani sed variants HuCY
and var3. However, the humani sed variant var4 also has
Alghtea of ﬂ@rhmtmn@ds'amﬂtQMtlﬁﬁd biehis iapproacth AuCY,Hae3 and vard,

S I S e Nt s

by ELISA than the two murine scFvs, 12D and 11B.

The murine scFv protein sequence was modified only in the framework regions
contained within the variable heavy and variable light chains in order to produce the
humanised variants HuCY and var3. However, the humanised variant var4 also has

two further changes in CDR2 of the light chain.

The CDRs of the humanised variants are as follows:

HuCY and var3

VHCDRI1: GYSFTGYNMN
VHCDR2: NIDPYYGGTTYNQKFKG
VHCDR3: EVDY

VLCDRI1: RASKSVSTSTSGYSYMH
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VHCDR3: EVDY VLCDRI : RASKSVSTSTSGYSYMHVLCDR2: LVSNLES
VLCDR3: QH RELTRSEG var4 VHCDRI : GYSFTGYNMS VHCDR2:

WORMPYNBT TYNQKFKG VHCDR3: EVDY VLCDR : PCT/GB2009/000443

RASKSVSTSTSGYSYMH VLCDR2: LVSDLED VLCDR3: QH RELTRSEG
The sequences of clones 12D3pH B and of the humani sed
variants HuCY, variant 3 and variant 4 are shown in
Figure 14. Exanple 4 : Activity assays on humani sed
vari aiMl€ Dk NWVESy of the hunmised variants was

st udi i ) [y assays: ScFvproduction
andpum%i'mﬁ&@%ﬁgar ative binding studies AU
gene sequences were synthesised by Bl ue Heron

Bi ot echnol ogy (Bothell, WA, USA) and integrated into a
bact eV#4l protein expression vector, upstreamfrom a
Hi st agf}ﬁfﬁgﬁi@gsgfgmg under the control of a Ul ac
pronot er . e vector used included a periplasmc

t ar geVIH((DR2IIEIP BVEGGHICENOKFK Gs cl eaved by si gnal

pept i tar_reaching the periplasmc space in the
bact eg@ﬁjﬁgsﬁe\m%he skill ed person will understand
that eflepRERASOEeSYSTEONS YA al so _be used to
produce the scFvs of the invention. These constructs

wer e VLARRDBANMPLEPo Rosetta 2(DE3) conpetent cells
(Merc [ﬁﬁ%‘f ing to manufacturer's
pr ot 051%1 i ‘%ngouti nely grown in LB broth or

LB agar at 37C, with 30 ng/litre kananycin and 34

/1itre chl oranphenicol. Protein expression was .
ﬁ? peagnenstof fdonsg 12D, dd & end af theypunpgnased variants HuCY, variant 3

and variant 4 are shown in Figure 14.

Example 4. Activity assays on humanised variants

The activity of the humaised variants was studied in the following assays:

ScFy production and purification for comparative binding studies

All gene sequences were synthesised by Blue Heron Biotechnology (Bothell, WA,
USA) and integrated into a bacterial protein expression vector, upstream from a His-
tag encoding sequence under the control of a T7/ac promoter. The vector used
included a periplasmic targeting leader sequence that is cleaved by signal peptidase
after reaching the periplasmic space in the bacterial host. The skilled person will
understand that other suitable vectors can also be used to produce the scFvs of the

invention.

These constructs were transformed into Rosetta 2(DE3) competent cells (Merck-
Novagen), according to manufacturer’s protocol. Strains were routinely grown in LB
broth or LB agar at 37°C, with 30 mg/litre kanamycin and 34 mg/litre
chloramphenicol. Protein expression was carried out using 1L bacterial cultures,
grown for 24 hours in 2L baffled flasks at 37°C. Protein production was then induced
by the addition of IPTG, at a final concentration of 0.4mM, for 5 hours at 25°C.
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growmn for 24 hours in 2L baffled flasks at 37C.
Protein production was then induced by the addition of

wo BDg10369 a fi nal concentrati on of 0.4nmM for BCHGBRE9/000443

at 25C. Bacterial cell pellets were harvested in a
Beckman Coul ter Avanti J-30%jcentrifuge at 5000 g
(rcf) for 20 minutes at 4C, the cell pellet was then

resuspended in 10m (per litre culture) in the
Bettenali asll fslltfsevere Darivstad insa BEtkphh Eoultwi\A‘EmTAI-3 Oﬁmnmﬁlge at

S0 FiaeBeR 20 sy 8 50 e st B AR episbPiadi thy om! oer

htre P&llined) SinWeee fdlldanes bafidr,t 0aM ofdsoMCngpHURf €l EDTA. The
added: m of | Msucrose and 30m of 1/5 TES buffer

{%@i’i‘ﬁ}g??ll deligts werg then storediat E29 undil pwrilicatiosse and 5mv
MygSOH4). This cell suspension was then agitated on ice

for 40 m nutes, before centrifuging at 17418 g (rcf)
Torpr2fhrenitint pedpladmid Grdction, eﬂlﬂrm @eli¢te vend tiipiveed and the following

PefneRidink it DEI st «ad wdefaht Tatbeie RboAE T8 aicr oa

88 qﬁiM EEERN of M RLAYSL RS 5&11\4@44 SO TR cdiy susg@x%h&l ias then
Mol 'ecul ar Biol ogy, John Wiey & §o New Yor k™ (1989).

Seitatesl ers iriecfof #&mmldns b\ﬁéqre cmhfeuﬁug‘lng aﬁak@d Stgwﬁ@ﬂéhr 20 ggnutes at

(? I%eg)g%t]eg d esgﬁ%!le[ %erﬁ a%g&cr:n 6 ?}Elﬁioé 1% og%l%tlc?.ﬁﬂock protocol is a
ﬂidiﬂiﬁddcwﬁstré,l@lﬂ ofasn@Réd 8fvieRdn akE Notthgra m@lnﬁﬁ"falféatﬁfrsm Ausubel et
manual instructions, usi 25% buffers supplied in th

4. <Crpyerd Peatorels indolacnfsr iolevdgem W ﬂe«w% Soas Ve X@rk (1989).

el uate was buffer exchanged by passage through a PD-10
col um (Pharmaci a), which had previously been
Beyiplhdnbic oft etiohs weho theh afileerbdl fire tghd OsialiM diltetd ﬁnd4a1§p?138 to 1ml

Sigma P4417).. The resulting.sckFv fracti
Er@m%lmdﬁa‘tséan%g?lﬁamac %T%‘b&’@ﬁﬁ’@&il%@@%ﬁgeﬁht g urification

A e Rl o P e RN RGRIL AT, BTy Ebyo8 supplicd

was” ver i runni ng
BDShe dlligAing | I&wﬁfﬂekge(MgrcheNoS\mganh gTIBl aresh‘smngo rebtagd rwas buffer

O T R T
beent BfuiBMhicAChl MbspRAE fHu‘ffe?éH s4lmRl e ’ﬁXt(IPBSt 'S?g’ma P4417). The

coefficient divided by the nol ecular wei ght of the
yesultiag scEv frgcalonm)thm ccmc&zntratqumﬁgg adg ﬁqmrrg@],eq@ar weight cut off

bi. nd in r| f| d d

oan ??nﬁﬂagorr ff?{n con)c)n 15 & cen@ﬁt}xﬁ%%\é Xtﬁé" ]Ef q‘?a%fi% qﬁ PBS was
ﬁé}ﬁﬁe‘dl by efininis ¢0-1508 SDEMpaiescrdladBdd éﬂb,nﬁérmmg Bio-Rad protein
assays and recording a UV absorbance at 280nm, the latter being converted to a
concentration by dividing by the extinction coefficient (molar extinction coefficient

divided by the molecular weight of the protein - ~25.7kDa) of 1.7.

IgM for comparative binding studies was purified as previously described for cellular
invasion studies. The extinction coefficient used for IgM was 1.18 (Johnstone A,
Thorpe R. Immunochemistry in practice. 2nd ed. Oxford: Blackwell Scientific
Publications (1987)).
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Thorpe R I nmunochem stry in practice. 2nd ed. Oxford:
Bl ackwel | Scientific Publications (1987)). Testing of

wa@eiopgedredbi ndi ng usi ng ELI SA Enzyne-1i nked PCT/GB2009/000443

i mmunosor bent assays (ELI SAs) were carried out in
Maxi sorp 96- well plates cogged wth Peptide antigen
EDA KRI QDDC- bi otin (2-8ug/m in carbonate buffer pH
9.6) overnight at 4 or 37C. The coated wells were
%‘e@mgeaﬁautsmgbzadmawagﬂﬁé%ol ubl e casein (Bl ocking

B! oot onn et b P R S st o e otp o6-

hetlwekrkesl cdatbd %tﬂlo@ept[depﬁ&één\ﬂﬂlmﬂdﬂdwbﬂ%lbﬁ@ uf2agefiml in
fo Ih at RT before washing as_before. A secondary

nadh PRl O ov e ght #hd) or AT Ch Bl camied Vel warsdiecked using
b +1k!z§lﬁ% ébl\ﬁﬂ@ Qadeth ﬁ#lg&%ﬁhg GulUhHEf hn fa 9%&%&1( \F{Eﬁred three times

S were then washe ee tInES I n tw ce
mthwmmmmlgm%ma‘weem)zo SAFY sainpids diMBdshddweemt @ to 1:100

SO i,on was deda.ndclor dto el o
FopHGP o e B T S b eEle e S Rgtore. A
YRSn@LY ?ﬁlﬁ—@orﬁb?ﬁe& B&i-HEatht AibARSLILRBE 8dddd @RBtedM:1000 in

was read on a te readi ng spectfophotoneter. Protein
bloplsnatbusfer)ofes 1he¢teRBeW@ilmed thesi weshed tHysseides fn PBS-T then

T AR GluRT drafh 2700 nEOLERE P Muign g added and

Jch@urr B {verts d%{?éﬂpg £ 0Rh AU EEwhRh tife $GLPEE ﬁﬁesﬂlphunc acid

fromFi gure 12, the was | nérease Inding to peptide
wad hdped ﬂorstaspeshmr feacteh. S\bEwrbheCX, 45&3111& wadreadrof) a plate reading

versu

12D HB t
BRI PR HRGuarlats Yoot ALCRRtHGWBIE & Bppendort

Q%h@t@&e@gr rbABn W SEEnRRY JsBSUH @;Qm!cﬂoﬁ c@éfﬁ%ﬁhf‘for the scFv of
Hu that bound to the antigenic peptid

Eb@s m@ﬂbemmlﬁsm%slfowndnme adidly in an ELI SA when
conpared with the same anmount and purity of the mnurine
scFv. Furthernore, the humani sed variant var4 showed a

Bs 10n frel sdeh Trone a8urt N 2Dk RahstifcreiRd ihdigg o GRPTEE adtigen in
with the parent nurine scFv. This is sur r|S| ng since

epEfashd sefv (HeCtprar3(apdoprd) vassusyapringseF inddix frdi1 i) hIt was
AP SukRe PAGERE M P08 B 4 kT B0 08 i
ehygi rewidted war aamiotein, HuCY, that bound to the antigenic peptide
EDGIKRIQDDC-biotin 5-fold more avidly in an ELISA when compared with the
same amount and purity of the murine scFv. Furthermore, the humanised variant var4
showed a 5-10 fold increase in binding to the antigen compared with the parent
murine scFv. This is surprising since the one of the CDRs (VLCDR2) of vard was

modified with respect to the parent murine scFv.

Figure 13 shows an indirect comparison of murine scFv (12D) and engineered variant
scFvs (HuCY and var4) against purified IgM from original hybridoma. As can be

seen from Figure 13, the variant scFvs had higher activity than the murine scFv.

Comparison of binding characteristics using a Quartz Crystal Microbalance
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scFvs (HUCY and var4) against purified IgMfrom
original hybridoma. As can be seen from Figure 13, the

wQ arvamescFvs had hi gher activity than the nmuPCTEB2009/000443

scFv. Conparison of binding characteristics using a

Quartz Crystal M crobal ancefata were obtai ned

conmparing the characteristics of binding of the sckv
variants and IgMto imobilised peptide antigen using

Dla@ Wl‘l? Shtrink@ocomuzaring gy glsaradieristics obbindimgeof t %h sefv variants and

HANE? ot B, pepbAE Chrltpef bl BiED i SR Quaptg Crvstal

1€roBilasRN T0ls {HOdBfetiZuserofsd &&epﬂxﬁdhﬁb@ ahg/en)- 555%@ biotin “chip”
Attana AB, St ockhol m vaede@. Peptide antig
fsdrftiarg arpsielnaansatigantd Bisensep (RuAvie ORiel microbalance

gﬁd}lglpm%taéé'ﬁér ARE g‘f}ég&{o@rﬂn@weﬁé t IP?%e Cﬁﬂ%&%t E%‘?espondmg to that

en ruh acro
sonematusad tcommfthd orjgimal thariae hybraiomab ibixdinytpt¢chatghe CHerminus,

scFys and | wer e subse across.the
6 i BT PRI O ok R b SR e tareet for

R eaﬁki h‘aﬁe&}ezteosdm&ideﬁﬂ q{g@r&gpogs ltHe [SBREA0E €he QCM chip.
frequen hip in response to binding of

O
s&terami%/vwdy(m@anah Svendeneres Tied Wagmmﬁspd echefiges in resonance

efl ecti [ ver the period Ie| c
BFtocBEE of fhe GrME e gh ikEoniTs a8l T BeCauliBhfy i, B antieen
Bhe tagRRERNGT aéfl@rionfin FIMoer. the RRribatdF @mpi mglacttdneof 100s in
anti body was then rel eased fromthe QCM chip

Relsenond avap detarminsd daticachapiibery %tarcangmttarupﬁ @f Bbg/mloﬁhe rate at
\?fnc ﬁ% d&ﬁ tB@ﬂP? 185 Hdr Y (?é ! é&asd gﬂ@%&%ured in
rom requency of the

as the resonance
Hbks@ode (ftoﬁﬁﬂﬁﬂstra‘i@mmmg)obﬁmf eff thwa:soslé‘B@rambab htigody gradually

GRS B A e e o ot o SeaB Runming
BARE SRk rP@S %t?ﬁlﬁln%@égy% We@ﬁ‘?b §'?) aJch%nﬁ@vE@Ql@o 10D to make

was set up I njecti o oop and was runni ng
autibhdy ddumxmatm gipel apfinsp @eciciof copOemitvanion .of Sugrhks eavtt case The
n

SEST fer contro+ ﬁggrﬁ.i ected over 100 seco '%b tant
A8 S WP VAT fre O FUREEOR HROR ARG, V5P THBHIRE Wil Afigpstan

ffdngd Bheel f nRROSRASIEL EnPPBIT IR CORMrYIR Svds Bffedt®d over 100

regenerate the strepavidin-antigen surface between

seﬁ@ndm givials @xpaplereeivale araess| the robips of BRel. r KM (618 volume)

g}\#l‘l JCngcﬁlfi yglgtl(é’gt e%c}'f?\‘/? rézgl?éé%\ﬂerﬁ% ng ﬁéaraﬂ-ﬂ? Ilil V\?g 11 surface
meéentlhmviduaeexpe@ﬂn@ﬂlls@ﬁpﬁmr ed with that

The results are shown in Figure 15. ScFvs 12D, var3 and var4 showed significantly
greater increases in resonance frequency over the injection period compared with that
for the IgM, whilst no significant differences were observed in the rate at which the

antibody was released from the QCM chip under these experimental conditions.
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for the 1gM whilst no significant differences were
observed in the rate at which the anti body was

WO 200a6836 f rom t he QCM chi p under these exper i PENGRR009/000443

conditions. CLAIMS 1. A specific binding nolecul e which
specifically binds to a pept4de having the am no acid
sequence of EDG KRI QDD and conpri ses a pol ypepti de
havi ng an i nmunogl obulin VL domain |inked to an

i mmunogl obulin VH domain in which the VL domain

g@%sses Conmpl ementarity Determ ni ng Regi ons (CDRs)
, VLCDR2 and VLCDR3, and in which the VH domain
conpri ses Conpl enentarity Determ ni ng Regi ons ( CDRs)

D R S M SFE 5 hs o
GRS HEH RIS Y R uidey QY pilypeftide Baving an

MildoRecil Sse[%l!l
RASKSVSTSTSGYSYMH VLCDRZ I's LVSNLES VLCDR3 i s™ '
BrnRESIOBEHG \or damaiadinked srcindinsegnmhamliatVy éemaind@¥shich the Vi

dentical therefo. 2. specific bindi .nol e a

AP SR Cap e B DfEeRi 1SR G LCDR1,
VEOUROC &5d 3. CI9R3 oMkl Y¥HERRL ths V&Y Shh@iNMMsises Complementarity
GYSFTGYNMS VHCDRZ 1s N DPYYGGTTY! FKG VI IS

DY

Netepmining RrasksVETRORSGYEVARL DR2,| YENEIPR3 oreach having a

. QEQR? ' J A specific binding
#%/q?egég‘%)%l}{gls ¢ da%eﬁ%l |er|13§lcf{hg&|§%%_[§glpéél aim2 in which the
CDRs have am no acid sequences as follows VHCDR is
GYSFTGYNWN |

VHCDR1 is GYSFTGYNMN

VHCDR?2 is NIDPYYGGTTYNQKFKG

VHCDR3 is EVDY

VLCDRI1 is RASKSVSTSTSGYSYMH
VLCDR2 is LVSNLES
VLCDR3 is QHIRELTRSEG

or an amino acid sequence at least 70% identical thereto.

2. A specific binding molecule as claimed in claim 1 in which the CDRs have

amino acid sequences as follows

VHCDR1 is GYSFTGYNMN or GYSFTGYNMS
VHCDR2 is NIDPYYGGTTYNQKFKG
VHCDR3 is EVDY

VLCDRI1 is RASKSVSTSTSGYSYMH
VLCDR?2 is LVSNLES or LVSDLED
VLCDR3 is QHIRELTRSEG.
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VHCDR2 i s N DPYYGGTTYNQKPKG VHCDR3 is EVDY VLCDR is
RASKSVSTSTSGYSYMH VLCDR2 is LVSNLES VLCDR3 is
WORIORELIPREEG or VHCDRI is GYSFTGYNVS VHCDR2 i SPCT/GB2009/000443

NTDPYYGGTTYNQKFKG VHCDR3 is EVDY VLCDRI is
RASKSVSTSTSGYSYMH VLCDR2 i s35VSNLES VLCDR3 i s

H RELTRSEG or VHCDR is GYSFTGYNWN VHCDRZ2 is

NI DPYYGGTTYNQKFKG VHCDR3 is EVDY VLCDRI is
RASKSVSTSTSGYSYVH VLCDR2 is LVSDLED VLCDR3

SH RELTERERC Sngfla SASEHIL s AHA% RO cﬁﬁmc?qlggaﬁch the

In any i'sing a polypepfi
ﬁﬁﬂkﬂgwaﬁnﬂmimmdaﬂwdmﬁeqyﬁﬂm&mas shown in Figure 14.5.
A pharnmaceutical conposition conprising a specific

bi ndi ng nol ecule as clainmed in any one of clains 1 to

4. 6. WW@EJGYSPTW' ecul e as clainmed in any

one of clains 1 to 4 for use in nmedicine. 7. A
speci MECBRAW NIPIOY 66iIEY MQKHKGred i n any one of

cl ai m§f}fC151Q3 égbwse in the treatnent of cancer.

VLCDR1 is RASKSVSTSTSGYSYMH
VLCDR2 is LVSNLES
VLCDR3 is QHIRELTRSEG

or

VHCDRI is GYSFTGYNMS

VHCDR? is NIDPYYGGTTYNQKFKG
VHCDR3 is EVDY

VLCDR1 is RASKSVSTSTSGYSYMH
VLCDR2 is LVSNLES

VLCDR3 is QHIRELTRSEG

or

VHCDRI is GYSFTGYNMN
VHCDR?2 is NIDPYYGGTTYNQKFKG
VHCDR3 is EVDY

VLCDR1 is RASKSVSTSTSGYSYMH
VLCDR2 is LVSDLED

VLCDR3 is QHIRELTRSEG.

4, A specific binding molecule as claimed in any one of claims 1 to 3 comprising

a polypeptide having an amino acid sequence as shown in Figure 14.
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8. A nethod for the treatnent of cancer in a subject,

conprising admnistering to the subject a specific
whemditesyenol ecul e as clained in any one of cl aPe®GB2G00/000443

4. 9. The use of a specific binding nolecule as

claimed in any one of clainggl to 4 in the manufacture

of a nedicanment for use in the treatnent of cancer.

10. A conbi ned preparation of a specific binding

frol ecd @hasnacpitiqeb ¢omposiyn sempsising aj specifict bjndingngolecule as

g%gé&;ﬁﬂ&bqg.Bfgﬁh?épﬂaﬁﬁparate, si mul t aneous or

equen mnistration for the treatnent of cancer
in a subject. 11. A conposition conprising a specific

- hinding nolecule as ¢lained in any one of cl ai 1t .
3 And ATt RTiAE Proleoiue as.clptad B aPe A C&Iﬁgﬁstpﬁ o use in
&RARIAsSI Ng a specific binding nolecule as clained in
any one of claims 1 to 4 and angiotensin-I1.

7. A specific binding molecule as claimed in any one of claims 1 to 4 for use in

the treatment of cancer.

8. A method for the treatment of cancer in a subject, comprising administering to

the subject a specific binding molecule as claimed in any one of claims 1 to 4.

9. The use of a specific binding molecule as claimed in any one of claims 1 to 4

in the manufacture of a medicament for use in the treatment of cancer.

10. A combined preparation of a specific binding molecule as claimed in any one
of claims 1 to 4 and angiotensin-II for the separate, simultancous or subsequent

administration for the treatment of cancer in a subject.

11. A composition comprising a specific binding molecule as claimed in any one

of claims 1 to 4 and angiotensin-II.

12. A pharmaceutical composition comprising a specific binding molecule as

claimed in any one of claims 1 to 4 and angiotensin-IL.



