- |- ANTI - VEGFR- 3 ANTI BODY COWMPQOSI Tl ONS This invention is directed to
anti bodi es that bind specifically to Vascul ar Endot helial G owh Factor
Recept or -BOQVBE@BEE98) , particul arly provided herein are PpPBTas2M0/08030d and
nucl ei ¢ acid sequences of anti-VEG-R-3 anti bodi es, pharnaceuti cal

conmposi tions, and uses of said antibodies in nethods of treating a nedical
condition nedi ated by VEGFR- 3. Endot helial cell specific growh
factors and receptors are believed to be primarily responsible for the
stinmulation of endothelial cell gromh, differentiation, as well as
10certain cellular functions. One wdely studied famly of growmh factors
conpri ses Vascul ar Endothelial Gowh Ractors (VEGFs). VEGFR-3 is the
only receptor tyrosine Kkiygs 1 N i kn normal adult
tissues is largely rest ﬁ@ﬁé?@ﬁwgﬁgﬁatl cséﬁgg?ﬁgl ium Nascent VEG--C
and VEGF-D specifically bind to VEGFR-3. Proteol ytic cl eavage of the N and
C-termnal 15 regjions of these proteins |iberate mature VEG-- CANAc, and
VEGF- DANAC, Whi c%fhélsc’&ﬁf"r‘oé‘ § ﬁf??té‘g?éﬂtﬁ)ﬁfi‘?si th‘?t {pd prsificpegVasculaphase | i gands

acti vat e VEGERId@heSilghalth Agrt@mecepni-8 (@& R-y)nphangilpgeviésihsreiniaree. t he
formati on of . LC .V | S f HeXl stin hati c vessels).
The pattersn Sﬁﬁgﬁéﬁ@?ﬁ%‘%‘gg g%ﬁ%n?elsaéa%g]s SR ?'{}I‘—_Jgﬁ—ﬁfe% pé%nélgceeél ICsa[;t hei r

i nvol venent 2@maesitionspying ujep of said aplebpdicop methpdsant tieating ninedi@hasdiodn t he nor nal
vascul ar syst,REnd4ty @kSR-bN tunor angi ogenesi s and | ynphangi ogenesi s.
Further, VEGFR-3 expression has been detected on blood capillaries within
tunors. Thus nmond@dghdi! cshherep§e peythiagssind rgseptors prapdieveditnke msimstivng of

VEGF- C and/ okespintibie Brie sMEdHtRn 31 havigelfah@il pRvantik@lentaBod, Rhidiiat t umour
has been shown to

angi ogenesi s. 25I ddi tion, bl acking. VEGER-3 acti vit
R bt VR e  Hte i ABUR Y TGN DL s by y pes. of
cancer, the Vesslr Gidbteelnf Groethdattas (SEGR).t he | ynph nodes and therefore
bl ocki ng VEGFR- 3 t i 1.nhi_bi mour net ast.ases,
Persaud, et al., ﬂ &?'ﬁ ﬂ%g%lgg%épq %f’gfgsédf}?a %k{ggwe XSS R er t ai n
properties ofduflisgetiohemlyantricteVRGERYBrimonodbbriaim. ahsdeiddiF-Gutd does not
di scl ose thev@@ﬁllﬁg, ficlly BRYto SHEIRRAN Pk RQHHE Sl Q%e anl%bﬁgﬁ&?&ﬁﬁiﬂglhat such
nd. - or

anti bodi es may_ bi There remains a nee -2 herefore 1 igh affinity
ant i - VEGHR- 3r<gRE ¥ dpcgsottingibenicntituibVeF-Epist. epeSEGH-Phisn WEEFRuBe and whi ch

are able to hbeekd diigane: VG- NOTRA; kRS SRLQE vBEERY 8lhMe anliRGl&e f Ur t her
remai ns a nefayglpgor. anti - VEGFR-3 anti bodi es which are able to denonstrate

anti- tunour ugigespesiighy hetoraing of By lygphafic vstets OB eXIsE hout
significant hegkdticvesdd)de 5effects. The present invention provides an

anti body, or ant iTgen bi n ingsé}laor Lon the e%GFl{_Qat bi nds 't o, human VEGFR- 3

wher ei n: € pattérn of exp on of the ligands for suggests their involvement

20 notonly in the development and maintenance of the normal vascular system but also in
tumor angiogenesis and lymphangiogenesis. Further, VEGFR-3 expression has been
detected on blood capillaries within tumors. Thus monoclonal antibodies (mAbs) that
inhibit the binding of VEGF-C and/or VEGF-D to VEGFR-3 have the potential to inhibit
tumour angiogenesis.

25 In addition, blocking VEGFR-3 activity has been shown to inhibit VEGF-C —
enhanced tumour lymphangiogenesis. In many types of cancer, the first site of metastasis
is the lymph nodes and therefore blocking VEGFR-3 has the potential to inhibit tumour
metastases.

Persaud, ef al., J. Cell Science 117:2745-56 (2004), describes certain properties of

30  ahuman anti-VEGFR-3 monoclonal antibody, but does not disclose the sequence of any

such antibodies nor the epitopes that such antibodies may bind. There remains a need



a)the binding of said antibody to human VEGFR-3 is reduced by at |east 90%
by singly mutating Pro-219 of human VEGFR-3 to Leu; and 10b)the binding of
sai d ant iwoay1m33ésaman VEGFR-3 is reduced by at | east S50exhys2ailngiipl
nmutating Val -175 of human VEGFR-3 to Al a. Preferably, the |evel of

bi ndi ng between the anti body, or antigen-binding fragnent thereof, and the
human or nutant VEGFR-3 is assayed by expressing the sol uble extracell ul ar
domai n of the human or nutant VEGFR-3 as a fusion protein with alkaline
15phosphat ase and then determ ning the anount of each fusion protein that
is able to bind to the anti body using an al kal i ne phosphat ase

chem | um nescence assay. The invention further provides a

phar maceut i Caﬁeréf@rmﬁicrh h@iﬂlt}cﬁﬂw}l@l{nﬂaﬁ&(ﬁé@rtﬂamlq}/novgre 1%@ WA bi nding
th'a pharmaceutically

ortion ther resent invention together w
gccept abl e cgfgqlsé{r; ani ‘W%tfgﬁ’ie aglp toetil‘t”ikﬂlg%’ﬁtb‘“d'?@f“ﬁ’ rEEBPE qeBYRtion: h‘%‘eﬁenventl on
provi des a pharheee@uitd Cakd HOMIOSEGHRONMTIOSNS which Greable @ deBREYite 2@ ant i gen
bi ndi ng portl ou'[’ Q‘%Ea% % Otfa vtaltlleiag ertumour I 2%?&0‘8{,81@&0F%%g@g\5e§ th a-

phar maceut i ca y acce e carrier, optionally
contains at I[c€esst one ot her t her apeut| c |ngr edi ent . The

pnvention also praies aleARhipIodks «PlB0k! 8eMuRLdIAE Q%{o%'tﬁede&ff,[‘fggglflyof

t he 25i nvention for 'use as a di cane Ion a
provi des an éfﬁ‘f'i"%d‘g/h“f@ﬁ@ﬁfﬁg*é‘fhe@imdl ng portion ther eof of the invention

for use in the t ra@at Wﬁn@%uﬁl’ng%@é&@@ﬁtlb@@ @fhugl\é§ME@i@RC3a1@qgﬂwedm&r@neaft
eryt hrol euka k cancer, breast cancer, renal

ad an e
carci noma, pgﬁacf’?é%ﬂf‘gﬁmﬁﬁw&l)rm% [ JuranEGER-EBIL6H adncer and | ynph node
met ast asel®. 30Theb)i nvﬁﬂtblrﬂﬁgfoiﬂrsi]dﬂer[nbﬁdlyowlfﬁiﬁﬁn FeoeRBOE r@ficdirgatk iddg a cancer

sel ect ed fro@b&@?&ﬁ%ggﬁwé@%’\? f(gor}gu \pé/(%;& gotqancer human

eryt hrol eukaem a cancer tancer, renal cell
carci noma, pancr ¢atifrebledirder] ofbindige bamesithe agiitlody ocamgerbidlig fragdent | ynph node

Tetastases © heRolBHTR nGOURAL! VIGAITIILL IG L0, 0 RITRL 10, need of

such treatnent an effective anount an a anti gen bi ndi ng
portion ther é’ﬁ‘faceﬂﬁlﬁr dosin of e Hempasrpr mFﬁét VW&t ssarfusadiattionih dlkalipe ovi des a

use of aHSanblhob@ﬂMse 2l th@xﬂ&dt@ﬁﬁm@'tlﬁ@hﬁﬁht PAk fuQBn %rb@ﬁl%ﬁ is ablPtoluf} (frnuf act ure
of a medi Cam?)e antlboéy &sﬂlg artl gﬂ?&ﬁ‘i%ggh%gphgtase%hecrrgmgllelfesc%r?ce Escs;[lye

The invention further provides a pharmaceutical composition comprising an
antibody, or antigen binding portion thereof, of the present invention together with a
pharmaceutically acceptable carrier, diluent or excipient.

20 In addition, the invention provides a pharmaceutical composition comprising an
antibody, or antigen binding portion thereof, of the present invention together with a
pharmaceutically acceptable carrier, diluent or excipient and optionally contains at least
one other therapeutic ingredient.

The invention also provides an antibody, or antigen binding portion thereof, of the

25  invention for use as a medicament.

The invention additionally provides an antibody, or antigen binding portion
thereof, of the invention for use in the treatment or prevention of ovarian cancer, human
erythroleukaemia, head and neck cancer, breast cancer, renal cell carcinoma, pancreatic
cancer, lung cancer, colon cancer and lymph node metastases.

30 The invention further provides a method of treating a cancer selected from the
group consisting of ovarian cancer, human erythroleukaemia, head and neck cancer,

breast cancer, renal cell carcinoma, pancreatic cancer, lung cancer, colon cancer and



fromthe group consisting of ovarian cancer, human erythrol eukaem a, head
and neck cancer, breast cancer, renal cell carcinoma, pancreatic cancer,

| ung cancwo,200i3eev6cancer and | ynph node mnet astases. ThecCiTruseeiosn3nal so
provi des an anti body, or antigen binding portion thereof, of the

10i nvention in conmbination with a further anti-cancer agent selected from
cisplatin, 5- fluorouracil, |eucovorin, oxaliplatin and docetaxel for

si mul t aneous, separate or sequential use in therapy. The invention
additionally provides a method of treating a cancer selected fromthe group
consi sting of ovarian cancer, human eryfhrol eukaem a, head and neck cancer,
15breast cancer, renal cell carcinong, ;bancreatlc cancer, |lung cancer,

col on cancer @rﬂﬁh doMERBadRElan %ﬁﬁ&ﬁla&%n&lﬁ% RInTRITRL 0 LRRE § RY of
adm ni stering to agﬁatlent in need thereof a therapeutically effective

conbi nati on of < WdBB@?““HW“ﬁﬁPf@?W“HﬁﬁdFﬁ@gﬁb@¥¢%hwﬁWéﬁ@6?fOﬁf t he
i nventi on andhainfedtidnher anti-cancer agent selected fromcisplatin, 5-
fluorouracil, |eugcovori at“% and docet 20The anti bodi es of

the present invention® uondg‘i(%ona@y R i Hind 8’93“8@ V1°ﬁa'(t‘lg§‘)b‘1“}”kge domain of a
nannalianfVE@@NOQHwﬁh@msbnmmdﬁﬁg%bfkmadmmmhmxdkthunﬁmOWE&EH&&mﬁaﬂresponds

to residues Jﬁ%ﬁ‘l ths%agr?zxgsfls 1;1 @fotxéHalrﬁéng&qgin]aﬁ t%H)‘i Laleml eﬁel‘%dgl Ou ola, et. al.,

Cancer Res. 52:57 term ' second n of a
nannal|an/huﬁﬁ%#%@ﬁ@@mWEGF¥@Bw16%%@“@6W@@P%¢P@mg'MME%emf)owwumﬂiended to
enconpass natapd @by nd¥e Gldfakths8g forns of the domain (e.g., purified froma
cell that expresses.the domain under nornmal condjtions) as well as

reconmbi nant ver si ﬁ’ﬁéﬂve'@‘o@ also Y d ey sy odyaripiger hindisg pariiqniberesf, o§Pat het i ¢

poi nt rnut@nt snveitioh ﬁﬂh@ﬁﬁtn@tdm%ﬁh&lﬁﬂﬂh& efnheﬁrﬂ&fagen]_&%c@@frbrhleblﬁﬁl af the present
i nvention blqﬂmnl,gpfmmaxm qt %8 g q'SO domai n of human VEGFR- 3
wherein P219 the’ dom nah‘fxa [ éﬁ?w‘?rTﬁguﬁﬁWféﬁ@mei75 is a

subor di nat e @@msﬁmhu@mmwamythe epitope and L221 is a minor constituent of

the epitope. (ThenQurbesrh chhtg)tl%}fyrb?&%eg z?r%«'atg d)?trea%ﬁgzg Qa%!:e? 1’Se ec efl\{yloxgh the

full-length human -4- as reporte , supra,
and EMBL dat§B§§§PC%E@@§§f@ﬁ“ﬁUWﬁérh%W@SZO@DWmﬁﬁn@Jﬁuthnqkpawhased in part

on the obser yakd ecdrNatal deNChbibb 0 pdnBRaULREL QR %F%ca}(&er 5100 ginc{ Paqe 9L or L22 1V
(i.e. substi t he ort hol ogous nuri ne residues) in human

VEGFR- 3 abol&?ﬁhEgﬁfm§§ﬁW?Wﬁ f&CW@HH@@@*PHEWB%ﬁﬂPﬁﬁwﬁﬂ“aﬁﬁ|bodles of the

5 present i nuerdi aﬂhlerip@uttchll@f dffdétA8 tonkbidaen MaEdhftbady, or antigen Mﬂﬂl @on t he
anti bodies o

e}eo esveeg o an«¥eﬁml’\§rz}ntt hat bi nd ﬁ cg ita uman VEGFR- 3
(wherein P21 ? om nant - cond Tt ti8RY 26 FHige % %@m“vh75 is a
subor di nat e ﬂ@n@t&ﬂden@wmmﬂnhamepnmhmeﬁamu L221 is a mnor constituent of
the epitope) are The antibodies of the present invention bind the second immunoglobulin (Ig)-like
domain of a mammalian VEGFR-3. The second Ig-like domain of human VEGFR-3
corresponds to residues 138 to 226 of the full length receptor. See, Pajusola, er. al.,
Cancer Res. 52:5738-5743 (1992).
The term "second Ig-like domain of a mammalian/human/mouse VEGFR-3" (and
25 vanations thereof) is intended to encompass naturally occurring forms of the domain
(e.g., purified from a cell that expresses the domain under normal conditions) as well as
recombinant versions, e.g., encoded by naturally occurring or synthetic point mutants or
truncated versions thereof.
The antibodies of the present invention bind an epitope in the second Ig-like
30 domain of human VEGFR-3 wherein P219 is the dominant constituent of the epitope,
V175 is a subordinate constituent of the epitope and L221 is a minor constituent of the

epitope.  (The numbering of these residues is consistent with the full-length human



able to block the binding of the ligand VEGF-C to VEGFR-3 and t hus
neutralise the 10activity of the receptor. Accordingly, the present

i nvent i orwprowgse®ea novel , neutralising epitope on humeeTNESHROS01Bhat

all ows the production of novel neutralising antibodies to human VEGFR- 3,
whi ch are able to block the binding of human VEGF-C to the receptor. The
i nvention thus provides an epitope of human VEGFR-3 wherein P219 is the
dom nant constituent of the epitope, V175 is a subordi nate constituent of
t he epitope and 15L221 is a mnor constituent of the epitope. The
invention al so provides an anti body, or, antigen-binding portion thereof,
t hat binds an epitope of human VEGFR-3*%onprising the am no acid residues

P219 and V175/edref a¢ %P(Iﬂéd tirhﬁd Ut ety oyl S8 Wﬂvha%%eaﬂcéﬁéd Ragy. or
anti gen- bi ndi 9%%? &L %hero that bi nds an epitope of human VEGFR-3
conpri sing t Hg hahis dpdjee prasd inparisonghgiohservation Spsinekdiag the piasiprs i s bound

by anti bodi Fsva bhe21pK GISIEZIHVI(JW%EtIt\Qﬁhg(ﬂ% dBthol bt Jacmé \ZIE)GP@{Dﬁre&hl%E)ﬁf or ef the
i nvention al s, provi des, en- n rtion thereo
that reacts mﬁ?ﬁmPhe sang %%Feéoﬁmé?&ﬁWQﬁﬁ&W%Ggﬁ &8% gﬁ“ﬁﬂ%?bﬁ & having a
| i ght chai’n cnnp¢mswﬂgl@N@rammnmmaowa6§3@uence of SEQ ID NO 15 and a heavy
D Compr L ol 10 MBSeRTlanAchh GAGURRGE \Ob R bR e bR i Al Lo

reacting with the sane epit uman n"ant i bodi es of
t he present Wﬁ@@ﬁﬂﬂ@ﬁ“@épé”“ﬁﬁ?Wbmﬁwt%yﬂmmnhdﬂ@@mpmaéﬂﬂémablnd|ng to human

VEGFR- 3 and agwfifdicnghdiutier t!h@éﬁﬁt@ d a‘ﬁﬁ] L@ilﬁ@a ﬂfn@f’dogﬁlﬁleﬁt%f %@%%Qgeg}é e
onpetes w th an anti f‘laVl ng a

anti gen- blﬂdl@ qﬁ %lon t her eof

light chain & %ﬁ % Hyg Pﬂ@g8ﬂ*ﬁB¥&%YHG§§ﬁ%¥H@ERéﬁmSEQHQW@%BWQS and a heavy

ﬁhal n conpri sithay bihﬁ} afehion Achidingle Qh@?&entafverﬁﬁﬁ?pﬂoﬂdm no¥d, de@falifthndi Ing to
uman VEGFR- 30Pr.ef er resent .invention al so
binds to a n%?mﬁ?mw%ﬂ?e %Eéiﬁ%gtﬁg ﬁﬁp%ﬂgmg%aﬁg L BeULping ptbodie | D NO. 20
(whi ch |ncIUGEQNIVEGHRﬁammwbwehﬂigﬂ%xaﬁdbmdmgbﬂﬁhmmUHGE{VE@ERm&n&av|ng t he

S eq uence s ho“'}ﬂe ﬁl%nt?’(ﬁl%&sIBrMes Zg‘l]e 1top§ of l(umknlggc_i'&g%h erem PE?%IS ITIUt at I on A175\/)

wherein the binding to th mut aht 'mouSe avin € 'Sequence shown in
SEQ | D NO 2domigar Pft?ﬁté‘é@é@f theyepiape.e¥ 7 i s@@rcfu@reopovmxnntoﬁmpanegh asit h the

bi ndi ng ti@ WiLbH i§ ¥ pRor@useeMEEReppSEQ | D NGO 19) and the binding to the
nmut ant nouse VEGER-3 havi ng t he, sequence shown in SEQID NO 21 is 5

i ncreased by nor € Pf HEFUB2IFgir ey dimeenbiter adiesi-bipdingrortisn figreaythab wi | d t ype
mouse VEGFR- Binds an epitope eftemably yGFine cd)r@tﬁing ok ahind dmm &sibek peend Rg7sant i body,

or antigen- bi nent  t d,t type nouse or mnutant
nouse VEGFR—gggnmgtggngﬁmﬁaboﬁmy ?§Pﬁ§q?ﬁ%°§3‘ﬁﬂ1 déﬁ??&@@*?ﬁﬁﬁ?tdonaln of
the wild typémﬁnmseuo¢mﬁumamYEﬁﬁbSenME@EBmBammoam&QEM$nmm5@ﬂmQELn Wit h

al kal i ne ;phogphal @Iﬁt%peaipgoh %ﬂanﬂﬁ’ Rl OF é}gseltlt I?Vef?t%og”t A3 lboha?) fusi on protein

that is able to bind to the "anti body us an a %sﬁﬁatase
cheni | um nes glérﬁ’@g tgfsxgxgzytlon also provides an antibody, or antigen-binding pomon thereof that

reacts with the same epitope of human VEGFR-3 as an antibody having a light chain
comprising the amino acid sequence of SEQ ID NO: 15 and a heavy chain comprising the
amino acid sequence of SEQ ID NO: 16. An antibody reacting with the same epitope of
25 human VEGFR-3 as certain antibodies of the present invention (e.g. Antibody 1) would
compete for binding to human VEGFR-3 and accordingly the invention also provides an
antibody, or antigen-binding portion thereof that competes with an antibody having a
light chain comprising the amino acid sequence of SEQ ID NO: 15 and a heavy chain
comprising the amino acid sequence of SEQ ID NO: 16 for binding to human VEGFR-3.
30 Preferably, an antibody of the present invention also binds to a mutant mouse
VEGFR-3 having the sequence shown in SEQ ID NO: 20 (which includes the mutation
L219P) and a mutant mouse VEGFR-3 having the sequence shown in SEQ ID NO: 21



Preferably, an antibody of the present invention, or antigen-binding
portion thereof, has a high affinity for human VEGFR-3. For exanple, an
ant i body,wonromn3deen- 15 bi ndi ng portion thereof, that Ras/s2Kd/osdf13bet ween
1 x 10-9M and 5.6 x 1011 Mfor human VEGFR-3 as neasured by surface plasnon
resonance on a BI ACORE(r) 2000 bi osensor at 20C. More preferably the

anti body, or antigen-binding portion thereof, has a Kd of between 1 x
10-19M and 5.6 x 10-' 1M for human VEGFR-3 as neasured by surface pl asnon
resonance on a BI ACORE(r) 2000 bi osensor at 20C. 20Preferably, the present
i nvention provides an anti-VEG-R-3 anti body, or antigen- binding portion
thereof, that inhibits the binding of human VEGF-Cc to human VEGFR-3 with
an |1 C50 of befueenciddd Meaneid §1ﬂM) wherein the bfn Bﬁ% Q)rtﬁebrjrllytantm%&e EFRNL

i nvention pr OVI des an anti-VEGFR-3 anti body, or antigen- |ng portion
thereof, that’ PHRA§ BF tgutpeshorom SEANRBNQ 20 fritetaead biintotsgleniS6-felésponse with 25

an |1 C50 of betwmeen Wik tm\anan@ SwhMypMabRe PESFRNBABEY IS K6: BpLidedy, or
i bits the VEG- CANAc sti mul ated

anti gen- b|nd| ion t

nitogenic res "gﬁ’g '\%??‘Hta%{ﬁ’of‘ ({;CF“%%R g‘&%éﬁ segupnoR Ahag IESEQMD Mot ipr ef er abl y
bet ween 6 5n Mna;mzlseﬁ by Moienhaan 0-ddé ayenas mpesionithaRobindingeX aPlyBe Mouse

Preferably, thegmresent invention provides an antibody, or antigen-binding
portion 30 thereof t hat bi nds human VEGFR-3 and whi ch conprises a |ight
chain variable r elgﬁferﬁbl(v BeNARy! o hiddiag breeeey the hatibndyw ar dndgrh eindegifiegmdnHCVR) |,
wherein the NG GRS ni.ng. regjons (CDRs)
LODR 1. LCDR T ana L ot 3e) m(ﬁse &Qrmnﬁg%@n%??gf;% 3 %ﬁ%@%@&ﬁﬁi‘g 6'%55 and
HCDR3, wher eiftiulicptitceliypsomaia of hawildphaouseefuerinemetse SEOFRD NG, 1, LCDR2
conpri sesiot h%smﬁlpijbfbﬂmlltm&ﬁe ﬁ&@hit@e%@the% de‘e&@ﬁﬁ %95@511n§&%a&1h@s10g0| ypept(:::)gg

of SEQ I'D NG ri ses .t ol etlde of SEQ | 6
conpri ses t hBrO%S’I 5‘73;55?#‘6&%“@0%@“ tlﬁu)\fé; g?%‘lgﬁg‘mﬂ errRIAE S i ses t he

pol ypepti de gﬁerrﬁE@nb@eMssB/ More preferably, the present invention
provi des an antl en-hi ndi rtion.th t.hat bi nds human
VEGFR-3 and t q@%ér(ﬁ%brlf?é%%%& P resﬁnpgv‘% 08" Bt lge§% 1“@)%@9“ 5 and an HCVR

pol ypept i de ergEQS la bigh@tinipfor lllGMJI’V@CﬁRéf é‘load:xhtylple tah ent;bb@s enintigenvent i on

provi des 3n gk RreoMat S0 DHAL] i hal,.pi nds human
VEGFR- 3 and t lé)p&tyrﬁ;lrtl seé)s ff |gk? ch g{égn gg?r({)rl\?g?c{ng&% e pot%)ypep?l de of SEQ

ID NO 15 anHEQF%ééwlewa‘i‘W%ltfh@ﬁrpiaémﬁgreaon@cw YHAHOREE 2640 bEEQSHB NO.  16.

Still rmore pretenak peferttlP hphADS ﬂéﬁM HIlefﬁ 62 body, or
anti gen- 15\%nd| nﬁf(p%‘;jloﬁttherq%%o & ¥ éB urrtaﬁéo\f/qﬁsggﬁdfand t hat

conmpri ses twSFYWiegRe 1€ A *donis @lfﬁd‘ufﬂh‘évﬁ@f}yééﬁa@?aéﬁéﬂb‘fy S| D NO. 15 and
two heavy chahgmoamwah@magmm@omg@m@&%seQ@rgfonEQ ID NO 16. Preferably,
t he inve%\/I on prq vi.d n antib or .antigen-binding portion thereof that

conpetes “Wi th an ﬁetr‘? ol PesFent ’ﬁéen ORRERIGeS AP 8V ESTFRA Wby diantigen VEGFR- 3.
20Pr ef er abl ybindifepoktivv @itcof) haPhEbitsdiRSiRihe R hinkQ AN:GFAT AN h@eR- bi ndi ng

port ion ther GQ(EFR-B with an ICsp of between 2 nM and 1.3 nM.
Preferably, the present invention provides an anti-VEGFR-3 antibody, or antigen-
binding portion thereof, that inhibits the VEGF-Cnac stimulated mitogenic response with
25 an ICs of between 10 nM and 5 nM. More preferably the antibody, or antigen-binding
portion thereof, inhibits the VEGF-C anac stimulated mitogenic response with an ICsy of
between 8 nM and 5 nM, most preferably between 6 nM and 5 nM in an assay as
described in Example 5.
Preferably, the present invention provides an antibody, or anti gen-binding portion
30 thereof, that binds human VEGFR-3 and which comprises a light chain variable region
(LCVR) and a heavy chain variable region (HCVR), wherein the LCVR comprises



that is a human anti body. Preferably, the invention provides an

anti body, or antigen-binding portion thereof, that is a human-engi neered
ant i body.wORDefi38961 ons The term "anti body" as usedThiSe@ilns50131
intended to refer to nonocl onal antibodies which nmay be fully human

anti bodi es or human engi neered anti bodies, as well as digestion fragnents,
specified portions and variants thereof, including antibody m netics,
portions of antibodies that mmc the structure and/or function of an

anti body or specified 30 fragment or portion thereof, including single
chain anti bodi es and fragnents thereof, that retain the ability to bind to
the second Ig-like domain of human VEGHR-3. For exanpl e, anti body fragnents

capabl e of spgg 1%&%1 Rl inB el d uman - 7-
VEGFR- 3 enbr a}celcji tde rese%t gl nv%gﬁ%%%gb@ Q(g[f?fr)g%%gﬁ%}s (e.qg., by

papai n di gest' CO”&’“F%@ R HAGRAnHCIOR2 d HORR3pveesain HCRR hesgprissalhe F(ab' ) -
fragnents (e. agnnobyquﬁr&ﬂﬁt $E@I1Lgxest1 QUbRQB&n;ﬂisé%UﬂeﬂJ&lyﬂ@ﬁ@é SRchipah. var i abl e

fragments (dsRy)..or sin ai nts (scFv) generated by

mol ecul ar %é(%Rf PR !i %Ogype%ﬁfl mﬁg@rgﬁ 5?"épr‘-‘3%§lﬂ§d’°?ﬁfpé‘ﬁ%ied to

i ncl ude, eS g.of SEQMRAND: adl@Redompiisedbe pageptilie abrd) EsNamhnt Hicalradi es t hat

retain the a A i ngd- d Ig-1ike domain of human VEGFR- 3.
s e e

Ant i bodi es inc nol'ecul es conprising four polypeptide
chains, two heavyMpripre&ivainge aieent imenlidnghevidet jn aphieidpsr hmiger-bicmnect ed by

di sul fi de bongsion Faek:; mg%mmhm@b% %Oam?{ h&$ ari abl e
regi on (abbrgw g? ed herein as R ] 1qlggsvy c al n[yoc)g)nﬁitdgnf;/ regi on.

The heavy chélERIBMP&PWW%Y%?PWPSW&P%EQeré@ Yomai ns, CHL, CH2 and CHS.

Each |ighto chai n Msre g@pgaibiys el pefen@ineh @ pr&Rt fh a&ﬂﬁlfddgg)k intl &%Slﬁ}p?‘]g( abbr e¥' at ed
e Il t c ains o

herein as LCVR ht, chai ta i on

anti bodies fF ol#orétﬁf/re?/edr“ftg fslpian S’é@?@? 38‘5@:1‘5?3%8 S ag‘l‘?éb‘h?‘(i CHRISHE t wo
clearly di st ilroblypeppésf SRQMRNCk appd abkoy cantcompribtlahd pilypeRi@s eckrgn the ami no
aci d sequencegngf ;s5t heir constant domains. The expression LCVR as used
herein, is i ntended to include both the variable regions from kappa-type

| i ght chai ns (Vi cYillareer rréferablnricatysent fragitiomsrofidomm hairbtjaetaygend i ght chai ns

(VX). Theslight Jhtﬁé?&y?tﬂ?a% &ngfn%vEéFI@@Mha? CL. The
HCVR and LCVR rlggbtg!rlls i ncl ude IIrles(gl ons of sequetncegﬁyrs)eesg‘eglrlgﬁ)gal I ty termed

conpl ement ar FYSPIEBE BF AYMTeRE o8 §FQ HE NPCHRey fwq hspwrebpierasendsing tha 20 regi ons
that are nor ﬁolmﬁlﬁcﬁl’oﬂﬁmlﬂﬂ()m frarrework regions (FR). Each HCVR and LCVR

i s conposed of t fou ran edfromamnotermnus to
car boxy-t er ni nusq)lrr‘;“(r%er?bnyi %E vale%\ﬁilﬁﬁ’vg‘?saa&ﬂm b PPIRONL RS CDR3- FRA4.
For pur posesth@tfcomh@esmlésaeMtlbpd)«/cémenr@nntmhIfteblnGNBtoCHDRSn WEGFRBbr evi at ed LCDRL,
L CDR2 anq LCDR3, P?e@gabtly%eulg},/xéﬁo%ld% a% ar%t?)g{lyﬁ\({r anti en blngglgqé%rh%r}t erg(ffa? h eIHrCDRS

25Dependi ng on the am™no aci uence - of e ‘constan
heavy chai nsthaidnt hpsapedodan be assigned to different classes. There are

five major classesr@foly, ﬂk%@ntﬁﬁ‘b‘obﬁ@aﬁ%nnbl)@ﬁ‘or alngé%n blngxll?lg %rggf\i th&@oq I gM

Several of these may be further divided into subclasse I sotypes), e.g.
1gG |, |g@, hrigshumagepgineprghantiedy- IgA2 The heavy-chain constant domai ns
that correspond to the different classes of antibodies are called al pha
30(a), dg%ta (s) DefR l(lnlson (e), ganma (7), and mu (ii), respectively. The
subunit Structures

The term "antibody" as used herein is intended to refer to monoclonal antibodies

which may be fully human antibodies or human engineered antibodies, as well as
digestion fragments, specified portions and variants thereof, including antibody mimetics,
portions of antibodies that mimic the structure and/or function of an antibody or specified
30 fragment or portion thereof, including single chain antibodies and fragments thereof, that
retain the ability to bind to the second Ig-like domain of human VEGFR-3. For example,

antibody fragments capable of specifically binding the second Ig-like domain of human



and t hree-di nensional configurations of different classes of

i mmunogl obulins are well -8- known. The present invention includes

ant i bodi esothet038@kl into any of the aforementioned cl apseaISer11980161 asses
(i sotypes). As used herein, a "nonoclonal antibody" refers to an anti body
obtained froma popul ati on of substantially honogeneous anti bodies, e.g.,
the individual antibodies 5conprising the popul ation are substantially

i dentical except for possible naturally occurring mutations or m nor
post-translational variations that may be present. Monocl onal anti bodies
are highly specific, being directed against a single antigenic site (also
known as deterninant or epitope), whicH as taught herein are contained in

the second | airs ALY Of £ TRATELLANVECER denf L ROLTRLS 11 cONtrast

to 10conventi onal polgclona ant 1 body preparat ons cally
i ncl ude di ff digefienankichenesst @igr Berlesshindedstie, Febh @mmlts(m by pipfimant s, each

monocl onal aﬂfgb@l@ﬂ)éndl &sﬂphﬁcﬁQtasmse@%dﬁﬁ:tfmgm&tﬂgm) S&helk LRin@pipon the
antigen. The nonocl onal " indicates the character of the antibody

as bei ng obt é“%i’ée&tsf(?%mé’-&“%%‘é’tyé‘??ﬂ%%?fl Yot gRmsO LS BeRUTEPE B f
ant i bodi es, aisdinieadedad mtl@debeg consinrddiedd asibsEGUdisbolligs f0 @dbsdids@ar of t he

ti body b Spafr.t a "human
gﬂt:bgdg Y %E%%% Qﬁl %qbéﬂ?gfs 8Wﬁ:hk@%??ﬁﬁﬁ@“%ﬂSﬂ%gﬁ%fant regi ons
correspondlng tofﬁ@hﬁhﬂg@hﬂ¢ummnmgﬂummgbbbmkmmnmeq@énmeaﬂ@aﬁkdescribed in
Kabat, et al cham@ ]t%g ﬂxéav@?ﬂ%ﬁeﬁﬁ\s ?R\fo IP Etgiﬁlhglﬁs 191% &!IEH}&%' ﬁiﬁ_'\a % blbn& erest, Sth

Ed|t|on U. S. Depart nen; uman Servi ces, Plcatlon No.
91-3242) . 20%FHE bpavy gty pempriasskal b bedyy chaipeyatiabiscreiess (ebbreviated heroin ai nt ended t o

i ncl ude anti H@@R@&ldlaﬂleé/wbﬁfh Q;Raxﬁ M8 n@es]eyl@rcw@stn&m ;@gton@mga%{sm ine of

anot her ﬁn sgeghecj § as_a nouse, have been gra ted onto human

f r amewor k gngﬂ% graghs H288 P ¢ Bch Gl chan ie rmpaissdri 2 Bglit dhadtequence of

Ant i body 1 asardbls ﬁalgms edbheasted ierdd & LIAVR) uldedlgw dhbih Borls 3@ r&LMPanOfight he present
i nvention, ;Hxégfn9mmeshQn%9nﬂe E&gn Wi t h g qg gyenen s Ln the bi ndi ng
affinity and/or oth PBGT A BT OBET T AL G RS LR PHEAFEEY 1h this

cont ext, t hedistecrtypehuamel lepgi(Reed échbant), boey on thasnitsed Beierienof refers to

addltlonqg ag%&gﬁg5§§]£g tTﬂg&ﬁ“%ﬁ%kﬁaé‘fun lk%ﬂgloﬁgﬁgfrtkfgfﬁo Ant i body 1

(e.g. the ability {o D an epl P219 and
V175) and whihe Farkbly ecgfonainemrka-tyegiighhehainh Gitx) ardshsubgtlangival ffoyn human or

fully human ﬁHxB(ﬁa%ql H&hm& h@lre ll?{}@ha%ecro s\(z%gregfgg {s%%@%&l&%

Subst anti al | human ranemor resent |nvent|on are
t hose that h HePLIEeﬁﬁcﬁmwgﬁéﬁ@@ﬁeewwneﬁtK@yn$ﬁS@Mew¢ranemork regi ons of

Anti body 1. Hp%@fa&h{y}’ben&u Q&nﬁ&%ﬁaﬁ%de@*nhﬂm?%%ﬁ‘s (EbW%FsbéseQ g at |least
about 85%8) arte):gc;)lléltgs tl?a? are more conserved, termed framework regions (FR). Each HCVR and

LCVR is composed of three CDRs and four FRs, arranged from amino-terminus to

carboxy-terminus in the following order: FR1-CDR1-FR2-CDR2-FR3-CDR3-FR4. For

purposes of the present invention, the LCVR CDRs are abbreviated LCDR1, LCDR2 and

LCDR3, and the HCVR CDRs are abbreviated HCDR 1, HCDR2 and HCDR3.

25 Depending on the amino acid sequence of the constant domain of their heavy
chains, antibodies can be assigned to different classes. There are five major classes of
intact antibodies: IgA, IgD, IgE, IgG, and IgM. Several of these may be further divided
into subclasses (isotypes), e.g., 1gG1, IgG2, 1gG3, IgG4, IgA, and IgA2. The heavy-chain
constant domains that correspond to the different classes of antibodies are called alpha

30 (a), delta (A), epsilon (g), gamma (y), and mu (), respectively. The subunit structures

and three-dimensional configurations of different classes of immunoglobulins are well



-9- about 95% or about 99% sequence identity to the framework regi ons of
Antibody 1. Human germ i ne sequences are described in WD 2007/044411. For
exanpl e, woerm2a3sedki ght chai n framewor ks may be sel ect e#Crrusaoilogo1gr oup
consisting of: All, Al7, A18, Al19, A20, A27, A30, LI, L11, L12, L2, L5,
L15, L6, L8, 012, 02, and 08 and germine 5 heavy chain framework regions
may be sel ected fromthe group consisting of: VH2-5, VH2-26, VH2-70,

VH3- 20, VH3-72, VH -46, VH3-9, VH3-66, VH3-74, VH4-31, VH I - 18, VH I -69,
VH3-11, VH3-15, VH3-21, VH3-23, VH3-30, VH3-48, VH4-39, VH4-59, and VH5-5I.
Human engi neered anti bodi es derived frogm Anti body 1 may include del etions
10from and/ or insertions into and/or sUbstitutions of residues within the

sequence of ARGWDOGY pbsenHIVBYSET inclddBEnfibddak 4GOS IIUG] of HSork Gl @bikat he
desired functjonal c ralieglct,eri stl?ccs oafnlAnti body 10(de.§81. the an?ifnlpstdy to bind

human VEGFR- 3355 YR Breopeesipri si ng P219 and V175). Human engi neer ed

anti bodi es havi ngasised fetdin, b tiGHob1OM@AntBERD RFdrd ©8n arﬁibmtohtla@@lyfr&m alﬁcan be
generated using several different approaches, w th each approach starting
with Antibody® ld?lf”?%.sg%%“gaﬁlf/ g%%%?ﬁneﬁg{;ﬁnﬂﬁodfé\?ﬁ"m‘?d“%@ﬁ Wedhces as shown

i n SEQ | D5NOcorBprasimg tHSHEGpuldboiNGe subfantieBypidattical ekegpt fapodibleanpplaliy € or par ent
antibody to npke. - i.pbodi.es. In.a first proach, the CDRs of
Anti body 1 are grng?(g EBBI?%? nggﬂ%ﬁsggl gsrlaglr?fmlHﬁrﬁgﬁnsf}?agrﬁ%’a\%rpﬁes? iat has a high
sequence i deManegfongl anpbadigeart highte weseikic.rbeig dinste® Bzaght aMizicrodlyenit sitThe sequence

identity of (/i@ xREWH £ uBERNRRKor hil & Rhdu¥n RGeiRlrel GRATLq8PHe at 1 east 85%
at |l east 90% at Ieasst 95% or r‘ﬁ%wkeggg] 99%u|¥cien'?1i cal’ vméteh t %e correspondi ng

framewor k i n %At 155 domaingip suagmghian VG FReY, Fughammerejimeegtrpse@uct i on i n bi ndi ng
af finity loonparediokdd (phitloR®dyititbdy pbpdidlioss Wischiti}BcalRBudd dMgerdnf ameWor k can be
back- nut at edmﬁ)od.t he ftrdl,arnawgr.l§f of énti.body ]h at cerﬁai n doosi,ti ons based on
speci fic cri toiPPaSsERTiH) eeRs iy dgsatnagpzch mesoganal agtipedy isdfingefed Sci  Usa
88, 2869 (198gk)nst dFeleiddiemtindni aahd @rigaf Thegodlite $méocloRlShdi@res fhor
back-mutatio A fal |l ows; an anmno acid falls under
any of the f?ﬁa oWl %ghe%g%%gg%bg}é,g O?%Eedﬁoglrfaes\}\%sﬁwag%hﬁlgo%%?oas BPUEHE human
germ i ne seqoiembkodichand is gothebangnaymeths (apiciepproducfignamthwontiopdy ly anepl aced by a
f ramewor ksanpf@udeingihdd om t he framework of Antibody 1 (donor framework):
30(a)the amino acid in the human framework region of the acceptor franmework
i s unusual for hdFaFIMFEREWGIRY %Pb‘{dhaftefefﬁé%i“’élgﬁﬁ*ﬁs hiytvegreezblaané cor r espondi ng
am no aci d i tondmitidyaeycolredpdndineb BdhanforinlineiR@NbJIGHTBNRE kS cAtast hat posi tion;

described in Kabat, et al., (1991) Sequences of Proteins of Immunological Interest, 5th
Edition, U.S. Department of Health and Human Services, NIH Publication No. 91-3242).
20 The term "human antibody," as used herein, is not intended to include antibodies in which
CDR sequences derived from the germline of another mammalian species, such as a
mouse, have been grafted onto human framework sequences.
Modifications to the amino acid sequence of Antibody 1 as disclosed herein are
included within the scope of the present invention, particularly in connection with
25  improvements in the binding affinity and/or other biological properties of the antibodies.
In this context, the term “human engineered antibody”, as used herein, refers to additional
antibodies that have similar functional properties to Antibody 1 (e.g. the ability to bind
human VEGFR-3 at an epitope comprising P219 and V175) and which have framework
regions that are substantially human or fully human surrounding CDRs that are derived
30 from Antibody 1. Substantially human frameworks in the context of the present invention
are those that have at least 80% sequence identity to the framework regions of Antibody

1. Preferably, such substantially human frameworks have at least about 85%, about 90%,



-10- (b) the position of the amno acid is immedi ately adjacent to

one of the CDRs; or (c) any side chain atomof a framework am no
acid is wohor/abe@at 5-6 angstrons (centre-to-centre) ofCamp@aiomief a CDR
amno acid in a three dinensional 5inmunogl obulin nodel. When each of

the am no acids in the human framework region of the acceptor franmework and
the corresponding amno acid in the Antibody 1 franmework is unusual for
human franmewor ks at that position, such an amino acid may be replaced by an
am no acid typical for human franmeworks at that position. These
back-mutation criteria enable one 10to€;ecover the activity of Antibody 1.
In a second approach, human engi neered anti bodi es derived from Anti body 1

whi ch retai n dbhe 9fune tbandk; R6RRRNIhES Ohe MhduRAA¥gidns of Enfhoaf N ability to

AT ING R RN T N O N G T
bi ased fashi dightcpaimtirandvodegense atyeofon e glhatingieiaekhicode)a whi | st

retaining th r i f i ) er y,, the nmutations
(del eti ons, ie;xnlfsg’eﬁﬁs%%é b,s‘g?lg‘?o@f@&%sl“tzmk‘?%gé)&i%Fjl: E)é d&&%@%f“&“@equences of
the CDRs of Herrashamiinmseracian ihbdicesteditom thedrofip amiAng bbody-s, are |imted
to a maxi mumafy 1hyAe 704kl I000s3- 78/ A_4B! ¢ £6 Rl Vet %3-?%2\3{#&”%{9[ most

preferably a single nutation in the CDR sequences uman ‘engi neer ed
anti body whern®cOhbafediin b NH205t\HE-UpRRHS @dudhc s VEB-4AHABIYHE-59\Mher e nor e
t han one nut ahd wRs-k5 present, the nutations may be distributed across the

CDR sequences in vari et f different ways. For exanple, all of the
nut ati ons may occ Wﬁ“ﬁn%\n%fegéqt‘go%ﬁe%@ﬁ&8‘??@%‘“'(‘@?d).mali@gﬁﬁ delegigish nut at i on
may occurl0i n framdhd/frensenibnChRasER MERGEHDE of raiuBaMN @il @ASqiye d7e found in one
CDR sequence t hi tion found in.another CDR sequence. This
results in Zgﬂgk%g?é'r gg\%?ngﬁg}ﬁ%? nal cs! C?rﬁ“ésttf)eﬁmgtpe ﬁsels‘fﬁdg'l“ﬂ?“‘%fllal hunan engi neer ed
anti bodi es, wkecisiistics PicAnGDRY d dgeidirabiityan bindrbitngdtn STEGIR-0nen gitopddr € posi ti ons
as descri bed ahRxNge pYIheY 175§t @i ni ng the framework regions of Antibody 1.
The library can be screened for additional variants that have simlar or
i mproved funct i orf3map Franspied wsibegke havérgraiveitae fingtiond prneriidsaelgntibodyAl f ur t her
approach 150 gamnekéiefitdd uiBhseengufeRheHpRRhELRH &sh %%Fo%éﬁes%nfn Q®, 30 Antibody
rties of Antibody e.g. the

1 (and which,retain.the functjonal pro \

ability to bif Oﬁhgﬁﬁ- ‘"’\‘}é@;{ﬁg‘%haé{t"g&ﬁeéﬁﬁf BhER spessss pywpmFQRY V175) is to
conmbi ne the N@AOS apFEQAONS 1desgxiieBlaahorgaantardilarikipRgge i N both the
framewor ks ang. I -11- 0 r rds,..after grafting the CDRs of
Ant i body 1 i%&‘t"gﬁé. HeK?S'erIf?aff.lrrStai1 r\?\%:H}?e %%@SC(’?%“E}"%‘YS%%E%&J‘P@% dues may be
back- mut at eddifferenidiine fomerorknimk hasg high arigese identiheitiCDRsame Mgk rggnar al _
princi pl egof oftmiﬁomt hﬁ@'&h&gé’e 1&eﬁm‘§5%§&15h ﬁanllegvo&g'ritﬁg?n%}agys éela? ?eg T 1 Mt Biol.

294: 151-162, 5The amino acid changes al so may p ransl ati onal
processes of 3hat b areisimeesr edeashif Voso tlilest SO%udantiaswightingi ng t he nunber
or position @kre@bydSithRivb@M Shtlb8S: 1. This grafldRSl k&t ihQRedi@lhant s may be
gener ated by .s&Jbsq%t'L t.tuti n[%a one or nore hyper -vari abl e regi on resi dues of

Anti body 1. CRESHINY sePREy ¢ opubgdhk AEPisAyhs s the fiansvenasanbabicknt s i s known
as affinity meted @ticdnmasomgf phige idit sglamyposiBay Bisad onhyRalc\afiiabl e region

SITeS 55 published by Queen et al., Proc. Natl. Acad. Sci. USA 88, 2869 (1991). The identification

of residues to consider for back-mutation may be carried out as follows: When an amino
acid falls under any of the following categories, the framework amino acid of the human
germline sequence that is being used (acceptor framework) is replaced by a framework
amino acid from the framework of Antibody 1 (donor framework):

30 (a) the amino acid in the human framework region of the acceptor framework
is unusual for human frameworks at that position, whereas the corresponding amino acid

in Antibody 1 is typical for human frameworks at that position;



10 (e.g., 6-7 sites) are nutated to generate all possible am no
substitutions at each site. The antibody variants thus generated are

di spl ayedwpreor/aseeseval ent fashion from fil anent ous phageCparstéialoss3ns
fusions to the gene |1l product of ML3 packaged wi thin each particle. The
phage-di spl ayed variants are then screened for their biological activity
(e.g., binding affinity) as disclosed herein. 15The assays discl osed herein
can be used to screen human engi neered anti bodi es derived from Anti body 1
to identify those antibodies having the in vitro and in vivo functions as
di scl osed herein. The anti bodies of the present invention may be

i sol ated anti bodies. An isol ated antinﬁy i's substantially free of other
cellular materi al(bﬁnd(hgﬁosgggmt@x@!iﬁmo g:q)d ng{le%d@ly zﬁi?a LPR%n ofdRe éﬁl@d herein,
refers to a particular nolecular region on the Surface o? an antlgen
capabl e of elPfciting an i mune response and of binding to the specific

anti body producect@by mmeahanmcp@aﬁa&m@wo&@m@@ad%&Mtht}leabaulslenear epi t ope

(i.e. conposed of conti guous €1no acid residues all contained within a
S|ngle shorta@¥V%?%ﬁm8?‘“§& ACBY 3P o § CHREY™HE 251d SHHPGSE REERssmal  epi t ope
(i.e. composesmofglamilinemeddi d resi dues 25that are in disparate parts of the

| i near sequence e br ought ether to formthe
ant i body blndlngq&V?g gﬁgge% mbams’“@ﬂhgg%hﬁ%§WP'§ 566%@%??3?@ secondary

and tertlaryﬁ@m@ﬂ@tuﬂérComvadagbmmoaﬂdepht@mémbg1tmmwbﬂﬁuMmdmbbra snal
nunber (e.g. hangnqra@ewsn(s&s% RRNOR A Lk BSLANES, @b ALAURY il 29§ those
resi dues (e. g{ mutation to a different amn acuf1 edi fesults in a
si gni fi cant étﬁﬂcf?ﬁhéﬁa’b’?’af’ée\)"éWS glohg pesttion 3Bhkepohack- méﬁtlwfcrlteﬁéefbblndnﬁng bet ween
the antigen &némbﬁamﬁwwﬁ@BﬁAmmmhq Ant i bodi es or antigen-binding fragnents
t hereof that "conpete" wth nol ecul es di scl osed herein are t hose t hat
bi nd human VEGFR- aefo%ﬁaf’@t’%g‘ Pt engingered apsbodiey dssivedirgm pgfibody 1 gy er | appi ng
with, the Sihh@&%wahthh@hmﬂhmpﬁmﬁsemmmﬂm]Ecui&ﬁaﬁh@d}h@@ﬂﬁﬁﬁlng human
engi neered a [ ant i nRdin agnent s th reof .can

i dentified, ?glr}plgqaaﬁ% glto ra Sm %I 68%91;58 lfegteneéaﬁe W““&%F exarrpl e, a
sanpl e of pufPRé @fd%n@bomér(tlthad rhl}ﬂOpﬂiyrqrin aeldaSbﬂJﬁaﬂlmanE@éR d8gdngradyatitnd to a solid
support. (An afhb RabadWnith&.iRhERERS é“rbvl@ﬂa b | onal
ant i body or antlgen-bgnd:ﬁg ?régnenln W t glﬁ% ggﬂ?ﬁ%f%éé?ﬁﬁgggntlbody of
the present PHPERE (d5iKtigngesertians an@(?“e*“@%‘ié‘ﬁo%blﬂé‘%f anjifo agif gequegises| if & ant i body

and the unl abpRest hambid DERYerdd 6bokiRs &BPAS RInPARNEMI SEHGEA Sh t es on VEGER- 3,
the | abel |l ed antlbogéﬁmnll bind to the sane | evel whether or not the

suspect ed colPEPIAGH AKE MBBERRSi O palsaiy IV BHaRpas or most prgferably ¢ daglof
i nteracti on antetidndetht CORlsequences/@tHeapphmggintdiel ahGbounivadaeb@phrantithbody wi | |

conpet e, ,and f antl 0 0 th ntlgen w il be
| ower ed. m%gsﬁﬁ %(9 n&%@f% ggmfgmﬁréggﬁ?mmmmml%%?gl 0 | abel | ed

ant i body mnImmﬁﬁmﬁm@FbﬂmpUWpés@gﬁﬁkCﬂﬁ@%@mesemmvwmmeﬁwn&nmt@@apet|ng human
engi neered apj i.bagies mhemzing&nnéyo@m NG shipR %qﬁle{s&gé E%@; § those that
I es )

decrease the binding of the present antlbo ébout 60%
about 70% alSeuEERmay Sest ingHofereaticoR seasmongT t‘a%@ut@ﬂogsry@y rfoulddut 99%

Details of pneCBRUERSHEQRd LB Mhte@oncmtnd m&h&queh&n TRSRANE ipr e wel |
known in_the art and. can for exa Har| ow and Lane (1988)

bbe fg
Ant i bodi &%, B TEigh HresPIiRpleHTL brarys] ymep F’ig.r:fgef%?ﬂﬂB Mies aytsreit by YP®r ess, Col d
Spring Har bOStEquehRmarh’ﬁm{ﬁted pages: ib&d p(ﬁﬁlgns o FRNHHA 8698 Whdd detadningSHEN assays can

oe T, S St 548, AL, AL e A EPIRLA Gl ve 1
anti body is hgg@@imﬂz@ pr 1|gmtohe(t ﬂqg:tlblaibgdop@twg when compared with Antibody 1.
A turther approach to generate human engineered antibodies derived from
30 Antibody 1 (and which retain the functional properties of Antibody 1, e.g. the ability to
bind human VEGFR-3 at an epitope comprising P219 and V175) is to combine the two

approaches described above and make changes in both the frameworks and the CDRs. In



the conpetitor. The capacity of an unl abel ed conpeti ng nonocl onal anti body
or antigen- binding fragnent thereof to inhibit the binding of the | abeled
nol ecul e wo 20t»03pd9at e is titrated. The results are pl ot Pedjusand/ osiiel
concentrations necessary to achieve the desired degree of binding

i nhibition are conpared. 25Human VEGFR-3 exists in two forns, which are
generated by nRNA transcripts of differing |length. The | onger transcri pt
encodes a protein containing 65 extra am no acid residues at the C term nus
when conpared with the protein encoded by the shorter transcript, with the
| onger protein being the major formdetected in tissues. The two variants
are identical in their Ntermnal extrakellular domains. The term "hunman 30
VEGFR- 3", unl t | d type
VEGR S uf é)@](%lsv_v&gdﬂ@ﬁemg@ﬁm%%@t% om&t@s% i ,tha%mre @Anﬂe%&asgpz | aepe
t he al t er nat d2pRRRk f‘?"ékﬁé‘?ai/ Bt ack-mutpd in add‘tlon tOTfH*émgl chehgss in thefldRand

corr espondi ngham@naal @iatigle 5 L0 @R8I lsldggzrlbtg\lﬁwu%!ﬂo@()@?; JANLI bedy | are
designated a 955%&)8 NCS: 4 and 5 respectively e nucleic acid and
correspondi né acid sequences of the HCVR region of Antibody | are
desi gnat ed her ei riasmSaGril Eha%als@mamiteﬂ@sﬂit&ﬁpﬁfbhdl‘Iéﬁb@éses offthenuaugl ei ¢ aci d
and correspo 0 aC| sequences of, t he i ain.of Antibody | are
desi gnat ed hggée%greggpn q]\@éﬁlanﬁg% o v Orepsof)’e f@@ﬁvylamsﬁf& acid

resi dues 1-19 of SSE@LIUDH mant.ﬂ_@axcbaBnqrettmla sabsg@grg@mo pymgeyenceatisef ul in
expression a t lian host
cell lines, E%{O%\)}(\%nslrdg% O:fgﬂtﬁl%?y Ep@Jgh@hﬁeﬁ&'&%&eﬁeﬁgE%éﬁg{%{tﬁ%[?aé ’11 e amno acid
sequence of KPRWIARIAEY PitWREONGKAE Phagt disiny AryPriiduipereriphie wWeigh gieat ed herein as
SEQ I D NQo 1%.g., 6-7 sites) hREnuidsl 18] e%ex@t%'amp@ﬁgleﬁﬁfnﬁ‘@@ﬁﬁﬁ'twnpg A RO @ei d
sequences of the hea hai n o s‘ﬁﬁ &go(lj%/ 1l are de5|glnat ed as SEQ ID NOs: 13
and 14 respe&‘“ %YI‘S?“E‘ thys,gepepled@recdisp gy edipa merqy gl &ashipp o flemertedt  chai n,

am no aci d r elsigelprescle-ad Bisiods t@EQgén@IIN@.Od&ﬂomm&l&g&i&mﬁm&@&lrﬁ{&l@l@y Sequence
useful in expressio extract ain.fromyvarious

mammal i an hogit;e ;ﬁ]?i%el R ?p?ar\{gd varl%ntstare ?ncsig:]reensea Eocr)tthelr% Oélﬁ%] aftH”tY Heeg I?H@ﬁllge ant| b ody.
The ami no acﬁfiﬁn@é%‘émeddieretMe mat ure heavy chal n of Antibody 1 is

desi gnat gd her ei rTh@§ss§§@sélQeMren1@an be used to, screer§‘91 %%ﬂg&eérgdz%lbo%%san“ body can

be determ ned based on affinity and/or avid represented by
the equil i br AgiFEBHS fathody bio @q%fy&wgwet%eisbwmsftheamwaﬁ@mdgewvw th 20 an
ant i body (Kd)unctm@@w[selsseah@elbl ndi ng strength between an antigenic

det er m nant and qﬂ é(%g bi nding site. Avi dltX is the neasure of the
strength of bi ndi AG*BRLWES the, presept YBERR T R ispped aibedigsn An okt y i s

rel ated to baottihodyhesubdtdnkinilytfiee bt efiuanmagia aaer Welltalkst S anti gen bi ndi ng
site on t,he anti ntlbo whi.ch refers to the
nunber OfZBantl geﬁﬂgl ndleﬁ)QOpe asuseé?erem re(%er§goad)ra ulaé& ?%blérregmleonltlé sser the
val ue of t hesukdce opst mg@tCﬁmhlgef el@hlegmlnmungresiomragidf beingeshe an anti genic
det er m nant t ihvention also
provi des a p%)?g%i%ﬁ%o? kfoggcgag}?éugﬂ%%%ggéeag%%mw . g?%hrgfa Ie%ﬁggae {5 body of the
present i nveffripaifd (’%"Ogtlg“ﬂ\'i‘ﬂai‘"ﬁ@d‘y‘dIeSﬂUfSEQ)C(P@IN@WHh@P single shpgslsyeiehedfeot i des
that conpri S@qt&ﬂc}é) MNEmSf betaRntoiali @l PRASpe Pile. SonPolell bPMitNRIEQ queLr any one
30 of th i ncl udi {l%%gé variants_thereof, of an antibody of the

present ?%vetﬂ?t iP5 figpagite aK eaf yequeprpofheatigep. q“h‘(‘ﬂé?ft froboughso provi des a
pol ynucl eot i deethtchatforentodesoda biniightiteohai te Afiganssanésiikaghtomhitet he present

invention (e seSbndd ngndqgrgé}/ry 5 nl_cturSeEQ‘ylpBalw,oén e]f)ilfgﬁe iso cronstituted of a small number
(e.g. 2 to 5) of key amino acid residues and disruption of those residues (e.g. by mutation
to a different amino acid residue) results in a significant reduction or even complete
30  abolition of the binding between the antigen and the epitope.
Antibodies or antigen-binding fragments thereof that “compete” with the

molecules disclosed herein are those that bind human VEGFR-3 at site(s) that are



-14- pol ynucl eotides that conprise any one of the VL regions or a portion

t hereof, or any one of the VH CDRs, including any variants thereof, of an
ant i body w0 20tp3pe9esent i nvention (e.g. Antibody 1). ThecCirsentiosn3al so

i ncl udes expression vectors conprising any of the 5pol ynucl eoti des

descri bed herein. Exenplary vectors include plasmds, phagem ds, cosm ds,
viruses and phage nucleic acids or other nucleic acid nolecules that are
capable of replication in a prokaryotic or eukaryotic host such as a cell,
e.g., a mammalian cell. Typical expression vectors contain transcription
and translation termnators, initiation sequences, and pronoters useful for
regul ation of the expression of the nidtei c acid 10mol ecul es of the

i nvention. ThenN&ChodrSvermypial with, GORIR) Rt WIS FresEX RoRSIQhacasset tes
cont ai ni ng an |ndep$ndent term nat or sequence, sequences permtting

replication OfP"PHESPERIGRENFEYIpEPodies ¥ apiest-badian fagsieak deigotcente i . e. |
shuttle vectomﬁuﬁﬂd&sehﬁp&h@ﬂmﬁ&ﬂ%&f&mﬁ&hmb@k&rHbﬂ&&hM@h@&nﬁ@&?eUkarYOtlC

systenms. The vectors t er t rovi de a phenotypic
trait for selPediShPeY g& 5%% éﬁé&?“gggh g%ﬁP@WhﬁﬂfW@gYstance 15t 0
anti biotics QthmagnanpmmnMMdmwamxmanmybmnmmyoramgémMMEQMegﬁmqmmhers

i ncl ude cons teltllieltj Ih'e Y&t & 58{6-9&8?# Q:gen't {Egé%l(f\l!)éjlfibee d‘QJ O t e ! <§ded ﬁ? ﬁlr ?a%el[]t ative

expression control sequenc nD ers 1nc ac sys “fe trp
system the taaté?%syégxfiémuntabpéedtan@ogy@p@msem}e@pd élpetrt‘ailm ona\t‘EGFpRr dnist er regions

of phage | anmglledtaﬂﬁ)o@)g@ﬁlrbmd 1§ 8L 1QE hemOA; n&rt&tsgép@ctedtcgl% Gglln%/COl ytic
pronot ers of ronoter for 3-phosphogl yc e ki nase, the

e 20
pronot er s ofaV§B@PS&€$Ht6ﬁ8§ﬁﬁéﬁ %%ws@”ﬁawjﬁﬁﬁs“EﬂﬁébeﬁﬂﬁWEﬂghbf t he yeast
al pha mationg uhlaieteansibofy VIM@bGpSe, BRI thaBbubtiod AbdBEadibiBboMtOMEgal OVi I us,

met al | ot hi oni unor virus pronoter, Rous sarcoma
Vi rus pronnté& eywﬁqﬁkﬁﬁﬁﬁngﬂﬁﬁﬁngpg%ﬁ%%gdﬂﬁF§Wén8%?FﬁéggﬂP6n1polyona
adenovi ni s, r&tbrdwitlbagd. an®m$mﬁsahmmnﬁusnwengm@omhmngamhye@ﬁdmbate

pronoters OT alﬁ\lgéfges 02? {%I’IUC lr?%“zié%gntﬂha@ofl arectflosg %St c{' %rease tlIllQBn(%m Ostl thSeBS uch as

cells containing a e or a vect y "host"
it is meant &reFBR byyihont S0%) *hswtaﬁo"/ombgatﬁﬁ%mhwt 8%, zlrb@sttSS%eetbloﬁt whi ch

refers tosa o@klabQl oPRRH bkl 9, WetH8h4 p?ocEJhrreQ fm(l:lmggoup&hy H{pl&tﬁ%&l de or

vector of the invention is introduced. A host esent invention
may be a euk&PSfieel Epqwgp the att pnd campe fowdetir erampleip Hprlow asdilasl | vert ebrat e,
30manmal i an, (umjemtzbodrasp USiborPlohMBkiRal, O81d BB MafBt Labor@ioryi@dsh, doldne Sui tabl e

cukat L) oSkl e 488 LAt 0 S LMRL LoBE] SSl L PLant cells,
| i nes, COS cakdegiuaiB0vclel Useg purdieChi@ibodies. A standard curve is established by

20  ttrating one antibody against itself, i.e., the same antibody is used for both the label and
the competitor. The capacity of an unlabeled competing monoclonal antibody or antigen-
binding fragment thereof to inhibit the binding of the labeled molecule to the plate is
titrated. The results are plotted, and the concentrations necessary to achieve the desired
degree of binding inhibition are compared.

25 Human VEGFR-3 exists in two forms, which are generated by mRNA transcripts
of differing length. The longer transcript encodes a protein containing 65 extra amino
acid residues at the C terminus when compared with the protein encoded by the shorter
transcript, with the longer protein being the major form detected in tissues. The two
variants are identical in their N-terminal extracellular domains. The term “human

30 VEGFR-3”, unless otherwise stated, refers to both variants of wild type human VEGFR-3
(i.e. SEQ ID NO: 17 and SEQ ID NO: 18) that are derived from the alternate mRNA

transcripts.



-15- cells. By "a population of host cells,” it is meant a group of
cultured cells into which a pol ynucl eotide or vector of the present

i nvent i orwoani12s3dot r oduced and expressed. Any host cel P€TMis2@h/09d1B1
support expression froma polynucl eotide or vector of the invention is

i ntended. 5A host of the present invention may al so be prokaryotic.

Sui tabl e prokaryotic hosts include, for exanple, E. coli, such as E. col

SG 936, E. coli HB 101, E. coli WB110, E. coli X1776, E. coli X2282, E.

coli DHI, and E. coli MRC | , Pseudononas, Bacillus, such as Bacillus
subtilis, and Streptonyces. The invention al so includes nethods of
producing an antibody of the present 10 invention, which entails culturing

a host cell expressfge0R&d Hd cHPésﬁ‘onB%)ﬁmAGh&@&h&’e‘i{&s?%@ﬂ&ﬂﬁregﬁ') apti body of
t he present mvg? ion, and recoverin e anti rom-t ture medi um

The anti bodi e¥1BdVIE d5pgasdps ff"‘?f?/%ft‘lg&f“’@éﬁr%@cﬁ d as medicaments in human
medi ci ne, adm ni Sﬂ&:l’lﬁdelbymdiaddabﬂr@ﬁdﬁdﬁé arhﬂblE&@seqLMﬁ&Ts oPhefievRRlgYon of

phar maceutic 5 |t| anti bodi es of the present

i nvention ar gxr?lgocgpar ent P%‘é %@Wﬁ?%ganéﬁ%ﬁwﬁﬁ% Baceuti cal

conposi ti ons can B@npqclepandadldbwamhmglanmhdld de@ntes biithd @t @k of See, e.g.,
Rem ngt on: h\%tl%qqpe %@1 ICEE‘UQ’Q LI Cﬁ%d) FD IEB?HT%&(V 12 rg'sggcrt} %}? 1995 A

Gennaro et al and conpri se 89°4¢" di scl osed
herein, and éesﬁiﬁﬁ’rln@déﬁﬁﬁélawwlé@m@mtameere@a/rsmtence uekifl iranxpresson agkci pi ent .

20As used hergtdsiontdt heligk¥Bain fréth \/zmotls m&HimaliBektsl &l Ihgeﬁ uy\%ﬁlm g(ﬁpeCt to a

bi oactivity of an antibody of the invention neans
subst ant i al | Y& Bdirawe a“é‘??ﬂ% Bhg amipg ifespruence abthe e hgllt@wm@ﬁ sr upt,
el i mi nat el smpbodpe@uuaagrmredmavleawa@ubma@tI vity of human VEGFR-3,

i ncl udi ng, but nof, | i m n VEGFR-3 bioactivity as neasured in
Exanple 4 or 5 heré&in. elczgﬁisanggoéﬁsﬁ%‘?gg HONG JGH SERIFRRSS ofthedigpvy chgiprot' ¢ r eat nent
refer to t heraptedy il erctdeegibed st SEQUDEN@S: 113 bilidl 40Bp&Rately. AstiDthPELYSMNke OF S| oW

doun. (1 essen).aih LRARSHER thAlYihoLABLRL, ERENAG ABSGG! aLed mi Lh a di sease

or di sorder enefi ci a @sire inical res CUGEYSP] evi ati on of
synpt ons, di Pﬁcﬁfc@h%?ﬁwced{seftﬂh@ expres et and fxtactph sbthe keany chdin Somderiqus

st abi | i zatsi 0&a%al@an(ﬂib§@@ﬁﬁle§)5ut@h§:@r%{’ présdent8h the W%Fe%nﬁdaﬁy d#h%%n%% or disorder
30sl owi ng of the progression o I sease or

does not vvorsen% d’%¥

di sorder, andi{ AyP kﬁfnaﬂ‘é?}feP‘éYt‘ih%OW“ﬂ’?fB ldp designaedderciias SEQEP , and
rem ssi on (whNet her partl al or total) of the disease or disorder, whether
det ect abl e or undete " Tr.eat nent al so nean prol ongi ng survival

as -16- conpared’to Cl B}eaélta%t(‘,l’ogma\?|b?/gﬁter?lfne‘ﬂ fyed @By o P\é‘éifgyrrent. Those in
need of treat\ffeny, r¢mtnﬂd®yﬁﬁmgelﬂaiunﬁmbyanvubt the tik@cialicd@agtanBgendiiGor der as

V\Bl l as t2603§1 &[1%9( ?n%gs\ﬁlegg]etbnﬁm 5t§e§§ Ogengl 3 rggnel{/detemnnant anqipa83| tl ons Of

the invention may inc her apeu
antibody-binding site. Avidity is the measure of the strength of binding between an

antibody with its antigen. Avidity is related to both the affinity between an epitope with
its antigen binding site on the antibody, and the valence of the antibody, which refers to
the number of antigen binding sites of a particular epitope. The lesser the value of the K &+

25 the stronger the binding strength between an antigenic determinant and the antibody
binding site.

The present invention also provides a polynucleotide that encodes a heavy chain
of an antibody of the present invention (e.g. Antibody 1 — SEQ ID NO: 13), or
polynucleotides that comprise any one of the VH regions or a portion thereof, or any one

30 of'the VH CDRs, including any variants thereof, of an antibody of the present invention
(e.g. Antibody 1). The present invention also provides a polynucleotide that encodes a

light chain of an antibody of the present invention (e.g. Antibody 1 — SEQ ID NO: 1 1), or



5 amount” of an antibody of the invention. A "therapeutically effective
anmount” refers to an anount effective, at dosages and for periods of tine
necessar ywot2o12asbiseve t he desired therapeutic result. APCmaSapewsiigal |y
effective anmount of the antibody may vary according to factors such as the
di sease state, age, sex, and weight of the individual, and the ability of
the anti body or antibody portion to elicit a desired response in the

i ndi vidual. A 10therapeutically effective amount is also one in which any
toxic or detrimental effects of the antibody or antibody portion are
out wei ghed by the therapeutically beneficial effects. Therapy may be
"first-line", i.e. , as an initial tre&tnent in pati ents who have had no
prior anti- C%@@%cle%ﬁ&@{hg@gﬁﬁvise%h}t Hehr @b QD Ceohns bk SRR 'th@l%gi\‘;ﬁﬁnwoéeh ot her
treatnents; or "second-|line", as a treatnment In 6%t]ents o have had one
prior anti-c&hter Gk Relndingay syyiams hereel phaeantiiodne! tprésent doesionat i on wi t h

ot her treat meog ntibddyas "third-line", "fourth- line", etc. treatnents,
ei ther alone or ip conbi nafmiﬁonl &/i‘t h ot her treatnents. Ther apy may
al so be given to ParTEN8 *RhECHLED BRIV GoEPIg ARmMtss whi ch have been

partial | y Ssupclessfeutidebddscribedhdreid. alxemplaty ve@ort melu@aidsingld] phlgemidat nent .
Therapy may %!)s ds,bxelrugés\ér?({]nph%‘% n?xglﬁi?géiézjsvan{hﬁrtn&gleaig ggcp t@%lfclfugleg 3@? %‘%%%8 rl event

reoccurrence of cancer | _ W't h Mo et e di sease
or after sur gfeplicataaripypriokanfotit orvokarycBaheesush tsragall,ed., bynatmhelidnnviént i on

i ncl ude pri W&?%ceﬁ Wsﬁomgtoé %&Q&g@e{nl{crlg{ionr%fl E%fs%é&r&q%&nmrrss ingtgﬁlén h ave

net ast asi zed rough the |ynph system (inc _those netastasized from
| ung, breast SeaFopr BEPEamoyers usefhldairezuiatian ofifepexpressiop ebthericleisabidde t unors t hat

are not VviasCortulZeMthe Hverdh. Vl@&e&é@ﬂ@ﬁil@i&h@ih|g%eﬂ@é&§f‘é!;s§fnic§s‘§gbes as well as
vascul ari zed tunors. I;}L’ngfc;zfggancer.s may be conprised of non-solid tunors (such

as | eukeni as ‘AWt T84 9t SFIIRRSS SRS SFY CRETRSFrRitting replicatiqnofghe of cancer s
t o be treat edeowir ifbotthekanttdshathreisiryofes, i heshufiiv @tdromnd sddetisitgarRdagpl an cancer ,

human erythrgleukaem a, head and neck.cancer. breast cancer, renal cell
car ci nonm, pancPeat R R A e N yd:ﬁm%lﬁﬁggg‘?ftﬁurther, gi ven

the rol e of pieeldSOPNEGRICHNEGRReGopaf thnefyrmied hqstsonabtas nopfdmymgphiangicogenesi s

and gi venst hatandiQlcs RELs IyRAEN OfncGARGEer, the first site of netastasis are
| ynph nodes, bl ocking the VEG-- C VEG-R-3 pat hway woul d be expected to

i nhi bit | ynph nod¥ihlrsanoiasiaclude cgnstifutiypromapers gnddngyeible prpmetessat i ¢, gastric

or col or ect aRegzangfive tpeRgsd Sn@dl s@;hences@%ﬁﬁfé’rs iRﬂ&ieﬁhe@@c(s?Qtem,%@%%‘ 2657 ]
(2006)) . e [ be adm ni stered al one (nonat herapy), or in

Th : ant i body ma%[
conbi nati on WER BRES HFCRpPe 7t HaFRpBUL RMPIA0E POBCET FaOBPEAIAEE or  t r eat ment s
(conbi nat i onlatnhéx, thpygntrollagon of fd coat protein, the glycolytic promoters of yeast, e.g., the

20 promoter for 3-phosphoglycerate kinase, the promoters of yeast acid phosphatase, e.g.,
PhoJ, the promoters of the yeast alpha mating factors, promoters derived from the human
cytomegalovirﬁs, metallothionine promoter, murine mammary tumor virus promoter,
Rous sarcoma virus promoter, polyhedrin promoter and promoters derived from polyoma,
adenovirus, retrovirus, and simian virus, e.g., the early and late promoters of SV40.

25 The invention also includes non-human hosts such as cells containing a
polynucleotide or a vector of the invention. By "host" it is meant a non-human
multicellular organism or a “host cell”, which refers to a cell or population of cells into
which a polynucleotide or vector of the invention is introduced. A host cell of the present
invention may be a eukaryotic cell or cell line, such as a plant, animal, vertebrate,

30 mammalian, rodent, mouse, primate, or human cell, or cell line. Suitable eukaryotic cells
include yeast and other fungi, insect cells, plant cells, human cells, and animal cells,

including mammalian cells, such as hybridoma lines, COS cells, NSO cells and CHO



50t her therapeutically effective agent may be conjugated to the anti body,

i ncorporated into the sane conposition as the anti body, or may be

adm ni st ewedorg3acdsepar at e conposi tion. The ot her ther ap@aiSz@alosor31
effective agent or treatnent nmay be admi nistered prior to, during and/or
after the admnistration of the antibody. The other therapeutically
effective agent nmay be adm nistered to augnent the therapeutic effect of
the anti body, or to 10di m nish the negative side effects of the anti body.
The net hods of treatnent described herein can be used to treat any suitable
mammal , i ncluding primtes, such as naneys and humans, horses, cows, cats,
dogs, rabbits, and rodents such as rat >and mice. In one enbodinent, the
mammal to be &f e b e.to the

ol owi g examm ot R A oty L bt STl S e S

conpri si ng PPPYndeotidredr diestr AbHe Pfé&ﬁ?fslﬂ‘ietltt}@ﬁ?ﬂ kfintrodeced pridteppressedV 5725 as a
subor di nat e GRASistURALiDSuppdiCxBRIsIARSmANIykikciebti@r Peclr BALe HOAFL] t uent of

t he epitope. Furt% it can be seen that Antibody 2 (a reference rat

monocl onal arit 7'l 3 rai sed agai nst nurine VEGFR-3) binds an epitope on

nmur i ne VEGFR- 3 whi hbst Gﬁh@résﬁﬁSnverﬂQnﬁtﬁ?alﬁ@lﬁ;iﬂ(LkQ@/OﬁCZSQlt@[&Q)r(MZ@&w I n addition,

t he exanpl es d nstr at at bo s hi gh ity for human
VEGFR- 3 (56 hmts mcluc%a &a g‘leebf C(;} SLfc as p?ﬁi';lng]% (fOHé_% OE%G(B}VEG:-C to
VEGFR- 3, is apiléo, tEocctétIX)U% tEhe)hVE@Z@m’quJ @l EdcoMMRIYe Ricada@sponse and i s
ef fective in gy g{,@hag%%;;@%nzmq@kée 2 g\fa“ an cancer and HEL. Finally,
it can also be seen that Antib & effective in xenogr aft nodel s of
head and neck cant®rinvenjosgise 1“215@?&%@?(15 of pieducengae entibodr@Cthe pesaot eat i ¢ cancer

and col onjocamg@ftion Whﬁxlﬁcuﬁﬂﬁg@m&lt Q(Qlchﬁt@ssfﬁ obB nQFe%@H&cléoHd’e@ntl on may be
made and pur|f| d usin varlous sui tabl e nmethods that are well known in the

art. For exaﬁfﬁo N2 3 3 PYdY 8F e presepigRentiqe gnd respvespg e %Pélb‘P‘EI@OE‘g{’F EBNA or CHO,
is either transienddiyn.or stably transfected with an expression system for
secreting antibo n optinmal .predeterm ned.light chain to heavy
chain vector rat :j%gérrm gdlgslgbrg LGS g?’r’i‘séw%sd’éﬁ%’r‘fﬁn%‘&‘ﬁg'ﬁ“ﬁnl ght chain
(e.g. SEQ - megicing, BdiN@isteted b? oraridtytof bmdy N@st pafirailyhghamacahiailn (e. g. SEQ I D
NO: 14 folrS A@&rhé%@iqyns%zmprgngme aht@oqdlg}e&'t @%ésé}ﬁ &va}ﬁbx?ﬁe %OIP arﬁ tetrz!llbOdy has been
secreted is purified using any of y-used t ques. For
exanpl e, thea%alﬁwwclﬁ)éhaewv@ﬁeﬂémnoymarpmq Wr@@e@bm@h@s welA or G

Sephar ose FFighnUiithe biddteenas, A@%ﬁ:@zoﬁqmek&zmcab;%dvrwnwoﬁh%%ﬂ‘ié”%'de buffer, 5
such as phosgg% buf f ered ﬁ‘? | & . The columm is washed to renove
nonspeci fic bi ’ﬁg&&%‘f)ﬁﬁb %! Pﬁ’éh‘%%bangﬁ‘t‘?%‘éﬂ%f‘ai“%boélfEﬂ"éiﬂlosqdor exanpl e,
by pH gr adi ehérelﬁwmhplaﬁn@etﬁlcd‘ﬂyaadpthm& @h&splhﬁﬁneobdxf:if)ﬁﬁt pH6.8 to 0.1 M

sodi um cij,rate blﬂcsfu%dhgr'émz ? b le r $ Qﬁ? are det.ected, such as by
SDS- PAGE,and t hén ‘ar e pooled! SFu el f)lﬁtlrrla MR BPerdo HPPIBHTI°f dependi ng
on the i nt eneeatibsly of fﬁh@vamm lb@niythﬁrdyhtb@) soboaadly et gdize pebhibit, 10sterile
filtered usi i R, SBE I &) k@' RaRIH € ?swbl%@cﬁ%v B S may be

effectively renoveo common t echni Sl ze exc usi on,

hydr ophobi ¢ VRPER éc‘??lﬂﬂ\“g, b Hotdintitrhigrehumsp VWHR@W@@&W psenegburaimat ogr aphy.

The purity oﬁxaﬁ]{mmtslhg}@iQy after these chromat ography steps is greater than
99% The g ée ?\e ] rr[\redi at”el%/{ frozen at -70C or may be |yophilized.
The CDR 4nd varl zfﬁlu EGOAE SIS n Beh ng) @i e ESh RS HisTRRIAER: usi ng t he

Kabat met hodyvhdre thAntjedd Bdy privear @ sipw @viEl@dsdd PdnQMiesired physiological change

associated with a disease or disorder. Beneficial or desired clinical results include

alleviation of symptoms, diminishment of the extent of a disease or disorder, stabilization
of a disease or disorder (i.e., where the disease or disorder does not worsen), delay or

30 slowing of the progression of a disease or disorder, amelioration or palliation of the
disease or disorder, and remission (whether partial or total) of the disease or disorder,

whether detectable or undetectable. "Treatment” can also mean prolonging survival as



Table 1. Light Chain CDR Am no Acid Se uences mAb LCDR1 LCDR2 LCDR3

Anti body 1 RASQSI SSSFLA (SEQ I D NO 1) AASTRAT (SEQ ID NO 2) QQYGRSLS (SEQ
| D NO 3)woltalw3®@s Heavy Chain CDR Amino Acid Se uence®CrAIS2HTORM3HCDR2
HCDR3 Anti body 1 GNSATWN (SEQ ID NO 6) RTYYRSKWNHDYAESVKS (SEQ ID NO 7)
GDSSSWYAFDY (SEQ ID NO 8) Table 3. LCVR, HCVR, Light chain & Heavy chain
Am no Aci d Sequences
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-16-
compared to expected survival if not receiving treatment. Those in need of treatment
include those already with the disease or disorder as well as those prone to having the
disease or disorder.

The compositions of the invention may include a "therapeutically effective
amount" of an antibody of the invention. A "therapeutically effective amount" refers to
an amount effective, at dosages and for periods of time necessary, to achieve the desired
therapeutic result. A therapeutically effective amount of the antibody may vary according
to factors such as the disease state, age, sex, and weight of the individual, and the ability
of the antibody or antibody portion to elicit a desired response in the individual. A
therapeutically effective amount is also one in which any toxic or detrimental effects of
the antibody or antibody portion are outweighed by the therapeutically beneficial effects.

Therapy may be "first-line", i.e., as an initial treatment in patients who have had
no prior anti-cancer treatments, either alone or in combination with other treatments; or
"second-line", as a treatment in patients who have had one prior anti-cancer treatment
regimen, either alone or in combination with other treatments; or as "third-line", "fourth-
line", etc. treatments, either alone or in combination with other treatments.

Therapy may also be given to patients who have had previous treatments which
have been partially successful but are intolerant to the particular treatment. Therapy may
also be given as an adjuvant treatment, i.e., to prevent reoccurrence of cancer in patients
with no currently detectable disease or after surgical removal of tumor.

Cancers treated by the invention include primary tumors and secondary or
metastatic tumors that have metastasized through the lymph system (including those
metastasized from lung, breast, or prostate).

Cancers that may be treated include tumors that are not vascularized, or not yet
substantially vascularized, as well as vascularized tumors. The cancers may be comprised
of non-solid tumors (such as leukemias and lymphomas) or may be solid tumors.

Types of cancers to be treated with the antibodies of the invention include ovarian
cancer, human erythroleukaemia, head and neck cancer, breast cancer, renal cell
carcinoma, pancreatic cancer, lung cancer and colon cancer. Further, given the role of the
VEGF-C/VEGFR-3 pathway in promoting lymphangiogenesis and given that, for most
types of cancer, the first site of metastasis are lymph nodes, blocking the VEGF-

C/VEGFR-3 pathway would be expected to inhibit lymph node metastases, e.g. from



mAb LCVR HCVR Light chain (signal sequence at residues 1-19) Heavy chain
(signal sequence at residues 1-19) Antibody 1 SEQID NO 5 SEQ ID NO 10
SEQ | D NGwo2a12886395D NO. 14 EXAMPLE 2 | n t reTfuské10m50191

exanpl e, experinments are described which lead to the elucidation 25 of the
epitope on the VEGFR-3 receptor to which Antibody 1 and Anti body 2 bind.
-19- Production of VEG-C vv' Ac and nouse and human sR3- AP. .
Reconbi nant mature human VEGF-CANAc is generated as described in Pytowski,
et al. (2005) J. Natl. Cancer Inst. 97(1):14-21. The full-length (i.e. Ig
domai ns 1-7) soluble extracellular regions of human and nouse VEGFR-3 (sSR3)
are fused to cDNA encodi ng human al kali fie 5phosphat ase (AP) to generate the

i tei a néreati R 0 Ic ' y er i —7: 2745- 56,
Fuston Drot ek §%2§668§)t éf%rtﬁﬁ‘#? I%Cg%czéanQII%gg%@TS%7l(’l l14§§51)%5'(§€ 2(;[510 Pr oducti on

Pyt owski, etal. % ) :
of nmouse- humgA dh%eri c sR3-AP and site-directed nutants of sR3- AP.

Chi meri ¢ nouse- humeAn@0dy AUWRNITARLERJGRAS LSBT, of ReombilibeWE nal
i mmunogl obulin-1ike gl dopai ps. of sR3- AP are prepared usi ngl_ over | appi ng
PCR 10t echni §O&* (195" " %?F?ﬁl‘t}caﬁﬁg%vf AgSB " FepmecpisKepmbigaiipnghesapy) oked i nto t he

AP expr essi onthyebdrgreutically effective agent may be conjugated to the antibody, incorporated into
the same composition as the antibody, or may be administered as a separate composition.
The other therapeutically effective agent or treatment may be administered prior to,
during and/or after the administration of the antibody. The other therapeutically effective
agent may be administered to augment the therapeutic effect of the antibody, or to

10 diminish the negative side effects of the antibody.

The methods of treatment described herein can be used to treat any suitable
mammal, including primates, such as monkeys and humans, horses, cows, cats, dogs,
rabbits, and rodents such as rats and mice. In one embodiment, the mammal to be treated
is human.

15 It will be seen by reference to the following examples that Antibody 1 binds an
epitope on human VEGFR-3 comprising P219 as the dominant constituent of the epitope,
V175 as a subordinate constituent of the epitope and L.221 as a minor constituent of the
epitope. Further it can be seen that Antibody 2 (a reference rat monoclonal antibody
raised against murine VEGFR-3) binds an epitope on murine VEGFR-3 which comprises

20 the residues L219 and V221. In addition, the examples also demonstrate that Antibody 1
has high affinity for human VEGFR-3 (56 pM), is able to block the binding of the ligand
VEGF-C to VEGFR-3, is able to block the VEGF-C stimulated mitogenic response and is
effective in in vivo xenograft models of ovarian cancer and HEL. Finally, it can also be
seen that Antibody 2 is effective in xenograft models of head and neck cancer, breast

25 cancer, lung cancer, RCC, pancreatic cancer and colon cancer.

EXAMPLE 1
The antibodies of the present invention may be made and purified using various
suitable methods that are well known in the art. For example an appropriate host cell,
30 suchas HEK 293 EBNA or CHO, is either transiently or stably transfected with an
expression system for secreting antibodies using an optimal predetermined light chain to

heavy chain vector ratio or a single vector system encoding both a light chain (e.g. SEQ



(Persaud, etal., supra; Pytowski, etal., supra). Site-directed nutagenesis
of sR3-AP constructs is perfornmed using the QuickChange Il XL Site-Directed
Mut ageneswe 2Ki203p@6 nanuf acturer's instructions (Stratagema)sS201Tioso1pr esence
of desired substitutions is verified by sequencing of both strands of the
cDNA across the nutated region using the ABI 15Pri sm 3100 Genetic anal yzer
(Appl i ed Bi osystens) and the BigDye Term nator v3.1 Cycle Sequencing Kit
(Appl i ed Bi osystens). Expressi on of soluble VEG-FR-3 proteins: The
cDNA encodi ng extracel lular regions of wild-type and nmnutated sR3-AP is
transfected into FreeStyl eTM 293 cells élnvitrogen, #R79007) cultured in
suspension in a chem cal |l y-defined, prb ein-free 20FreeStyl eTM 293

Expr essi on Nadn\tmémmh&woqgmm#ﬁ%wé%féé e sb@xﬁ%@?x&ﬁﬁ%%%boﬁﬁeﬂ ed sR3- AP

is purified using, anti-AP antibody-affinity chromat rl{grap y as previously
descri bed (zﬁfda““é% gpdium migygyh tb%%%?dmé@sbee%crgzblgpq Yed ayingyypy af thangii t y
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her ei n. z
assayed for ngJ t%‘b}‘ ?WaVS%FSHOWE‘”FH@t@S@&? CRY A hpeRpPeihls 1f?1m nescence
kit 2.0 (G ont@@hphomtﬂﬂaaﬁfdned\{alew(p}mz)). s auguridie wddheph XemdRy dohdpetitient nonet er

lied Bi . . t t
thert AP act Puopghapebie: Hhe Kby a0 e ey RERAPHRIE5T5 bovi ne
serum al bum 8- I(I\PB@@SJ&))SI@NQW@E eSO 8eb @ bMﬁedmmyltxtahéuﬁﬁ@rpHalS) z&itibody by AP
activity neasuiRheit &tnd spéﬁ a%?gﬁ pA@IEOthE ‘h@xgare g&ﬁe@S Sﬁﬁlepéwgﬁ!:aﬁgn assays: One
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bound sR3- AP nv? ecteﬁ chenlhunlnes ence., The bindin speC|f|C|ty of
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N-termnal [g _domai ns jaBEQ M@ Nexty acel | ©E@nD domy n. nngsp@@j@ﬁ specificity
of Antibody 1 and Antibody 2 is

Table 2. Heavy Chain CDR Amino Acid Sequences

mAb HCDR1 HCDR2 HCDR3
Antibody 1 | GNSATWN RTYYRSKWNHDYAESVKS | GDSSSWYAFDY
(SEQ ID NO: 6) | (SEQ ID NO: 7) (SEQ ID NO: 8)

20
Table 3. LCVR, HCVR, Light chain & Heavy chain Amino Acid Sequences

mAb LCVR HCVR Light chain Heavy chain

(signal sequence | (signal sequence
at residues 1-19) | at residues 1-19)

Antibody 1 | SEQIDNO:5 |SEQIDNO:10 |SEQIDNO: 12 | SEQIDNO: 14

EXAMPLE 2
In the following example, experiments are described which lead to the elucidation

25 of the epitope on the VEGFR-3 receptor to which Antibody 1 and Antibody 2 bind.



15utilized to ascertain which of the first three I g donmains contains the
epi topes of these antibodies. DNA sequences encodi ng nouse and human Ig
domai ns 1w0 2arx33sapped i n various conbinations to formpChastaliioomsng
VEGFR- 3 extracel | ul ar domain constructs: i) wild-type human; ii) wld-type
nmouse; iii) chimera 1 (human |gl-human 1g2-nouse 19g3); chinera 2 (human

| gl -nmouse 1g2-nouse 19g3); (iv) chinmera 3 (nouse I g 1-human 1g2- 20 nouse
1g3) and (v) chinmera 4 (human Igl-nmuse 1g2-human 1g3). The constructs are
expressed as fusion proteins with al kaline phosphatase (AP) Persaud, et
al ., supra. The encoded proteins are isolated fromconditioned nedia (CM
of transiently transfected cells and nbrmal i zed to equal protein
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Anti body 2: T no acid sequence of the

o :
-21- second flp o]ﬁnﬁ’ilcnmc(’f{s (!ihlinh tmOB?Gfo’ HSF“CBS ‘%\}\llfglr}\] AR Human and nouse
proteins ar elmrd@nglpfmhetﬁke (IhelseaipogisRi-6Asreglepngd winghverhppingirdues in the

human anq m%ﬁuc@@ g—ﬁda %trb? é?%@) érg%% 5 ﬁ r5]9)-|e-1ﬁ5) !irg clﬁned?ntc-)r @1@ ! NS expre%?%ril :[/eic op 153 167
175 177 184 192
(Persaud, er al., supra Pytowski, et al., supra). Site-directed mutagenesis of SR3-AP

constructs is performed using the QuickChange II XL Site-Directed Mutagenesis Kit per
manufacturer’s instructions (Stratagene). The presence of desired substitutions is verified
by sequencing of both strands of the cDNA across the mutated region using the ABI

15 Prism 3100 Genetic analyzer (Applied Biosystems) and the BigDye Terminator v3.1
Cycle Sequencing Kit (Applied Biosystems).

Expression of soluble VEGFR-3 proteins: The cDNA encoding extracellular
regions of wild-type and mutated sR3-AP is transfected into FreeStyle™ 293 cells
(Invitrogen, #R79007) cultured in suspension in a chemically-defined, protein-free

20 FreeStyle™ 293 Expression Medium (Invitrogen, #12338026). In some cases, selected
sR3-AP is purified using anti-AP antibody-affinity chromatography as previously
described (Zhu, et al., (1998) Cancer Res. 58:3209-14) or by affinity chromatography
with immobilized mAbs Antibody 1 and Antibody 2 described herein.

Normalization of sR3 proteins in conditioned medium (CM): CM is assayed for

25 AP activity using the Great EscAPe™ SEAP Chemiluminescence kit 2.0 (Clontech,
Mountain View, CA) using the Tropix TR7171 luminometer (Applied Biosystems, Foster
City, CA). The CM is diluted in proportion to their AP activity in phosphate-buffered
saline (PBS) containing 1% bovine serum albumin (PBS-BSA) and retested to verify the
normalization by AP activity measurements and by Western blotting.

30 SR3-AP binding assays: One hundred (100) "I of normalized CM is transferred to

96-well microliter plates coated with either VEGF-Cynac, or the test antibody
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-20-
(200ng/well). After 2 hr incubation, the plates are washed 5 times and bound sR3-AP is

detected by chemiluminescence.

The binding specificity of Antibody 1 and a reference rat monoclonal antibody
5  against mouse VEGFR-3 (designated ‘Antibody 2’) are tested by ELISA using the
immobilized extracellular portions of mouse and human VEGFR-3 (Ig domains 1-7).
Antibody 1 and Antibody 2 bind strongly and in a dose-dependent manner to human and
mouse VEGFR-3 respectively. The human antibody Antibody 1 shows slight but
reproducible cross-reactivity with mouse VEGFR-3 at concentrations exceeding 10 nM.
10 In contrast, Antibody 2 fails to demonstrate any detectable binding to human VEGFR-3.
Epitopes of Antibody 1 and Antibody 2 are entirely contained within the second
immunoglobulin-like (Ig) domain of VEGFR-3: The ligand-binding sites of all three
members of VEGF receptor family are contained within the three N-terminal Ig domains
of the extracellular domain. The species-specificity of Antibody 1 and Antibody 2 is
15 utilized to ascertain which of the first three Ig domains contains the epitopes of these
antibodies. DNA sequences encoding mouse and human Ig domains 1-3 are swapped in
various combinations to form the following VEGFR-3 extracellular domain constructs: i)
wild-type human; ii) wild-type mouse; iii) chimera 1 (human Igl-human Ig2-mouse Ig3);
chimera 2 (human Igl-mouse Ig2-mouse Ig3); (iv) chimera 3 (mouse Igl-human Ig2—
20 mouse Ig3) and (v) chimera 4 (human Igl-mouse Ig2-human Ig3). The constructs are
expressed as fusion proteins with alkaline phosphatase (AP) Persaud, et al., supra. The
encoded proteins are isolated from conditioned media (CM) of transiently transfected
cells and normalized to equal protein concentration and AP activity. Mouse and human
sR3-AP bind human VEGF-Cansc with similar affinity. Thus, the ability of the various
25  sR3-AP chimeras to bind human VEGF-Canac is tested as a means to determine that
correct protein folding is preserved in the chimeric receptors. The ability of Antibody 1
and Antibody 2 to bind to chimeric proteins 1 to 4 show that the epitopes of Antibody 1
and Antibody 2 are completely contained within the second lg domain (Ig2) of human
and mouse VEGFR-3 respectively. For example, Antibody 1 will not bind to chimera 2
30  or chimera 4, which contain the mouse VEGFR3 sequence at Ig domain 2.
Identification of amino acids of VEGFR-3 that constitute the epitopes of Antibody

I and Antibody 2: The twelve (12) positions within the amino acid sequence of the



RNL V Site-directed nutagenesis is used to individually change each
of the species-specific amno acids in the human and nouse sequence to the
cor r espormiong12m3s¢sel ogue of the opposite species; each moTatedifps@sein is
then expressed in the context of sR3-AP 10 proteins encoding the first,
second and third Ig domains. Epitope mapping is acconplished by two

conpl ementary approaches. In the first approach, the loss of binding of the
human-specific Antibody 1 and the nouse-specific Antibody 2 to their
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binding of the human-specific Antibody 1 and the mouse-specific Antibody 2 to their
respective human and mouse sR3-AP due to individual amino acid substitutions to the
mouse or human orthologues is measured. In the second approach, the gain of binding of

15 Antibody 1 and Antibody 2 to the sR3-AP of the opposite species mediated by individual
amino acid substitutions to the mouse or human orthologues is measured. A residue is
considered as a strong candidate to constitute a part of an epitope of an antibody if the
mutations described above lead to loss of binding with the first approach and a gain of
binding with the second approach. For all mutant proteins, the binding to VEGF-Cnac is

20  measured in parallel to check against gross changes in protein structure.

The binding experiments are carried out in triplicate and the results are calculated

as the average and standard deviation of the three separate experiments. Of the 12
substitutions examined in the Ig2 domain of human sR3-AP, only one (V184L) leads to
complete loss of binding to both VEGF-Canac and Antibody 1. This change is thus

25 considered as disturbing the overall structure of the human sR3-AP. The substitution
V175A leads to approximately 50% loss of binding to both VEGF-C and to Antibody 1.
The substitution P219L results in approximately 75% loss in binding to VEGF-C and
nearly complete (~95%) loss of binding to Antibody 1. Change of L221 to V does not
affect binding of human sR3-AP to VEGF-C but reduces binding to Antibody 1 by about



for increased binding to the human specific Antibody 1, a significant

i ncrease above 5binding to wild-type nouse sR3-AP is observed for the
substi t utwons12ABI®V (- 12-fol d) and L219P (-60-fol d). NomeTafS2athesasher
substitutions lead to a significant increase of binding above background.
The criteria are thus set for considering an amno acid to conprise an
epi tope for Antibody 1 wherein human to nouse orthol ogue substitution in
human sR3- AP woul d 10significantly reduce binding to Antibody 1 while
reduci ng (but NOT abolishing) or |eaving unaffected the binding to

VEGF- CANAc. In addition, for an amno acid to conprise an epitope for

Anti body 1, nouse to human orthologue‘%ﬁbstitution i n mouse sR3- AP woul d
| ead to signiski,C Lindi O i i v .1, t e criteria
oy o sati of Lad t 0 eBnaL Ak QAN REEN iR dihsa? Phade ol IBIE Docause a
15substi t ut i oG AUMERo4R3- AP to the nouse orthol ogue abol i shes both

bi ndi ng to VEG:- CANAGn@N Gual @oBdBtd HISEY mdtativik anhetlh&s@Q@[/@sQQMinﬂ]gd_ .
substitution in rmuag_ ﬁRSAE to theéﬁuna_ orthol ogue at this position does
not lead to BYHYTHYOBIRRIG BOU et sPepfiappiig |-agerfensisaressnaboytran sR3- AP t o
t he corr espomdiding tawitd-mee uaké 988 -Ared deesedionde RgstindioAR 1780dy1 210y 55%
However, the opdi ng substitution in muse sR3-AP to the 20 human
ort hol ogue atag‘f%lgﬁgﬁg%@oﬁ% &Eoczfgher?o - ug%tf(tf tp rgsq?ﬁ%ﬁ?ﬁ W‘@Bﬂtﬂ?‘fﬁaﬁd’(ﬁy 1.

Ther ef ore L22ndirayboyakaskgioumidnor contribution to the epitope of Antibody 1

but d lokited; ' j abl i T udy .t h I f
ut does not neetralketilge Gld SIE%}‘“%“s&%ﬁ%é”p%?%gaf%gﬁé&%ﬂ’ﬂﬁeoaf\s?wopgfotf erole o

the residue at position 221 further 9L ¢ mut at i ons
in human sR34ARPY & whegRBihpEY! (P Feese artkdlegys aibgtivion iuwman ReAbiveidd ng of t he

25doubl e mut ai@ﬁiﬁ&aatlﬁraadcbezﬂ&inéttoiAsms&@Qthla}ehycir%tzaltN%ﬁ%golﬁﬁi%%maf ed to the
single P219L nutant that retains 5% of binding to human sR3-AP. Taken

t oget her, th&@Eng welfreted thepiingsq Vo §me pRMiEnonmingigidvd 75 as a

subor di Eat e e@mﬁk? inidpe Gdr Atnhg)d?p,i t{l&iﬁ@to(ﬂflmzﬁﬂﬁ‘jhpl@gibé s&bs@tﬂticﬂqﬁ?lgus%/EG:R‘ 3 and
raise the possjbjlity that L221 jis alsq m nor conponent of the epitope.
30An exam na iﬂdgbiw ulyﬁ%@tor‘?ﬁaécaé‘g"{‘%n%i‘é‘é‘ﬁbordééi Bueetibpdy | ghege HFfF™H 2 of t he
mouse VEGFR- 8recoinddiby W15 4lde2 epitthope sBB-ARtV1Bod yx2udasbddgis@a Si mi | ar net hod.
Again, t bi pd | en e Led out i riplicate and the

fasul s are careabafisRih BRAP cUnGal e bl b kb Eei ot on of ¢ he

t hree separ alVEGEXper prkintistibody 1 tvhide theveimegpondindi subsdwddn i8 iosdeisRBAPans t hat
change the nmpuse,..AW Ll - ¢ Hg?ﬁ“ n am no acid, four
substitutions (H %&7‘3\‘?" %ﬁ%ﬁ B%%@%E&gﬁ(g 1{@?4 §?gﬁ?tﬁg§yalri?@fn?%uce bi ndi ng
of nouse sR3lapa’g! BowmanEGE Rodigomgperidind yupine yatinegrdisesibiging fo nut at i ons at
Sposi tions 2ARiRmd] B2 kR andoMeporkidgsubs@dtisan RbNdLREAP @, ANt i body 2 but

not to . - .
20 human orthologue at this position does not lead to binding to Antibody 1. Therefore

L221 may make a minor contribution to the epitope of Antibody 1 but does not meet all
the criteria established above.

To study the role of the residue at position 221 further, the P219L and L221V
mutations in human sR3-AP are combined into a single construct. The binding of the

25 double mutant to Antibody 1 is essentially abolished as compared to the single P219L
mutant that retains 5% of binding to human sR3-AP.

Taken together, these results identify P219 as the dominant and V175 as a
subordinate constituent of the epitope of Antibody 1 on human VEGFR-3 and raise the
possibility that L221 is also a minor component of the epitope.

30 An examination is then made as to which residues of Ig domain 2 of the mouse
VEGFR-3 constitute the epitope of Antibody 2 using a similar method. Again, the

binding experiments are carried out in triplicate and the results are calculated as the



VEGF- C. The correspondi ng human to nouse nutations in human VEGFR-3 at
positions 219 and 221 (P219L and L221V) permt the binding of Antibody 2 to
t he hunarwoR8r2AB3@b | evel s, respectively approxi matel y BeTfush@d1asd3L0-f ol d,
greater than the binding of Antibody 2 to the wild type human sequence. It
is also denonstrated that the 10 binding of the nouse nutant proteins
contai ning the human orthol ogue am no acid at positions 219 and 221 to
VEG-- CANAc increases slightly or is unaffected while the binding of these
mut ant proteins to Antibody 2 is either abolished (219) or reduced by about
85% (221). The criteria set for considering an amno acid to conprise an
epi tope for Antibody 152 is that hurman”or t hol ogue substitution in nouse

SR3- AP woul d ,&dr@Rhfd €ARMrd Yevla8GHAGEh R BNepGatt KpbithdiROBY he (WMNe! € reduci ng (but
NOT abol i shi n%) or | eaving unaffected the binding to VEG-- CANec. In

addi tion, fordaifughibsgtubens dhat darespismmae a&ﬁﬂ%ﬁﬁidv%@eﬁwemﬁ@%@wnz human to
gouge ort hol @@mg agmb@uab@ﬁmmﬁm (H 7iwWNRInAS R39APanaowh 4b)l seadicindy %dg(?' fij ant
inding to Antibo 2 se criteria are satisfie y P219
20 and L221 gﬁﬂd‘%% oS Ségs‘féokgg%&: T ﬂqgnﬂquy%e[“ﬁéﬁimi@y -BYBHYEE the data is
to cal cul at e ptstenpBPeehi2age 0P aneXI2mel redicaislhdig o nitly bodyoZot o Wi | d type
nmouse SR3 APVtEagtC Iﬁlec %Q)?l(th %thn’%g tobrXou(g h Ofns }nh}%m!inngtgélfgyatl hUITB.n to nouse

ort hol ogue mutations w uence i S denonstrates
t hat i ndi vi daesitiogs %11919843&1tﬁﬁlﬁ@mﬁZLJZQLV)aﬂtqdmLtQanﬁlw afinnbad @ tstbgyuence of 25

human sR3- APhigauRs %P'anle{'é‘keregﬁgm@t Bﬁr&'}ln’n@t@ly@g f(ﬁcpﬁlldtlo 2 %Hzgtellt?(ﬁnr fSpect ' Ve' y
of the maximal bindin Anti b seen With wild typé nouse sR3-AP.

is thereforeP @@ﬁ%?fuﬁ“é‘g‘)dtyﬁé? thEZ’ilétyéﬁEI‘“’WE%u%‘}cé lEBrakse feppapiracd grt e epi tope
of Antibady Bindihg ofﬁl&?el'ln(bﬁe SEEeR ploitals C&Mlmb@@yh&m@mdhd@@m hogyacZa #i nd hi ghly

simlar epitopes i u nVE R-3 and nouse VEGFR-3 respectively, with the
resi due at pB%i‘"tOf1 BEFHGrvaaerasss shgily g vpatfedatrie e, The data in
t he fol |l ow nglna)(@.dimﬂle@eSmd@rm@fbﬁeﬁrfs&i Antibba@t 2 i eitHer Aokishbndyw) br @ided$it | body 2 are
neutral i sing antésl;} £S which are able to block the activity of their

respective ant gens a “well as inhibit tumour growth in in vivo xenograft
-24- nodel s. SucHheleiteriapeidin cdesdefing anherinoawid deopritean dpwpndt Aatbedt hat t he

novel epi 150P8 g tlQ:lt fnnﬁaan le?ol%BQEJbElmﬂ on yﬁ%\& %3 Ajfe\%le gl@%cgﬁ{yq or ovi des the

key advant ageous feature el n neut rali sing {7 bodi es
bi ndi ng to ship¢inelgisnakndy grdilg wdrscnlatﬁ‘wéNp& ab‘l“@@kg)lor kgamz meﬁ:dieda@e VEGFR- 3
signal I'i ng apgdihdWivRide- cﬁwowad%@e{wﬁt}ah%\ﬁbmdm%or@%w&% e tof finity (Kd)

Measurenents for anti-VEG-R-3 anti bodi es inetics of the
Ant i body | afBibedad bhre Biposs e upiubgingien rréglaxﬁra%e‘\l’owmtl lsad8p ACORE(r) 2000

bi osensor ( BligMXdR(binkting R} SRAbAVEYEor Nifibodf 2, &fe. criefh Mbk&isxty agel | ul ar domai n
of human VEGF AP bilized on a sensor 10chip and Anti body 1
IS inj ectzgd H@é‘izg?ﬁ% ”1)Sea(?§ Abpmmhe sensor at concentrations between
Another method to express the data is to calculate the percentage of maximal
binding of Antibody 2 to wild type mouse sR3-AP that is reconstituted by each of the
individual human to mouse orthologue mutations within the human sR3-AP sequence.
This demonstrates that individually substituting P219L and L221V within the sequence of
25 human sR3-AP results in the reconstitution of about 5% and 1% respectively of the
maximal binding to Antibody 2 seen with wild type mouse sR3-AP. It is therefore
concluded that L.219 and V221 are constituents of the epitope of Antibody 2.
It can be seen that Antibody 1 and Antibody 2 bind highly similar epitopes in
human VEGFR-3 and mouse VEGFR-3 respectively, with the residue at position 219
30  being the key residue in each case. The data in the following examples demonstrate that
both Antibody 1 and Antibody 2 are neutralising antibodies which are able to block the

activity of their respective antigens as well as inhibit tumour growth in in vivo xenograft



0.8 and 6.25 nM Sensograns are eval uated using the Bl A Evaluation 3.2
programto determne the on rates (ka) and the off rates (kd). The

di ssoci atworrorm3sddant (Kd) is cal culated fromthe ka an#CkaSe@t®soidsi ng t he
equation: Kd = ka/kd. Bl Acore kinetic analysis yields a Kd of 56 pMfor the
bi nding of Antibody 1 to immmobilized sR3-AP. 15 Thus, Antibody 1 has an
extrenely high affinity for human VEGFR-3 wherein said affinity is nearly 2
orders of nmagnitude greater than that of sR3-AP for VEG-- CANC. EXAMPLE 4:
Bl ockade of VEGF-C binding to VEGFR-3 by anti-VEGFR-3 anti bodi es 20To
measure the ability of VEGFR-3 anti bod §s to bl ock VEG--C binding to human
VEGFR- 3, a conpetitive VEG--C bl ocking“assay is utilized. Antibodies or

sol ubl e phagendaas. tSu@l’l @ﬁa ]ﬁft)w&es GRNGRNIERL l0QRmOHstrfle BRhnd o941 @H-xto'bcom5hé ig/m are
m xed with 5 n%ela\ﬂ,@? P, incubated at roomtenperature for 1 hour and

transferred %2 I\/Eﬁf%?(b‘ief‘tt‘féef‘ heyeiy peoyidesyhs sy diaptpgeprdrtuireaiiacs ( 200

ng/ wel I'). Af taecutansigogitide 0natibodied i0htigy, to kdEeppb@ta@shidBle 200 & ethdf | ve tines
and p- nltrophe yl hat e, ( Si ..1.S added to quantify the bound sR3-AP
nol ecul es at a%%%’SnHmﬂﬂ’igselgnla&g%?‘%%@gtf"ﬁ%”réfﬁ)r\v&he’ﬁty?‘ét| on of Fab or 1gG
required for 50%i nhi bition of sR3-AP binding to VEG-- CANAc, is

cal cul at ed. @Jb‘? gngdinggés)%ggmmq&bﬁqﬁy\&%ﬁ?gg i ock the bindi ng

of sR3-AP to i ze wth an | an(§13nM
respectively. By Behindiag kinetigs efghg Amibodynk arpoeyuredtiyshritcapigetcs 30t he human | GF

receptor and rés&agcletoala{eerﬁfxtom id@@ b%@e’ﬂﬁar @@@@R@ l;tﬁs%;hyway,swm%obve - 25-
EXAMPLE 5: Inhipition of C -stimula m togenl C response by

Antibody 1 Soluble F’?’Fa‘ﬁﬁnt!'é’fd%‘ntoég'{maﬁlﬁ/éi(%&% (F%‘?AB)PS mRIbBBRALIE SEROT nhi bi t

sihgnal t r @ns drig bidomtiBRYi 1a ﬁﬁctbc)/ovaEl@ﬁTﬁce o&thukéﬂsﬁx&oﬁ@hﬂratlbiﬁmwe& pr eloflr Ied

t hat express m o ses. the extracel |l ul ar

domai n of hu%rrgn %&é%ﬂgﬁantsﬁr ef/%éaﬁeélr‘f‘@%?ﬁﬁ@{ QWH‘E‘E P E domai ns of

human cFMS. Ngcrenddgenouss (bﬁpﬁcﬁhswfﬁﬂates)fkd)/%H%Ssﬁmbt}bntchetapt&!(@nkt al cells is

detected, an I ece l.asma nenbrane
galéu?acfe% f}o Lé lgar!in@@ég%? %sgrgl\}%eegeﬁ%fnq %L/Q(i 0@ F

is shown by FACS ana SIS S weII) are
pl ated onto Q@Xﬁﬁb’leldﬁﬁéfsﬂféwm fpuh@blpchwqu\n@wy I aCImHQﬂlzddeR%*Mrg MD) in 200

n of serym ?FQuszﬁ%ngﬁﬁah'Qﬂ @E}Qnélf'&glb%ﬁ f@ithu%ZIQVEQFRZ%hQQMrsﬁd Ant i body up
to 20 nMis added an re-i ncubate 7C for 1 hour, after which VEG--

CANAC i s addadnis aeaflvEaideré@ﬁ%%ttvdgtgreetﬁr thn they oF AP oY E@H- Ca@chour s of
incubation, 0.25 nC of tritiated thymdine ([31-1]- TdR) (Amersham is

added to eac i nc ted for an additional 4 hours. The cells are
pl aced on |ch%§%‘gdly W%Vﬁ@eFﬁdeﬁﬁ?XFﬁFﬁg’%P rﬁclflﬁéubat ed for 10
15 m nutes abntibadied th 10% TCA, and solubilized in 25 m of 2% SDS.

| ncor por at,ed radi act|V| I £n count er

(wal | ac, 2 del Ié u(r:ero bfhzy%%}ﬁ%[&l‘?ang?ogjﬁs b%cl(%% C’?]H‘é M&feor por ati on of
[ 3f 1] - TdR by hinipe VIGHRIT 8 capmietitsye VI - @K prkeg s sswiEGRRIZBL. cAivMBodis ost | mul at ed by
at | east thr%ﬁb%'pﬂaé@%aﬁx@l@s zﬁlggéntcén% Qxfofyﬁgz g$/mg£}g}£n eag' 1‘139(5 rig response

i's speC|f|caII§bI ocked in a dose- derﬁ mann 20 with
an |1 C50 val ugfsgf- 3. lﬁMba‘E‘i@XWEe’GPerWﬁ? fQY ‘VE@IFQJCHfaIﬁtf?rtﬁ‘éth)%a‘lveant:llomdl es in a

human ovari apaealostd@ily 66k c | IBo% AeOHSgXRRAAS this
experi ment, g.l?ltl -OVEGF rmnocAFAcgga g/ﬁ?%o dies Anti b ﬂuts tgér)llg%%alré;nt i body 2

are used 2al oN&sheskive fimenindipridopbsay glosboGreaml is adked ﬁ’lﬂﬁﬁﬁ%@%‘?qua‘h car ci noma
cell line OVRARxBm{IDKdes @Q)D@%V eﬂh@m}%né e c-([ﬁt%ﬁtﬁaﬂ@rkﬁf'l:ﬁl§orl?é@%ﬁfgd (NG /NIH) in
i rmunodefi ci SCI R-8 1s one of very few human carci noma cel |
lines that e§e<0p}? @E‘E‘t‘ﬂﬁ%ﬁ—”@@@ﬁﬁ% o YR@E-descit &etlﬁu%?f?di hhefisp anddgGer i nent i s
that Anti bodpmds dMahlibody 1 strongly block the binding of sR3-AP to immobilized VEGF-Canac

with an ICse of 2 and 1.3 nM, respectively. By contrast, a control antibody which targets

30  the human IGF receptor and is obtained from the same phage library is inactive.



bl ock angi ogenesi s and | ynphangi ogenesis in the nouse stronma of the grow ng
tunor 30whil e having no effect on the tunor. In contrast, Antibody 1 is
expect ed wo 20r/033&@6t on the human carci noma cells. -26PCT/US2011/QMIAR- 8
cells are injected s.c. into the left flank of 75 fenale athymc mce at 1
x 107 cell s/ mouse. Wen tunors reach -180mB, 13 days after cel

i npl antation, the mce are random zed and divided into five treatnent
groups (n = 12): USP saline control, 0.5ml/dose; Rat 1gG at 40ng/kg;

Anti body 1 at 40ng/kg; Antibody 2 at 40ng/ kg and 5 Antibody 1 at 40ng/ kg +
Anti body 2 at 40ng/kg. Anti-VEGFR-3 mAbs and controls are given i.p. on a
Mon-Wed- Fri schedul e. Tunor neasurenent¥ are recorded tw ce weekly. The
TIO%is cal cubahgplE of LRl frSHAFE R, OLAMRLAR hillgelift bRl p he Tel ative
tunmor vol une of each treatnent group versus t fat1ve tunor vol ume of

t he saline cotiPedy lgr oup. RM ANOVA t hr ough Day 41 is used to conpare tunor

growt h anong the Ihbﬁi@;tﬁ?éattthcgibﬂl{'P&An%Q&i bRt ol Qﬂx‘scidc@(ﬁr}ﬂe!d}éteh@p' bits the
growt h of O\/% tupprs wWith a T/ Cwof 71% (P = 0.0299). Antibody 1 has a

trend toward effrcat P ?\T%‘Fﬁ”é‘“‘?r’ﬁﬂ@Parfdr‘)“%R}i%?ées?ﬂh}@‘e‘&ff’“ﬁ He'fdGrEe of tunor
i nhi bitior daa&h mes th@&&ﬁbeﬂulgmlblﬁlhlﬁaﬂﬁr&xaﬁ RPEGFR-3QGh theTmﬁnea%mn@@lddue to the
w de range of o une SLH'O

this mB) that may
have prevent eg Smlc Omamso rugﬁlf Fedchi eé’g%gte’éﬁufg eésé(F“ 0&@2"? %% A%, 15The
conbi nati on @ﬁremﬂtcelbmteite@mﬂ Aevlizdtiodyf U2 choget keeptenhanplsnd he t unor

i nhi bi tory Efnfeﬁ'rgrtané)g slﬁ%'b??ggs g‘na y-g{s %&@ﬁ 3 IK/E§ gpsd(SF(h@ & sgbellri' Lion effect

reaches significance conpared to either 0358))
Anti body 2 siPlisilpate aﬁtVP@/“ﬁSVﬁﬁUb‘i'f? Blaeh@v %}P%ﬁ?llfhetsburmn 800 mirgssumhi | e

Anti body b appeaEsun gldb@cueitédl ac@@t @452 hlrd, NRibsR AR ko M IR Yddl §RC I NG
statistical significance. er, since the conbination of the two

nonocl onal aREei PRIt &7° Sﬁ?rflrlearn%ﬁeywblﬁmv%ﬁf sCAWGEﬁﬂQd@ o gfigl growt h conpared
to Antibody 2ondEntetdaer apPys/mi. tAﬂeSlm&@bﬂﬂ&@atﬁdﬂadzﬁﬁ@ﬂo@%){teé-th%MQSt rated

t herapeutic ef n this eri ccordingly, the antibodies of the
present i nveﬁ ]%]offﬁgéfﬁ ?ﬁ?b‘tﬁé‘ﬁgﬁf(’i@m&?‘l @rt&%\@yafi Hdigpnal hhqprsyo nodel  of
ovari an canc@&he ceRSarEXANPhITic?,: wadket bndv R Rridn BoNminkt hddady intutard thaeo human

t hrol eyk L) el t In th
Fol | owi ng-ex i e o e TR AR, KB Pk S0P Prsmactiea for Ant i body

1 in the hu nﬁlﬁloeqﬂytt)hlﬁ é¢temkreﬁvr¢a {chiEll3tiog eduntes (Ydlat, Mvddusﬂwemwgetaf t rmd el .
30Nui nu m ce Sélﬁtﬁl@@dﬂ%ou&eg 6%@50%%0&9&13& (Ebl-é TﬁR B {he mgTﬁgeﬂs hiYe

subcut aneousl HEL cel | s/ nouse. tunors reac% pprOX| mat el y
400 mB, mi c¥EGFR-3rchM@dnstimetated Py atlerirthroasdld hpthp mftdeloene\’ﬁﬁF Caue- Theat ment

groups (N=11/g5RHR }esponsei specifically blocked in a dose- -dependent manner by Antibody 1,
20 with an ICsp value of 5 nM.

EXAMPLE 6: Anti-VEGFR-3 monoclonal antibodies in a human ovarian carcinoma
cell line subcutaneous xenograft model
In this experiment, anti-VEGFR3 monoclonal antibodies Antibody 1 and

25 Antibody 2 are used alone or in combination on xenografts of human ovarian carcinoma
cell line OVCAR-8 (NCI-60, Developmental Therapeutics Program, NCI/NIH) in
immunodeficient SCID mice. OVCAR-8 is one of very few human carcinoma cell lines
that express human VEGFR-3. The expectation in this experiment is that Antibody 2 will
block angiogenesis and lymphangiogenesis in the mouse stroma of the growing tumor

30 while having no effect on the tumor. In contrast, Antibody 1 is expected to only act on

the human carcinoma cells.



1) USP saline, 10 m/kg, 2) Antibody 1, 60 ng/kg (| oadi ng dose of 150 ngy/kg
on Day 1) 3) Antibody 1, 20 ng/kg (loadi ng dose of 50 ng/kg on Day 1) 4)

Ant i body WQ 26123849¢ (| oadi ng dose of 15 ng/ kg on Day 1) pEAntS2éIomy0131i s
prepared in USP saline. Treatnents are administered i.p., twice a week, at
10 m dosing solution/ kg of body weight. The first dose, the | oading dose,
is adm nistered on Day 1, followed by the mai ntenance dose adm ni stered
twice a week for the duration of the study. Tunor vol unes are neasured
twice a week. Body weights are recorded at |east twice a week for the
duration of the study. The T/C%is calg¥lated for 10 each treatnent group
on Day 18 as the ratio of the relative“tunor volune of each treatnent group

versus the L el a; i(V@(C:iAPJJ%Q_EHs\ﬁ%l ihﬁﬁ@e&fc. m&rtleﬁ}@fk itlm otﬁmfeﬂthgé @y M R Tap! frp 23 od by
Tunor growt h an wej change in the treatnent groups are co
Repeat ed Measufes Sﬁfﬂéﬁ\.w wporRirechii EHmAnt § Bgthftencel dvplptaion. fey dose

dependent i ntiidiate romtiofzedind divite® intclH@remtbut gtkupsTn éﬁﬁﬂgldp_gali‘he tc&nlﬂf@?y él
ody et ght i PR bady Ieat D | 70ne e Shitey EYaBr e85 accor di ngl y,
the anti bodi éstilgily § hetOmeds entntibaly gt 40o1y/kde FONYEGER S naiitsiand wmedls @€ f i cacy in
ot "SR B S BE  L SARG  ofeEL
A Body Wei ghThChéirge caavameidvaadhdicatBer grope isght raSadfitracl@iyn tunok volue 6
of each treatment group versus the relative tumor volume of the saline control group. RM
ANOVA through Day 41 is used to compare tumor growth among the treatment groups.
10 Antibody 2 significantly inhibits the growth of OVCAR-8 tumors with a T/C% of
71% (P = 0.0299). Antibody 1 has a trend toward efficacy in this model (T/C% was
74%) but the degree of tumor inhibition does not reach significance (P > 0.05). This may
be due to the wide range of tumor volumes at Day 41 in this group (335-1504mm”) that
may have prevented this group from reaching statistical significance.
15 The combination of Antibody 1 and Antibody 2 together enhances the tumor
inhibitory effect of Antibody 2 (T/C% was 47% and the combination effect reaches
significance compared to either antibody alone (P < 0.0358)).
Antibody 2 significantly inhibits the growth of OVCAR-8 tumors while Antibody
1 appears to be efficacious in this model without reaching statistical significance.
20 However, since the combination of the two monoclonal antibodies significantly inhibits
OVCAR-8 tumor growth compared to Antibody 2 monotherapy, it is concluded that
Antibody 1 demonstrated therapeutic efficacy in this experiment. Accordingly, the
antibodies of the present invention demonstrate anti-tumour efficacy in an in vivo model

of ovarian cancer.

25
EXAMPLE 7: Anti-VEGFR-3 mAb Antibody 1 in the human erythroleukemia
(HEL) cell subcutaneous xenograft model
In the following example, a significant anti-tumor effect is measured for Antibody
I in the human erythroleukemic (HEL) cell subcutaneous xenograft model.
30 Nu/nu mice (female, 7-8 weeks) housed 5-6 per cage are injected subcutaneously

with 5 x10° HEL cells/mouse. When tumors reach approximately 400 mm’, mice are

randomized by tumor volume into one of four treatment groups (n=11/group):



Antibody 1 60 ng/kg 52.5 0.0031 4.6 0.21 Antibody 1 20 ng/kg 69.6 0.13 3.2
0.20 Antibody 1 6 ng/kg 81.9 0.39 4.6 0.41 -28- EXAMPLE 8: Anti-VEG-R-3
mAb Ant i bwoyoR/i3ss96onbi nati on with cisplatin in the CALPZTAS0@mOsE3CE] |
carci noma xenograft nodel In order to test for activity of
anti-VEGFR-3 antibodies in head and neck cancer, the CAL27 xenograft nodel
I's used. CAL27 cell suspension, at 1 x 107 cells/nmouse, is 5injected s.c.
into the left flank of 60 female athym c mce. When tunors reach -180m@B,

7.

1) USP saline, 10 ml/kg,

2) Antibody 1, 60 mg/kg (loading dose of 150 mg/kg on Day 1)
3) Antibody 1, 20 mg/kg (loading dose of 50 mg/kg on Day 1)
4) Antibody 1, 6 mg/kg (loading dose of 15 mg/kg on Day 1)

5 Antibody 1 is prepared in USP saline. Treatments are administered i.p., twice a
week, at 10 ml dosing solution/kg of body weight. The first dose, the loading dose, is
administered on Day 1, followed by the maintenance dose administered twice a week for
the duration of the study. Tumor volumes are measured twice a week. Body weights are
recorded at least twice a week for the duration of the study. The T/C% is calculated for

10 each treatment group on Day 18 as the ratio of the relative tumor volume of each
treatment group versus the relative tumor volume of the saline control group (Table 5).
Tumor growth and body weight change in the treatment groups are compared by
Repeated Measures ANOVA.,

Treatment with Antibody 1 results in a dose dependent inhibition of HEL tumor

15 growth, with 60 mg/kg Antibody 1 significantly inhibiting tumor growth (p=0.0031).
There is no effect on body weight with Antibody 1 treatment in this study (Table 5).
Accordingly, the antibodies of the present invention demonstrate anti-tumor efficacy in an

in vivo model of HEL, while resulting in minimal adverse side effects in that model.

20 Table5
T/C% RM ANOVA Final Mean % | RM ANOVA for
on Day 18 | for Tumor Body Weight Body Weight
Volume Change

Saline Control 6.6

Antibody 1 52.5 0.0031 4.6 0.21

60 mg/kg

Antibody 1 69.6 0.13 32 0.20

20 mg/kg

Antibody 1 81.9 0.39 4.6 0.41

6 mg/kg




ei ght days after cell inplantation, the mce are random zed and di vi ded
into four treatnment groups (n = 12): 1.) USP saline control, 0.5 mM i.p., 3
days per woeki12233694nt i body 2 at 40 ng/ kg, 3 days per we@kT3iSpoigiospBati n at
7 mg/ kg, q7d 4.) Antibody 2 at 40 ng/ kg, 3 days per week + cisplatin at 7
ng/ kg, q7d. 10Tunor neasurenents are recorded tw ce weekly; RM ANOVA
through Day 61 is used to conpare tunor grow h anong the treatnent groups.
Chi Squared tests are used to test for statistical significance in the
nunber of tunor regressions anong the treatnent groups. Monot herapy using
Antibody 2 or cisplatin significantly _%8nhi bits the growth of 15 CAL27

tunors conpared to the USP saline conttol (P < 0.0077). The T/ C% val ues are

55% and 39% fEara MYILE £08lYi-REaPR-F AAD AnBRd3 L2 iR corhIRFRRE Wit €lsyiatidRRE nat i on
therapy wt h#ﬁé?fﬁmtl bodﬁ 2 and ci sgl atin results in significant

i nhi bition o Fage Bt cHeAmR 8598 Ed™98! nonot herapy (P < 0.0322). The
effect of conbi ndtbaer tb kerfapytivig oginBal BFFR-1 fidibodd ¢ KebyMmdasckdetcer mi ned by
the Fraction r Met hod,  Accor,di y,.an antj-.20 VEGFR-3 anti body
bi nding to a{r?eecgil“? gg%%%rﬁwinﬁ%ﬁséﬁe%dgfr}glbﬂ%gf”%ﬁdgl ﬁéﬁﬁﬁ”ﬁ %4t anti -t umor
ef fi cacy Pn aveciefs.g.iino thatrdidlaniodt 6 deahlcaatig miecike. Climerme@s telind -1 gBnna,

nonot her apy i i [ M >1.spl At n: 9: Anti-VEGR-3
mAb Ant i bodyQi tidﬁysggﬁilﬂﬂg%p?agﬁnﬁ’ %hﬁ mgde% J%%dgﬂtrzg%%nfi dw Eﬁ%rovori nin an
VDA- MB- 231 bFe4Bsnt gravis &t = k8n by HaF salinpepairol, 0.5 mlip.3 dgyscher weeb 29 est f or
activity of anttodVE@HBI3I@NS dDOH @seki M) HipR@S bt mg)@gream i hgndoly M3- 231
xenogr af t m)gq(jl %s Elsed. NH- 1 n%nu at h%!(mc mce (female 8 weeks) are

i nj ect ed sub®UPEKESUTRYSPS ek RSPt f PeFatd’bad with 6 x 106 MDA- MB- 231
celI's inl10.4m ( Tuhomhemtrérhaelaje reddfied tvlicteBly MFOA ANCBRPRQY Nl Ys 300 mMB,

(n=i2y: 1y UEPRAPIREE T Rlo RSB dii Oy ST T G S body 2
times per wegk [@)tatisisal myghikicpnsH)the Sumbdr ubtnoorregeskipnsanoy thgirdagndnl/
(Leucovorin)gogace per week 4) Antibody 2 at 40 ng/kg, 3 -29- tinmes per
week + S5FU/ L%/ at 125 ng/ kg and 62 ng/ kg, respectively, once per week. All
agents are prepaf&dohaydays dntirofederrisplatinnignifedryrinhitie thedrawtpof Oyt ot oxi ¢
treat mentisi sasL%mﬁﬁ@k @d%@aféla)b R WO salifk c‘ﬁﬁ't%l &fé‘b.boﬁf. ﬁgtfi’da@da)fueg ngat ment. hA
conparison of_, r. volunes fromthe saline control group versus the

5t unor vol un'&é 6”53%3%4“8&(1@5%%‘ {%C‘?rlﬁé‘\‘/\rsres??‘iﬁ‘ﬁ‘?li"i%%‘?ﬂnaf‘ TRy PaRt h

i nhi bi tion wdthAhibbiyblaiy cRplatn rdald ibeidyi iGntin Gkl of naebrbvalwiahi on (see Tabl e
ot eater ¢ han TRars GrtpRhe eI T R SRl B 9T mor enced
anti tumor ef hecedditivosrs dethienined i iha &raciomal PAsloarditing] yiecoatnghnti MEGFR- 3 ant i body
binding b avE@RL.b oRodbildif d Grep AR §e 0 oV B EARPRSLLALES

10anti-tunmor efficacy I'n anin vivo no br east cancer (conpared to
sal i ne cont rzﬁtp)tumor efficacy in an in vivo model of head and neck cancer either as a monotherapy

or in combination with cisplatin.

EXAMPLE 9: Anti-VEGFR-3 mAb Antibody 2 in combination with 5-Fluorouracil
25/ Leucovorin in an MDA-MB-231 breast cancer xenograft model
In order to test for activity of anti-VEGFR-3 antibodies in breast cancer, the
MDA-MB-231 xenograft model is used. NIH nw/nu athymic mice (female 8 weeks) are
injected subcutaneously in the mammary fat pad with 6 x 10° MDA-MB-231 cells in
0.4ml (1:1 w/matrigel). When tumors reach approximately 300 mm’, mice are
30  randomized by tumor size into the following treatment groups (n=12): 1) USP saline 10
pl/g, 3 times per week 2) 40 mg/kg Antibody 2, 3 times per week 3) 125 mg/kg SFU (5-
Fluorouracil) + 62 mg/kg LV (Leucovorin), once per week 4) Antibody 2 at 40 mg/kg, 3



either as a nonotherapy or in conbination wth 5FULV. Table 6 Tunor

Vol umes 1p- value T/C4)/0 Antibody 2 v. USP saline p=0.04 49 5FU LV v. USP
sal i ne p3WORF12BB3AAt i body 2 + S5FU LV v. USP saline p<0.@rTas20nosaedy 2 v.
Antibody 2 + 5FU LV p=0.09 57 5FU LV v. Antibody 2 + 5FU LV p=0.09

229,
times per week + SFU/LV at 125 mg/kg and 62 mg/kg, respectively, once per week. All
agents are prepared the day of treatment and administered i.p. Cytotoxic treatment is
started one day prior to the start of antibody treatment.

A comparison of the tumor volumes from the saline control group versus the
5 tumor volumes of the treated mice shows significant tumor growth inhibition with
Antibody 2 or Antibody 2 + SFU/LV administration (see Table 6). While the effects of
the combination of Antibody 2 + 5-FU/LV are not greater than that of the monotherapies,
there is a trend for increased antitumor effects for the combination. Accordingly, an anti-
VEGFR-3 antibody binding to an epitope in the Ig2 domain of VEGFR-3 demonstrates
10 anti-tumor efficacy in an in vivo model of breast cancer (compared to saline control)

either as a monotherapy or in combination with SFU/LV.

Table 6
Tumor Volumes
lp- value T/C%

Antibody 2 v, USP saline p=0.04 49
SFU/LYV v. USP saline p=0.17 52
Antibody 2 + SFU/LV v. USP saline p<0.01 28
Antibody 2 v. Antibody 2 + SFU/LV p=0.09 57
SFU/LV v. Antibody 2 + 5FU/LV p=0.09 54

"RM ANOVA through Day 34
15
EXAMPLE 10: Anti-VEGFR-3 mAb Antibody 2 alene and in combination with
Docetaxel in a NCI-H292 Lung cancer xenograft model
In order to test for activity of anti-VEGFR-3 antibodies in lung cancer, the NCI-
H292 xenograft model is used. Nu/nu mice (female, 7-8 weeks of age) are injected
20 subcutaneously with 2 x 10° NCI-H292 cells/mouse. When tumors reach approximately
300 mm®, mice are randomized by tumor size into the following treatment groups (n=15):
1) USP saline at 10 pl/g, 3 times per week, i.p., starting on day 2. 2) Antibody 2 at 40
mg/kg, 3 times per week, i.p., starting day 2. 3) Docetaxel at 12 mg/kg, q7d, starting day
1. 4) Docetaxel at 12 mg/kg, q7d, starting day 1 plus Antibody 2 at 40 mg/kg, 3 times per
25  week, starting day 2.
Tumor volumes are measured approximately twice a week and body weights are

recorded at least twice a week for the duration of the study. At sacrifice, mice are



54 RM ANOVA t hrough Day 34 15 EXAMPLE 10: Anti-VEGFR-3 mAb Anti body 2

al one and in conbination with Docetaxel in a NCl-H292 Lung cancer xenograft
nodel wolzn12aBs@s to test for activity of anti-VEGFR- BCantsedoss@st i n | ung
cancer, the NCl-H292 xenograft nodel is used. Nu/nu mce (female, 7-8 weeks
of age) are injected 20 subcutaneously with 2 x 106 NCI - H292 cel | s/ nouse.
When tunors reach approximately 300 mmB, m ce are random zed by tunor size
into the follow ng treatnment groups (n=15): 1) USP saline at 101.11/g, 3
times per week, i.p., starting on day 2. 2) Antibody 2 at 40 ng/kg, 3 tinmes
per week, i.p., starting day 2. 3) Doc #axel at 12 ng/ kg, q7d, starting day
1. 4) Docetaxel at 12 ng/kg, g7d, starting day 1 plus Antibody 2 at 40

my/ kg, 3 ti Megthfheled BPueLkphysiaddnt iT‘ﬂQT@@{Vis Zalculated fOI'-Eg({mlreat}{]Qll]t%% a&hE neasur ed
approxi mately Ivmﬁ]?&??tiv\ee an bod% wei ghts are recorded at |east twice a

week for the d0Ph 8% PRy oL dR e mperRmeal growRs vergysdl cqpol gosm-  eut hani zed
by CO asphyXuabi goewth Tikibody @RiglitSar€ alnpuledtoart ool @RGHDY fefAt-IBRIsu@s OUP as t he
ratio of the 4 {ive ﬁl%mz:? volune in the experinmental groups versus the
control group. Tunor oWt and body wei ghts are conpared to the control
group by repeat edrentasitiwitls AN aidMyugdxeBignifRently ahitea NGCBHROWLhdr Ant | body 2

and Docet axel, skfiid +eantiuys drph, Bl d &0 NG r ogrowth with T/ C% val ues
of 74% and 46%2; respecti vely. Con%cf na/t’lgtls)lﬁut%%éf tadégglg?t%ﬁn elraﬁ%gy 2 and

Docet axel si giHEantd Bocpivet senificentiyrindreaparertivetdrictianey coompaltedtito ei t her
monot her apy Wohdihetap¥ itk @fCo2 4849 RN ah N1E oY antPVEGRE B 7 MG R1i:30g | body

binding to an eﬁi togfh kg% t he Igz domai n of VEGFR-3 deponstrates anti-tunor
efficacy in & fUPRHRFC g dpgaih el YEWH & fergstalfs gnic merstiicory na furgier in
nonot her apy ¢pem6de0Q0dng carcer dith@ @fDintraktieRPy W=tM0IDOLR tB6BIbintRm 8k 0001) .

EXAMPLE 11: Anti - VEGER- Antibody 2 in a Subcutaneous SK-RC-29 Human
Renal Cell C?P%%ﬁ%ﬁ%%@@enograft Model 151 n order to test for activity

of anti-VEGFR-3 antibodies in RCC, the SK-RC-29 Hunman Renal Cell Carci noma
xenogr af t Mg vir rUSE hndEFRHE 3301V A b fiadddu skl R PR group) are
| ) nti %%ﬂé@&ﬂgé ﬁ%sgugglﬁar(eous Sl{L %.ﬂ%ﬁ)

inplanted s.c. with 2 x 106 SK-RC- er nouse. e cells are
inj ected as HumpxRepad CelhCarcipoypg (RCGEXenograttdedet nenbrane (Vt = 0.4 ni).

Wien tunass reachn 288 o230 afMBy of G & FUFR-T ARCRAM 28 d DA @YPS and i . p.
dosing is inj group receiving USP Saline (500

gtiatedlgjo i th controlft o _
Ui nj ecti on) Hraan'&}ﬁl? Slﬁyarﬁln&ql%ﬂeﬁogra model is used. Female athymic nu/nu mice (n =
12 per group) are implanted s.c. with 2 x 10® SK-RC-29 RCC cells per mouse. The cells

are injected as a mixture in 1:1 Matrigel® basement membrane (V7 = 0.4 ml). When
tumors reach 200 - 250 mm’, mice are randomized into groups and i.p. dosing is initiated
20 with control group receiving USP Saline (500 [ Vinjection) and Antibody 2 group
receiving 60 mg/kg for the first dose and 40 mg/kg on all subsequent doses. Tumor
volume measurements are recorded twice weekly, for 43 days. Representative tumor
samples (n = 4 per treatment group) were taken at day 48 (end of the study) for
histological analysis. To determine the significance of anti-tumor effects between
25 treatment groups, statistical analysis was performed using Repeated Measures (RM)
ANOVA. Weight loss due to antibody toxicity did not occur in any of the treatment
groups as measured day 47. In fact, the weight of the mice treated with antibody
increased by approximately 5.5 % over the course of the study.
To assess anti-tumor efficacy and calculate T/C % values, all treatment groups are
30 compared to control mice up to day 32. Antibody 2 yields a T/C % of 62% (p=0.012);
this demonstrates inhibition of the growth of renal cell carcinoma in a subcutaneous

xenograft model with minimal adverse side effects.



receiving 60 ng/kg for the first dose and 40 ng/ kg on all subsequent doses.
Tunor vol unme nmeasurenents are recorded tw ce weekly, for 43 days.

Repr esentwizoe/@386y0r sanples (n = 4 per treatnment grouppPCraseoitiakEnl at day
48 (end of the study) for histological analysis. To determ ne the
significance of anti-tunor effects between 25 treatnent groups, statistical
anal ysis was perforned usi ng Repeated Measures (RM ANOVA. Wi ght | oss due
to antibody toxicity did not occur in any of the treatnent groups as
nmeasured day 47. In fact, the weight of the mce treated with anti body

i ncreased by approximately 5.5 % over @pe course of the study. To assess
anti-tunor efficacy and calculate T/C % val ues, all treatnment groups are 30
conpared to control mce up to day 32. Antibody 2 yields a T/C % of 62%

(p=0.012); thi nstrates inhibition of the growh of renal cell

car ci nona i nmﬁé’%\gﬁggf n%'lﬂjﬁﬁgﬁt;’g'l“é'? fniibrds 2 i PY AP rcregtic Satdose si de
effects. -3Xendg¥fMPLE 12: Anti-VEGFR-3 nmAb Antibody 2 in BxPC-3 Pancreatic
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Xenogr af t SmodelBxPe-3isegcatiFemahenaXdiygraicmndel Rusedi E@nyautiyndG)wmimngcd nj ect ed

Matrigel. Wien tunors reach -350 s ~ani'mal's are separate into three
treatment gr 8ligigel fVhen yyjors rgach y&Pmag therpaima)arepppnragetinth Sy tRatament10ny/ kg.  3)

mAb Ant i body gRugl(n 4004 Kesp shidde. bf RS ABEHoSy AEQOATNE M) S18" BflbddyB-oc t T €€ ti MeS
per week at 10 wei ght. Tunor vol une neasurenents are

Ind/ 1 bod . .
recorded tw g@“ér\%ekﬁqgfea?’ﬁgm afe gdnyjaisicred ip. three times perpyrsekat . 1py dlgrbent i nhi bi ts
growt h ofl0BxREgR. Tur@sluina neasiegentap enseat wranbely, fohtix tWh&send of the study
on Day 40, the T/C.val ues are.73% (p=0. Q42 nd 56% (p=0.002) for the
10my/ kg and 40@/%8&%&’]5;3&8?‘8‘&5“5?“? ‘E’Bg‘c"? ﬁégqu (umpEs Lﬁkg%ﬁnﬂ@ei ' Ant i - VEGFR- 3
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In order to fpgﬁt)()j)@(frtlﬁcmﬁlg/ké Xndqlt)xlngﬂ%lsl%%/gr%:%Sé)@cgig%l?()d' es in colon cancer,

t he HT-29 Col on xenograft nodel suspension, at 5 Xx
106/ mouse, is injected s.c. into the left flank of 60 femal e athym c m ce.

Wien tumiss ERAMPLELBONHE. VGRS n2db Afoaps honfifildioh With dREAR{AN, the mice
are random zedﬂ@ggggl V|xded into four treatment groups (n = 12): 1) USP
sal i ne cont r 8t Hig? SptonXepogralfy, oo tines per week. 2) Antibody 2 at 40ng/ kg,

thre;akti me?] per \weeHer t@t}:stﬁ)fattivpir aﬁdnmva:FFRZBr@{i%@ies ﬁl?:ﬁhﬁn éa}lceﬁghei pdy 2 at
40mg/ kg, thr t r + iplatin at 1 , q/d.. Tunor

nmeasur ement sfflcroeléni%ﬁ%?agte%o\@% %Sgd'\j\.%gé? 5‘*;“ SW“&W%& ?2666’%’@&" PO ?%H conpar e

t unor growt hs-amtnge e datkrat &0 fremle athy oispsce. Aviteh bodys rical tRoendeast not

signi ficaptl y, i Al QitimbiREacQh A b s, thec.anti body has a trend
for efficacy a\/yvi th a 'i'r/n‘%i% agf '80% Céc)%e |%O§'?Zleg#gt)c[l1§erleg5§0 \t;?/iu tﬁeagnoefl% Ant i body 2
and oxal i pl a¥Ps §1 ghdf Ddateiocicpmiob08m! tihahrey wugs erofeckT2) 20tibadpdrs conpar ed

to control ofonfekeBhilehihesPNOERENRRMip(aBn 5t 19mPREYYd. W) Whiigdba h G0 of 47%
Accordingly, an anti-VEG-R-3 30 antibody binding to an epitope in the Ig2

domai n of VETEEXS BEHBASPFRYEE T APl tmgks aédcy in an in vivo model of
col on cancer wheMuugetaiureneosbic RRbidaNwe WoekoX &M PNaVARs used 32- WE CLAI M

25 compare tumor growth among the treatment groups. Antibody 2 alone does not
significantly inhibit the growth of HT-29 tumors; the antibody has a trend for efficacy
with a T/C% of 80%. Combination therapy with both Antibody 2 and oxaliplatin
significantly inhibits the growth of HT-29 tumors compared to control or to either
monotherapy (P < 0.0280) with a T/C% of 47%. Accordingly, an anti-VEGFR-3

30  antibody binding to an epitope in the Ig2 domain of VEGFR-3 demonstrates anti-tumor

efficacy in an in vivo model of colon cancer when used in combination with oxaliplatin.



1. An antibody or antigen binding portion thereof that specifically binds

to human VEGFR-3 conprising a LCDR1L of SEQ ID NO 2, a LCDR2 of SEQ ID
NO 2, a 5WOCDRA38d96SEQ | D NO 3, a HCDRL of SEQ I D NO 6, PaTHSDR2/08§136EQ | D
NO 7 and a HCDR3 of SEQ I D NO 8. 2. The antibody or antigen

bi ndi ng portion thereof of claim1, conprising a |ight chain variable
region of SEQID NO 5 and a heavy chain variable region of SEQ ID 10NO

10. 3. The antibody or antigen binding portion thereof of claim1l or
2, wherein the antibody conmprises a light chain of SEQID NO 15 and a
heavy chain of SEQ ID NO 16. 15 1,4. The antibody or antigen binding
portion thereof of claim3, wherein the anti body conprises two |ight chains
of SEQ I D NO 15 wemditAawi: heavy chains of SEQ ID NO 16. 205. An anti body or
antigen binding portion thereof of any of clains 1-4 wherein: a) the
bi ndi ng of said antibody to human VEGFR-3 is reduced by at |east 90% by
singly mutating Pro-228 afibodyoamivEGH RN, ficdtidnabkreo®ftdt specifically binds ) t he

bi ndi ng of saj B - GR-3 .} d b st 25 50% by
o gl y it at 1 oy RS Eab TR MR SEd b N £ G Tt sBhIB R ot ant 1 gen
bi ndi ng por t iL&6WREEFERAD MO hnyl(dR 1o SEQ@ED N6, whisIDR2rof Sh@ [DiNadi aig aof sai d
anti body to humn YEEGEH&J$S reduced by at | east 50% by singly nutating
Leu-221 of human VEGFR-3 to Val. 30 -33- VEGFR-3 of SEQ ID NO. 21, wherein

the binding to the nutant nmouse VEGFR-3 of SEQ ID NO. 20 is increased by

nore than 50-f ol . whemh&ampas &d avighbibdf: Sirsi RGedt O Whikh Tcé{rl?&isﬂig‘é% el \[;EEZOR' 3

(SEQ I D NO. 19). and the bindi t e myt ant nouse VEGFR-3 of

21 is increaé@%cg"’ffl %Pbge feﬁlﬁﬁog%ql&%gm a agp P teTegi e SERIIRdi ng t o
wild typelonodge IVNEGFR- 3. 8. The anti body or antigen binding
portion thereof of any one of clains Ito 4 wherein the anti body has a Kd of
1 x 10-9 Mto 5.6 x 10for human VEGFR-3 as neasured by surface plasnon
resonance on a BI3ACOREfer dntin@@or bitigselisdng @iticA0Rreof of claim 1 or 2, wherein

the antibody comprises a light chain of SEQ ID NO: 15 and a heavy chain of SEQ ID

NO: 16.
15
4, The antibody or antigen binding portion thereof of claim 3, wherein the
antibody comprises two light chains of SEQ ID NO: 15 and two heavy chains of SEQ ID
NO: 16.
20 5. An antibody or antigen binding portion thereof of any of claims 1-4
wherein:

a) the binding of said antibody to human VEGFR-3 is reduced by at least
90% by singly mutating Pro-219 of human VEGFR-3 to Leu; and
b) the binding of said antibody to human VEGFR-3 is reduced by at least
25 50% by singly mutating Val-175 of human VEGFR-3 to Ala.

6. The antibody or antigen binding portion thereof of any of claims 1-4
wherein the binding of said antibody to human VEGFR-3 is reduced by at least 50% by
singly mutating Leu-221 of human VEGFR-3 to Val.

30

7. The antibody or antigen binding portion thereof of any of claims 1-4 that

also binds to a mutant mouse VEGFR-3 of SEQ ID NO. 20 and a mutant mouse



9. The antibody or antigen binding portion thereof of any one of clains 1
to 4, wherein the antibody inhibits the binding of human VEG-- CANAc (SEQ I D
NO 22) twohorens3sdEG-R-3 with an 1 G50 of 2 nMto 1.3 nMPCT/US2011/03@31 The
antibody, or antigen binding portion thereof, of any one of clains 1 to 4,
wherein the antibody inhibits the VEG- CANAc stinulated nmtogenic response
with an G50 of 10 nMto 5 nM 2011. A pharmaceutical conposition conprising
the antibody or antigen binding portion thereof of any one of clainms 1 to
10 together with a pharmaceutically acceptable carrier, diluent or

exci pi ent. 12. A pharmaceutical conposition as clained in claim11l
wherein said 25conposition optionally'é%ntains at | east one ot her

t herapeutic ivignedi 8n§eo 1D NO. 213wheTef}f3th@%'dQQ‘i'c}’th9 m@éﬂ% ng&pn \*%!d%‘ﬂ' f'Qf portion

t hereof of any one of clains 10 for usé as a nedi canent 14.

The anti body SR B9 gehis mCﬁ?aﬁeﬁﬁy ﬁi@Fet‘?lwotﬁ?@r”é‘%ﬁ‘ cerppagadywithribe b‘fldlttg wins 1to
10 for use i nvitdhgpet M@t WBIUIFROF (SPVAID &), Q@nﬁﬂhheBMHE@uﬁﬁMhﬁmﬁﬁ%%Kéenla head
and neck 3 t..cancer, rena carci noma, pancreatic
cancer, Iungaggﬁgg%ﬁ%ggﬁkﬁaié%dsT“ﬁﬁﬁ”VYW%%mﬂbH%mhﬁﬁﬁ%f%@@?d“Tﬁﬂ?he _
anti body dr amtingenvibi thghi mgsQEGHROR t her eof of any one of clains 1 to 7 5in
conbination with a further anti-cancer agent selected fromcisplatin,

5-fluorouracil, |eucovorin, oxaliplatin and docetaxel for sinultaneous,
separate or sequeht i allhqpstibddy ot dnggeainding portion thereof of any one of claims 1 to 4

wherein the antibody has a K; of 1 x 10° M to 5.6 x 10" M for human VEGFR-3 as

measured by surface plasmon resonance on a BIACORE™ 2000 biosensor at 20°C.
10

9. The antibody or antigen binding portion thereof of any one of claims 1
to 4, wherein the antibody inhibits the binding of human VEGF-Canac (SEQ ID NO: 22)
to human VEGFR-3 with an ICsp of 2 nM to 1.3 nM.

15
10. The antibody, or antigen binding portion thereof, of any one of claims 1

to 4, wherein the antibody inhibits the VEGF-Canac stimulated mitogenic response with
an ICso of 10 nM to 5 nM.

20 11. A pharmaceutical composition comprising the antibody or antigen binding
portion thereof of any one of claims 1 to 10 together with a pharmaceutically acceptable

carrier, diluent or excipient.

12. A pharmaceutical composition as claimed in claim 11 wherein said

25 composition optionally contains at least one other therapeutic ingredient.

13. The antibody or antigen binding portion thereof of any one of claims 1
to 10 for use as a medicament. ‘
30
14. The antibody or antigen binding portion thereof of any one of claims 1

to 10 for use in the treatment of ovarian cancer, human erythroleukaemia, head and neck
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-34-
cancer, breast cancer, renal cell carcinoma, pancreatic cancer, lung cancer, colon cancer

and lymph node metastases.

15. The antibody or antigen binding portion thereof of any one of claims 1 to 7
5 in combination with a further anti-cancer agent selected from cisplatin, 5-fluorouracil,
leucovorin, oxaliplatin and docetaxel for simultaneous, separate or sequential use in

therapy.



