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tibodies binding to the extracellular domain of the Re-

ceptor Tyrosine Kinase ALK

Related Information
The application claims priority to U.S8. provisional
patent application number 60/795,831, filed on April 28,
2006, the entire contents of which are héreby incorpo-
rated by reference. '
The contents of any patents, patent applications,
and references cited throughout this spécification are

hereby incorporated by reference in their entireties.

Technical Field

The present invention concerns an antibody
‘specific for human ALK (Anaplastic Lymphoma Kinase), in
partiéular a scFv, a nucleic acid seguence encoding it,
its production and its use as a pharmaceutical or for di-
agnostic purposes. Said antibody is.suitéble.for the_lo—‘
cal treatment of tumors or cancer, in particular gliob-

lastoma.

Background Art

ALK (Anaplastic Lymphoma Kinase; (CD246) is a
member of the reéeptor tyrosine kinase (RTK) family.'As a
typical member. of this family, it is a type-I transmem-
brane protein esséntially conegisting of three domaiﬁé:
the extracellular ligand-binding domain (2a15-1038),
which contains one LDL-receptor class A domain and two
MAM domains (MAM: Meprin, A5 antigen, protein tyrosine
phosphatase W), a transmembrane domain (aal039-1059) and
a cytoplasmic domain (aa 1060-1620), qontaining the tyro-

sine kinase domain. A signal peptide is pfesent at the N-
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terminus of the nascent protein (aa 1-18), which is
cleaved upon secretion.

The full-length human and mouse ALK were
cloned in 1997 by two independent groups (Iwahara 1997;
Morris 1997). ALK ig highly similar to the RTK called
Leukocyte Tyrosine Kinase (LTK)'and.belbngs to the insu-
lin receptor superfamily. ALK exhibits 57% aa identity .
and 71% aa similarity with LTK in their regions of over-
lap (Morris 2001). ALK is highly N-glycosylated and éon—
taing 21 putative N—glycosylétibn.sites. Amino acids 687.
to 1034 have significant similarity (50% aa identity) to
LTK. However,‘the N-terminus prqximal 686 =zia seguence
‘'shows no homology to any known proteins with the excép-
tion of a very short sequence also found in the LDL re-
ceptor . (Duyster 2001/SWISSPROT). In additiom, it contains
two MAM dqrﬁains at aa264-427 and aa478-636 (Meprin, A5

antigen, protein tyrosine phosphatase pn). These doméins
are thought to héve an adhesive function, as they are
widespread among various adhesive proteins implicated in
cell-to-cell interactidn'(De Juan 2002). Fﬁfthermore,
there is a binding site for the ALK putative ligands cor-
responding to amino acids 396-406 (Stoica 2061; see be-
low). The amino acid sequence of the kinase domain of
murine ALK shows 98% aa-identity to human ALK, 78% iden-
tity to mouse LTK, 52% to mouse ros, 47% to human insu-
lin-like growth factor receptor and 46% to human insulin
receptor (Iwahara 1997; Ladanyi 2000). No splice variants
of ALK have been described to date. However,‘ALK iz often
associated with chromosomal translocations (see Below).
The ALK gene spans about 315kb .and has 26 ex-
ong. Much of the gene consis;s of two large introns that

gpan about 170kb. The ALK transcript is 6.5kb of length
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(Kutok 2002). According to Morris, the cDNA spans 6226bp
(Morris 2001).

ALK expresgszion in mice starts during embryo-
genesiz around the development stage Ell and is persist-
ing in the neonatal periods of development where it is
expressed in the nervous system. In the adult, its
physiological expression is restricted to certain neu-
ronal (neural and glial cells and probably endothelial
' cells) regions of the CNS at low levels (Morris 1997;
Duyster 2001; Stoica 2001). Actually, the abundance of
ALK decreases in the postnatal period (Morris 2001).
Based on its expression pattern, a role for the receptor
in brain development is suggested (Duyster 2001). The
neural—restricted éxpreséionAof ALK suggests that it
serves as a receptor fdr neurotrophic factors (zee
laterj. Consistent with this, its expression pattern
overlaps with the.genes enCodiﬁg the TRK family of neuro-
t:ophin receptors-(Morris/2001). However, ALK knockout
‘mice do mot show any obvious phenotype (unpublished
data), which might be due to.some‘functional redundancy
with'TRK family members or other neurotrophin receptors.
Notably, hematopoietic tissues show no detectable expres-
sion of ALK.(seeilater) (Morris 2001) . . '

. Two potential ligands for ALK havé recently '
‘been described, “pleiotrophin” (PTN) and “midkine” (MK)
(Stoieca 2001; Duyster 2001; Stoica 2002):. The PTN-ALK in-
teraction was ideﬁtified by using ﬁurified human plei-
.otrophin protein to gcreen a phage display‘peptide'li-
brary.‘By this method, a sequence of ALK present in its
extracellular domain (aa 396-406) was identified. Iﬁpor—
tantly, this sequence is not shared with LTK, the RTK
most closely related to ALK. This 1igaﬁd—binding region

is also comnserved in the potential homologue of ALK in
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Drosophila (Loren 2001). ALK is phosphorylated rapidly
upon PIN binding (Bowden 2002). Moreover, ALK has been
shown to be stimulated by pleiotrophin in cell culture.
This makes the pleiotrophin/ALK interaction particularly
interesting in the light of the pathological implications
pleiotrophin has (Stoicalzool). Cell lines that lack ALK
expression also fail-to show a growth response to plei-
otrophin and vice versd (St01ca 2001) In vivo, elevated
pleiotrophin levels in the serum of patlents sufferlng
from various solld tumors have been demonstrated, and
animal studies have suggested a contribution of pleiotro-
phin to tumor growth (Stoica 2001). The role bf PfN as
rate- -limiting angiogenic factor 1n tumor growth is well
established 1n animal models (Choudhurl 1997) In 1996 -
Czubayko et.al. (Czubayko 19%6) demonstrated the impor-
tance ‘oF PTN in tumor anglogene51s, in prevention of
apoptosis and metasta31s by modulating PTN levels with'a
ribozyme targeting approach. Serum level measurements of
PTN in mice demonstrated a clear correlation with the
gsize of the tumor. PTﬁ plays a significant role in some
" of the most aggressive human cancer types such as mela-
noma and pancreatic cancer thus giving interesting per-
gpectives for potential furﬁher applications of an ALK
inhibitor (Webexr 2000; Stoica 2001). In human patients,
elevaﬁed serum pleiotrophin levels were found in patiepts
with pancreatid cancer (n = 41; P<.0001) and colon cancer
(n = 65; P = .0079). In healthy individuals, PIN iz ex-
pressed in a tightly regulated manner during perinatal
organ development and in selective populations of neurons
and glia in the adult. ‘ ‘

. Co-expression of PIN and ALK, as found in
several cancer cell lines, indicates that they could form

an autocrine loop of growth stimulation (Stoica 2001). In
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gpite of all these data, literature tells that is not yet
clear if the effects of PIN are mediated by ALK alone
and/or by other unidentified PTN receptors (Duyster

2001). At least two other potential receptors of PIN have

been suggested: the receptor tyrosine phosphatase RPTPB

and the heparan sulfate proteoglycan N—sYndecan. However,

RPTPP might act as a signalling modulator of PTN/ALK sig-
nalllng and N-syndecan as a chaperone for the ligand.
(Bowden 2002). '

Recently, another secreted growth factor re-
lated to plelotrophln called midkine (MK) has been iden—
tified as a second 11gand for ALK. Similarly to PIN,
binding and activating functions (e.g. induction of soft
agar colony formation in celllcultures) of MK can be
blocked by the same antibody raised against the ALK-ECD

' (Stoica 2001). Like pleiotrophin, midkine is upregulated
in mény tuﬁors, although its physiological expression is
very restricted in adult normal tissues (Stoica 2002).
Analysis of 47 bladder tumor samples revealed that MK ex-
pression is.significahtly'(about.foﬁr times) enhanced as
compared to normal bladder tissue. Furthermore, pré—
nounced overexpresgion correlates with poor patient sur-
vival (O'Brien 1996) . ‘

. ‘However, the affiﬁity of MK for ALK is about
5 times lower than the one of pleiotrophin (Stoica 2002).
Interestingly, as with pleiotrophin, inhibition of ALK
via'ribozymes also inhibits the effects of MK in cell
culture (Stoica 2002). The authors of these studies.also
come to the conclusion that inhibition of the PTK/MK/ALK
pathway opens very attractive poésibilities for the
treatment of wvarious diseases} some of them having very
limited treatment options so far, such as, for example,

glioblastoma and pahcreatic cancer. (Stoica 2002).
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In healthy individuals, ALK mRNA expression
peaks during the neonatal period and persists in adults
in a few selected portions of the nervous system. Re-
cently, expression of the ALK protein was also detected
in endothelial cells that were associated to neuronal and
glial cells. Evidence that at least a part of the malig-
nant activities described for pleiotrophin are mediated
throuéh ALK came from experiménts in which the expression
of ALK was depleted by a riboz?me targeting approach.
Such depletion of ALK'prevented pleiotrophin—stimulated
phosphorylation of thé anti-apoptopic protein Akt and led
‘to a prolonged survival of mice that had received xeno-

. grafts. Indeed, the number of apoptoplc cells in the tu-
. mox grafts was’ 51gn1f1cantly increased, when ALK expres-
sion was depleted (Powers.zooz).
| Evidence that malignant activities described
for.MK.are mediated through ALK came from experiments
with monoclonal antibodies diréqted agéinst‘the ALX ECD.
Addition of a 1:25 dilution of hybridoma cell sﬁpernataﬁt
Erom two anti-ALK ECD antibodies leads to. a 51gn1flcant
decrease in colony formatlon of 8SW-13 cells ln soft agar
(Stoica 2002). Analysis of tenvdlfferent cell lines re-
vealed that the ability for a growth response to PTN per-’
fectly correlated with the expression‘of ALK mRNA - (the
following cell lines responded to PIN and were found to
express ALK mRNA: HUVEC, NIH3T3, SW-13, Colo357, ME-180,
U87, MD-MB 231; Stoica 2001). Interestingly, in some can-
cer cell lines (Colo357 pancfeatic cancer, HéS?BT breast
cancer and U87 glioblastoma), PTN and ALK are co-
expressed, indicating that PTN and ALK form an autocrine
loop of growth stimulation (Stoica 2001).
Interestingly, both PTN and MK have been

shown to cause transcriptiomal up-regulation of the anti-
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apoptotic bel-2 protein (Stoica 2002). In addition acti-
vated Akt (which i1s a crucial downstream target of aber-
rant ADK signalling) phosphorylates the pro-apoptotic
factor called bad, thus leading to dissociation from bel-
x1, which, when liberated from bad, can suppress apop-
tosis by blocking the release of cytochrome ¢ (see Bowden
2002 for references).

Aberrant expression of ALK might be involved
in the deveiopment‘of seyeral cancers. However, it was’
first associated with a subgroup of high-malignant Non-
Hodgkin lymphomas (NHLs), the sp—called Anaplastic Large
Cell Lymphomas (ALCLs). Non-Hodgkin lymphomas reﬁresent
clonal neoplaéias originating from,various‘cél;s of lym-.
phatic origin. '

Most patients with the primary systemic
clinical sﬁbtype of ALCL héve the -t2,5 translocation, ex-
pressing a fusion protein that joins the N-terminus of
nucleophosmin (NPM) to the C-terminus of ALK. The fusion
consists of aa 1-117 of NPM fused to aa 1058-1620 of ALK
and the chromosomal breakage is located in an iptron lo-
cated batween the exons encoding the ™ and juxtamembrahe
domain of ALK (Duyster 2001). NPM-ALK is a transcript
containing an ORF of 2040bp encoding a 680aa protein
(Morris 2001). This corresponds to a breakage in intron 4
of NPM, which spans 911 bp and intron 16 of ALK which
spans 2094bp (Kutok 2002). Most likely the ALK sequence

"in this fusion protein is the minimal seguence required
for the protéin to lead to ALCL (Duyster 2001). The in-
verse fusion (ALK-NPM) is not expressed, at least not in
lymphoid cells (Kutok 2002). The wild-type NPM protein
demonstrates ubiguitous expression and functions as a
carrier of proteins from the cytoplasm into the nucleo-

lus. As a matter of fact, NPM is a 38kDa nuclear protein
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encoded on chromosome 5 that contains a NLS, binds nu-
clear proteins and engages in cytoplasm/nuclear traffick-
ing (Duyster 2001). NPM is one of the most abundant nu-
cleolar proteins’and is normally present as a hexamer
(Morris 2001). Most importantly NPM normally undergoes
self-oligomerization (hexamers) as well as hetero-
oligomerization with NPM-ALK (Duyster 2001). The 2;5
translocation brings the ALK gene portion encoding the
tyrosine kinase on chromosome 2 under the control of the
strong NPM promoter on chromosome 5, producing permanent
expression of the chimeric NPM-ALK protein {p80) (Duyster
2001). Henoe; ALK kinase is deregulated and ectopic, both
in,terms of cell.type (Iymphoid) and cellular compartment
(nucleus/nucleolus and cytoplasm) (Ladanyi ZOOOf The 1o—i
callzatlon'(oytoplasm or nucleus) of NPM seems not to af-
‘”fect its effect on lymphomagenesis (Duyster 2001) . The
resultant aberrant tyrosine kinase activity triggers ma-
lignant transformatlon via constitutive phosphorylatlon
of 1ntrecellu1ar targets. Various other less common ALK
fusion proteins are associated with ALCL. All variants
demonstrate linkage of the ALK tyrosine kinase domain to
an alternatlve promoter that regulates 1ts expression.

‘ Full- length ALK has been reported to be also
expressed in about 92% of primary neuroblastoma cells and
in some rhabdomyosarcomas (Lamant 2000) . However, no cor-

. relation between ALK expression and tumor. biology has
been demonstrated so far. This fact, taken together with
the lack of evidence regarding significant levels of
endogenously phosphorylated ALK in these tumors, suggest
that ALX expression in neuroblastoma reflects its normal
expression in immature neural cells rather than a primary
oncogenic role and ALK in these tumors is not constitu—'

tively phosphorylated thus gquestioning an important role
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for ALK in these tumors (Duyster 2001; Pulford 2001).
Nevertheless, ALK signalling might be important in at
least some neuroblastomas, as suggested by Miyake et al.,
who found overexpression and constitutive phosphorylation
of ALK due to gene amplification in neurcblastoma-derived
cell lines {(Mivake 2002) . However, other neuroblastoma-
derived cell lines do not show constitﬁtive activation of
ALK, thus arguing against a general pathological involve-
ment of ALK (Dirks 2002; Pulford 2004).

Mbst interestingly, ALK seems to be im?ortant
for growth of glioblastoma multiforme, a highly malignant
brain tumor that offers very limited therapeutic options
(Powers 2002). Multiple genetic alterations have been .
shown to occur in these devastating tumors including loss
‘or mutations of PTEN, p53 and INK42-ARF.  In addition, RTK
signalling plays a particularly important role in.growth '
and development of these tumors, which overexpress vari-
ous growth factors such as PDGF, HGF, NGF and VEGF sug-
gesting autocrine RTK signalling loops. Powers and col-
leagues have shown mRNA and protein expreésion of ALK in
glioblastoma paiient tumor samples, whereas the signals
were not detectéble.in normal adjaéent brain tissue (Pow-
eré'zooz). Fufthermore, human USTMG glioblastoma cells
(which are derived from a patient and represent a well-
charaéterized model system to study tumorigenesis and '
signalling in glioblastoma) show ALK-dependent anti-
apoptotic behaviour in xenograft studies. When ALK is de-
pleted in these tumor cells by the use of ribozymes, mice
injected with these tumor cells survive at least twice as
long as when injected with wild-type tumor cells, and
these tumor cells show drastically increased apoptosis.
Thus, ALK and its ligand(s) provide an egsgential survival

gignal that is rate-limiting for tumor growth of UB7MG
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cells in vivo (Powers 2002). These finding indicate thét
inhibition of ALK signalling could be a promising ap-
proach to improve life expectancy of glicblagtoma pa-
tients.

Glioblastoma multiforme is by far the most
common and malignant primary glial tumor with an inci-
dence of about 2/1007000/y (about 15'000 .cases in US and
Western Europe per year). It affects preferentially the
cerebral hémispheres{ but can also affect ‘the brain stem
(mainly in children) or the spinal cord. Thé tumors may
manifest de novo (primary glioblastoma) or may develop

 Erom lower grade astrocytomas‘(secondary glidblastoma).
Primary and secbndary glioblastomas show little molecular
overlap and constitute different diseasé entities on mo-
~lecular level. They bcth.contéin many genetic abnormali-
ties including affection of p53, EGFR, MDM2, PDGF, PTEN,
pl6, RB. - |
. No significant therapy advancement has oc- .
curred in the last 25 yearsg. Therapies are only péllia—
tive and can expand the life expectance from 3 months to
1 year.‘Patients usually present with slowly progressive -
‘neurolbgical deficit, e.g. motor weakness, intracranial
p;essﬁre symptoms; e.g. headache, nausea, vomiting, cog-
nitive impairment, or seizures. Changes in personality
can éiso be early signs. The etiology of glioblastoma is
unknown, familial cases repiesent less than 1%. The only
consistent risk factor identified is exposure to petro-
chémicals. Diagnosis is made mainly by imaging gtudies
(CT, NMR) and biopsy. Completely staging most glioblas-
tomag i1g neither practical nor possible because these tu-
mors do not have clearly defined margins. Rathgr they ex-
hibit well-known tendencies to invade locally and spread

along compact white matter pathways. The primary reason



WO 2007/124610 PCT/CH2007/000202

11

why no curative treatment is possible is because the tu- -
mor is beyond the reach of local control when diagnosed.
The primary chemotherapeutic agents are carmustine (an
alkylating agent) and cisplatinum but only 40% of pa-.
tients show some response.

Although there are gquite some unceitainties
‘regarding the role of ALK in glioblastoma, this disease
offers various approaches for ALK-directed drugs. In
fact, for this devastating disease even a small improve-
. ment of current therapy options would serve an enormous
'medical‘need. It is important to note ‘that since
,glioblaétoma cells express the full-length ALK, for
treating this cancer ALK could be considered as a target
not only for small molecule kinase imhibitors but also
for éntibodies and/or antibody fragmenté such aé»scFvs ,
i.e. to induce apoptosis of tumor cells. The strict lo-
“calization of glioﬁlastoma‘to the CNS supports the use of
~ scFve, if they can be delivered efficiently'to.the CNS
(no rapid clearancé due to compartimentalization, but
better tumor penétration compared to.IgGs die to their
smaller 'size}. Antibodies'and/or~antibody fragments could
be directgd against the ligand-binding seguence of ALK
(aa 396-406) or against other parts of the extraéellular
parts of the receptor.

The very limited exbrassion of ALK in healthy
tissues under physiélogical cdnditioﬁs indicates that tu-
ﬁors expressing ALK might be an excellent target for dis-
‘ease treatment using radioactive or toxin-labelled anti-
bodies and/or antibody fragments, irrespective of whether
ATK is involved in the pathogenesis of these tumors or
not. In addition to glioblastoma cells, ALK expression’
has been found with high sgignificance in melanoma cell

lines and breast carcinoma cell lines (without being con-
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stitutively phosphoryvlated) (Dirks 2002). The fact that a
large portion of the extracellular domain of ALK seems to
be rather unigue in the human proteome should make this
approach highly specific.

WO9515331/U85529925 discloses the cloning and
gsequencing of the human nucleic acid sequenceé, which are
rearranged in the t(2;5) (p23;g35) chromosomal transloca-
tion event which occurs in human t(2;5) lymphoma. The re-
arrangeﬁent was found to bring éequences from the nucleo-
lar phosphoprotein gene (the NPM gene) on chromosome 5g35
to those from a previously unidentified protein tyrosine
kinase gene (hereinafter the ALK gene) on chromosome
2p23. The sequence of the fusion gene and fusion protein
(NPM/ALK fusion geﬁe or protein, respectively) were alsgo
disclosed.

.The full-length ALK sequence ig patented in US5770421,
entitled “Human ALK Protein Tyrosine Kinase.”
Furthermore, the. patent US6174674B1 entitled “Method of
detecting a chromosomal rearrangement involving a break-
point in the ALK or NPM gene”, discloses primers for de-
tecting the NPM-ALK fusion sequence in patieﬁt samples;"
In another patent application, U86696548 entitled “ALK
protein tyrosine kinase/receptor aﬁd ligands thereof”,
the use of ALK for detection of ALK ligands and antibod-
ieg binding to specific sequénces of ALK is diéclosed. It
also.discloses a method of identifying'aﬁ agent capable
of binding to the isolated ALK polypeptide. |
WO0196394/US20020034768 discloses ALK as receptor of
pleiotrophin. US20040234519 discloses anti-pleiotrophin-

- antibodies, and WO2006020684 describes the detection of
pleitrophin.

Disclosure of the Invention
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Hence, it is a general object of the inven-
tion to provide a stable and soluble antibody or antibody
derivative, which binds the human ALK protein in vitro
and in vivo. Most preferably, the antibody is specifi-
cally targeted against the ligaﬁd—binding domain of ALK
(amino acids 396-406) and hence will block both the bio-.
logic effects of MK, which has a Kd for ALK of about 170
M, as well as the biologic effecfs of PTN, which has =a
Rd for ALK of about 20 -30'pM (Stoica 2002; Stoica 2001).

~In a‘preferred embodiment =aid antibody or antibody‘frag~
ment is a scFv antibody or a Fab fragment. In.the follow-
ing the term antibody comprises full-length antibodies as
.well as other antibody derivatives.

Now, in order. to implement these and still.
further objects of the invention, which will become more
readily apparent as the description proceeds, said anti~
body is manifested by the features that it compriszes a
variable heavy chain CDR3 of a sequence of at least 50%
identity to the sequence SEQ. ID. No. 2. Preferably, .the
‘sequence identity is at least 60%, 65%, 75%, 85%, or more
preferably at least 92%. Most preferably, said antibody
has a VH CDR3 of the seqguence SEQ. ID. No.2.

In one embodiment, the antibody or‘antigen
binding portion theredf of the invention specifically
binds to a particular epitope of the ALK protein. Such
epitopes reside, for example, within amino acids 1-50,
50-100, 100-150, 150.-200, 200-250, 250-300, 300-350, 350-
400, 400-450, 450-500, 500-550, 550-600, 600-650, 650-
700, 700-750, 750-800, 800—900',‘ 900-1000, '1000-1100,
1100~-1200, 1200-1300, 1300-1400, 1400-1500, or lSOO-léZO
of the ALK protein, or any interval, portion or range
thereof. In one embodiment, the antibody or antigen

binding portion thereof specifically binds to an epitope
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comprising, essentially consisting of or a fragment of
the region spanning amino acid residues 391 =3 and 406 %
3 (SEQ. ID No: 91 shows amino acid residues'388 to 409 of
the human ALK protein), preferably amino acids 391-406
(SEQ. ID.No: 1) of the ALK protein (SEQ ID NO: 1). It is
understood that the indicated range is not to be consid-
ered as having sharp bounderies, but that the antibody or
antigen binding portion thereof may bind or partially
bind in a region closely situated to or within the
ligand-binding domain of ALK. Preferably{ the antibodies
or antibody-derivatives bind to an épitope of the ALK
proteipiof 10 to 20 amino acids in length. :

' In another embodiment the antibody or antigen
binding portlon thereof can be characterized as specifi-
cally blndlng to an ALK proteln with a Kp of less than
about 10 x 107® M. In a particular embodiment, the anti-
body or antigen binding portion thereof specifically
binds to an ALK protein (or fragment thereof)‘with a. Ky
of at least about 10 x 1077 M, at least about 10 x 107 M,
at least about 10 x 107° M, at least about 10 x 107*° M, at
least about 10 x 107 M, or at least about 10 x 1072 M or
a Kp even more favorable.

In various other embodiments, the antibody or anti-
gen binding portion thereof includes a variable heavy
chain region comprising an amino acid sequence at least
80%, 85%, 50%, 95%, 98%, or more preferably at least 99%
identical to a Variable heavy chain region amino acid se-
quence as get forth in SEQ ID NO: 4.

In other embodiments, the antibody or antigen
binding portion thereof includes a variable light chain
region comprisging an amino acid sequence at least 80%,

85%, 90%, 55%, 98% or more preferably at least 99% iden-
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tical to a variable light chain region amino acid se-
quence as set forth in SEQ ID NO: 5.

In still other embodiments, the antibody or
antigen binding portion thereof includes both a variable
heavy chain region comprising an amino acid sequence at
least 80%, 85%, 90%, 95%, 98% or more preferably at least
99% identical to a variable heavy chain region amino acid
sequence as set forth in SEQ ID NO: 4 and a variable
light chain region comprising an amino acid sequence at
least 80%, 85%, 90%, 95%, 98% or more preferably at least
99% identical to a variable light chain amino acid se-
gquence as set forth in SEQ ID NO: 5.

In certain other embodiments, the antibody or
antigen binding portion thereof specifically bind to an
epitope that overlaps with an epitope bound by an anti-
body or antibody derivative of ESBA521 (Seq. ID. No. 19)
and/or competes for binding to an ALK protein, or portion
thereof, with an antibody or antibody derivative of
ESBA521. In a related embodiment, the antibody or anti-
gen binding portion thereof specifically binds to an epi-
tope comprising residues 391-406 (SEQ ID NO: 1) of an ALK
protein, or portion thereof.

The variable heavy and light chain regions of
the antibodies or antigen binding portions thereof typi-
cally include one or more complementarity determining re-
gions (CDRs). These include the CDR1l, CDR2, and CDR3 re-
gions. In particular embodiments, the variable heavy
chain CDRs are at least 80%, 85%, 90%, 95%, or more pref-
erably 100% identical to a CDR of the ESBA521 antibody.
In other particular embodiments, variable light chain
CDReg are at least 80%, 85%, 90%, 95%, or more preferably
100%, identical to a CDR of a variable light chain region

of the ESBA521 antibody.
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Accordingly, particular antibodies or frag-
ments of the invention comprise a variable heavy chain
region that includes one or more complementarity deter-
mining regions (CDRs) that are at least 80%, 85%, 90%,
95%, or more preferably 100%, identical to a CDR of a
variable heavy chain region of the ESBA521 and a variable

-light chain region that includes one or more CDRs that
are at least-B0%, 85%, 90%, 95% or more preferably 100%,
identical to a CDR of a variable light chain region of
the ESBA521 amtibody. | |

The variable heav& chain region of the anti-
bodies or antigen binding portions thereof can also in-
clude all three CDRs that are at least 80%, 85%, 90%,
95%, or more preferably 100%, identical to the CDRs of
the variable heavy chain region of the ESBASZlfantibody
and/or all three CDRs that are at least 80%, 85%, 90%,
_95% or more preférably 100%, identical to the CDRs of the
variable light chain region of the ESBA521 antibody.

In another embodiment of‘the invention, the
antibodies or antigen binding portions thereof (a) in-

clude a heavy chain variable region that is encoded-by or

' derived from (i.e.‘is the product of) -a human VH gene
(e.g., H3 type); and/or (b) include a light chain vari-

able region that is encoded by or derived from a human V

kappa or lambda gene (e.g., lambdal type).

' The antibodies of the present invention in-
clude full-length antibodies, for example, monoclonai an-~
tibodies, that include an effector domain, (e.g., an Fc
domain), as well as antibody portions or fragments, such
ag single-chain antibodies and Fab fragments. The anti-
bodies can also be linked to a variety of therapeutic
agents (e.g., anticancer agents, chemotherapeutics, or

toxins) and/or a label (e.g., radiolabel).
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In another aspect, the invention features iso-
lated nucleic acids including a sequence encoding an an-
tibody heavy chain variable region which is at least 75%,
80%, 85%, 90%, 95%, or more preferably at least 99%,
identical to SEQ ID NO: 22. The invention also features
isclated nucleic acids that include a sequence encoding
an antibody light chain variable region which is at least
75%, BO%, 85%, 90%, 95%, or more preferably at least 99%,
identical to SEQ ID NO: 21.

The invention also features expression vectors
including any of the foregoing‘nucleic acids either alone
or in combination (e.g., expressed from one or more vec-
tors), as well as host cells comprising such expression

. vectors. .

Suitable host cells for expressing antibodies
of the invention include a variety of eukaryotic cells,
'”e.ggz yeast cells, mammalian cells, e.g., Chinese hamsfer
ovary (CHO) cells, NSO cells, myeloma cells, or plant
cells. The molecules of the invention can also be ex-

pressed in prokaryotic cells, e.g., E. coli.

The imvention also features methods for making
the aﬁtibodies or antigen binding portions . thereof by ex-
pressing nﬁcleic acids encoding antibodies in a host cell
(e.g., nucleic acids encoding the antigen binding region 
portion of an antibody). In yet another aspect, the in-
vention features a hybridoma or transfectoma including
the aforementioned nucleic acidé.

In another embodiment, the invention provides
an antigen comprising an epitope of the ALK protein,
preferably of the PIN ligand binding domain, more pref-
erably a fragment comprising, essentially consisting of
or a fragment of the region spanning amino acid residues

391 +3 and 406 = 3 (see SEQ. ID No: 91 which shows amino
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acid residues 388 to 409 of the human ALK protein), most
preferably amino acids 391-406 (SEQ. ID.No: 1). The an-
tigen can be used for raising, screening, or detecting
the presence df an anti-ATK antibody or can be used as an
agent in active immunotherapy, i.e. as a vaccine.

As a vaccine, the antigen can be used alone or
in combination with an appropriate adjuvant or hapten,
e.g., mixed or conjugated either chemically or geneti-
cally.' The antigen when used for active immunotherapy -
can also be used in combination with passive immunother-
apy, for example, with any of the anti-ALK antibodies
disclosed heréin, or in combination with a monoclonal or
polyclonal preparation of anti-ALK antibodies, e.g., se-
rum gammaglobulin from a seropositive donor.

In another embodiment, the antibody molecules
(or VL and VH binding regions) are fully human. Treat-
ment of humans with human monoclonal antibodies offers
geveral advantages. For example, the antibodies are
likely to be less immunogenic in humans than non-human
antibodies. The therapy is also rapid because ALK inac-
tivation can occur as'sopn as the antibody reaches a can-
cer site (where ALK is expressed). Therefore, in a re-
lated embodiment, the antibody is a scPFv antibody, i.e.,
ESBA521 or an antibody comprising a VL and/or VH re-
gion(s) (or CDRs thereof; e.g., VL CDR3 (SEQ ID NO:3)
and/or VH CDR3 (SEQ ID NO: 2)) of ESBA521.

Human antibodies also localize to appropriate
sites in humans more efficiently than non-human antibod-
ies. Furthermore, the treatment is specific for ALK, is
recombinant and highly purified and, unlike traditional
therapies, avoids the potential of being contaminated

- with adventitious agents. Alternatively, antibodies and-
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antibody-derivatives of the present invention may be pro-
duced by chemical synthesis.

In another embodiment, the invention proﬁides
compogitions for treating a cancér (or the making of a
medicament go suitéd) that can prevent neoplasia in a
subject by competing with ligands of ALK such as midkine
(MK) and/or pleiotrophin (PTN) and thereby block ALK-
signaling mediated by such ligands. Such t composition
can be administered alone or in combination with in the
art recognized anti-cancer agents, for example, meth-
otrexate, and the like.

" The antibody of the invention and/or ALK vac-
cine can be used alone or in combined with a known thera-
peutic, e.g., an anti-cancer agent, e.g., methotrexate

and the like.
Other featurez and advantéges of the invention
will be apparent from the following detailed deécription,

and from the claims.

Brief Description of the Drawings

The invention will be better understood and
objects other.than those set forth above will become ap-
parent when consideration is given to the following de-
tailed description thereof. Such description makes refer-
ence to the annexed drawings, wherein:

Figure 1 shoWs a scheme of the human ALK pro-
tein used. A iGAamino acid peptide of the PIN binding
site (dashed) is used as the epitope in a two hybrid
screen for scFv binders.

Figure 2 shows the stepwise randomization of

VH CDR3, VL CDR 3 and VH CDR 2 portions to obtain ESBAL21
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as secondary binder and a set of scFvs as tertiary bind-
ers (see Tab. 1). X stands for any amino acid residue.

Fig. 3 shows an ELISA experiment wherein the
binding characteristics of improved scFvs are compared to
that of the framework they originate from.

Fig. 4 shows immunostaining of transiently
transfected Hela cells with ESBAS521 (left panels) and a
polyclonal ALK specific antibody (right panels). Middle
panel: same cells visualized by light microscopy.

Figure 5 shoﬁs an ELISA experiment comparing

the ESBAS512 to the improved tertiary binders.

Detailed Description of the Invention

In order that the present invention may be more

readily understood, certain terms are first defined.

Definitions

The term “ALK” and “Alk-1” iﬁcludes tﬁe human

ALK protein encoded by the ALK (Anaplastic Lymphoma Ki-
nase) gene which is a membrane-spanning protein tyrosine
kinase (PTK)/receptor. A

| The term “antibody” refers to whole antibodies
and any antigen binding fragment (i.e., “antigen-binding
portion,” “antigen binding polypeptide,” or “immuno-
binder”) or single chain .thereof. An “antibody” refers
to a glycoprotein comprising at least two heavy (H)
chains and two light (L) chains inter-comnnected by disul-
fide bonds, or an antigen binding portion thereof. Each
heavy chain is comprised of a heavy chain variable region
(abbreviated herein as Vy) and a heavy chain constant re-
gion. The heavy chain constant region is comprised of
three domains, CH1, CH2 and CH3. Each light chain is

comprised of a light chain variable region (abbreviated
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herein as V) and a light chain constant region. The
light chain constant region iz comprised of one domain,
CL. The Vg and Vi regions can be further subdivided into
regions of hypervariability, termed complementarity de-
termining regions (CDR), interspersed with regionsg that
are more conserved, termed framework regions (FR). Each
Vy and Vi 1s compoged of three CDRs and four FRs, arranged
from amino-terminus to carboxy-terminus in the following-
order: TFR1, CDR1l, FR2, CDR2, FR3, CDR3, FR4. The vari-
able régions of the heévy and light chains contain a
binding domain that interacts with an antigen. The con-
stant regions of the antibodies may mediate the binding
of the immunoglobulin to host tissues or factors, includ-
“ing various cells of the immune system (e.g.,”effector
cellg) and the first component (Clg) of the classical
compiement system. '

' The term “antigen-binding portion” of an anti-
body (or simply “antibody portion”) refer to one or more
fragments of an antibody that retain the ability to spe-
c¢ifically bind to an antigen (e.g., ALK). It has been
shown that the antigen—bin&ing function of‘an éntibody
can be performed by fragments'of a fuilélength antibody.
Exampleé of binding fragments encompassed within the term
“antigen-binding portion” of an antibody include (i) a
Fab fragment, a monovalent fragment consisting of the Vi,
Vg,” CL and CH1 domains; (ii) a F(ab')y fragment, a biva-
lent fragment compris=ing two Fab fragments 1inked by a
disulfide bridge at the hinge region; (iii) a Fd fragment
consigting of the Vy and CH1 domains; (iv) a Fv fragment
consisting of the Vi and Vy domains of a single arm of an
antibody, (v) a single domain or dAb fragment (Ward et
al., (1989) Nature 341:544-546), which congistg of a Vy

domain; and (vi) an isolated complementarity determining
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region (CDR) or (vii) a combination of two or more iso-
lated CDRs which may optionally be joined by a synthetic
linker. Furthermore, although the two domains of the Fv
fragment, Vi, and Vg, are coded for by separate genes, they
can be joined, using recombinant methods, by a synthetic
linker that enables them to be made as a single protein
chain in which the Vy and Vy regions pair to form monova-
lent molecules (known as gingle chain Fv (scFv); see
e.g., Bird et al. (1988) Science 242:423-426; and Huston
eﬁ al.,(lSéé) Proc. Natl. Acad. Sci. USA 85:5879-5883).
Such gingle chain antibodies are also intended to be en- .
compagsed within the term “antigen—binding'portion” of an
antibody. These antibody fragments are obtained using '
conventional technigues known to those with gkill in the
art, and the fragments are screened for utility in the
saﬁe manner as are intact antibodies. Antigen-binding
portions can be produced'by recombinant DNA techniques,
or by enzymafic or chemical cleavage of intact immu-
noglobulins. Antibodies can be of different isotype, for
example, an IgG (e.g., an IgGl, IgG2, IgG3, or IgG4 sub-
type)., IgAl, IgA2, IgD, IgE, or IgM antibody.

The term “frameworks” refers to the art recog-
nized portions of an antibody variable region that exist
. between the more divergent CDR regions. . Such framework
regions are typically referred to as frameworks 1 through
4 (FR1, FR2, FR3, and FR4) an@ provide a scaffold for
holding, in three-dimensional space, the three CDRs found
in a heavy or light chain antibody wvariable region, such
that the CDRs can form an antigen-binding surface. Such
frameworks can also be referred to as scaffolds as they
provide support for the preserntation of the more diver-
gent CDRe. . Other CDRs and frameworks of the immunoglobu-

lin superfamily, such as ankyrin repeats and fibronectin,
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can be used as antigen binding molecules (see also, for
example, U.S. Patent Nos. 6,300,064, 6,815,540 and U.S.
Pub. No. 20040132028). |

The term “epitope” or “antigenic determinant”
refers to a site on an antigen to which an immunoglobulin
or antibody specifically binds (e.g., ALK, for example,
amino acid residues 391-406 of human ALK-1 (zee e.g., SEQ
‘ID NO: 1). BAn epitope typically includes at least 3, 4,
5, .6, 7, 8, 9, 10, 11, 12, 13, 14 or 15 amino acids in a

pniqqe spatial conformation. See, e.g., Epitope Mapping
. Protocols in Methods in Mblééulaleiologyf Vol. 66, G. E.
Morris, Ed. (1996). ‘ '

. The terms “specific bindingik “selective bind-
ing,” “selectively binds,” and “specificéily binds,” re-
fer to antibody binding to an epitope on a pfedetermined
antigen. Typically, the antibody binds with an'affinity
(Kp) of approximately less than 107 M, such as appfoxi—
mately less than 10 % M, 107° M or 107° M or even lower .

The term “Kp,” refers to the diésociation
egquilibrium constant of a'partiéular antibody-antigen in-
teraction. Typically, the antibodies of the invention
bind to ALK with a dissociation equilibrium constént (Xp)
of less than approximately 1077 M, such as less than ap-
proximately 10 M, 107 M or 107%° M or even lower, for
example,-as.determingd using surface plasmon resonance
(SPR) technology in a BIACORE instrument.

The terms “neutralizes ALK,” “inhibits ALK,”
and “blocks ALK” are used interchangeably to refer to the
ability of an antibody of the invention to prevent ALK
from interacting with one or more térget ligands and, for
example, triggering signal transduction.

The term “nucleic acid molecule,” refers to

- DNA molecules and RNA molecules. A nucleic acid molecule
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may be single-stranded or double-stranded, but preferably
is double-gtranded DNA. A nucleic acid is “operably
linked” when it is placed into a functiomal relationship
with another nucleic acid sequence. For instance, a pro-
moter or enhancer is operably linked to a coding sequence
if it affects the transcription of the sequence.

For nucleic acids, the term “substantial ho-
mology” indicates that two nucleic.acids, or designated
sequences thereof, When optimally aligned and compared,
are identical, with appropriate nucleotide insertions or
deletions, in at least about 80% of the nucleotidés, usu-
ally at least about 90% to 95%, and more preferably'at.
least about 98% to 299.5% of the nucleotides. Alterna-
tivély, substantial homology exists when the segments
will hybridize under selectiﬁe hybridization conditions,
to the complement of'tﬁe gtrand. Such hybridization'con—
ditions ére know in the art, and described, e.g., in Sam-
book et al.‘infra.

The percent identity between two sequences is
a function of the numbéf of identical poéitions shared by
the sequences, taking into account the number of gaps,
and the length of each gap, which need to be introduced
Afor optimal alighment of the two gequences. The compari-
son of sequences and determination of percent identity
"between two sequences can be accomplished using a mathe-
‘matical algorithm, asg described in the non-limiting exam-
ples below. i

The percent identity between two nucleotide
sequences can be determined using the GAP program in the
GCG software package, using a NWSgapdna. CMP matrix and a
gap weight of 40, 50, 60, 70, or 80 and a length weight
of 1, 2, 3, 4, 5, or 6. The percent identity between two

nucleotide or amino acid sequences can also be determined
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using the algorithm of E. Meyers and W. Miller (CABIOS,
4:11-17 (1989)) which has been incorporated into the
ATLIGN program (version 2.0), using a PAM120 weight resi-
due table, a gap length penalty of 12 and a gap penalty
of 4. 1In addition, the percent identity between two
amino acid sequences can be determined using the Needle-
man and Wunsch (J. Mol. Biol. (48):444-453 (1970)) algo-
rithm which has been incorporated into the GAP program in
the GCG software package, using either a Blossum 62 ma-
trix or 'a PAM250 matrix, and a gap weight of 16, 14, 12,
10, 8, 6, or 4 and a length weight of 1, 2; 3, 4, 5, or
6.

The nucleic acid and protein seqguences of the
present invention can further be ﬁsed as a “guery se-
quence” to perform a search against public databases to,
for example, identify related sequences. BSuch searches
can be performed using the NRLAST and XBLAST programs
(version 2.0) of Altschul, et al. (1990) J. Mol. Biol.
215:403-10. BLAST nucleotide searches can be performed
with the NBLAST program, score =‘100, wordlengfh = 12 to
‘obtain nucleotide sequences homologous to the nucleic
acid molecules of the invention. BLAST protein gearches
can be performed with the XBLAST program, score = 50,
wordlength = 3 to obtain amino acid sequences homologous
to tﬁe protein molecules of the invention. To obtain )
gappe& alignments for comparison purposés, Gapped BLAST
can be utilized as described in Altschul et al., (1997)
Nucleic Acids Res. 25(17) :3389-3402. When utilizing
BLAST and Gapped BLAST programs, the default parameters
of the respeétive programs (e.g., XBLAST and NBLAST) can
be used.

The present invention also encompasses “con-

servative segquence modifications” of the sequences set
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forth in the SEQ ID NOs of the present invention, i.e.,
nucleotide and amino acid séquence modifications which do
not abrogate the binding of the antibody encoded by the
nucleotide sequence or containing the amino acid se-
gquence, to the aﬁtigen. Such cdonservative segquence modi-
Fications include nucleotide and amino acid substitu-
tions, additions and deletions. For example, modifica-
tions can be introduced by standard techniques known in
the art, such as site-directed mutagenesis and PCR-
mediated mutagenesis. Conservative amino acid substitu-
tions include ones in which the amino acid residue is re-
placed with an amino acid residue having a similar side
chéin._ Families of amino acid residues having similar
side chains have been defined in the art. These families
include amino acids with basgic side chains (e;g.; lyeine,
arginine, histidine), acidic side chains (e.g., aspartic
acid,  glutamic acid), uncharged polar side chains (e.g.,

" glycine, asparagine, glutamine, serine, threonine, tyro-
gine, cysteine, tryptophan), nonpolar side chains (e.g.,
alanine, valine, leucine, isoleucine, prdline{ phenyla-
lanine,.methioniné), beta-branched gide chains (e.g.,
threonine, valine, isoleucine) and arématic gide chains

(e.g., tyrosine, phpnyialanine, tryptophan, histidine).

Thus, a predicted nonessential amino acid residue in a
human anti-ALK antibody is preferably replaced with an-
other amino acid residue from the same side chain family.
Methods of identifying nucleotide and amino acid conser-
vative substitutioms which do not eliminate antigen bind-
ing are well-known in the art (see, e.g., Brummell et
al., Biochem. 32:1180-1187 (1993); Kobayashi et al.
Protein Eng. 12(10):879-884 (1999); and Burks et al.A
Proc. Natl. Acad. Sci. USA 94:412-417 (1997))
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Alternatively, in another embodiment, muta-
tions are randomly introduced along all or part of an
anti-ALX antibody coding sequence, such as by saturation
mutagenesis, and the resulting modified anti-ALK antibod-
ies can be screened for binding activity. A “consensus
sequence” is a sequence formed from the most frequently
occurring amino acids (or nucleotides) in a family of re-
lated gegquences (See e.g., Winnaker, From Genes to Clones
(Verlagsgesellschaft, Weinheim, Germany 1987). In a fam-
ily of proteins, each position in the consensus seguence
is occupied by the amino acid occurring most frequently
at that position in the family. If two amino "acids occur
equally frequently, either can be included in the consen-
Sus sequence. '

By reference to the tables and figures pro-
vided herein a consensus sequence for the antibody heavy
/ light chain variéble region CDR(g) can be derived by
optimal alignment of the amino acid seguences of the
variable region CDRs of the antibodies which are reactive
against epitépe 390-406 of the human ALK-1 protein.

. The term.“vector,” refers to a nucleic acid
molecule capable of transporting another nucleic acid to
which it has been linked.  One type of vector is a “plas-
mid,” which refers to a circular double stranded DNA loop
into which additional DNA segments may be ligated. An-
other tybe of vector is a viral vector, wherein addi-
tional DNA segments may be ligated into the viral genome.
Certain vectors are capable of autonomous replication in
a host cell into which they are introduced (e.g., bacte-
rial vectors having a bacterial origin of replication and
episomal mammalian vectors). Other vectors (e.g., non-
episomal mammalian vectors) can be integrated into the

genome of a host cell upon introduction into the host
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cell, and thereby are replicated along with the host ge-
nome.

The term “host cell” refers.to a cell into
which and expression wvector has been introduced. Host
cells can include bacterial, microbial, plant or animal
cells. Bacteria, which are susceptible to transforma-
tion, include members of the entercobacteriaceae, such as
straing of Esgcherichia coli or Salmonella; Bacillaceae,
such as Bacillus subtilig; Pneumococcus; Streptococcus,
and Haemophilus influenzae. Suitable microbes include
Saccharomyces cerevisiae and Pichia pastoris. Suitable
animal host cell lines include CHO (Chinese~Hamstef ovary
- lines) and NSO cells. A

The termg “treat,” “ﬁreating," aﬁd “tréﬁfF.‘
menﬁ," refer to therapeutic or preventative measures de—'
geribed herein. The methods of “treatment” employ ad-
ministration to a subject, in need of such treatment, an
~antibody of. the présent invention, for example, a subjgct
having an ALK-mediated disorder or a subject who ulti-
mately may acquire such a disofder, in order to prevent,
cure, delay, reduce the severity of, or amesliorate one or
more symptdms of the disorder or recurring disorder, or
"in order to proléng the survival of a subject beyond that
expected in the absence of such treatment.

The term “ALK-mediated disorder” refers to
disease states and/or symptoms associated with ALK-
mediated cancers or tumors. In general, the term "ALK-
mediated disorder” refers to any disorder, the onset,
progression or the persistence of the symptoms of which
requires the participation of ALK. Exemplary ALK-
mediated disorders include, but are not limited to, for

example, cancer, in particular, glioblastoma.
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The term “effective dose” or “effective dos-
age” refers to an amount sufficient to achieve or at
 least partially achieve the desired effect. The term‘
“therapeutically effective dose” is defined as an amount
sufficient to cure or at least partially arrest the dis-
ease and its complications in a patient already suffering
from the disease. Amounts effective for this use will
. depend upon the severity of the disorder being treated
and the general state 5f the patient’s own immune system.

The term “subject” refers to any human or non-
human animal. For example, the methods and compositions
of the present invention can be usged to treat a subject

with a cancer, e.g., glioblastoma.

Unless otherwise defined, all technical and
scientific texrms used herein have the same meaning as’
commonly understood by one of ordinary skill in the art
to which this invention belongs. Although methods and
materials similar or equivalent to those described herein
can be used in the practice or ﬁesting of the preseﬁt
invention, suitable methods and materials are described
below. In case of conflict, the preseﬁt specificétion,
including definitions, will control. 1In addition, the
materials, methods, and examples are illustrative only
and not intended to be limiting. .

Various aspects of the invention are described in further
detail in the following subsections. It is understood
that the various embodiments, preferences and ranges may
be combined at will. Further, depending of the specific
embodimeﬁt, selected definitions, embodiments or ranges

may not apply.
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The present invention provides in a first as-
pect an antibody binding the human ALK protein, said an-
tibody comprising a variable heavy chain CDR3 of a se-
quence with at least 50% sequence identity to the se-
guence SEQ. ID. No. 2. Preferably, the sequence identity
is at~least 60%, 70%, 75%, 80%, or more preferably at
least 90%. Most preferably, the CDR3 has the precise ge-
guence of SEQ. ID. No. 2.

In a2 preferred embodiment of the present in-
vention the antibody binds specifically to the human ALK
protein, i.e. it does not bind to the mouse ALK protein,
whosge PTN binding site differs in only 2 amino acid resi-
dues compared to the PIN binding site (SEQ. ID. No. 1) of
the human ALK protein. The human isoleucineAat position
3 is a valine and the aspaftate is an alanine in the cor-
responding mouse sequence.

The antibody of the present invention can be
a full-length antibody, but also an antibody fragment,
such as for example a scFv or a Fab fragment. Antigen
binding fragments are well known in the art. Preferably,
a scFv antibody is uszed. .

The heavy chain and the light chain are com-
posed ofvframework sequences, each compriging three CDRs,
CDR1, CDR2 and CDR3,. which are predominantly involved in
antigen bindingf The antibody of the present invention
comprises VH domain of the H3 type and a VL domain of the
lambdal type.

The VH and VL framework of the antibody of
the present invention ig stable and soluble so as to be
functional in an intracellular reducing environment.
Preferably it is the framework 4.4. that has previously
been isoclated by a yeast screening system referred to as

the “Quality control system” (Auf der Maur =t al., 2001;
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Auf der Maur et al. 2004). The sequénce of the framework
can be deduced for example from SEQ. ID. No. 20 (see be-
low), where the framework portions are represented by
non-underlined and straight letters, while the CDR se-
guences are underlined and the linker sequence is in
italics.

The antibody of the present invention ils able
to bind a l6-amino acid ALK epitope peptide of a sequence
that is at least 75%, preferably 80%, 85%, 90%, 95%, or
most preferably 100%, identical to the sequence of SEQ.
ID. No. 1. This sequence is also referred to as PIN
binding site and is a unique seduence in the entire human
genoﬁe; The corresponding mouse sequence variesg in-2 out
of 16 amino acids, i.e., V at position 3 and A at posi-
tion 7 instead of I or D, regpectively. éreferably, the
antibody of the present invention binds human but not -
mouse ALK, i.e., is specific for the human protein. The
ALK epitope comprising about residues 391-406 ox cpnsist—
ing of thése residues is uniquely suited for selecting an
antibody or antigen binding fragment that can specifi—
cally bind ALK and block or inhibit ALK-mediated activ-
ity. This epitope isg also suitable for screening or
raisipg antibodies that specifically block ALK activity.
Thus, this epitope, especially an epitope comprising
about residues 391-406 or consisting of about these resi-
dues,{is uniquely suited for use as an active immuno-
therapeutic agent or vaccine as further described herein.

The antibody of the present invention has an
affinity for the ALK epitope peptide with a Kg of 30 nM
or less, preferably 10 nM or less, most preferably below
3 nM. '

In another embodiment of the present inven-

tion, the antibody compriging a variable light chain CDR3
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of a sedquence with at leagt 50% sequence identity to the
sequence SEQ.ID. No. 3. Preferably, the sequence iden-
tity ié at least 60%, 70%, 80%, 85%, more preferably at
least 90%. Most preferably, CDR3 is identical to SEQ. ID.
No. 3. Again, this antibody binds a l6-amino-acid ALK
epitope peptide of a sequence with at least 75%, prefera-
bly 80%, 85%, 90%, 95%, or most preferably 100%, amino
acid identity to the sequence SEQ.ID. No. 1. Also, the
antibody has an affinity for the ALK e@itope peptide with
a Kd of less than 10 nM, preferably less than 7 nM. .

-In a.preferred embodiment of the present in-
vention the anfibody comprises a VH sequence of SEQ.ID.
No. 4 and a VL seguence of SEQ.ID. No. 5. Additionally,
it can comprise at least one mutétion in at least one of
the CDRs resulting in.é higher affinity characterized by
a Kg of less than about 3 nM. Said at least one mutation
is preferably in CDR1 or CDR2 of VH and/or VL, most pref-
erably in CDR2 of VH. '

. In another preferred embodiment of the pre-
sent invention the antibody comprises a variable heavy
chain CDR2 comprising a sequence selected from the group
of SEQ. ID. No. 7, SEQ.ID. No. 8, SEQ. ID. NQ. 9, SEQ.ID.

“No. 10, SEQ.ID. No. 11, SEQ.ID. I\TO.. 12, or SEQ.ID. No.

13. Preferably these defined CDR2 sequences are preceded
by the aminoc acids residues AI and followed by the se-
guences of SEQ.ID. No. 17, so that the entire CDR2 is de-
fined. '

A preferred antibody of the present invention
comprises a VH séquence.of SEQ. ID. ﬁo. 4 and a VL se-
guence of SEQ. ID. No. 5. In scFv antibodies, the domain
structure can NHp-VL-linker-VH~COOH or NHp-VE-linker-VL-
COCH; preferably, the linker has the sequence SEQ. ID.

No. 16. Alternatively, the variable regions represented
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by SEQ ID NOS: 4 and 5 can be engineered into a full
length antibody, e.g., IgG or IgM. Constant regions
suitable for combining with the variable regions of the
invention are known in the art.

Within the scope of the present invention is
the use of the antibody or antibody derivative as a me-
dicament or as a diagnostic tool. Preferably, the produc-
tion of a medicament for the treatment of cancers or tu-
mors is envisaged. For this purpose an antibody can be
radiolabelled using radionuclides or radiometal labeling.
This is particularly valuéble for tumor targeting, imag-
ing and biodistribution studies. Also, recombinant DNA
techﬁology makes it possible to genetically fuse coding
regions of variable V genés to médified toxin domains.’
For examplé, a scFv-toxin fusion wherein the scFv ié spe-
cific for a tumor marker protein can target the toxin to
the tumor, where the toxin causes cytotokicity. Such
targeted therapy results'in the selective concentration
of cytotoxic agents or radionuclides in tumors and should
iessen the toxicity to normal tissues.

In a preferred embodiment of the present in-
vention the antibody is used for a tréatment of cancers
or tumors, preferably neurcoblastoma, glioblastoma, rhab-
‘domyosarcoma, breast carcinoma, melanoma, pancreatic‘can—
cer, B-cell non-Hodgkin’s lymphoma, thyroid carcinoma,
small cell lung carcinoma, retinoblastoma, Ewing sarcoma,
prostate cancer, colon cancef, or pancreatic cancer,
preferably glioblastoma, neuroblastoma and rhabdomyosar-
coma. ALK expression and protein has been detected in
many soft tissue tumors (Li et al., 2004). Full-length
ALK has been found in these human tumors. Furthermore,
the antibody is'preferably used.for local treatments.

Most preferred is local treatment of glioblastoma.
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Another aspect of the present invention is to
provide a DNA sequence encoding the antibody of the pre-
sent invention. A suitable prokaryotic expression vector
for ESBAS512 (SEQ.ID.No: 18) is pTFT74 (see SEQ.ID.No: 90
for the sequence including the ESBA512 coding sequence) .
Therein, the ESBAS12 céding sequence is under the control
of the T7-promotor and the recombinént gene product is
usually purified over inclusion bodies. Another preferred
prokaryotic expression vector is pAK400, wherein the |
ESBA512 sequence is his-tagged for simplified purifica-
tion (see SEQ.ID.No: 89 for the gequence including the
ESBAS512 coding sequence). The gene product is secreted by
the host cell into the periplagm.

. In addition, an expression vector comprising
gaid DNA sequence and a suitéble host cgll transformed
with said expression vector is provided. Preferébly, said
host cell is an E. coli cell.

. Yet another aspect of the.present invention
is the production of the antibody of the preéent inven-
tion, comprising culturing the host cell that is trans-
formed with the expression vector for said antibody, un-
der conditions that allow the synthesis of éaid antibody
and recovering it from said culture. .

Another aspect of the present invention is to
providg an ALK epitope, comprising or consisting essen-
tially of residues 391-406 of SEQ ID No: 1. Said epitope
is suitable for identifying, screening, or raising anti-
ALK antibodies or fragments thereof. Preferably, the an-
tibody or antigen binding fragment thereof that is capa-
ble of specifically binding residues 391-406 (SEQ ID
NO:1) of an isolated ALK protein or fragment thereof.
More prefe:ably, the antibody is' a single chain antibody

(scFv), Fab frag-ment, IgG, or IgM.
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In a further aspect, an ALK vaccine compris-
ing an isolated ALK protein or a fragment thereof, or a
nucleic acid encoding an epitope of ALK is provided.
Preferably, the vaccine comprises residues 391-406 of an-
isolated ALK protein. Said vaccine is preferably formu-
lated with a carrier, adjuvant, and/or hapten to enhaﬁce

the immune response.

The sequences of the present invention'are

the following ones:

SEQ.ID. No. 1: GRIGRPDNPFRVALEY
Human ALK epitope peptide (amino acidg 391-
406 of the ALK protein); underlined residues are differ- -

ent in the mouse homologue.

SEQ.ID. No. 2: RDAWLDVLSDGFDY
ESBA521 CDR 3 of VH. Residues obtained after

randomization are underlined.

SEQ.ID. No. 3: ATWDNDKWGVV
ESBA521 CDR 3 of VL. Residues obtained after

randomization are underlined.

SEQ.ID. No. 4:
EVQLVESGGGLVQPGGSLRLSCAASGFTFSSYAMSWVRQAPGKGLEWVSAISGSGGS
TYYADSVKGRFTISRDNSKNTLYLOMNSLRAEDTAVYYCARDAWLDVLSDGFDYWGQ

GTLVIVSS
VH of ESBA521. CDRs are underlined.

SEQ.ID. No. 5: ,
QSVLTQPPSVSAAPGOKVTISCSGSTSNIGDNYVSWYQQLPGTAPQLL I YDNTKRPS

GIPDRFSGSKSGTSATLGITGLQTGDEADYYCATWDNDKWGVVEGGGTKLEVLG
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VL of ESBA521. CDRs are underlined.

SEQ.ID. No. 6:
ATSGSGGSTYYADSVKG
VH CDR 2 of ESBAG21

SEQ.ID. No. 7:
ATINMKGNDRYYADSVGK
VH CDR 2 of scFv 265.1

SEQ.ID. No. 8:
AIRTNSKEYYADSVKG
VH CDR 2 of scFv 43.2

SEQ.ID. No. 9
ATKTDGNHKYYADSVKG
VH CDR 2 of gcPFv 100.2

SEQ.ID. No. 10:
RTDSKEQYYADSVKG -
VH CDR 2 of sdEv 2.11

SEQ.ID. No. 11:
ETSSESTYYADSVKG
VH CDR 2 of scFv 28.11

'SEQ.ID. No. 12:
"NTGGGSTYYADSVKG
VH CDR 2 of scFv 33.11

SEQ.ID. No. 13:
NTRGOQNEYYADSVKG
VH CDR 2 of scFv 4.12
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SEQ.ID. No. 16
GGEGGEEGECESGEGEGEESSGEES

Linker connecting VL and VH

- SEQ.ID. No. 17
YYADSVKG -
C-terminal half of CDR2 of ESBAS521 and its

derivatives.

SEQ.ID. No. 18
DAGIAVAGTGFDY
VH CDR3 of FW4.4

-8BEQ.ID. No. 153 .
QSVLTQPPSVSAAPGQKVTISCSGSTSNIGDNYVSWYQQLPGTAPQLLIYDNTKRPS
GIPDRFSGSKSGTSATLGITGLQTGDEADYYCATWDNDKWGVVFGGGTKLEVLGGGG
GSGGEESCEEEESSGEESEVQLVESGEGLVQPGGSLRLSCAASGFTFSSYAMSWVROA
PGKGLEWVSAISGSGGSTYYADSVRGRFTISRDNSKNTLYLQMNSLRAEDTAVYYCA

RDAWLDVLSDGEFDYWEQGETLVIVSS
scFv ESBAS521, CDRs underlined, linker in

italics

SEQ. ID. No. 20
QSVLTQPPSVSAAPGQKVTISCSGSTSNIGDNYVSWYQQLPGTAPQLLIYDNTKRPS
GIPDRFSGSKSGTSATLGITGLQTGDEADYYCGTWDSSLSGVVFGGGTKLTVLGGGG
GSGEEESEEEESSGEESEVQLVESGEELVQPGESLRLSCAASGFTFSSYAMSWVROA
PGKGLEWVSAISGSGGSTYYADSVKGRFTISRDNQKNTLYLQMNSLRAEDTAVYYCA

RDAGIAVAGTGFDYWGQGTLVTVSS

FW4.4, CDRs are underlined, linker in italics

SEQ ID No. 21
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cagtcotgtgetgacgecagecgeectcagtgtectgeggececcagga

cagaaggtcaccatectcactgectecggaagecacctccaacattggecgataattatgta

tcctggtaccaacaactcccaggaacagecceccaactecteatttatgacaatact

aaacgacccteoagggattecctgaceggttctetggetccaagtctggecacgtecagec

accetgggecatcaccggactecagactggggacgaggecgattattactgegegace
tgggataatgataagtggggtgtggtttteggeggagggaccaagetegaggtee-
taggt

Nucleic acid sequence- of ESBA521 VL

CDRs are underlined

SEQ ID No. 22
gaggtgcagetggtggagtcegggggaggettggtacagectggg

gggtcectgagactecteoctgtgecagectetggattecacetttagecagetatgecatg

agctgggtcogecaggotecagggaaggggetggagtgggtctcagetattagtggt
'agtggtggtagcacataétacgcagactccgtgaagggccggttcaccatctccaga

gacaattccaagaacacgctgtatctgcaaaﬁgaacagcctgagagccgaggaqacg

gcegtatattactgegegegtgatgegtggttggatgtgettteggatggetttgac
tactggggccagggaaccctggteaccgtetocteg -
' Nucleic acid sequence of ESBA521 VH

CDRes are underlined

SEQ ID No. 23
cagtetgtgetgacgecagecgeccteagtgtetgeggeccecagga

cagaaggtcaccatctocctgetecggaagcacctecaacattggegataattatgta

tcctggtaccaaéaactcccaggaacagccccccaactcctcatttatgacaatact
aaacgaccctcagggattcctgaccggttctctggctccaagtctggcacgtcagcc

accctgggcatcaccggactccagactggggacgaggccgattattactgcgcgacc
-tgggataatgataagtggggtgtggttttcggcggagggaccaagctcgaggtccta
ggtggtggtggtggttotggtggtggtggttetggeggeggeggetoecagtggtggt
ggatcegaggtgcagetggtggagtccgggggaggettggtacagectggggggt e
ctgagactctectgtgecagectetggattecacctttageagetatgecatgagetgy

gteccgecaggctecagggaaggggetggagtgggtetecagetattagtggtagtggt

ggtagcacatactacgcagacteecgtgaagggeccggttcaccatectecagagacaat
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tcoaagaacacgetgtatotgecaaatgaacagectgagagecegaggacacggecgta

tattactgegegegtgatgegtggtiggatgtgettteggatggetttgactactgg
ggccagggaaccctggtcacegtotecteg '
Nucleic acid sequence of ESBA521

CDRs are underlined, linker in italics

The invention is now further described by

means of examples:

Materials and Methods

.In general, the practice of the present invention
employs, unless otherwise indicated, conventional tech-
niques of chemistry, molecular biolegy, recombinant DNA
technology, immunology (especially, e.g., antibody tech-
nology), and standard techniques in polypeptide prepara-
.tion. See, e.g., Sambrook, Fritsch and Maniatis, Molecu-
lar.Cloning: Cold Spring Harbor Léborétory Press (1989);
Antibody Engineering Protocols (Methods in Molecular Bi-
ology), 510, Paul, 8., Humana Pr  (1996); Antibody Engi-
néering:‘A Practical Approach (Practical Approach Series,
169), McCafferty, Ed., Irl Pr (1996); Antibodies: A Labo-
ratory Manual, Harlow et al., C.S5.H.L. Press, Pub.
(1999) ; and Current Protocols in Molecular Biology, eds.

. Augubel et al., John Wiley & Sons (1992).

Experiment 1: Screening tc identify Alk-

binding scFvs

In a wealth of structural studies on anti-
body-antigen interactions it was found that fesidues in
the complementarity-determining region 3 (CDR-H3) of the
heavy chain generally contribute the most substantial

contacte to the antigen (Chothia and Lesk, 1987; Chothia
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et al., 1985; Padlan, 1994). We applied our recently de-
scribed yeast two-hybrid antigen-antibody interaction
screening technology to directly isolate antigen-binding
scFve by screening of four scFv libraries of randomized
synthetic CDR-H3 sequences(Auf der Maur et al., 2002).
The four libraries are based on four different stable hu-
man scFv frameworks in which 7 amino acids within the
third CDR loop of the variable heavy chain (VH-CDR3) were
randomized. The randomized parts were introduced by stan-
dard PCR cloning technigues. The scFv libraries were
screened against a 16 amino acid peptide derived from the
extracellular domain of the human tyrosine receptor
kinase Anaplastic Lymphoma Kinase (ALK) by a yeast
gcreening system calléd “Quality Control” (auf dgr Maur
et al.. 2001; Auf der Maur et al., 2004). Briefly, the
Quality Control technelogy is an antigen-independent in-
trabody selection system for identifying‘from'a natural
pool of human variable-light (VL) and‘vériable—heavy (VH)
chains those VL and VH combinations with favourable bio-
physicai properties, such as stability, solubility and
expression yield. bne promising and specific bindef from
one of the four scPFv libraries was isolated after the
first screening round. This partiéular scPFv was derived
from the framework FW4.4 library. FW4.4 (SEQ. ID. No. 20)
consists of a VL domain (lambdal) comnected by a classi-
cal flexible glycine-serine linker (GGGGSY4 to a VH; do-
main. The VH CDR3 of FW4.4 comprises 13 amino acids
(DAGIAVAGTAEFDY ; SEQ.iD. No. 18). To construct the 1li-
brary, the central part of the VH CDR3 (DAXXXXXXXGFDY)
was randomized by standard PCR-cloning methods using a
degenerated oligonucleotide. The last two residues (Asp
and Tyr) were kept comstant, because their structural im-

portance was demonstrated in many cases (Chothia and
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Legk, 1987). The remaining residues were not modified in
order to keep the complexity of the library in manageable
dimensions. The scFv library was cloned in a yeast ex-
pression vector (pLibl) as C-terminal fusion to the tran-
scriptional activation domain of Gal4 (Auf der Maur et
al., 2002).

The ligand-binding domain (LBD) of human Alk
wag chosen as antigen for the interaction screen (Stoica
et al., 2001). This 16 amino acid peptide was cloned into
another yeast eﬁpression vector (pBaitl) és C-terminal
fusion to the DNA-binding protein LexA.

‘ The reporter yeast strain.YDE173 (auf der
Maur et al., 2002) containing the stably integrated re-
porter genes HIS3 and lacZ under the control of six LexA~
binding sites was trénsﬁorﬁed with the bait vector ex-
pressing‘the Alk LBD fused to LexA together with the ran-
dom CDR-H2 scFv library fused to the Gal4 activation do-
main. Transformed cells were selected on plates lacking
higtidine and containing 2.5 mM 3-amino-triazole (3-AT),
which is a competitive inhibitor of the HIS3 gene prod-
uct. Growing colonies were picked over a périod of six
days and the library plasmids were isolated. The same re-
porter strain was transformed with the rescued plasmids
to confirm antigen-dependent gene activation. A gquantita-
tivé liquid P-galactosidase assay was performed to meas-
ure binding-strength between the Alk LBD, i.e.‘the 16
amino acid ALK peptide, and the selected scFv. The scFv
with highest reporter gene activation also demonstrated
best affinity (~31nM) for the Alk LBD peptide in ELISA
(data not shown).

The sedquences of other VH CDR3 gequences
identified as contributing to ALK binding are provided

below in Tablella.
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clone VH CDR 3 (mutated residues)

WT FW4.4 DAGIAVAGTGFDY (SEQ. ID. No. 24)
H5 SH 2.1 DAKFMSEDGIGFDY (SEQ. ID. No. 25)
H5 SH 4.1 DAWEGWTILEGFDY (SEQ. ID. No. 26)
H5 SH 5.1 DAAYMIRYEGFDY (SEQ. ID. No. 27
H5 S8H 2.3 DAWIYWAREGFDY (SEQ. ID. No. 28)
H5 SH 3.3 DACMTYSREGFDY (SEQ. ID. No. 29)
H5 8H 5.3 DAWLDVLSDGFDY (SEQ. ID. No. 30)
H5 SH 14.3 DAPSVNDREGFDY (SEQ. ID. No. 3D

The sequences of other suitable frameworks

are provided below in Table 1b.

Fw Seguence

5.2 | EIVLTOSPATLSLSPGERATLSCRASQTLTHYLAWYQOKPGOAPRLLIYD
TSKRATGTPARFSESESGTDFTLTI SSLEPEDSALYYCQORNSWPHTFGG
GTKLEIKRGGEGESGEEESGEGEESSEGESEVQLVESGEGVAQPGESIRVS
CAASGFSFSSYAMOWVROAPGKGLEWVAVISNDGRIEHYADAVRGRFTIS
RDNSONTVFLOMNSLRSDDTALYYCAREIGATGYLDNWGQGTLVTVSS
(SEQ. ID. No. 15) )

Experiment 2: Affinity maturation

In order to obtain an scFv with higher affinity, this
primary binder was subjected to a further affinity matu-
ration process by mutagenesis and a second screening
round in yeast. Enabling affinity maturation, the expres-
sion level of the LexA Alk LBD peptide fusion protein was
reduced in order to lessen reporter gene activation
driven by the interaction of the primary binder with the
Alk LBD peptide. The strong actin promoter on the pBaitl
vector was exchanged with the truncated and thus less ac-
tive version of the ADH promoter (alcohol dehydrogenase)
resulting in pBait3. This reduction of the bailt expres-
sion level, in the presence of the primary binder, was
gufficient to inhibit growth on plates lacking histidine

and containing 5 mM 3-AT. Mutagenesis of the primary
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binder for affinity maturation was accomplished by ran-
domizing parts of the CDR3 within the variable light
chain. This was performed directly in yeast by homologous
recombination {(Schaerer-Brodbeck and Barberig, 2004). The
VL CDR2 of FW4.4 comprises 11 amino acids (SEQ. ID. No.
14: GTWDSSLSGVV). The first two positions were partially
randomized, such that the first position either encodes
@ly, Ala or Gln, and the second position Thr, Ser or Ala.
At the positions 5 to 8 within VL CDR3 all amino acid
regidues were allowed. The remaining positions were kept
constant. Randomization wag introduced by PCR. The re-
gulting PCR product had a gize of 356 bp and compriged
the randomized CDR caésette with 267 bp upstream and 27
bp downstream framework.sequences. This product is the
‘go-called domnor PCR fragment, which bears homologies to
the target vectof, The target vector is thé yéast plasmid
'(pLibl) encoding the primary binder fused to the aétiva—
tion domain of Gél4. In order to improve efficiency of
‘homologous recombination and to exclude false posiﬁives
in the subsequent. screening, the CDR-L3 in the target
vector was slightly modified. A unigque SacI restriction‘
site was introduced in theimiddle of VI, CDR2, which leads
to a frameshift in the scFv encoding part of the fusion
protein and results in a truncated protein unable to bind
to the Alk LBD. In addition, the SaclI site enables lin-
earization of the target wvector, which enhances recombi-
nation efficiency in yeast.

The screening was launched by pre-
transformation of the reporter yeast strain YDE173 with
the plasmid (pBait3) expressing the LexA Alk LBD from the
truncated ADH promoter. This‘pre—transformedAyeast cells
were made competent again and co-transformed with the

linearized target vector and with the donor PCR fragment,
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which bears homologies upstream and downstream of the VL
CDR3. Upon homologous recombination between the PCR prod-
uct and the target vector, the novel VL, CDR3 seguence is
integrated into the corresponding site of the target vec-
tor. As a net result of this event the primordial VL CDR3
gets exchanged with the randomized VL. CDR3. This allows
reconstitution of a circular plasmid that expresses a
fully functiomal fusion proteih with a novel VL CDR3 se-
quence, which will activate reporter gene expression and
_enable growth on selectiﬁe plates upon interaction with
the Alk LBD peptide.

A total‘of 119 clones grew on selective
plates over an observation period of 6 days. These clones
were picked and the library plasmids were isolated and

retransformed into the =zame reporter yeast strain. A

guantitative liguid B-galactosidase assay was performed
+o0 measure binding strength between the Alk LBD'(antigen)
and the affinity-matured scFv. 20 cloneé with highest
. lacZ activation were also tested in ELISA with Alk LBD
peptide. The best candidafe revealed.a Kp .0of about 7nM
(Fig. 3) and was named ESBA521.

' The‘sequences of other VL CDR3 seqguences
identified as contributing to ALK binding are provided

below in Table lc.

clone VL CDR 3 .

WT FW4.4 GTWDSSLSGVV (SEQ. ID. No. 32)
5.3-9.1 . | AAWDSVKHGVV (SEQ. ID. No. 33)

5.3-21.1 AAWDNSMRGVV (SEQ. ID. No. 34)

5.3-22.1 AAWDTMRYGVV (SEQ. ID. No.35)
5.3-25.1 AAWDTTRVGVV (SEQ. ID. No. 36)

5.3-27.1 ASWDTMLKGVV (SEQ. ID. No. 37)

5.3-28.1 ASWDTPTCGVV (SEQ. ID. No. 38)-
5.3-29.1 ATWDISRCGVV (SEQ. ID. No. 39)

5.3-46.1 ATWDTVCAGVV (SEQ. ID. No. 40)

5.3-53,1 ATWDVDVFGVV (SEQ. ID. No. 4l)
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5.3-57.1 ATWDDVVGGVV (SEQ. ID. No. 42)
5.3-86.1 AAWDSFYNGVV (SEQ. ID. No. 43)
5.3-94.1 ASWDTLIEGVV (SEQ. ID. No. 44)
5.3-107.1 ATWDNDEWGVV (SEQ. ID. No. 45)
5.3-112.1 AAWDSTTCGVV (SEQ. ID. No. 46)
5.3-113.1 ATWDMWMEGVV (SEQ. ID. No. 47)
5.3-117.1 GTWDSSLSGVV (SEQ. ID. No. 48)
5.3-118.1 AAWDWVLGGVV (SEQ. ID. No. 49)
14.3-6.1 ATWDNPGQGVV (SEQ. ID. No. 50)
14.3-7.1 ATWDDWVIGVV (SEQ. ID. No. 51)
14.3-8.1 ASWDDQEWGVV (SEQ. ID. No. 52)
14.3-9.1 ATWDTNRHGVV (SEQ. ID. No. 53)
14.3-12.1 ASWDDLHIGVV (SEQ. ID. No. 54)
14.3-13.1 ASWDEEAWGVV (SEQ. ID. No. 55)
14.3-21.1 ATWDYIKIGVV (SEQ. ID. No. 56)
14.3-48.1 ATWDTFERGVV (SEQ. ID. No. 57)
14.3-49.1 ATWDSNLIGVV (SEQ. ID. No. 58)
5.3-24.,1 ATWDNNTCGVV (SEQ. ID. No. 59)
15.3-3.1 AAWDCDINGVV (SEQ. ID. No. 60)
5.3-8.1 ASWDSMKIGVV (SEQ. ID. No. 61)
5.3-19.1 ATWDCTRAGVV (SEQ. ID. No. 62)

Experiment 3: The scFv ESBA521 specifically

binds to the transmembrane form of human ALK

In order t6 test whether the newly identified

scFv was able to also recognize the transmembrane human

ALK protein on the surface of living cells, immunostain--

ing experiments of transiently transfected HELA cells

were performed. ESBA521 reacts with the ALK protein in a

comparable way as a polyclonal antibody (Fig. 4). In a

control experiment it was shown that the framework 4.4

scFv does not react with human ALK. Surprisingly, ESBA521

" only binds to the human Alk protein, but not to the cor-

responding mouse protein, although the mouse antigenic

peptide only differs in two amino acid positions from the

human peptide sequence. By contrast, the polyclonal ALK

antibody recognizes both human and mouse protéin. There-

fore, binding of ESBA521 is specific for the human ALK

protein at the cell surface.
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Experiment 4: Isolation of improved binders

by PCR mutagenesis of VH CDR 2

To further improve antigen binding, ESBAS521
wag used as the starting scFv in a further round of af-
finity maturation using the same two-hybrid approach as
described for the first round of affinity maturation, ex-
cept in this case CDR2 of VH was changed by PCR mutagene-
sis and transformed into the yeast recipient, wherein ho-
mologous recombination at CDR2 is enforced in analogous
way. Again, a restriction site was introduced in CDR2 to
enable linearization of the target plasmid. The mutations

introduced in CDR2 are given in Table 2.

scPFv (performing VH CDR 2 (mutated residues)

best)

WT (ESBA521) AISGSCGGSTYYADSVKG (SEQ. ID. No. 63)
1.1 AI-KTDGQNYYADSVKG (SEQ. ID. No. 64)
17.1 AIRSDGNERYYADSVKG (SEQ. ID. No. 65)
35.1 AINTNGNEKYYADSVKG (SEQ. ID. No. 66)
64.1 AISTNGKERYYADSVKG (SEQ. ID. No. 67)
130.1 AIRTQSQEEYYADSVKG (SEQ. ID. No. 68)
152.1 AIKSRSQEQYYADSVKG (SEQ. ID. No. 69)
167.1 ATIKSHSQQQYYADSVKG (SEQ. ID. No. 70)
214.1 AINSEGQQRYYADSVKG (SEQ. ID. No. 71)
225.1 AIKSKGONKYYADSVKG (SEQ. ID. No. 72)
262.1 AIRTNSEEKYYADSVKG (SEQ. ID. No. 73)
265.1 AINMKGNDRYYADSVKG (SEQ. ID. No. 74)
43.2 : AI-RTNSKEYYADSVKG (SEQ. ID. No. 75)
70.2 AIKTESQQRYYADSVKG (SEQ. ID. No. 76)
99.2 ‘ AINSNGKQDYYADSVKG (SEQ. ID. No. 77)
100.2 AIKTDGNHKYYADSVKG (SEQ. ID. No. 78)
109.2 AIDTRKGNGQYYADSVKG (SEQ. ID. No. 79)
146.2 AIRSDSSHKYYADSVKG (SEQ. ID. No. 80)
173.2 ) AINTKSNEQYYADSVKG (SEQ. ID. No. 81)
199.2 AIRTDSKNSYYADSVKG (SEQ. ID. No. 82)
2.11 AIRTDSKEQYYADSVKG (SEQ. ID. No. 83) |
19.11 AIRTNSKEEYYADSVKG (SEQ. ID. No. 84)

28.11 ATIETSSGESTYYADSVKG (SEQ. ID. No. 85)
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33.11 AINTGGESTYYADSVKG (SEQ. ID. No. 86)
4.12 AINTRGONEYYADSVKG (SEQ. ID. No. 87)
6.12 AISTSG-STYYADSVKG (SEQ. ID. No. 88)

Among the isolated scFvs obtained after this
procedure, seven turned out to have significantly im-
proved affinity with a Xg in the range of 2-3 nM (Fig.
5), the best of them being 28.11.

Experiment 5: Prevention of tumor-growth

upon adminisgtration of anti-ALK antibody

The progenitors of the antibody ESBA521 were
selected to bind to amino acids 391-406 of ALK, which
comprises the amino acids (396—466) that.are known to
bind pleiotrophin (Stoica 2001). ESBA521 wag obtained by
randomizing additional amino acids in the CDRs of its
progenitor and byAselecting for binders that bind to the
391-406 aminoiacid stretch contaihned in its natural con-
tekﬁ of the ALK extracellular domain'(Eéb). These pro-
ceedings resulted in an antibody, which binds the ALK ECD
with high affinity at the same site that binds PIN. To
our knowledge. Thig is the first monoclonal antibody that
specifically targets the PIN binding site of ALK. Ac-
cordingly, ESBAS21 is predictéd to have high affinity to
the ALK ECD and efficiently competezs with pleiotrophin
(PTN) and midkine (MK) for binding to the ALK receptor,
and thus, fhe ESBA521 antibody is suitable for inhibiting
both MK and PTN ligand binding to the ALK protein.

Because ALK and ite ligands are involved in
neoplasia, tumor invasion and angiogenesis, inhibition of
the interaction between ALK and its cognate ligands dis-

rupts ALK mediated tumorgenesis.
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The effect of ESBA521 on a gpecific tumor can
be determined by the following two assays described be-
low.

In a first assay, xenograft experiments are
prepared in order to determine the cancer growth rate-
limiting role of ALK (Powers 2002). Briefly, a U87MG cell
suspension of 20 million cells/ml media supplemented with
10% fetal calf serum are prepared. These are injected
into NU/NU mice and resultant tumors are measured. Test
antibddiesL breferably full length antibodies, more pref-
erably, pegylated antibodies, are introduced and.tumor

growth is assessed.

While there are shown and described presently
preferred embodiments of the invention, it ig to be dig-
tinctly understood that the invention is not limited
thereto but may be otherwise variously embodied and prac-

ticed within the scope of the following claims.
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Claims

1. An antibody which binds the human ALK pro-
tein, said antibody comprising a variable heavy chain
CDR3 of a sequence with at least 50% sequence identity,
preferably at least 60%, 70%, 75%, 85%, more preferably
at least 90%, to the sequence SEQ. ID. No. 2.

2. The antibody of claim 1 comprising a vari-

able heavy chain CDR3 of the sequence SEQ. ID. No. 2.

3. The antibody of claim 1 or 2, wherein

binding the human ALK protein is specific.

. 4. The antibody of anyone of the preceding
claims which is an antibody fragment, scFv antibody or a

Fab fragment.

5. The antibody of anyone of the preceding

claims which is an scFv antibody.

6. The aﬁtibody of anyone of the preceding

claims comprising a H3 VH domain and a lambdal VL domain.

7. The antibody of anyone of the preceding
claimsg, wherein the framework of VH andTVL is stable and
soluble so as to be functional in an intracellular reduc-

ing environment.

8. The antibody of anyone of the preceding

claims comprising the framework 4.4.
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9. The antibody of anyone of the preceding
claims, said antibody binding a 1l6-amino acid ALK epitope
peptide of a sequence of at least 75% sequence identity

to the sequence SEQ. ID. No. 1.

10. The antibody of claim 9, wherein the ALK
epitope peptide has the sequence SEQ. ID. No 1.

11. The antibody of c¢laim 9 or 10, whose af-
finity for the ALK epitope peptide is characterized by a
Kg of 30 nM or less, preferably 10 nM or less, most pref-
erably below 3 nM.

12. The antibody of anyone of the precedlng
claims compr1s1ng a variable light chain CDR3 of a se-
guence with at least 50% seguence identity, preferably at
least 60%, 70%, B80%, 85%, or more preferably ét least
90%, to the sequence SEQ.ID, No. 3. '

13. The antibody of anyone of the precedlng
claims comprlslng a vazlable light chain CDR3 of the ge-

gquence SEQ. ID. No. 3.

14. The antibody of anyone of the preceding
claims, which binds a l6-amino-acid ALK epitope peptide
of a sequence with at least 75% , preferably 100%, amino

acid identity to the seqguence SEQ.ID. No. 1.

15. The antibody of anyone of the preceding
claims whose affinity for the ALK epitope peptide is
iven by a Kg of less than 10 nM, preferably less than 7
nM.
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16. The antibody of anyone of the preceding
claims, said antibody comprising a VH sequence of SEQ.ID.

No. 4 and a VL seguence of SEQ.ID. No. 5.

17. The antibody of anyone of the preceding
claims comprising at least one mutation in at least one
of the CDRs resulting in a higher affinity characterized -

by a Kd'of legs than about 3 nM.

18. The antibody of claim 17, wherein said
mutation is in CDR1 or CDR2 of VH and/or Vi.

19. The antibody of claim 17, wherein said

mutation or said mutations are in CDR2 of VH.

20. The antibodylof anyone of the preceding
claims comprising a variable heavy chain CDR2 comprising
a sequeﬁce‘selected from the group othEQ. ID. No. 5,
SEQ.ID. NO.'B, SEQ.ID. No. 9, SEQ.ID. No. 10, S8EQ.ID.. No.
l~l,‘ SEQ.ID. No. 12, br SEQ.ID. No. 13. |

21. The antibody of claim 20 wherein said de-
fined sequences of CDR2 are preceded by the amino acids
- residues AL and followed by the sequences of SEQ.ID. No.
17. '

22. The antibody of anyone of the preceding
claims, sald antibody comprising a VH segquence of SEQ.ID.

No. 14 and a VL sequence of SEQ.ID. No. 15.

23. The aﬁtibody of anyone of claims 5 to 22,
said antibody comprising the structure NE2-VL-linker-VH- -
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COOH or NH2-VH-linker-VL-COOH, wherein the linker has the
gsequence SEQ.ID. No. 16.

24. The antibody of anyone of the preceding
claims, said antibody being radiolabeled or toxin-

labeled.

25. The antibody of anyone of the preceding

claims as a medicament or a diagnostic tool.

26. The use of the antibody of anyone of the
preceding claims for the production of a medicament for

the treatment of cancers or tumors.

27. The use according to claim 26, wherein
the medicament is suitable the inhibition of MK and/or

PTN binding to ALK and/or ALK-mediated .signaling.

28. The use of claim 26. or 27, wherein the .
medicament is a combined medicament suitable for adminis-
tering said antibody in combination with an anticancer

agent, e.g., methotrexate.

29. The use of claim 26, wherein the treat-
ment is a treatment of neuroblastoma, glioblastoma, rhab-
domyosarcoma, breast carcinoma, melanoma, pancreatic can-
cer, B-cell NHL, . thyroid carcinoma, small cell lung car-
cinoma, retinoblastoma, ewing sarcoma; pfostate cancer,
colon cancer, panqreatic cancer, lipoﬁa, liposarcoma, fi-
brosarcoma, in particular glioblastoma, neurcoblastoma and

rhabdomyosarcoma.
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30. A DNA seguence encoding the antibody of

anyone of claims 1 to 23.

31. An expression vector comprising the DNA

sequence of claim 30.

32. A suitable hogt cell transformed with an
expression vector of claim 31, in particular an E. coli

cell.

33. A method for the production of an anti-
body of anyone of claims 1 to 23 comprising culturing the
host cell of claim 32 under conditions that allow the
synthesis of said antibody and recovering it from said

culture.

34. An ALK vaccine comprising an isolated ALK
protein or a fragment thereof, or a nucleic acid encoding

an epitope of ALK.

35. The vaccine of claim 34, wherein the vac-
cine comprises residues 391-406 of an isolated ALK pro-

tein.

36. The vaccine of claims 34 or 35, wherein
the vaccine consists of residues 391-406 of an isolated
ALK protein formulated with a carrier, adjuvant, and/or
hapten to eﬁhance the . immune response to the ALK protein

or fragment theresof.

37. An antibody or antigen binding fragment
‘thereof that is capable of specifically binding residues

of the region spanning amino acid residues 3951 + 3 and
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406 + 3 (SEQ. ID. No: 91), most preferably amino acids
391-406 (SEQ. ID. No: 1), of an isolated ALK protein or

fragment thereof.

38. The antibody of claim 37, wherein the
antibody is a single chain antibody (scFv), Fab fragment,

IgG, or IgM.

39. An ALK epitope suitable for identifying,
screening, or raising anti-ALK antibodies or fragments
thereof, wherein the ALK epitope is a fragment of, com-
prises or consists essentially of the region spanning
amino acid residues 391 + 3 and 406 + 3 (SEQ. ID No: 91),
most preferably amino acids 391-406 (SEQ. ID.No: 1).

40. The antibody of anyone of claims 1 to 8,
said antibody binding an epitope being a fragment of,
comprises or consists essentially of the region spanning

amino acid residues 391 + 3 and 406 + 3 (SEQ. ID No: 91),
most preferably amino acids 391-406 (SEQ. ID.No: 1).
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Fig. 2
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Fig. 3
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