[DESCRIPTION] [Invention Title] DUAL TARGETING ANTIBODY OF NOVEL FORM, AND USE
THEREOF 5[Technical Field] The present invention relates 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 WStHdRAEZHYAnd a woman's menstrual cycle (Risau,
Nature, 386:&7111V elnagfg r@nfj.t%f X bnormally ex_cessive angiogenesis plays a critical role in the growth
and metastasis of tumor andlt e 25 attack of diseases such as age-related macular degeneration
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5 [Technical Field]

The present invention relates 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 retlnopathy, psoriasis, rheumatoid arthritis and chronic inflammation (Carmellet and
Jaln, Nature, 407: 249, 2000). In 1971, Dr. J. Folkman proposed a hypothesis that the 5 growth and
metastasis of tumor is anglogenesls-dependent, and thus the therapeutic strategy focusing on the
antlanglogenesls may Involve a new therapeutic agent for solid cancer. Thereafter, many researchers
have been increasingly Interested in excessive research associated with the 10 inhibition of the
anglogenesls mechanism (Ferrara and Kerbel, Nature, 435: 967, 2005). The pattern of progression of
anglogenesils is determined by the general balance between anglogenesls-inducing factors and
anglogenesils-inhibiting factors and takes place through complex and sequential 15 processes of
multiple steps. When referring to such a process, first, various anglogenesls-inducing factors including

a vascular e‘ﬁ*tff%ﬁéhal%]ré%%&téﬁ(\%@@ﬁ?%@&mt@é@ﬂﬁ%%eﬁf hRtAreRtrbrawétids bind to their
correspondi §‘90fﬂe<fﬁ? é % Q%%%f p("ia%étﬂ% go vascylar ﬁar endﬁgq%@é cel $to activate the
yin

vascular en creasing the permeabl ity of the vascular endothelial cells.
Moreover, m@m,lnamsuch as a matrix metalloprotelnase (MMP) are secreted to digest the basement
membrane and extracellular matrix around the 25 vascular endothelial cells, such that the vascular
In 1971, Dr. J. Folkman proposed a hypothesis that the
5 growth and metastasis of tumor is angiogenesis-dependent, and
thus the therapeutic strategy focusing on the anti-
angiogenesis may involve a new therapeutic agent for solid
cancer. Thereafter, many researchers have been increasingly
interested in excessive research associated with the
10 inhibition of the angiogenesis mechanism (Ferrara and Kerbel,
Nature, 435: 967, 2005). The pattern of progression of
angiogenesis 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 vascular
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 wvascular



endothelial cells escape from the pre-existing capillary vessel and migrate/proliferate toward tissues
secreting the anglogeneslis-inducing factor. The migrating and proliferating vascular endothelial cells
form a tubular 5 structure in the blood vessel, and a stable and mature blood vessel is finally formed
as a perimyte winch is a structural support of the vascular endothelial cells flows Into the tubular
structure. In this case, it is known that anglopoletin 1 (Angl) secreted from the vascular endothelial 10
cells plays an important role in the =flux of perimyte and the stabilization of blood vessels by binding to
its receptor, Tie-2 (Sun et al., Cell, 87:1171, 1996). Meanwhile, anglopoletln 2 (Ang2) winch 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 InliMmt a phosphorylation process Induced by Ang1l
(Malsonplef?8& &t &l Sefehces 277555 A097) fHeWeber iPwas F8psitéd thatRid2 frittions to Induce

the phosphg%ag on gf 'Iéie-z pen i qn Q’ée gh%peC fg IJis %ng&%@e gxg%ré'merq I rﬂgthod (Kim et
al., Oncogene, 1%:454%, 2%1)%) . Alggﬁjfgc\)/vals rerbo%ed that %e bl%)od vesse?becgr:ﬁe utnstable and the
vascular endnthielighaelis becomeseansitiectocstimutihsuehasaVERS byidnhibiting the interaction
between the vascular endothelial cell and perimyte at the early stage 250f anglogenesls (Klagsbrun

U en: | glog
and MosesPERemt FWigit iR oigyscular endothelial cells form a tubular

5 structure in the blood vessel, and a stable and mature blood
vessel is finally formed as a pericyte which is a structural
support of the vascular endothelial cells flows into the
tubular structure. In this case, it is known that
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,



1999; Velkkola and Alltalo, Sermn Cancer Bid., 9:211, 1999; Carmellet and Jaln, Nature, 407:249,
2000). In particular, Ang1l is relatively widely expressed in normal tissues (Malsonplerre et al., Science,
277:55, 1997), but is poorly 5 expressed in tumor tissues (Hayes et al., Br. J. Cancer, 83:1154, 2000).
On the other hand, from the fact that Ang2 is over-expressed in cancer tissues having a high
anglogenif potential or normal tissues, such as placenta, uterus and ovary, whose blood vessel
remodeling actively takes place 10(Kong et al., Cancer Res., 61:6248, 2001; Ahmad et al., Cancer,
92:1138, 2001), it can be presumed that the onset of anglogenesls in tumor occurs as Ang2 is present
at a higher content than Angl. Therefore, it is supposed that Ang2 serves as an agonlst in a Tie-2
signaling mechanism. In sum, 15 =ice the signaling mechanisms of anglopoletln and Tie-2 are not

clearly identifiéd, additiérial studies dié ¥eguived t6Tdentifp e Sighafing méchanisms2fdivever, Angl
and Ang2 a&%?ﬁ@ﬁ@&eg}%p_@g -‘rm,p%ga{‘%]%‘f’ %H?ﬁ%&é?'ef’dﬁﬁnglo%n %!%t%%ﬁﬁ%'??me“”

Includes an N-terminus domain (N-domain) consisting of approximately 50 amino ands, a coifed coif
domain (C-dewrpain)consisiingvef121 vaming andsrand adibrinogentike domesire@-domain) consisting
of approximately 215 amino ands. Among them, the N- and C-domains are 25 associated 1A/1th
polymerizatidffoF2RGIoPEIEUNS And the FgcéISﬁw%‘?n i?ds'sotiated With 1091 d1hgPsA fFeteptor 11e-2

(Davis gt a'e%%te uut Big., 10:38, %QQ%SQO%HQ?Q’A%@ Lgquired to Induge signals of 11e-2is
achieved by dimerlzatlon of the receptor like other tyrosine Ifinase
83:1154, 2000). On the other hand, from the fact that Ang2
is over-expressed in cancer tissues having a high angiogenic
potential or normal tissues, such as placenta, uterus and
ovary, whose blood vessel remodeling actively takes place

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



5 receptors. From the fact that anglopoletin should be multimerized for this purpose (Procoplo et al., J.
Biol. Chem., 274:30196, 1999; SchlessInger, Cell, 103:211, 2000), it is suggested that these 11gands
may be used as a target for new drug development using the 11-11(1101tlon of anglogenesls. 10 In
particular, Davis et al. argued that a minimal module of anglopoletin for the phosphorylation of 11e-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 clime= variant does not effectively perform signaling for 11e-2 (Cho
et al., Proc. Natl. Acad. Sol. U.S.A., 101:5547, 2004). That 1s, although it was not reported that Angl
serves as an antagonist, the 11-11(1101tlon of signaling for 11e-2 by modifying the ollgomerilc 20
pattern of tiiSRidiBctie indRate iR a'stFatey For prévehtifg FiATRIEEallof of afgfopoletin may be

used to find& t%e1 11e5%§ign§p£% {ne%p&gﬂsm. ﬁgg%ﬂin% 19 g}}e feﬁ%%gﬁ&%lﬂad&l structure of
anglopoletin and 171e-2, it can be seen that a 11e-2 1011-1d1ng site’is reseft in anglopoletin 25 and
the 1011-1dingustraciute betweer: Angdrand 1 be-2risshnilas tadhatketwaen Ang2 and Tie-2 (Barton
W.A. et al., Nat. Struct. Biol., 13:524, 2006). Therefore, the present researchers have tried to

effectively IRETEI0EBERGI06ENESTs b§ ConsRtictidda dudttargetihg it otiyia $fnch a Tie-2

5 receptors. From the fact that angiopoietin should be
multimerized for this purpose (Procopio et al., J. Biol.
Chem., 274:30196, 1999; Schlessinger, Cell, 103:211, 2000),
it is suggested that these ligands may be used as a target
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



5 binding site to anglopoletTn, particularly Ang2 in the present invention, is fused to a pre-existing
antibody. Meanwhile, as another target to Tnhliolt anglogenesTs, attention has been pan'to a
VEGF/VEGFR signaling mechanism in the present invention. VEGF that is known to have a 10
significant effect on most steps of an anglogenTc process is widely secreted from a hypoxla 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 Tsotypes (VEGF121, VEGF165, VEGF189 and VEGF206).
Among them, it was reported that VEGF165 is abundant in all human tissues except for the placenta
(usher et al., J. Biol. Chem., 266:11947, 1991). It is known that VEGF binds to its receptors VEGFR-1
and 20 VEGPRIZ2 #ithee tesLIs 10 affinitybut 1RddceSrieehanibms asSodated With anglogenesTs

such as proliferation igration as r-endotheli s, by sduclng its signals through
VEGFR-2. é(];crr[ t %s(,% r'eiags%%@, VECt;iI%: 'za\gr?ci)f\’/E%HFBF?-?Z'ha\J"Et(I!e1 %ﬁ%}%gnl%fnlyé %ggt%%%n%nhliolt the
anglogenesiss2a machanisms dnducestby ¥ EGH cand meny articlesidealingi wihnthese contents were
reported (Ellis and Hicklin, Nature Rev. Cancer, 8:579, 2008; Youssouflan et al., Clin. Cancer Res.,
13:5544s, 20075 HESCEAApRe, Blakth Df GSenditeth i R MtimamizEé8 Hrtibddy barge-L.11-1g VEGF-A

(Fen%ugetﬁhh%gﬁgegkte to angiopoietin, particularly Ang2 in the
present invention, is fused to a pre-existing antibody.
Meanwhile, as another target to inhibit angiogenesis,

attention has been paid to a VEGF/VEGFR signaling mechanism
in the present invention. VEGFEF that is known to have a

10 significant effect on most steps of an angiogenic process is
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 (VEGF121l, 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



5 Blophy. Res. Comm., 333:328, 2005) and has been approved by the U.S. Food and Drug
Administration (FDA) for metastatic colon cancer in 2004, non-small cell lung cancer in 2006 and
Her-2 negative metastatic breast cancer in 2008, respectively, and come Into the market. In recent
years, extensive Jo clinical tests on various solid tumors have been conducted to enlarge the
indications. In addition, Lucentls commercially available from the same company is an antibody
produced by digesting only a Fab fragment from Avast= to promote its permeability when Lucentls is
Injected Into the re-L.11-1a to 15 Inhliolt excessive anglogenesls under the macula winch is a major
condition of the senile macular degeneration (Eter et al., Blodrgus, 20:167, 2006) and was approved in
2006 by the USA FDA as a therapeutic agent to treat wet age-related macular degeneration

(wet-ARMDY&A6tHe? tréapeutie 20 &fiodhAardéting VEGE s VESF-frap bt REGeri&tBn (Holash et
al., PNAS, %%ﬁ%g% %Qg%)g T% '@861 \/\&aé%%-g%@gle 'r'ldeecgyarlfcepkofi gbta&?}%g f%@igg the second
bulln"domain o "and t dfr domain o

Immunoglo VEGFR-1 e third Immunoglobulln VEGFR-2'with human
Fc and has net beensgpmovad by therUSAehbAe and2bsits phase ¢k tidals dommesastatic breast
cancer, metastatic lung cancer, metastatic colon cancer and hormone-refractory prostate cancer are

now under WaSPRhGRGerRESRRIbitG aRtibodieSiaietingie vERge ot al.,” Biochem.
5 Biophy. Res. Comm., 333:328, 2005) and has been approved by

the U.S. Food and Drug Administration (FDA) for metastatic
colon cancer in 2004, non-small cell lung cancer in 2006 and
Her-2 negative metastatic breast cancer in 2008, respectively,
and come into the market. In recent years, extensive

10 clinical tests on various solid tumors have been conducted to
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



receptor VEGFR-2 Include IMC-1121B (EP 1916001A2) of Imclone, 5CDP-791 (PCT/GB02/04619) of
UCB, and TTAC-0001 (PCT/KR07/003077) developed by the present researchers. IMC- 1121B is a
monoclonal antibody screened from the complete human Fab library, its phase Ill trials for metastatic
breast cancer are now under way, and its phase lll trials for 10 gastric cancer is scheduled to be
conducted in 2009. CDP-791 of UCB is a humanized antibody, and its phase Il 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 cytotoxlclty 15 or complement-dependent
cytotoxiclty 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
only one antipbdy tREACSHowS Féaetivity 16 n%]zéé“ OtFaEaEN7ed 20 P IV EGHR ZCR6emvlogue) while

targeting V GFR-2 dcignoc%erog@ i%pr{gpé&ag% s differentiating from the IMC-1121B of Imclone
(PCT/KR07/003077). In particular, the cross-species cross reactivity of TTAC-0001 enables the

research on an animaj thsgasesmedehmiineh hetpsstocdevelop antantye2S agneenagent for treatment of
specific tumors in the future and to complete the related research more easily.

receptor VEGFR-2 include IMC-1121B (EP 1916001A2) of Imclone,

5 CDP-791 (PCT/GB02/04619) of UCB, and TTAC-0001
(PCT/KR07/003077) developed by the present researchers. IMC-
1121B is a monoclonal antibody screened from the complete
human Fab library, its phase III trials for metastatic 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 only
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



As such, the research armed at the VEGF and VEGFR-2 has made great strides for the recent 5
years, and various therapeutic agents have been developed through the market and 5 clinical studies.
In addition to developing a therapeutic antibody using the inhibition of angrogenesrs, many antibody
therapeutic agents using a single target for each disease have been approved by the FDA and come
into the market. For example, major antibody therapeutic agents leading the market 10 of monoclonal
antibodies over the world Include Erriortux (Imclone) that targets an epidermal growth factor receptor
(EGFR) and has been marketed as a therapeutic agent to treat metastatic colon cancer, Herceptrn
(Genentech) that targets Her-2/neu and has been marketed as a therapeutic agent to 15 treat
metastatic breast cancer, and Rrtuxan TM that targets CD-20 and has been marketed as a therapeutic
agent to tre@fP Ao HERGIEA'S FmpRBNTEE | 2 t Rk dramisife; e cBrdifig %6 e Yecent trends of the antibody

market, in addition %% dgvggnpir%glgn &nfli%g V. ha}m%go Ibe functi ity for a\]%jaglg_tgr et, extensive
research armed at eveﬁ)plﬁg a so-calle ugl targeting antibody (Jorspecrfrc antibo y%or a
multi-targetingaantihesyc(nuispecificcantthedy)cwinch carybave fwerad matei targets at the same
tame, has been actively conducted (Van Sprrel et al., 25Immunol. Today, 21:391, 2000; Kufer et al.,

Trend in BIbRECHHIE 2223872003, Mafvin & e ZhaY LR Fin. ‘i BiscoVery'BeyS '9: 84, 2006).
Among.these anyhodies belanging t%hlg%d%’i‘%%otﬁeE%'sdéovgi‘%%1%\'“5%%@%%&9%% is approved by

the FDA and produced on a commercia
antibody using the inhibition of angiogenesis, many antibody

therapeutic agents using a single target for each disease
have been approved by the FDA and come into the market. For
example, 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



5 scale. However, these antibodies have been steadily studied in laboratory and clinical levels on the
bans of the continuous Interests and potentials. The antibodies belonging to this class are mainly
classified into (1) ScFvbased antibodies, (2) Fab-based antibodies, and (3) IgG-based 10antibodies,
etc. First, in the case of the ScFv-based multi-targeting antibody, there is a dlabody obtained by
combining VL and VH of different ScFvs and having a hybrid ScEv in a heterodTmerlc form (Holllger et
al., Proc. Natl. Acad. Sol. 15U.S.A., 90:6444, 1993). However, such an antibody has a problem of poor
stability due to the binding affinity to heterodTmers. Also, tendem ScEv obtained by liking different
ScFvs to each other (KTprlyanov et al., J. Mol. Biol., 293:41, 1999; Robinson et al., Brit. J. Cancer,

99:1415, 2008), 20 heterodTmerlc ScEv obtained by expressing Jun and Fos which have a binding
potentials t& - fstiifilof different ScFR (be Kiiiand 2Bgterberg CYHBiol. CHém., ZX197630, 1996),

a heterodTrB Qg ﬁggflgwt@ggy ob}a__' §9 byzgé%r)e.ssig%g 1 %ﬂg SCL %E% JEQ{@ éhe termini of ScFv,

respectively (Muller et'al., 25FEBS lett., 432:45, 1998), and a method for constructing a minlbody in a
heterodimentSehy forum (Metehantel ad.s NathBleteahnalo 16567, 11998) wereaeported. In this case,
the method for constructing the minlbody Includes substituting some amino ands of a CH3 domain that
is a homodIierififsirain®s BPREJ thahye &'ReterddIAistifithietiiadn & hobaRtS A6 form and

expressing these modified GH3 domains rRE‘lH!;ed_EeéE‘_iWaQIeS%feVer{eéF&%%’ﬂé o gaglition, a variety of
ScFv-based analogues were reported in the scientific literature (Klprlyanov and Le Gall, Curr. inn.
Drug 10 Discoveapbexto233n2004); and=Al tripler ¢drgeb ScEnaising adifalfodyhand a quadruple target
ScFv using a tetrabody were also reported in the scientific literature (Hudson and Kortt, J. Immunol.
Meﬂmmb,2§fﬁ§7?§9§9)lnter65ts and potentials. The antibodies
belonging to this class are mainly classified into (1) ScFv-
based antibodies, (2) Fab-based antibodies, and (3) IgG-based
10 antibodies, etc.
First, in the case 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., 90:06444, 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

10



Second, the Fab-based multi-targeting antibody mainly 15 has the form of heterodimerlc 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 barge-L.11-1g antibody 20 having two antigen valencles 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 homodlmerif form to have four
antigen valencles by interposing a hinge region between Fab and ScFv (Coloma and Morrison, Nat.
liotechnol., 15:159, 1997). Also, a dual targeting blbody produced with three valencles for antigens by
fusing ScFV8lagaiRstdiffBrenht RitigeRs 1B ¢he terntihVoff S e IYRECHER anithéavy ch&iR of Fab, and a

trifle target blb ced with e les for anti fusi ifferent ScFvs respectively to
the termini g tﬁg%f’gﬁ%%éfn ;Vr(lgd ﬁzgy Yc%%#&?&a% vfeélgga%s%og %(ép:rit%eél g|r%|tf :tLhée r%ca:ti\%e%ﬁfiscchteerature
(Schoonjansetiabd J £hamusos £ 10 36504053 2000) 1 Alsoy aitrifle takgetingatibody ir(@b')3 produced
in a simple shape by chemically conjugating three different Fabs was also reported (Tuft et al., J.
Immunol., 12960 219919 frfﬁ&a?,éinq eacé%%oﬁﬁ@%é-?&@é"éd mulf-targeaAgmeric domain

5 of Fc to change a heterodimeric structure in a “knob into
hole” form and expressing these modified CH3 domains from the
termini of ScFv, respectively. In addition, a variety of
ScFv-based analogues were reported in the scientific
literature (Kipriyanov and Le Gall, Curr. Opin. Drug

10 Discovery Dev., 7:233, 2004), and a triple target ScFv using
a triabody and a quadruple target ScFv using a tetrabody were
also reported in the scientific literature (Hudson and Kortt,
J. Immunol. Methods, 231:177, 1999).

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 antibody, a hybrid hybrldoma producing a dual targeting antibody, so-called guadroma was
obtained by Trion Pharma by hybridizing mouse and rat hybrldomas. The dual targeting antibody
Ertumaxomab (antigen: Her-2/neu, CD3) produced by this company proceeded Into phase |l trials for
metastatic 20 breast cancer (14Jewe and Thiel, Expert Opin. Investif. Drugs, 17:1553, 2008), and
Catumaxomab (antigen: EpCAM, CD3) proceeded Into phase Il trials for gastric cancer and ovarian
cancer and phase 11l trials for malignant asliifes (Shen and Zhu, Curr. Opin. Mol. Ther., 10:273, 2008).
However, these 25 antibodies cannot exclude a human anti-mouse antibody (HAMA) or human
anti-rat antibody (HARA) reaction caused by their repeated administration. Meanwhile, a dual targeting
antibody of "Holes and Knob" produced in a heterodEmerif form by modifying some amino ands of a
CH3 homodErheRPasATen of 51Mfr tiferent Reavy eRafvAlelshalig Adrtehafidomain was

also reported (Merchant gt al., Nat Blotechnol., 16:677, 1998),Jn additign to th al targeting
antibody in aoheteﬁo%me%? fo m,gl)ttv?/gs Irlegpo'rie %'at%%va)%?-lg?G (an%%gr'l: éG(?Ij:QRg IGF-1R) is
expressed b= jemotiE e tilormday Bsciising two diferent/.Sckvis tethereanstant demains of a fight
chain and a heavy chain of IgG Instead of the variable domains thereof (Lu et al., J. Biol. Chem.,

279:2856, 20045 A6WeVEF s aftibdthas- 4 5ToBlém oF vefFRi pfoduetvity Biitthe Shme
research groyp prodyced.a di-dlabody with 15 Improved productivity to the same Ej%ﬁgg

y
compensating the problem of (ScFv)4-1gG, and confirmed its potentials (Lu et al., |§IEChem.,
280:19665, 20051 yHpweser,<cuichiam antibedy did roicdvercame thetprgblemiof poos stability of the
dlabody. Also, Shen et al. of Imclone produced a dual 20 targeting antibody by fusing only a single
variable dofvaint forShduse plate et elefived GrowtH factorreceptora (IﬁéG%I?-a% 18'te N-terminus of a

fight chain ofa, ¢himerie monoglonal antibedy.IMC;1E11 against hyman YEGFR:2, and reported its
potentials (Shen et al., J. Biol."Chem., 281:10706, 2006;

scientific literature (Schoonjans et al., J. Immunol.,

10 165:7050, 2000). Also, a triple targeting antibody F(ab')3
produced in a simple shape by 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
Zzhu, Curr. Opin. Mol. Ther., 10:273, 2008). However, these

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

12



25Shen et al., J. Immunol. Methods, 318:65, 2007). Recently, Rossi_ et al. proposed an antibody
having multiple antigen valencles for CD20 by a method so called "dock and lock (DNL)" using a
dimerlzatlon and docking domain (DDD) of an R subunit of protein 1(11-lase A (PKA) and an
anchoring domain of 5the PKA (Rossi_ et al., Proc. Natl. Acad. Soli 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 bans 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 protelnase and have 1mmunogenlclty-related problems.
15There ar®vafiBlid dualtargétitg %Fmgﬁqlﬁrgé%@péntmﬁsi@b&%bsiﬁ%@éc@ﬂﬁfé literature up to

the presentrg'g Ihese gg}i\q%dligirh ve C;‘Hr.lcti%glnmﬁgiﬁseang demerits gg(%ggg%g on the morphological
e

d metits.and d _
features according to their Inten uses. In particular, extensive research alined 20 at developing

therapeutic sual taygeting angobuki-tangeting artibedies te dreat canaer-bas continued foprogress.
However, it is very iﬂr?é)qrtant to select antigens targeted by the antibodies obtained through such
research sueh aftheraRth GBS caf gerfotiltheirfroper fuhctighedegeric domain o

5 Fc for different heavy chains while sharing a light chain
domain was also reported (Merchant et al., Nat. Biotechnol.,
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-o (PDGFR-«)
to the N-terminus of a light chain of a chimeric monoclonal
antibody IMC-1C1l1 against human VEGFR-2, and reported its
potentials (Shen et al., J. Biol. Chem., 281:10706, 2006;

25 Shen et al., J. Immunol. Methods, 318:65, 2007). Recently,
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[Disclosure] [Technical Problem] Therefore, in order to develop a dual targeting antibody for
anti-cancer treatment using angiogenesis inhibition, the 5 present inventors have produced a dual
targeting antibody, which can neutralize two receptors, VEGFR-2 and Tie-2, which are closely
associated with the angiogenesis mechanism, in a new form which has not been reported until now,
confirm that the antibody shows an equivalent or better anti-cancer effect lo 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. SHiPanétier Gbﬂectﬁf@ﬁ@ PrEsent inventhatis tBP0-provitke A rBéSmbiriart®xXpression vector

conuumngtggfggéies for CD20 by a method so called “dock and lock

(DNL)” using a dimerization and docking domain (DDD) of an R
subunit of protein kinase A (PKA) and an anchoring domain of

5 the PKA (Rossi et al., Proc. Natl. Acad. Sci. U.S.A.,
103:06841, 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. 1In 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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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 incubating the host cell. A further object of the present
=yen-Lyon is to provide a pharmaceutical composition including the dual targeting antibody. 5
[Technical Solution] The present invention provides a dual targeting antibody of a novel form
having a water-soluble lifand fused to the Ntermynus of the heavy chain or light chain of an antibody.
10The term "antibody" used in the description of the present =yen-Lyon 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 @aﬂ&ﬂ&%@.lAll the light chains and heavy chains Include vary-able and constant
regions. The#f?gé Qgigglargrfggggew disulfide bonds located in flexible regions of the heavy chains,
winch are referred to

Therefore, in order to develop a dual targeting antibody

for anti-cancer treatment using angiogenesis inhibition, the
5 present inventors have produced a dual targeting antibody,
which can neutralize two receptors, VEGFR-2 and Tie-2, which
are closely associated with the angiogenesis mechanism, in a
new form which has not been reported until now, confirm that
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



as a hinge region. The variable regions in all the heavy 20 chains and light chains bind to each other to
form two identical antigen-binding sites. The antibodies are classified into five classes by the heavy
chain constant region: A(IgA), D(IgD), E(IgE), G(lgG) and M(IgM). Each class is referred to as an
ifotype, and has unique structural 25 characteristics and different biological properties. The present
invention includes antibodies of all isotypes, and IgG is preferably used. Preferably, the antibody
according to the present invention includes an antibody against an antigen that is 5 specifically
expressed in a neoplastic cell, a cancer stromal cell, a tumor-associated endothelial cell, a
tumor-associated endothelial progenitor cell, a tumor-associated circulating endothelial cell, a
circulating tumor cell, a cancer stem cell, etc., but the present invention is not limited thereto. More
particularly, A8 tibbay dcedrdifigto ¥ present invention includes an antibody against a protein

expressed on the surf f a cell such a cular thelial Qr factor receptor-1 (VEGFR-1),
a vascular endothzﬁafgf)tv%lt%%a%%jgrggep?tfr}é%%/ %E%RQZC% a%{a%secg& g\rg gnﬁ‘(%hgﬁal‘%g%s]v%h féLS factor
receptor-3 (VEGERx3): @antiMStiketyposine kimasend (T3 acedMSALDlany-stputating factor 1

receptor (CSF1R), a rearranged during transfection (RET) cell, a mesenchymal-
antibody.

[Technical Solution]

The present invention provides a dual targeting antibody
of a novel form having a water-soluble ligand fused to the N-
terminus of the heavy chain or light chain of an antibody.

10 The term “antibody” used in the description of the
present 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 wvariable regions in all the heavy

20 chains and light chains bind to each other to form two
identical antigen-binding sites. The antibodies are
classified into five classes by the heavy chain constant
region: A(IgA), 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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epithelial transition factor (c-Met), an epidermal growth factor receptor (EGFR), Her2/neu, HER3,
HERA4, 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. In the present invention, the antibody may be a "polyclonal” or "monoclonal”
antibody, and more preferably a monoclonal antibody. The monoclonal antibody refers to an antibody
obtained from a substantially homogenous antibody 5 population. That if, the individual antibodies
constituting such a population are identical except for possible naturally occurring mutations that may

be present in a small amount. The monoclonal antibody is highly specific to a single antigenic region.
Moreover, dikethe polyGaialahtiboeiesies inclbdingHiferent antibodiRfoPaifteréRtfepltopes, each

monoclonal%rgibfgy i%é@%%%gjdlc?g%iggga single epltope on the antigen. It should not be Interpreted
that the monaoclone is required to produce an antibody in any certain manner. For example, a

monoclonal antibody asefth il the pteseat 4 dipvgntiorcaeayibeypraduces yadwibtldoma method
described in Kohler et al., Nature, 256:495(1975) or produced by a recombinant DNA method (see
USA Patent-RBSE 81656 7)C ASE the éfdciBRaNVambbtyThay ot xanle thé tsoldted from the

phageQnﬂQ%%Q¥¥§QEQﬁ9tgg@yggg§§sfgbgdﬁgoplastic cell, a cancer stromal

cell, a tumor-associated endothelial cell, a tumor-associated
endothelial progenitor cell, a tumor-associated circulating
endothelial cell, a circulating tumor cell, a cancer stem
cell, etc., but the present invention is not limited thereto.

10 More 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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20Clackson 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 and sequence that is 25 partially or entirely derived from
the human antibody germllne by changing the sequence of an antibody having a non-human
complementarlty determining region (CDR). By the changing method, it is the simplest way to merely
substitute a murine constant region with a constant region of a human 5 antibody. Hence, a
human/murine chimera, which may sufficiently reduce the immunogenilclty 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 variabié réginis sedRftuted With'& Corre8BordingttianFrariéwark region while the

non-human-EBR s substantaly mainiained Inactor tie CR s exelianded wih A gaquence derived

from the hu enome. An Intact uman antibody Is pro |n al5ge fled mouse
whose immube systam is aradittedito. comeépmﬁddolbelmmrtmmpem to drihe antibody of
the present invention is particularly preferably a "human antibody"”. The human antibody is an antibody

having an a%ﬁiﬁék%ﬁ%lysé&ﬁéfdée@o rtESPORIITG RS BAPOarhind Qﬁﬁ‘%‘éﬁlﬁ%ﬁée%%ﬁ%ody produced
by any techpigye, for praducing.an antibgy, produced:hy, @ NUMan of ANUMANS: i t ut ing

such a population are identical except for possible naturally
occurring mutations that may be present in a small amount.
The monoclonal antibody is highly specific to a single
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
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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 Biotechnology 14:309-314(1996): Sheets et al. PNAS (USA)
95:6157-6162(1998); Hoogenboom and Winter, J.Mol.Bmol. 227:381(1991); Marks et al. J.Mol.Bmol.
222:581(1991)). The human antibody may be produced by introducing a human 5 mmmunoglobulmn
locus into a transformed animal, for example, a mouse whose endogenous mmmunoglobulmn genes
are partially or completely inactivated. During the challenge, it was 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 53545,807; 55458061 15:965/8255 56751 £26 05, 633, 475: J4iPy,661 /018 afd Marks et al.

Biotechnology 10:779-78 ; rg et al. Nature 368:856-359(1 .\Morrison, Nature
15368:812-1 1819%1 gEm%%%%%e%%gﬁé% re%i%e%ﬁ%%c?% %?%%%%51%81%%%) N%%biélpglger, Nature
Biotechnologyal4;826(1996) pgnhergiand hieiszamdntesn. Rey. mamuaek 113: 69=33(19956% In another

method, the human antibody may be produced by immortalization of human B lymphocyte (for
a murine constant region with a constant region of a human
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 wvarious
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 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). 25The term "water-soluble Imgand" used in the description of the present invention
means 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 example,
the water-soluble ligand Includes, but not limited to, a vascular endothelial growth factor (VEGF), an
epidermal growth factor (EGF), a placenta growth factor (P1GF), a fibroblast growth factor (FGF), a

platelet-derived growth factor (PDGF), a hepatocyte growth factor (HGF), anglopoletin, 10etc. In the
dual targetiRg aRtiBBES bP a¥hovel FOrAT atédriig to the sresent invehtioRNhe dRtidody and the ligand

play their urygu%\ glgsﬂlémyv& 8Bhe 91%%'#81936@19 %r}ltép ncc%n Inhyo @l%mpllfy two signals at

the same time, and thus it may e more effective compare to acase'w ere one signal is inhibited or
amplified. Compared (0% tase mheke each=signal isidreasad withoa sigh@l inhéitor) a lomhdose may be
S g e e o SR 1 S8 U™
Y Y P Y g
5 immunoglobulin locus into a transformed animal, for example,
a mouse whose endogenous immunoglobulin genes are partially
or completely inactivated. During the challenge, it was
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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20and 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 fragment connecting
two moieties of a fusion protein. In the 25 present invention, a suitable linker Includes a peptide
having 5 to 25 amino ands, preferably 10 to 20 amino ands, and more preferably 10 to 15 amino ands.
In order to produce the dual targeting antibody of the present invention, a nucleic and sequence
encoding the dual 5 targeting antibody is produced. The nucleic and sequence may be constructed by
fusing the 3' terminus of a nucleic and sequence encoding a water-soluble ligand to the 5' terminus of
a nucleic and sequence encoding a heavy chain or light chain of an antibody. In one aspect, the
nucleic and To sequence encoding the dual targeting antibody fused via the linker may be obtained by
designing a¥fuciéie dtiePseqience’sma fifkeMPBE conidiidd ira ptimétfartd Béfdfming PCR. A

coding gene githe s preduced dual araeting antbedy fs igaleddnlo ayvestordp prepare 2
recombinant 15 expression plasifid, tjhe plasmid is Introduced’Into a%ost cell to prepare a transfectant
or transformanttcethy the-hgsteellbisamplifiettand heubated, andiaduak targetiagarntibody is Isolated
and purified, thereby obtaining the desired dual targeting antibody.
soluble property so that it can be soluble in water. For
5 example, the water-soluble ligand includes, but not limited
to, a vascular endothelial growth factor (VEGF), an epidermal
growth factor (EGF), a placenta 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 ligand via a linker. 1In
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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20In 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 winch a DNA is Introduced at 1510 efficiency and has
high expression efficiency of the Introduced DNA is generally used. Examples 25 of the host cell
Include known eukaryotic and prokaryotic hosts such as E. coli, Pseudomonas spp., Bacillus spp.,
Streptomyces spp., bacteria and yeasts, Insect cells such as Spodoptera Frugiperda 9 (SF9), animal
cells such as a Chinese hamster ovary cell (CHO) and a mouse cell, COSI, COS7, human 5
embryonic kidney 293cells, African green monkey cell such as BSC 1, BSC 40 and BMT 10, and
tissue-cultured human cells. In the present invention, a variety of expression host/vector
combinations may be used to express the dual targeting antibody. For example, expression vectors
suitable 10 forthB®ukafyotil hodtindude SVa10, bevire papifomavitGs 2t efovits 284d€ifo-associated

virus, cyto lovilus, and Hys. ression vectors thatmay be used for the bacterial host
Include ba?:%ﬁ%gl p?angr%ngsgc gés%leﬁé%cgrlpt,g péE%(ZOT,ab% g][jCRl, pBR322, pMB9 and derivatives

thereof, a 15 plasnmid sticheas RP4hadng @ wider hast rangeyAotho andtAlbehagerDNAerepresented
as various phage lamda derivatives such as NM989, and other DNA phages such as M13 and
filamentousSif§eiStrantdet BAA phag8 EXSres st vet6r8Getal frcoding the dual

5 targeting antibody is produced. The nucleic acid sequence
may be constructed by fusing the 3' terminus of a nucleic
acid sequence encoding a water-soluble ligand to the 5'
terminus of a nucleic acid sequence encoding a heavy chain or
light chain of an antibody. In one aspect, the nucleic acid

10 sequence 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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yeast cells Include 2p plasmld and derivatives thereof. A 20 vector useful in Insect cells is pVL941.
The transformation of a recombinant expression vector Into a host cell Includes, for example,
DEAE-dextran mediated transfectlon, electroporatlon, transductlon, calcium phosphate transfectlon,
cationic lipid-mediated transfectlon, 25 scrape loading and infection. In the present invention, the
host cell may be Incubated in a suitable medium and under conditions that allows expression and/or
isolation of the dual targeting antibody using small- or large-scale fermentation and shake flask 5
incubation in a laboratory or industrial fermenter. The incubation is performed in a suitable culture
medium containing carbon and nitrogen sources and inorganic salts by a known technique. The
suitable medium is commercially available and, for example, may be prepared using components 10
and their coPRSGSitiGH FatiGSdéscritetin tRETHFAIBEUE Df IRE AMETEER e Tilture Collection

(ATCC). The rgeting antibo be Isol from this_cultur t i thods known
in the art. For ex r%%%}%ﬁ% dgﬁ? férg%?%%ﬁ%%oai}(?n?}? %(Seﬁgélatle%s Frétryn t %%L%t%ﬁég% P?oth using a
conventionaippethotdpealuding; vt nod Milted 19,) gentrifugationefiltrationcax#actioispray drying,
evaporation or precipitation. In addition, the dual targeting antibody may be purified using various
methods knd#iSirethe At iNElGdihg ch?&%bt@d?ﬁpﬁy%ﬁé%??oﬁ%@cha%@él' COS7, human

5 embryonic kidney 293cells, African green monkey cell such as
BSC 1, BSC 40 and BMT 10, and tissue-cultured human cells.

In the present invention, a variety of expression
host/vector combinations may be used to express the dual
targeting antibody. For 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, AgtlO 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 2u plasmid and derivatives thereof. A

20 vector useful in insect cells is pVL941.

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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20 affinity, hydrophobic and size excluslon), electrophoresis, fractionation (i.e., ammonium sulfate
precipitation), SDSPAGE 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 may be directly (for example, locally as injection, subcutaneous injection or local
administration Into tissue positions) or systemically (for example, parenterally or orally) provided to
animals including a human using any 5 suitable means. When the composition according to the
present invention is given parenterally, for example, Intravenously, subcutaneously, ocularly,
Intrapergtoneally, Intramuscularly, buccally, rectally, vaglnaly, Intraorbltally, Intracerebrally,
Intraspinally, Intraventrilularly, 10 Intrathecally, Intracerebellarly, Intravesilally, Intranasally, or by

spraying, the compbitidiprefE®INF Inchyde & 5ottior BF aRAfuettis oy sislogicaty ebfthatible
fluid suspension ot gglégﬁgfemgrr?q%e, as'rgic%lg &g]gri%ro%rd%n exclplent is physiologically available, it
e ee

should not have 15 a negative effect on t ectrolyte and/or volume balance of patients, in addition
to delivery efsaodesised coamppsiion todthetpatients. the Alpharmaeeutical goaiposittan,including the
dual targeting antibody of the present invention may be formulated
using small- or large-scale fermentation and shake flask
5 incubation in a laboratory or industrial fermenter. The
incubation is performed in a suitable culture medium
containing carbon and nitrogen sources and inorganic salts by
a known technique. The suitable medium is commercially
available and, for example, may be prepared using components
10 and their composition ratios described in the catalogue of
the American Type Culture Collection (ATCC).
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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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 exclplent, and the diluent 25 that may
be Included in the composition may Include lactose, dextrose, sucrose, sorbztol, mannztol, xylztol,
erythrztol, maltztol, starch, acacia gum, alginate, gelatine, calcium phosphate, calcium silicate,
cellulose, methyl cellulose, amorphous cellulose, polyvznylpyrrolzdone, water, methyl 5
hydroxybenzoate, propyl hydroxybenzoate, talc, magnesium stearate and mineral oil. The composition
may be formulated with a diluent or exczpzent such as filler, extending agent, binder, wetting agent,

disintegrating agent or surfactant, when necessary. 10In one aspect, the dual targeting antibody
according t8'#e Prestht fifiehtiohfmay Befortalatet Gatblah dfal soliel Préparation. The solid

pfepara“onJB&S&%&‘S&'H?“&%?Q&[%‘%queérad‘f‘c?é%tl apil,;3 powder..a granyle, %ES‘?&%‘E or the like.
Here, the solid preparation may be formulated by 15 mixing at least one exczpzent, for example,
starch, calciuss cathenateosucrpsectactosel or gelatinawtintiiecexttacte iraddition te the simple
exczpzent, lubricants such as magnesium stearate and talc may also be used. In another aspect, the
pharmaceufiéa comp&sifidi 289ncludiy thelduaitargetitgCartidydPaccoiding Bltke present invention

may also be formylated,joto.a liayd preparatiop for atal administiation;, the liquid.preparation for oral
administration Includes suspension, liquid for Internal use, emulsion, syrup, etc. Such a liquid 25
preparationgpay énclude vanousextzpzantsisushras, ferrally, for example,
intravenously, subcutaneously, ocularly, intraperitoneally,
intramuscularly, buccally, rectally, vaginaly, intraorbitally,
intracerebrally, intraspinally, intraventricularly,
10 intrathecally, intracerebellarly, intravesically,
intranasally, or by spraying, the composition preferably
include a portion of an agueous 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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example, wetting agent, sweetening agent, aromatic, preservative, etc., in addition to the generally
used Inert diluents (for example, distilled water, ethanol, liquid paraffin). 5In still another aspect, the
pharmaceutical composition including the dual targeting antibody according to the present invention
may be formulated into a preparation for parenteral administration, preferably 1ntraperlitoneal
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 here= 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-aqueous solvent
that may be used here= Includes vegetable oil such as propylene glycol, polyethylene glycol or olive
oil, or InjectaBle-&ster sueh a5 Stfyl Gleatel WhenTreessary, antisaptic, stabiliEng , wetting or

emuision, apd salte Andigr byfer for osmatic 20 pressure requlation fpay be ysed. Mgpnwhile, in the

case of the suppository, a conventional base’such as Wiltepsol, Macrogol, Tween 61, cacao oil, Laurin

butter or glysesispted gelatinimaybesdsetbate, cElg duaktaygeldichantibedy acesrdjng to the present
25 invention is most preferably DIG 0001 produced according to one embodiment of the present
invention. B%%%HW??AW@@%iMEWH%Y%BH&ﬁQ iationater, methyl

5 hydroxybenzoate, propyl hydroxybenzoate, talc, magnesium
stearate and mineral oil. The composition may be formulated
with a diluent or excipient such as filler, extending agent,
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. 1In
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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No. PCT/KR07/003077, the production of the dual targeting antibody DIG 0001 according to the
present invention was 5 completed by fusing a binding domain of Ang2, winch binds to Tie-2 via a
specific linker, to a light chain 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, winch 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). 15The
dual targeting antibody DIG 0001 purified as described above was confirmed for binding affinity to
VEGFR-2 D1 to D3-Fc and Tle-2-Fc by means of a binding assay using ELISA, and a competitive
assay on VESHI5Sand 2hg2\Was performedas fieans GIFISA Rrcdtiiri functionality as a 20 dual

targeting antibody (Example 4. . Aggording:toithe RrgseqLinyention through the gell yiability assay
on primaril cu%ureg{uuman umtbcfl’flca(ltlveln endothéﬁlgﬁ ceﬁs ?H VEC), It \Xas confirmed that the dual
targeting ardibody D16 0001 candrphliglt thesviabilinrofithes2s HiBWEEcellsnduced by either VEGF
or Angl, and also can
paraffin).
5 In still another aspect, the pharmaceutical composition
including the dual targeting antibody according to the
present invention may be formulated into a preparation for
parenteral administration, preferably intraperitoneal
administration. The preparation for parenteral
10 administration includes sterile agqueous 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-aqueous solvent that may be
used herein includes vegetable o0il 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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effectively 1r1h1b1t the viability of the HUVEC cells Induced by both VEGF and Angl (Example 5).
Through the cell migration assay, it was confirmed that the dual targeting antibody DIG 0001 according
to the present 5 invention can 11-1h1bl1t the mobility of the HUVEC cells Induced by either VEGF or
Angl, and also can effectively 1r1h1b1t the mobility of the HUVEC cells Induced by both VEGF and
Angl (Example 6). Through the western blotting, it was confirmed that the lo dual targeting antibody
DIG 0001 according to the present invention can 1r1hl1blt 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 1r1h1b1t 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 %%W@Q%Jéﬁ%@tarﬂ%o%I‘@@@@Ttac%ﬁﬁﬁﬁjt@lﬁhe present invention is administered to

a glioblastoma anigal modl, ar%%(?'&‘(?{ Wa%?'s%@“g%%”ﬁ'}& r%%%%%ﬁng‘t‘“%’;'}{% Gyample )., The
above-mentioned antibody was produced using tﬁe ollowing method. ﬁrst, a DNA sequence of a
binding dormwin af@ng:for /lie-2) winch cansesde as astiaganishior die-?, targeting
antibody DIG 0001 according to the present invention was
5 completed by fusing a binding domain of Ang2, which binds to
Tie-2 via a specific linker, to a light chain 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 VEGF165 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 wviability of the

25 HUVEC cells induced by either VEGF or Angl, and also can
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was amplified through PCR. In this case, the antibody was 25 designed to Include a linker DNA at the
3'-terminus of the amplified DNA fragment. The production of the dual targeting antibody that can
specifically bind to VEGFR-2 and Tie-2 was completed by fusing the DNA fragment to the 5'-terminus
of a light chain DNA sequence of TTAC00OL1contalning some of a 5 linker DNA. The dual targeting
antibody DIG 0001 according to the present invention may be used to treat anglogenesls-related
diseases by inhibiting the anglogenesls. According to the present invention, the term 10
"anglogenesls-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, breg&$ttesiicereeervicdl thnéer #oI0R-earidert panéreiie CANCEr, reetal tante tffbrectal
cancer, progft% S c%éﬂdnaerydc%r}lc , }I{ noma, ggne metastatic cancer from the prostate cancer,
r angpbloo gﬁwe % t% |

ovarian canc cancer. 20 u rgeting antibody according to the present invention
may be administered abagsufficientambunt éo-prevent ainkibjt, of tekieve progressied of lasttumor, for
the dual targeting antibody DIG 0001 according to the present
5 invention can inhibit the mobility of the HUVEC cells induced
by either VEGF or Angl, and also can effectively inhibit the
mobility of the HUVEC cells induced by both VEGF and Angl
(Example 6).
Through the western blotting, it was confirmed that the
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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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 amount is defined as a
therapeutically effective amount. The effective amount for this application will depend on the severity
of a disease and general states of a patient's own immune system. 5A preferred content according to
the present invention is in a range of 0.01 mg/kg to 100 mg/kg, and more preferably 0.1 mg/m2 to 10
mg/m2. 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 Tntrapentoneal
injections from an external storage container (for example, a veil' bag) or an Internal storage container

(for exampléM® bidd&gtabbliblet 15 #figRnt). AlSS, &% ARtBEAY Protkir-aecstdiy o FESH R8Nt invention
e e D i e o e el el o, Howerer
and a dose eaay be 2&idetermineichthreblgh tAVERtomRal rexpesiments Dn-therdechnicablevel of those
skilled in the art.
light chain DNA sequence of TTAC00O0lcontaining some of a
5 linker DNA.
The dual targeting antibody DIG 0001 according to the
present invention may be used to treat angiogenesis-related
diseases by inhibiting the angiogenesis.
According to the present invention, the term

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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The composition according to the present invention may be used in combination with other therapeutic
agents or 'fixed with the other therapeutic agents. 25When tumors including human tumors are treated
with the dual targeting antibody according to the present invention in combination with a
chemotherapeutic agent, radiation, or an additional receptor antagonist or combinations thereof, a
synergistic effect may be achieved. In other words, the 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 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 arftibdy ackdrdifig 1o e preseritifvemsiand tHe cRértférapedtieayent, thecradiation or
the additiong% %eeccepltg]reaggggggjcst.f%§ Ptrgfleﬁra Ilﬁf%ﬁhfc%\énl% is‘yglelﬁe&é 'se%pvgﬁ eto relief of cancer
t ' e

which was not expected to be relieved by the treatment with a combination of t ual targeting
antibody of gaerprasent difventivnsand thesekliemetherapeudtic agent, Orihe addiiorras receptor
antagonist. 20The dual targeting antibody of the present invention is administered before the start of
chemotheralff b ¥adiotherdpy, after the start of these therapies, and before and during the start of a

combination thereof, hat P13, 1g chematerapy andpp radigtharapy, heforg ang.after fhie start of

these 25 therapies, during and after the start of these therapies, or
is in a range of 0.01 mg/kg to 100 mg/kg, and more preferably

0.1 mg/m® to 10 mg/m®.
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 variety
of different biologically 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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before, during and after the start of these therapies. For example, the DIG 0001 antibody is generally
administered 1 to 30 days, preferably, 3 to 20 days, and more preferably 5 to 12 days before the start
the radiotherapy and/or chemotherapy. 5Therefore, 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. [Advantageous Effects] 15The
present invention provides a dual targeting antibody derived from a human monoclonal antibody that

can effectively inhibit an anglogenesEs-related signaling mechanism by neutralizing VEGFR-2 and
Tie-2 recepfbta-assoertéd MthParidiegenesES at the'Sarhe tihé, &7¢ aompasifiern ¥626 hhibiting

anglogenesks ”1%5{%‘%%9&E‘EﬁeEi”%%%%%ﬁ%%gﬁéh@{%e% LAptibody, ;The dyal tg;g%thng antibody
accordlng to the present invention shows an excellent neutralization potentlzi], and Is also effective in
treating canget,icompared-tecietpre-existing singte targeting 2baantihosies, oyareytralizing two targets
associated with the

synergistic effect may be achieved. In other words, the

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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anglogenesils at the same time. For the two targets each having correlation to each other, it is possible
to expect more excellent effects than the actual profit derived from the treatment with the single
targeting antibody by 5 constructing a dual targeting antibody of a novel form deviled by the present
Inventors. [Description of Drawings] These and other features, aspects, and advantages of 10
preferred embodiments of the present invention will be more fully described in the following detailed
description, taken accompanying drawings. In the drawings: FIG. 1 shows a DNA sequence (SEQ
ID NO: 6) and functions of a gene Inserted into a plgGLD-mAng2-TTACO0001 Igt vector. 15FIG. 2
schematically shows a method for constructing a plgGLD-mAng2-TTACO0001 Igt vector according to
the present invention. FIG. 3 shows the results obtained by randomly expressing the vector according
to the preséift iveéhtiohiRICARBG A4 26 EellS andtdeterfning &R pidthictibast a diidFtargeting

a”“bOdy[”Skg%%{QVOHQQ‘%%%6668¥“@%%ibody is generally administered 1 to

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.

[Advantageous 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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FIG. 4 shows the results of screening a high-productivity clone with repeated MIX treatment (up to 700
nM) to establish a high-productivity cell line according to the 25 present invention. FIG. 5 shows the
SDS-PAGE results of purified DIG 0001. FIG. 6 shows the results of analyzing a competitive assay on
VEGF and Ang-2-Fc using DIG 0001 by means of ELISA. FIG. 7 shows the results of a survival assay
5 demonstrating the viability of DIG 0001 according to the present invention on HUVEC. FIG. 8
shows the results of a migration assay demonstrating the mobility of DIG 0001 according to the
present invention on HUVEC. FIG. 9 shows the results demonstrating the inhibitory activity of
phosphorylation of VEGFR-2 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 Ang1l of
the same aRfSIRAABEIGS 18 shovis Ef8Es of G 0001 rdifg tbakE Prés&RGhvention on tumor

gKNWh“ﬂ“%ggqH%aé%%%%%%%q@Hﬂggs%é@%g%ther, it is possible to expect
more excellent effects than the actual profit derived from
the treatment with the single targeting antibody by
5 constructing a dual targeting antibody of a novel form

devised by the present inventors.

[Description of Drawings]
These and other features, aspects, and advantages of

10 preferred embodiments of the present invention will be more
fully described in the following detailed description, taken
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 wvector.

15 FIG. 2 schematically shows a method for constructing a
PpIgGLD-mAng2-TTACO001 lgt 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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[Mode for Invention] 20Hereinafter, 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. Example 1: Construction of expression vector for
producing DIG 0001 A binding domain-related DNA of Ang2 binding to Tie-2 was amplified through
PCR. For this purpose, a HEK293 cell 5 line producing human Ang2-RBD (Barton et al., Structure,
13:825, 2005) was kindly provided from Dr. Dzmztar B. Nzkolov at the Memorial Sloan-Kettering
Cancer Center in USA, and the genoralc DNA was extracted, which was used as a template. In order
to amplify only an Ang2 binding domain (F281-F496) from 10 the extracted DNA, PCR was performed
under the followingf ¢éndifioris: Wise e)EleAtTF EFor BShintites, 30 Bydles {809» E5d Ublseconds/at

50 C for 45 secondﬁ%t 712:C %V%Smjcrhuete)feogg yscl%gt z%aCif 8 igutceg S%lelt%fgr cc. The
composition of reactants used herein were as flo lows: 2 15 pP/ 10 mole/pr? of a primer F-ksw001
having a BsiXkegstietiorEenzyme recogition site {ibgCAG T AGT GIGIG fGETTEEC TTC AGA
GAC TGT GCT GAA GTATIC, SEQ ID NO: 1), 2 pl (10 pmole/pl) of a reverse primer R'-ksw001
(5-ACT ACC TCCBEc TCEPEA CAA ATEUTEE PEGTEE GAREARTEAT GGT TG, SEQ ID

5 demonstrating the viability of DIG 0001 according to the
present invention on HUVEC.

FIG. 8 shows the results of a migration assay
demonstrating the mobility of DIG 0001 according to the
present invention on HUVEC.

10 FIG. 9 shows the results demonstrating the inhibitory
activity of phosphorylation of VEGFR-2 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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20 NO: 2), 1 pl (100 ng/pl) of genoralc DNA used as a template DNA, 2.5 U z-Maxim Il Tag (Intron
#25261, Korea) used as a polymerase, 5 pl of 10X buffer, 2 pl (each 2.5 mM) of dNIP, 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 HiYield Gel/PCR DNA extraction kit
(RBC Blosclence #YDF300, Taiwan). The PCR was re-conducted using the Isolated DNA as a
template to obtain an Ang2 binding domain fragment having a linker fused therein (named "mAng2").
The PCR method used 5 here= was performed in the same manner as in the previous method, except
that R-ksw001 (5-GGA GCC TCC TCC GCC ACT ACC TCC GCC TCC TGA GAAATC TGC TGG
TCG GAT CAT CAT GGT TG, SEQ ID NO: 3) was used as a reverse primer. Meanwhile, a light chain
region of TTACO0GEG8EH-fo_fuiseCr0 e ARG2 BinGihg B ERSVAS arfptified thrdugh PCR under the
following cog]g&%qglgirpn%ggclg@?4 C for 4 minutes, 30 cycles (at 94 C for 30 seconds/at 50 C for 30
seconds/at 72 C ftor 30 seconds), one cycle at 72 C for 5 minutes, and at 4 C for -. The composition of
PCR reactants used heresithyweseasfollevst2 @l (M poole/phofia pdmes F-ksw@@2 to winch some
of a linker is added (5'-AGT GGC GGA GGA GGC TCC GGT TCC AAT TTT ATG CTG ACT CAG,
SEQ ID NO¥&§, 2IBPE0f pRdISPBHBIH phifer RKW0R contairnwy 8 BstxIFestrictisitéhzyme
recognition site (5-CAG ATC TTT CCAGGA GGC TGG.CTC 20 CTC, SEQIDNO: 5), 10 ng of
pIgGLD-TTACOOOE_)L Lgt (PCT/KR0/7/003077) used as a template DNA, 2.5 U I-Max114 Il Tag
13:825, 2005) was kindly provided from Dr. Dimitar B. Nikolov

at the Memorial Sloan-Kettering Cancer Center in USA, and the
genomic DNA was extracted, which was used as a template. 1In
order to amplify only an Ang2 binding domain (F281-F496) from
10 the extracted DNA, PCR was performed under the following
conditions: One cycle at 94 °C for 4 minutes, 30 cycles (at
94 °C for 45 seconds/at 50 °C for 45 seconds/at 72 °C for 1
minute), one cycle at 72 °C for 7 minutes, and 4 °C for .
The composition of reactants used herein were as follows: 2
15 1l (10 pmole/ul) of a primer F-kswOO0l 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 ul
(10 pmole/ul) of a reverse primer R'-kswO01l (5'-ACT ACC TCC
GCC TCC TGA GAA ATC TGC TGG TCG GAT CAT CAT GGT TG, SEQ ID
20 NO: 2), 1 ul (100 ng/ul) of genomic DNA used as a template

DNA, 2.5 U i-Max™ II Tag (Intron #25261, Korea) used as a
polymerase, 5 ul of 10X buffer, 2 ul (each 2.5 mM) of dNTP,
and 37.5 ul 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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(Intron #25261, Korea) used as a polymerase, 5 pl of 10X buffer, 2 pl of dNIP (each 2.5 m'4), and 37.5
pl of distilled water. The product obtained through the PCR was subjected to 25 electrophoresis in 1%
agarose gel, and a TTACO0001 light chain fragment corresponding to approximately 350 bp was
Isolated using a HIYleld114Gel/PCR DNA extraction kit (RBC Blosclence #YDF300, Taiwan) (which
was named "TTACO0001 Igt"). SOE-PCR was conducted to fuse a TTACO0001 light chain 5 region
(TTACO0001 Igt) to an Ang2 fragment region (mAng2) obtained through the PCR. The PCR conditions
used here= were as follows: One cycle at 94 C for 4 minutes, 30 cycles (at 94 C for 45 seconds/at 50
C for 45 seconds/at 72 C for 1 minute), one cycle at 72 C for 7 minutes, and at 4 C for 10 co. Also, the
composition of PCR reactants used here= were as follows: 2 pl (10 pmole/pl) of a primer F-ksw001

having a BBk iestfctidieer RiRe PR0GHifiGA BHitE™ BIE0(BRoI&pNTF Hepinel RRSWG02, each 10
ng of mAng2 and TTACQOQL jgt.as 1 RJ%t-ec%r'}'fa“ 0 Lo Uu%‘;-'\ﬂ x4 "J@&Q@%Si”ﬁﬁ?i?%’ Korea) 15
: %u%] 2% m'% tille

used as a po?ymerase, 5 pl of 10X er, 2 pl of dNIP (eac 4), 37.5 pl of dis water. The
product obtaineshtbioigh the BERwasssujectedio edectrppharesis if 19gagatosexgehand an
mANg2-TTACO0001 Igt-fused PCR product corres onding to approximately 1 kb was Isolated using a
20 HIYleldn4BEPCRYNRA extriction kKRB BIBSEIEAce #YBES06 FafriH) thitteWas named

"mANng2-TTAGOOQT gLy, é@%%%oéﬁm‘eeg RERRoduct wags Ipserted 1o ,T-vECtarusing,a ToPcloner TA

cloning kit (Enzymonlcs #EZ111, Korea), and was transformed Into Escherichla coil DH5a. Then, the
transformednEt ot 25anas i hpteparesyand treatedanthcacestrictionenzgmerBstXIcC

TCC GCC TCC TGA GAA ATC TGC TGG TCG GAT CAT CAT GGT TG, SEQ
ID NO: 3) was used as a reverse primer.
Meanwhile, a light chain region of TTACO0001 used to fuse

10 the Ang2 binding domain was amplified through PCR under the

following conditions: One cycle at 94 °C for 4 minutes, 30

cycles (at 94 °C 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 «. 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 ul (10

pmole/ul) 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-TTACO0001 Lgt
(PCT/KR07/003077) used as a template DNA, 2.5 U i-Max™ II Taq
(Intron #25261, Korea) used as a polymerase, 5 upul of 10X
buffer, 2 pl of dANTP (each 2.5 mM), and 37.5 pul 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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Thereafter, a vector containing a target DNA having approximately 1 kb was outsourced and
sequenced to confirm its DNA base sequence (FIG. 1 and SEQ ID NO: 6). A method for constructing a
light chain expression 5 vector for expression of the dual targeting antibody DIG 0001 is as follows
(FIG. 2). first, a TTACO0001 light chain expression vector plgGLD-TTAC0001 Lgt (PCT/KR07/003077)
held by the present researchers was digested with BstXIl, and a fragment that may be used as a vector
was separated from 1% 10 agarose gel through the electrophoresis. Also, the T-vector to winch
mMANg2-TTACO0001 Igt was Inserted was also digested with BstXl, and only a digested fragment was
separated from 1% agarose gel through the electrophoresis. Thereafter, the two separated fragments
was kept at the presence of a 14 DNA 15 figase (En2ynomics #M0015, Korea) at 4 C for
approximatéRy22Hitirs ¢6 E6RSHAETAY IMtactwEior: et Y con Diba Wk fraRsdHAed with the

construsted yegter, nimprenaredaqd shen gigested it 31X\ fo confin whether, of ot the mAng2

TTACO0001 th was Inserted Into the constructed vector. The 20 confirmed recombinant vector was
named "plgBGLEFRIANg2dTACH00hgth waExasdel 2  Predudion argd identification of DIG 0001
The constructed fight chain expression vector plgGLD25 mAng2-TTAC0001 Lgt and the pre-existing
heavy chain expreSforfrectt pIgesHBUTFAE0001 AR (PCTIRROP/HD3D7F} WashGo-transduced Into

CHO-DBG44r@I(5]IrégefiﬁelL@tC95|@ cleéjg)tog dg%e gﬁ ggl%g%%we};gi&g Ognqrﬁb_a&g &(pression was

confirmed using SDS-PAGE andwestern blotting. The 5 transductlon'was conducted using
impofectamonerzd2000 {nvikirggenEl T868-018hH & SKR andritsi procedureswashzeréormed according to
the manufacturer's instructions. In sum, 5 x 105
were as follows: One cycle at 94 °C for 4 minutes, 30 cycles
(at 94 °C for 45 seconds/at 50 °C for 45 seconds/at 72 °C 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/ul) of a primer F-kswOOl having a
BstXI restriction enzyme recognition site, 2 ul (10 pmole/ul)
of a primer R-ksw002, each 10 ng of mAng2 and TTAC0001 1lgt as
template DNAs, 2.5 U i-Max'" II Taq (Intron #25261, Korea)
15 used as a polymerase, 5 pl of 10X buffer, 2 pl of dNTP (each
2.5mM), 37.5 ul 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 HiYield™ Gel/PCR DNA extraction kit (RBC Bioscience #YDF300,
Taiwan) (which was named “mAng2-TTACO0001 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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CHO-DGA44 cells were Inoculated Into each well of a 6-well plate containing an aMEM medium
(Welgene, Korea), and densely io Incubated until a cell density reached approximately 80 to 90% by
keeping the CHO-DG44 cells at 37 C for 24 hours in a CO2 (5%) Incubator with moisture. 3 pg of a
recombinant vector (1.5 pg of plgGHD-TTAC0001 Hvy and 1.5 pg of plgGLDmMANg2-TTACO0001 Lgt)
and 6 pl of impofectammTm 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 impofectammTm 2000 dilute solution
were mixed and reacted at room temperature for 20 minutes to form a DNA-11pofectammTm 2000
complex. The pre-existing medium was removed from the 20 cultured cells, and 500 pl of the
DNA-11pofectammTm 2000 complex and 500 pl of a serum-free aMEM medium were added to each
well, and InEHB&R T CHoY 8HoUrs i alCO2RguBalcr T E9H Sh BRIENIMedium containing 20%

dialyzed fetg] %‘Qg?ﬁae{%’gywﬁ‘s d%QsaB%t"%%%%gg f?arn%8 a ge%%QBTWtSoT Sleafter, only a

supernatant was separated, and the expression of the antibody was confirmed using SDS-PAGE and

western bloiting (NG. 13)sEhe SRSRAGErIW. westara attingovere:prefarmed according to the
method widely used in the art, and the used samples were as follows: 12% SDS-polyacrylarmde 5 gel,
a PVDF membrané (Millfgsie #1PvHOUuTor WA @ ARPEORMjugdteéd yoatBhRtishitRan IgG (kappa)

anibody, and aHEPeoniugaIsd gogt anthuan 186 (Fe). gathody (68, USAp1c_goBxample 3

Establishment of cell line for producing DIG 10 0001 and separation and purification of antibody A
DIG 0001-pteducing cell dine was establishetiusing CHOMRGAA0(dhiridefimineCHO) cells. A
transducfion procedure for establishing a recombinant antibody-expressing CHO-DG44 cell line was

conducted iRtRESHTHE haffidrds 15 desbrifddabive. MdrdéPtd SERH hRIPANIdUtRECCHO-DG44

by the present researchers was digested with BstXI, and a
fragment that may be used as a vector was separated from 1%
10 agarose gel through the electrophoresis. Also, the T-vector
to which mAng2-TTAC0001 lgt was inserted was also digested
with BstXI, and only a digested fragment was separated from
1% 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 DHS5a was
transformed with the constructed vector, miniprepared, and
then digested with BstXI to confirm whether or not the mAng2-
TTACO0001 1lgt was inserted into the constructed vector. The
20 confirmed recombinant vector was named “pIgGLD-mAng2-TTACO0001

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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cells (dhfr-positive), a hypoxantfine-thym_difie-free aMEM medium was used, and 500 pg/ml of G418
(Slgma-aldrimh, USA) and 400 pg/ ml of zeofine (Inimtrogen, USA) were used as selection markers to
primarily screen the transduced CHO-DG44 20 cells. In order to obtain a monoclonal colony in winch
the recomfinant 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 a mother
cell clone. In order to obtain a high-expression cell fifie, the mother cell clone was sequentially
subcultured 3 to 5 times in a medium supplemented with various concentrations (40 nM, 80 nM, 160
nM, 320 nM, and 700 nM) of 5 methotrexate (MTX), and its expression level was confirmed using

ELISA. For SBIRIFSOSE 2 BElRFofd prary BMtbedy, §oat atRukRnI6e G5c) (tieftes USA), was
added at a ganeentration af 100 pLia the 96-well Pc!%t&@c@gf‘%]ecoet atd &gy 12bpprs 1o, complete the

coating procedure. Then, a 10 solution remaining in each well was discarded, 200 pl of a blocking
solution contatniiag 2% sontal waitawithdx PBS wasrgddeaditoceackwelleard kepiat37 C for 1 hour.
Each well was repeatedly washed three times with a washing buffer containing 0.05% Tween-20 with

Ix PBS, and"206 pFBFd cefl 15cuitiire Bt 5@ BT tHel&rtiidty-exBRessing CHO-DG44 cell
line wag then added, and reagted af ropmdem p&‘éi‘%‘é‘; I%E% hour. fach well yyas washed again three

times with a washing buffer, and a secondary antibo P-conjugated goat anti-human IgG (kappa),
was then dil(ted iMttoaevashing 20-huffer avsarptio=nfd 5,000, and<kDd-pl ofdbepesiitingdntibody
solution was reacted at room temperature for 1 hours. Each well was washed again three times with a
washing buffef At 200 pPofF 2T MBTsUbR At FéagenttBEFbIosfighces, Usajum, > x 10

CHO-DG44 cells were inoculated into each well of a 6-well
plate containing an oMEM medium (Welgene, Korea), and densely

10 incubated until a cell density reached approximately 80 to
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-TTACO0001 Hvy and 1.5 ug of pIgGLD-
mAng2-TTAC0001 Lgt) and 6 ul of lipofectamin™ 2000 were

15 diluted in each 250 pul of serum-free oMEM 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 oMEM medium were added to
each well, and incubated at 37 °C for 6 hours in a CO,
incubator. 1 ml of an oMEM 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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was added, reacted for 5 to 10 mil-lutes. Then, 50 pl of a 2N 25 sulfuric acid (H2504) solution was
added to stop a chromogefic reaction. An optical density (0.D) value at 450 to 650nm was measured
using a mcroplate reader (Tecan, Sfitzerland). In order to re-confirm the results, the ELISA was
performed in the same manner as described above using VEGFR-2 and fie-2 as 5 primary antibodies
and HRP-conjugated goat anti-human IgG (kappa) as a secondary antibody. finally, a clone showing a
high expression rate at 700 nM MIX was established as a high-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 pg/m1 of streptomycin (Hyclone, USA), and the cell culture was performed in a 37 C
Incubator uRefers 5% €02 flakea fh tbhafidn Wl nteiBRiEMEST NS Hudl fhgetif¢anéBedy DIG 0001

obtained o the jnoubation.of dhe bigh-expressign celldng.yas siiiegled o EPLCuing a protein A
affinity column, a SP-sepharose column or a size exclusion column to secure only an antibody, winch
was purifiedvtorat leastr9aepurity dotturther etosen20 exanvdations(FGu 5y Jirst aceidtuse byoth was
centrifuged to separate a cell pallet and a medium, and DIG 0001 in the sei),;lrated medium was

concentratetthrétigh A39E miembi&te (IRifpote, ST ind 4 meleeTuRS Waight ¢afbHSF 10,000 Da

g;ﬁ'ﬁ;;ﬂheg@f?i%{“EERVBEQ%QMBH%&“E{M%%?;!B?%‘b#%%%&oﬂr&‘aﬂQ’Aﬁ‘irifge%ﬁ%ﬂg protein A

conjugated goat anti-human IgG (kappa) antibody, and a HRP-

conjugated goat anti-human IgG (Fc) antibody (Pierce, USA).

Example 3: Establishment of cell line for producing DIG
10 0001 and separation and purification of antibody
A DIG 000l-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. 1In 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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chromatography. This procedure is described in brief, as follows. The medium filtered through the UF
membrane was put into a 0.1 M NaCl-containing protein A column stabilized with 20 mM sodium
phosphate (pH 7.0), and an unbound protein was 5 washed with the same buffer. Then, a protein
nonspecifically binding to a protein A resin was washed again with a 20 mM sodium phosphate (pH
7.0) buffer solution containing 0.5 M NaCl. A protein specifically binding to protein-A was eluted with a
0.1 M Glyczne-C1 (pH 3.5) buffer 10 containing 0.1 M NaC1, and a sample was neutralized witha 1 M
Iris solution to pH 6.0. In order to prevent contamination of DNA, endotoxrn 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 aaZ@?rﬁ\lﬂ%%d‘FL%lplﬁ%‘b%%te (PP GOVBEIER THErBARer B SPISEIHAESE {5l GE
healthcare) cojymn was Sgﬁ’ Qt‘@%ungle%“\éf&%“m 8 a&%(ép'iﬁgg buffer %‘Qé{‘g 50 mM

NaC1, and a sample was ound DNA an t xrn 20 we Washe Antlbody

molecules @ndingIota fesin were eha@ﬂun&@gqam}émah@andratsalbgrﬁdwﬂ (50 mM SOdIum
phosphate (pH 7.0), 1 M NaC1). finally, in order to remove a multrmeruc antibody, the sample was put

into a SupefdBCSO6 ¥86 s 66 e BEdRdcald cdtimn stabited Hith BBS, 28 arf subjected to
gzeexgusﬁ@éﬁ%%?@@%¥@phMT§y9h5“5 its expression level was confirmed

using ELISA. For this purpose, 2 ug/ml of a primary antibody,
goat anti-human IgG (Fc) (Pierce, USA), was added at a
concentration of 100 upl 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 ul 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 biosciences, USA)
was added, reacted for 5 to 10 minutes. Then, 50 pl of a 2N

25 sulfuric acid (H»SO4) solution was added to stop a chromogenic
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antibody undergoing the purification procedure was used to conduct cellular and in vivo analysis.
Example 4: Competitive assay of DIG 0001 5A competitive assay was performed using ELISA to
determine whether or not the dual targeting antibody DIG 0001 competes with VEGF and Ang2 over
VEGFR-2 and Tie-2. For this 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 'fixture group A (obtained by
mixing various concentrations (0 to 250 nM) of DIG 0001 with VEGFR- 15 2(ECD1-3) in winch 100 ng
of Fc is cut), winch was reacted previously at room temperature for 1 hour, Was&ut Into each well

coated with’\?BGF185; antfrediteFat rebih teimperaturd ford Heurs: Theh, Bmbddgréup B
(obtained b%@é&ﬁ%‘éﬂ@s‘iﬁ@o%C%‘E@}‘ggfa(]@eto Iz%)d%'\é') %QAQDQO%lw‘iWEQe%O%%% pi lieg 20 2-Fc),

winch was reacted previously at room temperature for 1 hour, was put Into each wéll, winch was
coated withdAnrg2-RBD i theosd@mermanaet-asdessribet abpue sane seagied & roem temperature for
2 hours. After the 2-hour reaction was completed, the 96-well plate was washed with PBS, 5 pg/m1 of

25 an anti-VEGFREBIBESE &AtiBSdY fRENatEER, GeRTianyPwas affdetd as £pfimary réacting antibody
to each,well cogted with VEGE163, andreacted af 37 G farsd hour. After.eqch well coated with

Ang2-RBD was washed with PBS, 5 pg/ml of an antiTie-2 mouse antibody (Abcam, England) was
added as a primary)5 astibodyetooeaeh wellnandsaactedrah37 Gyforal bounin thiesaime naanner as
described above. Thereafter, a HRP-conjugated goat anti-mouse IgG antibody (Abcam, England) was
diluted at Nigh expression rate a 00 nM MTX was established as a high-
expression cell line (FIG. 4). Incubation of the high-
expression cell line was performed in an oMEM medium (Welgene,
10 Korea) supplemented with 10% dialyzed fetal bovine serum (KDR,
Korea), 100 units/ml of penicillin (Hyclone, USA) and 100
ug/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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a ratio of 1:5000, added as a secondary antibody to both wells coated with VEGF165 and Ang2-RBD,
and reacted at 37 C 10 for 1 hour. Then, a TME substrate reagent (BD Blosclences #555214, USA)
was used to Induce a chromogenil reaction, and 50 pl of a 2N sulfuric acid (H2SO4) solution was
added to stop the chromogenil reaction. Measurement of the chromogenil reaction was performed at
an absorbance of 450 nm and 650 nm 15 using a milroplate 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 (InvEtrogen, USA) supplemented with 20% fetal bovine serum (Hyclone, USA), 100 units/ml
of pemcnnn%iﬂlyeré%ogsqp@x) 1@@1@@/mreﬁ§@@§®r&y%uﬁmyabﬁédug7x) er%?ml ®fa fibroblast

growth factar (pstate Bigtechaology, USY). ad St o hepan (SeaarAdrich, LSA), and the

cell culture was performed in a 37 C Incu ator under a 5% CO?2 mixed air condition with moisture. For
the survivaliassay=0f®. vascutarendethelidlcells, thesecellsaverel puininte-ai24t wwelbphlate-and
Incubated for 24 until a cell density reached 2 x 104 cell/well. Thereafter, the 24-well plate was washed

twice with apOMAYO TR FAIRFIEACEIIs WBre/ Iftlibatéififg unbound protein was

5 washed with the same buffer. Then, a protein non-
specifically binding to a protein A resin was washed again
with a 20 mM sodium phosphate (pH 7.0) buffer solution
containing 0.5 M NaCl. A 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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hours under a low serum concentration condition in an M199 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 Ang1l
(R&D systems, USA). After the 48-hour incubation, the cells were treated 15 with WST-8 (Dojzndo,
Japan) for 2 hours, and an absorbance of the cell culture was measured at a wavelength of 450 nm.
Then, the cell viabilities obtained under each condition were compared (FIG. 7). 20Example 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-pm pore-sized 25 polycarbonate filter transwell (Corning, USA) was used. Before its
use, a bottotR StiFfaeE ofzCMicFaras cobar diith 1095 dertinT aRE HHeRl. 195g/if Of VEGF and 100

ng/ml of Angl r\l/%rgtadcdeeldll&lgﬁ?i ir)g/ﬁéellls ﬁ;ingli‘%”%ﬁ‘g l“{lzjs%% medium supplemented with 1% fetal

bovine serum. Vascular 5 endo cells, winch were Incubated at a low serum concentration for 6
hours, were detached by treatment with trypsif, and suspended in an M199 medium supplemented

with 1% fetal bovine serum until a cell density reached 1 x 106 cells/ml. The vascular endothelial cells,
winch were 10 pretr&aBathgitt vakelB ebhtaritaticit 8¥ af antibsd§ 4630 minutes, were uniformly

sprayed at a Conc%t@éﬁﬁfocfi]@ﬂz@ QN an.lpper tm%eglrnggddggﬂ%atggg‘qﬁ for 3.5 hours if a cell

Incubator. The cultured cells were stall-led"with hematoxylin-eosin (Sigma, USA) or crystal violet
(Sigma, US&d-Eambnemigratadeeellsrattachechto alteq sudace of adilter weredenmon@dowith a swab,
and migrated cells attached to a bottom surface of the filter were left. Photographs were taken of the

cells with 160 RRAAGAifitation UREEr aRORRILNIIBECIFEIDMBES! 1X7% Japahy Eqlifpped with a
digital 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 wvarious
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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20 camera to compare the counts of the migrated cells, and 10 Images obtained under each
conch-L.16)n were calculated and analyzed (FIG. 8). Example 7: Analysis of inhibition of VEGFR-2
and Tie-2 25 phosphorylation in cells using immunoprecipitation and western blotting In order to check
the inhibition of phosphorylatzon of VEGFR-2 and Tie-2 by the dual targeting antibody DIG 0001,
zmmunopreczpztatzon 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 pg/ml of DIG 0001 antibody for 30 minutes. Thereatfter,
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 zmmunopreczpztatzon, the vascular endothelial cells were washed
with cold PBS, an8¥reied with*500- pPofa bifffef BoltfioRF6F zifrunsireE2pztdizdh (1% Triton X-100,

0.5% Nonzdet -0 50.mM TrzsiEd (oH %rﬂ%&f’%'}f“"l'\'%%%r? mM%dééoedf%%@ g}%ﬁqva“adate’ 2mM
EGTA, 2 mM EDTA, 1 mM pﬁenylmethylsu fonyl fluoride, and 1 mM sodium fluorlde). A solute

collected with atsefappemnwas passed thtosighaa 6 Qagen njector seyerahtimes, suffigiently dissolved,
and centrifuged for 10 minutes at 12,000 g to recover a 20supernatant. 2 pg of anti-Tze-2 (R&D
SyﬁEWB,Ugﬁﬁ_Z mouse antibody (Abcam, England) was added as a primary
5 antibody to each well, and reacted at 37 °C for 1 hour in the
same manner as described above. Thereafter, a HRP-conjugated
goat anti-mouse IgG antibody (Abcam, England) was diluted at
a ratio of 1:5000, added as a secondary antibody to both
wells coated with VEGF165 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,SO4) 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 pg/ml of streptomycin (Hyclone, USA), 3 ng/ml of a
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zmmunopreczpztatzng 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
zmmunopreczpztatzng antibody. The resulting immune 25 complex bound to the protein A/G plus
agarose was centrifuged, and repeatedly washed 3 to 5 tames 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 5 vascular endothelial cells were treated with a lysls buffer
solution (1% (w/v) SDS, 10 rrJd Hlris (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 10 at 4 C at 10,000 g for 5 minutes to remove a non-soluble precipitate. A

supernatantwasPaged withaf- 8 D% samiplel Baffer Eh B siferfon AbrmihutES~The SISS-PAGE and
western bloting wers petfomed aceording fg msthodsidplhysed nihe,ar A he used samples
were as follows: 12% SDS-
culture was performed in a 37 °C incubator under a 5% CO;
mixed air condition with moisture. For the survival assay of
5 vascular endothelial cells, these cells were put into a 24-
well plate and incubated for 24 until a cell density reached
2 x 10° cell/well. Thereafter, the 24-well plate was washed
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 viabilities 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.
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15 polyacrylamde Gel, a PVDF membrane (Millipore #IPVH00010, USA), an anti-Tle-2 antibody
(abcam, England) and an antlphosphotyrosine antibody (Upstate Biotechnology, USA) used as
primary antibodies for analysis of Tie-2 phosphorylatlon inhibition activities; an anti-p44/42 antibody
(Cell 20 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 antl-VEGFR- 2 antibody (Cell Signaling technology, USA) and an anti-
25 phospho VEGFR-2 antibody (Cell Signaling technology, USA) used as primary antibodies for
analysis of VEGFR-2 phosphorylatzon inhibition activities; an anti-AKT antibody (Cell Signaling
technology, USA) and an anti-phospho AKT antibody (Cell Signaling technology, USA); and an HRP- 5
conjugated BohP afti-McusE fyG antiBbaTSanRti efize BicteéhndiBgy MBS A ametdRPLEdhjugated

T e SHII Cruse escny U s oy
in glloblastomna animakmodek 8ot thel gravvthvweflarthotapltwgliohdasiamay aealedBalble-

supplemented with 1% fetal bovine serum. Vascular

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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nu mice (Japan SLC) free of a specific pathogen were used. Intracerebral transplantation of U-87MG
glloblastoma (2 x 105 15 cells, American Type Culture Collection) was performed according to known
methods. The day after the Intracerebral transplantation of the glloblastoma, the mice were divided into
two groups (n =4), and treated, as follows: (a) Intraperztoneal injection of PBS, and (b) Intraperztoneal
20 injection of 0.5 mg/kg of DIG-0001. All the treatments were performed 5 times (Days 15, 18, 21, 24
and 27 after inoculation of neoplastic cells). Day 29 after the transplantation of the neoplastic cells, the
mice were sacrificed, their bran's were removed, and coronally 25 sectioned. One fragment was fixed
with 10% buffered formalln, and embedded into formalln, and the remainders were embedded into an
OCT compound. A tumor volume was obtained by measuring a volume of a fragment having the
highest tumé? $é§ibR, Bha taldtfated according to the following equation: 5W1dth2x Length x 0.5 (FIG.

10). [Industrial Applicabili T iti ing to.th tipvent; be used t
tre)at[;ng‘?gé; esﬁ’;“_#g?a%g%lr to c@]%‘é%mﬁlﬁ’é' 'Plr?n%%cf‘{%‘g 94NERTERRILINYERYQN, cap be used to

diseases, particularly locancer.
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
ng/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 ul 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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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. [CLAIMS] [Claim 1] A dual targeting antibody
having a water-soluble IEgand fused to the N-terminus of a heavy chain or a light chain of 5 the
antibody. [Claim 2] The dual targeting antibody according to claim 1, wherein the antibody is an
antibody against an antigen that mi is specifically expressed in a cell selected from a group consisting
of a neoplastic cell, a cancer stromal cell, a tumor-associated endothelial cell, a tumor-associated
endothelial progenitor cell, a tumor-associated circulating endothelial cell, a circulating tumor cell, and
a cancer stémd g&gpeatedly 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
5 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
10 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-
15 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
20 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-

25 phospho VEGFR-2 antibody (Cell Signaling technology, USA)
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[Claim 3] The dual targeting antibody according to claim 2, wherein the antigen is selected from a
group consisting of 20 VEGFR-1, VEGFR-2, VEGFR-3, FLT3, c-FMS/CSF1R, RET, c-Met, EGFR,
Her2/neu, HER3, HER4, FGFRs, IGFR, PDGFR, c-KIT, BCR, integrin and MMPs. [Claim 4] 25The
dual targeting antibody according to claim 1, wherein the antibody is a neutralizing antibody TTAC
0001 against VEGFR-2/KDR. [Claim 5] 5The dual targeting antibody according to claim 1, wherein the
water-soluble ligand is selected from the group consisting of VEGF, EGF, P1GF, FGF, PDGF, HGF,
and angiopoietin. 10[Claim 6] The dual targeting antibody according to claim 1, wherein the
water-soluble ligand is a binding domain for Tie-2 of angiopoietin 2.

used as primary antibodies for analysis of VEGFR-2
phosphorylation inhibition activities; an anti-AKT antibody
(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 injection of 0.5 mg/kg of DIG-0001. All the treatments were
performed 5 times (Days 15, 18, 21, 24 and 27 after
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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15[Claim 7] The dual targeting antibody according to claim 1, wherein the water-soluble ligand is
fused to the N-terminus of the heavy chain or light chain of the antibody via a linker. 20 [Claim 8] A
DNA encoding the dual targeting antibody of any one of claims 1 to 7. 25[Claim 9] The DNA
according to claim 8, where= the light chain of the antibody and the water-soluble ligand consist of a
base sequence set forth in SEQ ID NO: 6. 5[Claim 10] A recombinant expression vector containing
the DNA of claim 8. [Claim 11] bpThe recombinant expression vector according to claim 10,

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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wherein the recombinant expression vector comprises plgGLDmMANg2-TTACO0001 Lgt having a
cleavage map as shown in FIG. 2. [Claim 12] 15A host cell transformed with the recombinant
expression vector of claim 10. [claim 13] A method for producing a dual targeting antibody
20comprising: incubating the host cell of claim 12; and isolating a dual barge-L.11-1g antibody
from a culture solution of the host cell. 25[Claim 14] The method according to claim 13, where= the
dual

[craTms]
[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

5 the antibody.

[claim 2]
The dual targeting antibody according to claim 1,

wherein the antibody is an antibody against an antigen that
10 is specifically expressed in a cell selected from a group

consisting of a neoplastic cell, a cancer stromal cell, a

tumor-associated endothelial cell, a tumor-associated

endothelial progenitor cell, a tumor-associated circulating

endothelial cell, a circulating tumor cell, and a cancer stem

15 cell.

[claim 3]
The dual targeting antibody according to claim 2,
wherein the antigen is selected from a group consisting of
20 VEGFR-1, VEGFR-2, VEGFR-3, FLT3, c-FMS/CSF1R, RET, c-Met,
EGFR, Her2/neu, HER3, HER4, FGFRs, IGFR, PDGFR, c-KIT, BCR,

integrin and MMPs.

[claim 4]

25 The dual targeting antibody according to claim 1,
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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. 5 [Claim 15] A
pharmaceutical composition comprising the dual targeting antibody of any one of claims 1 to 7.
To[Claim 16] The pharmaceutical composition according to claim 15, the pharmaceutical
composition is used to treat an angiogenesis-related disease. 15[claim 17] The pharmaceutical
composition according to claim 16, where= the anglogenesTs-related disease is selected from the
group consisting of cancer, age-related macular degeneration, rheumatoid arthritis, diabetic
retTnopathy, psoriasis, and 20 chronic inflammation. [Claim 18] The pharmaceutical composition

according to claim 17, wherein the cancer is selected from the group consisting of 25 gastric cancer,
Iwercanceﬂqﬁﬁ§%éh&ﬁ?ﬂ%@éﬁQﬁﬁ%e{s a neutralizing antibody TTAC 0001

against VEGFR-2/KDR.

[Claim 5]
5 The dual targeting antibody according to claim 1,
wherein the water-soluble ligand is selected from the group
consisting of VEGF, EGF, PlGF, FGF, PDGF, HGF, and

angiopoietin.

10 [cClaim 6]
The dual targeting antibody according to claim 1,
wherein the water-soluble ligand is a binding domain for Tie-

2 of angiopoietin 2.

15 [claim 7]
The dual targeting antibody according to claim 1,
wherein the water-soluble ligand is fused to the N-terminus
of the heavy chain or light chain of the antibody via a
linker.
20
[claim 8]
A DNA encoding the dual targeting antibody of any one of

claims 1 to 7.

25 [claim 9]
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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.

The DNA according to claim 8, wherein the light chain of
the antibody and the water-soluble ligand consist of a base

sequence set forth in SEQ ID NO: 6.

5 [claim 10]
A recombinant expression vector containing the DNA of

claim 8.

[Claim 11]
10 The recombinant expression vector according to claim 10,
wherein the recombinant expression vector comprises pIgGLD-

mAng2-TTACO0001 Lgt having a cleavage map as shown in FIG. 2.

[claim 12]
15 A host cell transformed with the recombinant expression

vector of claim 10.

[claim 13]
A method for producing a dual targeting antibody
20 comprising:
incubating the host cell of claim 12; and
isolating a dual targeting antibody from a culture

solution of the host cell.

25 [Claim 14]
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10

15

20

25

The method according to claim 13, 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 15]
A pharmaceutical composition comprising the dual

targeting antibody of any one of claims 1 to 7.

[claim 16]
The pharmaceutical composition according to claim 15,
the pharmaceutical composition is used to treat an

angiogenesis-related disease.

[claim 17]

The pharmaceutical composition according to claim 16,
wherein the angiogenesis-related disease is selected from the
group consisting of cancer, age-related macular degeneration,
rheumatoid arthritis, diabetic retinopathy, psoriasis, and

chronic inflammation.

[claim 18]
The pharmaceutical composition according to claim 17,
wherein the cancer is selected from the group consisting of

gastric cancer, liver cancer, lung cancer, thyroid cancer,
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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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