HUVAN MONOCLONAL ANTI BODI ES TO HROTEIN TYROSI NE KI NASE 7 (PTK7) AND
METHODS FOR USI NG ANTI - PTK7 ANTI'BODI ES Rel ated Applications

This application clainms priority to U S. Provisional Application No.:
60/ 748, 373, filed on Decenber 8, 2005, which is incorporated herein
inits entirety by this reference. Background of the Invention
Receptor tyrosine kinases (RTKs) are transnenbrane signaling proteins
that transmt biological signals fromthe extracellular environnment
to the interior of the cell. The regulation of RTK signals is
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kinase family, was first isolated from normal human melanocytes and cloned by RT-
PCR (Lee ez al.,, (1993) Oncogene 8:3403-10; Park et al., (1996) J. Biochem 119:235-

9). Separately, the gene was cloned from human colon carcinoma-derived cell lines

and named colon carcinoma kinase 4 (CCK4) (Mossie et al. (1995) Oncogene
11:2179-84). PTK7 belongs to a subset of RTKSs that lack detectable catalytic
tyrosine kinase activity but retain signal transduction activity and is thought to
possibly function as a cell adhesion molecule.

The mRNA for PTK7 was found to be variably expressed in colon carcinoma
derived cell lines but not found to be expressed in human adult colon tissues (Mossie
et al., supra). PTK7 expression was also seen in some melanoma cell lines and
melanoma biopsies (Easty, ez al. (1997) fm. J. Cancer 71:1061-5). An alternative
splice form was found to be expressed in hepatomas and colon cancer cells (Jung et
al. (2002) Biochim Biophys Acta 1579: 153-63). In addition, PTK7 was found to be
highly overexpressed in acute myeloid leukemia samples (Muller-Tidow et al., (2004)

Clin. Cancer Res. 10:1241-9). By immunohistochemistry, tumor specific staining of



PTK7 was observed in breast, colon, |lung, pancreatic, kidney and

bl adder cancers, as described in PCT Publication WO 04/17992.

Accordi ngly, agents that recognize PTK7, and net hods of using such
agents, are desired. Sunmary of the Invention The present

i nvention provides isolated nonocl onal antibodies, in particular
human nonocl onal anti bodies, that bind to PTK7 and that exhibit

numer ous desirable properties. These properties include high affinity
bi nding to human PTK7 and binding to Wlns' tunor cells. Also
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wherein the reference anti body:
(b) binds to a Wilms’ tuior cell line (ATCC Acc No. CRL-1441).

Preferably the antibody is a human antibody, although in alternative
embodiments the antibody can be a murine antibody, a chimeric antibody or
humanized antibody.

In more preferred erubodiments, the antibody binds to Wilms® tumor cells with
an ECsp of 4.0 nM or less or binds to Wilms® tumeor cells with an ECsq of 3.5 nM or
less.

In another embodiment, the antibody binds to a cancer cell line selected from
the group consisting of A-431 (ATCC Acc No. CRL-1555), Saos-2 (ATCC Acc No.
HTB-85), SKOV-3 (ATCC Acc No. HTB-77), PC3 (ATCC Acc No. CRL-1435),
DMS 114 (ATCC Acc No. CRL-2066}, ACHN (ATCC Acc No. CRL-1611), LNCaP
(ATCC Acc No. CRL-1740), DU 145 (ATCC Acc No. HTB-81), LoVo (ATCC Acc
No. CCL-229) and MIA PaCa-2 (ATCC Acc No. CRL-1420) cell lines.

In another embodiment, the invention provides an isolated monoclonal
antibody, or antigen binding protion thereof, wherein the antibody cross-competes for
binding to PTK7 with a reference antibody, wherein the reference antibody:

(a) specifically binds to human PTK7; and

(b) binds to a Wilms’ tumor cell line (ATCC Acc No. CRL-1441).

In various embodiments, the reference antibody comprises:



(a) specifically binds to human PTK7; and (b) binds to a
WIlns' tunor cell line (ATCC Acc No. CRL-1441). In various

enbodi nents, the reference anti body conpri ses: (a) a heavy chain
vari abl e region conprising the am no acid sequence of SEQ ID NO 1;

and (b) a light chain variable region conprising the am no acid
sequence of SEQ ID NO 5; or the reference antibody conprises: (a) a
heavy chain variable region conprising the amno acid sequence of SEQ
ID NGO 1; and b) a light chain variable region conprising the am no
acid sequence( fa IgEey ngmmeaaaablgregmlecommmﬁmmq dradisequarmgrof SEQ

(a) a heavy C[ﬂ@lﬁbga %bl e region conprising the am no acid sequence
of SEQ ID NG 2; Eﬂg' a light chain variable region conprising the

amino acid se@eﬂ*ﬂé@‘fé‘ aISE@‘IF@GWW caprprising the hmirhacd sequxsdyf SEQ
conpr i ses: ID NO:5;

or the reference antibody comprises:

(a) a heavy chain variable region comprising the amino acid sequence of SEQ

ID NO:1; and

(b) a light chain variable region comprising the amino acid sequence of SEQ

ID NO:6;
or the reference antibady comprises:

(a) a heavy chain variable region comprising the amino acid sequence of SEQ

ID NO:2; and

{b) a light chain variable region comprising the amino acid sequence of SEQ

ID NO:7;
or the reference antibody comprises:

(a) a heavy chain variable region comprising the amino acid sequence of SEQ

ID NO:3; and

{(b) a light chain variable region comprising the amino acid sequence of SEQ

ID NO:8;
or the reference antibody comprises:

(a) a heavy chain variable region comprising the amino acid sequence of SEQ

ID NO:3; and

(b) a light chain variable region comprising the amino acid sequence of SEQ

ID NO:5;
or the reference antibody comprises:

(2) a heavy chain variable region comprising the amino acid sequence of SEQ

ID NO:4; and

{b) a light chain varizable region comprising the amine acid sequence of SEQ

ID NO:10.

In one aspect, the invention pertains to an isolated monoclonal antibody, or an
antigen-binding portion thereof, comprising a heavy chain variable region that is the
product of or derived from a human Vy 3-30.3 gene, wherein the antibody specifically
binds PTK7. The invention also provides an isolated monocional antibody, or an

antigen-binding portion thereof, comprising a heavy chain variable region that is the
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(a) a heavy chain variable region conprising the am no acid sequence
of SEQID NO 3; and (b) a light chain variable region conprising the
am no acid sequence of SEQ ID NO 8; or the reference anti body
conprises: (a) a heavy chain variable region conprising the am no
acid sequence of SEQID NO 3; and (b) a light chain variable region
conprising the am no acid sequence of SEQ ID NO 9; or the reference
anti body conprises: (a) a heavy chain variable region conprising the
am no acid sequence of SEQ ID NO 4; and (b) a light chain variable
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(b) a heavy chain variable region CDR2 comprising SEQ ID NO:15;

(c) a heavy chain variable region CDR3 comprising SEQ ID NO:19;
(d) a light chain variable region CDR1 comprising SEQ ID NQ:23;

(e) a light chain variable region CDR2 comprising SEQ ID NQ:29; and
(f) 2 light chain variable region CDR3 comprising SEQ ID NO:35.

Another preferred combination comprises:

(2) a heavy chain variable region CDR1 comprising SEQ ID NO:11;
(b) a heavy chain variable region CDR2 comprising SEQ ID NO:15;
(c) a heavy chain variable region CDR3 comprising SEQ ID NO:19;
(d) a light chain variable region CDR1 comprising SEQ ID NO:24:;
(e) a light chain variable region CDR2 comprising SEQ ID NO:30; and
(f) a light chain variable region CDR3 comprising SEQ ID NOQ:36.
Another preferred combination comprises:
(a) a heavy chain variable region CDR1 comprising SEQ ID NO:12;

(b) a heavy chain variable region CDR2 comprising SEQ 1D NO:16;
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(a) a heavy chain variable region CDRL conprising SEQ ID NGO 11; (b)
a heavy chain variable region CDR2 conprising SEQ ID NG 15; (c) a
heavy chain variable region CDR3 conprising SEQ ID NG 19; (d) a light
chain variable region CDRL conprising SEQ NO 23; (e) a light chain

vari abl e region CDR2 conprising SEQ I D NO 29; and (f) a light
chain variable region CDR3 conprising SEQ I D NGO 35. Another preferred
conbi nati on conpri ses: (a) a heavy chain variable region CDRL

conpri si ng SE ID NO 11; (b) a heavy chain variable regi on CDR2
conpri sing SE |@m§mne@)&bép myCERémrrmasmaSE@mgiQmOCDRs

oind oF
compri si ng se§ S P Gpridic Lqitn CORLLBELAR ] B e

conpri si ng SEG)adigherizin V@nfﬁ!ﬂe l'eglon CPRY camipriging SEKAIh NGB 1;apde regi on
CDR3 conpri si g a¥sit &R\ ArB81e RBRL TSP RPEELERGRT SEOR) ﬁ@)t'f%’f) n

conpri ses:

Another preferred combination comprises:
(2) a heavy chain variable region CDR1 comprising SEQ ID NO:13;
(b) a heavy chain variable region CDR2 comprising SEQ ID NO:17;
(c) a heavy chain variable region CDR3 comprising SEQ ID NO:21:
{(d) a light chain variable region CDR1 comprising SEQ ID NO:26;
(€) a light chain variable region CDR2 comprising SEQ ID NO:32; and
(£) a light chain variable region CDR3 comprising SEQ ID NO:38.
Another preferred combination comprises:
(8) a heavy chain variable region CDR1 comprising SEQ ID NO:13;
(b) a heavy chain variable region CDR2 comprising SEQ ID NO:17;
(c) a heavy chain variable region CDR3 comprising SEQ ID NO:21;
(d) a light chain variable region CDR1 comprising SEQ ID NO:27;
{e) a light chain variable region CDR2 comprising SEQ ID NQ:33; and
(£) a light chain variable region CDR3 comprising SEQ ID NO:39.
Another preferred combination comprises:
(a) a heavy chain variable region CDR1 comprising SEQ ID NO:14;
(b) a heavy chain variable region CDR2 comprising SEQ ID NO:18;
(c) a heavy chain variable region CDR3 comprising SEQ ID NO:22;
(d) a light chain variable region CDR1 comprising SEQ ID NO:28;
() a light chain variable region CDR2 comprising SEQ ID NO:34; and
(f) a light chain variable region CDR3 comprising SEQ ID NO:40.
Other preferred antibodies of the invention, or antigen binding portions thereof
comprise:
(2) a heavy chain variable region comprising the amino acid sequence of SEQ
D NO:1; and
(b) a light chain variable region comprising the amino acid sequence of SEQ
ID NO:s,

Another preferred combination comprises:



(a) a heavy chain variable region CDRL conprising SEQ ID NG 12; (b) a
heavy chain variable region CDR2 conprising SEQ ID NO 16; (c) a
heavy chain vari able region CDR3 conprising SEQ ID NG 20; (d) a light
chain variable region CDRL conprising SEQ ID NO 25; (e) a light chain
vari abl e region CDR2 conprising SEQ ID NO 31; and (f) a light chain
vari abl e region CDR3 conprising SEQ I D NO 37. Another preferred

conbi nati on conpri ses: (a) a heavy chain variable region CDRL
conprising SEQ ID NG 13; (b) a heavy chain variable regi on CDR2
conpri si ng SEQ) Theagy thain (eyatde tegioncostpaisingthe pmidiceacideriquencEDRSEQ
conpri sing SE@, %l\iom%& (d) a light chain variable reg| on CDR1

conpri si ng SE%
) a light chain variable region comprising the amino acid sequence of SEQ

ID NO:6.

Another preferred combination comprises:

(2) a heavy chain variable region comprising the amino acid sequence of SEQ

D NO:2; and

(b} a light chain variable region comprising the amino acid sequence of SEQ

ID NO:7.

Another preferred combination comprises:

(a) a heavy chain variable region comprising the amino acid sequence of SEQ

ID NO:3; and

(b) a light chain variable region comprising the amino acid sequence of SEQ

ID NO:8.

Another preferred combination comprises: )

(a) a heavy chain variable region comprising the amino acid sequence of SEQ

ID NO:3; and

(b) a light chain variable region comprising the amino acid sequence of SEQ

D> NO:S.

Another preferred combination comprises:

(2) 2 heavy chain variable region comprising the amino acid sequence of SEQ

ID NO:4; and

(b) 2 light chain variable region comprising the amino acid sequence of SEQ

ID NO:10.

The antibodies of the invention can be, for example, full-length antibodies, for
example of an IgG1 or IgG4 isotype. Alternatively, the antibodies can be antibody
fragments, such as Fab or Fab’2 fragments, or single chain antibodies.

The invention also provides an immunoconjugate comprising an antibody of
the invention, or antigen-binding portion thereof, linked to a therapeutic agent, such
as a cytotoxin or a radioactive isotope. The invention also provides a bispecific
molecule comprising an antibody, or antigen-binding portion thereof, of the invention,
linked to a second functional moiety having a different binding specificity than said
antibody, or antigen binding portion thereof.



(e) a light chain variable region COR2 conprising SEQ ID NO 32; and
(f) a light chain variable region CDR3 conprising SEQ ID NO 38.

Anot her preferred conbi nati on conpri ses: (a) a heavy chain
variable region CDRL conprising SEQ ID NGO 13; (b) a heavy chain
variabl e region CDR2 conprising SEQ ID NO 17; (c) a heavy chain
variable region CDR3 conprising SEQ ID NGO 21; (d) a light chain
variable region CDRL conprising SE O ID NO 27; (e) a light chain
vari abl e regi on CDR2 conprising SEQ I D NO 33; and (f) a light
chai n vari abl €magistivnEORBpasingan shtitgdGHEP dnBedObRRAingAsretidietheRbs foer r ed

compr i of tarupRFREb RS gr bifecthe ERLAE SR A PCABR a0 & SHfhoriioniy
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thereof, of the invention are also encompassed by the invention, as well as expression
vectors comprising such nucleic acids and host cells comprising such expression
vectors. Moreover, the invention provides a transgenic mouse comprising human
immunoglobulin heavy and light chain transgenes, wherein the mouse expresses an
antibody of the invention, as well as hybridomas prepared from such a mouse, wherein
the hybridoma produces the antibody of the invention.

In yet another aspect, the invention provides a method of treating or
preventing a disease characterized by growth of tumor cells expressing PTK7,
comprising administering to the subject the antibody, or antigen-binding portion
thereof, of the invention in an amount effective to treat or prevent the disease. The
disease can be, for example, cancer, e.g., colon cancer (including small intestine
cancer), lung cancer, breast cancer, pancreatic cancer, melanoma (e.g., metastatic
malignant melanoma), acute myeloid leukemia, kidney cancer, bladder cancer, ovarian
cancer and prostate cancer.

In a preferred embodiment, the invention provides a method of treating cancer
in vivo using an anti-PTK7 antibody. The anti-PTK7 antibody may be a murine,
chimeric, humanized or human antibody. Examples of other cancers that may be
treated using the methods of the invention include renal cancer (e.g., renal cell
carcinoma), glioblastoma, brain tumors, chronic or acute leukemias including acute
lymphocytic leukemia (ALL), aduit T-cell leukemia (T-ALL), chronic myeloid
leukemia, acute lymphoblastic leukemia, chronic lymphocytic leukemia, lymphomas
(e.g-, Hodgkin’s and non-Hodgkin’s lymphoma, lymphocytic lymphoma, primary
CNS lymphoma, T-cell lymphoma, Burkitt's lymphoma, anaplastic large-cell

‘lymphomas (ALCL), cutaneous T-cell lymphomas, nodular small cleaved-cell
lymphomas, peripheral T-cell lymphomas, Lennert's lymphomas, immunoblastic
lymphomas, T-cell leukemia/lymphomas (ATLL), entroblastic/centrocytic (cb/cc)
follicular lymphomas cancers, diffuse large cell lymphomas of B lineage,
angio.immunoblastic Iymphadenopathy (AILDj-like T cell lymphoma and HIV
associated body cavity based lymphomas), embryonal carcinomas, undifferentiated

carcinomas of the rhino-pharynx (e.g., Schmincke’s tumor), Castieman’s diseass,
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(e) a light chain variable region COR2 conprising SEQ ID NO 34; and
(0 a light chain variable region CDR3 conprising SEQ ID NO 40. Q her
preferred antibodies of the invention, or antigen binding portions
thereof conprise: (a) a heavy chain variable region conprising the
am no acid sequence of SEQID NO 1; and (b) a light chain variable
regi on conprising the am no acid sequence of SEQ ID NO 5. Another
preferred conbi nati on conpri ses: (a) a heavy chain variable region
conprising the am no acid sequence of SEQID NO 1; and (b) a light
chai n varkapiokiés Bergéma, rouitipte rajeigme) & atienstonate hﬁcs@]tblﬁﬂﬁlemﬁ mﬂﬁ%eer
NGO 6. An f Il on.conpri ses a _heavy chai
vari abl eqér Egli %gﬁ{pa%%%%%%%aalnﬁaf%l ¥ ’?S f’ YEfGRREe 2 kip cagegy, Icﬁ"ﬁﬁ’g
and (b) the h¢agmr nedia |cntauawusadnhmaoeglanmahgrqn: miamgniamteﬁﬂ& Encag edtal

sequence c%ce?l':cgn!:é? otitie” anaﬂl:%w}le Etoglragh dde T, tecsgnblar cancgr uteny ré:!lnscgrs
carcinoma of the fallopian tubes, carcinoma of the endometrium, carcinoma of the
cervix, carcinoma of the vagina, carcinoma of the vulva, cancer of the esophagus,
cancer of the small intestine, cancer of the endocrine system, cancer.of the thyroid -
gland, cancer of the parathyroid gland, cancer of the adrenal gland, sarcoma of soft
tissue, cancer of the urethra, cancer of the penis, solid tumors of childhood, cancer of
the bladder, cancer of the kidney or ureter, carcinoma of the renal pelvis, neoplasm of
the central nervous system (CNS), tumor angiogenesis, spinal axis tumor, brain stem
glioma, pituitary adenoma, epidermoid cancer, squamous cell cancer, environmentally
induced cancers including those induced by asbestos, e. g., mesothelioma and
combinations of said cancers.

Other features and advantages of the instant invention will be apparent from
the following detailed description and examples which should not be construed as
limiting. The contents of all references, Genbank entries, patents and published
patent applications cited throughout this application are expressly incorporated herein

by reference.

Brief Description of the Drawings
Figufe 1A shows the nucleotide sequence (SEQ ID NO:41) and amino acid
sequence (SEQ ID NO:1) of the heavy chain variable region of the 3G8 and 3G8a
human monoclonal antibodies. The CDR1 (SEQ ID NO:11), CDR2 (SEQID
NO:15) and CDR3 (SEQ ID NO:19) regions are delineated and the V, D and J

germline derivations are indicated.

Figure 1B shows the nucleotide sequence (SEQ ID NO:45) and amino acid
sequence (SEQ ID NO:5) of the light chain variable region of the 3G8 human
monoclonal antibody. The CDR1 (SEQ ID NO:23), CDR2 (SEQ ID NO:29) and
CDR3 (SEQ ID NO:35) regions are delineated and the V and J germline derivations
are indicated.

Figure 1C shows the nucleotide sequence (SEQ ID NO:46) and amino acid
sequence (SEQ ID NO:6) of the light chain variable region of the 3G8a human
monoclonal antibody. The CDR1 (SEQ ID NO:24), CDR2 (SEQ ID NO:30) and
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(a) a heavy chain variable region conprising the antino acid sequence
of SEQID NO 3; and (b) a light chain variable region conprising the
am no acid sequence of SEQ ID NO 8. Another preferred conbination
conprises: (a) a heavy chain variable region conprising the am no
acid sequence of SEQ BD NO 3; and (b) a light chain variable region
conprising the am no acid sequence of SEQ ID NO 9. Another preferred
conbi nation conprises: (a) a heavy chain variable region conprising
the ami no acid sequence of SEQID NG 4; and (b) a light chain

vari abl e Qa3 (SEQ dDPO:36nggione arnddlincsted shdihe VeRrEY gfmBRQdefivdNehd 0.
The anti %Pedfnﬁl%at%f the invention can be, for exanple, full-length

ant i bodi es; "Tor 8Xarrp| e of an IgGL or 1g4 isotype. Alternatively,
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pr ovi des%% ul%lmr:ﬁ %ﬁ%@%ﬁ?ﬁ%&%ﬂ%hﬁ%ﬁ C(g’lmr‘i‘gvaﬁlﬁblgﬁ?g‘%ﬂbth&f‘& Fenti on,
or anti gemnrlodalraytipedit i The CRRIEEHEQ ) NGed2), @Mdﬁ@mmdzmﬁﬁ?ﬂnt :
such as ' . radi oactive i.sptope. .. The invention al so

ot ovi dos G s3I0 20 BiehE A delra R ie v bl et

ant i gen- dervhtiogs peribdicated.her eof , of the invention, linked to a second
finctional noigt vin different bindi Jfjcity than said
anti body, or g? |%2§S ?‘ﬁ%&‘ﬁé’uﬁ%ﬁ‘ %ﬁeqP?Pé’FéggQ%Beﬁb:Aﬁ@} %3%hs
conpri si aeauanceaSFECBHNO: Brofihe ligirohbinndiiablepesion ofitheRErsamanor

. : b e he i a

phar mace i api B STk CORISER T N 2 Cp SR B M1 g
CDR3 (SEQ ID NO:37) regions are delineated and the V-and J germline derivations
are indicated.

Figure 3A shows the nucleotide sequence (SEQ ID NO:43) and amino acid
sequence (SEQ ID NO:3) of the heavy chain variable region of the 12C6 human
monoclonal antibodies. The CDR1 (SEQ ID NO:13), CDR2 (SEQ ID NO:17) and
CDR3 (SEQ ID NO:21) regions are delineated and the V, D and J germline
derivations are indicated.

Figure 3B shows the nucleotide sequence (SEQ ID NO:48) and amino acid
sequence (SEQ ID NO:8) of the light chain variable region of the 12C6 human
monoclonal antibody. The CDR1 (SEQ ID NO:26), CDR2 (SEQ ID NO:32) and
CDR3 (SEQ ID NO:38) regions are delineated and the V and J germline derivations
are indicated.

Figure 3C shows the nucleotide sequence (SEQ ID NO:49) and amino acid
sequence (SEQ ID NO:9) of the light chain variable region of the 12C6a human
monoclonal antibody. The CDR1 (SEQ ID NO:27), CDR2 (SEQ ID NO:33) and
CDR3 (SEQ ID NO:39) regions are delineated and the V and J germline derivations
are indicated.

Figure 4A shows the nucleotide sequence (SEQ ID NO:44) and amino acid
sequence (SEQ ID NO:4) of the heavy chain variable region of the 7C8 human
monoclonal antibody. The CDR1 (SEQ ID NO:14), CDR2 (SEQ ID NO:18) and
CDR3 (SEQ ID NO:22) regions are delineated and the V, D and J germline
derivations are indicated.

Figure 4B shows the nucleotide sequence (SEQ ID NO:50) and amino acid
sequence (SEQ ID NO:10) of the light chain variable region of the 7C8 human
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Nucl ei ¢ acid nol ecul es encodi ng the antibodi es, or antigen-binding
portions thereof, of the invention are al so enconpassed by the

i nvention, as well as expression vectors conprising such nucleic
acids and host cells conprising such expression vectors. Mboreover,
the invention provides a transgeni c nouse conpri sing human

i mmunogl obul i n heavy and |ight chain transgenes, wherein the nouse
expresses an antibody of the invention, as well as hybridonas
prepared from such a nouse, wherein the hybridoma produces the

ant i body negnackwmal antibady.oThe COR1 (SEQ EDWND:28) GIRZ (SEPEd NO:BARand

i nventio [.Rr di,sease
char act errtl:lg%% y g'é)gqvﬁb %%o%%oalr%cg %g%?(lpdr g‘ gﬁ‘ﬂ* H‘%?ﬁ-mg SRR
adni ni st @rg mgdicetedt he subj ect "t he antlbody, or antigen-binding portion

t hereof, of t i i i ffective to treat.or prevent
t he di sease. ﬁgkﬁ%é@é@%ﬂxg;ﬁgﬁﬁ We?ﬁ%’l agld TANEER 543 tﬁﬁhe‘a dibain
cancer (ivadikldremonsmdl3Gs (SEESED? NE: d Jande3G8a (SEQJGDCHOC ¢) withtiealadman
cancer I . t i ¢ _nmal.i gnant

ol anora P REREeYL 3R lp R ANMR, (Se8m 5817 Mg efiBlingEbrec
ovari an @aﬁ@%&ﬂQﬂﬂ$ pPbst at e cancer. In a preferred enbodlnent
the i nvention f eatln ncer in.Niyo usi,n

anti - PTK7 ant |FE MBQE e%ﬁl&%ﬂ@ i %mlglw ey perge ﬁm\’(’l X’Sa‘%ﬂl r | c,
humani zeb’aﬂﬂblhm MDW EENﬂtrﬂ)emt}Uﬂledmmen gearnend; 343813 amipobe
treated usidndgidice (1G9 @%1}&3@5&%&9{1&0&@1 PEAUSERTRANGE RS ¢ o

(e.g., renal cCel car I noma Brain
acute | eukeni §Sg‘1f 7€ Isheiv e abgmentyafimoayino @cidesa@ma §fAhd heavgahhin

T-cel | | oukam ?eg(c%s%k'})zc& 'ibc‘Nﬂy Dlath AUk ”.% NS Bipdman

| ynphobl astic | eukem a, r octlcleu ema
(e.g., HEeERIY bu PRA4 ﬁmporm@mmescq (ﬁﬁﬂwo $)pioa28) and JHHEhong,
pri mary gy%ﬁaememd;;si%mwm@ i) s | ymphom, anapl astic

| ar ge- ce nphonas é cut aneols ynmphomas, nodul ar
smal | cl eaved é%wgﬁmfaﬁa @Ip@?tloéﬂaﬁrm1n¢amélsmdeyqqahﬁhabpa\{3mimrt s

| yphomagaridullrigiualiragis
(ATLL), e?ll:tlrobl astic/ cent ro tic (cb § %@%ﬁ%&ﬁn‘ﬂh@“ﬁ%ﬁ?%o acid
cancers, S‘?ﬁ“F’F‘?;Fs@ Iﬁ Frentiae disclaged pnSiEQED NO: 64).

angi oi mmunobl as% €9 Eydw\ﬁgﬁﬁ%rmbf ﬁé‘ Anho 'ahh%ﬁ%xeﬁ@és ﬁfltl)fﬁnﬁ a2Nd

H V associ at ed cavity based | ynphonas) ryonal carTi nongs,

undi f f ef E¥iab4t ’?éloé‘éPE?ﬁﬁ Q4P Nﬁeg}ﬁwwﬁﬂ*&) Xe: §) witsshehuroie' s

tunor), HIR WAL 1S HhiSi6 asid seqihbe S TKTY

Val denstg‘gﬁft rrgcrggl c;bul i nesfn a angs%?he?q%?% I fﬁ%ﬁhgdl%%é&r@

nasophar énéiﬂN 2P nomas, bone cancer, skin cancer, cancer of the

head or neck, F{gutartegmvs@ne Alohaee uF &k aﬂﬁﬁd %@EEquEEéead}Qﬂ@h% IicRhiane
ancer,

cancer, rec anc f the_anal region, stonach

testi cul 5?’“%’2% %ﬁ?ﬁl (%E%&Qr 7 &’éﬁhdh%%lﬁambgemhae MalA l§imaino gidess

carci noanuénder(SEQrMﬁ)wms g&ﬁlﬁt&ﬁﬁ%&s@éa&ﬂ@Q@W@xﬁﬁ)carc' nona. of
vuIva cancer

t he vagi na, rci nﬁ] % élancer of the esophagus,

of the small &%ﬁw igrmgpt pf, Eéﬁmw%eqsl?%qeeqﬁth%ﬁé@hm@f t he
t er oi ? Valrgib(;krnég:oﬁaalﬂ'GBCG GSEQID vor 8} Witk ﬂiedluﬂiaﬁr%émgﬁlﬂwg [qtzgfan{lg@amd

adr ena an sue, cancer_o e urethra, cancer
of the p% PEn des(gﬁbéﬁ[ﬁﬂéﬁﬁﬁ%ﬁ EﬂPﬁ’ﬂ‘ﬁ(ﬁl&ﬁ? osgd 2 3HQ P NQbODY adder ,

cancer of t heFiguth"B/shm‘:vs thicelimebabLihe afincddcid SRuERRAF tREl it Shain

Cpinal sebleiiges o Aost GRS xmr?“i@a@“”” o s

cancer, mmeaquamqsmlmnmramgmmmmkuss WOC@%WS
i ncl udi ng tholg ; sbest os ., mesot hel’i oma an

conbi nati ons SHﬁ ignment of th E).aﬁéﬂo goihsegpence of thedighi shaiges of
t he i nsteaiablevegiohiofMCBASEQID NOpaT)BHh fHeMiial @efndilOM NG 288 R4 diSd

sequence (SEQ ID NO:57) (JK3 germline disclosed as SEQ ID NO: 69).
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CDR3 (SEQ I D NGO 36) regions are delineated and the V and J. germine
derivations are indicated. Fi gure 2A shows the nucleotide
sequence (SEQ I D 140:42) and am no acid sequence (SEQ I D NO:2) of the
heavy chain variabl e region of the 4D5 human nonocl onal anti body. The
CDR1 (SEQ I D 140:12), CDR2 (SEQ ID NO 16) and CDR3 (SEQ I D |140: 20)
regions are delineated and the V. D and J. gernmine derivations are

i ndi cat ed. Fi gure 23 shows the nucl eoti de sequence (SEQ ID

140: 47) and amino acid sequence (SEQ ID NO 7) of the light chain

vari abl e regi &fgué 14 EhowDEe hesotimofiiiow clonadiryaxpeidaeyts ddhensGfig GHBEQ

del i neat S SR CRR kb Rody R e R b B A dg o © ©

Fi gure 3surfdrewed HETE3 rellsl twofdctid withyfidinieagth $u@ah[@T¥I.43) and ani no acid

1506 human moRgaoaar s S PSR Bl Ut g I e

| D NO: 17)noancloGBRatibSHE BRIk Buad) PTEFispestically tded forREK2d and the V.

el ot de. seqiinese P AERe Ak ERkRmy cprimet oo telifiy

NO: 8) of antifwdidsglinecied aganstdnuivabPTK Heojndnthefcell erfi2 66 Wilinsirtunson oglisonal
anti body. The S D 140: 3 an CDR& SEQ
| D NO: 38) reglF%s %1? §IFD gé% tgﬁgé%%sgg%%oﬁ g gwﬁgﬁépeﬁm%%? %%’?%gmung at

deri vat i aptthodias dinedied agaidst buman PTK Thinds B€ celh suvfacklof a vudétg el caeer
sequence L5 D NO: 49) and anmino acid sequence (SEQ ID 140:9) of the
| i ght chalin variable region of the 12C6a human nonocl onal anti body.

The CDR1 ( SEQFignrows stigws tipRauiSHFldvDCNONEEY eapetinDRSd{nSiiirhfn dNBaB9)
regi ons ahfhodfsideaed and hhaﬁn}‘ﬁcgﬂﬁd%% ﬁg.ﬁfa%%ﬂ{é}%dn?“s (€
A t he nucl eotl l(c

i ndi cat ed. . Figure 4A shows e sequence I'D
140: 44) and afigtee b2 sipvesdheaseies ¢ISREY PMomety £xpaimdniieddueensyrathipihat

i abl | 4 ' 30 S
B 140: i%@%%‘ﬁd%g e T e LR eBR: T b e i
del i neat B¢f tafl ogytesy and J germ ine derivations are indicated.
Fi gure 43 sho g [ : D). 140; am no
acigd seqguence ESE%@%WA%R%L%&?@I& tEe_%S&%%%gﬁg%ﬁ%%?‘?%%ﬁ%ﬂgegi on of
the 7C8 fimensiratins tef bymen menedons) antitedicpRaingSEG R T ¢8)inteChi2e
(SEQ ID M Bk 720 QPRI ShARoAE ABhu g RS0 ALLIHE IR ALofEARM L he
V and J gernmine derivations are_indi cated. _ I gure shows t he
al i gnmentV s’ tpaongRts o dntgrmabizaiion of sheiumpaneantibady 1 2GGinto Wemsibl e
regi ons §ino3 &8Iy Y thied¥atibh 3t theHBar afiolies NER atd 12&2&}&)5&94%“”&”

?

germine VH 3-30.3 am no_acid sequence (SEQ JD NO 51) _ gerrnline
di scl oseymeE cefi (i) Intsgalization of thy lyype Btibriss 7€Rend 1 2GR IBAPC3T t he

am no aciuehoseguence of the heavy chain variable region of 4D5 (SEQ ID
NO 2) with the hu#ﬂal‘vg.l giergi | ine VH 3-30.3 anmino aci d sequence (SEQ I D
NO 51) (TH4b GBFF #hhofisdhs et ofa csfiargierqtion gespy demonstrating that

toxin-conjugated buman monoclonal anti-PTK7 antibodies kill human kidney cancer
cell lines.

Figure 22 shows the results of a cell proliferation assay demonstrating that
toxin-conjugated human monoclonal anti-PTK7 antibodies kill cell lines expressing
low to high levels of PTK7 expression.

Figure 23 shows the results of an invasion assay demonstrating that anti-PTK7
antibodies inhibit the invasion mobility of cells expressing PTK7 on the cell surface.

Figure 24 shows the results of an in vive tumor xenograft study demonstrating
that anti-PTK7 antibodies conjugated to a toxin slowed tumor growth progression in

pancreatic cancer.
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Figure 7 shows the alignnent of the am no acid sequences of the heavy
chain variable regions of 12C6 (SEQ JD NO 3) and 12C6a (SEQ JD NO
2) with the human gennline VII DP44 am no acid sequence (SEQ ID

NO 52) (3-7, 3-23, and TH4b gernmines disclosed as SEQ I D NOS 61-63,
respectively). Figure 8 shows the alignnent of the am no acid
sequence of the heavy chain variable region of 7C8 (SEQ ID NGO 4)
with the human germline VH 3-33 amino acid sequence (SEQ I D NG 53)
(JH6b germine disclosed as SEQ ID NO 64). Figure 9 shows the
al i gnment of tHigum@iSsbows ik seduefier s vio titeorxegbiraftRAIMY déabhahlivg

or i 1 me R A T Ry BB B Gty Wy vorty SOt
di scl osedreast GAGEID NO  65). Figure 10 shows the alignnent of

the am no acid sequence of the light chain variable region of 4D5
(SEQID NGO 7) wth the human germine Vk A10 am no acid sequence

(SEQ JD NO 55) (JK5 ger niDatziledh Bederipeidn a8 i @veid) 66) .
Figure 11 sho |.i gnment of the anj no.acid sequence of the, |light
chai n vari abl \gﬁro Ié‘glgs(f%cd% 115‘;%5“?@%6“}(15]: Fesdy lﬁﬁfﬁt#'gﬁ’émﬁ?ﬂ?gﬁmﬂﬁdfﬁsi ne
Vk A27 amarisulaclydussaueone](rBEQHHDANEG thé)bifd igecigizany tPTH7 S& esach as

SEQ ID ) j sho the .alignment of fhe am no acid
sequencglg (r)l}bgtg #éeﬁtsl’él%ﬁ m@{%ﬁ%@sgﬁeé e\gﬁcrnéa‘fe%ﬁft 8%‘3 oBsY ‘{%’E@%IMD NO 9) -
wi t h t he foratenalgeepdriies sivth dslbgtaafifiniy biidihgsie RRHIT end/SHR: hliyQo54)
(1K2 ger - Sel 1D NQ 68) . Figure 13 shows the
al i gnmen!tﬁ%?& e a%gﬁgg%@giﬁgﬁhgﬁgémg % %Cﬂaah?m%%ﬁnw? abl e

r egi on ofanggli¢sIEh¢ DvGion 4y dedived frdme phrivalar heavyl and @igitkcab garinliae
acid seqy ; - [ di. scl.os s _SEQ I D NO
69) . %ﬁfﬁé}sﬁrﬁgﬁ%ﬁg\%ﬂﬁ%ﬁgsggﬁﬁ%gq A A SR FSE B oer i ment s
denonst r &PMpgsing pactchiar huviemamdsrooburgsl Thatnivemdyn pi6Bideslisbraided

agai nst Qs RT ' HEK3 cel | s,.t.ranfect ed
with full-] enl{éh%ahr?gﬁ %EW?S@ i‘“ﬁ%éﬁfge%ﬁ%“ﬁ‘%“’é’%‘&“ U A IR o
ELI SA exFl¢awgscompasingsuelmitibgdies and hbaramcensivebdconmisitiont tdosnig
agai nst  mumnLELLCE Shekebhi I.nd: igure 16 shgws the
results of flow lcy’t onet rgﬂjggﬁé%?rnlg%glﬁ%gnn@%@?sa |tﬁ%mtvﬁ% Tant1%odi es
di r ect ed gL Rist aletas PTKTthpirefhsitgdhe aftibodiasf mchk apfo Wit diveases surh
cells. FhgtdRed7 shows the results of flow cytonetry experinents
denonstrating_that antibodies directed agai nst human PTK7 binds the
cel | surface &touertat theprefenicigrention may be more readily understood, certain

terms are first defined. Additional definitions are set forth throughout the detailed

description,

The terms "PTK7” and “CCK4” are used interchamgeably and include
varjants, jsoforms and species homologs of human PTK7. Accordingly, human
antibodies of the invention may, in certain cases, cross-react with PTK7 from species
other than human. In certain embodiments, the antibodies may be completely specific
for one or more human PTK7 and may not exhibit species or other types of non-
human cross-reactivity. The complete amino acid sequence of an exemplary human
PTK7 has Genbank accession number NM_002821 (SEQ ID NQO:58).

The term "immune response" refers to the action of, for example,
lymphocytes, antigen presenting cells, phagocytic cells, granulocytes, and soluble
macromolecules produced by the above cells or the liver (including antibodies,
cytokines, and complement) that results in selective damage to, destruction of, or

elimination from the human body of invading pathogens, cells or tissues infected with
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cell Iines. Figure 18 shows the results of flow cytonetry
experinments denonstrating that antibodies directed agai nst human PTK7
bi nds the cell surface of dendritic cells. Figure 19 shows the
results of flow cytonetry experinents denonstrating that antibodies
di rect ed agai nst human PTK7 bind to CD4+ and CD8+ T-|ynphocytes, but
not to B-I|ynphocytes. Figure 20 shows the results of Hum Zap
internalization experinents denonstrating that hunman nonocl onal

anti bodi es agai nst human PTK7 can internalize into PTK7+ cells. (A

| nt er nal ipathagens, edncetras italis or.dnchdes df @goid@8unity ¥ patitbld8ali nt o W | s’
tunor cel; amﬁ,@?,- kAt d A e human anti body 12C6 into

Wl ns' tulh%r ce ?]{S’QB%M nteréﬁgPPgié?s%%h of the human anti bodi es 7C8
and 1206 i nt o A“gigualtwgnetuctien pathweld) refas tr tha biacheminal cflatidashipunan

ant i bodi Ang Ny s Ll s, Eiqure 21 shows
t he resuleot%gg% a cgigl pﬁ%ﬁi ?@FS ;&t% F%énmgélgglgcsd%ﬁ%g){? 5?]136169‘1 Smission

t oxi n- corfif@gianatifromeans povtirord el taatothHTti@nef deadl. ess kel hetvin

ki dney c " i "z j gur S he results of. a

cel | prolfi erE atefeﬂogrllljr %Egge%e%tgﬁolﬁgltup gét’ g)lr#geﬁflﬁélte '?@%S:erg Sﬂﬁi EyEpRSE s iran
monoc| ondnolgenl¢s qapabie ghtdchivingssiknd! ang dlel transmissioeof sedtsa signdl adrobo

hi gh | evelspaf IQN. igure 23 shows the.results of
an i nvasi_onplg_srggy g?r%%???‘?teﬁhgﬁ%xgp Pélen‘%:fi agg?ﬁ"?mg%cteirﬁ%e&to sof{"ﬁipﬁ‘?sfmt he
i nvasi on sBEipR i8,the PTES teeeptdopr essi ng PTK7 on the cell surface.

Fi gure 24 sho [T » Of ' ' . ograft, stu
denonstrati ngw'?_lﬁ;%]ﬁla nztﬁl?IH éﬁ?gar ﬁ?e?rggg? fé%-glgl&%‘}igg%t@gﬁ? gmgbqtdbes?iaﬁg é‘ﬁ%wed
t lﬁm)r '?[1 @WI&PWT?@ﬂﬁ f@gm@i fhep é‘m:r%ﬁa{bﬁmﬂiwﬁp?”) or Sinfle clﬁilguh?'etﬁ?_
sSNows A 'GaH QL Fefd ko L Siratkng
that anti- PTKY acﬁ’ti bodi eosangc%ncjiﬁg%aitl!lerEg_[ntp%c()@ﬂa&gtq ?:)%a‘ér;c @%gﬁé@g&%@ nal"%‘%vt h
pr ogr essitBA light G shaips bderceonneqied by fliswlfite berdspot amamsigen bindinpentioon

I n one asRgsds, FabEhPIveSRatn il -] ' ocl.onal
anti bodi es, . particul arl y%&h?gﬁgﬁ%ﬁgg{égﬁa %ﬁ%’?%%%?ﬁe%eg@ﬁ%%ﬁ%e&
speci fi c&FISR 350V praed 2 hegvy ehaip cpnssan srsions ks, heaie chait chasting segidn ishe

i nvent i ORo@¥RELA df tRRE d8MmaliR! € L hiRPB).£ i J ik such
as high a,?flisni ty bindi ng_at o P ’%%%and/ 0%3 t agﬂglg%lf)@%n i’t%gg?%ﬁ%%f%agrovw h
of tunor b&kighat yeripblegeigp (ehbreyigted herpinesrfidiand e ightimimeanstanh e

ant i bodi eexié. THAIgHI ¢BAThicBRstRISeEl6H is‘é%%pk@%@tﬁfetdo%&quheﬁl\éWa

| i ght chq} n %errnl I.ne, sequences and/or Conprise particular st rlict ur al
f eat ur es YedeHOBRCaRHR Eheiibdvitedineiregionsatthypervariabilitn termed d

sequencesompletehBieNddtomniRi@ ka8 as (IR IR sARtdeRh 65 Qpé:in
maki ng such anhitgodicﬁgémilmmno%on?t at)(aals arsllgé?bi S ec?%'%ﬁﬁho{}ecu gltse

conpri si AYPETER SHEY BYWOLTGEIopH &eeh Veand donip 6emppesdof three
cont ai ni MPRshad ot TRy bftangddRa efid@ahRSs & cRbSReRhinks fPhecul es of
the i nveg;ﬂ on. The i g%fné]égg ﬁ'}@o relates to methods of using the
ant i bodi &%,°"SHEREE 151 - iR edd3RE Eiits FRR3, &&ife eFhe variable regions
of the heavy and light chains contain a binding domain that interacts with an anti gen.

The constant regions of the antibodies may mediate the binding of the

immunoglobulin to host tissues or factors, including various cells of the immune
system (e.g., effector cells) and the first component (Clq) of the classical complement
system.

The term "antigen-binding portion" of an antibody (or simply "antibody
portion"), as used herein, refers to one or more fragments of an antibody that retain
the ability to specifically bind to an antigen (e.g., PTK7). It has been shown that the
antigen-binding function of an antibody can be performed by fragments of a full-
length antibody. Examples of binding fragments encompassed within the term

“antigen-binding portion" of an antibody include (i) a Fab fragment, a monovalent
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In order that the present invention nmay be nore readily understood,
certain terns are first defined. Additional definitions are set forth
t hroughout the detail ed description. The ternms "PTK7" and
"CCK4" are used interchangeably and include variants, isoforns and
speci es honol ogs of human PTK7. Accordingly, human anti bodi es of the
invention may, in certain cases, cross-react wth PTK7 from species
ot her than human. In certain enbodi nents, the anti bodies may be
conpletely specific for one or nore human PTK7 and nay not exhi bit
speci es dragotcheconsisping obthenian Myey and G55 domain*si (\!1'9 k\F(abhheragnivat, at e

nunber - N EUSE R ER AT PRt i o B el R A R o Lo
t he act i dangsfregiboy (lidxekab’ @;agmpnphdﬁqﬁxe&sseﬂmllwabhﬁﬁleﬁirt ofthealidgss,

by Che. ab R eS LaP PR TR RO, el Fhotiet b oPbr ke

and conpFenergnent batsistiog of the VipameCeL domsingdnpgyBy tﬁfagméﬂ&tdnuﬁtmg)ﬂf Of

i scues. 11 Lot VRRRARs ARt &l RO L Ay P8 PR nent Lol e

aut oi mrumi.t {1988) N@M?w}ﬂgi%ﬁ%)n@vha:mmzﬂm of a1V Meimaln) (vl Geikdlatear

bi ochen Earlafish tRPREISRRILDRD, BROBF b arehforthis hinbFe

mol ecul esvatlwdt: rqﬁuayccmtalmhng aismgléreafabbndmmas ammmzﬂ cansBingddihaihs.om one

v ase. » cerfogfer AoRlthdBio BBk hefe & femen Uy 4 Vi e e g

conpl exedystparekgsuisethey spabe piwdd, ngog rez:bmynansmgmalis aych dyhthetic

t 1 S§d I

an” oxarpl ooy et SRy bl @0 A B R TSR ¥ r i
the PTK7 r%@l@maurto form monoiﬁﬂaﬁmlwﬂlwﬁwdmxﬂys smgle chiia rEve(chw), feeeqi,n

i ncl udes pahol.e; %Péés?%ﬂieﬁ% fzi&jz;z%m{zqﬁ E'toB' %5 ?9”‘3 I(A%adidy

"antigen-bindin —or sin | ns &

refers téch ’«W@‘fﬁ@t@%ﬂ) c&nqbralmln ghaam aﬂlté:wﬁiesmmalhremd(sdi k9 behai ns
and two a } 0 or an
Nt gen B oo o R, oh Sy RRRRREE poMiof St diBali T lers 0 2
heavy chanribadyfragmicatsasg Pbﬁﬂm(eéblbmé\wm@tiom tehniqaes Mdwmtocthaseheity y
chain co [ %]Pﬁ rjsed
of threegﬁglgﬁiﬁaéﬁr?me an ‘*e E‘g d I'1T ght hﬁgial{hﬁg‘%@g&%ﬁé{gdé of a
| i ght chitactnibodizse regi on (abbreV| ated herein as VL) and a light
chain Constantm{ %ﬂ:&@d m?iib%d&* &théd!?dran%’ﬂﬁ&&%h t(? RELAR ahSn EQSH\}I%&QC’

of one donui n, . The V8 and regi ons can urther su

into regFWQS%?“%EYMM‘%@W%ﬂle%léiﬁ%dilﬁ“@ﬁm @ﬁenmaspwﬁ@mmﬁem ranng
regi ons (<Gkidd adtﬂ%@ji ﬁﬁeép%%iheéfny Birldg wxfms bR tanRlRy FRE Gfﬁgi%%gfe

termed fra ﬁ#\oagk i ONns Each V8 and VL Is co

CDRs andS® 1§ﬁ‘gﬁa‘?}h?rrtb?ﬁ BRKAL %%Sﬁiaﬁﬁﬁ’safﬂlbﬂéﬁéﬂ@bwct@ﬁm nus

in the faiddeway rﬁﬁﬁ%w&&lha\@%ﬂ%&m%dﬂ% efdDEsbh eEq]P( 7 The
vari abl eﬂ_é)fquu%gs of 1ilhe heavy_and |ight chains cont ain a binding

domai n t &Hom P ewpteﬁleénl\’gﬁ?‘?"@éﬁnlwe%ﬁﬁ&oémn%’é@%‘hﬁa@falb’he

ant i bodi ége aﬁythaieéallala@rﬁdﬁ@xdyhﬂ@bﬂ&eﬂﬁcéme i nununogl obulin to host
tissues or fa ors i,ncl u% various cells of the imune system

(e.g., effect s’)noﬁﬂ é‘n’f"i’?dé’f' OF opRfTne! petihgrly pmppstieressi cal

conpl en‘Et]&edSl')ésélﬂfﬁfer toaprepﬂhlﬁad@dﬁhb@d}tthEBmQé @ids!dﬂ@a BRddupn” of an
antlbody or Si ant bod ortlon )..as_used herein, refers to

one or nBPEPEY f%‘mﬂf’ P‘I%@fynﬁ%&{onrdéip&méi asiglabindingy t o

speci fi ca;bdcmdwymﬂdtafﬁla@ﬁﬂhbmuwe}gmpePTKﬂ It has been shown that
t he anti gen- b IEHH% Ihunctl on oqf an antj body can be performed by
fragments of BIgR Anibrdybasysedcamst isdntendad; ta dnaleds snsignding s
enconpasE@dngi irlble teffnk &f WhicAHoti@e fhidoRgaRPEbRYBgioAE a2HeRPEd POdY

from human germline immunoglobulin sequences. Furthermore, if the antibody

contains a constant region, the constant region also is derived from human germline
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An "isol ated anti body", as used herein, is intended to refer to an
anti body that is substantially free of other antibodi es having
different antigenic specificities (e.g., an isolated antibody that
specifically binds PTK7 is substantially free of antibodies that
specifically bind antigens other than PTK7). An isolated anti body

t hat specifically binds PTK7 may, however, have cross-reactivity to
ot her antigens, such as PTK7 nol ecul es from other species. Mreover,
an isolated anti body may be substantially free of other cellular

mat er i al irmmahoglobhignscgatses. The hwiféleaﬂtﬂibﬂﬁes offRaaVaNiah naltihsidy " or

I d..h f t
or epar at FAAd R aE GO Ben e o Beslinonpars G A

nmonoc!| onalutativnis lumi;duceﬁmo&nﬁmm for dits ppeayfic mu&g&@lsﬁ iR m}%ﬁﬂtﬂzl city

and affi 0 a it
ant i bodyalutté{lofn ;legl Eefrléw%%r%e%g ﬂ@wltagnp?]@ uﬁélsﬁ‘ipf’rﬁﬁﬂi‘%%o‘haw ng
vari abl eln‘tegiedms iricindstantboddet in WIha: Cmmquédceﬁ&ﬁn@@%d:ﬁ!ﬂiﬁbﬁmﬂﬂ@of

derived |ne| | obulin se Furthernore, if
the anti %%"35% cont alaﬁgt{ e((::’g?fsstua ol a‘fehéee (P RYPEH also is
deri ved frowwbtnsequgeesl i ne i rmunogl obuI in sequences The human

ant i bodi es of LWention Aank.no aci esi dues not
encoded by hungg?ger nr?]énlmr%grﬁnogllaé’fjlgﬁ?% § té’r?BBg ‘%‘%S dsplayng st i ons

i ntrodu c@ldgbybmcangi eracdicityiwidels o vfanablﬂué@gﬁmsﬂﬁch Potl ithd BarBéwbdik
somatic gy i ver t he t.erm"hu nti body, used
her ei n, |s not ﬁ-!togﬁ ed‘fé%io P AR RS &‘B?WF%‘%@WW%%EM%
deri ved @mmnbdrpbmgetr, e Inenapfmemsidret anttoties eeeprepeet 85,2 Isushoms a
nouse, r R frarrework sequence The
term’ hurrg%hggﬁg%%oaﬁéa § [Eg‘é% el ere s ® H?‘FB%H?’%@%F%I%w ng a
single bﬁmﬁlgcm@c,fha&nw gﬂhomh chewpeisingiaitaipian besgi chatn irhsgbiecdndbot h
the [T aMEuAlkadithnCRIR 16811005, Bboflgkivadyf r om human ger i [ne

i mmunogl obul i n sequéences. 'I'n one € ment, the human nonocl onal

ant i bodi es ar Ehpiesaergmbjnagt hl}rbm asivmdwhias bsddriekeinldnclad® atbfidman ‘
0Dt ai NeCadftoficd aldt AYEH: o, RRNUWIRNCBILABE seofitcly BedfBNSHRL 6 MOUSE,
havi ng a genone conpri si ng eavy chai n ans e AE28S ght

chain tr HeBge R alnt}é@‘%ie% @Olawdlﬁmm ahimed (k.2 ot inouse) that is ffmgémc Bt
" r econbi pARELQHBEmANGE Bed: mﬂ&l&t@&qﬂgxeée%laym A lnlt!ld S al l di‘]

anti bodi es that are prepared, expresse created or 19d)

r econbi nRAtelREniiescrihgd further Palf’wér@?i) Beidhodiesiisndated é‘dmfarhm:'taarll ani rral
(e.9., animusbatbatord he BRELHbRY, é% RGN IR g nlB5RE.

i mmunogl obul i n. genes or _a hy doma_pr €pare ere rom’(descri
further BptEHET OTBYBCQH%W’E?G&C@?WW%RIWMWWMWBQM () ansforrred
to expr esfibbhies prpaRd ke crciell-or lsf,cﬂé%Qa ﬁ%aﬂf&\ﬁéﬁﬁ}a at§ifolve

ant i bodle ]SO| at ed froma r ecombi nant I natoria uman ant1 body

|'i brary, SPAAtPE P“WFW@@“B\‘%&W@WQWW%WI DivA gemgnens. iSuioh at ed
by any akbahbiie@fmidantibosied NeeSRELGIE R8s b \WIB &ETM}Q%PLP d n gene

sequence E ot her %NA?E% ces. Slch reconbl nant hunan ant i bodi es
have var T abi’E8PBY Gy %W&%W@W“@BIW&@QP%@am
derived dettain dammﬁm@ﬁg- ervRs@eﬂ Bﬁﬂ!ﬂ@@én@ﬁﬂhﬁt%u&ﬁﬂ‘dﬁﬂﬁ&ﬁes dafl 58k %bt@d
enbodi matnts however , ch reconbi nant human anti bodi es can

subj ect &8 % 8GR aﬁ?‘l?s P yigR ap anyml trapggsicar bumarmls &eﬂwg%ﬁl c for

human | giseéqHeneesmatic mntm)w&%ﬁm&h&o%wm.%béémw thts the
am no acj.d _se ue g}j‘s of t.he VH and VL regions of the reconbi hant

ant i bodi 's“"§i° Jfcebipapt antifariesarg spqugnees thasv hiladerived fom a
human getlktddne h\ﬂﬂaﬁ RErmYlineSRQ BRNVE Sequ¥YesD Ry A8 ALY eﬁg‘sﬁfthlw éﬁé“ n

t he humgn_anti bod ine repertoire in vivo.
her ei nmil g XX%‘EHT?EF‘?PBFH ©Hhtivdody class (e.g., |gMor |gGl)

that is encod&duﬁ}d Hetin, MRBWHCC R5Ter 16 MRSHABSdY @ g IS IeGl) that is 1€

encoded by the heavy chain constant region genes.



CDR. sequences derived fromthe germine of another mamralian

speci es, such as a nouse, have been grafted onto human franework
sequences. Additional framework region nodifications my be nmade

wi thin the human franmework sequences. The term "chineric antibody” is
intended to refer to antibodies in which the variable region
sequences are derived fromone species and the constant region
sequences are derived from anot her species, such as an antibody in
whi ch the vari abl e regi on sequences are derived froma nouse anti body
and the const dfhe phegses Mansmtjbedicrsognizing en huiigkn!' mod!'an dutivady grkiffeody .

As used | Det; o0 | £ ifical bi ngs ta. h . PTK7"
is int engglrdﬁt 0 I‘e e%%ggﬁyeé%%‘b?gyg%g{l Vgl?l}]%')sé g H’ﬁlr?ﬁﬁb?#}w th a
KD of 1 bimdgspesifieallyctoan aptigem.’preferably 5 x 10-8 Mor |less, nore
preferably 1 - | ref.erably 5 x 10:-9 or .l.ess.
The term™" doe);m%gttﬁﬁéu l{s?lﬁ%nnat%?ig?ﬁl{;g{)rﬁ'ﬁ hhe! ge%gpt%c?% Fh(’]dbi?'edci%ﬂwg,fh’a?s used
her ei n, Mmas agbeslnelz.Bicdiugate 96w antbody mel aiotier agdit ghamtffodpi ty to
the protein or - e | . r ot ei r cells with.a KD of
1 x 1U M or nﬁhgf%ljr??orhednﬁa?% grag ci/&yg 1%(1?1%5@%8}\% Ig?er(r%r%?lét?bor‘?bersén ﬁ“?‘é erabl y
1 x 10- 4 QR eequoness depved fiomftee gdymfing of addths tvunmalimt speciey,SNchiny £
preferab 108 rm..Kassoc" or JiKa" S _use

her ei n, %@%ﬁ’iﬁeanque_t ?eecp‘g){rtgp giﬁgfagigg)&%{ PsTeepa ety %é’ﬁvl'o@ | ar
ant i body resen medificatienswey bnmadghwitbiashe hempe famedilssequences.

The tenn “chimeric antibody™ is intended to refer to antibodies in which the

variable region sequences are derived from one species and the constant region
sequences are derived from another species, such as an antibody in which the variable
region sequences are derived from a mouse antibody and the constant region
sequences are derived from a human antibody.

As used herein, an antibody that “specifically binds to human PTK7” is
intended to refer to an antibody that binds to human PTK7 with aKp of 1 x 107 M or
less, more preferably 5 x 10 M or less, more preferably 1 x 10 M or less, more
preferably 5 x 10 M or less.

The term “does not substantially bind” to a protein or cells, as used herein,
means does not bind or does not bind with a high affinity to the protein or cells, i.e.
binds to the protein or cells with a Kp of 1 x 10"° M or more, more preferably 1 x 107
M or more, more preferably 1 x 10 M or more, more preferably 1 x 10> M or more,
even more preferably 1 x 10 M or more.

The term "K,geoc" 0r “Ka”, as used herein, is intended to refer to the

association rate of a particular antibody-antigen interaction, whereas the term "Kais"

or “Kq,” as used herein, is intended to refer to the dissociation rate of a particular
antibody-antigen interaction. The termn “Kp™, as used herein, is intended to refer to
the dissociation constant, which is obtained fiom the ratio of K4 to K, (i.e,. Ky/K;) and
is expressed as a molar concentration (M). Kp values for antibodies can be
determined using methods well established in the art. A preferred method for
determining the Kp of an antibody is by using surface plasmon resonance, preferably

using a biosensor system such as 2 Biacore® system.
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or "IQ" as used herein, is intended to refer to the dissociation
rate of a particular antibody-antigen interaction. The term"Ki D', as
used herein, is intended to refer to the dissociation constant, which
is obtained fromthe ratio of Kato KIC, ./K ) and is expressed as a
nmol ar concentration (M. IC,, values for antibodi es can be determ ned
usi ng nethods wel|l established in the art. A preferred nethod for
determ ning the KD of an antibody is by using surface plasnon
resonance, preferably using a biosensor system such as a Bi acoree
system As yeed hersth, ey ®im “hrghefﬁmtymfbmrglgcaéﬁﬂmﬂyyefeﬁsw a@n 19G

anti bod 3] es nor e
prefer a%l yﬁf"?‘{yﬁ’ﬁ % es® Bglrl]g %%Jr}gnbrr’%rep‘?rg? é%&%lle %’gﬂo‘é{? Mrtsfevrs’éggor? or
a target P&‘?f?lfagbfrﬂo Pddov tass fdrlmtg‘geiednhgm t Hovh:tvatj |“high@ﬂﬁmtyarbym£@g et her

ant i body J.S8P¥B t 0 I gM
i sotype rea%grs t&%r antﬁ%rcll?)f%%eghg?n ng D!“é‘ )i(%mg', &5

pr ef er ablispty@:rgfarpio mmbo@vmm Eppif ¢0eMibt lesd @ﬁor&/bmferhmyao M or
As used hegel Bj | ncl udes any human or nonhuman
ani mal . The’ t‘%r”&d?gg;egu Kslg |Drﬁr§%lesl ‘'ncl udes all vertebrates, e.g.,
manunal s and rerrspthengins thestamh "abjentrihendes qnlylhi]iﬁiaﬁfb,rnsﬂﬁﬁrﬁhn Cogsl,
cats, hoM§8Sernf) . ibians,  reptiles, etc

Vari ous aspects \g?hm&g& %ﬁ\%ﬁtlpgﬁg%ra@v esP:rralgeﬁedg? Rl /% ai | in
the foll @vmalmsb@s herhymapprimaleEkshedptdolge,diaess horses, cows, Thitkens,

ant i bodi gmpgfblgﬂger Bignkkon are characterized by particul ar
functional featureS or properties of the antibodies. For exanple, the

anti bodi es bi ¥arispeaspette af fhy invenHdKre deseiteddbifyrthendeat tn tedyllabinghe
inventi ogulieglst 0 PTK7Z with high affinity, for exanple wth a RD of
1 x 104 Mor_less. The anti-PTK7 anti bodi es of the invention
preferab%ﬁ@éﬁ@éﬁ)r nore of the follow ng characterl stics:

fi sl .t
T ko et o e AL LT
anti body Pratieso ik tesalRxainpde, @_&tiblvﬂmsbhﬂs@mﬁml@s to
human PTk/pyicy hPﬁefé&@o f ad ﬂi%@ﬁgf%{g%v%ﬁﬁﬁ b:dﬁb?r(ﬁng? vﬂﬁa”i%glb Olfm?t with

a KD of X 104 M or ess unan
bet ween 1TExaPRINYiEh# KD of 15101 H1 pr isss. | BapsantrP BKE antilridjes Otfltha ant i body

bi nds tOlﬂ%htE&'ipIE&‘i@ﬂyﬁﬂhbﬁ oWk bhmah cﬁ%fo@lfow[i‘noé) }Piéés\%éﬁsgt andar or binds

to Wlns' tumr cells w.th an EC50 d assays

to eval uate t i SPEEFaNy bamds tp hymar PEKE; et i bodi es toward PTK7 are
known in the ed)tbmdsrtshumlﬂlg fuftlor AP Gy TEE ARy V’%}ét,?wﬂbl ots and
y

Rl As. Thﬁ gfg’g’i ggkl N {SS bi nd| ng affinit e anti bodi es
al so can' F&oES% Mﬂ&’f&&“%’sa%?’ RAGVGKD 01 6 el 031V or dngs thiads by
ELI SA, SeaheharRITKN&RIACQ6L1 ANOEWE 05 IeS%u%% Bﬁ&aﬁ 3@' vith 4 RS of 5
ant i bodi e%gﬁvﬁt hF gr eg Eventl on rraﬁé bind to a car ci nonma
tunor cefl i o Wgﬁﬁ? umy 2Tk aKuﬁﬁbeW@PlFlellﬁeMSGdiatilﬂe
assays fBMex adsslatﬂrﬂgnﬁmy, ok ahtﬂfbd@lbﬁiﬂ% 16 Bithihefhof Ralanufld SELGF are
descrlbeg 'nlﬂd f nthe anpl es.
0 ess, or mds to s or cells with an ECsp of 3.5 nM or less.

Standard assays to evaluate the binding ability of the antibodies toward PTK7 are

known in the art, including for example, ELISAs, Western blots and RIAs. The

binding kinetics (e.g., binding affinity) of the antibodies also can be assessed by

standard assays known in the art, such as by ELISA, Scatchard and Biacore analysis.

As another example, the antibodies of the present invention may bind to a kidney

carcinoma tumor cell line, for example, the Wilms® tumor cell line. Suitable assays

for evaluating any of the above-described characteristics are described in detail in the
Examples.
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Monocl onal Anti bodi es 308, 3&a, 4D5, 12C6, 12C6a and 7C8

Preferred anti bodies of the invention are the human nonocl onal

anti bodi es 308, 3GBa, 4D5, 12C6, 12C6a and. 7C8, isol ated and
structurally characterized as described in Exanples 1 and 2. Those
havi ng. ordinary skill in the art shall appreciate that the antibodies
308 and 308; as well as the antibodies 12C6 and 12C6a have the sane
heavy chain sequence, while differeing in their |ight chain
sequences. The VH am no acid sequences of 308, 308; 4D5, 12C6, 12C6a
and 7C8 are shown in SEQ ID NGs: 1 (308 and 308a), 2 (41)5), 3 (1206
and 12C6ay),.¢ ] ) i , ouences of 308, 3Ba,
4D5, 1206, 1 L ‘ &7C8 6, 7, 8, 9 and

éLO P'rl' %pect i ve?ryferred ant:bozﬂs\tﬁ‘mhet h&éntﬁ&(&ie thfe m:dhﬁﬁeg@{&%&ﬁmdﬁ" ?&@Q bi ?d
0 a e ce xed and mat che 0 create
ot her ant |(£%‘?}K€? b@%u\{?&%m‘g S %é ‘FW&W’FW Lyspreacisriged oy of
such " mcI xdgdcrired imExahplds laanﬂ 2b dﬁhb%h@ﬁm Atirk8siien 1rié€1'|e@.& shi®aRirBdiB 9

t
o o or ap B thPEReARY ScANRa olsst G R R Bedthernaeioad Taisypave the
sequence shmeiheavypdmis @qhaice\/ivhﬂ&d:ﬁaramg\@ théir hgﬁt:c &@ﬁpbb e éﬂ&e\a/f— The Vi
st ruct ur e erably a se uence
froma par |¥% §+IH1$£ pg'lﬂ}réf‘ Eégf’ébl;ég)f‘té’e]& d JC8tars shoymdp
sinilar VD NesikB6s and 3G8a), 2@E0)d (1806 anilN2068) AVPEGCS).1HE V %ﬁb' on

rovi des n b or en b|nd|n ortion
Pher eor - ComieAReBb o JRE GRS T PG, Bra J6h ikiempan B 1D
conpri si RO, &ul. r$o9anﬂd0,5teq1wn®ersel ected fromthe group consisting

of SEQ I'D NGs ) g hai n vari abl e

region conpri sﬁlgllen fhat ghr%ﬁ%gm;ég? aﬁgﬁ%’g’%‘g t%??k& ’?}a 'ﬂﬁ‘e Iyroup

consi st rsgqt@nc@@@l b@ ‘Nidsed Bd r@a,tcl?ed” & cr%atﬁmhei:@ntz—PTK‘? bind#ag hfjlétuldle

ant i body r“efe a} PT 7,. Preferred
ch %&éﬂ gal ﬁi?ggﬁ?%lg%g SUCH ﬁ‘lc)fe m;}uhn% a(l O(HC%{@.B‘.W

heavy and |1ght c rons i chain
vari abl e t¢sggi @mgdbﬁpmdmmsmeiemba@amecﬁnaeqmmqﬂeﬁ&@ [EHDIHIEk)] ;

and (b { VETARETY) QNI the am no acid
sequ(engzeqjg%%%ié %Qﬁ @H ﬁlﬁ & Ah%n{sgg%lg&eﬁé’g@ VA ‘H‘gﬁh ? vHSPRPE &%‘&aon

conpri si BgrticHlar mf‘ﬁan%@ngussrepiaeqmma stBEQuhy Mdvikr Vinggtdicea | i ght
chain va i Qp@P uence
NO 6; or ILI(I%?J ge nggé\:/rgﬂghal ng ar atﬁ gﬁlti%ﬁl coﬁ‘p?Y’r REHYe tsep é?ﬁﬁn‘gﬂbﬁl d

sequence Sycturally Similar Vy sequence.

Accordingly, in one aspect, the invention provides an isolated monoclonal
antibody, or antigen binding portion thereof comprising:

(a) aheavy chain variable region comprising an amino acid sequence selected
from the group consisting of SEQ ID NOs: 1, 2, 3 and 4; and

(b} a light chain variable region comprising an amino acid sequence selected
from the group consisting of SEQ ID NOs: 5, 6, 7, 8, 9 and 10;

wherein the antibody specifically binds PTK?7, preferably human PTK?7.
Preferred heavy and light chain combinations include:

(a) aheavy chain variable region comprising the amino acid sequence of
SEQ ID NO:1; and (b) a light chain variable region comprising the amino acid
sequence of SEQ ID NO:5; or

(@) aheavy chain variable region comprising the amino acid sequence of
SEQ ID NO:1; and (b) a light chain variable region comprising the amino acid
sequence of SEQ ID NO:6; or

(a) aheavy chain variable region comprising the amino acid sequence of
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SEQ ID NO 2; and (b) a light chain variable region conprising the

am no acid sequence of SEQ ID NO 7; or (a) a heavy chain

vari abl e region conprising the am no acid sequence of SEQ ED NO 3;
and (b) a light chain variable region conprising the am no acid
sequence of SEQ ID NO 8; or (a) a heavy chain variable region
conprising the am no acid sequence of SEQ ID NG 3; and (b) a light
chain variable region conprising the am no acid sequence of SEQ ID
NG 9; or (a) a heavy chain variable region conprising the am no
aci d sequEife EDNOSEQAND) 4 light dhaii Vadallé gaiorcdvabptisitar the Bintnd £gd ON

conpri sing ﬁ&geg%ﬁgpﬁgﬁgguence of SEQ ED NO 10. I n anot her

aspect, thé i1nventi es anti bodi es that conprise the heavy
chai n and |i ghe) etieivy dBRIGiablREgicaRdmBRRAS tief andin acid@Bguend®ds 12C8,

12C6a an 2L Lnat) .hereqf. The am np.acjd sequepces of
the VH cg’mﬁ-é%P@s&%ﬁi@?éﬁéﬁﬁﬁ?ﬁé‘%ﬁwnﬁr © H{Cilar?ci SEQ ED
NOs: 11 (8@8nandf SBQAP NQ@SB; uD5), 13 (12C6 and 12C6a) and 14 (7C8).
The am no aci . CDR?s .of 3G, .308a,, 4D5, 1206,
12C6a and 7<>8d(§1)rS E%Eﬁﬁﬁﬁﬁi“ﬁ‘tﬁg%%%%%&?mﬁwg% 4O 3618 spaucige ?§6 D5)

17 (1206 SEQM NB3) avl(H) 28igh? G8)n viikblardsivn @aipdisbegheaatn ofd t he VT/.

CDR3s of &3 3 2(6, 12C6a and 7C8 are shown in SEQ NGs: 19
(3G8 and 368a) g%#?i@?éz%p( 12C6 and 1206a) and 22 (7C8). The anino

aci d sequencedabt heawy opkinGRFEblegtgisE8omBi8ag thlmind 264 sedi2Ebaoind 7C8 -.
are sho i . Y : .26, 27 and 28 espectively. The
ani no a\(,:vi@glEI Qs]g%?ea’rilé’es oi) £ a%h{ﬁh%gabo re%,cogﬁﬁfngz{%%?:gﬁ‘?é&d 12C6a
and 7C8 &fespRoofiSEQ Bl NOs: 29, 30, 31, 32, 33 and 34,
respectively. i { O- . Vk s _af 3G8a,
4D5, 1206 _12%2_9 %tﬁ%pa%%ca??%"%ﬁfohmw?iﬁé’g%"f“%%% thag comppse ‘g‘%&%’é’, 39
and 40, Fbypend light haimGRREHICHRY viicCAREs o3 GHSRsadlDs, 1206, heCHabat
system ( Kadats, ; O ekns

& cobinlbniherdof ﬁ%&?@f&&%{gr{%@hﬁ%cﬁéy of g

| nmunol ogi cal Interest, Fifth Edition, )
Human SeP@ite3S82.4R1, Ef66.i 1266rand N6 agisiepariy SEQ ID NGE: Ve(Eaid each

of thesesanh) ho¢hss) ¢aMm t ti - bi.ndi n
specificity )I ) qr os)i degjl r?%‘&%@%%“‘?ﬁg (@1,%5‘9%’8 S‘Eﬂﬁg‘”s of
regi ons, theh¥s PéBRi?G@DJF%?a,éM, t2FS, 86§aend S8 armishdvnGBREQ IDRE)s: and
CDR3 sequs(s@s atdBGES, 161 , BN { cealy a8y g;qf%ﬁ di fferent
ant i bodi esmﬁn be mb?ed%&f%gmtgﬁ@a#glﬁgggﬁ%@chs nt 'bo gmﬁﬁ%({amé
contai n SFAVERIERE theCDREDRI S @f e6R33ERa 4R SVk2CGIRC6a @DRZCS andshoPR3) t 0

creat e oSBerANDs: RISGHinAdicg), M) ' |
bi ndi ng ﬁgsuch o O ) 3918).09 @hch Mg 1RGN 2 (TERL, ng

the bi ndi-AG2BEROARM 3pguenoes eHtha Y oePRAtof 304, 36388x 4 1966, 2G63 ardl | SAs,
Bi acor e agakyssispm iPselemaiiog; 2han2i/bl PR, - epid and
mat ched, t.ge CDR1, %a&ﬁ% seckiuenceéf@gg%%g&%;% ?Eﬂtﬁ %‘?iq?m
sequence®{'S SFRISPEEE I Plid Bt A8y 4Bl 266, 12602 sedjichers( s) .
Li kewi seshasrein SBQ ODRGLA93T; 83, 37, 83 Hha 84, BGRciRFNels abif LR, CDR2
and/ or CDR3 sequ c%f a i.cul ar_VK sequence preferabﬁy is
repl aced S F1Fe °§B’Pud"c¢1‘$§5? S’/P%l&%n% : EPR & fudAeeq and 7G] angishpwhin
readi | y SPQADeNOsids, 37088 3vadrid 40, sdshédiRelyartHe3@oR klabndipyel VH and
VL sequepges can be Cgfgfgit}a&g bey f#%}%{tl tuting one or-nore V14 and/ or
Vi. CDR PEie8itd S886 8w Y it §F 4 (199 RrSeqpepisenebRrotainsm t he
C(DR s equefinesustlsgiba daerese FHNE ﬂiﬁbn,@.ﬂ@%ﬂﬂﬁhexﬁ@ﬂ-%gﬂi fis AfnhR0di es
3(38, 398, 41 , 12C8a and 7C8. Accordi ngly, 1n another
aspect , g%ré’lﬁe%mﬁwﬁt?oﬁﬂ'e@'g% ¥sol at ed nonocl onal anti body, or
anti gen bi ndi Givepakidticath dftkéRbtiBOITRY daSibMH to PTK7 and Mt &ti[g@l%}ﬁ ﬁgai n
variable_re 'on.CDRl.dc(? ris‘ n _am no _acid sequence se ecteé1 rom
the gr ouTr BISaT &R 6T PaEes POWAS CDINL, GIR2, pad S1RRA mgions, the Vi( b) &
heavy ch@DR1y@DRehkel CREB@8qEIRGE AW CHRIJCHR22MICDRS Hosaaianse

be “mixed and matched” (i.e., CDRs from different antibodies can be mixed and

match, although each antibody must contain a Vy CDR1, CDR2, and CDR3 and a V,
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(d) a light chain variable region CDRL conprising an am no acid
sequence selected fromthe group consisting of SEQ ED NGs: 23, 24,

25, 26, 27 and 28; (e) alight chain variable region COR2
conprising an am no acid sequence selected fromthe group consisting
of SEQ ID NGs: 29, 30, 31, 32, 33 and 34; and (f) a light

chain variable region CDR3 conprising an am no acid sequence sel ected
fromthe group consisting of SEQ ID NGs: 35, 36, 37, 38, 39 and 40;
wherein the anti body specifically binds PTK7, preferably human PTK?7.
In a prefd@PRbdCIERBodidEAR3}) tolvecasmnethboahyi-RTHP bk moRpulas be@gy chain

VoS SR, SR GRTIEL LG SER BBl SN 18
vari abl e thelfnding@DRYs desvpbedalmye SEQin ReMAadiples((dy., RIS AhBiadae N
var  abl o P28 QB RbOE RO S4B i ol e B, B
vari abl e GIag? and/GDEBRSGapwense frgmSHGQrd NG/ 3 Sequehde ia bgildved watef er r ed
embodi ne @&uctﬁgﬁy§ﬂﬁf‘l§%ﬂ1{%9&ﬂ%&%§)§ ‘Likewise, when Vi, CDR. sequences are mixed
and matched, the CDR1, CDR2 and/or CDR3 sequence from a particular V, sequence
preferably is replaced with a structurally similar CDR sequence(s). It will be readily
apparent to the ordinarily skilled artisan that novel Vi and V_ sequences can be
created by substituting one or more Vi and/or Vi, CDR region sequences with
structurally similar sequences from the CDR sequences disclosed herein for
monoclonal antibodies antibodies 3G8, 3G8a, 4D5, 12C6, 12C6a and 7CS.
Accordingly, in another aspect, tﬁe invention provides an isolated monoclonal
antibody, or antigen binding portion thereof comprising;
(2) aheavy chain variable region CDR1 comprising an amino acid sequence
selected from the group consisting of SEQ ID NOs: 11, 12, 13 and 14;
(b) aheavy chain variable region CDR?2 'comprising an amino acid sequence
selected from the group consisting of SEQ ID NOs: 15, 16, 17 and 18;
(c) a heavy chain variable region CDR3 comprising an amino acid sequence
selected from the group consisting of SEQ ID NOs: 19, 20, 21 and 22;
(d) a light chain variable region CDR1 comprising an amino acid sequence
selected from the group consisting of SEQ ID NOs: 23, 24, 25, 26, 27 and 28;
{(€) alight chain variable region CDR2 comprising an amino acid sequernce
selected from the group consisting of SEQ ID NOs: 29, 30, 31, 32, 33 and 34; and
() alight chain variable region CDR3 comprising an amino acid sequence
selected from the group consisting of SEQ ID NOs: 35, 36, 37, 38, 39 and 40;
wherein the antibody specifically binds PTK7, preferably human PTK?7.
In a preferred embodiment, the antibody comprises:
(a) aheavy chain variable region CDR1 comprising SEQ ID NO:11;
(b) aheavy chain variable region CDR2 comprising SEQ ID NO:15;
(c) a heavy chain variable region CDR3 comprising SEQ ID NO:19;
(d) a light chain variable region CDR1 comprising SEQ ID NO:23;
(e) alight chain variable region CDR2 comprising SEQ ID NO:29; and
(f) alight chain variable region CDR3 comprising SEQ ID NO:35.
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(a) a heavy chain variable region CDRL conprising SEQ ID NG 11; (b) a
heavy chain variable region CDR2 conprising SEQ NO 15; (c) a heavy
chain variable region CDR3 conprising SEQ ID NO 19; (d) a light chain
vari abl e region CDRL conprising SEQ ID NO 24; (e) a light chain

vari abl e regi on CDR2 conprising SEQ I D NO 30; and (f) a light
chain variable region CDR3 conprising SEQ ID NO 36. In another
preferred enbodi nent, the anti body conpri ses: (a) a heavy

chain variable region CORL conprising SEQ ID NO 12; (b) a heavy chain
vari abl e Ipagether mpRered smpodaneng, tBE@tbodNCohbrisdsc) a heavy chain
vari abl e regi CHE3-F SR L -8I %ﬂcei% II;DgIH .Ghain
vari abl e regi gﬁ) CDR1 %onpr?%a%%%é nf%%f:é&m S§QI {)'lghai n
vari abl e regi db) ebravicemir ¥ yiably SEQnIADRE:Giprising SEQ ID NOtIS; a | i ght
chai n vari abl £RL:90 8325 | Sl I . 0L her
preferred enbgci ms_\r?t ,S}ct he an%%@éﬁggﬁpﬁgggﬁﬁggﬁwa'%’

(d) a light chain variable region CDR1 comprising SEQ ID NO:24;

(&) alight chain varjable region CDR2 comprising SEQ ID NO:30; and

(f) alight chain variable region CDR3 comprising SEQ ID NO:36.

In another preferred embodiment, the antibody comprises:

(2) aheavy chain variable region CDR1 comprising SEQ ID NO:12;
(b} aheavy chain variable region CDR2 comprising SEQ ID NO:16;
(¢) aheavy chain variable region CDR3 comprising SEQ ID NO:20;
(d) a ltght chain variable region CDR1 comprising SEQ 1D NO:25;
(e) alight chain variable region CDR2 comprising SEQ ID NOQ:31; and
() alight chain variable region CDR3 comprising SEQ ID NO:37.

In another preferred embodiment, the antibody comprises: '
(2) aheavy chain variable region CDR1 comprising SEQ ID NO:13;
{b) aheavy chain variable region CDR2 comprising SEQ ID NO:17;
() a heavy chain variable region CDR3 comprising SEQ ID NO:21;
(d) a light chain variable region COR1 comprising SEQ ID NO:26;
(e) alight chain variable region CDR2 comprising SEQ ID NO:32; and
(£} alight chain variable region CDR3 comprising SEQ ID NO:38.

In another preferred embodiment, the antibody comprises:
(a) aheavy chain variable region CDR1 comprising SEQ ID NO:13;
(b) aheavy chain variable region CDR2 comprising SEQ ID NO:17;
(c) a heavy chain variable region CDR3 comprising SEQ ID NO:21;
(d) a light chain variable region CDR1 comprising SEQ ID NO:27;
(e} alight chain variable region CDR2 comprising SEQ ID NO:33; and
(D a light chain variable region CDR3 comprising SEQ ID NO:39.

In another preferred embodiment, the antibody comprises:
(a) aheavy chain variable region CDR1 comprising SEQ ID NO:14;
(b) aheavy chain variable region CDR2 comprising SEQ ID NO:18;
(¢) a heavy chain variable region CDR3 comprising SEQ ID NO:22;
(d) a light chain variable region CDR1 comprising SEQ ID NO:28;
(e) alight chain variable region CDR2 comprising SEQ ID NO:34; and
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(a) a heavy chain variable region COR1 conprising SEQ LID NG 13; (b)
a heavy chain variable region COR2 conprising SEQ ID NO 17; (c) a
heavy chain variable region CDR3 conprising SEQ ID NG 21; (d) a light
chain variable region CDRL conprising SEQ ID NGO 26; (e) a light chain

vari abl e regi on CDR2 conprising SEQ NG 32; and (f) a light
chain variable region CDR3 conprising SEQ ID NO 38. In another
preferred enbodi nent, the anti body conpri ses: (a) a heavy

chai n vari abl &fr adgbichaiRearbivpegion GPISEQHpING SEQ,D(ND:4, heavy

chain vari abl ey fs%l%%tﬁeﬁh@g@%dﬁa{@i %]ége!fd%é aﬁél _ % chain

vari abl e regi on CDRL conpri sing I 127, n(e:rf ] | ]

vari abl e ¥kl nd/eDRPRIuinm4inish glosECudrt83yina it binding specifcity dfiaght

chai n varigBb&y fo2d 'cQ&a@ﬁ?tig%ﬁ i ok Hﬂlggﬁ(@aﬁﬁoﬁ% 23 plddicBR0L BE"

preferred enbodi ment, the anti body conprises:
generated baving the same binding specificity based on a common CDR3 sequence.
See, for example, Klimka ef al., British J. of Cancer 83(2):252-260 (2000) (describing
the production of a2 humanized anti-CD30 antibody using only the heavy chain
variable domain CDR3 of murine anti-CD30 antibody Ki-4); Beiboer et al., J. Mol.
Biol. 296:833-849 (2000) (describing recombinant epithelial glycoprotein-2 (EGP-2)
antibodies using only the heavy chain CDR3 sequence of the parental murine MOC-
31 anti-EGP-2 antibody); Radex et al., Proc. Natl. Acad. Sci. U.S.A. 95:8910-8915

(1998) (describing a panel of humanized anti-integrin o8 antibodies using a heavy

chai n vari abl e regi on CDR1 conprising SEQ ID NO 13; (b) a heavy

and light chain variable CDR3 domain of a murine anti-integrin o,8; antibody LM609
wherein each member antibody comprises a distinct sequence outside the CDR3
domain and capable of binding the same epitope as the parent muring antibody with
affinities as high or higher than the parent murine antibody); Barbas er al., J. Am.
Chem. Soc. 116:2161-2162 (1994) (disclosing that the CDR3 domain provides the
most significant contribution to antigen binding); Barbas et al., Proc. Natl. Acad. Sci.
U.5.4. 92:2529-2533 (1995) (describing the grafting of heavy chain CDR3 seqeunces
of three Fabs (SI-1, SI-40, and Si-32) against hurnan placental DNA onto the heavy
chain of an anti-tetanus toxoid Fab thereby replacing the existing heavy chain CDR3
and demonstrating that the CDR3 domain alone conferred binding specificity); and
Ditzel et al., J. Immunol. 157:739-749 (1996) (describing grafting studies wherein
transfer of only the heavy chain CDR3 of a parent polyspecific Fab LNA3 to a heavy
chain of a monospecific IgG tetanus toxoid-binding Fab p313 antibody was sufficient
to retain binding specificity of the parent Fab). Each of these references is hereby
incorporated by reference in its entirety.

Accordingly, the present invention provides monoclonal antibodies
comprising one or more heavy and/or light chain CDR3 domains from an antibody
derived from a human or non-human animal, wherein the monoclonal antibody is
capable of specifically binding to PTK7. Within certain aspects, the present invention
provides monoclonal antibodies comprising one or more heavy and/or Ii ght chain
CDR3 domain from a non-human antibody, such as a mouse or rat antibody, wherein

the monoclonal antibody is capable of specifically binding to PTK7. Within some
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(a) a heavy chain variable region CDRL conprising SEQ ID NGO 14; (b)
a heavy chain variable region CDR2 conprising SEQ ID NG 18; (c) a
heavy chain variable region CDR3 conprising SEQ ID NG 22; (d) a light
chain variable region CDRL conprising SEQ ID NGO 28; (e) a light chain
vari abl e region CDR2 conprising SEQ ID NGO 34; and (f) a light chain
vari abl e regi on CDR3 conprising SEQ I D NO 40. It is well known
in the art that the CDR3 domain, independently fromthe CDRl1 and/ or
CDR2 donmi n(s), alone can determ ne the binding specificity of an

ant i body daodamensgsacleinyentivgemtibodies babpriving dnel @ nedtt hbodi £9/6raiht

predicta : i S bj ndi n eciLficit) sed on
a commnmq%%@gg‘g&g%%}g%%g%ﬂ@ %}&g%aa%%qyk?ﬁﬁép%@eg ‘fo%?ei‘%‘ﬁ B J. of
Cancer 83(iding52thp@) r¢t2inaly fundéeml chiragedidties;nrpbind td the saheaphopepni zed

ant i - CD3Q,, 3y, . %h§ chain variabl e domain CDR3 of
murine anti - gﬁ? ?iﬁ%%ﬁ@%; el %‘éc'{)}eilre C@Fegiopgﬁ'fﬁ%etm ngp-human
296: 833- agbedA000) (descri bing reconbi nant epithelial glycoprotein-2

(EGP-2) anti baogh ' | ..t avy chain . sequence, of  the
parental muri (r?e}hMérg%e?gEéi@&gnfﬁ%%ﬁ;m% rmg?c?c?‘?ﬂa?mﬁfb(?&es Nat | .
Acad. SetCompSising ons oB9E: 89YH apd/e Bht(cteincCDRE dgmainidit |z lafnahunani zed
anti-int 4 o | i i eavy. a | ight chain

Vari abl e ChREsie s, BF LA P Bt BB Som dninEPBBRy Lns0o
wher ei n éasmlnwhtrein theinupanigntibodpis spsbla of sdcifivally Samimnee TS| de

t he CDR3 wWangi i ndi sa ifo t he parent
muring anti bo.dd)?h%ﬁ?g}e%%? %Pk???S?Etslggés]mr?p%ﬁ‘g‘g(?eshrflgﬁogfdpnlatgﬁ’%f)ﬁlsé’s par ent

muri ne afPIPSERE ongar yare keavy and/or ighhchGhiPR Bdamaihiffon? 46itsthli6An
(1994) (dhisdRS! ' rovides t he nost signi.ficant
contribution %k%ta%’g%%e%#ﬁ? i’ng§ ; %@g&é?&gﬁéﬁo oc? n?\‘ﬁ%"l“.rmgﬁr&ﬂ‘.aﬁ
Sci . U. Swhergp thefirst lnmym antibody 1s(cdpahie phipedificiily gindikita § T dadavy

chai n COR&epA S44NS8R 3 Qbmb: = S| - ai.nst
human pl acental DNA onto ﬁ%@ﬁ?&%ﬁr‘%ﬁgﬂ# %ﬁbégylé%?%gf %Féﬁ%’s&%ﬂ%i‘%
Fab t her dymeasnabedyghatislaskingt peppgifictti 4onP TORB gavdratesssshd at i ng
t hat t he hHghR3 iR OO BR! I Al SResH4 1 64 ..and Ditzel
et at, J. | mmunot 57:_%3@?49%@%@%&#3@%%| ng g'%'a tlﬁ%sosnﬁdi es
wher ei n RRRdIEDIS, puchinyentine aphpadjescraiprisiopRBe of marphsaepnd/or light

pol yspecichiifi (T3 &d¥isdn iR ndiHa VR At LE G tetanus
t oxoi d- bi ndj, ng Fab p313 anti %g?/lh was ésllltj1 %?ﬂa%%%’l%%&’oﬁ%%%{;oﬁn%ﬁ%ﬁ iﬁr’]rg
speci fi cPpRfingw ﬂl‘ie(bﬁﬁf%%fhe!f%?qo%h@ﬁ'fwﬂlsh% Edbixkioghe and epiteperby

I ncor por ah@er [y hied LELAIBEHINAINE! F660 A 8L ¥arrespondin Q&%%Ph&gt%naﬁ he
present inventi 8!;?13 rovi,des npnocl onal anti bodi es % nprising one or

more heaf§HRa & PefeRd cehadimennaheiBhiwmsan ansibody isHEs,iely, 4R, i ved
froma hupas, wCeaep7aBman ani mal, wherein the monocl onal antibody is

capabl e qf .specifi cal bi {‘ldl 19 {_o PTK7. Wthin certain aspects, the
present i e STt S HEbodi es conprising one or
S IR%HHEQPBE the frivefftich ORRNTE ﬁeai@}eélla&d%

more heavy anii esrtald ghbodiinants,
erei n the nonocl onal antibody 1s

h ] t ti body,
capabl o SFIITIEERP R § PRTRIIeh GRS Heavy et v metsobintasus pedfors

such i nvéphtcheinatintie degion AOATY paitiAguORSmBhe Hth%hE‘lﬁEiﬁlYmﬁ'&Bgfogﬁliﬁ I ght
chain CDRé% domain froma non-human anti body (a) are capable of
conpet i nﬁ For bi ndi ng with; (b) retain the functional

charact eri st i Bey, exampld)imalptefertdicerflmmen] the RienBOEhRvided hn R¥RR

simlar binding.affinity as the correspondi ng parental_ non-hunman

ant i booly?"“”“‘“"l."‘g"11 W?%ngfwg%%m Yrfien Bcrsed rompRSEgE savy ehait des

monoc| onedridi iehiodites ICHEPESdICOEF GIRrOE] FBMS NBMHYVABHOY gdrght chain

CDR3 dongjn rtﬁm aﬁhg‘rran aﬁt ii@(ﬁ% éﬁ%h as, for exa%g, 2 human

ant i body " 8B AR AHHo8 ReABEAY RS B ridreforply harmpnt TEK ulpeamothier | body

i s capabpefafedspdotiimean) thy idvendérmprobePTbolalitRbmb VIR ABRE GrSn t he
antigen-binding portion thereof, comprising a heavy chain variable region that is the

product of or derived from a human Vg DP44 gene, wherein the antibody specifically
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12C6, 12C6a or 7C8. Antibodies Having Particular Germnline Sequences
In certain enbodi nents, an anti body of the invention conprises a
heavy chain variable region froma particular germine heavy chain

i mrunogl obulin gene and/or a light chain variable region froma
particul ar gennline |ight chain inununogl obulin gene. For
exanple, in a preferred enbodi nent, the invention provides an

i sol ated nonocl onal anti body, or an antigen-binding portion thereof,
conprising a heavy chain variable region that is the product of or
derived foirgimPAK) pesferablyud@nP THEN eln anbthieeprefdrtd caodhaeht, the -

onbodi meatonpih Bt B scoil GOAR gl SR dy, o AR Srndime e ooy
or an anthegesf; bomplisige pheaviyohaintverisbit regionthat Bithgpradhe aryr ehdied

vari abl e i i h duct of .or, deri.xed, f.r.o man VH
DP44 gengoggm%g‘pﬁ%ﬁhjé%%@%bg/ggmén R Ay ?emﬁffﬂﬁ’sb’?’g}glﬁﬁr ef erably
human PTi¥efedahlydnotdnd? TEGT. elneyet eubtberiyoelicrred bmbbditent, ipvianédtiea pr ovi des
an isola - i Pr..an_antigen-bindi ng .portio

t her eof , E’?%“n%%%glﬁ%%&g& %gé«;:/lgfg%épﬁ&\)/dgr Paft %‘m%@ﬁ"lb %‘gﬁ ’%ﬁ{eﬁeé’?’pr oduct
of or derpmpdsingeiight thatmvaridble 1333 th iethewhatuet of drfileiest rbady

specific } K7 ref.er ahl,y -human. PTK7. anot her

pPef err e%uer%% 5} d‘ln]gnllsas nga :Bet ‘Hlé&fnﬁ'\}g% P%Qr%’d P B?ﬁl%cealiy;ﬂﬁsgbﬁﬁ’ Eﬁer}?fﬁﬂ]g&“&?&l
ant i body PI&7. dn yehariogien phiferdédnemipatitiennthichisventbn paotisiagigatated | | ght
chai n vary [ LS. . DI-0 . of. or derived fr a, human
VR L5 oaBbnkaliBiy, 4P n bitiddihiRlinE Biiof inaf Firistre Caehanbl y
human PTrZiableregion thalde Herprpdust of ordbrivet dome htupak g A Fovgsnt, Wwherein

provi des i . ' [.a i.gen- bi ndi ng
portion tﬁer e%? J,i)a %p%?rbﬂrzlggf%ﬁgﬁﬁiggﬁe?%%ixhg%ﬁ gg%gt }‘gé’?toar?c’p}‘?ét is the
product afefeoredrmbadinieft; theiuventima provide 10 igpdrie] mwhedlenal ahtitedgnéd ody

speci fi cahd Veurbi: ; . .. lL.n.yet .anqt her
preferr eghﬂéér/%gé d?%g‘% E ?ﬁ%ﬁéﬂérﬁéfg%%?%%lﬂpg%@%;gﬁél MR %Hﬁcql%nal
ant i body prasiuckef axderigedhompdivmenide ARS mend evbeofin theampibody spgeificallyght
chai n val LBy j girg@, Lyed.from.a human
VK A27 gg%%?%ﬁg{eg&t%g%gﬁaﬁ ody 2%%? |05%P§Jf%'?%{d%¥?9ﬁ27?mgh &f er abl y
human PTRW¥EDtion providenan ieletesiiaergolang! antfhedy.nmern antipe-bindingtpooivn

Pr ovi des uRfedtS@ngthd RARLARAaARIL RO i GASPPIM R Gom

portion thereof, conprising a light chain variable regio
product BHUEA Yerb-& genet whprein the aalitbodi specifeally, bindsdt 8EA préferabht i body

speci f i Caluiin PIRYS Wk anotlepRERRIDertb MAR TS inveBidiPhroRNAL Ber

preferred enbodi nent, the invention g_r ovi des an i sol at ed nonocl onal
ant i bodyisobtedmpnesdonahaptthody Pemtizghbindmegertionhercef, whersn thet i body:
(a) conpaktgRdya heavy chain variable region that is the product of or
derived froma_human VH 3-@310.3, DP44 or 3- 3_3Ng§ane whi ch gene encodes
the anino aci §'seqfORRseS dheppr ¢In Yarighls negiontiat isthe prodyet &fpr

respect i u&iwed; from a human () 3-8605PDPALEr 835 igﬁﬁé (Phe lﬁe%%h@&k $hd £EinQ"
that is thﬁsgéﬁduct f or deriv froma human VK L15, Al10, A2/ or L6

gene (whfe BOG&E ny Y 3é4 W Yefutaspestively)if orth in SEQ I D
NG 54, 55, 56()r SdompspatighVelai varfiblh region that iFthe pR&fL bRl dedvi NdS
to PTK7. Ex ﬁ? { ?lgi_} bgsl%es avlng VH and Vic. of Vy 3-30.3
and VK ng{nqlé%gﬁ{}}? yR Uit 970 e 4 Rich gape encedpt be gminmadidt | body
havi ng Vitqaenke\dst ©kth\th SEQ BON®D: M) G556 4197, résgvgdzﬁ,e y-vg{dy is 4D5. An

fy.
crample, of onyg" Loedh iy aag g V'€ O WGP and i ser
Examples of antibodies having Vi and Vi of Vi 3-30.3 and Vg L15,
respectively, are 3G8 and 3G8a. An example of an antibody having Vy and Vg of Vi
3-30.3 and Vi A10, respectively is 4DS. An example of an antibody having Vi and
Vi of Vy DP44 and Vi A27, respectively is 12C6. An example of an antibody
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having VIl and VK of VH DP44 and Vic L15, respectively is 12C6a. An
exanpl e clan anti body having Vfi and VK of VII 3-33 and VK L6,
respectively is 7C8. As used herein, a human anti body
conprises heavy or light chain variable regions that is "the product
of' or "derived fronf a particular germine sequence if the variable
regions of the antibody are obtained froma systemthat uses human
germ i ne i nununogl obulin genes. Such systens include i mmunizing a
transgeni ¢ nouse carryi ng human i mmunogl obul in genes with the antigen

of i nt er dsvingVisgwWedn pAY D IM4mA V{I118) egipediitlelyis0808al MArREMple of an

di spl aye A [ of,,l pterest. A human anti body

that is %%’ﬁg"‘g{%gﬁ‘g" ‘6?“ &g’r‘%ogg;é‘rﬁsgﬁmiyﬁﬂ‘ls ISP ey 7Bi ne

i mmunogl obul i Msssgdbare, edumriae ahdigydyi chinpeiseshdavg Br ByhteRsRAHRg:t he .
am no acigd,: e, of h n.anti.hody, to t.he am ng acid sequences

of human ‘g%r% | %tggi the ﬁ%ﬁ‘\%%%%l%?n ergr?é%?é‘%/ ezt?‘?rh‘@‘ﬁ?ﬁ%erﬁ‘g‘ﬁﬁﬁe‘b’éﬁ?ﬁ if fhe

i munog! oBu#tilareenpserfdhs artidbdy srecibafmslt frd aSSHQNER ubks Rimardi@aligst %

identity). | ecof, the human. anti bady. A human anti body
that i s TPEandBoREbREC s in yabm o G A B e T

ger ni i ne chuing byinab iimmneglgbalirc genemyith aing AitizeR BT Heradiof setbédigs gnces
as conpa i he uence, due to, for exanple, .

nat ural | é&%g%:g?%ﬁnﬁ%ggéﬁn%f g%’erﬁj?%{' CERlvet on Rbegs Y Yh afqﬁg?’b?fdéﬁf‘éh of
si t e- di r écusnamantiyoiy that Hotlevpodud of bbrédbaded WHMN adlkdA @dimBai cal |y
is at le 0.4 Frf'éé'q i i .acj ds seqguence to an ami no_acid
sequenceﬁgﬁggg%%&gy a E%ln%ﬁ%gglrﬁé ?tﬁ%dl %ﬁ‘?fﬁﬁgﬁl"%’ﬂﬁwlﬁ %&ﬂ@%ﬁﬁd

cont ai ns seawERy efdhehumen audwody hatheiadent idi§ séduendus BERuRBH pbEEdiheas

bei ng humu%%q Ra | ne. i mmunogl.opulin am no agid
sequences of 0 ﬁ%lg speglgéeig&%g.ttg&f&gn%? e lﬁgfrﬁﬁuﬁgglggﬁlﬂﬁia@&%‘)"? that 1s
certai n €R&wsin spanerea(l- angicttoshys ideptityd tathelseqenc&bfthe buman @ntitRidy] east
96% 97% 1R8%n RkibIPVeHa RN [ ] cid. sequence to the am no
aci d sequence e.nclgd‘g}a/mlgsst %Hee(igle)‘%ﬂr# P@r?ﬁﬁ%ﬁeﬁ%‘f’%bﬁp?‘%‘cb%‘%mm

Typi cal | §ErmiingdmgRnasiobilieisequendeved dontrim amar dcid diferenbesmrtogparadi ne

sequenceigihb beghisR! BY¥udi@ 8o.tB 1 cid differences fromthe
am no acid sgquence aeﬁ#lcotcal’e by tﬁéeka%%rlreg%gg&garlﬁ THETMRATHEYE SBtet s

gene. | nociafanipral dnfsedyiction ef siferdirected miniatibn. ffiywelies,pl jected Mmia t han

5, or evgfiitea anthan: ¥ o2: . am: id difference.fromthe
amino acid seal%ceygncod%séagf/’u%{i %Igfcaléj?raf‘\%ﬁ(gatﬁ%r%ﬁgéchgﬂﬁ?ﬁmb%c’na@ﬂ

Horol ogotfdueEicherficddy a human sqmplige immpeegietuliorgeod pnd odntaianaraioi body
of the i g@RsidaBs BRAMIChESSHORAWNN ' iGoal Lable regions
conprisin m noS aci d sﬁeﬁ;ﬁenpes _t%ggogirf?h%%%%%ﬁ%g?ﬁgﬂﬁﬂ%%eaci d
sequence&TBHnE Emypagigbvlayaginoiapd e guengesefidthm dperiesdie, , ramihenher ei n

t he antigenilias séqiadds).t heceaam daegd ' {d 0

ant i 'PTK71a”1t%$BP%ﬁ§T;§o t he Lnﬁeni%gﬁgaﬁ_&nﬁ;({dpéog eex%?re%ﬁt?isé’hmgevm

i nventi off ‘Brb e % Bt e SRBEL InTaino geid ssaepce by thaatmigpesrid

bi ndi ng gequércernédiRd ®9fthe SN ShifBinSelbRAMYonBAITYpikas Y, ﬂ“%ahegi Savan
a light ct&gi& Xari ) e region erein: . _’%a e heavy
chai n vati"aBt% Vﬁgc 1"‘(‘:&?8?1%‘5% WRat, Bering spqieneqwilhdisplanae mage at

| east 80%ah bivanipoatsd didfecbdhcad i REAHinG QEIER Il
group consi sting of QEEP%]] I%: NC?P 1,.2, 3 andﬁ%&;@kﬁ@ﬁ@@bgr&%”ﬂ (b)
the |ight°"CQH4f P%?)HP‘? BYEIT &GP o TEHHT 288 therhumry patibedsume e disely @ot hat

i s at | enete tBGLS,koRDEDGOLDIE haRB, AT, BO1 aMidd KENHERAGCS ﬁpﬁl@g_maﬂoom

t he groualgi({:onsi%ti n%éd)f Sﬁb%lD NGs, 5, 6, 7,.8,9 and 10; and the

ant i body  SiIFABTHCE cBRted by Bt gerpiing frmpgoglghilinggsseoper t i es:

(c) the Hamhologalys Antitiglidso human PTK7 with a KD of 1 x 1117 Mor | ess;

In yet another embodiment, an antibody of the invention comprises heavy and

light chain variable regions comprising amino acid sequences that are homologous to

the amino acid sequences of the preferred antibodies described herein, and wherein
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(d) the antibody binds to the WIlns' tunor cell line. I n ot her
enbodi nents, the VH and/or VL am no acid sequences may be 85% 90%
95% 96% 97% 98% or 99% honol ogous to the sequences set forth
above. An antibody having VH and VL regions having high (i.e., 80% or
greater) honology to the VH and VL regions of the sequences set forth
above, can be obtai ned by nutagenesis (e.g., site-directed or

PCR- nedi at ed nut agenesi s) of nucleic acid nol ecul es encoding SEQ I D
NGs: 41, 42, 43, 44, 45, 46, 47, 48, 49 and 50, followed by testing
of the enboatibodict enaid taniéshedfurfcabndl 9taticARE of WRCAIHOPTKY aftibodidf
functionghsgk Q&kth in (c) and (d) above) using the functional assays
descri bed"herein As used herein, the percent honol ogy between

two anino aci d?osemmqﬂe,ethe hﬁreﬁqmumakrﬁ%aﬁﬁolakvﬁrﬁ@:ﬁ&ﬁﬁial host eyl L of
rcent jdentity between the two

bet ween th e
sequences |§enm§?éﬁg ‘g gFeIFﬁtg %ﬂ%sé‘?g% ea}vél’él]?f‘ﬁ“c"éF‘aB](%F@P%ﬁ%d s Hahted
by the sebaiswvessablé repgpon, vhehennl ogy= It of identical positions/total

It of positions X 0), nt o account the nunmber of gaps, and
the length of each%%ap, éaﬁc"lﬁﬁh@ﬂvﬁ‘ﬁ’g‘%@g}ﬂqmﬁ FT RO ACHR |

3I i gnmeniseqientdmbat st e BORE Ramolbheusao @naﬁm‘&%b@fse@@ﬂé@d&%&deﬁlﬂnb the
etermn y n two sequences can be
acconpl i %&uﬁ%@g%ﬁg C‘%‘R?ﬁéﬁ%é 2’2‘&}%& hm as described in the
non-1imting exanpKis bellcﬂhght cham vmﬂ&@r@ﬁiﬁ@iﬁﬁpﬂs@@ﬁhﬁ bihoRtgreen two
am no aci mndusm th orithmof E.
Meyer s an%l"\'s?\?%ﬁ%qgit %%g rﬂ% pousgp gl ayain @F“iieqf m‘(elsgg‘gse)if{mﬁ}q
has beengrmmmopmfmgamfﬂﬁmwﬂﬂf@s ALG,G}ISp?egIaGJnaﬁlderm on 2.0), using a

PAML20 wei ght resi gue | engt h of 12 and a gap
penalty of 4. In a%afnﬁ%gh ﬁgbigsg(gnge o Bﬁﬁe?{}ﬁ% SRS ami no
aci d sequences can(cbéh@mtémﬂvﬂmnﬂsmhmgaﬂhmmeﬂdi £RBRf AR s Nessy -

Mot Biol. 48:444-4 |ch has en i ncorporated
into the GAP pr ogr g%%%%ﬁ%a%ﬁ?q tvvare paé'k‘g%re ?l tlable at
WWV. gcg. con) ﬁw’eqctlmemsathsl‘fmdmw anehe amd@&q@n&h%hﬂ@b&@ﬁ%} X,
indza gapovﬁbmt 98%, 9%, I of Sou b %oﬁs e SR04 sgﬁf‘gﬁl bpige. A% ©F
pr ot ei n Q’é‘éi@éﬁélé‘émsfv reamel Yor xegiaws having htghc(ne ¢ 80P four prdugar) hxgnbllﬁgﬁl tchthe ?
‘query s Iy abases to, for
e P Rt B R it A s A
usi ng t hées@tissiresicd —F@gﬁ@ﬁn@a@ne@ﬁ) o mustsinidcid etolmles(eﬁ&ﬂm-)g]
Mbt Bi oLs2&AnANSs:14, 4@%%@4@4@@ ABAUSARESE MNREAY EQIEFa 1D the

XBLAST program_score SO~ wor dl engt al n m no ~acl

sequenc e@%ﬂ%ﬂ%ﬁﬁ%ﬂtﬂlﬁ’dﬁ’ e rgieineg duetion (es uthe Surstionhest fmrﬂemt(nbmd To
obt ai n ganRBEve) bR MRMimchioal GRIPAIs SRR aRidtRses, Gapped BLAST can be
utilized as descriped in_ Altschul et at, (1997) Nucleic Acids Res.
25(17) : 3389- 389 35eAEsin, e prEcenidomolesy betvleanpiseatninp AT Spwgpm the

defaul t ganed@ied theQlerdehiideRERPeiv Lt Y QY R
NBLAST) %é' be usedcﬁcer See1 www. nchi . nI m ni h. g§°61/ Es. %‘%‘?%&%@%‘

Conser vaPTVEMIG TP 65‘%"’[38?1%5 is a fanctiop QT th ppgiber em%ém%tmrmhmd i body
of the ibyaRisbQinERE]L SLRoRolRBRALY &h@éﬂﬁc!ﬁdsﬁf&h@/ﬂt%@o@%g l,sing
I a

CDR1, an CDR35e ences and a |igh hai n var regl on
conpri si hYP g1 ‘g’ﬂﬂgwt?éa{ﬁ?é@d thinkergibrpfeach gap, mbndh rekd

t hese Cualﬁaﬂmmeaf&wmﬁmﬁe:@ﬁmﬁmdt@m ﬁ&ldﬂ% ed on
the preferred ay&ss)odl es descri bed herei ns?ﬂle ® H%g&n?l%g

1206, 12%84EsPs FsketergyingtinnQsnpLaent identiiy betvean Hsm §equ¢@¢eg@ran band

wher ei n_idegmglistet alingss shethainatidd 8188, 68 abden L es of
the anti - PTPi?gqn i bodi es of the i r%sentl on. Acg%)é H{]%sﬁgﬁ(ﬁgﬁ{elﬁé nvention

provi des® Y%&d nonocl onal antibody, or antigen binding portion
thereof , conPTiepargen itRAHYLHRSIN tWHkiAD L& d cEH AP CAARE IaSiendiCPRL
using the algorithm of E. Meyers and W. Miller (Comput. Appl. Biosci., 4:11-17
(1988)) which has been incorporated into the ALIGN program (version 2.0), using a
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(b) the light chain variable region CDR3 sequence conprises an ani no
aci d sequence selected fromthe group consisting of amno acid

sequence of SEQ ED NGs: 35, 36, 37, 38, 39 and 40, and conservative
nodi fications thereof; and the anti body exhibits one or nore of the

foll ow ng properties: (c) specifically binds to human PTK7;
and (d) binds to a WIns' tunor cell Iine (ATCC Ace No.
CRL- 1441) . In a preferred enbodi nent, the heavy chain variable

regi on CDR2 sequence conprises an anmino acid sequence sel ected from
t he gr ouFASdhdQ weightresidua rabie azeb dengtoprantte of 1 aBEQedpdiaky o1 5, 6,

17 and 1844 i.Ll I e -and.the |ight
chain va?figlgipg’ tﬁgg?rg%ﬁf%@ysgﬁgfgé%ﬁ%ﬁ%ﬁaé@gegﬁ ngen% ey béaccﬁéerg’g‘?:ﬁﬁ\e nce

sel ect ed uringthe NeeddgraamandoWathsahi (dgMof. Barli 444458 €960 niwsitah Wi | D

NGs: 29, . vative difications.

thor eof . T aarieaoratid i AP LR B R L BN hacides B,

regi on CBRYWSOgEID, ongrilseg Blassam ¢fomattixdbradtpMAse neealcahéd ghy om

the gr oup. kSt f i i e » 11, 12,
01 OURFARSE $8.10019M1028] (10, 4GkA EMCNEER 0L FF9 LB NR:

13 and 14, and conservative np ered i ght
chai n vari abl &ddéingly oorlernaitygbh the rrotjr segesicasofihe presatiigvendauence

sel ected @ i.sti f ] aci d.seguences. o EQ I D
s 5 oA, R (oD a Pl S o BN RSt SR R i pedes®s
t her eof . to for example, ideatifiiwetatidsequenses. cPunh'seonbasroan b perfomneioniey the

o not oL an 1] cherh ERts 28) CERR D 2 DeBTy Al Pion BAETR of

the anti Teesatedn frapahes par bgperormeil withahe EBE A\ S Spwkrang sseevaio, ve
nmodi f i catyeediSndth & 3Ud @b BRiCA ' ' I 1] nd
del et ons.o I\/bdglﬂfi| icati gns gaﬁ%gdéﬂ:il %P%%dﬁ%:g%eﬂlgﬁg%uﬂgq%%%%&gmﬁmf }163

i nvent i oRf B "3teaHeRr Go phigineapped alersants for comparison pepohenapped
si te- di r geier QIRARINSS] S @é@&iﬁé&@hmﬁﬂsﬁlgﬁaﬁg@%ﬁmﬁc AS9PpeL vative

am no acid substitutions are ones in no acid resrdue is
r epl acedZMlYR3287-3002n oVhen viljzdng BLASKapd (ippaed BRASI progdesciai n.

Fani | i esdefulpiamened 6F thesdsgetanehayd j g 1a6,qGhat V&, oeen
defined in t art. These fgm' [ gﬁd@lrﬂg? ﬁéaéen ja‘:%irr'dr?os‘;s acl ﬁiﬁ%’\nﬂ?gyg%@fec

si de chal¥d- ?g?egw-fgféi-ﬂ'@}-n@r@vﬂri ne, histidine), acidic side chains
(e. 9., aspfbddies with ConridteNisdifiedtthhs UNcharged pol ar side chains
(e.g., glycing, aspar alggc;ﬁ&% gl utam ne, serine, threonhae, tyrosine,
cysteine, try ‘ifﬁtﬁﬁ‘rﬁm BHFAT atigedseelthe nverion conarises abeavwahaine,

| euci ne, varkbieregion @ ompFiging THR PIEDNS 3hAQDRS: se i OMdEN aht chain

bet a- br anchagge si de chai.ns (C?? ., Lhreonine, valine, isol®ucine) and
aromat | ¢ AT TERIGR AETPESGE CHSTPRE a0 DI SAERGHERs WHOry oupbRmore

hi sti di nefjthesthCIBR seqenoés dbRipRise BhdtEicdGntinG 88k GbRSn¥istdabel &g e COR

regi ons of 720N anﬁ%bd?dsxr/ of .tgq_?i nv?ntijgn can be ' repl aced wth other
am no acP e RREIFTBRrIRre henrR (F OG5 2% 13- aAaCner e d
ant i bodycanaervinive rasdifidatfons theetd] AetwhdtsiatthomtlbodRs rethilend g06Ly ons set
forth in and (d). abpye) i t he funcfional assays described

nor et et Prs e R PR kgt e aiie” B SRienfion aberarmingly. the

Ant i bodi iagergfontprevilenzmiteleted monoclonhlntbedy) of aiHRAGINER porkiBe

i nventi otrﬁel%[)Pviode%Santi %gdi&s.t hat bgeirde to the sang e1oi t ope on human
PTK7 as any of “the IBERPRONB R Kb G TrEien gPRerising GRKT, %8R (i.e.,
ant i bodi EBRBIvequenassentitactighb chiih yartisbl€oghiraippieing COR 1 KEDHbNGat 0 PTK?
W th anycﬁkgtsheuego&o%lgnal, anti bodies of ‘the invention). In preferred
enbodi nents, PREIFET EPENEE anti body for cross-conpetition studies can

be the nonocl@hal thahedgdhad(BBiableaviiog CURBRGudee SOMPERGES AnshOWN
respectivel y). .or the nonocl onal anti bod

in SEQ ER: N 1anlcﬁ1g  'mon
308a ( havihy TLFiEs seise e odh iy &hup.consis 1Ho apidhspayeRees of SEANED 6,
respect iN©byl)9, 20,21t dvel 27 andt@Balvatvd mbditivattas tdedfi ng VI; and VL
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| 2C6, 12C6a or 7C8, to human PTK7 denonstrates that the test antibody
can conpete wth 3G, 3GBa, 4D5, | 2C6, 12C6a or 7C8 for binding to
human PTK7 and thus binds to the sane epitope on human PTK7 as 3G3,
3G8Ba, 4D5, 12C6, 12C6a or 7C8. In a preferred enbodi nent, the

anti body that binds to the sane epitope on human PTK7 as 308, 3QG3a,
4D5, 12C6, 12C6a or 7C8 is a human nonocl onal antibody. Such hunman
nonocl onal anti bodi es can be prepared and isol ated as described in

t he Exanpl es. Engi neered and Modified Anti bodies An anti body
of the invent{l®n fmdliémclmmvmbﬂrrwaslsmeamcmahprlmdmlhramong one

mat o1 ol S04 A s ont B DS s S AR bR B SRR T
have al tNQsd3$),r?(ﬁpé?,t38e§9ﬁnd)ﬂ@ tahécenmaﬁngmdiﬁdandysthmoﬂmhﬁbody can
be engi neered by %Mb%%dﬁo‘mg%ﬁ%}“éﬁ ﬁg?ﬁ?"ﬁ%‘”{%%ﬁ%ﬁne or both

variable regions (i.e o~ exa 1% one or
nore CDR. reg{®speahchllyrbindstthhnmen®T8I7; amd e f r amewor k r egi ons.

AddiLi onal 1y BLGESVANE! Mingd LR TAL bECGAR D Bl e e by

nmodi fyi ng resi ues w thin the cons hple to
alter the efféca prefmntﬂomhm(rsf)ntaheﬂlhaymmmmdyble region crmnasenymeof

vari abl e, t rf CDI% g
Ant i bodi eéﬁgh%gr ac lﬁ@ﬁa gbqlrug&% ngr\??{é Sﬁ"éﬁ) glr # L%Edonmts}ng/g ﬁ‘:@m no
aci d r estajuencesiod SEQY D N@@alﬁedﬁg ¥ addel & apd h@mwaﬁvﬂnbdxﬁahnmahaeof
cor nple @E'l t&%l?@éﬂaﬁié}g%}gﬁgﬁ? éﬁggﬁ%)dmnf Qirse | Sning 2} en &
am no acid sequences wt are nore rSe Petween 1 ndrvidual
“ant i bodi edecttrhfiomdhe greve sourittisigdé aofinCBRs segBencrs € SEOHIEN (e 88, ar e

eSPons! o 4 RS AL 000N 0L LASRL BLFRISLE Wb bAgBREETD) ¢ L0

express reco les that mmc the proper Specific
_nat ur al | ymbediment. e hagvy peain varidhje regiont CRBA seqyeosproaywisonay enfor s

that | nchilec ibRe SAGHENGER ld B85 B RRREOE BB ALhnBOOHIEOT

ant i body &6 ed onto framework sequence
wi t h di f Neisehtl. 135 dpand i‘bém(l%@eﬂ@hge mofificationshereof: ang thedight ¢H98)

Nat 3 [+ sSes t (]
acon: & Habicirodioh CHRNGuche GhnHees tu dfifib sl dbhienie St B e o
U. S. Pat 8591p Rensisiingos agoup acid sqayenges of §EQUIDSNOp At 2526, 57 5828101 ;
5, 585, 08%id RrRS3atlRZmafidcfiok8hedddt, t 0 Queen et at)

Accordingly, another enbodi ment of the invention pertains to an
i sol at ed nonoAFdsed hexsip; he drym GPRYRYatiye feienen Mgdidisntionshi lﬂtlh@ﬂé@ffo

conpri si Rerdo RBANY adill BoRifAGbRhA dA AEnBRARNY SHOE oFCRRL 1 and
CDR3 sequences corrprl Si nq{g n am nQ aci d sequence sel ect ed from ?he

group coffEFatsrigcy pl e entiydxiegntaiping the amino agidi seqirenasr Guehopyrsrvatise
I16 h17 amddﬂﬁaﬁmkglﬁacaié Qnﬁi%cldlﬁbst&ﬁnor%lamn%?md rd@ﬁﬁgﬁél vely, and a
ight c ar.i able . r 0 rrprlsm CDR2, and CDR3 sequences
corrprlsrﬁ}d’g aﬁﬁi‘%@“&tﬁ %‘Eﬁﬁ‘g%‘éa%ﬂt ¥8fﬁ°dﬁ’f‘-’tnﬁ‘8n§ﬁ’é@ﬁdﬁrén5|stlng
of SEQ | {ecivGguesddiowain thtart, 2fich ad 5it@/ked8d mulsi@eh&idRI PER-mafateSl, 32,
33 and 34 and SEQ ID NGs:. 35,. 36,. .37, 38, 39 and 40, respectjvely.

Thus, sURHIBSFRGSH, | TEeryatiyeATnp REdSRPsiirfiops seaames &y ivbishdle gpino acid

nmonocl onakidaatd ﬁpﬁb@‘ﬁwﬁﬁﬁn adiboacidiidbidud BhHing 4 daBithr @lde chBinY Fhmilas
contain dj fferenI fr,

a ﬁ\_f) fgi enc S frogl%ﬁl:?se anti bodj es.
Such fr aeRR 25l FauifleEdiaying s PResngERReRAbeataBheses or
publ i sheﬂumﬁéﬁmemaesrniﬂwdmdsnmmmlcgﬁaérénan@ (88t, ey ageuSe, &@ﬂﬂﬁﬁzes
For exanl) gi &? {}lﬁ for human heach and i chai n
vari abl e299§i® n&)‘é‘ﬁ‘@ e%a?ﬁp ghitapuiczaio), yngharged priatsidgeains ne
sequence(eta) gibane, dspatagihe phetamine Seine/thedonbile, tyddsine, cEsteme tryptophan),
WWW. NT C f{% 1é:lac ulc/vba ﬁgﬁl as,.well as |n, Kabat, et
(1991) s’é‘%@& Sleshalgs (5.4 HaYPE YelineigIchs salevring gireline, Pb?rmlﬁamne
Edi ti on, methonibgpedti-bRmcheal sidiediains (g thlssmne, Sahive, §@%suchbiand

aromatic side chains (e.g., tyrosine, phenylalanine, tryptophan, histidine). Thus, one

or more amino acid residues within the CDR regions of an antibody of the invention
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(NG 0010109 and NT_024637) and 3-7 (NQ 010109 and NT_024637). As
anot her exanple, the foll ow ng heavy chain gennline sequences found
in the HCol 2 HUMAb nouse are available in the acconpanyi ng Genbank
accessi on nunbers: 1-69 (NG 0010109, NT_024637 and BC070333), 5-51
(NG 0010109 and NT 024637), 4- 34 (NG_0010109 and NT 024637), 3-30.3
(?) and 3-23 (A1406678). Ant i body protein sequences are
conpared against a conpiled protein sequence database using one of
the sequence simlarity searching nethods called the Gapped BLAST
( Al t schulcabe replaced §G) othiraimdne acid rabiiuRe froar this s&he 3id8 8hadd @dhily wid ch
is well i i BLAST is.a heuristic.
al gorit hﬁ'ﬁ%’%r{}c%ﬁt%%é 3%&% éeg[g? FJ; ‘é‘?ﬁlﬁ?ﬁ%"é‘ﬁf‘ (za‘f"lta‘ﬁ OB Phe
ant i body (@egddAbeboxabusitgthg fimbiosa aseys desceibed béreioel y t o contain
\?\,;1 gh- SCOTA B odRE TRE Bilo e $4E b Pnets AREFTIO rzgn%‘boéeeg §§ BE !ﬁ\%‘gbs‘g%

ose scOres cannot be | nproved DYy exXtensroft or tri d a
hit. Briefly, Inpaectherdrelmdimentsthe invasion plovidBASEitardigithat bind to the

ol on bet e P AR S T P DL e B R it e o

r et ai ned InvpRBoREeatsatbodiesfhetives theabditnmo axes-agrepéte fitindifig HPTK7

resi dues y; i Whi ct tches over the entire
angth ol EhE o R R EE Sl O BBk "B SV EbedinenEni ng
t he pr ogfhrefrense gntibedy foeewed-comprtitiod atvdigsaam e thermomcbept arttived) ow
conpl exi fehddi I j : upstitution. rix
of BL 051%%5?2(%1 whifk yé*\;%ﬂﬁ_}c}réeta%%%%%’% e ?gﬁn%j‘@ qug B 5. oo BRI
nucl eot i etheapenoslangl antibody 3684 Grasing Vi sid Vs ssgubneases showh inREG Mamre

L, S0 Ay SRRl B

is considered the potential hit.

BLAST pr SUaRiesesr n SR &R NOw Agnd7etespentivaly). dsdymencpiente in al |
si x_franegitag 1206RALES; VAAE v&rsaafehg%s;e%ﬁo&g i %g%&fﬁ‘&dfﬁéét i de

sequences d%qg_am cal It%/ translated_in six f
i dent i t i BEPHHRCRR LD amPArlend antihody 1266 Craning Vs bed Nnsédisusessequence
and the gHoWEINEERIBHASE 30481, I‘éﬂf‘e_(:%@él'yﬁ,%r biod@dnal ?x‘gib%ﬁgca ce. The

posi ti vea&gi dentitjies + substitution mMatch) are not ent but
am no act@V&ignds iV seventrs de shawn iInE@IRRRG # and &t respackivelyyat ri x.

If th ' ] i i th
t he afhdhh@oys-EREPHEIRGAnHRIEREn baiaf ﬁE@Sa&@F}gQE%F%}:Z@%gg&%E W t

sane identity, t it with most positives wou to be the
NUAEILE

mat chi ng® Gea, 405, 1p6-6¢ MGRerCEinnsnlad Jikshredingor use
in the amshpodF@sexatnplid)BIABME rahﬂpm,mst@@@ﬂ@bﬁ;&ﬁé%&%@' l'y
simlar todt he franmewor k sequenges :lﬁed by _sel ect ed "anti Bodies of the
| nvent | oFFe040 §emORTITA Grpssriprnttion iTahe atihodice A6 He EqUERIREORSEQ | D
lﬂﬁl 5 \1/?4 gmﬁ ﬂ:ﬂityhﬁ‘a\tb’stlaﬂﬂlﬂocfwamﬁﬂﬁts ﬁxe&%%mﬁ%sggox(eﬁﬁgphé?sgg ﬁ;/%(a ﬁ%&l or

e - wWor k., sequenc . and/ or e
f r amewor }g’éﬁé c}?}grﬁ% &8 5%%@%%%&&)4‘%%?&%?@ ﬁ'éz R togt agfibody gepepmpete
sequencewith ss/@, BGB?@IEB)&GI&Q!}{?@Sabh eC¥ ol Hibdihg RMAAKP PR Hﬁ@ﬁﬁx)% ( SE/Q
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nmut at e resi dues W
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engineer a modified antibody, which modified antibody may have altered properties

(==}

from the starting antibody. An antibody can be engineered by modifying one or more
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Accordingly, in another enbodi ment, the invention provides isolated
ant i PTK7 nonocl onal anti bodi es, or antigen binding portions thereof,
conprising a heavy chain variable region conprising: (a) a VH CDR1
region conprising an am no acid sequence selected fromthe group
consisting of SEQ ID NGs: 11, 12, 13 and 14, or an amno acid
sequence having one, two, three, four or five amno acid
substitutions, deletions or additions as conpared to SEQ I D NGs: 11,
12, 13 and 14; (b) a VH CDR2 regi on conprising an. am no acid
sequenc e residuss wediind enpmrthoth yartible regines §lel, N ofd/GBQ)) for Moanpld Sithi, 17

d 18, qQfe j ' hayi t thr. f
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0

be found in the "VBase" human germline sequence database (available on the Internet
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amno acid nutations are introduced into the CH2-CH3 domain interface

region of the Pc-hinge fragnment such that the antibody has inpaired

St aphyl ococcyl protein A (SpA) binding relative to native Pc-hinge

dormai n SpA bi nding. This approach is described in further detail in

U S. Patent No. 6,165,745 by Ward et at I n anot her enbodi nent,

the antibody is nodified to increase its biological half life.

Vari ous approaches are possible. For exanple, one or nore of the

foll owi ng nutations can be |ntroduced T252L, T254S, T256F, as
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ant i body seapBCCS fiprRmean hdayy and hshnmammaame mégign geneakctrebefbuodin the,

for exampleRbardialibate GEREREmPBLe, enent., This

approach is desc?rl bed in fur?eer ?at é’?"?‘g g%e‘% nFéltrE{ﬁEP qg, 624, 821

and 5, 648wWean thisdlGohiuine gyouss arg@available in tlma@nmmh&ﬁngi‘an’q:dnk one or

more ani a&egéiwﬁmﬁﬁér&ﬁ%@ M@o@ﬁ@%ﬁcbﬂ%@) %3&)7%%?3 hs’*t%% and 322
resi due Su

can be replaced with a different am no—aci at the

ant i body MH&s020187? é’éfl @qu%ﬁ?@ ARl 3 dNET_ OpbWe@ddiT@éﬁ3§héd another

conpl eneBfarkignans efowsys BE¥ichhine ed
in further detail jn Ués chent%\lo Se g%c%%mg&%ggsogl ee tg

| n anot hBYUESaErRBYlablgia thy ﬂwefr@aaﬂm@eam aceessignaymbietshi 1n6%m no acid
posi t i ongN@3do1ands, 239 @msyahﬁ&laedmz?,ﬁ mfﬁmeaédl%ﬁo%ﬁﬁig {) Phy_the

bl 1 oot oG BB SRR, oadfhrs, 2805 {8 a5 e anor e

exanpl e, the Betib BteirBsdiR et Is&écbﬁzp'afb@.f
anti body ,ta nedi a?gl}gntte bscga dg endent cel Igtré%?/?%to I%’:tﬁn%g?ﬁ%%%
and/ or t & Ql?‘f’é? Byjog ope %‘F’ ?f%l c%ﬁm‘flﬁ'étyaﬁ??fcb’@ﬁymftb?dseﬁﬂﬂﬁé?m@’@Eﬁl or by
nodi fyi NBLASE (@itsthml er atrrtlmmmasmaticzdshaesm{:h QWs@%BQﬁQ%ﬁﬁféﬁ is @att

239, 248, 249 6, .28, 265, 7, 26
known fo t%ose skﬁ? ﬁ 'in art % AST1s a'heunstic algorithm in'that a stanstxcally

significant alignment between the antibody sequence and the database sequence is
likely to contain high-scoring segment pairs (HSP) of aligned words. Segment pairs
whose scores cannot be improved by extension or trimming is called a hit. Briefly,
the nucleotide sequences of VBASE origin (htp://vbase.mrc-
cpe.cam.ac.uk/vbasel/list2. php) are translated and the region between and including
FR1 through FR3 framework region is retained. The database sequences have an
average length of 98 residues. Duplicate sequences which are exact matches over the
entire length of the protein are removed. A BLAST search for proteins using the
program blastp with default, standard parameters except the low complexity filter,
which is turned off; and the substitution matrix of BLOSUMSG2, filters for top 5 hits
yielding sequence matches. The nucleotide sequences are translated in all six frames
and the frame with no stop codons in the matching segment of the database sequence

is considered the potential hit. This is in turn confirmed using the BLAST program
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270, 272, 276, 278, 280, 283, 285, 286, 289, 290, 292, 293, 294,

tblastx, which translates the antibody sequence in all six frames and compares those
translations to the VBASE nucleotide sequences dynamically translated in all six
frames.

The identities are exact amino acid matches between the antibody sequence
and the protein database over the entire length of the sequence. The positives
(identities + substitution match) are not identical but amino acid substitutions guided
by the BLOSUMG62 substitution matrix. If the antibody sequence matches two of the -
database sequences with same identity, the hit with most positives would be decided
to be the matching sequence hit.

Preferred framework sequences for use in the antibodies of the invention are
those that are structurally similar to the framework sequences used by selected
antibodies of the invention, e.g., similar to the Vi 3-30.3 framework sequences (SEQ
ID NO:51) and/or the Vi DP44 framework sequences (SEQ ID NO:52) and/or the Vy
3-33 framework sequences (SEQ ID NO:53) and/or the Vi L15 framework sequences
(SEQ ID NO:54) and/or the Vi A10 framework sequences (SEQ ID NO:55) and/or
the Vx L15 framework sequences (SEQ ID NO:54) and/or the Vi A27 framework
sequences (SEQ ID NO:56) and/or the Vi L15 framework sequences (SEQ ID
NO:54) and/or the Vg L6 framework sequences (SEQ ID NO:57) used by preferred
monoclonal antibodies of the invention. The Vi CDR1, CDR2, and CDR3
sequences, and the Vg CDR1, CDR2, and CDR3 sequences, can be grafted onto
framework regions that have the identical sequence as that found in the germline
immunoglobulin gene from which the framework sequence derive, or the CDR,
sequences can be grafted onto framework regions that contain one or more mutations
as compared fo the germline sequences. For example, it has been found that in certain
mstances it is beneficial to mutate residues within the framework regions to maintain
or enhance the antigen binding ability of the antibody (see e.g., U.S. Patent Nos.
5,530,101; 5,585,089; 5,693,762 and 6,180,370 to Queen ez al).

Another type of variable region modification is to mutate amino acid residues
within the Vy and/or Vx CDR1, CDR2 and/or CDR3 regions to thereby improve one
or more binding properties {(e.g., affinity} of the antibody of interest. Site-directed
mutagenesis or PCR-mediated mutagenesis can be performed to introduce the
mutation(s) and the effect on antibedy binding, or other functional property of
interest, can be evaluated in in vifro or in vivo assays as described herein and provided

in the Examples. Preferably conservative modifications (as discussed above) are
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295, 296, 298, 301, 303, 305, 307, 309, 312, 315, 320, 322, 324,

introduced. The mutations may be amino acid substitutions, additions or deletions,
but are preferably substitutions. Moreover, typically no more than one, two, three,
four or five residues within a CDR region are altered.

Accordingly, in another embodiment, the invention provides isolated anti-
PTK.7 monoclonal antibodies, or antigen binding portions thereof, comprising a heavy
chain variable region comprising: (a) 2 Vi CDR1 region comprising an amino acid
sequence selected from the group consisting of SEQ ID NOs: 11, 12, 13 and 14, or an
amino acid sequence having one, two, three, four or five amino acid substitutions,
deletions or additions as compared to SEQ ID NOs: 11, 12, 13 and 14; (b) aVy CDR2
region comprising an amino acid sequence selected from the group consisting of SEQ
ID NOs: 15, 16, 17 and 18, or an amino acid sequence having one, two, three, four or
five amino acid substitutions, deletions or additions as compared to SEQ 1D NOs: 15,
16, 17 and 18; (¢) a Vy CDR3 region comprising an amino acid sequence selected
from the group consisting of SEQ ID NOs: 19, 20, 21 and 22, or an amino acid
sequence having one, two, three, four or five amino acid substitutions, deletions or
additions as compared to SEQ ID NOs: 19, 20, 21 and 22; (d) 2 Vi CDR1 region
comprising an amino acid sequence selected from the group consisting of SEQID
NOs: 23, 24, 25, 26, 27 and 28, or an amino acid sequence having one, two, three,
four or five amino acid substitutions, deletions or additions as compared to SEQ ID
NOs: 23, 24, 25, 26, 27 and 28; (&) a Vx CDR2 region comprising an amino acid
sequence selected from the group consisting of SEQ ID NOs: 29, 30, 31, 32,33 and
34, or an amino acid sequence having one, two, three, four or five amino acid
substitutions, deletions or additions as compared to SEQ ID NOs: 29, 30, 31,32,33
and 34; and (f) a Vi CDR3 region comprising an amino acid sequence selected from
the group consisting of SEQ ID NOs: 35, 36, 37, 38, 39 and 40, or an amino acid
sequence having one, two, three, four or five amino acid substitutions, deletions or
additions as compared to SEQ ID NQs: 35, 36, 37, 38, 39 and 40.

Engineered antibodies of the invention include those in which modifications
have been made to framework residues within V; and/or Vi, e.g. to improve the
properties of the antibody. Typically such framework modifications are made to
decrease the immunogenicity of the antibody. For example, one approach is to
“backmutate” one or more framework residues to the corresponding germline
sequence. More specifically, an antibody that has undergone somatic mutation may

contain framework residues that differ from the germline sequence from which the
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326, 327, 329, 330, 331, 333, 334, 335, 337, 338, 340, 360, 373,

antibody is derived. Such residues can be identified by comparing the antibody
framework sequences to the germline sequences from which the antibody is derived.

For example, for 3G8 (and 3G8a), amino acid residue #28 (within FR1) of Vy
is an isoleucine whereas this residue in the corresponding Vy 3-30.3 germline
sequence is a threonine. To return the framework region sequences to their germline
configuration, the somatic mutations can be “backmutated” to the germline sequence
by, for example, site-directed mutagenesis or PCR-mediated mutagenesis (e.g.,
residue #28 of FR1 of the Vz of 3G8 (and 3G8a) can be “backmutated” from
isoleucine to threonine). . :

As another example, for 12C6 (and 12C6a), amino acid residue #44 (within
FR2) of Vy is a threonine whereas this residue in the corresponding V;; DP44
germline sequence is a glycine. To return the frarnework region sequences to their
germline configuration, for example, residue #44 (residue #9 of FR2) of the Vi of
12C6 (and 12C6a) can be “backmutated” from threonine to glycine. Such
“backmutated” antibodies are also intended to be encompassed by the invention.

Another type of framework modification involves mutating one or more
residues within the framework region, or even within one or more CDR regions, to
remove T cell epitopes to thereby reduce the potential immunogenicity of the
antibody. This approach is also referred to as “deimmunization” and is described in
futher detail in U.S. Patent Publication No. 20030153043 by Carr ¢t al.

In addition or alternative to modifications made within the framework or CDR
regions, antibodies of the invention may be engineerea to include modifications
within the Fc region, typicaily to alter one or more functional properties of the
antibody, such as serum half-life, complement fixation, Fc receptor binding, and/or
antigen-dependent cellular cytotoxicity. Furthermore, an antibody of the invention
may be chemically modified (e.g., one or more chemical moieties can be attached to
the antibody) or be modified to alter its glycosylation, again to alter one or more
functional properties of the antibody. Each of these embodiments is described in
further detail below. The numbering of residues in the Fc region is that of the EU
index of Kabat.

In one embodiment, the hinge region of CH1 is modified such that the number
of cysteine residues in the hinge region is altered, e.g., increased or decreased. This
approach is described further in U.S. Patent No. 5,677,425 by Bodmer et al. ‘The

number of cysteine residues in the hinge region of CH1 is altered to, for example,
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376, 378, 382, 388, 389, 398, 414, 416, 419, 430, 434, 435,

facilitate assembly of the light and heavy chains or to increase or decrease the stability

of the antibody.

In another embodiment, the Fe hinge region of an antibody is mutated to

decrease the biological half life of the antibody. More specifically, one or more

amino acid mutations are introduced into the CH2-CH3 domain interface region of the

Fe-hinge fragment such that the antibody has impaired Staphylococeyl protein A

(S8pA) binding relative to native Fe-hinge domain SpA binding. This approach is

described in further detail in U.S. Patent No. 6,1 65,745 by Ward et al.

In another embodiment, the antibody is modified to increase its biological half

lifs. Various approaches are possibie. For example, one or more of the following
mutations can be introduced: T2521., T2548, T256F, as described in U.S. Patent No.
6,277,375 to Ward. Altemnatively, to increase the biological half life, the antibody can

be altered within the CH1 or CL region to contain a salvage receptor binding epitope

taken from two loops of a CH2 domain of an Fc region of an IgG, as described in U.S.

Patent Nos. 5,869,046 and 6,121,022 by Presta et al.

In yet other embodiments, the Fc region is altered by replacing at least one

amino acid residue with a different amino acid residue to alter the effector function(s)

of the antibedy. For example, one or more amino acids selected from amino acid
residues 234, 235, 236, 237, 297, 318, 320 and 322 can be replaced with a different
amino acid residue such that the antibody has an altered affinity for an effector ligand

but retains the antigen-binding ability of the parent antibody. The effector ligand to

which affinity is altered can be, for example, an Fe receptor or the C1 component of

complement. This approach is described in further detail in U.S. Patent Nos.

5,624,821 and 5,648,260, both by Winter et al.

In another example, one or more amino acids selected from amino acid

residues 329, 331 and 322 can be replaced with a different amino acid residue such

that the antibody has altered C1q binding and/or reduced or abolished complement
dependent cytotoxicity (CDC). This approach is described in further detail in U.S.

Patent Nos. 6,194,551 by Idusogie et al.

In another example, one or more amino acid residues within amino acid

positions 231 and 239 are altered to thereby alter the ability of the antibody to fix
complement. This approach is described further in PCT Publication WO 94/29351 by

Bodmer et al.



437, 438 or 439. This approach is described further in PCT
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human 1gGL for Fc7Rl, FcyRI I, FcyRDI and Fan have been mapped and
variants with i nproved bi ndi ng have been descri bed (see Shields, Rt
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gene, whElthiretegdasymtiboeothyt sitet Snsh eglassylatios hayhadreaptthda8hRg of

ol T nat PigorRe o afifac. B8 s Spbeaen U RE R be Bl Gfg0 ° '
descr i bePatehi N¢s. ﬁé’§4;&ﬁ0éhdl6aﬁé,861b9\ﬂoeaazryrre activity for adding
fucose to the mne th inds to th c region of the
ant i body or dé@%&ﬁ%ﬁ%ﬂ*g{%&ﬁ%\r ﬁz%%ﬁg%\? s‘ff m?‘g'? S’@EWP%@W@WP&
myel oma cfgliycdsyladioyBREH a¢ ARG GRSy bEA2ntib&ATThaviy et adddainm B3/ 035835
by Prest I I cell line, le cells, wt

reduced g"ﬁ'?%ﬁ? %/Sll@?g??%c tﬂf"@&g}g\é}g g& °£%aﬁ?%€i$§€twﬁégﬁa%%&l{%r cBs,

al so r esaltereglycosytntivafpattesy hatd ioen demohdbhedi te Sneepe 8xsADCO R

host cel S hi s R L. at (2002) .1 t. Chem

277: 26735%@@5‘3%%’ SR ey b3 %g%%?%?aﬁ%?‘@b?%mmﬂ%
descr i besxpressing|thmasitedyiin e dbsicell ovitvabeed $1woyensoinaiiine®didells ng

gl ycosyl with %ﬂngeg rg?ﬁ%?yl&t?drgmhc}ﬁnery have been described in the art and can be used

as host cells in which to express recombinant antibodies of the invention to thereby
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The anti bodi es of the present invention may be further characterized
by the various physical properties of the anti-PTK7 anti bodi es.
Various assays may be used to detect and/or differentiate different

cl asses of antibodi es based on these physical properties. In
sonme enbodi nents, antibodies of the present invention nmay contain one
or nore glycosylation sites in either the Iight or heavy chain

vari abl e region. The presence of one or nore glycosylation sites in
the variable region may result in increased itmunogenicity of the
ant i body pordugmamnitibody voth abferadngdyiSylafion. hBoraaxtinbteg thethistl 1ines Mstres,ed

t 1 Al i h 41:673-702;
ol 2 FA %&%ﬁ%@g@i‘gﬁgﬁ%ﬁlﬁ e ?gein"%zﬁgﬁgél&:? O 17 ok et al
(1988) J sKirdnsf@ase) 0oo antfidias eREeh @ﬁ@ﬂ)he@!ymbwog,yand Ms709
12: 43R-5
(2000) Ng%lglﬁjsmﬁ%ekfﬁg%%g’%%%g%a ctgssy ﬁ"sﬁ@ﬂyﬁmﬁﬁﬁ? ]ia[h)T%ccur
at notifse Savere nupate the ﬁtgét&iadwmpnm oﬂae Follsgzene ti CRO/DG44

I | ati.Qn.: i I
Phoant | ElikodEph SRS WSURRA st PRGBS ol OB S g
%nt assa%/ Yiamane MSmdeY:arpem-@mue eoxh m#m:omanﬂo?ibén;g Sﬂaslsl-izgr DRt i on.
erna a R0 a est.ed. usi
Di onex || g‘ﬁ fggrq?alﬁglg?& onex- l,& Qi\?@éﬂ a%gﬂﬁt??rg&
froma Fdﬁmmmﬁﬁﬁammiu a:hegd@nxfuacrm ymﬁeradeesuchdhauadﬂbddles
h d
sacChar] SnEOm Bl k1, R 9HE A AEER oy hbDEEL PG i 0
gl ycosyl alphah,6 Uphﬂgelé@d eheymehitiaretetei taﬂmrdt’:bgntgeieﬂdﬂnbmgrhmhmm@dim
that do &%yn&%haaﬁf&aedﬂmaﬁx k@ﬁycosegaﬁlglucagmn U Ehind0l %ﬁg' on or

by nmutating residues wthint on not usmg S ard
t echni qu@glqmqflthfkﬁﬁ\bﬁd}’ ar ﬁmmthave the enzymarctivity,dbreerapletisadi nent

the anti hodicsn Lfi ntna HY/6 %gﬁfbd EXENGES Bor ﬁ&éhcgﬁ%ﬁ gq;(? 03RR3EAY e

i sonerismsites. deam dat1on or isoaspartic ect  nay Yceur
on NG o?reﬁadeg%@a@ﬁa%antﬂé@éeﬂ ﬂlvellyﬁclﬂ'h@bd‘efahmlhm@ablbty uosmacstpartl c
acid eff ﬁﬁbséﬁ%&@?bﬂnké@c&ﬁ&%ﬁ& Qfso | ésﬂi%ﬁ] fﬁ&%g 1a034L G

decreases the sta ake structure

ility of an anti atl
of f a si efibodigs ﬁxR,fSFrSB@Jé}/“‘?’é]F?PF ﬁ@lé(sﬁﬁﬁ%@ﬁzﬂﬁén’&tlhéf ®a(2008hdiRiol The
creat i onCpémi Boasnes-Rb#4BC IPEICARLIRGHSERATY 5694348 NOURANL 30108 &Rlibes.

assay, which uses a reverse-phase HPLC to test foOr 1soaspartic acid.
Each™ ant FB0Res Greinpeased o sxosss gheopwirin-amadifynggdysesyl trnpferdses (e.g.,

gener al |Uet@@1140@05¢d?3ﬂgl&cb§mﬁ1ﬁ§l'trahﬁeﬂa§@1ﬂ3 TANPueh e biesad and 9. 5.
The pl for an Jd%?%%a”“ bod p| cal Ig faI S W|th| n the pH range of

7-9.5 angXHE® ?“%‘PFEF H%@P Byt inprased bijedting|Golipe sirustaree pH

'rA\I a{lﬁe oLwﬁmB resAlié ir?@&eﬁ&dmcwﬁl I vﬁyBil‘(ﬂléfiﬁﬁbcictﬁesq%esdlﬂﬁUhﬁbiée{ﬁnget -
ou cts a unknown ere is ecul ation tha

ant i bogl '?B%]? ‘Obﬁc"g{ﬂf y?%ég‘h']e ‘dﬁwe]#’aﬁﬁ@‘r?ﬁ?fqﬁ&iﬁég ebihe apgiffasydi ng

and i nstmaby bé El}ta\tbﬁdﬂ'fuslﬂig ufmsﬂemx&mes Forl&}@rip$s) ﬁlleeﬁhéwasg q+ p'ﬁE—L”ay

be teste % l#ng ca |IIarHy a%s%c”l C focu5| ng assaé creates

a pH gr ot A TR RS RS TR IR Lagiedl Q8RO acy

(Jani ni Blockdm.(12(632%-2B).ect r ophoresi s 23: 1605 11; Ma et at (2001)

Chr omat ogr aphja 53: S75..89: H Chromat ogr A

800: 355- g?) P Aﬂ“ﬁ?ﬂ%"‘?ﬁ%&?ﬁ’c ei“f“‘%"éle%?ll Eitﬁ%tds CoPAmp R bYARe | - PTKY

ant i bOd)ﬂni!élﬂiDnG@ﬁﬁ@llﬂﬂﬁna Al ant@btlyé car6d pdpglatedl th ol BRArANIE MRErARNEE -

Thi s can, ﬂeved ei.t.h Yy gln)? nti bodi es with a pl in the

nor mal dﬂ% € l}aﬁt;l 8??5?‘135 ¥ a ‘igé’éqt?iﬂéé“tlkqdﬁgthgtandard

t echni quesibegy, lor K’ragmnu theﬁ‘:htE typidally is reacted RampoByrin }del pl@ye a

rreltlngte eratu p Iﬁf %dfallveo herrral stabl it

(Kri shna%%i’/“iaf &R dﬁby THHH © @H%Fr??Pé}t@Pééhwblchyn%l-

71). A hirgher Pﬂ’ik[egrﬁa;bs isdcatiel at thiyhddrnd iiGAdnEis o §if §HnBhodY Bhghbntant i body

Preferably, the pegylation is carried out via an acylation reaction or an alkylation

reaction with a reactive PEG molecule (or an analogous reactive water-soluble
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As di scussed above, the anti-PTK7 anti bodies having VH and VK
sequences di scl osed herein can be used to create new anti - PTK7
anti bodies by nodifying the VIl and/or VK sequences, or the constant
region(s) attached thereto. Thus, in another aspect of the invention,
the structural features of an anti-PTK7 antibody of the invention,
e.g. 308, 3CBa, 4D5, 12C6, 12C6a or 7C8, are used to create
structurally related anti-PTK7 antibodies that retain at |east one
functional property of the antibodies of the invention, such as
gngdl ng polymern nAsPEdéa hefeii, tlm(ama Ipolyemeleas grgamﬁ ;Qa%frfd@ﬂ t&a%oﬁfpas?s@nb |
a, 41 or nutations fhereof, can be conbi ne
r econbi né“ﬁ* P&al%q? W&%‘(ﬁd’r&ﬁn P38 AET g itEP SFhen PRt EsREh 2%

creat e adinbi (ﬁnar:w) ammmﬂbkwe@gtuymgmcompmféﬂ@eﬁmﬁly&gdl es of
the inventj.qn %cuss d abo es of dification

t
i ncl ude Ph%%gﬂ%ee E‘}ﬁﬂ&ﬁ‘g @%%’t CHTEYIRITE 18 oy pglypRyylated
mat eri al aﬁ@bodghd\deﬁ@dmﬁ:elpeggatﬁmﬂsmcbm&wmm 1dm1%ert(ai1dtzbh€bé(ﬁp;aiéd/t@r

or cat ot RS RGPHELPERE ErBor; ¥ pf Plefile AL L BT i 0~

prepare éndEPO@d@ﬁdﬁ&Iﬂskm@ém}el n) an anti body havi ng one or rmre
of the VIl and/or VK sequences provided herein, or one or nore CDR
regions thereof Rather, the information contained in the sequence(s)
i s used asitibbéy Bhwmidal Rppemieeri al to create a "second generation”
sequence(s) derived fromthe original sequence(s) and then the
"second gener dheentibogienyed Heafrsyent svpnigpameyibafinthex gireasatbed byahe
protein. Vi i the inve t|o
Dt ovi des Eios e SR stor L BPLET RIS, Mious BB BHT BF R
(a) providisiest apd/pr diffseatiptestifierenidassabdfontibolienband nin tiiye pleygivahce
conpri S|§ perfeeRl sequence sel ected fromthe group consisting of SEQ
| D NCs 1, 12, 13 and 14, a CDR2 sequence sel ected fromthe group
consi sting of hSEQ!ﬂ enbgdiments Santibgdied of tha gresent invaition neyCPBRAiseguenCce
sel ect edrﬁo&egryew%ﬁgﬁesqﬂ@ﬁhé}%gagmm%%w BialiPariab refiln. Fheand 22
and/or (i) 1 ght chaln variabl e region-antib aé] seque
conpri si H@S@WEH%MEW@Y%Y@BP%QWSMﬁ!ﬁtwablpmwontmsnrﬁlﬂtng of SEQ
| D NGs: e t he
dreaséd m?xﬁmn mca%o@ﬂgaaﬁbo@y IRERYROE e w ggt&sqné%ﬁg}

group consi stin 29, 30, 3
CDR3 seqé‘é%@eal@eqd@@tlgﬁl m@ﬁﬁt@'@ﬁ\ﬂ&ﬁbﬂ%ﬂ&)ﬁﬂnﬁg?%@@ﬁ@nlﬂ mmm

36, 37, @%.la BR aﬁd‘ﬂloﬁqson SL (2004) J Immun&l t1)72 %|4§§ @hn@J aftc! 9@%139&8.]

acid residue wt hai n varrtab regl on anti Yy 'seqg ence

and/ or t%‘f@dl—ééﬁm%ﬂﬁ? rﬁm’é’rﬁ‘ﬁlﬁ?@i’r)éﬂ}’?ﬂg?miw W@é&u&m@l era! ﬁ%ﬁéﬁ e at
| east onNanr& sl@fds@mtmﬁdﬂé éaﬂl@@mmﬁ?ﬂmunom? 1697-706). dlﬁ) 5%@151?55' ng

the altere g se uence . as a prQein. t andar ecul ar

bi ol ogy at yRQfs cgnigdpEAEN S f’éﬁ?ﬂ“é%’s"v t Vasiakle regiod

ant i body @eﬁlwﬂﬂi@ﬁ may be teste@ﬁﬁﬁ@ﬁ @N36b1dt A8sad NhiBR e fRGRL Qﬁhﬂ&ﬂyttcbe
altered ant.i bod ‘hj nce(s).i s, one that retains on; sone or

the funcPiegnesa eg desh for glycopfationmenean astrydhetanensyics pb@diate

her ei n, mueﬂibrfdiﬂ(ﬂchﬁﬂbiseﬁﬁlﬁﬂﬁfohl @\stem@xlvag}evaramex@ n%@}co% idrfflay O

h PTK7 rol
(a) the ge esgg gmg glfexthgh?t'ijhromatography mnex Ii(',‘) which cleaves Sacghandgss >

from a Fab into monosaccharides and analyzes the individual saccharide content. In
some instances, it is preferred to have an anti-PTK7 antibody that does not contain
variable region glycosylation. This can be achieved either by selecting antibodies that
do not contain the glycosylation motif in the variable region or by mutating residues
within the glycosylation motif using standard techniques well known in the art.

In a preferred embodiment, the antibodies of the present invention do not

contain asparagine isomerism sites. A deamidation or isoaspartic acid effect may
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(b) the antibody binds the Wlns' tunor cell line. The
functional properties of the altered anti bodi es can be assessed using
standard assays available in the art and/or described herein, such as
those set forth in the Exanples (e.g., flow cytonetry, binding

assays) . In certain enbodi nents of the nmethods of engineering
anti bodi es of the invention, nmutations can be introduced randomy or
selectively along all or part of an anti-PTK7 antibody codi ng
sequence and the resulting nodified anti-PTK7 anti bodi es can be

scr eened ofor doi Mdi ogDa@ beqnnﬁqes,ansﬁeonvﬂjrh The Henaidborpdr igra@patit b€ as

descri be s have en describ n the art.
For exa qffgarrg%# Mﬁh‘l%a |3ﬁ’f Tﬂ %Whﬁg‘ F5PIes sk i%‘ OE3Bt hods
for cr eatmﬂﬂg)@ﬁw aeategn Imgcedrstrubm@oﬂﬁ‘amalel chain dafior§ t&afinitsabiheRthan

nmut agene V. or, a_conbi.nation.thereof.

Al t er nat ?ﬁ al% c%%#‘ Itg‘ll% crea%? i 8n139%%8§73@?%16 CA8 g meagyred using an ispsquan 1o g
met hods eﬁﬂﬂ&ﬂhgh@mma@rs@p}ﬂse ST €2toi tag foeisbagartcacidpt | mi ze
Eneodi ng Ant | S5 SRIRY Sl By Aaealt o6l So G b sgieealoo t he

i nvent i opntpimdiesi widl fablmthelpﬁmmﬁbamda@whm95harh@1mdﬁ Igtma

ant i bodi f t h nucl e| na e ent i

whol e ce ét%dly t‘?@"é@' jI%nf{)v(i]t . 88 TS a ﬁl %U{gf ?‘P%'S:’Sozfnhb"dy
subst ant m¢a}1yﬁaﬂseWitbmnheﬂim®e@ﬁ‘ é-ﬂacAdtlchiles haphakad] tet is suesider ed
subst ant ur, £ m_ ot her cel | ul ar conponents
or ot her h@%)#]a%ﬁgﬁl ﬁgthlm\é@ﬁﬂe QHJE,;&%%IE%P%%%?{ @Teé? o SB‘E‘%“E"’&“’B&“@

pr ot ei nsantpdaasawigaa ol @lémﬂﬂﬂnmmsnaﬁmngmhylga\ad doald mddISME andeat nent ,
CsC ban : s [ .gel el ect horesi s and
ot her s wal | opig SRt 6 CORAMHE i is RS BoifEpp SSRGS G5

Curr ent kalwowlqcmq\fbp@m iasayBM(hlmig;r@ata epHerRlibitiasd imay usitide Jastey

I nt er sci fRGSine MoVndRhded aebtﬁl&ké) (?:!Ln(im 'aﬁ'(é?)fozi B DN 08 CAIL. g for

exanpl e, DNA or RNA and not “contal n ntronit s&qu
a pref er #etl- @ﬁ’%}j‘ﬂﬂ?@mﬂm&‘rﬁéﬂhﬁ% ISéﬁrSS‘aHiuut ¢rsl 1 OBNA Oidrarofred
% dorras

Nucl N t t
ol ecul by o] EZZ e e R el i ML R R
v

(e.g., hYW¥asaRtvelue et &ds in barermadseess. This mxtxmh;wecgelﬁmm

| 1 NMUNOg4Hdnk AnEEAHS: Width HEB&I Eﬁgﬁg 2ding the
l'i ght and hea\%y chai ns of ﬁ%tgﬁﬁgﬁﬂ%&%de A ah% chma Can be
obt ai nedBifues %ﬂ%ﬁ%ﬂ@@#&%ﬂ@%vﬁkw tbm cI oni ng technl ques.

For anti bodi epa@biribb@gwiil RivedméiBHY RAG RRYld tﬂaﬂsﬂ%éah% wfald

usi ng phaglg‘ d'éﬁlay t echni que nucl erc acid enco I body
can be r¥EYY P%anymg MC (200 GepresPranin ﬁmﬁ@nel 33661}5

mol ecul ex1)0fA hipher MR b@&h@r RdldaRE rénG OeRs &hﬁoMt@?ﬁk % vRBAuENCeS
of the 3 %&&120% or 7C8 nonocl onal Ies

a,
sequence %W(‘?%gr?é’“ltﬁg m&égnwummmwesuch@cs 12C6a
and 7C8 differenkialdtaiinSEDodileNChehler GBEHOINERBFBRs 204050460 5) » 43

(12C6 an ences encoding the V

sequence hﬁ%’g‘:g “?lgg%gé)f’%ﬁ‘%g”f% 571%66{&%@1&%@ @Pgﬁ@mmrqqfﬂgEQ | D
NCGs: 45, indfal udfbldidd of the aatisbdy0 T, @8EES the kdfmperature of c@i‘@?etmﬁ'oldmg
fragrrent ts are_ obtai ned, these

VL
fragnent® n : Otgtéo u B{J‘feﬂ%rraﬁ}‘rdh s ﬁa?efg]fr%‘gﬂ’@?ﬂ?t% P4 PR ARRAGHGE #mrew
t echni g unasentfomr is grearsp ian160°C, phafefablyt SieatdPihha BEE, l.0&1 ﬂﬂre%@ﬁ?abﬁyo

fill-Iengt n to Fab_fragnent genes or to a sckv
gene. | B ERECRen e, FUTRERED! Biu besinal obiich BT M oRady my e mespise
oper atl viediny d:ltdilﬂl’zedhd}@olﬁﬁQMmﬂl’ayM {20BayE R BRaRL- RY; W}hﬁy prot ei n,
such as an a |bod %8 ?F‘?ﬂ‘? r a flexible |linker. "The term

"operatively ey pesgied that dopetepidlvidseradan
t hat t hepmgmeﬁwoﬂ oagrmusmr mtiumidpe@hysmhessh% dshg apams acid

electrophoresis (CE) and MALDI-MS, as is well understood in the art (Alexander AJ
and Hughes DE (1995) 4Anal Chem 67:3626-32).
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nol ecul e encodi ng heavy chain constant regions (CH, C12 and CH3).
The sequences of human heavy chain constant region genes are known in
the art (see e.qg., Kabat, E. A, el al. (1991) Sequences of Proteins
of Imrunol ogical Interest, Fifth Edition, U S. Departnment of Health
and Human Services, NM Publication No. 91- 3242) and DNA fragnents
enconpassi ng these regi ons can be obtai ned by standard PCR
anplification. The heavy chain constant region can be an 1gG3, 1gQ&,
lgG3, 1904, I1gA |IgE IgMor I1gD constant region, but nost preferably
is an 1 gGlL or b g@thegreferad embgdiomrnt, Emﬁbcaiié?sadne ﬁelacgemuhht IneawyiniehAi n

ene, vel ked to ot her DNA
?ml ecul e%g%ét% %’3"(}%@% y%@%ﬁg@ﬁm@ﬁ%ﬁ&% ﬁs %WV%‘&F‘SWMMG’
The i sol a@sednwd@n@lidledgr tfavarabie pharomcokineiepopaities.t Gendrallyg

oper at 1 vars 58 SRk BGAD Rl oF P sh Abpur B el RS

encodi ng evmbxegiwfecaﬂ?éy hS Bom dtss reven B@l‘@pﬁ@fﬁbly'm% sdeisand eserddnokuman

| ight ch n the t. (see e
Kagat %l’%ﬁrﬁﬂ&%@agl' gg%ggrg%ﬁ% enc %Q% el?ynssev%ria?{ %ﬁl}{]ﬁ%ﬁsg" Fikcal
| nt er est lmm ththEdit mhadmg @ze—mpammtsmmxgm pexfishdncaliquid

e sebh el S b B A A e v

anpl i fi cat moHimehe l'ight chain constant regi on can be a kappa or

| ambda cepasiant, QBrind preferably is a kappa constant

regi on. ﬂi—%grnegrtué ghgc—\résgene thé VII- and VL-encodi ng DNA
fragnent s ar eAspgiéscasied abgve, iheleat-R1IK havitiodies hrwigedhi andriGosiqnencas
f1exi bl egsbigk&y her&u@an bgﬂgé?idcb Rt IR PO TRS S S eba?moélgn theser)3
such that the VI1 and VL sequences can be exp ressed I'guous
si ngl e- ci& ﬁldml‘o‘t’leF?ﬁuewﬂﬁmltth@%taam%(ar)@gam thayétne Thivs; in meother

flexible 3- 426;
st on of Pe OXhe BEentior e <l i fBlured SL PR ERIRDSRUBIT RS

Mt Caf f er ifyegiiony p.g. 3G893GFa, MBSu2CBA8CE8 0r BER,)are Psegido ctdatprstofturally
Monocl ongliatAnidh i bodi es
(mAbs) of la'Ethe Sr gglé(ﬁ'?an Iﬁ%g&g%ﬁh&{}%@%ﬁtq%%?%e ﬁ%lgg&%gjﬁ ag\% Pe % of

t echni quadibogige ofi therigvensionesich enbindingrio bhown PTET: i Heo dyample ngairogy
e.g., thgosd @pdak lcer and
M| stein (01975) toﬁrggpgeg.ma54ﬁybﬁc§ué§éggﬁ%?|@§nggﬁ%%r| d%'szgtl on

pr ocedur 3 bgrqonpiasdrerembinaplywith knoye fragrewerk ragicms and/esother CDRs to
produci ngresteRagkion ) reaaﬁlbh@HﬂBy Eﬁginéé?eueq% Piiech Sutodick bf@lla ention

oncogenl cﬁrans or matl on of |B¥ OC tes. pre erred
ani mal  sYSERSTGrAERYEp QiR gPRY ma@}ﬁﬁgnqr@ mﬁede—mer@swemm

Hybr i donprepioad sctibAN The staltthe TRMS®al £8; the ¥BEMedMd m&ﬁ&@gl dn§ ethore o
procedurgl Vln%ﬁg tion rotocols and techniques for 1solation o
1 Bty

i muni ze TR EERIGHoSF RAAVHHEd dereine 98 AR PRMORRCRRregiPas ibsreoL.

par t ner sTé eregte, ﬂlaumglﬂearm/aitibeay Gk b9 nedBsh s@:ﬁlaﬂ ﬁﬁ)‘éfér(?é Bfiedl SO
known agl_é &j hynmani zed anti bodi es of e present

i nvent i off LRIRt aﬁ’r"é‘ﬂ&? hayIngones mate of %‘mé’éd/%ﬁ‘vias‘?ﬂ?Pﬁl‘?‘Fépl’OVldﬁd
nonoc| onkdreiaér dyecty :msxe G Eegishs BRSE0T] mdle@hﬁy ShfolWioRREAEINRM if HE
heavy and | |‘%F{??chal E ng | obul i.ns can be obtajned fromthe nurine
hybr i dont1BF i e é‘ﬁg‘?%é‘i‘*@ﬂl IpEreadht atsROMbEEsIaeRhe (e. g. ,
human) |mqumg(sgpbethvaai ts@qmmmsnmmwn@a(@mrtﬂemh egdebad gdlepltRdy

t echni ques create a chineric antibody, ?he muri ne

vari abl €° ﬂga}cg{%lscqggggd F‘?‘ﬁ PSS a5 FrREAteEbnst ant regi ons usi ng

met hods knOV\nAbdbrﬂfEigly’;liﬂ arloBRE eRb8dimekt, The BabRUn Poviads Bhbhad fort O
Cabilly et ]%Ng@te a humani zed anti body, the nmurine CDR

regions ot 7 pitRdY CAmMREHTEY ar newor k usi ng net hods known
inthe art (see e.@), préViSingPas £RéavhRnBin22H 513 %edion WiHoly seficd): S-

comprising a CDR1 sequence selected from the group consisting of SEQ ID NOs: 11,
12, 13 and 14, 2 CDR2 sequence selected from the group consisting of SEQ ID NOs;
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genom ¢ nodifications carried by such mce, is further described in
Taylor, L. at al. (1992) Nucleic Acids Research 20:6287-6295; Chen,
J. et at (1993) International |munology 5: 647-656; Tuaillon et at
(1993) Proc. Natl. Acad. Set USA 9t h3720- 3724; Choi at at (1993)
Nature Cenetics 4:117-123; Chen, J. at al. (1993) EMBO J. 12:
821-830; Tuaillon at at (1994)J. Inmunot 152:2912-2920; Taylor, L. at
at (1994) International |nmunology 6: 579-591; and Fishwild, D. at at
(1996) Nature Biotechnol ogy 14: 845-851, the contents of all of which
are her ebhp, $peldi gnddgl WomGDﬁérSaqmcbyeifb@deﬁmdbe grouphengistimgtafr et y.

See furt tant 5,625
5. 633, 4225;65 an%\ga segg 2E2 é%?%%’rm; ;-aé’[,iéggj%%%;"%g’?‘s‘%‘?%]fgég‘%“ @"]fﬁ"’%g and
5, 770, 429equfnce mnn@men@%hsqqawce Seigcted frognthe IgoouphgondiStigNAT SR ID

Sur ani aty@t.23P ubd i i . 93/12227
94/ 25585, %%’7%321% 2. %ﬁggzgg?ygégﬂg%ggg%%ﬁ%ggm‘%Flg"iué’ "EB%%%%
and Kay: ofSEQEY N@fb?ﬁ’sc@& BHB2B3 2B A rbd/H1 2 LDR3 sopuamae saleciat! fom the K
anot her %ggﬂpé Qf@g@ i f V, ntl on can be raised
usi ng a nouse dtH%%mcarrl egih%u?rgl%% %%uﬁb%%r% In éequences on
transgenes and tr arfbk Ao atdeast enpAmiag agidirosidee whbin thabeave shain human
heavy ch chronns Such
moe 1 or g AT AReNy s M A e VAR WA T per
Publ i cat iS6#epgs @Xrame Figleas) ops hiteted etibelly sequence; aﬁ;ﬂl Il further,
al ternative transgey gxﬁggsgpéthggﬁég tﬁﬁ’%@é@ ng. |u§n*runogl obulin
nd_can dt

genes are available’inthe art e"us ra se anti - PTK7
anti bodi es of Sﬁﬁé‘aque]ﬁ’wléhbmmy teckaigyeecandye @Bdmmpwend exprsyehs C
system reit&reaegug@y%gq&gﬁeeXenormuse (Abgeni x, Inc.) can be used; such
m ce are described in, for_exanple, U S Patent Nos. 5,939, 598;

6, 075, 181; 6, Fredfemsbls, ﬂt’?ani‘éedlsgl@é?ﬂjb}ﬁﬂlﬁ@Eﬂ@é@lltlbodﬂﬁ?nme(shlslonet at

Mor eover thakdtgng aﬁé \“EmbloR BA SR HRBSQIThE F#0pdRLs SHAL E&E?Pgitﬁraﬁﬁrgéd?&
human |mTuno | obul |nﬁ’?§nes are availablein the art and can be used

to raise J§t} e‘ibl??(?ma Pofnetions} propatipsipshde.dmt amorot digitepltes, ni ce
carrying both a hu@ntﬂé%ﬁﬂodahﬁh&btbﬁﬁﬂﬁﬁ@ﬁmm Eggfﬁx'?b"’rﬁef‘ohﬁ@“

chain tranchronosone, referred to as "TC m ce"” can be used; suc
are described in T&Y hneatiedypindsthe Fyilpp'Jumorgell lingdcad. Sc!. USA

97: 722-727. Fuht Re{cBAS, pré@MesCHF /ARG UNBBARE BXYbond ésécﬂﬁhﬁxi. hai n
transchrorm%cr s have been described in the art Kurm%va etagc 2002)

Nat ur e BFEREHR ASEYYTYBIgLIsdD theoart andior deseribied heredy Stlfél gsthess satrﬁorth RTK7

anti bodi e Blanipes (VG Oftometry, binding ¥Ry monocl onal anti bodi es of

the invention_can also b repar.ed using %age di spl ay nethods for
screeni ng | i bPaFqEEn B?Ib?l‘ﬁﬁg O%ﬁti.ﬁfﬁﬁﬂsl g’@'éﬁ‘é’!ﬂ”@\!i’eﬁleﬁﬁéf@e d| spI ay

met hods {meniien hattitivgskunba nﬁﬂ;ﬁt;&ﬁddhﬁﬁbrﬂsz%r Qaééthle?ﬁﬁl&% APod

See for e ent Nos 23,409; 5 571, 698
to Ladnef™ X‘ém&% a'“gb%dy sz{iﬁfeqﬂﬁféce agaﬁff ﬁ@ewadéieéeenﬂfﬁ@nbe@ﬁ
etal .; Uc& bePatentd Nodinding 6Qivi)anantloted FRAcHSAI b b 8sbyv&t at;

o8 5 BB T B A b o i o

ant i bodi aablufanoﬂnwemmavmbxzs}mmﬂesenm rREBEET o créalindandJerddhimg | Nt O
whi ch hurrq S have .been reconstituted such that a hunan

ant i body"r Irei)s0 83 r%mgtkoélﬁ USRE FAREHOP PRESRSISs PILHEHIOD asisEblnioEd ar e

descri bedombmatﬁmr theneafrp |Adternativ&y, Rar @ﬁbl:é‘d@@n \504)736079!%69 B8Pdazar 808, 767
to Wlsoge Itl at w ation of Hung g When human | g
m ce ar eSUHSRATSTE R aIsRRiSEe ’E‘J‘ng’?f‘éh?dﬁ\}‘éﬁt"i’%ﬁe such mce

can be |phn5mmchadzdal1m’ﬁpam,embfimﬁ;ddle§ enriched preparation of PTK7
anti gen or, L OF a PTK? fusion protein, as
descri bed— 2smipadiesgt the dnvaationg474) - 856 859;

Fi shwild, D. Ahoﬂibr :(sjaeaaa)fﬂhamuéxﬁmﬁlpehﬁﬁb ﬂﬂllliwéfc 3dd &R Ihat 3RCHRCT

the antibodies of the invention. The nucleic acids may be present in whole cells, in a

cell lysate, or in a partially purified or substantially pure form. A nucleic acid is
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Det ai | ed procedures to generate fully human nonocl onal antibodies to
PTK7 are described in Exanple 1 below. Cunulative experience with
various antigens has shown that the transgenic mce respond when
initially inmmunized intraperitoneally (129) with antigen in conplete
Freund's adjuvant, followed by every other week |IF i muni zations (up
to a total of 6) with antigen in inconplete Freund' s adjuvant.
However, adjuvants other than Freund's are also found to be
effective. In addition, whole cells in the absence of adjuvant are
found t o "{selatdd ok rehdarethadetantallinere! Whem purt BEONSCTaa B ceMiad or ed
over the course.of the inmyunization prot | with pl.asma sappl es

bet ng obCaTHRI or U SRR PR e e R iiclede Roif SerrabiBeiRd by
ELI SA ( astaddadi¢dbheidubsg inmb)dingalitalinaSDRintehinsmt, iGsCll midihg tcafenrof

anti - PTKZ n_inrnunogl ohulin can be used for sions. .M ce can be
boost ed CCR T Yo e et 472 et e KRePH i it goc. ¥
removal dfusttd, & pl.eeh(1987) Carrenii®rotoedis il Molébubir BislognGicate P@tRhing

i muni zat . eed to.be r.f o med. . Bet 6 _and 24 nice are
typi cal | %hﬁ??nv%gea?&‘z‘%ﬁ“ 8‘%‘?’@2@6’%92’51%1 g&ﬁgeﬁsﬁﬁfsﬂ%&vﬁn%%ﬁn%df%w 2
strai ns axanplasPNA driRI84 cint inery, orbodyndtiCotamiatéifo keyuenreas genae can be
bred tog i Nt.0 si.ngl e use. havi wo .di fferent human heavy
chai n trgﬁeggée#egm?%wt%ﬁ%mﬁ%%rs r?é;ﬁkv%ﬂpl%ctuieaddi tionally, the KM
mouse n st r aNuchamnchis afteslinvesticlesnibebdthined usicgspindadd mGeaasat i on of
Hybri do I B} | onal tibodies of the, Lovention

To genepgfbé%ﬁg‘%:ﬁﬁdﬁg%ls—y proﬁj@?‘%e rﬁ%ﬁ@gnﬁkgg d@ﬁéﬁsgﬁﬁt’?ﬁgﬂ$ of the
i nvent i ontepeysildivoe remsgernadios chryyipg huogreiraelvhag]dudin depra s desdibet c e
can be i ggk - X [y i Lmortal iz ell .ljne,
such as a n%hggoﬁ}%%wﬁ%; %50@11%{1%%3@5'1 %gldrh g%‘ﬁ'l Cth‘lmrllngg °%y eralnglg m %%t%e
scr eened tedwybrifiemp rathreolitemed by shnigd R Rpsuplifiation bi HONAedonikgr

l e, (S ' l. hocyt f .
i e RS, 38k p Ry PR3 Bl 0 B s N E R ek o

nonsecr ephigs diwlavdechpédqusah nuedeicacidFCalinERic AEBOJy vt e 15080eRBGrofel | s

are pl atgg]gjtmr?pproxi mately 2 x 105 in flat bottommcrotiter plate,
fol lowed by a two week incubation in selective nmedium containing 20%
fetal C one SBraferredmgwiciesdds moledites oftbd invediien a8 %bw@eiegenlifd GENJH 4
ni M L- gl LRe r | t mM
2- mer cap%ﬁ?%gn%lfekc%sog%??g? ’ﬁ@%%i F%clzégq%é @%mso?l Pglg?%rryci n, 50
my/ M gedRtEodigsi PN RAUEICTHRIATCqADNg)the: VEL ReIueitEs iof 3G80308 24 D150 12 E6,af t er
t he fusi 6 t 1 . in
o Um | p g e e D N B o a Bl A2 POk (I
then be &G B&rfeand 44 {7G8, DIVA seqnencersherdiesitie Vigagquaness o 858,

ant i bodi esga,Anme 1%6,61&616&%&&?@@a@@ému&riﬁ\mbbﬂfws%s,%?w,ﬁ]s?ﬁ@
observed_usual ly after 10-14 days. The anti body secreting hybridonas
can be r@‘glrﬁstpéﬁﬂve%r eened again, and if still positive for human 1gG
t he monocl onaonwpmo@a%ﬁeﬁaenmmlamm RbmlefR e LWaned Rifesk! M T1 NQ

dilution st abl e subcl ones can then be cultured in vitro to

Th
gener at eDyrﬁang‘ﬁ?ﬂﬁﬁ?ﬂ“sb Fit mpuaylald byisiradardaganahiantddam f or

char act efecudfor example td Soriékt thy vaHHER teBRA QEAQNE Mo ROB S dy
sel ected haybri doma rown in two-lrter spinner-f Igasks for

can be g . 1
monocl onHFEREFIEE G % alb%l"‘g?‘?’&taﬁel“%?r 3 #aF T atnen rstheggmpripelationss a ¥ land

concent r o ¥H-dwebding DAA FRiztn¥n il bpaRtiAay ARk Wahfnbs B Badnafphar ose
(Pharmaci a, .Pi sca Eluted | gG can be checked by gel

away, . NJ. ). 1 LY.
el ect r opfSPELEZNY ENP@FF’ﬁ’é‘%h BY FAtIBORY epmstantissiomear adftexine linkrreRraur e
purity. itha "bpdrherelsmikea OR w80 BRI sBERAN 4SHteh Bt PoRRSn BRdRE R
concentrghlutpplpr can be determ ned t?% OD280 using 1.43 extinction
coef f i ci Bht > TaERenHE ePBFLuch ihrtdbrrago2gid ssatencegensedef e svor ed at
-80 C. (ol abdgadhtdfembimnsf@aatomas Produci ng Monocl onal Anti bodi es of
The isolated DNA encoding the VH region can be converted to a full-length

heavy chain gene by operatively linking the VH-encoding DNA to another DNA
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hybri doma that expresses the anti body of interest) and the DNAs can
be inserted into expression vectors such that the genes are
operatively linked to transcriptional and transl ational control
sequences. In this context, the term"operatively |inked" is intended
to mean that an antibody gene is ligated into a vector such that
transcriptional and translational control sequences within the vector
serve their intended finction of regulating the transcription and
transl ation of the anti body gene. The expression vector and

expr essi omleori¢ c@odkgqlamcﬁmmccmsmlnomgibﬂsQCHe cmmﬂidl{ag wheh the

expressiqQ he ant ht ch and the
ant i body ﬁ% %és (f(;f%lu%mézle%ycc Abe |]lhmslg$eé5°&‘ &ﬂ?sfggﬁﬁ‘?”g eg§5e F;
nmor e typﬁ@é}hﬁ 98 Abal bl g@@é);Saqtencﬁss:e’rPtretﬂnnnﬁ fninkBo15 BRI RIpELSSRAN
vect or. o i n ed | to th ssion_vector by
st andar d (ﬁlgys@?g%a%ﬁ '?aé)n 0 }% ei’ﬁé’ﬁ'fsa é’ﬁl 1 8oy it es
on the aﬁﬂﬂmwa‘gnmgmtompabsugdhmre@mdﬂau% obRfindd gadtartard f  NO
restrict S The and v abl e
regi ons 0 %}e& ﬁéﬁ P’% ge)écrz}nbgansﬁag& B‘Tgﬁc’r{:%?ﬁri‘ﬁ ﬁ%@ga]ltgg}z fgé%?t
full-l en@(ﬁtl,a’gm Ig’fdiglg@mé@obnamt regiom, hmdmosq&bgembbss amagenrdrmg}.g hem
into exp t rea COdI avy C t and
| gt Coher il Reat it R b A enf RERY SRR ot YRk nchireafib ERBovn
segment Pperepesialinkes tp ahoﬂnheBNmmmuIéHnsagng oblyshe Mabzkﬂcnalh gV ect or
and the X‘g.‘d&ﬁﬂ?%ﬁl s operatively linked to the CL segnent within the
tio

vector. all'y or alternatively, the reconbi nant expression
vector can en@b@@@tﬂi@melpefjhgdhevmabglbachxibéedmn&eﬁﬁeﬁjuolangh t he

anti body h n d

cl oned | ﬁ%ﬁaet he e(E,nt(%r"l}ésitﬁ:S acfi ]flg%ﬁgmglg%n g%yy pEpti la'glyq?iﬂgntgﬁﬁ

i n- f r anecRwdingeDRdi tauebenPhidsmolectlvenanting teyighhefiain gasent Fatosi gnal
epti de n e or a,heterol.ogous

O bnal pont i He L bABIMGRL Bl Qe R Entl o KASHRGR et

pr ot ei n) {see e.g., Kabat, . éd»cﬁt ?fq (6119210 Steh@enacﬁt ¢ﬂﬂrdtp1rrsmmnrrgmnbg;ca1 herest,

r econbi ng car
cequencen Tor HEOSCPopEhak Bt Beatel hd iR SOREORI BRI EHERS: 1
a host c@lB24PpedidNiniagmgnisapoompessipgdhese regisns qméacbéthme@ byncl ude
pr onot er §an®Rd POREN Sy I MBALS

pol yadenyﬁlzlatl on si gnalﬁisb)qnﬁlgt%{ eé{(;gﬁpéﬁ%%ﬂ&ﬁ?% s‘%r‘iagtb |%on or? érerag]bda

t ransl| at FUtagH ragke, h\ﬁ&m%apefwhlmsgécﬁw coBgight regignl at ory sequences
are descri bedygbateEX@mP it echnol ogy.
Met hods in En or?olag TR m?\cadggnﬁgﬂgrvéég% ‘“?%ﬁgﬁé%ﬂg 990)) . It
will be 2BFFHE abeed 59 a{“rfb%"e&?ﬁ@iqflt srpcding edble ket egh@nd&hmgtheof

t he exprasfoRidRghdice (GRG I-S'éi'b Ql&hﬁatiﬁé?ﬁdrﬁWEEeJu%ﬂ s%hﬂi)ﬁ
sequences, s&¥ depend on such fact ors as the choice o ost cell

to be traREF Cqutigueus snslerhain proteis; Wib dic Y end VAL thawins deinedby .
Preferr emerﬂegmmahﬂfey (&eqtgerBzﬂisetfcm(mswmlzé;ﬁazm&isﬁ% |, £33 On

i ncl ude @11 5% Ie&er?ts%_e g@ %ﬂ% %t hi h | evel's_of protein expression
in mametPaR B@e Vel Hred: L t5§7% §%/M?Cféfﬁﬁ§/rﬁ§€? s(1880) Nerdrd r om
cyt omegad4si5s4ssHCW) , Simian Virus 40 (Sv40), adenovirus, (e.g., the
adenovi FAS 408 ] V] LP) and pol yoma. Alternatively,
nonvi r al =¥ sgntian ch as the ubiquitin

pronot er or mfogbabmal aﬁﬁwse(m&g bk{hefp&lésteﬁ%velﬁr%g %1%9 R%d%&é‘d‘%ﬂé S

corrposed of . se gneces fromdifferent sources, such

pr onot er V&Y Hefy Iﬁﬁﬁﬂlasﬁgn@&eaﬂewopmm arﬁéo@mtmdplogyeg,

pr onot erthasGnise sbxﬁa@c é@rﬁybﬁalzaflsﬂﬁs%hniq axﬁl%lst% 94?3)6‘ virus
type 1 (Jil;akebf56 4956h1tﬁough (1988) Mo/ . Oelt B| oI 8:466-47

ature somat1c cell hybridization procedures are pre erred in

principle, other techniques for producing monoclonal antibody can be employed e.g.,

viral or oncogenic transformation of B lymphocytes.
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In addition to the antibody chain genes and regul atory sequences, the
reconbi nant expression vectors of the invention may carry additi onal
sequences, such as sequences that regulate replication of the vector
in host cells (e.g., origins of replication) and sel ectabl e marker
genes. The sel ectabl e marker gene facilitates selection of host cells
into which the vector has been introduced (see, e.g.,U S Pat. Nos.
4,399, 216, 4,634,665 and 5,179,017, all by Axel et at). For exanple,
typically the sel ectable marker gene confers resistance to drugs,
such as (418, Thygrafayel mimel systehofor preptdng bybridohes fis fhe hturinetsgstadai ch

t he vect i ced. Preferred,.sel abl e i narker genes
i ncl ude ?‘ﬁ{gngﬁﬁ%g&’f‘c‘%ﬁ%’g %Chr{eé G ealssgvf Bé?—lﬁsl'e t@ﬁ@%&&“ﬁ@ % n dhfr-
host cel Ismyphizhtioeptotdaobseat] dechalgaet fayidodatiini dfiimatunie) spietodyhs HEO

gene (fo i pN).. . For expression of the lJjght.and
envy. chaisichdle RECHEH BLkrt musion pails SR SRPRE BnRlontaiy il pRbg
chai ns i procedursf ®etab kinotva. a host cell by standard techniques. The
various fornms e qgmi‘tra" fegtign, are intended tq enco Ss a
wi de variety ocﬁj rfléer? ?ﬁlhues S8R ‘?)‘ﬁ (ﬁ/ésu(g;l&e PSP HY O G R H B
exogenoubasBilaniti sequenmesi amywinecnonockmebantitoilg plepsied ag Hbscribeg above.

| ect I . i hat.e. itati. - d
Cr anst ooPr i bR bR B P LB R e Rl B ponc Y SRR BB e
expr ess iohwenahybiddunesf infer¢shand engirseraintoiconkgirt iermpriakétey diintan) r

| ) : y , : " : s,
and” most FApEatiE seSnert LR Bl ek R Bl B E Y Br o
because exastpleukareptst 4 chivelit gytitmdyl, the npairtei vadbide reghonsaiai &a liokéd ®, ar e
ik j |
ol ded amom SRR QK Aohf flbedh 1B AN MO RSB Tl o of
ant i body4.§&né87 meSalix et #/op Jiotcaehtt » hivmanined fmiboily.ghé oncipe @Rt i on of

hi gh yie g | : C.. 35)
| munol ogegﬁ)%gggﬁﬁ%?ﬁfg?%?&g%@ﬂ%%g?%%%%g%@%ﬁ Hos ?h %%rl%?ss? gf or
expr essi f§-- e Fasend isi: 336,55 19 BhnlensndfU.BHRatent\Mor. 5630168 ude

Chi nese . | ing dhfr- Cl10 cells,
descri beggig%bﬁérﬂ%%i?%ﬂgh%é@h%@?%%& E‘?%’Q Natl. Acad. Set USA

77: 4216- 4220 3pedergdembediv g altdrdigs| of tirainkentionerghymas

descri beg aldnti =N ; . '
159: 661-%5%‘?%18&%“?@%{%&3% s,E aftnodldfiinliboiiey Mt deRingt pricy

part i cul &0 bergspeiatsd WHng{rausesig o angclremosomigipich eprying paty efthe

expr essi Qingy®itihd sﬁeﬂ?ra%rﬁféﬂ%h@fﬁ%ﬁ%\s/@js%.%@fﬂlﬁggéﬁkgﬁ@d in WO
87/ 04462, WD 89/01036 and EP 338, 841. en reconbl nant expressi on

vect or s EHSEHPMesAG gy elrasics referpd fplarreiaas FydMAbmiemanddiMnost

cell's, theeMirefndiiasyna 4 QIEOEIPYereibd 16/Hebdn b ROSITeGaLES for a
period of ti iclent to allow for_ expression of the antibody in

f
t he host cel th%ﬁ%? mopses AYisdrsx, I%%l:?‘éﬁ?jwlﬁ\‘a”t inEnupoeiohelin seRg o
the cul tukglodPdibtéfcble iiesarob® hiish hERN G AHT) MPWRehARLIPOdi es can

be recovered fromthe culture nmedi um usi ng standard protein
puri fi caCHBPROERbESeaERassatogether withdargeed mptatises jhaBimadtivaie the Ant i gen

Anti bod afiophadlie, LNELLPReEE. OE TESLEM Sof (ROTNARLL kTR, Tor

exanpl e, standard ELISA Briefly, “mcrotfter S ar é*Tto Wi th
puri f i e BFTEPD) atdcecondpBIpdheuhidersxPBS, redmetdtekpressidrootmousei Itk &%, hodi ne

serum al 1N Lh R LUt i f,..ant.i bod e.0g.,..dilutions of .

o e Eedo it dith, G0 fuoftlan 808 SRty il it SR oo ot o

for 1-2 tolkers diss3t@chiipendkatstic anmativa shgshevitd high BERiRemnagGykt hen

i ncubated wi th ondary.re e.g., for human antibodies, a

voat - ancfoRtdha? REQRERL Ko ERARRBbAY Sitor el e i T A R B8R 7 o
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N.Y. Acad. Sci. 764:536-546). The preparation and use of HuMab mice, and the
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To purify anti-PTK7 anti bodi es, sel ected hybridomas can be grown in
two-liter spinner-flasks for nonoclonal antibody purification.
Supernatants can be filtered and concentrated before affinity

chromat ography with protein A-sepharose (Pharnacia, Piscataway, NJ).
El ated 1gG can be checked by gel electrophoresis and hi gh perfornmance
| i quid chromat ography to ensure purity. The buffer solution can be
exchanged into PBS, and the concentration can be detemmned by 01) 780
using 1.43 extinction coefficient. The nonoclonal antibodies can be
al i quot ecgeamdxcshmdlﬁdatainsdﬁieﬁ by such mice] & fiRh&d¥kd velifin trgﬁmsq_, eched
anti - PTK? a}: gnal ‘ﬁ ]EQ bom’{é‘}%g@d uni que epi to§) each
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(Pier Ice {Roekblogsl 5: 64.7)—6563@1@6{@% {an t(pséggglps& ?,@ym%cém%gab@gsg@o 3720- ]
nmonocl on Q i Ot i at ed .nonocl onal_ ant i bodi €S can be
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can be prepargd, and. s 0. sodi 0 sul fate
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separ at ed monss Peheprnechumamisirenmogibatin me@xreﬁealdnuiam@n@m anes,
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ant i bodi &ﬁ%%%fo%?g%uéﬁ%hﬁnngoﬁf#m@t %so%g ‘B’é{y(‘f 8 fPResene ARG 2
anti - hun’ﬁ‘ﬁ“@g@fﬁIchﬁhltrmsﬁhwphmuasﬁmchmdcdemhe@&dhem:mfﬁs BRIPLANRTM>,
substrat Al noconi ugat es
I n anot hgﬁ tdas e%?d%?gﬁg}%gﬁb?ﬁvlgﬁﬁ O ?%4? El‘%hg‘?e&ﬂ i - PTK7 °

anti body, or 3} fudesrmlteriative bhnsgeuin poiga eghtéms exprbgingiRbfanC DI ety,

such as Fnh¥ddldbeiiR gefedild NQsURRL essant )
radi ot oxi n. S%?: clor%eugat esvéir%ﬂé&r% erred to %er‘%ec?é’églse ant-PTR7

"t m)c%’rﬁ adise @gthe invgptianc Bay THGEIPEs at hlernath] woegaiesyetenifgred to
cyt ot oXi Sh@KensBhee (@bt cyLot oxi, 0
cyt ot oxi ¢ agenlt‘l |nce( s aﬁgﬁcégnt Eat élugﬁgleféra\?rr?e T4 eiibn?%r g.,
ki lls) cBRFele Edmpied Navefa8d 598064175, 181 6.2 Mib9&si6 18),58¢ ad 61 62,96,
et hi di unﬂob{&ﬁh%anmll ne, mtomycin, etoposide, tenoposide,
vincristine, vinblastjne, colchicin, doxorubicin, daunorubicin,
di hydroxy antPEOVe: altemative ransshapmpsnyaic amntl&irsmtyrms expressingrimmeai n
1- dehy drigin@sioeRibalia emesgirw@ﬁ@mtauﬁme% arl rcgﬁﬂk Sed &,%% fl] g‘f'xsa
| i docai ne 84,0 éﬁg and_puronyci n and anal ogs or
t her eof .2¥h ‘8% Pb“-"&@%ﬁ?s % FBmplfemigscantyng totaaphmwan heavy chain
ant i met ahobitiré@fofndand ABEAM ght2h uagni ne,
cyt ar abi ne f‘Fé;fuor O?JIF aci | decgir%ba%nrt\%n 5?&5@9&;{2%3 %fﬁﬂg%toear?t h[lc?’g"
mechl or SERRAPHEL P Biss e S&?‘%ﬁi’dﬂ@iomzﬂﬁlephél(wﬂﬂ)é’mm%ﬂl Aend BSNU)
and | onugsd DY) manni t ol ,

or7t Fuﬁﬂ&%ﬂé&é‘@%?é‘éﬂﬂl S_iggl lﬁfiéﬁl %*%g angﬁl g‘?“‘

streptozotocin, mtonycin C, oro nne num(ll)

(DDP) ¢ |t§BFC§f?rﬁ?S°maeﬁtW§é%1 Jeseribeddn ghe artiEmaoimater of. mzc(dz;of\mrby
daunony @ibikciidtodPOEIDLIA) Ahd cAMd e@td HSsel tlg’TK‘flanCctﬂogleggf e

invention,
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Cyt ot oxi ns can be conjugated to antibodi es of the invention using

| i nker technol ogy available in the art. Exanples of |inker types that
have been used to conjugate a cytotoxin to an anti body include, but
are not limted to, hydrazones, thioethers, esters, disulfides and
pepti de-containing linkers. A linker can be chosen that is, for
exanpl e, susceptible to cleavage by low pHw thin the | ysosonal
conpartnent or susceptible to cl eavage by proteases, such as

prot eases preferentially expressed in tunor tissue such as cat hepsins

(e.g., cat hepﬂulﬂ;alﬁno@clcﬁ)a] antibodies oF e Iﬁwmbﬁbaﬂhlté@ ﬁ&?t@ﬁreﬁfusﬁ%pes of

cyt ot oxi ng ers t hods. f con t| C agents to
ant i bodi é’shge I?H%Y?Sﬁggfg% Sc@emé’tg?‘éf %g%m %?nesﬂ
55: 199- 2 Phageldisplhy mthdds édrlmlat(@ﬁﬁaan@aﬁswled ma@bhdmmm% ARl See

(2002) N seBYIS A1 Bprest S, 7R Fop£2da 454 e 8570 4P e hacer st

(2002) CiiJ.8. B3tér Nosns,3T,008 af¥ 5980, szm&%vl&%laz SENS Haterft Nas, and

Sprl nger, Rev. 1 247- 264,

ant | bodi 25esrop RadBradty W haRsh b Soh S B A a887YS

r agi oact |6%£€11496i 6094,V G5 3106 G52, oL D¥AATS, saﬁPepﬂﬁ?ﬂm&gy&Jaq?I s, also
referred to as,. radioi es of radi oactive

i sot opes t hat “CAF YRS %g tg’de’teg gﬁ’?l"b‘@&?’@’é"?’b? Isp, be PHPAGAYEPECal | y
or ther a}SélIDirmab info imhidbUtlenarhisin@iee eNObavieibEeh st ohQituted didhatha

i ndiMmll ut et,iurnl77.. Met hod for ari ny
r adi Oi n’m}}nconj tb Qt?ilgeszgpgs P05 §eUHatd MRoR Hemypizat %k é%‘%?)f“e

r adi oi mMmdesecibeg ing &trexample, TOSTRRE Blob.\5, 4M60963ld65, 69 7ud ivisodeyal | NTM
( TDEC Phar u&%&&%}ﬁﬁmm ggk%exxar Tm (Cori xa Pharnaceutical s), and
sim |l ar MECHOUS Car. be used to pr epare radi oi mat unoconj ugat es usi ng

t he anti bodi edVieh Ttuhmmlg\mnb r@rused to raise hilihen andbdieybfeR invgaicassueh

the inve f b|oIo C onse, and
the drug ey Srotai A= BBk dn ot heme e o Rk Sl
chem cal ancﬂariap@ubmanﬁg"ﬁﬁts:r afRIK efuaion pegteihhes d&sb@bdﬂm}emcmbagbeet a

protein i activity. Such

pr ot ei nsgéé%%@?%%%g"%@iZssﬁ%r%ga%ﬁﬁ‘glﬁéﬂé’?%éf%z}@f’frﬁe toxin, or

active fBéchnologhéﬁE&ﬂS -83lyahd ESTa“tmb11ca,uon|W01984R24asgemdwormm4424

exot oxi n Qtein _su crosis

fact or o?rﬁqﬁ? e ?@t&%ﬁgé ,Qlﬁ 8é"s[)ﬁ'l'so oeﬁls c% &° ué’gﬁg]ﬁs FTB‘%"SF?% OT SXANPIg <2

for exanpimied qrmmlnas,prmmemmwo mglof PTK7 hidigen dundiehsedkion- 2

("IL-2") | ocyt e macrophage ‘col ony

stinmul at %%gék%ﬁw&ﬁk nc&%?rg%%ﬁgyt e colony stinulating factor

("G CSF"), orDstaHed P@CGWFHS foagemenats. fully human ﬂfmhdpqﬂmub@dlemmmtl ng

such the Wb see, ..e.

Ani on at &gta%wﬂl\};g?\?glﬁg% Ant |(E)od|eg%1@l 9 %xr})nu eﬁ%ﬁ% “S@“gﬁg&aé I'n

Cancer Theraphet the Fapggenicimisa respend \blml Iemaﬂmdmﬁa:md 1ﬂ&@eawyzeally

Rei sfel d

Lol Lstr O(nl]?je}[vﬁgltaﬁﬁge?x nl%llco etgﬂ'?buﬁés gd@h@aée,%bll&\!vétf by s@er&c)aglt e ug

Del i ver yEmARiZatipny (umRsts m%@f él wah ant{geddn )ncomletGEma's @ajmmi

Dekker, HB%evek PagTel I ents In

Cancer Therg‘pr) &i vagw evx/%ﬁlﬁl\%irifg% gﬁgﬁ fiﬁ?{%gg i es ﬁgé%éfdl ogi cal

And O i n¥aale %‘pﬂ the,ahssnes ofadievant ae Eundtto be Highly umpunagéﬁm5m=. (1985) ;
"Anal YySi SamiRasi Anfs o

Radi ol abel ed An%éoglg%l I né:ﬁ%lr%%ﬁ ngﬂez?g&édp}% % hoci(m %’Eog 1?@%

For Canc@lﬁsrweﬁa@mles)bmmbmmd bwetmled:hm\bhe& Thk pla(smzts:al) be ppreei?@By16

(Academ gy, T e And

Cytotoxic gﬁgpert%?é%bé%q? %ﬁrﬁ%ﬁ'g{wl%[l c“;m%t g Eﬁl nir Rgfnan Rev

62: 119- SEupymgiobulipicapbe hﬁﬁdCfONﬁlSw&I Mie can be boosted 1ntravenously with

antigen 3 days before sacrifice and removal of the spleen. It is expected that 2-3

fusions for each immunization may need to be performed. Between 6 and 24 mice are

typically immunized for each antigen. Usually both HCo7 and HCo12 strains are
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I n anot her aspect, the present invention features bispecific

nol ecul es conprising an anti-PTK7 anti body, or a fragnent thereof, of
the invention. An antibody of the invention, or antigen-binding
portions thereof, can be derivatized or |inked to another functional
nol ecul e, e.g., another peptide or protein (e.g., another antibody or
ligand for a receptor) to generate a bispecific nolecule that binds
to at least two different binding sites or target nolecules. The

anti body of the invention may in fact be derivatized or linlcd to
nore t hamsemem&tihﬁironjwnﬂﬁmadndmm&zﬁm%&mgﬁﬂ% BF 10Bth&SRRG diddle

nol ecul es_t ha g"(, h tha two dj fferent ndl@g: sites and/or
target mOTECHMEYRE BV ?Vé’%né{"ﬁ'%eéw%l 91R-ended to
be enconpdssedively drla&diheﬂzmy, mémanfm@“ﬁEirﬁﬁ ehebe asedUardesher&in. To
Create aﬁaﬁﬁf" fic nmolecule of the invention, an antibody of the

i nventio ‘e functional | y linked (e.g., by chem cal coupling,
genetic fusion, noncoval ent association or otherw se) to one or nore

ot her binding..nol ecul e such . as ot her _antj bo ant i body fragnent,
pepti de oqfﬂmgﬂ%uugﬂy %M#ﬂ%%é%ﬁ&%%&é results.

Accor di nghwentiblie present invention includes bispecific nolecul es

conprising at .l east &b fia.rst bi d| N CIfICIt for, PIK7 and a
second bi ndi ngl ° erel‘(azrl‘m?arh Pf}o?lg? PR EEBQPIH‘%?%P’(%‘?C anlapfiedipsptihe

parti cul mveanmndphemymfanﬂ!w Iymple nbdeost]ls e ingfaiided Ri@ehn BPIORAY | S
an Pc re human Pea r.ece

ran. FcyRI t
( CD89) . %‘ﬁer erort e p‘ﬁ’mplnnve %ﬁal}z(ﬁ%bége BrehEA ?‘PESEHBY‘@E’E}F‘EQ?{H‘G
capabl e Ghe b@snlimglybnﬂmamca‘ﬁd;eacmm&bﬁaﬂw@pom&slbﬁgfe:ﬁtimtgpelnﬁe| l's

gg tga’rgggﬂ@%?éltls expr e@?fé@?&ug}h nmn hg%ﬁgcl e?’@“%‘:.@%ﬁ{&@gll\ltsg ge?nd

PTK7 expieswiizgd oétd gmibe fefelde tooe-sncéi ﬂleallﬂﬂlbbf mi}wmsl:.&g& 653

t i f
o P B eekRE sl Bonitelts B LK BRI a0k lh S P e ae” ©
cyt ot oxi elategl o ApMTOXimatsly Bk @mélae‘ase)m uncrgm&ep]atel tolleafedbypemaxi de
ani on.  geek mcljﬂatﬁsrﬁ RI00 &}Jé@ﬂémﬁ&. C})H&l‘%\!?%%l}ﬁlfqgl fg’nV\/gl G tl?r{ "653"
bi specific nmolecule is multispecific, nDIecu e ‘can er
i ncl ude amtqrxﬁlwdmw@ﬁ Atk engssi (GEN) )4 mMh Legheliaminon 1 tnoMasodaumt pyrReate,
bi ndi ng $RRE EfFEPHst Mo@@%ﬁ@ﬁ@&'a R g.ucﬁ Mrﬂ%hﬁp %5 i 5¥in rg'éghg”te

embodi nent, the third bindi ng s ecificity 1s a I-"&én
factor (EFPIIBYERGHY memy gentamysineand 1K WmTct}Slgmwdbe ﬂ@uamaud@mhom

protein haMahy aidnf ﬁﬁtapzlﬁffbﬁrré@él*t{bé Mea&d fa%sgbx m&lﬂ &‘ﬁ;%%%

i mmune response_agai nst he tar ant |-en ancenen fact

por t i on" Waigk the igRenlasdyvith et@@ﬁﬁpamllsm@mwetbby ELISIAgand

t hat bi ngg hhﬁlaﬁnﬂin\éeﬁnﬂlf%ﬁ@éﬁcﬁ} CParflibodid® BRLd S8, and
thereby results in an en ancerregnt of 0tlhe ef f ect 5’ Iﬁbh&%ﬁ%&ﬁ.ﬂh

det er m n&ff%> sy ganee observisd ysualky aftgr K4 days. Hhetangbedy sm@nng
"anti - enhmme Carl BEieplatdi béreoitd AR, hidid sm@pgﬁuwﬁ;? Bhn 9 éG Gnd ar get

cell anti Al tern gtlvel , th ant i - enhancenent factor tion can

bind to n%ﬂ?‘?atlf‘?‘n? esjcgn FF‘F ened of fegih iigs bé’rhmltl}agtdélum c g $ieble

first and;b&ﬁmemﬁhntthﬂdbél@ﬂﬁﬁ)&ﬂnfwﬁ’b td %&eiéutélﬁnaf%oﬁ&@ap&ﬁmoti?ﬁx tissue |
ant i -enharicemenE faF ortl on can d a cytotoxic T-cell g. via

cD2, cpa® SR CAM 1 or ot her i rmune cel | that

results in anTé pﬁﬁgaﬁmmﬂmuwo a@ﬁr&ﬂﬂaﬁs,%ﬁbt}at beg@?xﬁsée%ﬁ[bgn J(J:Jéﬂnglr e

In one e gérrent ftag b specific rmlecu es_ of

as a bi nOYhdE R 1@% oy mopgglopal atibegyt pusifiggtion Sugpmatsnisisen e

f ragnment ﬁttéled emi coricBtdie BeforetafBnity é!ﬂoﬁ%gya%ﬁ? thhF ﬂr@ﬁﬁ?—A Sehare @
single c The antibody may also be a hai n or heavy

chai n di *P}i‘a BHGaAVAY-rR ) E%}b‘%ﬁ‘éﬁ@ AP aF e@#ckgtgbn gekelectopheriesia 284 ng|l e
chai n comghpudbrmace BqWill ichRfn dtBerb@N@lenSire BhrityUTRe bBEAR LA can be

exchanged into PBS, and the concentration can be determined by ODagp using 1.43
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The production and characterization of certain preferred anti-Fey
nmonocl onal anti bodi es are described by Fanger et al. in PCT

Publ i cati on WO 88/ 00052 and in U S. Patent No. 4,954,617, the
teachings of which are filly incorporated by reference herein. These
anti bodies bind to an epitope of FcyRI, FcyRTI or FcyRDI at a site
which is distinct fromthe Fey binding site of the receptor and,
thus, their binding is not bl ocked substantially by physiol ogi cal

| evel s of 1gG Specific anti-FcyRl antibodies usefitl in this

i nvent i orextinetion édef@&ent! THOmEHocl SR aftibodiddal Be aRGh A hdlddiea 1 R0°
hybr i dorr%pr oduci ng naAb 32 is available fromthe Anerican tT‘ype

Cul ture COll ection, ATCC Accession No. HB9469. In other enbodi nents,

the anti -Ganerati nsttd iR Bodiseiny MoABED |

anti body 22 (IA}%}ZQ. .Th% r.ooduct i 051 and_c aﬁ%ﬁﬁgﬁg%gﬂﬁ% o %%IHZZ

antibody i s deaeFasEH 9 Hpe@‘é?}t‘é’ﬁ&mlﬁaﬁ.be@f“é@ed(mggsf)slcﬁﬂhﬁ!fm&ctcmes

(10) : 499BirE0AR eamapl(d chiibinhiad 6&@06@&)}94&&3&%&%{3& %F?{g i body
e ur

producin |..Line.was deposited gt the American e
Col | ect i %ﬁﬁﬁ%a%?n ?’ﬁ%‘\éﬁ%ﬁ 15 E‘Eﬁi@ﬁ%ﬁﬂmﬂ@@d\dﬁwop (32D Ssiamge no.
CRL 1117229:1202). In still other preferred enbodi nents, the binding

specificity f an F’c1 rtecef))tor IS &goovi ded by an anti body that binds
to a human | gA % SEEPR Gy 0 cgPgss thy antrbadigs, prantibedy fregmeme theireqfODBA) |
the bi ndiengpding pdrtiehor fallergtteri ghlayd Redv AR EGnthe JBWIB by standard
i mmunogl| édu@aﬂ%léllogﬁ%f The term "AdgA receptor” is inten eofarfo
i nclude the gene pr cprigyesfg £ Jemmpficatiorey cPhdaeleningnisingraonos orme
19. Thi s hyjesdors thah ompmedses e et dyrehidtesd bh@fRANTX S L¥n 51584 into

S

t y f 55 to 110 IcDa. Fcct Rl (CDBY
const 1 tutTaery sl B o Uy e peeiEged (o GaweHmpmiat bt and

neutr thmﬁ@mhmmsmmml Irithiis th,ﬂhefehfﬁ@bﬂégaﬁﬁél* TiRRd |i%t I ons.
FcaRl hag, ' L0l R--.. 5 x.107 M| or bot gAl and | gA2,
which is itncr_ggse u%k%%@é’&?&?%’%&ﬁﬁ?%%?"§G‘i?ﬁs‘&§1t@*CSF or GW CSF
( Mor t on, trppsCriptenaljand (ragg8jonal dantrohbeqReMee Wethin th b FEMBPLLPY their

16: 423-4 £ - ciflc nmonoclonal. antihodies, identified as
A3, A50, ﬂ%%“feg%&c&?g?’ﬂvﬁﬁagﬁn RSN Arditrsasiatien ehike pntikady ashadi ng

cli 2 gall %gh‘v @xmé@ipld‘wltﬁriab@dg(rmlimedm&pl R?Eencei m?tc_hsée%% bd coilnPEEHTQ]E

; : re.pr rred trigger receptors for
use in the b es%?é?%%% hr?gtlr%g lﬂ%écsﬁ ope °ﬁ}ﬁ§§$~h"g‘6ﬁ‘ 850E and themihodr e (1)
expr esselFasyichainidepe oam bainearted dfitbaeparatecettbsor, dge typiEAN9 CHSR Bends MNS |
macr oph j Ll . (2) expressed at high [evels (e.g.,
5. 000 100 S ol HRO e %ﬁ#%g?*%%‘a? Ko "B S0 os s Semorien bud fhe g,
ADCC, phagsrsstogsiester by stndnsd inmtleods b g1 tigati arnifiog fipldt @S8R traudi@bnOf
ant i genssitek 36 iaifitho < émgeer\_ ef to them. . VWi | e
huran monocl onal éngﬁ)t ?ﬁg%ﬁegﬁs]g ar e@%?%%%ﬁ‘%é%&qgﬁ?gpqﬁﬁwlbgdp&s%ﬁﬁ% can
be enpl o8 AGPIEFED I dight and hesV e cldie yaridble tegions ve e MAbadies MU i ne,

chi mer | cdeasibd@ BRGh 2861 EBRAGH 0 bihodiss, The bispecific
mol ecul es_of ﬁhe present | nven{}?%nﬂgé%'pggg%?nggﬁﬁgﬁeswaBﬁﬁfWi ng the
const i t JEPPHPRYISHGING Ssen fite pxpressionevagtaors tlimadmetéodinFhany chahi - PTK?

bi ndi ng @ps@hf 4ndl 1dhe Shaid! 8 3 LN the art. Fo anpl e,
each bindin s_gecigfhfcieztl A olggltnhe I s%ggl%?%lr%ﬁsé%? 5ucc%‘afhatt}ée§§nerat ed
separ at éﬁ%"g'ﬁtd‘ PH%‘ﬁ“‘é%}ﬁXIB]@E@tt@th ©n semnentc) Wahin thh eectbhandahating

speci fi Gegmes: i3 bperRi AL 1R [ : j of | i or
cross-|i T% l% g?\t S cgn_bgqgégﬁéf‘g‘%&zeg\t/% %ﬁ{ﬁlggﬁﬁtﬂﬁaﬁ% ‘.’na@éﬁpl es
of crosSHEMRY g thg Esrombinaat greRsessiast kector fn ewobed signhideptide that
N-succi fheilighydssSerdfit ¥ thb bS] (FRAIA : .
5,5 -dithi gbi (2o trobﬂelﬁzoi c Ea’g’?’gﬁ" f?%%‘ﬁ@ﬁ’?“%%h%‘?ﬁ%ﬁ@d’%?&?’&%?ﬁﬂe
(oPDV), SRR S8 &langf intejhe veciop sshy thatithel Fighil@eptidepis dinké®ink SRBYo thand
sul f osuGaiindg [ﬁrﬁlyﬂus%fﬁm-ﬁab@&mﬂquéﬁylﬂe%%gpha gne-l - car boxyl at e

peptide can be an
immunoglobulin signal peptide or a heterologous signal peptide (i.e., a signal peptide

from a non-immunoglobulin protein).
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Nunmber 5, 455,030; U. S. Patent Nunber 4,881, 175; U. S. Patent Nunber
5,132,405; U.S. Patent Nunmber 5,091,513; U. S. Patent Nunber
5,476,786; U.S. Patent Nunber 5,013,653; U S. Patent Nunber

5, 258,498; and U. S. Patent Nunmber 5, 482, 858. Bi ndi ng of the
bi specific nolecules to their specific targets can be confirned by,
for exanple, enzyne-linked inununosorbent assay (ELISA),

radi oi nununoassay (Rl A), FACS anal ysis, bioassay (e.g., growh
inhibition), or Western Bl ot assay. Each of these assays generally

qet ect st t Be piie ]aéch‘!:ien of ﬁlfihgdillﬁidg-caﬂihi Qaﬁfky tMB&IﬂEﬁﬁ&tQE{p%@dié:% Gt _o]g _

interes . enpl oying a el ed reagen .g.., an antibody) specific

for the 86%’%6?{%}3“’&“#‘%68%%?? Sﬁ%‘twng?‘gﬁﬁﬁ (i?,(“%f’ﬂgwlgﬁﬁe%?li G “Rihadvexes

]E:an be ?el\:\zﬁptgﬁﬁhsdﬂiaﬂ@;&e@. ,Thgmarﬁﬂziygfﬁ_ﬂatbty‘deqi I dg;ﬁgt igb@@{;{%ﬁtoa,tﬁtn%&%ﬁylz .
ragnen i recogni zes speci.fica inds fo ant i body- Fc

conm! exeBohgiRE SEEAGGF 5% e SBfFsriot 68l At d o Asmg oy of

a vari et yigoélspthhecontiithedassaiption botraesiaigp of thd HiRibany tRes ¥ekeBN SBEn

xcanpl o, R ATE e R AR EP el de BRI D AT (R kgt

Tr ai ni ng TedurodesyoMdRatisdh Egzyiblées 185, Paaliatitmess, gilﬂDEgQ,O@Ai(I@OQ).

adi oaot P B b et O 0 Sl QAR e T i neiern B BeeoeER T a y

count er wectar, scilwbing thetseloctiamafirtgitlatory deyjuentes) il QPeAPLY such factors as

nventi ofeshate LR eeh el v rpscomndh, Mk neRabER R oA eBipost £ on

cont ai ni AesimsAeetor Peeferostinegaatoonseghienes el maaahat hdao cilespression

anti gen- Q. ngy Ll her eqf f the present.invention,

f or nul at g{? H{Hggc%taﬁge)l? &ﬁg{g(ﬁﬁ% d%ﬁ%rh? rélclgﬂ?q? 8%1??“ B ECREBTSL 18 AR PRIE™. Such

conposi t t@lsssuvhyasiprahotds apder enhaacers dbiival fran cofondegalpvirus EMED, Nor e

di ffereng). .ank ' ' nj. ugat or. bispecific no]ecul es of

the i nvontan Vi HoIsyaBy saBRE REL BR! Rar i SBET e atoBP T o

i nvent i otAEERFY embpéiyema Adtatratiedly,oroneiralaegilboey Sxuémies may be used,

i mmunocoy] oY i.fic at_bind tq .different epitopes on

the.t ar oot 2 b Bh BRTHH G elohBl entten, Sull b eusny

Phar mac eelemeats comppssi dfisanencds fidie diffeteftisb@ited sech 4ahe BRuAIFHBIes er ed

i n conbi ion .therapy, i.e., canmbipne i th other agents. For

exanpl e, Q%%Leén *cCo ﬁ%‘ﬁ#}ﬁs"i"ﬁ&r}"%g“’ 'ﬁegﬂo&a{éyw%ﬁ aethe 1088t | body of

t he pr esennirahrepriticiiumentt] celidenleirtia ofmd ©96 1 (VARLOIVICS: ol (1988) Mol.

anti-inf gm Yy OF 4] nosuppr essant agent. Exanples of therapeutic
agents tﬁa' c%tfr?lE‘g“b‘leﬁ(gud'sp)é2 in conmbination therapy are described in
greater det ai In asblitow torihd drgibedy thaim gates g segplatéry@equintfptices of the
car 1 or epommbinant xSt SR R o i PR TRE o oo e P
ant i bact #rsequengpeithahreighiategeaplicatem btheiveoboi wsacddisgbgobtiinens del ayi ng
agents, f &y bl Si O Lcall,y conpatible... Preferably,
t he car rlégrcﬁﬁg’ %ﬁ%%%%%@?%’%&%ﬁfg%l\%ngﬁgfe ?crg?‘}ri%fﬁlag%ﬁ FEre fg&%ﬁ%ﬁ aneous,
par ent ersglectiopphhpst oellsipfodehivi theadnion hat baeniintodieed)(see, e UjSePhi. on or
i nf usi oy, RERRNdigN m ni st i t he .acti.v
conpound, 1. &, L%Ir?f ?ﬁg'gr?&??‘}‘{]m%%%fﬂg’a’ ,XGZF{ ‘fa)tlt)s %EF?WIW@E&%,

may be chasedctible markerezenatonfers pesitert to tmgsomplo anG41 8, Byeiongychcéi on

of acid r : i£d9ns tha i.nactivate the
conpoun gn%gtgﬂg?ﬁﬁ#\g%#a‘g%&% éféﬁ]eivc? Fr% 5%%”@%83&?@‘:7’%%%%& may

i ncl ude ssinstable mavker penes insbulgtthedibydrofdate pedistane SRHFR) gdue (for use in
"phar macgu. i ; terefers.tog.a - salt that retai t he
desired Di olh%gt: Ac%if aggﬁq?%@%&gfea%ekgné%@gﬁf‘ﬁ%aglr%‘l)E‘HJdﬁlﬁH8° é‘?)‘?ées&?fo@‘%s

i npart adlectiodesi red toxi cological effects (see e.g., Berge, S M, et
al . (1977)J. IPJ}ae&H}esggﬁ of @1@ h%ﬁtl agr)d'hegi)r(}?‘cr:?a{i:?s? th%fexgye%st}orsl %c;[tgr(sl)nd ude

encoding the heavy and light chains is transfected into a host cell by standard
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m xtures thereof; vegetable oils, such as olive oil, and injectable
organi c esters, such as ethyl oleate. Proper fluidity can be

mai nt ai ned, for exanple, by the use of coating materials, such as

l ecithin, by the maintenance of the required particle size in the
case of dispersions, and by the use of surfactants. These
conpositions may al so contain adjuvants such as preservatives,
wetting agents, emul sifying agents and di spersing agents. Prevention
of presence of m croorgani sns may be ensured both by sterilization
pr ocedur dsshniues. aThavatidey fire dfied tsh ORamfechont ein@Addadta echemikss and

antifungg),.: : exanpl e ara chl orobyt angl , phenqgl__sorbic
acid, an i ﬁgsp%igﬂef%mﬁ%?ﬁg X u?f@??’?%lnémf cheR pLigkosPRys &Y 4
agents, dufolr mekayajar o, eukagticthasdbel, iede, elavt@pbhatioh] dekoibmipBotitate

conposi ti e | Wi on | gnged absor.ntion . of the injectable
phar maced ? %L? a{falug 3’??#%%9&)96‘3 aﬁ r&g‘ﬂfgﬁ e BBE ?heb@(et ﬂl"i’l‘&f‘ oRdF H’r‘?o’i?f‘m%@’e nts
whi ch delpassiblb $oeqtrewsiths adtbodies af theiinention Rostiea prikaraid ogaliatydiic

Phar naceuyt.i.C tabl e.carriers inclu steril e agueous
sol uti onls]llto%)tr(:%g%’}séggr%g?%g%g?gﬁ‘& Oglte%%nl T%WS%B@?@’ F‘&&”{oﬁfepr@%[@%or aneous
pr epar at ngawwodliatlest ¢tedls] isjtiechatsipecfantd bécans subh SulcRedtii RNs, ahlien Use of

such nedi - faor..pharmaceutical | ctive substances is, known
inthe a t@m% E%:epi |%1sa8fcaelr1£aa§e Igﬂ?elg(gh(/@ﬁ?g OHEGPE '9assegiis andg
i RC onpat isgc_}ret;é\lm properlyefolidetliané immuﬁmu_gidan)umivb efisafy. itIEoltdlﬂﬁ%ﬁcd .
phar mace - [ e_invention,is. con t ed.

Suppl errelr%%%r%y %rg%é{%é& %‘%ﬁgé‘g ]%:egﬁ o Ogggt%g? H}?iqeﬁtb‘?eatggg"oaﬁ‘ft@“t%e
conposi t highsyields of activ¥ et Boss, Mbrpesil tWoends . R (T98s) Snmisdlo@e -
steril e apg,s§.ap;g)under the conditions of manufacture and storage.
The conposition canh be fornmulated as a sol ution, mcroenulsion,

| i posone, or Bréfercdmgumidiashostcelly for sxpressingtht sedoiripinagt agibodies of
concentr gid; ; ' AR hE or. di.sper.si jum

cont ai ni nqggg%gg% iezz\%\]/g%:er, e?ﬁ%‘%g ,Y@%ol‘ifg)lf) Q?CE'% %&ﬂfb{@qb

gl ycer ol c& n and£/hasini GRO) Polcy Netyd edeSql Y5o7:4an6- t he

|1 ke), antqukiallE DRkeRAlenE0ler JDoaPEAREdh Y 9l Ly, c80 B¢

mai nt ai ned, for_exanple, by the use of ‘&’ coating such’as TEEF R R; by
t he mai nfeRBHEL Y1) M. PisduiTPE911531 ), NIQ@ myleloand cells NG0B aslds afd SP2

di sper si gfsand phichie fHﬁ@se%ﬂ?NSb%#@&h? celtd) aﬂ&ﬂ%r $8RE24 ol tresvsm;olnl be
preferable to I nclude 1sotonic agents, for éxanp eP sugar’s,

pol yal cofftem ks CRsesma fiprestion sysien distlosedrin ¥6Qi87a4662,00 OR9/0T036he
conposi t kRNEP Bs9kANIOheaREDnYih '_zﬁﬁ@eﬂjregsﬂﬁm Je@io?scér?clahﬁg%g{fg@ é?ln sn%ecan
be brought about by including in the conposition an~agent “that del ays
absor pti %Odf“iﬁd ieaRiPEalinn et ek teantbodies anpragbed binculturing the
Sterile hoyteatsfol £ ps@bAbf @AS sxﬁﬁeieﬁﬁtoQﬁl@ﬁ%ﬁ&p%ssidﬁ%‘}fﬂﬁ’e%ﬁfob@gié g
active cg%% d in the required anount in_an ‘appropriate sol‘vent with

one or a T4t TOGFF RFPTeranly- sasratignsoidhe Aptiody dntasy enltussmedigai ined,

f ol | onedwhichsheRdst belitdre Brownt: I A tibolifed thi0Be rdSBREER by thd Laﬂﬁé fe@fis, a1 e
pr epar ed bﬁ){%l nc r‘gor t.i ngﬁ.ghe, active conmpound into a sterile vehicle

that cont® %tméé)aﬁ Byoey pUEr e MstfiSum and the required ot her
i ngr edi e@haraétetrmtioh oS A EBOAEBaaE B0MRen | N the case of sterile

powders for the.preparafion of sterile injectable solutions, the

pref erred mtﬁﬂﬁ@ocﬁ% (btﬁé?)ﬁ‘r"ﬁ?tfo&?aﬁpé "?Féfé‘dleﬁbwﬂwgﬁg PIRd 1 s zzaniplei ng

(1 yophi | staadardBLISAaBrigiy ictotiverpiifes £E cbiibd AfhipuBatATRYIENt pl us

any addi 6?%”2} de%,lBr ed i ngrgdi ent froma previously sterile-filtered

sol ut i on®-Eh&REn PBS, and thep blogked with §%6 beving serimgitowiinin PRBi ch can be

conbi nedDﬂhﬁJhs&)f@ﬁﬁlfdcﬁf(e.@Hjﬂhti&ls 6@1&&&%1@@.&3}.@}%&%%@ Jrermwill
., an e par

vary dependi ng ugon t he ,subj ect being treate 1 cal ar
mode of %@‘ﬁi‘ it sratslomd inpRbateddomt-2 dpusiet 87, | Pigy plaliceate wishadwithn be
conbi nedpBEATHeBn 6 fHef indBhRA ath sORAAAUE SR (5L "R 8095 206, faflsm Wi I ]

goat-anti-human IgG Fe-specific polyclonal reagent) conjugated to alkaline
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i ndi vi dual s. For adm nistration of the antibody, the dosage
ranges from about 0.0001 to 100 ng/ kg, and nore usually 0.01 to 5

ng/ kg, of the host body wei ght. For exanple dosages can be 0.3 ny/kg
body wei ght, 1 ng/kg body weight, 3 ng/kg body weight, 5 ng/kg body
wei ght or 10 ny/ kg body weight or within the range of 1-10 ng/kg. An
exenplary treatnent reginme entails adm nistration once per week, once
every two weeks, once every three weeks, once every four weeks, once
a nonth, once every 3 nonths or once every three to 6 nonths.

Pr ef er r egphdegmpse fredi nmnst 370C. antantashilg Kie ahitdshodev@iopelevilbpignt | on

acm i ot ARSI Ao K sty SR bR R Fenn e Bidhtvelon

f ol | owi nghelwighesy titssrhetlibegsed (for) fusivns.y f our weeks for SI x dosages,

wei gt onte. 1 dET BB By g By TERGAES B0 by ek BEGutomss”

| n sone nisttisbolg positiee macmtyewrm ROKY ¢madunagésd. Uﬁﬂbrﬁﬁalﬂﬂsttﬁatfﬂﬁﬂdf ‘Biﬂ@ﬁigh

bi ndi ng | f| es_are ad sinul t ous ich case
t he dosa%‘gﬁ\jg eg’c#?an?l%m%? a?ﬁiﬁmz%%&aa“ﬁwe L‘%‘etf??é“ Faffiges
i ndi cat edybrdnmiovhich Etaxmjtzhbh-gacadm of tht paet ma’n}srqbﬂr ELI %), 08CRSdHB&

| nt erval i e X I
mont hl y, %%‘3@%1% Piﬂéﬂﬁ%ﬁ goé'ngr%§/ea rg“% Icth flg%fl n%ﬁ‘#’%‘f’é‘%? ﬁ%ﬂ
irregul ar as iTediwidy esi-BfKTeatbodiag sﬂbﬂédih#lﬁik&in&s@ﬁnaagl’cbﬂﬁih tive- t he

target a . Q dosage i to
achi eve gﬁ ép])r I %ﬁg&{l@g&%&%ﬁ% 51 n rg’ HEH“%#“%BBMSHRETT%GHS s éﬁﬁe’rﬁ d
in sonme mred horsniaitodbefRf: 00ityghromatography th}ﬁinbmimat-sepnawse anti body -

can be a r t eI e, for whi ch, case
less fre ea?#tna%g’nlﬁ %I; Zaf%vﬁ’f ﬁﬁi ?lgpe;ace}aél rmggg C’Eff‘?{ ‘ggy @?qr@aﬁgﬁgf, adyry
dependi n§ighperfoamprgefliquid drohatolgemphntd dsdse pmnty h@h@halﬂfarsblunbﬂ can be .
general , ollo
e, zed AP oo 8 0 ek BE aliphiny b on sty
The dos agétumenm@*éa@nt yThsf menfrriloriat txtitoid s ce:ahe aﬁquot&iiaq:uﬂmbrétgatalo
whet her the treatnent is prophylactic or therapeutic. In prophylactic
applications, a relatively |ow dosage is adm nistered at relatively
i nfrequent i niledgtamingigtheseleoted apePTEF énadlorsl a!Sdnﬁlqs@indetnuquue
conti nue gf; ﬂe@%@bﬂ%ﬁﬂoﬁ?%ﬁﬁﬂ& bifo(ﬁﬁ 15@? u@ﬁ% R’%nér&ghﬁ {'E{ﬂaaser agents

tive at] %/

t her apeut| c ap}g ications, a relat osage’ a
short i n{diFkesl Bogkéordobrat ﬂ?ﬁﬁ’eﬁléaﬂuﬁfﬂ@@s uamlg Imigbeled emspdnnadfanﬂﬂbmhes

di sease had bigtHpaRd %orfo@foﬁhl%tt@gdle% Oﬁ%ﬁ-ﬁﬁﬁ@& YsiHE i"Tl"k‘?tclagteB Hyl AL

shows partial or cong ete anelioration
F

Ther eaf t Blates{s dessribpd ahovica Bipjinyiaied wléa@ag aalpb@éﬁwatmtb arsegh-e.

Actual desigBealkaiR!phosfhatl€pasbki Ve ingredients in the pharnaceutical
conpositions the present invention may be varied so as to obtain

f
an anount of tprﬂéleﬁeﬂ’\‘?éh‘? isges PEPfgs aH XP@%##%Q Wsﬁ@ caehéeve the

desired phesaRausing reREPRREEIFO ForAn@eddiéot! Afarilid 8 Mtyp %%h,h%n
and m)de O adni n@gtratlor} wi t hout belnélg toxic to the patlent e
SRR

sel ect ed " EIGE"S afemaR RS ienal ibpdy.yvells of micietite Rlatast i c

factors cachaichang vtahﬁl 2etrh Vi flavtiHurdal SmBRInb o Hh & o&éi‘ﬂ@g Silah @'if@; the
present jnventian errR oyed, or the ester, Salt or amde thereo t he

route of PIegkNEMEty ¥HIBSHS. teqiplates aye reacterivithil gta/milion tess biestadrecidnal
excreti opnftodid®r Eﬁ’ﬂfiécﬁ% e SO ng'ﬂﬁbﬁthﬁg@ & gdrlotn ?% gt | on of

the treat ment rug conpounds r| als~u
Conbi nat TBawglls senyhen bareerted mith ebapouian lghd ca‘liphm)ldgM-sﬁeelﬁagﬁqahﬁex

wei ght,  condhith@bonfiRaeRk 1 t he
pati ent gEI hg treéft‘g'%lgl ?flr Lfkgk ?Egﬁgﬂrﬁgél\%‘ﬁﬁﬁj \%??Jzu N ‘?1 | cal
arts. above.’A "t herapeutical |y effective dosage" of an ant| PTK7

anti body of t RgiraMe hindh IR GH AL e Pl Sol Radtid 5 R PRY ) antigen
by Western blotting. Briefly, PTK7 can be prepared and subjected to sodium dodecyl
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exanple by injection or infusion. The phrase "parenteral

adm ni stration"” as used herein neans nodes of adm nistration other
than enteral and topical adm nistration, usually by injection, and
includes, without limtation, intravenous, intranuscul ar,
intraarterial, intrathecal, intracapsular, intraorbital,
intracardiac, intradermal, intraperitoneal, transtracheal,

subcut aneous, subcuticular, intraarticular, subcapsular,
subarachnoi d, intraspinal, epidural and intrasternal injection and

i nf usi onsulfate polyaéﬁyhﬁﬁ&nﬁgélwﬁdcﬁoplm}es’i@tAh@tdédeéﬁoph&%sﬂs NKEREJLNeFaN be
adm nistered via . an n renl{hip al:l route, such ]as ato T_‘rgr cal, epidermal
gt ked w

or mucosaEBHAE tgfns ﬁ? g ipse mepbEneh AR%sistal galf
orally, sagimahd yrobsdetthlthe/mosedddndl ghidddiesad bt eRtedalHifman IgG bindihpe

active c S .C be are arriers that wll protect t he
conpound 8%8% n ;{?Ct?%ﬁstlﬁg ?‘gt g"ﬁgﬁn P%(%n El%hlét‘? phospfiatasg Iat“i gdeyeloredyth

f or mul at BEHP/NBI kutdiragg tablits §Sikma CHepn B opginghes, and

m croencgplmul at ed dglsl very systens. Bi odegradabl e, bioconpatible

pol ynmers such as ethyl ene vinyl acetate, polyanhydrrdes,
pol ygl ycol i c mﬁnhthe’mb;b@gﬁhb prosony OivieRRGS featiSes aRNMAGROTRY attody a6

Many et gr(‘;)jdse!flt rof gr.ggag?réfti o‘gl of such forrru ations are pa ent ed or
general | y RHown 16t Rd¥ o3 YeraReytednoiety, sughas agyfptoxin A dmgked  and
Control | wmesl@pﬁsngt)ﬁe Ialratﬁbtpxﬁy Sweh®onjhgiies BRekeRE6M to Riein abBI CEl
Dekker, New, yor k, utic coni%osr ti ons can be

adnmi ni st er e ﬁ]uﬁ‘eta &F"%VC 3Iél§gﬁﬁ%%ﬁt ‘P?\I%ﬁﬁBH%‘?’tm" FIARHIRDEE, in a
preferr ecbfamlbtitl asEitmugotbhias ap&utytomoxim qu&bﬁokmgeﬁt mﬁedésrﬁﬁgrﬁ‘gbﬁ fihz&an

be adm njs e oder nj ecti vi ce,
as the diesvc%egrélggrg%\ts%l eg égﬁpﬂ ‘ﬂ %sxf’ﬁg 8%0%’6@‘5“% §n§5’fut
5, 312, 33P; eBjdiea bﬁqxﬁ;deéerﬁetﬁxeBﬁﬁtonwpﬂﬂetoﬁasﬂ;de,mnoﬂoﬁaﬁ v&’ﬁﬁ;snEegarrpl es of

Il -k f t
R A R R (e M

m cr o- i niniokarrqeapithamyding p@n@mm@dl-dahydraesibstaroﬁe,rglﬁdﬂcbﬂﬁoi’da,t e;

U S. Pat |.o athera i ¢ device for
admi ni stgﬁ:ﬁygrrtg ?céglr%f%@t %I%B{ag‘gl%g’kl AP néy If-”mt Ecﬁﬁ or 0132’(;’3’233
whi ch di Beres e@h%ram@p@a@nteﬂlso nfalmeofvrpumpplbpmtnksdtabomasn@ gedi cation
at a pregl8ulRiib 447,224  Whi ch

di scl oses a var |tab% f(iaa@@g:\fxﬁmnﬁ §ntt1§ el n%%taf%%“ag fgoé?lﬂ'%m*

cont i nuotfsaghagiel aliiasing agents(e. @ammlomaﬁnﬂmpﬂﬁ&hIMmbhc1dr scl oses

an osnot jneilhiag,

and U. S. Pé)til ent &%h&ﬁfe%@{ﬁé%ﬂ%@éhﬁ%wgﬁ FN[Q g%nﬁmgs#&g&ﬂé drusaﬁlan’

del i ver ydiiRmemmnnT strepiaraionia. mitemyein 6. god aiseticHlenodiamiby platifien CHL €.

Many ot h@sDBGEL1ht)] Aftl:s fg,q% own to

t hose srlzrﬁJi %I'&anttm ar cymgé%eéydaﬁx%teur%ﬁ?% g}]&l‘l%g g%?ﬁ&{]hurran

nonocl o n%?x%‘h‘f’lﬁb &PEE“’B?S (eigo daptirgmycim (fermerbeadtiopmytiad.ddeanaycims ur e

proper  dinsthfanBiid, @d hithdahiRin -

(BBB) excl ude ny highly hydroggy(?ﬁ&gbﬁ%%ﬁﬁgé&?% e?t‘lgﬂ?%%%]%gﬁthe

t her apeuYiPgl a&'t’ﬂt"ggunds of the invention cross the BBB (if desired),

they can be form:l Aeehd dkn e&%@‘%@a hilc TRt Hods @f

manuf act urin ggé'g seg pﬁ S.!: gl?znts CE‘% Q@-& 8

5, 374, 548 I%Etmfrﬁ’éhrqersleemcmwabehﬁ@mwes SrRytansings sl

noi et i eSaumtaehs a8 dSeVRRes Wb st r&{l&%ﬁl@éfé &hf&héaﬁﬁ%iﬂ‘ du@xbs I's or

organs, thus enhance tar eted dru elivery (see, e.g., V.V. Ranade
f,gdylc@re%r‘g(w

(1989) JEongigae s Pﬂ@ﬁm‘é@ a‘zga‘es sthedyeyes).| Bggmplesed es
i ncl ude thetapb@icifytdibahi Mal S8 Sourfdl Q)r’exﬁfngle ﬁha%!?n Bhtens ﬁﬁsﬁ 6‘3&%631:80%@0\/\/ et

at); a3! % Unezawa et at, (1988 Bi o
153: 1038%5 3 Y EatenpapplicaenNas IS 2003/00649843)S E@B@Q’@Bﬁz and

357: 140; Ud200mabs0x3t. at (1995) Antim crob. Agents Chenother. 39:180);

Cytotoxins can be conjugated to antibodies of the invention using linker

technology available in the art. Examples of linker types that have been used to
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purification. The invention further provides nethods for
detecting the presence of human PTK7 antigen in a sanple, or

nmeasuri ng the anount of human PTK7 antigen, conprising contacting the
sanple, and a control sanple, with a human nonocl onal antibody, or an
antigen binding portion thereof, which specifically binds to human
PTK7, under conditions that allow for formation of a conpl ex between
the anti body or portion thereof and human PTK7. The formation of a
conplex is then detected, wherein a difference conplex fornmation

bet ween tchajugateplcatatorip & edattibotii énchate] bt ars asqlingitédsto] Mglirgahkye t he
presence Lran, i L. fhe sanpl e. . PTK7 is

expresse %ﬁlﬂcd oﬁﬁ%gg%lﬁ%éﬁa%@g%ﬁ%am gﬁ“iﬁggﬁﬁg%m‘bﬁ‘th%’f SIRARIPD be
expr essedhat is, fermxamatia buscemibdnto dlesugs by Myspiavitiin e lydok88) Oncogene

11:2179- I Lso_seen in sonme nel ano cel l
li nes angéﬁgﬁgﬁa&éﬁ%ﬁﬁ%@? ggé\{a% %gtpr paset PYeYES Frplyases pesirreatially
71: 1061- S¥pressed anftimerdsue ¥kl anvashdpsinede. k0 chbesigtB,yC,aver expr essed in

acute nyeloid L & Mul Ler-Ti dow.et al . 004) din.
Cancer Res. 1g°§%%3§%ng}%é%? f)gpﬁi T%‘?ytgtr?ﬂnﬁo eﬁsa?ldtfg&ﬁ% Bl one to
i nhi bi t chejugatinattheropeutinragents trsarttibodies,. seAblse AR, &: ¥/, (20033 K- HrHlET

ant i body 4 880 LR CRNI ti i t her _i nmunogeni ¢ agents,
st andar dﬁ(;ég‘%'c%r%' ?‘?Zg% l%g%fgga{é;p &' ﬁ}ejér’}‘ @Rbﬂgﬁf‘:&{m'ﬁgn ¥ "bel ow.
Pr ef er r ed233RS87sPaimos€. (RAOG) Kanesy Gl 3:201-b12;eMlens TN, @bB2)avi: Redli es

of the i i i e, n Vi cal nsive t .

 mrunot hgﬁﬁﬁg%“n- IR Rt R LB O e dPrestip s

t r eat men: 108841108 % ekt DaandEpringec] Qidli (RQ0 Sy Dimgt Dakiv. (Rev. SRR )

| ung canggy, breast cancer, pancreatic cancer, nelanoma (e.g.,
metastatic malignant nel anoma), acute nyeloid | eukem a, ki dney
cancer, bl addéntibagiceef thepreserdincationrlsardn be cstjagatediancadioadiivenpl es
of ot her;GaRes | he_nethods of the

i nventi oln ?r%clﬁ %ﬂﬁﬁgﬁgoﬁgyfoﬁggﬁc@g% 5If:%f‘?qtg%Eeaffr)t(?iaﬁomél) ,

gl i obl astaSiiMmmereniiERtes: Exapiplasnifcadivactive iwtdpes keasbd cunjugdtedgo
acut e |ypRiRewsifsr L WHIbha: s | eukem I- ,
chronic nyel 9j,d | eukgm a,_%ﬁﬁ%lg}F’?g‘%%tﬁ)ﬁa}aiggﬁ%ﬁqeéﬁweaﬁ? g&%ﬁ?‘gﬁ%

| ynphocytadine edRElmy, > yimynosad hytesiuge’”’. ik forpregringon- Hodgki n' s

|y mphoneyadlofpRhiRe ¥hjuEatky 4R ishBd | ma, T-cell

I yrrphom;:a Burkitt' é‘_%?npho%%,gﬁgﬁg% @%?Agcﬁg&é@gﬁ | ynphomas (ALCL),
cut aneouLdPIEEInoEsRiREAbesRSe corprtatcialysavailable includids CebAlin T gibBaES,
per i pher Bharkmé&lticalsy SRI0OB&, ] I [Is t

| ynphomes, ' F- celcla S?/ ukem a/%%%gﬁé‘_&%ﬂﬁ}ér WSAM sﬂﬁﬂi‘éf@ﬁ’&ﬂ@d’% ca be
ent r obl a%¥Ad? BW&&PPE‘HPEWEWaEé peing theantipgdiphofiths inanter.s,

di f fuse | ar geTEehtidoy ASedbe tBe dvRRAGE ey | ast.j
Al LOD?'-@PI?E%&?F cell k I@npho%ad;giggﬁg\?dgggysggﬁgged body

| ynphadenopat h 11,
cavity b@&g’@ﬁ%ﬁﬂ%‘}?ﬁs‘ﬂd B AMg IRIPtyda ReY tadgwenstingd iaf Himited t9 elpssibal
car ci nonggntéal tieagdntio agdar BoPexi@pl; the%&%‘&iofb@}kﬁfﬁ le hlg%téin or

Castl eman'.s di.sease, Kaposi's Sarcoma, nultiple nyeloma,
Wl denst?‘%ﬁﬁ’?@ﬁ@?ﬁ@%‘lﬁﬁ raRe Ql%%c%@ﬁfé‘ﬂ%-&hmmtmmlude, for

nasopharanggid, anaheymiftfRly aliBRoLANG Ictive khfmERANRSEof, SRRCEbAA, £48
head or peck, ,cutaneous or intraocular malignant nel anoma, uterine

cancer, e?:stegflor{?%ﬂ?é?‘?m_(‘,‘% eediphherip XA PRl Bh a8 tianrrelscroais Cegtor
t esti cul @rinRARARYy; o6l PR RE: mbAlHek QR 20ff 1 é}&J)P?é L ARk fedPes

carcinoma of the endonetrium “carcinoma of the cerviX, “carcinoma’ of -
t he vagiRigrieekipg (5" binte P (AL-2anuteriedin-6H{Bles D piranpulesyte ancer
of the sgBlrbphdbe@Sion) HimeHREE it (EFL. ' LML, SaNGelof the
t hyr oi dsél an%!',d%tceange? of thegp%r gt(hdejr%%%g??%\agﬁlogé%ggfr&gfsgﬂlganggr enal
gl and, SEFEBRE-6PFShPE opsggwth fagissr of the urethra, cancer of the

penis, solid Tééﬁﬁfq%e@for%&hjh%ﬁ@%ucﬁ%%%u@é mroﬂ?y R;l a%gggéies SENeSl of

known, see, e.g., Amon et al., "Monoclonal Antibodies For Immunotargeting Of
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I n one enbodi nent, the antibodies (e.g., human nonocl onal anti bodi es,
mul ti specific and bispecific nolecul es and conpositions) of the

i nvention can be used to detect |levels of PTK7 or levels of cells

whi ch contain PTK7 on their nenbrane surface, which |evels can then
be linked to certain disease synptons. Alternatively, the antibodies
can be used to inhibit or block PTK7 function which, in turn, can be
| inked to the prevention or anelioration of certain di sease synptons,
thereby inplicating PTK7 as a nediator of the disease. This can be

achi eved D)’ygsdmﬁzﬂlcéri Tierapy" e ohotiotab AnSBodLEA AN Cadced qvﬂtelrapy Baselde

:‘Mo£ Eat |h gn?gﬁz 1; ?‘gﬁ_sgg%zgﬁg f“é"'n?# #Bdﬁegﬁtﬁ’g’%al{’lfl tgg‘{gb‘%??ﬁ%éxes

f or med b@tmanhtrdw” amﬂohﬁdye(bmmgﬁd:{ﬂfeﬁj@ndﬁd&)(}k@ﬁm@éldet(i@f‘(ﬁn%d)ggpl n the
experinme " enbodi nent ,
thg ant i %%%P%ch?beﬁ% r“rfﬁ]‘n g%% bqgﬁ)i[%es Aﬁm’?qys %E‘F’i‘sl%eéﬁﬂt"ﬁf % ¢

mol ecul edn é‘mbec&?hmpy'txk@w)ew;‘ uﬂMenadwamnmﬁaoﬁam'sbe&bmgﬁdaahhﬁ tested

for bindi IVI-t at e t her ti i agnostic use in
vitro. F(??%lexgk e 8‘6‘?11)0& Iaezawtg?‘{lt)h%pl ?{33% (ﬁ%éaﬁl"‘ﬁg‘/slsegfe@ﬁ Susi ng
t he fl owAsyitFohee Praspa&wy@f?ﬂ&s’ﬂtarémdnd: Usé U&'I«E&We%ﬁ iRy In Cancer

The anti £ hu nt.i b e and ecific
mol ecul e?,ﬁ gjla]r uélu%%ggn]fﬁ% t%ogwa%g]bﬁ%cse?b %fﬁ@? g‘Pleﬁ‘E \/@Hag'ﬁh“have
addi ti onal. (edsi) prt. )308+'16t(h1s€eadqmyxci’mﬁsd9&5)nmﬁ Tharbe PIMT ' The ka&adbﬁmaes.

For exa . n i hodi es, .t he tis |

bi speci fi rr%){‘ggﬂ gg?egn GDO% 311&)} (é%q.nl%adgs[ qgée‘hs%dﬁt gél icit
in vivo O®82h vitro one or m)re of the follow ng biol ogical

activiti the growh of and/or kill a cell expressing
PTK?7, to% VTN ytosis or ADCC of a cell expressing PTK7 in
t he presence bfarmthmraslwct ehetmesaneidvsntmrfehturéslbm;ieeﬂlﬁ?oibdmm bi ndi ng
to PTKY7. 5 i th ti.bodi.es (e.qg.,
human anfi o Wln%mmﬁf ??ggea%%&ig &U% rsTE Igtctlh‘:f'r's Fﬁgﬁlgérﬂffeé‘ O}én%n
conposi t PEelly af thelieshtion, v ambg@rebmdaatpormmmbofocmnbeagmﬂsﬁrzeﬂ or
variety TKY - re l at ed di seases
i ncl ude, H{ékn%ﬁg?’%‘é gﬁﬁguo %ﬁ%ﬁ%ﬁl&% ?}ri:é:tﬁérop% RHE %qup e’m{ égs’tmlﬁg‘
cancer) , aptiiogy opdisqnd fyr a T??@ths)ttatglecermmal lgmntﬁcmmmm)at biadsitoeat

nyel oi d ie%é’c%@ﬂ‘d?fferlsﬁmﬂmﬁﬁgQﬁé’s’orbe(rgéﬁ‘%olgaﬁgse o U RHY ofctﬁg fieation
pancreatic cancer, ovarian cancer an osta € canc

Sui t abl emeyiR E6t bt dethatinederdinkdgo mese timl obe q;hecﬁmpumaﬂ mﬂmu(eetog
humen MoRSEA0RAIABELiRE tdtfontditdrbBRAS i€ 1B I BRGEL |ifailD g-?e%m e

and i mmunoconj ugates) of the invention in vivo an ro-are
known i nihe taeft plecules: ek gwtispeific quchwélrfoﬂsmmthnﬂad totskil| . For

exanpl e, efddpasel BY e RARPBRHL ORI RRMD S AT HILSH € &%dcr@f? 'hglssgéiha? n

(e.g., intravengus or subcutaneous). Suitable dosa
mol ecul e@olfslly afifhe inyeicRgapantibedy aﬁ@eawnnen gtn bofunctenaliybinked and

the conceiy  itdhemicidb llﬁgogéﬂéhaﬁsﬂih ﬁfméo@ﬁleﬂi]&sbm&%n%g%ﬁ%?\:vnvem i on

As previously descgri uman anti- PTK7 anti bodi es

can be cOTTMHEOHSF BH@W& TRolspley sueh #eanoihst antihedy cansibody: fragroents

e.g., a p@pmé oxbidRganimetR, mﬂltmam?eaﬁe%ola{uléﬁsﬁlmmnOSUDpr essive
agent The antjbody can _be |inked to the agent (as an irrununoconpl ex)

or can be admMFEtigpe hedpeseat ‘é"?fft@ﬁ‘ﬂ’flﬁlédeééﬁwmﬁlc nQlerallesromprisings e
(separ at & 1agnbriY st ﬁhﬂﬁn@s}qe&ﬂﬁt%} PlrRGYang %e&ﬁqdad?ﬁmﬂ SheRf fore,

after or concurrent|l ent or can be co-admnistered with

ot her | cYfGoR araet spit T-%a@mwﬁﬁf smbpdipgntelthe fvenlinn, the sgeond target
radi ati 061)110&'%@1:@1@6@5%6? G, 308RL FARCICH ) ()ggﬂﬂlg;an FQ&?&E@I Eolatin

anti-neopl astic agents suc as doxorub|C|n crn
bl eonyci 128+ Aherefargyrthe Sivientéon inpludesdhitnesific moldcwyedappble 9 haudinge

hydr oxy iR 1 fidyRor 4R BERBEHNE SHeoBF Bt Y., HiduSE)ek Sntlophi® ot Wi oh

polymorphonuclear cells (PMNs)), and to target cells expressing PTK7. These




Target-specific effector cells, e.g., effector cells linked to
conpositions (e.g., human antibodies, nultispecific and bispecific
nol ecul es) of the invention can al so be used as therapeutic agents.

Ef fector cells for targeting can be human | eukocytes such as

macr ophages, neutrophils or nonocytes. QO her cells include

eosi nophils, natural killer cells and other 1gG or |gA-receptor
bearing cells. If desired, effector cells can. be obtained fromthe
subject to be treated. The target-specific effector cells can be

adm ni st dispdcifis nmlmmqsemgbmmv em’edasmg' dell8 tpaysiiet celiagd hpeease ept abl e

sol uti on. ered can be | rder of
108- 109 rﬁ%B E’rl var ecpt)(grn Ir? gt olﬁle’?’ e A RpAgsEs %%P#ﬁg’? eXpressing
gener al , cehs aamhudmdemﬂdenb«albmﬁdmtedemotcmqub(tpa]mcj eorkineatieast, at t he

target c ﬁerat?oxxgofsuﬁerwf&r CO%H expressing PTK7 and to effect cell
killing OCYt0S1's. Routes of administration can al so

vary. Iﬂ' e ﬁmpydlmemhof the getensi@reini which ﬁfeﬂﬂ&;ieﬁfﬁc&ﬂdvlb&ﬂ@ itn be

f t
o get e udfsreais BER AL Ub ARG mbB6 T hbeiiohis shesiores in daaiion
conposi t |t®msar(tngbmdhwclﬁntty bodlaresnti- PrIIKﬂlbﬁnﬁeg §pe6:ﬁa;it9| Bt speci fic
mol ecul e%)nbgilm{eg? tﬁé]t\ﬁ?ﬁ(?u%}ng nde/c1 ef { %{: %ﬁ I N g%é?j:\xﬁ‘% pgmte)gae

conposi tions can’be’ use i ‘é‘?%ff“t‘i
Addi t i on&igl, melesrie mqhdnndmramdfab:epmmin imvplved inisgBiokie AKRE bnd WO

For. LQSEp“%‘*bg‘a‘%%*%&s?&ff%&b&%%éﬁ% AR R el e et
ant i - CD3 fastar poetians edv b ag onfibaskyt foontioviat bntitg@y fapmieglor L6t Glat binds

specific ific a | tispecific
nol ecul e;@%?ﬂ%ﬂhgw?%gfeg Pz, s anes e 6943%831’ tséam{] eﬂ%ﬁﬁﬁ’s&ﬁ%‘mR or FeyR
| evel s ofnhangeaensof g 4ffect ofthh basllltg/dmﬁmmam@p fanthedt J mtapadd c@nargét cell

recept ors ont el l ace. xtures of anti-Fc receptors can also
P G 8|§bancementf%t e A p

be used forEPnhil&epiiith TS 3R PR ((ERpIoT AR drarget
anti bodi ggl adfigeh. mﬁiaﬁ‘vayaﬂg amrt—%ﬁﬁfﬁicgﬁagnmét %Hrgg 200ind 10 entlty
i mTunOCOﬂj ugates) of the invention have T &Rt bl A

si tes, hisgdftersnt ryrdhg ensity F‘U@lﬂchﬂze ﬁﬁst argl &?pon@degspEdnﬁmties
conpl e mEBind G@ﬂe;é'rrﬂﬂ ABe hh&ii@nliaﬂcélﬁ&t Q&&mﬁorpéafn%?% EPBRkic tRefNe

enbodi nent, ex _vivo treatnment of a popul ation s’ conprising

target céd¥&EPR GD8i ﬁWnGDgéeﬁP“ Dﬁ%%émrlmrmmuappcbﬂm at e

effectorre@elkdlﬁaﬁaﬁbrbﬁeaﬁaﬁlﬁmbsﬁse@?aﬁkﬁh@ Ldi .oy of conpl ement or
serum cont ai n#{{]fg}?f r??élerrent Phagocy osis of Target cells coated with

a bindi ng age eRfetheibiweeisi mplequigsof tednpsationsempysods a
conpl enebindpreheiifisity :Ltrlea';kﬁeﬁchﬁ{u Qﬂlafraﬁﬁbac@rtgaeg&ne%{ﬂe&o‘%Qg&lﬁ&n\y th
the conpositi IlQ_n%&.](ag Uﬁﬂn antibodies, multi st%em ic an

bi speci f f-€~ ABFE s§<38>r>2t % T oRrinEn Thewmipedy peyalsgpe a light
conpl enegain bihehl cl"i’diﬂ'iﬂﬂﬁér 1SRk frééﬁ?en? R{%Ee%%'s&choagsa fodde

i nvention do not activate ¢o Ierren oS %rnasm’(‘%le
human antiaBbeAnsguctas descaibed in Ladnener 4fi Gife Bﬁﬁenanm,%tﬁﬂRs tlrzermbntents

I MMUNOC O -WiKiek RSk ssl&hﬁcdr?&%ﬁh'b?’}eﬁﬁéﬁh@ so be adm ni stered together
wi th conplenent. Accordin hi n e scope of the invention are

conposi tions Mr@@oﬁgnmnﬁﬁ bindingwdtifisity frlaniFep eaiepios isprotidepegi f i ¢
| |
e e i

advant ageous i n t hat 1882 proxinity to
t he huneirayrdsidalia & (et A§ peesd fisreinothe bsmﬁég@fre@ptm'r ettt @Sany of the

Al t er nat L:yal.y. i ecific or bispecific
nol ecul eélgﬁ}’ c}ﬁ&p ﬁl\ggggt?:lgtgﬁ%%ngp (%n h%a% tﬂ?@%gmﬁ eRgodg thﬁtéﬁ slve
adni Bl Ztm-sdlcmbpameaireblyable receptor isADGRY WhidH ke gr ddelﬂioihfc'é%& fdedlol D
ant i body

Si invention can be additionall
adni ni stcé?ség‘?% ﬁ]‘ﬁb%ﬁ %‘i&&@%@b gedt FexiIHCHN 6.0l mmgfﬁrred
embodiment, the Fey receptor a human high affinity FeyRI. The human FeyRIis a 72
kDa molecule, which shows high affinity for monomeric TgG (108 - 105 M),
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The present invention is further illustrated by the foll ow ng
exanpl es which should not be construed as further limting. The
contents of all figures and all references, patents and published

pat ent applications cited throughout this application are expressly

i ncorporated herein by reference. Exanples Exanple 1: Ceneration of
Human Monocl onal Anti bodi es Agai nst PTK7 Antigen | nuni zat i on
protocols utilized as antigen both (i) a reconbinant fusion protein
conprising the extracellular portion of PT1C7 with both a nyc and his

tag and c(j i) rmﬁtplrmmibﬂ)uﬁwcﬁem#dteﬁzﬁﬂgﬁ bf &ishn pﬁ&&ﬂd%ﬂﬁim?lﬂlﬁofl{&icﬁlal
generate .ecombi napt .transfection nmethods i.n a CHO ce i ne.

Tr ans geﬁ’flgg \V=1o ?ﬁfn&ﬁﬁ%?éﬁgﬁr e al. mP&%PﬁVaHMO%H}?@%ﬂ%ﬁm

ant i bodi &3St Pat&iEib. w958, 17 chateBhiigi SOwWhiR alddRlly aftrpdraed b$ kiieAse Of
Hu. Mab trans ic mce ang#“ge KM strain_of transgenic

t r anschr iFE: espppigbodies bind fo apfrdAPe R B, FayREerdisvREbaks fisnes. | n
each of tWRSEisHSE: $bhahdBey Bi PihetfilinShai n
gene has beenshom)zygoysl y %%ﬁﬁnggﬁﬁﬁgﬁgﬁgﬁﬁ%ﬁgkﬁ&ﬁg
(1993) ENRPleckedzubstantgdly tméaysﬂq@gimﬂbg@noﬁ@@m&s@imwypmi n gene
has been JheHmE ES I bed.d I of .PCI.

Publ i cat iagn . m%%{%?%g%@?é&g%h%gfﬁfﬁe@e%m%eg%ﬁ% %gprgg‘P#Feaé‘dM‘h man
kappa | i ¢A7- Ehabybridomespredecingked®, 32is avsbbid fied the ARieslom TopeeCulalre
(1996) - B : w89l The HCo7.strain carries the
11Co7 hm‘rl\% le(gl\’/?} cEa’?%étgrg%ﬁégoé%gggédlens%t??rbee (Jldﬁrn@?t%t{}?’ﬁ?a%ﬁ?" Nos. 5,
770, 429re®pHaantdgdy iSe BeBagi2&] fambimddbloBalintibbéy 11 (a2, Sheai n

carries : YRR i ra ne .as _described i anpl e
2 of WD ?‘%85%7%0r exaﬁpggé%“ %ﬁ%%z?ﬂgﬁgﬁfﬁge%ﬁgg‘?%‘ﬁﬁz%ﬂkﬁ? t he
sczobt r aws RS slomeowd 185 6101 4R96-5062 R@Pmﬁbdia?ﬂiclm?\MG?MQMTﬁme
HuMab an : i ] 3 13 a .U
ronocl onal2aner bod eane Bidire vas depo AT B Reribin Lo s o
i muni ze&olpetionpudert the desigeatiobiHva0R2 QIR has ileracpessioaino. R 11177,
PTK7-transfec : i . i nj zat i schenes
For Hi Mab M oo dr g etemel etRinal, oW, s Iy G8h s e R
i 28( gjg4gr85tée%%@ gilt:s;bﬂmthet binds e a hjunag %%epm,wg, Bim-elph? gl ogyk

; - bRl cat.iv@n;: . : m I - weeks
of age upo%pt?ﬂg: fi ys(t i n# U@Fg%méﬁ%éé%p ri\feﬁ%?%' 1—" Gl’tgﬁ"‘\fﬁ\%ggﬁg'f’??ﬁﬂt
pr epar at Femupesiggln A YIed). FhKTeriigsmeqeptrtisin@niédyenndndt Hhe gedddx 106

[t raper PrARaaT e o B A B e s Gr o e B e et

Tr ans genkmcode sevevd plieinativaly Epiitet Magenahbranasbiges of 55 €O Bb£ Fea

fgegnfgfgﬁij%]?@rllg cgt{stiﬁlltpvlelyaéj{plflgsg‘er}lt onl rlzbngc?rlte!s n\'i\g:gop %ggs-, %&si:?t%a SlicI an)ld( P
neutrophilic granulocytes, but not on non-effector cell populations. FcaRI has
medium affinity (= 5 x 107 M) for both IgA1 and IgA2, which is increased upon
exposure to cytokines such as G-CSF or GM-CSF (Morton, H.C. et al. (1996) Critical
Reviews in Immunology 16:423-440). Four FcoRI-specific monoclonal antibo&ies,
identified as A3, A59, A62 and A77, which bind FeoRI outside the IgA ligand
binding domain, have been described (Monteiro, R.C. ez al. (1992) J. Immunol.
148:1764). ’

FcoRI and FeyRI are preferred trigger receptors for use in the bispeciﬁc

molecules of the invention because they are (1) expressed primarily on immune
effector cells, e.g., monocytes, PMNs, macrophages and dendritic cells; (2) expressed

at high levels (e.g., 5,000-100,000 per cell); (3) mediators of cytotoxic activities (e.g.,
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i mruni zations) with the antigen in inconplete Freund's or Ri bi

adj uvant. The immune response was nonitored by retroorbital bleeds.
The pl asna was screened by ELI SA (as described below), and mce with
sufficient titers of anti-PTK7 human i nmunogol obulin were used for
fusions. Mce were boosted intravenously with antigen 3 days before
sacrifice and renoval of the spleen. Typically, 10-35 fusions for
each antigen were perforned. Several dozen mce were immnized for
each antigen. Selection of HuMab or KM M er Produci ng Anti-PTKY

Ant i bodi é42CC, phagocytosis)s@) ectiiaudvtionad ddhiken pesatatipnedaatighs,

ant i bodi Jdad < T om i nmuni zed m ce were tested by
ELI SA as ésdﬁf%ezpdgﬁ%e%’g%ﬁtﬁﬁ%g&ét at (1996). Briefly, mcrotiter
pl at es were cdgutechumanimenacidnabahtibedienbiemaafr®d Kihdruatibodigy whiehBad r om
transfectg - i-3. _PBS, .1 [wells.incubated 4
C over ni Bhgmgﬁgﬁ&ﬁ%%I?gsheélmﬁtgﬁgg%%i%lof\%@l §%nfn°§%§ e aPe’B’%Wer{éc rumin
PBS/ Tweehuwignigghmongilongl petitodids. sera from PTK7-i nmuni zed nmice were

added to each i - 2. rs at.anbi ent
t enperat ure. ?ﬁghﬁgﬁggh&g#gﬁ%\ggﬂ%%#{lﬁng \FEBRE RREHSY i ncubat ed
with a geenjugatingheermstiing® indipg spreificitins) .50 the mOHfdRyatdethtAPTR7

hor ser adi,sh: ! t mte rature. .. After

washi ng, b‘?’ﬁfe"%g"ﬁ’g‘%iggﬁ%% rué#{ eve o(%e%l c'&/i'vl%'tf {‘1 tk%@ffso%ﬁ 55 ?rrgg{%ee gibél?‘fg’?g

@{ 1888,h epeptficiy/ofthe bisntcifivanglzede byn b@mrmmmgeancamgﬂgomgmws
ce tha V. dyia j i tel 7 ti bodi.es re

used forh%%i %hggﬁFusl grtlﬂsy %@ggp ércﬁﬁc;c{]t?r%s 3 Eée“s‘g{(%%’ﬁa%seﬁa’\%’%ﬁ&

hybr i dongounkps onatoasntinking peenteeandet vsod farroivalPitiChnghiion. t Bxdmpid dfSA.

Gener at i : Welalyc:] A1 DabRn ni Lhadi es to

PTK7: %smj‘}%g e gluﬁg .‘3‘*3‘5’?2"%,"&’%*?%‘ R SR OO SRR ce,

wer e fusBdeaseiels BAGAeS.4 -dithicks@ywiirobrmzeie|aeid) (AENBAsed upon st andard

pr ot ocol : ok I ONRS; 4 hel r e

O R T e Rt g A b

spl enocytEPRs 14 ﬁ“gﬁ?ﬂfﬁcﬂ’é’épdfﬁl deNnmalsimpidemgthyd) ayakohixamet lrcarhexylaterber

of SP2/ O¢sa {28 1 . 19 5. W 0%

(REBMICES (28 @lzg«lsﬁ,g@gﬁy O, (9khss AP g FBo: (6381 1A 2O

PEG (Sigma). Cells were d_at approxi mately I'n at
bot t om nfc K'S8P1 BrocpVatedcadofeiolsd 83iF 648 UPthenmethodk inchulatadseon i n

sel ect i v@esaBBddiNIFaaR: 2 985 BeAOp LRt Riin heyi#e € ANy TCC,
CRL I TB. 63y eonaiy e r?e?dieﬁﬁql{g%-%%’%?iwgﬁ’%JF@G&E@}?I%’Q‘@QEE/?@%S(SQ
(Medi at eeHerERE2TATED, 206 IRHF §haly(198B8k& Imrogplida% 38674355 0di um
pyruvat eprefritd conjivhiilie pentsGrd SATA Mddulf8IAer06sHaANMable BOm Pierce

| x. HAT (Sigma, CRL P-7185). After 1-2 weeks,

mg/ m gen cin. an

cells vve?EEe f‘]tg‘?'e(g"i’]ﬁ"%a’i“hm in which the HAT was replaced with HT.

I ndi vi dual weinten oy Kinding Bp&sfi@eaede btiadlesAntdesrsd baguabomg) for

human ant i.- PTKY. nopocl gnal_ | gG anti bodi es. Once extensive hybri doma
BRSPS

growt h ot by B teRGHIUS Sineg redenn effbapreheayy chaingglpe  The
ant i bodypsteulaty pgfdedrentodBaeEthe hing kéiadis rSeG a6 RLReA b aay, i f

still positive._f uman .l gG apti.- PTK7 nonocl opal ,anti bodi es were

subcl one®™® erl°£§'§‘%hypﬂqg 51%1%91 RrRTFAbhY ORf- PHPT Brfomumgatialabl e subcl ones

wer e then cul Alte@ativaby,\Hotl BinllingGpaeficiies Giftel enddddih ShelfanVeb@BPEYg | N
bri doma

tissue culture dium.for.further, characterization. . Hy
cl ones 3@}-&5@.&%@ aﬁ%{‘bli‘%&%ﬁe i?@%goséﬁ‘&ﬁf%ﬂs dig pagicalacly gsefplyr t her
anal ysi swhévealngbispeificSholacila isod m@var aelhe rigat Faw b xHes), dnask enal
Anti bodi es 3@, 3CG8a, 41)5, 12C6, 12C6a and 7C8

Fab fusion protein. A bispecific molecule of the invention can be a single chain

molecule comprising one single chain antibody and a binding determinant, or a single
chain bispecific molecule comprising two binding determinants. Bispecific molecules
may comprise at least two single chain molecules. Methods for preparing bispecific

molecules are described for example in U.S. Patent Number 5,260,203; U.S. Patent



The eDNA sequences encodi ng the heavy and |ight chain variable
regions of the 3G3, 308a, 4D5, 12C6, 12C6a and 7C8 nonocl onal

anti bodi es were obtained fromthe 3G, 3&a, 4D5, 12C6, 12C6a and 7C8
hybri domas, respectively, using standard PCR techni ques and were
sequenced usi ng standard DNA sequenci ng techni ques. The

nucl eoti de and am no aci d sequences of the heavy chain variable
region of 3G are shown in Figure A and in SEQ ID NG 41 and 1,
respectively. The nucl eotide and am no acid sequences of the

| i ght chalumbeas5i4al|080y U@l. Patenf N@GBerad, mshmfrusnp&bﬂmanﬂ& b 4g%. SEQ

Lﬁa:\l(r? ﬁ%mng%ai al negtsqo\ég’r?)c{a o tPﬁéengﬁ]gf&f? Sﬁﬁﬁﬁg@r ﬂW’ Sr?é‘?ent‘]ﬁufﬂ er
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oAU e = SR I T E AT I A
The al i ghyfior exdmplhen3Gae: Me&mﬁuﬁerﬂeﬁt 4588y MH%D r}ﬁdﬁg’idun&n@a@szfy
sequence s | A1 O € S., Furt si,s of the 308 VII
sequence%%)hggxﬁemﬁlgﬁ &ga‘q’g%f‘ﬁ%’fg%%‘ﬁ”g&%‘?P)d%ﬁ%’reﬁ?ﬂ’am%?ﬁsméd to
the del i Feclt pithessfassdye chaaelly dhadtnthePRkendd D r@t@ﬂx—ﬁﬂ%oﬂfl%rﬁﬁﬁxé’s%f

7 capoct | By t=E 8o B e Ressntler. gfing e specind for he
i nununogkebplek of sderesn Fer exnnﬁlﬂe theBoR-ahiitseRly cgﬁfpné;deg eaﬂ BeIRBaEd @sg i N

i ght chain rate al. the 308 ht chaln

ut |gl i zesg'g' \a/ﬁ%géﬁﬂ ﬁk%e LPH%I S‘B?%f P.%‘n?ﬂ%‘%&%h zegpids egment
from hunﬂ?ﬁcgbﬁﬂvbmsm anﬁhmiyaFaFgmmﬂbx@f Altwnﬁﬂlyyme&%ﬁw&ecﬁp t he
9et Wi ket BAHEREF o £ oI difler s Bosiiye. sl b A ton
led to t¢aRR flivactivetinlabéled hed hiedhn aa:ithmmnﬁiﬂla]assa@m g, G exaBPIHNS
as shown Upe and 35,
respect i :'/]veeltﬂri/t&lug B %nh%%%tﬁ%iaeo#gﬁgﬂ %%53951*(%%(@ Tf&lﬂé%%% HERS of the
heavy chBidioligandatsay FediniqueafTIZEBuloaris: Sodetn, Iardhi meﬁevdh/ﬁcha@d in SEQ
| D NO 41m@&?;01]atecf &y &Eﬁ%}éq{e)[em The r d1IQc?1vglil§ot%}%té§gg>§ g?cgtcg‘ oo CI d

sequences t he aln arlab e reglron
Fi gure |@ensdsithe %@f laly du@neBomsbigiliatios pemiten/cﬁlb)y autoradiography.

Pharmaceutical Compositions

In another aspect, the present invention provides a composition, e.g., a
pharmaceutical composition, containing one or 2 combination of monoclonal
antibodies, or antigen-binding portion(s) thereof, of the present inverntion, formulated
together with a pharmacentically acceptable carrier. Such compositions may include
one or a combination of (e.., two or more different) antibodies, or immunoconjugates
or bispecific molecules of the invention. For example, a pharmaceutical composition
of the invention can comprise a combination of antibodies {or immunoconjugates or
bispecifics) that bind to different epitopes on the target antigen or that have
complementary activities,

Pharmaceutical compositions of the invention also can be administered in
combination therapy, i.e., combined with other agents. For example, the combination
therapy can include an anti-PTK?7 antibody of the present invention combined with at
least one other anti-inflammatory or immunosuppressant agent. Examples of
therapeutic agents that can be used in combination therapy are described in greater

detail below in the section on uses of the antibodies of the invention.



Conmpari son of the 3G8a heavy chain i mmunogl obulin sequence to the
known human germnl i ne inununogl obulin heavy chain sequences
denonstrated that the 3G8a heavy chain utilizes a VIl segnent from
human germine VI1 3-30.3, an undeternm ned D segnent, and a JH
segnent from human germine J11 4b. The alignnent of the 3&a VI
sequence to the germine VIl 3-30.3 sequence is shown in Figure 5.
Further analysis of the 3Ga VI|I sequence using the Kabat system of
CDR region determnation led to the delineation of the heavy chain
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segment from Homan GEHF P FEa fg’} mﬁ‘i‘@“’éﬂ“ﬁg‘ﬁﬁ@'ﬁlls%‘iafter\@cmu%
IS: eqUﬁnce mmlntdml gﬁﬁdltﬂrlepﬂeﬁ%llaaﬁnﬁﬁﬂiﬂ@ﬁt(@gl gym@mnld}ulfﬁl%{l)e

urt her is of uence Using the Kabat s St em of
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CDR1, CDE@:mmdc@%ageegn igsecHR: zﬁbﬂ@&tﬂe,l hay b RS ih & BRerid to Bfkd: leSEQ

| D NGs: §um9 ?;Lgé esp ctiv The nucl eotide and am no
aci d sequenges oﬁo}in‘n AEIRAP @ﬁ‘gf W%%WF%@@%@@FP%@%WY@@@HGM in

Fi gure 2Abhegnanpoun8EQ | D NO 42 and 2, respectively. The
nucl eoti de an no_acid uenc f the |ight chain variable
regi on of 4D5dfz?r%mh Vel ? %P‘Qﬁan‘feﬁt@mamuyclmwoawrer
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i nununo e u er
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sequencedidh gommBaticacid. alipdeatic el axoinstit s@fdmmdaadsnandltthé iik€SB &eVL

segnent fa&HEd IR nt fromhuman
germine JK 5. The gﬁ%ﬁﬁk&%ﬁeﬁé‘)?&ﬁ% %ﬁ“% se ugﬂeéuflbaﬁﬁ’?@“ﬁbr m i ne
VK Al10 s@f&f&‘?@ﬁe@ TPIENERiGRA CRIGIURL drthe like, abwelllve rcamabytekis opfanidie 4D5 VL
sequencea e Suti §s Kapadiv eterm pation I ed to
the deli r]ﬁ'jltel oﬁ of t he lléﬁ?k&ﬁ}'ﬁ?l%dl%’f %&@y o SEHE B’f goae
shown i nchetliggedigth Q@Iarﬁalemhylawlmwnsa@¢@e\mmeﬁkal and 37,
respectively. A ph Th& Rk o.acid se iences of the
heavy chain varpl gf)maécer egi on %@Qa%rf&?ftg?gw%évl\lmm?%mﬁ U e?A and in SEQ
| D NO 43P acgutipgllyacepptplle poti-oxidant. EﬁﬁmmwaMeamnillymmtaam d
sequencegmtkidal® ihé1gi: Igmtar ébﬂfﬂl@gln%x{‘ﬁﬂis%cﬂfaf PN %‘E%f%ﬁ%g' n

respective rison

Figure 3B and in SE
of the 15?@609%% ?Iﬁbilﬁﬁ#ﬁﬁo‘qu@mmqfabwwen@@mm sulfiee dadcte likey g2
ger nl i neoii-sanume ahebukinis A8aVN: Shdth {&Q%ﬁfﬁﬂ&%g lh3Led 1%/{}5%&&

|ne

12C6 hea@% chain utilizes a VH segm_‘l
an undet #PWQ(H’Y@Q&!%W (BHAY leci MQallafte,@ﬂpﬁaumpl@ﬂﬂ rdnidniee 311
4b. The iald; GRITEY) el chBRting agents, such as citric acid, ethylenediamine tetraacetic

acid (EDTA), sorbitol, tartaric acid, phosphoric acid, and the like.

Examples of suitable aqueous and nonagqueous carriers that may be employed
in the pharmaceutical compositions of the invention include water, ethanol, polyols
(such as glycerol, propylene glycol, polyethylene glycol, and the like), and suitable
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12C6 VU sequence to the germine VU DP44 sequence is shown in Figure
7. Further analysis of the 12C6 VU sequence using the Kabat system of
CDR region determnation led to the delineation of the heavy chain
CDR1, CDR2 and CD3 regions as shown in Figures 3A and 7, and in
SEQBDNGs: 13, 17 and 21, respectively. Conparison of the 12C6

| i ght chain intnunogl obulin sequence to the known human gerniine

i tnmunogl obulin |Iight chain sequences denonstrated that the 12C6
light chain utilizes a VL segnent from human gernline VK A27 and a KC
segnent f rhﬁdmﬁyﬂﬁfboﬁefeg&t'aﬂl% dif shch 8w d:ﬂ Qﬂfﬁlgec%blé Q%a%iz %@teﬁ_sueh

sequence to tgpge%erm i ne VK _A27 sequence IS s
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nucl eot i FEHFFHFRAnG EEis TG sResingagentse Hr¢‘@nt101¢ hEpresanae baD| e
regi on ofmit2d@gandnes 1&5)9149@ ehdtrdd BH# @y &Q’xm @ulep ra4 nd Qy e

respectivel Conpari son of the a eavy

i munog! dB‘Eﬁ{?‘?‘P ebtrsiays antiacterial Wowﬁﬁmmhﬁgeg@; fﬂrlenmphnmmm obul i n
heavy chahhbrsRaan SIPAS heial t al
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e Kaba

Figure 7 u r si.s of the 12C6a VU sequence using

syst em of" %@k j’itgﬁghe)éf‘%]f‘ﬁlf’ﬂ&f peFmty which delay abspaptiovesuch emalofmmh@
heavy chaonofiioitbie dadfgelatind CD3 regi ons as shown in Figures 3A and 7,
and in SEQ ID - 13 7 and , respectively, Conpari son of
the 12C6a | i gﬁ?%f"hﬁ‘ia#ﬁ&ﬁ F4biR farriers ingindssieTileo aquseuksrdwienis oman
ger nl i ne dispexsions ghdtatilemovidghii fof thaieRtesRBHAREESHBIRAGE & that the
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12. Furtggﬁveﬁgﬁl%%eﬁlaogr;het .12C6a VLtﬂ qtgl‘et{;ce usi ng the Kabg system
of CDR reégion erm nat Fon 1 SFepgag ﬁé‘é’c"eéﬁwu%ew(r ﬂ?gﬁapfehal n
CDR1, CDmrénnxjn@eumgompesmmssdfowwmﬁngyé@ﬁerﬁﬁa&ad ShepicRBftaby) SEQ

I D NGs: 2 ectl ve The nucl eot | de and "am no
aci d sequ‘éﬂrgggm%? Q?%, eags\?y |r?1°%t§iilmatﬁlﬂée GOBRSHIoBE- 7C8 are shown in
Fi g;Jr e 4A andThwamﬁjcme}iﬁkménmyﬂxcduy ?ﬁsmh ldﬂdehﬁ{d stable unde{[ﬁl@

nucl eot i dg, enc s t he in varla

regi on of 708 are sﬁg%% I'n gur a‘hdmf‘ﬁlt@%@a?% EFE!LO

r espect i $&pijon, microemulsinm tippsoore, orfothbleora&d bmstm-e@hﬂame to high drug

i rrununo S hunman i ne i nmunogl obul i n
heavy ch%ﬁ%%t%gnggg%%g%o%&k é%? Ag\r)%) d'f?]eém?gﬂ“ﬁl S GORAEINE i | i zes

a Vlml se@'i?@m e,fvaden efhanal, mjéwﬂ(fqnexam;blesglg&;olapﬁpsy&gggryco% %mlﬂygan
ger i ne J The

al i gnrren {Ieﬁé‘glgo : hﬁ@ggﬁ AC J%%HE P%émég'gfﬁ Fﬁ?ogl '}lh@?rggers@(ﬁ‘?}gfhce
is shomcanbepngnmesg foFgkathple, Ltk yss of adoating sTdBsVEdiSEBYERCE USi Ng
he Kabahaystbid dfenIoul b ANHSL AL digl:ish Wfy B LSS O

of the heavy chain
surfactants. In many cases, it will be preferable to include jsotonic agents, for

example, sugars, polyalcohols such as mannitol, sorbitol, or sodium chloride in the
composition. Prolonged absorption of the injectable compositions can be brought

about by including in the composition an agent that delays absorption, for example,
monostearate salts and gelatin.
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regions as shown in Figures 4A and 8, and in SEQ ID NGs: 14, 18 and
22, respectively. Conmparison of the 7C8 Iight chain

i rnmunogl obul i n sequence to the known human germ i ne i munogl obul in
| i ght chain sequences denonstrated that the 7C8 light chain utilizes
a VL segnent from human germine VK L6 and a JK segnment from hunman
gennline 1K 3. The alignnment of the 7C8 VL sequence to the gernline
VK L6 sequence is shown in Figure 13. Further analysis of the 7C8 VL
sequence usi n%ﬁt he Kabat system of CDR region determination led to

t he del i neat i owerde injpaiatle ghlntionsaian bEPRpare@PRAneordoGiRg tegicins as

shown in K . : -] X .34 and 40, .
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repert oi k§lutif@thetgPl €, Figure 7 shows the alignnment of the 12C6 and
12C6a VI sequence with the DP44 germine sequence and also to two
structural |y r8Fameyntefirshveiseradiens whisheanbe comyined viflGa earder/| | 3- 7.
G ven t heggt@iaat : SHHER i hat _.one
can select a hu&n%ggiﬁtﬁ%%eatéﬁgﬁ ?spe.c?ﬁc ;&I@@e ﬁlﬁ.%d}g 0?‘ gh%%ub er??bel’% and
that uti PE3ted: apdhg partighisrineds phadminisiastica. \iHe aBrod8t of active irgrdtlient

ger m i ne wiRdURAGR coMBIRAEh 2 ORBeCARAM epLdue
within the 12C6 orc°1206a Vi Iaseqaencgﬁ%!ﬁg?%ﬁgg?{n gggén%%?%eef%?%&@ue(s)

at the c Gﬁ’ﬁ?[%q’eethb*cfg‘i‘?% Af 1hs comgoyyfion ghixh nspduges @ terapsytiesifett o t he
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of 10 ug%irgrfaw%e Carr et i ‘émnaﬁ%tgé’%gﬂﬁgﬁi Rassss wiforqa peussddertinn a
FI TG | abeifasd tephyisicaiipdistigs wiits shitalusainiaiddshesanathy S8 W8 fbe
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but not -HE cel L hat re not transfected wtl
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Reconbi nant extracel | ul ar domain of PTK7 was tested for binding

agai nst the anti-PTK7 human nonocl onal anti bodies 3&3, 4D5, 12C6 and
12C6a at different concentrations. Standard ELI SA procedures were
performed. The anti-PTK7 human nonocl onal anti bodi es were added at a
starting concentration of 10 }ten] and serially diluted at a 1:2

di lution. CGoat-anti-human |1gG (kappa chai n-specific) polyclonal

anti body conjugated with horseradi sh peroxi dase (BR?) was used as
secondary anti body. The results are shown in Figure 15. Each of the
anti - PTK7 hunior sdmieistretiad ofith¢ hitiiahidgsthd G8sagé Binged 26H abadt 4.8068tdbound
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Exanple 7: Binding of anti-PTK7 to human T, B and dendritic cells
Anti - PTK7 anti bodies were tested for binding to CD4+, CD8+ T-cells,
CD19+ B-cells and human bl ood nmyel oid dendritic cells expressing PTK7
on their cell surface by flow cytonetry. Human T cells were
activated by anti-CD3 anti body to i nduce PTK7 expression on T cells
prior to binding with a human anti-PTK7 nonocl onal anti body. Bi nding
of the 7c8 anti-PTK7 human nonocl onal anti body was assessed by

i ncubating the cells with anti-PTK7 human nonocl onal antibodies at a
concentration Paﬂua:l(do;;agg/lmels dinbsanive tagredibhee it Gie phateiievRiant i body

that bin ecific marker .was used, as a positive
control . q%gogn%do esen% e n%%mﬁ?'h 52542 PR %P‘t“ﬁ“ gfthe
FI TG | abetiit ragtedmummlgafd&uye Fd mmmttmmssm@ iU € fespHRE for a
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denonst ratieke ﬁaﬁ&ulu&n@mmﬁ&%‘ﬁ%f&ﬁﬁhﬁ&ﬁ&?m% 12C6 and 7C8
internalize |dgto cancerﬁﬁce |'s. 9: Assessnent of cell killing

of a toxin- conFORgRPBECD M the qu@ta%’@%@lymbbp #iministeredhvieone ef otd nes
In this euespt fimiatkrati&d ein 16l 3NkHBOUr R ARIHERN Bak
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antibodies of the invention include intravenous, intramuscular, intradermal,

intraperitoneal, subcutaneous, spinal or other parenteral routes of administration, for
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This data denonstrates that anti-PTK7 anti bodi es conjugated to toxin
show specific cytotoxicity to human ki dney cancer cells. Exanple 10:

Assessnent of cell killing of a toxin-conjugated anti-PTK7 anti body
on human tunor cell |ines In this exanple, anti-PTKY

nonocl onal anti bodi es conjugated to a toxin were tested for the
ability to kill P TK7+ human tunor cell lines having either |ow,
internmediate or high cell surface expression of PTK7 in a cel
proliferation assay. The anti-PTK7 HuMAb anti body 12C6a was
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Septerrber 26 2 05 3%6 PTK7- expr essi ng human tunor céancer cell lines
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The cel | mmmstonealeummcmalsyb&x@aﬁfe@@k E¥cufiBihihe, ﬁﬂfaaﬂféﬁlag)gaﬁ%%iﬁgp of
PTK7 in a8 ar FACS assay. The A-431 cell Iine expresse
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for 5 i ot BI8S: Anlals LRSS SR LG J et N e b ton 1 1
10% nor nief dnthepapsans inperivg ifeindez OUSnPatat mbwmm; Witichigsehat esh

Wi th 10 e khiéshatRA AR ﬂeﬁgx?én@uﬁgﬁge&%a% PRo.0ar Ry goat serum
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wi th PR SnHER D80, 1% vhirhrdiscloges ht}rmeuademeﬂofﬁmﬁuﬂst@g/ mLDAKO
) at roofedimRehaiushehe siih: a
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Di am ] wihibma; | t bro
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continuous drug dehvery, U.S. Patent No. 4,439,196, which d1scIoses an osmotic drug
delivery system having multi-chamber compartments; and U. S Patent No. 4,475,196,

which discloses an osmotic drug delivery system. These patents are incorporated

herein by reference. Many other such implants, delivery systems, and modules are
known to those skilled in the art.
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stained with hematoxyllin for 1 mn. Subsequently, slides were washed
for 10 secs in running distilled water and nounted in glycergel
(DAKO). dinical biopsy inmunohistochem cal staining displayed
positive staining in the lung cancer, breast cancer, bl adder cancer,
pancreatic cancer, colon cancer, ovarian cancer, small intestine
cancer & prostate cancer sections. Normal tissue was al ways negative
for P1lIC7 staining whereas within malignant tissue, both cancer
activated fibroblasts and cancerous epithelial cells were observed to
be positive fdncATHT esbadimants, themaenbidcionaf artibediza b€ e idedntivat ed

by st ai niva Phra ot Bt R PR SRR TR T SPeF R Sbape Ceppbran
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d
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i ntravenQus dﬁse wi th PBS vehicle, naked anti PTK7 anti body or

t oxi n- cofif U 2185 Rheqha JOBh CHSn Ol Sahiorseteciekengarinhibians aetl
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surface of cells and, moreover, can be used to purify PTK7 via Immunoaffinity
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Thi s Exanpl e discloses the in vivo treatnment of mice inplanted with
an adrianycin resistance breast carcinoma tunor wth toxin-conjugated
anti-PTK7 anti bodies to examne the in vivo effect of the antibodies
on tunor grow h. MCF7-adr (human breast cancer cell |ine
resistant to adrianycin) were expanded in vitro using standard

| aboratory procedures. Fermal e 0317.SCID m ce (Taconic, Hudson, NY)
bet ween 6-8 weeks of age were inplanted subcutaneously with 1.7 ny
90-day rel ease estrogen pellets, 3.0 mmsize (lnnovative Research of
Anerica, Sarasthednvehtipn Atrtheh provedss nistiide Toldh@ectiay (Y prosent oPRIRS

I mpl ant e cut aneously.in the right flank with 10 x106 MCF7- Adr
col T o o g teR SRl e gus it e g R S R IR LT ghed
and neasugbegrikiag contagtng thdseeple) dAnsiontal sayphs with ARuBheioh8Elbgal
caliper tw ' Tunor vol unes were

.ce, weekly after .inplantation, ) s

cal cul at 88928 Pk Bﬂﬁ{i‘f‘ﬁ%ﬁ%ﬁﬁiﬁ?ﬁ WhiehksracifieaNackindg & humar s
aver agi n®TKE0 undsrBonditiens tamciphz e forfiatioh bEALoMPlex BEQHRE thelARIbBHE €
wer e adm ni stergi(hj a%sf%&ggll e i % g,?lo?s dase at 0.1 ur_ml/k% wi th PBS
vehi ci e CRBREE S TISHRS BiaR B dhe LHIROR Ohf GRFAPISH TR SEPRPLHAD
on pgydp wHEXAITR ﬁﬁkrafcememp;exqanﬁgwmmé@tthm_ ;ge gs@pmﬁ@é el cgﬁtrélhe
ant i bodi es .the.current invention escribed in the pending
s et SREPIR i pao SR T e B BR PR pond! ng U, S,
Pat ent Appl i c@IKSris eesregndiecbldyeobifofRidSlcelViNS bWEAd B beed
for tunor_growth for 63, da ost dosi ng. re eut hani zed when
the t umoreiedi e Sl oo e ROl o B ool ohrcprin 20 2 50-0).
Ant i - PTKPT&M axiprayioh weab Also segrligabes ridlamunch deliTiies gh dieinpra®i&issson.
Thus, tr n | apti - PTK7 i hody- in j ugaje has. a
direct i ﬁ wgggi?)r{\\*ulfg%?f c')'f'yﬁ g‘“f’ g%ﬁoﬁféagaéﬁﬁ%ﬁwnggs %’I“Bg\f%}?e
SEQ | D N@ighly overexpressed in acute myeloid leukemia samples (Muller-Tidow et al., (2004)

Clin. Cancer Res. 10:1241-9). An anti-PTK7 antibody may be used alone to inhibit

the growth of cancerous tumors. Alternatively, an anti-PTK7 antibody may be used
in conjunction with other immunogenic agents, standard cancer treatments or other
antibodies, as described below.

Preferred cancers whose growth may be inhibited using the antibodies of the
invention include cancers typically responsive to immunotherapy. Non-limiting
examples of preferred cancers for treatment include colon cancer (including small
intestine cancer), lung cancer, breast cancer, pancreatic cancer, melanoma (e.g.,
metastatic malignant melanoma), acute myeloid leukemia, kidney cancer, bladder
cancer, ovarian cancer and prostate cancer. Examples of other cancers that may be
treated using the methods of the invention include renal cancer (e.g., renal cell
carcinoma), glioblastoma, brain tumors, chronic or acute leukemias incinding acute
lymphocytic leukemia (ALL), adult T-cell leukemia (T-ALL), chronic myeloid
leukemia, acute lymphoblastic leukemia, chronic lymphocytic leukemia, lymphomas
(e.g., Hodgkin’s and non-Hodgkin’s lymphoma, lymphocytic lymphoma, primary
CNS lymphorma, T-cell lymphoma, Burkitt's lymphoma, anaplastic large-cell
lymphomas (ALCL), cutaneous T-cell lymphomas, nodular small cleaved-cell
lymphomas, peripheral T-cell lymphomas, Lennert's lymphomas, immuncblastic
lymphomas, T-cell leukemia/lymphomas (ATLL), entroblastic/centrocytic (cb/ce)
follicular lymphomas cancers, diffuse large cell lymphomas of B lineage,
angioimmunoblastic lymphadenopathy (AILD)-like T cell lymphoma and HIV
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SEQUENCE SEQ I D NO SEQUENCE 1 VH a.a. 308, 3G8a 23 VK CDR1 a.a. 3&
2 - VIl as. 41)5 24 VK CDR1 a.a. 3CBa

associated body cavity based lymphomas), embryonal carcinomas, undifferentiated
carcinomas of the rhino-pharynx (e.g., Schmincke’s tumor), Castleman’s disease,
Kaposi’s Sarcoma, multipie myeloma, Waldenstrom’s macroglobulinemia and other
B-cell lymphomas, nasopharangeal carcinomas, bone cancer, skin cancer, cancer of
the head or neck, cutaneous or intraccular malignant melanoma, uterine cancer, rectal
cancer, cancer of the anal region, stomach cancer, testiCular cancer, uterine cancer,
carcinoma of the fallopian tubes, carcinoma of the endometrium, carcinoma of the
cervix, carcinoma of the vagina, carcinoma of the vulva, cancer of the esophagus,
cancer of the small intestine, cancer of the endocrine system, cancer of the thyroid
gland, cancer of the parathyroid gland, cancer of the adrenal gland, sarcoma of soft
tissue, cancer of the urethra, cancer of the penis, solid tumors of childhood, cancer of
the bladder, cancer of the kidney or ureter, carcinoma of the renal pelvis, neoplasm of
the central nervous system (CNS), tumor angiogenesis, spinal axis tumnor, brain stem
glioma, pituitary adenoma, epidermoid cancer, squamous cell cancer, environmentally
induced cancers including those induced by asbestos, e.g., mesothelioma and
combinations of said cancers.

Furthermore, given the expression of PTK7 on various turnor cells, the human
antibodies, antibody compositions and methods of the present invention can be used
to treat a subject with a tumorigenic disorder, e.g., a disorder characterized by the
presence of tumor cells expressing PTK7 including, for example, colon cancer
(including small intestine cancer), melanoma (e.g., metastatic malignant melanoma),
acute myeloid leukemia, lung cancer, breast cancer, bladder cancer, pancreatic cancer,
ovarian cancer and prostate cancer. Examples of other subjects with a tumorigenic
disorder include subjects having renal cancer (e.g., renal cell carcinoma),
glioblastoma, brain tumors, chronic or acute leukemias including acute lymphocytic
leukemia (ALL), adult T-cell leukemia (T-ALL), chronic myeloid leukemia, acute
Iymphoblastic lenkemia, chronic lymphocytic leukemia, lymphomas (e.g., Hodgkin’s
and non-Hodgkin’s lymphoma, lymphiocytic lymphoma, primary CNS lymphoma, T-
cell lymphoma, Burkitt's lymphoina, anaplastic large-cell lymphomas (ALCL),
cutaneous T-cell lymphomas, nodular small cleaved-cell lymphomas, peripheral T-
cell lymphomas, Lennert's lymphomas, immunoblastic lymphomas, T-cell
leukemia/lymphomas (ATLL), entroblastic/centrocytic (cb/cc) follicular lymphomas
cancers, diffuse large cell lymphomas of B lineage, angioimmunoblastic
lymphadenopathy (AXLD)-like T cell lymphoma and HIV associated body cavity
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3 VH as. 12C6, 12C6a 25 VK CDR1 a.a. 405 4 VIl a.a. 7C8 26 VK CDR1
a.a. 12C6 27 VK CDR1 as. 12Cba

based lymphomas), embryonal carcinomas, undifferentiated carcinomas of the rhino-
pharynx (e.g., Schmincke’s tumor), Castleman’s disease, Kaposi’s Sarcoma, muktiple
myeloma, Waldenstrom’s macroglobulinemia and other B-cell lymphomas,
nasopharangeal carcinomas, bone cancer, skin cancer, cancer of the head or neck,
cutaneous or intraocular malignant melanoma, uterine cancer, rectal canecer, cancer of
the anal region, stomach cancer, testicular cancer, uterine cancer, carcinoma of the
fallopian tubes, carcinoma of the endometrium, carcinoma of the cervix, carcinoma of
the vagina, carcinoma of the vulva, cancer of the esophagus, cancer of the small
intestine, cancer of the endocrine system, cancer of the thyroid gland, cancer of the
parathyroid gland, cancer of the adrenal gland, sarcoma of soft tissue, cancer of the
urethra, cancer of the penis, solid tumors of childhood, cancer of the bladder, cancer
of the kidney or ureter, carcinoma of the renal pelvis, neoplasm of the central nervons
system (CNS), tumor angiogenesis, spinal axis tumor, brain stem glioma, pituitary
adenoma, epidermeoid cancer, squamous cell caﬁcer, environmentally induced cancers
inchiding those induced by asbestos, e.g., mesothelioma and combinations of said
cancers,

Accordingly, in one embodiment, the invention provides a method of
inhijbiting growth of tumor cells in a subject, comprising administering to the subject a
therapeutically effective amount of an anti-PTK7 antiboc.fy or antigen-binding portion
thereof. Preferably, the antibody is a human anti-PTK7 antibody (such as any of the
human anti-human PTK7 antibodies described herein). Additionally or alternatively,
the antibody may be a chimeric or humanized anti-PTK?7 antibody.

In one embodiment, the antibodies (e.g., human monoclonal antibodies,
multispecific and bispecific molecules and compositions) of the invention can be used
to detect levels of PTK7 or levels of cells which contain PTK7 on their membrane
surface, which levels can then be linked to certain disease symptoms. Alternatively,
the antibodies can be used to inhibit or block PTK7 function which, in turn, can be
linked to the prevention or amelioration of certain disease symptoms, thereby
implicating PTK.7 as a mediator of the disease. This can be achieved by contacting an
experimental sample and a control sample with the anti-PTK7 antibody under
conditions that allow for the formation of a complex between the antibody and PTK7.
Any complexes formed between the antibody and PTK7 are detected and compared In

the experimental sample and the control.
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In another embodiment, the antibodies (e.g., human antibodies, multispecific
and bispecific molecules and compositions) of the invention can be initially tested for
binding activity associated with therapeutic or diagnostic use iz vitro. For example,
compositions of the invention can be tested using the flow cytometric assays
described in the Examples below.

The antibodies (e.g., human antibodies, multispecific and bispecific
molecules, immmoconjugates and compositions) of the invention have additional
utility in therapy and diagnosis of PTK7-related diseases. For example, the human
monoclonal antibodies, the multispecific or bispecific molecules and the
immunoconjugates can be used to elicit in vive or in vitro one or more of the
following biclogical activities: to inhibit the growth of and/or kill a cell expressing
PTK7; to mediate phagocytosis or ADCC of a cell expressing PTK7 in the presence
of human effector celis; or to block PTK7 ligand binding to PTK7.

In a particular embodiment, the antibodies (e.g., human antibodies,
multispecific and bispecific molecules and compositions) are used in vivo to treat,
prevent or diagnose a variety of PTK7-related diseases. Examples of PTK 7-related
diseases include, among others, colon cancer (including small intestine cancer),
melanoma (e.g., metastatic malignant melanoma), acute myeloid leukemia, hmg
cancer, breast cancer, bladder cancer, pancreatic cancer, ovarian cancer and prostate
Cancer.

Suitable routes of administering the antibody compositions {e.g., human
monoclonal antibodies, multispecific and bispecific molecules and
immunoconjugates) of the invention in vive and in vitro are well known in the art and
can be selected by those of ordinary skifl. For example, the antibody compositions
can be administered by injection (e.g., intravenous or subcutaneous). Suitable
dosages of the molecules used will depend on the age and weight of the subject and
the concentration and/or formulation of the antibody composition.

As previously described, human anti-PTK 7 antibodies of the invention can be
co-administered with one or other more therapeutic agents, e.g., a cytotoxic agent, a
radiotoxic agent or an immunosuppressive agent. The antibody can be linked to the
agent (as an immunocomplex) or can be administered separéte from the agent. In the
latter case (separate administration), the antibody can be administered before, after or
concurrently with the agent or can be co-administered with other known therapies,

e.g., an anti-cancer therapy, e.g., radiation. Such therapeutic agents include, among
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others, anti-neoplastic agents such as doxorubicin (adriamycin), cisplatin bleomycin
suifate, caxmustine, chiorambucil and cyclophosphamide hydroxyurea which, by
themselves, are only effective at levels which are toxic or subtoxic to a patient.
Cisplatin is intravenously administered as a 100 mg/ dose once every four weeks and
adriamycin is intravenously administered as a 60-75 mg/ml dose once every 21 days.
Co-administration of the human anti-PTK7 antibodies or antigen binding fragments
thereof, of the present invention with chemotherapeutic agents provides two anti-
cancer agents which operate via different mechanisms which yield a cytotoxic effect
to human tumor cells. Such co-adminisiration can solve problems due to
development of resistance to drugs or a change in the antigenicity of the tumor cells
which would render them unreactive with the antibody.

In one embodiment, immunoconjugates of the invention can be used to target
compounds (e.g., therapeutic agents, labels, cytotoxins, radiotoxoins
immunosuppressants, ete.) to cells which have PTK7 cell surface receptors by linking
such compounds to the antibody. For example, an anti-PTK7 antibody can be
conjugated to any of the toxin compounds described in US Patent Nos. 6,281,354 and:
6,548,530, US patent publication Nos. 20030050331, 20030064984, 20030073852
and 20040087497 or published in WO 03/022806, which are hereby incorporated by
reference in their entireties. Thus, the invention also provides methods for localizing
ex vivo or in vivo cells expressing PTK7 (e.g., with a detectable label, such as a
radioisotope, a fluorescent compound, an enzyme or an enzyme co-factor),
Alternatively, the immﬁnoconjugates can be used to kill cells which have PTK7 cell
surface receptors by targeting cytotoxins or radiotoxins to PTK7.

Target-specific effector cells, e.g., effector cells linked to compositions (e.g.,
human antibodies, multispecific and bispecific molecules) of the invention can also be
used as therapeutic agents. Effector cells for targeting can be human Ieukocytes such
as macrophages, neutrophils or monocytes. Other cells include ¢osinophils, natural
killer cells and other IgG- or IgA-receptor bearing cells, If desired, effector cells can
be obtained from the subject to be treated. The target-specific effector cells can be
administered as a suspension of cells in a physiologically acceptable solution. The -
number of cells administered can be in the order of 10%-10% but will vary depending
on the therapeutic purpose. In general, the amount will be sufficient to obtain
localization at the target cell, e.g., a tumor cell expressing PTK7 and to effect cell
killing by, e.g., phagocytosis. Routes of administration can also vary.
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Therapy with target-specific effector cells can be performed in conjunction
with other techniques for removal of targeted cells. For example, anti-tumor therapy
using the compositions (e.g., human aatibodies, multispecific and bispecific
molecules) of the invention and/or effector cells armed with these compositions can
be used in conjunction with chemotherapy. Additionally, combination
immunotherapy may be used to direct two distinct cytotoxic effector populations
toward tumor cell rejection. For example, anti-PTK.7 antibodies linked to anti-Fe-
gamma RI or anti-CD3 may be used in conjunction with IgG-~ or IgA-receptor specific
binding agents.

Bispecific and multispecific molecules of the invention can also be used to
modulate FeyR or FeyR levels on effector cells, such as by capping and elimination of
receptors on the cell surface. Mixtures of anti-Fc receptors can also be used for this
purpose.

The compositions (e.g., human antibodies, multispecific and bispecific
molecules and immunoconjugates) of the invention which have complement binding
sites, such as portions from IgG1, -2 or -3 or IgM which bind complement, can also
be used in the presence of complement. In one embodiment, ex vivo treatment of a
population of cells comprising target cells with a binding agent of the invention and
appropriate effector cells can be supplemented by the addition of complement or
‘serum containing complement. Phagocytosis of target cells coated with a binding
agent of the invention can be improved by binding of complement proteins. In
another embodiment target cells coated with the compositions (e.g., human
antibodies, multispecific and bispecific molecules) of the invention can also be lysed
by complement. In yet another embodiment, the compositions of the invention do not
activate complement.

The compositions (e.g., buman antibodies, multispecific and bispecific
molecules and immunoconjugates) of the invention can also be administered together
with complement. Accordingly, within the scope of the invention are compositions
comprising human antibodies, multispecific or bispecific molecules and serum or
complement. These compositions are advantageous in that the complement is located
in close proximity to the human antibodies, multispecific or bispecific molecules.
Alternatively, the human antibodies, multispecific or bispecific molecules of the

Invention and the compiement or serum can be administered separately.
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Accordingly, patients treated with antibody compositions of the invention can
be additionally administered (prior to, simultaneously with or following
administration of 2 human antibody of the invention) with another therapeutic agent,
such as a cytotoxic or radiotoxic agent, which enhances or augments the therapeutic
effect of the human antibodies.

In other embodiments, the subject can be additionally treated with an agent
that modulates, e.g., enhances or inhibits, the expression or activity of Fey or Fey
receptors by, for example, treating the subject with a cytokine. Preferred cytokines
for administration during treatment with the multispecific molecule include of
granulocyte colony-stimulating factor (G-CSF), granulocyte- macrophage colony-
stimulating factor (GM-CSF), interferon-y {IFN-y) and tumor necrosis factor (TNF).

The compositions (e.g., human antibodies, multispecific and bispecific
molecules) of the invention can also be used to target cells expressing FcyR or PTK7,
for example for labeling such cells. For such use, the binding agent can be linked to a
molecule that can be detected. Thus, the invention provides methods for localizing ex
vivo or in vitro cells expressing Fo receptors, such as FeyR or PTK7. The detectable
label can be, e.g., 2 radioisotope, a fluorescent compound, an enzyme or an enzyme
co-factor.

Also within the scope of the present invention are kits comprising the antibody
compositions of the invention (e.g., buman antibodies, bispecific or multispecific
molecules, or immunoconjugates) and instructions for use. The kit can further contain
one more more additional reagents, such as an immunosuppressive reagent, a
cytotoxic agent or a radiotoxic agent or one or more additional human antibodies of
the invention (e.g., 2a human antibody having a complementary activity which binds to
an epitope in the PTK7 antigen distinct from the first human antibody). Kits typicaily
include a label indicating the intended use of the contents of the kit. The term 1abel
includes any writing, or recorded material supplied on or with the kit, or which
otherwise accompanies the kit.

The present invention is further illustrated by the following examples which

. should not be construed as further limiting. The contents of all figures and all
references, patents and published patent applications cited throughout this application

are expressly incorporated herein by reference.
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Examples
Example1: Generation of Human Monoclonal Antibodies Against PTK7
Antigen

Immunization protocols utilized as antigen both (i) a recombinant fusion
protein comprising the extracellular portion of PTK7 with both a myc and his tag and
(1) membrane bound full-length PTK7. Both antigens were generated by

recombinant transfection methods in a CHO cell line.
™

Transgenic HuMab and KM mice
Fully human monoclonal antibodies to PTK7 were prepared using the HCo7

and HCo12 strains of HuMab transgenic mice and the KM strain of transgenic
transchromosomic mice, each of which express human antibody genes. In each of
these mouse strains, the endogenous mouse kappa light chain gene has been
hornozygouély disrupted as described in Chen et al. (1993) EMBO J. 12:811-820 and
the endogenous mouse heavy chain gene has been homozygously disrupted as
described in Example 1 of PCT Publication WO 01/09187. Each of these mouse
strains carries a human kappa light chain transgene, KCo5, as described in Fishwild ez
al. (1996) Nature Biotechnology 14:845-851. The HCo7 strain carries the HCo7
human heavy chain transgene as described in U.S. Patent Nos. 5, 770, 429; 5,545,806;
5,625,825; and 5,545,807. The HCo12 strain carries the HCo12 human heavy chain
transgene as described in Example 2 of WO 01/09187 or example 2 WO 01/14424.
The KM strain contains the SC20 transchromosome as described in PCT Publication
WO 02/43478,
HuMab and KM Immunizations:

To generate ﬁﬂly human monoclonal antibodies to PTK7, HuMab mice and

KM mice™ were immunized with purified recombinant PTK7 fusion protein and
PTK7-transfected CHO cells as antigen. General immunization schemes for HuMab
inice are described in Lonberg, N. et a (1994) Nature 368(6474): 856-859; Fishwild,
D. et al. (1996) Nature Biotechnology 14: 845-851 and PCT Publication WO
98/24884. The mice were 6-16 weeks of age upon the first infusion of antigen. A
purified recombinant preparation (5-50 pg) of PTK7 fusion protein antigen and 5 -
10x10° cells were used to immunize the HuMab mice and KM mice™
intraperitonealy, subcutaneously (Sc) or via footpad injection,

Transgenic mice were immunized twice with aatigen in complete Freund’s
adjuvant or Ribi adjuvant IP, followed by 3-21 days IP (up to a total of 11
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Immunizations) with the antigen in incomplete Frennd’s or Ribi adjuvant. The
immune response was monitored by retroorbital bleeds. The plasma was screened by
ELISA (as described below), and mice with sufficient titers of anti-PTK.7 human
immunogolobulin were used for fusions. Mice were boosted infravenously with
antigen 3 days before sacrifice and removal of the spleen. Typically, 10-35 fusions
for each antigen were performed. Several dozen mice were immunized for each
antigen.

Selection of HuMab or KM Mice™ Producing Anti-PTK7 Antibodies:

To select HuMab or KM mice™ producing antibodies that bound PTK 7, sera
from immunized mice were tested by ELISA as described by Fishwild, D. et al.
(1996). Briefly, microtiter plates were coated with purified recombinant PTK.7 fusion
protein &mﬂ fransfected CHO cells at 1-2 pg /ml in PBS, 100 pl/wells incubated 4 °C
overnight then blocked with 200 pl/well of 5% fetal bovine serum in PBS/Tween
(0.05%). Dilutions of sera from PTK7-immunized mice were added to each well and
incubated for 1-2 hours at ambient temperature. The plates were washed with
PBS/Tween and then incubated with a goat-anti-human IgG polyclonat antibody
conjugated with horseradish peroxidase (HRP) for 1 hour at room temperature. Afier
washing, the plates were developed with ABTS substrate (Sigma, A-1888, 0.22
mg/ml) and analyzed by spectrophotometer at OD 415-495. Mice that developed the
highest titers of anti-PTK7 antibodies were used for fusions. Fusions were performed
as described below and hybridoma supernatants were tested for anti-PTK7 activity by
ELISA.

Generation of Hybridomas Producing Human Monoclonal Antibodies to PTK7:

The mouse splenocytes, isolated from the HuMab mice, were fused with PEG
to 2 mouse myeloma cell line based upon standard protocols. The resulting
hybridomas were then screened for the production of antigen-specific antibodies.
Single cell suspensions of splenocytes from immunized mice were fiused to one-fourth
the number of SP2/0 nonsecreting mouse myeloma cells (ATCC, CRL 1581) with
50% PEG (Sigma). Cells were plated at approximately 1x10 3/well in flat bottom
microtiter plate, followed by about two week incubation in selective medium
containing 10% fetal bovine serum, 10% P388D1 (ATCC, CRL TIB-63) conditioned
medium, 3-5% origen (IGEN) in DMEM (Mediatech, CRL 10013, with high glucose,
L-glutamine and sodium pyruvate) plus 5 mM HEPES, 0.055 mM 2-mercaptoethanol,
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50 mg/ml gentamycin and 1x HAT (Sigma, CRL. P-7185). After 1-2 weeks, cells
were cultured in medium in which the HAT was replaced with HT. Individual wells
were then screened by ELISA. (described above) for human anti-PTK7 monoclonal
IgG antibodies. Once extensive hybridoma growth occurred, medium was monitored
usually after 10-14 days. The antibody-secreting hybridomas were replated, screened
again and, if still positive for human IgG, anti-PTK7 monoclonal antibodies were
subcloned at least twice by limiting dilution. The stable subclones were then cultured
in vitro to generate small amounts of antibody in tissue culture medium for further
characterization.

Hybridoma clones 3G8, 3G8a, 4D5, 12C6, 12C6a and 7C8 were selected for
further analysis.

Example 2: Structural Characterization of Human Monoclonal Antibodies
3G8, 3G8a, 4D5, 12C6, 12C6a and 7C8

The cDNA sequences encoding the heavy and light chain variable regions of
the 3G8, 3G8a, 4D5, 12C6, 12C62 and 7C8 monoclonal antibodies were obtained
from the 3G8, 3G8a, 4D5, 12C6, 12C6a and 7C8 hybridomas, respectively, using
standard PCR techniques and were sequenced using standard DNA sequencing
techmiques.

The nucleotide and amino acid sequences of the heavy chain variable region of
3G8 are shown in Figure 1A and in SEQ ID NO:41 and 1, respectively. '

‘The nucleotide and amino acid sequences of the light chain variable region of
3G8 are shown in Figure 1B and in SEQ ID NO:45 and 5, respectively.

Comparison of the 3GR heavy chain immunoglobulin sequence to the known
human germline immunoglobulin heavy chain sequences demonstrated that the 3G8
heavy chain utilizes 2 VH segment from human germline VH 3-30.3, an undetermined
D segment, and a JH segment from human germline JH 4b. The alignment of the
3G8 VH sequence to the germline VH 3-30.3 sequence is shown in Figure 5.

Further analysis of the 3G8 VH sequence using the Kabat system of CDR Tegion
determination led to the delineation of the heavy chain CDR1, CDR2 and CD3
regions as shown in Figures 1A and 5, and in SEQ ID NOs: 11, 15 and 19,
respectively.

Comparison of the 3G8 light chain immunoglobulin sequence to the known

human germline immunoglobulin light chain sequences demonstrated that the 3G8
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light chain utilizes a VL segment from human germline VK L15 and a JK segment
from human germline JK 1. The alignment of the 3G8 VL sequence to the germline
VK L15 sequence is shown in Figure 9. Further analysis of the 3G8 VL sequence
using the Kabat system of CDR region determination led to the delineation of the light
chain CDR1, CDR2 and CD3 regions as shown in Figures 1B and 9, and in SEQ ID
NOs: 23, 29 and 35, respectively.

The nucleotide and amino acid sequences of the heavy chain variable region of
3(G8a are shown in Figure 1A and in SEQ ID NO:41 and 1, respectively.

The nucleotide and amino acid sequences of the light chain variable region of
3(G8a are shown in Figure 1C and in SEQ ID NO:46 and 6, respectively.

Comparison of the 3G8a heavy chain immunoglobulin sequence to the known,
human germline immunoglobulin heavy chain sequences demonstrated that the 3G8a
heavy chain utilizes a VH segment from human germline VH 3-30.3, an undetermined
D segment, and a JH segment from human germline JH 4b. The alignment of the
3G8a VH sequence to the germline VH 3-30.3 sequence is shown in Figure 5.

Further analysis of the 3G8a VH sequence using the Kabat system of CDR region
determinaticn led to the delineation of the heavy chain CDR1, CDR2 and CD3
regions as shown in Figures 1A and 5, and in SEQ ID NOs: 11, 15 and 19,
respectively.

Comparison of the 3G8a light chain immunoglobulin sequence to the known
human germline immunoglobnlin light chain sequences demonstrated that the 3G8a
light chain utilizes a VL segment from human germline VK. L15 and a JK segment
from human germline JK 3. The alignment of the 3G8a VL sequence to the germline
VK L15 sequence is shown in Figure 9. Further analysis of the 3G8a VL sequence
using the Kabat system of CDR region determination led to the delineation of the light
chain CDR1, CDR2 and CD3 regions as shown in Figures 1C and 9, and in SEQ ID
NOs: 24, 30 and 36, respectively.

The nucleotide and amino acid sequences of the heavy chain variable region of
4D5 are shown in Figure 2A and in SEQ ID NO:42 and 2, respectively.

The nucleotide and amino acid sequences of the light chain variable region of
4D5 are shown in Figure 2B and in SEQ ID NO:47 and 7, respectively.

Comparison of the 4D5 heavy chain immunoglobulin sequence to the known
human germtine immunoglobulin heavy chain sequences demonstrated that the 4D5

heavy chain utilizes a VH segment from human germline VH 3-30.3, an undetermined
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D segment, and a JH segment from human germline JH 4b. The alignment of the
4D5 VH sequence to the germline VH 3-30.3 sequence is shown in Figure 6. Further
analysis of the 4D5 VH sequence using the Kabat system of CDR region
determination led to the delineation of the heavy chain CDR1, CDR2 and CD3
regions as shown in Figures 2A and 6, and in SEQ ID NOs: 12, 16 and 20,
respectively.

Comparison of the 4D35 light chain immunoglobulin sequence to the known
human germline immunoglobulin light chain sequences demonstrated that the 4D5
light chain utilizes a VL segment from human germline VK A10 and a JK segment
from human germline JK 5. The alignment of the 4D5 VL sequence to the germline
VK A10 sequence is shown in Figure 10. Further analysis of the 4D5 VL sequence
using the Kabat system of CDR region determination. led to the delineation of the light
chain CDR1, CDR2 and CD3 regions as shown in Figures 2B and 10, and in SEQ ID
NOs: 25, 31 and 37, respectively.

The nucleotide and amino acid sequences of the heavy chain variable region of
12C6 are shown in Figure 3A and in SEQ ID NO:43 and 3, respectively.

The nucleotide and amino acid sequences of the light chain variable region of
12C6 are shown in Figure 3B and in SEQ ID NO:48 and 8, respectively.

Comparison of the 12C6 heavy chain immunoglobulin sequence to the known
buman germline immunoglobulin heavy chain sequences demonstrated that the 12C6
heavy chain utilizes a VH segment from human germline VH DP44, an undetermined
D segment, and a JH segment from human germline JH 4b. The alignment of the
12C6 VH sequence to the germline VH DP44 sequence is shown in Figure 7. Further
analysis of the 12C6 VH sequence using the Kabat system of CDR region
determination led to the delineation of the heavy chain CDR1, CDR2 and CD3
regions as shown in Figures 3A and 7, and in SEQ ID NOs: 13, 17 and 21,
respectively.

Comparison of the 12C6 light chain immunoglobulin sequence to the known
human germline immunoglobulin light chain sequences demonstrated that the 12C6
light chain utilizes a VL segment from human germline VK A27 and a JK segment
from human germline JK. 2. The alignment of the 12C6 VL sequence to the germline
VK A27 sequence is shown in Figure 11. Further analysis of the 12C6 VL sequence
using the Kabat system of CDR region determination led to the delineation of the light
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chain CDR1, CDR2 and CD3 regions as shown in Figures 3B and 11, and in SEQ ID
NOs: 26, 32 and 38, respectively. '

The nucleotide and amino acid sequences of the heavy chain variable region of
12C6a are shown in Figure 3A and in SEQ ID NO:43 and 3, respectively.

The nucleotide and amino acid sequences of the light chain variable region of
12C6a are shown in Figure 3C and in SEQ ID NO:49 and 9, respectively.

Comparison of the 12C6a heavy chain immunoglobulin sequence to the
known human germline immunoglobulin heavy chain sequences demonstrated that
the 12C6a heavy chain utilizes 2 VH segment from human germline VH DP44, an
undetermined D segment, and a JH segment from human germline JH 4b. The
alignment of the 12C6a VH sequence to the germline VH DP44 seguence is shown in
Figure 7. Further analysis of the 12C6a VH sequence using the Kabat system of CDR.
region determination led to the delineation of the heavy chain CDR1, CDR2 and CD3
regions as shown in Figures 3A and 7, and in SEQ ID NOs: 13, 17 and 21,
respectively.

Comparison of the 12C6a light chain immunoglobulin sequence to the known
human germline immunoglobulin light chain sequences demonstrated that the 12C6a
light chain utilizes 2 VL segment from human germline VR L15 and a JK segment
from human germline JK 2. The alignment of the 12C6a VL sequence to the
germline VK L15 sequence is shown in Figure 12. Further analysis of the 12C6a VL
sequence using the Kabat system of CDR region determination led to the delineation
of the light chain CDR1, CDR2 and CD3 regions as shown in Figures 3C and 12, and
in SEQ ID NOs: 27, 33 and 39, respectively.

The nucleotide and amino acid sequences of the heavy chain variable region of
7C8 are shown in Figure 4A and in SEQ ID NO:44 and 4, respectively.

The nucleotide and amino acid sequences of the light chain varjable region of
7C8 are shown in Figure 4B and in SEQ ID NO:50 and 10, respectively.

Comparison of the 7C8 heavy chain immunoglobulin sequence to the known
human germline immunoglobulin heavy chain sequences demonstrated that the 7C8
heavy chain utilizes a VH segment from human germline VH 3-33, a D segment from
human germline 3-10, and a JH segment from human germline JH 6b. The alignment
of the 7C8 VH sequence to the germline VH 3-33 sequence is shown in Figure 8.
Further analysis of the 7C8 VH sequence using the Kabat system of CDR region
determination. led to the delineation of the heavy chain CDR1, CDR2 and CD3
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regions as shown in Figures 4A and 8, and in SEQ ID NOs: 14, 18 and 22,
respectively. '

Comparison of the 7C8 light chain immunoglobulin sequence to the known
human germline immunoglobulin light chain sequences demonstrated that the 7C8
light chain utilizes 2 VL segment from human germline VK L6 and a JK segment
from human germline JK 3. The alignment of the 7C8 VL sequence to the germline
VK L6 sequence is shown in Figure 13. Further analysis of the 7C8 VL sequence
using the Kabat system of CDR region determination led to the delineation of the light
chain CDR1, CDR2 and CD3 regions as shown in Figures 4B and 13, and in SEQID

NOs: 28, 34 and 40, respectively.

Example 3: Mutation of mAb 12C6 and Alternative Germiline Usage

As discussed in Example 2 above, monoclonal antibodies 12C6 and 12C6a
niilize a heavy chain variable region derived from a human DP-44 germline sequence
present in the HCo7 transgene of the HuMab Mouse® strain, Since DP-44 isnot a
germline sequence that is utilized in the native human immunoglobulin repertoire, it
may be advantageous to mutate the VH sequence of 12C6 and 12C6a to reduce
potential immunogenicity. Preferably, one or more framework residues of the 12C6
or 12C6a VH sequence is mutated to a residue(s) present in the framework of a
structurally related VH germline sequence that is utilized in the native human
immunoglobulin repertoire. For example, Fignre 7 shows the alignment of the 12C6
and 12C6a VH sequence with the DP44 germline sequence and also to two
structurally related human germline sequences, VH 3-23 and VH 3-7. Given the
relatedness of these sequences, one can predict that one can select a human antibody
that specifically binds to human PTK7 and that utilizes a VH region derived from a
VH 3-23 or VH 3-7 germline sequence. Moreover, one can mutate one or more
residues within the 12C6 or 12C6a VH sequence that differ from the residue(s) at the
comparable position in the VH 3-23 or VH 3-7 sequence to the residue(s) that is
present in VH 3-23 or VH 3-7, or to a conservative amino acid substitution thereof’
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Example 4: Characterization of Binding Specificity and Binding Kinetics
of Anti-PTK7 Human Monoclonal Antibodies

In this example, binding affinity and binding kinetics of anti-PTK.7 antibodies
were examined by Biacore analysis. Binding specificity, and cross-competition were
examined by flow cytometry.
Binding specificity by flow cytometry

HEK3 cell lines that express recombinant human PTK7 at the cell surface
were developed and used to determine the specificity of PTK7 human monoclonal
antibodies by flow cytometry. HEK3 cells were transfected with expression plasmids
containing full length cDNA encoding transmembrane forms of PTK7. Binding of
the 7C8 anti-PTK7 human monoclonal antibody was assessed by incubating the
transfected cells with the anti-PTK7 human monoclonal antibody at a concentration of
10 ug/ml. The cells were washed and binding was detected with 2 FITC-labeled anti-
buman IgG Ab. Flow cytometric analyses were performed using a FACScan flow
cytometry (Becton Dickinson, San Jose, CA). The results are depicted in Figures 14.
The anti~PTK7 human monoclonal antibody 7C8 bound to the HEX3 cells transfected
with PTK7 but not to HEK?3 cells that were not transfected with human PTK7. This
data demonstrates the specificity of anti-PTK7 human monocional antibodies for
PTK?7.
Binding specificity by ELISA .

The binding of anti-PTK7 antibodies was also assessed by standard ELISA to
examine the specificity of binding for PTK7.

Recombinant extracellular domain of PTK7 was tested for binding against the
anti-PTK.7 human monoclonal antibodies 3G8, 4D5, 12C6 and 12C6a at different
concentrations. Standard ELISA procedures were performed. The anti-PTK7 human
monoclonal antibodjes were added at a starting concentration of 10 ptg/m]l and serially
diluted at a 1:2 dilution. Goat-anti-human IgG (kappa chain-specific) polyclonal
antibody conjugated with horseradish peroxidase (HRP) was used as secondary
antibody. The results are shown in Figure 15. Each of the anti-PTK7 human
moncclonal antibodies 3G8, 4D5, 12C6 and 12C6a bound to PTK7. This data

demonstrates the specificity of anti-PTK7 human monoclonal antibodies for PTK7.
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62 3-23 gerrnline a.a. 63 Jl 14b germine a.a 64 rH6b gernl i ne

a. a.

Epitope Mapping of anti-PTK7 Antibodies

Flow cytometry was used to determine epitope grouping of anti-PTK7
HuMAbs. Wilms’ tumor cells G-401.(ATCC Acc No. CRL-1441) were transfected
with expression plasmids comtaining full length cDNA encoding transmembrane
forms of PTK7. Epitope binding of each anti-PTK 7 human monoclonal antibody was
assessed by incubating 1x10° transfected cells with 10 pg/ml of cold anti-PTK7
human monoclonal antibody, washed, and followed by the addition of 10 pg/ml of 2
fluorescence-conjugated anti-PTK7 human monoclonal antibody. Binding was
detected with a FITC-labeled anti-human IgG Ab. Flow cytometric analyses were
performed using a FACScan flow cytometry (Becton Dickinson, San Jose, CA).
Upon analysis of the data, the anti-PTK?7 antibodies have been catégorized into 3
epitope groups — group A, which includes 7D11, group B, which includes 3G8 and
3G8a and group C, which includes 7C8, 12C6 and 12C6a.

Example5: Characterization of anti-PTK7 antibody binding to PTK?
expressed on the surface of human cancer cells &

The nephroblastoma Wilms® tumor cell line G-401 (ATCC Acc No. CRL-
1441) was tested for binding of the HuMADb anti-PTK7 human monoclonal antibodies
12C6 and 7C8 at different concentrations. Binding of the anti-PTK7 human
monoclonal antibodies was assessed by incubating 1x10° cells with antibody at a
starting concentration of 30 pg/ml and serially diluting the antibody at a 1:10 dilution.
The cells were washed and binding was detected with a PE-labeled anti-human IgG
Ab. Flow cytometric analyses were performed using 2 FACScan flow cytometry
(Becton Dickinson, San Jose, CA). The results are shown in Figure 16. The anti-
PTK7 monoclonal antibodies 12C6 and 7C8 bound to the nephroblastoma Wilms’
tumor cell line in a concentration dependent manner, as measured by the mean
fluorescent intensity (MFI) of staining. The ECsp values for the anti-PTK7
monoclonal antibodies 12C6 and 7C8 was 4.035 nM and 3.428 nM, respectively.

These data demonstrate that the anti-PTK7 HuMAbs bind to kidney cancer

cell lines.
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65 JK1 germine a.a. 66 JK5 germine as. 67 JK2 germine a.a.

Exampie 6: Binding of human anti-PTX?7 antibody to cancer cell lines

Anti-PTK7 antibodies were tested for binding to a variety of cancer cell lines
by flow cytometry.

Binding of the 3G8, 12C6a, 4D5 and 12C6 anti-PTK7 human monoclonal
antibodies to a panel of‘ cancer cell lines was assessed by incubating cancer cell lines
with anti-PTK7 human monoclonal antibodies at a concentration of 10 pg/ml. The
cancer cell lines that were tested were A-431 (ATCC Acc No. CRL-155 5}, Wilms
tumor cells G-401 (ATCC Acc No. CRL-1441), Saos-2 (ATCC Acc No. HTB-85),
SKOV-3 (ATCC Acc No. HTB-77), PC3 (ATCC Acc No. CRL-1435), DMS 114
(ATCC Acc No. CRL-2066), ACHN (ATCC Acc No. CRL-1611), LNCaP (ATCC
Acc No. CRL-1740), DU 145 (ATCC Acc No. HTB-81), LoVo (ATCC Acc No,
CCL-229) and MIA. PaCa-2 (ATCC Acc No. CRL-1420). An isotype control
antibody was used as a negative control. The cells were washed and binding was
detected with a FITC-labeled a;nti-human IgG Ab. Flow cytometric analyses were
performed using a FACScan flow cytometry (Becton Dickinson, San Jose, CA). The_
results are shown in Figures 17. The anti-PTK7 monoclonal antibodies 3G8, 12C6a,
4D5 and 12C6 bound to the cancer cell lines A-431, Wilms tumor cells G-401, Saos-
2, SKOV-3, PC3, DMS 114, ACHN, LNCaP, DU 145, LoVo and MIA PaCa-2, as
measured by the mean fluorescent intensity (MFI) of staining, These data
demonstrate that the anti-PTK7 HuMAbs bind to a range of cancer cells that express
cell surface PTK7.

Example 7: Binding of anti-PTK7 t0o human T, B and dendritic cells

Anti-PTK7 antibodies were tested for binding to CD4+, CD8+ T-cells, CD19+
B-cells and human blood myeloid dendritic cells expressing PTK7 on their cell
surface by flow cytometry.

Human T cells were activated by anti-CD3 antibody to induce PTX7
expression on T cells prior to binding with a human anti-PTK7 monoclonal antibody.
Binding of the 7¢8 anti-PTK7 human monoclonal antibody was assessed by
incubating the cells with anti-PTK7 human monoclonal antibodies at a concentration
0f 10 pg/ml. In some experiments, a known antibody that binds a T and B-cell
specific marker was used as a positive control. The cells were washed and binding

was detected with a FITC-labeled anti-human IgG Ab. Flow cytometric analyses
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68 1K2 germine a.a. 69 JK3 germine a.a. W claim 1.An isolated
human nonocl onal anti body, or an antigen-binding portion thereof,
wherein the anti body: a) specifically binds to human PTK7; and

were performed using a FACScan flow cytometry (Becton Dickinson, San Jose, CA).
The results are shown in Figures 18 (activated human T cells and B-cells) and 19
(dendritic cells). The anti-PTK7 monocional antibody 7C8 bound to activated human
CDA4+ and CD8+ T cells and dendritic cells, but not to B-cells, as measured by the
mean fluorescent intensity (MFI) of staining. These data demonstrate that the anti-
PTK7 HuMADbs bind to human T-cells and dendritic cells.

Example 8: Internalization of anti-PTK7 monoclonal antibody

Anti-PTK7 HuMAbs were tested for the ability to internalize into PTK7-
expressing cell lines using 2 Hum-Zap internalization assay. The Hum-Zap assay
tests for intemalization of a primary human antibody through binding of a secondary
antibody with affinity for human IgG conjugated to the toxin saporin.

The PTK7-expressing cancer cell lines Wilms tumor G-401 (ATCC Acc No.
CRL-1441), A-431 (ATCC Acc No. CRL-1555) and PC3 (ATCC Acc No. CRL-
1435} were seeded at 1x10* cells/well in 100 pl wells directly. The anti-PTK7
HoMADb antibodies 3G8, 4D5, 12C6 or 7C8 were added to the wells at a starting
concentration of 30 nM and titrated down at 1:3 serial dilutions. An isotype control
antibody that is non-specific for PTK7 was used as a negative control. The Hum-Zap
(Advanced Targeting Systems, San Diego, CA, IT-22-25) was added at a
concentration of 11 nM and plates were allowed to incubate for 72 hours. The plates
were then pulsed with 1.0 uCi of 3H—-th}"ﬂlidine for 24 hours, harvested and read in a
"Top Count Scintillation Counter (Packard Instruments, Meriden, CT). The results are
shown in Figures 20A-D. The anti-PTK?7 antibodies 3G8, 4D5, 12C6 and 7C8
showed an antibody concentration dependent decrease in *H-thymidine incorporation
in the PTK7-expressing Wilms’ Tumor cancer cell line. The anti-PTK7 antibodies
12C6 and 7C8 showed an antibody concentration dependent decrease in H-thymidine
incorporation in the PTK 7-expressing cancer cell lines A-431 and PC3. The ECs
value for the anti-PTK 7 antibodies 3G8, 4D5, 12C6 and 7C8 in Wilms® tumor cells
was 0.6437 nM, 0.2516 nM, 0.2053 nM and 0.1788 nM, respectively. The ECsp value
for the anti-PTK7 antibodies 12C6 and 7C8 in A-431 cells was 0.1657 nM and 0.1826
nM, respectively. The ECsp value for the anti-PTK?7 antibodies 12C6 and 7C8 in PC3
tumor cells was 0.3175 nM and 0.2648 nM, respectively. This data demonstrates that
the anti-PTK7 antibodies 3G8, 4DS5, 12C6 and 7C8 internalize into cancer cells,

83



b) binds to a Wlns' tunor cell line (ATCC Ace No. CRL-1441). 2.The
a%tibody of claim1l which is full-length antibody of an 1gGl or |gG4
i sotype. 3.The antibody of claim1 which is an antibody fragment or a
singl e chain antibody. 4.The antibody of claim1, wherein the
antibody binds to Whns' tunor cells with an EC50 of 4.0 nNIorIIess.
5. The antibody of claim1l, wherein the antibody binds to Wlns' tunor
cells with an ECso of 3.5 nMor less. 6.The antibody of claim1i,
wherein said antibody further binds to a cancer cell |ine selected
fromthe group consisting of A-431 (ATCC Ace No.” CRL-1555), Saos-2

Ace No. HIB-85), SKOy-3 (ATCC Ace No. HTB-77), PC3 (ATCC Ace
(NQ.TCgRL-C %&@@D,l%es%}mnwﬁeﬂ)\i@% of grpxipgeajugap-Hut-RTET Actibokly.

CAL- 1611)on HudMeaPc LAt teligesNO. CRL-1740), DU 145 (ATCC Ace No.
11TB-81) ?onLoV?nffq\TCC Ace No. CCL-229) and M A PaCa-2 (ATCC Ace No.
CRL-1420) cel ™ P eempie, AytEId hmerotienal aniinsies conhigatsd to beryn were an

ant i gen- héstedi fogthe@bAItP R kill PTK7+ human cancer cell lines in a csll proliferation
assay.

The anti-PTK.7 HuMAb antibody 12C6a was conjugated to a toxin via a
linker, such as a peptidyl, hydrazone or disulfide linker. Examples of toxin
compounds that may be conjugated to the antibodies of the current invention are
described in the filed application with Attorney Docket No. 04280/ 100M629US3,
filed on September 26, 2005. The PTK7-expressing Wilms’ tumor human kidney
cancer cell line G-401 (ATCC Acc No. CRL-1441) was seeded at 10 celis/well in
100 pl wells for 3 hours. An anti-PTK?7 antibody-toxin conjugate was added to the
wells at a starting concentration of 100 nM and titrated down at 1:3 serial dilutions.
Plates were allowed to incubate for 48 hours. The plates were then pulsed with 1 uCi
of *H-thymidine for 24 hours before termination of the culture, harvested and read in
a Top Count Sciniillation Counter (Packard Instruments). Figure 21 shows the effects
of the 12C6a-conjugate on the Wilms’ tumor cells. The anti-PTK7 antibody 12Cé6a
showed an antibody-toxin concentration dependent decrease in 3.'[—I—thymidine
incorporation in PTK7-expressing Wilms’ tumor human kidney cancer cell line.

This data demonstrates that anti-PTK7 antibodies conjugated to toxin show
specific cytotoxicity to human kidney cancer cells.

Example 10: Assessment of cell killing of a toxin-conjugated anti-PTK?7 antibody
on human tumor cell lines

In this example, anti-PTK7 monoclonal antibodies conjugated to a toxin were
tested for the ability to kill PTK 7" human tumor cell lines having either low,
intermediate or high cell surface expression of PTK7 in a cell proliferation assay.

The anti-PTK7 HuMADb antibody 12C6a was conjugated to a toxin viaa
linker, such as a peptidyl, hydrazone or disulfide linker. Examples of toxin
compounds that may be conjugated to the antibodies of the current invention are
described in the filed application with Attorney Docket No. 04280/100M629US3,
filed on September 26, 2005. The PTK7-expressing human tumor cancer cell lines
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t hereof, wherein the antibody cross-conpetes for binding to PTK7 with
a reference anti body conprising: a) a human heavy chain vari abl e
regi on conprises an am no acid sequence sel ected fromthe group
consisting of SEQID NGs: 1, 2, 3, and 4; and b) a human |ight chain
vari abl e regi on conprises an am no aci d sequence selected fromthe
group consisting of SEQID NGs: 5, 6, 7, 8 9, and 10. 8. The

anti body of claim?7, wherein the human heavy chain variable region
conprises the ami no acid sequence of SEQ ID NO 1 and the human |i ght

chai n varA-aBLESKOYEMITWWS WweRSsebdidl AN beh i of43EQ,1 D
NO 5. 9. l?I'he ant i bo,d%(/ of claim 7e \Aherqg?%n?ﬁé 1§Qnggﬁl{}g§1\1/sy 'I(‘:I}%acl%%
vari abl e ‘FEYETF REHPIIY Erstedfier eall svsface pepressivnof PEKST in SEQnIB-dNKA QS and

t he humanisaygthe 3Ras NealBlid hOR; | Lne acid
sequence ;fay%E(g;3 I [c)jvtglOc 6, 168%*?%%&%???b%§$%¢§§fg?%§7%g%cgi n the
human he&5§rectioh Ard /e LaNpsel dige snpisesed theslewestieved of REKAckH ssfapeence
of SEQ | Bxpessiomndln tue Piraryaimtibb | ' ' ri ses

t he am no p%d sequence of Sgg %%oﬁ%?%ﬁﬁ%%#ﬁﬁiﬁﬁ§?%§&eg$ggfai m 7,
wherein ¢ ‘%‘f?&ﬁgﬁfé&e 08%%1@{1 sk titsasecbdgquiay aiohi2 erind dilstianst Hen iaotype -
aci d sequened aafib&yQdshshiPag ] AH BB ' arjable

regi on 2?1 ris th% a ) 0 a?:i ( gtggﬁ%_nce' g%ét%%%érfgh%g%% lﬁu%a#:r{@r:"
ant i body "8 S@F&ﬁ?ﬁ“?’, 0‘66%&&%&%%@% chjugatecWeienwashed aldl Ehe glgiesn
conpr i sesontmed s moutisé for SEGEAREMO kilBEFA N3 éﬁﬂ?ﬂﬁ&&c@ﬂ @%Ez'égplto 9

chain vari abl e, region conprises the no acid sequence o

13. The Ef‘?’la?"g%‘béy g‘TlP‘GPlélﬁ ‘?,C%Héﬁeéﬁﬁoaéfnh@nmt fsay yeoohtingtombioabl e
regi on c@pmiesgWI,NEs A Renidsli S ELNED - PR 4, ghdat he human
light chain vari aﬁl eyie Lon conpri s%@ ?ﬁggqgl%gﬁ%lgg? srga%ég%’é’tﬁ?k SEQ
ED NO 10:SFHMeNs, JienY Lt aAo Bberesnbs ace sravimthFigare 220 ThietahtgBTH5-ndi ng
portion tdx&tﬁﬁi’jugat‘emm%&iaﬂﬁn@bddy% LintRak | i that is the
product of derived froma human 1\% C .%gégé%g%e%&éi%ﬁ%aesﬁé? A27

ar :
gene or Wh?%ﬁt@ﬂ&?éswa#’éw-ﬁwesama A6y BKOY3 Chlahg LoMollE. t o PTK7.
This data demonstrates that anti-PTK 7 antibodies conjugated to toxin show
specific cytotoxicity to various human cancer cells.

Example 11: Immunohistochemistry with 3G8, 12Cs6a, 2E11

The ability of the anti-PTK7 HuMAbs 3G8, 12C6a, and 2E11 to recognize
PTK7 by immunohistochemistry was examined using clinical biopsies from lung
cancer, breast cancer, bladder cancer, pancreatic cancer, colon cancer, ovarian cancer,
small intestine cancer & prostate cancer.,

For immunohistochemistry, 5 um frozen sections were used (Ardais Inc,
USA). After drying for 30 minutes, sections were fixed with acetone (at room
temperature for 10 minutes) and air-dried for 5 minutes. Slides were rinsed in PBS
and then pre-incubated with 10% normal goat serum in PBS for 20 min and
subsequently incubated with 10 pg/m1l fifcylated antibody in PBS with 10% normal
goat serum for 30 min at room temperature. Next, slides were washed three times with
PBS and incubated for 30 min with mouse anti-FITC ( 10pg/ml DAKOQ ) at room
temperature. Slides were washed again with PBS and incubated with Goat anti-
mouse HRP conjugate (DAKO) for 30 minutes at room temperature. Slides were
washed again 3x with PBS. Diaminobenzidine (Sigma) was used as substrate,

resulting in brown staining. After washing with distilled water, slides were counter-
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92 15. The isolated nonocl onal antibody or an antigen-binding portion
thereof of «claim 18 further conprising a heavy chain variable region
that is the product of or derived froma human VH 3-30.3 gene, VH
DP44 gene or a human VH 3- 33 gene. 16.The antibody of claim1, which
conprises: a) a heavy chain variable region CORl conprising SEQ I D
NO 11; b) a heavy chain variable region COR2 conprising SEQ ID

NG 15; c¢) a heavy chain variable region CDR3 conprising SEQ NG 19; d)
a light chain variable region CORL conprising SEQ ID NO 23; e) a
light chatathed afithattnets:8QioR: CHRA. SABRIGuehig sER wdre N@s}?e%:fo@gtsigre%g %

l'ight chain.variable regi gn CDR3 conprising SEQ 1D NG 35. 1.
alntg i body "B ‘iif‘ﬂ?ef,wwﬁ 40 eI inglycergy Aﬁégv)gl’é]ﬁ’&i Biopey i abl e

regi on CREhufiehipbiisntigal SRQiBPINelatdd positive staining in the lung cancer, breast
cancer, bladder cancer, pancreatic cancer, colon cancer, ovarian cancer, small
intestine cancer & prostate cancer sections. Normal tissue was always negative for
PTK7 staining whereas within malignant tissue, both cancer activated fibroblasts and
cancerous epithelial cells were observed to be positive for PTK7 staining. The jdentity
of the cancer activated fibroblasts was confirmed in bladder cancer and breast cancer
sections by staining with a Fibroblast Activation Protein antibody ( FAP, Alexis
Biochemicals, San Diego, USA ). FAP is a known marker of cancer activated
fibroblasts (Hofheinz ef al. (2003) Oncologie 26:44-48).

Example 12: Invasion assay

In this example, antibodies directed against PTK7 were tested for the ability to
affect cell invasion in a CHO cell line transfected with PTK7.
The assay was done using a HTS 96-Multiwell Insert System (Cat# 351162, BD
Biosciences, CA) according to the protocol. Either a CHO parent cell line, CHO cells
transfected with full-length PTK7 or a control HEK293 cell line were mixed with
either a pool of antiPTK7 HuMabs or an isotype control antibody prior to the addition
of the cells into the inserts. The mixture (cells+Ab pool) was added into an insert well
in the invasion plate. Following incubation at 37°C with 5% CO2 for 24 hours, the
cells were labeled with a fluorescent dye and cells that invaded to the bottom of the
membrane were quantitated using a fluorescence plate reader. The results are shown
in Figure 23. This data demonstrates that anti-PTK7 antibodies inhibit thé invasion
mobility of cells expressing PTK7 on the cell surface.

Example 13: Treatment of iz vive pancreatic cancer cell xenograft model using
naked and cytotoxin-conjugated anti-PTK7 antibodies

This Example discloses the in vivo treatment of mice implanted with a
pancreatic cell carcinoma tumor with toxin-conjugated anti-PTK7 antibodies to
examine the in vivo effect of the antibodies on tumor growth.

HPAC (human pancreatic adenocarcinoma, ATCC Accession Number CRL-
21189) or other snitable pancreatic cancer cells were expanded 7n vitro using standard

laboratory procedures. Male Ner athymic nude mice (Taconic, Hudson, NY) between

86



b) a heavy chain variable region CDR2 conprising SEQ ID NO 15; c) a
heavy chain variable region CDR3 conprising SEQ ID NG 19; d) a light
chain variable region CDRL conprising SEQ ID NG 24; e) a light chain
variabl e region CDR2 conprising SEQ ID NO 30; and 1) a light chain
variabl e region CDR3 conprising SEQ ID NG 36. 18.The antibody of
claiml, which conprises: a) a heavy chain variable region CORL
conprising SEQ I D NO 12; b) a heavy chain variable regi on COR2
conprising SEQ ED NO 16; c) a heavy chain variable regi on CDR3

conpri si A BEeEsRDagOWVRE implanged sugbutandeasky iu srd rght danle giithre. TORT

Compr i o1 o SR NG Thor BRI APt BE R Ao,
conpri si MmyasER] fp thyopg threg Jirensionally beidg aw tlectraniocdipenhvich weekipr i ses:
after implantation. Tumor volumes were calculated as height x width x length/2.
Mice with HPAC tumors averaging 90 mm? were randomized into treatment groups.
The mice were administered a single intravenous ciose with PBS vehicle, naked anti-
PTK?7 antibody or toxin-conjugated anti-PTK7 HuMADb on Day 0 at the dosage
indicated (umol/kg). Examples of toxin compounds that may be conjugated to the
antibodies of the current i-nvention were described in the pending 11.S. Patent
Application serial number 11/134,826 and the pending U.S. Patent Application
designated MEDX-0034US4. Mice were monitored for tumor growth for 61 days
post dosing. Mice were euthanized when the tumors reached tumor end point (2000
mm®) or ulcerated. Anti-PTK7 antibodies coxijugated to a toxin slowed tumor growth
progression. The results are shown in Figure 24. The anti-tumor effect of the anti-
PTK7 toxin conjugate was dose dependent, with the greatest effect seen at a dose of
0.3 pmol/kg. Treatment with anti-PTK7 toxin conjugate was well tolérated, with
subjects never experiencing greater than 5% median body weight loss (data not
shown). Thus, treatment with an anti-PTK7 antibody-toxin conjugate has a direct in

vivo inhibitory effect on pancreatic cancer tumor growth,

Example 14: Treatment of in vivo breast cancer cell xenograft model using naked
and cytotoxin-conjugated anti-PTK7 antibodies

This Example discloses the ir vivo treatment of mice implanted with an
adriamycin resistance breast carcinoma tumor with toxin-conjugated anti-PTK?7
antibodies to examine the in vive effect of the antibodies on tumor growth.

MCF7-adr (human breast cancer cell line resistant to adriamycin) were
expanded in vitro using standard laboratory procedures. Female CB17.SCID mice
(Taconic, Hudson, NY) between 6-8 weeks of age were implanted subcutaneously
with 1.7 mg 90-day release estrogen pellets, 3.0 mm size (Innovative Research of
America, Sarasota, FL) at the neck region one day prior to being implanted
subcutaneously in the right flank with 10 x10° MCF7-Adr cells in 0.2 ml of
PBS/Matrigel (1:1) per mouse. Mice were weighed and measured for tumors three

dimensionally using an electronic caliper twice weekly after implantation. Tumor
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a) a heavy chain variable region CDRL conprising SEQ ID NO 13; b) a
heavy chain variable region CDR2 conprising SEQ ID NO 17; c) a heavy
chain variable region CDR3 conprising SEQ ID NO 21; d) a light chain
vari able region CDRL conprising SEQ ID NO 26; e) a light chain
vari abl e region CDR2 conprising SEQ ID NO 32; and f) a light chain
vari abl e region CDR3 conprising SEQ ID NG 38. 20. The anti body of
claim1, which conprises: a) a heavy chain variable region CDRL
conprising SEQ ID NG 13; b) a heavy chain variable regi on COR2
conpri si NghSES e pidhcuidted @f haigheawidt Rdéngivar Mibé &ithedCen-a8DR3ors
COmPr i of BferzaGs 1o NS derethndbrdib St BB Rent Brb 2. Fro oS here T
administered a single intravenous dose at 0.1 pmel/kg with PBS vehicle, naked anti-

PTK?7 antibody or toxin-conjugated anti-PTK7 HuMAb on Day 0. Examples of toxin

compounds that may be conjugated to the antibodies of the current invention were

described in the pending U.S. Patent Application serial number 11/ 134,826 and the
pending U.8. Patent Application designated MEDX-0034US4. Mice were monitored
for tumor growth for 63 days post dosing. - Mice were euthanized when the tumors
were ulcerated. The results are shown in Figure 25. Anti-PTK7 antibody toxin
conjugates slowed tumor growth progression. Thus, treatment with an anti-PTK7
antibody-toxin conjugate has a direct in vivo inhibitory effect on breast cancer tumor
growth,

88



e) a light chain variable region CDR2 conprising SEQ ID NO 33; and 0
a light chain variable region CDR3 conprising SEQ ID NG 39. 21.The
anti body of claim1, which conprises: a) a heavy chain variable
region CDR1 conprising SEQ ID NG 14; b) a heavy chain variable region
CDR2 conprising SEQ ID NO 18; c) a heavy chain variable regi on CDR3
conprising SEQ ID NG 22; d) a light chain variable region CDRL
conprising SEQ NO 28; .; e) a light chain variable region CDR2
conprising SEQ ID NG 34; and f) a light chain variable regi on CDR3
conprising SEQ I D NG 40. 22. An isol ated nonocl onal anti body or

anti gen bi pem_eg_t_b,gmL conprising: _a) a heavy chain
vari abl e n [conpri ﬁ%JE(N@Eam no (aSEQ Beqlience oSEQGBRNCE NO T;
and b) a IN@ht [chain variable regiop cqggsis|ng the amino acid
sequence—ef—SEQHDR-NO-5. :
1 VH a.a. 3G8, 3G8a 23 VK CDR1! a.a. 3G8
2 VH a.a. 4D5 24 VK CDR1 a.a. 3G8a
3 VH a.a. 12C6, 12Cé6a 25 VK CDR1 a.a. 4D5
4 VH a.a. 7C8 : 26 VK CDRI1 a.a. 12C6
27 VK CDR1 a.a. 12C6a
5 VK a.a. 3G8 28 VK CDRI1 a.a. 7C8
6 VK a.a. 3G8a
7 VK a.a. 4D5 29 VK CDR2 a.a. 3G8
8 VK a.a. 12C6 30 VK CDR2 a.a. 3G8a
9 VK a.a. 12C6a 31 VK CDR2 a.a. 4D5
10 VK. a.a. 7C8 32 VK CDR2 a.a. 12C6
33 VK CDR2 a.a. 12C6a
11 VH CDR1 a.a. 3G8 34 VK CDR2 a.a. 7C8
12 VH CDR1 a.a, 4D5 '
13 VH CDRI1 a.a. 12C6 35 VK CDR3 a.a. 3G8
14 VH CDR1 a.a. 7C8 36 VK CDR3 a.a. 3G8a
37 VK CDR3 a.a. 4D5
15 VH CDR2 a.a. 3G8 38 VK CDR3 a.a. 12C6
16 VH CDR2 a.a. 4D5 39 VK CDR3 a.a. 12C6a
17 VH CDR2 a.a. 12C6 40 VK CDR3 a.a. 7C8
18 VH CDR2 g.a. 7C8
41 VHn.t. 3G8, 3GRa
19 VH CDR3 a.a. 3G8 42 VH n.t. 4D5
20 VH CDR3 a.a. 4D5 43 VHn.t, 12C6, 12C6a
21 VH CDR3 az.a. 12C6 44 VHnt 7C8
22 VH CDR3 a.a. 7C8
45 VKn.t. 3G8 51 VH 3-30.3 germline a.a.
46 VK n.t 3GS8a 52 VH DP44 germline a.a.
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23. An isol at ed nonocl onal anti body or antigen binding portion thereof
conprising: a) a heavy chain variable region conprising the am no
acid sequence of SEQID NO 1; and b) a light chain variable region
conprising the am no acid sequence of SEQ ID NO 6. 24.An isol ated
nonocl onal anti body or antigen binding portion thereof conprising:

a) a heavy chain variable region conprising the am no acid sequence
of SEQID NG 2; and b) a light chain variable region conprising the
am no acid sequence of SEQ ID NO 7. 25. An isol ated nonocl onal

anti body 4gr ant ifeg0nRi HYE NG port1on t BT eof comrg 5 00m treav
chain variable degion conprising. thelam na acid sequ nce ofagEO ED
NO. 3: and® n.t. 12C6
49 VK n.t. 12C6a 54 VK 115 germline a.a.
50 VK n.t. 7C8 55 - I'VK A10 germline a.a.
56 VK A27 germline a.a.
57 ' VK L6 germline a.a.
58 PTK7 a.a.
59 JH4b germline a.a
60 JH4b germline a.a.
61 3-7 germnline a.a,
62 3-23 germline a.a.
63 JHA4b germline a.a
64 JHG6b genmline a,a.
65 :: JK1 germline a.a.
66 JKS germline a.a.
67 JK2 germline a.a.
68 JK2 germline a.a,
69 JK3 germline a.a.
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b) a light chain variable region conprising the am no acid sequence
of SEQ ID NO 8. 26. An isol ated nonocl onal anti body or antigen binding
portion thereof conprising: a) a heavy chain variable region
conprising the am no acid sequence of SEQ ED NO 3; and b) a light
chain variable region conprising the am no acid sequence of SEQ ED
NG 9. 27. An isol ated nonocl onal anti body or antigen binding portion
t hereof conprising: a) a heavy chain variable region conprising the
am no acid sequence of SEQ ED NO 4; and b) a light chain variable
regi on c¥fpelalsiing t he anmino acid sequence of SEQ ID NO 10. 28. A
conposition conprising the anti body or antigen-binding portion
thereof, of claim1 and a pharmaceutically acceptable carrier. 29. An
i nT nunoc dnj uganesaatep hingrmmonhadosal tantibelly, or aramttiggebirtingpartopor t i on

thereof, wherein the antibody:
a) specifically binds to human PTK7; and
b) binds to a Wilms’ tumor cell line (ATCC Acc No. CRL-1441).

2. The antibody of claim 1 which is full-length antibody of an IgG1 or IgG4

isotype.

3. The antibody of claim 1 which is an antibody fragment or a single chain
antibody.

4. The antibody-of claim 1, wherein the antibody binds to Wilms’ tumor cells
with an ECsp of 4.0 nM or less.

5. The antibody of claim 1, wherein the antibody binds to Wilms* tumor cells

with an ECsq of 3.5 nM or less.

6. The antibody of claim 1, wherein said antibody further binds to a cancer cell
line selected from the group consisting of A-431 (ATCC Acc No. CRL-1555),
Saos-2 (ATCC Acc No. HTB-85), SKOV-3 (ATCC Acc No. HTB-77), PC3
(ATCC Acc No. CRL-1435), DMS 114 (ATCC Acc No. CRL-2066), ACHN
(ATCC Acc No. CRL-1611), LNCaP (ATCC Acc No. CRL-1740), DU 145
(ATCC Acc No. HTB-81), LoVo (ATCC Ace No. CCL-229) and MIA PaCa-2
(ATCC Acc No. CR1L-1420) cell lines.

7. An isolated human monoclonal antibody, or an antigen-binding portion
thereof, wherein the antibody cross-competes for binding to PTK7 with a
reference antibody comprising:

a} a human heavy chain variable region comprises an amino acid sequence
selected from the group consisting of SEQ ID NOs: 1, 2, 3, and 4; and

b) a human light chain variable region comprises an amino acid sequence
selected from the group consisting of SEQ ID NOs: 5, 6, 7, 8, 9, and 10.
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thereof, of claiml1, linked to a therapeutic agent. 30. A
conposition conprising the Mununoconjugate of claim?29 and a

phar maceutically acceptable carrier. 31. The inmmunoconjugate of claim
29, wherein the therapeutic agent is a cytotoxin. 32. A conposition
conprising the i munoconjugate of claim31 and a pharmaceutically
acceptabl e carrier. 33. The i munoconjugate of claim 29, wherein the
therapeutic agent is a radioactive isotope. 34. A conposition

conpri sing the_ i nmunoconj ugate | HhpvhasRybdisal | y
accept abfe carfPapt _Jfgﬁﬂpﬁowﬁ%gﬁhﬁhgPéﬁﬁ%gcid mol ecul e éﬁcoding
the antibody esmpfitdsghearhinndiidgepamte o SEQIDIP;1 aid tbp hvpan lislfs  An
expression vectar caonprising the. nuelel G I R e Ed 18 hd:8) 35.
37. A host ceFPalea’ﬁB%iEFer%m?‘i?énpé‘fﬁérjtg’gg#‘%%@géégts%ar&of cIaE;rim 36. 38. A
met hod for preparing an anti-PTK7 anti body which conprises expressing

the antibody in e, oSt GEh7, SheftiPltlihaaliilal 5alei vividiggiant | body
comprises the amino acid sequence of SEQ ID NO:1 and the human light

chain variable region comprises the amino acid sequence of SEQ ID NO:6.

10. The antibody of claim 7, wherein the buman heavy chain variable region
comprises the amino acid sequence of SEQ ID NO:2 and the human light

chain variable region comprises the amino acid sequence of SEQ ID NOG:7.

11. The antibody of claim 7, wherein the human heavy chain variable region
comprises the amino acid sequence of SEQ 1D NO:3 and the human light

chain variable region comprises the amino acid sequence of SEQ ID NO:8.

12.  The antibody of claim 7, wherein the human heavy chain variable region
comprises the amino acid sequence of SEQ ID NO:3 and the human light

chain variable region comprises the amino acid sequence of SEQ ID NO:S.

13. The antibody of claim 7, wherein the human heavy chain variable region
comprises the amino acid sequence of SEQ ID NO:4 and the human light

chain variable region comprises the amino acid sequence of SEQ ID NO:10.

14.  Amn isolated monoclonal antibody, or an antigen-binding portion thereof,
comprising a light chain variable region that is the product of or derived from
a human Vi L15 gene, Vg A10 gene, Vg A27 gene or Vi L6 gene wherein the
antibody specifically binds to PTX7.
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39. A nethod of treating or preventing a disease characterized by
growt h of tunor cells expressing PTK7, conprising admnistering to a
subj ect the anti body or antigen-binding portion thereof, of claiml
in an anount effective to treat or prevent the disease. 40. The

met hod of claim 39, wherein the disease is cancer. 41. The nethod of
claim 40, wherein the cancer is selected fromthe group consisting of
col on cancer, |lung cancer, breast cancer, pancreatic cancer,

mel anoma, acute nyel oid | eukem a, ki dney cancer, bl adder cancer,
ovari an cancer and prostate cancer. 42. The nmethod of claim41,

wher ein e cancer is_pancreatic cancer. 43. The nmethod of claim 41,
wher ei n :]E'e c 'éqolqtgd Boagdpna apikady or an antigen-binding portion thereof of

claim 18 further comprising a heavy chain variable region that is the product
of or derived from a human Vy 3-30.3 gene, Vg DP44 gene or a human Vy 3-
33 gene.

16. The antibody of claim 1, which comprises:
a) a heavy chain variable region CDR1 comprising SEQ ID NO:11;
b) a heavy chain variable region CDR2 comprising SEQ ID NO:15;
¢) a heavy chain variable region CDR3 comprising SEQ ID NO:19;
d) a light chain variable region CDR1 comprising SEQ ID NO:23;
e) a light chain variable region CDR2 comprising SEQ ID NO:29: and
f) a light chain variable region CDR3 comprising SEQ ID NO:35.

17. The antibody of claim 1, which cormprises:
a) a heavy chain variable region CDR1 comprising SEQ ID NO:11;
b) a heavy chain variable region CDR2 comprising SEQ ID NO:15;
c) 2 heavy chain variable region CDR3 comprising SEQ ID NO:19;
d) a light chain variable region CDR1 comprising SEQ ID NO:24;
e) a light chain variable region CDR2 comprising SEQ ID NO:30; and
f) a light chain variable region CDR3 comprising SEQ ID NO:36.

18. The antibody of claim 1, which comprises:
a) a heavy chain variable region CDR1 comprising SEQ ID NO:12;
b} a heavy chain varjable region CDR2 comprising SEQ ID NO:16;
¢) a heavy chain variable region CDR3 comprising SEQ ID NO:20;
d) a light chain variable region CDR1 comprising SEQ ID NO:25;
e) a light chain variable region CDR2 comprising SEQ ID NO:31; and
f) a light chain variable region CDR3 comprising SEQ ID NO:37.

19. The antibody of claim 1, which comprises:
a) a heavy chain variable region CDR1 comprising SEQ ID NO:13;
b) a heavy chain variable region CDR2 comprising SEQ ID NO:17;
¢} a heavy chain variable region CDR3 comprising SEQ ID NO:21:;
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20.

21.

22.

23.

d) a light chain variable region CDR1 comprising SEQ ID NO:26;
e) a light chain variable region CDR2 comprising SEQ ID NOQ:32; and
1) a light chain variable region CDR3 comprising SEQ ID NQO:38.

The antibody of claiin 1, which comprises:

a) a heavy chain variable region CDR1 comprising SEQ ID NO:13;

b) a heavy chain variable region CDR2 comprising SEQ ID NO:17;

¢) a heavy chain variable region CDR3 comprising SEQ ID NO:21;

d) a light chain variable region CDR1 comprising SEQ ID NO:27;

e) a light chain variable region CDR2 comprising SEQ ID NO:33; and
1) a light chain variable region CDR3 comprising SEQ ID NO:39.

The antibody of claim 1, which comprises:

a) a heavy chain variable region CDR1 comprising SEQ ID NO:14;

b) a heavy chain variable region CDR2 comprising SEQ ID NO:18;

c) a heavy chain variable region CDR3 comprising SEQ ID NO:22;

d) a light chain variable region CDR1 comprising SEQ ID NO:28;
¢} a light chain variable region CDR2 comprising SEQ ID NO:34: and
f) a light chain variable region CDR3 comprising SEQ ID NO:40.

An isolated monoclonal antibody or antigen binding portion thereof

comprising:

a) a heavy chain variable region comprising the amino acid sequence of SEQ

IDNO:1; and

b) a light chain variable region comprising the amino acid sequence of SEQ

ID NO:5.

An isolated monoclonal antibody or antigen binding portion thereof

comprising:

a) a heavy chain variable region comprising the amino acid sequence of SEQ

IDNO:1; and

b) a light chain variable region comprising the amino acid sequence of SEQ

ID NO:6.
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24,

25.

26.

27.

28.

29.

An isolated monoclonal antibody or antigen binding portion thereof
comprising:

a) a heavy chain variable region comprising the amino acid sequence of SEQ
ID NO:2; and

b) a light chain variable region comprising the amino acid sequence of SEQ
ID NO:7.

An isolated monoclonal antibody or antigen binding portion thereof
comprising:

a) a heavy chain variable region comprising the amino acid sequence of SEQ
ID NO:3; and ' ‘

b) a light chain variable region comprising the amino acid sequence of SEQ
ID NO:8.

An isolated monoclonal antibody or antigen binding portion thereof
comprising:

a) a heavy chain variable region comprising the amino acid sequence of SEQ
ID NO:3: and

b) a light chain variable region comprising the amino acid éequence of SEQ
ID NO:9.

An isolated monoclonal antibody or antigen binding portion thereof
comprising:

a) a heavy chain variable region comprising the amino acid sequence of SEQ
1D NO:4; and

b) a light chain variable region comprising the amino acid sequence of SEQ
ID NO:10.

A. composition comprising the antibody or antigen-binding portion thereof, of

claim 1 and a pharmaceutically acceptable carrier.

An immunoconjugate comprising the antibody or antigen-binding portion

thereof, of claim 1, linked to a therapeutic agent.



30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

A composition comprising the immunoconjugate of claim 29 and a

Pharmaceutically acceptable carrier.

The immunoconjugate of claim 29, wherein the therapeutic agent is a

cytotoxin.

A composition comprising the immunoconjugate of claim 31 and a

pharmaceutically acceptable carrier.

‘The immunoconjugate of claim 29, wherein the therapeutic agentisa

radioactive isotope.

A composition comprising the immunoconjugate of claim 33 and a

pharmaceutically acceptable carrier.

An isolated nucleic acid molecule encoding the antibody or anti gen-binding

portion thereof, of claim 1.

An expression vector comprising the nucleic acid molecule of claim 35.

A host cell comprising the expression vector of claim 36.

A method for preparing an anti-PTK.7 antibody which comprises expressing
the antibody in the host cell of claim 37 and isolating the antibody from the
host cell.

A method of treating or preventing a disease characterized by growth of furmnor
cells expressing PTK7, comprising administering to a subject the antibody or

antigen-binding portion thereof, of claim 1 in an amount effective to treat or

prevent the disease.

The method of claim 39, wherein the disease is cancer.
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41.

42,

43,

The method of claim 40, wherein the cancer is selected from the group
consisting of colon cancer, lung cancer, breast cancer, pancreatic cancer,
melanorna, acute myeloid leukemia, kidney cancer, bladder cancer, ovarian
cancer and prostate cancer. )

The method of claim 41, wherein the cancer is pancreatic cancer.

The method of claim 41, wherein the cancer is breast cancer.
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