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Bispecific binding molecules binding to D4 and Ang?

-IELD OF THE INVENTION

The invention relates to the field of human therapy, in particular cancer theraoy and

agents and compositions usetul in such therapy.
BACKGROUND OF THE INVENTION

When tumors reach a critical size of approximately 1 mm® they become dependent
on angiogenasis for maintaining blood supply with oxygen and nutritients to allow for
further growth. Anti-angiogenesis therapies have become an important treatment
optior for several types of tumors, These therapies have focused on blocking the
VEGEF pathway (Ferrara ef al, Nat Rev Drug Discov. 2004 May:3(5):391-400.) by
neutratizing VEGE (Avastin) or its recepltors (Sutent and Sorafinib). Recent studies in

mice have shown, that Angiopoletin? (Ang2), a ligand of the Tie2 receptor, conirols
vascular remodeling by enabling the functions of other angiogenic factors, such as
VEGE. AngZ is primarily expressad by endothelial celis, strongly induced by hynoxia
and other anglogenic factors and has been demonstrated (o regulate tumor vessal
plasticily, allowing vessels to respond to VEGF and FGF2 (Augustin et al., Mat Re
Mol Cell Biol. 2009 Mar: 10(3):1685-77 ). Consistent with this role, the deletion or
inhibition of Ang? resuits in reduced angiogenesis (Falcon et al., Am J Pathol. 2009
MNov;175(5y:2159-70.). Elevated Ang?2 serum concentrations have been reported for
patients with colorectal cancer, NSCLC and melanoma (Goede et al., Br J Cancer.
2010 Oct 26,103(9):1407-14), (Park et al, Chest. 2007 Jul132(1): 200-6 (Helfrich et
al., Clin Cancer Res. 2009 Feb 15,15(43:1384-92.). In CRC cancer Ang? serum

avels correlate with therapeutic response to anti-VEGFE therapy.

ne Ang-Tie system consists of 2 receptors (Tiet and TieZ) and 3 ligands (Ang1,
Ang2 and Angd) (Augustin el al| Nat Rev Mol Cell Biol. 2008 Mar, 10(3):165-77 ).
Tied, Angt and AngZ are the best studied members of this family, Tiet is an orphan
receptor and the role of Ang4 for vascular remodelling still needs 1o be defined. Ang?
and Angt mediate opposing funclions upon Tie2 binding and activation. Ang2-
mediated Tia2 activation resulls in endothelial cell activation, pericyie dissociation,

vessel lsakage and induction of vessel sprouting. In contrast to Ang2, Ang1 signaling
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maintains vessel integrity by recruitment of pericytes, thereby maintaining endothalial

call quiescence.

Angiopoietin 2 (Ang2) is a secreted, 66 kDa ligand for the Tie2 receptor tyrosine
kinase (Augustin et al., Nat Rev Mol Cell Bigl. 2008 Mar; 10(3):185-77 ). Ang?
consists of an N-terminal coiled-coil domain and a C-terminal fibrinogen-like doemain,
the latter 1s reguired for Tie?Z inferaction. AngZ is primarily expressed by endothelia]
ells and strongly induced by hypoxia and other angiogenic factors, including VEGF.
Tiez is found on endathetial cells, haematopaistic stem cells and tumor cails. Ang2-
Tie? has veen demonsirated to regulate tumor vessel plasticity, allowing vessels o

respond to VEGH and FGF2

In vitre AngZ has been shown 1o act as a modest mitogen, chemosattractant and
inducer of tube formation in human umbilical vein endothelial cells (HUVEC). Ang?2
induces tyrosine phospharylation of ectopically expressed Tia2 in fibroblasts and
promotes downsiream signaling events, such as phosphoryiation of ERK-MAPK, AKT
and FAK in HUVEC, An antagonistic role of Ang? in Angt-induced endothelial cell

responses has been described.

AngZ? -deficiency has been shown o resuit in a profound lymphatic patiarning defect
in mice. Although the loss of Ang2 is dispensable for embryonic vascular
development, AngZ -deficient mice have persistent vascular defects in the ratina and
Kidney. Together with the dynamic pattern of Ang2 expression at sites of
angiogenesis (for example ovary), these findings indicate that Ang2 controls vasoular

remodeling by enabling the functions of other angiogenic factors, such as VEGF.

The Ang2-TieZ system exerts crucial roles during the angiogenic switch and later
stages of lumor anglogenasis, Ang? expression is strongly up-regulated in the tumor-
associated endothelium. Reduced growth of tumors has been observed whan
implanted into Ang2 -deficient mice, especially during sarly stages of mor growth,
Therapeutic blocking of Ang? with Ang2 mAbs has shown broad efficacy in a variety

of tumor xenograit models.

As summarized in US 2008/0014186, angiogenesis is implicated in the pathogenesis

of a number of discrders, including sohd tumors and metastasis.
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In the case of tumor growih, angicgeneasis appears 1o be crucial for the transition
from hyperplasia to neoplasia, and for providing nourishment for the growth and
metastasis of the tumor, Folkman ef a/., Nature 339 -58 (1989), which allows the

tumor cells to acquire a growih advaniage compared to the normal celis. Therefore,

L

anti-angiogeneasis therapies have become an important treatment option for several
types of tumors. These therapies have focusaed on blocking the VEGHE pathway

{Ferrara ef al., Nat Rev Drug Discov, 2004 May, 3(5):381-400.

The Noteh signaling pathway is important for cell-cell communication, which involves
gene regulation machanisms that control multipte cell differentiation processes during

i embryonic development and in adult organisms. Motch signaling is dysregulated in
many cancers, €.g. in T-call acute lymphoblastic leukemia and in solid tumors
(oharma ef al. 2007, Cell Cycle 6 (8): 927-30; Shih ef af., Cancer Res, 2007 Mar
1,67(5), 1879-62}.

D4 (or Delta like 4 or della-like ligand 4) is a member of the Delta family of Noteh

15 hgands. The extracellular domain of Dil4 is composed of an N-terminal domain, a
Delta/Serrate/lag-2 (D35L) domain, and a tandem of eight epidermal growth factor
(EGF-ike repeats. Generally, the EGF domains are recognized as comprising aming
acid residues 218-251 (EGF-1; domain 1), 252-282 (EGF-2; domain 2), 284-322
(=GE-3; domain 3), 324-360 (EGF-4; domain 4), and 362-400 (EGF-5: domain 5),

20 with the DSL domain at about amine acid residues 173-217 and the N-terminal
dornain at about aming acid residues 27-172 of hDild (W0 2008/078379).

ft nas been reported that Dil4 axhibits highly selective expression by vascular
andothelium, in particular in arterial endothelium (Shutter ef al. (2000) Genes
Davelop, 14 1313-1318). Recent studies in mice have shown that Dil4 is induced by
25 WEGF and is a negative feedback regulator that restrains vascular sprouting and
branching. Consistent with this role, the delation or inhibition of Dil4 resuits in
excessive angiogenasis (Scehnet ef &/, Blood. 2007 Jun 1,108(11):4753-60). This
unresirained angiogenasis paradoxically decreases tumor growth due to the
formation of non-productive vasculaturs, even in tumors resistant o anti-vEGF
30 iherapies (Thurston ef &/, Nat Rev Cancer. 2007 May;7(5).327-31;
WO 2007/07067 1, Noguera-Troise ef /., Mature. 2006 Dec 21; 444(7122)).
Furthermore, the combined inhibition of VEGF and DIl4 is shown to provide superior

anti-tumor activity compared o anti-VEGE alone in xenograft models of multiple
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tumor types (Noguera-Troise et al., Nature. 2006 Dec 21; 444(7122):1032-7;
Ridgway ef al., Nature. 2006 Dec 21;444(7122):1083-7).

Due to these results, DIl4 is being considered a promising target for cancer therapy,
and several biological compounds that target Dll4 are in (pre-)ciinical development
have been described: REGN-421 (= SAR153192; Regeneron, Sanofi-Aventis;
WQ02008076379) and OPM-21M18 (OncoMed) (Hoey ef al., Cell Stem Cell. 2009
Aug 7; 5(2):168-77), both fully human Dil4 antibodies; YW152F (Genentech), a
humanized Dil4 antibody (Ridgway et al., Nature. 2006 Dec 21; 444(7122):1083-7);
Dll4-Fe (Regeneron, Sanofi-Aventis), a recombinant fusion protein composed of the
exiraceliular region of Dili4 and the Fc region of human tgG1 {(Noguera-Troise et al.,
Nature. 2006 Dec 21,444(7122)).

However, the state-of-the art monoclonal antibodies (MAbs) and fusion proteins have
several shortcomings in view of their therapeutic application: To prevent their
degradation, they must be stored at near freezing temperatures. Also, since they are
guickly digested in the gut, they are not suited for oral administration. Another major
restriction of MAbs for cancer therapy is poor transport, which results in low

concentrations and a lack of targeting of all cells in a tumor.

it has been an object of the embodiments disclosed herein to provide novel anti-

angiogenic binding molecules for human therapy.

It has been a further object of the embodimenis disclosed herein to provide methods
for the prevention, treatment, aileviation and/or diagnosis of such diseases, disorders
or conditions, involving the use and/or administfation. of such binding molecules and
compositions comprising them. in particular, it is has been an object of the invention
o provide such pharmacologically active binding molecules, compositions and/or
methods that provide advantages compared to the agents, compositions and/or
methods currently used and/or known in the art. These advantages include improved
therapeutic and/or pharmacological properties and/or other advantageous properties,
e.g. for manufacturing purposes, especially as compared to conventional antibodies

as those described above, or fragments thereof.

(1506309_1y»CCY
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BRIEF SUMMARY

According to the present disclosure, there are provided bispecific binding molecules,
preferably bispecific immunoglobulins, preferably immunoglobulin single variable
domains like VHHs and domain antibodies, which comprises at least one DLL4-
binding component and at least one Ang2-binding component in a single molecule.
These bispecific binding molecules may preferably comprise a further binding
component, preferably a binding component binding to serum albumin, Hence, in a
first aspect, there is provided a binding molecule comprising at least one Ang2-
binding component, at ieast one Dil4-binding component, and at least one serum
albumin binding component, wherein said Ang2-, Dil4- and serum albumin binding
components are immunogiobulin single variable domains, each immunoglobulin
single variable domain consisting of four framework regions and three
complementarity determining regions (CDRs), and wherein said binding molecule is
selected from the group consisting of binding molecules having (i) the CDR
sequences as present in DLLANGBHI00017 (SEQ ID NO: 476), (i) the CDR
sequences as present in DLLANGBIID0018 (SEQ ID NO: 477), and (iii) the CDR
sequences as present in DLLANGBHO0019 (SEQ 1D NQO: 478).

More specifically, a bispecific binding molecule of the disclosure essentially
comprises (i) at least one Dil4-binding component specifically binding to af least one
epitope of Dll4 and (ii) at least cne Ang2-binding component specifically binding to at
least an epitope of AngZ2, wherein the components are linked fo each other in such a
way that they simultaneously bind fo Dll4 and Ang?2 or that they bind to either DIi4 or
Ang?2 at a time.

According io the disclosure, the two components comprise one or more
immunoglobulin single variable domains that may be, independently of each other,
VHHs or domain antibodies, and/or any other sort of immunoglobulin single variable
domains, such as VL. domains, as defined herein, provided that each of these
immunoglobulin single variable domains wili bind the antigen, i.e. Dll4 or Ang2,

respectively.

According to a preferred embodiment, the immunogiobulin single variable domains
are of the same type, in particular, all immunoglobulin single variable domains are

VYHHs or domain antibodies.

 (1506309_1):CCY



According to a particularly preferred embodiment, all immunoglobulin single variable
domains are VHHs, preferably humanized (or “sequence-optimized”, as defined
herein) VHHs. Accordingly, the disclosure relates to bispecific binding molecules
comprising an (optionaily humanized or sequence-optimized) anti-Dll4 VHH and an

(optionally humanized or sequence-optimized) anti-Ang2 VHH.

However, it will be clear to the skilled person that the teaching herein may be applied
analogously to bispecific binding maolecules inciuding other anti-Dil4 or anti-Ang2

immunogiobulin single variable domains, such as domain antibodies.

- 55 -
(1506309_13:CCY
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In another aspect, the disclosure relates to a nucleic acid molecule encoding a
binding molecule as defined herein. In another aspect, the disclosure relates to a
vector containing a nucieic acid molecule as defined herein. In another aspect, the
disciosure relates to a host cell containing a nucleic acid molecule as defined herein -

or a vecior as defined herein.

The disclosure further relates o a product or composition containing or comprising at
least one bispecific binding molecule of the disclosure and optionaily one or more
further components of such compositions. In another aspect, the disclosure relates to
a pharmaceutical composition containing at least one binding molecule as defined

herein as the active ingredient.

The disclosure further relates to methods for preparing or generating the bispecific
binding molecules, nucleic acids, host cells, products and compositions described

herein.

The disclosure further relates to applications and uses of the bispecific binding
molecules, nucleic acids, host cells, products and compositions described herein, as
well as to methods for the prevention and/or freatment for diseases and disorders
that can be modulated by inhibition of DIi4. In another aspect, the disclosure relates
to the pharmaceutical composition as defined herein for the treatment of a disease

that is associated with Dll4-mediated and/or Ang2-mediated effects on angiocgenesis.

It has been found that the Ang2-binding component of the bispecific binding
molecules according to the present disclosure binds to Ang2 with a potency at least
5,000 times higher, preferably 10,000 times higher than to Ang1 or Ang4. This will
largely avoid biocking activation of Ang1-mediated signalling, which wouid counter

the intended anti~angiogenetic effect.

It has further been found that the DLL4-binding component of the bi-specific binding
molecules according to the present disclosure binds to DLL4-A with an affinity of at
least 1,000 times higher than to Dil1, Jagged1 and preferably also against Jagged?2.

Due fo this selectivity unwanted side reactions can be avoided.

in a preferred embodiment the bispecific binding molecules of the present disclosure

(1506309_1):CCY



are provided as linked VHH domains. Such molecules are significantly smaller than
conventional antibodies and have thus the potential for penetrating into a tumor
deeper than such conventional antibodies. This benefit is further accentuated by the

specific sequences disclosed herein after being free of glycosylation sites.

Further, due to the bispecific nature (Dli4- and Ang2-binding components in one
molecule) the tumor penetration of both functionalities will be necessarily equal,
which will ensure that the beneficial effects of the combined antagonism of Dil4 and
Ang?2 will be provided within the whole depth of penetration of the tumor. This is an

advantage over the combination of individual antagonists against these targets, since

- 6a -
(1506309_1%CCY
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the depth of penetration of individual antagonists will aiways vary to some degree.
Another advantage of a preferred bispecific binding molecules of the present
disclosure is their increased serum half-like due to a serum albumin binding

component such as a serum albumin binding molecule as described herein.

These and other aspects, embodiments, advantages and applications of the

disclosure will become clear from the further description hereinbelow.
DEFINITIONS

Unless indicated or defined otherwise, all terms used have their usual meaning in the
art, which will be clear to the skilied person. Reference is for example made to the
standard handbooks, such as Sambrook ef al, "Molecular Cioning: A Laboratory
Manual" (2nd Ed.), Vols. 1-3, Cold Spring Harbor Laboratory Press (1989); Lewin,
"Genes V", Oxford University Press, New York, (1990), and Roitt ef a/.,
"Immunology” (2™ Ed.), Gower Medical Publishing, London, New York (1989), as
well as to the general background art cited herein; Furthermore, uniess indicated
otherwise, all methods, steps, technigues and manipulations that are not specifically
described in detail can be performed and have been performed in a manner known
per se, as will be ciear to the skilled person. Reference is for example again made {o
the standard handbooks, {0 the general background art referred to above and to the

further references cited therein.

The term “bispecific binding molecule” refers to a molecule comprising at least one
Ang?2-binding molecuie (or “Ang2-binding component”) and af least one DI4-binding
molecule (or “Dill4-binding component”). A bispecific binding molecule may contain
more than one Ang2-binding molecule and/or more than one Dil4-binding molecuie,
i.e. in the case that the bispecific binding molecule contains a biparatopic (as defined
below)} Ang2-binding molecule and/or a biparatopic Dli4-binding molecule, in the part
of the molet:ule that binds to Ang2 or to DIi4, i.e. in its "Ang2-binding component” (or
anti-Ang2 component) or “Dll4-binding component” (or anti-Dl4 component),
respectively. The word “bispecific” in this context is however not to be construed as o
exclude further binding components with binding specificity to molecules other than
Dil4 and Ang2 from the bispecific binding molecule. Non-limiting examples of such

further binding components are binding components binding fo serum albumin.

(1506309_1)%CCY
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Unless indicated otherwise, the terms “immunoglobulin®™ and "immunoglobulin
sequence” - whether used herein to refer ¢ a heavy chain antibody or to a
conventional 4-chain antibody - are used as general i2rms to include boih the full-
size antibody, the individual chains thereof, as well as all parts, domains or fragments
thereof (including but not limited fo antigen-binding domains or fragments such as
VHH domains or VHAL domains, respectively). In addition, the term "sequence” as

beogl

used herein (for example in terms fike "immunoglobulin sequence”, "antibody

"non

seguance”, "(single) variable domain sequence”, "WVHH sequence” or "protein
sequence”), should generally be understeod to include both the relevant amino acid
seguence as well as nucleic acid sequences or nucleotide sequances encoding the

same, unless the context requires a more limited interpretation.

The term "domain” {of a polypeptide or protein) as used herein refers to a foldad
protein structure which has the ability to retain its tertiary structure independantly of
the rest of the protein. Generally, domains are responsible for discrete functional
oroperties of proteing, and in many cases may be added, removed or transferred to
other proteins without loss of function of the remainder of the protein and/or of the

domain.

The term “Immunoglobulin domain” as used hersin refers to a globular region of an
arttibody chain (such as e.g. a chain of a conventional 4-chain antibody or of a2 heavy
chain antibody}, or 1o a polypeplide that essentially consists of such a globular
region. Immunocglobulin domains are characterized in that they refain the
immurnioglobudin fold characteristic of antibody molecules, which consists of a 2-layer
sancwich of about 7 antiparallel beta-strands arranged in two beta-sheets, optionally
stabilized by a conserved disulphide nond. An immunoglobulin domain compriseas (a)

variable domain(s), i.e., one or more immunoglobulin variable domains.

The term “immunogiobulin variable domamn’ as used hersin means an
immunogiobulin domain essentially consisting of four "framework regions” which are
referred 1o in the arf and hersinbelow as "framework region 17 or "FR1"™ as
"framework region 2" or'FRZY, as Mframework region 3" or "FR3E", and as “framework
region 47 or "FR4AY respectively; which framework regions are interrupted by three
"complementarity determining regions” or "CDRs", which are referred to in the art and
heremnbelow as "complementarity determining region 1"or "CDR1" as

T

"compiementarity determining region 2" or "COR2"; and as "complementarity

R
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determining region 3" or "CDR3", respectively. Thus, the general structure or
sequence of an immunoglebulin variable domain can be indicated as foliows: FR1 -
CDR1-FR2Z - CDORZ -FR3 - CDR3 - FR4. 1t is the immunogliobulin variable
domain(s) that confer specificity to an antibody for the antigen by carrying the
antigen-binding site. In the context of the present invention immunaoglobulin single

variable domains like VHHs and domain antibodies are preferred.

The term "immuncglobulin single variable domain” as used herein means an
immunoglobulin variable domain which is capable of specifically binding to an epitope
of the antigen without pairing with an additional variable immunoglobulin domain.
One examuple of immunoglobulin single variable domains in the meaning of the
present invention are "domain anfibodies”, such as the immunogiobulin single
variable domains VH and VL (VH domains and V1. domains). Another example of
immunoglobulin single variable domains are "VHH domains” (or simply "VHHs") from

camelids, as defined hereinaftaer

In view of the above definition, the antigen-binding domain of a conventional 4-chain
antivody {such as an IgG, g, IgA, 1gD or igk molecule; known in the art) or of a Fab
fragment, a F(ab')2 fragment, an Fv fragment such as a disulphide finked Fv or a
schv fragment, or a diabody (all known in the art) derived from such conventional 4-
chairn antibody, would normaliy not be regardsd as an immunoglobulin single variable
domain, as, in these cases, binding o the respective epitope of an antigen would
normally not ocour by one (single) immunoglobulin domain but by a pair of
{associating) immunoglobulin domains such as light and heavy chain variable
domains, L.e. by a VH-VL pair of immunogiobulin domains, which jointly bind to an

apitope of the respactive anligen.

"WHM domaing”, also known as VHHs, Myt domains, VHH antibody fragments, and
VHH antibodies, have originally been described as the antigen binding
immunoglobulin (variable) domain of "heavy chain antibodies” (i.e. of "antibodies
devoid of light chaing”, Hamers-Casterman C, Atarncuch T, Muyldermans S,
Robinson (3, Hamers C, Songa EB, Bendahman N, Hamers R.: "Maturally occurring
antibodies devoid of light chains”, Nature 363, 446-448 (1993)). The term "VHH
domain’ has been chosen in order {o distinguish these variable domains from the
heavy chain variable domains that are present in conventional 4-chain antibodies

(which are referred to herein as "Wy domains” or "WH domains”) and from the light

-G
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chain variable domains that are present in conventional 4-chain antibodies (which are
referred to herain as "V, domains” or "WL domains"). VHH domains can specifically
bind o an epitope without an additional antigen binding domain (as opposed o WM or
Y1 domains in a conventional 4-chain antibody, in which case the epifope is
recogrized by a VL domain together with 2 VH domain). VHH domains are small,
robust and efficient antigen recognition units formed by a single immunoglobulin

domain.

in the context of the present invention, the terms VHH domain, VHH, VieH domain,
YHH antibedy fragment, VHH antibody, as well as "Nanobodyv®" and "Nanobody®

H

domain” ("MNanooody” being a trademark of the company Ablynx M.V, Ghent;
Helgium) are usad interchangeably and are representatives of immunoglobulin single
variable domains (having the structure FRA-CDRT-FR2-CDR2-FR3-COR3-FR4 and
specifically binding o an epitope without requiring the presence of a second
immunogiobulin variable domain), and which are distinguished from YH domains by

the so-calied "hallmark residues”, as defined in e.g. WO2009/1096235, Fig. 1.

The amino acid residues of a immunogiobulin single variable domain, e.g. a VHH, are

at et al.

nurnbered according to the general numbering for Yy domains given by Kaba
("Sequence of proteins of immunclogical interest”, US Public Health Services, MNiH
Hethesda, MD, Publication No. 81), as applied to ViiH domains from Camelids, as
shown 2.g. In Figure 2 of Riechmann and Muyldermans, J. immuncl. Methods 231, |
25-38 (1999). According to this numbering,

- FR1 comprises the amino acid residuas at positions 1-30
- CDR1T comprises the amine acid residues at positions 31-35,

- FRZ comprises the amino acids al positions 36-49,

- CDRZ comprises the amino acid residues at positions 50-65,

- FR3 comprises the amino acid residues at positions 66-94,

- CDR3 comprises the amine acid rasidues gt positions 95-102, and

- FR4 comprises the amine acid residues at positions 103-113.

Howeaver, it should De noted that - as is well known in the art for Wy domains and for

WVHH domains - the tolal number of amino acid residues in each of the CDRs may

10
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vary and may not correspond to the total number of amino acid residues indicated by
the Kabat numbering (that is, one or more positions according to the Kabat
numbering may noti be occupied in the actual sequence, or the actual sequence may
contain more amino acid residues than the number allowed for by the Kabat
numbering). This means that, generally, the numbering accoerding to Kabat may or
may not correspond o the actual numbering of the amino acid residues in the actual

SegUBNCce.

Alternative methods for numbering the amine acid residues of Yy domains, which
mathods can also be apolied in an analogous manner to ViHH domains, are known in
the arl. However, in the present dascription, claims and figures, the numbering
according to Kabat and applied to VHH domains as described above will be followed,

unless indicated otherwise,

The telal number of amino acid residues in a VHH domam will usually be in the range

I

of from 110 {0 120, often between 112 and 115, 1 should however be notad that
smaller and longer ssquencas may also be suilable for the purposes described

herein.

immunogicbulin single variable domains, e.g. WHHs and domain antibodies,
according to the preferred embodiments of the invention, have a number of uniaue
structural characteristics and functional properties which makes them highly
advantageous for use in therapy as functional antigen-binding molecules. In
particular, and without being limited thereto, VHH domains (which have been
“designed” by nature to functionally bind 1o an antigen without pairing with a light
chain variable domain) can function as single, relatively small, functional antigen-

binding structural units.

Diue o thelr unique properiias, immunoglobulin single variable domains, as defined
herein, ke ViHs or VHs (or VLs) - either alone or as part of a larger pelypeptide,

e.g. a biparatepic molscule - offer a number of significant advantages:

= only a single domain is reguired o bind an antigen with high affinity and with
high seleciivity, so thatl there is no need to have two separate domains
present, nor fo assure thal these two domains are present in the right spacial
conformation and configuration (i.e. through the use of especially designed

finkers, as with scFv's);
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« immunoglobulin single variable domains can be expressed from a single
nucleic acid molecule and do not reguire any post-transiational modification

{like glycosviation;

» fmmuneglobulin single variable domains can easily be engineerad into

A

multivalent and multispecific formats (as further discussed herain);

o immunocglobulin single varable domains have high Speciﬁci‘ty and affinity for
their target, low inherent toxicily and can be administered vig alternative routes

than infusion or injection;

= immunoglobulin single variable domains ars highly stable to heat, pH,
10 proteases and other denaturing agents or conditions and, thus, may be

repared, stored or transported without the use of refrigeration equioments;

e immunogiobulin single variable domains are easy and relatively inexpensive 1o
prepare, both on smail scale and on a manufacturing scale. For example,

immunoglobulin single variable domains can be produced using rmicrobial

__
w3

fermentation (@.d. as further described below) and do not require the use of

mammalian expression systems, as with for example conventional antibodias;

» immunoglobulin single variable domains are relatively small (approximately
15 kDa, or 10 times smaller than a conventional 1gG) compared to
conventional 4-chain antibedies and antigen-binding fragments thereof, and
20 therefore show high{er) penetration into tissues {including but not limited 1o
selid tumors and other dense tissues) and can be administered in higher
doses than such conventional 4-chain antibodies and antigan-binding

fragments tharect,

5
g

»  VHHs have specilic so-called “cavity-binding properties” {inter alia due to their
25 extended CDR3 loop, compared to VH domains from 4-chain antibodies) and
can therefore aiso access largats and epitopes not accessible (o conventionsl

4-chain antibodies and antgen-binding fragments thereof;

» WHHS have the particular advantage that they are highly soluble and very

staple and do net have a tendency 1o aggregate {as with the mouse-derived

‘L

antigen-binding domains described by Ward ef al, Mature 341 544-548

(1989)).
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The immunogiobulin single variable domains of the invention are not limited with
respect to a specific biological source from which they have beern obtained or to a
specific method of preparation. For example, obtaining VHHs may include the

following steps:

(1) isolaling the VHH domain of a naturally occurring heavy chain antibody; or
soreening a library comprising heavy chain antibodies or VHHs and isolating WHHs

therefrom:

(2} expressing a nucleic acid meleculs enceding a VHH with the naturally occurring

sSequence;

(3) "humanizing” (as described hereiny a VHHM, optionally after affinity maturation, with
a naturally coourring saquence or expressing a nucieic acid encoding such

humanized ViHH:

(4) "camelizing” (as described below) a immunoglobulin single variable heavy domain
from a naturally occurring antibody from an animal species, in particular a species of
mammal, such as from a human being, or expressing a nucieic acid molecule

encoding such camelized domain;

(5) "camelizing” a VH, or expressing a nucleic acid molecule encoding such a

camelized VH;

&) using technigues for preparing synthetically or semi-synthatically proteins,
) Y Y yp

polypeplides or other amino acid seguences;

¥

{7} preparing a nucleic acid molecule encoding a VHH domain using technigues for

nucleic acid synthesis, foliowed by expression of the nucleic acid thus obtainad;

(8) subjecting heavy chain antibodies or Vs to affinity maturation, 1© mutagenesis
(e.g. random mutagenesis or site-directed mutagenasis) and/or any other

technigue(s) In order to increase the affinity and/or specificity of the VHH; and/or
(9) combinations or selections of the foregoing steps.

Suitable methods and technigues for performing the above-described steps ars
known in the art and will be clear to the skilled persen. By way of example, methods
of abtaining WHH domains binding to a specific antigen or epitope have been
described in WO2006/040153 and WO2006/122786.
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According to specific embodiments, the immunoglobulin single variable domains of
the invention or present in the polypentides of the invention are VHM domains with an
amino acid sequence that essentially corrasponds to the amino acid sequence of 2
naturally cccurring VHH domain, but that has been "humanized" or “sequence-
optimized” (optionally after affinity-maturation), i.e. by replacing one or more amino
acid resicues in the amino acid sequence of said naturally occurring VHH sequence
Ly one or more of the amino acid residues hat occur at the comresponding position(s)
iry & variable heavy domain of a conventional 4-chain antibody from a human being.
This can be paerformed using methods known in the arl, which can by routinely used

oy the skilled person,

A numanized YiH domain may contain one or more fully human framework region
sequences, and, in an even more spacific embodiment, may contain humean
frarmewaork region sequences derived from the numan germiine Yh3 sequences DP-
29, DP-47, DP-51, or parts thereod, or be highly homologous thereto, optionally
combined with JH sequences, such as JHS. Thus, & humanization protocol may
comprise the replacement of any of the VHH residues with the corresponding
framework 1, 2 and 3 (FRI, FRZ and FR3) residues of germline VH genes such as

DP 47 DP 249 and DEF 1) sithar alone or in combination. Suitable framework regions

(FR) of the immunoglobulin single variable domains of the invention can be selected
from those as set out 2.g. iIn WO 2006/004678 and specitically, include the so-called
HERE" and "GLEW classes. Dxamples are immunogiobulin single variable domains
having the amino acid sequence G-L-i2-W at about positions 44 to 47, and their
respective humanized counterparts. A humanized VHH domain may contain one or

rmore fully human framework region sequences.

By way of example, a humanizing substitution for VHHs belonging to the 103 P RS-
group and/or the GLEW-group (as defined below) is 10803 to 1081, Methods for

\

humanizing immunoglobulin single variable domains are known in the art.

Sinding immunoglobulin single variabie domains with improved properties in view of
therapeulic application, e.g. enhanced affinity or decreased immunogenicity, may be
obtained from individual binding molecules by technigues known in the ari, such as
affirity maturation (for example, starting frem synthetic, randem or naturaily occurring
immunoglobulin sequences), CDR grafting, humanizing, combining fragments

derived from different immunoglobulin sequences, PCR assembly using overlapping

“id-
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primers, and similar techniques for engineering immunoglobulin sequences well
known o the skilled person; or any suitable combination of any of the foregoing, also
termed “sequence oplimization”, as described herein. Reference is, for example,

made to standard handbooks, as well as to the further description and Examples.

If appropriate, a binding molecule with increased affinity may be obiainad by affinity-
maturation of ancther binding molecule, the latter representing, with respect to the

affinity-matured molecule, the “parent” binding molecule.

Methods of obiaining VHHs that bind to a specific antigen or epitope have been
described sarlier, e.q. in WO2006/040153 and WOZ006/122786. As also described
therein in detail, VHH domains derived from camelids can be "humanized” (also
termed "sequence-optimized” herein, "sequence-optimizing” may, in addition to
numanization, encompass an additional modification of the sequence by one or
more mutations that furnish the ViHH with improved properties, such as the removal
of potential post transtational modification sites) by replacing cne or more amino acid
residues in the amino acid sequence of the original VHH sequence by one or more of
the amine acid residues that occur at the corresponding position(s) in a VH domain
from a conveniional 4-chain antibody from a human being. A humanized YVHH
domain can contain one or more fully human framework region sequences, and, in an
aven more specific embodiment, can contain human framework region sequences
derived from DP-29, DP-47 DP-61, or parts thereof, optionally combined with JH

sequences, such as JHS.

Domain aniibodies, also known as "Dab’s and "dAbs" (the terms "Domain
Antibodies” and "dAbs" being used as frademarks by the GlaxoSmithKline group of
companies) have been described in e.g. Ward, £E.3., ef al.. "Binding activities of a
rapertoire of single iImmunoglobuitn variable domains secrated from Escherichia coli';
Nature 341 544-546 (1889); Holt, L..J. ef al; "Domain antivodies: proteins for
therapy", TRENDS in Biotechnology 21(11): 484-480 (2003); and W02003/002608.

Domain antibodies essentially correspond to the VH or VL domains of antibodies
from non-camelid mammais, in particular human 4-chain antibedies. in order to bind
an epitope as a single antigen binding domain, .e. without being paired with a VL or
YH domain, respectively, specific selection for such antigen binding properties is

required, e.¢. by using libraries of human single VH or VL domain sequences.

-15-
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Domain antibodies have, like VHHMs, a molecular weight of approximately 13 to
approximately 16 kDa and, if derived from fully human sequences, do not require
humanization for e.g. therapeutical use in humans. As in the case of VHH domains,
they are well expressed also in prokaryotic expression systems, providing a

significant reduction in overall manufacturing cost

Furthermore, it will also be clear to the skilled person that it is possible to "graft” one
or more of the CDR's mentioned above onto other "scaffolds”, including but not
fimited to human scaffolds or non-immunoglobulin scaffolds. Suitable scaffolds and

echnigues for such CDOR grafiing are known in the art.

The terms "epitope” and "anfigenic deferminant’, which can be used interchangeably,
refer o the part of a macromolecule, such as a polypeptide, that is recognizaed by
antigen-binding molecules, such as conventional antibodies or the polypeptides of
the invention, and more particularly by the antigen-binding site of said molecules.
Epitopes define the minimum binding site for an immunoglobulin, and thus represant

the target of specificity of an immunogiobuiin,

A polypeptide (such as an immunoglobulin, an antibody, an immunoglobulin single
variable domain of the invention, or generally an antigen-binding molecule or &
fragment thereot) that can "bind (0" or "specifically bind to" that "has affinity for"
and/or thal "has specificity for” a certain epitope, antigen or protein (or for at least

one part, fragment or epitope thereof) is said o be "against” or "directed against” said

-

epitope, antigen or pm’tem oris a "binding" molecule with respect to such epitope,
antigen or prolein. In this context, a DI4-binding component may also be referred (o

as "Dlid-nautralizing”.

Generally, the torm "specificity” refers to the number of different types of antigens or
epitopes 1o winich a particular antigen-binding molecule or antigan-dinding orotein

(auc’n as an immunoglobulin single variable domain of the invention) molecule can

bind. The specificity of an antigan-binding molecule can be determined based on its
affinity and/or avidity. The affinily, represented by the equilibrivm constant for the

dissociation of an antigen with an antigen-binding protein (I, is a measure for the
bmdmg strength between an epitope and an antigen-binding site on the antigen-
binding protein: the lesser the value of the KD, the stronger the binding strength

betwsen an epitope and the antigen-binding molecule (alternatively, the affinity can
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also be expressed as the affinity constant (KA), which is 1/KD). As will be clear to the
skilled person (for example on ine basis of the further disclosure herein), affinity can
be determined in a manner known per se, depending on the specific antigen of
interest. Avidity is the measure of the strength of binding between an antigen-binding
molecule (such as an immunoglobulin, an antibody, an mmunoglobulin single
variable domain or a polypeptides containing it and the pertinent antigen. Avidity is
refated to both the affinity between an epilocpe and its antigen binding site on the
antigen-binding molecule and the number of pertinent binding sites present on the

antigen-binding molecule.

The part of an antigen-dinding molecule that recognizes the epitops is called a

paratope.

Unless indicated otherwise, the term "Did-binding molecule” or “Ang2-binding
maolecule” includes anti-DI4 or anti-Ang2 antibodies, anti-Di4 antibody or anti-Ang2
antibody fragments, "anti-Dil4 antibody-like molecuias® or "anti-Ang?2 antibody-like
molecules”, as defined herein, and conjugates with any of these. Antibodies include,
but are not limited to, monoclonal and chimerized monocional antibodies. The term
Lantibody” encompasses complete immunoglobuling, ke monoclonal antibodies
produced by recombinant expression in host cells, as well as antibody fragmenis or
‘antibody-like molecules”, including single-chain antibodies and linear antibodies, so-
called “SMIPs™ {"Small Modular Immunopharmaceuticals”), as e g described in

WO G2/056910; Antibody-ike molecules include immuncglobulin single variable
domains, as defined herein. Other examples for antibody-like molecules are

imraunogiobulin super family antibodies {IgSF), or CDR-grafted molecules.

“Ang2-binding molecule” or "Dild-binding molecule” respectively, refers to both
monovalent targel-binding molecules (i.e. molecules that bind to one enitope of the
respective target) as well as {0 bi- or multivalent binding molecules (i.e. binding
moieculas that bind to more than one epitope, e.g. "biparatopic” molecules as defined
hereinbelow). AngZ{or Blid)-binding molecules containing more than one Ang2{or
Dild)-binding imraunoglobulin single variable domain are alzo termed “formatted”
binding molecuies, they may, within the target-binding componant, in addition to the
immunoglobulin single variable domains, comprise linkers and/or moisties with

effector functions, e.g. haif-life-exiending moieties like albumin-binding

A7
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immunagiobulin single variable domains, and/or a fusion partner like serum albumin

and/or an attached polymer like PEG.

‘the term “"biparatopic Ang2{or Dil4)-binding molecule” or "biparatopic
immunoglobulin single variable domain” as used herein shall mean a binding
molecule comprising a first immunoglobulin single variable domain and a second
immunoglobulin single variable doemain as herein definad, whersin the two molecules
bind to two non-overlapping epitopes of the respective antigen. The biparatopic
binding molecutes are composed of immunoglobulin single variable domains which
have different specificities with raspact to the epitope. The part of an antigen-binding

molecule (such as an antibody or an immuneglebulin single variable domain of the

invention) that recognizes the epilepe is called a paratope.

Aformatted binding molecule may, albeit less preferred, also comprise two identical
imrnunoglobulin single variable domains or two different immunoglobulin single
variable domains that recognize the same or overiapping epitopes or their respeclive
artigen. In this case, with respect to VEGF, the two immunoglobulin singte variable
domains may bind to the same or an overlapping epitope in each of the two

monomaears that form the VEGF dimer.

Typicaily, the binding moleculas of the invention will bind with a dissociation constant
(Kp) of 10E-5 to 10E-14 moles/liter (M) or less, and preferably 10E-7 to 10E-14
moles/iter (M) or less, more preferably 10E-8 10 10E-14 moles/liter, and aven more

g

preferably 10E-11 o 10E-13, as measured e.g. In a Biacore or in a Kinexa assay),

and/or with an association constant (Ka) of at least 10E7 Miz-1, preferably at least

10E8 ME-1, more preferably 9 ME-1, such as at least 1011 ME-1. Any
<p value greater than 100-4 M is generally considered to indicate non-specific
binding. Preferably, a polypeplide of the invention will bind to the desired antigen, [ e.
VEGE or D4, respeciively, with a Kp less than 500 nM, preferably less than 200 ni,
more preferably less than 10 n, such as less than 500 oM. Specific binding of an
antigen-binding protein to an anfigen or epitepe can be determined in any suitable
manner Known per s, including, for example, the assays described herain,
Scatchard analysis and/or competitive binding assays, such as radioimmunoassays
(RIA), enzyme immunoassays (ElA) and sandwich competition assays, and the

different variants thereof known per se in the art,

~18.
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Amine acid residues will be indicated according to the standard three-lstier or one-
letfer amino acid code, as generally known and agreed upon in the art. When
comparing iwo amino acid sequences, the term "amino acid difference” refers io
insertions, deletions or substitutions of the indicated number of amino acid residues
at a position of the reference sequence, compared o a second sequence. In case of
substitution{s), such substitution(s) will preferably be consarvative amino acid
substitution{s}, which maans that an aminc acid residus is replaced with another
amino acid residue of similar chemical structure and which has little or essentially no
nfluence on the function, activity or other binlogical properties of the polypeptide.
Sueh conservative amino acid substitutions are well known in the art, for example
from WO 98/49185, wharein conservative amino acid substitutions preferably ars

4

substitutions in which one amino acid within the fallowing groups (i) - (v) is
supstifuted by another amino acid residus within the same group: (i) small aliphatic,
nonpotar or slightly polar residues: Ala, Ser, Thr, Pro and Gly; (i) polar, negstively
charged residues and their {uncharged) amides: Asp, Asn, Glu and Gin; (i) polar,
positively charged residues: His, Arg and Lys; (iv) large aliphatic, nonpolar residuss
Mat, Leu, e, Val and Cys: and (v) aromatic residues:
Phe, Tyr and Trp. Particularly preferred conservative amino acid substitutions are as
foliows: Alainto Gly or into Ser;, Arg into Lys; Asn into Gln or info His; Asp into
GhrCys inte Ser; Gln into Asne Glu into Asp; Gly into Ala or into Pro; His into Asn or
into Gin, He inte Leu or inte Val, Leu into lle or into Yail; Lys into Arg, into Gin or into
Gl Met into Leu, into Tyr or into ile: Phe info Met into Leu or into Tyr; Ser into Thr

Thrinto SerTro into Tyr, Tyr into Trp or into Phe: Val into Hle or into Leu,

A polypeptide or nucleic acid molecule is considered to be "(in) essentially isclated
(form)" - for example, when compared to {15 native biological source and/or the
reaction medium or cultivation medium from which it has been obtainaed - when it has
been separated from at least one other component with which it is usually associated
in said source or medium, such as another protein/polypestide, another nucleic acid,
another blological component or macromolecule or at least one contaminant, impurity
rminor component. In particular, a polypeptide or nucleic acid molacule is

sidered "essentially isolated” wnen it has been purified at least 2-fold, in particutar

at lzast 10-fold, more in particular at least 100-fold, and up to 1000-fold or more. A

polypeptide or nucleic acid moleculs that is "in essentially isolated form” is preferably
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essentially homogeneous, as determined using a suitable technique, such as a

suitable chromatographical technique, such as polyacrylamide gel slectrophoresis.

"Sequence identity” between two Dli4-binding molecule sequences or between two
AngZ-binding molecule seguences indicates the percentage of amino acids that are
identical between the sequences. It may be calculated or determined as described in
paragraph f) on pages 489 and 50 of WO 2008/020079. "Sequence similarity”
indicates the percentage of amino acids that sither are identical or that represent

conservative amino acid substiiutions,

Alternative methods for numbering the amino acid residues of Vi domains, which
metnods can also be applied in an analogous manner fo VHH domains, are known in
the art. However, in the present description, claims and figures, the numbering
according to Kabat and applied to VHH domains as described above will be followed,

untess indicated otherwise.

An Maffinity-matured” Dil4-binding molecule or AngZ-binding moleculs, in particular a
VHH or a domain antibody, has one or more allerations in one or more CDRs which
result in an improved affinity for D4 or Ang2, as compared to the respective parent
Dil4-binding molecule or AngZ-binding molecule, Afffinity-matured Di4-binding
molecuies or AngZ-binding molecules of the invention may be orepared by methods
known in the art, for example, as described by Marks ef a/., 1992, Biotechnology
10:779-783, or Barbas, ef al., 1994, Proc. Mat. Acad. Sci, USA 81; 3809-3813.; Shier
et al., 1995, Gene 168:147-155; Yeiton ef af., 1995, Immuncl. 155 1994-2004;
Jackson ef al, 1995, J. Immunel. 154(7):3310-9; and Hawkins ef af., 1992, J. Mol.
Siol. 226(3): 889 856, Kb Johnsen and RE Hawkins, "Affinity maturation of antibodies

using phage display”, Oxford University Fress 1996

For the present invention, an "amino acid sequences of SEQ 1D NG ) includes, if
not otherwise stated, an amino acid sequance that is 100% identical with the

sequence shown in the respactive SEQ D NO: x;

ay  amino acid sequences that have al least 80% amino acid identity with the

sequence shown in the respective SEQ 1D NO» x

by  amino acia sequences that have 3, 2, or 1 amino acid differences with the

sequence shown in the respective SEQ 1D NO: x

-0
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The terms "cancer” and "cancercus” refer to or describe the physiclogical condition in
mammais that is typically characterized by unreguilated cell growth/proliferation.
Examples of cancer 10 be tfreated with a bispecific binding molecule of the invention,
include but are not imited to carcinoma, lymphoma, blastoma, sarcoma, and
leukemia, More particular examples of such cancers, as suggested for treatment with
DIl antagonists in LS 2008/0014190, inciude squamous cell cancer, small-cell lung
cancer, non-small cell lung cancer, adenocarcinoma of the iung, sguamous
carcinoma of the lung, cancer of the peritoneum, hepatoceliular cancer,
gasirointestinal cancer, pancreatlic cancer, globlastoma, cervical cancer, ovarian
cancer, liver cancer, bladder cancer, hepatoma, breast cancer, colon cancer,
colorectal cancer, endometrial or uferine carcinoma, salivary gland carcinoma, Kidney
cancer, liver cancer, prostate cancer, vulval cancer, thyroid cancer, hepalic
carcinoma, gastric cancer, melanoma, and various types of head and neck cancer.
Dysregulation of angiogenesis can lead fo many disorders that can be treated by
compositions and methods of the invention. These disorders inciuds both non-
neoplastic and necplastic conditions. Meoplasties include but are not imited thoss

described above.

Mon-naoplastic disorders include, but are not limitad {0, as suggested for reatment
with Dl4 antagonists in US 2008/0014196, undesired or aberrant hyperirophy,
arthritis, rheumatoid arthritis (RA), psoriasis, psoriatic plagues, sarcoidosis,
atherosclerosis, aihercsclerotic plagues, diabetic and cther proliferative refinopathies
including retinopathy of orematurity, retrolental fibroplasia, neovascular glaucoma,
age-related macular degeneration, diabetic macular ederma, comeal
neovascularization, comeal graft necvascularization, comeal graft rejection,
retinal/choroidal neovascularization, necvascularization of the angle (rubesosis),
ocular neovascular disease, vascular restenosis, artsnovenous malformations (AVM),
rneningioma, hemangioma, angiofibroma, thyroid hyperplasias {including Grave's
disease), corneal and other tissue transplantation, chronic inflammation, ung
inflammation, acute lung injury/ ARDS, sepsis, primary pulmonary nypertension,
malignant puimaonary effusions, cerepral edema {e.g., associated with acute siroke/
closed head injury/ frauma), synovial inflammation, pannus formation in RA, myosilis
ossificans, hypertropic bone formation, ostecarthritis (CA), refractory ascites,
polyeystic ovarian disease, endometriosis, 3 spacing of fluid diseases (pancreatitis,

compartment syndrome, burns, bowel disease), uterine fibroids, premature labor,

-2%-
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chronic inflammation such as IBD (Crohn's disease and ulcerative colitis), renal
alfograit rejection, inflammatory bowe| disease, nephrotic syndrome, undesired or
aberrant tissue mass growth (non-cancer), hemophitic joints, hypertrophic scars,

inhibition of hair growth, Osier-Weber syndrome, pyogenic granuloma retrolental

A

fibroplasias, scleroderma, trachoma, vascular adhesions, synovitis, dermatitis,
preeciampsia, asciles, pericardial effusion (such as that associated with pericarditis)

and pleural effusion,
DETAILED DESCRIPTION OF THE INVENTION

In a first aspsct, the oresent invention relates to a bispecific binding molecule
1o comprising at least one DI4-binding component and at least one Ang2-binding

component.

i a preferred embodiment, the present invention refates to a bispecific binding
molecule comprising at ieast one Dild-binding componant and at least one Ang2-
binding component which further comprises at least a further binding component,

15 preferably a serum albumin binding component {serum albumin binding molacule).

In a preferred embodiment, the serum albumin binding component of the binding
molecule of the present invention is an isolated immunoglobulin single variable
domain or a polypeptide containing one or mare of said immunogiobulin single
variable domains, wherein said immuncglobulin single variable domain consists of

20 four framework regions and three complementarity determining regions CDR1, COR2
and COR3, respactively, and wherein said CDR3 has an amino acid sequence

elected from aminc acid sequences shown in SEQ 1D NOs: 522, 525, 528, 531,

34, 537, or 540,

@

[

More preferably, said one or mora immuneglobulin single variable domain of the

25 serum atbumin binding component contain
a. a CORS with an amino acid sequence selected from a first group of amine acid
sequences shown in SEQ D NOs, 5EQ Ds NOs: 522, 525, 528, 531, 534,
537, or 540,
b. a CDR1 with an amino acid sequences selected from a second group of amino
30 acid sequences shown SEQ 1D NOs: 520 523, 526; 529, 532, 535, or 538,

37
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c. a CDRZ with an amino acid sequences selected from a second group of amino
acid sequences shown SEQ [D NOs: 521, 524, 527, 530, 533, 536, or 539.

in a more preferred embodiment, said one or more immunoglobuiin single variable
dornains of the serum albumin binding component are VHHs, preferably having an

amino acid sequence shown in SEQ 1D NOs: 88 or 519,

According to preferred embodiments, said Di4-binding component and said
Angz-binding component comprise at least one DI4-binding immunoglobulin single
variable domain and at least one Ang2-binding immunoglobulin single variable

daomain, respectively.

in a preferred aspect, said Dll4-binding component and said Ang2-binding
component each comprise at least one AngZ-binding immunogiobulin single variable
domain and at least one Dlid-binding immunoglobulin single variable domain,
respectively, wherein each of said immunoglobulin single variable domains has four
framework regions and three complemeantarity determining regions CDR1, CDR2 and

CDR3, respactively.
p Y

Thus, the anii-Dil4 and/or the anti-Ang2 component contained in the bispecific
binding molecules of the invention may include two (or more) anti-Did {or anti-Ang?,
respectively) immunoglobulin single variable domains, wherein the immunoglobulin
single variable domains are directed against different epitopes within the DIid (or
Ang2) target. Thus, the two immuncglobulin single variable domains in a hispecific
binding molecule will have different antigen specificity and therefore different COR

seguenceas,

Such bivalent binding molecules are also named "biparatopic single domain antibody
constructs” {if the immunogiobulin single variable domains consist or essentially
consist of single domain antibodies), or "biparatopic VHH constructs” (if the

immunoglobulin single variable domains consist or essentially consist of ViiHs),
respectively, as the two immunogicbulin single variable domains will include two

different paratopes.

In the bispecific binding molecule of the invention, one or both of the binding
motecules may be bivalent; e.g. the AngZ-binding component may be biparatopic and

the Dil4-binding component may be one immunoglobulin singls variable domain, or
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the AngZ-binding component may be one immunoglobulin single variable domain and

the Dild-binding compoenent may be biparatopic.

in bispecific binding molecules of the invention, it is preferably the AngZ2-binding
component that coniains a bivalent Ang2-binding immunogliobulin single variable

domain, e.g. a biparatopic VHH.

The Did-binding component comprises at least a variable domain with four
framawork regions and three complementarily determining regions CDR1, CDR2 and
CDR3, respectively, wherelny said CDR3 has an amino acid sequence selected from

amino acid saguences shown in
a) SEQID NOs: 1 to 166 and 458,
by SEGID NOs: 33310 353, or
c) SEQ D NOs: 375 to 395,

An amino acid seauence a), salected from a first group of SEG 1D NOs: 110168 and
458, is contained as partial sequence in a corresponding amino acid sequence
selected from a second group of sequences shown in Table 5 and in SEQ 1D NO:
167 to 332 and 459.

An amine acid sequence b), selected from a first groug of SEQ D NOs: 333 o 353,
is contained as partial sequence In a corresponding seguence selected from a

second group of sequences shown in Table 16-A and in SEQ 1D NOs: 354 to 374

An amino acid sequence ¢) selected from a first group of SEQ 1D NOs: 375 to 385 is
contained as partial sequence in a corresponding seguence selacted from a second

aroup of sequences shown in Table 16-8 and in 8EQ 1D NOs: 296 to 416,

in a second aspect, said DH4-binding componeant is an isolated immunoglobulin
single variable domain or a polypeptide containing one or more of sald
immuroglobulin single variable domains, wherein said immunoglobuiin single
variable domain consists of four framework regions and thres complementarity
determining regions CDR1, CDR2 and CDR3, respectively, and wherein said CDR3

has an amino acid sequence selected from amino acid sequences shown in

a2) SEQID NOs: 110 166 and 458,
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by SEQ D NOs: 33310353 or
¢} SEQID NGs: 37510 395,

in a further aspect, said immunoglebulin single variable domain of the Dil4-binding

component contains

a) a COR3 with an amino acid sequence selected from a first group of amine

acid sequences shown in SEQ 1D NOs! 1 {0 166 and 458;

) a CDR1 and a CDR2 with an amine acid sequence that is contained, as
indicated in Table 5, as partial sequence in a sequence selected from a
second group of amino acid sequences shown in SEQ 1D NOs: 167 10 332
and 459,

wherein a BEQ D NO: x of said first group, for 3EQ 1D Nos 1- 166 corresponds
to SEQ D NO: v of said second group in that v = x +186.

in & further aspect said immunoglobulin single variable domain contains

ay a CDR3 with an amino acid sequence selected & said first group of amine

acid sequences showr in SEQ 1D NOs: 333 to 353;

by a CDR1and a CDR2 with an amino acid sequence that is contained, as
indicated in Table 16-A, as a partial seguence in a sequence selected from

a second group of sequences shown in SEQ 1D MOs: 354 to 374,

wherein a SEQ 1D NO: x of said first group corresponds to SEQ 1D NO: v of said
second group inihal vy = x +21.
in a further aspect said immunogiobulin single variable domain has

a)  a CLR3 with an amino acid sequence selected a said first group of

armino acid saquences shown in SEQ 1D NOs: 375 to 395,

L) aCDR1and a COR2 with an amino acid sequence that is contained, as
indicated in Table 16-3, as a partial sequence in a sequence selected

from a second group of sequences shown in SEQ 1D NOs: 396 to 416;

wherein a SEQ 1D NO: x of said first group corresponds with SEQ 1D NO: v of said

second group inthat y = x +21.
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In a preferred embodiment, the immunoglobulin single variable domain is a VHH.

In a further aspect, the VHH has an amino acid seguence selectad from amino acid
seguences shown in Table 5 and in SEQ 1D NOs: 167 o 332 and 459.

The Ang2-binding component comprises at least & variable domain with four
framework regions and three complementarity determining regions CDR1, CDR2 and
CDR3, respectively, wherein said CDR3 has an amino acld sequence salected from
amino acid sequences shown in SEQ 1D NOs: 491, 484, 497, 500, 503, 508, 509,
512, 815, or 518,

In a second aspedt, said Ang2-binding component is an isclated immunogiobulin
single variable domain or & polypeplide containing one or mors of said
immunoglobulin single variable domains, wherein said immunocglobulin single
variable domain consists of four framework regions and three complementarity
determining regions COR1, COR2 and CDR3, respectively, and wherein said CDR3
nas an amine acid sequence selected from amino acid sequences shown in SEQ 1D
MOs: 491, 494, 497, 500, 503, 506, 509, 512, 515, or 518

In a further aspect, said immunoglobulin single variable domain of the Ang2-binding

component contains

= a CBR3 with an amino acid sequence selected from a first group of amino acid
sequences shown in SEQ D NOs: SEQ 1Ds NOs, 491, 494, 457, 500, 503,
506, 509, 512, 515, or 518 (ses also Table 36);

B. a COR1T with an amino acid sequences that is contained, as indicated in Table

22-Aar 28, as parlial sequence in a sequence selected from a second group
of amino acid sequences shown SEQ 1D NOs: 483, 492, 485 408, 501, 504,
507, 510, 513, or 516 {sze also Table 36);

e a CDRZ with an amino acid sequences that is contained, as indicated in Table
22-poor 28, as partial sequence in a sequence selected from a gecond group
of amine acid sequences shown SEQ D NOs: 490, 493, 486, 409, 502, 505,
008, 511, 514, or 517 {see also Table 36).

Freferably, the immunoglobulin single variable domain of the AngZ-binding

componsent is a VHH, preferably having amine acid sequence selscted from amine
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acid sequences shown in SEQ 1D MGs: 479, 480, 481, 482, 483, 484, 485, 486, 487,
or 488,

In another preferred embodiment, the immunogiobulin single variable domain of the
AngZ-binding component has been obtained by affinity maturation or humanization of

an immunacglobulin single variable domain as described herein.

Simifarly, the present invention also relates to a VHH which has been obtainad by

affinity maturation or humanization of 2 VHH of the Ang2-binding componeant as

dascribed herein.

The present invention thus also relates o an Ang2-binding VHH with an amino acid
seguence selectad from acid sequencas shown in SEQ 1D NOs: 479, 480, 481, 482,
483, 484 485 485, 487 or 488,

Dil-and/or Ang2-binding components with improved properties in viaw of therapeutic
apphcation, e.9. enhanced affinity or decreased immunogenicily, may be obtained
from individual Dli4- or Ang2-binding components of the invention by tschniques such
as affinity maturation (for example, starting from synthetic, random or naturally
occurring immunoglobulin sequences), COR grafting, humanizing, combining
fragments derived from different immunoglobulin sequences, PCR assembly using
overlapping primers, and similar techniques for engineering immunoglobulin
sequences well Known to the skilled person; or any suitable combination of any of the
foregoing. Reference is, for example, made o standard handbooks, as well 85 to the

further description and Examples.

Preferably, a Dll4-binding component of the mvention with increased affinity is
obtained by affinity-rmaturation of another Di4-binding component, the latler
representing, with respect to the affinity-matured molecule, the "parent” Dild-binding

component. The same holds true for the Ange-binding component.

Thus, In yet another preferred embodiment, a Dlld-or Ang2-binding molecule of the
nvention is an immuncglobulin single variable domain that has been obtained by

atfinity maturation of a parent immunoglobulin single variable domain defined above.

i yet another preferred embodiment, the invention relates to an immunoglobulin

single variable domain obtained by affinity-maturation of a VHH,

227
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sSuitable parent Dil4-binding components for affinity maturation are, by way of
example, the above-described VHHS with amino acid sequences shown in SEQ 1D
N(Os: 167 to 332 and 459.

suitable parent AngZ-binding components for affinity maturation are, by way of
example, the above-described VHHs with amino acid sequences showr in SEQ 1D
MNOs:479, 480, 481, 482, 483, or 484,

Accordingly, the invention also relates to Ang2-binding molecules that have bee
obtained py affinity maturation and/or sequence optimization of an abova-defined
YiHF, e.g. o a VHH that has been obtained by sequence optimization of a VHM
having an amino acid seguence shown as 520 1D NOs: 482, 483, 484 485 480,

487, 488. The "source” amino acid sequences that were used o generate the latter

YHHs are shown in SEQ 1D NOs: 479, 480, or 481 Also these amino acid seguences

are suitable Ang2-binding components that can be applied in the binding molecules

of the present invention.

As described herein, the binding moleculs of the present invention prefarably
comprises at lsast one serum albumin binding component. Particularly prefarrad
binding molecules thus have al least one Ulid-binding component, at least one Ang2-
nding component and at least one serum albumin binding component. The order of
these three binding components could be any possible order such as the order set
out in Figuie 16 or 23, e.g., the Dli4-, AngZ-or serum albumin dinding component can
be MN-terminal or C-terminal. Motably, "00042”, “G0045” or "00050" as referred to in
the legend of Figure 16 stand for Ang2-binding components, while “00018" stands for
a Wid-binding componant and "ALB11 stands for a ssrum albumin binding
component. dMone of them is 1o be construed (0 g specific sequence, but stands for g
Angl- DHA- and serum albumin binding componant in general when used in the

contexi of possible set-ups of binding molecules of the present invention.

However, it is preferred that the serum albumin binding component is in batween the

Dll4- and Ang2-binding component (or vice versa), while it is particularly preferrad

i

hat at least one Ang2-binding component is N-terminal, Tollowad by &l least one
serum albumin binding component, followad by at least one Dld-binding component

at the C-Terminus. This set-up is shown to be specifically usaful.
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The present invention relates thus in a preferred aspect to binding molecules
camprising at least one Dli4-binding component, at least one Ang2-binding
component and at least one serum albumin binding component having an amino acid

sequernce sslected from the amino acid sequences shown in SEG D NOs: 480-478.

‘Al least one” binding component (Ang2, Dil4 or serum albumin) when usad herein
includes that a binding molecule of the present invention may contain one, two, three,
four or five Ang2-, Dli4, and/or serum albumin binding components (i.e., entities/units)
which are preferably representad by an immunoglobulin singly variable domain as

describad herein.

in yet another preferred embodiment, the invention relates to a D4 immunogiobulin
single variable domain that has been obiained by affinity maturation of a VHH with an

amino acid sequenca shown in SEQ 1D NG 197.

In yet another embodiment, said immunogiobulin single variable domain that is
derived from a VHH with the amino acid sequence shown in SEQ 1D NO: 197 is
selected from immunoglobulin single variable domains with amino acid sequences
shown in SEQ 1D NOs: 354 to 374,

In a preferred embodiment, the immunoglobulin single variable domain is & WHH with

an amino acid sequence shown in SEQ 1D NO: 358,

tn an even more preferred embodiment, the immunoglobulin single variable domain
has been obtained by humanization of a WVHH with an amino acid sequencs shown in
SEQ D NO: 358

in ancther preferred embodiment, the immunoglobulin single variable domain is a

VHH with an amine acid sequence shown in SEQ 1D NO: 356,

i an even more preferred embodiment, the invention relates to an immunoglobulin
single variable domain that has been obtained by humanization of a VHH with an

amingc acid sequence shown in SEQ 1D NG: 356,

In yet ancther preferred embodiment, the invention relates to an immunogiobulin
single variable domain that has beean oblained by affinity maturation of a VHMH with an

amino acid saquence shown in SEQ 1D NO: 224
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in yet another embodiment, said immunoglobulin single variable domain derived from
a VrH with the amino acid sequence shown in SEQ 1D NO: 224 is selected from
immunogiobulin single varable domains with amino acid sequences shown in SEQ
1D NOs; 396 to 416

in ancther preferred embodiment, the immunogiobulin single variable domain is a

YHH with an amine acid sequence shown in SEQ 1D NO; 402

In an even more preferred embodiment, the immunoglobudin singte variable domain
has been obtained by humanization of the VHH with the amino acid secuence shown
in SEQ D NG 402,

in ancther preferred embodiment, the immunoglebulin single variable domain is

YWHH with an amino acid sequence shown in SEQ 1D NO: 416

in an even more preferred embodiment, the immunoglobulin single variable domain
nas been obiained by humanization of the immunoglobulin single variable domain

with the amino acid seguence shown in SEG 1D NG 416

In ancther preferred embodiment, the immunoglobulin single variable domain is a

WHH with an amino acid seguence shown in SEQ 1D NO:407.

in an even more preferred emboediment, the immunoglobulin single variable domain
has been obtained by humanization of the immunoglobulin single variable domain

with the amino acid sequence shown in SEQ D NO: 413

According to another embodiment, the immunoglobulin single variable domain is a

Wi domain, as defined herein

It yet another embodiment, the representatives of the class of Dlld-and/or Ang2-
pinding immunogiobulin single variable domains of the invention or presant in the
potypeplides of the invention have amino acid sequences that correspond to the
aming acid sequence of a naturally occurring VH domain that has been "camelized",
a. by replacing one or more amino acid residues in the amino acid segquence of a
naturally occurring variable heavy chain from a conventional 4~chain antitody by one
or more amino acid residues that ccour at the corresponding position(s) in a VHH
domain of a heavy chain antibody. This can be performed in a manner kKnown per sa,

which will be clear to the skilled person, and reference is additionally be made to

“30.
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WO 1894/04678. Such camelization may praferentially occur at amino acid positions
which are present at the VH-VL interface and at the so-called Camelidae Hallmark
residues (see for example also WO 1994/04678). A detailled description of such
"humanization” and "camelization” techniques and preferred framework region
sequences consistent therewith can additionally be taken from e.¢. pp. 46 and pp. 98
of WO 2006/040153 and pp. 107 of WO 20061‘?22786.

The Dlld-or AngZ2-binding components of the invention, .¢. immunoglobulin single
variable domains and or polypeptides containing them, have specificity for Dil4 or
AngZ2, respectively, 1in thatl they comprise one or more immunagiobulin singie variable
doemains specifically binding to one or more epitopes within the D4 or Ang2

moleculs, respectively.

Specific binding of an Did-and/or Ang?2 binding component to its antigen Dl or
AngZ, respectively, can be determined in any suitable manner known per se,
ncluding, for exarple, the assays described herein, Scatchard analysis and/or
competitive binding assays, such as radicimmunoassays {RIA), enzyme
immunoassays (EIA and ELISA) and sandwich competition assays, and the different

variants therecf known per ze in the arl.

With regard 1o the antigen Dll4, a Dild-binding component of the invention, &.¢. an
immunoglobulin single varnable domain, is not limited with regard to the species.
Thus, the immuneglobutin single variable domains of the invention or polypeptides
containing them preferably bind o human DI, if intended for therapeutic purposes in
humans. However, immunoglobulin single variable domains that bind to D4 from
another mammalian species, or polypeptides containing them, are also within the
scope of the invention. An immunoglobulin single variable domain of the invention
binding to one species form of B4 may cross-react with Dil4 from one or more other
species. For example, immunoglobulin single variable domains of the invention
binding to human D4 may exhibit cross reactivity with DIl4 from one or more other
species of primates and/or with DIi4 from one or more species of animals that are
used in animal models for diseases, for example monkey {in particular Cynomolgus
or Rhesus), mouse, ral, rabbit, pig, dog or) and in particular in animal models for
diseases and disorders associated with Diid-mediated effects on angiogenesis {such
as the species and animal models mentioned herein). Immunoglebulin single variable

domaing of the mvention that show such cross-reactivity are advantageous ina

-3
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research and/or drug development, since it allows the immunoglobulin single variable
domains of the invention {o be tested in acknowledged disease models such as
monkeys, in particular Cynomolgus or Rhesus, or mice and rats. The same is true for
- AngZ.

Also, the Di4-binding components of the invention are not limited to or defined by a
specific domain or an antigenic determinant of Dli4 against which they are directed.
Preferably, in view of cross-reactivity with one or more Dil4 molecules from species
cther than human that isfare intended for use as an animal model during
development of a therapeutic DH4 antagonist, a Dll4-binding component recognizes
an epitope in a region of the DIl of interest that has a high degree of identity with
human Dil4. By way of example, in view of using & mouse model, an immunoglobulin
single variable domain of the invention recognizes an epitope which is, fotally or in
part, located within the EGF-2 domain, which shows a high identity between human

and mouse. The sams is true for Ang2.

Therefore, according to a preferred embodiment, the invention relates o a Dij4-
binding component, in particular an immunoglobulin single variable domain or a
polypeptide containing same, wherain said immunoglebulin single variable domain is
selecied from the group that binds o an epitope that is otally or partiaily centained
within the EGF-2 domain that corresponds 1o amine acid residues 252-282 of SEQ 1D
NO, 417,

it & polypeptide of the invention is a biparatopic molecute as definad herein, which
contains more than ona immunoglobulin single variable domain of the invention, at
least one of the immunoglebulin single variable domain componants binds 1o the

epitope within the EGF-2 domain, as defined above.

Freferably, an immunoglobulin single variable domain of the invention binds to D4
and/or Ang? with an affinity iess than 500 nM, preferably less than 200 nM, more
preferably less than 10 b, such as lass than 500 oM (as determined by Suiface

Plasmon Resonance analysis, as described in Example 5.7).

Preferably, the immunogiobulin single variable domains of the invention have 1Cxg
values, as measurad in a competition ELISA assay as descriped in Example 5.1, in

the range of 10° to 107% moles/litre or less, more preferably in the range of 108 to
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107" moles/litre or less and even more preferably in the range of 10% to 107"

motesflitre or less.

According to a nen-limiting but preferred embodiment of the invention, Dll4-binding
immunocglobulin single variable domains of the invention or polypeptides containing
them bind to DIl4 with an dissociation constant (Kg) of 107 t0 107 moles/liter (M) or
less, and preferably 107 to 107% moles/liter (M) or less and more preferably 10°% to
107" moles/liter (M), and/or with an association constant (Ka) of at least 10° M
preferably at least 10° M, more preferably at least 10° M, such as at least 1077 M
and in particular with a Kp less than 500 nM, preferably less than 200 nM, more
oreferably less than 10 nM, such as less than 500 oM. The iKp and K, vaiuss of the
immunoglobulin single variable domain of the invention against Bli4 can be

determined. The same is true for Ang2.

in a further embodiment, the invention relates to Di4-binding componeants comprising
two or mors immunogiobulin single variable domains that bind {o the antigen Dild or
Ang2, respectively, at different non-overiapping epitopas. More spacifically, such
polypeplide of the Invention essentially consists of or comprises (1) a first
immunoglobulin single variable domain specifically binding to a first epitope of Dild or
AngZ, respectively, and (i) a second immunogichulin single variable domain
specifically binding to a second epitope of D4 or Ang2, respectively, wherein the first
epitepe of DI4/ANGZ and the second epitope of Dild/ANGZ are not identical epitopes.
i1 other words, such polypeptide of the inventicn comprises or essentially consists of
two or more immunoglobulin single variable domains that are direcied against at ieast
two differant epitopes present in DH4/AngZ, wherein said immunogicbulin single
variable domains are linked to each other in such a way that they are capable of
simultaneously binding DI47ANG?. In this sense, the polypeptide of the invention can
atso be regarded as a “bivalent” or "multivalent” immunoglobulin construct, and
especially as a "mullivalent immunoglobulin single vanable domain construct”, in that

the polypeptide contains at least two binding sites for Dild/Ang2.

Such Dii4-binding component of the nvention includes (at laast) two anti-Dil4
immunogiobulin single variabie domains, wherein (the) two immunocglebulin single
variable domains are directed against different epitopes within the Dild molecule.
Thus, these two immunoglopulin single variable domains will have a different antigen

specificity and therefore different CDR sequences. For this reason, such polypeptides
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of the invention will herein also be named "biparatopic polypeptides”, or "biparatopic
single domain antibody constructs” (if the immunoglobulin single variable domains
corisist or essentially consist of single domain antibodies), or "biparatopic VHH
constructs” (if the immunogiobuiin single variable domains consist or essentially
consist of VHHS), respectively, as the two immuncglobulin single variable domains

witl inciude two different paratopes. The same is true for Ang2, mutatis mutandis.

According to a specific embodiment of the invention, in case that the polypeptids of
the invention includes more than two anti-Dild immunoglobulin singte variable
domains, i.e. three, four or even more anti-DIi4 immunoglobulin single variable
domains, at least two of the anti-DI4 immunoglobulin single variable domains are
directed against different epitopes within the DIl molecule, wherein any further
immunogicbulin single variable domain may bind to any of these two different
apitopes and/or a further epitope present in the DIl4 molecule. The same is true for

Ang2, mutatis mutandis.

According to the invention, the two or more immunoglobulin single variable domains
can pe, independantly of each other, VHs or VHHs, and/or any other sort of
immunogiobulin single variable domains, such as VL domains, as defined hereain,
provided that these immunoglobulin single variable domains will bind the antigen, i.e.

D4 or Ange, respectively.

The detailed description of the binding components is primarily provided for the Dil4-
pinding component. However, all features and cptions outlined herein for the Dil4-
binding component also apply equivalently for the Ang2-binding component, mufatis

rmytandis.

Aecording to preferred embodimeants, the binding moleculas present in the bispecific
pinding molecules (the AngZ-binding molecules within the Ang2-binding component
or the DIM-binding molecules within the DI4-binding component or the two adjacent
Ang2- and Dil4-binding components) may be connected with each other direcily (i.e.
without use of & linker) or via a linker. The linker is preferably a linker peptide and will
be selected s0 a5 to allow binding of the two ditfferent binding molecules o each of
non-overiapping epitopes of the targets, aither within cne and the same targat

motecule, or within two different moiecules.



W 2012/133076 POT/EPZOT /055837

in the case of biparatopic binding molecules, selection of linkers within the Ang2- or
the Dild-binding component will Infer alia depend on the epitopes and, specifically,
the distance between the epitopes on the target to which the immunogiobulin singie
variable domains bind, and will be clear to the skilled person based on the disclosure

5 herein, optionally afier some limited degree of routine experimentation.

Twao pinding molecules (two VHHS or domain antibodies or ViHH and a domain
antibody), or two binding components, may be linked to each other via an additional
Wi or domain antibody, respectively (in such binding molecules, the two of more
immunoglobulin single variable domains may be linked directly to said additional

w0 immunogiobulin single variable domain or via suitable linkers). Such an additional
WHH or domain antibody may for example be a VHH or domain antibody that
provides for an increased half-life. For example, the latter VHHM or demain antibody
may be one that is capable of binding to a (human) serum prolain such as (human)

serum albumin or (human) ransterrin.

15 Allernatively, the two or more immunocglobulin single variable domains that bind fo
the respeclive target may be linked in series {either directly or via a suitable linker)
and the additional VHH or domain antibody (which may provide for increased
half-iife) may be cennected directly or via a linker to one of these two or more

aforementioned immunogliobulin sequences.

20 Suitable linkers are described herein in connection with specific polypeptides of the
invention and may - for example and without limitation - comprise an amino acid
sequance, which amino acid seguence preferably has a length of 9 or more amino
acids, more preferably at least 17 amino acids, such as about 20 to 40 amino acids.
However, The upper limit 1s not critical but is chosen for reasons of convenience

25 regarding e.g. biopharmaceautical production of such polypeptides.

The linker sequence may be a naturally ocourting sequence or a non-naturally
occurring sequence. If used for therapeutic purposes, the linker is preferably non-
immunogenic in the subject to which the bispacific binding molecule of the invention

is administerad.

30 One useful group of linker sequences are linkers derived from the hinge region of
heavy chain antibodies as descriped in WO 1996/34103 and WO 1994/04678.
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Other examples are poly-alanine linker sequences such as Ala- Ala- Ala.

Further preferred examples of linker sequences are Gly/Ser linkers of different length
such as (gly.sery), linkers, including (glvaser)s |, {glvaser)s, (glvaser), (glysser), glys,

and {glyisera)s.

LA

some non-limiting examples of linkers are shown in Figures 40 and 48, e.g. the

linkers
GEGEEGGLESEGEERGHGESGEEESGEGEEGGGES (35GS; SEQ 1D NO: 90);

GOGESGEES (9GS5, SEG D NO: 81);

10 GGCEEGGEEGSGGEESGEEEEGEEGSGEEESGEEESGEGES (4068, SEQ D
NG 92),

If a bispecific binding molecule 18 modified by the attachment of a polymer, for
- example of a polyethylene glycol PEG (polyethylene glycol) moiety, the linker
sequence preferably includes an amine acid residue, such as a cysteine or a lysine,

Far )

15 allowing such modification, e.g. PEGylation, in the finker region.
Exampies of linkers useful for PEGyiation are;
GGGGCGEGEGS ("GSL,Ch, SEQ 1D NO:93y;
GEOLOGGEHEEGCEGESEELESGHEES ("G525,C5, SEQ 1D NG:94)
GOESEHGEESGEEELGLEGEESGLEGEEGEE  ("GE27 C14", SEQ 1D NO:95),

20 GOGGSGGEESGHGECEEEESGEHEESGGHLESGEEESE ("G835,C18", SEQ D
MNO:98), and

GOGGLGCEEESGEEESGELEEHGEGESGGHEGSGREAES ("G835,C5", SEQ D
MNO:9T7).

Furthermore, the linker may also be a poly(ethylene glycol) moiety, as shown ine.q.
WO 2004/081026.

]
(¥

In ancther embodiment, the immunoglobulin single variable domains are linked fo

each ofher via another moiely (optionally via one or two linkers), such as another

T
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polypeptide which, in a preferred but non-limiting embodiment, may be a further
irmmunoglobulin single variable domain as described above. Such moiety may either
be essentially inactive or may have a biclogical effect such as improving the desired
properties of the polypeptide or may confer one or more additional desired properties
to the polyvpeptide. For example, and without limitation, the moiety may improve the
hali-life of the protein or polypeptide, and/or may reduce its immuncgenicity or

improve any other desired property.

According to a preferred embodiment, a bispecific binding molecule of the invention
includes, espacially when infended for use or used as a therapsutic agent, a moiety
which extends the hall-life of the polvpeptide of the invention in serum or other body
fluids of a patient. The term "haif-life" is defined as the time it takas for the serum
concentration of the (modified) polypeptide o reduce by 50%, in vivo, for exampte
due to degradation of the polypeptide and/or clearance and/or sequestration by

natural mechanisms.

More specifically, such half-life extending moialy can be covalently linked to or fused
to an immunoglobulin single variable domaim and may be, without limitation, an Fc
portion, an albumin moiety, a fragment of an albumin moiety, an albumin binding
motety, such as an ardi-albumin immunoglobulin single varable domain, a fransferrin
binding moietly, such as an anti-transternn immunoglobulin single variable domain, a
polyoxyalkylene molecule, such as a polyethylene giycol molecule, an atbumin

hinding peplide or a hydroxyethy! starch (HES) derivative.

In another empodimert, the bispecific binding molecuie of the invention comprises &
moiety which binds to an antigen found in blocd, such as serum albumin, serum
immunoglobulins, thyroxine-binding protein, fibrinogen or transferrin, thereby
conferring an increased hall-iife /n vivo 1o the resulting polypeptide of the invention.
According to a specifically preferred embodiment, such moiety is an albumin-binding
immunoglobulin and, espacially praferred, an albumin-binding immunogicbulin single

variable domain such as an albumin-binding ViHH domain,

If intendad for use in humans, such albumin-binding Immunoglobulin single variable
domain preferably binds to human serum albumin and preferably is a humanized

albumin-binding VHH domain.

oy

-~ -
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immunogiobulin single variable domains binding to human serum aibumin are known
in the art and are described in further detail in e.g. WO 2006/122788. Specifically,
useful albumin binding VHHs are ALB 1 and its humanized counterpart, ALB 8

(WO 2009/095488). Other albumin binding WHH domains mentioned in the above

patent publication may, however, be used as well.

A specifically useful atbumin binding VHH domain is ALBB which consists of or

contains the amino acid sequence shown in 8EQ 1D NGO 98 or 519,

Avcording to a further embodiment of the invention, the two immunoglobulin single
variable domains, in preterably VHHs, may be fused to a serum albumin molecule,
such as described e.g. in WO01/79271 and W0O03/59834. As e g described in

WO 2001/789271, the fusion protein may e obtained by conventional recombinant
technology: a DNA molecule coding for serum albumin, or a fragment thereof, is
joined to the DMNA coding for the bispacific binding molecule, the obtained construct is
nserted into a plasmid suitable for expression in the selected host cell, e.g. a yeast
cell ke Pichia pastoris or a bacterial cell, and the host cell is then iransfected with
the fused nucleotide segquence and grown under suitable conditions. The sequence
of & useful HSA s shown in SEQ ) NO: 89

According to anciher embodiment, a haif-life extending modification of a polypepiide
of the invention (such maodification also reducing immunogenicity of the polypeptide)
comprises attachment of a suitable charmacologically accaptable polymer, such as
straight or branched chain poly(ethylene glycol) (PEG) or derivatives thereof (such as
meihoxypoly{ethyiene glycol) or mPEG). Generally, any suitable form of PEGylation
can be used, such as the PEGylation used in the art for antibodies and antibody
fragmems (including but not limited o domain antibodies and schv's), reference is
Veronese
Mat. Rav.

made, for example, to: Chapman, Nat. Biotechnol., 54, 531-545 (2002);

and Harris, Adv. Drug Deliv. Hev. 54, 453-456 (2003); Harris and Chess
Urug. Discov. 2 (2003); and WO 2004/060965.

1

Various reagents for PEGylation of polvpeptides are also commerciaily available, for
sxarnple from Nektar Therapeutios, USA, or NOF Corporation, Japan, such as the
Sunbright® EA Series, SH Series, MA Series, CA Series, and ME Series, such as
Sunpright® ME-T00MA, Sunbright® ME-200MA, and Sunbright® ME-400MA.
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Preferably, site-directed PEGylation is used, in particular via a cysteine-residue (ses
for example Yang ef a/., Protein Engineering 16, 761-770 (2003)). For example, for
this purpose, PEG may be attached {0 a cysteine residus that naturally ococurs in a
polypeptide of the invention, a polypeptide of the invention may be modified so as to
suitably infroduce one or more cysteine residues for attachment of PEG, or an amino
acid sequence comprising one or more cysteine residuas for attachment of PEG may
pe fused o the N- and/or C-terminus of a polypeplide of the invention, all using

techniques of protein engineering known per se to the skilled person.

Preferably, for the polypegtides of the invention, a PEG is used with a molecular
welght of more than & kKDa, such as more than 10 kDa and less than 200 kDa, such

as less than 100 KDa; for example in the range of 20 ki3a to 80 kDa.

With regard to PEGyiation, its should be noted that generaily, the invention also
encompasses any bispedciic binding moleculs that has been PEGyiated at one or
more amino acid positions, preferably in such a way that said PEGylation either {1)
mereases the nalf-life in vivo; (2) reduces immunogenicity; (3) provides one or more
further beneficial properties known per se for PEGylation; (4) does not essentially
affect the affinity of the polypeptide for its target (2.g. does not reduce said affinity by
more than 50 %, and more preferably not by more than 10%, as determined by a
suitable agsay described in the art); andfor (4) does not affect any of the other
desired properiies of the bispecific binding molecuies of the invention. Suitable PEG-
groups and methods for attaching them, either specifically or non-specifically, will be
clear to the skilied person. Various reagents for PEGylation of polypeptides are also
commercially available, for example from Mektar Therapeutics, USA, or NOF
Corporation, Japan, such as the Sunbright® E£A Series, SH Series, MA Series, CA
series, and ME Series, such as Sunbright® ME-T00MA Sunbright® ME-2000A, and

Sunbright® ME-400MA.

According to an especially preferred embodiment of the invention, a PEGylated
polypeptide of the invention includes one PEG moiety of linear PEG having a
melecular weight of 40 kDa or 80 kDa, wherein the PEG moietly is attached to the
pcﬁlypaptide int a linker region and, specifially, at a Cys residue at position 5 of a G39-
inker peptide as shown in SEQ 1D NO:93, at position 14 of a GS27-linker peptide as
shown in SEQ 1D NO:S5, or at position 15 of a GS835-linker peptide as shown in SEQ
10 MNO:S6, or at position & of a 35G5-inker peptide as shown in SEG 1D NG:97.

~39-
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A bispecific binding molecule of the invention may be PEGylated with one of the PEG
reagents as mentioned above, such as "Sunbright® ME-400MA", as shown in the

foliowing chemical formula:

.
0 o
H i ;”M b
OO Ha O 0 — OHCH O HR MHO IO Lo
3 ) @ ke , ER e
. R

Sispecific binding molecules that contain linkers and/or half-life extending functiona

groups are shown in SEQ D MO 81 and in Figurs 48

According to ancther embodiment, the immunogiobulin single variable domains are

domain antinodies, as defined hsrain.

immunoglobulin single variable domains present in the bispecific binding molaeculas
of the invention may also have sequences thal correspond o the amino acid
sequence of a naturally occurring VH domain that has been "camelized", i.e. by
replacing one or more amino acid residues in the amine acid sequence of a naturally
ocourring varable heavy chain from a convantional 4-chain antibody by one or more

ks

armino acid residues that occur at the corresponding position(s) in a VHH domain of a

1

haavy chain aﬂtibof:z‘y This can be performed in a manner known per se, which will

be clear to the ed person, and reference is additionally be made to WO 94/04678.

such camelization may preferentially oceur at amino acid positions which are present
at the ViYL interface and al the so-called Camelidae Hallmark residues (sse for

example alse WO 94/04678). A detailled descrighion of such "humanization” and

LAY

"camelization” techniques and preferred framework region seguences consistent
therewith can additionally be taken from e.g. op. 46 and pp. 98 of WO 2006/040153

and po. 107 of WG 2006/122788,

The binding components have specificily for Ang? or Dil4, respectively, in thal they
comprise In a preterred embodiment one or more immunogicbulin single variable
domains specifically binding to one or more epitoces within the Ang2 molscule or

within the DI moleculs, respectively.

Specific binding of @ binding component to its antigen Ang2 or D4 can be
determined in any suitable manner known per se, including, for example, the assays

dascribed herein, Scatchard analysis and/or competitive binding assays, such as

(3
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radioimmunoassays (RIA), enzyme immunoassays (EIA and ELISA) and sandwich

competition assays, and the different variants theraof known per sa in the art.

With regard to the antigen Ang2 or D4, respectively, an immunoglobulin single
variable domain is not imited with regard to the species. Thus, the immunoglobulin
single variable domains preferably bind to human Ang2 or to hurmnan Dil4,
respectively, if intended for therapeutic purposes in humans. However,
imrunoglobulin single variable domains that bind to Ang;?_ or D4, respectively, from
anocther mammalian species, or polypeplides containing them, are also within the
scope of the invention. An immunogiobulin single variable domain binding to one
species form of Ang2 or Dil4 may cross-react with the respective antigen from one or
rore other species. For example, immunoglobulin single variable domains binding to
the human antigan may exhibit cross reactivily with the respective antigen from one
or more ofher species of primates and/or with the anligen Trom one or more spacias

of animals that are used in animal models for diseases, for exampie monkey {in
particular Cynomolgus or Bhesus), mouse, rat, rabbit, nig, dog or) and in particular in
animal models for diseases and disorders that can be modulated by inhibition of
AngZ (such as the species and animal models mentionad herein). Immunoglobulin
single variable domains of the invention that show such cross-reactivity are
acdvantagecus In a research and/or drug development, since it allows the
immunocglobulin single variable domains of the Invention to be tested in
acknowledged disease modals such as monkeys, in particular Cynomolgus or

Hhesus, or mice and rals.

Also, the binding compoeneants are not limited o or defined by a specific domain or an
antigenic determinant of the antigen against which they are directed. Preferably, in
view of cross-reactivity with one or more antigen molecules from species other than
niuman that is/are intendad for use as an animal model during development of a
therapeutic Ang2/Dild antagonist, a binding component recognizes an epilope in a
region of the the respective antigen that has a high degree of identity with the human

antigen. By way of example, in view of using a mouse modeal, an anti-Ang?2
mmunoglebulin single variable domain contained in the bispacific binding molecules
of the invention recognizes an epitope which is, totally or in part, located within the

EGF-2 domain of Ang?, which shows a high identity between human and mouse.

4.
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Therefore, according to a preferred embodiment, the bispecific binding molecuie of
the invention comprises a Dll4-binding molecule which is an immunoglobulin single
variable demain that is selected from the group that binds to an epifope that is {otally
or partially contamed within the EGF-2 domain that corresponds to amino acid
residues 252-282 of SEQ 1D NO:101.

in ancther aspect, the invention relates to nucleic acid molecules that encode
bispacific binding molecules of the invention. Such nucleic acid moelecules will also be
referred o herein as "nucleic acids of the invention” and may also be in the form of a
genatic construct, as defined herein. A nuclelc acid of the invention may be genomic
DNA, cDNA or synthetic DNA (such as DMA with a codon usage that has baen
specifically adapied for expression in the intended host cell or host organism).
According to one embodiment of the invention, the nucleic acid of the invention i1s in

assentially isclated form, as defined hereabove.

The nucleic acid of the invention may also be in the form of, may be presseem in and/or
may be part of a vector, such as for example a plasmid, cosmid or YAC. The vactor
may especially be an exprassion vector, 1.e. a vector that can provide for expression
of the bispecific binding melecule in vifro and/or 7 vivo (i.e. in a suitable host cell,
host organism ana/or expression system). Such exprassion vector generally
comprises at least one nucleic acid of the invention that 1s operably inked to one or
more sujtable regulatory elements, such as promoter(s), enhancer(s), terminator(s),
and the like. Such elements and their selection in view of expression of a specific
seqguence in a specific host are common knowledge of the skilled person. Specific
examples of regulatory elements and other elements useiul or necessary for
expressing bispeciiic binding melecules of the invention, such as promoters,
enhancers, terminators, integration faciors, selection markers, leader sequences,
reporter genes, and the like, are disclosed 2.g. on pp. 131 10 133 of

WO 2006/040153.

The nucleic acids of the invention may be prepared or oblained in a manner known
per s& (e.g. by automated DNA synthesis and/or recombinant DNA technology),
based on the information on the amino acid segquences for the polypeptides of the

mvention given hearein, andfor can be isclated from a suitable natural source.
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in another aspect, the invention relates to host cells that express or that are capable
of expressing one or mare bispecific binding molecules of the inveniion; and/or that
contain a nucleic acid of the invention. According to a particularly preferred
embodiment, said host cells are bacterial cells; other useful cells are veast cells,

fungat celis or mammalian calls.

Suitable bacterial cells include cells from gram-negative bacterial strains such as
strains of kscherichia coli, Froteus, and Fseudomonas, and gram-nositive bacterial

strains such as strains of Baciffus, Sfreptomyeas, Staphviococcus, and Lacliocooous,

suitable fungat csll include celis from species of Trichoderma, Neurospora, and
Aspergifius. buitable yeast cells include celis from species of Saccharomyces (for

example Saccharomyces cerevisiae), Schizosaccharomyces (for axample
Schizosaccharomyces pombea), Fichia (for example Fichia pastoris and Pichia

methanolica), and Hansenula,

Suitable mammalian cells include for example CHO cells, BHK calls, Hela cails,
COS cells, and the like. However, amphibian cells, insect cells, plant cells, and any
other celis used in the art for the expression of heterclogous proteins can e usad as

wall,

The invention Turther provides methods of manufacturing a bispecific binding

molecule of the Invention, such methods generally comprising the steps of

culiuring host cetls comprising & nudleic acid capable of encoding a bispecific
binding molecule under conditions that allow expression of the bispecific binding

molecule of the inveniion; and

recovering ofr isolating the polypeptide expressad by the host cells from the

culiure: and

- optionally further purifying and/or modifying and/or formulating the bispacific

ndding meiecule of the invertion.

:

ror production on an industrial scale, preferred host organisms include strains of
£ coli, Fichia pastoris, and S, cerevisiae that are suitable for large scale expression,
production and fermentation, and in particular for large scale pharmacautical

axprassion, produciion and fermentation.
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The choice of the speaific expression system depends in part on the requirement for
certain post-transiational modifications, more specifically glycosylation. The
production of & bispecific binding melecule of the invention for which glycosylation is
desired or required would necessitate the use of mammalian expression hosts that
have the ability to glycosylate the axprassed protein. In this respect, it will be olear to
the skilied parson that the glycosyiation pattern obtained (i &. the Kind, numbear and
position of residues attached) will depend on the cell or cell line that is used for the

BXOTES5I0N.

Bispecific binding molecules of the invention may be produced aither in & cell as sat
out above intraceliuliarty (e.q. in the cylosal, in the periplasma or in inclusion bodies)
and then isciated from the host calls and optionally further ourified; or they can be

produced extraceliuiarly (e.g. in the medium in which the host ceils are culiured) and

then isolatad from the culture medium and optionally further purified.

Meathods and reagents used for the recombinant production of polypectides, such as

.}

ﬁ

specific sultable expression vectors, transformation or transfection methods,
selection markers, methods of induction of protein exprassion, culture conditions, and
the tike, are known in the art. Similarly, protein isolation and purification technigues
useful in & method of manufacture of a polypeptide of the invention are well known o

the skilled person

a further aspect, the invention relates to a peplide having an amino add sequence
of a CDR3 contained in an anbi-Dl4-YHM having an aminoe acid sequence selected
from seguences shown in SEG D MOs: 110 166 and 458, SEQ D NOs: 333 1o 353,
or SEQ D NOs: 375 1o 385, respectively, and a nucleic acid molecule encoding

D,

. o

Thase pepiides correspond to ODR3s derived from the VHHs of the Invantion. They,
i particular the nucleic acid molacules encoding them, are useful for CDR grafting in
order o replace a COR3 in an immunoglobulin chain, or for inssrtion into a non-

immunoglobulin scaffeld, e.¢. a proteasa inhibitor, RMA-binding protein, cytochrome

0562, a helix-bundie protein, a disulfide-bridged peptide, a lipocalin or an anticalin,
thus conferring target-binding preperties to sueh scaffold. The method of CDR-

i

grafting is well known in the art and has been widely used, s.g. for humanizing

A4
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antibodies {which usually comprises grafting the CDRs from a rodent antibady onto

the Fv frameworks of a human antibody).

in order to obtain an immunoglobulin or a non-immunoglobulin scafeld containing a
CDR3 of the invent on, the DNA encoding such molecule may be obtained according
to standard methods of molecular biciogy, €.g. by gene synihesis, by oligonuclectide
annealing or by means of overlapping FOR fragments, as e.q. describad by
Daugherty el al 1991, Nucleic Acids Research, Vol 19, 9, 24712478, A method for
msarting a VHR CLOR3 into a non-immunoglobulin scaffold has been dascribed by
Micaise ef af, 2004, Protein Science, 13, 1882-1891.

The inveniion further relates o a preduct or composition containing or comprising at
least one pispecific binding moleculs of the invention and ogtionally one or more
further components of such compositions known per se, i.e. depending on the

intendead use of the composition

For pharmaceutical use, a bispecific binding molecule of the invention or a
polypepiide containing same may be formulated as a pharmaceutical preparation or
compaosition comprising at least one bispecific binding molecule of the invention and
al least one pharmaceutically acceptable carmier, diluent or excipient and/or adjuvarnt,
and optionally one or more further pharmaceutically active polypeptides and/or
compounds. By means of non-limiting examples, such a formulation may be in a form
suitabie for oral administration, for parenteral administration (sucn as by infravenous,
intramuscular or subcutaneous injection or intravenous infusion), for topical
administration, for administration by inhalation, by a skin paich, by an implant, by
suppository, efc. Such suitable administration forms - which may be solid, semi-solid
o iguid, depending on the manner of administration - as well as methods and
carriers for use in the preparation thereof, will be clear to the skilled person, and are

furiner described herain,

Thus, in a iurther aspect, the invention relates to a pharmac@uticzai composition ihat

contains at lzast one bispecific binding molecule, in particular one immunoglobutin

i

single varable domain of the inmvention or a polypeptide containing same and at least
ong suitable carrier, diluent or excipient (L.e. suitable for pharmaceutical use), and

optionally one or more further active substances.
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The bispecific binding molecules of the invention may be formulated and
adminisiered in any suitable manner known per se: Reference, in particular for the
immuneglobulin single variable domains, is for example made to WO 2004/041862,
WO 2004/041863, WO 2004/041865, WO 2004/041887 and WO 2008/020079, as
weli as to the standard handbooks, such as Remingtory's Pharmaceutical Sciences,
18" Ed., Mack Publishing Company, USA (1990), Remington, the Science and
Practice of Pharmacy, 21" Edition, Lippincott Williams and Wilkins (2005); or the
Handbook of TE"}afap@utic Antibodies (5. Dubel, BEd), Wiley, Wainheim, 2007 (see for

exampie pages 252-255

Foir example, an immunogiobulin single variable domain of the invention may be
formulated and administered in any manner known per se for conventional antinbodies
and antibody fragments (including Sckv's and diabodies) and other pharmacsuticaily
active profeins. Such formulations and methods for preparing the same will be clear
o the skilled person, and for example include praparations suitable for parenteral
acdministration {for example infravenous, intraperitoneal, subcutaneous,
intramuscular, intraluminal, intra-arterial or intrathecal administration) or for topical

(Le. transdermal or intradermal) administration.

Freparalions for parenteral administration may for example be slerile solutions,
suspensions, dispersions or emulsions that are suitable for infusion or injection.
suitaple carriers or diluents for such preparations for example include, without
limitation, sterile water and ;:m.armac—wmc&%}y acceptatie agueous buffers and
soiutions such as physiological phosphate-buffered saline, Ringer's solutions,
dexirose solution, and Hank's solution; water oils; glycerol; ethanol; glyeols such as
propylene glycol or as well as mineral oils, animal oils and vegatable cils, for sxample
peanut ol soybean oil, as well as suitable mikiures thersof. Usually, agueocus

solutions or suspensions will be preferred.

i

Thus, the bispecific binding molecule of the invention may be systemically
administered, e.g., orally, in combination with a pharmaceutically accentable vehicle
such as an inert diluent or an assimilable edible carrier. For oral therapsutic
administration, the bispeciiic binding molecuie of the invention may be combined with
one or more excipients and used in the form of ingestible tablets, buccal ablets,
froches, capsules, elixirs, suspensions, syrups, walers, and the like. Such

compositions and preparalions should contain at least G.1% of the Dild-binding
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molecule of the invention. Their percentage in the compositions and preparations
may, of course, be varied and may conveniently be between about 2 to about 80% of
the weight of a given unit dosage form. The amount of the bispecific binding matecule
of the invention in such therapeutically useful compaositions is such that an effective

dosage level will be cblained.

The tablets, pills, capsules, and the like may also contain binders, excipisnis,
disintegrating agents, lubricants and swestening or flavouring agents, for example
those mentioned on pages 143-144 of WG 08/020079. When the unit dosage form is
a capsule, it may contain, in addition to materials of the above type, a liquid carrier,
such as a vegetaole oil or a polyethylene giveol, Yarious other materials may be
present as coatings or to otherwise modify the physical form of the solid unit dosage
form. For instance, tablets, pills, or capsules may be coated with gelatin, wax, shellac
or sugar and the like. A syrup or elixir may contain the bispecific binding molecules of
the invention, sucrose or fructose as a swastening agent, methy! and propylparabens
as presarvatives, a dye and flavoring such as cherry or orangs flavor. Of course, any
material used in preparing any unit dosage form should ba pharmaceutically
acz:ep’sab!e and substantially non-toxic in the amounts emploved. in addition, the
bispecific pinding molecules of the invention may be incorporatad into sustained-

release preparaticns and device

Freparations and formuiations for oral administration may also be provided with
enteric coating tnat will allow the constructs of the invention to resist the gastric
environment and pass info the intestines. More generally, preparations and
formuiations for oral administration may be suitably formulated for delivery into any

desired part of the gastrointestinal tract. In addition, suttable suppositories may be

used for delivery into the gastromiastinal tract,

The bispecific binding molecules of the invention may also be administered
intravenously or infraperitoneally by infusion or injection, as further dascriped on

pages 144 and 145 of WO 2008/020079.

For topical administration of the bispecific binding molecules of the invention, it will
generally be desirable to admmister tham {o the skin as compositions or formulations,
in combination with a dermatologically acceptable carrier, which may be a solid or &

liguid, as further described on page 145 of WO 2008/020079.
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Generslly, the concentration of the bispecific binding molecules of the invention in a
iguid composition, such as a lotion, will be from about 0.1-25 wt-%, preferably from
apout 0.5-10 wt-%. The concentration in g semi-solid or soilid composition such as a

gel or a powder will be about 0.1-5 wi-%, preferably about 0.5-2.5 wi-%.,

iy

The amount of the bispecific binding molecules of the invention required for use in
treatrent will vary not only with the particular bispecific binding moleculs selectad,
but also with the route of administration, the nature of the condition being treated and
the ages and condition of the patient and will be ultimately at the discretion of the
attendant physician or clinician. Also, the dosage of the bispecific binding molacules
10 of the invention varies depending on the target cell, fumor, tissue, grafl, or organ. The
desived dose may convenienily be presentad in a single dose or as divided doses

administered at approprieﬂe miervais, for -exa‘m‘:pi@; as two, thr@e, FOUT OF More sub-

discrete loosely spaced administrations; such as multipﬁe inhalations from an

15 insufflator or by application of a plurality of drops into the ave.

An administration regimen may include long-term, daily treaiment. By “long-term” is
meant al least two weeks and preferably, several weeks, months, or years of
duration. Mecessary modifications in this dosage range may be determined by one of
ordinary sxill in the art using only routine experimentation given the teachings herein,
20 See Remingten's Pharmaceutical Scisnces (Martin, EW ) ed. 4), Mack Fublishing
(-0., Easton, PA. The dosage can alse be adiusted by the individual physician in the

avent of any complication.

According to a furiher embodiment, the invention relates (o the use of bispecific
b H

binding molecules of the invention, e.g. immuncgiobulin single variable domains or

B
[
A1

polypeptides containing them, for therapautic purposes, such as

- Yor the prevention, reatment and/or alleviation of a disorder, disease or condition,
especially in a human b@mg, that is associated with DlIl4-mediated and/or Ang2-
related sffects on anglogenesis or that can be prevented, treated or alleviated by
modulating the Notch signaling pathway and/or the Tie2 signalling pathway with a

30 bispadcific binding molecule according to the invention,

- i & method of treatment of a patient in need of such therapy, such method

cornprising administering, to a subject in nesd thereof, a pharmaceutically active

A3
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amount of at least one bispecific binding molecule of the invention, e.g. an
immunoglobulin single variable domain, or a charmaceutical composition

containing same;

- for the preparation of a medicament for the prevention, treatment or alleviation of
agisorders, diseases or conditions associated with Dlil4-mediated and/or Ang2-

mediated effects on angiogenssis;

- as an active ingredient in a pharmaceutical composition or medicameant used for

the above purposes.

According (o a speciiic aspect, said disorder disorder, dissase or condition is a

cancer or cancersus disease, as defined hersin.

According to another aspect, the disease is an eye disease associated with
associated with Dlid-mediated and/or Ang2-mediated effects on angiogenesis or

which can be treated or alleviated by modulating the MNoten signaling pathway and/or

the TieZ signalling oathway with a bispecific binding molacule.

Depending on the cancerous disease (o be treated, a bispecific binding molecule of
the invention may be used on its own or in combination with one or more addifional
therapeulic agents, in particular selected from chemotherapautic agents like DMNA
damaging agenis or therapeutically active compounds that inhibit angiogenesis,

signat transduction pathways or mitotic chackpoints in cancer cells.

The addiional therapautic agent may be administerad simultansously with, optionally
as a componant of the same pharmaceutical praparation, or before or afier

administration of the bispecific binding molecule.

i

I certan embodiments, the additional therapeutic agent may be, without limitation,
ong or more inhibitors selecied from the group of inhibitors of EGEFR, VEGFR, HER2-

neu, Herd, Aurorah, Aurorad, PLK and PI3 kinase, FGFR, PRGHFR, Raf, Ras, KE8P,

PO, PTRZ, IGF-R or IR

Further examples of additional therapeulic agenis are inhibitors of CDK, Akt sro/bor
abl, ckit, cMel/HGF, c-Myc, FII3, HSPB0, hedgehog antagonists, inhibitors of

JAKIGTAT, Mek, mTor, NFkappaB, the proteasome, Rho, an inhibitor of wrt signaling

A
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or an inhibitor of the ubiquitination pathway or another inhibitor of the Motch signaling

oathway.

xampies for Aurora inhibitors are, without limitation, PHA-738358, AZD-1152,
AT 9283, CYC-116, R-763, VX680, VX-6687, MLN-8045, PF-3814735.

L

An aexample for a PLK inhibitor Is GEK-461364.

Fxamples for raf inhibitors are BAY-73-4506 (also a VEGFR inhibitor), PLXC 4032,
RAF-265 {also in addition a VEGFR whibitor), sorafenib {also in addition 2 VEGFR
inhibitor), and AL 281,

&

mxamples for KGP inhibitors are ispinesip, ARRY-520, AZD-4877, CK-1122687,
10 GSK 246053A, GEK-923205, MK-0731, and S5B-743921.

Examples for a src and/or bor-abl inhibitors are dasatiniD, AZD-0530, bosutinib,
KL 228 (aiso an IGF-TR inhibiter), nifotinib (also a PBGFR and cKit inhibiter), imatinib

(also a cKit inhibitar), and NS-187.
An example for a PDET inhibitor is BX-517.
15 A example for a Rhoe inhibitor is BA-210.

Examples for PI3 kinase inhibitors are PXA-308, BEZ-235 (also an mTor inhibiter),

A 418 {also an Akt inhibitor), X147 and XL 765 {aiso an mTor inhibitor).

Examgples for inhibitors of cMet or HGF are X184 (also an inhibitor of VEGFR, ¢
Fitd), PR-2241066, MIK-2461, XL-880 (also an inhibitor of VEGFR), MGCD-2685 (a%so
20 an inhibitor of VEGFR, Ron, Tie2), BU-11274, PHA-GE5752, AMG-102, and AV-2

Art example for a ¢-Myo inhibitor is CX-3543.

cxamples for FIt3 inhibitors are AGC-220 {also an inhisitor of ckit and PDGFRY,

KWW 2449 lestaurtirib (giso an inhivitor of VEGFR, PDGF R, ?535-(53), TE-101348 (alse

an mhibitor of JAKD)Y, X1L-89% {also an inhibior of okit, FGFR, PDICFR and VEGFR
25 sunitinib {also an inhibitor of PDOGFR VEGFR and ckit), and tanduiinib (also an

inhiditor of PRGEFR, and cKit).

Exampies for H3PO0 inhibitors are tanespimycin, alvespimycin, IP-504 and
CHNEF 2024
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Exampies for JAK/STAT inhibitors are CYT-997 (also interacting with tubulin),
TG 101348 {alsc an inhibitor of FIE3), and XL-019,

xamples for Mek inhibitors are ARRY-142886, PD-325301, AZD-8330, and XL 518.

Examples for mtor inhibitors are temsirolimus, AP-23573 (which also acts as a
VEGF inhibitor), everolimus (a2 VEGF inhibitor in addition). XL-785 (also a PI3 kinase

innhibiton), and BEZ-235 (also a P13 kinase inhibitor).
Examples for Akt inhibitors are perifosine, GSK-680683, RX-0201, and triciribine.

Examples for ¢l inhibitors are AB-1010, O81-930 (also acts as a VEGFR inhibitor),
AC-220 (also an inhibitor of Fit3 and PDGER), tandutinib (also an inhibitor of FI3 and
PDGFR), axitinib (also an inhibitor of VEGFR and PDGFR), XL-999 (also an inhibitor
of FIt3, PDGFR, VECGFR, FGFR), sunitinib (also an inhibitor of FI3, PDGFR,

YVEGER), and X1-820 (also acts as a VEGFR- and PDGFR inhibitor), imatinib (also a

ber-abl inhipitor), nilotinib (also an inhibitor of ber-abl and PRGFR).
Examples for hadgehog antagonists are 1P1-609 and CUR-81414.

Examptes for COK inhibitors are seliciclib, AT-7519, P-278, ZK-CDK (also inhibiting
VEGFRZ and PDGFR), PD-332991, R-547, SNE-032, PHA-690509, and AG 024322,

xamples for proteasome inhibitors are bortezomib, carfilzomib, and NPI-0052 (also

an inhibitor of BMi-kappaid).
An example for an NEFkappaB pathway inhibitor is NPL-0052.
An exarnple for an ubiquilination pathway inhibitor is HBX-41108,

in preferred embodiments, the additional therapeutic agent is an anti-angicgenic
e

Examples for anti-angiogenic agents are inhibitors of the FGFR, PDGFR and VEGFR
or the respective ligands {e.g VEGF inhibitors like pegaptanib or the anti-VEGF
antibody bevacizumab), and thalidemides, such agents being selectad from, without
limitation, bevacizumab, motesanib, COP-791, SU-14813, telatinib, KRN-951,
7K-CDK (also an inhibitor of CDK), ABT-869, BMS-690514, RAF-265, IMC-KDR,
IMC-18F1, IMIDs (immunomodulatory drugs), thalidomide derivative CC-4047,
lenalidomide, ENMD 0985, IMC-D11, Ki 23057, brivanib, cediranib, XL-998 (also an

57
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inhibitor of ckit and FIE3), 183, CP 868596, IMC 3G3, R-1530 (also an inhibitor of
FI3), sunitinib {alse an inhibitor of cKit and FI3), axitinib (also an inhibitor of cKit),
lestaurtinib (also an inhibitor of FIt3 and PKC), vatalanib, tandutinib (also an inhibitor
of FiE3 and cKit), pazopanib, GW 786034, PF-337210, IMC-11218, AVE-0005,
AG-137306, E-7080, CHIR 258, sorafenib tosyiate (also an inhibitor of Raf), RAF-265
(also an inhibitor of Raf), vandetanib, CP-547832, GS1-830, AEE-788 (also an
inhibitor of ZGFR and Her2), BAY-57-9352 (also an inhibitor of Raf), BAY-73-4506
(also an inhibitor of Raf), X1 880 (also an inhibitor of cMet), XL-847 {also an inhibitor
of EGFR and EphB4), XL 820 {also an inhibitor of ciit), and nilotinib {(also an inhibitor

of cKit and bre-abl),

The additional therapeutic agent may also be selected from EGHFR inhibitors, it may
e a small molecule EGFR inhibiter or an anti-EGEHR antibody. Examples for anti-
EGFR antibodies, without Emitation, are cetuximab, panitumumab, matuzumab; an
example for a small molecule EGFR inhibitor is gefitinib. Ancther example for an

EiGFR modulator is the EGF fusion toxin.

Among the EGFR and HerZ inhibitors useful for combination with the bispecific
oinding molecule of the invention are lapatinib, gefitinib, erlotinib, cetuximéb!
tfrastuzumab, nimoiuzumab, zalutumumab, vandetanib (alsc an inhibitor of VEGFR),
pertuzumab, XL-647, HKZ72, BMS-500026 ARRY-334543, AV 412, mAB-808,
BMS-690514, JNJ-26483327, AEE-788 (also an inhibitor of VEGFR), ARRY-333786,
MC-11F8, Zemab.

Other agents that may be advantageously combined in a therapy with the bispecific
binding molecule of the invention are tositumumab and ibritumomab tiuxetan {two
radiclabelled anti-C 020 antibodies), alemtuzumab (an anti-CD52 antibody),
denosumab, (an osteoclast differentiation factor ligand inhibiior), galiximab (a CD80O
ardagorust), ofatumumab (a CD20 inhibitor), zanolimumab (a CD4 antagonist),
S5GN40 (g CD40 ligand receptor modulator), ritwdmab (a CD20 inhibitor) or

mapatumumab (a TRAIL-1 recaptor agonist).

Other chemotherapeutic drugs that may be used in combination with the bispecific
binding molecuie s of the present invention are selected from, but not limited to
hormones, hormonal analogues and antihormonals (e.g. tamaexifen, toremifens,

raloxifene, fulvestrant, megestrol acetate, flutamide, nilutamide, bicalutamide,
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cyproterone acetate, finasteride, buserelin ascetate, fludrocortisone, fluoxymesterons,
medroxyprogesterane, octrectide, arzoxifene, pasireotide, vapreotide), aromatase
inhibitors (e.g. anastrozole, lelrozole, liarozole, exemestane, atamestane,
formestane), LHRH agonists and antagonists (e.g. goserelin acetate, leuprolide,
abarelix, cetrorelix, deslorelin, histrelin, iriptorelin}, antimetapclites (e.g. antifolales
ltke methotrexate, pemetrexed, pyrimidine analogues like 5 fluorouraci, capacitabine,
decitabine, nelarabine, and gemcitabine, purine and adenosine analogues such as
mercapmpurme thioguanine, cladribine and pentostatin, cytarabine, fludarabine);
antitumor antibio (cq antnracyclines like doxorublicin, daunorubicin, apirubicin

and idarubicin, mitomycin-C, bleomyein dactinomycin, plicamycin, mitoxantrone,
R

pixanirone, streptozocin; platinum derivat &.q. cisplatin, oxaliptatin, carboplatin,
lobaplatin, satraplatin); alkylating agents (e.q. esa‘%fam;.as'ime, meciorsthamine,

meiphalan, chlorambucii, busulphan, dacarbazine, cyclephosphamide, ifosfamids,
hydroxyurea, temezolomide, nirosouwreas such as carmustine and lomustine,
thictepa), antimitotic agenis (a.g. vinca alkaloids like vinblastine, vindesine
vinorsibine, vinflunine and vir C‘réfs%.ine; and teansas like paclitaxel, docetaxel and their
formulations, larotaxel; simotaxel, and epcthilones like ixabepilone, patupilons
ZK-EPOY, topoisomerase inhibitors (e.g. epipodophyliotoxins like etoposide and
etopophos, ieniposide, amsacrine, topotecan, irinotecan) snd miscellaneous
chemotnerapeutics such as amifostine, anagrelide, interferone alpha, procarbazine,

mitotane, and porfimer, bexarotens, celecoxib.

Particularly preferred combination partners of the bispecific binding molecules of the
present invention are VEGF antagonists, like bevacizumab (Avastin®), Vargatef®,

Sorafenib and Sunitinib.

L l

The efficacy of bispecific inding moiscuias of the invention or polypeptides
cortaining them, and of compositions comperising the same, can be lested using any
suitable i vifro assay, cell- based assay, I vivo assay and/or animal mode! known
per se, or any combination thereol, depending on the specific disease or disorder of
interest, Suitable assays and animal models will be clear to the skilled person, and
for example include the assays described herein and used in the Examples below,

&.g. a proliferation assay.

The data obtained in the experiments of the invention confirm that Dlld-binding

components of the invention have properties that are superior to those of Dild-binding

£
-y
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molecules of the pricr art, as can e.g. be taken from the ELISA data of Figure 10,
shiowing that affinity-matured WYHHs block hDLLA/hNotcht-Fo interaciion |

compiete manner, as well as the 1Csp (nM) values for affinity matured VHHs in
nbLLd/nMNotehi-Fo competition ELISA,; and the affinity Kp (nM) of purified affinity
matured ¥VHHs on recombinant human DLL4A and mouse DLL4. This indicates that
Dild-binding componenis of the invention are promising candidatas o have
therapeutic efficacy in diseasas and disorders associated with Dild-mediated effects

on angiogenesis, such as cancer.

According to another embodiment of the invention, there is provided a meathod of

diagnosing a disease by

a) contacting a sample with a Dlld-and/or Ang? binding component of the invention

as definad above, and
D) detecting binding of said Dll4-and/or AngZ-binding component to sald sample, and

c) comparing ihe binding detected in step (b) with a standard, wherein a difference in
binding relative to said sample is diagnostic of a disease or disorder associated with

Dild-mediated effacts on angiogenasis

For this and other uses, it may be useful to further modify a bispecific binding
component of the inveniion, such as by introduction of a functional group that is one
cart of a specific binding pair, such as the bictin-(streptiavidin binding pair. Such a
functional group may be usead {0 link the bispecific binding molecule of the invention
o ancther protein, polypeptide or chemical compound that iz bound to the other half
of the binding pair, L.e. through formation of the binding pair. For example, a bispeacifi
binding molecule of the invention may be conjugatad to biotin, and linked o another
arotein, polypeptide, compound or carriar conjugatad to avidin or streptaviding For
example, such a conjugated bispecific binding molecule of the invention may be usead
as a reporter, Tor example in a diagnostic system where a deteciable signal-

producing agent is conjugated to avidin or streptavidin.

54
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Amino acid sequence alignment of human, rhesus and cynomelgus
Dl

Human and mouse DLL4 del%"‘ti{)ﬂ mutants (amino acid domain

poundaries in supersocrint).
Purified VHHSs blocking hDLLA/MNotch-Fo interaction (ELISA)
Furified VHHs blocking nDLL4/MNoich1-Fo interaction (AlphaScraen).

Purified VHHs blocking CHO-hDLLA/MNoich!-Fo and

CHO-mGLLA/MNGteh1-Fo interaction (FIMATY.
Furified VHHs blocking DLL4 meadiated Notch1 cleavage (reporier).

dinding of purified VHESs o recombinant human and mouse DLL4

Binding of purified VHHSs (o recambinant human DLLT and human

Jagged-1 [ELISA).
Binding of purified VHHs to human/mouse/cynomolgus DLLEA (FACS).

Affinity matured VHHs blocking hDLiLd/nNotcht-Fo interaction (ELISA).

» Purified affinity matured VHHs blocking CHO-hDLLA/hNotch1-Fe and

CHO-mDLLA/NNolchT-Fo interaction (FMAT).

Binding of purified VHHs to human/mouse DLLA(ELISA).

o Binding of purified affinity matured VHHs 1o recombinant human D11

Binding of purified ¥YHHs to human/mouse/cynomelgus DLLA (FACS).

: BEvalugtion of VHH effects on Dild-mediated inhibition of HUVEC

Description cycle 1 DLLAxANG? ViiHs

SB5L
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Purified cycle 1 DLLAxANGZ VHHs blocking hbLL4-hNotch1 interaction
(ELISA)

: Purified cycle 1 DLLAxANg2 VHHSs blocking CHO-hDLL4/MNotch (44-1)

and CHO-mDLL4/Notch1 (44-2) interaction (FMAT)

: Purified cycie 1 DLLAxANGZ VHHSs binding to human, mouse and

cynomoigus BLL4A overexpressing CHO celis (FACS)

» Purified cycle 1 DLLAxANGZ ViHHs binding to human, mouse and rat

14 (FLISA)

: Purified cycle 1 DLL4AxANg2 VHHS binding to human DLL1 and Jagged-1

(ELISA)

¢ Purified cyele 1 DLLAxANg2 ViHHs blocking hAng2-hTieZ (48-1), mAng2-

mTie2 (48-2) and cAng2/cTie? (43-3) interaction (ELISA)

: Description cycle 2 DLLAxAngG2 bispecific VHHs

4 Purified oycle 2 DLLAxANGZ VHHs blocking nDLL4-hMNotch1 interaction

(ELISA)

Er Purified cycle 2 DLLAxANg? VHHs blocking CHO-hDLL4/Moteh? (51-1)

"3 i

and CHO-mULLA/NGtenT (51-2) interaction (FMAT)

Purified cycle 2 DLLAxANGZ ViHHs blocking hDLL4 mediated Motch

activation (reporter gene assay)

: Purified cycle 2 DLLAxANgZ WHHS binding to human, mouses and

cynomoigus DLLE overexpressing CHO cells (FACS)

-

ted cyole 2 DLLAKANGZ WHHS binding o human, mouse and rat

DLLA (ELISA)

Furied cycle 2 DLLAXANG2 ViidHs binding to human DLLT and Jagged-1
(ELISA)

c Purified cycle 2 DLL4AxANGZ VHMSs blocking hAng2-hTie2 (56-1), mAng2-

mtieZ (56-2) and cAng2/cTie2 (58-3) interaction (ELISA)

56-
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Figure 31 Purified cycle 7 DLLAxANRGZ VHHSs biocking hAng1-hTieZ interaction

(ELISA)

Figure 32

survival.

Materials

aj Genera

and cynemoigus

and mathods

tion CHO and HER293 cell lines qvere

4

XPressing human, mouse

Purified cycle 2 DLLAxANgZ VHHs biocking hAng? mediated HUVEC

The cDMAs encoding human (520 10 NO 417 NM 018074 2) and mouse Dil4

(NM_019454.2

(BioThain,

from C&7/816 strain), respec

UTR of the corresponding sequence (see Table 1, SE0 D NO:421 (o 426).

Amplicons are cloned into the mammalian expression vector pCONAZ 1{(+)-nev
{nvitrogen, Carlsbad, CA, USA),

Table 1: Oligonuciectide sequences used for amplification of D114 gene angth

orthologues.

Hayward, CA,

fively, using oligonuciactides

:

designad inthe &

GCGAACAGAGCCAG
ATTGAGG (SEQ D
NO:421)

GAGCCGACATCCCTA
ACAAGC (BEQ D
MO 423)

Human DLLA Mouse DLLA Cynomolgus D14
>Fwd hDLl4g >Fwd mblLLd »Fwd cDLL4

SCGAACAGAGCCOAG
ATTCAGG ISED T

003 N VI 4 5
MO:425)

»Rev hDLLA

NO422)

>Rev_mDLL4

NO:A24)

»Hev ciii4d

GGATGTCCAGOGTAGS | COTCAACTUTGTTCC | CCAGACAGACACCC
CTCCTG (BEQ D CTTGG(BEQ D ABAGGT (SEQ D

NO:428)

S5

4y are amplified frem a Human Adult Normal Tissue Heart cDNA fibrary
LSA) and a Mouse Heart Tissue cDNA library (isolated

ang 3
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Cynomolgus D4 cONA is amplified from a Cynomolgus Normal Tissue Heart cDMNA
library (BioChain, Hayward, CA, USA), using primers designed onthe & and 3 UTR
of the D4 encoding sequence of the closely related species rhesus (Macaca mulatta
Dlid, SEQ 1D NO:418; XM_001089250.1) (see Table 1). The final amplicon is clonad
in the mammalian expression vector pCDNA3Z 1{+)-neo (Invitfrogen, Carlsbad, CA,
UBAY The amino acid sequence of cynomolgus D4 was shown to be 100% identical
to rhesus, and 29% identical to human (see Figure 1; differences from the human

sequence are indicated as bold-underlined).

To establish Chinese Hamster Ovary {CHO) cells overexpressing human Dil4, mouse
CHi4 or cynomoigus Dil4, parental CHO cells are electroporated with pCDNAZ 1(+)-
neo-hDi4, ocDNAS H(+)-nec-mDid or pcDNAS A (+-neo-clli4, respectively. Human
Embyonic Kidney (HEKZ93) cells overaxprassing human D4 and mouse D4 are
generated by lipid-mediated transfection with Fugene (Roche) of pCONAZ 1(+)-neo-
nD4 or mDI4 plasmids, respectively, in the HEK293 parental cell fine. For all
condittons, transtectants are selected by adding 1 mg/ml. ganeticin {Invitrogen,
Carisbad, CA, UBA).

b) Generation of monocional anti-Dif4 1gG and Fab fragment

in Ub 2008/0014186 (Genentech) a human/mouse cross-reactive D4 maAb is
described that was used by Ridgway ef a/, (2008) to show additive effects of VEGF
mAb and D4 mAb on tumor growth in a number of xenograft models. This anti-Dil4
mADb and 118 corresponding Fab are purified to assess the properties of this antibody
{fragrment) in biochemical/cellular assays and xenograft models and for specific
elutions during phage selections. The published variable heavy and light chain
sequences of DM mADb are cloned into a higG2ax framework, transiently expressed
in HEK293 cells and purified from supernatants using prolein A chromatography.
Furified D4 mADb shows binding to human Did and mouse DE4 in ELISA and FACS
(using CHO-mDI4 and CHO-hDI4 cells), sub-nanomclar affinities to both growth

tactor orthologues in Biacoere.

The corresponding Dil4 Fab fragment is constructed via gene assernbly based on
back-translation and codon optimization for exprassion in £. cofi using Leto’'s Gens
Optimization software (www.entechelon.com). Oligonucleotide primers for the
assembly of the variable light chain (V.), variable heavy chain (Vy), constant light

.58
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chain (Cy) and constant domain 1 of the heavy chain (Cuq) are designed and an
assembly PCR is performed. The cDNA segments encoding Vi+Cy and Vu+Chy are

cloned into a pUC119-derived vector, which contains the LacZ promotor, a resistance
gene for kanamycin, a multiple cloning site and a hybrid glii-pelB leader sequence,
using the restriction sites Sfil and Ascl and the restriction sites Kpnl and Notl,
respectively. In frame with the Fab coding sequence, the expression vector encoedes
a C-terminal HA and Hist-tag. The Fab fragmant is expressed in E. coli as Hisb-
tagged protein and subsequently purified from the culture medium by immobilized
metal affinity chromatography (IMAC) and size exclusion chromatography (SEC),
Relevant amino acid sequences of the variable heavy and variable light chain are
depicted (SEQ 1D NO: 1 and SEQ 1D NO: 2; respactively, of US 2008/0014188); the
amino acid sequences of the comgplete heavy and light chain are shown in SEQ 1D
NOs 419 and 420, respectively.

) Generation of DIl4 mutants for epifope mapping

"x

To identify the region in the extracelivlar domain (ECD) of D4 that comprises the
epifone recognized by the anti-Dild WHHs, orogressive deletion mutants of the Dli4
ECD are generated. The mammalian expression vector pSecTag2/Hygro (Invitrogen,
Carlsbad, CA, UBA) comprising a CMY promotor upstream of polynucleotides
encoding a nested series of delaetion fragments of the DIid ECD fused to a polyHis-
tag are generated using standard recombinant DNA technology (ses Figure 2; amino
acid domain boundaries in superscript).). These recombinant proteins are expressed
in transiently transfected HEKZ2Y3 cells using the Freestyle 2893 Expression System
(Invitrogen, Carlsbad, CA, USA) from which conditioned medium is collected and
puriiied via IMAC. Only Di4 mutants lacking the EGF2-like domain showed impaired
binding 1o the humanized human/mouse cross-reactive anti-Dild mAD desoribed
above (immobilized via a cacturing anti-human 1gG coated Biacore sensor chip). This
gl s knowrt to have a specific binding epiiope in this D4 domain (patent application
Genantech, US 2008/0014196A1).

) Generation of DIl4 reporter assay plasmids

A reporter assay is developed based on the v-secratase mediated cleavage of
Motcht and nuclear translocation of the intracellular domain of Motch1 (NICD) upon

stimutation with DH4, essentially as described (Struhl and Adachi, Cell. 1998 May 15;

S50,
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93(4)648-60). Gald/ VP16 coding sequences are inserted into the NICD-coding
saquence. The potent hybrid franscriptional activator GAL4A-VP1E, which consists of a
DNA binding fragment of veast GAL4 fused to a Herpes simplex viral iranscriptional
activator domain VP18, is inserted carboxy-terminal to the transmembranse domain of
Noteht. Cleavage of this construct by y-secretase results in the release of the
GaldNP1e NICD fusion protein which will translocate to the nucleus where it will bind
to and transcriptionaily activate a co-transfected luciferase reporter plasmid,
contamning a strong GAL4-UAS promoter sequence {(Struhl, G. and Adachi, A, Cell,
vol 93, 649-660, 1998). The human Noteht-Gald/V P16 expression cassetie is
cloned in peNAZ 1(+)-neo (invitrogen, Carlsbad, CA, USA). The

pGLA 31 LuczP/GaldUAS/ Hygro] vector (Promega, Madison, Wi, USA) is used as

luciterase reporter plasmid.

Example 1

Irnmunization with D4 from different species Induces 3 humoral immuns

response in Hama
1.1, Immunizations

After approval of the Ethical Committee of the faculty of Veterinary Medicine
(University Ghent, Belgiumy}, 4 llamas (designated No. 208, 209, 230, 231) are
immunized with 6 intramuscular injections (100 or 50 ug/dose at weekly intervals) of
recombinant human DI4 (R&D Systemns, Minneapalis, M, US), The D4 antigen is
formulated in Stimune (Cedi Diagnostics BV, Lelystad, The Netherlands). Thres
additional liamas (designated No. 127b, 260, 261) are immunized according o
standard grotocaols with 4 subcutaneous injections of alfernating human D4 and
mouse DI overexpressing CHO celis which are establishead as described above.
Cells are re-suspended in D-PBS and Kept on ice prior (o injection. Furthermaors,
three additional lamas {designated No. 282, 283, 284) are immunized according to
standard protocoels with 4 intramuscular injections (100 or 50 ug/dose at biweekly
intervais) of alternating recombinant numan Dli4 and mouse D4 (R&D Systems,
Minneapolis, MIN, US). The first injection at day 0 with human DI is formulated in

Complete Freund's Adjuvant (Difco, Detroit, Mi, UBA), while the subseguent
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injections with human and mouse D4 are formulated in Incomplete Freund's
Adiuvant (Dnfco, Detroit, Mi, USAY

1.2. Evaluation of induced immune responses in llama

To evaluate the induction of an immune responses in the animals against human D4
by ELISA, sera are collected from llamas 208, 209, 230 and 231 at day O (pre-
immune), day 21 and day 43 (fime of peripheral blood lymphoayte [PEL] coliection),
from ftamas 1275, 260 and 261 at day 0 and day 51, and from llamas 282, 282 and
284 at day 0, day 28 and day 50. in short, 2 pyg/mb of recombinant human Dii4 or
mouse D4 (R&D Sysiems, Minneapolis, MIN, USA) are immobilized overnight at 4°C
in a 96-well MaxiSorp plate (Nunc, Wigsbaden, Germany). Wells are blocked with a
casein solution (19%). After addition of serum dilutions, specifically bound
irmmunoglobuling are detected using a horseradish peroxidase (HRP-conjugated
goat anti-lama immunoglobulin (Bethyl Laboratories Inc., Montgomery, TX, USA) and
a subsequent enzymatic reaction in the presence of the substrate TMB (3,355~
tetramentyibenzidine) (Plerce, Rockford, I, USA), showing that a significant
antibody-depandend immune response against D4 is induced. The antibody
response is mounted both by conventional and heavy-chain only antibody expressing
B-cell repertoires since specifically bound immunogiobulins can be detecled with
antibodies specifically recognizing the conventional flama 1gG1 antivodies or the
heavy chain only llama lgG2 or IgG3 antibodies (Table 2-A). in all lamas injected
with mouse DUl4, an antibody response is mounted by conventional and heavy chain
only antibody expressing B-cells specifically against mouse DIl4. Additicnally, serum
titers of cell immunized animals are confirmed by FACS analysis on human and
mouse Dl overexpressing HERK293 cells (Table 2-B). The DI serum titer responses

for each lama are depicted in Table 2.

61



W B2M131076 ECTRERPIOI 2055897

Fable 2: Antibody mediated specific serum response against DLL4,

A% ELISA (recombinant protein solid phase coated
i S

Recombinant hurmaan Recombinant mouse
Lid L4

Tt Tot
Liarn | Immunog o , oG | igb ol gl | igG | igls
2 &0 2 3 9 3
g ere
rec,
208 human + + - +/- NDOND T ND I MD

DA

rec,
209 numan + + /- - MDY MDY | ND MND
Dil4

rec

23 humarn ++ At /- +f- MO MDY TRD N

rec.

231 Fiuman +o ok oo ot MY KD D A ED]
DiL4
CHO-

oy.
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CHO-

noLLA +
260 o+t bt + “+
CHO-

+

o + At

269 ' FRER g AT I + SN

rac,
human

2852 DiLd + o e b e S -+ + +

253 DLt 4 -+ -+t 4 e -+ o +4 ++ ++

hman
284 Diid -+ + + + + + A+ =S 4

MOLISe

ND: not determinad
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3) FACDE (natively expressed protein on HEK293 cells)

human DLL4 mouse DLLLE
. - o | Tota
Liam | immunog | Total [ igl (gl | oG o lgls g
) ; ety
FE £ G 1 2 3 2 3
I
e,
208 Faaman MO MO MDD PND TND PND MO ND
DLid
208 human MO ND OO ND O ND | ND [ ND ND I ND
Dll4
rec.
230 human MDD NDOPND O ND I MD | ND ND | ND

DibA

rec,
231 human N N M
oLL4

L
=
o
=
)

ND D | NL

b

CHO-

_ HOoLLA + N . N , )
1270 + P MO N + B N M
CHO-

miDil4

CHO-
ADLLA +
260 +#  |ND |ND |ND |++ |ND |ND |ND
CHO-

L4

G4
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CHO-

hioLL4 +
2061 GO + NI | ND | ND o+ M ND | ND
CHO-

miLL4

rec,
nurman

282 DLL4g ND MODOOPND [ND O ND I ND MDD ND
MoLse

BIRR

rec.

numan

283 DLLA4 -+ ND MNDOOPND [ND IND IND MDD ND
mMouse
DLL4
numan

284 Dild + MDD ND MDD IND | NE WD ND I ND
Mouse

OLL4

M not determined

iha heavy-chain oniy anti-i

y fragiment reparioires and

s s e v i o e T iy pong
praparation of phage

Following the final immunogen injection, immune tissues as the source of B-calls that
oroduce the heavy-chain antibodies are collected from the immunized llamas.
Typically, two 150-ml biood samples, coliected 4 and 8 days after the last antigen

njection, and one lymph node biopsy, collected 4 days after the last antigen injection

65
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are collected per animal. From the biood samples, peripheral blood mononuciear
celis (PEMCs) are prepared using Ficoll-Hypague according to the manufacturer's
instructions (Amersharn Biosciences, Pisc;a‘taway, MNJ, USA), From the PBMCs and
the lymph node biopsy, total RNA is extracted, which is used as starting material for
RT-PCR to ampliy the VHH encoding DNA segments, as described in WO
05/044858. For each immunized llama, a library is constructad by pooling the total
RiMAsolated from sl collectad immune tissues of that animal. In short, the PCR
ampliied Vit repertoire is cloned via specific restriction sites inlo a vector designad
o facilitate phage display of the VHH library. The vector is derived from pUC118 and
containg the LacZ promoter, a M3 phage gill protein coding sequeance, a resistance
ene for ampicillin or carbenicilling a multiple cloning site and a hybrid ghil-peiB lsader
sequence (pAXOS0). In frame witn the VHHM coding sequence, the vector encodes a
C-terminal o-myc tag and a His8 tag. Phage are prepared according to standard

orotocols and slored atter filter sterffization at 4°C for further use,

sSeiection of D4 specilic VHHs via phage display

WHH reperiores obiained from all ilamas and cloned as phage library are used in
different selection sirategies, applying a multiplicity of selection cenditions. Variables
inctude 1) the D4 protein format {C-terminally His-tagged recombinantly expressed
exiraceliular domairy of human Lild (Met1-FPro524) and mouse DI4 (Met1-Prob25)
(R&D Bystemns, Minneapolis, NN, LISA), or full iength human DI4 and mouse Dil4
present on Dlid-overexpressing CHO or HEK293 cells, i) the antigen presentation
metnod (plates directly coated with Dil4 or Neulravidin plates coated with Dil4 via a
bictin-tag, solution phase: incubation in sclution followed by capturing on Neutravidin-
coated plates), i) the antigen concentration and ) different elution methods (non-
specific via trypsin or specfic via cognate receptor Notch1/Fe chimeara or anti-(4
laGiFab). All selections are done in Masxasorp 986-well plates (Nunc, Wissbaden,

Germany).

selections are performed as follows: D4 antigen preparations for solid and solution
onase selection formats are presented as described above at multiple

concentrations, After Zh incubation with the phage libraries followed by extensive

washing, bound phage are eluted with frypsin {1 mg/mi) for 30 minutes. In case

-66-
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trypsin is used for phage elution, the protease activity is immediately neutralized
applving 0.8 mil protease inhibitor ABSF. As conlrol, selections w/o antigen are
performed in paraliel. Phage outputs that show enrichment over background {non-
antigen control) are used o infect . coli. infected £, coli cells are either used {o
orepare phage for the next selection round (phage rescue) or plated on agar platas
(ILB+amp+giucose”™ ) for analysis of individual VHH clones. In order (o screen a
selection cutput for specific binders, single colonies are picked from the agar plaies
and grown in 1 mL 96-desp-well olates. LacZ-controlled VHF exprassion is induced
by adding PTG (0.1-1mM final) in the absence of glicose. Periplasmic exiracts (in &

voiume of ~ 80 ul.) are prepared according to standard protocols

pres

Soreening of periplasmic exdracts In Di4-Notchi AlphaBcresn snd FMAT

compaiition assay

Periplasmic extracts are screened in a human Diid/human Motch1 AlphaScreen
assay 1o assess the blocking capacity of the expressed YHHs. Human D4 is
bictinylated using biotin (Sigma, St Louis, MO, USA) and biotinamidehexancic acid
3-sulfo-N-nyaroxysuccinimide ester sodium sall (Sigma, St Louis, MO, USA)L
Hotcht/Fe chimera (R&D Systems, Minneapolis, MM, USA) is captured using an anti-
FoWVHH which is coupled to acceptor beads according to the manuiacturer's
nstructions (Perkin Eimer, Waltham, MA, US). To evaluate the neutralizing capacity
of the WHHs, dilution series of the periplasmic extracts are pre-incubated with
oiotinylated human Di4. To this mixture, the acceptor beads and the strepiavidin
donor peads are added and further incubated for 1 hour at room temperature.
rluorescence is measured by reading plates on the Envision Mullilabel Plate reader
(Parkin Elmer, Waitham, MA, USA) using an excitation wave noof 880 nm and an

emission wavelength of 520 nm. Decrease in fluorescence signal indicates that the

binaing of biotinylated human D4 to he human Notchi/Fc receptor is blocked by the

VHH expressed in the periplasmic axtract
t F

Alternatively, CHO-nDE4 and CHO-mDI4 cells are used In 2 human Motehi/Fo FMAT
(Fluorometric Microvolume Assay Technology) competition assay. Recombinant
human Noteh1/Fe chimera (R&D Bystems, Minneapolis, MN, USA) is randomly

labelad with Alexa-847 (Invitrcgen, Carlsbad, CA, USAY in brief 5 ub perinlasmic
kY 1 T 1

_67-
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material is added to 100 pM or 175 pi labeled human Notch1/Fo togather with 7,500
CHGO-hDi4 or CHO-mDU4 overexpressing cells, respectively, and readout is
performed after 2 hours of incubation. To set the no-competition baseline, at least

30 replicates of cells with human Nolch1/Fe~Alexat4? are included and the
parcentage of inhiition 18 calculated from this baseline. All calculations are based on

the FL1_total signal which comprises the average of the fluorescence per wall times

the number of counts per well.

From this screening, inhibiting YHHs are selected and sequenced. Sequence
analysis reveaied 167 unique YHHs belonging to 40 different B-cell lineages. The
total number of variants found for each B-cell lineage is depicted in Table 3. An
overview of periplasmic screening data is given in Table 4. The amino acid

‘c;

seqguences of alf oblained unique VHHS are shown in the Sequence Listing (8EQ 1D

NOMEY — 332 and 458) and in Table & (CDRs and framework ragions are indicated).

Table 3 Selection parametars used for the identification of DLL4 specific WVHH B-cell
hneages
o i . seleciio
E”Il‘l; ray ﬁaﬁlg‘&"{;h@ﬁ -3”"%?'!{' v,
SIR] n B T on
lineag | VOB by anan . ' slution
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4 IS
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1 31 231 tryosin | 1
09 i)
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DLLBI7E (3 niv) _
3 ) 21 231 trypsin | 2
5 Ril: biot-
rhDLLA (0,03
Fif)
DLLBHSE ) biot-rhiL L4 _
4 13 231 irypsin 1
11 : (3 M)
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Characterization of purified ant-Dild WH

Inhibitory anti-Dild Vs selected from the screening described in Example 4 are
5 further purfied and charactarized. Selected VHHs are expressed in £ ooff TG as
c-rnye, Hisb-ltagged proteins. Expression is inducad by addition of 1 mb IPTG and
allowed to continue for 4 hours at 37°C. After spinning the cell cultures,
cenplasmic exiracts are prﬂpared by freeze-thawing the peliets. Thase exiracts
are used as starting material and VHHs are purified via IMAC and size exclusion
3

10 chromatography (SEC) resutting in 95% ourity as assessed via SDS-PAGE.

5.1, Evaluation of DI blocking VHHS in ELISA

The bl mkmq capacity of the ViHHs is evaluated in a human D4 — human
MNoten1/Fe blocking ELISA. In brief, 1 ug/mi of human dNotch1/Fc chimera (R&D

15 Systems, Minngapolis, MN, USA) is coated in a B5-well MaxiSorp plate (Munc,
Wiesbaden, Sermany). A fixed conceniration of 15 nM biotinylated human Dil4 is
preincubated with a dilution series of the VHH for 1 hour, after which the mixture is
incubated on the coated Notoht receplor for an additional hour. Residual binding
of biotinylated human D4 is detected using horseradish peroxidase (HRP)

20 cenjugated extravidin (Sigma, St Louis, MO, USA) (Figure 3). Human Dil4 is
bictinylated as described above. The [Cs values for WHHs biocking the human

2 — human Notenl/ro interaction are depictad in Tabie 6.
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Table & 1Cs (nM) values for VHHs in hDLL4/hNoteh1-Fe competition ELISA

VHH D 1oga (i)
6211 15
55012 12.3
| HEALY 49
56004 33.9
56HG8 6.9
W;KC‘ 11 17.3
82011 72.0
96003 38.4
101608 9.5
104601 1.1
115405 9.1
antibLi4d Fab 0.7

5.2, Evaluation of DI blocking VHHS in AlphaScreen

In brief, 1 nM bictinylated human Dil4 is captured on streptavidin-coated donor
beads (20 pg/mL), white 0.4 nM of the receptor human Motch? (as & Fo fusion
protein) s captured on anti-human Fo VHH-coated acceptor beads (20 ug/mi).
Both loaded beads are incubated together with a dilution range of the competing
YWHE (Figure 4). The Hsg values for ViHHs blocking the human D4 - human

Motch1/Fc interaction are depicted in Table 7.

117 -
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Table 71 105 (nM) values Tor VHHs in hDLL4/MNotch1 competition AlohaScreen

WM D Hlso (D)

5811 0.7
BB11 0.3
7A02 0.4
w/ﬁOS 11
8409 0.4
8011 0.7 9

19F04 0,05 @

550312 2.3

56A09 1.2

56004 5.4

57411 2.2

620711 241

T1eA006 150

ariiiaLlL4
03
Fab

@ partial inhibitor

- 118 -
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5.3, Inhibition by anti-Dii4 VHHs of human Nolch1/F¢ binding to human or mouse

Dl expressed on the CHG cells

The blocking capacity of the WVHHs is evaluated in a human and mouse D4 ~

human NMotchl/Fo competitive FMAT assay (Figure 5) as cutlined in Exarnple 4

The s values for VHHs blocking the interaction of human Noteh{/7¢ to human

or mouse Dl4 expressed on CHO cells are

» depicted in Table 8.

Table 8: (Mean) 1Cy values (nM) of purified WHHs blacking the interaction of

human Motcht/Fe to human or mouse DLL4 expressed on CHO cells (FMAT)
hi *M A miDiL4

WHH D g (B (g (i}
6811 8.9 -
B8ADS 55
19F04 320

t?ﬁﬁi“}? 2 29.1 41.0
H6A09 10.0 150
56004 287 498
56H08 22.0 33.7
57¢11 539 49.5
6201 172 106
96003 160.8 28.8
1015608 24 5 892.1
104501 2.5 o -
T15A05 22.0 43.0
antiDLL4 Fab 5.4 2.3

~ 119 -
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5.4 Evaluation of DI blocking VHHSs in reportar assay

To evaluate the potency of the selected Vs, a reporter assay is set up which is
based on the y-secretase mediated cleavage of Noich1 and releasa of the
intraceliular domain of Motch1 (MICD) upon stimulation with D4, The Noicht-

5 GALANVPTE construct s cotranstfected with the pGL4 31[LucZP/GaldUASHygro]
reporter plasmid in HEK celis resulling in a transient exprassion of the fusion
protein. These transiently transfected cells are stimulatad for 24 hours by co-
cullure with a HERKZ93-nDi4 stabla call lins. Forty-eight hours post-iransfection
the readout is performed. The YHHS are preincubated with the HEK293-RDI4 cells

10 4 hour before the start of the co-culiure and are included during the co-cuiture
{(Figure 8). The 105 values of the VHHs for blocking the Dild-mediated cleavage of
Noteht and subseaquent transiocation of its NICD 1o the nucleus of the receptor

cell are depicted in Table 9.

Table 9 (Mean) 1Cs values (nM) of purified anti-DIi4 VHHs in a DLL4/Notchi

15 veporler 8ssay

YD sy
56A09 540
c2011 4663
G603 5156
101608 2760
104001 954
115405 1740
anti-DLL4A Fab 133
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5.5 Epitope binning.

in order to determing whether VHHSs can bind simultanecusly to Dlid when e.g. a
benchmark antibody s bound, epitope binning experimenis are carried oul (via

surface Plasmon Resonance (PR} on a Biacore T100 instrument). Anti-Di4 Fab

5 fragment is irreversibly immobilized on the reference and on the active flow cell of
a CMES sensor chip. For each sample (cycle), human D4 is injected on the active
and referance flow cell and reversibly capiured by anti-Dil4 Fab. Additional binding
of VHHs is evaluated by injection over the immobilized surface. All ViHHs and anti-
Dii4 Fab are mj@cied at 100 niv with a surface contact fime of 120 seconds and a

1 flow rate of 10 ul/minute. Surface is regenerated using 10 mM glycine (pH1.5).
Frocessed curves are evalualed with Biacore T100 Evaiuation software.
Table 10-A represents the sequantial injection/rageneration path of analysed
YHHs and controls. Vs DLLBHEBADS (SEQ 1D NGO 300), DLLBHIGCO3 (SEG
1D NGO 328), DLLBIMOTCO8 (SEQ 1D MO 197) and DLLBHT15A05 (SEQ D

LA

NCH 224) are shown not to additionally bind to hurman Di4 captured by DH4 Fab.
injection of BH4 Fab also failed to additionally bind human G4 indicating that ali
epitopes are saturated. Therefore, it can be concluded that these WHIs recognize
an epitope overlapping with B Fab for binding numan Dild. Human-only VHHs
DLLBHEB1 (SEQ 1D NO: 174) and DLLBIMO4GOT (BEQ 1D NO: 215) show

0 additional binding on D4 Fab captured human Dil4, indicating that these WHHs
that are spacific for human D4 recognize a different epitope than the

numan/mouse cross-reactive Wriks,
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Tabis 10-A: Epifope binning of anti-DLL4 ViHHs — simultaneous binding with
Dil4 Fab

Injestion Einding/ fsampls Hinding level
zten Regenerafion (R}

1 L4 100 i 1727

2 Dit4 Fab 100 nid no binding

3 5049 100 ni ne binding

4 6B 100 b 405

5 Glycine pHT.5 10 m 30

MaLlg 100 niv 1344

7 104G 100 niv 276

& Gilycineg pHT.5 10 mii 857
s nDLL4 T00 nive 1336

10 Glycine pH1.5 10 mM 7G

11 R4 100 i 1333

12 89603 100 niv no binding
13 10168 100 niv na hinding

14 115205 100 nivi sieR elisleligly

15 Glyoine pH71.5 10 mM 70
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5.8, Epifope mapping using D4 delefion mufants

Binding of the VHHs to these DI mutants is assessed in Biacore. In brief, WVHHs
DLLBHIOIGO8 (SEQ W NGAST) and DLLBIMISAL (BEQ 1D NO: 224) are coated
on a CM4 Sensorchip and 200 nM of each deletion mutant is injectad across the
chip. Binding is qualitatively assessed. No binding of DLLBHSBADS (SEQ D NO:
300), DLEBHICTGO8 (SEQ D NO187) and DLLBHTISAOS (SEQ 1D NO: 224) is
observed to human and mouse D4 mutants hDIA T and mDIl4.8, respectively,
fmacking EGH-like 2 domain {Table 10-8). Indirect evidence using a hiDH4/DI4 1gG
competitive ELISA already pointed {o this ebservation. in brief, 1 ug/ml of Dild 1gG
15 coated in a 96-well MaxiSorp plate (Nunc, W{womm Germany). A fix
concentration of & NVt bictinylated human Dild is preincubated with a difution
saries of the VHH Tor 1 hour, after which the mixture is incubated on the coated
g for an additional hour. Residual binding of bictinylated human DM is dstscted
using horseradish peroxidase conjugated extravidin (Sigma, 8t Louis, MO, USA)
(data not shown). Human D4 is biotinylaled as described above. 1t is known from
patent literature that the monocional anti-Dil4 1gG (Genentech,

UG 2008/0014196A1) binds o an epitope within the EGF-like 2 domain of D4,

Table 10-8: Epitope mapping of anti-DLL4A WHHs — binding to DLL4 delstion

mutanis
DLLBIMOIGE LB TSAS
Hinding , ) Dinding
samoie - ko {1s} ket {s)
(R (R
kY & %
hipL4 281 ©.5E-04 1 373 2.0e-03 324 3.5E-03
mioLL4 389 1.98-03 | 502 5.08-03 344 6.55-03
no s no
nDLL4A o ne binding o
binding Dinding
nDLL4A3 125 7.A4E-04 1198 46503 137 3.5E-03

- 123 -
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hDLL4.5 | 143 1.2E-03 | 266 219E-03 182 4 2803
hDILL46 136 11E-03 1 228 220803 1152 A4 1E-03
no _ no
mpDLLA8 o 10 binding o
binding pinding
miDi 410 | 141 T1E-03 | 189 5. 14E-03 0 1121 3.8E-03
mLid 11 1132 18F-03 1210 5ABE-03 1121 B.6E-03
mBOLL4. 12 | 181 1.36-03 | 244 452803 | 152 31E-03

8.7, Determining the affinity of the hiDli4 — VHH inferaction

Kinetic analysis o determine the affinity of the DI4 - VHH interaction is performed
oy
Recombinant human Dl4 i3 immoebilized onto a CMES chip via amine coupling using

~

surface Plasmon Resonance (5PR) on a Biacore T100 instrument.

=G and NHS) or biotinylated human Dil4 is captured on a SA chip (streptavidin
surface). Purified YHHs or Fab fragment are injected for 2 minutes at different
concentrations (between 10 and 300 niM) and allowed 1o dissociate for 20 min at a
flow rate of 45 pl/min. Between sample injections, the surfaces are regenerated
with 10 mM glycine pH 1.5 and 100 mM BCL HBS-M (Hepes buffer pH7 4) is used

s running bufter. If possible, data are svaluated by fitting a 1.1 interaction rmodal
(Langmuir binding) onlo the binding curves. Thns affinity constant Kp is calculated
from resulting association and dissociation rate constanis (k) and (k). The

atfinities of the ant-DIl4 VHHs are depicted in Table 11,
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Table 11: Affinity Kp {(nM) of purified YHHs for recombinant human DLL4

L4 ﬂ
VHH D o (87877 Kq {57 K {m#)
56409 176405 8.3E-04 5.6
56C04 1 1E+05 4 9E-03 45
56H08 128405 1 AE-03 9.4
62011 1 2E+06 1.3E-01 120
9603 1 BE+05 4. 8E-02 310
101608 4 3E+04 2.2F-03 52
104G0O1T™ 1.2E+05 - 1.5E+05 | 3E 03 - 6E-04 424
115405 1 BE+05 3.9E-03 25
antiDLi4 Fab | 2.3E405 3.4F-04 1.5

@ heterogeneous dinding curve resulting in no 1:1 fit

5.8 Binding to orthologues (mbii4, cDil4) and family members (hdagged-1,hDLL 1}

fn order to determine cross-reactivity to mouse DIl a binding ELISA is performead.
i brief, recombinant mouse D4 (R&D Systems, Minneapolis, MG, USA) is coatad
overnight at 470 at 1 ug/mb in a 98-well MexiSorp plate (Munc, Wiassbaden,

Germany). Wells are blocked with 2 casein solution (1% in PES). VHHs are

applied as dilution series and binding is detected using a mouse & niimmyc (Roche)
and an anti-mouse-AF conjugate (Sigma, 5t Louis, MO, LISA)Y (Figure 7). As

reference, binding to human D4 is measured. ECs values are summarized in

Table 12.

H
.
[
LA
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Table 12; ECs (nM) values for VHHs in a recombinant human DLL4 and

mousa DLLY binding ELISA

rinfd_ L4

rmiiilla

Wik D

ECq (oM}

EGsq (N}

%

5811 1.8
Bt 1.4
TAD2 e
7BOS 7.2 -
8ADG 0.9 -
8C11 P
F7E10 0.9 -
19F04 0.9 0.8
5512 131 30.0 W
56A09 3.6 6.3
56004 /J!! 3 2440
56HO8 4.1 8.7
570C11 7.9 83.4
G201 137.0 131
96503 86.5 | 8.7
1014608 8.9 539
104001 8.4 -

- 126 -
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115405 5.0 33.4

antiDLL4 Fab 3.0 3.0

I order to determing the cynomologus cross-—reactivity of the WVHHs, a FACS
pinding experiment is parformad, Cynomolgus D4 expressing HEK293 calls
(transient or stable transfection) are used for a tiiration binding experiment of the
Vs, After a 30 minutes incubation onice, all samples are washed and detaction
is performed by applying anti-c-myc~Alexat47 (Santa Cruz Biotechnology, Santa
Cruz, CA, USA). Human and mouse D4 overexpressing HEK293 cells are taken
as reference. The mean MCF value is determined on the FACS Array and used for

calewlation of the £Cgy value {sae Figure 9).

Absence of binding to homologous ligands human DLLT and human Jagged-1 is
assessed via solid phase binding assay (ELISA). In brief, human DLLT (Alexis,
san Diego, CA, USA) and human Jagged-1 (Alexis, San Diego, CA, LISA) are
coated overnight at 4°C at 1 ug/mb in a 98-well MaxiSorp plate (Munc, Wissbaden,
Germany). Wells are blocked with a casein solution (1% in PBS). ViHHs are
applied as dilution saries and binding is detected using a mousa anti-myc (Roche)
and an anti-mouse-AP conjugate (Sigma, St Louis, MO, USAY. All anti-Dild VHHs
are considerad as being non-cross reaclive to these homologous ligands

{(Figure 8).

5.8, Bvaluation of VHHs in blocking Di4- mediated HUVEQ proiiferation

The potency of the selected VHHs is avaluated in a proliferafion assay, as
dascrived by Ridgway ef al., Nature, 2006 Dec 21,4447 122):1083-7), in modified
form. In brief, 96-well tissue culture plates are coated with purified Dlld-His (Rn
systems; C-terminal His-tagged human D4, amino acid 27-524, 0.75mijwsli

10 ng/ml) in coating buffer (PBS, 0.1% BSA)Y. Wells are washed in PBS before

4000 HINWE cellsiwell are seeded in guadruplicate. Cell proliferation is measured

- 127 -
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by [*H}-Thymidine incorporation on day 4. The resulls, shown in Figure 15,
demonstrate that the DLL4 VHMs DLLEBIMGTGOS, DLLBH104G01, DLLBI1SA05,
HLBHEBADS and the DLLA Fab inhibit the DLLA-dependent effect on HUVEC
profiferation in g dose-dependent manner, the [T values are summarized in

Table 13, The tested VHHS achieve a complete inhibition of the DLL4-dependent

&5 obtainad in the DLL4 proliferation assay

.

WHHS Fal

S Faly | bBAY | 10461 | 10GE | 11545

Hose (M) (experiment 1) [ 4.9 [ 11.0 {103 401 10002
e (N {experiment 2 1 56 1 6.8 32 112 ™D
i 2 2 2 2 1

Example §
Afindty maturation of selected anti-Di4 VHHs

YHHS DLLBHTOTGO08 and DLLBIM1SA0S are subjected 1o two cycles of affinity

maturation.

irn a first cycle, amino acid substitutions are inroduced randomly in both

framework (FW) and complementary determining regions (C IEFZ‘} using the arror-

C.L
1
!
i
,-‘_’U
o
£

o

gy,

o,

prone PUR method. Mutagenasis is performed i a two-roun
approach {Genemorph 1 Random Muiagenesis kit obtained from Btratagens,

La Jolla, CA, USA) using 1 ng of the DLLBHA01GOE or DLLBHTT5A05 cDNA
ternpiate, followad by a second error-prone PCR using 0.1 ng of product of

round 1. After a polish step, PCR products are inserted via unique rastriction sites

into a vector designed (o factlitate phage dispiay of the VHH library. { outive
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rounds of in-solution selections are performed using decreasing concenirations of
piotinylated recombinant numan DLL4 {(biot-rhDLL4} and trypsin elutions. Affinity-
ariven selections m & third round using cold rhDLL4 (at least 100x excess over
biot-rhDiL4) are also performed. No selections on murine DLLY are included as
(conservation of) cross-reactivity is assessad at the screening level Individual
mutanis are produced as recombinant protemn using an expression vecior derived
from pUC 119, which contains the LacZ promoter, a resistance gene for ampicillin
a multiple cloning site and an ompA leader sequence (PAXS0). £ cofi TG1 cells
are wansformed with the expression vector library and plated on agar plales

(LB + Amp + 2% glucose). Single colonies are picked from the agar plates and
grown in T mi. 96-deep-well plates. VHH expression is induced by adding PTG
{TmM). Periplasmic exiracts (in a volume of ~ 80 ul) are prepared according to
standard methods and screened for binding to recombinant human and mouse
D4 in a ProteOn (BioRad, Hercules, CA, USA) offrate assay. in brief, a GLC
Proteln Sensor chip is coated with recompinant human Dii4 on the "ligand
channels” L2 and L4 (with L1/L3 as reference channel), while “ligand channsals”
L3 and Lo is coated with mouse Dil4. Periplasmic extract of affinity matured ciones
s diluted 1/10 and injected across the "analyte channels” A1-AB. An average
off-raie is calculated of the wild type clones present in the plate and served as a

referance o calcuiate off-rate improvemenis.

In & second cycle, a combinatorial library is created by simultaneously
randomising the susceptible positions identified in cycle one. For this, the full
length DILLBH1O1GE or DLLBH115A05 cDNA is synthesized by overlap PCR using
oligonucleotides degeneratad (NNS) at the randomisation positions and a rescus
PUR is performed. A Bist of the primers used for generating the combinatorial
brary can be Tfound in Table 14 and SEG D NOs: 427 {o 457, The randomised
VHH genes are inserted info a phage display vector (pAX50) using specific
resiriction siles as described above (Example 2). Preparation of periplasmic

axtracts of individual VHH clones is performed as described before.
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Tablis 14 Oligonucleotides affinity maturation libraries

101GHE comblinatorial library
oligonucleotidas

11585 combinatorial Hibrary
sligonucisotides

>101G08CL, fwd1-bis

gagotgeasattgotgoagtctoegGGTGE
TCTGGTTCAGGOTOET (SEQ D
MO:427)

>101G08CL fwd 2

TCCTGCGCAGCTTCTGGTCGTA
CCTTCTCCAGCTACGCGATGG
T(SEQ 1D NG428)

>101GE08CL_fwd 3

CCAGGCAMEGAACGCGAGTWC
GTAGCCGCAATCOCGTTGGAGC
GGT (GEG D NO429)

>101GO8CL fwd 4

CTGATTCCGTTOAG
CACCATCTCTCGT
G (5EQ ) NO430)

GCTCETIT

GACAALGC

>101G08CL_fwd_5

CTGCAGATGAACTCTCTGAAAC
CGBAAGATACGGCAGTCTACT
AC (SEQ ID NO:431)

>101G08CL_fwd_6-4

GACACTCGTCTGegtCCGTACCHg

>115A05CL_fwd_1

gaggigcaatiggtogaglcigogGGTEETOT
GGTTCAGCCAGGT (SEQ 1D NO:443)

=>1BASCL revi-bis

TOAGGAGACGGTGACCTGEGTCCC
CTGACCCC (SEQ 1D NO444)

>115A05CL, fwd_2

GTGCAGUTTCOCGGUTTTACGWTCGG
CTCCTACGACATGTCTTGGE (SEG
12 NG:445)

>115A05CLY rev 2

ACGCACCOCAGTATTCACCCTGACG
CLCCCAAATGTAGCGATCTGCAGE
50 1D NO:448)

>115A05CL fwd 3

AGGTCOGOAATGEGTOTCCKOTATC
AACTOTGOTGETGETAGCAC (SEG
D NOG:447)

>115A050L_rev 3

TCTTCCGGTTTCAGGCTEYTCATCTG
CAGGTACAGCGTGTITITG (SEQ D
MNO:448)

- 130 -
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1 (\:‘:}ka J:} 3\‘50433)

>101GOBCL. fwd 62

GACACTCGETCTGegiCCGTACG
AGTACCACYATTGGGGTCAGE
GTASEQ D NO434)

>101608CL_fwd_6-1
GACACTCOTCTGRVACCGTAC

GAGTACGACYATTEGGETCAG
GGTA (SEQ 1D NG:435)

=101G08CL rev 2-2

CAGACGAGTGTCoggCGLACGE

TTTGCACAGTAGTAGACTGCCE
T{8EQ 1D NO436)

=101GOBCL rev_2-1

CAGACGAGTGTCTROCGCALG
GTITGCACAGTAGTAGACTGCC

T (SEQ D NO437)
>M01GO8CHL rev 3

AGAGTTCATCTGCAGATAGACG
GTGTTTTTCGCGTTGTCACGAG

TACGACYATTGGGOTCAGGGT
A (SEQ 1D NO:432)
>101G0BCL_fwd 6-3
GACACTCGTCTGGYACCGTACE
GTACGACYATTGGGRGTCAGGET

>115A05CL fwel_4

AAGGTCGTTTCACCATCTCTCGTGA
CAACGCCAAAAACACGCTG (BEQ D

MNO:449)
>115A05CL rev 4

TEAAACGACCTTTTWCGWAGTCGGEY
GTAGWAGGTGUTACCACCAC (SED
1D NO450)

>115A05CL fwd_5

TGAAACCGGAAGATACCGCE
CTACTGCGOTECAGATCGE
1D NO:4BT)

SGETATA
T(SEG

=11EA0LCL rev 5

CCATTCCGBACCTTTACCCGGAGAA
COACGAACCCAAGACATGETC (SEQ
D NG4o2)

=1 1BA050L

TACTGGOGTGCOTACGHATACGACT
ACTGGOGOTCAGGETAC (BEQ D

NO:453)

>115A06CL fwd_6-2

TACTGCEGTCCOTACCagTACGALT)
CTEGGETCAGGATAC (SEQ D
NO:454)
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ABEG D NO:438)
>101G08CL rev 4 o i
CCCEAAGCTGCACAGCTCAGACGCA
CTGAACGGAATOCAGSOTAATAL | GAGAACCACCTGGCTGAACT (SEQ
GUAGTTYCACCLGCTCCAACGE | D NO:485)

AT (580 1D NG439) T15A056L 2 05
=1MBA0BCL2 rey 2-2

>1016GoBCL_rev 5 e s -
.!)‘L{L) {3 LJ lf\ﬁuﬁ I\J\JF}I\;;\_‘ i 1 a‘.j ! if'\“\jl""&t (J f\J ! k}}éx{;{‘;ﬂ?

GCGTTCTTTGCCTGGAGCLTG SCCCHAATGTAGCGATCTGCAGE
ACGAWACCAAGCCATOGOCTA {BEQ 1D NO:45D)

GOT (SEGHID NO44D) >115A05CL2 rev 2-1
DD

>1071GO3CL rev 6 ACGCACCCCAGTAKTCACCCTGACG
CGOCOCCRAATGTAGCGATCTGCAGT

AGAAGCTGCGCAGGACAGACG
(SEQ D NO:457)
SAGAGAGCCACCAGCCTGAAL
CAG (SEQ D NO:441)

=101 G08CL_revi-bis

TOAGCAGACGETGACCTOGET
COCCCTGACCOCAAT (320 D

1

Screening for binding to recombinant human D4 in a ProteOn off-rate assay

L

lantifies clones with yo to 38-fold (DLLBH01G08) and T1old (DLLBHT15A05)

improved off-rates (Tabdle 15).
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Table 15: Offrate screening of DLLEBIMO1G08 and DLLBIT15A05

affinity-matured clones.

hidbl4

miLiA4

Tald fold

ka (57 ke (87
DLLBI101G08 22603 6.76-03 1
DLLBI29D08  59E-05 38 | OE-04 35

DLLBIM29H04

6.88-05 33

DLLEH129G10

7.32-05 31

DLLBHAZ9HOY

7AE05 30

DLLBH1Z29802

76505 30

DLLBIM 201

8.0i-05 28

DILBH130F06

6.5E-05 27

DLLEBH30803

6.7E-05 27

2.68-04 20
2.58-04 26
2.68-04 19

DLLBIMZ29D01

8.55-05 26

DLLEI30D06

6.9E-05 26

DLLBHT 29004

8.81-05 26

DLLBN129805

2.3E-05 24

DLLBH130E03

7505 24

DLLEBIMZ29H05S

9.4E-05 24

DLLBIG0ADS

7.5E-05 24

DLLEH130802

788205 23




WO 212131676 PCT/REP2012/05589
DLLBHA26H02 9.9E-05 23 3.4E-04 18
DLLBHT30804 8.3E-05 22 2.9E-04 {7
DLLBH29ECT (= 21 2.88-04 24
DL BHIZOE0S 11504 20 3.68-04 18
DLLBHIZSA03 1.2E-04 19 3.8E-04 18
The best top DLLBIMO1GOS variants and DLLBIM1BADS variants are cloned into

Off-rates on recombinant mouss Dil4 are

= coli as Hisb-tagge

reprasented in Tables

respaciively.

pression vector pAX 100 in frame with a C-terminal c-myc tag and a (His)6 tag.

also improved. VHHS are produced in

d proteins and punified by IMAC and SEC. Sequences are

16-A (LLEBIMOTGO8) and 168-8 (DLLBIM15A05),
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cxamplie 7
haracterization of affinity matured purified anti-DH4 YHHs

Affinity-matured variants of VHHs DLLBH101G08 and DLLBIIM15A0S are expressead and
purified as desciibed above {Example 8). VHHs are characterized in the rhDLLY/
rhJAGT binding ELISA and hDH4/ mEI4/ cynolild FACS (Example 5.8; Table 20,

........ A ASA (Exarmple 5.1, Table 17,

Figure 10), the competition rhMotcht - CHO-hDI4 FMAT (Example 5.3, Table 18;

Figure 12 and 13), the rhli - rhMoteh1 competition &

Figure 11).

Characterization data are surnmarized in Table 21, Overall, the affinity matured YHHs
show clear improvements in affinity and potency, while their binding to mDI4 and cyno

Dl s maintaimed and no binding to hDLL1T or hdAG1T is observed

Fable 17 10s (nb) vaiues for affinity matured VHHs in hDLLA/hNoteh1-Fo competition
ELISA

WHH D }D inid}
101G08 10.0
1Z28A03 1.3
129805 0.9
128008 1.2
P20 1.3
129H07 10
130803 1.5
130F06 1.3
anti-DLL4 Fab i.5




WO 2012/131876 POTIEPZGIZIO558YT

SWHE D _ [Cgo (M)
115A05 7.5
133A05 2.1
133409 1.5
133605 2.0
1345310 1.3
136C07 1.4
G15 0.9
anti-Dit4 Fab 112

Tabie 18 1G5 valuas (nM) of purified affinity matured VHHs blocking the interaction of

human Notch1/Fc to human or mouse DLLY expressed on CHO celis (FMAT)

ROLLA miLL4 -
YHH ID 1C g5 {nhi) ICeo ()
101608 69.3 140.5
129805 7.4 14.4
120D08 7.8 11.0
129811 8.1 12.3
anti-DLL4 Fab |55 3.0

146
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hiohid il 4

so (NI} | 1Csp {1}

133A09

1336305

136007

015

53]

o
i
"
o
e
=1
Y]

[y
Cad
I
-
o

Taie 132 Affinity Kp (nM) of punified affimity matured ViHHs on recombinant human

DLid and mouse DLEA

hDL LA rnial L4
SR BEY i\:‘a EPR P LY %ﬁ*m 1 gﬁxjg“'im‘“h e, de 'ty B 1 BAY
Exin RN gt K 1S ) g 30 By 15§ ?@{ﬂiﬁ;}

101608 | | i} o 56E- |
CEYE ) 4804 | 2.35-03 | 48.0 | 9.4E+04 Rl sno

{wit) 03

129403 | 2 1E+05 | 1.08-04 | 0.5

120805 | 23E+05 | 796058 |03 | 276406 | 1

1.88+0b | 6.4E-05 (0.4 276405

12911 119805

9.0e-05

2 ABE05

1.6E+05

7.3E-05

0.5

130803

2.2E+05

& 8E-05

0.3
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13006

2.0E+05

0.4

anti-
DLi4
Fab

1.5

ST R

rppeiil 14

B,

i

2
4
o
sy
i
S

Ky, (i)

115405

{wi}

2.5E+05

4.0F-
03

91503

53.0

33A09

4.4E-+05

9.0~

04

2.7E-03

7.8

133605

5.9E+05

0.8

4. 75+05

1.68-03

136007

6. 28+08

AE+05

¥4

4.7 k-

315 A BE05 1.0 35205 | BE03 1 4.3
4§24
anti-

3.4
24

&5
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Tablae 20; ECsy (nM) vaiues of affinity matured WHHs for binding on CHO-hDLLA,
CHO-mDLL4A and CHO-cDLLA (FACS)

hoLL4g LA cDLLA
YHH 1D ECsy {riM) ECso {nbi) | ECsp {ni)
101GO8B(w!) 17.5 11.2
129805 9.7 3.9 3.9
128008 9.8 3.7 3.8
129E11 .4 4.1 4.2
anti-DLLA Fab | 5.8 2.1 2.5
RLLA mDLL4 cDLL4
VHH D ECs (nM) | ECas (nb) ECsq (ni)
115A05(wt) 11.3 13.8
133409 7.2 1.7 2.3
133605 8.5 2.8 2.7
126007 10,9 8.3 3.5
015 14.8 7.0 5.1
ant-DLL4 Fab | 5.6 2.1 2.5

149



WO 2012/131876 POYTEP2LL/GR5897

Table 21 Characteristics of affinity-matured VHHs derived from DLLBHT01G08 and
DELBHTI5A0S

FvE o FVIA

Eli AT T A A A Fild =
SA no Lo miDL o5 ) 8 A =4
114 114
Ko ;{D. e - e
iy {11Vt o o s it i 7
(nM) ) i N ;; ,i;ﬁi Cso | 50 50 50 no | ha
noL | LY M) | (e (eb | (LT g
E mid / ) ) )
= L4
101GO8 | 48.0 | 60.0 | 10.0 | 69.3 g‘i U lyrs | NE ;’f b | nb
129403 0.5 1.8

129805 | 03 141089 | 74 144 187 |38 |39 | nb b

120008 0 04 108 | 12 78 110 188 |37 38 [ nb gte

129811 0.5 12013 0 81 1123 104141 42 | nb no
120H07 | 0 (.0
130803 | 03 1.5

T30F06 | 04 1.3

4

- ab

in

£y
A

e
M
7

A4 LA . g g “
e ] 55 1 3.0
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FMAT L FMAT

SRR ! FA | FA | FA | ELl | BLI
SA ”TL ”‘ﬁf"ﬁ“ CS oS 108 | sA | sA

o | Ko | . |EC |EC | EC
(ﬂ N!) (i’} gﬁ\fﬁ) e I, i CED e 50 50 5q . 21D nda
oL bt | M ey L gy | (M (MM R g
L4 L4 ) ) )

A 4B A

é’mg 160 | 5301 7.5 | 1067 | 3489 | 113 NF 138! nb |nb

133A0 |

i 2.1

133A0 m . ,

sia o1 L 78 | 15 | 66 186 172 |17 |23 Imo |mb

1336

0.8 3.4 2.0

\_:‘1

120 185 28 |27 [ nb inb

05 1B
134D "

10

;?6{; 06 | 26 | 14 | 80 | 312 10983 (35 |nb |nb
é*;fa 10 | 43 | 09 | 57 | 212 [148]70 |51 |nb nb
;Zfﬁ 15 12 | 34 | 16 56 |21 |25

b o binding
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Exampis 8

Construction, sroduction and characterization of bispesific VHMs targeting DLLA

o

and Ang? using anti-serum albumin binding as halfdifs exdension

v a first cycle, the anti-DLL4 ViHH DLLBHOCOT8 (US 2011/0172388 A1) and the cycle 1
sequence optimized anti-Ang?2 VHHs 00042 (SEQ 1D MO 482), 00045 (SEQ 1Dy NO:
484) and 00020 (SEG D NO483) are usaed as buillding blocks to generate bispecific
YiHs DLLANGEHODO0T-00018. A genetlic fusion fo a serum albumin binding VHH is
used as half-ife extension methodology. Building blocks are linked via a 8 Gly-Ser

flexiple linker. VHHs are produced and purified as described in Example 5. An overview
of the format and sequence of all bispecific ViHHs is depicted in Figura 16 and Table
22-A Uinker sequences undertined), SEQ 1D Nos 460-475. Expression levels are

indicated in Table 22-B.

Sequean

targebing DLLE and Angl

VHH 1D AR sequence

DL L DVOLYVESGGGLVOPGE! LACA RTEFSS DY ADSVE (}P

(D NO:

DLLANGE

DLLANGBITIOCDES

ODLIANGBITON004

B E’A\IVV Lh\ll”\”‘ )Urz‘Hl AL Yl

DLLANGBIIOO30S g GLLVOBEGEE Jl'\LJLJ‘AL ! Y “/Lf\WYdE;ﬁ\.V
F [ : NRAPDTRLAP

152
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POT/EPROIRGSS8Y7

I5rD ?JBK"“ ‘YT GHMNSLRPEDT
QPOGS SCETLDDYALG
Yi OI‘/N5Jl.Rr‘lLDTAVfY{“ExAVDJ\ GRL
GC:u\fOP( GL‘LRL wCTF\ GF'I LDYQ

AVYYCT ]
ROB D(““{’y?N
GEQWH’L

SGGGEEVD)
5 SVRGRETTS
TLVTVSSGGGG3GEE
GVESTRONDESTYYADSVEGI
YEYDEWGOGTLYTVSS {SEQG

464)

DLLANGE

DVCJ]-‘JESF%‘GGLVQPGGSLHL i VAR TEWS Z\YVT\D WHGR

JQC T 3..; VT "J 53

DLLANGBIIGOO

B0 {EREGY
GGYIDYDOCMGLGYDYHG

DELLANG 00008

NTVY TG
s G GGL

DLLANGBLIOOO0S

VRS GG L;V QFG
RONARTT

DLLANGBIICOOLO

s TwCQEr ILVT
Y\- D_.i\

COLLANGBIIGOO1Y

GGGLVOPGEELRLE AEGR S5YA IYROAPGK WARLIRWEGGTA
\U‘ J 1 WY LQIVT\I 5 L L

DLLANGETIT0OD012

DLLANGBITODOLS

LDDYAT PROAE
DT AVYYCAAVEAGRLAE

¥ GOGTIVIVEEGEE
PEKCLEWVSSTSGEGSDTLYA
FTLVIVES (52D ID NO:

153
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DLLANCGRIIOOG1E

YYAD “V[{C«'R

APGKEREGYSS IRDNDG
WY PLYEYDAWGOGT
ﬂ,;\ ECREREGVSS

g YI‘MN\F ¥ HOE\I’GK
'JQ\NRF?U’R APYE
SWYRQAPGEGLE
L3R3EQGTLVIVIS

l;:'}:ﬁ;f ID 1\0.

LANGBRIIOGOES

SWVROAPGEGLEWYS
S EGTLVIY

DLLANGBTII30014

PEREREGY
Y LDYDOMGLGYDYWEQETLVT
(VART RS
SGT ‘LVT‘

LS GEGLYQRPG
I T JYT ON

Expression
YVEHHE D Format
{mg/l)
DLLANGBIGO0D |
BLLANGERIHO002 L
\Q\' FN/ ~TLE,
DLLANGBIHO0G03 N ANPARE
N\LSH,’, ¥ ..:: 133
DLLAMGRIION004
57
DLLAMNGBIN0003
BLLANGBRIIN000G6
24
OLLANGBIOOO? ’
46
DLLANGBRIIN000S
18
DLLANGBIIN0009
30
DLLANGBI000T0 | 1
3
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DLLANGBIO0061 1
125
DLLANGEII00!
75
DLLANGRIIN0013
26
DLLANGBL000 14
57
DLLANGBIG0
61
BLLANGRI00016 ‘
j 3
&

n.e. no xpnw;;m pertormed

To expiore the anti-DLL4 blocking properties in comparison with the monovalent
i:aui%ding block DLLBHOLO1E, all purified bispeciiic WHHs are analyzed in the
ROLLA/MNoteh1 compettion ELISA (see Example 5.1 as described in patent LS
2001/0172388 A1) (Figure 17 and the CHO-RDLLA /. CHO-mDLL4 competition FMAT
{EEG;E% Example 5.3 as described in patent US 2011/0172398 A1) (Figure 18). Here, the
ELISA competition assay is performed with a fixed concentration of 8 nM bictinyiated
nDLL4, Both ELISA and the FMAT competition assay are also performed afte
oreincubation of the VHH with 12.5 UM and 25 uivl humean serum albumin, respectively.

A summary of [Csp values and % inhibilion is shown in Table 23

Table 230 1Cs values (n) and % inhibition In hibLL4/MNetcht competition ELISA and

CHO-hXLLA and CHO-mDLLA competition FMAT,

RDLLA CHO-RDLLA | CHO-mDLLA |
ELISA FMAT FMAT
S e s | % b 10y | %y 0y | %
VHED Format HEA L sy | inh | M) | b | (b | ion
. 401085 L 63 1 66 1 45 | 93
DLLBIO001R
+ ot .4d 4.2 &7 4.3 g5

- 4.4 21 8.1 76 6.5 93
+ &8 54 G4 177 87 1 10.0 o7

SLLANGBHIOGOO L

L 13
(=4
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- il ! G i (R L

DLLANGBIIo0N02
4 FER 1341 ft¢d é Y ol
o - _ - LG 92 165 80 7 96

DLLANGBIIGG009
+ 35 0% 144 91 12.1 97
- 3.2 G5 4.4 a6 7.4 98

DLLANGBIIC00 10
130 104 262 949 113 93
- 34 7 39 85 1.8 99

DLLA Fab

4 it n.d 32 85 1.5 97

DELBIHOGOIR

| nd | ona 335 170 37 | 08
- 2.1 g7 1 62 0 5.3 99
DLLANGBIG0003 -
x 26 1 92 1 114 | oo b 67 | 1ol
- 5.1 97 | 21 81 50| 100
DILLANGRIIOG004
32 CYAR BV SR ART 6.0 | e
| - 24 | 87 L 73 74§ 64 | o4
DLLANGRIION005 :
+ 3.0 | 83 b 131 | 87 89 | 99
. 27 1 93 b o8s o83 68 | 97
DLLANGBIIG0006
+ 3.1 94 L 554 1 99 1 88 | 100
, 25 1 87 4 90 | 7 6.0 | 100
DLLANGBING01
+ 320 93 1 o9 | &y 63 | 1o
- 23| 89 1 83 | &2 4.1 49
DLLANGBII00012
; 25 | 95 4 104 | 99 & 58 | 101
22 | 88 ‘ n pid | onud
DLLANGBI0013
- 23 | 80 (. ; 4| ond

BLLANGBHG00 14

F 4.4 93 2.7 93 7.6 100
- 3.4 93 36 85 1.2 G9
DL Fab
4 el | ond 3.1 23 1.2 9
o e - 3.5 82 4.2 G4 3.3 G99
DLLEBHOG0IE
+ vk 1 3.0 73 3.1 101
- _ _ 2.4 %6 7.1 73 4.9 G9
DLLANGRIICO007
} 52 a7 126 S0 59 101
) - i 5t 0 1343 g0l 7.8 il
DLLANGRIIOOU0R
1 i RN £5.74, .4 g

DLLANGBIO00LS

+ 3.2 G5 9.4 gi 3.1 101

“ 0.4 s g ¢} Iy f.6d fil
DLLANGRIOG016

+ 1 iy §1.05 i 14l 1w

]
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3.1 0% 3.3 84 0.8 99
DLL4 Fab
+ i 2 ¢} 3.0 91 1.0 1]

n.d., not defermined

Additionally, in order to determine cross-reactivity of the bispacific WVHHs to murine and
cynomolgus DLLA, a FACS binding experiment is performed. Briefly, CHO celis
overexpressing mouse and cynomoigus DLLA are used for a Hiration binding
experiment of the VHHs. After a 30 min incubation on ice, &l samples are washed and a
2-gtep detaction using anti-c-myce followed by goat-anti mouse IgG-PE labelad is
oerformed. CHO celis overexpressing human DLL4A are taken as reference. The mean
MOGE value is determined using & FACS Array and used for caloulation of the ECq value
{Table 24; Figure 19).

Table 24: ECs valuss of bispedfic VHHs binding to human, mouse and cyno DLL4

overexpressed on CHO cells (FACE)

CHO-hDLL4 CHO-mDIT 4 CHO-cDLL4
ECs (M) ECs (aM) ECs ()
DLLEBIIOO01S 1.5 1.2 0.3
DLLANGRIGO00 1.2 0.9 0.8
DLLANGBIN0003 1 0.9 0.7
DLLANGRI00003 1.1 i 0.8
DLLANGBIOOOGT i3 12 0.9
DLLANGETINN009 14 1 0.8
DLLANGRINO0I2 0.8 0§ 0.7
DLLANGBI6001 L8 14 oz
DLLAFab 7.5 2.3 I
in order to determine cross-reactivity to mouse DLLA and rat DLL4A, & binding ELISA s

performad. in brief, recombinant mouse DLL4 (R&D Systems, Minneapolis, M1, USA)
and ral BLL4A is coated overnight at 4°C in a 86-well MaxiSorp plate (Nunc, Wissbaden,

Germany). Wells are blocked with a 1% casein solution. VHHs are applisd as dilution

eries ano binding is deteciad biotinylated anii-YHH 144 followad by extravidin-HRP.
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144 15 an anti-VHH VHH (generelad in-house by Ablynx NV). As reference binding to

human DLL4 is measured. ECsg valuies are summarized in Table 25 and Figure 20.

Table 28 ECs values of bispecific VHHs binding to human, mouse and rat Dil4

NOLLA ECs mDLL4 rDOLA
(M) s (M) ECs; (nM)

DLLBIOOGLS 2.5 3.3 26
DLLANGBI00001 2.5 3.6 3.4
DLL w{;zl; 7.1 3.2 2.7
PLLANGBII00005 2.0 3.1 2.9
DLLANGRIT0007 2.4 3.3 28
DELANGBIO0012 2.9 3.3 3.1
DLLANGBIIN0014 3.2 4 3.8

Absence of binding to the homologous human ligands DLLT and Jagged-1 is assessad
via a solid phase binding assay (ELISA). In brief, 1 pg/mi of recombinant human DLL1
(Alexis, San Diego, CA, USA) or recombinant human Jagged-1 (Alexis, San Diego, CA,
USA) is coated overnight at 4’C in a 98-well MaxiSorp plate (Nunc, Wiesbaden

Germany}. Wells are blocked with a 1% casein solution. YHHs are applied as dilution
series and binding is detected biotinylated anti-VHH 1A4 followead by extravidin-HRP . Al

bispecific VHH are considered as being non-cross reaciive o these homologous

ligands. Resulis are shown in Figure 21.

To explore the anti-Ang? biocking properties in comparison with the monovalent anti-
Ange buitding blocks 00042, 00045 and OGS0, all purified bispecific VHHs are analyzed
in & human Angz2/hTieZ-Fo (Figure 22-1), mouse Ang2/mTie? (Figure 22-2) and cyno
Ang2lcTie? {Figure 22-3) competition ELISA. This assay is also performed after
incubation of the ViHH with 0.5 uM buman serum albumin. A summary of 1Cs and %

inhibition values is shown in Table 26
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Table 26: 1Cs values (pM) and % inhibition in human, mouse and cyno Ang2/Tie2

competition ELISA

hAng? mAng? cAng?
- - - ¥ C w05 g}";) ; 1 C 30 ﬂ/ ‘f) } {‘ a0 (,J/(}
N b 3 For a1 . o . . : .
VHEID ronat HEA {pMi} inh ¢ (pM) inh {ph) mnh
- TO63 1100 | 10556 1 100 | 11363 | 100
H0050 ~
+ 6,569 1 100 1 sd iid R A
S . i3 160 34 100 40 100
DLLANGRBHO000] -~ - . o "
A1 __‘3" 1 :{ .
il e id ad
DLLANGBI6G02 : '
_ 24 100 ;
DLLANGEIOG009 5 -
+ i {0 Lol 5 L3F%] I8
- - 38 100 3
| DLLANGBIN0010
33 100 il il
‘ _ . 4 100 4 100 21 100
AMGIE6 - o -
+ 4 (1) ek { i
634 1 100 ¢ 1619 | 100 733 100
00042,
W0 o 589 100 0 o ad P
—_— 3491 00 894 160 477 100
DLLANGRII00003 .
' ’ + 06| 100 668 100 A07 160
590 100 e cf, .18, nl
DLLANGRHO0004 5 o
- 10 1305 ;
TN - 3601 100 47 L0 46 100
VT AMGRTO 005 S
DLLANGRIGO005 _ =5 o ” " = -
- 34 100 ; f
DLLANGRION006 5 o .
3428 100 i
DLLANGRUGO01] 57 T
! < 0 4L itk 1.
\ 609 | 1o0 955 100 596 100
SLLANGBINC012 ,
PLLANGEBL000] | 041500 700 100 130 100
. 001 ad : ¥ n.¢
DLLANGBIIG0013 5 :
4 100 B, v ed gl
- - 33 100 37 100 42 100
DLLANGEIG00 14
P I 35 o0 50 0o b 4 160
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_ - } 1060 5 100 17 100
AMG3E6 i
- + 4 130 1. vk B i .l
- 106 1430 146 100 164 100
(045

DLLANGBIOGONT

+ 337 | oigo b 428 1001 452
DLLANGRITO0008 - - B
+ it HEREN A FENS 1
7 . 1 | 100 4
DLLANGBIG0015
< 207 | 100 e . ; :
; nil s il 1.6 al
3L ANGBIOO016
‘‘‘‘‘ Sy L gl g .
_ - 1 100 2 100 21 100
AMG3S6
+ 3 X L ERE ¥ E

r.d., not determined

Affinities of certain DLLA-Ang? bispecific YHHs Tor human serum albumin have been

determined (see Zxampie 5) and are shown in Table 27, The affinity constant ¥y is
f

calculated from resulting association and dissociation rate constants k, and kg

Taple 27 Affinity Kp of purified VHHs for human serum aloumin (HSA)

I iy Ko
(/M) (1/s) (bl
o e o o
ALBILL K\MQ 8 2E405 PRE-0% 4
. . T S .
DLLANGEI00G0 \{}/\ L T8E04 | 49103 63
DLLANGRIIO0003 QL my ' 12EH05 | 4 7E05 39
DLLANGBI00003 TIEHOA | A6E03 61

DLLANGBHOOGD? 1 IE+GS 4.6E-03 42
DLLANGREIIO0012 8.AE+ 55803 66
DLLANGBHO0014 578404 588-03 102
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in a second cycle, ihe ant-DLL4 VHH DLLBHOOOT8 (US 2011/0172388 A1) and the
final saquence optimized anti-Ang2 VHHsg 00021 (S2Q 1D NMO: 4858), 00938 (S3EQ D
NO:A86) and 00956 (SEQ 1D NO:488) are used as building blocks to generate bispecific
WiHs DLLAMGBIHC0017-00018. A genetic fusion to a serum albumin binding WHHM i

used &s naif-life extension methodology. Bullding blocks are linked via a 9 Gly-Ser
flexible linker. An overview of the format and sequence of all bispectfic VHHs is depicted

in Figure 23 and Table 28 (linker sequences underlined), SEQ D Nos 476-478.

Jeguences of bispecific VHH targeting and Ang?

VHH LD Al sequences

DLLANGBIIGQOLY DY ] AASCGRTES5YA TYROARPG

JHGRET
GTLVIWVESGHGES YIS GGL‘\:

DLLANGBITONNNE

DLLANGRITGOUTS

To explore the anti-DLL4 blocking properties in comparison with the moenovaleni
ulding block DLLBHOROME, all puritied bispecific VHHs are analyzed in ths

niLLAMNoteh  competition ELISA  (see Example 51 as described in patent
Us 2011/0172398 A1) (Figure 24), the CHO-nDLLE / CHO-mDLLA cormpetition FMAT
(see Example 5.3 as described in patent US 2011/0172388 A1) (Figure 25) and the
hidll4 mediated Nolehd aclivation {reporter gene) assay (see Example 54 as
described in patent US 2011/0172398 A1) (Figure 26). Here, the ELISA competition

assay s performed with & fixed concentration of 8 nl bintinylated hiLL4. The ELISA

161
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competition assay, the FMAT competition assays and the reporter gens assay are also
nerformed after preincubation of the VHH with 12.5 ub, 25 pM and 1682 uM human

serum albumin, respeciively. A summary of iCs values and % inhibition is shown in

Table 29.
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Binding to human DLL4, mouse DLLA and rat DLL4 is assessed in Biacore. Briefly,
kKinetic analysis of the bispecific VHHs is performed by SPR on a Biacors T100
instrument. Hecombinant human DLL4 (R&D Bystemns, Minneapoiis, MI, USA) and
mouse PLLA (R&D Systems, Minneapolis, Mi, USA) are immobilized on a CM5 chip via
amine coupling. VHHs are Er'zjeciec' over these sufaces at different concenirations
between 2.5 and 1,800 nM. Samples are injeciad for 2 min and aillowead o dissociate for
20 min at a flow rate of 45 g.xiimin Batween &Bé‘impi%‘ impections, the surfaces were

reganerated witn a 100s pulse of 10md glveine pH 1.5, Association/dissociation data
are evaluated by fitling a2 11 interaction model (Langmuir binding). The affinity constant
Kp s calculated from resulting association and disscciation rate constants K. and kg
{Table 30).

Table 30: Binding kinetes of bispecific VHHs for binding to human and mouse DLL4

(Biacore)
hDLL4 [ mDLL4
E‘ia K < E‘(\gj i‘\a ka KD
{(1/Ms) | (V/s) (nMy | /M) {1is) (v

DLLANGEHOCOYY | 4 8E405 | 9.58-05 0.6 91F+05 | 2.6F.04 2.4
DLLANGEHOCOI8 | 2 nE+05 | 9.3E.05 0.5

[
o
fds]
T
.
}
)
h

2 OE-04 1.9
DLLIANGERCOOTS | 1 15+05 | 7.8E-05 0.7 158405 | 2.

;"Q

04 § 3.0

Additionally, in order (o datermine cross-reactivity of the bispecific Vs o murine and
cynomolgus DLL4, a FACS binding experiment is performed. Briefty, CHO csils
overexpressing mousé and oynomolgus DLLA are used for a ditration binding
expariment of the YiiHs, Alter a 30 min incubation on ice, all sampies are washed and

Z-step detaction using bictinylated anti-VHH 1A4 followed by PE labelad straptavidin is

i

@

performed. CHO cells overexpressing human DLLY are taken as reference. The mean

MCF value is determined using a FACE Array and used for caleulation of the EC
(Table 31, Figure 27),

Lap vaile
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Tabie 31: ECs values of bispecific VHHs binding to human, mouse and cyno DLL4

overexpressed on CHO celis (FACS)

CHO-hDLLA | CHO-mDLL4 | CHO-cDLLA
ECsy (nh) ECsy (M) ECs (M)
DLLANGRIIN0017 5.0 6.2 47
DLLANGBHO0001S 7.9 6.7 5.6
DLLANGBIIO0019 5.7 6.3 5.3
DLL4Fab 70 6.0 53

in order to determing cross-reactivily 1o mouse DLL4 and rat DLLA, a binding ELISA is
performed. In brief, recombinant mousa DLL4 (R&D Systems, Minneapolis, M, USA)
and rat DLL4 s coated overnight atl 4°C in 2 98-well MaxiSorp plate (Nune, Wiespaden,
Germany). Wells are blocked with a 1% casein solution. VHHs are applied as dilution
series and binding is detected biotinylated anti-VHH 1A4 followed by extravidin-HRP. As
reference binding to human DLL4A s measurad. ECs values are summarized in Table

32 and Figure 28

Table 32r ECs valuss of bigpecific VHHs binding to human, mouse and rat DLL4

hizil4 mizLL4 chili4
ECsy (nM) | ECso (ni) | ECs (nM)
DELANGBIG0017 Lo 1.6 7
ET T TR T -
LANGBIT00019 i1 13 1.9
Absence of binding to the homologous numan ligands DLLT and Jagged-1 is assessed

via a solid phase binding assay (ELISA). In brief, 1 ug/mb of recombinant human DLL1
(Alexis, San Diego, CA, UEA) or recombinant human Jagged-1 (Alexis, San Diego, CA,
USA) 15 coaled overnight at 4°C in a 86-well MaxiSorp plate (Nunc, Wiesbaden,
Germany). Wells are blocked with 8 1% casein solution. VHHs are applied as dilution
series and binding is detected biotinylated anti-VHH 144 followed by extravidin-HRP. All

165
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bispecific VHH are considered as being non-cross reactive o these homologous
ligands. Resulls are shown in Figure 29.

To explore the anti-Ang2 blocking properties in comparison with the final sequence
coptimized monovalent anti-Ang? building blocks 00821, 00938 and 00956, all purified
Dispecific WHHs are analyzed in a human Ang2/hTie2 (Figure 30-1), mouse Ang2/mTie2
(Figure 30-2), cyno Angz/cTie? {(Figure 30-3), a hAngt/hTis2 (Figure 31) competition
ELISA and ine hAng?2 mediated HUVEC survival assay {Figure 32). A summary of 10sg

anda % inhittton values s shown in Table 33
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Affinities of DLLANG

E?

Exampia &) have been determined and are

Table 34 Bin

,é\m

ni

and rat

SBHO0017-18-19 for human, mouse, cyno and

diﬁg Kinetics of pur

POEEPRI /655887

rat Ang? (see

shown in Table 34

Hied VHHs for recombinant human, cyno, mouse

heman Ang2-FLD

cyno AngZ-FLD

3
g

(1/Ms)

ky K

(1/5) Wy

kd K—D k;‘:

(1/s) (i) {1/348)

DLLANGRI001T 1.800+08

1.30E-02 | 6.805-08 | 2.80E+06 | 120202 | 470800

DELANGEIGO0IE 2.80E+05

330805 T 3.80E-11

1.30E+08 | 3.20E-05 | 2.40E-11

DLLANGBIIO001S 5 0E405

1.808-03 | 310E-09 | 8.00E+05 | 120803 § 2.10E-09

mouse Ang2-FLD

rat Ang2-FLD

1.
Ay

(1/Ms)

K I ir
Ky Ky g

) (1/Ms) (1/s)

ky K

{1/g)

(M)

PLLANGBIDOOL? G 1GE+05

1.00E-02 | 1708208 | 8.70E+05 | 3.230E-02 | 490E-0

DLLANGBIIOU0 LS 4 405+05

6.90E-05 | 1.80E10 | 3.30E+05 | 9.00E-05 | 2.70E-10

DLLANGBUHOC01S 3.80E+05

3.80-03 | 1.00E-08 8OE+05

[

Affinities of DLLAMGR]
have been o
d fr

constant Ky is calculate

k, and kq.

Table 38 Binding

cynrno sarum albumin

10001718
{Example 8} and are

o resuiy

kinglics of

500803 | 2.108-08

=189 for numan, mowuse and oyno serurm albumin

p

shown in Table 85 The affinity

ing association and dissociation rate constanis

purified VHHs for recombinant human, mouse and

{1/Ms)

HEA CSA
ky Ly Kp k, iy Kp

(1/3) {0} {1/Mg) {1/8) {nM)

ALBLY 4 5405

17E-G3 FBEA08 | 42E+05 17E-03 0 3808

DLLAMNGBINO0LT 1.4E+05

4.48-03 3.1E-08 T.4E+05 4.28-03 2.9-08

BLLANGELGG018 1.6E+05

4. 703 2.9E-08 46803 ‘C}L -8

1.6E+05

DLLANGRIGO019 8 1E+04

5.6E-03 8.9E-08 8. 1e+04 55803

i68
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R:‘l kd K—D
(1/Ms) (1/5) (nh)

ALBI 5.58+05 3.0E-07 | b5E-08

DLLANGBIOOGTY 1.4E+050 1. 101 7707

DLLANGEHO001S N * i
DLLANGBIIOCOIS * * *
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Claims

A binding molecule comprising
- at least ohe Ang2-binding component,
- af least one Dil4-binding component, and
- at least one serum albumin binding component,

wherein said Ang2-, Dl4- and serum albumin binding components are
immunoglobulin single variable domains, each immunoglobulin single variable domain
consisting of four framework regions and three complementarity determining regions
{CDRs), and ‘

wherein said binding melecule is selected from the group consisting of binding
molecules having
(i} the CDR sequences as present in DLLANGBI00017 (SEQ ID NO: 478),
(i} the CDR sequences as present in DLLANGBII00018 (SEQ ID NO: 477), and
(iii) the CDR sequences as present in DLLANGBII00019 (SEQ 1D NO: 478).

The binding molecule of claim 1, wherein said immunoglobulin single variable domains
are VHHs.

The binding molecule of claim 2, selected from the group consisting of binding molecules
(i} to (iii),
the molecuies (i) comprising
- the DLLBII00018 VHH domain as the Dil4-binding component,
- the Alb11 domain (SEQ ID NO: 519) as the serum albumin binding component,
and
- two ANGBII000921 VHH domains (SEQ ID NO: 485) as the Ang2-binding domains,
in this order;
the molecules (if) comprising
- one Angz-binding domain, having a CDR1 having the sequence DYAIG (= SEQ D
NOs: 495, 498, 513, 516), a CDR2 having the sequence AIRSSGGSTYYADSVKG (=
SEQ I NOs: 514, 517), and a CDR3 having the sequence
VPAGRLRYGEQWYPIYEYDA (= SEQ ID NO: 515},
- the DLLBHO0018 domain as the Dill4-binding component, and
- the Alb11 domain (SEQ ID NO: 519) as the serum albumin binding component,
in this order;
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and

the molecules (iii) comprising

- two AngZ2-binding domains, each having a CDR1 having the sequence DYAIG (= SEQ
D NOs: 495, 498, 513, 516), a CDR2 having the sequence AIRSSGGSTYYADSVKG (=
SEQ D NOs: 514, 517), and a CDR3  having the sequence
VPAGRLRFGEQWYPLYEYDA (= SEQ D NO: 518),

- the DLLO0018 domain as the Dil4-binding component, and

- the Alb11 domain (SEQ ID NO: 519) as the serum albumin binding component, in this

order.

The binding molecule of claim 3, selected from the group consisting of

(i) DLLANGBII00017 (SEQ ID NQ: 4786),

(i DLLANGBII00018 (SEQ 1D NO: 477), and

(iif) DLLANGBII00019 (SEQ ID NO: 478).

A nucleic acid molecule encoding a binding molecule of any one of claims 1 to 4.
A vector containing a nucleic acid molecuie of claim 5.

A host cell containing a nucleic acid molecule of claim 5 or a vector of claim 6.

A pharmaceutical composition containing at least one binding molecuie of any one of

claims 1 o 4 as the active ingredient.

The pharmaceutical composition of claim 8 for the treatment of a disease that is

associated with Dil4-mediated and/or Ang2-mediated effecis on angiogenesis.

The pharmaceutical composition of claim 8 or 9 for the treatment of cancer and

cancerous diseases,

The pharmaceutical composition of claim 8 or 9 for the treatment of eye diseases.
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