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Procedures

The cAC10 parent and variant antibodies prepared as described in Example 1 were
purified by protein A followed by anion exchange chromatography using an
AKTAexplorer (GE Healthcare, Piscataway, NJ). Briefly, the antibody-containing

5 conditioned media were concentrated ~10-fold and buffer-exchanged into PBS, pH 7.4 by
tangential flow filtration (Millipore). The concentrated samples were treated with 0.5%
(v/v) Triton X-100 (Sigma, St. Louis, MO) with gentle stirring overnight at 4°C for
endotoxin removal, before loading onto protein A (GE Healthcare) pre-equilibrated with
PBS, pH 7.4. The column was washed with PBS, pH 7.4, 2-3 column volumes (CV) 0.5%

10  v/v Triton X-100, 1 M NaCl in PBS, pH 7.4 then with PBS, pH 7.4 until a stable baseline
was reached. Bound antibody was eluted from protein A with 30 mM sodium acetate, pH
3.6 and then dialyzed against 20 mM Tris-HCIl, 10 mM NaCl, 1 mM EDTA, pH 8.0
(buffer A). The pooled antibody was then loaded on to Q sepharose (GE Healthcare) pre-
equilibrated with buffer A and washed with 2-3 CV buffer A, 5-10 CV buffer A

15  containing 0.5% (v/v) Triton X-100 with incubation and 5 CV buffer A. Antibodies were
eluted from Q sepharose by either step or linear NaCl gradient (from 10-500 mM NaCl in
buffer A) and dialyzed against PBS, pH 7.4. Purified antibodies were analyzed by SDS-
PAGE and by TSK-Gel G3000SW HPLC size exclusion chromatography (Tosoh
Bioscience, Montgomeryville, PA).

20 Conjugation of cAC10 Cys—Ser antibody variants with either 2 (C2v1-E2, C2v2-
E2) or four (C4v1-E4, C4v2-E4 and C4v3-E4) equivalents of MMAE molecules involved
reduction with a few (2.5 to 4) equivalents of tris(2-carboxyethyl)phosphine (Acros
Organics, Geel, Belgium) and conjugation to maleimidocaproyl-valine-citrulline-p-
aminobenyzoyl-MMAE (vceMMAE) (Doronina et al., supra) without removal of excess

25  tris(2-carboxyethyl)phosphine. Prior to drug addition the extent of reduction was assessed
by purifying a small amount of the reduction reaction through a PD-10 column (GE
Healthcare) and titrating the number of antibody-cysteine thiols with 5,5 -dithio-bis(2-
nitrobenzoic acid) (Ellman, Arch. Biochem. Biophys. 74:443-450 (1958)). The reduced
antibodies were reacted with veMMAE for 60 min at 0°C and excess N-acetylcysteine

30  (Acros Organics) was then added to quench any unreacted maleimidocaproyl-Val-Cit-
MMAE. The reaction mixture was then diluted 5-fold with water and then loaded on to
hydroxyapatite column equilibrated with 10 mM sodium phosphate pH 7.0, 10 mM NaCl.
The column was washed with 5 CV of the same buffer and the conjugate eluted with 100
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mM sodium phosphate pH 7.0, 10 mM NaCl. The conjugates were concentrated and
buffer-exchanged into PBS using Amicon Ultrafree centrifugal filter units (Millipore).

The generation of parent cAC10 conjugates with a mean stoichiometry of 4 drugs
per antibody (range of 0 to 8 drugs), C8-E4 mixture (C8-E4M), and 2 drugs per antibody,
C8-E2M, have been described (Hamblett et al., supra) (Sun et al., Bioconjug. Chem.
16:1282-1290 (2005)). C8-E2M was subjected to hydrophobic interaction
chromatography to isolate conjugates loaded with 4 (C8-E4) and 2 (C8-E2) MMAE
molecules per antibody, as previously described (Hamblett et al., supra).

ADCs were analyzed to determine the stoichiometry of drug loading using the
molar extinction coefficients at wavelengths of 248 nm and 280 nm for the antibody (9.41
x 10* and 2.34 x 10° M em!, respectively) and drug (1.50 x 10% and 1.59 x 10*M™' em™,
respectively), as previously described (Hamblett et al., supra). The location of drug
attachment to the antibody heavy and light chains was investigated by reverse phase
HPLC using a PLRP-S column (Polymer Laboratories, Amherst, MA; #1912-1802: 1000
A, 8 um, 2.1 x 150 mm) and solvents A (0.05% (v/v) trifluoroacetic acid in water) and
solvent B (0.04% (v/v) trifluroacetic acid in acetonitrile). The running conditions (1
ml/min, 80°C) were: isocratic 25% solvent B (3 min), linear gradient to 50% solvent B (25
min), linear gradient to 95% solvent B (2 min), linear gradient to 25% solvent B (1 min),
and isocratic 25% solvent B for 2 min. Prior to chromatography ADC samples (10-20 pl,
1 mg/ml) were reduced with 20 mM DTT at 37 °C for 15 min to cleave the remaining
inter-chain disulfide bonds.
Results

The cAC10 parent antibody (C8) was partially reduced to yield a mean of 2 or 4
sulthydryl groups per antibody and then reacted with veMMAE. The corresponding
conjugation products, C8-E2M and C8-E4M, have a mean loading of 2 and 4 equivalents
of MMAE respectively. C8-E2M and C8-E4M are mixtures of species loaded with 0, 2, 4,
6 or 8 equivalents of MMAE per antibody (Hamblett et al., supra). Conjugates with
uniform stoichiometry of either 2 (C8-E2), or 4 (C8-E4) equivalents of MMAE were
purified from the C8-E2M mixture by hydrophobic interaction chromatography as
previously described (Hamblett et al., supra). MMAE conjugates of the engineered
antibody variants were generated by reduction of the antibody followed by reaction with
veMMAE.

For each ADC, the observed drug loading stoichiometry by spectrophotometric
(Hamblett et al., supra) and reverse phase HPLC analyses (Sun et al., supra) closely
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matched those expected. Peak area analysis following size exclusion chromatography
suggested that all ADCs were > 98% monomeric (Doronina et al., supra). The yield of the
Cys—Ser variant conjugates (89-96%) was greatly improved compared to the conjugates
C8-E4 (11%) and C8-E2 (27%) purified from C8-E2M. SDS-PAGE analysis of the ADCs
under reducing conditions showed the expected reduced motility of the MMAE conjugated
light chains in C2v2-E2, C8-E2, C4v2-E4, C8-E4 and C8-E4M compared to the
unconjugated light chains in the other ADCs. The decreased motility of the conjugated
heavy chains was less pronounced but the heterogeneity of conjugated heavy chains in C8-
E2 and C8-E4M was apparent (Figure 1C).

Reverse phase HPLC under reducing conditions was used to evaluate ADC
heterogeneity. This method resolves light chains loaded with O or 1 equivalents of MMAE
(L-EQ and L-E1, respectively) as well as heavy chains loaded with 0, 1, 2, or 3 equivalents
of MMAE (H-EO, H-E1, H-E2 and H-E3, respectively). C8-E4M (Figure 6A) is the most
heterogeneous conjugate containing all 6 possible species. Purification of C8-E4M to
generate C8-E4 reduces the heterogeneity down to 4 species: L-EO0, L-E1, H-E1 and H-E2
(Figure 6B). The homogeneity of cAC10 Cys—Ser variants is demonstrated by the
presence of the anticipated single light and heavy chain peaks, L-EO plus H-E2, and L-E1
plus H-E1, for C4v1-E4 (Figure 6C) and C4v2-E4 (Figure 6D), respectively.

In vitro characterization of cACI10 variants and drug conjugates
Procedures

CD30-positive ALCL line Karpas-299 and CD30-negative WSU-NHL were
obtained from the Deutsche Sammlung von Mikroorganism und Zellkulturen GmbH
(Braunschweig, Germany). L540cy, a derivative of the HD line L540 adapted to
xenograft growth, was developed by Dr. Harald Stein (Institiit fiir Pathologie, University
Veinikum Benjamin Franklin, Berlin, Germany). Cell lines were grown in RPMI-1640
media (Life Technologies, Gaithersburg, MD) supplemented with 10% fetal bovine serum.

Competition binding of the cAC10 variants and their corresponding ADCs was
undertaken to assess the impact of mutations and drug conjugation upon antigen binding.
Briefly, CD30-positive Karpas-299 cells were combined with serial dilutions of the
cAC10 parent antibody, variants or corresponding ADC (prepared as described in
Example 1), in the presence of 1 ug/ml cAC10 labeled with europium (Perkin Elmer,
Boston, MA) in staining medium (50 mM Tris-HCI pH 8.0, 0.9% NaCl (w/v), 0.5%
bovine serum albumin (w/v), 10 uM EDTA) for 30 min on ice then washed twice with ice-
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cold staining medium. Labeled cells were detected using a Fusion HT microplate reader
(Perkin-Elmer). Sample data were baseline-corrected and reported as the percent of
maximum fluorescence as calculated by the sample fluorescence divided by the
fluorescence of cells stained with 1 pg/ml cAC10-europium alone.

Growth inhibition of CD30-positive Karpas 299 or L540cy cells or CD30-negative
WSU-NHL cells treated with cAC10 Cys—Ser variant conjugates was determined by
incubating conjugates with cells for 92 h followed by incubation with 50 uM resazurin for
4h at 37 °C. Dye reduction was measured using a Fusion HT microplate reader. Data were
analyzed by a non-least squares 4-parameter fit using Prism v4.01 (GraphPad Software
Inc, San Diego, CA).

Results

Competition binding experiments revealed that neither Cys—Ser mutations (Table
1) nor MMAE conjugation (Table 5) impaired antigen binding. Next the cytotoxicities of
the cAC10 Cys—Ser variant conjugates were assessed on CD30 positive (Karpas-299 and
L540cy) and negative (WSU-NHL) cell lines. The C2v1-E2 and C2v2-E2 conjugates had
very similar potency to C2-E2 on both CD30 positive cell lines (Table 5). Similarly,
C4v1-E4, C4v2-E4, C8-E4M and C8-E4 displayed similar activity on both CD30 positive
cell lines tested (Table 5). Thus, precisely defining the site of stoichiometry of drug
attachment did not significantly impact the cytotoxic activity of the conjugate. Increasing
the amount drug loading from 2 to 4 MMAE/Ab increased the potency (reduced ICso
values) consistent with previous observations (Hamblett et al., supra). CD30 negative

WSU-NHL cells were insensitive to all cAC10 ADCs.
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Antitumor activity of antibody Cys—Ser variant conjugates in vivo

Xenograft models

5 x 10° Karpas-299 or L540cy cells were implanted into the right flank of C.B-17
SCID mice (Harlan, Indianapolis, IN) to establish a subcutaneous disease model of
anaplastic large cell lymphoma or Hodgkin’s disease, respectively. Tumor volume was
calculated using the formula (A x B?)/2, where A and B are the largest and second largest
perpendicular tumor dimensions, respectively. Tumor bearing mice were randomly
divided into groups of 8-10 animals when the mean tumor volume was 100 mm’. Mice
groups were either left untreated or treated with a single intravenous dose of an ADC. For
the L540cy xenograft studies the doses used were 6.0 and 12.0 mg/kg for the 2 drug/Ab
conjugates and 3.0 and 6.0 mg/kg for the 4/drug Ab conjugates. For the Karpas 299
xenograft model doses used were 0.5, 1.0 and 2.0 mg/kg for the 2 drug/Ab conjugates and
0.5 and 1.0 mg/kg for the 4 drug/Ab conjugates. A tumor that decreased in size such that
it was impalpable was defined as a complete regression. A complete regression that lasted
beyond 100 d post tumor implant was defined as a “cure”. Animals were euthanized when
tumor volumes reached ~1000 mm?.
Results

The efficacies of the cAC10 Cys—Ser variant drug conjugates, C2v1-E2, C2v2-
E2, C4v1-E4 and C4v2-E4, were compared to conjugates of the parent antibody, C8-E2,
C8-E4 and C8-E4M, in subcutaneous xenograft models of anaplastic large cell lymphoma
(Karpas-299) and Hodgkin’s disease (L540cy) in SCID mice. Briefly, mice bearing 100
mm? 1.540cy tumors (mean size) were dosed once with a 2 drug/Ab conjugate (6.0 or 12.0
mg/kg) or a 4 drug/Ab conjugate (3.0 or 6.0 mg/kg) or left untreated. Responses to
treatment with C2v1-E2 and C2v2-E2 were comparable and complete regressions were
induced at both 6.0 and 12.0 mg/kg doses (Figure 7A, B). C8-E2 was slightly more potent
than C2v1-E2 and C2v2-E2 with cures achieved at both dose levels (Figure 3A, B).
Karpas 299 xenograft models treated with single doses of the 2-drug loaded conjugates
showed similar response trends with 3 of the 10 animals achieving complete regressions
for C2v1-E2 and C2v2-E2 and 8 of 10 complete regressions for C8-E2 at a 1 mg/kg dose
(data not shown). Treatment of L540cy xenograft models with C4v1-E4, C4v2-E4, C8-E4
and C8-FE4M resulted in comparable responses with cures achieved at both 3 and 6 mg/kg
for each ADC (Figure 7C, D). Treatment of Karpas 299 models with the 4-drug loaded
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variants at 0.5 and 1 mg/kg also showed no discrimination between molecules (data not

shown).

Determination and Analysis of Maximum tolerated dose

The single dose tolerability of each ADC was determined in Sprague-Dawley rats
(Harlan, IN). Groups of three rats were injected with 40-80 mg/kg of C2v1-E2, C2v2-E2
and C8-E2 and 20-40 mg/kg of C4v1-E4, C4v2-E4, C8-E4 and C8-E4M via the tail vein
to determine the single dose maximum tolerated dose (MTD). Rats were monitored daily
for 14 d, and both weight and clinical observations were recorded. Rats that developed
significant signs of distress were euthanized. The maximum tolerated dose was defined as
the highest dose that did not induce > 20% weight loss or severe signs of distress in any of

the animals.

For the 2-drug loaded conjugates rats were dosed at 40, 60 and 80 mg/kg. The 40
mg/kg dose was well tolerated while the 60 mg/kg dose was only well tolerated by rats
treated with C2v2-E2. One animal injected with 60 mg/kg of C2v1-E2 was sacrificed on
day 7 while the remaining 2 animals had a maximum weight loss 6% on day 8 after which
weight loss was recovered. One animal dosed with 60mg/kg of C8-E2 displayed 11%
weight loss and was found dead on day 11. The 80 mg/kg dose of each 2-loaded ADC
was not well tolerated. Based on these data the MTDs of C2v1-E2, C2v2-E2 and C8-E2
were determined to be 40, 60 and 40 mg/kg, respectively. The 4-drug loaded ADCs were
each dosed at 20, 30 and 40 mg/kg. Animals injected with the 20 mg/kg dose of C4v1-E4
and C8-E4 experienced no adverse effects while several animals in the groups treated with
the 20 mg/kg doses of C4v2-E4 and C8-E4M showed signs of distress and one from each
group was sacrificed on day 9. The higher doses of 30 and 40 mg/kg of each 4-drug
loaded ADC were not tolerated. The MTDs for C4v1-E4 and C8-E4 were determined to
be 20 mg/kg while the MTDs for C4v2-E4 and C8-E4M were determined to be < 20

mg/kg.
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No license is expressly or implicitly granted to any patent or patent applications
referred to or incorporated herein. The discussion above is descriptive, illustrative and

exemplary and is not to be taken as limiting the scope defined by any appended claims.

Various references, including patent applications, patents, and scientific
publications, are cited herein, the disclosures of each of which is incorporated herein by

reference in its entirety.
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Claims:

1. An immunoconjugate comprising:

an engineered antibody having (a) a functionally active antigen-binding region for
a target antigen, (b) at least one interchain cysteine residue, (c) at least one amino acid
substitution of an interchain cysteine residue, and (d) a diagnostic, preventative or

therapeutic agent conjugated to at least one interchain cysteine residue.

2. The immunoconjugate of claim 1, having four interchain cysteine residues

and four amino acid substitutions of interchain cysteine residues.

3. The immunoconjugate of claim 1, comprising two interchain cysteine

residues and six amino acid substitutions of interchain cysteine residues.
4. The immunoconjugate of claim 1, which is an IgG1 or an IgG4.

5. The immunoconjugate of claim 1, wherein each the amino acid

substitutions is a cysteine to serine substitution.

6. The immunoconjugate of claim 1, wherein the diagnostic, preventative or

therapeutic agent is a therapeutic agent.

7. The immunoconjugate of claim 6, wherein the therapeutic agent is an

auristatin or an auristatin derivative.

8. The immunoconjugate of claim 7, wherein the auristatin derivative is
dovaline-valine-dolaisoleunine-dolaproine-phenylalanine (MMAF) or

monomethyauristatin E (MMARE).

9. The immunoconjugate of claim 1, wherein the diagnostic, preventative or

therapeutic agent is a diagnostic agent.

10. The immunoconjugate of claim 9, wherein the diagnostic agent is a

radioactive agent, an enzyme, a fluorescent compound or an electron transfer agent.

11. The immunoconjugate of claim 1, wherein the antibody binds to CD20,
CD30, CD33, CD40, CD70 or Lewis Y.
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12.  The immunoconjugate of claim 1, wherein the antibody binds to an

immunoglobulin gene superfamily member, a TNF receptor superfamily member, an
integrin, a cytokine receptor, a chemokine receptor, a major histocompatibility protein, a

lectin, or a complement control protein.

13. The immunoconjugate of claim 1, wherein the antibody binds to a

microbial antigen.

14. The immunoconjugate of claim 1, wherein the antibody binds to a viral

antigen.

15. The immunoconjugate of claim 1, wherein the antibody is an anti-nuclear
antibody, anti-ds DNA antibody, anti-ss DNA antibody, anti-cardiolipin antibody IgM or
IgG, anti-phospholipid antibody IgM or IgG, anti-SM antibody, anti-mitochondrial
antibody, anti-thyroid antibody, anti-microsomal antibody, anti-thyroglobulin antibody,
anti-SCL 70 antibody, anti-Jo antibody, anti-U1RNP antibody, anti-La/SSB antibody, anti-
SSA antibody, anti-SSB antibody, anti-perital cells antibody, anti-histone antibody, anti-
RNP antibody, anti-C ANCA antibody, anti-P ANCA antibody, anti-centromere antibody,
anti-fibrillarin antibody, or anti-GBM antibody.

16. The immunoconjugate of claim 1, wherein the antibody is an antibody
fragment.
17. The immunoconjugate of claim 16, wherein the antibody fragment is

selected from Fab, Fab' and scFvFc.

18. The immunoconjugate of claim 17, wherein the fragment is an Fab' or an

scFvFc.

19. The immunoconjugate of claim 1, having the following formula:

Ab—A;~W,,~Y,~D),

or a pharmaceutically acceptable salt or solvate thereof,
wherein:

Ab is an antibody,
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A is a stretcher unit,

aisOorl,

each W is independently a linker unit,

w is an integer ranging from O to 12,

Y is a spacer unit, and

yis 0,1 or2,

p ranges from 1 to about 20, and

D is a diagnostic, preventative and therapeutic agent, and

z is the number of predetermined conjugation sites on the protein.

20. The immunoconjugate of claim 19, having the formula:

O

N—R17-C(O)—W,,—Y,D

O
- - P

wherein R' is selected from -C;-Cyg alkylene-, -C3-Cg carbocyclo-, -O-(C1-Cs
alkyl)-, -arylene-, -C;-Cj alkylene-arylene-, -arylene-C;-Cig alkylene-, -C;-C, alkylene-
(C3-Cs carbocyclo)-, -(Cs-Cg carbocyclo)-C;-Cyg alkylene-, -C3-Cg heterocyclo-, -C1-Cyy
alkylene-(Cs-Cg heterocyclo)-, -(C3-Cg heterocyclo)-C;-Cyp alkylene-, -(CH>CH,0),~-, and -
(CH,CH,0),-CHy-.

21. The immunoconjugate according to claim 19, having the following

formula:

Ab—S—R'7-C(O0)—W,,~Y,—D
p
wherein R'7 is selected from -C;-Cyo alkylene-, ~-Cs-Cg carbocyclo-, -O-(Ci-Cg
alkyl)-, -arylene-, -C1-Cyo alkylene-arylene-, -arylene-Ci-Cjg alkylene-, -C;-C;q alkylene-
(C5-Cs carbocyclo)-, -(Cs-Cs carbocyclo)-C;-Cyo alkylene-, -Cs-Cs heterocyclo-, -C1-Cyo
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alkylene-(Cs-Cs heterocyclo)-, -(C3-Cg heterocyclo)-C-Cyg alkylene-, -(CH,CH,0),~, and -
(CH,CH,0),-CH,-.

22. The immunoconjugate of claim 19, having the formula:

-s
7%'(\11\/\)?\@-0& N OJ\'\K( ﬁ \J\?\"’(j\/'YO OH ) P
O

Ab-MC-vc-PAB-MMAF

23. The immunoconjugate of claim 19, having the formula:
Ab-S
H ©H
e S T j; e j?* %“TKQ
No~~val-cit-N O. O
(@) H p
10 Ab-MC-vc-PAB-MMAE
24. The immunoconjugate of claim 19, having the formula:

%Mifﬁ%% o)

15 Ab-MC-MMAE
25. The immunoconjugate of claim 19, having the formula:
__S O
O H O
N~~~ N.. y
e LM |
© O< Oo0oH
p
Ab-MC-MMAF
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26. A pharmaceutical composition comprising the immunoconjugate of claim 1

and a pharmaceutically acceptable cartrier.

27.  The pharmaceutical composition of claim 26, wherein the

immunoconjugate is formulated with a pharmaceutically acceptable parenteral vehicle.

5 28. The pharmaceutical composition of claim 26, wherein the

immunoconjugate is formulated in a unit dosage injectable form.

29. A method for killing or inhibiting the proliferation of tumor cells or cancer
cells comprising treating tumor cells or cancer cells with an amount of the .
immunoconjugate of claim 6, or a pharmaceutically acceptable salt or solvate thereof,

10  being effective to kill or inhibit the proliferation of the tumor cells or cancer cells.

30. A method for treating cancer comprising administering to a patient an
amount of the immunoconjugate of claim 6 or a pharmaceutically acceptable salt or

solvate thereof, said amount being effective to treat cancer.

31. A method for treating an autoimmune disease, comprising administering to
15  apatient an amount of the immunoconjugate of claim 6 or a pharmaceutically acceptable

salt or solvate thereof, the amount being effective to treat the autoimmune disease.

32. A method for treating an infectious disease, comprising administering to a
patient an amount of the immunoconjugate of claim 6 or a pharmaceutically acceptable

salt or solvate thereof, the amount being effective to treat the infectious disease.
20 33. An article of manufacture comprising
an antibody drug conjugate compound of claim 6;
a container; and

a package insert or label indicating that the compound can be used to treat cancer
characterized by the overexpression of at least one of CD20, CD30, CD33, CD40, CD70
25 and Lewis Y.

34. A method for the diagnosis of cancer, comprising administering an

effective amount of the immunoconjugate of claim 9 to a patient, wherein the
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immunoconjugate binds to an antigen overexpressed by the cancer; and detecting the

immunoconjugate in the patient.

35. A method for the diagnosis of an infectious disease, comprising
administering an effective amount of the immunoconjugate of claim 9 to a patient,
wherein the immunoconjugate binds to a microbial or viral antigen; and detecting the

immunoconjugate in the patient.

36. A method for the diagnosis of an autoimmune disease, comprising
administering an effective amount of the immunoconjugate of claim 9 to a patient,
wherein the immunoconjugate binds to an antigen associated with the autoimmune

disease; and detecting the immunoconjugate in the patient.
37. A method for preparing an immunoconjugate, comprising:

(a) culturing a host cell expressing an engineered antibody, the engineered
antibody comprising (i) a functionally active antigen-binding region for a target antigen,
(ii) at least one interchain cysteine residue, and (iii) at least one amino acid substitution of
an interchain cysteine residue, the host cells being transformed or transfected with an

isolated nucleic acid encoding the engineered antibody;

(b) recovering the antibody from the cultured host cells or the culture medium;

and

(c) conjugating a diagnostic, preventative or therapeutic agent to the at least one

interchain cysteine residue.

38. The method of claim 37, wherein the amino acid substitution is a cysteine

to serine substitution.

39. The method of claim 37, wherein the antibody is an intact antibody or an

antigen-binding fragment.

40. The method of claim 39, wherein the antigen binding fragment is an Fab,

Fab' or scFvFc.
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Figure 1
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Figure 5
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Figure 6
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<110>

<120>

<130>

<140>
<141>

<150>
<151>

<150>
<151>

<160>
<170>
<210>
<211>
<212>
<213>

<220>
<223>

<400>

SEQUENCE LISTING
Seattle Genetics, Inc.
McDonagh, Charlotte
Carter, Paul
Engineered Antibody Drug Conjugates
018891-001300PC

WO 00/0000/000000
2005-11-29

Us 60/631,757
2004-11-29

US 60/673,146
2005-04-19

19

PatentIn version 3.3
1

42

DNA

Artificial

Primer C2268:C229S8

1

gacaaaactc acacatcccc accgtcccca gcacctgaac tc

<210>
<211>
<212>
<213>

<220>
<223>

<400>

2

38

DNA
Artificial

Primer C2208

2

gttgagccca aatcttctga caaaactcac acatgccce

<210>
<211>
<212>
<213>

<220>
<223>

<400>

3

32

DNA
Artificial

Primer C226S

3

gacaaaactc acacatcccc accgtgccca gc

<210>
<211>

4
38

1/21
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<212>
<213>

<220>
<223>

<400>

DNA
Artificial

Primexr C220S

4

gttgagcceca aatcttctga caaaactcac acatcccce

<210>
<211>
<212>
<213>

<220>
<223>

<400>

5

33

DNA
Artificial

Primer C218S

5

cttcaacagg ggagagtctt agacgcgtat tgg

<210>
<211>
<212>
<213>

6

1401

DNA
Artificial

<220>
<223>

<400> 6
atgggatgga

atccagctgc
tgcaaggctt
ggacagggac
gagaagttca
cagctcagca
tactggtttg
ggcccatcgg
ctgggctgcce
gccctgacca
ctcagcagcyg
gtgaatcaca
aaaactcaca

ctcttccece

gtggtggtygy

gctggatctt
agcagtctgg
ctggctacac
ttgagtggat
agggcaagge
gcctgacatc
cttactgggg
tcttceccecect
tggtcaagga
gcggcegtgea
tggtgaccgt
agcccagcaa
catgcccacc
caaaacccaa

acgtgagcca

tcttttecte
acctgaggtg
cttcactgac
tggatggatt
cacattgact
tgaggacact
ccaagggact
ggcaccctcc
ctacttcccc
caccttcccg
gccctccage
caccaaggtg
gtgcccagca
ggacaccctc

cgaagaccct

CcAC10 H mouse/human chimera

ctgtcaggaa
gtgaagcctg
tactatataa
tatcctggaa
gtagacacat
gctgtctatt
caggtcactg
tccaagagca
gaaccggtga
gctgtcctac
agcttgggca
gacaagaaag
cctgaactcce
atgatctccc

gaggtcaagt

2/21

ctgcaggtgt
gggcttcagt
cctgggtgaa
gcggtaatac
cctccagcecac
tctgtgcgaa
tctctgecage
cctctggggg
cggtgtegtyg
agtcctcagg
cccagaccta
ttgagcccaa
tggggggacc
ggacccctga

tcaactggta

OnCusp

Ex. 1038
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38
33
ccattgtcag 60
gaagatatcc 120
gcagaagecct 180
taagtacaat 240
agccttcatg 300
ctatggtaac 360
tagcaccaag 420
cacagcggcce 480
gaactcaggc 540
actctactcc 600
catctgcaac 660
atcttgtgac 720
gtcagtcttc 780
ggtcacatgc 840
cgtggacggc 900
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cgggaggagc
gactggctga
atcgagaaaa
ccccecatceccec
ttctatccca
aagaccacgc
gtaggacaaga

ctgcacaacc

Phe Leu Leu

10

Gln
25

Ser

Cys Lys Ala

Lys Gln Lys

Gly

agtacaacag
atggcaagga
ccatctccaa
gggatgagct
gcgacatcgc
ctccegtget
gcaggtggca

actacacaca

Ser Gly

Pro Glu

30

Ser Gly

45
Pro Gly
60

Thr

Val

Tyr

Gln

OnCusp

Ex. 1038
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cacgtaccgt 960
gtacaagtgc 1020
agccaaaggg 1080
gaccaagaac 1140
cgtggagtgg 1200
ggactccgac 1260
gcaggggaac 1320
gaagagcctc 1380

1401

Ala
15

Gly
Val Lys
Thr

Phe

Gly Leu

Gly

Leu

Leu

105

Tyr

gtggaggtgc ataatgccaa gacaaagccg

gtggtcagcg tcctcaccgt cctgcaccag

aaggtctcca acaaagccct cccagcecccecce

cagccécgag aaccacaggt gtacaccctg

caggtcagcc tgacctgcct ggtcaaaggc

gagagcaatg ggcagccgga gaacaactac

ggctecttet tecctctacag caagctcacc

gtcttctcat gcteccgtgat gecatgaggcet

tccectgtcete cgggtaaatg a

<210> 7

<211> 466

<212> PRT

<213> Artificial

<220>

<223> c¢AC1l0 H mouse/human chimera

<400> 7

Met Gly Trp Ser Trp Ile Phe Leu

1 5

Val His Cys Gln Ile Gln Leu Gln

20

Pro Gly Ala Ser Val Lys Ile Ser
35 40

Thr Asp Tyr Tyr Ile Thr Trp Val

50 55

Glu Trp Ile Gly Trp Ile Tyr Pro

65 70

Glu Lys Phe Lys Gly Lys Ala Thr

85
Thr Ala Phe Met Gln Leu Ser Ser
100

Tyr Phe Cys Ala Asn Tyr Gly Asn

115 120

3/21

Ser
Thr
90

Thr

Trp

Gly

75

Val

Ser

Phe

Asn Thr

Asp Thr

Glu Asp

Ala Tyr

125

Lys

Ser

Thr

110

Trp

Tyxr

Ser

985

Ala

Gly

Asn

80

Ser

Val

Gln
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Gly

Phe

145

Leu

Trp

Leu

Ser

Pro

225

Lys

Pro

Ser

Asp

Asn

305

vVal

Glu

Lys

Thr

Thr

130

Pro

Gly

Asn

Gln

Ser

210

Ser

Thr

Ser

Arg

Pro

290

Ala

Val

Tyr

Thr

Leu

Gln

Leu

Cys

Ser

Ser

185

Ser

Asn

His

Val

Thr

275

Glu

Lys

Ser

Lys

Ile

355

Pro

Val

Ala

Leu

Gly

180

Ser

Leu

Thr

Thr

Phe

260

Pro

Val

Thr

Val

Cys

340

Ser

Pro

Thr

Pro

Val

165

Ala

Gly

Gly

Lys

Cys

245

Leu

Glu

Lys

Lys

Leu

325

Lys

Lys

Ser

val

Ser

150

Lys

Leu

Leu

Thr

Val

230

Pro

Phe

Val

Phe

Pro

310

Thr

vVal

Ala

Arg

Ser

135

Ser

Asp

Thr

Tyr

Gln

215

Asp

Pro

Pro

Thr

Asn

295

Arg

Val

Ser

Lys

Asp

Ala

Lys

Tyr

Ser

Ser

200

Thr

Lys

Cys

Pro

Cys

280

Trp

Glu

Leu

Asn

Gly

360

Glu

Ala

Ser

Phe

Gly

185

Leu

Tyr

Lys

Pro

Lys

265

vVal

Tyr

Glu

Lys
345

Gln

Leu

4/21

Ser

Thr

Pro

170

val

Ser

Ile

val

Ala

250

Pro

Val

Val

Gln

Gln

330

Ala

Pro

Thr

Thr

Ser

155

Glu

His

Ser

Cys

Glu

235

Pro

Lys

Val

Asp

Tyr

315

Asp

Leu

Arg

Lys

Lys

140

Gly

Pro

Thr

Val

Asn

220

Pro

Glu

Asp

Asp

Gly

300

Asn

Trp

Pro

Glu

Asn

Gly

Gly

Val

Phe

Val

205

val

Lys

Leu

Thr

Val

285

Val

Ser

Leu

Ala

Pro

365

Gln

Pro

Thr

Thr

Pro

190

Thr

Asn

Ser

Leu

Leu

270

Ser

Glu

Thr

Asn

Pro

350

Gln

Val
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Ser

Ala

Val

175

Ala

Val

His

Cys

Gly

255

Met

His

Val

Tyr

Gly

335

Tle

Val

Ser

Val

Ala

160

Ser

Val

Pro

Lys

Asp

240

Gly

Ile

Glu

His

Arg

320

Lys

Glu

Tyr

Leu
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Thr

385

Glu

Leu

Lys

Glu

370

Cys

Ser

Asp

Ser

Ala

Leu

Asn

Ser

Arg

435

Leu

Val Lys

Gln
405

Gly

Asp
420

Gly
Gln

Trp

His Asn

Gly

390

Pro

Ser

Gln

375

Phe

Glu

Phe

Gly

Tyr

Tyr

Asn

Phe

Asn

440

Thr

Pro

Asn

Leu

425

Val

Gln

Ser

Tyr

410

Tyr

Phe

Lys

Asp

395

Lys

Ser

Ser

Ser

450

Gly
465

Lys

<210> 8

<211> 717
<212> DNA
<213>

<220>
<223>

<400> 8
atggagacag

gacattgtgc
atctcctgceca
caacagaaac
gggatcccag
cctgtggagg
acgttcagtg
atcttcccge
aataacttct
ggtaactccc
agcaccctga

acccatcagg

Artificial

acacaatcct
tgacccaatc
aggccagcca
caggacagcc
ccaggtttag
aggaggatgc
gaggcaccaa
catctgatga
atcccagaga
aggagagtgt
cgctgagcaa

gcctgagcecte

455

gctatgggtyg
tccachtct
aagtgttgat
acccaaagtc
tggcagtggg
tgcaacctat
gctggaaatc
gcagttgaaa
ggccaaagta
cacagagcag
agcagactac

gcccgtcaca

CcAC10 L mouse/human chimera

ctgctgctct
ttggctgtgt
tttgatggtg
ctcatctatg
tctgggacag
tactgtcagc
aaacgaactg
tctggaactg
cagtggaagg
gacagcaagg
gagaaacaca

aagagcttca

5/21

380

Ile Ala Val

Thr Thr Pzro

Thr
430

Lys Leu

Ser Val

445

Cys

Leu Sexr Leu

460

gggttccagyg
ctctagggca
atagttatat
ctgcatccaa
acttcaccct
aaagtaatga
tggctgcacc
cctctgttgt
tggataacgc
acagcaccta
aagtctacgce

acaggggaga
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Glu Trp
400
Pro Val
415
Val Asp
Met His
Ser Pro
ctccactggt 60
gagggccacc 120
gaactggtac 180
tctagaatct 240
caacatccat 300
ggatccgtgg 360
atctgtcttce 420
gtgcctgcetg 480
cctccaatcg 540
cagcctcagc 600
ctgcgaagtc 660
gtgttag 717
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CcACl0 L, mouse/human chimera

<210> 9

<211> 238

<212> PRT

<213> Artificial
<220>

<223>

<400> 9

Met Glu Thr

1

Gly

Val

Val

Gly

65

Gly

Leu

Gln

Glu

Ser

145

Asn

Ala

Lys

Ser

Ser

Asp

50

Gln

Ile

Asn

Gln

Ile

130

Asp

Asn

Leu

Asp

Thr

Leu

35

Phe

Pro

Pro

Ile

Ser

115

Lys

Glu

Phe

Gln

Ser
195

Asp

Gly

20

Gly

Asp

Pro

Ala

His

100

Asn

Arg

Gln

Tyxr

Ser

180

Thr

Thr

Asp

Gln

Gly

Lys

Arg

85

Pro

Glu

Thr

Leu

Pro

165

Gly

Tyxr

Ile

Ile

Arg

Asp

Val

70

Phe

Val

Asp

val

Lys

150

Arg

Asn

Ser

Leu

Val

Ala

Ser

55

Leu

Ser

Glu

Pro

Ala

135

Ser

Glu

Ser

Leu

Leu

Leu

Thr

40

Tyr

Ile

Gly

Glu

Trp

120

Ala

Gly

Ala

Gln

Ser
200

Trp

Thr

25

Ile

Met

Tyr

Ser

Glu

105

Thr

Pro

Thr

Lys

Glu

185

Ser

6/21

Val

10

Gln

Ser

Asn

Ala

Gly

90

Asp

Phe

Ser

Ala

Val

170

Ser

Thr

Leu

Ser

Cys

Trp

Ala

75

Ser

Ala

Gly

Val

Ser

155

Gln

Val

Leu

Leu

Pro

Lys

Tyr

60

Ser

Gly

Ala

Gly

Phe

140

Val

Trp

Thr

Thr

Leu

Ala

Ala

45

Gln

Asn

Thr

Thr

Gly

125

Ile

Val

Lys

Glu

Leu
205

Trp

Ser

30

Ser

Gln

Leu

Asp

Tyr

110

Thr

Phe

Cys

Val

Gln

190

Ser
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Val

15

Leu

Gln

Lys

Glu

Phe

95

Tyr

Lys

Pro

Leu

Asp

175

Asp

Lys

Pro

Ala

Ser

Pro

Ser

80

Thr

Cys

Leu

Pro

Leu

160

Asn

Ser

Ala
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Asp Tyr Glu Lys His Lys Val Tyr Ala Cys Glu Val Thr His
210 215 220

L,eu Ser Ser Pro Val Thr Lys Ser Phe Asn Arg Gly Glu Cys
225 230 235

<210>
<211>
<212>
<213>

10

1401

DNA
Artificial

<220>
<223>

<400> 10
atgggatgga

atccagctgce
tgcaaggctt
ggacagggac
gagaagttca
cagctcagca
tactgatttg
ggceccatcgg
ctgggctgcecce
gccctgacca
ctcagcagcg
gtgaatcaca
aaaactcaca
ctcttcececcece
gtggtggtgg
gtggaggtge
gtggtcagcg
aaggtctcca
cagccccgag

caggtcagcc

gagagcaatg

gctggatctt
agcagtctgg
ctggctacac
ttgagtggat
agggcaaggc
gcctgacate
cttactgggg
tctteececect
tggtcaagga
gcggcgtgcea
tggtgaccgt
agcccagcaa
catgcccacc
caaaacccaa
acgtgagcca
ataatgccaa
tcctcaccgt
acaaagccct
aaccacaggt

tgacctgcet

ggcagccecgga

tcttttecte
acctgaggtg
cttcactgab
tggatggatt
cacattgact
tgaggacact
ccaagggact
ggcaccctce
ctacttcccce
caccttcccg
gccctccage
caccaaggtg
gtgcccagca
ggacacccte
cgaagaccct
gacaaagccg
cctgcaccag
cccagccccee
gtacaccctg

ggtcaaaggc

gaacaactac

cAC10 H220 cDNA mouse/human chimera

ctgtcaggaa
gtgaagcctg
tactatataa
tatcctggaa
gtagacacat
gctgtctatt
caggtcactg
tccaagagca
gaaccggtga
gctgtcctac
agcttgggca
gacaagaaag
cctgaactcc
atgatctccc
gaggtcaagt
cgggaggagc
gactggctga
atcgagaaaa
cccccatcece

ttctatccca

aagaccacgc

721

ctgcaggtgt
gggcttcagt
cctgggtgaa
gcggtaatac
cctccagcac
tctgtgcgaa
tctctgcage
cctctggggg
cggtgtcgtg
agtcctcagg
cccagaccta
ttgagcccaa
tggggggacc
ggacccctga
tcaactggta
agtacaacag
atggcaagga
ccatctccaa
gggatgagct

gcgacatcge

ctccegtget

OnCusp

Ex. 1038
PCT/US2005/043257
Gln Gly
ccattgtcag 60
gaagatatcc 120
gcagaagcct 180
taagtacaat 240
agccttcatg 300
ctatggtaac 360
tagcaccaag 420
cacagcggcc 480
gaactcaggc 540
actctactcc 600
catctgcaac 660
atcttctgac 720
gtcagtctte 780
ggtcacatgc 840
cgtggacggc 900
cacgtaccgt 960
gtacaagtge 1020
agccaaaggg 1080
gaccaagaac 1140
cgtggagtgg 1200
ggactccgac 1260
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WO 2006/065533

ggctccttet tcctctacag caagctcacc gtggacaaga gcaggtggca gcaggggaac

gtcttetcat gctccgtgat gcatgaggct ctgcacaacc actacacaca gaagagccte

tcecctgtete cgggtaaatg a

cAC10 H220 mouse/human chimera protein

<210> 11

<211> 466

<212> PRT

<213> Artificial
<220>

<223>

<400> 11

Met Gly Trp

1

Val

Pro

Thr

Glu

65

Glu

Thr

Tyr

Gly

Phe

145

Leu

His

Gly

Asp

50

Trp

Lys

Ala

Phe

Thr

130

Pro

Gly

Cys

Ala

35

Tyxr

Ile

Phe

Phe

Cys

115

Gln

Leu

Cys

Ser

Gln

20

Ser

Tyr

Gly

Lys

Met

100

Ala

Val

Ala

Leu

Trp

Ile

Val

Ile

Trp

Gly

85

Gln

Asn

Thr

Pro

Val
165

Ile

Gln

Lys

Thr

Ile

70

Lys

Leu

Tyr

Val

Sexr

150

Lys

Phe

Leu

Ile

Trp

55

Tyr

Ala

Ser

Gly

Ser

135

Ser

Asp

Leu

Gln

Ser

40

Val

Pro

Thr

Ser

Asn

120

Ala

Lys

Tyxr

Phe

Gln

25

Cys

Lys

Gly

Leu

Leu

105

Tyr

Ala

Ser

Phe

8/21

Leu

10

Ser

Lys

Gln

Ser

Thr

90

Thr

Trp

Ser

Thr

Pro
170

Leu

Gly

Ala

Lys

Gly

75

Val

Ser

Phe

Thr

Ser

155

Glu

Ser

Pro

Ser

Pro

60

Asn

Asp

Glu

Ala

Lys

140

Gly

Pro

Gly

Glu

Gly

45

Gly

Thr

Thr

Asp

Tyr

125

Gly

Gly

Val

Thr

Val

30

Tyr

Gln

Lys

Ser

Thr

110

Trp

Pro

Thr

Thr

OnCusp
Ex. 1038

PCT/US2005/043257

Ala

15

Val

Thr

Gly

Tyr

Ser

85

Ala

Gly

Ser

Ala

Val
175

Gly

Lys

Phe

Leu

Asn

80

Ser

Val

Gln

Val

Ala

160

Ser

1320

1380

1401
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Trp

Leu

Ser

Pro

225

Lys

Pro

Ser

Asp

Asn

305

Val

Glu

Lys

Thr

Thr

385

Glu

Leu

Asn

Gln

Ser

210

Ser

Thr

Ser

Arg

Pro

290

Ala

Val

Tyr

Thr

Leu

370

Cys

Ser

Asp

Ser

Ser

195

Ser

Asn

His

Val

Thr

275

Glu

Lys

Ser

Lys

Ile

355

Pro

Leu

Asn

Ser

Gly

180

Ser

Leu

Thr

Thr

Phe

260

Pro

Val

Thr

Val

Cys

340

Ser

Pro

Val

Gly

Asp

Ala

Gly

Gly

Lys

Cys

245

Leu

Glu

Lys

Lys

Leu

325

Lys

Lys

Ser

LyS

Gln

405

Gly

Leu

Leu

Thr

Val

230

Pro

Phe

Val

Phe

Pro

310

Thr

Val

Ala

Arg

Gly

390

Pro

Ser

Thr

Tyr

Gln

215

Asp

Proc

Pro

Thr

Asn

295

Arg

Val

Ser

Lys

Asp

375

Phe

Glu

Phe

Ser

Ser

200

Thr

Lys

Cys

Pro

Cys

280

Trp

Glu

Leu

Asn

Gly

360

Glu

Tyxr

Asn

Phe

Gly

185

Leu

Tyr

Lys

Pro

Lys

265

Val

Tyr

Glu

His

Lys

345

Gln

Leu

Pro

Asn

Leu

9/21

Val

Ser

Ile

Val

Ala

250

Pro

Val

val

Gln

Gln

330

Ala

Pro

Thr

Ser

Tyx

410

Tyr

His

Ser

Cys

Glu

235

Pro

Lys

val

Asp

Tyxr

315

Asp

Leu

Arg

Lys

Asp

395

Lys

Ser

Thr

Val

Asn

220

Pro

Glu

Asp

Asp

Gly

300

Asn

Trp

Pro

Glu

Asn

380

Ile

Thr

Lys

Phe

val

205

Val

Lys

Leu

Thr

Val

285

Val

Ser

Leu

Ala

Pro

365

Gln

Ala

Thr

Leu

Pro

1590

Thr

Asn

Ser

Leu

Leu

270

Ser

Glu

Thr

Asn

Pro

350

Gln

Val

Val

Pro

Thr

OnCusp
Ex. 1038

PCT/US2005/043257

Ala

Val

His

Ser

Gly

255

Met

His

Val

Tyr

Gly

335

Ile

Val

Ser

Glu

Pro

415

Val

Val

Pro

Lys

Asp

240

Gly

Ile

Glu

His

Arg

320

Lys

Glu

Tyr

Leu

Trp

400

Val

Asp
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10/21

OnCusp

9785 of 10951 Ex. 1038

WO 2006/065533 PCT/US2005/043257
420 425 430
Lys Ser Arg Trp Gln Gln Gly Asn Val Phe Ser Cys Ser Val Met His
435 440 445
Glu Ala Leu His Asn His Tyr Thr Gln Lys Ser Leu Ser Leu Ser Pro
450 455 460

Gly Lys
465
<210> 12
<211> 1401
<212> DNA
<213> Artificial
<220>
<223> cACl0 H220/226 mouse/human chimera
<400> 12
atgggatgga gctggatctt tcttttcectc ctgtcaggaa ctgcaggtgt ccattgtcag 60
atccagctgc agcagtetgg acctgaggtg gtgaagcctg gggcttcagt gaagatatec 120
tgcaaggctt ctggctacac cttcactgac tactatataa cctgggtgaa gcagaagcct 180
ggacagggac ttgagtggat tggatggatt tatcctggaa gcggtaatac taagtacaat 240
gagaagttca agggcaaggc cacattgact gtagacacat cctccagcac agccttcatg 300
cagctcagca gcctgacatc tgaggacact gctgtctatt tctgtgcgaa ctatggtaac 360
tactggtttg cttactgggg ccaagggact caggtcactg tctctgcagc tagcaccaag 420
ggcccatecgg tcttcecceccecct ggcaccctce tccaagagca cctetggggg cacagcggec 480
ctgggctgece tggtcaagga ctacttcccc gaaccggtga cggtgtcgtg gaactcagge 540
gccctgacca gecggcegtgca caccttcecceccg gectgtectac agtcctcagg actctactcece 600
ctcagcagcg tggtgaccgt gecctccage agcttgggca cccagaccta catctgcaac 660
gtgaatcaca agcccagcaa caccaaggtg gacaagaaag ttgagcccaa atcttctgac 720
aaaactcaca catccccacc gtgcccagca cctgaactcc tggggggacc gtcagtctte 780
ctctteccecce caaaacccaa ggacacccte atgatctccc ggacccctga ggtcacatge 840
gtggtggtgg acgtgagcca cgaagaccct gaggtcaagt tcaactggta cgtggacggce 800
gtggaggtgc ataatgccaa gacaaagccg cgggaggagce agtacaacag cacgtaccgt 960
gtggtcagcg tcctcaccgt cctgcaccag gactggctga atggcaagga gtacaagtge 1020
aaggtctcca acaaagccct cccagccccc atcgagaaaa ccatctccaa agccaaaggg 1080
cagccccgag aaccacaggt gtacaccctg cccccatccee gggatgagct gaccaagaac 1140
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WO 2006/065533

caggtca
gagagca
ggctecct
gtecttct
tccctgt
<210>
<211>
<212>

<213>

<220>
<223>

<400>

gcc tgacctgcct ggtcaaaggc ttctatccca
atg ggcageccgga gaacaactac aagaccacgc
tct tectctacag caagctcacc gtggacaaga
cat gctccgtgat gcatgaggct ctgcacaacc
ctc cgggtaaatg a

13

466

PRT

Artificial

cAC1l0 H220/226 mouse/human chimera

13

Met Gly Trp

1

Val His

Cys

Pro Gly Ala

35

Thr Asp Tyr

50

Glu Trp

65

Glu Lys

Thr Ala

Tyr Phe

Ile

Phe

Phe

Cys
115

Gly Thr Gln

130

Phe Pro Leu

145

Ser

Gln

20

Ser

Tyr

Gly

Lys

Met

100

Ala

Val

Ala

Trp

Ile

Val

Ile

Trp

Gly

85

Gln

Asn

Thr

Pro

Ile

Gln

Lys

Thr

Ile

70

Lys

Leu

Tyxr

vVal

Ser
150

Phe

Leu

Ile

Trp

55

Tyr

Ala

Ser

Gly

Ser

135

Ser

Leu

Gln

Ser

40

Val

Pro

Thr

Ser

Asn

120

Ala

Lys

Phe

Gln

25

Cys

Lys

Gly

Leu

Leu

105

Tyr

Ala

Ser

11/21

Leu
10

Ser

Lys

Gln

Ser

Thr

90

Thr

Trp

Ser

Thr

Leu

Gly

Ala

Lys

Gly

75

Val

Ser

Phe

Thr

Ser
155

gcgacatcgce

ctccegtgcet

gcaggtggca

actacacaca

Sexr

Pro

Ser

Pro

60

Asn

Asp

Glu

Ala

Lys

140

Gly

Gly

Glu

Gly

Gly

Thr

Thr

Asp

Tyxr

125

Gly

Gly

Thr

Val

30

Tyr

Gln

Lys

Ser

Thr

110

Trp

Pro

Thr

OnCusp
Ex. 1038

PCT/US2005/043257

cgtggagtgg
ggactcégac
gcaggggaac

gaagagccte

Ala

15

Val

Thr

Gly

Tyr

Ser

85

Ala

Gly

Ser

Ala

Gly

Lys

Phe

Leu

Asn

80

Ser

Val

Gln

Val

Ala
160

1200

1260

1320

1380

1401
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9787 of 10951
WO 2006/065533

Leu

Trp

Leu

Ser

Pro

225

Lys

Pro

Ser

Asp

Asn

305

Val

Glu

Lys

Thr

Thr
385

Gly

Asn

Gln

Ser

210

Ser

Thr

Ser

Arg

Pro

290

Ala

Val

Tyr

Thr

Leu
370

Cys

Cys

Ser

Ser

185

Ser

Asn

Val

Thr

275

Glu

Lys

Ser

Lys

Ile

355

Pro

Leu

Leu

Gly

180

Ser

Leu

Thr

Thr

Phe

260

Pro

val

Thr

Val

Cys

340

Ser

Pro

vVal

Val

165

Ala

Gly

Gly

Lys

Ser

245

Leu

Glu

Lys

Lys

Leu

325

Lys

Lys

Ser

Lys

Lys

Leu

Leu

Thr

val

230

Pro

Phe

Val

Phe

Pro

310

Thr

Val

Ala

Arg

Gly
380

Asp

Thr

Tyr

Gln

215

Asp

Pro

Pro

Thr

Asn

295

Arg

Val

Ser

Lys

Asp
375

Phe

Tyxr

Ser

Ser

200

Thr

Lys

Cys

Pro

Cys

280

Trp

Glu

Leu

Asn

Gly

360

Glu

Tyxr

Phe

Gly

185

Leu

Tyr

Lys

Pro

Lys

265

Val

Tyxr

Glu

Lys
345

Gln

Leu

Pro

12/21

Pro

170

Val

Ser

Ile

Val

Ala

250

Pro

val

Val

Gln

Gln

330

Ala

Pro

Thr

Ser

Glu

His

Ser

Cys

Glu

235

Pro

Lys

Val

Asp

Tyr

315

Asp

Leu

Arg

Lys

Asp
395

Pro

Thr

Val

Asn

220

Pro

Glu

Asp

Asp

Gly

300

Asn

Trp

Pro

Glu

Asn
380

Ile

Val

Phe

Val

205

Val

Lys

Leu

Thr

Val

285

Val

Ser

Leu

Ala

Pro

365

Gln

Ala

Thr

Pro

190

Thr

Asn

Ser

Leu

Leu

270

Ser

Glu

Thr

Asn

Pro

350

Gln

Val

Val

OnCusp
Ex. 1038

PCT/US2005/043257

Val

175

Ala

Val

His

Ser

Gly

255

Met

His

Val

Tyxr

Gly

335

Ile

Val

Ser

Glu

Ser

Val

Pro

Lys

Asp

240

Gly

Ile

Glu

His

Arg

320

Lys

Glu

Tyr

Leu

Trp
400
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9788 of 10951
WO 2006/065533

Glu

Leu

Lys

Ser

Asp

Ser

Asn

Ser

Arg

435

Glu Ala

450

Gly
465

Lys

<210>
<211>
<212>
<213>

14
1401
DNA

<220>

<223> CcACl

<400> 14
atgggatgga

atccagctge
tgcaaggctt
ggacagggac
gagaagttca
cagctcagca
tactggtttg
ggcccatecgg
ctgggctgcce
gccctgacca
ctcagcagcyg
gtgaatcaca
aaaactcaca
ctcttcccee
gtggtggtgg

gtggaggtgce

Leu

Gln
405

Gly

Asp
420

Gly
Gln

Trp

Asn

Artificial

0 H226/229

gctggatctt
agcagtctgg
ctggctacac
ttgagtggat
agggcaaggc
gcctgacate
cttactgggg
tcttccccet
tggtcaagga
gcggcgtgca
tggtgaccgt
agcccagcaa
catcceccacc
caaaacccaa
acgtgagcca

ataatgccaa

Pro

Ser

Gln

Glu Asn Asn

Phe Phe Leu

425

Gly Asn Val

Tyxr
410

Tyxr

Phe

Lys

Ser

Ser

His

440

Tyr Thr

455

Gln

Lys Ser

mouse/human chimera

tcttttecte
acctgaggtg
cttcactgac
tggatggatt
cacattgact
tgaggacact
ccaagggact
ggcaccctcce
ctacttccce
caccttcceg
gccctccage
caccaaggtg
gtccccagea
ggacacccte
cgaagaccct

gacaaagccg

ctgtcaggaa
gtgaagcctg
tactatataa
tatcctggaa
gtagacacat
gctgtctatt
caggtcactg
tccaagagca
gaaccggtéa
gctgtcctac
agcttgggca
gacaagaaag
cctgaactcc
atgatctccc
gaggtcaagt

cgggaggagc

13/21

Thr Thr Pro

Lys Leu

430

Ser Val

445

Cys

Leu Ser

460

ctgcaggtgt
gggcttcagt
cctgggtgaa
gcggtaatac
cctccagcac
tctgtgcgaa
tctctgcagce
cctctggggg
cggtgtegtg
agtcctcagg
cccagaccta
ttgagcccaa
tggggggace
ggacccctga
tcaactggta

agtacaacag

Thr

Leu

OnCusp

Ex. 1038

PCT/US2005/043257
Pro Val

415

Val Asp

Met His

Ser Pro
ccattgtcag 60
gaagatatcc 120
gcagaagcct 180
taagtacaat 240
agccttcatg 300
ctatggtaac 360
tagcaccaag 420
cacagcggcc 480
gaactcaggc 540
actctactcc 600
catctgcaac 660
atcttgtgac 720
gtcagtcttc 780
ggtcacatgc 840
cgtggacggc 900
cacgtaccgt 960
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9789 of 10951

WO 2006/065533

gtggtcagcg
aaggtctcca
cagccccgag
caggtcagece
gagagcaatg
ggctccttct
gtcttctcat

tccectgtcecte

tcctcaccgt
acaaagccect
aaccacaggt
tgacctgcct
ggcagccgga
tcctctacag
gctccgtgat

cgggtaaatg

cctgcaccag
cccagceccce
gtacaccctg
ggtcaaaggc
gaacaactac
caagctcacc
gcatgaggct

a

gactggctga
atcgagaaaa
cccccatcee
ttctatccca
aagaccacgc
gtggacaaga

ctgcacaacc

atggcaagga
ccatctccaa
gggatgagcet
gcgacatcgce
ctccegtget
gcaggtggca

actacacaca

OnCusp

<210>
<211>
<212>
<213>

<220>
<223>

<400>
Met Gly
1

Val His

Pro Gly

Thr Asp

50

Glu
65

Trp
Glu Lys
Thr Ala
Phe

Tyr

Gly Thr

15
466
PRT
Arti

ficial

cAC10 H226/229 mouse/human chimera

15

Trp

Cys

Ala

35

Tyr

Ile

Phe

Phe

Cys

115

Gln

Ser Trp Ile

Gln
20

Ile Gln

Ser Val Lys

Tyr Ile Thr

Ile
70

Gly Trp

Lys Gly Lys

Met Gln

100

Leu

Ala Asn Tyr

Val Thr val

Phe

Leu

Ile

Trp

55

Tyr

Ala

Ser

Gly

Ser

Leu

Gln

Ser

40

Val

Pro

Thr

Ser

Asn

120

Ala

Phe Leu Leu

10

Gln
25 .

Ser Gly

Cys Lys Ala

Lys Gln Lys

Gly Ser Gly

75

Thr
90

Leu Val

Leu Thr Ser

105

Tyr Trp Phe

Ala Ser Thr

14/21

Ser

Pro

Ser

Pro

60

Asn

Asp

Glu

Ala

Lys

Gly
Glu
Gly
45

Gly
Thr
Thr
Asp
Tyr
125

Gly

Thr

Val

30

Tyxr

Gln

Lys

Ser

Thr

110

Trp

Pro

Ex. 1038
PCT/US2005/043257
gtacaagtgce 1020
agccaaaggyg 1080
gaccaagaac 1140
cgtggagtgg 1200
ggactccgac 1260
gcaggggaac 1320
gaagagcctc 1380
1401
Ala Gly
15
Val Lys
Thr Phe
Gly Leu
Tyr Asn
80
Ser Ser
95
Ala Val
Gly Gln
Ser Val
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9790 of 10951
WO 2006/065533

Phe

145

Leu

Trp

Leu

Ser

Pro

225

Lys

Pro

Ser

Asp

Asn

305

Val

Glu

Lys

Thr

130

Pro

Gly

Asn

Gln

Ser

210

Ser

Thr

Ser

Arg

Pro

290

Ala

Val

Tyr

Thr

Leu
370

Leu

Cys

Ser

Ser

1385

Ser

Asn

His

Val

Thr

275

Glu

Lys

Ser

Lys

Ile

355

Pro

Ala

Leu

Gly

180

Ser

Leu

Thr

Thr

Phe

260

Pro

Val

Thr

Val

Cys

340

Ser

Pro

Pro

Val

165

Ala

Gly

Gly

Lys

Ser

245

Leu

Glu

Lys

Lys

Leu

325

Lys

Lys

Ser

Ser

150

Lys

Leu

Leu

Thr

Val

230

Pro

Phe

Val

Phe

Pro

310

Thr

Val

Ala

Arg

135

Ser

Asp

Thr

Tyr

Gln

215

Asp

Pro

Pro

Thr

Asn

295

Arg

Val

Ser

Lys

Asp
375

Lys

Tyr

Ser

Ser

200

Thr

Lys

Ser

Pro

Cys

280

Trp

Glu

Leu

Asn

Gly

360

Glu

Ser

Phe

Gly

185

Leu

Tyxr

Lys

Pro

Lys

265

Val

Tyr

Glu

His

Lys

345

Gln

Leu

15/21

Thr

Pro

170

Val

Ser

Ile

Val

Ala

250

Pro

Val

Val

Gln

Gln

330

Ala

Pro

Thr

Ser

155

Glu

His

Ser

Cys

Glu

235

Pro

Lys

Val

Asp

Tyr

315

Asp

Leu

Arg

Lys

140

Gly

Pro

Thr

Val

Asn

220

Pro

Glu

Asp

Asp

Gly

300

Asn

Trp

Pro

Glu

Asn
380

Gly

vVal

Phe

val

205

Val

Lys

Leu

Thr

Val

285

val

Ser

Leu

Ala

Pro

365

Gln

Thr

Thr

Pro

190

Thr

Asn

Ser

Leu

Leu

270

Ser

Glu

Thr

Asn

Pro

350

Gln

Val

OnCusp
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Ala

vVal

175

Ala

Val

Cys

Gly

255

Met

His

Val

Tyr

Gly

335

Ile

Val

Ser

Ala

160

Ser

Val

Pro

Lys

Asp

240

Gly

Ile

Glu

His

Arg

320

Lys

Glu

Tyr

Leu
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Thr
385

Glu

Leu

Cys

Ser

Asp

Ser

Leu

Asn

Ser

Val Lys

Gln
405

Gly

Asp
420

Gly

Gln

Gly

390

Pro

Ser

Gln

Phe

Glu

Phe

Tyr

Asn

Phe

Asn

Pro

Asn

Leu

425

Val

Ser

Tyr

410

Tyr

Phe

Asp

395

Lys

Ser

Ser

Ile Ala Val

Thr Thr Pro

Thr
430

Lys Leu

Ser Val

Lys Arg

435

Glu Ala

450

Gly
465

Lys

<210>
<211>
<212>
<213>

16
1401
DNA
Arti

<220>
<223>

<400> 16
atgggatgga

atccagectge
tgcaaggctt
ggacagggac
gagaagttca
cagctcagca
tactggtttg
ggcccatecgg
ctgggctgcce
gccctgacca
ctcagcagcg
gtgaatcaca

aaaactcaca

Leu

Trp

His Asn

ficial

gctggatctt
agcagtctgg
ctggctacac
ttgagtggat
agggcaaggc
gcctgacatc
cttactgggg
tcttecccct
tggtcaagga
gcggegtgea
tggtgaccgt
agcccagcaa

catccccacc

His

Gly
440

Tyr Thr

455

tctttteccte
acctgaggtg
cttcactgac
tggatggatt
cacattgact
tgaggacact
ccaagggact
ggcaccctcc
ctacttcccc
caccttcccg
gccctcecage
caccaaggtg

gtccccagceca

Gln Lys Sef

ctgtcaggaa
gtgaagcctg
tactatataa
tatcctggaa
gtagacacat
gctgtctatt
caggtcactg
tccaagagca
gaaccggtga
gctgtcctac
agcttgggca
gacaagaaag

cctgaactcc

16/21

Cys
445

Leu Ser

460

CAC10 H220/226/229 mouse/human chimera cDNA

ctgcaggtgt
gggcttcagt
cctgggtgaa
gcggtaatac
cctccagcac
tctgtgcgaa
tctctgecage
cctctggggyg
cggtgtegtg
agtcctcagg
cccagaccta

ttgagcccaa

tggggggacc

Leu

OnCusp

Ex. 1038
PCT/US2005/043257
Glu Trp
400
Pro Val
415
Val Asp
Met His
Ser Pro
ccattgtcag 60
gaagatatcc 120
gcagaagcct 180
taagtacaat 240
agccttcatg 300
ctatggtaac 360
tagcaccaag 420
cacagcggcc 480
gaactcagge 540
actctactce 600
catctgcaac 660
atcttctgac 720
gtcagtctte 780
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ggacccctga

tcaactggta
agtacaacag
atggcaagga
ccatctccaa
gggatgagct
gcgacatcgce
ctcecegtget
gcaggtggca

actacacaca

Ser Gly Thr

Glu Val

30

Pro

Ser Gly Tyr

Pro Gln

60

Gly

OnCusp

Ex. 1038
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ggtcacatgc 840
cgtggacggce 900
cacgtaccgt 960
gtacaagtgc 1020
agccaaaggg 1080
gaccaagaac 1140
cgtggagtgg 1200
ggactccgac 1260
gcaggggaac 1320
gaagagcctec 1380
1401

Ala
15

Gly
Val Lys
Thr

Phe

Gly Leu

Asn

Asp

Glu

Thr

Thr

Asp

Lys

Ser

Thr

ctcttcccce caaaacccaa ggacaccctc atgatctccce
gtggtggtgg acgtgagcca cgaagaccct gaggtcaagt
gtggaggtgc ataatgccaa gacaaagccg cgggaggadgc
gtggtcagcg tcctcacegt cctgcaccag gactggctga
aaggtctcca acaaagccct cccagcccec atcgagaaaa
cagccccgag aaccacaggt gtacaccectg cccccatcec
caggtcagcc tgacctgcct ggtcaaaggce ttctatccca
gagagcaatg ggcagccgga gaacaactac aagaccacgc
ggctecttcet teoctctacag caagctcacc gtggacaaga
gtcttctcat gctcegtgat gcatgaggct ctgcacaacc
tcecctgtcte cgggtaaatg a
<210> 17
<211> 466
<212> PRT
<213> Artificial
<220>
<223> cACl0 H220/226/229 mouse/human chimera protein
<400> 17
Met Gly Trp Ser Trp Ile Phe Leu Phe Leu Leu
1 5 10
Val His Cys Gln Ile Gln Leu Gln Gln Ser Gly
20 25
Pro Gly Ala Ser Val Lys Ile Ser Cys Lys Ala
35 40
Thr Asp Tyr Tyr Ile Thr Trp Val Lys Gln Lys
50 55
Glu Trp Ile Gly Trp Ile Tyr Pro Gly Ser Gly
65 70 75
Glu Lys Phe Lys Gly Lys Ala Thr Leu Thr Val
85 90
Thr Ala Phe Met Gln Leu Ser Ser Leu Thr Ser
100 105

17/21

110

Tyr

Ser
95

Ala

Asn
80

Ser

Val
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Tyr

Gly

Phe

145

Leu

Trp

Leu

Ser

Pro

225

Lys

Pro

Ser

Asp

Asn

305

vVal

Glu

Phe

Thr

130

Pro

Gly

Asn

Gln

Ser

210

Ser

Thr

Ser

Arg

Pro

290

Ala

Val

Tyr

Cys

115

Gln

Leu

Cys

Ser

Ser

195

Ser

Asn

His

Val

Thr

275

Glu

Lys

Ser

Lys

Ala

val

Ala

Leu

Gly

180

Ser

Leu

Thr

Thr

Phe

260

Pro

Val

Thr

vVal

Cys
340

Asn

Thr

Pro

Val

165

Ala

Gly

Gly

Lys

Ser

245

Leu

Glu

Lys

Lys

Leu

325

Lys

Tyr

Val

Ser

150

Lys

Leu

Leu

Thr

Val

230

Pro

Phe

Val

Phe

Pro

310

Thr

val

Gly

Ser

135

Ser

Asp

Thr

Tyr

Gln

215

Asp

Pro

Pro

Thr

Asn

295

Arg

vVal

Ser

Asn

120

Ala

Lys

Tyr

Ser

Ser

200

Thr

Lys

Ser

Pro

Cys

280

Trp

Glu

Leu

Asn

Tyr

Ala

Ser

Phe

Gly

185

Leu

Tyr

Lys

Pro

Lys

265

Val

Tyxr

Glu

His

Lys
345

18/21

Trp

Ser

Thr

Pro

170

Val

Ser

Ile

Val

Ala

250

Pro

Val

Val

Gln

Gln

330

Ala

Phe

Thr

Ser

155

Glu

His

Ser

Cys

Glu

235

Pro

Lys

Val

Asp

Tyr

315

Asp

Leu

Ala

Lys

140

Gly

Pro

Thr

Val

Asn

220

Pro

Glu

Asp

Asp

Gly

300

Asn

Trp

Pro

Tyx

125

Gly

Gly

Val

Phe

Val

205

Val

Lys

Leu

Thr

Val

285

Val

Ser

Leu

Ala

Trp

Pro

Thr

Thr

Pro

190

Thr

Asn

Ser

Leu

Leu

270

Ser

Glu

Thr

Asn

Pro
350
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Gly

Ser

Ala

Val

175

Ala

Val

His

Ser

Gly

255

Met

His

Val

Tyr

Gly

335

Ile

Gln

Val

Ala

160

Ser

Val

Pro

Lys

Asp

240

Gly

Ile

Glu

His

Arg

320

Lys

Glu
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Glu

Asn

380

Tle

Thr

Lys

Cys

Leu

Pxro

365

Gln

Ala

Thr

Leu

Ser

445

Ser

Gln

Val

Val

Pro

Thr

430

vVal

Leu

Lys Thr Ile Ser Lys Ala Lys Gly Gln Pro Arg
355 360
Thr Leu Pro Pro Ser Arg Asp Glu Leu Thr Lys
370 375
Thr Cys Leu Val Lys Gly Phe Tyr Pro Ser Asp
385 390 395
Glu Ser Asn Gly Gln Pro Glu Asn Asn Tyr Lys
405 410
Leu Asp Ser Asp Gly Ser Phe Phe Leu Tyr Ser
420 425
Lys Ser Arg Trp Gln Gln Gly Asn Val Phe Ser
435 440
Glu Ala Leu His Asn His Tyr Thr Gln Lys Ser
450 455
Gly Lys
465
<210> 18
<211> 717
<212> DNA
<213> Artificial
<220>
<223> ¢cAC1l0 L.218 mouse/human chimera cDNA
<400> 18
atggagacag acacaatcct gctatgggtg ctgctgctct
gacattgtgc tgacccaatc tccagettcet ttggctgtgt
atctcctgca aggccagcca aagtgttgat tttgatggtg
caacagaaac caggacagcc acccaaagtc ctcatctatg
gggatcccag ccaggtttag tggcagtggg tctgggacag
cctgtggagg aggaggatgce tgcaacctat tactgtcage
acgttcggtg gaggcaccaa gctggaaatc aaacgaactg
atcttcccge catctgatga gcagttgaaa tctggaactg
aataacttct atcccagaga ggccaaagta cagtggaagg
ggtaactccc aggagagtgt cacagagcag gacagcaagg

19/21

460

gggttccagg
ctctagggca
atagttatat
ctgcatccaa
acttcaccct
aaagtaatga
tggctgcacc
cctctgttgt
tggataacgc

acagcaccta

Ex. 1038
PCT/US2005/043257
Val Tyr
Ser Leu
Glu Trp
400
Pro Val
415
Val Asp
Met His
Ser Pro
ctccactggt 60
gagggceace 120
gaactggtac 180
tctagaatct 240
caacatccat 300
ggatccgtgg 360
atctgtcttc 420
gtgcctgctg 480
cctccaatcg 540
cagcctcage 600

OnCusp
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agcaccctga cgctgagcaa agcagactac gagaaacaca aagtctacgc ctgcgaagtc 660
acccatcagg gcctgagctc gceccgtcaca aagagcttca acaggggaga gtcttag 717
<210> 19
<211> 238
<212> PRT
<213> Artificial
<220>
<223> ¢ACl0 L218 mouse/human chimera protein
<400> 19

Met Glu Thr

1

Gly

Val

Val

Gly

Gly

Leu

Gln

Glu

Ser

145

Asn

Ala

Ser

Ser

Asp

50

Gln

Ile

Asn

Gln

Ile

130

Asp

Asn

Leu

Thr

Leu

35

Phe

Pro

Pro

Ile

Ser

115

Lys

Glu

Phe

Gln

Asp

Gly

20

Gly

Asp

Pro

Ala

His

100

Asn

Arg

Gln

Tyr

Ser
180

Thr

Asp

Gln

Gly

Lys

Arg

Pro

Glu

Thr

Leu

Pro

165

Gly

Ile

Ile

Arg

Asp

Val

70

Phe

Val

Asp

Val

Lys

150

Arg

Asn

Leu

Val

Ala

Ser

55

Leu

Ser

Glu

Pro

Ala

135

Ser

Glu

Ser

Leu

Leu

Thr

40

Tyr

Ile

Gly

Glu

Trp

120

Ala

Gly

Ala

Gln

Trp

Thr

25

Ile

Met

Tyr

Ser

Glu

105

Thr

Pro

Thr

Lys

Glu
185

20/21

Val

10

Gln

Ser

Asn

Ala

Gly

Asp

Phe

Ser

Ala

Val

170

Ser

Leu

Ser

Cys

Trp

Ala

75

Serxr

Ala

Gly

val

Ser

155

Gln

Val

Leu

Pro

Lys

Tyxr

60

Ser

Gly

Ala

Gly

Phe

140

Val

Trp

Thr

Leu

Ala

Ala

45

Gln

Asn

Thr

Thr

Gly

125

Ile

Val

Lys

Glu

Trp

Sexr
30

Ser

val
15

Leu

Gln

Gln Lys

Leu

Asp

Tyr

110

Thr

Phe

Cys

Val

Gln
190

Glu

Phe

95

Tyr

Lys

Pro

Leu

Asp

175

Asp

Pro

Ala

Ser

Pro

Ser

80

Thr

Cys

Leu

Pro

Leu

160

Asn

Ser
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Lys Asp Ser Thr Tyr Ser Leu Ser Ser Thr Leu Thr Leu Ser Lys Ala

195 200 205

5

Asp Tyr Glu Lys His Lys Val Tyr Ala Cys Glu Val Thr His Gln Gly

210 215 220

10

Leu Ser Ser Pro Val Thr Lys Ser Phe Asn Arg Gly Glu Ser

225 230 235
15

21/21
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Proteinbindende Camptothecin-Peptid-Derivate und diese enthaltende

Arzneimittel

Beschreibung

Die Erfindung betrifft Camptothecin-Peptid-Derivate, die eine proteinbindende
Gruppe enthalten und unter Beteiligung der Cathepsine B und/oder D enzymatisch
im Koérper unter Freisetzung des Wirkstoffs oder eines niedermolekularen Wirkstoff-

Derivates spaltbar sind.

Campiothecin (CPT) ist ein Alkaloid mit tumorhemmenden Eigenschaften (Wall M.
E., etal. J Am. Chem. Soc. 1966, 88, 3888-3890), dessen Derivate wie Topotecan
oder l[rinotecan =zur Behandlung verschiedener Krebserkrankungen eingesetzt
werden (Kollmannsberger C., et al. Oncology 1999, 56, 1-12, Rothenberg M. L.
Oncologist 2001, 6, 66-80). Jedoch sind Therapien mit diesen Arzneistoffen von
Nebenwirkungen begleitet. Um das Nebenwirkungsprofil und die Wirksamkeit von
CPT bzw. CPT-Derivaten zu verbessern, wurden makromolekulare Transportformen
von CPT durch Kopplung des Wirkstoffs an synthetische Polymere wie
Poly(ethylenglykol) (Greenwald R. B., et al. Bioorg. Med. Chem. 1998, 6, 551-562,
Conover C. D., et al. Anti-Cancer Drug Design 1999, 14, 499-506), HPMA-
Copolymere (Fraier D., et al. J. Pharm. Biomed. Anal. 2000, 22, 505-514) oder
HPMA-Copolymere in Verbindung mit Peptid-Spacern entwickelt (Caiolfa V. R., et al.
J. Controlled Release 2000, 65, 105-119, Zamai M., et al. Mol. Cancer Ther. 2003, 2,
29-40).

Der Erfindung liegt die Aufgabe zugrunde, Prodrugs von CPT zu schaffen, die CPT
oder CPT-Derivate im Tumor freisetzen.
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Diese Aufgabe wird erfindungsgemaR geldst durch Camptothecin-Peptid-Derivate
der allgemeinen Formel

H RS :R4
H, _Np P
0) c XaaTPi—P>2~P3~Pj C
H
© :
O
p k m :
Crosslinker Peptid Spacer Wirkstoff

Crosslinker-Peptid-Einheit

worin Ry = H oder OH, R, = H, NH;, NO2 oder N,N-Dimethylaminomethyl, Rz = H
oder Ethyl, R4 = H, Alkyl oder Aryl, Rs = H, Alky! oder Aryl, von denen die beiden
letzigenannten gegebenenfalls substituiert sein kdnnen, P+Ps; = L- oder D-
Aminosauren, Xa, eine 15slichkeitsvermitteinde Aminosaure, n = 0 bis 3, m = 1 bis 3,

k = 0 bis 5, p = 0 bis 6 bedeuten und PM eine proteinbindende Gruppe ist.

Eine integrierte hydrolytisch oder enzymatisch spaltbare Sollbruchstelle erlaubt
hierbei eine kontrollierte Freisetzung des Wirkstoffs oder eines Aminoacyl-Wirkstoff-
Derivates in vivo, sodass Camptothecin-Derivate der vorliegenden Erfindung
Prodrugs darstellen.

Die erfindungsgemafien CPT-Derivate sind aus einer antitumoral wirksamen
Camptothecin-Komponente, einem Spacermolekdl, einer Peptidkette und einem
heterobifunktionellen Crosslinker aufgebaut. Im Folgenden wird dieser Aufbau n&her
erléutert:
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Die antitumoral wirksame CPT-Komponente ist ein Wirkstoff der aligemeinen Formel

worin

Ry =H, OH

Rz = H, NH»,, NO; oder N,N-Dimethylaminomethy!
Rz = H, Ethyl

bedeuten, welche;r eine freie 20-Hydroxygruppe aufweist. Bevorzugte Wirkstoffe sind
Camptothecin,' Topotecan, 10-Hydroxycamptothecin, 9-Aminocamptothecin und 9-
Nitrocamptothecin.

Das Spacermolekiil ist eine Aminocarbonséure der allgemeinen Formel

Rs Rs
H,N < OH
q
1 0

in der

R4 = H, Alkyl oder Aryl, bevorzugt H

Rs = H, Alkyl oder Aryl, gegebenenfalls substituiert, bevorzugt H oder Methyl
n=0bis3

bedeuten.

Besonders bevorzugte Spacer sind 4-Aminobutansdure, 5-Aminopentanséure, 3-
Aminopropansaure sowie L- und D-Alanin.

Die Peptidkette setzt sich aus einer durch die Cathepsine B und/oder D spaltbaren
Sequenz sowie einer N-terminalen |6slichkeitsvermittelnden Komponente zusammen

und hat die aligemeine Formel

HzN Xaa P1_P2_P3_P4—'OH

m
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in der

P4—P4 = L- oder bD-Aminosé&uren
Xaa = eine Aminosaure mit basischer Seitenkette
bedeuten.

Die Aminosauren P4 und P3; sind bevorzugt ausgewéhlt unter den Aminosé&uren
Alanin, Glycin, Leucin, Isoleucin, Norleucin, Valin und/oder Phenylalanin. Die
Aminosauren P, und P, sind bevorzugt ausgewahlt unter den Aminoséuren Leucin,

Isoleucin, Norleucin und/oder Phenylalanin.

Die l|6slichkeitsvermittelnde Gruppe Xaa ist bevorzugt ausgewahlt unter den
Aminoséuren Arginin, Lysin und Histidin. Eine besonders bevorzugte Gruppe ist
Arginin.

Der heterobifunktionelle Crosslinker ist eine Carbonsaure mit einer proteinbindenden
Gruppe der allgemeinen Formel

in der
k=0 Dbis 5
p=0bis6

PM = proteinbindende Gruppe

bedeuten.

Die proteinbindende Gruppe (PM) ist bevorzugt ausgewahlt unter einer 2-
Dithiopyridylgruppe, einer Halogenacetamidgruppe, einer Halogenacetatgruppe,
einer Disulfidgruppe, einer Acrylséureestergruppe, einer Monoalkylmalein-
sdureestergruppe, einer Monoalkylmaleaminsdureamidgruppe, einer N-Hydroxy~
succinimidylestergruppe, einer Isothiocyanatgruppe, einer Aziridingruppe oder einer
Maleinimidgruppe. Eine besonders bevorzugte proteinbindende Gruppe ist die
Maleinimidgruppe.
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Wirkstoff und Spacermolektl sind durch eine Esterbindung zwischen der 20-
Hydroxygruppe des Wirkstoffs und einer Carboxylgruppe des Spacermolekiils
verbunden. Die Bindung zwischen Spacermolektil und der Crosslinker-Peptid-Einheit
besteht aus einer Amidbindung zwischen der Aminogruppe des Spacermolekiils und
der C-terminalen Carboxyigruppe der Crossilinker-Peptid-Einheit. Die Bindung
zwischen Crosslinker und der Peptidkette besteht aus einer Amidbindung zwischen
dem N-Terminus der Peptidkette und der Carboxylgruppe des Crosslinkers.

Eine wesentliche Eigenschaft der erfindungsgemafen CPT-Derivate besteht darin,
dass die Bindungen zwischen Wirkstoff und Spacermolekll sowie zwischen
Spacermolektl und dem Crosslinker hydrolytisch und/oder enzymatisch unter
Beteiligung der Cathepsine B und/oder D spaltbar sind, wodurch eine kontrollierte
Freisetzung des Wirkstoffs oder eines Aminoacyl-Wirkstoff-Derivates in
Tumorgewebe ermdglicht wird. Die Cathepsine.B und D werden in vielen humanen
Tumoren (berexprimiert, wodurch sie einen idealen Angriffspunkt fUr eine Target-
orientierte, enzymatische Aktivierung von Prodrugs darstellen (Yan, S., et al. Biol.
Chem. 1998, 2, 113-123, Leto, G., et al. Clin. Exp. Metastasis 2004, 91-106). Des
Weiteren zeigen die erfindungsgemalen CPT-Derivate eine rasche Spaltung in
experimentellen Tumorhomogenaten (siche Beispiel 5).

Die Herstellung der erfindungsgemalften CPT-Derivate erfoigt bevorzugt durch
Kondensation von Camptothecin-Derivaten der allgemeinen Formel

in der

Ry = H oder OH

Rz = H, NH2, NO> oder N,N-Dimethylaminomethyl
Rz = H oder Ethyl

bedeuten, mit Spacern der allgemeinen Formel



10

15

20

25

30

OnCusp

9803 of 10951 Ex. 1038
WO 2006/092230 6 PCT/EP2006/001624
e on
R G
0
n
worin

R = eine dem Fachmann geléufige Schutzgruppe fiir Amine, bevorzugt Boc oder
Fmoc

R4 = H, Alkyl oder Aryl, bevorzugt H

Rs = H, Alkyl oder Aryl, gegebenenfalls substituiert, bevorzugt H oder Methyl
n=0bis3

bedeuten.

Dabei werden als Reagenzien zur Aktivierung der Carboxylgruppe des Spacers
vorzugsweise N,N'-Dicyclohexylcarbodiimid (DCC), N,N-Diisopropylcarbodiimid
(DIPC), (Benzotriazol-1-yloxy)ftris(dimethylamino)phosphonium-Hexafluorophosphat
(BOP), O-(Azabenzotriazol-1-y1)-N,N,N’,N’-tetramethyluronium-Hexafluorophosphat
(HATU) oder 2-Chlor-1-methylpyridiniumiodid unter Zusatz gangiger Katalysatoren
bzw. Hilfsbasen wie z. B. Trialkylamine, Pyridin, 4-Dimethylaminopyridin (DMAP)
oder Hydroxybenzotriazol (HOBt) und/oder Scandium(ill)trifluormethansulfonat
eingesetzt. Die Umsetzung erfolgt zweckmaRig in einem polar-aprotischen
organischen L&sungsmittel, vorzugsweise in Dichlormethan, N,N-Dimethylformamid
und Tetrahydrofuran. Die Umsetzungen werden zweckmafig bei Temperaturen
zwischen —10 °C und Raumtemperatur durchgefiihrt, wobei die Reaktionszeit
normalerweise zwischen 30 Minuten und 48 Stunden liegt. Die Aufarbeitung kann z.
B. durch Umkristallisation aus Methanol oder Ethanol, oder durch
Saulenchromatographie z. B. an Kieselgel erfolgen. Hierbei verwendete Laufmittel
sind bevorzugt Chloroform-Methanol-Gemische, die gegebenenfalls Zusatze von
Aminen oder Carbonsauren enthalten kénnen.

Anschlieftend wird die Schutzgruppe der Amino-Funktion entfernt. Diese Abspaltung
kann z. B. durch Behandlung mit Trifluoressigsaure/Dichiormethan-Gemischen oder
Piperidin erreicht werden. In einer fur das Verfahren bevorzugten Ausfiihrungsweise
wird die Boc-geschitze Prodrugvorstufe 30 min mit Trifluoressigséure/Dichlormethan
1:1 behandelt und das Produkt durch Fallung mit Diethylether isoliert.
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Danach wird die erhaltene Prodrugvorstufe, der aligemeinen Formel

worin

Rs =H oder OH

R2 = H, NH2, NO; oder N,N-Dimethylaminomethy!

Rz = H oder Ethyl

Rz = H, Alkyl oder Aryl, bevorzugt H

Rs = H, Alkyl oder Aryl, gegebenenfalls substituiert, bevorzugt H, Methyl

n=0bis3

bedeuten, durch Kondensation umgesetzt mit einer Crosslinker-Peptid-Einheit der

allgemeinen Formel

Ha
(@) C Xaa P1"“P2‘_P3"'P4_OH
@ o} ‘
P k m

worin
m =1 bis 3
k=0 bis 5

p=0bis6

PM = proteinbindende Gruppe
bedeuten.

Dabei werden als Reagenzien zur Aktivierung der Carboxylgruppe der Crosslinker-
Peptid-Einheit vorzugsweise O-(Azabenzotriazol-1-yl)-N,N,N’,N’-tetramethyluronium-
Hexafluorophosphat (HATU), (Benzotriazol-1-yloxy)tris(dimethylamino)phosphonium-
Hexafluorophosphat (BOP), N,N-Diisopropylcarbodiimid (DIPC), N,N'-
Dicyclohexylcarbodiimid (DCC) oder 2-Chior-1-methylpyridiniumiodid unter Zusatz
gangiger Katalysatoren bzw. Hilfsbasen wie z. B. N-Ethyldiisopropylamin (DIEA),
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Trialkylamine, Pyridin, 4-Dimethylaminopyridin (DMAP) oder Hydroxybenzotriazol
(HOBY) eingesetzt. Die Umsetzung erfolgt zweckmafig in einem polaren organischen
Losungsmittel, vorzugsweise in N,N-Dimethylformamid. Die Umsetzungen werden
zweckmaRig bei Temperaturen zwischen —10 °C und Raumtemperatur durchgefihrt,
wobei die Reaktionszeit normalerweise zwischen 30 Minuten und 48 Stunden liegt.
Die Aufarbeitung erfolgt z. B. durch S&ulenchromatographie bevorzugt an Cqs-RP-
Kieselgel. Bevorzugt verwendete Laufmittel sind hierbei Acetonitril-Wasser-
Gemische, die gegebenenfalls Zus&tze von Aminen oder Carbonsé&uren, bevorzugt

Trifluoressigsaure, enthaiten kénnen.

Nach einer bevorzugten AusfUhrungsweise wird Camptothecin zuerst mit Boc-
geschiltzter 4-Aminobutansaure (Boc-GABA) und nachfolgender Abspaltung der
Schutzgruppe zum Camptothecin-20-O-(4-aminobutanoat)-Trifluoracetat umgesetzt,
welches anschlieRend mit EMC-Arg-Arg-Ala-Leu-Ala-Leu-OH (EMC = 6-Maleinimido-
caprons#ure) unter Benutzung von HATU als Kopplungsreagenz kondensiert wird
(siehe Beispiel 1).

Durch die Verwendung I6slichkeitsvermitteinder Arginingruppen lasst sich die
Wasserldslichkeit gegenltiber CPT signifikant steigern. Solche Verbindungen weisen
typischerweise eine gegeniiber CPT um mehr als 400-fach gesteigerte Lslichkeit in

isotonischer Kochsalzlésung auf (siehe Beispiel 2).

Die erfindungsgeméfien  proteinbindenden  Camptothecin-Derivate  werden
parenteral, bevorzugt intravends appliziert. Dazu werden die erfindungsgemalen
CPT-Derivate als Ldsungen, Feststoffe oder Lyophilisate, gegebenenfalls unter
Verwendung Ublicher Hilfsstoffe bereitgestellt. Solche Hilfsstoffe sind beispielsweise
Polysorbate, Glucose, Lactose, Mannitol, Dextrane, Zitronenséure, Tromethamol,
Triethanolamin, Aminoessigsdure und/oder synthetische Polymere. Bevorzugt
werden die erfindungsgeméfRen CPT-Derivate in einem isotonischen Puffer geldst
appliziert. Die Loslichkeit des CPT-Derivates kann gegebenenfalls durch
pharmazeutische L&ésungsmittel wie etwa 1,2-Propandiol, Ethanol, Isopropanol,
Glycerol und/oder Poly(ethylenglykol) mit einem Molekulargewicht von 200 bis 600
g/mol, bevorzugt Poly(ethylenglykol) mit einem Molekulargewicht von 600 g/mol,
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und/oder Loslichkeitsvermittier wie z. B. Tween 80, Cremophor oder Polyvinyl-

pyrrolidon verbessert werden.

Fin wesentliches Merkmal der erfindungsgemafen CPT-Derivate liegt in einer
raschen kovalenten Bindung an Serumproteine Ober die proteinbindende Gruppe,
wodurch eine makromolekulare Transportform des Wirkstoffs generiert wird. Von
Serumproteinen wie Transferrin, Albumin und LDL ist eine erhdhte Aufnahme in
Tumorgewebe bekannt (Kratz F.; Beyer U. Drug Delivery 1998, 5, 281-299), sodass
diese im Rahmen der Erfindung als endogene Trager fir Zytostatika herangezogen
werden kdnnen. Ein besonders bevorzugtes Serumprotein ist zirkulierendes
Humanserumalbumin (HSA), das mit einer durchschnittlichen Konzentration von 30
bis 50 g/L die Hauptprotein-Komponente des menschlichen Blutes bildet (Peters T.
Adv. Protein Chem. 1985, 37, 161-245) und eine freie Cysteingruppe (Cystein-34-
Gruppe) an der Oberflaiche des Proteins aufweist, welche zur Anbindung von
thiolbindenden Gruppen wie Maleinimiden oder Disulfiden geeignet ist (WO
00/76551). Dass das erfindungsgemafe Maleinimid-funktionalisierte CPT-Derivate
schnell und selektiv an HSA binden, zeigt Beispiel 3. Die Reaktion der neuen CPT-
Derivate mit Serumproteinen kann auch extrakorporal durchgefiihrt werden, z. B. mit
einer zur Infusion vorgesehenen Albumin-, Blut- oder Serummenge.

Gegenliber Camptothecin-Konjugaten mit  synthetischen  Polymeren als
Tragersystemen besitzen die der Erfindung zugrunde liegenden CPT-Peptid-Derivate
den Vorteil, chemisch eindeutig definiert zu sein.
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Die folgenden Beispiele erlautern die Erfindung in Verbindung mit der beigefligten
Zeichnung naher.

In der Zeichnung stellen dar:

Abbildung 1 ein Chromatogramm von humanem Blutplasma; bei 4 = 370 nm st
lediglich eine geringfligige Absorption zu beobachten.

Abbildung 2 ein Chromatogramm von EMC-Arg-Arg-Ala-Leu-Ala-Leu-GABA-CPT,
das zuvor 30 min mit humanem Plasma inkubiert wurde (Detektion bei A = 280 und
370 nm).

Abbildung 3 ein Chromatogramm des HSA-Konjugats von EMC-Arg-Arg-Ala-Leu-Ala-
Leu-GABA-CPT nach Spaltung durch Cathepsin B.

Abbildung 4 ein Chromatogramm des HSA-Konjugats von EMC-Arg-Arg-Ala-Leu-Ala-
Leu-GABA-CPT nach Spaltung in HT238-Kolorektaltumor-Homogenat bei pH 5,0.

Abbildung 5 ein Chromatogramm des HSA-Konjugats von EMC-Arg-Arg-Ala-Leu-
Ala-Leu-GABA-CPT nach Spaltung in HT29-Kolorektaltumor-Homogenat bei pH 7,4.

Beispiel 1
Herstellung von Camptothecin-20-O-(L-Alaninat)-Trifluoracetat

CF,CO0 .
HaN

Zu einer Suspension von Boc-L-Alanin (489 mg, 2.58 mmol), Camptothecin (300 mg,
0.861 mmol), 4-Dimethylaminopyridin (330 mg, 2.58 mmol) sowie Scandium(lll)-
trifluormethansulfonat (256 mg, 1.46 mmol) in 30 mbL Dichlormethan wird unter
Stickstoffatmosphare bei -8°C N,N-Diisopropylcarbodiimid (426 pL, 2.76 mmol)
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gegeben und 30 Minuten geriihrt. AnschlieRend wird die Reaktionsmischung 2
Stunden bei Raumtemperatur geritihrt, die Feststoffe abfiltriert und das Filtrat jeweils
einmal mit 60 mL 0.1N HCI, 0.1M NaHCO3 und destilliertem Wasser gewaschen. Die
organische Phase wird Uber Magnesiumsulfat getrocknet und das Lésungsmittel im
Vakuum entfernt. Nach Umkristallisation des RUckstands aus Methanol und
Abspaltung der Boc-Schutzgruppe durch 30 minitige Behandlung mit 1 mL
Trifluoressigsdure/Dichlormethan (1:1) erhalt man 292 mg Camptothecin-20-O-(L-
alaninat)-Trifluoracetat als blassgelben Feststoff.

Beispiel 2
Herstellung von Camptothecin-20-O-(3-Aminopropanoat)-Trifluoracetat

Zu einer Ldsung von Boc-3-Aminopropansdure (489 mg, 2.87 mmol) in 100 mL
Dichlormethan werden bei 0°C Camptothecin (300 mg, 0.861 mmol), 4-
Dimethylaminopyridin (210 mg, 1.72 mmol) sowie N,N'-Diisopropylcarbodiimid (420
pL, 2.87 mmol) unter Stickstoffatmosphére gegeben und die entstandene
Suspension sechzehn Stunden bei Raumtemperatur geriihrt, wobei eine klare
Lésung entsteht. Anschlielend wird zweimal mit 100 mL 0.1N HCI gewaschen, die
organische Phase Uber Magnesiumsulfat getrocknet und das Losungsmittel im
Vakuum entfernt. Nach Umkristallisation des Ruckstands aus Methanol und
Abspaltung der Boc-Schutzgruppe durch 30 minttige Behandlung mit 1 mL
Trifluoressigsaure/Dichlormethan (1:1) erh&lt man 310 mg Camptothecin-20-O-(4-

aminobutanoat)-Trifluoracetat als blassgelben Feststoff.
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Beispiel 3

Herstellung von Camptothecin-20-O-[{((({{{6-maleinimidohexanoyl)arginy!)-
arginyl)alanyl)leucyl)alanyl)leucyl)-4-aminobutanoat] (abgekiirzt EMC-Arg-Arg-
Ala-Leu-Ala-Leu-GABA-CPT)

o &

4 8 o} o) o o} o}
N\/\/\/U\ Tw o fw Tw 0w w7 o
N—R:H-C—N—-(':H-C—N—?H-C—-N—?H—C—N—?H—C—N—?H-C—H/\/\n/

o]

CHe O CHa CH, CH, GHy o}
GHa CHa GHCH GH-CH,

OHy CHe CHy CHa

N NH

G=NH - G=NH

NH, NH,

Zu einer Losung von Boc-4-aminobutanséure (583 mg, 2.87 mmol) in 100 mL
Dichlormethan werden bei 0°C Camptothecin (300 mg, 0.861 mmol), 4-
Dimethylaminopyridin (210 mg, 1.72 mmol) sowie N,N'-Diisopropylcarbodiimid (420
pL, 0.861 mmol) unter Stickstoffatmosphére gegeben und die entstandene
Suspension sechzehn Stunden bei Raumtemperatur geriihrf, wobei eine klare
Losung entsteht. AnschlieRend wird zweimal mit 100 mL 0.1N HCI gewaschen, die
organische Phase Uber Magnesiumsulfat getrocknet und das Lo6sungsmittel im
Vakuum entfernt. Nach Umpkristallisation des RUlckstands aus Methanol und
Abspaltung der Boc-Schutzgruppe durch 30 minlitige Behandlung mit 1 mL
Trifluoressigséure/Dichlormethan (1:1) erhalt man 310 mg Camptothecin-20-0-(4-
aminobutanoat)-Trifluoracetat als blassgelben Feststoff.

Anschlieend wird zu einer L&sung von Camptothecin-20-0-(4-aminobutanoat)-
Trifluoracetat (43 mg, 0.079 mmol), [((((B-(Maleinimidohexanoyl)arginyl)arginyl)-
alanyl)leucyl)alanyllleucin-Trifluoracetat (100 mg, 0.087 mmol) und N-
Ethyldiisopropylamin (64 uL, 0.316 mmol) in 1.5 mL N,N-Dimethylformamid, O-
(Azabenzotriazol-1-y1)-N,N,N’,N tetramethyluronium-Hexafluorophosphat (33 mg,
0.087 mmol) unter Stickstoffatmosphére gegeben und 35 Minuten bei
Raumtemperatur gerthrt. Das Produki wird mit Diethylether gefslit und der
Niederschlag im Vakuum getrocknet. Die Reinigung des Rohprodukts erfolgt durch
praparative C1g-RP-HPLC (Acetonitril/Wasser 40:60, 0.1 % Trifluoressigséure). Nach
Lyophilisation erhélt man 96 mg der Zielverbindung als leuchtend gelben Feststoff.
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ESI-MS (4.0 kV, MeOH): m/z (%) 1307.6 ([M + H]", 100), 1329.5 (M + Na]*, 96)
HPLC-Reinheit (A = 370 nm, C4s-RP-Saule, Acetonitril/Wasser 40:60, 0.1 % TFA):
>95%

Beispiel 4
Loslichkeit von EMC-Arg-Arg-Ala-Leu-Ala-Leu-GABA-CPT in isotonischer
Kochsalzlésung.

. molare Masse Léslichkeit
Verbindung
[g/mol] [pmol/L] [rg/mL]
CPT 348.36 11 (1) 3.8 (£0.3)
EMGC-Arg-Arg-
Ala-Leu-Ala-Leu- 1556 >4500 >7000
GABA-CPT

Ergebnis:
Die erfindugsgemé&fRen CPT-Derivate zeigen somit gegentiber CPT eine um mehr als

400-fach gesteigerte Loslichkeit in isotonischer Kochsalzlésung.

Beispiel 5

Bindung von EMC-Arg?Arg-AIa-Leu-Ala-Leu-GABA-CPT an HSA im
Humanplasma

Humanplasma wurde durch Chromatographie an einer C5-RP-HPLC-Saule
(Symmetry® 300-5 4.6 x 250 mm von Waters) durch Gradientenelution (Fluss: 1.2—
1.8 mL/min; Eluent A: 30 % 200 mM KxHPO4 pH 7, 70 % Acetonitril; Eluent B: 72.5 %
200 mM KoHPO4 pH 7, 28.5 % Acetonitril; Gradient: 26 min Eluent B isokrat., 15 min
0-100 % Eluent A linear) in seine Proteinbestandteile aufgetrennt und bei 254 nm
detektiert (siehe Abbildung 1).

Nun werden 1.56 mg EMC-Arg-Arg-Ala-Leu-Ala-Leu-GABA-CPT in 200 pL Tris-
Puffer (pH 7.4) bei Raumtemperatur geldst (5 mM Lésung) und 10 pl dieser Lésung
mit 490 pL Humanplasma 30 min lang bei 37 °C inkubiert und die Probe
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anschlielend auf die Cqs-RP-HPLC-Saule aufgetragen (Methode s. oben). Bei
Messung der Absorption bei 370 nm zeigt sich, dass der tUberwiegende Teil von
EMC-Arg-Arg-Ala-Leu-Ala-Leu-GABA-CPT an Albumin gebunden vorliegt (siehe
Abbildung 2).

Beispiel 6

Stabilitat von HSA-Konjugaten von EMC-Arg-Arg-Ala-Leu-Ala-Leu-GABA-CPT-
in Humanplasma

Die Plasmastabilitat der durch Inkubation von EMC-Arg-Arg-Ala-Leu-Ala-Leu-GABA-
CPT mit humanem Blutplasma generierten HSA-Konjugate wird mit der in Beispiel 3
beschriebenen HPLC-Methode durch Messung der Abnahme der Peakflachen (4 =
370 nm) bestimmt:

Konjugat mit EMC-Arg-Arg-Ala-Leu-Ala-Leu-GABA-CPT: nach 48 h sind noch
>05% des HSA-Konjugats vorhanden.

Somit zeigt das Konjugat eine gute Stabilitat in Humanplasma.

Beispiel 7

Enzymatische Spaltung von EMC-Arg-Arg-Ala-Leu-Ala-Leu-GABA-CPT durch
Cathepsin B

1.56 mg EMC-Arg-Arg-Ala-Leu-Ala-Leu-GABA-CPT werden in 200 pyL Tris-Puffer pH
7.4 (fur Cathepsin B) gelost. 10 yL dieser L&sung werden Uber 30 Minuten mit 40 uL
einer 20 %igen HSA-L6sung bei 37°C inkubiert. Nachfoigend werden 10 pL
Cathepsin-B-Losung (71.7 pg/ml) zugegeben und jeweils mit Puffer auf ein Volumen
von 500 L verdinnt.

Die Bestimmung der Spaltprodukte erfolgt mit der in Beispiel 3 beschriebenen HPLC-
Methode (Abbildung 3).
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Ergebnis:

Nach nur zweistliindiger Spaltung mit Cathepsin B ist hach einer Retentionszeit von
13 Minuten ein niedermolekulares CPT-Derivat, sowie nach 5 Minuten CPT-GABA

erkennbar.

Beispiel 8 ,

Enzymatische Spaltung von EMC-Arg-Arg-Ala-Leu-Ala-Leu-GABA-CPT in HT29-
Kolorektaltumor-Homogenat )

1.56 mg EMC-Arg-Arg-Ala-Leu-Ala-Leu-GABA-CPT werden in 200 pL Tris-Puffer pH
7.4 bzw. Natriumacetat-Puffer pH 5.0 gelost. 10 pL dieser Lésung werden Uber 30
Minuten mit 40 pL einer 20 %igen HSA-L6sung bei 37°C inkubiert. Nachfolgend
werden 10 uyL HT29-Kolorektaltumor-Homogenat zugegeben und mit Puffer auf ein
Volumen von 500 pL verdiinnt.

Herstellung des Tumor-Homogenats: Das Tumormaterial wird mittels eines Skalpelis
stark zerkleinert und 200 mg der Masse werden mit 800 pL Puffer (Tris-Puffer pH 7.4
bzw. Natriumacetat-Puffer pH 5.0) unter Zusatz von 3—4 Glasperlen im Schittier
homogenisiert. Anschliebend wird bei 4 °C zentrifugiert und der Uberstand auf 200
uL aliguotiert. A

Die Bestimmung der Spaltprodukte erfolgt mit der in Beispiel 3 beschriebenen HPLC-
Methode (Abbildung 4 und 5).

Ergebnis:

Bei pH 5.0 ist nach 2 Stunden CPT-GABA erkennbar.

Bei pH 7.4 ist nach 2 Stunden ebenfalls CPT-GABA sowie nach 24 Stunden CPT als
Spaltprodukt erkennbar.

Somit ist eine Aktivierung des erfindungsgemaflen CPT-Derivates im

experimentellen Tumor-Homogenat in seine Wirkformen nachgewiesen.
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Anspriiche
1. Ein Camptothecin-Derivat der Formel I:
5
H Rs Ra o
Ho . N N
ﬂVOHCH XaaTP1—Po—Ps—P} {g
2
() °
0
P k m n
Crosslinker Peptid Spacer Wirkstoff
Crosslinker-Peptid-Einheit
worin
R; = H oder OH
R2 = H, NHs, NO, oder N,N-Dimethylaminomethyl
10 Rs = H oder Ethyl
R4 = H, Alkyl oder Aryl
Rs = H, gegebenenfalls substituiertes Alkyl oder Aryl
P4, Pz = Alanin, Glycin, Leucin, lIsoleucin, Norleucin, Valin und/oder
Phenylalanin
15 P,, P4 = Leucin, Isoleucin, Norleucin und/oder Phenylalanin
Xaa = Aminosaure mit basischer Seitenkette
n=0Dbis 3
m =1 Dbis 3
k =0 bis 5
20 p =0 bis 6

PM eine proteinbindende Gruppe bedeutet.

2. Camptothecin-Derivat gemé&f? Anspruch 1, wobei PM eine Maleinimidgruppe,

eine 2-Dithiopyridylgruppe, eine Halogenacetamidgruppe, eine Halogen-
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acetatgruppe, eine Disulfidgruppe, eine Acrylsdureestergruppe, eine
Monoalkylmaleinsaureestergruppe, eine Monoalkylmaleaminsadureamidgrup-
pe, eine N-Hydroxysuccinimidylestergruppe, eine lIsothiocyanatgruppe oder
eine Aziridingruppe ist, die gegebenenfalls substituiert sein kann.

Camptothecin-Derivat nach Anspruch 2, wobei PM eine Maleinimidgruppe ist,
die gegebenenfalls substituiert sein kann.

Camptothecin-Derivat nach Anspruch 1, worin Ry = OH, Rz = N,N-
Dimethylaminomethyl und Rz = H ist.

Camptothecin-Derivat nach Anspruch 3, worin R4 = H, Rz = H und R3 = H ist.

Camptothecin-Derivat nach einem der vorhergehenden Anspriiche, worin Ry =
H, Rs = H, Methyl, Hydroxymethyl, Phenylmethyl, 4-Hydroxyphenylmethyl,
Imidazolylmethyl, Indolylmethyl, CH{CH3)2, CH2CH(CHs)2, CH(CH3)CH2CHj,
CH(OH)CH3, CH,COOH, CH.CH,COOH, CHxCONHz;, CHCH>CONH,
CH2(CH,)3NH,, CH,CH2SCH3 oder CH2(CH2):NHC(NH)NH; ist.

Camptothecin-Derivat nach einem der vorhergehenden Anspriiche, worin P4
und Pz gleich oder unterschiedlich sind und Alanin, Glycin, Leucin, Isoleucin,
Norleucin, Valin oder Phenylalanin bedeuten.

Camptothecin-Derivat nach einem der vorhergehenden Anspriiche, worin P2
und P4 gleich oder unterschiedlich sind und Leucin, Isoleucin, Norleucin oder

Phenylalanin bedeuten.

Camptothecin-Derivat nach einem der vorhergehenden Anspriiche, worin Xaa
= Arginin, Lysin oder Histidin bedeuten.

Camptothecin-Derivat gemaf einem der vorhergehenden Anspriiche, worin n
=0 bis 3, m =1 bis 3, k =0 bis 5 und p = 0 bis 6 ist.
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11.  Camptothecin-Derivat nach einem der vorhergehenden Anspriiche, worin Xaa

12.

13.

= Arginin und m = 2 bedeuten.

Camptothecin-Derivat nach einem der vorhergehenden Anspriiche, worin P4,
Ps = Alanin und P2, P3 = Leucin bedeuten.

Verfahren zur Herstellung von Camptothecin-Derivaten nach einem der
vorhergehenden Anspriiche, dadurch gekennzeichnet, dass ein Campto-

thecin-Derivat der allgemeinen Formel Il

in der

R4 =H oder OH

Ro = H, NH2, NO, oder N,N-Dimethylaminomethy!

Rs; = H oder Ethyi

bedeuten, wobei etwaige nukleophile Gruppen an R;, Rz und Rs
gegebenenfalls durch geeignete Schutzgruppen geschiitzt vorliegen, mit

einem Spacer der aligemeinen Formel ll|

H RS ..R4
N ~ OH
R™ g
a2 0o

in der

R = Boc-Schutzgruppe oder andere géngige Aminoschutzgruppe

R4 = H, Alkyl oder Aryl

Rs = H, Alkyl oder Aryl

n =0 bis 3

PM = eine proteinbindende Gruppe

bedeuten, in Gegenwart von Carbonsaure-Aktivierungsreagenzien und unter
Zusatz gangiger Katalysatoren bzw. Hilfsbasen umgesetzt werden.
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14.  Verfahren nach Anspruch 13, dadurch gekennzeichnet, dass als

15.

16.

17.

18.

Carbonsé&ure-Aktivierungsreagenzien  N,N'-Diisopropylcarbodiimid, N,N'-
Dicyclohexylcarbodiimid, (Benzotriazol-1-yloxy)tris(dimethylamino)phos-
phonium-Hexafluorophosphat oder 2-Chior-1-methyipyridiniumiodid eingesetz

werden.

Verfahren nach Anspruch 14, dadurch gekennzeichnet, dass als Katalysatoren
bzw. Hilfsbasen Trialkylamine, Pyridin, 4-Dimethylaminopyridin (DMAP) oder
Hydroxybenzotriazol (HOBt) und/oder Scandium(liltrifluormethansulfonat
eingesetzt werden.

Verfahren gemaf Anspruch 13, dadurch gekennzeichnet, dass Camptothecin
mit einer Boc-Aminocarbonséure unter Einsatz von N,N'-
Diisopropylcarbodiimid und Dimethylaminopyridin umgesetz=t wird.

Verfahren gemafR Anspruch 13, dadurch gekennzeichnet, dass Camptothecin
mit Boc-4-Aminobutans@ure unter Einsatz von N,N'-Diisopropylcarbodiimid

und Dimethylaminopyridin umgesetzt wird.

Verfahren zur Herstellung von Camptothecin-Derivaten nach einem der
vorhergehenden Anspriiche, dadurch gekennzeichnet, dass ein Campto-
thecin-O-acyl-Derivat der allgemeinen Formel IV

in der
R4 = H oder OH
R2 = H, NH;, NO, oder N,N-Dimethylaminomethyl
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Rz = H oder Ethy{

R4 = H, Alkyl oder Aryl

Rs = H, gegebenenfalls substituiertes Alkyl oder Aryl

n=0Dbis 3

bedeuten, wobei etwaige nukieophile Gruppen an Ry, R, und Rs
gegebenenfalls durch geeignete Schutzgruppen geschitzt vorliegen, mit einer
Crosslinker-Peptid-Einheit der allgemeinen Formel V

Hy.
O C Xaa P1~P2"’P3"P4"’OH
(71) i
P k m

P+ und Pz gleich oder unterschiedlich sind und Alanin, Glycin, Leucin,

in der

Isoleucin, Norleucin, Valin oder Phenylalanin bedeuten

P> und P4 gleich oder unterschiedlich sind und Leucin, Isoleucin, Noreucin
oder Phenylalanin bedeuten

Xaa = Arginin, Lysin oder Histidin

m=1bis 3
k=0bis 5
p=0bis 6

PM eine proteinbindende Gruppe
bedeutet, in Gegenwart von Carbonsaure-Aktivierungsreagenzien und unter

Zusatz gangiger Katalysatoren bzw. Hilfsbasen umgesetzt werden.

Verfahren nach Anspruch 18, dadurch gekennzeichnet, dass als Carbonsaure-
Aktivierungsreagenzien N,N'-Diisopropylcarbodiimid, N,N'-Dicyclohexyl-
carbodiimid, (Benzotriazol-1-yloxy)tris(dimethylamino)phosphonium-Hexa-
fluorophosphat, 2-Chlor-1-methylpyridiniumiodid oder O-(Azabenzotriazol-1-
yh)-N,N,N’,N -tetramethyluronium-Hexafluorophosphat verwendet werden.

Verfahren nach Anspruch 18, dadurch gekennzeichnet, dass als Katalysatoren
bzw. Hilfsbasen N-Ethyldiisopropylamin (DIEA), Trialkylamine, Pyridin, 4-
Dimethylaminopyridin (DMAP) oder Hydroxybenzotriazol (HOBt) eingesetzt
werden.
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21.  Verfahren nach Anspruch 18, dadurch gekennzeichnet, dass als Carbonsaure-

22.

23.

24.

25.

26.

Aktivierungsreagenz O-(Azabenzotriazol-1-yl)-N,N,N",N -tetramethyluronium-
Hexafluorophosphat in Verbindung mit N-Ethyldiisopropylamin (DIEA)

verwendet wird.

Verfahren gemaRl Anspruch 18, dadurch gekennzeichnet, dass ein
Camptothecin-O-acyl-Trifluoracetat mit [((((6-(Maleinimido-
hexanoyl)arginyl)arginyl)alanyl)leucyl)alanyl]leucin-Trifluoracetat unter Einsatz
von O-(Azabenzotriazol-1-yl)-N,N,N’,N"-tetramethyluronium-
Hexafluorophosphat in Verbindung mit N-Ethyldiisopropylamin (DIEA)
umgesetzt wird.

Verfahren gemaf Anspruch 18, dadurch gekennzeichnet, dass Camptothecin-
O-4-aminobutanoat-Trifluoracetat mit [((((B-(Maleinimido-
hexanoyl)arginyl)arginyl)alanyl)leucyl)alanyljleucin-Trifluoracetat unter Einsatz
von O-(Azabenzotriazol-1-yl)-N,N,N",N"-tetramethyluronium-
Hexafluorophosphat in Verbindung mit N-Ethyldiisopropylamin (DIEA)

umgesetzt wird.

Arzneimittel enthaltend ein Camptothecin-Derivat gemaR einem der
Anspriiche 1 bis 12, gegebenenfalls zusammen mit Ublichen Hilfsstoffen

und/oder pharmazeutischen Lésungsmitteln.

Verwendung eines Camptothecin-Derivates nach einem der Anspriiche 1 bis
12 zur Behandlung von Krebskrankheiten.

Verfahren zur Herstellung eines Arzneimittels fiir die Behandiung von
Krebskrankheiten, dadurch gekennzeichnet, dass man eine Verbindung
gemal einem der Anspriiche 1 bis 12 in eine therapeutisch annehmbare
L&sung Uberfuhrt.



OnCusp

9819 of 10951 Ex. 1038
WO 2006/092230 PCT/EP2006/001624
1/5
Abbildung 1
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Abbildung 2
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Abbildung 3

Spaltung des HSA-Konjugats von EMC-Arg-Arg-Ala-Leu-Ala-Leu-GABA-CPT mit Cathepsin B
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Abbildung 4

Spaltung des HSA-Konjugats von EMC-Arg-Arg-Ala-Leu-Ala-Leu-GABA-CPT
in HT22-Tumor-Homogenat bei pH 5.0
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Abbildung 5

Absorption bei 370 nm

Spaltung des HSA-Konjugats von EMC-Arg-Arg-Ala-Leu-Ala-Leu-GABA-CPT
in HT29-Tumor-Homogenat bei pH 7.4
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Antibodies directed to HER-3 and uses thereof

DESCRIPTION

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to binding proteins including antibodies and
binding fragments thereof that bind to HER-3 and polynucleotides encoding
the same. Expression vectors and host cells comprising the same for the
production of the binding protein of the invention are also provided. In
addition, the invention provides compositions and methods for diagnosing
and treating diseases associated with HER-3 mediated signal transduction
and/or its ligand heregulin.

2. Background of the Technology

The human epidermal growth factor receptor 3 (HER-3, also known as
ErbB3) is a receptor protein tyrosine kinase and belongs to the epidermal
growth factor receptor (EGFR) subfamily of receptor protein tyrosine
kinases, which also includes HER-1 (also known as EGFR), HER-2, and
HER-4 (Plowman et al., Proc. Natl. Acad. Sci. U.S.A. 87 (1990), 4905-4909;
Kraus et al., Proc. Natl. Acad. Sci. U.S.A. 86 (1989), 9193-9197; and Kraus et
al., Proc. Natl. Acad. Sci. U.S.A. 90 (1993), 2900-2904). Like the prototypical
epidermal growth factor receptor, the transmembrane receptor HER-3
consists of an extracellular ligand-binding domain (ECD), a dimerization
domain within the ECD, a transmembrane domain, an intracellular protein
tyrosine kinase domain (TKD) and a C-terminal phosphorylation domain.

The ligand Heregulin (HRG) binds to the extracellular domain of HER-3 and
activates the receptor-mediated signaling pathway by promoting
dimerization with other human epidermal growth factor receptor (HER)
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family members and transphosphorylation of its intracellular domain. Dimer
formation between HER family members expands the signaling potential of
HER-3 and is a means not only for signal diversification but also signal
amplification. For example the HER-2/HER-3 heterodimer induces one of the
most important mitogenic signals among HER family members.

HER-3 has been found to be overexpressed in several types of cancer such as
breast, gastrointestinal and pancreatic cancers. Interestingly a correlation
between the expression of HER-2/HER-3 and the progression from a non-
invasive to an invasive stage has been shown (Alimandi et al., Oncogene
10,1813-1821; deFazio et al.,, Cancer 87, 487-498; Naidu et al., Br. J. Cancer
78, 1385-1390). Accordingly, agents that interfere with HER-3 mediated
signaling are desirable. Murine or chimeric HER-3 antibodies have been
reported, such as in US5968511, US5480968 and WO03013602.

A humanized monoclonal antibody against HER-2, Herceptin®, has recently
been shown to interfere with HER-2 mediated signaling and is therapeutically
effective in humans (Fendly et al., Hybridoma 6, 359-370; Hudziak et al., Mol.
Cell. Biol. 9, 1165-1172; Stebbing et al., Cancer Treat. Rev. 26, 287-290).
Herceptin® has been shown to act through two different mechanisms, i.e. the
engagement of the effector cells of the immune system as well as a direct
cytotoxic, apoptosis inducing effect.

However, only patients with highly amplified HER-2 respond significantly to
Herceptin® therapy, thus limiting the number of patients suitable for therapy. In
addition the development of resistance to drugs or a change in the
expression or epitope sequence of HER-2 on tumor cells may render even
those approachable patients unreactive with the antibody and therefore
abrogating its therapeutic benefits. Therefore more drugs for target based
therapies approaching further members of the HER family, such as HER-3,
are needed.
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BRIEF DESCRIPTION OF THE DRAWING FIGURES

Fig. 1 shows the extent of HER-3 expression in a panel of human cancer
cell lines and demonstrates that HER-3 is expressed in a variety of human

cancers.

Fig. 2 shows the results of the FACS analysis of HER-3 antibody binding to
either Ratl cells stably expressing the different members of the HER family

or only empty vector.
Fig. 3 shows antibody binding competition bins mapped to HER3 domains.

Fig. 4. show the results of the indirect FACS Scatchard antibody affinity
analysis performed with anti-HER-3 antibodies of the invention. The analysis
indicates that the anti-HER-3 antibodies of the invention possess high
affinities and strong binding constants for HER-3 expressed on the cell
surface

Fig. 5 shows the accelerated endocytosis of HER-3 induced by anti-HER-3
antibodies of the invention.

Figs. 6 a-e show the results of a ligand competition assay performed with
anti-HER-3 antibodies of the invention. The results demonstrate that the
antibodies of the invention specifically reduce binding of ['*1]-a-HRG/['**I]-B-
HRG to cells expressing endogenous HER-3.

Fig. 7a shows the results of a HER-3 phosphotyrosine ELISA performed with
anti-HER-3 antibodies of the invention. Antibodies according to the present
invention were able to inhibit B-HRG-mediated HER-3 activation as indicated
by increased receptor tyrosine phosphorylation. Furthermore fig. 7b shows
representative results of this experiment with titrated antibody.

Fig. 8 shows the result of a p42/p44 MAP-Kinase ELISA performed with
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anti-HER-3 antibodies of the invention. Antibodies according to the present
invention were able to reduce B-HRG-mediated p42/p44 MAP-Kinase
activation as indicated by increased MAP-Kinase phosphorylation.

Fig. 9 shows the result of a phospho-AKT ELISA performed with anti-HER-3
antibodies of the invention. Antibodies according to the present invention
were able to reduce B-HRG-mediated AKT activation as indicated by AKT
phosphorylation.

Fig. 10 shows the inhibition of MCF7 cell proliferation by human anti-HER-3
antibodies of the invention. Antibodies according to the present invention
inhibit HRG-induced cell growth in human cancer cells.

Fig. 11 shows the transmigration of MCF7 cells inhibited by human anti-
HER-3 antibodies of the invention.

Figs. 12a-i shows the inhibition of the anchorage independent cell growth by
human HER-3 antibodies of the invention.

Fig. 13 shows the inhibition of xenograft growth of T47D human breast
cancer cells by a human anti-HER-3 antibody of the invention.

Fig. 14 shows the reduction of BxPC3 human pancreas cancer cells in mice
after administration of anti Her3 (U1-59 and U1-53) or anti EGFR (Erbitux)
antibodies.

Fig. 15 shows the reduction of xenograft growth of BxPC3 human pancreas
cancer cells by a human anti-HER-3 antibody of the invention and in
combination with anti EGFR (Erbitux) antibodies.

Fig. 16 demonstrates that antibodies of the invention delay human
melanoma (HT 144) cell growth in nu/nu mice.
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Fig. 17 shows the reduction of xenograft growth of HT-29 human colon
carcinoma cells by human HER-3 antibodies of the invention (U1-53, U1-59
and U1-7).

Fig. 18 shows the reduction of xenograft growth of Calu-3 human lung
cancer cells by human anti-HER-3 antibodies of the invention (U1-59, U1-53
and U1-7).

Fig. 19 shows the reduction of xenograft growth of BXPC-3 human pancreas
cancer cells by human anti-HER-3 antibodies of the invention (U1-7, U1-59

and U1-53).

Fig. 20 demonstrates that an antibody of the invention (U1-59) causes
suppression of HER-3 in BXPC3 human pancreas cancer xenografts.

SUMMARY OF THE INVENTION

A first aspect of the present invention relates to an isolated binding protein
that binds to HER-3.

In one embodiment of the present invention, an isolated binding protein of
the invention comprises a heavy chain amino acid sequence comprising at
least one of the CDR’s selected from the group consisting of: (a) CDRH1's
as shown in SEQ ID NOs: 2, 6, 10, 14, 18, 22, 26, 30, 34, 36, 40, 42, 46, 50,
54, 60, 62, 66, 70, 74, 78, 80, 84, 88, 92, 96, 100, 104, 108, 112, 116, 120,
122, 126, 130, 134, 138, 142, 146, 150, 154, 158, 162, 166, 170, 174, 178,
182, 186, 190, 194, 198, 202, 206, 210, 214, 218, 222, 226 and 230, (b)
CDRH2's as shown in SEQ ID NOs: 2, 6, 10, 14, 18, 22, 26, 30, 34, 36, 40,
42, 46, 50, 54, 60, 62, 66, 70, 74, 78, 80, 84, 88, 92, 96, 100, 104, 108, 112,
116, 120, 122, 126, 130, 134, 138, 142, 146, 150, 154, 158, 162, 166, 170,
174, 178, 182, 186, 190, 194, 198, 202, 206, 210, 214, 218, 222, 226 and
230, and (c) CDRH3’s as shown in SEQ ID NOs: 2, 6, 10, 14, 18, 22, 26,
30, 34, 36, 40, 42, 46, 50, 54, 60, 62, 66, 70, 74, 78, 80, 84, 88, 92, 96, 100,
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104, 108, 112, 116, 120, 122, 126, 130, 134, 138, 142, 146, 150, 154, 158,
162, 166, 170, 174, 178, 182, 186, 190, 194, 198, 202, 206, 210, 214, 218,
222, 226 and 230, and/or a light chain amino acid sequence comprising at
least one of the CDR’s selected from the group consisting of: (d) CDRL1’s
as shown in SEQ ID NOs: 4, 8, 12, 16, 20, 24, 28, 32, 38, 44, 48, 52, 56, 58,
64, 68, 72, 76, 82, 86, 90, 94, 98, 102, 106, 110, 114, 118, 124, 128, 132,
136, 140, 144, 148, 152, 156, 160, 164, 168, 172, 176, 180, 184, 188, 192,
196, 200, 204, 208, 212, 216, 220, 224, 228 and 232, (e) CDRL2’s as shown
in SEQ ID NOs: 4, 8, 12, 16, 20, 24, 28, 32, 38, 44, 48, 52, 56, 58, 64, 68,
72,76, 82, 86, 90, 94, 98, 102, 106, 110, 114, 118, 124, 128, 132, 136, 140,
144, 148, 152, 156, 160, 164, 168, 172, 176, 180, 184, 188, 192, 196, 200,
204, 208, 212, 216, 220, 224, 228 and 232, and (f) CDRL3’'s as shown in
SEQ ID NOs: 4, 8, 12, 16, 20, 24, 28, 32, 38, 44, 48, 52, 56, 58, 64, 68, 72,
76, 82, 86, 90, 94, 98, 102, 106, 110, 114, 118, 124, 128, 132, 136, 140,
144, 148, 152, 156, 160, 164, 168, 172, 176, 180, 184, 188, 192, 196, 200,
204, 208, 212, 216, 220, 224, 228 and 232.

In another embodiment of the present invention, an isolated binding protein
of the invention comprises a heavy chain amino acid sequence selected
from the group consisting of SEQ ID Nos: 2, 6, 10, 14, 18, 22, 26, 30, 34, 36,
40, 42, 46, 50, 54, 60, 62, 66, 70, 74, 78, 80, 84, 88, 92, 96, 100, 104, 108,
112, 116, 120, 122, 126, 130, 134, 138, 142, 146, 150, 154, 158, 162, 166,
170, 174, 178, 182, 186, 190, 194, 198, 202, 206, 210, 214, 218, 222, 226
and 230, and/or a light chain amino acid sequence selected from the group
consisting of SEQ ID NOs: 4, 8, 12, 16, 20, 24, 28, 32, 38, 44, 48, 52, 56, 58,
64, 68, 72, 76, 82, 86, 90, 24, 98, 102, 106, 110, 114, 118, 124, 128, 132,
136, 140, 144, 148, 152, 156, 160, 164, 168, 172, 176, 180, 184, 188, 192,
196, 200, 204, 208, 212, 216, 220, 224, 228 and 232.

In yet another embodiment of the present invention, an isolated binding
protein of the invention comprises a heavy chain amino acid sequence and a
light chain amino acid sequence as shown in SEQ ID NOs: 2 and 4, 6 and 8,
10 and 12, 14 and 16, 18 and 20, 22 and 24, 26 and 28, 30 and 32, 36 and
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38, 42 and 44, 46 and 48, 50 and 52, 54 and 56, 60 and 58, 62 and 64, 66
and 68, 70 and 72, 74 and 76, 78 and 82, 80 and 82, 84 and 86, 88 and 90,
92 and 94, 96 and 98, 100 and 102, 104 and 106, 108 and 110, 112 and
114, 116 and 118, 122 and 124, 126 and 128, 130 and 132, 134 and 136,
138 and 140, 142 and 144, 146 and 148, 150 and 152, 154 and 156, 158
and 160, 162 and 164, 166 and 168, 170 and 172, 174 and 176, 178 and
180, 182 and 184, 186 and 188, 190 and 192, 194 and 196, 198 and 200,
202 and 204, 206 and 208, 210 and 212, 214 and 216, 218 and 220, 222
and 224, 226 and 228, 230 and 232, or a heavy chain amino acid sequence
as shown in SEQ ID NOs: 34, 40, 60, 62 or 120, or a light chain amino acid
séquence as shown in SEQ ID>NOs: 58 or 64.

According to the present invention, an isolated binding protein that is capable
of binding to HER-3 interacts with at least one epitope in the extracellular
part of HER-3. The epitopes are preferably located in domain L1 (aa 19-184)
which is the amino terminal domain, in domain S1 (aa 185-327) and S2 (aa
500-632) which are the two Cysteine-rich domains, or in domain L2 (328-
499) which is flanked by the two Cysteine-rich domains. The epitopes may
also be located in combinations of domains such as but not limited to an
epitope comprised by parts of L1 and S1. Further preferred is an isolated
binding protein that binds to a three-dimensional structure formed by amino
acid residues 1-160, 161-358, 359-575, 1-358 and/or 359-604 vof mature
HER-3, particularly of mature human HER-3.

Preferably, an isolated binding protein of the invention is a scaffold protein
having an antibody like binding activity or an antibody, e.g. an anti-HER-3
antibody. In particular, the anti-HER-3 antibody is selected from the group
consisting of U1-1 antibody, U1-2 antibody, U1-3 antibody, U1-4 antibody,
U1-5 antibody, U1-6 antibody, U1-7 antibody, U1-8 antibody, U1-9 antibody,
U1-10 antibody, U1-11 antibody, U1-12 antibody, U1-13 antibody, U1-14
antibody, U1-15 antibody, U1-16 antibody, U1-17 antibody, U1-18 antibody,
U1-19 antibody, U1-20 antibody, U1-21 antibody, U1-22 antibody, U1-23
antibody, U1-24 antibody, U1-25 antibody, U1-26 antibody, U1-27 antibody,
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U1-28 antibody, U1-29 antibody, U1-30 antibody, U1-31 antibody, U1-32
antibody, U1-33 antibody, U1-34 antibody, U1-35 antibody, U1-36 antibody,
U1-37 antibody, U1-38 antibody, U1-39 antibody, U1-40 antibody, U1-41
antibody, U1-42 antibody, U1-43 antibody, U1-44 antibody, U1-45 antibody,
U1-46 antibody, U1-47 antibody, U1-48 antibody, U1-49 antibody, U1-50
antibody, U1-51 antibody, U1-52 antibody, U1-53 antibody, U1-55.1
antibody, U1-55 antibody, U1-57.1 antibody, U1-57 antibody, U1-58
antibody, U1-59 antibody, U1-61.1 antibody, U1-61 antibody, U1-62
antibody or an antibody having at least one heavy or light chain of one of
said antibodies. Especially preferred are the antibodies U1-49 (SEQ ID NO:
42/44), U1-53 (SEQ ID NO: 54/56) and U1-59 (SEQ ID NO: 70/72) or an
antibody having at least one heavy or light chain of one of said antibodies.

In addition, further embodiments of the present invention provide an isolated
binding protein coupled to a labelling group or effector group. Preferably, such
an binding protein is useful for the treatment of hyperproliferative diseases,
particularly oncological diseases such as breast cancer, gastrointestinal
cancer, pancreatic cancer, prostate cancer, ovarian cancer, stomach cancer,
endometrial cancer, salivary gland cancer, lung cancer, kidney cancer, colon
cancer, colorectal cancer, thyroid cancer, bladder cancer, glioma, melanoma,
testis cancer, soft tissue sarcoma, head and neck cancer, or other HER-3
expressing or overexpressing cancers, and the formation of tumor metastases.

Other aspects of the present invention relate to an isolated nucleic acid
molecule encoding a binding protein of the invention, a vector having a
nucleic acid molecule encoding the binding protein of the invention, and a
host cell, e.g. a CHO cell, an NS/0 myeloma cell, transformed with such

nucleic acid molecule or vector.

A further aspect of the present invention relates to a method for producing a
binding protein of the invention by preparing said binding protein from a host
cell that secretes the binding protein. Preferably, the binding protein of the
invention is prepared from a hybridoma cell line that secretes a binding
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protein or a CHO or other cell type transformed with a nucleic acid molecule
encoding a binding protein of the invention.

Another aspect of the present invention relates to a method for producing a
binding protein of the invention by preparing said binding protein from a
tissue, product or secretion of an animal, plant or fungus transgenic for a
nucleic acid molecule or nucleic acid molecules encoding the binding protein
of the invention. Preferably, a binding protein of the invention is prepared
from the tissue, product or secretion of a transgenic animal such as cow,
sheep, rabbit, chicken or other mammalian or avian species, a transgenic
plant such as corn, tobacco or other plant, or a transgenic fungus such as
Aspergillus, Pichia or other fungal species.

Another aspect of the present invention pertains to a pharmaceutical
composition comprising as an active agent at least one binding protein of
the invention in admixture with pharmaceutically acceptable carriers,
diluents and/or adjuvants. In another preferred embodiment of the present
invention, the pharmaceutical composition of the invention additionally
contains at least one other active agent, e.g. at least one antineoplastic
agent. Yet another aspect of the present invention pertains to the use of at
least one binding protein of the invention, and optionally at least one other
active agent, e.g. at least one antineoplastic agent, in admixture with
pharmaceutically acceptable carriers, diluents and/or adjuvants for the
preparation of a pharmaceutical composition. The pharmaceutical
composition is suitable for diagnosing, preventing or treating a
hyperproliferative disease, particularly an oncological disease such as breast
cancer, gastrointestinal cancer, pancreas cancer, prostate cancer, ovarian
cancer, stomach cancer, endometrial cancer, salivary gland cancer, lung
cancer, kidney cancer, colon cancer, colorectal cancer, thyroid cancer,
bladder cancer, glioma, melanoma or other HER-3 expressing or
overexpressing cancers, and the formation of tumor metastases.

Moreover, the present invention relates in a further aspect to a method for
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diagnosing diseases or conditions associated with the expression of HER-3,
comprising contacting a sample with at least one binding protein of the
invention, and detecting the presence of HER-3. Preferred diseases or
conditions include the hyperproliferative diseases mentioned above.

Still another aspect of the present invention is a method for preventing or
treating diseases or conditions associated with the expression of HER-3 in a
patient in need thereof, comprising administering to the patient an effective
amount of at least one binding protein of the invention and optionally at least
one other active agent, e.g. at least one neoplastic agent. Preferably, the
patient is a mammalian patient, more preferably a human patient. Preferred
diseases or conditions associated with the expression of HER-3 are the
hyperproliferative diseases mentioned above.

A further aspect of the present invention relates to a kit for the diagnosis,
prevention or treatment diseases or conditions associated with the
expression of HER-3, comprising at least one binding protein, and/or nucleic
acid molecule and/or vector of the invention. Optionally, the kit of the
invention can further comprise at least one other active agent, e.g. at least
one anti neoplastic agent. Preferably, the diseases or conditions associated
with the expression of HER-3 are the hyperproliferative diseases mentioned
above.

DETAILED DESCRIPTION

A first aspect of the present invention relates to an isolated binding protein
that binds to HER-3.

In one embodiment of the present invention, the isolated binding protein of
the invention comprises a heavy chain amino acid sequence comprising at
least one of the CDR’s selected from the group consisting of: (a) CDRH1's
as shown in SEQ ID NOs: 2, 6, 10, 14, 18, 22, 26, 30, 34, 36, 40, 42, 46, 50,
54, 60, 62, 66, 70, 74, 78, 80, 84, 88, 92, 96, 100, 104, 108, 112, 116, 120,
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122, 126, 130, 134, 138, 142, 146, 150, 154, 158, 162, 166, 170, 174, 178,
182, 186, 190, 194, 198, 202, 206, 210, 214, 218, 222, 226 and 230, (b)
CDRH2’s as shown in SEQ ID NOs: 2, 6, 10, 14, 18, 22, 26, 30, 34, 36, 40,
42, 46, 50, 54, 60, 62, 66, 70, 74, 78, 80, 84, 88, 92, 96, 100, 104, 108, 112,
116, 120, 122, 126, 130, 134, 138, 142, 146, 150, 154, 158, 162, 166, 170,
174, 178, 182, 186, 190, 194, 198, 202, 206, 210, 214, 218, 222, 226 and
230, and (c) CDRH3’s as shown in SEQ ID NOs: 2, 6, 10, 14, 18, 22, 26,
30, 34, 36, 40, 42, 46, 50, 54, 60, 62, 66, 70, 74, 78, 80, 84, 88, 92, 96, 100,
104, 108, 112, 116, 120, 122, 126, 130, 134, 138, 142, 146, 150, 154, 158,
162, 166, 170, 174, 178, 182, 186, 190, 194, 198, 202, 206, 210, 214, 218,
222, 226 and 230, and/or a light chain amino acid sequence comprising at
least one of the CDR’s selected from the group consisting of: (d) CDRL1’s
as shown in SEQ ID NOs: 4, 8, 12, 16, 20, 24, 28, 32, 38, 44, 48, 52, 56, 58,
64, 68, 72, 76, 82, 86, 90, 94, 98, 102, 106, 110, 114, 118, 124, 128, 132,
136, 140, 144, 148, 152, 156, 160, 164, 168, 172, 176, 180, 184, 188, 192,
196, 200, 204, 208, 212, 216, 220, 224, 228 and 232, (e) CDRL2’s as shown
in SEQ ID NOs: 4, 8, 12, 16, 20, 24, 28, 32, 38, 44, 48, 52, 56, 58, 64, 68,
72, 76, 82, 86, 90, 94, 98, 102, 106, 110, 114, 118, 124, 128, 132, 136, 140,
144, 148, 152, 156, 160, 164, 168, 172, 176, 180, 184, 188, 192, 196, 200,
204, 208, 212, 216, 220, 224, 228 and 232, and (f) CDRL3"s as shown in
SEQ ID NOs: 4, 8, 12, 16, 20, 24, 28, 32, 38, 44, 48, 52, 56, 58, 64, 68, 72,
76, 82, 86, 90, 94, 98, 102, 106, 110, 114, 118, 124, 128, 132, 136, 140,
144, 148, 152, 156, 160, 164, 168, 172, 176, 180, 184, 188, 192, 196, 200,
204, 208, 212, 216, 220, 224, 228 and 232.

In another embodiment of the present invention, the isolated binding protein
of the invention comprises a heavy chain amino acid sequence selected
from the group consisting of SEQ ID NOs: 2, 6, 10, 14, 18, 22, 26, 30, 34,
36, 40, 42, 46, 50, 54, 60, 62, 66, 70, 74, 78, 80, 84, 88, 92, 96, 100, 104,
108, 112, 116, 120, 122, 126, 130, 134, 138, 142, 146, 150, 154, 158, 162,
166, 170, 174, 178, 182, 186, 190, 194, 198, 202, 206, 210, 214, 218, 222,
226 and 230, and/or a light chain amino acid sequence selected from the
group consisting of SEQ ID NOs: 4, 8, 12, 16, 20, 24, 28, 32, 38, 44, 48, 52,
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56, 58, 64, 68, 72, 76, 82, 86, 90, 94, 98, 102, 106, 110, 114, 118, 124, 128,
132, 136, 140, 144, 148, 152, 156, 160, 164, 168, 172, 176, 180, 184, 188,
192, 196, 200, 204, 208, 212, 216, 220, 224, 228 and 232.

In yet another embodiment of the present invention, the isolated binding
protein of the invention comprises a heavy chain amino acid sequence and a
light chain amino acid sequence as shown in SEQ ID NOs: 2 and 4, 6 and 8,
10 and 12, 14 and 16, 18 and 20, 22 and 24, 26 and 28, 30 and 32, 36 and
38, 42 and 44, 46 and 48, 50 and 52, 54 and 56, 60 and 58, 62 and 64, 66
and 68, 70 and 72, 74 and 76, 78 and 82, 80 and 82, 84 and 86, 88 and 90,
92 and 94, 96 and 98, 100 and 102, 104 and 106, 108 and 110, 112 and
114, 116 and 118, 122 and 124, 126 and 128, 130 and 132, 134 and 136,
138 and 140, 142 and 144, 146 and 148, 150 and 152, 154 and 156, 158
and 160, 162 and 164, 166 and 168, 170 and 172, 174 and 176, 178 and
180, 182 and 184, 186 and 188, 190 and 192, 194 and 196, 198 and 200,
202 and 204, 206 and 208, 210 and 212, 214 and 216, 218 and 220, 222
and 224, 226 and 228, 230 and 232, or a heavy chain amino acid sequence
as shown in SEQ ID NOs: 34, 40, 60, 62 or 120, or a light chain amino acid
sequence as shown in SEQ ID NOs: 58 or 64.

In accordance with the present invention, it is to be understood, that the
amino acid sequence of the binding protein of the invention is not limited to
the twenty conventional amino acids (See Immunology - A Synthesis (2™
Edition, E.S. Golub and D.R. Gren, Eds., Sinauer Associates, Sunderland,
Mass. (1991)), which is incorporated herein by reference). For example, the
amino acids may include stereoisomers (e.g. D-amino acids) of the twenty
conventional amino acids, unnatural amino acids such as a-,a-disubstituted
amino acids, N-alkyl amino acids, lactic acid, and other unconventional
amino acids. Examples of unconventional amino acids, which may also be
suitable components for the binding protein of the invention, include: 4-
hydroxyproline, y-carboxyglutamate, £-N,N,N-trimethyllysine, e-N-
acetyllysine, O-phosphoserine, N-acetylserine, N-formylmethionine, 3-
methylhistidine, 5-hydroxylysine, o-N-methylarginine, and other similar
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amino acids and imino acids, e.g. 4-hydroxyproline.

Furthermore, in accordance with the present invention, minor variations in
the amino acid sequences shown in SEQ ID NOs: 1-232 are contemplated
as being encompassed by the present invention, providing that the
variations in the amino acid sequence maintain at least 75 %, more
preferably at least 80 %, 90 %, 95 %, and most preferably 99 % of the
sequences shown in SEQ ID NOs: 1-232. The variations may occur within
the framework regions (i.e. outside the CDRs), within the CDRs, or within
the framework regions and the CDRs. Preferred variations in the amino acid
sequences shown in SEQ ID NOs: 1-232, i.e. deletions, insertions and/or
replacements of at least one amino acid, occur near boundaries of functional
domains. Structural and functional domains can be identified by comparison
of the nucleotide and/or amino acid sequence data to public or proprietary
sequence databases. Computerized comparison methods can be used to
identify sequence motifs or predicted protein conformation domains that
occur in other binding proteins of known structure and/or function. Methods
to identify protein sequences that fold into a known three-dimensional
structure are known. See e.g. Bowie et al, Science 253, 164 (1991);
Proteins, Structures and Molecular Principles (Creighton, Ed., W. H.
Freeman and Company, New York (1984)); Introduction to Protein Structure
(C. Branden and J. Tooze, eds., Garland Publishing, New York, N.Y.
(1991)); and Thornton et at., Nature 354, 105 (1991), which are all
incorporated herein by reference. Thus, those of skill in the art can
recognize sequence motifs and structural conformations that may be used to
define structural and functional domains in accordance with the invention.

Especially preferred variations in the amino acid sequences shown in SEQ
ID NOs: 1-174 and 1-232 are those that lead to a reduced susceptibility to
proteolysis or oxidation, alter glycosylation patterns or alter binding affinities
or confer or modify other physicochemical or functional properties of the
binding protein. In particular, conservative amino acid replacements are

contemplated. Conservative replacements are those that take place within a
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family of amino acids that are related in their side chains. Preferred amino
acid families are the following: acidic family = aspartate, glutamate; basic
family = lysine, arginine, histidine; non-polar family = alanine, valine,
leucine, isoleucine, proline, phenylalanine, methionine, tryptophan; and
uncharged polar family = glycine, asparagine, glutamine, cysteine, serine,
threonine, tyrosine. More preferred families are: aliphatic-hydroxy family =
serine and threonine; amide-containing family = asparagine and glutamine;
aliphatic family = alanine, valine, leucine and isoleucine; and aromatic family
= phenylalanine, tryptophan, and tyrosine. For example, it is reasonable to
expect that an isolated replacement of a leucine with an isoleucine or valine,
an aspartate with a glutamate, a threonine with a serine, or a similar
replacement of an amino acid with a structurally related amino acid will not
have a major effect on the binding or properties of the resulting binding
protein, especially if the replacement does not involve an amino acid within a
framework site. However, all other possible amino acid replacements are
also encompassed by the present invention. Whether an amino acid change
results in a functional binding protein, i.e. in a binding protein that binds to
HER-3 and reduces signal transduction of HER family members, can readily
be determined by assaying the specific activity of the resulting binding
protein in ELISA or FACS for binding to HER-3 or in vitro or in vivo functional
assay.

According to the present invention, the binding protein of the invention
interacts with at least one epitope in the extracellular part of HER-3. The
epitopes are preferably located in domain L1 (aa 19-184), which is the
amino terminal domain, in domain S1 (aa 185-327) and S2 (aa 500-632),
which are the two Cysteine-rich domains, in domain L2 (328-499), which is
flanked by the two Cysteine-rich domains or in a combination of HER-3
domains. The epitopes may also be located in combinations of domains
such as but not limited to an epitope comprised by parts of L1 and S1.
Moreover, the binding protein of the invention is further characterized in that
its binding to HER-3 reduces HER-3-mediated signal transduction. In
accordance with the present invention, a reduction of HER-3-mediated signal
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transduction may, e.g. be caused by a downregulation of HER-3 resulting in an
at least partial disappearance of HER-3 molecules from the cell surface or by a
stabilization of HER-3 on the cell surface in a substantially inactive form, i.e. a
form which exhibits a lower signal transduction compared to the non-stabilized
form. Alternatively, a reduction of HER-3-mediated signal transduction may
also be caused by influencing, e.g. decreasing or inhibiting, the binding of a
ligand or another member of the HER family to HER-3, of GRB2 to HER-2 or of
GRB2 to SHC, by inhibiting receptor tyrosine phosphorylation, AKT
phosphorylation, PYK2 tyrosine phosphorylation or ERK2 phosphorylation, or
by decreasing tumor invasiveness: Alternatively, a reduction of HER-3
mediated signal transduction may also be caused by influencing, e.g.,
decréésing or inhibiting, the formation of HER-3 containing dimers with other
HER family members. One example among others may be the decreasing or
inhibiting of the HER3-EGFR protein complex formation.

Preferably, the binding protein of the invention is a scaffold protein having
an antibody like binding activity or an antibody, i.e. an anti-HER-3 antibody.

Within the context of the present invention, the term “scaffold protein”®, as
used herein, means a polypeptide or protein with exposed surface areas in
which amino acid insertions, substitutions or deletions are highly tolerable.
Examples of scaffold proteins that can be used in accordance with the
present invention are protein A from Staphylococcus aureus, the bilin
binding protein from Pieris brassicae or other lipocalins, ankyrin repeat
proteins, and human fibronectin (reviewed in Binz and Plickthun, Curr Opin
Biotechnol,16, 459-69 ). Engineering of a scaffold protein can be regarded
as grafting or integrating an affinity function onto or into the structural
framework of a stably folded protein. Affinity function means a protein
binding affinity according to the present invention. A scaffold can be
structurally separable from the amino acid sequences conferring binding
specificity. In general, proteins appearing suitable for the development of
such artificial affinity reagents may be obtained by rational, or most

commonly, combinatorial protein engineering techniques such as panning
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against HER-3, either purified protein or protein displayed on the cell
surface, for binding agents in an artificial scaffold library displayed in vitro,
skills which are known in the art (Skerra, J. Mol. Recog., 2000; Binz and
Pluckthun, 2005). In addition, a scaffold protein having an antibody like
binding activity can be derived from an acceptor polypeptide containing the
scaffold domain, which can be grafted with binding domains of a donor
polypeptide to confer the binding specificity of the donor polypeptide onto
the scaffold domain containing the acceptor polypeptide. Said inserted
binding domains may be, for example, the complementarity determining
region (CDR) of an antibody, in particular an anti-HER-3 antibody. Insertion
can be accomplished by variods methods known to those skilled in the art
including, for example, polypeptide synthesis, nucleic acid synthesis of an
encoding amino acid as well by various forms of recombinant methods well
known to those skilled in the art.

Moreover, the term “antibody” or “anti-HER-3 antibody”, as used herein,
means a monoclonal antibody, a polyclonal antibody, a recombinant antibody,
a humanized antibody (Jones ef al., Nature 321 (1986), 522-525; Riechmann
et al., Nature 332 (1988), 323-329; and Presta, Curr. Op. Struct. Biol. 2 (1992),
593-596), a chimeric antibody (Morrison et al., Proc. Natl. Acad. Sci. U.S.A. 81
(1984), 6851-6855), a multispecific antibody (e.g. a bispecific antibody) formed
from at least two antibodies, or an antibody fragment thereof. The term
“antibody fragment” comprises any portion of the afore-mentioned antibodies,
preferably their antigen binding or variable regions. Examples of antibody
fragments include Fab fragments, Fab' fragments, F(ab'). fragments, Fv
fragments, diabodies (Hollinger et al., Proc. Natl. Acad. Sci. U.S.A. 90 (1993),
6444-6448), single chain antibody molecules (Plickthun in: The Pharmacology
of Monoclonal Antibodies 113, Rosenburg and Moore, EDS, Springer Verlag,
N.Y. (1994), 269-315) and other fragments as long as they exhibit the desired
capability of binding to HER-3.

In addition, the term “antibody” or “anti-HER-3 antibody”, as used herein, may

include antibody-like molecules that contain engineered sub-domains of
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antibodies or naturally occuning antibody variants. These antibody-like
molecules may be single-domain antibodies such as VH-only or VL-only
domains derived either from natural sources such as camelids (Muyldermans
et al., Reviews in Molecular Biotechnology 74, 277-302 ) or through in vitro
display of libraries from humans, camelids or other species (Holt et al., Trends
Biotechnol., 21, 484-90 ).

In accordance with the present invention, the “Fv fragment” is the minimum
antibody fragment that contains a complete antigen-recognition and -binding
site. This region consists of a dimer of one heavy- and one light-chain
variable domai.n in tight, non-covalent association. It is in this configuration
that the three CDR’s of each variable domain interact to define an antigen-
binding site on the surface of the Vu-V,. dimer. Collectively, the six CDR’s
confer antigen-binding specificity to the antibody. However, even a single
variable domain (or half of an Fv comprising only three CDR’s specific for an
antigen) has the ability to recognize and bind the antigen, although usually
at a lower affinity than the entire binding site. The “Fab fragment” also
contains the constant domain of the light chain and the first constant domain
(CH1) of the heavy chain. The “Fab fragment’ differs from the “Fab’
fragment” by the addition of a few residues at the carboxy terminus of the
heavy chain CH1 domain including one or more cysteines from the antibody
hinge region. The “F(ab'). fragment” originally is produced as a pair of “Fab’
fragments” which have hinge cysteines between them. Methods of preparing

"such antibody fragments, such as papain or pepsin digestion, are known to

those skilled in the art.

In a preferred embodiment of the present invention, the anti-HER-3 antibody of
the invention is of the IgA-, IgD-, IgE, IgG- or IgM-type, preferably of the 1IgG-
or IgM-type including, but not limited to, the IgG1-, IgG2-, 1gG3-, 1gG4-, IgM1-
and IgM2-type. In most preferred embodiments, the antibody is of the 1IgG1-,
IgG2- or IgG4- type.

In another preferred embodiment of the present invention, the anti-HER-3
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antibody of the invention is an anti-HER-3 antibody directed against the
extracellular domain (ECD) of HER-3.

In certain respects, e.g. in connection with the generation of antibodies as
therapeutic candidates against HER-3, it may be desirable that the anti-
HER-3 antibody of the invention is capable of fixing complement and
participating in complement-dependent cytotoxicity (CDC). There are a
number of isotypes of antibodies that are capable of the same including
without limitations the following: murine IgM, murine 1gG2a, murine 1gG2b,
murine 1gG3, human IgM, human IgG1, human IgG3, and human IgA. It will
be abpreciated that antibodies that are generated need not initially possess
such an isotype but, rather the antibody as generated can possess any
isotype and the antibody can be isotype switched by appending the
molecularly cloned V region genes or cDNA to molecularly cloned constant
region genes or cDNAs in appropriate expression vectors using conventional
molecular biological techniques that are well known in the art and then
expressing the antibodies in host cells using techniques known in the art.
The isotype-switched antibody may also possess an Fc region that has been
molecularly engineered to possess superior CDC over naturally occurring
variants (ldusogie et al., J Immunol., 166, 2571-2575 ) and expressed
recombinantly in host cells using techniques known in the art. Such
techniques include the use of direct recombinant techniques (see e.g. U.S.
Patent No. 4,816,397), cell-cell fusion technidues (see e.g. U.S. Patent Nos.
5,916,771 and 6,207,418), among others. In the cell-cell fusion technique, a
myeloma or other cell line such as CHO is prepared that possesses a heavy
chain with any desired isotype and another myeloma or other cell line such
as CHO is prepared that possesses the light chain. Such cells can,
thereafter, be fused and a cell line expressing an intact antibody can be
isolated. By way of example, a human anti-HER-3 1gG4 antibody, that
possesses the desired binding to the HER-3 antigen, could be readily
isotype switched to generate a human IgM, human IgG1 or human 1gG3
isotype, while still possessing the same variable region (which defines the
antibody’s specificity and some of its affinity). Such molecule might then be
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capable of fixing complement and participating in CDC.

Moreover, it may also be desirable for the anti-HER-3 antibody of the
invention to be capable of binding to Fc receptors on effector cells, such as
monocytes and natural killer (NK) cells, and participate in antibody-
dependent cellular cytotoxicity (ADCC). There are a number of isotypes of
antibodies that are capable of the same, including without limitations the
following: murine 1gG2a, murine IgG2b, murine 1gG3, human IgG1 and
human IgG3. It will be appreciated that antibodies that are generated need
not initially possess such an isotype but, rather the antibody as generated
can possess any isotype and the antibody can be isotype switched by
appending the molecularly cloned V region genes or cDNA to molecularly
cloned constant region genes or cDNAs in appropriate expression vectors
using conventional molecular biological techniques that are well known in
the art and then expressing the antibodies in host cells using techniques
known in the art. The isotype-switched antibody may also possess an Fc
region that has been molecularly engineered toc possess superior ADCC
over naturally occurring variants (Shields et al. J Biol Chem., 276, 6591-
6604) and expressed recombinantly in host cells using techniques known in
the art. Such techniques include the use of direct recombinant techniques
(see e.g. U.S. Patent No. 4,816,397), cell-cell fusion techniques (see e.g.
U.S. Patent Nos. 5,916,771 and 6,207,418), among others. In the cell-cell
fusion technique, a myeloma or other cell line such as CHO is prepared that
possesses a heavy chain with any desired isotype and another myeloma or
other cell line such as CHO is prepared that possesses the light chain. Such
cells can, thereafter, be fused and a cell line expressing an intact antibody
can be isolated. By way of example, a human anti-HER-3 1gG4 antibody,
that possesses the desired binding to the HER-3 antigen, could be readily
isotype switched to generate a human IgG1 or human IgG3 isotype, while
still possessing the same variable region (which defines the antibody's
specificity and some of its affinity). Such molecule might then be capable of
binding to FcyR on effectors cells and participating in ADCC.
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Furthermore, according to the present invention, it is appreciated that the anti-
HER-3 antibody of the invention is a fully human or humanized antibody.
Human antibodies avoid certain of the problems associated with xenogeneic
antibodies, for example antibodies that possess murine or rat variable and/or
constant regions. The presence of xenogeneic-dervied proteins such murine
or rat derived proteins can lead to the generation of an immune response
against the antibody by a patient, subsequently leading to the rapid
clearance of the antibodies, loss of therapeutic utility through neutralization
of the antibody and/or severe, even life-threatening, allergic reactions.

Preferably, the anti-HER-3 antibody of the invention is selected from the
group consisting of U1-1 antibody, U1-2 antibody, U1-3 antibody, U1-4
antibody, U1-5 antibody, U1-6 antibody, U1-7 antibody, U1-8 antibody, U1-9
antibody, U1-10 antibody, U1-11 antibody, U1-12 antibody, U1-13 antibody,
U1-14 antibody, U1-15 antibody, U1-16 antibody, U1-17 antibody, U1-18
antibody, U1-19 antibody, U1-20 antibody, U1-21 antibody, U1-22 antibody,
U1-23 antibody, U1-24 antibody, U1-25 antibody, U1-26 antibody, U1-27
antibody, U1-28 antibody, U1-29 antibody, U1-30 antibody, U1-31 antibody,
U1-32 antibody, U1-33 antibody, U1-34 antibody, U1-35 antibody, U1-36
antibody, U1-37 antibody, U1-38 antibody, U1-39 antibody, U1-40 antibody,
U1-41 antibody, U1-42 antibody, U1-43 antibody, U1-44 antibody, U1-45
antibody, U1-46 antibody, U1-47 antibody, U1-48 antibody, U1-49 antibody,
U1-50 antibody, U1-51 antibody, U1-52 antibody, U1-53 antibody, U1-55.1
antibody, U1-55 antibody, U1-57.1 antibody, U1-57 antibody, U1-58
antibody, U1-59 antibody, U1-61.1 antibcdy, U1-61 antibody, U1-62
antibody.

In a preferred embodiment of the present invention, a binding protein of the
invention is coupled to a labelling group. Such a binding protein is particularly
suitable for diagnostic applications. As used herein, the term "labelling group”
refers to a detectable marker, e.g. a radiolabelled amino acid or biotinyl
moiety that can be detected by marked avidin (e.g. streptavidin bound to a
fluorescent marker or enzymatic activity that can be detected by optical or
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colarimetric methods). Various methods for labelling polypeptides and
glycoproteins, such as antibodies, are known in the art and may be used in
performing the present invention. Examples of suitable labelling groups
include, but are not limited to, the following: radioisotopes or radionuclides
(e.g. ®H, ™C, ®N, 35, 0V, #T¢, "n, 1%, ), fluorescent groups (e.g. FITC,
rhodamine, lanthanide phosphors), enzymatic groups (e.g. horseradish
peroxidase, B-galactosidase, luciferase, alkaline phosphatase),
chemiluminescent groups, biotinyl groups, or predetermined polypeptide
epitopes recognized by a secondary reporter (e.g. leucine zipper pair
sequences, binding sites for secondary antibodies, metal binding domains,
epitope tags). In certain respects, it may be desirable that the labelling
groups are attached by spacer arms of various lengths to reduce potential
steric hindrance.

Altematively, a binding protein of the invention may be coupled to an effector
group in another preferred embodiment of the invention. Such a binding
protein is especially suitable for therapeutic applications. As used herein, the
term "effector group” refers to a cytotoxic group such as a radioisotope or
radionuclide, a toxin, a therapeutic group ar other effector group known in the
art. Examples for suitable effector groups are radioisotopes or radionuclides
(e.g. ®H, “C, ™N, 3*g, %0y, %Tc, "in, 2], '), calicheamicin, dolastatin
analogs such as auristatins, and chemotherapeutic agents such as
geldanamycin and maytansine derivates, including DM1. In certain respects,
it may be desirable that the effector groups are attached by spacer arms of
various lengths to reduce potential steric hindrance.

A second aspect of the present invention relates to a process for preparing an
isolated binding protein of the invention, comprising the step of preparing the
binding protein from a host cell that secretes the binding protein. Host cells,
that may be used according to the present invention, are hybridomas;
eukaryotic cells such as mammalian cells, e.g. hamster, rabbit, rat, pig,
mouse or other animal cells, plant cells, fungal cells cells, e.g.

Saccharomyces cerevisiae, Pichia pastoris; prokaryotic cells such as E. coli;
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and other cells used in the art for the production of binding proteins. Various
methods for preparing and isolating binding proteins, such as scaffold
proteins or antibodies, from host cells are known in the art and may be used
in performing the present invention. Moreover, methods for preparing binding
protein fragments, e.g. scaffold protein fragments or antibody fragments,
such as papain or pepsin digestion, modem cloning techniques, techniques for
preparing single chain antibody molecules (Plickthun in: The Pharmacology of
Monoclonal Antibodies 113, Rosenburg and Moore, EDS, Springer Verlag,
N.Y. (1994), 269-315) and diabodies (Hollinger et al., Proc. Natl. Acad. Sci.
U.S.A. 90 (1993), 6444-6448), are also known to those skilled in the art and
may be used in performing the present invention.

In a preferred embodiment of the present invention, a binding protein of the
invention is prepared from a hybridoma that secretes the binding protein. See
e.g. Koéhler et al., Nature 256 (1975), 495.

In a further preferred embodiment of the present invention, a binding protein
of the invention is prepared recombinantly by optimizing and/or amplifying
expression of the binding protein in a host cell and isolating the binding
protein from said host cell. To this end, the host cells are transformed or
transfected with DNA encoding a binding protein or a vector containing DNA
encoding the binding protein and cultured under appropriate conditions to
produce the binding protein of the invention. See e.g. U.S. Patent No.
4,816,567. Preferred host cells may be CHO cells, NS/0 myeloma cells, human
embryonic kidney 293 cells, E. coli and Saccharomyces cerevisiae.

With regard to binding proteins that are antibodies, these antibodies may be
prepared from animals genetically engineered to make fully human
antibodies or from an antibody display library made in bacteriophage, yeast,
ribosome or E. coli. See e.g. Clackson et al.,, Nature 352 (1991), 624-628,
Marks et al., J. Mol. Biol. 222 (1991), 581-597, Feldhaus and Siegel J
Immunol Methods. 290, 69-80, Groves and Osbourn, Expert Opin Biol Ther.,
5, 125-135 and Jostock and Dubel, Comb Chem High Throughput Screen. 8,
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Human antibodies avoid some of the problems associated with antibodies
that possess murine or rat variable and/or constant regions. The presence
of such murine or rat derived proteins can lead to the rapid clearance of the
antibodies or can lead to the generation of an immune response against the
antibody by a patient. In order to avoid the utilization of murine or rat
derived antibodies, fully human antibodies can be generated through the
introduction of functional human antibody loci into a rodent, other mammal
or animal so that the rodent, other mammal or animal produces fully human
antibodies.

One method for generating fully human antibodies is through the use of

XENOMOUSES? strains of mice that have been engineered to contain 245 kb
and 190 kb-sized germline configuration fragments of the human heavy
chain locus and kappa light chain locus. Other XenoMouse strains of mice
contain 980 kb and 800 kb-sized germline configuration fragments of the
human heavy chain locus and kappa light chain locus. Still other
XenoMouse strains of mice contain 980 kb and 800 kb-sized germline
configuration fragments of the human heavy chain locus and kappa light
chain locus plus a 740 kb-sized germline configured complete human
lambda light chain locus. See Mendez et al. Nature Genetics 15:146-156
(1997) and Green and Jakobovits J. Exp. Med. 188:483-495 (1998). The

XENOMOUSE?® strains are available from Abgenix, Inc. (Fremont, CA).

The production of the XENOMOUSE® mice is further discussed and
delineated in U.S. Patent Application Serial Nos. 07/466,008, filed January
12, 1990, 07/610,515, filed November 8, 1990, 07/919,297, filed July 24,
1992, 07/922,649, filed July 30, 1992, filed 08/031,801, filed March 15,1993,
08/112,848, filed August 27, 1993, 08/234,145, filed April 28, 1994,
08/376,279, filed January 20, 1995, 08/430, 938, April 27, 1995, 08/464,584,
filed June 5, 1995, 08/464,582, filed June 5, 1995, 08/463,191, filed June 5,
1995, 08/462,837, filed June 5, 1995, 08/486,853, filed June 5, 1995,
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08/486,857, filed June 5, 1995, 08/486,859, filed June 5, 1995, 08/462,513,

filed June 5, 1995, 08/724,752, filed October 2, 1996, and 08/759,620, filed

December 3, 1996, U.S. Patent Publication 2003/0217373, filed November

20, 2002, and U.S. Patent Nos. 6,833,268, 6,162,963, 6,150,584, 6,114,598,

6,075,181, and 5,939,598 and Japanese Patent Nos. 3 068 180 B2, 3 068

506 B2, and 3 068 507 B2. See also European Patent No., EP 0 463 151

B1, grant published June 12, 1996, International Patent Application No., WO

94/02602, published February 3, 1994, International Patent Application No.,

WO 96/34096, published October 31, 1996, WO 98/24893, published June

11, 1998, WO 00/76310, published December 21, 2000. The disclosures of
each of the above-cited patents, applications, and referénces are hereby‘
incorporated by reference in their entirety.

In an alternative approach, others, including GenPharm International, Inc.,
have utilized a “minilocus” approach. In the minilocus approach, an
exogenous Ig locus is mimicked through the inclusion of pieces (individual
genes) from the Ig locus. Thus, one or more Vy genes, one or more Dy
genes, one or more Jy genes, a mu constant region, and a second constant
region (preferably a gamma constant region) are formed into a construct for
insertion into an animal. This approach is described in U.S. Patent No.
5,545,807 to Surani et al. and U.S. Patent Nos. 5,545,806, 5,625,825,
5,625,126, 5,633,425, 5,661,016, 5,770,429, 5,789,650, 5,814,318,
5,877,397, 5,874,299, and 6,255,458 each to Lonberg and Kay, U.S. Patent
No. 5,591,669 and 6,023.010 to Krimpenfort and Berns, U.S. Patent Nos.
5,612,205, 5,721,367, and 5,789,215 to Berns et al, and U.S. Patent No.
5,643,763 to Choi and Dunn, and GenPharm International U.S. Patent
Application Serial Nos. 07/574,748, filed August 29, 1990, 07/575,962, filed
August 31, 1990, 07/810,279, filed December 17, 1991, 07/853,408, filed
March 18, 1992, 07/904,068, filed June 23, 1992, 07/990,860, filed
December 16, 1992, 08/053,131, filed April 26, 1993, 08/096,762, filed July
22, 1993, 08/155,301, filed November 18, 1993, 08/161,739, filed December
3, 1993, 08/165,699, filed December 10, 1993, 08/209,741, filed March 9,
1994, the disclosures of which are hereby incorporated by reference. See
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also European Patent No. 0 546 073 B1, International Patent Application
Nos. WO 82/03918, WO 92/22645, WO 92/22647, WO 82/22670, WO
93/12227, WO 94/00569, WO 94/25585, WO 96/14436, WO 97/13852, and
WO 98/24884 and U.S. Patent No. 5,981,175, the disclosures of which are
hereby incorporated by reference in their entirety. See further Taylor et al.,
1992, Chen et al., 1993, Tuaillon et al., 1993, Choi et al., 1993, Lonberg et
al., (1994), Taylor et al., (1994), and Tuaillon et al., (1995), Fishwild et al.,
(1996), the disclosures of which are hereby incorporated by reference in
their entirety. |

Kirin has also demonstrated the generatioh of human antibodies from mice
in which, through microcell fusion, large pieces of chromosomes, or entire
chromosomes, have been introduced. See European Patent Application
Nos. 773 288 and 843 961, the disclosures of which are hereby incorporated
by reference. Additionally, KM™- mice, which are the result of cross-
breeding of Kirin’s Tc mice with Medarex’s minilocus (Humab) mice have
been generated. These mice possess the HC transchromosome of the Kirin
mice and the kappa chain transgene of the Medarex mice (Ishida et al.,
Cloning Stem Cells, (2002) 4:91-102).

Human antibodies can also be derived by in vifro methods. Suitable
examples include, but are not limited to, phage display (as commercialized
by Cambridge Antibody Technology, Morphosys, Dyax, Biosite/Medarex,
Xoma, Symphogen, Alexion (formerly Proliferon), Affimed) ribosome display
(as commercialized by Cambridge Antibody Technology), yeast display, and
the like.

Antibodies, as described herein, were prepared through the utilization of the
XENOMOUSE?® technology, as described below. Such mice, then, are
capable of producing human immunoglobulin molecules and antibodies and
are deficient in the production of murine immunogiobulin molecules and
antibodies. Technologies utilized for achieving the same are disclosed in

the patents, applications, and references disclosed in the background
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section herein. In particular, however, a preferred embodiment of transgenic
production of mice and antibodies therefrom is disclosed in U.S. Patent
Application Serial No. 08/759,620, filed December 3, 1996 and International
Patent Application Nos. WO 98/24893, published June 11, 1998 and WO
00/76310, published December 21, 2000, the disclosures of which are
hereby incorporated by reference. See also Mendez et al. Nature Genetics
15:146-156 (1997), the disclosure of which is hereby incorporated by

reference.

Through the use of such technology, fully human monoclonal antibodies to a
variety of antigens have been produced. Essentially, XENOMOUSE?® lines
of mice are immunized with an antigen of interest (e.g. HER-3), lymphatic
cells (such as B-cells) are recovered from the mice that expressed
antibodies, and the recovered cell lines are fused with a myeloid-type cell
line to prepare immortal hybridoma cell lines. These hybridoma cell lines
are screened and selected to identify hybridoma cell lines that produced
antibodies specific to the antigen of interest. Provided herein are methods
for the production of multiple hybridoma cell lines that produce antibodies
specific to HER-3. Further, provided herein are characterization of the
antibodies produced by such cell lines, including nucleotide and amino acid
sequence analyses of the heavy and light chains of such antibodies.

In general, antibodies produced by the fused hybridomas were human IgG1
heavy chains with fully human kappa light chains. Antibodies described
herein possess human 1gG4 heavy chains as well as IgG1 heavy chains.
Antibodies can also be of other human isotypes, including IgG2 or 1gG3.
The antibodies possessed high affinities, typically possessing a Kp of from
about 10 through about 10"* M or below, when measured by solid phase
and cell-based techniques.

Another aspect of the present invention relates to an isolated nucleic acid
molecule encoding a binding protein of the invention. Within the context of
the present invention, the term ‘isolated nucleic acid molecule”, as used
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herein, means a polynucleotide of genomic, cDNA, or synthetic origin or
some combination thereof, which by virtue of its origin, the "isolated nucleic
acid molecule" (1) is not associated with all or a portion of a polynucleotide
in which the "isolated polynucleotide" is found in nature, (2) is operably
linked to a polynucleotide which it is not linked to in nature, or (3) does not
occur in nature as part of a larger sequence. Further, the term "nucleic acid
molecule”, as referred to herein, means a polymeric form of nucleotides of at
least 10 bases in length, either ribonuclecotides or deoxynucleotides or a
modified form of either type of nucleotide, such as nucleotides with modified
or substituted sugar groups and the like. The term also includes single and
double stranded forms of DNA.

In a one embodiment of the present invention, a nucleic acid molecule of the
invention is operably linked to a control sequence. The term "control
sequence”, as used herein, refers to polynucleotide sequences that are
necessary to effect the expression and processing of coding sequences to
which they are ligated. The nature of such control sequences differs
depending upon the host organism. In prokaryotes, such control sequences
generally include promoters, ribosomal binding sites, and transcription
termination sequences. In eukaryotes, generally, such control sequences
include promoters and transcription termination sequences. In accordance
with the present invention, the term "control sequence” is intended to
include, at a minimum, all components whose presence is essential' for
expression and processing, and can also include additional components
whose presence is advantageous, for example, leader sequences and fusion
partner sequences. Furthermore, the term "operably linked", as used herein,
refers to positions of components so described which are in a relationship
permitting them to function in their intended manner. Moreover, according to
the present invention, an expression control sequence operably linked to a
coding sequence is ligated in such a way that expression of the coding
sequence is achieved under conditions compatible with the expression

control sequence.
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A further aspect of the present invention is a vector comprising a nucleic
acid molecule that encodes a binding protein of the invention. The nucleic
acid molecule can be operably linked to a control sequence. Furthermore,
the vector may additionally contain a replication origin or a selection marker
gene. Examples of vectors that may be used in accordance with the present
invention are e.g. plasmids, cosmids, phages, viruses, etc.

Another aspect of the present invention relates to a host cell transformed
with a nucleic acid molecule or vector of the invention. Transformation could
be done by any known method for introducing polynucleotides into a host
cell, including for example packaging the polynucleotide in a virus (or into a
viral vector) and transducing a host cell with the virus (or vector) or by
transfection procedures known in the art, as exemplified by U.S. Patent Nos.
4,399,216, 4,912,040, 4,740,461, and 4,959,455, which patents are hereby
incorporated herein by reference. Particularly, methods for introducing
heterologous polynucleotides into mammalian cells are well known in the art
and include dextran-mediated transfection, caicium phosphate precipitation,
polybrene mediated transfection, protoplast fusion, electroporation,
encapsulation of the polynucleotide(s) in liposomes, and direct
microinjection of the DNA into nuclei. Examples of host cells that may be
used according to the present invention are hybridomas eukaryotic cells
such as mammalian. cells, e.g. hamster, rabbit, rat, pig, mouse or other
animal cells; plant cells and fungal cells, e.g. corn, tobacco, Saccharomyces
cerevisiae, Pichia pastoris; prokaryotic cells such as E. coli; and other cells
used in the art for the production of antibodies. Especially mammalian cell
lines available as hosts for expression are well known in the art and include
many immortalized cell lines available from the American Type Culture
Collection (ATCC), including but not limited to Chinese hamster ovary (CHO)
cells, HeLa cells, baby hamster kidney (BHK) cells, monkey kidney cells
(COS), human hepatocelliular carcinoma cells (e.g. Hep G2), and a number
of other cell lines.

Yet another aspect of the present invention is a pharmaceutical composition
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comprising as an active agent at least one binding protein of the invention
and pharmaceutically acceptable carriers, diluents and/or adjuvants. The
term "pharmaceutical composition”, as used herein, refers to a chemical
compound or composition capable of inducing a desired therapeutic effect
when properly administered to a patient (The McGraw-Hill Dictionary of
Chemical Terms, Parker, S., Ed., McGraw-Hill, San Francisco (1985),
incorporated herein by reference). In accordance with the present invention,
the potency of the pharmaceutical composition of the invention is based on the
binding of the at least one binding protein to HER-3. Preferably, this binding
leads to a reduction of the HER-3-mediated signal transduction.

Furthermore, the term “carriers”, when used herein, includes -carriers,
excipients, or stabilizers that are nontoxic to the cell or mammal being
exposed thereto at the dosages and concentrations employed. Often the
physiologically acceptable carrier is an aqueous pH buffered solution or a
liposome (a small vesicle composed of various types of lipids, phospholipids
and/or surfactants which is useful for delivery of a drug to a mammal).
Examples of physiologically acceptable carriers include buffers such as
phosphate, citrate, and other organic acids; antioxidants including ascorbic
acid; low molecular weight (less than about 10 residues) polypeptides;
proteins such as serum albumin, gelatin, or immunoglobulins; hydrophilic
polymers such as polyvinylpyrrolidone; amino acids such as glycine,
glutamine, asparagine, arginine or lysine; monosaccharides, disaccharides,
and other carbohydrates including glucose, mannose or dextrins; chelating
agents such as EDTA,; sugar alcohols such as mannitol or sorbitol; salt-
forming counterions such as sodium; and/or nonionic surfactants such as
TWEEN™, polyethylene glycol (PEG), and PLURONICS™.

In a one embodiment of the present invention, the at least one binding
protein of the invention contained in the pharmaceutical composition is
coupled to an effector, such as calicheamicin, Auristatin-PE, a radioisotope
or a toxic chemotherapeutic agent such as geldanamycin and maytansine. In
particular, these binding protein conjugates are useful in targeting cells, e.g.
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cancer cells, expressing HER-3 for elimination.

Moreover, linking binding proteins of the invention to radioisotopes e.g.
provides advantages to tumor treatments. Unlike chemotherapy and other
forms of cancer treatment, radioimmunotherapy or the administration of a
radioisotope-binding protein combination directly targets the cancer cells
with minimal damage to surrounding normal, healthy tissue. With this "magic
bullet", the patient can be treated with much smaller quantities of
radioisotopes than other forms of treatment available today. Preferred
radioisotopes include yttrium® (*°Y), indium*'' (""'In), "', ®*mTc, radiosilver-
111, radiosilver-199, and Bismuth?'3. The linkage of radioisotopes to binding
proteins of the invention may e.g. be performed with conventional
bifunctional chelates. Since silver is monovalent, for radiosilver-111 and
radiosilver-199 linkage, sulphur-based linkers may be used (Hazra et al.,
Cell Biophys. 24-25, 1-7 (1994)). Linkage of silver radioisotopes may involve
reducing the immunoglobulin with ascorbic acid. Furthermore, tiuxetan is an
MX-DTPA linker chelator attached to ibritumomab to form ibritumomab
tiuxetan (Zevalin) (Witzig, T.E, Cancer Chemother. Pharmacol. 48 Suppl 1,
91-5 (2001). Ibritumomab tiuxetan can react with radioisotypes such as
indium™"' (*'In) or *°Y to form '"'In-ibritumomab tiuxetan and *°Y-ibritumomab
tiuxetan, respectively.

Furthermore, a binding protein of the invention, particularly when used to
treat cancer, may be conjugated with toxic chemotherapeutic drugs such as
calicheamicin (Hamann et al., Bioconjug. Chem. 13(1), 40-6 (2002),
geldanamycin (Mandler et al., J. Natl. Cancer Inst., 92(19), 1549-51 (2000))
and maytansine, for example, the maytansinoid drug, DM1 (Liu et al., Proc.
Natl. Acad. Sci. U.S.A. 93:8618-8623 (1996)). Different linkers that release
the drugs under acidic or reducing conditions or upon exposure to specific
proteases may be employed with this technology. According t{o the present
invention, a binding protein of the invention may be conjugated as described
in the art.
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Auristatin-PE, e.g. is an antimicrotubule agent that is a structural
modification of the marine, shell-less mollusk peptide constituent dolastatin
10. Auristatin-PE has both anti-tumor activity and anti-tumor vascular activity
(Otani et al., Jpn. J. Cancer Res. 91(8), 837-44 (2000)). For example,
auristatin-PE inhibits cell growth and induces cell cycle arrest and apoptosis
in pancreatic cancer cell lines (Li et al, Int. J. Mol. Med. 3(6), 647-53
(1999)). Accordingly, to specifically target the anti-tumor activity and anti-
tumor vascular activities of auristatin-PE to particular tumors, auristatin-PE
may be conjugated to the binding protein of the invention.

In a one embodiment of the present invention, the pharmaceutical composition
comprises at least one further active agent. Examples for further active agents,
which may be used in accordance with the present invention, are antibodies or
low molecular weight inhibitors of other receptor protein kinases, such as
EGFR, HER-2, HER-4, IGFR-1, or c-met, receptor ligands such as vascular
endothelial factor (VEGF), cytotoxic agents, such as doxorubicin, cis-platin or
carboplatin, cytokines or antineoplatic agents. Many antineoplastic agents are
presently known in the art. In one embodiment, the antineoplastic agent is
selected from the group of therapeutic proteins including, but not limited to,
antibodies or immunomodulatory proteins. In another embodiment the anti-
neoplastic agent is selected from the group of small molecule inhibitors or
chemotherapeutic agents consisting of mitotic inhibitors, kinase inhibitors,
alkylating agents, anti-metabolites, intercalating antibiotics, growth factor
inhibitors, cell cycle inhibitors, enzymes, topoisomerase inhibitors, histone
deacetylase inhibitors, anti-survival agents, biological response modifiers,
anti-hormones, e.g. anti-androgens, and anti-angiogenesis agents. When
the anti-neoplastic agent is radiation, treatment can be achieved either with
an internal (brachytherapy BT) or external (external beam radiation therapy:
EBRT) source.

The pharmaceutical composition of the present invention is especially
suitable for the diagnosis, prevention or treatment of a hyperproliferative
disease. The hyperproliferative disease may be, e.g., associated with
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increased HER family signal transduction. Particularly, the disease can be
associated with increased HER-3 phosphorylation and/or increased complex
formation between HER-3 and other members of the HER family and/or
increased Pl; kinase activity and/or increased c-jun terminal kinase activity
and/or AKT activity and/or increased ERK2 activity and/or PYK2 activity.
Preferably, the hyperproliferative disease is selected from the group
consisting of breast cancer, gastrointestinal cancer, pancreatic cancer,
prostate cancer, ovarian cancer, stomach cancer, endometrial cancer,
salivary gland cancer, lung cancer, kidney cancer, colon cancer, colorectal
cancer, thyroid cancer, bladder cancer, glioma, melanoma or other HER-3

expressing or overexpressing cancers, and the formation of tumor metastases.

In accordance with the present invention, the term “prevention or treatment”,
when used herein, refers to both therapeutic treatment and prophylactic or
preventative measures, wherein the patient in need is to prevent or slow
down (lessen) the targeted pathologic condition or disorder. Those in need
of prevention or treatment include those already with the disorder as well as
those prone to have the disorder or those in whom the disorder is to be
prevented. The patient in need of prevention or treatment is a mammalian
patient, i.e. any animal classified as a mammal, including humans, domestic
and farm animals, and zoo, sports, or pet animals, such as dogs, cats, cattle,
horses, sheep, pigs, goats, rabbits, etc. Preferably, the patient in need of

treatment is a human patient.

According to the present invention, the pharmaceutical composition of the
invention may be formulated by mixing the active agent(s) with physiologically
acceptable carriers, diluents and /or adjuvants, and optionally other agents
that are usually incorporated into formulations to provide improved transfer,
delivery, tolerance, and the like. The pharmaceutical composition of the
invention may be formulated e.g. in the form of lyophilized formulations,
aqueous solutions, dispersions or solid preparations, such as tablets, dragees
or capsules. A multitude of appropriate formulations can be found in the

formulary known to all pharmaceutical chemists: Remington’s
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Pharmaceutical Sciences (18" ed, Mack Publishing Company, Easton, PA
(1990)), particularly Chapter 87 by Block, Lawrence, therein. These
formulations include, for example, powders, pastes, ointments, jellies,
waxes, oils, lipids, lipid (cationic or anionic) containing vesicles (such as
Lipofectin™), DNA conjugates, anhydrous absorption pastes, oil-in-water
and water-in-0il emulsions, emulsions carbowax (polyethylene glycols of
various molecular weights), semi-solid gels, and semi-solid mixtures
containing carbowax. Any of the foregoing mixtures may be appropriate in
treatments and therapies in accordance with the present invention, provided
that the active agent in the formulation is not inactivated by the formulation
and the formulation is physiologically compatible and tolerable with the route
of administration. See also Baldrick P., “Pharmaceutical excipient
development: the need for preclinical guidance.”, Regul. Toxicol. Pharmacol.
32(2), 210-218 (2000); Wang W., “Lyophilization and development of solid
protein pharmaceuticals.”, Int. J. Pharm. 203(1-2), 1-60 (2000); Charman
W.N., “Lipids, lipophilic drugs, and oral drug delivery-some emerging
concepts.”, J. Pharm. Sci. 89(8), 967-978 (2000); Powell et al,
“Compendium of excipients for parenteral formulations”, PDA J. Pharm. Sci.
Technol. 52, 238-311 (1998); and the citations therein for additional
information related to formulations, excipients and carriers well known to

pharmaceutical chemists.

Another aspect of the present invention pertains to the use of at least one
isolated binding protein of the invention, and optionally at least one other
active agent, e.g. at least one anti-neoplastic agent as described above, in
admixture with pharmaceutically acceptable carriers, diluents and/or
adjuvants, for the manufacture of a pharmaceutical composition for the
diagnosis, prevention or treatment of a hyperproliferative disease. Preferably,
the pharmaceutical composition is a pharmaceutical composition as described
above and the hyperproliferative disease is a hyperproliferative disease as
mentioned above.

Yet another aspect of the present invention is concerned with a method for
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diagnosing diseases or conditions associated with the expression of HER-3,
comprising contacting a sample with a binding protein -of the invention, and
detecting the presence of HER-3 in the sample. The sample may be a cell
that shows expression of HER-3, such as a tumor cell, a blood sample or
another suitable sample. In a preferred embodiment of the present invention,
the diseases or conditions associated with the expression of HER-3 are the
hyperproliferative diseases defined above.

According to the present invention, the method may, e.g., be used for the
detection of HER-3 antigen in a cell, for the determination of HER-3 antigen
concentration in patients suffering from a hyperproliferative disease as
mentioned above or for the staging of said hyperproliferative disease in a
patient. In order to stage the progression of a hyperproliferative disease in a
subject under study, or to characterize the response of the subject to a
course of therapy, a sample of blood can, e.g., be taken from the subject and
the concentration of the HER-3 antigen present in the sample is determined.
The concentration so obtained is used to identify in which range of
concentrations the value falls. The range so identified correlates with a stage
of progression or a stage of therapy identified in the various populations of
diagnosed subjects, thereby providing a stage in the subject under study. A
biopsy of the disease, e.g. cancer, tissue obtained from the patient may also
be used assess the amount of HER-3 antigen present. The amount of HER-
3 antigen present in the disease tissue may be assessed by
immunohistochemistry, ELISA or antibody arrays using HER3 antibodies of
the invention. Other parameters of diagnostic interest are the dimerization
state as well as the dimerization partners of the HER3 protein and the
activation state of it and its partners. Protein analytical methods to determine
those parameters are well known in the art and are among others western
blot and immunoprecipitation techniques, FACS analysis, chemical
crosslinking, bioluminescence resonance energy transfer (BRET),
fluorescence resonance energy transfer (FRET) and the like (e.g. Price et al,
Methods in Molecular Biology, 218: 255-268 (2002) or the eTag technology
(WO0503707, WO04091384, WO04011900).
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Furthermore, the present invention relates in another aspect to a method for
preventing or treating diseases or conditions associated with the expression
of HER-3 in a patient, comprising administering to a patient in need thereof
an effective amount of at least one binding protein of the invention.
Preferably, the diseases or conditions associated with the expression of
HER-3 are the hyperproliferative diseases defined above. The patient in
need of prevention or treatment is a mammalian patient, i.e. any animal
classified as a mammal, including humans, domestic and farm animals, and
Z00, sports, or pet animals, s‘uch as dogs, cats, cattle, horses, sheep, pigs,
goats, rabbits, etc. Preferably, the patient in need is a human patient.

In a preferred embodiment of the present invention, the method for
preventing or treating a hyperproliferative disease in a patient in need
thereof comprises administering to the patent an effective amount of at least
one binding protein of the invention and additionally at least one other active
agent, e.g., at least one antineoplastic agent as mentioned above.
Preferably, the method is for inhibiting abnormal cell growth, migration or

invasion.

In addition to classical modes of administration of potential binding protein
therapeutics, e.g. via the above mentioned formulations, newly developed
modalities of administration may also be useful according to the present
invention. For example, local administration of '*'l-labeled monoclonal
antibody for treatment of primary brain tumors after surgical resection has
been reported. Additionally, direct stereotactic intracerebral injection of
monoclonal antibodies and their fragments is also being studied clinically
and pre-clinically. Intracarotid hyperosmolar perfusion is an experimental
strategy to target primary brain malignancy with drug conjugated human

monoclonal antibodies.

Depending on the type and severity of the condition to be treated, about 1
ug/kg to 15 mg/kg of the at least one binding protein of the invention may be
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administered to a patient in need thereof, e.g. by one or more separate
administrations or by continuous infusion. A typical daily dosage might range
from about 1 pg/kg to about 100 mg/kg or more, depending on the factors
mentioned above. For repeated administrations over several days or longer,
depending on the condition to be treated, the treatment is sustained until a
desired suppression of disease symptoms occurs.

The dose of the at least one antineoplastic agent administered depends on a
variety of factors. These are, for example, the nature of the agent, the tumor
type or the route of administration. It should be emphasized that the present
invention is not limited to any dose.

Finally, the present invention relates in a further aspect to a kit for the
diagnosis, prevention or treatment of hyperproliferative diseases associated
with HER-3 mediated signal transduction, comprising the at least one
binding protein and/or nucleic acid molecule and/or vector of the invention.
In addition, the kit of the invention can further comprise at least one other
active agent, e.g. at least one other antineoplastic agent as mentioned
above.

Further, the present invention shall be explained by the following Examples
and the accompanying drawing figures.

EXAMPLES
The following examples, including the experiments conducted and results

achieved, are provided for illustrative purposes only and are not to be
construed as limiting upon the present invention.

EXAMPLE 1: HER-3 antigen and cell line preparation

In the present study, recombinant HER-3 proteins were prepared. The
extracellular domain of HER-3 (ECD) cDNA was cloned by polymerase chain
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reaction (PCR) from pcDNA3-HER-3 (expression vector with full length
human HER-3, C.Wallasch et al., EMBO J. 14, 4267-4275) with primers
based on the sequence of HER-3 (Genebank AccNr. NM_001982).

The primers used for the amplification of HER-3 were as follows:

Forward primer: 5°-CGGGATCCATGTCCTAGCCTAGGGGC-3' (SEQ ID
NO: 233)

Reverse primer: - _ _
5-GCTCTAGATTAATGATGATGATGATGATGTTGTCCTAAA
CAGTCTTG-3" (SEQ ID NO: 234)

The PCR product was digested with BamH1 and Xbal and ligated into
pcDNA3 (Invitrogen) digested with BamH1 and Xbal. Plasmids were
transfected into HEK293 cells using a CaPO; method. The HER-3-HIS
fusion protein was purified from harvested conditioned media via Ni-NTA
affinity chromatography.

Ratl HER-3 cells were generated by retroviral gene transfer. Briefly, GP+E
86 cells (3x10°) were seeded on a 60 mm culture disc and transfected with 2
pg/ml pIXSN vector or pIXSN-HER-3 cDNA (C. Wallasch, PhD Thesis, Max--
Planck Insitute of Biochemistry, Martinsried, Germany) using the calcium
phosphate method. After 24h medium was replaced by fresh medium and
the GP+E 86 cells were incubated for 4-8 hrs. Subconfluent Rat1 cells
(2x10° cells per 6 cm dish) were then incubated with supernatants of GP+E
86 cells releasing high titer pLXSN or pLXSN-HER-3, p virus (>1 X 106
G418 c.f.u./ml; m.o.i. of 10) for 4-12 h in the presence of Polybrene (4
mg/ml; Aldrich). After changing the medium, selection of Ratl cells with G418
was started. Usually, stable clones were picked after selection for 21 days.

EXAMPLE 2: HER-3 expression in human cancer cell lines
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Receptor tyrosine kinases, as for example HER-3, play a crucial role in the
initiation and progression of hyperproliferative diseases such as the
transition from benign hyperplastic cell growth towards a malignant
carcinoma. Since HER-3 expression varies between tumor cells and normal
tissue an analysis of HER-3 expression is a critical factor for identification of
patient subgroups that would benefit from treatment with binding proteins of
the invention. Thus, HER-3 expression was quantified in a panel of human
cancer cell lines to elucidate the role of HER-3 in human cancer formation.
Cancer cell lines were grown as recommended by the ATCC. In detail, 10°
cells were harvested with 10 mM EDTA in PBS, washed once with FACS
buffer (PBS, 3 % FCS, 0.4 % azide) and seeded on a 96-well round bottom
plate. The cells were spun for 3 min at 1000 rpm to remove supernatant and
then resuspended with a-HER-3 antibody 2D1D12 (WO03013602) (3 pg/mi).
Cell suspensions were incubated on ice for 1 hr, washed twice with FACS
buffer and resuspended with secondary antibody (100 pl/well) donkey-anti-
human-PE (Jackson) diluted 1:50 in FACS buffer. The cell suspensions were
incubated on ice and in the dark for 30 min, washed twice with FACS buffer
and analyzed (FACS, Beckman Coulter). Fig. 1 shows representative results
of the analysis and demonstrates that HER-3 is expressed in a variety of
human cancers.

EXAMPLE 3: Immunization and titering

The HER-3 ECD protein, that was prepared as described in Example 1 and
C32 cells (Human melanoma; ATCC #CRL-1585) were used as an antigen.
Monoclonal antibodies against HER-3 were developed by sequentially

immunizing XenoMouse® mice (XenoMouse® strains: XMG1 and XMG4,

Abgenix, Inc. Fremont, CA). XenoMouse® animals were immunized via
footpad route for all injections. The total volume of each injection was 50 pl
per mouse, 25 pl per footpad.

For cohort #1 (10 XMG1 mice), the initial immunization was with 10 pug of
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HER-3 ECD protein admixed 1:1 (v/v) with TITERMAX GOLD® (Sigma,
Oakville, ON) per mouse. The subsequent five boosts were made with 10 ug
of HER-3 ECD protein admixed 1:1 (v/v) with 100 pg alum gel (Sigma,
Oakville, ON) in pyrogen-free D-PBS. The sixth boost consisted of 10 pug of
HER-3 ECD protein admixed 1:1 (v/v) with TITERMAX GOLD®. The seventh
injection consisted of 10 pg of HER-3 ECD protein admixed 1:1 v/v with 100
pg alum gel. A final boost was made with 10 ug HER-3 ECD protein in

pyrogen-free DPBS, without adjuvant. The XenoMouse® mice were
immunized on days 0, 4, 7, 11, 15, 20, 24, and 29 for this protocol and
fusions were performed on day 33. The two bleeds were made through
Retro-Orbital Bleed procedure on day 13 after the fourth boost, on day 19
after the sixth boost. There was no cohort #2.

For Cohort #3 (10 XMG1 mice) and Cohort #4 (10 XMG4 mice), the first
injection was with 107 C32 cells in pyrogen-free Dulbecco’'s PBS (DPBS)
admixed 1:1 (v/v) with TITERMAX GOLD® per mouse. The next four boosts
were with 107 C32 cells in pyrogen-free DPBS, admixed with 25 pg of Adju-
Phos and 10 pg CpG per mouse. The sixth boost was with 107 C32 cells in
pyrogen-free DPBS, admixed 1:1 (v/v) with TITERMAX GOLD® per mouse.
The seventh, eighth, ninth boosts were with 10’ C32 cells in pyrogen-free
DPBS, admixed with 25 ug of Adju-Phos and 10 yg CpG per mouse. From
tenth to fourteen boosts were 5 ug of HER-3 ECD protein in pyrogen-free
DPBS, admixed with 25 pg of Adju-Phos and 10 ug CpG per mouse. A final
boost consisted of 5 yg of HER-3 ECD protein in pyrogen-free DPBS,
without adjuvant. Both Cohort #3 and #4, the XenoMouse® mice were
immunized on days 0, 3, 7, 11, 14, 17, 21, 24, 28, 33, 35, 38, 42 and 45 for
this protocol and fusions were performed on day 49. The three bleeds were
made through Retro-Orbital Bleed procedure on day 12 after the fourth
boost, on day 19 after the sixth boost and on day 40 after twelfth boost.

Selection of animals for harvest by titer

For cohort #1, anti-HER-3 antibody titers in the serum from immunized
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XenoMouse® mice were determined by ELISA against HER-3 ECD protein.

The specific titer of each XenoMouse® animal was determined from the
optical density at 650 nm and is shown in Table 1 below. The titer value is
the reciprocal of the greatest dilution of sera with an OD reading two-fold

5 that of background. Therefore, the higher the number, the greater was the
humoral immune response to HER-3 ECD.
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TABLE 1

Cohort #1, XMG1

Mouse ID After 4 inj. After 6 inj.
P3421 8,000 11,000
P3422 850 2,600
P3423 2,700 5,200
P3424 3,200 9,100
P3425 5,400 2,500
P3426 700 1,500
P3427 5,800 7,000
P3428 3,900 4,300
P3429 2,200 2,500

P34210 600 850
NC 250 175
PC 377,000 311,000
NC mAb IL-8, D39.2.1
PC xHER-3-2D1D12

For cohort #3 and #4, anti-HER-3 antibody titers in the serum from

immunized XenoMouse® mice were determined by FACS using Rat1/HER-3

cells (antigen positive cell line) cells and Rat1/pLSXN cells (antigen negative

cell line). Data are presented as geometric mean (GeoMean) fluorescent

intensity of cell anti-HER-3 cell staining by serial dilutions of serum samples.
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TABLE 2

Cohort #3, XMG1

Sample After 6 inj. fter 12 inj.
Mouse ID dilution pos cells | negcells | poscells | neg cells
GeoMean | GeoMean | GeoMean | GeoMean
1:50 9 10 11 10
Q832-1 1:250 6 9 6 6
1:1250 6 7 4 4
: 1:50 8 10 29 42 -
Q832-2 1:250 7 8 11 11
1:1250 5 6 6 5
1:50 7 12 11 9
Q832-3 1:250 5 7 5 5
1:1250 5 5 4 4
1:50 6 10 9 9
Q832-4 1:250 6 6 5 5
1:1250 5 5 4 4
1:50 11 11 17 13
Q832-5 1:250 10 9 7 6
1:1250 6 8 5 4
1:50 7 11 15 14
Q832-6 1:250 7 7 7 6
1:1250 5 6 6 4
1:50 8 11 7 15
Q832-7 1:250 6 7 ) 5
1:1250 5 5 4 4
1:50 7 8 11 20
Q832-8 1:250 6 6 7 8
1:1250 5 5 5 4
1:50 7 12 15 16
Q832-9 1:250 6 8 6 5
1:1250 6 6 4 4
1:50 8 13 34 38
Q832-10 1:250 6 8 9 8
1:1250 6 6 5 4
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TABLE 3

Cohort #4, XMG4

After 6 inj. After 12 inij.

Mouse | Sample

D dilution | Pos cells | neg cells | pos cells | neg cells
GeoMean|GeoMean| GeoMean | GeoMean

1:50 4 6 91 44
Q856-1 | 1:250 4 5 32 18
1:1250 4 4 19 10
1:50 4 8 148 54
Q856-2 | 1:250 4 5 89 23
1:1250 4 4 42 9
1:50 4 5 72 14
Q856-3 | 1:250 4 4 28 6
1:1250 4 4 18 4
1:50 4 5 11 49
Q856-4| 1:250 4 5 10 17
1:1250 4 4 8 7
1:50 4 4 74 20
Q856-5| 1:250 4 4 30 14
1:1250 4 4 16 6
1:50 4 5 86 21
Q856-6 | 1:250 4 4 32 10
1:1250 4 4 16 5
1:50 5 6 74 32
Q856-7 | 1:250 4 5 32 14
1:1250 4 4 16 6
1:50 4 5 106 14
Q856-8 | 1:250 4 4 45 6
1:1250 4 4 22 4
1:50 5 6 53 22
Q856-9 | 1:250 4 4 17 11
1:1250 4 4 11 5
1:50 4 5 72 53
Q856-10{ 1:250 4 4 26 17
1:1250 4 4 15 7
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EXAMPLE 4: Recovery of lymphocytes, B-Cell isolations, fusions and

generation of hybridomas

Immunized mice were sacrificed and the lymph nodes were harvested and
pooled from each cohort. The lymphoid cells were dissociated by grinding in
DMEM to release the cells from the tissues, and the cells were suspended in
DMEM. The cells were counted, and 0.9 ml DMEM per 100 million
lymphocytes was added to the cell pellet to resuspend the cells gently but
completely. Using 100 pi of CD90+ magnetic beads per 100 million cells, the
cells were labeled by incubating the cells with the magnetic beads at 4 °C for
15 min. The magnetically-labeled cell suspension containing up to 10°
pasitive cells (or up to 2x10° total cells) was loaded onto a LS+ column and
the column washed with DMEM. The total effluent was collected as the
CD90-negative fraction (most of these cells were expected to be B cells).

The fusion was performed by mixing washed enriched B cells from above
and nonsecretory myeloma P3X63Ag8.653 cells purchased from ATCC (Cat.
No. CRL 1580) (Kearney et al, J. Immunol. 123, 1979, 1548-1550) at a ratio
of 1:1. The cell mixture was gently pelleted by centrifugation at 800 g. After
complete removal of the supernatant, the cells were treated with 2 to 4 mi of
pronase solution (CalBiochem, Cat. No. 53702; 0.5 mg/ml in PBS) for no
more than 2 min. Then 3 to 5 ml of FBS was added to stop the enzyme
activity and the suspension was adjusted to 40 ml total volume using electro
cell fusion solution, ECFS (0.3 M sucrose, Sigma, Cat. No. S7903, 0.1 mM
magnesium acetate, Sigma, Cat. No. M2545, 0.1 mM calcium acetate,
Sigma, Cat. No. C4705). The supernatant was removed after centrifugation
and the cells were resuspended in 40 mli ECFS. This wash step was
repeated and the cells again were resuspended in ECFS to a concentration
of 2x10° celis/ml. |

Electro-cell fusion was performed using a fusion generator, model
ECM2001, Genetronic, Inc., San Diego, CA. The fusion chamber size used

was 2.0 ml, using the following instrument settings: Alignment condition:
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voltage: 50 V, time: 50 sec; membrane breaking at: voltage: 3000 V, time: 30
usec; post-fusion holding time: 3 sec.

After ECF, the cell suspensions were carefully removed from the fusion
chamber under sterile conditions and transferred into a sterile tube
containing the same volume of Hybridoma Culture Medium (DMEM (JRH
Biosciences), 15 % FBS (Hyclone), supplemented with L-glutamine,
pén/strep, OPI (oxaloacetate, pyruvate, bovine insulin) (all from Sigma) and
IL-6 (Boehringer Mannheim). The cells were incubated for 15 to 30 min at 37
°C, and then centrifuged at 400 g for five min. The cells were gently
resuspended in a small volume of Hybridoma Selection Medium (Hybridoma
Culture Medium supplemented with 0.5x HA (Sigma, Cat. No. A9666)), and
the volume was adjusted appropriately with more Hybridoma Selection
Medium, based on a final plating of 5x10° B cells total per 96-well plate and
200 i per well. The cells were mixed gently and pipetted into 96-well plates
and allowed to grow. On day 7 or 10, one-half the medium was removed,
and the cells were re-fed with Hybridoma Selection Medium.

EXAMPLE 5: Selection of candidate antibodies by ELISA

After 14 days of culture, primary screening of hybridoma supernatants from
the cohort #1 (mice in cohort one were split arbitrarily into fusion #1 and #2)
for HER-3-specific antibodies was performed by ELISA using purified his-
tagged HER-3 ECD and counter-screening against an irrelevant his-tagged
protein by ELISA using goat anti-hulgGFc-HRP (Caltag Inc., Cat. No.
H10507, using concentration was 1:2000 dilution) to detect human IgG
binding to HER-3 ECD immobilized on ELISA plates. The old culture
supernatants from the positive hybridoma cells growth wells based on
primary screen were removed and the HER-3 positive hybridoma cells were
suspended with fresh hybridoma culture medium and were transferred to 24-
well plates. After 2 days in culture, these supernatants were ready for a
secondary confirmation screen. In the secondary confirmation screen for
HER-3 specific fully human IgGk antibodies, the positives in the first
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screening were screened by ELISA with two sets of detective antibodies:
goat anti-hulgGFc-HRP (Caltag Inc., Cat. No. H10507, using concentration
was 1:2000 dilution) for human gamma chain detection and goat anti-hlg
kappa-HRP (Southern Biotechnology, Cat. No. 2060-05) for human kappa
light chain detection. There were 91 fully human IgG/kappa HER-3 specific
monoclonal antibodies that were generated from cohort #1.

EXAMPLE 6: Selection of candidate antibodies by FMAT/FACS

After 14 days of culture, hybridoma supernatants from the cohort #3 and #4
(fusion #3 and #4) were screened for HER-3-specific monoclonal antibodies
by FMAT. In the primary screen, hybridoma supernatants at 1:10 final
dilution were incubated with Rat1-Her3 cells expressing human HER-3 and
400 ng/ml Cy5-conjugated Goat F(ab’)2 anti-human IgG, Fc-specific
antibody (Jackson ImmunoResearch, Cat. No. 109-176-098) at room
temperature for 6 hr. The binding of antibodies and detection antibodies
complex to cells were measured by FMAT (Applied Biosystems). Non-
specific binding of antibodies to the cells was determined by their binding to
parental Rat1 cells. A total of 420 hybridomas producing HER-3-specific
antibodies were selected from primary screen of fusion #3. The
supernatants from these expanded cultures were tested again using the
same FMAT protocol and 262 of them were confirmed to bind to HER-3
expressing cells specifically. A total of 193 hybridomas producing HER-3
specific antibodies were selected from primary screen of fusion #4. The
supernatants from these expanded cultures were tested by FACS and 138 of
them were confirmed to bind to HER-3 expressing cells specifically. In the
FACS confirmation assay, Rat1-Xher3 cells and parental Rat1 cells (as
negative control) were incubated with hybridoma supernatants at 1:2 dilution
for 1 hr at 40C in PBS containing 2 % FBS. Following washing with PBS, the
binding of antibodies to the cells were detected by 2.5 ug/mi Cy5-conjugated
Goat F(ab’)2 anti-human IgG, Fc-specific antibody (JIR#109-176-098) and 5
pg/ml PE-conjugated Goat F(ab’)2 anti-human kappa-specific antibody (SB#
2063-09). After removing the unbound antibodies by washing with PBS, the
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cells were fixed by cytofix (BD# 51-2090KZ) at 1:4 dilution and analyzed by
FACSCalibur.

EXAMPLE 7: Selection of hybridomas for cloning

Antibodies from cohorts 1 and 2 were selected for hybridoma cloning based
on specificity for HER-3 over HER1 (EGFR), HER-2 and HER-4 in ELISA
using purified recombinant extra-cellular domains available from, for
example R&D Biosystems, and FACS-based analysis of human tumor cell
lines expressing different HER family membe‘rs, and a > 5-time increase in
mean fluorescent intensity in FACS staining for HER-3 positive cells over
background. Based on these criteria, a total of 23 hybridoma lines were
selected for cloning by limiting dilution cell plating.

Antibodies from cohorts 3 and 4 were selected for hybridoma cloning based
on specificity for HER-3 over HER-1 (EGFR), HER-2 and HER-4 plus three
other criteria. The first criterion was an ELISA screen for antibodies with
epitopes contained within the L2 domain of HER-3 (see Example “Structural
Analysis of anti-HER-3 Antibodies in the Invention).

The second criterion was neutralization of binding of biotinylated heregulin-
alpha to HER-3 expressing cells in a FACS based assay. SKBR-3 cells were
harvested, washed in culture medium, pelleted via centrifugation and
resuspended in culture medium. Resuspended cells were aliquoted into 96-
well plates. The plates were centrifuged to pellet the cells. Test antibodies
in exhaust hybridoma supernatants were added at 25ul/well and incubated
for 1 hr on ice to allow antibody binding. Fifty ul of a 10 nM heregulin-alpha
(R&D Biosystems, Minneapolis, MN) solution was added to each well for a
final concentration of 5 nM and incubated on ice for 1.5 hr. Cells were
washed in 150 ul PBS, pelleted by centrifugation and the supernatant
removed. Cells were resuspended in 50 pl of goat anti-HRG-alpha
polyclonal antibody at 10 pg/m! and incubated for 45 min of ice. Cells were
washed in 200 pl PBS, pelleted by centrifugation and the supernatant
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removed. Fifty pl of a solution of rabbit Cy5-labeled anti-goat polyclonal
antibody at 5 pg/ml plus 7AAD at 10 pg/ml was added and incubated on ice
for 15 min. Cells were washed in 200 ul PBS, pelleted by centrifugation and
the supernatant removed. The cells were resuspended in 100 pl of FACS
buffer and read in the FACS. Test HER-3 antibodies that reduced binding
of heregulin-alpha were those that had lowest fluorescence intensity. As
positive controls, 1:5 serial dilutions from 10,000 ng/ml to 16 ng/ml of a
mouse HER-3 mAb (105.5) or the human IgG1 HER-3 mAb, U1-49 was
used. Negative controls were heregulin-alpha alone, cells alone, goat anti-
heregulin-alpha polyclonal antibody alone and rabbit Cy5-labeled anti-goat
polyclonal antibody alone.

The third criterion was relative ranking for affinity and/or higher relative
mean fluorescence intensity in FACS using HER-3 expressing cell lines.
Relative ranking for affinity was performed by normalizing HER-3-specific
antibody concentrations and plotting versus data from limiting antigen ELISA
as follows.

Normalization of antigen specific antibody concentrations using high antigen
ELISA

Using an ELISA method, supernatants for concentration of antigen specific
antibody were normalized. Using two anti-HER-3 human IgG1 antibodies
from cohort 1 of known concentration titrated in parallel, a standard curve
was generated and the amount of antigen specific antibody in the test
hybridoma supernatants from cohorts 3 and 4 were compared to the
standard. In this way, the concentration of human HER3 IgG antibody in
each hybridoma culture was estimated.

- Neutravidin plates were made by coating neutravidin @ 8 pg/ml in

1XPBS/0.05% sodium azide on Costar 3368 medium binding plates at 50
ul/well with overnight incubation at 4° C. The next day the plates were
blocked with 1XPBS/1% skim milk. Photobiotinylated his-tagged-HER-3
ECD @ 500 ng/ml in 1XPBS/1% skim milk was bound to the neutravidin
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plates by incubating for 1 hour at room temperature. Hybridoma
supernatant, serially diluted 1:2.5 from a starting dilution of 1:31 to a final
dilution of 1:7568 in1XPBS/1% skim milk/0.05% azide, was added at 50
pl/well, and then incubated for 20 hours at room temperature. Serially
dilutions were used to ensure obtaining OD readings for each unknown in
the linear range of the assay. Next, a secondary detection antibody, goat
anti human IgG Fc HRP at 400 ng/ml in 1XPBX/1%skim milk was added at
50 ul/well. After 1 hour at room temperature, the plates were again washed 5

times with water and 50uL of one-component TMB substrate were added to
each well. The reaction was stopped after 30 minutes by the addition of 50
ul of 1M hydrochloric acid to each well and the plates were read at
wavelength 450nm. A standard curve was generated from the two IgG1
HER-3 mAbs from cohort 1, serially diluted at 1:2 from 1000 ng/ml to 0.06
ng/ml and assessed in ELISA using the above protocol. For each unknown,
OD readings in the linear range of the assay were used to estimate the
concentration of human HER-3 IgG in each sample.

The limited antigen analysis is a method that affinity ranks the antigen-
specific antibodies prepared in B-cell culture supernatants relative to all
other antigen-specific antibodies. In the presence of a very low coating of
antigen, only the highest affinity antibodies should be able to bind to any
detectable level at equilibrium. (See, e.g., PCT Publication WO/03048730A2
entitled “IDENTIFICATION OF HIGH AFFINITY MOLECULES BY LIMITED
DILUTION SCREENING” published on June 12, 2003). In this instance, two
mAbs from cohort 1, both of known concentration and known KD, were used
as benchmarks in the assay.

Neutravidin plates were made by coating neutravidin at 8 pg/ml in
1XPBS/0.05% sodium azide on Costar 3368 medium binding plates at 50
ul/well with overnight incubation at 4° C. The next day the plates were
blocked with 1XPBS/1% skim milk. Biotinylated his-tagged-HER-3 ECD (50
pl/well) was bound to 96-well neutravidin plates at five concentrations: 125,
62.5, 31.2, 15.6, and 7.8 ng/ml in 1XPBS/1% skim milk for 1 hour at room
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temperature. Each plate was washed 5 times with water. Hybridoma
supernatants diluted 1:31 in 1XPBS/1%skim milk/0.05% azide were added
at 50 ul/well. After 20 hours incubation at room temperature on a shaker,
the plates were again washed 5 times with dH.O. Next, a secondary
detection antibody, goat anti human IgG Fc HRP (Horsh Radish Peroxidase)
at 400 ng/ml in 1XPBS/1%skim milk was added at 50 pl/well. After 1 hour at

room temperature, the plates were again washed 5 times with dH.O and
50uL of one-component TMB substrate were added to each well. The

reaction was stopped after 30 minutes by the addition of 50uL of 1M
hydrochloric acid to each well and the plates were read at wavelength
450nm. OD readings from an antigen concentration that yielded OD values
in the linear range were used in for data analysis.

Plotting the high antigen data, which comparatively estimates specific
antibody concentration (see above for details), versus the limited antigen OD
illustrated the relatively higher affinity antibodies, e.g., those that bound had
higher OD in the limited antigen assay while having lower amounts of 1gG
HER-3 antibody in the supernatant.

Hybridomas from cohorts 3 and 4 for the 33 best performing antibodies in
these sets of assays were advanced to cloning by limiting dilution hybridoma
plating.

Alternatively, FACS analysis of HER-3 expression of Ratl/pLXSN and
Ratl/HER-3 cells showed similar results (no crossreactivity with endogenous
rat epitopes) (Fig. 2) .

In detail 1x10° cells were harvested with 10 mM EDTA in PBS, washed once
with FACS buffer (PBS, 3 % FCS, 0.4 % azide) and seeded on a 96-well
round bottom plate. The cells were spun for 3 min at 1000 rpm to remove
supernatant and then resuspended with the specific HER-family antibodies
(3 pg/ml). Cell suspensions were incubated on ice for 45 min, washed twice
with FACS buffer and resuspended with secondary antibody (100 pl/well)
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donkey-anti-human-PE (Jackson Immunoresearch, PA) diluted 1:50 in FACS
buffer. The cell suspensions were incubated on ice and in the dark for 30
min, washed twice with FACS buffer and analyzed (FACS, Beckman
Coulter).

EXAMPLE 8: Structural analysis of anti-HER-3 antibodies of the invention

In the following discussion, structural information related to antibodies
prepared in accordance with the invention is provided. In order to analyze
structures of antibodies produced in accordance with the present invention,
genes encoding the heavy and light chain fragments were amplified out of
the particular hybridoma. Sequencing was accomplished as follows:

The VH and VL transcripts were amplified from individual hybridoma clones
in 96 well plate using reverse transcriptase polymerase chain reaction (RT-
PCR). Poly(A)+-mRNA was isolated from approximately 2x10° hybridoma
cells using a Fast-Track kit (Invitrogen). Four PCR reactions were run for
each Hybridoma: two for light chain (kappa (), and two for gamma heavy
chain (y). The QIAGEN OneStep room temperature-PCR kit was used for
amplification (Qiagen, Catalog No0.210212). In the coupled room
temperature-PCR reactions, cDNAs were synthesized with blend of room
temperature enzymes (Omniscript and Sensiscript) using antisense
sequence specific primer corresponded to C-k, or to a consensus of the CH1
regions of Cy genes. Reverse transcription was performed at 50 °C for 1 hr
fotlowed by PCR amplification of the cDNA by HotStarTaq DNA Polymerase
for high specificity and sensitivity. Each PCR reaction used a mixture of
5-sense primers; primer sequences were based on the leader sequences of
VH and VK available at the Vbase website (http://vbase.mrc-
cpe.cam.ac.uk/).

PCR reactions were run at 94 °C for 15 min, initial hot start followed by 40
cycles of 94 °C for 30 sec (denaturation), 60 °C for 30 sec (annealing) and 72
°C for 1 min (elongation).
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PCR products were purified and directly sequenced using forward and
reverse PCR primers using the ABlI PRISM BigDye terminator cycle
sequencing ready reaction Kit (Perkin Elmer). Both strands were sequenced
using Prism dye-terminator sequencing kits and an ABI 377 sequencing
machine.

Sequence analysis

Analyses of human V heavy and V kappa cDNA sequences of the HER3
antibodies were accomplished by aligning the HER-3 sequences with human
germline V heavy and V kappa sequences using Abgenix in-house software
(5AS). The software identified the usage of the V gene, the D gene and the
J gene as well as nucleotide insertions at the recombination junctions and
somatic mutations. Amino acid sequences were also generated in silico to
identify somatic mutations. Similar results could be obtained with
commercially available sequence analysis software and publicly available
information on the sequence of human V, D, and J genes, e.g., Vbase
(http://vbase.mrc-cpe.cam.ac.uk/).

Molecular cloning of mAb U1-59

Total RNA was extracted from the tissue culture well containing multiple
hybridomas lineages, including the hybridoma lineage secreting antibody
U1-59. A heavy chain variable region was amplified using 5’-leader VH
family specific primers, with 3'-C-gamma primer. A major band was amplified
using a VH4 primer, no other bands were visible. The VH4-34 gamma
fragment was cloned into pCDNA expression vector in frame with a human

gamma 1 constant region gene.

An IgM heavy chain variable region was amplified using 5’ VH family specific
primers with 3’ mu constant region primer. A major band was ampilified using
VH2 primer, no other bands were visible. The VH2-5 mu fragment was
cloned into pCDNA expression vector in frame with a human mu constant
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region gene. V kappa chains were amplified and sequenced. Four kappa
chain RT-PCR products were identified. The products were sequenced and
after sequence analysis via in silico translation, only three of them had open-
reading frames. These three functional kappa chains were cloned out of the
oligoclonal U1-59 hybridoma well identified based on V kappa gene usage
as (1) VK1 A3-JK2, (2) VK1 A20-JK3 and (3) B3-JK1. All V-kappa were
cloned into pCDNA expression vector in frame with a human kappa light

chain constant region gene.

Transfections:

Each heavy chain was transfected with each of the kappa chains in transient
transfections for a total of 6 heavy chain/kappa light chain pairs. The
transfection of the gamma chain with the A20 kappa chain gave poor
antibody expression, while no antibody was secreted or detected when the
A20 kappa chain was co-transfected with the mu chain. A total of three IgG
sups and two IgM sups were available for HER-3 binding assay.

Chain  |VH D J Constant |ORF
Heavy [(VH4-34 ID1-20 |JH2 Gamma |yes
Heavy |VH2-5 |D6-6 JH4b  |Mu yes
Light A3 JK2 Kappa yes
Light A20 JK3 Kappa yes
Light B3 JK1 Kappa yes
Light A27 JK3 Kappa NO

Binding activity to HER-3+ cell lines was detected in FACS with the 1gG1

mAb consisting of the VH4-34 and the B3 kappa chain. No other VH/Vk

combinations gave fluorescence signal above background in FACS using
HER-3+ cell lines.

Binding competition of the anti-HER-3 antibodies

Multiplexed competitive antibody binning was performed as published in Jia
et al. J Immunol Methods. 288, 91-98 (2004) to assess clusters of HER-3
antibodies that competed for binding to HER-3. Tested HER-3 antibodies
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from cohort 1 clustered into 5 bins based on competition for binding.

Bin#1 Bin#2 Bin#3 Bin#4 Bin#5
u1-42 U1-48 U1-52 u1-38 Uu1-45
Uu1-44 U1-50 U1-39 U1-40
U1-62 U1-51 U1-41
U1-46 U1-43
u1-47 U1-49 U1-61
U1-58 U1-53

U1-55

Epitope characterization of anti-HER-3 antibodies

The epitopes of human anti-HER-3 antibodies of the invention were
characterized. First a dot blot analysis of the reduced, denatured HER-3-His
tagged purified ECD protein showed absence of binding by the anti-HER-3
antibodies tested (U1-59, U1-61, U1-41, U1-46, U1-53, U1-43, U1-44, U1-
47, U1-52, U1-40, U1-49)) demonstrating that all had epitopes sensitive to
reduction of disulfide bonds, suggesting that all had discontinuous epitopes.
Next, the antibodies were mapped to defined domains in the HER-3
molecule by engineering various human-rat HER-3 chimeric molecules,

based on the division of the HER-3 extra-cellular domain into four domains:

1) L1 (D1): the minor ligand-binding domain,

2) S1(D2): the first cysteine-rich domain,

3) L2 (D3): the major ligand-binding domain, and
4) S2 (D4): the sec cysteine-rich domain.

The extra-cellular domain (ECD) of Human HER-3 cDNA was amplified from
RAT1-HER-3 cells. The rat HER-3 cDNAs was amplified by RT-PCR from
rat liver RNA and confirmed by sequencing. The cDNAs expressing the ECD
of human and rat Her3 were cloned into mammalian expression vectors as
V5-His fusion proteins. Domains from the human HER-3 ECD were swapped
into the scaffold provided by the rat HER-3 ECD by using the Mfe1, BstX1
and Dralll internal restriction sites. By this means, various chimeric
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rat/human HER-3 ECD HIS fusion proteins (amino acids 1-160, 161-358,
359-575, 1-358, 359-604) were constructed and expressed via transient
transfection of HEK 293T cells. Expression of the constructs was confirmed
using a rat polyclonal antibody against human HER-3. The human
monoclonal antibodies were tested in ELISA for binding to the secreted
chimeric ECDs.

Two of the human antibodies, including antibody U1-59, cross-reacted with
rat HER-3. To assign binding domains, these mAbs were tested against a
truncated form of HER-3 consisting of L1-S1-V5his tagged protein purified
from the supernatant of HEK 293T cells transfected with a plasmid DNA
encoding the expression of the L1-S1 extra-cellular domains of HER3. mAb
U1-59 bound to the L1-S1 protein in ELISA, implying that its epitope is in L1-
S1. mAb 2.5.1 did not bind to the L1-S1 protein, implying that its epitope is
in L2-S2. Further mapping of antibody U1-59 was accomplished using
SELDI time of flight mass spectroscopy with on-chip proteolytic digests of
mAb-HER-3 ECD complexes.

Mapping U1-59 epitopes using SELDI

Further mapping of antibody U1-59 was accomplished using a SELDI time of
flight mass spectroscopy with on-chip proteolytic digests of mAb-HER-3 ECD
complexes. Protein A was covalently bound to a PS20 protein chip array and
used to capture mAb U1-59. Then the complex of the PS20 protein chip and
the monoclonal antibody was incubated with HER-3-His purified antigen.
Next the antibody-antigen complex was digested with high concentration of
Asp-N. The chip was washed, resulting in retention of only the HER-3
peptide bound to the antibody on the chip. The epitope was determined by
SELD! and identified by mass of the fragment. The identified 6814 D
fragment corresponds to two possible expected peptides generated from a
partial digest of the HER-3-his ECD. Both overlapping peptides map to the
domain S1. By coupling SELDI results with binding to a HER-3 deletion
construct, the epitope was mapped to residues 251 to 325.
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The location of the binding domains in the extracellular part of HER-3 that

are recognized by the human anti-HER-3 mAbs of the invention are

summarized in Table 4. The epitope domain mapping results were

consistent with results from antibody competition binding competition bins,

with antibodies that cross-competed each other for binding to HER-3 also

mapping to the same domains on HER-3 (Fig. 3).

TABLE 4

A summary of mAb’s binding domain based on ELISA assay results

Binding Binding
mADb Rat XR |domain mADb Rat XR domain
U1-59 Yes S1 U1-2 No L2
U1-61 No L2 U1-7 No L2
U1-41 No L2 U1-9 No L2
U1-46 No S1 U1-10 No L2
U1-53 No L2 U1-12 No L2
U1-43 No L2 U1-13 No L2
U1-44 No S1 U1-14 No L2
u1-47 No S1 U1-15 No L2
U1-52 Yes L2S2 U1-19 No L2
Uu1-40 No L2 U1-20 No L2
U1-49 No L1 U1-21 No L2
U1-21 No L2 U1-28 No L2
U1-22 No L2 (U1-31) No L2
U1-23 No L2 U1-32 No L2
U1-24 No L2 (U1-35) No L2
U1-25 No L2 U1-36 No L2
U1-26 No L2 (U1-37) No L2
u1-27 No L2

XR = cross-reactive

EXAMPLE 9: Determination of canonical classes of antibodies

Chothia, et al. have described antibody structure in terms of “canonical
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classes” for the hypervariable regions of each immunoglobulin chain (J. Mol.
Biol., 1987 Aug 20, 196(4):901-17). The atomic structures of the Fab and VL
fragments of a variety of immunoglobulins were analyzed to determine the
relationship between their amino acid sequences and the three-dimensional
structures of their antigen binding sites. Chothia, et al. found that there were
relatively few residues that, through their packing, hydrogen bonding or the
ability to assume unusual phi, psi or omega conformations, were primarily
responsible for the main-chain conformations of the hypervariable regions.
These residues were found to occur at sites within the hypervariable regions
and in the conserved B-sheet framework. By examining sequences of
immunoglobulins having unknown structure, Chothia, et al. show that many
immunoglobulins have hypervariable regions that are similar in size to one
of the known structures and additionally contained identical residues at the
sites responsible for the observed conformation.

Their discovery implied that these hypervariable regions have conformations
close to those in the known structures. For five of the hypervariable regions,
the repertoire of conformations appeared to be limited to a relatively smali
number of discrete structural classes. These commonly occurring main-
chain conformations of the hypervariable regions were termed "canonical
structures.” Further work by Chothia, et al. (Nature, 1989 Dec 21-28, 342
(6252):877-83) and others (Martin, et al. J. Mol. Biol., 1996 Nov 15, 263(5):
800-15) confirmed that there is a small repertoire of main-chain
conformations for at least five of the six hypervariable regions of antibodies.

The CDRs of each antibody described above were analyzed to determine
their canonical class. As is known, canonical classes have only been
assigned for CDR1 and CDR2 of the antibody heavy chain, along with
CDR1, CDR2 and CDR3 of the antibody light chain. The tables below
summarizes the results of the analysis. The canonical class data is in the
form of HCDR1-HCDR2-LCDR1-LCDR2-LCDR3, wherein “HCDR” refers to
the heavy chain CDR and “LCDR” refers to the light chain CDR. Thus, for
example, a canonical class of 1-3-2-1-5 refers to an antibody that has a
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HCDRA1 that falls into canonical class 1, a HCDRZ2 that falls into canonical
class 3, a LCDR1 that falls into canonical class 2, a LCDR2 that falls into
canonical class 1, and a LCDRS3 that falls into canonical class 5.

5 Assignments were made to a particular canonical class where there was 70
% or greater identity of the amino acids in the antibody with the amino acids
defined for each canonical class. The amino acids defined for each antibody
can be found, for example, in the articles by Chothia, et al. referred to above.
Table 5 and Table 6 report the canonical class data for each of the HER-3

10 antibodies. Where there was less than 70 % identity, the canonical class

tdery

assignment is marked with an asterisk (“*”) to indicate that the best estimate
of the proper canonical class was made, based on the length of each CDR
and the totality of the data. Where there was no matching canonical class
with the same CDR length, the canonical class assignment is marked with a
15 letter s and a number, such as “s18”, meaning the CDR is of size 18. Where
there was no sequence data available for one of the heavy or light chains,

the canonical class is marked with “Z".
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TABLE 5
Antibody Antibody
(sorted) H1-H2-L1-L2-L3 H3length |(sorted) |H1-H2-L1-L2-L3H3length
U1-38 3-1-4-1-1 9 u1-7 3-1-2-1-1 12
U1-39 1-1-4-1*-1 6 U1-9 3-1-2-11 12
U1-40 3-1-4-1-1 15 U1-10 3-1-2-1-1 12
U1-41 3-1-2-1-1 15 U1-12 3-1-2-1-1 12
U1-42 1-2-2-1-1 ) U1-13 3-1-4-1-1 7
U1-43 3-1-2-1-1 17 uU1-14 3-1-2-1-1 12
U1-44 1-2-2-1-1 9 U1-15 3-1-8-1-1 14
U1-45 1-2*-2-1-1 16 U1-19 3-1-Z2-Z-Z 12
U1-46 3-s18-Z-Z-Z 17 U1-20 3-1-2-1-1 19
U1-47 3-s18-2-1-1 16 U1-21 3-1-2-1-1 12
U1-48 1-1-Z-Z2-Z 16 U1-22 3-1-2-1-1 12
U1-49 1-3-4-1-1 17 U1-23 3-1-2-1-1 12
U1-50 3-1-2-11 17 U1-24 3-1-2-1-1 12
U1-51 1-1-3-1-1 19 U1-25 3-1-2-1-1 12
U1-52 3-1-8-1-1 15 U1-26 3-1-2-11 12
U1-53 1-3-2-1-1 10 U1-27 3-1-2-11 12
U1-55 3-1-4-1-1 15 U1-28 3-1-2-1-1 12
U1-57 3-1-4-1-1 15 U1-31 1-2-2-1-1 13
U1-58 1-3-2-1-1 12 U1-32 3-1-2-11 12
U1-59 1-1-3-1-1 9 U1-35 1-3-2-1-1 14
U1-61.1  {3-1*-2-1-1 16 U1-36 3-1-2-11 12
U1-62 1-2-8-1-1 12 U1-37 1-2-Z-Z-Z 13
ui-2 3-1-2-1-1 12

Table 7 is an analysis of the number of antibodies per class. The number of

antibodies having the particular canonical class designated in the left column

is shown in the right column. The four mAbs lacking one chain sequence

data and thus having “Z” in the canonical assignment are not included in this

counting.

The most commonly seen structure is 3-1-2-1-1: Twenty-one out of forty-one

mAbs having both heavy and light chain sequences had this combination.
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TABLE 6
H1-H2-L1-L2-L3 | Count

NI:\)—‘
N
-—

]

2NN [=lwl= ]

EXAMPLE 10: Determination of antibody affinity

Affinity measurements of anti-HER-3 antibodies of the invention were
performed by indirect FACS Scatchard analysis. Therefore, 10° cells of
interest or SK-Br 3 cells were harvested with 10 mM EDTA in P.BS, washed
once with FACS buffer (PBS, 3 % FCS, 0.4 % azide) and seeded on a 96-
well round bottorn plate. The cells were spun for 3 min at 1000 rpm to
remove supernatant and then resuspended with a-HER-3 antibody (3 pg/ml)
or with antibody dilutions (100 pl/well) starting with 20 pg/mi human
monoclonal antibody in FACS buffer, diluted in 1:2 dilution steps. Cell
suspensions were incubated on ice for 1 hr, washed twice with FACS buffer
and resuspended with secondary antibody (100 pl/well) donkey-anti-human-
PE (Jackson) diluted 1:50 in FACS buffer. The cell suspensions were
incubated on ice and in the dark for 30 min, washed twice with FACS buffer
and analyzed (FACS, Beckman Coulter). According to the FACS Scatchard
analysis, the fluorescence mean was calculated for each measurement.
Background staining (= without 1% antibody) was subtracted from each
fluorescence mean. Scatchard plot with x-value = fluorescence mean and y-
value = fluorescence mean/concentration of mAb (nM) was generated. The
KD was taken as the absolute value of 1/m of linear equation. Fig. 4 shows a
kinetic analysis using the U1-59 antibody of the invention. In the following
table 8 affinity measurements for certain antibodies of the invention selected

in this manner are provided.
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TABLE 7
KD
clone (nM)
5 U1-38 n.d.
U1-39 102
U1-40 6,7
u1-41 0,18
U1-42 n.d.
U1-43 0,57
uU1-44 4
U1-52 16,8
U1-61 0,13
U1-62 20,4
U1-46 13,8
u1-47 9,38
U1-49 1
Uu1-50 39,3
U1-51 131,6
U1-53 0,082
U1-55.1 3,7
U1-58 6,4
u1-59 3,69
U—1:24 0,06
U1-7 0,02

25

30

EXAMPLE 11: Anti-HER-3 antibodies of the_'invention induce HER-3
receptor endocytosis '

HER-3 has been identified as a factor that can influence initiation and
progression of hyperproliferative diseases through serving as an important
gatekeeper of HER family mediated cell signaling. Thus, if HER-3 is
effectively cleared from the cell surface/membrane by receptor
internalization, cell signaling and therefore transformation and/or
maintenance of cells in malignancy can be ultimately diminished or
suppressed.

In order to investigate whether anti-HER-3 antibodies of the invention are
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capable of inducing accelerated endocytosis of HER-3, the relative amount
of HER-3 molecules on the cell surface after 0.5 and 4 hr incubation of the
cells with anti-HER-3 antibodies of the invention were compared. 3x10° cells
were seeded in normal growth medium in 24-well dish and left to grow
overnight. Cells were preincubated with 10 pg/ml anti-HER-3 mAbs in
normal growth medium for the indicated times at 37 °C. Cells were detached
with 10 mM EDTA and incubated with 10 pg/ml anti-HER-3 mAbs in wash
buffer (PBS, 3 % FCS, 0.04 % azide) for 45 min at 4 °C. Cells were washed
twice with wash buffer, incubated with donkey-anti-human-PE secondary
antibody (Jackson) diluted 1:100 for 45 min at 4 °C, washed twice with wash
buffer and analyzed by FACS (BeckmanCoulter, EXPO).

Data shown in Fig. 5 demonstrate that treatment of cells with anti-HER-3
antibodies leads to internalization of the receptor. Data are shown as %
internalization and refer to the reduction of the mean fluorescence intensity
of anti-HER3 treated samples relative to control-treated samples.

EXAMPLE 12: Inhibition of ligand binding to human cancer cells SKBr3 by
human anti-HER-3 antibodies of the invention

Radioligand competition experiments were performed in order to quantitate
the ability of the anti-HER-3 antibodies of the invention to inhibit ligand
binding to HER-3 in a cell based assay. Therefore, the HER-3 receptor
binding assay was performed with 4x10° SK-BR-3 cells which were
incubated with varying concentrations of antibodies for 30 min on ice. 1.25
nM [1'®%}-a-HRG/['*]]-B-HRG were added to each well and the incubation was
continued for 2 hr on ice. The plates were washed five times, air-dried and
counted in a scintillation counter. Figs. 6a-e show the results of these
experiments performed with representative anti-HER-3 antibodies of the
invention and demonstrate that the antibodies of the invention are capable of
specifically reducing the binding of ['*I]-a-HRG/['*I]-8-HRG to cells
expressing endogenous HER-3.
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EXAMPLE 13: Inhibition of ligand-induced HER-3 phosphorylation by human
anti-HER-3 antibodies of the invention

ELISA experiments were performed in order to investigate whether the
antibodies of the invention are able to block ligand B-HRG-mediated
activation of HER-3. Ligand-mediated HER-3 activation was detected by
increased receptor tyrosine phosphorylation.

Day 1: 1 x 96 well dish was coated with 20 pg/ml Collagen I in 0,1 M acetic
acid for 4 hr at 37 °C. 2.5x10° cells were seeded in normal growth medium

Day 2: Cells were starved in 100 ul serum free medium for 24 hr.

Day 3: Cells were preincubated with 10 pg/ml anti-HER-3 mAbs for 1 hr at
37 °C and then treated with 30 ng/m! B-HRG-EGF domain (R&D Systems)
for 10 min. Medium was flicked out and cells were fixed with 4 %
formaldehyde solution in PBS for 1 hr at room temperature. Formaldehyde
solution was removed and cells were washed with wash buffer (PBS/0.1 %
Tween 20). Cells were quenched with 1 % H.02, 0.1 % NaN, in wash buffer
and incubated for 20 min at room temperature, then blocked with NET-
Gelantine for 5 hr at 4 °C. Primary antibody phospho-HER-3 (Tyr1289)
(polyclonal rabbit; Cell signaling #4791; 1:300) was added overnight at 4 °C.

Day 4: The plate was washed 3x with wash buffer, then incubated with anti-
rabbit-POD diluted 1:3000 in PBS - 0.5 % BSA was added to each well and
incubated for 1.5 hr at room temperature. The plate was washed 3x with
wash buffer and once with PBS. Tetramethylbenzidine (TMB, Calbiochem)
was added and monitored at 650 nm. The reaction was stopped by addition
of 100 pl 250 nM HC! and the absorbance was read at 450 nm with a
reference wavelength of 650 nm using a Vmax plate reader (Thermo Lab

Systems).

Fig. 7a shows representative results of this experiment, demonstrating that
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anti-HER-3 antibodies of the invention were able to reduce ligand-mediated
HER-3 activation as indicated by decreased receptor tyrosine
phosphorylation. Data are shown as percent reduction by therapeutic
antibodies relative to a control antibody.

To test potency of mAb U1-53 to inhibit ligand induced HER-3 activation,
MCF-7 cells were starved for 24 hr, incubated with mAb U1-53 for 1 hr at 37
°C and stimulated with 10 nM HRG-B for 10 min. Lysates were transferred to
1B4 (mouse anti-HER-3 mAb) ELISA plates and phosphorylation of HER-3
was analysed with antibody 4G10. As shown in Fig. 7b phosphorylation of
HER-3 was almost completely inhibited in a dose dependent manner with an
IC50 of 0.14 nM.

EXAMPLE 14: Inhibition of ligand-induced p42/p44 MAP-Kinase
phosphorylation by human anti-HER-3 antibodies of the invention

Next ELISA experiments were performed in order to investigate whether the
antibodies of the invention are able to block ligand B-HRG-mediated
activation of p42/p44 MAP-Kinase. Ligand-mediated HER-3 activation was
detected by increased protein (Thr202/Tyr204) phosphorylation.

Day 1: 1 x 96 well dish was coated with 20 pg/ml Collagen | in 0,1 M acetic
acid for 4 hr at 37 °C. 3x10° cells were seeded in normal growth medium

Day 2: Cells were starved in 100 pl serum free medium for 24 hr.

Day 3: Cells were preincubated with 5 pg/ml anti-HER-3 mAbs for 1 hr at 37
°C and then treated with 20 ng/mi B-HRG-EGF domain (R&D Systems) for
10 min. Medium was flicked out and cells were fixed with 4 % formaldehyde
solution in PBS for 1 hr at room temperature. Formaldehyde solution was
removed and cells were washed with wash buffer (PBS/0.1 % Tween 20).
Cells were quenched with 1 % H;O,, 0.1 % NaNs; in wash buffer and
incubated for 20 min at room temperature, then blocked with PBS/0.5 %
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BSA for 5 hr at 4 °C. Primary antibody phospho-p44/p42 MAP Kinase
(Thr202/Tyr204) (polyclonal rabbit; Cell signaling #9101; 1:3000) was added
overnight at 4 °C.

Day 4: The plate was washed 3x with wash buffer, then incubated with anti-
rabbit-HRP diluted 1:5000 in PBS - 0.5 % BSA was added to each well and
incubated for 1.5 hr at room temperature. The plate was washed 3x with
wash buffer and once with PBS. Tetramethylbenzidine (TMB, Calbiochem)
was added and monitored at 650 nm. The reaction was stopped by addition
of 100 pl 250 nM HCI and The absorbance was read at 450 nm with a
reference wavelength of 650 nm using a Vmax plate reader (Thermo Lab

Systems).

Fig. 8 shows representative results of this experiment. The antibodies of the
invention were able to reduce ligand-mediated p42/p44 MAP-Kinase
activation as indicated by decreased phosphorylation. Data are shown as
percent reduction by therapeutic antibodies relative to a control antibody.

EXAMPLE 15: Inhibition of B-HRG-induced phospho-AKT phosphorylation
by human anti-HER-3 antibodies of the invention

In the following ELISA experiment we investigated whether the anti-HER-3
antibodies of the invention are able to block ligand B-HRG-mediated
activation of AKT-Kinase. Ligand-mediated AKT activation was detected by
increased protein (Ser473) phosphorylation.

Day 1: 1 x 96 well dish was coated with 20 yg/ml Collagen | in 0,1 M acetic
acid for 4 hr at 37 °C. 3x10° cells were seeded in normal growth medium

Day 2: Cells were starved in 100 pl serum free medium for 24 hr.

Day 3: Cells were preincubated with 5 pg/ml anti-HER-3 mAbs for 1 hr at
37 °C and then treated with 20 ng/ml B-HRG-EGF domain (R&D Systems)
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for 10 min. Medium was flicked out and cells were fixed with 4 %
formaldehyde solution in PBS for 1 hr at room temperature. Formaldehyde
solution was removed and cells were washed with wash buffer (PBS/0.1 %
Tween 20). Cells were quenched with 1 % H>0,, 0.1 % NaN; in wash buffer
and incubated for 20 min at room temperature, then blocked with PBS/0.5 %
BSA for 5 hr at 4 °C. Primary antibody phospho-Akt (Ser473) (polyclonal
rabbit; Cell signaling #9217; 1:1000) was added overnight at 4 °C.

Day 4: The plate was washed 3x with wash buffer, then incubated with anti-
rabbit-HRP diluted 1:5000 in PBS-0.5 % BSA was added to each well and
incubated for 1.5 hr at room temperature. The plate was washed 3x with
wash buffer and once with PBS. Tetramethylbenzidine (TMB, Calbiochem)
was added and monitored at 650 nm. The reaction was stopped by addition
of 100 pl 250 nM HCI and The absorbance was read at 450 nm with a
reference wavelength of 650 nm using a Vmax plate reader (Thermo Lab

Systems).

Fig. 9 shows representative results of this experiment. The anti-HER-3
antibodies of the invention were able to reduce B-HRG-mediated AKT as
indicated by decreased phosphorylation. Data are shown as percent
reduction by therapeutic antibodies relative to a control antibody.

EXAMPLE 16: Inhibition of a-HRG/B-HRG-mediated MCF7 cell proliferation
by human anti-HER-3 antibodies of the invention

In vitro experiments were conducted in order to determine the ability of the
antibodies of the invention to inhibit HRG-stimulated cell proliferation. 2000
MCF7 cells were seeded in FCS-containing medium on 96-well plates
overnight. Cells were preincubated in quadruplicates with antibody diluted in
medium with 0.5 % FCS for 1 hr at 37 °C. Cells were stimulated with 30
ng/ml a- or 20 ng/ml B-HRG (R&D Systems) by adding ligand directly to
antibody solution and were then left to grow for 72 hr. AlamarBlue™
(BIOSOURCE) was added and incubated at 37 °C in the dark. Absorbance
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was measured at 590 nm every 30 min. The data were taken 90 min after
addition of alamar biue. The results as indicated in Fig. 10 show that
representative antibodies of the invention inhibit HRG-induced cell growth in
human cancer cells. Data are shown as percent reduction by therapeutic
antibodies relative to a control antibody.

EXAMPLE 17: Inhibition of B-HRG-induced MCF7 cell migration by human
anti-HER-3 antibodies of the invention

Transmigration experiments were performed in order to investigate whether
the antibodies of the invention block cell migrafion. Serum-starved MCF7
cells were preincubated by adding the indicated amount of antibody to the
cell suspension and incubating both for 45 min at 37 °C. 500 pl cell
suspension (50,000 cells) was then placed in the top chamber of collagen |-
coated transwells (BD Falcon, 8 pm pores). 750 pyl medium (MEM, amino
acids, Na-pyruvate, Pen.-Strept., 0,1 % BSA, without fetal calf serum) alone
or containing the ligands B-HRG-EGF domain (R&D Systems) were used in

the bottom chamber. Cells were left to migrate for 8 hr at 37 °C and were

stained with DAPI.

Stained nuclei were counted manually; percent inhibiton was expressed as
inhibition relative to a control antibody.

Fig. 11 shows the resuit of the experiment demonstrating that representative
anti-HER-3 antibodies of the invention reduce HRG-induced cell migration.

EXAMPLE 18: Colony formation assay (soft agar assay)

Soft agar assays were conducted in order to investigate the ability of the
anti-HER-3 antibodies of the invention to inhibit anchorage independent cell
growth. The soft agar colony formation assay is a standard in vitro assay to
test for transformed cells, as only such transformed cells can grow in soft
agar.
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750 to 2000 cells (depending on the cell line) were preincubated with
indicated antibodies at 10 pg/mi in IMDM medium (Gibco) for 30 min and
resuspended in 0.4 % Difco noble agar. The cell suspension was plated on
0.75 % agarose underlayer containing 20 % FCS in quadruplicate in a 96-
well plate. Colonies were allowed to form for 14 days and were then stained
with 50 pl MTT (0.5 mg/ml in PBS) overnight. Figs. 12 a-i show the results of
these experiments performed with three representative antibodies of the
invention. These results demonstrate that anti-HER-3 antibodies of the
invention reduce anchorage independent cell growth of MDA-MB361 and
NCI-ADR breast cancer cells (Fig. 12a,b), MKN-28 gastric cancer (Fig. 12c),
HT144 melanoma cells (Fig. 12d), Skov3 ovary carcinoma cells (Fig. 12e),
PPC-1 prostate cancer cells (Fig. 12f),BX-PC3 pancreas cancer cells (Fig.
12g), A431 epidermoid carcinoma cells (Fig. 12h) and lung carcinoma cells
(Fig. 12i). Colonies were counted with a Scanalyzer HTS camera system
(Lemnatec, Wuerselen).

EXAMPLE 19: Human anti-HER-3 antibodies inhibit human breast
carcinoma growth in nude mice

The anti-tumor efficacy of therapeutic antibodies is often evaluated in human
xenograft tumor studies. In these studies, human tumors grow as xenografts
in immunocompromised mice and therapeutic efficacy is measured by the
degree of tumor growth inhibition. In order to determine, if the anti-HER-3
antibodies of the invention interfere with tumor growth of human breast
cancer cells in nude mice, 5x108 T47D cells were implanted in female NMRI
nude/nude mice. Tumors were subcutaneous, grown on the back of the
animal. Treatments began when tumors reached a mean volume of 20 mm?,
eight days post implantation. Prior to first treatment, mice were randomized
and statistical tests performed to assure uniformity in starting tumor volumes
(mean, median and standard deviation) across treatment groups. Treatment
started with a loading dose of 50 mg/kg followed by 25 mg/kg injections once
a week by intraperitoneal injection. A control arm received doxorubicin

(pharmaceutical grade). All animals were supplemented with 0.5
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mg/kg/week oestrogen injected i.p. -

Details of the treatment groups are given below.

Gr N [ 1 Compound | Loading | Weekly dose | Route | Schedule
(mg/kg) (mg/kg)
1. 10 PBS - i.p. once/week
2. 10 | doxorubicin 8mg/kg i.v. once/week*
3 10 U1-563 50mg/kg 25mg/kg i.p. once/week
20ml/kg 10ml/kg

* doxorubin treatment as described by Boven et al., Cancer Research, 1992.

Data for median tumor volume (Fig. 13) demonstrated that administration of
an anti-HER-3 antibody of the invention resulted in reduction of tumor
growth.

EXAMPLE 20: Human anti-HER-3 antibodies inhibit human pancreatic tumor
growth in SCID mice

To test the therapeutic potential of anti-HER3 antibodies in other solid tumor
types the anti-HER-3 antibodies, U1-53 and U1-569, were tested in mice with
established tumors derived from the human pancreatic tumor cell line
BxPC3. As controls sets of mice treated with either the vehicle control, PBS,
or the established therapeutic antibody, Erbitux, were included. 5x10°
BxPC3 cells were inoculated subcutaneously without Matrigel into CB17
SCiD mice. Mice bearing established tumors with a mean volume of 140mm?
received 50mg/kg of U1-53, U1-59, Erbitux or the equivalent volume of PBS
via intraperitoneal injection. Thereafter the mice received once weekly
25mg/kg injections for the duration of the study.

The results for this experiment are shown in Fig. 14. U1-53 and U1-59
reduced the growth of the human pancreatic tumors in a cytostatic fashion.
Notably, in this experiment, U1-563 and U1-59 were more effective than the
EGFR-targeting antibody Erbitux at delaying tumor growth. These data
demonstrated the therapeutic efficacy of anti-HER-3 antibodies of the
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invention in comparison to a benchmark therapeutic agent.

EXAMPLE 21: Combining the human anti-HER-3 antibodies with anti-EGFR
antibodies increases anti-tumor activity

The monotherapy of hyperproliferative diseases with targeted antibodies is
often hampered by problems such as, on the one hand, the development of
resistance to drugs, and on the other hand, a change in the antigenicity. For
example, loss of antigenicity after proloﬁnged treatment may render tumor
cells insensitive to therapeutic antibodies, since those tumor cells that do not
express or have lost the targeted antfgen have a selective growth
advantage. These problems might be evaded by using the antibodies of the
invention in combination with a therapeutic antibody that targets a different
receptor on the tumor cells, or another antineoplastic agent. Intervening in
multiple signaling pathways or even related pathways but at multiple
intervention steps might also provide therapeutic benefit. These combined
treatment modalities are likely to be more efficacious, because they combine
two anti-cancer agents, each operating via a different mechanism of action.

In order to demonstrate the feasibility of the anti-HER-3 antibodies of the
invention, U1-53 and U1-59, as suitable combination agents, we compared
monotherapeutic administrations of U1-53 or U1-59 with those in which
either U1-53 or U1-59 was combined with the anti-EGR specific antibody,
Erbitux. 5x10°% BxPC3 cells were inoculated subcutaneously with Matrigel
into CB17 SCID mice. After tumor volumes had reached 200 mm?, mice
were randomized into individual treatment groups. Weekly intraperitoneal
administrations of U1-53, U1-59 and Erbitux as single agents or
combinations of either anti-HER3 antibodies with Erbitux or as a cocktail of
two anti HER-3 antibodies were performed. All antibodies were dosed at a
single loading doses of 50 mg/kg/week, followed by weekly injections of 25
mg/kg for six weeks. Control arms received bi-weekly administrations of
Gemcitabine (120 mg/kg), weekly pooled human IgG or weekly vehicle
(PBS) injections. The regimens are detailed below.
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Gr| N Compound Loading Weekly Route | Schedule
dose (mg/kg) dose
(mg/kg)
4. {12 PBS 20mi/kg 10mi/kg q7d i.p.
5. | 12 | Pooled human 50mg/kg 25mg/kg q7d i.p.
IgG

6. | 12 U1-53 50mg/kg 25mg/kg q7d i.p.

7. 112 U1-59 50mg/kg 25mg/kg q7d i.p.

8. |12 Erbitux 50mg/kg 25mg/kg q7d i.p.

9. 112 U1-53 + 25mgl/kg 12.5mg/kg q7d i.p.
Erbitux each each

10 | 12 U1-59 + 25mg/kg 12.5mg/kg q7d i.p.
. Erbitux each each

11| 12 | U1-53 + U1-59 25mg/kg 12.5mg/kg q7d i.p.
; each each

12 | 12 | Gemcitabine none 120 mg/kg 2x ip

weekly

The results for this experiment are shown in Fig. 15. Antibodies U1-53 and
U1-59, when administered as single agents, delayed the growth of the
5 human pancreatic tumors to the same degree as Gemcitabine, which is
often used as a standard anti-pancreatic cancer chemotherapy. Co-
administration of Erbitux with U1-53 or U1-59 resulted in a significantly
greater reduction of tumor growth than observed with either single agent
administration of U1-53, U1-59 or Erbitux. Thus, a beneficial therapeutic
10 response can be achieved by combining the anti-HER-3 antibodies of the
invention with suitable antibodies that target separate tumor antigens.

In summary, the anti-HER-3 antibodies of the invention have potent
therapeutic efficacy against human tumors in vivo. They can be effectively
15 combined with other anti-neoplastic therapeutics for increased anti-tumor
activity.
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EXAMPLE 22: Human anti-HER-3 antibodies inhibit human melanoma tumor
growth in nu/nu mice

Members of the erbB family of receptors, including Her3, are abnormally
expressed in a large variety of epithelial cancers and they are known to play
important roles in the growth and survival of many these solid tumors.
These tumors include melanomas, head and neck squamous cell cancers,
non-small cell lung cancers and prostate, glioma, gastric, breast, colorectal,
pancreatic, ovarian cancers. In order to verify, that the anti-Her3 antibodies
of the invention are not restricted in their anti-cancer activity to individual
tumor types, e.g. pancreatic cancers (see Example 21), but can be used as
therapeutics against many HER-3-dependent tumors, we tested U1-53 and
U1-59 in additional xenograft studies. One example is shown in Fig. 16. 5 x
10° human melanoma celis, HT 144, were injected subcutaneously into CB17
SCID mice, followed by immediate subsequent intraperitoneal injection of
50mg/kg of U1-53 and U1-59, the equivalent volume of PBS or Dacarbacin
(DITC) at 200mg/kg. Thereafter, mice received 25mg/kg of U1-63 or U1-59
once weekly, whereas DITC was given once every two weeks at 200mag/kg.

The median tumor volumes from each treatment group are shown in Figure
16. Administration of the antibodies of the invention resulted in growth
reduction of the human melanomas when compared to tumors that had been
treated with the vehicle control. These results demonstrate that the
antibodies of the invention are not restricted in their therapeutic potential
and target a wide variety of HER-3 expressing cancers.

EXAMPLE 23: Human anti-HER-3 antibodies inhibit growth of colon

carcinoma xenografts in mice

HT-29 human colon carcinoma cells were suspended in medium with 2:1
ratio of Matrigel to a final concentration of 10 x 10° cells/ml. 0.2 ml of cell
suspension were injected s.c. into the right flank of 4-5-week-old CD1 nu/nu

mice. A total of 95 mice were used.
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The mice were randomly assigned to control and treatment groups. The
treatment started on the same day. Duration of treatment was 29 days. Upon
completion of the study, three tumours per group were collected 3 hours
after administration of treatment. The tumours were fast-frozen and kept at
-80 °C.

The following treatment protocol was carried out:

Control group: non-specific human I1gG 25 mg/kg, twice weeKly,

intraperitoneal

Treatment group: antibody U1-53, 25 mg/kg, twice weekly, intraperitoneal
Treatment group: antibody U1-7, 25 mg/kg, twice weekly, intraperitoneal
Treatment group: antibody U1-59, 25 mg/kg, twice weekly, intraperitoneal
Treatment group 5-FU: 5-fluorouracil, 50 mg/kg, 9d x 5, intraperitoneal

The median tumor volumes from each group are shown in Fig. 17.
Administration of the antibodies of the invention resulted in growth reduction
of the HT-29 colon carcinoma tumors when compared to tumors that had

been treated with non-specific human IgG1.

EXAMPLE 24: Human anti-HER-3 antibodies inhibit lung cancer_growth in

mice

Calu-3 human non-small cell lung cancer cells were suspended in medium
with 1:1 ratio of Matrigel to a final concentration of 5 x 10° cells/ml. 0.05 ml of
cell suspension were injected s.c. into the right flank of 9-week-old female
CB17 scid mice. A total of 60 mice were used.
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The mice were randomly selected to control and treatment groups.
Treatment started on the same day. The duration of treatment was 32 days.

The following treatment protocol was carried out:

PBS vehicle group

hG control group: non-specific human IgG: 25 mg/kg, twice weekly,

intraperitoneal

Treatment group antibody U1-53, 25 mg/kg, twice weekly, intraperitoneal
Treatment group antibody U1-7, 25 mg/kg, twice weekly, intraperitoneal
Treatment group antibody U1-59, 25 mg/kg, twice weekly, intraperitoneal
The median tumor volumes from each control and treatment group are
shown in Fig. 18. Administration of the antibodies of the invention resulted in
growth reduction of the human non-small lung cancer xenografts when
compared to tumors that had been treated with the PBS vehicle control or

non-specific human IgG.

EXAMPLE 25: Human anti-HER-3 antibodies inhibit human pancreatic tumor
growth in Balb/C-mice

Human pancreatic BxPC3 tumor cells were suspended in medium with a 2:1
ratio of Matrigel to a final concentration of 5 x 10° cells per mi. 0.2 ml of cell
suspension were injected s.c. into the right flank of 5-7- week-old female
BalbC nu/nu mice. A total of 100 mice were used.

The mice were randomly distributed into control and treatment groups. The
treatment started on the same day. The treatment duration was 27 days.
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The following treatment protocol was carried out:

higG control group: non-specific human 1gG2, 25 mg/kg, twice weekly,
intraperitoneal

Treatment group antibody U1-53, 25 mg/kg, twice weekly, intraperitoneal

Treatment group antibody U1-7, 25 mg/kg, twice weekly, intraperitoneal

Treatment group antibody U1-59, 25 mg/kg, weekly, intraperitoneal

Gemzar treatment group, gemcitabine, 80 mg/kg, weekly, intraperitoneal

The median tumor volumes from each control and treatment group are
shown in Fig. 19. Administration of the antibodies of the invention resuilted in
growth reduction of the human pancreatic tumors when compared to tumors
that had been treated with non-specific human IgG or with Gemzar.

The inhibition of HER-3 in the human pancreatic tumors could also be
shown in a pharmacodynamic experiment. The BxPC3 tumor xenografts
were grown as described above. 3 mice were treated with 500 pg of an IgG1
control antibody and 3 mice were treated with 500 ug of the anti-HER-3
antibody U1-59. The mice were treated on day 1 and day 4 and then
sacrificed on day 5 to measure the antibody-dependent inhibition of HER-3
phosphorylation (pPHER-3).

The tumors were homogenized in a standard RIPA buffer with protease
inhibitors. 50 pg clear lysate was separated on a 4-20 % Tris-glycine gel,
transferred onto a nitrocellulose membrane and blocked in 3 % bovine
serum albumin (BSA). Immunoblotting was performed using an anti-pHER-3
antibody (antibody 21D3, Cell Signaling technology). An anti-actin antibody
(AB a-2066, Sigma) was used as a control.
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The expression was detected by enhanced chemiluminescence (Amersham
Biosciences, Piscataway, NJ). The images were captured with the Versadoc
5000 Imaging System (BioRad, Hercules, CA).

The results are shown in Fig. 20. After administration of the human anti-
HER-3-antibody U1-59 phosphorylation of HER-3 was no longer detectable.
Thus, the antibodies of the invention are capable of significantly reducing
HER-3 activation in human pancreatic tumor cells.

EXAMPLE 26: Use of anti-HER-3 antibodies of the invention as a diagnostic
agent

Anti-HER-3 mAb can be used in the diagnostic of malignant diseases. HER-
3 is expressed on tumor cells in a very distinct way compared to normal
tissue and, therefore, an expression analysis of HER-3 would assist in the
primary diagnosis of solid tumors, staging and grading of solid tumors,
assessment of prognostic criteria for proliferative diseases and neoplasias

and risk management in patients with HER-3 positive tumors.

A. Detection of HER-3 antigen in a sample

An Enzyme-Linked Immunosorbent Assay (ELISA) for the detection of HER-
3 antigen in a sample is developed. In the assay, wells of a microtiter plate,
such as a 96-well microtiter plate or a 384-well microtiter plate, are adsorbed
for several hr with a first fully human monoclonal antibody directed against
the HER-3 antigen. The immobilized antibody serves as a capture antibody
for any of the HER-3 antigen that may be present in a test sample. The wells
are rinsed and treated with a blocking agent such as milk protein or albumin
to prevent nonspecific adsorption of the analyte.

Subsequently the wells are treated with a test sample suspected of
containing the HER-3 antigen, or with a solution containing a standard
amount of the HER-3 antigen. Such a sample is, for example, a serum
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sample from a subject suspected of having levels of circulating HER-3
antigen considered to be diagnostic of a pathology. After rinsing away the
test sample or standard, the wells are treated with a second fully human
monoclonal anti-HER-3 antibody of the invention that is labelled by
conjugation with biotin. The labeled anti-HER-3 antibody serves as a
detecting antibody. After rinsing away excess secondary antibody, the wells
are treated with avidin-conjugated horseradish peroxidase (HRP) and a
suitable chromogenic substrate. The concentration of the HER-3 antigen in
the test samples is determined by comparison with a standard curve
developed from the standard samples.

B. Detection of HER3-antigen in Immunohistochemistry (IHC)

In order to determine HER3-antigen in tissue sections by IHC, Paraffin-
embedded tissues are first deparaffinized in xylene for 2 x 5 min and then
hydrated with 100% Ethanol 2 x 3 min, 95% Ethanol 1 min and rinsed in
distilled water. Antigenic epitopes masked by formalin-fixation and paraffin-
embedding are exposed by epitope unmasking, enzymatic digestion or
saponin. For epitope unmasking paraffin sections are heated in a steamer,
water bath or microwave oven for 20-40 min in a epitope retrieval solution as
for example 2N HCI solution (pH 1.0). In the case of an enzyme digestion,
tissue sections are incubated at 37°C for 10-30 minutes in different enzyme
solutions such as protienase K, trypsin, pronase, pepsin etc.

After rinsing away the epitope retrieval solution or excess enzyme, tissue
sections are treated with a blocking buffer to prevent unspecific interactions.
The primary antibody is incubated at appropriate dilutions in dilution buffer
for 1 hour at room temperature or overnight. Excess primary antibody is
rinsed away and sections are incubated in peroxidase blocking solution for
10 min at room temperature. After another washing step, tissue sections are
incubated with a secondary antibody labelled with a group that might serve
as an anchor for an enzyme. Examples therefore are biotin labelled
secondary antibodies that are recognized by streptavidin coupled
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horseradish peroxidase. Detection of said antibody/enzyme complex is
achieved by incubating with a suitable chromogenic substrate.

C. Determination of HER-3 antigen concentration in serum of patients

A sandwich ELISA is developed to quantify HER-3 levels in human serum.
The two fully human monoclonal anti-HER-3 antibodies used in the
sandwich ELISA, recognized different domains on the HER-3 molecule and
do not compete for binding, for example, see Example 8. The ELISA is
performed as follows: 50 pl of capture anti-HER-3 antibody in coating buffer
(0.1 M NaHCO;, pH 9.6) at a concentration of 2 pg/ml were coated on ELISA
plates (Fisher). After incubation at 4 °C overnight, the plates are treated with
200 pl of blocking buffer (0.5 % BSA, 0.1 % Tween 20, 0.01 % Thimerosal in
PBS) for 1 hr at 25 °C. The plates were washed (3x) using 0.05 % Tween 20
in PBS (washing buffer, WB). Normal or patient sera (Clinomics,
Bioreclaimation) are diluted in blocking buffer containing 50 % human
serum. The plates are incubated with serum samples overnight at 4 °C,
washed with WB, and then incubated with 100 pl/well of biotinylated
detection anti-HER-3 antibody for 1 hr at 25 °C. After washing, the plates are
incubated with HRP-Streptavidin for 15 min, washed as before, and then
treated with 100 pl/well of o-phenylenediamine in H.O, (Sigma developing
solution) for color generation. The reaction is stopped with 50 pl/well of
H.SO4 (2 M) and analyzed using an ELISA plate reader at 492 nm. The
concentration of HER-3 antigen in serum samples is calculated by
comparison to dilutions of purified HER-3 antigen using a four parameter

curve fitting program.

Staging of cancer in a patient

Based on the results set forth and discussed under items A, B and C,,
through use of the present invention, it is possible to stage a cancer in a
subject based on expression levels of the HER-3 antigen. For a given type of
cancer, samples of blood are taken from subjects diagnosed as being at
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various stages in the progression of the disease, and/or at various points in
the therapeutic treatment of the cancer. The concentration of the HER-3
antigen present in the blood samples is determined using a method that
specifically determines the amount of the antigen that is present. Such a
method includes an ELISA method, such as the method described under
items A. and B. Using a population of samples that provides statistically
significant results for each stage of progression or therapy, a range of
concentrations of the HER-3 antigen that may be considered characteristic
of each stage is designated.

In order to stage the progression of the cancer in a subject under study, or to
characterize the response of the subject to a course of therapy, a sample of
blood is taken from the subject and the concentration of the HER-3 antigen
present in the sample is determined. The concentration so obtained is used
to identify in which range of concentrations the value falls. The range so
identified correlates with a stage of progression or a stage of therapy
identified in the various populations of diagnosed subjects, thereby providing
a stage in the subject under study.

EXAMPLE 27: Uses of anti-HER-3 antibodies and antibody conjugates of the
invention for treatment or prevention of hyperproliferative diseases

Many solid tumors are driven by HER family mediated signalling and it has
been demonstrated that HER-3 is a crucial partner through complex
formation between HER-1, HER-2 and HER-4. Therefore, a reduction or
elimination of HER-3 mediated signaling would impact all other HER family
members and impair cell signaling leading to a wide window of therapeutic
interventions and potential in combination therapy with other targeted
agents, biologics and cytotoxic agents. Thus, anti-HER-3 antibodies of the
invention can be used for treatment of certain hyperproliferative or HER-3
associated disorders, that are based on a number of factors as for example
HER-3 expression. Tumor types as breast cancer, gastrointestinal cancer,

pancreas cancer, prostate cancer, ovarian cancer, stomach cancer,
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endometrial cancer, salivary gland cancer, lung cancer, kidney cancer, colon

cancer, colorectal cancer, thyroid cancer, bladder cancer, glioma, melanoma,

other HER-3 expressing or overexpressing cancers, appear to present

preferred indications, but indications are not limited to those on the preceding

list. In addition the following groups of patients will benefit from anti-HER-3

directed mAb treatment:

e Patients with resistance to anti-HER-2 mAb treatment

e Patients not eligible for the treatment with anti-HER-2 mAb

e Patients with resistance to anti-HER-1 mAb or small molecule anti-EGFR
inhibitor

e Patients with non-small cell lung cancer resistant to erlotinib or gefitinib.

Anti-HER-3 antibodies of the invention would be used either as a monotherapy
or in combination with one or more agent in a so called “combination therapy”.
Said combination therapy may include, but is not limited to, agents that were
specified previously in the invention. Combination therapy with anti-HER3
antibodies and other agents may extend patient survival, time to tumor
progression or quality of patient life. Protocol and administration design will
address therapeutic efficacy as well as the ability to reduce the usual doses of
standard therapies, as for example chemo- or radiation therapy.

Treatment of humans with anti-HER-3 antibodies of the invention

To determine the in vivo effects of anti-HER-3 antibody treatment in human
patients with tumors, such human patients are injected over a certain
amount of time with an effective amount of anti-HER-3 antibody of the
invention. At periodic times during the treatment, the human patients are
monitored to determine whether their tumors progress, in particular, whether
the tumors grow and metastasize.

A tumor patient treated with the anti-HER-3 antibodies of the invention has a
lower level of tumor growth and/or metastasis compared to the level of tumor
growth and metastasis in tumor patients treated with the current standard of
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care therapeutics.

Treatment with anti-HER-3 antibody conjugates of the invention

To determine the in vivo effects of anti-HER-3 antibody conjugates of the
invention, human patients or animals exhibiting tumors are injected over a
certain amount of time with an effective amount of anti-HER-3 antibody
conjugate of the invention. For example, the anti-HER-3 antibody conjugate
administered is DM1-anti-HER-3 antibody conjugate, an auristatin-anti-HER-
3 antibody conjugate or radioisotope-anti-HER-3 antibody conjugate. At
periodic times during the treatment, the human patients or animals are
monitored to determine whether their tumors progress, in particular, whether
the tumors grow and metastasize.

A human patient or animal exhibiting tumors and undergoing treatment with,
for example, DM1-anti-HER-3 antibody or radiocisotope-anti-HER-3 antibody
conjugates has a lower level of tumor growth and metastasis when
compared to a control patient or animal exhibiting tumors and undergoing
treatment with an alternate therapy. Control DM1-antibodies that may be
used in animals include conjugates comprising DM1 linked to antibodies of
the same isotype of the anti-HER-3 antibodies of the invention, but more
specifically, not having the ability to bind to HER-3 tumor antigen. Control
radioisotope-antibodies that may be used in animal tests include conjugates
comprising radioisotope linked to antibodies of the same isotype of the anti-
HER-3 antibodies of the invention, but more specifically, not having the
ability to bind to HER-3 tumor antigen. Note: the control conjugates would

not be administered to humans.
GENERAL REMARKS
The foregoing written specification is considered to be sufficient to enable

one skilled in the art to practice the invention. The present invention is not to
be limited in scope by the construct deposited, since the deposited
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embodiment is intended as a single illustration of certain objects of the
invention and any constructs that are functionally equivalent are within the
scope of this invention. The deposit of material herein does not constitute an
admission that the written description herein contained is inadequate to
enable the practice of any object of the invention, including the best mode
thereof, nor is it to be construed as limiting the scope of the claims to the
specific illustrations that it represents.

The foregoing description and Examples detail certain preferred
embodiments of the invention and describes the best mode contemplated by
the inventors. It will be appreciated, however, that no matter how detailed
the foregoing may appear in text, the invention may be practiced in many
ways and the invention should be construed in accordance with the
appended claims and any equivalents thereof.

Furthermore, unless otherwise defined, scientific and technical terms used in
connection with the present invention shall have the meanings that are
commonly understood by those of ordinary skill in the art. Moreover, unless
otherwise required by context, singular terms shall include pluralities and
plural terms shall include the singular. Generally, nomenclatures utilized in
connection with, and techniques of, cell and tissue culture, molecular
biology, and protein and oligo- or polynucleotide chemistry and hybridization
described herein are those well known and commonly used in the art.
Standard techniques are used for recombinant DNA, oligonucleotide
synthesis, and tissue culture and transformation (e.g. electroporation,
lipofection). Enzymatic reactions and purification techniques are performed
according to manufacturer's specifications or as commonly accomplished in
the art or as described herein. The foregoing techniques and procedures are
generally performed according to conventional methods well known in the art
and as described in various general and more specific references that are
cited and discussed throughout the present specification. See e.g.
Sambrook et al. Molecular Cloning: A Laboratory Manual (3rd ed., Cold
Spring Harbor Laboratory Press, Cold Spring Harbor, N.Y. (2001)), which is
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incorporated herein by reference. The nomenclatures utilized in connection
with, and the laboratory procedures and techniques of, analytical chemistry,
synthetic organic chemistry, and medicinal and pharmaceutical chemistry
described herein are those well known and commonly used in the art.
Standard techniques are used for chemical syntheses, chemical analyses,
pharmaceutical preparation, formulation, and delivery, and treatment of
patients.

INCORPORATION BY REFERENCE
All references cited herein, including patents, patent applications, papers,

text books, and the like, including the references cited therein, are hereby
incorporated herein by reference in their entirety.



OnCusp

9908 of 10951 Ex. 1038
WO 2007/077028 81 PCT/EP2006/012632

SEQUENCE LISTING

Antibody U1-39

1 Heavy Chain DNA:
GAGGTGCAGCTGGTGGAGTCTGGAGGAGGCTTGATCCAGCCTGGGGGGTCCCTGAGACTC
TCCTGTGCAGCCTCTGGGTTCACCGTCAGTAGCAACTACATGACGCTGGGTCCGCCAGGLT
CCAGGGAAGGGGCTGGATTGGGTCTCAGTTATTTATAGCGGTGGTAGCACATACTACGCA
GACTCCGTGAAGGGCCGATTCACCATCTCCAGAGACAATTCCAAGAACACGCTGTATCTT
CAAATGAACAGCCTGAGAGCCGAGCACACGECCGTGTATTACTGTGCGAGAGGGCAGTGG
CTGGACGTCTGGGGCCAAGCGACCACGGTCACCGTCTCCTCA

2 Heavy Chain Protein:
EVQLVESGGGLIQPGGSLRLSCAASGFTVSSNYMSWVRQAPGKGLDWVSVIYSGGSTYYA
DESVKGRFTISRDNS KNTLYLOMNSLRAEDTAVYYCARGOQWLDVWGQGTTVTVSS

3 Light Chain DNA:
GATATTGTGATGACTCAGTCTCCACTCTCCCTGCCCGTCACCCCTGGAGAGCCGGCLTCL
ATCTCCTGCAGGTCAAGTCAGAGCCTCCTGCATAGTAATGGATACAACTATTTGGATTGG
TACCTGCAGAGGCCAGGGCAGTCTCCACAACTCCTGTTCTATTTGGGTTTTCATCGGGCC
TCCGGGGTCCCTGACAGGTTCAGTGGCAGTGGATCAGGCACAGATTTTACACTGAAAATC
AGCAGACTGGAGGCTCGAGGATGTTGGGGTTTATTACTGCAGGCAAGCTCTACAAACTCCG
CTCACTTTCGGCGGAGGGACCAAGGTGGAGATCAAA

4 ILight Chain Protein:
DIVMTQSPLSLPVTPGEPASISCRSSQSLLHSNGYNYLDWYLQRPGQSPQLLFYLGFHRA
SGVPDRFSGSGSGTDFTLKISRVEAEDVGVYYCRQALQTPLTFGGGTKVEIXK

Antibody UL-40

5 Heavy Chain DNA:
CAGGTGCAGCTGCAGGAGTCGGGCCCAGGACTGGTGAAGCCTTCACAGACCCTGTCCCTC
ACCTGTACTGTCTCTGGTGGCTCCATCAGCAGTGGTGGTTACTACTGGAGCTGGATCCGC
CAGCACCCAGGGAAGGGCCTGGAGTGGATTGGGTACATCTATTCCAGTGGGAGCACCTAC
TACAACCCGTCCCTCAAGAGTCGAGTTACCATATCAGTAGACACGTCTAAGAACCAGTTC
TCCCTGAAGCTGAGCTCTGTGACTGCCGCGGACACGGCCGTGTATTACTGTGCGAGAGAT
AGGGAACTGGAACTTTACTACTACTACTACGGTATGGACGTCTGGGGCCAAGGGACCACG
GTCACCGTCTCCTC

6 Heavy Chain Protein:
QVQLQESGPGLVKPSQTLSLTCTVSGGSISSGGYYWSWIRQHPGKGLEWIGYIYSSGSTY
YNPSLKSRVTISVDTSKNQFSLKLSSVTAADTAVYYCARDRELELYYY YYGMDVWGQGTT
VTVS .

7 Light Chain DNA:
GATATTGTGATGACTCAGTCTCCACTCTCCCTGCCCGTCACCCCTGGAGAGCCGGCCTCC
ATCTCCTGCAGGTCTAGTCAGAGCCTCCTGTATAGTAATGGATACAACTATTTGGATTGG
TACCTGCAGAAGCCAGGGCAGTCTCCACAGCTCCTGATCTATTTGGGTTCTAATCGGGCC
TCCGGGGTCCCTGACAGGTTCAGTGGCAGTGGATCAGGCACAGATTTTACACTGAAAATC
AGCACAGTGGAGGCTGAGGATGTTGGGATTTATTACTGCATGCAAGCTCTACAAACTCCG
CTCACTTTCGGCGGAGGGACCAAGGTGGAGATCAAA

8 Light Chain Protein:
DIVMTQSPLSLPVTPGEPASISCRSSQSLLYSNGYNYLDWYLQKPGQSPQLLIYLGSNRA

SGVPDRFSGSGSGTDFTLKISRVEAEDVGIYYCMQALOTPLTFGGGTKVEIK

Antibody U1l-38

9 Heavy Chain DNA:
CAGATCACCTTGAAGGAGTCTGGTCCTACGCTGGTGAAACCCACACAGACCCTCACGCTG
ACCTGCACCTTCTCTGGGTTCTCACTCAGCACTAGTGGAGTCGGTGTGGGCTGGATCCGT
CAGCCCCCAGGAAAGGCCCTGGACTGGCTTGCACTCATTTATTGGAATGATGATAAGCGC
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TACAGCCCATCTCTGAAGAGCAGGCTCACCATCACCAAGGACACCTCCAAAAACCAGGTG
GTCCTTACAATGACCAACATGGATCTTGTGGACACAGCCACATATTACTGTGTACACAGA
GACGAAGTTCGAGGGTTTGACTACTGGGGCCAGGGAACCCTGGTCACCGTCTCCTCA
Heavy Chain Protein:
QITLKESGPTLVKPTQTLTLTCTFSGFSLSTSGVGVGWIRQPPGKALDWLALIYWNDDKR
YSPSLKSRLTITKDTSKNQVVLTMTNMDLVDTATYYCVHRDEVRGFDYWGQGTLVTVSS
Light Chain DNA:
GATGTTGTGATGACTCAGTCTCCACTCTCCCTGCCCGTCACCCTTGGACAGCCGGCCTCC
ATCTCCTGCAGGTCTAGTCAAAGCCTCGTATACAGTGATGGATACACCTACTTGCATTGG
TTTCAGCAGAGGCCAGGCCAATCTCCAAGGCGCCTTATTTATAAGGTTTCTAACTGGGAC
TCTGGGGTCCCAGACAGATTCAGCGGCAGTGGGTCAGGCACTGATTTCACACTGAAAATC
AGCAGGGTGGAGGCTGAGGATGTTGGGGTTTATTACTGCATGCAAGGTGCACACTGGCCG
ATCACCTTCGGCCAAGGGACACGACTGGAGATTAAA

Light Chain Protein:
DVVMTQSPLSLPVTLGQPASISCRSSQSLVYSDGYTYLHWFQQRPGQSPRRLIYKVSNWD
SGVPDRFSGSGSGTDFTLKISRVEAEDVGVYYCMQGAHWPITFGQGTRLEIK

Antibody Ul-41

Heavy Chain DNA:
CAGGTGCAGCTGCAGGAGTCGGGCCCAGGACTGGTGAAGCCTTCACAGACCCTGTCCCTC

ACCTGCACTGTCTCTGGTGGCTCCATCAGCAGTGGTGGGTACTACTGGAGCTGGATCCGC
CAGCACCCAGGGAAGGGCCTGGAGTGGATTGGGTACATCTATTACAGTGGGAGCACCTAC
TACAACCCGTCCCTCAAGAGTCGAGTTACCATATCAGTAGACACGTCTAAGAACCAGTTC
TCCCTGAAGCTGAGCTCTGTGACTGCCGCGGACACGGCCGTGTATTTCTGTGCGAGAGAT
CGGGAACTTGAGGGTTACTCCAACTACTACGGTGTGGACGTCTGGGGCCAAGGGACCACG
GTCACCGTCTCCTC

Heawvy Chain Protein:
QVQLQESGPGLVKPSQTLSLTCTVSGGSISSGGYYWSWIRQHPGKGLEWIGYIYYSGSTY

YNPSLKSRVTISVDTSKNQFSLKLSSVTAADTAVYFCARDRELEGYSNYYGVDVWGQGTT
JTVS

Light Chein DRNA:
GACATCCAGATGACCCAGTCTCCATCCTCCCTGTCTGCATCTGTAGGAGACAGAGTCACC
ATCACTTGCCGGGCAAGTCAGGCCATTAGCAACTATTTAAATTGGTATCAGCAGAAACCA
GGGAAAGCCCCTAAGCTCCTGATCTATGCTGCATCCAGTTTGCAAAGTGGGGTCCCATCA
AGGTTCAGTGGCAGTGGATCTGGGACAGATTTCACTCTCACCATCAGCAGCCTGCAGCCT
GAAGATTTTGCAACTTATTACTGTCAACAGAATAATAGTCTCCCGATCACCTTCGGCCAA
GGGACACGACTGGAGATTAAA

Light Chain Protein:
DIQMTQSPSSLSASVGDRVTITCRASQAISNYLNWYQQKPGKAPKLLLYAASSLQSGVPS
RFSGSGSGTDFTLTISSLQPEDFATYYCQQNNSLPITFGQGTRLEIK

Antibody Ul-42

Heavy Chain DNA:
GAGGTGCAGCTGGTGCAGTCTGGAGCAGAGGTGAAAAAGCCCGGGGAGTCTCTGAAGATC
TCCTGTAAGGGTTCTGGATACAGCTTTACCAGCTACTGGATCGGCTGGGTGCGCCAGATG
CCCGGGAAAGGCCTGGAGTGGATGGGGATCATCTATCCTGGTGACTCTGATACCAGATAC
AGCCCGTCCTTCCAAGGCCAGGTCACCATCTCAGCCGACAAGTCCATCAGCACCGCCTAC
CTGCAGTGGAGCAGCCTGAAGGCCTCGGACACCGCCATGTATTACTGTGCGAGACATGAA
AACTACGGTGACTACAACTACTGGGGCCAGGGAACCCTGGTCACCGTCTCCTCA

Heavy Chain Protein:
EVQLVQSGAEVKKPGESLKISCKGSGYSFTSYWIGWVRQMPGKGLEWMGIIYPGDSDTRY
SPSFQGQVTISADKSISTAYLQWSSLKASDTAMYYCARHENYGDYNYWGQGTLVTVSS

Light Chain DNA:
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GACATCCAGATGACCCAGTCTCCATCCTCCCTGTCTGCATCTGTCGGAGACAGAGTCACC
ATCACTTGCCGGGCAAGTCAGAGCATTCGCAGCTATTTAAATTGGTATCAGCAGAAACCA
GGGAAAGCCCCTAAGCTCCTGATCTATGCTGCTTCCAGTTTGCAAAGTGGGGTCCCATCA
AGGTTCAGTGGCAGTGGATCTGGGACAGATTTCACTCTCACCATCAGCAGTCTGCAACCT
GAAGATTTTGCACTTTACTGCTGTCAACAGAGTAACGGTTCCCCGCTCACTTTCGGCGGA
GGGACCAAGGTGGAGATCAAA

Light Chain Protein:
DIQMTQSPSSLSASVGDRVTITCRASQSIRSYLNWYQQKPGKAPKLLIYAASSLQSGVPS
RFSGSGSGTDFTLTISSLQPEDFALYCCQQSNGSPLTFGGGTKVEIK

Antibody U1l-43
Heavy Chain DNA:
CAGGTGCAGCTGCAGGAGTCGGGCCCAGGACTGGTGAAGCCTTCACAGACCCTGTCCCTC

ACCTGCACTGTCTCTGGTGGCTCCATCAGCAGTGGTGGTTACTACTGGAGCTGGATCCGC
CAGCACCCAGGGAAGGGCCTGGAGTGGATTGGGTACATCTATTACAGTGGGAGCACCTAC
TACAACCCGTCCCTCAGGAGTCGAGTTACCATATCAGTAGACACGTCTAAGAACCAGTTC
TCCCTGAAGCTGAGCTCTGTGACTGCCGCGGACACGGCCGTGTATTACTGTGCGAGAGAT
AGAGAGAGAGAGTGGGATGATTACGGTGACCCCCAAGGTATGGACGTCTGGGGCCAAGGG
ACCACGGTCACCGTCTCCTC

Heavy Chain Protein:
QVQLQESGPGLVKPSQTLSLTCTVSGGSISSGGYYWSWIRQHPGKGLEWIGYIYYSGSTY
YNPSLRSRVTISVDTSKNQFSLKLSSVTAADTAVYYCARDREREWDDYGDPQGMDVWGQG

TTVTVS
Light Chain DNA:
GACATCCAGATGACCCAGTCTCCATCCTCCCTGTCTGCATCTGTAGGAGACAGAGTCACC

ATCACTTGCCGGGCAAGTCAGAGCATTAGCAGCTATTTACATTGGTATCAGCAGAAACCA
GGGAAAGCCCCTAAGCTCCTGATCCATGCTGCATCCAGTTTACAAAGTGGGGTCCCATCA
AGGTTCAGTGGCAGTGGATCTGGGACAGATTTCACTCTCACCATCAGTAGTCTGCAACCT
GAAGATTTTGCAACTTACTACTGTCAACAGAGTTACAGTAACCCGCTCACTTTCGGCGGA

GGGACCAAGGTGGAGATCCAA

Light Chain Protein:
DIQMTQSPSSLSASVGDRVTITCRASQSISSYLHWYQQKPGKAPKLLIHAASSLQSGVPS
RFSGSGSGTDFTLTISSLQPEDFATYYCQQSYSNPLTFGGGTKVEIQ

Antibody Ul-44

Heavy Chain DNA:
GAGGTGCAGCTGGTGCAGTCTGGAGCAGAGGTGAAAAAGCCCGGGGAGTCTCTGAAGATC
TCCTGTAAGGGTTCTGGATACAGCTTTACCAGCTACTGGATCGGCTGGGTGCGCCAGATG
CCCGGGAAAGGCCTGGAGTGGATGGGGATCATCTGGCCTGGTGACTCTGATACCATATAC
AGCCCGTCCTTCCAAGGCCAGGTCACCATCTCAGCCGACAAGTCCATCAGCACCGCCTAC
CTGCAGTGGAGCAGCCTGAAGGCCTCGGACACCGCCATGTATTACTGTGCGAGACATGAA
AACTACGGTGACTACAACTACTGGGGCCAGGGAACCCTGGTCACCGTCTCCTCA

Heavy Chain Protein:
EVQLVQSGAEVKKPGESLKISCKGSGYSFTSYWIGWVRQMPGKGLEWMGIIWPGDSDTIY
SPSFQGQVTISADKSISTAYLQWSSLKASDTAMYYCARHENYGDYNYWGQGTLVTVSS
Light Chain DNA:
GACATCCAGATGACCCAGTCTCCATCCTCCCTGTCTGCATCTGTGGGAGACAGAGTCACC
ATCACTTGCCGGGCAAGTCAGAGCATTCGAAGTTATTTAAATTGGTATCAGCAGAAACCG
GGGAATGCCCCTAAACTCCTGATCTATGCTGCATCCAGTTTGCAAAGTGGGGTCCCATCA
AGGTTCAGTGGCAGTGGATCTGGGACAGATTTCACTCTCACCATCAGCAGTCTGCAACCT
GAAGATTTTGCACTTTACTACTGTCAACAGAGTATCAGTTCCCCGCTCACTTTCGGCGGA

GGGACCAAGGTGGAGATCAAA

OnCusp
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28 Light Chain Protein:
DIQMTQSPSSLSASVGDRVTITCRASQSIRSYLNWYQQKPGNAPKLLIYAASSLQSGVPS

RFSGSGSGTDFTLTISSLQPEDFALYYCQQSISSPLTFGGGTKVEIK

Antibody (Ul-45)
29 Heavy Chain DNA: o
CAGGTGCAGCTGGTGCAGTCTGGGGCTGAGGTGAAGAAGCCTGGGGCCTCAGTGAAGGTC

TCCTGCAAGGCTTCTGGATACACCTTCACCAGTTATGATATCAACTGGGTGCGACAGGCC
ACTGGACAAGGGCTTGAGTGGATGGGATGGATGAACCCTAACAGTGGTGACACTGGCTAT
GCACAGGTGTTCCAGGGCAGAGTCACCATGACCTGGAACACCTCCATAAGCACAGCCTAC
ATGGAACTGAGCAGCCTGAGATCTGAGGACACGGCCGTGTATTACTGTGCGAGATTTGGG
GATCTCCCGTATGACTACAGTTACTACGAATGGTTCGACCCCTGGGGCCAGGGAACCCTG

GTCACCGTCTCCTC

30 Heavy Chain Protein:
QVQLVQSGAEVKKPGASVKVSCKASGYTFTSYDINWVRQATGQGLEWMGWMNPNSGDTGY

AQVFQGRVTMTWNTSISTAYMELSSLRSEDTAVYYCARFGDLPYDYSYYEWFDPWGQGTL

VTVS
31- Light Chain DNA:
GACATCCAGATGACCCAGTCTCCATCCTCCCTGTCTGCATCTGTAGGAGACAGAGTCACC

ATCACTTGCCGGGCAAGCCAGAGCATTAGCAGCTATTTAAATTGGTATCAGCAGAGACCA
GGGAAAGCCCCTAAGCTCCTGATCTATGCAGCATCCAGTTTGCAAAGTGGGGTCCCATCA
AGGTTCAGTGGCAGTGGATCTGGGACAGATTTCACTCTCACCATCAGCAGTCTGCAACCT
GAAGATTTTGCAACTTACTACTGTCAACAGAGTTACAGTACCCCGCTCACTTTCGGCGGA

GGGACCAAGGTGGAGATCAAA

32 Light Chain Protein:
DIQMTQSPSSLSASVGDRVTITCRASQSISSYLNWYQQRPGKAPKLLIYAASSLQSGVPS

RFSGSGSGTDFTLTISSLQPEDFATYYCQQSYSTPLTFGGGTKVEIK

Antibody (Ul-46

33 Heavy Chain DNA:
CAGGTACAGCTGCAGCAGTCAGGTCCAGGACTGGTGAAGCCCTCGCAGACCCTCTCACTC
ACCTGTGCCATCTCCGGGGACAGTGTCTCTAGCAACAGTGCTGCTTGGAACTGGATCAGG
CAGTCCCCATCGAGAGGCCTTGAGTGGCTGGGAAGGACATACTACAGGTCCAAGTGGTAT
AATGATTATGCAGTATCTGTGAAAAGTCGAATAACCATCAACCCAGACACATCCAAGAAC
CAGTTCTCCCTGCAGCTGAACTCTGTGACTCCCGAGGACACGGCTGTGTATTACTGTGCA
AGAGATCTCTACGATTTTTGGAGTGGTTATCCCTACTACTACGGTATGGACGTCTGGGGC

CAAGGGACCACGGTCACCGTCTCCTC

34 Heavy Chain Protein:
QVQLQQSGPGLVKPSQTLSLTCAISGDSVSSNSAAWNWIRQSPSRGLEWLGRTYYRSKWY

NDYAVSVKSRITINPDTSKNQFSLQLNSVTPEDTAVYYCARDLYDFWSGYPYYYGMDVWG
QGTTVTVS

Antibody Ul-47

35 Heavy Chain DNA:
CAGGTACAGCTGCAGCAGTCAGGTCCAGGACTGGTGAAGCCCTCGCAGACCCTCTCACTC

ACCTGTGCCATCTCCGGGGACAGTGTCTCTAGCAACAGTGCTGCTTGGAACTGGATCAGG
CAGTCCCCATCGAGAGGCCTTGAGTGGCTGGGAAGGACATACTACAGGTCCAAGTGGTAT
AATGATTATGCAGTATCTGTGAAAAGTCGAATAACCATCAACCCAGACACATCCAAGAAC
CAGTTCTCCCTGCAGCTGAACTCTGTGACTCCCGAGGACACGGCTGTGTATTACTGTGCA
AGAGATTACTATGGTTCGGGGAGTTTCTACTACTACTACGGTATGGACGTCTGGGGCCAA

GGGACCACGGTCACCGTCTCCTC

36 Heavy Chain Protein:
QVQLQQSGPGLVKPSQTLSLTCAISGDSVSSNSAAWNWIRQSPSRGLEWLGRTYYRSKWY
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NDYAVSVKSRITINPDTSKNQFSLQLNSVTPEDTAVYYCARDYYGSﬁSFYYYYGHDVWGQ
GTTVTVS

Light Chain DNA:
GACATCCAGATGACCCAGTCTCCATCCTCCCTGTCTGCATCTGTAGGAGACAGAGTCACC

ATCACTTGCCGGGCAAGTCAGAGCATTAGCAGCTATTTAAATTGGTATCAGCAGAAACCA
GGGAAAGCCCCTAAGGTCCTGATCTATGCTGCATCCAATTTGCAAAGTGGGGTCCCATCA
AGGTTCAGTGGCAGTGGATCTGGGACAGATTTCACTCTCACCATCAGCAGTCTGCAACCT
GAAGATTTTGCAACTTACTACTGTCAACAGAGTTACAGTACCCCTCGGACGTTCGGCCAA
GGGACCAAGGTGGAAATCARAA

Light Chain Protein:
DIQMTQSPSSLSASVGDRVTITCRASQSISSYLNWYQQKPGKAPKVLIYAASNLQSGVPS

RFSGSGSGTDFTLTISSLQPEDFATYYCQQSYSTPRTFGQGTKVEIK

Antibody U1-48
Heavy Chain DNA:
CAGGTGCAGCTGCAGGAGTCGGGCCCAGGACTGGTGAAGCCTTCGGAGACCCTGTCCCTC

ACCTGCACTGTCTCTGGTGGCTCCATCAGTAGTTACTACTGGAGCTGGATCCGGCAGCCC
GCCGGGAAGGGACTGGAGTGGATTGGGCATATCTATACCAGTGGGAGCACCAACTACAAC
CCCTCCCTCAAGAGTCGAGTCACCATGTCAGTAGACACGTCCAAGAACCAGTTCTCCCTG
AAGCTGAGCTCTGTGACCGCCGCGGACACGGCCGTGTATTACTGTGCGAGAGAAGCGATT
TTTGGAGTGGGCCCCTACTACTACTACGGTATGGACGTCTGGGGCCAAGGGACCACGGTC
ACCGTCTCCTC

Heavy Chain Protein:
QVQLQESGPGLVKPSETLSLTCTVSGGSISSYYWSWIRQPAGKGLEWIGHIYTSGSTNYN

PSLKSRVTMSVDTSKNQFSLKLSSVTAADTAVYYCAREAIFGVGPYYYYGMDVWGQGTTV
TVS

Antibody U1l-49
Heavy Chain DNA:
CAGGTGCAGCTGGTGCAGTCTGGGGCTGAGGTGAAGAAGCCTGGGGCCTCAGTGAAGGTC

TCCTGCAAGGCTTCTGGATACACCTTCACCGGCTACTATATGCACTGGGTGCGACAGGCC
CCTGGACAAGGGCTTGAGTGGATGGGATGGATCAACCCTAATATTGGTGGCACAAACTGT
GCACAGAAGTTTCAGGGCAGGGTCACCATGACCAGGGACACGTCCATCAGCACAGCCTAC
ATGGAGCTGAGCAGGCTGAGATCTGACGACACGGCCGTGTATTACTGTGCGAGAGGGGGA
CGGTATAGCAGCAGCTGGTCCTACTACTACTACGGTATGGACGTCTGGGGCCAAGGGACC
ACGGTCACCGTCTCCTC

Heavy Chain Protein:
QVQLVQSGAEVKKPGASVKVSCKASGYTFTGYYMHWVRQAPGQGLEWMGWINPNIGGTNC

AQKFQGRVTMTRDTSISTAYMELSRLRSDDTAVYYCARGGRYSSSWSYYYYGMDVWGQGT
TVTVS

Light Chain DNA:
GATATTCTGATGACCCAGACTCCACTCTCTCTGTCCGTCACCCCTGGACAGCCGGCCTCC

ATCTCCTGCAAGTCTAGTCAGAGCCTCCTGCTTAGTGATGGAGGGACCTATTTGTATTGG
TACCTGCAGAAGCCAGGCCAGCCTCCACAGCTCCTGATCTATGAAGTTTCCAACCGGTTC
TCTGGAGTGCCAGATAGGTTCAGTGGCAGCGGGTCAGGGACAGATTTCACACTGAAAATC
AGCCGGGTGGAGGCTGAGGATGTTGGGGTTTATTACTGCATGCAAAGTATGCAGCTTCCG
ATCACCTTCGGCCAAGGGACACGACTGGAAATTAAA

Light Chain Protein:
DILMTQTPLSLSVTPGQPASISCKSSQSLLLSDGGTYLYWYLQKPGQPPQLLIYEVSNRF

SGVPDRFSGSGSGTDFTLKISRVEAEDVGVYYCMQSMQLPITFGQGTRLEIK

Antibody ULl-50
Heavy Chain DHNA:

OnCusp
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CAGGTGCAGCTGCAGGAGTCGGGCCCAGGACTGGTGAAGCCTTCGGAGACCCTGTCCCTC
ACCTGCACTGTCTCTGGTGGCTCCGTCAGCAGTGGTGGTTACTACTGGAGCTGGATCCGG
CAGCCCCCAGGGAAGGGACTGGAGTGGATTGGGTATATCTATTACAGTGGGAGCACCAAC
TACAACCCCTCCCTCAAGAGTCGAGTCACCATATCAGTAGACACGTCCAAGAACCAGTTC
TCCCTGAAGCTGAGCTCTGTGACCGCTGCGGACACGGCCGTGTATTACTGTGCGAGAGGG
GGGGACAGTAACTACGAGGATTACTACTACTACTACGGTATGGACGTCTGGGGCCAAGGG

ACCACGGTCACCGTCTCCTC

Heavy Chain Protein:
QVQLQESGPGLVKPSETLSLTCTVSGGSVSSGGYYWSWIRQPPGKGLEWIGYIYYSGSTN

YNPSLKSRVTISVDTSKNQFSLKLSSVTAADTAVYYCARGGDSNYEDYYYYYGMDVWGQG

TTVTVS
Light Chain DNA:
GACATCCAGATGACCCAGTCTCCATCCTCCCTGTCTGCATCTGTAGGAGACAGAGTCACC

ATCACTTGCCGGGCAAGTCAGAGCATTAGCATCTATTTACATTGGTATCAGCAGAAACCA
GGGAAAGCCCCTAAGCTCTTGATCTCTGCTGCATCCAGTTTGCAAAGTGGGGTCCCGTCA
AGGTTCAGTGGCAGTGGATCTGGGACAGATTTCACTCTCACCATCAGAAGTCTGCAACCT
GAAGATTTTGCAACTTACTACTGTCAACAGAGTTACACTTCCCCGATCACCTTCGGCCAA

GGGACACGACTGGAGATTAAA

Light Chain Protein:
DIQMTQSPSSLSASVGDRVTITCRASQSISIYLHWYQQKPGKAPKLLISAASSLQSGVPS

RFSGSGSGTDFTLTIRSLQPEDFATYYCQQSYTSPITFGQGTRLEIK

Antibody Ul-51
Heavy Chain DNA:
CAGGTGCAGCTGCAGGAGTCGGGCCCAGGACTGGTGAAGCCTTCGGAGACCCTGTCCCTC

ACCTGCACTGTCTCTGGTGGCTCCATCAGTAGTTACTACTGGAGCTGGATCCGGCAGCCC
CCAGGGAAGGGACTGGAGTGGATTGGGTATATCTATTACAGTGGGAGCACCAACTACAAC
CCCTCCCTCAAGAGTCGAGTCACCATATCAGTAGACACGTCCAAGCACCAGTTCTCCCTG
AAGCTGAGCTCTGTGACCGCTGCGGACACGGCCGTGTATTACTGTGCGAGAGATTCGAGT
TACTATGATAGTAGTGGTTATTACTTATACTACTACGCTATGGACGTCTGGGGCCAAGGG

ACCACGGTCACCGTCTCCTC

Heavy Chain Protein:
QVQLQESGPGLVKPSETLSLTCTVSGGSISSYYWSWIRQPPGKGLEWIGYIYYSGSTNYN

PSLKSRVTISVDTSKHQFSLKLSSVTAADTAVYYCARDSSYYDSSGYYLYYYAMDVWGQG

TTVIVS

Light Chain DNA:
GACATCGTGATGACCCAGTCTCCAGACTCCCTGGCTGTGTCTCTGGGCGAGAGGGCCACC

ATCAACTGCAAGTCCAGCCAGAGTGTTTTATACAGCTCCAACAATAAGAACTACTTAGCT
TGGTACCAGCAGAAACCAGGACAGCCTCCTAAGCTGCTCATTTCCTGGGCATCTACCCGG
GAATCCGGGGTCCCTGACCGATTCAGTGGCAGCGGGTCTGGGACAGATTTCACTCTCACC
ATCAGCAGCCTGCAGGCTGAAGATGTGGCAGTTTATTACTGTCAGCAATATTATACTACT
CCTCTCACTTTCGGCCCTGGGACCAAAGTGGATATCAAA

Light Chain Protein:
DIVMTQSPDSLAVSLGERATINCKSSQSVLYSSNNKNYLAWYQQKPGQPPKLLISWASTR

ESGVPDRFSGSGSGTDFTLTISSLQAEDVAVYYCQQYYTTPLTFGPGTKVDIK

Antibody U1-53

Heavy Chain DNA:
GAGGTGCAACTGGTGGAGTCTGGGGGAGGCTTGGTACAGCCTGGGGGGTCCCTGAGACTC

TCCTGTGCAGCCTCTGGATTCACCTTCAGTATCTATAGCATGAACTGGGTCCGCCAGGCT
CCAGGGAAGGGGCTGGAGTGGGTTTCATACATTAGTAGTAGTAGTAGTACCATATACTAC
GCAGACTCTGTGAAGGGCCGATTCACCATCTCCAGAGACAATGCCAAGAACTCACTGTAT
CTGCAAATGAACAGCCTGAGAGACGAGGACACGGCTGTGTATTACTGTGCGAGAGATAGG
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GGTGACTTCGATGCTTTTGATATCTGGGGCCAAGGGACAATGGTCACCGTCT”TTCA
Heavy Chain Protein:
EVQLVESGGGLVQPGGSLRLSCAASGFTFSIYSMNWVRQAPGKGLEWVSYISSSSSTIYY
ADSVKGRFTISRDNAKNSLYLQMNSLRDEDTAVYYCARDRGDFDAFDIWGQGTMVTVSS
Light Chain DNA:
GACATCCAGATGACCCAGTCTCCATCCTCCCTGTCTGCATCTGTAGGAGACAGAGTCACC
ATCACTTGCCAGGCGAGTCAGGACATTACCAACTATTTGAATTGGTATCAGCAGAAACCA
GGGAAAGCCCCTAAGCTCCTGATCTACGATGCATCCAATTTGGAAACAGGGGTCCCATCA
AGGTTCAGTGGAAGTGGATCTGGGACAGATTTTACTTTCACCATCAGCAGCCTGCAGCCT
GAAGATATTGCAACATATAACTGTCAACAGTGTGAAAATTTCCCGATCACCTTCGGCCAA

GGGACACGACTGGAGATTAAA
Light Chain Protein:
DIQMTQSPSSLSASVGDRVTITCQASQDITNYLNWYQQKPGKAPKLLIYDASNLETGVPS

RFSGSGSGTDFTFTISSLQPEDIATYNCQQCENFPITFGQGTRLEIK

Antibody Ul-55

Light Chain DNA:
GATATTGTGATGACTCAGTCTCCACTCTCCCTGCCCGTCACCCCTGGAGAGCCGGCCTCC

ATCTCCTGCAGGTCTAGTCAGAGCCTCCTGTATAGTAATGGATACAAGTATTTGGATTGG
TACCTGCAGAAGCCAGGGCAGTCTCCACAGCTCCTGATCTATTTGGGTTCTAATCGGGCC
TCCGGGGTCCCTGACAGGTTCAGTGGCAGTGGATCAGGCACAGATTTTACACTGAAAATC
AGCAGAGTGGAGGCTGAGGATGTTGGGGTTTATTATTGCATGCAGGCTCTACAAACTCCG
ATCACCTTCGGCCAAGGGACACGACTGGAGATTAAA

Light Chain Protein:
DIVMTQSPLSLPVTPGEPASISCRSSQSLLYSNGYKYLDWYLQKPGQSPQLLIYLGSNRA

SGVPDRFSGSGSGTDFTLKISRVEAEDVGVYYCMQALQTPITFGQGTRLEIK

Antibody (U1-55.1)

Heavy Chain DNA:
CAGGTGCAGCTGCAGGAGTCGGGCCCAGGACTGGTGAAGCCTTCGGAGACCCTGTCCCTC

ACCTGCACTGTCTCTGGTGGCTCCGTCAGCAGTGGTGGTTACTACTGGAACTGGATCCGG
CAGCCCCCAGGGAAGGGACTGGAGTGGATTGGGTATATCAATTACAGTGGGAGCACCAAC
TACAACCCCTCCCTCAAGAGTCGAGTCACCATATCAGTAGACACGTCCAAGAACCAGTTC
TCCCTGAAGCTGAGCTCTGTGACCGCTGCGGACACGGCCGTGTATTACTGTGCGAGAGAT
CGAGAACTGGAACTTTACTACTACTACTACGGTATGGACGTCTGGGGCCAAGGGACCACG

GTCACCGTCTCCTC

Heavy Chain Protein:
QVQLQESGPGLVKPSETLSLTCTVSGGSVSSGGYYWNWIRQPPGKGLEWIGYINYSGSTN

YNPSLKSRVTISVDTSKNOFSLKLSSVTAADTAVYYCARDRELELYYYYYGMDVWGQGTT
VTVS

Antibody (U1-57}

Heavy Chain DNA:
CAGGTGCAGCTGCAGGAGTCGGGCCCAGGACTGGTGAAGCCTTCTGAGACCCTGTCCCTC

ACCTGCACTGTCTCTGGTGGCTCCGTCAGCAGTGGTGGTTACTACTGGAACTGGATCCGG
CAGCCCCCAGGGAAGGGACTGGAGTGGATTGGGTATATCAATTACAGTGGGAGCACCAAC
TACAACCCCTCCCTCAAGAGTCGAGTCACCATATCAGTAGACACGTCCAAGAACCAGTTC
TCCCTGAAGCTGAGCTCTGTGACCGCTGCGGACACGGCCGTGTATTACTGTGCGAGAGAT
CGAGAACTGGAACTTTACTACTACTACTACGGTATGGACGTCTGGGGCCAAGGGACCACG

GTCACCGTCTCCTC

Heavy Chain Protein:
QVQLQESGPGLVKPSETLSLTCTVSGGSVSSGGYYWNWIRQPPGKGLEWIGYINYSGSTN

YNPSLKSRVTISVDTSKNQFSLKLSSVTAADTAVYYCARDRELELYYYYYGMDVWGQGTT
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VTVS

antibody ULlL-57.1

Light Chain DNA:
GATATTGTGATGACTCAGTCTCCACTCTCCCTGCCCGTCACCCCTGGAGAGCCGGCCTCC

ATCTCCTGCAGGTCTAGTCAGAGCCTCCTGTATAGTAATGGATACAAGTATTTGGATTGG
TACCTGCAGAAGCCAGGGCAGTCTCCACAGCTCATGATCTATTTGGGTTCTAATCGGGCC
TCCGGGGTCCCTGACAGGTTCAGTGGCAGTGGATCAGGCACAGATTTTACACTGAAAATC
AGCAGAGTGGAGGCTGAGGATGTTGGGGTTTATTATTGCATGCAGGCTCTACAAACTCCG
ATCACCTTCGGCCAAGGGACACGACTCCAGATTAAA

Light Chain Protein:
DIVMTQSPLSLPVTPGEPASISCRSSQSLLYSNGYKYLDWYLQKPGQSPQLMIYLGSNRA

SGVPDRFSGSGSGTDFTLKISRVEAEDVGVYYCMQALQTPITFGQGTRLEIK

Antibody .Ul-58

Heavy Chain DNA:
CAGGTGCAGCTGGTGGAGTCTGGGGGAGGCGTGGTCCAGCCTGGGAGGTCCCTGAGACTC

TCCTGTGCAGCGTCTGGATTCACCTTCAGTAGCTATGGCATGCACTGGGTCCGCCAGGCT
CCAGGCAAGGGGCTGGAGTGGGTGGCAGTTATATGGTATGATGGAAGTAATAAATACTAT
GCAGACTCCGTGAAGGGCCGATTCACCATCTCCAGAGACAATTCCAAGAACACGCTGTAT
CTGCAAATGAACAGCCTGAGAGCCGAGGACACGGCTGTGTATTACTGTGCGAGAGCAGCT
CGCCTTGACTACTACTACGGTATGGACGTCTGGGGCCAAGGGACCACGGTCACCGTCTCC

TCA

Heavy Chain Protein:
QVQLVESGGGVVQPGRSLRLSCAASGFTFSSYGMHWVRQAPGKGLEWVAVIWYDGSNKYY

ADSVKGRFTISRDNSKNTLYLQMNSLRAEDTAVYYCARAARLDYYYGMDVWGQGTTVTVS

S

Light Chain DNA: .
GACATCCAGATGACCCAGTCTCCATCCTCCCTGTCTGCATCTGTAGGAGACAGAGTCTCC

ATCACTTGCCGGGCAAGTCAGAGCATTAACAGCTATTTAAATTGGTTTCAGCAGAAGCCA
GGGAAAGCCCCTCAGCTCCTGATCTTTGGTGCATCCGGTTTGCAAAGTGGGGTCCCATCA
AGGTTCAGTGGCAGTGGATCTGGGACAGATTTCACTCTCACCATCAACAGTCTGCAACCT
GAAGATTTTGCAACTTACTACTGTCAACAGAGTTACAGTTCCCCGCTCACCTTCGGCCAA

GGGACACGACTGGAGATTAAA

Light Chain Protein:
DIQMTQSPSSLSASVGDRVSITCRASQSINSYLNWFQQKPGKAPQLLIFGASGLQSGVPS

RFSGSGSGTDFTLTINSLQPEDFATYYCQQSYSSPLTFGQGTRLEIK

antibody Ul-59

Heavy Chain DNA:
CAGGTGCAGCTACAGCAGTGGGGCGCAGGACTGTTGAAGCCTTCGGAGACCCTGTCCCTC

ACCTGCGCTGTCTATGGTGGGTCCTTCAGTGGTTACTACTGGAGCTGGATCCGCCAGCCC
CCAGGGAAGGGGCTGGAGTGGATTGGGGAAATCAATCATAGTGGAAGCACCAACTACAAC
CCGTCCCTCAAGAGTCGAGTCACCATATCAGTAGAAACGTCCAAGAACCAGTTCTCCCTG
AAGCTGAGCTCTGTGACCGCCGCGGACACGGCTGTGTATTACTGTGCGAGAGATAAGTGG
ACCTGGTACTTCGATCTCTGGGGCCGTGGCACCCTGGTCACTGTCTCCTCA

Heavy Chain Protein:
QVQLQQWGAGLLKPSETLSLTCAVYGGSFSGYYWSWIRQPPGKGLEWIGEINHSGSTNYN
PSLKSRVTISVETSKNQFSLKLSSVTAADTAVYYCARDKWTWYFDLWGRGTLVTVSS
Light Chain DNA:
GACATCGAGATGACCCAGTCTCCAGACTCCCTGGCTGTGTCTCTGGGCGAGAGGGCCACC
ATCAACTGCAGGTCCAGCCAGAGTGTTTTATACAGCTCCAGCAATAGGAACTACTTAGCT
TGGTACCAGCAGAACCCAGGACAGCCTCCTAAGCTGCTCATTTACTGGGCTTCTACCCGG
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GAATCCGGGGTCCCTGACCGATTCAGTGGCAGCGGGTCTGGGACAGATTTCACTCTCACC
ATCAGCAGCCTGCAGGCTGAAGATGTGGCAGTTTATTACTGTCAGCAATATTATAGTACT
CCTCGGACGTTCGGCCAAGGGACCAAGGTGGAAATCAAA

Light Chain Protein:
DIEMTQSPDSLAVSLGERATINCRSSQSVLYSSSNRNYLAWYQQNPGQPPKLLIYWASTR
ESGVPDRFSGSGSGTDFTLTISSLQAEDVAVYYCQQYYSTPRTFGQGTKVEIK

Antibody UL-52

Heavy Chain DNA:
CAGGTGCAGCTGCAGGAGTCGGGCCCAGGACTGGTGAAGCCTTCACAGACCCTGTCCCTC

ACCTGCACTGTCTCTGGTGGCTCCATCAGCAGTGGTGGTTACTACTGGAGCTGGATCCGC
CAGCACCCAGGGAAGGGCCTGGAGTGGATGGGGAACATCTATTACAGTGGGAGCACCTAC
TACAACCCGTCCCTCAAGAGTCGAGTTACCATATCAGTAGACACGTCTGAGAACCAGTTC
TCCCTGAAGCTGAACTCTGTGACTGCCGCGGACACGGCCGTATATTACTGTGCGAGAGGG
GGAACTGGAACCAATTACTACTACTACTACGGTATGGACGTCTGGGGCCAAGGGACCACG

GTCACCGTCTCCTC

Heavy Chain Protein:
QVQLQESGPGLVKPSQTLSLTCTVSGGSISSGGYYWSWIRQHPGKGLEWMGNIYYSGSTY
YNPSLKSRVTISVDTSENQFSLKLNSVTAADTAVYYCARGGTGTNYYYYYGMDVWGQGTT

VIVS

Light Chain DNA:
GAAATTGTGTTGACGCAGTCTCCAGGCACCCTGTCTTTGTCTCCAGGGGAAAGAGCCACC

CTCTCCTGCAGGGCCAGTCAGAGTGTTAGCAGCAGCTACTTAGCCTGGTACCAGCAGAAA
CCTGGCCAGGCTCCCAGGCTCCTCATCTATGGTGCATCCAGCTGGGCCACTGGCATCCCA
AACAGGTTCAGTGGCAGTGGGTCTGGGACAGACTTCACTCTCACCATCAGCAGACTGGAG
CCTGAAGATTTTGCAGTGTATTACTGTCAGCAGTATGGTAGCTCACCGCTCACTTTCGGC
GGAGGGACCAAGGTGGAGATCARA

Light Chain Protein:
EIVLTQSPGTLSLSPGERATLSCRASQSVSSSYLAWYQQKPGQAPRLLIYGASSWATGIP
NRFSGSGSGTDFTLTISRLEPEDFAVYYCQQYGSSPLTFGGGTKVEIK

Antibody Ul-61

Heavy Chain DNA:
CAGGTGCAGCTGCAGGAGTCGGGCCCAGGACTGGTGAAGCCTTCACAGACCCTGTCCCTC

ACCTGCACTGTCTCTGGTGTCTCCATCAGCAGTGGTGGTTACTACTGGAGCTGGATCCGC
CAGCACCCAGGGATGGGCCTGGAGTGGATTGGGTACATCTATTACAGTGGGAGCACCTAC
TACAACCCGTCCCTCAAGAGTCGAGTCACCATATCAGAAGACACGTCTAAGAACCAGTTC
TCCCTGAAGCTGAGCTCTGTGACTGCCGCGGACACGGCCGTGTATTACTGTGCGAGAGAT
TCCGAGTCCGAGTATAGCAGCTCGTCGAACTACGGTATGGACGTCTGGGGCCAAGGGACC
ACGGTCACCGTCTCCTC

Heavy Chain Protein:
QVQLQESGPGLVKPSQTLSLTCTVSGVSISSGGYYWSWIRQHPGMGLEWIGYIYYSGSTY
YNPSLKSRVTISEDTSKNQFSLKLSSVTAADTAVYYCARDSESEYSSSSNYGMDVWGQGT

TVTVS

Antibody Ul-61.1

Heavy Chain DNA:

CAGGTGCAGCTGCAGGAGTCGGGCCCAGGACTGGTGAAGCCTTCACAGACCCTGTCCCTC
ACCTGCACTGTCTCTGGTGTCTCCATCAGCAGTGGTGGTTACTACTGGAGCTGGATCCGC
CAGCACCCAGGGATGGGCCTGGAGTGGATTGGGTACATCTATTACAGTGGGAGCACCTAC
TACAACCCGTCCCTCAAGAGTCGAGTCACCATATCAGAAGACACGTCTAAGAACCAGTTC
TCCCTGAAGCTGAGCTCTGTGACTGCCGCGGACACGGCCGTGTATTACTGTGCGAGAGAT
TCCGAGTCCGAGTATAGCAGCTCGTCGAACTACGGTATGGACGTCTGGGGCCAAGGGACC
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ACGGTCACCGTCTCCTC

Heavy Chain Protein:
QVQLQESGPGLVKPSQTLSLTCTVSGVSISSGGYYWSWIRQHPGMGLEWIGYIYYSGSTY
YNPSLKSRVTISEDTSKNQFSLKLSSVTAADTAVYYCARDSESEYSSSSNYGMDVWGQGT
TVTVS

Light Chain DNA:
GACATCCAGATGACCCAGTCTCCATCCTCCCTGTCTGCATCTGTAGGAGACAGAATCACC
ATCACTTGCCGGGCAAGTCAGACCATTAGCAGCTATTTAAATTGGTATCAGCAGAAACCA
GGGAAAGCCCCTAAGCTCCTGATCTATGCTGCATCCAGTTTGCAAGGTGGGGTCCCATCA
AGGTTCAGTGGCAGTGTATCTGGGACAGATTTCACCCTCACCGTCAGCAGTCTGCAACCT
GAAGATTTTGCAACTTACTACTGTCAACAGAGTTACAGTAACCCGCTCACTTTCGGCGGA
GCQGACCAAGGTGGAGATCAAA

Light Chain Protein:
DIQMTQSPSSLSASVGDRITITCRASQTISSYLNWYQQKPGKAPKLLIYAASSLQGGVPS
RFSGSVSGTDFTLTVSSLQPEDFATYYCQQSYSNPLTFGGGTKVEIK

Antibody Ul-62 (2.9.1)

Heavy Chain DNA:
GAGGTGCAGCTGGTGCAGTCTGGAGCAGAGGTGAAAAAGCCCGGGGAGTCTCTGAAGATC
TCCTGTAAGGGTTCTGGATACAGTTTTACCAGCTACTGGATCGGCTGGGTGCGCCAGATG
CCCGGGAAAGGCCTGGAGTGGATGGGGATCATCTATCCTGGTGACTCTGATACCAGATAC
AGCCCGTCCTTCCAAGGCCAGGTCACCATGTCAGCCGACAAGTCCATCAGTACCGCCTAC
CTGCAGCTGAGCAGCCATGAAGGCCTCGGACACCGCCATGTATTACTGTGCGAGACAGAT
GGCTGGAAACTACGTACATCACGGGTGATCGAGACGTCCTGGGGCCAAGGGACCACGGTC
ACCGTCTCCTC

Heavy Chain Protein:
EVQLVQSGAEVKKPGESLKISCKGSGYSFTSYWIGWVRQMPGKGLEWMGIIYPGDSDTRY
SPSFQGQVTMSADKSISTAYLQLSSHEGLGHRHVLLCETDGWKLRTSRVIETSWGQGTTV
TVS

Light Chain DNA:
GAAATTGTGTTGACGCAGTCTCCAGGCACCCTGTCTTTGTCTCCAGGGGAAAGAGCCACC
CTCTCCTGCAGGGCCAGTCAGAGTGTTATCAGCATCTACTTAGCCTGGTACCAGCAGAAA
CCTGGCCAGGCTCCCAGGCTCCTCATCTATGGTGCATCCAGCAGGGCCACTGGCATCCCA
GACAGGTTCAGTGGCAGTGGGTCTGGGACAGACTTCACTCTCACCATCAGCAGACTGGAG
CCTGAAGATTTTGCAGTGTATTACTGTCAGCAGTATGGTAGCTCACCGTGCAGTTTTGGC
CAGGGGACCAAACTGGAGATCAAA

Light Chain Protein:
EIVLTQSPGTLSLSPGERATLSCRASQSVISIYLAWYQQKPGQAPRLLIYGASSRATGIP
DRFSGSGSGTDFTLTISRLEPEDFAVYYCQQYGSSPCSFGQGTKLEIK

Antibody Ul-2

Heavy Chain DNA:
CAGGTGCAGCTGCAGGAGTCGGGCCCAGGACTGGTGAAGCCTTCACAGACCCTGTCCCTC
ACCTGCACTGTCTCTGGTGGCTCCATCAGCAGTGGTGATTACTACTGGAGCTGGATCCGC
CAGCACCCAGGGAAGGGCCTGGAGTGGATTGGGTACATCTATTACAGTGGGAGCACCTAC
TACAACCCGTCCCTCAGGAGTCGAGTTACCATATCAGTAGACACGTCTAAGAACCAGTTC
TCCCTGAAGCTGAGCTCTGTGACTGCCGCGGACACGGCCGTGTATTACTGTGCGAGAGCG
GATTACGATTTTTGGAGTGGTTATTTTGACTACTGGGGCCAGGGAACCCTGGTCACCGTC

TCCTCA

Heavy Chain Protein:
QVQLQESGPGLVKPSQTLSLTCTVSGGSISSGDYYWSWIRQHPGKGLEWIGYIYYSGSTY
YNPSLRSRVTISVDTSKNQFSLKLSSVTAADTAVYYCARADYDFWSGYFDYWGQGTLVTV

SS
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Light Chain DNA:
GACATCCAGATGACCCAGTCTCCATCCTCCCTGTCTGCATCTGTAGGAGACAGAGTCACC

ATCACTTGCCGGGCAAGTCAGGGCATTAGAAATGATTTAGGCTGGTATCAGCAGATACCT
_GGGAAAGCCCCTAAGCGCCTGATCTATGCTGCATCCAGTTTGCAAAGTGGGGTCCCATCA
AGGTTCAGCGGCAGTGGATCTGGGACAGAATTCACTCTCACAATCAACAGCCTGCAGCCT
GAAGATTTTGCAACTTATTACTGTCTACAGCATAATGGTTACCCGTGGACGTTCGGCCAA

GGGACCAAGGTGGAAATCAAAC

Light Chain Protein:
DIQMTQSPSSLSASVGDRVTITCRASQGIRNDLGWYQQIPGKAPKRLIYAASSLQSGVPS

RFSGSGSGTEFTLTINSLQPEDFATYYCLQHNGYPWTFGQGTKVEIK

Antibody U1l-7
Heavy Chain DNA:
CAGGTGCAGCTGCAGGAGTCGGGCCCAGGACTGGTGAAGCCTTCACAGACCCTGTCCCTC

ACCTGCACTGTCTCTGGTGGCTCCATCAGCAGTGGTGATTACTACTGGAGCTGGATCCGC
CAGCACCCAGGGAAGGGCCTGGAGTGGATTGGATACATCTATTACAGTGGGAGCACCTAC
TACAACCCGTCCCTCAAGAGTCGAGTTACCATATCAGTAGACACGTCTAAGAACCAGTTC
TCCCTGAAGCTGAGCTCTGTGACTGCCGCGGACACGGCCGTGTATTACTGTGCGAGAGCG
GATTACGATTTTTGGAGTGGTTATTTTGACTACTGGGGCCAGGGAACCCTGGTCACCGTC

TCCTCA

Heavy Chain Protein:
QVQLQESGPGLVKPSQTLSLTCTVSGGSISSGDYYWSWIRQHPGKGLEWIGYIYYSGSTY
YNPSLKSRVTISVDTSKNQFSLKLSSVTAADTAVYYCARADYDFWSGYFDYWGQGTLVTV

SS .
Light Chain DNA: _
GACTTCCAGATGACCCAGTCTCCATCCTCCCTGTCTGCATCTGTAGGAGACAGAGTCACC

ATCACTTGCCGGGCAAGTCAGGACATTCGAAATGATTTAGGCTGGTATCGGCAGAAACCT
GGGAAAGCCCCTAAGCGCCTGATCTATGCTGCATCCAGTTTGCAAAGTGGGGTCCCATCA
AGGTTCAGCGGCAGTGGATCTGGGACAGAATTCACTCTCACAATCAGCAGCCTGCAGCCT
GAAGATTTTGCAACTTATTACTGTCTACAGCATAATAGTTACCCGTGGACGTTCGGCCAA
GGGACCAAGGTGGAAATCARAL

Light Chain Protein:
DFQMTQSPSSLSASVGDRVTITCRASQDIRNDLGWYRQKPGKAPKRLIYAASSLQSGVPS

RFSGSGSGTEFTLTISSLQPEDFATYYCLQHNSYPWTFGQGTKVEIK

Antibody U1-9

Heavy Chain DNA:
CAGGTGCAGCTGCAGGAGTCGGGCCCAGGACTGGTGAAGCCTTCACAGACCCTGTCCCTC
ACCTGCACTGTCTCTGGTGGCTCCATCAGCAGTGGTGATTACTACTGGAGCTGGATCCGC
CAGCACCCAGGGAAGGGCCTGGAGTGGATTGGATACATCTATTACAGTGGGAGCACCTAC
TACAACCCGTCCCTCAAGAGTCGAGTTACCATATCAATAGACACGTCTAAGAACCAGTTC
TCCCTGAAGCTGAGCTCTGTGACTGCCGCGGACACGGCCGTGTATTACTGTGCGAGAGCG
GATTACGATTTTTGGAATGGTTATTTTGACTACTGGGGCCAGGGAACCCTGGTCACCGTC

TCCTCA

Heavy Chain Protein:
QVQLQESGPGLVKPSQTLSLTCTVSGGSISSGDYYWSWIRQHPGKGLEWIGYIYYSGSTY

YNPSLKSRVTISIDTSKNQFSLKLSSVTAADTAVYYCARADYDFWNGYFDYWGQGTLVTV

SS

Light Chain DNA:
GACATCCAGATGACCCAGTCTCCATCCTCCCTGTCTGCATCTGTAGGAGACAGAGTCACC

ATCACTTGCCGGGCAAGTCAGGACATTAGAAATGATTTAGGCTGGTATCGGCAGAAACCT
GGGAAAGCCCCTAAGCGCCTGATCTATGCTGCATCCAGTTTGCAAAGTGGGGTCCCATCA
AGGTTCAGCGGCAGTGGATCTGGGACAGAATTCACTCTCACAATCAGCAGCCTGCAGCCT

OnCusp
Ex. 1038

PCT/EP2006/012632



9919 of 10951
WO 2007/077028

98

99

101

102

103

104

105

105

- —85-

GAAGATTTTGCAACTTATTACTGTCTACAGCATAATAGTTACCCGTGGACGTTCGGCCAA

GGGACCAAGGTGGAAATCAAA
Light Chain Protein:
DIQMTQSPSSLSASVGDRVTITCRASQDIRNDLGWYRQKPGKAPKRLIYAASSLQSGVPS

RFSGSGSGTEFTLTISSLQPEDFATYYCLQHNSYPWTFGQGTKVEIK

Antibedy U1-10

Heavy Chain DNA:
CAGGTGCAGCTGCAGGAGTCGGGCCCAGGACTGGTGAAGCCTACACAGACCCTGTCCCTC
ACCTGCACTGTCTCTGGTGGCTCCATCAGCAGTGGTGATTACTACTGGAGCTGGATCCGC
CAGCACCCAGGGAAGGGCCTGGAGTGGATTGGGTACATCTATTACAGTGGGAGCACCTAC
TACAACCCGTCCCTCAAGAGTCGACTTACCATATCAGTAGACACGTCTAAGAACCAGTTC
TCCCTGAAGCTGAGCTCTGTGACTGCCGCGGACACGGCCGTGTATTACTGTGCGAGAGCA
GATTACGATTTTTGGAGTGGTTACTTTGACTACTGGGGCCAGGGAACCCTGGTCACCGTC

TCCTCA

Heavy Chain Protein:
QVQLQESGPGLVKPTQTLSLTCTVSGGSISSGDYYWSWIRQHPGKGLEWIGYIYYSGSTY
YNPSLKSRLTISVDTSKNQFSLKLSSVTAADTAVYYCARADYDFWSGYFDYWGQGTLVTV

SS
Light Chain DNA:
GACATCCAGATGACCCAGTCTCCATCCTCCCTGTCTGCATCTGTAGGAGACAGAGTCACC

ATCACTTGCCGGGCAAGTCAGGGCATTAGAAATGATTTAGGCTGGTATCAGCAGAAACCA
GGGAAAGCCCCTAAGCGCCTGATCTATGCTGCATCCAGTTTGCAAAGTGGGGTCCCATCA
AGGTTCAGCGGCAGTGGATCTGGGACAGAATTCACTCTCACAATCAGCAGCCTGCAGCCT
GAAGATTTTGCAACTTATTACTGTCTACAGCATAATAATTACCCGTGGACGTTCGGCCAA
GGGACCAAGGTGGAAATCAAA

Light Chain Protein:
DIQMTQSPSSLSASVGDRVTITCRASQGIRNDLGWYQQKPGKAPKRLIYAASSLQSGVPS

RFSGSGSGTEFTLTISSLQPEDFATYYCLQHNNYPWTFGQGTKVEIK

Antibody Ul-12

Heavy Chain DNA
CAGGTGCAGCTGCAGGAGTCGGGCCCAGGACTGGTGAAGCCTTCACAGACCCTGTCCCTC
ACCTGCACTGTCTCTGGTGGCTCCATCAGTAGTGGTGATTACTACTGGAGCTGGATCCGC
CAGCACCCAGGGAAGGGCCTGGAGTGGATTGGGTACATCTATTACAGTGGGAGCACCTAC
TACAACCCGTCCCTCAAGAGTCGAGTTACCATATCAGTAGACACGTCTAAGAACCAGTTC
TCCCTGAAGTTGAGCTCTGTGACTGCCGCGGACACGGCCGTGTATTACTGTGCGAGAGCC
GATTACGATTTTTGGAGTGGTTATTTTGACTACTGGGGCCAGGGAACCCTGGTCACCGTC
TCCTCA

Heavy Chain Protein:
QVQLQESGPGLVKPSQTLSLTCTVSGGSISSGDYYWSWIRQHPGKGLEWIGYIYYSGSTY
YNPSLKSRVTISVDTSKNQFSLKLSSVTAADTAVYYCARADYDFWSGYFDYWGQGTLVTV
Ss

Light Chain DNA:
GACATCCAGATGACCCAGTCTCCATCCTCCCTGTCTGCATCTGTAGGAGACAGAGTCACC
ATCACTTGCCGGGCAAGTCAGGGCATTAGAAATGATTTAGGCTGGTATCAGCAGAAACCA
GGGAAAGCCCCTAAGCGCCTGATCTATGCTGCATCCAGTTTGCAAAGTGGGGTCCCATCA
AGGTTCAGCGGCAGTGGATCTGGGACAGAATTCACTCTCACAATCAGCAGCCTGCAGCCT
GAAGATTTTGCAACTTATTACTGTCTACAGCATAATAATTACCCGTGGACGTTCGGCCAA
GGGACCAAGGTGGAAATCARAA

Light Chain Protein:
DIQMTQSPSSLSASVGDRVTITCRASQGIRNDLGWYQQKPGKAPKRLIYAASSLQSGVPS

RFSGSGSGTEFTLTISSLQPEDFATYYCLQHNNYPWTFGQGTKVEIK

OnCusp
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Antibody Ul- 13

107 Heavy Chain DNA:
CAGGTGCAGCTGCAGGAGTCGGGCCCAGGACTGGTGAAGCCTTCACAGACCCTGTCCCTC

ACCTGCACTGTCTCTGGTGGCTCCATCAGCAGTGGTGGTTACTACTGGAGCTGGATCCGC
CAGCACCCAGGGAAGGGCCTGGAGTGGATTGGGTACATCTATTACAGTGGGAGCACCTAC
TACAACCCGTCCCTCAAGAGTCGAGTTACCATATCAGTAGACACGTCTAAGAACCAGTTC
TCCCTGAAGCTGAGCTCTGTGACTGCCGCGGACACGGCCGTGTATTACTGTGCGAGAGAG
GACGACGGTATGGACGTCTGGGGCCAAGGGACCACGGTCACCGTCTCCTCA

108 Heavy Chain Protein:
QVQLQESGPGLVKPSQTLSLTCTVSGGSISSGGYYWSWIRQHPGKGLEWIGYIYYSGSTY
YNPSLKSRVTISVDTSKNQFSLKLSSVTAADTAVYYCAREDDGMDVWGQGTTVTVSS

109 Light Chain DNA:
GATATTGTGATGACTCAGTCTCCACTCTCCCTGCCCGTCACCCCTGGAGAGCCGGCCTCC
ATTTCCTGCAGGTCTAGTCAGAGCCTCCTGCATAGTAATGGATACAACTATTTGGAATGG
TACCTGCAGAAGCCAGGGCAGTCCCCACAGTTCATGATTTATTTGGGGTCTAATCGGGCC
TCCGGGGTCCCTGACAGGTTCAGTGGCAGTGGATCAGGCACAGATTTTACACTGAAAATC
AGCAGAGTGGAGGCTGAGGATGTTGGGGTTTATTACTGCATGCAAGCTCTACAAACTCCG
ATCACCTTCGGCCAAGGGACACGACTGGAGATTAAA

110 Light Chain Protein:
DIVMTQSPLSLPVTPGEPASISCRSSQSLLHSNGYNYLEWYLQKPGQSPQFMIYLGSNRA

SGVPDRFSGSGSGTDFTLKISRVEAEDVGVYYCMQALQTPITFGQGTRLEIK

Antibody Ul-14

111 Heavy Chain DNA:
CAGGTGCAGCTGCAGGAGTCGGGCCCAGGACTGGTGAAGCCTTCACAGACCCTGTCCCTC

ACCTGCACTGTCTCTGGTGGCTCCATCAGCAGTGGTGATTACTACTGGAGCTGGATCCGC
CAGTACCCAGGGAAGGGCCTGGAGTGGATTGGGTACATCTATTACAGTGGGAGCACCTAC
TACAACCCGTCCCTCAAGAGTCGAGTTACCATATCAGTAGACACGTCTAAGAACCAGTTC
TCCCTGAAGCTGAGGTCTGTGACTGCCGCGGACACGGCCGTGTATTACTGTGCGAGAGCG
GATTACGATTTTTGGAGTGGTTATTTTGACTACTGGGGCCAGGGAACCCTGGTCACCGTC

TCCTCA

112 Heavy Chain Protein:
QVQLQESGPGLVKPSQTLSLTCTVSGGSISSGDYYWSWIRQYPGKGLEWIGYIYYSGSTY

YNPSLKSRVTISVDTSKNQFSLKLRSVTAADTAVYYCARADYDFWSGYFDYWGQGTLVTV

5SS

113 Light Chain DNA:
GACATCCAGATGACCCAGTCTCCATCCTCCCTGTCTGCATCTGTAGGAGACAGAGTCACC

ATCACTTGCCGGGCAAGTCAGGGCATTAGAAATGATTTAGGCTGGTATCAGCAGAAACCA
GGGAAAGCCCCTAAGCGCCTGATCTATGCTGCATCCAGTTTGCAAAGTGGGGTCCCATCA
AGGTTCAGCGGCAGTGGATCTGGGACAGAATTCACTCTCACAATCAGCAGCCTGCAGCCT
GAAGATTTTGCAACTTATTACTGTCTACAGCATAATACTTACCCGTGGACGTTCGGCCAA

GGGACCAAGGTGGAAATCAAAC

114 Light Chain Protein:
DIQMTQSPSSLSASVGDRVTITCRASQGIRNDLGWYQQKPGKAPKRLIYAASSLQSGVPS

RFSGSGSGTEFTLTISSLQPEDFATYYCLQHNTYPWTFGQGTKVEIK

Antibody Ul-15

115 Heavy Chain DNA:
CAGGTGCAGCTGCAGGAGTCGGGCCCAGGACTGGTGAAGCCTTCGGAGACCCTGTCCCTC

ACCTGCACTGTCTCTGGTGGCTCCGTCAGCAGTGGTGGTTACTACTGGAGCTGGATCCGG
CAGCCCCCAGGGAAGGGACTGGAGTGGATTGGGTATATCTATTACAGTGGGAGCACCAAC
TACAACCCCTCCCTCAAGAGTCGAGTCACCATATCAGTAGACACGTCCAAGAACCAGTTC



9921 of 10951
WO 2007/077028

116

117

118

119

120

122

123

‘_\
18]
>

__97_.

TCCCTGAAGCTGAGCTCTGTGACCGCTGCGGACACGGCCGTGTATTACTGTGCGAGAGAT
GGGGACGTGGATACAGCTATGGTCGATGCTTTTGATATCTGGGGCCAAGGGACAATGGTC

ACCGTCTCCTCA

Heavy Chain Protein:
QVQLQESGPGLVKPSETLSLTCTVSGGSVSSGGYYWSWIRQPPGKGLEWIGYIYYSGSTN
YNPSLKSRVTISVDTSKNQFSLKLSSVTAADTAVYYCARDGDVDTAMVDAFDIWGQGTMV

TVSS
Light Chain DNA: :
GAAATTGTATTGACGCAGTCTCCAGGCACCCTGTCTTTGTCTCCAGGGGAAAGAGCCACC

CTCTCCTGCAGGGCCAGTCAGAGTTTAAGCGGCAACTACTTAGCCTGGTACCAGCAGAAG
CCTGGCCAGGCTCCCAGGCTCATCATCTGTGGTGCATCCAGCAGGGCCACTGGCATCCCA
GACAGGTTCAGTGGCAGTGGGTCTGGGACAGACTTCACTCTCACCATCACAAGACTGGAG
CCTGAAGATTTTGCAGTGTATTACTGTCAGCAGTATGATAGGTCACCGCTCACTTTCGGC

GGAGGGACCAAGGTGGAGATCAAA

Light Chain Protein: 7
EIVLTQSPGTLSLSPGERATLSCRASQSLSGNYLAWYQQKPGQAPRLIICGASSRATGIP
DRFSGSGSGTDFTLTITRLEPEDFAVYYCQQYDRSPLTFGGGTKVEIK

Antibody UL-19

Heavy Chain DNA:
CAGGTGCAGCTGCAGGAGTCGGGCCCAGGACTGGTGAAGCCTTCACAGACCCTCTCCCTC

ACCTGCACTGTCTCTGGTGGCTCCATCAGCAGTGGTGATTACTACTGGAGCTGGATCCGC
CAGCACCCAGGGAAGGGCCTGGAGTGGATTGGGTACATCTATTACAGTGGGAGCACCTAC
TACAACCCGTCCCTCAAGAGTCGAGTTACCATATCAGTAGACACGTCTAAGAACCAGTTC
TCCCTGAAGCTGAGCTCTGTGACTGCCGCGGACACGGCCGTGTATTACTGTGCGAGAGGA
GATTACGATTTTTGGAGTGGAGAGTTTGACTACTGGGGCCAGGGAACCCTGGTCACCGTC

TCCTCA
Heavy Chain Protein:
QVQLQESGPGLVKPSQTLSLTCTVSGGSISSGDYYWSWIRQHPGKGLEWIGYIYYSGSTY

YNPSLKSRVTISVDTSKNQFSLKLSSVTAADTAVYYCARGDYDFWSGEFDYWGQGTLVTV
ss

Antibody Ul-20
Heavy Chain DNA:
CAGGTGCAGCTGCAGGAGTCGGGCCCAGGACTGGTGAAGCCTTCACAGACCCTGTCCCTC

ACCTGCACTGTCTCTGGTGGCTCCATCAGCAGTGGTGGTTACTACTGGAGCTGGATCCGC
CAGCACCCAGGGAAGGGCCTGGAGTGGATTGGGTACATCTATGACAGTGGGAGCACCTAC
TACAACCCGTCCCTCAAGAGTCGAGTTACCATATCAGTAGACACGTCTAAGAACCAGTTC
TCCCTGAAGCTGAGGTCTGTGACTGCCGCGGACACGGCCGTGTATTACTGTGCGAGAGAT
CAGGGGCAGGACGGATACAGCTATGGTTACGGCTACTACTACGGTATGGACGTCTGGGGC

CAAGGGACCACGGTCACCGTCTCCTC

Heavy Chain Protein:
QVQLQESGPGLVKPSQTLSLTCTVSGGSISSGGYYWSWIRQHPGKGLEWIGYIYDSGSTY

YNPSLKSRVTISVDTSKNQFSLKLRSVTAADTAVYYCARDQGQDGYSYGYGYYYGMDVWG

QGTTVIVS

Light Chain DNA:
GACATCCAGATGACCCAGTCTCCATCCTCCCTGTCTGCATCTGTAGGAGACAGAGTCACC

ATCACTTGCCAGGCGAGTCAGGACATTAGCAATTATTTAAATTGGTATCAGCAGAAACCA
GGGAAAGCCCCTAAACTCCTGATCTACGTTGCATCCAATTTGGAAACAGGGGTCCCATCA
AGGTTCAGTGGAAGTGGATCTGGGACAGATTTTACTTTCACCATCAGCAGCCTGCAGCCT
GAAGATATTGCAACATATTACTGTCAACAGTGTGATAATCTCCCTCTCACTTTCGGCGGA

GGGACCAAGGTGGAGATCAAA
Light Chain Protein:

OnCusp
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Light Chain Protein:
DIQMTQSPSSLSASVGDRVTITCQASQDISNYLNWYQQKPGKAPKLLIYVASNLETGVPS

RFSGSGSGTDFTFTISSLQPEDIATYYCQQCDNLPLTFGGGTKVEIK

Antibody Ul-21
Heavy Chain DNA:
CAGGTGCAGCTGCAGGAGTCGGGCCCAGGACTGGTGAAGCCTTCACAGACCCTGTCCCTC

ACCTGCACTGTCTCTGGTGGCTCCATCAGCAGTGGTGATTACTACTGGAGCTGGATCCGC
CAGCACCCAGGGAAGGGCCTGGAGTGGATTGGATACATCTATTACAGTGGGAGCACCTAC
TACAACCCGTCCCTCAAGAGTCGAGTTACCATATCAGTAGACACGTCTAAGAACCAGTTC
TCCCTGAAGCTGAGCTCTGTGACTGCCGCGGACACGGCCGTGTATTACTGTGCGAGAGCG
GATTACGATTTTTGGAGTGGTTATTTTGACTACTGGGGCCAGGGAACCCTGGTCACCGTC

TCCTC
Heawvy Chain Protein:
QVQLQESGPGLVKPSQTLSLTCTVSGGSISSGDYYWSWIRQHPGKGLEWIGYIYYSGSTY

YNPSLKSRVTISVDTSKNQFSLKLSSVTAADTAVYYCARADYDFWSGYFDYWGQGTLVTV

S
Light Chain DNA:
GACATCCAGATGACCCAGTCTCCATCCTCCCTGTCTGCATCTGTAGGAGACAGAGTCACC

ATCACTTGCCGGGCAAGTCAGGACATTAGAAATGATTTAGGCTGGTATCGGCAGAAACCT
GGGAAAGCCCCTAAGCGCCTGATCTATGCTGCATCCCGTTTGCAAAGTGGGGTCCCATCA
AGGTTCAGCGGCAGTGGATCTGGGACAGAATTCACTCTCACAATCAGCAGCCTGCAGCCT
GAAGATTTTGCAACTTATTACTGTCTACAGCATAATAGTTACCCGTGGACGTTCGGCCAA

GGGACCAAGGTGGAAATCAAAC

Light Chain Protein:
DIQMTQSPSSLSASVGDRVTITCRASQDIRNDLGWYRQKPGKAPKRLIYAASRLQSGVPS

RFSGSGSGTEFTLTISSLQPEDFATYYCLQHNSYPWTFGQGTKVEIK

Antibody Ul-22
Heavy Chain DNA:
CAGGTGCAGCTGCAGGAGTCGGGCCCAGGACTGGTGAAGCCTTCACAGACCCTGTCCCTC

ACCTGCACTGTCTCTGGTGGCTCCATCAGCAGTGGTGATTACTACTGGAGCTGGATCCGC
CAGCACCCAGGGAAGGGCCTGGAGTGGATTGGGTACATCTATTACAGTGGGAGCACCTAC
TACAACCCGTCCCTCAAGAGTCGAGTTACCATATCAGTAGACACGTCTAAGAACCAGTTC
TCCCTGAAGCTGAGCTCTGTGACTGCCGCGGACACGGCCGTGTATTACTGTGCGAGAGCC
GATTACGATTTTTGGAGTGGTTATTTTGACTACTGGGGCCAGGGAACCCTGGTCACCGTC

TCCTCA
Heavy Chain Protein:
QVQLQESGPGLVKPSQTLSLTCTVSGGSISSGDYYWSWIRQHPGKGLEWIGYIYYSGSTY

YNPSLKSRVTISVDTSKNQFSLKLSSVTAADTAVYYCARADYDFWSGYFDYWGQGTLVTV

SS
Light Chain DNA:
GACATCCAGATGACCCAGTCTCCATCCTCCCTGTCTGCATCTGTAGGAGACAGAGTCACC

ATCACTTGCCGGGCAAGTCAGGGCATTAGAAATGATTTAGGCTGGTATCAGCAGAAACCA
GGGAAAGCCCCTAAGCGCCTGATCTATGCTGCATCCAGTTTGCAAAATGGGGTCCCATCA
AGGTTCAGCGGCAGTGGATCTGGGACAGAATTCACTCTCACAATCAGCAGCCTGCAGCCT
GAAGATTTTGCAACTTATTACTGTCTACAGCATAATAGTTACCCGTGGACGTTCGGCCAA
GGCACCAAGGTGGAAATCAAAC

Light Chain Protein:
DIQMTQSPSSLSASVGDRVTITCRASQGIRNDLGWYQQKPGKAPKRLIYAASSLQNGVPS

RFSGSGSGTEFTLTISSLQPEDFATYYCLQHNSYPWTFGQGTKVEIK

Antibody Ul-23
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Antibody ULl-23

Heavy Chain DNA:
CAGGTGCAGCTGCAGGAGTCGGGCCCAGGACTGGTGAAGCCTTCACAGACCCTGTCCCTC
ACCTGCACTGTCTCTGGTGGCTCCATCAGCAGTGGTGATTACTACTGGAGCTGGATCCGC
CAGCACCCAGGGAAGGGCCTGGAGTGGATTGGGTACATCTATTACAGTGGGAGCACCTAC
TACAACCCGTCCCTCAAGAGTCGAGTTACCATATCAGTAGACACGTCTAAGAACCAGTTC
TCCCTGAAGCTGAGCTCTGTGACTGCCGCGGACACGGCCGTGTATTACTGTGCGAGAGCG
GATTACGATTTTTGGAGTGGTTATTTTGACTACTGGGGCCAGGGAATCCTGGTCACCGTC

TCCTC
Heavy Chain Protein:
QVQLQESGPGLVKPSQTLSLTCTVSGGSISSGDYYWSWIRQHPGKGLEWIGYIYYSGSTY

YNPSLKSRVTISVDTSKNQFSLKLSSVTAADTAVYYCARADYDFWSGYFDYWGQGILVTV

S
Light Chain DNA:
GACATCCAGATGACCCAGTCTCCATCCTCCCTGTCTGCATCTGTAGGAGACAGAGTCACC

ATCACTTGCCGGGCAAGTCAGGGCATTAGAAATGATTTAGGCTGGTATCAGCAGAAACCA
GGGAAAGCCCCTAAGCGCCTGATTTATGCTGCATCCAGTTTGCAAAGTGGGGTCCCATCA
AGGTTCAGCGGCAGTGGATCTGGGACAGAATTCACTCTCACAATCAGCAGCCTGCAGCCT
GAAGATTTTGCAACTTATTACTGTCTACAGCATAATAGTTACCCGTGGACGTTCGGCCAA

GGGACCAAGGTGGAAATCAAAC

Light Chain Protein:
DIQMTQSPSSLSASVGDRVTITCRASQGIRNDLGWYQQKPGKAPKRLIYAASSLQSGVPS

RFSGSGSGTEFTLTISSLQPEDFATYYCLQHNSYPWTFGQGTKVEIK

Antibody Ul-24
Heavy Chain DNA:
CAGGTGCAGCTGCAGGAGTCGGGCCCAGGACTGGTGAAGCCTTCACAGACCCTGTCCCTC

ACCTGCACTGTCTCTGGTGGCTCCATCAGTAGTGGTGATTACTACTGGAGCTGGATCCGC
CAGCACCCAGGGAAGGGCCTGGAGTGGATTGGGTACATCTATTACAGTGGGAGCACCTAC
TACAACCCGTCCCTCAAGAGTCGAGTTACCATATCAGTAGACACGTCTAAGAACCAGTTC
TCCCTGAAGTTGAGCTCTGTGACTGCCGCGGACACGGCCGTGTATTACTGTGCGAGAGCC
GATTACGATTTTTGGAATGGTTATTTTGACTACTGGGGCCAGGGAACCCTGGTCACCGTC

TCCTCA

Heavy Chain Protein:
QVQLQESGPGLVKPSQTLSLTCTVSGGSISSGDYYWSWIRQHPGKGLEWIGYIYYSGSTY

YNPSLKSRVTISVDTSKNQFSLKLSSVTAADTAVYYCARADYDFWNGYFDYWGQGTLVTV

SS

Light Chain DNA:
GACATCCAGATGACCCAGTCTCCATCCTCCCTGTCTGCATCTGTAGGAGACAGAGTCACC

ATCACTTGCCGGGCAAGTCAGGGCATTAGAAATGATTTAGGCTGGTATCAGCAGAAACCA
GGGAAAGCCCCTAAGCGCCTGATCTATGCTGCATCCAGTTTGCAAAGTGGGGTCCCATCA
AGGTTCAGCGGCAGTGGATCTGGGACAGAATTCACTCTCACAATCAGCAGCCTGCAGCCT
GAAGATTTTGCAACTTATTACTGTCTACAGCATAATAATTACCCGTGGACGTTCGGCCAA

GGGACCAAGGTGGAAATCAAA

Light Chain Protein:
DIQMTQSPSSLSASVGDRVTITCRASQGIRNDLGWYQQKPGKAPKRLIYAASSLQSGVPS

RFSGSGSGTEFTLTISSLQPEDFATYYCLQHNNYPWTFGQGTKVEIK

Antibody Ul-25

Heavy Chain DNA:
CAGGTGCAGCTGCAGGAGTCGGGCCCAGGACTGGTGAAGCCTTCACAGACCCTGTCCCTC

ACCTGCACTGTCTCTGGTGGCTCCATCAGCAGTGGTGATTACTACTGGAGCTGGATCCGC
CAGCACCCAGGGAAGGGCCTGGAGTGGATTGGGTACATCTATTACAGTGGGAGCACCTAC
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TACAACCCGTCCCTCAAGAGTCGAGTTACCATATCAGTAGACACGTCTAAGAACCAGTTC
TCCCTGAAGCTGAGCTCTGTGACTGCCGCGGACACGGCCGTGTATTACTGTGCGAGAGCC
GATTACGATTTTTGGAGTGGTTATTTTGACTACTGGGGCCAGGGAACCCTGGTCACCGTC
TCCTCA

Heavy Chain Protein:
QVQLQESGPGLVKPSQTLSLTCTVSGGSISSGDYYWSWIRQHPGKGLEWIGYIYYSGSTY
YNPSLKSRVTISVDTSKNQFSLKLSSVTAADTAVYYCARADYDFWSGYFDYWGQGTLVTV
SS

Light Chain DNA:
GACATCCAGCTGACCCAGTCTCCATCCTCCCTGTCTGCATCTGTAGGAGACAGAGTCACC
ATCACTTGCCGGGCAAGTCAGGGCATTAGAAATGATTTAGGCTGGTATCAGCAGAAACCA
GGGAAAGCCCCTAAGCGCCTGATCTATGCTGCATCCAGTTTGCAAAATGGGGTCCCATCA
AGGTTCAGCGGCAGTGGATCTGGGACAGAATTCACTCTCACAATCAGCAGCCTGCAGCCT
GAAGATTTTGCAACTTATTACTGTCTACAGCATAATAGTTACCCGTGGACGTTCGGCCAA
GGGACCAAGGTGGAAATCAAAC

Light Chain Protein:
DIQLTQSPSSLSASVGDRVTITCRASQGIRNDLGWYQQKPGKAPKRLIYAASSLQNGVPS
RFSGSGSGTEFTLTISSLQPEDFATYYCLQHNSYPWTFGQGTKVEIK

Antibody Ul-26

Heavy Chain DNA:
CAGGTGCAGCTGCAGGAGTCGGGCCCAGGACTGGTGAAGCCTTCACAGACCCTGTCCCTC
ACCTGCACTGTCTCTGGTGGCTCCATCAGCAGTGGTGATTACTACTGGAGCTGGATCCGC
CAGTACCCAGGGAAGGGCCTGGAGTGGATTGGGTACATCTATTACAGTGGGAGCACCTAC
TACAACCCGTCCCTCAAGAGTCGAGTTACCATATCAGTAGACACGTCTAAGAACCAGTTC
TCCCTGAAGCTGGGCTCTGTGACTGCCGCGGACACGGCCGTGTATTTCTGTGCGAGAGCC
GATTACGATTTTTGGAGTGGTTATTTTGACTTCTGGGGCCAGGGAACCCTGGTCACCGTC
TCCTC

Heavy Chain Protein:
QVQLQESGPGLVKPSQTLSLTCTVSGGSISSGDYYWSWIRQYPGKGLEWIGYIYYSGSTY
YNPSLKSRVTISVDTSKNQFSLKLGSVTAADTAVYFCARADYDFWSGYFDFWGQGTLVTV
S

T.ight Chain DNA:
GACATCCAGATGACCCAGTCTCCATCCTCCCTGTCTGCATCTGTAGGAGACAGAGTCACC
ATCACTTGCCGGGCAAGTCAGGGCATTAGAAATGATTTAGGCTGGTATCAGCAGAAACCA
GGGAAAGCCCCTAAGCGCCTGATCTATGCTGCATCCAGTTTGCAAAGTGGGGTCCCATCA
AGGTTCAGCGGCAGTGGATCTGGGACAGAATTCACTCTCACAATCAGCAGCCTGCAGCCT
GAAGATTTTGCAACTTATTACTGTCTACAGCATAATGGTTACCCGTGGACGTTCGGCCAA
GGGACCAAGGTGGAAATCAAAC

Light Chain Protein:
DIQMTQSPSSLSASVGDRVTITCRASQGIRNDLGWYQQKPGKAPKRLIYAASSLQSGVPS

RFSGSGSGTEFTLTISSLQPEDFATYYCLQHNGYPWTFGQGTKVEIK

Antibody Ul-27
Heavy Chain DNA:
CAGGTGCAGCTGCAGGAGTCGGGCCCAGGACTGGTGAAGCCTTCACAGACCCTGTCCCTC

ACCTGCACTGTCTCTGGTGGCTCCATCAGCAGTGGTGATTACTACTGGAGCTGGATCCGC
CAGTACCCAGGGAAGGGCCTGGAGTGGATTGGGTACATCTATTACAGTGGGAGCACCTAC
TACAACCCGTCCCTCAAGAGTCGAGTTACCATATCAGTAGACACGTCTAAGAACCAGTTC
TCCCTGAAGCTGGGCTCTGTGACTGCCGCGGACACGGCCGTGTATTTCTGTGCGAGAGCC
GATTACGATTTTTGGAGTGGTTATTTTGACTTCTGGGGCCAGGGAACCCTGGTCACCGTC
TCCTC

Heavy Chain Protein:
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QVQLQESGPGLVKPSQTLSLTCTVSGGSISSGDYYWSWIRQYPGKGLEWIGYIYYSGSTY
YNPSLKSRVTISVDTSKNQFSLKLGSVTAADTAVYFCARADYDFWSGYFDFWGQGTLVTV

s
Light Chain DNA:
GACATCCAGATGACCCAGTCTCCATCCTCCCTGTCTGCATCTGTAGGAGACAGAGTCACC

ATCACTTGCCGGGCAAGTCAGGGCATTAGAAATGATTTAGGCTGGTATCAGCAGAAACCA
GGGAAAGCCCCTAAGCGCCTGATCTATGCTGCATCCAGTTTGCAAAGTGGGGTCCCATCA
AGGTTCAGCGGCAGTGGATCTGGGACAGAATTCACTCTCACAATCAGCAGCCTGCAGCCT
GAAGATTTTGCAACTTATTACTGTCTACAGCATAATGGTTACCCGTGGACGTTCGGCCAA

GGGACCAAGGTGGAAATCAAAC

Light Chain Protein:
DIQMTQSPSSLSASVGDRVTITCRASQGIRNDLGWYQQKPGKAPKRLIYAASSLQSGVPS

RFSGSGSGTEFTLTISSLQPEDFATYYCLQHNGYPWTFGQGTKVEIK

Antibody U1l-28

Heavy Chain DNA:
CAGGTGCAGCTGCAGGAGTCGGGCCCAGGACTGGTGAAGCCTTCACAGACCCTGTCCCTC
ACCTGCACTGTCTCTGGTGGCTCCATCAGTAGTGGTGATTACTACTGGAGCTGGATCCGC
CAGCACCCAGGGAAGGGCCTGGAGTGGATTGGGTACATCTATTACAGTGGGAGCACCTAC
TACAACCCGTCCCTCAAGAGTCGAGTTACCATATCAGTAGACACGTCTAAGAACCAGTTC
TCCCTGAAGCTGAGCTCTGTGACTGCCGCGGACACGGCCGTGTATTACTGTGCGAGAGCG
GATTACGATTTTTGGAGTGGTTATTTTGACTCCTGGGGCCAGGGAACCCTGGTCACCGTC

TCCTCA

Heavy Chain Protein:
QVQLQESGPGLVKPSQTLSLTCTVSGGSISSGDYYWSWIRQHPGKGLEWIGYIYYSGSTY
YNPSLKSRVTISVDTSKNQFSLKLSSVTAADTAVYYCARADYDFWSGYFDSWGQGTLVTV

8s
Light Chain DNA:
GACATCCAGATGACCCAGTCTCCATCCTCCCTGTCTGCATCTGTAGGAGACAGAGTCACC

ATCACTTGCCGGGCAAGTCAGGGCATTAGAAATGATTTAGGCTGGTATCAGCAGATACCT
GGGAAAGCCCCTAAGCGCCTGATCTATGCTGCATCCAGTTTGCAAAGTGGGGTCCCATCA
AGGTTCAGCGGCAGTGGATCTGGGACAGAATTCACTCTCACAATCAGCAGCCTGCAGCCT
GAAGATTTTGCAACTTATTACTGTCTACAGCATAATGGTTACCCGTGGACGTTCGGCCAA
GGGACCAAGGTGGAAATCAAA

Light Chain Protein:

-DIQMTQSPSSLSASVGDRVTITCRASQGIRNDLGWYQQIPGKAPKRLIYAASSLQSGVPS

RFSGSGSGTEFTLTISSLQPEDFATYYCLQHNGYPWTFGQGTKVEIK

Antibody U1-31
Heavy Chain DNA:
CAGGTTCAGCTGGTGCAGTCTGGAGCTGAGGTGAAGAAGCCTGGGGCCTCAGTGAAGGTC

TCCTGCAAGGCTTCTGGTTACACCTTTACCAACTATGGTATCAGCTGGGTGCGGCAGGCC
CCTGGACAAGGGCTTGAGTGGATGGGATGGATCAGCGCTTACGATGGTTACAGAAACTAT
GCACAGAAGCTCCAGGGCAGAGTCACCATGACCACAGACACATCCACGACCACTGCCTAC
ATGGAGCTGAGGAGCCTGAGATCTGACGACACGGCCGTGTATTACTGTGCGAGAGATGTT
CAAGACTACGGTGACTACGACTACTTTGACTACTGGGGCCAGGGAACCCTGGTCACCGTC

TCCTCA
Heavy Chain Protein:
QVQLVQSGAEVKKPGASVKVSCKASGYTFTNYGISWVRQAPGQGLEWMGWISAYDGYRNY

AQKLQGRVTMTTDTSTTTAYMELRSLRSDDTAVYYCARDVQDYGDYDYFDYWGQGTLVTV

SS
Light Chain DNA:
GACATCCAGATGACCCAGTCTCCATCCTCCCTGTCTGCATCTGTAGGAGACAGAGTCACC
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160

161

162

163

154

165

166

167

-102-

ATCACTTGCCGGGCAAGTCAGAGCATTAGCAGTTATTTAAATTGGTATCAGCAGAAACCA
GGGAAAGCCCCTAACCTCCTGATCTATGCTGCATCCAGTTTGCAAAGTGGGGTCCCATCA
AGATTCAGGGGCAGTGGATCTGGGACAGATTTCACTCTCACCATCAGCAGTCTGCAACCT
GAAGATTTTGCAACTTACTACTGTCAACAGAGTTACAGTACCCCCATCACCTTCGGCCAA

GGGACACGACTGGAGATTARA

Light Chain Protein:
DIQMTQSPSSLSASVGDRVTITCRASQSISSYLNWYQQKPGKAPNLLIYAASSLQSGVPS

RFRGSGSGTDFTLTISSLQPEDFATYYCQQSYSTPITFGQGTRLEIK

Antibody ULl-32

Heavy Chain DNA:
CAGGTGCAGCTGCAGGAGTCGGGCCCAGGACTGGTGAAGCCTTTACAGACCCTGTCCCTC

ACCTGCACTGTCTCTGGTGGCTCCATCAGCAGTGGTGATTACTACTGGAGCTGGATCCGC
CAGCACCCAGGGAAGGGCCTGGAGTGGATTGGGTACATCTATTACAGTGGGACCACCTAC
TACAACCCGTCCCTCAAGAGTCGAGTTACCATATCAGTAGACACGTCTAAGAACCAGTTC
GCCCTGAAGCTGAACTCTGTGACTGCCGCGGACACGGCCGTGTATTACTGTGCGAGAGCC
GATTACGATTTTTGGAGTGGTTATTTTGACTACTGGGGCCAGGGAACCCTGGTCACCGTC

TCCTCA
Heavy Chain Protein:
QVQLQESGPGLVKPLQTLSLTCTVSGGSISSGDYYWSWIRQHPGKGLEWIGYIYYSGTTY

YNPSLKSRVTISVDTSKNQFALKLNSVTAADTAVYYCARADYDFWSGYFDYWGQGTLVTV

sS

Light Chain DNA:
GACATCCAGATGACCCAGTCTCCATCCTCCCTGTCTGCATCTGTAGGAGACAGAGTCACC

ATCACTTGCCGGGCAGGTCAGGGCATTAGAAATGATTTAGGCTGGTATCAGCAGAAACCA
GGGAAAGCCCCTCAGCGCCTGATCTATGCTGCATCCAGTTTGCAAAGTGGGGTCCCATCA
AGGTTCAGCGGCAGTGGATCTGGGACAGAATTCTCTCTCACAATCTCCAGCCTGCAGCCT
GAAGATTTTGCAACTTATTACTGTCTACAGCATAATAGTTACCCGTGGACGTTCGGCCAA

CGGACCAAGGTGGAAATCAAAC

L.ight Chain Protein:
DIQMTQSPSSLSASVGDRVTITCRAGQGIRNDLGWYQQKPGKAPQRLIYAASSLQSGVPS
RFSGSGSGTEFSLTISSLQPEDFATYYCLQHNSYPWTFGQGTKVEIK

Antibody U1-35

Heavy Chain DNA:
CAGGTGCAGCTGGTGGAGTCTGGGGGAGGCTTGGTCAAGCCTGGAGGGTCCCTGAGACTC

TCCTGTGCAGCCTCTGGATTCACCTTCAGTGACTACTACATGAGCTGGATCCGCCAGGCT
CCAGGGAAGGGGCTGGAGTGGGTTTCATATATTAGTAGTAGTGGTAATAACATATACCAC
GCAGACTCTGTGAAGGGCCGATTCACCATCTCCAGGGACAACGCCAAGAACTCACTGTAT
CTGCAAATGAACAGCCTGAGAGCCGAGGACACGGCCGTGTATTACTGTGCGAGAGAGAGA
TATAGTGGCTACGACGACCCTGATGGTTTTGATATCTGGGGCCAAGGGACAATGGTCACC

GTCTCT'TCA

Heavy Chain Protein:
QVQLVESGGGLVKPGGSLRLSCAASGFTFSDYYMSWIRQAPGKGLEWVSYISSSGNNIYH

ADSVKGRFTISRDNAKNSLYLQMNSLRAEDTAVYYCARERYSGYDDPDGFDIWGQGTMVT

VSS

Light Chain DNA:
GACATCCAGATGACCCAGTCTCCATCCTCCCTGTCTGCATCTGTAGGAGACAGAGTCACC

ATCACTTGCCAGGCGAGTCAGGACATTAGCAACTATTTAAGTTGGTTTCAGCAGAAACCA
GGGAAAGCCCCTAAGCTCCTGATCCACGATGCATCCAATTTGGAAACAGGGGTCCCTTCA
AGGTTCAGTGGAAGTGGATCTGGGACAGATTTTACTTTCACCATCAGCAGCCTGCAGCCT
GAAGATATTGCAACATATTACTGTCAACAGTATGATAATCCCCCGTGCAGTTTTGGCCAG

GGGACCAAGCTGGAGATCAAA
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168 Light Chain Protein:
DIQMTQSPSSLSASVGDRVTITCQASQDISNYLSWFQQKPGKAPKLLIHDASNLETGVPS

RFSGSGSGTDFTFTISSLQPEDIATYYCQQYDNPPCSFGQGTKLEIK

Antibody U1-36

169 Heavy Chain DNA:
CAGGTGCAGCTGCAGGAGTCGGGCCCAGGACTGGTGAAGCCTTCACAGACCCTGTCCCTC

ACCTGCACTGTCTCTGGTGGCTCCATCAGCAGTGGTTATTACTACTGGAGCTGGATCCGC
CAGCACCCAGGGAAGGGCCTGGAGTGGATTGGGTACATCTATTACAGTGGGACCACCTAC
TACAATCCGTCCTTCAAGAGTCGAGTTACCATATCAGTAGACACGTCTAAGAACCAGTTC
TCCCTGAAACTGAGCTCTGTGACTGCCGCGGACACGGCCGTGTATTACTGTGCGAGAGCC
GATTACGATTTTTGGAGTGGTCACTTTGACTACTGGGGCCAGGGAACCCTGGTCACCGTC

TCCTCA

170 Heavy Chain Protein:
QVQLQESGPGLVKPSQTLSLTCTVSGGSISSGYYYWSWIRQHPGKGLEWIGYIYYSGTTY

YNPSFKSRVTISVDTSKNQFSLKLSSVTAADTAVYYCARADYDFWSGHFDYWGQGTLVTV

35

171 Light Chain DNA:
GACATCCAGATGACCCAGTCTCCATCCTCCCTGTCTGCATCTGTAGGAGACAGAGTCACC

ATCACTTGCCGGGCAAGTCAGGGCATTAGAAATGATTTAGGCTGGTATCAGCAGAAACCA
GGGAAAGCCCCTAAGCGCCTGATCTATGCTGCATCCAGTTTGCAAAGTGGGGTCCCATCA
AGGTTCAGCGGCAGTGGATCTGGGACAGAATTCACTCTCACAATCAGCAGCCTGCAGCCT
GAAGATTTTGCAACTTATTACTGTCTACAGCATAATAGTTACCCGTGGACGTTCGGCCAA

GGGACCAAGGTGGAAATCAAA

172 Light Chain Protein:
DIQMTQSPSSLSASVGDRVTITCRASQGIRNDLGWYQQKPGKAPKRLIYAASSLQSGVPS

RFSGSGSGTEFTLTISSLQPEDFATYYCLQHNSYPWTFGQGTKVEIK

Antibody U1l-37

173 Heavy Chain DNA:
CAGGTTCAGCTGGTGCAGTCTGGAGCTGAGGTGAAGAAGCCTGGGGCCTCAGTGAAGGTC

TCCTGCAAGGCTTCTGGTTACACCTTTACCAGCTATGGTATCAGCTGGGTGCGACAGGCC
CCTGGACAAGGACTTGAGTGGATGGGATGGATCAGCGCTTACGATGGTCACACAAACTAT
GCACAGAAGCTCCAGGGCAGAGTCACCATGACCACAGACACATCCACGAACACAGCCTAC
ATGGAGCTGAGGAGCCTGAGATCTGACGACACGGCCGTTTATTACTGTGCGAGAGACCCC
CATGACTACAGTAACTACGAGGCTTTTGACTTCTGGGGCCAGGGAACCCTGGTCACCGTC

TCCTC

174 Heavy Chain Protein:
QVQLVQSGAEVKKPGASVKVSCKASGYTFTSYGISWVRQAPGQGLEWMGWISAYDGHTNY

AQKLQGRVTMTTDTSTNTAYMELRSLRSDDTAVYYCARDPHDYSNYEAFDFWGQGTLVTV
S

175 Light Chain DNA
atgaggtcccctgctcagctcctggggctcctgctactctggctccgaggtgccaqatgtg

acatccagatgacccaqtctccatcctccctqtctgcatctgtaggaqacagagtcaccat
cacttgccgggcaagtcagagcattagcaqttatttaaattgqtatcagcaqaaaccaggg
aaagcccctaacctcctgatctatgctgcatccagtttgcaaagtggggtcccatcaagat
tcagtggcagtgqatctgggacagatttcactctcaccatcaqcagtctgcaacctqaaga
ttttgcaacttactactgtcaacagagttacagtacccccatcaccttcggccaagggaca
gagattaaacgaactgtqgctgcaccatctgtcttcatcttcccgccatctgatg

cgactg
cctgctgaataacttctatcccagaga

agcagttgaaatctggaactgcctctqttgtgtg
gqccaaagtacagtggaaqgtqqataacgcc
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176 Light Chain Protein:
DIQMTQSPSSLSASVGDRVTITCRASQSISSYLNWYQQKPGKAPNLLIYAASSLQSGVPSR

FSGSGSGTDFTLTISSLQPEDFATYYCQQSYSTPITFGQGTRLEIK

Antibody Ul-34
177 Heavy Chain DNA:

accatggactggacctggagqgtccttttcttggtggcagcagcaacaggtgcccactccca
qgttcaqctggtgcagtctggagctqaggtgaagaagcctggggcctcagtgaaggtctcct
gcaaggcttctggttacacctttaccaactatggtatcagétgggtgcggcaqgcccctgga
caagqgcttgagtqgatgggatggatcagcgcttacgatqqttacagaaactatgcacagaa
qctccagqgcagagtcaccatgaccacagacacatccacgaccactqcctacatgqagctga
qqagcctqagatctgacgacacggccgtgtattactgtgcgagagatgttcaaqactacggt
gactacgactactttgactactgggqccagggaaccctqqtcaccgtctcctcagcttccac
caagggcccatccqtcttccccctggtgccctgctccaqqagcacctccgaqagcacaqccg
ccctgggctqcctggtcaaggactacttccccqaaccg

178 Heavy Chain Protein
QVQLVQSGAEVKKPGASVKVSCKASGYTFTNYGISWVRQAPGQGLEWMGWISAYDGYRNYA

QKLQGRVTMTTDTSTTTAYMELRSLRSDDTAVYYCARDVQDYGDYDYFDYWGQGTLVTVSS

179 Light Chain DNA:
cagctcctggqgctcctgctactctqqctccgagqtgccagatgtgacatccagatgaccc
agtctccatcctccctgtctgcatctgtaggagacagaqtcaccatcacttqccgggcaag
tcagagcattagcagttatttaaattggtatcaqcagaaaccagggaaagcccctaacctc
ctgatctatgctgcatccagtttgcaaagtggqgtcccatcaagattcagtggcagtggat
ctgggacagatttcactctcaccatcagcagtctqcaacctgaagattttgcaacttacta
ctgtcaacagaqttacagtacccccatcaccttcggccaagggacacqactqgagattaaa
cgaactgtggctgcaccatctgtcttcatcttcccqccatctgatgagcagttgaaatctg
gaactqcctctqttgtgtqcctgctgaataacttctatcccagagaggccaaagtacaqtq

gaaggtggataacgce

180 Light Chain Protein:
DIQMTQSPSSLSASVGDRVTITCRASQSISSYLNWYQQKPGKAPNLLIYAASSLQSGVPSR

FSGSGSGTDFTLTISSLQPEDFATYYCQQSYSTPITFGQGTRLEIK

Antibody Ul-1
181 Heavy Chain DNA:

catctgtgqttcttcctcctgctgqtggcagctcccagatgggtcctgtcccaggtgcagc
tgcaggagtcgggcccaggactggtgaagccttcacagaccctgtccctcacctgcactgt
ctctggtggctccatcaacagtggtgattactactqgagctqqatccqccagcacccaqgg
aaggqcctggagtggattgggtacatctattacagtqggagcacctactacaacccgtccc
tcaagagtcgagttaccatatcaqtagacacgtctaagaaccagttctccctgaagctgag
ctctgtgactgccgcqgacacqgccqtgtattactgtgcgagagcagattacgatttttgg
agtggttactttqactactggqgccagggaaccctggtcaccgtctcctcagcctccacca
agggcccatcggtcttccccctgqcaccctcctccaagagcacctctqggggcacaacggc

cctgg
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182 Heavy Chain Protein
QVQLQESGPGLVKPSQTLSLTCTVSGGSINSGDYYWSWIRQHPGKGLEWIGYIYYSGSTYY
NPSLKSRVTISVDTSKNQFSLKLSSVTAADTAVYYCARADYDFWSGYFDYWGQGTLVTVSS

163 Light Chain DNA:
atgagqqtccctqctcagctcctnggctcctgctgctctggttcccaqgtgccaggtgtga
catccaqatgacccagtctccatcctccctqtctqcatctgtaggaqacaqagtcaccatca
cttqccgggcaagtcagggcattagaaatgatttagqctggtatcagcagaaaccagqgaaa
gcccctaagcgcctgatctatgctgcatccagtttgcaaagtgqqgtcccatcaaggttcag
cqqcaqtggatctgggacaqaattcactctcacaatcagcagcctgcagcctgaagattttg
caacttattactgtctacaqcataatagttacccgtqqacgttcggccaagqgaccaaggtg
gaaatcaaacgaactgtggctqcaccatctqtcttcatcttcccgccatctgatgaqcagtt
gaaatctggaactgcctctqttgtgtgcctgctqaataacttctatcccaqagagqccaaag
tacagtggaaggtggataacgc

184 Light Chain Protein
DIQMTQSPSSLSASVGDRVTITCRASQGIRNDLGWYQQKPGKAPKRLIYAASSLQSGVPSR
FSGSGSGTEFTLTISSLQPEDFATYYCLQHNSYPWTFGQGTKVEIK

Antibody Ul-3
185 Heavy Chain DNA:

tggttcttccttctgctqgtggcaqctcccagatgggtcctgtcccaggtgcagctgcagga
gtcgggcccagqactgqtgaagccttcacagaccctgtccctcacctgcactgtctctggtg
gctccatcagcaqtgqtggttactactggagctqgatccgccagcacccagggaaggqcctg
gagtggattggqtacatctattacagtggqagcacctactacaacccgtccctcaagagtcg
aqttaccatatcagtagacacgtctaagaaccagttctccctgaaqctqagctctgtgactg
ccgcggacacgqccgtgtattactgtgcgagagatggctatqataqtagtggttattaccac
qgctactttqactactggggccagqgaaccctggtcaccgtctcctcagcctccaccaaggg
cc

186 Heavy Chain Protein
QVQLQESGPGLVKPSQTLSLTCTVSGGSISSGGYYWSWIRQHPGKGLEWIGYIYYSGSTYY
NPSLKSRVTISVDTSKNQFSLKLSSVTAADTAVYYCARDGYDSSGYYHGYFDYWGQGTLVT

VSS

187 Light Chain DNA:

H3_130_1N1K
caqqtcttcatttctctqttgctctgqatctctqgtqcctacggggacatcgtgatgaccc
aqtctccagactccctgqctgtgtctctgqchagaqggccaccatcaactgcaagtccag
ccaqagtgttttatacagctccaacaataagaactacttagcttggtaccagcagaaacca
ggacagcctcctaagctgctcatttactggqcatctacccgqgaatccggqgtccctgacc
gattcaqtggcagcgggtctgggacagatttcactctcaccatcagcagcctgcagqctga
agatgtggcagtttattactgtcagcaatattataqtactccgctcactttcggcgqaqgg
accaaggtqgagatcaaacqaactgtgqctqcaccatctgtcttcatcttcccqccatctg
atgagcagttgaaatctggaactqcctctqttqtgtqcctgctgaataacttctatcccag
agaggccaaaqtacagtggaaggtgqataacgc

188 Light Chain Protein:
DIVMTQSPDSLAVSLGERATINCKSSQSVLYSSNNKNYLAWYQQKPGQPPKLLIYWASTRE
SGVPDRFSGSGSGTDFTLTISSLQAEDVAVYYCQQYYSTPLTFGGGTKVEIK



9930 of 10951 Eon?(l)l3s§
X.

WO 2007/077028
106 PCT/EP2006/012632

Aantibody Ul-4
H3_133_1N1Gl
189 Heavy Chain DNA

ctgtggttcttcctcctgctggtggcagctcccagatgggtcctgtcccaggtgcaqctgca
gqagtcgggcccaggactggtgaagccttcacagaccctgtccctcacctgcactgtctctg
gtggctccatcagtaqtggtgattactactggagctggatccqccagcacccagggaaqggc
ctggagtggattgggtacatctattacagtgqgagcacctactacaacccqtccctcaagag
tcgagttaccatatcagtagacacgtctaagaaccaqttctccctgaagttgagctctgtga
ctgccgcggacacqgccgtgtattactgtgcgagagccgattacgatttttggagtggttat
tttgactactggggccagggaaccctggtcaccgtctcctcagcctccaccaaggqcccatc
ggtcttccccctggcaccctc

190 Heavy Chain Protein
QVQLQESGPGLVKPSQTLSLTCTVSGGSISSGDYYWSWIRQHPGKGLEWIGYIYYSGSTYY

NPSLKSRVTISVDTSKNQFSLKLSSVTAADTAVYYCARADYDFWSGYFDYWGQGTLVTVSS

191 Light Chain DNA

H3_133_1N1K
gtgcccqctcagcgcctggggctcctgctgctctqgttcccaggtgccaggtgtgacatcc

aqatgacccagtctccatcctccctgtctgcatctgtaggagacagagtcaccatcacttg
ccqggcaaqtcagggcattagaaatgatttagqctggtatcagcagaaaccagggaaagcc
cctaagcgcctgatctatgctgcatccaqtttqcaaagtggggtcccatcaaggttcagcg
gcagtggatctgggacagaattcactctcacaatcagcagcctgcagcctgaagattttqc
aacttattactgtctacagcataataattacccgtggacgttcggccaaggqaccaaggtg
gaaatcaaacgaactgtggctgcaccatctgtcttcatcttcccgccatctgatgagcagt

tgaaatctggaactg

192 Light Chain Protein
DIQMTQSPSSLSASVGDRVTITCRASQGIRNDLGWYQQKPGKAPKRLIYAASSLQSGVPSRF

SGSGSGTEFTLTISSLQPEDFATYYCLQHNNYPWTFGQGTKVEIK

Antibody Ul-5
193 Heavy Chain DNA:

H3_138_1N1G1
tqgttcttccttctgctggtqgcagctcccagatgggtcctgtcccaggtqcagctgcagga
gtcgggcccaqgactqgtgaaqccttcacagaccctgtccctcacctgcactqtctctggtg
gctccatcagcagtggtgattactactggagctggatccgccagcacccaqqqaagggcctg
gagtggattgggtacatctattacagtgggagcacctactacaacccgtccctcaagagtcg
agttaccatatcagtagacacgtctaagaaccagttctccctgaagctgaqctctgtqactq
ccgcggacacggccgtgtatttctgtchagagccgattacqatttttggaqtgqttatttt
gactactggqgccaggqaaccctgqtcaccgtctcctcagcctccaccaaqggcc

194 Heavy Chain Protein
QVQLQESGPGLVKPSQTLSLTCTVSGGSISSGDYYWSWIRQHPGKGLEWIGYIYYSGSTYYN

PSLKSRVTISVDTSKNQFSLKLSSVTAADTAVYFCARADYDFWSGYFDYWGQGTLVTVSS

1951ight Chain DNA:
H3_138_1N1K
atqagggtccccgctcagctcctggggctcctgctgctctggttcccaggtgccaggtgtga
catccagatgacccagtctccatcctccctgtctqcatctqtaggagacagagtcaccatca
cttgccgggcaagtcagggcattaqaaatgatttaggctgqtatcagcagaaaccagggaaa
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gcccctaagcqcctgatctatgctgcatccagtttgcaaagtggggtcccatcaaggttcag
cggcagtggatctgggacaqaattcactctcacaatcagcaqcctqcagcctgaagattttg
caacttattactqtctacagcataatacttacccqtgqacgttcggccaagggaccaaggtg
gaaatcaaacgaactgtggctgcaccatctgtcttcatcttcccgccatctgatqagcagtt
gaaatctqgaactgcctctgttgtgtgcctgctgaataacttctatcccagaqaggccaaag

tacagtggaaggtggataacge

196 Light Chain Protein
DIQMTQSPSSLSASVGDRVTITCRASQGIRNDLGWYQQKPGKAPKRLIYAASSLQSGVPS

RFSGSGSGTEFTLTISSLQPEDFATYYCLQHNTYPWTFGQGTKVEIK

Antibody UL-6

197 Heavy Chain DNA:
H3 162 1N1G1L .
tgqttcttccttctgctggtggcagctcccaqatgggtcctgtcccaggtgcagctgcagga
gtcgggcccaggactggtgaagccttcacaqaccctgtccctcacctgcactgtctctggtg
gctccatcagcaqtggtgattactactggagctggatccgccagcacccagggaagggcctg
gagtggattgggtacatctattacagtqggaqcacctactacaacccgtccctcaagagth
agttaccatatcagtagacacgtctaagaaccaqttctccctgaagctgagctctgtgactq
ccgcggacacggccgtgtatttctgtgcgagagccgattacgatttttggaatggttatttt
qactactggggccaqggaaccctggtcaccgtctcctcaqcctccaccaagggccc

198 Heavy Chain Protein
QVQLQESGPGLVKPSQTLSLTCTVSGGSISSGDYYWSWIRQHPGKGLEWIGYIYYSGSTY

YNPSLKSRVTISVDTSKNQFSLKLSSVTAADTAVYFCARADYDFWNGYFDYWGQGTLVTV
SS

199 Light Chain DNA:

H3_162_1N1K
atgagggtccccqctcaqctcctggggctcctgctgctctggttcccaggtgccaggtgtqa

catccagatgacccagtctccatcctccctgtctgcatctgtaggagacagagtcaccatca
cttgccgggcaaqtcagggcattagaaatqatttaggctggtatcagcagaaaccagggaaa
gccdctaagcgcctgatctatgctgcttccagtttgcaaagtggggtcccatcaaqgttcag
cggcagtggatctgggacagaattcactctcacaatcagcagcctgcagcctqaagattttg
caacttattactgtctacagcataatacttacccgtggacgttcggccaagggaccaaggtg
qaaatcaaacgaactgtggctgcaccatctgtcttcatcttcccgccatctgatgagcagtt
gaaatctggaactgcctctgttgtgtgcctgctgaataacttctatcccagagaggccaaag

tacagtggaaggtggataacgcc

200 Light Chain Protein
DIQMTQSPSSLSASVGDRVTITCRASQGIRNDLGWYQQKPGKAPKRLIYAASSLQSGVPS

RFSGSGSGTEFTLTISSLQPEDFATYYCLQHNTYPWTFGQGTKVEIK

Antibody Ul-8
201 Heavy Chain DNA:

H3_174_1N1Gl
ttggtggcagcagctacagqcacccacgcccaggtccagctgqtacagtctggggctgagqt

gaaqaagcctggggcctcagtgaaggtctcctgcaaggtttccggatacaccctcactgaat
tatccatgtactgggtgcgacaggctcctggaaaagggcttgagtggatgqgaqgttttgat
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cctgaagatggtgaaacaatctacqcacagaaqttccagqgcagagtcaccatqaccgagga
cacatctacagacacagcctacatggagctgagcagcctqagatctgaggacacqqccgtgt
attactgtgcaactgggtggaactacgtctttgactactggggccagggaaccctqgtcacc
gtctcctecagccteccaccaagggcecc

202 Heavy Chain Protein
QVQLVQSGAEVKKPGASVKVSCKVSGYTLTELSMYWVRQAPGKGLEWMGGFDPEDGETIYA

QKFQGRVTMTEDTSTDTAYMELSSLRSEDTAVYYCATGWNYVFDYWGQGTLVTVSS

203 Light Chain DNA:

H3_174_1N1K
ggatccagtggggatattgtqatgactcagtctccactctccctgcccgtcacccctggaga

qccggcctccatctcctgcaggtccagtcagagcctcctqcatagtaatggatacaactatt
tqgattggtacctgcagaagccagggcagtctccacagctcctgatctatttggattctcat
cgggcctccggggtccctgacaqgttcagtqqcagtggatcaggcacagattttacactgaa
aatcagcagagtggaggctgaggatgttggggtttattactgcatgcaagctctacaaactc
cgctcactttcggcggagggaccaaggtgqagatcaaacgaactgtggctgcaccatctgtc

ttcatcttcccgeceat

204 Light Chain Protein
DIVMTQSPLSLPVTPGEPASISCRSSQSLLHSNGYNYLDWYLQKPGQSPQLLIYLDSHRA

SGVPDRFSGSGSGTDFTLKISRVEAEDVGVYYCMQALQTPLTFGGGTKVEIK

Antibody U1-11
205 Heavy Chain DNA:

H3_178_1N1G1
tggttcttccttctqctqqtqqcagctcccagatgqgtcctgtcccaggtgcagctgcagqa
gtcgggcccaggactggtqaagccttcacagaccctgtccctcacctgcactgtctctggtq
gctccatcagcagtggtqattactactggagctggatccgccagcacccagggaagggcctg
gagtggattgggtacatctattacaqtgggagcacctactacaacccgtccctcaagagtcg
agttaccatatcagtagacacqtctaagaacCagttctccctgaagctgagctctgtgactg
ccgcggacacggccqtgtatttctgtgcgaqagccgattacgatttttggagtggttatttt
gactactgggqccagggaaccctggtcaccgtctcctcagcctccaccaagggcccatcgag

tcttcceccetgg

206 Heavy Chain Protein
QVQLQESGPGLVKPSQTLSLTCTVSGGSISSGDYYWSWIRQHPGKGLEWIGYIYYSGSTY

YNPSLKSRVTISVDTSKNQFSLKLSSVTAADTAVYFCARADYDFWSGYFDYWGQGTLVTV
sSs

207 Light Chain DNA:

H3 178 1N1K
atgagggtccccgctcagctcctggggctcctgctgctctggttcccaggtgccaqgtgtg
acatccagatgacccaqtctccatcctccctgtctgcatctgtaggagacagagtcaccat
cacttqccgggcaagtcaqggcattagaaatgatttaggctgqtatcagcagaaaccaggq
aaagcccctaagcgcctgatctatgctgcatccagtttgcaaagtgggqtcccatcaaggt
tcagcggcaqtqgatctqggacaaaattcactctcactatcaqcagcctgcagcctgaaga
ttttgcaacttattactgtctacagcataatacttacccgtggacgttcggccaagggacc
aaggtggaaatcagacgaactgtggctgcaccatctgtcttcatcttcccgccatctgatg
aqcagttgaaatctggaactgcctctgttgtgtqcctgctgaataacttctatcccagaga

ggccaaagtacagtggaagqtggataacqcc
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208 Light Chain Protcin
DIQMTQSPSSLSASVGDRVTITCRASQGIRNDLGWYQQKPGKAPKRLIYAASSLQSGVP

SRFSGSGSGTKFTLTISSLQPEDFATYYCLQHNTYPWTFGQGTKVEIR

Antibody Ul-16
209 Heavy Chain DNA:

H3_221 1N1G1
accatgaaacatctqtgqttcttcctcctgctggtqgcagctcccaqatqggtcctgtccc

aggtgcaqctgcaqqagtcgggcccagqactggtgaagccttcacaqaccctgtccctcac
ctgcactgtctctqgtqqctccatcagcaqtggtgattactactggaqctqgatccgccaq
cacccagqgaagqgcctggagtgqattngtacatctattacaqtngaqcacctactaca
acccgtccctcaagagthagttaccatatcagtagacacgtctaagaaccagttctccct
gaaqctgaqctctgtgactgccchqacacqgccgtgtattactgtgcqagagcggattac
gatttttggaqtggttattttqactactggggccaqqqaatcctqqtcaccgtctcctcaq
cctccaccaaqqqcccatcggtcttccccctggcaccctcctccaaqaacacctctggng
Cacagcggccctgqgctgcctqqtcaaqqactacttccccgaaccggtgacgqtgtcctgg

aactcaggcgccctg

210 Heavy Chain Protein
QVQLQESGPGLVKPSQTLSLTCTVSGGSISSGDYYWSWIRQHPGKGLEWIGYIYYSGSTYY

NPSLKSRVTISVDTSKNQFSLKLSSVTAADTAVYYCARADYDFWSGYFDYWGQGILVTVSS

211 Light Chain DNa:

H3_ 221 1INIK
atgaqqqtccccqctcagctcctqggqctcctqctgctctggttcccaqgtqccaqgtgt
gacatccaqatqacccagtctccatcctccctqtctgcatctgtaqqagacaqagtcacc
atcacttqccggqcaagtcagggcattagaaatqatttaqgctgqtatcagcagaaacca
gggaaaqcccctaagcgcctgatctatgctgcatccagtttgcaaaqtqngtcccatca
agqttcagcqgcagtqgatctggqacaqaattcactctcacaatcaqcaqcctgcagcct
gaaqattttgcaacttattactgtctacagcataatagttacccgtqgacgtthgccaa
ggqaccaaggtqqaaatcaaacgaactqtqgctqcaccatctgtcttcatcttcccgcca
tctgatgagcagttgaaatctggaactgcctctqttgtgtgcctqctgaataacttctat
cccagagaggccaaagtacagtgqaagqtgqataacgcc

212 Light Chain Protein
DIQMTQSPSSLSASVGDRVTITCRASQGIRNDLGWYQQKPGKAPKRLIYAASSLQSGVPSR

FSGSGSGTEFTLTISSLQPEDFATYYCLQHNSYPWTFGQGTKVEIK

Antibody U1-17
213 Heavy Chain DNA:

H3_224_1N1G1
tqgttcttccttctqctgqtggcaqctcccaqatgqqtcctgtcccagqtgcagctqcagg

agtcgqqcccaggactggtgaaqccttcacagaccctqtccctcacctqcactgtctctgg
tgqctccatcagcagtggtgattactactggaqctgqatccqccaqcacccaqqgaaqggc
ctggagtgqattqqatacatctattacaqtgqqaqcacctactacaattcqtccctcaaga
gtcgaqttaccatatcagtagacacgtctaaqaaccagttctccctgaagctgaqctctgt
gactgccchqacacggccqtgtattactgtchagagcgqattacgatttttggagtggt
tattttgactactqggqccaqggaaccctgqtcaccqtctCCtCaqcctccaccaaqggcc

catcg



OnCusp

9934 of 10951 Ex. 1038
WO 2007/077028 110 PCT/EP2006/012632

214 Heavy Chain Protein
QVQLQESGPGLVKPSQTLSLTCTVSGGSISSGDYYWSWIRQHPGKGLEWIGYIYYSGSTYY

NSSLKSRVTISVDTSKNQFSLKLSSVTAADTAVYYCARADYDFWSGYFDYWGQGTLVTVSS

215 Light Chain DNA:

H3_224 1N1K
ggtgccaggtgtgacatccagatgacccaqtctccatcctccctqtctgcatctgtagqaq

acaqagtcaccatcacttgccngcaaqtcagqqcattagaaatqatttagqctggtatca
gcaqaaacctgggaaaqcccctaagcqcctqatctatgctgcatccagtttgcaaagtqqg
qtcccatcaagqttcachqcagtggatctqggacagaattcactctcacaatcaqcaqcc
tqcagcctgaagéttttgcaacttattactgtctacagcacaatagttacccgtqgacqtt
cqqccaangaccaaqqtggaaatcaaacgaactqtqgctgcaccatctgtcttcatcttc

ccgeca

216 Light Chain Protein
DIQMTQSPSSLSASVGDRVTITCRASQGIRNDLGWYQQKPGKAPKRLIYAASSLQSGVPS

RFSGSGSGTEFTLTISSLQPEDFATYYCLQHNSYPWTFGQGTKVEIK

Antibody U1-18
217 Heavy Chain DNA:

H3_227_1N1Gl1
agqttcttccttctgctggtggcagctcccagatqqgtcctqtcccagqtqcagctgcaqg

aqtcgggcccaggactgqtgaagccttcacaqaccctgtccctcacctgcactgtctctgg
tqgctccatcagcagtggtgattactactggagctqgatccqccaqcacccaggqaangc
ctqgagtqqattgqatacatctattacagtgggagcacctactacaacccgtccctcaaga
gthagttaccatatcagtaqacacqtctaagaaccagttctccctqaagctgaqctctgt
qactgccgcggacacgqccgtgtattactgtgcgagaqccqattacgatttttgqagtggt
tattttqactactggqqccaqqqaaccctggtcaccqtctcctcaqcctccaccaagggcc
catcggtcttccccctggcaccctcctccaagaqcacctctgqgggcacagcqgccctqgg
ctgcctqqtcaagqactacttccccqaaccqgtqacqqtgthtggaactcaggcgccct

218 Heavy Chain Protein
QVOLQESGPGLVKPSQTLSLTCTVSGGSISSGDYYWSWIRQHPGKGLEWIGYIYYSGSTYY

NPSLKSRVTISVDTSKNQFSLKLSSVTAADTAVYYCARADYDFWSGYFDYWGQGTLVTVSS

219 Light Chain DNA:

H3 227_1N1K
atgaqqgtccccgctcaqctcctqggqctcctgctqctctggttcccaqqtqccaqgtqtga

catccagatgacccaqtctccatcctccctgtctgcatctqtaqgagacagagtcaccatca
cttgccgggcaagtcaqqgcattagaaatgatttaqgctqgtatcagcaqaaaccangaaa
gcccctaachcctgatctatgctqcatccagtttgcaaagtgggqtcccatcaagqttcaq
cggcagtqqatctqqqacagaattcactctcacaatcagcagcctqcagcctgaaqattttq
caacttattactgtctacaqcataatagttacccgtggacgtthqccaagqqaccaaqgtq
gaaatcaaacqaactqtggctgcaccatctqtcttcatcttcccqccatctqatgagcagtt
gaaatctqqaactgcctctgttgtgtqcctqctqaataacttctatcccaqaqaggccaaaq

tacagtggaaggtggataacg

220 Licht Chain Protein
DIQMTQSPSSLSASVGDRVTITCRASQGIRNDLGWYQQKPGKAPKRLIYAASSLQSGVPS

RFSGSGSGTEFTLTISSLQPEDFATYYCLQHNSYPWTFGQGTKVEIK
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Antibody U1-33
221 Heavy Chain DNA:

Ha_ 14 1N1G4
ctgtggttcttccttctgctgqtqgcagctcccaqatgggtcctgtcccaggtqcagctgc

aggagtcgggcccaqgactggtgaagccttcacagaccctgtccctcacctgcactgtctc
tggtggctccatcagcagtggtgattactactggagctggatccqccagcacccagggaag
ggcctgqagtggattgggtacatctattacagtgggagcacctactacaacccgtccctca
agagtcgagttaccatqtcagtagacacgtctaagaaccagttctccctqaagctgagctc
tgtgactgccgcggacacggccgtgtattactgtchagagccgattacqatttttggagt
ggtcactttgactgctggggccagggaaccctggtcaccgtctcctcagcttccaccaagg
geccccatcegtetteecececo

222 Heavy Chain Protein
QVQLQESGPGLVKPSQTLSLTCTVSGGSISSGDYYWSWIRQHPGKGLEWIGYIYYSGSTYY

NPSLKSRVTMSVDTSKNQFSLKLSSVTAADTAVYYCARADYDFWSGHFDCWGQGTLVTVSS

223 Light Chain DNA:

H4_14 1NI1K
atgaggqtccccgctcagctcctggggctcctgctgctctggttcccaggtgccaggtgtga

catccagatgacccagtctccatcctccctgtctgcatctgtaggagacagagtcaccatca
cttgccgggcaagtcaggqcattagaqatgatttaggctggtatcagcaqaaaccagggaaa
gcccctaagcgcctqatctatqctgaatccagtttgcaaagtggggtcccatcaaggttcag
cggcagtggatctgggacagaattcactctcacaatcagcagcctgcagcctqaagattttg
caacttattactqtctacagcatcatagttacccgtggacgttcggccaagggaccaaggtq
gaaatcaaacgaactgtgqctqcaccatctgtcttcatcttcccgcc ’

224 Light Chain Protein
DIQMTQSPSSLSASVGDRVTITCRASQGIRDDLGWYQQKPGKAPKRLIYAESSLQSGVPSR

FSGSGSGTEFTLTISSLQPEDFATYYCLQHHSYPWTFGQGTKVEIK

Antibody Ul-29
225 Heavy Chain DNA:

H4 107_1N1G4
tggctgagctgggttttccthttgctcttttaagaggtgtccaqtgtcaggtqcagctgg

tggagtctgggggaggcgtggtccagcctgggaggtccctgagactctcctgtgcagcgtc
tggattcaccttcaatagctatgacatgcactgggtccgccaqgctccaggcaaggggctg
qagtgggtggcagttatatggtatgatggaagtaataaatactatgcagactccgtgaagg
gccgattcaccatctctaqagacaattccaagaacacgctgtatctgcaaatgaacagcct
gagagccgaqgacacggctgtgtattactgtgcgagagaccgcttgtgtactaatggtgta
tgctatgaagactacggtatggacgtctggggccaaqqgaccacggtcaccgtctcctcag
cttccaccaagggcccatccgtcttccccctgchccctqctccagqagcacctccgagag

cacagccgceccectgggce

226 Heavy Chain Protein
QVQLVESGGGVVQPGRSLRLSCAASGFTFNSYDMHWVRQAPGKGLEWVAVIWYDGSNKYYA

DSVKGRFTISRDNSKNTLYLQMNSLRAEDTAVYYCARDRLCTNGVCYEDYGMDVWGQGTTV
TVSS

227 Light Chain DNA:

H4_107_1N1K
atgagggtccctqctcagctcctggqqctcctgctgctctggctctcaggtgccagatgtga

catccagatgacccagtctccatcctccctgtctgcatctgtaggagacagagtcaccatca
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cttqccaggcqagtcaggacattaqcaactatttaaattggtatcagcaqaaaccagggaaa
gcccctaaqgtcctgatctacqatgcatccaatttggaaacaggggtéccatcaaggttcag
tggaagtgqatctgggacagattttactttcaccatcagcagcctgcagcctqaagatgttg
caacatattactgtcaacactatgatactctcccgctcactttcggcggagggaccaaggtg
gagatcaaacqaactgtggctqcaccatctgtcttcatcttcccgccatctgatgagcagtt
gaaatctggaactgcctctgttgtqtgcctgctgaataacttctatcccagaqaqgccaaag

tacagtag

228 Light Chain Protein
DIQMTQSPSSLSASVGDRVTITCQASQDISNYLNWYQQKPGKAPKVLIYDASNLETGVPSR

FSGSGSGTDFTFTISSLQPEDVATYYCQHYDTLPLTFGGGTKVEIK

Antibody U1-30
229 Heavy Chain DNA:

H4 116_1_ 1N1G4
qqactgtgcaagaacatgaaacacctgtgqttcttcctcctqctqqtggcagctcccagatg
qqtcctgtcccaggtgcagctgcaggagtcggqcccaggactggtgaagcctttacagaccc
tgtccctcacctgcactgtctctggtggctccatcagcagtqqtgattactactqgagctgg
atccgccagcacccagqgaagggcctgqagtggattgqgtacatctattacagtgggaccac
ctactacaacccgtccctcaagagtcgagttaccatatcagtagacacgtctaagaaccagt
thccctgaagctgaactctgtgactgccgcgqacacqgccgtgtattactgtgcgagaqcc
qattacgatttttggaqtqgttattttgactactgggqccagggaaccctggtcaccgtctc
ctcagcttccaccaagqgcccatccgtcttccccctqq

230 Heavy Chain Protein
QVQLQESGPGLVKPLQTLSLTCTVSGGSISSGDYYWSWIRQHPGKGLEWIGYIYYSGTTYY

NPSLKSRVTISVDTSKNQFALKLNSVTAADTAVYYCARADYDFWSGYFDYWGQGTLVTVSS

231 Light Chain DNA:
H4_116_1 1IN1K
atgagggtccctgctcagctcctgqggctcctgctgctctggttcccaggtgccaggtgtg
acatccagatgacccagtctccatcctccctgtctgcatctgtaggagacagagtcaccat
cacttgccgggcaggtcagggcattagaaatqatttaggctggtatcagcagaaaccaqgg
aaagcccctcachcctgatctatgctgcatccagtttgcaaagtggggtcccatcaaggt
tcagcggcagtggatctgggacagaattctctctcacaatctccagcctgcagcctgaaga
_ttttgcaacttattactgtctacaqcataatagttacccgtggacgttcggccaaggqacc
aaggtggaaatcaaacgaactgtggctqcaccatctgtcttcatcttcccgccatctgatg
agcagttgaaatctggaactgcctctqttqtgtgcctgctgaataacttctatcccaqaga
ggccaaagtacagtggaaggtggataacgcccttccaatcggg

Light Chain Protein
DIQMTQSPSSLSASVGDRVTITCRAGQGIRNDLGWYQQKPGKAPQRLIYAASSLQSGVPSR

FSGSGSGTEFSLTISSLQPEDFATYYCLQHNSYPWTFGQGTKVEIK

o
(9]
I



OnCusp

9937 of 10951 Ex. 1038
WO 2007/077028 PCT/EP2006/012632

-113-

SEQUENCE LISTING

Primer (SEQ ID NO: 233):
CGGGATCCATGTCCTAGCCTAGGGGC

10 Primer (SEQ ID NO: 234):
GCTCTAGATTAATGATGATGATGATGATGTTSTCCTAAA
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Table of CDR Sequences
Ab chain Pat. ID: CDR1 CDR2 CDR3
heavy GGSINSGDYYWS ADYDFWSGYFDY
u1-1 YIYYSGSTYYNPSLKS
light RASQGIRNDLG AASSLQS LQHNSYPWT
heavy GGSISSGDYYWS ADYDFWSGYFDY
u1-2 YIYYSGSTYYNPSLRS
light RASQGIRNDLG AASSLQS LOHNGYPWT
heavy GGSISSGGYYWS DCYDSSGYYHGYFDY
YIYYSGSTYYNPSLKS
U1-3
light WASTRES QQYYSTPLT
KSSQSVLYSSNNKNYLA
heavy GGSISSGDYYWS ADYDFWSGYFDY
u1i-4 YTYYSGSTYYNPSLKS
light RASQGIRNDLG AASSLQS LQHNNYPWT
heavy GGSISSGDYYWS ADYDFWSGYFDY |
YIYYSGSTYYNPSLKS
U1-5
light RASQGIRNDLG AASSLQS LQENTYPWT
heavy GGSISSGDYYWS ADYDFWNGYFDY
u1-6 vIYYSGSTYYNPSLKS
light RASQGIRNDLG AASSLQS LOHNTYPWT
heavy GGSISSGDYYWS ADYDFWSGYFDY
YIYYSGSTYYNPSLKS
u1-7
light RASQDIRNDLG AASSLQOS LOHNSYPWT
heavy GYTLTELSMY GWNYVFDY
GFDPEDGETIYAQKFQG
u1-8
1ight LDSHRAS MOALQTPLT b
RSSQSLLHSNGYNYLD
heavy CCSISSGDYYWS ADYDFWNGYFDY
u1-9 YIYYSGSTYYNPSLKS
light RASQDIRNDLG AASSLQS LQHNSYPWT
heavy GGSISSGDYYWS ADYDFWSGYFDY
u1-10 vIYYSGSTYYNPSLKS
light RASQGIRNDLG AASSLQS LQHNNYPWT
heavy GGSISSGDYYWS ADYDFWSGYFDY
ut-11 YIYYSGSTYYNPSLKS
1ight RASQGIRNDLG AASSLQS LQHNTYPWT
heavy GGSISSGDYYWS ADYDFWSGYFDY
Y IYYSGSTYYNPSLKS
U1-12
1light RASQGIRNDLG AASSLQS LOENNYPWT
heavy GGSISSGCYYWS EDDGMDV
U1-13 YIYYSGSTYYNPSLKS
light LGSNRAS MQALQTPIT
RSSQSLLESNGYNYLE
heavy GGSISSCDYYWS ADYDFWSGYFDY
u1-14 YIYYSGSTYYNPSLKS
light RASQGIRNDLG AASSLOS I LOENTYBWT ]
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heavy GGSVSSGGYYHS DGDVDTAMVDAFDI
YIYYSGSTNYNPSLKS
U1t-15
iight RASQSLSGNYLA CASSRAT DQYDRESPLT
heavy GGSISSGDYYWS ADYDFWSGYFDY
U1-16 7 YIYYSGSTYYNPSLKS
light RASQGIRNDLG AASSILQS LOHNSYPWT
heavy GGSISSGDYYWS ADYDFWSGYFDY
YIYYSGSTYYNSSLKS
Ut-17
light RASQGIRNDLG AASSLQS LOHNSYPWT
heavy GGSISSGDYYWS ADYDFWSGYFDY
U1-18 YIYYSGSTYYNPSLKS
light RASQGIRNDLG AASSLQS LOHNSYPWT
heavy GGSISSGDYYWS CDYDFWSGEFDY
uUt-19 YIYYSGSTYYNPSLKS
light sequence not available
heavy GGSISSGGYYWS
YIYDSGSTYYNPSLKS [DQGODGYSYGYGYYYGM
u1-20 DV
light QASQDISNYLN VASNLET QQCDNLPTLT
heavy GGSISSGDYYWS ADYDFWSGYFDY
U1-21 YIYYSGSTYYNPSLKS
light RASQDIRNDLG AASRLQS LQHNSYPWT
heavy GGSISSGDYYWS ADYDFWSGYFDY
ut-22 YIYYSGSTYYNPSLKS
light RASQGIRNDLG AASSLON LQHNSYPWT
heavy GGSISSGDYYWS ADYDFWSGYFDY
YIYYSGSTYYNPSLKS
u1-23
light RASQGIRNDLG AASSLQS LOHNSYPWT
heavy GGSISSGDYYWS ADYDFWNGYFDY
u1-24 YIYYSGSTYYNPSLKS
light RASQGIRNDLG AASSLQS LQHNNYPWT
heavy GGSISSGDYYWS ADYDFWSGYFDY
U1-25 YIYYSGSTYYNPSLKS
light RASQGIRNDLG AASSLQN LQHNSYPWT B
heavy GGSISSGDYYWS ADYDFWSGYFDF
U1-26 YIYYSGSTYYNPSLKS
light ’ RASQGIRNDLG AASSLQS LQHNGYPWT
heavy GGSISSGDYYWS ADYDFWSGYFDF
u1-27 YIYYSGSTYYNPSLKS
light RASQGIRNDLG AASSLQS LOHNGYPWT
heavy GGSISSGDYYWS ADYDFWSGYFDS
uUt1-28 YIYYSGSTYYNPSLKS .
light RASQGIRNDLG AASSLQS LQHNGYPWT
heavy GFTFNSYDMH
VIWYDGSNKYYADSVKG [DRLCTNGVCYEDYGMDV
U1-29
light QASQDISNYLN DASNLET QHYDTLPLT
heavy GGSISSGDYYWS ADYDFWSGYFDY
U1-30 YIYYSGTTYYNPSLKS
light RAGQGIRNDLG AASSLQS LOHNSYPWT




OnCusp

9940 of 10951 Ex. 1038
WO 2007/077028 PCT/EP2006/012632
-116-
heavy GYTFTNYGIS DVQDYGDYDYFDY
WISAYDGYRNYAQKLQOG
U1-31
light BASQSISSYEN AASSLGS CGQSYSTPIT
heavy GGSISSGDYYWS ADYDFWSGYFDY
U1-32 YIYYSGTTYYNPSLKS
light RAGQGIRNDLG AASSLQS LOHNSYPWT
heavy GGSISSGDYYWS ADYDFWSGHFDC
Ut-33 YIYYSGSTYYNPSLKS .
light RASQGIRDDLG AESSLQS LOHHSYPWT
heavy GYTFTNYGIS DVQDYGDYDYFDY
WISAYDGYRNYAQKLQG
Ut-34
light RASQSISSYLN AASSLQS QQSYSTPIT
heavy GFTFSDYYMS : ERYSGYDDPDGFDI
YISSSGNNIYHADSVKG
u1i-35
light QASQDISNYLS DASNLET QQYDNPPCS
heavy GGSISSGYYYWS ADYDFWSCHFDY
YIYYSGTTYYNPSFKS
U1-36
light RASQGIRNDLG BAASSLQS LQHNSYPWT
heavy GYTFTSYGIS DPHDYSNYEAFDF
WISAYDGHTNYAQKLQG
U1-37
light RASQSISSYLN AASSLQS QQSYSTPIT
heavy GFSLSTSGVGVG RDEVRGFDY
LIYWNDDKRYSPSLKS
U1-38
light KVSNWDS MQGAHWPIT
RSSQSLVYSDGYTYLH
heavy GFTVSSNYMS GQWLDV
VIYSGGSTYYADSVKG
U1-39
light LGFHRAS RQALQTPLT
RSSQSLLHSNGYNYLD
heavy GCGSISSGGYYWS DRELELYYYYYGMDV
YIYSSGSTYYNPSLKS
u1-40
1ight LGSNRAS MQALQTPLT
RSSQSLLYSNGYNYLD
heavy GGSISSGGYYWS DRELEGYSNYYGVDV
YIYYSGSTYYNPSLKS
U1t-41
light RASQAISNYLN AASSLQS QONNSLPIT
heavy GYSFTSYWIG HENYGDYNY
IIYPGDSDTRYSPSFQG
U1-42
light RASQSIRSYLN AASSLQS QQSNGSPLT
heavy GGSISSGGYYWS
YIYYSGSTYYNPSLRS |DREREWDDYGDPQGMDV

U143
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light RASQSISSYLH AASSLQS QQSYSNPLT
— i
heavy GYSFTSYWIG HENYCGDYNY
IIWBCEDSDTIYSPSFQG
U1-44
light RASQSIRSYLN AASSLQOS QQSISSPLT
heavy GYTFTSYDIN - FGDLPYDYSYYEWFDP
WMNPNSGDTGYAQVFQG
Ut-45
light RASQSISSYLN AASSLQS QQSYSTPLT
heavy B GDSVS SNSAAWN
RTYYRSKWYNDYAVSVK |[DLYDFWSGYPYYYGMDV
U1-46 S
light sequence not available
heavy GDSVSSNSAAWN DYYGSGSFYYYYGMDV
RTYYRSKWYNDYAVSVK
u1-47 5
light RASQSISSYLN AASNLQS QQSYSTPRT
heavy GGSISSYYWS EAIFGVGPYYYYGMDV
HIYTSGSTNYNPSLKS
u1-48
light seguence not available
heavy GYTFTGYYMH
WINPNIGGTNCAQKFQG |[GGRYSSSWSYYYYGMDV
J1-49
light EVSNRFS MQSMQLPIT
KSSQSLLLSDGGTYLY
heavy GGSVSSGGYYWS
YIYYSGSTNYNPSLXS [GGDSNYEDYYYYYGMDV
U1-50
light RASQSISIYLH AASSLQS QQSYTSPIT
heavy GGSISSYYWS
YIYYSGSTNYNPSLKS |DSSYYDSSGYYLYYYAM
U1-51 DV
light WASTRES QQYYTTPLT
KSSQSVLYSSNNKNYLA
heavy GGSISSGGYYWS GGTGTNYYYYYGMDV
NIYYSGSTYYNPSLKS
U1-52
light RASQSVSSSYLA GASSWAT QRYGSSPLT
heavy GFTFSIYSMN DRGDFDAFDI
YISSSSSTIYYADSVKG
U1-53
light QASQDITNYLN DASNLET QQCENFPIT
heavy GGSVSSGGYYWN DRELELYYYYYGMDV
YINYSGSTNYNPSLKS
U1-55.1
light will be same as Ul-55
heavy U1-55 will be same as Ul-55.1
light LGSNRAS MQALQTPIT
RSSQSLLYSNGYKYLD
jheavy U1-57.1 will be same as Tl1l-57
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light LGSNRAS MQALQTPIT
RSSQOSLLYSNGYKYLD
heavy CGGSYVSSCEGEYYWN DRELELYYYY(YGHDYV
YINYSGSTNYNPSLKS
U1-57
light will be same as Ul-57.1
heavy GFTEFSSYGHMH AARLDYYYGMDV
VIWYDGSNKYYADSVKG
| u1-58 '
light RASQSINSYLN GASGLQS QOSYSSPLT
heavy GGSFEFSGYYWS DKWTWYFDL
EINHSGSTNYNPSLKS
u1-59
light WASTRES OOYYSTPRT
RSSQSVLYSSSNRNYLA
heavy GVSISSGGYYWS DSESEYSSSSNYGMDV
YIYYSGSTYYNPSLKS
. u1-61.1
light RASQTISSYLN AASSLQG QOSYSNPLT
heavy GVSISSGGYYWS DSESEYSSSSNYGMDV
YIYYSGSTYYNPSLKS
U1-61
light will be the same as Ul-61.1
heavy GYSFTSYWIG OMAGNYYYGMDV
IIYPGDSDTRYSPSFQG
U1-62
light RASQSVISIYLA GASSRAT QOYGSSPCS
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Claims
5 1. An isolated binding protein that binds to HER-3,
comprising:
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a heavy chain amino acid sequence that comprises
at least one of the CDR's selected from the group consisting of (a) CDRH1’s
as shown in SEQ ID NOs: 2,6, 10, 14, 18, 22, 26, 30, 34, 36, 40, 42, 46, 50,
54, 60, 62, 66, 70, 74, 78, 80, 84, 88, 92, 96, 100, 104, 108, 112, 116, 120,
122, 126, 130, 134, 138, 142, 146, 150, 154, 158, 162, 166, 170, 174, 178,
182, 186, 190, 194, 198, 202, 206, 210, 214, 218, 222, 226 and 230; (b)
CDRH2's as shown in SEQ ID NOs: 2, 6, 10, 14, 18, 22, 26, 30, 34, 36, 40,
42, 46, 50, 54, 60, 62, 66, 70, 74, 78, 80, 84, 88, 92, 96, 100, 104, 108, 112,
116, 120, 122, 126, 130, 134, 138, 142, 146, 150, 154, 158, 162, 166, 170,
174, 178, 182, 186, 190, 194, 198, 202, 206, 210, 214, 218, 222, 226 and
230; and (c) CDRH3's as shown in SEQ ID NOs: 2, 6, 10, 14, 18, 22, 26, 30,
34, 36, 40, 42, 46, 50, 54, 60, 62, 66, 70, 74, 78, 80, 84, 88, 92, 96, 100,
104, 108, 112, 116, 120, 122, 126, 130, 134, 138, 142, 146, 150, 154, 158,
162, 166, 170, 174, 178, 182, 186, 190, 194, 198, 202, 206, 210, 214, 218,
222, 226 and 230.

2. An isolated binding protein that binds to HER-3,
comprising:

a light chain amino acid sequence that comprises at
least one of the CDR’s selected from the group consisting of: (d) CDRL1’s
as shown in SEQ ID NOs: 4, 8, 12, 16, 20, 24, 28, 32, 38, 44, 48, 52, 56, 58,
64, 68, 72, 76, 82, 86, 90, 94, 98, 102, 106, 110, 114, 118, 124, 128, 132,
136, 140, 144, 148, 152, 156, 160, 164, 168, 172, 176, 180, 184, 188, 192,
196, 200, 204, 208, 212, 216, 220, 224, 228 and 232; (e) CDRL2’s as shown
in SEQ ID NOs: 4, 8, 12, 16, 20, 24, 28, 32, 38, 44, 48, 52, 56, 58, 64, 68,
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72, 76, 82, 86, 90, 94, 98, 102, 106, 110, 114, 118, 124, 128, 132, 136, 140,
144, 148, 152, 156, 160, 164, 168, 172, 176, 180, 184, 188, 192, 196, 200,
204, 208, 212, 216, 220, 224, 228 and 232; and (f) CDRL3’s as shown in
SEQ ID NOs: 4, 8, 12, 16, 20, 24, 28, 32, 38, 44, 48, 52, 56, 58, 64, 68, 72,
76, 82, 86, 90, 94, 98, 102, 106, 110, 114, 118, 124, 128, 132, 136, 140,
144, 148, 152, 156, 160, 164, 168, 172, 176, 180, 184, 188, 192, 196, 200,
204, 208, 212, 216, 220, 224, 228 and 232.

3. The isolated binding protein of Claim 1 or 2, wherein said
binding protein comprises:

a heavy chain amino acid sequence that comprises
at least one of the CDR's selected from the group consisting of (a) CDRH1's
as shown in SEQ ID NOs: 2, 6, 10, 14, 18, 22, 26, 30, 34, 36, 40, 42, 46, 50,
54, 60, 62, 66, 70, 74, 78, 80, 84, 88, 92, 96, 100, 104, 108, 112, 116, 120,
122, 126, 130, 134, 138, 142, 146, 150, 154, 158, 162, 166, 170, 174, 178,
182, 186, 190, 194, 198, 202, 206, 210, 214, 218, 222, 226 and 230; (b)
CDRH2's as shown in SEQ ID NOs: 2, 6, 10, 14, 18, 22, 26, 30, 34, 36, 40,
42, 46, 50, 54, 60, 62, 66, 70, 74, 78, 80, 84, 88, 92, 96, 100, 104, 108, 112,
116, 120, 122, 126, 130, 134, 138, 142, 146, 150, 154, 1568, 162, 166, 170,
174, 178, 182, 186, 190, 194, 198, 202, 206, 210, 214, 218, 222, 226 and
230; and (c) CDRH3’s as shown in SEQ ID NOs: 2, 6, 10, 14, 18, 22, 26, 30,
34, 36, 40, 42, 46, 50, 54, 60, 62, 66, 70, 74, 78, 80, 84, 88, 92, 96, 100,
104, 108, 112, 116, 120, 122, 126, 130, 134, 138, 142, 146, 150, 154, 158,
162, 166, 170, 174, 178, 182, 186, 190, 194, 198, 202, 206, 210, 214, 218,
222, 226 and 230, and

a light chain amino acid sequence that comprises at least one of
the CDR's selected from the group consisting of: (d) CDRL1’s as shown in
SEQ ID NOs: 4, 8, 12, 16, 20, 24, 28, 32, 38, 44, 48, 52, 56, 58, 64, 68, 72,
76, 82, 86, 90, 94, 98, 102, 106, 110, 114, 118, 124, 128, 132, 136, 140,
144, 148, 152, 156, 160, 164, 168, 172, 176, 180, 184, 188, 192, 196, 200,
204, 208, 212, 216, 220, 224, 228 and 232; (e) CDRL2’s as shown in SEQ
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ID NOs: 4, 8, 12, 16, 20, 24, 28, 32, 38, 44, 48, 52, 56, 58, 64, 68,72, 76,
82, 86, 90, 94, 98, 102, 106, 110, 114, 118, 124, 128, 132, 136, 140, 144,
148, 152, 156, 160, 164, 168, 172, 176, 180, 184, 188, 192, 196, 200, 204,
208, 212, 216, 220, 224, 228 and 232; and (f) CDRL3's as shown in SEQ ID
NOs: 4, 8, 12, 16, 20, 24, 28, 32, 38, 44, 48, 52, 56, 58, 64, 68, 72, 76, 82,
86, 90, 94, 98, 102, 106, 110, 114, 118, 124, 128, 132, 136, 140, 144, 148,
152, 156, 160, 164, 168, 172, 176, 180, 184, 188, 192, 196, 200, 204, 208,
212, 216, 220, 224, 228 and 232.

4. The isola-ted binding protein of Claim 1 or 2, wherein said
binding protein comprises a heavy chain amino acid sequence that
comprises a CDRH1, a CDRH2, and a CDRH3 of any of SEQ ID NOs:2, 6,
10, 14, 18, 22, 26, 30, 34, 36, 40, 42, 46, 50, 54, 60, 62, 66, 70, 74, 78, 80,
84, 88, 92, 96, 100, 104, 108, 112, 116, 120, 122, 126, 130, 134, 138, 142,
146, 150, 154, 158, 162, 166, 170, 174, 178, 182, 186, 190, 194, 198, 202,
206, 210, 214, 218, 222, 226 and 230, or a light chain amino acid sequence
that comprises a CDRL1, a CDRL2, and a CDRL3 of any of SEQ ID NOs:4,
8,12, 16, 20, 24, 28, 32, 38, 44, 48, 52, 56, 58, 64, 68, 72, 76, 82, 86, 90,
94, 98, 102, 106, 110, 114, 118, 124, 128, 132, 136, 140, 144, 148, 152,
156, 160, 164, 168, 172, 176, 180, 184, 188, 192, 196, 200, 204, 208, 212,
216, 220, 224, 228 and 232.

5. The isolated binding protein of Claim 3, wherein said binding
protein comprises a heavy chain amino acid sequence that comprises a
CDRH1, a CDRH2, and a CDRH3 of any of SEQ ID NOs: 2, 6, 10, 14, 18,
22, 26, 30, 34, 36, 40, 42, 46, 50, 54, 60, 62, 66, 70, 74, 78, 80, 84, 88, 92,
96, 100, 104, 108, 112, 116, 120, 122, 126, 130, 134, 138, 142, 146, 150,
154, 158, 162, 166, 170, 174, 178, 182, 186, 190, 194, 198, 202, 206, 210,
214, 218, 222, 226 and 230, and a light chain amino acid sequence that
comprises a CDRL1, a CDRL2, and a CDRL3 of any of SEQ ID NOs:4, 8,
12, 16, 20, 24, 28, 32, 38, 44, 48, 52, 56, 58, 64, 68, 72, 76, 82, 86, 90, 94,
98, 102, 106, 110, 114, 118, 124, 128, 132, 136, 140, 144, 148, 152, 156,
160, 164, 168, 172, 176, 180, 184, 188, 192, 196, 200, 204, 208, 212, 216,
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220, 224, 228 and 232.

6. The isolated binding protein of Claim 1, comprising:
a heavy chain amino acid sequence selected from the group
consisting of SEQ ID NOs: 2, 6, 10, 14, 18, 22, 26, 30, 34, 36, 40, 42, 46, 50,
54, 60, 62, 66, 70, 74, 78, 80, 84, 88, 92, 96, 100, 104, 108, 112, 116, 120,
122, 126, 130, 134, 138, 142, 146, 150, 154, 158, 162, 166, 170, 174, 178,
182, 186, 190, 194, 198, 202, 206, 210, 214, 218, 222, 226 and 230.

7. The isolated binding protein of Claim 2 comprising:
a light chain amino acid sequence selected from the group
consisting of SEQ ID NOs: 4, 8, 12, 16, 20, 24, 28, 32, 38, 44, 48, 52, 56, 58,
64, 68, 72, 76, 82, 86, 90, 94, 98, 102, 106, 110, 114, 118, 124, 128, 132,
136, 140, 144, 148, 152, 156, 160, 164, 168, 172, 176, 180, 184, 188, 192,
196, 200, 204, 208, 212, 216, 220, 224, 228 and 232.

8. The isolated binding protein of Claim 1, comprising:

a heavy chain amino acid sequence selected from the group
consisting of SEQ ID NOs: 2, 6, 10, 14, 18, 22, 26, 30, 34, 36, 40, 42, 46, 50,
54, 60, 62, 66, 70, 74, 78, 80, 84, 88, 92, 96, 100, 104, 108, 112, 116, 120,
122, 126, 130, 134, 138, 142, 146, 150, 154, 158, 162, 166, 170, 174, 178,
182, 186, 190, 194, 198, 202, 206, 210, 214, 218, 222, 226 and 230; and

a light chain amino acid sequence selected from the group
consisting of SEQ ID NOs: 4, 8, 12, 16, 20, 24, 28, 32, 38, 44, 48, 52, 56, 58,
64, 68, 72, 76, 82, 86, 90, 94, 98, 102, 106, 110, 114, 118, 124, 128, 132,
136, 140, 144, 148, 152, 156, 160, 164, 168, 172, 176, 180, 184, 188, 192,
196, 200, 204, 208, 212, 216, 220, 224, 228 and 232.

9. The isolated binding protein of Claim 1, comprising a
CDRH3 of any of SEQ ID NOs: 2, 6, 10, 14, 18, 22, 26, 30, 34, 36, 40, 42,
46, 50, 54, 60, 62, 66, 70, 74, 78, 80, 84, 88, 92, 96, 100, 104, 108, 112,
116, 120, 122, 126, 130, 134, 138, 142, 146, 150, 154, 158, 162, 166, 170,
174, 178, 182, 186, 190, 194, 198, 202, 206, 210, 214, 218, 222, 226 and
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10. The isolated binding protein according to Claim 9,
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comprising a light chain amino acid sequence of any of SEQ |ID NOs: 4, 8,
12, 16, 20, 24, 28, 32, 38, 44, 48, 52, 56, 58, 64, 68, 72, 76, 82, 86, 90, 94,
98, 102, 106, 110, 114, 118, 124, 128, 132, 136, 140, 144, 148, 152, 156,
160, 164, 168, 172, 176, 180, 184, 188, 192, 196, 200, 204, 208, 212, 216,
220, 224, 228 and 232.

11. The isolated binding protein according of any one of
Claims 1-9 comprising the heavy chain amino acid sequence of SEQ ID
NO:42 and the light chain amino acid sequence of SEQ ID NO:44.

12. The isolated binding protein according of any one of
Claims 1-9 comprising the heavy chain amino acid sequence of SEQ ID
NO:54 and the light chain amino acid sequence of SEQ ID NO:56.

13. The isolated binding protein according of any one of
Claims 1-9 comprising the heavy chain amino acid sequence of SEQ ID
NO:70 and the light chain amino acid sequence of SEQ ID NO:72.

14. An isolated binding protein that binds to a three-
dimensional structure formed by amino acid residues 1-160; 161-358; 359-
575; 1-358; 359-604 of mature HER-3, particularly of mature human HER-3.

15. The isolated binding protein of any of Claims 1-14,
wherein the binding protein is directed against the extracellular domain of
HER-3.

16. The isolated binding protein of any one of Claims 1-
15, wherein the binding of the binding protein to HER-3 reduces HER-3-
mediated signal transduction.
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17. The isolated binding protein of any one of Claims 1-
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15, wherein the binding of the binding protein to HER-3 reduces HER-3
phosphorylation.

18. The isolated binding protein of any one of Claims 1-
15, wherein the binding of the binding protein to HER-3 reduces cell
proliferation.

19. The isolated binding protein of any one of Claims 1-
15, wherein the binding of the binding protein to HER-3 reduces cell

migration.

20. The isolated binding protein of any one of Claims 1-
15, wherein the binding of the binding protein to HER-3 increases the
downregulation of HER-3.

21. The isolated binding protein of any one of Claims 1-
20 which is an antibody.

22. The isolated binding protein of Claims 21, wherein
the antibody is a monoclonal antibody, a polycional antibody, a recombinant
antibody, a humanized antibody, a human antibody, a chimeric antibody, a
multispecific antibody, or an antibody fragment thereof.

23. The isolated binding protein of Claim 22, wherein the
antibody fragment is a Fab fragment, a Fab' fragment, a F(ab'). fragment, a Fv
fragment, a diabody, or a single chain antibody molecule.

24. The isolated binding protein of any one of Claims 1-
23, wherein said isolated binding protein is of the IgG1-, IgG2-, IgG3- or IgG4-

type.

25. The isolated binding protein of any one of Claims 1-
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24, wherein the binding protein is coupled to a labelling group.
26. The isolated binding protein of Claim 25, wherein the
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labelling group is a radioisotope or radionuclide, a fluorescent group, an
enzymatic group, a chemiluminescent group, a biotinyl group, or a
predetermined polypeptide epitope.

27. The isolated binding protein of any one of Claims 1-
24, wherein the binding protein is coupled to an effector group.

28. The isolated binding protein of Claim 27, wherein the
effector group is a radioisotope or radionuclide, a toxin, or a therapeutic or
chemotherapeutic group.

29. The isolated binding protein of Claim 28, wherein the
therapeutic or chemotherapeutic group is selected from the group consisting
of calicheamicin, auristatin-PE, geldanamycin, maytansine and derivatives
thereof.

30. An isolated nucleic acid molecule encoding an
binding protein of any one of Claims 1-29.

31. The isolated nucleic acid molecule of Claim 30,

wherein the nucleic acid molecule is operably linked to a control sequence.

32. A vector comprising the nucleic acid molecule of
Claim 30.

33. A vector comprising the nucleic acid molecule of
Claim 31.

34. A host cell transformed with the vector of Claim 32.
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35. A host cell transformed with the vector of Claim 33.
36. A process for preparing the isolated binding protein
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of any one of Claims 1-29, comprising the step of isolating said binding
protein from a host cell

37. The process of Claim 36, wherein the host cell is a
mammalian cell, a plant cell, a fungal cell, or a prokaryotic cell.

38. A pharmaceutical composition comprising as an
active agent at least one isolated binding protein of any one of Claims 1-29,
and a pharmaceutically acceptable carrier, diluent or adjuvant.

39. The composition of Claim 37 or 38 for therapeutic use.
40. The composition of Claim 37 or 38 for diagnostic use.
41. A method for treating or preventing a disease

associated with HER-3 in a patient, comprising administering a
pharmaceutically effective amount of a pharmaceutical composition of Claim

38 or 39 to a subject in need thereof.

42. The method of Claim 41, wherein the disease is a
hyperproliferative disease.

43. The method of Claim 42, wherein said
hyperproliferative disease is selected from the group consisting of breast
cancer, gastrointestinal cancer, pancreas cancer, prostate cancer, ovarian
cancer, stomach cancer, endometrial cancer, salivary gland cancer, lung
cancer, kidney cancer, colon cancer, colorectal cancer, thyroid cancer,
bladder cancer, glioma, melanoma, testis cancer, soft tissue sarcoma, head
and neck cancer, other HER-3 expressing or overexpressing cancers, and

formation of tumor metastases.
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44. The method of Claim 42 or 43, wherein said

hyperproliferative disease is associated with increased HER-3
phosphorylation, increased HER-2/HER-3 heterodimerization or an increased
activity of Pls-kinase, c-jun-terminal kinase, AKT, ERK2 and/or PYK2.

45. A method for diagnosing a disease associated with
HER-3, comprising:

(a) contacting a sample with the binding protein of any
one of Claims 1-26, under conditions suitable to allow binding of said binding
protein to HER-3; and

(c) identifying binding of said binding protein to HER-3.

46. The method of Claim 45, wherein the disease is a
hyperproliferative disease.

47. The method of Claim 46, wherein said
hyperproliferative disease is selected from the group consisting of breast
cancer, gastrointestinal cancer, pancreas cancer, prostate cancer, ovarian
cancer, stomach cancer, endometrial cancer, salivary gland cancer, lung
cancer, kidney cancer, colon cancer, colorectal cancer, thyroid cancer,
bladder cancer, glioma, melanoma, other HER-3 expressing or
overexpressing cancers, testis cancer, soft tissue sarcoma, head and neck
cancer, and formation of tumor metastases.

48. The method of Claim 46 or 47, wherein said
hyperproliferative disease is associated with increased HER-3
phosphorylation, increased HER-2/HER-3 heterodimerization or an increased
activity of Pls-kinase, c-jun-terminal kinase, AKT, ERK2 and/or PYK2.

49. A kit comprising the isolated binding protein of any
one of Claims 1-28.
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50. The kit of Claim 49, comprising a further therapeutic
agent.
51. The kit of Claim 50 wherein the further therapeutic

5 agent is an antineoplastic agent.

52. The kit of Claim 51, wherein the anti-neoplastic agent
is an anti-tumor antibody or a chemotherapeutic agent.
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ANTIBODIES AGAINST ERBB3
AND USES THEREOF

Background of the Invention
The ErbB/HER subfamily of polypeptide growth factor receptors include the

epidermal growth factor (EGF) receptor (EGFR, ErbB1/HER1), the neu oncogene
product (ErbB2/HER?2), and the more recently identified ErtbB3/HER3 and ErbB4/HER4
receptor proteins (see, e.g., Hynes et. al. (1994) Biochim. Biophys. Acta Rev. Cancer
1198, 165—-184). Each of these receptors is predicted to consist of an extracellular
ligand-binding domain, a membrane-spanning domain, a cytosolic protein tyrosine
kinase (PTK) domain and a C-terminal phosphorylation domain (see, e.g., Kim ez al.,
(1998) Biochem. J. 334, 189-195).

Experiments in vifro have indicated that the protein tyrosine kinase activity of
the ErbB3 protein is attenuated significantly relative to that of other ErbB/HER family
members and this attenuation has been attributed, in part, to the occurrence of non-
conservative amino acid substitutions in the predicted catalytic domain of ErbB3 (see,
e.g., Guyetal (1994) Proc. Natl. Acad. Sci. USA. 91, 8132-8136; Sierke et al. (1997)
Biochem. J. 322, 757-763). However, the ErbB3 protein has been shown to be
phosphorylated in a variety of cellular contexts. For example, ErbB3 is constitutively
phosphorylated on tyrosine residues in a subset of human breast cancer cell lines
overexpressing this protein (see, e.g., Kraus ef al. (1993) Proc. Natl. Acad. Sci. USA. 90,
2900-2904; and Kim ef al. Supra; see, also, Schaefer et al. (2006) Neoplasia 8(7):613-22
and Schaefer et al. Cancer Res (2004) 64(10):3395-405).

Although, the role of ErbB3 in cancer has been explored (see, e.g., Horst ef al.
(2005) 115, 519-527; Xue et al. (2006) Cancer Res. 66, 1418-1426), ErbB3 remains
largely unappreciated as a target for clinical intervention. Current immunotherapies
primarily focus on inhibiting the action of ErbB2 and, in particular, heterodimerization
of ErbB2/ErbB3 complexes (see, e.g., Sliwkowski et al. (1994) J. Biol. Chem.
269(20):14661-14665 (1994)). Accordingly, it is an object of the present invention to
provide improved immunotherapies that effectively inhibit ErbB3 signaling, and can be
used to treat and diagnose a variety of cancers.

Summary of the Invention
The present invention provides a novel class of monoclonal antibodies which

binds to the ErbB3 receptor and inhibits various ErbB3 functions. For example, the
antibodies described herein are capable of binding to ErbB3 and inhibiting EGF-like
ligand mediated phosphorylation of the receptor. As described herein, EGF-like ligands
include EGF, TGF-a, betacellulin, heparin-binding epidermal growth factor, biregulin

-1-
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and amphiregulin, which bind to EGFR and induce dimerization of EGFR with ErbB3.
This dimerization, in turn, causes phosphorylation of ErbB3, and activates signaling
through the receptor. Monoclonal antibodies of the present invention, thus, are useful
for treating and diagnosing a variety of cancers associated with ErbB3-mediated cellular
signaling. Accordingly, in one embodiment, the present invention provides monoclonal
antibodies (and antigen binding portions thereof) which bind to ErbB3 and inhibit EGF-
like ligand mediated phosphorylation of ErbB3. '

In another embodiment, the antibodies are further characterized by one or more
of the following properties: (i) inhibition of ErbB3 ligand-mediated signaling, including
signaling mediated by binding of ErbB3 ligands, such as heregulin, epiregulin, epigen
and BIR, to ErbB3; (ii) inhibition of proliferation of cells expressing ErbB3; (iii) the
ability to decrease levels of ErbB3 on cell surfaces (e.g., by inducing internalization of
ErbB3); (iv) inhibition of VEGF secretion of cells expressing ErbB3; (v) inhibition of
the migration of cells expressing ErbB3; (vi) inhibition of spheroid growth of cells
expressing ErbB3; and/or (vii) binding to an epitope located on domain I (residues 20-
209) of ErbB3, for example, an epitope involving or spanning residues 20-202 of the
amino acid sequence of ErbB3.

Particular monoclonal antibodies and antigen binding portions thereof of the
present invention exhibit a Kp of 50 nM or less, as measured by a surface plasmon
resonance assay or a cell binding assay

In further embodiments, particular monoclonal antibodies and antigen binding
portions thereof of the present invention include a heavy chain variable region
comprising an amino acid sequence which is at least 80% (e.g., 85%, 90%, 95%, 96%,
97%, 98% or 99%) identical to the heavy chain variable region amino acid sequence set
forth in SEQ ID NO:1, SEQ ID NO:3, SEQ ID NO:5, SEQ ID NO:35, or SEQ ID NO:
37. Other particular monoclonal antibodies and antigen binding portions thereof of the
present invention include a light chain variable region comprising an amino acid
sequence which is at least 80% (e.g., 85%, 90%, 95%, 96%, 97%, 98% or 99%) identical
to the light chain variable region amino acid sequence set forth in SEQ ID NO:2, SEQ
ID NO:4, SEQ ID NO:6, SEQ ID NO:36, or SEQ ID NO:38. The antibodies may also
include both of the aforementioned heavy chain and light chain variable regions.

The variable heavy and light chain regions of the antibodies or antigen binding
portions thereof typically include one or more complementarity determining regions
(CDRs). These include one or more CDR1, CDR2, and CDR3 regions. Accordingly,
other particular antibodies and antigen binding portions thereof of the present invention
include one or more CDR sequences selected from a heavy chain variable region CDR1
comprising SEQ ID NO:7; a heavy chain variable region CDR2 comprising SEQ ID
NO:8; a heavy chain variable region CDR3 comprising SEQ ID NO:9; a light chain

-2-
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variable region CDR1 comprising SEQ ID NO:10; a light chain variable region CDR2
comprising SEQ ID NO:11; a light chain variable region CDR3 comprising SEQ ID
NO:12; and combinations thereof.

Still other particular antibodies and antigen binding portions thereof of the
present invention include one or more CDR sequences selected from a heavy chain
variable region CDR1 comprising SEQ ID NO:13; a heavy chain variable region CDR2
comprising SEQ ID NO:14; a heavy chain variable region CDR3 comprising SEQ ID
NO:15; a light chain variable region CDR1 comprising SEQ ID NO:16; a light chain
variable region CDR2 comprising SEQ ID NO:17; a light chain variable region CDR3
comprising SEQ ID NO:18; and combinations thereof.

Still other particular antibodies and antigen binding portions thereof of the
present invention include; or one or more CDR sequences selected from a heavy chain
variable region CDR1 comprising SEQ ID NO:19; a heavy chain variable region CDR2
comprising SEQ ID NO:20; a heavy chain variable region CDR3 comprising SEQ ID
NO:21; a light chain variable region CDR1 comprising SEQ ID NO:22; a light chain
variable region CDR2 comprising SEQ ID NO:23; a light chain variable region CDR3
comprising SEQ ID NO:24; and combinations thereof.

Still other particular antibodies and antigen binding portions thereof of the
present invention include; or one or more CDR sequences selected from a heavy chain
variable region CDR1 comprising SEQ ID NO:39; a heavy chain variable region CDR2
comprising SEQ ID NO:40; a heavy chain variable region CDR3 comprising SEQ ID
NO:41; a light chain variable region CDR1 comprising SEQ ID NO:42; a light chain
variable region CDR2 comprising SEQ ID NO:43; a light chain variable region CDR3
comprising SEQ ID NO:44; and combinations thereof.

Still other particular antibodies and antigen binding portions thereof of the
present invention include; or one or more CDR sequences selected from a heavy chain
variable region CDR1 comprising SEQ ID NO:45; a heavy chain variable region CDR2
comprising SEQ ID NO:46; a heavy chain variable region CDR3 comprising SEQ ID
NO:47; a light chain variable region CDR1 comprising SEQ ID NO:48; a light chain
variable region CDR2 comprising SEQ ID NO:49; a light chain variable region CDR3
comprising SEQ ID NO:50; and combinations thereof.

The antibodies and antigen binding portions thereof may also comprise one or
more CDRs which are at least 80% (e.g., 85%, 90%, 95%, 96%, 97%, 98% or 99%)
identical to any of the aforementioned CDRs, or combinations of CDRs.

In one embodiment, the antibodies and antibody portions thereof are fully human
(i.e., contains human CDR and framework sequences). Particular human antibodies of
the present invention include those having a heavy chain variable region that is from a
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human VH3 germ line gene, and/or a light chain variable fegion from human VL2 germ
line gene.

Also encompassed by the present invention are monoclonal antibodies and
portions thereof that bind to the same or overlapping epitopes bound by any of the
antibodies or portions thereof described herein (e.g., an epitope located on domain I of
ErbB3, such as an epitope involving or spanning, residues 20-202 of the amino acid
sequence of ErbB3). Antibodies which have the same activity as the antibodies
described herein, e.g., antibodies having the same sequence as Ab #6, are also
encompassed by the present invention.

Antibodies of the present invention include all known forms of antibodies and
other protein scaffolds with antibody-like >properties. For example, the antibody can be a
human antibody, a humanized antibody, a bispecific antibody, a chimeric antibody or a
protein scaffold with antibody-like properties, such as fibronectin or Ankyrin repeats.
The antibody also can be a Fab, Fab’2, ScFv, SMIP, affibody, nanobody, or a domain
antibody. The antibody also can have any of the following isotypes: IgG1, IgG2, IgG3,
IgG4, IgM, IgAl, IgA2, IgAsec, IgD, and IgE.

In yet another embodiment, the present invention further provides compositions
comprising combinations of antibodies or antigen binding portions described herein,
formulated with an acceptable carrier and/or adjuvant. In a particular embodiment, the
composition comprises two or more antibodies that bind different epitopes on ErbB3 or
antibodies described herein combined with anti-cancer antibodies which do not bind
ErbB3.

In still another embodiment, the present invention provides isolated nucleic acids
encoding the antibodies and antigen binding portions thereof described herein. In
particular embodiments, the nucleic acid encodes a heavy chain variable region
comprising a nucleotide sequence which is at least 80% (e.g., 85%, 90%, 95%, 96%,
97%, 98% or 99%) identical to, or which hybridizes under high stringency conditions to,
SEQ ID NO:25, SEQ ID NO:27, SEQ ID NO:29, SEQ ID NO:35, or SEQ ID NO:37; or
a light chain variable region comprising a nucleotide sequence which is at least 80%
(e.g., 85%, 90%, 95%, 96%, 97%, 98% or 99%) identical to, or which hybridizes under
high stringency conditions to, SEQ ID NO:26, SEQ ID NO:28, SEQ ID NO:30, SEQ ID
NO:36, or SEQ ID NO:38; or combinations of such heavy and light variable regions.

The present invention further provides transgenic non-human mammals,
hybridomas, and transgenic plants that express and/or produce the antibodies and
antigen binding portions described herein.

Also provided by the invention are kits comprising one or more isolated

monoclonal antibodies or antigen binding portions thereof described herein and,
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optionally, instructions for use in treating or diagnosing a disease associated with ErbB3
dependent signaling, such as cancers.

Antibodies and antigen binding portions thereof of the present invention can be
used in a broad variety of therapeutic and diagnostic applications, particularly
oncological applications. Accordingly, in another aspect, the invention provides method
for inhibiting EGF-like ligand mediated phosphorylation of ErbB3 in a subject by
administering one or more antibodies or antigen binding portions thereof described
herein in an amount sufficient to inhibit EGF-like mediated phosphorylation of ErbB3.
The invention further provides methods for treating a variety of cancers in a subject,
including, but not limited to, melanoma, breast cancer, ovarian cancer, renal carcinoma,
gastrointestinal/colon cancer, lung cancer, clear cell sarcoma, and prostate cancer, by
administering one or more antibodies or antigen binding portions thereof described
herein in an amount sufficient to treat the cancer. The antibodies or antigen binding
portions thereof can be administered alone or in combination with other therapeutic
agents, such as anti-cancer agents, e.g., other antibodies, chemotherapeutic agents and/or
radiation.

In yet other embodiments, the invention provides methods for diagnosing and
prognosing diseases (e.g., cancers) associated with ErbB3. In one embodiment, this is
achieved by contacting antibodies or antigen binding portions of the invention (e.g., ex
vivo or in vivo) with cells from the subject, and measuring the level of binding to ErbB3
on the cells, wherein abnormally high levels of binding to ErbB3 indicate that the
subject has a cancer associated with ErbB3.

Other features and advantages of the invention will be apparent from the

following detailed description, and from the claims.

Brief Description of the Drawings
Figures 1A and 1B are bar graphs depicting the binding of various anti-ErbB3

antibody candidates (Fabs, referred to as Abs herein) to ErbB3 expressed on MALME-
3M melanoma cells using a goat anti-human Alexa 647 secondary antibody.

Figures 2A-2D are graphs depicting the Kp values of various anti-ErbB3
antibody candidates. Figures 2A and 2B are graphs depicting the Kp value of Antibody
# 6 (referred to as Ab #6) and Antibody # 3 (referred to as Ab #3), respectively, as
measured using surface plasmon resonance (SPR) technology. Figures 2C and 2D are
graphs depicting the Kp values of Ab #6 and Ab #3, respectively, as measured using a
cell binding assay using MALME-3M melanoma cells.

Figure 3 is a graph depicting the binding specificity of an anti-ErbB3 antibody
(Ab #6) to ErbB3 using ELISA. EGFR, BSA and TGF-a were used as controls.
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Figure 4 is a graph depicting the ability of an anti-ErbB3 antibody (Ab #6) to
decrease total ErbB3 levels in MALME-3M melanoma cells in vifro, as measured using
ELISA. :

Figures 5A and 5B are graphs depicting the ability of an anti-ErbB3 antibody
(Ab #6) to downregulate ErbB3 receptors on MALME-3M cells, measured using FACS
analysis. Figure SA shows the results using an IgG1 isotype of the antibody. Figure 5B
shows the results using an IgG?2 isotype of the antibody.

Figures 6 A-6D are graphs depicting the timecourse of antibody-mediated ErbB3
downregulation (Ab #6), as measured using FACS analysis.

Figure 7 is a bar graph depicting the ability of various anti-ErbB3 antibodies to
downregulate ErbB3 in melanoma cells in vivo.

Figure 8 is a bar graph depicting the ability of an anti-ErbB3 antibody (Ab #6) to
downregulate ErbB3 in ADRr xenografts in vivo.

Figure 9 is a graph depicting the ability of an anti-ErbB3 antibody (Ab #6) to
inhibit proliferation of MALME-3M cells in a Cell Titer Glow Assay.

Figure 10 is a graph depicting the ability of an anti-ErbB3 antibody (Ab #6) to
inhibit cell proliferation in an ovarian cell line, ADRr.

Figure 11 1s a graph depicting the ability of an anti-ErbB3 antibody (Ab #6) to
inhibit proliferation of ACHN cells.

Figure 12 is a bar graph depicting the ability of an anti-ErbB3 antibody (Ab #6)
to inhibit ErbB3 phosphorylation in ADRr xenografts in vivo.

Figures 13 A-13C are graphs depicting the ability of an anti-ErbB3 antibody (Ab
#6) to inhibit betacellulin and heregulin-mediated phosphorylation of ErbB3 in ADRr
cells.

Figures 14A-14B are graphs depicting the ability of an anti-ErbB3 antibody (Ab
#6 1gG2 isotype) to inhibit ErbB3 phosphorylation in ovarian tumor cell lines OVCAR 5
and OVCAR 8.

Figures 15A-15C are graphs depicting the ability of betacellulin (BTC) to bind
ErbB1 as shown by a lack of binding to ErbB1 negative MALME-3M cells (Figure
17A); binding to ErbB1 positive ADRTr cells at concentrations of 10 nM (Figure 17B)
and 200 nM (Figure 17B), respectively, and the inhibition of such binding by Erbitux.

Figures 16 A-16B are graphs depicting the ability of an anti-ErbB3 antibody (Ab
#6 IgG2 isotype) to inhibit heregulin-mediated signaling in MALME-3M cells. Figure
16A depicts the ability of the Ab #6 to inhibit heregulin-mediated phosphorylation of
ErbB3 in MALME-3M cells and 16B depicts the ability of Ab #6 to inhibit
phosphorylation of AKT in MALME-3M cells.
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Figures 17A-D are graphs depicting the ability of an anti-ErbB3 antibody (Ab
#6) to inhibit (A) ovarian (ADRTr cells), (B) prostate Dul45 cells), (C) ovarian (OvCARS
cells), and (D) pancreatic (Colo357 cells) tumor growth via Xenograft studies.

Figures 18 A and 18B are graphs depicting the ability of Ab #6 (Figure 18A) and
Fab for Ab #3 (Figure 18B) to inhibit heregulin binding to ErbB3 on MALME-3M cells,
as measured using FACS analysis.

Figures 19A and 19B are graphs depicting the ability of Ab #6 to inhibit the
binding of epiregulin to ErbB3 on ADRr cells. Figure 19A depicts the binding of
epiregulin to ADRr cells, and Figure 19B depicts the ability of both Erbitux and Ab #6 to
inhibit epiregulin binding to ADRr cells.

Figures 20A and 20B are graphs depicting the ability of heparin binding
epidermal growth factor (HB-EGF) to bind ErbB on ADRr cells (Figure 20A) and the
inability of an anti-ErbB3 antibody (Ab #6) to inhibit such binding (Figure 20B).

Figures 21 A-21C show the amino acid sequences of the variable heavy and light
chain regions of antibodies: Ab #6, Ab #3, Ab #14, Ab #17, and Ab #19.

Figures 22 A-22B show the nucleotide sequences of the variable heavy and light
chain regions of antibodies: Ab #6, Ab #3, and Ab #14.

Figure 23 shows the amino acid sequences of the variable light chain regions of
antibodies: Ab #6, Ab #17, and Ab #19, which have been reverted to the corresponding
germline amino acid sequence. Amino acid residue changes are underlined.

Figures 24 A-24C are graphs showing the ability of Ab #6 to inhibit VEGF
secretion of tumor cells.

Figure 25 is a graph showing the effect of Ab #6 on cell migration.

Figures 26 A-C are graphs showing (A) inhibition of spheroid growth in AdrR
cells, (B) inhibition of HRG induced spheroid growth in AdrR, and (C) inhibition of
HRG induced spheroid growth in Du145 cells.

Figures 27 A and B are graphs showing the effect of Ab #6 on (A) HRG and (B)
BTC binding to AdrR cells.

Figure 28 is a graph showing the effect of Ab #6 on HGF induced ErbB3
phosphorylation.

Figures 29 A and B show the effect of Ab #6 on phosphorylation of (A) pErbB1
and pErbB3 and (B) HRG induced ErbB2/3 complex formation.

Figure 30 is a graph showing Ab #6 binds amino acid residues 20-202 of ErbB3.

Detailed Description of the Invention
In order that the present invention may be more readily understood, certain terms

are first defined. Additional definitions are set forth throughout the detailed description.
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L Definitions

The terms “ErbB3,” “HER3,” “ErbB3 receptor,” and “HER3 receptor,” as used
interchangeably herein, refer human ErbB3 protein, as described in U.S. Pat. No.
5,480,968 and Plowman ef al., Proc. Natl. Acad. Sci. USA, 87:4905-4909 (1990); see,
also, Kani et al., Biochemistry 44:15842-857 (2005), Cho and Leahy, Science 297:1330-
1333 (2002)).

The term “EGF-like ligand,” as used herein, refers to ligands of epidermal
growth factor receptor (EGFR), including epidermal growth factor (EGF) and closely
related proteins, such as transforming growth factor-a (TGF-a), betacellulin (BTC),
heparin-binding epidermal growth factor (HB-EGF), biregulin (BIR) and amphiregulin
(AR), which bind to EGFR on the surface of cells and stimulate the receptor’s intrinsic
protein-tyrosine kinase activity. Specifically, EGF-like ligands induce formation of
EGFR (also referred to as ErbB1) and ErbB3 protein complex (see e.g., Kim et al.,
(1998) Biochem J., 334:189-195), which results in phosphorylation of tyrosine residues
in the complex.

The antibodies and antigen binding portions thereof of the present invention
inhibit EGF-like ligand mediated phosphorylation of ErbB3 and, in certain
embodiments, exhibit one or more of the following additional properties: (i) inhibition of
one or more of heregulin, epiregulin, epigen and biregulin (BIR)-mediated signaling
through ErbB3; (ii) inhibition of proliferation of cells expressing ErbB3; (iii) the ability
to decrease levels of ErbB3 on cell surfaces; (iv) inhibition of VEGF secretion of cells
expressing ErbB3; (v) inhibition of the migration of cells expressing ErbB3; (vi)
inhibition of spheroid growth of cells expressing ErbB3; and/or (vii) binding to an
epitope located on domain I of ErbB3, e.g., an epitope which involves or spans residues
20-202 of the amino acid sequence of ErbB3.

The term “inhibition” as used herein, refers to any statistically significant
decrease in biological activity, including full blocking of the activity. For example,
“inhibition” can refer to a decrease of about 10%, 20%, 30%, 40%, 50%, 60%, 70%,
80%, 90%, or 100% in biological activity.

Accordingly, the phrase “inhibition of EGF-like ligand mediated phosphorylation
of ErbB3,” as used herein, refers to the ability of an antibody or antigen binding portion
to statistically significantly decrease the phosphorylation of ErbB3 induced by an EGF-
like ligand, relative to the phosphorylation in an untreated (control) cell. The cell which
expresses ErbB3 can be a naturally occurring cell or cell line or can be recombinantly
produced by introducing nucleic acid encoding ErbB3 into a host cell. In one
embodiment, the antibody or antigen binding portion thereof inhibits EGF-like ligand
mediated phosphorylation of ErbB3 by at least 10%, or at least 20%, or at least 30%, or
at least 40%, or at least 50%, or at least 60%, or at least 70%, or at least 80%s, or at least

-8-
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90%, or 100%, as determined, for example, by Western blotting followed by probing
with an anti-phosphotyrosine antibody as described in Kim ez al., (1998) Biochem J.,
334:189-195 and the Examples infra.

The phrase “inhibition of heregulin, epiregulin, epigen or biregulin-mediated
signaling through ErbB3,” as used herein, refers to the ability of an antibody or an
antigen-binding portion thereof to statistically significantly decrease signaling mediated
by an ErbB3 ligand (e.g., heregulin, epiregullin, epigen and biregulin) through ErbB3,
relative to the signaling in the absence of the antibody (control). ErbB3-ligands are also
referred to herein as “heregulin-like ligands.” This means that, in the presence of the
antibody or antigen binding portion thereof] a signal mediated in a cell expressing ErbB3
by one or more of heregulin, epiregulin, epigen and biregulin, relative to a control (no
antibody), is statistically significantly decreased. An ErbB3-ligand mediated signal can
be measured by assaying for the level or activity of an ErbB3 substrate, and/or a protein
which is present in a cellular cascade involving ErbB3. In one embodiment, the
antibody or antigen binding portion thereof decreases the level or activity of an ErbB3
substrate and/or that of a protein in a cellular cascade involving ErbB3, by at least 10%,
or at least 20%, or at least 30%, or at least 40%, or at least 50%, or at least 60%, or at
least 70%, or at least 80%, or at least 90%, or 100% relative to the level or activity in the
absence of such antibody or antigen binding portion thereof (control). Such ErbB3-
ligand mediated signaling can be measured using art recognized techniques which
measure the level or activity of a substrate of ErbB3 (e.g., SHC or PI3K) or a protein in
a cellular cascade involving ErbB3 (e.g., AKT) using kinase assays for such proteins
(see, e.g., Horst et al. supra, Sudo et al. (2000) Methods Enzymol, 322:388-92; and
Morgan ef al. (1990) Eur. J. Biochem., 191:761-767).

In a particular embodiment, the antibody or antigen binding portion thereof
inhibits ErbB3-ligand (e.g., heregulin, epiregulin, epigen or biregulin) mediated
signaling through ErbB3 by inhibiting the binding of the ErbB3-ligand (e.g., one or
more of heregulin, epiregulin, epigen or biregulin) to ErbB3. Some ligands (e.g.,
biregulin or BIR) function both as EGF-like ligands (i.e., bind to EGFR/ErbB1) as well
as ErbB3-like ligands (i.e., bind to ErbB3).

The phrase “inhibition of heregulin, epiregulin, epigen or biregulin binding to
ErbB3,” as used herein, refers to the ability of an antibody or an antigen-binding portion
thereof to statistically significantly decrease the binding of an ErbB3 ligand (e.g., one or
more of heregulin, epiregulin, epigen or biregulin) to ErbB3, relative to the binding in
the absence of the antibody (control). This means that, in the presence of the antibody
or antigen binding portion thereof, the amount of the ErbB3-ligand (e.g., heregulin,
epiregulin, epigen or biregulin) which binds to ErbB3 relative to a control (no antibody),
is statistically significantly decreased. The amount of an ErbB3 ligand which binds

-9.
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ErbB3 may be decreased in the presence of an antibody or antigen binding portion
thereof of the invention by at least 10%, or at least 20%, or at least 30%, or at least 40%,
or at least 50%, or at least 60%, or at least 70%, or at least 80%, or at least 90%, or
100% relative to the amount in the absence of the antibody or antigen binding portion
thereof (control). A decrease in ErbB3-ligand binding can be measured using art
recognized techniques which measure the level of binding of labeled ErbB3-ligand (e.g.,
radiolabelled heregulin, epiregulin, epigen or biregulin) to cells expressing ErbB3 in the
presence or absence (control) of the antibody or antigen binding portion thereof.

The phrase “inhibition of proliferation of a cell expressing ErbB3,” as used
herein, refers to the ability of an antibody or an antigen-binding portion thereof to
statistically significantly decrease proliferation of a cell expressing ErbB3 relative to the
proliferation in the absence of the antibody. In one embodiment, the proliferation of a
cell expressing ErbB3 (e.g., a cancer cell) may be decreased by at least 10%, or at least
20%, or at least 30%, or at least 40%, or at least 50%, or at least 60%, or at least 70%, or
at least 80%, or at least 90%, or 100% when the cells are contacted with the antibody or
antigen binding portion thereof of the present invention, relative to the proliferation
measured in the absence of the antibody or antigen binding portion thereof (control).
Cellular proliferation can be assayed using art recognized techniques which measure rate
of cell division, the fraction of cells within a cell population undergoing cell division,
and/or rate of cell loss from a cell population due to terminal differentiation or cell death
(e.g., using a cell titer glow assay or thymidine incorporation).

The phrase “the ability to decrease levels of ErbB3 on cell surfaces,” as used
herein, refers to the ability of an antibody or antigen binding portion thereof to
statistically significantly reduce the amount of ErbB3 found on the surface of a cell
which has been exposed to the antibody relative to an untreated (control) cell. For
example, a decrease in levels of ErbB3 on cell surfaces may result from increased
internalization of ErbB3 (or increased ErbB3 endocytosis). In one embodiment, the
antibody or antigen binding portion thereof decreases cell surface expression of ErbB3
by at least 10%, or at least 20%, or at least 30%, or at least 40%, or at least 50%, or at
least 60%, or at least 70%, or at least 80%, or at least 90%, or 100% and/or increases
internalization of the ErbB3 receptor by at least 10%, or at least 20%, or at least 30%, or
at least 40%, or at least 50%, or at least 60%, or at least 70%, or at least 80%, or at least
90%, or 100% relative to the cell surface expression or internalization in the absence of
the antibody or antigen binding portion thereof (control). The levels of ErbB3 on
surfaces of cells and/or internalization of the ErbB3 receptor in the absence and the
presence of an antibody or antigen-binding portion thereof can be readily measured
using art recognized techniques, such as those described in Horst ef al., supra and in the

examples herein.

-10-
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The phrase “inhibition of VEGF secretion of cells expressing ErbB3,” as used
herein, refers to the ability of an antibody or an antigen-binding portion thereof to
statistically significantly decrease VEGF secretion of a cell expressing ErbB3 relative to
the VEGF secretion in the absence of the antibody. In one embodiment, the VEGF
secretion of a cell expressing ErbB3 (e.g., a cancer cell) may be decreased by at least
10%, or at least 20%, or at least 30%, or at least 40%, or at least S0%, or at least 60%, or
at least 70%, or at least 80%, or at least 90%, or 100% when the cells are contacted with
the antibody or antigen binding portion thereof of the present invention, relative to the
VEGEF secretion measured in the absence of the antibody or antigen binding portion
thereof (control). VEGF secretion can be assayed using art recognized techniques, such
as those described herein.

The phrase “inhibition of the migration of cells expressing ErbB3,” as used
herein, refers to the ability of an antibody or an antigen-binding portion thereof to
statistically significantly decrease the migration of a cell expressing ErbB3 relative to
the migration of the cell in the absence of the antibody. In one embodiment, the
migration of a cell expressing ErbB3 (e.g., a cancer cell) may be decreased by at least
10%, or at least 20%, or at least 30%, or at least 40%, or at least 50%, or at least 60%, or
at least 70%, or at least 80%, or at least 90%, or 100% when the cells are contacted with
the antibody or antigen binding portion thereof of the present invention, relative to cell
migration measured in the absence of the antibody or antigen binding portion thereof
(control). Cell migration can be assayed using art recognized techniques, such as those
described herein.

The phrase “inhibition of spheroid growth of cells expressing ErbB3,” as used
herein, refers to the ability of an antibody or an antigen-binding portion thereof to
statistically significantly decrease the migration of a cell expressing ErbB3 relative to
the migration of the cell in the absence of the antibody. In one embodiment, the
migration of a cell expressing ErbB3 (e.g., a cancer cell) may be decreased by at least
10%, or at least 20%, or at least 30%, or at least 40%, or at least 50%, or at least 60%, or
at least 70%o, or at least 80%, or at least 90%, or 100% when the cells are contacted with
the antibody or antigen binding portion thereof of the present invention, relative to cell
migration measured in the absence of the antibody or antigen binding portion thereof
(control). Cell migration can be assayed using art recognized techniques, such as those
described herein. The term “antibody” or “immunoglobulin,” as used interchangeably
herein, includes whole antibodies and any antigen binding fragment (i.e., “antigen-
binding portion™) or single chains thereof. An “antibody” comprises at least two heavy
(H) chains and two light (L) chains inter-connected by disulfide bonds. Each heavy
chain is comprised of a heavy chain variable region (abbreviated herein as Vy) and a

heavy chain constant region. The heavy chain constant region is comprised of three
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domains, CH1, CH2 and CH3. Each light chain is comprised of a light chain variable
region (abbreviated herein as V) and a light chain constant region. The light chain
constant region is comprised of one domain, CL. The Vg and V| regions can be further
subdivided into regions of hypervariability, termed complementarity determining regions
(CDR), interspersed with regions that are more conserved, termed framework regions
(FR). Each Vy and V1 is composed of three CDRs and four FRs, arranged from amino-
terminus to carboxy-terminus in the following order: FR1, CDR1, FR2, CDR2, FR3,
CDR3, FR4. The variable regions of the heavy and light chains contain a binding
domain that interacts with an antigen. The constant regions of the antibodies may
mediate the binding of the immunoglobulin to host tissues or factors, inchuding various
cells of the immune system (e.g., effector cells) and the first component (Clq) of the
classical complement system. Exemplary antibodies of the invention include
antibodies#1, 3 and 14, and antigen-binding portions thereof.

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., ErbB3). 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) a2 Fab fragment, a monovalent fragment
consisting of the Vi, Vy, CL and CH1 domains; (ii) a F(ab"); fragment, a bivalent
fragment comprising two Fab fragments linked by a disulfide bridge at the hinge region;
(i1) a Fd fragment consisting of the Vg and CH1 domains; (iv) a Fv fragment consisting
of the V1, and Vx domains of a single arm of an antibody, (v) a dAb including VH and
VL domains; (vi) a dAb fragment (Ward ef al. (1989) Nature 341, 544-546), which
consists of a Vi domain; (vii) a dAb which consists of a VH or a VL domain; and (viii)
an isolated complementarity determining region (CDR) or (ix) a combination of two or
more isolated CDRs which may optionally be joined by a synthetic linker. Furthermore,
although the two domains of the Fv fragment, Vi and Vy, are coded for by separate
genes, they can be joined, using recombinant methods, by a synthetic linker that enables
them to be made as a single protein chain in which the Vi and Vy regions pair to form
monovalent molecules (known as single chain Fv (scFv); see e.g., Bird et al. (1988)
Science 242, 423-426; and Huston ef al. (1988) Proc. Natl. Acad. Sci. USA 85, 5879-
5883). Such single chain antibodies are also intended to be encompassed within the
term “antigen-binding portion” of an antibody. These antibody fragments are obtained
using conventional techniques known to those with skill in the art, and the fragments are
screened for utility in the same manner as are intact antibodies. Antigen-binding
portions can be produced by recombinant DNA techniques, or by enzymatic or chemical

cleavage of intact immunoglobulins.
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The term “monoclonal antibody” as used herein refers to an antibody obtained
from a population of substantially homogeneous antibodies, i.e., the individual
antibodies comprising the population are identical except for possible naturally
occurring mutations that may be present in minor amounts. Monoclonal antibodies are

5 highly specific, being directed against a single antigenic site. Furthermore, in contrast to
conventional (polyclonal) antibody preparations which typically include different
antibodies directed against different determinants (epitopes), each monoclonal antibody
is directed against a single determinant on the antigen. Monoclonal antibodies can be
prepared using any art recognized technique and those described herein such as, for

10 example, a hybridoma method, as described by Kohler ef al. (1975) Nature, 256:495, a
transgenic animal, as described by, for example, (see e.g., Lonberg, ef al. (1994) Nature
368(6474): 856-859), recombinant DNA methods (see, e.g., U.S. Pat. No. 4,816,567), or
using phage antibody libraries using the techniques described in, for example, Clackson
et al., Nature, 352:624-628 (1991) and Marks et al., J. Mol. Biol., 222:581-597 (1991).

15 Monoclonal antibodies include chimeric antibodies, human antibodies and humanized
antibodies and may occur naturally or be recombinantly produced.

The term “recombinant antibody,” refers to antibodies that are prepared,
expressed, created or isolated by recombinant means, such as (a) antibodies isolated
from an animal (e.g., a mouse) that is transgenic or transchromosomal for

20 immunoglobulin genes (e.g., human immunoglobulin genes) or a hybridoma prepared
therefrom, (b) antibodies isolated from a host cell transformed to express the antibody,
e.g., from a transfectoma, (c) antibodies isolated from a recombinant, combinatorial
antibody library (e.g., containing human antibody sequences) using phage display, and
(d) antibodies prepared, expressed, created or isolated by any other means that involve

25 splicing of immunoglobulin gene sequences (e.g., human immunoglobulin genes) to
other DNA sequences. Such recombinant antibodies may have variable and constant
regions derived from human germline immunoglobulin sequences. In certain
embodiments, however, such recombinant human antibodies can be subjected to in vitro
mutagenesis and thus the amino acid sequences of the Vg and Vi regions of the

30 recombinant antibodies are sequences that, while derived from and related to human
germline Vy and Vi sequences, may not naturally exist within the human antibody
germline repertoire in vivo.

The term “chimeric immunoglobulin” or antibody refers to an immunoglobulin
or antibody whose variable regions derive from a first species and whose constant

35 regions derive from a second species. Chimeric immunoglobulins or antibodies can be
constructed, for example by genetic engineering, from immunoglobulin gene segments

belonging to different species.
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The term “human antibody,” as used herein, is intended to include antibodies
having variable regions in which both the framework and CDR regions are derived from
human germline immunoglobulin sequences as described, for example, by Kabat et al.
(See Kabat, et al. (1991) Sequences of proteins of Immunological Interest, Fifth Edition,
U.S. Department of Health and Human Services, NIH Publication No. 91-3242).
Furthermore, if the antibody contains a constant region, the constant region also is
derived from human germline immunoglobulin sequences. The human antibodies may
include amino acid residues not encoded by human germline immunoglobulin sequences
(e.g., mutations introduced by random or site-specific mutagenesis in vifro or by somatic
mutation in vivo). However, the term "human antibody", as used herein, is not intended
to include antibodies in which CDR sequences derived from the germline of another
mammalian species, such as a mouse, have been grafted onto human framework
sequences.

The human antibody can have at least one ore more amino acids replaced with an
amino acid residue, e.g., an activity enhancing amino acid residue which is not encoded
by the human germline immunoglobulin sequence. Typically, the human antibody can
have up to twenty positions replaced with amino acid residues which are not part of the
human germline immunoglobulin sequence. In a particular embodiment, these
replacements are within the CDR regions as described in detail below.

The term “humanized immunoglobulin” or “humanized antibody” refers to an
immunoglobulin or antibody that includes at least one humanized immunoglobulin or
antibody chain (i.e., at least one humanized light or heavy chain). The term “humanized
immunoglobulin chain” or “humanized antibody chain” (i.e., a “humanized
immunoglobulin light chain” or “humanized immunoglobulin heavy chain”) refers to an
immunoglobulin or antibody chain (i.e., a light or heavy chain, respectively) having a
variable region that includes a variable framework region substantially from a human
immunoglobulin or antibody and complementarity determining regions (CDRs) (e.g., at
least one CDR, preferably two CDRs, more preferably three CDRs) substantially from a
non-human immunoglobulin or antibody, and further includes constant regions (e.g., at
least one constant region or portion thereof, in the case of a light chain, and preferably
three constant regions in the case of a heavy chain). The term “humanized variable
region” (e.g., “humanized light chain variable region” or “humanized heavy chain
variable region”) refers to a variable region that includes a variable framework region
substantially from a human immunoglobulin or antibody and complementarity
determining regions (CDRs) substantially from a non-human immunoglobulin or
antibody.

A “bispecific” or “bifunctional antibody” is an artificial hybrid antibody having
two different heavy/light chain pairs and two different binding sites. Bispecific
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antibodies can be produced by a variety of methods including fusion of hybridomas or
linking of Fab' fragments. See, e.g., Songsivilai & Lachmann, (1990) Clin. Fxp.
Immunol. 79, 315-321; Kostelny et al. (1992) J. Immunol. 148, 1547-1553. Ina
particular embodiment, a bispecific antibody according to the present invention includes
binding sites for both ErbB3 and IGF1-R (i.e., insulin-like growth factor 1-receptor). In
another embodiment, a bispecific antibody according to the present invention includes
binding sites for both ErbB3 and C-MET. In other embodiments, a bispecific antibody
includes a binding site for ErbB3 and a binding site for ErbB2, ERbB3, ErbB4, EGFR,
Lewis Y, MUC-1, EpCAM, CA125, prostate specific membrane antigen, PDGFR-q,
PDGFR-3, C-KIT, or any of the FGF receptors.

As used herein, a “heterologous antibody” is defined in relation to the transgenic
non-human organism or plant producing such an antibody.

An “isolated antibody,” as used herein, is intended to refer to an antibody which
is substantially free of other antibodies having different antigenic specificities (e.g., an
isolated antibody that specifically binds to ErbB3 is substantially free of antibodies that
specifically bind antigens other than ErbB3). In addition, an isolated antibody is
typically substantially free of other cellular material and/or chemicals. In one
embodiment of the invention, a combination of “isolated” monoclonal antibodies having
different ErbB3 binding specificities are combined in a well defined composition.

As used herein, “isotype” refers to the antibody class (e.g., IgM or IgGl) that is
encoded by heavy chain constant region genes. In one embodiment, an antibody or
antigen binding portion thereof is of an isotype selected from an IgGl, an IgG2, an
IgG3, an IgG4, an IgM, an IgAl, an IgA2, an IgAsec, an IgD, or an IgE antibody
isotype. In some embodiments, a monoclonal antibody of the invention is of the IgG1
isotype. In other embodiments, a monoclonal antibody of the invention is of the IgG2
isotype.

As used herein, “isotype switching” refers to the phenomenon by which the
class, or isotype, of an antibody changes from one Ig class to one of the other Ig classes.

As used herein, “nonswitched isotype” refers to the isotypic class of heavy chain
that is produced when no isotype switching has taken place; the CH gene encoding the
nonswitched isotype is typically the first CH gene immediately downstream from the
functionally rearranged VDJ gene. Isotype switching has been classified as classical or
non-classical isotype switching. Classical isotype switching occurs by recombination
events which involve at least one switch sequence regions in a gene encoding an
antibody. Non-classical isotype switching may occur by, for example, homologous
recombination between human &, and human Y, (8-associated deletion). Alternative
non-classical switching mechanisms, such as intertransgene and/or interchromosomal

recombination, among others, may occur and effectuate isotype switching.
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As used herein, the term “switch sequence” refers to those DNA sequences
responsible for switch recombination. A “switch donor” sequence, typically a p switch
region, will be 5' (i.e., upstream) of the construct region to be deleted during the switch
recombination. The “switch acceptor” region will be between the construct region to be
deleted and the replacement constant region (e.g., v, €, etc.). As there is no specific site
where recombination always occurs, the final gene sequence will typically not be
predictable from the construct.

An “antigen” is an entity (e.g., a proteinaceous entity or peptide) to which an
antibody or antigen-binding portion thereof binds. In various embodiments of the
present invention, an antigen is ErbB3 or a ErbB3-like molecule. In a particular
embodiment according to the invention, an antigen is human ErbB3.

The term “epitope” or “antigenic determinant” refers to a site on an antigen to
which an immunoglobulin or antibody specifically binds. Epitopes can be formed both
from contiguous amino acids or noncontiguous amino acids juxtaposed by tertiary
folding of a protein. Epitopes formed from contiguous amino acids are typically
retained on exposure to denaturing solvents, whereas epitopes formed by tertiary folding
are typically lost on treatment with denaturing solvents. An epitope typically includes at
least 3,4,5,6,7,8,9, 10, 11, 12, 13, 14 or 15 amino acids in a unique spatial
conformation. Methods of determining spatial conformation of epitopes include
techniques in the art and those described herein, for example, x-ray crystallography and
2-dimensional nuclear magnetic resonance. See, e.g., Epitope Mapping Protocols in
Methods in Molecular Biology, Vol. 66, G. E. Morris, Ed. (1996).

Also encompassed by the present invention are antibodies that bind the same or
an overlapping epitope as the antibodies of the present invention, i.e., antibodies that
compete for binding to ErbB3, or bind epitopes which overlap with epitopes bound by
the antibodies described herein, 1.e., an epitope located on domain I of ErbB3.
Antibodies that recognize the same epitope can be identified using routine techniques
such as an immunoassay, for example, by showing the ability of one antibody to block
the binding of another antibody to a target antigen, i.e., a competitive binding assay.
Competitive binding is determined in an assay in which the immunoglobulin under test
inhibits specific binding of a reference antibody to a common antigen, such as ErbB3.
Numerous types of competitive binding assays are known, for example: solid phase
direct or indirect radioimmunoassay (RIA), solid phase direct or indirect enzyme
immunoassay (EIA), sandwich competition assay (see Stahli ef al., (1983) Methods in
Enzymology 9:242); solid phase direct biotin-avidin EIA (see Kirkland ef al., (1986) J.
Immunol. 137:3614); solid phase direct labeled assay, solid phase direct labeled
sandwich assay (see Harlow and Lane, (1988) Antibodies: A Laboratory Manual, Cold
Spring Harbor Press); solid phase direct label RIA using I-125 label (see Morel ef al.,
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(1988) Mol. Immunol. 25(1):7); solid phase direct biotin-avidin EIA (Cheung ef al.,
(1990) Virology 176:546); and direct labeled RIA. (Moldenhauer ez al., (1990) Scand. J.
Immunol. 32:77). Typically, such an assay involves the use of purified antigen (e.g.,
ErbB3) bound to a solid surface or cells bearing either of these, an unlabeled test
immunoglobulin and a labeled reference immunoglobulin. Competitive inhibition is
measured by determining the amount of label bound to the solid surface or cells in the
presence of the test inmunoglobulin. Usually the test immunoglobulin is present in
excess. Usually, when a competing antibody is present in excess, it will inhibit specific
binding of a reference antibody to a common antigen by at least 50-55%, 55-60%, 60-
65%, 65-70% 70-75% or more.

As used herein, the terms ““specific binding,

7 €< 2«

specifically binds,” “selective
binding,” and “selectively binds,” mean that an antibody or antigen-binding portion
thereof, exhibits appreciable affinity for a particular antigen or epitope and, generally,
does not exhibit significant cross-reactivity with other antigens and epitopes.
“Appreciable” or preferred binding includes binding with an affinity of at least 10°, 107,

10%,10° M, or 10" M. Affinities greater than 10’ M, preferably greater than 10° M

~ are more preferred. Values intermediate of those set forth herein are also intended to be

within the scope of the present invention and a preferred binding affinity can be
indicated as a range of affinities, for example, 10° to 10'° M, preferably 107 to 10'° M
!, more preferably 10¥ to 10' M\, An antibody that “does not exhibit significant cross-
reactivity” is one that will not appreciably bind to an undesirable entity (e.g., an
undesirable proteinaceous entity). For example, in one embodiment, an antibody or
antigen-binding portion thereof that specifically binds to ErbB3 will appreciably bind
that ErbB3 molecule but will not significantly react with other ErbB molecules and non-
ErbB proteins or peptides. Specific or selective binding can be determined according to
any art-recognized means for determining such binding, including, for example,
according to Scatchard analysis and/or competitive binding assays.

The term “Kp,” as used herein, is intended to refer to the dissociation equilibrium
constant of a particular antibody-antigen interaction or the affinity of an antibody for an
antigen. In one embodiment, the antibody or antigen binding portion thereof according
to the present invention binds an antigen (e.g., ErbB3) with an affinity (Kp) of 50 nM or
better (i.e., or less) (e.g., 40 nM or 30 nM or 20 nM or 10 nM or less), as measured using
a surface plasmon resonance assay or a cell binding assay. In a particular embodiment,
an antibody or antigen binding portion thereof according to the present invention binds
ErbB3 with an affinity (Kp) of 8 nM or better (e.g., 7nM, 6 nM, 5 nM, 4 nM, 2 nM, 1.5
nM, 1.4 nM, 1.3 nM, 1nM or less), as measured by a surface plasmon resonance assay or
a cell binding assay. In other embodiments, an antibody or antigen binding portion

thereof binds an antigen (e.g., ErtbB3) with an affinity (Kp) of approximately less than
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107 M, such as approximately less than 10 * M, 10® M or 10! M or even lower when
determined by surface plasmon resonance (SPR) technology in a BIACORE 3000
instrument using recombinant ErbB3 as the analyte and the antibody as the ligand, and
binds to the predetermined antigen with an affinity that is at least two-fold greater than
its affinity for binding to a non-specific antigen (e.g., BSA, casein) other than the
predetermined antigen or a closely-related antigen.

The term “Kor,” as used herein, is intended to refer to the off rate constant for
the dissociation of an antibody from the antibody/antigen complex.

The term “EC50,” as used herein, refers to the concentration of an antibody or an
antigen-binding portion thereof, which induces a response, either in an in vitro or an in
vivo assay, which is 50% of the maximal response, i.e., halfway between the maximal
response and the baseline.

As used herein, “glycosylation pattern” is defined as the pattern of carbohydrate
units that are covalently attached to a protein, more specifically to an immunoglobulin
protein.

The term “naturally-occurring™ as used herein as applied to an object refers to the
fact that an object can be found in nature. For example, a polypeptide or polynucleotide
sequence that is present in an organism (including viruses) that can be isolated from a
source in nature and which has not been intentionally modified by man in the laboratory
is naturally-occurring.

The term “rearranged” as used herein refers to a configuration of a heavy chain
or light chain immunoglobulin locus wherein a V segment is positioned immediately
adjacent to a D-J or J segment in a conformation encoding essentially a complete Vg or
VL domain, respectively. A rearranged immunoglobulin gene locus can be identified by
comparison to germline DNA; a rearranged locus will have at least one recombined
heptamer/nonamer homology element.

The term “unrearranged” or “germline configuration” as used herein in reference
to a V segment refers to the configuration wherein the V segment is not recombined so
as to be immediately adjacent to a D or J segment.

The term “nucleic acid molecule,” as used herein, is intended to include DNA
molecules and RNA molecules. A nucleic acid molecule may be single-stranded or
double-stranded, but preferably is double-stranded DNA.

The term “isolated nucleic acid molecule,” as used herein in reference to nucleic
acids encoding antibodies or antibody portions (e.g., Vi, V1L, CDR3) that bind to ErbB3,
is intended to refer to a nucleic acid molecule in which the nucleotide sequences
encoding the antibody or antibody portion are free of other nucleotide sequences
encoding antibodies that bind antigens other than ErbB3, which other sequences may

naturally flank the nucleic acid in human genomic DNA.
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The term “modifying,” or “modification,” as used herein, is intended to refer to
changing one or more amino acids in the antibodies or antigen-binding portions thereof.
The change can be produced by adding, substituting or deleting an amino acid at one or
more positions. The change can be produced using known techniques, such as PCR
mutagenesis. For example, in some embodiments, an antibody or an antigen-binding
portion thereof identified using the methods of the invention can be modified, to thereby
modify the binding affinity of the antibody or antigen-binding portion thereof to ErbB3.

The present invention also encompasses “conservative amino acid substitutions”
in the sequences of the antibodies of the invention, i.e., nucleotide and amino acid
sequence modifications which do not abrogate the binding of the antibody encoded by
the nucleotide sequence or containing the amino acid sequence, to the antigen, i.e.,
ErbB3. Conservative amino acid substitutions include the substitution of an amino acid
in one class by an amino acid of the same class, where a class is defined by common
physicochemical amino acid side chain properties and high substitution frequencies in
homologous proteins found in nature, as determined, for example, by a standard Dayhoff
frequency exchange matrix or BLOSUM matrix. Six general classes of amino acid side
chains have been categorized and include: Class I (Cys); Class 11 (Ser, Thr, Pro, Ala,
Gly); Class III (Asn, Asp, Gin, Glu); Class IV (His, Arg, Lys); Class V (Ile, Leu, Val,
Met); and Class VI (Phe, Tyr, Trp). For example, substitution of an Asp for another class
III residue such as Asn, Gln, or Glu, is a conservative substitution. Thus, a predicted
nonessential amino acid residue in an anti-ErbB3 antibody is preferably replaced with
another amino acid residue from the same class. Methods of identifying nucleotide and
amino acid conservative substitutions which do not eliminate antigen binding are well-
known in the art (see, e.g., Brummell ef al., Biochem. 32:1180-1187 (1993); Kobayashi
et al. Protein Eng. 12(10):879-884 (1999); and Burks et al. Proc. Natl. Acad. Sci. USA
94:.412-417 (1997)).

The term “non-conservative amino acid substitution” refers to the substitution of
an amino acid in one class with an amino acid from another class; for example,
substitution of an Ala, a class II residue, with a class III residue such as Asp, Asn, Glu,
or Gln.

Alternatively, in another embodiment, mutations (conservative or non-
conservative) can be introduced randomly along all or part of an anti-ErbB3 antibody
coding sequence, such as by saturation mutagenesis, and the resulting modified anti-
ErbB3 antibodies can be screened for binding activity.

A “consensus sequence” is a sequence formed from the most frequently
occurring amino acids (or nucleotides) in a family of related sequences (See e.g.,
Winnaker, From Genes to Clones (Verlagsgesellschaft, Weinheim, Germany 1987). Ina
family of proteins, each position in the consensus sequence is occupied by the amino
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acid occurring most frequently at that position in the family. If two amino acids occur
equally frequently, either can be included in the consensus sequence. A “consensus
framework” of an immunoglobulin refers to a framework region in the consensus
immunoglobulin sequence.

Similarly, the consensus sequence for the CDRs of can be derived by optimal
alignment of the CDR amino acid sequences of ErtbB3 antibodies of the present
invention.

For nucleic aéids, the term “substantial homology” indicates that two nucleic
acids, or designated sequences thereof, when optimally aligned and compared, are
identical, with appropriate nucleotide insertions or deletions, in at least about 80% of the
nucleotides, usually at least about 90% to 95%, and more preferably at least about 98%
to 99.5% of the nucleotides. Alternatively, substantial homology exists when the

- segments will hybridize under selective hybridization conditions, to the complement of

the strand.

The percent identity between two sequences is a function of the number of
identical positions shared by the sequences (i.e., % homology = # of identical
positions/total # of positions x 100), taking into account the number of gaps, and the
length of each gap, which need to be introduced for optimal alignment of the two
sequences. The comparison of sequences and determination of percent identity between
two sequences can be accomplished using a mathematical algorithm, as described in the
non-limiting examples below.

The percent identity between two nucleotide sequences can be determined using
the GAP program in the GCG software, using a NWSgapdna. CMP matrix and a gap
weight of 40, 50, 60, 70, or 80 and a length weight of 1, 2, 3, 4, 5, or 6. The percent
identity between two nucleotide or amino acid sequences can also be determined using
the algorithm of E. Meyers and W. Miller (CABIOS, 4:11-17 (1989)) which has been
incorporated into the ALIGN program (version 2.0), using a PAM120 weight residue
table, a gap length penalty of 12 and a gap penalty of 4. In addition, the percent identity
between two amino acid sequences can be determined using the Needleman and Wunsch
(J. Mol. Biol. (48):444-453 (1970)) algorithm which has been incorporated into the GAP
program in the GCG software package, using either a Blossum 62 matrix or a PAM250
matrix, and a gap weight of 16, 14, 12, 10, 8, 6, or 4 and a length weight of 1, 2, 3, 4, 5,
or 6.

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

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 “isolated” or “rendered
substantially pure” when purified away from other cellular components or other
contaminants, e.g., other cellular nucleic acids or proteins, by standard techniques,
including alkaline/SDS treatment, CsCl banding, column chromatography, agarose gel
electrophoresis and others well known in the art. See, F. Ausubel, ef al., ed. Current
Protocols in Molecular Biology, Greene Publishing and Wiley Interscience, New York
(1987).

The nucleic acid compositions of the present invention, while often in a native
sequence (except for modified restriction sites and the like), from either cDNA, genomic
or mixtures thereof may be mutated, in accordance with standard techniques to provide
gene sequences. For coding sequences, these mutations, may affect amino acid
sequence as desired. In particular, DNA sequences substantially homologous to or
derived from native V, D, J, constant, switches and other such sequences described
herein are contemplated (where “derived” indicates that a sequence is identical or
modified from another sequence).

The term “operably linked” refers to a nucleic acid sequence placed into a
functional relationship with another nucleic acid sequence. For example, DNA for a
presequence or secretory leader is operably linked to DNA for a polypeptide if it is
expressed as a preprotein that participates in the secretion of the polypeptide; a promoter
or enhancer is operably linked to a coding sequence if it affects the transcription of the
sequence; or a ribosome binding site is operably linked to a coding sequence if it is
positioned so as to facilitate translation. Generally, “operably linked” means that the
DNA sequences being linked are contiguous, and, in the case of a secretory leader,
contiguous and in reading phase. However, enhancers do not have to be contiguous.
Linking is accomplished by ligation at convenient restriction sites. If such sites do not
exist, the synthetic oligonucleotide adaptors or linkers are used in accordance with
conventional practice. A nucleic acid is “operably linked” when it is placed into a
functional relationship with another nucleic acid sequence. For instance, a promoter or

enhancer is operably linked to a coding sequence if it affects the transcription of the
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sequence. With respect to transcription regulatory sequences, operably linked means
that the DNA sequences being linked are contiguous and, where necessary to join two
protein coding regions, contiguous and in reading frame. For switch sequences,
operably linked indicates that the sequences are capable of effecting switch
recombination.

The term “vector,” as used herein, is intended to refer to a nucleic acid molecule
capable of transporting another nucleic acid to which it has been linked. One type of
vector is a “plasmid,” which refers to a circular double stranded DNA loop into which
additional DNA segments may be ligated. Another type of vector is a viral vector,
wherein additional DNA segments may be ligated into the viral genome. Certain vectors
are capable of autonomous replication in a host cell into which they are introduced (e.g.,
bacterial vectors having a bacterial origin of replication and episomal mammalian
vectors). Other vectors (e.g., non-episomal mammalian vectors) can be integrated into
the genome of a host cell upon introduction into the host cell, and thereby are replicated
along with the host genome. Moreover, certain vectors are capable of directing the
expression of genes to which they are operatively linked. Such vectors are referred to
herein as “recombinant expression vectors”(or simply, “expression vectors”). In
general, expression vectors of utility in recombinant DNA techniques are often in the
form of plasmids. The terms, “plasmid” and “vector” may be used interchangeably.
However, the invention is intended to include such other forms of expression vectors,
such as viral vectors (e.g., replication defective retroviruses, adenoviruses and adeno-
associated viruses), which serve equivalent functions.

The term “recombinant host cell” (or simply “host cell”), as used herein, is
intended to refer to a cell into which a recombinant expression vector has been
introduced. It should be understood that such terms are intended to refer not only to the
particular subject cell but to the progeny of such a cell. Because certain modifications
may occur in succeeding generations due to either mutation or environmental influences,
such progeny may not, in fact, be identical to the parent cell, but are still included within
the scope of the term “host cell” as used herein.

) ec

The terms “‘treat,” “treating,” and “treatment,” as used herein, refer to therapeutic
or preventative measures described herein. The methods of “treatment” employ
administration to a subject, an antibody or antigen binding portion of the present
invention, for example, a subject having a disease or disorder associated with ErbB3
dependent signaling or predisposed to having such a disease or disorder, in order to
prevent, cure, delay, reduce the severity of, or ameliorate one or more symptoms of the
disease or disorder or recurring disease or disorder, or in order to prolong the survival of

a subject beyond that expected in the absence of such treatment.
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The term “disease associated with ErbB3 dependent signaling,” or “disorder
associated with ErbB3 dependent signaling,” as used herein, includes disease states
and/or symptoms associated with a disease state, where increased levels of ErbB3 and/or
activation of cellular cascades involving ErbB3 are found. It is understood that ErbB3
heterodimerizes with other ErbB proteins such as, EGFR and ErbB2, when increased
levels of ErbB3 are found. Accordingly, the term “disease associated with ErbB3
dependent signaling,” also includes disease states and/or symptoms associated with
disease states where increased levels of EGFR/ErbB3 and/or ErbB2/ErbB3 heterodimers
are found. In general, the term “disease associated with ErbB3 dependent signaling,”
refers to any disorder, the onset, progression or the persistence of the symptoms of
which requires the participation of ErbB3. Exemplary ErbB3-mediated disorders
include, but are not limited to, for example, cancer.

The terms “cancer” and “cancerous” refer to or describe the physiological
condition in mammals that is typically characterized by unregulated cell growth.
Examples of cancer include but are not limited to, carcinoma, lymphoma, blastoma,
sarcoma, and leukemia. More particular examples of such cancers include squamous
cell cancer, small-cell lung cancer, non-small cell lung cancer, gastric cancer, pancreatic
cancer, glial cell tumors such as glioblastoma and neurofibromatosis, cervical cancer,
ovarian cancer, liver cancer, bladder cancer, hepatoma, breast cancer, colon cancer,
melanoma, colorectal cancer, endometrial carcinoma, salivary gland carcinoma, kidney
cancer, renal cancer, prostate cancer, vulval cancer, thyroid cancer, hepatic carcinoma
and various types of head and neck cancer. In a particular embodiment, a cancer treated
or diagnosed using the methods of the present invention is selected from melanoma,
breast cancer, ovarian cancer, renal carcinoma, gastrointestinal/colon cancer, lung
cancer, and prostate cancer.

The term “effective amount,” as used herein, refers to that amount of an antibody
or an antigen binding portion thereof that binds ErbB3, which is sufficient to effect
treatment, prognosis or diagnosis of a disease associated with ErbB3 dependent
signaling, as described herein, when administered to a subject. A therapeutically
effective amount will vary depending upon the subject and disease condition being
treated, the weight and age of the subject, the severity of the disease condition, the
manner of administration and the like, which can readily be determined by one of
ordinary skill in the art. The dosages for administration can range from, for example,
about 1 ng to about 10,000 mg, about 5 ng to about 9,500 mg, about 10 ng to about
9,000 mg, about 20 ng to about 8,500 mg, about 30 ng to about 7,500 mg, about 40 ng to
about 7,000 mg, about 50 ng to about 6,500 mg, about 100 ng to about 6,000 mg, about
200 ng to about 5,500 mg, about 300 ng to about 5,000 mg, about 400 ng to about 4,500
mg, about 500 ng to about 4,000 mg, about 1 pg to about 3,500 mg, about 5 ug to about
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3,000 mg, about 10 pg to about 2,600 mg, about 20 pg to about 2,575 mg, about 30 pg
to about 2,550 mg, about 40 pg to about 2,500 mg, about 50 pg to about 2,475 mg,
about 100 pg to about 2,450 mg, about 200 ug to about 2,425 mg, about 300 ug to about
2,000, about 400 pg to about 1,175 mg, about 500 pg to about 1,150 mg, about 0.5 mg
to about 1,125 mg, about 1 mg to about 1,100 mg, about 1.25 mg to about 1,075 mg,
about 1.5 mg to about 1,050 mg, about 2.0 mg to about 1,025 mg, about 2.5 mg to about
1,000 mg, about 3.0 mg to about 975 mg, about 3.5 mg to about 950 mg, about 4.0 mg to
about 925 mg, about 4.5 mg to about 900 mg, about 5 mg to about 875 mg, about 10 mg
to about 850 mg, about 20 mg to about 825 mg, about 30 mg to about 800 mg, about 40
mg to about 775 mg, about 50 mg to about 750 mg, about 100 mg to about 725 mg,
about 200 mg to about 700 mg, about 300 mg to about 675 mg, about 400 mg to about
650 mg, about 500 mg, or about 525 mg to about 625 mg, of an antibody or antigen
binding portion thereof, according to the invention. Dosage regiments may be adjusted
to provide the optimum therapeutic response. An effective amount is also one in which
any toxic or detrimental effects (i.e., side effects) of an antibody or antigen binding
portion thereof are minimized and/or outweighed by the beneficial effects.

The term “patient” includes human and other mammalian subjects that receive
either prophylactic or therapeutic treatment.

As used herein, the term “subject” includes any human or non-human animal.
For example, the methods and compositions of the present invention can be used to treat
a subject having cancer. In a particular embodiment, the subject is a human. The term
“non-human animal” includes all vertebrates, e.g., mammals and non-mammals, such as
non-human primates, sheep, dog, cow, chickens, amphibians, reptiles, efc.

The term “sample” refers to tissue, body fluid, or a cell from a patient or a
subject. Normally, the tissue or cell will be removed from the patient, but i vivo
diagnosis is also contemplated. In the case of a solid tumor, a tissue sample can be taken
from a surgically removed tumor and prepared for testing by conventional techniques.

In the case of lymphomas and leukemias, lymphocytes, leukemic cells, or lymph tissues
can be obtained and appropriately prepared. Other patient samples, including urine, tear
drops, serum, cerebrospinal fluid, feces, sputum, cell extracts efc. can also be useful for

particular tumors.

The terms “anti-cancer agent” and “antineoplastic agent” refer to drugs used to
treat malignancies, such as cancerous growths. Drug therapy may be used alone, or in
combination with other treatments such as surgery or radiation therapy. Several classes
of drugs may be used in cancer treatment, depending on the nature of the organ
involved. For example, breast cancers are commonly stimulated by estrogens, and may

be treated with drugs which inactive the sex hormones. Similarly, prostate cancer may
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be treated with drugs that inactivate androgens, the male sex hormone. Anti-cancer

agents of the present invention include, among others, the following agents:

Anti-Cancer Agent
Antibodies

(a) antibodies other
than anti-ErbB3
antibodies; and

(b) anti-ErbB3
antibodies which
bind different

epitopes

Small Molecules
Targeting IGF1R

Small Molecules
Targeting EGFR

Comments
Antibodies which bind
IGF-1R (insulin-like
growth factor type 1
receptor), which is
expressed on the cell .
surface of must human
cancers

Antibodies which bind
EGFR (epidermal growth
factor receptor);
Mutations affecting
EGFR expression or
activity could result in
cancer

Antibodies which bind
cMET (Mesenchymal
epithelial transition
factor); a member of the
MET family of receptor
tyrosine kinases)

Anti-ErbB3 antibodies
which bind different
epitopes

IGF-1R (insulin-like
growth factor type 1
receptor), which is
expressed on the cell
surface of must human
cancers

EGFR (epidermal growth
factor receptor);
Mutations affecting
EGFR expression or
activity could result in
cancer

.25-

Examples
A12 (fully humanized mAb)
19D12 (fully humanized mAb)
CP751-871 (fully humanized mAb)
H7C10 (humanized mAb)
alphalR3 (mouse)
scFV/FC (mouse/human chimera)
EM/164 (mouse)

Matuzumab (EMD72000)
Erbitux® / Cetuximab (Imclone)
Vectibix® / Panitumumab (Amgen)
mADb 806

Nimotuzumab (TheraCIM)

AVEO (AV299) (AVEO)
AMGI102 (Amgen)
5D5 (OA-5D5) (Genentech)

Ab #14 (MM 121-14) described herein
Herceptin® (Trastuzumab; Genentech)
1B4C3; 2D1D12 (U3 Pharma AQG)
NVP-AEWS541-A

BMS-536,924 (1H-benzoimidazol-2-yl)-1H-
pyridin-2-one)

BMS-554,417

Cycloligan

TAE226

PQ401

Iressa® / Gefitinib (AstraZeneca)

CI-1033 (PD 183805) (Pfizer)

Lapatinib (GW-572016) (GlaxoSmithKline)
Tykerb® / Lapatinib Ditosylate (SmithKline
Beecham)

Tarceva®/ Erlotinib HCL (OSI-774) (OSI
Pharma)

PKI-166 (Novartis)
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Small Molecules
Targeting cMET

Antimetabolites

Alkylating agents

cMET (Mesenchymal
epithelial transition
factor); a member of the
MET family of receptor
tyrosine kinascs)

An antimetabolite i1s a
chemical with a similar
structure to a substance (a
metabolite) required for
normal biochemical
reactions, yet different
enough to interfere with
the normal functions of
cells, including cell
division.

An alkylating
antineoplastic agent is an
alkylating agent that
attaches an alkyl group to
DNA. Since cancer cells
generally proliferate
unrestrictively more than
do healthy cells they are
more sensitive to DNA
damage, and alkylating
agents are used clinically
to treat a variety of
tumours.
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PD-158780
EKB-569
Tyrphostin AG 1478(4-(3-Chloroanillino)-
6,7-dimethoxyquinazoline)
PHAG665752
ARQ 197

Flourouracil (5-FU)

Capecitabine / XELODA® (HLR Roche)
5-Trifluoromethyl-2'-deoxyuridine
Methotrexate sodium (Trexall) (Barr)
Raltitrexed / Tomudex® (AstraZaneca)
Pemetrexed / Alimta® (Lilly)

Tegafur

Cytosine Arabinoside (Cytarabine, Ara-C) /
Thioguanine® (GlaxoSmithKline)
5-azacytidine

6-mercaptopurine (Mercaptopurine, 6-MP)
Aczathioprine / Azasan® (AAIPHARMA
LLC)

6-thioguanine (6-TG) / Purinethol® (TEVA)
Pentostatin / Nipent® (Hospira Inc.)
Fludarabine phosphate / Fludara® (Bayer
Health Care)

Cladribine (2-CdA, 2-
chlorodeoxyadenosine) / Leustatin® (Ortho
Biotech)

Ribonucleotide Reductase Inhibitor (RNR)
Cyclophosphamide / Cytoxan (BMS)

Neosar (TEVA)

Ifosfamide /Mitoxana® (ASTA Medica)
Thiotepa (Bedford, Abraxis, Teva)

BCNU— 1,3-bis(2-chloroethyl)-1-nitosourea
CCNU— 1,-(2-chloroethyl)-3-cyclohexyl-1-
nitrosourea (methyl CCNU)
Hexamethylmelamine (Altretamine, HMM) /
Hexalen® (MGI Pharma Inc.)

Busulfan / Myleran (GlaxoSmithKline)
Procarbazine HCL /

Matulane (Sigma Tau Pharmaceuticals, Inc.)
Dacarbazine (DTIC)

Chlorambucil / Leukaran® (SmithKline
Beecham)

Melphalan / Alkeran® (GlaxoSmithKline)
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Topoisomerase
inhibitors

Microtubule
targeting agents

Kinase inhibitors

Topoisomerase inhibitors
are chemotherapy agents
designed to interfere with
the action of
topoisomerase enzymes
(topoisomerase I and II),
which are enzymes that
control the changes in
DNA structure by
catalyzing the breaking
and rejoining of the
phosphodiester backbone
of DNA strands during
the normal cell cycle.

Microtubules are one of
the components of the
cytoskeleton. They have
diameter of ~ 24 nm and
length varying from
several micrometers to
possibly millimeters in
axons of nerve cells.
Microtubules serve as
structural components
within cells and are
involved in many cellular
processes including
mitosis, cytokinesis, and
vesicular transport.

Tyrosine kinases are
enzymes within the cell
that function to attach
phosphate groups to the
amino acid tyrosine. By
blocking the ability of
protein tyrosine kinases
to function, these
compounds provide a tool
for controlling cancerous
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Cisplatin (Cisplatinum, CDDP) / Platinol
(Bristol Myers)

Carboplatin / Paraplatin (BMS)

Oxaliplatin / Eloxitan® (Sanofi-Aventis US)

Doxorubicin HCL / Doxil® (Alza)
Daunorubicin citrate / Daunoxome® (Gilead)
Mitoxantrone HCL/Novantrone (EMD
Serono)

Actinomycin D

Etoposide / Vepesid® (BMS)/ Etopophos®
(Hospira, Bedford, Teva Parenteral, Etc.)
Topotecan HCL / Hycamtin®
(GlaxoSmithKline)

Teniposide (VM-26) / Vumon® (BMS)
Irnotecan HCL(CPT-11)/

Camptosar® (Pharmacia & Upjohn)

Vincristine / Oncovin® (Lilly)
Vinblastine sulfate/Velban®(discontinued)
(Lilly)

Vinorelbine tartrate / Navelbine®
(PierreFabre)

Vindesine sulphate / Eldisine® (Lilly)
Paclitaxel / Taxol® (BMS)

Docetaxel / Taxotere® (Sanofi Aventis US)
Nanoparticle paclitaxel (ABI-007) /
Abraxane® (Abraxis BioScience, Inc.)
Ixabepilone / IXEMPRAT (BMS)

Imatinib mesylate / Gleevec (Novartis)
Sunitinib malate / Sutent® (Pfizer)
Sorafenib tosylate / Nexavar® (Bayer)
Nilotinib hydrochloride monohydrate /
Tasigna® (Novartis)
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Protein synthesis
inhibitors

Immunotherapeutic
agents

Hormones

Glucocorticoids

Aromatose inhibitors

mTOR inhibitors

cell growth.

Induces cell apoptosis

Induces cancer patients to
exhibit immune
responsiveness

Hormone therapics
associated with
menopause and aging
seek to increase the
amount of certain
hormones in your body to
compensate for age- or
disease-related hormonal
declines. Hormone
therapy as a cancer
treatment either reduces
the level of specific
hormones or alters the
cancer’s ability to use
these hormones to grow
and spread.

Anti-inflammatory drugs
used to reduce swelling
that causes cancer pain.

Includes imidazoles

The mTOR signaling
pathway was originally
discovered during studies
of the
immunosuppressive agent
rapamycin. This highly
conserved pathway
regulates cell
proliferation and

-28 -

OnCusp
Ex. 1038

PCT/US2008/002119

L-asparaginase / Elspar® (Merck & Co.)

Alpha interferon

Angiogenesis Inhibitor / Avastin®
(Genentech)

IL-2— Interleukin 2 (Aldesleukin) / Proleukin
® (Chiron)

IL-12— Interleukin 12

Toremifene citrate / Fareston® (GTX, Inc.)
Fulvestrant / Faslodex® (AstraZeneca)
Raloxifene HCL / Evista® (Lilly)
Anastrazole / Arimidex® (AstraZeneca)

Letrozole / Femara® (Novartis)
Fadrozole (CGS 16949A)

Exemestane / Aromasin® (Pharmacia &
Upjohn)

Leuprolide acetate / Eligard® (QTL USA)
Lupron® (TAP Phamm.)

Goserelin acetate / Zoladex® (AstraZeneca)
Triptorelin pamoate / Trelstar® (Watson
Labs)

Buserelin / Suprefact® (Sanofi Aventis)
Nafarelin

Cetrorelix / Cetrotide® (EMD Serono)
Bicalutamide / Casodex® (AstraZeneca)
Nilutamide / Nilandron® (Aventis Pharm.)
Megestrol acetate / Megace® (BMS)
Somatostatin Analogs (Octreotide acetate /
Sandostatin® (Novartis))

Predinsolone
Dexamethasone / Decadron® (Wyeth)

Ketoconazole

Sirolimus (Rapamycin) /

Rapamune® (Wyeth)

Temsirolimus (CCI-779) / Torisel® (Wyeth)
Deforolimus (AP23573) (Ariad Pharm.)
Everolimus (RADO0O1) /Certican® (Novartis)
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metabolism in response
to environmental factors,
linking cell growth factor
receptor signaling via
phosphoinositide-3-
kinase (PI-3K) to cell
growth, proliferation, and
angiogenesis.
Chemotherapeutic Adriamycin, 5-Fluorouracil, Cytoxin,
agents Bleomycin, Mitomycin C, Daunomycin,
Carminomycin, Aminopterin, Dactinomycin,
Mitomycins, Esperamicins
One or more anti-cancer agents may be administered either simultaneously or before or
after administration of an antibody or antigen binding portion thereof of the present
invention.
Various aspects of the invention are described in further detail in the following

subsections.

1L Methods for Producing Antibodies of the Invention
(i) Monoclonal Antibodies
Monoclonal antibodies of the invention can be produced using a variety of

known techniques, such as the standard somatic cell hybridization technique described
by Kohler and Milstein (1975) Nature 256: 495, viral or oncogenic transformation of B
lymphocytes or phage display technique using libraries of human antibody genes. In
particular embodiments, the antibodies are fully human monoclonal antibodies.
Accordingly, in one embodiment, a hybridoma method is used for producing an
antibody that binds ErbB3. In this method, a mouse or other appropriate host animal can
be immunized with a suitable antigen in order to elicit lymphocytes that produce or are
capable of producing antibodies that will specifically bind to the antigen used for
immunization. Alternatively, lymphocytes may be immunized in vitro. Lymphocytes
can then be fused with myeloma cells using a suitable fusing agent, such as polyethylene
glycol, to form a hybridoma cell (Goding, Monoclonal Antibodies: Principles and
Practice, pp.59-103 (Academic Press, 1986)). Culture medium in which hybridoma cells
are growing is assayed for production of monoclonal antibodies directed against the
antigen. After hybridoma cells are identified that produce antibodies of the desired
specificity, affinity, and/or activity, the clones may be subcloned by limiting dilution
procedures and grown by standard methods (Goding, Monoclonal Antibodies:Principles
and Practice, pp. 59-103 (Academic Press, 1986)). Suitable culture media for this
purpose include, for example, D-MEM or RPMI-1640 medium. In addition, the
hybridoma cells may be grown in vivo as ascites tumors in an animal. The monoclonal
antibodies secreted by the subclones can be separated from the culture medium, ascites
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fluid, or serum by conventional immunoglobulin purification procedures such as, for
example, protein A-Sepharose, hydroxylapatite chromatography, gel electropheresis,
dialysis, or affinity chromatography.

In another embodiment, antibodies and antibody portions that bind ErbB3 can be
isolated from antibody phage libraries generated using the techniques described in, for
example, McCafferty ef al., Nature, 348:552-554 (1990). Clackson et al., Nature,
352:624-628 (1991), Marks et al., J. Mol. Biol., 222:581-597 (1991) and Hoet ef al
(2005) Nature Biotechnology 23, 344-348 ; U.S. Patent Nos. 5,223,409; 5,403,484; and
5,571,698 to Ladner ef al.; U.S. Patent Nos. 5,427,908 and 5,580,717 to Dower et al.;
U.S. Patent Nos. 5,969,108 and 6,172,197 to McCafferty ef al.; and U.S. Patent Nos.
5,885,793; 6,521,404; 6,544,731; 6,555,313; 6,582,915 and 6,593,081 to Griffiths et al..
Additionally, production of high affinity (nM range) human antibodies by chain
shuffling (Marks ef al., Bio/Technology, 10:779-783 (1992)), as well as combinatorial
infection and in vivo recombination as a strategy for constructing very large phage
libraries (Waterhouse ef al., Nuc. Acids. Res., 21:2265-2266 (1993)) may also be used.

In a particular embodiment, the monoclonal antibody or antigen binding portion
thereof that binds ErbB3 is produced using the phage display technique described by
Hoet ef al., supra. This technique involves the generation of a human Fab library having
a unique combination of immunoglobulin sequences isolated from human donors and
having synthetic diversity in the heavy-chain CDRs is generated. The library is then
screened for Fabs that bind to ErbB3.

In yet another embodiment, human monoclonal antibodies directed against
ErbB3 can be generated using transgenic or transchromosomic mice carrying parts of the
human immune system rather than the mouse system (see e.g., Lonberg, ef al. (1994)
Nature 368(6474): 856-859; Lonberg, N. et al. (1994), supra; reviewed in Lonberg, N.
(1994) Handbook of Experimental Pharmacology 113:49-101; Lonberg, N. and Huszar,
D. (1995) Intern. Rev. Immunol. 13: 65-93, and Harding, F. and Lonberg, N. (1995) Ann.
N.Y. Acad. Sci. 764:536-546. See further, U.S. Patent Nos. 5,545,806; 5,569,825;
5,625,126; 5,633,425; 5,789,650; 5,877,397 5,661,016; 5,814,318; 5,874,299; and
5,770,429, all to Lonberg and Kay; U.S. Patent No. 5,545,807 to Surani ef al.; PCT
Publication Nos. WO 92/03918, WO 93/12227, WO 94/25585, WO 97/13852, WO
98/24884 and WO 99/45962, all to Lonberg and Kay; and PCT Publication No. WO
01/14424 to Korman ef al.).

In another embodiment, human antibodies of the invention can be raised using a
mouse that carries human immunoglobulin sequences on transgenes and
transchomosomes, such as a mouse that carries a human heavy chain transgene and a
human light chain transchromosome (see e.g., PCT Publication WO 02/43478 to Ishida
etal).
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Still further, alternative transgenic animal systems expressing human
immunoglobulin genes are available in the art and can be used to raise anti-ErbB3
antibodies of the invention. For example, an alternative transgenic system referred to as
the Xenomouse (Abgenix, Inc.) can be used; such mice are described in, for example,
U.S. Patent Nos. 5,939,598; 6,075,181, 6,114,598; 6, 150,584 and 6,162,963 to
Kucherlapati et al.

Moreover, alternative transchromosomic animal systems expressing human
immunoglobulin genes are available in the art and can be used to raise anti-ErbB3
antibodies of the invention. For example, mice carrying both a human heavy chain
transchromosome and a human light chain tranchromosome can be used; as described in
Tomizuka et al. (2000) Proc. Natl. Acad. Sci. USA 97:722-727. Furthermore, cows
carrying human heavy and light chain transchromosomes have been described in the art
(Kuroiwa et al. (2002) Nature Biotechnology 20:889-894) and can be used to raise anti-
ErbB3 antibodies of the invention.

In yet another embodiment, antibodies of the present invention can be prepared
using a transgenic plant and/or cultured plant cells (such as, for example, tobacco, maize
and duckweed) that produce such antibodies. For example, transgenic tobacco leaves
expressing antibodies or antigen binding portions thereof can be used to produce such
antibodies by, for example, using an inducible promoter (see, e.g., Cramer et al., Curr.
Top. Microbol. Immunol. 240:95 118 (1999)). Also, transgenic maize can be used to
express such antibodies and antigen binding portions thereof (see, e.g., Hood ef al., Adv.
Exp. Med. Biol. 464:127 147 (1999)). Antibodies can also be produced in large amounts
from transgenic plant seeds including antibody portions, such as single chain antibodies
(scFv's), for example, using tobacco seeds and potato tubers (see, e.g., Conrad ef al.,
Plant Mol. Biol. 38:101 109 (1998)). Methods of producing antibodies or antigen
binding portions in plants can also be found in, e.g., Fischer et al., Biotechnol. Appl.
Biochem. 30:99 108 (1999), Ma et al., Trends Biotechnol. 13:522 7 (1995); Ma et al.,
Plant Physiol. 109:341 6 (1995);, Whitelam et al., Biochem. Soc. Trans. 22:940 944
(1994) and U.S. Patent Nos. 6,040,498 and 6,815,184.

The binding specificity of monoclonal antibodies or portions thereof that bind
ErbB3 prepared using any technique including those disclosed here, can be determined
by immunoprecipitation or by an in vitro binding assay, such as radioimmunoassay
(RIA) or enzyme-linked immunoabsorbent assay (ELISA). The binding affinity of a
monoclonal antibody or portion thereof also can be determined by the Scatchard analysis
of Munson et al., Anal. Biochem., 107:220 (1980).

In certain embodiments, an ErbB3 antibody or portion thereof produced using

any of the methods discussed above may be further altered or optimized to achieve a
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desired binding specificity and/or affinity using art recognized techniques, such as those
described herein.

In one embodiment, partial antibody sequences derived from an ErbB3 antibody
may be used to produce structurally and functionally related antibodies. For example,
antibodies interact with target antigens predominantly through amino acid residues that
are located in the six heavy and light chain complementarity determining regions
(CDRs). For this reason, the amino acid sequences within CDRs are more diverse
between individual antibodies than sequences outside of CDRs. Because CDR
sequences are responsible for most antibody-antigen interactions, it is possible to
express recombinant antibodies that mimic the properties of specific naturally occurring
antibodies by constructing expression vectors that include CDR sequences from the
specific naturally occurring antibody grafted onto framework sequences from a different
antibody with different properties (see, e.g., Riechmann, L. ef al.,, 1998, Nature 332:323-
327; Jones, P. et al., 1986, Nature 321:522-525; and Queen, C. ef al., 1989, Proc. Natl.
Acad. See. U.S.A. 86:10029-10033). Such framework sequences can be obtained from
public DNA databases that include germline antibody gene sequences.

Thus, one or more structural features of an anti-ErbB3 antibody of the invention,
such as the CDRs, can be used to create structurally related anti-ErbB3 antibodies that
retain at least one functional property of the antibodies of the invention, e.g., inhibiting
EGF-like ligand mediated phosphorylation of ErbB3; inhibiting one or more of
heregulin, epiregulin, epigen or biregulin-mediated signaling through ErbB3; inhibiting
proliferation or cells expressing ErbB3; and/or decreasing levels of ErbB3 on cell
surfaces.

In a particular embodiment, one or more CDR regions selected from SEQ ID
NOs:7-12, SEQ ID NOs:13-18, SEQ ID NOs:19-24, SEQ ID NOs:39-44, and SEQ ID
NOs:45-50 is combined recombinantly with known human framework regions and
CDRs to create additional, recombinantly-engineered, anti-ErbB3 antibodies of the
invention. The heavy and light chain variable framework regions can be derived from
the same or different antibody sequences.

It is well known in the art that antibody heavy and light chain CDR3 domains
play a particularly important role in the binding specificity/affinity of an antibody for an
antigen (see, Hall et al., J. Imunol., 149:1605-1612 (1992); Polymenis et al., J.
Immunol., 152:5318-5329 (1994); Jahn et al., Immunobiol., 193:400-419 (1995); Klimka
et al., Brit. J. Cancer, 83:252-260 (2000); Beiboer et al., J. Mol. Biol, 296:833-849
(2000); Rader et al., Proc. Natl. Acad. Sci. USA, 95:8910-8915 (1998); Barbas ef al., J.
Am. Chem. Soc., 116:2161-2162 (1994); Ditzel et al., J. Immunol., 157:739-749 (1996)).
Accordingly, in certain embodiments, antibodies are generated that include the heavy
and/or light chain CDR3s of the particular antibodies described herein (e.g., SEQ ID
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NOs:9, 15, 21, 41, 47 and/or SEQ ID NOs:12, 18, 24, 44, 50). The antibodies can
further include the heavy and/or light chain CDR1 and/or CDR2s of the antibodies of the
present invention (e.g., SEQ ID NOs:7-8 and/or SEQ ID NOs:10-11; SEQ ID NOs:13-
14 and/or SEQ ID NOs:16-17; SEQ ID NOs:20-21 and/or SEQ ID NOs:22-23; SEQ ID
NOs:39-40 and/or SEQ ID NOs:42-43; or SEQ ID NOs:45-46 and/or SEQ ID NOs:48-
49).

The CDR1, 2, and/or 3 regions of the engineered antibodies described above can
comprise the exact amino acid sequence(s) as those disclosed herein (e.g., CDRs of Ab
#6, Ab #3, Ab #14, Ab #17, or Ab #19, set forth in SEQ ID NOs:7-12, 13-18, 19-24, 39-
44, and 45-50, respectively). However, the ordinarily skilled artisan will appreciate that
some deviation from the exact CDR sequences may be possible while still retaining the
ability of the antibody to bind ErbB3 effectively (e.g., conservative amino acid
substitutions). Accordingly, in another embodiment, the engineered antibody may be
composed of one or more CDRs that are, for example, 90%, 95%, 98%, 99% or 99.5%
identical to one or more CDRs of Ab #6, Ab #3 or Ab #14.

In another embodiment, one or more residues of a CDR may be altered to modify
binding to achieve a more favored on-rate of binding. Using this strategy, an antibody
having ultra high binding affinity of, for example, 10'° M or more, can be achieved.
Affinity maturation techniques, well known in the art and those described herein, can be
used to alter the CDR region(s) followed by screening of the resultant binding molecules
for the desired change in binding. Accordingly, as CDR(s) are altered, changes in
binding affinity as well as immunogenicity can be monitored and scored such that an
antibody optimized for the best combined binding and low immunogenicity are
achieved.

In addition to, or instead of, modifications within the CDRs, modifications can
also be made within one or more of the framework regions, FR1, FR2, FR3 and FR4, of
the heavy and/or the light chain variable regions of an antibody, so long as these
modifications do not eliminate the binding affinity of the antibody.

In another embodiment, the antibody is further modified with respect to effector
function, so as to enhance the effectiveness of the antibody in treating cancer, for
example. For example cysteine residue(s) may be introduced in the Fc region, thereby
allowing interchain disulfide bond formation in this region. The homodimeric antibody
thus generated may have improved internalization capability and/or increased
complement-mediated cell killing and antibody-dependent cellular cytotoxicity (ADCC).
See Caron et al., J. Exp Med. 176:1191-1195 (1992) and Shopes, B. J. Immunol.
148:2918-2922 (1992). Homodimeric antibodies with enhanced anti-tumor activity may
also be prepared using heterobifunctional cross-linkers as described in Wolff ef al.
Cancer Research 53:2560-2565 (1993). Alternatively, an antibody can be engineered
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which has dual Fc regions and may thereby have enhanced complement lysis and ADCC
capabilities. See Stevenson et al. Anti-Cancer Drug Design 3:219-230 (1989).

Also encompassed by the present invention are bispecific antibodies and
immunoconjugates, as discussed below.

(ii) Bispecific Antibodies
Bispecific antibodies of the present invention include at least one binding

specificity for ErbB3 and at least one binding specificity for another antigen, such as the
product of an oncogene. Bispecific antibodies can be prepared as full length antibodies
or antibody fragments (e.g. F(ab'), bispecific antibodies).

Methods for making bispecific antibodies are well known in the art (see, e.g.,
WO 05117973 and WO 06091209). For example, production of full length bispecific
antibodies can be based on the coexpression of two immunoglobulin heavy chain-light
chain pairs, where the two chains have different specificities (see, e.g., Millstein ef al.,
Nature, 305:537-539 (1983)). Further details of generating bispecific antibodies can be
found, for example, in Suresh e/ al., Methods in Enzymology, 121:210 (1986) and in
Brennan et al., Science, 229: 81 (1985), which describes a chemical linkage process for
making bispecific antibodies. Various techniques for making and isolating bispecific
antibody fragments directly from recombinant cell culture have also been described. For
example, bispecific antibodies have been produced using leucine zippers (see, e.g.,
Kostelny et al., J. Immunol., 148(5):1547-1553 (1992)). Another strategy for making
bispecific antibody fragments by the use of single-chain Fv (sFv) dimers has also been
reported (see, e.g., Gruber et al., J. Immunol., 152:5368 (1994)).

In a particular embodiment, the bispecific antibody comprises a first antibody or
binding portion thereof which binds to ErbB3 and a second antibody or binding portion
thereof which binds to ErbB2, ERbB3, ErbB4, EGFR, IGF1-R, C-MET, Lewis Y,
MUC-1, EpCAM, CA125, prostate specific membrane antigen, PDGFR-a, PDGFR-J3,
C-KIT, or any of the FGF receptors.

(iii) Immunoconjugates
Immunoconjugates of the present invention can be formed by conjugating the

antibodies or antigen binding portions thereof described herein to another therapeutic
agent. Suitable agents include, for example, a cytotoxic agent (e.g., a chemotherapeutic
agent), a toxin (e.g. an enzymatically active toxin of bacterial, fungal, plant or animal
origin, or fragments thereof), and/or a radioactive isotope (i.e., a radioconjugate).
Chemotherapeutic agents useful in the generation of such immunoconjugates have been
described above. Enzymatically active toxins and fragments thereof which can be used

include diphtheria A chain, nonbinding active fragments of diphtheria toxin, exotoxin A

-34-



OnCusp

10021 of 10951 Ex. 1038

10

15

20

25

30

35

WO 2008/100624 PCT/US2008/002119

chain (from Pseudomonas aeruginosa), ricin A chain, abrin A chain, modeccin A chain,
alpha-sarcin, Aleurites fordii proteins, dianthin proteins, Phytolaca americana proteins
(PAPI, PAPII, and PAP-S), momordica charantia inhibitor, curcin, crotin, sapaonaria
officinalis inhibitor, gelonin, mitogellin, restrictocin, phenomycin, enomycin and the
tricothecenes. A variety of radionuclides are available for the production of
radioconjugated anti-ErbB3 antibodies. Examples include *? Bi, ' I, '*! In, °°Y and '%¢
Re.

Immunoconjugates of the invention can be made using a variety of bifunctional
protein coupling agents such as N-succinimidyl-3-(2-pyridyldithiol) propionate (SPDP),
iminothiolane (IT), bifunctional derivatives of imidoesters (such as dimethy! adipimidate
HCL), active esters (such as disuccinimidy! suberate), aldehydes (such as
glutareldehyde), bis-azido compounds (such as bis (p-azidobenzoyl) hexanediamine),
bis-diazonium derivatives (such as bis-(p-diazoniumbenzoyl)-ethylenediamine),
diisocyanates (such as tolyene 2,6-diisocyanate), and bis-active fluorine compounds
(such as 1,5-difluoro-2,4-dinitrobenzene). For example, a ricin immunotoxin can be
prepared as described in Vitetta ef al., Science 238: 1098 (1987). Carbon-14-labeled 1-
isothiocyanatobenzyl-3-methyldiethylene triaminepentaacetic acid (MX-DTPA) is an
exemplary chelating agent for conjugation of radionucleotide to the antibody (see, e.g.,
WO094/11026).

II1. Methods for Screening Antibodies of the Invention
Subsequent to producing antibodies or antigen binding portions that bind ErbB3,

such antibodies, or portions thereof, can be screened for various properties, such as those
described herein, using a variety of assays that are well known in the art.

In one embodiment, the antibodies or antigen binding portions thereof are
screened for the ability to inhibit EGF-like ligand mediated phosphorylation of ErbB3.
This can be done by treating cells expressing ErbB3 with an EGF-like ligand in the
presence and absence of the antibody or antigen binding portion thereof. The cells can
then be lysed and the crude lysates can be centrifuged to remove insoluble material.
ErbB3 phosphorylation can be measured, for example, by Western blotting followed by
probing with an anti-phosphotyrosine antibody as described in Kim ez al., supra and the
Examples below. :

In other embodiments, the antibodies and antigen binding portions are further
screened for one or more of the following properties: (1) inhibition of ErbB3-ligand
(e.g., heregulin, epiregulin, epigen or biregulin) mediated signaling through ErbB3; (2)
inhibition of proliferation of cells expressing ErbB3; (3) the ability to decrease levels of
ErbB3 on cell surface (e.g., by inducing internalization of ErbB3), (4) inhibition of
VEGEF secretion of cells expressing ErbB3; (5) inhibition of the migration of cells
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expressing ErbB3; (6) inhibition of spheroid growth of cells expressing ErbB3; and/or
(7) binding to an epitope located on domain I of ErbB3, each of which can be readily
measured using art recognized techniques and those discussed herein.

Inhibition of one or more of heregulin, epiregulin, epigen or biregulin-mediated
signaling through ErbB3 can be readily measured using routine assays, such as,
described in Horst ef al. supra. For example, the ability of an antibody or antigen
binding portion thereof to inhibit heregulin, epiregulin, epigen or biregulin-mediated
signaling through ErbB3 can be measured by kinase assays for known substrates of
ErbB3 such as, for example, SHC and PI3K, as described in, for example, Horst ef al
supra, Sudo et al., (2000) Methods Enzymol, 322:388-92; and Morgan et al. (1990) Eur.
J. Biochem., 191:761-767, following stimulation by one or more of heregulin,
epiregulin, epigen or biregulin. Accordingly, cells expressing ErbB3 can be stimulated
with one or more of heregulin, epiregulin, epigen or biregulin, and incubated with a
candidate antibody or antigen-binding portion thereof. Cell lysates subsequently
prepared from such cells can be immunoprecipitated with an antibody for a substrate of
ErbB3 (or a protein in a cellular pathway involving ErbB3) such as, for example, an
anti-JNK-1 antibody, and assayed for kinase activity (e.g., JNK kinase activity or PI3-
kinase activity) using art recognized techniques. A decrease in or complete
disappearance in level or activity (e.g., kinase activity) of a ErbB3 substrate or protein in
a pathway involving ErbB3 in the presence of the antibody or antigen binding portion
thereof, relative to the level or activity in the absence of the antibody or antigen binding
portion thereof, is indicative of an antibody or antigen binding portion which inhibits
one or more of heregulin, epiregulin, epigen or biregulin-mediated signaling.

In certain embodiments, the antibody or antigen binding portion thereof inhibits
ErbB3-ligand (e.g., heregulin, epiregulin, epigen or biregulin) mediated signaling by
decreasing the binding of one or more of heregulin, epiregulin, epigen or biregulin to
ERbB3.

In order to select for those antibodies or antigen binding portions thereof which
inhibit the binding of one or more of heregulin, epiregulin, epigen or biregulin to ErbB3,
cells which express ErbB3 (e.g. MALME-3M cells, as described in the Examples infra),
can be contacted with a labeled ErbB3-ligand (e.g., radiolabeled heregulin, epiregulin,
epigen or biregulin) in the absence (control) or presence of the anti-ErbB3 antibody or
antigen binding portion thereof. If the antibody or antigen binding portion thereof
inhibits heregulin, epiregulin, epigen or biregulin binding to ErbB3, then a statistically
significantly decrease in the amount of label recovered (e.g., radiolabeled heregulin,
epiregulin, epigen or biregulin), relative to the amount in the absence of the antibody or
antigen binding portion thereof, will be observed.

-36-



OnCusp

10023 of 10951 Ex. 1038

10

15

20

25

30

35

WO 2008/100624 PCT/US2008/002119

The antibody or antigen binding portion thereof may inhibit the binding of the
ErbB3-ligand (e.g., heregulin, epiregulin, epigen or biregulin) by any mechanism. For
example, the antibody or antigen binding portion thereof may inhibit binding of the
ErbB3 ligand (e.g., one or more of heregulin, epiregulin, epigen or biregulin) to ErbB3
by binding to the same site or an overlapping site on ErbB3 as the ErbB3 ligand.
Alternatively, the antibody or antigen binding portion thereof may inhibit binding of an
ErbB3 ligand by altering or distorting the conformation of ErbB3, such that it is unable -
to bind to the ErbB3 ligand.

Antibodies and antigen binding portions thereof that decrease levels of ErbB3 on
cell surfaces can be identified by their ability to downregulate ErbB3 on tumor cells. In
certain embodiments, the antibodies or antigen binding portions thereof decrease ErbB3
cell surface expression by inducing internalization (or increasing endocytosis) of Erbb3.
To test this, ErtbB3 can be biotinylated and the number of ErbB3 molecules on the cell
surface can be readily determined, for example, by measuring the amount of biotin on a
monolayer of cells in culture in the presence or absence of an antibody or antigen
binding portion thereof, for example, as described in, e.g., Waterman ez al., J. Biol.
Chem. (1998), 273:13819-27, followed by immunoprecipitation of ErbB3 and probing
with streptavidin. A decrease in detection of biotinylated ErbB3 over time in the
presence of an antibody or antigen binding portion is indicative of an antibody which
decreases ErbB3 levels on cell surfaces.

Antibodies or antigen binding portions thereof of the present invention can also
be tested for their ability to inhibit proliferation of cells expressing ErbB3, for example,
tumor cells, using art recognized techniques, such as the Cell Titer Glow Assay
described in the Examples below (also see, e.g., Macallan ef al., Proc. Natl. Acad. Sci.
(1998) 20;95(2):708-13; Perez et al. (1995) Cancer Research 55, 392-398).

In another embodiment, the antibodies or antigen binding portions thereof are
screened for the ability to inhibit VEGF secretion of cells expressing ErbB3. This can
be done by using well-known assays, such as the VEGF ELISA kit available from R&D
Systems (Minneapolis, MN, Cat.#DY293B). Similarly, the antibodies or portions can be
screened for the ability to inhibit the migration of cells expressing ErbB3 (e.g., MCF-7
cells) using a trans-well assay (Millipore Corp., Billerica, MA, Cat # ECM552) as
described herein. :

In another embodiment, the antibodies or antigen binding portions thereof are
screened for the ability to inhibit spheroid growth of cells expressing ErbB3. This can
be done by using an assay which approximates conditions of a developing tumor growth
(see, e.g., Herman et al. (2007) Journal of Biomolecular Screening Electronic
publication) as described herein.
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Antibodies or antigen binding portions thereof that bind to the same or
overlapping epitopes as one or more antibodies of the present invention can also be
identified using standard techniques known in the art and described herein. For
example, in order to screen for antibodies which bind to the same or an overlapping
epitope on ErbB3 bound by an antibody of interest, a cross-blocking assay, such as that
described in Anfibodies, A Laboratory Manual, Cold Spring Harbor Laboratory, Ed
Harlow and David Lane (1988), can be performed. :

Iv. Pharmaceutical Compositions

In another aspect, the present invention provides a composition, e.g., a
pharmaceutical composition, containing one or a combination of monoclonal antibodies,
or antigen-binding portion(s) thereof, of the present invention, formulated together with
a pharmaceutically acceptable carrier. In one embodiment, the compositions include a
combination of multiple (e.g., two or more) isolated antibodies of the invention, which
bind different epitopes on ErbB3.

As used herein, “pharmaceutically acceptable carrier” includes any and all
solvents, dispersion media, coatings, antibacterial and antifungal agents, isotonic and
absorption delaying agents, and the like that are physiologically compatible. Preferably,
the carrier is suitable for intravenous, intramuscular, subcutaneous, parenteral, spinal or
epidermal administration (e.g., by injection or infusion). Depending on the route of
administration, the active compound, i.e., antibody, bispecific and multispecific
molecule, may be coated in a material to protect the compound from the action of acids
and other natural conditions that may inactivate the compound.

A “pharmaceutically acceptable salt” refers to a salt that retains the desired
biological activity of the parent compound and does not impart any undesired
toxicological effects (see e.g., Berge, S.M,, et al. (1977) J. Pharm. Sci. 66:1-19).
Examples of such salts include acid addition salts and base addition salts. Acid addition
salts include those derived from nontoxic inorganic acids, such as hydrochloric, nitric,
phosphoric, sulfuric, hydrobromic, hydroiodic, phosphorous and the like, as well as from
nontoxic organic acids such as aliphatic mono- and dicarboxylic acids, phenyl-
substituted alkanoic acids, hydroxy alkanoic acids, aromatic acids, aliphatic and
aromatic sulfonic acids and the like. Base addition salts include those derived from
alkaline earth metals, such as sodium, potassium, magnesium, calcium and the like, as
well as from nontoxic organic amines, such as N,N'-dibenzylethylenediamine, N-
methylglucamine, chloroprocaine, choline, diethanolamine, ethylenediamine, procaine
and the like.

Pharmaceutical compositions of the invention can be administered alone or in
combination therapy, i.e., combined with other agents. For example, the combination
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therapy can include a composition of the present invention with at least one or more
additional therapeutic agents, such as the anti-cancer agents described infra. The
pharmaceutical compositions of the invention can also be administered in conjunction
with radiation therapy and/or surgery.

A composition of the present invention can be administered by a variety of
methods known in the art. As will be appreciated by the skilled artisan, the route and/or
mode of administration will vary depending upon the desired results. The active
compounds can be prepared with carriers that will protect the compound against rapid
release, such as a controlled release formulation, including implants, transdermal
patches, and microencapsulated delivery systems. Biodegradable, biocompatible
polymers can be used, such as ethylene vinyl acetate, polyanhydrides, polyglycolic acid,
collagen, polyorthoesters, and polylactic acid. Many methods for the preparation of
such formulations are patented or generally known to those skilled in the art. See, e.g,
Sustained and Controlled Release Drug Delivery Systems, J.R. Robinson, ed., Marcel
Dekker, Inc., New York, 1978.

To administer a compound of the invention by certain routes of administration, it
may be necessary to coat the compound with, or co-administer the compound with, a
material to prevent its inactivation. For example, the compound may be administered to
a subject in an appropriate carrier, for example, liposomes, or a diluent.
Pharmaceutically acceptable diluents include saline and aqueous buffer solutions.
Liposomes include water-in-oil-in-water CGF emulsions as well as conventional
liposomes (Strejan ez al. (1984) J. Neuroimmunol. 7:27).

Pharmaceutically acceptable carriers include sterile aqueous solutions or
dispersions and sterile powders for the extemporaneous preparation of sterile injectable
solutions or dispersion. The use of such media and agents for pharmaceutically active
substances is known in the art. Except insofar as any conventional media or agent is
incompatible with the active compound, use thereof in the pharmaceutical compositions
of the invention is contemplated. Supplementary active compounds can also be
incorporated into the compositions.

Therapeutic compositions typically must be sterile and stable under the
conditions of manufacture and storage. The composition can be formulated as a
solution, microemulsion, liposome, or other ordered structure suitable to high drug
concentration. The carrier can be a solvent or dispersion medium containing, for
example, water, ethanol, polyol (for example, glycerol, propylene glycol, and liquid
polyethylene glycol, and the like), and suitable mixtures thereof. The proper fluidity can
be maintained, for example, by the use of a coating such as lecithin, by the maintenance
of the required particle size in the case of dispersion and by the use of surfactants. In
many cases, it will be preferable to include isotonic agents, for example, sugars,
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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.

Sterile injectable solutions can be prepared by incorporating the active
compound in the required amount in an appropriate solvent with one or a combination of

. ingredients enumerated above, as required, followed by sterilization microfiltration.

Generally, dispersions are prepared by incorporating the active compound into a sterile
vehicle that contains a basic dispersion medium and the required other ingredients from
those enumerated above. In the case of sterile powders for the preparation of sterile
injectable solutions, the preferred methods of preparation are vacuum drying and freeze-
drying (Iyophilization) that yield a powder of the active ingredient plus any additional
desired ingredient from a previously sterile-filtered solution thereof.

Dosage regimens are adjusted to provide the optimum desired response (e.g., a
therapeutic response). For example, a single bolus may be administered, several divided
doses may be administered over time or the dose may be proportionally reduced or
increased as indicated by the exigencies of the therapeutic situation. For example, the
human antibodies of the invention may be administered once or twice weekly by
subcutaneous injection or once or twice monthly by subcutaneous injection.

It is especially advantageous to formulate parenteral compositions in dosage unit
form for ease of administration and uniformity of dosage. Dosage unit form as used
herein refers to physically discrete units suited as unitary dosages for the subjects to be
treated; each unit contains a predetermined quantity of active compound calculated to
produce the desired therapeutic effect in association with the required pharmaceutical
carrier. The specification for the dosage unit forms of the invention are dictated by and
directly dependent on (a) the unique characteristics of the active compound and the
particular therapeutic effect to be achieved, and (b) the limitations inherent in the art of
compounding such an active compound for the treatment of sensitivity in individuals.

Examples of pharmaceutically-acceptable antioxidants include: (1) water soluble
antioxidants, such as ascorbic acid, cysteine hydrochloride, sodium bisulfate, sodium
metabisulfite, sodium sulfite and the like; (2) oil-soluble antioxidants, such as ascorbyl
palmitate, butylated hydroxyanisole (BHA), butylated hydroxytoluene (BHT), lecithin,
propyl gallate, alpha-tocopherol, and the like; and (3) metal chelating agents, such as
citric acid, ethylenediamine tetraacetic acid (EDTA), sorbitol, tartaric acid, phosphoric
acid, and the like.

For the therapeutic compositions, formulations of the present invention include
those suitable for oral, nasal, topical (including buccal and sublingual), rectal, vaginal
and/or parenteral administration. The formulations may conveniently be presented in
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unit dosage form and may be prepared by any methods known in the art of pharmacy.
The amount of active ingredient which can be combined with a carrier material to
produce a single dosage form will vary depending upon the subject being treated, and
the particular mode of administration. The amount of active ingredient which can be
combined with a carrier material to produce a single dosage form will generally be that
amount of the composition which produces a therapeutic effect. Generally, out of one
hundred per cent, this amount will range from about 0.001 per cent to about ninety
percent of active ingredient, preferably from about 0.005 per cent to about 70 per cent,
most preferably from about 0.01 per cent to about 30 per cent.

Formulations of the present invention which are suitable for vaginal
administration also include pessaries, tampons, creams, gels, pastes, foams or spray
formulations containing such carriers as are known in the art to be appropriate. Dosage
forms for the topical or transdermal administration of compositions of this invention
include powders, sprays, ointments, pastes, creams, lotions, gels, solutions, patches and
inhalants. The active compound may be mixed under sterile conditions with a
pharmaceutically acceptable carrier, and with any preservatives, buffers, or propellants
which may be required.

The phrases “parenteral administration” and “administered parenterally” as used
herein means modes of administration other than enteral and topical administration,
usually by injection, and includes, without limitation, intravenous, intramuscular,
intraarterial, intrathecal, intracapsular, intraorbital, intracardiac, intradermal,
intraperitoneal, transtracheal, subcutaneous, subcuticular, intraarticular, subcapsular,
subarachnoid, intraspinal, epidural and intrasternal injection and infusion.

Examples of suitable aqueous and nonaqueous carriers which 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
mixtures thereof, vegetable oils, such as olive oil, and injectable organic esters, such as
ethyl oleate. Proper fluidity can be maintained, for example, by the use of coating
materials, such as lecithin, by the maintenance of the required particle size in the case of
dispersions, and by the use of surfactants.

These compositions may also contain adjuvants such as preservatives, wetting
agents, emulsifying agents and dispersing agents. Particular examples of adjuvants
which are well-known in the art include, for example, inorganic adjuvants (such as
aluminum salts, e.g., aluminum phosphate and aluminumhydroxide), organic adjuvants
(e.g., squalene), oil-based adjuvants, virosomes (e.g., virosomes which contain a

membrane-bound heagglutinin and neuraminidase derived from the influenza virus).
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Prevention of presence of microorganisms may be ensured both by sterilization
procedures, supra, and by the inclusion of various antibacterial and antifungal agents, for
example, paraben, chlorobutanol, phenol sorbic acid, and the like. It may also be
desirable to include isotonic agents, such as sugars, sodium chloride, and the like into
the compositions. In addition, prolonged absorption of the injectable pharmaceutical
form may be brought about by the inclusion of agents which delay absorption such as
aluminum monostearate and gelatin.

When the compounds of the present invention are administered as
pharmaceuticals, to humans and animals, they can be given alone or as a pharmaceutical
composition containing, for example, 0.001 to 90% (more preferably, 0.005 to 70%,
such as 0.01 to 30%) of active ingredient in combination with a pharmaceutically
acceptable carrier.

Regardless of the route of administration selected, the compounds of the present
invention, which may be used in a suitable hydrated form, and/or the pharmaceutical
compositions of the present invention, are formulated into pharmaceutically acceptable
dosage forms by conventional methods known to those of skill in the art.

Actual dosage levels of the active ingredients in the pharmaceutical compositions
of the present invention may be varied so as to obtain an amount of the active ingredient
which is effective to achieve the desired therapeutic response for a particular patient,
composition, and mode of administration, without being toxic to the patient. The
selected dosage level will depend upon a variety of pharmacokinetic factors including
the activity of the particular compositions of the present invention employed, or the
ester, salt or amide thereof, the route of administration, the time of administration, the
rate of excretion of the particular compound being employed, the duration of the
treatment, other drugs, compounds and/or materials used in combination with the
particular compositions employed, the age, sex, weight, condition, general health and
prior medical history of the patient being treated, and like factors well known in the
medical arts. A physician or veterinarian having ordinary skill in the art can readily
determine and prescribe the effective amount of the pharmaceutical composition
required. For example, the physician or veterinarian could start doses of the compounds
of the invention employed in the pharmaceutical composition at levels lower than that
required in order to achieve the desired therapeutic effect and gradually increase the
dosage until the desired effect is achieved. In general, a suitable daily dose of a
composition of the invention will be that amount of the compound which is the lowest
dose effective to produce a therapeutic effect. Such an effective dose will generally
depend upon the factors described above. It is preferred that administration be
intravenous, intramuscular, intraperitoneal, or subcutaneous, preferably administered

proximal to the site of the target. If desired, the effective daily dose of a therapeutic
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composition may be administered as two, three, four, five, six or more sub-doses
administered separately at appropriate intervals throughout the day, optionally, in unit
dosage forms. While it is possible for a compound of the present invention to be
administered alone, it is preferable to administer the compound as a pharmaceutical
formulation (composition).

Therapeutic compositions can be administered with medical devices known in
the art. For example, in a preferred embodiment, a therapeutic composition of the
invention can be administered with a needleless hypodermic injection device, such as the
devices disclosed in U.S. Patent Nos. 5,399,163, 5,383,851, 5,312,335, 5,064,413,
4,941,880, 4,790,824, or 4,596,556. Examples of well-known implants and modules
useful in the present invention include: U.S. Patent No. 4,487,603, which discloses an
implantable micro-infusion pump for dispensing medication at a controlled rate;

U.S. Patent No. 4.,486,194, which discloses a therapeutic device for administering
medications through the skin; U.S. Patent No. 4,447,233, which discloses a medication
infusion pump for delivering medication at a precise infusion rate; U.S. Patent

No. 4,447,224, which discloses a variable flow implantable infusion apparatus for
continuous drug delivery; U.S. Patent No. 4,439,196, which discloses an osmotic drug
delivery system having multi-chamber compartments; and U.S. Patent No. 4,475,196,
which discloses an osmotic drug delivery system. Many other such implants, delivery
systems, and modules are known to those skilled in the art.

In certain embodiments, the monoclonal antibodies of the invention can be
formulated to ensure proper distribution in vivo. For example, the blood-brain barrier
(BBB) excludes many highly hydrophilic compounds. To ensure that the therapeutic
compounds of the invention cross the BBB (if desired), they can be formulated, for
example, in liposomes. For methods of manufacturing liposomes, see, e.g., U.S. Patents
4,522 811, 5,374,548; and 5,399,331. The liposomes may comprise one or more
moieties which are selectively transported into specific cells or organs, thus enhance
targeted drug delivery (see, e.g., V.V. Ranade (1989) J. Clin. Pharmacol. 29:685).
Exemplary targeting moieties include folate or biotin (see, e.g., U.S. Patent 5,416,016 to
Low et al.); mannosides (Umezawa et al., (1988) Biochem. Biophys. Res. Commun.
153:1038); antibodies (P.G. Bloeman ef al. (1995) FEBS Lett. 357:140; M. Owais et al.

(1995) Antimicrob. Agents Chemother. 39:180); surfactant protein A receptor (Briscoe e?

al. (1995) Am. J. Physiol. 1233:134), different species of which may comprise the
formulations of the inventions, as well as components of the invented molecules; p120
(Schreier ef al. (1994) J. Biol. Chem. 269:9090); see also K. Keinanen; M.L. Laukkanen
(1994) FEBS Lett. 346:123; J.J. Killion; 1.J. Fidler (1994) Immunomethods 4:273.
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V. Methods of Using Antibodies of the Invention

The present invention also provides methods of using antibodies and antigen-
binding portions thereof that bind ErbB3 in a variety of ex vivo and in vivo diagnostic
and therapeutic applications. For example, antibodies of the invention can be used for
treating a disease associated with ErbB3 dependent signaling, including a variety of
cancers.

In one embodiment, the present invention provides a method for treating a
disease associated with ErbB3 dependent signaling by administering to a subject an
antibody or antigen binding portion thereof of the invention in an amount effective to
treat the disease. Suitable diseases include, for example, a variety of cancers including,
but not limited to, melanoma, breast cancer, ovarian cancer, renal carcinoma,
gastrointestinal cancer, colon cancer, lung cancer, and prostate cancer.

The antibody can be administered alone or with another therapeutic agent which
acts in conjunction with or synergistically with the antibody to treat the disease
associated with ErbB3 mediated signaling. Such therapeutic agents include, for
example, the anticancer agents described infra (e.g., cytotoxins, chemotherapeutic
agents, small molecules and radiation).

In another embodiment, the present invention provides a method for diagnosing a
disease (e.g., a cancer) associated with ErbB3 upregulation in a subject, by contacting
antibodies or antigen binding portions of the invention (e.g., ex vivo or in vivo) with cells
from the subject, and measuring the level of binding to ErbB3 on the cells. Abnormally
high levels of binding to ErbB3 indicate that the subject has a disease associated with
ErbB3 upregulation. A

Also within the scope of the present invention are kits comprising antibodies and
antigen binding portions thereof of the invention which optionally include instructions
for use in treating or diagnosing a disease associated with ErbB3 upregulation and/or
ErbB3 dependent signaling. The kits may include a label indicating the intended use of
the contents of the kit. The term label includes any writing, marketing materials or
recorded material supplied on or with the kit, or which otherwise accompanies the Kkit.

Other embodiments of the present invention are described in the following
Examples.

The present invention is further illustrated by the following examples which
should not be construed as further limiting. The contents of Sequence Listing, figures
and all references, patents and published patent applications cited throughout this
application are expressly incorporated herein by reference.
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Examples
Materials and Methods

Throughout the examples, the following materials and methods were used unless
otherwise stated.

In general, the practice of the present invention employs, unless otherwise
indicated, conventional techniques of chemistry, molecular biology, recombinant DNA
technology, immunology (especially, e.g., antibody technology), and standard
techniques in polypeptide preparation. See, e.g., Sambrook, Fritsch and Maniatis,
Molecular Cloning: Cold Spring Harbor Laboratory Press (1989); Antibody
Engineering Protocols (Methods in Molecular Biology), 510, Paul, S., Humana Pr
(1996); Antibody Engineering: A Practical Approach (Practical Approach Series, 169),
McCafferty, Ed., Irl Pr (1996); Antibodies: A Laboratory Manual, Harlow etal.,
C.S.H.L. Press, Pub. (1999); and Current Protocols in Molecular Biology, eds. Ausubel
et al., John Wiley & Sons (1992). In vitro and in vivo model systems for assaying HCV
biology are described, for example, in Cell culture models and animal models of viral
hepatitis. Part II: hepatitis C, Lab. Anim. (NY).;34(2):39-47 (2005) and in 7he
chimpanzee model of hepatitis C virus infections, ILAR J.;42(2):117-26 (2001).

Cell Lines
All the cell lines used in the experiments described below were obtained from the
National Cancer Institute or provided by investigators, as indicated.
Cell Lines:
MCEF7- ATCC cat. No. HTB-22
T47D- ATCC cat. No. HTB-133
Colo357- These cells were obtained from an academic investigator and
are described by Kolb et al. (2006) Int. J. Cancer, 120:514-523.
Dul45- ATCC cat. No. HTB-81
OVCARS- source already described in provisional application.
H1975 ATCC cat. No. CRL-5908
Pulverization of Tumor Cells

A cryopulverizer (Covaris Inc) was used for the pulverization of tumors. Tumors
were stored in special bags (pre-weighed before the addition of the tumor) and placed in
liquid nitrogen while handling them. For small tumors, 200 uL of Lysis buffer was first
added to the bag containing the tumor, frozen in liquid nitrogen and then pulverized to
improve the recovery of the tumor from the bag. Pulverized tumors were transferred to 2
mL Eppendorf tubes and placed in liquid nitrogen until ready for further processing

Lysis of Tumor Cells
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Tumors were lysed in Lysis buffer supplemented with protease and phosphatase
inhibitors. Lysis Buffer was added to the tumor aliquots in a final concentration of about
62.5 mg/mL. Tumor samples were homogenized by vortexing for 30 sec and incubating
on ice for about 30 min. The lysates were spun for about 10 min in Qiagen Qiashredder
columns for further homogenization of the samples. Cleared lysates were aliquoted into
fresh tubes for further processing.

BCA Assay

BCA assay (Pierce) was performed following the manufacturer’s protocol on all
tumor samples. The total protein concentration (in mg/mL) of each tumor sample was
later used in the normalization of the ELISA results

ELISA Assay

All ELISA reagents for the total and phospho-ErbB3 ELISAs were purchased
from R&D Systems as Duoset kits. 96-well Nunc Maxisorb plates were coated with 50
uL of an antibody and incubated overnight at room temperature. Next morning, plates
were washed 3 times with 1000 pl/well in the BioTek plate washer with PBST (0.05%
Tween-20). Plates were subsequently blocked for about an 1 hr at room temperature
with 2 % BSA in PBS. The plates were washed 3 times with 1000 ul/well in the BioTek
plate washer with PBST (0.05%Tween-20). 50 uL of cell lysates and standards diluted
in 50% Lysis buffer and 1%BSA were used in duplicates for further processing. Samples
were incubated for 2hrs at 4°C on a plate shaker and washed 3 times with 1000 pl/well
in the BioTek plate washer with PBST (0.05%Tween-20). About 50 pl of a detection
antibody diluted in 2% BSA, PBST was added and incubated for about 1 hr at room
temperature. For phosphor-ErbB3, the detection antibody was directly conjugated to
horse radish peroxidase (HRP) and incubated for 2 hrs at room temperature. The plate
was washed 3 times with 1000 ul/well in the BioTek plate washer with PBST
(0.05%Tween-20). About 50 pl of Streptavidin-HRP was added and incubate for 30
min at room temperature (except for pErbB3). The plates were washed 3 times with
1000 pl/well in the BioTek plate washer with PBST (0.05%Tween-20). About S0 uL of
Supersignal Pico ELISA substrate was added and the plate was read using a Fusion plate
reader. The data was analysed using EXCEL. Duplicate samples were averaged and the
error bars were used to represent the standard deviation between the two replicates.

Example 1: Production of Antibodies Using Phage Display

In order to obtain human anti-ErbB3 antibodies referred to herein as Ab #6, Ab
#3, Ab #14, Ab #17, and Ab #19, a human Fab-phage library including a unique
combination of immunoglobulin sequences obtained from human donors (Hoet ef al.

supra, incorporated by reference in its entirety herein) was initially screened for ErbB3

binders.
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Using purified ErbB3 and a Chinese hamster ovary cell line expressing cell
surface ErbB3, 73 unique Fab sequences from the library were identified. These 73
clones were then reformatted as Fab only without the phage. Using high throughput
methods, these Fabs were expressed on a small scale and tested for binding using ELISA
and the Flexchip method which is a high-throughput surface plasmon resonance (SPR)
technology. The 73 Fabs without the phage were spotted on a chip surface and the
binding kinetics and epitope blocking to a ErbB3-his fusion target protein or a ErbB3-
Fcprotein (R & D Systems) were measured. The equilibrium binding constant and
on/off rates for the Fabs were calculated from the data obtained.

Binding of the various Fabs to MALME-3M cells was next examined using
about 500 nM of the Fabs and a 1:750 dilution of a goat anti-human Alexa 647
secondary antibody. As shown in Figures 1A and 1B, several candidate Fabs exhibited
appreciable staining of MALME-3M cells.

Example 2: Optimization of anti-ErbB3 Fabs
Subsequent to the identification of Fabs which blocked the binding of ErbB3
ligand, heregulin, to ErbB3, the VH and VL sequences of the Fabs were codon-

optimized as follows.

Specifically, the VH and VL regions were reformatted using expression
constructs for expression as an IgG1 or IgG2 isotype. The constructs included a Selexis
backbone which has a cassette designed for substitution of the appropriate heavy and
light chain sequences. The Selexis vectors included a CMV promoter and a matching
poly-A signal.

The nucleic acid sequences for the codon-optimized VH and VL of Ab #6 are set
forth in SEQ ID NOs:25 and 26, respectively, and those for Ab #3 are set forth in SEQ
ID NOs:27 and 28, respectively, as shown in Figure 22.

Example 3: Binding Affinity for ErbB3

The dissociation constants of the anti-ErbB3 antibodies were measured using two
independent techniques, i.e., a Surface Plasmon Resonance Assay and a cell binding
assay using MALME-3M cellis.

Surface Plasmon Resonance Assay

The Surface Plasmon Resonance Assay (also referred to as the Flexchip assay)
was performed as described in Wassaf et al. (2006) Analytical Biochem., 351:241-253.
The Kp value was calculated based on the formula Kp = K¢/Ka.

The Kp values of Ab #6 and Ab #3, respectively, as measured using the Surface
Plasmon Resonance Assay, are depicted in Figures 2A and 2B. Ab #6 had a Kp value of
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about 4 nM and Ab #3 had a Kp value of about 8 nM, as depicted in Figures 2A and 2B,

respectively.

Cell Binding Assay
The cell binding assay for determining the Kp values of Ab #6 and Ab #3 was

performed as follows.

MALME-3M cells were detached with 2 mls trypsin-EDTA + 2 mls RMPI + -
SmM EDTA at room temperature for 5 minutes. Complete RPMI (10 mls) was added
immediately to the trypsinized cells, resuspended gently and spun down in a Beckman
tabletop centrifuge at 1100 rpm for 5 minutes. Cells were resuspended in BD stain
buffer (PBS + 2% fetal bovine serum + 0.1% sodium azide, Becton Dickinson) at a
concentration of 2 x 10° cells per ml and 50 ul (1 x 10° cells) aliquots were plated in a
96-well titer plate.

A 150 ul solution of 200 nM anti-ErbB3 antibody (Ab #6 or Ab #3) in BD stain
buffer was prepared in an eppendorf tube and serially diluted 2-fold into 75 ul BD stain
buffer. The concentrations of the diluted antibody ranged from 200 nM to 0.4 nM. 50
ul aliquots of the different protein dilutions were then added directly to the 50 ul cell
suspension giving the final concentrations of 100 nM, 50 nM, 25 nM, 12 nM, 6 nM, 3
nM, 1.5 oM, 0.8 nM, 0.4 nM and 0.2 nM of the antibody.

Aliquoted cells in the 96-well plate were incubated with the protein dilutions for
30 minutes at room temperature on a platform shaker and washed 3 times with 300 pl
BD stain buffer. Cells were then incubated with 100 ul of a 1:750 dilution of Alexa
647-labeled goat anti-human IgG in BD stain buffer for 45 minutes on a platform shaker
in the cold room. Finally, cells were washed twice, pelleted and resuspended in 250 pul -
BD stain buffer + 0.5 pg/ml propidium iodide. Analysis of 10,000 cells was done in a
FACScalibur flow cytometer using the FL4 channel. MFI values and the corresponding
concentrations of the anti-ErbB3-antibodies were plotted on the y-axis and x-axis,
respectively. The Kp of the molecule was determined by GraphPad Prism using the one-
site binding model for a non-linear regression curve.

The Kp value was calculated based on the formula Y=Bmax* X/ Kp + X (Bmax
= fluorescence at saturation. X= antibody concentration. Y = degree of binding). As
shown in Figures 2C and 2D, Ab # 6 and Ab #3 had Kp values of about 4 nM and 1.3
nM, respectively, in a cell binding assay using MALME-3M cells.

Example 4: Binding Specificity / Epitope Binding for ErbB3
The binding specificity of an IgG2 isotype of Ab #6 to ErtbB3 was assayed using

ELISA as follows. Identification of the epitope bound by Ab #6 was also analyzed.
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Specifically, 96-well Nunc Maxisorb plates were coated with 50 ul of 5 pg/ml
protein (recombinant human ErbB3, recombinant human EGFR or unrelated protein
(BSA)) and incubated overnight at room temperature. The next moring, plates were
washed 3 times with 1000 ul/well of PBST (0.05% Tween-20) in the BioTek plate
washer. The wells were blocked for 1 hr at room temperature with 2 % BSA in PBS.
The plates were washed 3 times with 1000 pl/well of PBST (0.05%Tween-20) in the
BioTek plate washer. About 50 pL of the Ab #6 was added at several dilutions (1 uM
and serial 2 fold dilutions) in 2% BSA, PBST. All samples were run in duplicate and
incubated for 2hrs at 4°C on a plate shaker. The plates were washed plates 3 times with
1000 pl/well of PBST (0.05%Tween-20) in the BioTek plate washer. 50 pl of human
IgG detection antibody (HRP conjugated (Bethyl Inc; 1:75000 dilution in 2% BSA,
PBST)) was added and the plates were incubated for 1 hr at room temperature. The
plates were washed plate 3 times with 1000 pl/well of PBST (0.05%Tween-20) in the
BioTek plate washer. 50 uL of Supersignal Pico ELISA substrate was added and the
plate was read on the Fusion plate reader. The data was analyzed using the EXCEL
program. Duplicate samples were averaged and the error bars represent the standard
deviation between the two replicates.

As shown in Figure 3, Ab #6 bound recombinant ErbB3 in an ELISA, but did not
show any appreciable binding to EGFR, BSA or TGF-a.

A fragment (truncation mutant) corresponding to amino acid residues 20-202 of
ErbB3 was cloned into the yeast display vector pYD2 (a modified version of pYD1
(Invitrogen) with a stop codon engineered in front of the His tag) between the Nhe and
BsiWI restriction sites. The plasmid was transformed into the yeast strain EBY 100
(Invitrogen) and clones containing the plasmid selected on Trp- selective medium. The
clone was grown in glucose containing medium overnight at 30°C and expression of the
ErbB3 truncation mutant was induced by transfer to a galactose-containing medium for
2 days at 18°C. Yeast displaying the ErbB3 truncation mutant were stained with 50 nM
of Ab #6, followed by a goat anti-human antibody labeled with Alexa dye-647. A
separate sample was stained with the goat anti-human antibody only to show that there is
no non-specific binding to yeast of the secondary antibody. Analysis was performed by
flow cytometry on the FACS Calibur cell sorter (BD Biosciences).

As shown in Figure 30, Ab #6 bound to the truncation mutant, i.e., amino acid
residues 20-202 of ErbB3.

Example S: Downregulation of Total ErbB3 on Tumor Cells
The ability of Ab #6 to downregulate ErbB3 expression both in vifro and in vivo

in tumor cells was tested as follows.
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MALME-3M cells were seeded in 96 well tissue culture plates and grown in
RPMI-1640 media supplemented with antibiotics, 2mM L-glutamine and 10% fetal
bovine serum (FBS) for 24 hours at 37°C and 5% carbon dioxide. Media was then
switched to RPMI-1640 MEDIA with antibiotics, 2mM L-glutamine with and without
the antibody at concentrations of 1uM, 250nM, 63nM, 16nM, 4.0nM, 1.0nM, 240pM,
61pM and 15pM. Cells were grown for 24 hours at 37°C and 5% carbon dioxide,
washed with cold PBS, then harvested with mammalian protein extract (MPER) lysis
(Pierce, 78505) buffer containing 150mM NaCl, SmM sodium pyrophosphate, 10uM
bpV (phen), SOuM phenalarsine, 1mM sodium orthovanadate, and protease inhibitor
cocktail (Sigma, P714). Cell lysates were diluted two-fold with 4% bovine serum
albumin in phosphate buffered saline with 0.1% tween-20, then analyzed by ELISA with
mouse anti-human ErbB3 capture antibody and biotinylated mouse anti-human ErbB3
secondary detection antibody. Signal was generated with streptavidin conjugated to
horseradish-peroxidase reacted with chemiluminescent substrate (Pierce, 37070).
ELISAS were visualized using a luminometer.

As shown in Figure 4, Ab #6 decreased total ErbB3 levels by about 46.9% in
MALME-3M cells in vitro, as measured by ELISA. Media containing no serum and
antibody was used as control.

In a further experiment, the downregulation of ErbB3 receptors on MALME-3M
cells using IgG1 and IgG2 isotypes of Ab #6 was examined using FACS analysis.
MALME-3M cells were trypsinized from a 15 cm dish and washed once with RPMI +
10% fetal bovine serum. Cell pellets were resuspended at a density of 1 x 10° cells per
ml. Two aliquots of 2 x 10° cells were added to a 12-well tissue culture plate and
resuspended in a final volume of 800 ul RPMI + 10% fetal bovine serum. To one well,
Ab #6 IgG1 or Ab #6IgG2 isotype was added to a final concentration of 100 nM (treated
sample) and to the other well, an equivalent volume of PBS was (untreated sample) was
added. ,

The following day, treated and untreated cells were trypsinized, washed and
incubated with 100 nM of Ab #6 in BD stain buffer for 30 minutes on ice. Cells were
washed twice with 1 ml BD stain buffer and incubated with 100 ul of a 1:500 dilution of
Alexa 647-labeled goat anti-human Alexa 647 for 45 minutes on ice. Cells were then
washed and resuspended in 300 ul BD stain buffer + 0.5 ug/ml propidium iodide.
Analysis of 10,000 cells was done in a FACScalibur flow cytometer using the FL4
channel.

As shown in Figures 5A and 5B, both IgG1 and IgG2 isotypes of Ab #6
downregulated ErbB3 on MALME-3M cells by about 62% and about 66%, respectively.

In order to determine whether this decrease was due to internalization of the
ErbB3 receptor on the surface of MALME-3M cells, the expression of ErbB3 in the
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presence of the antibody over time was measured. Specifically, MALME-3M cells were
trypsinized from a 15 cm dish and washed once with RPMI + 10% fetal bovine serum.
Cell pellets were resuspended at a density of 1 x 10° cells per ml. Two aliquots of 2 x
10’ cells were added to a 12-well tissue culture plate and resuspended in a final volume
of 800 ul RPMI + 10% fetal bovine serum. To one well, the anti-ErbB3 antibody was
added to a final concentration of 100 nM (treated sample) and to the other well, an
equivalent volume of PBS was (untreated sample) was added. The following day,
treated and untreated cells were trypsinized, washed and incubated with 100 nM anti-
ErbB3 antibody in BD stain buffer for 30 minutes on ice. Cells were washed twice with
1 ml BD stain buffer and incubated with 100 ul of a 1:500 dilution of Alexa 647-labeled
goat anti-human Alexa 647 for 45 minutes on ice. Cells were then washed and
resuspended in 300 pl BD stain buffer + 0.5 pg/ml propidium iodide. Analysis of
10,000 cells was done in a FACScalibur flow cytometer using the FL4 channel.

As shown in Figure 6, downregulation of ErbB3 in the presence of Ab #6 was
measured at O hour (Figure 6A), 0.5 hour (Figure 6B), 2 hour (Figure 6C) and 24 hours
(Figure 6D). As shown in Figure 6A-6D, about 50% of the cell surface ErbB3 receptors
were downregulated after about 30minutes and at about 24 hours, about 93% of the cell
surface receptors were downregulation.

The ability of Ab #6 to cause ErbB3 downregulation in vivo in melanoma cells
was also examined as follows.

Briefly, T-cell deficient nu/nu mice (3-4 week old female mice originated at
NIH; outbred; albino background) were purchased from Charles River Labs
(Wilmington, MA). MALME-3M cells for implantation were grown in culture (RPMI
media, 10% FBS, L-glutamine and antibiotics, 37°C, 5% CO2) to about 80% confluency
before harvesting. Cells were kept on ice until implantation. Mice were implanted via
subcutaneous injection with 100ul MALME-3M cells on the right flank and allowed to
recover while being monitored for initial tumor growth.

The tumors were measured (length by width) by digital caliper and the mice were
dosed with IgG2a (Sigma, M7769-5MG) by intravenous injection. Mice were dosed
intra-peritoneally every other day with either 15 pg or 100 pug of antibody number 6 and
tumors were measured three times per week and recorded in a Microsoft EXCEL
spreadsheet.

Final tumor measurements (L x W) were taken, the mice were euthanized by
CO; asphyxiation and tumors were excised, snap frozen in liquid nitrogen, and were
stored at -80°C (for biochemical analysis). Final tumor measurements were analyzed
and graphed by tumor area and tumor volume as described, for example, in Burtrum et
al., (2003) Cancer Res., 63:8912-8921. The data was also analyzed by “normalized’ and

“non-normalized” means for both tumor volume and tumor area. For the
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“normalization” of the data, at each time point of measurement, each tumor in each
group was divided by the initial tumor size determined by caliper measurement.

As shown in Figure 7, among the various antibodies tested in this assay, Ab #6
caused downregulation of total ErbB3 as soon as 24 hours post-injection in tumors
treated with either IgG1 or IgG2 isotype of Ab #6). PBS was used as a control

In a further experiment, the ability of Ab #6 to downregulate ErbB3 in ADRr
xenografts in vivo was examined.

Briefly, the samples were pulverized in a cryopulverizer (Covaris Inc). Tumors
were stored in special bags (pre-weighed before the addition of the tumor) and placed in
liquid nitrogen while handling them. For small tumors, 200 pL of Lysis buffer was first
added to the bag with the tumor, frozen in liquid nitrogen and then pulverized to
improve the recovery of the tumor from the bag. Pulverized tumors were transferred to
2 ml Eppendorf tubes and placed in liquid nitrogen until lysed. Tumors were lysed in
Lysis buffer supplemented with protease and phosphotase inhibitors. Lysis Buffer was
added to the tumor aliquots in a final concentration of 62.5 mg/ml. Tumor samples were
homogenized by vortexing for 30 seconds and letting them sit on ice for 30 min. The
lysates were spun for 10 minutes in Qiagen Qiashredder columns for further
homogenization of the samples. Cleared lysates were aliquoted into fresh tubes.

The BCA assay was performed as set forth in the materials and methods section
supra.

The total levels of ErbB3 were determined by ELISA. The ELISA reagents were
purchased from R&D Systems as Duoset kits. 96-well Nunc Maxisorb plates were
coated with 50 ul of respective capture antibody and incubated overnight at room
temperature. The next morning, the plates were washed 3 times with 1000 pl/well in a
BioTek plate washer with PBST (0.05% Tween-20) and then blocked for 1 hour at room
temperature with 2 % BSA in PBS. The plates were then washed three times with 1000
pl/well in the BioTek plate washer with PBST (0.05%Tween-20). Lysates (50 pl) and
standards were diluted in 50% Lysis buffer and 1%BSA; all samples were run in
duplicate. Plates were incubated for 2 hours at 4° C on a plate shaker and then washed
three times with 1000 pl/well in a BioTek plate washer with PBST (0.05%Tween-20).
Fifty microliters of detection antibody diluted in 2% BSA, PBST was added and the
plates were incubated for 1 hour at room temperature. Plates were washed three times
with 1000 ul/well in the BioTek plate washer with PBST (0.05%Tween-20). Fifty
microliters of Streptavidin-HRP was added and the plates were incubated for 30 miutes
at room temperature. Plates were washed again three times with 1000 pl/well in a
BioTek plate washer with PBST (0.05%Tween-20). Fifty microliters of Supersignal
Pico ELISA substrate was added and readout was performed on a Fusion plate reader.
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Data was analyzed using EXCEL. Duplicate samples were averaged and the error bars
represent the standard deviation between the two replicates.

The results of this experiment are shown in Figure 8. As shown in Figure 8, Ab
#6 downregulated ErbB3 in ADRr xenografts in vivo.

Example 6: Inhibition of Tumor Cell Proliferation

The ability of Ab #6 to inhibit cellular proliferation of cells expressing ErbB3
(e.g., cancer cells) was examined as follows.

MALME3M, ACHN and NCI/ADRr cells were seeded in 96 well tissue culture
plates and grown in RPMI-1640 media supplemented with antibiotics, 2mM L-
glutamine and 10% fetal bovine serum (FBS) for 24 hours at 37 degrees Celsius and 5%
carbon dioxide. Media was then switched to RPMI-1640 media with antibiotics, ZmM
L-glutamine and with and without the antibody at 1uM, 250nM, 63nM, 16nM, 4.0nM,
1.0nM, 240pM, 61pM and 15pM concentrations. Cells were grown for 96 hours at 37°C
and 5% carbon dioxide, then harvested with CellTiter-Glo® Luminescent Cell Viability
Assay (Promega, G7573) and analyzed on a luminometer. Media containing no serum
and antibody was used as control.

As shown in Figures 9, 10 and 11, Ab #6 inhibited proliferation of MALME-3M
cells (Figure 9), ADRr ovarian cancer cells (Figure 10) and ACHN cells (Figure 11)
which express ErbB3. Specifically, Ab # 6 inhibited proliferation of MALME-3M cells
by about 19.6%, as measured using the Cell Titer Glow assay, and inhibited proliferation
of ADRr ovarian cancer cells by about 30.5%. Also, as shown in Figure 11, Ab # 6
inhibited proliferation of ACHN cells by about 25.4%.

Example 7: Inhibition of ErbB3 Phosphorylation in Tumeor Cells
The ability of Ab #6 to inhibit ErbB3 phosphorylation in vivo was examined as

follows.

The samples were pulverized using the technique described in Example 5 supra,
with respect to Figure 8. The BCA assay was performed as set forth in the Materials and
Methods section supra, and the ELISA assay was performed as described in Example 5
supra with respect to Figure 8.

The results of this experiment are shown in Figure 12. As shown in Figure 12,
Ab #6 significantly inhibited ErbB3 phosphorylation in ADRr ovarian xenografis in
vivo, as measured by the amount of phosphorylated ErbB3 (pErbB3) in ng/mg of total
protein.

The ability of Ab #6 to inhibit betacellulin (BTC) or heregulin (HRG) induced
ErbB3 phosphorylation was also examined, as follows.
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Ovarian ADRr cells were preincubated with Ab #6 for 30 minutes prior to
stimulation with 50 mM BTC, 10 mM HRG or 333 nM TGF-o. Following pre
incubation, the media was removed and the cells were stimulated for 5 minutes at 37°C,
5% CO2 with 50nM BTC or 333nM TGF-a (for PE498). HRG controls (5 minutes,
5nM), 10% serum and 0% serum controls were also used. Cells were washed with 1X
cold PBS and lysed in 30ul cold lysis buffer (M-PER buffer plus sodium vanadate
(NaVvO4, Sigma), 2-glycerophosphate, phenylarsine oxide, BpV and protease ihhibitors)
by incubating on ice for 30 minutes. Lysates were stored overnight at -80°C.

As shown in Figures13 A-13C, Ab #6 significantly inhibited both betacellulin and
heregulin-mediated phosphorylation of ErbB3.

In a further experiment, the ability of Ab #6 to inhibit ErbB3 phosphorylation in
ovarian tumor cell lines OVCAR 5 and OVCAR 8 was examined as follows.

The OVCAR 5 and OVCAR 8 cell lines were obtained from the National Cancer
Institute, Division of Cancer Treatment and Diagnostics (“DCTD”). The ELISA was
performed as described in the Materials and Methods section supra.

The results of this experiment are depicted in Figures 14A and 14B. As depicted
in Figures 14A and 14B, Ab #6 inhibited ErbB3 phosphorylation in both OVCAR 5 and
OVCAR 8 ovarian cancer cell lines.

As discussed above, Ab #6 inhibits betacellulin-mediated phosphorylation of
ErbB3. Inorder to investigate whether betacellulin-mediated phosphorylation of ErbB3
occurs through ErbB1 or ErbB3, the following experiment was performed.

ADRr cells or MALME-3M cells (1 x 10° ) were pre-incubated with 25uM of
anti-ErbB3 Ab # 6 or 25 uM of Erbitux (as control) in 50ul BD stain buffer for 30
minutes on ice. After 30 minutes, 50 pl of 400 nM biotinylated BTC was added to the
cells and incubated for another 30 minutes on ice. This gave a final concentration of
12.5 uM antibodies and 200 nM BTC. Cells were then washed twice with 500 ul BD
stain buffer and incubated with 100 pl of a 1:200 dilution of streptavidin-PE
(PE=phycoerythrin) (Invitrogen) in BD stain buffer for 45 minutes. Finally, cells were
washed twice, resuspended in 300 ul of BD stain buffer and analyzed in a FACScalibur
flow cytometer. As a positive control, 1 x 10° ADRr or MALME-3M cells were
incubated with 200 nM BTC for 30 minutes on ice, washed twice and incubated with a
1:200 dilution of streptavidin-PE for 45 minutes. To assess background staining from
the streptavidin-PE conjugate, cells were incubated with 100 ul of a 1:200 dilution of
streptavidin-PE only for 45 minutes.

The results of this experiment are depicted in Figures 15A-15C. As shown in
Figure 15A, betacellulin (BTC) does not show any appreciable binding to ErbB1
negative MALME-3M cells. However, as depicted in Figures 15B and 15C, BTC does
show binding to ErbB1 positive ADRr cells.
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Also, as shown in Figures 15B and 15C, this binding was blocked by Erbitux,
which is an anti-EGFR antibody which specifically binds EGFR and was included as a
control to demonstrate that EGF-like ligands bind to EGFR, and which is described in
e.g., Adams et al. (2005), Nature Biotechnology 23, 1147 — 1157.

Example 8: Inhibition of Heregulin-Mediated Signaling in Tumor Cells

The ability of Ab # 6 to inhibit heregulin-mediated tumor cell signaling was
investigated as follows.

MALME-3M cells were seeded in 96 well tissue culture plates and grown in
RPMI-1640 media supplemented with antibiotics, 2mM L-glutamine and 10% fetal
bovine serum (FBS) for 24 hours at 37°C and 5% carbon dioxide. Cells were serum
starved in RPMI-1640 media with antibiotics and 2mM L-glutamine for 24 hours at
37°C and 5% carbon dioxide. Cells were pre-treated with and without the anti-ErbB3
antibody (IgG2 isotype of Ab #6) at 1uM, 250nM, 63nM, 16nM, 4.0nM, 1.0nM, 240pM
and 61pM concentrations for 30 minutes then stimulated with HRG1-betal-ECD for 10
minutes at 37°C and 5% carbon dioxide. Cells were washed with cold PBS then
harvested with mammalian protein extract (MPER) lysis (Pierce, 78505) buffer
containing 150mM NaCl 5SmM sodium pyrophosphate, 10uM bpV (phen), 50uM
phenalarsine, 1mM sodium orthovanadate, and protease inhibitor cocktail (Sigma,
P714). Cell lysates were diluted two-fold with 4% bovine serum albumin in phosphate
buffered saline with 0.1% tween-20, then analyzed by ELISA for AKT (a downstream
effector of ErbB3) and ErbB3 phosphorylation.

In order to test for AKT phosphorylation, lysates were run on an ELISA plate
with a capture antibody specific for AKT and biotinylated detection antibody specific to
the phosphorylation site on serine 473 of AKT. Signal was generated with streptavidin
conjugated to horseradish-peroxidase reacted with chemiluminescent substrate (Pierce,
37070). In order to assay for ErtbB3 phosphorylation, lysates were run on an ELISA
plate with a capture antibody specific for ErbB3 and an anti-phosphotyrosine detection
antibody conjugated to horseradish-peroxidase. This was then reacted with
chemiluminescent substrate (Pierce, 37070). ELISAs were visualized using a
luminometer.

As shown in Figures 16A and 16B, Ab #6 was a potent inhibitor of heregulin-
mediated signaling in MALME-3M cells, as measured by decreased phosphorylation of
ErbB3 (Figure 16A) and AKT (Figure 16B). Notably, Ab #6 inhibited the
phosphorylation of AKT by almost 100%.
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Example 9; Inhibition of Ovarian, Prostate, and Pancreatic Tumor Growth

To assess the efficacy of Ab #6 in vivo, several xenograft models of human
cancer were established in nude mice and the inhibition of tumor growth was assessed at
multiple doses. For example, T-cell deficient nu/nu mice (3-4 week old female mice
originated at NIH; outbred; albino background) were purchased from Charles River Labs
(Wilmington, MA) for xenograft studies. ADRr cells for implantation were grown in
culture (RPMI media, 10% FBS, L-glutamine and antibiotics, 37°C, 5% CO2) to about
85% confluency before harvesting. Cells were kept on ice until implantation. Mice
were implanted via subcutaneous injection with 100ul ADRr cells on the right flank and
allowed to recover while being monitored for initial tumor growth.

Tumors were measured (length by width) by digital caliper and the mice were
dosed with IgG2a (Sigma, M7769-5MG) by intravenous injection. Mice were dosed
intra-peritoneally every third day with either 30 pg or 300 ug of Ab #6 and tumors were
measured three times per week and recorded in a Microsoft Excel spreadsheet.

Final tumor measurements (L x W) were taken, the mice were euthanized by C02
asphyxiation and tumors were excised, snap frozen in liquid nitrogen, and were stored at
-80°C (for biochemical analysis). Final tumor measurements were analyzed and graphed
by tumor area and tumor volume, as described in Burtrum ef al., supra. . The data was
also analyzed by “normalized’ and “non-normalized” means for both tumor volume and
tumor area. For the “normalization” of the data, at each time point of measurement,
each tumor in each group was divided by the initial tumor size determined by caliper
measurement.

The data from three different models derived from human tumor cell lines, ADRr
(ovarian), Dul45 (prostate) and OvCARS (ovarian) are shown in Figures 17A-C and
Colo357 xenograft study is shown in Figure 17D. The data from these studies
demonstrated that a 300ug dose of Ab #6 every three days (Q3d) results in significant
inhibition of tumor growth (p<0.05 for multiple time points during the studies).
Moreover, this inhibitory effect of Ab #6 was further elevated when the dose was
increased to 600ug, Q3d, in the Dul45 prostate cancer model as well as a renal and a
pancreatic carcinoma xenograft model (ACHN and COLO357). However, further
elevating the dose to 1500ug Q3d did not result in increased efficacy (OvCARS8-Figure
17; COLO357) suggesting that the 600ug is saturating in regards to tumor growth
inhibition. Pharmacokinetic (PK) analyses of the serum from the animals from these
studies demonstrate a dose-dependent increase in the serum retention of Ab #6.
Similarly, biochemical analysis of the intra-tumoral levels of Ab #6 from these different
studies showed a dose-dependent range of O to ~6 pg MM 121/ug of total tumor lysate
(data not shown).
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Example 10: Inhibition of binding of ErbB3 Ligands to ErbB3 on Tumor Cells
In a further experiment, the specificity of the antibodies of the invention to

inhibit the binding of ErbB3 ligands to ErbB3, and not EGF-like ligands to EGFR, was
investigated as follows.

In one experiment, the specificity of Ab #6 and a Fab version of Ab #3 (Ab/Fab
#3) to inhibit the binding of ErbB3 ligands (e.g., heregulin and epiregulin) to ErtbB3 was
investigated.

In order to investigate the ability of Ab #6 and Ab/Fab #3 to inhibit the binding
of heregulin to ErbB3, the following experiment was performed.

ADRr cells (1 x 10° ) were incubated with 10 uM of an anti-ErbB3 antibody
(e.g., Ab #6 or Ab/Fab # 3) in 50 ul BD stain buffer for 30 minutes on ice. After 30
minutes, 50 pl of 40 nM biotinylated heregulin EGF was added to the cells and
incubated for another 10 minutes on ice. This gave a final concentration of 5 uM
antibody and 20 nM heregulin EGF. Cells were then washed twice with 500 ul BD stain
buffer and incubated with 100 pl of a 1:200 dilution of streptavidin-PE :
(PE=phycoerythrin) (Invitrogen) in BD stain buffer for 45 minutes. Finally, cells were
washed twice, resuspended in 300 ul of BD stain buffer and analyzed in a FACScalibur
flow cytometer. As a positive control, 1 x 10> ADRr cells were incubated with 20 nM
heregulin EGF for 10 minutes on ice, washed twice and incubated with a 1:200 dilution
of streptavidin-PE for 45 minutes. In order to assess background staining from the
streptavidin-PE conjugate, 1 x 10° ADRr cells were incubated with 100 pl of a 1:200
dilution of streptavidin-PE only for 45 minutes.

The results of this experiment are shown in Figures 18A and 18B. As depicted
in Figures 18A and 18B, both Ab #6 and Ab/Fab #3 were able to inhibit heregulin
binding to ErbB3.

Similarly, the ability of Ab #6 to inhibit the binding of another ErbB3-ligand,
epiregulin, to ErbB3, was examined as follows.

ADRr cells (1 x 10° ) were pre-incubated with 25uM of Ab #6 or 25 uM of
Erbitux (as control) in 50 ul BD stain buffer for 30 minutes on ice. After 30 minutes, 50
pl of 2 uM biotinylated Epi was added to the cells and incubated for another 30 minutes
on ice. This gave a final concentration of 12.5 uM antibodies and 1 uM Epi. Cells were
then washed twice with 500 ul BD stain buffer and incubated with 100 ul of a 1:200
dilution of streptavidin-PE (PE=phycoerythrin) (Invitrogen) in BD stain buffer for 45
minutes. Finally, cells were washed twice, resuspended in 300 pl of BD stain buffer and
analyzed in a FACScalibur flow cytometer. As a positive control, 1 x 10° ADRr cells
were incubated with 1 uM Epi for 30 minutes on ice, washed twice and incubated with a

1:200 dilution of streptavidin-PE for 45 minutes. To assess background staining from

-57-



OnCusp

10044 of 10951 Ex. 1038

10

15

20

25

30

35

WO 2008/100624 PCT/US2008/002119

the streptavidin-PE conjugate, cells were incubated with 100 ul of a 1:200 dilution of
streptavidin-PE only for 45 minutes.

The results of this experiment are depicted in Figures 19A and 19B. As shown
in Figure 19A, epiregulin binds to ErbB3 positive ADRTr cells. Further, as shown in
Figure 19B, this binding is inhibited by both Erbitux and Ab #6, suggesting that
epiregulin may bind to both EGFR and ErbB3.

A further experiment was performed to investigate whether Ab #6 is able to
inhibit the binding of an EGF-like ligand (e.g., HB-EGF) to tumor cells.

ADREr cells (1 x 10° ) were pre-incubated with 25uM of Ab #6 or 25 pM of
Erbitux (as control) in 50 ul BD stain buffer for 30 minutes on ice. After 30 minutes, 50
ul of 400 nM biotinylated HB-EGF was added to the cells and incubated for another 30
minutes on ice. This gave a final concentration of 12.5 uM antibodies and 200 nM HB-
EGF. Cells were then washed twice with 500 pl BD stain buffer and incubated with 100
ul of a 1:200 dilution of streptavidin-PE (PE=phycoerythrin) (Invitrogen) in BD stain
buffer for 45 minutes. Finally, cells were washed twice, resuspended in 300 pl of BD
stain buffer and analyzed in a FACScalibur flow cytometer. As a positive control, 1 x
10° ADRr cells were incubated with 200 nM HB-EGF for 30 minutes on ice, washed
twice and incubated with a 1:200 dilution of streptavidin-PE for 45 minutes. To assess
background staining from the streptavidin-PE conjugate, cells were incubated with 100
ul of a 1:200 dilution of streptavidin-PE only for 45 minutes.

As shown in Figures 20A and 20B, HB-EGF binds to ErbB on ADRr cells and
Ab #6 does not inhibit this binding, evidencing that Ab #6 is specific for inhibiting the
binding of ErbB3 ligands (e.g., heregulin and epiregulin) to ErbB3.

Example 11: Inhibition of VEGF Secretion in Tumor Cells

The ability of Ab #6 to inhibit VEGF secretion of cells expressing ErbB3 (e.g.,
cancer cells) was examined using VEGF secretion assay (VEGF ELISA kit available
from R&D Systems, Minneapolis, MN, Cat. #DY?293B). First, the ability of Ab #6 to
inhibit VEGF secretion in the untreated and HRG —betal treated MCF-7, T47D, and
COLOQ-357 cells was analyzed. These studies revealed that COLQ-357 secreted the
highest amount of VEGF into the media. As these cells also had very high HRG levels
(data not shown), addition of HRG to the media was not able to further induce VEGF
secretion (Fig. 24A). In contrast, HRG was able to induce VEGF secretion in MCF-7
and T47D cells.

Ab #6 shows a potent inhibitory effect at high levels in all three cell lines with
the highest being in COLO-357 (Fig. 24A). Ab #6 also shows a similar effect in vivo by
inhibiting VEGF secretion in three different xenografts, the highest being in COLO-357
xenograft (Fig. 24B). Inhibition of VEGF correlates with inhibition of ErbB3
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phosphorylation (Fig. 24 C). Inhibition of VEGF secretion also correlates with
inhibition of angiogenesis of the tumor cells. In particular, it has been identified that
myeloma cell-secreted factors, such as VEGF and bFGF, trigger angiogenesis (see, €.g.,
Leung et al. (1989) Science 246(4935):1306-9; Yen et al. (2000) Oncogene
19(31):3460-9).

Example 12: Inhibition of Cell Migration
The ability of Ab #6 to inhibit the migration of cells expressing ErbB3 (e.g.,

MCEF-7 cells) was examined using a trans-well assay (Millipore Corp., Billerica, MA,
Cat # ECM552). First, MCF-7 cells were serum-starved overnight and then incubated in
the presence or absence of Ab #6 (8uM final concentration) for 15 minutes at room
temperature. The cells were then transferred to an upper chamber that is separated from
a lower chamber by a collagen type I-coated membrane through which the cells can
migrate. 10%FBS was added to media in the lower chamber to act as a chemoattractant
in the presence of absence of Ab #6. The chambers were incubated at 37°C for 16
hours and then the cells that migrated through the membrane -were removed using a
detachment buffer and incubated with a cell-binding fluorescent dye. Fluorescence was
quantitated using a fluorescent plate reader. The average fluorescence £ SEM (n=2) is
shown in Figure 25.

As shown in Figure 25, 10% FBS stimulates cell migration (lane 3) as compared
to untreated control (lane 1) and 8uM Ab #6 inhibits the FBS induced cell migration
(lane 4).

Example 13: Inhibition of Spheroid Growth
The ability of Ab #6 to inhibit the spheroid growth of cells expressing ErbB3

was examined using an assay which approximates conditions of a developing tumor
growth (Herman et al. (2007) Journal of Biomolecular Screening Electronic
publication). AdrR and DU145 spheroids were initiated at a frequency of 1 spheroid per
well of a 96 well plate using the hanging drop method (Herrman et al., 2008). Individual
spheroids were then treated with either Ab #6 (8 uM final concentration), Heregulin-$1
EGF domain (R&D Systems, Minneapolis, MN, Cat # 396-HB, 3.4 nM final
concentration), or a combination of both, as indicated. The diameters of the spheroids
were measured using light microscopy (10X objective) at day 1 and day 13.

Ab #6 inhibits spheroid growth in AdrR cells (Fig. 26A). In addition, 3.4nM

HRG stimulates spheroid growth and Ab #6 inhibits the HRG effect (Fig. 26B).
Spheroids derived from DU145 did not increase in size during 13 days of the
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experiment; however, growth was significantly stimulated by HRG1-beta 1. In these
cells, 8uM Ab #6 inhibits HRG induced spheroid growth (Fig. 26C).

Example 14: Inhibition of Signaling
The ability of Ab #6 to inhibit the signaling induced by different ligands was

examined. For example, the effect of Ab #6 on HRG and BTC binding to AdrR cells
expressing ErbB3 receptor was tested. As shown in Figures 27A and B, using FACS -
analysis, Ab #6 competes with HRG and not BTC for binding to AdiR cells.
Accordingly, blocking by Ab #6 of HRG binding to ErbB3 would prevent signaling
induced by HRG.

Additionally, various ligands were tested for inducement of ErBb3
phosphorylation. Three ligands, HRG, BTC, and HGF, were able to stimulate ErbB3
induced phosphorylation in AdrR cells, while EGF could not. As shown in Figure 28,
Ab #6 inhibits HGF induced pErbB3 phosphorylation in AdrR cells (Fig. 28). Further,
as known in the art (see, e.g., Wallenius et al. (2000) Am J Pathol. 156 (3):821-9
10702398), enhanced HGF signaling has been found in various epithelial and non-
epithelial tumors.

EibB3/cMET interaction and the role of Ab #6 in modulating this interaction

It has been shown that non-small-cell lung cancers carrying activating mutations
in the epidermal growth factor receptor (EGFR) develop resistance to tyrosine kinase
inhibitors by recruiting MET and HER3 and thus activating the PI3K-AKT cell survival
pathway (Engelmann et al. (2007) Science 316: 1039-1043; Gou (2007) PNAS: 105(2):
692-697). The association between EGFR and c-MET in cell lines that carry activating
EGFR mutations has been well established by co-immunoprecipitation (Engelmann et al.
2007; Gou 2007). Guo et al. recently demonstrated that c-MET and ErbB3 also exist in
a complex in a gastric cell line MKN45 known to be dependent on amplified c-MET,
using co-immunoprecipitation.

This c-MET-erbB3 interaction occurs also in AdrR cells carrying the wild type
EGFR and is not dependent on amplified c-MET. HGF (Hepatocyte Growth Factor)
induces ErbB3 phosphorylation in AdrR cells in a dose dependent manner as shown in
Figure 28. In addition, Ab #6 inhibits HGF induced erbB3 phosphorylation.

The effect of HRG and BTC on both ErbB1 and ErbB3 phosphorylation has also
been investigated, and HRG and BTC were found to induce phosphorylation of both
ErbB1 and ErbB3. HRG was found to be a more potent inducer of ErbB3
phosphorylation while BTC was a potent inducer of ErbB1 phosphorylation (Fig. 29).
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This phosphorylation is likely to be driven by the complex between ErbB1 and ErbB3.
Briefly, HRG binding to ErbB3 induces complex formation between ErbB1 and ErbB3,
leading to the activation of both receptors. The same phenomenon appears likely for
BTC, where BTC binding to ErbB1 stimulates complex formation between ErbB1 and
ErbB3, leading to the phosphorylation of both ErbB1 and ErbB3.

Antibody Inhibition of ligand (HRG, BTC, EGF, and HGF) stimulated ErtbB3
phosphoryiation.
The ability of Ab #6 to inhibit ligand (HRG, BTC, EGF, and HGF) induced
ErbB3 phosphorylation was examined based on the following method:
1. AdrR cells were plated into 96 well plate at a density of 30,000 cells/well/100 uL
in RPMI medium containing 10% FBS and allowed to grow overnight;

2. The next day, cells were serum-starved by changing medium to FBS-free
medium and allowed to grow overnight;

3. Cells were pre-treated with different concentrations of Ab #6 (from 0.01 nM to
100nM), or buffer (control), for 2Zhours;

4. The cells were then stimulated with 10 nM HRG and HGF for 10 minutes, or 10
nM BTC and EGF for 5 minutes;

5. The reaction was stopped by removing the culture medium and washing the cells
once with ice cold PBS;

6. The cells were then lysed in 25 mM Tris, pH+7.5, 150 mM NaCl, 1mM EDTA,
1.0% Triton X-100, 1.0% CHAPS, 10% v/v glycerol, containing 1X protease
inhibitor and 1X phosphatase inhibitor; and

7. ErbB3 phosphorylation was measured in cell lysates using Human Phospho-
ErbB3 ELISA kit (R&D Systems, Minneapolis, MN, Cat. No. DYC1769)

according to manufacturer’s instructions.

Antibody Inhibition of ErbB2-ErbB3 protein complex formation.
AdrR cells were pre-incubated with buffer (control), or 250 nM Ab

#6 for 60 minutes at room temperature, then treated with 10 nM HRG or 10
nM BTC or control buffer for 10 minutes. The cells were lysed in 25 mM
Tris, pH+7.5, 150 mM NaCl, 1ImM EDTA, 1.0% Triton X-100, 1.0%
CHAPS, 10% v/v glycerol, containing 0.2mM PMSF, SOmTU/mL aprotinin,
and 100 uM leupeptin, and the crude lysate were centrifuged briefly to
remove insoluble material. Supernatant was transferred to a new eppendorf
tube, and anti-ErbB3 antibody (Santa Cruz sc-285) was added at 1:500
dilution. Supernatants were incubated overnight with gentle shaking at 4C.

-61-



OnCusp

10048 of 10951 Ex. 1038

10

15

20

25

WO 2008/100624 PCT/US2008/002119

60 ul of Immobilized Protein A/G agarose beads (Pierce, Rockford, IL, Cat#
20421) was first washed with 1X PBS. The cell lysate-antibody mixture was
added to the PBS washed beads, and incubated for 2 hours with gentle
shaking at 4°C. The immunoprecipitates were then washed with ice-cold
lysis buffer 3 times, resuspended in 30 ul of 2X SDS sample buffer, heat
denatured at 95°C for 7 minutes and run on 4-12% Bis-Tris Gels. SDS-
PAGE and electro-transferred to PVDF membrane in Tri-Glycine buffer
with 10% MeOH. The membrane was blocked for 1hour in 10ml of
blocking buffer (Li-Cor Biosciences, Lincoln, NE, Cat# 927-40000) and
then incubated with the anti-ErbB2 antibody at 1:1000 (Cell Signaling
Technology, Danvers, MA, Cat # 29D8) in 10 ml of blocking buffer (Li-Cor
Biosciences, Cat# 927-40000). The signal was detected using goat anti-
rabbit IRDye800 at 1:5000 (2ul) in 10ml of blocking buffer (Li-Cor
Biosciences, Cat# 927-40000).

Ab #6 was also shown to completely inhibit HRG stimulated ErbB2/3 complex
formation (Fig.29B).

Equivalents
Those skilled in the art will recognize, or be able to ascertain using no more than

routine experimentation, many equivalents of the specific embodiments of the invention
described herein. Such equivalents are intended to be encompassed by the following
claims. Any combination of the embodiments disclosed in the dependent claims are
contemplated to be within the scope of the invention.

Incorporation by Reference

All publications, patents, and pending patent applications referred to herein are
hereby incorporated by reference in their entirety.
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1. An isolated monoclonal antibody or antigen binding portion thereof that binds to
ErbB3 and inhibits EGF-like ligand mediated phosphorylation of ErbB3.

2. Anisolated monoclonal antibody or antigen binding portion thereof that binds to
ErbB3, wherein the antibody or antigen binding portion thereof exhibits one or more of
the following properties:

() inhibition of heregulin, epiregulin, betacellulin, epigen or biregulin-
mediated signaling through ErbB3;

(ii) inhibition of proliferation of cells expressing ErbB3;

(iii)  the ability to decrease levels of ErbB3 on cell surfaces;

(iv)  inhibition of VEGEF secretion of cells expressing ErbB3;

W) inhibition of the migration of cells expressing ErbB3;

(vi)  inhibition of spheroid growth of cells expressing ErbB3; and/or

(vil) binding to an epitope located on domain I of ErbB3 .

3. The antibody or antigen binding portion thereof of any one of the preceding claims,
wherein the antibody or antigen binding portion thereof binds to ErbB3 with a Kp of at
least about 8 nM or better, as measured by a surface plasmon resonance assay or a cell
binding assay.

4. The antibody or antigen binding portion of any one of the preceding claims, wherein
the EGF-like ligand is selected from the group consisting of EGF, TGF-a, betacellulin,
heparin-binding epidermal growth factor, amphiregulin and biregulin.

5. An isolated monoclonal antibody or antigen binding portion thereof that binds to
ErbB3, wherein the antibody or antigen binding portion thereof comprises a heavy chain
variable region comprising an amino acid sequence at least 80% identical to the heavy
chain variable region amino acid sequence set forth in SEQ ID NO:1, SEQ ID NO:3,
SEQ ID NO:5, SEQ ID NO:35, or SEQ ID NO:37.

6. An isolated monoclonal antibody or antigen binding portion thereof that binds to
ErbB3, wherein the antibody or antigen binding portion thereof comprises a light chain
variable region comprising an amino acid sequence at least 80% identical to the light
chain variable region amino acid sequence set forth in SEQ ID NO:2, SEQ ID NO:4,
SEQ ID NO:6, SEQ ID NO:36, or SEQ ID NO:38.
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7. An isolated monoclonal antibody or antigen binding portion thereof that binds to
ErbB3, wherein the antibody or antigen binding portion thereof comprises a heavy chain
variable region comprising an amino acid sequence at least 95% identical to the heavy
chain variable region amino acid sequence set forth in SEQ ID NO:1, SEQ ID NO:3,

5 SEQIDNO:5, SEQ ID NO:35, or SEQ ID NO:37.

8. An isolated monoclonal antibody or antigen binding portion thereof that binds to
ErbB3, wherein the antibody or antigen binding portion thereof comprises a light chain
variable region comprising an amino acid sequence at least 95% identical to the light
10  chain variable region amino acid sequence set forth in SEQ ID NO:2, SEQ ID NO:4,
SEQ ID NO:6, SEQ ID NO:36, or SEQ ID NO:38. *

9. The antibody or antigen binding portion thereof of claim 7, wherein the antibody or
antigen binding portion thereof further comprises a light chain variable region

15 comprising an amino acid sequence at least 95% identical to the light chain variable
region amino acid sequence set forth in SEQ ID NO:2, SEQ ID NO:4, SEQ ID NO:6,
SEQ ID NO:36, or SEQ IDNO:38.

10. An isolated antibody or antigen binding portion thereof that binds to the epitope
20  which is same or overlapping with the epitope bound by the antibody of any one of the
preceding claims.

11. The antibody or antigen binding portion thereof of any of the preceding claims,
which binds to residues 20-202 of the amino acid sequence of ErtbB3.
25
12. An isolated monoclonal antibody or antigen binding portion thereof that binds to
ErbB3, wherein the antibody or antigen binding portion thereof comprises:
a heavy chain variable region comprising CDR1, CDR2, and CDR3 sequences; and
a light chain variable region comprising CDR1, CDR2, and CDR3 sequences,
30 wherein
the heavy chain variable region CDR3 sequence comprises an amino acid
sequence selected from the group consisting of SEQ ID NOs:9, 15, 21, 41, 47 and
conservative amino acid substitutions thereof.

35 13. The antibody or antigen binding portion thereof of claim 12, wherein the light chain
variable region CDR3 sequence comprises an amino acid sequence selected from the
group consisting of SEQ ID NOs: 12, 18, 24, 44, 50 and conservative sequence
modifications thereof.
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14. The antibody or antigen binding portion thereof of claim 12 or 13, wherein the
heavy chain variable region CDR2 sequence comprises an amino acid sequence selected
from the group consisting of SEQ ID NOs:8, 14, 20, 40, 46 and conservative sequence
modifications thereof.

15. The antibody or antigen binding portion thereof of claims 12-14, wherein the light
chain variable region CDR2 sequence comprises an amino acid sequence selected from
the group consisting of SEQ ID NOs:11, 17, 23, 43, 49 and conservative sequence
modifications thereof.

16. The antibody or antigen binding portion thereof of claims 12-15, wherein the heavy
chain variable region CDR1 sequence comprises an amino acid sequence selected from
the group consisting of SEQ ID NOs: 7, 13, 19, 39, 45 and conservative sequence
modifications thereof.

17. The antibody or antigen binding portion thereof of claims 12-16, wherein the light
chain variable region CDRI1 sequence comprises an amino acid sequence selected from
the group consisting of SEQ ID NOs:10, 16, 22, 42, 48 and conservative sequence

modifications thereof.

18. An isolated monoclonal antibody or antigen binding portion thereof that binds to
ErbB3 and comprises heavy and light chain variable region CDR1, CDR2 and CDR3
sequences selected from the group consisting of:
(a) a heavy chain variable region CDR1 comprising SEQ ID NO:7;
a heavy chain variable region CDR2 comprising SEQ ID NO:8;
a heavy chain variable region CDR3 comprising SEQ ID NO:9;
a light chain variable region CDR1 comprising SEQ ID NO:10;
a light chain variable region CDR2 comprising SEQ ID NO:11,;
a light chain variable region CDR3 comprising SEQ ID NO:12;
and combinations thereof;
(b) a heavy chain variable region CDR1 comprising SEQ ID NO:13;
a heavy chain variable region CDR2 comprising SEQ ID NO:14;
a heavy chain variable region CDR3 comprising SEQ ID NO:15;
a light chain variable region CDR1 comprising SEQ ID NO:16;
a light chain variable region CDR2 comprising SEQ ID NO:17;
a light chain variable region CDR3 comprising SEQ ID NO:18;
and
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©) a heavy chain variable region CDR1 comprising SEQ ID NQ:19;
a heavy chain variable region CDR2 comprising SEQ ID NQO:20;
5 a heavy chain variable region CDR3 comprising SEQ ID NO:21;
a light chain variable region CDR1 comprising SEQ ID NO:22;
a light chain variable region CDR2 comprising SEQ ID NO:23;
a light chain variable region CDR3 comprising SEQ ID NO:24;
and
10 @ a heavy chain variable region CDR1 comprising SEQ ID NO:39;
a heavy chain variable region CDR2 comprising SEQ ID NO:40;
a heavy chain variable region CDR3 comprising SEQ ID NO:41;
a light chain variable region CDR1 comprising SEQ ID NO:42;
a light chain variable region CDR2 comprising SEQ ID NO:43;
15 a light chain variable region CDR3 comprising SEQ ID NO:44;
and
(e) a heavy chain variable region CDR1 comprising SEQ ID NO:45,;
“a heavy chain variable region CDR2 comprising SEQ ID NO:46;
a heavy chain variable region CDR3 comprising SEQ ID NQ:47;
20 a light chain variable region CDR1 comprising SEQ ID NO:48;
a light chain variable region CDR2 comprising SEQ ID NO:49;
a light chain variable region CDR3 comprising SEQ ID NO:50;

19. An isolated monoclonal antibody or antigen binding portion thereof that binds to
25 ErbB3 and comprises:

" a heavy chain variable region CDR1 comprising SEQ ID NO:7;
a heavy chain variable region CDR2 comprising SEQ ID NO:8;
a heavy chain variable region CDR3 comprising SEQ ID NO:9;
30 a light chain variable region CDR1 comprising SEQ ID NO:10;
a light chain variable region CDR2 comprising SEQ ID NO:11;
and
a light chain variable region CDR3 comprising SEQ ID NO:12.

35 20. An isolated monoclonal antibody or antigen binding portion thereof that binds to

ErbB3 and comprises:
a heavy chain variable region comprising CDR1, CDR2, and CDR3

sequences; and
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a light chain variable region comprising CDR1, CDR2, and CDR3
sequences, wherein:
the heavy chain variable region CDR3 sequence comprises an amino acid
sequence which is at least 90% identical to the amino acid sequence selected from the
group consisting of SEQ ID NOs:9, 15 and 21.

21. The antibody of claim 20, wherein the light chain variable region CDR3 sequence
comprises an amino acid sequence which is at least 90% identical to the amino acid
sequence selected from the group consisting of SEQ ID NOs:12, 18 and 24.

22. The antibody of claim 20 or 21, wherein the heavy chain variable region CDR2
sequence comprises an amino acid sequence which is at least 90% identical to the amino
acid sequence selected from the group consisting of SEQ ID NOs:8, 14 and 20.

23. The antibody of claims 20-22, wherein the light chain variable region CDR2
sequence comprises an amino acid sequence which is at least 90% identical to the amino
acid sequence selected from the group consisting of SEQ ID NOs:11, 17 and 23.

24. The antibody of claims 20-23, wherein the heavy chain variable region CDR1
sequence comprises an amino acid sequence which is at least 90% identical to the amino
acid sequence selected from the group consisting of SEQ ID NOs:7, 13 and 19.

25. The antibody of claims 20-24, wherein the light chain variable region CDR1
sequence comprises an amino acid sequence which is at least 90% identical to the amino
acid sequence selected from the group consisting of SEQ ID NOs:10, 16 and 22.

26. An isolated monoclonal antibody or antigen binding portion thereof that binds to
ErbB3, wherein the antibody or antigen binding portion thereof:
comprises a heavy chain variable region that is from a human VH3 germline

gene.

27. The antibody or antigen binding portion thereof of claim 26, wherein the antibody
or antigen binding portion thereof further comprises a light chain variable region from
human VL2 germline gene.

28. The antibody or antigen binding portion thereof of any one of the preceding claims,

wherein the antibody is selected from the group consisting of a human antibody, a

humanized antibody, a bispecific antibody and a chimeric antibody.
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29. The antibody or antigen binding portion thereof of any one of the preceding claims,
wherein the antibody or antigen binding portion thereof is selected from the group
consisting of a Fab, Fab’2, ScFv, SMIP, affibody, avimer, nanobody, and a domain
antibody.

30. The antibody or antigen binding portion thereof of any one of the preceding claims,
wherein the antibody isotype is selected from the group consisting of an IgG1, an IgG2,
an IgG3, an IgG4, an IgM, an IgAl, an IgA2, an IgAsec, an IgD, and an IgE antibody.

31. A composition comprising the antibody or antigen binding portion of any one of the
preceding claims in a pharmaceutically acceptable carrier.

32. A composition comprising two or more antibodies of any one of the preceding
claims, wherein the antibodies bind to different epitopes on ErbB3.

33. An isolated nucleic acid encoding a variable region of a human antibody that binds
ErbB3 comprising a sequence at least 90% identical to the heavy chain variable region
of SEQ ID NO:25, the light chain variable region of SEQ ID NO:26, the heavy chain
variable region of SEQ ID NO:27, the light chain variable region of SEQ ID NO:28, the
heavy chain variable region of SEQ ID NO:29, the light chain variable region of SEQID
NO:30, or combinations thereof.

34. An isolated nucleic acid encoding a variable region of a human antibody that binds
ErbB3 comprising a sequence that hybridizes under high stringency to the nucleotide
sequence of heavy chain variable region of SEQ ID NO:25, the light chain variable
region of SEQ ID NO:26, the heavy chain variable region of SEQ ID NO:27, the light
chain variable region of SEQ ID NO:28, the heavy chain variable region of SEQ ID
NO:29, or the light chain variable region of SEQ ID NO:30.

35. An expression vector comprising the nucleic acid of claim 33 or 34.
36. A host cell comprising the nucleic acid of claim 35.
37. A transgenic non-human mammal which expresses a monoclonal antibody or

antigen binding portion thereof that binds the same epitope as the antibody or antigen

binding portion of any one of the preceding claims.
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38. A transgenic plant which expresses a monoclonal antibody or antigen binding
portion thereof that binds the same epitope as the antibody or antigen binding portion of
any one of the preceding claims.

39. A hybridoma which produces an antibody or antigen binding portion thereof of any
one of the preceding claims.

40. A hybridoma which produces a human antibody that binds to ErbB3, wherein the
antibody is encoded by:

(a) a heavy chain variable region nucleotide sequence set forth in SEQ ID
NO:25 and a light chain variable region nucleotide sequence set forth in SEQ ID NO:26,
and conservative sequence modifications thereof; |

(b) a heavy chain variable region nucleotide sequence set forth in SEQ ID
NO:27 and a light chain variable region nucleotide sequence set forth in SEQ ID NO:28,
and conservative sequence modifications thereof; or

(c) a heavy chain variable region nucleotide sequence set forth in SEQ ID
NO:29 and a light chain variable region nucleotide sequence set forth in SEQ ID NO:30,
and conservative sequence modifications thereof.

41. A kit comprising one or more isolated monoclonal antibodies or antigen binding
portions thereof of any one of the preceding claims, and optionally comprising
instructions for use in treating or diagnosing a disease associated with ErbB3 dependent
signaling.

42. The kit of claim 41, wherein the disease is a cancer.

43. A method of inhibiting EGF-like ligand mediated phosphorylation of ErbB3 in a
subject, comprising administering to the subject an isolated monoclonal antibody or
antigen binding portion thereof of any one of the preceding claims, in an amount
sufficient to inhibit EGF-like mediated phosphorylation of ErbB3.

44. A method of treating cancer in a subject, comprising administering to the subject a
therapeutically effective amount of an isolated monoclonal antibody or antigen binding
portion thereof of any one of the preceding claims.

45. The method of claim 44, wherein the cancer is selected from the group consisting of

melanoma, breast cancer, ovarian cancer, renal carcinoma, gastrointestinal/colon cancer,

lung cancer, clear cell sarcoma ,and prostate cancer.
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46. The method of any one of claims 43-45, wherein the subject is human.

47. The method of any one of claims 43-45, wherein the antibody or antigen binding
portion thereof is administered intravenously, intramuscularly, or subcutaneously to the
subject.

48. The method of any one of claims 44-47, wherein the antibody or antigen binding
portion thereof is administered in combination with a second therapeutic agent.

49. The method of claim 48, wherein the second agent is a second antibody or antigen
binding portion thereof. '

50. The method of claim 48, wherein the second agent is an anti-cancer agent.

51. The method of claim 50, wherein the anti-cancer agent is selected from the group
consisting of an antibody, a small molecule, an antimetabolite, an alkylating agent, a
topoisomerase inhibitor, a microtubule-targeting agent, a kinase inhibitor, a protein
synthesis inhibitor, an immunotherapeutic, a hormone or analog thereof, a somatostatin
analog, a glucocortocoid, an aromatose inhibitor, and an mTOR inhibitor.

52. The method of claim 51, wherein the antibody is an anti-IGF1R antibody, an
anti-EGFR antibody, or an anti-cmet antibody.

53. The method of claim 51, wherein the small molecule binds IGF1R, EGFR, or
cmet,

54. A method of diagnosing a cancer associated with ErbB3 in a subject, comprising (a)
contacting ex vivo or in vivo cells from the subject with an isolated monoclonal antibody
or antigen binding portion thereof of any of claims 1-30, and (b) measuring the level of
binding to ErbB3 on the cells, wherein abnormally high levels of binding to ErbB3
indicate that the subject has a cancer associated with ErbB3.

-70 -
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Binding of Antibodies to ErbB3 as Measured by SPR
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Cell Binding Assay for Antibodies to MALME-3M cells
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Antibody#6 causes a decrease in total ErbB3 levels in MALME 3M

total ErbB3 pg/ml

melanoma cells in vitro measured by ELISA
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Ab #6 causes ErbB3 downregulation in melanoma cells in vivo

Total ErbB3 Levels in MALME3M PD Study 24hrs Post Injection
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Ab #6 inhibits proliferation in MALME 3M
melanoma cells measured by Cell Titer Glow assay
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Ab #6 inhibits cell proliferation in ADRr (ovarian) cell line
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Ab #6 inhibits cell proliferation in ACHN cell line
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Ab #6 inhibits ErbB3 phosphorylation in ADRr xenografts in vivo
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Blocking BTC Binding by Erbitux but not Ab #6
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Ab # 6 VH amino acid sequence (SEQ ID NO:1)
EVQLLESGGGLVQPGGSLRLSCAASGFTFSHYVMAWVRQAPGKGLEWYVSSISSS
GGWTLYADSVKGRFTISRDNSKNTLYLOQMNSLRAEDTAVYYCTRGLKMATIFD
YWGQGTLVTVSS .

Ab # 6 VL amino acid sequence (SEQ ID NO:2)
QSALTQPASVSGSPGQSITISCTGTSSDVGSYNVVSWYQQHPGKAPKLIIYEVSQR

PSGVSNRFSGSKSGNTASLTISGLQTEDEADYYCCSYAGSSIFVIFGGGTKVTVL

Ab # 3 VH amino acid sequence (SEQ ID NO:3)
EVQLLESGGGLVQPGGSLRLSCAASGFTFSAYNMRWVRQAPGKGLEWVSVIYPS

GGATRYAD SVKGRFTISRDNSKNTLYLQMNSLRAEDTAV YYCARGYYYYGMDV
WGQGTLVTVSS

Ab # 3 VL amino acid sequence (SEQ ID NO:4) .
QSVLTQPPSASGTPGQRVTISCSGSDSNIGRNYIYWYQQFPGTAPKLLIYRNNQRP
SGVPDRISGSKSGTSASLAISGLRSEDEAEYHCGTWDDSLSGPVFGGGTKLTVL

Ab # 14 VH amino acid sequence (SEQ ID NO:5)
EVQLLESGGGLVQPGGSLRLSCAASGFTFSAYGMGWVRQAPGKGLEWYVYSYISPS
GGHTKYADSVKGRFTISRDNSKNTLYLOQMNSLRAEDTAVYYCAKVLETGLLVD
AFDIWGQGTMVTVSS

Ab # 14 VL amino acid sequence (SEQ ID NO:6)
QYELTQPPSVSVYPGQTASITCSGDQLGSKFVSWYQQRPGQSPVLVMYKDKRRP

SEIPERFSGSNSGNTATLTISGTQAIDEADYYCQAWDSSTYVFGTGTKVTVL

Ab # 17 VH amino acid sequence (SEQ ID NQ:35)
EVQLLESGGGLVQPGGSLRLSCAASGFTFSWYGMGWVRQAPGKGLEWVSYISPS

GGITVYADSVKGRFTISRDNSKNTLYLQMNSLRAEDTA VYYCARLNYYYGLDV
WGQGTTVTVSS

Ab # 17 VL amino acid sequence (SEQ ID NQO:36)
QDIQMTQSPSSLSASVGDRITITCQASQDIGDSLNWYQQKPGKAPRLLIYDASNLE
TGVPPRFSGSGSGTDFTFTFRSLQPEDIATYFCQQSANAPFTFGPGTKVDIK

Ab # 19 VH amino acid sequence (SEQ ID NO:37)
EVQLLESGGGLVQPGGSLRLSCAASGFTFSRYGMWWVRQAPGKGLEWVSYIGSS
GGPTYYVDSVKGRFTISRDNSKNTLYLQMNSLRAEDTAVYYCAGGRGTPYYFDS
WGQGTLVTVSS

Ab # 19 VL amino acid sequence (SEQ ID NO:38
QYELTQPASVSGSPGQSITISCTGTSSDIGRWNIVSWYQQHPGKAPKLMIYDVSNRPSGVSNRF
SGSKSGNTASLTISGLQAEDEADYYCSSYTSSSTWVFGGGTKLTVL

Fig 214
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Ab # 6 VH CDR1 (SEQ ID NO:7)
HYVMA

Ab # 6 VH CDR2 (SEQ ID NO:8)
SISSSGGWTLYADSVKG

Ab # 6 VH CDR3 (SEQ ID NO:9)
GLKMATIFDY

Ab # 6 VL CDR1 (SEOQ ID NO:10)
TGTSSDVGSYNVVS

Ab # 6 VL. CDR2 (SEQ ID NO:11)
EVSQRPS

Ab # 6 VL CDR3 (SEQ ID NO:12)
CSYAGSSIFVI

Ab # 3 VH CDRI1 (SEQ ID NO:13)
AYNMR

Ab # 3 VH CDR2 (SEQ ID NO:14)
VIYPSGGATRYADSVKG

Ab # 3 VH CDR3 (SEQ ID NO:15)
GYYYYGMDV

Ab #3 VL CDRI1 (SEQ ID NO:16)
SGSDSNIGRNYTY

Ab # 3 VL CDR2 (SEQ ID NO:17)
RNNQRPS

Ab #3 VI CDR3 (SEQ ID NO:18)
GTWDDSLSGPV

Fig 21B
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Ab # 14 VH CDRI1 (SEQ ID NO:19) Ab # 19 VH CDR1 (SEQ ID NO:45)
AYGMG RYGMW
Ab # 14 VH CDR2 (SEQ ID NO:20) Ab # 19 VH CDR2 (SEQ ID NO:46)
YISPSGGHTKYADSVKG YIGSSGGPTYYVDSVKG
Ab # 14 VH CDR3 (SEQ ID NO:21) Ab # 19 VH CDR3 (SEQ ID NO:47)
VLETGLLVDAFDI GRGTPYYFDS
Ab # 14 VL CDRI1 (SEQ ID:NO:22) Ab# 19 VL CDR1 (SEQ ID NO:48
SGDQLGSKFVS TGTSSDIGRWNIVS
Ab # 14 VL CDR2 (SEQ ID NO:23) Ab # 19 VL CDR2 (SEQ ID NO:49)
YKDKRRPS DVSNRPS
Ab # 14 VL. CDR3 (SEQ ID NO:24) Ab# 19 VL. CDR3 (SEQ ID NO:50)
QAWDSSTYV SSYTSSSTWV

Ab # 17 VH CDR1 (SEQ ID NO:39)
WYGMG

Ab # 17 VH CDR2 (SEQ ID NO:40)
YISPSGGITVYADSVKG

Ab # 17 VH CDR3 (SEQ ID NO:41)
LNYYYGLDV

Ab# 17 VL CDRI1 (SEQ ID NO:42)
QASQDIGDSLN

Ab# 17 VL. CDR2 (SEQ ID NO:43)
DASNLET

Ab# 17 VL CDR3 (SEQ ID NO:44)
QQSANAPFT

Fig 21C
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Ab # 6 VH Codon Optimized Nucleic Acid Sequence (SEQ ID NO:25)

gaggtgcagctgetggagagceggeggagggctggtccagecaggeggeagectgaggcetgtectgegecgecageggcettcac
cttcagccactacgtgatggcectgggtgeggraggecccaggcaagggcectggaatgggtgtccageatcagcagceageggegg
ctggaccctgtacgccgacagegtgaagggcaggttcaccatcagecagggacaacagcaagaacaccctgtacctgcagatgaac
agcctgagggccgaggacaccgecegtgtactactgcaccaggggcectgaagatggecaccatcttcgactactggggccagggce

accctggtgaccgtgageagce
Ab # 6 VL Codon Optimized Nucleic Acid Sequence (SEQ ID NO:26)

cagtccgceectgacccageccgecagegtgageggeageccaggecagagcatcaccatcagetgcaccggeaccageagega
cgtgggcagctacaacgtggtgtcetggtatcagcagecaccceggcaaggeccccaagetgatcatctacgaggtgtcccagagg

cccagecggcegtgagcaacaggttcagcggceagcaagageggeaacaccgecagectgaccatcageggectgeagaccgagg

acgaggccgactactactgetgcagctacgecggeagceagcatcttegtgatcticggeggagggaccaaggtgaccgtecta

Ab # 3 VH Codon Optimized Nucleic Acid Sequence (SEQ ID NO:27)

gaggtgcagctgetggaaageggeggagggcetggtgcagecaggeggeagectgaggetgtectgegecgecageggctteac
cttcagcgcctacaacatgagatgggtgcggeaggcecccaggcaagggcctggaatgggtgtccgtgatctaccccageggegg

agccaccagatacgccgacagcgtgaagggcaggttcaccatcagcagggacaacagcaagaacaccctgtacctgcagatgaa
cagcctgagggecgaggacaccgecgtgtactactgegeecaggggcetactactactacggeatggacgtgtggggecagggeac
cctggtgaccgtgageage

Ab # 3 VL Codon Optimized Nucleic Acid Sequence (SEQ ID NO:28

cagagcgtgctgacccageccccaagegecageggeaccccaggecagagggtgaccatcagetgcageggeagegacagea
acatcggcaggaactacatctactggtatcagcagttccccggeaccgeccccaagetgetgatctacaggaacaaccagaggecc
agcggegtgeccgacaggatcageggeagceaagageggeaccagegecagectggecatcageggectgagaagegaggac
gaggccgagtaccactgeggeacctgggacgacagectgageggeccagtgttcggeggagggaccaagetgaccgtecta

Fig 224
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Ab # 14 VH Nucleic Acid Sequence (SEQ ID NO:29)

gaagttcaattgttagagtctggtggeggtettgttcagectggtggttctttacgtctttcttgegetgettceggattcactttctct

gcttacggtatggottgggttcgccaagcetectggtaaaggtitggagtgggtttcttatatctctecttctggtggecatactaag
tatgctgactccgttaaaggtcgcettcactatctctagagacaactctaagaatactctctacttgcagatgaacagcettaagggc

tgaggacacggccgtatattactgtgcgaaagtactggaaactggcttattggttgatgcettttgatatctggggceccaagggaca
atggtcaccgtctcaagce

Ab # 14 VL Nucleic Acid Sequence (SEQ ID NO:30)

cagtacgaattgactcagccaccctcagtgtccgtgtacccaggacagacagcecagceatcacctgetctggagatcaattggg
gagtaaatttgtttcctggtatcagcagaggccaggccagtcccctgtgttggtcatgtataaagataaaaggeggecgtcaga
gatccctgagcgattctctggetccaactctgggaacacagcecactctgaccatcagegggacccaggcetatagatgagget
gactattattgtcaggcgtgggacagcagcacttatgtcttcggeactgggaccaaggtcaccgtecta

Ab # 6 VH Pre-Optimization Nucleic Acid Sequence (SEQ ID NO:31)

gaagttcaattgttagagtctggtggcggtcttgttcagectggtggttctttacgtctttettgegetgcettceggattcactttetet

cattacgttatggcttgggttcgccaagcetcctggtaaaggtttggagtgggtitctictatctcticttctggtgoctggactctttat
gctgactccgttaaaggtcgcettcactatctctagagacaactctaagaatactctctacttgcagatgaacagcettaagggcetg

aggacacagccgtgtattactgtactagaggtctcaagatggctacaatttitgactactggggccagggcaccctggtcaccg
tctcaage

Ab#6 VL Pre-Optimiiation Nucleic Acid Sequence (SEQ ID NO:32)

cagagcgctttgactcagectgectecgtgtetgggtetcctggacagtcgatcaccatctectgeactggaaccageagtgat
gttgggagttataatgttgtctecctggtaccaacaacacccaggcaaageccccaaactcatcatttatgaggtcagtcagegg
ccctcaggggtttctaatcgettctetggcetccaagtetggceaacacggectecctgacaatctetgggcetccagactgaggac
gaggctgattattactgctgctcatatgcaggtagtagtattitcgtgatattcggeggagggaccaaggtgaccgtccta

Ab # 3 VH Pre-Optimization Nucleic Acid Sequence (SEQ ID NO:33)

gaagttcaattgttagagtctggtegcggtcttgttcagectggtggttctttacgtctttcttgegetgettcecggattcacttictet
gcttacaatatgegtigggttcgecaagctectggtaaaggtttggagtggotttctgttatctatectictggtggegcetactegtt
atgctgactccgttaaaggtcgcttcactatctctagagacaactctaagaatactctctacttgcagatgaacagcttaagggct

gaggacacggccgtgtattactgtgcgagagggtactactactacggtatggacgtctggggcecaaggcaccetggtcaccg
tctcaagc

Ab # 3 VL Pre-Optimization Nucleic Acid Sequence (SEQ ID NO:34

cagagcgtcttgactcagccaccctcagegtetgggaccceccgggeagagggtcaccatctegtgttctggaagegactcca
acatcggaagaaattatatatattggtaccagcaattcccaggaacggcccccaagcetcctcatctataggaataatcagegge
cctcaggggtccctgaccgaatctctggctccaagtetggecacctcagectcectggecatcagtgggceteccggteccgaggat

gaggctgagtatcactgtggaacatgggatgacagectgagtggtceggtattcggeggagggactaagctgaccgtceta

Fig 22B
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« Ab#6VLb:

. QSALTQPASVSGSPGQSITISCTGTSSDVGSYNVVSWYQQHPGKAPK
LMIYEVSKRPSGVSNRFSGSKSGNTASLTISGLQAEDEADYYCCSYA
GSSIFVIFGGGTKVTVL (SEQ ID NO:51)

 Ab#17 VK1b:

. QDIQMTQSPSSLSASVGDRITITCQASQDIGDSLNWYQQKPGKAPRLL
IYDASNLETGVPPRFSGSGSGTDFTFTFRSLQPEDIATYFCQQSANAP
FTFGPGTKVDIR (SEQ ID NO:52)

« Ab#19VL2b:

*  QYELTQPASVSGSPGQSITISCTGTSSDIGRWNIVSWYQQHPGKAPK
LMIYDVSNRPSGVSNRFSGSKSGNTASLTISGLQAEDEADYYCSSYTS
SSTVVFGGGTKLTVL (SEQ ID NO:53)

Fig 23
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Effect of Ab #6 on HRG binding to AdrR cells

Control

— HRG
---- NoHRG
—-—- Ab#6 +HRG

B T
102 103 1(I)4
FL2 - Height

Fig. 274

Effect of Ab #6 on BTC binding to AdrR cells

80—
Control
@ 60—
£ — BTC
3 ---- NoBTC
40— == 2uMAb #5 +10 "M BTC
........... 4uM Ab #6 +10 nM BTC
20— ——- 5uM Ab #6 +10 nMBTC
0 gL 7/ l A, = I
10° 10" 102 10° 10¢

FL2 - Height

Fig 27/B



OnCusp
10098 of 10951 Ex. 1038

WO 2008/100624 PCT/US2008/002119

42/43

IC50

70 " HGF 2.439e-010

60.
50 -
40
30
20
10

pErbB3 (pg/ uL)

42 11 -10 -9 8 -7 -6
‘ Ab #6(logM)

Fig 28

MM-121+HRG

BTC
MM-121+BTC

pErbB3
pErB1

O
o
I
+
N
=
=

O
=
f2a]

MM-121+BTC

HRG

. T ) |Pel’bB3
[ = | EmB2  |glerbB2

Fig. 29B




OnCusp
Ex. 1038

10099 of 10951
PCT/US2008/002119

WO 2008/100624

43/43

Fig. 30

104

FLg-H GAM-R47T

_ EsrisEs 3__3&‘!.3&(;__,@35 +GAGAT
P ErpB3_truns GAM-B4Taniy.04%




'wO 2008/116219 A2 I I8 00000 0O O

10100 of 10951

(19) World Intellectual Property Organization

OnCusp
Ex. 1038

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

International Bureau

(43) International Publication Date
25 September 2008 (25.09.2008)

T,
(A
PO

(10) International Publication Number

WO 2008/116219 A2

(51)

International Patent Classification:
AGIK 39/395 (2006.01)

(21) International Application Number:
PCT/US2008/058030
(22) International Filing Date: 24 March 2008 (24.03.2008)
(25) Filing Language: English
(26) Publication Language: English

(30) Priority Data:
60/896,416 22 March 2007 (22.03.2007) US
60/915,672 2 May 2007 (02.05.2007) uUs
(71) Applicant (for all designated States except US):

(72)
(75)

(74)

(8D)

SLOAN-KETTERING INSTITUTE FOR CAN-
CER RESEARCH [US/US]; 1275 York Avenue, New
York, NY 10021 (US).

Inventor; and
Inventor/Applicant (for US only): CHEUNG, Nai-Kong,
V. [US/US]; 3 Glen Park Road, Purchase, NY 10577 (US).

Agent: CHAN, Albert, Wai-Kit; Law Offices Of Albert
‘Wai-kit Chan, PLLC, World Plaza Suite 604, 141-07 20th
Avenue, Whitestone, NY 11357 (US).

Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,

(84)

AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ, CA,
CH, CN, CO, CR, CU, CZ, DE, DK, DM, DO, DZ, EC, EE,
EG, ES, FI, GB, GD, GE, GH, GM, GT, HN, HR, HU, ID,
IL, IN, IS, JP, KE, KG, KM, KN, KP, KR, KZ, LA, LC,
LK, LR, LS, LT, LU, LY, MA, MD, ME, MG, MK, MN,
MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM, PG, PH,
PL, PT, RO, RS, RU, SC, SD, SE, SG, SK, SL, SM, SV,
SY, TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN,
ZA, 7ZM, ZW.

Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,
FR, GB, GR, IIR, IIU, IE, IS, IT, LT, LU, LV, MC, MT, NL,
NO, PL, PT, RO, SE, SI, SK, TR), OAPI (BF, BJ, CF, CG,
CI, CM, GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG).

Declarations under Rule 4.17:

as to the identity of the inventor (Rule 4.17(i))

as to applicant’s entitlement to apply for and be granted a
patent (Rule 4.17(ii))

as to the applicant’s entitlement to claim the priority of the
earlier application (Rule 4.17(iii))

of inventorship (Rule 4.17(iv))

[Continued on next page]

(54) Title: USES OF MONOCLONAL ANTIBODY 8H9
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QVKLQQSGAELVK‘D!‘:ASVKLSCI(ASGYTFT
CAGGTCARA CTGCAGCAG TCTGGGGCT GAACTGGTA ARGCCTGGG GCTTCAGTG AARTTCTCC TACAAGACT TCTEGUTAC ACCTTCACL
GTOCAGTTT GACGTCCTC RGAOOCCSA CTTORCCAT TICGGACCC COAASTCAC TTTAACAGG ACGTTCCGA AGACCGALG LGUAAGRTGT

v E O E P E Q @ o E W I S
GTSARICAG AGGCCTGAA CACGORCTT SAGTGGATT GO

R L T
A TTCRAGGGC ARCUCOACT UTGACTACH GACACATCC TCCAGCACH GCCTACATE CAGCTCAGE AGGCTGACA TCTEAGGAC
ERAGTGrTe ARGTTCNCE TTCCEETIGT GACTGAIGT CTGIGTAGE AGGTUWIUY CUGATGTAC GTCUASTCE TCCEAUTGET AEACTCOTE

F X @ KaT L TT DT & 8§ 5 T A Y M @ L S S E D

N E K
FAREn

iV RIRES,

©c ¢ 6 T TV TV E &5 G @
BEfTer GRCCARGGE ACCACGETC ACCGTCTCC TCAGGTCGA
RIMACC CCEATTCCS TGETGECCAG TEGCAGAGE ASTCCACCT

5 AV ¥ F C A R Q
TOTAOTATC TATTTCTET SCARGAY
AGACCACRG ATAARGACR CULICTHE]

GGSGGGGSGGGGSDIEDTQSF]‘TLSVTPGD
GOOGGTTCA QUOEGREST SCOTOTEGT CATROCGEA TCGBACATC GAGCTCACT CAGTCTCCA ACCACCCTG TCTGTGACT CCREGAGAT
CCGCCRAGT CCGCCTCCA CCRAGACCG CCACCGCCT AGCCTGTAG {TCUAGTGA GTCAGRGET TGGTEGGAC AGACACTEA GGTCCTCTA

Ww ¥ 2 § K &8 H E £ P R L L

@ I P

v E P E D Vv ¥ ¢ o
GTEEAACCT GAABATETT GEAGTETAT TACTE'
OCADOTTEGA CTTCTACAR COTCACATR ATGRS

c v ¥

€31

2 A A {SEQ ID NO.T)
CAGGOEGTD. 6& (SEG ID NO.8)
GTACECCEE G (SBEG ID NO.%)

s R F ]
GGATCCCC TCCAGETTC AGTGGCAST GEATCATGGS TCAGATITC ACTUTCAGT ATCAACAGT
CCTAGGGE PAGETCCAAG TCACCGTCA COTRGTCCC ASTCTAAAG TCRGRGTCA TAGTIGICA

H

8

s B 8

FlraG TACCAACAA ARATCACAT GRETCTCCA AGGCTICTC
HinCcC ATGGTTGTT TTTASTETA CICAGAGGT TCCGAARMG

4 8 ¢ &% D F T L 8 I N S

G CCACGACTE TGETTOGAC CTCSACTTIT

(57) Abstract: The present invention discloses monoclonal antibody 8H9 which binds to the 4Tg domain isoform of the human
B7-homolog 3, 41g-B7H3. The present invention provides a method of improving the prognosis or prolonging the survival of a
subject bearing tumor cells, the method comprises administering to the subject a composition comprising an effective amount of an
agent capable of binding to an antigen recognized by monoclonal antibody 8H9.
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USES OF MONOCLOMNAL ANTIBODY 8H9

[c001] This application c¢laims the benefit of priority of
U.S. Serial No. 60/896,416, filed March 22, 2007, and U.S.
Serial No. 60/915,672, filed May 2, 2007. The entire
contents and disclosures of the preceding applications are

incorporated by reference intoc this applicaticn.

FIELD OF THE INVENTION

[0002] This invention relates to uses of monoclonal

antibody 8H9 or derivates thereof in treating cancer patients.

BACKGROUND OF THE INVENTION

[0003] Tumor-restricted surface antigens may be targets for
diagnosis and immune-based therapies. An ideal tumor antigen
for targeted immunotherapy should be absent on normal tissues
and abundantly expressed on tumor cell surface. Moreover, a
“generic” tumor-specific antigen expressed'on tumor cells of
varying lineage recognized by monoclonal antibodies may have
broader utility in antibody-based strategies. A novel 58 kD
surface tumor-associated antigen recognized by a murine
monoclonal antibody 8H9 hasg been reported previously (see e.g.
U.S. patent application publication US 2005/0169932). The
antigen recognized by 8H9 was expressed on cell membranes of a
broad spectrum of tumors of neuroectodermal, mesenchymal and
epithelial origin, with restricted distribution on normal
tissues. This novel antibody-antigen system is very promising

for tumor targeting and immunotherapy.

[0004] Monoclonal antibody 8H2 can be used for tumor
targeting and imaging, and purging of tumor cells. The 8HS
antigen is also a potential target for antibody-based

immunotherapy against a broad spectrum of human cancers,
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including neurcblastoma, brain tumors, desmoplastic small
round cell tumor, rhabdomyosarcoma, osteosarcoma, Ewings
sarcoma, PNET, melanoma, sarcoma, wilm’s tumor,
hepatoblastoma, and carcinomas of wvariocus tissue origins.

Construction of 8H9 szingle chain antibody and antibody-fusion
constructs have also been described (see e.g. U.S. patent

application publication US 2005/0169932).

[0005] The present disclosure provides further data on

‘using monoclonal antibody 8HS to improve the prognosis and/or

prolong the survival of a subject bearing tumor cells.

[0006] Throughout this application, various references are
cited. Disclosures of these publications in their entireties
are hereby incorporated by reference into this application to
more fully describe the state of the art to which this

invention pertains.

SUMMARY OF THE INVENTION

{0007] The present invention provides a method of improving
the prognosis or prolonging the survival of a subject bearing
a tumor, comprising administering to the subject a composition
comprising an effective amount of an agent capable of binding

to an antigen recognized by mononclonal antibody 8HS.

[oo08] The present invention also provides a method of
improving the prognosis or prolonging the survival of a
subject bearing a tumor expressing an antigen recognized by
monoclonal antibody 8H9. This method comprises administering
to the subject a composition comprising an effective amount of
an agent capable of binding to an antigen recognized by

mononclonal antibody 8H9.
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[0009] The present invention also provides a method of

screening for antibodies that have the same or similar binding
specificity as monoclonal antibody 8H9, comprising the step of
contacting candidate antibodies with a polypeptide cowprising
the sequence of SEQ ID NO.15, oxr a fragment thereof, wherein
antibodies that bind to the polypeptide are antibodies that
have the same or similar binding specificity as monoclonal
antibody 8HS. The present invention also provides an antibody

identified by the above screening methoed.

[0010] The present invention also provides an antigen which
is recognized by monoclonal antibody 8H9, wherein the antigen
has at least about 10%, preferably Dbetween 10% and 99%

homoclogy to SEQ ID NO.15.

DETAILED DESCRIPTION OF THE FIGURES

[0011] FIGURE 1 shows 8HY9 gscFv amino acid seguence (SEQ ID
NO.7) and gene sequences (sense and complementary, SEQ ID NOs.
8-9). Complementary detérmining regions (CDR}) are marked in
boxes in the following order: CDR-1 (HC, heavy chain), CDR-2
(HC}, CDR-~-3 {(HC), CDR-1 (LC, 1light chain), CDR-2 (LC), CDR-3

(LC) .
[a012] FIGURE 2 shows nucleotide and amino acid sequences
of 8H9scFv (SEQ ID NOs.10-12). Mutated 8HS SCFv carries the

following site-directed mutagenesis (VH: KI13E and VL: R18Q,
R45Q, K103E, K107E) to decrease PI from 6.4 to 4.8, and net

.charge from -1 to -9, a strategy to decrease nongpecific

normal tissue adherence.

[0013] FIGURE 3 shows non-reduced SDS-PAGE of 8H9 Western

Blot.
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[0014] FIGURE 4 shows 8H9S affinity purification (non-

reduced SDS-PAGE, Western Blot).

[0015] FIGURE 5 shows 8H9® affinity purification (non-

reduced SDS-PAGE, silver stain}.

[o016] FIGURE 6 shows HLA-I (MHC class I} and B7H3 protein

expression on K562 cell surface analyzed by FACS.

[0017] FIGURE 7 shows the cytolytic activity of NK92 cells
against K562 and HTB82 cells (results of Chromium release

assay for cell-mediated cytolysis).

[0018] FIGURE 8 shows the cytolytic activity of NK cells
against HTB82 cells (results of Chromium release assay for
cell-mediated cytolysis). NK92MI: parental NK cells;
NK92MI/NTGLS-8H: NK92MI transduced with 8HI9scFv.

[0019] FIGURE 9 shows the cytolytic activity of NK cells
against K562 cells ({(results of Chromium release assay for
cell-mediated cytolysis) . NEK92MI: parental NK cells;
NK92MI/NTGLS~8H: NK92MI transduced with 8H9scFv.

DETAILED DESCRIFPTION OF THE INVENTION

(00201 The present invention provides a method of improving
the prognosis or prolonging the survival of a subject bearing
a tumor, comprising administering to the subject a composition
comprising an effective amount of an agent capable of binding
to an antigen recognized by mononclonal antibody 8H9. As used
herein, “improving the prognosis” refers to early detection of
cancer and early initiation of treatment that would lead to a
future course of disease with possible recovery or cure of the

disease, whereasg *prolongin the survival” refers to
ging .
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increasing the life expectancy after the diagnosis of cancer.
In one embodiment, the tumor expresses an antigen recognized
by mononclonal antibody 8H9.

the by

comprising the

5 [0021] In one embodiment, antigen recognized

mononclonal antibody 8H2 is a polypeptide

sequence of SEQ ID NGC.15. In ancther embodiment, the antigen

is a pc_)lypeptide homolog of SEQ ID NO.15. In general, there
is at 1least about 10% homology, or at least about 15%
10 homology, or at least about 25% homelogy, or at least about
35% homology, or at least about 45% homology, or at least

about 55% homology, or up to 100% homology to SEQ ID NO.15.
One of ordinary skill in the art would readily a homolog or

ortholog of SEQ ID NO.15 (see e.g. Table 1).

15
TABLE 1
Orthologe of CD276
. ) . Human )
Organism Gene Description o NCBI accessions
Similarity
dog CcD276’ CD276 90.65(n) 457638 XM_840111.1 XP_854204.1
(Canis molecule 93.97(a)
familiaris}
chimpanzee | LOC467818" | CD276 99(n) 467818 XM_523213.2 XP_523213.2
(Pan molecule 98.88(a)
troglodytes)
rat Cd276" CD276 antigen | 89-35() 315716 NM_182824.2 NP_877976.1
{Ratius 93.47(a)
norvegicus)
mouse Cd27564 CcD276 88.80(n)" 102657 NM_133083.3 NP_598744.1
D . 1,4
| (Mus cdz7e6’ antigen 92.78¢a)" Al1se2s” Alseasss’ (see all 16)
musculus)
chicken CcD276" cD276 73.36(n) 415315 XM_413702.2 XP_413702.2
(Ga!lus molecule 68.51(a)
gallus)
zebrafish LOC572183" | similar to 62.37(n) 572193 XM_695881.2 XP_700973.2
(Danio rerio) CD276 antigen | sssa(g)
African X1.15387" Xenopus laevis | $8.63(7) CB207657.1
clawed frog transcribed
(Xenopus sequence with
laevis) weak similarity
more
Human similarity showing % homology at the nucleotide level
20 {n) or amino acid level (a).
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[o022] In . one embodiment, the agent in the above

compoaition is a polypeptide comprising Complementary

Determining Regions (CDRs) derived from monoclconal antibody
8H9. Examples of such polypeptide include, but are not
limited to, single chain antibody or antibody-fusion
congtruct. As used herein, “single chain antibody” refers to
reduction of an immunoglobulin molecule (4 peptide chains)
into a single peptide that retains immunoreactivity and
specificity for the antigen or for the tumor, usually in the
form of a single peptide incorporating the heavy chain and the
light chain of the immunoglobulin, whereas “antibody-fusion
construct” refers to chemically or genetically linking such
single chain antibody to another protein or peptide to form a

novel antibody-fusicn construct.

[0023] In one embodiment, such polypeptide comprises CDRs
of SEQ ID NOs.1-3, 4-6, or 1-6. Preferably, seguences other
than the CPRs on the above polypeptides are of human origin.
In another embodiment, the polypeptide has an amino acid
sequence of SEQ ID NO. 7 or 1Z. Moreover, the agent in the
above composition can be directly or indirectly coupled to a
labeling agent or a cytotoxic agent. Representative examples

of such labeling agent or cytotoxic agent include, but are not

limited to, radioilsotopes and toxins such as pseudomonas
exotoxin.
[0024] .In general, the above composition can be

administered intraperitoneally, intravencusly, intrathecally,
by Ommaya reservoir or by spinal tap, intraparenchymally into
the tumors (either primary or metastatic), ox into tissues

surrounding the tumor.

[0025] The agent of the above compositions, when labeled

with a radioisotope, may be used for both therapeutic purposes
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and for imaging purposes. In one embodiment, such agent in the
.above composition is administered at ©0.01 mg to 20 mg per
injection, carrying 1 mCi to 100 mCi of 131-Todine, and in a

preferred embodiment is used therapeutically.

[0026] In another embodiment, the agent 1in the above
composition is administered at 0.01 mg to 20 mg per injection,
carrying 1 mCi to 100 mCi of 124-TIodine, and in a preferred

embodiment is used for imaging and dosimetry purposes.

[0027] In another embodiment, the agent 1in the above
compogition is administered at 0.01 mg to 20 mg per injection,
carrying biologically egquivalent radiocactive doses of beta-
emitters or alphé emitters to 1 mCi to 100 mCi of 131-Todine,
wherein such beta-emitters or alpha ewitters may be 213-
Bismuth, 2Z12-Bismuth, 111-Tndium, 118-Rhenium, 90-Yttrium,

225-Actinium, and 177-Lutetium, or 85-Astatine.

[0028] In another embodiment, the agent in the above
composition is administered at 0.01 mg to 20 mg per injection,
carrying biologically egquivalent radicactive doses of
positron-emitters to 1 mCi to 100 mCi of 124 -Iodine, wherein
such posgsitron-emitters may be 94m-Technetium, 64-Copper, 82-
zirconium, 68-Gallium, 66-Gallium, 76-Bromium, 86-Yttrium, 82-

Rubidium, 110m-Indium, 13-Nitrogen, 1ll-Carbon or 18-Fluorine.

[0029] In a preferred embodiment, the above composgition is
administered after the subject has been treated with one or
more other cancer treatments. In a further embodiment, the
above composition, is administered simultaneously or
sequentially while the subject is being treated with one or
more other cancer treatments. Examples of such other cancer
treatments include, but are not limited  to,  surgery.

chemotherapy, and radiation.
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[00301] The present invention also provides use of an agent,

which has the characteristics described above (e.g. capable of
binding to an antigen recognized by monoclonal antibody 8H%2)
. as a medicament Ffor improving the prognosis or prolonging the
survival of a subject bearing a tumor. In one embodiment, the
tumor expresses an antigen recognized by mononclonal antibody
8H9. The routes and doses of administrating a composition
comprising the agent can be readily determined by one of
ordinary skill in the art. For example, the composition can
be administered according to the doses and routes of

administration described above.

[0031] The present invention also provides a method of
screening for antibodies that have the same or similar binding
specificity as monoclonal antibody 8H9, comprising the step of
contacting candidate antibodies with a polypeptide comprising
the sequence of SEQ ID NO.1l5, or a fragment thereof, wherein
antibodies that bind to the polypeptide are antibodies that
have the same or similar binding specificity as monoclonal
antibody B8HS. The present invention also comprises an

antibody identified by the method described herein.

[0032] The present invention also provides an antigen which
is recognized by moncclonal antibody 8H2, wherein the antigen
has at least about 10%, preferably between 10% and 99%

homology to SEQ ID NO.15.

[0033] The present invention also provides a method of
upregulating anti-metastatic immune response in NRK/T cells
comprising the steps of blocking B7H3 receptors present on

NK/T cells with an appropriate agent.
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[0034] This invention also provides methods for screening

agents which competitively inhibit the binding of monoclonal
antibody 8H9 to its target, comprising steps of contacting
candidate with the target in conditions permitting the binding
of the candidate and the target. In a preferred embodiment,
the above method further comprises detection of formation of a
complex and the candidate and the target. In this embodiment,

the target is B7H3, also known as CD276, and the agent may be

an antibody, a peptide, a cell surface protein, or a ligand.

[0035] The invention will be better understood by reference
to the Experimental Details which follow, but those skilled in

the art will readily appreciate that the specific experiments

detailed are only illustrative, and are not meant to limit the

invention as described herein, which is defined by the claims

which follow thereafter.

EXAMPLE 1

Improved Outcome With Combined Modality Including 131-Iodine-

8H9 Radioimmunotherapy Delivered Through The Cerebrogpinal

Fluid

[0036] Background: Primary brain tumors and cancers
metastatic to the CNS (brain parenchyﬁa or leptomeninges [LM])
are difficult to control. Antibody-based targeted therapies
administered through the cerebrospinal fluid (CSF} compartment
have therapeutic potentials. Mcnocleonal antibody 8HS is a
murine IgG1l antibody reactive with a wide spectrum of human
so0lid tumors. 131-Icdine-8H9 administered through the Ommaya
hags favorable pharmacokinetics in non-human primates with

minimal toxicities.

[0037] Methods: In a phase I study, 15 patients (pts, ages

2-34 vyears) (1 melanoma, 3 recurrent ependymoma, 8 relapsed
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CNS neuroblastoma [NB], 3 recurrent medulloblastoma) received

2 mCi intra-Ommaya 131I-8H9 for dosimetry followed 1 week
later by an intra-Ommaya treatment dose of 10 (n=3 pts}), 20
(n=3), 30 (n=6), or 40 (n=3) mCi. Serial cerebrospinal fluid
(csF) and blood were sampled for dosimetry calculations.
Nuclear scans were performed at 24 hours post to study 131I-
8H9 localization. The 131-Iodine-8H9 dosimetry and treatment

doses were repeated after 1 month if the pt had no PD.

[0038] . Results: Side effects included grade 1 or 2 fever,
headache or vomiting; one had a transient grade 3 ALT
elevation on first injection (30 mwCi). Calculated mean

radiation dose to the CSF was 35.7 (range 15-79) cGy/mCi; mean
blood dose was 2.4 cGy/mCi. Of the 15 pt, 8 ({(group #1) had
primary diagnosis of neuroblastoma. When they developed CNS
metastasis (at median age of 3.8 years) they were treated with
a salvage regimen which included 131-Todine-8HS. All 8 pts
remain alive progression-free (3+, 10+, 16+, 16+, 18+, 18+,
20+, 30+ months since 131-Iodine-8H9, and 5-43+ months since
CNS/LM relapse); in one pt, 131-Todine-8H9 achieved CR of 1M
disease. In contrast, median time to death from the onset of
CNS/LM NB was 5.4 months for 27 historical controls. Acute
gside effects were self-limited; at 40 mCi dose no DLT was

Seen.

[0039] conclusion: Similar to CNS metastases in most other
solid tumors, conventional therapies have been ineffective for
NB-CNS. Intra-Ommaya 131-Iodine-8H92 (1) i1is safe, (2} has
favorable dosimetry to CSF and warrow, and (3) may have
clinical utility when added to salvage therapy using
conventional modalities in the treatment of 8H9-positive

LM/CONS cancers.

10



OnCusp
10112 of 10951 Ex. 1038

WO 2008/116219 PCT/US2008/058030

10

15

20

25

30

EXAMPLE 2

Imgroved Resolution and Contrast Imaging of CNS Tumors

Using 124-Todine-8HS in PET/CT Scans

[0040] Background: As stated in Example 1, antibody-based
targeted therapies administered through the cerebrospinal
fluid (CSF) compartment have therapeutic potential, and
radiolabeled 131-Todine-8HS can be used to treat metastatic
disease. A patient’s prognosis will be improved not only with
improved treatment but alsc with improved detection of the
metastatic disease and improved dosimetry. The following
example describes an improved  means of detection of

neurcblastoma.

{00411 Methods: Five patients were injected intrathecally

with 124-Todine-8H9 and serial PET/CT imaging and CSF sample

was pexrformed. pPatients had CNS tumors (choroid plexus
carcinoma, metastatic rhabdomyosarcoma, and metastatic
neurobhlastoma. 1.7-2 mCi 124-Iodine-8H9 was administered
through an Ommaya reservoir. PET/CT scans were obtained at
approximately 4, 24, and 48 hours post-injection. Serial
cerebrospinal fluid (CSF) samples through 48 hours were
obtained. Images were analyzed by placing regions of interest
on the spinal column at all three time points. PET 1mages

provided direct activity measurements within the CSF

compartment.

[o042] Results: 124-Iodine-8H9 PET scans provided high
resolution images of the antibody distribution with targeting
of disease in the 2 patients with structural lesions on MRI.
At 24 hours, most of the antibody had cleared from the
ventricles and had distribution through tﬁé thecal sac .and
around the cerebral convexities. The  distribution

corresponded well with pre-treatment 1t pTPA cisternography.

11
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Systemic activity in liver, spleen and bladder was seen at 24
and 48 hours. The biclogical T1/2 clearance ranged from 8.9
hours to 64.6 hours with corresponding doses of 14.1 ti. 92.9

¢Gy/mCi to CSF.

[0043] Conclusion: 124-Todine-8H9 PCT/CT provides higher
resolution and contrast images than SPECT with 131-Iodine-8H9

for distribution, targeting and dosimetry.

EXAMPLE 3

8H9 Antibody Recognizes The 4Ig Domain Isoform of The Human

B7-Homolog 3, 4Ig-B7H3

[0044] The following example describes biochemical
characterization of the antigen recognized by the 8HS
antibody. The identity of the antigen is the 4Ig domain

isoform of the human B7-homolog 3, 4Ig-B7H3.

[0045] Cell Culture. The human neurcoblastoma cell line LAN-
1 was provided by Dr. Robert Seeger (Children’s Hospital of
Los Angeles, Los Angeles, CA). Human rhabdomyosarcoma cell
line HTBS82, osteosarcoma cell line U208, and Burkitt’s
lymphoma cell 1ine Daudl were purchased from American Type
Culture Collection (Bethesda, MD). All cell lines were grown
in RPMI 1640 medium supplemented with 10% bovine calf serum,
2mM glutamine, 100 U/ml penicillin, and 100 pg/ml streptomycin

at 37°C in a 5% C02 incubator.

[0046] Monoclonal Antibodies. Both 8H9 and control MoAb 5F9
are murine Ig@l and were produced against bhuman neuroblastoma.
They were purified by protein A (GE Healthcare, Pilscataway,

NJ) affinity chromatography before use.

12
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[0047] Whole Cell Lysates and Western Blot. 8H9-positive

cell lines (LAN-1, HTB82 and U208} and 8H9-negative cell line
(Daudi) were grown to -~ 80% confluence. Cells were harvested

uging 2 mM EDTA and washed with ice-cold PBS.

[0048] Native PAGE was performed wusing NativePAGE Novex
Bis-Tris el 8ystem (Invitrogen, Carlsbad, CA) according to
the manufacturer’s instructiong. Briefly, cells were lysed on
ice (20 min) in NativePAGE 1X Sample Buffer plus 1% detergent
(either Triton-X100 or n-dodecyl-p-D-maltoside (DDM))} and
protease inhibitor cocktail tablets (Roche Applied Science,
Germany). The lysates were clarified by centrifugation at
14,000 rpm for 20 min at 4°C. 50 pg whole cell lysates were
analyzed by NativePAGE Novex 4-16% Bis-Tris Gels.

[0049] SDS-PAGE under nonreducing or reducing conditions
was performed using Tris-Glycine Ready Gel System (Bio-Rad,
Hercules, CA). Briefly, cells were lysed on ice (20 min} in
Triton Lysis Buffer (50 mM Trig-HCl, pH 7.2, 50 mM NaCl, 10%
glycerol, 1% Triton X-100, and protease inhibitor cocktail
tablets). The lysates were clarified as above. 25 ~ 50 ug
‘whole cell lysates were analyzed by 4-15% Tris-HCl Gels.

[0050] After electrophoresis in either PAGE, samples were
transferred onto Immun-Blot PVDF Membrane (Bio-Rad), blocked
for one hour at room temperature {(RT) with 10% dry milk in
TBEST, and incubated with primary antibodies (8H9 at 10-20
pHg/ml, 5F9 at 20 pg/ml) for 3 hrs at RT. The membrane was then
washed with TBST, and incubated with secondary Peroxidase-
conjugated AffiniPure Goat Anti-Mouse IgG (H+L) {(Jackson
ImmunoResearch, West Grove, PA}. Bands were detected with
SuperSignal West Pico Chemiluminescent Substrate (PIERCE,
Rockford, IL). '

13
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[0051] Subcellular Fractionation. For crude membrane

preparation, LAN-1 cells were pipetted off the tissue culture
;dish, washed with ice-cold PBS, and lysed on ice in sucrose
buffer (0.25 M sucrose, 5 mM Tris-HCl, pH 7.2, and protease
inhibitor cocktail tablets) with a Dounce homogenizer (Kontes,
Vineland, NJ). Centrifugation for 10 min at 1000 g pelleted
all nuclei, as judged microscopically. The 1000 g supernatant
was ultracentrifuged at 100,000 g for 30 min in a Beckman L-
70K (25,000 rpm, SW41Ti rotor) to give membrane particulate
(P100) and cytosolic (S8100) fractioms. Cytosolic fraction was
adjusted to 1% Triton, while c¢rude nuclear and membrane
fractions were resuspended in Triton Lysis Buffer and

clarified before use.

{o052] 8H9 Antigen Affinity Purification. B8H9 antigen was
purified from LAN-1 cell extracts by immuno-affinity
chromatography' using MoAb 8H9. The 8H9 affinity column was

prepared uging Pierce’'s Protein G IgG Plus Orientation Kit

(PIERCE, Rockford, IL) according to the manufacturer’s
instructions.
[0053] Four mg of LAN-1 whole cell lysates or eguivalent

membrane fraction prepared as above were incubated overnight
at 4°C with 20 pnl B8H9-protein G Sepharose (covalently
crosslinked with disuccinimidyl suberate (DSS), 3 mg bound
8H9/ml beads). After extensive washing with Triton Lysis
Buffer, the column was eluted sequentially with 50 mM Tris-
HCl, pH 7.2 containing 1M NaCl, 0.1 M Glycine-HCLl, pH 2.8 and
pH 2.0, SDS Sample Buffer (62.5 mM Tris-HCl, pH 6.8, 2% SDS,
10% glycerol, 0.005% Bromophencl blue), and SDS Sample Buffer
plus boiling in water for 5 min. A small aliquot of eluates
was monitored for the presence of 8HY9 antigen by Western Blot
analysis under nonreducing conditions using 8H9 antibody. One-

fourth of the eluates was also analyzed by gilver staining

14



OnCusp

10116 of 10951 Ex. 1038
WO 2008/116219 PCT/US2008/058030
(SilverQuest Silver S8taining KXit, Invitrogen). Finally, one-

half of the 8HY9 antigen-positive eluate (0.1 M Glycine-HC1l, pH
2.0 eluted fraction) was analyzed by colloidal Coomassie blue
staining (GelCode Blue Stain Reagent, PIERCE), and the B8H3
antigen-posgitive band was sent for mass spectrometric
identification by MSKCC Microchemistry and Proteomics Core

Facility.

Results

[0054] Western Blot Detection of 8HY9 Antigen. 8H9 antigen
wag first detected by 8H9 MoAb under native conditions using
NativePAGE Novex Bis-Tris Gel system. A single band was
detected in all 8H9-positve cell lines (LAN-1, HTB82 and U20S)
but not B8H%-negative cell line (Daudi), as defined by flow
cytometry analysis, using 1% nonionic detergent {either
.Triton—X1OO or DDM} (data not shown). The detection was
specific since 5F%, a control MoAb against Ku70 protein,

detected a band with a different size (data not shown).

[0055] Later, B8H9 antigen was also detected by B8H2 MoAb
under nonreducing conditions using Tris-Glycine Ready Gel SDS-
PAGE system. Just like under native conditicns, a single band
{(~ 85 KD using Invitrogen SeeBlue Plus2 Pre-Stained Standard
as protein molecular weight marker) was detected in all B8HS-
positve cell lines (LAN-1, HTB82 and U208} but not 8HS-
negative cell line (Daudi), using 1% Triton Lysis Buffer (Fig.
3, and data not shown). The detection was specific, since 5F9
(an IgGl specific for Ku70) did not detect a band at the same
size (data not shown). The size of B8H9 antigen detected is
consistent with previous data using BH9 radio-
immunoprecipitation. We were unable to detect 8H® antigen by
Western Blot analysis under reducing conditions (data not
shown), suggesting 8H9 recognize a conformational sensitive

epitope.

15
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[0056] After subcellular fractionation, 8H9 antigen was

detected predominantly in membrane fraction (Fig. 3), which is
consistent with previous data that 8H9 antigen is a cell
surface antigen. Enrichment of 8H9 antigen in the membrane

fraction was then undertaken using affinity purification.

'[0057] Affinity Purification of the B8HY Antigen. LAN-1 cell
line was selected for antigen purification because its
relatively high level expression of 8H9 antigen and ability of
growing rapidly in tissue culture. 8H9 affinity column was
prepared by covalently conjugating Fc portion o©f 8H2 to
protein @ of the gel matrix in a defined orientation, allowing
exposure of a higher number of free antibody binding sites for
antigen binding. Utilizing the NHS-ester DSS in place of the
traditional imidcester DMP for crosslinking also significantly

prevents the leaching of antibody from the support.

{oos8] After incubating either LAN-1 {and Daudi as negative
contrel) whole cell lysates or LAN-1 membrane fraction with
8H9-protein G Sepharose overnight, a significant portion (>
50%) of B8HY antigen was bound to the Sepharose (Fig. 4, and
data not shown). 8H9 antigen was eluted specifically and
predominantly‘in 0.1 M Glycine-HCl, pH 2.0 as monitored by
Western Blot analysis (Fig. 4, and data not shown), suggesting
a very sgtrong interaction between B8HS antibody and its
antigen. After silver staining the same eluate, a cleax band
was detected accordingly only in LAN-1 cell extracts but not
in Daudi cell extracts (Fig. 5). The eluate was alsc clean
enough in the 85 KD vicinity for mass spec analysis. Finally,
enough quantity of 8H9 antigen in the band (-~ 10 ng, visible
with colloidal Coomassie staining, data not shown) was

collected and sent for mass spectrometric identification.

16
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[0059] Mags spectrometric identification Tryptic digests

were subjected to a micro-clean-up procedure using 2 pL bed-
volume of Poros 50 R2 (PerSeptive) reversed-phase beads,
packed in an Eppendorf gel-loading tip. Mass spectrometry
(MALDI-ReTOF) was performed on peptide pools (16 & 30% MeCN)
recovered from the RP-microtip column using a Bruker Ultraflex
TOF/TOF instrument with delayed extraction. For mass
fingerprinting, experimental masses {(m/z) combined from both
MALDI-ReTOF experiments were used to search a non-redundant
human protein database (NR; ~192,489 entries; NCBI; Bethesda,
MD) , using the PeptideSearch (Matthias Mann, Max-Planck
Institute for Biochemistry, Martinsried, Germany) algorithm.
A molecular weight range twice the predicted weight was
covered, with a mass accuracy restriction better than 50 ppm,
and maximum one missed cleavage site allowed per peptide. Mass
gpectrometric sequencing (MALDI-TOF-MS/MS) of selected
peptides from partially fractionated pools was done on a
Bruker Ultraflex TOF/TOF instrument in 'LIFT' mode, and the

fragment ion spectra taken to search human databases using the

MASCOT MS8/MS8 Ion Search program {(Matrix Science). Two peptide
seguences from the peptide digest were identified:
NPVLQODAHSSVITITPQOR (SEQ ID NO.13), and

SPTGAVEVQVPEDPVVALVETDATLR (SEQ ID NO.14).

[0060] These yielded an unequivocal identification of the
antigen as 4Ig-B7H3, the 4Ig domain isoform of the human B7-
homolog 3, also named CD276, accessgion number of
NM 001024736.1, which codes for a peptide of 534 amino acids,
of 57235 kb melecular weight. The gene 1is located on
chromogsome 15g24.1. The amino acid seguence of the mature
human protein is as follows (with the potential N-

glycosyvlation sites underlined):

17
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[0061] MLRRRGS PGMGVHVGAALGALWFCLTGALEVQVPEDPVVALVGTDATLCCSF

SPEPGFSLAQLNL IWQLTDTKQLVHSFAEGQODQGSAYANRTALFPDLLAQGNASTRLORVRY
ADEGSFTCFVSIRDFGSAAVSLOVAAPYSKPSMTLEPNKDLRPGDTVITITCSSYQGYPEAEV
FWQDGQGVPLTGEEITSQMANEQGLFDVHSILRVVLGAgQIYSCLVRNPVLQQDAHSSVTIT
PQRSPTGAVEVQVPEDPVVALVGTDATLRCSFSPEPGFSLAQLNLIWQLTDTKQLVHSFTEG
RDQGSAYAgEIALFPDLLAQGE&gLRLQRVRVADEGSFTCFVSIRDFGSAAVSLQVAAPYSK
PSMTLEPNKDLRPGDTVTITCSSYRGYPEAEVFWQDGQGVPLTGﬁyETSQMANEQGLFDVHS
VLRVVLGAggEYSCLVRNPVLQQDAHGSVTITGQPMTFPPEALWVTVGLSVCLIALLVALAF

VCWRKIKQSCEEENAGRAEDQDEEGEGSKTALQPLKHSDSKEDDGQETA (SEQ ID
NO.15)
TABLE 2

L gV, IgCy4 gV, IgC, |TM} CT

128 27-140 ) 141-244 245358 359461 462.492 493-534
B7 Member Action On Immunity Receptor
B7H1 (CD274) inhibitory PD-1 (CD279)
B7DC (CDh273) stimulatory/inhibitory PD-1 (CD279)
B7H2 (LICOS) TH2 skewing ICos
B7H3 (CD276) stimulatory/inhibitory 27
B7H4 (B7X) inhibkitory ?7?
[0062] To date, the new B7s include B7H1, B7DC, B7H2, B7H3,
and B7H4 (see Table 2).° Athough their mRNAs are fairly

ubiquitously, these protein molecules may be differentially
regulated at the post-transcriptional level. B7H3 was first
cloned by Chapoval et al® as a member of the B7 costimulatory
family of proteins. Later it was determined to exist as a
type I membrane protein with four instead of two Ig-like
domaing, and hence given the new name of 4Ig-B7H3 (see Table
2).%5 In vitro 4Ig-B7H3 was more inhibitory than costimulatory
for T-cell activation.® B7H3 protein expression has been
detected in gastric, NSCLC, neuroblasotma and many human tumor

8

cell lines.”>™ Human neuroblastoma tumors and c¢ell lines
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expressing 4Tg-B7H3 may inhibit an NK-mediated immune
response.’ B7H3 was found to be expressed on 59% of gastric
carcinoma and 100% of gastric adenoma samples,’ and appears to

10,11

correlate with better survival. In murine models and human

? B7H3 appears to evince anti-tumor response. Murine

melanoma, "
B7H3 promotes acute and chronic allograft rejection.® B7H3
probably plays a role in potentilating tumor immunosurveillance
while the 4Ig-B7H3 exerts an inhibitory effect.?* It is of
interest that 4Ig-B7H3 is the major isoform in most issues
except brain and placenta.'® In the placenta B7H3 is a 110kd

5 Tt was

double band and a 60kd single band by western blot.
most prominent on the extravillous trophoblast throughout
gestation. B7H3 is also thought to play a role in bone

formation.?1®

[0063] The identification of 4Ig-B7H3 as the antigen for
8H9 suggests that this glycoprotein is highly expressed among
human solid tumors. The epitope that 8H9 recognizes appears to
be restricted to tumors wversus normal tissues. Based on the
mRNA work published to date, one would have inevitably
concluded that this antigen is ubiquitous and unsuitable to be
a tumor target. We, however, found otherwise. We postulate
that antibody directed at 4Ig-B7H3 can be safely administered
without major side effects as was seen recently with anti-CD28
antibodiegs or with anti-CTLA4 where T-cell are targeted. We
believe that 4Ig-B7H3 is an immune coinhibitory molecule, and
antibodies like 8H9 can modulate its function and potentiate
host anti-tumor immune response across a spectrum of human

cancers.

EX2AMPLE 4

Isolation and Identification of B7H3 Receptors on Activated

NE/T Cells ﬂsing 8H9 Monoclconal Antibodies
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[00641 Monoclonal antibody B8H9 recognizes the 4Ig domain

isoform of the human B7-homcolog 3, 4Ig-B7H3. Human B7-homolog
3 (R7H3), which is alsc known as CD276, is a molecule which is
believed to provide negative sigmnals to the immune system, in
particulaf providing negative signals to NK/T cells, allowing
tumor cells to escape immune response. The identified antigen
4TIg-B7H3 targeted by monoclonal antibody 8H9 is the dominant
variant form of B7H3 (CD276). 4Tg-B7H3 is a dominantly
expressed form of human B7H3 containing a splice variation

that duplicates the V-like and C-like Ig domain.*:®

[0065] As an immune modulator, both positive and negative
immunologic functions of B7H3 have been reported. Reports
describing the 2Ig-B7H3 variant demonstrated that the role of
B7H3 was to promote T cell activation and IFN-y production Dby
pinding to a putative receptor on activated T cells.®
Antitumor response was enhanced by B7H3 expression in murine
tumor models.™' In patients, B7H3 positivity in gastric
carcinoma was correlated with increased survival.’ Conversely,
the coinhibitory role of B7H3 was supported by reports that
both 2Ig-B7H3 and 4Ig-B7H3 inhibited T cell proliferation and

-cytokine production®, that B7H3 preferentially downregulated

TH1-mediated immune response in B7H3-deficient mice'’, and that
4Tg-B7H3 inhibited NK-mediated lysis of neuroblastoma cells by
interacting with a putative inhibitory receptor in the surface
of NK cells’. The contradictory findings were possibly

explained by the antagonistic B7H3 receptors.
[0066] The following example describes how B7H3 receptors
on activated NK/T cells may be identified and isolated. This

experiment has not yet been performed.

[0067] B7H3 receptors on NK/T «cells are purified by
affinity chromatography using both 2Ig-B7H3-Fc and 4Ig-B7H3-Fc
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as the baits. A B7H3-Fc fusion protein is created in the
following manner: 2Ig-B7H3-Fc is purchased from R & D Systems
while the cDNA sequence encoding the extracellular domain of
human 4Ig-B7H3 is fused to the Fc region of mouse IgG2a using
the pFUSE-mlg-G2a-Fc2 expression vector. The fusion protein
is expressed in the CG44-CHO cell 1line and purified by
affinity chromatography using protein A Sepharose. Purity and
functionality of the fusion protein are evaluated by coomasgie

blue staining and anti-B7H3 Western blot.

[oo68] NK/T cells positive for the B7H3 receptor are
selected for. The established NK/T cell 1lines NK92, NKL,
NK3.3, YT, TALL-104, as well as activated NK/T cells enriched
from fresh peripheral blood wmononuclear cells (PBMC) are
incubated with B7H3-Fc with subseguent staining with
fluorescence-conjugated secondary antibody, and analyzed by
fluorescence activated c¢ell sorting (FACS). The positive

cellg are further confirmed by B7H3-Fc Western blot.

[0069] The NK/T cells selected as being positive for B7H3
receptors are used for affinity purification. A BT7H3-Fc
affinity column is prepared by covalently conjugating the Fc¢
portion of B7H3-Fc¢ to protein G on the gel matrix using
Protein @ IgG Plus Orientation Kit (Pierce Biotechnology).
Cell extracts from B7H3 receptor-positive cells are incubated
with the Sepharose beads on the column. The column is washed
extensively and eluted. The presence and purity of B7H3
receptor is monitored by B7H3-Fc Western blot and silver
staining. B7H3 receptor-positive bands of over 20 ng are sent

for mass spectrometric identificatiomn.
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EXAMPLE 5
Use of the 8H9 Monoclonal Antibody For Blockage of Inhibitoxry

B7H3 (CD276) and Subsequent Enhanced NK/T Cell-Mediated

Cyvtolyegis of Tumor Cells

[0070] Immune responses to tumors have been found to e
enhanced by blocking inhibitory receptors on T cells with
monoclonal antibodies specific to said inhibitory receptors.
A known example of this phenomenon is the enhancement of
immune response through the blockade of CTLA-4 inhibitory
receptor on T cells using anti-CTLA-4 monoclenal antibodies.
’The following example describes how a Dblockade of B7H3
receptor on NK/T cells with B8H2 antibody sensitizes tumor
cells to NK/T cell-mediated toxicity. This experiment has not

yvet been performed.

[c071] Cell-Mediated Cytolysis (Chromium release) Assay:
For the NK cell-mediated cytolysis assay, human CML cell line
K562 i1s chosen for the target cells. As demonstrated by FACS
analysis, K562 has low expression of HLA-1 and B7H3 proteins.
Rhabdomyosarcoma HTB&2 cells are used as a control. In a
standard 4 hour °*'Cr-release assay, while only less than 10% of
rhabdomyosarcoma HTB82 cells were lysed by NK92 cellsg, up to
60% of K562 cells were effectively killed by NK92 effector
cells. One group of the target cell population of K562 is
transfected with nucleic acids encoding for the splice forms
4Tg-B7H3 in order that B7H3 be overexpressed in this cell
population. The K562 target cells are radiolabeled with 100
puci S*cr/10° cells for 1 hour at 37°C. The moncoclonal antibody
8H9 1is incubated with the transfected target c¢ells while
controls are incubated with HLA-1 mAb HBZ5, and cytolysis
assays are performed using effector cells positive for the
coinhibitory B7H3 receptor. NK92 effector cells are incubated
in 96-well plates with target cells in 250 ul for 4 hours at
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37°C. Cytolytic activity of NK92 effector cells against B7H3
transfected X562 will be decreased vis-a-vis non-transfected
K562. Restored cytolytic activities will be observed atfter

blocking of the coinhibitory B7H3,
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wWhat is claimed is:

1. A method of improving the prognosis or prolonging the
survival of a subject bearing a tumor, comprising
administering to the subject a composition comprising an
effective amount of an agent capable of binding to an

antigen recognized by monoclonal antibody 8HS.

2. The method of claim 1, wherein the agent is a polypeptide
comprising Complementary Determining Regions (CDRs} that

have the sequences of SEQ ID NOs.1l-6.

3. 'The method of claim 1, wherein the agent is a polypeptide
comprising Complementary Determining Regions (CDRs) that

have the sequences of SEQ ID NOs.1-3 or SEQ ID NOs.4-6.

4. The method of claim 1, wherein the agent is an antibody
construct comprising Complementary Determining Regions

(CDRs) of monoclonal antibody 8H9.

5. The method of claim 4, wherein the antibody construct is

a single chain antibody or an antibody-fusion construct.

6. The method of claim 4, wherein sequences other than the

CDRs are of human origin.

7. The method of claim 4, wherein the antibody has an amino

acid sequence of SEQ ID NO. 7 or 12.
8. The method of claim 1, wherein the antigen recognized by

monoclonal antibody BHO is (D276, or specifically the 4Ig

domain isoform of the human B7-homolog 3, 4Ig-B7H3.
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9. The method of claim 1, wherein monoclonal antibody 8H?9

recognizes a conformational epitope of human B7-homolog

3.

10. The method of claim 1, wherein the agent is directly or
indirectly coupled to a labeling agent or a cytotoxic

agent.

11. The method of claim 10, wherein the cytotoxic agent is a

radioisotope.

12, The method of claim 10, wherein the labeling agent is a

radioisotope.

13. The method of claim 1, wherein the composition is
administered after the subject has been treated with one

oy more other cancer treatments.

14. The method of c¢laim 13, wherein the other cancer
treatments are selected from the group consisting of

surgery, chemotherapy, and radiation.

15. The method of claim 1, wherein the tumor exXpresses an

antigen recognized by monoclonal antibody 8H9.

16. The method of claim 1, wherein the composition is
administered by a method selected from the group
congisting of intravenous injection, intrathecal
injection, injection by Ommaya reservoir or by spinal
tap, intraparenchymal injection into the tumor or into
tissues surrounding the  tumor, and intraperitoneal

injection,
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17. The method of claim 1, wherein the agent is administered
at 0.01 mg to 20 mg per injection, carrying 1 mCi to 100
mCi of 131-iodine, or biclogically equivalent radiocactive

dosages of beta-emitters or alpha emitters.

18. The method of c¢laim 1, wherein the agent is administered
at 0.01 mg to 20 mg per injection, carrying 1 mCi to 100
mCi of 124-iodine, or biclogically equivalent radicactive
dosages of beta-emitters, alpha emitters or positron

emitters.

12. The method of (Claim 18, wherein the subject undergoes a
PET/CT scan.

20. The method of claim 1, wherein the antigen recognized by
monoclonal antibody 8H? 1is a polypeptide comprising the
segquence of SEQ ID NO.15, or a polypeptide homolog of SEQ
ID NC.15.

21. An agent for use as a medicament for improving the
prognesis or prolonging the survival of a sublject bearing
a tumor, salid agent is capable of binding to an antigen

recognized by monoclonal antibody 8HS2.

22, The agent of c¢laim 21, wherein the tumor expresses an

antigen recognized by monoclenal antibody 8HS.

23, The agent of claim 21, wherein the tumor is selected from
the group congisting of metastatic neuroblastoma, and

neurokblastoma.
24, The agent of claim 21, wherein the agent ig a polypeptide

comprising Complementary Determining Regions (CDRs) that

have the seguences of SEQ ID NOs.1-3 or SEQ ID NOs.4-6.
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25.

26.

27.

28.

29.

30.

31i.

32.

33,

The agent of claim 21,

comprigsing Complementary Determining Regions
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wherein the agent i a polypeptide

(CDRs)} that

have the seguences of SEQ ID NOs.l1l-6.

The agent of claim 21,

construct

wherein the agent is an antibedy

comprising Complementary Determining Regions

{CDRs) of monoclonal antibody 8H9.

The agent of claim 26,

wherein the antibody construct is

a single chain antiboedy or an antibody-fusion construct.

The agent of claim 2s,

wherein sequences other than the

CDRs are of human origin.

The agent of claim 26,

acid sequence of SEQ ID NO.

The agent of claim 21,

wherein the antibody has an amino

7 or 12.

wherein the agent is directly or

indirectly coupled to a labeling agent or a cytotoxic

agent.

The agent of claim 30,

radioisotope.

The agent of claim 21,

wherein the cytotoxic agent is a

wherein the agent 1s administered

after the subject has been treated with one or more other

cancer treatments.

The agent of claim 32, wherein the other cancer
treatments are selected from the group consisting of
surgery, chemotherapy, and radiation.
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34. The agent of claim 21, wherein a composition comprisging

35.

36.

37.

38.

39.

the agent is administered by a method gelected from the
group consisting of intravenous injection, intrathecal
injection, injection by Ommaya reservolir or by spinal
tap, inject intraparenchymally into the tumor oxr into
tissues surrounding the tumor, and intraperitoneal

injection.

The agent of c¢laim 21, wherein the agent is administered
at 0.01 mg to 20 mg per injection, carrying 1 mCi to 100
mCi of 131-iodine, or bioclogically equivalent radioactive

dosages of beta-emitters or alpha emitters.

The agent of claim 22, wherein the antigen recognized by
monoclonal antibody 8HY9 i1s a pelypeptide comprising the
sequence of SEQ ID NO.1l5, or a polypeptide homolog of SEQ
ID NO.15.

The agent of claim 21, wherein the subject i1is cured of

the tumor.

A method of screening for antibodies that have the same
or similar Ykinding specificity as wmonoclonal antibody
8H9, comprising the step of contacting candidate
antibodies with a polypeptide comprising the sequence of
SEQ ID NO.1l5, or a fragment thereof, wherein antibedies
that bind to the polypeptide are antibedies that have the
same or similar binding specificity as monoclonal

antibody 8H9.

An antibody identified by the method of claim 38.
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40. An antigen which is recognized by monoclonal antibody

41.

42,

43.

44.

8H9, wherein the antigen has about 10-99% homology toO SEQ
ID NO.15.

A method of upregulating anti-metastatic immune response
in NK/T cells comprising the steps of blocking B7H3I
receptors present on NK/T cells with an appropriate

agent.

The method of claim 41 wherein the agent consists of a

monoclonal antibody or monoclonal antibodies.

The method of claim 42 wherein the monoclonal antibody is

8HS.

A method for screening agents which competitively inhibit
the binding of monoclonal antibody 8HS to 1ts target,
comprising the step of contacting candidate with the

target in conditions permitting the binding of the

-candidate and the target.
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Figure 2:
8H9sciv cDNA sequence;

CAGGTCAAACTGCAGCAGTCTGGGGCTGAACTGGTAAAGCCTGOGGCTICAGTGAA
ATTGTCCTGCAAGGCTTCTGGCTACACCTTCACAAACTATGATATAAACTGGGTGAG
GCAGAGGCCTGAACAGGGACTTGAGTGGATTGGATGGATTTTTCCTGGAGATGGTA
GTACTCAATACAATGAGAAGTTCAAGGGCAAGGCCACACTGACTACAGACACATCC
TCCAGCACAGCCTACATGCAGCTCAGCAGGCTGACATCTGAGGACTCTGCTGTCTAT
TTCTGTGCAAGACAGACTACGGCTACCTGGTITGCTTACTGGGGCCAAGGGACCACG
GTCACCGTCTCCTCAGATGGAGGCGGTTCAGGCGGAGGTGGCTCTGGCGGTGGOGE
ATCGGACATCGAGCTCACTCAGTCTCCAACCACCCTGTCTGTGACTCCAGGAGATAG
AGTCTCTCTTTCCTGCAGGGCCAGCCAGAGTATTAGCGACTACTTACACTGGTACCA
ACAAAAATCACATGAGTCTCCAAGGCTTCTCATCAAATATGCTTCCCAATCCATCTC

 TGGGATCCCCTCCAGGTTCAGTGOCAGTGGATCAGGGTCAGATTTCACTCTCAGTAT

- CAACAGTGTGGAACCTGAAGATGTIGGAGTGTATTACTGTCAAAATGGTCACAGCTT
TCCGCTCACGTTCGGTGCTGGGACCAAGCTGGAGCTGAAACAGGCGGCOGC (SEQ
D NO.10)

8H9scfv amine acid sequence:
QVKLQQSGAELVKPGASVKLSCKASGYTFTNYDINWVRQRPEQGLEWIGWIFPGDGST
QYNEKFKGKATLTTDTSSSTAYMQLSRLTSEDSAVYFCARQTTATWFAYWGQGTTVTV
SSDGGGSGGGGSGGGGSDIELTQSPTTLSVIPGDRVSLSCRASQSISDYLHWYQQKSHES
PRLLUIK Y ASQSISGIPSRFSGSGSGSDFTLSINSVEPEDVGVY YCQNGHSFPLTFGAGTKLE
LKQAA (SEQIDNO.11)

Mutated 8H9 seFv with decreased normal tissue adherence
QVKLQQSGAELVEPGASVKLSCK.ASGYTFFNYDINWVRQRPEQGLEMGWIFPGDGSTQ
YNEKFKGKATLTTDTSSSTAYMQLSRLTSEDSAVYFCARQTTATWFAYWGQGTTVTVS
SDGGGSGGGGSGGGGSDIELTQSPTTLSVTPGDQVSLSCRASQSISDYLHWYQQKSHESP
QLLIKYASQSISGIPSRFSGSGSGSDFTLSINS VEPEDVGVY YCQNGHSFPLTFGAGTELEL
EQAA (SEQIDNO.12)
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Figure 3
8H9 Western Blot
(Non-reduced SDS PAGE Gel)
LAN1
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Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810}, a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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Atty. Dkt. No. 098065-0278

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

First Inventor Name: Atsuko SAITO

Title: ANTI-CDH6 ANTIBODY AND ANTI-CDH6 ANTIBODY-DRUG
CONJUGATE

Application No.: 17/010162

Filing Date: 9/2/2020

Examiner: LUCAS, ZACHARIAH

Art Unit: 1600

Confirmation No.: 6661

INFORMATION DISCLOSURE STATEMENT
UNDER 37 CFR §1.56

Commissioner:

Applicant submits herewith documents for the Examiner’s consideration in accordance

with 37 CFR §§1.56, 1.97 and 1.98.

Applicant respectfully requests that each listed document be considered by the Examiner
and be made of record in the present application and that an initialed copy of Form PTO/SB/08
be returned in accordance with MPEP §609.

Applicant requests that, in accordance with 37 CFR §1.98(d), the Examiner review all
applications relied on for an earlier effective filing date under 35 U.S.C. 120, including
Application No. 16/613,203, filed 5/14/2018, for copies of references of record therein that are
not being provided here; although Applicant would be pleased to provide copies of any such

documents at the Examiner’s request.

The submission of any document herewith is not an admission that such document
constitutes prior art against the claims of the present application or that such document is

considered material to patentability as defined in 37 CFR §1.56(b). Applicant does not waive

4815-0577-8381.1 -1-
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any rights to take any action which would be appropriate to antedate or otherwise remove as a

competent reference any document submitted herewith.

CONCISE EXPLANATION OF RELEVANCE

References were previously cited in related U.S. patent applications.

English abstracts and translations are provided with foreign language documents when

available.

Related patent families are referenced within the PTO/SB/08 Form, wherein the English
language documents may assist the Examiner in understanding the contents of the non-English

language documents.

TIMING OF THE DISCLOSURE
The listed documents are being submitted in compliance with 37 CFR §1.97(b), within

three (3) months of the filing date of the application.

Although Applicant believes that no fee is required, the Commissioner is hereby

authorized to charge any additional fees which may be due to Deposit Account No. 19-0741.

Respectfully submitted,

Date 2020-09-30 By /Michael D. Kaminski/
FOLEY & LARDNER LLP Michael D. Kaminski
Customer Number: 22428 Attorney for Applicant
Telephone:  (202) 672-5490 Registration No. 32,904

Facsimile: (202) 672-5399

4815-0577-8381.1 -2-
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UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

| APPLICATION NO. | FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. |  CONFIRMATION NO. |
17/010,162 09/02/2020 Atsuko SAITO 098065-0278 6661
048 7590 10/06/2020 | YR |
FOLEY & LARDNER LLP
3000 K STREET N.W. LUCAS. ZACHARIAH
SUITE 600
W ASHINGTON, DC 20007-5109 | ART UNIT | paper~UMBER |
1600
| NOTIFICATION DATE | DELIVERY MODE |
10/06/2020 ELECTRONIC

Please find below and/or attached an Office communication concerning this application or proceeding.
The time period for reply, if any, is set in the attached communication.

Notice of the Office communication was sent electronically on above-indicated "Notification Date" to the
following e-mail address(es):

ipdocketing @foley.com

PTOL-90A (Rev. 04/07)
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Application No. Applicant(s)
17/010,162 SAITO et al.

Decision Granting Request for

Prioritized Examination (Track /) Examiner Art Unit AIA (FITF) Status
CHERYL P GIBSON OPET Yes
BAYLOR

1. THE REQUEST FILED 02 September 2020 IS GRANTED .

The above-identified application has met the requirements for prioritized examination
A for an original nonprovisional application (Track ).
B. (J for an application undergoing continued examination (RCE).

2. The above-identified application will undergo prioritized examination. The application will be
accorded special status throughout its entire course of prosecution until one of the following occurs:

A. filing a petition for extension of time to extend the time period for filing a reply;

B. filing an amendmen mend th lication ntain more than f
independent claims. more than thirty total claims , or a multiple dependent claim;

filing a request for continued examination ;
filing a notice of appeal;

filing a request for suspension of action;
mailing of a notice of allowance;

mailing of a final Office action;

I o mmo O

completion of examination as defined in 37 CFR 41.102; or

abandonment of the application.

Telephone inquiries with regard to this decision should be directed to CHERYL GIBSON BAYLOR at
(571)272-3213. In his/her absence, calls may be directed to Petition Help Desk at (571) 272-3282.

{CHERYL GIBSON BAYLOR/
Paralegal Specialist, OPET

U.S. Patent and Trademark Office
PTO-2298 (Rev. 02-2012)
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This is not an USPTO supplied ADS fillable form

Total Files Size (in bytes): 351082

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810}, a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

First Inventor Name: Atsuko SAITO

Title: ANTI-CDH6 ANTIBODY AND ANTI-CDH6 ANTIBODY-DRUG
CONJUGATE

Appl. No.: 17/010,162

Filing Date: September 2, 2020

Examiner: Zachariah LUCAS

Art Unit: 1600

Confirmation Number: 6661

SUBMISSION OF SUPPLEMENTAL APPLICATION DATA SHEET (ADS)

Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450

Commissioner:

Further to the U.S. Continuation Application filed on September 2, 2020, in the above-
identified patent application, Applicant submits herewith a Supplemental Application Data Sheet
(ADS) which includes a Country of Residence for inventor 3:

THIRD INVENTOR INFORMATION:

INVENTOR 3:

Legal Name

Given Name: Kensuke
Family Name: NAKAMURA

Non-US Resident

City of Residence: Tokyo
Country of Residence: JP

4833-3121-6590.1
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Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

SUP_PLEMENTAL Attorney Docket Number | 098065-0278
Application Data Sheet 37 CFR 1.76

Application Number 17/010,162

Title of Invention | ANTI-CDH6 ANTIBODY AND ANTI-CDH6 ANTIBODY-DRUG CONJUGATE

The application data sheet is part of the provisional or nonprovisional application for which it is being submitted. The following form contains the
bibliographic data arranged in a format specified by the United States Patent and Trademark Office as outlined in 37 CFR 1.76.

This document may be completed electronically and submitted to the Office in electronic format using the Electronic Filing System (EFS) or the
document may be printed and included in a paper filed application.

Secrecy Order 37 CFR 5.2:

[ Portions or all of the application associated with this Application Data Sheet may fall under a Secrecy Order pursuant to
37 CFR 5.2 (Paper filers only. Applications that fall under Secrecy Order may not be filed electronically.)

Inventor Information:

Inventor 1

Legal Name

Prefix| Given Name Middle Name Family Name Suffix
Atsuko SAITO

Residence Information (Select One) (O US Residency (@ Non US Residency () Active US Military Service

City |Tokyo Country of Residence ! Jp

Mailing Address of Inventor:

Address 1 c/o Daiichi Sankyo Company, Limited

Address 2 3-5-1, Nihonbashi Honcho, Chuo-ku

City Tokyo | State/Province

Postal Code 103-8426 | Countryi JP

Inventor 2

Legal Name

Prefix| Given Name Middle Name Family Name Suffix
Tsuyoshi HIRATA

Residence Information (Select One) (O US Residency (@ Non US Residency () Active US Military Service

City |Tokyo Country of Residence ! Jp

Mailing Address of Inventor:

Address 1 c/o DAIICHI SANKYO RD NOVARE CO., LTD.

Address 2 1-16-13, Kitakasai, Edogawa-ku

City Tokyo | State/Province
Postal Code 134-8630 | Countryi JP
Inventor 3

Legal Name

EFS Web 2.2.13



9 ?%%/14(02-18)
Approved for use through 11/30. 09 . 0651-0032

10159 of 10951 U.S. Patent and Trademark Office; U.S. DEPARTIIENT OB BOMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.
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Application Data Sheet 37 CFR 1.76 —
Application Number 17/010,162

Title of Invention | ANTI-CDH6 ANTIBODY AND ANTI-CDH6 ANTIBODY-DRUG CONJUGATE

Prefix| Given Name Middle Name Family Name Suffix
Kensuke NAKAMURA
Residence Information (Select One) (O US Residency (@ Non US Residency () Active US Military Service

City |Tokyo Country of Residence ! JP

Mailing Address of Inventor:

Address 1 c/o Daiichi Sankyo Company, Limited

Address 2 3-5-1, Nihonbashi Honcho, Chuo-ku

City Tokyo | State/Province
Postal Code | 103-8426 | Countryi JP

All Inventors Must Be Listed - Additional Inventor Information blocks may be
generated within this form by selecting the Add button.

Correspondence Information:

Enter either Customer Number or complete the Correspondence Information section below.
For further information see 37 CFR 1.33(a).

[ ] An Address is being provided for the correspondence Information of this application.

Customer Number 22428

Email Address IPDocketing@foley.com

Application Information:

Title of the Invention ANTI-CDH6 ANTIBODY AND ANTI-CDH6 ANTIBODY-DRUG CONJUGATE

Attorney Docket Number| 098065-0278 Small Entity Status Claimed [ ]
Application Type Nonprovisional

Subject Matter Utility

Total Number of Drawing Sheets (if any) 29 Suggested Figure for Publication (if any)

Filing By Reference:

Only complete this section when filing an application by reference under 35 U.S.C. 111(c) and 37 CFR 1.57(a). Do not complete this section if
application papers including a specification and any drawings are being filed. Any domestic benefit or foreign priority information must be
provided in the appropriate section(s) below (i.e., “Domestic Benefit/National Stage Information” and “Foreign Priority Information”).

For the purposes of a filing date under 37 CFR 1.53(b), the description and any drawings of the present application are replaced by this
reference to the previously filed application, subject to conditions and requirements of 37 CFR 1.57(a).

Application number of the previously Filing date (YYYY-MM-DD) Intellectual Property Authority or Country B
filed application
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SUFPPLENENIAL

Application Data Sheet 37 CFR 1.76

Attorney Docket Number

098065-0278

Application Number

Title of Invention

ANTI-CDH6 ANTIBODY AND ANTI-CDH6 ANTIBODY-DRUG CONJUGATE

Publication Information:

[] Request Early Publication (Fee required at time of Request 37 CFR 1.219)

[

publication at eighteen

months after filing.

Request Not to Publish. | hereby request that the attached application not be published under

35 U.S.C. 122(b) and certify that the invention disclosed in the attached application has not and will not be the
subject of an application filed in another country, or under a multilateral international agreement, that requires

Representative Information:

Representative information should be provided for all practitioners having a power of attorney in the application. Providing
this information in the Application Data Sheet does not constitute a power of attorney in the application (see 37 CFR 1.32).

Either enter Customer Number or complete the Representative Name section below. If both sections are completed the customer
Number will be used for the Representative Information during processing.

Please Select One:

(® Customer Number

(O US Patent Practitioner

O Limited Recognition (37 CFR 11.9)

Customer Number

22428

Domestic Benefit/National Stage Information:

This section allows for the applicant to either claim benefit under 35 U.S.C. 119(e), 120, 121, 365(c), or 386(c) or indicate
National Stage entry from a PCT application. Providing benefit claim information in the Application Data Sheet constitutes

the specific reference required by 35 U.S.C. 119(e) or 120, and 37 CFR 1.78.

When referring to the current application, please leave the “Application Number” field blank.

Prior Application Status | Pending :
Filing or 371(c) Date
Application Number Continuity Type Prior Application Number (YYYY-MM-DD)
17/010,162 Continuation of 16613203 2019-11-13
Prior Application Status | Expired :
Filing or 371(c) Date
Application Number Continuity Type Prior Application Number (YYYY-MM-DD)
16613203 a 371 of international PCT/JP2018/018572 2018-05-14

Additional Domestic Benefit/National Stage Data may be generated within this form

by selecting the Add button.

Foreign Priority Information:
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Application Number 17/010,162

Title of Invention | ANTI-CDH6 ANTIBODY AND ANTI-CDH6 ANTIBODY-DRUG CONJUGATE

This section allows for the applicant to claim priority to a foreign application. Providing this information in the application data sheet
constitutes the claim for priority as required by 35 U.S.C. 119(b) and 37 CFR 1.55. When priority is claimed to a foreign application
that is eligible for retrieval under the priority document exchange program (PDX)‘ the information will be used by the Office to
automatically attempt retrieval pursuant to 37 CFR 1.55(i)(1) and (2). Under the PDX program, applicant bears the ultimate
responsibility for ensuring that a copy of the foreign application is received by the Office from the participating foreign intellectual
property office, or a certified copy of the foreign priority application is filed, within the time period specified in 37 CFR 1.55(g)(1).

Application Number Countryi Filing Date (YYYY-MM-DD) Access Codei (if applicable)
2017-096749 JP 2017-05-15 9E70
Additional Foreign Priority Data may be generated within this form by selecting the
Add button.

Statement under 37 CFR 1.55 or 1.78 for AlA (First Inventor to File) Transition
Applications

This application (1) claims priority to or the benefit of an application filed before March 16, 2013 and (2) also

contains, or contained at any time, a claim to a claimed invention that has an effective filing date on or after March
[] 16, 2013.

NOTE: By providing this statement under 37 CFR 1.55 or 1.78, this application, with a filing date on or after March

16, 2013, will be examined under the first inventor to file provisions of the AlA.
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Application Number 17/010,162

Title of Invention | ANTI-CDH6 ANTIBODY AND ANTI-CDH6 ANTIBODY-DRUG CONJUGATE

Authorization or Opt-Out of Authorization to Permit Access:

When this Application Data Sheet is properly signed and filed with the application, applicant has provided written
authority to permit a participating foreign intellectual property (IP) office access to the instant application-as-filed (see
paragraph A in subsection 1 below) and the European Patent Office (EPO) access to any search results from the instant
application (see paragraph B in subsection 1 below).

Should applicant choose not to provide an authorization identified in subsection 1 below, applicant must opt-out of the
authorization by checking the corresponding box A or B or both in subsection 2 below.

NOTE: This section of the Application Data Sheet is ONLY reviewed and processed with the INITIAL filing of an
application. After the initial filing of an application, an Application Data Sheet cannot be used to provide or rescind
authorization for access by a foreign IP office(s). Instead, Form PTO/SB/39 or PTO/SB/69 must be used as appropriate.

1. Authorization to Permit Access by a Foreign Intellectual Property Office(s)

A. Priority Document Exchange (PDX) - Unless box A in subsection 2 (opt-out of authorization) is checked, the
undersigned hereby grants the USPTO authority to provide the European Patent Office (EPO), the Japan Patent Office
(JPO), the Korean Intellectual Property Office (KIPO), the State Intellectual Property Office of the People’s Republic of
China (SIPO), the World Intellectual Property Organization (WIPO), and any other foreign intellectual property office
participating with the USPTO in a bilateral or multilateral priority document exchange agreement in which a foreign
application claiming priority to the instant patent application is filed, access to: (1) the instant patent application-as-filed
and its related bibliographic data, (2) any foreign or domestic application to which priority or benefit is claimed by the
instant application and its related bibliographic data, and (3) the date of filing of this Authorization. See 37 CFR 1.14(h)

).

B. Search Results from U.S. Application to EPO - Unless box B in subsection 2 (opt-out of authorization) is checked,
the undersigned hereby grants the USPTO authority to provide the EPO access to the bibliographic data and search
results from the instant patent application when a European patent application claiming priority to the instant patent
application is filed. See 37 CFR 1.14(h)(2).

The applicant is reminded that the EPO’s Rule 141(1) EPC (European Patent Convention) requires applicants to submit a
copy of search results from the instant application without delay in a European patent application that claims priority to
the instant application.

2. Opt-Out of Authorizations to Permit Access by a Foreign Intellectual Property Office(s)

A. Applicant DOES NOT authorize the USPTO to permit a participating foreign IP office access to the instant
[ ] application-as-filed. If this box is checked, the USPTO will not be providing a participating foreign IP office with
any documents and information identified in subsection 1A above.

B. Applicant DOES NOT authorize the USPTO to transmit to the EPO any search results from the instant patent
[] application. If this box is checked, the USPTO will not be providing the EPO with search results from the instant
application.
NOTE: Once the application has published or is otherwise publicly available, the USPTO may provide access to the
application in accordance with 37 CFR 1.14.
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Application Data Sheet 37 CFR 1.76 —
Application Number 17/010,162

Title of Invention | ANTI-CDH6 ANTIBODY AND ANTI-CDH6 ANTIBODY-DRUG CONJUGATE

Applicant Information:

Providing assignment information in this section does not substitute for compliance with any requirement of part 3 of Title 37 of CFR
to have an assignment recorded by the Office.

Applicant 1

If the applicant is the inventor (or the remaining joint inventor or inventors under 37 CFR 1.45), this section should not be completed.
The information to be provided in this section is the name and address of the legal representative who is the applicant under 37 CFR
1.43; orthe name and address of the assignee, person to whom the inventor is under an obligation to assign the invention, or person
who otherwise shows sufficient proprietary interest in the matter who is the applicant under 37 CFR 1.46. If the applicant is an
applicant under 37 CFR 1.46 (assignee, person to whom the inventor is obligated to assign, or person who otherwise shows sufficient
proprietary interest) together with one or more joint inventors, then the joint inventor or inventors who are also the applicant should be
identified in this section.

(® Assignee (O Legal Representative under 35U.S.C. 117 (O Joint Inventor

O Person to whom the inventor is obligated to assign. O Person who shows sufficient proprietary interest

If applicant is the legal representative, indicate the authority to file the patent application, the inventor is:

Name of the Deceased or Legally Incapacitated Inventor:

If the Applicant is an Organization check here. X

Organization Name | | ,cH| SANKYO COMPANY, LIMITED

Mailing Address Information For Applicant:

Address 1 3-5-1, Nihonbashi Honcho, Chuo-ku

Address 2

City Tokyo State/Province

Country | JP Postal Code 103-8426
Phone Number Fax Number

Email Address

Additional Applicant Data may be generated within this form by selecting the Add button.

Assignee Information including Non-Applicant Assignee Information:

Providing assignment information in this section does not substitute for compliance with any requirement of part 3 of Title
37 of CFR to have an assignment recorded by the Office.
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SUPPLENMENTAL
Application Data Sheet 37 CFR 1.76

Attorney Docket Number | 098065-0278

Application Number 17/010,162

Title of Invention | ANTI-CDH6 ANTIBODY AND ANTI-CDH6 ANTIBODY-DRUG CONJUGATE

Assignee 1

Complete this section if assignee information, including non-applicant assignee information, is desired to be included on the patent
application publication. An assignee-applicant identified in the "Applicant Information" section will appear on the patent application

publication as an applicant. For an assignee-applicant, complete this section only if identification as an assignee is also desired on the
patent application publication.

If the Assignee or Non-Applicant Assignee is an Organization check here. X
Organization Name

DAIICHI SANKYO COMPANY, LIMITED

Mailing Address Information For Assignee including Non-Applicant Assignee:

Address 1 3-5-1, Nihonbashi Honcho, Chuo-ku

Address 2

City Tokyo State/Province

Countryi JP Postal Code 103-8426

Phone Number

Fax Number

Email Address

Additional Assignee or Non-Applicant Assignee Data may be generated within this form by
selecting the Add button.

Signature:

NOTE: This Application Data Sheet must be signed in accordance with 37 CFR 1.33(b). However, if this Application
Data Sheet is submitted with the INITIAL filing of the application and either box A or B is not checked in
subsection 2 of the “Authorization or Opt-Out of Authorization to Permit Access” section, then this form must
also be signed in accordance with 37 CFR 1.14(c).

This Application Data Sheet must be signed by a patent practitioner if one or more of the applicants is a juristic
entity (e.g., corporation or association). If the applicant is two or more joint inventors, this form must be signed by a
patent practitioner, all joint inventors who are the applicant, or one or more joint inventor-applicants who have been given
power of attorney (e.g., see USPTO Form PTO/AIA/81) on behalf of all joint inventor-applicants.

See 37 CFR 1.4(d) for the manner of making signatures and certifications.

Signature |/\Michael D. Kaminski/ Date (YYYY-MM-DD)|2020-10-06

First Name | Michael D. Last Name | KAMINSKI Registration Number | 32,904

Additional Signature may be generated within this form by selecting the Add button.

EFS Web 2.2.13



9 ?%%/14(02-18)
Approved for use through 11/30. 09 . 0651-0032

10165 of 10951 U.S. Patent and Trademark Office; U.S. DEPARTIIENT OB BOMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

SUPPLENENITAL

Attorney Docket Number

098065-0278

Application Data Sheet 37 CFR 1.76 —
Application Number

Title of Invention | ANTI-CDH6 ANTIBODY AND ANTI-CDH6 ANTIBODY-DRUG CONJUGATE

This collection of information is required by 37 CFR 1.76. The information is required to obtain or retain a benefit by the public which
is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This
collection is estimated to take 23 minutes to complete, including gathering, preparing, and submitting the completed application data
sheet form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you require to
complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.
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Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your submission of the attached form related to a patent
application or patent. Accordingly, pursuant to the requirements of the Act, please be advised that: (1) the general authority for the collection of this information
is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited is voluntary; and (3) the principal purpose for which the information is used by the U.S. Patent and
Trademark Office is to process and/or examine your submission related to a patent application or patent. If you do not furnish the requested information, the U.S.
Patent and Trademark Office may not be able to process and/or examine your submission, which may result in termination of proceedings or abandonment of
the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1 Theinformation on this form will be treated confidentially to the extent allowed under the Freedom of Information Act (5 U.S.C. 552) and the Privacy
Act (5 U.S.C. 552a). Records from this system of records may be disclosed to the Department of Justice to determine whether the Freedom of
Information Act requires disclosure of these records.

2. Arecord from this system of records may be disclosed, as a routine use, in the course of presenting evidence to a court, magistrate, or administrative
tribunal, including disclosures to opposing counsel in the course of settlement negotiations.

3 Arecord in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a request involving an individual, to whom
the record pertains, when the individual has requested assistance from the Member with respect to the subject matter of the record.

4. Arecord in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need for the information in order to perform
a contract. Recipients of information shall be required to comply with the requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C.
552a(m).

5. Arecord related to an International Application filed under the Patent Cooperation Treaty in this system of records may be disclosed, as a routine use,
to the International Bureau of the World Intellectual Property Organization, pursuant to the Patent CooperationTreaty.

6. Arecordin this system of records may be disclosed, as a routine use, to another federal agency for purposes of National Security review (35 U.S.C. 181)
and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c)).

7. Arecord from this system of records may be disclosed, as a routine use, to the Administrator, General Services, or his/her designee, during an
inspection of records conducted by GSA as part of that agency's responsibility to recommend improvements in records management practices and
programs, under authority of 44 U.S.C. 2904 and 2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection of
records for this purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not be used to make determinations about
individuals.

8.  Arecord from this system of records may be disclosed, as a routine use, to the public after either publication of the application pursuant to 35 U.S.C.
122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use,
to the public if the record was filed in an application which became abandoned or in which the proceedings were terminated and which application is
referenced by either a published application, an application open to public inspections or an issued patent.

9. Arecord from this system of records may be disclosed, as a routine use, to a Federal, State, or local law enforcement agency, if the USPTO becomes
aware of a violation or potential violation of law or regulation.
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Mailing Address of Inventor:
c/o Daiichi Sankyo Company, Limited
3-5-1, Nihonbashi Honcho, Chuo-ku

City: Tokyo
Postal Code: 103-8426
Country: JP

Inventors 1 and 2’s information is correctly shown in the original ADS as filed on
September 2, 2020. Accordingly, Applicant respectfully requests the U.S. Patent and Trademark
Office to correct its records, and eventually an issuance of an Official Filing Receipt which

reflects the correct information.

Applicant believes no fee is due with respect to this filing. However, the Commissioner is
hereby authorized to charge any fee which may be required or credit any overpayment, to

Deposit Account No. 19-0741.

Respectfully submitted,

Date October 6, 2020 By /Michael D. Kaminski/
FOLEY & LARDNER LLP Michael D. Kaminski
Customer Number: 22428 Attorney for Applicant
Telephone:  (202) 672-5490 Registration No. 32,904

Facsimile: (202) 672-5399

4833-3121-6590.1
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

PO. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

APPLICATION FILING or GRP ART
NUMBER 371(c) DATE UNIT FIL FEE RECD ATTY.DOCKET.NO TOT CLAIMS|IND CLAIMS
17/010,162 09/02/2020 2920 098065-0278 24 1
CONFIRMATION NO. 6661
22428 FILING RECEIPT
FOLEY & LARDNER LLP
3000 K STREET N.W. R OO A A0 AT
SUITE 600

WASHINGTON, DC 20007-5109
Date Mailed: 09/11/2020

Receipt is acknowledged of this non-provisional utility patent application. The application will be taken up for
examination in due course. Applicant will be notified as to the results of the examination. Any correspondence
concerning the application must include the following identification information: the U.S. APPLICATION NUMBER,
FILING DATE, NAME OF FIRST INVENTOR, and TITLE OF INVENTION. Fees transmitted by check or draft are
subject to collection.

Please verify the accuracy of the data presented on this receipt. If an error is noted on this Filing Receipt, please
submit a written request for a corrected Filing Receipt, including a properly marked-up ADS showing the changes
with strike-through for deletions and underlining for additions. If you received a "Notice to File Missing Parts" or
other Notice requiring a response for this application, please submit any request for correction to this Filing Receipt
with your reply to the Notice. When the USPTO processes the reply to the Notice, the USPTO will generate another
Filing Receipt incorporating the requested corrections provided that the request is grantable.

Inventor(s)

Atsuko SAITO, Tokyo, JAPAN;

Tsuyoshi HIRATA, Tokyo, JAPAN;

Kensuke NAKAMURA, Tokyo; JAPAN
Applicant(s)

DAIICHI SANKYO COMPANY, LIMITED, Tokyo, JAPAN;
Assignment For Published Patent Application

DAIICHI SANKYO COMPANY, LIMITED, Tokyo, JAPAN

Power of Attorney: The patent practitioners associated with Customer Number 22428

Domestic Priority data as claimed by applicant
This application is a CON of 16/613,203 11/13/2019
which is a 371 of PCT/JP2018/018572 05/14/2018

Foreign Applications (You may be eligible to benefit from the Patent Prosecution Highway program at the
USPTO. Please see http://www.uspto.gov for more information.)
JAPAN 2017-096749 05/15/2017 Access Code Provided

Permission to Access Application via Priority Document Exchange: Yes

Permission to Access Search Results: Yes
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

PO. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

APPLICATION FILING or GRP ART
NUMBER 371(c) DATE UNIT FIL FEE RECD ATTY.DOCKET.NO TOT CLAIMS|IND CLAIMS
17/010,162 09/02/2020 1600 2920 098065-0278 24 1
CONFIRMATION NO. 6661
22428 CORRECTED FILING RECEIPT
FOLEY & LARDNER LLP
3000 K STREET N.W. RO OO LA O R
SUITE 600

WASHINGTON, DC 20007-5109
Date Mailed: 10/16/2020

Receipt is acknowledged of this non-provisional utility patent application. The application will be taken up for
examination in due course. Applicant will be notified as to the results of the examination. Any correspondence
concerning the application must include the following identification information: the U.S. APPLICATION NUMBER,
FILING DATE, NAME OF FIRST INVENTOR, and TITLE OF INVENTION. Fees transmitted by check or draft are
subject to collection.

Please verify the accuracy of the data presented on this receipt. If an error is noted on this Filing Receipt, please
submit a written request for a corrected Filing Receipt, including a properly marked-up ADS showing the changes
with strike-through for deletions and underlining for additions. If you received a "Notice to File Missing Parts" or
other Notice requiring a response for this application, please submit any request for correction to this Filing Receipt
with your reply to the Notice. When the USPTO processes the reply to the Notice, the USPTO will generate another
Filing Receipt incorporating the requested corrections provided that the request is grantable.

Inventor(s)

Atsuko SAITO, Tokyo, JAPAN;

Tsuyoshi HIRATA, Tokyo, JAPAN;

JP NAKAMURA, Tokyo, JAPAN;
Applicant(s)

DAIICHI SANKYO COMPANY, LIMITED, Tokyo, JAPAN;
Assignment For Published Patent Application

DAIICHI SANKYO COMPANY, LIMITED, Tokyo, JAPAN

Power of Attorney: The patent practitioners associated with Customer Number 22428

Domestic Priority data as claimed by applicant
This application is a CON of 16/613,203 11/13/2019
which is a 371 of PCT/JP2018/018572 05/14/2018

Foreign Applications (You may be eligible to benefit from the Patent Prosecution Highway program at the
USPTO. Please see http://www.uspto.gov for more information.)
JAPAN 2017-096749 05/15/2017 Access Code Provided

Permission to Access Application via Priority Document Exchange: Yes

Permission to Access Search Results: Yes
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Applicant may provide or rescind an authorization for access using Form PTO/SB/39 or Form PTO/SB/69 as
appropriate.

Request to Retrieve - This application either claims priority to one or more applications filed in an intellectual
property Office that participates in the Priority Document Exchange (PDX) program or contains a proper Request to
Retrieve Electronic Priority Application(s) (PTO/SB/38 or its equivalent). Consequently, the USPTO will attempt
to electronically retrieve these priority documents.

If Required, Foreign Filing License Granted: 09/10/2020

The country code and number of your priority application, to be used for filing abroad under the Paris Convention,
is US 17/010,162

Projected Publication Date: 12/17/2020
Non-Publication Request: No

Early Publication Request: No
Title

ANTI-CDH6 ANTIBODY AND ANTI-CDH6 ANTIBODY-DRUG CONJUGATE
Preliminary Class

424
Statement under 37 CFR 1.55 or 1.78 for AlA (First Inventor to File) Transition Applications: No

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

Since the rights granted by a U.S. patent extend only throughout the territory of the United States and have no
effect in a foreign country, an inventor who wishes patent protection in another country must apply for a patent
in a specific country or in regional patent offices. Applicants may wish to consider the filing of an international
application under the Patent Cooperation Treaty (PCT). An international (PCT) application generally has the same
effect as a regular national patent application in each PCT-member country. The PCT process simplifies the filing
of patent applications on the same invention in member countries, but does not result in a grant of "an international
patent” and does not eliminate the need of applicants to file additional documents and fees in countries where patent
protection is desired.

Almost every country has its own patent law, and a person desiring a patent in a particular country must make an
application for patent in that country in accordance with its particular laws. Since the laws of many countries differ
in various respects from the patent law of the United States, applicants are advised to seek guidance from specific
foreign countries to ensure that patent rights are not lost prematurely.

Applicants also are advised that in the case of inventions made in the United States, the Director of the USPTO must
issue a license before applicants can apply for a patent in a foreign country. The filing of a U.S. patent application
serves as a request for a foreign filing license. The application's filing receipt contains further information and
guidance as to the status of applicant's license for foreign filing.

Applicants may wish to consult the USPTO booklet, "General Information Concerning Patents” (specifically, the
section entitled "Treaties and Foreign Patents") for more information on timeframes and deadlines for filing foreign
patent applications. The guide is available either by contacting the USPTO Contact Center at 800-786-9199, or it
can be viewed on the USPTO website at http://www.uspto.gov/web/offices/pac/doc/general/index.html.
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For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish
to consult the U.S. Government website, http://www.stopfakes.gov. Part of a Department of Commerce initiative,
this website includes self-help "toolkits" giving innovators guidance on how to protect intellectual property in specific
countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may
call the U.S. Government hotline at 1-866-999-HALT (1-866-999-4258).

LICENSE FOR FOREIGN FILING UNDER
Title 35, United States Code, Section 184

Title 37, Code of Federal Regulations, 5.11 & 5.15
GRANTED

The applicant has been granted a license under 35 U.S.C. 184, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" followed by a date appears on this form. Such licenses are issued in all applications where
the conditions for issuance of a license have been met, regardless of whether or not a license may be required as
set forth in 37 CFR 5.15. The scope and limitations of this license are set forth in 37 CFR 5.15(a) unless an earlier
license has been issued under 37 CFR 5.15(b). The license is subject to revocation upon written notification. The
date indicated is the effective date of the license, unless an earlier license of similar scope has been granted under
37 CFR 5.13 or 5.14.

This license is to be retained by the licensee and may be used at any time on or after the effective date thereof unless
it is revoked. This license is automatically transferred to any related applications(s) filed under 37 CFR 1.53(d). This
license is not retroactive.

The grant of a license does not in any way lessen the responsibility of a licensee for the security of the subject matter
as imposed by any Government contract or the provisions of existing laws relating to espionage and the national
security or the export of technical data. Licensees should apprise themselves of current regulations especially with
respect to certain countries, of other agencies, particularly the Office of Defense Trade Controls, Department of
State (with respect to Arms, Munitions and Implements of War (22 CFR 121-128)); the Bureau of Industry and
Security, Department of Commerce (15 CFR parts 730-774); the Office of Foreign AssetsControl, Department of
Treasury (31 CFR Parts 500+) and the Department of Energy.

NOT GRANTED

No license under 35 U.S.C. 184 has been granted at this time, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" DOES NOT appear on this form. Applicant may still petition for a license under 37 CFR 5.12,
if a license is desired before the expiration of 6 months from the filing date of the application. If 6 months has lapsed
from the filing date of this application and the licensee has not received any indication of a secrecy order under 35
U.S.C. 181, the licensee may foreign file the application pursuant to 37 CFR 5.15(b).

SelectUSA

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location for
business investment, innovation, and commercialization of new technologies. The U.S. offers tremendous resources
and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation works to
promote and facilitate business investment. SelectUSA provides information assistance to the international investor
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community; serves as an ombudsman for existing and potential investors; advocates on behalf of U.S. cities, states,
and regions competing for global investment; and counsels U.S. economic development organizations on investment
attraction best practices. To learn more about why the United States is the best country in the world to develop

technology, manufacture products, deliver services, and grow your business, visit http://www.SelectUSA.gov or call
+1-202-482-6800.

page 4 of 4



OnCusp
10173 of 10951 Ex. 1038

Atty. Dkt No. 098065-0278

INTHE UNITED STATES PATENT AND TRADEMARK OFFICE

First Inventor Name: Atsuko SAITO

Title: ANTI-CDH6 ANTIBODY AND ANTI-
CDH6 ANTIBODY-DRUG CONJUGATE

Appl. No.: 17/010,162

Filing Date: 9/2/2020

Examiner: LUCAS, ZACHARIAH

Arxt Unit: 1600

Confirmation Number: 6661

REQUEST FOR CORRECTED FILING RECEIPT

Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450
Attn: Appl. Processing Division, Customer Correction Branch
Commissioner:
Attached is a copy of the ofticial Filing Receipt received from the PTO in the

above-referenced application.

The Filing Receipt incorrectly prints the third Inventor’s name. The information should

read as foliows:
Inventor(s)
2 Kensuke Nakamura, Tokyo, JAPAN;

The correction is not due to any error by Applicant and, accordingly, no fee is due.

Re o

Issuance of a corrected Filing Receipt is respectfully requested.

4818-2868-5520.1
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Atty. Dkt No. 098065-0278

The Commissioner is hereby authorized to charge any additional fees which may be

required for this application to Deposit Account No. 19-0741.

Respectfully submitted,

Dhate 2020-10-28 By /Michael D. Kaminski/
FOLEY & LARDNER LLP Michael D Kaminski
Customer Number: 22428 Attorney for Applicant
Telephone:  (202) 672-5490 Registration No. 32,904

Facsimile: (202) 672-5399

4818-2868-5520.1
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UNTTEDR STATES DEPARTMENT OF COMMERCE
Usited States Patent and Trademark &ffice
Addiess. COMMIBSIONER FOR PATENTS

PO Box 1450

Alexandeta, Vinginia 22313-1450

WHW.LSPIO gov

W UnireD Stares Patent anp Trapemark OFFICE

BEFLICATION FILING o GRP ART
NUMBER 371(c} DATE UNIT FIL FEE RECD ATTY LOCKET.NO TOT CLAIMS]IND CLAIMS
17/4310,162 09212020 1600 2828 088065-0278 24 i
CONFIRMATION NO. 8681
22428 CORRECTED FILING RECEIPT
FOLEY & LARDNERLLP 1 o3t g s s L ;
3000 K STREET N.W. L
SUITE 800

WASHINGTON, DC 200607-5108
Date Mailed: 10/16/2020

Receipt is acknowledged of this non-provisional utility patent application. The application will be taken up for
examination in dus course. Applicant will be notified as to the results of the examination. Any corrgspondance
concerning the application must include the following identification information: the U.8. APPLICATION NUMBER,
FILING DATE, NAME OF FIRST INVENTOR, and TITLE OF INVENTION. Fees transmitied by check or draft are
subject to collection.

Please verily the accuracy of the data presented on this recelpt. If an arvor is noted on this Filing Receipt, please
submit a wrilten request for a corrected Filing Receipt, including a properly marked-up ADS showing the changes
with sirike-through for deletions and underlining for additions. If you raeceived a "Notice o File Missing Parts” or
other Notice requiring a response for this application, please submit any request for correction to this Filing Receipt
with your reply to the Notice. When the USPTQO processes the reply 1o the Notice, the USPTO will generale another
Filing Receipt incorporating the requested corrections provided that the request is grantable.

inventor(s)

Atsuko SAITO, Tokyo, JAPAN;

Tsuyoshi HIRATA, Tokyo, JAPAN;

=R=-NAKAMURA, Tokyo, JAPAN;
applicant(s) Kensuke

DAHCH! BANKYC COMPANY, LIMITED, Tokyo, JAPAN,
Assignment For Published Patent Application

DAHCH! SBANKYO COMPANY, LIMITED, Tokyo, JAPAN

Power of Attorney: The patent practitioners associated with Customer Number 22428

Domestic Priority data as claimed by appilicant
This application is a CON of 16/613,203 11/13/2018
which is a 371 of PCT/AIP2018/018572 05/14/2018

Foreign Applications (You may be sligible o benefit from the Patent Prosecution Highway program at the
il i

JAPAN 2017-0856748 05/1 52017 Access Code Provided

Permission to Access Application via Priority Document Exchange: Yes

Permission o Access Search Resulls: Yas

page 1 of 4
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Applicant may provide or rescind an authorization for access using Form PTO/SE/39 or Form PTO/SB/EY as
appropriate.

Reqguest to Retrieve - This application either claims priority 10 ong or more applications filed in an intellectual
property Office that participates in the Priority Document Exchange {(PDX) program or contains a proper Reguest io
Hetrieve Electronic Priority Application(s) (PTO/SB/38 or its squivalent). Consegquently, the USPTO will atternpt
o electronically retrieve these priority documents.

if Fequired, Foreign Filing License Granted: 09/10/2020
The country code and number of your pricrity application, 1o be used for filing abroad under the Paris Conwvention,

is US 17/010,162
Projected Publication Date: 12/17/2020
Non-Publication Reguest: No

Early Publication Reguest: No
Title

ANTI-CDHS ANTIBODY AND ANTI-CDHGE ANTIBODY-DRUG CONJUGATE
Prefiminary Class

424
Statement under 37 CFR 1.85 or 1.78 for 414 (First inventor to File} Transition Applications: No

PROTECTING YOUR INVENTION QUTSIDE THE UNITED STATES

Since the rights granted by 8 U.S. palent extend only throughout the terrifory of the United States and have no
effect in a foreign country, an inventor who wishes patent protection in another country must apply for a patent
in a specific country or in regional patent offices. Applicanis may wish o consider the filing of an international
appiication under the Patent Cooperation Treaty (PCT). An international (PCT) application generally has the same
effect as g regular national patent application in sach PCT-member country. The PCT process shnplifies the filing
of patent applications on the sams invention in member countries, but does not result in a grant of "an international
patent” and does not sliminate the need of applicants (o file additional documents and fees in countries where palent
protection is desired.

Almost every country has its own patent law, and a person desiring a patent in a particular country must make an
application for patent in that country in accordance with its particular laws. Since the laws of many countries differ
in various respects from the patent law of the Uniled States, applicants are advised to seek guidance from specific
foreign countries o ensure that patert rights are not lost prematurely.

Applicants also are advissed that in the case of inventions made in the Uniled Sistes, the Director of the USPTO must
issue a license before applicanis can apply for 3 patent in a foreign country. The Hling of a 1.8, patent application
serves a8 a request for a foreign filing license. The application’s filing receipt contains further information and
quidance as to the status of applicant’s license for forsign filing.

Applicants may wish (o consult the USPTO bookist, "General Information Concerning Patents” (specifically, the
section entitled "Treaties and Foreign Patents"; for more information on timeframes and deadlinas for filing foreign
patent applications. The guide is avallable either by contacting the USPTO Contact Center at 800-786-3199, or it
can be viewsd on the USPTQ website at hitp://www usplo.goviweb/offices/pac/doc/general/index himl.
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For information on preventing theft of your intellectual property (patents, trademarks and copyrights), vou may wish
to consult the U.8. Governmant website, hitp//www stopfakes.gov. Part of a Deparntment of Commerce initiative,
this website includes self-help "ookils” giving innovators guidance on how 1o protect intelisctual property in specific
countries such as China, Korea and Mexico. For guestions regarding patent enforcement issues, applicants may
gali the U.8. Government hotline at 1-866-883-HALT {1-866-388-4258).

LICENSE FOR FOREIGHN FILING UNDER
Titie 35, United States Code, Section 184

Title 37, Code of Federal Reguiations, 5.11 £ 5.18
GRANTED

The applicant has been granted a license under 35 U.8.C. 184, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" followed by a date appears on this form. Such licenses are issued in all applications wherg
the conditions for issuance of a icense have been met, regardiess of whether or not a license may be required as
set forth in 37 CFR 5.15. The scope and limitations of this license are set forth in 37 CFR 5.15(a) unless an earlier
Hoenss has been issued under 37 COFR 5.15{b). The license is subject 1o revocation upon written notification. The
date indicated is the effective date of the license, unless an earlier license of similar scope has been granted under
37 CFR G513 0r5.14.

This licenses is to be retained by the licenses and may be used al any time on or after the effective date thereof unless
it is revoked. This license is automatically transferred to any related applications(s) filed under 37 CFR 1.53(d). This
license is not retroactive.

The grant of a license doas not in any way lessen the responsibility of a licensee for the security of the subject matier
as imposed by any Government contract or the provisions of existing laws relating o sspionage and the national
security or the expori of technical data. Licensess should apprise themselves of current regulations especially with
respect to certain countries, of other agencies, particularly the Office of Defense Trade Conirols, Department of
State {with respect to Arms, Munilions and Implements of War (22 CFR 121-128}); the Bureau of industry and
Security, Department of Commerce (15 CFR parts 730-774); the Office of Foreign AssstsControl, Depariment of
Treasury (31 CFR Paris 500+) and the Department of Ensrgy.

NOT GRANTED

Mo license under 35 U.8.C. 184 has been granted at this ims, If the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" DOES NOT appear on this form. Applicant may still petition for a license under 37 CFR 5.12,
if & license is desired before the expiration of & months from the filing date of the application. if 8 months has lapsed
from the filing date of this application and the licenses has not received any indication of a secrecy order under 35
LLS.C. 181, the licensee may foreign file the application pursuant to 37 CFH 5.15(b).

SelectUSA

The United States represants the largest, most dynamic marketplace in the world and is an unparalisied location for
business investment, innovation, and commercialization of new technologies. The U.S. offers tremendous resources
and advantages for those who Invest and manufaciure goods here. Through SelectUSA, our nation works to
promote and facilitate business investment. SelectlSA provides information assistance o the international investor

page 3 of 4
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commurity, sgrves as an ombudsman for sxisting and potantial invesiors; advocaies on behalf of U8, cities, stales,
and regions competing for global investment; and counsels 1.8, economic development organizations oninvestment
attraction best practices. To learn more about why the United States is the best country in the world to develop

technology, manufacture products, deliver services, and grow your business, visit htlp/www. SelectUSA gov or call
+1-202-482-6800.
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10179 0f 10951 Electronic Acknowledgement Receipt Ex. 1038
EFS ID: 40970423
Application Number: 17010162
International Application Number:
Confirmation Number: 6661

Title of Invention:

ANTI-CDH6 ANTIBODY AND ANTI-CDH6 ANTIBODY-DRUG CONJUGATE

First Named Inventor/Applicant Name:

Atsuko SAITO

Customer Number:

22428

Filer:

Michael D. Kaminski/Yasmeen Elagha

Filer Authorized By:

Michael D. Kaminski

Attorney Docket Number:

098065-0278

Receipt Date: 28-0CT-2020
Filing Date: 02-SEP-2020
Time Stamp: 13:38:24

Application Type:

Utility under 35 USC 111{(a)

Payment information:

Submitted with Payment no
File Listing:
Document Document Description File Name File Size( B){tes)/ Multl- 'Pages
Number Message Digest | Part/.zip| (ifappl.)
805496
1 Request for Corrected Filing Receipt 098065—027|%:3ER3qf—Corrected— no 6
) p 65e360fd64948c246fd790fbe90ff3976df3d|
8e3

Warnings:
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Total Files Size (in bytes): 805496

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810}, a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.




OnCusp
10181 of 10951 Ex. 1038

UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

PO. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

APPLICATION FILING or GRP ART
NUMBER 371(c) DATE UNIT FIL FEE RECD ATTY.DOCKET.NO TOT CLAIMS|IND CLAIMS
17/010,162 09/02/2020 1600 2920 098065-0278 24 1
CONFIRMATION NO. 6661
22428 CORRECTED FILING RECEIPT
FOLEY & LARDNER LLP
3000 K STREET N.W. R OO A AT AR
SUITE 600

WASHINGTON, DC 20007-5109
Date Mailed: 10/30/2020

Receipt is acknowledged of this non-provisional utility patent application. The application will be taken up for
examination in due course. Applicant will be notified as to the results of the examination. Any correspondence
concerning the application must include the following identification information: the U.S. APPLICATION NUMBER,
FILING DATE, NAME OF FIRST INVENTOR, and TITLE OF INVENTION. Fees transmitted by check or draft are
subject to collection.

Please verify the accuracy of the data presented on this receipt. If an error is noted on this Filing Receipt, please
submit a written request for a corrected Filing Receipt, including a properly marked-up ADS showing the changes
with strike-through for deletions and underlining for additions. If you received a "Notice to File Missing Parts" or
other Notice requiring a response for this application, please submit any request for correction to this Filing Receipt
with your reply to the Notice. When the USPTO processes the reply to the Notice, the USPTO will generate another
Filing Receipt incorporating the requested corrections provided that the request is grantable.

Inventor(s)

Atsuko SAITO, Tokyo, JAPAN;

Tsuyoshi HIRATA, Tokyo, JAPAN;

Kensuke NAKAMURA, Tokyo, JAPAN;
Applicant(s)

DAIICHI SANKYO COMPANY, LIMITED, Tokyo, JAPAN;
Assignment For Published Patent Application

DAIICHI SANKYO COMPANY, LIMITED, Tokyo, JAPAN

Power of Attorney: The patent practitioners associated with Customer Number 22428

Domestic Priority data as claimed by applicant
This application is a CON of 16/613,203 11/13/2019
which is a 371 of PCT/JP2018/018572 05/14/2018

Foreign Applications (You may be eligible to benefit from the Patent Prosecution Highway program at the
USPTO. Please see http://www.uspto.gov for more information.)
JAPAN 2017-096749 05/15/2017 Access Code Provided

Permission to Access Application via Priority Document Exchange: Yes

Permission to Access Search Results: Yes

page 1 of 4
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Applicant may provide or rescind an authorization for access using Form PTO/SB/39 or Form PTO/SB/69 as
appropriate.

Request to Retrieve - This application either claims priority to one or more applications filed in an intellectual
property Office that participates in the Priority Document Exchange (PDX) program or contains a proper Request to
Retrieve Electronic Priority Application(s) (PTO/SB/38 or its equivalent). Consequently, the USPTO will attempt
to electronically retrieve these priority documents.

If Required, Foreign Filing License Granted: 09/10/2020

The country code and number of your priority application, to be used for filing abroad under the Paris Convention,
is US 17/010,162

Projected Publication Date: 12/17/2020
Non-Publication Request: No

Early Publication Request: No
Title

ANTI-CDH6 ANTIBODY AND ANTI-CDH6 ANTIBODY-DRUG CONJUGATE
Preliminary Class

424
Statement under 37 CFR 1.55 or 1.78 for AlA (First Inventor to File) Transition Applications: No

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

Since the rights granted by a U.S. patent extend only throughout the territory of the United States and have no
effect in a foreign country, an inventor who wishes patent protection in another country must apply for a patent
in a specific country or in regional patent offices. Applicants may wish to consider the filing of an international
application under the Patent Cooperation Treaty (PCT). An international (PCT) application generally has the same
effect as a regular national patent application in each PCT-member country. The PCT process simplifies the filing
of patent applications on the same invention in member countries, but does not result in a grant of "an international
patent” and does not eliminate the need of applicants to file additional documents and fees in countries where patent
protection is desired.

Almost every country has its own patent law, and a person desiring a patent in a particular country must make an
application for patent in that country in accordance with its particular laws. Since the laws of many countries differ
in various respects from the patent law of the United States, applicants are advised to seek guidance from specific
foreign countries to ensure that patent rights are not lost prematurely.

Applicants also are advised that in the case of inventions made in the United States, the Director of the USPTO must
issue a license before applicants can apply for a patent in a foreign country. The filing of a U.S. patent application
serves as a request for a foreign filing license. The application's filing receipt contains further information and
guidance as to the status of applicant's license for foreign filing.

Applicants may wish to consult the USPTO booklet, "General Information Concerning Patents” (specifically, the
section entitled "Treaties and Foreign Patents") for more information on timeframes and deadlines for filing foreign
patent applications. The guide is available either by contacting the USPTO Contact Center at 800-786-9199, or it
can be viewed on the USPTO website at http://www.uspto.gov/web/offices/pac/doc/general/index.html.

page 2 of 4



OnCusp
10183 of 10951 Ex. 1038

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish
to consult the U.S. Government website, http://www.stopfakes.gov. Part of a Department of Commerce initiative,
this website includes self-help "toolkits" giving innovators guidance on how to protect intellectual property in specific
countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may
call the U.S. Government hotline at 1-866-999-HALT (1-866-999-4258).

LICENSE FOR FOREIGN FILING UNDER
Title 35, United States Code, Section 184

Title 37, Code of Federal Regulations, 5.11 & 5.15
GRANTED

The applicant has been granted a license under 35 U.S.C. 184, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" followed by a date appears on this form. Such licenses are issued in all applications where
the conditions for issuance of a license have been met, regardless of whether or not a license may be required as
set forth in 37 CFR 5.15. The scope and limitations of this license are set forth in 37 CFR 5.15(a) unless an earlier
license has been issued under 37 CFR 5.15(b). The license is subject to revocation upon written notification. The
date indicated is the effective date of the license, unless an earlier license of similar scope has been granted under
37 CFR 5.13 or 5.14.

This license is to be retained by the licensee and may be used at any time on or after the effective date thereof unless
it is revoked. This license is automatically transferred to any related applications(s) filed under 37 CFR 1.53(d). This
license is not retroactive.

The grant of a license does not in any way lessen the responsibility of a licensee for the security of the subject matter
as imposed by any Government contract or the provisions of existing laws relating to espionage and the national
security or the export of technical data. Licensees should apprise themselves of current regulations especially with
respect to certain countries, of other agencies, particularly the Office of Defense Trade Controls, Department of
State (with respect to Arms, Munitions and Implements of War (22 CFR 121-128)); the Bureau of Industry and
Security, Department of Commerce (15 CFR parts 730-774); the Office of Foreign AssetsControl, Department of
Treasury (31 CFR Parts 500+) and the Department of Energy.

NOT GRANTED

No license under 35 U.S.C. 184 has been granted at this time, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" DOES NOT appear on this form. Applicant may still petition for a license under 37 CFR 5.12,
if a license is desired before the expiration of 6 months from the filing date of the application. If 6 months has lapsed
from the filing date of this application and the licensee has not received any indication of a secrecy order under 35
U.S.C. 181, the licensee may foreign file the application pursuant to 37 CFR 5.15(b).

SelectUSA

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location for
business investment, innovation, and commercialization of new technologies. The U.S. offers tremendous resources
and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation works to
promote and facilitate business investment. SelectUSA provides information assistance to the international investor
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community; serves as an ombudsman for existing and potential investors; advocates on behalf of U.S. cities, states,
and regions competing for global investment; and counsels U.S. economic development organizations on investment
attraction best practices. To learn more about why the United States is the best country in the world to develop

technology, manufacture products, deliver services, and grow your business, visit http://www.SelectUSA.gov or call
+1-202-482-6800.
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UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

| APPLICATION NO. | FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. |  CONFIRMATION NO. |
17/010,162 09/02/2020 Atsuko SAITO 098065-0278 6661
048 7590 11/17/2020 | YR |
FOLEY & LARDNER LLP
3000 K STREET N.W. LI RUIXIANG
SUITE 600
W ASHINGTON, DC 20007-5109 | ART UNIT | paper~UMBER |
1646
| NOTIFICATION DATE | DELIVERY MODE |
1171772020 ELECTRONIC

Please find below and/or attached an Office communication concerning this application or proceeding.
The time period for reply, if any, is set in the attached communication.

Notice of the Office communication was sent electronically on above-indicated "Notification Date" to the
following e-mail address(es):

ipdocketing @foley.com

PTOL-90A (Rev. 04/07)
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17/010,162 SAITO etal.
Office Action Summary Examiner ArtUnit | AIA (FITF) Status
RUIXIANG LI 1646 Yes

-- The MAILING DATE of this communication appears on the cover sheet with the corresponderice address --
Period for Reply

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 2 MONTHS FROM THE MAILING
DATE OF THIS COMMUNICATION.

Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed after SIX (6) MONTHS from the mailing
date of this communication.

- If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6} MONTHS from the mailing date of this communication.

- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133).
Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any earned patent term
adjustment. See 37 CFR 1.704(b).

Status
1)(J Responsive to communication(s) fledon
UJ A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filedon
2a)(] This action is FINAL. 2b) ™ This action is non-final.

3)J An election was made by the applicant in response to a restriction requirement set forth during the interview
on ; the restriction requirement and election have been incorporated into this action.

4)[J Since this application is in condition for allowance except for formal matters, prosecution as to the merits is
closed in accordance with the practice under £x parre Quayte, 1935 C.D. 11, 453 O.G. 213.

Disposition of Claims*
5) Claim(s) 1-24 is/are pending in the application.

5a) Of the above claim(s) _____is/are withdrawn from consideration.
6) (J Claim(s) ___is/are allowed.
7) [OJ Claim(s) ____is/are rejected.
8) [0 Claim(s) is/are objected to.
9) Claim(s) 1-24 are subiject to restriction and/or election requirement

* If any claims have been determined allowable, you may be eligible to benefit from the Patent Prosecution Highway program at a
participating intellectual property office for the corresponding application. For more information, please see
http://www.uspto.gov/patents/init_events/pph/index.jsp or send an inquiry to PPHfeedback@uspto.gov.
Application Papers
10)(J The specification is objected to by the Examiner.
11)(J The drawing(s) filed on is/fare: a)(] accepted or b)[] objected to by the Examiner.
Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).
Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121(d).
Priority under 35 U.S.C. § 119

12)[J Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
Certified copies:

a)d All b)(J Some** ¢)(d None of the:
1.[J Certified copies of the priority documents have been received.
2.(J Certified copies of the priority documents have been received in Application No.

3.0 Copies of the certified copies of the priority documents have been received in this National Stage
application from the International Bureau (PCT Rule 17.2(a)).

** See the attached detailed Office action for a list of the certified copies not received.

Attachment(s)

1) [ Notice of References Cited (PTO-892) 3) [ Interview Summary (PTO-413)
. . Paper No(s)/Mail Date

2) [ Information Disclosure Statement(s) (PTO/SB/08a and/or PTO/SB/08b) 4) (] Other:

Paper No(s)/Mail Date

U.S. Patent and Trademark Office
PTOL-326 (Rev. 11-13) Office Action Summary Part of Paper No./Mail Date 20201111
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Notice of Pre-AlA or AlA Status
The present application, filed on or after March 16, 2013, is being examined under the first
inventor to file provisions of the AlA.
Election/Restrictions

1. Restriction to one of the following inventions is required under 35 U.S.C. 121:

I. Claims 1-20, drawn to an antibody-drug conjugate comprising an antibody
specifically binding to the amino acid sequence shown in SEQ ID NO: 4 and having
internalization ability that permits cellular uptake, or a functional fragment of the
antibody, conjugated to a drug, classified in CO7K.

II. Claims 21-24, drawn to a method for treating a tumor, which comprises
administering any component selected from the antibody-drug conjugate according
to claim 1, a salt thereof, and a hydrate of the conjugate or the salt to an individual,
classified in A61K.

2. The inventions are distinct, each from the other for the following reasons. Invention |
is related to Invention Il as product and process of use. Invention |l is related to
Invention IV as product and process of use. The invention can be shown to be distinct
if either or both of the following can be shown: (1) the process for using the product as
can be practiced with another materially different product or (2) the product as claimed
can be used in a materially different process of using that product (MPEP §806.05 (h)).
In the instant case, an antibody-drug conjugate of Invention | may be used in a
materially different process such as to study the metabolism of a drug in a cell.

3. Restriction for examination purposes as indicated is proper because all these
inventions listed in this action are independent or distinct for the reasons given above

and there would be a serious search and/or examination burden if restriction were not
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required because at least the following reason(s) apply: (i). the inventions have
acquired a separate status in the art in view of their different classification; (ii). the
inventions have acquired a separate status in the art due to their recognized divergent
subject matter; and (iii). the inventions require a different field of search (e.g.,
searching different classes /subclasses or electronic resources, or employing different
search strategies or search queries).

Applicant is advised that the reply to this requirement to be complete must
include (i) an election of a invention to be examined even though the requirement
may be traversed (37 CFR 1.143) and (ii) identification of the claims encompassing
the elected invention.

The election of an invention may be made with or without traverse. To reserve
a right to petition, the election must be made with traverse. If the reply does not
distinctly and specifically point out supposed errors in the restriction requirement, the
election shall be treated as an election without traverse. Traversal must be presented
at the time of election in order to be considered timely. Failure to timely traverse the
requirement will result in the loss of right to petition under 37 CFR 1.144. If claims are
added after the election, applicant must indicate which of these claims are readable
upon the elected invention.

Should applicant traverse on the ground that the inventions are not patentably
distinct, applicant should submit evidence or identify such evidence now of record
showing the inventions to be obvious variants or clearly admit on the record that this is

the case. In either instance, if the examiner finds one of the inventions unpatentable
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over the prior art, the evidence or admission may be used in a rejection under 35 U.S.C.
103(a) of the other invention.

4. The examiner has required restriction between product and process claims. Where
applicant elects claims directed to the product, and the product claims are
subsequently found allowable, withdrawn process claims that depend from or
otherwise require all the limitations of the allowable product claim will be considered
for rejoinder. All claims directed to a nonelected process invention must require all the
limitations of an allowable product claim for that process invention to be rejoined.

In the event of rejoinder, the requirement for restriction between the product
claims and the rejoined process claims will be withdrawn, and the rejoined process
claims will be fully examined for patentability in accordance with 37 CFR 1.104. Thus,
to be allowable, the rejoined claims must meet all criteria for patentability including the
requirements of 35 U.S.C. 101, 102, 103 and 112. Until all claims to the elected product
are found allowable, an otherwise proper restriction requirement between product
claims and process claims may be maintained. Withdrawn process claims that are not
commensurate in scope with an allowable product claim will not be rejoined. See
MPEP § 821.04(b). Additionally, in order to retain the right to rejoinder in accordance
with the above policy, applicant is advised that the process claims should be amended
during prosecution to require the limitations of the product claims. Failure to do so may
result in a loss of the right to rejoinder. Further, note that the prohibition against double
patenting rejections of 35 U.S.C. 121 does not apply where the restriction requirement

is withdrawn by the examiner before the patent issues. See MPEP § 804.01.
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Species Election
5. This application contains claims directed to the following patentably distinct species:
(i) various linkers as recited in claims 4-6;
(if). drug species (Formula 3 and Formula 4) as recited in claims 7 and 8;
(iii). various antibodies as recited in claims 9-11;
(iv). various types of cancers as recited in claims 20 and 283.

The species are independent or distinct because each represents distinct
pathological disease. In addition, these species are not obvious variants of each other
based on the current record.

Applicant is required under 35 U.S.C. 121 to elect a single disclosed species,
or a single grouping of patentably indistinct species, for prosecution on the merits to
which the claims shall be restricted if no generic claim is finally held to be allowable.
Currently, claims 1, 20, and 23 are generic.

There is a search and/or examination burden for the patentably distinct species
as set forth above because at least the following reason(s) apply: the species require
a different field of search (e.g., searching different electronic resources, or employing
different search queries); and/or the prior art applicable to one species would not likely
be applicable to another species; and/or the species are likely to raise different non-
prior art issues under 35 U.S.C. 101 and/or 35 U.S.C. 112, first paragraph.

Applicant is advised that the reply to this requirement to be complete must
include (i) an election of a species or a grouping of patentably indistinct species
to be examined even though the requirement may be traversed (37 CFR 1.143) and

(ii) identification of the claims encompassing the elected species or grouping of
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patentably indistinct species, including any claims subsequently added. An
argument that a claim is allowable or that all claims are generic is considered
nonresponsive unless accompanied by an election.

The election may be made with or without traverse. To preserve a right to petition,
the election must be made with traverse. If the reply does not distinctly and specifically
point out supposed errors in the election of species requirement, the election shall be
treated as an election without traverse. Traversal must be presented at the time of election
in order to be considered timely. Failure to timely traverse the requirement will result in
the loss of right to petition under 37 CFR 1.144. If claims are added after the election,
applicant must indicate which of these claims are readable on the elected species or
grouping of patentably indistinct species.

Should applicant traverse on the ground that the species, or groupings of
patentably indistinct species from which election is required, are not patentably distinct,
applicant should submit evidence or identify such evidence now of record showing them
to be obvious variants or clearly admit on the record that this is the case. In either
instance, if the examiner finds one of the species unpatentable over the prior art, the
evidence or admission may be used in a rejection under 35 U.S.C. 103(a) of the other
species.

Upon the allowance of a generic claim, applicant will be entitled to consideration
of claims to additional species which depend from or otherwise require all the limitations

of an allowable generic claim as provided by 37 CFR 1.141.
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Advisory Information

Any inquiry concerning this communication or earlier communications from the
examiner should be directed to Ruixiang Li whose telephone number is (571) 272-0875.
The examiner can normally be reached on Monday through Friday from 8:30 am to 5:00
pm. If attempts to reach the examiner by telephone are unsuccessful, the examiner's
supervisor, Vanessa Ford, can be reached on (571) 272-0857. The fax number for the

organization where this application or proceeding is assigned is (571) 273-8300.

Information regarding the status of an application may be obtained from the Patent
Application Information Retrieval (PAIR) system. Status information for published
applications may be obtained from either Private PAIR or Public PAIR. Status information
for unpublished applications is available through Private PAIR only. For more information

about the PAIR system, see htip://pair-direct uspio.gov. Should you have questions on

access to the Private PAIR system, please contact the Electronic Business Center (EBC)

at the toll-free phone number 866-217-9197.

/RUIXIANG LI/
Primary Examiner, Art Unit 1646

November 11, 2020
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Atty. Dkt. No. 098065-0278

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

First Inventor Name: Atsuko SAITO

Title: ANTI-CDH6 ANTIBODY AND ANTI-CDH6 ANTIBODY-
DRUG CONJUGATE

Appl. No.: 17/010,162

Filing Date: 9/2/2020

Examiner: LI, RUIXIANG

Art Unit: 1646

Confirmation Number: 6661

RESPONSE TO RESTRICTION REQUIREMENT AND ELECTION OF SPECIES
REQUIREMENT

Mail Stop Amendment
Commissioner for Patents
P.O. Box 1450

Alexandria, VA 22313-1450
Commissioner:

In response to the Office Action dated November 17, 2020, Applicant states as follows:

Restriction Requirement. For the Restriction Requirement Applicant hereby elects Group

L, claims 1-20, drawn to an antibody-drug conjugate comprising an antibody specifically binding to

the amino acid sequence shown in SEQ ID NO: 4 and having internalization ability that permits

cellular uptake, or a functional fragment of the antibody, conjugated to a drug, for examination.

Applicant respectfully requests rejoinder, now or after indication of allowable subject
matter of the non-elected claims of Group II, claims 21-24, drawn to a method for treating a
tumor, which comprises administering any component selected from the antibody-drug conjugate

according to claim 1, a salt thereof, and a hydrate of the conjugate or the salt to an individual.

4851-8739-5796.1
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Applicants also reserve the right to file a divisional application(s) covering the subject

matter of the non-elected claims.

Election of Species Requirement. For the corresponding Election of Species

Requirement, Applicant chooses the following:

Species (i): linker (c¢), which is recited as the moiety in claims 4(c), 5(c) and 6(c)
and which is the linker of HO1L02-DXd;
Species (ii): Formula 4, which is recited in claim 8 and which contains the
structure of HO1L02-DXd;
Species (iii): that antibody that is recited in claims 9(1) and 10 and which is the
antibody in HO1L02-DXd; and
Species (iv): the type of cancer is renal cell carcinoma, which is recited in claims
20 and 23.

Also, Applicant identifies HO1L02-DXd as a moiety that contains Species (1), (ii) and (ii1) above.

Applicant further states that claims 1-3, 4 (i.e., 4(¢)), 5 (i.e,, 5(c)), 6 (i.e., 6(c)), 8,9 (i.e.,
9(1)), 10, 12-20, and 21-24 include these Species elections.

Further, the Office Action characterizes Species (i1) as a “drug species (Formula 3 and
Formula 4). To be clear, the difference between Formula 3 and Formula 4 is not the drug but the

linker. In fact, the drug in Formula 3 and in Formula 4 is the same.

3k ok s i sk sk sfe sk ok s ok sk sk skook Sk

Receipt of the initial Office Action on the merits is awaited.

The Commissioner is hereby authorized to charge any additional fees which may be
required regarding this application under 37 C.F.R. §§ 1.16-1.17, or credit any overpayment, to
Deposit Account No. 19-0741. Should no proper payment be enclosed herewith, as by the credit
card payment instructions in EFS-Web being incorrect or absent, resulting in a rejected or incorrect
credit card transaction, the Commissioner is authorized to charge the unpaid amount to Deposit

Account No. 19-0741. If any extensions of time are needed for timely acceptance of papers

4851-8739-5796.1
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submitted herewith, Applicant hereby petitions for such extension under 37 C.F.R. §1.136 and

authorizes payment of any such extension fees to Deposit Account No. 19-0741.

Respectfully submitted,

Date 2020-12-09 By /Michael D. Kaminski/
FOLEY & LARDNER LLP Michael D. Kaminski
Customer Number: 22428 Attorney for Applicant
Telephone:  (202) 672-5490 Registration No. 32,904

Facsimile: (202) 672-5399

4851-8739-5796.1
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This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810}, a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

PO. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

| APPLICATION NUMBER | FILING OR 371(C) DATE | FIRST NAMED APPLICANT | ATTY. DOCKET NO./TITLE |
17/010,162 09/02/2020 Atsuko SAITO 098065-0278
CONFIRMATION NO. 6661
22428 PUBLICATION NOTICE
FOLEY & LARDNER LLP
3000 K STREET N.W. IO A
SUITE 600 000000122093308

WASHINGTON, DC 20007-5109

Title:ANTI-CDH6 ANTIBODY AND ANTI-CDH6 ANTIBODY-DRUG CONJUGATE

Publication No.US-2020-0390900-A1
Publication Date:12/17/2020

NOTICE OF PUBLICATION OF APPLICATION

The above-identified application will be electronically published as a patent application publication pursuant to 37
CFR 1.211, et seq. The patent application publication number and publication date are set forth above.

The publication may be accessed through the USPTO's publically available Searchable Databases via the
Internet at www.uspto.gov. The direct link to access the publication is currently http://www.uspto.gov/patft/.

The publication process established by the Office does not provide for mailing a copy of the publication to
applicant. A copy of the publication may be obtained from the Office upon payment of the appropriate fee set
forth in 37 CFR 1.19(a)(1). Orders for copies of patent application publications are handled by the USPTO's
Public Records Division. The Public Records Division can be reached by telephone at (571) 272-3150 or (800)
972-6382, by facsimile at (571) 273-3250, by mail addressed to the United States Patent and Trademark Office,
Public Records Division, Alexandria, VA 22313-1450 or via the Internet.

In addition, information on the status of the application, including the mailing date of Office actions and

the dates of receipt of correspondence filed in the Office, may also be accessed via the Internet through

the Patent Electronic Business Center at www.uspto.gov using the public side of the Patent Application
Information and Retrieval (PAIR) system. The direct link to access this status information is currently
https://portal.uspto.gov/pair/PublicPair. Prior to publication, such status information is confidential and may only
be obtained by applicant using the private side of PAIR.

Further assistance in electronically accessing the publication, or about PAIR, is available by calling the Patent
Electronic Business Center at 1-866-217-9197.

Office of Data Managment, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101

page 1 of 1
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UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

| APPLICATION NO. | FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. |  CONFIRMATION NO. |
17/010,162 09/02/2020 Atsuko SAITO 098065-0278 6661
048 7590 1212412020 | YR |
FOLEY & LARDNER LLP
3000 K STREET N.W. LI RUIXIANG
SUITE 600
W ASHINGTON, DC 20007-5109 | ART UNIT | paper~UMBER |
1646
| NOTIFICATION DATE | DELIVERY MODE |
1212412020 ELECTRONIC

Please find below and/or attached an Office communication concerning this application or proceeding.
The time period for reply, if any, is set in the attached communication.

Notice of the Office communication was sent electronically on above-indicated "Notification Date" to the
following e-mail address(es):

ipdocketing @foley.com

PTOL-90A (Rev. 04/07)
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Office Action Summary Examiner ArtUnit | AIA (FITF) Status
RUIXIANG LI 1646 Yes

-- The MAILING DATE of this communication appears on the cover sheet with the corresponderice address --
Period for Reply

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 3 MONTHS FROM THE MAILING
DATE OF THIS COMMUNICATION.

Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed after SIX (6) MONTHS from the mailing
date of this communication.

- If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6} MONTHS from the mailing date of this communication.

- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133).
Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any earned patent term
adjustment. See 37 CFR 1.704(b).

Status
1) Responsive to communication(s) filed on 09 December 2020.
0 A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filedon
2a)(] This action is FINAL. 2b) ¥ This action is non-final.
3)(J An election was made by the applicant in response to a restriction requirement set forth during the interview
on ____;therestriction requirement and election have been incorporated into this action.

4)J Since this application is in condition for allowance except for formal matters, prosecution as to the merits is
closed in accordance with the practice under £x parre Quayte, 1935 C.D. 11, 453 O.G. 213.

Disposition of Claims*
5) Claim(s) 1-24 is/are pending in the application.
5a) Of the above claim(s) 7,11 and 21-24 is/are withdrawn from consideration.

6) (0 Claim(s) ____is/are allowed.

7) Claim(s) 1-6,8-10 and 12-20 is/are rejected.

8) [J Claim(s) ____is/are objected to.

9) [ Claim(s) are subject to restriction and/or election requirement

* If any claims have been determined allowable, you may be eligible to benefit from the Patent Prosecution Highway program at a
participating intellectual property office for the corresponding application. For more information, please see
http://www.uspto.gov/patents/init_events/pph/index.jsp or send an inquiry to PPHfeedback@uspto.gov.
Application Papers

10)(] The specification is objected to by the Examiner.

11)[ The drawing(s) filed on 02 September 2020 is/are: a)@ accepted or b)(] objected to by the Examiner.
Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).
Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121(d).

Priority under 35 U.S.C. § 119

12)[¥] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
Certified copies:

a)v All b)(J Some** ¢)(J None of the:
1.[J Certified copies of the priority documents have been received.
2.} Certified copies of the priority documents have been received in Application No. 16/613,203.

3.0 Copies of the certified copies of the priority documents have been received in this National Stage
application from the International Bureau (PCT Rule 17.2(a)).

** See the attached detailed Office action for a list of the certified copies not received.

Attachment(s)

1) [ Notice of References Cited (PTO-892) 3) [ Interview Summary (PTO-413)
. . Paper No(s)/Mail Date

2) Information Disclosure Statement(s) (PTO/SB/08a and/or PTO/SB/08b) 4) (] Other:

Paper No(s)/Mail Date 10/01/2020, 09/02/2020.

U.S. Patent and Trademark Office
PTOL-326 (Rev. 11-13) Office Action Summary Part of Paper No./Mail Date 20201217
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Notice of Pre-AlA or AlA Status
The present application, filed on or after March 16, 2013, is being examined under the first
inventor to file provisions of the AlA.
DETAILED ACTION
Restriction/Election
1. Applicant's election of Group | (claims 1-20) in the reply filed on 12/09/2020 is
acknowledged. In response to species election requirement, Applicant elected the
following species:
Species (i): linker (c), which is recited as the moiety in claims 4(c), 5(c) and 6(c)
and which is the linker of HO1L02-DXd;
Species (ii): Formula 4, which is recited in claim 8 and which contains the structure
of HO1L02-DXd;
Species (iii): that antibody that is recited in claims 9(1) and 10 and which is the
antibody in HO1L02-DXd; and
Species (iv): the type of cancer is renal cell carcinoma, which is recited in claims

20 and 23.

Because applicant did not distinctly and specifically point out the supposed
errors in the restriction requirement, the election has been treated as an election
without traverse (MPEP § 818.01(a)).

2. Claims 1-24 are pending. Claims 1-6, 8-10, and 12-20 are currently under
consideration. Claims 7, 11, and 21-24 are withdrawn from further consideration

pursuant to 37 CFR 1.142(b) as being drawn to a nonelected invention or species.
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Information Disclosure Statement
3. The information disclosure statement filed on 10/01/2020 and 09/02/2020 has been
considered in part by the Examiner and an initialed copy of the form PTO-1449 is

attached to the office action.

Drawings

4. The drawings filed on 09/02/2020 are accepted by the Examiner.

Objection to the Disclosure
5. The compound of Formula 1 on page 21 and the compound of formula 5 on page 105
deemed to be identical; yet they are numbered differently. Likewise, the compound
of Formula 2 on page 22 is the same as the compound of Formula 6 on page 110.

Each of Formula should be numbered by a unique number.

Claim Rejections— Nonstatutory Obviousness-Type Double Patenting

6. Basis for nonstatutory double patenting:

The nonstatutory double patenting rejection is based on a judicially created doctrine grounded in public
policy (a policy reflected in the statute) so as to prevent the unjustified or improper timewise extension
of the "right to exclude" granted by a patent and to prevent possible harassment by multiple assignees.
See In re Goodman, 11 F.3d 1046, 29 USPQ2d 2010 (Fed. Cir. 1993); In re Longi, 759 F.2d 887, 225
USPQ 645 (Fed. Cir. 1985); In re Van Ormum, 686 F.2d 937, 214 USPQ 761 (CCPA 1982); In re Vogel,
422 F.2d 438, 164 USPQ 619 (CCPA 1970);and, In re Thorington, 418 F.2d 528, 163 USPQ 644 (CCPA
1969).

A timely filed terminal disclaimer in compliance with 37 CFR 1.321(c) may be used to overcome an
actual or provisional rejection based on a nonstatutory double patenting ground provided the conflicting
application or patent is shown to be commonly owned with this application. See 37 CFR 1.130(b).

Effective January 1, 1994, a registered attorney or agent of record may sign a terminal disclaimer. A
terminal disclaimer signed by the assignee must fully comply with 37 CFR 3.73(b).
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7. Claims 1-6, 8, and 12-20 are rejected on the ground of nonstatutory obviousness-type
double patenting as being unpatentable over claims 1-47 of US Patent No. 9,872,924
B2, claims 1-14 of US Patent No. 9,850,312 B2, claims 1-18 of US Patent No.
9,808,537 B2, claims 1-35 of US Patent No. 10,195,288 B2, or claims 1-8 of US Patent
No. 10,155,821 B2 in view of WO 2016/024195 A1 (Publication Date: 18 February
2016).

An obvious-type double patenting rejection is appropriate where the conflicting
claims are not identical, but an examined application claim is not patentably distinct
from the reference claims because the examined claim is either anticipated by, or
would have been obvious over, the reference claims. See, e.g., In re Berg,
140F.3d1428, 46 USPQ2d 1226 (Fed. Cir.1998); In re Goodman, 11 F.3d 1046, 29
USPQ2d 2010 (Fed. Cir. 1993); In re Longi, 759 F.2d 887, 225 USPQ 645 (Fed. Cir.
1985).

Claims 1-47 of US Patent No. 9,872,924 B2, claims 1-14 of US Patent No.
9,850,312 B2, claims 1-18 of US Patent No. 9,808,537 B2, claims 1-35 of US Patent
No. 10,195,288 B2, or claims 1-8 of US Patent No. 10,155,821 B2 teaches an antibody
drug conjugate comprising exatecan and all the limitations of claims 1-6, 8, and 12-18
(see, e.g., Abstract; Figs. 1-2; Schemes 1-2; Table 1) except an anti-CDH6 antibody
that specifically binds to the amino acid sequence of SEQ ID NO: 4.

WO 2016/024195 A1 teaches an anti-CDH6 antibody drug conjugate (see, €.g.,
Abstract). The anti-CDH6 antibody binds specifically to the extracellular domain of
human CDH6 (Table 1 on page 97), which comprise the amino acid sequence of SEQ

ID NO: 4 of the present application (see sequence alignment below). In particular, WO



OnCusp

10204 of 10951 Ex. 1038
Application/Control Number: 17/010,162 Page 5
Art Unit: 1646

2016/024195 A1 teaches an anti-CDH6 antibody, NOV0719, which binds to the
epitope of FKTPESSPPGTPIGRIKASDADVGENAE (SEQ ID NO: 342). The epitope
bound by NOV0719 falls within the amino acid sequence of SEQ ID NO: 4 and
corresponds to amino acid residues 7-34 of SEQ ID NO: 4 of the present application.
WO 2016/024195 A1 also teaches expression of CDH6 in renal cell carcinoma and
ovarian cancer (page 2, paragraph [0004]). WO 2016/024195 A1 further teaches that
an antibody drug conjugate can be used for the delivery of cytotoxic agent for cancer
therapy (page 2, paragraph [0005]).

It would have been obvious for one skilled in the art to make an antibody drug
conjugate comprising exatecan and an anti-CDH6 antibody taught by WO
2016/024195 A1 with a reasonable expectation of success. One would have been
motivated to do so because such an antibody drug conjugate can be used in the
delivery of exatecan-based cytotoxic payloads for therapy of CDH6 expressing cancer,

such as renal cell carcinoma and ovarian cancer as taught WO 2016/024195 A1 above.

Claim Rejections—35 USC § 112 (a)

8. The following is a quotation of the first paragraph of 35 U.S.C. 112:

The specification shall contain a written description of the invention, and of the manner and process of
making and using it, in such full, clear, concise, and exact terms as to enable any person skilled in the
art to which it pertains, or with which it is most nearly connected, to make and use the same and shall
set forth the best mode contemplated by the inventor of carrying out his invention.

9. Claims 1-6, 8-10, and 12-20 are rejected under 35 U.S.C. 112(a), as failing to comply
with the written description requirement. The claim(s) contains subject matter which

was not described in the specification in such a way as to reasonably convey to one
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skilled in the relevant art that the inventor or a joint inventor at the time the application
was filed, had possession of the claimed invention.

To satisfy the written description requirement, a patent specification must
describe the claimed invention in sufficient detail that one skilled in the art can
reasonably conclude that the inventor had possession of the claimed invention. See,
e.g., Moba, B.V. v. Diamond Automation, Inc., 325 F.3d 1306, 1319, 66 USPQ2d 1429,
1438 (Fed. Cir. 2003); Vas-Cath, Inc. v. Mahurkar, 935 F.2d at 1563, 19 USPQ2d at
1116. To provide adequate written description and evidence of possession of a claimed
genus, the specification must provide sufficient distinguishing identifying
characteristics of the genus. The factors to be considered include disclosure of
complete or partial structure, physical and/or chemical properties, functional
characteristics, structure/function correlation, methods of making the claimed product,
or any combination thereof.

Claim 1 is drawn to an antibody-drug conjugate comprising an antibody
specifically binding to the amino acid sequence shown in SEQ ID NO: 4 and having
internalization ability that permits cellular uptake, or a functional fragment of the
antibody, conjugated to a drug. The claims do not require that the antibody or the drug
possess any particular conserved structure nor other disclosed distinguishing feature.
Claims 2-6, 8-10, and 12-20 depend from claim 1. The claims encompass a huge
genus of antibody-drug conjugates without a structural limitation for the antibody and/or
the drug. The specification discloses a number of monoclonal antibodies that
specifically binds to the amino acid sequence of SEQ ID NO: 4 (see, for example,

beginning at page 8; Table 1 on page 77). The specification disclose an antitumor
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compound of Formula 1 (page 21) and a number of other drugs (page 106, paragraph
[0144]). Each of antibodies comprises a particular pair of a heavy chain and a light
chain. It is known in the art that antibodies that bind to an epitope might have entirely
different structures. Thus, the instant disclosure does not adequately support the huge
genus of the anti-CDH6 antibodies that specifically bind to the amino acid sequence of
SEQ ID NO: 4, the genus of drugs/anti-tumor compounds, and the antibody drug
conjugates comprising the anti-CDH6 antibodies and drugs/anti-tumor compounds.

Vas-Cath Inc. v Mahurkar, 19 USPQ2d 1111 (Fed. Cir.1991), clearly states that
“applicant must convey with reasonable clarity to those skilled in the art that, as of the
filing date sought, he or she was in possession of the invention. The invention is, for
purpose of the ‘written description’ inquiry, whatever is now claimed.” (See page 1117).
The specification does not “clearly allow persons of ordinary skill in the art to recognize
that [he or she] invented what is claimed.” (See Vas-Cath at page 1116). Adequate
written description requires more than a mere statement that it is part of the invention
are reference to a potential method of isolating it. The compound itself is required. See
Fiers v. Revel, 25 USPQ2d 1601 at 1606 (CAFC 1993) and Amgen Inc. v Chugai
Pharmaceutical Co. Ltd., 18 USPQ2d 1016 (Fed. Cir.1991).

An adequate written description of a chemical invention “requires a precise
definition, such as by structure, formula, chemical name, or physical properties."
University of Rochester v. G.D. Searle & Co., Inc., 358 F.3d 916, 927 (Fed. Cir.2004);
Regents of the Univ. of Cal. V. Eli Lilly & Co., Inc., 119 F.3d 1559, 1556 (Fed. Cir.1997);
Fiers v. Revel, 984F.2d 1164, 1171 (Fed. Cir.1993). “A description of what a material

does, rather than of what it is, usually does not suffice.” Rochester, 358F.3d at 923; Eli
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Lilly, 119 F.3d at 1568. In addition, possession of a genus “may be achieved by means
of a recitation of a representative number of [compounds]...falling within the scope of
the genus.” Eli Lilly, 119 F.3d at 1569. Possession may not be shown by merely
describing how to obtain possession of members of the claimed genus. See Rochester,
358 f. 3d at 927.

Due to the breadth of the genus of the antibody drug conjugates and lack of the
definitive structural features of the genus, one skilled in the art would not recognize
from the disclosure that Applicant was in possession of the genus of antibody drug

conjugates.

Claim Rejections under 35 USC § 103(a)
10. The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all

obviousness rejections set forth in this Office action:

(a) A patent may not be obtained though the invention is not identically disclosed or described as set
forth in section 102 of this title, if the differences between the subject matter sought to be patented and
the prior art are such that the subject matter as a whole would have been obvious at the time the
invention was made to a person having ordinary skill in the art to which said subject matter pertains.
Patentability shall not be negatived by the manner in which the invention was made.

11. Claims 1-6, 8, and 12-20 are rejected under 35 U.S.C. 103(a) as being unpatentable

over either Nakada et al. (Bioorganic & Medicinal Chemistry Letters, Volume 26, Issue

6, 15 March 2016, Pages 1542-1545) or US 2015/0352224 A1 (Pub. Date: Dec. 10,
2015) in view of WO 2016/024195 A1 (Publication Date: 18 February 2016).

Nakada et al. teach an antibody drug conjugate comprising exatecan and all the

limitations of claims 1-6, 8, and 12-18 (see, e.g., Abstract; Figs. 1-2; Schemes 1-2;

Table 1) except an anti-CDH6 antibody that specifically binds to the amino acid

sequence of SEQ ID NO: 4. Nakada et al. teach that an antibody drug conjugate is
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one of the most successful and important strategies for treating patients with
haematological malignancies and solid tumors (page 1542, beginning the article).

US 2015/0352224 A1 teaches an antibody drug conjugate comprising exatecan
and all the limitations of claims 1-6, 8, and 12-18 (see, e.g., claims 1-52; figure on top
of page 121) except an anti-CDH6 antibody that specifically binds to the amino acid
sequence of SEQ ID NO: 4. US 2015/0352224 A1 teaches that an antibody drug
conjugate can be used for the delivery of an antitumor compound for (page 2, right
column, paragraph [0025]; claim 49).

WO 2016/024195 A1 teaches an anti-CDH6 antibody drug conjugate (see, €.g.,
Abstract). The anti-CDH6 antibody binds specifically to the extracellular domain of
human CDH6 (Table 1 on page 97), which comprise the amino acid sequence of SEQ
ID NO: 4 of the present application (see sequence alignment below). In particular, WO
2016/024195 A1 teaches an anti-CDH6 antibody, NOV0719, which binds to the
epitope of FKTPESSPPGTPIGRIKASDADVGENAE (SEQ ID NO: 342). The epitope
bound by NOV0719 falls within the amino acid sequence of SEQ ID NO: 4 and
corresponds to amino acid residues 7-34 of SEQ ID NO: 4 of the present application.
WO 2016/024195 A1 also teaches expression of CDH6 in renal cell carcinoma and
ovarian cancer (page 2, paragraph [0004]). WO 2016/024195 A1 further teaches that
an antibody drug conjugate can be used for the delivery of cytotoxic agent for cancer

therapy (page 2, paragraph [0005]).
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It would have been obvious for one skilled in the art to make an antibody drug

conjugate comprising exatecan and an anti-CDH6 antibody taught by WO
motivated to do so because such an antibody drug conjugate can be used in the

delivery of exatecan-based cytotoxic payloads for therapy of CDH6 expressing cancer,
such as renal cell carcinoma and ovarian cancer as taught by WO 2016/024195 A1

2016/024195 A1 with a reasonable expectation of success. One would have been

above.
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12. No claims are allowed.
Advisory Information

Any inquiry concerning this communication or earlier communications from the
examiner should be directed to Ruixiang Li whose telephone number is (571) 272-0875.
The examiner can normally be reached on Monday through Friday from 8:30 am to 5:00
pm. If attempts to reach the examiner by telephone are unsuccessful, the examiner's
supervisor, Vanessa Ford, can be reached on (571) 272-0857. The fax number for the

organization where this application or proceeding is assigned is (571) 273-8300.

Information regarding the status of an application may be obtained from the Patent
Application Information Retrieval (PAIR) system. Status information for published
applications may be obtained from either Private PAIR or Public PAIR. Status information
for unpublished applications is available through Private PAIR only. For more information

about the PAIR system, see hitip:/pair-direct yspio.gey. Should you have questions on

access to the Private PAIR system, please contact the Electronic Business Center (EBC)

at the toll-free phone number 866-217-9197.

/RUIXIANG LI/
Primary Examiner, Art Unit 1646
December 20, 2020
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Structure Search--17/010,162, claims 3 and 7
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Ruixiang Li
GAU 1646
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Li, Ruixiang

From: Li, Ruixiang

Sent: Tuesday, December 15, 2020 11:04 AM

To: STIC-EIC1600/2900

Subject: Sequence search of Application No. 17/010,162

Please do a standard search on:

(). SEQ ID NO: 4 against amino acid databases;

(ii). amino acids 21-233 of SEQ ID NO: 61 against amino acid databases;
(iif). amino acids 21-233 of SEQ ID NO: 65 against amino acid databases;
(iv). amino acids 20-471 of SEQ ID NO: 69 against amino acid databases;
(v). amino acids 20-471 of SEQ ID NO: 73 against amino acid databases;

(vi). amino acids 20-471 of SEQ ID NO: 77 against amino acid databases.

Thank you very much!

Ruixiang Li
GAU 1646

(571) 272-0875
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B116 | WO-03/043583-A2 05-30-2003 SEATTLE GENETICS INC abs
B117 | WO-2005/112919-A2 12-01-2005 MEDAREX INC abs
B118 | WO-2006/065533-A2 06-22-2006 SEATTLE GENETICS INC abs
B119 | WO-2006/092230-A2 09-08-2006 KTB TUMORFORSCHUNGS abs
GMBH
B120 | WO-2007/077028-A2 07-12-2007 U3 PHARMA AG ET AL. abs
B121 | WO-2008/100624-A2 08-21-2008 MERRIMACK abs
PHARMACEUTICALS, INC.
B122 | WO-2008/116219-A2 09-25-2008 SLOAN KETTERING INST abs
CANCER
B123 | WO-2008/144891-A1 12-04-2008 ARIUS RESEARCH INC abs
B124 | WO-2011/011474-A1 01-27-2011 ENZON PHARMACEUTICALS abs
INC
B125 | WO-2011/021397-A1 02-24-2011 UNIV CHIBA NAT UNIV abs
CORP ET AL.
B126 | WO-2011/068845-A1 06-09-2011 IMMUNOMEDICS INC abs
B127 | WO-2011/145744-A1 11-24-2011 LIVTECH INC abs
B128 | WO-2011/155579-A1 12-15-2011 SAPPORO MEDICAL abs
UNIVERSITY ET AL.
B129 | WO-2012/019024-A2 02-09-2012 IMMUNOGEN INC ET AL. abs
B130 | WO-2012/064733-A2 05-18-2012 MEDIMMUNE LLC ET AL. abs
B131 | WO-2013/068946-A2 05-16-2013 RINAT NEUROSCIENCE abs
CORP
B132 | WO-2013/077458-A1 05-30-2013 LIVTECH INC abs
B133 | WO-2013/163229-A1 10-31-2013 SEATTLE GENETICS INC abs
B134 | WO-2013/188740-A1 12-19-2013 AMBRX INC abs
B135 | WO-2014/061277-A1 04-24-2014 DAIICHI SANKYO COMPANY, abs
LIMITED
B136 | WO-2014/107024-A1 07-10-2014 CELLTRION abs
B137 | WO-2015/155998-A1 10-15-2015 DAIICHI SANKYO COMPANY abs
LIMITED
B138 | WO-97/46260-A1 12-11-1997 DAIICHI PHARMACEUTICAL abs
CO., LTD.
NON PATENT LITERATURE DOCUMENTS
Exami cit Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the
o Nlﬁ item (book, magazine, journal, serial, symposium, catalog, etc.) date, page(s), volume-issue T
' number(s), publisher, city and/or country where published.
B139 | ACCHIONE ET AL, Impact of linker and conjugation chemistry on antigen binding, Fc receptor
binding and thermal stability of model antibody-drug conjugates, mAbs, 2012, pgs. 362-372 - (12
pages)
B140 | ADAMS ET AL., “Humanization of a recombinant monoclonal antibody to produce a therapeutic HER
dimerization inhibitor, pertuzumab,” Cancer Immunol. Immunother. 55:717-727 (2006).
B141 ALIMANDI ET AL., “Cooperative signaling of ErbB3 and ErbB2 in neoplastic transformation and
human mammary carcinomas,” Oncogene 10:1813-1821 (1995)- 9 PAGES.

St
ignatu Considered

4824-1023-5853.1

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /R.L/



OnCusp

10227 of 10951 pToKE08 Badified

f Substitute for form 1449/PTO Complete if Known

INFORMATION DISCLOSURE Application Number 17/010162

STATEMENT BY APPLICANT Filing Date 9/2/2020

. . First Named Inventor Atsuko SAITO
Date Submitted: September 30, 2020 A Unit 1600
(use as many sheels as necessary) Examiner Name LUCAS, ZACHARIAH

@eet 5 of 12 Attorney Docket Number 098065-0278 J

NON PATENT LITERATURE DOCUMENTS

Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the
item (book, magazine, journal, serial, symposium, catalog, etc.) date, page(s), volume-issue T®
number(s), publisher, city and/or country where published.

Examiner Cite
Initials* No."

ALLEY ET AL., “Antibody-drug conjugates: targeted drug delivery for cancer,” Current Opinion in

B142 Chemical Biology 14:529-537 (2010)- 9 PAGES.

B143 | Allowance dated July 4, 2017, in Japanese Patent Application No. 2016-117096.

B144 | Allowance issued in connection with Taiwanese Patent Application No. 104103127 dated April 11,
2018.

B145 | Australian Intellectual Property Office, “Examination Report No. 2 for Standard Patent Application,”
Australian Patent Application No. 2014371934, dated September 13, 2019.

B146 | BARGINEAR ET AL., “Trastuzumab-DM1: A Review of the Novel Immuno-Conjugate for HER2-
Overexpressing Breast Cancer,” The Open Breast Cancer Journal 1:25-30 (2009).

B147 | BAROK ET AL, Trastuzumab-DM1 is highly effective in preclinical models of HER2-positive gastric
cancer, Cancer Letters, 2011, Vol.306, No.2, pgs. 172-179 (9 pages)
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