[ DESCRI PTION] [Invention Title] DUAL TARGETI NG ANTI BODY OF NOVEL
FORM AND USE THEREOF 5[ Techni cal Fi el d] The present invention
relates to a dual targeting anti body of a novel form having a

wat er -sol ubl e ligand fused to the N-teimnus of a heavy chain or

| ight chain of an anti body, a DNA encoding the dual targeting

anti body, a 10 reconbi nant expression vector containing the DNA a
host cell which is transforned with the reconbi nant expression
vector, a nethod for producing the dual targeting anti body by
culturing the host cell, and a pFarnaceut|Cﬁl conposi tion including
t he dual targeting anti body. 15 U A t ] Angi ogenesi s
refers tolgnv %Qlﬁﬁgﬁlymlch new bl ood vessels are fornmed fromthe
pre-existing Bl ood  vessel's s through the growth, differentiation and

m gration of D@QL%&Q&MN@'A}?@%%Y lOtF NOVEROWORY N AN NSk P GRARGIOF

plays an inportant role in the normal growth process includi ng wound
healing and a woman's nenstrual cycle (Risau, Nature, 386: 671, 1997)
and the abnormal |y excessive angi ogenesis plays a critical role in
t he gsowt iTandniethsFasial of tumor and the 25 attack of diseases such
as ages r6|ateqﬂggigkgéﬁﬂ?%ﬁgggiaggnrelates to a dual targeting
antibody of a novel form having a water-soluble ligand fused
to the N-terminus of a heavy chain or light chain of an
antibody, a DNA encoding the dual targeting antibody, a
10 recombinant expression vector containing the DNA, a host cell
which is transformed with the recombinant expression vector,
a method for producing the dual targeting antibody by
culturing the host cell, and a pharmaceutical composition
including the dual targeting antibody.
15
[Background Art]

Angiogenesis refers to a mechanism by which new blood
vessels are formed from the pre-existing blood vessels
through the growth, differentiation and migration of

20 endothelial cells. It is known that angiogenesis plays an
important role in the normal growth process including wound
healing and a woman’s menstrual cycle (Risau, Nature, 386:
671, 1997) and the abnormally excessive angiogenesis plays a

critical role in the growth and metastasis of tumor and the

25 attack of diseases such as age-related macular degeneration



(ARMD), diabetic retinopathy, psoriasis, rheumatoid arthritis and
chronic inflammation (Carneliet and Jain, Nature, 407: 249, 2000). In
1971, Dr. J. Fol kman proposed a hypothesis that the 5 growth and

net astasi s of tunor is angi ogenesi s-dependent, and thus the

t herapeutic strategy focusing on the antiangi ogenesis nay involve a
new t herapeutic agent for solid cancer. Thereafter, many researchers
have been increasingly interested in excessive research associ ated
with the io inhibition of the angi ogenesis nmechani sm (Ferrara and

Ker bel , ture, 435:. 967, 2005). The pattern of progression of L
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steps. Wienorebghping to such a process, first, various

angi ogenesi s-i nduci ng factors including a vascul ar endothelial growh

factor (VEGF) smcnst/ad Dironut i ssuesamvi progdldd =0hyouthesibi BHat Othe
their corresponding receptors in the periphery of pre-existing 20
vascular gmdethebndlnewidtzgic adt itvabe theangscgtnes enditgwidealt, and

cells, thereby increasing the perneability of the vascul ar
endot hel | &FugefPs. thpFaRsric fterdiagasé9CEGERIas at iRt 311 5d -
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pre-exi sting capillary vessél and mgrate/pro erate toward tissu

secretingihherangb@yehestSsd SiduciRGehaehohssdheaftgral g and
proliferating vascular endothelial cells forma tubular 5 structure

in theo bl aodikésseh, ofintha aichigerasd smakohenbinodraessed drsl fHarddelly
foimed as a pericyte which is a structural support of the vascul ar
endot hel i HrtBsfr) s43% owd6 T ntPGe t Ghal prtseruiumrognessics edse, it

is known tha
anggogenesis is determined by the general balance between

angiogenesis-inducing factors and angiogenesis-inhibiting
factors and takes place through complex and sequential

15 processes of multiple steps. When referring to such a
process, first, various angiogenesis-inducing factors
including a vascular endothelial growth factor (VEGF)
secreted from tissues with tumor or wounds bind to their
corresponding receptors in the periphery of pre-existing

20 vascular endothelial cells to activate the wvascular
endothelial cells, thereby increasing the permeability of the
vascular endothelial cells. Moreover, proteinases such as a
matrix metalloproteinase (MMP) are secreted to digest the
basement membrane and extracellular matrix around the

25 vascular endothelial cells, such that the vascular



angiopoietin 1 (Angl) secreted fromthe vascul ar endothelial io cells
plays an inportant role in the influx of pericyte and the
stabilization of blood vessels by binding to its receptor, Tie-2 (Sun
i et al., Cell, 87:1171, 1996). Meanwhile, angiopoietin 2 (Ang2)
which is known to inhibit the interaction of Angl and Tie-2 shows
simlar affinity to Tie-2 15 conpared to Angl, and thus Ang2 can
serve to conpetitively inhibit a phosphorylation process induced by
Angl (Maisonpierre et al., Science, 277:55, 1997). However, it was

ted that . Anq2.f i to ind th h horvyl ati f Tie-2
Genondi nE R Rl JahafBr bf “SRrTe diPt e Hon e ey P eh e ar Rl I ( K m
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becone semgiibg¥aeb9sSthauting Ued@sr VEGReDY 1 5Pt Dhd i 4gs t he
interaction bétween the vascul ar endothelial "cell and pericyte at the
early stageldTecohbtang ogeseris didagsdiriyl ard 1dbsesm Shembubisl .,

6: R217, ~ 1999; Veikkola and Alitalo, Sem n Cancer Biol., 9:211, 1999;
Cai Li bel is¢trugdréaiin, tNat bteed 4095209, 22000) sthbrlpashfdcubbnre Angpod s
relatively widely expressed in normal tissues (Misonpierre et al.,
Sci ence, VEEFed5151§977 L luforRed Gt | PSTEpites ¥8d Chn1f ufoft¥iekiyest
(Hayes et_al ., Br. Cancer 83:1%5%ir %%gg). E@ Ege ot her hand, from
the Tact TREPTANGS FoeoVerobkst crt st Canst 1 SS0K8 RGPS hi gn
angl Ogen't%b‘&?.ta?mslc%?hceﬁr?m'ﬁ &:tlﬂ{i%s‘ééﬁe,fs%higskﬁ&ﬁr‘fetfﬁa@: uterus and
ovary, whose bl ood vessel renodeling actively takes place
angiopoietin 1 (Angl) secreted from the vascular endothelial
10 cells plays an important role in the influx of pericyte and
the stabilization of blood vessels by binding to its receptor,
Tie-2 (Suri et al., Cell, 87:1171, 1996). Meanwhile,
angiopoietin 2 (Ang2) which is known to inhibit the
interaction of Angl and Tie-2 shows similar affinity to Tie-2
15 compared to Angl, and thus Ang2 can serve to competitively
inhibit a phosphorylation process induced by Angl
(Maisonpierre et al., Science, 277:55, 1997). However, it
was reported that Ang2 functions to induce the
phosphorylation of Tie-2 depending on the shape of cells and
20 the experimental method (Kim et al., Oncogene, 19:4549, 2000).
Also, it was reported that the blood vessel becomes unstable
and the vascular endothelial cells become sensitive to
stimuli such as VEGF by inhibiting the interaction between

the vascular endothelial cell and pericyte at the early stage

25 of angiogenesis (Klagsbrun and Moses, Chem. Biol., 6:R217,



10(Kong et al., Cancer Res., 61:6248, 2001; Ahnad et al., Cancer,

92: 1138, 2001), it can be presuned that the onset of angiogenesis in
tunor occurs as Ang2 is present at a higher content than Angl.
Therefore, it is supposed that Ang2 serves as an agonist in a Tie-2
signaling mechanism In sum 15 since the signaling nmechanisns of
angiopoietin and Tie-2 are not clearly identified, additional studies
are required to identify the signaling nechani sns. However, Angl and
Ang2 are considered to play inmportant and different roles in

angi ogenesi 20Angi opoi eti n .i.ncl.udes, an_N-term nus domai n _((N-donai n)
consistingggP’a ﬁ?%&?ﬁ%l%ﬁ%xkﬁﬁk CHO%EE?BSFaECEBigéﬂgcgﬁgz%ﬁﬁﬂaﬁﬁ@%‘ ,
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angi opoietin, and the F- ‘domain’is associated with binding of a
recept or TMei2ofiPh&tse edt adl ., NatienSkr,ub77B68l . 1940) 3&ui2008)poorly
Phosphoryl ation required to i nduce signals of Tie-2 is achieved by
di mer i Zat esRTeSsefeln cewprnrtigdfuesot(Heyesy ebshhe, kPnaseé. Satetsapt or s.
From the fact_that_angjopoietin should be nultinerized for this
purpose (Procopto 2Y0Q) - | OR tBRoPtheRechend o7l i fPggothat Ang2
Schlessinger, Cell 103211, 2000), it s gugge§tedath951these .
li gands may BEChsEPRE T aryet i Sr méf Hrig adve? opnehi RS Iehe ©
I nhi bi t1 0R.PELRNGE O9ENESHRa1 110 ddhdr LheHl 86, phavb s &1 @er@ qupd
that a mnimal nodul e of angi opoietin for the phosphorylation of
Tie-2 is avhel anRbs@SHIEHS Wehdlsirkgiodedengt het engieefitdry glerini que
and may be used as an antagoni st when the nodule is conposed of

di mers (DEehg et al., MNatcerStRad.., Bilol6248102881; 280B)d ¢m anot her

Cancer, 92:1138, 2001), it can be presumed that the onset of
angiogenesis in tumor occurs as Ang2 is present at a higher
content than Angl. Therefore, it is supposed that Ang2
serves as an agonist in a Tie-2 signaling mechanism. In sum,

15 since the signaling mechanisms of angiopoietin and Tie-2 are
not clearly identified, additional studies are required to
identify the signaling mechanisms. However, Angl and Ang2
are considered to play important and different roles in
angiogenesis.

20 Angiopoietin includes an N-terminus domain (N-domain)
consisting of approximately 50 amino acids, a coiled coil
domain (C-domain) consisting of 215 amino acids, and a
fibrinogen-like domain (F-domain) consisting of approximately
215 amino acids. Among them, the N- and C-domains are

25 associated with polymerization of angiopoietin, and the F-



is study, it was reported that an Angl dineric variant does not
effectively performsignaling for Tie-2 (Cho et al., Proc. Natl.
Acad. Sci. U S. A, 101:5547, 2004). That is, although it was not
reported that Angl serves as an antagonist, the inhibition of
signaling for Tie-2 by nodifying the oligomeric 20 pattern of this
nol ecul e indicates that a strategy for preventing nultinerization of
angi opoi etin may be used to hinder the Tie-2 signaling nmechanism
According to the reported binding structure of angiopoietin and

Tie-2 t b th bi d t
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S|gn|f|c§HktéFFééFeénfﬁﬁsF é?é@%rEﬁs%ﬂ13ﬁﬁﬁ9ﬂi9nﬁ§ Broceds PO dely

et 11 Gy 0P RO CRapr at £ by St Ot enCsan 1 HE QLM pr oA i

sol atio n n e.
e 1366%?3%9;% WGoEREel Phat gh‘g%féaq{w hal-BNGsL 8L 2 SELELE

for new drug development using the inhibition of angiogenesis.
10 In particular, Davis et al. argued that a minimal module of
angiopoietin for the phosphorylation of Tie-2 is a tetramer
as measured using a genetic engineering technique and may be
used as an antagonist when the module is composed of dimmers
(Davis et al., Nat. Strut. Biol., 10:38, 2003). In another
15 study, it was reported that an Angl dimeric variant does not
effectively perform signaling for Tie-2 (Cho et al., Proc.
Natl. Acad. Sci. U.S.A., 101:5547, 2004). That is, although
it was not reported that Angl serves as an antagonist, the
inhibition of signaling for Tie-2 by modifying the oligomeric
20 pattern of this molecule indicates that a strategy for
preventing multimerization of angiopoietin may be used to
hinder the Tie-2 signaling mechanism. According to the
reported binding structure of angiopoietin and Tie-2, it can
be seen that a Tie-2 binding site is present in angiopoietin

25 and the binding structure between Angl and Tie-2 is similar



15 VEGF- A has been known to have four isotypes (VEGF121, VEGF165,
VEGF189 and VEGF206). Anong them it was reported that VEGF165 is
abundant in all human tissues except for the placenta (Tisher et al.,
J. Biol. Chem, 266:11947, 1991). It is known that VEGF binds to its
receptors VEGFR-1 and 20 VEGFR-2 with a very high affinity but

i nduces nechani sns associ ated wi th angi ogenesi s such as proliferation
and m gration of vascular endothelial cells by transducing its
signals through VEGFR-2. For this reason, VEGF and VEGFR-2 have been

mainly targeted to inhibit the j.ogenesi s, 25 hani s i ced by
VEGE. and Rk PR did S5l L2, HBeE-EBnl it <= e b At ed
(Ellis an j.cklig; t . dRev. er, 8. 008§, fian et
al., d ingtggggérﬁ %g?ﬁq%§£§%24§§ﬁgﬁ07)? ?%%&g§§n3§§i¥%%ggggn of
Genent echrksearOHERE ZHFL antidDd %%E&@E&QglyEQEhfb££¥ﬁﬁgﬂéyéﬁeé¥s-by
Bi ochem 5 Biophy. Res. Comnm, 333:328, 2005) and has been approved
by the U. SBonEosdcainy Dx ufpaSdmavssttrialky ent(BBAy forwhitlast atiec-2col on
cancer in 2004, non-small cell lung cancer in 2006 and Her-2 negative
met ast@at | bibAengt stbdck? dnyIXOE e tlss pperitielyarfrdredieln ke t he
market. In recent years, extensive io clinical tests on various solid
tunors hab&SEERR +BVFRIY ti0° éﬁﬂsﬁdgéot RePrRAFKAFTF RS, 2R i on,
Lucentis conne&gi%£%£ avai m t he

|lable fro sanme cQnpany _i.s.an _anti body
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excessi ve angi ogenesi s under the macul a h is a mjor condition of
the seni |l enmagdl pre dege nbiedn oo .Et ercet tihdt , i Bilathgliso 2864, 2006)

and was approved in 2006 by the USA FDA as a therapeutic agent to
treat 10et sageifétanede ibeut am degenetapsoni( wet aARMYeninaitreress is
t herapeutic , , ,
widely secreted from a hypoxia site of a tumor region. In
1989, VEGF was identified by Dr. N. Ferrara, et al. of
Genentech through protein isolation and purification and cDNA
cloning (Leung et al., Science, 246:1306, 1989). VEGF called
15 VEGF-A has been known to have four isotypes (VEGF121, VEGF165,
VEGF189 and VEGF206). Among them, it was reported that
VEGF165 is abundant in all human tissues except for the
placenta (Tisher et al., J. Biol. Chem., 266:11947, 1991).
It is known that VEGF binds to its receptors VEGFR-1 and
20 VEGFR-2 with a very high affinity but induces mechanisms
associated with angiogenesis such as proliferation and
migration of vascular endothelial cells by transducing its
signals through VEGFR-2. For this reason, VEGF and VEGFR-2

have been mainly targeted to inhibit the angiogenesis

25 mechanisms induced by VEGF, and many articles dealing with



20 anti body targeting VEGF is VEG--trap of Regeneron (Holash et al.,
PNAS, 99:11393, 2002). This is a water-soluble "decoy receptor”
obt ai ned by fusing the second i munogl obul in domain of VEGFR-1 and
the third i mmunogl obulin domain of VEGFR-2 with human Fc and has not
been approved by the USA FDA, and 25 its phase Ill trials for

nmet astati c breast cancer, netastatic |ung cancer, netastatic col on
cancer and hornone-refractory prostate cancer are now under way.

Angi ogenesi s-inhi biting anti bodies targeting a VEG- receptor VEGR-2

include | MC-1121B (EP 1916001A2) of_ Inxl.ane, CDP- 791

(PCT] 0B0SF6RE1 875 LRE o o SISO UL BeT PR T 6467 7) Ve it by
the pres resear rs c- j.Ss_a cl opal _ant.i creened
fronlthe?%%ﬁﬁ?étg'%Eﬁhn29é§§i¥%#%%%%fﬁaﬁsegﬁggé’lF?kaié%ggg%rﬁégi’
metast at ;G .BE@ast 68HGET R RAWRMAMEr AVEYy i ANGr i dSHdihase, lild gtrials
for io gastric cancer 1s scheduled to be conducted in 2009. CDP-791
of UCB i swmahdeedi 2edi86dy bodyge ity ivECmhas@elkl-athai at saf oy mseisaral |
cell lung cancer in the formof PEGyl ated D -Fab are now under way.

Si ncest hiBsophyi. bBdy . dGesmnot 3o 28 n 20 5Fc agdmhike, bede approved by
ant i body- dependent cel |l -nediated cytotoxicity 15 or

conpl emefEdEpEndBRPI Rt BKIT i AGIgHifeR e X FBBY e80T LBRERSLat ic

nmp P ¢ )

TTAC- 0001 gevelo ed bX t%@ gresent resear chers _and_st udi ed i@

pr e~ cl | niEAPISERGECF STA AONOCIBHAI St bSdy SUFBeR=Rrom the (et e

human Schy | bbLagy, i fhi fe {_(i’ icbac}ﬁ,é’ A Nal SSWs Jeaetiyi Ly

to nouse- or rat§§e%ive§e5%8?€ -iq?%ﬁ%gk.z é%plogue Whife%targetlxg

VEGFR 2 ap@ kcsmeneneb the hapesd antrnf eatunesydifd erentdadivg fromthe

| MC-1121B of Intlone (PCT/KR0O7/003077). In particular, the

Ccrosse spediiediceilossesteacthi vatiows sSOIAG Gfhbrenablesbtbe tes@ariodd oo
enlarge the indications. In addition, Lucentis commercially
available from the same company is an antibody produced by
digesting only a Fab fragment from Avastin to promote its
permeability when Lucentis is injected into the retina to

15 inhibit excessive angiogenesis under the macula which is a
major condition of the senile macular degeneration (Eter et
al., Biodrgus, 20:167, 2006) and was approved in 2006 by the
USA FDA as a therapeutic agent to treat wet age-related
macular degeneration (wet-ARMD). Another therapeutic
20 antibody targeting VEGF is VEGF-trap of Regeneron (Holash et

al., PNAS, 99:11393, 2002). This is a water-soluble “decoy
receptor” obtained by fusing the second immunoglobulin domain
of VEGFR-1 and the third immunoglobulin domain of VEGFR-2

with human Fc and has not been approved by the USA FDA, and

25 its phase III trials for metastatic breast cancer, metastatic



an ani mal di sease nodel, which helps to develop an anti- 25 cancer
agent for treatnment of specific tunors in the future and to conplete
the related research nore easily. As such, the research ained
at the VEGF and VEGFR-2 has made great strides for the recent 5
years, and various therapeutic agents have been devel oped through the
market and 5 clinical studies. In addition to devel oping a
t herapeutic anti body using the inhibition of angi ogenesis, nmany
anti body therapeutic agents using a single target for each disease
have been_approved by the FDA and conme into the rket. For_exanpl e,
maj or ant ABBdy TRGTapdl 125 e €9 CHdCAGCERe=Rr Rek "4 G Hotaeidnal
anti bodi e h I ribi (I'nclone) that targets an
ﬁgr%‘ééﬁé EafioL ) daf@‘ﬂd%ﬂ%{z@&%w%gﬁ q

epi deLmal “growm h factor receptor has been marketed as a

therapeuti c agefigilehedat-MBhasi 8ihg £ WbBANC &l rqderegPhi PEGF
(CGenentech) that targets Her-2/neu and has been nmarketed as a

t her apeut recageat VEGHD-2 raailutet asicatiie1Br ¢Bst 18a0C@TA2 arst RintdDoae ,
TMthat targets CD- 20 and has been marketed as a therapeutic agent to
treat honCPRBdGRLN(BCTAGRADMEE19) of UUBandhill TAGce®?Hing to the
recent trends of the antibody market, in addition to devel oping an

anti body HEGTABROD/ Q90T A sHanssy PPoths Brageat  5pRarchsiensile-
Egisgarc_hf iuéggg Ja}% %evoel 0 'On ]1aasn_ -, %Idl eg %gal 5agg§%i%a%i %dcy _
peci fi tibo y@ oF t rggilﬁg Sntto y ( t5 ecitfic
anti body) p WhhChaGahi hayR, t Wa O HINe thar 98t §18t sbPenetastatic breast
cancer are now under way, and its phase III trials for
10 gastric cancer is scheduled to be conducted in 2009. CDP-791
of UCB is a humanized antibody, and its phase II trials for
non-small cell lung cancer in the form of PEGylated Di-Fab
are now under way. Since this antibody does not contain an
Fc domain, the antibody-dependent cell-mediated cytotoxicity
15 or complement-dependent cytotoxicity cannot be expected.
Lastly, TTAC-0001 developed by the present researchers and
studied in a pre-clinical stage is a monoclonal antibody
screen from the complete human ScFv library. This is oniy
one antibody that shows reactivity to mouse- or rat-derived
20 flk-1 (VEGFR-2 homologue) while targeting VEGFR-2 and is one
of the important features differentiating from the IMC-1121B
of Imclone (PCT/KR07/003077). 1In particular, the cross-
species cross reactivity of TTAC-0001 enables the research on
an animal disease model, which helps to develop an anti-

25 cancer agent for treatment of specific tumors in the future



sanme tinme, has been actively conducted (Van Spriel et al., 25

| munol . Today, 21:391, 2000; Kufer et al., Trend in Biotechnol.,
22:238, 2004; Marvin and Zhu, Curr. Opin. Drug Discovery Dev., 9:184,
2006) . Anpong these anti bodi es belonging to this class, there is no
case in which any antibody is approved by the FDA and produced on a
commercial s scale. However, these antibodi es have been steadily
studied in | aboratory and clinical |levels on the basis of the
continuous interests and potentials. The anti bodi es belonging to this
cl ass arergﬁlnl y cl SS|f|ed |nio (%) ScFvb sed antibogies, (2)

Fab- basedhti68MBs St ankE 3513 M Bo8RES; Vet c.

First, in the gase.gf the St seapf%%egﬁggatg tergebing AN Lhedy. o hee

is a dlabody obt ai ned by TB1 AT N and s “and

havi ng a 'g@e%%':‘étkﬂdés h%ﬁf@ﬁ’é e d of '?e(a'i‘%' | hﬂ@f v&Fi8hs, Proc.
Nat|. Acad. ScCi. S. A, 90: 6444, 1993). “However, such an anti body

has a prCtl@ieQmp@ht@@oagéhablhaw lﬁ@@itdb\idl%ﬁ%ldﬂ(ﬂ:hﬂ@ughf thet yatleet and

het er odi mers. Al so, tendem ScFv obtained by liking different ScFvs to
each ot herlifKicpdi pandyest aln adiiithoin tBi develgpindla W8peRibiionson

et al., Brit. J. Cancer, 99:1415, 2008), 20 heterodineric ScFv

obt ai ned atwal@@éa/es@ﬁ@ Jhn aReliEbsiemicth %ﬁ-@g&n@ﬁﬁév NHABBt REI P t o

the t f diff t BcF De Krui.f t enb
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erpreeo! o Chloh (A s it 0SBk hepect | el
const ructddghpde, major antibody therapeutic agents leading the market
10 of monoclonal antibodies over the world include Eribitux
(Imclone) that targets an epidermal growth factor receptor
(EGFR) and has been marketed as a therapeutic agent to treat
metastatic colon cancer, Herceptin (Genentech) that targets
Her-2/neu and has been marketed as a therapeutic agent to
15 treat metastatic breast cancer, and Rituxan TM that targets
CD-20 and has been marketed as a therapeutic agent to treat
non-Hodgkin’s lymphoma.
Meanwhile, according to the recent trends of the
antibody market, in addition to developing an antibody having
20 the functionality for a single target, extensive research
aimed at developing a so-called dual targeting antibody
(bispecific antibody) or a multi-targeting antibody (multi-
specific antibody), which can have two or more targets at the
same time, has been actively conducted (Van Spriel et al.,

25 Immunol. Today, 21:391, 2000; Kufer et al., Trend in



m ni body in a heterodinmeric ScEiv form (Merchant et al., Nat.

Bi otechnol ., 16:677, 1998) were reported. In this case, the nethod
for constructing the mnibody includes substituting sonme am no acids
of a CH3 domain that is a honodineric domain 5 of Fc to change a
heterodi meric structure in a "knob into hole" form and expressing

t hese nodified CH3 domains fromthe teimni of ScFv, respectively. In
addition, a variety of ScFv-based anal ogues were reported in the
scientific literature (Kipriyanov and Le Gall, Curr. Qpin. Drug 10

Di scovery

Dey.,. 7: 233, 004), d i pl t t ScF in,
D1 s body” BRatachahs ovt e o o 2R pe b8 B8L Xl 1 P g

reported i i ifig ddfer e ( i@gg t: ...l mmunol
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anti body maiBhyidg Basthi® d1idB ofcrekeradhRerhse Fah @bial ngd, by
conbi ni ng separate Fab's against specific antigens with each "ot her

usi ng a deaulibbde bendpwrowedredi ather FOBr endaprefiuadd, oSl eftiyercial
229: 81, 1985; Kostelny et al., J. Imunol., 148:1547, 1992).

Meanwhs | e sciilewadHawspsn edhelat aatdbafiearkpte hpamtstsedy 190 shadiag
two antigen valencies is iroduqed b exgressing ScFvs agai nst

di f f er ent TBntPHERREPFV AR & HdHiRa; e4sheRvyRenaR Al oroha theht chain

of specific_Fab (Schoonjans et ST P nol 165:.705Q, 2000; Lu
ot ol PTG TRros e Prstesaaay . P £ Bide et g
antibody ,81BhgdHGeM, 1 thPe & NAMGIITREI G Obkhésiﬁigévﬁé&u{%)a%oﬁ%‘%”
val encies by interposing a hinge region between Fab and SckFv | oma

and MorrisaBedNahtiBb@i@ehngl). Falbpbe2d 4997hodMesP, agd dugl tr-gRlideag
bi body produced with three val encies for antigens by fusing ScFvs

agai ns¢ dehtebedieanteégens to the termni of the light chain and
heavy chain of Fab, and a triple target bibody produced with three
val enci es for éﬁﬂﬁ&enénbyhpugaﬁ@ of the ScFv-based multi-targeting

antibody, there is a diabody obtained by combining VL and VH
of different ScFvs and having a hybrid ScFv in a
heterodimeric form (Holliger et al., Proc. Natl. Acad. Sci.

15 U.S.A., 90:6444, 1993). However, such an antibody has a
problem of poor stability due to the binding affinity to
heterodimers. Also, tendem ScFv obtained by liking different
ScFvs to each other (Kipriyanov et al., J. Mol. Biol., 293:41,
1999; Robinson et al., Brit. J. Cancer, 99:1415, 2008);,

20 heterodimeric ScFv obtained by expressing Jun and Fos which
have a binding potentials to the termini of different ScFvs
(De Kruif and Logtenberg, J. Biol. Chem., 271:7630, 1996), a
heterodimeric miniantibody obtained by expressing CH1 and CL
of Fab from the termini of ScFv, respectively (Muller et al.,

25 FEBS lett., 432:45, 1998), and a method for constructing a
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different ScFvs respectively to the termni of the light chain and
heavy chain of Fab were also reported in the scientific literature
(Schoonjans et al., J. Imunol., 10 165: 7050, 2000). Also, a triple
targeting anti body F(abT)3 produced in a sinple shape by chemcally
conjugating three different Fabs was also reported (Tutt et al., J.
| munol ., 147:60, 1991). Third, in the case of the |1gG based
multi-targeting 15 anti body, a hybrid hybridona produci ng a dual
targeting antibody, so-called quadrona was obtained by Trion Pharna

by hybri di hybri d Th | t{bod
£ oot CRRY] Gine PEFE IOl (Do) o ddiGed ByCAPE. EonBhny Mot

proceedeg;i og?%hﬂgﬁse bk %*%*73' f9§é’>r &E":Eeaszte%?ﬁfgélg bgl‘g%lé:%}%g ileeve

and Thiel, Opi n. "Tnvestig. Drugs

Cat umaxomhbantfbgeaengﬂﬁéé&u@eeh@rn&mﬁﬂ% iiRQuBBas8ubst i fhed gy f or
gastric cancer and ovarian cancer and phase IIl trials for malignant

ascites (sSmenaatdoZhuid€ust.a PHN.ddEin Hhert. 1s1Q: Rddpd2008)c domain
However, these 25 anti bodi es cannot exclude a hunman anti - nouse

ant i bbdy QEHAWAXC ehahgfana beteredimerritd [FEdPCtMARALLr aatkinoh taksed by
their repeated _adm nistration. Meanwhile, a dual targeting anti body
of " Hol ed*°4frd @ﬁSB"aBgoﬁﬁEﬁﬂs$¥P%iWﬂﬁﬁﬁwmﬂqﬁéﬁaé £5¢ BVahB%|?§9Wufhe

sone amn no_aci ds %f aFV onodlner cd na 5 Fc_for dlffe%g
ai ndd

heavy chai s i & sﬁarrnre%P?Ct¥Keé% n%lglﬁﬁs Ay reﬁ%f?
(NbrChan%c%%'%EsedNéhal§§Qé§cﬁ€¥% - repd G inl $98) schiBnddition tO the

dual targeting antibody Tn a heterodimeric foim it was reported that
( ScFv) 4- hgGefrartirgenki forfandcradR)Ld X0r €ssed bpia. hopagi nmeric
formby io fusing two different ScFvs to the constant domai ns of a

| i ghtlochd@iscavery b)eavy €h2sd, 020049G iarst eadrdfpolehéavget abtEv dowaians
thereof (Lu et al. .. Biol. Chem, 279:2856, 2004). However, this
ant i body ahééflébefi@’bﬁéﬁm of AVRAFUP b trﬁw}?cﬁc\}“"t yisipgt at hetsaedy were

r rch gr r i -di abod:
esearc s%y%e o%ggaegnatge scfgntf%lc llterature (Hudson and Kortt,

J. Immunol. Methods, 231:177, 1998).
Second, the Fab-based multi-targeting antibody mainly
15 has the form of heterodimeric Fab obtained by combining
separate Fab's against specific antigens with each other
using a disulfide bond or a mediator (Brennan et al., Science,
229:81, 1985; Kostelny et al., J. Immunol., 148:1547, 1992).
Meanwhile, it was reported that a dual targeting antibody
20 having two antigen valencies is produced by expressing ScFvs
against different antigens from the termini of a heavy chain
or a light chain of specific Fab (Schoonjans et al., J.
Immunol., 165:7050, 2000; Lu et al., J. Immunol. Methods,
267:213, 2002), and a dual targeting antibody is produced in

25 a homodimeric form to have four antigen valencies by
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15 inproved productivity to the sane target by conpensating the
probl em of (ScFv)4-1gG and confirned its potentials (Lu et al., J.
Biol. Chem, 280:19665, 2005). However, such an antibody did not
overconme the problem of poor stability of the diabody. Al so, Shen et
al . of Intlone produced a dual 20 targeting antibody by fusing only a
single variable domain for nouse platel et-derived growh factor
receptor-a (PDGFR-a) to the Netermnus of a light chain of a chineric
nonocl onal anti body | MC-1Cl1 agai nst human VEGFR-2, and reported its
potentials_(Shen et al.,.J. Biol. Cgemé 28%:1070 ‘s 06, . 25 Shendgt
al ., J. | AHuROPOSHRY HodEt i &85 O™ 6671 RetBR 7Y S Ho5siCHC R 20

pr oposed L Lo av 4 ipl e ant gen nci fo by a
et hod S0 SA e ek an i e bR 1 e g B2l er gt | Bn o

docki ng degeyat{RPD)idapmREMRINLL tof tRFet el &hdpse Ry RifeAyeanrd
an anchoring domain of sthe PICA (Rossi et al., Proc. Natl. Acad.

Sci. U. S. By, tt83n6§84drv HEirdas ¢li feeraht, afangens Res.theé6& 33841 of
2008), and the same research group reported a dual targeting antibody

on thes bashs bighucthain eukhihpeey( chang ef Beb, @dm ke tReget
13: 5586, 2007). It is known that the antibodies 10 using the DNL
met hod hal?ébaENaB%%‘aé%e@ ri"”t%tthtr]’?@yvéll@n%%ﬁ F%ra%"rjﬁe%r?ybéfusmg

variously .¢ ine ince it is . produced in a_nodule t nd.has
excel | ont SERTOFOR STEBTT PP Bade Chr ShPoRET Rt el Ty W) be
degraded Byskf MhYOnhdL@f GHRASE ANGRAYerEMIYRQ0ROLSI L r&l atfd

probl ens. 15There are various dual targeting or [ti-targeting
anti bodi esciepoifed 1tdhe &6 eptdhbonjbhkeeat 41 e, up. tonddie1pr,esent,

and these anti bodi es have functional nerits and denerits dependi ng on
the nor phobbgiead, f2aer esraeoor di hgipbe ttmiget interaed boslgsF (Ah') 3
partlCuIa;iogééggsiggargﬁgfﬂfqﬂg&gF%y chemically conjugating three
different Fabs was also reported (Tutt et al., J. Immunol.,
147:60, 1991).
Third, in the case of the IgG-based multi-targeting
15 antibody, a hybrid hybridoma producing a dual targeting
antibody, so-called quadroma was obtained by Trion Pharma by
hybridizing mouse and rat hybridomas. The dual targeting
antibody Ertumaxomab (antigen: Her-2/neu, CD3) produced by
this company proceeded into phase II trials for metastatic
20 breast cancer (Kiewe and Thiel, Expert Opin. Investig. Drugs,
17:1553, 2008), and Catumaxomab (antigen: EpCAM, CD3)
proceeded into phase II trials for gastric cancer and ovarian
cancer and phase III trials for malignant ascites (Shen and

Zhu, Curr. Opin. Mol. Ther., 10:273, 2008). However, these

25 antibodies cannot exclude a human anti-mouse antibody (HAMA)

12



20 at devel opi ng therapeutic dual targeting and multi-targeting
antibodies to treat cancer has continued to progress. However, it is
very inportant to select antigens targeted by the anti bodi es obtai ned
t hrough such research such that the antibodies can perfokmtheir
proper functions. 25 [Disclosure] [Technical Problem

Therefore, in order to develop a dual targeting anti body for
anti-cancer treatnent using angi ogenesis inhibition, the 5 present

i nventors have produced a dual targeting antibody, which can

trali t VEGER- ie-2, ich | Ly .
esoc at 60 TR RBCANG byBEUr el SACaC BmEar FBRrPdnT (F has
t b d N - fi th i ;
caui val CACTRR b Par ARt T RSHEET SFPERIIE cucnih VIaE aothel | as on

a cel lul amtligwel, eeMPAGELst onhd BdW laeld Re anhibbedyaagal NSt form
VEGFR-2 or Tie-2, and conpleted the present invention. An object of

t he preséyt modiéEptingnsoret ampiovddieia cual dHar getbidgmant ¢ baclyand @f
novel facia having a water-soluble 15 ligand fused to the N-term nus
of a heaWg dlai AdisEereght heway nclofing wintlicbedypring a lighbt ferimbj ect
o e prsent L aventLon L5 L0 prayids, 8 PR ecoding the dual o,
t ar get i nGIREFOHET . p ( ' ’
16:677, 1998). In addition to the dual targeting antibody in
a heterodimeric form, it was reported that (ScFv)4-IgG
(antigen: EGFR, IGF-1R) is expressed in a homodimeric form by
10 fusing two different ScFvs to the constant domains of a light
chain and a heavy chain of IgG instead of the variable
domains thereof (Lu et al., J. Biol. Chem., 279:2856, 2004).
However, this antibody has a problem of very low productivity,
but the same research group produced a di-diabody with
15 improved productivity to the same target by compensating the
problem of (ScFv)4-IgG, and confirmed its potentials (Lu et
al., J. Biol. Chem., 280:19665, 2005). However, such an
antibody did not overcome the problem of poor stability of
the diabody. Also, Shen et al. of Imclone produced a dual
20 targeting antibody by fusing only a single variable domain
for mouse platelet-derived growth factor receptor-a (PDGFR-a)
to the N-terminus of a light chain of a chimeric monoclonal
antibody IMC-1Cll against human VEGFR-2, and reported its
potentials (Shen et al., J. Biol. Chem., 281:10706, 2006;

25 Shen et al., J. Immuncl. Methods, 318:65, 2007). Recently,
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Still another object of the present invention is to 20 provide a

reconmbi nant expressi on vector containing the DNA Yet anot her
obj ect of the present invention is to provide a host cell transfol ned
wi th the reconbi nant expression vector. Still yet another

obj ect of the present invention is to 25 provide a nmethod for
produci ng a dual targeting antibody by incubating the host cell. A
further object of the present invention is to provide a
pharmaceutical conposition including t he dual targeting ant i body.

[Technica Sol ut | n% ) _pres nh i.nvention ro qﬁ% a .dua
Laronti naRaRSinehoml . nropsakt Al BEThoul ERLLGR B PR B
fused to {he. iéé”féwscﬁobtﬂ(}?" NERLRS ahebncggiléeaghao&baa qfoc@;n

anti body. 10The term "antl use in the description o

present inpRng ¥ O@Sixeéeasaitncéﬁz@rtqtoeﬂ AnfAobeeKt 8yt dehai® mmﬁuw_’d aby rRB
cells to specifically recogni ze various types of antigens and serves

as an ant sgennieceptorotofin helrBseeldl PKANI sandohecathehdsingn doméishalie,
and consists of two identical
5 the PKA (Rossi et al., Proc. Natl. Acad. Sci. U.S.A.,
103:6841, 2006; Rossi et al., Cancer Res., 68:8384, 2008),
and the same research group reported a dual targeting
antibody on the basis of such a technique (Chang et al., Clin.
Cancer Res., 13:5586, 2007). It is known that the antibodies

10 using the DNL method have advantages in that they are easy to
apply, can be variously combined since it is produced in a
module type, and has excellent in vivo stability, but have
problems in that they may be degraded by in vivo proteinase
and have immunogenicity-related problems.

15 There are various dual targeting or multi-targeting
antibodies reported in the scientific literature up to the
present, and these antibodies have functional merits and
demerits depending on the morphological features according to
their intended uses. In particular, extensive research aimed

20 at developing therapeutic dual targeting and multi-targeting
antibodies to treat cancer has continued to progress.
However, it is very important to select antigens targeted by
the antibodies obtained through such research such that the
antibodies can perform their proper functions.

25
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is light chains and two identical heavy chains. Al the |ight chains
and heavy chains include variable and constant regions. The four
chains are fixed by disulfide bonds |ocated in flexible regions of

t he heavy chains, which are referred to as a hinge region. The
variable regions in all the heavy 20 chains and |ight chains bind to
each other to folmtwo identical antigen-binding sites. The

anti bodies are classified into five classes by the heavy chain
constant region: A(lgA), XIgD, E(IgEe), (1gG and MIgM. Each
class is nger ed toyas an isotype, and has unique structural 25
charact eri'stPes®@ndT Ui fferent biol ogical properties. The present

i nventionti i iyes of all isotypes, and IgGis preferably
TI‘rQEig;fg?él 315‘}6%19

used. Prefera the a ody according to the present invention
includes an anthdedhc@gaiinsoraRraRbl gefelbptai gudl sReddiicr] vt ibody
expressed in a neoplastic cell, a cancer stromal cell, a

t unor - asoci ahed -eadothetirahtoeht ,udi dgrrFiagenesdtednahdbt heh ) athe
progenitor cell, a tunor-associated circulating endothelial cell, a
ci r cub at iP¥gselfpinvehfora karnedrreduradal |dusdt cargstitnghanptlesdnt
invention is not limted_{hereto. More particularly, the
antibody“@&&@r&?HgnFBt¥ﬁ%lﬁ?egﬁ%tr?Qﬁﬂﬁﬂqﬁn1WEﬁgﬁﬁaeéngnTéﬁf?bdﬁ?1Ch
agai nst %’er%ﬁegnlex égggedtqg tP&lg:Q;a%F.%jeg cellmsugg as a .
vascul ar “endst el al grom%% Fac re eﬁ%éylf'FﬁﬁéER-Tf, a VBsctit at
endot hel iral, GLOWt linf8Rt L s SSEPEOER 2 dVEFIX D13 UBRCULBAfirm that
endot helial growh

the antibody shows an equivalent or better anti-cancer effect
10 even in vivo as well as on a cellular level compared to a
single targeting antibody against VEGFR-2 or Tie-2, and
completed the present invention.
An object of the present invention is to provide a dual
targeting antibody of a novel form having a water-soluble
15 ligand fused to the N-terminus of a heavy chain or light
chain of an antibody.
Another object of the present invention is to provide a
DNA encoding the dual targeting antibody.
Still another object of the present invention is to
20 provide a recombinant expression vector containing the DNA.
Yet another object of the present invention is to
provide a host cell transformed with the recombinant
expression vector.
Still yet another object of the present invention is to

25 provide a method for producing a dual targeting antibody by

15



15 factor receptor-3 (VEGFR-3), an FM5-1ike tyrosine kinase 3 (FLT3),
a c-FMS/ colony stinulating factor 1 receptor (CSF1R), a rearranged
during transfection (RET) cell, a nmesenchymal - epithelial transition
factor (c-Met), an epideLilLtal growh factor receptor (EG-R)
Her 2/ neu, HER3, HER4, fibroblast 20 growh factor receptors (FG-Rs),
an insulin-like growh factor receptor (I1GFR), platelet-derived
grom h factor receptors (PDGFRs), a stemcell factor receptor
(c-KIT), a breakpoint cluster region (SCR), integrin, matrix

met al | opr ot ei pases ( etc..,. but the present invention is 25 not
limited tﬁgFgg%.lng @Qg%ﬂqﬁthﬁglpresent i nvention, the antibody nmay

be a "polyclong|" " - £ iﬁ@%y & ref.e :
nonocl onal ant?%gﬁgﬁh%%gggg%ggﬁéﬁéﬁag I éﬁyapévgggqﬁg g% gﬁt %dyde
obt ai ned &r g emssdst BéH1 aldnpdaaeenans1aath§oeye POR ald et iHat
is, the individual antibodies constituting such a population are

i denti cal asktbpflyf or possible naturally occurring nutations that my
be present in a small anmount. The nonocl onal antibody is highly

specific to a single antigenic region. Mreover, unlike the

pol ycl onal ;, anti bodi.es i.o i.nckuding different anti bodies for different
epi t opes, ELRAPhisirdc SaiE 18 i body is induced against a single

epi tope on theﬂﬁ@!&%%@ngéiﬁ@gﬂtgoﬂq%ﬁgﬁg%%i%{%ﬁ%he%aEE?EiggeantibOdy

nmonocl one i s requi roduce an I N any Certai n"manner .

For exanplbe, 5an8Pa0ct ORI hARHPdYteel ub1LB1ENe; pLeseAlskd dd1veRnt ian
may be produced by a hybridoma net hod described in Kohler et al.,

Nat ure, 2b6r#9H(0497H)tlos Hw=pduegthiby o neghgbehanh ONAameidiidbddsee
USA Patent No. 4,816,567). Al so, the nonoclonal antibody may, for
exanpte, be isdhat éerfv anthboghagesadtibadye |ddncaipthpnaotetheai que
descrlbedpggsent invention refers to a protein molecule that is
produced by B cells to specifically recognize various types
of antigens and serves as an antigen receptor of the B cells.
This molecule is in a Y shape, and consists of two identical
15 light chains and two identical heavy chains. All the light
chains and heavy chains include variable and constant regions.
The four chains are fixed by disulfide bonds located in
flexible regions of the heavy chains, which are referred to
as a hinge region. The variable regions in all the heavy
20 chains and light chains bind to each other to foxrm two
identical antigen-binding sites. The antibodies are
classified into five classes by the heavy chain constant
region: A(IgAd), D(IgD), E(IgE), G(IgG) and M(IgM). Each
class is referred to as an isotype, and has unique structural

25 characteristics and different biological properties. The
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20C ackson et al., Nature, 352:624-628(1991); Marks et al., J. Ml.
Biol., 222:581-597(1991). The anti body of the present
invention is preferably a "humani zed anti body”. The term "humani zed
anti body" refers to an antibody that includes an am no acid seguence
that is 25 partially or entirely derived fromthe human anti body
germ ine by changing the sequence of an anti body having a non-human
conplenentarity determning region (CDR). By the changing nethod, it
is the sinplest way to nerely substitute a nurine constant region
with a constant regiop.of a h n_ S anti bady. nce, .a _human/ nur i ne
hi et a. SRRCEC g BUP P PO I KR S GdoniEPFYPRS" |40 s
t he phar i i ions are allowable, is produced. However,
it is pre erggd%?ﬁggggh%§€%$%gble region and even CDR of the anti body

are humani zed bye@etL0RN q¥R kReWhol) hBeo8iddtto e fyrnmwmer k
region of the variable region is substituted wth a correspondi ng

human fr anewatk one ghohudbs | @n tdvet Hlosdh ungn rSbRains aaubgtanthat | ys

mai ntai ned intact or the CDR is exchanged with a sequence derived

f r om £ he Shevad igaddmecxpres prACIn umerrlstiedyeild , prodatedr | sitwomsl
genetically nodi fi ed nouse whose i nmune system_is nodified to
correspoﬁﬁﬁﬁo fhEURGRaRSPRRtMESS YR eRid lasSildodf SPMPRe2pFRSERHESD

i nvention_i art.icul arl ef er y a."human anti.body". .The. human
ant + body PeCEREL e pBES¥RDt & LY D P BT T e S

to an 20 2pRPa¢L4 seguengec pf-aihtd hoghePreduced bynapy Leghni que

for producing an anti body produced by a human or a hunman anti body.
The humarednt,i bedy , Myt beherpabieatt bynwald i ilseabri qUAstKkAOYRetdd he

art. According to one enbodi ment, the human anti body is screened from
t he phage |ibrdMoeze particularly, the antibody according to the present
invention includes an antibody against a protein expressed on
the surface of a cell such as a vascular endothelial growth
factor receptor-1 (VEGFR-1), a vascular endothelial growth
factor receptor-2 (VEGFR-2), a vascular endothelial growth
15 factor receptor-3 (VEGFR-3), an FMS-like tyrosine kinase 3
(FLT3), a c-FMS/colony stimulating factor 1 receptor (CSF1R),
a rearranged during transfection (RET) cell, a mesenchymal-
epithelial transition factor (c-Met), an epidermal growth
factor receptor (EGFR), Her2/neu, HER3, HER4, fibroblast
20 growth factor receptors (FGFRs), an insulin-like growth
factor receptor (IGFR), platelet-derived growth factor
receptors (PDGFRs), a stem cell factor receptor (c-KIT), a
breakpoint cluster region (BCR), integrin, matrix
metalloproteinases (MMPs), etc., but the present invention is

25 not limited thereto.
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25 expressing a human anti body (Vaughan et al. Nature Bi otechnol ogy
14: 309- 314(1996): Sheets et al. PNAS (USA) 95:6157-6162(1998);
Hoogenboom and Wnter, J. Ml .Biol. 227:381(1991); Marks et al.

J. Mol . Biol. 222:581(1991)). The human anti body may be produced by

i ntroducing a human 5 i nmunogl obulin locus into a transforned ani nal,
for exanple, a nouse whose endogenous i mrunogl obulin genes are
partially or conpletely inactivated. During the challenge, it was
observed that a human anti body was produced, that is highly simlar

as observed in_the human _in_all_ aspects qf gene.,lQ rearrangenent,
g e TG e

assenbly and a 5ﬁpr858PFo% eSSt ]ﬁFbyd@? ribed in, for

le, - " ‘w 1 7 3Ane4Bo896: o e 6;
o g e A e R e R S

10: 779- 788648820nal obeibBt. alrhe Nabtb€1 3681 806182yl 34 )rsMabr A 0N,
Nature 15 368:812-13(1994); Fishwild et al. Nature Bi otechnol ogy

14: 845- 51618969y Neloteirmgpet , £ et @r euBisabechadlpgholidgd26(<l $396)ibody
Lonberg and Huszar, Intem Rev. Inmmunol. 13: 65-93(1995). In another
met hode t REPHUABRRCRANt ITHGdy 1Fmythe prédvut@R byantmndigs £enpsatyring

huren B | yipocyLe (10r, 20 Qo ey B LYoyt € . be L eeousr oy
U5 24P15E e ASOSELBIL GE (90) Bl BhepbORC, ol L
| mmunol ., rh476dh68Pedwl 128 koRNd SUPAGRALeBheNOri 8. 60 3y R]g125The
term"water-sol uble |igand" used in the description
antigenic region. Moreover, unlike the polyclonal antibodies
10 including different antibodies for different epitopes, each
monoclonal antibody is induced against a single epitope on
the antigen. It should not be interpreted that the monoclone
is required to produce an antibody in any certain manner.
For example, a monoclonal antibody useful in the present
15 invention may be produced by a hybridoma method described in
Kohler et al., Nature, 256:495(1975) or produced by a
recombinant DNA method (see USA Patent No. 4,816,567). Also,
the monoclonal antibody may, for example, be isolated from
the phage antibody library by a technique described in
20 Clackson et al., Nature, 352:624-628(1991); Marks et al., J.
Mol. Biol., 222:581-597(1991).
The antibody of the present invention is preferably a
“humanized antibody”. The term “humanized antibody” refers

to an antibody that includes an amino acid sequence that is

25 partially or entirely derived from the human antibody

18



of the present invention neans a part or all of a protein that
specifically binds to a receptor present in a cell, particularly on
the surface of a cell and shows a water- soluble property so that it
can be soluble in water. For 5 exanple, the water-soluble |igand

i ncludes, but not limted to, a vascular endothelial growh factor
(VEGF), an epidemal growth factor (EGF), a placenta growth factor
(P1GF), a fibroblast growth factor (FGF), a platelet-derived growth
factor (PDGF), a hepatocyte growmh factor (HGF), angiopoietin, |oetc.

In the dual aar e%in anti body. of a novel fom acc ngiﬁ to the
oresent  ERGEIEPSnDYt RBTHA DO AT CGafl g PPRY PR THIG e

rol es. i h | %Q£59 Lahi by r lify
t wo sig:gﬁg'gFm?ﬁegggggé?%ﬁggﬁgﬁgg% us |?H%'y§%gh§§r2t%$?éc%§§§%g
conmpar ed dhengi6gsRevhed s oneisihalsingplidtt Righedcone2aP i gk itute

Conpared to a case where each signal is treated wth a signal
I nhi bi t o, mariow dosetamy begasimwitdt er edbnsancdtt wagsognaf sa camdre
inhibited or anplified in the sanme tine
5 antibody. Hence, a human/murine chimera, which may
sufficiently reduce the immunogenicity as low as the
pharmaceutical applications are allowable, is produced.
However, it is preferred that the variable region and even
CDR of the antibody are humanized by a technique known in the
10 art. The framework region of the variable region is
substituted with a corresponding human framework region while
the non-human CDR is substantially maintained intact or the
CDR is exchanged with a sequence derived from the human
genome. An intact human antibody is produced in a
15 genetically modified mouse whose immune system is modified to
correspond to the human immune system.

The antibody of the present invention is particularly
preferably a “human antibody”. The human antibody is an
antibody having an amino acid sequence corresponding to an

20 amino acid sequence of an antibody produced by any technique
for producing an antibody produced by a human or a human
antibody. The human antibody may be produced by various
techniques known in the art. According to one embodiment,

the human antibody is screened from the phage library

25 expressing a human antibody (Vaughan et al. Nature
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20 and space. In the present invention, it is preferred that
the antibody is fused to a water-soluble ligand via a linker. In the
present invention, the term"linker" refers to a peptide fragnent
connecting two noieties of a fusion protein. In the 25 present
invention, a suitable linker includes a peptide having 5 to 25 am no
acids, preferably 10 to 20 am no acids, and nore preferably 10 to 15
am no aci ds. In order to produce the dual targeting antibody of
the present invention, a nucleic acid sequence encodi ng the dual 5

targeti ng,antibody. is produyced. T clejc_acid sequ e
constructgﬁo%§g$%%}%ﬁygﬁgq§ﬁag@féﬁ%@EVOfEgeﬁgﬁ!%nggtﬁ%&gégﬁéﬁge
encodi ng gsvgi 84 - 5043101 $54) 9L JRPLRGE anal REALAKS ind Miciel ¢ acid

sequence encodi ng a heavy chain~or light chain of an antibody. In one
aspect, the7nueleigonc) dabksequencejemeodanglt hezslusd 1 tieyget)i.ngThe
anti body fused via the |inker may be obtained by designing a nucleic
aci d sequknoenoéniaibodik erayt deheroducadnby intaogueimey ardineer f or m ng
PCR. . A coding gene of the thus produced dual targeting antibody
is |igat eémmﬁﬁ@ghob‘ég%lbrlct%lsprléﬁ@r & &TPBESABPAANRNITR bx pfs SXGHPLe,

plasmd, the plasmd is introduced into ost cell to prepare
Fr anof eot AnTOBFET PAHT GREHEbIA TPHEOROGPILLR STReB Y A a1y
R e o A
observed that a human antibody was produced, that is highly
similar as observed in the human in all aspects of gene
10 rearrangement, assembly and antibody repertoire. Such
methods are described in, for example, U.S. Patent Nos.
5,545,807; 5,545,806; 5,569,825; 5,625,126; 5,633,425; and
5,661,016 and Marks et al. Biotechnology 10:779-783(1992);
Lonberg et al. Nature 368:856-859(1994); Morrison, Nature
15 368:812-13(1994); Fishwild et al. Nature Biotechnology
14:845-51(1996) ; Neuberger, Nature Biotechnology
14:826(1996); Lonberg and Huszar, Intem. Rev. Immunol. 13:
65-93(1995). In another method, the human antibody may be
produced by immortalization of human B lymphocyte (for
20 example, B lymphocyte may be recovered from a population, or
immunized in vitro) that produces an antibody induced against
a target antigen (Cole et al. Monoclonal Antibodies and
Cancer Therapy, Alan R Liss, p.77(1985); Boerner et al. J.

Immunol., 147(1) :86-95(1991); and USA Patent No. 5,750,373).

25 The term “water-soluble ligand” used in the description
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20l n the present invention, the host cell used for expression of the
dual targeting antibody may be a prokaryotic or eukaryotic cell.

Al so, a host cell in which a DNA is introduced at high efficiency and
has hi gh expression efficiency of the introduced DNA is generally
used. Exanples 25 of the host cell include known eukaryotic and
prokaryotic hosts such as E. coli, Pseudonobnas spp., Bacillus spp.,
Streptonyces spp., bacteria and yeasts, insect cells such as

Spodopt era Frugi perda 9 (SF9), ani mal ceIIs such as a Chi nese hanster
ovary cel ]| nouse,_ ce CCS oni c

nbr
o ooy 555, S brafent IRYSS S medtP e ooy o 21 tnel § PEEOMS ang
BMI' 10, apdtt 'sﬁél:‘@fﬂ:’éii‘&elglm el eptor preE%B£h§np£e§§PI

invention, a variety of expression host/vecto Inations nay be

used to Wltas:altamyd@ﬁl thargetfige aH ibedyl Ean exawsl &, wex@Fessi on
vectors suitable 10 for the eukaryotic host include Sv40, bovine

papi | | omwwiluide adepevtyuse Emno-tassocitat edlubies incyboaegalkor rus,
and retrovirus. ression vectors that may be used for the bacteri al
host P ncler@arBgct éﬁ? avVaprEsTR-HEP b cjﬁ-%éﬂ-dp BFTGéSJéIEiSpt bUbGE@(QTl ipied
pCR1, pER322, g ?nd deri vatjves ther ais gld such, as RP4
havi ng a b d&r VRSSHLFAngRAC e 1R bk SR fﬁﬁ&&é Fipralemhiipgel

various %@%%%h %gg%ogerﬁgﬁ$!Y§§pf%géhta growth factor (PlGF), a

fibroblast growth factor (FGF), a platelet-derived growth
factor (PDGF), a hepatocyte growth factor (HGF), angiopoietin,
10 etc.

In the dual targeting antibody of a novel form according
to the present invention, the antibody and the ligand play
their unique roles.

However, the dual targeting antibody can inhibit or

15 amplify two signals at the same time, and thus it may be more
effective compared to a case where one signal is inhibited or
amplified. Compared to a case where each signal is treated
with a signal inhibitor, a low dose may be administered, and
two signals can be inhibited or amplified in the same time

20 and space.

In the present invention, it is preferred that the
antibody is fused to a water-soluble ligaﬁd via a linker. In
the present invention, the term “linker” refers to a peptide
fragment connecting two moieties of a fusion protein. In the

25 present invention, a suitable linker includes a peptide
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as NwB89, and ot her DNA phages such as ML3 and fil anent ous

si ngl e-stranded DNA phage. Expression vectors useful in yeast cells

i nclude 211 plasm d and derivatives thereof. A 20 vector useful in
insect cells is pVL941. The transfolLnati on of a reconbi nant
expression vector into a host cell includes, for exanple,

DEAE- dextran nedi ated transfection, electroporation, transduction,
cal ci um phosphate transfection, cationic |ipid-nediated transfection,
25 scrape | oadi ng and infection. In the present invention

the host cell mm e ihcubated j.n, a sui bl medi um under .
oo onSSiial™y PS8 SRS il SEiaRLE Uoth U ) QR acias,

targeting,agt hBedy,HstdgisTRlly 1 1sabgenscakeafernentation and shake
flask incubation in a laboratory or industrial fernenter. The

incubation is perfRiderdtbnpaoutéabthe @l Wag@rdingmaeenbaini 69 the
carbon and nitrogen sources and inorganic salts by a known techni que.
The suit abreserdi imvest tomner clwdlleyicavaibabbguande ¢mrodixanplle duay
be prepared using conponents 10 and their conposition ratios
described tREIChENG R AT BeRAY ofS (HONSEL: c aFR Ty P IaHT FCd ICSPHBERF8N

(AT et B S S0 PR Ty hagl ol o ram it
o e R Y IS ALl LOTL B1C L 4L 1, M 10
fi|traFiPBerﬁ¥ﬁﬁ§CéfQ£} éﬁﬁéﬁb(Hﬁﬁdﬂ%eqﬁéﬁger@hbgﬂiﬁé @Fﬁé&d&tdﬁdﬂﬁWOr
In addition, the dual targeting antibody may be purified using
vari ous nethhdsckabmnof rar hentaidodyncl odi oge clememt ogrraphyiclieie. acian
eXChaQ§e1sequence encoding the dual targeting antibody fused via the
linker may be obtained by designing a nucleic acid sequence
of a linker to be contained in a primer and performing PCR.
A coding gene of the thus produced dual targeting
antibody is ligated into a vector to prepare a recombinant

15 expression plasmid, the plasmid is introduced into a host
cell to prepare a transfectant or transformant cell, the host
cell is amplified and incubated, and a dual targeting
antibody is isolated and purified, thereby obtaining the
desired dual targeting antibody.

20 In the present invention, the host cell used for
expression of the dual targeting antibody may be a
prokaryotic or eukaryotic cell. Also, a host cell in which a
DNA is introduced at high efficiency and has high expression

efficiency of the introduced DNA is generally used. Examples

25 of the host cell include known eukaryotic and prokaryotic
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20 affinity, hydrophobic and size exclusion), electrophoresis,
fractionation (i.e., ammoniumsulfate precipitation), SDSPAGE or
extraction. A conposition according to the present invention nay be
adm ni stered into specific nolecules through any suitable 25 route.
The conposition according to the present invention nay be directly
(for exanple, locally as injection, subcutaneous injection or |ocal
admnistration into tissue positions) or systemcally (for exanple,
parenterally or orally) provided to ani mal s including a human using

any suit gple Jmeansg. ,hen EQE‘ @?&&5&&&@%@? Qc391LQef;§§ese”t

invention 1s grven par ent era ravenous

subcut aneygnto @lsagbgsl ) ']Béé@é)ﬁfa ta&ﬂf%‘éa)éts' ntlhégeéceémé Ysuch as
buccal I'y, rectal vagli naly, intraorbitally, intracerebrally,

i ntraspi Iﬁﬂddp,ptlem’ar aveapt peedh ag | Ysrd)0, igiimailheeadllkysuch as a Chinese
intracerebellarly, intravesically, intranasally, or by spraying, the
conposi t inemspest evablyyceht| (GO put td orusfe axeldqueods, of0S7, human
phy5|olog|cally conpatlble fluid suspension or solution. Therefore,
si nceSa CHPEYEP16r kafAneXc?pPemt iy s Pp’q}%ﬂsqaa GFCERI Mpnkedi Fabl esusk as

zhould nelschave 18 onsaaiye £ otla 1 L1e €SIl g g andlor vol ure
(o e P B e ARSI ceomeen on gl e
into an ol /feeRvl-atbAPifsielods MR uaRrd @xpﬁcaegethecapéyl e,
suspensi on, enul sion, syrup or aerosol, sterile |njectable sol ution,
suppOSItmaygeandgpantmbadpou§br example, expression vectors suitable
10 for the eukaryotic host include SV40, bovine papillomavirus,
adenovirus, adeno-associated virus, cytomegalovirus, and
retrovirus. Expression vectors that may be used for the
bacterial host include bacterial plasmids such as pBluescript,
PGEX2T, pUC, pCR1l, pBR322, pMBY9 and derivatives thereof, a
15 plasmid such as RP4 having a wider host range, Agtl0 and All,
phage DNA represented as various phage lamda derivatives such
as NM989, and other DNA phages such as M13 and filamentous
single-stranded DNA phage. Expression vectors useful in
yeast cells include 2p plasmid and derivatives thereof. A
20 vector useful in insect cells is pvVL941.
The transformation of a recombinant expression vector
into a host cell includes, for example, DEAE-dextran mediated
transfection, electroporation, transduction, calcium

phosphate transfection, cationic lipid-mediated transfection,

25 scrape loading and infection.
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preparation according to the conventional nethods, which may be used
| ater. The carrier, the excipient, and the diluent 25 that nmay be
included in the conposition may include | actose, dextrose, sucrose,
sorbitol, mannitol, xylitol, erythritol, maltitol, starch, acacia
gum al gi nate, gel atine, cal cium phosphate, calciumsilicate,

cel lul ose, nmethyl cellul ose, anorphous cell ul ose,

pol yvi nyl pyrrolidone, water, nethyl hydroxybenzoate, propyl

hydr oxybenzoate, talc, magnesium stearate and mineral oil. The

conposi ti on m&rpecﬁeohgg' BhEd. L 2ol L UBD Il EXSNPREN paUEHe AR cca

filler, extending age ingagent, disin ing a ent

or surfacgﬁng sM@@Qbﬂ§Q§§§ﬁhyan%pb&d%@ec%ﬁ8§€£®néh@hQ@Qit&ﬂ&Qet'ng
anti body according to the present invention may be fornulated into an
oral solidxprepaiehiomnd/dihe sdldtd opy effataki Gnal otatget 1o randistodsgt | on
includes a tablet, a pill, a powder, a granule, a capsule or the

| i ke. Hersginpeswalld @r elparast-isom leny emehobhubat @dd bshallee Milaskg at

| east one excipient, for exanple, starch, calciumcarbonate, sucrose,
| act os® oﬁnséba‘t:mnm}lﬂﬁtli@@ﬂtrogaft or| AngHartiah YRR npllee

t t h t d tal I b
oxed ' amgt a#fié‘pi%fﬁé%oir%beﬁ i BB rEar tEnEate i Ry %0 Pe
i ncl udi “9 EH@a@ ’?‘% f!agld’;"}{ 'é%% %naggﬁkééggaﬁg H&?rg%[rﬁsce@alts

so be or nu

invention my a at ed I'tqurd preparat for ora
adm ni st r at kABwn Th&chh D], prrﬁ@arsa&t@mé Ohe®i@h A Mdtmeticatil g
i ncl udes suspension, liquid for internal use, emulsion, syrup, etc.

Such a | i quadl2blerapdy attmorexmrpljencha@ebeapteparedcm@lmgltcsang:mham,
for exanple, wetting agent, sweetening agent, aronatic,
presetVat pipd, thesr, cw»pca%luﬂtqrorrattc;OtShélegéﬁébaﬁl ynysleel Gatekoqus @ént s

for exa dis |IIed wat er.,, et hanol araffln
( nghe Amergcan Type Culture C ﬁlectl Tl ?A@ )

The dual targeting antibody may be isolated from this
culture broth using methods known in the art. For example,
the dual targeting antibody may be isolated from this culture

15  broth using a conventional method including, but not limited
to, centrifugation, filtration, extraction, spray drying,
evaporation or precipitation. In addition, the dual
targeting antibody may be purified using various methods
known in the art including chromatography (i.e., ion exchange,

20 affinity, hydrophobic and size exclusion), electrophoresis,
fractionation (i.e., ammonium sulfate precipitation), SDS-
PAGE or extraction.

A composition according to the present invention may be
administered into specific molecules through any suitable

25 route. The composition according to the present invention
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5In still another aspect, the phatLuaceutical conposition including
the dual targeting antibody according to the present invention nmay be
formulated into a preparation for parenteral adm nistration,
preferably intraperitoneal adm nistration. The preparation for
parenteral 10 adm nistration includes sterile aqueous sol ution,

non- aqueous sol vent, suspension, enulsion, |yophilized preparation,
and suppository. The sterile aqueous solution that may be used herein
i ncludes a Hank's solution, a Ringer's solution or a suitable buffer
sol ution as. b cal b j uspensi on as
t he non-gg'e%ﬁsﬁéggég%? é %f %%%ﬁ%%guéggbﬁgpé?% ?%ﬂﬁ%gggﬁVegetable

oi | such RgRiapkbane:gh¥e0ion ROF YRIIWI il ¥eoht9bnOkhVE Oldsudr
i njectable ester such as ethyl ol eate. Wen necessary, antiseptic,

stabi | i zippgiagent) wetkiyggentice&hly S{fvy adthpial,t pagadterabuyfer for
osnotic 20 pressure regul ation may be used. Meanwhile, in the case of
t he suppowiatldyy, paovodedntd onal mbbs elrsuisidiag W hepsol usihgragpl |
Tween 61, cacao oil, laurin butter or glycerinated_gelatin my be
used. > suitable megpsqydihemaidist icﬁﬁ‘P%terb@Hya%%’é@W%gtq dhene

25 1| N ' f bly .DI.G.Q001 duced di
Co"one SREGAACUBR LR bf COEAT VAR s 40 oR FIALDO0L |

or oduct | O oF R Akl Fargatirc, Sy boy B GH0001 Saboral A5 15 he

present Hﬂ&@@hh@&uﬂ@%l??nEh@&@ﬂl?Y fostamng, b yHonei trafrvAre2ly,
which binds to Tie-2 via a specific linker, to a light chain

am no-t e/imtmalceregirahlpf fherasidwodyy ( Exarpivestiianda?)y, The
t hus produced dual targeting antibody DI G 0001 was confirned for
i MmoBP| i tytirtbegh lhE: hbasracerekal SDS hAGRtaRgesically,

intranasally, or by spraying, the composition preferably
include a portion of an aqueous or physiologically compatible
fluid suspension or solution. Therefore, since a carrier or
an excipient is physiologically available, it should not have
15 a negative effect on the electrolyte and/or volume balance of
patients, in addition to delivery of a desired composition to
the patients.
A pharmaceutical composition including the dual
targeting antibody of the present invention may be formulated
20 into an oral formulation such as powder, granule, tablet,
capsule, suspension, emulsion, syrup or aerosol, sterile
injectable solution, suppository, and percutaneous
preparation according to the conventional methods, which may
be used later. The carrier, the excipient, and the diluent

25 that may be included in the composition may include lactose,
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10 western blotting, and only an anti body, which was purified to at

| east 95% purity by neans of fast protein |liquid chromatography
(FPLC) using a protein A affinity colum, a SP-sepharose colum or a
si ze exclusion colum, was secured for further close exam nation
(Exanmpl e 3). 15The dual targeting anti body DI G 0001 purified as

descri bed above was confirnmed for binding affinity to VEGFR-2 D1 to
D3-Fc and Tie-2-Fc by neans of a binding assay using ELISA, and a
conpetitive assay on VEG-165 and Ang2 was performed by nmeans of ELI SA

to confl ”&%g@fﬁé&”%&éﬁ’%@, aso%?aig‘ﬁﬁ',tﬁ@hﬂ?k&?%e)?@ew&dy %}%&ﬁ%lt%ld')'

Accor di ng: e present i'nventior roug ["Via y assay
on primarjpbye eebi urch iran il beal ¥ehingpdotfeld@ingeldas iHHVEC)
it was confirmed that the dual targeting antibody DI G 0001 can
i nhi bit tpeoyphbtd) tyalofiunhesid3 cH¥ECeetllizosaduaethiy @ ilhalos¥EG- or
Angl, and also can effectively inhibit the viability of the HUVEC
cel I s i ndavedphyupotdl NEGEeaandpoAyyinyEranpbeiddne, waterThmsddlylt he
cell mgration assay, it was confitwed that the dual targeting
ant i boty DVeFovReRE i My Y 1t RedpPeybARZPAR@Nnt FRH ¢ IR t he
mobi lity o% t he, HUWEC cel | s .i ndyced_by either. VEGF or ?ngl an | so
can ef f ectFo&F T iMihi T HHE Bt ?W%fc?‘ﬁl?eoﬁ%tﬁ\}é’é S&Y| &5 hEETa a€§§
both VEG,apd 2ngl1(&xal @:Rip: [REOUABR' BE eterN Blaldditey ddentls
confirmed that the

binder, wetting agent, disintegrating agent or surfactant,

when necessary.

10 In one aspect, the dual targeting antibody according to
the present invention may be formulated into an oral solid
preparation. The solid preparation for oral administration
includes a tablet, a pill, a powder, a granule, a capsule or
the like. Here, the solid preparation may be formulated by

15 mixing at least one excipient, for example, starch, calcium
carbonate, sucrose, lactose or gelatin with the extract. In
addition to the simple excipient, lubricants such as
magnesium stearate and talc may also be used.

In another aspect, the pharmaceutical composition

20 including the dual targeting antibody according to the
present invention may also be formulated into a liquid
preparation for oral administration. The liquid preparation
for oral administration includes suspension, liquid for

internal use, emulsion, syrup, etc. Such a liquid

25 preparation may include various excipients such as, for
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10 dual targeting anti body DI G 0001 according to the present
invention can inhibit the signaling nmechanismof Tie-2 induced by
Angl and the signaling nechani smof VEGFR-2 induced by VEG-, and it
was al so confiined that the dual targeting anti body DI G 0001 can
inhibit the signaling 15 nechani sns i nduced by the Angl and VEGF at
the sanme time using the western blotting (Exanple 7). In
particular, it was confirned that, when the dual targeting anti body
DI G 0001 according to the present invention is adm nistered to a

gl i obl ast oma a 20 tunor was %g%plflcantlg reduced in

Yol e ( EXETBLE  ay=cting aadl A RNARN o Ao it FEBUF oe. pr oduced
usi ng tNe.ollouthooreLbad, Firsias a DA SUeRGRL0L, 3, bigding, samai

of Ang2 can serve as ant agon

anpl i f i editiheouah (PSR ekdmbl S €A5€;1 T @&térboahwaél%m%fa‘m@ned to
i nclude a linker DNA at the 3" -termnus of the anplif

f ragment pathe& fpnpducti on of the dual targeting antibody that can
specifically bind to VEGFR-2 and Tie-2 was conpleted by fusing the
DNA fBagnment tEntdiells aretiheyusspecs, | tghtpbhahap@t&@lqmm@sdfcion
TTACO001contai ning sone of a 5 |inker The dual targeting
antlbodylﬁpéuéeﬁﬂ 55@o@H?%gt%%g??kﬁ?w%ﬁﬁ%ﬁpqﬁh@éﬁ??@hnﬁa9ob%h%sed to

treat angiodenesi s Latabsdndl SSasEs Ry 4y kN Lhe, angl oggnest s-
parenteral administration, preferably intraperitoneal
administration. The preparation for parenteral

10 administration includes sterile aqueous solution, non-aqueous
solvent, suspension, emulsion, lyophilized preparation, and
suppository. The sterile aqueous solution that may be used
herein includes a Hank’s solution, a Ringer’s solution or a
suitable buffer solution such as physically buffered saline,

15 and the suspension as the non-agueous solvent that may be
used herein includes vegetable oil such as propylene glycol,
polyethylene glycol or olive oil, or injectable ester such as
ethyl oleate. When necessary, antiseptic, stabilizing agent,
wetting or emulsion, and salts and/or buffer for osmotic

20 pressure regulation may be used. Meanwhile, in the case of
the suppository, a conventional base such as Witepsol,
Macrogol, Tween 61, cacao oil, laurin butter or glycerinated
gelatin may be used.

The dual targeting antibody according to the present

25 invention is most preferably DIG 0001 produced according to
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According to the present invention, the term 10 "angi ogenesi s-rel ated
di sease" includes, but not Iimted to, cancer, age-related macul ar
degeneration, rheumatoid arthritis, diabetic retinopathy, psoriasis
and chronic inflammation. According to the present invention, the
cancer includes, 15 but not limted to, gastric cancer, |iver cancer,
| ung cancer, thyroid cancer, breast cancer, cervical cancer, colon
cancer, pancreatic cancer, rectal cancer, colorectal cancer, prostate
cancer, kidney cancer, nelanoma, bone netastatic cancer fromthe

t at ' d bl ood . . 20The dual
bar get | ng Bt FBRAY HEE0r iyt ¢ Ce r 4SYRE FHlent i on ray be

adm ni st ered at AL Gh8RboBTONOLCE o AP e JoAAha1 Obu L LV Fon

progression of a tunor, exanp nvasi on, netastas

and(or) rebapserpkre taomd7f OrcH @ rdipes8nobrt hes apeat i atdaatRent
of cancer 25 patients. In order to achieve the purpose, the suitable

anount | sadefibaéy BEG a0 tderaapeiridical bty ehtepreyenanmundnt Ide was

effective anmount for this application will depend on the severity of

a di seasecandlgepérky Susinsg dpfbiadiag denainoah AngRinevisiaht émndsAto

preferredngggeggaagcggég{Iié(&fﬁﬁzrer%%egtlggﬁgnééégh amino-terminal
region of the antibody (Examples 1 and 2).

The thus produced dual targeting antibody DIG 0001 was

confirmed for immobility through methods such as SDS-PAGE and

10 western blotting, and only an antibody, which was purified to
at least 95% purity by means of fast protein liquid
chromatography (FPLC) using a protein A affinity column, a
SP-sepharose column or a size exclusion column, was secured
for further close examination (Example 3).

15 The dual targeting antibody DIG 0001 purified as
described above was confirmed for binding affinity to VEGFR-2
D1 to D3-Fc and Tie-2-Fc by means of a binding assay using
ELISA, and a competitive assay on VEGF1l65 and Ang2 was
performed by means of ELISA to confirm functionality as a

20 dual targeting antibody (Example 4).

According to the present invention, through the cell
viability assay on primarily cultured human umbilical vein
endothelial cells (HUVEC), it was confirmed that the dual
targeting antibody DIG 0001 can inhibit the viability of the

25 HUVEC cells induced by either VEGF or Angl, and also can
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isin a range of 0.01 ng/kg to 100 ng/ kg, and nore preferably 0.1 ng/
n2 to 10 ny/ nk. However, an optinmm dose varies according to a
di sease to be treated, and the presence of side effects, and nay be
10 determ ned through conventional experinments. Admnistration of an
anti body may be perfolLued by periodic pill injections, or continuous
intravenous or intraperitoneal injections froman external storage
container (for exanple, a vein bag) or an internal storage contai ner
(for exanple, a biodegradable 15 inplant). Al so, an antibody protein

M ih o VSRR LOPTH FRBTRNT TRO OOy S V8 MOTECIPELLE rinbhed "
an Opti”HE?QQﬁB!QEEFOQanAﬁﬁf ﬁﬂﬁh@£ﬂ¥ rotein and the other
es, nmet hoa, an

nol ecul an admnistratio ‘a dose may be 20 determ ned

through conventhefiath eReldaBNig g@AttBa L8687 Cat Wy lorffihResenat
skilled in the art. The conposition according to the present

i nventi ontheayubé dsedet ing oabt itabdoDIE tdooat kerotrhiehgpedt tioe agesndentor
m xed with the other therapeutic agents. 25Wen tunors including
humanst unsvengient caat edhipih the nehidltvacfetheg HENECbodyl actedeian
to the present invention in conbination wth a _chenotherapeutic
agent, r&i &LEERT YECENCRINTT ot (lE&Hi G &ifeghavstYopnhibit the

conbi nati_ons -t.hereqf .. a gistic effect. nay,be. achjeved n_ot her
vords, L HERANGY GPoibh THRESATHE SRt Rt R P T ha e

anti body @ceardng)to the present invention may be unexpectedly
enhanced when used with the chenot herapeutic agent, the radiation or

t he additi onal THE8&p AheaRler@@RinS bl ok 16§Thi Bakd ® nsorifiemeef .the@r the
exanpl e, the synergistic effect
10 dual targeting antibody DIG 0001 according to the present
invention can inhibit the signaling mechanism of Tie-2
induced by Angl and the signaling mechanism of VEGFR-2
induced by VEGF, and it was also confirmed that the dual
targeting antibody DIG 0001 can inhibit the signaling
15 mechanisms induced by the Angl and VEGF at the same time
using the western blotting (Example 7).

In particular, it was confirmed that, when the dual
targeting antibody DIG 0001 according to the present
invention is administered to a glioblastoma animal model, a

20 tumor was significantly reduced in volume (Example 8).

The above-mentioned antibody was produced using the
following method. First, a DNA sequence of a binding domain
of Ang2 for Tie-2, which can serve as antagonist for Tie-2,

was amplified through PCR. In this case, the antibody was

25 designed to include a linker DNA at the 3'-terminus of the
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io may exenplified by the higher tunor growth inhibition expected
fromthe use of the conbination therapy than that expected fromthe
treatnent with the dual targeting anti body according to the present

i nvention and the chenot herapeutic agent, the radiation or the
additional receptor antagonist. 15 Preferably, the synergistic effect
is proved due to relief of cancer which was not expected to be
relieved by the treatnent with a conbination of the dual targeting
anti body of the present invention and the chenot herapeutic agent, or

the additignal .re r-.ant agoni st. 20Th ual_t ti nt i body. of
the preseRlDTROBRE || SR st SPR TN e The To o copl carge¥ify
chenot her ; I fd:er e r { e nd
bef ore an%ﬂgﬁgéﬁgagﬁgggﬁgfgﬁg?ﬂgﬁggﬁg'ng?%gnE?ﬁ%%%%§??tIgfqgg{%fﬁg%
chenot her apypasedé@roy agliniherary pNpefenemand ebt elie the- wddtinuef dthese
25 therapies, during and after the start of these therapies, or
before, dilighgy ehaimafiix ddipiesicar bfoffTRReseltbetapieasy dore exfarpl e,
the DI G 0001 anti body is generally adm nistered 1 to 30 days,

pr ef erabl yinBe¥r oP¥B. days, and nore preferably 5 to 12 days before the

start the radi ot hera and/ or ., chenot her . Therefore, the

ant i body accor&%ﬁbngxtﬁ@rB?Eéﬁﬁta?%@%ﬁ%fﬁ%“ﬁévoﬁeaFﬁoygﬁagaha ?%e
vitro use h 0 f the. researc e i or: tr t

i ey Rngrrernt PP Rl HlC JLRRCRLCDcBE DL S BRI
of the pr@i@@&sé@éﬁ@tiﬁﬁhﬁkﬁﬁﬂg hed B%b@b@eﬁ@¥i@? changed and nodified

by 10 those skill in the art, and such various changes and
nodi fi cations meydreimgdeowthboptegeparinventficem the seepe of the
present | nventi on.

10 ‘“angiogenesis-related disease” includes, but not limited to,
cancer, age-related macular degeneration, rheumatoid
arthritis, diabetic retinopathy, psoriasis and chronic
inflammation.

According to the present invention, the cancer includes,

15 but not limited to, gastric cancer, liver cancer, lung cancer,
thyroid cancer, breast cancer, cervical cancer, colon cancer,
pancreatic cancer, rectal cancer, colorectal cancer, prostate
cancer, kidney cancer, melanoma, bone metastatic cancer from
the prostate cancer, ovarian cancer and blood cancer.

20 The dual targeting antibody according to the present
invention may be administered at a sufficient amount to
prevent, inhibit, or relieve progression of a tumor, for
example, growth, invasion, metastasis and(or) relapse of a

tumor for the purpose of therapeutic treatment of cancer

25 patients. In order to achieve the purpose, the suitable
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[ Advant ageous Effects] 15The present invention provides a dual
targeting anti body derived froma human nonocl onal antibody that can
effectively inhibit an angi ogenesis-rel ated signaling nmechani sm by
neutralizing VEGFR-2 and Tie-2 receptors associated with angi ogenesi s
at the same tinme, and a conposition for 20 inhibiting angi ogenesis
and treating cancer including the dual targeting antibody. The dual
targeting anti body according to the present invention shows an
excellent neutralization potential, and is also effective in treating

cancer, conpared t he pre-existing single._targeting 25 anti bodies,
by mout r PG TPWECE B R & b SRS P NG TR 1 b5 eRERH Y ot TRe
sane ti Eor -t he t i ot I.eh atl o) ot her,
Sams U MR oEREsL0o N0 L AL get s, AN 0L 8 bl pDR AR |
profit dechwedilrem hheiteead i ddrdihetsicagl ert arggugﬁt antd.pody
by 5 constructing a dual targeting anti body of a novel form devised
by the present ep¥eanors. [Description of Draw ngs] These and ot her
features, aspects, and advantages of |o preferred enbodi nents of the
preseht i nventd @rafidirese oppitentubbyoddstyi bedclia piesdndl [ionengion
detail ed description, taken acconpanying draw ngs. I.n the draw ngs:
FIG 1 shéwdla2DRANgBgRENEe®¥ SEQHD B0 108) Ngn it uABE BREE obret y

i nsertedonqt%g9mpléglf%l@%ﬂg@iTTA00001 | gt vector.

However, an optimum dose varies according to a disease
to be treated, and the presence of side effects, and may be
10 determined through conventional experiments. Administration
of an antibody may be performed by periodic pill injections,
or continuous intravenous or intraperitoneal injections from
an external storage container (for example, a vein bag) or an
internal storage container (for example, a biodegradable
15 implant). Also, an antibody protein according to the present
invention may be administered in combination with a wvariety
of different bioclogically active molecules. However, an
optimum combination of the antibody protein and the other
molecules, an administration method, and a dose may be
20 determined through conventional experiments on the technical
level of those skilled in the art.
The composition according to the present invention may
be used in combination with other therapeutic agents or mixed
with the other therapeutic agents.

25 When tumors including human tumors are treated with the
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15FIG 2 schematically shows a nethod for constructing a

pl gGLD- mMAng2- TTACO001 | gt vector according to the present invention.
FIG 3 shows the results obtained by randonmly expressing the vector
according to the present invention in CHO D&44 20 cells and

determ ning the production of a dual targeting antibody D G 0001

t hrough western bl otting. FIG 4 shows the results of
screening a high-productivity clone with repeated MIX treatnent (up
to 700 nM to establish a high-productivity cell line according to

the 25 present. invention. ., Fl 5 sho t he SDS- PACGE results of. .
e e BRET ORISRy BeE R RR Pt Eoo TR A Sy vertion in
conpetiti - G125 kng 0 nean f
EorRa | EnBRa o WECK AN AR Rpetib B0 SLE DI B BRI ROk
the vi abi byt 0bnd G A cRBigRaike bhecBnBseat ibmy aiidAboN

HUVEC. FIG 8 shows the results of a mgration assay
denonst r atyngrhet imbeffdat ofayDice 6@biecaedor dimgptitert hergseseht
i nventi on on HUVEC.

5 tumor growth inhibition caused by the dual targeting antibody
according to the present invention may be unexpectedly
enhanced when used with the chemotherapeutic agent, the
radiation or the additional receptor antagonist, or
combinations thereof. For example, the synergistic effect

10 may exemplified by the higher tumor growth inhibition
expected from the use of the combination therapy than that
expected from the treatment with the dual targeting antibody
according to the present invention and the chemotherapeutic
agent, the radiation or the additional receptor antagonist.

15 Preferably, the synergistic effect is proved due to relief of
cancer which was not expected to be relieved by the treatment
with a combination of the dual targeting antibody of the
present invention and the chemotherapeutic agent, or the
additional receptor antagonist.

20 The dual targeting antibody of the present invention is
administered before the start of chemotherapy or radiotherapy,
after the start of these therapies, and before and during the
start of a combination thereof, that is, the chemotherapy

and/or radiotherapy, before and after the start of these

25 therapies, during and after the start of these therapies, or
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10FI G 9 shows the results denonstrating the inhibitory activity of
phosphoryl ati on of VEGFR-2 and ERK by VEG- of the dual targeting

anti body DI G 0001 according to the present invention, and the
inhibitory activity of phosphorylation of Tie-2, ERK and AKT by Angl
of the same anti body. 15FIG 10 shows effects of DI G 0001 according
to the present invention on tunor growth inhibition in a glioblastona
nouse nodel. [Modde for Invention] 20Hereinafter, the follow ng
Exanples will nerely described to explain the present invention nore

2Pt Lo WRFCREne Br SR T UETT i bay s SEnaToCRet SEEPRLET  { RE™

pr esent iuapionchs Aok 666’1t%&E&&J‘%%‘ﬂ@r‘éﬁiydﬁﬁﬁﬂﬂiggegédOI‘ tdhe

pur pose o e present I nvent | on.
30 days, preferably, 3 to 20 days, and more preferably 5 to

12 days before the start the radiotherapy and/or chemotherapy.

5 Therefore, the antibody according to the present
invention may be in vivo and in vitro used for the purpose of
the research, prevention or treatment widely known in the art.
Of course, it is apparent that the principle of the present
invention described herein may be changed and modified by

10 those skilled in the art, and such various changes and
modifications may be made without departing from the scope of

the present invention.

[aAdvantageous Effects]

15 The present invention provides a dual targeting antibody
derived from a human monoclonal antibody that can effectively
inhibit an angiogenesis-related signaling mechanism by
neutralizing VEGFR-2 and Tie-2 receptors associated with
angiogenesis at the same time, and a composition for

20 inhibiting angiogenesis and treating cancer including the
dual targeting antibody. The dual targeting antibody
according to the present invention shows an excellent
neutralization potential, and is also effective in treating
cancer, compared to the pre-existing single targeting

25 antibodies, by neutralizing two targets associated with the
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Exanpl e 1: Construction of expression vector for producing DI G 0001
A bi ndi ng domai n-rel ated DNA of Ang2 binding to Tie-2 was anplified

t hrough PCR. For this purpose, a EEK293 cell 5 |ine produci ng human
Ang2-RBD (Barton et al., Structure, 13:825, 2005) was kindly provided
fromDr. Dimtar B. N kolov at the Menorial Sloan-Kettering Cancer
Center in USA, and the genom c DNA was extracted, which was used as a
tenplate. In order to anplify only an Ang2 bi ndi ng donai n (F281- F496)
from 10 the extracted DNA, PCR was perforned under the foll owi ng
conditions; One cycle t4 Cfort m nu h cles t 94 C for
45 secondSPEECEE" %%raa]ilS ecOhs/ 4l <72 ?otl" e.L )9(e n&3EYcl e at

72 C for t r osLt t used
o i n wer 2 ket SPPEalet fof Sfledlh obhEREPTRVSL bﬁ%%’%%@% Hd

having a BstXl ek@élléﬁ&|@f‘fe§&’t7é/r@1arrﬁ(t%nh'&:tﬁals ter{b' aLAG LG AC
GOT GTG GOT TCC TTC AGA GAC TOT OCT GAA GTA TTC, SEQ ID NO 1), 2 pl

(10 pnol ekpk) totatmerv ersteh priareridglek sw@gdtibhd- Aﬁﬂ'ih@cﬁ?ﬁ/'llﬁc GCC TCC
TGA GAA ATC TGC TOG TCG GAT CAT CAT GOT TG SEQ ID 20 NGO 2), 1 pl
(100 ny/ pFpretrgehdny ca Dhve bised oot iac appiapey DA, a 2nsvel i £ 741 |
Taq (Intr n #25 Kgre used as a poI ynerase, 5 pl of 10X buffer,
2 pl (eac e?'l?)eém)%yo’f’ SHd BB Sof distilled water. The
product obtai ned through the PCR was subj ected to el ectrophoresis in
1% agar ose gel, 25 and a faint band bel ow 700 bp was then isol ated

using a H[ﬂé@é%_dfg% BPMAgxEEaction kit (RBC Bioscience #YDF300,
Tai wan). The PCR was re-conductéd using the isolated DNA as a

tenpl ate to obtRMidgzearnAngZhbirndeagudespi asdeagierindhavhagtagksnker
fused therein (naned "mAng2"). The PCR net hod used herein was
perfomredpirnfehee@ambcpﬁﬁhmtsmﬁ rcheherpsentousvert hod, wieklc épt ntdrat
R- ksw001 (5' - TCC TCC GCC ACT ACC TCC GCC TCC TGA GAA ATC TGC
TGG TCG vléxﬁ%ﬁ\qr{@d T B0 B Iawing) dpgaidedddascaipeit sdaken

primer. accompanying drawings. In the drawings:

FIG. 1 shows a DNA sequence (SEQ ID NO: 6) and functions
of a gene inserted into a pIgGLD-mAng2-TTAC0001 lgt vector.

15 FIG. 2 schematically shows a method for constructing a
pPIgGLD-mANg2-TTAC0001 1lgt vector according to the present
invention.

FIG. 3 shows the results obtained by randomly expressing
the vector according to the present invention in CHO-DG44

20 cells and determining the production of a dual targeting
antibody DIG 0001 through western blotting.

FIG. 4 shows the results of screening a high-
productivity clone with repeated MTX treatment (up to 700 nM)
to establish a high-productivity cell line according to the

25 present invention.
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Meanwhil e, a light chain region of TTACO001 used to fuse 10 the Ang2
bi ndi ng domai n was anplified through PCR under the follow ng
conditions: One cycle at 94 C for 4 mnutes, 30 cycles (at 94 C for
30 seconds/at 50 C for 30 seconds/at 72 C for 30 seconds), one cycle
at 72 Cfor 5 mnutes, and at 4 C for co. The conposition of PCR
reactants used herein 15 were as follows: 2 al (10 pnole/pl) of a
primer F-ksw002 to which sonme of a linker is added (5'-AGI GEC GSA
GGA GBC TCC GOT TCC AAT TTT ATG CTG ACT CAC, SEQID NG 4), 2 pl (10

eoogn 11 on s T 5 SERUATETT T GEC B BES 1o Rea 6 oTes RO b

NG 5), 10 ng EQEG p'eﬂgh%wET/é%O%sh Es(BETL éﬂf&?’%??&o«gb%%qt $ed
t enpl at e DNA, Ui-Max Il Taq I ntron #25261,” Korea) used as a

pol yner aggsal @h ohkckOnbUiAera - 2 Alsiolg WO@@@CBKZméaﬁMof amor S 5
pl| of distilled water. The product obtained through the PCR was
subj ected to 25I®@l ectatepirotds sesnlid% ofgareosevigel] zmmhya TTACO001

l'ight chain fragment corresponding to approxinmtely 350 bp was

i sol afed Q%pﬁ@téaﬂiﬂ?’geF]éﬂGéJr#hDdQ-’q}I\erﬂIlGa@tO@én aRrPrdRBT BP o5kt ence
4YDF300, Taiwan) . (which was named "TTA00001 |gt"). SCE-PCR was
conducte@rFéeFGsé YeRFAPBOPR Y GHt- chain s region (TTAO0001 1gt) to

Ang2 f 2 ' t PCR.. The PCR
condi {1 ons dsei Herai ik S 5 FPBRt Bhnst Yt B for 4
i nut es, BAcrkelesibal RE A0 Drc B senendulal S0cCatay 45 megonds/ at
72 Cfor 1 mnute), One cycle at for 7 mnutes, and at 4 C for

10 00. Alzesehheiacsposohi on WEvIRER reactants used herein were as
follows: 2 pl (10 prnole/pl) of a priner F-kswO0l1 having a Bst Xl
restapcti on enZiGe ¥ edugr tthen reistié L s2dphodOramioie/ e ighidkiforyer
R- ksw002, each 10 ng of mAng2 and TTA00001 I%t as tenplate DNAs, 2.5
Ul Tag @pﬁﬂp&ﬁy#ggzgﬁospbggé}at1on of VEGFR and ERK by VEGF of the

dual targeting antibody DIG 0001 according to the present
invention, and the inhibitory activity of phosphorylation of
Tie-2, ERK and AKT by Angl of the same antibody.

15 FIG. 10 shows effects of DIG 0001 according to the
present invention on tumor growth inhibition in a

glioblastoma mouse model.

[Mode for Invention]

20 Hereinafter, the following Examples will merely
described to explain the present invention more specifically,
and it will be made apparent to those skilled in the art to
which the present invention belongs that the scope of the
present invention is not limited to the Examples, depending

25 on the purpose of the present invention.
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15 used as a polynerase, 5 pl of 10X buffer, 2 pl of dNTP (each 2.5
mv), 37.5 pl of distilled water. The product obtained through the PCR
was subjected to el ectrophoresis in 1.11; agarose gel, and an

mAng2- TTAO0001 | gt-fused PCR product corresponding to approximately 1
kb was isolated using a 20 Hi Yi el e4CGel / PCR DNA extraction kit (RBC

Bi osci ence #YDF300, Taiwan) (which was named "mAng2- TTAOOOOL1 Igt").
The isolated PCR product was inserted to a T-vector using a TOPcl oner
TA cloning kit (Enzynonics #EZ111, Korea), and was transforned into

Escheri chia coi a. .Then he transfolLned E. .coil 25 wa

i i o epar od. AT EadedoaPe e ot L0 £ AR B S vBERSF o
Thereafte rogug§géqﬁl@qﬂkﬁjning a target DNA having approximately 1
kb was outsourced and sequenced to confirmits DNA base sequence
(FIG 1 and SEQ In@ngbiomain-rePated ot far sepstyivgtihgota Tight
chai n expression vector for expression of the dual targeting anti body
DI G 0001 iwssasmpdifioed t(HEHdGIIR)PCREI rBoy @hilsTACOQWkd,i ghHEERaBncell
expressi on vector plgG.D-TTA00001 Lgt (PCT/KRO7/003077) held by the
present ré3BareHeAYCIRG Mintpes AeW2uRBR BBEXEONanE &l f r ayfiBittulifat may
be used as_a_vector S separ at.ed fron1196% arose ge| through the

el ectrophdrefrs: ALY @R RN FVINGHI ChoOTNg2-FHRSHO F 1 JERRasY
| nserted ups AL SRofbgnst & M B Rkl ngaRdL001 Yo a, BLOCK! il | AHPRL,
5 & éﬁ% jSe galm 1 loggﬁ Pge e?ec ' ©

was separated from agarose gel thr T ophoresi’s.

Ther eaf t egenbhect ¥on SERATALEG IdROMeRL shWRsskeBbg als thecapsance ef a
T4 DNA 1571igase (Enzynom cs 4MJ)01S, Korea) at 4 C for

appr oxi mabetyi2tboamsl 1By coflst icAngzebintany de6iDn . (FdeEnF48.6)C@rom
DH5a was transformed with the constructed vector, mniprepared, and
t hen th geshedewitracBsd XINA 0 RihfWasmpatréohrmedornget the folnlgiving
TTACO001 I gt was inserted into the constructed vector. The 20

confi | med“PREbRBPRANt ORR W &S F4med TRFgELBIRRRGD- PrACHIHES dat,

le 2;,Ppaducti d_identification of D.G 0001, Th d
[ ght chaPA SpF BSsT b UCRDY 1 GEL BE5 HANG3- FTACOO0 Lot and tfte

pre'eXiSt&ﬁﬂu@@?yyoﬁ%“%ﬁEle at 72 °C for 7 minutes, and 4 °C for w.

The composition of reactants used herein were as follows: 2
15 pl (10 pmole/pl) of a primer F-ksw00l having a BstXI

restriction enzyme recognition site (5'-CAC TCC AGC GGT GTG

GGT TCC TTC AGA GAC TGT GCT GAA GTA TTC, SEQ ID NO: 1), 2 pl
(10 pmole/pl) of a reverse primer R'-ksw001l (5'-ACT ACC TCC
GCC TCC TGA GAA ATC TGC TGG TCG GAT CAT CAT GGT TG, SEQ ID

20 NO: 2), 1 pl (100 ng/pl) of genomic DNA used as a template
DNA, 2.5 U i-Max™ II Tag (Intron #25261, Korea) used as a
polymerase, 5 pl of 10X buffer, 2 pl (each 2.5 mM) of JANTP,
and 37.5 pl of distilled water. The product obtained through
the PCR was subjected to electrophoresis in 1% agarose gel,

25 and a faint band below 700 bp was then isolated using a
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expressi on vector plgGHD TTACO001 Hvy (PCT/KRO7/003077) was
co-transduced into CHO DA4 (dhfr-deficeint CHO cells to induce its
vol untary expression, and the expression was confirnmed using SDS- PAGE
and western blotting. The s transduction was conducted using

| i pof ectam nem 2000 (I nvitrogen 411668-019, USA), and its procedure
was perfolLmed according to the manufacturer's instructions. In sum 5
X 105 CHO D4 cells were inoculated into each well of a 6-well plate
cont ai ni ng an aMEM nedi um (\Wel gene, Korea), and densely 10 incubated

1 bl AL PO A O IO R
i . I ) I 01 Hv
I UL e 3T B i QL ALY, 5 plgch SREETOROL Y

were 15 di lteh@daicB €8CBp2aPn Pin oin%ﬁrAwirﬁJirr@e RMEVhedh Gne A thiepig &
roomtenperature for 5 mnutes. A dilute solution and a

| i pof ect aninkeR0EQ.sddl thersbh uthamedemmg2xed albe r BER traskladd e
tenperature for 20 minutes to forma DNA-I|ipofectam nm 2000 conpl ex.
The pEe- derstinnyageneufrwasd r eroveel samsmneiae20 asulinukbe BEEYEOUANd

500 pl f the DNA-Ii f ect am nn2000 | d 500 pl f
Ser um f r BECEVEM REGREM hare AUHEEP Tl EnclicRedos BhG TREUBSEACTRSS o

for 6 ho [ Lhcubat di t.alni 20%
di al yzedufrfcgt eﬁ%cgg\%gb‘ge&g%% %Cs %Gd%de# aiflcg; %fba egxg]oggﬁgi;b 25 ’
hours. TRey gf.t a5y, 98l ¥sagsypes nadadits i$gparated, and the

expression of the anti body was confirmed usi ng SDS- PAGE and western
blotting (FlGveanwHite: SBS1RAGE andiwestglonbbot T ower exqudefer mede

according to the nmethod widely used in the art, and the used sanpl es
wer elas ftild ewg2 b2%ISDS- pohyam rydarmgel i igel thaoRYDFPABNbndee the
(M11lipore # PVYHO0010, USA), a HRPcon'! ugat ed %oat anti - human 1gG
(ka_ppa) émjill?@’d}?lg §ﬁﬂdétll-m0n(j7%a‘¥ ot Hnti~ Keraf ngEEEe) 30
antlbOdy<§Jgf%%C%étU§®)bC for 30 seconds/at 50 °C for 30 seconds/at
72 °C for 30 seconds), one cycle at 72 °C for 5 minutes, and
at 4 °C for o. The composition of PCR reactants used herein
15 were as follows: 2 pl (10 pmole/ul) of a primer F-ksw002 to
which some of a linker is added (5'-AGT GGC GGA GGA GGC TCC
GGT TCC AAT TTT ATG CTG ACT CAG, SEQ ID NO: 4), 2 pl (10
pmole/nl) of a primer R-ksw002 containing a BstXI restriction

enzyme recognition site (5'-CAG ATC TTT CCA CGA GGC TGG CTC

20 CTC, SEQ ID NO: 5), 10 ng of pIgGLD-TTAC0001 Lgt
(PCT/KR07/003077) used as a template DNA, 2.5 U i-Max™ II Taqg
(Intron #25261, Korea) used as a polymerase, 5 pl of 10X
buffer, 2 pl of dNTP (each 2.5 mM), and 37.5 pl of distilled
water. The product obtained through the PCR was subjected to

25 electrophoresis in 1% agarose gel, and a TTAC0001 light chain
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Exanpl e 3: Establishnent of cell line for producing DIGio 0001 and

separation and purification of antibody A DI G 0001- pr oduci ng
cell line was established using CHO D&A4 (dhfr-deficeint CHO cells.
A transduction procedure for establishing a reconbi nant

ant i body- expressi ng CHO- D&A4 cell |ine was conducted in the sane

manner as i s described above. In order to screen the transduced
CHO D4 cells (dhfr-positive), a hypoxanthi ne-thym di ne-free aMEM
medi um was used, and 500 pg/m of (418 (Sigma-aldrich, USA) and 400

pg/ m of _.zeocine (lnvitrogen SA) _wer e.used- as l.ection .markers to
Fi i Ly SESPBERC e Y T TP e T I E LT 150 B it T 06t
a nonocl opal .o i i ophi . anty bod : - d,
R e i
cel I s/m, gepd3popctd abdh | (ia 96wl hapkat eTfAunco1 USfy~) Then, the
diluted cells were incubated for 2 weeks, and a single colony 25

di fferenti ati nggdE-GRawaengbadeetéd was [eparaat™@ihAc0 oesflabht shha#n

mot her cell clone. In order to obtain a high-expression cell Iline,
t he not heregePn €THHEO UL Equdst ida Ppgsubtaneredrei@n 5(MANGEI in a

medi um suppl enented w th varius concentrations (40 nM 80 nM 160
nM 320 n t%ﬁﬂeéogh?ﬁﬁghﬁéﬁ? fethot FeXaf e ( 1EIRF MP&eRFFELRI on

evel e SO TP, 500 Bl Sh o Uy BUERDSfn 2B B Biges
at a conceptraki on by 100 Pcdad/Be 86- vel kopl 2t ege@tihikent At oc for
1 minute), one cycle at 72 °C for 7 minutes, and at 4 °C for
10 . Also, the composition of PCR reactants used herein were
as follows: 2 pl (10 pmole/pl) of a primer F-ksw00l1l having a
BstXI restriction enzyme recognition site, 2 pl (10 pmole/pl)
of a primer R-ksw002, each 10 ng of mAng2 and TTAC0001 lgt as
template DNAs, 2.5 U i-Max" II Taqg (Intron #25261, Korea)
15 used as a polymerase, 5 pl of 10X buffer, 2 pl of ANTP (each
2.5 mM), 37.5 pl of distilled water. The product obtained
through the PCR was subjected to electrophoresis in 1%
agarose gel, and an mAng2-TTAC0001 lgt-fused PCR product
corresponding to approximately 1 kb was isolated using a
20 HivYield™ Gel/PCR DNA extraction kit (RBC Bioscience #YDF300,
Taiwan) (which was named “mAng2-TTAC0001 1lgt”). The isolated
PCR product was inserted to a T-vector using a TOPcloner TA
cloning kit (Enzymonics #EZ111l, Korea), and was transformed
into Escherichia coli DH5a. Then, the transformed E. coli

25 was miniprepared, and treated with a restriction enzyme BstXI.
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4 Cfor 12 hours to conplete the coating procedure. Then, a io

solution remaining in each well was discarded, 200 pl of a bl ocking

solution containing 2% nonfat mlk with | x PBS was added to each

wel |, and kept at 37 C for 1 hour. Each well was repeatedly washed

three tines with a washing buffer containing 0.05% Tween-20 with |x

PBS, and 100 pl of a cell 15 culture broth obtained fromthe

ant i body- expressing CHO D&A4 cell |ine was then added, and reacted at

roomtenperature for 1 hour. Each well was washed again three tines

with a i fer, I Nt , Py conj yugat ed goat
"‘%'élr%%f?%g L v8pg.2 ﬁgﬁg%ﬁhr{ge} Vtgat‘%%%\é N h&%&%

anti - human ppa), was the a washin buf fer at

a rati o @ppkonifdle19nd AB0RE QlrddB-d&Wdd RERBLLBAYSELHELI AR Was

reacted at ‘roomtenperature for 1 hours. Each well was washed again
three tines wiNhhbaswasbiignbef {B1G. andndGag 10f N@: THB.substrate
reagent (BD biosciences, USA) was added, reacted for 5 to 10 m nutes.
Then, 50 pl ofAan@th®b ot fagmis¢ racicdngE2504Fhs othat imrexmessdded t o
stop a chronogenic reaction. An optical density (0.D) value at 450

to 650NMYRES e AStr BYPHSERECR PF chlivpldial tegdetinPeehf 1S t DEF | GO .

| der t -confi lts, the ELLSA f dinth

S, anid: s FOLCH DAL a0t RS CVEGEATBCRNAT TF £35St i rmry
ti bodi HRP- can j < |

econdar SR EaG PRREUERbESGEOR AR IR (0 BNPE28971 b

at 700 nMMEXeRse8shablbsbgt-Rsra I Rduessvarncekkxi ngnd R G
4). Incubation of the high-expression cell line was perfornmed in an

aMEM nedifiragiiéel-gehar ©8yKoe eaged uppl 2 mesdted: wiatsh s&p¥rdicallyZedn f &% al
bovine serum (KDR, Korea), 100 units/m of penicillin (Hyclone, USA)
and 100 pgaviosef gstlr 6prongli hh¢ Hybe@reoPlYg®sisandAt be, cele Tulaahcs

was performed . in a_37 C.incubator under a 596 CO2 m xed ai_r condition
with noi Gum&ich mAng2-TTACO001 lgt was inserted was also digested

with BstXI, and only a digested fragment was separated from
% agarose gel through the electrophoresis. Thereafter, the
two separated fragments was kept at the presence of a T4 DNA
15 ligase (Enzynomics #M001S, Korea) at 4 °C for approximatelyl?2
hours to construct one intact vector. Then, E. coli DH5a was
transformed with the constructed vector, miniprepared, and
then digested with BstXI to confirm whether or not the mAng2-
TTAC0001 lgt was inserted into the constructed vector. The
20 confirmed recombinant vector was named “pIgGLD-mAng2-TTAC0001

Lgt” .
Example 2: Production and identification of DIG 0001

The constructed light chain expression vector pIgGLD-

25 mAng2-TTAC0001 Lgt and the pre-existing heavy chain
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15The dual targeting anti body DI G 0001 obtained fromthe incubation

of the high-expression cell |line was subjected to FPLC having a
protein A affinity colum, a SP-sepharose columm or a size exclusion
colum to secure only an antibody, which was purified to at | east 95%
purity for further close 20 exam nations (FIG 5). First, a culture
broth was centrifuged to separate a cell pallet and a nedium and D G
0001 in the separated nedi umwas concentrated through a UF nenbrane
(MI11ipore, USA) having a nol ecul ar wei ght cutoff of 10,000 Da or

I Th il |

| 55: ; Ihe BRI LAl S0 UK Up et 2 JoTHERPE B I L
descri bed.b0tPEh8iucaS H’éé%@b DEQ% negirtopb ek Lef g & puady the JF
menbrane was put into a 0.1 M Nad -containing protein A colum

stabil i zednauth 20s %5@@&1 phasehatien(pbnd. Ohe eRfréss 1HDGH
protein was s washed with the same buffer. Then, a protein

nonspeci f coafiymbd nds gy tLD S FHGH eind Aesesirn hahstwashed Tagai n with a
20 mM sodi um phosphate (pH 7.0) buffer solution contaiping 0.5 M
NaCl . A pitéﬁéﬁﬁu@} é%ﬁlf‘f’%lq?}ﬂ%%%@stlélgpﬂ-w@ifﬁc%ame el?tﬁ% with a

Samol 6 vad g EFabBE d fe RS BT O0LA L9t MPE s ik irgea
Lo prevent .aaphaminal ol AR SR %X:}'HSEQQC Qhel A gl BR300

remain in t | e fracti ona t hrou inity colu

cati on- exehanpesgheomed Qﬂé@é’%d@ﬁa@:‘é@ldliﬁﬁ:édeaéﬁ {19110&@ -a %I@Ll a
sanple 15 eluted froma protein-A colum was m xed wth the sane

vol une of paa28 abhsaihimy pHrOSMEM eedikimb.(@k1hehéer Kodeey padd®rdersely
SP- sepharose (5 ml, GE healthcare) colum was stabilized with a 10 mM
sodi uh® ph@@ghb@ée(ipwfalb)a g lerdagsritai mepghsd anpPRaxcima ey B Gaiml e

was added, and unbound DNA and endot oxi.n
90% by keeping the CHO-DG44 cells at 37 °C for 24 hours in a

CO, (5%) incubator with moisture. 3 pg of a recombinant
vector (1.5 pg of pIgGHD-TTAC0001 Hvy and 1.5 pg of pIgGLD-
mAng2-TTAC0001 Lgt) and 6 pl of lipofectamin™ 2000 were

15 diluted in each 250 pl of serum-free aMEM media, and kept at
room temperature for 5 minutes. A DNA dilute solution and a
lipofectamin™ 2000 dilute solution were mixed and reacted at
room temperature for 20 minutes to form a DNA-lipofectamin™
2000 complex. The pre-existing medium was removed from the

20 cultured cells, and 500 pl of the DNA-lipofectamin™ 2000
complex and 500 pl of a serum-free aoMEM medium were added to
each well, and incubated at 37 °C for 6 hours in a CO,
incubator. 1 ml of an aMEM medium containing 20% dialyzed
fetal bovine serum was added, and incubated for 48 to 72

25 hours. Thereafter, only a supernatant was separated, and the
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20 were washed off. Anti body nolecules binding to a resin were eluted
using a pH value and a salt gradient (50 mM sodi um phosphate (pH
7.0), 1 MNaCl). Finally, in order to renove a nmultineric anti body,
the sanple was put into a Superdex 200 (16 nm x 60 cm GCE heal t hcare)
colum stabilized with PBS, 25 and subjected to size exclusion
chromat ography. Such an antibody undergoing the purification
procedure was used to conduct cellular and in vivo analysis. Exanple
4: Conpetitive assay of DI G 0001 A conpetitive assay was

per f oi med i ELI SA de mheth 0 ng
ant i body eﬁ%% %Eﬁn S % %sal\l}\ng kﬁn&@g C(ﬁ)%,&ng cr%lv'({alrslEL EGIQ—%QZPandgalﬁé :
For th'sm%%%ggﬁeblééﬁbngf MRALOP aﬁﬂeAﬁﬁg Eﬁ@t“@éddh%hﬂﬁﬂléhd%tln

concentration of 200 ng to a 96-well plate, and the 96-well o0 plafe

was coat egrat pregrhedgpecabydend otoome dadthohended y ereld an wae art,
performed at 37 C for 2 hours using 2% nonfat m | k/PBS. Wen the

react i on awgis thenpketiedamphes 9¢enelds plaltleowsas 1%&s Bod - -pol ha@BE] amintk
m xture group A (obtained by m xing various concentrations (0 to 250

nM of DI610061 PYPFhneEerine 1 MDY BEyme3 W TRYBAROAR - 1T82hg af lﬁé-.s
cut), which . was reacted previousl roomt nperagure for ur,
vas put I8 GAEROWEPR Ot b W fﬁéc;%s? NG aREREd 8Pdrag
tenper at W00 24N 8£1§ E[?f Ny ?(ﬂ. bt 3} ped, by, '“9
vari ous COnce ratl ns (% r@ﬁé% EEEG%%%ﬁ ° g%%)%g 0
20 2-Fc), mhlch was reacted preV|oust at roon1tenperature for 1
hour, was put into each well, which was coated with Ang2-RBD in the
sane nmanner asExkgeld lred mhewd ishndneeact edl at 1 fmonide merdaidineg Dac 2
hours. After the 2-hour reaction was conpleted, the 96-well plate was
washed woO®1PB8A Gepgratioh 25d gpuniiicalEGEROE mpgdeodrt i body
(Reliatech, Germany) was added . ) , ,
A DIG'0001l-producing cell line was established using
CHO-DG44 (dhfr-deficeint CHO) cells. A transduction
procedure for establishing a recombinant antibody-expressing
CHO-DG44 cell line was conducted in the same manner as
15 described above. In order to screen the transduced CHO-DG44
cells (dhfr-positive), a hypoxanthine-thymidine-free oMEM
medium was used, and 500 pg/ml of G418 (Sigma-aldrich, USA)
and 400 pg/ ml of zeocine (Invitrogen, USA) were used as
selection markers to primarily screen the transduced CHO-DG44
20 cells. In order to obtain a monoclonal colony in which the
recombinant antibody was expressed, the primarily screened
cells were diluted to a density of 10 cells/ml, and
inoculated in a 96-well plate (Nunc, USA). Then, the diluted

cells were incubated for 2 weeks, and a single colony

25 differentiating from a single cell was separated to establish
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as a primary reacting antibody to each well coated with VEG-165, and
reacted at 37 Cfor 1 hour. After each well coated with Ang2- RBD was
washed with PBS, 5 pg/m of an antiTie-2 nouse anti body (Abcam

Engl and) was added as a primary antibody to each well, and reacted at
37 Cfor 1 hour in the sane manner as descri bed above. Thereafter, a
HRP- conj ugat ed goat anti-nmouse | gG anti body (Abcam England) was
diluted at a ratio of 1:5000, added as a secondary anti body to both
wel |'s coated with VEG-165 and Ang2-RBD, and reacted at 37 C 10 for 1

toe o RmBEIeP SUPELLALE [ PRACREALPAD SRS AN R SRR R 1

used to |nduce a chronogeni ¢ reaction

acid (H2SE4) 1sehyti thél‘/@n%tﬂ{gi‘:e%eth hehet Qgscgéﬁu U 1 f 8l ARured
Measur enent of the' chrompgenic reaction was perfoi ned at an

absorbance eb 350ime antl HeqINN Supplefeatgticwoph atericader (Tecan,
Swtzerland) (FIG 6). Exanmpl e 5: Survival assay of HUVEC after
t r eat nent cantenbBr& DO (40 oMlersdt aMgchéék aMchangeni n andbidd tyl)ofof
human 20 unbilical vein endothelial cells (HUVEC) after the treatnent
with O G DobRCtEeERte HFN vaAnhddsy SiRESHELPBr kel | R sn fomsd

USA) suppPBREH BHLUR T h 06T ECa Batioe. CorUnTLryE BnEr U8Ry  S506°o0
E‘E&Ef{) L”& B%gﬁ\)e?hgi lnlg}rﬁ?r( gg’g(éa%ec ) 41498k, 4ER) POLLLl Qhasiraptonycin
concentration of 100 pl to the 96-well plate, and kept at
4 °C for 12 hours to complete the coating procedure. Then, a
10 solution remaining in each well was discarded, 200 pl of a
blocking solution containing 2% nonfat milk with 1x PBS was
added to each well, and kept at 37 °C for 1 hour. Each well
was repeatedly washed three times with a washing buffer
containing 0.05% Tween-20 with 1x PBS, and 100 pl of a cell
15 culture broth obtained from the antibody-expressing CHO-DG44
cell line was then added, and reacted at room temperature for
1 hour. Each well was washed again three times with a
washing buffer, and a secondary antibody, HRP-conjugated goat
anti-human IgG (kappa), was then diluted with a washing
20 buffer at a ratio of 1:5,000, and 100 pl of the resulting
antibody solution was reacted at room temperature for 1 hours.
Each well was washed again three times with a washing buffer,
and 100 pl of a TMB substrate reagent (BD biosciencesg, USA)

was added, reacted for 5 to 10 minutes. Then, 50 pl of a 2N

25 sulfuric acid (H,S0;) solution was added to stop a chromogenic
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fibroblast growmh factor (Upstate Bi otechnol ogy, USA), and 5 units/m
of heparin (Sigma-Aldrich, USA), and the cell culture was perfokned
in a 37 Cincubator under a 5% CO2 m xed air condition with noisture.
For the survival assay of vascular endothelial cells, these cells
were put into a 24- well plate and incubated for 24 until a cell
density reached 2 x 104cell/well. Thereafter, the 24-well plate was
washed twice with an M99 nedium and the cells were incubated for 6
hours under a | ow serum concentration condition in an ML99 io nedium

el o pr GCFBRER W (VAT S CBRBaRT AT Bhe B iR bt 1 bty 54 #5%&
TS SR i R a0 e LS8,

i ncubat i %de&h@oceéLéom@iﬁntm@t&@l&éM teheWBTT8A( Pak1 papfodAe@nn f or
2 hours, and an absorbance of the cell ‘culture was neasured at a

wav el engtthxeofsadqéOmannefhaﬂ déderdedd abcafel hustings VBBFRI Deandindds - 2ach
condition were conpared (FIG 7). 20Exanple 6: Mgration assay of
HUVEC: af taimeirgagneabodies PrEG HRIconjugatedn gepdernto-bhaek 196G

inhibition of nobilit chenot axi of HUVEC on DI G 0001, a cell
mi grati on“3OPFY @Es pé?%%?‘ﬁ%ﬁy aibfrfkf%f i GREREOW A3sAPH HRIVEAT an

ﬁsgg‘_ POT 1347 €91,22BOLY CALLONAL & dd | hfryY ARINELLabTPLALRY, s AL MRS
expression cell line (FIG. 4). Incubation of the high-
expression cell line was performed in an aMEM medium (Welgene,

10 Korea) supplemented with 10% dialyzed fetal bovine serum (KDR,
Korea), 100 units/ml of penicillin (Hyclone, USA) and 100
png/ml of streptomycin (Hyclone, USA), and the cell culture
was performed in a 37 °C incubator under a 5% CO, mixed air
condition with moisture.

15 The dual targeting antibody DIG 0001 obtained from the
incubation of the high-expression cell line was subjected to
FPLC having a protein A affinity column, a SP-sepharose
column or a size exclusion column to secure only an antibody,
which was purified to at least 95% purity for further close

20 examinations (FIG. 5). First, a culture broth was
centrifuged to separate a cell pallet and a medium, and DIG
0001 in the separated medium was concentrated through a UF
membrane (Millipore, USA) having a molecular weight cutoff of
10,000 Da or less. The medium filtered through the UF

25 membrane was primarily purified using protein A affinity
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Before its use, a bottomsurface of a filter was coated with 10 jig
gelatin, and dried. 10 ng/m of VEGF and 100 ng/m of Angl were added
to lower wells including an ML99 nedi um suppl enmented with 1% f et al
bovi ne serum Vascular 5 endothelial cells, which were incubated at a
| ow serum concentration for 6 hours, were detached by treatment with
trypsin, and suspended in an ML99 nmedi um suppl enmented with 1% f et al
bovine serumuntil a cell density reached 1 x 106 cells/m . The
vascul ar endot hel i aI ceI | s, which were 10 pretreated vvith vari ous
concentr at| onmo n %%% forOBOdULrQu{sgsdescr:L Lépl ﬁsprayed
at a concEntratl % o? YLOO T Bh°&h upper t T s wel 1" gub%?ed at
S7C for Se5iROUES IhAnkllibnl B 9@&@& £ Pﬁ&wé&r% Bl fag put

stai ned wth hemat oxylin-eosin Sl gma, USA)” or crysta VIO

USA), 15 nglonkgoal ed wetl scaidaached beodetapasusiase o a1 Tidd®hvith
were renmoved with a swab, and m'grated cells attached to a bottom
surface oRoth¥ fodiien perspHaafd . (dPhOt. Ogr,aphé aerenbakeh mfotidien erld s
with 100 x nagnification under an optical mcroscope (dynpus, |X71,
Japan)5 equppped With ehelitinaoudFeraneFaero xaniiedn MeTcount s of the

morat od collor,anl 1, e ohipned undgr, gach copd Lion vere,
g LS ot B
i nh'b't'OBOREa@H9§§h@Ty|M“NéﬁEHOfA protein specifically binding to
protein-A was eluted with a 0.1 M Glycine-Cl (pH 3.5) buffer
10 containing 0.1 M NaCl, and a sample was neutralized with a 1
M Tris solution to pH 6.0. In order to prevent contamination
of DNA, endotoxin and protein-A that may remain in the sample
fractionated through the affinity column, cation-exchange
chromatography was conducted, as follows. First, a sample
15 eluted from a protein-A column was mixed with the same volume
of a 20 mM sodium phosphate (pH 6.0) buffer. Thereafter, a
SP-sepharose (5 ml, GE healthcare) column was stabilized with
a 10 mM sodium phosphate (pH 6.0) buffer containing 50 mM
NaCl, and -a sample was added, and unbound DNA and endotoxin
20 were washed off. Antibody molecules binding to a resin were
eluted using a pH value and a salt gradient (50 mM sodium
phosphate (pH 7.0), 1 M NaCl). Finally, in order to remove a
multimeric antibody, the sample was put into a Superdex 200

(16 mm x 60 cm, GE healthcare) column stabilized with PBS,

25 and subjected to size exclusion chromatography. Such an
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VEGFR-2 and Tie-2 by the dual targeting anti body DI G 0001,

i mmunopreci pitation and western blotting were perfornmed. 5 Vascul ar
endot helial cells which were cultured for 24 hours were incubated for
6 hours in an ML99 nedi um suppl emented with 1% fetal bovine serum
and then pretreated with 26.7 pg/m of DI G 0001 anti body for 30

m nutes. Thereafter, the vascular endothelial cells were treated with
10 ng/m of VEGF 10 and 100 ng/m of Angl for 15 mnutes. For the
anal ysi s usi ng i nmunoprecipitation, the vascul ar endothelial cells

t
S0l ut | on T P ARRPEET ey oie P EERARER $06B08 BaRie . 4o
50 MM Tr 'c%ﬁuliub@lcé@thfaﬂ) and 59, M NaGlo %,Srg[igl.l s sodi um ort hovanadat e,
2 mM EGTA, 2 mM EDTA, 1 mM phenyl met hyl sual fonyl fluoride, and 1 nmV

sodium fluoride). A solute collected with a scrapper was passed

t hrough a 26 gauge injector several tines, sufficiently dissolved,
and centri f ugetkdngrlel @ :nmdorpes iativeé2a688y gof DI@cdEr a 20
supernatant. 2 pg of anti-Tie-2 (R&D systens, USA)

i mundpr eci pi tAatFIRPHG ISP SRay yaaeaeréogre@d p‘@SJé?g tHeFolt®t e, and

reacted for 8 hours

B of conn G55 ™ B8 SAGS AR A DN LOTERE PR aRORPeRY  Far 1
ant| body c FAE LESYl LLngo) FTaing ﬁgfoawre&&wé Lat AgeRs Ot §idk AhGe

pl us agarose was centri

purpose, each of VEGF165 and Ang2-RBD was divided at a
concentration of 200 ng to a 96-well plate, and the 96-well

10 plate was coated at room temperature for one day. Then, a
reaction was performed at 37 °C for 2 hours using 2% nonfat
milk/PBS. When the reaction was completed, the 96-well plate
was washed with PBS, and mixture group A (obtained by mixing
various concentrations (0 to 250 nM) of DIG 0001 with VEGFR-

15 2 (ECD1-3) in which 100 ng of Fc is cut), which was reacted
previously at room temperature for 1 hour, was put into each
well coated with VEGF165, and reacted at room temperature for
2 hours. Then, a mixture group B (obtained by mixing various
concentrations (0 to 250 nM) of DIG 0001 with 500 ng of Tie-

20 2-Fc), which was reacted previously at room temperature for 1
hour, was put into each well, which was coated with Ang2-RBD
in the same manner as described above, and reacted at room
temperature for 2 hours. After the 2-hour reaction was

completed, the 96-well plate was washed with PBS, 5 ug/ml of

25 an anti-VEGFR-2 mouse antibody (Reliatech, Germany) was added
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and repeatedly washed 3 to 5 tinmes with a buffer solution. Then, an
SDS sanpl e buffer was added, boiled, and then centrifuged to renove
an agarose precipitate. For the analysis using the western blotting,
the 5 vascular endothelial cells were treated with a lysis buffer
solution (1% (wv) SDS, 10 nM DTris (pH 7.4), 2 nM sodi um

ort hovanadate, 2 mM EGIA, 2 nM EDTA, 1 nM phenyl net hyl sul f onyl
fluoride, and 1 mM sodium fluoride) to obtain a solute, and the

sol ute was boiled and centrifuged 10 at 4 C at 10,000 g for 5

W Uh on SBE CaRoRSRTares i Spirees; 5P Saof GHPECOSTN N

and WeSterEG?h@Et'éJﬁdV@éa?ctF&i fd @dOQC%Bch&nHoﬁQ melieds e\éacﬁewwsed
inthe art, and the used sanples were as fol | ows: 12% SDS-

pol yacryl aaadedceith%@mgmmsamas@l&al Wiipar er#| PS/I-jﬁ)@[}ﬂ,D,oﬂJ&ee) anti -
anti-Tie-2 anti body (abcam England) and an anti phosphotyrosi ne

anti body TUpseaneust crmchrhogyybceBA) Eugddnds was naql@e®rﬁts'; b?od:irésnairm
anal ysis of Tie-2 phosphoryl ation inhibition activities;

ant i - pa4/ B2taRPIBOEY TTBH |Vl SidgarPAG tEECAROP BgYT EEA)L a}FRPrar%n the

ant| - phesghocReAL A2 onti bed. (Cul Syl g LS80 ot U905, 30. o

SIS L R P T
a ratio of 1:5000, added as a secondary antibody to both
wells coated with VEGF1l65 and Ang2-RBD, and reacted at 37 °C

10 for 1 hour. Then, a TMB substrate reagent (BD Biosciences

#555214, USA) was used to induce a chromogenic reaction, and
50 pl of a 2N sulfuric acid (H,SO,) solution was added to stop
the chromogenic reaction. Measurement of the chromogenic
reaction was performed at an absorbance of 450 nm and 650 nm

15 using a microplate reader (Tecan, Switzerland) (FIG. 6).

Example 5: Survival assay of HUVEC after treatment with
DIG 0001

In order to check a change in viability of human

20 umbilical vein endothelial cells (HUVEC) after the treatment

with DIG 0001, a cell survival assay was performed.
Incubation of HUVEC was performed in a phenol red-free M199
medium (Invitrogen, USA) supplemented with 20% fetal bovine
serum (Hyclone, USA), 100 units/ml of penicillin (Hyclone,

25 USA), 100 pug/ml of streptomycin (Hyclone, USA), 3 ng/ml of a
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25 phospho VEGFR-2 antibody (Cell Signaling technology, USA) used as
primary antibodies for analysis of VEGFR-2 phosphorylation inhibition
activities; an anti-AKT anti body (Cell Signaling technol ogy, USA) and
an anti-phospho AKT anti body (Cell Signaling technol ogy, USA); and an
HRPconj ugat ed goat anti-nouse 1gG anti body (Santa Cruze

Bi ot echnol ogy, USA) and HRP conjugated goat anti-rabbit 1gG (Santa
Cruze Bi otechnol ogy, USA) used as secondary anti bodies binding to a
primary antibody for chem | um nescence (FIG 9). 10Exanple 8: Tunor

G owt b off GECEBESb 201 BbT 3Tt Bhat A Ba S R RPLe (Tapar i
free of arspegifii 6£PALPIGER ?@n&sﬁ@rﬂdﬂ,r@@@)?béﬁﬁ tnansgliantation
of U-87MG glioblastoma (2 x 105 15 cells, Anerican Type Cul ture

Col | ecti oltwae pesfl peredrass ofdi gt o knewnbarbiodadethe skaycaf ter
the intracerebral transplantation of the glioblastoma, the mce were
di vi ded imitkedt worgrongstion=4)th ameli strem.edFoastel $wmsivala)assay of
intraperitoneal injection of PBS, and (b) intraperitoneal 20
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5| P (O Ry 18,2, Bt and 2 o er,noeul o0, ol ASOPLESILE,
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twice with an M199 medium, and the cells were incubated for 6
hours under a low serum concentration condition in an M199
10 medium supplemented with 1% fetal bovine serum (Hyclone, USA).
The cells were pretreated with various concentrations of an
antibody for 30 minutes, and then treated with 10 ng/ml of
VEGF (R&D systems, USA) and 100 ng/ml of Angl (R&D systems,
Usa) . After the 48-hour incubation, the cells were treated
15 with WST-8 (Dojindo, Japan) for 2 hours, and an absorbance of
the cell culture was measured at a wavelength of 450 nm.

Then, the cell wviabilities obtained under each condition were

compared (FIG. 7).

20 Example 6: Migration assay of HUVEC after treatment with
DIG 0001
In order to check inhibition of mobility (chemotaxis) of
HUVEC on DIG 0001, a cell migration assay was performed. For
the migration assay of HUVEC, an 8-um pore-sized

25 polycarbonate filter transwell (Corning, USA) was used.



and enbedded into formalin, and the remai nders were enbedded into an
OCT conpound. A tunor volume was obtai ned by neasuring a volunme of a
fragnment having the highest tunor region, and cal cul ated according to
the followi ng equation: Wdth2x Length x 0.5 (FIG 10). [Industrial
Appl i cability] The conposition according to the present
invention can be used to treat angi ogenesis-rel ated di seases,
particularly 10 cancer. Wil e the preferred enbodi nents of the
present invention have been illustrated and described, it will be

under st 008 Lhose ol OLAIASILILR. LBSs oty Lhat ehangas A0 o,

ot her nodiftications can be e w thout is depar romthe

i nventionionuit gebioaderaaspactss. Vasi 8yl et WS Qhd R oPhesRMt of
invention are set forth in the following clainms. [Cains] [T aiml]

A dual tamnggli ngraniddedlycddvweg acldkteinsdlidbhe &ngangb feskdt 0 t he
N-teLm nus of a heavy chain or a light 5 chain of the intact |gG
based ant sbpdyenénted | vikerl T dirdiedt boyiok Beruvm25 Vasiavdaaci ds
wherein: the antjbody is antibody agai nst VEG-R-2/KDR, and
5 endothelial cells, which were incubated at a low serum
concentration for 6 hours, were detached by treatment with
trypsin, and suspended in an M199 medium supplemented with 1%
fetal bovine serum until a cell density reached 1 x 10°
cells/ml. The vascular endothelial cells, which were
10 pretreated with various concentration of an antibody for 30
minutes, were uniformly sprayed at a concentration of 100 ul
on an upper transwell, and incubated at 37°C for 3.5 hours in
a cell incubator. The cultured cells were stained with
hematoxylin-eosin (Sigma, USA) or crystal violet (Sigma, USA),
15 non-migrated cells attached to a top surface of a filter were
removed with a swab, and migrated cells attached to a bottom
surface of the filter were left. Photographs were taken of
the cells with 100 x magnification under an optical
microscope (Olympus, IX71, Japan) equipped with a digital
20 camera to compare the counts of the migrated cells, and 10

images obtained under each condition were calculated and

analyzed (FIG. 8).

Example 7: Analysis of inhibition of VEGFR-2 and Tie-2

25 phosphorylation in cells using immunoprecipitation and
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the water-soluble ligand is a binding domain for Tie-2 of
angiopoietin 2. 10 [C ai m 2] The dual targeting anti body
according to claiml1l, wherein the antibody is a neutralizing antibody
TTAC 0001 agai nst VECGEFR-2/KDR. 15 [Claim 3] A DNA encoding the dual
targeting antibody of claiml. [Claim4] 20The DNA according to claim
3, wherein the DNA consist of a base sequence set forth in SEQ I D NO
6. [Caimb5] A reconbinant expression vector containing the DNA of

western blotting

In order to check the inhibition of phosphorylation of
VEGFR-2 and Tie-2 by the dual targeting antibody DIG 0001,
immunoprecipitation and western blotting were performed.

5 Vascular endothelial cells which were cultured for 24 hours
were incubated for 6 hours in an M199 medium supplemented
with 1% fetal bovine serum, and then pretreated with 26.7
BHg/ml of DIG 0001 antibody for 30 minutes. Thereafter, the
vascular endothelial cells were treated with 10 ng/ml of VEGF

10 and 100 ng/ml of Angl for 15 minutes. For the analysis using
immunoprecipitation, the vascular endothelial cells were
washed with cold PBS, and treated with 500 pl of a buffer
solution for immunoprecipitation (1% Triton X-100, 0.5%
Nonidet P-40, 50 mM Tris/HCl (pH 7.4), 150 mM NaCl, 2 mM

15 sodium orthovanadate, 2 mM EGTA, 2 mM EDTA, 1 mM
phenylmethylsulfonyl fluoride, and 1 mM sodium fluoride). A
solute collected with a scrapper was passed through a 26
gauge injector several times, sufficiently dissolved, and
centrifuged for 10 minutes at 12,000 g to recover a

20 supernatant. 2 pg of anti-Tie-2 (R&D systems, USA)
immunoprecipitating antibody was added to 300 pg of the
solute, and reacted for 8 hours. Then, a protein A/G plus
agarose (Santa Cruz Biotechnology, USA) was added, and bound
to the immunoprecipitating antibody. The resulting immune

25 complex bound to the protein A/G plus agarose was centrifuged,
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25claim 3. [C ai m 6] The reconbi nant expression vector
according to claim5, wherein the reconbi nant expression vector
conprises plgG.D- mAng2- TTACO001 Lgt having a cleavage map as shown in

SFIG 2.

[Claim7] A host cell transfornmed with the

reconbi nant expression vector of claim5. 10 [C ai m 8] A

met hod for producing a dual targeting antibody conprising: incubating
the host cell of claim7; and 15isolating a dual targeting anti body
froma culture

10

15

20

25

and repeatedly washed 3 to 5 times with a buffer solution.
Then, an SDS sample buffer was added, boiled, and then
centrifuged to remove an agarose precipitate.

For the analysis using the western blotting, the
vascular endothelial cells were treated with a lysis buffer
solution (1% (w/v) SDS, 10 mM OTris (pH 7.4), 2 mM sodium
orthovanadate, 2 mM EGTA, 2 mM EDTA, 1 mM
phenylmethylsulfonyl fluoride, and 1 mM sodium fluoride) to
obtain a solute, and the solute was boiled, and centrifuged
at 4 °C at 10,000 g for 5 minutes to remove a non-soluble
precipitate. A supernatant was mixed with an SDS sample
buffer, and boiled for 10 minutes. The SDS-PAGE and western
blotting were performed according to methods widely used in
the art, and the used samples were as follows: 12% SDS-
polyacrylamide Gel, a PVDF membrane (Millipore #IPVH00010,
USA), an anti-Tie-2 antibody (abcam, England) and an anti-
phosphotyrosine antibody (Upstate Biotechnology, USA) used as
primary antibodies for analysis of Tie-2 phosphorylation
inhibition activities; an anti-p44/42 antibody (Cell
Signaling technology, USA) and an anti-phospho p44/42
antibody (Cell Signaling technology, USA); an anti-AKT
antibody (Cell Signaling technology, USA) and an anti-phospho
AKT antibody (Cell Signaling technology, USA); an anti-VEGFR-
2 antibody (Cell Signaling technology, USA) and an anti-

phospho VEGFR-2 antibody (Cell Signaling technology, USA)
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solution of the host cell. [Caim9] The nethod according to claimS8,
wherein the dual 20 targeting antibody is further purified using fast
protein liquid chromat ography (FPLC) with a protein A affinity
colum, an SP-sepharose colum and a size excl usi on chromatography.

[ Cl ai m 10] 25A pharmaceutical conposition for treating or preventing
di sease selected fromthe group consisting of cancer, age-related
macul ar degeneration, rheumatoid arthritis, diabetic retinopathy,
psoriasis, and chronic inflammation conprising the dual targeting

ant i body , of, L %E§B%]é‘?h§£€5ég%dleds & 8 MALeLFS Ok Pkgzr! | gand_of

dual targetlng a 'S ot ern domai n I e-2 of
angi opoi %Hdép%or&@b@hﬂhlﬁhal@i@forpf’b&fﬂmﬁ%ﬂelscabncaﬁmszxkdroﬂn@ﬂ%&ﬁl ng

to claim1l0,
(Cell Signaling technology, USA) and an anti-phospho AKT
antibody (Cell Signaling technology, USA); and an HRP-
5 conjugated goat anti-mouse IgG antibody (Santa Cruze
Biotechnology, USA) and HRP conjugated goat anti-rabbit IgG

(Santa Cruze Biotechnology, USA) used as secondary antibodies

binding to a primary antibody for chemiluminescence (FIG. 9).

10 Example 8: Tumor growth inhibition by DIG-0001 in

glioblastoma animal model
For the growth of orthotopic glioblastoma, male Balb/c-

nu mice (Japan SLC) free of a specific pathogen were used.
Intracerebral transplantation of U-87MG glioblastoma (2 x 10°

15 cells, American Type Culture Collection) was performed
according to known methods. The day after the intracerebral
transplantation of the glioblastoma, the mice were divided
into two groups (n =4), and treated, as follows: (a)
intraperitoneal injection of PBS, and (b) intraperitoneal

20 1injection of 0.5 mg/kg of DIG-0001. All the treatments were
performed 5 times (Days 15, 18, 21, 24 and 27 aftér
inoculation of neoplastic cells). Day 29 after the
transplantation of the neoplastic cells, the mice were
sacrificed, their brains were removed, and coronally

25 sectioned. One fragment was fixed with 10% buffered formalin,
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wherein the cancer is selected fromthe group consisting of gastric
cancer, liver cancer, lung cancer, thyroid cancer, breast cancer,
cervical cancer, colon cancer, pancreatic cancer, rectal cancer,

col orectal cancer, prostate cancer, 15 kidney cancer, nelanoma, bone
nmet astati c cancer of the prostate cancer, ovarian cancer, and bl ood
cancer. Sequence |ist <110>PharmAbci ne I nc. <120>Bi specific anti body
havi ng a novel form and use thereof <160>6 <170>Kopatentln 1.71
<210>1 <211>45 <212>DNA <213>Artificial Sequence

and embedded into formalin, and the remainders were embedded
into an OCT compound. A tumor volume was obtained by
measuring a volume of a fragment having the highest tumor
region, and calculated according to the following equation:

5 Width® x Length x 0.5 (FIG. 10).

[Industrial Applicability]

The composition according to the present invention can

be used to treat angiogenesis-related diseases, particularly
10 cancer.

While the preferred embodiments of the present
invention have been illustrated and described, it will be
understood by those of ordinary skill in the art that
changes and other modifications can be made without

15 departing from the invention in its broader aspects.
Various features of the present invention are set forth in

the following claims.
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<220> <223>priner <400>1 cactccagcg gtgtgggttc cttcagagac tgtgctgaag
tattcdb <210>2 <211>47 <212>DNA <213>Artificial Sequence <220>
<223>prinmer <400>2 actacctccg cctcctgaga aatctgctgg tcggatcatc
atggttg47
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[claims]
[claim 1]

A dual targeting antibody having a water-soluble
ligand fused to the N-terminus of a heavy chain or a light
chain of the intact IgG based antibody wvia a linker
consisting of 5 to 25 amino acids wherein:

the antibody is antibody against VEGFR-2/KDR, and
the water-soluble ligand is a binding domain for Tie-

2 of angiopoietin 2.

[claim 2]
The dual targeting antibody according to claim 1,
wherein the antibody is a neutralizing antibody TTAC 0001

against VEGEFR-2/KDR.

[claim 3]

A DNA encoding the dual targeting antibody of claim 1.

[claim 4]
The DNA according to claim 3, wherein the DNA consist

of a base sequence set forth in SEQ ID NO: 6.

[claim 5]

A recombinant expression vector containing the DNA of

claim 3.
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<210>3 <211>62 <212>DNA <213>Artificial Sequence <220> <223>pri ner
<400>3 ggagcctcct ccgccactac ctccgcctcc tgagaaatct gctggtcgga
tcatcatggt 60 tg62 <210>4 <211>42 <212>DNA
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[claim 6]
The recombinant expression vector according to claim
5, wherein the recombinant expression vector comprises
pPIgGLD-mANg2-TTAC0001 Lgt having a cleavage map as shown in

FIG. 2.

[claim 7]
A  host cell transformed with the recombinant

expression vector of claim 5.

[claim 8]
A method for producing a dual targeting antibody
comprising:
incubating the host cell of claim 7; and
isolating a dual targeting antibody from a culture

solution of the host cell.

[claim 9]
The method according to claim 8, wherein the dual
targeting antibody is further purified using fast protein
liquid chromatography (FPLC) with a protein A affinity column,

an SP-sepharose column and a size exclusion chromatography.

[claim 10]

A pharmaceutical composition for treating or
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<213>Artificial Sequence <220> <223>priner <400>4 agtggcggag
gaggctccgg ttccaatttt atgctgactc agd42 <210>5 <211>27 <212>DNA
<213>Artificial Sequence <220> Sequence |i st

10

15

preventing disease selected from the group consisting of
cancer, age-related macular degeneration, rheumatoid
arthritis, diabetic retinopathy, psoriasis, and chronic
inflammation comprising the dual targeting antibody of claim
1 wherein:

the water-soluble ligand of dual targeting antibody is

a binding protein domain for Tie-2 of angiopoietin 2.

[claim 11]

The pharmaceutical composition according to claim 10,
wherein the cancer is selected from the group consisting of
gastric cancer, liver cancer, lung cancer, thyroid cancer,
breast cancer, cervical cancer, colon cancer, pancreatic
cancer, rectal cancer, colorectal cancer, prostate cancer,
kidney cancer, melanoma, bone metastatic cancer of the

prostate cancer, ovarian cancer, and blood cancer.
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