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Title of the lnvention:

LAG-3-Binding Molecules and Methods of Use Thereof

Reference to Sequence Listing:

[0001] This application includes one or more Sequence Listings pursuant to 37
C.F.R, 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 entirety.

Background of the Inveation:
Field of the Invention:

[0002] The present invention is directed to LAG-3 binding molecules that comprise
the LAG-3-binding domain of the anti-LAG-3 antibodies; LAG-3 mADb 1, LAG-3 mAD
2, LAG-3 mAb 3, LAG-3 mAb 4, LAG-3 mADb 5, or LAG-3 mAb &. The invention
particularly concerns LAG-3 binding molecules that are humanized or chimeric
versions of such antibodies, or that comprise LAG-3 binding-fragments of such anti-
LAG-3 antibodies (especially immunocongugates, diabodies, BiTEs, bispecific
antibodies, etc.). The invention particularly concems such LAG-3-binding molecules
that are additionally capable of binding an epitope of 4 molecule involved in regulating
an immune check point that is present on the surface of an immune cell, The present
invention also pertains to methods of detecting LLAG-3, as well as methods of using
such LAG-3-binding molecules to stimulate an immune response. The present
invention also pertains to methods of combination therapy in which a LAG-3-binding
molecule is administered in combinaiton with. one or more additional molecules that
arce effective in stimulating an immunc response (o thereby further enhance, stimulale

or upregulate such immune response in a subject.

Description of Related Art;
1. Cell Mediated Immune Responses

[0003] The immune system of humans and other mammals is responsible for

providing protection aguinst infection and disease, Such protection is provided both by

-1 -
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a humoral immume response and by a cell mediated immune response, The humoral
response results in the production of antibodies and other biomolecules that are capable
of recognizing and neutralizing foreign targets (antigens). In contrast, the cell mediated
immune response involves the activation of macrophages, Natural Killer cells (NK),
and antigen specific cytotoxic T-lymphocytes by T-cells, and the release of various
cytokinegs in response to the recognition of an antigen (Dong, C. er al. (2003) “/mmune

Regulation by Novel Costimulatory Molecules,” Immunolog. Res. 28(1):39-48),

[0004] The ability of T-cells to optimally mediate an lnmunc responsc against an
antigen requires two distinet signaling inderactions (Vighetta, V. et al (2007)
“Muodulating Co-Stimulation,” Nourotherapoulics 4:666-675; Korman, AJ er al
(2007 “Checkpoint Blockade in Cancer Immunotherapy,” Adv. Immunol. 90:297-
339). First, antigen that has been arrayed on the surface of Antigen-Presenting Cells
(APC) must be presented to an antigen specific naive CD4* T-cell. Such presentation
delivers a signal via the T-Cell Beceptor (TCR) that dizcels the T-cell to initiate an
mmune responsc thai will be specilic lo the presenied antigen. Sccond, a series of
costimulatory and inhibitory signals, mediated through inleractions between the APC
and distinet T-cell surface molecules, inggers first the aclivation and proliferation of
the T-cells and ulhmately their inlubition. Thus, the [irst signal confers specificity to
the mmmune response whercas the sccond signal scrves o delerminge (he naturc,

magnitude and duration of the responsc.

[0005] The immune system is tightly controlied by costimulatory and co-inhibitory
lgands and reeeptors. These molecules provide the second signal for T-cell activation
and provide a balanced nctwork of positive and negative signals to maximize immunc
responsces againgt infection while limiting immunity to self {Wang, .. ¢r @f. (March 7,
2011) “VISTA, A Novel Mouse Ig Superfamily Ligand Thar Negatively Regulates T-Cell
Responses,” J. Bxp. Mod. 10.108445cm.20100619:1-16; Lepenics, B. et al. (2008) “The
Role OF Negative Costimulators During Parasitic Infections,” Endocrine, Metabolic &
Immune Disorders - Drug Targets 8:279-288).  Of particular importance is binding
between the B7.1 (CD&O) and B7.2 (CDE6) ligands of the Antigen-Presentling Cell and
the CD28 and CTLA-4 receptors ol the CD4' T lymphocyte (Sharpe, AJL er al. (2002)
“The B7-CD28 Superfiamily,” Nature Rev. Immmunol. 2:116-126; Dong, C. et al. (2003)
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“Immune Regulation by Novel Costinnilatory Molecules,” Immunolog. Res. 28(1):39-
48; Lindley, P.S. e/ al. (2009) “The Clinical Utility Of Inhibiting CD28-Mediated
Costimulation,” Immunol. Rev. 229:307-321). Binding of B7.1 or of B7.2 to C28
stimulates T-cell activation; binding of B7.1 or B7.2 to CTT.A~4 inhibits such activation
(Dong, C. el al (2003) “fmmune Regulation by Novel Costimudatory Molecules,”
Immunolog. Res. 28(1):39-48; Lindley, P.5. er al. (2009) “The Clinical Utility OF
Inhibiting CD28-Mediated Costimulation,” Immunol. Rev. 229:307-321; Greenwald,
R_J. etal (2005) “The B7 Fumily Revisited,” Ann. Rev, Immuncl. 23:515-548). CD2%
is constitutively cxpressed on the surface of T-cclls (Gross, J., et al (1992)
“ldentification And Distribution Of The Costimulatory Receptor CD28 In The Mouse,”
J. Immunol. 149:380--388), whereas CTLA4 expression is rapidly upregulated
following T-cell activation (Linsley, P. er al. (1996) “Intracellular Trafficking Of
CTLAL And Focal Localization Towards Sites Of TCR Engagement,” Immunity 4:535-
243). Since CTLA4 1s the higher affinity receptor (Sharpe, A H. ef al (2002) “The B7-
CD28 Superfamily,” Nature Rev. lmmunol, 2:116-126), binding first initiates T-ccll
proliferation (via CD28) and then inhibits it (via nascent cxpression of CTLA4), thereby

dampening the cflcet when proliferation is no longer needed.

[0006] Further investigalions into the ligands of the CD28 receptor have led to the
identification and characterization of a set of related B7 molccules (the “BY
Superfamily™) (Coyle, AJ. ef al. (2001) “The Expanding B7 Superfamily: Increasing
Complexity In Costimulatory Signals Regulating T-Cell Function,” Nature Immunol.
2(3):203-209; Sharpe, AH. ef al. (2002) “The B7-CD28 Superfumily,” Nature Rev.
Immunol. 2:116-126; Greenwald, RJ. et al. (2005) “The B7 Family Revisited,” Ann.
Rev. Immunol. 23:515-348; Colling, M. et al. (2005) “The B7 Family Of fmmunc-
Regulatory Ligands,” Genome Biol. 6:223.1-223.7; Loke, P. ¢r @l. (2004) “Emerging
Mechanisms Qf Immune Regulation: The Extended B7 Family And Regulatory T-
Cells.” Arthritis Res. Ther. 6:208-214; Korman, A, er al. (2007) “Checkpoint
Blockade in Cancer Immunotherapy,” Adv. Immunol, 90:297-339; Flies, D.B. ef al.
(2007) “The New B7s: Playing a Pivotal Role in Tumor Immunity,” ], Inmnunother.
30(3):251-260; Agarwal, A. er al (2008) “The Role Of Positive Costimulatory
Molecules In Transplantation And Tolerance,” Curr. Opin. Organ Transplant. 13:366-
372; Lenschow, D). er af. (1996) “CD28/B7 Svstem of T-Cell Costimulation,” Ann.

-3
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Rev. Immunol. 14:233-258; Wang, §. et al. (2004) “Co-Signaling Molecules Qf The
B7-CD28 Family In Positive And Negative Regulation Of T Lymphocyte Responses,”
Microbes Infect. 6:759-766). There arc cwrrenly several known members of the
family: B7.1 (CDR0), B7.2 (CD&6), the inducible co-stimulator ligand (ICOS-1.), the
programmed death-1 ligand (PD-L1; B7-H1), the programmed death-2 ligand (PD-L2;
B7-DC), B7-H3, B7-H4 and B7-116 (Collins, M. et al. (2003) “The 87 Family OF
Immune-Regulatory Ligands,” Genome Biol. 6:223.1 -223.7; Flajnik, M.F. et al. (2012)
“Evolution Of The B7 Family: Co-Evolution Of B7HS And Nkp30, Identificalion f A
New B7 Family Member, B7TH7, And QOf B7's Historical Relationship With The MAC,”
Immunogenetics epub doi.org/10.1007/s00251-01 2-0616-2).

IE. Lymphocyle Activation Gene-3 ("LAG-3)

[0007] The Lymphocyte Activation Gene 3 encodes a cell surface receptor proicin
that is referred 1o as “LAG-3." or CD223 (Triebel, F. ef al. (1990) “LAG-3, A Novel
Lymphocyre Activation Gene Closely Relaied To CD4,” J. Exp. Med. 171(5):1393-
1405}, LAG-3 is expressed by activated CD4+ and CD&+ T-cells and by NK cells, and
is constitutively cxpressed by plasmacytoid dendritic cells. LAG-3 is nol expressed by
B cells, monocytes or any other cell types (csted (Workman, C.J. et al. (2009) “LAG-3
Regulates Plasmacytoid Dendritic Cell Homeostasis,” ). lmmmunol. 182(4):1885-1891).

[0008] LAG-3 has been found to be closely related to the T-cell co-recepior CD4
(Trichel, F. ez al. (1990) “LAG-3, A Nowvel Lymphocyte Activation Gene Closely Related
Te CD4.7 §. Exp. Med. 171(5):1393-1405; Grosso, J.F. et al (2009) “Functionally
Distinct LAG-3 and PD-1 Subsets on Activated and Chronically Stimulated CDS8 T-
Cells,” 1. lmmmunol. 182(11):6659-6669; Huang, C.T. et al. (2004) “Role Of LAG-3 In
Regudatory T-Cells,” Tmmunity 21:503-513; Workman, C.J). et al. (2009) “LAG-3
Regulates Plasmacytoid Dendritic Cell Homeostasis,” ). immunol. 182(4):1885-1891).
Like CD4, LAG-3 also binds to MHC class 1 molccules but does so with significantly
higher affinity (Workman, C.J. ef al. (2002) “Phenotyple Analvsis (J?f’T he Murine CD4-
Related Glycoprotein, CD223 (LAG-3),” Eur. ¥, ITmmunol. 32:2255-2263; Huard, B. et
al. (1995) “CD4/Major Histocompatibility Complex Class I Interaction Analyzed With
CD4- And Lymphocyte Activation Gene-3 (LAG-3 }-Ig Fusion Proteins,” Dur. L
Tmmunol. 25:2718-2721; Huard, B. et al. (1994) “Celhdar Rxpression Aned Tissue

-4
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Distribution Qf The Human LAG-3- Enceded Protein, An MHC Class [T Ligand,”

Immunogenetics 39:213-217).

10069] Studies have shown that LAG-3 plays an important role in negatively
regulating T-cell proliferation, function and homeostasis (Workman, C). e af. (2009)
“LAG-3 Regulares  Plasmacytold  Dendritic Cell  Homeostasis,” J. Immunol.
182(4)1885-1891; Workman, C.J. ef af. (2002) “Cutting Edee: Molecular Analysis OF
The Negative Regulatory Function Of Lymphocyte Activation Cene-3.7 J. ITmmunol,
169:5392-5395; Workman, C.J. et al (2003) “The CD4-Related Molecule, LAG-3
(CD223), Regulates The Expansion OF dctivated T-Cells,” Eur, J. Immunol. 33:970-
979; Workman, C.. (2005) “Negative Regulation Of T-Cell Homeostasis By
Lymphocyte dctivation Gene-3 (CD223),” ). Immunol. 174:688-695; Hannier, S, ef af.
(1998) “CD3/TCR Complex-Associated Lymphocyte Activation (Gene-3 Molecules
Inhibit CD3/TCR Signaling,” J. Immunol. 161:4058-4065; Huard, B, ¢ af. (1994)
“Lymphocyte-Activation  Gene  3/Major  Histocompatibility  Complex  Class 1T
Interaction Modulates The Antigenic Response Qf CD4+ T Lymphocytes,” Tar, J.

Immunol. 24:3216-3221).

[0010] Studies have suggested that mhibiting LAG-3 function through antibody
blockade can reverse LAG-3-mediated immune system inhibition and partially restore
ciffcclor funcuon (Grosso, LF. e al. (2009) “Functionally Distinet LAG-3 and PD-1
Subsets en Activaied and Chronically Stimulated CD8S T-Cells,” J. Immunol.
182(11):6659-6669; Grosso, JLF. e al (2007) “LAG-3 Regulates CD8+ T-Cell
Accumulation And Effector Function During Self And Tumor {olerance,” J. Clin.
Invest. 117:3383-3392). LAG-3 has been found to negatively regulate T-cell expansion
via ihibition of TCE-mduced calcium fluxes, and controls the size of the memory T-
cell pool (Matsuzaki, J. et al. (2010 “Tumor-Infiltrating NY-ESQ-1-Specific CDS+ 1-
Cells Are Negatively Regulated By LAG-3 and PD-1 In Human Ovarian Cancer,” Proc.
Natl. Acad. Sci. (U.S.A)Y 107(17)7873-7880; Workman C.J., et al. (2004)
“Lymphocvte Activation Gene-3 (CD223) Repulates The Size Of The Expanding T-Cell

Population Following Antigen Activation in vive,” J. Immunol. 172:545(0-54535).

_5_
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[o011] However, despite all such prior advances, a need remains for improved
compositions capable of more vigorously directing the body s immune sysiem to attack:
cancer cells or pathogen-infected cells, cspecially at Jower therapeutic concentrations,
For although the adaptive immune sysiem can be a potent defense mechanism against
cancer and discase, it is often hampered by immunc suppressive mechanisms in the
{umor microcnvironment, such as the expression of I.AG-3. Furthermore, co-inhibitory
molecules expressed by tumor cells, immune cells, and stromal cells in the tumor milicu
can dominantly attenuate T-cell responses against cancer cells, Thus, a need remains
for potent LAG-3-binding molecules. In particular, a need cxists for LAG-3-binding
malecules that a desirable binding kinetic profile, bind different LAG-3 ¢pilopes and/or
exhibit single agent activity that could provide improved therapeutic value to patients
suffering (rom cancer or other discases and conditions. The present invention is

dirccted to these and other goals.

Summary of the Invention:

[0012] The present invention is directed to LAG-3 binding molecules that comprise
the LAG-3-binding domain of the anti-LAG-3 antibodics: LAG-3 mAb 1, LAG-3 mAb
2, LAG-3 mAb 3, LAG-3 mAb 4, LAG-3 mAb 5, or LAG-3 mAb 6. The invention
particularly concerns LAG-3 binding molecules that are humanized or chimeric
versions of such antibodics, or that comprise LAG-3 binding-fragments ol such anti-
LAG-3 antibodies (espccially immunocongugates, diabodics, BilEs, bispecific
antibodies, etc.). The inveniion particularly concerns such LAG-3-binding molccules
that arc additionally capable of binding an epitope of' a molecule involved in regulating
an immune check point that is present on the surface of an immune cell. The present
invention also pertains to methods of detecting LAG-3, as well as methods of using
such LAG-3-binding molecules to stimulate an immune response. ‘The present
invention also pertaing to methods of combination therapy in which a LAG-3-binding
molecule is administcred in combination with one or more additional molecules that
are offective in stimulating an immune response to thereby further enhance, stimulate

or upregulate such rmmune response in a subject,
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j0013] In detail, the invention provides an anti-human LAG-3-binding molecule

that compriscs the three Heavy Chain CDR Domaing, CDRil, CDRA2 and CDIu3 and

the three Light Chain CDR Domains, CDR1.], CDRL2, and CDR1.3, whergin:

(A) (1) the CDRul Domam, CDRu2 Domain, and CDRu3 Domain are the
Heavy Chain CDRs of LAG-3 mADb 1, and respectively have the amino
acid sequences: SEQ ID NO:4, SEQ 1D NO:5, and SEQ 1D NO:6; and

(24 the CDRLI Domain, CDR12 Domain, and CDR:3 Domain are the Light
Chain CDRs of LAG-3 mAbD 1, and respectively have the amino acid
scquences: SEQ ID NO:9, SEQ ID NO: 10, and SEQ ID NO:11;
OF
(B (1) the CDRyl Domain, CDRu2 Domain, and CDRu3 Domain are the
Heavy Chain CDRs of LAG-3 mAD 2, and respectively have the amino
acid sequences: SEQ ID NO:14, SEQ ID NO:15, and SEQ TD NO:16;
and '
(2) the CDRL1 Domain, CDR1.2 Domain, and CDR13 Domain arg the Light
Chajn CDIRs of LAG-3 mAb 2, and, respectively have the amino acid
scquences: SEQ ID NO:19, SEQ D NO:20, and SEQ ID NO:21;
or
() (D thc CDRul Domain, CDRu2 Domain, and CDR#3 Domain are the

Heavy Chain CDRs of 1.AG-3 mAb 3, and respectively have the amino
acid sequences: SEQ ID NO:54, SEQ ID NO:55, and SEQ ID NO:56;
and
(2) the CPRL1 Domain, CDR1.2 Domain, and CDR1.3 Domain arc the Light

Chain CDRs of LAG-3 mAb 3, and, respectivcly have the amino acid
sequences: SEQ I NO:59, SEQ 1D NO:60, and SEQ ID NO:61;
or |

(D) (1) the CDRul Domain, CDRy2 Domain, and CDRu3 Domain are the
Heavy Chain CDRs of LAG-3 mAb 4, and respeciively have the amino
acid sequences: SEQ ID NO: 64, SEQ ID NO:65, and SEQ ID NO:66;

and

-7-
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(2) the CDR1L1 Domain, CDRL2 Domain, and CDRL3 Domain are the Light
Chain CDRs of 1LAG-3 mAb 4, and, respectively have the amino acid
sequences: SEQ ID NO:69, SEQ 1D NO:70, and SEQ ID NO:71;
or
(E) (1) the CDRul Doman, CORY2 Domain, and CDRu3 Domain are the
Heavy Chain CDRs of LAG-3 mAb 5, and respectively have the amino
acid sequences: SEQ ID NO:74, SEQ 1D NO:75, and SEQ 1D NO:76;
and
(2) the CDRL1 Domain, CDRr2 Domain, and CDR3 Domain are the Light
Chain CDRs of [LAG-3 mAb 3, and, respectively have the amino acid
sequences: SEQ 1D NO:79, SEQ ID NO: 80, and SEQ ID NO:81;
or
() (1) the CDRil Domain, CDR#2 Domain, and CDR;3 Domain are the
Heavy Chain CDRs of LAG-3 mAb 6 VHI, and respectively have the
aming acid sequences: SEQ ID NO:§4, SEQ ID NO:85, and SEQ ID
NO:B6; and
(2) the CDRLI Domain, CDR12 Domain, and CDI13 Domain are the Light
Chain CDRs of LAG-3 mADb 6, and, respectively have the amino acid
sequences: SEQ I NO:89, SEQ ID NO:90, and SEQ ID NO:91.

[0014] The invention further concerns the embodiments of such anti-human LAG-
3-binding molccules wherein the Heavy Chain Variable Domain has the amino acid
scquence of SEQ ID NQO:2, SEQ ID NO:12, SEQ ID NO:52, SEQ ID NO:62, or SEQ
ID NO:72.

10015] The invention [urther concems the embodiments of such anti-human 1.AG-
3-binding molccules wherein the Light Chain Variable Domain has the amino acid
sequence of SEQ IDNO:7, SEQ ID NO:17, SEQ 1D NO:57, SEQ ID NO:67, or SEQ
ID NO:77.

[0016] The invention further concerns the cmbodiments of such anti-human LAG-
3-binding molecules whergin the Heavy Chain Variable Domain has the amino acid

sequence of SEQ ID NO:92 or SEQ TD NO:94.

-
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[0017] The invention further concerns the cmbodiments of such anti-human LAG-
3-binding molecules wherein the Light Chain Variable Domain has the amino acid

sequence of SEQ ID NO:96, SEQ ID NO:98, SEQ 1D NO:100, or 5EQ ID NO:102.

[0018] The invention further concemns the embodiments of all such anti-human
LAG-3-binding molccules wherein the molecule is an antibody, and especially wherein

the molecule 15 a chimeric antibody or a humanized antibody.

[0019] The invention further concerns the cmbodiment whergin the anti-hwman
I.AG-3-binding molecule is a bispecific binding molecule, capable of simultaneously
binding to human LAG-3 and to a second cpilope, and parlicularly concerns the
cmbodiment wherein the sscond epitope 18 an cpitope of a molecule involved in
regulating an immune check point present on the surface of an inunune cell (especially
wherein the second epitope 15 an cpitope of B7-H3, B7-114, BTLA, CD4Q, CD40L,
CD47, CD70, CHY0, CDYE6, CDY4, CD137, CDI137L, CD226, CTLA-4, Galcctin=9,
GITR, GITRL, HHLAZ2, ICOS, ICOSL, KIE, LAG-3, LIGHT, MHC class T or 11,
NEG2a, NKG2d, OX40, OX40L, PDIH, PD-1, PD-1.1, PD-1.2, PVR, SIRPa, TCR,
TIGIT, TIM-3 or VISTA, and most particularly wherein the second epitope is an
cpitope of CD137, OX40, PD-1, T1GIT, or TIM-3).

[0020] The invention further concerns the embodiment of such anti-human LAG-
3-binding molecules wherein the molecule is a diabody, the diabody being a covalently
bonded complex that compriscs two, or three, or four polypeptide chains. The invention
additionally concerns the embodiment of such anti-human LAG-3-binding moelecules
wherein the molecule compnses an Fe Region. The invention additionally concerns the
cmbodiment of such anti-human LAG-3-binding molecules wherein the molecule
comprises an Albumin-Binding Domain, and especially a deimmunized Alburmn-

Binding Domain.

[0021] The invention further concerns the embodiments of all such anti-human
LAG-3-binding molccules wherein the molecule comprises an Fe Region, and wherein
the Fc Region is a varant Fc¢ Repion that comprises one or more amino acid
modilications that reduccs the affinity of the varnant Fc Region {or an FoyR or stabilize

said F'c Region, and more particularly, whercin the modifications comprise at least one

9.
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amino acid substitution selected from the group consisting of L234A; 1235A; or L234A

and L235A, wherein the numbenng 15 that of the EU index as in Kabat.

[0022] The invention [urther concerns the embodiments in which any of the above-
described T1LAG-3-binding molecules is used to stimulate a T-cell mediate immune
response. The inventlion additionally concerns the cmbodiments in which any of the
above-described LAG-3-binding molccules is used in the treatment of a discasc or
condition associalcd with a suppressed immune system, cspecially cancer or an

infection,

[0023] The invention particularly concemns such use in the treatment or diagnosis
or prognosis of cancer, wherein the cancer is chuaracterized 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, 2 breast cancer, a
carotid body tumors, a cervical cancer, a chondrosarcoma, a chordoma, a chromophobe
renal cell carcinoma, a clear cell careinoma, a colon cancer, a colorectal cancer, a
cutaneous benipn fibrous histiocytoma, a desmoplastic small round cell tumor, an
gpendymoma, a Ewing’s tumor, an extraskeletal myxoid chondrosurcoma, 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 (umor, a

head and neck cancer, hepatocellular carcinoms. an islet cell tumor, a Kapost's

Sarcoma, a kidney cancer, a leukemua, a lipoma/benign lipomatous {umor, a

liposarcoma/malignant lipomatous tumor, a liver cancer, a lymphoma, a lung cuncer, 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 papillary thyroid carcinoma, a
parathyroid tumor, a pediatric cancer, a peripheral nerve sheath tumor, a
phacochromocyloma, a pituitary lutnor, a prostate cancer, a posterious nveal melanoma,
a rare hematologic disorder, a renal metastatic cancer, a rthabdoid tumor, a
rhabdomysarcoma, a sarcoma, a skin cancer, a sofi-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 ulerne cancer.
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[0024] The invention particularly concerns such use in the treatment or diagnosis
or prognosis of cancer, wherein the cancer is colorectal cancer, hepatocellular
carcinoma, glioma, kidney cancer, breast cancer, multiple myeloma, bladder cancer,
neuroblastoma; sarcoma, non-Hodgkin's lymphomsa, non-small cell lung cancer,
ovarian cancer, pancrcatic cancer, a rectal cancer, acute myeloid leukemia (AML),
chronic myclogenous leukermia (CML), acute B lymphoblastic leukemia (B-ATL),
chronie lymphoceytic leukemia (CLL), hairy cell leukemia (HC'L), blastic plasmacytoid
dendritic cell neoplasm (BPDCN), non-Hodgkin’s lymphomas (NHL), including
mantel ccll lcukemia (MCL), and small lymphocytic lymphoma (S1.1.), NModgkin’s

lymphoma, systemic masiocytosis, or Burkitt’s lymphoma.

[0025] The invention further concerns the embodiments in which any of the above-
described LAG-3-binding molecules is detectably labeled and is used in the detection
of LAG-3.

Brief Description of the Drawings:

10026] Figure 1 provides a schemalic of a representative covalently bonded
diabody having two cpitope binding sites composed of two polypeptide chains, each
having an. Ii-coil or K-coil Helerodimer-Promoting Domain. A cysteine residue may
be present in a linker and/or in the Heterodimer-Promoting Domain as shown in Figure
3B, VL. and VII Domains that recognize the same epitope are shown using the same

shading.

10027] Figure 2 provides a schemalic of a representative covalently bonded
- diabody molecule having two cpitope binding sites composed of two polypeptide
chaing, each having a CH2 and CIT3 Domain, such that the associated chains form an
Fe Region that comprises all or part of a naturally occurting Fe Region. VL and VH

Domains that recognize the same ¢pitope are shown using the same shading.

[0028] Figures 3A-3C provide schematics showing representative tetravalent
dizbodics having four epitope binding sites composed of two pairs of polypeptide
chams (i.e., four polypeptide chains in all). One polypeptide of cach pair posscsses a
CH2 and CH3 Domain, such that the assoclated chains form an Fe Region that

comprises all or part of a naturally occurring Fe Region, VI and VH Domains that
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recognize the same epitope arc shown vsing the same shading. The two pairs of
polypeptide chains may be same. In such cmbodiments wherein the VL and VII
Domains recognize different epitopes (as shown in Figure 3C), the resulting molecule
is bispecific und bivalent with respect to ecach bound epitope. In such embodiments
wherein the VL and VH Domains recognizc the same epitope (e.g., the samme VL
Domain CDRs and the same VH Domain CIDRs are used on both chains) the resulting
molecule is monospecific and tetravalent with respect to a single epitope. Altermatively,
the two pairs of polypeplides may be different. In such embodiments wherein the VI
and VH Domains of each pair of polypeptides recognize different epitopes (as shown
in Figure 3C), the resulting molecule is tetraspecific and monovalent with respect to
each bound epitope. Figure 3A shows an Feo diasbody which contains a peptlide
Heterodimer-Promoting Domain comprising a cysteine residue. Figare 3B shows an
Fc diabody, which comtaing E-coil and K-coil Heterodimer-Promoting Domains
comprising a cysteine residuc and a linker (with an optional cysteine residue). Figure

3C, shows an Ig diabody, which containg antibody CH1 and CL domauins.

[0029] Ficures 4A and 4B provide schematics of a representative covalently
bonded diabody molecule having two epitope binding siles composcd of three
polypeptide chains. Two of the polypeptide chains possess a CH2 and CH3 Domain,
such thal the associated chains form an Fe Region that compriscs all or part of an Fc
Region. The polypeptide chaing comprising the VL and VH Domain further comprise
a Hetcrodimer-Promoting Domain. VL and VH Domains that recognize the same

epitope are shown using the same shading,

[0030] Fizsures SA-5C show that LAG-3 mAb | and LAG-3 mAb 6 bind an epitope
that is distinct from the one bound by the reference antibody LAG 3 mAb A, The
binding profiles of labeled LAG-3 mAb 1, LAG-3 mAb 6 and LAG-3 mAbh A in the
abscnce of a competitor antibody (Panel A), in the presence of excess LAG-3 mAb 1
(Panel B), cxcess LAG-3 mAb 6 (Panel (), or LAG-3 mAb A (Panel D).

[0031] Figure 6 shows that LAG-3 mAb 1, LAG-3 mAb 2, LAG-3 mADb 3, LAG-
3 mAb 4, and LAG-3 mADb 3, mhibit the binding of soluble human LAG-3 (shLAG-3)

to MHC class I as determined in an ELTSA assay.
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[0032] Figures 7A-7C show that the isolated antibodies inhibit the binding of
shLAG-3 to the surface of MHC class 1T expressing Daudi cells, Panel A shows the
inhibition curves of LAG-3 mAb 1, LAG-3 mADb 2, LAG-3 mADb 3, .LAG-3 mAb 4,
LAG-3 mAb 5, and the reference antibody [LAG-3 mAb A, Panel B shows the
inhibition curves of LAG-3 mAD 1, LAG-3 mADb 6 and 1.AG-3 mAb A. Panel C shows
the mhibition curves of LAG-3 mAb 1 and humanized hILAG-3 1 (1.4}, hT.AG-3 1 (1.2),
hLAG-31(2.2), hLAG-3 1 (1.1). Each panel represents a separate experimaent.

[0033] Figures 8A-8C show that cxpression of LAG-3 18 upregulated in stimulated
CD4+ T-cells. Flow cylometric analysis of LAG-3 expression on unstimulated CD4+
T-cells (Panel A) and CD3/CD28 bead-stimulated CD4+ T-cells from twao different
donors (Panels B and C)onday 11 and 14, respectively. All cells were co-stained with

anti-CD4 antibody.

|0034] Figure 9A-9F show that the isolated anti-LAG-3 antibodies bind to
stintulated but not unstimulated T-cells. Flow cylometric analysis of CD3/CD28
stimulated CD4+ T-cells (Panels, A-C) and unstimulated CD4+ T-cells (Panels, D-F)
labeled with LAG-3 mAb 1 (Pancls, A and D), LAG-3 mAb 2 (Panels, B and E), or
LAG-3 mAbDb 3 (Panels, C and F). All ¢ells were co-stained with anti-CD4 antibody.

[0035] Figures 10A-10D show that the igolated anti-LAG-3 antibodics bind to
stimulated but not unstimulated 1-cells. Flow cytometric analysis of CD3/CD28
stimulated CD4+ T-cells (Panels, A-B) and unstimulated CD4+ T-cells (Panels, C-D)
labeled with LAG-3 mAb 4 (Panels, A and (), or LAG-3 mADb 5 (Panels, B and 1),

All cells were co-stained with anti-CI)4 antibody.

[0036] Figures 11A-11F show that expression of LAG-3 and PD-1 is upregulated
on Staphylococcus aurcus enterotoxin type B amtigen (SEB)-stimulated peripheral
blood mononuclear cells (PBMCs) [rom a representative donor D:34765.  Flow
cytometric analysis of SEB-stimulated PRBMCs from a representative donor 48 hours
after primary stimulation (Panels, A-B) labeled with anti-LAG-3/anti-CD3 antibodies
(Panel A), or anti-PD-1/anti-C’D3 antibodies (Panel B) and on day five post-SER-

stimulation (Panels, D-E) cclls treated with SEB alonc (Panel C) or with isotype
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conirol antibody (Panel D) during the sccondary stimulation, labeled with anli-I.AG-

3/anti-PD-1 antibodies.

[0037} Figure 12A-12F show that expression of LAG-3 and PD-1 is upregulated
on SEB-stimulated PRBMCs from another representative donor [2:53724. Flow
cytometric analysis of SEB-stimulated PBMCs from a represenlative donor 48 hours
after primary stimulation (Panels, A-B) labeled with anti-LAG-3/anti-CD3 antibodies
(Panel A), or anti-PD-1/anti-CD3 antibodies (Panel B) and on day five post-SEB-
stimulation (Panels, D-E) cells treated with SEB alone (Panel () or with isotype

control antibody (Panel D) labeled with anti-LAG-3/anti-PD-1 antibodies,

[00335] Figure 13 shows that LAG-3 mAb 1 is able to stimulate cytokine production
to levels comparable to treatment with anti-PD-] antibodies, IFNy (Panel A) and TNFo
(Panel B), secretion profiles from SEB-stimulated PBMCs treated with anti-LAG-3 or

anti-PD-1 aniibodics.

[0039] Figure 14 shows that LAG-3 mAb 1 is able to stimulate cytokine production
(o levels comparable to treatment with anti-PD-1 antibodies and that (reatment with
1.LAG-3 mAb 1 in combinaiion with an anti-PD-1 provided the largest enhancement of
cytokine release. IFNy secretion proliles from SEB-stimulated PBMCs trealed with

anti-1.AG-3 and anti-PD-1 antibodics alone and in combination.

Dctailed Description of the Invention:

[0040] The present invention is dirccted 1o TLAG-3 binding molecules that comprise
the LAG-3-binding domain of the anti-L AG-3 antibodies: LAG-3 mAb 1, LAG-3 mAb
2, LAG-3 mAb 3, T.AG-3 mAb 4, LAG-3 mAb 3, or LAG-3 mAb 6. 'The invention
particularly concerns LLAG-3 binding molecules that are humanized or chimetio
versions of such antibodias, or that comprisc ILAG-3 binding-fragments of such anii-
LAG-3 antibodics (cspecially immunocongugates, diabodies, BiTEs, bispecific
antibodies, erc.). The invention particularly concerns such LLAG-3-binding molecules
that are additionally capable of binding an epitope of a molecule involved in regulating
an immunc cheek point that is present on the surface of an immune cell. ‘The present
invention also pertains to methods of detecting LAG-3, as well as methods of using

such LAG-3-binding molccules to stimulate an imumene response,  The present
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invention also pertamns to methods of combmation therapy in which a LAG-3-binding

molccule 13 admmstered in combination wilth one or more additional molccoules (hat

are effective in stimulating an immune response to thereby further enhance, stimulate

or uprcgulale such immune responsc in a subject..

L Antibodies and Their Binding Domains

[0041] The antibodies of the present invention are immunoglobulin molecules
capable of specific binding to a target, such as a carbohydrate, polynucleotide, hipid,
polypeptide, etc., through at least one antigen recognition site, located in the Vanable
Domain of the immunoglobulin molecule. As used herein, the tenms “antibody™ and
“antibodies” refer to monoclonal antibodies, multispecific antibodies, human
antibodies, humamzed antibodies, synthetic antibodies, chimenc antibodies, polyclonal
antibodies, camelized antibodies, single-chain Fvs (scFv), single-chain antibodies, Fab
fragments, F(ab’) fragments, disulfide-linked bispecific Fvs (sdFv), intrabodies, and
epitope binding fragments of any of the above. In particular, antibodies include
immunoglobulin molecules and immunologically active fragments of immunoglobulin
molecules, fe, molecules that contain an antigen-binding site.  Immunoglobulin
molecules can be of any type (e.g., 1gQG, IgE, IgM, [gD, IgA and IgY), class (e.g., 1gG1,

I2Gz, 1z, 1gQiy, 1gAr and 1gAg) or subcelass. In addition to their known uses 1n

diagnostics, antibodies have been shown to be useful as therapeutic agents. The last

few decades have seen a revival of interest in the therapeutic potential of antibodics,
and antibodies have become one of the leading classes of biotechnology-derived drugs
(Chan, C.E. et al. (2009) “The {se OF Antihodies In The freatment Of Infectious
Discases.” Singapore Med. ). 50(73:663-666). Nearly 200 antibody-based drugs have

been approved for use or are under development.

[0042] The term “monoclonal antibody™ refers to a homogeneous antibody
population wherem the monoclonal antibody is compriscd ol amino acids (naturally
occurring and non-naturally occurring) that are involved in the selective binding of an
anligen. Monoclonal antibodies are highly specific, being dirccted against a single
cpitope (or antigenic site). The term “monoclonal antibody™ encompasses not only
intact monoclonal antibodies and full-length monoclonal antibodics, but also [ragment(s

thereof (such as Fab, Fab', F(ab")z Fv), single-chain (scFv), mutants thereof, fusion
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proteins comprising an antibody portion, humanized monoclonal antibodies, chimeric
monoclonal antibodics, and any other modified configuration of the immunoglobulin
molecule that comprises an anligen recognition site of the required specificity and the
ability to bind to an antigen. It is not ntended to be limited as repards to the source of
the antibody or the manner in which it is made (e.g., by hybridoma, phage sclection,
recombinant expression, transgenic animals, efc.). The term includes whole
immunoglobulins as well as the fragments efc. desenbed above under the definition of
“antibody.” Methods of making monoclonal antibodies are known in the art, One
method which may be cmployed is the method of Kohler, G. et al. (1975) “Continvous
Cultures Of Fused Cells Secreting Antibody Of Predefined Specificity,” Nature
756:495.497 or & modification thercof. Typically, monoclonal antibodics are
developed in mice, rats or rabbits. The antibodies are produccd by immunizing an
animal with an immunogenic amount of cells, cell extracts, or protein preparations that
contain the desired epitope. The immunogen can be, but is not limited to, primary cells,
cultured ccll Tines, cancerous cells, proteins, peptides, nucleic acids, or tissuc. Cells
used for immunization may be cultured for a period of time (e.g., at least 24 hours) prior
{0 their usc as an immunogen. Cells may be used as immunogens by themsclves or in
combination with & non-denaturing adjuvant, such as Ribi (scc, e.g., Jennings, V.M.
(19935) “Review of Selected Adjuvants Used in Antihody Production,” ILAR .
37(3):119-125). In general, cells should be kept intact and preferably viable when used
as immunogans. Intact cells may allow antigens to be better detected than ruptured cells
by the immunized animal. Use 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 ntervals such as, bi weekly, or weekly, or may be
administered in such a way as to maintain viability in the animal (e.g., in 4 lissue
recombinant). Alternatively, existing monoclonal antibodies and any other cquivalent
antibodies that are immunospecific for a desired pathogenic cpitope can be sequenced
and produced rccombinantly by any means known in the art. In one embodiment, such
an antibody is sequenced and the polynucleotide scquence is then cloned into a vector
for expression or propagation. The scquence cncoding the antibody of interest may be
maintained in a vector in a host cell and the host ccll can then be expanded and frozen

for fulure use. The polynucleotide scquence ol such antibodies may be used for genetic
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manipulation to generate the multispecific (e.z., bispecific, trigpecific and telraspecific)
molecules of the mvention as well as an affinity optimized, a chimeric antibody, a
humanized antibody, and/or a caninized antibody, to improve the affinity, or other
characteristics ol the antibody., The general principle in humanizing an antibody
mmvolves retaining the basic sequence of the antigen-binding portion of the antibody,
while swapping the non-human remainder of the antibody with human antibody

SCQUCTICES.

10043] Natural antibodies (such as IgG anlibodics) arc composed of two Light
Chains complexed with fwo Heavy Chains. Each light chain containg a Variabie
Domain (VL) and a Constant Domain (CL). Each heavy chain contains a Variable
Domain (VH), three Constant Domains (CH1, CH2 and CH3), and a hinge domain
located between the CII and CH2 Domains. The basic structural unit of naturally
occwring immunoglobulins (e.g., 1gG) is thus a tetramer having two light chains and
two heavy chains, usually cxpressed as a glycoprotem of about 150,000 Da, The amino-
terminal (*N") portion of cach chain includes a Variable Domauin of about 100 to 110
or more amino acids primarily responsible for antigen recognition. The carboxy-
terminal (“C™) portion of cach chain delines a constant region, with light chains having
a single constant domain and heavy chaing usually having three constant domains and
a hinge region, Thus, the structure of the light chains of an IgG molecule 15 n-VL-CL-
¢ and the structure of the IgG heavy chains 1s n-VH-CHI1-H-CH2-CH3-¢ (where H 18
the hinge region, and n and ¢ represent, respectively, the N-terminus and the C-lerminus
of the polypeptide). The Vanable Domains of an 1gG molecule consist of the
complementarity determining regions (CDR), which contain the residues m contact
with cpitope, and non-CDR segments, referred to as framework segments (FR), which
in peneral maintain the siructure and determine the positioning of the CDR. loops so as
10 peormat such contacting (although certuin frumework residues may also contact
antigen). Thus, the Vi.and VH Domains have the structure n-FR1I-CDRI1-FR2-CDR2-
FR3-CDR3-FR4-¢c. Polypeptides thut are (or may serve as) the first, second and third
CDR of an antibody Light Chain arc hercin respectively designated CDRy 1 Domain,
CIDR:2 Domain, and CDBR:3 Domain. Similarly, polypeptides that are (or may serve
as) the first, sccond and third CDR of an antibody heavy chain are herein respectively

designaled CDRul Domain, CDRe2 Domain, and CDRye3 Domain. Thus, the terms
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CDR1.1 Domain, CDRL2 Domain, CDRL3 Domain, CDRul Domain, CDR,2 Domain,
and CDRr3 Domain arc directed to polypeptides that when incorporated into a protein
cause that pro(cin to be able to bind to an specific epitope regardless of whether such
protein is an antibody having light and heavy chaing or a diabody or a single-chain

binding molecule (e.g., an scFv, a BiTe, ¢xc.), or is another lype of protein.

[0044] The invention particularly encompasses single-chain Variable Domain
fragments (“seFv”) of the anti-LAG-3 antibodies of this invention and multispecific
binding molecules comprising the same. Singlc-chain Varizble Domain fragments arc
made by linking Light and/or Heavy cham Variable Domain by using a short linking
peptide. Bird ez al, (1988) (“Single-Chain Antigen-Binding Proreins,” Scicnce 242:423-
426) describes example of linking peptides which bridge approximalcly 3.5 nm
between the carboxy terminus of one Vartable Domain and the amino terminus of the
other Variable Domain, Linkers of other sequences have been designed and used (Bird
et al. (1988) “Single-Chain Antigen-Binding Proteins,” Science 242:423-426). Linkers
can in turn be modified for additional [unctions, such as attachment ol drugs or
attachment to solid supports. The single-chain variants can be produced cither
recombinantly or synthetically. For synthetic production of scFv, an automaled
synthesizer can be used. For recombinant production of scFv, a suitable plasmid
containing polynucleotide that cncodes the scFv can be introduced into a suitable host
cell, either eukaryotic, such as yeast, plant, mscetl or mammalian cells, or prokaryotic,
such as E. coli. Polynucleotides encoding the scFv ol infcrest can be made by routine
manipulations such as ligation of polynucleotides. The resultant scFv can be isolated

using standard protein purification (echniquces known in the art.

[0045] The invention also particularty encompasscs humanized variants of the anti-
LAG-3 antibodies of the invention and multispecific binding molecules comprising the
same.  The term “humanized” antibody refers to a chimeric molecule, generally
prepared using recombinant techniques, having an antigen-binding site of an
immunoglobulin from a non-human species and a remaining immunoglobulin structure
of the molecule that is based upon the struclure and /or sequence of a human
immunoglobulin. The anti-human LAG-3 antibodics of the present imvention include

humanized, chimeric or caninized variants of antibodies LAG-3 mAb 1, LAG-3 mAb
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2, LAG-3 mAb 3, LAG-3 mAb 4, LAG-3 mAb 5, or LAG-3 mAb 6. The
polynucleotide sequence of the variable domains of such antibodies may be used for
genetic manipulation to generate such derivatives and to improve the affinity, or other
characteristics of such antibodics. The gencral principle m humanizing an antibody
involves relaining (he basic sequence of the antigen-binding portion of the antibody,
while swapping the non-human remamder of the antibody with human antibody
scquences. There are [our genceral steps (0 humanize a monoclonal antibody. These are:
(1) determining the nucleotide and predicted amino acid sequence of the starting
antibody light and heavy variable domains (2) designing the humanized antibody or
caninized antibody, e, deciding which antibody [ramework region to use during the
humanizing or canomizing process (3) the actual humanizing or caninizing
methodologies/techniques and (4) the transfection and cxpression of the humanized
antibody. Sce, lor cxample, U5, Palents Nos. 4,816,567, 5,807,713; 5,866,692; and
6,331,415,

10046] ‘The antigen-binding site may comprise either complete Variable Domain
fused onto constant domains or only the complementarity determining regions (CDRs)
grafted onto appropriate framework regions in the variable domains. Antigen-binding
sites may be wild-type or modified by one or more amino acid substitutions. This
eliminates the constant region as an immunogen in haman individuvals, bul the
possibility of an immune response to the foreign variable domain remains (LoBuglio,
AF. er al (1989) “Mouse/Human Chimeric Monoclonal Antibody In Man: Kinetics
And Immune Response,” Proc, Nall, Acad. Sci. (U.S.A) 86:4220-4224). Another
approach focuses not only on providing human-derived constant regions, but modilying
the variable domains as well so as to reshape them as closcly as possible (o human form.
It is known that the variable domains of both heavy and light chains contain threc
complementarity determimng regtons (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 specics and which putatively provide a
scaffolding for the CIDRs. When non-human antibodics are preparcd with respect 1o a
particular antigen, the vanable domains can be “reshaped™ or “humanized” by grafting
CDRs derived from non-human antibody on the FRs present in the human antibody to

be modified. Application of this approach o various anubodics has been reported by
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Sato, K. et al. (1993) Cancer Res 53:851-856. Riechmann, L. et al. (1988) “Revhaping
Human drtibodies for Therapy,” Nature 332:323-327; Verhoeyen, M. et al. (1988)
“Reshaping Human Antihodies: Grafting An Antilysozyme Activity,” Science 239:1534-
1536; Kettleborough, C. AL er al. (1991) “Humarnization Of A4 Meouse Moroclonal
Antibody By CDR-Grafting: The Importance Of Framework Residues On Loop
Conformation,” Protein  Engineening  4:773-3783; Maeda, H. er al (1991)
“Construction Qf Reshaped Human Antibodies With HIV-Neutralizing Activity,”
Human Antibodics Hybridoma 2:124-134; Gorman, 8. D, ef al. (1991) “Reshaping A
Therapeutic CD4 Antibody,” Proc. Natl. Acad. Sc1. (I1.5.A]) 88:4181-4185; Tempest,
PR. et al (1991) “Reshaping A Human Monoclonal Antihody To Inhibit Human
Respiratory Syncytial Virus Infection in vive,” Bio/Technology 9:266-271; Co, M. 5.
et al. (1991) “Humanized Antibodies For Antiviral Therapy,” Proc. Natl. Acad. Sci.
(U8 A BE:2869-2873; Carter, P. er al. (1992) “Humanization Of An Anti-p!85her2
Antibody For Human Cancer Therapy,” Proc. Natl. Acad. Sci. (U5 Ay BO:4285-4289,
and Co, ML.S. et al. (1992) “Chimeric And Humanized Antibadies With Specificity For
The CD33 Antigen,” ], Immunol. 148:1149-1154. In some cmbodiments, hurmnanizcd
antibodies preserve all CDR sequences (for example, a humanized mouse antibody
which contains all six CDRs from the mouse antibodics). In other cmbodiments,
humanized antibodies have one or more CDRs (one, iwo, three, [our, [ive, or gix) which

differ in sequence relative to the original antibody.

[0047] A number of “humanized” antibody molecules comprising an antigen-
binding site denived from a non-human immunoglobulin have been described, including
chimeric antibodics having rodent or modified rodent Variable Domain and their
associated complementarity determining regions (CDRs) fused to human constant
domains (sce, for cxample, Winter et af. (1991) “Man-made Antibodies,” Nature
349:293-299; Lobuglio e al. (1989) “Mouse/Human Chimeric Monoclonal Antibody
In Mun: Kinetics And Inmmune Response,” Proc. Natl, Acad. Sci. (U.5.A) 86:4220-
4224 (1989), Shaw er al. (1987) “Characterization OQf A Mouse/TTuman Chimeric
Monoclonal Antibody (17-14) To A Colon Cancer Tumor-Associated Antigen,” ).
Tmmunol. 138:4534-4538, and Brown et al. (1987) “Tumor-Specific Genetically
Engineered Murine/Human Chimeric Monoclonal Antibody,” Cancer Res, 47:3577-

3583). Other references describe rodent CDRs grafied into a human sapporting
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framework region (FR) prior to fusion with an approprialc human antibody constant
domain (see, for example, Riechmann, L. et af. (1988) “Reshaping Human Antibodies
Jor Thergpy” Nature 332:323-327; Verhoeyen, M. er al. (1988) “Reshaping Human
Antibodies: Grafiing An Antilysozyme Activity,” Science 239:1534-1536; and Jones et
al. (1986) “Replacing The Complementarity-Determining Reglons In A Tuman
Antibody With Those From A Mouse,” Wature 321:522-525).  Another reference
describes rodent CDRs supported by recombinantly veneered rodent framework
regions. See, for example, European Patent Publication No. 519,596, These
“humanized” molecules are designed to minimize unwanted immunological response
towards rodent anti-human antibody molecules, which limits the duration and
effectiveness of therapeutic applications of those moieties in human recipients, Other
methods of humanizing antibodies that may also be utilized are disclosed by Daugherty
et al. (1991) “Polvmerase Chain Reaction Facilitates The Cloning, CDR-Grafting, And
Rapid Expression Qf 4 Murine Monoclonal Antibody Directed Against The CDIS
Component Of Leukocyte Integrins,” Nucl, Acids Res, 19:2471-2476 and in U5,
Patents Nos. 6,180,377; 6,054,297; 5,997,867; and 5,866,692,

11 Fey Receplors (FeyRRs)

[0048] The CH2 and CH3 Domains of the two heavy chains interact o form the Fe
Region, which is a2 domain that is recognized by cellular Fe Receptors (FeyRs)., As
used herein, the term “Fe Region™ is used to define a C-terminal region of an 1gG heavy
chain. The amino acid scquence of the CH2-CH3 Domain of an excmplary human
IpGl is (SEQ TD NO:22):

231 240 250 260 270 280
APRLLGGHESY FLEPPPEEREDT LMISETEEVT CAWVVDVSHED PEVEINWYVD

290 300 210 320 330
GVEVHMNARTE PREEQYNETY RVWEVLTVLH QDWLNGEREYIT CIKVENFALEA

340 3L 260 370 380
TIRKETTSKAR GOTREPOVYT TLPPSREFMTK NOVETTCTVE GFYFPSDTAVE

390 400 410 420 430
WESNGQFENN YETTRFFVING NESFFLYSKL 1V LK S RW QO VI ETEVIEE

440 447
ALHNHEYTORS LiLSPGK
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10049] ‘The amino acid sequence of the CH2-CH3 Domain of an cxemplary human
1pG2 15 (SEQ 1D NO:23):

231 240 2350 260 240 280
ARTVA-GREV FLIPEREPRDY LMISRTPEVT CVVVDVSHED PEVQENWY VD

290 300 340 320 330
GVEVHNAKTE PREECENSTF RVVSVL.TVVH ODWILNGEKEY K CEVENKGLEPA

340 350 360 370 380
FIERTISETHE GOPREFQVY LEESELILML R NOVELTCLYE CGEY PR DI ey :
390 ano 410 420 130 ;

WRENGDRPRENN YRTTEFMLDS DGEFFLYSRL TVDESEWQQG NVFSC5VMHE

440 447
ALHNHYTQKS LS LEFGE

{0050] The amino acid sequence of the CIT2-CIT3 Domain of an exemplary human
IgG3 is (SEQ ID NO:27):

231 240 200 260 270 280
APFPLLGGESY FPLEFPPEFRDT LMISRTEEVT CVVVDVSHED FEVOFEWYVD

i 290 300 310 320 30

i GVEVHNARTE FREEQYMNETE BV EVT, ™/ T H CHIW LN Y B CEVSHNEALEA :

b 340 350 360 370 380

b PTEKTISKIK  GOPREPOVYT  LEPSREEMTE  NOVSLTCLVE — GEYFSDIAVE :

;
390 400 410 a2 0 430 1

WEZSGOPENN ¥YWNTTPEMLDS DGSFFLYERL TVDESEWOQQG NTFSCIVMHE

440 447
ATHNRIIORS LELEPGK

[0051] The amino acid scquence of the CHI2-CT13 Domain of an exemplary human
IgG4 is (SEQ ID NO:24):

231 240 200 260 270 280
APEFLGGESV FLEPPEPEDT LMISRTFEVT CVVVDVSOED PEVQFNAYVI

290 300 310 320 330
GVEVHWNAKTE FREEQFNSTY BVVEVLIEVIH QDWLNCGRIZY R CEVESNREGLES

340 350 3460 370 380
SIEETISKAK GOPREOQVYT LWEPSQEEMTE NOVSLTCLVE GFYPEDIAVE
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350 400 410 420 430
WESNGOFPENN YTRITEFVLDS DESITLYSRL TYDESREWOIO NV LS VMILL

440 44
ALANHYTORS LELSLGE

[0052] Throughout {he present specification, the numbering of the restdues in an
IgG heavy chain is that of the EU mmdex as in Kabat et al., Sequences of Proteins of
Immuncological Inlcresi, 3 Ed. Public Health Service, NH1, MD (1991), expressly
mncorporated herein by references. The “EU index as in Kabat™ refers to the numbering
of the human IgG1 EU antibody. Amine acids from the Vartable Domains of the mature
heavy and light chains ol immunoglobuling are designated by the position of an amino
acid in the chain. Kabat described numerous amno actd sequences for antibodies,
identificd an amine acid conscnsus sequence for cach subgroup, and assigned a residue
number to each armno acid. Kabat’s numbering scheme is extendible to antibodies not
mcluded in his compendium by aligning the antibody m question with one of the
comsensus sequences in Kabat by reference to conserved amino acids. This method for
assigning residue numbers has become standard in the ficld and readily identifics amino
acids at equivalent positions in different antibodics, including chimeric or humanized
variants. For cxample, an amino acid at position 50 of a human antibody light chain
occupics the cquivalent position to an amino acid at position 50 of & mouse antibody

lghi chain.

[0053] Polymorphisms have been observed at a number of different positions
within antibody constant regions (e.g., ¢ positions, including but not limited to
positions 270, 272,312, 3135, 356, and 358 as numbered by the EUJ index as set forth in
Kabat), and thus slight differences between the presented sequence and sequences in
the prior art can exist. Polymorphic forms of human immunoglobulins have been well-
characterized. At present, 18 Gm allotypes arc known: Glm (1, 2, 3, 17y or Glm (a, x,
f, z), G2Zm (23) or G2m (n), G3m (5, 6, 10, 11, 13, 14, 15, 16, 21, 24, 26, 27, 28) or
G3m (bl, ¢3, b3, b0, b3, bd, s, t, g1, 5, u, v, g3) (Lefranc, et al., “The Human IvG
Subclasses: Molecular Analysis Of Structure, Function And Regulation.” Pergamon,
Oxford, pp. 43-78 (1990); Lefranc, G. et al., 1979, Hum. Genet.: 50, 199-211). It is
specifically contemplated that the antibodies of the present invention may be

incorporate any allotype, isoallotype, or haplotype of any immunoglobulin gene, and
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are not limited (o the allotype, isoallotype or haplotype of the sequences provided
herem.  Furthermore, in some expression systems the C-terminal amino acid residuc
(bolded above) of the CI13 Domain may be post-translationally removed. Accordmgly,
the C-terminal residue of the CH3 Domain is an optional amino acid residuc m the
LAG-3-binding molccules of the invention, Specifically encompassed by the instant
invention arc LAG-3-binding molecules lfacking the C-terminal residue of the CH3
Domain. Also specifically encompassed by the instant invention are such constructs

compriging the C-terminal residue of the CH3 Domain.

[0054] Activating and inhibitory signals are transduced through the Fe Receplors
{FcyRs) following their ligation to an Fe Region. These diametrically opposing
functions result from structural differences among the different receptor isoforms. Two
distingt domains within the cytoplasmic signaling domains of the receptor called
immunoreceptor tyrosine-based activation motifs (ITAMs) or immunorcceplor
tyrosine-based inhibitory motifs (ITIMS) account for the different responscs. The
recruitment of different cytoplasmic enzymes to these structures dictales the oulcome
of the FeyR-mediated cellular responscs. ITAM-containing FeyR complexes include
FcyRI, FeyRIIA, FeyRINA, whereas ITIM-contaiming complexcs only include
FeyRIIB., HHuman neutrophils express the FeyRIIA gene. FeyRIIA clustering via
tmmune complexes or specific antibody cross-linking scrves to aggregate ITAMs along
with receptor-associated kinauses which facilitate ITTAM phosphorylation.  T'TAM
phosphorylation serves as a docking sitc for Syk kinase, activation of which results m
aclivation of downstream substrates (e.g., PLK). Cellular activation lcads to release of
proinflammatory mediators. The FeyRIIB genc is cxpressed on B lymphocytes; its
cxtracellular domain is 96% identical to FeyRIIA and binds IgG complexes in an
indistinguishable manner. The presence of an 1TIM in the cytoplasmic domain of
FeyRIIB defines this inhibitory subclass of FeyR. Recently the molecular basis of this
inhibition was established. When co-ligated along with an activating ['oyR, the ITIM
in FeyRITB becomes phosphorylated and attracts the SH2 domain of the inositol
polyphosphate 5'-phosphatase (SHIP), which hydrolyzes phosphoinositol messengers
releascd as a conscquence of TTAM-containing FeyR- mediated tyrosine kinase
activation, consequently preventing the influx of infraccllular Ca®™'. Thus cross-linking

of FeyRITB dampens the activating response to FoyR ligation and inhibils celludar
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responsivencss. B-cell activation, B-cell proliferation and antibody secretion is thus

aborted,

IIl.  Bispecific Antibodics, Multispecific Diabodies and DART® Diabodies

[0O55] The abilily of an antibody (o bind an cpitope of an antigen depends upon the
presence and amino acid sequence of the antibody’s VL and VH Domains. Interaction
of an antibody light chain and an antibody heavy chain and, in particular, interaction of
its VL. and VII Domains forms one of the two epitope binding sites of a natyral
antibody. Natural antibodics arce capable of binding o only onc epitope specics (e,
they arc monospecific), although they can bind multiple copics ol that species (Le.,

cxhibiling bivalency or multivalency).

[0056] The binding domains of the present invention bind to epitopes in an

“tmmunospecitic” manner. As used herein, an antibody, diabody or other epitope

binding molecule is said to “immunospecifically” bind a region of another molecule

{/.¢., 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 immunospecifically binds to a viral epitope is an
antibody that binds this viral epitope with greater affinity, avidity, more readily, and /or
with greater duration than it immunospecifically binds to other viral epitopes or non-
viral epitopes. It is also understood by reading this definition that, for example, an
antibody (or moiety or epitope) that immunospecifically binds to a [irst targel may or
may nol 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. Two
molecules are said to be capable of binding to one another in a “physiospecific”
manner, i’ such binding exhibils the specificity with which receptors bind to their

respective ligands.

[Q057] 'The functionality of antibodies can be enhanced by gencrating multispecific
antibody-based molecules that can simultaneously bind two separate and distinet

antigens (or different epitopes of the same antigen) and/or by gencrating antibody-bascd
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molccule having higher valeney (i.¢., more than two binding sitcs) for the same epitope

and/or antigen.

[0058] In order to provide molecules having greater capability than natural
antibodies, a wide variety of recombinunt bispecific antibody formats have been
developed (see, e.g., PCT Publication Nos, WQ 2008/003116, WO 2009/132876, WO
2008/003103, WO 2007/146968, WO Z009/018386, WO 2012/009544, WO
2013/070565), most of which use linker peptides either to fuse u further binding protein
(e.g., an scFv, VL, VH, erc)) to, or within the antibody core (IgA, IeD, IgE, IgG or
[eM), or to fuse multiple antibody binding portions (e.g.. two Fab fragments or scFvs).
Alternative formats use linker peptides to fuse a binding protein (e.g., an scFv, VL, VH,
etc.) to an a dimerization domain such as the CH2-CH3 Domain or alternative
polypeptides (WO 2005/070966, WO 2006/107786A WO 2006/107617A, WO
2007/046893). Typically, such approaches involve compromises and trade-offs. For
example, PCT Publications Nos. W0 2013/174873, WO 2011/133886 and WO

2010/136172 disclose that the use of linkers may cause problems in therapeutic seftings,

and teaches a trispecific antibody in which the CL and CH1 Domains are switched from
their respective natural positions and the VL and VH Domains have been diversified
(WO 2008/027236;, WO 2010/108127) to allow them to bind to more than one antigen.
Thuis, the molecules disclosed in these documents trude bmmding specificity for the
ability to bind additional antigen species. PCT Publications Nos, WO 2013/163427
and WO 2013/119903 disclose modifying the CH2 Dormain (o conlain a fusion prolein
adduct comprising a binding domain, The document notes that the CH2 Domain likely
plays only a minimal role in mediating effector function. PCT Publications Nos. WO
2010/028797, WOZ010028796 and WO 2010/028795 disclose recombinant antibodies
whose Fc Regions have been replaced with additional VL and VH Domains, so as to
form trivalent binding molecules,  PCT Publications MNos. WO 2003/025018 and
WO02003012069 disclose recombinant diabodies whose individual chains contam scFv
Domains, PCT Publications No. WO 2013/006544 discloses multivalent Fab
maolecules that are synthesized as a single polypeptide chain and then suljected to
proteolysis W yicld heterodimene struciures. Thus, the molecules disclosed in these
documents trade all or some of the capability of mediating effector function for the
ability 1o bind additional antigen specics. PCT Publications Nos. W 2014/022540,
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WO 2013/003652, WO 2012/162583, WO 2012/156430, WO 2011/086091, WO
2008/024188, WO 2007/024715, WO  2007/075270, WO 1998/002463, WO
1992/022583 and WO 1991/003493 disclose adding additional binding domains or
functional groups to an antibody or an anfibody portion (e.z., adding a diabody to the
antibody’s light chain, or adding additional VL and VH Domains to the antibody s light
and heavy chaing, or adding a heterologous fusion protein or chaining multiple Fab
Domaing to one another). Thus, the molecules disclosed in these documents trade

native antibody structure for the ability to bind additional antigen species.

10059] The art has additionally noted (he capability to produce diabodies that differ
from such natural antibodics in bemg capable of binding iwo or more different epitope
species (Z.e., cxhibiting bispecificity or multispecificity in addition to bivalency or
multivalency) (sce, e.g., Holliger ¢ al. (1993) *Dighodies’: Small Bivalent And
Bispecific Antibody Fragments,” Proc. Nall. Acad. Sei. (U.5.A)) 90:6444-6448; US
2004/0058400 (Hollinger ef al.); US 2004/0220388 (Mcertens er al); Alt et al. (1999)
FEBS Lett. 454(1-2):90-94; Lu, D. e/ al. (2005) “4 Fully Human Recombinant IzG-
Like Bispecific Antihody To Both The Epidermal Growth Factor Receptor And The
Insulin-Like Growth Fuactor Recepior For Fahanced Antitumor Activity,” 1. Biol
Chem. 280(20):19665-19672; WO 02/02781 (Mertens et al.); Olalsen, T. ef al. (2004)
“Covalent Disulfide-Linked Anti-CEA Diabody Allows Site-Specific Confugation And
Radiolabeling For Tumor Targeting Applications,” Protein Fng, Des, Sel. 17(1):21-27;
Wu, A. el al. (2001) “Multimerization Of A Chimeric Anti-CD20 Single Chain Fv-Fv
Fusion Protein Is Mediated Through Variable Domain Exchange,” Protein Engincering
14(2):1025-1033; Asano et al. (2004) “A Diabody For Cancer Immunotherapy And [ts
Functional Enhancement By Fusion Of Human Fe Domain,” Absiract 3P-683, 1.
Biochem. 76(8):992; Takemura, S. ef al. (2000) “Construction Of 4 Diabody (Small
Recombinant Bispecific Antihody) Using A Refolding Svstem,” Protem Eng. 13(8):583.
588; Bueuerle, P.A. ef al. (2009) “Bispecific T-Cell Engaging Antibodies For Cancer
Therapy,” Cancer Res. 69(12):4941-4944).

[0060] The design of a diabody 13 bascd on the antibody derivative known ag a
single-chain Variable Domain fragment (selfv). Such molecules are made by linking

Light and/ or Heavy chain Variable Domains by using a short linking peptide. Bird e/
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al. (1988) (“Single-Chain Antigen-Binding Proteins,” Science 242:423-426) describes
example of linking peptides which bridge approximately 3.5 am between the carboxy
terminus of one Variable Domain and the amino terminus of the other Variable Domain.
Linkers of other sequences have been designed and uscd (Bird er al. (1988) “Single-
Chain Antigen-Binding Proteins,” Science 242:423-426). Linkers can mn (urn be
modified for additional functions, such as attachment of drogs or attachment to solid
supports.  ‘The single-chain variants can be produced cither recombinantly or
synthetically. For synthetic production of scFv, an automated synthesizer can be used.
For recombinant production of scFv, a suitable plasmid containing polynucleotide ihat
encodes the scFv can be introduced into a suitable host ¢cell, cither cukaryotic, such as
yveast, plant, insect or mammalian cells, or prokaryotic, such as 72, 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,

[0061] The provision of non-monospecific diabodies provides a significant
advantage over antibodics, including but not limited to, the capacity to co-ligate and
co-localize cells that express different epitopes. Bispecific diabodies thus have wide-
ranging applications melnding therapy and immunodiagnosis, Bispecificity allows for
great flexibility m the design and engineering of the diabody in various applications,
providing cubanced avidity to multimeric antigens, the cross-linking of differing
antigens, and directled largeling to specific cell types relying on the presence of both
target antigens. Due to their increased valency, low dissociation rates and rapid
clearance {rom the circulation (for diabodies of small size, at or below ~50 kDa),
diabody molecules known in the art have also shown particular use in the field of tumor
maging (Filegerald er al (1997) “Improved Tumour fargeting By Disulphide

Stabilized Diabodies Expressed In Pichia pastoris,” Protein Tng, 10:1221),

10062] The bispecificity of diabodies has led to their use for co-ligating differing
cells, for example, the cross-linking of cytotoxic T-cells o tumor cells (Stacrz ef ol
(1985) “Hybrid Antibodies Can Target Sites For Attack By 1 Cells, " Nature 314:628-
631, and Iolliger ef al. (1996) “Specific Killing Of Lymphoma Cells By Cyvtotoxic 1-
Cells Mediated By A Bispecific Diabody, 7 Protein Fng. 9:299-305; Marvin ¢/ al. (2005)
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“Recombinant Approaches To IyG-Like Bispecific Antihodies,” Acta Pharmacol. Sin.
26:649-65%). Altematively, or additionally, bispeaific diabodics can be used Lo co-
ligate receptors on the surface of dilferent cells or on a single ccll. Co-ligation of
differemt cells and/or receplors 1s usclul o modulation clicclor functions and/or
immune cell signaling. Multispecific molecules (e g., bispecific diabodies) comprising
epitope binding domains may be directed to a surface determinant of any immune cell
such as B7-H3 (CD276), B7-H4 (VTCHN1), BTLA (CD272), CD3, CD¥, CDlo6, CD27,
CD32, CD40, CD40L, CD47, CDe4, CD70 (CD271.), CDEO (R7-1), CDE6 (B7-2),
(D94 (K1RDI1), CD137 (4-1BB), CD137L {4-1BBL), CD226, CTLA-4 (CD152),
Gulectin-9, GITR, GITRL, HHLAZ2, ICOS (CD278), ICOSIL (CD275), Kilicr
Activation Receptor (KIR), LAG-3 (CD223), LIGHT (TNFSF14, CD238), MHC class
I or 1T, NKG2a, NKG2d, OX40 (CD134), OX40L (CD134L), PD1H, PD-1 (CD279),
PD-L1 (B7-H1, CD274), PD-L2 (B7-CD, CD273), PVR (NECLS5, CD153), SIRI*s,
TCR, TIGIT, TIM-3 (HAVCR2), and/or VISTA (PD-1H), which arc cxpressed on T
lymphocytes, Natural Killer (NK) cells, Antigen-presenting ¢clls or other mononuclear
cell. In particular, epitope binding domains dirccted (o a cell surface receptor that is
involved in regulating an immune checkpoint (or the ligand thercol) are useful in the
generation of bispecific or multispecific binding molcecules which antagonize or block
the mhibitory signaling of immune checkpomi molccules and thereby stomulate,
upregulate or cnhance, immunce responses in a subject. Molecules involved in
regulating immune checkpoints include, bul arc not limited to B7-113, B7-114, BTLA,
CD40, CP40L, CD47, CD70, CHBRO, CDhie, CD%, CDI137, CDI137L, CD226, CTLA-
4, Galectin-9, GITR, GITRL, HHLA2, ICOS8, ICOSL, KIR, LLAG-3, LIGHT, MIC
class T or I, NKG2a, NKG2d, OX40, OX40L, PDIH, PD-1, PD-L1, PD-L2, PVER,
SIRPa, TCR, TIGIT, TIM-3 and/or VISTA.

[0063] However, the above advantages come at a salient ¢ost. The formation of
such non-monospecific diabodics requires the successful assembly of two or more
distinet and different polypeptides (Z.e., such [ormation requires that the diabodics be
formed through the heterodimerization of different polypeptide chain species). ‘This
fuct is In contrast to monospecific disnbodics, which are lormed through the
homodimerization of identical polypeptide chains. Becausc at lcast two dissimilar

polypeptides (e, two polypeptide specics) must be provided in order o [orm a non-
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monospecific disbody, and becanse homodimerization of such polypeptides leads to
mmactive molecules (Takemura, 5. et al. (2000) “Construction OF A Diabaody (Small
Recombinant Bispecific Antibody) Using A Refolding System.” Protein Eng. 13(8):583-
588), the production of such polypepltides must be accomplished m such a way as to
prevent covalent bonding between polypeptides of the same species (e, so as to
prevent homodimenzation) (Takemura, 5. e al. (2000) “Construction Qf A Diabody
(Small Recombinant Bispecific Antibody) Using A Refolding Svstem,” Protein Eng.
13(8):583-588). The arl has therelore {aught the non-covalent association of such
polypeptides (see, e.g., Olafsen er al. (2004) “Covalent Disulfide-Linked Anti-CEA
Diabady Allows Site-Specific Conjugation And Radiolabeling For Twmor Targeting
Applications,” Prot. Engr. Des. Scl. 17:21-27; Asano et al. (2004) “4 Diabody For
Cancer Immunotherapy And Its Functional Enhancement By Fusion Of [Tuman Fc
Daomain,” Abstract 3P-683, J. Biochem. 76(8):992; Takemura, 5. er gl (2000)
“Construction Of A Diabody (Small Recombinant Bispecific Antibody) Using A
Refolding System,” Protein Eng. 13(8):583-588; Lu, D. et al. (2005) “4 Fully Human
Recombinant [gG-Like Bispecific Antibody To Both The Epidermal Growth Factor
Receptor And The Insulin-Like Growth Factor Receptor For Enhanced Antitumor

Aetiviey,” ). Biol. Chem. 280(20):19665-19672).

[0064] FHowever, the art has recognized that bispecific diabodies composed of non-
covalently associated polypeptides are unstable and readily dissociate into non-
functional monomers (see, e.g., Lu, D. ez al. (2003) “A Fully Human Recombinant 1g(i-
Like Rispecific Antibody To Both The Epidermal Growth Factor Receptor And The
Insulin-Like Growth Fuactor Receptor For Enhanced Antitumor Activity,” 1. Biol,
Chem. 280(20):19665-19672).

[0065] In the face of this challenge, the art has succeeded in developing stable,
covalently bonded heterodimeric non-monospecific diabodies, termed DART® (Dual
Affinity Re-Targeting Reagents) diabodics, sce, eg., United Statcs Patent
Publications No. 2013-0295121; 2010-0174053 and 2009-0060910; European Patent
Publication No. EP 2714079, EP 2601216, EP 2376109; ILP 2158221 and PCT
Publications No. WO 2012/162068; WO 2012/018687; W 2010/080538; and Moore,
P A eral (2011) “dpplication QF Dual Affinity Retargeting Molecules To Achieve
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Optimal Redirected T-Cell Killing Of B-Cell Lymphoma,” Blood 117(17):4542-4551;

Veri, M.C. et al. (2010) “Therapeutic Control Of 8 Cell Acrivarion Via Recruitment Of

Fegammea Receptor IIb (CD32B) Inhibitory Function With A Novel Bispecific Antibody
Seqffold,” Arthritis Rheum. 62(7):1933-1943; Johnson, $. er af. (2010) “Fffecror Cell
Recruitment With Novel Fv-Based Dual-Affinity Re-Targering Protein Leads To Potent
Tumor Cylolysis And in vive B-Cell Depletion,” ). Mol, Biol, 399(3):436-449), Such
diabodics comprise two or more covalently complexed polypeptides and involve
engineering onc or more cysteme residues into esch of the employed polypeptide
specics that permit disulfide bonds to form and thereby covalently bond two
polypeptlide chains., For example, the addition of a cysteine residuc to the Celorminus
of such construcis has been shown to allow disulfide bonding between the polypeptide
chains, stabilizing the resulting heterodimer without interfering with the binding

characieristics of the bivalent molecule.

10066] Fach of the two polypeplides of the simplest bispecific DART® disgbody
comprises three domains, The first polypeplide comprises (in the N-terminal to C-
terminal direction): (i) a First Domain that compriscs a binding region of a Light Chain
Variable Domain of a first immunoglobulin (VL1}, (i) a Second Domain that comprises
a binding region of a2 Heavy Chain Variable Domain of a second immunoglobulin
(VHZ), and (iii) a Third Domain that contains a cysteine residue (or a cysteine-
containing domain) and a Tleterodimer-Promoting Domain that serves to promote
heterodimerization with the second polypeptide of the diabody and to covalently bond
the diabody’s first and sccond polypeptides to one another. The second polypeptide
contains (in the N-terminal to C-terminal dircction): (1) a First Domain that comprises
a binding region of a Light Chain Variable Domam of the second immunoglobulin
(VL.2), (i1} a Second Domain that compriscs a binding region of a Heavy Chain Variable
Domain of the firsl immmunoglobulin (VHI), and (iil) a Third Domain that contains a
cysteine residue (or a cyslcine-containing domain) anda complementary
Heterodimerization-Promoting Domuin that complexes with the Heterodimerization-
Promoting Domain of the first polypeptide chain in order (o promote heterodimenzation
with the first polypeptide chain. The cysteine residue {or & cysteine-containing domain)
of the third domain of the second polypeptide chain serves to promote the covalent

bonding ol the sccond polypeptide chain to the first polypeptide chain of the diabody.
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Such molecules are stable, potent and have the ability to simultancously bind two or
moreg antigens. In one embodiment, the Third Domains of the first and second
polypeptides each contain a cysteine residue, which serves to bind the polypeptides
together via a disulfide bond. Figure 1 provides a schematic of such a diabody, which
utilizes Ti-coil/K-~coil heterodimerization domains and a cysteine containing linker for
covalent bonding., As provided in Figures 2-3, f one or both of the polypeptides may
additionally possesses the sequence of a CH2-CHJ Domain, such that complexing
between the two diabody polypeptides forms an Fe Region that is capable of binding to
the F¢ receptor of cells (such as B lymphocytes, dendritic cells, natural killer cells,
macrophages, neutrophits, eosinophils, basophils and mast cells). As provided in more
detail below, the CH2 and/or CH3 Domains of such polypeptide chains need not be
identical in sequence, and advantageously are modified to foster complexing between

the two polypeptide chains,

[0067] Many variations of such molecules have been described (see, eg., United
States Patent Publications No. 2013-0295121; 2010-0174053 and 2009-0060910;
European Patent Publication No. EP 2714079; EP 2601216; EP 2376109; EP 2158221
and PCT Publcations No. WO 2012/162068, WO 2012/018687, WO 2010/080538).
These Fc Region-containing DART® dizbodics may comprisc iwo pairs of polypeptide
chains. The first polypeptide chamm compriscs (in the N-terminal to C-terminal
direction): (1) a First Domain that comprises a binding region of a Light Chain Variable
Domain of a first immunoglobulin (VL1), (ii) 2 Second Domain that comprises a
binding region of & Heavy Chain Variable Domain of a second inmmunoglobulin (VI2),
(1i1) # Third Domain that contains a cysteine residuc (or a eysteinc-containing domain)
and a serves to promote heterodimerization with the second polypeplide of the diabody
and to covalently bond the diabody’s [irst and sccond polypeptides to one another, and
{iv) a CH2-CH3 Domain. The second polypeptide contains (in the N-terrmnal to C-
terminal direction): (1) a First Domain that compriscs a binding region ol a Light Chain
Variable Domain of the second immunoglobulin (VL2), (i) a Second Dornain ihat
comprises a binding region of a Heavy Chain Variable Domain of the first
immunoglobulin (VHT), and (iii) ) a Third Domain that contains a cysteine residuc (or
a cysteing-containing domain) and a Heterodimerization-Promoting Domain that

promotes heterodimerization with the first polypeptide chain,  Here two first
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polypeptides complex with each other to form an F¢ Region, Figures 3A-3C provide
schematics of three variations of such diabodies utilizing different Heterodimer-
Promoting Domains. Other Fe-Region-containing DART® diabodies may comprise
three polypeptide chains. ‘The first polypeptide of such DART® diabodies contains
three domaing: (i) a VI 1-containing Domain, (ii) a VHZ-containing Domain and (iii) a
Domain containing a CH2-CH3 sequence. The second polypeptide of such DART®
diabodies contains: (i) a VL2-containing Domain, (it) a VH1-containing Domain and
(ii1) a Domain that promotes heterodimerization and covalent bonding with the
diabody’s first polypeptide chain, The third polypeptide of such DART® diabodies
comprises a CH2-CH3 sequence. Thus, the first and second polypeptide chains of such
DARTW diabodies associate together to form a VL1/VH] binding site that is capable
of binding to the epitope, as well as a VL2/VH?2 binding site that is capable of binding
to the second epitope. Such more complex DART™ molecules also possess cysteing-
containing domains which function to form a covalently bonded complex, Thus, the
first and second polypeptides are bonded to one another through a disulfide bond
involving cysteine residues in their respective Third Domains. Notably, the first and
third polypeptide chains complex with one another to form an Fe Region that is
stabilized via a disulfide bond. Figures 4A-4B provide schematics of such diabodies

comprising three polypeptide chains.

[0068] Altemative constructs are known m the art for applications where a
tetravalent molccule is desirable but an Fe 1s not required including, but not limited to,
tetravalent tandem antibodies, also referred to as “TandAbs” (sce, e.g. United Stalcs
Patent Publications Nos. 2005-0079170, 2007-0031436, 2010-0099853, 2011-020667
2013-0189263; European Patent Publication Nos. EP 1078004, EP 2371866, EP
2361936 and EP 1293514, PCT DPublications Nos. WO 1999/057150, WO
2003/025018, and W 2013/013700) which are formed by the homo-dimenzation of
two identical chains each possessing a VHI1, VL2, VH2, and VL2 Domain.

IV, The Anti-Human LAG-3-Binding Moelecules of the Present Invention

[0069] The preferred LAG-3-binding molecules of the present invention include

antibodies, diabodies, BiTEs, erc. are capable of binding to a continuous or

discontinuous (e, conformational) portion (epitope) of human T.AG-3. The T.AG-3-
-33 .
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binding molecules of the present invention will preferably also exhibit the ability to

bind to LAG-3 molecules of one or more non-human speeics, in particular, primatc
species (and especially a primate species, such as cynomolzus monkey). Human LAG-
3 (NCBI Sequence NP 002277 4; including a 22 amino acid residuc signal scquence
(shown underlined) and the 503 amino acid residuc mature protein) has the amno acid

sequence (SEQ ID NO:1):

MWEAQFLGLL

FLOPLWVAEPV

CDLELLRERAG
VILSVEPGGELR
VHLEDEATEC
HWEFRNRGOGR
VEIMYNLTVL
PGGEPDLIVT
ITVIFPRELGES
QEAQLLSQPW
LLFLITLGVILS
LELEQLPLEPIE

VTWOHEQPDSE
BGRLELOBREY
RLRELRLGOAS
VPVRRESPHHH
GLEPETPLTV
GDNGDFTTLRL
PGS LOKLLCHE
QUOLYQGERL
LLLLVTGAFG
WPEPEPEPEDR

RPLOFGAEVE
PRAAAPGIEL
QOLDERGRORG
MTASPPGSTR
LAESELELEQ
YAGAGSRVGT,
EDVSOQAOAGT
VIPVSGQERE
LGAAVYETEL
PHLWRROWRE
EPEQL

VVWAQEGAFPA
APGPIEPARAPS
DESLWLETAR
ASTWVTINCS
VEPMDECPWG
FORT.PAGYVET
YUCLLILMG
VWESLDTESO
SEPGAOREGR
ERYSALEOGT

OTLPCSPTIRL
SWGEPRIPREYT
FADAGEYRAA
FSREDREFPASY
CLILTYRDGEN
REFLTARWLE
QLNATVTLAT
REFSGPWLEA
APGALPACGILL
HPPQAQSKIE

[0070}] In certain embodiments the anti-human LAG-3-binding molecules of the

mvention are characterized by any (one or more) of the following criteria:
(1) specifically binds human LAG-3 as endogenously expressed on the
surface of a stimulated human T-celi;
2y specifically binds human 1LAG-3 with an equilibrium binding constant
(Kp) of 40 nM or less;
(3) specifically binds human [LAG-3 with an equilibrium binding constant

(Kon) of 0.5 nM or less;

(4 specifically binds non-human primate LAG-3 (e.g., LAG-3 of
cynomolgus monkey);

(5) inhibits (i.¢., blocks or interfcres with) the binding ol LAG-3 to MHC
class 11

(6) stimulates an immune response;

(7) stimulates antigen specific T-cell responsc as a single agent;

(8) synergizes with an anti-PD-1 antibody to stimulale an antigen specific

T-cell response;
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(9 binds the same epitope of LAG-3 as the anti-LAG-3 antibody LAG-3
mAb | or T.LAG-3 mAb 6 and/or

(10y  does not compete with the anti-LAG-3 antibody 257F (BMS 986016,
Medarex/IIMS) tor 1.AG-3 binding (e.g., as measured by Bilacore
Analysis).

[0071] As used here the term “antigen specific T-ccll response™ relers to responses
by a 'I'-cell that result from stimulation of the T-cell with the anligen for which the T-
cell iy specific. Non-limiting examples of responses by a T-cell upon antigen specilic
stimulation include proliferation and cytokine production (e.g., TINF-o, IFN-y
production). The ability of a molecule to stimulate an antigen specilic T-cell response
may be determined, for example, using the Staphylococcus aurews Enterotoxin type B

antigen (SEB)-stimulated PBMC assay described hergin,

[0072] The preferred anti-human LAG-3-binding molecules of (he present
invention possess the VH and/or VL Domains of murine anti-human LAG-3
monoclonal antibodies “LAG-3 mAb 1.” “LAG-3 mAbDb 2,” “LAG-3 mAb 3,7 “T.AG-
3mAb 4,7 “LAG-3 mAb 5,” and/or “LAG-3 mAb 6" and more preferably possess 1,
2 or all 3 of the CDRys of the VH Domain and/or 1, 2 or ali 3 of the CDRi1s of the VL
Domain of such anti-human LAG-3 monoclonal antibodies. Such preferred anti-human
LAG-3-binding molecules include bispecific (or multispecific) antibodies, chimeric or
humanized antibodics, BiTes, diabodies, efc, and such binding molecules having

variant Fo Regions.,

[0073] The invention particularly relates to LAG-3-binding molecules comprising
a I.LAG-3 binding domain that possess:
Ay (D the (hree CDRgas of the VH Domain of the anti-human LAG-3
antibody I.AG-3 mAb [;
{(2) the three CDRyrs of the VL Domain of the anti-human [LAG-3
antibody LAG-3 mAb 1;
(3 the three CDRus of the VH Dornain of the anti-human LAG-3
antibody LAG-3 mAb 1| and the theee CDRrs of the VL Domain
of the anti-human LAG-3 antibody 1.LAG-3 mAb 1;
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the VI Domain of (he anti-human LAG-3 antibody LAG-3 mAb
1;

the VL Domain of the anti-human LAG-3 antibody LAG-3 mAD
1;

the VI1 and VL Domains of the anti-human LAG-3 antibody
LAG-3 mADb 1;

the three CDRas of the VH Domain of the anti-human LLAG-3
antibody LAG-3 mAD 2;

the three CDRLs of the VL Domain of the anti-human [.LAG-3
antibody LAG-3 mAb 2;

the three CDRus of the VH Domain of the anti-human LAG-3
antibody LAG-3 mAb 2 and the three CDRus of the VL Domain,
of the anti-human ILAG-3 antibody LAG-3 mAb 2;

the VH Domain of the anti-human LAG-3 antibody LAG-3 mADb

=

2

the VH and VI, Domains of the anti-human LAG-3 antibody
LAG-3 mAb 2;

the three CDRus of the VEH Domain of the anti-human LAG-3
antibody LAG-3 mAb 3;

the three CDRi1s ol the VL Domain of the anti-human 1.AG-3
antibody LAG-3 mAb 3;

the three CDR#us of the VH Domain of the anti-human 1.AG-3
antibody LAG-3 mAb 3 and the three CDRes of the VL Domain
of the anti-human LAG-3 antibody LLAG-3 mAb 3;

the VH Domain of the anti-human LAG-3 antibody LAG-3 mADb
3

the VL Domain of the anti-human LAG-3 antibody LAG-3 mAb
33

the VIT and VL Domains of the anti-human LAG-3 antibody
LAG-3 mAbDR 3;
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the three CDRas of the VI Domain of the anti-human LAG-3
antibody 1LAG-3 mADb 4;

the three CDRLs of the VL Domain of the anti-human LAG-3
antibody LAG-3 mAb 4;

the three CDRaus of the VI Domain of the anti-human TAG-3
antibody 1.AG-3 mADb 4 and the three CDRys of the VL Domain
of the anti-human LAG-3 antibody LAG-3 mAb 4;

the VH Domain of the anti-hurman LAG-3 antibody 1.AG-3 mAb
4

the V1. Domain of the anti-human EAG-3 antibody LAG-3 mAb
4;

the VH and VL Domains of the anti-human LAG-3 anitbody
LLAG-3 mAD 4,

the three CIDRus of the VH Domain of the anti-human LAG-3
antibody [LAG-3 mAb 5;

the three CDRLs of the VL Domain of the anti-human LAG-3
antibody T.AG-3 mAD 5;

the three CDRus of the VH Domain of the anti-human LAG-3
antibody [.AG-3 mAb 5 and the three CDRrs of the VL Domain
of the anti-human LAG-3 antibody LAG-3 mAb 3;

the VH Domain of the anti-human LAG-3 antibody 1.AG-3 mADb
55

the VI Domain of the anti-human LAG-3 antibody LAG-3 mAb
33

the VIT and VL Domains of the anti-human TAG-3 antibody
LAG-3 mAb §5;

the three CDRus of the VH Domain of the amti-human 1.AG-3
antibody LAG-3 mAb 6;

the three CDRes of the VL Domain of the anti-human T.AG-3

antibody LAG-3 mAb 6;
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(3) the three CDRas of the VH Domain of the anti-human LAG-3
antibody LLAG-3 mAb 6 and the three CDRrs of the VI, Domain
of the anti-human LAG-3 antibody LAG-3 mADb 6;

{4) the VH Domain of the anti-human I.AG-3 antibody 1.AG-3 mAb
6;

(5) the VL. Domain of the anti-human LLAG-3 antibody LAG-3 mAb
6;

(6) the VH and VL Domains of the anti-human LAG-3 antibody
LAG-3 mAD 6,

(Gy (1)  the three CDRLs of the VI. Domain of the anti-human LAG-3
antibody hLAG-3 mADb 1 V1.4,

(2)  the three CDRus of the VH Domain of the anti-human LAG-3
antibody TAG-3 mAb 1 and the three CDRs ol the VL Domain
of the anti-human LLAG-3 antibody hlLAG-3 mAb 1 VL4,

or
that binds the same epitope as LAG-3 mADb 1, LAG-3 mAb 2, LAG-3 mAb 3, LAG-3
mADb 4, LAG-3 mAb 5 or LAG-3 mAb 6,

A The Anti-Human LAG-3 Anlibody LAG-3 mAb 1
1. Murine Anti-Human Antibody LAG-3 mAb 1

[0074] The amino acid sequence of the VH Domain of LAG-3 mAb 1 (SEQ ID
NO:2) is shown below (CDRu residues are shown underlined).
QLOLVOSGPE LERKPCLEIVEL SBCRASCYTFR NYGMNWVKQA PGEVLEWMGW
INTYTGESTY ADDFEGRDTAF STGETSASTAY LOINILENED TATYECARES
LYDYYSMDYW GOGTSYVIVES

CDEnl ol LAG-3 mAb 1 (SEQ ID NO:4): YTERNYGMN

CDR#2 of LAG-3 mAb 1 (SEQ ID NO:5): WINTYTGESTYADDFEG

CDR#3 of LAG-3 mAb 1 (SEQ 1D NO:6):  ESLYDYYSMDY

[0075] An cacmplary polynucleotide that encodes the VH Domain of LAG-3 mADb
1 is SEQ ID NO:3 (nucleotides encoding the CDRy residues are shown underlined):

crgatcecagt tggtgoagtoc tggacctagayg ctgaagaadgoe chgdgagagac

w 38 .
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aactatggaa

coaggasngyg
gtcaacatat

LlLitasagtg
getgatgact

gatggactgg
tegagggacy

gtthtgootto
acatcctoan
ctctatgatt

Lotttgoggaa
gastagangac
actattctat

cotctagocag
goggotacat
ggactactgg

cgtoetoctoa

cactgootat
atttotagtge
JortCasaggaa

NO:7) 14 shown below (CDRy. residues are shown underlined):

ttgcaygatea

aadgagaates

Totcagtaoac

The amino acid sequence of the VL Domain of LAG-3 mAb 1 (8EQ 1D

DVVVTQIELT LSVTTGOPAS TECESSQSLL, HEDGKTYLHNW I, LORFGQSPR
BELIYLVSELD SCOVEPDRETGEE GSCYDMTLKL SRVEARDLGY YYCWQGTHEER

YTFGGGTKLE IK ,
CDRL] of LAG-3 mADb 1 (SEQ 1D NO:9): KSSQSLLHSDGKTYLN |
CDRL2 of LAG-3 mAbL 1 (SEQ ID NO:10): LVSELDS

CDR13 of 1LAG-3 mAb 1 (SEQ 1D NO:11): WQGTHFPYT

[0077] An exemplary polynucleotide that encodes the VL Domain of LAG-3 mAb

115 SEQ ID NO:8 (nucleotides encoding the CDIY. residues are shown underlined): |

gatgttgtgyg
accagootaa
gaaagacata

tgacccagac
atctottgoa

toccactecact
agtcaagtca

ttgteggtta
gggcctctta

coattggaca
catagtgatg

tEtgas L Lgg

cgoectaatoet
cECcLggoagl
aggolgagga
tacacgttcyg

atetggtgte

LLglLlLacaga
tgaactggac

goccaggooa
tc t(:j' gady too

LiLgggagllL
gadadyggdac

cagal.Llcac
Lailallgct

aclgaagaalc
ggcaaggtac

glolcoagag
ctgacaggtt
agcagaglgyg
acattttecg

candotgdgan

ataaaa

2. Humanization of the Anti-lluman LAG-3 Antibody
LAG-3 mAD 1 to Form “hLAG-3 mAb 17

[0G78) The above-described murine anti-human LAG-3 antibody LAG-3mAb 1
wis humanized in order to demonstrate the capability of humanizing an anti-human
LAG-3 antibody so as to decrease 1ts antigenicily upon administration to & human
recipient, The humanization viclded two humanized VIT Domaing, designated herein :
a4 “hLAG-3 mAb | VH-1," and “hLAG-3 mAb 1 VH-2,” and four humanized VL
Domains designated hergin as “hLACG-3 mAb 1 VL-1,” “hLAG-3 mAb 1 VL-27
“hLAG-3 mAb 1 VL-3.” and “hLAG-3 mAb 1 VL-4.” Any of the humamzed VL

Domains may be paired with the humanized VH Donmuains. Accordingly, any antibody
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comprising one of the humanized VL Domuins paired with the humanized VH Domain
is reforred lo generically as “hLAG-3 mAb 1,7 and particular combinations of
humanized VH/VL Domains are relerred to by refercnce to the specific VH/VL
Domains, for example a humanized antibody comprising hLAG-3 mAb 1 VH-1 and

hL.AG-3 mAb 1 VL-2 is specifically referred to as “hLAG-3 mAb 1(1.2).”

10679} The amino acid sequence of the VH Domain of h1.AG-3 mAb 1 VH-1

(SEQ 1D NO:92) is shown below (CDRy residucs are show underlined):

SUKASCYTET NYGMNWVEOA EGOGLEWMGW
SMDTSASTAY LOTS3LKAED TAVYYCARES

OVOTVQSGAR VEEEGASVEV
INTYTGESTY ADDFEGREVL
LYDYYSMDYW GQGTTIVIVSS

[0080] An cxemplary polynucleotide that encodes hLAG-3 mAb 1 VH-1 is SEQ

ID NO:93 (nucleotides encoding the C'DRu residues are shown underlined):

cagghguaan
cgtgasaqld
tgaactgggt
atcaatactt

tggttoaate aguyedocgay
tootagtaagy catcbgggta

glgangaago
tacgttcaca

otggogacta
aattatggta

gogacagygca coagaggnadyg
atacaggega Eagtacttat

gactggaaly
gctgacgatt

galggaatgg
tegagggeay

attlhgtaeltc
glhitctatoas
ttgtatgact

roootggaca ccagogaltag
JQogQaggac goagotgttt
actatagcat ggattactgd

agtgagtitoc

tacecgottal
attattgtge
goacaaggta

ctocagatta

cogogagagt

cancogtygac

jO081] the VH Domain of hLAG-3 mAb 1 VH-2

(SEQ ID NO:94) 15 shown below (CDRH residues arc shown underlined):

OVQLVOSGAE VEKPGASVKYV SCKASGYTET NYGMNWVROQA PGOGLEWMGHW
INTYTGESTY ADDFEGREVI SMDTSASTAY TLOISSLEALRD TAVYECARES
LYDYYSMDYW CQGTIVIVIES

The amino acid sequence of

f0082]

ID NO:95 (nucleotides encoding the CIDRi residucs are shown underlined):

An exemplary polynucleotide that encodes hLAG-3 mAb 1 VH-2 is SEQ

caggtgcaac Lggtteaatd cggoguogadg gtgaasanga ctggogoesta

catguaagty

tgaactggqgt
atcaatactt

Loctgbangg caboctgggta

tacgttcaca

aattatggta

gogacaggoa caagggeaqd
atacaggoga gagtacttat

gactggaatyg
gctgacgatt

gatgaggtgg
toegagggead

abttgltotte
git.toctaolbcaa
ttgtatgact

toccabggaca coagogotag
QgoggAaggac acagotgttt
actatagcat ggattactog

agbgagttloo

- 40 -

tacogothat
atttoetgtya
ggacaaggta

Curpy provided by TSPLO from the TFW Image Databuge on 01-12-2018

chtooagatta

ccgcgagagt

CchRaccgtJgac




[0083]

ID NO:96) is shown below (CDRL residues are shown underlined):

[0084]

ID NO:97 (nucleotides encoding the CDRL residues are shown underlined):

[0085]

1D NO:98) is shown below (CDRL residues are shown underlined):

[0086]

0087}

[0088]

1D NO:101 (nuclsotides encoding the CDRyr. residucs are shown underlined):

DIVMTQTLCLS

RLIYLVSELD S

YPRGOGIRVLE

galatoglila
gooogoetagt
gaaagaccta
agallgatal
ctoagogtod
Aggoodgadgga
tatacattty

LEVIFGOPAS
SGVPDRFIGS
LK

tgactcagac
attLcolgla
tLtgaactag
acotoghitic
gquotatggaga
cgtcggggtt
JOUUagaOCac

13oL.mzazie

The amino acid sequence of the VL. Bomain of hLAG-3 mAbDb | VL-1 (8EQ

15CKSSQSLL HSDGKTYLNW LLOKPGOSFE

GEGTDEFTLET

accactgtca
aalcalocoa
cttotgcaga
agaactogac
clhgallllao
tactactgtt
gasaglggayg

SREVEAEDVGY

ctgagtgtga
glLoeotooty
HACCagECCs
agtggagtgc
Loboaagalo
rreagaggtac
dlLlaaa

YYCWQGTHER

An exemplary polynucleotide that encodes hLAG-3 mAb 1 VL-1 15 SEQ

cococcaggtoa
catagogaty
dagtecagay
cogatocgott
Lcaagaqlgg
coAacttooot

The amino acid sequence of the VL Domain of hLAG-3 mAb 1 VL-2 (SEQ

DIVMTOQTPLS LSVIPGQRPAS LSCRSSQSLL HSDGRTYLNW LLORPGOSPE

RLIYLVSELD

YTHGOOLEY

gatatoghbia
gooogaelaghi
gaaagaccta

SGVEDRFSGE
L

Lgaclcagac

alLlllicoctgta

GEGTRDETLET

accactgtoa
aatcatccca

SEVEAEDVGY

ctgagtgtga
gtecectcetyg

TYCWQETHEPR

An cxemplary polynucleotide that encodes hLAG-3 mAb 1 VL-2 is SEQ

ID NO:99 (nucleotides encoding the CDRL residues are shown undcerlined):

cooccaggtas
catagcgatg

tttgaactgy

agallgatot
ctoagggtoa
aggcogaggs
tatacatttyg

acctegtttc

cttotgcags
agaactcgac

agtagagagtyo

ggctatggga
cologgoght

ctgattttac

tetoargatc

tactactgtt ggecagggtac

aaaaglggay

aagtocadgay
Cogatogalt.
Lcaagaglgg
ceacttecet

attaaz

The amino acid sequence of the VI Domain of hLAG-3 mAb 1 VL-3 (5EQ

1D NO:100) is shown below (CDRL residucs arc shown underlined):

DIVMUIQOIPLE LEVIPGOPAS TECESSQSLL HESDGETYLNW LLOKPGQPEE

RLLIYLVSELD

YTI'CCCTEVE

SCVPDRFSGS
IR

GSGTRDFTLET

-4] -

SRVEAEDVGEV

Copy provided by USFIO from the IFW Image Database on 01-12-2018

YYCWQGETHEER

An cxcmplary polynucleotide that encodes hLAG-3 mAb 1 VLE-3 13 SEQ




[0089]

[0090]
ID NO:103 (nuclcotides encoding the CDRy. residues are shown underlined):

gatataegi.la
gooogelagt
gaaagaccta

Lgacloagac
atLicclgla

accaclhghbcs
aatcatccca

ctgagtagtga
gteecteotyg

130100211

coocaggtea
catagegatg

tttgaactgy

agallgalcot
actaagggtoa
ACIOOgAgTA
tatacat LLyg

acetegttte

cttoctgocaga
agaacktegac

anccaggoca
agtagagtygc

gogototgdga
cgtoggggth
gCggaggoac

ctgattttac
tactactglt

totcaagala
gacagggtac

ocogooagay
cogatogott
Leaagaglgyg
ceacttooct

attaaa

The amino acid sequence of the VL Domain of hLAG-3 mAb 1 VL-4 (SEQ
ID NO:102) 15 shown below (CDIL residues are shown underlined):

RIVMTQTPLS LIVITPGQPAS ISCESSESLL HSDAKTYLNW LLOKPUOGPFPE
CHCTDEFTLRKY SEVEAEDVGEV YYCWQGTHFER

RLIYLVSELD

YTFGGGTKVE

gatatogtta
gooogotadgt
caaagaccta

SCVEDRYBCS
1K

tgactoagac
atttcocctgta

nocactgtoa
aatcatccca

ctgagtgtga
gtccctoctg

An cxcemplary polynucleotide that encodes hBLAG-3 mAb | VI-4 is SEQ

cocococaggloa
catagogatyg

tttgaactgg

agallgatc
ctoagggton
aggocgagga
tatacattiyg

acetegttte

cttotgcaga
agaactcgac

RACCAGYTTA
agtaggagtgc

Jootatggga
cgrtogdgggtt
gegUAagIoET

ctgattltlac
tactactgtht

qgcagggtac

accgocagayg
cogatcgoctt

ccacticeoct

aaaagtagyag

attaaa

{0091] The CDRL1 of the VL Domain of hLAG-3 mAb 1 VL4 comprises an

glycine to alanine amino acid substitution and has the amino acid sequence:
KSSQSLLHSDAKTYLN (SEQ 1D NO:104), the substituted alanine is shown
underlined). Ttis contemplated that a similar subsiitution may be incorporated inlo any

of the LAG-3 mADb 1 CDR:.1 Domains described above.

B. The Anti-Human LAG-3 Antibody LAG-3 mAb 2

{0092] The amino acid scquence of the VH Pomain of LAG-3 mAb 2 (SEQ 1D
NO:12) is shown below (CDR residues are shown underlined):
EVOLOGSGEPRE TVEPGASVHET SCETSGYTET DYNTHWTRQS RGRITEWITGY
IYPYSGDIGY NQEFENEATL TVDNS55TAY MDLRELTSED SAVIYCARWH
BNYFGPWFAY WCOGTPVTVI A

CDRy1 of LAG-3 mAD 2 (SKQ 1D NO: 14): YTFTDYNIH

_42
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1301.0121P
VH CDEn2 of TAG-3 mADb 2 (SEQ ID NO:15): YIYPYSGCDIGYNQKFKN

VH CDE3 of LAG-3 mADb 2 (SEQ ID N(:16): WHENYFGPWEAY

[0093]

28 SEQ 1D NO:13 (nucleotides encoding the CDR# residucs are shown underlined):

An exemplary polynucleotide that encodes the VH Domain of LAG-3 mAb

[0094]

[0095]
2 is SEQ 1D NO:18 (nucleotides encoding the CDR1. residucs arc shown underlined):

gagglccage
agtgasgalt
tacactggtt
atttatcctt

ttoagoagto
Lootgoaaga
RO CAGTags
acagtggtga

aggacctgag
cttctggata

ctagugtagaaac
cacatttact

ctaggagagecto
gactacaaca

calggagaga
tattggatac

geottgagtyg
aaccagaagt

gattggatat
Ltcaagaacay

ggocacattbyg
goagoctgac
gggaactact

actogtagaoea
atotgaagac
ttggccccotg

attocchaotag
totgoagtot
gtttgettac

cactgtotct

goa

cacagoolac
LLilacLglgc
tggggccaag

altggatLoLeg

azgatggeac

ggactocggt

The amino acid sequence of the VL Domain ol LAG-3 mAb 2 (SEQ ID

NO:;17) is shown below (CDR:, restdues arc shown underlined):

DIVLTQSPAS TAVST.GORAT ISCKASQSVD YDGESYMNWY QOKPGOTRTEHL
T.TYVVSNLES GIPARFSGSCG SCGULDITLNILL PVEEEDAATY YCQOSSEDPL
TEGAGTRIET. K

CDRrl of LAG-3 mADb 2 (SEQ ID NO:19): KASQSVDYDGESYMN
CDR:2 of LAG-3 mADb 2 (SEQ 1D NO:20): VVSNLES

CDR:3 ol LAG-3 mAb 2 (SEQ ID NO:21): QOSSEDPLT

gacatlgtgae
Jagggooanc
aaagttatat

Lgacooaata

atotcoctgea

toccagottot
aggccageca

ttygotgtgt
aagtgttgat

An exemplary polynucleotide that encodes the VL Domain of LAG-3 mAD

crtotagggod
tatgatggtg

gaactggtac

ctocatttatg

ttgtatccaa

Caactoagadan

tetagaatet

tggeagtggy
aggagqatqc
acqtthqtq

C.

totgguacadg
tgcaacctat
cLgggaccaa

aotbocacoot
tactgtecage

caggacagoaa
ggoa LoCCag
caacatocat
aaagtagtga

acocaaacta
ceagghttag
cotgtagagg
ggatccgete

gotggagotg

The Anti-ITuman LAG-3 Antibody LAG-3 mAb 3

[0096]

NO:52) 15 shown below (CDR residucs arc shown underlined):

The amino acid sequence of the VH Domain of LAG-3 mAb 3 (SEQ TD

EVRLOQCEGPE LVKEPGAEVEI SCKASGYTET DYNTHWVROS HGOSLEWIGT

“43 .
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[0097]
3 is SEQ 1D NO:53 (nucleotides encoding the CDRy residues are shown underlined):

[0098]

N 57) is shown below (CDR1 residucs are shown underlined):

[0099]

3 is SEQ ID NO:58 (nucleotides cncoding the CDRu residues are shown undertined):

IYPYNGDTGY NOKFRTKATL TVDNSSNTAY MELRSLASED SAVYYCOTREWS

RNYFGPWEFAY WOOCLTLVEVE A

CDRul of LAG-3 mAb 3 (SEQ ID NO:54):

CDRu2 of LAG-3 mAb 3 (SEQ ID NO:55);

CDE3 of LAG-3 mADb 3 (SEQ 1D NO:56):

gagglcoggo
aglgaagala
ttcactggyt
atttatcctt

Licagoagto
LoclLgocaagy
qaggoagags
ataatggtga

AggaCotagag
cttectggata

TFTDHDYNTH

ctaggtgaaac
cacattcact

1301.0121P

YTYPYNGDTGYNQEFKT

WSENYFGPWEFAY

chtoggggaata
gactacaaca

catggacaga
tactggetac

gootigaglg
aaccagaagt

gattggatat
tcaagaccaa

ggocacattg
goagootggo
aggaactact

actgtagaca
atotgaagac

altibcoloocaa
Lobgoaglat

cacbgtoetet

DIVLTQSPTS

TEGAGTRLEL

ttggocccety gtttgettac

goa

CRCAGgoCtac
attactagtac
tggggccaayg

atggaactaoc

aagatggage
ggactatggl

The amino acid scquence of the VL Domain of LAG-3 mADb 3 (SEQ ID

LAVSLGORAT LS5CRASQSVD ¥YDEDSYMNWY QOUEPGOTPIEL
LIYVAASNLES GTPARPSGESG SGTDETLNIH FVLRLREDAATY YCQQSSEDEL

I8

CDR.L] of LAG-3 mAb 3 (SEQ ID NO:59):

CDR;2 of LAG-3 mAb 3 (SEQ ID NO:60):

CDR:3 of T.AG-3 mADb 3 (SEQ ID NO:61):

gqacattgtygo
FJagIICaanc
atagttatat

tgacoccaatao
atcteolgca

toccaacttot
aggcocageca

KASQSVDYDCEDSYMN

AASNLES

QQSSEDPLT

ttggotgtgt
aagtgttgat

An exemplary polyrnucleotide that encodes the VL Domain of LAG-3 mAb

ctatagygaa

tatgatggty

gaactggital

clhaoatbotatg

ctgecatccaa

caacagaaac
tetagaatet

tggcagtggy
aggaggalga
acgttogglg

totgggacag
Lgcaeacotat
CLgggacocas

acttcacaact
tactglLoage

CAgQQACAgOC
gaaoatcoccadg
caacatocat
aaagtagtga

aoccaaacte
cocaggtttag
celtglggaayg
ggateegete

gJaotaggagoetyg

- 44 -
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rremr iy

[00100]
NO:62) is shown below (CDR residues are shown underlined):

EVOLHGEGPE LVEPGAEVEI SCKITSCYTET DYNIHWVEQS HGRSLREWIGY
IYPYNGDAGY NONFETHKATI, TVDNS53TAY MELRSELISED SAVYYCARWN

[00101]
4 is SEQ ID NO:63 (nucleotides encoding the CDIy residues are shown underlined):

[00102]

NQO:67) is shown below (CDRL residues are shown underlined):

100103]
4 is SEQ ID NO:68 (nuclcotides encoding the CDRy residues are shown underlined):

D The Anli-Human LAG-3 Antibody 1LAG-3 mADb 4

MNYEFEPWFAY WCQGTLVTIVS A

CDORal of LAG-3 mAbD 4 (SEQ ID NO:64):

CDR2 of LAG-3 mADb 4 (SEQ ID NO:65):

CDRu3 of LAG-3 mAb 4 (SEQ ID NO:66):

JaggLtoCcage
agtgaagata
tacactgggt
atttatcctt

LlLCcaccagte
toctgcaaga
e ol by fadale T I
acaatggtga

aggacotgayg
Tthatggata

¥YTFTDYNITH

ctggtgaaac
cactttcact

[301.0121F

The amino acid sequence of the VH Domain of LAG-3 mAb 4 (SEQ ID

¥YTYPYNGDAGYNQNEFKT

WNMNYFGPWFAY

An ¢xomplary polynucleotide that encodes the VH Domain of LAG-4 mAb

ctggggoctc
gactacaaca

catyggaaaqgs
tgctggctac

goolLlgagly
aaccagaact

galitggatat
tcaagaccaa

ggocacattyg
acageaigac
atgaactact

actgtagaca
atctgaggac
ttggeccectyg

attcctocagy
tctgocagtct
gtttgcttac

cacagoeetac
attuctgtage
tggggccaayg

cactglolaot

9oy

atggagetoc

adags bggaac
ggactetggt

The amino acid sequence of the VL Domain of LAG-3 mAb 4 (SEQ ID

DIVLTQsPAS LAVELGORAT TSCKASQSVD YDGVTYINWY QOKPGOPPRL

LIFTAASNLES GIPARFSGSG SGTDETLNIH PVEEEDAATY YCQQSNEDPL

TEGAGTELEL

K

CDR, 1 of LAG-3 mAb 4 (SEQ ID NO:69):

CDR,2 of LAG-3 mAb 4 (SEQ ID NO:70):

CDR, 3 of LAG-3 mAb 4 (SEQ 1D NO:71):

gacattgtgo
gagggoCaca
ttacttatat

tgacccaatc
atcloeoctgca

toeocagohbal
aggccagecca

AASNLES

QQSNEDPLT

LLggatgtgh
aagtgttgat

KASQSVDYDGVTYIN

An exemplary polynucleotide thal encodes the VI Domain of LAG-3 mAb

ctaotagggeoa
tatgatggtg

caactagglac

ctoatotttyg

ctgcatecaa

CRanAgaAmRac
tetagaatct

_d5 -

caggacages
gggatcacaqg

Copy provided by USITO from the TFW Image Database on U1-12-201¥
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[00104]

NO:72) is shown below (CDRa residues are shown underlined):

[00105]
5is SEQ ID NO:73 (nucleotides encoding the CDRy; residues are shown underlined):

Lggoagtggyg

toctgagacayg

acttoecacoct

Ccadacatocat

130101217

cobgtaggagg

aggaggatgec tgcaacctat tuctgtcage azagtaatga ggatcocgoto
acglicgglg chbgggaccas gatggagotyg aaa

E. The Anti-Human LAG-3 Antibody LAG-3 mAb 5

EVOLOQOEGER

LVEFPGASVRT

The amino acid sequence of the VH Domain of LAG-3 mAb 5 (SEQ ID

SCRASGYTET DYNTHWVHQS PGRSTRWTGY

IYEPYSGDEGY NOKFESKATL TVDNSRSTAY MDRLRILTSED SAVEYCARWH

RNYFGEWFAY WGOGTLVIVI

FiS

CDRyl of LAG-3 mAb 5 (SEQ ID NO:74):  YTFTDYNIH
CDR2 of LAG-3 mAb 5 (SEQ ID NO:75):  YIYPYSGDFGYNQKFKS
CDRW3 of LAG-3 mAb 5 (SEQ ID NO:76):  WHRNYFGPWFAY

gqagagtodago
tacactgogt
atttatectt

Toctgoaaayg
gaaygoadgadge
acagtggtga

aggacotgag
cttotggata

ctggtgaaac
cacatttact

An cxemplary polynucleotide that encodes the VH Domain of LLAG-3 mAD

ctggggaata
gactacaaca

cotggaaaga
ttttggatac

qoattgaalyg
aaccagaagt

gattggatat
tecaagagean

ggoccacattqg
goagcococtgac
aggaactact

actgtagaca
atctgagagac
ttaggcccctg

attectocay
totglagtot
gtEtgcecttac

Cacagootac
tttactgtgo
tggggccaay

caclbgtetet

goa

alggalctoc

angatggecac
gagactotggt

[00106]
NO:77) is shown below (CDRL residues are shown underlined):

DIVLTQEPAE LAVELGORAT LECKASQESVD YDGESYMNWY OQOWPGOFEFKL
TLTYVVSNLES GIPARFEGSG SGTDFILNLIL PVEEEDAATY YCQQSSEDPL
TICAGIKLEL K

The amino acid sequence of the VL Domam of LAG-3 mAb 5 (SEQ ID

CDR: 1 of LAG-3 mAb 5 (SEQ 1D NO:79). KASQSVDYDGESYMN

CDR:2 of LAG-3 mADb 5 (SEQ IID NO:80). VVSNLES >

CDR,3 of LAG-3 mADb 5 (SEQ ID NO:81): QQSSEDPLT
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Copy provided by USPTO fom the TFW Tmage Databasze on 01-12-2018 E

e ansartie



A

1301.0121P

[00107] An exemplary polynucleotide that encodes the VI. Domain of LAG-3 mAb

5 is SEQ ID NO:78 (nucleotides encoding the CDRL residues are shown underlined):

gacattgtge tgacccoaate tocagottot tlLagolglgl cLolagggoa
gagggoecace atctcotgea aggecageca aagtgttgat tatgatggtg

aaagttatat

gaacigglac

thatttatg

ttgtttccaa

CaCAgHadC
tetagaatcet

CHGACAgeC
gogdatooaag

tggcagtggy

tetgggacag

aclLbocacoct

caacaceeat

ACccoaaactc
nocaggttitag
cetgtggagg

aggaggalge Lgoaacclalt tactgteage aaagtagtga ggatcogctco
acgttoyggtyg ctygyygaccaa gotggagoctyg aaa

F. The Anti-Human LAG-3 Antibody 1.AG-3 mAb 6

[00108] The aminoe acid scquence of the VH Domain of LAG-3 mADb 6 (SEQ ID

NO:82) is shown below (CDRy residucs arc shown underlined):

[00109]
6 is SEQ ID NO:83 (nucleotides encoding the CDRy) residues are shown underlined):

[00110]

N€:87) is shown below (CDR residues are shown underlined):

EVLLOQSGPRE TVHPGASVEI PCEASGYTFET DYNMDWVEDS HGESLEWIGD
INPDNGVTIY MNOKFEGHEATL 1IVDKISSTAY MEIRSLTSED TAVYYCATREA
DYFYFDYWG) GTTLTVES

CDRu1 of LAG-3 mADb 6 (SEQ 1D NO:84):  YTFTDYNMD

CDRWZ of LAG-3 mAD 6 (SEQ ID NO:85): DINPDHNGVTIYNQKFECG
CDRe3 of LAG-3 mADb 6 (SEQ ID NO:56): EBEADYFYFDY

gagygtoctago
gglgsagata
tggactgagl
attaatcety

tgeaacagtc
coctgoaagdg
Jaagcaqgage
acaatqgggt

gOgoCacaclg
goagoolgad
gattacttet

tggacotgay
cttotggata

ctggtgaago
cacattcact

An exemplary polynucleotide that encodes the VH Domain of LLAG-3 mAb

chggggalle
gactacaaca

tactatctac

goottgugtg
aaccagaagt

gattggagat
ttgagggcaa

actgtagaca
Arotgsggac
actttgacta

agrtectoecad
actucagtoet
ctggggocan

ctoa

tacagootac
attactgtgc
gooacoacta

The amino acid sequence of the VL Domain of LAG-3

DIVMTOSHRF MITIVGDRVE ITCEKASQODVE SVVAWY(OOQKEE

ASYRYTOEVEPD REFTCS5GS5GTD FTETIS

GTELEITK

CDR.1 of LAG-3 mADb 6 (SEQ TD NO:89):

-d7 -

SVOA ADLAVYYCQO

atggagotoc
aagagadggeg

toacagtola

mAb 6 (SEQ 1D

COSPRLLIFS
HYSTPWTEGG

KASQDVSSVVA

Copy provided by USFTO frem the IFW Lisags Database on 01-12-2018
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[00111]
6 is SEQ 1D NO:88 (nucleotides encoding the CDRs are shown underlined):

[00112]

CDER:2 of TLAG-3 mAD 6 (SEQ 1D NOQ:99):

CDRL3 of LAG-3 mAb 6 (SEQ ID NO:91):

gacattghga
CEgggtaago
ectagtatca
gecatcctace

tgacccayto
atcacctygca

toacagal Lo

aggccagtca

SASYRYT

HYSTPWT

atgtocacat
ggatgtgagt

1301.0121P

An exemplary polynucleotide that encodes the VL Domain of LAG-3 mAb

cagrttggaga
toctgttgtag

ggtacactgg

tgggacogagat
cagtttatta

JUCACCAEga

tthoacbliica
ctgteageaa

ggacaatoto
aglocootgat
coatcagoag
cattatagta

ctumattact
cgottocacty
tgtgcaggct
ctcecgtggac

gatttotiteg
guagtggato
gquagacctay
gttoggtygga

tggaaatcan

ol

Minor changes to the amino acid sequence of the VH and/or VL Domains

provided herein arc contemplated. For example, the C-termimal amino acid residuc of
any of the VII and/or Vi. Domains described herein may be substituted to facilitate sub-

cloming.

V. Anti-Human LAG-3 Antibodies LAG-3 mAb 1, 1LAG-3 mAb 2, LAG-3
mAb 3, LAG-3 mAb 4, LAG-3 mADb 5, and/or LAG-3 mAb 6 and Their
Derivatives Having an Engineered Fe Region

100113]

complexes with cells of (he immune system results in a wide array of responses, ranging
P v Y : 2

In traditional immunc function, the interaction of antibody-antigen

from effector funcltions such as antibody dependent cylotoxicity, mast cell
degranulation, and phagocytosis to immunomodulatory signals such as regulating
lymphocyte proliferation and antibody secretion. All of these mteractions arc initiated
through the binding of the Fe Region of antibodies or immune complexes to specialized
cell surface receptors on hemalopoictic cells.  The diversity of cellular responscs
triggered by antibodies and immunc complexes results from the structural heterogeneity
of the three Fc receptors: FeyRI (CD64), TeyRI (CD32), and FeyRIII (CD16). FeyRI
(CNG4), FeyRTTA (CD32A) and FeyRIII (CID16) are activating (i e, immunc sysicm
enhancing) receptors; FeyRIIB (CD3213) is an inhibiting (7e., immunc system
dampening) receptor. The amino acid sequence of exemplary IgGl (SEQ ID NO:22),
122 (SEQ ID NO:23), 1gG3 (SEQ ID NO: 27), and lgG4 (SEQ ID NO:24) are

prescnted above.
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[00114] Modification of the Fo Region normally leads to an altered phenotype, for
example altered serum half-life, altered stability, altered susceptibility to cellular
enzymes or altered effector function. It may be desirable to modify the antibody of the
invention with respect to cffcclor function, so as to enhance the effectiveness of the
antibody in treating cancer, for example. Reduction or elimination of cffector function
is desirable in certain cases, for example in the case of antibodics whose mechanism of
action involves blocking or antagonism, but not killing of the cells bearing a target
antigen. Increasced cllcctor function is generally desirable when directed to undesirable
cells, such as tumor and forcign cclls, where the FoyRs arc expressed at low levels, for
example, tumor-specific B cells with low levels of FeyRIIB (eg., non-Tlodgkins
lymphoma, CLL, and Burkilt’s lymphoma). In said embodiments, molecules of the
invention with conferred or allered cffector function activity are usetul for the treatiment
and/or prevention of a discasc, disorder or infection where an enhanced efficacy of

effector function activity 1s desived.

[00115] 1In ccrtain embodiments, the LAG-3-binding molecules of the present
mvention comprise an Fe Region that possesses one or more modifications (e.g.,
substitulions, delotions, or inscrtions) to the sequence of amino acids of a wild-type Fe
Region (e.g., SEQ ID NO:1), which reduce the affinity and avidity of the Fc¢ Region
and, thus, the molecule of the invention, for one or more FeyR receptors. In olher
embodiments, the molecules of the invention comprise an Fe Regmon that possesses one
or more modifications to the amino acids of the wild-type Fe Region, which increase
the affinity and avidity of the Fe Region and, thus, the molecule of the invention, for
one or more FoyR receptors, 1n other embodiments, the molecules comprise a variant
Fo Region wherein said variant conders or mediates increased antibody dependent cell
mediaicd cytotoxicity (ADCC) activity and/or an increased binding to FeyRIIA,
relative to a molecule comprising no Fe Region or comprising a wild-type Fe Region.
In alternate cmbodiments, the molecules comprise a variant Fo Region wherem said
variant confers or mediates decreased ADCC activity (or other effactor function) and/or
an increascd binding to FoyRIIB, rclative to a molecule compnsing no Fe Region or
comprising a wild-type Fe Region. In some embodiments, the invention encompasses
LAG-3-binding molecules comprising a variant Fc Region, which vanant Fe Region

does not show a detectable binding to any TeyR, relative to a comparable molecule
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comprising the wild-type Fc Region, In other embodimenis, the invention encompasses
LAG-3-binding molccules comprising a variant Fe Region, which variant Fe Region
only binds a single FeyR, preferably one of FeyRILA, FeyRIIB, or FeyRIIIA. Any such
increased affinity and/or avidity is preferably asscsscd by measuring in vitro the extent
of detectable binding to the FeyR. or FoyR-related activily i cells that express low levels
of the FeyR when binding activity of the parent molecule (without the modified Fe
Region) cannot be detected in the cells, or 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 1o
10,000 molecules/cell, at a density of 10,000 to 5,000 molecules/cell, at & density of
5,000 to 1,000 molecules/cell, at a density of 1,000 1o 200 molecules/cell or at a density

of 200 molecules/ccll or less (but at least 10, 50, 100 or 130 molecules/cell).

[00£16] The I.AG-3-binding molecules of the present invention may comprise
altered affinitics for an activating and/or mmhibitory Fey receptor. Int onc cmbodiment,
the LAG-3-binding molecule comprises a variant F¢ Region that has increascd alfinity
for FeyRIIB and decreased affinity for FeyRIIA and/or FeyRIIA, relative to a
comparable molecule with a wild-type Fe Region., In another embodiment, the LAG-3-
binding molccule of the present invention comprise a variant Fe Region, which has
decreased affinity [or FeyRIB and increased affinity for FeyRINA and/or FeyRI1IA,
relative to a comparable molecule with a wild-type Fc Region. In yet another
embodiment, the I,AG-3-binding molecules of the present invention comprisc a variant
Fe Region that has decrsased affinity for FeyRIB and decreased allinity for FoyRIHA
and/or FoyRIIA, relative (o a comparable molecule with a wild-type Fe Region. In still
another embodiment, the [LAG-3-binding molccules of the present invention comprise
a variant Fc¢ Region, which has unchanged affinity for FeyRIB and decreased (or
increased) aflinity for FeyRIHA and/or FeyRILA, relative to a comparable molecule

with a wild-type Fe Region.

[001F7] In ccrtain cmbodiments, the LAG-3-binding molecules of the present
invention comprise a variant Fe Region having an altered allinity for TeyRINA and/or
FeyRITA such (hat the immunoglobulin has an enhanced effector function. Non-
limiting cxamples of effector cell functions include antibody dependent cell mediated

cytotoxicity, antibody dependent phagocytosis, phagoceytosis, opsomzation,
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opsonophagocytosis, cell binding, rosctting, Clg binding, and complement dependent

cell mediated cytotoxicity.

[00118] In a preferred embodiment, the alteration in affinity or effector function is
al lcast 2-fold, preferably at least 4-fold, at least 5-fold, at least 6-fold, at least 7-fold,
at least B-fold, at least 9-fold, at least 10-fold, at leagt 50-fold, or at least 100-{old,
relative to a comparable molecule comprising a wild-type Fe Region. In other
cmbodiments of the mvention, the variant Fe Region immunospecifically binds ong or
more FeRs with at least 65%, preferably at least 70%, 75%, 80%., 853%., 90%, 93%,
100%, 125%, 150%, 175%, 200%, 225%, or 250% greater affinity retative to a
molecule compnising 4 wild-type Fo Region. Such measurements can be in vivo or in
vilro assays, and mn a prefermred embodiment are in vitro assays such as ELISA or surface

plasrnon TCHROTIANCS A8SAYS.

[00119] In different cmbodiments, the LAG-3-binding molecules of the present
invention comprise a variant Fe Reglon wherein said varnant agonizes at least one
activity of an FeyR receplor, or antagonizes at least one activity of an FeyR receptor,
In a preferred embodiment, the molccules comprise a variant that antagonizes one or
morc activitics ol FeyRIIB, for example, B-cell receptor-mediated signaling, activation
of B-cells, B-cell prolifcration, antibody production, intracellular calcium influx of B
cells, cell cyele progression, FeyRIIB-mediated inhibition of FesRI signaling,
phosphorylation of FoyRITB, SHIP recruitment, SHIP phosphorylation and association
with She, or activity of onc or more downstream molccules (e.g., MAD kinase, INK,
p38, or Akt) in the FeyRIIB signal transduction pathway. In another embodiment, the
LAG-3-binding molecules of the present invention comprise a variant that agonizcs onc
or more activitics ol FeeRI, for example, mast ccll activation, calcium mobilization,

degranulalion, cylokine production, or serotonin relsase.

[00120] In cerlain embodiments, the molecules comprise an Fe Region comprising
regions from two or more TgG wsotypes (ez, TeGl, TeG2, TeG3 and 1gG4). The various
12G isotypes exhibit differing physical and functional propertics including serum half-
life, complement fixation, FeyR binding affinities and effector fumction activities (e,

ADCC, CDC, ety due to differences in the amino acid sequences of their hinpe and/or

5] -

Copy provided hy VSFTO trom the IFW Liznage Dalabase on 01-12-2018




130101211

Fec Regions, for exammple as described in Flesch and Neppert (1999} J. Clin. Lab. Anal.
14:141-156; Chappel e af. (1993) ). Biol. Chem. 33:25124-25131; Chappel e al
(1991) Proc. Natl. Acad. Sci. (U.5.A)) 88:9036-9040; or Briggemann et al. (1987) 1.
Exp. Med 166:1351-1361. This type of variant Fe Region may be uscd alone, or in
combination with an amino acid modification, to affect Fe-mediated effector function
and/or binding activity. In combination, the amino acid modification and IgG hinge/Fe
Region may display similar functionality (e.g., increased affinity for FeyRIIA) and may
act additively or, more preferably, synergistically to modify the elfeclor functionality
in the molecule of the invention, relative to a molecule of the invention comprising a
wild-type Fc Region. In other embodiments, the amino acid modification and IgG Fe
Region may display opposite functionality (e.g., increased and decrcased affinily for
FoyRIIA, respectively) and may act to selectively temper or reduce & spectile
functionality in the molecule of the invention, relative fo a molecule of the invention

not comprising an Fe Region or comprising a wild-type Fe Region of the same 1sotype.

[00121] In a preferred specific embodiment, the LAG-3-binding molecules of the
present invention comprise a variant Fe Region, wherein said variant Fe Region
compriscs at least one amino acid modification relative (o a wild-type Fe Region, such
that said molecule has an altered affinity for an FcR, provided that said variant Fe
Region does not have a substitution at positions that make a direct contact with FeyR
bascd on crystallographic and structural analysis of Fe-FeR intcractions such as those
disclosed by Sondermann et al. (2000) Naturc 406:267-73. Examples of positions

within the Fe Repion that make a direct contact with FeyR are amine acid residues 234-

299 (C°/E loop), and amino acid residues 327-332 (F/G loop). In some embodiments,
the molecules of the invention comprise vanant Fe Regions comprise modification of
at least one residuc that docs not make a direct contact with an FeyR bascd on structural

and crystallographic analysis, e.g., is not within the Fe-FeyR. binding site.

[00122]  Vanant Fe Regions are well known in the art, and any known Fe vanant
may be used in the present invention to contfer or modify the effector function exhibited
by a molecule of the invention comprising an Fc Region (or portion thereof) as

functionally assayed, e.g., in an NK dependent or macrophage dependent assay. For
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example, Fe Region variants identified as altering effector function are disclosed in
PCT DPublications No. WO 04/063351; WO 06/088494; W(Q 07/024249; WO
06/113665; WO 07/021841; WQ 07/106707; and WO 2008/140603, and any suitable

vartant disclosed therein may be used 1n the present molecules.

[00123] In certain cmbodiments, the LAG-3-binding molecules of the present
Invenlion comprisce a vartant Fe Regon, having one or more amino acid modifications
in ong or more regions, which modification(s) alter (relalive 1o a wild-type Fe Region)
the Ratio of Aftinities of the variant IFc Region to an activaling FovR (such as FoyRIIA
ar FoyRITEA) relative to an inhibiting FoyR (such as FeyRIIBY:

Wild-Type to Variant Change in Affinity to FeyR

Activating

Rato of Affinities =

Wild-I'ype to Variant Change in Affinity to FeyR | itz
[00124]  Particularly preferred are LAG-3-binding molecules of the present invention
that possess a variant Fe Region (relative to the wild-type Fe Region) in which the T'c
variant has a Ratio of Affinities greater than 1. Such molecules have particular use in
providing a therapeutic or prophylactic treatment of a discase, disorder, or infection, or
the amelioration of a symptom thereof, where an enhunced efficacy of effector cell
function (e.z., ADCC) mediated by FeylRR is desired, e g, cancer or infectious disease.
In comtrast, an Fo variant having a Ratio of Affinities less than 1 mediates decreased
cificacy of cffecctor cell function. Table 1 lists cxemplary smgle, double, trple,
quadruple and quintuple mutations by whether their Ratio of Affinities is greater than

or less than 1.
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Tablc 1
Exemplary Single and Multiple Mutations Listed by Ratio of Affinitics
Single | Double Triple i Quadrupl Quintuple
R Rt of Afmities 5.1 o
FSA3T. | F245L & | F245L, P247L & | L234F, T243L, L235V, [243L, R292F,
oo | R292P | Na2IK R292P & Y300L Y300L & P396L
Rogaq; | F2A3L & | F243L, R292P & | 12351, F243L, 1.235P, F2431., R292P,
26 | yaooL | yao0L R292P & Y3001 Y300L. & P396L
RED2P | poasL & | F243L, R292P & | 1.2350Q, F245L., F2431, R292P, V305,
F396L | V3OS R297P & V3001, Y3001, & P3961.
D2701 & | K243, R292P & | F245L, P24TL,
p396l. | P396L D270E & NA21K
R202P & | F243L. Y300L & | F245L, R255L,
YV300T, | P396L D270E & P396L
R202P & | P247L. D270E & | F243L, D270E,
V305T | N421K G316D & RA16G
R292P & | R255L, D270E & | [243L, D270F,
P396L | P396L K392T & P396L
YI00L & | DI70L, G160 & | F243L, DIT0E,
P3v6L | R416G P396T. & Q419H
P396L & | D270L, K392 & | F2431., R292P,
Q419H | P3v6L Y3001, & P396L
DI70E, P396T. & | F243L, R292T,
Q419 V305T & P396L.
VI8AM, R292L & | P247L, D2T0E,
K370N Y3001 & N421K
R292P, Y300L & | R255L, D270E,
P396L R292G & PI96L
R255L, D270E,
Y300L & P396L.
2701, G316D,
P396L & RA16G
Y3000 T FRAsT R R RI0TE &
. -
paeL | P36L | V3osl
P2471. &
N421K.
R255L &
3561,
R292P &
V3051
K392T &
P3O6L
P396L &
Q419H
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{00125] In a specific embodiment, 1 vanant Fe Regmons, any ammno acid
modifications (e g., substitutions) at any ol positions 235, 240, 241, 243, 244, 247, 262,
263, 269, 298, 328, or 330 and preferably one or more of the following residucs: A240,
1240, L241, L243, H244, N298, I328 or V330. In a dilTerent specilic cmmbodimenl, m
variant Fe Regions, any amino acid modifications (e.g., substitutions) at any of
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 prelcrably one or more of the {following residucs: H280, G280,
Y280, G290, 8290, T290, Y290, N294, K295, P296, D29§, N29%, P29%, V209K, 1300 or
1.300.

[00126] Ina preferred embodiment, in variant F¢ Regions that bind an FeyR. with an
altcred affinity, any amino acid modifications (e.g., substitutions) at any of positions
255, 256, 258, 267, 268, 269, 270, 272, 276, 278, 280, 283, 2835, 286, 289, 290, 292,
293, 294, 293, 296, 298, 300, 301, 303, 305, 307, 309, 312, 320, 322, 326, 329, 330,
32, . 334, 335, 337, 338, 339, 340, 359, 360, 373, 376, 416, 419, 430, 434,

[¥5]
(SN ]
Sl
‘.

(¥ 5]
ol

435, 437, 438 or 439, Preferably, the variant Fo Region has any of the following
residucs: A256, N268, Q272, D286, Q286, 8286, A290, 5290, A298, M301, A312,
E320, M320, Q320, R320, E322, A326, D326, E326, N326, 83126, K330, T339, A333,
A334, T334, 11334, 1.334, M334, Q334, V334, K335, Q3335, A359, A360 or A430.

[00127] 1n a different embodiment, in variant Fe Regions that bind an FeyR (via its
Fc Region) with a reduced affinity, any amino acid modifications (e.g., substitutions)
at any of positions 252, 254, 265, 268, 269, 270, 2748, 2809, 292, 293, 294, 295, 296,
298, 300, 301, 303, 322, 324, 327, 329, 333, 335, 338, 340, 373, 376, 382, 38R, 389,
414, 416, 419, 434, 435, 437, 438 or 435.

[00128] In a different embodiment, in vamand Fo Regmons dhal bind an FoyR (via its
F¢ Region) with an enhanced affinity, any amimo acid modifications (e.g., substitutions)
at any of positions 280, 283, 285, 286, 290, 294, 295, 29%, 300, 301, 305, 307, 309,
312,315, 331, 333, 334, 337, 340, 360, 378, 398 or 430. In a different emnbodiment, 1n
vurlant Fe Regions that binds FoyRILA with an enhanced affiniy, any of the following
residues: A255, A256, A258, A267, AZ68, N268, A272 272, A276, A280, A2R3,
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A285, A286, D286, Q286, 5286, A290, 5200, M301, E320, M320, Q320, R320, E322,
A326, D326, E326, 5326, K330, A331, Q335, A337 or A430.

[00129] Preferred variunts include one or more modifications at any of positions:
228, 230, 231, 232, 233, 234, 235, 239, 240, 241, 243, 244, 245, 247, 262, 263, 264,
265, 266, 271, 273, 275, 281, 284, 291, 296, 297, 298, 299, 302, 304, 305, 313, 323,
325,326, 328, 330 or 332

[00130]  Particularly preferred variants include one or more modifications sclected

from groups A-Al:

2ORE, 228K, 228Y or 228(5;

230A, 230L, 230Y op 2300k

231VE, 2318, 2317, 231 or 23145,

232E, 232K, 232Y 23205,

233D,

23471 or 234F;

23510, 2350), 235P, 235) or 235V

2391, 23901, 239 or 2390

2404, 2407, 240M or 2407

23R, 243, 243Y, 2431, 2430, 243W, 245H or 2431;
244H;

2A5A:

247C, 24TV or 247L;

262A, 26215, 2621, 2627, 262E or 262F;

263A, 2631, 263M or 263T;

264F, 264, 264AF_ 2641, 264A, 2647T ar 264W;
265F, 265Y, 26511, 2651, 2651 263, 265V, 265N or 26530
2664, 2661, 266M or 266T;

2 PeTPa il o) bl ool Lol -] land Lol e ) b Hea] foel L] Fonl g

2710, 271E, 271N, 2710, 271K, 2711, 2718, 271T, 271H, 271A, 271V, 2711, 2711,
271F, 271M, 271Y, 271W or 2710

T 2735

U 2751 or 275W:

A% 281D, 281K, 2R1Y or 2810,

W ZRAL, 2HAN, 2847, 28471, 284Y or284M;

X 241D, 291F, 2910, 261 T, 201H, 2911 or 2914:;

Y 200A, 2991, 299F, 299F, 2990, 20011, 2991, 299K, 299L, 299M, 299N, 299P, 2940},
2Q0R, 2993, 200V 200W or 299V

z 302[;

AA | 304D, 304N, 3047, 3041 or 3041

AB 305I;

AC 31315

AD 3231

AE | 325A. 325D, 325E, 325G, 325H, 3251, 3251, 325K, 325R, 3258, 325F, 325M, 3257,
325V, 325Y, 325W or 3259,

AF | 328D, 328Q), 328K, 328R, 3288, 328T, 328V, 3281, 328Y, 328W, 328P, 328G, 328A,
328E, 328, 328H, 328M or 328N:

AG | 3300 3307, 3300 or 330V;

AH | 3324, 332D, 332L, 33211, 330N, 332Q), 33271, 332K, 332R, 3325, 332V, 3301, 332F,
339M, 339W, 332D, 332G or 332Y: and

Al A36LE, 336K, or 356
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100131 Still more particularly prelerred variants include one or more modificalions

selected from Groups 1-105:

Gronp Variant Crroup Variant
L A330L/I332E 34 52390/ D265L / N297D /T332E
2 D265F / N297E / 1332E 55 B2391) /7 D265T / N2G7D / 1352E
3 D265Y /T N2ZYTD /13321 56 852390 /TH265V / N2971) /133218
4 D265Y /NZOTID / T299L / 1332E 37 32390/ D2e5sY A N297D / T332E
3 Fa41L/ F243Q / V262T / V264F 58 823971 /1332
6 F241E / F2430) / V2621 / V264LE /| 59 52391 /T332E
1332F
T F241E /F243R / V262E / V264R 60 S230D /1332F 7/ A350T
8 F2a1K /7 F243R 7/ V262LE / V264R. /| 61 523913/ T332N
133218
FZAE /F243V / V262 T /VIedR 62 5239D /13320
10 F241E / F243Y / V262ZT / V264R / | 63 82300/ WN297D /1332E
1332E
11 241/ F243L / V2621 / V2641 G4 523813/ N29710 / 1332E / A350Y
12 F241L / V2621 63 S230TN ANZQTTY /T332 ) AZ30Y /
2415 /F2431 /7 V2620 V264T
13 F24 1R/ F2430 /V262T / V2e4R 66 S239D / N297D /T332E / K326R
14 T241 R/ F243Q / V2I62ZT / V264R. / | 67 S2391 A N297E /13326 7 L235D
13321
15 FRATW /T243W / V202A 7/ VIGAA | 68 B2391 7 5298A /133210
16 F241Y /F243Y / V262T / V264T 69 B2390 / V2641 / A330L /T332E
17 241y /EF243Y /S V262T / V264T / | 70 82390/ Vieal /13320
N297D / L3328
18 F2431. 7/ V2621 / V264W 71 S230D / V2641 7 S298A /133214
19 P243L / Va64l 72 B239E /S 1D265N
20 L3280 /133213 73 S239E /2650
21 L3Z8E /13320 74 S3239E /13321
22 L328H /I332E 75 B23G) /13320
23 L3281/ 13320 76 S239E /T332N
24 L328M /15328 77 5230F /13320
25 L328N /I332E 78 523814/ N2OT /13320
26 1.3280) /13321 79 S239E / V264T1/ A330Y /T332 F
27 L328T /T3321E 30 5239F / V2641 /1332 E
28 L3238V /T3532E Bl BAINL V2641 5298A 7 ASB0Y
133218
29 N29T1Y/ A330Y /1332E B2 B239N S A330L. /T332E
30 N2971y /13320 23 S239N / A330Y /T332E
31 N297IY /T332E /7 52397 / A330L H4 B239N /13320
32 NZ29710 / B208A 7 A3S0Y J1332E | 8BS S239N /1332
33 N297LY /12891 /133210 B 5239N /1332N
34 N297Ty 7 T299F / 1332H / N2971y / | 87 S239N /13320
T209H /1332E
35 N297D/ T2901 / [552E 85 S23ONT 52984, /13321
36 N2Y70D/ T299L / I1332E 39 52390 /13321
37 N207D / T209V 7 1332E Al B23903 /133210
38 N2B7L /133218 91 2390 /T332N
39 N2978 /1332E 92 52390 /13320
40 DP230A /E23312 /13328 93 52390 / V2641 /1332E
41 P24411 / P245A 7 P24TV 24 S298A /T332E
42 523900 / A330L /1332E 95 V264E /N29TT) /T3321
43 B235913/ A330Y /13320 536 V26417 A330L /I332E
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[00131]  Still more particularly preferred variants include one or more modifications

sclected from Groups 1-1035:

Group Variant Giroup Variant
1 A330L/1332E 54 5230D 7/ D265L / N2970 7 13321
2 D265F / N297L 7 133201 55 S2397) / D265T / N297T) / 1332
3 D265Y / N297D / 1330E, 56 57301/ D265V / N297D / [532E
4 D265Y / N297D / T299L / I332E | a7 5239D 7/ D263Y / N297D / 13321
5 FZALL 7 E243Q/ V2621 / V264l | 38 52391 / 133210
& T241F / F2430 / V263 T 7 VOGAE 7 | 50 5239D / 1332E
13328
7 F241E / F243R / V262E / V264R | 60 $239D) / 13321 7 A3301
% FZ41LE / V2431 / V2628 / V264R 7 | 61 §239D /1332N
1332F
g F241E / F243Y / V262T / V264R | 62 5239D / 13320
10 F241E 7 F243Y / V2621, V264R [ | &3 $239D / N297D / 13328
1332E
11 FR41L 7 P2431. 7 V2638 /2641 &4 52397 / N2971 / T332F 7 A330Y
15 F241L / V2621 65 5239D / N2U7D , I332E / AS30Y /
F2418 / F243H / V262T / V264T
13 . F241R / F2430 / V62T / V264R | 66 $239D / N297D / 1332E / K326
14 F231R 7 12430 7 V65T 7 VIR / | 67 §239D) / N297D / 1532 / 1.2351)
13320
15 F241W / F243W / V262A / V264A | 65 52301 / 8298A / 1332E
16 F241Y /F243Y / V262T / V264T | 69 $239D / V264l A330L 7 1332F
17 F241Y / E243Y / V2621 7 V264 T 7 | 70 S730T)/ V2641, 135°F
N297D / 13321
18 24317 V2621 V264W 71 52390 / V2641 / 5298A / 1332E
19 P243L / V2641 72 $23911/ DZ63N
20 328D/ 13321 73 S230F / D2650)
21 T.37%F /13328 74 $239E / 1332D
22 L328H / I332E 75 S239L / 1332E
23 13281/ 13321 76 S230F / [332N
74 1.328M / 1332F 77 S239E / 13320
25 L328N / I352E 78 S23011 7/ N2970 7 133211
26 L3280 / 13321 79 $230F / V2641 / A330Y /1332 E
27 1.328T / I332F 20 S239E / V2641 /1332 E
o8 L328V / 1352E g1 S239E 7 V26417 S29%A / A330Y /
133218
29 N297D / A330Y / 13320 &2 §239N / A330L / I332E
30 NZO713 7 13321 83 §230N / A330Y / 1332E
31 N297D / 1332E / 8239D / A330L | 84 S239N / 1332D
32 NZ97D/ S298A / A330Y 71 332E | 85 S239N / T332E
33 N2O7D 72601, 713321 86 $230N / 1332N
34 N297D / T290F / 1332E / N297D / | 87 S23ON/ 13320
T299H / 1332E
35 N297D/ T2991 / 133201 88 S239N15298A / 1332F
36 N297D / T299L / 1332[ RO §239Q / T332D)
37 N207D / T290V / I332E 90 82390 / 133211
3% N297E / 13326 91 52390 /1332N
30 NZOTE 7 13321 92 52390 /13320
40 F230A 7 BE23310 7 1352E 93 52390 / V2641 / [3321
41 P44 / PZ45A [ P2a7V 94 S298A / I332E
42 $239D / A330L / 13321 95 V264E / N297D / 1332E
a3 $3301) 7 A330Y / 330k 26 V26417 A330L / 1332E
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44} 52390 / A330Y /1332E / K326E 97 V2041 / A330Y /T332E

45 S23913 / A3Z30Y /133214 / K326 9% V2641 /13321

46 52390/ A330Y /T332E / L2341 99 V2641 7 5298A / T3321

47 5238D /A330Y /I332E / L235D 100 Y296D / N29T7D /I332E

48 52391 / AJZ0% 13321 /Y2401 101 YAU6L /N2OTD /1332 1 ;
49 523910 F A3S0Y /T332E / V264T 102 Y296H /N287TY /13321 !
S0 52390 / A330Y /1332 [ V2661 103 Y2O6N /A N297T /1332E 7‘
31 523910 / N263F / N29713 / 13321 104 Y2960/ N2971 /13321

52 5239D /D265H /N297D /1332E 105 Y296T /N297D /T332E

53 82390/ 02651/ N297D /13326

[00132]  In onc embodiment, a LAG-3 binding molccule of the mvention will
comprige a variant F¢ Region having at least one modification in the Fe Region. In
certain embodiments, the variant Fc Region comprises at least ong substitution sclected
from the group consisting of L235V, F2431., R292P, Y3001., V3031, and P396l.,

wherein said numbering is that of the EU index as in Kabat.

[00133] In a specific embodiment, the variunt Fo Region comprises:

(A)  at least one substitution selected from the group consisting of 2431,
R2921, Y3001, V3051, and P3961L;

(B)  at least two substitutions selected from the group consisting of: \u
(1) F243L and P396L; :
(2) F243L and R292P; and ;
(3) R2921 and V3051, *

(Cy  at least three substititions selected from the group consisting of;
(1) F243L, R292P and Y300L;
(2) F2431., R292P and V3051;
(3) F243L, R292P and P396L; and
(4) R292P, V3051 and P396].;

(D)  atleast four substitutions selected from the group consisting of:
(1Y F2431,, R292P, Y300L. and P3961.; and
(2) F243L, R292P, V3051 and P396L; or

(E) at least the five substilutions sclected [fom the group consisting of®
(1) F2431., R292P, Y3001, V3051 and P3961L; and
(2) L235V, F243L, R292P, Y300L and P396L.

[00134] In another specific embodiment, the variant Fe Region compnses

substitutions of:
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(A) F2431., R292P, und Y300L.;
(I3) L.235V, F243L, R292P, Y3001, and P396L; or
() F243L, R292P, Y300L, V3051, and P396L.

[00135]  In other embodiments, the invention encompasscs the use of any Fo variant
known in the art, such as thosc disclosed in Jefferis, B.J. er al. (2002) “Interaction Sites
On Fhuman 12G-Fe For FegammaR: Current Models,” Immunol. Lelt. R2:57-65; Presta,
1.G. et al. (2002) “Enginecring Therapeutic Antibodies For Improved Function,”
Biochem. Soc. Trans. 30:487-90; ldusogie, EE. ez al. (2001) “Engincered Antihodies
With Increased Activity To Recruit Complement,” §. Immunol. 166:2571-75; Shields,
R.L. et al. (2001) “High Resolution Mapping Of The Binding Site On Fluman IgG1 For
Fe Gamma RI Fe Gamma RI, Fo Gamma RI, And FeRn And Design Qf 1gGl
Variants With Improved Rinding To The Fo gamma R, J. Biol. Chem. 276:6591-6604;
Tdusogie, B.E. et al. (2000) “Mapping Of The Cly Binding Site On Rituxan, A Chimeric
Antibody With 4 Human IeG Fe,” J. Immunol. 164:4178-84; Reddy, MLP. et al. (2000)
“Elimination Of Fo Receptor-Dependent Effector Functions Of A Modified 1G4
Monoclonal Antibody To Human CD4.7 ). Immunol. 164:1925-1933; Xu, D. e al.
(2000) “In Vitro Characierization of ive Fumanized OKT3 Effector Function Variant
Antibodies,” Cell. Immunol. 200:16-26;, Armour, K. L. et al. (1999) “Recombinant
human g Moleculey Lacking Fegamma Receptor I Binding And Monocyte Triggering
Activities,” Eur. J. Immunol. 29:2613-24; Jefferis, R. e al. (1996) “Modulation Of
Fe(Gamma)R And Human Complement Activation By IgG3-Core Oligosaccharide
Interactions.” Immunol. Lett. 34:101-04; TLund, J. er al. (1996) “Multiple Interactions
Of 1gG With Its Core Oligosaccharide Can Modulate Recognition By Complement And
Euman Fe Gamma Receptor I And Influence The Synthesis Of Its Oligusaccharide
Chains,” . Tmmunol. 157:4963-4969; Hutchins e al. (1993) “Improved
Biodistribution, Tumor Targeting, And Reduwced Immunogenicity fn Mice With A
Gamma 4 Varignt Qf Campath-1H,” Proc. Natl. Acad. Sci. (U.S.A.) 92:11980-84;
Jelleris, R, et al. (1993) “Recognition Sites On Iuman Ig( For Fo Gamma Receptors:
The Role Of Glycosylation,” Immunol. Lett. 44:111-17; Lund, ). er al. (1995)
“Oligosaccharide-Protein  Interactions In IgG Can Modulate Recognition By Fco
Gamma Receptors,” FASEB I, 9:115-19; Alegre, M L. et al. (1994) “A Non-Activating

"Humanized"” Ant-CD3 Monoctonal Antibodyv Refains Immunosuppressive Properties
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In Vivo,” Transplantation 57:1537-1543; Lund et al. (1992) “Multinle Binding Sites On
The CH2 Domain Qf IgGG For Mouse Fe Gamma R11,” Mol. Immmunol. 29:53-59; Lund
ef al (1991) “Human Fe Gamma RI And Fo Gamma RIT Interact With Distinct But
(verlapping Sites On Human IgG,” ). Immunoel. 147:2657-2662; Duncan, AR. ¢t al.
(1988) “Localization Qf The Binding Site For The Human High-Affinity Fe Receplor
On {gG,”" 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
A9/58572.

[00136] In somc cmbodiments, the molecules of the invention further comprise one
or more glycosylation siles, 50 that one or more carbohydrate moicties are covalently
altached o the molecule. Preferably, the molecules of the invention with one or more
vlycosylation sites and/or onc or more modifications in the Fe Region confer or have
an cohanced antibody mediated cffector function, e.g., enhanced ADCC activity,
compared to the unmodified antibody. In some cmbodiments, the invention further
compriscs molecules comprising one or more modifications of amino acids that are
directly or indircetly known (o inleract with a carbohydrate moiety of the Fc Region,
meluding but not limited (o amino acids al positions 241, 243, 244, 245, 245, 249, 256,
258, 260, 262, 264, 265, 296, 299, and 301. Amino acids that directly or indirectly
mteracl with a carbohydrale moicty of an Fe Region are known in the art, see, eg.,
Jefferis e ul., 1995 Immunology Letters, 44: 111-7, which ig incorporated herein by

reference in ifs catircty.

[00137] In another cmbodiment, the invention encompasses molecules that have
been modified by introducing onc or more glycosylation gitgs into 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 variable and/or constant region of the molecules of the mvention. As used herein,
“wlycosylation sites” melude any specilic amino acid scquence in an antibody to which
an oligosaccharide (i.¢., carbohydrates containing two or more simple sugars limked
together) will specifically and covalently attach,  Oligosaccharide side chaing are
typically linked to the backbone of an antibody via cither N-or O-linkages, N-linked

clycosylation refers to the attachment of an oligosaccharide moicty 1o the side chain of
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an asparagine vesidue. O-linked glycosylation refers to the attachment of an
oligosaccharide moiety to a hydroxyamino acid, e.g., serine, threonine. "the molecules
of the invention may comprise one or more glycosylation sites, including N-linked and
O-linked glycosylation sites.  Any glycosylation site for N-linked or O-linked
glycosylation known in the art may be used in accordance with the instant invention.,
An exemplary N-linked glycosylation site that is usefiil in accordance with the methods
of the present invention is the amino acid sequence; Asn-X-Thr/Ser, wherein X may be
any amino 4cid and Thr/Ser indicates a threonine or a serine. Such a site or sites may
be introduced into a molecule of the invention using methods well known in the art to
which this invention pertains (see for example, /& ¥70 MUTAGUNESIS, RECOMBINANT
BNA: A Snorr Courst, J. D Watson, ef al. W_H. Freeman and Company, New York,
1983, chapter &, pp. 106-116, which is incorporated herein by reference in its entirety.
An exemplary method for introducing a glycosylation site into a molecule of the
invention may comprise: modifying or mutating an amino acid sequence of the

molecule so that the desired Asn-X-Thr/Ser sequence is obtained.

[00138] In somc cmbodiments, the mvention encompasses methods of modifying
the carbohydrate content of a molecule of the mvention by adding or deleting a
glveosylation site. Methods for 1'1"umiif},/i11'gT the carbohydrate content of antibodies (and
molceules comprising anlibody domaims, g, Fo Region) are well known i the art and
cocompasscd within the invention, see, e, ULS. Patent No. 6,218,149; EP 0 359 (096
Bl; U.S. Publication No. US 2002/0028486; WO 03/035835; U.S. Publication No.
2003/0115614; U8, Patent No. 6,218,149; U.S. Patent No. 6,472,511; all of which are
incorporaled hercin by reference in their enlircty. In other embodimerts, the mvention
encompasses methods of modifying the carbohydrate comtent of a molecule of the
invention by deleting one or more endogencus carbohydrale moicties of the molecule.
In a specific embodiment, the invention encompasses shifting the glycosylation site of
the Fc Region of an antibody, by modifying positions adjacent to 297, Tn a specific
embodiment, the invention encompasses modifying position 296 so that position 296

and nol position 297 1s glycosylated.

[00139] IEffccior [unclion can also be modified by techniques such as by introducing

one or more cysteine residues into the Fe Region, thereby allowing interchain disulfide
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bond formation in this region to occur, resulting in the generation of a homodimenc
antibody that may have improved internalization capability and/or increascd
complement-mediated cell killing and ADCC (Caron, P.C. et al. (1992) “Engineered
Humanized Dimeric Forms Of IuG Are More Effective Antibodies,” ). Exp. Med.
176:1191-1195; Shopes, B. (1992) “A Genetically Engineered Human IgG Mutant With
Enhanced Cytolvtic Activity,” J. Immunol. 148(9):2918-2622. Homodimeric antibodies
with enhanced antitumor activity may also be prepared using heterobifunctional cross-
finkers as described in Wolff, ELA. er al. (1993) “Monoclonal Antibody Homodimers:
Enhanced Antitumor Activity In Nude Mice,” Cancer Rescarch 33:2360-2565.
Alternatively, an antibody can be engincered which has dual I'c Regions and may
thereby have cnhanced complement lysis and ADCC capabilitics (Stevenson, G.T. e
al. (1989) “4 Chimeric Antibody With Dual Fe Regions (bislabFc) Prepared By
Manipulations At The Ig(; Hinge,” Anti-Cancer Drug Design 3:219-230).

[00140] The serum half-life of proteing comprising Fe Regions may be increased by
increasing the binding affinily of the Fe Region for FcRn. The term “half-life™ as used
herein means a pharmacokinctic property of a molecule that is a measure of the mean
survival time of the molecules [ollowing their admioistration. Half-life can be
expressed as the time required to climinate fifty percent (50%) of a known quantity of
the molecule from the subjects body (e.g., human paticnt or other mammal) or a specific
compartment thereof, for example, as measured 1 scrum, /.¢., circulating hali-life, or
in other tissues. In general, an increase in hali-life results in an incrcasc in mean

residence time (MRT) in circulation for the molecule adminisiered.

[00141] In some embodiments, the LAG-3-binding molecules of the present
invention comprise a variant Fe Region, wherein said variant Fe Region comprises at
lcast one amino acid modification relative to a wild-type Fe Region, such that said

molecule has an increased hali=life (relative 1o a wild-type Fe Region).

[00142] In some cmbodiments, the LAG-3-binding molccules of the present
invention comprise a variant I'c Region, wherein said variant Fc Region compnises a
halftlive extending amino acid substitulion at one or more positions selected from the

group consisting of 238, 250, 252, 154, 256, 257, 256, 2065, 272, 286, 303, 305, 307,
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309, 311, 312, 317, 340, 356, 360, 362, 376, 378, 380, 382, 413, 424, 428,433, 434, as
numbered by the FU index as set forth in Kabat. Numerous specific mutations capable
of increasing the half-ife of an Fo-containing molecule are known in the art and
include, for example 252Y, 254T, 256E, and combinations thercof. For example, see
{he mmutations dcscribed in U.S. Patent Nos. 6,277,375, 7,083,784, 7217797,
8 088,376, US. Publication Nos. 2002/0147311; 2007/0148164; and Intcrnational
Publication Nos. WO 98/23289 and WO 09/058492, which are herein incorporated by
reforence in their entireties, Fe comprising molecules with enhanced hatf-life also
include those with substitufion two or more of F¢ Region residucs 250, 252,254, 256,
257, 309, 311, 428, 433, 434, (11.5. Pat. Nos. 7,083,784 and §,088,376).

[00143]  Ina specific cmbodiment, the variant Fo Region compnises substitutions of®
(A)252Y, 2534T and 256E;
(8)250Q and 428L;
(CHYT307Q and N434A;
(D)A37EV and N434A;
(E)yN434A and Y430I; or
(F) V308P/N434A.

Vi Anii-Tiluman LAG-3 Diabodies

[00144] Onecom bodiment of the present invention relatcs to bispecific diabodics that
arc capable of binding to a “first epitope” and a “sccond epitope,” whercin the first
cpitope 1s an epitope of human LAG-3 and the sccond epitope is apn epitope of a
molccule involved in regulating an hmrnune checkpoint present on the surface ol an
immune cell, such as a T lymphocyte. The second cpitope is preferably not an epitope
of LAG-3. In one embodiment, the sccond epitope is an epitope of B7-H3, B7-H4,
BTLA, CD3, CD&, CD16, CD27, CD32, CD40, CD40L, CD47, CD64, CD70, CDRO,
CD86, CD94, CD137, CD137L, CD226, CTLA-4, Galectin-9, GITR, GITRL, HTHLAZ,
1COS, 1COSI., KIR, LAG-3, LIGHT, MIIC class 1 or I, NKG2a, NKG2d, x40,
0OX40L, PD1H, PD-1, PD-LI, rD-L2, PVR, S1RPa, TCR, TIGIT, TIM-3 or VISTA.
Tn a specific ecmbodiment, the sccond cpitope 1s C137, PD-1, OX40, TIGIT, or TIM-
3.
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1. Bispecific Diabodies Lacking Fc¢ Regions

[00145]  One embodiment of the present invention relates to bispecific monovalent
diabodies that comprise, and most preferably are composcd of, a first polypeptide chain
and a second polypeptide chain, whose sequences permit the polypeptide chains to
covalently bind to cach other to form a covalenlly associated complex that is capable
of simultancously binding to LAG-3 and the second cpitope (e.g. B7-H3, B7-H4,
BTLA, CD40, CD8O, CD#6, CD137, CTLA-, 1COS, KIR, MHC class 1 or 11, OX40,
PD-1, PD-LI, TCR, TIM-3, @te.).

{00146] The first polypeptide chain of such an embodiment of bispecific monovalcnt
diabodiss comprises, in the Naterminal to C-terminal direction, an N-terminus, the VL
Domain of a monoclonal antibody capable of binding 10 either the first or second
epitope (i.¢., cither VLiac 3 ot V LEpiwpe2), @ first intervening spacer peptide (Linker 1),
a VH Domain of a monoclonal antibody capable of binding to cither the second cpitope
(if such first polypepiide chain contains VL1.ac-s) or the first epitope (il such farst
polypeptide chain contains VLzpitpe 2), 8 Cystein e-containing second i ntorvening spacer
peptide (I.inker 2, a Heterodimer-Promoting Domain and a C-terminus (Figure 1).
The potation “VL1" and “yv 1 denote respectively, the Variable Light Chain Domain
and Varable Heavy Chain Domain that bind the ““first” epitope. Simi {arly, the notation
syvL2" and “VH2 denote respectively, the variable Light Chain Domain and Variable

Fleavy Chain. Domain that bind the “sccond” cpitope.

[00147] The sccond polypeptide chain of this cmbodiment of bispecific monovalent
diabodics comprises, in the N-terminal to C-terminal direction, an N-terminus, a VL
Domain of a monoclonal antibody capable of binding to cither LAG-3 or the second
epitope (1.e., either VL.ag- o VL ipitope 2, and being the VL Domain not selected for
nclusion in the first polypeptide chain of the diabody), an intervening linker peptide
(Linker 1), a VI Domain of a monoclonal antibody capable of binding 10 either the
sccond epitope (if such sccond polypeptide chain contains Viags) or to LAG-3 (f
such second polypeptide chain contains VLepitepe 2), & Spacer peplide (Linker 2)
optionally containing a cysteine residue, 8 Heterodimer-Promoting Domain, and a C-

terminus (Figure L),
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[00148] The VI. Domain of the first polypeptide chain interacts with the VH Domaim
of the sccond polypeptide chain to form a first functional antigen-binding sitc ihal is
specilic for a first antigen {i.e., either LAG-3 or an antigen that contains the second
cpitope). Likewise, the VL Domain of the second polypeptide chaimn interacts wath the
VH Dormain of the first polypeptide chain in order to form a second functional antigen-
binding sitc that is specific for a second antigen (i.&., either an antigen that contains the
sceond epitope or 1LAG-3). Thus, the selection of the VL and VH Domains of the first
and second polypeptide chains is coordinated, such that the two polypeptide chains of
the diabody collectively comprise VL and VH Domains capable of binding to both an
cpitope of 1LAG-3 and to the second epitope (i.e., they comprise VLrac-3/VHiag.s and
VL Epitape 2/VHEpitope 2).

[00149]  Most preferably, the length of the iniervening linker peptide (Linker 1,
which separates such VL and VH Domains) is sclecled (o subsiantially or completcly
prevent the VL and VH Domains of the polypeptide chain from bimding o one another.
Thus the VL and VH Domains of the first polypeplide chain are substantially or
completely incapable of binding to one another. Likewise, the VI and VH Daomains of
the second polypeptide chain are substantially or completely incapable ol binding (o
ong another, A preferred intervening spacer peptide (Linker 1) has the sequence (SEQ
ID NO:33): GGGESGGEEGE,

[00150] The cysteine-contaning second intervening spacer peptide (Linker 2) will
contain 1, 2, 3 or more cysteines. A preferred cystemme-containimg spacer peptide
(Linker 2) has the scquence is SEQ ID NO:34: GGCGGG. Alternatively, Linker 2 does
not comprise a cystcine and a Cysteine-Containing Heterodimer-Promoting Domain, as
described below is used.  Optionally, both a cysteine-containing Linker 2 and a

cysteme-containing Heterodimer-Promoting Nomain are used.

[00151]  The Heterodimer-Promoting Domains may be GVEFKSC (SEQ 1D NO:35)
or VEPKSC  (SEQ 1D NO:36) or ALPLSC (SEQ TD NO:115) on one polypeptide
chain and GFNRCEC (SEQ ID NO:37) or FNRGEC (SEQ 1D NO:38) on the other
polypeptide chatm (U52007/0004909).
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[00152] More preferably, however, the Helcrodimer-Promoting Domains of such
digbodies are formed from onc, (two, three or four tandemiy repeated coil domans of
opposing charge that compnsc a scquence of at least six, at least seven or at least eaght
charged amino acid residues (Apostolovic, I3, ef gf. (2008) “pH-Sensitivity of the E3/K3
Heterodimeric Coiled Coil,” Biomacromolccules 9:3173-3180; Arndt, K.M. er al.
(2001) “Helix-stahilized Fv (hsFv) Antibody Fragments: Substituting the Constant
Daomains of a Fab Fragment for a Heterodimeric Coiled-coil Domain,” ). Molec. Biol.
312:221-228; Arndt, KM. e al. (2002) “Comparison of In Vive Selection and Rational
Design of Heterodimeric Coiled Coils,” Strocture 10:1235-1248; Boucher, (. et al
(2010) “Protein Detection By Western Blor Via Coiled—Cotl Interactions,” Analytical
Biochemistry 399:138-140; Cachia, P.J. ez af. (2004) “Svathetic Peptide Vaccine
Development: Measurement Qf Polyvelonal Antibody Affinity And Cross-Reactivity
Using A New Peptide Capture And Release Svstem For Surface Plasmon Resonance
Spectroscopy,” 1. Mol. Recognit. 17:540-557; De Crescenzo, G.D. et al. (2003) “Real-
Time Monitoring of the Interactions of Two-Stranded de novo Designed Coiled-Coails:
Lftect af Chain Length on the Kinetic and Thermodynamic Constants of Binding,”
Biochemistry 42:1754-1763; Femandee-Rodriquer, 1. e al (2012) “Induced
Hererodimerization And Purification Qf Two Target Proteins By A Synthetic Coiled-
Coif Tag.” Protein Science 21:511-519; Ghosh, T8, et al. (2009) “End-1o-End And
End-To-Middle Interhelical Interactions: New Classes Of Interacting Helix Pairs In
Protein Structures,” Acta Crystallographica D65:1032-1041; Grigoryan, G. ef al.
(2008) “Structural Specificity In Coiled-Coil Interactions,” Cwir, Opin. Struc. Biol.
18:477-483; Litowskl, J.R. ez al. (2002) “Designing Heterodimeric Two-Stranded o-
Helical Coiled-Coils: The Effects Of Hyvdrophobicity And a-Helical Propensity On
Protein Folding, Stahility, And Specificity,” ). Biol. Chem. 277:37272-37279,
Stcinkruger, LD, er al. (2012) “The d'-d--d' Vertical Triad is Less Discriminating Than
the a'—-a-—-a’ Vertical Triad in the Antiparallel Coiled-coil Dimer Motif,” ). Amer.
Chem. Soc. 134(5):2626-2633; Straussman, R e al. (2007) “Kinking the Coiled Coil
— Negatively Charged Residues at the Coiled-colf Interface,” ). Molec. Biol. 366:1232-
1242; Tripet, B. et al. (2002) “Kinetic Analysis of the Interactions between Troponin C
and the C-terminal Troponin | Regulatory Region and Validation of a New Peptide

Delivery/Capture System used for Surface Plasmon Resonance,” J. Molec. BRiol,
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323:345-362; Woolfson, D.N. (2005) “The Design Of Coiled-Coil Structures And
Assemblies,” Adv. Prot. Chem. 70:79-112; Zeng, Y. et al (2008) “A Ligand-
Pscudoreceptor System Based On de novo Designed Peptides For The Generalion Of
Adenoviral Vectors With Altered Tropism,” ). CGiene Med. 10:353-367).

[00153]  Such repeated coil domains may be exact repeats or may have substitutions,
For example, the Helerodimer-Promoting Domain of the first polypepiide chain may
comprisc a scquence of eight negatively charged amino acid residues and the
Heterodimer-Promoting Domain of the second polypeptide chain may comprise
sequence of cight negatively charged amino acid residucs. Ii is immaterial which coil
is provided 1o the [irst or second polypeptide chains, provided that a coil of opposite
charge is uscd for the other polypeptide chain. The positively charged amino acid may
be lysine, arginine, histidine, efc. and/or the negatively charged amino acid may be
glutamic acid, aspartic acid, e¢zc. The positively charged amino acid is preferably lysine
and/or the negatively charged amino acid is preferably glutamic acid. Itis possible for
only a single Heterodimer-Promoting Domain to be employced (since such domain will
inhibit homodimerization and thereby promote helerodimerization), however, it is
preferred for both the first and second polypeptide chains ol the diabodics of the present

invention to contain Helerodimer-Promoting Domains.

[00154] In a preferred embodiment, one ol the Heterodimer-Promoting Domains
will comprisc four tandem “E-coil” helical domains (SEQ TD NO:3%: EVAALEK-
EVAALEK-EvVAALEK-EVAALEK), whose ghitamate residues will form a ncgative
charge at pH 7, while the other of the Teterodimer-Promoting Domains will comprise
four tandem “K-coil” domains (SEQ ID NO:40: KVANT KR -KVAALKE-KVAALKE -
KVAALKE), whose lysine residues will form a positive charge at pH 7. The presence
of such charged domains promotcs association between the first and sccond
polypeptides, and thus fosters heterodimer [ormation. Fspecially preferred is a
Fleterodimer-Promoting Domain in which one of the four tandem “E-coil™ helical
domains of SEQ ID NO:39 has been modilicd lo contain a cysteine residue:
EVAACEK-EVAALEK-EVAALEK-EVAATEK (SEQ ID NQO:41). Likewise, especially

preferred is a Heterodimer-Promoting Domain in which one of the four tandem “EK-
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coil” helical domains of SEQ ID NO:40 has been modilicd (0 conlain a cysteine

residue: KVAACKR -KVAATKF-KVARTKFR-KVAATKE (SEQ ID NQ:42).

[00155]  As disclosed in WO Z012/018687, in order to improve the in vivo
pharmacokinctic propertics of diabodics, a diabody may be modified to contain a
polypeptide portion of a serum-binding protein at ong or more of the termini of the
diabody. Most preferably, such polypeptide portion of a serume-binding protein will be
instatled at the C-terminus of the diabody. Albumin is the most abundant protcin in
plasma and has a half-life ot 19 days in humans. Albumin posscsses several small
molecule binding sites that permit it to non-covalently bind to other proteins and
thereby extend their serum half-lives, The Albumin-Binding Domain 3 (ABD3) of
protein G of Streptococcus strain (G148 consists of 46 amino acid residucs forming a
stable three-helix bundle and has broad albumin-binding specificity (Johansson, M.U.
et al. (2002) “Structure, Specificity, And Mode Of Interaction For Bacterial Albumin-
Binding Modules,” 1. Biol. Chem. 277(10):8114-8120. Thus, a particularly preferred
polypeptide portion of a serum-binding protein for improving the in vive
pharmacokinetic properties of a diabody is the Albumin-Binding Domain (AI3D) from
streptococcal protein G, and more preferably, the Albumin-Rinding Domain 3 (AIRD3)
of protein (G of Streptococcus strain G148 (SEQ 1D NO:43): LAEAKVLANR

ELDEYGVEDY YENLIDNAKS ARGVEALIDE ILAATLIL.

[00156] As discloscd im WO 2012/162068 (hercin incorporated by refercnec),
“deimmunized” varants of SEQ ID NO:43 have the ability to attenuate or clinmnate
MITIC class 11 binding. Bascd on combinational mutation results, the [ollowing
combinations of substitutions are considered to be preferred substitutions for forming
such a deimmumized ABD: 66D/7058 +71A; 068/708 +71A; 668/708 +79A;
GAA/GSA/TIA; GAA/GSA/TIATGHS; 64AMBSA/TIAFGED; 64A/65A/7TA+GGE;
64A/65A/TOA 068, 6AA/65A/TIA+H66D; 64A/BSA/TOAHOOE. Varianl ABDs having
the modifications L64A | 165A and D72A or the modifications N66S, T705 and D79A,
Varianl demmmunized ABD having the amino acid sequence:

LABARYLANR ELDEYGVEDY YENLIDq:NAKS-. A7 LUGVEALIDE ILAALP

(SEQ ID NO:116),
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or the amino acid sequence:
LAFRAKVTIANE ELDEYGVSDY YKN&M&E;ENNAKT VEGVEAL Ié',‘i)ﬂ LLAALY
(SEQ 1D NO:44),
or the aming acid sequencc:
LAEAKVIANRE ELDEYGVSDY YENL IE,;,(-,NT\KE-;;‘J VEGVEALIA:E TLAALP
(SEQ 1D NO:45),
are particularly preferred as such deimmunized ABD exhibit substantially wild-type
binding while providing attenuated MHC class 1T binding. Thus, the first polypeptide
chain of such a diabody having an ABD contains a third linker (Linker 3) preferably
positioned C-terminally to the E-coil (or K-coil) Domain of such polypeptide chain so
as to inlervene between the E-coil (or K-coil) Domain and the ABD (which is preferably
a deimmunized ABD), A preferred sequence for such Linker 3 is SEQ 1D NO:46:

G5,

2. Bispecific Diabodies Containing Fe Regions

[00157] One embodiment of the present invention relates to bispecific diabodics
comprising an Fe Region capable of simultaneously binding to LAG-3 and a second
cpitope (e.g. B7-H3, B7-H4, BTLA, CD40, CD8O, CD36, CD137, CTLA-4, ICOS,
KIR, MHC class [ or 11, 0X40, PD-1, PD-1.1, TCR, FTIM-3, etc.). The addition of an
12G CH2-CH3 Domain to one or both of the diabody polypeptide chains, such that the
complexing of the diabody chains resuits in the formation of an Fc Region, increases
the biological half-life and/or alters the valency of the diabody. Incorporating an IgG
CH2-CH3 Domain onto both of the diabody polypeptides will permil a two-chain

bispecific Fe-Region-containing diabody to form (Figure 2).

100158]  Alernatively, incorporating an 1gG CH2-CH3 Domain onto only one of the
diabody polypeptides will permit a more complex four-chain bispecilic Fe Region-
containing diabody to form (Figares 3A-3C). Figure 3C shows a representative four-
chain diabody possessing the Constant Light (CL) Domain and the Constant Meavy
CH1 Domain, however fragments of such domains as well as other polypeptides may
alternatively be employed (scc, e.g., Figures 3A and 3B, Unied Stales Patent
Publications No. 2013-0295121; 2010-0174033 and 2009-006091Q; European Patent
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Publication No. EP 2714079, TP 2601216, EP 2376109, EP 2158221 and PCT
Publications No. WO 2012/162068; WO 2012/018687; WO 2010/080538). Thus, for
example, in ligu of the CIT1 Domain, ong may employ a peplide having the amino acid
sequence CVEPKSC (SEQID NO:35) viPKEC (SEQ ID NO:36), or AEFPKSC (SEQ
ID NO:115), derived o the hinge domain of a human Ig@G, and in lien of the CL
Domain, onc may cmploy the C-terminal 6 amino acids of the human kappa light chain,
GEFNRGEC (SEQ ID NO:37) or FNRGEC (SEQ 1D NO:38). A represeniative peptide
containing four-chain diabody 1s shown in Figure 3A. Altematively, or in addition,
one may employ a peptide comprising tandem coil domains of opposing charge such as
the “E-coil” helical domains (SEQ 1D NO:39: EVAATEK-EVAATEK-EVANLEK-
EVAALEE or SEQ ID NO:4l: EVARCEK-EVAATEK-EVAATEK -BVAALEK), and
the “K-co1l” domains (SEQ 1D NO:40: KVAALKE-KVAATKE-KVARLKE-KVAATKFE
or SEQ ID NO:42: KVAACKE-KVAALKE-KVAALKE-KVAALKE). A repreésentative

coil domain containing four-chain diabody is shown in FFigure 3B.

[00159] Additional or altermative limkers that may be employed in the Fo Region-
containing diabody molecules of the present invention include: ASTES (SEQ ID
NO:47), pRUUTCPPCP (SEQID NO:48), LPKSCOKTHTCPRECE (SEQ 1D NO:30),
LEPKSS (SEQ ID NO:49), Ar355 (SEQ ID NO:31), and AFPSSSPME  (SEQ 1D
NO:50), GGC, and GGG, SEQ ID NO:49 may be used in licu of GGG or GGC for ease
of cloning. Additionally, SEQ 1D N(O:49 may be immediately followed by SEQ TD
NO:47 (o [orm an altemate hnker (LEPESSDRITITCeRCE; SEQ ID NO:51).

[00160]  As provided in Figure 3A-3C, diabodies of the invention may comprisc [our
different chains, The first and third polypeptide chains of such a diabody contain three
domains: (i) a VI.1-containing Domain, (ii) a VH2Z-containing Domain, (iii)
Heterodimer-Promoting Domain and (iv) a Domain containing a CH2-CH3 scquence.
The second and fourth polypeptide contain: (i) a VIL.2-containing Domain, (ii) a VHI1-
comtaining Domain and (i) a2 Tleterodimer-Promoting Domain, where  the
Heterodimer-Promoting Domains promote the dimerization of the first/third chains
with the second/fourth chains. The VI. and/or VIT Domains of the third and fourth

polypeptide chains, and VL and/or VH Domains of the first and second polypeptide
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chains may be the same or diflcrent so as to permit tetravalent binding (hat is cither
monospecific, bispeeific or tetraspecific. The general structure of the polypeptide

chains of a represenlalive four-chain Fe Region-containing diabodics of invention is

provided in Table 2:
Table 2
7™ Chain | NII:-VL2-VHI-Heterodimer-Promoting Domain-COOII
% I* Chain | NHz-VL1-VH2-Heteradimer-Promoting Domain-CH2-CH3-COOH
E 17 Chain | NH:-VL1-VII2-Heterodimer-Promoting Domain-CH2-CTHI3-COOII
2™ Chain | NH:-VL2-VIIl-Ileterodimer-Promoting Domain-COOH B
o | 2% Chain { NH;-VL2-VIIl-Heterodimer-Promoting Domain-COOH
% d 1" Chain | NH-VL1-VI2-Heterodimer-Promaoting Domain-CH2-CH3-COO0I1
g 3™ Chain NIIL-VL3-VH4-Heterodimer-Promoting Domain-CI12-CH3-COOH
= 4™ Chain | NH:-VL4-VII3-Heterodimer-Promoting Domain-COOH

[00161] Ima specific embodiment, dinbodies of the present invention arc hispecific,
tetravalent, Fe-containing diabodies (Figure 3) thal arc composed of four total
polypeptide chains. The bispecific, tetravalent, Fc-containing diabodies of the
invention comprisc two cpitope binding domains immunospecific for LAG-3, and two
epitope binding domains specific for a second epitope (e.g., B7-H3, B7-114, BTLA,
CD40, CD80, CD86, CD137, CTLA-4, ICOS, KIR, MHC class 1 or 1I, OX40, PD-1,
PD-L1, TCR, TIM-3, eic.).

[00162] Ina further cmbodiment, the bispecilic Fe Region-containing diabodies may
comprise three polypeptide chains. The first polypeptide of such a diabody contains
threc domains: (i) a V1. 1-containing Domain, (ii) 2 VH2-containing Domain and (iii) a
Domain containing a CH2-CH3 sequence. The second polypeptide of such diabodics

contains: (1) a VL2-containing Domain, (1) a VHl-contlaining Domain and (iii) a

Domain that promotes heterodimerization and covalent bonding with the diabody’s first

polypeptide chain. The third polypeptide of such diabodics comprises a CII12-CH3
scquence, Thus, the first and second polypeptide chains of such diabodies associale
together to form a VL1/VH1 binding site that is capable of binding to the [irst cpitope,
as well as a VI.2/VII12 binding site that is capable of binding to the second epitope. The

first and second polypeptides arc bonded to one another through a disulfide bond
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involving cysteine rosidues in their respective Third Domains. Notably, the first and
third polypeptide chains coroplex with one another to form an Fc Region that 18
stabilized via a disulfide bond. Such diabodics have enhanced potency. Figures 4A
and 4B illustrate the structures of such diabodies. Such Fe-Reglon-containing

hispecific diabodies may have cither of two orientations (Table 3):

Table 3

g | 3™ Chain NH-CH2-CH3-COOH
E ‘% 1* Chain | NHz-VL1-VH2-Heterodimer-Promoting Domain-CH2-CH3-COOH

‘g 9% Chain | NHz-VE2-VH 1-Heterodimer-Promoting Domain-COOH

- | 3* Chain | NHz-CII2-CH3-COOH
o .5
™ .
g % 1* Chain | NH,-CH2-CH3-V[.1-VII2-Heterodimer-Promoting Domuin-COO0H
Wi o

© | 2% Chain NH.-VI.2-VI1l-Heterodimer-Promoting Domain-COOIT

100163} The Fc Region of the Fe Region-containing diabodics of the present
imvention may be either a complete Fe Region (e.g., a complete 1 £G Fe Region) or only
a fragment of a compleie Fo Region. Optionally, the Fe Region of the Fo Region-
containing diabodies of the present invention lack the C-terminal amino acid residuc.
Although the Fc Region of the bispecific Fe diabodies of the prescot invention may
posscss the ability to bind to one or more T receptors (e.g., FoyR(s)), more preferably
such F¢ Region will cause altercd binding to FcyRIA (CD64), FeyRINA (CD32A),
FeyRUB (CD321), FeyRIIA (CD16a) or FoyRIIIB (CD16b) (relative to the hinding
exhibited by a wild-type Fe Region) or will substantially climinate (he ability of such
Fc Region to bind to inhibitory receptor(s). Thus, the Fc Region of the Fc Region-
containing diabodics of the present invention may include some or all of the CI12
Domain and/or some or all of the CH3 Domain of a complete Fc Region, or may
comprise a variant CH2 and/or a variant CT13 sequence (that may include, for example,
one or more inscrtions and/or onc or more deletions with respect (o the CH2 or CH3
domuins of a complete Fe Region). Such Fe Regions may comprise non-Fe polypeptide
portions, or may comprisc portions of non-naturally complete Fe Regions, or may

comprise non-naturally occwrring orientations of CH2 and/or CH3 Domains (such as,
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for example, two CH2 domains or two C'H3 domains, or in the N-terminal to C-terminal

direction, a CH3 Domain linked to a CH? Domain, efe.).

[00164] Fc Region modifications identified as altering clfector function are known
in the art, including modifications that incrcase binding to activating receptors (e.£.,
FoyRIIA (CDI16A) and reduce binding io inhibitory receptors (e.g., FoyRIIB { Ch32B)
(see, e.g., Stavenhagen, 1.I3. et al. (2007) “Fc¢ Optimization OF Therapeutic Antibodies
Enhances Their Ability To Kill Tumor Cells In Vitro And Controls Tumaor Expansion In
Vivo Via Low-Affinity Activating Fegamma Receprors,” Cancer Res. S57(18).8882.
£890). Exemplary variants of human IgG1 Fe Regions with reduced binding to CD328
and/or increased binding to CD16A contain F243L, R292P, Y3001, V305! or P296L
substitutions. These amino acid substitutions may be present in a human IgGl Fe
Region in any combination. In one cmbodiment, the human [gG1 Fe Region varianl
contains a F243L, R292P and Y300L substitution. In another embodiment, the human
12Gl Fc Region variant contains & IF243L, R292P, Y300L, V3051 and P296L

subslitution.

[001653] lIn particular, it 13 preferred for the CH2-CH3 Domains of the polypephde
chains ofi the Fc Region-coniaining dizbodies of the present invention to exhibit
decreased (or substantially no) binding 1o FeyRIA (CD64), TFoyRIIA (CD32A),
FoyRITB (CD3213), FoyRIHA (CD16a) or FeyRIIB (CDI 6b) (relative to the binding
exhibited by the wild-type IgG1 Fe Region (SEQ 1D NO:1). Fo variants and mutant
forms capable of mediating such altered binding are described above, In a specific
embodiment, the CH2-CH3 Domains of the polypeptide chains of the Fe Region-
containing diabodies of the present invention comprise an 1gG Fo Region that ¢xhibils
reduced ADCC cffector function. In a preferred embodiment the CH2-CH3 Domain of
the first and/or third polypeptide chains of such diabhodics include any 1, 2, or 3, of the
substitutions: L234A, L235A, N297Q, and 297G, Tn another embodiment, the human
13G1 Fe Region variant contains an N297Q substitution, an N297G substitution, L234A
and L235A substitations or a D265A substitution, as these mutations abolish FcRk
binding. Alternatively, a CH2-CH3 Domain which inhcrently exhibits decreased (or
substantially no) binding to FoyRIIIA (CD16a) and/or reduced effector function
(relative to the binding exhibited by the wild-type TgG1 Fe Region (SEQ 1D NO:1))1s
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ulilized. In a specific embodiment, the Fe Region-containing diubodies of the present
invention comprise an IgG2 Fe Region (SEQ 1D NO:23) or an IgG4 Fe Region (SEQ
IN:NO:24).  When an 1gG4 Fc Region in utilized, the istant mvention also
encompasses the introduction of a stabilizing mutation, such as S22¥8P, as numbcered by
the EU index as set forth in Kabat (Lu et al, (2008) “The Effect OQf 4 Point Mutation
On The Stability Qf Iggd As Monitored By Analytical Ultracentrifugation,” I
Pharmaceutical Sciences 97:960-969) to reduce the mceidence of strand exchange.
Other stabilizing mutations known m the art may be inlroduced inlo an IgG4 Fe Region
(Pcters, P et al., {(2012) “Engineering an Improved IgGd Molecule with Reduced
Disulfide Bond Heterogeneity and Increased Fab Domain Thermal Stability,” J. Biol.
Chem,, 287:24525-24533; PCT Patent Publication No: WO 2008/145142). Since the
N297G, N297€), L234A, L.235A and D265A substitutions abolish clfaetor function, in
circumstances in which effector function is desired, these substitutions would

preferably not be employed.

[00166] The CH2 and/or CH3 Domains of such polypeptide chains need not be
identical in sequence, and advantagcously arc modificd to foster complexing between
the two polypeptide chains. For example, an amino acid substitution (preferably a
substitution 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 similarly mutated domain and will obligate the mutated
domain (o pair with a domain into which a complementary, or accommodating mutation
has been engineered, 7 e, “the hole” {e.g., a substitution with glycine). Such scis of
mutations can be engineered into any pair of polypeptides comprising CH2-CH3
Domains that forms an Fc Region. Methods of protein cngincering to favor
heterodimerization over homodimenzation arc well known in the art, in particular with
respect to the engineering of immunoglobulin-like molecules, and are cncompassed
hergin (see e.g., Ridgway et al. (1996) " 'Knobs-Into-Holes’ Enginecering Of Antibody
(CCH3 Domains For Heavy Chain Heterodimerization, ™ Protein Engr, 9:617-621, Aiwcll
et al. (1997) “Stable Heterodimers From Remodeling The Domain Interface Of A
Homodimer Using A Phage Display Library, " J. Mol, Biol. 270: 26-35, and Xic et al.
(2005) “A New Format Of Bispecific Antibody: Ilighly Efficient Ieterodimerization,

Expression And Tumeor Cell Lysis,” ). Immunol. Methods 296:95-101; cach of which
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is hereby incorporated hercin by reference in. its entirety). Preferably the “knob™ is
engincerced into the CH2-CT13 Domains of the first polypeptide chain and the “hole™ is
enginecred into the CH2-CI13 Domains of the third polypeptide chain of diabodies
comprising three polypeptide chains. Thus, the “knob™ will help in preventing the first
polypeptide chain from homodimerizing viaits CI12 and/or CH3 Domains. As the third
polypeptide chain preferably contains the “hole” substitution il will heterodimerize with
the first polypeptide chain as well as homodimerize with tscll. A similar strategy may
be ulilized for diabodics comprising [our chains where the “knob™ is engincered into
the CH2-CH3 Domains of the second polypeptide chain and the “hole™ is enginecred

into the CI12-CH3 Domains of the fourth polypeptide chain.

[00167] A preferred knob is ereated by modifying a native gl Fe Rcgion to contaln
the modification T366W. A preferred hole is created by modifying a native 1gG Fe
Region to contain the modification T3663, L368A and Y407V. To aid in purifying the
third polypeptide chain homodimer from the final bispecific monovalent Fe diabody
comprising the firsi, sccond and third polypeptide chains, the protein A binding site of
the CH2 and CH3 Domains of the third polypeptide chain is preferably mutated by
amino acid substitution at position 435 (11435R). Thus, the third polypeptide chain
homodimer will not bind to protein A, whereas the bispecific monovalent Fe diabody
will retain its ability to bind protein A via the protein A binding silc on the first

polypeptide chaimn.

[00168] A preferred sequence for the CH2 and CH3 Domains ol the first polypeptide
chain of an Fc Region-containing diabody of the present invention will have the “knob-
bearing” sequence (SEQ 1D NO:25):
APEAAGGFSY FLFPPKPKDT TMLSRTEEVT CVVVDVSHED PEVKFNWIVD GVEVHNAKTH
CREEQYNSTY RVVEVLTVLE QDWLNGEEYE CKVSNKALEL PIEKTISKAK CQPREPCVYT
LEFSREEMTE NQVSLWCLVK GFYPSDIAVE WESNGOPENN YRTTEPVLDS DOSTFLYSKL
TVRKSRWOOS NVESCSVMHR ALUNHYTOKS LELSPGE
[00169] A preferred sequence for the CH2 and CH3 Domains of the second
polypeptide chain of an Fe Region-containing diabody of the present invention having
two polypeptide chains (or the third polypeptide chain of an Fc Region-containing
diabody having three polypeptide chains) will have the “hole-bearing™ sequence (SEQ
ID NO:26):
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APEAAGGESY FTIFFFKPKDY LMISRIBEVY CVVVDVSLIED PEVKFNWYVD GVEVANAKTK
PREEQYNSTY RVVSVLIVLE QDWLNGKEYK CEVSNEALPA PIRKTTSKAK GQRPREPQVYT
LEFSREEMTE NQVSTSCAVK GFYPSDIAVE WESNCGQPENN YRTTPPVLDS DGSFFLVSEL
TVDKSRWOQGE NVFSCIVMHE ATKNRYVQKS LSLSPOR
[00E70}]  As will be noted, the CH2-CH3 Domaing of SEQ ID NO:25 and SEQ ID
NO:26 include a subslitution al position 234 with alanine and 235 with alanine, and
thus form an Fc Region cxzhibit decreased (or substantially no) binding to FeyRIA
(CD64), FeyRIIA (CD32A), FoyRIB (CD32R), FoyRINA (CD16a) or FeyRIIB
(CD16b) (relative to the binding exhibited by the wild-type Fe Region (SEQ 1D NO:1),

[00171] It is preferred that the first polypeptide chain will have a “knob-beanng”
CI2-CII3 sequence, such as that of SEQ ID NO:25. However, as will be recogmizcd,
a “hole-bearing™ CH2-CH3 Domain (e.g., SEQ ID NO:26) could be cmployed in the
first polypeptide chain, in which case, a “knob-bearing” CH2-CH3 Domain (e.z., SEQ
ID NO:25) would be employed in the second polypeptide chain of an Fc Region-
containing diabody of the present invention having two polypeptide chams (or the third
polypeptide chain of an Fe Region-contatning diabody having three or four polypeptide

chains).
V. Reference Antibodics

A. Reference Anti-Human L.AG-3 Antibody

[00172] In order to assess and characterize the novel anti-human LAG-3-binding
molecules of the present invention, the following reference antibody was employed:
25F7 (BMS-986016, Medarex/BMS, designated heremn as “L.AG-3 mADb A™).

1. 25F7 (“LAG-3 mAb A™)

[00173] The amino acid sequence of the VIT Domain of 28F7 (“LAG-3 mAb A™)
(SEQ ID NO:99) is shown below (CDRu residues are shown underlined):

OVQLOOWEAG LLEFSETLSL TCAVYGGSFS DYYWNWIROE PGRGLEWIGE
INHNGNTNSN PSLESRVTLS LDUSENQESL ELRSVTAADT AVYYCAFGYS
DYEYNWEDEW GOGETLVIVES

[00174] The amino acid scquence of the VL Domain of 25F7 (“LAG-3 mAb A™)
(SEQ ID NO:58) 15 shown below (CDRu. residues are shown underlined):
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EIVLIQSEAL LSLSPCERAT LSCRASQSIS SYLAWYQUKP GOAPRLLIYD
AENRATGIDPA RESGEGECGETD FILTISSLEE LDEFAVYYCQO RSENWPLTHGO
GTNLEIK

i, Reference Anti-PD-1 Aniibodies

[00175] Tn order to assess and characterize the activity of the novel anti-human
LAG-3-binding molccules of the present invention in combination with an anti-PD-1
antibody a reference antibody may be used. Antibodies that are immunospecific for
PD-1 arc known (see, ¢.g2., United States Patents No. 8,008,449; 8,552,154, PCT Patent
Publications W 2012/135408; W0 2012/145549; und WO 2013/014668) and include:
nivolumab (also known as 5C4, BMS-936558, ONO-4538, MDX-1106, and marketed
as OPDIVO® by Bristol-Myers Squibb) designated herein as “PD-1 mAb 1"
pembrolizumab (formetly known as lambrolizumab, also known as MK-3475, SCH-
900475, and marketed as KEYTRUDA® by Merck) desigmated herein as “PD-1 mAb
2", EH12 2H7 (Dana Farber) designated herein as “PD-1 mAb 37; pidilizumab {also
known as CT-011, CurcTech,) designated herein as “PD-1 mAb 4.7

1. Nivolumab (*PD-1 mAb 17)

100176] The amino acid sequence of the Heavy Chain Variable Domain of PD-1
mAb 1 has the amino acid sequence (SEQ ID NO:108) (CDRa residues are shown
underlined):

OVOLVESGGG VVOPGRSTRT. NCKASGITES NSGMHWVROA PCKCLEWVAY
IWYDGSKRYY ADSVKGREUL SRDONSKNTLE LOMNSTRARD TAVYYCATND
DYWGQGTTVT V5SS

[00177] The amino acid sequence of the Light Chain Variable Domain of PD)-1 mAb
1 has the amino acid sequence (SEQ ID NO:109) (CDRL residues are shown

underlined):

FETIVLTOSPAT T.ST.SPGERAT LECRAEQSVS SYLAWYQQRP CGQAPRLLIYD
ASNRATGLPA RESGEGHGLD PTLTISSLEF BELRFAVYIVCQOO SENWPRTFGO
CTKVELK
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2. Pembrolizumab (“PD-1 mADb 277)

[00178] The amino acid scquence of the Heavy Cham Variable Domain of PD-1
mAb 2 has the amino acid sequence (SEQ 1D NO:116) (CDRw residucs are shown
underlined):
OVOLVOSGEVE VEKRFGASVEV SCKASGYTET NYYMYWVROA FGQGLEWMGE
INPSNGGTNF NEEKFENRVTIL TTDSSTITAY MELRSLOEFDD TAVYYCARRD
YRFDMGFDYW GQGTTVIVIEES

[00179] The amino acid sequence of the Light Chain Variable Domain of PD-1 mAb
2 has the amino acid sequence (SEQ ID NO:111) (CDR5 residues are shown
underlined):
EIVTITOSPAT LELSPCGERAT LSCRASKGVS TSGYSYLHWY QOKPFCOAPEL
LIYLASYLES CVPARFSGSG SGTDFTLTIS SLPLDEAVY YCQHSRDLEL
TrRGGETHVRTK

3. EH12.2H7 (*PD-1 mAb 3™)

[00180] The amino acid sequence of the Heavy Chain Variable Domain of PD-1
mAbDb 3 has the amino acid sequence (SEQ ID NO:112) (CDRy residues are shown
underlined):

QVQLOOSGAE LAKPCGASVOM SCRASGYSFT SSWIHWVRQOR PGQGLEWTGY

IYPSTGETEY NQKFEDKATL TADKESSTAY MOLSSLTZED SAVYYCARWR
DESSEYHAMDY WGOGTSVTVEE

[0018t] The amino acid sequence of the Light Chain Variable Domain of PD-1 mAD
3 has the amino acid sequence (SEQ ID NO:113) (CDRL residues are shown
underlined):

DIVLTQSPAS LUIVSLGORAT ISCRASQSVS TSGYSYMHWY QOEPGOFPEL
TLTKFGSNLES GIPARFSGSG SCLDEFTINTH EVEEEDTATY YCQHESWEIPY
TIGGGETRLELD K

4, Pidilizumab (“PD-1 mAb 47)

[00182] The amino acid sequence ol the Heavy Chain Variable Domun of PD-1
mAb 4 has the amino acid scquence (SEQ ID NO:114) (CDRH residues are shown
underlined):

QVOTVOIGSE LEKPGASVKI SCREASGYTET NYGMNWVEREQA FPGOQCLOWMOW

INTDSGESTY AEEFEGRFVE SLDTSVNTAY TOTTSLTARD IGHYICVREVG
¥DATLDYWSEOE TLVTVES
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[00183] The amino acid sequence of the Light Chain Variable Domain of PD-1 mAb

4 has the amino acid sequence (SEQ ID NO:9) (CDR1 residues are shown underlined):
EIVLTOS5FS55 LSASVGDRVT ITCSARSSVS YMHWIQQKRPC RKAPRIWIYRT
SENLASCVPEPSR FSCECGE5GTSY CLTINSLQPE DFATYYCQQOR SSEFPLTFGGG
THLETEK

Vill. Methods of Production

[00184]  An anti-I.AG-3 polypeptide, and other ILAG-3 agonists, anlagonists and
madulators can be created from the polynucleotides and/or sequences of the LAG-3
mAb 1, LAG-3 mAb 2, LAG-3mAb 3, LAG-3 mAb 4, LAG-3 mADb 5, or LAG-3 mAb
6 antibodies by methods known in the art, for example, synthetically or recombinanily.
One method of producing such peptide agonists, antagonists and modulalors imvolves
chemical synthesis of the polypeptide, followed by treatment undcr oxidizing
conditions appropriate to obtain the native conformation, that is, the correct disullide
bond linkages. This can be accomplished using methodologics well known to those
skilled in the art (see, e.g., Kelley, R. T e gl (1990) In: GENETIC ENGINEERING
PRINCIPLIES AND METIODS, Setlow, LK. Ed., Plenum Press, N.Y., vol. 12, pp 1-19;
Stewart, J.M er al. {1984) S0Lm Priasn PEPTIDE SYNTHRSIS, Pierce Chemical Co,,
Rockford, I1.; see also United States Palenis Nos. 4,105.603; 3,972,859: 3,842,067 and
3,862,925).

[00185] Polypeptides of the invention may be conveniently prepared using solid
phase peptide synthesis (Mermrifield, B. (1986) “Salid Phase Synthesis,” Science
232¢4748):341-347; Moughten, R A, (1983) “General Method For The Rapid Solid-
Phase Synthesis Of Large Numbers QF Peptides: Specificity Of Antigen-Antibody
Interaction At The Level Of Individual Amino Acids)” Proc. Natl, Acad. Sci, (U.8.A))
B2(15):5131-5135; Ganesan, A, (2000) “Selid-Phase Synthesis In The Twenty-First
Century,” Mini Rev. Med, Chem, 6(1):3-10).

[00186]  In yet another alternative, fully human antibodies having one or morc of the
CDRs of LAG-3 mAb 1, LAG-3 mAb 2, LAG-3 mAb 3, LAG-3 mAb 4, LAG-3 mAb
5, or LAG-3 mAb 6 or which compete with LAG-3 mAb 1, LAG-3 mAb 2, LAG-3
mAb 3, LAG-3 mAb 4, LAG-3 mAD 3, or LAG-3 mAb 6 for binding to human LAG-

3 or a soluble form thercofl may be obtained through the use of commercially available
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mice that have been engincered to express specific human ioomunoglobulin proteins.
Transgenic animals (hat are designed to produce a more desirable (e.g., fully human
antibodies) or more robust immune response may also be used for generation of
humanized or human antibodies. Examples of such technology are XENOMOUSE™
(Abgenix, Inc., Fremomt, CA) and NUMAB-MoUSE® and TC Mousr™ (both from

Medarex, Inc., Praneclon, NJ).

[00187] In an alternative, antibodics may be made recombinantly and cxpressed
using any method known in the arl. Antibodies may be made recombinanily by first
isolating the antibodies made from host animals, obtaining the gene sequence, and using
the gene scquence to express the antibody recombinantly in host cells {e.g., CHO cclls).
Another method that may be employed is to express the antibody sequence in plants
fe.z., tobacco) or transgenic milk. Suilable methods for expressing antibodics
recombinantly in plants or milk have been disclosed (see, for example, Pectlers ef al.
(2001) “Production OF Antibodies And Antibody Fragments In Plants,” Vacoe
19:2756; Lonberg, N. er al. (1995) “Iluman Antibodies From Transgenic Mice,” Int,
Rev. Immunol 13:65-93; and Pollock er al.(1999) “Transgenic Milk As A Method For
The Production Of Recombinant Antibodies,” J. Immunol Methods 231:147-157).
Suitable methods for making derivatives of antibodies, e.g., humanized, single-chain,
ete. arc known. in the art. In another alternative, antibodies may be made recombinantly
by phage display technology (see, for example, U.S. Patent Nos. 5,505,332, 5,580,717
5,733,743; 6,265,150; and Winter, G. er al. {1994) “Making Antibodies By Phage
Display Technology,” Annu, Rev, Immunol. 12.433-4535).

[00188] The antibodies or protein of interest may be subjected 1o scquencing 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 uscd to clone the protem ol intcrest,

[00189] An alternative method of cloning the protein of interest is by “panning”

using purified LAG-3 or portions thereof for cells cxpressing an antibody or protein of

interest that possesses one or more of the CDRs LAG-3 mAb 1, LAG-3 mAb 2, LAG-
3mAb 3, LAG-3 mAb 4, LAG-3 mAD 5, or LAG-3 mAb 6 or that competes with LAG-
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3 mAb 1, LAG-3 mADb 2, T.AG-3 mAb 3, LAG-3 mAb 4, LAG-3 mAb 5, or LAG-3
mAbD 6 for binding to human LAG-3, The “panning” proccdurc may be conducted by
obtaining a cDNA library from tissues or cells that cxpress LAG-3, overexpressing the
cDNAs in a second cell type, and screening the transfected cells ol the second cell type
for a apecific binding to T.AG-3 in the presence or absence of LAG-3 mAb 1, LAG-3
mAb 2, LAG-3 mADb 3, LAG-3 mADb 4, LAG-3 mAb 5, or LAG-3 mAb 6. 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, Arullo, A. et al. (1987)
“Molecular Cloning Of A CD28 ¢DNA By A Iligh-Efficiency COS Cell Expression
System.” Proc. Natl. Acad. Sci, (U.8.A)) 84:8573-8577 and Stephan, J. er al (1999)
“Selective Cloning Qf Cell Swrface Proteins Involved In Organ Development:
Epithelial Glycoprotein Is Involved In Normal Epithelial Differentiation,” Endocrinol,
140:5841-5854),

[00190] Vectors containing polynucleotides of interest can be introduced mto the
host cell by any of a number of appropriate means, including clectroporation,
transfection employing calecium chloride, rubidium chloride, calcium phosphate,
DEAE- dextran, or other substances; microprojectile bombardment; lipofcction; 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.

[00191]  Any host ccll capable of overexpressing heterologous DNAs can be used for
the purpose of 1solating the genes encoding the antibody, polypeptide or protein of
interest. Non-limiting examples of suitable mammalian host cells include but are not
limited o COS, HeLa, and CHO cells. Preferably, the host cells express the cDNAg at
a lovel of about 5-fold higher, more preferably 10-fold higher, even more preferably
20-fold higher than that of the comresponding endogenous antibody or protein of
interest, if present, in the host cells, Screening the host cells for a specific binding to
1.AG-3 is cflceted by an immunoassay or FACS, A cell overexpressing the antibody or

protein of interest can be identified.
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[00192] The mmvention includes polypeptides compnsing an amino acid sequence of
the antibodics 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 (e, single or fusion
polypeptides) as described above or by chemical synthesis. Polypeptides of the
antibodies, especially shorter polypeptides up to aboul 50 amino acids, are conveniently
made by chemical synthesis, Methods of chemical synthesis arc known in the art and
are commercially available.  For example, an anti-LAG-3 polypeptide could be

produced by an automated polypeptide synthesizer employing the solid phase method.

[00193] The invention includes varants of 1.AG-3 mAb 1, LAG-3 mAb 2, LAG-3
mAb 3, LLAG-3 mAb 4, LAG-3 mAb 5, or LAG-3 mAb 6 antibodics and their
polypeptide fragments that bind to LAG-3, including functionally equivalent antibodics
and fusion polypeptides that do not significantly affect the properties of such molccules
as well as variants that have enhanced or decercased activity. Modification of
polypeptides is routine practice in the art and need not be described m detail hercin.
Examples of modified polypeptides inchude polypeptides with  conservative
substitulions of amino acid residues, onc or more deletions or additions of ammno acids
which do not significantly deleteriously change the functional activity, or use of
chemical analogs, Amtino acid restducs that can be conservatively substituted for one
another include but are not limited to: glycine/alanine; senme/threoning,
valine/isoleucine/leucine;  asparaginc/glutamine;  aspartic  acid/glulamic  acid;
lysine/arginine: and phenylalanine/tyrosine.  These polypeptides  also  include
glycosylated and non-glycosylated polypeptides, as well as polypeptides with other
post-translational modilications, such as, for cxample, glycosylation with different
supars, acetylation, and phosphorylation. Preferably, the amino acid subslitutions
would be conservalive, 7.e., the substituted amino acid would possess similar chemical
propertics 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 onc or more amino acids to complete redesign of a
region, such as the Varable Domain. Changes in the Variable Domain can alter binding
affinity and/or specificity. Other methods of modification include using coupling

techniques known in the art, including, but not limited 1o, enxymatic means, oxidative
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substitution and chelation. Modifications can be used, for example, for attachment of
labels for immunoassay, such as the attachment of radioactive moictics for
radioimmunocassay. Modified polypeptides are made using established procedures in

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

[00194] The invention ciicompasses fusion proteins comprising onc or more of the
polypeptides or LAG-3 mAb 1, LAG-3 mAb 2, LAG-3 mAb 3, LAG-3 mAb 4, LAG-
3 mAb 5, or LAG-3 mADb 6 antibodies of this invention. In onc embodiment, a fusion
polypeptide is provided that comprises a light chain, a heavy chain or both a light and
heavy chain. In another cmbodiment, the fusion polypeptide contains a heterologous
immunoglobulin constant region. In another embodiment, the fusion polypeptide
contains a Light Chain Variable Domain and a Heavy Chain Variable Domain of an
antibody produced from a publicly-deposited hybndoma. For purposes of this
invention, an antibody fusion protein contains one or more polypeptide domains that
specifically bind to LAG-3 and another amino acid sequence to which it is not attached
in the native molecule, for cxample, a heterologous sequence or a homologous sequence

from another region.

IX. Uses of the LAG-3-Binding Molecules of the Present Invention

[00195]  The present invention encornpasses compositions, including phanmaccutical
compositions, comprising the LAG-3-binding molecules of the present invention (e.g.,
anti-LLAG-3 antibodies and anti-LAG-3 bispecific diabodies), polypeptides derived
[rom such molccules, polymucieotides comprising scquences encoding such molecules

or polyvpeptides, and other agents as described herein.

[00196]  As discussed above, LAG-3 plays an important role in negatively regulating
T-cell proliferation, function and homeostasis. The LAG-3-binding molccules of the
present invention have the ability to inhibit LAG-3 [unction, and thus reverse the LAG-
3-mediated immune system inhibition. As such, LAG-3 mADb 1, LAG-3 mAb 2, LAG-
3 mADb 3, LAG-3 mAb 4, LAG-3 mADb 5, und LAG-3 mAb 6, their humanized
derivatives, and molecules comprising their LLAG-3-binding fragments (e.g., bispceific
diabodies, ezc.), may be used to block LLAG-3-mediated immune system inhibition, and

thereby promote the activation of the immunce systen.
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100197]  Bispecilic ILAG-3-binding molecules of the presenl invention that bind to
LAG-3 and another molecule involved in regulating an imomuoe check point present on
the cell surface (e.g., PD1) augment the immune sysicm by blocking immune system
inhibition tediated by LAG-3 and such immune check point molecules. 'Thus, the
LAG-3-binding molccules of the invention are mseful for augmenting an immine
response (e.g., the T-cell mediated immune responsc) of a subject. Tn particular, the
LAG-3-binding molecules of the invention and may be uscd lo treat any disease or
condition associated with an undesirably suppressed immune systerm, including cancer
and diseases that arc associated with the presence of a pathogen (e.g., a bacterial, fungal,

viral or protozoan infection).

[00198] The cuncers that may be treated by the LAG-3-binding molecules of the
present inventioninclude cancers characterized by the presence of a cancer cell selected
from the group consisting of a cell ol an adrenal gland tumor, an AIDS-associated
cancer, an alveolar soft part sarcoma, an astrocylic 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, 2 chordoma, a chromophobe renal cell
carcinoma, a clear cell carcinoma, a colon cancer, a colorectal cancer, a cutaneous
benign {ibrous histiocytoma, a desmoplastic small round cetl tumor, an ependymoma,
a Ewing’s tumor, an extraskeletal myxoid chondrosarcoma, a fibrogenesis imperfceta
ossium, a fibrous dysplasia of the bone, a gallbladder or bile duct cancer, gastnc cancer,
a gestational trophoblastic disecase, a germ cell tumor, 4 head and nceck cancer,
hepatocellular carcinoma, an islet cell twmor, a Kaposi’s Sarcoma, a kidney cancer, a
lcukemia, a lipopma/benign lipomatous (umor, a liposarcoma/malignant lipomatous
tumor, a liver cancer, a lymphoma, a lung cancer, a medulioblastoma, a melanoma, a
meningioma, a multiple endocrine neoplasia, a multiple myeloma, a myelodysplastic
syndrorne, & neuroblasioma, a newroendocring tumors, an gvarian cancer, a pancreatic
cancer, a papillary thyroid carcinoma, a parathyroid tumor, a pediatric cancer, a
peripheral nerve sheath tumor, a phasochromocytoma, a pituitary tuomor, a prostate
cancer, a posterious uveal melanoma, a rare hematologic disorder, a renal metastatic
cuncer, a rhabdoid tumor, 2 rhabdomysarcoma, a sarcoma, a skin cancer, a soft-tissue

sarcoma, a squamous ccll cancer, a stomach cancer, a synovial sarcoma, a testicular
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cancer, a thymic carcinoma, a thymoma, a thyroid metastatic cancer, and a utermc

CAncer,

100199] In particular, the LAG-3-binding molecules of the present invention may be
used in the treatment of colorectal cancer, hepatocellular carcinoma, glioma, kidney
cancer, breast cancer, mulliple myeloma, bladder cancer, neuroblastoma; sarcoma, non-
Hodgkin's lymphoma, non-stmall cell Tung cancer, ovarian cancer, pancrealic cancer

and rectal cancer.

[00200] Pathogen-associated discascs that may be treated by the LAG-3-binding
molccules of the present invention include chronic viral, bacterial, fungal and parasitic
infcetions. Chronic infections that may be (reated by the ILAG-3-binding molecules of
the present invention include Epstein Barr virus, Hepatitis A Virus (HAV); Hepatitis B
Virus (11IBV); Hepatitis € Virus (HCVY), herpes viruses (e.g. HSV-1, H5V-2, HHV-6,
CMYV), Human Immunodeficiency Virus (HIV), Vesicular Stomatitis Virus (VSV),
Bacilli, Citrobacter, Cholera, Diphtheria, Enterobucter, Gonococel, Helicobacter
pylori,  Klebsiella, lLegionella, Meningococe!, mycobacteria, [/’seudomonas,
Prneumonococci, rickettsia bacteria, Salmonella, Serratia, Staphylococct, Streptococdi,
Tetanus, Aspergillus  (fumigatus, niger, ef), Blustomyces  dermatitidis,
Candida (albicans, kruset, glabrata, tropicalis, eic.), Cryprococcus neoformans,
Genus Mucorales (mucor, absidia, rhizopus), Sporothrix schenkil, Paracoccidioides
brasiliensis, Coccldicides tmmitis, Histoplasmea capsulatum, Leptospivosis, Borreliu
burgdorferi, belminth parasite (hookworm, tapeworms, flukes, flatworms (e.g
Schistosomia), Giardia lambia, wichinella, Diemtamocba Fragilis, Trypanosoma

hrucei, Trypanosoma cruzi, and Leishmania donovani.

[00201] The LAG-3-binding molecules of the invention can be combmed wilh an
immunogenic agent such as a tumor vaceine. Such vaccines may comprise purificd
tumor antigens (including recombinant proteins, peptides, and carbohydrate
molecules), autologous or allogeneic tumor ¢ells. A number of tumor vaccine strategies
have been described (see for example, Palena, C., er al., (2000) “Cancer vaccines:
preclinical studies and novel strategies,” Adv. Cancer Res. 95, 115-145; Mellman, 1,

et al. (2011) “Cancer immunotherapy comes of age,” Naturc 480, 480—489; Zhang, X
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M. et al. (2008) “The anti-tumor immune response induced by a combination of MAGE-
3/MAGE-n-derived peptides,” Oncol, Rep. 20, 245-252; s, M. L. e @l (Z001)
“Ceneration of Tioell immenitv 1o the HERZmen protein affer active Drmunization
with FER-2ineu pepide-based vaooines,” 3 Ohin, Onoeoll 20, 262426320 Vermey, B
gf af {22y “"Potendation of ¢ p33-5LF vaccine by crelophosphamide in ovarian
cancer: ¢ single-crm phase I sivdv” Tot, L Cancer 137, E670-Eo80). The LAG-3-
binding molecules of the invention can be combined with chernotherspeolic regimes.
In these Instanocs, itmay be possible o reduce the dose of chemotherapeoiie reagent

ascmimistered (Mokyr ef @, {1998 Cancer Resemch 58 5381-5304),

[00202] The l.AG-3-binding molecules of the invention can be combined with other
immunostimulatory molecules such as antibodics which activate host immune
responsiveness to provide for increased levels of T-ccll activation. In particular, anli-
PD-1 antibodies, anti-PID-0.1 antibodies and/or an ant-CTLA-4 antibodics have becen
demonstrated o aclive the immune system (see, eg, del Rio, M-L. et al (2005)
“Antibodv-mediared signaling through PD-1 costimulates T cells and enhances CD28-
dependent proliferarion,” Tur. ], lmmunol 35:3545-3560; Barber, D. L. ef al. (2006)
“Restoring function in exhausted CDS T cells during chronic viral infection,” Natare
439, 682 687, Iwal, Y. el al. (2002) “Involvement of PD-L1 on tumor celly in the escape
Srom host immune system and tumor immunotherapy by PD-LI blockade,” Proc, Nat!
Acad. Sci. USA 99, 12293-12297; Leach, D. R., ef al., (1996 “Enhancement of
antitumor inmunity by CTLA-4 blockade,” Science 271, 1734-1736).  Additional
immunostimulatory molccules that may be combined with the LAG-3-bmdmg
moleceules of the invention include antibodies to molecules on the surface of dendritic
cells that activate dendritic ¢cll (PC) function and antigen presentation, anti-CD40
antibodics ablc to substitute for T-cell helper activity, and activating antibodies to T-
cell costimulatory molecules such as PD-11, CTLA-4, OX-40 4-1BB, and 1COS (see,
for example, [to ef al. (2000) “Effective priming of cytotoxic T lymphocyle precursors
by subcutaneous administration of peptide antigens in liposomes accompanied by anti-
CD40) and anti-CTLA-4  aniibodics,”Immunobiology 201:527-40; U.S. Pat. No.
5,811,097, Weinberg et al. (2000) “Frgagement of the QX-40 Receptor In Vivo
Enhances Antitumor Immunity,” Immunol 164:2160-2169; Melero et al. (1997)

“Monoclonal antibodies against the 4-1BB T-cell activation molecule eradicate
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established tumors,” Nature Medicine 3: 682-683; Thutloff ez al. (1999) “ICOS is an

inducible T-cell co-stimulator structurally and functionally related (o CD28,” Nature
397: 263-266; and Moran, A E_ et al. (2013) “The TNFRs OX40, 4-1BR, and CD40 as
targets for cancer immunothergpy,” Cwrr Opin Immunol. 2013 Apr; 25(2):
10.1016/j.coi.2013.01.004), and/or stimulatory Chimeric Antigen Receplors (CARs)
comprising an anligen binding domain dirccted against a disease antigen fused to one
or more intracellular signaling domains from various costimulatory proicin receptors
(e.g., CD28, 41BR, 1COS, OX40, efc.) which serve to stimulatc T-cells upon antigen
binding (see, for cxample, Tettamantl, 8. et af. (2013) “Targeting Of Acure Mycloid
Leukaemia By Cytokine-Induced Killer Cells Redivected With A Novel CDI23-Specific
Chimeric Antigen Receptor,)” Br. J. Hacmatol, 161:389-401; Gill, 8. e af. (2014)
“Efficacy Aguinst Human dcute Myeloid Leukemia And Myeloablation Of Normal
Hematopoiesis In A Mouse Model Using Chimeric Antigen Receptor-Modified T Cells,”
Blood 123(15): 2343-2354, Mardiros, A. e al. (2013) “T Cells Expressing CD123-
Specific Chimeric Antigen Receptors Exhibit Specific Cytolytic Effector Functions And
Antitumor Effects Against Human Acute Myelotd Leukemia,” Blood 122:3138-314%;
Pizzitola, 1. et al. (2014) “Chimeric dntigen Receptors Against CD33/CI) 123 Antigens
Efficiently Target Primary Acute Myeloid lLeukemia Cells in vivo,” Leukerma
doi:10.1038/leu.2014.62).

[00203] T.AG-3-binding moleccules of the invention can be combined with inhibitory
Chimeric Antigen Receptors (ICARS) to divert off target immunotherapy responses.
iCARs an antigen binding domain dirceled against a discasc antigen fused to one or
more intracellular signaling domains from various inhibitory protein receptors {e.g.,
CTLA-4, PD-1, etc.) which serve to constrain T-cell responscs upon antigen binding
(see, for cxample, Fedorov V.D. (2013) “PD-1- and CTI.A-4-Based Inhibilory
Chimeric Antigen Receplors (ICARs) Divert Off-Target Immunotherapy Responses,”
Sci Tranl Med. 5:215ral172 doi; 10.1126/scitranslmed 3006597,

[00204] In particular, the anti-LAG-3 antibodics of the invention arc used in
combinalion with an anti-C1137 antibody, an anti-OX40 antibody, an anti-PD-1
antibody, an anti-PD-L1 antibody, an anti-TIGIT antibody, an anti TIM-3 antibody

and/or a cancer vacoine,
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[00205] In addition to their utility in therapy, the TLAG-3-binding molecules of the
present invention may be detectably labeled and used in the detection of LAG-3 n

samples or in the imaging of LAG-3 on ¢ells.

X Pharmaceutical Compositions

[00206] The compositions of the invention include bulk drug compositions usetul in
the manufacture of pharmaceutical compositions (e.g., impure or non-sterile
compositions) and pharmaceutical compositions (2. e., compositions that are suitable for
adminisiration to a subject or patient) that can be used in the preparation of unil dosage
forms. Such compositions comprise a prophylactically or therapeutically effective
amount of the LAG-3-binding molecules of (he present invention, or a combination of
such agents and a pharmaceutically acceplable carricr. Preferably, compositions of the
invention comprisc & prophylactically or therapeutically effective amount of the EAG-
3-binding moleculss of the present invention and a pharmaccutically acceptable carrier,
The invention particularly encompasses such pharmacculical compositions in which the
LAG-3-binding molecule is: 1« LAG-3 mAb 1, LAG-3 mAb 2, LAG-3 mAbDb 3, LAG-3
mAb 4, LAG-3 mADb 5, or LAG-3 mADb 6 antibody; a humanized LAG-3 mAb 1; LAG-
3 mAb 2, LAG-3 mADb 3, LAG-3 mAb 4 LAG-3 mAb 5, or LAG-3 mAb 6 antibody; a
LAG-3-binding fragment of any such antibody; or in which the LAG-3-binding
molecule is a bispecific LAG-3 diabody (e.g.. a LAG-3 x PD-) bispecific diabody).
Especially encompassed are such molecules that comprise the 3 CDRis and the 3
CDRwus of LAG-3 mADb 1; or that comprise the 3 CDRis and the 3 CDR#us of LAG-3
mAb 2; or that comprise the 3 CDRys and the 3 CDRus of LAG-3 mAb 3, or that
comprise the 3 CDR1s and the 3 CDRus of LAG-3 mAb 4, or that comprise the 3 CDRes
and the 3 CDRus of LAG-3 mAb 35, or that comprise the 3 CDRes and the 3 CDR#as of
LAG-3 mAb 6.

[00207] The invention also encompasscs such pharmaceutical compositions that
additionally include 2 second therapeutic antibody (e.g., tumor-specific monoclonal
antibody) that is specific for a particular cancer antigen, and a pharmaceutically

acceeplable carricr,

- B -

Copy provided by USPTO [rorn the TFW Tmage Database on (01-12-2018




1301.0121P

{002608] In a specitfic embodiment, the term “pharmaccutically acceptable”™ means
approved by a regulatory agency of the Federal or a state government or listed in the
U.8. Pharmacopeia or other generally recogmecd pharmacopeia for use in animals, and
more particularty in humans. The term “carricr” refers to a diluent, adjuvant (e.g.,
Freund's adjuvant (complete and incomplete), excipient, or vchicle with which the
therapeutic is administered. Such phanmaceutical carricrs can be sterile liquids, such
as water and oils, including those of petroleurn, animal, vegetable or synthetic origin,
such as peanut oil, soybean oil, mincral oil, scsame oil and the tike, Water is a preferred
carricr when the pharmaceutical composition 18 administered intravenousty. Saline
solutions and aqueous dextrose and glycerol solutions can also be employed as liquid
carricrs, particularly for injectable solutions. Suitable pharmaceutical excipients
include starch, glucose, lactose, sucrosc, gelatin, malt, rice, flour, chalk, silica gel,
sodium stcarate, glycerol monostearate, tale, sodium chloride, dried skim milk,
glycerol, propylene, glycol, water, ethanol and the like. The composition, it desired,
can also contain minor amounts of wetting or cruulsifying agents, or pIT buffering
agcnis. These compositions can take the form of solutions, suspensions, emulsion,

tablets, pills, capsules, powders, sustained-release formulations and the like,

[00209]  Generally, the ingredients of compositions of the invention are supplied
cither separately or mixed together in unit dosage form, for example, as a dry
Iyophilized powder or water free concentrate in a hermetically sealed container such as
an ampoule or sachette indicating the quantity of active agent. Where the composition
is {0 be administered by infusion, it can be dispensed with an infusion bottle containing
sterile pharmaceutical grade water or saline. Where the composition is administered by
injeetion, an ampoule of sterile water for wjection or saling can be provided so that the

ingredients may be mixed prior to administration,

[00210] The compositions of the invention can be formulated as neutral or sall lorms.
Pharmaceutically acceptable salts include, but are not limited to those formed with
anions such as those denived from hydrochlorie, phosphoric, acetie, oxalic, {artaric
acids, erc., and those formed with cations such as those derived from sodium,
potassium, ammonium, caleium, ferric hydroxides, isopropylamine, triethylamine, 2-

ethylamino cthanol, histidine, procaine, ef.
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[00211] The invention also provides a pharmaccutical pack or kit comprising one or
morc containers filled with a LAG-3-binding molecule of the present invention (and
morc proferably, a LAG-3 mAb 1, LAG-3 mAb 2, LAG-3 mAb 3, LAG-3 mAb 4, LAG-
3 mAb 5, or LAG-3 mAb 6 antibody; & humanized LAG-3 mAb 1, LAG-3 mAb 2,
LAG-3 mADb 3, LAG-3 mAb 4, LAG-3 mAD 5, or LAG-3 mAbD 6 anlibody; a LAG-3-
binding fragment of any such antibody; or in which the LAG-3-binding molecule is a
bispecilic LAG-3 diabody (e.g., a LAG-3 x PD-1 bispecific diabody)). Especially
encompassed are such molecules that comprise the 3 CDRLs and the 3 CDRus of LAG-
3 mAb 1: or that comprise the 3 CDRLs and the 3 CDRus of LAG-3 mADb 2; or that
comptise the 3 CDRrs and the 3 CDRuss of LAG-3 mAb 3; or that comprise the 3 CDRis
and the 3 CDRus of LAG-3 mAb 4; or that comprise the 3 CDRrs and the 3 CDRus of
LAG-3 mADb 5; or that comprisc the 3 CDRrs and the 3 CPRus of LAG-3 mADb 6, alone
or with such pharmaceutically acceptable catricr. Additionally, onc or more other
prophylactic or therapoutic agents useful for the treatment ol a discase can also be
included in the pharmaccutical pack or kit. The invention also provides a
pharmaceutical pack or kil comprising onc or more containers lilled with one or more
of the ingredients of the pharmaceutical compositions of the invention. Optionally
associated with such comtainer(s) can be a notice in the form prescribed by a
governmental agency regulaling the manufacture, use or sale of pharmaceuticals or
biological products, which notice reflects approval by the agency of manufacture, use

or sale for human administration.

[00212] The present invention provides kits that can be uscd in the above methods.
A kit can comprisc any of the LAG-3-binding molecules of the present invention. The
kit can further comprise one or more other prophylactic and/or therapeutic agents uscful
for the treatment of cancer, in one or morc containers; and/or the kit can further
comprisc one or more cytotoxic antibodies that bind one or more cancer antigens
associated with cancer. In certain embodiments, the other prophylactic or therapeutic
agent is a chemotherapeutic. In other embodiments, the prophylactic or therapeutic

accilt is a biological or hormonal therapeutic.
g Y
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XL Methods of Administration

[00213] The compositions of the present invention may be provided for the
trecatment, prophylaxis, and amelioration ol one or more symptoms associated with a
discase, disorder or infection by administering (o a subject an effective amount of a
fusion protein or a conjugated molecule ol (he invention, or a pharmaccutical
composition comprising a fusion protein or a conjugated molecule ol the invention. In
a preferred aspect, such compositions are subsiantially purified (Z.e., subsiantially free
from substances that limit its effect or producc undesired side effects). In a specific
cmbodiment, the subjeet is an animal, preferably a mammal such as non-primate (e.g.,
bovine, equine, feline, canine, rodent, esc.) or a primate (e.g., monkey such as, a

cynomolgus monkey, human, ezc.). 1o a preferred embodiment, the subject is a human.

[00214] Varous dclivery systems arc known and can be uscd lo administer the
compositions of the invention, e.g., cncapsulation m liposomes, microparticles,
microcapsules, recombinant cells capable of expressing the antibody or fusion protein,
receptor-mediaied endocytosis (Sec, e.g., Wu er al. (1987) “Receptor-Mediated In
Vitro Gene lransformation By A Soluble DNA Carrier System,” J. Biol. Chem.
262:4429-4432), construction of a nucleic acid as part of a retroviral or other vector,

clc.

[00215] Methods of administering a molecule of the invention include, but are not
limited to, parenteral administration (e.g., intradermal, intramuscular, inttaperitoneal,
intravenous and subcutaneous), epidural, and mucosal (e.g., intranasal and oral roules).
In a specific embodiment, the LAG-3-binding molccules of the present mvention are
administered intramuscularly, intravenously, or subcutancously. The compositions
may be administered by any convenient route, for example, by infusion or bolus
injection, by absorption through epithelial or mucocutaneous linings (¢.g.. oral mucosa,
rectal and intestinal mucosa, efc) and may be administered together with other
biologically active agenis. Administration can be systermic or local, In addition,
pulmenary administration can also be employced, e.g.. by use of an inhaler or nebulizer,
and formulation with an acrosolizing agenl, See, eg., U.S. Patenl Nos, 6,019,968,
5,985, 320; 5,985,309; 5,934,272; 5,874,064; 5,855,913; 5,290,540; and 4,880,078, and
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PCT Publication Nos. WO 92/19244; WO 97/32572, WO 97/44013; WO 98/31346,

and WO 99/66903, cach of which 15 incorporated hercin by reference inits entircty.

[00216] The invention also provides that the LAG-3-binding molecules of the
present invention arc packaged in a hermetically sealed container such as an ampoule
or sachette indicating the quantity of the molecule. In one embodiment, such molecutes
are supplied as a dry sterilized lyophilized powder or water free concentrate in a
hermetically scaled containgr and can be reconstituted, e.g., with water or saline to the
appropriate concentration for administration to a subject.  Preferably, the LAG-3-
binding molccules of the present invention are supplied as a dry sterile lyophilized

powder in a hermetically scaled container, |

[00217] The lyophilized LAG-3-binding molecules of the present invention should
be stored at between 2°C and 8°C in their origmal containet and the melecules should
be administered within 12 hours, preferably within 6 hours, within 3 hours, within 3
hours, or within 1 hour after being reconstituted. In an alternative embodiment, such
molecules are supplied in liquid form in a hermetically sealed container indicating the
quantity and concentration of the molecule, fusion protein, or conjugated molecule.
Preferably, such 1LAG-3-binding molecules when provided in liquid form are supplied

in. a hermetically scaled container.

[00218] The amount of the composition of the mvention which will be cllcetive in
the treatment, prevention or amelioralion of one or more symptoms associated with a
disorder can be determined by standard chinical techniques. The precise dosc to be
employed in the formulation will also depend on the route of administration, and the
seripusness of the condition, and should be decided according to the judgment of the
practitioner and each patient’s circumstances. Effcclive doses may be cxlrapolaled

from dose-response curves derived from m vitro or amimal model st sysiems,

[00219] For the LAG-3-binding antibodies encompassed by the invention, the dosage
adminisicred to a paticnt is prelerably determined based upon the body weight (kg) of
the recipient subject. The dosage of a diabody admunisicred is typically from al lcast
about 0.01 pg/ke body weight, at least about 0.05 pg/kg body weight, at [east about 0.1
pi/kp body weight, at least about 0.2 pg/ky body weight, at least about 0.5 pg/kg body
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weight, at least about 1 pug/kp body weight, at least about 2 pg/kg body weighi, at least
about 3 pw/ke body weight, at least about 5 pg/ke body weight, at least about 10 ng/kg
body weight, at least about 20 pg/kg body weight, at least about 30 ng/kg body weight,
at least about 50 ug/kg body weight, at least about 100 pg/kg body weight, at lcast about
250 pg/kg body weight, al least about 750 pg/kg body weight, at least about 1.5 mg/kg
body weight, at least about 3 mg/ky body weight, at least about 5 mg/kg body weight,
or at least about 10 me/ke body weight. The calculated dose will be administered based
on the patient’s body weight at baseline. Significant (= 10%) change in body weight

from baseline or established platean weight should prompt recalculation of dosc.

[00220] For the 1.AG-3-binding bispecific diabodies encompassed by the invention,
the dosage administered to a paticnt is preferably determined based upon the body
weight (kg) of the recipient subject. The dosage of a diabody adminisicred is typically
from at least about 0.3 ng/kg per day (o about 0.9 ng/kg per day, from at icast about 1
ng/kg per day lo about 3 ng/kg per day, [rom at least about 3 ng/kg per day to about 9
ng/kg per day, from at least about 10 ng/kg per day to about 30 ng/kg per day, from at
least about 30 ng/kg per day to about 90 ng/kg per day, from al least about 100 ng/kg
per day 1o about 300 ng/kg per day, from at least about 200 ng/kg per day to about 600
ng/kg per day, from al lcast about 300 ng/kg per day to about 900 ng/kg per day, from
at least aboul 400 ng/kg per day to about 800 ng/kg per day, [rom at least about 500
ng/kg per day (o about 1000 ng/kg per day, from at least aboutl 600 ng/kg per day to
about 1000 ng/kg per day, from at least about 700 ng/kg per day to about 1000 ng/kg
per day, from at least about 800 ng/kg per day to about 1000 ng/kg per day, from at
least about 900 ng/ke per day to about 1000 ng/kg per day, or at least about 1,000 ng/kg
per day. The calculated dose will be administered based on the patient’s body weight
at baseline. Significant (= 10%) change in body weight from basecline or established

plateau weight should prompt recalculation of dosc.

[00221] In another embodiment, the paticnt is administered a trcatment regimen
comprising one or more doscs of such prophylactically or therapeutically effective
amount of 2 LAG-3-binding molecule of the present invention, wherein the treatment
regimen is administered over 2 days, 3 days, 4 days, 5 days, 6 days or 7 days. In certain

embodiments, the treatment regimen compriscs intermittently admimstering doscs of
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the prophylactically or therapeutically effective amount of the LAG-3-binding
molccules of the present invention (for cxample, administering a dose on day 1, day 2,
day 3 and day 4 of a given weel and not administering doses of the prophylactically or
therapeutically effective amount of the LAG-3-binding molecule (and particularly, a
LAG-3 mAb I, LAG-3 mADb 2, LAG-3 mADb 3, LAG-3 mAb 4, LAG-3 mAb 5, LAG-
3 mAb 6 antibody; a humanized LAG-3 mAb I, LAG-3 mAD 2, LAG-3 mAb 3, LAG-
3 mAb 4, LAG-3 mAb 53, or LAG-3 mADb 6 antibody; a 1LAG-3-binding fragment of
any such antibody; or in which the LAG-3-binding molecule is a bispecific LAG-3
diabody (e.z., a I.LAG-3 X PD-1 bispecific Fe diabody). Espccially encompassed is the
administration (on day 5, day 6 and day 7 ol the same week) of molecules that comprise
the the 3 CDRLs and the 3 CDRys of LAG-3 mAb 1; or that comprise the 3 CDRLs and
the 3 CDRwus of LAG-3 mAbD 2; or that comprise the 3 CDRis and the 3 CDRus of
LAG-3 mAb 3; or that comprise the 3 CDRrs and the 3 CDRus of LAG-3 mAb 4; or
that comprisc the 3 CDRLs and the 3 CDRws of LAG-3 mAb 3; or that comprise the 3
CDRis and the 3 CDRus of LAG-3 mAb 6. Typically, there are 1, 2, 3, 4, 5 or more

courscs of treatment, Each course may be the same regimen or a different regimen.

[00222] In another embodiment, the administered dose escalates over the [irst
quarter, first half or first two-thirds or threc-quarters of the regimen(s) (e g., over the
first, second, or third regimens of a 4 course treatment) until the daily prophylactically
ot therapeutically effective umount ol the T.AG-3-binding molecule 15 achieved. Table
4 provides 5 examples of different dosing regimens described above for a typical course

of trcatment with a diabody.

Table 4
Regimen Day Diabody Dosage (ng dla.bg;i;)pcr kg subject weight per
1 1,2, 3,4 100 100 100 100 100
5.6,7 TNONE none none nOnC none
5 1,2,3,4 300 500 700 900 1,000
5,6,7 none Nnone none none none
3 1,2.3, 4 300 300 700 900 1,000
) 5,6,7 none Nnone none none none
4 1,2,3, 4 300 500 700 900 1,000
5, 6,7 nomne none none none none
-94 -
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100223] The dosage and frequency of administration of a LAG-3-binding molecule
of the present invention may be reduced or altered by enhaocing uptake and tissuc

penciration of the molecule by modifications such as, for example, lipidation.

[00224] The dosage of a LAG-3-binding molecule of the invention administered to
a patient may be calculated for usc as a single agent therapy,  Alterpatively, the
molecule may be used in combination with other therapcutic compositions and the
dosage administered 1o a patient arc lower than when said molccules arc used as a single

agent therapy.

|00225] The pharmaceutical compositions of the invention may be adnunistered
locally 1o the area in need of {rcatment; this may be achieved by, for example, and not
by way of limitation, local infusion, by injection, or by means of an implant, said
implant being of a porous, non-porous, or gelatinous material, including membranes,
such as sialastic membranes, or fibers. Preferably, when administering a molecule of
the invention, care must be taken to usc materials to which the motecule docs not

absorb.

[00226] The composilions of the invention can be delivered in a vesicle, in particular
a liposome (See Langer (1990) “New Methods Of Drug Delivery, ” Science 249:1527-
1533); Treat ef af., in LIPOSOMES IN THE TUERAPY OF INTRCTIOUS THSEASE AND
CANCER, Lopoz-Rerestein and Fidler (eds.), Liss, New York, pp. 353~ 365 (1989),
Lopez-Beresicin, ibid., pp. 3 17-327).

100227] The compositions of the invention can be delivered in a controlled-release
or sustained-relcase system. Any technique known to one ol skill in the art can be used
to produce sustained-release formulations comprising on¢ or more of the LAG-3-
binding molecule(s) of the invention. See, e, .8, Patent No. 4,526,938; PCT
publication. WQ 91/05548; PCT publication WO 96/20698; Ning er al. {1996)
“mtratumoral Radioimmunotheraphy Of A Human Colon Cancer Xenograft Using A
Systained-Release Gel " Radiotherapy & Oncology 39:179-189, Song ef al. (1 995)
“Antibody Mediated Lung Targeting Of Long-Circulating Emulsions,” PDA Joumal of
Pharmaceutical Science & Technology 50:372-397; Cleck et al. (1997)

“Biodegradable Polyvmeric Carriers For A hFGE A ntibody For Cardiovascular
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Application,” Pro. Int’l, Symp. Control. Rel. Bioact. Mater. 24:853-854; and Lam ¢t al.
(1997) “Microencapsulation Of Recombinant Humanized Monoclonal Antibody For
Local Delivery,” Proc. Int’l. Symp. Control Rel. Bioact. Maler. 24:759-760, each of
which is incorporated herein by reference in is citirety. In one embodiment, a pump
may be uscd in a controlled-release system (See Langer, supra; Sclion, (1987)
“Implantable Pumps,” CRC Crit. Rev. Biomed. Eng. 14:201-240; Buchwald er af.
(1980) “Long-Term, Continuous Intravenous Heparin Administration By An
Implantable  Infusion Pump in Ambulatory Patients With Recurrent Venous
Thrombosis, " Surgery 88:507-516; and Saudek et al. (1989) “A Preliminary Trial Of
The Programmahle Implantable Medication System For Insulin Delivery, ” N, Engl, ]
Mecd. 321:574-579), In another embodiment, polymeric materials can be used to
achieve controlledsrelease of the molecules (see eg., MEDICAL APPLICATIONS OF
CONTROLLED RELTASE, Langer and Wise (eds.), CRC Pres., Boca Ralon, Florida
(1974); CONTROLLED DRUG BIOAVAILABILITY, DRUG PRODUCT DESIGN AND
PERFORMANCT, Smolen and Ball (eds.), Wiley, New York (1984); Loevy e af. (1983)
“Inhibition OfF Calcification Of Bioprosthetic Heart Valves By Local Controlled-
Release Diphosphorate,” Science 228:190-192; Durng ef al (1989) “"Controlled
Release OF Dopamine From 4 Polymeric Brain Implant: In Vivo Characterization,”
Ann, Neurol, 25:351-356; Noward er al. (1989) “Intracerebral Drug Delivery Tn Rats
With Lesion-Induced Memory Deficits,” J. Neurosurg. 7(1):105-112); U5, Patent No.
5,679,377 LIS, Patent No. 5,916,597; U.5. Palenl No. 5,912,015, 1.5, Patent No.
5,989.463; 1.8, Patent No. 5,128,326; PC'I' Publication No. WO 99/15154; and PCT
Publication No, WO 99/20253). Examples of polymers wvsed in sustained-release
formulations include, but are not limited to, poly(2-hydroxy cthyl methacrylate),
poly(methyl  methacrylate), poly(acrylic acid), poly(cthylenc-co-vinyl acetate),
poly{methacrylic  acid), polyglycolides (PLG), polyanhydrdes, poly(N-vinyl
pyrrolidone), poly(vinyl algohol), polyucrylamide, poly(cthylene glyeol), polylactides
{(PLA), poly(lactide-co-glycolides) (PLGA), and polyorthoesters. A controlled-release
system ¢an be placed in proximity of the therapeutic target (e.g., the lungs), thus
requiring only a fraction of the syslcmic dose (see, e.g., Goodson, in MEDICAL
APPLICATIONS OTF CONTROLLED RELEASE, supra, vol. 2, pp. 115-138 (1984)).

Polymeric compositions useful as controlled-relcase implants can be used according to

N
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Dunn et al. (See U.S. 5,945155). This particular method is based upon the therapeutic
cffect of the in situ controllcd-release of the bivactive matenal [rom the polymer
system, The implantation can generally occur anywhere within the body of the patient
in need of therapeutic treatmcent. A non-polymeric sustained delivery system can be
uscd, whereby a non-polymeric implant in the body of the subject 1% used as a drug
delivery system. Upon immplantation in the body, the organic solvent of the implant will
dissipate, disperse, or leach from (he composition into surrounding tissuc fluid, and the
non-polymeric material will gradually coagulate or precipitate to form a solid,

microporous matrix (See U.8. 5,888,533).

[00228] Conirolled-release systems are discussed in the review by Langer (1990,
“New Methods Of Drug Delivery,” Science 249:1527-1533). Any technique known to
one of skill in the art can be used to produce sustained-release formmilations comprising
one or more therapeutic agents of the invention. Sce, e.g., U8, Patent No, 4,526,938,
International Publication Nos, WO 91/05548 and WO 96/20698; Ning e al. (1990)
“Intratumoral Radioimmunotheraphy Of A Human Colon Cancer Xenograft {/sing A
Sustained-Release Gel,” Radiotherapy & Oncology 39:179-189, Song er al. (1995)
“Antibodv Mediated Lung Targeting Of Long-Circulating Emulsions, ” PDA Joumnal of
Pharmaceutical Science & Technology 50:372-397, Cleck e al. (1997)
“Biodewradable Polvmeric Carriers For A bFGF Awntibody For Cardiovascular
Application,” Pro. Int’l, Symp. Control. Rel. Bioacl. Maler, 24:853-854; and Lam ef af.
(1997) “Microencapsulation Of Recombinant Humanized Monoclonal Antibody For
Local Delivery,” Proc. Int’l. Symp. Control Rel. Bioact. Mater. 24:759-760, cach of

which 1s mcorporated hercin by reference in its entirety.

[00229] Where the composition of the invention is a nucleic acid encoding a LAG-
3-binding molccule of the present invention, the nucleic acid can be administered in
Vive o promote expression of its encoded LAG-3-binding molecule by constructing 1t
as part of an appropriate nucleic acid expression vector and administering it so that it
becomes intracellular, e.g., by use of aretroviral vector (See LS. Patent No_ 4,980,286),
or by direct injection, or by usc of microparlicle bombardment (e.g., a gene gun;
Biolistic, Dupont), or coating with lipids or ccll surface receptors or transfecting agents,

or by administering it in linkage to0 a homeobox-like peptide which 15 known {o ender
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the nucleus (See e.g., Joliot et al. (1991) “Antennapedia Homeobox Pepride Regulates
Newral Morphogenesis,” Proc. Natl. Acad. Sci. (U.S.A) 881864-1868), efc.
Alternatively, a nucleic acid can be introduced intracellularly and incorporated within

host cell DNA for expression by homologous recombination.

[00230] Treatment of a subject with a therapeutically or prophylactically cffective
amount of a LAG-3-binding molecule of the present invention can mclude a single
treatment or, preferably, can include a scrics of treatments. Tn a preferred cxample, a
subject is treated with such a diabody one time per week for between about 1 to 10
weeks, preferably between 2 to 8 weeks, more preferably between about 3 (o 7 weeks,
and even more preferably for about 4, 5, or 6 weeks. The pharmaceutical compositions
of the invention can be administered once a day, twice a day, or three times a day.
Alternatively, the pharmaccutical compositions can be administered once a week, twice
a week, once every two weeks, once a month, once every six weeks, once every two
months, twice a year or once per year. It will also be appreciated that the cffective
dosage ol the molecules uscd for treatment may increasc or decrease over the course of

a particular ircatment.

Examples:

[00231] Having now generally described the invention, the same will be more
readily understood through reference to the following examples, which are provided by
way of illustration and are not intended to be limiting of the present mvention unless
specilicd. Tt will be apparent to those skilled in the art that many modifications, both lo
materials and methods, can be practiced without departing from the scope of the present

disclosure,

Al Esample 1: Characterization of Anti-Human 1.AG-3 Monoclonal
Antibodies LAG-3 mAb 1, LAG-3 mAb 2, LAG-3 mAb 3, LAG-3
mAb 4, LAG-3 mAb 3, and 1LAG-3 mAD 6

[00232] Six murine monoclonal antibodics were isolaled as being capable of
immunecspecifically binding 1o both human and cynomolgus monkey LAG-3, and
accorded the designations “LAG-3 mAb 1,7 “LAG-3 mADh 2,7 “LAG-3 mAb 3,7
“LAG-3 mAb 47 “LAG-3 mAb 5,7 and “LAG-3 mADb 6."The CDRs of these
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antibodics were found to differ and are provided above. LAG-3 mAb 1 was humanized
yvielded two humanized VH Domains, designated herein as “hLAG-3 mAb 1 VH-1,”
“hLLAG-3 mAb 1 VL-1,” “hLAG-3 mAb 1 VL-2,” “hLAG-3 mAb 1 VL-3,” and
“hLAG-3 mAb 1 VI.-4, The humanized heavy and light chaing may be used in any
combination and particular combinations of humanized chains are referred to by
reference to the specific VH/VL [Domaing, for example a humanized antibody
comprising hLAG-3 mAb 1 VH-1 and hl AG-3 mADb 1 VL-2 18 specifically referred to
a8 “hIL.AG-3 mAb 1(1.2).” The humanized mAbs were engineered with either a human
IgG1 Fe Region (comprising the L234A/L235A (AA) substitutions) or a human Jg(e4

¢ Region (comprising the 5228P substitution)

[00233] The binding kinetics of the antibodics LAG-3 mAb 1, LAG-3 mAb 2, LAG-
3 mAb 3, LAG-3 mAb 4, LAG-3 mAb 5, LAG-3 mAb 6, scveral humantzed and a
reference antibody LAG-3 mAb A was mvestigated usmyg Biacore analysis. The anti-
LAG-3 antibodies were captured and wore incubaled with His-tagged solublc humman
LAG-3 (shLAG-3-His) and the kinectics of binding was delermined via Biacore

analysis. The calculated ka, kd and KT are presenled in Table 5.

Table 5

Anti-1.AG-3 Antibody k, (x10°) k, (x107) KD (nM)

LAG-3 mAb A 8.7 5.4 0.6

T.LAG-3 mAb 1° 20 0.26 0.013

LAG-3 mAb 1" 31 0.27 0.01

LAG-3 mAb 2¢ 11 21 1.9

T.AG-3 mAb 3 7.7 34 4.4

LAG-3 mAb4* 12 9.3 0.8

LAG-3 mAb 5® 14 i3 0.9

LAG-3mAb6° 42 0.84 0.02

hl.LAG-3 mADb 1 (1.2)%¢ 23 0.13 0.01

hLAG-3 mAb 1 (2.2)%° 8.2 2.6 0.3

hLAG-3 mAb 1 (1.Iyh¢ 17 0.74 0.04

hLAG-3 mAb 1 (1.4)* 16 0.59 (.04

hL AG-3 mADb 1 (1 .4)"’r 17 0.86 0.05
a = caplured on immobilized Fab?2 soal-anti-mouse Fo b = captured on inmnobilized Protin G
¢ = caplured on immobilived Fab2 goal apti-human Fe d = captyred on immobilized Protein A
& = human IgG1 (AA) f—Foalid (K228P)
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[00234] The results demonstrate that LAG-3 mADb 1 and LAG-3 mADb 6 exinbat better
binding kinetics relative to reference antibody LAG-3 mAb A.

[00235]  The epitope specilicity of LAG-3 mAb I, TLAG-3 mAD 6 and the reference
antibody LAG-3 mAb A was cxamined vsing Biacore analysis. In order to determine
whether the antibodies bound to different LAG-3 epitopes, shLAG-3-His was captured
by mouse anti-PentaHis antibody imnmobilized on the CMS5 sensor chip according to the
procedure recommended by the manulacturer, Bricfly, the carboxyl groups on the
sensor clip surface were activated with an injection of a solution containing (.2 M N-
ethyl-N-(Gdietylamino-propyl) carbodimide and 0.05 M N-hydroxy-succinimide. Anti-
PentaHis antibody was myjected over the aclivated CMS surlace in 10 mM sodium-
acetate, pH 5.0, at a {low rate 5 uL/min, followed by 1 M ethanolamine for deactivation
of remaining amme-reactive groups.. Binding experiments were performed in [TRS-EP
buffer, which contains 10 mM HEPES, pH 7.4, 150 mM NaCl, 3 mM TDTA, and
0.005% P20 surfactant. Each antibody (LAG-3 mAb 1, LAG-3 mAb 6 and LAG-2 mAb
A) was preinjected over captured hL AG3-His for 180 scconds at a flow rate of 5 ul./min
at concentration of 1uM followed by running buffer and injection of competing
antibody at the same conditions. Binding response of compceting antibody was
compared to its binding response to hLAG3-His preinjected with bufler to identify
antibodies competing for the same epitope. Regencration of the immobilized anti-
PentaHis surface was performed by pulse injection of 10 mM glycing, pT1 1.5 Reference
curves were oblained by injection of analytes over the treated surface with no
immobilized protein. Binding curves were generated by BlAcvaluation soflware v4.1

from real-time sensogram data.

[00236] The results of this experiment are shown in Figure 5. The results of this
experiment indicate that the biotinylated antibody [LAG3 mAb A was capable of
binding to shLAG-3-His cven in the presence of excess amounts of the non-biotinylated
antibodies LAG-3 mAb 1 and LAG-3 mAb 6. While, LAG-3 mAb 1 blocked the
binding of T.AG-3 mAb 6. Thus, the results show that LAG-3 mAb 1 and LAG-3 mAb
6 likely bind to the same, or over lapping cpitopes of LAG-3. In contrast, both T.AG-3
mAb 1 and LAG-3 mAb 6 bind to an epitope that is distinct from that of LAG-3 mAbDb
A,
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[00237] In order to further characterize the anti-LAG3 antibodies, their ability io
block binding between LAG-3 and MHC class 11 was asscssed in two different assays.
In one assay the ability of the antibodies to block the binding of a soluble human LAG3-
Tic fision protein to MHC class [1 immmobilized on a surface was cxamined. For this
assay LAG-3 mAD 1, LAG-3 mAb 2, LAG-3 mAb 3, LAG-3 mAD 4, and L.AG-3 mAb
5 cach (at 0-67 nM) were mixed with a soluble human LAG-3-Fe fusion protein, (ai 5
pg/ml) and were separately incubated with immobilized MUC elass 1T (1 pg/mL). The
amount ol T.AG-3 binding to the immaobilized MHC class I was asscssed using a goat
anti-human Fc gamma-HRP secondary antibody, The results of this experiment arc

shown in Figure 6.

[00238] In another assay the ability of the anti-1.AG-3 antibodies of the present
invention to block the binding of a sofuble human I.AG3-Fe fusion protein to native
MHEC class 11 on a cell surface was cxamined. For this assuy LAG-3 mAb 1, LAG-3
mAb 2, LAG-3 mAb 3, LAG-3 mAb 4, LAG-3 mADb 5, and the reference antibody
LAG-3 mAb A each (at 0.1-26.7 ng/ml) were mixcd with a biotinylated-soluble human
LAG-3-Fc¢ fusion protein, (at 0.5 pg/ml) and werc separately incubated with MHC 11-
positive Daudi cells. The amount of LAG-3 binding to the surface of the Daudi cells
was determined using & PE-conjugated Streptavidin secondary antibody by FACS
analysis. In additional scparate experiments LAG-3 mAb 1, LAG-3 mAb 6 and L.AG-
3 mAb A; or LAG-3 mAb 1 and the humanized antibodies, WL AG-3 mAb 1 (1.6),
hI.AG-3 mAb 1 (1.2), BLAG-3 mAb 1 (2.2), and LAG-3 mAb (1.1) were assayed as
described above, The results of these experiments arc shown in Figure 7, Panels A-7,

respeciively.

[00239]  The resulls of these inhibition assays (Figure 6 and Figure 7) show that all
the anti-1.AG-3 antibodics tested blocked the binding of a shLAG-F¢ fusion protein to
bimd MITC class 11

B. Example 2: Flow-Cytometry Methodology

100240] Experiments to delermine cxpression levels of checkpoint inhibitors: PD-]
and LAG-3 on cells in the expcriments described below used the [ollowing
appropriately fluorcscent labeled commercial antibodies (phycoerythrin-cyanine7 (PE-
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Cy7)-conjugaled anti-CD4  {clone SK3] or {luorescein isothiocyanate (FITC)-
corjugated anti-CD4 [clone RPA-T4], phycoerythrin (PE)}-conjugated anti-LAG-3
[clone 3D822311|, phycoerythnn (PE)-conjugated anti-PD-1 {[clone EH12.2H7] or
allophycocyanin (APC)-conjugaled (cBiosciences, or BioLegend)) and the appropriate
isotype confrols. All antibodies were used al the manufacturer’s recommended
concenlrations, Cell staining was performed in FACS buffer (10% FCS in PBS) on ice
for 30 minutes in the dark for the addition ol primary antibodies. After two washes,
cclls were either stained with the appropriate secondary reagent on 1ce [or 30 minutes
in the dark or immediately analyzed on a {low cytometer, To exclude dead cells, all
samples were co-stained with a viabilily dye: 7-Amincactinomycin D (7-AAD) (BD
Biosccinces, or BioLegend,) or 4',6-Diamidino-2-Phenylindole, Dihydrochloride
(DAPI) (l.ife Technologies) All samples were analyzed on either a FACS Calibur or
Fortessa Flow Cytometer (BD Biosciences) and analyzed using Flowlo Software
(TreeStar, Ashland, OR).

C, Example 3: LAG-3 Expression Binding To Stimulated T-Cells

[00241] T.AG-3 expression and the ability of the isolated LAG-3 antibodics to
specifically bind LAG-3 on the surfuce of CD3/CD28-stimulated T-cells was
examined. T-cclls were obtained from peripheral blood mononuclear cell (PBMCs),
bricfly, PBMCs were purified using the Ficoll-Paque Plus (GE Healthcare) density
gradicnt centrifugation method according to manufacturer’s instructions from whole
blood obtained under informed consent from healthy donors (Biological Specialty
Corporation) and T cells were then purified using the Dynabeads® Untouched Human
1T Cells Kit (Lifc Technologies) according to manufacturer’s instructions.  For
stimulation, isolalcd T cells were cullurcd for 10-14 days in the presence of
recombinant human [L-2 30 U/ml| (Peprotech) and Dynabeads® IHuman T cell
Activator beads (Lilc Technologies) according to manufacturer’s instructions. LAG-3
expression on freshly isolated unstimulated CD4+ T cells, and stimulated CD4+ T cells
(taken from culiure at day 11 or 14), was examined by flow cytometry as described

above, using FITC-conjugated anti-CND4 and PE-conjugated anti-LAG-3.
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[00242]  The results of these studics arc shown in Figure 8. No LAG-3 expression
was observed on unstimulated CD4+ T-cells (Figore 8, Panel A). However, CD3/CD8
stimulated CD4+ T-cells from two dillerent donors ([D:58468 and D:43530) exhibited

a dramatic mcrease in LAG-3 cxpression (Figure 8, Pancls B and ).

[00243]  The abilily of LAG-3 mADb 1, LAG-3 mAb 2, LAG-3 mAb 3, LAG-3 mAb
4, and LAG-3 mADb 5, (o specifically bind to stimulated CD4+ T cells was mvestigated.
Stimulated T cells (prepared as described above from donor D:58468) laken from
culture at day 14, and fresh unstimulated cells (prepared as described above from donor
12:43530) were subjected to flow cytometry using the isolated anti-LAG-3 antibodics
and the following appropriately fluorescent labeled secondary reagent (PC-conjugated
anti-mousc-IgG (H+1.) (Jackson ImmunoResearch Labs)) and FITC-conjugated anti-
CD4. As shown in Figure 9 and Figure 10 each of the anti-LAG-3 antibodics

examined bound only (o stimulated, ut not to unstimulated CD44 T-cells,

[00244] The results of these studies demonstratc that LAG-3 is upregulated on
stimulaicd T-cells and that the anti-LAG-3 antibodics of the present invention

specifically bind only stimulated T-cells.

D. Example 4: Functional Activity of anti-LAG Antibodies

[00245]  Staphviococeus aqureus enterotoxm  lype B (SEB) is a microbial
supcrantigen capable of activating a large proportion of T-cclls (5-30%). SEB binds to
MHC 1II outside the peptide binding grove and thus is MHC 11 dependent, but
unrestricted and TCR mediated, SEB-stimulation of T-cells results in oligoclonal T-
cell proliferation and cytokine production (although donor variability may be
obscrved). The cxpression of anti-LAG-3 and anti-PD-1 antibodics alone and in

combination on SEB-stimulated PMBCs waus examined.

[00246] PBMCs purificd as described above were cultured in RPMl-mcedia + 10%
heat inactivated FRS + 1% Penicillin/Streptomycin in T-25 budk flagks for 2-3 days
alone or with SEB (Sigma-Aldrich) at 0.1 ng/ml (primary stimulation). At the end of
the first round of SEB-stimulation, PBMCs were washed twice with PBS and

immediately plated in 96-well tissue culture plates at a concentration of 1-5 x 10°
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cells/well in media alone, media with SEB at 0.} ng/ml (secondary stimulation) and no
antibody, or media with SEB and a control IgG antibody, and cultured for an additional
2-3 days. At 48 hours post-primary bulk SEB-stimulation were examined lor PD-1 and
T.AG-3 exprossion by flow cytometry using PE-conjugaied anti-LAG-3 and FITC-
conjugated anti-CD3; or APC-conjugated anti-PD-1 and FITC-conjugated anti-CD3.
At day 5, post-sccondary culiure in 96-well plate with SEB-stimulation, wells treated
with no antibody or with control antibody were examined using flow cytomelry for PD-
1 and LAG-3 expression using PE-conjugated anti-LAG-3 and APC-conjugated antr-
PD-1].

[00247] Tlow cytomeclry results from two represcntative donors {1:34765 and
D:53724) are shown in Figure 11 (D:34765) and Figure 12 (D:5 3724). These resulis
demonstrate that LAG-3 and PD-1 arc upregulated by 48 hours post-SEB-stimulation
with a further enhancement seen at day 5 post culture with SEB-stimulation. In these
studies Donor 1 had more LAG-3/PD-1 double positive cells after SEB-stimulation.
The addition of a control antibody post-SER-stimulation. did not alter LAG-3 or PD-1

expression (Figures 11 and 12, comparc Panels C and D).

[00248] Upregulation of the immune check point protems LAG-3 and FD-1
following SEB-stimulation of PBMCs limits cytokine release upon restimulation. The
ability of LAG-3 mADb 1, LAG-3 mADb 3, LAG-3 mAb 4, LAG-3 mAb 6, a PID>-1
monoclonal antibody designated *PD-1 mAb 57, and the reference antibodics PI3-1
mAb 1 (comprising the 235A/235A Fc variant (AA)Y), PD-1 mADb 2, LAG-3 mAD A,
and the commercial anti-EAGY antibody 1784 (#L.S-C18692, 1.5 Rio, designaicd
“.AG-3 mAb B™ to cnhance cytokine release through checkpoint inhibition was

examincd.,

[00249] PBMCs were stimulated with SER as described above except during the
secondary stimulations cells were plated with no antibody, with an isotype control
antibody, or with anti-1. AG-3 and anti-PD-1 antibodies alone or m combination. At the
end of the second stimulation, supematants were harvested to measurc cytokine
sceretion using human DuoSet ELISA Kits for TNy, TNFa, T1.-10, and [L-4 (R&D

Systems) according to the manufacture’s nstructions.  Figure 13 shows the IFNvy
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(Figure 13A) and TNFo (Figure 13B), scerction profiles from SEBR-stimulated PRMCs
from a representative donor (D:38166), treated with no antibody or one of the following
antibodies: isolype control, PD-1 mAb 1, PD-1 mADb 2, LAG-3 mADb A, LAG-3 mAb
B, LAG-3mAbDb 1, LAG-3 mADb 3, LAG-3 mAb 4, or LAG-3 mAb 6. For this study the
antibodies were utilized at 0.009, 0.039, 0.156, 0.625, 2.5, 10, and 40 ug/mi. Figure
14 shows the IFNy sccrction profiles from SER-stimulated PBMCs from another
representative donor (D:58108), trecated with: no antibody; isotype control antibody;
PD-1 mADb 2 and/or LAG-3 mADb A; PD-1 mADb 5 and/or LAG-3 mADb 1; or PD-1 mAb
5 and/or LAG-3 mADb 3. For this study the antibodics were used at 10 ug/mil.

[00250] The results of these studies demonstrate that anti-PD-1  antibodies
dramatically enhanced IFNvy (Figure 13A and Figure 14), and TNFu (Figure 13B)
production from SEB-stimulated PBMCs upon restimulation.  Surprismgly, LAG-3
mAbDb 1 was also seen to increase cytokine production across multiple donors to levels
comparable o the anti-PD-1 antibodies while the reference anti-LAG-3 mAbs, LAG-3
mAb A and LACG-3 mAbDb B and several of the isolated antibodies (LAG-3 mAb 3, LAG-
4, and 1.AG-6) provided only a slight enhancement of cytokine release. In addition, the
combination of anti-l.AG-3 antibodies with anti-PD-1 resulted in a further
enhancement of cytokine release (Figure 14, Panels A and B) from SEB-stimulated
PBMCs upon restimulation.  LAG-3 mAb 1 provided the largest enhancement in

cytoking release when combined with an anti-PD-1 antibody.

[00251]  All publications and patents mentioned in this specification arc hercin
incorporated by reference to the same extent as 10 cach mdividual publication or patent
application was specifically and individually indicated to be mecormporated by reference
in ity entirety. While the invention has been deseribed in connectlion with specific
embodiments thereof, it will be understood that it 15 capable of further modifications
and this application is intended to cover any variations, uscs, or adaptations of the
invention following, in gencral, the principles of the invention and including such
departures from the present disclosure as come within known or customatry praclice
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 1s:

13m.orar

Clammn 1. An anti-human LAG-3-binding molecule that compriscs a Variable

Heavy Chain Domain and a Variable Light Chain Domain, wherein:

said Variable Heavy Chain Domain comprises & CDRul Domain, a
CDRu2 Domain and & CDR#3 Domain, and said Variable Light Chain

Domain comprises a CDR1 Domain, a CDRL2 Domain, and a CDRL3

Domain, wherein:

(A)

or

(13)

(C)

(1) the CDEwul Domain, CDRy2 Domam, and CDR#3
Domain arc the Heavy Chain CDRs of LAG-3 mAb 1,
and respoctively have the amino acid scquences: SEQ 1D
NO:4, SEQ 1D NO:5, and SEQ ID NO:6, and

(2) the CDRrl Domain, CDRL2 Domain, and CDRr3
Domain are the Light Chain CDRs of LAG-3 mAb 1, and
respectively have the amino acld sequences: SEQ 1D
NO:9, SEQ ID NO:10, and SEQ ID NO:11;

(n the CDRal Domain, CDRuZ Domain, and CDRu3
Domain arc the Heavy Chain CDRs of LAG-3 mAb 2,
and respectively have the amino acid sequences: SEQ TD
NO:14, SEQ 1D NO:15, and SEQ ID NO:16; and

the CDRL1 Domain, CHR12 Domain, and CDR13 Domain are
the Light Chain CDRs of LAG-3 mAb 2, and,
respectively have the amino acid sequences: SEQ D
NO:19, SEQ ID NO:20, and SEQ ID NO:21;

or

(1) the CDRul Domain, CDRy2 Domain, and CDRpu3
Domain arc the Heavy Chain CDRs of LAG-3 mAb 3,
and respectively have the amino acid sequences: SEQ ID
NO:54, SEQ ID NO: 55, and SEQ 1D NO:56; and

(2) the CDRL1 Domain, CDRr2 Domain, and CDRp3
Domain arc the Light Chain CDRs of LAG-3 mAb 3,
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and, respectively have the amino acid sequences: SEQ

1D NO:59, 5EQ ID NO:60, and SEQ ID NO:61;

the CDREwl Domain, CDRp2 Domain, and CDEw3
Domain are the Heavy Chain CDRs of LAG-3 mAb 4,
and respectively have the amino acid sequences: SEQ 1D
NO:64, SEQ 1D NO:65, and SEQ ID NO:66; and

the CDErl Domaim, CDEr2 Domamn, and CDE:3
Domain are the Light Chain CDRs of LAG-3 mAb 4,
and, respectively have the amino acid sequences: SEQ)

ID NO:69, 5EQ ID NO:70, and SEQ ID NO:71;

the CDRul Domain, CDRu2 Domain, and CDIRg3
Domain are the Heavy Chain CDRs of LAG-3 mAbD 5,
and respectively have the amino acid sequences: SEQ 1D
NO:74, SEQ ID NO:75, and SEQ ID NO:76; and

the CDRL1 Domain, CDRL2 Domain, and CDRL3
Domain are the Light Chan CDRs of LAG-3 mAbDb 5,
and, respectively have the amino acid sequences: SEQ

1D NO:79, SEQ ID NO:80, and SEQ ID NO:B1;

the CDRul Domain, CDRp2 Domain, and CIDR3
Domain are the Heavy Chain CDRs of LAG-3 mAb 6
VHI, and respectively have the amino acid sequences:
SEQ 1D NO:84, SEQ ID NO:B3, and SEQ 1D NO:86;
and

the CDRL1 Domain, CDER;2? Domain, and CDRL3
Domain are the Light Chain CDRs of [LAG-3 mADb 6,
and, respectively have the amino acid sequences: SEQ

ID NO:8Y, SEQ 1D NO:99, and SEQ 1D NO:91;
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Claim 3.

Claim 4.

Claim 5.

Claim 6.

Claim 7.

Claim &.
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(G) (b the CDRul Domain, CDRu2 Domain, and CDRw#3
Domain are the Heavy Chain CDEs of LAG-3 mAb 1,
and respectively have the amino acid sequences: SEQ ID

NO:4, SEQ 1D NO:5, und SEQ ID NO:6; and
() the CDRl Domain, CDRL2? Domain, and CDR13
Domain are the Light Chain CORs of hLAG-3 mAb |1,
and respectively have the amino acid sequences: SEQ ID

NO: 104, SEQ ID NO:19, and SEQ ID NO:11.

The anti-human LAG-3-binding molccule of any onc of ¢laimg 1,

wherein gsaid molecule is an antibody.

The anti-human LAG-3-binding molecule of claim 2, wherein said .

molceule 18 a chimeric antibody or a humanized antibody.

The anti-human LAG-3-binding molecule of claim 1 or 3, wherein said
molccule comprises a Heavy Chain Variable Domain having the amino

acid sequence of SEQ 1D N€:92 or SEQ ID NO:9%4.

The anti-human LAG-3-binding molecule of of any onc of claims 1,3 or
4, wherein said molecule comprises a Light Chain Variable Domain
having the amino acid sequence of SEQ ID NO:96, SEQ ID NO:98,
SEQ ID NO: 100 or SEQ 1D NO:102.

The anti-human LAG-3-binding molecule of any one of claims 1-5,
wherein said molecule is a bispecific binding molecule, capable of

simultaneously binding to human LAG-3 and to a second epitope.

The anti-human LAG-3-binding molecule of claim 6, wherein said
sccond cpilope is an epitope of a molecule involved in regulaling an

immune check point present on the surface of an immune cell.

The anti-human LAG-3-binding molecule of claim 6, wherein said
seccond epitope is an epitope of B7-H3, B7-H4, BTILA, CD40, CD40L,
CD47, CD70, CDEO, CD86, CDY4, CDI137, CD137L, CD226, CTLA-
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Claim 11.
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Clamm 15,
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4, Galectin-9, GITR, GITRI.,, HHLAZ, 1COS, ICOSL, KIR, LAG-3,
LIGIIT, MHC class I or I, NKG2a, NKG2d, OX40, OX40L, PDIIT,
PD-1, PD-1.1, PD-L2, PVR, SIRPa, TCR, TIGIT, TIM-3 or VISTA.

The anti-human LAG-3-binding molecule of any onc of claims 6-K,
wherein said molecule is a diabody, said disbody being & covalently
bonded complex that comprises two, or three or [four different

polypeptide chains,

The anti-human LAG-3-binding molceule of claim 9, wherein said

molecule comprises an Fe Region.

The anti-human LAG-3-binding molecule of claim 9, wherein said

molecule comprises an Albumin-Binding Domain (ABD).

The anti-human LAG-3-binding molecule of claim 11, wherein said

ARD is a deimmunizcd ABD.

The anti-human T.AG-3-binding molecule of any one of ¢laims 2-5 or
10, wherein said Fc Region is a variant Fc Region that comprises onc or
more amino acid modifications that reduces the aftinity of the variant Fe

Region for an FoyR. or stabilize said Fe Rogion.

The anti-hwman EAG-3-binding molecule of claim 13, whercin said
modificalions comprise the substitution of L234A; L235A; or L234A

and 1.235A, wherein said numbering is that of the EU index as in Kabat,

The anti-human LAG-3-binding molecule of any onc of claims 1-14,
wherein said molecule 13 used to stimulate a T-cell mediale immune

response of a subject in need thereof.

The anti-human LAG-3-binding molecule of any onc of claims 1-14,
wherein said molecule is used n the treatment of a disease or condilion

associated with a suppressed immune systen.
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The anti-human LAG-3-binding molecule of claim 16, wherein the

disease or condition is cancer or an infection,

The anti-human LAG-3-binding molecule of claim 17, wherein said
cancer 14 characterized by the presence of 4 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
bratn turnor, 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, 4 colorectal cancer, a cutaneous
benign fibrous histiocytoma, a desmoplastic small round cell tumeor, an
gpendymoma, a Ewing’s tumor, an extraskeletal myxoid
chondrosarcoma, a fibrogenesis impertfecta ossium, a fibrous dysplasia
of the hone, 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, # multiple endocrine neoplasia, a multiple myeloma, a
myelodysplastic syndrome, a neuroblastorna, 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 phagochromocytoma, a pituitary tumaor, a prostate cancer, a posterious
uveal melanoma, a rare hematologic disorder, a renal metastatic cancer,
a thabdoid temor, a rhabdomysarcoma, a sarcoma, a skin cancer, a soft-
tissue sarcoma, a squamous cell cancer, a stomach cancer, a synovial
sarcoma, a lesticular cancer, a thymic carcingma, a thymoma, a thyroid

metastatic cancer, and a utenne cancer.

The anti-human LAG-3-binding molccule of ¢laim 43, wherein said

cancer 18 colorectal cancer, hepatocellular carcinoma, glioma, kidncy
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cancer, breast cancer, multiple mycloma, bladder cancer,
ncuroblastoma; sarcoma, non-Hodgkin’s lymphoma, non-small cell
lung cancer, ovarian cancer, pancrealic cancer, rectal cancer, acute
mycloid leukemia (AML), chronte myclogenous leukemia (CML), acute
B lymphoblastic lecukemia (B-ALL), chronic lymphocytic leukemia
(CLL), hairy cell leukemia (HCL), blastic plasmacytoid dendritic cell
neoplasm (BPDCN), non-Hodgkin’s lymphomas (NIHL), including
maatel cell leukemia (MCL), and small lymphocytic lymphoma (SLL),

Hodgkin’s lymphoma, systemic mastocytosis, or Burkitt’s lymphoma.

The anti-human LAG-3-binding molecule of any one of claims 1-14,
wherein said molecule is detectably labeled and is used in the detection

of LAG-3.
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Abstract of the Invention:

The present invention is directed to the anti-LAG-3 antibodies, LAG-3 mAb 1,
LAG-3 mAD 2, LAG-3 mAb 4, LAG-3 mADb 5, and LAG-3 mADb 6, and to humanized
and chimeric versiong of such antibodies. The invention additionally pertaing to TLAG-
3-binding molecules that comprise [LAG-3 binding fragments of such anti-I.AG-3
antibodies, immunocongugates, and to bispecific molecules, including diabodies,
BiTEs, bispecific antibodies, efe., that comprise (i) such LAG-3-binding fragments, and
(i) 2 domain capable of binding an epitope of a molecule involved in regulating an
immune check point present on the surface of an immune cells, The present invention
also pertains to methods of detecting LAG-3, as well as methods of using molecules

that bind LAG-3 for stimulating immune responses.
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a patent application or patent. Accordingly, pursuant to the requirements of the Act, please be advised that: (1) the general suthority for the callection
of this information iz 35 U.5.C. 2(b)(Z); (2) fumishing of the infermation soliciled is voluntary; and (3) the principal purpose for which the information is
used by the U5, Patent and Trademark Office is to process and/or examine your submisssion related to a patent application or patent. If you de nat
furpish the requestad information, the U.S. Patent and Trademark Office may not be able to process and/or examing your subrssion, which may
resulf in terminaticn of proceedings of abandonment of 1he application or expiration of the patent.

The information provided by you in this ferm will be subject to the following routine uses:

1. The information on this form will be treated confidentially 1o the extent allowed under the Freedom of Information Act (5 U.5.C. 552)
and the Privacy Act (5 U.S.C. 552a). Records from this system of records may be disciosed 10 the Depanment of Justice to determing
whether the Freedom of Information Act requires disclosure of these records.

o A racord from this system of records may be disclosed, as & routine use, in the course of presenting evidenca 1o a court, magistrate, or
administrative tibunal, induding disclosuras to opposing counsel in the course of settiement negotiations.

3. A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting & request invalving an
individual, to whom the record pertaing, when the individual has requested assistance from the Member with respect to the subject matier of
the record.

4. A record in this systern of records may be disclosed, as a routine use, to a contractor of the Agency having need for the information in

order to perform a contract  Recipients of information shall be required ko comply with the requirements of the Privacy Act of 1974, as
amended, pursuant to 5 LLS.C. 552a({m).

A record reigted to an International Application filed under the Patent Cooperation Treaty in this system of records may be disclosed,
as a routine uge, to the Intemational Bureau of the World Intellectual Property Qrganization, pursuant io the Patent G o o p eration Treaty.

2]

E. A record in this system of records may be disclosed, as & rauting use, (o another federal agency for purposas of National Security
review (35 U.S.C. 181) and for review pursuant to the Atomic Energy AclL (47 U.S.C. 218(c)).

7. A record from this system of records may be disciosed, as a routine use, to the Administrator, General Services, or his/her designee,
during an inspection of records conducted by GSA as part of that agency's respoensibility te recormimeand improvements in records
management practices and programs, untder authority of 44 U.S.C. 26804 and 2506. Such disclosure shail be made in accordance with the
GEA regulatiens governing inspection of records for this purpose, and any cther relevant (i.e., GSA or Commerce) directive. Such
disciosure shall not be used to make determinations about individuals. J

8. A record from this system of records may be disclnsed, a5 & routinge use, to the public after either publication of the application pursuzan
to 35 U.8.C. 122(b) orissuance of a patent pursuant to 35 U.S.C. 151, Furlher, & record may ba disciosed, subject to the limitations of 37
CFR 1.14, as a routine use, to the public if the record was filed in 2n application which became abandaned or in which the proceedings were
terminated and which application is referenced by either a published application, an application opan to public inzpsctions or an issued
palant.

9. A record from this system of records may be discinsed, as a routine use, to a Federal, State, or local law enforcement agency, if the
USPTO becomes aware of a violation or potential vielation of law or regulation.
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