WO 2012/080926 PCT/IB2011/053593

Also provided are antibodies that bind to Notch1 having a light chain variabl
region amino acid sequence that is at least S0% identical to SEQ ID NO: 97. Further
provided are antibodies that bind to Notch1 having a light chain variable regig
amino acid sequence as set forth in SEQ ID NO: §7.

5 Also provided are antibodies that bind to Notch1 having a heavy ghain amino
acid sequence that is at least 90% identical to SEQ 1D NO: 111. Fugther provided
are antibodies that bind to Notch1 having a heavy chain amino acid sequence as set
forth in SEQ ID NO: 111.

Also provided are antibodies having a light chain aminé acid sequence that is

10 atleast 90% identical to SEQ ID NO: 113. Further providgdl are antibodies having a
light chain amino acid sequence as set forth in SEQ IDANO: 113.

In a further embodiment, the invention provide$ for antibodies that bind to
Notch1, having a heavy chain variable region amifo acid sequence that is at least
90% identical to SEQ ID NO: 71; and a light chain variable amino acid sequence that

15 is at least 90% identical to SEQ ID NO: 97. Further provided are antibodies that
bind to Notch1 having a heavy chain varigble region amino acid sequence as forth in
SEQ ID NO: 71; and a light chain varighle region amino acid sequence as set forth
in SEQ ID NO: 97.

In a further embodiment, tfe invention provides for antibodies that bind to

20  Notch1, having a heavy chain Amino acid sequence that is at least 90% identical to
SEQ ID NQO: 111; and a light chain amino acid sequence that is at least 90%
identical to SEQ ID NO: ¥13. Further provided are antibodies that bind to Notch1
having a heavy chain Zmino acid sequence as set forth in SEQ ID NO: 111, and a
light chain amino agld sequence as set forth in SEQ ID NO: 113.

25 In a furthef embodiment, the invention provides for antibodies, that bind to
human Notch#, wherein the antibodies bind an epitope having at least 8 amino acid
residues sgfected from Asn 1461, Lys 1462, Val 1463, Cys 1464, Leu 1466, Leu
1580, Tyf 1621, Gly 1622, Met 1670, Asp 1671, Val 1672, Arg 1673, Leu 1707, Ala
1708/Leu 1710, Leu 1711, Leu 1712, Leu 1713, Leu 1716 and Leu 1718.

30 In ancther embodiment, the present invention provides for antibodies that

ind to Notch1, having a heavy chain variable region having a CDR1 region, a CDR2

region, and a CDR3 region from the heavy chain variable region comprising SEQ 1D

NO: 115.
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products were cloned into TOPO-Blunt cloning vector (Invitrogen) and sequenced b

conventional methods.

Variable (V) region cDNAs from parental rat 438 and parental rat 351

(hereinafter “rat 438" and “rat 351", respectively) were subcloned into mampialian

expression vectors wherein rat Variable Heavy chain (VH) were fused in frame with

murine IgG1 (mlgG1), and rat Variable Light chain (VL) were fused wi

Similarly, for the generation of chimeric antibodies with rat V regio

murine kappa.
nd human IgG

constant region, rat VH was fused in frame with human 19gG1 (hlgG1), and VL with

human kappa, respectively. Corresponding chimeric antibodi

were generated from

these constructs by transient transfection in COS cells andheir binding and neutralizing

activities were confirmed in assays.

Purified rat variable-mouse constant chimeric

tibodies (hereinafter “rat 438-

mlgG1” and “rat 351-mlG1") were further charactepdzed in a series of in vitro and in vivo

assays, including recombinant antigen and cell gurface target binding, inhibition of

Notch1 activity in the RGA and angiogenesis/Assays, and tumor growth inhibition in

mouse models, as described in the Exampfes below. The lead antibodies, rat 438 and

rat 351 were selected based on these

dies. Table 2 lists the amino acid and nucleic

acid sequences of various regions offat 438 and rat 351's variable regions and
additional clones 90, 132, 132 (A12/G11) and 137.

Table 2: Rat variable region/Sequences

SEQID

NO:
13 | 438 Heavy CHain Variable Region AVQLVESGGGLYQPGRSLKLSCTASGFTFS
amino acid equence SFAMAWVRQAPTKGLEWVASISYGGADTY
YRDSVKGRFTISRDNAKSSLYLQMDSLRSE
DTSTYYCAKDLPYYGYTPFVMDAWGQGTS
VTV3S
14 | 438/MHeavy Chain Variable Region GCGGTACAGTTGGTGGAGTCTCGGGGAG

nytleotide sequence

GCTTAGTGCAGCCTGGAAGGTCCTTGAAA
CTCTCCTGTACAGCCTCTGGATTCACTTT
CAGTAGCTTTGCAATGGCCTGGGTCCGC
CAGGCTCCAACGAAGGGGCTGGAGTGGE
TCGCATCCATTAGTTATGGTGGTGCTGAC
ACTTACTATCGAGACTCCGTGAAGGGCC
GATTCACTATCTCCAGAGATAATGCAAAA
AGCAGCCTATATTTGCAAATGGACAGTCT
GAGGTCTGAGGACACGTCCACTTATTACT
GTGCAAAAGACCTTCCATACTACGGATAT
ACCCCCTTIGTTATGGATGCCTGGGGTCA
GGGAACTTCAGTCACTGTCTCCTCA
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back mutations in the human acceptor framework to rat 438 and rat 351 residues aythe
corresponding positions to optimize the activity and binding epitope.

Table 5: Back mutations in VH and VL of humanized 438 and humanized

438 VH /
Variant 1.0 1.1
VH back ’
mutation none R94K /
/
438 VL
Variant 1.0 1.1 1.3 1.4 1.5 1.6 /1.? 1.8 1.9
4 Q3M
M4L M4L
VL back L46Y M, M4L L46V L4BV
mutation none Y49K M4L LA6Y Y49K ABV Y49K Y48K Y49K
/
351 VH
Variant 1.0 //
VH back /
mutation none
/
351 VL
Variant 1.0 1.1 1.2 1.3 1.4 1.5 1.6 1.7
M4L
VL back L4Bv M4L ML LAGY
mutation none Y49K M4L &l Y49K L46| Y49K Y49K
Example 3

Characterization of Anti-Ngich1 Inhibitory Antibodies

A. Expression and Bifding to Notch1

Relative expression yields of humanized 438 and humanized 351 variants were
tested in a trangient expression assay in COS cells. As shown in Table 6, a number of
humanized #38 variants, including humanized 438 VH1.1/VL1.8, and a number of
humanized 351 wvariants, including humanized 351 VH1.0/VL1.1, demonstrated

significdnt yields of more than 30pg/ml.

TAble 6. Relative expression yields in conditioned media of humanized 438 variants
nd humanized 351 variants in tfransient expression in COS cells.

438 VH1.0 VH1.0/ VH1.0/ VH1.0f VH1.0/ VH1.0f VH1.0/ VH1.0/
Variant VLT3 VL1.4 VL1.5 VL1.6 VL1.7 VL1.8 VL1.9 VL1.10

438 Yield
(ug/ml} 41.51 41.83 85.73 35.11 36.24 40.08 51.9 62.58
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438 VH1.0/1 | VH1AN | VHIWNY | VHIAN | VH1AN | VHIANV | VHIAN | VHAN
Variant 1 L1.3 L1.4 L1.5 L1.6 L1.7 L1.8 L1/
438 Yield /
{pg/mh) 45.86 23.2 4947 65.93 47.72 31.95 66.656 f14.12
/

438 VH1.AN | VH1AN
Variant L1.10 L1.11
438 Yield
{ug/ml) 36.7 37.54

/
351 VH1.0/ VH1.0/ VH1.0/ VHA1.0f VH1.0/ VH1.0/ VH1.0f VH1.0/
Variant VL1.0 VL1.1 VL1.2 V0L1.3 V0.4 VL1.5 VL1.6 VL7
351 Yield /
(ug/ml) 33.5 26.66 24.52 251 35.20 28425 28.93 33.54

Total expression levels of 19Gs in conditioned megia were measured by

quantitative IgG ELISA, as described in Example 2. Tdble 7 shows EC50 (nM) values

calculated from cell surface Noteh1 binding ELISAs/for humanized 438 variants and rat

438, along with humanized 351 variants and rat 851.

The data demonstrates that multiple v

iants of humanized 438, including

humanized 438 VH1.1/VL1.8, are similar tg'rat 438 in binding to full-length human

Notch1 expressed on the cell surface of,
both humanized 438 VH1.1/VL1.8 a

reactivity to mouse Notch1 expresged on the cell surface of U-2 OS cells.
The data further demonsifates that humanized 351 VH1.0/VL1.1 and

VH1.1/VL1.4, are similartor

the cell surface of U-2 OSLells. Table 7 further shows that humanized 351

VH1.0/VL1.1 and VH1.

expressed on the celf'surface of U-2 OS cells.

-2 O8 cells. Furthermore, Table 7 shows that
VH1.1/VL.1.3 fully retained rat 438’s cross-

351 in binding to full-length human Noich1 expressed on

L1.4 fully retained rat 351’s cross-reactivity to mouse Notch1

Table 7. EC504nM) values of cell surface Notch1 binding ELISAs for humanized 438

variants and rat 438, along with humanized 351 variants and rat 351.

69

EC50 (nM) /
Antibody |/ VH1.0/ VH1.1/ VH1.1/ VH1.1/ VH1.1/ VH1.1/ VH1.1/f
Rat 438 | VL1.1 VL1.0 VL0L1.1 VL1.3 VL1.5 V0L1.8 VL1.9
Humgn
No#h1 0.2132 0.305 0.2956 0.1773 0.1516 0.2189 0.2025 0.1776
ouse
/zlf)tcm 0.1725 0.2287 0.1437 0.1291 0.09337 0.1457 0.1489 (0.1374
EL50 (nM)
| Antibody \VHA1.0f VH1.0/
Rat 351 | VL1.1 VL1.4
Human
Notch1 0.10 0.15 0.10
Mouse
Notch1 0.07 0.08 0.07
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closest homologues of the Notch1 NRR region are Notch2 and Notch3 (~50%
homology), and Notch4 is a more distant homologue (34% homology).
Crossreactivity of anti-Notch1 antibodies to other members of the Notch family,
especially Notch2, may lead to undesired effects in patients. Therefore, the potential

5 crossreactivity of rat 438 and humanized 438, along with rat 351 and humgdized 351
antibodies to other Notch family members were assessed.

Expression constructs encoding human Notch2 and Notch3 NRR regions,
fused with human IgG1 Fe fragment were stably introduced into CHO-PACE cells.
Conditioned media from these cells expressing NRR-Fc fusions ywere collected.

10  Human Notch2 NRR-F¢ and human and mouse Notch3 NRR-Fc were purified by
protein A affinity followed by size exclusion chromatography’(SEC). Purified
preparations were dialysed into TBS with 1mM CaCl; and analyzed on analytical
SEC to be >98% in purity.

As shown in Table 10, rat 438 lacked detectable binding to human Notch2

15  NRR-Fc fusion protein. Further shown in Table ), humanized 438 variants lacked
detectable binding to full-length human Notch$ expressed on U-2 OS cell surface,
demonstrating that 438 did not cross-react With Notch3.

Table 10. Binding of rat-mlgG1 and hymanized 438 variants to Notch2 NRR-Fc and
20  Notch3 U-2 O8S cells {N/B representg’non-binding).

Binding to Notch2 NRR-Fy Binding to Notch3 U2-0S cells
Rat 438-migG1 / N/B Rat438-migG N/B
/]

Humanized 438 VH1.0/V1.V/ N/B A2 N/B
Humanized 438VH1.1/VLY0 N/B
Humanized 438VH1.1/AV¥1.3 N/B
Humanized 438VH1.1¥L1.5 N/B
Humanized 438VH1 A/VL1.8 N/B
Humanized 438VHH1.1/VL1.9 N/B
y N/B

As spiown in Table 11, humanized 351 VH1.0/VL1.1 lacked detectable
binding i@ human Notch2 NRR-Fc fusion protein, and to both human and mouse
Notchgd NRR-F¢ fusion proteins. However, humanized 351 VH1.0/VL1.1 cross-

25 reagted with human, mouse and cyno-Notch1 NRR.
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The data shows that rat 438 and A2 bind overlapping but distinct surfaces
within the Notch1 NRR. Both epitopes include the central HD domain. Rat 438 And
AZ interact with LNR-A, however rat 438 interacts with a larger surface. Onlysat 438
interacts with the S1 loop region and only A2 interacts with LNR-B. More
5 specifically, the data shows that rat 438 binds o human Notch1 NRR reéidues Asn
1461, Lys 1462, Val 1463, Cys 1464, Leu 1466, Leu 1580, Tyr 1621, Gly 1622, Met
1670, Asp 1671, Val 1672, Arg 1673, Leu 1707, Ala 1708, Leu 1730, Leu 1711, Leu
1712, Leu 1713, Leu 1716 and Leu 1718.
The data also shows that rat 351 and A2 bind overlapging but distinct
10 surfaces within the Notch1 NRR. In particular, only rat 35f interacts with the S1 loop
region and only A2 interacts with LNR-B. Rat 351 and A2 both interact with LNR-A,
however rat 351 interacts with a distinct subset of LIWR-A amino acids. More
specifically, the data shows that rat 357 binds to {He human Notch1 NRR residues
Asp 1458, Asn 1461, Val 1463, Cys 1464, Leu/466, Leu 1580, Met 1581, Pro 1582,
15 Tyr 1621, Gly 1622, Arg 1623, Asp 1671, Val 1672, Arg 1673, Gly 1674, Leu 1710,
Gly 1711, Ser 1712, Leu 1713, Asn 1714/lle 1715, Pro 1716, Lys 1718.
The x-ray crystal structure of ra¥438 and rat 351 residues binding to Notch1
NRR were further analyzed using thé program PISA. The data shows that rat 438
formed strong electrostatic intergétions (salt bridges) with the residues Lys1718 and
20 Arg1673. Notch1 NRR residugs that formed hydrogen bonds with the rat 438
antibody were Asn1461, Asp1671, Arg1673, Leu1713, Lys1718, Cys1464, Ala1708,
and Ser1712. The Notc1 NRR residues that contribute more than 40 Angstrom? of
buried surface area ugon formation of the complex with rat 438 antibody were
Arg1673, Val1463,Lys1462, Gly1622, Asp1671 from the interaction with the heavy
25 chain, and Leu1466, Lys1718, Gly1711, Cys1464, Pro1716, and Val1463 from the
interaction with the light chain. Of the residues identified, rat 438 binds to human
Notch1 NRR at least at residues Asn1461, Val1463, Lys1462, Asp1671, Arg1673,

The data shows that rat 351 forms strong electrostatic interactions (salt
30 brifiges) with residues Asp1458 and Arg1673. Notch1 NRR residues that formed
ydrogen bonds with the rat 351 antibody were Asp1458, Val1463, Cys1464,
Ser1465, Tyr1621, Asp1671, Val1672, Arg1673, Gly1711, Ser1712, Leu1713, and
Asn1714. The Notch1 NRR residues that contribute more than 40 Angstrom? of
buried surface area upon formation of the complex with rat 351 were Val1463,
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cells with a leucine to proline mutation at amino acid 1594 (L1594P), MOLT-4 cells
with a leucine to proline mutation at amino acid 1601 (L1601P) and DND-41 cell
with compound class 1 mutations of leucine 1o proline at amino acid position 1594
and aspartic acid to valine at amino acid position 1610 (L1594P/ D1610V). /The

5 CCRF-CEM cell line harbors a class 2 mutation and possesses a 12 amjfio acid
insertion at position 1595. The Jurkat cell line harbors a class 3 JEM utation that
inserts 17 amino acids at position 1740.

1'°P release was examined bf Western blot

Notch1 activation and Notch
analysis of protein extracts generated from the T-ALL cell ling$ treated with
10  increasing concentrations of rat 438-migG1, humanized 428 VH1.1/VH1.8, rat 351-
mlgG1 or A2 antibodies, and control anti-E.tenella antibédy. Released Notcht'®P
molecules initiating at a Valine residue are specifically detected with D3B8 antibody
(anti-Notch 1'°Py,
The T-ALL cell lines HPB-ALL, ALL-SIL CCRF-CEM, MOLT-4, DND-41 and
156 Jurkat cells were used instead of CCD10763K fibroblasts as described above.
Since T-ALL cells possess constitutively réleased Notch1'°C, no exogenous DLL4
ligand was required. Suspension culiyres of 2x10E6 T-ALL cells were mixed with 0,
0.001, 0.01, 0.1, 1 and 10 pg/ml of rdt 438-migG1, humanized 438 VH1.1/VH1.8, rat
351-mlgG1 or A2 antibodies, ang/control anti-E.tenella antibody in RPMI 1640
20 medium containing 10% FBS, Pen/Strep/Glutamine. Cells were incubated with the
antibodies for 24 hours at 37°C in 5% CQO;. Cells were harvested by centrifugation
and medium was removefl by aspiration. Cell pellets were lysed in 1% NP40, 0.5%
sodium deoxycholate,/A mM EDTA, 0.25 M NaCl, 0.025 M Tris-HCI, pH 7.5,
containing Complelé Mini Protease inhibitor cocktail (Roche). Extracts were
25 resolved by SDSCPAGE on a 7.5% polyacrylamide gel and transferred to
nitrocellulose paper using an iBlot Gel transfer system (Invitrogen). The released
Notch1'°P olecules initiating at a Valine residue are detected with anti-Notch1'°P
and, as A4 loading control, anti-beta-actin using standard western blot procedures.
Densitometric analysis was performed on films that were scanned with a BioRad
30 GZ-800 Calibrated Densitometer and analyzed with Quantity One version 4.6.9
oftware (BioRad). Notch1'°P levels were normalized to beta-actin in each sample
and then compared to the untreated control.
As shown in FIG. 19, treatment of HBP-ALL cells with increasing
concentrations of rat 438-mIgG1 and humanized 438 VH1.1/VL1.8 significantly
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Table 28. Average mouse body weights (minus tumor weights) in 87393A1 NSCLC
PDXs after treatment with rat 351-mlgG1.

Average Mouse Body Weights in grams (minus tumor %ghts)
Antibody Day 0 Day 7 Day 14 Day 20 /Day 26
Control Anti-E.tenella 239 231 234 23.3 /’ 229
Rat 351-mlgG1 234 23.0 231 23.3/ 23.5

C. In vivo growth inhibition studies for HPB-ALL Xenografts
Similar in vivo experiments were performed with the mutant Notch1 HPB-ALL
cell line as performed with the 37622A1 NSCLC PDX and §#393A1 NSCLC PDX
described above. To generate xenografts, nude female phice (Nu/Nu) were
implanted subcutaneously with 8x10EG6 HPB-ALL cellg’in 50% Matrigel (BD
Biosciences). When the tumors reached a volume,4f 200 to 400 mm®, the tumors
were staged to ensure uniformity of the tumor méss among various treatment groups
prior to the administration of anti-Notch1 and £ontrol D16A antibodies. The HPB-
t 438-mlgG1, 351-migG1, A2 or D16A

antibody, 2 times a week for 2 weeks. Tdmors were measured at least once a week

ALL model was dosed s.c. at 20 mg/kg of

and their volume was calculated withthe formula: tumor volume (mm?®) = 0.5 x
(tumor width?)(tumor length). Fropf 8-11 animals, mean tumor masses (+ SEM) for
each treatment group were calgdlated and compared to the control-treated.

Table 29 shows the efficacy of rat 438-mlgG1, rat 351-migG1 and A2
antibodies in HPB-ALL xerografts with L1575P mutation in Notch1 NRR. The data
demonstrates that treajment with rat 438-mlgG1 and treatment rat 351-mlgG1 both
inhibited in vivo growth of HPB-ALL cells compared to control D16A antibody, thus

slowing tumor gr

Table 29. Efficacy of rat 351-mlgG1, rat 438-mlgG1 and A2 antibodies in HPB-ALL

xenografts with L1575P mutation in Noich1 NRR.
/ Control D16A
Day O Day 1 Day 4 Day 8 Day 11 | Day 14
Tuu'ér Volume (mm?) 175.3 201.9 261.2 522.0 7359 10034
/S./E.M. 6.4 4.4 11.4 441 82.3 162.2

Rat 351-migG1
Day 0 Day 1 Day 4 Day 8 Day 11 | Day 14
Tumor Volume (mm®) 166.1 198.6 244.1 267.0 231.0 251.0
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Table 30. Efficacy of rat 438-mlgG1 and A2 in Calu-6 lung cancer model.

Day0 |Day6 |Day9 |[Day13 |Dayt6 | DayA®
Anti-E.tenella (10 mg/kg) | 258417 | 491:34 | 740+64 | 1156140 | 12602171 | 16432222
438 (3 mgrkg) 250429 | 362:58 | 465188 | 742:127 | 888:171 | A279+219
438 (10 markg) 263126 | 383240 | 448151 | 566168 | 66787 A 9042129
438 (30 mg/kg) 242327 | 34358 | 445182 | 566+108 | 601:12¢/ | 7204152
A2 (3 mg/kg) 238420 | 349+42 | 450158 | 603174 | 664297 | 851£113
A2 (10 mg/kg) 250+34 | 297+35 | 348:47 444264 | 480470 | 6032101
A2 (30 mg/kg) 241226 | 376+52 | 486:68 | 598:115 | 626+121 | 779:168

To determine if inhibition of Notch1 signaling alone effegts body weight, mice

were weighed during in vivo efficacy studies. Table 31 shows that the average
5 mouse body weights (minus tumor weights) of rat 438-mlgG1 and A2, and control
anti-E.tenella treated groups over the course of the st

different

y, were not significantly

Table 31. Average mouse body weights (minug tumor weights) of rat 438-migG1 and
10 AZ, and control anti-E.tenella treatments in Calu-6 model (n=10-11).
Day 6 Day9/ | Day13 Day 16 Day 19
E.tenella {10 mg/kg) 2464156 | 254142 |24.3+1.64 |24.7+1.74 | 2406177
Rat 438-mlgG1 (3 mglkg) | 24.5:2.18 | 288+1.74 | 25.841.67 | 2643160 | 25.721.66
Rat 438-mlgG1 {10 mg/kg) | 25.1+2.06 Vo5112.21 | 248:1.88 | 251+1.71 | 24.5:1.54
Rat 438-migG1 (30 matkg) | 24.742.21/| 25.742.10 | 25.240.48 | 25.812.18 | 25.332.23

A2 (3 mglkg) 2474230 | 26.142.06 |26.122.05 [27.1+1.99 |26.4+1.82
A2 (10 mg/kg) 24,5563 | 25.2:1.74 | 25.141.86 | 25.3+1.79 | 24.7+1.69
A2 (30 mg/kg) 2561161 | 26.4+1.54 | 26.241.73 | 26.8+1.99 | 26.0£2.07

E. In vivo growth inhibitigh studies for breast cancer xenografts
The effects ofhumanized 438 VH1.1/VL.1.8 was examined on the in vivo
growth in triple nggative breast cancer xenografts models, Sum149 and MDA-MB-
15 231. Athymic female mice (Nu/Nu, 6-8 weeks) were obtained from Charles River
Laboratorieg and housed in specific pathogen-free conditions, according to the

20 Cells for implantation into athymic mice were harvested and pelleted by
centrifugation at 450Xg for 5-10 minutes. The cell pellets were washed once and re-

suspended in sterile serum-free medium. Tumor cells were supplemented with 50%
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crypts. Thus inhibition of Notch1 signaling alone increased goblet cell differentiati
however not to a level that significantly impacted body weight.

2. Image Analysis

PCTAB2011/055595

Virtual images were opened in Image Pro-Plus Software (Media £ybernetics,

Bethesda, MD). A manual outline Area of Interest {AQI) was createg'that included

the intestinal tissue (crypt and villi), but excluded the smooth musgle, artifacts, folds,

and debris. A threshold was created to identify Alcian Blue stak

area and tissue

area. The thresholds were applied to the AQIs and range sjétistics were exported to

an Excel spreadsheet. In Excel, a mean Alcian Blue stai

ratio was calculated for

each animal from the two collected stain ratics to provide a single calculated Alcian

Blue Stain Ratio per animal. A mean Alcian Blue S

were created for each group. Statistics were pe

software (JMP, Cary, NC).

in Ratio and standard deviation
rmed using the JMP statistical

Table 35 shows an image quantitatién of Alcian Blue stain ratio of rat 438-

mlgG1 and A2, and control anti-E.tenelld antibody treated mouse intestines in Calu-6

efficacy study. Compared to anti-E.t

ella control at 10 mg/kg, there was a

significant increase in the Alcian Bje stain ratio in rat 438-mlgG1 dosed at 10 mg/kg

and 30 mg/kg. The quantitativedmage analysis of alcian blue stain confirms the

increased differentiation of g

comparison to the region

Table 35 shows an i

own in FIG. 27.

let cells over a larger region of the ileum in

age quantitation of Alcian Blue stain ratio of rat 438-migG1

and A2, and controVanti-E.tenella antibody treated mouse intestines in Calu-6

efficacy study.
Alcian Blue
Treatmedt Group Stain Ratio S.EM.
ANTI-E. TENWELLA, 10mglkg 2.71 0.23
438, 3mgig 3.97 0.59
438, 10fig/kg 7.64 0.79
438, Z0mglkg 8.24 0.63
A2/3mg/lkg 7.38 1.44
A2, 10ma/kg 14.13 2.32
/A2, 30mglkg 11.63 1.07

Statistical analysis of pairwise comparisons between the average or mean

Alcian Blue stain ratios from each treatment group are shown in Table 36. Ratios for
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WHAT IS CLAIMED IS:

1. An antibody that binds to Notch1, comprising:
5 a heavy chain variable region having a CDR1 region, a CDR2/region, and

a CDR3 region from the heavy chain variable region comprising

2. An antibody that binds to Notch1 comprising:

10 CDR3 region from the light chain variable region compfising SEQ |ID NO: 97.

3. An antibody that binds to Notch1 comprising:
a heavy chain variable region having DR1 region, a COR2 region, and
a CDR3 region from the heavy chain variapde region as shown in SEQ ID NO: 71,
15 and
a light chain variable region hg#ing a CDR1 region, a CDR2 region, and a
CDR3 region from the light chain yéariable region as shown in SEQ ID NO: 97.
4. The antibody according to Any one of claims 1-3, comprising a heavy chain
20 variable region amino acig/sequence that is at least 90% identical to SEQ 1D NO:

71.

5. The antibocdy according to claim 4, comprising a heavy chain variable region
amino acid seqdence as set forth in SEQ ID NO: 71.

25
6 dy according to any one of claims 1-3, comprising a light chain
region amino acid sequence that is at least 90% identical to SEQ iD NO:
30 7./The antibody according to claim 6, comprising a light chain variable region amino

acid sequence as set forth in SEQ ID NO: 97.

. The antibody according to any one of claims 1-3, comprising a heavy chain
amino acid sequence that is at least 90% identical to SEQ ID NO: 111.
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9. The antibody according to claim 8, comprising a heavy chain amino
sequence as set forth in SEQ 1D NO: 111.

10. The antibody according to any one of claims 1-3, comprising a lighy/chain amino

acid sequence that is at least 80% identical to SEQ ID NO: 113.
11. The antibody according to claim 10, comprising a ligf chain amino acid
sequence as set forth in SEQ ID NO: 113.

12. An antibody that binds to Notch1, comprising:
a heavy chain variable region amino aci
identical to SEQ ID NO: 71; and
a light chain variable amino acid seguence that is at least 90% identical fo
SEQ ID NO: 97.

sequence that is at least 90%

13. An antibody that binds fo Notch1, domprising:
a heavy chain variable region amino acid sequence as set forth in SEQ ID

NQO: 71; and
a light chain variablg amine acid sequence as set forth in SEQ ID NO: 97.
14. An antibody that bin
a heavy chgin amino acid sequence that is at least 90% identical to SEQ
ID NO: 111; an
a light/£hain amino acid sequence that is at least 90% identical to SEQ |ID

NO: 113.

fo Notch1, comprising:

tibody that binds to Notch1, comprising:
a heavy chain amino acid sequence as set forth in SEQ 1D NO: 111; and
a light chain amino acid sequence as set forth in SEQ ID NO: 113.

16. An antibody that binds to Notcht and competes for binding to Notch1 with the
antibody of claims 1, 2 or 3.
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17. An antibody or antigen binding portion thereof, that binds to Notch1, wherein the
antibody binds an epitope comprising at least 7 amino acid residues sefected
from Asn 14861, Lys 1462, Val 1463, Cys 1464, Leu 1466, Leu 1580, Fyr 1621,
Gly 1622, Met 1670, Asp 1671, Val 1672, Arg 1673, Leu 1707, Alg 1708, Leu
1710, Leu 1711, Leu 1712, Leu 1713, Leu 1716 and Leu 1718.

18. The antibody according to any one of claims 1-17, whereigsaid antibody is an
IgA, IgD, IgE, 1gG, or IgM molecule, or is derived therefrop.

19. The antibody according to claim 18, wherein the gntibody is an 19G, having a
subclass selected from the group consisting of 1961, 19G2, 19G3 and 1gG4, or is
derived therefrom.

20. The antibody according to claim 19, wheygin the subclass is derived from igG1.

21. A nucleic acid that encodes the antibody according to any one of claims 1-20.

22. A nucleic acid comprising the gequence as set forth in SEQ ID NO; 112,

23. A nucleic acid comprising the sequence as set forth in SEQ ID NO: 114.

24. A vector comprising/the nucleic acid according to any one of claims 21-23.

25. A host cell cormprising the vector of claim 24.

26. A procegs for producing an antibody, comprising cultivating the host cell of claim
25 and recovering the antibody from the culture media.

27. A host cell that recombinantly produces the antibody according to any one of

claims 1-20.

28. A pharmaceutical composition comprising the antibody according to any one of
claims 1-20 and a pharmaceutically acceptable carrier.
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29. A method of treating a disorder in a subject in need thereof, comprisin
administering to said subject the antibody according to any one of claims 1-20¢/ or

the pharmaceutical composition of claim 28.

5 30. The method of claim 29, wherein said disorder is associated witl’ abnormal

activation of Notch1.

31. The method of claim 29 or 30, wherein said disorder is selepfed from the group
consisting of T-cell acute lymphoblastic leukemia (T-ALLY non-small cell lung
10 cancer (NSCLC) and breast cancer in a subject in need {Hereof.

32. The antibody of any one of claims 1-20 for use in therapy.

33. The use of an antibody of any one of claifis 1-20 for the manufacture of a

15 medicament.

34. The use according to claim 32 or 33 Avherein said use is for the treatment of T-
cell acute lymphoblastic leukemia £T-ALL), non-small cell lung cancer (NSCLC)

and breast cancer in a subject in/heed thereof.

20
35. An antibody that binds to Wotch1, comprising:
a heavy chain vapable region amino acid sequence as set forth in SEQ ID
NO: 115; and
a light chajs variable amino acid sequence as set forth in SEQ ID NO:
25 129.
36. An antibgdy that binds to Notch1, comprising:
heavy chain amino acid sequence as set forth in SEQ ID NO: 149; and
a light chain amino acid sequence as set forth in SEQ ID NO: 151.
30

3% An antibody that binds to human Notch1, wherein the antibody binds an epitope
comprising at least 8 amino acid residues selected from Asp 1458, Asn 1461, Val
1463, Cys 1464, Leu 1466, Leu 1580, Met 1581, Pro 1582, Tyr 1621, Gly 1622,
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Arg 1823, Asp 1671, Val 1672, Arg 1673, Gly 1674, Leu 1710, Gly 1711, Sg
1712, Leu 1713, Asn 1714, lle 1715, Pro 1716 and Lys 1718.

38. An antibody that demonstrates higher inhibition of Notch1 activation of & mutant
5 Notch1 receptor compared to inhibition of Notch1 activation of a nafiwe Notch1

receptor.

39. A pharmaceutical composition comprising the antibody accopding to any one of
claims 35-38 and a pharmaceutically acceptable carrier.
10
40. A method of treating a disorder in a subject in Aeed thereof, comprising
administering to said subject the antibody according’to any one of ¢laims 35-38,

or the pharmaceutical composition of claim 39.

15  41.The method of claim 40, wherein said digorder is associated with abnormal
activation of Notch1.

42. The method of claim 40 or 41, whegtin said disorder is selected from the group
consisting of T-cell acute lymphgblastic leukemia (T-ALL), non-small cell lung
20 cancer (NSCLC) and breast caricer in a subject in need thereof.

43. The antibody of any one 4f claims 35-38 for use in therapy.

44. The use of an anjibody of any one of claims 35-38 for the manufacture of a

25 medicament.
45. The use agcording to claim 43 or 44, wherein said use is for the treatment of T-

cell acue lymphoblastic leukemia (T-ALL), non-small cell lung cancer (NSCLC)

and bfeast cancer in a subject in need thereof.
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Also provided are antibodies that bind to Notch1 having a light chain variable
region amino acid sequence that is at least 90% identical to SEQ ID NO: 97. Further
provided are antibodies that bind to Notch1 having a light chain variable region
amino acid sequence as set forth in SEQ ID NO: 97.

Also provided are antibodies that bind to Notch1 having a heavy chain amino
acid sequence that is at least 90% identical to SEQ ID NO: 111. Further provided
are antibodies that bind to Notch1 having a heavy chain amino acid sequence as set
forth in SEQ ID NO: 111.

Also provided are antibodies having a light chain amino acid sequence that is
at least 90% identical to SEQ ID NO: 113. Further provided are antibodies having a
light chain amino acid sequence as set forth in SEQ ID NO: 113.

In a further embodiment, the invention provides for antibodies that bind to
Notch1, having a heavy chain variable region amino acid sequence that is at least
90% identical to SEQ ID NO: 71; and a light chain variable amino acid sequence that
is at least 90% identical to SEQ ID NO: 97. Further provided are antibodies that
bind to Notch1 having a heavy chain variable region amino acid sequence as forth in
SEQ ID NO: 71; and a light chain variable region amino acid sequence as set forth
in SEQ ID NO: 97.

In a further embodiment, the invention provides for antibodies that bind to
Notch1, having a heavy chain amino acid sequence that is at least 90% identical to
SEQ ID NO: 111; and a light chain amino acid sequence that is at least 90%
identical to SEQ ID NO: 113. Further provided are antibodies that bind to Notch1
having a heavy chain amino acid sequence as set forth in SEQ [D NO: 111, and a
light chain amino acid sequence as set forth in SEQ ID NO: 113.

In a further embodiment, the invention provides for antibodies, that bind to
human Notch1, wherein the antibodies bind an epitope having at least 8 amino acid
residues selected from Asn 1461, Lys 1462, Val 1463, Cys 1464, Leu 1466, Leu
1580, Tyr 1621, Gly 1622, Met 1670, Asp 1671, Val 1672, Arg 1673, Leu 1707, Ala
1708, Leu 1710, Gly 1711, Ser 1712, Leu 1713, Pro 1716 and Lys 1718.

In another embodiment, the present invention provides for antibodies that
bind to Notch1, having a heavy chain variable region having a CDR1 region, a CDR2
region, and a CDR3 region from the heavy chain variable region comprising SEQ ID
NO: 115.



10

15

20

products were cloned into TOPO-Blunt cloning vector (Invitrogen) and sequenced by

conventional methods.

Variable (V) region cDNAs from parental rat 438 and parental rat 351

(hereinafter “rat 438" and “rat 351", respectively) were subcloned intec mammalian

expression vectors wherein rat Variable Heavy chain (VH) were fused in frame with

murine IgG1 (mlgG1), and rat Variable Light chain (VL) were fused with murine kappa.

Similarly, for the generation of chimeric antibodies with rat V region and human IgG

constant region, rat VH was fused in frame with human IgG1 (higG1), and VL with

human kappa, respectively. Corresponding chimeric antibodies were generated from

these constructs by transient transfection in COS cells and their binding and neutralizing

activities were confirmed in assays.

Purified rat variable-mouse constant chimeric antibodies (hereinafter “rat 438-

migG1” and “rat 351-mlgG1”) were further characterized in a series of in vitro and in

vivo assays, including recombinant antigen and cell surface target binding, inhibition of

Notch1 activity in the RGA and angiogenesis assays, and tumor growth inhibition in

mouse models, as described in the Examples below. The lead antibodies, rat 438 and

rat 351 were selected based on these studies. Table 2 lists the amino acid and nucleic

acid sequences of various regions of rat 438 and rat 351's variable regions and
additional clones 90, 132, 132 (A12/G11) and 137.

Table 2: Rat variable region sequences

SEQ ID

NO:
13 | 438 Heavy Chain Variable Region AVQLVESGGGLVQPGRSLKLSCTASGFTFS
amino acid sequence SFAMAWVRQAPTKGLEWVASISYGGADTY
YRDSVKGRFTISRDNAKSSLYLOQMDSLRSE
DTSTYYCAKDLPYYGYTPFVMDAWGQGTS
VTVSS
14 | 438 Heavy Chain Variable Region GCGGTACAGTTGGTGGAGTCTGGGGGAG

nucleotide sequence

GCTTAGTGCAGCCTGGAAGGTCCTTGAAA
CTCTCCTGTACAGCCTCTGGATTCACTTT
CAGTAGCTTTGCAATGGCCTGGGTCCGC
CAGGCTCCAACGAAGGGGCTGGAGTGGG
TCGCATCCATTAGTTATGGTGGTGCTGAC
ACTTACTATCGAGACTCCGTGAAGGGCC
GATTCACTATCTCCAGAGATAATGCAAAA
AGCAGCCTATATTTGCAAATGGACAGTCT
GAGGTCTGAGGACACGTCCACTTATTACT
GTGCAAAAGACCTTCCATACTACGGATAT
ACCCCCTTTGTTATGGATGCCTGGGGTCA
GGGAACTTCAGTCACTGTCTCCTCA
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back mutations in the human acceptor framework to rat 438 and rat 351 residues at the

corresponding positions to optimize the activity and binding epitope.

Table 5: Back mutations in VH and VL of humanized 438 and humanized 351 variants.

438 VH
Variant 1.0 1.1
VH hack
mutation none R94K
438 VL
Variant 1.0 1.1 1.3 1.4 1.5 1.6 1.7 1.8 1.9
Q3M
M4L M4L
VL back L46vY M4aL M4L L46V L46V
mutation none Y49K M4L L46V Y49K L46Y YA49K Y49K Y49K
351 vH
Variant 1.0
VH bhack
mutation none
351 VL
Variant 1.0 1.1 1.2 1.3 1.4 1.5 1.6 1.7
M4L
VL back L4BY M4L M4L L46V
mutation none Y49K M4L L4686l Y49K L4861 Y49K YA49K
Example 3

Characterization of Anti-Notch1 Inhibitory Antibodies

A. Expression and Binding to Notch1

Relative expression yields of humanized 438 and humanized 351 variants were
tested in a transient expression assay in COS cells. As shown in Table 6, a number of
humanized 438 variants, including humanized 438 VH1.1/VL1.8, and a number of
including humanized 351 VH1.0/VL1.1,

humanized 351 variants, demonstrated

significant yields.

Table 6. Relative expression yields in conditioned media of humanized 438 variants
and humanized 351 variants in transient expression in COS cells.

438 VA10 | VHI.O7 | VH1.0/ |VH1.07 |VH1.0/ |VH1.0/ |VH1.O/ | VH1.0/
Variant | AVL1.3 | VL14  IVL15  [vi1e (V17 vl | vi1e | vLl1o
438 Yield

(ug/iml) | 41.51 41.63 85.73 35.11 36.94 40.08 51.9 62.58
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438 VH1.0/ | VH1.1/ VH1.1/ VH1.1/ VH1.1/ VH1.1/ VH1.1 VH1.1/
Variant VL1111 VL1.3 VL1.4 VL1.5 VL1.6 VL1.7 VL1.8 VL1.9

438 Yield

{pg/ml) 45.86 23.2 49.47 65.93 47.72 31.95 66.65 14.12
438 VH1.1/ VH1.1/

Variant VL1.10 VL1.11

438 Yield

{pg/mi) 36.7 37.54

351 VH1.0/ VH1.0/ VH1.0/ VH1.0/ VH1.0/ VH1.0/ VH1.0/ VH1.0/

Variant VL1.0 VL1.1 VL1.2 VL1.3 Vii4 VL1.5 VL1.6 VL7

(Hg/ml) 33.5 26.66 24.52 25.1 35.20 29.25 28.93 33.54

351 Yield

Total expression levels of IgGs in conditioned media were measured by
quantitative |gG ELISA, as described in Example 2. Table 7 shows EC50 (nM) values
calculated from cell surface Notch1 binding ELISAs for humanized 438 variants and rat
438, along with humanized 351 variants and rat 351.

The data demonstrates that multiple variants of humanized 438, including
humanized 438 VH1.1/VL1.8, are similar to rat 438 in binding to full-length human
Notch1 expressed on the cell surface of U-2 OS cells. Furthermore, Table 7 shows that
both humanized 438 VH1.1/VL1.8 and VH1.1/VL1.3 fully retained rat 438's cross-
reactivity to mouse Notch1 expressed on the cell surface of U-2 OS cells.

The data further demonstrates that humanized 351 VH1.0/VL1.1 and
VH1.1/VL1.4, are similar to rat 351 in binding to full-length human Notch1 expressed on
the cell surface of U-2 OS cells. Table 7 further shows that humanized 351
VH1.0/VL1.1 and VH1.1/VL1.4 fully retained rat 351's cross-reactivity to mouse Notch1

expressed on the cell surface of U-2 OS cells.

Table 7. EC50 (nM) values of cell surface Notch1 binding ELISAs for humanized 438
variants and rat 438, along with humanized 351 variants and rat 351.

EC50 (nM)
Antibody VH1.0/ VH1.1/ VH1.1/ VH1.1/ VH1.1/ VH1.1/ VH1.1/
Rat 438 | VL1.1 V0L1.0 VL1 .1 V0L1.3 VL1.5 V0L1.8 V0L1.9
Human
Notch1 0.2132 0.305 0.2956 0.1773 0.1516 0.2189 0.2025 0.1776
Mouse
Notch1 0.1725 0.2287 0.1437 0.1291 0.09337 0.1457 0.1489 0.1374
EC50 (nM)
Antibody VH1.0/ VH1.0/
Rat 351 | vL1.1 VL1.4
Human
Notch1 0.10 0.15 0.10
Mouse
Notch1 0.07 0.08 0.07
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closest homologues of the Notch1 NRR region are Notch2 and Notch3 (~50%
homology), and Notch4 is a more distant homologue (34% homology).
Crossreactivity of anti-Notch1 antibodies to other members of the Notch family,
especially Notch2, may iead to undesired effects in patients. Therefore, the potential
crossreactivity of rat 438 and humanized 438, along with rat 351 and humanized 351
antibodies to other Notch family members were assessed.

Expression constructs encoding human Notch2 and Notch3 NRR regions,
fused with human IgG1 Fc fragment were stably infroduced into CHO-PACE cells.
Conditioned media from these cells expressing NRR-Fc fusions were collected.
Human Notch2 NRR-Fc and human and mouse Notch3 NRR-Fc were purified by
protein A affinity followed by size exclusion chromatography (SEC). Purified
preparations were dialysed into TBS with 1TmM CaCl; and analyzed on analytical
SEC to be >99% in purity.

As shown in Table 10, rat 438 lacked detectable binding to human Notch2
NRR-Fc fusion protein. Further shown in Table 10, humanized 438 variants lacked
detectable binding to full-length human Notch3 expressed on U-2 OS cell surface,
demonstrating that 438 did not cross-react with Notch3.

Table 10. Binding of rat-mlgG1 and humanized 438 variants to Notch2 NRR-Fc and
Notch3 U-2 OS cells (N/B represents non-binding).

Binding to Notch2 NRR-Fc¢ Binding to Notch3 U2-0S cells

Rat 438-migG1 N/B Rat438-mlgG N/B

Humanized 438 VH1.0/VL1.1 N/B A2 N/B
Humanized 438VH1.1/VL1.0 N/B
Humanized 438VH1.1/VL1.3 N/B
Humanized 438VH1.1/VL1.5 N/B
Humanized 438VH1.1/VL1.8 N/B
Humanized 438VvHH1.1/VL1.9 N/B
A2 N/B

As shown in Table 11, humanized 351 VH1.0/VL1.1 lacked detectable
binding to human Notch2 NRR-Fc¢ fusion protein, and to both human and mouse
Notch3 NRR-Fc fusion proteins. However, humanized 351 VH1.0/VL1.1 cross-

reacted with human, mouse and cyno-Notch1 NRR.
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The data shows that rat 438 and A2 bind overlapping but distinct surfaces
within the Notch1 NRR. Both epitopes include the central HD domain. Rat 438 and
A2 interact with LNR-A, however rat 438 interacts with a larger surface. Only rat 438
interacts with the S1 loop region and only A2 interacts with LNR-B. More
specifically, the data shows that rat 438 binds to human Nofch1 NRR residues Asn
1461, Lys 1462, Val 1463, Cys 1464, Leu 1466, Leu 1580, Tyr 1621, Gly 1622, Met
1670, Asp 1671, Val 1672, Arg 1673, Leu 1707, Ala 1708, Leu 1710, Gly 1711, Ser
1712, Leu 1713, Pro 1716 and Lys 1718.

The data ailso shows that rat 351 and A2 bind overlapping but distinct
surfaces within the Notch1 NRR. In particular, only rat 351 interacts with the S1 loop
region and only A2 interacts with LNR-B. Rat 351 and A2 both interact with LNR-A,
however rat 351 interacts with a distinct subset of LNR-A amino acids. More
specifically, the data shows that rat 351 binds to the human Notch1 NRR residues
Asp 1458, Asn 1461, Val 1463, Cys 1464, Leu 1466, Leu 1580, Met 1581, Pro 1582,
Tyr 1621, Gly 1622, Arg 1623, Asp 1671, Val 1672, Arg 1673, Gly 1674, Leu 1710,
Gly 1711, Ser 1712, Leu 1713, Asn 1714, lle 1715, Pro 1716, Lys 1718.

The x-ray crystal structure of rat 438 and rat 351 residues binding to Notch1
NRR were further analyzed using the program PISA. The data shows that rat 438
formed strong electrostatic interactions (salt bridges) with the residues Lys1718 and
Arg1673. Notch1 NRR residues that formed hydrogen bonds with the rat 438
antibody were Asn1461, Asp1671, Arg1673, Leu1713, Lys1718, Cys1464, Ala1708,
and Ser1712. The Notch1 NRR residues that contribute more than 40 Angstrom? of
buried surface area upon formation of the complex with rat 438 antibody were
Arg1673, Val1463, Lys1462, Gly1622, Asp1671 from the interaction with the heavy
chain, and Leu1466, Lys1718, Gly1711, Cys1464, Pro1716, and Val1463 from the
interaction with the light chain. Of the residues identified, rat 438 binds to human
Notch1 NRR at least at residues Asn1461, Val1463, Lys1462, Asp1671, Arg1673,
Leu1713, and Lys1718.

The data shows that rat 351 forms strong electrostatic interactions (salt
bridges) with residues Asp1458 and Arg1673. Notch1 NRR residues that formed
hydrogen bonds with the rat 351 antibody were Asp1458, Val1463, Cys1464,
Ser1465, Tyr1621, Asp1671, Val1672, Arg1673, Gly1711, Ser1712, Leu1713, and
Asn1714. The Notch1 NRR residues that contribute more than 40 Angstrom? of

buried surface area upon formation of the complex with rat 351 were Val1463,
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cells with a leucine to proline mutation at amino acid 1594 (L1594P), MOLT-4 cells
with a leucine to proline mutation at amino acid 1601 (L1601P) and DND-41 cells
with compound class 1 mutations of leucine to proline at amino acid position 1594
and aspartic acid to valine at amino acid position 1610 (L1594P/ D1610V). The
CCRF-CEM cell line harbors a class 2 mutation and possesses a 12 amino acid
insertion at position 1595. The Jurkat cell line harbors a class 3 JEM mutation that
inserts 17 amino acids at position 1740.

Notch1 activation and Notch1'°® release was examined by Western blot
analysis of protein extracts generated from the T-ALL cell lines treated with
increasing concentrations of rat 438-mlgG1, humanized 438 VH1.1/VL1.8, rat 351-
mlgG1 or A2 antibodies, and control anti-E.tenella antibody. Released Notch1'“P
molecules initiating at a Valine residue are specifically detected with D3B8 antibody
(anti-Notch1'P).

The T-ALL cell lines HPB-ALL, ALL-SIL, CCRF-CEM, MOLT-4, DND-41 and
Jurkat cells were used instead of CCD1076SK fibroblasts as described above.
Since T-ALL cells possess constitutively released Notch1'®P, no exogenous DLL4
ligand was required. Suspension cultures of 2x10E6 T-ALL cells were mixed with 0,
0.001, 0.01, 0.1, 1 and 10 pg/ml of rat 438-mlgG1, humanized 438 VH1.1/VL1.8, rat
351-migG1 or A2 antibodies, and control anti-E.tenella antibody in RPMI 1640
medium containing 10% FBS, Pen/Strep/Glutamine. Cells were incubated with the
antibodies for 24 hours at 37°C in 5% CO,. Cells were harvested by centrifugation
and medium was removed by aspiration. Cell pellets were lysed in 1% NP40, 0.5%
sodium deoxycholate, 5 mM EDTA, 0.25 M NaCl, 0.025 M Tris-HCI, pH 7.5,
containing Complete Mini Protease inhibitor cocktail (Roche). Extracts were
resolved by SDS-PAGE on a 7.5% polyacrylamide gel and transferred to
nitrocellulose paper using an iBlot Gel transfer system (Invitrogen). The released
Notch1'°P molecules initiating at a Valine residue are detected with anti-Notch1'P
and, as a loading control, anti-beta-actin using standard western blot procedures.
Densitometric analysis was performed on films that were scanned with a BioRad
GS-800 Calibrated Densitometer and analyzed with Quantity One version 4.6.9
software (BioRad). Notch1'® levels were normalized to beta-actin in each sample
and then compared to the untreated control.

As shown in FIG. 19, treatment of HBP-ALL cells with increasing
concentrations of rat 438-mlgG1 and humanized 438 VH1.1/VL1.8 significantly
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Table 28. Average mouse body weights (minus tumor weights) in 87393A1 NSCLC
PDXs after treatment with rat 351-mlgG1.

Average Mouse Body Weights in grams (minus tumor weights)

Antibody Day 0 Day 7 Day 14 Day 20 Day 26
Control Anti-E.tenelia 23.9 23.1 23.4 23.3 22.9
Rat 351-migG1 23.4 23.0 23.1 23.3 23.5

C. In vivo growth inhibition studies for HPB-ALL Xenografts

Similar in vivo experiments were performed with the mutant Notch1 HPB-ALL
cell line as performed with the 37622A1 NSCLC PDX and 87393A1 NSCLC PDX
described above. To generate xenografts, nude female mice (Nu/Nu) were
implanted subcutaneously with 8x10E6 HPB-ALL cells in 50% Matrigel (BD
Biosciences). When the tumors reached a volume of 200 to 400 mm?, the tumors
were staged to ensure uniformity of the tumor mass among various treatment groups
prior to the administration of anti-Notch1 and control D16A antibodies. The HPB-
ALL model was dosed s.c. at 20 mg/kg of rat 438-mlgG1, rat 351-migG1, A2 or
D16A antibody, 2 times a week for 2 weeks. Tumors were measured at least once a
week and their volume was calculated with the formula: tumor volume (mm?3) = 0.5 x
(tumor width?)(tumor length). From 8-11 animals, mean tumor masses (+ SEM) for
each treatment group were calculated and compared to the control-treated.

Table 29 shows the efficacy of rat 438-migG1, rat 351-migG1 and A2
antibodies in HPB-ALL xenografts with L1575P mutation in Notch1 NRR. The data
demonstrates that treatment with rat 438-mlgG1 and treatment rat 351-mlgG1 both
inhibited in vivo growth of HPB-ALL cells compared to control D16A antibody, thus
slowing tumor growth.

Table 29. Efficacy of rat 351-mlIgG1, rat 438-mIgG1 and A2 antibodies in HPB-ALL
xenografts with L1575P mutation in Notch1 NRR.

Control D16A

Day 0 Day 1 Day 4 Day 8 Day 11 | Day 14
Tumor Volume (mm®) 175.3 201.9 261.2 522.0 735.9  1003.4
S.E.M. 6.4 4.4 11.4 44.1 82.3 162.2

Rat 351-mlgG1

Day 0 Day 1 Day 4 Day 8 Day 11 | Day 14
Tumor Volume {mm®) 166.1 198.6 2441 267.0 231.0 251.0
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Table 30. Efficacy of rat 438-mlgG1 and A2 in Calu-6 lung cancer model.

Day 0 Day 6 Day 9 Day 13 Day 16 Day 19
Anti-E.tenella (10 mg/kg) 258417 | 491£34 | 740+64 | 1156140 | 1260171 16134222
Rat 438-mlgG1 (3 mg/kg) 250429 | 362+58 | 465+88 | 742+127 888+171 1278+219
Rat 438-mlgG1 (10 mg/kg) | 263+26 | 383+40 | 448151 | 566+68 667187 9044129
Rat 438-migG1 (30 mg/kg) | 242+27 | 343158 | 445482 | 566+106 601+120 7204152
A2 (3 mg/kg) 238+23 | 349442 | 450158 | 60374 664191 851+113
A2 (10 mg/kg) 250434 | 297435 | 348£47 | 444464 480170 603+101
A2 (30 mg/kg) 241426 | 376152 | 486168 | 598+115 622+121 779+168

To determine if inhibition of Notch1 signaling alone effects body weight, mice

were weighed during in vivo efficacy studies. Table 31 shows that the average

mouse body weights (minus tumor weights) of rat 438-mlgG1 and A2, and control

anti-E.tenella treated groups over the course of the study, were not significantly

different

Table 31. Average mouse body weights (minus tumor weights) of rat 438-migG1 and
A2, and control anti-E.tenella treatments in Calu-6 model (n=10-11).

Day 6 Day 9 Day 13 Day 16 Day 19
E.tenella (10 mg/kg) 24.6+1.686 | 2624142 | 24.3:1.64 | 24.781.74 | 24.0+1.77
Rat 438-mlgG1 (3 mg/kg) | 24.5+2.18 | 25.8+41.74 | 25.841.67 | 26.4+1.60 | 25.7+1.66
Rat 438-migG1 (10 mg/kg) | 25.1£2.06 | 25.1+2.21 24.611.88 | 25.14+1.71 24.541.54
Rat 438-mlgG1 (30 mg/kg) | 24.7¢2.21 | 25.7+2.10 | 25.2+2.48 | 25.8+2.18 | 25.3+2.23
A2 (3 mg/kg) 247+¢2.39 | 26.1+2.06 | 26.12.05 | 27.1£1.99 | 26.4+1.82
A2 {10 mg/kg) 24.5+81.63 | 25.241.74 | 25.1+1.86 | 25.3:+1.79 | 24.7+1.69
A2 (30 mg/kg) 25.841.61 | 26.441.54 | 26.24¢1.73 | 26.8+1.99 | 26.0+2.07

E. In vivo growth inhibition studies for breast cancer xenografts

The effects of humanized 438 VH1.1/VL1.8 was examined on the in vivo

growth in triple negative breast cancer xenografts models, Sum149 and MDA-MB-

231. Athymic female mice (Nu/Nu, 6-8 weeks) were obtained from Charles River

Laboratories and housed in specific pathogen-free conditions, according to the

guidelines of the Association for the Assessment and Accreditation for Laboratory

Animal Care, International. Animals were provided sterile rodent chow and water ad

libitum.

Cells for implantation into athymic mice were harvested and pelleted by

centrifugation at 450Xg for 5-10 minutes. The cell pellets were washed once and re-

suspended in sterile serum-free medium. Tumor cells were supplemented with 50%
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crypts. Thus inhibition of Notch1 signaling alone increased goblet cell differentiation,

however not to a level that significantly impacted body weight.

2. Image Anaiysis

Virtual images were opened in Image Pro-Plus Software (Media Cybernetics,
Bethesda, MD). A manual outline Area of Interest (AOl) was created that included
the intestinal tissue (crypt and villi), but excluded the smooth muscle, artifacts, folds,
and debris. A threshold was created to identify Alcian Blue stain area and tissue
area. The thresholds were applied to the AOIs and range statistics were exported to
an Excel spreadsheet. In Excel, a mean Alcian Blue stain ratio was calculated for
each animal from the two collected stain ratios to provide a single calculated Aician
Blue Stain Ratio per animal. A mean Alcian Blue Stain Ratio and standard deviation
were created for each group. Statistics were performed using the JMP statistical
software (JMP, Cary, NC).

Table 35 shows an image quantitation of Alcian Blue stain ratio of rat 438-
mlgG1 and A2, and control anti-E.tenella antibody treated mouse intestines in Calu-6
efficacy study. Compared to anti-E.tenella control at 10 mg/kg, there was a
significant increase in the Alcian Blue stain ratio in rat 438-mlgG1 dosed at 10 mg/kg
and 30 mg/kg. The quantitative image analysis of alcian blue stain confirms the
increased differentiation of goblet cells over a larger region of the ileum in

comparison to the region shown in FIG. 27.

Table 35 shows an image quantitation of Alcian Blue stain ratio of rat 438-mlgG1
and A2, and control anti-E.tenella antibody treated mouse intestines in Calu-6
efficacy study.

Alcian Blue
Treatment Group Stain Ratio S.E.M.
ANTI-E.TENELLA, 10mg/kg 2.71 0.23
Rat 438-migG1, 3mg/kg 3.97 0.59
Rat 438-migG1, 10mg/kg 7.64 0.79
Rat 438-migG1, 30mg/kg 8.24 0.63
A2, 3mg/kg 7.38 1.44
A2, 10mg/kg 14.13 2.32
A2, 30mg/kg 11.63 1.07

Statistical analysis of pairwise comparisons between the average or mean

Alcian Blue stain ratios from each treatment group are shown in Table 36. Ratios for
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WHAT IS CLAIMED IS:

1.

An antibody that binds to Notchl, comprising:
a heavy chain variable region comprising a CDR1, a CDR2, and a CDR3, wherein
the heavy chain variable region is selected from the group consisting of SEQ ID NOS: 69
and 71, and
a light chain variable region comprising a CDR1, a CDR2, and a CDR3, wherein
the light chain variable region is selected from the group consisting of SEQ ID NOS: 83,
85, 87, 89, 91, 93, 95, 97, 105, 107 and 109.

The antibody according to claim 1, comprising:
(a) a heavy chain variable region CDR1 as set forth in SEQ ID NO: 73,
(b) a heavy chain variable region CDR2 as set forth in SEQ ID NO: 77,
(c) a heavy chain variable region CDR3 as set forth in SEQ ID NO: 81,
(d) a light chain variable region CDR1 as set forth in SEQ ID NO: 99,
(e) a light chain variable region CDR2 as set forth in SEQ ID NO: 101, and
(f) a light chain variable region CDR3 as set forth in SEQ ID NO: 103.

An antibody that binds to Notchl, comprising:
a heavy chain variable region amino acid sequence that is at least 90% identical to
SEQ ID NO: 71; and
a light chain variable region amino acid sequence that is at least 90% identical to
SEQ ID NO: 97.

The antibody according to claim 3, comprising:
a heavy chain variable region amino acid sequence as set forth in SEQ ID NO: 71;
and
a light chain variable region amino acid sequence as set forth in SEQ ID NO: 97.

An antibody that binds to Notchl, comprising:
a heavy chain amino acid sequence that is at least 90% identical to SEQ ID NO:
111; and
a light chain amino acid sequence that is at least 90% identical to SEQ ID NO:
113.

The antibody according to claim 5, comprising:
a heavy chain amino acid sequence as set forth in SEQ ID NO: 111; and
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7.

10.

11.

12.

a light chain amino acid sequence as set forth in SEQ ID NO: 113.

An antibody that binds to Notchl, wherein the antibody binds an epitope comprising
at least 7 amino acid residues selected from Asn 1461, Lys 1462, Val 1463, Cys 1464,
Leu 1466, Leu 1580, Tyr 1621, Gly 1622, Met 1670, Asp 1671, Val 1672, Arg 1673, Leu
1707, Ala 1708, Leu 1710, Gly 1711, Ser 1712, Leu 1713, Pro 1716 and Lys 1718.

An antibody that binds to Notchl, comprising:
a heavy chain variable region comprising a CDR1, a CDR2, and a CDR3, wherein
the heavy chain variable region is set forth in SEQ ID NO: 115, and
a light chain variable region comprising a CDR1, a CDR2, and a CDR3, wherein
the light chain variable region is selected from the group consisting of SEQ ID NOS: 127,
129, 137, 139, 141, 143, 145 and 147.

The antibody according to claim 8, comprising:
{a) a heavy chain variable region CDRI1 as set forth in SEQ ID NO: 117,
{(b) a heavy chain variable region CDR2 as set forth in SEQ ID NO: 121,
(c) a heavy chain variable region CDR3 as set forth in SEQ ID NO: 125,
(d) a light chain variable region CDR1 as set forth in SEQ ID NO: 131,
(e) a light chain variable region CDR2 as set forth in SEQ ID NO: 133, and
(f) a light chain variable region CDR3 as set forth in SEQ ID NO: 135.

An antibody that binds to Notchl, comprising:
a heavy chain variable region amino acid sequence that is at least 90% identical to
SEQID NO: 115; and
a light chain variable region amino acid sequence that is at least 90% identical to
SEQ ID NO: 129.

The antibody according to claim 10, comprising:
a heavy chain variable region amino acid sequence as set forth in SEQ ID NO:
115; and
a light chain variable region amino acid sequence as set forth in SEQ ID NO: 129.

An antibody that binds to Notchl, comprising:

a heavy chain amino acid sequence that is at least 90% identical to SEQ ID NO:
149; and

a light chain amino acid sequence that is at least 90% identical to SEQ ID NO:
151.
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13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

The antibody according to claim 12, comprising:
a heavy chain amino acid sequence as set forth in SEQ ID NO: 149; and
a light chain amino acid sequence as set forth in SEQ ID NO: 151.

An antibody that binds to Notchl, wherein the antibody binds an epitope comprising at
least 8 amino acid residues selected from Asp 1458, Asn 1461, Val 1463, Cys 1464, Leu
1466, Leu 1580, Met 1581, Pro 1582, Tyr 1621, Gly 1622, Arg 1623, Asp 1671, Val 1672,
Arg 1673, Gly 1674, Leu 1710, Gly 1711, Ser 1712, Leu 1713, Asn 1714, Ile 1715, Pro
1716 and Lys 1718.

The antibody according to any one of claims 1-14, wherein the antibody is an IgA, IgD,

IgE, IgG, or IgM molecule, or is derived therefrom.

The antibody according to claim 15, wherein the antibody is an IgG, having a subclass

selected from the group consisting of IgG1, 1gG2, IgG3 and IgG4, or is derived therefrom.
The antibody according to claim 16, wherein the subclass 1s IgG1.
The antibody according to any one of claims 8-17, wherein the antibody demonstrates
higher inhibition of Notchl activation of a mutant Notch] receptor compared to inhibition

of Notch1 activation of a native Notchl receptor.

An antibody that binds to Notchl and competes for binding to Notchl with the antibody
of any one of claims 1-18.

A nucleic acid that encodes the antibody according to any one of claims 1-19.

A nucleic acid comprising a sequence that is selected from the group consisting of SEQ
ID NOS: 72,98, 112, and 114.

A nucleic acid comprising a sequence that is selected from the group consisting of SEQ
ID NOS: 116, 130, 150 and 152.

A vector comprising the nucleic acid of any of any one of claims 20-22.

A host cell comprising the vector of claim 23.

A process for producing an antibody, comprising cultivating the host cell of claim 24
and recovering the antibody from the culture media.
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26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

A host cell that recombinantly produces the antibody according to any one of claims 1-
19.

A pharmaceutical composition comprising the antibody according to any one of claims

1-19 and a pharmaceutically acceptable carrier.

A pharmaceutical composition for treating a disorder associated with abnormal activation
of Notchl in a subject, comprising the antibody according to any one of claims 1-19 and a
pharmaceutically acceptable carrier.

A pharmaceutical composition for treating a disorder selected from the group consisting
of T-cell acute lymphoblastic leukemia (T-ALL), non-small cell lung cancer (NSCLC),
breast cancer, ovarian cancer, and colon cancer in a subject, comprising the antibody
according to any one of claims 1-19 and a pharmaceutically acceptable carrier.

The antibody of any one of claims 1-19 for use in therapy.

The use of an antibody of any one of claims 1-19 for the manufacture of a medicament.

The use according to claim 30, wherein the use is for the treatment of cancer.

The use according to claim 32, wherein the cancer is selected from the group consisting
of T-cell acute lymphoblastic leukemia (T-ALL), non-small cell lung cancer (NSCLC),

breast cancer, ovarian cancer, and colon cancer.

Use of an antibody according to any one of claims 1-19 for the manufacture of a

medicament for the treatment of a disorder.

Use of a pharmaceutical composition according to any one of claims 27-29, for the

manufacture of a medicament for the treatment of a disorder.

The use of claim 34 or 35, wherein said disorder is associated with abnormal activation
of Notchl.

The use of claim 35, wherein said disorder is cancer.
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38. The use of claim 37, wherein the cancer is selected from the group consisting of T-cell
acute lymphoblastic leukemia (T-ALL), non-small cell lung cancer (NSCLC), breast

cancer, ovarian cancer, and colon cancer.
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