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(57) Abstract: The invention relates to an isolated immunoglobulin heavy chain polypeptide and an isolated immunoglobulin light
chain polypeptide that bind to a protein encoded by the Lymphocyte Activation Gene-3 (LAG-3). The invention provides a LAG-3-
binding agent that comprises the atorementioned immunoglobulin heavy chain polypeptide and immunoglobulin light chain poly-
o peptide. The invention also provides related vectors, compositions, and methods of using the LAG-3-binding agent to treat a dis -
order or disease that is responsive to LAG-3 inhibition, such as cancer or an infectious disease.
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ANTIBODIES DIRECTED AGAINST LYMPHOCYTE ACTIVATION GENE 3 (LAG-3)

INCORPORATION-BY-REFERENCE OF MATERIAL SUBMITTED ELECTRONICALLY
HELIEE Incorporated by reference in its entivety herein is a computer-readable

nuclentide/aming acid sequence Hating submitied concurrently herewith and identified as
foliows: One 182,600 Byte ASCH (Text) file named "723163 8725 TXT," created on February

2,2016.

BACKGROUND OF THE INVENTION

36821 Lymphoeyie Activation Gene-3 (LAG-3), which is aleo known as CID223, is a
member of the immusoglobolin supergene family and is structurally and penetically related o
U, LAG-3 is expressed on T-cells, B cells, natural killer (NK) cells and plasmacyioid
dendritic cells (pDCs). Like CD4, LAG-3 has been demonstrated to interact with MHE Class I
molecules (Baixeras et al., J Kxp Med,, 176: 327-337 (1992)), but binds at a distinet site {(Huard
gtal., Proc. Narl. Acad. Sci. US4, 94(11): 5744-5749 (1997, In particular, for examnple, 2
LAG-3 immunoglobulin fusion protein (38LAG-31g) directly and specifically binds via LAG-3 o
MHU class 1T on the coll surface (Huard et al,, B J Jnsunol, 26 TIR0-1186 (199463,

{063 LAG-3 is upregulated following T-cell activation, and modulates T-cell fupction as
well as T-cell homeostasis (Sierro et al., fxpers Opin, Ther, Targets, 151191101 2011, The
LAG-3/MHC class 1T jnteraction may play a role in down-regulating antigen-dependent
stinulation of CD4-+ T lymphocytes, as demonsirated in in vire studies of antigen-specific T-
cell responses in which the addition of anti-LAG-3 antibodies led to jncreased T-cell
proliferation, higher expression of activation antigens such as CD23, and higher concentrations
of cytokines such as interferon-garmma and interfeukin-4 (Huard et al., Euwr J Jnununol., 24;
3216-3221 (1994)). CDd-+-CD25+ regulatory T-cells {Treg) also have been shown 1o express
LAG-3 upon activation and antibodies 1o LAG-3 inhibit suppression by induced Treg cells, both
i vitro and in vive, suggesting that LAG-3 contributes to the suppressor activity of Treg cells
{(Huang et al. fameunity, 270 503-513 (2004}, Furthermore, LAG-3 has been shown to negatively
regudate T-cell homeostasis by regnlatory T-cells in both Tecell-dependent and independent

mechanisms {Workman, C. 1L and Vignall, I AL J feonunol., 174 688-695 {2005),
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18084 Subsets of conventional T-cells that are anergic or display impaired functions express
LAG-3, and LAG-3+ T-cells are enriched at tumor sites and during chronic viral infections.
However, while LAG-3 knockout mice have been shown to mount normal vivus-specific UD4+
and CD&+ T-cell responses, suggesting a non-essential role for LAG-3, blockade of the PD-
1/PD-L1 pathway combined with LAG-3 blockade improved viral control as compared with PD3-
L1 blockade alone (Blackburn et al., Nat. Fmmumod, 10: 25-37 {2009); and Richter et al., Jur.
fmmunol., 22: 13-2 (2010}

LEGIRY! In a seli-tolerance/tumor mouse model where transgenic CD8+ T-cells were rendered
unresponsive/anergic in vive, LAG-3 blockade or deficiency in CD8+ T-cells enthanced T-cell
projiferation, T-cell recruitment and effector functions at the tamor site (Grosse et al., J Clin.
dnvest 117, 3383-92 (20073,

[0086] Enhibition of LAG-3 activity, such as through use of monoclonal antibodies, is
currently under investigation as a therapeutic approach to freal viral infections and melanoma
based on preclinical studies. For exaruple, addition of soluble hul. AG-3 fused to an Fe region
enhanced the proliferation of antigen-specific T-cells to viral and tumor antigens, such as
influenza matrix protein or melanoma antigen recognized by T-cells (MART-1), in PBMCs of
healthy or cancer patients (Casati et al., J Jsonunol, 180: 3782-3788 (2008)).

18007] There 15 a need for additional antagonists of LAG-3 {e.g., an antibody) that binds
LAG-3 with high affisity and effectively neutralizes LAG-3 activity. The invention provides

such LAG-3-binding agents.

BRIEF SUMMARY OF THE INVENTION

64308] The invention provides an isolated immunoglobulin heavy chain polypeptide which
comprises the amino acid sequence Glu Val Gln Leu Val Gln Ser Gly Ala Glu Val Lys Lys Pro
Gly Ala Thr Val Lys Hle Ser Cys Lys Ala Ser Gly Phe Xaal He Xaa2 Asp Asp Tyr le His Trp
Val Xaal Gln Ala Pro Gly Lys Gly Leu Glu Trp Xaad Gly Trp lle Asp Xaa3 Xaaé Asn Xaa7
Asp Ser Xaa& Tyr Xaa® Ser Lys Phe Xaal0 Gly Arg Val Thr He Thr Val Asp Thr Ser Thr Xaall
Thr Ala Tyr Met Kaal2 Leu Ser Ser Leu Arg Ser Glu Asp Thr Ala Val Tyr Tyr Cys Thr Tyr Ala
Phe Gly Gly Tyr Trp Gly Gln Gly Thr Thr Val Thr Val Ser Ser (8EQ 1D NO: 181), wherein (a)

XKaal is asparagine {Asn} or serine (Ser}, (b} Xaa2 is lysine {Lys), tyrosine (Tyr), or asparagine
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{Asn), (¢} Xaa3 is lysine {Lys)} or glutamine {{3ln}, (d) Xaad is isoleucine ({le} or methionine
{Met)}, {e) Xaa$ is alanine (Ala) or proline (Pro), () Xaad is glotamic acid (Gln) or methionine
{Met}, (g} Xaad is glycine (Gly), asparagine {Asn), or aspariic acid {Asp), () Xaa8 is glutamic
acid {Glu) or glutamine (Q), (1) Xaa® is alanine {Ala) or serine (Ser), (§) Xaall is glutamine
{Gln} or arginine {Arg), (k) Xaall is aspartic acid {Asp) or asparagine {Asn), and (1) Xaal?2 is
ghatamine (GIng or lysine (Lys)..

HHER The wvention provides an isolated immunoglobulin heavy chain polypeptide which
comprises the amino acid sequence Gln Val Gln Leu Gln Gin Trp Gly Ala Xaal Leuw Leu Lys
Pro Ser Gin Thr Leu Ser Len Xaa2 Cys Xaa3 Val Tyr Gly Gly Xaad Phe Xaa® Gly Tyr Tyr Trp
Xaab Trp He Arg GIn Pro Pro Xaa7 Lys Gly Leu Glu Trp lie Gly Glu Ile Asn His Ser Gly Xaa8
Thr Asn Tyr Asn Pro Ser Leu Lys Ser Arg Val Thr Hle Ser Val Asp Thr Ser Lys Asn Gin Xaa9
Ser Leu Lys Leu Xaal0 Xaall Val Thr Ala Ala Asp Thr Ala Val Tyr Tyr Cys Xaal2 Arg Glu
Gly Xaal3 Tyr Gly Asp Tyr Asp Tyr Trp Gly Glo Gly Thr Leu Val Thr Val Ser Ser {SEQ ID
NO: 35}, wherein (a) Xaal is arginine {Arg) or glycine (Gly), (b) Xaa? is threonine {Thr) or
isoleucine (e}, {c) Xaa3 is threouine (Thr) or alanine (Ala), (d) Xaat is serine (Ser) or
vhenylalanine (Phe), (e} Xaa¥s is serine (Ser) or phenylalanine (Phe), () Xaab is serine (Ser) or
isoleucing (e}, (g) Xaa7 is glveine (Gly) or arginine (Arg), (h) Xaal is serine (Ser) or
asparagine {(Asn), (3} Xaa9 is phenylalanine (Phe) or leucine (Len), (3 Xaal( is asparagine {Asn)
or senine {Ser), (k) Xaall is serine (Ser) or phenyialanine (Phe), (1) Xaall is alanine (Ala) or
valine (Val}, and {(m) Xaal3 is aspartic acid {Asp) or asparagine {Asn).

{018 The invention further provides an wselated immunoglobulin heavy chain polypeptide
comprising SEC 1D NO: 190 or 191,

{6611} The invention provides an isolated immunoglobulin light chain polypeptide which
comprises the amino acid sequence Asp Xaal Val Met Thr Gln Thy Pro Leu Ser Leu Ser Val Thr
Pro Gly Gln Pro Ala Ser He Ser Cys Arg Xaa2 Ser Gln Ser Leu Val His Ser Asp Xaa3 Xaad Thr
Tyr Leu His Trp Tyr Leu Glo Lys Pro Gly Gln Ser Pro Gln Leu Leu He Tyr Xaa Xaa Ser Asn
Arg Phe Ser Gly Val Pro Asp Arg Phe Ser Gly Ser Gly Ser Gly Thr Asp Phe Thr Leu Lys lle Ser
Arg Val Glu Ala Glu Asp Val Gly Val Tyr Phe Cys ¥aa Gin Ser Thr Xaa Val Pro Tyr Ala Phe
Gly Gly Gly Thr Lys Val Glu Hle Lys Arg The (SEQ 1D NO: 57), wherein () Xaal is valine

{Val} or isoleucine (Ile), (b) XaaZ is cysteine {Cvs) or serine (Ser), {¢) Xaal is glycine (Gly) or



WO 2016/126858 PCT/US2016/016424

serine {Ser}, (d} Xaad is asparagine (Asn} or aspartic acid (Asp), (e)¥aa3 is lysine {Lys), glveine
(Gly), asparagine (Asn), serine {Ser), or leucine (Leu), (f} Xaa6 is valine {Val) or isolencine (Ile),
(g} Xaa7 18 serine (Ser), alanine (Ala), or glycine (Gly), and (h) Xaa¥ is histidine (His) or
tyrosine {L'yr).

8012} The invention provides an isolated immunoglobulin light chain polypeptide which
comprises the amino geid sequence Asp lle Gin Met Thr Glo Ser Pro Ser Ser Leu Ser Ala Ser
Val Gly Asp Arg Val Thr le Thr Cys Gln Ala Ser Gin Asp He Ser Asn Tyr Leu Asn Trp Tyr Glu
{in Lys Pro Gly Lys Ala Pro Lys Leu Leu He Xaal Xaa? Xaa3 Xaad XaaS Leu Glu Thr Gly Val
Pro Ser Arg Phe Ser Gly Ser Gly Ser Gly Thr Asp Phe Thr Phe Thr He Ser Ser Leu Gin Pro Glu
Asp He Ala Val Tyr Tyr Cys Gl Gln Ser Tyr Ser Xaa6 Leu He Thr Phe Gly Gln Gly Thr Arg
Leu Glu Ile Lys Arg Thr Val Ala Ala Pro Ser Val (SEQ 1D NO: 89), wherein (a) the
subsequence Xaal Xaa2 Xaal3 Kaad Xaa3 is deleted or is Tyr-Asp-Ala-Ser-Asn, and (b) Xaab is
threonine {Thr) or isoleucine (lle).

(8013 The tvention also provides isolated immunoglobulin light chain polypeptide
comprising SEQ 1D NG 196 or 197,

00141 In addition, the invention provides isolated or purified nucleic acid sequences
encoding the foregoing immunoglobulin polypeptides, vectors comprising such nucleic acid
sequences, LAG-3-binding agents comprising the foregoing immunoglobulin polypeptides,
nucleic acid sequences encoding such LAG-3-bivding agents, vectors comprising such nucleic
acid sequences, isolated cells comprising such vectors, compositions corprising such LAG-3-
binding agents or such vectors with a pharmaceutically acceptable carrier, and methods of
treating cancer or infectious discases in mammals by administering effective amounts of such

composttions to mammals,

BRIEF DESCRIPTION OF THE DRAWINGS

6815 Figure 1A is a graph of mean tumor vohune over time in mice implanted with
ColonZé colon adenocarcinoma cells and injected with the indicated antibodies. Each data plot
in the figure refors to the indicated treatment group.

{8016} Figure 18 is a graph of tumor volume over time of individual animals in three

treatment groups of mice implanted with Colon26 colon adenocarcinoma cells and injected with
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the indicated antibodies. Bach data plot in the graphs refers to an individual animal in the
freatment group.

{6617 Figure 2A deptets IL-2 secretion by CD4+ T-cells in a mixed lymphocyte reaction
(MLR} assay at varyving concentrations of Anti PD-1 or Anii-LAG-3 antibodies.

{I318] Figure 2B depicts LAG-3 and PD-1 expression on CD4+ T-cells prior to (naive) or

subsequent to {24, 48, and 72 hour) exposure io dendritic celis.

DETAILED DESCRIPTION OF THE INVENTION

{13197 The invention provides an isolated immunoglobulin heavy chain polypeptide and/or
an isolated immunoglobulin Hght chain polypeptide, or a fragment {e.g., antigen-binding
fragment) thereof. The term “immunoglobulin” or “antibody,” as used herein, refers o a protein
that is found in blood or other bodily fluids of vertebrates, which is used by the immune sysiem
to identify and neutralize foreign objects, such as bacteria and viruses, The polypeptide is
“isolated” in that it is removed from its natural environment. In a preferred embodiment, an
immunoglobulin or antibody is a protein that comprises at least one complementarity
determining region ({CDR). The CDRs form the “hypervariable region” of an antibody, which is
responsible for antigen binding (discussed further below). A whole immunoglobulin typically
consists of four polypeptides: two identical copies of a heavy (M) chain polypeptide and two
identical copies of a light (L) chain polypeptide. Each of the heavy chains contains one N-
terminal varigble (V) region and three C-terminal constant (Cyl, G2, and Cy3) regions, and
each hight chain contains one N-terminal variable (V) region and one C-terminal constant {(Cr)
region. The light chains of antibodies can be assigned to one of two distinet types, either kappa
() or lambda (R}, based upon the amino acid sequences of their constant domains. In a typical
wnrounoglobulin each light chain is linked to a heavy chain by diselphide bonds, and the two
heavy chains are linked to each other by disulphide bonds. The light chain variable region is
aligned with the variable region of the heavy chain, and the light chain constant region is aligned
with the first constant region of the heavy chain, The remaining constant regions of the heavy

chains are aligned with cach other.
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(0620} The variable regions of each pair of light and heavy chains form the antigen binding
site of an anttbody. The Yy and V), regions have the same general siructure, with sach region
comprising four frameworlk (FW or FR) regions, The term “framework region,” as used herein,
refers to the relatively conserved amino acid sequences within the variable region which are
located between the hypervariable or complementary determining regions (CDRs). There are
four framework regions in each variable domain, which are designated FRI, FR2, FR3, and FR4.
The framework regions form the B sheets that provide the structural framework of the varighle
region {see, e.g., C.A. Janeway et al. {eds.}, fmmumabiclogy, Sth Fd., Garland Publishing, New
York, MY (2001)).

8021} The framework regions are connected by three complementarity determining regions
{CDRs). As discussed above, the three CIDRs, known as CDR1, CDRZ, and CDR3, form the
“hypervariable region” of an antibody, which is responsible for antigen binding, The CDRs form
loops connecting, and in some cases comprising part of, the bela-sheet structure formed by the
framework regions. While the constant regions of the light and heavy chains are not directly
involved in binding of the antibody to an antigen, the constant regions can influence the
orientation of the variable regions, The constant regions also exhibit various effector functions,
such as participation in antibody-dependent complemeni-mediated lysis or antibody-dependent
cellnlar toxiciy via ingeractions with effector molecules and cells.

18022} The isolated immunoglobulin heavy chain polypeptide and the isolated
inuruneglobulin Hght chain polypeptide of the invention desirably bind to the protein encoded
by the Lymphocyte Activation Gene-3 (LAG-3) {also referred to berein as “LAG-3 protein™),

Ag discussed above, LAG-3 is a 498 amine acid protein that negatively regulates T-cell function
and homeostasis {Triehel ef al, J Fxp Med, 77/(5) 1393-1403 (1990} and Triebel F., Trends
Immunol,, 24(12) 61822 (20033, LAG-3 ie a member of the immunoglobulin supergene family
and 1s structurally and genetically related to M. The intra-cyioplasmic region of LAG-3 has
been shown to interact with a protein denoted LAP, which is thought to be a signal transduction
matecule involved in the downregulation of the CD3/TCR activation pathway (louzalen et al.,
Eup. J dmpmenol, 340 2885-2891 (2001)). Furthermore, CD4+CD25+ regulatory T-cells (Treg)
have been shown to express LAG-3 upon activation and antibodies to LAG-3 inhibit suppression

by induced Treg cells, both i vifro and in vivo, supgesting that LAG-3 coniributes o the
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suppressor activity of Treg cells (Huang ot al., Jmmunity, 270 503-513 (2004, However, a

recent study suggests that LAG-3 expression on CIM+ Tecells renders them more susceptible to
suppression by Tregs, rather than making Tregs more suppressive (see Durham et al., £LoS
ONE, 811 ¢109080 (2014)). In certain circumstances, LAG-3 also has been shown to have
immunosturadatory effects (see, e.g., Prigent et al, Fur J Jmmnel., 20: 2867-3876 (1999 Bl
Mir and Triebel, J Jmmuncl,, [64: 5583-35389 (2000} and Casati et al., Concer Res., 68, 4450~
4460 (2006)). The inventive isolated immunoglobulin heavy chain polypeptide and the inventive
isolated immunoglobulin light chain polypeptide can form an agent that binds to LAG-3 and
another antigen, resulting in a “dual reactive” binding agent (e.g., a dual resctive aniibody). For
example, the agent can bind to LAG-3 and to another negative regulaior of the immune system
such as, for example, programmed death T (PD-13 and/or T-cell immunoglobulin domain and
muctn domain 3 protein (TIM-3),

{G023] Antibodies which bind to LAG-3, and components thereof, are known in the art {see,
e.g., 1.8, Patent Application Publication Nos. 2010/0233183, 2011/0150892, and
Z314/6093511), Anti-LAG-3 antibodies also are commercially available from sources such as,
for example, Abcam (Cambridge, MA}, and RE&D Systems, Inc. (Mimmeapolis, MN).

180241 The mvention provides an isolated immunoglobulin heavy chain polypeptide which
comprises the amino acid sequence Glu Val Gio Leu Val Gin Ser Gly Ala Glu Val Lys Lys Pro
Oy Ala The Val Lys He Ser Cys Lys Ala Ser Gly Phe Kaal He Xaa2 Asp Asp Tyr le His Tip
Val Xaal Gin Ala Pro Gly Lys Gly Leu Glo Trp Xaad Gly Trp He Asp Xaa5 Xaat Asp Xaa7
Agp Ser Xaa8 Tyr Xaa¥ Ser Lys Phe Xaal0 Gly Arg Val Thr He Thr Val Asp Thr Ser Thr Xaall
Thr Ala Tyr Met XaalZ Leu Ser Ser Len Arg Ser Glo Asp Thr Ala Val Tyve Tvr Cys Thr Tyvr Ala
Phe Gly Gly Tyr Trp Gly Gln Gly Thr Thr Val Thr Val Ser Ser (REQ D NO: 181, wherein {a)
Kaal is asparagine (Asn) or serine (Ser), (b) XaaZ is lysine (Lys), tyrosine (Tyr), or asparagine
{Asn), {o} Xaald is lysine (Lys) or glotamine (Gln), (d) Xaad is isoleucine {{le} or methionine
{Met}, (¢} Xaa5 is alanine {Ala) or proline (Pro), (f) Xaas is ghitamic acid {Gly) or methionine
{(Met}, (g} ¥aab is glycine (Gly), asparagine (Asn), or aspartic acid (Asp), (k) Xaa8 is glutamic
acid (Glu) or glutamine (Q), (1) Xaa® is alanine (Ala} or serine (Ser), ) Xaal0 is glutamine
{Gin} or arginine (Arg), (k) Xaall is sspartic acid (Asp) or asparagine (Asn), and (1) Xaal? is

ghutamine (Gln) or lysine {Lys).
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{0825 In another aspect, the imununoglobulin heavy chain polypeptide comprises, consists
of, or consists essentially of the aminoe acid sequence Gl Val Gin Leu Val Gin Ser Gly Ala Glu
Yal Lys Lys Pro Gly Ala Thr Val Lys He Ser Cys Lys Ala Ser Gly Phe Kaal lle Xaa2 Asp Asp
Tyr He His Trp Val Xaal3 Gin Ala Pro Gly Lys Gly Len Glu Trp Xasd Gly Trp He Asp XaaS Glu
Asn Xaab Asp Ser Glu Tyr Xaa? Ser Lys Phe Xaal Gly Arg Val Thr He Thr Val Asp Thr Ser
Thr Xaa9 Thr Ala Tyr Met Ghu Leu Ser Ser Leu Arg Ser Glu Asp Thr Ala Val Tyr Tyr Cys Thr
Tyr Ala Phe Gly Gly Tyr Trp Gly Gln Gly The Thr Val Thr Val Ser Ser (SEQ ID NG 1,
wherein (a) Xaal is asparagine (Asn) or serine {Ser), (b) Xaa? is lysine (Lys), tyrosine (Tyr), or
asparagine {Asn}, {¢} Xaa3 is lysine (Lys) or glutamine (Gln), {d) Xaad is isoleucine (e or
methionine (Met), () XaaS is alanine {Ala) or proline (Pro), (f) Xaab is giveine (Gly),
asparagine {Asn), or aspartic acid (Asp), {(g) Xaa7 is alanine {Ala) or serine (Ser), (h) Xaa8 is
ghutamine (Gln} or arginine (Arg), and (1) Xaa® is aspartic acid (Asp) or asparagine {Asn).
1826] o one ersbodiment, the isolated imraunoglobulin heavy chain polvpeptide comprises,
consists of, or consists essentially of an amine acid sequence of any one of SEQ 1D NO: 2, SEQ
I NO 3, REQ ID NG 4, SEGQ ID NO: 5, SEQ ID NG 6, SEQ D NG 7, SEQ 1D NGO 8, SEQ
NG9, SEQ I NG 10, SEQ ID MO 11, SEQ IDNG: 12, 3EQ ID NG: 13, SEQ 1D NG: 14,
SEQ IR NG 13, SEQ ID NG: 16, SEQ D NO: 17, SEQ 1D NO: 18, SEQ 1D NO: 19, SEQ D
NOO20, SEQ D Ny 21, SEQ D NG 22, SEQ 1D NG: 23, SEQ ID NO: 24, SEQ ID NO: 25,
SECG D NG 26, SEG D NO: 27, SEQ 1D NO: 28, SEQ D NO: 29, SEO (D NG 30, SEQ ID
NG 3L, BEQ HD NG 32, SEQ ID NG 33, 3EQ ID NG 34, SEQ ID NO: 182, SEQ ID NO: 183,
SEQ D NG 184, BEQ 1 NO: 185, or SEO) T NO: 186

027 The mnveniion also provides an immunoglobulin heavy chain polypeptide that
comprises, consists of, or consiste essentially of the amino acid sequence Gln Val Gln Leu Gln
Gin Trp Gly Ala Xaal Leu Lou Lys Pro Ser Glu Thr Leu Ser Leu Kaa2 Cys Xaa3 Val Tyr Gly
{3ty Xaad Phe XaaS Gly Tyr Tyr Trp Xaab Trp Ile Arg Gln Pro Pro Xaa7 Lys Gly Leu Glu Trp
fie Gy Glu lle Asn His Ser Gly Xaa8 Thr Asn Tyr Asn Pro Ser Leu Lys Ser Arg Val The e Ser
Yal Asp Thr Ser Lys Asn Gin Xaa9 Ser Leu Lys Leu Xaal( Xaall Val Thr Ala Ala Asp Thr Ala
Val Tyr Tyr Cys Xaall Arg Glu Gly Xaald Ty Gly Asp Tyr Asp Tyr Trp Gly Gin Gly Thr Len
Val Thr Val Ser Ser (SEQ D NO: 33}, wherein (2) Xaal is arginine (Arg) or glycing (Gly), (b)

Xaal is threonine (Thr) or isoleucine (le), (©) Xaal is threonine {Thr) or alanine (Alg), {d) Kaad
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is serine {Ser} or phenylalanine (Phe), {e) Xaa3 is serine {Ser} or phenylalanine (Phe), (£) Xaaé is
serine (Ser) ot isoleucine (M), () Xaa7 is glycine {(Gly) or arginine (Arg), (h) Xaal is serine
{Ser) or asparagive (Asn), (1) Xaa9 is phenylalanine {Phe) or leucine (Leu), () Xaald is
asparagine {Asn} or serine (Ser), (k) Xaall is serine (Ser) or phenvialanine (Phe), (1) Xaal2 is
alanine (Ala) or valine (Val), and (o) Xaal3 is aspartic acid (Asp) or asparagine (Asn).

{6025} In one embodiment, the isolated immuneglobulin heavy chain polypeptide comprises,
consists of, or consists essentially of an aminoe acid sequence of any one of SEQ [ NO: 36, SEQ
D NO: 37, 3EQ D NG 38, SEQ ID NG: 39, SEQ 1D NG: 40, SEQ D NO: 41, SEQ 1D NO:
42, SEQ ID Nk 43, SEQ [ NO: 44, SEQ H3 NG: 45, SEQ 1D NG 46, SEQ 1D NG: 47, SEQ
HINO: 4R, SEQ D NG 49, SEQ 1D NO; 56, SEQ ID NO: 81, SEG ID NO: 52, SEQ ID NO:
S3, SEG ID NO: 54, SEQ D NOG: 55, or SEQ 1D NO: S6.

{86629] In another embodiment, there is provided an isolated immunoglobulin heavy chain
polypeptide which comprises SEC} 13 NO: 190 or 191, Examples of such a polypeptide include
those comprising any one of SEQ [ NOs: 192-195,

{(338] When the inventive immunoglobulin heavy chain polypeptide consists essentially of
an amine acid sequence of any one of SEG ID NO: 1-SEQ 1D NO: 56, SEQ 1D NOS: 182-1886,
or 5EQ 1D NOS: 190-195, additional componerds can be included in the polypeptide that do not
materially affect the polypeptide {e.g., protein moteties such as biotin that facilitate purification
or isolation). When the inventive immunoglobulin heavy chain polypeptide consists of an amino
acid sequence of any one of SEQ 1D NG: 1-SEQ I NO: 56, the polypeptide does not comprise
any additional coroponents {i.e., components that are not endogencus {o the inventive
immunoglobulin heavy chain polypeptide).

{6031} The invention provides an isolated immunoglobulin heavy chain polypeptide which
comprises an amino acid sequence that is at least 90% identical (c.g., at least 91%, at least 92%,
at least 9394, at least 949, at least 95%, at least 96%, af least 97%, at least 98%, at least 9%, or
F00% identical) to any one of SEQ ID NO: 1-56. Nucleic acid or amino acid sequence
“identity,” as described herein, can be determined by comparing a nucleic acid or amino acid
sequence of interest to a reference nucleic acid or aminge acid sequence. The percent ideuntity is
the number of nucleotides or amino acid residues that are the same (i.¢., that are identical) as

between the sequence of interest and the reference sequence divided by the length of the longest
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sequence (1.2, the length of either the sequence of interest or the reference sequence, whichever
is lopger), A number of mathematical algorithmms for obtaining the optimal alignment and
caiculating identity between two of more sequences are known and incorporated into g number
of avatlable software programs. Examples of such programs include CLUSTAL-W, T-Coflee,
and ALION (for alignment of nucleic scid and amino acid sequences), BLAST programs (e.g

BLAST 2.1, BLZSEQ, and later versions thereof) and FASTA programs {(e.g., FASTA3x,

*3

FARTM, and SSEARCH) (for sequence alignment and sequence similarity searches). Sequence
alignment algorithms also are disclosed in, for example, Alischul et al,, g Molecular Riol.,
21533 403-410 (1990}, Beigert et al., Froc, Natl dcad Sci 184, 106030y 3770-3775 (2008},
Drarbinet al, eds., Bislogical Sequence dnalysis: Probalistic Models of Proteins and Nucleic
Acids, Cambridge University Press, Cambridge, UK (2009), Soding, Bioinformatics, 2H{7y 951~
Q60 (2005, Altschul et all, Nucleic dcids Res., 25(17): 33893402 (1997), and Gusfield,
Algorithms on Strings, Trees and Sequences, Cambridge University Press, Cambridge UK
{1997,

{B32] in another embodiment, the tnvention provides an imumunoglobulin Hght chain
polypeptide that comprises, consista of, or conaisis essentially of) an isolated immunoglobulin
light chain polypeptide which comprises the amine acid sequence Asp Xaal Val Met Thr Gl
Thr Pro Leu Ser Leu Ser Val Thr Pro Gly Gin Pro Ala Ser He Ser Cys Arg Xaa2 Ser Gin Ser Leu
Val His Ser Asp Xaa3 Kaagd Thr Tyr Leu His Trp Tyr Leu Gl Lys Pro Gly Gin Ser Pro Gin Leu
Feu lle Tyr Xaa Xaa Ser Asn Arg Phe Ser Gly Val Pro Asp Arg Phe Ser Gly Ser Gly Ser Gly
Thr Asp Phe Thr Leu Lys Hie Ser Arg Val Gln Ala Glu Asp Val Gly Val Tyr Phe Cys Xaa Gin
Ser Thr Xaa Val Pro Tyr Ala Phe Gly Gly Gly Thr Lys Val Glu Ue Lys Arg Thr {SEG ID NO:
37y, wherein () Xaal is valine (Val) or isoleucine (Ile), (b} Xaa? is cystetne (Cys) or serine
{Bery, (¢ Xaad is ghycine (Gly) or serine (Ser), (d) Xaad is asparagine {Asn) or aspartic acid
{Asp), (e3Xaal is lysine (Lys), glycine (Gly), asparagine (Asn), serine (Ser), or leucine (Leu), (O
Xaaf is valine {Val} or isoleucine (e}, (g} Xaa7 is serine {Ser), alanine {Ala), or ghycine (Gyy,
and {h) Xaa¥ is histidine (His) or tyrosine {Tyr).

jB033] in one embodiment, the isolated immunoglobulin Hght chain polypeptide comprises,
consists of |, or consists essentially of an amine acid sequence of any one of SEQ 1D NG 58,

SEQID NO: 59, SEQ 1D NG: 60, SEQ 1D NCe 61, SEQ ID NO: 62, BEQ ID NO: 63, SEQ ID
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MO 64, SEG D NG: 65, SEQ 1D N o6, SEQ I NO: 67, SEQ 1D NO: 68, SEQ 1D NO: 69,
SEQ I NG 70, SEQ D NG 71, SEQID MO 72, SBEQ ID NG: 73, SEQ 1D NG 74, SEQ ID
NG 75, SEQ ID NO: 76, SECQ IR NG 77, SEQ 1D NGO 78, SEQ 1D NOG: 79, SEQ [D NO: 80,
SEQ D NG B, SEQ ID NGO 82, SEG 1D NO: 83, SEG 1D NG: 84, SEQ 1D NG 85, SEQ D
NGt 86, SEQ D NG BY, SEQ ID NG: 88, BEQ I NG 137, SEG 1D NO: 188, or SEQ ID NO;
189,

{0341 The invention provides an isolated immunoglobulin light chain polypeptide which
comprises, consists easentially of, or consists of the aming acid sequence Asp e Gin Met Thr
(o Ser Pro Ser Ser Leu Ser Ala Ser Val Gly Asp Arg Val Thr e Thr Cys Gin Ala Ser Gln Asp
fie Ser Asn Tyr Leu Asn Trp Tyr Gln Gln Lys Pro Gly Lys Alg Pro Lys Leu Leu le Xaal Xag2
Xag3 Xaat Xaad Leu Glu Thr Gly Val Pro Ser Arg Phe Ser Gly Ser (y Ser Gly Thr Asp Phe
Thr Phe Thy He Ser Ser Leu Glu Pro Glu Asp He Ala Val Tyr Tyr Cys Gln Gln Ser Tyr Ser Xaa6
Leu lle Thr Phe Gly Gin Gly Thr Arg Leu Glu He Lys Arg Thre Val Ala Ala Pro Ser Val {SEG 1D
NO: 89}, wherein {a) the subsequence Xaal Xaal Xaald Xaad Xaal is deleted or is Tyr-Asp-Ala-
Ser-Asn, and (b} Xaad is threonine {The) or isoleucipe (1le),

190351 The inventive inumunoglobulin light chain polypeptide can include or lack the
subsequence Xaal Xaa2 Xaal ¥Xaad Xaalb st positions 49-53 of SEG [D NO: 89 when Xaab is
threonine (Thr) or isoleucine (lle). When the inventive immunoglobulin light chain polypeptide
comprises the subsequence Xaal Xaa? Xaad Xaad Xaas, each of Xaal, ¥aa2, ¥aa3, Xasd, and
Xaal can be any suitable amino acid residue. Preferably, Xaal {s tyrosine {Tyr}, Xaa?2 i aspartic
acid {Asp), Xaa3 is alanine (Ala), Kasd is serine (Ser), and Xaa$ is asparagine (Asn). A
preferred amino acid sequence of an imymunoglobdin Hght chain polypeptide which includes the
subseguence Xaal ¥aa? Xaa3 Xaad XaaS comprises SHG [0 NG: 90, When the
immunoglobulin light chain polypeptide lacks the subsequence Xasl Xaa2 Xaad Xaad Xaa5, the
immunoglobulin light chain polypeptide preferably comprises the aming acid sequence 3EQ ID
MO 81 or SEQ D NOG: 92,

130361 In another embodiment, provided s an isolated immunoglobulin light chain
polypeptide which comprises SEQ ID NG 196 or 197, Examples of such a polypeptide include

those comprising any one of NEQ 1D WOGs: 198-200.
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{6637} When the inventive immunoglobulin light chain polypeptide consists essentially of an
amino acid sequence of any one of SEQ ID NG 57-8EQ 1D NGO 92, SEQ 1D NOs: 187-189, or
SEQ D NOa: 196-200, additional components can be included in the polypeptide that do not
materially affect the polypeptide {e.g., protemn moieties such as biotin that facthitate purificaiion
or isolation). When the inventive immunoglobulin light chain polypeptide consists of an amino
acid sequence of any one of SEQ ID NO: 37-8EQ ID NO: 92, the polypeptide does not comprise
any additional components {i.e., components that are not endogenous 1o the inventive
immunoglobulin light chain polypeptide).

16038] The invention provides an isolated immunoglobulin light chain polypeptide which
comprises an amino actd sequence that is al least 90% identical (e.g., at least B1%, at least 92%,
at least 93%, at least 9494, at least 9594, at least 96%, at least 97%, at least 98%, at least 99%, or
100% identical) to any one of SEQ 1D NG §7-SEQ 1D NG: 92, Nucleie acid or amino acid
sequence “identity” can be determined using the methods described herein.

138391 One or more auino acids of the aforementioned immunoglobulin heavy chain
polypeptides and/or light chain polypeptides can be replaced or substituted with a different
arine aeid. An amino acid “replacement” or “substitution” refers to the replacement of one
amino acid at a given position or residue by another amine acid at the same position or residue
within a poelypeptide sequence.

{0401 Amino acids are broadly grouped as Yaromatic” or “aliphatic.” An aromatic amino
acid includes an aromatic ring. Examples of “aromatic” amino acids include histidine (H or
His}, phenylalanine (F or Phe), tyrosine {Y or Tyr), and tryptophan (W or Trp). Non-aromatic

5

amino acids are broadly grouped as “aliphatic.” Examples of “aliphatic” amino acids include
elycine (G or Gly), alanine (A or Ala), valine {V or Val}, leucine (L or Leu), isoleucine (I or le),
methionine (M or Met), serine {8 or Ser}, threonine (T or Thr), cysteine {C or Cys), proline (P or
Pro}, ghitamic acid (£ or Glu), aspartic acid (A or Asp), asparagine (N or Asn}, glutamine (Q or
Glny, lysine (K or Lys), and arginine {R or Arg).

[B041] Aliphatic amino acids may be sub-divided into four sub-groups. The “large aliphatic
non-polar sub-group” consists of valine, leucine, and solencine, The “aliphatic shightly-polar
sub-group” consists of methionine, sering, threonine, and cysieine. The “aliphatic polar/charged

sub-group” consists of glutamic acid, aspartic acid, asparagine, ghitamine, lysine, and arginine.
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The “smatl-residue sub-group” consists of glycine and alanine. The group of charged/polar
wnins acids may be sub-divided into three sub-groups: the “positively-charged sub-group”
consisting of fysine and arginine, the “negatively-charged sub-group” consisting of glutamic acid
and aspartic acid, and the “polar sub-group” consisting of asparagine and glutamine.

{042] Aromatic amine acids may be sub-divided inio two sub-groups: the “nitrogen ring
sub-group” consisting of histidine and tryptophan and the “pheny! sub-group” consisting of
phenylalanine and tyrosine.

{60431 The amino acid replacement or substitution can be conservative, semt-conservative,
or non-conservative, The phrase “conservative amine acid substifution” or “conservative
mutation” refers to the replacement of one amino acid by another amine acid with a conumon
property. A functional way to define common properties between individual arnino acids is 1o
analyze the normalized frequencies of amine acid changes between corresponding proteins of
homoelogous organisms (Schulz and Schirmer, Principles of Protein Structure, Springer-Verlag,
New York (1879)). According to such analyses, groups of aminoe acids may be defined where
amine acids within a group exchange preferentially with each other, and therefore resemble each
other most in their iapact on the overall protein structure (Schulz and Schirmer, supra),

{8044} Examples of conservative aming acid substitutions include substitutions of amino
acids within the sub-groups described above, for example, lysine for arginine and vice versa such
that a positive charge may be mainiained, glutamic acid for aspartic acid and vice versa such that
a negative charge may be maintained, serine for threonine such that a free -OH can be
maintained, and glitamine for asparagine such that & free -NH; can be maintained.

B045] “Sermi-conservative puations” include amino acid substitotions of amino acids
within the same groups listed above, but not within the same sub-group. Tor example, the
substitution of aspartic acid for asparagine, or asparagine for lysine, involves amino acids within
the same group, but different sub-groups. “Non-conservative mutations” involve amino acid
substitations between different groups, for example, bysine for ryptophan, or phenyialanine for
serine, sio.

3046] iIn addition, one or more amine acids can be inserted into the aforementioned
imnoglobulin heavy chain polypeptides and/or light chain polypeptides. Any number of any

suitable amino acids can be inserted into the amino scid sequence of the immunogiobulin heavy
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chain polypeptide and/or light chain polypeptide. 1n this respect, at least one amine acid (e.g., 2
or more, 3 or more, or 10 or more aminoe acids), but not more than 20 amine acids {e.g., I8 or
less, 15 or less, or 12 or less amino acids), can be inserted into the amino acid sequence of the
immmuneglobulin heavy chain polypeptide and/or light chain polypeptide. Preferably, 1-10 amino
acids {e.g., 1,2,3,4,5,6,7, 8,9, or 1{ amino acids) are inserted into the amino acid seguence of
the immunoglobulin heavy chain polypeptide and/or light chain polypeptide. In this respect, the
amino acid(s) can be inserted into any one of the aforementioned immunoglobulin heavy chain
polypeptides and/or light chain polypeptides in any suitable location. Preferably, the amino
acid(s} are inseried into a CDR {e.g., CORI, CDR2, or CDR3) of the immunoglobulin heavy
chain polvpeptide and/or Hght chain polypeptide.

{60347] The inventive isolated immunoglobulin heavy chain polypeptide and light chain
polypeptides are not Himtted to polypeptides comprising the specific amino acid sequences
described herein. Indeed, the mmunoglobulin heavy chain polypepiide or Hght chain
polypeptide can be any heavy chain pelypeptide or Hght chain polypeptide that competes with
the inventive immunoglobudin heavy chain polypeptide or light chain polypeptide for binding to
LAG-3. In this respect, for example, the immunoglobulin heavy chain polypeptide or Hght
chain polypeptide can be any heavy chain polypeptide or Hght chain polypeptide that binds to the
same epitope of LAG-3 recognized by the heavy and Hght chain polypeptides described herein,
Antibody competifion can be assayved using routine peptide competition assays which milize
ELISA, Western blot, or immunchistochemistry methods (see, e.g., U.S. Patents 4,828,981 and
R,568,992; and Braitbard et al., Profeome Sci., 4: 12 (2006)).

[0048] The invention provides an isolated LAG-3-binding agent comprising, consisting
essentially of, or consisting of one or more of the inventive isolaled amino acid sequences
described herein, By “LAG-3-binding agent” is meani a molecule, preferably a proteinaceous
molecule, which binds specifically fo the LAG-3 protein. Preferably, the LAG-3-binding agent
is an antibody or a fragment (e.g., immunogenic fragment} thereof. The LAG-3-binding agent of
the invention comprises, consists essentially of, or consists of the Inventive isolated
immunoglobulin heavy chain polypeptide and/or the inventive isolated immunoglobulin lght
chain polypeptide. In one embodiment, the LAG-3-binding agent comprises, consists essentially

of, ot consists of the inventive immunoglobulin heavy chain polypeptide or the inventive
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immunoglobulin light chain polypeptide. In another embodiment, the LAG-3-binding agent
comprises, consists essentially of, or consists of the mventive immunocglobulin heavy chain
polypeptide and the inventive immunocglobulin light chain polypeptide.

{0049} Any amino acid residue of the inventive immumoglobulin heavy chain polypeptide
and/or the oventive immunoglobulin ight chain polypeptide can be replaced, in any
combination, with a different amino acid residue, or can be deleted or inserted, so long as the
hiclogical activity of the LAG-3-binding agent 1s enhanced or improved as a result of the amino
acid replacements, wsertions, and/or deletions. The “biological activity” of an LAG-3-binding
agent refers to, for example, binding affinity for a particular LAG-3 epitope, neutralization or
inhibition of LAG-3 binding to its receptor(s), neutralization or inhibition of LAG-3 activity i
vive {e.g., ICs}, pharmacokinetics, and cross-reactivity {(e.g., with non-human bomologs or
orthologs of the LAG-3 protein, or with other proteing or tissues). Other biological properties or
characteristics of aun antigen-binding agent recognized in the art include, for example, avidity,
selectivity, solubility, folding, immunotoxicity, expression, and formulation. The
aforementioned properties or characteristics can be observed, measured, and/or assessed using
standard techniques including, but not limited to, ELISA, competitive ELISA, surface plasmon
resonance analysis (BIACORE™), or KINEXA™, i1 vifre or in vive neutralization assays,
receptor-ligand binding assays, cyiokine or growth factor production and/or secretion assays, and
signal transduction and immunochistochemisiry assays.

18056 The terms “inhibit” or “neutralize,” a8 used herein with reapect to the activity of a
LAG-3-binding agent, refer to the ability to substantially antagonize, prohibit, prevent, restrain,
stow, disrupt, alter, eliminate, stop, or reverse the progression or severity of, for example, the
biological activity of LAG-3, or a disease or condition associated with LAG-3. The isolated
LAG-3-binding agent of the invention preferably inhibits or neuiralizes the activity of LAG-3 by
at least about 20%, about 30%, about 40%, about 30%, about 60%, about 70%, about 8%, about
90%, about 95%, about 100%, or g range defined by any two of the foregoing values.

{051} The isolated LAG-3-binding agent of the invention can be a whele antibody, as
described herein, or an antibody fragment. The terms “fragment of an antibody,” “antibady
fragroent,” and “functional fragment of an antibody” are used interchangeably herein to mean

one or more fragments of an antibody that retain the ability to specifically bind to an antigen
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{see, generally, Holliger et al,, Nat. Biotech., 23(9): 1126-112% (2005)). The isolated LAG-3-
binding agent can contain any LAG-3-binding antibody fragment. The antibody fragment
desirably comprises, for example, one or more CDRs, the variable region {or portions thereof),
the constant region {or portions thereof), or combinations thereof. Examples of antibody
fragmenis include, but are not Hmited 1o, (i) a Fab fragment, which is a monovalent fragment
consisting of the Vi, Vi, Oy, and CH, domains, (i1} a F(ab’), fragment, which is a bivalent
fragment comprising two Fab fragments linked by a disulfide bridge at the hinge region, (iii) a
Pv fragment consisting of the Vy, and Vi domains of a single arm of an antibody, (iv) a Fab’
fragment, which results from breaking the disulfide bridge of an F(ab"), fragment using mild
reducing conditions, {v) a disulfide-stabilized Fv fragment (dsFv), and (vi} a domain antibody
{dAb), which i3 an antibody single variable regton domain (VH or VL) polypeptide that
specifically bindg antigen.

{B0S2] In embodiments where the isolated LAG-3-binding agent comprises a fragment of the
immunoglobulin heavy chain or light chain polypeptide, the fragment can be of any size so long
as the fragment binds to, and preferably inhibits the activity of, LAG-3. In this respect, a
fragment of the immunoglobulin heavy chain polypeptide desirably comprises between about 5
and 18 (e.g., about 5, 6,7, 8,9, 10, 11,12, 13, 14, 15, 16, 17, 18, or a range defined by any two
of the foregoing values) amino acids. Similarly, a fragment of the immunogliobulin light chain
polypeptide desirably comprises between about 5 and 18 {e.g., about 5,6, 7,8, 9, 10, 11, 12, 13,
14,15, 16, 17, 1R, or a range defined by any two of the foregoing values) amino acids.

105831 When the LAG-3-binding agent {s an antibody or antibody fragment, the antibody or
aatibody fragment desivably comprises g heavy chain constant region (F.) of any suitable class,
Preferably, the antibody or antibody fragment comprises a heavy chain constant region that is
based ppon wild-type IgG1i, IgG2, or IgG4 antibodies, or variants thereof. In some
embodiments, the LAG-3 binding agent comprises an Fo region engineered to reduce or
eliminate effector functions of the antibody. Engineered Fo regions with reduced or abrogated
effector function are kuown in the art and commercially available, as are technigues for
engineering Fe regions to reduce or eliminate effector function, any of which can be used in

conjunction with the invention.
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{B0S4] The LAG-3-binding agent also can be g single chain antibody fragment. Examples of
single chain antibody fragments include, but are not limited to, (1) a single chain Fv {scFv},
which is a monovalent molecule consisting of the two domains of the Fv fragment (i.e., Vi and
Vi) joined by a synthetic Hnker which enables the two domains to be synthesized as a single
polypeptide chain (see, e.g., Bird et al,, Science, 242: 423-426 (1988); Huston et al., Froc. Natl
Acad. Sci US4, 85: 3879-5883 (198R); and Oshourn et al,, Nt Biotechnol , 16: 778 (1998)) and
(i1} a diabody, which is a dimer of polypeptide chains, wherein each polypeptide chain comprises
a Vy connecied to a Vi, by a pepiide linker that is too short to allow pairing between the Vy and
Yy, on the same polypeptide chain, thereby driving the pairing between the complementary
domains on different Vy -V polypeptide chains {o generate a dimeric molecule having two
functional antigen binding sites. Antibody fragments are known in the art and are described in
more detatl in, e.g., U8, Patent Application Publication 2009/0093024 Al.

{6055} The isolated LAG-3-binding agent also can be an intrabody or fragment thereof. An
intrabody is an antibody which is expressed and which functions intracellularly. Intrabodies
typically lack disulfide bonds and are capable of modulating the expression or aclivity of target
genes through their specific binding activity. Inirabodies inclode single domain fragments such
as isolated Vy; and V. domains and scFvs. An intrabody can include sub-cellular trafficking
signals attached to the N or C ferminus of the intrabody 1o allow expression at high
concentrations in the sub-cellular compartiments where a target protein is located. Upon
inferaction with a target gene, an intrabody modulates target protein function and/or achieves
phenotypic/functional knockout by mechanisms such as accelerating target protein degradation
and sequestering the target protein in a non-physiological sub-celiular compartment. Other
mechanisms of intrabody-mediated gene inactivation can depend on the epitope to which the
intrabody is directed, such as binding to the catalyiic site on a target protein or to epitopes that
are involved in protein-protein, protein-DNA, or proein-RNA interactions.

{6056} The isolated LAG-3-binding agent also can be an antibody conjugate. In this respect,
the isolated LAG-3-binding agent can be a conjugate of (1} an antibody, an aliernative scatfold,
or fragments thereot, and (2} a protein or non-protein moiety comprising the LAG-3-binding
agent. For example, the LAG-3-binding agent can be all or part of an antibody conjugaled to a

peptide, a fluorescent molecule, or a chemotherapeutic agent.
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{057} The isclated LAG-3-binding agent can be, or can be ebtained from, a human
antibody, 8 non-human antibody, or a chimeric antibody. By “chimeric” is meant an antibody or
fragment thereof comprising both human and non-human regions. Preferably, the isolated LAG-
3-binding agent 13 a humanized antibody. A “humanized” aotibody i3 a monoelonal antibody
comprising a human antibody scaffold and at least one CDR obtained or derived from a non-
human antibody. Non-human antibodies include antibodies isolated from any non-human
animal, such as, for example, arodent {e.g., a mouse or rat). A humanized antibody can
comprise, oneg, two, or three CDRs obtained or derived from a non-human antibody. Inone
embodiment of the invention, CDRH3 of the inventive LAG-3-binding agent is obtained or
derived from a mouse monoclonal antibody, while the remaining variable regions and constant
region of the inventive LAG-3-binding agent are obtained or derived from a human monoclonal
antibody,

[O058] A human antibody, a non-human antibody, a chimeric antibody, or a humanized
antibody can be obtained by any means, inchuding via in vigro sources {e.g., a hybridoma or a cell
line preducing an antibody recombinantly) and in vive sources {g.g., rodents). Methods for
generating antibodies are known in the art and are deseribed in, {for example, Kdhler and
Milstein, Eur. J Imsnunol., §5: 511519 (1976); Harlow and Lane {eds.}, dnfibodlies: 4
Laboratory Monual, CSH Press (1988); and Janeway ot al. {eds.), Immunobiology, 5th Ed.,
Garland Publishing, Mew York, NY (2001}}. In certain embodiments, a humasn antibody or a
chireric antibody can be generated using & transgenic animal {e.g., 8 mouse) wherein one or
more endogenous immunoglobulin genes are replaced with one or more human immunoglobulin
genes. BExamples of transgenic mice wherein endogenous antibody genes are effectively
replaced with human antibody genes include, but are not limited to, the Medarex HUMARB-
MOUSE™ the Kirin TC MOUSE™ and the Kyowa Kirin KM-MOUSE™ {sge, e.g., Lonberg,
Nat. Biotechnol., 23¢9). 1117-25 (2005}, and Lonberg, Handb, Exp. Pharmacel., 181, 69-97
(2008} A humanized antibody can be generated using any suitable method known in the art
{see, e.g., An, 7. {ed.}, Therapeutic Monoclonal Antibodies: From Bench to Clinic, John Wiley
& Sons, lne., Hoboken, New Jersey (200%)), meluding, e.g., grafing of non-human CDRs onto a
human antibody scaffold (see, e.g., Kashmirt et al,, Methody, 36{1): 25-34 (20605); and Hou et al,,

J. Biochem., 144(1): 115-120 (2008)). In one embodiment, a humanized antibody can be
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produced using the methods described in, e.g., U.S. Patent Application Publication
I011/02RT485 AL,

{3591 In one embodiment, a COR {e.g., COR, CDR2, or CDR3) or a variable region of the
immunoglobulin heavy chain polypeptide and/or the imyounoglobulin light chain polypeptide
described herein can be transplanted (1.e., grafted) info another molecule, such as an antibody or
non-antibody polypeptide, using either protein chemistry or recombinant DNA technology. in
this regard, the invention provides an isolated LAG-3-binding agent comprising at least one CDR
of an immnnoglobulin heavy chain and/or light chain polypeptide as described herein. The
isolated LAG-3-binding agent can comprise one, two, or three CDRs of an immunocglobulin
heavy chain and/or light chain variable region as deseribed herein.

[3060] In a preferred embodiment, the LAG-3-binding agent binds an epitope of LAG-3
which blocks the binding of LAG-3 1o MHC Class 1l molecudes and inhibits LAG-3-mediated
signaling. For example, the LAG-3 binding agent can bind o one or more of the four Ig-like
extracellnlar domains (B1-D4) of the LAG-3 protein (see, e.g, Triebel et al,, & Exp. Med,,
I71{5): 1393-1403 (1990); and Bruniquel et al., Inumunogenetics, 47 96-98 (1997Y). Preferably,
the LAG-3 binding agent binds to domain 1 (D) and/or domain (D2) of the LAG-3 protein. The
invention also provides an isolated or purified epitope of LAG-3 which blocks the binding of
LAG-3 to MHC Class [T moelecules in an indivect or ailosteric manner.

{8061 The invention also provides one or more isolated or purified nucleic acid sequences
that encode the inventive immunoglobulin heavy chain polypeptide, the inventive
imymunogiobalin Hght chain polypeptide, and the inventive LAG-3-binding agent.

{B8062] The term “nucleic acid sequence” is intended to encompass a polymer of DNA or
RNA, i.e., a polynucleotide, which can be single-stranded or double-stranded and which can
contain non~natural or altered nuclectides. The terms “nucleic acid” and “polynucleotide” as
used herein refer to a polvmeric form of nuclestides of any length, either ribonuclectides (RNA)
or deoxyribonucleotides (DNA). These terms refer to the primary structure of the molecule, and
thus inchade double- and single-stranded DNA, and double- and single-stranded RNA. The
terms include, as equivalents, analogs of either RNA or DNA made from nucleotide avalogs and
modified polynucleotides such as, though not limited to, methylated and/or capped

polynucleotides, Nucleic acids are typically linked via phosphate bonds {o form nucleic acid
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sequences or polymucleotides, though many other linkages are known in the art {e.g.,
phosphorothioates, boranophosphates, and the like).

18063] The mvention further provides g vector comprising one or more nucleic acid
sequences encoding the inventive immunoglobulin beavy chain polypepiide, the inventive
fumunoglobulin ight chain polypeptide, and/or the inventive LAG-3-binding agent. The vector
can be, for example, a plasmid, episome, cosmid, viral vector {e.g., retroviral or adenoviral), or
phage. Suitable vectors and methods of vector preparation are well known in the ari {see, e.g.,
Sambrook et al., Molecular Cloning, a Laboratory Manal, 3rd edivion, Cold Spring Harbor
Press, Cold Spring Harbor, N.Y. (2001), and Ausubel et al., Currend Profocols in Molecular
Biclogy, Greene Publishing Associates and John Wiley & Sons, New York, MUY, (1994}
otie4] Iy addition 1o the nucleic acid sequence encoding the fnventive immunoglobulin
heavy polypeptide, the inventive immunoglobulin Heht chain polypeptide, and/or the inventive
LAG-3-binding agent, the veclor preferably comprises expression control sequences, such as
promoters, enhancers, pelyadenylation signals, transcription terminators, signal peptides {e.g.,
the osteonsctin signal peptide), internal ribosome eniry sites (IRESY, and the like, that provide
for the expression of the coding sequence in a host cell. Exemplary expression control sequences
are known in the art and described in, for example, Goeddel, Gene Expression Technology:
Methods in Enzymeology, Vol. 185, Academic Press, San DHego, Califl (1990).

(103651 A large nuraber of promoters, including constitutive, inducible, and repressible
prometers, from a variety of different sources are well known in the art. Representative sources
of promoters include for example, virus, mammal, insect, plant, veast, and bacteria, and suiiable
promoters frov these sources are readily available, or can be made synthetically, based on
sequences publicly available, for example, from depositories such as the ATCC as well as other
comunercial or individual sources. Promoters can be unidirectional (i.e., initiate transcription in
one direction} or bi-directional {f.e., initiate transcription in either a 37 or §7 direction). Non-
iimiting examples of prometers inchude, for example, the 77 bacterial ex pression sysiem, pBAD
{arad) bacterial expression sysiem, the cviomegalovirns (CMV) promoter, the SV 440 promoter,
the RSV promoter. Inducible promoters include, for example, the Tet system (118, Patents
5,464,758 and 5,.814.,618), the Eedysone indocible system (No et al., Proc. Natl Acad Sci., 983
3346-3331 (1996, the T-REX™ gystem (Invitrogen, Carlshad, CA), LACSWITCH™ gystern



WO 2016/126858 PCT/US2016/016424

21

{Stratagene, San Biego, CA), and the Cre-ERT tamoxifen indocible recombinase system {(Indra
et al., Nuc, Acid Res., 27, 4324-4327 (3999, Nuc. Acid Res., 28: €99 (Z000); 115, Palent
72,715, and Kramer & Fussencgger, Merhods Mol Biol, 308: 123-144 {2003)).

LEER The term “enhancer” as used herein, refers to a DNA sequence that increases
transeription of, for example, a nucleic acid sequence to which it is operably linked, Enhancers
can be located many kilobases away from the coding region of the nucleic acid sequence and can
mediate the binding of regulatory factors, patterns of DNA methylation, or changes in DiNA
structure. A large number of enhancers from a variety of different sources are weil known in the
art and are available as or within cloned polynucleotides (from, e.g., depositories such as the
ATCC as well as other commercial or individoal sources). A number of polynuciectides
comprising promoters {such as the commonty-used CMY prowoter) also comprise enhancer
sequences, Enhancers can be located upstream, within, or downstream of coding sequences.
{671 The vector alao can comprise a “selectable marker gene” The term “selectable
mwarker gene,” as used herein, refers to a nueleic acid sequence that allow cells expressing the
nucleic acid sequence to be specifically selected for or againgt, in the presence of a
corresponding selective agent. Suitable selectable marker genes are known in the art and
deseribed in, e.g., International Patent Application Publications WO 1992/008796 and WO
1994/028143; Wigler et al., Proc. Natfl, Aead Sci US4, 77: 3567-3570 (1980, O'Hare et al,
Proc. Notl dead Sci US4, 78 15327-1531 (1981, Mulligan & Berg, Proc. Nail Acod Sci USH,
78, 2072-2076 (1981, Colberre-Garapin et al,, J Mol Biol, [50: 1-14 {19&1); Sanierre et al,,
Gene, 30: 147-156 (1984); Kent ot al,, Science, 237: 901-903 (1987); Wigler et al,, Celi, 1/ 223-
232 {1977y Szybalska & Szybalski, Froo, Nodl Acad Sci. US4, 48: 2026-2034 (1962); Lowy et
al., Cedl, 22: B17-823 (1980}, and U K. Patents 5,122,464 and 5,770,359,

1886%] n some embodiments, the vector is an “episomal expression vector” or “episome,”
which is able to replicate in a host cell, and persisis a8 an extrachromosomal segment of DNA

within the host cell in the presence of appropriate selective pressure (see, e.g., Conese et al,

By
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Crene Therapy, 110 1735-1742 (2004)). Representative commercially available episomal
expression vectors include, but are not limited 1o, episomal plasmids that wiilize Epstein Barr
Muclear Autigen | (EBNAT) and the Epstein Barr Virus (EBV) origin of replication {oriP). The
vectors pREP4, pCEP4, pREPT, and pcDNAZ from lnvitrogen (Carlsbad, CA) and pBE-CMY
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from Stratagene {La Jolla, CA) represent non-limiting examples of an episornal vector that uses
T-antigen and the SV40 origin of replication in leu of EBNAT and oriP.

13969] Other suitable vectors include integrating expression vectors, which may randomly
iniegrate into the host cell’s DNA, or may include a recombination site o enable the specific
recombination between the expression vector and the host cell’s chromosome. Such integrating
expression vectors may utilize the endogencus expression conirol sequences of the host cell’s
chromosomes to effect expression of the desired protein, Examples of vectors that integrate ina
site specific manner include, for example, components of the fip-in system from Invitrogen
{(Carlsbad, CA) (e.g., pcDNA™S/FRT), or the cre-lox system, such as can be found ju the
pExchange-6 Core Vectors from Stratagene (La Jolla, CA). Fxamples of vectors that randomly
integrate into host cell chromosomes include, for example, peDNAZ L {(when introduced in the
absence of T-antigen) from Life Technologies (Carlsbad, CA), UCOE from Millipore (Billerica,
MEAY, and pClor pFNTOA (ACTY FLEXI™ from Promega (Madison, WI).

18476} Yiral vectors also can be used. Representative commercially available viral
expression vectors include, but are not Himited to, the adenoviras-based Per. 06 system available
from Crucell, Inc. (Leiden, The Netherlands), the lentiviral-based pLP1 from lovitrogen
{Carlsbad, CA}, and the retroviral vectors pFB-ERYV plus pCEFB-EGSH from Stratagene {La
lolla, CAL.

{0671} Nucleic acid sequences encoding the inventive amino acid sequences can be provided
to a cell on the same vector (e, in ¢is). A unidirectional promoter can be nsed o control
expression of each nucleic acid sequence. In another erobodirment, a combination of
bidirectional and unidirectional promoters can be used to control expression of multiple nugleic
acid sequences. Mucleic actd sequences encoding the inventive amino acid sequences
alternatively can be provided to the population of cells on separate vectors (e, in frans). Each
of the nucleie acid sequences in each of the separate vectors can comprise the same or diferent
expression control sequences. The separate vectors can be provided to cells simultaneously or
seguentially.

{6721 The vector{s} comprising the nucleic acid{s) encoding the inventive amino acid
sequences can be infroduced into a host cell that is capable of expressing the polypeptides

encoded thereby, including any suitable prokaryotic or eukaryotic cell. As such, the invention
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provides an isolated cell comprising the inventive vector, Pretorred host cells are those that can
be easily and reliably grown, have reasonably fast growth rates, have well characterized
gxpression systems, and can be ranstormed or transfected casily and efficiently.

{6073} Examples of suitable prokarvotic cells include, but are not limited to, cells from the
genera Bacillus (such as Baciifus subiiliy and Bacilius brevis), Escherichin (such as E. colf),
Pseudomonas, Streptomyees, Salmonelia, and Erwinia, Particularly useful prokaryotic cells
include the various strains of Fscherichio coli {e.g., K12, HB101 {(ATCC No. 33694y, DH5g,
BHIG, MCT06T (ATCC No. 53338), and CC1O2)

108741 Preferably, the vector is infroduced info a eukarvotic cell, Suitable sukaryotic cells
are known in the art and include, for example, yeast cells, inscet cells, and manunalian cells.
Examples of suitable yeast cells include those from the genera Klwyveramyces, Pichia, Khino-
sporidium, Saccharomyces, and Schizosaccharomyces. Preferred yeast cells inchude, for
example, Saccharomyces cerivisae and Pichia pasioris,

{BO75] Suitable fnsect cells are described in, for example, Kitts et al,, Biotechnigues, 14: 810~
R17 (1993); Lucklow, Curr. Opin. Biotechnol , 4: 564-572 (1993); and Luckiow et al., J Virol
37: 4566-4579 (1993}, Preferred insect cells include S£9 and HIS (ovitrogen, Carlsbad, CA}.
{B76] Preferably, mammalian cells are utilized in the inventinn, A number of suitable
marnmalian host cells are known in the art, and many are available from the American Type
Culture Collection (ATCC, Manassas, YA} Examples of suitable mammalian cells mclude, but
are not Hintted to, Chinese hamster ovary cells (CHO) (ATCC Mo, CCL61), CHO DHER-cells
{(Urlaub et al., Proc. Natl, Acad St US4, §7: 4216-4220 (1980Y), buman embryonic kidney
(HEK) 293 0or 2937 cells (ATCC No, CRLIST3), and 373 cells (ATCC Mo, CCLYZ). Gther
suitable mammalian cell lines are the monkey COS-1 {ATCC Mo, CRL1650) and CO8-7 cell
fines {ATCC Mo, CRL1631Y, as well as the CV-1 cell line (ATCC No. CCL70). Further
exemplary mammalian host cells include primate cell lines and rodent cell lines, including
transformed cell Hnes, Novmal diploid cells, cell strains derived from in vitro culture of primary
tissue, as well as primary explants, are also suitable. Other sutteble mammalian cell lines
tnchude, but are not Hmtled to, mouse neuroblastorna N2A cells, Hel.a, mouse 1-929 celis, and

BHX or HaK hamster cell lines, all of which are available from the ATCC. Methods for
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selecting suitable mammalian host cells and methods for transformation, culture, amplification,
screening, and purification of cells are known in the art.

{9077] In one embodiment, the marmalian cell 18 a human cell. For example, the
maimmalian cell can be a human Jympheid or lvmphoid derived cell ling, such as a cell hine of
pre~-B lyrophoeyie origin, Examples of human Iymphoid cells Hues include, without imitation,
RAMOS (CREL-1596), Daudi (CCL-213), EB-3 (CCL-85), DT40 (CR1L-2111), 18-81 (Jack et al,,
Froc. Natl Acad Sci 154, 85 15811585 {(1988)), Raji colls (CCL-86), PER.CE cells (Cruceil
Holland B.V., Leiden, The Netherlands), and derivatives thereof.

10878} A nucleie acid sequence encoding the inventive amine acid sequence may be

RRRRE

infroduced into a cell by “transfection,” “ransformation,” or “transduction.” “Transfection,”
“transformation,” or “transduction,” as used herein, refer to the introduction of one or more
exogenous polynucleotides into a host cell by using physical or chemical methods. Many
transfection techmques are known in the art and include, for exaruple, calcium phosphate BNA
co-precipitation (see, e.g., Murray E.J. {ed.), Methods in Molecular Bivlogy, Vol 7, Gene
Transfer and Expression Protecols, Humana Press (1991)); DEAE-dextran; electroporation;
cationic liposome-mediated transfoction; tungsten particle-facilitated microparticle bombardrnent
{(Johnston, Nature, 346: 776-7T77 (1890}); and stroutium phosphate DMNA co-precipitation {Brash
et al., Mol Cell Bind., 7: 2031-2034 (19873}, Phage or viral vectors can be introduced into host
cells, after growth of infectious particles in suitable packaging cells, rany of which are
commercially available,

{879 The invention provides a compesition comprising an effective amount of the
inventive immunoglobulin heavy chain polypeptide, the inventive immunoglobulin light chain
polypeptide, the inventive LAG-3-binding agent, the inventive nucleic acid sequence encoding
any of the foregoing, or the inventive vector comprising the mventive nucleic acid sequence.
Preferably, the composition is a pharmaceutically acceptable {g.g., physiclogically acceptable)
composition, which comprises a carrier, preferably a pharmaceutically acceptable (e.g
physiologically acceptable) carrier, and the inventive amino acid sequences, antigen-binding
agent, or vector, Any suitable carrier can be used within the context of the invention, and such
carriers are well known in the art. The choice of carrier will be determined, o part, by the

particular site to which the compesition may be administered and the particular method used to
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administer the corposition. The compostiion optionally can be sterile. The composition can be
frozen or lyophilized for storage and reconstituted in a suitable sterile carvier prior to use. The
compositions can be generated in accordance with conventional technigues described in, e.g.,
Reminglon: The Science and Fractice of Pharmacy, 215t Edivion, Lippincoit Williams &
Wilkins, Philadelphia, PA {2001).

[B0R0] The invention further provides a method of treating a disorder in 8 mammal that is
responsive o LAG-3 inhibition or neuiralization. The method comprises administering the
atorementioned composition to a mammal having a disorder that is responsive to LAG-3
inhibition or newtralization, whereupon the disorder i freated fo the mammal. A disorder that is
“responsive to LAG-3 inhibition” or “responsive to LAG-3 neutralization™ refors to any disease
or disorder in which a decrease in LAG-3 levels or activity has a therapeutic benefit in moammals,
preferably humans, or the improper expression {¢.g., overexpression) or increased activity of
LAG-3 causes or condributes to the pathological etfects of the disease or disorder. Dhsorders that
are responsive to LAGYS inhibition inclode, for example, cancer and infectious diseases. The
inventive method cap be used to treat any type of cancer known in the art, such as, for example,
melanoma, renal celf carcinoma, lung cancer, bladder cancer, breast cancer, cervical cancer,
colon cancer, gall bladder cancer, laryngeal cancer, liver cancer, thyroid cancer, stomach cancer,
salivary gland cancer, prostate cancer, pancreatic cancer, or Merkel cell carcinoma (see, e.g.,
Bhatia et al., Cuwrr. Oneol Rep., 13(6): 488-497 (2011)). The inventive method can be used to
treat any type of infectious disease {(i.e., a discase or disorder cgused by a bacterium, 8 virus, a
fungus, or 2 parasite}. Examples of infectious diseases that can be treated by the inventive
method include, but are not Himited to, diseases caused by a human immmunodeficiency virus
{(HIVY), a respiratory syneytial virus (RSV), an infhienza virus, a desgue virus, a hepatitis B virus
(HBY, or a hepatitis © virus (HCVY. Administration of g composition comprising the mventive
immunoglobulin heavy chain polypeptide, the jnventive imynuneglobulin light chain
polvpeptide, the inventive LAG-3-binding agent, the inventive nucleic acid sequence encading
any of the foregoing, or the inventive vector comprising the inventive nucleic acid sequence
induces an immune response againat a cancer or infectious disease in a mammal. An “immune
response’” can entail, for example, antibody production and/or the activation of tmunune effector

cells (e.g., T-cells).



WO 2016/126858 PCT/US2016/016424

18081} As used herein, the terms “treatment,” “treating,” and the like refer to obtaining a
desired pharmacologic and/or physiologic effect. Preferably, the effect is therapeutic, i.¢., the
effect partially or completely cures a disease and/or adverse symptor attributable (o the disease.
To this end, the inventive method comprises administering a “therapeutically effective amount”
of the LAG-3-binding agent. A “therapeutically effective amount” refers to an amount effective,
at dosages and for periods of time necessary, to achieve a desired therapeutic resull. The
therapentically effective amount may vary according to factors such as the disease state, age, sex,
and weight of the individual, and the ability of the LAG-3-binding agent to elicit a desired
response o the individual, For example, 8 therapentically effective amount of a LAG-3-binding
agent of the invention is an amount which decreases LAG-3 bicactivity in a human.

[6082] Alernatively, the pharmacologic and/or physiologic effect may be prophylactie, Le.,
the effect completely or partially prevents g disease or symptom thereof. In this respect, the
inventive method comprises administering a “prophylactically effective amount” of the LAG-3-
binding agent. A “prophyiactically effective amount” refers {0 an amount effective, at dosages
and for periods of time necessary, to achicve a desired prophylactic result {e.g., provention of
disease onset).

18083} A typical dose can be, for example, in the range of | pg/kg to 20 mg/kg of animal or
muarnan body weight; however, doses below or above this exemplary range are within the scope
of the invention. The daily parenteral dose can be about §.00001 pg/ke to about 20 mg/kg of
total body weight (e.g., about 0.001 pg kg, about 0.1 pg kg, about | ug kg, about & ug fkg,
about 10 ug/kg, about 100 ug kg, about 500 ug/kg, sbout | mg/kg, about S mg/kg, about 19
mg/kg, or a range defined by any two of the foregoing values), preferably from about 0.1 pglke
to abowt 10 myg/kg of total body weight {e.g., about 0.5 ug/kg, about | ug/kg, about 50 pg/ke,
about 150 ug/kp, about 300 pg/kg, about 750 ug'kg, abont 1.5 mglkg, about 5 myp/kg, or g range
defined by any two of the foregoing values), more preferably from sbout | uglkg o0 5 mg/kg of
total body weight (e.g., about 3 ug/kg, about 15 ug/kg, about 75 ug/kg, about 360 up/ky, about

G040 wp/ky, about 2 mgikg

o0

about 4 mp/ky, or a range defined by any two of the foregoing
values), and even more preferably from about 0.5 to 15 mg/kg body weight per day {e.g., sbout |
mgikg, about 2.5 mgfkg, about 3 mg/ke, about 6 mg/kg, about 9 mg/kyg, about 11 mg/ke, about

13 mg/kp, or a range defined by any two of the foregoing values). Therapeutic or prophylactic
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gtficacy can be monitored by periedic assessment of treated patients. For repeated
administrations over several days or longer, depending on the condition, the treatment can be
repeated until a desired suppression of disease sympioms occurs. However, other dosage
regimens may be useful and are within the scope of the invention. The desired dosage can be
delivered by a single bolus administration of the composition, by multiple bolus administrations
of the composition, or by continuous infusion adminisiration of the composiiion.

[B884] The composition comprising an effective amount of the inventive unmunoglobulin
heavy chain polypeptide, the inventive immunoglobulin light chain polypeptide, the inventive
LAG-3-binding agent, the inventive nucleie acid sequence encoding any of the foregoing, or the
inventive vector comprising the inventive nucleie acid sequence can be administered to a
mammal using standard administration techniques, including oral, intravenous, indraperitoneal,
sobentaneous, pulmonary, transdermal, intramuscular, infranasal, buceal, sublingual, or
suppoesitory administration. The composition preferably is suitable for parenteral administration.
The term “parenteral,” as used herein, inchudes iniravenous, intramuscular, subcutaneous, rectal,
vaginal, and intraperitoneal administration. More preferably, the composition 1s administered to
a mammal using peripheral systemic delivery by infravenous, intraperitoneal, or suboutancous
frgection,

[B085] Onee administered o a mammal {e.g., a cross-reactive human), the biclogical getivity
of the inventive LAG-3-binding agent can be measured by any suitable method koown o the ar,
For exampie, the biclogical activity can be assessed by determining the stability of a particular
LAG-3-hbinding agent. In one embodiment of the tnvention, the LAG-3-binding agent {e.g., an
antibody) has an i vive half life between about 30 minutes and 45 days {¢.g., about 30 minutes,
about 45 minutes, about | hour, about 2 hours, about 4 hours, about 6 hours, about 10 hours,
apout 12 hoors, about 1 day, about § days, about 10 days, about 15 days, about 25 days, about 35
days, about 40 days, about 43 days, or a range defined by any two of the foregoing values). In
another embodiment, the LAG-3-binding agent has an im vive half ife between about 2 howrs and
28 days (e.g., aboui 5 howurs, about 10 hours, about 15 hours, about 20 hours, about 2 days, about
3 days, about 7 days, about 12 davs, about 14 days, about 17 days, about 19 days, or a range
defined by any two of the foregoing values). In another embodiment, the LAG-3-binding agent

has an i vive half life between about 10 days and about 40 days {e.g., about 10 days, about 13
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days, about 16 days, about 18 days, about 28 days, abowt 23 days, about 26 days, about 29 days,
about 30 days, about 33 days, about 37 days, about 38 days, about 39 days, about 40 days, or a
range defined by any two of the foregoing values).

[B686] The biological activity of a particular LAG-3-binding agent also can be assessed by
determining its binding affinity to LAG-3 or an epitope thereof, The term “affinity” vefers o the
equilibrivmn constant for the reversible binding of two agents and is expressed as the dissociation
constant (Kp). Affinity of a binding agent to a ligand, such a3 affinity of an antibody for an
epitope, can be, for exarple, from about 1 pleomolar {(pM) to about 100 micromolar (uM) (e.g.,
from about 1 picomolar (pM) 1o about 1 navomolar (nM), from about 1 M to about 1
micromolar (pM), or from about 1 uM to about 100 pM). In one embodiment, the LAG-3-
binding agent can bind to an LAG-3protein with a Kp less than or equal 1o | nanomelar {e.g., 0.9
M, 8.8 1M, 0.7 nM, 0.6 oM, 0.5 nM, 0.4 nM, 0.3 nM, 0.2 nM, 0.1 oM, 0.05 oM, 0.025 nM,
3.01 M, 0.001 oM, or a range defined by any two of the foregoing values). In another
embodiment, the LAG-3-binding agent can bind to LAG-3 with a Ky, less than or equal to 200
pM {e.g., 190 pM, 175 ph, 130 pM, 125 pM, 110 pM, 100 pM, 90 pM, 80 pM, 75 pb, 60 pM,
50 oM, 40 pM, 30 pM, 25 pM, 20 pM, 15 pM, 10 pM, 5 pM, | pM, or a range defined by any
two of the foregoing values). Immunoglobuliv affinity for an antigen or epitope of interest can
be measured using any art-recognized assay. Such methods include, for example, fluorescence
activated cell sorting (FACS), separable beads {e.g., magnetic beads), surface plasmon resonance
{SPR}, solution phase competition (KINEXA™), antigen panning, and/or ELISA (see, e.z.,
Taneway et al. {cds.), fmmunobiclogy, Sth ed., Garland Publishing, New York, NY, 2001}
{80871 The LAG-3-binding agent of the invention may be administered alone or in
combination with other drugs (e.g., as an adjuvant). For exarople, the LAG-3-binding agent can
be administered in combination with other agents for the treatment or prevention of the diseases
disciosed herein. In this respect, the LAG-3-binding agent can be used in combination with at
least one other anticancer agent including, for example, any chemotherapeutic agent known in
the art, ionization radiation, small molecule anticancer agents, cancer vaccines, biological
therapies {e.g., other monocional antibodies, cancer-killing viruses, gene therapy, and adoptive
T-cell transfer), and/or surgery. When the inventive method treats an infectious disease, the

LAG-3-binding agent can be administered in combination with at least one anti-bacterial agent
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or at least one anti-viral agent. In this respect, the anti-bacterial agent can be any suitable
antibiotic known in the art. The anti-viral agent can be any vaccine of any suitable type that
specifically targets a particular virus {e.g., live-attenuated vaccines, subunit vaccines,
recombinant vector vaceines, and small molecule anti-viral therapies {e.g., viral replication
inhibitors and nucleoside analogs).

[B08E] In another embodiment, the inventive LAG-3 binding agent can be administered in
combination with other agents that ivhibit immane checkpoint pathways. For example, the
wventive LAG-3 binding agent can be administered in combination with agents thai inhibit or
antagonize the programred death | (PD-1), T-cell himmunoglobulin domain and mucin domain 3
protein {TIM-3}, and cytotoxic T-lymphocyie-associated protein 4 ({CTLA-4) pathways,
Combination treatments that simultancously target two or more of these immune checkpoint
pathways have demonstrated improved and potentially synergistic antitumor activity {see, e.g.,
Sakuishi et al, J Exp Med., 207, 2187-2194 (2010); Ngiow et al,, Cancer Res., 71 3540-3551
(2011); and Woo et al,, Cancer Res., 72: 917-927 {20123}, In one embodiment, the inventive
LAG-3 binding agent is administered in combination with an antibody that binds to TIM-3
and/or an antibody that binds to PD-1. In this respect, the inventive method of treating a cancer
or an infectious disease iy a mammal can further comprise administering to the wammal a
composition comprising (i) an antibody that binds to a TIM-3 protein and (i1} a pharmaceutically
acceptable carrier or a composition comprising {i} an antibody that binds to & PD-1 prolein and
(i} a pharmaceutically acceptable carrier,

{689} In addition to therapeutic uses, the LAG-3-binding agerd described herein can be used
1 diggnostic or research applications. In this respect, the LAG-3-binding agent can be used in a
method o diagnose a disorder or disease in which the fmproper expression {e.g., overexpression}
or increased activity of LAG-3 causes or contributes to the pathological effects of the disease or
disorder. In a similar manner, the LAG-3-binding agent can be used in an assay to monitor
LAG-3 protein levels iy a subject being tested for a disease or disorder that is responsive to
LAG-3 inhibition. Research applications include, for example, methods that utilize the LAG-3-
binding agent and a label to detect an LAG-3 protein in a sample, e.g., in a human body fluid or
in a cell or tissue extract. The LAG-3-binding agent can be used with or without maodification,

such as covalent or non-covalent labeling with a detectable motety, For example, the detectable
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maiety can be a radicisotope {e.g., "H, "C, 7P, 7S, or "), a fluorescent or chemiluminescent
compound {e.g., fluorescein isothiocyanate, rhodamine, or fucifering, an enzyme {e.g., alkaline
phosphatase, beta-galactosidase, or horseradish peroxidase), or prosthetic groups. Any method

known in the art for separately conjugating an antigen-binding agent (e.g., an antibody} to a

detectable moiety may be emploved in the context of the invention {(see, e.g., Hunter et al,,
Navure, 194: 495-496 (1962); David et al., Biochemistry, 13 1014-1021 (1974); Pain et al,, /
fawamol, Merh,, 40 218-230 (1981}, and Nygren, /. Histochenm. and Cytochem. | 300 407-412
{1982},

30501 LAG-3 protein levels can be measured using the wnventive LAG-3-binding agent by
any suitable method known in the art. Such methods include, for example, radisimmunoassay
(RIA), and FACS. Normal or standard expression values of LAG-3 can be established using any
suitable technigue, e.g., by combining a sample comprising, or suspected of comprising, LAG-3
with & LAG-3-specific antibody under conditions suitable to form an antigen-antibody complex.
The antibody is directly or indirectly labeled with a detectable substance to facilitate detection of
the bound or unbound antibody. Suitable detectable substances include various enzymes,
prosthetic groups, fluorescent materials, luminescent materials, and radicactive materials {(see,
e.2., Zola, Monoclonal Antibodies: A Manual of Technigues, CRC Press, Inc. (1987)). The
amount of LAG-3 polypeptide expressed in a sample is then compared with a standard value,
6091 The LAG-3-binding agent can be provided in a kit, t.e., a packaged combination of
reagents in predetermined amounts with instractions for performing s diagnostic assay. If the
LAG-3-binding agent is labeled with an enzyme, the kit destrably includes substrates and
cofactors required by the enzyme (©.g., a substrate precursor which provides a detectable
chromophore or fluorophore). In addition, other additives may be included in the kit, such as
stabilizers, buffers {e.g., a blocking buffer or lysis buffer), and the like. The relative amounts of
the various reagents can be varied to provide for concentrations in solution of the reagents which
substantially optimize the sensitivity of the assay. The reagents may be provided as dry powders
{(typically lyophilized), including cxcipients which on dissclution will provide a reagent solution
having the appropriate concentration,

{6092} The following examples further iliustrate the invention but, of course, should not be

consirued as in any way limiting ifs scope,
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EXAMPLE 1

{B093] This example demonstrates a method of generating monoclonal antibodies directed
against buman LAG-3.

00394} The gene encoding the extracelnlar domain (ECD) of human LAG-3 was fused to
either mouse fg(G2a (human LAG-3 migZ?a Fo) or a disabled form of wasabi fluorescent protein
{(dWFP human LAG-3) to produce antigen for use in mouse immunization and hybridoma
screening. Specifically, female Swiss Webster (S8WR) mice were purchased from Harlan
Laboratories, Inc. {Indianapolis, IN) and divided into two groups. After six days of
geclimatization, one group of animals was tnununized with four o six doses of purified human
A3 mig(G2a Fe at 50 ug/mouse at intervals of three to four weelks using complete Freund’s
adjnvant (CFA) or incomplete Freunds adjuvant (IFA). The second group of animals was
injected with four to six doses at intervals of three to four weeks alternating between human
LAG-3 migGZa Fo or WP human LAG-3 ECD. CFA or IFA was alsoe used as adjuvant in the
second group. Animals were bled for measurement of the serum titer to human LAG-3 as
asacased by binding to cell surface human LAG-3. CHO-S celis were transtected with a full
fength human LAG-3 extracelinlar domain fused to the H-2Kk transmembrane domain (CHOWS
hul AG-3 BECD cells). Sera were difuted from 1:1,000 ~ 1:1,000,060 and incubated with the
CHO-8 hul AG-3 ECD cells for 30 minutes at 4 °C. Cells were centrifuged, washed once with
PBE/1% BSA, and incubated with PE-conjngated {Southern Biotech, Birmingham, Alabama} or
ALEXAFLUOR™ 647- {Jackson Immunoresearch, West Grove, PA) labeled goat anti-mouse
Yo G (H+1L) for 30 minules a1 4°C, Cells were washed twice in PBS/I9BEEA, resuspended in
PBS/19BSA, and analyzed on a BD FACSARRAY™ Bioanalyzer (BD Biosciences, Fraoklin
Eakes, NI Based on titer readings, one animal from each group was boosted 3 days prioy to
spieen collection. Single cell suspensions were prepared from spleen tissue and used for
generation of hybridomas by cell fusion using standard technigues. Two different myeloma cell
Hnes were used for fusion, FO (descrived in de 5t Groth and Scheidegger, J. fmmunol Methods,
350121 (1980)) and P3X63AgE 653 (described in Kearney et al., J fommunel., /23 1548-1550

{19793,
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{B5es] Hybridoma supernatants were screened for binding to CHG-S hal AG-3 ECD cells
and compared to binding to uniransfected CHO-S cells as described above. Based upon binding
CHO-S hul AG-3 ECD cells, hybridomas were transferred to 48-well plates and expanded.
{0094] Supernatants were then tesied for the ability to block binding of huroan LAG-3
rolg(sZa Fo labeled with DvL650 (human LAG-3 migGRa Fo DyvLe30) to Daudi cells, whichisa
B-cell line that endogenously expresses high levels of MHCH {(the LAG-3 receptor). Briefly,
human LAG-3 migG2a Fe DyLe50 was pre-incubated with control [gG or anti-human LAG-3
candidate mouocional antibodies prior 1o addition to Daudi cells. Blocking was measured by
reduction in fluorescence to Daudi cells using a BD FAUSARRAY™ Bioanalyzer. These
hybridomas were then subcloned and expanded to plate for generation of exhaust supernatant.
Antibodies were subsequently purified and retested 1o confirm both binding to CHO-8 huL AG-3
ECD cells gnd blocking ability in the Daudi assay.

{8971 The resnlts of this exawple confinm the production of anti-LAG-3 monoclonal

antibodies using hybridoma cell technology.

EXAMPLE 2
{0098} This example describes the design and gensration of CDR-grafied and chimeric anti-
LAG-3 monoclonal antibodies,
kit Amtibodies from the hybridomas described 1o Example 1 were isotyped, subjecied o

RT-PCR for cloning the antibody heavy chain variable region {(Vu) and light chain variable
region {V1}, and sequenced. Specifically, RMA was isolated from cel peliets of hybridoma
clones {1 x10% cells/peliet) using the RNEASY ™ kit {Giagen, Venle, Netherlands), and eDNA
was prepared using oligo-dT-privaed SUPERSCRIPT™ [ First-Sirand Synthesis System (Life
Technologies, Carlsbad, CA}, PUR amplification of the Vi utilized a pool of degenerate mouse
Vi forward primers (see Koptermann and Dubel, ods,, dntibody fngineering, Springer-Verlag,
Berlin (Z001}) and 2 mouse x constant region reverse primer. PCR amplification of the Va
atilized & pool of degenerate mouse Vi forward primers (Kontermann and Dubel, sipra and a
mouse vl or yvZ2a constant vegion reverse primer (based on isotyping of purified antibody from

each clone) with the protocol recommended in the SUPERSCORIPT™ [ First-Ntand Synthesis
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System (Life Techuologies, Carlsbad, CA). PCR products were purified and cloned into
peDINA33-TOPO (Life Technologies, Carlsbad, CA}.

[8166] Individual colonies from each cell peliet were selected and sequenced using standard
Sanger sequencing methodelogy {Genewiz, Inc., South Plainfield, MNiy Variable region
sequences were examined and aligned with the closest human heavy chain or light chain V-
region germiine sequence. Three antibodies were selected for CDR-grafting, which were
denoted (13 5.B11, (2} 5.7, and (3} 1. E10.

8161} CDR.grafted antibody sequences were designed by cloning COR residues from each
of the above-described mouse antibodies into the closest human germline homelog, CDR-
grafted antibody variable regions were synthesized and expressed with human IgGl/x constant
regions for analysis. In addition, mousehuman chimeric antibodies were constructed using the
variable regions of the above-described mouse antibodies Hanked to human IgGl/x constant
regions. Chimeric and CDR-grafted antibodies were characterized for binding to CHO-8

huL AG-3 ECD cells and for activity in the human LAG-3 ECDY/Daudi biocking assay as
described above.

{38182] The functional antagonist activity of chimeric and CDR-grafted antibodies also was
fested in a human CD4 T-cell:dendritic cell mixed ymphoovie reaction (MLR) assay in which
activation of CD4+ T-cells in the presence of anti-LAG-3 antibodies is assessed by measuring -
2 secretion. Because LAG-3 is a negative regulator of T-cell function, antagonism of LAG-3 was
expected o result in ihereased T-cell activation as measured by increased 11-2 production. The
5B, 517, and 1.E10 CDR-grafted antibodies demonstrated antagonistic activity in the MLR
assay as measured by an wncrease in IL-2 activity.

{68183]  The results of this example demonstrate a method of generating chimeric and CDR-

grafted monoclonal antibodies that specifically bind to and inhibit LAG-3.

EXAMPLE 3

{6 196] This example demonstrates affinity maturation of humanized monoclonal antibodies
directed against human LAG-3.
{6101} CDR-grafted antibodies derived from two of the original murine monoclonal

antibodies described in Example 2, 5.07 and 1.E10, were subjected to affinity maturation via in
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stlico somatic hypermutation (ISHM). This method incorporates mutations as predicted by
computational analysis comparing i vive matured antibody sequences, as downloaded from
MNOBE and comparing them to germline human IGHY, IGKVY, and IGLY sequences and their
allelic forms {as described in Bowers et ab., J 8ol Chem., 288(111:7688-7696 (20134, The
LAG-3 binding properties of resultant antibodies were assayed using surface plasmon resonance
{BPR) as well as ability to bind to CHO-8 hul AG-3 ECD cells as described previously.
Solution-based affinity analyses were also performed on using a KINEX A™ 3000 assay
{Sapidyne fostroments, Boise, Idghe), and resolts were analvzed using KINEXA™ Pro Software
3.2.6. Experimental parameters were selected to reach a maximum signal with antibody slone
between (.8 and 1.2 V. while limiting nonspecific binding signal with buffer alone to fess than
10% of the maximum signal. Azlactone beads (50 myg) were coated with antigen by diluting ina
solution of human or cynoWFP-LAG-3 (80 pg/mb in 1 mL) in 30 raM MazC0x. The solution
was rotated at room temperature for 2 houwrs, and beads were pelieted in a picofuge and washed
twice with blocking solution (10 mg/mb BSA, T M Tris-HCL, pH 8.0). Beads were resuspended
i blocking solution (1 mL), votated at roony temperature for 1 hour, and diluted in 25 volumes
PBE/G.02% NaM;. For affinity measurement, the secondary antibody was ALEXFLUOR™ 647
dye-anti-human IgG (500 ng/mbL). Sample antibody concentrations were held constant {30 pM
or 75 ph}, while buman or cynomolgus WEP-LAG-3 antigen was titrated using a three-fold
dilutions series from 1 uM to 17 pbd. All samples were diluted in PBES, (.2% NaNs, | mg/ml
BSA and allowed to equilibrate at room temperature for 30 hours, Additionally, samples
containing only antibody and only buffer were tested in order to determine roaximum signal and
nonspecific binding signal, respectively,

182} Thermal stability of the selected antibodies was assessed using a Thermofluor assay
as described in MoConnell et al., Protein Eng. Des. 8¢l 26: 151 (2013}, This assay assesses
stability through the ability of a hydrophobic Huorescent dye 1o bind to hydrophobic patches on
the protein surface which are exposed as the protein unfolds. The temperature at which 50% of
the protein unfolds (Tm) 15 determined to measure thermal stability. This assay demonstrated that
5.7 monoclonal antibody variants had acceptable melting femperatures (T,8) {i.e., greater than

737 that were suitable for drug development.
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{11831 De-risking of potential issues related 1o in vive pharmokinetics of the tested
antibodies was undertaken through asseswent of non-specific binding to fargst negative celis
{see, e.g., Hotrel et al, mdbs, 4. 753-760 (2012}, Antibodies were tested for binding to HEK
2931 cells using a flow cyiometry-based assay, The results indicated that non-specific binding
was low for 5.07 and could be further eliminated through second step purification.

18164} The results of this example confirm a method of affinity matoring humanized

monoclonal antibodies divected against LAG-3.

EXAMPLE 4
[1as] This example demonsirates a method of Wdentifying antibodies direcied against human
LAG-3 from an evolvable library.
11186] An Ig evolvable library, based on germiine sequence V-gene segraents joined to

human donor-derived recombined (0 regions, was conatructed as described in Bowers et al,
Proe. Nail, Acad Sl US4, T08(51y: 2045520460 (2011} 1¢G heavy chain (HC) and Hght
chain (LO) were cloned into separate episomal veciors (Horlick et al,, Gene, 243(1-2): 187-194
(2000Y), with each vector encoding a distinet antibiotic selectable marker. The HC vector was
formatted such that antibody was presented both on the cell surface as well as secrated into the
tisene culture medium (Hotlick et al., J 8iof Chem., 288(27y 1986119869 (20123}), The
diverse sets of HCs and LCs were co-transfected into HEK?293 cells and expanded to
approximately 10° cells. The cell lbrary was then subjected to two rounds each of negative
selection against streptavidin {5A »coupled magnetic beads alone {catalog # 11047, Life
Technologies, Carlsbad, CA) and irrelevant biotinvlated antigen coated with S8A-coupled
magnetic beads. One round of positive selection was then performed using either magnetic
beads coated directly with human LAG-3 mIg(2a Fe or with SA-coupled magnetic beads coated
with biotinyviated LAG-3 ECD migGt Fe. The positively selected cells were diluted and plated
in 96-well format at an approximate density of 1-10 cells/well, Resulting colonies were
expanded inio daughter plates and a portion of each population was tested for binding to LAG-3
ECD migGl Fo DyLA50 by FACSARRAY™ analysis, Antibodies secreted into the supernatant
also were tested by BIACORE™ {or ghility to bind to LAG-3 ECD migGl Fe
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1187} Cells that showed specific staining to human LAG-3 mig(G2a Fo DyLo30 by
FACSARRAY™ analysis and/or hinding by BIACORE™ were expanded for sorting and
submitted for sequencing 10 recover the specific HO/LC combinations capable of binding o
buman LAG-3. The open reading frames (ORFs) encoding the HCs and LCs of the antibodies
found in the cell populations were rescued by PCR. Generally, multiple HO/LC sequences were
found by sequencing. In some cases the desired HCO/LC combinations were identified by
enriching cells expressing vooneclonal antibodies of interest by first FACS sorting with haman
LAG-3 migGZa Fo Dy L6580, Populations of cells exhibiting high amtibody expression and
positive for binding to human LAG-3 mlgG2a Fo DvL658 were isolated and subjected to
subsequent sequence analysis. Overall, 12 different HC/LC pairs were identified as potential
specific anti-LAG-3 antibody hits suitabie for further characterization.  These strategies were
iabeled AVAL4, AZ, AJ/ALT, AG/ALY, AS/ALG, AS, AR/AZD, AS, ATIVALS, AlL, ALZ, and
A3,

G108} Antibodies also were characterized for their ability to bind 1o cynomolgus monkey
LAG-3 proten {oyno LAG-3). As these germline antibodies identified from the library were oo
weak 1o bind to antigen expressed on the cell surface, soluble antigen similar (o the human
antigen was labeled with DyL630 (cyvao LAG-3 mig(GZa Fe DyLe50) and then incubated with
HEKZSI cells displaying antibody strategies on the cell surface. Eight antibody sirategies
identified from the evolvable library were tested and demonstrated an ability to bind o cvno
LAG-3 BCD migGl Fe,

{B109) The results of this example confirm that monocional antibodies divected against

humen and non-human LAG-3 can be identified using an evolvable library.

EXAMPLE S

B116] This example demonstrates atfinity maturation of antibodies directed against human
EAG-3 identified using an evolvable Hbrary,

3111} Stable cell lines co~expressing the HO and LL of each antibody identified from the
evolvable library described in Example 4 were {fransfected with activation induced cviidine
deaminase (AID) to initiate i visro SHM. AL was aleo transfecied directly into the oviginal

mixed population of cells expanded trom the Hbrary screen. o all cases, cell populations were
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stained for both {gG expression and binding to antigen, collected by flow evtometry as a bulk
population, and then expanded for sequence analysis by vext generation seguencing (NGS). This
process was repeated teratively to accumulate SHM-derived mutations in the variable regions of
both the heavy and light chains, and their derivatives, for each strategy. Improvements in
atfinity were monitored by (1} SPR, (2} ability {o bind to CHG-S hul AG-3 ECD cells, and (3)
activity in the MLR assay. As the atfinity of each antibody improved, the stringency of selection
was increased untll athimity goals were achieved through the identification and recombination of
novel mations.

{6112} Thermal stability of the selected antibodies was assessed using a Thermofluor assay
as described above., This assay demonsirated that select monoclonal antibodies from the A17
strategy had acceptable T8 that were suitable for drug development. Antibodies also were
tested for binding to HEK 2931 cells using a flow cytomefry-based assay. The results indicated
that non-specific binding was low for select A17 candidates.

8113} Selected antibodics were tested for the ability to block binding of human LAG-3
mig(iZa Fo labeled with DwL650 (homan LAG-3 mig(2a Fo DyL650) to Daudi cells, as
described above. A dose range of newtralizing antibodies was preincubated with the soloble
LAG-3 and analyzed by flow cytometry, Certain affintty-matured anti-LAG-3 antibodies
completely inhibited the interaction of soluble LAG-3 with MHCIL

[0114] The results of this exampie confirm a method of affinity maturing monoclonal

antibodies directed against LAG-3 identified using an evelvable library.

EXAMPLE 6

{H115] This example demonstrates that an inventive anti-LAG-3 monocional antibody can
inhibit LAG-3 signaling and enhance T-cel activation in vifro alone and in combination with an
anti-PL-1 aotibody or an anti-TIM-3 antibody.

{8116} To establish parameters for anti-LAG-3 and anti-PD-1 combination studies, the anti-
PD-1 antibody APEQZ05R was titrated in a dose-response in the human CD4+ T-cell MLR assay
described above., Based on the results from titrating the anti-PD3-1 antibody in multipie MLR
assays, 133pM (approximate BECS0Y and 13pM {approximate EC10) were selected for testing in

combination for antagonist studies with the anti-LAG-3 monoclonal antibody, 1n combination
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with 133pM or 13.3pM of anii PD-1, the BEC30 of the anti-LAG-3 monoclonal antibody
decreased from 690pM (anti-LAG-3 only} to 40pM (+133pM anti-PD-1) or 200pM (+13.3pM
antt-PD-1), which was a 17-fold and 3-fold increase in potency, respectively.

[117] To establish parameters for anti-LAG-3 and anti-TIM-3 combination studies, the anti-
LAG-3 antibody APEG550S was titrated in a dose response in the human CD4d+ T-cell MLR
assay described above, Based on the results from titrating the anti-LAG-3 antibody in multiple
MR assays, 2nM (approximate BECS0) and 0.2nM (approximate EC10) were selected for testing
in combination for antagonist studies with the anti-TIM-3 monoclonal antibody. In combination
with 2nM or 0.2nM of anti LAG-3, the BECS0 of the anti-LAG-3 mAb decreased from 1inM
{anti-LAG-3 only)y to 6nM (+ 0.2nM anti-TIM-3) or 3nM (+20M anti-TIM-3), which was a 1.8-
fold and 3.0-fold increase in potency, respectively,

{8118} The resuits of this example dernonsirate that the inventive LAG-3 binding agent can
inhibit LAG-3 biological activity alone and in combination with antagonisis of other negative

regulators of the irmmune system.

EXAMPLE Y

1091198) This example demonstrates that an inventive anti-LAG-3 monocional antibedy can
inhibit LAG-3 signaling and enhance T~cell activation in vive tn combination with an anti-PI3-1
antibody.

{1281 The activity of an anti-mouse LAG-3 surrogate monoclonal aniibody (mAb C8BTW,
BioXeell, West Lebanon, New Hampshire) was tested alone or in combination with an anti-
mouse PD-1 surrogate monoclonal antibody (mAb RMP1-14, BioXcell, West Lebanon, New
Hampshire} in the MC38 syngeneic tumor model. Groups of ten animals were injected
subcutaneously with 1 x 10° MC38 cells. Ten days after inoculation, animals were randomized
for tumor size. Mice were treated with Smg/kg of anti-PD-1 monoclonal antibody and/or
Homg/kg or anti-LAG-3 monoclonal antibody on days 1, 4, 8, and 11, totaling four doses of each
autibody or cornbivation of antibodies. Tumors were reasured twice weckly to assess response
to treatmment. The anti-PD-1 + anti-LAG-3 combination was more ¢fficacions in reducing tumor
growth than each single agent alone. Complete response was observed in all ten animals of the

group treated with the combination, as compared to seven animals in the PD-1-only group and no
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animals in the anti-LAG-3-only group. Nine animals showing a complete response from the
combination group were then rechalienged by subeuiancous irmoculation with 4 x 10° M3
cells. None of the animals in the rechallenged group developed measurable tumor, while all
control naive mice injected with the same amount of cells grew palpable tumor,

{6121} The activities of the surrogate monocional aniibodies described above also were
tested alone or in combination in the ColonZ6 syngensic tumor model. Groups of 12 animals
were injected subcutaneously with 3 x 10° Colon26 cells. Mice were treated with 10 mg/kg of
anti-PD-1 antibody and/or 10 mg/kg of anti-LAG-3 antibody ondays 4, 7, 11, and 14, totaling
four doses of each antibody or combination of antibodies. Tumors were measured twice weekly
to assess response to freatment. The anti-PD-1 + anti-LAG-3 combination was more efficacious
for turnor growth than each single agent alone. Complete response was observed in 10 out of 12
animals in the combination group, as compared 1o three animals in the PD-1-only group and one
animal in the anti-LAG-3-only group. MNine animals showing complete response from the
combination group were then rechallenged with 5x10° Colon26 cells, Nous of the animals in the
rechallenged group developed measurable tumor, while all the control naive mice injected with
the same amount of cells grew palpable tumor,

{3122} The resulis of this example demonstraie that the toventive LAG-3 binding agent, in
combination with antagonists of other negative regulators of the inunune system, can inhibu

LAG-3 biclogical activity in vivo.

EXAMPLEE

[0123] This example demonstrates the effect of antibody isotype on anti-twoor activity of an
anti-LAG-3 antibody alone or in combination with an anti-PD-1 antibody in g syngeneic mouse
tumor model.

{#124] Surrogate antibodies recognizing mouse LAG-3 of 1gG1 {D2635A) and IgG2a 1sotypes
were created afier sequencing and cloning the variable regions of an anti-mouse LAG-3
neutralizing antibody (mAb COBTW, BioXceell, West Lebanon, NH) frow a rat bybridomnsa cell
line and cloning inio a mouse [gGl or mouse IgG2a expression vector. These antibodies were
then tested for efficacy both alone and in combination with a mouse 1gG1 (D2654) surrogate

anitbody recognizing mouse PD-1, siwilarly created from a purchased rat antibody from BioXcel
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{mAb RMP1-14, West Lebanon, NH). Specifically, Colon26 colon adenocarcinoma cells (8
k10 s.0.) were implanted into Balb/c mice and grown for 3 days. Mice were randomized into
seven groups of 12 animals/group and dosed with each antibody or antibody combination on
days 4,7, 11, and 14 as set forth in Table 1. Mice injected with matched isotype antibodics

served as a control. Tumor volumes were measured twice weekly until the end of the study.

{125} Table 1

| Group Treatment $ose
1 | Isotype 1gGG2a + Isotype IgGH{D265A) 0 mg/kg, | mo'ke
2 Isotype 1gG1(D26SA)Y 10wk
3 Aunti-mPD-~1 InGHD265A)Y I mg/ke
4 - Anti-mLAGS3 18Gla 10 mg/kg
3 Anti-mLAG-3 IeGHDZ65A) Wmeke
6 Anti-mPD-1 [gGHDB265A) + Anti-mLAG-3 | T mgfhp, 10 mglkg
N a
7 Anti-mPD-1 IgGUDZ65AM Anti-mLAG-3 | | mg/kg, 10 mg/kg
fpGI{D265A) %
{8126] Resnlts for this experiment are shown in Figures 1A and 1B, which show that a

single-agent anti-mouse LAG-3 antibody with minimal effector function (i.e., IgG1 (D265A))
has anti~-tumor efficacy as compared with an anti-mouse LAG-3 antibody with effector function
{ie., Ig(G2a), which has no apparent effect on tumor growth,

[3137] In addition, Figure 1A shows an anti-mouse LAG-3 antibody with minimal effector
function {i.e., IpGI(D265A) in combination with a regimen of an anti-mouse PD-1
IpGHI205A) antibody exhituted increased anti-tumor activity compared with the anti-mouse
PD-1 IgGUD265A) antibody alone. However, an anti~mouse LAG-3 antibody with in-tact
effector function (1g(32a) in combination with an anti-mouse PD-1 antibody was less efficacious
than anti-mouse PD-1 IgG1 (D2654) slone, suggesting that the effector funciion of the anfibody
possibly interfered with anti-mouse PD~1 mediated efficacy.

G118} Figure 1B provides graphs of tumor volume over time for individual animals from
freatment group 3 {anti~-mouse PD-1 IgGHDZ65A) antibody treated ammals), group 7
{combination of anti-mouse PI-1 IgGU{D2654A) antibody with anti-mouse LAG-3 IgGH{D263A)
anttbody), and group & {combination of anti-mouse PE-1 [gGID265A) antibody with anti-

mouse LAG-3 IgG2 antibody), In group 7 {(anti-mouse PD-1 TgG D265 A) antibody with anti-
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mouse LAG-3 [gGH{ID265AY), 8/12 animals had no visible tumor growth by the end of the study,
By contrast, only 3/12 animals in group 6 {anti-mouse PD-1 IgGIEZ65A) antibody with anti-
moeuse LAG-3 G2 antibody) had no visible tumor by the end of the study. In group 3 {anti-
mouse PD-1 IgGl (D265A) alone), 6/12 animals were tumer free by the end of study, suggesting
possible interference by the effector function of the anti-mouse LAG-3 [g(32 antibody when
dosed in combination with the anti-mouse PD-1 IgG 1 {D263A) antibody,

1129 The results of this example demonstrate that anti-mounse LAG-3 and anti-mouse FD-1
arttbodies without effector function, alone and in combination, can inhibit turmor growth ina
mense syngeneic tumor model. Efficacy was not observed usiog an anti-mouse LAG-3 antibody

with effector function and furthermore may interfere with anti-PD-1 mediated efficacy.

EXAMPLE 9

(134 This example demonsirates that an inventive anti-LAG-3 monoclonal antibody
inhibitory activity can be differendiated from that of an anti-PD-1 monoclonal antibody in g
mixed lymphocyte reaction based upon time of harvest and correlates with PD-1 and LAG3
EXPYESSION.

{41341 A functional LAG-3 antagonist antibody was tested in a buman CD4+ Tecell mixed
Iymphoceyte reaction (MLR) assay in which activation of CD4+ T-cells in the presence of anti-
LAG-3 antibodies s assessed by measuring -2 secretion. The anti-LAG-3 antibody was tested
side by side with an antagonistic anti-PI-1 antibody, wherein the antibodies were added and/or
harvested at different timepoints. Specifically, isolated peripheral blood monocytes from a
human donor were differentiated into dendritic cells {DCUs) and then mixed with CDd+ Tocelis
isolaied from a second donor. Inhibitory antibodies were added either at the start of the co-
cultire or 24 hours after the start of the co-culture, IL-2 levels were measured at 24 and 48 hours
after antibody addition,

1133 Antagonism of LAG-3 and PD-~1 was expected o result in increased T-cell activation
as measured by increased [L-2 production, When added at the start of the assay, the anti-PD-{
antibody increased IL-2 secretion at both 24 and 48 houre post antibody addition, while the anti-
LAG-3 antibody increased 112 sgoretion when measured at 4% hours in the MLR assay, but not

at 24 hours, When inhibitory anti-LAG-3 or anti-PD-1 antibedies were added at 24 hours atter
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starting the co-culiure and harvested at 72 hours, both antibodies were active and the EC30
appeared 1o be equivalent Figure 24 This correlates with expression as increased PIi-1
expression is observed at 24 ~ 7Z hours, while LAG-3 appears 1o be expressed later in the assay
at 48 and 72 hours (Figure 2B).

11331 The results of this example demonstrate that the effects of LAG-3 inhibition

correlates with target expression, and that LAG-3 expression occurs temporally later than PD-1.

111341 All references, including publications, patent applications, and patents, cited herein
are hereby incorporated by reference o the same extent as if each reference were individually
and specifically indicated 1o be incorporated by reference and were set forth in s entirety herein,
{6135) The use of the terms “a” and “an” and “the” and “at least one” and similar referents in
the context of deacribing the invention {especially in the context of the following claims) are to
be consirued to cover both the singular and the plural, unless otherwise indicated herein or
clearly contradicted by context. The use of the term “at least one” followed by a list of one or
more ems (for example, “at least one of A and B”) is to be construed o mean ons item selected
from the listed items (A or B) or any combination of two or more of the listed items (A and B},
upriess otherwise indicated herein or clearly contradicted by context, The ferms “comprising,”
“having,” “including,” and “containing” are 10 be construed as open-ended terms (e., meaning
“including, but not Bmited 10,”) unless otherwise noted. Recitation of ranges of values herein are
merely intended 1o serve as a shorthand method of referring individually to each separate value
falling within the range, unless otherwise indicaied herein, and cach separate value is
incorporated into the specification as if it were individually rectied herein. All methods
described hereln can be performed in any suitable order unless otherwise indicated berein or
otherwise clearly contradicied by context. The use of any and all examples, or exemplary
langnage {e.g., “such as”™) provided herein, i3 intended merely to better iluminate the invention
and does not pose a limitation on the scope of the invention unless otherwise claimed. No
language in the specification should be construed g5 indicating any non-claimed slement as
easeniial to the practice of the invention.

13136] Preferred embodiments of this invention are described herein, including the best
mode known to the inventors for carrving out the invention, Variations of those preferred

ernbodiments may become gpparent to those of ordinary skill in the art upon reading the
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foregoing description. The inventors expect skilled artisans to employ such variations as
approprisie, and the inventors intend for the invention to be practiced otherwise than as
specifically described herein. Accordingly, this invention inchides all medifications and
equivalents of the subject matter recited in the claims appended herelo as permitted by applicable
faw. Moreover, any combination of the above-described elements in all possible variations
thereof 1s encompassed by the invention unless otherwise indicated herein or otherwise clearly

contradicted by context,
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CLAIM{S:

I, An isolated immunoglobulin heavy chain polypeptide which comprises the amino acid
seqguence Gl Val Gin Leuw Val Gln Ser Gly Ala Glo Val Lys Lys Pro Giy Ala Thr Val Lys lle
Ser Cys Lys Ala Ser Gly Phe Xaal e XaaZ Asp Asp Tyr He Hie Trp Val Xaa® Gin Ala Pro Gly
Lys Gly Leu Glu Trp Xaa4 Gly Trp lle Asp ¥aad Xaad Asn Xaa7 Asp Ser Xaa¥ Tyr Xag9 Ser
Lys Phe Xaal0 Gly Arg Val Thr e Thr Val Asp Thr Ser Thy Xaall Thr Ala Tvr Met Xaal2
Lew Ser Ser Leu Arg Ser Glu Asp Thr Ala Val Tyr Tyr Cys Thr Tyr Ala Phe Gly Gly Tvr Trp
Gly Gin Gy Thr Thr Val Thr Val Ser Ser (REQ ID NO: 1813, wherein

{a} Xaal is asparagine {Asn} or serine {Serl,

{h} Kaald is lysine {Lys), tyrosine (Tyr), or asparagine {Asn),

{c} Xaad is lyvsine (Lys) or glutamine (Glnj,

{d) Xaat is isoleucine {lle) or methionine (Met),

(&) Xaad iz alanine (Ala) or proline (Fro),

(H Kaad is glitamic acid {(Glu) or methionine (Mat),

&) Xaa7 is glyeine (Gly), asparagine (Asn), or aspartic acid {Asp),

(k) Xaa¥ is ghutamic acid {(Gluy or glutamineg {(Gln)

(i} Kaa9 i3 alanine (Ala) or serine (Ser},

{3 Xaall is ghutamine {Ghy) or arginine {Arg),

) Kaall is aspartic acid {Asp) or asparagine {Asn), and

{4 Xaal2 is ghutamic acid (Ghu} or Lysine {Lya}.

2. The isolated imununoglobulin heavy chain polypeptide of claim 1, which

cornprises the amino acid sequence Glu Val Gln Leu Val Gin Ser Gly Ala Glu Val Lvs Lys Pro
Gily Ala Thr Val Lys He Ser Cys Lys Ala Ser Gly Phe Xaal He Xaa2 Asp Asp Tyr He His Trp
Val Xaa3 Gin Ala Pre Gly Lys Gly Leu Glu Trp Xaad Gy Trp He Asp Xaa5 Glo Asn Xaad Asp
Ser 3hu Tyr Xaa7 Ser Lys Phe Xaa® Gly Arg Val Thr e Thr Val Asp Thr Ser Thr Xaa® Thr Ala
Tyr Met Glu Leu Ser Ser Leu Arg Ser Glu Asp Thy Ala Val Tyr Tyr Cys Thr Tyr Ala Phe Giy
Gly Tyr Trp Gly Gln Gly Thr Thr Val Thr Val Ser Ser (SEG 1D NGO 1), wherein

(a3 Kaal is asparagine {Asn} or serine {Ser),

(b} Kaz?2 18 bysine (Lys), tyrosine (Tyr), or asparagine {Asn),



WO 2016/126858 PCT/US2016/016424

45

{c) Xaad i3 lysine {Lya) or glutamine (Gln),

Gy Kaad is isoleucine (He) or methionine (Met),

(e} Xaas is alanine {Ala) or proline (Pro),
() Xaab 15 glycine (UGly), asparagine {Asn}, or aspartic acid (Asp),

(g} Xaa7 iz alanine {Ala) or serine (Ser),

(hy  Xaa¥ is plotamine (Gin} or arginine (Arg), and

(i} Xaa® 1s aspartic acid {Asp) or asparagine (Asn).
3. The isolated tmmunoglobulin heavy chain polypeptide of claim 1 or 2, which

comprises the amino acid sequence of any one of SEG 1D NO: 2 - SEQ 1D NO: 34 or SEQ D
NG 182-186.

4 An isolated immunoglobulin heavy chain polypeptide which comprises the aming
acid sequence Gln Val Gln Lew Gin Gln Trp Gly Als Maal Leu Leu Lys Fro Ser Ghu Thr Len Ser
Leu XaaZ Cys Xaa3 Val Tyr Gly ly Xaad Phe Xaad Gly Tyr Tyr Trp Xaaé Trp lle Arg Gln Pro
Pro Xaa? Lys Gly Leu Glu Trp e Gly Glu He Asn His Ser Gly Xaa8 Thr Asn Tyr Asn Pro Ser
Len Lys Ser Arg Val Thy He Ser Val Asp Thr Ser Lys Asn Gin Xaa9 Ser Leu Lys Leu ¥Xaal®
Kaall Val The Ala Ala Asp Thr Ala Val Tyr Tyr Cys Xaal? Arg Gln Gly Xaall Tyr Gly Asp
Tyr Asp Tyr Trp Gly Gln Gly Thr Leu Val Thr Val Ser Ser (SEQ ID NG: 35), wherein

{a) Kaal is arginine (Arg) or glyveine {Gly),

(b} Kaa? is threonine {Thy) or isoleucine (Tle),

{c} Xaa3 is threenine {Thry or alanine {Ala),

{d) xaa4 13 serine (Sery or phenylalanine (Phe),

{e) Xaa3 is serine (Ser} or phenyvialanine (Phe),

{t Kaab is serine (Ser) or isoleucine ({ie),

{2} Kaal is glveine (Gly) or arginine (Arg),

{hy  Xaa® is serine (Ner) or asparagine {Asn),

{1} xaa¥ 18 phenylalanine (Phe) or leucine (Lew),

(3} Xaall is asparagine {Asn)} or serine (Ser),

{k} Kaall is senne (Ser) or phenyvialanine (Phe),

(13 Kaal? is alanine {Ala) or valine {Val}, and
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{m}  Xaal3 s aspartic acid (Asp) or asparagine (Asn).

5. The isolated imumunoglobulin heavy chain polypeptide of ¢laim 4, which

comprises the amino acid sequence of any one of SE{ H NO: 36 - SEQ 1D NG: 56,

&, An isolated imynunoglobulin light chain polypeptide which comprises the amino
acid sequence Asp Xaal Val Met Thr Gln Thr Pro Leu Ser Len Ser Val Thr Pro Gly Gin Pro Ala
Ser Hle Ser Cys Arg Xaa? Ser Gln Ser Leu Val His Ser Asp Xaa3 Xaad Thr Tyr Leu His Trp Tyr
Leu Gln Lys Pro Gly Gln Ser Pro Gin Leu Leu He Tyr Xaa Xaa Ser Asn Arg Phe Ser Gly Val
Pro Asp Arg Phe Ser Gly Ser Gly Ser Gly Thr Asp Phe Thr Leu Lys He Ser Arg Val Glu Ala Glu
Asp Val Gly Val Tyr Phe Cys Xaa Qo Ser Thr Xaa Val Pro Tyr Ala Phe Gly Gly Gly Thr Lys
Val Ghu {le Lys Arg Thr (SEQ 1D NO: 57}, wherein

{a) Xaal is valine {Val) or isoleucive (He),
) Xaal is cysteine (Cys) or serine {Ser},

{c} ¥aad is glycine (Gly) or serine (Ser),

{d Xaad is asparagine {Asn) or aspartic acid (Asp),

{2} Xaa$ is lysine {Lys), ghyeine (Gly), asparagine {Asn), serine (Ser}, or leucine
{Leuy,

{f) Xaab 15 valine {Val} or isoleucine (Iie),

{g} KaaT is serine (Ser), alanine {Ala), or glycine (Gly), and

{h} Kaad is histidine (His) or tyrosine {Tyr).

7. The isolated immunoglobulin light chain polypeptide of claim 6, which comprises

the amino acid sequence of any one of SEQ ID NGOt 58 — SEQ ¥ NO: 88 or 187-189,

5. An isolated immunoglobulin Hght chain polypeptide which comprises the amino
acid sequence Asp He Gin Met Thr Gin Ser Pro Ser Ser Leu Ser Ala Ser Val Gly Asp Arg Val
Thr He Thr Cys Gln Ala Ser Gin Asp He Ser Asn Tyr Leu Asn Trp Tyr Gln Gln Lys Pro Gly Lys
Ala Pro Lys Leu Leu He Xaal XaaZ Xaald Xaad Xaas Leu Glu Thr Gly Val Pro Ser Arg Phe Ser
Gly Ser (3ly Ser Gly Thr Asp Phe Thr Phe Thr He Ser Ser Leu Gln Pro Glu Asp Hle Ala Val Tyr
Tyr Cys Gin Gin Ser Tyr Ser Xaad Leu lle Thr Phe Gly Gln Gly Thr Arg Leu Glu He Lys Asg
Thr Val Ala Ala Pro Ser Val (8EQ D NO: 89), wherein
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{a) the subsequence Xaal Xaal2 ¥Xaad Xaad Xaa$S is deleted or is Tyr-Asp-Ala-Ser-Asn,
and

{b} Xaab is threonine (Thr) or tsoleveine (Hle),

8. The isolated imununoglobulin light chain polypeptide of claim 8, wherein the

subsequence Xaal Xaa? Xaa3d XNaad Xaal is Tyr-Asp-Ala-Ser-Asn.

18, The isolated immunoglobulin light chain polypeptide of ¢laim 9, which comprises

the aminoe acid sequence of SEQ 1D NO: 90,

{1, The isolated immuncglobulin light chain polypeptide of claim &, whereln the

subsequence Xaal Xaa? Xaal Xaad Xaa$ is deleted.

12, The solated iromunoglobulin light chain polypeptide of claim 11, which

comprises the amine acid sequence of SEQ I NQO: 91 or SEG D NO: 92,

13, Anisolated immunoglobulin heavy chain polypeptide which comprises SEQ 1D

NG 190 or 191

14, The isolated immunoglobulin heavy chain polypeptide of claim 13 comprising

any one of SEQ 1D NOs: 192-195.

15. Agn isolated immunoglobulin light chain polypeptide which comprises SEG ID

NGO 196 or 197,

16, The isolated immunoglobulin light chain polypeptide of claim 15 comprising any

one of SEQ 1D NOs: 198-200.

17.  Anisolated nucleic acid sequence encoding the immunoglobulin heavy chain

polypeptide of any one of claims 1-3, 13, or 14,

I8, Anisolated nucleic acid sequence encoding the immunoglobulin light chain

polvpeptide of any one of claims 6-12, 15, or 16,

19, A vector comprising the isolated nucleic acid sequence of claim 17 or claim 18.
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20, A Lyrophocyie Activation Gene-3 (LAG-3)-binding agent comprising the

immunoglobulin heavy chain polypeptide of any one of claims 1-3, 13, or 14 and/or the

immunoglobulin hight chain polypeptide of any one of claims 6-12, 15, or 16,

21, The LAG-3 binding agent of elaim 20, which comprises the immunogiobulin
heavy chain polypeptide of any one of claims 125, 13, or 14 and the immunogiobulin light chain

polypeptide of any one of claims 6-12, 15, or 16,

22, The LAG-3 binding agent of claim 20, which comprises the immunoglobulin
teavy chain polypeptide of any one of claims 1-3, 13, or 14 or the immunoglobulin light chain

polvpeptide of any one of claims 6-12, 15, or 16,

23. The LAG-3 binding agent of claim 28, which comprises {3} an immunoglobulin
heavy chain polypeptide of any of elaims 1-3, and an immunoglobulin light chain polypeptide of
claim & or 7; {b) an immunoglobulin heavy chain polypeptide of ¢laim 4 or §, and an
immunoglobulin light chain polypeptide of any of claims 8-12; or {¢} an immunoglobulin heavy
chain polypeptide of clairs 13 or 14, and an imumunoglobulin light chain polypeptide of elaim 15

or 16,

24, The LAG-3-binding agent of any one of claims 20-23, which is an antibody, an

antibody conjugate, or an antigen-binding fragruent thereof,

25, The LAG-3-binding agent of claim 24, which is a F{ab™); fragment, a Fab’
fragment, a Fab fragment, a Fv fragment, a scPv fragment, a dskFv fragment, a dAb fragment, or

a single chain binding polypeptide.

26.  The LAG-3 binding agent of any one of ¢laims 20-25, which binds to the

extraceilular domain 1 (D1) and/or the extracellular domain 2 (D2) of the LAG-3 protein.

27.  The LAG-3 binding agent of any one of claims 20-26, wherein the LAG-3

binding agent comprises an Fo region with reduced or abrogated effector function.

28.  Anisolated nucleic acid sequence encoding the LAG-3-binding agent of any one

of claims 20-27.
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29, Avector comprising the isolated nucleic acid sequence of claim 2&
3. Anisclated cell comprising the vector of claum 29,

31, A composition comprising (a) the LAG-3-binding agent of any one of claims 20-

27 or the vector of claim 29 and (b} a pharmaceutically accepiable carrier.

32, A method of reating a disorder in a manmal that is responsive to LAG-3
inhibition, which method comprises administering an effective amount of the composition of
claim 31 to a mammal having a disorder that is responsive to LAG-3 inhibition, whereupon the

disorder is treated in the mammal,
33.  The method of claim 32, wherein the disorder is cancer,

34.  The method of claim 33, wherein the cancer is melanoma, renal cell carcinoma,
lung cancer, bladder cancer, breast cancer, cervical cancer, colon cancer, gall bladder cancer,
laryngeal cancer, liver cancer, thyroid cancer, stomach cancer, salivary gland cancer, prostate

cancer, pancreatic cancer, or Merkel cell carcinoma.

LIS
¥}

The method of claim 32, wherein the disorder 18 an infections disease.

36, The method of claim 35, wherein the infectious disease is caused by a virus or a

bagierium,

37, The method of claim 36, wherein the virus is huran nnmmodeficiency virus
(HIVY, respiratory syneyviial virus (RSV), inflaenza viras, dengue virus, or hepatitis B virug

(HBY)

s

38 The method of any one of claims 32-37, wherein the half-life of the LAG-3-

binding agent in the mammal 1s between 30 minutes and 45 days.

3%, The method of any one of claims 32-38, wherein the LAG-3-binding agent binds

0 LAG-3 with a Kp between about 1 picomolar (pM) and about 100 micromolar (uM).

RECTIFIED SHEET (RULE 91)
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40, The method of any one of claims 32-39, further comprising administering a PD-1

binding agent and/or a TIM-3 binding agent to the mammal.

41, The method of claim 40, wherein the PD-1 binding agent and/or TIM-J binding

agent is an antibody, an antibody conjugate, or an antigen-binding fragment thereof

RECTIFIED SHEET (RULE 91)
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because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. IIl  Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:
This application contains the following inventions or groups of inventions which are not so linked as to form a single general inventive
concept under PCT Rule 13.1.

Group 1+: claims 1-5, 13, 14, directed to a HC polypeptide. The HC polypeptide will be searched to the extent that it encompasses SEQ
1D NO:181, 190-191. It is believed that claims 1-3, 13, 14 encompass this first named invention, and thus these claims will be searched
without fee to the extent that they encompass first species of each variable, specifically, the first invention encompases SEQ ID NO: 181
wherein Xaa1 is Asn, Xaa2 is Lys, Xaa3 is Lys, Xaa4 is lle, Xaa5 is Ala, Xaa6 is Glu, Xaa7 is Gly, Xaa8 is Glu, Xaa9 is Ala, Xaa10is
Glu, Xaa11 is Asp, Xaa12 is Glu, as represented in SEQ ID NO:190 and 191. Additional HC polypeptide will be searched upon the
payment of additional fees. Applicants must specify the claims that encompass any additionally elected polypeptide. Applicants must .
further indicate, if applicable, the claims which encompass the first named invention, if different than what was indicated above for this
group. Failure to clearly identify how any paid additional invention fees are to be applied to the "+ group(s) will result in only the first
claimed invention to be searched. An exemplary election would be a HC polypeptide of SEQ ID NO:35.

See Supplemental Sheet to continueg *****  reersmearaes

1. D As ali required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. D As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment of
additional fees.

3. D As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. }2 No required additional search fees were timely paid by the applicant. Consequently, this international search report is

restricted to the invention first mentioned in the claims; it is covered by claims Nos.:
1-3, 13, 14, restricted to SEQ 1D NO:181, 190-191

Remark on Protest D The additional search fees were accompanied by the applicant’s protest and, where applicable, the
payment of a protest fee. i

D The additional search fees were accompanied by the applicant’s protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

D No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (January 2015)



INTERNATIONAL SEARCH REPORT International application No.

PCT/US 16/16424

---- In Continuation of Box lll. Observations where unity of invention is lacking: -—-

Group lI+: Claims 6-12, 15, 16, 18, directed to a LC polypeptide. The LC polypeptide may be searched, for example, to the extent that
LC polypeptide encompasses SEQ ID NO:57, 196, 197 for an additional fee and election as such, i.e. claims 6, 7, 15, 16, 18(in part).
Additional LC polypeptide will be searched upon the payment of additional fees. Applicants must specify the claims that encompass any
additionally elected LC polypeptide. Failure to clearly identify how any paid additional invention fees are to be applied to the "+" group(s)
will result in only the first claimed invention to be searched. Another exemplary election would be LC polypeptide of SEQ ID NO: 89, i.e.,
claims 8-12. :

The inventions listed as Groups I+ and [1+ do not relate to a single general inventive concept under PCT Rule 13.1 because, under PCT
Rule 13.2, they lack the same or corresponding special technical features for the following reasons:

Special Technical Features
The special technical feature of each invention of Group I+ is a HC polypeptide of a specified amino acid sequence, because no
significant structural similarities can readily be ascertained among (SEQ ID Nos: 181, 190-191) and SEQ ID NO:35.

The special technical feature of each invention of Group Ii+ is a LC polypeptide of a specified amino acid sequence, because no
significant structural similarities can readily be ascertained among ( SEQ ID NO:57, 196, 197) and SEQ ID NO:89.

The inventions of Group I+ do not include the shared or common technical feature of a LC polypeptide, as required by Group II+.
The inventions of Group II+ do not include the shared or common technical feature of a HC polypeptide, as required by Group I+.

Common Technical Features

The inventions of Group I+ share the technical feature of an isolated HC polypeptide. However, this shared technical feature does not
represent a contribution over prior art as being anticipated by US 2014/0056878 A1 (ANAPTYSBIO, INC) (hereinafter "Anaptysbio")
discloses an isolated HC polypeptide (para [0009), "an isolated immunoglobulin heavy chain polypeptide which comprises an amino
acid sequence that is at least 90% identical to any one of SEQ ID NOs: 2-5"). As said technical feature was known in the art at the time
of the invention, this cannot be considered special technical feature that would otherwise unify the groups.

The inventions of Group I+ share the technical feature of an isolated LC polypeptide. However, this shared technical feature does not
represent a contribution over prior art as being anticipated by Anaptysbio, as above, disclosing an isotated LC polypeptide (para [0011],
"an isolated immunoglobulin light chain polypeptide which comprises an amino acid sequence that is at least 90% identical to any one of
SEQ ID NOs: 7-24"). As said technical feature was known in the art at the time of the invention, this cannot be considered special
technical feature that would otherwise unify the groups.

Groups |+ and |I+ therefore lack unity under PCT Rule 13 because they do not share a same or corresponding special technical feature.

Note re item 4:
Claims 17, 19-28, 30-42 are not drafted in accordance with the second and third sentences of Rule 6.4 (a). These claims are improper
multiple dependent claims.

Note, Claim 29 is absent.
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