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Title of the Invention:

Antibodies Reactive with B7-H3, Immunologically
Active Fragments Thereof and Uses Thereof

Cross-Reference to Related Applications:

{0661} This application claims priority to United States Patent Applications Serial Nos. 61/310,692
(filed March 4, 2010; pending); 61/310,695 (filed March 4, 2010; pending) 61/311,057 (filed March

5, 2010; pending), each of which applications is herein incorporated by reference in its entirety.

Reference to Sequence Listing:

[0602] This application includes one or more Sequence Listings pursuant to 37 C.ER. 1.821 et
seq., which are disclosed in both paper and computer-readable media, and which paper and computer-

readable disclosures are herein incorporated by reference in their entireties.

Backgreund of the Invention:

Field of the Inventjon:
[6803] 'The present invention relates to antibodies and their fragments that are immunoreactive to
the mammalian, and more particularly, the human B7-H3 receptor and to uses thereof, particularly in
the treatment of cancer and inflammation, The invention thus particularly concemns humanized B7-
H3-reactive antibodies and their immunoreactive fragments that are capable of mediating, and more
preferably enhancing the activation of the immune system against cancer cells that are associatcd with

a variety-of human cancers.

Deseriftion of Related Art:
[0664] The growth and metastasis of tumors depends to a large extent on their capacity t©o evade
host immune surveillance and overcome host defenses. Most tumors express antigens that can be
recognized to a variable extent by the host immune system, but in many cases, an inadequate immune
response is elicited becauvse of the ineffective activation of effector T cells (Khawli, L.A. ef ¢l (2008}

“Cyiokine, Chemokine, and Co-Stimulatory Fusion Froteins for the Immunotherapy of Solid Tumors,”

Exper. Pharmacol. 181:291-328).

[6605] CD4+ T-lymphocytes are the essemtial organizers of most mammalian immune and
autormmune responses {Dong, C. ef ol (2003) “Immune Regulation by Novel Costimulatory
Molecules,” Tmmymolog, Res. 28(1):39-48). The activation of CD4+ helper T-cells has been found to
be mediated through co-stimulatory interactions between Antigen Presenting Cells and naive CD4+
T-tymphocytes. Two interactions are required (Viglietta, V. ef al (2007) “Modulating Co-
Stimulation,” Neurctherapeutics 4:666-675; Kormam, AJ. ef al (2007) “Checkpoint Blockade in
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Cancer Immunotherapy,” Adv, Immunol. 90:297-339), In the first interaction, an Antigen Presenting
Cell must display the relevant target antigen bound to the cell’s major histocompatibility complex so
that it can bind to the T-cell Receptor (“TCR™) of a naive CD4+ T-lymphocyte. In the second
interaction, a ligand of the Antigen Presenting Cell must bind to & CD28 receptor of the CD4+ T-
ymphocyte (Dong, C. ef al. (2003) “Immune Regulation by Novel Costimulaiory Molecules,”
Immunoclog. Res. 28(1)%:39-48; Lindley, P.S. ef al. (2009) “The Ciinical Utility Of Inhibiting CD28-
Mediated Costimulation,” Immunol. Rev, 229:307-321). CD4+ helper T-cells experiencing both
stimulatory signals arc then capable of responding to cytokines (such as Interlenkin-2 and Interleukin-
12 to develop into Thl cells. Such cells produce mnterferon-gamma (IFN-y) and tumor necrosis
factor-alpha (TNF-q), which mediate inflammatory responses to target cells expressing the target
antigen. B-cell activation and proliferation also occurs, resulting in antibody production specific for
the target antigen (Berard, A. et al. (2005 “T and B Cell Cooperation: 4 Dance of Life and Death,”
Transplantation 79:88-S11). In the absence of both co-stimulatory signals during TCR engagement, T
cells enter a functionally unresponsive state, referred to as clonal anergy (Khawli, LA, ef al (2008)
“Cytakine, Chemolkine, and Co-Stimulatory Fusion Proteins for the Immunotherapy of Solid Tumors,”
Exper. Pharmacol. 181:291-328). In pathologic states, Thl cells are the key players of vartous organ-
specific autoimmune diseases, such as type [ diabetes, rheumatoid arthritis, and multiple scierosis
(Dong, C. er al. (2003) “Immune Regulation by Novel Costimulaiory Molecules,” Tmmunolog. Res.
28(1):39-48).

I The B7 Superfamily and B7-H3

[06066] Investigations into the ligands of the CD28 receptor have led to the characterization of a set
of related molecules known as the B7 Superfamily (Coyle, AJ. er al. (2001) “The Expanding B7
Superfamily: Increasing Complexity In Costimulatory Signals Regulating T Cell Function,” WNature
Immunol. 2(3}:203-209; Sharpe, AH. er al (2002) “The B7-CD28 Superfamily,” Nature Rev.
Immumol. 2:116-126; Greenwald, R.I. et al. (2008) “The B7 Family Revisited” Avnmn. Rev. Immunol.
23:515-548; Colling, M. ef al. (20058) “The B7 Family Of Immune-Regulatory Ligands,” Genome Biol.
6:223.1-223.7; Loke, P. et al. (2004) “Emerging Mechanisms Of Immune Regulation: The Exiended
B7 Family And Regulatory T Celis.” Axthritis Res. Ther. 6:208-214; Korman, A.J. ef al (2007)
“Checkpoint Blockade in. Cancer Immunotherapy,” Adv. Tmmunol. 90:297-339; Flies, D.B. et al.
(2007) “The New B7s: Playing a Pivotal Role in Tumor Immunity,” 1. Tmmunother. 30(3%251-260;
Avarwal, A, e al (2008) “The Role Of Positive Costimulatory Molecules In Transplaniation And
Tolerance,” Curr. Opin. Organ Transplant. 13:366-372; Lenschow, D.J. er al. (1996 “CD28/B7
Svstem of T Cell Costimulation,” Ann. Rev. Immunol 14:233-258; Wang, S. ef 4l (2004) “Co-
Signaling Molecules Of The B7-CD28 Family In Positive And Negative Regulation OFf T Lymphocyte
Responses,” Microbes Infect. 6:759-766). There are currently seven known members of the family:
B7.1 (CD&D), B7.2 (CD86), the inducible co-stimulator ligand (ICOS-L), the programmed death-1
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ligand (PD-L1), the programmed death-2 ligand (PD-L2), B7-H3 and B7-H4 (Collins, M. er al. (2005)
“The B7 Family Of Immune-Regulatory Ligands,” Genome Biol. 6:223.1-223.7).

[8007] B7 family members are immunoglobulin superfamily members with an immunoglebulin-V-
like and an immunoglobulin-C-like domain (e.g., 1gV-1gC) {Sharpe, AH. er al (2002) “The B7-
CD28 Superfamily,” Nature Rev. Immunol. 2:116-126). The IgV and IgC domains of B7-family
members are cach encoded by single exons, with additional exons cncoding leader scquences,
transmembrane and cyloplasmic domains. The cytoplasmic domains are short, ranging in length from
19 to 62 amino-acid residues and can be encoded by multiple exons (Collins, M. er al. (2003) “The B7
Family Of Immune-Regulatory Ligands,” Genome Biol. 6:223.1-223.7). B7-H3 is unique in that the
major human form contains two cxtracellular tandem IgV-1gC domains {i.e., 1gV-IgC-lgV-IgC)
(Collins, M. ef al. (2005) “The B7 Family Of Immune-Regulaiory Ligands,” Genome Biol. 6:223.1-
223.7). Members of the B7 family are nredicted to form back-to-back, non-covalent homodimers at

the cell surface, and such dimers have been found with respect to B7-1 {CD80) and B7-2 (CD86).

[6068] B7-1 (CDBO) and B7-2 (CD86) exhibit have dual specificity for the stimulatory CD28
receptor and the inhibitory CTLA-4 (CD152) receptor (Sharpe, AH. et al. (2002) “The B7-CD28
Superfamily,” Nature Rev, Immunol, 2:116-126}.

[0009]  Although initially thought to comprise only 2 Ig domains (IgV-igC) (Chapoval, A, ef gl
(2001 “B7-H3: A Costimulatory Molecule For T Cell Activation and IFN-y Production,” Nature
- Imununol. 2:269-274; Sun, M. et al. 2002) “Characterization of Mouse and Human B7-H3 Genes,” J.
Iritnuncl. 168:6294-6297) a four immunoglobulin extraceliular domain variant (“41g-B7-H3™) has
been identified and found to be more common human form of the protein (Sharpe, AH. ef al. (2002)
“The B7-CD28 Superfamily,” Nature Rev. Immunol. 2:116-126), No functional differcnce has béen
observed between these two forms, since the natural murine form (21g) and the human 4lg form
exhibit similar function (Hofmeyer, K. ef al (2008) “The Contrasting Role Qf B7-H3.” Proc. Natl,
Acad. Sci. (U.5.A)) 105(30):10277-10278). The 41g-B7-H3 molecule mhibits the natural killer cell-
maediated lysis of cancer cells (Castriconi, R. et al. “Identification Of 41g-B7-H3 As A Newroblastoma-
Associated Molecule That Exerts 4 Protective Role From An NK Cell-Mediated Lysis,” Proc., Natl.
Acad. Sci. {U.8.A.) 101(34): 12640-12645). The human B7-H3 (2ig form) has been found to promote
T-cell activation and IFN-y producfion by binding to a putative receptor on activated T cells
(Chapoval, A, er al. (2001) “B7-H3: A Costimulatory Molecule For T Cell Activation gnd [FN-y
Production,” Nature Immunol, 2:269-274; Xu, H. ef al. 2009) “MicraRNA miR-29 Modulates
Fxpression of Immunoinhibitory Molecule B7-H3: Potential Implications for Immune Based Therapy
of Human Sofid Tumors,” Cancer Res. 69(15):5275-6281). Both B7-H4 and B7-H! are potent
inhibitors of immune fimction when expressed on tumor cells (Flies, D.B. ef al. (2007) “The New B7s:

Playing a Pivotal Role in Tumor Immunity,” ], Immunother. 30(3):251-260).
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[6050) The mode of action of B7-H3 is complex, as the protein mediates both T cell co-stimulation
and co-inhibition (Hofmeyer, K. ef al (2008) “The Contrasting Role Of B7-H3,” Proc, Natl. Acad.
Sci (U.S.AL) 105(30):10277-10278; Martin-Orozco, N. ef al (2007) “Inhibitory Costimulation And
Anti-Tumor Immurity,” Semin. Cancer Biol. 17(4):288-298§; .Subudhi, S.K. ef gf. (2005) “The Balance
Of Immune Responses: Costimulation Verse Coinhibition,” 3. Mol. Med. 83:193-202). B7-H3 binds
to (TREM)-like transcript 2 (TLT-2} and co-stimulates T cell activation, but also binds to0 as yet
unidentified receptor(s) to mediate co-inhibition of T cells. In addition, B7-H3, through interactions
with unknown receptor(s) is an inhibitor for natural killer cells and osteoblastic cells (Hofmeyer, K. ef
al. (2008) “The Contrasting Role Of B7-H3,” Proc. Natl. Acad. Sci. (U.S.A.) 105(30):10277-10278}.
The inhibition may operate through interactions with members of the major signaling pathways
through which T cell receptor (TCR) regulates gene transcription (e.g.,, NFTA, NF«B, or AP-]

factors).

{6611} B7-H3 co-stimulates CD4+ and CD8+ T-cell proliferation. B7-H3 also stimulates IFN-y
production and CD8+ lytic activity {Chapoval, A. er al. (2001) “B7-H3: 4 Costimulatory Molecule
For T Cell Activation and IFN-y Production,” Nature Immunol. 2:269-274; Sharpe, A.H. ef al. (2002)
“The B7-CD28 Superfamily,” Nature Rev. Immunol. 2:116-126). However. the protein also possibly
acts through NFAT {nuclear factor for activated T cells), NF-«B (nuclear factor kappa B), and AP-}
(Activator Protein-1) factors to inhibit T-cell activation (Yi K.H. ef al (2009) “Fine Tuning The
Immune Response Through B7-H3 And B7-H4” Immunol. Rev. 229:145-151). B7-H3 is also
believed to inhibit Thl, Th2, or Th17 in vive (Prasad, D.V. ef al. (2004) “Murine B7-H3 Is 4
Negative Regulator Of T Cells,” . Immunol. 173:2500-2506; Fukushima, A. e al. {2007) “B7-H3
Regulates The Development Of Experimenial Allergic Conjunctivitis In Mice,” lmmunol. Lett.
113:52-537; Yi. K.H. er al. (2009) “Fine Tuning The Immune Response Through B7-H3 And B7-H4,”
Immunol. Rev, 229:145-151), Several independent stadics have shown that human malignant tumor
cells exhibit a marked increase in expression of B7-H3 protein and that this increased expression was
associated with increased discase severity (Zang, X. e al (2007) “The B7 Family And Cancer
Therapy: Costimulation And Coinhibition,” Clin, Cancer Res. 13:5271-5279), suggesting that B7-H3
is exploited by tumors as an immune evasion pathway (Hofmeyver, K. ef al. (2008} “The Contrasting
Role Of B7-H3.” Proc. Nath. Acad. Sci. (U.S.A.) 105(30):10277-10278).

[0012] Molecules that block the ability of a B7 molecule to bind to a T-cell receptor (e.g., CD28)
inhibit the immune system and have been proposed as treatments for autoimmune disease (Linsley,
P.S. ef al (2009) “The Clinical Utility Of Inhibiting CD28-Mediated Co-Stimulaiion,” Tmmunolog,
Rev. 229:307-321). Neuroblastoma cells expressing 41g-B7-H3 treated with anti-4Ig-B7-H3
antibodies were more susceptible to NK cells. However, it is unclear whether this activity can be

attributed to only antibodies against the 41g-B7-H3 form because all reported antibodies raised against
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the 41g-B7-F13 also bound the two Ig-like form of BTH3 {Steinberger, P. er al. (2004) “Maolecular
Characterization of Human 41g-B7-H3, a Member of the B7 Family with Four Ig-Like Domains.” J.
Tmmemol. 172(4): 2352-2359 and Castricond er al. (2004) “Ideniification Of 4Ig-B7-H3 As A
Neuroblastoma-Associated Molecule That Exerts 4 Proiective Role From An NK Cell-Mediated
Lysis,” Proc. Natl. Acad. Sci. (U.S.A.) 101(34):12640-12645).

[6613] B7-H3 is not expressed on resting B or T cells, monocytes, or dendritic cells, but it is
induced on dendritic cells by IFN-y and on monoccytes by GM-CSF (Sharpe, AH. et al. (2002) “The
B7-CD28 Superfamily,” Nature Rev. Immunol. 2:116-126). The receptor(s) that bind B7-H3 have 110t
been fully characterized. Early work suggested one such receptor would need to be rapidly and
transiently up-regulated on T cells afier activation (Loke, P. ef al. (2004} “Emerging Mechanisms Of
Immune Regulation: The Extended B7 Family And Regulatory T Cells.” Arthritis Res. Ther. 6:208-
214} Recently, the {TREM)-like transcript 2 {TLT-2, or TREML2) receptor (King, R.G. et al. (2006)
“Trem-Like Transcript 2 Is Expressed On Cells Of The Myeloid/Gramioid And B Lymphoid Lineage
And Is Up-Regulated In Response To Inflammation,” J. Immunol, 176:6012-6021; Klesney-Tait, 1. e
al. (20006) “The TREM Receptor Family And Signal Integration,” Nat. Immumol. 7:1266~1273; Yi.
K.H. ef al. (2009) “Fine Tuning The fmmune Response Through B7-H3 And B7-H4,” Immunol. Rev.
229:145-151), which is expressed on myeloid cells has been shown to be capable of binding B7-H3,
and of thereby co-stimulating the activation of CD&+ T cells in particular (Zang, X. er ol {2003)
“B7x: 4 Widely Expressed B7 Family Member That Inhibits T Cell Activation,” Proc. Natl. Acad. Sci.
(U.S.A) 100:10388-10392; Hashiguchi, M. er al (2008) “Triggering Receptor Expressed On
Myeloid Cell-Like Transcript 2 (TLT-2} Is A Counter-Receplor For B7-H3 And Enhances T Cell
Responses,” Proc, Natl. Acad. Sci. (U.8.A.) 105(30%:10495-10500; Hofmeyer, K. ef al. (2008) “The
Contrasting Role Of B7-H3,” Proc. Natl. Acad. Sci. (US.A) 105(30):1027'?n10278).

[0614] In addition to its expression on neuroblastoma cells, human B7-H3 is also known to be
cxpressed on a variety of other cancer cells {e.g., gastric, ovarian and non-small cell fung cancers).
B7-H3 protein expression has been immunohistologically detected in tumor cell lines (Chapoval, A. et
al. (2001 “B7-H3: 4 Costimulatory Molecule For T Cell Activation and IFN-y Production,” Nature
Immunol. 2:269-274; Saatian, B. ef al. (2004) “Expression Of Genes For B7-H3 And Other T Cell
Ligands By Nasal Epithelial Cells During Differentiation And Activation,” Amer. J. Physiol. Lung
Cell. Mol. Physiol. 287:L217-1.225; Castriconi er al (2004) “Identification Of 4Ig-B7-H3 As 4
Neuroblastoma-Associated Molecule That Exerts 4 Protective Role From An NK Cell-Mediated
Lysis,” Proc. Natl., Acad. Sci (U.S.AD 101(34):12640-12645); Sun, M. e al {2002)
“Characterization of Mouse and Human B7-H3 Genes,” J. Immunol. 168:6294-6297). mRNA
expression has been found in heart, kidney, testes, lung, liver, pancreas, prostate, colon, and osteoblast
cells (Collins, M. er al. (2005) “The B7 Family Of Immune-Regulatory Ligzmds,” Genome Biol.
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6:223.1-223.7). At the protein level, B7-H3 is found in human liver, lung, bladder, tesfis, prostate,
breast, placenta, and fymphoid organs (Hofmeyer, K. et a/. (2008) “The Contrasting Role Of B7-H3,”
Proc, Natl. Acad. Sci. (U.5.A.) 105(36):10277-10278).

il Therapeutic Antibodies

fGC15] In addition to their known uses in diagnostics, antibodies have been shown to be useful as
therapeutic agents. For example, immunotherapy, or the use of antibodies for therapeutic purposes
has been used in recent years to treat cancer. Passive inimmotherapy involves the use of monoclonal
antibedies in cancer treatments (see for example, DEVITA, HELLMAN, AND ROSENBERG'S CANCER:
PRINCIPLES & PRACTICE OF ONCOLOGY, BIGHTH EDITION (2008), DeVita, V. ef @l Eds., Lippincott
Williams & Wilkins, Philadeiphia, PA, pp. 537-547, 2979-2990). These antibodies can have inherent
therapentic biclogical activity both by direct inhibition of tumor cell growth or survival and by their
ability to recruit the natural cell killing activity of the body’s immune system. These agents can be
administered alone or in conjunciion with radiation or chemotherapeutic agemis. Rituximab and
Trastuzumab, approved for treatment of non-Hodgkin's ymphoma and breast cancer, respectively, are
examples of such therapeutics. Alternatively, antibodies can be used to make antibody conjugates in
which the antibody is linked to a toxic agent and dirscis that agent to the tumor by specifically
binding to the mumor. Gemiuzumab ozogamicin is an example of an approved antibody conjugate

used for the wreatment of leukemia.

{0816] Monoclonal antibedies that bind to cancer celis and have potential uses for diagnosis and
therapy have been disclosed (see, for example, the following patent applications which disclose, inter
alia, some molecular weights of target proteins: U.S. Patent No. 6,054,561 (200 kD c-crbB-2 (Her2),
ait other unknown antigens 40-200 KD in stze) and U.S. Patent No, 5,656,444 (50 kD and 55 kD
oncofetal protein)). Examples of antibodies in clnical trials and /or approved for treatment of solid
tumors include: Trasrzumab (antigen: 180 kD, HER2/meu), Edrecolomab {antigen: 40-50 kD, Ep-
CAM), Anti-human milk fat globules (HMFGIL) (antigen &gt;200 kD, HMW Mucin), Cemxintab
(antigens: 150 kD and 170 kD, EGF rcceptor), Alemtuzumab (antigen: 21-28 kD, CD52), and
Rituximab (antigen: 35 kD, CD20).

{0617} The antigen targets of trastuzumab (Her-2 receptor), which is used to treat breast cancer, and
cetuximab (EGF receptor), which is in clinical trials for the treatiment of several cancers, are present at
some detectabie level on a large number of normal human adult tissues inchuding skin, colon, lung,
ovary, liver, and pancreas. The margin of safety in using these therapeutics is possibly provided by
the difference in the lovels of anfigen expression or in access of or activity of the antibody at these

sites,
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{6018} Another type of immunotherapy is active immunotherapy, or vaccination, with an antigen
present on a speeific cancer(s) or a DNA construct that directs the expression of the antigen, which
then evokes the immune response in the individual, ie., to induce the individual o actively produce
antibodies against their own cancer. Active immunization has not been used as often as passive

immunotherapy or immunotoxins.

{6019] Several models of disease (including cancer) progression have been suggested. Theories
range from causation by a single infective /ransforming event fo the evolution of an increasingly
“disease-like™ or “cancer-like” tissue type leading ultimately to one with fully pathogenic or
malignant capability. Some argue that with cancer, for example, a single mutational event is
sufficient to causc malignancy, while others argue that subscquent alterations are also necessary.
Some others have suggested that increasing mutational load and tumor grade are necessary for both
initiation as well as progression of neoplasia viz a continuum of mutation-selection everts at the
cellular level. Some cancer targets are found only in tumor tissues, while others are present in normal
tissues and are wp regulated and /or over-expressed in tumor tissues. In such siuvations, some
researchers have suggested that the over-expression is linked to the acquisition of malignancy, while
others suggest that the over-expression is merely a marker of a trend along a path to an increasing

disecase state,

[0828] In some cases, cancer targets, such as oncoproteins expressed or over-expressed in tumors,
have been shown to be present during embryonic and fetal development and serve as a regulator of
growth and differentiation. Some researchers have found that the expression of these oncoproteing
during cinbryonic and fetal development appear to be restricted to specific tissues and also restricted
to specific stages of development. In contrast, the expression of these oncoproteins in the adult has
been shown to be assoctated with over-expression in tumor growth and /or a malfunciion of tumor

suppressor proteins,

[0021] An ideal diagnostic and /or therapeutic antibody would be specific for an antigen present on
a large number of cancers, but absent or present only at low levels on any normal tissue. The
discovery, characterization, and isolation of a novel antibody capable of binding fo an antigen that is
specifically associated with cancer(s) would be useful in many ways. First, the antibody would have
biological activity against such cancer cells and be able to recruit the immune systent's response o
thereby treat the disease. The antibody could be administered as a therapeutic alone or in combination
with current treatments or used to prepare bmmmoconjogates linked to toxic agents. An antibody
with the same specificity but with low or no biological activity when administered alone could also be
useful in that an antibody could be used to prepare an immunoconjugate with a radicisotope, a toxin,

or a chemotherapeutic agent or liposome containing a chemotherapeutic agent, with the conjugated
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form being biologically active by virtue of the antibody direciing the toxin to the antigen-containing

cells.

[€622] As discussed above, antibodies and other molecules that that specifically bind to B7-H3
have been described (see, United States Patent No. 7,527,969; 7,368,554, 7,358,354; and 7,279,567;
United States Patent Application Publications Nos. US 20090087416; US 20000022747 US
20090018315,  US2008116219;  US20080081346; US 20050202536,  US20030103963;
US20020168762; PCT Publications Nos. WO 2008/116219; WO 2006/016276; WO 2004/093894;
WO 04/001381; WO 2002/32375; WO 2002/10187 and WO 2001/094413; EP 1292619B; Modak, S.
et al. (March 1999) “Disialoganglioside GD2 And Antigen 8HY: Potential Targets For Antibody-
Based Immunotherapy Against  Desmoplastic  Small Round Cell Tumor (DSRCT)  dnd
Rhabdomyosarcoma (RMS},” Proceedings Of The American Association For Cancer Research Annual
Meeting, Vol. 40:474 (90™ Annual Meeting Of The American Association For Cancer Research:
Philadeiphia, Pennsylvania, US; April 10-14, 1999; Modak, S. er al {(March 2000)
“Radioimmunotargeting To Human Rhabdomyosarcoma Using Monoclonal Aniibody 869" Proc.
Am. Assoc. Cancer Res.41:724; Modak, 8. ef al. (2001) “Monoclonal Antibody 8H9 Targets A Novel
Cell Surface Antigen Expressed By A Wide Spectrum Of Human Solid Tumors,,’; Cancer Res,
61(10):4048-4054; Steinberger, P. ef al. (2004) “Molecular Characterization of Human 4Ig-B7-H3,
Member of the B7 Familv with Fou% lg-Like Domains,” J. Immunol. 172(4:2352.2359; Xu, H. er al.
(2009) “MicroRNA miR-29 Modulates Expression of Immunoinhibilory Molecule B7-H3: Potential
Implications for Immune Based Thevapy of Human Solid Tumors,” Cancer Res. 69(15):5275-6281).

[0823] Nevertheless, one aspect desirable for an ideal diagnostic and /or therapeutic antibody
would be the discovery and characterization of novel antibodies capable of mediating, and particularly
of enhancing the activation of the immune system against cancer cells {especially human cancer cells)
that are associated with a variety of cancers. Such compositions would also be useful for drug
discovery (e.g., small molecules) and for further characterization of cellular regulation, growth, and

differentiafion.

[0624] Thus, despite all prior advances, a need remains for improved compasitions capable of
binding to cancer cells and of facilitating or mediating an immune response against cancer celis. Such
compositions may be used to diagnose and treat such cancers. There exists a further need, based on
the discoveries disclosed herein, for novel compositions that specificatly recognize dual targets on the
surface of cells, and which can thereby modulate, either by reducing or enhancing, the capabilities of
B7-H3 to mediate T-cell activation or by recognizing and killing cancer cells that express B7-H3. It
is an object of this invention to identify such compositions. B is another object to provide novel

compounds for use in the assay of B7-H3 expression.



[0625]  As described in detail below, the present invention relates to novel antibodies, including in
particular dual affinity retargeting reagents (“DART™S™) that comprise modulators of B7-H3 T-cell
activation, that are capable of infiuencing T-cell activation as well as nove! antibodies that bind to B7-
H3 receptors of cancer cells and facilitate or mediate the death of such cells. The present invention is
directed to such compositions and to their uses in diagnostics and in the treatment of diseases such as

Cancer.

Summary:

[0026] The present disclosure relates to antibodies and their fragments that are immunoreactive to
the mammalian, and more particularly, the human B7-H3 receptor and to uses thereof, particularly in
the treatment of cancer and inflammation. The disclosure thus particularly concerns humanized B7-
H3-reactive antibodies and their immunoreactive fragments that are capable of mediating, and more
preferably enhancing the activation of the immune system against cancer cells that are associated with

a variety of human cancers.

{0027] In detail, the disclosure concerns an isolated antibody or an immunoreactive fragment
thereof, wherein the isolated antibody or the fragment comprises a variable domain that specifically
binds an extracellular domain of B7-H3, wherein the antil_ﬁody competes for binding to the B7-H3
with any of antibodies: BRCA69D, BRCAS4D, or PRCA157.

[0028} The disclosure further concerns the above-described isolated antibody or immunoreactive

fragment thereof, wherein the antibody or the fragment comprises a variable domain that comprises:

(A) CDR, (SEQ ID NO: 21), CDR, (SEQ ID NO: 23} and CDR; (SEQ ID NO: 25) of the light
chain of BRCA69D and CDR, (SEQ ID NO: 29), CDR, (SEQ ID NO: 31) and CDR; (SEQ
D NG: 33) of the heavy chain of BRCAG9D;

(B) CDR; (SEQ ID NO: 5), CDR; (SEQ ID NO: 7) and CDR; (SEQ ID NO: 9) of the light
chain of BRCA84D and CDR, (SEQ ID NO: 13), CDR, (SEQ ID NO: 15) and CDR; (SEQ
D NQ: 17) of the heavy chain of BRCA84D; or

(C) - CDR, (SEQ ID NO: 37), CDR, (SEQ ID NO: 39) and CDR; (SEQ ID NO: 41) of the light
chain of PRCA157 and CDR, (SEQ ID NO: 45), CDR, (SEQ ID NO: 47) and CDR, (SEQ
ID NG: 49) of the heavy chain of PRCA157.

[0029] The disclosure further comcerns any of the above-described isolated antibodies or
immunoreactive fragments thereof, wherein the antibody binds to B7-H3 that is endogenously

expressed on the surface of a cancer cell.



[0030]

The disclosure further concerns any of the above-described isolated antibodies or

immunoreactive fragments thereof, wherein the antibody binds to B7-H3 that is internalized upon

binding to B7-H3 expressed on the surface of a cancer cell.

{0036a]

[0031]

In one aspect, there is provided a B7-H3 binding molecule, wherein said

molecule is an isolated antibody, or an immunoreactive fragment thereof,

which comprises a variable domain that specifically binds an extracellular

domain of B7-H3, wherein said molecule:

(A)

(B)

is internalized upon binding to B7-H3 expressed on the surface of a

cancer cell; and

comprises a variable domain that comprises or retains the binding

specificity of;

D

3)

a light chain variable domain that comprises CDR; (SEQ ID
NO: 21), CDR, (SEQ ID NO: 23) and CDR; (SEQ ID NO: 25),
and a heavy chain variable domain that comprises CDR; (SEQ
ID NO: 29), CDR; (SEQ ID NO: 31) and CDR; (SEQ ID NO:

33);

a light chain variable domain that comprises CDR, (SEQ ID
NO: 5), CDR; (SEQ ID NO: 7) and CDR; {(SEQ ID NO: 9),
and a heavy chain variable domain that comprises CDR; (SEGQ
ID NO: 13), CDR; {(SEQ ID NO: 15) and CDR; (SEQ ID NO:
17, or

a light chain variable domain that comprises CDR; (SEQ ID
NO: 37), CDR, (SEQ ID NO: 39) and CDR; (SEQ ID'NO: 41),
and a heavy chain variable domain that comprises CDR; (SEQ
ID NQ: 45), CDR; (SEQ ID NO: 47y and CDRs (SEQ ID NO:
49),

The disclosure further concerns any of the above-described isolated antibodies or

immunoreactive fragments thereof, which is a humanized monoclonal antibody.
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[0032] The disclosure further concerns any of the above-described isolated antibodies or
immunoreactive fragments thereof, wherein the antibody is a modified antibody that comprises a
variant human IgGl Fe region, wherein the variant human IgGi Fc region comprises at least one
amino acid modification relative to the Fc region of the parent of the antibody, the amino acid
modification(s) comprising amino acid modification(s) that alters the affinity or avidity of the variant
Fc region for binding to an FeyR such that the modified antibody exhibits enhanced effector function

relative to the parent antibody.

- [0633] The disclosure further concerns any of the above-described isolated antibodies or
immunoreactive fragments thereof, wherein the Fc region modification comprises:

(A) at least one substitution selected from the group consisting of:

(1)  F243L; (5)  Y300L;
(2)  D270E; (6)  V305L
(3)  R292P; ()  A330V;and
(4)  S208N; (8)  P396L;

(B) at least one substitution of two amino acid residues, the substitutions being selected from the
group consisting oft
H F243L and P396L,;
2) F2431, and R292P; and
(3) R292P and V305I;
() at least one substitution of three amino acid residues, the substitutions being selected from
the group consisting of:
(1) F2431L, R292P and Y300L;
2) F243L, R292P and V305L;
(3) F243L, R292P and P396L; and
@) R292P, V3051 and P3961L;
(D) at least one substitution of four amino acid residues, the substitutions being selected from the
group consisting of:
O F243L, R292P, Y300L and P396L,; and
(2 F2431., R292P, V3051 and P396L;

or
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(E) a substitution of at least the five amino acid residues: F243L, R292P, Y3001, V3051 and
P396.

{0034] The disclosure further concerns the above-described antibody, wherein the antibody
comprises substitutions of:

(A) F243L, R292P, and Y300L;

(B) 1235V, F2431., R292P, Y300L, and P396L; or

(<) 2431, R292P, Y300L, V3051, and P396L.

{6035] The disciosure further concems the above-described antibody, wherein the antibody
COMPrises COMmprises:
(A) a variable domain that comprises CDR, (SEQ D NG: 5), COR, (SEQ ID NO: 7)
and CDR; (SEQ ID NO: 9) of the light chain of BRCA84D and CDR; (SEQ ID NO:
13), CDR, (SEQ ID NO: 158) and CDR; (SEQ ID NO: 17) of the heavy chain of
BRCAR84D; and
(B) an Fo region modification that comprises the substitutions: 1.235V, F243L, R292P,
Y3001, and P396L.

[6036] The disclosure further concerns the above-described antibody, wherein the antibody is a

chimeric antibody or a humanized antibody.

[6037] The disclosure further concerns the above-described isolated antibodies or immunoreactive
fragments thereof, wherein the antibody comprises:
(A) a variable light chain having the amino acid sequence of hBRCA84D-2 VL (SEQ ID
NO: 89);
(B) a variable heavy chain baving the amino acid sequence of hBRCAS4D-2 VI (SEQ
ID NO: 99); and
<) an Fe-region having the substitutions: L235V, F2431, R292P, Y300L, aﬁd P396L.

[0037a} In another aspect, there is provided a hybridoma that secretes the isolated antibody

as defined above.

[0038] The disclosure further concerns a hybridoma that secretes a monoclonal antibody that
specifically binds an extracellular domain of B7-H3, wherein the antibody competes for binding to the
B7-H3 with any of antibodies: BRCA69D, BRCAS4D, or PRCA157.

[0038a] In yet another aspect, there is provided a isolated nucleic acid molecule that encodes

a polypeptide chain of the B7-H3 binding molecule as defined above.
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[6039] The disclosure further concerns a nucleic acid molecule that encodes any of the above-

described isolated antibodies or immunoreactive fragments,
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[0040] The disclosure further concerns a dual affinity retargeting reagent (DART™), the reagent
comprising:

{A) a polypeptide chain I that comprises an immunoglobulin VL epitope binding domain
specific for binding B7-H3 and a VH epitope binding domain specific for binding a
molecule other than B7-H3; and

(B) a polypeptide chain U that comprises an immunoglobulin VH epitope binding domain
specific for binding B7-H3 and a VL epitope binding domain specific for binding the
molecule other than B7-H3;

wherein the polypeptide chains I and IT are associated together so as to form functional

epitope binding domains capable of binding to B7-H3 and the molecule other than B7-H3.

00417 The disclosure further concems the above-described dual affinity retargeting reagent
{(DART™), wherein the molecule other thap B7-H3 that may be bound by the DART™ i3 2 hapten,

and particularly wherein the hapten is fluorescein isothiocyanate.

10042} The disclosure further concerns the above-described dual affinity retargeting reagent
(DART™) wherein the molecule other than B7-H3 that may be bound by the DART™ is a T-Cell
Receptor or the NKG2D receptor.

[0043] The disclosure further concerns the above-described dual affinity retargeting reagent
(DART™), wherein the molecuie other than B7-H3 that may be bound by the DART™ js a tumor-
associated antigen, and particularly, wherein the fumor-associated antigen is selected from the group
consisiing of A33; ADAM-9; ALCAM; BAGE; beta-catenin; CA125; Carboxypeptidase M; CD103;
CD19; CD20; CD22; CD23; CD25; CD27, CD28; CD36; CD40/CD154; CD435; CD46; CDS; CD56;
CD79a/CD79; CDK4; CEA; CTLA4; Cytokeratin 8; EGF-R; EphA2; ErbBl1; ErbB3; ErbB4;
GAGE-1; GAGE-2; GDX/GD3/GM2; gpl00; HER-2/neu; human papillomavirus-E6; human
papillomavirus-E7; Integrin Alpha-V-Beta-6; JAM-3; KID3: KID31; KSA (17-1A); LUCA-Z;
MAGE-1; MAGE-3; MART; MUC-1; MUM-1; N-acetylglucosaminyitransferase; Oncostatin M;
pl5; PIPA; PSA; PSMA; RORI; sTn; TNF-§ receptor; TNF-u receptor; TNF-y receptor; Transferrin
Receptor; and VEGF recepior.

[0044] The disclosure further concerns a nucleic acid molecule that encodes a polypeptide chain of

any of the above-described dual affinity retargeting reagents (DART™s),

[0044a] In one aspect, there is provided a pharmaceutical composition comprising (1) a
therapeutically effective amount of the B7-H3 binding molecule as defined above and (ii) a

pharmaceutically acceptable carrier.
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[0045] The disclosure further concerns a pharmaceutical composition comprising (i) a
therapeutically effective amount of any of the above-described isolated antibodies or immunoreactive

fragments or dual affinity retargeting reagents (DART™Ss) and (ii) a pharmaceutically acceptable

carrier.
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[0046] The disclosure further concerns the above-described pharmaceutical composition, wherein
the anfibody is a humanized antibody that comprises:
(A) a variable domain that comprises CDR, (SEQ ID NO: 5), CDR, (SEQ ID NO: 7)
and CDR; (SEQ ID NO: 9) of the light chain of BRCA84D and CDR, (SEQ 1D NO:
13), CDR,; (SEQ ID NO: 15) and CDR; (SEQ ID NO: 17) of the heavy chain of
BRCARB4D; and
®B) an Fe¢ region modification that comprises the substitutions: 1235V, F243L, R292P,
Y300L, and P396L.

[0047] The disclosure further concerns the above-described pharmaceutical composition, wherein
the antibody is a humanized antibody that comprises:
(A) a variable light chain having the amino acid sequence of hBRCA84D-2 VL (SEQ ID
NO: 89);
(B} a variable heavy chain having the amino acid sequence of RBRCA84D-2 VH (SEQ
ID NO: 99); and
(C) an Fe-region having the substitutions; L235V, F243L, R292P, Y300L, and P396L.

[0048] The disclosure further concerns any of the above-described pharmaceutical compositions,
which further comprises one or more additional anti-cancer agents, and particularly wherein the
additional anti-cancer agent is a chemotherapeutic agent, a radiation therapeutic agent, a hormonal

therapeutic agent, or an immunotherapeutic agent.

[0649] The disclosure further concerns the use of any of the above-described antibodies or
immunoreactive fragments or dual affinity retargeting reagents (DART™Ss) in the diagnosis of cancer,

wherein the isolated antibody, immunoreactive fragment, or DART™ is detectably labeled,

[0650] The disclosure further concerns the above-described use characterised in that the cancer is
characterized by the presence of a cancer cell selected from the group consisting of a cell of an
adrenal gland tumor, an AIDS-associated cancer, an alveolar soft part sarcoma, an astrocytic tumor,
bladder cancer, bone cancer, a brain and spinal cord cancer, a metastatic brain tumor, a breast cancer,
a carotid body tumors, a cervical cancer, a chondrosarcoma, a dhordoma, a chromophobe renal cell
carcinoma, a clear cell carcinoma, a colon cancer, a colorectal cancer, a cutaneous benign fibrous
histiocytoma, a desmoplastic small round cell tumor, an ependymoma, a Ewing’s tumor, an
extraskeletal myxoid chondrosarcoma, a fibrogenesis imperfecta ossium, a fibrous dysplasia of the
bone, a gallbladder or bile duct cancer, gastric cancer, a gestational trophoblastic disease, a germ cell
tumor, a head and neck cancer, hepatocellular carcinoma, an islet cell tumor, a Kaposi’s Sarcoma, a
kidney cancer, a leukemia, a lipoma/benign lipomatous tumor, a liposarcoma/malignant lipomatous

tumor, a liver cancer, a lymphoma, a lung cancer, a medulloblastoma, a melanoma, a meningioma, a
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multiple endocrine neoplasia, a multiple myeloma, a myelodysplastic syndrome, a neuroblastoma, a
neuroendocrine tumors, an ovarian cancer, a pancreatic cancer, a papillary thyroid carcinoma, a
parathyroid tumor, a pediatric cancer, a peripheral nerve sheath tumor, a phacochromocytoma, a
pituitary tumor, a prostate cancer, a posterious unveal melanoma, a rare hematologic disorder, a renal
metastatic cancer, a rhabdoid tumor, a rhabdomysarcoma, a sarcoma, a skin cancer, a soft-tissue
sarcoma, a squamous cell cancer, a stomach cancer, a synovial sarcoma, a testicular cancer, a thymic

carcinoma, a thymoma, a thyroid metastatic cancer, and a uterine cancer.

[0050a] In one aspect, there is provided the use of the B7-H3 binding molecule as defined
above or of the pharmaceutical composition as defined above in the preparation of a

medicament for the treatment of cancer in a patient.

[6051] The disclosure further concerns the use of any of the above-described antibodies or
immunoreactive fragments or dual affinity retargeting reagents (DART™s) in the preparation of a
medicament for the treatment or the prevention of cancer in a patient. The disciosure further concerns
such uses characterised in that the cancer is characterized by the presence of a cancer cell sefected
from the group consisting of a cell of an adrenal gland tumor, an ATDS-associated cancer, an alveolar
soft part sarcoma, an astrocytic tumeor, bladder cancer, bone cancer, a brain and spinal cord cancer, a
metastatic brain tumor, a breast cancer, a carotid body tumors, a cervical cancer, a chondrosarcoma, a
dhordoma, a chromophobe renal cell carcinoma, a clear cell carcinoma, a colon cancer, a colorectal
cancer, a cufaneous benign fibrous histiocytoma, a desmoplastic small round cell tumor, an
ependymoma, a Ewing’s tumor, an extraskeletal myxoid chondrosarcoma, a fibrogenesis imperfecta
ossium, a fibrous dysplasia of the bone, a gallbladder or bile duct cancer, gastric cancer, a gestational
trophoblastic disease, a germ cell tumor, a head and neck cancer, hepatoceliular carcinoma, an islet
cell tumor, a Kaposi’s Sarcoma, a kidney cancer, a leukemia, a lipoma/benign lipomatous tumor, a
liposarcoma/malignant lipomatous tumor, a liver cancer, a lymphoma, a lung cancer, a
medulloblastoma, a melanoma, a meningioma, a multiple endocrine neoplasia, a multiple myeloma, a
myelodysplastic syndrome, a neuroblastoma, a neuroendocrine tumors, an ovarian cancer, a
pancreatic cancer, a iaapﬂlary thyroid carcinoma, a parathyroid tumor, a pediatric cancer, a peripheral
nerve sheath tumor, a phaeochromocytoma, a pituitary tumor, a prostate cancer, a posterious unveal
melanoma, a rare hematologic disorder, a renal metastatic cancer, a rhabdoid tumor, a
rhabdomysarcoma, a sarcoma, a skin cancer, a soft-tissue sarcoma, a squamous cell cancer, a stomach
cancer, a synovial sarcoma, a testicular cancer, a thymic carcinoma, a thymoma, a thyroid metastatic

cancer, and a uterine cancer.
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[0052] The disclosure further concemns the above described uses characterised in that the use
further comprises administration of one or more additional cancer therapies selected from the group

consisting of chemotherapy, immunotherapy, radiation therapy, hormonal therapy, and surgery.
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Brief Description of the Drawings:

[0053] Figures 1A-1B show the results of HC investigations conducted using normal pancreas,
fiver, lung and colon tissue specimens with BRCAB4D at 0.625 ng/ml and 0.078 pg/mi (Figure 1A)
and normal heart, kidney and adrenal tissuc with BRCA84D at 0.625 ug/m! (Figure 1B).

[6854] Figare 2 shows the results of IHC investigations conducted using cancerous pancreas,

breast, colon and lumg tissue specimens with BRCAS4D at 0.625 ug/ml and 0.078 nug/ml.

{0655] Fignres 3A-3D show dose-dependent redirected killing mediated by the entibodies of the
present invention. Figures 3A-3B show dose-dependent redirected killing of A498 renal carcinoma
cells {with resting PBMC at 18 hours (LDH)) by monoclonal antibodies reactive against B7-H3
{effector:target ratio of 20:1) {Figure 3A: BRCAGSD, BRCAGID, PRCAL57, GBS, TCR-4420;
Figure 3B: OVCAZZ, BRCAS84D, TDHS6, TESY, TCR-4420). Figures 3C-3D show dose-dependent
redirected killing of AS49 lung cancer cells (with resting PBMC at 18 hours (LDH)) by monocional
antibodies reactive against B7-H3 (effector:target ratio of 30:1) (Figure 3C: BRCA84D, QVCA22,
PRCAI57, TES7; Figure 3D: TDHG6, BRCAG68D, BRCAGID),

[i656] Figures 4A-4B show the abilities of anti-B7-H3 antibodies o bind to soluble B7H3-2Ig
{Figure 4A) and solubie B7H3-41g B7-H3 (Figure 4B) {antibody concentration is 100 nM}. Legend:
{A) BLASK; (B) BRCA165; {C} BRCA6S8D; (D} BRCASYD; (E) BRCAS4D, (F) GBS, (G) LUCAL,
{(H) LUCAS0; () OVCAZI; {J) OVCA2Z; (K) PA20; (L) PRCAI23; (M) SG24; (N} SG27; {O)
STOY; (P} TDH4 (184-192); (Q) TDH4; {R) TDHS, (8) TES7, The vertical position of legend

correlates with the position of the corresponding curve.

[6657] Figures 5A-58 demonstrate the binding affinity between antigens in solution and captured
monoclonal antibodies (solid lines; B7-H3(41g) 100 nM; dashed Hnes; B7-H3, 100 nM).

{0058] Figures 6A-6I show the results of BIACORE™ analyses of B7-H3 antibodies immobilized
to B7-H3-21g (dashed gray lines) or B7-H3-41g (solid black lines). Antibodies were titrated from
(0.063 pM to T pM. Time is in seconds.

{0659] Figure 7 provides a comparison BIACORE™ analysis of antibodies PRCA157, BRCA69D,
BLAS, PA20, BRCABAD, GBS and SG27.

{6060} Figure 8 provides a BIACORE™ analysis demonstrating that entibodies BRCAGSD,
BRCAGSD, and PRCA 157 do not compete with BRCAS4D for binding to human B7-F3,
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[0061] Figures 9A-9B show the results of studies on the ability of the anti-B7-H3 antibodies of the
present invention to become internalized upon binding to cancer cells (Fipure 9A, prostate CSC cells;

Figure 98, Hs700t pancreatic cells).

[0662] Figures 16A-10F show the ability of the anti-B7-H3 antibodies of the present invention to
cross-block one another thereby revealing overlapping or distinet epitopes. A ten-fold excess of

competitor antibody was employed.

[0063] Figures 11A-11B show the alignment of the amino acid residues of the variable light chains
{Figare 11A) or variable heavy chains (Figure 11B) of BRCAB4D and its humanized derivative,
hBRCAR4D,

[6064] Figure 12 shows the relative binding affinities of the hBRCAR4D light chain derivatives
BRCAR4AD-3VL, BRCAS4D-4VL and BRCA84D-5VL for human B7-F3,

[0665] Figure 13 shows the relative binding affinities of the hBRCA84D heavy chain derivatives
BRCAB4D-2VH, BRCAB4D-3VH and BRCAR4D-4VH for human B7-H3.

[0066] Fignre £4 shows the relative binding affinities of (1) antibodies containing hBRCABS4D-
ZVLE and hBRCAR4D-2VH f{trials 1 and 2), {2) chimeric BRCAS84D, (3) antibody containing
hBRCA84D-5VL and chimeric BRCA84D-HC and (4) antibody containing hBRCA84D-5VL and
hBRCAS4D-2VH,

[00_67] Figure 15 shows the ability of Fe-modified humanized anti-B7-H3 antibodies to inhibit
tumor growth of HT-1197 wrinary bladder carcinoma cclls i vive in a murine xenograft model
system, The Fe-modified hBRCAB4D-2 antibody {comprising Fe modifications 1235V, F243L,
R292P, Y300L, and P396L) was administered to the mice (at a dose of 1 ng/kg, 10 ugke, or 20
ng/ke)y 7 days, 14 days, 21 days and 28 days post implantation of the cancer eells.

[6068] Figure 16 shows the ability of Fe-modified humanized anti-B7-H3 antibodies to inhibit
tmor growth of A498 renal carcinoma cells in vivo in 8 murine xenograft model system. The Fe-
modified hBRCA84D-2 antibody (comprising Fc¢ medifications L2335V, F243L, R292P, ¥300L, and
P396L) was administered to the mice (at a dose of 1 ug/kg, 10 ug/kg, or 20 pe/kg) 7 days, 14 days, 21

days and 28 days post implantation of the cancer cells,

{80691 Figures 17A-17D demonstrate the ability of the hBRCA84D-2 / antl-TCR DART™ (*T-
DART™™} 10 mediate redirected killing of SK-MES-1 lung cancer cells, A498 renal carcinoma cells,

LNCaP prostate cancer cells, and UACC-62 melanoma cells.
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[007¢] Figures 18A-18C show the pharmacokinetic decay ofanti-B7-H3 Mabl in the sera of male
tumor-free male mCD16-/-, hCD16A_FOXNI mice (Figures 18A-18B). Figure 18C shows the
predicted pharmacokinetic profiles generated using a 2-compartment model with parameters from the

Smg/kg dose at 0.1, 0.5, 1, 5, and 10 mg/kg.

[0671] Figure 19 shows the relative expression of HER2 and PRCA135 by the HT-1197 bladder

cancer line.

[0672] Figure 20 shows the binding atfinity of anti-B7-H3 antibody hBRCAS84D variants to HT-
1197 cells.

{0073} Figures 21A-21C show the results of a murine xenograft analysis for HT-1197. Groups of
8 female mice received vehicle or 10 mg/kg IgG control, or centuximab at a dose of 1, 5, or 15 mg/kg
or anti-B7-H3 aniibody Mab! at a dose of 0.1, 0.5, 1, 5, or 10 mg/kg (Q7D x3). Tumor measurements
were made every 3-4 days. Figure 214 shows the ability of anti-B7-H3 antibody Mab] to prevent or
inhibit tamor development in the murine xenograft model. Comparisons vs 1gG control; Mabl (1 and
5 mg/kg) vs 1gG control *** from day 51; Mabl (10 mg/kg) vs 1gG control ** from day 48. FRigure
238 shows the ability of centuximab to prevent or inhibit tumor development in the murine xenograft
model. Cetuximab (7 mg/kg} vs 1gG control ¥* from day 51; Cetuximab (15 mg/kg) vs 1gG control

*#* from day 58. Figare 21C compares the results obtained atf the maximum doses tested.

[6074] Figures 22A-22B show the relative expression of HER2 and PMSA by the HT-1376

bladder cancer me.

[0875] Figare 23 shows the results of a murine xenograft analysis for HT-1376. Groups of mice
received vehicle or 1.0 mg/ke of anti-B7-H3 antibody Mabl (Q7D x4).

16076] Figure 24 show the results of a muwrine xenograft analysis for AGS. Groups of mice
received vehicle or 10 mg/kg anti-B7-H3 antibody Mabl at a dose of 0.5, 1, 3, or 10 mg/kg (Q7D x5),

[0677] Figure 25 show the results an fn vitro cytotoxicity assay of AS49 lung cancer cells upon
incubation with hBRCAS84D, chBRCA84D and hBRCAS84 (Fe¢ Varl) variant anti-B7-H3 aptibodies
(E:T Ratio = 25:1; Effector = Human PBMC; LDH Assay readout).

[6878] Figure 26 shows the results of a murine xenograft analysis for A549.  Groups of mice

received vehicle or 1.0 mg/kg of anti-B7-H3 antibody Mab1 (Q7D x4).

[6079] Figure 27 show the results of a murine xenografi analysis for Calu3. Groups of mice

received vehicle or 0.5, 1, or 5§ mg/kg (Q7D x5) anmti-B7-H3 antibody Mabl or IgG coentrol (10
mg/ml).
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[0080] Figures 28A-28C show the results of & murine xenograft analysis for LOX-IMVI melanoma
cancer cells. Groups of 8 female mice received vehicle or 5 mg/kg 1gG control, or Docetaxel at a
dose of 5, 10 or 20 mg/kg or anti-B7-H3 antibody Mabl at a dose of 0.5, 1, 5, or 10 mg/kg. Fignre
28A shows the ability of anti-B7-H3 antibody Mab! fo prevent or inhibit tumor development in the
murine xenograit model. Figure 28B shows the ability of Docetaxel to prevent or inhibit turnor
development in the murine xenograft model. Figare 28C compares the results obtained at the

maxinmum doses tested.

10081] Figure 29 shows the result of a murine xenograft analysis for UACC-62 melanoma cancer
cells, Groups of mice received vehicle or 5 mg/kg 1gG control, or anti-B7-H3 antibody Mab] at a
dose of 0.5, 1, 5, or 10 mg/kg.

0082} Figures 30A-30C show the results of a murine xenograft analysis for 2Zrv prostate cancer
cells. Groups of 8 female mice received vehicle or 10 mg/kg 18G control, or trastuzumab at a dose of
1,7 or 15 mg/kg or anti-B7-H3 antibody Mab1 at a dose of 0.5, 1, 5, or 10 mg/kg. Figure 36A shows
the ability of anti-B7-H3 antibody Mabl to prevent or inhibit tumor development in the murine
xenograft model. Figure 30B shows the ability of trastuzumab to prevent or inhibit fumor
development in the murine xenograft model. Figare 36C compares the results obtained at the

maximum doses tested.

[8083] Figure 31 show the results an in vitro cytotoxicity assay of A498 renal cancer cells upon
mcubation with hBRCA84D, chBRCAS4D and hBRCAS4 (F¢ Varl) variant anti-B7-H3 antibodies
{E:T Ratio = 25:3; Effector = Human PBMC; LDH Assay readout).

[0684] Figure 32 shows the result of a murine xenograft analysis for A498 renal cancer cells.
Groups of mice received vehicle or 10 mg/kg 1gG control, or anti-B7-H3 antibody Mabl at a dose of
0.1,0.5, 1, 5, or 10 mg/kg. Centuximab (anti-EGRF antibody) was administered to a control group of

mice at doses of 1, 7, or 15 mg/kg.

[0685] Figures 33A-33B show the resuit of a murine xenograft analysis for 786-0 renal cancer cells
compared to centuximab. Groups of mice received vehicte or 10 mgikg 1gG control, or anti-B7-H3
antibody Mabl at a dose of 0.1, 0.5, 1, 5, or 10 mg/kg. Centuximab (anti-EGRF antibody) was

administered to a control group of mice at doses of 1, 7, or 15 mg/kg.

[0086] Figure 34 shows the result of a murine xenograft analysis for 786-0 renal cancer cells
compared to paciitaxel. Groups of mice received vehicle or 5 mg/kg IgG control, or anti-B7-H3
antibody Mab] at a dose of 0.1, 0.5, 1, 5, or 10 mg/kg. Paclitaxel was administered to a control group

of eight such mice at a dose of 2.5 mg/kg.
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Detailed Description of the Invention:

[0687] The present invention relates to antibodies and their fragments that are hmmanoreactive to
the mammaiian, and more particularly, the homan B7-H3 receptor and to uses thereof, particularly in
the treatment of cancer and inflammation. The invention thus particularly concerns humanized B7-
H3-reactive antibodies and their immunoreactive fragments that arc capable of mediating, and meore
preferably enhancing the activation of the immune system against cancer cells that are assoctated with

a variety of human cancers.

i General Technigues

10888] The practice of the present invention will employ, unless otherwise indicated, conventional
techmigues of molecular biology (including recombinant techniques), microbiology, cell biology,
biochemistry and immunology, which are within the skill of the art. Such techniques are explained
fully in the literature, such as, MOLECULAR CLONING: A LABORATORY MANUAL, Third Edition
(Sambrook ef af. Eds., 2001) Cold Spring Harbor Press, Cold Spring Harbor, NY; OLIGONUCLEOTIDE
SYNTHESIS: METHODS AND APPLICATIONS (Mgcthods in Molecular Biology), Herdewijn, P., Ed,,
Humana Press, Totowa, NJ; QOLIGONUCLEQTIDE SYNTHESES (Gait, M., Ed., 1984); METHODS IN
MOLECULAR RIOLOGY, Humana Press, Totowa, NJ: CELL BIOLOGY: A LABORATORY NOTEBOOK
{Cellis, I.E., Ed., 1998) Academic Press, New York, NY; ANIMAL CFLL CULTURE (Freshney, R.1,
Ed., 1987); INTRODUCTION TO CELL AND TISSUE CULTURE (Mather, J.P. and Roberts, P.E,, Eds.,
1998) Plenum Press, New York, NY; CELL AND TISSUE CULTURE: LABORATORY PROCEDURES
(Doyle, A, et al, Eds., 1993-8) John Wiley and Sons, Hoboken, NJ; METHODS IN ENZYMOLOGY
{Academic Press, Inc.) New York, NY;, WER’S HANDBOOK OF EXPERIMENTAL IMMUNOLOGY
{Herzenberg, L.A. ef al Eds. 1997) Wiley-Blackwell Publishers, New York, NY; GENE TRANSFER
VECTORS FOR MAMMALIAN CrLLS (Miller, IM. e af Eds., 1987) Cold Spring Harbor Press, Cold
Spring Harbor, NY; CURRENT PROTOCOLS IN MOLECULAR BIOLOGY (Ausubel, F.M. ef af, Eds,
1987} Greene Pub. Associates, New York, NY; PCR: THE POLYMERASE CHAIN REACTION, (Mullis,
K, el al, Eds., 1994) Birkhduser, Boston MA; CURRENT PROTOCOLS IN IMMINOLOGY (Coligan, JLE.
ef al., eds., 1991) John Wiley and Sons, Hoboken, NJ; SHORT PROTOCOLS N MOLECULAR BIOLOGY
{John Wiley and Souns, 1999) Hoboken, NJ; IMMUNOBIOLOGY 7 (Janeway, C.A. ef al. 20607) Garland
Science, Leadon, UK, Antibodies (P. Finch, 1997) Stride Publications, Devoran, UK ANTIRODIES: A
PRACTICAL APPROACH (D. Catty., ed., 1989) Oxford University Press, USA, New York NY);
MONOCLONAL ANTIBODIES: A PRACTICAL APPROACH (Shepherd, P. ef «l Eds., 2000) Oxford
University Press, USA, New York NY; USING ANTIBODIES: A LABORATORY MANUAL (Harlow, E. et
al. Eds., 1998) Cold Spring Harbor Laboratory Press, Cold Spring Harbor, NY; THE ANTIBODIES
(Zanetti, M. et gl. Eds. 1995) Harwood Academic Publishers, London, UK); and DEVITA, HELLMAN,
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AND ROSENRBERG'S CANCER: PRINCIPLES & PRACTICE OF ONCOLOGY, EIGHTH EDITION, DeVita, V. ef
al. Eds. 2008, Lippincott Williams & Wilkins, Philadelphia, PA.

II. Definitions

[0089]  As used herein, the term “B7-H3” refers to a member of the human B7 family of proteins, a
type 1 membrane protein with Ig-like domains also known as CD276. The term “2Ig-B7-H3” denotes
the B7-H3 form that comprises only two Ig-like domains; the term “41g-B7-H3” denotes the B7-H3
form that comprises four Ig-like domains (see, Sun, M., ef al. (2002) “Characterization of Mouse and
Human B7-H3 Genes,” I Immunol. 168:6294-6297; Steinberger et al (2004), “Molecular
Characterization Qf Human 41g-B7-H3, A Member Qf The B7 Family With Fowr Ig-Like Domuains,” I,
Immunol. 2004, 172(4):2352-2359 and Castriconi et al. (2004) “Identification Qf 41g-B7-H3 As A
Newroblastoma-Associated Molecule That Exerts A4 Protective Role From An NK Cell-Mediated
Lysis,” Proc. Natl Acad. Sci. (U.S.A) 101(34):12640-12645). The antigen “TEST” (WO
2008/066691) is an antigen sharing characteristics of the 41g-B7-H3. Accordingly, antibodies thar
specifically bind to TES7 bind to 4Ig-B7-H3. The TES7 antigen may have more than one different
epitope, and epitopes may be non-linear. Several anti-B7-H3 antibodies are known to bind to non-
linear epttopes, including some only present on the 41g-B7-H3 isoform. It is currently believed that

TES7 may be over-expressed in certain cancer cells in comparison to their normal tissue counterparts,

1089¢] Agonists, antagonists, and other modulators of B7-H3 function are expressly included
within the scope of this invention. These agonists, antagonists and modulators arc polypeptides that
comprise one or more of the antigenic determinant sites of B7-H3, or comprise one or more fragments
of such sites, variants of such sites, or peptidomimetics of such sites. These agomnistic, antagonistic,
and B7-H37 modulatory compounds are provided in linear or cyclized form, and opticnally comprise
at least one amino acid residue that is not commonly found in nature or at least onc amide isostere.

These compounds may be glycosylated.

[6891] More spectfically, the terms “B7-H3 modulator” as wsed herein are defined as any
compound that (1) is capable of disrupting or blocking the interaction between human B7-H3 and its
native ligands or an anti-B7-H3 antibody; (2) is capable of binding to human B7-H3 and its native
ligands or an anti-B7-H3 antibody; (3) contains an antigenic site that can be used in the raising of
antibodies capable of binding to human B7-H3 and its native ligands or an anti-B7-H3 antibody; (4)
contains an antigemic site that can be used in the screening of antibodies capable of binding to human
B7-H3 and its native ligands or an anti-B7-H3 antibody; {5) contains an antigenic site that can be used
in the raising of antibodies capable of disrupting or blocking the interaction between human B7-H3
and its native ligands or an anti-B7-H3 antibody; (6) contains an antigenic site that can be used in the

screening of antibodies capable of disrupting or blocking the interaction between human B7-H3 and

220 -



WO 2011/10940¢ PCT/US2011/026689

its native ligands or an anti-B7-H3 antibody, B7-H3 modulators may be “B7-H3 agonists™ or “B7-H3
antagonists” depending on whether their activity enhances T cell activation or inhibits Tcell

activation, respectively.

[06692] B7-H3 agonists, antagonists and modulators include B7-H3 variants, B7-H3 peptide
antagonists, peptidomimetics, and small molecules, anti-B7-H3 antibodies and immunoglobulin
variants, aming acid varisnts of human B7-H3 including amine acid substitution, deletion, and
addition variants, or any combination thereof, and chimeric immunoglobulins. The B7-H3 agonists,
antagonists and modulators of this invention are based on the identification of the B7-H3 domains
involved m the binding of human B7-H3 to its native ligands or anti-B7-H3 antibodies. Thus, the
inveniion provides B7-F3 agonists, antagonists and modulators with molecular structures that

duplicate or mimic one or more of the anti-B7-H3 binding domains of human B7-H3,

[6093] As used herein, the term “B7-H3 vartant” denotes any amino acid variant of human B7-H3,
including amine acid substitution, deletion, and addition variants, or any combination thereof. The
definitien encompasses chimeric molecules such as human B7-H3/ non-human chimeras and other
hybrid molecules. Also included in the definition is any fragment of 8 B7-H32 variant molecule that

comprises the variant or hybrid region(s} of the molecule.

{6094]  As vsed herein, an “antibody” is an immunoglobulin molecule capable of specific binding to
a target, such as a carbohydrate, polynucleotide, lipid, polypeptide, etc., through at least one antigen
tecognition site, located in the variable region of the immuncglobulin molecule. As used herein, the
term encompasses not only intact polyclonal or monoclonal antibodies, but also fragments thereof™
{such as Fab, Fab', F(ab")2 Fv), single chain (ScFv), mutants thereof, naturally occurring variants,
fusion proteins comprising an antibody portion with an anfigen recognition site of the required
specificity, humanized antibodies, chimeric antibodies, “BiTEs®,” “DART™” molecules and any
other modified configuration of the immunoglobulin molecule that comprises an antigen recognition

site of the required specificity.

i0695] The term “BIiTEs” (bi-specific T-celi engagers) refers to a single polypeptide chain molecule
that having two antigen binding domains, one of which binds to & T-cell antigen and the second of
which binds to an antigen present on the surface of a targes { WO 05/061547; Baeuerle, P et al. (2008)
“BiTE®: A New Class Of Anmtibodies That Recruit T Cells,” Drugs of the Future 33; [37-147; Bargou,
el al. 2008) “Tumor Regression in Cancer Patients by Very Low Doses of a T Cell-Engaging
Antibody,” Science 321: 974-977).

[0096] The term “DART™” (dual affinity retargeting reagent) refers to an immunoglobulin

molecule that comprises at least two polypeptide chains that associate (especially through a covalent
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mteraction) to form at least fwo epitope binding sites, which may recognize the same or different
epitopes. Each of the polypeptide chains of a DART™ comprise an immunoglobulin light chain
variable region and an tmmunoglobulin heavy chain variable region, but these regions do not interact
to form an epitope binding site. Rather, the immunoglobulin heavy chain variable region of one (e.g.,
the first) of the DART™ polypeptide chains interacts with the immunoglobulin light chain variable
region of a different {e.g., the second) DART™ polypeptide chain to form an epitope binding site,
Similarly, the immunoglobulin light chain variable region of one {e.g., the first) of the DART™
polypeptide chains interacts with the immunoglobulin heavy chain variable region of a different (e.g.,
the second) DART™ polypeptide chain to form an epitope binding site. DART™s may be
monospecific, bispecific, trispecific, etc., thus being able to stmultaneously bind one, two, three or
more different cpitopes (which may be of the same or of different antigens). DART™s may
additionally be monovalent, bivalent, trivalent, tetravalent, pentavalent, hexavelent, efc., thus being
able to simultancousty bind one, two, three, four, five, six or more molecules, These two attributes of
DART™;s (i.e., degres of specificity and valency may be combined, for example to produce bispecific
antibodies (i.e., capable of binding two epitopes) that are tetravalent {i.e., capable of binding four sets
of epitopes), etc. DART™ molecules are disclosed in PCT Publications WO 2006/113665, WO
2008/157379, and WO 2010/080538.

{0697] The term “monoclonal antibody™ refers to a homogeneous antibody population wherein the
monoclonal antibedy is comprised of amino acids (naturally eccurring and non- naturally cccurring)
that are involved in the selective binding of an antigen. Monoclonal antibodies are highly specific,
being directed against a single antigenic site. The term “monoclonal antibody” encompasses not only
intact monoclonal antibodies and full- length monoclonal antibodies, but also fragments thereof (such
as Fab, Fab', F(ab")2 Fv), single chain (ScFv), mutants theréof, fusion proteins comprising an antibody
portion, humanized monocional antibodies, chimeric monoclonal antibodies, and any other modified
configuration of the immunoglobulin molecule that comprises an antigen recognition site of the
required specificity and the ability to bind to an antigen. It is not intended to be limited as regards to
the source of the antibody or the manmer i which it is made {c.g., by hybridoma, phage selection,
recombinant expression, transgenic animals, etc.). The term includes whole immunoglebuiing as well

as the fragments etc. described above under the definition of “antibody.”

{60981 The term “humanized antibody™ refer to a chimeric molecule, generally prepared using
recombinant techniques, having an antigen binding site derived from an immuneglobulin from a non-
human gpecies and the remaining mmunoglobulin structure of the molecule based upon the structure
and /or sequence of a human immunoglobulin, The antigen-binding site may comprise either
complete variable domains fused onto constant domains or only the complementarity determining

regions (CDRs) grafted onto appropriate framework regions in the variable domains. Antigen binding
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sites may be wild type or modified by one or more amino acid substitttions, This eliminates the
constant region as an immuncgen in human individuals, but the possibility of an immune response to
the foreign variable region remains (LoBuglio, AF. er al. (1989) “Mouse/Human Chimeric
Monoclonal Antibody In Man: Kinetics And Immune Response,” Proc. Natl Acad. Sci. (U.S.A.)
86:4220-4224). Another approach focuses not only on providing human-derived constant regions, but
modifying the variable regions as well 5o as to reshape them as closely as possible to human form. It
is known that the variable regions of both heavy and light chaing contain three complementarity-
determining regions {CDRs) which vary in response to the antigens in question and determine binding
capability, flanked by four framework regions (FRs) which are relatively conserved in a given species
and which putatively provide a scaffolding for the CDRs. When nonhuman antibodies are prepared
with respect to a particular antigen, the variable rcgions can be “reshaped” or “humanized” by
grafting CDRs derived from nonhuman antibody on the FRs present in the human antibody to be
maodified. Application of this approach to various antibodies has been reporied by Sato, K. ef 4l
{1993) Cancer Res 53:851-856. Riechmann, L. e al (1988) “Reshaping Human Antibodies for
Therapy,” Natare 332:323-327; Verhoeyen, M. et al. (1988) “Reshaping Human Antibodies: Grafiing
An Antilysozyme Activity,” Science 239:1534-1536; Kettieborough, C. A, er al. (1991) “Humanization
Of 4 Mouse Monoclonal Antibody By CDR-Grafting: The Imporiance Of Framework Residues On
Loop Conformation,” Protein Engineering 4:773-3783; Maeda, H. er al (1991} “Construciion Of
Reshaped Human Antibodies With HIV-Neutralizing Activity,” Human Antibodies Hybridoma 2:124-
134; Gorman, S. D. et al. (1991) “Reshaping 4 Therapeutic CD4 Antibody,” Proc. Natl, Acad. Sci.
(U.S.A)) 88:4181-4185; Tempest, PR, ef al. (1991) “Reshaping 4 Human Monoclonal Antibody To
Inhibit Human Respiratory Syncytial Virus Infection in vive,” Bio/Technology 9:266-271; Co, M. S,
et al. (1991) “Humanized Antibodies For Antiviral Therapy,” Proc. Natl. Acad. Sci, (U.S.A.) 88:2869-
2873; Carter, P. er al. (1992Y “Humanization Of An Anti-pi85her2 Antibody For Human Cancer
Therapy,” Proc. Natl, Acad. Sci, (U.S.A.) 89:4285-4289; and Co, M.S. ef gl {1992) “Chimeric And
Humanized Antibodies With Specificity For The CD33 Antigen,” 1. Inununol. 148:1149-1154, In
some embodiments, humanized antibodies preserve all CDR sequences (for example, a humanized
mouse antibody which contains all six CDRs from the mouse antibodies). In other embodiments,
humanized antibodies have one or more CDRs (one, two, three, four, five, six) which are aitered with
respect to the original antibody, which are also termed one or more CDRs “derived from”™ one or more

CDRs from the original antibody.

[8899] As used herein, an antibody or a polypeptide is said to “specifically” bind a region of
another molecule (i.e., an epitope) if it reacts or associates more frequently, more rapidly, with greater
duration and/or with greater affinity with that epitope relative to alternative epitopes. For example, an
antibody that specifically binds to a B7-H3 epitope is an antibody that binds this B7-H3 cpitope with
greater affinity, avidity, more readily, and for with greater duration than it binds to other B7-H3

-23-



WO 2011/109400 PCT/US2011/026689

epitopes or non-B7-H3 epitopes. 1t is also understood by reading this definition that, for example, an
antibody (or molety or epitope) that specifically binds to a first target may or may not specifically or
preferentially bind to a second target. As such, “specific binding” does not necessarily require
(although it can include) exclusive binding. Generally, but not necessarily, reference to binding

means “specific” binding.

166200] As used herein, the term “Immmunologically active™ in reference to an epitope being or
“remaining immunoiogically active™ refers to the ability of an antibody (e.g., an anti-B7-H3 antibody)
1o bind to the epitope under different conditions, for example, after the epitope has been subjected fo

reducing and denatmring conditions.

[06181] Different biclogical functions are assoctated with anti-B7-H3 antibodies, including, but not
limited to one or more of: an ability to specifically bind to B7-H3 (and in particular B7-FH3 molecules
that are expressed on the surfaces of cancer cells, inchading but not limited to kidney, prostate, or
hing, cancer cells); an ability to competitively inhibits preferential binding of a known anti-B7-H3
antibody to B7-H3, mcluding the ability to preferentially bind to the same B7-H3 epitope to which the
original antibody preferentially binds; an ability to bind to a portion of B7-H3 that is exposed on the
surface of a living cell in vitro or in vive, an ability to bind to a portion of B7-H3 that is exposed on
the surface of living cancer cells, such as but not limited to prostate, lung or kidney cancer cells; an
ability to deliver a chemotherapeutic agent to cancerous cells (such as kidney, prostate, or lung cancer
cells) expressing B7-H3 on their surface; and/oran ability to deliver a therapeutic agent or detectable
marker into cancer ceclls expressing B7-H3 on their surface. As discussed herein, polypeptides

{including antibodies) of the invention may have any one or more of these characteristics,

[06102] An “anti-B7-H3 equivalent anfibody™ or “anti-B7-H3 equivalent polypeptide” refers to an
antibody or a polypeptide having one or more biological functions associated with an anti-B7-H3

antibody, such as, for example binding specificity.

{06103] As used herein, the term “agemt” refers to a biological, pharmaceutical, or chemical
compound. Non-limiting examples include simple or complex organic or inorganic molecule, a
peptide, a protein, an oligonueleotide, an antibody, an antibody derivative, antibody fragment, a
vitamin derivative, a carbohydrate, 2 toxin, or a chemotherapeutic compound. Various compounds
can be synthesized, for example, small molecules and oligomers (e.g., oligopeptides and
oligonucieotides), and synthetic organic compounds based on various core structures. In addition,
various nafirral sources can provide compounds for sereening, such as plant or animal extracts, and the

like.
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[00104] Agents that arc employed In the methods of this invention can be randomly selected or
rationally sclected or designed. As used herein, an agent is said to be randomly selected when the
agent is chosen without prior consideration or knowledge of the specific amino acid or other chemical
moteties involved in the association of the molecule with its native binding parimer(s) or known
antibodies. An example of a randomly selected agent is an agent that is identified through the use and

screening of a chemical library or a peptide combinatorial library.

[086185] As used herein, an agent is said to be rationally selected or designed when the agent is
chosen on & non-random basis that takes into account the sequence of the target site and /or its
conformation in connection with the agent's action. With respect to anti-B7-H3 agents, it is currently
believed that there are at least three epitopes on B7-H3 against which antibodies can be raised and
therefore at least three sites of action for agents that block B7-H3/anti-B7-H3 interaction. This
invention also encompasses agents that act at the sites of interaction between B7-H3 and ifs native
binding partner, although other ligands and their active B7-H3-interactive sites are also encompassed
within the scope of this invention, whether currently known or later identified. Agents can be
rationally selected or rationally designed by utilizing the pepftide sequences that make up the contact
sites of the receptor /ligand and /or B7-H3/anti-B7-H3 antibody complex. For example, a rationally
selected peptide agent can be a peptide whose amino acid sequence is identical to an epitope
appearing on B7-H3 as it is exposed on the surface of a living cell in its vative environment, Such an
agent will reduce or block the association of the anti-B7-H3 antibody with B7-H3, or the association
of B7-H3 with its native ligand, as desired, by binding to the anti-B7-H3 antibody or to the native
ligand.

[00106] As used herein, the term “labeled,” with regard to an antibody, is intended to encompass
direct labeling of the antibody by coupling (i.c., physically linking) a detectable substance, such as a
radioactive agent or a fluorophore {e.g. phycoerythrin (PE) or fluorescein isothiocyanate (also known
as fluorotsothiocyanate or FITC)} 10 the antibody, as well as indirect labeling of the probe or antibody

by reactivity with a detectable substance.

[0010¢7] As used herein, the term “essociation”, with regard to an antibody, inciudes covaleni and
non-covalent attachment or binding of an agent (e.g.. chemotherapeutic agent) to the antibody. The
antibody-can be associated with an agent (e.g., chemotherapeutic agent) by direct binding or indirect
binding via attachment to & conunon platform, such that the antibody directs the localization of the
agent to the cancerous cell to which the antibody binds and wherein the aniibody and agent do not
substantially dissociate under physiological conditions such that the agent is not targeted to the same

cancerous ¢ell to which the antibody binds or such that the agent's potency is not decreased.
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[00188] The term “biological sample” encompasses a variety of sample types obtained from an
individual and can be used in a diagnostic or monitoring assay. The definition encompasscs saliva,
blood and other liquid samples of biological origin, solid tissue samples such as a biopsy specimen or
tissue cultures or cells derived therefrom, and the progeny thereof, for example, cells obtained from a
tissue sample collected from an individual suspected of having cancer, in preferred embodiments from
ovary, hang, prosiate, pancreas, colon, and breast tissue. The definition also includes samples that
have been manipulated in any way after their procurement, such as by treatment with reagents,
solubilization, or entichment for certain components, such as protems or pelynucleotides, or
embedding in a semi-solid or solid matrix for sectioning purposes. The term “biological sample”
encompasses a chinical sample, and also includes cells in culture, cell sapernatants, cell lysates, serum,

plasma, biclogical fluid, and tissuc samples.

[06189] The term “host cell” includes an individual cell or cell culture that can be or has been a
recipient for vector(s) for incorporation of polynuclectide inserts. Host celis include progeny of a
single host cell, and the progeny may not necessarily be completely identical (in morphology or in
genomic DNA complement) to the original parent cell due to natural, accidental, or deliberate

mutation. A host cell inclades cells transfected in vivo with a polyaucleotide(s) of this invention.

[60110] As vsed herein, the term “delaying development of metastasis™ means to defer, hinder, slow,
retard, stabilize, and /or postpone development of metastasis. This delay can be of varying lengths of
time, depending on the history of the cancer and /or individual being treated. As is evident to one
skilled in the art, a sufficient or significant delay can, in effect, cncompass prevention, in that the

individual does not develop the metastasis,

[86111] As used herein, an “effective amount” of a pharmaceutical composition, in one embodiment,
is an amount sufficient to effect beneficial or desired results including, without Hmitation, clinical
results such as shrinking the size of the tumor (in the cancer context, for example, breast or prostate
cancer), retardation of cancerous cell growth, delaying the development of metastasis, decreasing
symptoms resulting from the disease, increasing the quality of life of those suffering from the disease,
decreasing the dose of other medications required to treat the disease, enhancing the effect of another
medication such as via targeting and /or internalization, delaying the progression of the disease, and/
or prolonging sorvival of individuals. An effective amount can be administered in one or more
administrations. For purposes of this invention, an effective amount of drug, compound, or
pharmaccutical composition is an amount sufficient to reduce the proliferation of {or destroy)
cancerous celis and to reduce and /or delay the development, or growth, of metastases of cancerous
cells, sither directly or indirectly. In some embodiments, an effective amount of a drug, compound, or
pharmacecutical composition may or may unot be achieved in conjunction with another drug,

compound, or pharmaceutical composition. Thus, an “effective amount” may be considered in the
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context of administering one ot more chemotherapeutic agents, and a single agent may be considered
to be given in an effective amount if, in conjunction with onc or more other agents, a desirable result
may be or is achieved. While individual needs vary, determination of optimal ranges of effective
amounts of each component is within the skill of the art. Typical dosages comprise 0.1-to 100
mg/kg/body weight. The preferred dosages comprise 1 to 100 mg/kg/body weight. The most
preferred dosages comprise 10 to 100 mg/kg/body weight.

[08112] As used herein, & micleic acid molecule or agent, antibody, composition or cell, etc., is said
to be “isolated” when that nucleic acid molecule, agent, antibody. composition, or cell, etc. is
substantially separated from contaminant nucleic acid molecules, antibodies, agents, compositions, or

cells, etc. natorally present in its original source.

[60113] The term “individual” refers to a vertebrate animal, preferably a mammal. Mammals
include, but are not mited to, humans, farm animals, sport antmals, pets, primates, mice and rats. In

the most preferred embodiment, the term individual denotes a human.

LTS

[00114] The terms “polypeptide,” “oligopeptide,” “peptide™ and “protein”™ arc used interchangcably
herein to refer to polymers of amino acids of any length. The polymer may be linear or branched, it
may comprise modified amino acids, and it may be interrupted by non-amino acids. The terms also
encompass an amino acid polymer that has been modified naturally or by mtervention; for example,
disulfide bond formation, glycosylation, Hpidation, acetylation, phosphorylation, or any other
manipulation or modification, such as conjugation with a labeling component.  Also included within
the definition are, for example, polypeptides containing one or more analogs of an amino acid
(including, for example, unnatural amino acids, etc.), as well as other modifications known in the art.
1t is understood that, because the polypeptides of this invention are based upon an antibody, the

polypeptides can ocour as single chains or as associated chains.

[60115] Alsc encompassed within the scope of the invention are pepiidomimetics of the B7-H3
peptide agonists, antagonists and modulators {including anti-B7-H3 antibodies) described herein.
Such peptidomimetics inchude peptides wherein at least one amino acdd residue is substituted with an
amino acid residue that is not commonly found in nature, such as the D isomer of the amino acid or an
N-alkylated species of the amino acid. In other embodiments, peptidomimetics are construcied by
replacing at least one amide bond {~C(=0}-NH-} in a B7-H3 peptide agonist, antagonist or
modulators with an amide isostere. Suitable amide isosteres mnclude —-CHy~NH-, ~CH.—S-,
~CH;=8(0)~, ~CH=8(Q)e—, ~CH,~CH,—, —CH=CH~ (E or Z form)}, ~C(=O}-CH~, ~CH{CGN)~NH-~-,
—C(OH)~CH,~, and ~C-C(=0)-NH-. The amide bonds in a B7-H3 peptide agonist, antagonist or

modulator that are suitable candidates for replacement with amide isosteres inchude bonds that are
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hydrolyzable by the endogenous esterases or proteases of the intended subject of B7-H3 peptide

agonist, antagonist or modulator treatment.

160116] As used herein, the term “substantially pure” refers to material that is at least 50% pure (e,
free from contaminants), more preferably at least 90 % pure, more preferably at least 95% pure, more
preferably at least 98% pure, more preferably at least 99% pure, and most preferably greater than 99%

pure.

[00317] As used hersin, the term “toxin” refers to any substance which effects an adverse response
within a cell. For example, a toxin directed to a cancerous cell would have an adverse, sometimes
deleterious effect, on the cancerous cell. Examples of toxins inchude, but are not limited to, a taxane,
a mayiansimoid, an auoristatin (e.g., monomethyl auristatin (MMAE), monomethyl auristatin F
{(MMAF), auristatin E (AE), efc.) (such as those disclosed in United States Patent No. 5,208,020;
5,416,064, 6,333,410; 6,340,701; 6,372,738; 6,436,931; 6,441,163; 6,596,757, 7,276,497, 7,585,857,
or 7,851,432), a calicheamicin, an anthracyciine (e.g., doxorubicin), a CC-1065 analog, docetaxel,;
cathepsin B or E; ricin, gelonin, Psendomonas exotoxin, diphtheria toxin, and RNase; radiolabeled
antibodies (e.g., tiuxetan-conjugated or labeled with a toxic radicisotope (for example, *y; *'1, "L,

Zyy: 2i3yr 2258
HRe, ®Re, ‘AL, PB1, 2UBE, A, ete.).

[08118] As used herein, the terms “freatment” or “treating” denote an approach for obtaining a
beneficial or desired result including and preferably a beneficial or desired clinical reéult. Such
beneficial or desired clinical resuits include, but are not limited to, one or more of the following:
reducing the proliferation of (or destroying) cancerous cells or other diseased, reducing metastasis of
cancerous cells found in cancers, shrinking the size of the tumor, decreasing symptoms resulting from
the disease, increasing the quality of life of those suffering from the discase, decreasing the dose of
other medications required to treat the disease, delaying the progression of the disease, and /or

prolenging survival of individuals.

[04119] As used herein, the term cancer is intended to encompass cancers characterized by the
presence of a cancer cell selected from the group consisting of a cell of an adrenal gland twmor, an
AlDS-associated cancer, an alveolar soft part sarcoma, an astrocytic tumor, bladder cancer (squamous
cell carcinoma and wansitionat cell carcinoma), bone cancer (adamantinoma, aneurismal bone cysts,
osteochondroma, osteosarcoma), a brain and spinal cord cancer, & metastatic brain tumor, a breast
cancer, a carotid body tumors, a cervical cancer, a chondrosarcoma, & dhordoma, a chromophobe
renal cell carcinoma, a clear cell carcinoma, a colon cancer, a colorectal cancer, a cutaneous benign
fibrous histiocytoma, a desmoplagtic small round cell tumor, an ependymoma, a Bwing's tumor, an
extraskeletal myxoid chondrosarcoma, & fibrogenesis imperfecia ossium, 2 fibrous dysplasia of the

bone, a gallbladder or bile duct cancer, gastric cancer, a gestational trophoblastic disease, a germ cell
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tumor, a head and neck cancer, hepatocellular canrcinoma, an islet cell tumor, a Kaposi’s Sarcoma, a
kidney cancer (nephroblastoma, papillary renal ccll carcinoma), a leukemia, a lipoma/benign
lipomatous tumor, a liposarcoma/malignant lipematous tumor, a liver cancer (hepatoblastoma,
hepatocelludar carcinoma), a lymphoma, a lung cancer, a medulloblastoma, a melanoma, a
meningioma, a multiple endocrine neoplasia, a multiple myeloma, a myelodysplastic syndrome, a
neuroblastoma, 2 neuroendocrine tumaors, an ovarian cancer, a pancreatic cancet, a papillary thyroid
carcinoma, a parathyrold tumor, a pediatric cancer, a peripheral nerve sheath tumor, a
phacochromocytoma, a pituitary tumor, a prostate cancer, a posicrious unveal melanoma, a rare
hematologic disorder, a renal metastatic cancer, a rhabdoid tumor, a rhabdomysarcoma, a sarcoma, a
skin cancer. & soft-tissue sarcoma, a squamous cell cancer, a stomach cancer, a synovial sarcoma, a
testicular cancer, a thymic carcinoma, a thymoma, a thyroid metastatic cancer, and 2 utcrine cancer

{carcmoma of the cervix, endometrial carcinoma, and leiomyoma).

fII.  Methods Of Making Antibedies And Polypeptides

[00228] Methods of making monoclonal antibodies are known in the art. One method which may be
employed is the method of Kohler, G. er al. {1975} “Continuous Cultures Of Fused Cells Secreting
Antibody Of Predefined Specificity,” Wature 256:495-497 or a modification thereof Typically,
monoclonal antibodies are developed in non-human species, such as mice. In general, a mouse or rat
is used for immunization but other animals may also be used. The antibodies are produced by
immunizing mice with an immunogenic amount of cells, cell extracts, or protein preparations that
contain human B7-H3. The immunogen can be, but is not limited to, primary cells, cultured cell lines,
cancerous cells, nuclelc acids, ot tissue. In one embodiment, homan hung carcinoma cells are used.
Cells uvsed for immunization, for example, human testis or pancreatic adenocarcinoma or stomach
cells, may be cubtured for a pertod of time {e.g., at icast 24 hours) prior to their use as an immunogen.
Cells (e.g., human testis, stomach, or pancreatic adenocarcinoma cells) may be used as immunogens
by themselves or in combination with a non-denaturing adjuvant, such as Ribi. In general, cells
should be kept intact and preferably viable when used as immunogens. Intact cells may allow antigens
to be betier detected than ruptured cells by the immunized animal. tUse of denaturing or harsh
adjuvants, e.g., Freud's adjuvant, may rupture cells and therefore is discouraged. The immunogen
may be administered multiple times at periodic intervals such as, b i weekly, or weekly, or may be

administered in such a way as to maintain viability in the animal {e.g., in a tissue recombinant),

{66121} In one embodiment, monccional antibodies that bind to B7-H3 are obtained by using host
cells that over-express B7-H3 as an immunogen. Such cells include, by way of example and not by

limitation, buman lung carcinoma cells and human colon cancer cells.
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{60122] To monitor the antibody response, a small biological sample (e.g., blood) may be obtained
from the animal and tested for antibody diter against the immunogen. The spleen and /or several large
lymph nodes can be removed and dissociated into single cells. 1f desired, the spleen cells may be
screened (after removal of non-specifically adherent cells) by applying a cell suspension to a plate or
to a well coated with the éntigen. B-cells, expressing membrane-bound imynunoglobulin specific for
the antigen, will bind to the plate, and are not rinsed away with the rest of the suspension. Resulting
B-cells, or all dissociated spleen cells, can then be fused with myeloma cells (e.g., X63- Ag8.653 and
those from the Salk Institute, Cell Distribution Center, San Diego, CA}). Polyethylene glycol (PEG)
may be used to fuse spleen or lymphocytes with myeloma cells to form a hybridoma. The hybridoma
i5 then cultured in a sclecti?e medium (e.g., hypoxanthine, aminopterin, thymidine medizm, otherwise
known as “HAT medium™). The resulting hybridomas are then plated by hmiting dilution, and are
assayed for the production of antibodies that bind specifically to the mmmunogen, vsing, for example,
FACS {flaorescence activated celf sorting) or immunohistochemistry (IHC) screening. The selected
monoclonal antibody-secreting hybridomas are then cultured either In vitro (e.g., in tissue culture

bottles or hollow fiber reactors), or in vivo (e.g., as ascites in mice).

1061231 As another alternative to the cell fusion technique, Epstein-Barr Virus (EBV)-immortalized
B cells may be used to produce monoctonal antibodies of the subject invention, The hybridomas are
expanded and subcloned, if desired, and supernatants are assayed for anti-immunogen activity by
comventicnal assay procedures {e.g., FACS, IHC, radioimmunoassay, enzyme immunoassay,

flaorescence immunoassay, ete.).

104124] In another alternative, anti-B7-H3 monoclonal antibody and any other equivaient antibodies
can be sequenced and produced recombinantly by any means known in the art (e.g., humanization, use
of transgemic mice to produce fully human antibodics, phage display technology, ete). Tn one
embodiment, anti-B7-H3 monoclonal antibody is sequenced and the polynucleotide sequence is then
cloned into a vector for expression or propagation. The sequence encoding the antibody of interest
may be maintained in a vector i a host cell and the host cell can then be expanded and frozen for

future vse.

f00125] The polynucleotide sequence of anti-B7-H3 monoclonal antibody and any other equivalent
antibodies may be used for genetic manipulation to generate a “humanized” antibody, to improve the
affinity, or other characteristics of the antibody. The general principle in humanizing an antibody
involves retaining the basic sequence of the antigen-binding portion of the antibody, while swapping
the non-human remamder of the antibody with human antibody sequences. There are four general
steps to humanize a monoclonal antibody., These are: (1) determining the nucleotide and predicted
amine acid sequence of the starting antibody light and heavy variable domains (2) designing the

humanized antibody, i.e., deciding which antibody framework region to use during the humanizing
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process (3) the actual humanizing methodologies /techniques and (4) the transfection and expression
of the humanized antibody. See, for example, U.S. Patents Nos. 4,816,567, 5,807,715, 5,866,692; and
6,331,415,

1601261 A number of “homanized” antibody molecules comprising an antigen-binding site derived
from a non-human immunoglobulin have been described, including chimeric antibodies having rodent
or modified rodent V regions and their associated complementarity determining regions (CDRs) fused
to mmman constant domains (see, for example, Winter ef af. (1991) “Man-made Andithodies,” Nature
349:293-299; Lobuglio ef al. (1989) “Mouse/Human Chimeric Monoclonal Antibody In Man: Kinetics
And Immune Response,” Proc. Natl, Acad. Sei. (U.S.A)) 86:4220-4224 (1989), Shaw ef al. {1987)
“Characterization Of A Mouse/Human Chimeric Monoclonal Antibody (17-14) To 4 Colon Cancer
Tumor-Associated Antigen,” J. Immunol. 138:4534-4538, and Brown ef al (1987) “Tumor-Specific
Genetically Engineered Murine/Human Chimeric Monoclonal Antibody,” Cancer Res. 47:3577-3583).
Other references describe rodent CDRs grafied into 2 human supporting framework region (FR) prior
to fusion with an appropriate human antibody constant domain (see, for example, Riechmann, L. ef al
(1988) “Reshaping Human Antibodies for Therapy,” Nature 332:323-327; Verhoeyen, M. e al
{3988} “Reshaping Human Antibodies: Grafting An Antilysozyme Activity,” Science 239:1534-1536;
and Jones ef al. (1986) “Replacing The Complementarity-Delermining Regions In 4 Human Aniibody
With Those From A Mouse,” Nature 321:522-525). Another reference describes rodent CDRSs
supported by recombinantly veneered rodent framework regions. See, for example, European Patent
Publication No. 519,596, These “humanized” molecules are designed to minimize unwanted
immunclogical response toward rodent anti-human antibody molecules, which limits the duration and
effectivencss of therapeutic applications of those moieties in human reeipients. Other methods of
humanizing antibodies that may also be utilized are disclosed by Daugherty ef al. (1991) “Polymerase
Chain Reaction Facilitates The Cloning, CDR-Grafting, And Rapid Expression Of A Murine
Monoclonal Antibody Directed Against The CDI18 Component OF Leukocyte Integrins,” Nucl. Acids
Res. 19:2471-2476 and in U.S. Patents Nos. 6,180,377; 6,054,297; 5,997,867; and 5,866,692,

[08127] The inveniion also encompasses single chain variable region fragments {(“scFv”) of
antibodies of this invention, such as mu-anii-B7-H3. Single chain variable region fragments are made
by Hnking light and/ or heavy chain variable regions by using a short Hnking peptide. Bird er al.
(1988) (“Single-Chain Antigen-Binding Proieins,” Science 242:423-426) describes example of bnking
peptides which bridge approximately 3.5 nm between the carboxy terminus of one variable region and
the amino terminus of the other variable region. Linkers of other sequences have been designed and
used (Bird er al. (1988) “Single-Chain Antigen-Binding Proteins,” Science 242:423-426). Linkers can
in turn be modified for additional fimctions, such as attachment of drugs or attachment 0 solid

supports. The single chain variants can be produced cither recombinantly or synthetically. For
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synthetic production of scFv, an automated synthesizer can be used. For recombinant production of
scFv, a suitable plasmid containing polynucleotide that encodes the scFv can be introduced into a
suitable host cell, cither enkaryotic, such as veast, plant, insect or mammalian cells, or prokaryotic,
such as E. coli. Polynucleotides encoding the scFv of interest can be made by routine manipulations
such as ligation of polynucleotides. The resultant scFv can be isolated using standard protein

purification techniques known in the art.

[08128] The invention mcludes modifications to antibodies and polypeptides that bind to B7-H3 and
its agonists, antagonists, and modulators, including functionally equivalent antibodies and
polypeptides that do not significantly affect their properties and variants that have enmhanced or
decreased activity. Modification of polypeptides is routine practice in the art and need nof be
described in detail herein. Examples of modified polypeptides include polypeptides with conservative
substitutions of amino acid residues, one or more deletions or additions of amino acids which do not
significantly deleteriously change the functional activity, or use of chemical analogs. Amino acid
residues which can be conservatively substituted for one another include but are not limited to:
glycine/alanine; valine/isoleucine/leucing; asparagine/glutamine; aspartic  acid/glutamic  acid;
sering/threonine; lysine/arginine; and phenylalanine/tryosine.  These polypeptides alse include
glycosylated and nonglycosylated polypeptides, as well as polypeptides with other posi-translational
modifications, such as, for example, glycosylation with different sugars, acetylation, and
phosphorylation. Preferably, the amino acid substitutions would be conservative, i.e., the substituted
amine acid would possess similar chemical properties as that of the original amino acid. Such
conservative substitutions are known in the art, and examples have been provided above. Amino acid
modifications can range from changing or modifying one or moere amino acids to compleie redesign of
a region, such as the variable region. Changes in the variable region can alter binding affmity and/or
specificity. Other methods of modification include using coupling techniques known in the art,
inchuding, but not limited to, enzymatic means, oxidative substiiution and chelation. Modifications
can be used, for example, for attachment of labels for immunoassay, such as the attachment of
radicactive moieties for radioimmunosssay. Modified poiypeptides are made using established

procedures in the art and can be screened using standard assays known in the arf.

[66129] The invention also encompasses fusion proieins comprising one or more fragmenis or
regions from the polypeptides and antibodies of this mvention. In one embodiment, a fusion
polypeptide s provided that comprises at least 10 contiguous aming acids of variable light chain
region and at least 10 amino acids of variable heavy chain region. In another embodiment, the fusion
polypeptide contains a heterologous immunoglobulin constant region, In another embodiment, the
fusion polypeptide contains a light chain variable region and a heavy chain variable region of an

antibody produced from a publicly-deposited hybridoma. For purposes of this invention, an antibody

'
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fusion protein containg one or more polypeptide domains that specifically bind to B7-H3 and another
aming acid sequence to which it is not attached in the native molecule, for example, a heterologous

sequence or a homologous sequence from another region.

[06130] An anti-B7-H3 polypeptide, and other B7-H3 agonists, antagonists and modulators can be
created by methods known in the art, for example, synthetically or recombinantly. One method of
producing B7-H3 peptide agonists, antagonists and modulators involves chemical synthesis of the
polypeptide, followed by treatment vnder oxidizing conditions appropriate te obtain the native
conformation, that is, the correct disulfide bond linkages. This can be accomplished using
methodologies well known to those skilled in the art (see, e.g., Kelley, R. F. ef al. (1990) In: GENETIC
ENGINEERING PRINCIPLES AND METHODS, Setlow, LK. Ed., Plenum Press, N.Y., vol. 12, pp 1-19;
Stewart, 1M ef al. (1984) SOLID PHASE PRPTIDE SYNTHESIS, Pierce Chemical Co., Rockford, IL; see
also United States Patents Nos. 4,105,603; 3,972,839; 3,842,067, and 3,862,925},

[00131] Polypeptides of the invention may be conveniently prepared using sohid phase peptide
synthesis (Merrifield, B. (1986) “Solid Phase Synthesis,” Science 232(4748):341-347; Houghien,
R.A. (1985) “General Method For The Raﬁid Solid-Phase Synthesis Of Large Numbers Of Pepiides.
Specificity Of Antigen-Antibody Interaction At The Level Of Individual Amino Acids,” Proc, Natl,
Acad. Scl. {U.S.A)) 82(15):5131-5135; Ganesan, A. (2006) “Solid-Phase Synthesis n The Twenty-
First Century,” Mini Rev. Med. Chem. 6(1):3-10).

{09132] In yet ancther alternative, fully human antibodies may be obtained through the use of
commercially available mice that have been engineered to express specific human immunoglobulin
proteins, Transgenic animals that are designed to produce 2 more desirable (e.g., fully human
antibodies) or more robust immune response may also be used for generation of humanized or liman
amtibodies. Examples of such technology are XENOMOUSE™ (Abgenix, Inc., Fremont, CA) and
HUMAB-MOQUSE® and TC MOUSE™ (both from Medarex, Inc., Princeton, NJ).

[66133] In an alternative, antibodies may be made recombinantly and expressed using any method
Jnown in the art. Antibodies may be made recombinantly by first isolating the aniibodies made from
host animals, obtaining the gene sequence, and using the gene sequence to express the antibody
recombinantly in host cells (e.g., CHO cells). Another method that may be employed is to express the
antibody sequence in plants {e.g., tobacco) or transgenic milk. Suitable methods for expressing
antibodies recombinantly in plants or milk have been disclosed (sce, for example, Peeters ef al. (2001)
“Production Of Antibodies And Antibody Fragments In Plants,” Vaccine 19:2756; Lonberg, N. ef al.
(1995) “Human Aniibodies From Transgenic Mice,” Int. Rev. Immunol 13:65-93; and Pollock et
al. (1999} “Transgenic Milk As 4 Method For The Production Of Recombinant Antibodies” J.

immunol Methods 231:147-157).  Suitable methods for making derivatives of antibodies, e.g.,
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humanized, single chain, ete. are known in the art. In another alternative, antibodies may be made
recombinantly by phage display technology (see, for example, U.S. Patent Nos. 5,565,332; 5,580,717;
5,733,743; 6,265,150; and Winter, G. e ol (1994} “Making Antibodies By Phage Display
Technology,” Anmu. Rev, Immunol, 12,433-4535).

[60134] The antibodies or protein of interest may be subjected to sequencing by Edman degradation,
which is well known to those of skill in the art. The peptide information generated from mass
spectrometry or Edman degradation can be used to design probes or primers that are used to clone the

protein of interest.

{08235] An alternative method of cloning the protein of interest is by “panning” using purified B7-
H3 or portions thereof for cells expressing the antibody or protein of interest. B7-H3 exists in a “21g”
form and as a “41g” form. The amine acid sequence of the “2ig” form of human B7-H3 is (SEQ ID
NO:1):

MLRRRESPGM
SFSPEPGFIL
AQUNASLRLY
PNKDLRPGDT
LEFDVHSVLRV
VITVGELSVCLI
PLKHSDSKED

GVHVGRAALGAR
AQLNLIWQLT
RVRVADEGSF
VTITCSSYRG
VLGANGTYSC
ALLVALAFVC

LWFCLTGALR
DTRQLVHSFA
TCEVSIRDEG
YPEAEVFWGD
LVRNFPVLOOD
WRKIKQSCEER

VOVPEDPVVA
EGODQGSAYA
SAAVSLOVAA
GOGVPLTGNV
AHGSVTITER
ENAGAEDQDG

LVGTDATLCC
NRTALFPDLL
PYSKPSMTLE
TTSCMANEQG
PMTEFPPEALW
EGEGSKTALQD

DGQEIA

[68136] The cDNA sequence encoding the “2Ig”™ form of human B7-H3 is (SEQ ID NO:2):

atgctgogte
ctgtggttct
ctggtgggca
gcacageotcea
gaggygccagyg
gcacagggca
acctygcttey
ccotactega
gtgaccatca
gggcagygty
ttgtttgatg
ctggtgegea
cctatgacat
gcactgctgy
gagaatgcay
cctctgaaac

gacygggacayg
gecctcacady
ccgatgecac
acctcatcty
accagggcayg
acgcatocot
tgagcateeyg
agocccagoat
cgtgetecag
tgcecctgac
tgcacagost
accecegtget
tccocooccaga
tggcectygge
gagcrgagga
actctgacag

ccetggoatyg
agcecctggad
cotgtgetge
gcagctgaca
cgecctatgoo
gaggctgcayg
ggattteggce
gacoctggay
ctaccgggge
tggcaacgty
cotgegggty
gcagcaggat
ggccctytgg
Lttegtgtge
ccaggatgdg
caaagaagat

agtgtgcaty
gteccaggteoe
tcetictece
gataccaaac
aaccgcacgg
cgegtgegtg
agcgetgecy
cocaacaagy
tacceoctgagy
accacgtege
gtactgggty
gegeacggoet
gtgaccegtgy
tggagaaaga
gagggagaag
gatggacaaqg

tgggtgcage
ctgaagacaee
ctgageectgg
agctggtgca
cectotteee
tggoggacga
tcagectgea
acctgecggeo
ctgaggtgtt
agatggocaa
cgaatggeac
ctgtcaccat
ggctgtetgt
tcaaacagag
gctocaagac
aaatagcc

cctgggagca
agtggtggca
cttcageotyg
cagcttiget
ggacctgetyg
gggcagettc
ggtggceget
agggdacacy
ctggcaggat
cgagecaggge
ctacagoctge
cacagggcag
ctgtcteatt
ctgtgaggag
agccctgcag

160137} The amino acid sequence of the “2ig” form of human B7-H3 (SEQ ID NO:1) (shown in
beld and underhine below) is completely embraced within the “4ig” form of human B7-H3(SE(G ID
NQ:T6):
MLERRGSPEM GVEVGEAALGA LWFCLTGALE VQVPEDDPVVE
SESPEPGEFSL AQLNLIWQLT DTRKQLVHSFA EGDDOGSAYA

AQGRASLRLY RVRVADEGSE TCEVSIRDEG SAAVILQVAA
PNKDLRPGDT VIITCSSYQG YPEAEVIWQD GQGVPLTGNV

LVGTDATLCC
NRTALFPDLL
PYSKPSMTLE
TTSQMANEQG
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LNLIWQLTDT
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RSPTGAVEVQ
KQLVHSFTEG

RDOGSAYANR

TALFPDLLAD

GNASLRLORV

RVADEGSFTC

FVSTRDFGSA

AVSLOVAAPY

SKESMTLEPN

KDLRPGDIVT

ITCSSYRGYP

BAEVEFWODGO

GVELTGNVTT

SQMANEOGLF

DVHSVLRVVL

GANGTYSCLV

RNPVLOQDAH

GSVTITGOPM

TEPPEATWVT

VGLSVCLIAL

LVALAFVCWR

KIKQSCEEEN

AGAEDQDGEG

EGSKTALOPL

KHSDESKEDDG

QEIA

[66138] The cDNA sequence encoding the “4Ig” form of human B7-H3 is (S8EG ID NO:77);

residues encoding the “21g” form of B&-H3 are shown in bold and underlined:

atgetgogte

ggeggagead

ccotagoatyg

ggtgtgecatyg

tgggtgcage

cctgggagea

ctgtagttct

goctoacagg

agcectgaag

ctggtgggca
gracagctca
gagggoecagy
goacagggca
acctgetteyg
cectactoga
gtgaccatca
gggcagyggtyg
ttgtttgaty
ctogtgcgea
agaagceoeoca
ggcacegatg

ccgatgocac
acctecatcetg
accagggeayg
acgcatcect
tgagecatoeoy
agoccageat
cgtgctocag
tgeecctgac
tgcacageat
acccegtyget
caggageogt
ceaccetgeg

cctgtgetge
gecagctgaca
cgecctatgac
gaggctgeay
ggatttegge
gaccctggag
ctaccaggge
tggcaacygty
cctgegyggty
gcagcaggat
ggaggtocag

gteccaggtec
tecttocteog
gataccaaac
aaccgcacygyg
cgcgtgegty
agcgctgecy
coccaacaagy
taccctgagyg
accacgtecge
gtgctggytyg
goegecacagcet
gtcocetgagg

ctgaagacce
ctgagectgy

agctggtgea:

cectettece
tggoggacga
tcagcecotgea
acctgoggoo
ctgaggtgtt
agatggeeaa
caaatggcac
ctgtcaccat
acooggtggt

agtggtggea
cticagooty
cagetttget
ggacctgcty
dgggcagettc
ggtggccget
aggggacacy
ctagcaggat
cgageaggge
ctacagetge
cacaccccaqg
ggcectagty

ctgetoctic

tococecgage

ctggctteag cetggeacag

ctecaacotea

tetggocaget

gacagacasc

adacagcetgy:

tgcacagttt .cacegaaggs

cgggaccagyg

goagegecta

tgccaacege

acggeccetct

tececcggacet

goetggecacasa

ggcaatgcat

coctgagget

geagegegtyg

egtgtggegqg

acqagggcag

cttocacotyc

ttegtgagea

tecgggatitt

cggeageget

gocgtcageo

tgcaggtgge

cgetecetac

tegaageeea

geatgaceet

ggageccaac

aaggacctge

ggeccagdggga

cacggtgace

atcacgtgct
ggtgtgeccco

ccagctaceg
tgactggeaa

gaggetacect
cgtgaccacyg

tegeagatgg

tgttotggea
ccaacgagea

ggatgggcag
gagocttgtit

gatgtgcaca

gegtoctgeg

ggtggtgety

ggtgcgaatyg

geacctacay

ctgoctggtyg

cgcaacecoy

tgotgeagea

ggctoctgtea

ccatcasagqg

gcageetatyg

acatteocee

cagaggccct

_ggatgcgcac

gtagggtgace

gtagagetgt

ctgtotgtet

cattgeactyg

ctggtggoce

tggoetttegt

gtgctggaga

aagatcaaac

agagetatga

gaaggagaat

geaggagcty

aggaccagga

tggggaggga

gaaggeteca

agacageocet

geagectoty

aaacactcig

acagcaaaga

agatgatgga

caagaaataqg

cC

[66139] The “panning” procedurs may be conducted by obtaining a ¢DNA library from tissues or
cells that express B7-H3, over-expressing the ¢DNAs in a second cell type, and screening the
transfected cells of the second cell type for a specific binding to B7-H3. Detailed descriptions of the
methods used in cloning mammalian genes coding for cell surface proteins by “panning” can be found
in the art (see, for example, Aruffo, A. et al. (1987) “Molecular Cloning Of 4 CD28 ¢DNA4 By 4
High-Efficiency COS Cell Expression Svstem,” Proc. Natl. Aced. Sci. (U.5.A.) 84:8573-8577 and
Stephan, 1. er al. (1999) “Seleciive Cloning Of Cell Surface Proteins Involved In Organ Developmeni:
Epithelinl Glycoprotein Is Involved In Normal Epithelial Differentiation,” Endocrinel. 140:5841-
5854).

{00140} cDNAs encoding anti-B7-H3 antibodies, and other B7-H3 peptide agonists, antagonists and

modulators can be obtained by reverse transcribing the mRNAs from a particular cell type according
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to standard methods in the art. Specifically, mRNA can be isolated using varions lytic enzymes or
chemical solutions according to the procedures set forth in Sambrook ef @l supra or extracted by
commercially available nucleic-acid- binding resins following the accompanying instructions
provided by manufacturers (e.g., Qiagen, Invitrogen, Promega). The synthesized cDNAs are then
tntroduced into an expression vector to preduce the antibody or protein of interest in cells of a second
type. It is implied that an expression vector must be replicable in the host cells either as episomes or
as an integral part of the chromosomal DNA. Suitable expression vectors include but are not fimited
1o plasmids, viral veciors, including adenoviruses, adenc-associated viruses, retroviruses, and

cosmids.

{86141] The vectors containing the polynucleotides of interest can be introduced inte the host cell by
any of a nmumber of appropriate means, including electroporation, transfection emploving calcium
chloride, rubidium chloride, calcium phosphate, DEAE- dextran, or other substances; microprojectile
bombardment; lipofection; and infection (e.g., where the vector is an infectious agent such as vaccinia
virus). The choice of introducing vectors or polynucleotides will often depend on features of the host

cell.

[08542] Any host cells capable of over-expressing heterologous DNAs can be used for the purpose
of isolating the genes encoding the antibody, polypeptide or protein of intersst. Nou-limiting
examples of suitable mammalian host cells include but are not fimited to COS, Hel.a, and CHO cells.
Preferably, the host cells express the ¢cDNAs at a level of about 5-fold higher, more preferably 10-foid
higher, even more preferably 20-fold higher than that of the corresponding endogenous antibody or
protein of interest, if present, in the host cells. Screening the host cells for a specific binding to B7-
H3 is effected by an immunoassay or FACS. A cell over-expressing the antibody or protein of interest

can be identified.

[06143] Various techniques are also available which may now be employed to produce mutant B7-
H3 peptide agonists, antagonists, and modulators which encodes for additions, deletions, or changes
in amino acid sequence of the resultant protein relative to the parent B7-H3 peptide agonist,

antagonist or modulator molecule.

{60144] The invention includes polypeptides comprising an amino acid sequence of the antibodies of
this invention. The polypeptides of this invention can be made by procedures known in the art. The
polypeptides can be produced by proteolytic or other degradation of the antibodies, by recombinant
methods (i.e., single or fusion polypeptides) as described above or by chemical synthesis.
Polypeptides of the antibodies, especially shorter polypeptides up to abowt 50 amino acids, are

conveniently made by chemical synthesis. Methods of chemical synthesis are known in the art and are
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commercially available. For example, an anti-B7-H3 polypeptide could be produced by an automated

polypeptide synthesizer employing the solid phase method.

Iv. Metheds For Screening Polypeptides And Mongclonal Anfibodies

[00145] Several methods may be used to screen polypeptides and monoclonal antibodies that bind to
B7-H3. It is understood that “binding” refers to biologically or immunologically relevant specific
binding, and does not refer to non-specific binding that may occur, for example, when an
immunoglobulin is used af a very high conceniration against a non-specific target. In one
embodiment, monocional antibodies are screened for binding to B7-H3 using standard screening
techniques. In this manner, anti-B7-H3 monoclonal antibody was obtained. The preferred hybridomas
of the present invention are those that produce antibodies BRCA69D, BRCAS4D or PRCA157,

{00146] Additional monocional antibodies that bind to B7-H3 may be identified. For this purpose,
monoclonal antibodies are screened for their differential ability to bind to cancerous tissues but not to
non-cancercus cells. In one embodiment, monoclonal antibodies which bind to B7-H3 and that are
also cross-reactive to human cancerous cells or iissues, but not to normal cells or tissues to the same
degree, are selected. Omne method that may be employed for screening is immunohistochemistry
(THCY. Standard immunohistochemical techniques are known to those of average skill in the art. See,
for example, ANIMAL CELL CULTURE METHODS (J.P. Mather and D. Bames, eds., Academic Press,
NY, Vol. 57, Ch. 18 and 19, pp. 314-330, 1998). Biological samples (e.g., tissucs) may be obtained
from biopsies, autopsies, or necropsies. To ascertaim if B7-H3 is present only on cancerous cells, anti-
B7-H3 antibodies may be used to detect the preseuce of B7-H3 on tissues from individuals with
cancer while other non-cancerous tissues from the individual suffering from cancer or tissues from
individuals without cancer are used as a control. The tissue can be embedded in a solid or semi-solid
substance that prevents damage during freezing (e.g., agarose gel or OCT) and then sectioned for
staining. Cancers from different organs and at different grades can be used to screen monoclonal
antibodies. Examples of tissues that may be used for screening purposes include but are not limited to
ovary, breast, lung, prostate, colon, kidney, skin, thyroid, brain, heart, liver, stomach, nerve, blood
vessels, bone, upper digestive tract, and pancreas. Examples of different cancer types that may be
used for screening purposes include, but are not limited to, carcinomas, adenocarcinomas, sarcomas,

adenosarcomas, lymphomas, and leukemias.

108147] In yet another alternative, cancerous cells Hnes such as HMEC (BioWhittaker CC- 2251),
HUVEC (Primary endothelial cells), BT-474 (ATCC# HTB-20), MCF7 (ATCC# HTR22}, MDA-
MB-175-VII (ATCC# HB-25), MDA-MB-361 (ATCC# HB-27), SKBR3 (ATCCH# HTB-30), A549
{ATCCH# CCL-~ 185), Calu-3 (ATCC# HTB-55), SKMES-1 (ATCC# HTB-58), ES-2 (ATCC# CRL-
1978), SKOV3 (ATCC# HTB- 77}, Panc-1 (ATCC# CRL-1469), AsPC-1 (ATCC# CRL-1682),
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HPAF-II (ATCC# CRL-1997), Hs700T (ATCC# HTB-174), Colo203 (ATCC# CCL-223), HT-29
(ATCC# HTB-38), SW480 (ATCC# CCL-228), SW948 (ATCC# CCL- 237), 293 (ATCC # CRL-
1573), 786-0 (ATCC# CRL-1932), A498 (ATCC# HTB-44), Caki-2 (ATCC# HTB-47), COS-7
{ATCC# CRL-1651), RL-63 (ATCC # CRL-10345}, SV-T2 (ATCC# CCL-163.1), 22RV1 (ATCC#H
CRL-2505), DU45 (ATCC#H# HTB-81), LNCaP (ATCC# CRL-1740}, PC-3 (ATCC# CRI-1435),
HT29 (ATCC# HTB-38), Hs746T (ATCCH# HTB-135), NCI-NR7 (ATCC# CRL-5822) and normal
cells from their respective tissues may be used to screen for monoclonal antibodies which are specific
for cancerous tissuc. Primary, or low passage, cell cultures derived from normal tissues from
different organs, including but not limited to, kidney, ovary, breast, lung, prostate, celon, kiduey, skin,
thyroid, aortic smooth muscle, and endothelial cells can be used as negative controls. The cancerous
or non-cancerous cells can be grown on glass slides or coverslips, or on plastic surfaces, or prepared
in & CellArray™ device, as described in WO 01/43869, and screened for the binding of antibody
using THC as described above for tissues. Altematively, cells may be removed from the growth
surface using non-proteolytic means and spun into a pellet, which is then embedded and treated as
tissues for IHC analysis as described above. Cells may be inoculated into immunodeficient animals, a
tumor allowed to grow, and then this tumor may be harvested, embedded, and used as a tissue source
for IHC analysis. In another altemative, single cells may be screened by incubating with the primary
antibody, a secondary “teporter” antibody linked to a fluorescent molecule and then analyzed wsing a

fluorescent activated cell- sorting {FACS) machine,

[00148] Any of several different detection systems may be utilized to detect binding of antibodies to
tissue section. Typically, immunchistochemistry involves the binding of a primary antibody to the
tissue and then a secondary antibody reactive against the species from the primary antibody was
generated and conjugated to a detectable marker (e.g., horseradish peroxidase, HRP, or
diammobenzedine, DAB).  One altgrnative method that may be used is polycional mirror image
complementary antibodies or polyMICA™ (polyclonal Mirrer Image Complementary Antibodies;
The Binding Site Limited, Birmingham, UK; Mangham, D.C. e ol (1999 “4 Novel
Immumohistochemical Delection System Using Mirror Image Complementary Antibodies (MICA),”
Histopathology 35(2):129-33). The PolyMICA™ technique can be used to test binding of primary
antibodies {(e.g., amti-B7-H3 antibodies) to normal and cancerous tssue. Several kinds of
polyMICA™ Detection kits are commercially available: Product No. HK004D i a polyMICA™
Detection kit which uses DAB chromagen; Product No. HKO04.A is a polyMICA™ Detection kit
which uses AEC chromagen. Alternatively, the primary antibody may be directly labeled with the

detectable marker.

[086149] The first step in THC screening to select for an appropriate antibody is the binding of

primary antibodies raised in mice (e.g., anti-B7-H3 antibodics) to one or more immunogens {¢.g.,
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cells or tissue samples). In one embodiment, the tissue sample is sections of frozen tissue from

different organs. The cells or tissue samples can be either cancerous or non-cancerous.

[00150} Frozen tissues can be prepared, sectioned, with or without fixation, and IHC performed by
any of a mumber of methods known to one familiar with the art (see, for example, Stephan er al
(199%9) “Distribution And Function Of The Adhesion Molecule BEN During Rat Development,” Dev.
Biol. 212:264-277 and Stephan et al. (1999) “Selective Cloning Of Cell Surface Proteins Involved In
Organ Development: Epithelial Glycoprotein Is Involved In Novmal Epithelial Differentiation,”
Endocrinology 140:5841-5854),

V. Metheds Of Charaeterizing Anti-B7-H3 Antibodies

[68151) Any of several methods can be used to characterize anti-B7-H3 antibodies. One method is
to identify the epltope to which it binds. Epitope mapping is commereially available from various
sources, for example, Pepscan Systerns (Lelystad, The Netherlands), Epitope mapping can be used to
determine the sequence to which an anti-B7-H3 antibody binds. The epitope can be a linear epitope,
i.e., contained in a single stretch of amino acids, or & conformational epitope formed by a three-

dimensional interaction of amino acids that may not necessarily be contained in 2 smgle stretch.
=l

[60152] Peptides of varying lengths {e.g., preferably at least 4-6 amino acids long) can be isolated or
syothesized {e.g., recombinantly} and used for binding assays with anti-B7-H3 antibody. The epitope
to which anti-B7-H3 antibody binds can be determined in a-systematic screening by using overlapping

peptides derived from the extracelular sequence and determining binding by ani-B7-H3 antibody.

{60153] Yet ancther method that can be used to characterize an anti-B7-H3 antibody is to use
competition assays with other antibodies known to bind to the same antigen, i.e., B7-H3 to determine
if anti-B7-H3 antibedies binds to the same epitope as other antibodies. Examples of commercially
available antibodies to B7-H3 may be available and may be identified using the binding assays taught
herein. Competition assays are well known fo those of skill in the art, and such procedures and
illustrative data are detailed further in the Examples. Anti-B7.-H3 antibodies c¢an be further

characterized by the tissues, type of cancer or type of tumor to which they bind.

[08154] Anociher mothod of characterizing anti-B7-H3 antibodies is by the antigen to which it binds,
Anti-B7-H3 antibodies were used in Western blots with cell lysates from various human cancers. As
is known f¢ one of skill in the art, Western blotting can involve running cell lysates and/ or cell
fractions on a denaturing or non-denaturing gel, transferring the proteins to nitrocelivlose paper, and
then probing the blot with an antibody (e.g., anti-B7-H3 antibody) to see which proteins are bound by
the antibody. B7-H3 is associated with various human cancers of different tissues including, but not

limited to colon, breast, ovary, pancreas and lung.
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VL Methods Of Diagnosing Cancer Using Anti-B7-H3 Antibodies And B7-H3
Meodulators

[60155] Moroclonal antibodies to B7-H3 made by the methods disclosed herein may be used to
identify the presence or absence of cancerous cells In a variety of tissues, inchuding but not hmited to,
ovary, breast, ung, prostate, colon, kiduey, pancreas, skin, thyroid, brain, heart, liver, stomach, nerve,
blood vessels, bone, and upper digestive tract, for putposes of diagnosis. Monoclonal antibodies to
B7-H3 made by the methods disclosed herein may also be used to identify the presence or absence of
cancerous cells, or the level thereof, which are eirculating in bload after their release from a solid
tumor. Such circulating antigen may be an intact B7-H3 antigen, or a fragment thereof that retains the
ability to be detected according to the methods taught herein. Such detection may be effected by

FACS analysis vsing standard methods commonly used in the art,

[6156] These uses can involve the formation of a complex between B7-H3 and an antibody that
binds specifically to B7-H3. Exampies of such antibodies include but are not limited to those anti-B7-
H3 monocional antibodies produced by the hybridomas BRCAS4D, BRCAGID, and PRCA157. The
formation of such a complex can be in vitro or iz vive. Without being bound by theory, moncclonal
antibody anti-B7-H3 can bind to B7-H3 through the extracellular domain of B7-H3 and may then be

internatized.

[00157] 1In a preferred cmbodiment of the diagnostic methods of this invention, the antibody bears a
detectable iabel. Examples of labels that may be used include a radioactive agent or a {luorophore,

such as phycoerythrin or fluorescein isothiocyanate (also known as fluoroisothiocyanate or FITC).

[08158] As with other known antibodies used commercially for diagnostic and therapeutic purposes,
the target antigen of this invention is broadly expressed in normal tissue. Tt is also up regulated in
some tumors. Therefore, the particular dosages and routes of delivery of the antibodies of this
invention as used for diagnostic or therapeutic agents will be tailored to the particular tumor or

disease state at hand, as well as to the particular individual being freated.

[66159] One msthod of using the antibodies for diagnosis is m vivo tumor imaging by linking the
antibody to & radioactive or radio-opaque agent, administering the antibody te the individual and
using an x-ray or other imaging machine to- visualize the localization of the labeled antibody at the
surface of cancer cells expressing the antigen. The antibody is administered at a concentration that

promotes binding at physiological conditions,

[66160] In vitro techniques for detection of B7-H3 are routine in the art and include enzyme linked
immunosorbent assays (ELISAs), immunoprecipitations, immunofluorescence, enzyme immunoassay

(EIA), radioimmunoassay (RIA), and Western blot analysis.
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[00161] In aspects of this invention, methods of radivimaging of tumors or neoplasms, or of
measuring the effectiveness of a method of treatment with a radiolabeled antibody, comprising the
step of administering a radiolabeled, tumor-specific antibody to an individual following the practice
of this tnvention. The radiclabeled antibody may be a monoclonal or polyclonal antibody comprising
a radiolabel, preferably selected from the group congsisting of Technetium-9%m, Indium-111, lodine-
131, Rhenium-186, Rhenium- 188, Samarium- 153, Lutetium-177, Copper-64, Scandium-47, Yitrium-
90. Monoclonal antibodies labeled with therapeutic radionuclides such as Todine-131, Rhenium-188,
Holmium-166, Samarium-153 and Scandivm-47, which do not compromise the immunoreactivity of
antibodies and are not broken down in vivo, are especialty preferred. The person skilied in the art will
appreciate that other radioactive isotopes are known, and may be suitable for specific applications.
The radioimaging may be conducted using Single Photon Emission Computer Tomography (SPECT),
Position Emission Tomography (PET), Computer Tomography (CT) or Magnetic Resonance Imaging
(MRI). Comrelative imaging, which permits greater anatomical definition of location of metastases

located by radioimmunoimaging, is also contemplated.

[00162] In other methods, the cancerous cells are removed and the tissue prepared for
immunochistochemistry by methods well known in the art (e.g., embedding in a freezing compound,
freezing and sectioning, with or without fixation; fixation and paraffin embedding with or without
various methods of antigen retrieval and counterstaining). The monoclonal antibodies may also be
used to identify cancerous cells at different stages of development. The antibodies may also be used to
determine which individuals' tumors express the antigen on their surface at a pre-determined level and
are thus candidates for immunotherapy using antibodies directed against said antigen. The antibodies
may recognize both primary and metastasizing cancers that express B7-H3. As used herein, detection
may include qualitative and /or quantitative detection and may include comparing the level measured

1o a normal cell for an increased level of expression of B7-H3 in cancerous cells.

[00163] The invention also provides methods of aiding diagnosis of cancer characterized by cancer
cells that express B7-H3 in an individual using any antibody that binds to B7-H3 and any other
methods that can be used determine the level of B7-H3 expression. As psed herein, methods for
“aiding diagnosis” means that these methods assist in making a clinical determination regarding the
classification, or nature, of cancer, and may or may not be conciusive with respect to the definitive
diagnosis.  Accordingly, a method of aiding diagnosis of cancer can comprise the step of detecting
the level of B7-F3 in a biclogical sample from the individual and /or determining the level of B7-H3
expression in the sample. Antibodies recognizing the antigen or 2 portion thercof may 2lso be used to
create diagnostic immumoassays for detecting antigen released or secreted from Living or dying cancer
cells in bodily fluids, including but not limited to, blood, saliva, urine, pulmenary fluid, or ascites
fluid.
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[00164] Wot all cells in a particular tumor of interest will express B7-H3, and cancerous celis in
other tissues may express B7-H3, thus an individual should be screened for the presence or absence of
B7-H3 on cancerous cells to determine the usefulness of immunotherapy in the individual. The anti-
B7-H3 antibodies made by the methods disclosed herein may be used to determine whether an
imdividual diagnosed with cancer may be deemed a candidate for immunotherapy using antibodies
directed against B7-H3. In one embodiment, a cancerous tumor or a biopsy sample may be tesied for
expression of B7-H3, using antibodies directed against B7-H3. Individuals with cancer cells that
express B7-H3 are suitable candidates for immunotherapy using antibodies directed against B7-H3,
Staining with anti-B7-H3 antibody may also be used to distinguish cancerous tissues from pormal

tissues.

[60165] Moethods of using anti-B7-H3 antibodies for diagnostic purposes are useful both before and
after any form of anti-cancer treatment, e.g., chemotherapy or radiation therapy, to determine which
tirmors are most likely to respond fo a given treatment, prognosis for individual with cancer, tumor

subtype or origin of metastatic disease, and progression of the disease or response to treatment.

[80146] The compositions of this invertion are also suitable for diagnosis of disease states other than
cancer, using the methods generally described above in application with other discased (non-
cancercus) cells. Disease states suitable for use m the methods of this invention inchude, but are not
limited to, diseases or disorders associated with inflammatory or autoimmune responses in
mdividuals., The methods described above may be used for modulating inflammatory or awtoimmune
responses in individuals. Discases and conditions resulting from inflammation and avtoinmune
disorders that may be subject to diagnosis and /or treatment using the compositions and methods of
the invention include, by way of illustration and not of limiation, multiple sclerosis, meningitis,
encephalitis, stroke, other cerebral traumas, mflammatory bowel disease including uleerative colitis
and Croln's disease, myasthenia gravis, lupus, rheamatoid arthritis, asthma, acute juvenile omset
diabetes, AIDS dementia, atherosclerosis, nephritis, retinitis, afopic dermatitis, psoriasis, myocarcial

ischemia and acute leukocyte-mediated lung injury.

[80167] Still other indications for diagnostic and/or therapeuntic use of antibodies and other
therapeutic agents of the invention include administration to individvals at risk of organ or graft
rejection. Over recent vears there has been a considerable improvement in the efficiency of surgical
technigues for transplanting tissues and organsg such as skin, kidney, liver, heart, lung, pancreas and
bone marrow. Perhaps the principal outstanding problem is the lack of satisfactory agents for inducing
immunotolerance in the recipient to the transplanted allograft or organ. When allogeneic cells or
organs are transplanted into a host (i.e., the donor and donee are different individuals from the same
species), the host immuume system is ikely to mount an immune response to foreign antigens in the

transplant (host-versus-graft disease) leading to destruction of the transplanted tissue.
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[80168] Uses described anywhere in this application for anti-B7-H3 antibodies also encompass the
use of other B7-H3 agonists, antagonists and modulators as described herein. In such embodiments,
the B7-H3 agoenist, antagonist or other non-amibody modulator is substituted for the B7-H3 antibody
mn the steps described, and aiterations within the scope of the ordinarily skilled practitioner are made

to tailor the method to the substituted B7-H3 modulatory composition.

{60¢169] Monoclonal antibodies to B7-H3 made by the methods disclosed herein may be used to
identify the presence or absence of human cancer stem cells in a variety of tissues. Cancer stem cells
(CSCs) have been hypothesized to play a role in tumor growth and metastasis (Ghotra, V.P. er al
{2009) “The Cancer Stem Cell Microenvironment And Anti-Cancer Therapy,” Int. 1. Radiat. Biol.
85(11%955-962; Gupta, P.B. er al. (2009) *“Cancer Stem Cells: Mirage Or Reality?” Nat. Med.
15(9%:1010-1012; Lawson, J.C. e al. (2009 “Cancer Stem Cells In Breast Cancer And Metastasis,”
Breast Cancer Res. Treat. 118(2):241-254; Hermann, P.C. er al. (2009) “Pancreatic Cancer Stem
Cells--Insights And Perspectives,” Expert Opin. Biol. Ther. 9{10):1271-1278; Schatton, T. ef al.
{2009) “Identification And Targeting Of Cancer Stem Cells,” Bloessays 31(10):1038-1049; Mittal, S.
et al. (2009) “Cancer Stem Celis: The Other Face Of Janus,” Amer. J. Med. Sci. 338(2):107-112;
Alison, ML.R. er al. (2009} “Stem Cells And Lung Cancer: Future Therapeutic Targers?” Expert Opin,
Biol. Ther. 9{9):1127-1141; Charafe-Jauffret, E. ei al. (2009) “Breast Cancer Stem Cells: Tools And
Models To Rely On,” BMC Cancer 9:202; Scopeliit, A. et al. (2009) “Therapeutic Implications Of
Cancer Initiating Cells,” Expert Opin. Biol. Ther. 9(8):1005-1016; PCT Publicaiion WO
2008/091908). Under this hypothesis, the CSCs provide a small, distinet subset of cells within each
tumor that are capable of indefinite self-renewal and of developing into the more adult temor cell(s)
that are relatively limited in replication capacity. It has been hypothesized that these cancer stem cells
might be more resistant to chémotherapeutic agents, radiation or other toxic conditions, and thus,
persist after clinical therapies and later grow into secoudary turmors, metastases or be responsible for
relapse. It has been suggested that CSCs can arise either from ‘normal’ tissue stem cells or from more

differentiated tissue progenitor cells,

1081701 Human cancer stem celis have several defining characteristics. Such characteristics are
described in PCT Publication WO 2008/091908 and are hereby incorporated by reference.
Monoclonal antibodies to cell surface targets on cancer stem cells can be used 1o identify the presence
or absence of cancer stem cells in a variety of tissues. Monoclonal antibodies to B7-H3 made by the
methods disclosed herein may alse be used 1o identify the presence or absence of cancer stem cells, or
the level of cancer stem cells in a sample or tissue or tn circulation after their release from a solid
tumor. Such circulating antigen may be an intact B7-H3 antigen, or a fragment thereof that retains the
ability to be detected according to the methods taught herein. Such detection may be effected by

FACS analysis using standard methods commonly used in the art. In another embodiment, such
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detection may be effected by immunohistochemical analysis of tissue samples using standard methods

commonly used in the art.

[06171] These uses can involve the formation of a complex between B7-H3 and an antibody that
binds specifically to B7-H3 on cancer stem cells, Examples of such antibodies include but are not
limited to those anti-B7-H3 monoclonal antibodies produced by the hybridomas BRCAS4D,
BRCA69D, and PRCA157. The formation of sach a complex can be in vitro or in vivo.

[86172] Uses described in this application that recite their use for anti-B7-H3 antibodies also
encompass the use of other B7-H3 agonists, antagonists and modulators as described herein for the
use of identification and treatment of cancer stem cells. In such embodiments, anti-B7-H3 antibodies
and other B7-H3 agonists, antagonists and modulators are used for identification, diagnosis or
therapeutic treatment of cancer stem cells using similar methods deseribed, and alterations within the
scope of the ordinary skilled practitioner are made to tailor the method to the identification /diagnosis

or treatment of cancer stem cells.

VH. Preferred Compositions Of The Present Invention

[60173] The present invention encompasses compositions, including pharmaceutical compositious,
comyrrising anti-B7-H3 antibodies, polypeptides derived from anti-B7-H3 antibodies, polynucleotides
comprising sequence encoding anti-B7-H3 antibodies, and other agents as described herein. As used
herein, compositions further comprises one or more antibodies, polypeptides and /or proteins that bind
to B7-H3, B7-H3 agonists, antagonists, modulators, and /or one or more polynucleotides comprising

sequences encoding one or more antibodies, polypeptides and proteins that bind to B7-H3,

[06174] The invention further provides for conjugates of any B7-H3 peptide agonist, antagonist or
modulator, and additional chemical structures that support the intended function or functions of the

particular B7-H3 peptide agonist, antagomist or moduiator.

[08275] These conjugates include B7-H3 peptide agonist, antagonist or modulator covalently bound
to a macromolecule such as any insoluble, solid support matrix used in the diagnostic, screening or
purification procedures discussed hercin. Suvitable matrix materials include any substance that is
chemically inert, has high porosity and has large numbers of functional groups capable of forming
covalent linkages with peptide ligands. Examples of matrix materials and procedures for preparation
of matrix-ligand conjugates are described i Dean ef 4l (Eds) AFFINITY CHROMATOGRAPHY: A
PRACTICAL APPROACH, IRL Press ( 1985); Lowe, “An Introduction to Affinity Chromatography”, n
Work ef ¢l (eds) LABORATORY TECHNIQUES IN BIOCHEMISTRY AND MOLECULAR BIOLOGY, Vol. 7,
Part 11, North-Holland (1979); Porath ef al., “Biospecific Affinity Chromatography”, i Newrath, H, ef
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al. (eds), THE PROTEINS, 3rd ed., Vol 1, pp. 95-178 (1973); and Schott, H. AFFINITY
CHROMATOGRAPHY, Macel Dekker, Inc. NY (1984).

f60176] Also provided herein are conjugates of B7-H3 peptide agonist, antagonist or modulator and
any reporter moiety used in the diagnostic procedures discussed herein, The B7-H3 peptide agonist,
antagonist or modulator agents, polypeptides and proteins of this invention, including anti-B7-H3
antibodies, are further identified and characterized by any {one or more) of the following criteria:

{(a) an ability to specifically bind to B7-H32 (and in particular 87-H3 molecules that are
expressed on the surfaces of cancer cells, including but not limited to kidney, prostate,
or lung, cancer cells);

(b} an ability to competitively inhibits preferential binding of a known anti-B7-H3
antibody to B7-H3, including the ability to preferentially bind to the same B7-H3
epitope to which the original antibody preferentially binds;

(c) an ability to bind to a portion of B7-H3 that is exposed on the surface of a living cell
in vitro or In vivo;

{d) an ability t¢ bind to a portion of B7-H3 that is exposed on the surface of living cancer
cells that express B7-H3;

{e) an ability to deliver a chemotherapeutic agent to cancerous cells (such as kidney,
prostate, or king cancer cells) expressing B7-H3 on their surface: and/or

) an ability to deliver a therapeutic agent or detectabie marker into cancer cells (such as

but not limited to prostate cancer cells) expressing B7-H3 on their surface.

1866177 A preferred antibody of the invention will exhibit differential THC staining of twumor tissue
relative to normal, non-cancerous tissue, and will moreover be capable of testing in primate (and
particularly cynomolgus monkey) models of antibody efficacy. Preferred antibodies of the present
invention will additionally exhibit desirable levels of affinity and antigen specificiey. Preferred
antibodies of the present invention will additionally exhibit desirable levels of immmmomodutatory

activity and cellular internalization.

601781 In some embodiments, the antibody of the mvention is an antibody that is produced by
hybridoma BRCAS4D, BRCAGYD, or PRCAIS7, or progeny thereof. The present invention also
encompasses various formulations of antibodies produced by these deposited hybridomas and
equivalent antibodies or polypeptide fragments {e.z., Fab, Fab', F(ab"2 Fv, Fe¢, etc.), chimeric
antibedies, single chain (scFv), mutants thereof, fusion proteins comprising an antibody portion,
humanized antibodies, and any other modified configuration of any of these or eguivalent anfibodies
that comprises an antigen (B7-H3), recognition site of the required specificity. The invention also
provides homan antibodies displaying one or more of the biological characteristics of an enti-B7-H3

family member. The equivalent antibodies of the anti-B7-H3 family {including humanized antibodies
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and human antibodies), polypeptide fragments, and polypeptides comprising any of these fragments
are identified and characterized by any (one or more) of the five criteria described above. Murine and
exemplary humanized variable domain sequences of an anti-B7-H3 antibody are provided in PCT
Publication WO 2008/066691. Such sequences are provided by way of illustration not limitation, and
different sequences as well as fragments and variants of the provided sequences, are encompassed

within the scope of this invention.

[086179] BRCASR4D, BRCA6SD, and PRCAI157 are the preferred B7-H3 antibodies of the present
mvention due to their cleaner normai tissue THC profiles, stronger tumot/mormal IHC differential,
moderate to strong binding (BIACORE™)/THC), cross-reactivity to B7-H3 of cynomolgus monkeys
and potent activity toward universal DART™ melecules (“UDART™g™)  relative to the other
antibodies.  In particularly preferred embodiments, the invention encompasses chimeric and
humanized variants of these preferred antibodies, as well as native and chimeric and humanized
variants of these preferred antibodies that possess modified Fo regions as described below. The
invention additionally encompasses DART™ molecules that possess the epitope binding regions of
such amtibodies, particularly in concert with epitope binding region{s) that bind fo the T-cell receptor,
NEKG2ZD receptor, or to a r.umor-éssuciatcd antigen or to a hapten such as fluorescein (e.g,, fluorescein

isothiocyanate {also known as fluoroisothiocyanate or FITC).

[3¢180] In some embodiments, the antibodies, polypeptides and proteins of the invention that bind to
B7-H3 are antibodies, polypeptides and proteins that competitively inhibit preferential binding of a
herein-specified anti-B7-H3 antibody to B7-H3. In some embodiments, the antibodies, the
polypeptides and the proteins preferentially bind to the same epitope on B7-H3 as the antibody mu-
anti-B7-H3 preferentially binds.

[06181] Accordingly, the inveniion provides any of the following (or compositions, including
pharmaceutical compositions, comprising any of the following): () an antibody produced by the host
cell with a deposit number identified above or its progeny; (b) a humanized form of such an antibody;
(c} an antibody comprising one or more of the light chain and /or heavy chain variable regions of such
an antibody; (d)y a chimeric antibody comprising variable regions homologous or derived from
variable regions of a heavy chain and a light chain of such an antibody, and constant regions
homologous or derived from constant regions of a heavy chain and a light chain of a human antibody;
(e) an antibody comprising one or more of the light chain and /or heavy chain CDRs (at least one,
two, three, four, five, or six) of such an antibody; (f) an antibody comprising a heavy and /or a light
chain of such an antibody; (g) a hivman amibody that is equivalent to such an antibody. A humanized
form of the antibody may or may not have CDRs identical to that original antibody, or antibody
produced by a host cell with a deposit number identificd above. Determination of CDR regions is

well within the skill of the art. In some embodiments, the invention provides an amtibody which
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comprises at least one CDR that is substantially homologous to at least one CDR, at least two, at least
three, at jeast four, at least S CDRs of an antibody produced by one of the above-identified deposited
hybridomas {or, in some embodiments substantially homologous to all 6 CDRs of one of these
antibodies, or derived from one of these antibodies), or antibody produced by the host cell with &
deposit number identified above. Other embodiments include anfibodies that have at least two, three,
four, five, or six CDR(s) that are substantially homologous to at least two, three, four, five or six
CDRs of an antibody produced from a hybridoma deposited as identified herein, or derived from such
an antibody. It is understood that, for purposes of this invention, binding specificity and /or overall
activity (which may be in terms of delivering a chemotherapeutic agent to or mto cancerous cells to
reduce the growth and /or proliferation of cancer cells, to nduce apoptotic cell death in the cancer
cell, to delay the development of metastasis, and /or treating palliatively) is generally retained,
although the extent of activity may vary compared 1o an antibody produced by a deposited hybridoma
{may be greater or lesser). The invention also provides methods of making any of these antibodies.

Methods of making antibodies are known in the art and are described hersin.

[60182] The mvention also provides polypeptides comprising an amino acid sequence of the
antibodies of the invention. In some embodiments, the pelypeptide comprises one or more of the light
chain and /or heavy chain variable regions of the antibody. In some embodiments, the polypeptide
comprises one or more of the light chain and /or heavy chain CDRs of the antibody. In some
smbodiments, the polypeptide comprises three CDRs of the light chain and /or heavy .chain of the
antibody. In some embodiments, the polypeptide comprises an amino acid sequence of the antibody
that has any of the following: at least 5 contiguous amino acids of a sequence of the original antibody,
at least § contiguous amino acids, at least about 10 contiguous amino acids, at least about 15
contiguous amino acids, at least about 20 contiguous amino acids, at least about 25 contiguous amino
acids, at least about 30 contiguous amino acids, wherein at least 3 of the amino acids are from a
variable region of the antibody. In one embodiment, the variable region is from a light chain of the
original antibody. In another embodiment, the variabie region is from a heavy chain of the antibody.
In another embodiment, the 5 (or more} contiguous amino acids are from a complementarity-

determining region (CDR) of the antibody.

[66183] In some embodiments of this invention, cells of this invention that express B7-H3, a portion
of B7-H3, anti-B7-H3 antibodies or other B7-H3-binding polypeptides of this invention are

administered directly to an individual to modulate ir vive B7-H3 biclogical activity.

[0€184] The preferred anti-B7-H3 antibodies of the present invention are BRCA84D, BRCAGID
and PRCAI157, all of which antibodies are murine antibodies reactive toward the human B7-H3
molecule. The amino acid and encoding polynuclectide sequences of the variable light chain and
variable heavy chain of BRCAB4D, BRCAGID and PRCALST are shown below along with the
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respective CDR,;, CDR; and CDR, domains of each such chain. Those of skill in the art will therefore
be able to construct antibodies having such CDRs, as well as derivatives thereof, capable of binding to
the epitopes recognized by BRCAR4D, BRCAG9D and PRCA1S7.

A. Sequences of BRCAS4D

(1) BRCAS4D Light Chain Sequences

[06185] Amino Acid Sequence of BRCAB4D Variable Light Chain (SEQ 1D N(:3):

DIAMTQSQKE MSTSVGDRVS VICKASQNVD TNVAWYQOKP GOSPKALIYS
ASYRYSGVPD RFTG3SGSGTD FILTINNVQS EDLAEYFCOQ YNNYPEFTIFGS
GTELEIK

[00186] Polynucleotide Sequence Encoding BRCAR4D Variable Light Chain (SEQ ID NO:4):

gacatigega
gtcacaetgea
gggcaatctc
cgettcacay
gaagacttgg

tgacccoagte
aggcecagtcea
ctaaagcact
gcagtggatc
cagagtattt

tcaaaaattc
gaatgtggat
gatttactcyg
tgggacagat
ctgtcagcaa

atgtccacat
actaatgtag
gcatcetace
ttcactctca
tataacaact

cagtaggaga
cctyggtatca
ggtacagtgy
ccatcaacaa
atccattcac

cagggtcage
acagaaacca
agtecocctgat
tgtgcagtct
gtteggetog

gggacaaagt tggaaataaa a

{08187] BRCARB4D Variable Light Chain CDR; (SEQ ID NG:5): KASQONVDTNVA

{06188] Polynucleotide Sequence Encoding BRCAR4D Variable Light Chain CDR; (SEQ ID
NQO:6): aaggccagte agaatgtgga tactaatgta g

[00189] BRCASB4D Variable Light Chain CDR; (SEQ ID NQO:7): SASYRYS

{66196] Polynucleotide Sequence Encoding BRCAS4D Variable Light Chain CDR; (SEQ ID

NQO:8): tcggoatect acecggtacag t
[66191) BRCAS4D Variable Light Chain CDR: (SEQ ID NO:9%): COYNNYPET

[00192] Polynucleotide Sequence Encoding BRCAB4D Variable Light Chain CDR; (SEQ ID

N{:10): cagcaatata acaactatoe attcacg

{2) BRCAS4D Heavy Chain Sequences

[06193] Amino Acid Sequence of BRCARAD Variable Heavy Chain (SEG ID NO:11):

DVQLVESGGG LVQOPGGSREL SCAASGFTFS SFEFGMHWVRQA PEKGLEWVAY
ISSDSSATYY ADTVEGRFETI SRDNPENTLF LOMTSLRSED TAMYYCGRGR
ENIYYGSRLD YWGQGTTLIV 85

[00194] Polynucleotide Sequence Encoding BRCAS4D Variable Heavy Chain (SEQ ID NO:12):

gatgtgcage
tcetgtgeag
ccagagaagyg
gcagacacag

tggtggagte
cctetggatt
ggctggagty
tgaagggccyg

tgggggaggc
cactttcagt
ggtogcatac
attcaccate
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ttagtgcage
agectttggasa
attagtagtg
toccagagaca

ctggagggte
tgcactgggt
acagtagtgce
atcccaagaa

ceggaaacte
tocgtcagget
catctactat
caccetgttce
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ctgcaaatga ccagtctaag gtetgaggac acggecatgt attactgtygs aagaggogagg
gaaaacattt actacggtag taggettgac tactggggcee aaggcaccac tercacagtc
teetea

[60195] BRCAS4D Variable Heavy Chain CDR, (SEQ ID NO:13): FGME

[681946]
NO:14):

Polynucieotide Sequence Encoding BRCAS4D Variable Heavy Chain CDR; (SEQ ID

tttggaatgecac
i80197] BRCAS4D Variable Heavy Chain CDR; (S8EQ ID NO:15): YISSDSSATIYYADTVK

160198]
NO:16):

Polynucleotide Sequence Encoding BRCAS4D Vartable Heavy Chain CDR, (SEQ ID

tacattagta gtgacagtag tgceccatctac tatgcagaca cagtgaag
160199] BRCAR4D Variable Heavy Chain CDR; (SEQ 1D NO:17): GRENIYYGSRLDY

100200]
NO:18):

Polynucleotide Sequence Hncoding BRCASB4D Variable Heavy Chain CDR; (SEQ ID

gaggagggaaa acatttacta cggtagtagg cttgactac

B. Seguences of BRCA6YD

{1 BRCAGYD Light Chain Sequences

[80261] Amino Acid Sequence of BRCAGYD Variable Light Chain (SEQ ID NO:19):
DICMTQTTSS LSASLGDRVT ISCRASQODIS NYLNWYQQKP DGTVELLIYY
TSRLHSGVPS RFSGSGSGTD ¥YSLTIDNLEQ EDIATYFCQQ GNTLEPPIFGE
GTKLEIK

[60202] Polynucleotide Sequence Encoding BRCAG9D Variable Light Chain (SEQ ID NQ:28);

tacatcetcece

gatatccaga
atcagttgca
gatggaacty
aggttcagtg
gaagatattg
ggcaccaaac

tgacacagac
gggcaagtca
ttaaactcct
gocaghgggtc
ccacttactt
Lggaaatcas

ggacattagt
gatctactac
tggaacagat
ttgercaacag
a

ctgtetgecet
aattatttaa
acatcacgat
tattectcectca
ggtaatacgce

ctcectgggaga
actggtatca
tacactcagg
ccatbtgacaa
ttootocgac

106263] BRCA6YD Variable Light Chain CDR, (SEQ ID NG:21): RASQODISNYLN

cagagtcacc
gragaaacca
agtcccatca
cotggageaa
gttcggtoga

[00204] Polynucleotide Sequence Encoding BRCAGID WVarisble Light Chain CDR, (SEQ ID

MN:22) agggeoaagtc aggacattag taattattta aac

{60205] BRCA6G9D Variable Light Chain CDR; (SEQ ID NQO:23): YTSRLHS

j80266] Polynucleotide Sequence Encoding BRCAGSD Variable Light Chai

M:24), tacacatcac gattacactc

a

{86207] BRCA6YD Variable Light Chain CDR; (SEQ ID NO:28): QOGNTLEET
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[66288] Polynucleotide Sequence Encoding BRCA69D Variable Light Chain CDR; (SEQ ID

N(:26): caacagggta atacgotteoe teocgacg

2)

BRCA69D Heavy Chain Seqguences

[60209] Amino Acid Sequence of BRCAGYD Variable Heavy Chain (SEQ ID NO:27):

QVOLOQSGAE LARPGASVEL SCKASGYTFT SYWMOWVEQR PGRGLEWIGT
IYPGDGDIRY TOXKFKGHKATL TADKSSSTAY MOLSSLASED SAVYYCARRG

IPRLWYFDVW GAGTTVIVSS

{66218] Polynucleotide Sequence Encoding BRCAGYD Variable Heavy Chain (SEQ ID N(:28):

[00211]

[66212]
NO:30)

[06213]

[66214]

N(:32)

[04215]

[60216]

NQ:34)

(06217} Amino Acid Sequence of PRCA157 Variable Light Chain (SEQ ID N(:35):

caggttcage
tceotgeaagqg
cctggacagy
actcagaagt
atgeaactca
attccacggce

tcecageagtce
cttcoctggecta
gtctggaaty
tcaagggcaa
gcagetigge
tttggtactt

tggggctgag
cacctttact
gattgggact
ggccacattg
atctgaggac
cgatgtoetgg

ctyggcaagac
agctactgga
atttatcetyg
actgcagata
tetgeggtet
ggcgeaggga

ctggggcetic
tgcagtgggt
gagatggtga
aatcctccag
attactgtge
ccacggteac

BRCAGYD Variable Heavy Chain CDR; (SEQ ID NO:29); 3YWMQ

agtgaagttyg
aaaacagagg
tactaggtac
cacagccetac
aagagagagygg
cgtctectca

Polynucleotide Sequence Encoding BRCA6YD Variable Heavy Chain CDR,; (SEQ ID

agctactgga tgeag

BRCA69D Variable Heavy Chain CDR, (SEQ ID NO:31): TIYPGDGDTR YTQKFEG

Polynucleotide Sequence Encoding BRCA69D Variable Heavy Chain CDR, (SEQ ID

actatttate ctggagatgg tgatactagy tacactcag aagttcaagg gco

BRCAGYD Variable Heavy Chain CDR; (SEQ ID NOG:33): RGIPRLWYFD V

Polymucleotide Sequence Encoding BRCA69D Varisble Heavy Chain CDR; (SEQ ID

C.

Sequences of PRCA1SY

(1)

agagggattc cacggetttg gtacttaegat gtce

PRCA1S7 Light Chain Sequences

DIOMTQSPAS LSVSVGETVT ITCRASESTY SYLAWYQQKQO GKSPQOLILVYN
TETLPEGVPS RESGSGSGTO FSLKINSLQP EDFGRYYCQH HYGTPPWTEG

GGTNLEIK

[0218] Polynucleotide Sequence Encoding PRCA157 Variable Light Chain (SEQ ID NO:36):

gacatccaga
aactgtecacc
catggtatca
acaaaaacct
aggcacacag

tgactcagte
attacatgtc
gcagaaacag
taccagagygg
ttttctetga

tcecagectcec
gagcaagtga
ggaaaatcte
tgtgccatca
agatcaacag
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ctatctgtat
gagtatttac
ctcagctect
aggttcagtyg
coctgecagect

ctgtgggaga
agtratttag
ggtctataat
geagrggatc
gaagattttyg
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ggagatatta ctgtcaacat cattatggta ctoectecoghg gacgttoggt
ggaggcacca acctggaaat caaa

i00219] PRCAI157 Variable Light Chain CDR,; (SEQ ID NO:37): RASESTYSYLA

[60226]
NO:38):

Polynucieotide Sequence Encoding PRCAI157 Variable Light Chain CDR, (SEQ ID

cgagcaagtg agagtattta cagtiatita gca
[00221] PRCAIST Variable Light Chain CDR, (SEQ TD N{:39): NTKTLPE

[60222]
NG:48):

Polynucleotide Sequence Encoding PRCAI57 Variable Light Cham CDR, {(SEQ ID

aatacaaaaa ccttaccaga @

{06223] PRCAI157 Variable Light Chain CDR, (SEQ ID NG:41)y: QHEYGTEPW

.[00224] Polynucleotide Sequence Encoding PRCAL57 Variable Light Chain CDR; (SEQ I

N(:42): caacatcatt atggtactec tcegtgg

(2) PRCAIST Heavy Chain Sequences

[06225] Amino Acid Sequence of PRCA157 Variable Heavy Chain (SEQ 1D NO:43):

EVOQVESGGD LVEPGGSLEL SCAASGFIFS SYGMSWVROT PDERLEWVAT
INSGGSNTYY PDSLEGRETI SRDNAKNTLY LOMRSELESED TAMYYCARED
GGAMDYWGQG TSVTVSS

[06226] Polynucleotide Sequence Encoding PRCA157 Variable Heavy Chain (SEQ ID NO:44):

gaggtgcage
cctgaaacto
tgtcttgggt
attaatagtg
attcaccatc
gragtctgaa
gggggageta

aggtggagtc
tcotgtgcag
tecgecagact
gtggaagtaa
tccagagaca
gtctgaggac
tggactactyg

ggggggagac
cctetggatt

ccagacaayga
cacctactat
atgccaagaa
acagecatgt
gggtcaagga

ttagtgaage
cactttcagt
ggctggagtyg
ccagacagit
caccctttac
attactgtgc
acctcagtca

ctyggagggte
tcctatggea
ggtcgocaacc
tgaagggycy
ctgcaaatge
aagacatgac

cecgtoeteote a

[06227] PRCALS57 Variable Heavy Chain CDR; (SEQ ID N(O:45): SYGMS

[60228] Polynucleotide Sequence Encoding PRCAIS7 Variable Heavy Chain CDR; (SEQ ID
MN(:46): tcoctatggea tgtot

[60229] PRCAIST Varable Heavy Chain CDR, (SEQ YD N{O=47): VATINSGGSN TYYPDSLKGS

[06236] Polynucieotide Sequence Encoding PRCALS7 Varlabie Heavy Chain CDR, (SEG ID

NO:48): gtcgeaacca ttaatagtygyg tggaagtaac acctactate cagacagttt gaagggqg

[99231] PRCAILS7 Variable Heavy Chain CDR; (SEQ D NO:49); HDGGAMDY
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{60232} Polynucleotide Sequence Encoding PRCA157 Variable Heavy Chain CDR; (SEQ ID
N(:80): catgacgggy gagctatgga ctac

D. Fe-Engineered B7-H3 Antibodies

[66233] In traditional immmune function, the Interaction of antibody-antigen complexes with cells of
the immune system results in a wide array of responses, ranging from effector functions such as
antibody-dependent cytotoxicity, mast cell degranulation, and phagocyiosis to immunomodulatory
signals such as regulating lyvmphocyte proliferation and antibody seceretion.” All of these interactions
are inttiated through the binding of the Fc domain of antibodies or immune complexes to specialized
cell surface receptors on hematopoietic cells. The diversity of cellular responses triggered by
antibodies and immune complexes resulis from the structural heterogeneity of the three Fe receptors:
FeyRI (CD64), FeyRII (CD32), and FeyRII (CD16). FeyRI (CD64), FeyRITA (CD32A) and FeyRIII
(CD16) are activating {(i.¢., immunc system enhancing) receptors; FoyRIIB (CD32B) is an inhibiting
{i.e., immune systerm dampening) receptor. The amino acid sequence of the IgG1 Fe region is shown
below (as SEQ ID NG:51, numbered according to Kabat gf al, SEQUENCE OF PROTEINS OF
IMMUNOLOGICAL INTEREST, 5" Ed. Public Health Service, NIH, MD (1991), expressly incorporated

herein by reference, and hereafter referred to as “Kabat EU):

SEQ ID NQ:51

PAPELLGGPS VELFPPEPED IMISRTPEYV TCVVVDVSHE DPEVEFNWYV
230 240 250 260 270
DGVEVHNAKT KPREEQYNST YRVVSVLTVL HQODWLNGKEY KCEKVSNKALP
280 290 300 310 320
APIEXTISKA KGQPREPQVY TLPPSREEMT EKNQVSLTCLV KGEFYPSDIAV
330 340 350 360 370
EWESNGQOPEN NYKTTPPVLD SDGSFFPLYSK LTVDESRWQQO GNVESCSVMH
380 290 400 420 420
EALHNHYTQK SLSLSPGK

430 440

Residues 230-341 are the Fc CH2 region. Residues 342-447 are the Fo CH3 region.

[06234] The present invention includes antibodies that specifically bind to B7-H3 that comprise a
vartant Fc region having one or more amino acid modifications (e.g., substitutions, deletions,
insertions} in one or more portions, which modifications increase the affinity and avidity of the
variant Fc region for an FeyR (including activating and inhibitory FoyRs), In some embodiments, said
one or more amino acid modifications increase the affinity of the variant Fe region for FoyRIIIA
and/or FeyRITA. In another embodiment, the variant Fe region further specifically binds FeyRIIB
with a lower affinity than does the Fc region of the comparable parent antibody (Le., an antibody
having the same amino acid sequence as the antibody of the invention except for the one or more

amino acid modifications in the Fc region). In some embodiments, such modifications ingcrease the
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affinity of the variant Fe region for FeyRIIA and/or FoyRIIA and also enhance the affinity of the
variant Fc region for FeyRIIB relative to the parent antibody. In other embodiments, said one or more
amino acid modifications increase the affinity of the variant Fo region for FeyRIHA and/or FoyRIA
but do not alter the affinity of the variant Fe regions for FoyRIIB rejative to the Fe region of the parent
antibody. In another embodiment, said one or more amino acid modifications enhance the affinity of
the varianf Fe region for FoyRIIA and FeyRHA but reduce the affinity for FeyRIIB relative to the
parent antibody. Increased affinity and/or avidity results in detectable binding to the FeyR or FeyR-
related activity in cells that express low levels of the FoyR when binding activity of the parent
molecule (without the modified Fe region)} cannot be detected in the celis. In other embodiments, the
modified molecule exhibits detectable binding in cells which express non-FeyR receptor target
antigens at a density of 30,000 to 20,000 molecules/cell, at a density of 20,000 t¢ 10,000
molecules/cell, at a density of 10,000 to 5,000 molecules/cell, at a density of 5,000 to 1,000
molecules/cell, at a density of 1,000 to 200 molecules/cell or at a density of 200 molecules/cell or less

{but at Jeast 10, 50, 100 or 150 molecules/cell).

[68235] In another embodiment, said one or more modifications to the amino acids of the ¥e region
reduce the affinity and avidity of the aniibody for one or more FeyR receptors, In a specific
embodiment, the invention encompasses antibodies comprising a variant Fo region, wherein said
varkant Fe region comprises at least one amino acid modification relative to a2 wild type Fe region,
which variant Fe region only binds one FoyR, wherein said FoyR i1s FeyRIIA.  In another specific
embodiment, the invention encompasses antibodies comprising a variant Fc region, wherein said
variant Fc region comprises at least one amino acid modification relative to a wild type Fo region,

which variant Fc region only binds one FeyR, wherein said FeyR is FoyRITA.

[60236] Preferably, the binding properties of the molecules of the invention are characterized by in
vitrg functional assays for determining one or more FoyR mediator effector cell imetions (See Section
5.2.7). The affinities and binding propertics of the molecules, e.g., antibodies, of the invention for an
FeyR can be determined using in vitro assays (biochemical or immunclogical baged assays) known in
the art for determining antibody-antigen or Fe-FeyR interactions, Le., specific binding of an antigen to
an antibody or specific binding of an Fe region 10 an FeyR, respeciively, including but not limited to
ELISA assay, surface plasmon resonance assay, imununoprecipiation assays. In most preferred
embodiments, the molecules of the invention have similar binding properties in in vivo models (such
as those described and disclosed hevein) as those in in vitro based assays, However, the present
invention doss not exclude molecules of the nvention that do not exhibit the desired phenotype in in

vitro based assays but do exhibit the desired phenotype in vive.

i80237] In some embodiments, the molecules of the invention comprising a variant Fo region

comprise af least one amino acid modification (for example, possessing 1,2, 3,4, 5, 6, 7, 8. 9, or more
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aming acid modifications) in the CH3 domain of the Fo region, which is defined as extending from
amino acids 342-447. In other embodiments, the moiccules of the invention comprising a variant Fe
region comprise at least one amino acid modification (for example, possessing 1, 2, 3, 4, 5,6, 7, 8, 9,
or more ammo acid modifications) in the CH2 domain of the Fe region, which is defined as extending
from amino acids 231-341. In some embodiments, the molecules of the invention comprise at least
two amino acid modifications (for example, possessing 2, 3, 4, 5, 6, 7, 8, 9, or more amino acid
modifications), wherein at least one such modification is in the CH3 region and at least one such
modification is in the CH2 region. The invention further encompasses amino acid modification in the
hinge region. In a particular embodiment, the invention encompasses amino acid modification in the

CH] domain of the Fe region, which is defined as extending from amino acids 216-230.

{00238] In particslarly preferred embodiments, the invention encompasses molecules comprising a
variant Fe region wherein said variant confers or has an increased ADCC activity and/or an increased
binding to FeyRIA (CD32A), as measured using methods known to one skilled in the art and
exemplified herein. The ADCC assays used in accordance with the methods of the invention may be

NK dependent or macrophage dependent.

[08239] In particulasly preferred embodiments, the invention encompasses molecules comprising 2
vartant Fe region wherein said variant confers or has an increased ADCC activity and/or an increased
binding to FeyRIIA (CD16A), as measured using methods known to one skilied in the art and
exemplified herein. The ADCC assays used in accordance with the methods of the invention may be

NK. dependent or macrophage dependent,

{60240] The Fc variants of the present invention may be combined with other Fe modifications, such
as those disclosed in United States Patents Nos. 7,632,497; 7,521,542; 7.425,619; 7.416,727,
7,371,826; 7,355,008; 7,335742; 7,332,581; 7,183,387; 7,122,637, and 6,737,056; in PCT
Publications Nos. WO 2008/105886; WO 2008/G02933; WO 2007/021841; WO 2007/106707; WO
06/088494; WO 05/115452; WO 05/110474; WO 04/1032269; and in WO 04/063351; and in Presta,
L.G. et gl (2002) “Engineering therapeutic antibodies for improved function.” Biochem. Soc. Trans.
30(4):487-490; Shields, R.L. et al. (2002) “Lack of fucose on human IgGI N-linked oligosaccharide
improves hinding to human Fegamma RIIT and antibody-dependent cellular toxicity” J. Biol. Chem.
26;277(30):26733-26740 and Shields, R.L. er al. (2001) “High resolution mapping of the binding site
on human IgGl for Fc gamma Rl Fo gamma RII, Fc gamma R, and FeRn and design of IgGl
variants with improved binding lo the Fe gamma R 1. Biol. Chem. 276(9%:6591-6604). The
mvention encompasses combining an Fc vartant of the fnvention with other Fo modifications to
provide additive, synergistic, or novel properties to the modified antibody. Preferably, the Fe variants
of the invention enhance the phenotype of the modification with which they are combined. For

example, if an Fe variant of the invention is combined with a mutant known to bind FeyRITIA with a
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higher affinity than a comparable wild type Fe region; the combination with a mutant of the mvention

results in a greater fold enhancement in FeyRIITA affinity.

[06241] The invention encompasses antibodies that specifically bind to B7-H3 which comprise a
variant Fo region, wherein the variant Fc region comprises at least one amino acid modification (for
sxample, possessing 1, 2, 3, 4, 5,6, 7, 8, 9, or more amino acid modifications) relative to a wild-type
Fe region, such that the molecule has an enhanced effector function relative to a molecule comprising
a wild-type Fe region, provided that the variant Fe region does not have or is not solely a substitution
at any one or more of positions 243, 255, 256, 258, 267, 268, 269, 270, 272, 276, 278, 280, 283, 285,
286, 289, 290, 292, 293, 2904, 295, 296, 208, 300, 301, 303, 305, 307, 309, 312, 320, 322, 326, 329,
330, 332, 331, 333, 334, 335, 337, 338, 339, 340, 359, 360, 373, 376, 416, 419, 430, 434, 435, 437,
438, 439, In a specific embodiment, the invention encompasses such antibodies comprising a variant
Fe region, wherein the varlant Fo region comprises at least one amino acid modification (for example,
possessing 1, 2, 3,4, 5,6, 7, §, 9, or more amino acid modifications) relative to a wild-type Fc region,
such that the molecule binds an FeyR with an altered affinity relative 10 a molecule comprising a wild-
type Fe region, provided that the variant Fo region does not have or is not solely a substitution at any
one or more of positions 243, 255, 258, 267, 269, 270, 276, 278, 280, 283, 285, 289, 292, 293, 204,
293, 296, 300, 303, 303, 307, 309, 320, 322, 329, 332, 331, 337, 338, 340, 373, 376, 416, 419, 434,
435, 437, 438, 439 and docs not have an alanine at any of positions 256, 290, 298, 312, 326, 333, 334,
359, 360, or 430; an asparagine at position 208; a glutamine at position 272; a glutamine, serine, or
aspartic acid at position 286; a serine at position 290; a methionine at position 301; a methionine,
ghytamine, ghatamic acid, or arginine at position 320; a glutamic acid at position 322; an asparagine,
serine, glutamic acid, or aspartic acid at position 326; a lysine at position 330; a glutamine at position
334; a glutamic acid at position 334; a methionine at position 334; a histidine at position 334; a valine
at position 334; a leucine at position 334; a glutamine at position 335; a lysine at position 335; or a

threonine at position 339,

[86242] The invention also encompasses antibodies that specifically bind to B7-H3 which comprise
a variant Fc region, wherein the vartant Fc region comprises such antibodies comprising a variani Feo
region, wherein the vartant Fe region does not have or is not solely a substitution at any one or more
of positions 268, 269, 270, 272, 276, 278, 283, 285, 286, 289, 292, 293, 301, 363, 305, 307, 309, 320,
331, 333, 334, 335, 337, 338, 340, 360, 373, 376, 416, 419, 430, 434, 435, 437, 438 or 439 and does
not have a histidine, glutamine, or tyrosine at position 280; a serine, glycine, threonine or tyrosine at
position 290, an asparagine af position 294, a lysine at position 2935; a proline at position 296; a
proline, asparagine, aspartic acid, or valine at position 298; or a leucine or isoleucine at position 300.
In another embodiment, the invention encompasses such antibodies comprising a variant Fe region,

wherein the variant Fc region comprises at least one amino acid modification relative to a wild-type
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Fc region, such that the molecule binds an FeyR with a reduced affinity relative to molecuie
comprising a wild-type Fe region provided that the variant Fe region does not have or is not solely a
substitution at any one or more of positions 243, 252, 254, 2635, 268, 269, 270, 278, 289, 292, 293,
294, 295, 296, 298, 300, 301, 303, 322, 324, 327, 329, 333, 335, 338, 340, 373, 376, 382, 388, 389,
414, 416, 419, 434, 435, 437, 438, or 439, In yet another embodiment, the invention encompasses
such antibodies comyprising a variant Fc region, wherein the variant Fo region comprises at least one
amino acid modification relative to a wild-type Fc region, such that the molecule binds an FoyR with
an enhanced affinity relative to 2 molecule comprising a wild-type Fe region provided that the variant
Fc region does not have or is not solely a substitution at any one or more of positions 280, 283, 285,
286, 250, 294, 295, 298, 300, 301, 305, 307, 309, 312, 315, 331, 333, 334, 337, 340, 360, 378, 398, or
430.

[86243] The invention also encompasses antitbodies that specifically bind to B7-H3 which comprise
a variant F¢ region, wherein the variant F¢ region does not include or are not solely a substitution at
any one or more of positions 330, 243, 247, 298, 241, 240, 244, 263, 262, 235, 269, or 328 and does
not have a leucine at position 243, an asparagine at position 298, a leucine at position 241, and
isoleucine or an alanine at position 240, a histidine at position 244, a valine at position 330, or an

1soleucine at position 328,

[66244] The mvention particularly encompasses antibodies that specifically bind to B7-H3 which
comprise a varlant Fc region with enhanced effector function and/or altered affinities for activating
and/or intibitory receptors, wherein the variant Fo region comprises: (a) any 1, 2, 3, 4, 5, or 6 of the
following substitutions: S239D, S298A, A330L, I332E, E333A, or K334A; or (b) any of the
combinations of substitutions: (1) S298A, E333A, and K334A; (2) S239D and 1332E; or (3) S239D,
A330L and 1332E.

[06245] The invention particularly encompasses antibodies that specifically bind to B7-H3 which
comprise a vartant Fo region with enhanced effector function and/or altered affinities for activating

and/or inhibitory receptors, wherein the variant Fe region comprises a substitution:

(D at position 288 with asparagine, at position 330 with serine and at position 396 with leucine;

(2) at position 334 with glutamic acid, at position 359 with asparagine, and at position 366 with
sering,

(3) at position 316 with aspartic acld, at position 378 wiih valine, and at position 399 with

glutamic acid,
(4 at position 247 with leucine, and a substitution at position 421 with lysine;

(5 at position 392 with threonine, and at position 396 with leucine;
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6) at position 221 with ghitamic acid, at position 270 with glutamic acid, at position 308 with
alaning, at position 311 with histidine, at position 396 with leucine, and at position 402 with
aspartic acid;

(7 at position 419 with histidine, and a substitution at position 396 with leucine;

(83 at position 240 with alanine, and at position 396 with leucine;

(%) at position 410 with histidine, and at position 396 with leucine;

(10)  at position 243 with leucine, at position 305 with isoleucine, at position 378 with aspartic
acid, at position 404 with scrine, and at position 396 with leucing;

{11)  atposition 255 with isolencine, and at position 396 with leucine;

(12}  atposition 370 with glutamic zcid and at position 396 with leucine;

{13}  at position 270 with glutamic acid;

or

{14y  any combination of the foregoing {1)-(12) substitutions.

[00246] In a specific embodiment, the invention encompasses an antibody that specifically binds B7-
H3 that comprises a variant Fc region which comprises the substitution: F243L, R292P, and Y300L,
In a further specific embodiment, the invention encompasses an antibody that specificalty binds B7-
H3 that comprises a variant Fc region which comprises the substitution: L2335V, F243L, R292P,
Y300L, and P396L. In yet a further specific embodiment, the invention encompasses an antibody that
specifically binds B7-H3 that comprises a variant Fc region which comprises the substitution F243L,
R292P, Y300L, V3051, and P3S6L.,

106247] In a further specific embodiment, the invention encompasses an antibody that specificaily
binds B7-H3 that comprises a variant Fc region which comprises a substitution at position 396 with
leucine, at position 270 with glutamic acid and at position 243 with leucine, In another specific
embodiment the molecule further comprises one or more amino acid modification such as those

disclosed herein.

[#6248] The invention particularly encompasses antibodies that specifically bind to B7-H3 which
comprise a variant Fc region with enhanced effector function and/or altered affinities for activating
and/or inhibitory receptors, that have an amino acid modification at one or more of the following
positions: 119, 125, 132, 133, 141, 142, 147, 149, 162, 166, 185, 192, 202, 205, 210, 214, 215, 216,
217, 218, 219, 221, 222, 223, 224, 225, 227, 229, 231, 232, 233, 235, 240, 241, 242, 243, 244, 246,
247, 248, 250, 251, 252, 253, 254, 255, 256, 258, 261, 262, 263, 268, 269, 270, 272, 274, 275, 276,
279, 280, 281, 282, 284, 287, 288, 289, 290, 291, 292, 293, 205, 298, 301, 303, 304, 303, 306, 307,
308, 309, 310, 311, 312, 313, 315, 316, 317, 318, 319, 320, 323, 326, 327, 328, 330, 333, 334, 335,
337, 339, 340, 343, 344, 345, 347, 348, 352, 353, 354, 355, 358, 359, 360, 361, 362, 365, 366, 367,
369, 370, 371, 372, 375, 377, 378, 379, 380, 381, 382, 383, 384, 385, 386, 387, 388, 389, 390, 392,
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393, 394, 395, 394, 397, 398, 399, 400, 401, 402, 404, 406, 407, 408, 409, 410, 411, 412, 414, 415,
416,417, 419, 420, 421, 422 423,424, 427, 428, 431, 433, 435, 436, 438, 440, 441, 442, 443, 4446, or

447. Preferably such mmrtations result in molecules that have been conferred an effector cell mediated

function: and, optionally, have an altered affinity for an FeyR as determined using methods disclosed

and exemplified herein and known to one skilled in the art.

[00249] The invention particularly encompasses antibodies that specifically bind to B7-H3 which

comprise & variant F¢ region with altered effector function and/or aliered affinities for activating

and/or inhibitory receptors, that have:

(1)

an

(1)

Iv)

an amino acid modification at one or more of the following positions; 235, 240, 241, 243,
244, 247,262, 263, 269, 298, 328, or 330 and more preferably one or more of the following
modifications: VZ40A, V2401, F241L, F2431., P244H, S298N, [.3281, A330V; wherein
such antibodies exhibit altered effector fumction relative to antibodies having a wild-type Fc
region that lacks such modification;

an amino acid modification at one or more of the following positions: 268, 269, 270, 272,
276, 278, 283, 285, 286, 289, 292, 293, 301, 303, 305, 307, 309, 331, 333, 334, 335, 337,
338, 340, 360, 373, 376, 416, 419, 430, 434, 435, 437, 438 or 439 and more preferably one
or more of the following modifications: D280H, D280GQ, D280Y, K290G, K2903, K290T,
K290Y, E294N, Q295K, Y296P, S298D, S298N, S298P, S298V, Y3001, Y300L.; whercin
such antibodies exhibit altered effector function relative to antibodies having a wild-type Fc
region that lacks such modification;

an amino acid modification at one or more of the following positions: 235, 236, 258, 267,
268, 269, 270, 272, 276, 278, 280, 283, 285, 286, 289, 290, 292, 293, 294, 295, 296, 298,
300, 301, 303, 305, 307, 309, 312, 320, 322, 326, 329, 330, 332, 331, 333, 334, 335, 337,
338, 339, 340, 359, 360, 373, 376, 416, 419, 430, 434, 435, 437, 438, 439, and morc
preferably one or more of the following modifications: T256A, H248N, E2720Q), N286D,
N286Q, N28AS, K290A, K290S, S298A, R301iM, D3I2A, K320E, K320M, K320Q,
K320R, K322E, K326A, K326, K326E, K326N, K326S, A330K, A339T, E333A,
K334A, K334E, K334H, K334L, K334M, K334Q, K334V, T335K, T335Q, T359A,
K360A, E430A: wherein such antibodies exhibit aitered effector function relative fo
antibodies having a wild-type Fc region that lacks such modification;

an amino acid modification at one or more of the following positions: 252, 254, 263, 268,
269, 270, 278, 289, 292, 293, 294, 295, 206, 298, 300, 301, 303, 322, 324, 327, 329, 333,
335, 338, 340, 373, 376, 382, 388, 389, 414, 416, 419, 434, 435, 437, 438, or 439; wherein
such antibodies exhibit reduced effector fumection relative to antibodies having a wild-type

Fe region that lacks such modification;
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(V) an amine acid modification at one or more of the following positions: 280, 283, 283, 286,
290, 254, 295, 298, 300, 301, 303, 307, 309, 312, 315, 331, 333, 334, 337, 340, 360, 378,
398, or 430; wherein such antibodies exhibit enhanced effector fimetion relative to
antibodies having a wild-type Fc region that lacks such modification;

or

(Vi) an amino acid modification at one or more of the following positions: R255A, T256A,
E258A, S267A, H268A, H2Z6EN, E272A, E272Q, N276A, D280A, E283A, HI83A,
N2B6A, N2R6D, N286(Q, N286S, K290A, K290S, R301M, K320E, K320M, K320Q,
K320R, K322E, K326A, K326D, K326E, K3265, A330K, P331A, T335Q, 5337A, E430A;
wherein such antibodies exhibit enhanced effector function relative to antibodies having a

wild-type Fe region that lacks such modification.

[06258] In other embodiments, the invention encompasses the use of any Fo variant known in the
art, such as those disclosed m Jefferis, B, et af. (2002) “Interaction Sites On Human IgG-Fc For
FegammaR: Current Models,” Immunol, Lett. 82:57-653; Presta, L.G. er al. (2002) “Engineering
Therapeutic Antibodies For Improved Function,” Biochem. Soc. Trans. 3(:487-90; Idusogie, E.E. et
al. {2001) “Engineered Antibodies With Increased Activity To Recruit Complement,” 1. Immunol
166:2571-75; Shields, R.L. er al. (2001) “High Resolution Mapping Of The Binding Site On Human
Ig(G] For F¢ Gamma RI, Fe Gamma RIl, Fe Gamma Rl And FeRn And Design Of IsGI Varianis
With Improved Binding To The Fe gamma R, 1. Biol. Chem. 276:6591-6604; Idusogie, E.E. et al.
(2000} “Mapping Of The Clg Binding Site On Rituxan, A Chimeric Antibody With A Human lgG Fe,”
J. Immunol, 164:4178-84; Reddy, M.P. et al. (2000)>“Eliminatian Of Fc Receptor-Dependent Effector
Functions Of A Modified 1gG4 Monoclonal Antibody To Human CD4;” J. Imiunol. 164:1925-1933;
Xu, D. et al. (2000) “In Vitro Characterization of Five Humanized OKT3 Effector Function Variant
Antibodies,” Cell. Immuool, 200:16-26; Armour, K.L. e af. (1999) “Recombinant human IgG -
Molecules Lacking Fegamma Receplor I Binding And Monocyte Trigeering Activities,” Ear. 1.
Immunol. 29:2613-24; Jefferis, R. er al. (1996) “Modulation Of Fe(Gamma}R And Human
Complement Activation By IgG3-Core Oligosuccharide Inieractions,” lmmunol. Lett. 54:101-04;
Lund, 1. et al. (1996) “Multiple Interactions Of IgG With Its Core Qligosaccharide Can Modulate
Recognition By Complement And Human Fc Gamma Receptor I And Influence The Synthesis Of Iis
Oligosaccharide Chains,” J. Tmmumol. 157:4963-4969; Hutching er al. {1995} “Improved
Biodistribution, Tumor Targeting, And Reduced Immunogenicity In Mice With A Gamma 4 Variant Of
Campath-1H,” Proc. Natl. Acad. Sci. (U.S.A.) 92:11980-84; Jefferis, R. et al. (1993) “Recognition
Sites On Human IgG For Fc Gamma Receptors: The Role Of Glycosyiation,” Tmmunol. Lett. 44:111-
17; Lund, J. et al. (1995) “Oligosaccharide-Protein Interactions In IgG Can Modulate Recognition By
Fe Gamma Receptors,” FASEBR I 9:115-19; Alegre, ML, er al. (1994) “4 Non-Activating

"Humanized" Anti-CD3 Monoclonal Antibody Retains Invmunosuppressive Properties In Vivo,”
{pp Jo
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Transplantation 57:1537-1543; Lund et al. (1992) “Multiple Binding Sites On The CH2 Domain Of
1gG For Mouse Fc Gamma RI11,” Mol. Immunol. 29:53-59; Lund ef al. (1991) “Human Fc Gamma
RI And Fc Gamma RII Interact With Distinct But Overlapping Sites On Human IgG.” 1. Immumol,
147:2657-2662; Duncan, AR, ef al. (1988) “Localization Of The Binding Site For The Human High-
Affinity Fe Receptor On IgG,” Nature 332:563-564; US Patent Nos. 5,624,821; 5.885,573; 6,194,551;
7,276,586; and 7,317,091; and PCT Publications WO 00/42072 and PCT WO 99/58572.

[60251] The invention encompasses molecules comprising variant Fc regions consisting of or

comprising any of the mutations listed in the table below in Table 1.

Tabie }

Exemplary Fe Modifications

e AT Eorr i 5500 Yz.(}ﬁ.”[. i D312A - K334_E__ o

ALO2V F241Y D265Q D280Y N297D W313F [L328K K3341

S219Y F241Y D265T G281D N2S7E N3151 L328M K3341

K222N F243D D265V G281K N2971 E318K L328N K334L

2241 F243H D263Y G281P N2978 K320 L328P K334M

T2258 F243L V266A G281Y S298A K320M 1.3280 K334N

P228E F243L V266l V282M S298D K3200 1L328R K3340

P228G F2430 V266M H283A S298N K320R. 13288 K334V

P228K F243R V266T V284E S298N K322F L328T T335K

P228Y F243W S267A V284L S298N V323] [328V T335Q

P230A F243Y H268A VIRAN S288P N325A L328W 1336E

P230E P244H H268N V284T S298V N325D L328Y 1336K

P230G DP245A D270E V284Y T299A N325E A3301 1336Y

P230Y P247G P271A H285A T299D N325F A330K S337A

A231E P247L P271D N2B6A T299E N325G A330L A339T

A231G P247V P271E N2B6D TZ99F N325H A330S M352L

A231K K248M P271F N286S T299G N3251 A330V T3359A

A231P R255A P271G K2REN T299H N325K A330Y T359N

A231Y T256A PZ71H K2Z90A T2991 N323L P331A K360A

P232E E258A P2711 K290G T299K N325M J332A T366N

P232G V262A P271K K290S T299L N325P 13320 13668

P232K V262E P271L K290T T295M N3Z5R 1332E F372Y

P232Y V262F P271IM K200Y T299N N3235 1332F F372Y

E233D V2521 P27IN P291D T255P N3I5T I332G 377F

E233G V262T P2710Q P2OIE T2690 N325V 332K 1377TN

12341 V263A P2TIR P291G T299R N325W 1332K V379L

L235D V2631 P271S P29TH T2995 N325Y 13321, V379M
S235D V263M Pzt P261] T299V K326A 1332M K392R
52395 V263T P2TIV P2910 T299W k326D 1332N P356H
S239N VIo4A P2TIW P291T 1209y K326 1332p P396L

52380 V264E P271Y R292G Y3001 k3268 13320 L3GRY

V240A V2647 EZ72A R262L Y300L K326N 1332R S400P

V2401 V2641 E2720 E204N R30IM K3265 13325 D401V

V240M V264R V2731 Q265K R301M X326T 13327 54071

V240T | V264T F275L Y296D V3021 1328A 1332V K414N

F241E V2o4W F275W Y2961 S304D 1.328D 1332W E430A

V2411 D265F F275Y Y296H 530411 L328E 1332Y
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Table 1
Exemplary Fc Modifications

F241L D265H N2T6A Y296N 33041 L328F E333A

F241R D2651 D280A Y296P S304N L328G K334A

r2418 D265L DZSUH YE%Q S304T L328H K334E
Substitutionsof Two Sites GnaEa e LR LTt

1332E, A330L 8239N / 12390 V279L P39SS P396L P217S

1332E, L.328D 82390 /1332D V284A, F3721 P396L, P227S

1332E, L328E S2390Q /1332E K288N, K326 P396L, V3231

1332E, L328H 32390 / 1332N K288N, A3308 P396L, V240A

1332E, 13281 S2390Q /13320 K290E, L142P P396L., 1.242F

I332E, L328M V2401, V281M KI90E, P2278 P396L, P24411

1332E, L.328N F241L, E258G K2907T, G371D P396L, T250A

1332E, 1.3280Q F241L / V2621 P2915, P3530 P396L, R2Z55L

I332E, L328T F2431, E318K R292P, V303] P3%6L, E258D

1332E, L328V F2433, V379L S298A /1332E P396L., H268D

I332E, N297D

P243L / V2641

S298M, W3B1R

P396L. H268N

I332E, N297E

K246T, Y319F

S298N, S407R

3961, V3031

I332E, N297S

K2467T, P396H

K31TN, F423-DEL

P396L, K3261

S5166N, K409R

P247H, G285E

K326E, K320E

P396L, V3051

P2328, S304C

P247L, I377F

K326E, A330T

P396L, L358P

S239D /1332D P247L, E389G K326E, G385E P366L, K370E
S239D /1332 P2478, P396L, A330V, Q419H P396L, S375C

S239D /1332N P247L, L39RO K334E E233D P396L, V379M
S239D /13320 P247L, L406F K334N, K246 P396L., N384K
S239E/ D265N P247L, N421K K334E, K288M P39aL, K392T
S239E / D265Q L251F, F372L K334E, R2921, P396L, S400F

S239E /1332D L251F, 54151 K334E, E308D P396L, L410H

S239E / 1332F R255L, E318K K334E, E380D P396L, Q415H
S239E / 1332N R255Q, K326E K334N, P396L P396L, 04191
S239E /13320 E258D, N384K A335V, Q347H P396L, V427A
S239N/1332D V263Q, E272D K370N, S440N D399E, G402D
S23ION/1332E V2641 /1332E T394M, V39TM D399E, M428L,

S239N/ 1332N

H)GSD. E3ISD

P’%%L KZlOM _

Substitutions of Three Sites. .

VI85M. R292L., D39OE

TP3175. ATTRV SI0ER

K28R GIRID. 03851{””

S192T, M252L, R301C

P247L., 1253N, K334N

2470, A3307, S440G

V1251, V2151, 54081

D312E, K327N, I3788

T355N, P387S, 14350

R29ZL, T359N, P396L

E216D, E345K, 83751

P247L., A431V, S442F

| F2751, K334N, V348M

KZ88N, A3308, P396L

AJTEV, N39OI, V4221

F243L, R235L, E318K

G316D, A378V, D399K

VI82E, V3691, L406F

K334E, T359N, T3663

N3151, V379M, T394M

VIOTM, T411A S415N

K288N, A3308, P396L

P247L, W313R E288G

12231, T2565, L406F

F2431, V3791, G420V

R301H, K340E,D399E

E246N, P396L, O419R

AZ3TV, Q386H, V412M

K 3261 P3B6L, S408N

P217A, TI50A, P39OL

E216D,K334R, 53751

K210M, K261IN, P396L

V2151, K290V, P396L

T335N, P387S, H4350

A330V, G427M, K438R

V2630, E272D, Q4198

K2461, Q362H, K370E

K222F, V2630, S298N

NZ76Y, T393N, W417R

K334E, E380D, G446V

E233G, P2475, L306P

DZ70E, G316D, R416G

V3031, V369F, M428L

S2197, T225K, D270E

D270E, K392T, P396L

K246E, V284M, VI08A

R292P, F243L, V3031

R255L, D270E, P396L

E293V, Q205E, A327T

V284M, R292L, K370N

V2404, D2ZTOE, P396L

Y319F, P352L ,P396L

D270E, K370E, P396L

270, P396L, 0419HD
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Tabiel
Exemplary Fe Medifications

K290T, N3901, P396L

P247L, D270E, N421K

52390, A330L, I332E

N297D, A330Y, 1332E

Y2061, N297D, 1332E

$239D, A330Y, 1332E

N297D, T2991, 1332E

Y296E, N297D, 1332 E

S239D, 1332E, A3301

N297D, T2091, 1332E

Y296H, N297D, 1332E

S239Dx, N297D, 1332E

N297D, T299L, 1332E

Y206N, N297D, I332E

S2309B, S2984, 1332E

N297D, T296V, 1332F

Y2960, N2971, I332E

§239D, V26411, 1332E

F243L, V2621, V264W

Y296T, N297D, 1332E

S230E, N267D, 1332E

D265F, N297E, 1332E

P230A, E233D, 1332E

S239E, V2641, 1332 E

D265Y, N297D, 1332E

P244H, P245A, P247V

S239N, A330L, I332E

V264E, N297D, 1332F

V2641, A330Y, 13328

S239N, A330V, I332E

V2641, A330L, 1332E

" Substitutions of Four Sites -+ 1

V26¢H SE98A 1332!3 _

15239Q Va6aLB92E

Al41V, H268L, K288E, PZQIS

2368, VA05L K345, N3005

H258D, T289A, H310Y, Y407V

D2R0OE, S354F, A431D, L4411

K334E, T359N, T3668, Q386R

P3438, P353L, 83751, S383N

K3260, K334E T359N, T3668

E26GK KZ90N, O311R, H433Y

K288R, T307A, K344E, P395L

K280E, V3694, T393A, P396L

V2731, K326E, L3281 P396L

KZ10N, K2221 K320M, P396L

F275L, Q362H, N384K, P3%6L

S219T, T225K, D270E, K360R

V2821, A330V, H433Y, T436R

P243L, S254T, A330V, N361D

R255L., D270E, Y3001, P3%6L.,

F243L, D270E, K392N, P396L

RIS51L., D2TOE, R2920, P3Y6L

F2435, R255L, D2T0E, P396L

V284M, S298N, K334E, R355W

3239D, D265F, N297D, 1332E

D265Y, N297D, T299L, 1332E

52390, D265H, N297D, 1332E

F241E, F2430, V262T, V264F

S239D, D2651, N297D, 1332E

F241E, F243R, V2625, V264R

$239D, (2651, N297D, 1332E

F241E, F243Y, V262T, V264R

S239D, D265T, N297D, 1332E

F241L, F243L, V2621, V264]

S239D, D265V, N297D, 1332E

F241R, F2430, V262T, V264R

52390, D265Y, N297D, 1332E

F24TW, F243W, V262A, VI64A

S239D), N297D), I332E, A330Y

F241Y, F243Y, V262T, V264T

S239D, N297D, 1332E, K326E

N297D, 1332E, 5236D, A330L

S239D, N297D, 1332E, L.235D

N297D, 3298A, A330Y, 13328

S239D, V2641, A330L, I332E

8239D, A330Y, I332E, K326F

S239D, V2641, S298A, 1332E

S239D. A330Y, 13321, K326T

S239E, V2641, A330Y, 1332 F

S239D, A330Y, 1332E, L2341

52390, A330Y, I1332E, V2647

S239D, A330Y, 1332F, L235D

52390, A330Y, I332E, V2661

5239D, A330Y, 1332E, V240

- Substitutions of Five Sites

284N, SI08N, K345 RASSW RA16T

KMTT YZOZM FZ”]SE K334N V348M

P2175, V3051, 13091, N3S0H, P39s6L

T335N, K370E, A378V, T394M, 54241

F243L, V3051, A378D, P396L, F4045

P244H, L358M, V379M, N384K, V3I67M

K222N, T335N, K370E, A378V, T394M

P244A, K3261, C367R, S3751, K447T

L235P, S304G, V3051, V3231, V382M

C229Y, A287T, V379M, P396L, L443V

F241E, F2430, V262T, V264E, 1332F

F241R, F2430Q, V262T, V264R, 1332E

F241E, F243R, V262E, V264R, 1332E

S239E, V264], S298A, A330Y, I332E

F241E, F243Y_ V262T, VI64R, I332E

Substitutiens of More Than Five Sites 1.0

D221E, D270E, V308A, Q311H, P396L, C402D

T215P, K274N, A287G, K334N, L3465V, P396L

F241Y, F243Y, V262T, V264T, N297D, I332E
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Table 1
Exemplary Fe Medifications

N297D, T296F, 1332E, N297D, T299H, 1332E

D221Y, M2521, A3300G, A339T, T359N, V4221, H433L

S239D, N297D, 1332E, A330Y, F2415, F243H, V262T, V264T

K133M, F149Y, K205E, R214], K218E, S383N, N384K, T256N, V262L

[60252] In specific embodiments, the variant Fc region of such antiB7-H3 antibodies has:

(1
2)

(3)
4}

(5)
6)
(7)
(8)
©)
(10)
(11)
(12)
(13)
(14)
(15)
(16)

or

(17)

a leucine at position 247, a lysine at position 421 and a glutamic acid at position 270;

a threonine at position 392, a leucine at position 396, a glutamic acid af position 270, and a
leucine at position 243

a histidine at position 419, a leucine at position 396, and a glutamic acid at position 270;

& histidine at position 419, a leucine at position 396, a ghutamic acid at position 270, and a
leucine at position 243;

an alanine at position 240, a leucine at position 396, and a glutamic acid 2t position 270;

a lysine at position 255 and a leucine at position 396,

a lysine at position 255, a leucine at position 396, and a glutamic acid at position 270;

a lysine at position 255, a leucine at position 396, a glutamic acid at position 270, and a lysine
at posttion 300;

a lysing at position 235, a leucing at position 396, a glutemic acid at position 270, and a
ghycine at position 292;

a lysine at position 255, a leucine at position 396, a giutamic acid at position 270, and a
leucine at position 243;

a glutamic acid at position 370, a leucine at position 396, and a glutamic acid at position 270;
a ghatamic acid at position 270, an aspartic acid at position 316, and a glycine at position 416;
a leucine at position 243, a proline at position 292, an isoleucine at position 305, and a leucine
at position 396,

a leucine at position 243, a ghotamic acid at position 270, an asparagine at position 392 and a
leucine at position 396;

a leucine at position 243, 4 leucine at position 235, a glutamic acid at position 270 and a
leucine at position 396;

a glutamine at position 297;

any combination of the foregoing (1)-{16) substitutions.

{60253] In some embodiments, the melecules of the invention further comprise one or more

glycosylation sites, so that one or more carbohydrate moieties are covalently attached to the molecule.

Preferably, the melecules of the invention with one or more glycosylation sites and/or one or more

modifications in the Fe region confer or have an enhanced antibody mediated effector fumction, e.g.,
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enhanced ADCC activity, compared to a parenit antibody. In some embodiments, the invention further
comprises molecules comprising one or more modifications of amino acids that are directly or
indirectly known to interact with a carhohydrate molety of the antibody, mncluding but not limited to
amino acids at positions 241, 243, 244, 243, 245, 249, 256, 258, 260, 262, 264, 263, 296, 299, and
301. Amino acids that directly or indirectly interact with a carbohydrate moiety of an antibody are
known m the art, see, e.g., Jefferis ef al., 1995 Immunology Letters, 44: 111-7, which is incorporated

herein by reference in its entirety.

[00254] In another embodiment, the invention encompasses moelecules that have been modified by
introducing one or more glycosylation sites imto one or more sites of the molecules, preferably
without altering the functionality of the molecules, e.g., binding activity to target antigen or FeyR.
Glycosylation sites may be introduced into the vartable and/or constant region of the molecules of the
invention. As used herein, “glycosylation sites™ include any specific amino acid sequence in an
antibody to which an oligosaccharide (i.e., carbohydrates containing two or more simple sugars linked
together) will specifically and covalently attach. Oligosaccharide side chains are typically linked 1o
the backbone of an antibody via either MN-or O-linkages. N-linked glvcosylation rofers to the
attachment of an oligosaccharide moiety to the side chain of an asparagine residue. O-linked
glyoosylation refers to the attachment of an oligosaccharide moiety fo a hydroxyamino acid, ey,
serine, threonine. The molecules of the invention may comprisc one or more glycosylation sites,
including N-linked and O-tinked glycosylation sites. Any glycosylation site for N-lnked or O-linlked
glycosylation known in the art may be used in accordance with the instant invention. An exemplary
N-linked glycosylation site that is useful in accordance with the methods of the present invention is
the amino acid sequence: Asn-X-The/Ser, wherein X may be any amino acid and Thr/Ser imdicates &
threonine or a serine. Such a site or sites may be introduced into a molecule of the invention using
methods well kmown in the art to which this invention pertaing {(see for example, IN WITRO
MUTAGENESIS, RECOMBINANT DNA: A SHORT COURSE, I. . Watson, ef ¢l. W.H. Freeman and
Company, New York, 1983, chapter 8, pp. 106-116, which is incorporated herein by reference in its
entirety. An exemplary method for introducing 2 glycosylation site into a molecule of the invention
may comprise: modifying or mutating an amino acid sequence of the melecule so that the desired

Asn-X-Thr/Ser sequence is obtained.

[68255] In some embodiments, the invention encompasses methods of modifying the carbohydrate
content of & molecule of the invention by adding or deleting a glycosylafion site. Methods for
modifving the carbohydrate content of antibodies are well known in the art and encompassed within
the invention, see, e.g., U.S. Patent No. 6,218,149; EP (0 359 096 BI1; 1.S. Publication No. US
2002/0028486; WO (3/435835; U.S. Publication No. 2003/0115614; U.S. Patent No. 6,218,149; 1.S.

Patent No. 6,472,511; all of which are incorporated herein by reference in their entirety. In other
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embodiments, the invention encompasses methods of modifving the carbohydrate content of a
molecuie of the invention by deleting one or more endogenous carbohydrate moieties of the molecule.
In a specific embodiment, the invention encompasses shifting the glycosylation site of the Fe region
of an antibody, by modifying positions adjacent to 297. In a specific embodiment, the invention

encompasses modifying position 296 so that position 296 and not position 297 is glycosylated.

[06256] Effector function can also be modified by techniques such as by introducing one or more
cysteine residues into the Fo region, thereby allowing interchain disulfide bond formation in this
region to geecur, resulting in the generation of a homodimeric antibody that may have improved
internalization capability and/or increased complement-mediated celi killing and ADCC (Caron, P.C.
et al. (1992) “Engineered Humanized Dimeric Forms Of IgG Are More Effective Antibodies,” J. Exp.
Med. 176:1191-1195; Shopes, B. {1992) “4d Genetically Engineered Human IgG Mutant With
Enhanced Cyvtohytic Aciivity}’ J. Immumol, 148(9):2918-2922. Homodimeric antibodies with
enhaneced anti-tumor activity may also be prepared vsing heterobifunctional cross-linkers as described
in Woiff, E.A. ef al. (1993) “Monoclonal Antibody Homodimers: Enhanced Antitumor Activity In
Nude Mice,” Cancer Research 53:2560-2565. Alternatively, an antibody can be engineered which has
dual Fc regions and may thereby have enhanced complement lysis and ADCC capabilitics {Stevenson,
G.T. et al (1989 “4 Chimeric Antibody With Dual Fc Regions (bisFabFc) Prepared By
Manipulations At The IgG Hinge,” Anti-Cancer Drug Design 3:219-230).

E. B7-H3 DART™ (Dual Affinity Retargeting Reagents)

[06237] As discussed above, the presemt invention additionally encompasses “DART™ (dual
affinity retargeting reagent) molecules that comprise at Jeast two polypeptide chains which form at

least two epitope binding sites, at least one of which specifically binds to B7-H3.

[60258] In preferred embodiments, the first polypeptide chain of the DART™ comprises:
) a domain (A} comprising a biading region of a light chain variable domain of a first
immmmoglobulin (VE1}specific for an epitope (1);
(i1) a domain (B) comprising a binding region of a heavy chain variable domain of a
second immunoglobulin {VH2) specific for an epitope (2); and
(i)  a domain (C).
The second polypeptide chain of such 8 DART™ comprises:
{0 a domain (D) comprising a binding region of a light chain variable domain of the
second immunoglobulin (VL2) specific for epitope (2);
(i) a domain (E) comprising a binding region of a heavy chain variable domain of the
first immumoglobulin (VH1) specific for epitope (1); and

(iti)  a domain (F).
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The DART™ domains (A) and (B) do not associate with one another to form an epitope binding site.
Similarly, the DART™ domains (D) and {E) do not associate with one another to form an epitope
binding site. Rather, DART™ domains {A) and (E) associate to form a binding site that binds epitope
(1); said DART™ domains (B) and (D) associate to form a binding site that binds said epitope (2),

Domains {C) and (F) are covalently associated together.

1062591 Each polypeptide chain of the DART™ molecule comprises 2 VL domain and a VH
domain, which are covalently linked such that the domains are constrained from self assembly,
Interaction of two of the polypeptide chains will produce two VL-VH pairings, forming two eptipoe
binding sites, i.e., a bivalent molecule. Neither the VH or VL domain is constrained o any position
within the polypeptide chain, ie., restricted fo the amino (N} or carboxy (C) teminus, not are the
domains restricted in their relative positions to one another, i.e., the VL domain may be N-terminal to
the VH domain and vice-versa. The only restriction is that a complimentary polypeptide chain be
available in order to form functional DART™s, Where the VL and VH domains are derived from the
same antibody, the two complimentary pelypeptide chains may be identical. For example, where the
binding domains are derived from an antibody specific for epitope A (i.e., the binding dornain is
formed from a VL.-VH, interaction), each polypeptide will comprise a VH, and a VL,
Homodimerization of two polypeptide chains of the antibody will result in the formation two VL,-
VH, binding sites, resulting in a bivalent monospecific antibody. Where the VL and VH domains are
derived from antibodies specific for different antigens, formation of a fonctional bispecific DART™
requires the interaction of two different polypeptide chains, ie., formation of a heterodimer. For
example, for a bispecific DART™, one polypeptide chain will comprise a VL, and a Vig;
homodimerization of said chain will result in the formation of two V9L,-VHp binding sites, either of
no binding or of unpredictable binding. In conirast, where two differing polypeptide chains are free to
mteract, e.g., In a recombinant expression system, one comprising a VI, and a VH, and the other
comprising a V0y and a VH,, two differing binding sites will form: VL,-VH, and VL-VHg. For all
DART™ polypeptide chain pairs, the possibly of misalignment or mis-binding of the two chains is a
possibility, le, interaction of VL-VL or VH-VH domains; however, purification of functional
diabodies is sasily managed based on the immunospecificity of the properly dimerized binding site

using any affinity based method known in the art or exemplified herein, e.g., affinity chromatography,

1062607 One or more of the polypeptide chains of the DART™ may optionally comprise an Fe
domain domain or portion thereof (e.g. a CH2 domain, or CH3 domain). The Fc domain or portion
thereof may be derived from any immunoglobulin isotype or allotype inchiding, but not Hmited to,
lgA, 1gD, 1gG, IgE and IgM. In preferred embodiments, the Fe domain (or portion thereof) ts derived
from I1gG.  In specific embodiments, the IgG isotype is 1gGl, 1gG2, 1gGR or 1gG4 or an allotype

thercof. In one embodiment, the disbody molecule comprises an Fo domain, which F¢ domain
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comptises a CH2 domain and CH3 domain independently seiected from any immuneglobulin isotype
(i.e. an Fc domain comprising the CH2 domain derived from 1gG and the CH3 domain derived from
1gE, or the CH2 domain derived from IgG1 and the CH3 domain derived from 1gG2, etc)). The Fe
domain may be enginecred into a polypeptide chain comprising the diabody molecule of the invention
in any position relative to other domains or portions of said polypeptide chain (e.g., the Fc domain, or
portion thereof, may be c-ferminal to both the VL. and VH domains of the polypeptide of the chain;
may be n-terminal to both the VL. and VH domains; or may be N-terminal to one domain and c-

terminal to another (i.e., between two domains of the polypeptide chain)).

[00261] The Tc domains in the polypeptide chains of the DART™ molecules preferentially
dimerize, resulting in the formeation of a DART™ molecule that exhibits immunoglobulin-like
properiies, e.g., Fc-FeyR, interactions. Fc comprising diabodies may be dimers, e.g., comprised of
two polypeptide chains, each comprising a VH domain, a VL domain and an Fc¢ domain.
Dimesization of said polypeptide chains results in a bivalent DART™ comprising an Fc domain,
albeit with & structure distinet from that of an vmmodified bivalent antibody. Such DART™
molecules will exhibit altered phenotypes relative to a wild-type immunoeglobulin, e.g., altered sertnn
half-life, binding properties, efc. In other embodiments, DART™ molecules comprising Fo domains
may be tetramers. Such tetramers comprise two ‘heavier” polypeptide chaing, Z.e., a polypeptide chain
comprising a VL, 2 VH and an Fc domain, and two ‘lighter’ polypeptide chains, i.e., polypeptide
chain comprising a VL and a VH. The lighter and heavier chains interact to form a monomer, and
said monomers interact via their unpaired Fo domaing to form an Ig-like molecule. Such an Ig-like

DARTT™ js tetravalent and may be monospecific, bispecific or tetraspecific.

{00262] Formation of a tetraspecific diabody molecule as described supra requires the interaction of
four differing polypeptide chains. Such interactions are difficult to achieve with efficiency within a
single cell recombinant production system, due to the many variants of potential chain mispairings.
One solutiop to increase the probability of mispairings, is to engineer “knobs-into-holes” type
mutations into the desired polypeptide chain pairs. Such muiations favor heterodimerization over
homodimerization. For example, with respect to Fc-Fe-interactions, an amino acid substitution
{preferably a substitetion with an amino acid comprising a bulky side group forming a ‘knob’, e.g.,
tryptophan) can be introduced into the CH2 or CH3 domain such that steric interference will prevent
interaction with a similarty mutated domain and will obligate the mutated domain to pair with a
domain into which a complementary, or accommodating mutation has been engineered, i.e., ‘the hole’
(e.g., a substitution with glycine). Such sets of mutations can be engincered into any pair of
polypeptides comprising the diabody meolecule, and further, engineered into any portion of the
polypeptides chains of said pair. Methods of protein engineering to favor heterodimerization over

homodimerization are well known in the art, in particular with respect to the engineering of
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immuncglobulin-like molecules, and are encompassed herein (see eg., Ridgway e al (1996)
“'"Knobs-Into-Holes' Engineering Of Antibody CH3 Domains For Heavy Chain Heterodimerization,”
Protein Engr. 9:617-621, Atwell et al. (1997) “Stable Heterodimers From Remodeling The Domain
Interface Of A Homodimer Using 4 Phage Display Library, " ). Mol. Biol. 27(; 26-35, and Xie ef al.
(2003) “A New Format Of Bispecific Antibody: Highly Efficient Heterodimerization, Expression And
Tumor Cell Lysis,” 1. Immunol. Methods 296:95-101; each of whick is hereby incorporated herein by

reference in its entirety.

[606263] The invention also encompasses diabody molecules comprising variant Fe or variant hinge-
Fc domains (or portion thereof), which variant Fc domain comprises at least one amino acid
modification {e.g. substitution, insertion deletion) relative 10 a comparable wildtype F¢ domain or
hinge-Fe domain {or portion thercof). Molecules comprising variant Fe domains or hinge-Fe domains
{or portion thereof) (e.g., antibodies) normally have altered phenotypes relative to molecules
comprising wild-type Fc¢ domains or hinge-Fc domains or portions thereof. The variant phenotype
may be expressed as altered serum half-iife, altered stability, altered susceptibility to cellular enzymes
or altered effector function as assayed in an NK dependent or macrophage dependent assay. Fe

domain modifications identified as altering effector function are disclosed above.

[08264] The present invention also encompasses molecules comprising a hinge domain. The hinge
domain be derived from any immunoglobulin isotype or allotype including IgA. IgD, 1gG, IgE and
IgM. In preferred embodiments, the hinge domain is derived from IgG, wherein the IgQ isotype is
1gGl, 1gG2, 12G3 er 1pG4, or an allotpye thereof. Said hinge domain may be engincered into a
polypeptide chain comprising the diabody molecule together with an Fe domain such that the diabody
molecule comprises a hinge-F¢ domain. In certain embodiments, the hinge and Fc domain are
independently selected from any immunoglobulin isotype known in the art or exemplified berein. In
other embodiments the hinge and Fc domain are separated by at least ong other domain of the
polypeptide chain, e.g., the VL. domain. The hinge domain, or optionally the hinge-Fc domain, may
be engineered in fo a polypeptide of the invention in any position relative to other domains or portions
of said polypeptide chain. In certain embodiments, a polypeptide chain of the invention comprises a
hinge domain, which hinge domain is at the C-terminus of the polypeptide chain, wherein said
polypeptide chain does not comprise an Fc domain. In yet other embodiments, a polypeptide chain of
the invention comprises a hinge-Fo domain, which hinge-Fo domain is at the C-terminus of the
polypeptide chain, In further embodiments, a polypeptide chain of the invention comprises a hinge-

Fc domain, which hinge-Fc domain is at the N-terminus of the polypeptide chain,

{00265] Each domain of the polypeptide chain of the DART™, je., the VL, VH and Fc domain may
be separaied by a peptide linker. The peptide linkermay be 0, 1,2, 3, 4, 5, 6, 7, 8, or 9 amino acids in
length. In certain embodiments the amino acid linker sequence is GGGSGGEGE (SEQ ID NO:52)
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encoded by the nucleic acid sequence ggaggeggat ccggaggegy agge (SEQ ID NO:53). The
polypeptide chains of the DART™ molecule may be engineered to comprise at least one cysteine
residue that will interact with a counterpart cysteine residue on a second polypeptide chain of the
DART™ to form an inter-chain disulfide bond. Such interchain disulfide bonds serve to stabilize the
DART™ molecule, thereby improving expression and recovery in recombinant systems, resulting in a
stable and consistent formulation and improving the stability of the isclated and/or purified product in
vivo. The cysteine residue may be introduced as a single amino acid or as part of larger amino-acid
sequencs, e.g. a hinge domain, in any portien of the polvpeptide chain. In a specific embodiment, the
cysteine residue may be engineered to occur at the C-terminus of the polypeptide chain. In some
smbodiments, the cysteine residue is introduced into the polypepiide chain within the amino acid
sequence LGGC. In a specific embodiment, the C-terminus of the polypeptide chains comprising the
DART™ molecule of the invention comprises the amino acid sequence LGGEC (SEQ ID NO:54). In
another embodiment, the cysteine residue is introduced into the polypeptide within an amino acid
sequence comprising a hinge domain, e.g. EPKSCDETHTCPP (SEQ ID N(:55) or ESKYGPPCPS
(SEG IP NQ:54), In a specific embodiment, the C-terminus of a polypeptide chain of the DART™
melecule of the invention comprises the amino acid sequence of an 1gG hinge domain, e.g. SEQ ID
NG:55 or SEQ ID NOG:56. In another embodiment, the C-terminus of a polypeptide chain of a
DART™ molecule of the invention comprises the amino acid sequence VEPKSC (SEQ ID NO:57),
which can be encoded by nucleotide sequence gttgageeca aatcttgt (SEQ ID NO:S8). In
other embodiments, the cysteine residue in introduced info the polypeptide chain within the amino
acid sequence LGGCFNRGEC (SEQ ID N(O:59), which can be encoded by the nucleotide sequence
ctgggagyct gettcaacay gggagagtogt (SEQ ID NO:68). In a specific embodiment, the C-
terminus of a polypeptide chain comprising the DART™ of the invention comprises the amino acid
seguence LGGCFNRGEC (SEQ ID NO:59). In yet other embodiments, the cysieine residue in
introduced into the polypeptide chain within the amino acid sequence FNRGEC (SEQ I NO:61),
which can be encoded by the nuclectide sequence ttoaacaggy gagagtgt (SEQ ID NO:62). In
a spectfic embodiment, the C-terminus of a polypeptide chain comprising the DART™ of the

mvention comprises the amino acid sequence FNRGEC (SEQ ID NO:61).

{06266 In certain embodiments, the diabody molecule comprises at least two polypeptide chains,
each of which comprise the amino acid sequence LGGT (SEQ ID NO:54) and are covalently linked
by & disulfide bond between the cysteine residues in the LGGC (SEQ 1D NG:54) sequences. In
another specific embodiment, the dabody moelecule comprises at least two polypeptide chains, one of
which comprises the sequence FNRGEC (SEQ 1D N(:61) while the other comprises a hinge domain
(containing at least one cysteine residue), wherein said at icast two polypeptide chaing are covalently

linked by a disulfide bond between the cysteine residue in FNRGEC {(SEQ XD NG:61) and a cysteing
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residue in the hinge domain. In particular aspects, the cysteine residue responsible for the disulfide
bond located n the hinge domain is Cys-128 (as numbered according to Kabat EU; located in the
hinge domain of an unmaodified, intact 1gG heavy chain} and the counterpart cysteine residue in SEQ
13- NO:23 is Cys-214 (as numbered according to Kabat EU; located at the C-terminus of an
unmodified, intact IgG light chain) (Elkabetz ef al. (2005) “Cysieines In CHI Underlie Retention Of
Unassembled Tg Heavy Chains,” J. Biol. Chem. 280:14402-14412). In yet other embodiments, the at
least one cysteine residue is engineered o occur at the N-ferminug of the amine acid chain. In still
other embodiments, the at least one cysteine residuc is engineered 0 occur in the linker portion of the
polypeptide chain of the diabody molecule. In further embodiments, the VH or VL domain is
enginecred fo comprise at least one amino acid modification relative to the parental VH or VL. domain
such that said amino acid modification comprises a substitution of a parental amino acid with

cysteine,

{68267] In still another aspect of this embediment, the Domain (C) of the first polypeptide chain
comprises the amino acid sequence VEPKSC (SEQ 1B NGO:57), derived from the hinge domain of a
human IgG, and which can be encoded by the nucleotide sequence gttgagecca aatcitgt (SEQ
1D NO:58). In another aspect of this embodiment, the Domain (F) of the second polypeptide chain
comprises the amino acid sequence VEPKSC (SEQ ID NO:57). In certain aspects of this
embodiment, Domain (C) of the first polypeptide chain comprises the Cterminal 6 amino acids of the
muman kappa light chain, FNRGEC (SEQ ID NO:61); and Domain (F) of the second polypeptide
chain comprises the amino acid sequence VEPXSC (SEQ ID NQO:57) or a hinge domain, In other
aspects of this embodiment, Domain (F) of the second polypeptide chain comprises the C-terminal 6
anyino acids of the human kappa light chain, FNRGEC (SEQ ID N©G:61); and Domain (C) of the first

polypeptide chain comprises the amino acid sequence VEPKSC (SEQ ID N(O:57) or a hinge domain.

[06268] As will be appreciated in view of the foregoing, the individual polypeptides of a bispecific
DARTT™ can form two species of homodimers and one species 6f heterodimer. In one embodiment
of the present invention, a charged polypeptide can be added to the C-terminus of one, or more
preferably, both DART™ polypeptides. By selecting charged polypeptides of opposite charge for the
individual polypeptides of the bispecific DART™, the inclusion of such charged polypeptides favors
formation of heterodimers and lessens formation of homodimers. Preferably, & positively charged
polypeptide will contain a substantial content of arginine, glutamine, histidine and/or lysine (or
mixtures of such amino acids) and a negatively charged polypeptide will contain a substanital content
of aspartate or glutamate {or a mixmre of such amino acids). Positively charged polypeptides
containing a substantial content of lysine and negatively charged polypeptides containing a substantial

content of glutamate are particularly preferred. In order to maximize the electrostatic attraction
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between such opposingly charged polypeptides, it is preferred fo employ polypeptides capable of

spontaneously assuming a helical conformation.

[08269] Thus, in a preferred embediment, a positively charged, “E-coil” will be appended to one of
the polypeptides being used to form a bispecific DART™ and a negatively charged “K-coil” will be
appended to the second of the DART™’s polypeptides. A particularly preferred E-coil will have the
sequence: (EVAALEK): [ie (SEQ ID NO:63) EVAALEKEVAALEKEVAALEKEVAALEK]. A
particularly preferted K-coil will have the sequence: (RVAALKE) lie (SEQ ID NO:64)
KVAALKEKVARLKERKVAALKEKVAALKE].

(062761 A preferred DART™ polypeptide possessing such an E-coil will have the general sequence:
VL. Doman]—[GGGSEEEGE]-—|{VH Domain}-—[(EVARLEK),—GGGNS, where VL is the
DART™’s variable light Ig domain, GEGGSGGEE is SEQ ID NO:52, VH is the DART™ s variable
heavy Ig domain, (EVAALEX), is SEQ 1D NO:63, and GGGNS is SEG ID N(:65. A preferred
DART™ polypeptide possessing such a K-coil will have the general sequence: [VL Domain}—
{GGESEEEE ] —[VH Domain—{{KVAALKE)—GGENS, where VL is the DART™’s variable light
Ig domain, GGGEGGGEE is SEQ ID NO:52, VH is the DART™’s variable heavy Ig domain,
(KVAALKE ). is SEQ ID NO:64, and GGGNS is SEQ ID NO:65.

[86271] In a further embodiment, Fe-regions can be linked to the E and/or K coils of E-coil or K-coli
DART™g, Furthering the separation between the Fc regions and the DART™ VH domain of an Fe-
containing DARTT™ js desirable in cases in which a less separated arrangement of such domains
results in diminished interaction between such domains and their binding ligands or otherwise
interferes with DART™ agsembly. Although separators of any amino acid sequence may be
employed, it is preferable to employ separators that form an o helix coils, so as to maximally exiend
and project the Fc domain away from the variable domains. Because the above-described coiled
polypeptides of opposing charge additionally finction to promote heterodimer formation, such
molecules are particularly preferred separators. Such coil-containing Fe-DART™ molecules provide
benefits similar to those of Fe-DART™g, meluding improved serum half-life and effector function
recrititment.  The above-described E-coil and K-coil polypeptides are particularly preferred for this
purpose. Thus, in a preferred embodiment, the E-coil Fe-containing DART™ will have the general
sequence:  [VL Domain}—{GEGSGEGE —{VH Domain}—[{EVAALEK )} |—GEG—Fc¢ domain
starting with D234 (Kabat numbering), where VL iz the DART™’s variable light Ig domain,
GEESGEGE s SEQ ID NO:52, VH is the DART™ s vartable heavy lg domain and (EVAALER Y is
SEQ D NO:63. Similarly, i 2 preferred embodiment, the K-coil Fe-containing DART™ wil] have
the general sequence: [VL Domain—{GEGESGEEE]—[VH Domain]—{(KVAALKE)}—GGG—Fc

domain starting with D234 {Kabat nurnbering}, where VL is the DART™'s variable light Ig domain,
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GGGSEEEG 18 SEQ ID NO:51, VH is the DART™ g variable heavy Ig domain and (KVAALKE), 15
SEQ ID NO:64.

[08272] As indicated above, a coil-containing DART™ molecule or a coil-containing Fe-containing
DART™ molecule may contain only a single such coil separator, or it may contain more than one
such separators (e.g., two separators, preferably of opposite charge, of which one is linked to each of
the VH domain of the DART™’s polypeptides). By lnking the Fc region 1o such separator
molecule(s), the ability to make bivalent, tetravaient, eic. versions of the Fe-DART™ molecules by
chain swapping is enhanced. Fc-DART™ molecules can thus be produced that form monomers or

dimers depending upon whether the Fe domain 1s linked to one or both of the DART™ VH domains

1. Versatility of B7-H3 DART™ Molecules

[06273] The bispecific DART™; of the invention can simultaneously bind two separate and distinct
epitopes. In certain embodiments the epitopes are from the same antigen. In other embodiments, the
epitopes are from different antigens. In preferred embodiments, at least one epitope binding site is
specific for a determinant expressed on an immune effector cell (e.g. CD3, CD16, CD32, CD64, T-
cell receptor, eie.) which are expressed on T lymphocyies, natural killer (NK) cells or other
mononuclear celis. In one embodiment, the DART™ molecule binds to the effector cell determinant
and also activates said effector cell. In this regard, DART™ molecules of the invention may exhibit
Ig-like functionality independent of whether they further comprise an Fo domain (e.g., as assayed in
any effector function assay known in the art or exemplified herein (e.g., ADCC assay). In ceriain
embodiments the bispecific DART™ of the invention binds both a cancer antigen on a tumor cell and
an effector cell determinant while activating said cell. In alternative embodiments, the bispecific
DART™ or DART™ molecule of the invention may inhibit activation of a target, e.g., effector, cell
by simultancously binding, and thus linking, an activating and inhibitory receptor on the same cell
{e.g., bind both CD32A and CD32B, BCR and CD32B, or IgERI and CD32B) as described supra
{see, Background Section). In a forther aspect of this embodiment, the bispecific DART™ may
exhibit anti-viral properties by simultaneously binding two neotralizing epitopes on a virus (e.g., RSV

epitopes; WNV epitopes such as E16 and E53).

Z. Upiversal B7-H3 DART™ Muolocules

1862741 In one embodiment, the bispecific DART™ molecules of the invention may be constructed
to comprise one epitope binding domain that specifically binds to B7-H2 and a second epitope
binding domain that specifically binds a hapten, e.g. fluorescein isothiocyanate (also known as
flueroisothiocyanate or FITC). Such a DART™ serves as a universal adaptor (“UDART™™), able to
co-ligate B7-H3 with molecules that interact with fluorcscein-conjugated binding partners.  For

example, the FITC-reactive arm of the DART™ may be used to bind to an FITC labeled antibody that
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is bowund to a non-B7-H3 target involved 1o intercellular clustering, intercellular recruitment, cell-free
recruitment, multiple targets, cic. The chimeric mouse Fv/human Fe version of the anti-fluorescein
MAb, 4420 may be employed as a source of FITC-specific CDR domains (Gruber, M. er al. (1994)
“Efficien: Tumor Cell Lysis Mediated By A Bispecific Single Chain Antibody Expressed In
Escherichia coli,” ]. Immunol. 152{11): 3368-5374).

3. Cell-Target Specific B7-H3 DART™ Molecules

[66275] The bispecific DART™ molecules of the invention offer unique opportunities to farget
specific cell types. For exampie, the bispecific DART™ or DART™ molecuie can be engineered to
comprise a combination of epitope binding sites that recognize a set of antigens unique to a target cell
or tissue type. Additionally, where either or both of the individual antigens is/are fairly common
separately in other tissuc and/or cell types, low affinity biding domains can be used to construct the
DART™ or DART™ molecule. Such low affinity binding domains will be unable to bind to the
individual epitope or antigen with sufficient avidity for therapeutic purposes. However, where both
epitopes or antigens are present on o single target cell or tissue, the avidity of the DART™ or
DART™ molecule for the cell or tissue, relative to a cell or tissue expressing only one of the antigens,
will be increased such that said cell or tissue can be effectively targeted by the invention. Such a
bispecific molecule can exhibit enhanced binding to one or both of its target antizens on cells
expressing both of said antigens relative to a monospecific DART™ or an antibody with a specificity

10 only one of the antigens.

160276] For Example, the B7-H3 specific DART™s of the present invention may be constructed to
comprise & dotmain that is a binding ligand for the Natural Killer Group 2D (NKG2D) receptor. The
NKG2D receptor is expressed on all human (and other mamumalian) Natural Killer cells (Bauer, S. et
al, (1999 “Activation OFf NK Cells And T Cells By NKG2D, A Receplor For Stress-Inducible MICA”
Science 285(5428):727-729; Jamieson, AM. ef al. (2002) “The Role Of The NKEG2D Immunaoreceptor
In Immune Cell Activation And Natwral Killing,” Tomunity 17(1):19-29) as well as on all CD8" T
cells {Groh, V. ef al. (2001) “Costimulation Of CD8afi T Cells By NKG2D Via Engagement By MIC
Induced On Virus-Infected Cells,” Nat. Immunol. 2(3):255-260; Jamieson, A M. ef al. (2002) “The
Role Of The NKG2D Immunoreceptor In Immune Cell Activation And Natural Killing” Tmmunity
17(13:19-29). Such binding ligands, and particularly those which are not expressed on normal cells,
imclude the histocompatibility 60 (H60) molecule, the product of the retinoic acid early inducible
gene-1 (RAE-1), and the murine UL 16-binding proteintike transcript 1 (MULT1) (Raulet D.H. (2603)
“Roles Of The NKG2D> Immunoreceptor And Its Ligands,” Nature Rev. Tmmunol. 3:781-790; Coudert,
J.D. et al. (20058) “Altered NEG2D Function In NK Cells Induced By Chronic Exposure To Aliered
NKG2D Ligand-Expressing Tumor Cells,” Blood 106:1711-1717). Additional ligands reactive with
human NKG2D include the polymorphic MHC class 1 chain-related molecules MICA and MICB
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(Diefenbach, A. ef al. (1999) “Natural Killer Cells: Stress Out, Turn On, Tune In,” Curr. Biol
H22):R851-R8S533; Bauer, S. er al. (1999) “Aetivation Of NK Cells And T' Cells By NKG2D, A
Receptor For Stress-Inducible MICA,” Science 285(5428):727-729; Stephens, HLA. (2001} “MICA
And MICR Genes: Can The Enigma Gf Their Polymorphism Be Resolved?” Trends Invmumol. 22:378-
385. The sequence of MICA is SEQ ID NO:66:

MGLGPVFLLL
LDGOPELRCD
AHTKDQREGL
TMPQSIRAQT
LRRTVPPMVHN
QOWGDVLPDG
LVLOSHWQTEF
QHPVGTSDHR

PHSLRYNLMY
DVLGAKTWDT
SS5TRGSRHTY
KTKTHYRAMO
LTWRODGVSL
SGNHGTHPVP

AGIFPEAPPG
ROKCRAKPQG
HSLQEIRVCE
LAMNVRNFLHK
VIRSEASEGN
NGTYOTWVAT
HVSAVAAARLT
DATQLGFQPL

LSQDGSVQSEG
ETEDLTENGQ
YDGELFLSON
ADCLOELOLP
SHNTQQOWGEDV
SGEALVLQSO

AAREPHSLRY
QWAEDVLGNK
IHEDNSTRSS
EDAMKTEKTHY
ITVICRASGFE
RICQGEEQRF
FVIIIFYVRC
MSDLG3TGST

The scquence of MICB is SEQ ID NO:67:

FLAEGHLDGQ
DLRRTLTEIK
LETQESTVEQ
PMVNVICSEV
LPDGNGTYQT
RTDEFPYVSAA

NLTVLSWDGS
TWDRETRDLT
OHFYYDGELF
HAMHADCLOE
YPWNITLSWR
TCYMEHSGNH
CEEKKTSAAREG
EGA

PEFLRYDROEKR
DOKGGLHSLG
SSRAQTLAMN
SEGNITVTCR
WVATRIRQGE
MPCEVIIIIL

VQSGFLTEVH
GNGEDLRMTL
LSONLETKEW
LERYLESGVV
QDGEVSLSHDT
STHPVPSGRY
PELVSLOVLD

RAKPQGQOWAE
EIRVCEIHED
VINFWREDAM
ASSFYPRNIT
EQRFTCYMEH
CVPCCKEKKTS

AREGP

[006277] Alternatively, the DART™ molecules of the present invention may be constructed 1o
comprise a domain that is a binding ligand for the T-cell receptor (“TCR™) or for CD3 (the T-celi co-
receptor). The TCR is natively expressed by CD4+ or CD8+ T-cells, and permits such cells to
recognize antigenic peptides that are bound and presented by class I or class 11 MHC proteins of
antigen-presenting celis. Recognition of a pMHC (peptide-MHC) complex by a TCR initiates the
propagation of a cellular immune response that leads to the production of cytokines and the lysis of
the antigen-presenting cell (see, e.g., Ammstrong, K.M. ef al. (2008) “Conformational Changes And
Flexibility In T-Cell Receptor Recognition Of Peptide-MHC Complexes,” Biochem. J. 415(Pt 2):183~
196; Willemsen, R. (2008) “Selection Qf Human Antibody Fragments Directed Against Tumor T-Cel]
Epitopes For Adoptive T-Cell Therapy,” Cytometry A. 73(111:1093-1099; Beier, K.C. et al. (2007}
“Muaster Switches Of T-Cell Activation And Differentiation,” Eur. Respir. 1. 20:804-812; Mallone, R.
el al. (2005) “Targeting T Lymphocytes For Immune Monitoring And Intervention In Autoimmune
Digbetes,” Am. I, Ther. 12{6):534--550}. CD3 is the recentor that binds to the TCR (Thomas, S. ef al.
(2010) “Molecular Immunology Lessons From Therapeutic T-Cell Receptor Gene Transfer)”
Immunology 129(2):170-177; Guy, C.S. er al. (2009) “Organization Of Proximal Signal Initiation At
The TCR:CD3 Complex,” Tmmunol. Rev. 232(1):7-21; St. Clair, E'W. (Epub 2009 Oct 12) “Novel
Targeted Therapies For Autotmmunity,” Curr, Gpin. lmmunol, 21(6):648-657; Bacuerle, P.A. ef g/,
(Epub 2009 hun 9) “Bispecific 1-Cell Engaging Antibodies For Cancer Therapy,” Cancer Res.
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69(12):4941-4944; Smith-Garvin, J.E. e al. (2009) “T Cell Activation,” Anmi. Rev. Immunol,
27:591-619; Renders, L. ef al. (2003) “Engincered CD3 Antibodies For Immunosuppression,” Chin.
Exp. Immuncl. 133(3):307-309).

[06278] By constructing such DART™ molecules to additionally comprise at least one epitope-
binding domain capable of binding to, for example, a receptor present on the surface of @ target cell,
such DART™ molecules will be DART™ molecules and thus be capable of binding to the target cells
and thereby cause the target cells to display the binding ligand for the Natural Killer Group 2D
(NKG2D) receptor or 1o the TCR {whichever is present on the target cell-bound DART™) (see, e.g.,
Germain, C. et al. (2008) “Redirecting NK Cells Mediated Tumor Cell Lysis By A New Recombinant
EBifunciional Protein,” Prot. Engineer. Design Selection 21(11):665-672). Such DART™S can be
used to redirect any desired target cell into a cell that is a target of NK cell-mediated cell lysis or T-
cell mediated cytotoxicity, In one embodiment, the epitope-binding domain of the DART™ capabie
of binding to a receptor present on the surface of a target cell is an epitope that binds o a tumor-
associated antigen so as to redirect such cancer ceils into substrates for NK cell-mediated cell lysis or
T-cell mediated cytotoxicity. Of particular interest i a tumor-associated antigens that is a breast
cancer antigen, an ovarian cancer anfigen, a prostate cancer anfigen, a cervical cancer antigen, a |
pancreatic carcinoma antigen, a lung cancer antigen, a bladder cancer antigen, a colon cancer antigen,
a testicular cancer antigen, z glioblastoma cancer antigen, an antigen associated with a B cell
malignancy, an antigen associated with multiple myeloma, an antigen associated with non-Hodgidns

lymphoma, or an antigen associated with chronic lymphocytic leukemia,

[86279] Suitable tumor-associated antigens for such uwse include A33 (a colorectal carcinoma
antigen; Almqvist, Y. 2006, Nucl Med Biol. Nov;33(8):991-998); Bl (Egloff, AM. et al. 2006,
Cancer Res. 66(1):6-9); BAGE (Bodey, B. 2002 Expert Opin Biol Ther. 2(6):577-84); beta-catenin
{Prange W. er al. 2003 J Pathol. 201(2):250-9); CA125 (Bast, R.C. Jr. et al. 2005 i J Gyneco!
Cancer 15 Suppl 3:274-81); CD5 (Calin, G.A. er al. 2000 Semin Oncol. 33(2):167-73; CDI19
(Troussard, X. er al. 1998 Hematol Cell Ther. 40{4):139-48); CD20 (Thomas, D.A. er al. 2006
Hematol Oncol Clin North Am. 20(5):1125-36); CD22 (Kreitman, R.J. 2006 AAPS ). 18:8(3):E532-
51); CD23 (Rosati, S, et al. 2005 Curr Top Microbiol Immunol. 5,294:91-107); CD25 {Troussard, X,
ei al. 1998 Hematol Cell Ther. 40(4):139-48); CD27 (Bataille, R. 2006 Haematologica 91(9}:1234-
40, CD28 (Bataille, R. 2006 Haematologica 91(9):1234-40); CD36 (Ge, Y. 2005 Lab Hematol.
11(1):31-7); CD40/CD154 (Messmer, D. ef al. 2005 Ann N Y dead Sei. 1062:51-60); CD45 (Jurcic,
J.G. 2005 Curr Oncol Rep. 7(5):339-46); CD56 (Bataille, R, 2006 Haemalologica 91(9):1234-40);
CD79a/CD79 {Troussard, X. ef al. 1998 Hemarol Cell Ther. 40(4):139-48; Chu, P.G. er al 2001
App! Immunohistochem Mol Morphol. 9(2):97-106); CDI03 (Troussard, X. er af. 1998 Hematol Cell
Ther. 40(4):139-48); CDKA4 (Lee, Y.M. et al. 2006 Cell Cyele 5(18):2110-4); CEA {carcinoembryonic
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antigen; Mathelin, C. 2006 Gynecol Obster Fertil. 34{7-8):638-46; Tellez-Avila, F.1 ef al. 2005 Rev
Invest Clin. 57(6):814-9); CTLA4 (Peggs, K.S. et al. 2006 Curr Opin Immunol. 18(2):206-13); EGF-
R (epidermal growth factor receptor; Adenis, A. et al. 2003 Bull Cancer. 90 Spec No:8228-32); Erb
{ErbB1; ErbB3; ErbB4; Zhou, H. ef ¢l 2002 Oncogene 21{57):8732-40; Rimon, E. ef al. 2004 Int J
Onecol. 24(5):1325-38); GAGE (GAGE-1; GAGE-2; Akcakanai, A. ef al. 2000 Int J Cancer,
118(1):123-8); GD2/GD3/GM2 (Livingston, P.O. ef al. 2005 Cancer Immunol Immunother,
54(10):1018-25); gpl00 (Lotem, M. et @l 2006 J Immunother. 29(63:616-27); HER-2/neu (Kumar,
Pal § ef al. 2006 Semin Oncol. 33(4):386-91); human papillomavirus-E6/human papillomavirus-E7
(DiMaio, D. er al. 2006 Adv Virus Res. 66:125-59; KSA (17-1A) (Ragupathi, G. 2005 Cancer Treal
Res. 123:157-80%: MAGE {(MAGE-1; MAGE-3; (Bodey, B. 2002 Expert Opin Biol Ther. 2(6):577-
84); MART (Kounalakis, N. et al. 2005 Curr Oncol Rep. 7(5):377-82; MUC-1 (Mathelin, C. 2006
Gynecol Obstet Fertil. 34(7-8):638-46); MUM-1 (Castelli, C. et al. 2000 ./ Cell Physiol. 182(3):323-
31); N-acetylglucosaminyitransferase (Dennis, J.W. 1999 Biochim Biophys Acta. 6;1473(10.21-34);
pl5 (Gil, I, et al. 2006 Nat Rev Mol Cell Riol. 7{9%:667-77});, PSA (prostate specific antigen; Cracco,
C.M. et al. 2005 Minerva Urol Nefrol. 57(4):301-11);, PSMA (Ragupathi, G. 2005 Cancer Treat Res.
123:157-80); sTn (Holmberg, L.A. 2001 Expert Opin Biol Ther. 1(5):881-91); TNF-receptor (TNF-u
receptor, TNF-B receptor; or TNF-y receptor; van Horssen, R. e al. 2006 Oncologisi. 11(4):397-408;
Gardnerova, M. et 4. 2000 Curr Drug Targets. 1{4):327-64); or VEGF receptor (O'Dwyer. P.J. 2006
Oncologist. 11{9):992-8).

f002840] Additional tumorkaséociated antigens for such use (and publications disclosing specifically
reactive antibodies for sucli-antigens) inchlude ADAM-9 (United States Patent Publication No.
2006/0172350, PCT Publication No. WO 06/084075); ALCAM (PCT Publication No. WO
03/093443); Carboxypeptidase M (United States Patent Publication No. 2006/0166291%; CD46
(United States Patent No. 7,148,038; PCT Publication No. WO 03/032814); Cytokeratin 8 (PCT
Publication No, WO 03/024191); Ephrin receptors (and in particuiar EphA2 {United States Patent No.
7,569,672; PCT Publication No. WO (06/084226); Integrin Alpha-V-Beta-6 (PCT Publication No. WO
03/087340); JAM-3 (PCT Publication No. WO 06/084078); KiD3 (PCT Publication No. WO
05/028498); KID31 (PCT Publication No. WO 06/076584); LUCA-2 (United States Patent
Publication No. 2006/0172349; PCT Publication No. WO 06/083852); Oncostatin M (Oncostatin
Receptor Beta) (United States Patent No. 7,572,896; PCT Publication No, WO 06/084092); PIPA
(United States Patent No. 7,405,061; PCT Publication No. WO 04/043239); ROR (United States
Patent No. 5,843,749); and the Transferrin Receptor (United States Patent No. 7,572,895, PCT
Publication No, WO 05/121179).

1662811 Also of interest are amtigens specific to particular infectious agents, e.g., viral agents

including, but not limited to human immuncdeficiency virus (HIV), hepatitis B virus (HBV),
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influenza, human papilloma virus (HPV), foot and mouth (coxsackieviruses), the rabies virus, herpes
simplex virus (HSV), and the causative agents of gastroenicritis, including rotaviruses, adenoviruscs,
caliciviruses, astroviruses and Norwalk virus; bacterial agents including, but not limited 1o E. coli,
Salmonella thyphimurium, Pseudomonas aeruginosa, Vibrio cholerae, Neisseria gonorrhoecae,
Helicobacter pylori, Hemophilus influenzae, Shigella dysenteriae, Staphylococcus aureus,
Mycobacterium tuberculosis and Streptococcus pneumoniae, fungal agents and parssites such as
Giardi.

[006282] In some embodiments, molecules of the invention are engineered to comprise an altered
glycosylation pattern or an altered glycoform relative to the comparable portion of the template
molecule. Engineered glycoforms may be useful for a variety of purposes, inchuding, but not limited
10, enhancing effector function. Engineered glycoforms may be generated by any method known to
one skilled in the art, for example by using engineered or variant expression strains, by co-expression
with one or more enzymes, for example, DI N-acetylglucosaminyltransferase IT1 (GnTI11), by
expressing a DART™ of the invention in various organisms or cell fines from various organisms, or
by modr’fyihg carbohydrate(s) after the DART™ hag been expressed and purified. Methods for
generating engineered glycoforms are known in the arf, and include but are not limited to those
described in Umana et al. (1999) “Engineered Glycoforms Of An Antineuroblastoma IgGl With
Optimized Antibody-Dependent Cellular Cytotoxic Activity,” Nat, Biotechnol 17:176-180; Davies ef
al. (200Y) “Expression Of GnTIHl In A Recombingnt Anti-CD20 CHO Production Cell Line:
Expression Of Antibodies With Altered Glvcoforms Leads To An Increase In Adcc Through Higher
Affinity For Fe Gamma RIIL” Biotechnol Bioeng 74:288-294; Shields et al. (2002) “Lack Of Fucose
On Human IgGl N-Linked Oligosaccharide Improves Binding To Human Fcgamma RII And
Antibody-Dependent Cellular Toxicity,” ] Biol Chem 277:26733-26740; Shinkawa et al. (2003) “The
Absence Of Fucose But Not The Presence Of Galaciose Or Bisecting N-Acetvlglucosamine Of Human
IgG! Complex-Type Oligosaccharides Shows The Critical Role Of Enhancing Antibodv-Dependent
Cellular Cytotoxicity,” 1 Biol Chem 278:3466-3473) US 6,602,684; USSN 10/277,370; USSN
10/113,929; PCT WO 00/61739A1; PCT WO 01/292246A1; PCT WO 02/311140A1; PCT WO
02/30954A1; Potillegent™ technology (Biowa, Inc. Princeton, NJ); GlycoMAB™ glycosylation
engineering technology (GLYCART biotechnology AG, Zurich, Switzerland); each of which is
incorporated herein by reference in its entirety. See, eg., WO 00061739, FADI229125: US
20030115614, Okazaki er al. (2004) “Fucose Depletion From Human IgGl Oligosaccharide
Enhances Binding Enthalpy And Association Rate Between Ig(G1 And FeGammaRITIA, " IMB, 336;

1239-49 each of which is incorporated herein by reference in #ts entircty.

[00283] The mvention further encompasses incorporation of unnatural amino acids to generate the

DART™s of the invention. Such methods are known to those skilled in the art such as those using the
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natural biosynthetic machinery to allow incorporation of unnatural amino acids into proteins, see, e.g.,
Wang et al. (2002) “Expanding The Genetic Code,” Chem. Comm, 1: [-11; Wang er al. (2001)
“Expanding The Genetic Code Of Escherichia coli,” Science, 292: 498-500; van Hest e al. (2001)
“Protein-Based Materials, Toward A New Level Of Structural Control” Chem, Comm, 19: 1897-
1904, each of which is incorporated herein by reference in its entirety. Alternative strategies focus on
the enzymes responsible for the biogynthesis of amino acyl-tRNA, see, e.g., Tang er al (2001)
“Biosynthesis Of A Highly Stable Coiled-Coil Protein Containing Hexafluoroleucine In An
Engineeved Bacterial Host,” J. Am. Chem. Soc. 123(44); 11089-11090; Kiick ef al (2001
“Ideniification Of An Expanded Set Of Transiationally Active Methionine Analogues In Escherichia
coli,” FEBS Lett. 502(1-2):25-30; each of which is incorporated herein by reference in its entirety, In
some cmbodiments, the invention encompasses methods of modifving a VL, VH or Fc domain of 2
molecule of the invention by adding or deleting a glycosylation site. Methods for modifying the
carbohydrate of proteins are well known in the art and encompassed within the invention, see, e.g.,
.8, Patent No. 6,218,149; EP 0 359 096 Bl;, US. Publication No. US 2002/0028486; WQ
(03/035835; U.S. Publication No. 2003/0115614; U.S. Patent No. 6,218,149; U.S. Patent No.

6,472,511, all of which are ingorporated herein by reference i their entirety.

VIIE:  Methods Of Using B7-H3I Modulators And Anti-B7-H3 Antibodies For
Therapeutic Purposes

[6G284] Monoclonal antibodies to B7-H3 may be uscd for therapeutic purposes in individuals with
cancer or other diseases.- Therapy with anti-B7-H3 antibodies can involve formation of complexes
both in vifro and in vive ag described above. In one embodiment, monoclonal antibody anti-B7-H3
can bind to and reduce the proliferation of cancerous cells. It is undersiood that the antibody is
administered at a concentration that promotes binding at physiological (e.g., in vive) conditions. In
another embodiment, monoclonal antibodies to B7-H3 can be used for immunotherapy directed at
cancerous celis of different tissues such as colon, long, breast, prostate, ovary, pancreas, kidney and
other types of cancer such as sarcoma. In another embodiment, monoclonal antibody anti-B7-H3
alone can bind to and reduce cell division in the cancer cell. In another embodiment, monoclonal
antibody anti-B7-H3 can bind to cancerous cells and delay the dovelopment of metastasis. In yet
another embodiment, an individual with cancer is given palliative treatment with anti-B7-H3
antibody. Palliative treatment of a cancer individual involves treating or lessening the adverse
sympioms of the disease, or iatrogenic symptoms resulting from other freatments given for the discase
without directly affecting the cancer progression. This includes treatments for easing of pain,
matritional support, sexual problems, psychological distress, depression, fatigue, psychiatric disorders,

nausea, vomiting, etc,
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§86285] In such situations, the anti-B7-H3 antibody may be administered with agents that enhance or

direct an individual's own immune response, such as an agent that strengthens ADCC,

[00286] In yet another embodiment, anti-B7-H3 antibody be conjugated to or associated with a
radioactive molecule, toxin {e.g., calicheamicin), chemotherapeutic molecule, liposomes or other
vesicles containing chemotherapeutic eompounds and administered to an individual in need of such
treatment to target these compounds to the cancer cell containing the antigen recognized by the
antibody and thus sliminate cancerous or diseased cells, Without being hmited to any particular
theory, the anti-B7-H3 antibody is internalized by the cell bearing B7-H3 at its surface, thus
delivering the conjugated moiety t¢ the cell to induce the therapeutic cffect. In yet another
embodiment, the antibody can be employed as adjuvant therapy at the time of the surgical removal of
a cancer expressing the antigen in order to delay the development of metastasis. The antibody can also
be administered before surgery (neoadjuvant therapy) in an individual with a tumor expressing the
antigen in order to decrease the size of the tomor and thus enable or simplify surgery, spare tissue

during surgery, and /or decrease the resulting disfigurement.

100287] Cell cycle dosing is contempiated in the practice of this invention. In such embodiments, a
chemotherapeutic agent is used to synchronize the celf cyele of the fumor or other target diseased cells
at @ pre-determined stage. Subsequently, administration of the anti-B7-H3 antibody of this invention
(aione or with an additional therapeutic moiety) is made. In alternative embodiments, an anti-B7-H3
antibody is used to synchronize the cell cycle and reduce cell division prior to administration of a
second round of treatment; the second rouﬁd may be administration of an anti-B7-H3 antibody and/ or

an additional therapeutic moiety.

[66288] Chemotherapeutic agents include radioactive molecules, toxins, also referred to as
cytotoxing or cytofoxic agents, which includes any agent that is detrimental to the viability of
cancerous cells, agents, and liposomes or other vesicles contaming chemotherapeutic compounds.
Examples of suitable chemotherapeutic agents include but are not limited to 1-dehydrotestosteronc, 5-
fluorouracil decarbazine, 6~mercaptopurine, 6-thioguanine, actinomycin D, adriamycin, aldesleukin,
alleylating agents, allopurinol sodium, alirctamine, amifostine, anastrozole, anthramycin (AMC)), anti-
mitotic agents, cis-dichlorodiamine platinum (II) (DDP) cisplatin), diaminodichloroplatinum,
anthracyclines, antibiotics, antimetabolites, asparaginase, BCG live (mtravesical), betamethasone
soditm phesphate and betamethasone acetate, bicalstamide, bleomyein sulfate, busvlfan, caleinm
leucouorin, calicheamicin, capecitabine, carboplatin, lomustine (CCNU}, carmusting (BSNU),
Chiorambucil, Cisplatin, Cladribine, Colchicin, conjugated estrogens, Cyclophosphamide,
Cyclothosphamide, Cytarabine, Cytarabine, cytochalasin B, Cyioxan, Dacarbazine, Dactinomycin,
dactinomycin {formerly actinomycin), daunirgbicin HCL, davnorucbicin citrate, denileukin diftitox,

Dexrazoxane, Dibromomannitol, dihydroxyanthracindione, Docetaxel, dolasetronmesylate,
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doxorobicin HCL, dronabinol, Z. coli L.-asparaginase, emetine, e¢poctin alpha, Erwimia L-
asparaginase, csterified estrogens, estradiol, cstramustine phosphate sodium, ethidium bromide,
ethinyl estradiol, etidronate, etoposide citrororum factor, etoposide phosphate, filgrastim, floxuridine,
fluconazole, fludarabine phosphate, fluorouracil, flutamide, folinic acid, gemcitabine HCL,
ghicocorticoids, goserelin acetate, gramicidin D, granisetron HCL, hydroxyurea, idarubicin HCL,
ifosfamide, interferon alpha-2b, irinotecan HCL, letrozole, leucovorin calcium, leuprolide acetate,
levamisole HCL, Hdocaine, lomustine, maytansinoid, mechlorethamine HCL, medroxyprogesterone
acetate, megestrol acetate, melphalan HCL, mercaptipurine, mesna, methotrexate, methyltestosterone,
mithramycin, mitomyein C, mitotane, mitoxantrone, nilutamide, octreotide acetate, ondansetron HCL,
paclitaxel, pamidronate disodium, pentostatin, pilocarpine HCL, plimyein, polifeprosan 20 (with
carmusting tmplant), porfimer sodium, procaine, procarbazine FICL, propranclol, rituximab,
sargramostini, streptozotocin, tamoxifen, taxol, teniposide, tenoposide, testolactone, tetracaine,
thicepa chlorambucil, thioguanine, thiotepa, fopotecan HCL, toremifene citrate, tfrasiuzumab,

tretinoin, valrubicin, vinblastine sulfate, vincristine sulfate, and vinorelbmme tartrate,

{66289] In a preferred embodiment, the ¢ytotoxin is especially effective in dividing or rapidly

dividing ceils, such that non-dividing cells are relatively spared from the toxic effects,

166296} The antibodies of the invention can be internalized within the diseased or carcinoma ceils to
which they bind and are therefore particularly useful for therapeutic applications, for example,
delivering into the cells toxing that need to be internalized for their adverse activity, Examples of

such toxins include, but are not limited to, saporin, calichcamicin, auristatin, and maytansinoid,

[00291] The antibodies or polypeptides of fhe invention can be associaied (ncluding conjugated or
linked) to a radioactive molecule, a toxin, or other therapeutic agents, or to liposomes or other vesicles
containing therapeutic agents covalently or non- covalently, directly or indirectly. The antibody may
be linked to the radioactive molecule, the toxin, or the chemotherapeutic molecule at any location

along the antibody so long as the antibody is able 1o bind its target B7-FH3,

1602921 A toxin or a chemotherapeutic agent may be adiministered concurrently with (before, after,
or during administration), or coupled {e.g., covalently bonded) to a suitable monoclonal antibody
either directly or indirectly {e.g., via a linker group, or, aliernatively, via a linking molecule with
appropriate attachment sites, such as a platform molecule as described in U.S. Patent No. 5,552,3%91),
The toxin and chemotherapeutic agent of the present imvention can be coupled directly to the
particular targeting proteins using methods known in the art. For example, a direct reaction befween
an agent and an entibody is possible when cach possesses a substituent capable of reacting with the

other, For exampie, 2 nucleophilic group, such as an amino or sulthydryl group, on one may be
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capable of reacting with a carbonyl- containing group, such as an anhydride or an acid halide, or with

an alkyl group containing a good leaving group (e.g., a halide) on the other,

[06293] The antibodics or polypeptides can also be linked to a chemotherapeutie agent via a
microcarrier, The term “microcarrier” refers to a biodegradable or a non-biodegradable particle
which is insoluble in water and which has a size of less than about 150 pm, 120 pm or 100 ym in size,
more commonly less than about 50-60 pm, preferably less than about 10, 5, 2.5, 2 or 1.5 pm.
Microcarriers inciude “nanocarriers”, which are microcarriers have a size of less than about 1 pm,
preferably less than about 500 nm. Such particles are known in the art. Solid phase microcarriers
may be particles formed from biocompatible naturally occurring polymers, synthetic polymers or
synthetic copolymers, which may include or exclude microcarriers formed from agarose or cross-
linked agarose, as well as other biodegradable materials known in the art. Biodegradable solid phase
microcarriers may be formed from polymers which are degradable {e.g., poly(lactic acid),
poly{glycolic acid} and copolymers thereof) or erodible (e.g., poly(orthoesters), such as 3,9-
diethylidene-2.4,8,10-tetraoxaspiro[5.5Jundecane  (DETOSU) or poly(anhydrides), such as
poly(anhydrides}) of sebacic acid) under mammalian physiological conditions. Microcarriers may also
be liquid phase (e.g., oil or lipid based), such as liposomes, iscoms (immune-stimulating compiexes,
which are stable complexes of cholesterol, and phospholipid, adjuvant-active saponin) without
antigen, or droplets or micelies found in oil-in-water or water-in-oil emulsions, provided the liquid
phase microcarriers are biodegradable. Biodegradable liguid phase microcarriers typically incorporate
a biodegradable oil, a number of which are known in the art, including squalene and vegetable oils.
Microcarriers are typically spherical in shape, but microcarriers that deviate from spherical shape are
also acceptabice (e.g., eliipsoid, rod- shaped, ezc.). Iue to their insoluble nature (with respect to water),

microcarriers are filierable from water and water-based (aqueous) sohutions.

{66294} The antibody or polypeptide conjugates of the present invention may inclade a bifunctional
linker that contains both a group capable of coupling to a toxic agent or chemotherapeutic agent and 2
group capable of coupling to the antibody. A linker can function as a spacer to distance an antibody
from an agent in order to avoid interference with binding capabilities. A linker can be cleavable or
non-cleavable. A linker can also serve to increase the chemical reactivity of a substituent on an agent
or an antibody, and thus increase the coupling efficiency. An increase in chemical reactivity may also
facilitate the use of agents, or functional groups on agents, which otherwise would not be possible.
The bifunctional linker can be coupled to the antibody by means that are known in the art. For
example, a-finker containing an active ester motety, such as an N- hydroxysuccinimide ester, can be
used for coupling to lysine residues in the antibody via an amide linkage. In another example, a linker
containing a nucleophilic amine or hydrazine residue can be coupled 1o aldehyde groups produced by

glycolytic oxidation of antibody carbohydrate residues. In addition to these direct methods of
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coupling, the finker can be indirectly coupled to the antibody by means of an intermediate carrier such
as an aminodextran. In these embodiments the modified linkage is via either lysing, carbohydrate, or
an intermediate carrier. In one embodiment, the linker is coupled site- selectively to free thiol residues
in the protein. Moteties that are suitable for selective coupling to thiol groups on proteins are well
known in the art. Examples inclode disulfide compounds, a-halocarbonylt and a-halocarboxyi
comypounds, and maleimides. When a nucleophilic amine function ts present in the same molecule as
an &#945;-halo carbonyl or carboxy! growp the potential exists for cyclization to occor via
intramolecular alkylation of the amine. Methods to prevent this problem are well known to one of
ordinary skill in the art, for example by preparation of melecules in which the amine and &#945;-halo
functions are separated by inflexible groups, such as aryl groups or trans-alkenes, that make the
undesired cyclization stereochemically disfavored. See, for example, U.S. Patent No. 6,441,163 for

preparation of conjugates of maytansinoids and antibody via a disulfide moiety.

[06295] One of the cleavable linkers that can be used for the preparation of antibody-drug conjugates
is an acid-labile linker based on cis-aconitic acid that takes advantage of the acidic environment of
different intracellular compartments such as the endosomes encountered during receptor mediated
endocytosis and the lysosomes. See, for example, Shen, W.C. et al (1981} (“cis-dconityl Spacer
Between Daunomyein And Macromolecular Carrviers: A Model Of pH-Sensitive Linkage Releasing
Drug From A Lysosomotropic Conjugate,” Biochem, Biophys. Res. Comtnum, 102;1048-1054 (1981))
for the preparation of conjugates of daunorubicin with macromolecular carriers; Yang er af. (1988)
(“Pharmacokinetics And Mechanism Of Action Of A Doxorubicin-Monoclonal Antibody 9.2,27
Conjugaie Directed To A.Human. Melanoma Proteogivegn,” J. Natl. Cane. Inst. 80:1154-1159) for the
preparation of conjugates of daunorubicin t0 an anti-melanoma émtibody; Dillman ef al (1988)
{“Superiority Of An Acid-Labile Daunorubicin-Monoclonal Antibody Immunoconjugate Compared To
Free Drug,” Cancer Res. 48:6097-6102) for using an acid-labile linker in & shmilar fashion to prepare
conjugates of daumorubicin with an anti- T cell antibody; and Trouet ef al (1982) “4 Covalent
Linkage Between Daunovubicin And Proteins That Is Stable In Serum And Reversible By Lysosomal
Hydrolases, As Requirved For A Lysosomotropic Drug-Carrier Confugate: In Vitro dnd In Vivo
Studies,” Proc. Natl. Acad. Sci. (U.S.A.} 79:626-629) for linking daunorsbicin to an antibody via a

peptide spacer arm,

[60296] An antibody {or polypeptide) of this invention may be conjugated (Hiked) to a radicactive
molecule or toxin by any method known to the art. For a discussion of methods for radiolabeling
aniibody {see, CANCER THERAPY WITH MONOCLONAL ANTIBODIES, D.M. Goldenberg (Ed.) CRC
Press, Boca Raton, 1995), Suitable toxins include taxanes, mayvianginoids, auristatins (e.g.,
monomethyl avristatin (MMAE), monomethy! auristatin F (MMAF), auristatin E (AE), efc.) (such as
those disclosed in United States Patent No, 5,208,020, 5,416,064; 6,333.410; 6,340,701; 6,372,738;
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6,436,931; 6,441,163, 6,596,757, 7,2’76,497; 7,585,857 or 7,851,432), calicheamicin, anthracychines
{e.g., doxorubicin}, CC-1063 analog, docetaxel,; cathepsin B or E; ricin, gelonin, Pseudomonas
exotoxin, diphtheria toxin, and RNase; thuxetan or toxic radioisotope (such as *Y; ', YLy, "™Re,

[ . 2
#Re, 2TAL 2B, TPBL P Ac, eic).

[06297] Alternatively, an antibody can be conjugated to a second antibody to form an amtibody
heteroconjugate as described in U.S, Patent No. 4,676,980, The formation of cross-linked antibodies
can target the immume sysiem to specific types of cells, for example, cancer or diseased cells

expressing B7-H3.

[6G298] This invention also provides methods of delaying development of mctastasis in an
individual with cancer (including, but not limited to, prostate, lung, or kidney cancer) using an anti-
B7-H3 antibody or other embodiments that bind to B7-H3 in combination with a chemotherapeutic
agent, or linked to a chemotherapeutic agent. In some embodiments, the antibody is a humanized or

chimeric form of a non-human anti-B7-H3 antibody.

[00299] In yet another embodiment, the antibody can be empioyed as adjuvant therapy at the time of
the surgical removal of a cancer expressing the amfigen in order i defay the development of
metastasis, The antibody or antibody associated with a chemotherapeutic agent can alse be
administered before surgery (neoadjuvant therapy) in an individual with a tumor expressing the
antigen in order to decrease the size of the wmor and thus enable or simplify surgery, spare tissue

during surgery, and /or decrease the resulting disfigurement.

[04368] In yet another embodiment, any of the B7-H3 binding compositions described herein can
bind to B7-H3-expressing cancerous cells and induce an active Immume responsc against the
cancerous cells expressing B7-H3. In some cases, the active immune response can cause the death of
the cancerous cells (e.g., antibody binding to cancer cells inducing apoptotic cell death), or mhibit the
growth {e.z., block cells cycle progression) of the cancerous cells. In other cases, any of the novel
antibodies described hercin can bind to cancerous celis and antibody dependent cellular cytotoxicity
(ADCC) can eliminate cancerous cells to which anti-B7-H3 binds. Accordingly, the invention
provides methods of stimulating an immune response comprising administering any of the

compositions described herein,

[06361] In some cases, antibody binding can also activate both cellular and humoral immunc
responses and vecruit more natural killer cells or increased production of cytokines {e.g., IL-2, IFN-
gamma, 1L-12, TNF-alpha, TNFE-beta, etc.) that further activate an individual's immume system to
destroy cancerous cells. In yet another embodiment, anti-B7-H3 antibodies can bind to cancerous

cells, and macrophages or other phagocyiic cell can opsonize the cancerous cells.
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[66302] Various formulations of anti-B7-H3 antibodies or fragments thercof may be used for
administration. In some cmbodiments, anii-B7-H3 auntibodies or fragments thercof may be
administered neat. In addition to the pharmacologically active agent, the compositions of the present
mvention may confain suitable pharmaceutically acceptable carriers comprising excipients and
ayxiliaries that are well known in the art and are relatively inert substances that facilitate
administration of a pharmacologically effective substance or which facilitate processing of the active
compounds into preparations that can be used pharmacewically for delivery to the site of action. For
example, an excipient can give form or consistency, or act as a dilucnt. Suitable excipients include but
are not limited to stabilizing agents, wetting and emulsifying agents, salts for varying osmolarity,

encapsulating agents, buffers, and skin penetration enhancers.

{60303} Suitable formulations for parenteral administration include aqueous solutions of the active
compounds in water-soluble form, for example, water-soluble salts, In addition, suspensions of the
active compounds as appropriate for oily injection suspensions may be administered. Suitable
lipophilic solvents or vehicles include fatty oils, for example, sesame oil, or synthetic fatty acid esters,
for example, ethyl oleate or triglycerides. Aqueous Injection suspensions may comain substances that
increase the viscosity of the suspension and include, for example, sodiom carboxymethyl cetlulose,
sorbitol, and for dextran. Optionally, the suspension may also contain stabilizers. Liposomes can also

be uvsed to encapsulate the agent for delivery into the cell

[80364] The pharmaceutical formulation for systemic administration according to the invention may
be formulated for enteral, parenteral or topical administration. Indeed, all three types of formulation
may be nsed simultaneously to achieve systemic administration of the active ingredient. Excipients as
weli as formulations for parenteral and nonparenteral drug delivery are set forth in REMINGTON: THE
SCIENCE AND PRACTICE OF PHARMACY, 21st Edition, Lippincott Williams & Wilking Publishing
(2005}, Suitable formulations for oral administration include hard or soft gelatin capsules, pills,
tablets, including coated tablets, elixirs, suspensions, syrups or inhalations and controlled reiease
forms thereof. Generally, these agents are formuiated for adminisiration by injection {e.g.,
intraperitonieally, intravenously, subcutancously, inframuscularly, etc.), although other forms of
administration (e.g., oral, mucosal, eic) can be also used. Accordingly, anti-B7-H3 antibodies are
preferably combined with pharmeaceutically acceptable vehicles such as saline, Ringer's solution,

dextrose solution, and the like.

[08305]) The particular dosage regimen, ic.., dose, fiming and repetition, will depend on the
particular individual and that individual's medical history. Generally, a dose of at least about 1030
ng'kg body weight, more preferably at least about 230 ng/kg body weight, even more preferably at

least about 750 pg/ke body weight, even more preferably at Jeast about 3 mg/kg body weight, even
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more preferably at least about 5 mg/kg body weight, even more preferably at least about 10 mg/kg

body weight is administered.

[09386] Empirical considerations, such as the half-life, generally will contribute to the determination
of the dosage. Antibodies, which are compatible with the human immune system, such as humanized
antibodies or fully human antibodies, may be used to proleng half-life of the antibody and to prevent
the antibody being attacked by the host's immune system. Frequency of administration may be
determined and adjusted over the course of therapy, and is based on reducing the number of cancerous
cells, maintaining the reduction of cancerous cells, reducing the proliferation of cancerous cells, or
delaying the development of metastasis. Alternatively, sustained continuous release formulations of
anti-B7-H3 antibodies may be appropriate. Various formulations and devices for achieving sustained

release are known in the art.

108307 In one cmbodiment, dosages for anti-B7-H3 antibodies may be determined empirically in
individuals who have been given one or more administration(s). Individuals are given incremental
dosages of an anti-B7-H3 aptibody. To assess efficacy of anti-B7-H3 antibodies, a marker of the
speeific cancer disease state can be followed. These include direct measurements of tumor size via
palpation or visual observation, indirect measurement of tumor size by x-ray or other imaging
techniques; an improvement as assessed by direct tumor biopsy and microscopic exantination of the
tumor sample; the measurement of an indirect tumor marker (e.g., PSA for prostate cancer), a
decrease in pain or paralysts; tmproved speech, vision, breathing or other disability associated with
the tumor; increased appetite; or an increase in quality of hife as measured by accepted tests or
prolongation of survival. It will be apparent to one of skill in the art that the dosage will vary
depending on the individual, the type of cancer, the stage of cancer, whether the cancer has begun to

metastasize to other location in the individual, and the past and concurrent treatments being used.

(093081 Other formulations include suitable delivery forms known in the art including, but not
Hmited to, carriers such as liposomes. Sce, for example, Mahato ef al. (1997 “Cationic Lipid-Based

Pharm. Res. 14:853-859. Liposomal

5

Gene Delivery Systems: Pharmaceutical Perspectives,
- preparations include, but are not himited to, cytofecting, multilamellar vesicles and unilamellar

vesicles.

106309] In some embodiments, more than one antibody may be present, The antibodies can be
monoclonal or polycional. Such compositions may contain at least one, at least two, at least three, at
least four, at ieast five different antibodies that are reactive against carcinomas, adenocarcinomas,
sarcomas, or adenosarcomas. Anti-B7-H3 antibody can be admixed with one or more antibodies
reactive against carcinomas, adenocarcinomas, sarcomas, or adenosarcomas in organs including but

not limited to ovary, breast, lung, prostate, colon, kidney, skin, thyroid, bone, upper digestive tract,
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and pancreas. In one embodiment, a mixture of different anti-B7-I3 antibodies is used. A mixture of
antibodies, as they are often denoted in the art, may be particularly useful in treating a broader range

of population of individuais.

{06318} Having now generally described the invention, the same will be more readiiy understood
through reference to the following examples, which are provided by way of illustration and are not

intended to be limiting of the present invention unless specified.

Example 1
Immunehistocompatability Investigations

[06311] A panel of 49 mAbs was generated from tumor cell / fetal progenitor cell immunizations.
The antibodies were evaluated for their ability to exhibit differential 1HC staining of tumor tissue
relative to normal, non-cancerous tissue, capability of use in primate (and particularly cynomolgus
monkey} models of antibody efficacy, levels of affinity and antigen specificity and levels of
immunomodulatory activity and cellular internalization. 21 of the mAbs were initially identified by
MS analysis and/or binding to B7-H3-CHO cells. The remaining 28 mAbs were identified by
rescreening the library by ELISA with B7-H3 protein. Characteristics of 46 of the 49 members of the
panel are provided in Table 2.

Table 2
Mame Isotype | BHC | ATCC | Internali- U- BIACORE™ | Cyne B7-H3
Array ration DARFT™ Analysig - Binding

BRCAB4D 1eG1/k 2a 2 . + + + ++
TDHE IeGlk | 2a i + + - +
TESY leGl/k 2a 1 + + + ”
BRCASSD | leGldk | 2b 3 + + ++ ++
BRCAB9D IgGlik | 2b 3 + + + +
GB8 leGlk | 2b 3 + + + -
SG27 12G2/k | 2b 1 + + +
OVCAZ2 1eGl/k | 2¢ 3 + + - +
PRCAST IeGlk | 2¢ | 2 + + i
BLAS laGlk | 2¢c e + ++ S
KiD35 TeGl/k 2¢ 2 -
LUCAS0 IgG2ak | Zc 1 + +
OVCAZ* 19Gl/k 20 1 + + T
PRCA135 1eGl/k | Z¢ 3 + ++
5G24 leG2a/k | 2¢ 3 ++ A+
TDH5 1oGL/k 2¢ 3 + + +*
BCCAES 12G1/k 2c 2 + -
RECA13 1a(Gi/k 2c 3 +

RECAY gGlk | 2c 3 + -
PRCA123 ipG1l/k | 2¢/3 3 + R
BRCA126 18Gl/k | 3/F

BRCA19Z igGlAk | 3/F

BRCA34 IeGl/x | 3/F

KID1 IeGl/k | 3 ND + + +
KID13 JaG2a/k | 3/F 3 ++
U4 IoG2b/k | 3/F -
LUCA1 TeGl/k | 3/F 1 + + ++ H
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Table 2
MName Isotype | IHC | ATCC | internali- U- BIACORE™ | Cyno B7-H3
Array zation DART™ Amnalvsis Binding

MCLY42 lgG2a/k | 3/F -+
MCLY48 IeGl/k | 3/F .+
OVCA40 IeGlk | 3F =+
PAZD Gl | 3/F + el -
PA4D 1eG2b/k | 3 3 -
PAd1 1eGik | 3/F 3

PROB IpGik | 3/F 2 -
RECA22 igGUk | 3/F 3 - *
SAL3 1eG2a/k | 3/F it -+
$G20 IeGLk | 3/F *
SG20 lpGl/k | 3/F +
SKINZ leGlk | 3/F 3 peefenf ++
STOS IeG2b/k | 3/F 3 4t +
TDH36 leGik | 3/F 2 ++
TDH37 1eGl/k ¢ 3/F 3 +
TOH4 1eGl/& 3 3/F et At ++
TDH40 1eG2h/k | 3/F 3 et
TDH44 1eG2bik | 3/F ek
OVCA25 6Gl/& | 3F 3 +

[08312] IHC staining confirmed that the panel comprised antibodies that elicited a strong tumor to
normal tissue binding differential in many of the identified antibodies, exhibited a range of binding
properties by BIACORE™ analysis, exhibited reactivity to range of overlapping and non-overlapping
epitopes and exhibited a range of specificity to 41g vs. 21g B7-H3. The characteristics of the nine best

candidates are shown in Table 3 and Table 4.

Table 3
Name Mormal Tissue Colon Lung Prostate Breast
Cancer | Cancer Cancer Cancer

Colon 1+ 1231

BRCABAD Lung 1+ = ® 1130 112 1111
Liver 1+
Colon 1+
Panc 1+

TOMG Kidney 1+ e 1010 111 10611
Lung 1+
Liver I+

TEST 1.5 1.75 3 3
Panc i+

BRCAGED Kidney 1+ | 2321 3332 333 3333
Lung I+ *
Liver 2+
Colon 1+

BRCAGID iﬁg;@y i; 223*1 3231 333 3333
Liver 1+

£121)
Colon 1+
Panc 1+ 1221

sG27 Kidney 1+ * 11260 222 1122
Liver 1+
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Table 3
Name Normaj Tissuze Colen Lung Prostate |  Breast
Cancer | Cancer Cancer Cancer
Colon 2+ 3131
CVCAZ2 Panc 2+ 1122 s 222 3233
Liver 2+
Colon 2+ paay
PROAAST Liver 2+ % 3231 333 2333
Skin 2+
* +gir also; ** sir 3+
Table 4
Name 2ig/dly Epitope Group
Specificity
BRCABAD 4a/21g i
TDHG 4g/2lg 2
TES7 4lg 3
BRCAG3D da/2]g 4
BRCAGSD 4lg/2lg 4
GB8 41p/2]e 5
5627 4lg2le 6
OVCAZ2 4lg 7
PRCATS7 Hg2]g 8

{0@8313] Table 5 provides a summary of the activity profiles of these antibodies.

Table 5
Name Mormal | Tumor/Normal | Tumor Cyno IBC Binding UDART™
Tissue Differential Tissne Cross- i BIACORET™ | Activity
Staming Positive | Reactivity
Tumor Positive
BRCAB4D 1 1 Siroma 78 -t et
{not 1:1) .
by
Tumor
TEST 1 1 Stroma negative 1250 + ++
bv
BRCAGBD 3 3 Tumor P‘(’?fr]’;’e 20 T +
o " Tumor Positive
BRCAGSD 3 3 Stroma (1) 20 et ++
23 Tumor ND, +
BB {Adrenal 3/4 S tromé. I;co;nb 625 + +
ND) .
se27 2/3 ND ND ND. 0000 + +
recomb,
Temor Negative N
cveAZ ! : Stroma + recomb. 2300 M -
Tumor Positive
PRCATST 2 3 Stroma 20 ND -+
by {1:1)

* Optimal Concentration in ng/mi; NI, Not Determined

f3314] An analysis of the activities of the antibodies shown in Table 6 revealed that their respective

profiles differed and that each antibody was associated with both advantages and disadvantages

relative to each other (Table 6).
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Table 6

Antibedy

Advantages

Disadvantages

BRCABID

#1 normal tissue slaining

#1 tumor/normal differential

stain tumor, stroma, BY

nud affinity, unique binding site (titratable binding)

Cyno cross-reactivity not 1:1

BRCAGSD

#3 normal tissue staining

#3 wmor/normal differential
Cyno cross-reactivity 1:1
high affinity

Potent UDARTM agctivity

Stain tumor only

BRCASSD

#3 normal tissue siaining

#3 tumor/mormal differential
Cyno cross-reactivity 1:1
stain tumor, stroma

high affinity

Potent UDART™ activity

PRCATST

#2 normal tissue staining

#3 fmor/mormal differential
Cyno oross-reactivity 1:1
stain tumos, stroma, BV
Potent UDART™ activity

BIACORE™

TESY

#1/2 normal tissuc staining
#1/2 tumor/normal differentisl
stain nmor, stroma, BV

Alp specific

Potent UDART™ activity

No Cyno cross-reactivity
low affinity

OVCAZ2

#1/2 normal tissue staining

#1/2 mumor/normal differential iow affinity
stain fumor, siroma

4lg specific

Poient UDART™ activity

No Cyno cross-reactivity
low affinity

GBS

#2/3 normal tissue staining {adrenal not determined)
#3/4 umor/mormal differential

stain wmor, sfroma

Modest UDART™ activity

Cyno cross-reactivity not determined
low affinity

5G27

#2/3 normal tissue staining
tumot/normal differential not determined
Modest UDART™ activity

Cymno cross-reactivity not determined
low affinity

[#6315] Because BRCAR4D, BRCAG8D, BRCA69D and PRCA157 exhibited cleaner normal tissue
HIC profiles, stronger tumor/normal IHC differential, moderate to strong binding (BIACORE™ /

IHC), cross-reactivity to B7-H3 of cynomolgus monkeys, and potent UDART™ activity, thess

antibody species were selected for further development. These antibodies differed from1 TES7 and

OVCAZ2, which cxhibited low affinity {in the BIACORE™ assay), and no cross-reactivity to B7-H3

of cynomelgus monkeys. These antibodies differed from SGZ7, which exhibited low affinity (in the
BIACORE™ assay), poor IHC petfonmance (weak binding) and lower UDART™ activity. These
antibodies differed from UB8, which exhibited low affinity (in the BIACORE™ agsay), poor
tumoi/mormal THC differential, and lower UDART™ activity,
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{00316] Using Caki-Z and Hs700T positive control cells, THC investigations revealed that each of
the antibodies exhibited a different optimal concentration and a different differential concentration

relative to one another {Table 7).

Tabie 7

Antibody Optimal IHC Concentration | Differential IHC Concentration

BRCAB4D 0.625  pe/ml 0.078  ugmi

BRCABSD 0.156  ug/ml 0.0195 pe/ml

BRCABID 0.156 pe/m] 0.0195 ug/ml

PRCA1ST 0.078  pg/ml 0.0195 el

TES? 5 pg/ml 1.25 Lg/ml

OVCA22 10 g/m} 2.5 Le/ml *

GB8 1.25 g/mi 0.625  ug/ml

5G27 20 pg/ml Not Defermined **

TOHS 20 pe/ml Not Determined ***

* . OVCA22 only showed binding to caki2 cells, did not show binding 10 Hs700T cells.
Optimization decision based on the binding of caki? cells.

¥ Because 5G27 did not show consistent titration analysis resulis between two operators,
low affinity and differential concentration were not determined.

3 TDH®S study not done due to oo Jow affinity to positive control cells

[06317] Using the optimal and differential concentrations indicated in Table 7, the IHC responses of
the B7-H3 antibodies in human tissues were determined. The results of these analyses for Adrenal,
Liver, Pancreatic, Kidney Lung and Colon are shown in Tables 8A4-8B and Tables $A-9% (all

antibodies exhibited negative [HC responses for heart tissue).

Table 8A: B7H3 mAb IHC at Optimal Concentration in Human Tissues
mAb Adrenal Liver Pancreas

BRCAS4D Negative Sinousoid kining cells ++ Epithelium + 5%
0.625 ug/ml £ Hepatocytes +, 5-10% Fibre 4+
BRCAGED ) Sinousoid lining cells ++ Epithelium -+
(.156 pg/mi Cortex ++4 Hepatocytes 4+ (m) Fibre ++
BRCAGID S Epithelium +
0.156 pg/ml Cortex +++ Hepatocytes ++ (m) Fibre 4+
TES7 . . - Epithelium + 5%
5 uo/ml Cortex + Sinousoid lining cells + Fibre ++
OVCA22 Cortex + Sinousoid lining cells ++ Bpithelium + 5%
10 ug/ml Hepatocytes + {m) Fibre ++
PRCAIS7 Cortex ++ Sinouseid lining cells ++ Epithelivm + 5%
0.078 pg/ml - Hepatocytes -+ (m) Fibre ++
GBE . Sinousoid lining cells ++ Epithelum +
1.25 ug/m} Not Determined Hepatocytes -+ {m) Fibre ++

Table 8B: B7TH3 mAb THC af Gptimal Concentration in Human Tissues

mAb Kidney Lung Colon

BRCAR4D . . Epithelium + s
0.625 ug/ml Negative (5-10%) Epithelivm +
BRCAGED . , e
0.156 pe/ml Fibroblast +, rare Epitheliom + Mucosa ++
BRCAGYD . L ,
0.156 ug/ml Fibroblast +, rare Epithelium + Mucosa +
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Table 8B: B7H3 mAb JHC at Optimal Concentration in Human Tissnes
mAb Kidney Lung Colon
TESY . . _—
S ug/ml Negative Negative Epithehiym +
(1)8[ fg?if Fibroblast + Negative Epithelium +
Efég? ;Z/an Negative Negative Mucosa +
GBS L heli )
1.25 ue/ml Negative Epithelium -+ Mucosa +
Table $A: B7H3I mAb [HC at Differential Concentration in Human Tissues
mAb Adrenal Liver Pancreas
lg%}{/‘; s_:/ril Negative Sinousoid lining cells + Fibre -+ (rare)
?%fﬁfgﬁnl Cortex ++ Hepatocytes + (m) Fibre +
g%gz@sg?ml Cortex, +-+ Hepatocytes + (m) Fibre +
TES7 . . e Epithelium -+, 5%
1.25 ug/ml Fibroblast + Sinousoid lining cells + Fibre -+t
ggﬁ;\/ﬁ Fibroblagt -+ Sinousoid lining cells + Fibre +
PRCAIST . Stnousoid lining cells + _
0.0195 pg/ml Not Determined Hepatocytes + (m) Fibre +
(GBS _ Sinousoeid lining cells ++ .
0.625 ug/ml Not Determined Hepatocytes + (m) Fibre +
Table 9B: B7H3 mAb IHC at Differential Concentration in Human Tissues
mAb Kidney Lung Colon
?%g?fg?nl MNegative Negative Epithelium +
5§?£i?g?mi Negative - 1. Fibrin + {rare) Mucosa -+
§%$£6§g?1n1 Negative Negative Mucosa +
1Tj_22§ zlg sl Megative Megative Epithelivm +
S:fﬁi/ii Megative Negative Epithelivm +
g%?é‘;lsg/ml MNegative Negative Mucosa +
8}228 5 ne/ml MNegative Megative Mucosa +

[00318] THC mvestigations conducted usig cancer specimens showed that the B7-H3 antibodies of
the present invention could be used to identify and diagnose cancer in multiple tissue sources (Table
1¢). In Tabie 16, the numbers indicate the number of plus signs (1 =+, 2 = ++, 3 = +++); cach

number referring to a different tested sample.
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Table 19
mAbs pg/ml Prostate Breast Lung Colon
Cancer Cancer Cancer Cancer
BRCAR4D 0.625 pg/ml 2,2, 1 3,3,3,3 2,3, Z(stromay,
2(stroma), 3,3,
OGRS 3(stroma)
0.078 pug/ml 0,2,3,2 1{stroma), 1,1,0,1 2,
1{stroma), 2(stroma),
I{stroma), 2, 3 I(stroma),
2(stroma)
BRCA68D (.156 pg/mi 2,3,3,3 2,3,3,3,3 3,322 3,3,3.3
00195 w/mt | 0,1, 1,1 0,0,2,21 0,1,1,0 1,1, 1,1
BRCAGYD 0.156 ng/ml 3,3,3 3,3,3,3,3 3,2, 3,333
‘ 2(stroma)
0,1,2,1 1.2, 1,1 1,1,0,1 1(bvl),
2(stroma),
1,1
GR2 1.25 ug/ml 2,3, 1 2,2,1,2 3,3,0,0 | 2(stroma),
2,22
(1.625 pg/ml 0.1 1 0,0,0,0,1 1,0,0,0 | Ustroma),
1(stroma),
0.0
TES7 5 pgiml 2,3,2,3 1{stroma), 3, 3,2, 3,3,2,2
3,3,2 1{stroma),
1{b.v.}
1.25 pg/ml 1,2,2,3 I{stroma}, 2, 3,1, 3,
3,3,2 I(stroma), | 2(stroma),
1b.v.) 2(stroma),
2
OVCAZ2 10 pgfml 3,2,2,1 i(stroma), 2, 3,2, 1(stroma),
2,3,3 1{stroma}, 1, 1,
0 2(stroma)
2.5 ug/ml 1, 13,1 I(stroma), 2,1,0,0 1, 4,
I{siromaj}, 2{stroma),
1(stroma), 3, 0
2,2
PRCAI1357 0.078 pg/ml 2,2,2,3 1,2,2,3,3 2,2, 3,3,
1(stroma}, | 2(stroma),
1{bv.) 2(stroma}
0.0195 pg/ml | 0, 1,2, 1 I(stromay}, 0, 0,1,0,0 1,1,
2, 1{stroma),
Hstroma) i(stroma)

[08319] For prostate, breast, colon and ang cancer cells treated with B7-H3 antibody BRCAB4D,
tumor sample staining was present in tumor cells and stromal cells, inciuding the tumor vasculature.
In some tumor samples, stromal staining was much stronger than tumor cells. When BRCA84D mAb
was titrated to lower concentration, some cases showed reduced staining in fumor cells, but still
maintained strong stromal staining. Upon staining with BRCAS4D at 0.625 ug/ml, prostate cancer
cells exhibited an HHC of 3/3+; breast cancer cells exhibited an IHC of 4/4+; colon cancer cells
exhibited an IHC of 4/4+ and lung cancer cells exhibited an IHC of 4/4+. Upon staining with
BRCAS4D at 0.078 ug/ml, prostate cancer cells exhibited an IHC of 3/4+; breast cancer cells
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exhibited an IHC of 5/5+; colon cancer cells exhibited an THC of 4/4+ and hmg cancer cells exhibited
an THC of of 3/4-+.

[00328] Normal liver was treated with B7-H3 anibody BRCA68D, and staining was seen in
hepatocytes and sinousoid lining cells. Normal pancreas stained with B7-H3 antibody BRCA68D
exhibited multi-focal staining in collagen fibre and epithelium. Normal adrenal cells treated with B7-
H3 antibody BRCAG8D, exhibited staining in the cortex. Upon staining with BRCAGBD at 0.156

pg/ml, gastric, renal and ovarian cancer cells all exhibited an THC of 5/5+.

[00321] Additonal JHC staining analyses were conducted on samples of gastric, kidney and ovarian
cancer tissues. The resulis of such analyses are shown in Table 12. In Table 11, the numbers indicate

the number of plus signs (1= -+, 2=++ 3 =-++); each number referring to a different tested sample.

P Table 11
mAbs ug/mi Gastric Kidney Ovarian
Cancer Cancer Cancer

BRCAR4D 0.625 pgiml | 2,1.222 12101 03.12.2
0.078 pgrml | 1,0,6,L0 | 01.0.101 | 0201,
BRCAGSD 0.156 po/ml | 32333 | 33,2333 | 23327
0.0195 ugml | 2,1.2.1,1 | 222222 | 12211

OVCA22 10 pg/ml 3,13,1,1 3,1,2,3.0,2 2,3.21.1
2.5 pg/ml 2,0,2,1.0 2,1,1,2,0.1 1,2,1,0,1

TES7 3 pg/ml 21321 23,1221 13122
L 1.25 ug/ml 2,0.2,1,1 2.2, 11,11 1,3,1,2,2

[08322] In summary, all of the tested mAbs showed various degrees of staining intensity in normal
liver, pancreas, colon and hmg. Figore 1A shows the results of THC investigations conducted using
normal pancreas, liver, lung and colon tissue specimens with BRCASB4D at 0.625 pg/ml and 0,078
upg/ml. Liver staining was relatively restricted in sinpsoid bning cells (fibroblast and kupffer cells)
with BRCAB4D and TES7. OVCAZ2 showed membrane hepatocyte staining besides that of the
sinusoid ling cells at the optimal concentration. However, the staining 1 hepatocytes disappeared at
the differential concentration. All of the other mAbs showed staining in hepatocytes including either
membrane or cytoplasm staining at both the optimal and differential concentration. Pancreas staining
was observed in collagen fiber mainky and a small percentage of the epithelium (acinar cells or/and
mtercalated duet cells). The staining in epithelium dindnished or disappeared ai differential
concentration, Colon staining was relatively restricted in apical membrane of crypt epithelivm and
fibroblast in mucosa. No binding was observed in lymphoid nodules of colon. Lung showed very
weak and patchy staining in epithelium with BRCAB4D, BRCAGSD, BRCASID and GB8. However,
the staining disappeared at the differential concentraton. Wo staining was observed i lung with
TES7, OVCA22 and PRCA157 at both concentrations. Adrenal cortex staining was observed with

almost afl of the mAbs at optimal concentration, except BRCAB4D. The staining in adrenal obviously
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diminished with TES7 and OVCA22 at differential concentration. Heart and kidney did not show
obvious staming with all mAbs (Figure 1B). In light of these propertics, BRCA84D was considered
the best of the mAbs, followed n order by {2) TES7, (3) OVCA22, (4) the group BRCAGSD,
BRCA6YD and PRCA157, and lastly (5) GBS.

883237 All of the mAbs included in the study showed positive staining in 4 cancer types at the
optimal concentration. At the differential concentration, BRCAR4D stili maintained good staining in
prostate cancer, breast cancer, and colon cancer. TES7 maintained good staining in 4 study cancer
types. The remaining mAbs showed various staining intensities in different tumor types. Tumor
sample staiming was observed in tumor cells and stromal cells, including vasculature, Some tumor
samples showed positive staining only in vasculature, i.e. BRCARAD, BRCAGYD, TES7T, and
PRCA157. Some tumors showed stronger stromal staining than tumor cell staining. When mAbs
were titrated to lower concentration on these samples, some cases showed diminished or no staining
in tumor celis, but still maimained strong stromal staining. In general, in terms of expression in
human normal tissues and differential expression in normal vs. tumor tissues, the mAb order from the
best THC performance to the poorest performance is as follows: (1) BRCAS4D, (2} TES7, (3)
OVCA22, (4) the group BRCAGSD, BRCAGSD and PRCALS7, and lastly (5) GBR. Table 12 and
Figure 2 show results for antibody BRCARLD.

Table 12
Cancer Tissue Type BRCAB4D BRCAR4D
0.625 pg/ml (.078 pg/ml
Prostate 33+ 3/4+
Breast 4/4-+ 5/5+
Colon 4/4+ 4/4-+
Lung Co 4/4+ 3/4+
Example 2

Cynomolgus Monkey B7-H3 Cross-Reactivity

[60324] The sequence of cynomolgns monkey B7-H3 shares approximately 90% homology to its
human counterpart, suggesting that the cynomolgus monkey is an excellent model for human B7-H3
interactions. Investigations were conducted to evaluate the crogs-reactivity of B7H3 candidates
BRCAR4D, BRCAGBD, BRCAGYD, TER7, OVCA2Z and PRCAILS7 with adrenal, liver, kidney,
pancreas and long as well as one case full term placenta of cynomolgus moenkey, in order to compare

any cross-reactivity with the staining mtensity and staining patierns observed for human fissues.

[66325] Staining concentration for cach tested Mab is the optimal concentration which was
determined in Cald-2 and Hs700T positive contrel cells (see, Table 8). Commercial goat anti human

B7-H3 (cross-reacted with cyno) was selected as a positive control antibody 0 stain cynomolgus

- 94 -



WO 2011/109460 PCTIS2011/026689

placemtal tissue. Corzesponding isotype controls were applied in each run of the experimenis. The

results of thes investigations are shown in Table 13,

Table 13
mAb Adrenal(2) Liver(2) | Pancreas(2) | Kidney(2) Lung(2) Placenta(l)
BRCAZ4D : 1 Decxd;iil cells
0.625 Negative Negative Negative Negative Epithelium Mesenchymal
peg/ml 1+ p
cells negative
2/2
Hepatocytes 172 Decidual ceils,
BRCAGED . i+ (m) Fiber2+ | Fibroblast | . villi,
0.156 Cortex 3+ . - ot e Negative
o/m) Sinousoid Epithelium 1+ Mesenchymal
B lining clls 1+ cells 3+
1+ '
BRCAS9D 12 in Fibroblast Deciduat celis
0.156 Cortex 2+ Hepatocyies Epithelium i+ Negative ’ ’
pg/ml 1+ () i+ T8I Mesenchymal
: celis 2+
TES7 Negative Negative Negative Negative Negative Negative
5 ug/ml = b ' i
OVCA22 . ' . . . g . .
10 ug/ml Negative Negative Negative Negative negative Negative
PRCALST 1/2 Degfu\illlcieﬂs
0.078 Cortex 1+ Hepatocyies Negative Negative Negative T
gl 1+ fm) Mesenchyrmal
. celis T+
Note: BRCABAD showed negative staining in liver and pancreas at up 1o Spg/ml. Although OVCAZ22 did not
bind to cyno tissze in THC, modest binding was observed 1o recombinant cyno B7H3 on CHO cells, THC
score in normal tissues is negative, 1+, 2+ and 3+ 4 grade system; m=membrane; 2/2= 2 of 2 cases, ¥=1 of 2
cases

[00326] The imvestigation of BRCAS4D (0.625 ug/ml) 1HC staining in cynomolgus placenta
exhibited staining in decidual cells, but not in villi. No staining was observed in cyno liver and
pancreas, however, staining of sinouscid lining cells was observed in human liver and localized fibre

and epithellium staining was observed in human pancreas tissue.

[08327] The imvestigation of BRCA68D (0.156 pg/ml) IHC staining in cynomolgus placenta
exhibited staining In decidual cells, mesenchymal cells (endothelium and fibroblasts) and wvilli.
Staining was present in membrane of hepatocytes and cytoplasm of liver fibroblasts, as well as in
pancreatic fibre and in the cytoplasm of pancreatic epithelium. Thus, human and cyno liver and

pancreatic tissue exhibit similar staining patterns with BRCAG8D.

[8¢328] In sommary, BRCAS4D, BRCA6RD, BRCAGID and PRCAIST all showed cross-reactivity
in cyno tissues. BRCAS4D did not show staining in monkey liver and pancreas; such staining was
observed In human liver and pancreatic tissues. BRCAGRD and BRCA69D showed similar staining
intensity and staining patterns in monkey tissues. Although BRCAGSD, BRCAGYD and PRCA157

showed comparable staining pattern with human tissues, the staining imtensity i8 not identical with
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homan tissues at optimal conditions. TES7 and OVCA22 did not show any staining in monkey

tissues at optimal conditions.

[06329] A summary of the comparative results of IHC staining in cynomolgus tissue and human

tissue is provided in Fable 14,

B7-H3 mAbs Bind to Multiple ATCC Cancer Celi Lines

Table 14
mAb Adrenal Liver Pancreas Kidney Lung Placenta
RRCAR4D i Decidual cells
“ 2
%6;’13; ;ngi Negative | Negative Negative Negative Epitillc_-ilium Mese;:hymal
Y = cells negative
2/2
Sinousoid .
BRCAS4D lining cells | Bpithelium !+, Epithelium De;::c_lu\zél(i:ells
0.625 pg/ml Negative 2+, 5%, Negative i+, MCSE:;’I(J]} ;nai
Human Hepatocytes fibre2+ 5-10% e Y
T+ cellg 1+
3-10%
2/2
BRCA6SD Hepatocytes 12 ' . . Dcmdt_lal_ cells,
. ‘ 1+ (m) L Fibroblast . villi,
(.156 yg/ml | Cortex 3+ . ; Fiber 2+ Negative . )
Cynomolgus Smousoid Epithelium 1+ I+ Mesenchymal
yn ; liming cells cells 3+
i+
Sinousoid . .
BRCAG8D liming eefls | .. Fibroblas: | Decidual cells
- - Epithelium 1+ Epithelinm 3+, villi,
0.156 pg/ml | Cortex 3+ 2+, ; 1+ .
i ) FihreZ+ 1+ Mesenchymal
Human Hepatocytes rare lle 4
2+ (m) cells 3
BRCAG9D 172 0 Fibroblast | Deciduat celis
0.856 pg/ml | Cortex 2+ | Hepatocyles Epithelivm 1+ I+ Negative Mesenchymal
Cynomolgus 1+ (m) rare
cells 2+
. . Decidual cells
BRCAGOD Hopatocytes | Epithehium 1+ | T 0OPRSE | pi ctinm 3+, villi,
G.156 ug/ml | Cortex 3+ ) : 1+ :
Human 2+ (m) Fibre2+ care 1+ Mesenchymal
G celis 3+
Decidual cells
PRCA1S7 142 . _ ‘ . 2+, il
0.078 pg/mt | Cortex 1+ | Hepatocyles Negative Negative Negative Mesenchvinal
Cynomolgus 1+ (m) csencliyma.
Y cells 1+
Sincusoid
PRCALST lining cells | Epithelivm 1+ Not
0.078 yg/m! | Coriex 2+ 2+, 5% Negative Negative Determined
Human Hepsatocyles Fibre2+
1+ {m}
Exampie 3

[04330] The antibodies of the present invention were found o be capable of binding to multiple

cancer ¢ell lines contained in the collections of the American Type Cuolture Collection. Table 15 and

Table 16 summarize the binding results.
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Table 18
Antibody
Cell Lines BLAGS | BRCAGSD | BRCAGID BRCAB4D | PRCAISY
Neormal Human Lines
HMEC AR -t A+t A+t
HUVEC ND A+ A/t = /-
Human Breast Cancer Lines
BT474 i et ot A+t e
MCF7 4+ e At -+ 4+
MDA173 ND
MDA361 ND ++ - ++
SKBR3 At ++
Human Lung Cancer Lines
AS49 i SAvaS - -
Calu3 it +A + -
SKMES] At et ot it e ++
Human Ovarian Cancer Lines
ES-2 At e
SKOV3 A+ - +/4++ - ++
Human Fancreatic Cancer Lines
Panc-1 Aot J++ /4t e — +{+
AsPC-1 A+t
HPAFI b
Hs700T drepf- T A bt
Human Celor Cancer Lines
Colo205 ND
HT-29 et + -+ +
SW4R( +++ /- +/—
SWS4R ND “+ +
Human Kidney Cancer Lines
293 A+t ++ o + ottt
786-0 A+t e i + e
A49% et ++ e ot e m
Caki2 et e et e bt
Non-Human Cell Lines
Cos7 s + s e [t
RL63 -
SVT2 ND
Human Prostate Cancer Lines
22Rv1 o
DU145 At + + + + A
[LNCapP - ++ -t +/4+ AR
PC3 et +/ - = A e
TDH ND o i~ +
Human Stemach Cancer Lines
HS746T ND e /-t + b
Ng7 ND ot A f A+
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Table 16
Antibody
Cell Lines TDHOS | OVCA22 | GBS g SG27 | TES7
Normal Human Lines
HAMEC J
HUVEC He/— +/— t +—
Human Breast Cancer Lines
BT474 +/++ + -+ +/++ it
MCF7 + + b = +
MDAILTS ++
MDA36! A+~ +
SKBR3 -
Human Lung Cancer Lines
AS45
Calu3 +
SKMES] + 4+ e {4t + +
Human Ovarian Cancer Lines
ES-2
SKOV3 + ! /-
Human Pancreatic Cancer Lines
Panc-1 i o A= A
AsPC-1
HPAFII +
Hs700T + A+ R + bt
Human Celon Cancer Lines
Colo203 +
HT-29 + +/+/— A fAf—
SW480 o+ ++
SW948 +f— +
Huinan Kidney Cancer Lines
293 A + - +
786-0 + + k- -+
A498 +- /4 +/4-+
Caki? ++ + oot +/++ e
Non-Human Cell Lines
Cos? + ‘ b ¥ =
RL65
SVT2
' Human Prestate Cancer
22Rv1 +
DU145 o f +
LNCaP i/~ + +* o +
PC3
TDR A - A
Human Stomach Cancer Lines
HST746T -+ i~ Af— /=
N§7 A =
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Example 4
B7-H3 mAbs Redirect Killing
{06331] The entibodies of the present invention bind to B7-H3 present on the surface of cancer cells.
Using conventional methods, such antibodies may be labeled with fluorescein, as described above.
When such labeled molecules are incubated in the presence of UDART™ molecules having an
epitope binding domain that binds to the T-cell receptor and an epitope binding domain that binds to
fluorescein (“TCR-UDART™™), they can bind to the DART™ molecules and thereby localize them

to the surface of cells that sxpress B7-H3 and cause vedirected killing.
A, Redirect Killing of A498 Renal Carcinoma Cells

H8332] To demonstrate such redirecied killing, fluorescein-fabeled B7-H3 antibodies were
incubated with such TCR-UDART™ molecules and the ability of the molecules to mediate
cytotoxicity of A498 renal carcinoma cells was evaluated (Fable 7)., On the basis of the attained

results, the top candidates were concluded to be: RECAI3, BRCAGRD, BRCAGYD and TDHG.

- Tabde 17: Redirected Killing of A498 Renal Carcinoma Cells
mAb Ng With TCR-| FACS
UDART™ | UDART™ _
Mean Mean MFI
BCCAGG -1.04 46.39 43.30
BLAS 1.35 49.19 50
BRCA165 0 5.11 5.46
BRCAS2 0 55.53 417
BRCAGD Y 36,89 83.7
BRCAGD { 5471 34.1
BRCAS4D 0 72.40 30.6
GBS 4,00 42.00 17.9
KIbi 0.38 52.08 18.5
KiDh13 2639 58.20
KID35 -1.68 7.62
LUCAZ 9.85 52.73 52.9
OVCA2L -85 47.59 6.04
OVCA2Y 0.36 38.66 53.9
OVCAZS -2.86 16.70
PA4D -0.46 40.54
PRCAIZ3 0 56 130
PRCAI3S 0 55 127
PRCAIST Y 39.14 58.8
RECALS 0 38.62 39.8
RECAZ2 -0.24 51.74 99.90
RECAS 0 62 501
SAL3 4.94 52.23 60,5
SG24 -2.25 42.00
SG27 -3.98 0.21
SKINZ 3.11 56.44 45.8
§TOS 2.91 37.84 36.7
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Tabie 17: Redirected Killing of A498 Renal Carcinoma Cells
mAb No With TCR-] FACS
CDART™ | UDARTT™
Mean Mean MFI
TDH36 -1.63 53.52 155,00
TDH37 (.03 6521 47.50
TDH4 5.09 56.63 459
TDEHA4( -0.65 44.55
TDHS 292 49,60 28.8
TDHG 0 70.10 16.5
TES? 6.23 5289 1 175

[60333] A498 renal carcinoma cells were incubated with different concentrations of monoclonal
antibodies reactive against B7-H3 in order to determine the dose-dependent redirected killing
mediated by the antibodies. The results of the experiments (Figures 3A-3B) show that the redirected

kiiling was dose-dependent.
B. Redirect Killing 6T A549 Lung Cancer Cells

[00334) To further demonstrate such redirected killing, fluorescein-labeled B7-H3 antibodies were
incubated with the above-described TCR-UDART™ molecules or with UDART™ molecules having
an epitope binding domain that binds to CD16 and an epitope binding donmain that binds to
floorescein (“CD16-UDART™™), and the ability of the molecules to mediate cytotoxicity of A549
long cancer cells was evaluated (Table 18). The results of the experiments (Figures 3C-3D) show
that the redirected killing was dose-dependent. On the basis of the attained results, the top candidates
were concluded to be: BLA8, BRCA68D, BRCA69D and BRCAS4D.

Tahie 18: Redirected Killing of A549 Lung Cancer Cells
mAb No DART™ With TCR- [With CD16- FACS
UDART™ | JDARTIM
Mean Mean Mean MFI

BCCAG6 1.89 25.17 8.22 36.1
BLAS -7.70 16.97 3.68 34.7
BRCAS2 ¢ 27.63 37
BRCAGSD -4.42 13.45 15.95 58.3
BRCAGYD 0 24.25 60.5
BRLCAB4D -0 © 1533 25
GBS -8.68 2,44 -4,65 17
KIDi 0 22.93 41
LUCAL 0 14.65 53
OVCAZY -2.43 1850 7.22 31.5
OVCAZ2 0 32.90 61
PRCALZY 7.68 25.88 17.31 79.4
PRCA13S -6.58 22.72 8.14 75.6
PRCAIST 0.02 18.63 18.24 44.3
PEMA -0.70 5.58 9.94

RECAL3 0.86 17.39 11.90 34.4
RECAZ2 3.71 20.49 19.35 74.3
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Table 18: Redirected Killing of A549 Lung Cancer Cells
mAb Ne DART™| With TCR- With CD16-| FACS
UDART™ | [JDARTM
Mean Mean Mean MFI
RECAY 7.01 20.89 31.80 44.3
SAL3 O 31.86 67.4
SKIN2 -0.08 .65 9.33 419
STOS -10.36 9,28 L.71 547
TDH36 6.79 24.12 24.08 107
TDH37 6.93 22.57 23.37 42.3
TDH4 -6.26 10.07 2.21 32.4
TDH40 4.87 22,01 24,90 53.3
TDHS -5.08 9.35 -2.85 27.1
TDEG ¢ 19.09 213
TES7 0 19.35 15.7

. Redirect Killing of LNecap Prostate Cancer Celis

[06335] To further demonstrate such redirected killing, floorescein-labeled B7-H3 antibodies were
incubated with the above-described TCR-UDART™ molecules or with UDART™ molecules having
an epitope binding domain that binds to CD16 and an epitope binding domain that binds to
fluorescein (“CD16-UDART™”), and the ability of the molecules to mediate eytotoxicity of LNcap
prostate cancer cells was evaluated (Table 19). On the basis of the attained results, the top candidates
were concluded to be: BRCAG8D, BRCAG9D, BRCAR4D and PRCA157.

Table 19: Redirected Killing of LNesp Prostate Cancer Celis
mAb No DART™ With TCR-| With FACS
UDART™ |  CDi6-
UDART™
Mean Rean Mean MEFT

BCCA4 -2.56 13.29 247 5.1
BCCAG6 -2.13 13.42 16.40 41
BLAS 4.32 14.97 24.00 484
BRCA165 3.59 57.26 12,02 1.6
BRCAI83D -4.65 43.09 35.30 7.6
BRCAS2 32.34 71.23 48.28 42.5
BRCAGED -1.40 23.00 21.91 B6.9
BRCAMID 40.08 78.02 60,55 924
BRCAS4D 20,11 78.70 41.27 16.4
GBS -6.25 14.04 10,76 22
KID1 54.65 91.87 67.86 448
KiDi3 15.86 69,21 4785

KiP133 27.51 45.65 47.12 120
KiD24 -4.26 34,13 41.17 14.5
KID3s 14,17 64.01 33.05

KiD47 11.34 39.49 15.02 10.8
Kibg 16.98 58.80 34.77 5.5
LUCAL 47.40 §9.31 67.15 3
LUCA1T 23.18 26.90 35.87 il
LUCATI B.25 22.36 21.48 6.9
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Table 19: Redirected Killing of LNcap Prostate Cancer Cells
mAb No DART™| With TCR-| With FACS
UDART™ | CDl6-
UDARTT™™
Mean Mean Mean MF1

LOCATY 26.50 38,29 44.77 8.7
MCL12 26.62 35.59 46.38 17.6
MELZ 6.57 20.90 31.40 19
OQVCAZL 12.07 26.81 31.30 41
OVCAZY 4509 96.50 77.30 113
OVCAZS 16,14 63.26 32.39

PA2Z 1.73 57.70 5.89 8.9
P4A33 8.99 34.49 48.14 5.4
PA4D 3842 73.07 63.65

PRCAI2L 9.96 14,39 18.38 i25
PRCAI3S -3.78 8.89 13.64 123
PRCAISY 1.08 17.07 15.43 16.4
PSMA 11.52 31.38 34.79

PSMA 52.82 71.19 66.04

RECAT3 5.86 22.55 15.40 37
RECA2Z 7.33 24,65 23.54 22.5
RECA9S 27.67 52.54 45,14 5.3
SAL1 2.76 17.87 44.52 6.5
SALZ 8,71 30.68 29.17 14.5
SAL3 43,79 92.60 76.46 105
8G24° i2.64 66.82 44.99 '
SG27 1.37 55.30 16.96

SKIN2 -2.04 14.81 24.23 73.8
SPL16 597 29.90 23.74 5.2
STOS -1.48 21.11 24.97 613
TDH28 -4.23 18.55 15.04 13.3
TDH36 3.58 19.61 19.79 189
TDH37 7.90 18.78 25.22 57.3
TDHA4 14.48 37.96 54,64 452
TDH40 8.51 44.55 43.87 79.3
TDHS 7.35 48.71 38.13 29.1
TDHG 4.50 54,56 16.73 41.7
TES7 50.15 94.47 73.40 22.4

Example 8

Ability of B7-H3 mAbs to Bind to Soiuble B7TH3-21g and Soluble B7TH3-41Ig

[00336] As discussed above, B7-H3 exists in both 2 4 Ig domain-contaiming form (B7H3-41g) and =

2 lg domain-containing form (B7:3-21g). The anti-B7-H3 antibodics of the present invention were

tested for their abilitics to bind to soluble B7H3-2Ig (Figure 4A) and soluble B7H3-4lg B7-H3

(Figure 4B). The antibodics were found to exhibit a broad range of binding characteristics.
Antibodies PRCA123, TDIHS, BLAS, BRCAGSD and SG24 were found to exhibit the strongest
binding to soluble B7H3-21g and antibodies TEST, LUCAS(, BRCAI165, OVCA22, STOY and PA20

were found t0 exhibit the weakest binding 1w soluble B7TH3-2Ig. Antibodics PRCA123, BRCAGYA,

BLAS and BRCAG8D were found to exhibit the strongest binding to soluble B7H3-4]g and antibodies
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TES7, OVCA21, BRCA16S and STO9 were found to exhibit the weakest binding to soluble B7H3-
41g.

Example 6
Affinity Binding of Antigens in Solution t¢ Captured Monoclonal Antibodies

[¢8337] In order to demonstrate the binding affinity between antigens in solution and captured
monoclonal antibodies, antibodies were captured on immobilized IgG Fe-specific Fab2 fragments at a
level of 100-200 RU. Antigens B7-H3 and B7-H3(41g) were injected over the captured antibodies at
a concentration of 100nM (flow rate 20 pl/min for 120 sec, and binding was messured. Binding
responses were normalized to the same level of captured mAb and the binding response fo m2B6
antibody (mlgGl) control was subtracted as blank. The results of this analysis (Figures 3A-58; solid
lines; B7-H3(4lg) 100 nM; dashed lines; B7-H3, 100 aM)} demonstrate that the antibodies of the
present invention exhibit strong binding to B7-H3(41g).

Exampie 7
BIACORE ™ Analysis: Titrafion of B7-H3 mAbs te Immobilized B7-H3

[69338] In order to demonstrate the relative binding affinities of B7-H3-2Ig and B7-H3-41Ig for the
antibodies of the present invention, a BIACORE ™ analysis was performed. B7-H3 antibodies of the
present invention were permitted to bind to immobilized B7-H3-21g or to B7-F3-4Ig and the titration
of binding over time was assessed {Figures 6A-61). TDIS, PRCAI123, BLAS, BRCA69 were found
to have high affinity to both B7-H3-2Ig and B7-H3-41g. However their epitope(s) were found to be
mostly barred in the B7-H3-4Ig molecule, with just a few being available. OV(CA22 was found o
have a very low affinity to both B7-H3-21g and B7-H3-41g with its eﬁitope being equally available on
both molecules. However, it is likely that only the B7-H3-41g forim provides enough proximity for
antibody bivalent binding (fow off-rate), whereas the B7-H3-2Ig can be bound only monovalently.
TDH6 was found to have barely any affinity in this format, with binding to 2Ig likely to be non-
specific. TES7 and PA20 were found to be B7-H4-41g specific antibodies with low affinity. TES7
probably has a low on-rate and a higher off-rate than PA20. BRCA84D was found to be an
intermediate affinity antibody with a possibility of multiple binding sites on both B7-H3-21g and B7-
H3-4lg. Rased on the BIACORE ™ analysis, BRCAR4D due to its unusual binding site was
considered a preferred antibody. TES7 and PA20 were considered candidates for specific binding to
high density antigen surfaces, and one of high affinity-low specificity antibody (e.g., BRCAGSD or

another).

[0633%8] Figure 7 provides a comparison BIACORE™ analysis of antibodies PRCA 157, BRCAGID,
BLAS, PA2), BRCAS4D, GBS and 5G27, illustrating that the anti-B7-H3 antibodies of the present

invention can exhibit a range of binding properties.
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(00340 Figure 8 demonstrates the non-competing specificity of several of the apti-B7-H3
antibodies of the present invention. In the experiment, human B7-H3 molecules were incubated in the
presence of antibody BRCAB4D and subjected to BIACORE™ analysis. After approximately 3
minutes a second anti-B7-H3 antibody was added to the reaction. I the second antibody competed
with BRCAS4D, it would find the B7-H3 sites occluded and be unable o bind. The results indicate
that antibodies BRCA68D, BRCAGYD, and PRCA157 do not compete with BRCAS4D for binding to
human B7-H3.

Example 8
Anti-B7-H3 mAbs Internalize on CSC and ATCC Cell Lines

[06341] The ability of the anti-B7-H3 antibodies of the present invention to become internalized
upen binding to cancer cells was investigated. Prostate CSC cells and Hs700t pancreatic cells were
tncobated with an anti-B7-H3 antibody, The viability of the cells was determined after incubation in
the presence of a saporin-conjugate anti-mouse secondary antibody which will be toxic to the cells if
bound to the primary antibody and internalized. The results of this investigation for prostate CSC
cells (Figure 9A) and for Hs700t pancreatic cells (Figure 9B) demonstrate the capacity of the

antibodies of the present invention ¢ become Intemalized into cells.

Example 9
B7-H3 mAb Binding and Cross-Blocking Analysis by ELISA

{00342] In order to explore the cross-reactivity of the antibodies of the present invention and the
gpitopes recognized by such antibodies, the extent of binding occurring in the presence of a
competitor B7-H3 antibody was measured. The resulis of this analysis are shown in Figures 18A-
i0F, and show that BRCA68D competes with BRCASID., TES7 and OVCA22 were aiso found to
compete with one another, but TES7 and not OVCAZ2 was found to also compete with both
BRCAGSD and BRCA69D. GB8 was found to compete with SG27 for binding to B7-H3-2Ig but not
to B7-H3-4lg. The data arc summartzed in Table 2¢ and show at feast four distinct epitopes for B7-
H3-4lg (i.e., the epitope recognized by SG27, the epitope recognized by GBS, the epitope recognized
by OVCAZ22 and TES7, and the epitope recognized by BRCAG8D, BRCAGYD and TEST) and at least
two cpliopes for B7-H3-2Ig (ie., the epitope recognized by SG27 and GBS, and the epitope
recognized by BRCA68D and BRCAGSD).
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Table 20
Summary of B7-H3 mAb Cross-Blocking Analysis by ELISA
Antibody
. (Percent Binding vs. MieG)

ggg‘g:é‘;‘" B7-H3 41y B7-H321

GBS BRCA | BRCA | ... |OVCA GBS BRCA | BRCA

69D 68D 22 69D 68D

GBS 119.105 | 108.948 98,142 1 R4.408 | 94710
TES7 111.234 | 109.390 | 108.425 | 2160570 k6,26% 1 100.645 | 90.734 | 99.515
OQVCA22 | 120983 1 112322 [ 100813 |3 CUamdR Y 100423 | 87.991 | 102.766
TDH6 105.591 | 105.063 96.701 1 100.089 | 66.086 | 100.728
8G27 101266 ¢+ 103.021 78.331 | 87.789 89.927 | 94225
BRCAGSD | 105934 |- 40284 1 43444 F 4815 102.655 | 98888 | - 7435 | 7475
BRCAGID | 102.558 ¢ 66291 [ 71441 1 00340 96,978 | 04952 Fif7346 | 17059
Mg 100,000 | 100,000 | 160,00 ] 100.000 | 100,000 | 100.000 | 100.000 | 100.000

{00343} The attributes of the key anti-B7-H3 antibodies of the present invention are shown in Table
21. Based on their exhibited differential staming of normal and cancer tissucs, their ability to bind
B7-H3-4ig as well as B7-H3-2lg, their binding affinities as measured by the above-described
BIACORE™ analysis and their ability to bind io cynomolgus B7H3, antibodies, BRCAGRD,
BRCAG6YD, BRCAR4AD, and PRCA157 were judged to be the most preferred antibodies

Table 21
MAbDb BRCA | TDH | TES7 | BRCA | BRCA | GBg 858G OVCA | FRCA
84D 6 68D 69D 27 22 157
Isatype Glk Gl/k Gl/k Gl/k Gl/k Gl/k 2b/k Gl1/k G1/k
1HC 2a 2a 2a 2b 2b 2b 2b 2¢ 2¢
ATCC Array 2 ] 1 3 31 3 1 3 2
Nermal Tissue
Coion i+ 1+ 1+ i+ 2+ 2+
Lung 1+ 1+ 1+
Liver 1+ i+ 2+ 2+ i+ 2+ 2+
Kidney 1+ 1+ 1+ 1+
Pancreas I+ 1+ 1+ 2+
Skin 2+
Cancerous Tissue
Colon 1231% | 1110% 1.5 2321% 2231% 1221% 1122 2231%
Lung 1130 1016 1.75 3332 3231 1120 313]%* 3231
Prostate 112 111 3 333 333 222 222 333
Breast 1111 1011 3 3333 3333 1122 3233 2333
Inte?naiiw o+ + + + + + + + +
zation
U-DARTT™ + + + + + + + + +
Specificity 41g 4lg atg 4ig 4lg 4lg 4ig Al 4lg
2lg 2lg 2le 2l 2]g 2lg 2lg
Epltope A B C D D E F G H
Group
BIACORE™™ -+ +- + R ++ + + + +-
Cynomelgus
B7-H3 4 + . ot B ++ + + ++
Binding
Notes: * Indicates staining of stroma ** gtroma staing 3+
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Example 10
Humanized Anti-B7-H3 Antibodies

j040344] Monoclonal antibody BRCAB4D was humanized in order to produce antibodies {generically
designated herein as “hBRCAS84D") offering improved human therapeutic potential. The sequences
of the variable light chain, and the variable heavy chain, and their respective amine acid and
polynucleotide sequences of a resulting humanized antibody (designated hercin as “hBRCAS4D-17)

are provided below;

[#8345] Humanized BRCAS4D-1 Variable Light Chain (SEQ ID N(O:68):
DIQLTOSPSE LSASVGDRVT ITCKASQNVD TNVAWYQOKP GKAPKLLIYS
ASYRYSGVPS RFSGSGSGTID FTLTISSLOP EDFATYYCQQ YNNYPETEGO
GTRLEIR
[00346] Polynucicotide Sequence Encoding Humanized BRCA84D-1 Variable Light Chain (SEQ
I NO:69):

gacatoccage
cagagtgacc
coctggtatea
goccteoectace
tggcaccgac
ccacctacta
gygcaccaage

tgacccagtc
atcacatgca
gcagaagccot
ggtactcegg
ttcaccctga
ctgccageayg

ccoctoctic
aggcctcocca
ggcaaggcecee
cgtgccettee
ccatoctocag
tacaacaact

ctgtctgeot
gaacgtggac
ctaagctgct
aggttctecyg
cctgecageot
accctttecac

cecgtgggega
accaacgtgg
gatctactce
gctoeggete
gaggacttecg
ctteggecag

tggaaatcaa g

“ 180347] Himanized BRCAS4D-1 Variable Light Chain CDR,; (SEQ ID NG:76): KASQNVDTNVA

[06348] * Polynucleotide Sequence Encoding Humanized BRCAB4D-1 Variable Light Chain CDR,
(SEQ ID NO:T71): saggecagte agaatgtgga tactaatgta goo

[66349] Humanized BRCAS4D-! Variable Light Chain CDR, (SEQ ID NO:72): SASYRYS

[04350] Polynucleotide Sequence Encoding Humanized BRCAS4D-1 Variable Light Chain CDR,
(SEQ I NO:73): tcggeateet accggtacag t

{66351] Humanized BRCAB4D-] Variable Light Chain CDR,; (SEQ ID NO:74): QQYNNYPET

{66352] Polynucleotide Sequence Encoding Humanized BRCAR4D-1 Variable Light Chain CDR,
(SEQ ID NO:73): cageaatata acaactatce attcacg

[00353] Amino Acid Seguence of Humanized BRCA84D-1 Variable Heavy Chain (SEQ ID
NO:8G):

EVOLVESGGG
ISSDSSAIYY
ENIYYGSRLD

LVQPGGSLRL SCAASBGETES SEFGMHWVRQA PCEKGLEWVAY
ADTVKGRFTI SRDNAKNSLY LOMNSLRDED TAVYYCARGR
YWEQGTIVIV 58
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{#0354] Polynucleotide Sequence Encoding Humanized BRCAB4D-1 Variable Heavy Chain (SEQ
D NO:B1):

gaggtgcage
cctgagactg
tgcactgggt
atctecteeg
gttcacgatc
actcectygeg
gagaatatct

tggtcgagtc
tetigegeog
cogecagget
actecctoege
tcocogggaca
ggacgaggac
actacggcte

tggeggagga
cctoecggett
ccaggcaagg
catctactac
acgccaagaa
accgecgtgt
ccggectggat

ctggtgcage
caccttctee
gactggaatyg
gccgacaccyg
ctecoctgtac
actactgcge
tattggggec

ctggeggetc
agcticgges
ggtggectac
tgaagggcag
ctgcagatga
cagaggecgg
agggcaccac

cgtgaccgtyg tectet

i#¢355] Humanized BRCAR4AD-1 Variable Heavy Chain CDR; (SEQ I NO:82): FGMH

[86356] Polynucleotide Sequence Encoding Humanized BRCAR4D-1 Variable Heavy Chain CDR,
(SEQ D NO:83): tttggaatgeas

{68357] Humanized BRCAB4AD  Variable Chain  CDRy D NO:84):

YISSDISAIYYADTVE

Heavy (SEQ

166358] Polynucleotide Sequence Encoding Humanized BRCA84D-1 Variable Heavy Chain CDR,
{SEQ ID NO:85): tacattagta gtgacagtag tgccatctac tatgcagaca cagtgaag

[0€359] Humanized BRCAB4D-1 Variable CDR;

GRENIYYGSRLDY

Heavy  Chain (SEQ ID NO:86):

{060360] Polynucleotide Sequence Encoding Humanized BRCA84D-1 Variable Heavy Chain CDR;
(SEQ ID NG:8T): gggagggaaa acatttacta cggtagtagg cttgactac

{06361 Figures 11A-11B show the alignment of the amino acid residues of the variable light chains
(Figure 11A) or variable heavy chains (Figure £1B) of BRCABAD and its humanized derivative,
MBRCAB4D,

[80362] In order to obtain hBRCAB4D species that exhibit improved affinity for human B7-H3,
polynucleotides encoding the light or heavy chams of hBRCAB4D-1 (ie, hBRCAS4D-1VL or
EBRCAR4D-1VH, respectively) were subjected to mutagenesis, and mutated hBRCAB4D-1 light
chain derivatives hBRCAS4D-2VL, hBRCAZ4D-3VL, hBRCAS4D-4VI., hBRCAB4D-5VL, and
hBRCAS4D-6VL and mutated hBRCAS4D-] LBRCAS4D-2VH,
MBRCAR4D-3VH, and hBRCAE4D-4VH were isolated and characierized. The amino acid and

heavy chain derivatives

polynucleotide sequences of the variable light and heavy chainsg of these antibodies are presented

below:
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DIQLIQSPSE

LSASVGDRVT

[06363] hBRCABAD-ZVL (SEQ ID NG:89):

ITCRASONVD

TNVAWYQOKP

ABYRYSGVPS RFSGSGSGTD FILTISSLOP EDFATYYCQQ

GTKLEIK

gacatccage
cagagtgacc
cctggtatca
goctectace
tggeaccgac
ccacctacta
ggcaccaagce

tgacccagtc
atcacatgca
gcagaagcct
ggtactccgyg
ttecaccetga
ctgccagcay
tggaaatcaa

ccectoettc
aggccteccoea
gucaaggeee
cgtgeettee
ccatctecag
tacaacaact

g

[66365] hBRCAS4D-3VL (SEQ ID NO:%1):

DIQLTQSPSF LSASVGDRVS VICRASQOWVD
ASYRYSGVPS RFSGSGSGTD FILTISSLOP

GTELEIX

gacatccage
cagagtgtee
cctggtatca
gcotectace
tggcaccgac
ccacctacta
ggcaccaagc

DIQLTQGFPSE

tgacccagtc
gtcacatgea
gcagaagect
ggtacteccgyg
ttcaccctga
ctgccagcayg
ftggaaatcaa

LSASVGDRVT

cccctacttce
aggcctececa
ggcaaggeee
cgtgeecttee
ccatctecag
tacaacaact

g

100367] hBRCABAD-4VL (SEQ ID NO:93):

ITCEASQRVD

ASYRYSGVPS RFSGSGSCGTD FTLTISSLOP

GTELEIX

gacatccage
‘cagagtgacc
cotggtatca
gecetectace
tggcaccgac
cecacctacta
ggcaccaagc

tgacccagtc
atcacatgca
gcagaagect
ggtactcecgy
ttcaccctyga
ctgccageay
tggaaatcaa

ccectectte
aggcectcoea
ggccaggoce
cgtgeocttcee
ccatctecag
tacaacaact

g

[66369] hBRCAS4D-5VL (SEQ ID NO:95):

DIQLTQSPSE LSASVGDRVT TTCKASQONVD
ASYRYSGVPS RESGSGSGTD FTLTISSLOP

GTRLEIK

gacatccago
cagagtgacc
cctggtatca
gecotectace

tgacccagte
atcacatgca
gcagaagect
ggtactcogg

cecectectte
aggccteccea

ggocaggecc
cgtgeoettice
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{60364] TPolynucleotide Encoding hBRCAS4D-2VL (SEQ ID NG:%6):

ctgtctgect
gaacgtagac
ctaaggeget
aggttctecyg
cctgcagect
acccttteac

THVAWYQOKT
EDFATYYCGQ

[66366] Polymucleotide Encoding hBRCAR4AD-3VL (SEQ 1D NO:92):

ctgtctgect
gaacgtggac
ctaagotget
aggttctccg
cctgcagect
accctticac

TNVAWYQOKP
EDFATYYCOQ

[80368] Polynucleotide Encoding hBRCAS4D-4VL (SEQ ID NO:%4):

ctgtcetgeoct
gaacgtggac
ctaagctget
aggttctecoy
cctgeagecoct
accctttcac

TNVAWYQOKP
EDFATYYCQQ

[08376] Polynucleotide Encoding hBRCAR4AD-5VL (SEQ ID N(O:96):

ctgtetgecet
gaacgtggac
ctaaggcogct
aggtictecy

PCT/US2611/026689

GKAPKALIYS
THNYPFTEGQ

ccgtgggcga
accaacgtgg
gatctactce
gcteeggcte
gaggactteyg
ctteggecag

GKAPKLLIYS
YWENYPETEFGQ

cecgtgggega
accaacgtgg
gatctactce
gctceggetc
gaggacttcg
cttecggeeag

GQAPKLLIYS
YNNYPETEFGQ

cecgtgggega
accaacgtgg
gatctactce
gctecggete
gaggacttcy
cttocggcecay

GOAPKALIYS
YNNYPEIETED

ccgtgggega
accaacgtgy
gatctactcce
gcteoeggcete
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gaggtygcagce
cctgagactyg
tgcactgggt
atctecteoeg
gttcaccatc
actcectgcey
gagaatatct
cgtgacegty

tggtcgagtc
tettgegeeg
cegccagget
actcctcege
tcocecgggaca
gagcgaggac
actacggctc
teectct

tggcggagga
ccteoggett
ccaggcaagyg
catctactac
acgccaagaa
accgecgtgt
cocggctggat

[08378] Polynucleotide Encoding hBRCA84D-4VH (SEQ ID N(:104);

ctggtgcagce
caccttctcec
gactggaatg
gocogacacey
ctcectgtac
actactgcge
tattggggec

PCT/UIS2011/026689

ctggeggetce
agctteggea
ggtggectac
tgaagggcay
ctgcagatga
cagaggecygy
agggcaccac

[06379] Table 22 lists the hBRCAS84D variable light chain and variable heavy chain mutations

studied; numbers refer to the Kabat numbering system used in Figures 11A and 11B.

Table 22
Variable Light Chain Variable Heavy Chain

Kabat Position 28 1 21 42 46 85 Kahat Pgsitien 84 | 89 | 63
BRCAS4D 4] A E | BRCAR4D S | M| G
hBRCAS4D-I1VE L T § hBRCAS4D-IVH D v A
hBRCAB4D-2IVI, T | hBRUAB4D-2VH D na
hBRCA84D-3VL T | hBRCAB4D-3VH D
hBRCAS4D-4VL T | hBRCA84D-4VH
hBRCAB4D-5VL, T
hBRCAB4D-6VL

[00380] The relative binding affinities of the hBRCABAD light chain derivatives hBRCAS4D-3VL,
hBRCARB4D-4VL. and hBRCAS84D-5VL for human B7-H3 were determined by forming antibodies
containing these light chain variable regions and a chimeric BRCAS84D-1VH heavy chain (Figure
12). BRCAB4D-5VL (K42Q, L46A) was found to have the highest binding affinity of the
hBRCAB4D-VL festecL BRCAS4D-5VL was therefore used as the light chain to investigate the
relative binding affinities of the hBRCAS4D heavy chains of hBRCAS4D-1VH, hBRCAS4D-2VH,
hBRCAZ4D-3VH and hBRCA84D-4VH for human B7-H3 (Figure 13). hBRCAR4D-ZVH (A93G)
was found to have the highest binding affinity of the hIBRCAS4D-VH tested.

{06381] The amino acid and encoding polynucleotide sequences of the chimeric BRCA84D-1 are as

follows:

[66382] chBRCAS4D Light Chamn (SEQ ID NO: 14S)

DIAMTQSOKE MSTSVGDRVE VICKASQNVD TNVAWYQQOKP GQSPKALIYS
ASYRYSGVPD RETGSGSGTD FTLTINNV(S EDLAEYFCQQ YNNYPFTFGS
GTRLETKRTV ARPSVFIFPP SDEQLEKSGTR SVVCLINNEY PREARKVOWRY
DNALQSGNSQ ESVTEQDSKD STYSLSSTLT LSKADYEKHK VYACEVTHQG
LESPVTKSFN RGEC

[066383] Polynucieotide Encoding chBRCAS4D Light Chain (SEQ ID NO: 106):
gacattgocga tgacccagitc
caguggtcage gtcacctgea
cctggtatca acagaaacca

tcaasaattc atgtccacat cagtaggaga
aggccagtca gaatghtggat actaatgtag
gggcaatcte ctaaagcact gatttacteg

- 110 -



1ooboeooed
boobojeoeh
BooREDRRDD
vebebooooh
oonoonbeee
ebboevooenha
beobebbehb
Howabbioers
a1bobaeoron
BIOIOODRAD
1hoovoooba
vbbabbeweoo
oowobbbaas
oebbeoqool
obobbeonoe
baoobaobBb
BHaooooogn
oeooenbbee
bbebbhebes
ebaeernbio
Boobbbeeba
oeaesbonhbb
vebbiaaohe
oabbbebbno

{801 :ON I OAS) wey) Aseal GrgvOIYd Surpoous spnosonusiod 5806

dSTSISHAOLA

LEIAANNEID
TIZODAYASE
DEHHdALAYN
dddTAASADD
IOTEESdALA
TODTIYY LSO
HOUSOAAWYL
ATAMITIOAES

Bealb
obbbeoiens
Beveobebio
vhbeobebeo
61 bbevlblb
3b1baabaca
yesiao01bas
boankboyah
Lhinoebees
caebiqbesh

G6899TO/TLOTS/ LD

TROVISPROR
obheoooienn
ebaobebaeb
vobbbeerod
2BBO020%6E
oo3boowenyo
Boboohbeeed
oanbeeonlbh
bEebanoooeg
10033 01bes
BOEOEDIOER
roREDLEDOD
beobeadios
Seoenonnaby
ebbabo1635
10006606%D
o3bbogenon
oobbbbaoey
boabBaoenae
oaabioooen
Beoceosebwob
babebbaokb
abeoaiaoen
obenbabean

HINHTYEHRAS
ONSEMINY I
LAY TV
HATASAAZMN
TTAIYIDddD
ASSTISATIDSS
LSHUSSdNTad
QHSUTSINOT
YOSAMHWOAS

(L1 JON AT OFS) wey) Aaesl] GpgvONEYY [#8£00)

1behebBbbhe
oeoabeebob
boebroooesn
volbhibebeh
eoeaberend
oobiaowebba
Jeooeablonhb
DBDIABDOLER
1o03beobaba
beseolri0bH0

iRt

vHebboobeo
1inbbeweny
Bbooogenon
Beewnoanie
eeobibrede
oabobeonabb
ebeeonbiee
ebaoooebew
Bboooaynarh
1600eHBE506
eeneHhibian
breoeoreeb
obabooehah
sbbhoooanoo
bovBabbooe
vobbbbbaon
bbheesoron
sebaaobber
abyeoobboe
eRORROSDIE
1TI0BRIDIED
bbhewvbheleos
aebbinion
ohbbhebbhbbha

SSEANDGUME
SARADAANTOL
NSAMOMATNED
IAAHJAIHSA
LHLACDSMAR
OTAYLALHAD
ASEDMLENES
ATENAINTES
SALADEYYOS

oeeoyiobeb
1ooboeanab
beobesynsh
Peoogioeel
bhebebeooo
oxeeebyibe
bibboenbow
IDEBDBEIR:
REDBROILID
rehanoonibe

bobarenbed
Bbaoobanoe
ookaonorow
coveeebebo
a1behbeesHb
abaybooesbo
nesbabbebh
boeopobebnbd
phzlelalutolol=lo)]
Braooaoerba
pi=i=i-lelelele)=3s)
nboewnfaonn
Gabobeosben
eoRob1b0bBE
vhooooinone
oowonbebero
ao00broioon
Begbbownne
oelbbebioab
eovbhebeosona
obhibeibeone
aobbeoibog
benbybaooa
oabebbabhn

SHGALTASAT
TSADNELTIA
NTIMADHTALT
JAAADIATLL
ADIAATINSd
SITYDSNMSA
ALTLIOUOMA
ILAYSMALAY
TS993 0AT

eREoRrIILOD
erEOoRIERRD
eoelnsenbe
LBboaewony
3e3o53308e1
obebiebaiong
[zizh=lah =3=] 5o
vrobel1030
BOI0D1DBDI]
bbabeoe1bb

vhOHbEebh,
Bioobeaibh
a1babbeoess
aeoosoobes
seeb0BBao
wobroves®l
1bobboebbhn
oehB1bbabh
bberooowern
ooeobeooob
13b6ebebees
eoeinorbeD
10003081D]
obeooebioo
aoubbeennb
folaRutolaRototel-Te!
oabeorsln]
a1ageoreeeb
beeanabeon
21BD0BROL1E
babeibeane
3bbb1owohy
oaoeeebboo
obeobhibhyel

]
JI3D080TAL
dSddTEAADS
ASANIATISNZ
S TWTLOAA
MENANDIZLIO
LAdIdARAAA
OTE8DALING
ALIVSEASST
DODSHEATOAL

chonaobebas
vhoeaovhbeo
oebbreenben
oooboeeieb
webilobio0b
vo0booolls
abereoebbs
333e1bebeo
aebeoehbbba
o0el1001enh

DOFEHE/TTIOT OAL



WO 2011/10%9409 PCTAIS2011/026689

ccegtygctygg actcecgacgyg ctecttctte ctetacagea agetcacogt
ggacaagagce aggtggcagce aggggaacygt cttctcecatge tecgtgatge
atgaggcectcet gcacaaccac tacacgcaga agagcecetetce cotgteteeg
ggtaaatyga

[60386) The relative binding affinities of antibodies containing: (1) hBRCAB4D-2VL and
hBRCABAD-2VH (two wials), {2) chimeric BRCAB4D, (3) antibody containing hBRCAR4D-3VL and
chimeric BRCAR4D-HC, and (4 antibody containing hBRCA84D-5VL and hBRCAR4D-2VH were

compared. The results are shown in Figure 14.

Example 11
Humanized Anti-B7-H3 Antibodies Inhibit Tumor Growth in Xenografis
[60387] In order to demonstrate the ability of humanized anti-B7-H3 antibodies to mhibit tumor
growth in vive, tumor growth of HT-1197 urinary bladder carcinoma cells and of A498 renal
carcinoma cclls was studied in a8 murine xenograft.  Huomanized antibody hBRCAR4D-2
(hBRCA84D-2 VL chain / hBRCAB4D-2 VL chain) was modified to comprise an Fc region having
substitutions 1.235V, F2431., R292P, Y300L, and P396L. The Fc-modified hBRCA84D-2 antibody
was administered to the mice (at a dose of | ug/kg, 10 pe/ke, or 20 ug/ke) 7 days, 14 days, 21 days
and 28 days post implantation of the cancer ceils. The results show that at all doses the admmistered
Fe-modified hBRCA#4D-2 antibody was capabie of inhibiting tamor growth of HT-1197 urinary

bladder carcinoma cells {Figure 15) and of A498 renal carcinoma cells (Figure 16).

Example 12
Dual Affinity Retargeting Reagents (DART™s) Specific For B7-H3 and the T-Cell Receptor
Mediate Potent Redirected T-Cell Killing

j00388] Dual affinity retargeting reagents (DART™s) specific for B7-H3 and the T-cell receptor
(“TCR”} and for the Natural Killer Group 2D (NKG2D) receptor were prepared.  Such DART™g
have the ability to localize a T-cell (by binding such T-cell to the TCR-binding portion of a TCR-
binding DART™) or 0 localize a NK-cell (by binding such NK cell to the NKG2D-binding portion of
an NKG2D -binding DARTT™) 1o the location of a cancer cell {by binding such cancer cell to the B7-
H3-binding portion of the DART™), The Jocalized T-cell or NK cell can then mediate the killing of

the cancer cell in a process termed herein “redirected” killing,

108389] The dual affinity retaigeting reagent (DART™) specific for B7-H3 and the T-cell receptor
(“TCR™) was constructed bhaving the anti-B7-H3 variable domains of hBRCA84D-2 and anti-TCR

variable domains:

[6839¢] TCR VL x hBRCAS4D VH-2-E Coil DART™ Chain (SEQ ID NO: 199):

EIVLTOSPAT LSLSPGERAT LSCSATSSVS YMBWYQOKPG KAPKRWIYDT
SKLASGVPSRE FSGSGSGTEF TLTISSLOPE DFATYYCQQW SSNPLIFGQG
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{00398] Polynucleotide Encoding iIBRCAS4DVL-2 x NKG2D VH — K coil Chain (SEQ ID NO:

116):

gacatccagce
cagagtgace
cctggtatca
gecctoctace
tggcaccgac
ccacctacta
ggcaccaagc
acagotggtyg
gactctcatyg
Lgggtocgee
gtatgatgga
ccatctocag
ctgagagetg
gggggatgga

tgacccagtc
atcacatgca
gcagaagcct
gatactcecgg
ttcaccctga
ctgocagcag
tgcaaatcaa
gagtciggay
tgcagecgtcet
aggctocagyg
agtaataaat
agacaattce
aggacacgge
acctactttyg

tctecteogyg aggatgtage

gttgctgett

tgaaagagasa

ccectocttc
aggecectecca
ggcaagygcce
cgtgeettec
ccatctcoceay
tacaacaact
gggaggegga
gaggectggt
ggattcacct
caaggggctyg
actatgcaga
aagaacacgce
tgtgtattac
actactggyyg
ggtggasaag

ggtcgoogea

ctgtectgcect
gaacgtggac
ctaaggeget
aggttctceg
cectgeagect
accctttcac
tooggogae

caagcctgga
tcagtagcta
gagtgogtgyg
ctecgtgaag
tgtatctoca
tgtgogaaag
ccaagggacc
Tggcecgcact

PCTUSZ013/02668%

cecgtgggcyga
accaacgtygg
gatctactcce
gctocggetc
gaggacttcy
cttcggeecag
gaggecaggt
goggtccotga
tggcatgcac
catttatacg
gyccgattca
aatgaacagc
atcgagglitt
acggtcaccy
gaaggagaas

citaaggaaa

aggtogoagse

cetgaaagay

[6039%] In order o demonstrate the ability of DART™s to mediate such redirected killing of cancer
cells, the above-described hBRCAB4D-2 / anti-TCR DART™ (“T-DART™™), hBRCAB4D-2,
hBRCAR4D-2 (Fo-modified; L235V, F243L, R292P, Y300L, and P396L), and a TCR-DART™
control were incubated at various concentrations with target cancer cells (SK-MES-1 kg cancer
cells, A498 renal carcinoma celis, LNCaP prostate cancer cells, or UACC-62 melanoma cells) and
effector resting PBMC (E:T ratio = 30:1) and cytotoxicity was determined (LDH Assay), The resubts
of these imvestigations are shown in Figures 174-17D and demonsirate the ability of the hBRCAS4D-
2/ anti-TCR DART™ (“T-DART™) {0 mediate redirected killing. of cancer cells.

Exampie 13
Pharmacokinetic Profile in Tumor-Free Mice

[68400] Anti-B7-H3 antibody (Mab1) was injected into male mCD16-/-, hCD16A_FOXN] mice (5
mg/kg; V) and serum was assayed {(pre-dose and) at 2, 15, 30 min, and 1,2, 4, 6 hr, and 1, 2, 3, 6, §,
14, 21, and 28 days after injection. The antibody was found to have a T % of 10,54 days and a Cpy of
43.493 pg/ml. The conceniration of antibody over time was found o be biphasie, {fitting info a two-
component mode! {Figures 18A4-18B). The predicted pharmacokinetic profiles generated using a 2-

compartment model with parameters from the 5 mg/kg dose are shown in Figure 18C.
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Example 14
Ability of Anti-B7-H3 antibody to Bind HT-1197 Urinary Bladder Cancer Celis
andg Prevent or Inhibit Tumer Development in 2 Murine Xenograft Model

[08401] The above-described anti-B7-H3 antibody (Mab1)} was assessed for its ability to bind HT-
1197, a human B7-H3-expressing urinary bladder carcinoma cell line. As shown in Figure 19, such
cells exhibit greater expression of PRCA135 than HER2, and thus are particularly suitable for
assessing the therapentic potential of the antibodies of the present jinvention in remediating HT-1197
tumors, In accordance with this conclusion, anti-B7-H3 antibody hBRCA84D variants were found to
be capable of binding to HT-1197 cells. Figure 26 shows the binding affinity of Mabi antibodies to
HT-1197 celis,

924621 Mice (mCB16-/-, hCD16A+ FoxM1) were implanted subcutaneously on their flanks with 8
x 10° HT-1197 cells. The tumor cells were implanted in 200 pl of Ham’s F12 Medium diluted 1:1
- with MATRIGEL™, Treatment with Mab1 was initiated within 7 days of implantation via iv Q7D x5
using doses of 0.1, 0.5, 1, 5, or 10 mg/kg (eight female mice per dose). Centuximab (anti-EGRF
antibody) was administered to a control group of mice at doses of 1, 5, or 15 mg/kg (eight female
mice per dose). Eight fomale mice were also injected with vehicle or with 10 mg/kg IgG control.
Tumor measurements were made every 3-4 days. The resuits of the experiment (Figure 21 A) show
that Mabl was capable of preventing or inhibiting urinary bladder tumor development in the murine
xenograft model. Figure 218 shows the results obtained using centimab. A comparison of Figuras
21A and 21B demonstrate that the antibodies of the present invention are more effective than
centimab in preventing or inhibiting- urinary bladder tumor development in the murine xenograft

model. Figure 21C compares the results obtained at the maximum doses tested.

Example 15
Abitity of Apti-B7-H3 Antibody to Bind HT-1376 Urinary Bladder Cancer Cells
and Prevent ¢r Inhibit Tumor Develepment in a Murine Xenograft Model

100403} The above-described anti-B7-H3 antibody (Mabl) was assessed for its ability to bind HT-
1376, a human B7-H3-expressing urinary bladder carcinoma cell line. As shown in Figares 224~
228, such cells exhibit greater expression of PRCAI35S than HER2 or PMSA, and thus are
particularly suitable for agsessing the therapeutic potential of the antibodies of the present linvention
in remediating HT-1376 tumors. In accordance with this conclusion, anti-B7-H3 antibody
hBRCAB4D variants were found to be capable of binding to HT-1197 cells. Figures 22A-22B show
the binding affinity of Mab1 antibodies to HT-1197 cells.

[80404] Mice (mCDi6-/~, hCD16A+ FoxN1} were implanied subcutancously on their flanks with §
x 10° HT-1376 cells. The tumor cells were implanted in 200 pl of Ham’s F12 Medium diluted 1;1
with MATRIGEL™. Treatment with Mabl was initiated within 7 days of implantation via iv Q7D x4
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at-u dose of 1 mg/kg. The results of the experiment (Figure 23) show that Mabl was capable of

preventing or inhibiting vrinary bladder tomor development in the murine xenograft model.

Example 16
Ability of Anti-B7-H3 Antibody to Bind Cancer Cells

[66405] Ant-B7-H3 antibody BRCAS4D was assessed via FACS analysis for its ability to bind:
SW480 and SW620 colorectal cancer cells; AGS gastric cangcer cells; M-14 apnd LOX IMVI
melanoma cells; 22rv prostate cancer cells; AsPC-1 and BxPc-3 pancreatic cancer cells; A498 and

786-0 renal cancer cells. The antibody was found to be able to bind to all such cells.

Example 17
Ability of Anti-B7-13 Antibody Prevent or Inhibit Gastric Tumer Development
in a Murine Xenograft Model

160406} Mice (mCD16-/-, hCD16A+ FoxN1) were implanted subcutaneously on their flanks with 5
x 10% AGS cells. The tumor cells were implanted in 200 ul of Ham’s F12 Medium diluted 1:1 with
MATRIGEL™, Treatment with Mab! wag initiated within 7 days of implantation via iv Q7D x5
using doses of G.5, 1, 5, or 10 mg/kg. The resuits of the experiment (Figure 24) show that Mabl was

capable of preventing or inhibiting gastric tumor development in the murine xenograft model.

Example 18
Ability of Anti-B7-H3 Antibedy to Bind Lung Cancer Cells
and Prevent or Inhibit Tumor Development in a Murine Xenograft Model

[66467] AS549 lung cancer cells were incubated n the presence of hBRCAS4D, chBRCAB4D and
hBRCAR4E (264 Fe) variant and the cytotoxic effect of these antibodies was determined. The results
of this experiment are shown in Figure 25, and indicate that all three of the antibodies were cytotoxic

to AS49 cells.

{66468] Mice (mCD16-/-, hCDI16A+ FoxNl) were implanied subcutaneously on their flanks with 8
x 10° A549 cells. The tumor cells were implanted in 200 ul of Ham’s F12 Medium diluted 1:1 with
MATRIGEL™, Treatment with Mab! was inttiated within 7 days of implantation via iv Q7D x4
using a dose of 1 mg/kp. The results of the experiment (Figure 26) show that Mabl was capable of

preventing or inhibiting of lung cancer tumor development in the murine xenograft model,

[06409] FACS analysis was conducted on CalLu? lung cancer cells in order to determine whether
such cells bind anti-B7-H3 antibodies. The experiment confirmed that such cells express B7-H3 and
bird to the antibodies of the present invention. To determine whether the antibodies of the present
invention were effective to prevent or inhibit lung cancer tumor development, mice (mCD16-/-,

hCD16A+ FoxN1) were implanted subcutaneously on their flanks with 5 x 10° Calu3 cells. The
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fumor cells were implanted in 200 ul of Ham’s F12 Medium diluted 1:1 with MATRIGEL™,
Treatment with Mab1 was initiated within 7 days of implantation via iv Q7D x4 using a dose of (1.5,
1, or 5 mg/kg. The results of the experiment (Figure 27) show that Mabl was capable of preventing

or inhibiting of lung cancer tumor developiment in the murine xenograft model.

Example 19
Ability of Anti-B7-H3 Antibody to Prevent or Inhibit LOX Melanoma Tumer Development
in a Murine Xenograft Model

084101 Mice (eight female mCD16-/-, hCDI6A+ FoxN1) were implanted subcutaneously on their
flanks with LOX-IMVT melanoma cancer cells and then imoculated wv/Q7D x3 with PBS control, 1gG
control (5/mg/ke), Mabl (0.5, 1, 5 of 10 mg/kg), or ip/BIWx2 with Doxetaxel (3, 10 or 20 mg/kg).
The tumor cells were implanted in 200 pl of Ham’s F12 Mediam diluted 1:1 with MATRIGEL™,
Treatment with Mabl was initiated within 7 days of implantation. The results of the experiment
(Figares 28A-28C) show that Mabl was capable of preventing or inhibiting of melanoma cancer

tumor development in the murine xenograft model.

Example 28
Ability of Anti-B7-H3 Antibody to Prevent er Inhibit UACC:62 Melanoma Tumer Development
in a Murine Xenograft Model

[66411] Mice (eight female mCD16-~, hCD16A+_FoxN1) were implanted subcutaneously on their
flanks with UACC-62 melanoma cancer cells and then incculated 1v/Q7D x5 with PBS comrol, 1gG
control (5/mg/ke) or Mabl (0.5, 1, 5 or 10 mg/ke). The tumor cells were implanted in 200 ul of
Ham’s F12 Mediovm diluted 1:1 with MATRIGEL™, Treatment with Mabl was initiated within 7
days of implantation. “The results of the experiment (Figure 29) show that Mabl was capable of

preventing or inhibiting of melanoma cancer tumor development in the murine xenograft model.

Example 21
Ability of Anti-B7-H3 Antibedy to Prevent or Inhibit 22rv Prostate Tumor Development
in a Murine Xenograft Model

[@0412] Mice (mCD16-/-, hCD16A+ FoxNI1) were implanted subcutaneously on their flanks with 6
x 10° 22rv prostate cancer cells and then inoculated iv/Q7D x4 with PBS control, 1gG (10 mg/kg),
Mabl (0.5, 1, 5, or 10 mg/kg; Q70 x5) or trastuzumab (1. 7 or 15 mg/kg). The tumor cells were
implanted in 200 i of Ham’s 12 Medium dijuted 1:1 with MATRIGEL™. Treatment with Mab]
was initiated within 7 days of mnplantation. The results of the experiment (Figures 30A-300) show
that Mab1 was capable of preventing or inhibiting of prostate cancer tumor development in the murine

xenograft model.
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Example 22
Ability ef Anti-B7-H3 Antibody to Bind Renal Cancer Cells
apd Prevent er Inhibit Tumeor Developinent in a Murine Xenograft Model

[00413] A498 renal cancer cells were incubated in the presence of hBRCAS4D, chBRCAR4D and
hBRCAR4 (0264 Fc) variant and the cytotoxic effect of these antibodies was determained. The results
of this experiment arc shown in Figare 31, and indicate that all three of the antibodies were cytotoxic
10 A498 cells.

j00414] A498 renal cancer celis were incubated in the presence of hBRCAB4D, chBRCAR4D and
hBRCAR4 (264 Fc) variant and the cytotoxic effect of these antibodies was determined. The results
of this experiment are shown in Figure 31, and indicate that all three of the antibodies were cylotoxic

1o A498 celis.

{06415] 1HC analysis of the A498 xenograft mmor tissue was conducted using biotinylated
BRCAR4D antibody (20 wg/ml), BRCAG9D (5 pg/ml) and anti-Her? antibody (20 ng/mi). BRCAS84D
antibody was found te bind 20-40% of tumor tissue (weakly to moderately: -+ or ++); BRCA69D was
found fo bind 80-100% of tumor tissuc (moderately to strongly: ++ or +++), BRCAB4D antibody was
foand to weakly bind 40% of UMUC-3 tumor tissue {(+); BRCAS69D was found 0 moderately or
strongly bind 70% of such tumor tissue (++ or +++); anti-FerZ antibody was found to variably bind
20% of such tumor tissue (+ -+++}. As controls, anti-Her2 antibody was found to bind SKBR-3 cells
{(+++) and BRCAB4D and BRCAG9D were found to be able to bind Hs 7007 cells {(+-++)

[084316] Mice (mCD16-/-, hCD16A+ FoxNI1} were implanted subcutaneously on their flanks with 5
x 10° A498 renal cancer cells. The tumor cells were implanted in 200 pl of Ham’s FI2 Medium
dituted 1:1 with MATRIGEL™, Treatment with Mabl was tmitiated within 7 days of implantation via
iv Q7D x5 wsing doses of 0.1, 0.5, 1, 5, or 10 mg/hkg., Centuximab (anti-EGRF antibody) was
administered to a control group of mice at doses of 1, 7, or 15 mg/kg, Additional control mice were
imjected with vehicle or with 10 mg/kg 1gG control. The results of the experiment (Figure 32) show
that Mabl was capable of preventing or inhibiting renalcancer tumor development in the murine

xenograft model.

{00417F Mice (mCD16-/-, hCD16A+ FoxN1) were alternatively implanted subcutancously on their
flanks with 5 x 10° 786-0 renal cancer cells. The tumor cells were implanted in 200 ul of Ham's F12
Medium diluted b1 with MATRIGEL™. Treatment with Mabl was initiated within 7 days of
implantation via iv Q7D x5 using doses of 0.1, 0.5, 1, 3, or 10 mg/kg. Centuximab (anti-EGRF
antibody) was administerad to a control group of mice at doses of 1, 7, or 15 mg/kg. Additional

conirol mice were injected with vehicle or with 10 mg/ke 1gG control. The results of the experiment
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(Figures 33A-33B) show that Mabl was capable of preventing or inhibiting renal cancer tumor

development in the murine xenografi model.

[00418] The activity of Mabl was compared with that of paclitaxel, 2 mitoiic inhibitor used in
cancer chemotherapy. Groups of eight female mice (mCD16-/-, hCD16A+ FoxN1) were implanted
subcutancously on their flanks with 786-0 renal cancer cells and then provided with Mab] via iv Q7D
at doses of 0.1, 0.5, 1, 5, or 10 mg/kg. Paclitaxel was administered to a contrel group of eight such
mice at a dose of 2.5 mg/kg on study day 21, 28, and 35. Additional control mice (seven female per
group) were injected with vehicle or with 5 mg/kg 1gG control. The results of the experiment {Figure
34) show that Mabl was capable of preventing or inhibiting renal cancer tumor development in the

wurine xenograft model,

Example 23
Cynemolgous Menkey Toxicolagy Study

16041%] A cynomolgous monket toxicology study 1s conducted in order 1o assess acute toxicology
profile after a single dose of Mabl, determine the pharmacokinetic profile for Mab!, establish a time
vs. dosc relationship for induction of cytokines associated with effector cell activation, and assess the

effect of drug treatment on the level of circulating leukocytes (e.g., NK and T-cells).

180428] Such a study may be designed to invoive four groups of 6 monkeys (3 males and 3 females)
and to extend 7 weeks {rom initial tratement to final necropsy. Group 1 would comprise a control
group that would receive only vehicle for weeks 1 and 2. Four members of Group | (two males and
two females) would be sacrificed at week 3. The remaining members of Group 1 would receive
additional vehicle at week 3 and be sacrificed for necropsy at week 7. Groups 2-4 are experimental
groups that would receive vehicle at week 1, and B7-H3 antibody (1, 30, or 100 mg/kg, respectively)
at week 2. Four members of cach Group (iwo males and two females) wonld be sacrificed at week 3.
The remaining members of each Group would receive additional vehicle at week 3 and be sacrificed

for necropsy at week 7.

[08421] Al infusions are well tolerated and no mortality or significant changes in body weight,
clinical signs or serum chemistry are observed. Dose-dependent redections in circulating NK cells

but not in circulating B- and T-cells are observed.

The study provides verification of cynomolgus monkey as a relevant toxicological species. When
contacted with normal human tissue, antibody BRCAE4D showed wvarious degrees of staining
intensity in Hver, pancreas, colon, lung and adrenal cortex. Liver staiming was relatively restricted to
sinusoid lining cells (fibroblast and kupffer cells). Pancreas siaining was observed in collagen fiber

mainly and a small percentage of the epithelivm (acinar cells and/or intercalated duct cells). Colon
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staining was relatively restricted tn apical membrane of crypt epithclivm and fibroblast in mucosa.
Lung showed very weak and patchy staining in the epithelivm. BRCAB4D showed good cross-
reactivity in cynomalgus monkey tissues in comparison to the human tissue profile with the exception
of the lack of staining in the liver and pancreas, and possible expression of B7-H3 in cynomolgus

monkey pitaitary cells.

[00422] All publications and patents meationed in this specification are herein incorporated by
reference to the same extent as if each individual publication or patent application was specifically
and individually indicated to be incorporated by reference in ifs entirety. While the invention has
been described in connection with specific embodiments thereof, it will be understood that it is
capable of further modifications and this application is intcnded to cover any variations, uses, o1
adaptations of the invention following, in genersal, the principles of the invention and including such
departures from the present disclosure as come within known or customary practice within the art to

which the invention pertains and as may be applied to the essential features hereinbefore set forth,
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What Is Claimed Is:

Claim 1. A B7-H3 binding molecule, wherein said molecule is an isolated antibody, or
an immunoreactive fragment thereof, which comprises a variable domain that
specifically binds an extracellular domain of B7-H3, wherein said molecule:
(A)  is internalized upon binding to B7-H3 expressed on the surface of a

cancer cell; and

(B) comprises a variable domain that comprises or retains the binding
specificity of:

(H a light chain variable domain that comprises CDR; (SEQ ID
NO: 21), CDR; (SEQ ID NO: 23) and CDR; (SEQ ID NO: 25),
and a heavy chain variable domain that comprises CDR; (SEQ
ID NO: 29), CDR; (SEQ ID NO: 31) and CDR3 (SEQ ID NO:
33);

(2) a light chain variable domain that comprises CDR; (SEQ ID
NO: 5), CDR; (SEQ ID NO: 7} and CDRs (SEQ ID NO: 9),
and a heavy chain variable domain that comprises CDR; (SEQ
ID NO: 13), CDR, (SEQ ID NO: 15) and CDR; (SEQ ID NO:
17}, or

(3) a light chain variable domain that comprises CDR,; (SEQ 1D
NO: 37), CDR, (SEQ ID NO: 39) and CDR;3 (SEQ ID NO: 41),
and a heavy chain variable domain that comprises CDR; (SEQ
ID NO: 45), CDR; (SEQ ID NO: 47) and CDR; (SEQ ID NO:

49).
Claim 2. The B7-H3 binding molecule of claim 1, which is a humanized monoclonal
antibody.
Claim 3. The B7-H3 binding molecule of any of claims 1-2, wherein said molecule

comprises a variant human IgG1 Fc region, wherein said variant human IgGl

Fc region comprises at least one amino acid modification relative to a wild-
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Claim 4,

type Fo region, said ammo acid modification(s) comprising amino acid
mod:fication(s) that aliers the affinity or avidity of said variant Fe region for
binding to an FovR such that sald molecule exhibits enhanced effector

function relative to said wild-type Fe region.

The B7-H3 binding moiecule of claim 3, wherein said Fo region modification
COMPrises:

(A)  atleast one substitution selected from the group consisting of:

(1} F243L;
(2)  D2Z70E;
(3)  R292P;
(4)  S298N;
(5)  Y300L:
(6)  V305L
(7)  A330V:and
(8)  P3OSL;

{B)  at least one substitation of two amino acid residues, said substitutions
being selected from the group consisting of:
1) F2431 and P396L;
{2) F2431, and R292P; and
3 R292P and V303,

(C)  at least one substitution of three amino acid residues, said substitutions
being selected from the group consisting of! |
(H F2431., R292P and Y300L,
(2y  F243L, R292P and V3051
3 F2431L, R292P and P396L; and
4 R292P, V3051 and P396L;

(DY at least one substitution of fowr amino acid residues, said substitutions
being selected from the group consisting of:
(h F2431., R292P, Y300L and P396L; and
(2) F2431., R292P, V3051 and P396L,;

or

(B} & substitution of at least the five amino acid residues: F243L, R292P,
Y300L, V3051 and P396L,
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Claim 5.

Claim 6.

Claim 7.

Claim 8.

Claim 9.

Claim 10.

wherein said numbering is according to the Kabat numbering scheme.

The B7-H3 binding molecule of claim 3, wherein said Fe region modification
comprises substitutions of!

(A)  F243L,R292P, and Y300L;

(B) L2335V, F243L, R292P, Y300L, and P396L; or

{C)  F243L, R292P, Y300L, V3051, and P396L;

wherein said numbering is according to the Kabat numbering scheme.

The B7-H3 binding molecule of claim 5, wherein said molecule comprises:

{AY & hight chain variable domairn that comprises CDR, (SEQ ID NO: 3),
CDR; (SEQ ID NO: 7} and CDR; {(SEQ ID NC: 9) and a heavy chain
variable domain that comprises CDR, (SEQ ID NG: 13), CDR, (SEQ
D NO: 15) and CDR5 (SEQ ID NO: 17); and |

(B}  an Fc region modification that comprises the substitutions: 1235V,
F2431, R292P, Y300L, and P396L;

wherein said numbering 1s according fo the Kabat nuombering scheme,

The B7-H3 binding molecule of claim 6, wherein said molecule is & chimeric

antibody.

The B7-H3 binding molecule of claim 6, wherein said molecule is a

humanized antibody.

The B7-H3 binding molecule of claim 1, wherein said molecule comprises:

(A) 2 light chain variable domain having the amine acid sequence of SEQ

IDNO: 89;

(B}  aheavy chair variable domain having the amino acid sequencé of SBQ
ID NO: 92, and

{9 an Fe-region having the substitutions: L235V, F2431, R292P, Y300L,
and P3961.;

wherein said pumbering is according fo the Kabat numbering scheme.

A hybridoma that secretes the 1solated amtibody of claim 1.



Claim 11. An isolated nucleic acid molecule that encodes a polypeptide chain of the B7-

H3 binding molecule of any of claims 1-9.
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Claim 12.

Claim 13.

Claim 14.

Claim 15.

Claim 16,

Claim 17,

A pharmaceutical composition comprising (i) a therapeutically effective
amount of the B7-H3 binding molecuie of any of claims -9 and (ii) a

pharmaceutically acceptable carrier,

The pharmaceutical composition of claim 12, which further comprises one or

more additional anti-cancer agents.

The pharmaceutical .composition of claim 13, wherein said additional anti-
cancer agent is a chemotherapeutic agent, a radiation therapeutic agent, a

hormonal therapeutic agent, a toxin or an immunotherapeutic agent.

The pharmaceutical composition of claim 14, wherein said additional anti-
cancer agent i1s a toxin selected from the group consisting of: a taxane, a
maytansinoid, an auristatin, a calicheamicin, an anthracycline, a CC-1065
analog, docetaxel, a cathepsin, ricin, gelonin, Pseudomonas exotoxin,

diphtheria toxin, RNase, and a toxic radioisotope.

The use of the B7-H3 binding molecule of any of claims 1-9 or of the
pharmaceutical composition of any of claims 12-15 in the preparation of a

medicament for the treatment of cancer in a patient.

The use of the B7-H3 binding molecule of claim 16, characterised in that said
cancer is characterized by the presence of a cancer cell selected from the
group consisting of a cell of an adrenal gland tumor, an AIDS-associated
cancer, an alveolar soft part sarcoma, an astrocytic tumor, bladder cancer,
bone cancer, a brain and spinal cord cancer, a metastatic brain tumor, a breast
cancer, a carotid body tumors, a cervical cancer, a chondrosarcoma, a
chordoma, a chromophobe renal cell carcinoma, a clear cell carcinoma, a
colon cancer, a colorectal cancer, a cutaneous benign fibrous histiocytoma, a

desmoplastic small round cell tumor, an ependymoma, a Ewing’s tumor, an

-126-



extraskeletal myxoid chondrosarcoma, a fibrogenesis imperfecta osstum, a
fibrous dysplasia of the bone. a gallbladder or bile duct cancer, gastric cancer,
& oestational trophoblastic disease, a germ cell tumor, & head and neck cancer,
hepatocellular carcinoma, an islet cell tumor, a Kaposi's Sarcoma, & kidney
cancer, a leukemia, &  lpomabenign  lipomatous  tumor, a
liposarcoma/matignant bpomatous wmor, a Hver cancer, a lymphoma, a lung
cancer, a medulloblastomea, a melanoma, a meningioma, a multiple endocrine
neoplasia, 2 multiple myeloms, a myelodysplastic syndrome, 2 neuroblagiomas,
a neuroendocrine tUMOIS, an Cvarian canocer, a pancreatic cancer, a papiliary
thyroid carcinoma, a parathyroid tumor, & pediatric cancer, a periphers] nerve
sheath mmor, a phacochromocyvioma, a pitsitary twmor, a prostate cancer, &
posterious uveal melanoma, & rare hematolopic disorder. a renal metastatio
cancer. a thabdoid tumoer, a rhabdomvsarcoma, a sarcoma 2 skin cancer, @
sofi-tissue sarcomea, a sguamouns cell cancer, a siomach cancer. a synovial
garcoma, a testicular cancer, a thymic carcinoma, a thymome, & tlryroid

metasiatic cancer, anud a uleripe cancer,



