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MAGEBZ BINDING CONSTRUCTS

FIELD OF THE INVENTION

[oo01] The field of this invention relates to compositions and methods related to cancer

treatments and diagnostics, including binding constructs that hind to MAGEB2.

BACKGROUND OF THE INVENTION

The MAGE (melanoma antigen genes) family contains about 60 genes that are categorized into several
subfamilies. The MAGE-A, -B, and -C subfamilies are expressed mainly in the testis and are aberrantly
expressed in varicus cancer types. The MAGE-D, -E, -F, -G, -H, -1, and -N subfamilies are expressed in a
wide variety of tissues. See, e.g., Lee and Potts, J. Mol. Biol,, 2018, One of the MAGE family members,
MAGEB2, is typically only exprassed in normal testis, MAGER2, which may function to enhance
ubiguitin ligase activity of RING-type zinc finger containing E3 ubiquitin protein ligases, has been found
o be aberrantly expressed in a variely of human tumors such as lung carcinoma, breast carcinoms,
melanoma, and others. Given this aberrant expression, MAGERZ is a potential target for new
tharapautic agents,

Early detection and classification of cancer is a crucial factor in successful treatment of the disease, A
sensitive and precise diagnostic assay that allows detection and quantification of tumor antigens, e.g.,
MAGER2, would aid in earlier detection and classification of cancer in patients and could also predict
clinical response and ocutcome for appropriate cancer therapeutics,

The ability to reliably detect thase tumor antigens may provide early indication of the disease and/or
the disease progression. immunological diagnostic assays are an important tool for detecting a variety
of disease conditions, including cancer. However, such assays may not always be sensitive and/or
specific encugh to reliably detect particular tumor antigens locatad on tumor cells, particularly if they
are expressed in low levels and/for are not expressed on the surface of tumaor cells,

in some instances, 3 molecular disgnostic assay may be desired and may provide the required
specificity and sensitivity, and therefore be the best option to detect a particular twmor antigen.
However, in other instances it may also be desired to confirm proper expression of the tumor antigen
within the tumor tissue sample and thus an immunohistochermical assay may be better suited.
Accordingly, there remains 3 need for sensitive and precise diagnostic assays to detect cancer antigens
that zre useful for detecting malignant cells and/or to help predict efficacy and 1o improve safety of

the relevant therapeutic.
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SUMMARY OF THE INVENTION

in one embodimaent, the invention provides an kolated antigen binding construct that binds MAGER2,
whergin the binding construct binds to an epltope comprising a sequence selacted from SEQ 1D NOs: 2,
3, 4, or 388 - 554,

in another embodiment, the invention provides an isolated antigen binding construct, wherein the
antigen binding construct comprises a CORLA, a CDRL2, a CDRL3, a CORHY, a CDRHZ, and a CDRH3,
wherein the CORLY comprises a sequence sef forth in SEQUIED NO: 85; the {DRL2 comprises a sequence
set forth in SEQ 1D NO: 86; the CORLI comprises a sequence sef forth in SEQ 1D NO: 87; the CDRH1
comprises a sequence set forth in SEQID NO: 229; the CDRH2 comprises a sequence sei forth in SEQID
NQ: 230; and the CORH3 comprises a sequence set forth in SEQ D NG: 231,

in another embodiment, the invention provides an antigen binding construct, wherein the antigen
binding construct comprises a CDRLY, a CORLZ, a CORL3, a CORAH1L, a CDRHZ, and a CORH3, wherein the
CORLL comprises a sequence set forth in SEQID NO: 73; the CDRL2 comprises a sequence set forth in
SEQ 1D NO: 74; the CDRL3 comprises g sequence set forth in SEQUID NG: 75; the CDRHI comprises a
sequence set forth in SEQ 1D NO: 217, the CDRH2 comprises 3 sequance set forth in SEQ 1D NQ: 218;
and the CORH3 comprises a sequence set forth in SEQ 1D NO: 214,

in another embodiment, the invention provides an isolated antigen binding construct, wherein the
antigen binding construct comprises a CORLL, a CDRLZ, a CDRL3, a CDRHY, a CORHZ, and a CDRH3,
wherein the CDRL1 comprises a sequence set forth in SEQ 1D NO: 91; the CORLY comprises a sequence
sat forth in SEG D NO: 92; the CDRL3 comprises a sequence setf forth in SEQUID NO: 93; the CDRH1
comnprises a sequence sat forth in SEQ D NO: 235; the CDRH2 comprises a sequence set forth in SEQ D
NO: 236; and the CDRH3 comprises a sequence set forth in SEQ 1D NQG: 237,

int 3 further embodiment, the invention provides an isolated antigen binding construct, wharein the
antigen binding consiruct comprises a light chain variable region comprising a sequence s&t forth in
SEC D NO: 346 and a heavy chain variable region comprising 2 sequence set forth in SEQ 1D NO: 347,
ir yet a further embodiment, the invention provides an isolated antigen binding construct, wherein
the antigen binding construct comprises a light chain variable region comprising a sequence set forth
in SEQID NO: 338 znd a heavy chain variable ragion comprising a sequence set forth in SEQ 1D NO:
335,

in another embodiment, the invention provides an antigen binding construct, wherein the antigen
binding construct comprises a light chain variable region comprising a seguence set forth in SEQ D NO:
350 and a heavy chain variable region comprising a sequence set forth in SEQ 1D NO: 351,

in another embodiment, the invention provides 2 method of making an antibody that binds to
MAGEB2 comprising immunizing an animal with a peptide comprising a seguence selected from SEQID
NG: 2, 3, or 4, and isclating from said animal antibodies that bind to MAGEBZ,

2
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in ancther embodiment, the invention provides a method for freating a tumaor in a subject, said
method comprising: determining the subject as responsive 1o treatment with an ani-MAGEB2
therapeutic by obtaining a sample from the subject, wherein the sample comprises a call from the

tumor, measuring the level of MAGER2 in the sample using an antigen binding construct provided

administering to the subject an effective amount of the anti-MAGEBZ therapeutic.

in another embodiment, the invention provides a method of identifying a subject as needing an anti-
MAGER2 therapeutic comprising: aj determining the level of MAGEBZ in a sample obtained from the
subject using an antigan binding construct provided herein; and b} identifying the subject as needing
the anti-MAGEB? therapeutic when the level of MAGEBZ is increased relative to a control.

in another embodiment, the invention provides a method of determining treatment for a subject with
a MAGEB? positive tumor comprising: determining the level of MAGEB2 in a sampie obiained from
the subject using an antigen binding construct provided herein; and determining the treatment as
comprising an anti-MAGEB?2 therapeutic when the level of MAGERZ is increased, relative 1o a control.
in another embodiment, the invention provides a mathod of determining efficacy of treatment with an

anti-MAGEB2 therapeutic in a subjact comprising: determining the level of MAGEBZ in a sample

an anti-MAGEB2 therapeutic and after treatment with an anti-MAGEB2 therapeutic; and determining
the treatrent as effective whan the level of MAGEB2 positive tumor cells is decreased after treatment
with the anti-MAGEB2 therapeutic.

in another embodiment, the invention provides a method of diagnosing a subject with a tumor,
comprising: a) determining the level of MAGEB2 in a sample obtained from the subject using an
antigen hinding construct provided herein; and b} diagnosing the subject as having a MAGERZ positive
tumor when the level of MAGER2 is increased relative to a control

in another embodiment, the invention provides 3 method of identifying a subject having a MAGER?
positive tumor comprising: a) determining the level of MAGERZ in a sample obtained from the subject
using an antigen hinding construct provided herein; and b) identifying the subject as having 3 MAGEB2
positive tumor when the level of MAGER2 is increased relative to a control.

in another ambodimant, the invention provides a method of identifying a subject as needing an anti-
MAGERZ therapeutic comprising: 8} defermining the level of MAGEB? in 3 sample obtained from the
subject using an antigen binding construct provided herein; and b} identifying the subject as needing
the anti-MAGER?2 therapeutic when the level of MAGEB2 is increased relative to a control.

in another embodiment, the invention provides a method of determining treatmant for a subirct with

a MAGEB?2 positive tumor comprising: determining the level of MAGEB? in a sample obtained from
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the subject using an antigen hinding construct provided herein: and determining the treziment as

comprising an anti-MAGEB2 therapeutic when the level of MAGERZ is increased, relative 1o 3 control,

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 3. This figure shows the gating hierarchy used in the enrichmeant of MAGER2 N-Term Halix, N-
Term Peptide, and Middle Loop Region peptide binders as described in Example 2 herein.

Figura 2. This figure shows two plots that show binding by various anti-MAGEBZ antibodies binding to
immunogen peptide and full length MAGEB2 protein. The MAGER2 panel was run in a limited antigen
style assay {only highest concentration shown) to identify highest affinity binders to full length
MAGER2 protein.

Figure 3. This figure shows immunohistochemical results for a MAGEB2 IHC assay that measured
immunoreactivity in MAGEB2 transfected cells. Intense MAGEB2 IHC staining was observed in CHO-
MAGE-B2+ cells with the four anti-MAGEB? antibodies 4G17, 1115, 1€3, 1114, but not with 1gG control.
Figure 4. This shows immunchistochemical results for a MAGEB2 IHC assay that measured
immunoreactivity in MAGEBRS transfected cells. No MAGEB2 [RHC staining was observed in CHO-
MAGERBS+ cells with the four anti-MAGEBR?2 antibodies 4G17, 1115, 1C3, 1114, and with 1gG control.
Figure 5. This figure shows immunchistochemical results for a MAGER2 {HC assay that measured
iminunoreactivity in control testis tissues, intense MAGEBZ {HC staining in spermatogonia cells was
observed in testis with the four anti-MAGER2 antibodies 4G17, 1115, 1C3, 1114, but not igG control at 2
ug/mi. Some nuclear stain was seen with antibodies 4617, 1115, 103; Levdig cell stain was seen with
antibody 1115,

Figure 8. This figure shows immunchistochemical results for a MAGEB2Z {HC Assay that measured
immunoreactivity in normal human tissue. Non-specific particulate staining in hepatocytes was seenin
liver tissue core {in normal hurman tissue with anti-MAGEB? antibodies 4G17, 1115, 1C3, but not with
anti-MAGEB2 antibody 1114, and 1gG control at 5 ug/ml.

Figure 7. This figure shows immunchistochemical resulis for 8 MAGER? |HC assay that measured
immunoreactivity in testis and liver tissue, with titration down of the 13 antibody. At 2 ug/mi Ab
concentration, anti-MAGEBZ2 antibody 1C3 clone has weak to mild intensity specific staining in
appropriate proportions of spermatogonia celis as previously observed. There is rare nuclear staining
and the intensity is shightly less than that sheerved at higher concentrations. Howsver, at this

concentration thers is no non-specific background staining in liver,
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DETAILED DESCRIPTION

MAGEB? is aberrantly expressed in a variety of human cancer types. MAGEB2 k not exprassed on the
surface of cells, MAGER2 peptides, however, are displayed on the surface of tumor celis by the MHC
class | molecule. In particular, the MAGEBRZ peptide GVYDGEEHSY (SEG 1D NG 1} is displayed on the
surface of tumor cells by the MHC class | molecule as a peptide-MHC complex. See, for example, U.S.
Patent Appl. Publ. No. US2016/0250307A1 (LS. Patent Appl. No. 14/975,552} and US2017/0080070A1
{UL.S. Patent Appl. No. 15/357,757). Although the MAGEB2 peptide-MHC complex is displayed on the
surface of cells and would potentially be a target for a diagnostic agent, the number of copies on the
cell surface of this peptide-MHC complex is far too low to be detected. Accordingly, binding constructs
{e.g., antibodies) that are abie to bind and detect MAGESB?2 that is intracellularly sxpressad are

described herein.

Binding Constructs

Tha present invention provides binding constructs comprising domains which bind to a MAGEB2
protein, These binding constructs are alternatively referred to as antigen binding constructs,
Tha term hinding construct refers to g construct that is capable of binding o its specific target or
antigen and comprises the variable heavy chain (VH] and/or variable light chain (VL) domains of an
antibody or fragment thersof, Typically, a binding domain according to the presant invention
comprises the minimum structural requirements of an antibody which allow for the target binding.
This minimum requirement may e.g. be definad by the presence of atleast the three light chain CDRs
{i.e. CDR1, COR2 and CDR3 of the Vi region) and/or the three heavy chain CORs {i.e. COR1, CDR2 and
CDOR3 of the VH region), preferably of all six CORs. An alternative approach to define the minimal
structure reguirsmeants of an antibody is the definition of the epitope the antibody binds within the
structure of a specific tarpet, respectively, the protein domain of the target protein composing the
epitope region {epitope ciuster} or by reference to a specific antibody competing with the epitope of
the defined antibody. Alternatively, the minimal structure requirements may be defined by the
paratope seguences within the hinding domain of the antibody,
Binding constructs of the present invention comprise at least one binding domain. The term "binding
domain” characterizes in connection with the present invention a domain which specifically binds to,
interacts with, or recognizes a given target epitope or a given target region on the target molecule,
e.g., MAGEB? or a specific region within MAGEB2. The structure and function of the hinding domain is
based on the structure and/or function of an antibody, e.g. of a full-length or whole immunoglobulin
molecule, and is from the variable heavy chain {VH) and/or variable light chain (V1) domains of an
antibody or fragment thereof. In certain embodiments, the binding domain comprises the presence of
three light chain CDRs {i.e. CDR1, COR2 and CDR3 of the Vi region) and/or three heavy chain CDRs {ie.
5
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CDR1, CORZ and CIIR3 of the VH region}. In certain embodiments, the binding domain is produced by
or obtainable by phage-display or library screening methods rather than by grafting CDR seguences
from a pre-existing {monocional} antibody into a scaffold.

The binding domain of & binding construct according to the invantion may e.g. comprise the above
referred groups of CORs. Preferably, those CDRs are comprised in the framework of an antibody light
chain variable region (V1) and an antibody heavy chain variable region {VH}; however, it does not have
1o comprise both. Fd fragments, for example, have two VH regions and often retain some antigen-
binding function of the intact antigen-binding domain. Additional examples for the format of antibody
fragments, aniibody variants or binding domains include {1} a Fab fragment, 8 monovalent fragment
having the VL, VH, CLand CH1 domains; {2} a F{ab'); fragment, a bivalent fragment having two Fab
fragments linked hy a disulfide bridge at the hinge region; {3} an Fd fragment having the two VH and
CH1 domains; {4) an v fragment having the Vi and VH domains of a single arm of an antibody, {5} a
dAb fragment {Ward et al., {1989} Nature 341 :544-545), which has a VH domain; {8} an isolated
complementarity determining region {COR), and {7} a single chain Fv {scFv}, the latter being preferred
{for example, derived from an scFV-library), Examples for embodiments of hinding constructs
according to the invention are e.g. described in WO 00/006605, W( 2005/040220, WO 2008/119567,
WO 2010/037838, W0 20137026837, WO 2013/026833, US 2014/0308285, US 2014/0302037,

WO 2014/144722, WO 2014/151910, and WO 2015/048272.

in a specific emmbodiment of the invention, the binding construct is a full-length antibody, as described
herein balow.

Also within the definition of “binding domain” or “domain which binds” are fragments of full-length
antibodies, such as VH, VHH, VL, {sidAb, Fy, light chain {VL-CL), Fd (VH-CH1}, heavy chain, Fab, Fab’,
F{ab'lz or “rigG” {"half antibody” consisting of a heavy chain and a light chain). Binding constructs
according to the invention may also comprise modified fragments of antibodies, also called antibody
variants or antibody derivatives. Examples include, but are not limited 1o, scFy, di-scFv or bi{s}-scFy,
schy-Fe, seFy-zipper, scFab, Fabs, Fabs, dizhodias, single chain diabodies, tandem dizbodies {Tandab’s),
tandem di-scPy, tandem tri-schy, ,minibodias” exemplified by a structure which is as follows: {VH-VL-
CH3Y, {scFv-CH3), {{scFv)-CH3 + CH3Y, {{scFviz-CH3} or {scPv-CH3-scFv)2, multibodies such as
triabodies or tetrabodies, and single domain antibodies such as nanobodiss or single variable domain
antibodies comprising merely one variable region, which might be VHH, VH or VL, thai specifically
binds to an antigen or target independently of other variable regions or domains. Further possible
formats of the binding constructs according to the invention are cross bodies, maxi bodies, hetero F¢
constructs, mono Fo constructs and scfe constructs, Examples for those formats will be described

herein below.
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According to the present invention, binding domains are in the form of one or more polypeptides.
Such polypeptides may include proteinaceous parts and non-proteinacecus parts {e.g. chamical linkars
or chemical cross-linking agents such as glutaraldehyde}. Proteins {including fragments therest,
praferably biologicailly active fragments, and peptides, usually having less than 30 amino acids)
comprise Two or more amino acids coupled to each other via a covalent peptide bond {resuiting in 2
chain of aming acids}.

The term "polypeptide” as used herein describes a group of molecules, which usually consist of more
than 30 amino acids. Polypeptides may further form multimers such as dimers, trimars and higher
olizomers, i.e., consisting of mora than one polypeptide molecule. Polypeptide molecules forming such
dimers, trimers etc. may be identical or non-identical. The corresponding higher order structures of
such multimers are, consequently, termed homo- or heterodimers, homo- or heterotrimers etc. An
example for a heteromultimer is an antibody molecule, which, in its naturally oocurring form, consists
of two identical light polypeptide chains and two identical heavy polypeptide chains. The terms
“peptide”, "polypeptide” and "protein” also refer to naturally modified peptides / polypeptides /
proteins wherein the modification is effected e.g. by post-transiational modifications like glycosylation,
acetylation, phosphorylation and the like. A “peptide”, "polypeptide” or "protein” when referred to
herein may also be chemically modified such as pegylated. Such modifications are well known in the
art and described herein below.

The definition of “antibody” according to the invention comprises full-length antibodies, also including
camelid antibodies and other immunoglobulins generated by biotechnological or protein engineering
methods or processes. These full-length antibodiss may be for example monaclonal, recombinant,
chimeric, deimmunized, humanized and human antibodies, as well as antibodies from other species
such as mouse, hamsier, rabbit, rat, goat, or non-human primates.

For the antibodias provided herein, the variable regions of immunoglobulin chains generally exhibit
the same overall structure, comprising relatively conserved framework regions (FR} joined by three
hypervariable regions, more often called "complementarity determining regions” or CDRs. The CDHs
from the two chains of each heavy chainflight chain pair mentionad above typically are aligned by the
framework regions to form a structure thet binds specifically to the target epitope. From N-terminalto
C-terminal, naturatiy-oocurring light and heavy chain variable ragions both typically conform with the
following order of these elements: FR1, CDR1, FR2, COR2, FR3, COR3 and FRA. A numbering system has
been devised for assigning numbers to amino acids that occupy positions in each of these domains,
This numbering system is defined in Kabat Sequences of Proteins of Immunological interast {1987 and
1991, NiF, Bethesda, Md.), or Chothia & Lesk, 1887, 1. Mol. Biol. 186:801-917,; Chothia et al,, 1989,
Nature 342:878-883.

~1
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The term “varizble” refars 1o the portions of the antibody ar immunoglobulin domains that exhibit
variability in their sequence and that are involved in determining the specificity and binding affinity of
a particular antibody {L.a., the “variable domain{s)”). The pairing of a variable heavy chain (VH} and a
variable light chain (VL) together forms an antigen-binding domain.
Variability is not evenly distributed throughout the variable domains of antibodies; it is concentrated in
sub-domains of each of the heaavy and light chain variable regions, These sub-domains are called
“hypervariable reglons” or “complementarity determining regions™ {CDRs). The mors conservad {Le,,
non-hypervariable) portions of the variable domains are called the “framework” regions {FRM or FR)
and provide a scaffold for the six CORs in three-dimensional space to form an antigen-binding surface.
The variable domains of naturally occurring heavy and light chains each comprise four framework
{FRM} regions (FR1, FRZ, FR3, and FR4), iargely adopting a B-sheet configuration, connectad by three
typervariable regions, which form loops connecting, and in some cases forming part of, the B-sheet
struciure. The hypervariable regions in each chain are held together in close proximity by the
framework regions and, with the hypervariable regions from the other chain, contribute to the
formation of the antigen-hinding site.
Thea terms “CDRY, and its plural “CORs”, refer to the complementarity determining ragion of which
three make up the binding character of a light chain variable region (CDR-L1, CDR-L2 and CDR-L3) and
three make up the binding character of a heavy chain variable region {CDOR-H1, CDR-H2 and CDR-H3).
DRs contain most of the residues responsible for specific interactions of the antibody with the
antigen and hence contribute to the functional activity of an antibody molecule, Le., they are the main
determinants of binding specificity to a particular target.
The exact definitional COR boundaries and lengths are subject to different classification and
numbering systems. CDRs may therefore be referred to by Kabat, Chothia, contact or any other
boundary definitions, including the numbering system described hersin, Despite differing boundariss,
each of these systems has some degree of overlap in what constitutes the so called “hypervariable
regions” within the variable sequences. COR definitions according to these systems may therefore
differ in length and boundary areas with respect to the adjacent framework region, See for example
Kabat {an approach hased on cross-specias saguence varlabliity), Chothia {an approach based on
crystallographic studies of antigen-aniibody complexes), and/or MacCallum {Kabat et al,, Sequences of
Proteins of Iimmunological Intarest, 5th £d. Public Health Service, National Institutes of Health,
Bethesda, Md., 1991; Chothia et al., J. Mol Biol, 1987, 196 801-817; and MacCallum et al, L. Mol Biol,
19596, 262: 732}, Still ancther standard for characterizing the antigen hinding side is the AbM
defirition used by Oxford Molecular's AbM antibody modeling software. See, e.g., Protein Sequence
and Structure Analysis of Antibody Variable Domains, Antibody Engineering Lab Manual {Ed.: Duebe|,

S. and Kontermann, R., Springer-Verlag, Heidelberg). To the extent that two residue identification
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technigues define regions of overlapping, but not identical regions, they can be combined to define 3
hyhrid CDR. However, the numbering in accordance with the Kabat system is preferred.

Typically, CORs form a loop structure that can be classifiad as a canonical structure, The term
“canonical structure” refers to the main chain conformation that is adopted by the antigen binding
{CDR} loops. Each canonical structure can be characterized by the torsion anglas of the polypeptide
backbone. Corraspondent loops betwaen antibodies may, therefore, have very similar three
dimensional structures, daspite high amino acid sequence variakility in most parts of the loops
{Chothia and Lesk, §. Mol. Biol,, 1987, 196: 901; Chothia et al,, Nature, 1989, 342: 877; Martin and
Thornton, ). Mol Biol, 1996, 263: 800). Furthermore, there is 3 relationship between the adopted loop
structure and the amino acid sequences surrounding it. The conformation of a particular canonical
class is determined by the length of the loop and the amino acid residuss residing at key positions
within the loop, as well as within the conserved framework {i.e., outside of the loop). Assignmenttoa
particular canonical class can therefore be made based on the presence of these key amino acid
residues.

The term “canonical structure” may also include considerations as to the lingar sequence of the
antibody, for example, as catalogued by Kabat {Kabat et al.). The Kabat numbering scheme (system}is
a widely adopied standard for numbering the amino acid residues of an antibody variable domainina
consistent manner and is the preferred scheme applied in the present invention as also mentioned
elsewhere herein. Additional structural considerations can also be used to determine the canonical
structure of an antibody. For sample, those differences not fully reflected by Kabat numbering can
be described by the numbering systam of Chothia et al. and/or revealad by other techniques, for
example, crystallography and two- or thres-dimensional computational modeling. Accordingly, a given
antibody sequence may be placed into a canonical class which allows for, among other things,
identifying appropriate chassis sequences {e.g., hased on a desire to include & variety of canonical
structures in a library). Kabat numbering of antibody amino acid seguences and structural
considerations as described by Chothiz et al,, loc. cit. and their implications for construing canonical
aspects of antibody structure, are described in the fiterature. The subunit structuraes and three-
dimensional configurations of different classes of immunoglobulins are welt known in the art., Fora
review of the antibody structure, see Antibodias: A Laboratory Manual, Cold Spring Harbor Laboratory,
ads. Harlow et al,, 1988,

wn

As used herein, the terms "single-chain Fv," "single-chain antibodies” or "scPv” refer to single
polypeptide chain antibody fragments that comprise the variabla regions from both the heavy and
light chains, but lack the constant regions. Generally, a single-chain antibody further comprises a
polypeptide linker between the VH and VL domains which enables it fo form the desired structure

which would allow for antigen binding. Single chain antibodies are discussed in detall by Pluckthun in
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Tha Pharmacology of Monoclonat Antibodies, vol. 113, Rosenburg and Moore eds. Springer-Verlag,
New York, pp. 269-315 {1994). Various methods of generating single chain antibodies are known,
including those described in U.S. Pat. Nos. 4,684,778 and 5,260,203; International Patent Application
Publication No. WO 88/01649; Bird (1988} Science 242:423-442; Huston ef af. {1988} Prac. Natl. Acad.
Scl. USA 85:5879-5883; Ward ot of. {1983) Nature 334:54454; Skerra ef o, {1988) Sclence 242:1038-
1041, In specific embodiments, single-chain antibodies can alse be hispecific, multispecific, human,
and/or humanized and/or synthetic,

in some embodimeants, the binding constructs of the present invention are “in vitro generated binding
constructs”. This term refers 1o a binding construct according to the above definition where all or part
of the variable region {e.g., at least one CDR) is generated in 2 non-immune cell selection, e.g., an in
vitro phage display, protein chip or any other method in which candidate sequences can be testad for
their ability to bind to an antigen. In other embodiments, the binding construct sequences ars
generated by genomic rearrangement in an immune cell in an animal. This term thus preferably
excludes sequences generated solely by genomic rearrangement in an immune cell in an animal. Itis
envisaged that the first and/or second domain of the binding construct is produced by or obtainable by
phage display or library screening methods rather than by grafting COR seguences from & pre-existing
tmonocional) antibody into a scaffold.

A "recombinant antibody” is an antibody made through the use of recombinant ONA technology or
genetic engineering.

The term “monoclonal antibody” {mAb) or monoclonal antibody construct as used herein refers to an
antibody obtained from a population of substantially homogeneous antibodies, i.e., the individual
antibodies comprising the population are identical except for possible naturally occurring mutations
and/or post-translation modifications {e.g., isomerizations, amidations) that may be present in minor
amounts. Monoclonal antibodies are highly specific, being directed against a single antigenic site or
epitope on the antigen, in contrast to conventional (polycional} antibody preparations which typically
include different antibodies directed against different antigenic sites or epitopes. in addition to their
specificity, the monodonal antibodies are advantageous in that they are synthesized by clonal call
culture and are uncontaminated by other immunoglobuling, The modifier “monodonal” indicates the
character of the antibody as being obiained from a substantially homogeneous population of
antibodies, and is not to be construed as requiring production of the antibody by any particular
method,

For the preparation of monodonal antibodies, any technique providing antibodies produced by

mrade by the hybridoma method first described by Koehler et of., Nature, 256 495 {1975}, or may be

made by recombinant DNA methods {see, e.g., U.S. Patent No. 4,816,567). Examples for further
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technigues to produce human monocional antibodies include the trioma technigue, the human B-cell

hybridoma technigue {Kozbor, Immunology Today 4 (1983), 72} and the EBY-hybridoma technique

~J
o

{Cole et al., Monoclonal Antibodies and Cancar Therapy, Alan R Liss, Ing, {1985), 77-86).

Hybridomas can then be screened using standard methods, such as enzyme-linked immunosorbent
assay {ELISA} and surface plasmon resonance analysis, e.g. Biacora™ to identify one or mora
hybridomas that produce an antibody that specifically binds with a specified antigen, Any form of the
relevant antigen may be used as the immunogen, e.g., recombinant antigen, naturally occurring forms,
any variants or fragments thereof, as well as an antigenic peptide thereof. Surface plasmon resonance
as employed in the Biacore systermn can be used {o increase the efficiency of phage antibodies which
hind to an epitope of a target cell surface antigen (Schier, Human Antibodies Hybridomas 7 (1996}, 87-
105; Malmborg, & Immunol Methods 183 {1995}, 7-13).

Another exemplary method of making monoclonal antibodies includes screening protein expression
libraries, e.g., phage display or ribosome display libraries. Phage display is described, for example, in
Ladner et gf., U.S. Patent No. 5,223,409; Smith {1985} Science 228:1315-1317, Clackson et ol., Nature,
352: 624-628 {1991} and Marks et of., 1. Mol. Biol., 222: 581-597 {1931}

i addition to the use of display libraries, the relevant antigen can be used to Immunize a non-human
animal, e.g., a rodent {such as @ mouse, hamster, rabbit or rat). In one embodimeant, the non-human
animal includes at least & part of 3 human immunoglobulin gene. For example, it Is possible to
engineer mouse strains deficient in mouse antibody production with large fragments of the human g
{immunogiobulin} loci. Using the hybridoma technology, antigen-specific monoclonal antibodiss
derived from the genes with the desired specificity may be produced and selected. See, e.g.,
XENOMOUSE™, Green et of. {1994) Nature Genetics 7:13-21, US 2003-0070185, W0 96/340986, and
WO 96/33735.

A monoclonal antibody can also be ahtained from a non-human animal, and then modified, e.g.,
humanized, deimmunized, rendered chimaric efc., using recombinant DNA technigues known in the
art. Examples of modified binding constructs include humanized variants of non-human antibodies,
“affinity matured"” antibodies (see, e.g. Hawkins et al, i, Mol. Biol. 254, 883-856 {1992} and Lowman et
¢, Blochemistry 30, 10832- 10837 {1991})} and antibody mutants with altered effector function(s} {sae,
e.g., US Patent 5,648,260, Kontermann and Dibel {2010, loc. ¢it. and Litte (2009}, ioc. ¢it).

in immunology, affinity maturation is the process by which B cells prodice antibodies with increased
atfinity for antigen during the course of an immune response. With repeated exposuras to the same
antigen, a host will produce antibodies of successively greater affinities. Like the natural prototype, the
in vitro affinity maturation is based on the principles of mutation and selection. The in vitro affinity
maturation has successtully been used to optimize binding constructs, e.g., antibodies or antibody

fragments. Random mutations inside the CDRs are introduced using radiation, chemical mutagens or

1
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error-prone PCR. in addition, the genetic diversity can be increased by chain shuffling. Two or three
rounds of mutation and selection using display methods like phage display usually results in antibody
fragments with affinities in the low nanomuolar range.

A preferred type of an amino acid substitutional variation of the binding constructs involves
substituting one or more hypervariable region residues of a parant antibody (2. g. a humanized or
human antibody). Generally, the resulting variant{s) selected for further development wilf have
improved biological properties relative to the parent antibody from which they are generated. A
convenient way for generating such substitutional variants involves affinity maturation using phage
dispiay. Briefly, several hypervariable region sides {e. g. 6-7 sides] are mutated 1o generate all possible
arnino acid substitutions at each side. The antihody variants thus generated are displayed in a
monovalent fashion from filamentous phage partides as fusions to the gene i product of M13
packaged within each particle. The phage-displayed variants are then screened for their biological
activity {2. g. binding affinity) as herein disclosed. in order to identify candidate hypervariable region
sides for modification, alanine scanning mutagenesis can be performed 1o identify hypervariable
region residues contributing significantly to antigen binding. Alternatively, or additionally, it may be
beneficial to anabyze a crystal structure of the antigen-antibody complex to identify contact points
hetween the binding domain and, e.g., the MAGEB2. Such contact residues and neighboring residues
are candidates for substitution according to the techniques elzhorated herein. Once such variants are
generated, the panel of variants is subjected to screening @5 described herein and antibodies with
superior properties in one or more relevant assays may be sebected for further development.

The antibodies of the present invention specifically include “chimeric” antibodies {immunoglobulins) in
which a portion of the heavy and/or light chain is identical with or homologous to corresponding
segquences in antibodies derived from a particular species or belonging to a particular antibody class or
subclass, while the remainder of the chain{s) is/are identical with or homelogous to corresponding
segquences in antibodies derived from ancther species or belonging to another antibody class or
subclass, as well as fragments of such antibodies, so long as they exhibit the desired biological activity
{U.S. Patent No. 4,816,567; Morrison et al, Proc. Natl, Acad. Sci. USA, 81: 6851-6855 {1984}, Chimeric
antibodies of interest herein include “primitized” antibodies comprising variable domain antigen-
binding sequences derived from a non-human primate {e.g., 0ld World Monkey, Ape etc.} and human
constant region sequences. A variety of approaches for making chimeric antibodies have been
dascribed. See e.g., Morrison et gl., Proc. Natl, Acad. 5cL US.A, 81:6851 , 1985, Takeds et af., Nature
314:452, 1985, Cabilly et of, U.5. Patent No., 4,816,567; Boss ef of,, U.S. Patent No. 4,816,397;
Tanaguchiet al, EP 0171496; £EP 0173494, and GB 2177096.

“Humanized” antibodies, variants or fragments thereof {such as Fv, Fab, Fab', Fiah'}2 or other antigen-

hinding subsequences of antibodies) are antibodies or immunoglobulins of mostly human segquences,
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which confain {3) minimal sequence{s) derived from non-human immunoglobulin. For the most part,
humanized antibodies are human immunogiobulins {recipient antibody) in which residues from a
hypervariable region {alse COR) of the raciplent are replaced by residues from a hypervariable region
of a non-human {e.g., rodent) spacies {donor antihody) such as mouse, rat, hamster or rabbit having
the desired specificity, affinity, and capacity. In some instances, Fv framawork region {FR) rasidues of
the human immunoglobulin are replaced by corresponding non-human rasidues, Furthermore,
“humanized antibodies” as used herein may also comprise residuas which are found neither in the
recipient antibody nor the donor antibody. These modifications are made to further refine and
optimize antibody performance. The humanized antibody may also comprise at least a portion of an
immunoglobulin constant region (Fc), typically that of a human immunoglobulin. For further details,
see Jones et of., Nature, 321: 522-525 {1986); Reichmann et of., Nature, 332: 323-329 {1988); and
Presta, Curr. Op. Struct. Biol,, 2: 593-596 {1992}

Humanized antibodies or fragments thereof can be generated by replacing sequences of the Fv
variahle domain that are not directly involved in antigen binding with eguivalent sequences from
human Fv variable domains, Exemplary methods for generating humanized antibodies or fragments
thereof are provided by Morrison {1985) Science 229:1202-1207; by Ci ef of. {1988) BicTechnigues
4:214; and by US 5,585,089; US 5,693,761, US55,693,762; US5,859,205; and US 6,407,213, Those
methods include isolating, manipulating, and expressing the nucleic acid sequences that encode all or
part of immunoglobulin Fv variable domains from at least one of a heavy or light chain. Such nudleic
acids may be obtained from a hybridoma producing an antibody against 2 predetermined target, as
described above, as well as from other sources. The recombinant DNA encoding the humanized
antibody molecule can then be cloned into an appropriate expression vector.

Humanized antibodies may also be produced using transgenic animals such as mice that express
human heavy and light chain genes, but are incapable of expressing the endogenous mouse
imimuneogiobulin heavy and light chain genes. Winter describes an exemplary CDR grafting method that
may be used to prepare the humanized antibodies described herein {U.5. Patent No. 5,225,539). All of
the CORs of a particular human antibody may be replaced with at least a portion of 2 non-human CDR,

or only some of the CDRs may be replacad with non-human CORs, it is only necessary to replace the

A humanized antibody can be optimized by the introduction of conservative substitutions, consensus
sequence substitutions, germline substitutions and/or back mutations. Such alterad immunoglobulin
molecules can be made by any of several tachnigues known in the art, {2.g., Teng et o, Proc. Natlh,

Acad. Sci. U.S.A,, 80: 7308-7312, 1883; Kozbor et ol Iimmunology Today, 4: 7279, 1983; Olsson et af,,

Meth. Enzymol., 92: 3-16, 19832, and EP 239 400).
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Tha term "human antibody®, “human antibody construct” and “human binding domain” includes
antibodies, antibody fragments, and binding domains having antibody regions such as variable and
constant regions or domains which correspond substantially to human germline immunoglobulin
seguencas known in the art, including, for example, those described by Kabat et of. {1991} {oe. it
The human antibodies, antibody fragments or binding domains of the invention may include amino
acid residues not encoded by human germling immunoglobulin sequences {e.g., mutations introduced
by random or side-specific mutagenasis in vitro or by somatic mutation in vive}, for example in the
“DRs, and in particular, in CEBR3. The human antibodies, antibody fragments or binding domains can
have at feast one, two, three, four, five, or more positions replaced with an amine acid residue that is
not encoded by the human germline immunoglobulin sequence. The definition of human antibodies,

antibody fragments and binding domains as used herein also contemplates fully human antibodies,

can be derived by using technologies or systems such as the Xenomouse. Preferably, a “fully human
antibody” does not include amino acid residues not encoded by human germiine immunoglobulin
sequences,

The ability to clone and reconstruct megabase-sized human lodl in yeast artificial chromuosomes YACs
and o introduce them into the mouse germiine provides a powerful approach fo elucidating the
functional components of very large or crudely mapped loci as well as generating useful models of
human disease. Furthermore, the use of such technology tor substitution of mouse loci with their
human eguivalents could provide unigue insights into the expression and regulation of human gene
products during development, their communication with other systems, and their involvement in
disease induction and progression.

An important practical application of such a strategy is the "humanization” of the mouse humoral
immune system. introduction of human immunocglobulin {ig} loci into mice in which the endogenous g
genes have been inactivated offers the opportunity to study the mechanisms underlying programmed
expression and assembly of antibodies as well as their role in B-cell development. Furthermore, sucha
strategy could provide an ideal source for production of fully human monoclonal antibodies {(mAbs) -
an important milestone towards fulfilling the promise of antibody therapy in human disease. Fully
human antibodies are expecied to minimize the immunogenic and allergic responses infrinsic to
mouse or mouse-derivatized mabs and thus o increase the efficacy and safety of the administered
antihodies. The use of fully human antibodies can be expected to provide a substantial advantage in
the treatment of chronic and recurring human diseases, such as inflammation, autclmmunity, and
cancer, which require repeated compound administrations.

Crne approach towards this goal was to engineer mouse strains deficient in mouse antibody production

with large fragments of the human g loci in anticipation that such mice would produce a large
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preserve the large variable gene diversity as well as the proper regulztion of antibody production and
expression. By exploiting the mousa machinery for antibody diversification and selection and the lack
of immunclogical tolerance to human proteins, the reproduced human antiboedy repertoire in these
mouse strains should yield high affinity antibodies against any antigen of interest, including human
antigens. Using the hybridoma technology, antigen-specific human mAbs with the desired spacificity
could be readily produced and selectad. This general sirategy was demonstrated in connaction with
the generation of the first XenoMouse mouse strains {see Graen et al. Nature Genetics 7:13-21
{1994)). The XenoMouse sirains were engineerad with YACs containing 245 kb and 190 kb-sized
germline configuration fragments of the human heavy chain locus and kappa light chain locus,
respectively, which contained core variable and constant region sequances. The human ig containing
YACs proved to be compatible with the mouse system for both rearrangament and expression of
antibodies and were capable of substituting for the inactivated mouse Ig genes. This was
demonstrated by their ability to induce B cell development, to produce an aduli-like human repertoire
of fully human antibodies, and to generate antigen-specific human mAbs. These results also suggested
that introduction of larger portions of the human ig loci containing greater numbers of V genes,
additional regulatory elements, and human Ig constant regions may recapitulate substantially the full
repertoire that is characteristic of the human humoral response to infection and immunization. The
waork of Green et al. was recently extended to the introduction of greater than approximately 80% of
the human antibody repertoire through introduction of megabase sized, germbine configuration YAC
fragments of the human heavy chain loci and kappa light chain lodi, respectively. See Mendez et ol.
Nature Genetics 15:146-156 {1997} and U.S. patent application Ser. No. 08/759,620.

The production of the XenoMouse® animals is further discussed and delineated in U.S. patent
applications Ser. No. 07/466,008, Ser. No. 07/610,515, Ser. No. 07/319,297, Ser. No. 07/922,649,

Ser. No. 08/031,501, Ser. No. (8/112,848, Ser. No. 08/234,145, Ser. No, 38/376,279,

Ser. No. 08/430,938, Ser. No. 08/464,584, Ser. No. 08/464,582, Ser. No. (8/463,191,

Ser. No. 08/462,837, Ser. No. 08/486,853, Ser. No. 08/436,857, Ser. No. (8/486,859,

Ser. No, 08/462,513, Ser. No. 08/724,752, and Ser. No. 08/759,620; and U.S. Pat. Nos. 5,162,963,
6,150,584, 6,114,598; 6,075,181, and 5,939,598 and Japanese Patent Nos. 3 068 180 B2, 3 068 506 B2,
and 3 068 507 B2. See also Mendez et gl Nature Genetics 15:146-156 {1997) and Green and Jakobovits
JExp. Med, 182:483-495 (1998}, EP 0 463 151 BL, WO 94/02602, WO 96/34036, W0 98/24893,

WO 00/76310, and WO 03/47336.

in an alternative approach, others, including GenPharm International, Inc., have utilized a “minilocus”
approach. in the minilocus approach, an exogenous Ig locus is mimicked through the inclusion of

pieces {individual genes} from the ig locus. Thus, one or more VH genes, one or more DH genes, one oF
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more JH genes, a mu constant region, and a second constant region {preferably & gamma constant
region} are formed into a construct for insertion into an animal. This approach is described in
.S, Pat. No. 5,545,807 to Surani ef of. and U.S. Pat. Nos. 5,545,806, 5,625,825, 5,625,126, 5,633,425;
5,061,016, 5,770,429, 5,789,650, 5,814,318; 5,877,397, 5,874,289; and 6,255,458 each to Lonberg and
Kay, U.5. Pat. Nos. 5,591,665 and 6,023.010 to Krimpenfort and Berns, U.S. Pat. Nos. §5,612,205;
5,721,367; and 5,789,215 to Berns et ¢l,, and U.S. Pat. No. 5,643,763 to Chol and Dunn, and GenPharm
international U.S. patent application Ser. No. 07/574,748, Ser. No, 07/575,962, Ser. No. 07/810,279,
Ser, No. 07/853,408, Ser. No. (07/904,068, Ser. No. 07/990,860, Ser. No. 08/053,131,
Ser, No. 08/096,762, Ser. No. (8/155,301, Ser. No. 08/151,739, Ser. No. 38/165,699,
Ser. No. 08/209,741. See also EP 0 546 073 B, WO 92/03918, WO 92/22645, WO 92/22647,
WO 92/22670, WO 93712227, WO 94/00568, WO 94/25585, WO 96/14436, WO 97/13853, and
WO 98/24884 and U.5. Pat. No. 5,981,175, See further Taylor et af. {1992}, Chen et al. (1933}, Tuaillon
et af. (1983}, Choi et 0l. {1993), Lonberg et ol. {1994), Taylor et of. {1994}, and Tuaillon et of, {1995),
Fishwild et /. {1996).
Kirin has also demonstrated the generation of human antibodies from mice in which, through microcell
fusion, large pieces of chromosomaes, or entire chromosomes, have bean introduced. See European
Patent Application Nos. 773 283 and 843 961. Xenerex Biosciences is devefoping & technology for the
potential generation of human antibodies. in this technology, SCID mice are reconstituted with human
lymphatic cells, e.g., B and/or T cells. Mice are then immunized with an antigen and can generate an
immune response against the antigen. See U.S, Pat. Nos. 5,476,996; 5,698,767, and 5,958,765,
in some embodiments, the binding constructs of the invention are “isolated” or “substantially pure”
binding constructs. “Isolated” or “substantially pure”, when used to describe the binding constructs
disclosed herein, means a hinding construct that has been identified, separated and/or recovered from
a component of its production environment, Preferably, the binding construct is free or substantially
free of association with all other components from its production environment. Contaminant
components of its production environment, such as that resulting from recombinant transfected cells,
are materials that would typically interfere with diagnostic or therapeutic uses for the polypeptide,
and may include enzymes, hormones, and other proteinacesus or non-profeinaceous solutes, itis
understood that the isolated protein may constifute a wide range of percent concentration, e.g., from
% 1o 99.9% by weight of the total protein content, depending on the drcumstances. The polypeptide
may he made at a significantly higher concentration through the use of an inducible promoter or high
exprassion promoter, such that it is made at increased concentration levels. The definition includes the
production of a binding construct in a2 wide variety of organisms and/or host cells that are known in
the art. In preferred embodiments, the binding construct will be purified (1) to a degree sufficient to

obtain at least 15 residues of N-terminal or internal amino acid seguence by use of a spinning cup
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sequanator, or {2} to homogeneity by SDS-PAGE under non-reducing or reducing conditions using
Coomassie blue or, preferably, silver stain. Crdinarily, however, an isolated hinding construct will be
prepared by at least one purification step,

Peptides are short chains of amine acld monomers linked by covalent peptide {amide] bonds. Hence,
peptides fall under the broad chemical classes of binlogical oligomers and polymers. Amino acids that
are part of a peptide or polypeptide chain are termed “residues” and can be consacutively numbered.
All paptides except cyclic peptides have an N-terminal residue at one end and a C-terminal residus at
the other end of the peptide. An oligopeptide consists of only 2 few amino acids {usually between two
and twentyl. A polypeptide is a longer, continuous, and unbranched peptide chain. Peptides are
distinguished from proteins on the basis of size, and as an arbitrary benchmark can be understood to
coniain approximately 50 or fewsr amino acids. Proteins consist of one or more polypeptides, usually
arranged in a biologically functional way. While aspects of the lab technigues applied to peptides
versus polypeptides and proteins differ {e.g., the specifics of electrophoresis, chromatography, eic.),

the size boundaries that distinguish peptides from polypeptides and proteins are not absolute.

2

Therefore, in the context of the present invention, the terms “peptide”, “polypeptide” and “protein”
may he used interchangeably, and the tarm "polypeptide” is often preferrad.

Polypeptides may further form multimers such as dimers, trimers and higher oligomers, which consist
of more than one polypeptide molecide. Polypeptide molecules forming such dimers, trimers etc. may
be identical or non-identical. The corresponding structures of higher order of such multimers are,
conseguently, termed homo- or heterodimers, homo- or heterotrimers eto, An example for a
hereteromultimer is a full-length antibody or immunoglobulin molecule, which, in its naturally
occurring form, consists of two identical light polypeptide chains and two identical heavy polypeptide
chains. The terms “peptide”, "polypeptide” and “protein” also refer to naturally modifiad peptidas /
poivpeptides / proteins wherein the modification ts accomplished e.g. by pest-transiational

nou

modifications like glycosylation, acetylation, phosphorylation and the like. A “peptide”, “polypeptide”
or “protein” when referred to herein may also be chemically modified such as pegylated. Such
modifications are well known in the art and describad herein balow.

A binding construct is said to “specifically bind” or “immunospecifically bind” to its antigen when the
binding construct binds its antigen with a dissociation constant (KD} is 10-7 M as measured via 3
surface plasma resonance technigue {e.g., BiACore, GE-Healthcare Uppsala, Sweden)} or Kinstic
Exclusion Assay {KinExA, Sapidyne, Boise, ldaho}. In accordance with this invention a binding construct

specifically binds or immunospecifically binds to MAGEBZ.

construct or a binding domain that specifically binds to its target {such as a human target} may,

however, cross-react with homologous target molecules from different species {such as, from non-
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human primates). The term “specific / immunospecific binding” can hence indude the binding of a
binding construct or binding domain to epitopes or structurally related epitopes in more than orne
specias.

The term “epitope” refars 1o a region on an antigen, or specific amino acid residues, to which a binding
domain, such as an antibody or immunogiohulin, or a derivative, fragment or variant of an antibody or
an immunoglohulin, specifically binds, An “epitope” is antigenic and thus the term epitope is
sometimes also referred 1o herein as “antigenic structure” or “antigenic determinant”, Thus, the
binding domain is an “antigen interaction site”. Said binding/interaction is also understood to define 2
“specific recognition”.

“Epitopes” can be formed both by contiguous amino acids or non-contiguous amino acids juxtaposed
by tertiary folding of a protein. A “linear epitope” is an epitope where a contiguous amino acid primary
seguence comprises the recognized epitope. A linear epitope typically includes at feast 3 or at least 4,
and more typically, at least 5 or at least 6 or ai least 7, and frequently, about 8 to about 10 amino acids
in 2 unigue seguence, or even longer than 10 amineo acids.

A "conformational epitope”, in contrast to a linear epitope, is an epitope wherein the primary
sequance of the amino acids comprising the epitope is not the sole defining component of the epltope
recognized {e.g., an epitope wherein the primary sequence of aming acids is not necessarily
recognized by the binding domain). Typically, a conformational epitope comprises an increased
number of aming acids relative to a linear epitope, and comprises noncontiguous amino acld
seguences. With regard to recognition of conformational epitopes, the hinding domain paratope
recognizes a three-dimensional structurs of the antigen, preferably a peptide or protein or fragment
thereof {in the context of the present invention, the antigenic structure for one of the binding domains
is comprised within the target cell surface antigen protein}. For example, when a protein molecule
folds to form a three-dimensional structure, cerfain amino acids and/or the polypeptide hackbone
forming the conformational epitope become juxtaposed enabling the antibody to recognize the
epitope. Methods of determining the conformation of epitopes include, but are not limited to, x-ray
crystaliography, two-dimensional nuclear magnetic resonance [2D-NMR} spactroscapy and site-
directed spin labelling and electron paramagnetic resonance (EPR) spectroscapy.

Various methods for identifying proteins, regions of profeins, or peptides that are useful as
imnuinogens or for screening assays are known in the art. In one embodiment, and as described
herein in the Examples, a Shannon entropy analysis of the MAGERZ protein aming acld sequence can

identify particular peptide sequences that can be used as immunogens.

peptide a.a.43-76: SSVSGGAASSSPAAGIPGEPORAPTTAAAAAAGY (N-terminal ragion peptide) (SEQLID

NQ: 2}, MAGEBZ peptide 5.2.95-125: SSSQASTSTKSPSEDPLTRKSGSLVOFLLYIC (MHD N-terminal helix
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pepiide) (SEQ ID NO: 3}, MAGER2 peptide 2.2.185-200: DUTDEESLISSWDFPR (MHD middle loop
peptide} (SEQ D NQ: 4}

Accordingly, in one embodiment of the present invention, provided is a method of immunizing an
animal comprising administration to the animal any of the peptides of SEQ ID N0s: 2, 3, 0r 4,

in another embodiment, provided is a method of generating an isolaied antibody comprising
immunizing an animal with any of the peptides of SEQ 1D NQOs: 2, 3, or 4 and isolating said antibody., in
further embodiments, provided is @ method of generating an isolated monoclonal antibody comprising
immunizing an animal with any of the peptides of SEQ 1D NOs: 2, 3, or 4 and further generating a
menoclonal antibody using art recognized steps described herein.

in yet another embodiment, provided is an isolated antihody generated by a process comprising
immunizing an animal with any of the peplides of SEQID N0Os: 2, 3, 0r 4.

in yet other embodiments, fragments of the peptides of SEQUID NOs: 2, 3, or 4 can be used as the
immunogen. Accordingly, in one embodiment of the present invention, the peptide immunogen
comprises a fragment of the MAGEB? peptide 3.3.43-76; 3SVSGGAASSSPAAGIPOQEPORAPTTAAAAAAGY
{N-terminal region peptide} (SEQ ID NG: 2)thatis 10, 11, 12, 13, 14, 15, 16, 17, 18, 18, 20, 21, 22, 23,
24,25, 26,37, 28, 29, 30, 31, 32, or 33 amine acids long,

in another embodiment of the present invention, the peptide immunogen comprises a fragment of the
MAGER? peptide 2.2.95-125: SSSQASTSTKSPSEDPLTRKSGSLYQOFLLYK {MHD N-terminal helix peptide)
{SEQID NO: 3ithatis 10, 11, 12, 13, 14, 15, 16, 17, 18, 18, 20, 21, 22, 23, 24, 25,26, 27, 28,28, or 30,
arnino acids fong,

in another embodiment of the present invention, the peptide immunogen comprises 3 fragment of the
MAGEB2 peptide a.a.185-200: DLTDEESLLSSWDFPR {(MHD middie loop peptide} {SEQ 1D NO: 4} that is
10, 11, 12,13, 14, or 15 amino acids long.

in further embodiments of the present invention, provided are binding constructs that compste for
binding with any of the binding constructs described in the present invention. Competition assays are

well known in the art and exemplary assays are described further herein,
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in other embodiments, alternative peptides that can be used as immunogens for scresning are
provided in Table 1 below. Accordingly, the invention provides

Table 1.
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MAGERZ2 Peptide Amino Acid Sequence SEQ D RO
SVYSGGAASSSPAAGIPQEPQRAPTTAAAAAAGY 388
VSGGAASSSPAAGIPOEPCRAPTTAAAARAGY 389
SGGAASSSPAAGIPOQEPQRAPTTAAABAAGY 390
SGGAASSSPAAGIPQEPQRAPTTAAAAAAGY 391
GGAASSEPAAGIPOEPQRAPTTAAAAAAGY 392
GAASSSPAAGIPQEPQRAPTTARAAAAGY 383
AASSSPAAGIPQEPGRAPTTAAAAARAGY 394
ASSSPAAGIPQEPQRAPTTAAAAAAGY 395
SSSPAAGIPQEFQRAPTTAAAAAAGY 39
SSPAAGIPQEPORAPTTAAAAAAGY 397
SPAAGIPQEPORAPTTAAALAAGY 393
PAAGIPQEPORAPTTAAAAAAGY 399
AAGIPOEPORAPTTAAAAAAGY 400
AGIPQEPQRAPTTAAAAAAGY 401
GIPQEPORAPTTAAAAAAGY 452
IPOEPQRAPTTAAAAAAGY 403
POEPGRAPTTAAAAAAGY 404
CQEPORAPTTAAAAAAGY 405
EPQRAPTTAAAAAAGY 436
PORAPTTAAAAAAGY 407
QRAFTTAAAAAAGY 408
RAPTTAAAAAAGY 409
APTTAAAAAAGY 410
PTTAAAAAAGY 411
TTAAARAAGY 412
TARAAAAGY 413
AAAAAAGY 414
ARRAAGY 415
ARAAGY 416
AMAGY 417
SSVSGGAASSSPAAGIPOEPORAPTTAARAAAG 418
SSVSGGAASSSPAAGIPOEPORAFTTAARARA 415
SSVSGGAASSSPAAGIPQEPORAPTTAAAAA 420
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SSYSGGAASSSPAAGIPOEPORAPFTTAARA 421
SSVSGGAASSSPAAGIPQEPGRAPTTAAL 422
SSVSGRAASSSPAARGIPOEPQRAPTTAA 473
SSVSGGRAASSSPAAGIFOEFORAPTTA 434
SSVSGGAASSSPAAGIFQERPQRAPTT 425
SSVSGGEAASSSPAAGIPOEPQRAPT 436
SSVSGGAASSSPAAGIPOEPRAP 427
SSVSGEAASSSPAAGIPOEPORA 428
SSVSGGAASSSPAAGIPOEPQR 429
SSVSGGAASSSPAAGIPOEPQ 430
SSVSGGAASSSPAAGIPQER 431
SSVSGRAASSSPAAGIPQE 432
SSVSGRAASSSPAAGIFG 433
SSVSGGAASSSPAAGIF 434
SSVSGEAASSSPAAG 435
SSVSGGAASSSPAAG 436
SSVSGGAASSSPAA 437
SSVSGGAASSSPA 438
SSVSGGAASSSP 439
SSVSGHAASSS 440
SSVSGGAASS 441
SSVSGGAAS 442
SSVSGGAA 443
SSVSGGA 444
SSVSGEG 445
S5VSG 446
SYSGGAASSSPAAGIPOEPQRAPTTARAAMAG 447
VSGGAASSSPAAGIPOEPORAPTTAAAAAAL 448
SGGAASSSPAAGIPQEFORAPTTAAAAA 449
GGAASSSPAAGIPQEPQRAPTTAAAA 450
GAASSSPAAGIPOEPORAPTTAAA 451
AASSSPAAGIPQEPQRAPTTAA 4532
ASSSPAAGIPQEPQRAPTTA 453
S5SPAAGIPQEPQRAPTT 454
22
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SSPAAGIPOEPORAPT 455
SPAAGIPQEPQRAP 456
PAAGIPOEPGRA 457
AAGIPQEPUR 458
AGIPQEPQ 459
GIPQEP 480
IPQE 481
SSOASTSTKSPSEDPLTRIGESIVAFLLYK 462
SOASTSTESPSEDPLTRKSGSLVQFLLYK 463
CASTSTKSPSEDPLTRKSGSLVQFLLYK 464
ASTSTKSPSEDPLTRISGSIVOFLLYK 465
STSTKSPSEDPLTRKSGSLVOFLLYK 466
TSTKSPSEDPLTRESGSLYOFLLYK 467
STKSPSEDPLTRKSGSLVQFLLYK 468
TKSPSEDPLTRKSGSEVOFLLYK 465
KSPSEDPLTRISGSLVOFLLYK 470
SPSEDPLTRKSGSLVOFLLYK 471
PSEDPLTRKSGSLVQFLLYK 472
SEDPLTRKSGSLVQFLLYK 473
EDPLTRIGSGSLVOFLLYK 474
DPLTRKSGSLVQFLLYK 475
PLTRKSGSLYOFLLYK 476
LTRKSGSLVGFLLYK 477
TRKSGSLVOFLLYK 478
RKSGSLVOFLLYK 475
KSGSLVQFLLYK 480
SGSLVOFLLYK 481
GELVAFLLYK 482
SLVQFLLYK 483
LVOFLLYK 434
VOFLLYK 485
QFLLYK 486
FLLYK 487
SSSOASTSTKSPSERPLTRKSGSLYAFLLY 488
23
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SSSOASTSTRSPSERPLTRISGSLVOFLL 485
SSSOASTSTKSPSERPLTRIKSGSLVOFL 490
SSROASTSTKSPSERPLTRKSGSLVF 491
SSSQASTSTKSPSEDPLTRKSGSLYVQ 492
SSSOASTSTKSPSEDPLTRKSGSLY 493
SSSOASTSTKSPSEDPLTRKSGSE 484
SSSOASTSTKSPSEDPLTRKSGS 495
SSSOASTSTKSPSEDPLTRKSG 496
SSSOASTSTKSPSEDPLTRIS 497
SSSQASTSTRSPSERPLTRI 498
S5S0ASTSTKSPSERPLTR 499
SSSQASTSTKSPSERPLY 500
SSSQASTSTKSPSERRL 501
SSSQASTSTKSPSEDP 502
SSSOASTSTKSPSED 503
SSSOASTITHSPSE 504
SSSOASTITKSPS 505
SSSQASTSTKSP 506
SSSQASTSTKS 507
SSSQASTSTK 508
SSSQASTST 509
SE5QASTS 510
S85QAST 511
SS5AS 212
SS50A 513
SSOASTSTRSPSEDPLTRKSGSLVQFRLLY 514
SOASTSTKSPSEDPLUTRKSGSLVOFLL 515
CASTSTKSPSEDPLTRKSGSLVQFL 516
ASTSTKSPSEDPLTRKSGSLVQF 517
STSTKSPSEDPLTRKSGSLVQ 518
TSTKSPSEDPLTRKSGSLY 519
STKSPSEDPLTRIGGSL 520
TKSPSEDPLTRKSGS 521
KSPSEDPLTRKSG 522
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SPSEDPLTRKS 523
PSEDPLTRK 524
SEDPLTR 525
EDPLT 526
LTDEESLLSSWDFPR 527
TDEESLLSSWDFPR 528
DEESLLSSWDFPR 525
EESLLSSWDFPR 530
ESLLSSWDFPR 531
SLLSSWDFPR 532
LLSSWDFPR 533
LSSWDFPR 534
SSWDFPR 535
SWDFPR 536
WDOFPR 537
DLTDEESLLSSWRFPR 538
DLTDEESLLSSWDF 539
DLTDEESLLSSWD 540
DLTDEESLLSSW 541
DLTDEESLLSS 542
DLTDEESLLS 543
DLTDEESLL 544
DLTDEESL 545
PLTDEES 246
BLTOEE 547
BLTDE 548
LTDEESLLSSWIFP 549
TDEESLLSSWDF 550
DEESLLSSWD 551
EESLLSSW 552
SLLS 554
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The inferaction between the binding domain and the epitope or the region comprising the epitope
implies that a binding domain exhibits appreciable affinity for the epitope and/or the region
comprising the epitope on a particular protein or antigen, and unless otherwise specified, does not
exhihit significant binding or reactivity with proteins or antigens other than MAGER2. This affinity can
be measured by various technigues known to one skilled in the art, such as in a surface plasmon
resonance assay, such as a Biacore assay, or in a cell based assay,

“Appreciable affinity” includes binding with an affinity of about 10°° M {KD) or stronger. Preferably,
binding is considered specific when the binding affinity is about 107 to 10% M, 10 10 107 M, 10% 10
10500, 10 1o 102 M, preferably of about 10 to 107 M. Whether 2 binding domain specifically
reacts with or binds to a target can be tested readily by, inter ofia, comparing the reaction of said
hinding domain with a target protein or antigen with the reaction of said hinding domain with proteins
or antigens other than the MAGEBZ. Preferably, a binding domain of the invention does not essentially

or substantially bind to proteins or antigens other than MAGEB2.

Specificity

The term “does not significantly bind” means that a binding construct or binding domain of the
present invention does not bind to a protein or antigen other than MAGEB2. For example, a binding
construct or binding domain that exiibits binding to proteins with similar amino acid sequences, e.g,,
MAGEA4 or MAGEASB, would not be a desirable binding construct.

ir the present invention, the MAGEBZ binding constructs possess surprising levels of specificity and
selectivity to their target, as evidenced by its lack of binding o target negative cells. Ses, e.g.,
Examples 2 and 3 herein.

This specificity and selectivity are highly desired, yet difficult to achieve, properties for a binding
construct in g diagnostic assay as it limits, reduces, or eliminates off-target binding and any potential
false readouts.

Specific binding is believad to be effected by specific motifs in the aminoe acid seguence of the binding
domain and the antigen. Thus, binding is achieved as a result of their primary, secondary and/or
fertiary structure as well as the result of secondary modifications of said structures. The specific
interaction of the antigen-interaction-side with its specific antigen may result in a simple hinding of
said side to the antigen. Moreover, the specific interaction of the antigen-interaction-side with its
specific antigan may alternatively or additionally resull in the Initiation of a signal, e.g. due to the

induction of a change of the conformation of the antigen, an oligomerization of the antigen, etc.

MAGER2Z Binding Constructs
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The invention provides binding constructs comprising a domain which binds to MAGER2, and in
specific embodiments, to the MAGEBR? peptides SSYSGGAASSSPAAGIPQEPORAPTTAAAAAAGY {N-
terminal region peptide) (SEQID NQ: 2}, 2.2.35-125: SSSQASTETKSPSEDPLTRESGSLVOFLLYI {MHD N-
terminal helix peptide) {SEQID NO: 3), or 2.5.185-200: DLTDEESLLSSWDFRR (SEQG D NO: 4).

Table 2 below provides amine acid sequences of exemplary MAGEB2 binding constructs VH-CDRs and
VL-CDRs, Table 3 below provides aming acid sequences of exemplary MAGEB2 binding construct VH

and V9L domains.

Table 2. Exemplary Light Chain CDR and Heavy Chain CDR Sequences

PMatecule COR-L1 CORL2 CORL3 £DR-H1 COR-H2 COR-H2

114 QSSOSVYDNNAL | GASTLAS GCTYYVSSYOND | SYAMS SIGGGGEAVYASW | GFYSIDL
A {SEQIDMO:85) | (SECID NO:87) | (SEQUIDNO:229) | AKG (SEQID NO: 231)
{SEQLID NO: 85) {SEQUID NG: 230)

K3 A5 LA RASTLAS QGYDDSRSSNFFY | NYYIC CIDNANGRTYYAS | GLATPL
(SEQUDNOC: 73) | (SEQIDNO:74) | A (SEQID NG 217) | WAKG {SECLID NO: 213}

(SEQ I NO: 75) {SEQIDNG: 218)

THI7 | OSSKSYYNKNWL | GASTLAS AGGYSSSSDTFA | SGILMC CIGSGSNAISTEYAS | VGSDDYGDSDVEDP
5 (SEQIDND:92) | (SECIDND:93) | {SEQID NO: 235} | WACG {SEQLID NO: 237}
{SEQ D NO: 61) {SEQLID NO; 236)

Table 3. Exemplary Variable Light Chain and Variable Heavy Chain Sequences

pMolecule

Vi

VH

RERES

DVYMTOTPASVEATY GG TYTIKCOSSQSVYDNNALA
WYQONAGORPRLLIVGASTLASGYPSRE SASGSGTER
TLTISDLECADAATYYCOCTYWVSSYONDFGBETEVWY
K

{SECLID NO: 346}

QSVEESGGRLVTPGTPLTLTCTISGFSLSSY AMSWYROAPGKGL
EWIGSIGEGGSAVYASWAKGRITISKTSTTVDLRITSPTTEDTAM
YECGRGFYSIDLWGPGTLVTVSS

(SEQ 1D NO: 347)

WFOQKPGOFPKLLIVGASTLASGY PSRFKGSGSGTOF
TLTISOVQCDDAATYYCAGGYSSSSDTFAFGGGTEVYY
K

{SEQUID NO: 350)

103 DIVMTOTPSSVEAAVGGTVTIKCQASGNISSYLAWYS | NSLEESGGGLYOPEGSLTLTCTAF GYTLTNYYICWVROAPGEGL
QKPGOPPRLLIYRASTLASGYPSRFKGSGSGTOFTLTIS | EWVGCIDNANGRTYYASW AKGRFTISKTSSTTGTLOMTSLTAA
DLECADAATYYCOSYDDSRSSNFFVAFGGGTEVWVK | DTATYFCARSLATPLWGPGTLVTVSS
{SECH 1D NG: 338 {SEC 1D NO: 339}

IHI7 | AAVLTOQTPSPVSAAVGGTVSASCOSSKSYYNENWLES | QFCLYESGGGLVKPGASLTLTCKASGSTSSGULMCWYRQARG

KGLEWIACIGSGSNAISTFYASWAGGRITISKSSSTTVTLQLTSLT
AADTATYFCARVGSDDY GDSDVEDPWGPGTLVTVSS
{SEQID NO: 351

in one embodiment, the invention provides an isolated binding domain that binds to MAGEBZ,

wherein the binding domain comprises:

a} a VH region comprising CDR-H1 as depicted in SEQID NG: 228, CDR-H2 as depicted in SEQID

NG; 230, and CDR-H3 as depicted in SEQ 1D NO: 231, and a Vi region comprising CDR-L1 as depicted in

SEQ D NO: 85, CDR-L2 as depicted in SEQ D NO: 86 and CDR-L3 as depicted in SEQ 1D NO: 87; or

bj a VH region comprising CDR-H1 as depicted in SEQID NO: 217, CDR-H2 as depicted in SEQ D

NO: 218, and CDR-H3 as depicted in SEQ 1D NO: 218, and a VL region comprising CDR-L1 as depicted in

SEQID NO: 73, CDR-L2 as depictad in SEQ 1D NO: 74 and CDR-L3 as depicted in SEQ 1D NO: 75; or
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¢ 3 VH region comprising COR-H1 as depicted in SEQUID NO: 235, COR-H2 as depicted in SEQUID
NO: 236, and CDR-H3 as depicted in SEQ 1D NO: 237, and a Vi region comprising CDR-11 as depicted in
SEQ 1D NO: 91, CDR-L? as depictad in SEQ 1D NO: 92 and CDR-L3 as depicted in SEQ 1D NO: 93,

in one embodiment, the invention provides an isolated hinding construct comprising a binding domain
that binds to MAGEB2, wherein the binding domain comprisas:

a) a VH region comprising CDR-H1 as depicted in SEQID NO: 228, CDR-H2 as depicted in SEQ D
NO: 230, and CDR-H3 as depicted in SEQ 1D NO: 231, and a VL region comprising CDR-L1 as depicted in
SEQUD NG 85, COR-L2 as depicted in SEQU D NO: 86 and CDR-L3 as depicted in SEQ D NO: 87; or

) a VH region comprising CDOR-H1 as depicted in SEQ 1D NO: 217, CDR-H? as depicted in SEQ D
NG: 218, and CDR-H3 as depicted in SEQ D NO: 219, and a VL region comprising COR-L1 as depicted in
SEQ D NO: 73, CDR-LZ as depicted in SEQID NG 74 and CDR-13 as depicted in SEGID NO: 75; oy

c) a VH region comprising CDR-H1 as depicted in SEQ 1D NO: 235, CDR-H2 as depicted in SEQ D
NG: 236, and CER-H3 as depicted in SEQ 1D NO: 237, and a VL region comprising COR-L1 as depicted in
SEQ D NO: 31, CDR-L2 as depicted in SEQ ID NG 92 and COR-L3 as depicted in SEQ ID NO: 93,

in one embodiment, the invention provides an isolated binding domain that binds 1o MAGEBZ,
wherein the binding domain binds to the same epitope as an antibody or binding construct that
comprises:

a} a YH region comprising CDR-H1 a5 depicted in SEQ 1D NQ: 229, COR-H2 a5 depictad in SEQ 1D
NG: 230, and COR-H3 as depicted in SEQUD NO: 231, and a Vi region comprising COR-L1 as depicted in
SEQ 1D NO: 85, CDR-L2 as depicted in SEQ 1D NG: 86 and CDR-L3 as depicted in SEGQ ID ND: 87; or

bl a VH region comprising CDR-H1 as depicted in SEQID NG: 217, CDR-H2 as depicted in SEQ D
NO: 218, and CDR-H3 as depicted in SEQ 1D NO: 219, and a VL region comprising CDR-L1 as depicted in
SECQD NGL 73, CDR-12 as depicted in SEQUHD NO: 74 and CDR-L3 as depicted in SEQ D NO: 75; or

¢} a VH region comprising COR-H1 as depicted in SEQ 1D NO: 235, CDR-H2 as depicted in SEQ D
NQ: 236, and CDR-H3 as depicted in SEQ 1D NO: 237, and a VL region comprising COR-L1 as depicted in
SEQ 1D NO: 91, CDR-L? as depictad in SEQ 1D NO: 92 and CDR-L3 as depicted in SEQ 1D NO: 93,

in one embodiment, the invention provides an isolated hinding construct comprising a binding domain
that binds to MAGEB2, wherein the binding domain binds to the same epitope as an antibody or
binding construct that comprises:

a) a VH region comprising COR-H1 as depicied in SEQUID NO: 228, COR-H2 a5 depicted in SEQID
NO: 230, and CDR-H2 as depicted in SEQ 1D NO: 231, and a VL region comprising CDR-11 as depicted in

SEQ D NO: 85, CDR-L2 as depictad in SEQ 1D NO: 86 and CDR-L3 as depicted in SEQ 1D NO: 87; or
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) 3 VH region comprising COR-H1 as depicted in SEQUID NO: 217, COR-H2 a5 depicted in SEQUID
NO: 218, and CDR-H3 as depicted in SEQ 1D NO: 2189, and a Vi region comprising CDR-11 as depicted in
SEQ 1D NO: 73, CDR-LZ as depictad in SEQ 1D NQ: 74 and CDR-L3 as depicted in SEQ ID NO: 75; or

¢} & VH region comprising CDOR-H1 as depicted in SEQ 1D NO: 235, CDR-H2 as depicted in SEQ ID
NG: 236, and CDR-H3 as depicted in SEQ 1D NO: 237, and a Vi region comprising COR-L1 as depicted in
SEQ D NO: 81, CDR-L2 as depicted in SEQ D NO: 92 and CDR-L3 as depicted in SEQ 1D NO: 93,

in one embodiment, the invention provides an isolated binding domain that binds to MAGESZ,
wherein the binding domain comprises:

a) a VH region comprising SEQ 1D NG: 247 and a Vi region comprising SECG D NO: 346; or
b a Vi region comprising SEQUID NG: 339 and a Vi region comprising SEQ 1D NO: 338; or

¢} a VH region comprising SECUID NO: 351 and a Vi region comprising SEQ D NO: 350.

in one embodiment, the invention provides an isolated hinding construct comprising a binding domain
that binds to MAGEB2, wherein the binding domain comprises:

a) 3 VH repion comprising SEQ 1D NO: 347 and a VLU region comprising SEQ 1D NO: 346; or

b 3 VH region comprising SEQ 1D NG: 338 and a VL region comprising SEG D NO: 338; or

c) a VH region comprising SEQ 1D NOG: 351 and a VL region comprising SECQUD NO: 350.

in one embodiment, the invention provides an isolated binding domain that binds to MAGEB2,
wherein the binding domain binds to the same epitope as an antibody or binding construct that
comprises:

a) a VH region comprising SEQ 1D NO: 347 and & Vi region comprising SEG 1D NO: 346; or
b} 3 VH region comprising SEQ 1D NO: 339 and a Vi region comprising SECGD NO: 338; or

¢ a VH region comprising SEQID NG 351 and a Vi region comprising SEQUID NO: 350,

in one embodiment, the invention provides an isolated binding construct comprising a kinding domain
that binds to MAGEB2, wherein the binding domain binds 1o the same epitope as an antibody or
binding construct that comprises:

a} a VH region comuprising SEQ 1D NO: 347 and a Vi region comprising SEQ 1D NO: 346; or

bj a VH region comprising SEQ 1D NO: 338 and a Vi region comprising SEQ 1D NO: 338; or

¢} a VH region comprising SEQ 1D NOG: 351 and a Vi region comprising SEQUID NO: 350,
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in another embodiment, the invention provides an isolated binding construct comprising a binding
domain that hinds to MAGER2, wherein the binding domain comprises a VH region selected from the
group consisting of any VH region and a corresponding V0 region as depictad in any of the sequeances
in Tables 21-25 herein,

in another embodiment, the invention provides an isolated binding construct comprising a binding
domain that binds to MAGEB2, wharein the hinding domain binds to the same epitope as an antibody
or binding construct that comprises a VH region selected from the group consisting of any VH region
and a corresponding VL region as depicted in any of the sequences in Tabla 23 herein.

in another embodiment, the invention provides an isolated binding construct comprising a binding
domain that hinds to MAGER2, wherein the binding domain comprises a CDR-HI, CDR-HZ, CDR-H3
from a VH region selected from the group consisting of any VH region as depicted in any of the
sequences in Table 22 herein and further comprises a corresponding COR-L1, CDOR-LZ, CDR-L3 from a VL
region selected from the group consisting of any VL region as depicted in any of the sequences in Table
21 herein.

in another embodiment, the invention provides an isolated binding construct comprising a binding
domain that binds to MAGER2, wherein the binding domain binds to the same epltope as an antibody
or binding construct that comprises a CDR-HA, COR-H2, COR-H3 from & VH region selecied from the
group consisting of any VH region as depicted in any of the sequences in Table 22 herein and further
comprises a corresponding COR-L1, COR-L2, CDR-L3 from a VL region selected from the group
consisting of any VL region as depicted in any of the sequences in Table 21 herein.

in another embodiment, the invention provides an isolated binding construct comprising a binding
domain that binds 1o MAGEB?2, wherein the hinding domain comprises a VH and a Vi region consensus
sequence selected from any of the sequences in Table 25 herein.

in another embodiment, the invention provides an isolated binding construct comprising a binding
domain that hinds to MAGER2, wherein the binding domain comprises a COR-HI, CDR-H2, CDR-H3
from a VH region consensus sequence selected from the group consisting of any VH region as depicted
in any of the sequances in Table 25 herein and further comprisas a corresponding COR-L1, CDR-L2,
COR-L3 from a VL region consensus sequence selected from the group consisting of any VL region as

depicted in any of the sequences in Table 25 herein.

Exemplary binding construct full sequences are presented below:

1C3_LC {SEQ 1D NO: 555)
MDMRVYPAGLLGLLLLWLRGARCDIVMTOTPSSVEAAVGGTVTIKCOASONISSYLAWYQOKPGOPPKLLIYRASTLA
SGYPSRFKGSGSGTOFTLTISDLECADAATYYCOSY DDSRSSNFFYAFGGETEVVVKGDPVAPTYLLFPPSSDEVATGT
YTIVCVANKYFPDYTVTWEVDGTTGTTGIENSK TPONSADCTYNLSS TLTLTSTQYNSHKEY TCKVTQG TTSVVISFSR
KNG

[
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1€3_HC {SEQID NO: 556}
MDMRVPAGLLGLLLLWLRGARCOSLEESGGGLVOPEGSLTLTCTAFGYTLTNYYICWVROAPGKGLEWVGCIDNAN
GRTYYASWAKGRFTISKTSSTTGTLOMTSLTAADTATYFCARSLATPLWGPGTLVTVSSGOPKAPSYFPLAPCCGDTP
SSTVYTLGCLVKGYLPEPVTYTWNSGTLTNGYRTFPSYRGSSGLYSLSSYYSVTSSSOPYTCNVAHPATNTKYDKTVAPS
TCSKPTCPPPELLGGPSVFIFPPKPKDTLMISRTPEVTCVVVEVSGDDPEVOFTWYINNEQYRTARPPLREQQFNSTIR
YYSTLPIAHODWLRGKEFKCKVHNKALPAPIEKTISKARGOPLEPKVY TMGPPREELSSREVSLTCMINGFY PSIHSVE
WEKNGKAEDNYKTTPAVLDSDGSYFLYSKLSVPTSEWORGDVITCSYMHE ALHNHYTOKSISRSPGK

1814 LC{SEQ D NO: 557)
MDMRVPAGLLGLLLLWLRGARCDVYMTQTPASVEATYGGTVTIKCOSSOSVYDNNALAWYQGNAGORPRLLIYG
ASTLASGVPSRFSASGSGTEFTLTISOLECADAATYYCQCTYYVSSYCN DFG GG TEVVVKGDPVAPTYLLFPPSSDEVA
TETVTIVOVANKYFPDVTVTWEVDGTTOT TGIENSKTPONSADCTYNLSS TLTLTSTAYNSHKEYTCKVTQGTTSVWVQ,
SFSRKNG

1114_MC {SEQ 1D NO: 558)

MDMRYPAQLLGLLLLWLRGARCOSVEESGGRLVTPGTPLTLTCTISGFSLSSY AMSWYROAPGKGLEWIGSIGGGES
AVYASWAKGRETISKTSTTVDLRITSPTTEDTAMYFCGRGFYSIDLWGBGTLVTVSSGOPKAPSVFPLAPCCGDTPSST
VTLGOLVKG YL PEPYTYTWNS G TLTNGVRTEP SYROSSGLYSLSSYVSY TSSOV TENVAHPATNTIVOKTVAPSTC

SKPTCPPPELLGGPSYFIFFPKPKDTLMISRTPEVTCVYY DY SODDPEVOFTWYINNEQVRTARP PLREQOIFNSTIRVY
STLPIAHODWLAGKEFKCKYHNKALPAPIEKTISKARGOPLEPKVYTMGPF REELSSRSVSLTCMINGEY PSDISYEWE

KNGKAEDNYKTTPAVLDSDGSYFLYSKLSYPTSEWQRGDVFTCSVMHEALHNHYTQKSISRSPGK

1H17 LC{SEQ 1D NO: 558

VIDMRYPACLLGLLLLWLRGARCAAVLTQTPSPYSAAVG G TVSASCOSSKSVY NKNWLSWFCOKPGOPPKLLIYGA

STLASGVRSRFKGSGSGTOFTLTISDVOCDDAATYYCAGGYSSSSDTFAFGGGTEVYVKGDPVAPTYLLFPPSSDEVAT
GTVTIVCVANKYFPDVTVTWEVDGTTGTTGIENSKTPONSADCTYNLSSTLTLTSTQYNSHKEYTCKYTQGTTSWGS

FSRKNG

1HI7_HC {SEQ ID NO: 560}
MDMRVPAQLLGLLLLWLRGARCQEQLVESGGGLYKPGASLTLTCKASGFSFSSGALMOWVROAPGKGLEWIACIGS
GSNAISTFYASWAQGRFTISKSSSTTVTLOLTSLTAADTATYFCARVGSDDYGDSDVFD PWGPGTLYTVSSGQPKAPS
YEPLAPCCGDTRSSTVTLGCLVEGYLPEPYTYTWNSGTLTNGVRTFPSVRQSSGLYSLSSVVSVTSSSOPVTCNVAHPA
TNTKVDKTVAPSTCSKPTCPPPELLGGPSVFIFPPKPKDTLMISRTPEVTCVVWDVSQDDPEVOFTWYINNEQVRTAR
PPLREQOFNSTIRVVSTLPIAMO DW LR GKEFKCKVHNKALPAPIEKTISKARGQPLEPKVY TMGPPREELSSRSYSLTC
MINGFYPSDISVEWE KNGKAEDNYKTTPAVLDSDGSYFLYSKLSVPTSEWORGIVFTCSYMHEALHNHY TOKSISRS

PGK

Competitive Binding

Whether or not an antibody or binding construct competes for binding to an antigen {such as
MAGER2} with anothar given antibody or binding construct can be measured in a competition assay
such as a competitive ELISA. Avidin-coupled microparticles (beads) can also be used. Similar to an
avidin-coated ELISA plate, when reacted with a biotinylated protein, each of these beads can be usad

as @ substrate on which an assay can be performed. Antigen is coatad onto & bead and then precosted
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with the first antibody. The second antibody is added, and any additional binding is determined. Read-
out oceurs via flow cytometry. Preferably a celi-hased competition assay that aliows binding to
intracetularly expressed MAGER2 is used, using eithar calls that naturally express MAGER2Z, or cells
that ware stably or transiently transformad with MAGEBZ. The term “competes for binding”, in the
present confext, means that competition occurs between the two tested antibodies of at least 20%, at
least 30%, at least 40%, at least 50%, at least 80%, at least 70%, at lsast 80% or at least 90%, as
determined by any one of the assays disclosed above, preferably the call-based assay.

Competitive antibody binding assays include assays determining the competitive binding of two
aniibodies/ binding constructs to 2 cell surface bound zntigen. Commaon mathods aim to detect
hinding of two antibodies/ hinding constructs, A and B, 1o the same antigen expressed by a cell may
include steps of:

blocking of the antigen by pre-incubation of cells with antibody/ binding construct A followed by a sub-
maximal addition of labeled antibody/ binding construct B and detecting the binding of B compared
with binding in the absence of A;

titration {i.e. adding different amounts} of antibody/ binding construct A in the presence of sub-
maximal amounts of labeled antibody/ binding construct B and detecting the effect on binding of B; or
co-titration of A and B, wherein both antibodies/ binding constructs are incubated together at maximal
concentration and detecting whether the total binding equals or exceeds that of either A or B zlone,
i.e. a method which cannot be affected by the order of addition or refative amounts of the antibodias/
binding constructs.

When two antibodies/ binding constructs A and B compete for 3 antigen, the antibodies will very often
compete with each other in blocking assavs independently from the order of the addition of the
antibodies. In other words, competition is detected if the assay is carried out in either direction.
However, this is not always the case, and under certain circumstances the order of the addition of the
antibodies or the direction of the assay may have an effect on the signal generated. This may be dueto
differences in affinities or avidities of the potentiaily competing antibodies/ binding constructs. If the
order of the addition has a significant effect on the signal generated, it is concluded that the two

antibodies/binding constructs do compete if competition is detacted in atleast one order,

Epitope Aming Acid Residues

Structural analysis of the interaction between the target polypeptide and binding domain of, for
example, a construct contemplated herein can provide amino acid residues of the target epitope
involved with the binding intaraction. In certain embodiments, the crystal structure of the target-
binder interaction can provide these amino acid residuas. In other embodiments, various other

analyses can be performed to ascertain amine acid residues involved in the binding interaction. For
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example, Xscan, alaning scanning, arginine scanning, and other technigues known to those skilled in
the art. In the present invention, the binding constructs were generated using specific peptide
immunogens, and must therefore bind to these specific peptide sequances,

in embodiments where a peptide is used as the immuncgen, such as those provided harein in SEQ D
NOs 2, 3, or 4, antibodies that are isolated will be expecied to bind an epitope that comprises all of, or
a fragment of, the peptide immunogen. This epitope can be g linear epitope with that comprises all of,
or a fragment of, the peptide immunogen amino acid sequences. Altarnatively, and more likely in the
case of longer peptide immunogens, this epitope can be a conformational epitope that comprises
discontinuous amino acid sequences from within the peptide immunogen. Accordingly, in one
embodiment of the present invention, the epitope that the binding constructs {e.g., antibodies) bind to
comprises the MAGEBZ peptide 0.a.43-78: SSVSGGAASSSPAAGIPLEPORAFTTAAAAAAGY (N-terminal
region peptide) {SECUID NO: 2).

in another embodiment, the epitope that the binding constructs {e.g., antibodies) bind 1o comprises a
fragment of the MAGEB2 peptide 3.3.43-76; SSVSGGAASSSPAAGIPOQEPCRAPTTAAAAAAGY {N-terminal
region peptide) (SEQ 1D NO: 2) thatis 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 25,
27,28, 29, 30, 31, 32, or 33 aming acids long.

in another embodiment, the epitops that tha binding constructs {e.g., antibodies) bind to comprises at
least two, at least three, at least four, or at least five discontinuous amino acid sequence fragments of
the MAGES2 peptide a.2.43-76: SSVSGGAASSSPAAGIPOEFQRAPTTAAAAAAGY {N-terminal region
peptida) (SEQ 1D NO: 2}, wherein each discontinuous amino acid sequence fragmentis 1, 2,3,4,5, 6,
7,8,9,10, 11,12, 13, 14, 15, 16, 17, 18, 19, or 20 amino acids long

in another embodiment of the present invention, the epitope that the hinding constructs of the
invention bind to comprises the MAGEBRZ peptide 3.3.95-125: SSSQASTSTKSPSEDPLTRKSGSLVOFLLYK
{MHD N-terminal helix peptide} (SEGID NO: 3)

in ancther embodiment, the epitope that the binding constructs {e.g., antibodies) bind to comprises a
fragment of the MAGEB? peptide 3.53.95-125; SSSQASTSTISPSEDPLTRKSGSLVOFLLYK {MHD N-terminal
helix peptide} (SEQID NO: 3} thatis 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20,21, 22, 23, 24, 25, 26, 27,
28, 28, or 30, amine acids long.

in another embodiment, the epitope that the binding construcis {e.g., antibodies) bind to comprises at
least two, at least three, at least four, or al least five discontinuous amino acid sequence fragments of
the MAGER2 peptide 3.2.95-125: SSSQASTSTKSPSEDPLTRKSGSLVOFLLYK (MHD N-terminal helix
peptide} {SEQ 1D NO: 3}, wherein each discontinuous amine acid sequence fragmentis 1, 2, 3,4, 5, 6,

7,8,9,10,11,12,13, 14,15, 16, 17, 18, 19, or 20 amino acids long.
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in another embodiment of the present invention, the epitope that the binding constructs of the
invention bind to comprises the MAGEB2 peptide 2.3.185-200: DLTDEESLLSSWDFPR {MHD middle
foop peptide) (SEG D NO: 4},

i another ambodimant, the epitope that the binding constructs {e.g., antibodies) bind to comprises a
fragment of the MAGEB2 peptide 3.3.185-200: DLTDEESLLSSWEFPR {(MHD middie loop peptide) {SEQ
iDNO: 4) thatis 10, 11, 12, 13, 14, or 15 amino acids long.

i another embodiment, the epitope that the hinding constructs {e.g., antibodies) bind to comprises at
least two, at least three, at least four, or at least five discontinuous amino acid sequence fragments of
the MAGEB2 peptide 2.3.185-200: DLTDEESLLSSWIIFPR (MHD middie loop peptide) {SEQ 1D NO: 4),
wherein each discontinuous amino acid seqguence fragmentis 1,2, 3, 4,5, 6,7, 8, 9, or 10 amino acids
long.

in one embodimant, the invention provides a binding construct that binds {0 an epitope comprising
the peptides of any of SEQID NOs: 2, 3, 4, or 388 - 554,

The region of the hinding domain that binds to the epitope is called a “paratope.” Specific hinding is
believed to be accomplished by specific motifs in the amino acid sequence of the binding domain and
the antigen. Thus, binding is achieved as a result of their primary, secondary and/or tertiary structure
as well as the result of potential secondary modifications of said struciures.

The term "Fc portion” or "Fc monomer” means in connection with this invention a polypeptide
comprising at laast one domain having the function of a CH2 domain and at least one domain having
the function of a CH3 domain of an immunoglobulin molecule. As apparent from the term “Fc
monomer”, the polypeptide comprising those CH domains is a “polypeptide monomer”. An fc
monomer can be a polypeptide comprising at least a fragment of the constant region of an
immunoglobulin excluding the first constant region immunoglobulin domain of the heawy chain {CH1),
but maintaining at least a functional part of one CH2 domain and a functional part of one CH3 domain,
wherein the CH2 domain is amine termingl to the CH3 domain.

in one embodiment of this definition, an Fo monomer can be a polypeptide constant region comprising
a portion of the lg-Fc hinge region, a CH2 region and a CH3 region, wherein the hinge region is amino
terminal to the CH2 domain. T is envisaged that the hinge region of the present invention promotes
dimerization. Such Fc polypeptide molecules ¢an be obiained by papain digestion of an
immunogiobulin region {of course resulting in a dimer of two Fc polypaptide), for example and not
limitation. In another aspect of this definition, an F¢ monomer can be a polypeptide region comprising
a portion of a CH2 region and a CH3 region. Such Fc polypeptide molacules can be obtained by pepsin
digestion of an immunoglobulin molecule, for example and not limitation.

in one embodiment, the polypeptide sequence of an Fc monomer is substantially similar to an Fe

polypeptide sequence of: an igG1 Fe region, an 1gG2 Foregion, an 1gG3 Feregion, an lgG4 Foregion, an
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ighl Fo ragion, an igA Foregion, an igD Fo region and an gk Fe region. {See, e.g., Padlan, Molecular
immunology, 31{3}, 169-217 {1993}}. Because there is some variation between immunoglohuling, and
salaly for clarity, Fo monomer rafers to the last two heavy chain constant region immunoglobulin
domains of IgA, 1gD), and 1gG, and the last three heavy chain constant region immunogicbulin domains
of IgE and 1ghl. As mentioned, the Fc monomer can also inchide the flexible hinge N-terminal to these
domains. For igA and igh, the Fo monomer may include the J chain, For igG, the Fe portion comprises
imimunogliobulin domains CH2 and CH3 and the hinge between the first two domains and CH2.
Although the boundaries of the Fc portion may vary an example for a human 1gG heavy chain ¢
portion comprising a functional hinge, CH2 and CH3 domain can be defined e.g. to comprise residues
D231 {of the hinge domain- corresponding to D234 in Table 4 below) to P476, respectively L4786 (for
ig(34} of the carboxyl-terminus of the CH3 domain, wherein the numbering is according to Kahat. The
two Fo portion or Fomonomer, which are fused to each other via a peptide linker define the third
domain of the binding construct of the invention, which may also be defined as scFc domain.

in one embodiment of the invention it is envisaged that a scFc domain as disclosed herein, respectively
the Fc monomers fused to each other are comprisad only in the third domain of the hinding construct.
i some embodimants an igG hinge region can be idantified by analogy using the Kabat numbering as
set forth in Table 4. In line with the above, it is envisaged that for 3 hinge domain/region of the present
invention the minimal requirement comprises the amino acid residues corresponding to the IgG1
sequence stretch of D231 D234 to P243 according to the Kabat numbering. it is likewise envisaged that
a hinge domain/region of the present invention comprises or consists of the 1gG1 hinge seguence
DITHTCPPCP {SEQUID NO: 4) {corresponding to the stretch D234 to P243 a5 shown in Table 4 below -
variations of said sequence are also envisaged provided that the hinge region still promotes
dimerization). in a preferred embodiment of the invention the glycosylation site at Kabat position 314
of the CH2 domains in the third domain of the binding construct is removed by a N314X substitution,
wherein X is any amino acid excluding (. Said substitution is preferably a N314G substitution. Ina
more preferred embodiment, said CH2 domain additionally comprises the following substitutions
{position according to Kabat) V321C and R309C {these substitutions introduce the intra domain

cysteine disulfide bridge at Kabat positions 309 and 321},

Tabile 4: Kabat numbering of the amino acld residues of the hinge region

IMGT numbering IgG, amino acid

Kabat numberin
for the hinge transiation &
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in further embodiments of the presant invention, the hinge domain/region comprises or consists of
the 1gG2 subtype hinge sequence ERKCCVECPPCP {SEQID NG 5], the igG3 subtype hinge sequence
ELKTPLDTTHTCPRCP {SECID NO: 8) or ELKTPLGDTTHTUPRCP {SEQ 1D NO: 7, and/or the 1gG4 subtype
hinge sequence ESKYGPPCPSCP {SEQUID NG: 8). The 1gG1 subtype hinge seguence may be the following
one EPKSCOTHTCPRCP {SEQID NO: 9}, These core hinge regions are thus also envisaged in the context
of the present invention.

The focation and sequence of the IgG CH2 and IgG CH3 domain can he identified by analogy using the
Kabat numbering as set forth in Table 5:

Tabla 5: Kabat numbering of the amino acid residues of the igG CH2 and CH3 region

CH2 aa {H2 Kabat CH3 aa CH3 Kabat

fgl subtype
& i transiation numbering transiation numbering

PGK 36%L.. ..

G, APP

244.. ..360

Gy APE. KAK 244.. ..380 GQOP....LGK 361....478

in one embodiment of the invention, the emphasized bold aming acid residues in the CH3 domain of
the first or both Fe monomers are deleted.
in a classical full-length antibody or immunoglobulin, each light (L) chain is inked 1o a heavy {H} chain

by one covalent disulfide bond, while the two H chains are linked to sach other by one or more
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disuifide bonds depending on the H chain isotype. The heavy chain constant {CH) domain most
proximal o VH is usually designated as CH1. The constant {“C”) domains are not directly invelved in
antigen binding, bul exhibit various effector functions, such as antibody-dependent cell-mediated
cytotoxicity {ADCC) and complement activation {complement dependeant cytotoxisity, CBC)L The Fe
region of an antibody is the “tail” region of a classical antibody that interacts with celi surface
receptors called Foreceptors and some proteins of the complement system. in 1gG, IgA and 1gD
antibody isotypes, the Fcregion is composed of two identical protein fragments, derived from the
second and third constant domains {CH2 and CH3) of the antibody's two heavy chains. ighl and 1gE F¢
regions contain three heawy chain constant domains {TH2, CH3 and CH4) in each polypeptide chain.
The Fcregions also contains part of the so-called “hinge” region held together by one or more
disulfides and noncovalent interactions. The Feregion of a naturally cocurring 1gG bears a highly
consarved N-glycosylation site. Glycosylation of the Fo fragment is essential for Fe receptor-mediated
activity.

in some embodiments of the invention the CHZ domain of one or preferably each {both) polypeptide
monomers of the third domain comprises an intra domain cysteine disulfide bridge. As known in the

i

art the term "cysteine disulfide bridge” refers to a functional group with the general structure R-5-5-
R. The linkage is also called an 55-bond or a disulfide bridge or a cysteine damp and is derived by the
coupling of two thiol groups of cysteine residues. In certain embodiments, the cysteines forming the
cysteine disulfide hridge in the mature binding construct are introduced into the amino acid sequence
of the CH2 domain corrasponding to 309 and 321 {Kabat numbering). In other embodiments, the
cysteine clamps are introduced in other domains of the binding constructs. See also, e.g.

US 2016/0193295.

in one embodiment of the invention a glycosylation site in Kabat position 314 of the CHZ domainis
removed. it is preferrad that this removal of the glycosylation site is achieved by a N314X substitution,
wherein X is any amino acid excluding (. Said substitution is preferably a N314G | In 3 more prefemred
erbodiment, said CH2 domain additionally comprises the following substitutions {position according
to Kabat] V321C and R309C {these substitutions introduce the intra domain eysteine disulfide bridge at
Kabat positions 30% and 321},

Covalent modifications of the binding constructs are also included within the scope of this invention,
and are generally, but not always, done post-translationally. For example, several types of covalent
modifications of the binding construct are introducad into the molecule by reacting specific amino acid
residues of the binding construct with an organic derivatizing agent that is capabie of reacting with
selected side chains or the N- or C-terminal residues.

Cysteinyl residues most commonly are reacted with o-haloacetates {and corresponding amines}, such

as chioroacetic acid or chioroacetamide, to give carboxymethyl or carboxyamidomethyl derivatives.
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Cysteinyl residues also are derivatized by reaction with bromotrifluoroacetone, a-bromo-B-{5-
imidozoylipropionic acid, chloroacetyi phosphate, N-alkylmaleimides, 3-nitro-2-pyridyl disulfide,
methyl Z-pyridyl disuifide, p-chloromercuribenzoate, 2-chloromercuri-4-nitropheneol, or chloro-7-
nitrobenzo-2-oxa-1,3-diazole.

Histidyl residues are derivatized by reaction with disthylpyrocarhonate al pH 5.5-7.0 because this
agent is relatively specific for the histidyl side chain, Para-bromophenacyl bromide also is useful; the
reaction is preferably performed in 0.1 M sodium cacodylate at pH 6.0, Lysinyt and amino terminal
residues are reacted with succinic or other carboxylic acid anhydrides. Derivatization with these agents
has the effect of reversing the charge of the lysiny! residues. Other suitabls reagents for derivatizing
alpha-amino-containing residues include imidoesters such as methyl picolinimidate; pyridoxal
phosphate; pyridoxal; chioroborohydride; trinitrobenzenasulfonic acid; C-methylisoures; 2,4-
pentanedione; and transaminase-catalyzad reaction with glyoxyiate.

Arginyl residues are modified by reaction with one or several conventional reagents, among them
phenyiglvoxal, 2,3-butanedione, 1,2-cyclohexanedione, and ninhydrin. Derivatization of arginine
residues requires that the reaction be performed in alkaline conditions because of the high pKa of the
guanidine functional group. Furthermore, these reagents may react with the groups of lvsine as well as
the arginine epsilon-amino group.

The specific modification of tyrosyl residues may be made, with particular interest in introducing
spectral labels into tyrosyl residues by reaction with aromatic diazonium compounds or
tetranitromethane. Most commaonly, N-acatylimidizole and tetranitromethane are used to form G-
acetyl tyrosyl species and 3-nitro derivatives, respectively. Tyrosyl residues are iodinated using 1251 or
131} to prepare labeled proteins for use in radicimmunoassay, the chloramine T method described
ahove being suitable.

Carboxyl side groups {aspartyl or glutamyl} are selectively modified by reaction with carbodiimides
{R'—N=C=N--R"), where R and R' are optionally different alkyl groups, such as T-cyclohexyl-3-{2-
morpholinyl-d-ethyl} carbodiimide or 1-ethyi-3-{4-azonia-4,4-dimethylpentyl} carbodiimide.
Furthermore, aspartyl and glutamyl residues are converted to asparaginyl and glutaminyl residues by
reaction with ammosnium jons,

Derivatization with bifunctional agents is useful for crosslinking the binding constructs of the present
invention 1o a water-insoluble support matrix or surface for use in a variety of methods. Commonly
used crosshinking agents include, e.g., 1,1-bis{diazoacetyl)-2-phenylethane, glutaraldehyde, N-
hydroxysuccinimide esters, for example, esters with 4-azidosalicylic acid, homobifunctional
imidoesters, including disuccinimidyl esters such as 3,3-dithiobis{succinimidylpropionate), and
bifunctional maleimides such as bis-N-maleimido-1,8-octane. Derivatizing agents such as methyl-3-{{p-

azidophenytidithio}propicimidate vield photoactivatable intermediates that are capable of forming
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crosslinks in the presence of light. Alternatively, reactive water-insoluble matrices such as cyanogen
bromide-activated carbohydrates and the reactive substrates as described in U.5. Pat. Nos. 3,969,287;
3,691,016, 4,195,128; 4,247,642; 4,229,537; and 4,330,440 are employad for protein immobilization,
Glutaminyt and asparaginyl residuss are frequently deamidated to the corresponding glutamyl and
aspartyl residues, respectively. Alternatively, these residues are deamidated under mildly acidic
conditions. Either form of these residues falls within the scope of this invention,

Cther modifications include hydroxylation of proline and lysing, phosphoryiation of hydroxyl groups of
seryl or threonyl residues, methylation of the a-amino groups of lysing, arginine, and histidine side
chains {T. €. Creighton, Proteins: Structure and Molecular Properties, W. H. Freeman & Co., San
Francisco, 1983, pp. 79-88), acetylation of the N-terminal amine, and amidation of any C-terminal
carboxyl group.

Another type of covalent modification of the binding constructs included within the scope of this
invention comprises altering the ghycosylation pattern of the protein. As is known in the art,
glycosylation patterns can depend on both the sequence of the protein {e.g., the presence or absence
of particular glycosylation amino acid residues, discussed below), or the host cell or organism in which
the protein is produced. Particular expression systems are discussad helow.

Glycosylation of polypeptides is typically sither N-linked or O-linked. N-linked refers to the attachment
of the carbohydrate moiety to the side chain of an asparagine residue. The tri-peptide sequences
asparagine-X-serine and asparagine-X-threonine, where X Is any amino acid except proline, are the
recognition sequences for enzymatic sttachment of the carbohydrate molety to the asparagine side
chain. Thus, the presence of either of these tri-peplide sequences in a polypeptide creales a potential
glycosylation site. O-linked glycosylation refers to the attachment of one of the sugars N-
acetylgalactosamine, galactose, or xylose, to a hydroxyaming acid, most commonly sering or
threonine, although S-hydroxyproling ar 5-hydroxylysine may also be used.

Addition of glycosyiation sites to the binding construct is convenienily accomplished by altering the
amino acid sequence such that it contains one or more of the ahove-described tri-peptide sequences
{for N-linked glycosylation sites). The alteration may also be made by the addition of, or substitution
by, one or more serine or threonine residuss to the starting sequence {for C-linkad glyeosylation sites).
For ease, the amino acid sequence of a binding construct is preferably altered through changes at the
DNA fevel, particularly by mutating the DNA encoding the polypeptide at preselected bases such that
codons are generated that will translate into the desired aming acids,

Another means of increasing the number of carbohydrate moietizs on the binding construct is by
chemical or enzymatic coupling of glycosides to the protein. These procedures are advantagecus in
that they do not require production of the protein in a host cell that has glycosylation capabilities for

N-and O-linked glycosyiation. Depending on the coupling mode used, the sugar{s) may be attached to
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{3} arginine and histidine, {b) free carboxy! groups, {¢} free sulfhydryl groups such as those of cysieine,
{d} free hydroxyl groups such as those of serine, threonine, or hydroxyproline, {e) aromatic residues
such as those of phenylalanine, tyrosine, ar tryptophan, or {f} the amide group of glutamine, These
methods are described in WO 87/05330, and in Aplin and Wriston, 1981, CRC Crit. Rev. Biochem., pp.
253-306.

Removal of carbohydrate moletias present on the starting binding construct may be accomplished
chemically or enzymatically, Chemical deglycosylation requires exposure of the protein to the
compound trifluoromethanesulfonic acid, or an equivalent compound. This treatment results in the
cleavage of most or all sugars except the linking sugar {N-acetvighicosamine or N-
acetvigalactosamine), while leaving the polypeptide intact. Chemical deglycosyiation is described by
Hakimuddin et al,, 1987, Arch. Biochem. Biophys. 259:52 and by Edge et al,, 1981, Anal. Biochem.
118:131. Enzymatic cleavage of carbohydrate moieties on polypeptides can be achieved by the use cf 2
variety of endo- and exo-glycosidases as described by Thotakura et al., 1987, Meth. Enzymol. 138:350.
Glycosylation at potential glycosylation sites may be prevented by the use of the compound
tunicamycin as described by Duskin et al,, 1982, 1. Biol. Chem. 257:3105. Tunicamycin blocks the
formation of protein-N-glycoside linkages.

Sther modifications of the binding construct are also contemplated herein. For example, another type
of covalent modification of the binding construct comprises linking the binding construct to various
non-proteinaceous polymers, including, but not limited to, various polyols such as polyethylene glyool,
polypropylene ghycol, polyoxyalkylenes, or copolymers of polvethylene glycol and polvpropylens
ghyool, in the manner set forth in U.S. Patent Nos. 4,640,835, 4,496,689, 4,301,144, 4,670,417,
4,791,192 or 4,179,337, In addition, as is known in the art, amino acid substitutions may be made in
various positions within the binding construct, e.g. in order to facilitate the addition of polymers such
as PEG.

in some embodiments, the covalent modification of the binding constructs of the invention comprises
the addition of one or more labels. The labelling group may be coupled to the binding construct via
spacer arms of various tengths to reduce potential steric hindrance, Various methods for labelling
proteins are known in the art and can be used in performing the present invention. The term “label” or
“labelling group” refers 1o any detectable label. In general, labels fall into 3 variety of classes,
depending on the assay in which they are 1o he defected - the following examples include, hut are not
limited to:

isotopic fabels, which may be radicactive or heavy isotopeas, such as radicisotopes or radionuclides
(E.g., Eé:._.:’ 14C, ]SN, 3§ExSl 892{, S?()\I,l’ 99TC, ]'ilm, 125!: 131{)

magnetic labels {e.g., magneatic particlas)

redox active maoieties
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optical dyes {including, but not limited to, chromophores, phosphors and fluorophores) such as
fluorescent groups {e.g., FITC, rhodaming, lanthanide phosphors), chemiluminascant groups, and
fluorophores which can be either “small molecule” Huors or proteinaceous fluors

enzymatic groups {e.g. horseradish peroxidase, B-galactosidase, luciferase, alkaline phosphatase)
biotinylated groups

predetermined polypeptide spitopes recognizad by a secondary reporter {e.g., leucine zipper pair
sequences, hinding sides for secondary antibodies, metal binding domains, epitope fags, etc.}

By “fluorescent label” is meant any molecule that may be detected via its inherent fluorescent
properties. Suitable fluorescent labels include, but are not limited to, fluorescein, rhodamine,
tetramethyirhodamine, eosin, ervthrosin, coumarin, methyl-coumarins, pyrene, Malacite green,
stilbene, Lucifer Yellow, Cascade Bluel, Texas Red, IAEDANS, EDANS, BODIPY FL, LC Red 840, {y 5, Cy
5.5, LC Red 705, Oregon green, the Alexa-Fluor dyes {Alexa Fluor 350, Alexa Fluor 430, Alexa Fluor 488,
Alexa Fluor 546, Alexa Fluor 568, Alexa Fluor 594, Alexa Fluor 633, Alexa Fluor 660, Alexa Fluor 630},
Cascade Blue, Cascade Yelow and R-phycoerythrin {PE} {(Molecular Probes, Eugene, OR}, FiTC,
Rhodamineg, and Texas Red {Piarce, Rockford, IL), Cy5, Cvb.5, Cy7 {Amersham Life Science, Pittsburgh,
PA). Suitable optical dyes, including fluorophores, are described in Molecular Probes Handbook by
Richard P. Haugland.

Suftable proteinaceous Ruorescent labek also include, but are not limited to, green fluorescent
protein, including a Renilia, Ptilosarcus, or Aequorea spacies of GFP {Chalfie et al.,, 1994, Science
263:802-80%), EGFP {Clontech Laboratories, Inc., Genhank Accession Number US5762), blue
fluorescent protein (BFP, Quantum Biotechnologies, inc. 1801 de Maisonneuve Blvd. West, 8th Floor,
Montreal, Quebec, Canada HIH 19, Stauber, 1998, Biotechniques 24:462-471; Helm et al, 19986, Curr.
Binl. 6:178-182}, enhanced yellow flusrescent protein {(EYFP, Clontech Laboratories, inc.), luciferase
{Ichiki et al,, 1993, J. immunol. 150:5408-5417), B galactosidase (Nolan et al,, 1988, Proc. Natl. Acad.
Sel. U.S.AL 85:2603-2607) and Renilla {(W032/15673, W0O5/07463, WO9R/14605, W(98/26277,
WO0S9/49019, U.S. Fatent Nos. 5,292,658; 5,418,155; 5,683,884, 5,741,668, 5,777,079, 5,804,387,
5,874,304, 5,876,995, 5,925,558},

Leucine zipper domains are peplides that promote oligomerization of the proteins in which they are
found. Leucine zippers were originally identified in several DNA-hinding proteins {Landschulz et al,,
1988, Sclence 240:1758), and have since been found in a varisty of different proteins, Among the
known leucine zippers are naturally occurring peptides and derivatives thereof that dimerize or
frimerize. Examples of leucine zipper domains suitable for producing soluble oligomeric proteins are
dascribed in PCT application WO 94710308, and the leucine zipper derived from lung surfactant

protein D {SPD) describad in Hoppe et al,, 1994, FEBS Letters 344:191. The use of a modified leucing
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zipper that aliows for stable trimerization of a heterologous protein fused thereto is dascribed in
Fansiow et al,, 1994, Semin. Immunol. 6:267-78.

The binding construct of the invention may also comprise additional domains, which are e.g. helpfulin
the isolation of the melecule or relate to an adapted pharmacokinetic profile of the molecule. Domains
helpful for the isolation of 2 binding construct may be selected from peptide motives or secondarily
introduced moiaties, which can be captured in an isolation method, e.g. an isolation column, Non-
limiting embodiments of such additional domains comprise paptide motives known as Myc-tag, HAT-
tag, HA-tag, TAP-tag, GST-tag, chitin binding domain {CBD-tag), maltose binding protein {MBEP-tag),
Flag-tag, Sirep-tag and varianis thereof {e.g. Strepli-tag} and His-tag. All herein disciosed binding
constructs may comprise a His-tag domain, which is generally known as a repeat of consecutive His
residues in the aming acid sequence of a molecule, preferably of five, and more praferably of six His
residues (hexa-histidine). The His-tag may be located e.g. at the N- or Cterminus of the binding
construct, preferably it is iocated at the Cerminus. Most preferably, 2 hexa-histidine tag (HHHHHH}
{SECLID NO: 30} is linked via peptide bond to the C-terminus of the hinding construct according to the
invention. Additionally, a conjugate system of PLGA-PEG-PLGA may be combined with a poly-histidine

tag for sustained release application and improved pharmacokinetic profile.

Diagnostic Methods

The binding constructs that are provided herein are useful for detecting MAGEBZ in biological samples
and can be usad for diagnostic purposes to detect, diagnose, or monitor diseases and/or conditions
associated with MAGER2,

The disclosed binding constructs provide a means for the detection of the presence of MAGEB2? in a
sample using, for example, classical immunochistological methods known to those of skill in the art
{2.g., Tijssen, 1393, Practice and Theory of Enzyme Immunoassays, Vol 15 {Eds R, H. Burdon and P. H.
van Knippenberg, Elsevier, Amstardam}; Zola, 1887, Monoclonal Antibodies: A Manual of Techniques,
pp. 147-158 {CRC Press, Inc.}; Jalkanen et al., 1985, 1. Cell. Biol, 101:976-985; lalkanen et al,, 1987, .
Cell Biol, 105:3087-30986). The detection of MAGEB2 can be performed in vive or in vitro, hut is
preferably done in vitro on a sample that comprises cells obtained from a patient. The methads used
1o detect MAGEB2 expression in human tissue, e.g., tumor tissue, can be qualitative, semi-
guantitative, or quantitative. For example, art-recognized antibody-based methods for detecting
protein lavels in biological samples include, but are not limited to, enzyme-linkad immunosorbent
assay {ELISAY, radiolmmunoassays, electrochemiluninescrence {ECL) assays, surface plasmon resonance,
western blot, immunoprecipitation, fluorescence-activated call sorting {FACS), immunofluorescence,
immunochistochemistry, and the like. Methods for detecting MAGEB2 expression in a bislogical sample

may include control samples {negative and positive controls). For example, a negative control sample
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may be a sample containing no MAGEBZ protein, and a positive controls sample is & sample containing
MAGER2 protein. Comparing the results with the negative and positive conirols can confirm the
presence or absence of MAGEBZ in the biclogical sample,

in & specific embodiment, the binding construct can be used in an immunchistochemistry (1HC) assay.
Thase [HC assays can be performed on modern, higher throughput platforms that in some instances
are automated. For example, the Roche-Ventana BenchMark ULTRA systam.

HC is @ commonly used assay that involves the use of binding constructs such as antibodies to

specifically bind to 2 target antigen in a tissue sample. This allows the assay user 1o ascertain whather

immunochistochemical methods are well-known in the art and are described in, e.g,,
immunchistochemical Staining Methods 8th Edition 2013, Taylor C R, Rudback L, eds., Dako Novrth
Arnerica, avaliable as an Education Guide af www .dako.com; "immunohistochemical Staining Method
guide”}. Immunohistochemical staining may be conducted on fixed tissue sections or on frozen tissue
sections. When using fixed tissue sections, e.g., formalin fixed paraffin embeddad {FFPE) tissue
sections, the procedure can generally use the following exemplary steps: obtaining a tumor tissue

sampte {a.2., by biopsy}, fixation of the tumor sample; embedding {e.g., in paraffin}; sectioning and

herein), detection {e.g., zfter amplification of the antigen/antibody complex signal}, and interpretation
by a skilled practitioner {e.g., using an art-recognized scoring systemy}.

Suitable, non-Hmiting fixatives include, for example, paraformaldehyde, glutaraldehyde, formaldehyde,
acetic acid, acetone, osmium tetroxide, chromic acid, mercuric chloride, picric acid, alcohols {e.g.,
methanol, ethanol}, Gendre's Hluid, Rossman’s fluid, B5 fixative, Bouin's fluid, Carnoy's fixative, and
methacarn. In one embodiment, the tumor sample is fixed in formaldehyde {e.g., 10% neutral
buffered formalin, which corrasponds to 4% formaldehyde in a buffered solution}. Once fixed, the
tumor sample can be serially dehydrated using aloohol or xylene, embedded in paraffin, and cut with &
microtome to generate tumor tissue sections {e.g., with a thickness of about 4-5 pim}, which can then
be mounted onto micrascope slides {8.g., adhesive-coatad glass slides). Exemplary embadding
materials include parafiin, celloidin, OCT™ compound, agar, plastics, or acrylics. Another exemplary
material, and as deseribed in the Examples herain, is Histogel containing agarose/ziveerine
{ThermoFisher Scientific),

Provided herein are methods for detecting MAGEB2 expression in a biclogical sample, e.g., a human
tumor tissue sample, by contacting the sample with an anti-MAGES2 antigen hinding construct, such
as an anti-MAGEB2 antibody comprising the heavy and light chain variable region CDR seguences set

forth hersin, or the heavy and light chain variable region sequences set forth herein, wherein the
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antigen binding construct specifically binds to human MAGER2Z, and detecting the binding of the
antibody to MAGEB2 in the sample, e.g., by immunchistochemistry.

Accordingly, the invantion provides a method of diagnosing 2 subject with a tumor, comprising: a
determining the level of MAGEBZ in & sample obtained from the subject; and b} diagnosing the subject
as having a MAGER2 positive tumor when the level of MAGER2 s increased relative to a control.
Provided herein is a method of identifving a subject having a MAGEB2 positive tumor comprising: a)
determining the level of MAGER2 in a sample obtzined from the subject; and b} identifying the subjact
as having 3 MAGEB? positive tumor when the level of MAGEB? is increased relative to a control.
Provided herein is a method of identifying a subject as needing an anti-MAGEB? therapeulic
comprising: a) determining the level of MAGEBZ2 in a sample obtained from the subject; and b)
identifying the subject as needing the anti-MAGER?2 therapeutic when the level of MAGEBZ is
increased relative 1o a control.

Provided herein is a method of determining treatment for a subject with a MAGEB2 positive tumor
comprising: determining the level of MAGER2 in a sample obtained from the subject; and determining
the treatment as comprising an anti-MAGEB2 therapeutic when the lavel of MAGEB2 s increased,
refative to @ control,

in certain embodiments, exemplary bioclogical samples include blood sampiles, serum samples, cells,
surgically-resected tissue, and biopsied tissue {e.g. cancer tissus) obtained from the cancer patient.
Biological samples for use in the methods described herein can be fresh, frozen, or fixad. Biological
samples, e.g., tumor samples, can be obtained from the patient using routine methods, such as, but
not limited to, biopsy, surgical resection, or aspiration.

MAGERB?2 protein expression in tissue, e.g., tumor, samples can be detected using direct or indirect
methods. For example, in assays where the binding construct is an antibody, the primary antibody may
comprise a detactable moiety, such as the enzyme horseradish peroxidase {HRP) or a flucrescent label
{g.g., FITC, TRITC}, as described herein. in certain embodiments, the primary antibody does not itself
comprise a detectable moisty, but is instead detected by binding of a secondary antibody to it, for
indirect immunohistochemistry, Accordingly, in certain embodiments, the secondary antibody
comprises a detectable label, e.g., an enzymatic, chromogenic, or fluorescent label, In certain
embodiments, the primary antibody is a chimeric antibody comprising human variable ragion
seguences and a non-human Foregion. A secondary antibody can be used to recognize the non-human
Fe region of the primary antibody in order to reduce background staining,

in other embodimanis, MAGER2 protein expression can be detected using the avidin-biotin complex
method (ABC method). In these embodiments, for example when the binding construct is an antibody,
the secondary antibody is biotinylated and can serve as a bridge between the primary antibody and

hiotin-avidin-peroxidase complex. Other suitable non-limiting methods for immunchistochemistry
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include those describad in Chapter 6 of the immunchistochemical Staining Method guide, e.2,,
methods described in Chilosi et al,, Biotech Histochem 1994; 69:235; Sabattini et al,, } Clin Pathol 1998;
51:506-11; and Gross et al,, JBC 1859, 234:1622.

General methods for preparing and staining frozen tissue sections are wel known in the art, and are
described in, e.g., the immunohistochemical Staining Method guide, Chapter 3 of
immunohistochemistry and Methods [Buchwalow and Bocker, Springer-Verlag Berlin Heldelberg
20103, and Chaptar 21 of Theory and Practice of Histological Techniques {Bancroft and Gamble,
&.sup.th Edition, Elsevier Lid., 2008}, in some embodiments, slides stained with, e.g., the anti-MAGEB2
aniibodies described harein can be further counterstained with, e.g., hematoxylin and/or eosin, using
methods well known in the art.

MAGEB2 protein expression detected by immunghistochemistry can be digitally scanned and analyzed
{e.g., as described herein in the Examples), or otherwise evaluated and scored using art-recognized
scoring methods. Non-limiting examples of scoring methods are described below.

For example, in certain embodiments, MAGERZ expression can be evaluated using the H-score
{histochemical score} system, which is widely used in the art and is useful given its dynamic range and
use of weighted percentiles. The Hescore i g semiguantitative scoring system based on the formula:
3x percentage of strongly staining cells {3+ staining) + 2x percentage of moderately staining (2+
staining} cells +1x percentage of wealkly staining {1+ staining) cells +Ox parcentage of non-stained {0
staining) cells, giving a score range of 010 300, See, e.g., McCarty et al,, Cancer Res 1986; 46:4244-8;
Bosman et al, | Clin Pathol 1992; 45:120-4; Dirset et al,, Analyt Quant Cytol Histol 1996; 18:351-4.
Control tissue can include, e.g., matching non-tumor tissug from the same subject. Accordingly, in
certain embodiments, the number of cells staining positive for MAGERZ using the binding constructs
herein {e.g., antibodies), and the intensity of staining, can be used to determine an H-score.

in other embodiments, MAGEB2 expression can be evaluated using the Allred scoring system {Allred &t
al., Mod Pathol 1995; 11:155-68; Harvey et al., ] Clin Oncol 1999; 17:1474-91). This scoring system
involves adding proportion and intensity scores to obtain a total score. Accordingly, in some
embodiments, the proportion score is obtained based on the estimated proportion of tumor cells that
are positive for MAGER2 (O none, 1: < 1/10¢, 2: 1/100t0 1730, 3 1/10t0 1/3; 4: 1/3 10 2/3; and 5
>2/3), and the intensity score is oblained based on the average intensily of MAGERZ axpression in
positive tumor celis {0 none, 1 weak, 2; intermedizte, 3: strong). Alired scores range from 0 to 8, with
a score ranging from 3 to 8 considered positive {i.e., positive detection). Accordingly, in certain
embodiments, tumors with an Allred score of 3 10 8, for example, an Allred score 01 3, 4, 5,6, 7, or §,
for MAGER? staining are considered MAGER2-positive tumors.

in other embodiments, and as discussed herein above, the scoring system can be automated, e.g.,

computerized, and quantified by image analysis. Automated methods are well known in the art. For
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example, an average threshoid measure {ATM] score, which obtains an average of 255 staining
intensity levels, can be calculated as described in, e.g., Choudhury et al., ] Histochem Oytochem 2010;
58:95-107, Rizzardi et al,, Diagnostic Pathology 2012; 7:42-52. Ancothar automaled scoring system is
AQUA® {automated guantitative analysis), which is performed using, e.g., tissue microarrays {TMAs),
on a continuous scale. AQUA® is a hyhrid of standard immunohistochemistry and flow cyiometry that
provides an objactive numeric score ranging from 1-255, and involves antigen retrisval, use of primary
and secondary antibodies, and multiplexed flucrescent detection, Optimal cutcff points can be
determined as described in Camp &t al. Clin Cancer Res 2004; 10:7252-9. The AQUA® scoring system is
described in detail in Camp et al, Nat Med 2002; 8:1323-7; Camp et al, Cancer Res 2003; 63:1445-8;
Ghosh et al., Hum Pathol 2008; 39:1835-43; Bose et al, BMC Cancer 2012; 12:332; Mascaux et al,, Clin
Cancer Res 2011; 17:7796-807. Other suitable automated immunohistochemistry platforms include
commercially availabie platforms, such as the Leica BOND RX staining platform. The platform detects
farget protein exprassion in tumor tissue on the basis of staining intensity on the following scale:
minimal, <1 cells per 20x objective field; mild, 1 - 10 cells per 20x objective field; moderate, 10-50
cells par 20x objective field, marked, 50 - 200 cells per 20x objective; and intense, >200 cells per 20x
objective field.

in some embodiments, a tumor is considerad MAGEBZ-positive and likely to benefit from a
therapeutic that targets MAGEB2 if a sample of the tumor has more MAGEB2-positive cells than a
matching normal tissue from the same cancer patient.

in certain embodiments, the cancer patient is likely to or predicted to henefit from a therapeutic that
fargets MAGEB2 if the number of MAGER2-positive cells in the tumor sample exceeds a threshold
level. A threshold level may be the lowest level of MAGER?Z as determined with a given detection
system, e.g., immunchistochemistry, as further described herein, such as in the Examples. In certain
embodiments, the cancer patient is likely to or predicted to benefit from a therapeutic that targets
MAGER2 if the number of MAGEBZ-positive cells in the tumor sample exceeds a threshold number or
proportion using an art-recognized scoring system described supra. Accordingly, in some
embodiments, if the number or proportion of MAGEB2-positive cells axceads a certain threshold
number or proportion using a scoring system described harein, then the sample can be defined as
being "MAGER2-positive.”

in certain embodiments, a tumor sample having at least 1%, for example, al least 5%, at least 10%, at
least 159, at least 20%, at least 25%, at ieast 30%, at least 35%, st lsast 409, at least 45%, at least
50%, at least 55%, at least 60%, at least 65%, at least 70%, at least 753, at least 80%, atleast 90%, or

at least 95% of cells in the tumor expressing MAGEB? is designated as being "MAGEBZ-positive” and
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indicates that the cancer patient is likely to or predicted to respond to a therapeutic that targets
MAGEB2.

in some embodiments, an H score can be calculated for the tumor sample. Accordingly, in certain
embodiments, a tumor sample with an H score of at least 5, such as at least 10, at least 15, at least 20,
at least 25, at least 30, at least 40, at least 50, at least 60, at least 70, at least 80, at ieast 90, at least
100, atfeast 125, at least 150, at feast 175, at least 200, at lsast 225, atleast 250, at least 275, or at
least 280 is designated as being "MAGEBZ-positive” and indicales that the cancer patient is likely to or
predicted to respond to a therapeutic that targets MAGEBR2Z.

in some embodimeants, an Alirad score can be calculated for the tumor sample. Accordingly, in certain
embodiments, a tumor sample with an Allred score of at least 3, such as at least 4, at least 5, at least §,
atleast 7, or B is designated as being "MAGEB2-positive” and indicates that the cancer patient is likely
1o or predicted to respond 1o a therapeutic that targets MAGEB2.

in some embodiments, an AQUA score can be calculated. Accordingly, in certain embodiments, a
tumor sample with an AQUA score of at least 5, such as at least 10, at least 15, atleast 20, at least 25,
at least 30, at least 40, at {east 50, at least 60, at least 70, at least 80, at least 90, at least 100, at least
125, at beast 150, at least 175, at least 200, at least 225, or at least 250 s designated as being
MAGEBZ-positive” and indicates that the cancer patient is likely to or predicted 1o respond to &
therapeutic that targets MAGEBR2.

in certain embodiments, a combination of one of the scoring systems above with another detection
modality, such as FISH, is used to increase the accuracy of determining whather & tumor is MAGES2-
positive or MAGER2-negative.

in certain embodiments, the patient has a cancer selected from the group consisting of sguamous cell
carcinoma, small-cell lung cancer, non-small celt lung cancer, squamous non-small celt lung cancer
{NSCLC), non sguamous NSCLE, glioma, gastrointestinal cancer, renal cancer {e.g. clear call carcinoma),
ovarian cancer, liver cancer, colorectal cancer, endometrial cancer, kidney cancer {e.g., renal cell
carcinoma {RCCY, prostate cancer (e.g. hormone refractory prostate adenocarcinoma), thyrold cancer,
neurshlastoma, panereatic cancer, gliohlastoma (glichlastoma multiforme), cervical cancer, stomach
cancar, bladder cancer, hepatoma, braast cancer, colon carcinoma, and head and nack cancer {or
carcinoma), gastric cancer, germ cell tumor, pediatric sarcoma, sinonasal natural kilier, melanoma
{e.g., metastatic malignant melanoma, such as cutaneous or intraocular malignant melanomal, bone
cancer, skin cancer, uterine cancer, cancer of the anal region, testicular cancer, carcinoma of the

fallopian tubes, carcinoma of the endometrium, carcinoma of the cervix, carcinoma of the vaging,

system, cancer of the parathyroid gland, cancer of the adrenal gland, sarcoma of soft tissue, cancer of

the urethra, cancer of the penis, solid tumors of childhood, cancer of the ureter, carcinoma of the
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renal pelvis, neoplasm of the central nervous system {CNS), primary CN5 lymphoma, tumor
angiogenesis, spinal axis tumor, brain cancer, brain stem glioma, pituitary adenoma, Kaposi's sarcoma,
epidermoid cancer, sqguamous cell cancer, T-cell lymphoma, environmentally-induced cancers
including those induced by asbestos, virus-related cancers or cancers of viral origin {e.g., human
papilloma virus {(HPV-related or -originating tumors}), and hematologic malignancies derived from
gither of the two major blood cell lineages, i.e., the mysioid cell ling {which produces granulocytes,
erythrocytes, thrombooytes, macrophages and mast cells) or lymphoid cell line {which produces 8,7,
NK and plasma cells), such as all types of leukemias, lymphomas, and myelomas, e.g., acute, chronic,
lymphocoytic and/or myelogenous leukemias, such as acute leukemia {ALL), acute myelogenous
leukemia {AML}, chronic lymphocytic leukemia {CLL}, and chronic myelogenous leukemiz (CML},
undifferentiated AML (MO}, myveloblastic leukernia (M1}, myeloblastic leukemia (M2; with cell
maturation), promyslocytic leukemia (M3 or M3 variant [M3V]}, myelomonocytic leukemia (M4 or M4
variant with eosinophiiia [M4E]}, monocytic leukemia (M5}, erythroleukemia (M), megakaryoblastic
leukemia (M7), isolated granulocytic sarcoma, and chloroma; lymphomas, such as Hodgkin's
lymphoma {HL}, non-Hodgkin's lymphoma {NHL), B celt hematologic malignancy, e.g., B-cell
lwmphomas, T-call iymphomas, vmphoplasmacytold lymphoma, monoeytold B-cell lymphorma,
mucosa-associated lymphoid tissue (MALT} lymphoma, anaplastic {g.g., Ki 1+) large-call lymphoma,
adult T-cell ymphoma/leukemia, mantle cell lymphoma, angio immunaoblastic T-call lymphoma,
angiocentric lymphoma, intestinal T-cell lymphoma, primary mediastinal B-cell lymphoma, precursor T-
ymphoblastic lymphoma, T-lymphoblastic; and lymphoma/leuikaemia {T-Lbly/T-ALLY, peripheral T-cell
iymphoma, lymphoblastic lvmphoma, post-transplantation lymphoproliferative disorder, true
histiocytic lymphoma, primary central nervous system lymphoma, primary effusion lymphoma, B cell
lymphoma, ymphoblastic lvmphoma {LBL}, hematopoietic tumars of lymphoid lineage, acute
lymphoblastic leukemiz, diffuse large B-cell lymphoma, Burkitt's lymphoma, follicular lvmphoma,
diffuse histioeytic lymphoma {DHL), immunoblastic large cell ivmphoma, precursor B-lymphoblastic
lymphoma, cutaneous T-cell lymphoma (CTLC) {also called mycosis fungoides or Sezary syndrome}, and
lymphoplasmacytoid lymphoma {LPL) with Waldenstrom's macroglobulinemia; myealomas, such as lgG
myeloma, Hght chain myeloma, nonsecretory myeloma, smoldering myeloma {also called indolent
myelomal, solitary plasmocytoma, and multiple myelomas, chronic lymphocoytic leukemia {CLL), hairy
cell lymphoma; hematopoietic tumors of myeloid Hineage, tumors of mesenchymal origin, including
fibrosarcoma and rhabdomyoscarcoma; seminoma, teratecarcinoma, tumors of the central and
peripheral nervous, including astrocytoma, schwannomas; tumors of mesenchymal origin, including
fibrosarcoma, rhabdomyoscaroma, and osteosarcoma; and other tumaors, including melanoma,
xeroderma pigmentosum, keratoacanthoma, seminoma, thyroid follicular cancer and teratocarcinoma,

hematopoietic tumors of lymphotd lineage, for example T-cell and B-cell tumars, including but not
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limited to T-cell disorders such as T-prolymphacytic leukemia {T-PLLY, including of the small celi and
cerebriform cell type; large granular lymphooyte leukemia (LGL) preferably of the T-cell type; a/d T-
NHL hapatosplenic lymphoma; peripheral/post-thymic T cell lymphoma {pleomorphic and
immunoblastic subtypes); angiocentric {nasal} T-cell ymphoma; cancer of the head or neck, renal
cancer, rectal cancer, cancer of the thyroid gland; acute myeloid lymphoma, as well as any
combinations of said cancars, In certain embodiments, the cancer is a metastatic cancer, refractory

cancer, or recurrent cancer,

Treatment of Patients

Crnce a cancer patient has been identified as heing likely to benefit from treatment with a therapeutic
that targets MAGEB2 expressing tumors {i.e., has 3 MAGEB2-positive tumor), the patient can he
treated with an anti-MAGEB2 therapeutic {a.g,, an anti-MAGER2 immunotherapeutic such as those
found in U.5. Patent Application Nos. 63/027,148 filed on May 19, 2020 and entitled “MAGES2 Rinding
Constructs” and 63/128,773 filed on December 21, 2020 and entitled “MAGEB2 Binding Constructs.”
Accordingly, provided herein is a method for treating a tumor in a subject, said method comprising:
determining the subiect as responsive 1o treatment with an antl-MAGEB2 therapeutic by obtaining a
sample from the subjact, wherein the sample comprises a celi from the tumor, measuring the fevel of
MAGERB2 in the sample, and determining the subject as responsive to treatment with an arti-MAGEB2
therapeutic, and administering to the subject an effective amount of the anti-MAGEBZ therapautic.
Providad herein are methods of treating a cancer patient comprising: {a} determining whether a tumor
of a cancer patient is MAGERZ-positive using the methods described hersin, e.g., confacting & tumor
sample from the patient with binding construct describad herein, wherein the antibody or antigen-
binding fragment thereof specifically binds to human MAGEB2, detecting the binding of the antibody
to MAGER2Z in the sample, and determining the level of MAGER2 protein exprassion in the sample,
wherein a level of MAGEBZ protein above a threshold level in tumaor cells indicates that the tumor is
MAGEB2-positive, and (b) if the tumor is determined to be MAGEBZ-positive, then administering a
therapeutically effective amount of an agent that targets cells that express MAGER2 and kills them,
Provided herain is 3 method of treating 3 tumor in a subject, wherein the subject’s tumor has been
fested for MAGEBZ levels and the subject’s tumor is MAGEB? positive, comprising administering an
anti-MAGEB2 therapeutic to the subject.

Provided herein is a method of determining efficacy of treatment with an anti-MAGEB2 therapeutic in
a subject comprising: determining the level of MAGEBZ in 3 sample obtained from the subject before

treatment with an anti-MAGEB? therapeutic and after treatment with an anti-MAGEB?2 therapeutic;
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and determining the treatment as effective when the level of MAGEB2 positive tumor cells is
decreased after treatment with the anti-MAGEB? therapeutic.

Provided herain is 3 method of monitoring treatment with an anli-MAGER2 therapeutic in a subject
comprising: determining the level of MAGEBZ in a sample obtained from the subject at a first
fimepoint; determining the level of MAGEB2 in a sample obtained from the subject at a second
timepoint; and optionally continuing treatment with an anti-MAGEB2 therapeutic when the level of
MAGER2 is decreased at the second timepoint ralativa to the level at the first timepoint,

Provided herein is 3 method of identifying a subject as responsive to treatment with an anti-MAGER2

identifying the subject as responsive 1o treatment with an anti-MAGER?Z therapeutic when the level of
MAGEB? decreases upon treatment with an anti-MAGER2 therapeutic.

in a specific embodiment of the above embodiments, the subject or patient is treated with a
therapeutically-effective amount of any of the molecules disclosed in U.S. Patent Application Nos.
63/027,148 filad on May 19, 2020 and entitled “MAGEB2 Binding Constructs” and 63/128,773 filed on
Decernber 21, 2020 and entitled "MAGEB2 Binding Constructs,” the contents of which are herein
incorporated by reference.

in a further specific embediment of the above embodiments, various reference levels of MAGER2 in &
patient sample can be compared to each other. For example, a tirst reference level taken at a first
time point can be compared to a second level taken at a second time point. Further, e.g., MAGEB2
levelds can be comparad prior to drug treatment and after drug treatment. In this example, it can be
envisaged that successful treatment with a drug will vield a lower measured MAGER2 level after
{reatment as compared o the reference MAGERZ level measured before treatment. The first and the
second tissue sample can be obtained, e.g., within 3-7 days, 1 week to 3 weeks, or 1 monthto 3
months from sach other, or even a longer duration.

in certain embodiments, a method for monitoring 8 MAGEBZ-expressing tumaor in a cancer patient
comprises: {a) detecting MAGEB2 protein expression in a tissue {e.g., tumor} sample at a first time
point by using an anti-MAGEB2 antihody, or antigen-binding portion thereof, {b determining the level
of MAGEB2 protein expression at the first time point, {0} detecting MAGER2 protein exprassion in a
fissue {e.g., tumaor, which may be the same tumor as the one that was biopsied at the first time point)
sample at a second timea point using the same antibody used in step {8}, and {d} determining the level
of MAGEBZ protein exprassion in the tumor from the second tims point,

Provided harein are methods for monitoring the efficacy of anti-MAGEBZ immunctherapy {e.g., ong of
the molecules provided in U.5. Patent Application Nos. 63/027,148 filed on May 19, 2020 and entitled
“MAGEB2Z Binding Constructs” and 63/128,773 filed on December 21, 2020 and entitled "MAGEBRZ

Binding Constructs”} in a patient having a MAGEB2-positive tumor comprising: {a} detecting MAGEB2
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protein expression in the MAGER2-positive tumor at a first time point before or after initiating anti-
MAGER2 immunotherapy by using an anti- MAGEB2 antibody, (b} determining the level of MAGERZ
protein exprassion in the tumor from the first time point, (o} detecting MAGER2 protein axprassion in
the MAGEB2-positive tumeor at a second time point after initiating anti- MAGEBZ immunotherapy using
the samea antibody from step [z}, {d) determining the level of MAGEB2 protein expression in the tumor
from the second time point; {e} comparing the levels of MAGEB2 protein expression determined at the
first and second time points, wherein a higher level at the first time pointrelative 1o the second time
point may be indicative of effective anti- MAGEB? immunotherapy, a lower score at the first time point
relative to the second time point is indicative of ineffective anti- MAGEBZ immunotherapy, and an
unchanged score at the first time point relative to the second time point may be indicative of anti-
MAGEBZ? immunotherapy being stabilizing. MAGEB2 expression may be determinad in the tumor,
umoer tissue, or tumor cells,

in certain embodiments, the status of 3 MAGEBZ-expressing tumaor can be monitored repeatedly after
initial diagnosis {i.e., after making a determination that the tumor is MAGERZ-positive), such a5 one
month after initial diagnosis, two months after initial diagnosis, three months after initial diagnosis,
four months after initial diagnosis, five months after initial diagnosis, six months after initial diagnosis,
one year after initial disgnosis, etc. in other embodiments, the efficacy of anti- MAGEB2
immunotherapy against a8 MAGEBZ2-expressing tumor can be monitored repeatedly after initiating anti-
MAGEB2? immunotherapy, such as one month after initiation of therapy, two months after initiation of
therapy, three months after initiation of therapy, four months after initiation of therapy, five months
after initiation of therapy, six months after initiation of therapy, one vear after initiation of therapy,

et

Sequence Modifications of MAGEBZ Binding Constructs

The term “amino acid” or “amino acid residue” typically refers to an amino acid having its art
recognized definition such as an amine acid selected from the group consisting of: alanine (Ala or A);
arginine [Arg or R); asparagine {Asn or N}; aspartic acid {Asp or D}; cysteine (Cys or C); glutamine {Gin
or G; glutamic acid {Glu or £}; plycine {Gly or G; histidine {His or H}; isoleucine {ile or I}: feucine {Ley
o LI fysine {Lys or K mathionine {Met or M}; phenvialanine {Phe or F); proline {Pro or P); serine {Sar

or S} threonine {Thr or T); tryptophan {Trp or W; tyrosine (Tyr or Y); and valine {Val or V}, slthough
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modified, synthetic, or rare amino acids may be used as desired. There are basically four different
classes of amino acids determined by different side chains:
{1} non-polar and neutral {uncharged): Alg, Gly, e, Lay, Met, Phe, Pro, Val
{2} polar and neutral {uncharged): Asn, Cys {being only slightly polar), Gln, Sar, Thy, Trp {baing only
slightly polar), Tyr
{3} acidic and polar {negatively charped): Asp and Glu
{4} basic and polar {positively charged): Arg, His, Lys
Hydrophobic aming acids can be divided according to whether they have aliphatic or aromatic side
chains. Phe and Trp {being very hydrophobic), Tyr and His {being less hydrophobic) are classified as
aromatic amino acids. Strictly speaking, aliphatic means that the side chain contains only hydrogen and
carbon atoms. By this strict definition, the amino acids with aliphatic side chains are alanine,
iscleucing, leucine {also norleucine}, proline and valine. Alaning’s side chain, being very short, means
that it is not particularly hydrophobic, and proline has an unusual geometry that gives it special roles in
proteins. itis often convenient to consider methionine in the same category as isoleucine, leucine and
valine, although it also contains a sulphur atom. The unifying theme is that these aming acids contain
largely non-reactive and flexible side chaing, The amino acids alaning, cystaine, zlycine, proline, sarine
and threonine are often grouped together for the reason that they are all small in size. Gly and Pro
may influence chain orientation.
Amino acid modifications include, for example, deletions of residues from, insertions of residues into,
andfor substitutions of residues within the amino acid sequences of the binding constructs. Any
combination of deletion, insertion, and/or substitution is made to arrive at a final binding construct,
provided that the final construct possesses the desired characteristics, e.g. the biological activity of the
unmodified parental molecule {such as binding to MAGEBR2). The amino acid changes may also alter
post-transiational processes of the binding constructs, such as changing the number or position of
glycosyiation sites.
For examiple, §, 2, 2, 4, 5, or & amino acids may be inserted, deleted and/or substituted in each of the
DRs {of course, dependent on thelr respactive length), while 1,2, 3, 4,5, 6,7, 8,9, 10, 11, 12, 13, 14,
15,16, 17, 18, 18, 20, or 25 amino acids may be inserted, deletad and/or substituted in each of the
FRs. Amino acid sequence insartions also include N-terminal and/or C-terminal additions of amino
acids ranging in length fromeg 1, 2, 3, 4,5, 6, 7, 8, 9 or 10 residues 1o polypeptides containing more
than 10, e.g. one hundred or more rasidues, as well as intra-sequence insertions of single or multiple
amino acid residues. An insertional variant of the binding construct of the invention includes the fusion

of a polypeptide which increases or extends the serum half-life of the binding construct to the N-
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terminus or 1o the C-terminus of the binding construct. 1t is also conceivable that such insertion occurs
within the binding construct, e.g. between the first and the second domain.

The sites of greatest interest for amino acid modifications, in particular for amino acid substitutions,
include the the hypervariable regions, in particular the individual CDRs of the heavy and/or light chain,
but FR alterations in the heavy and/or light chain are also contemplated. The substutions can be
conservative substitutions as described herein, Preferably, 1, 2, 3, 4,5, 6,7, 8, 8, or 10 amino acids
may be substitutedin a COR, while 1,2, 3,4,5,6,7,8,9,10,11, 12, 13, 14, 15, 16, 17, 18,19, 20, or 25
amino acids may be substituted in the framework regions {FRs), depending on the length of the CDR or
FR, respectively. For exampile, if 3 CDR sequence encompasses b amino acids, it is envisaged that one,
two or three of these amino acids are substituted. Similarly, if a CDR sequence encompasses 15 aming
acids it is envisaged that ong, twuo, three, four, five or six of these amino acids are substituted.

A useful method for the identification of certain residues or regions within the binding constructs that
are preferred locations for mutagenesis is called “alanine scanning mutagenesis” and is described e.g.
in Cunningham B.C. and Wells LA, {Science. 1989 Jun 2;244({4908):1081-5). Here, a residus or group of
residues within the binding construct isfare identified {e.g. charpged residues such as Arg, His, Lys, Asp,
and Glu} and replaced by a nautral or non-pelar amino acid {imost preferably alanine or polvalanine} to
affect the inferaction of the respective amino acid{s) with the epitope of the target protein. Alanine
scanning is a technigue used to determine the contribution of a specific residue to the stability or
function of given protein. Alanine is used because of its non-bulky, chemically inert, methyl functional
group that nevertheless mimics the secondary structure preferences that many of the other aming
acids possess. Sometimes bulky amino acids such as valine or leucine can be used in cases where
conservation of the size of mutated residues is needed. This technigue can also be useful to determine
whether the side chain of a specific residue plays a significant role in bicactivity. Alanine scanning is
usuially accomplished by site-directed mutagensesis or randomly by creating a PCR library. Furthermore,
computational methods to estimate thermodynamic parameters based on a theoretical alanine
substitutions have been developed. The data can be tested by IR, NMR Spectroscopy, mathematical
methods, bioassays, ete.

Those aming acid focations demonstrating functional sensitivity to tha substitutions {as determined
e.g. by alanine scanning) can then be refined by introducing further or other variants af, or for, the
sites of substitution. Thus, while the site or region for introducing an amino acid sequence variation is
praedetermined, the nature of the mutation per sa needs not to be predetermined, For example, to
analyze or optimize the performance of a mutation at a given site, alanine scanning or random
mutagenesis may be conducted at a target codon or region, and the expressed binding construct
variants are screened for the optimal combination of desired activity. Technigues for making

substitution mutations at predetermined sitas in the DNA having @ known sequence are well known,
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for example, M13 primer mutagenesis and PCR mutagenesis. Screening of the mutants is done e.g.
using assays of antigen {e.g. MAGEB2) binding activity and/or of cytotoxic activity.

Generally, if amino acids are substituted in one or more or ali of the CORs of the heavy and/or light
chain, it is envisaged that the then-obtained “substituted” segquence is at least 80% or 65%, more
preferably 70% or 75%, even more preferably 80% or 85%, and particularly preferably 90% or 95%
identical / homologous to the “original” or “parental” CDR sequence. This means that the degree of
identity / homology between the original and the substituted sequence depends on the length of the
COR. For example, a CDR having 5 amino acids in total and comprising one amino acid substitution is
&0% identical to the “original” or “parental” CDR sequence, while a COR having 10 amino acids in total
and comprising one amino acid substitution is 90% identical to the “original” or “parental” COR
saguence. Accordingly, the substituted CDRs of the binding construct of the invention may have
different degrees of identity fo their original sequences, e.g., CORL1 may have 80%, while CDRL3 may
have 90% of homology. The same considerations apply to the framework regions and to the entire VH
and VL regions.

A “variant CDR” is a CDR with a specific sequence homology, simifarity, or identity to the parent CDR of
the invention, and shares biclogical function with the parent CDR, including, but not fimited to, at least
60%, 65%, 70%, 75%, 80%, 81%, 82%, 83%, 84%, 85%, 6%, 87%, 88%, 89%, 50%, 91%, 92%, 93%, 94%,
85%, 96%, 37%, 88%, or 99% of the specificity and/or activity of the parent CUR. Generally, the aming
acid homology, similarity, or identity between individual variant CDRs is at least 60% 1o the parent
seguences depicted herain, and more typically with increasing homologies, similarities or identities of
at least 65% or 70%, preferably at least 75% or 80%, more preferably at least 85%, S0%, 91%, 92%,
93%, 94%, and most preferably 85%, 96%, 97%, 98%, 99%, and almost 100%. The same applies {o
“variant VH” and “variant V", According to one embaodiment, the sequence variations within a
“variant VH"” andfor 2 “variant VU7 do not extend to the CDRs. The present inventiorn is hence directed
1o a binding construct as defined herein, comprising VH and Yi seguences having a certain sequence
homology {see above) to the specific sequences as defined herein {the “parental” VH and V1), wherein

the COR sequencas are 100% identical to tha specific COR sequences as definad herein {the “parental”

Preferred substitutions {or replacements) are conservative substitutions. However, any substitution
{including non-conservative substitutions or one or more from the “examplary substitutions” listed in
Table 6, below} is envisaged, as long as the binding construct retains its capacity to bind to MAGEB2,

and/or provided its CDRs, FRs, VH and/or V0L sequences have a degree of identity to the original or
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parental sequence of at least 60% or 65%, more preferably at feast 70% or 75%, even more preferably
at least 80% or 85%, and particularly preferably at least 90% or 95%.

A conservative replacement {also called 2 conservative mutation or a conservative substitution} is an
amino acid replacement that changes a given amine acid to a different amino acid with similar
binchemical propertias {e.g. charge, hydrophobicity, size}. Conservative replacements in proteins
often have a smaller effact on protein function than non-conservative replacements. Conservative
substitutions are shown in Table 6. Exemplary conservative substitutions are shown as “exemplary
substitutions”. i such substitutions result in a change in biological activity, then more substantial
changes, as further described herein in reference to amino acid classes, may be introduced and the
products screened for 3 desired characteristic.

Table 6: Amino acid substitutions {33 = amino acid}

Criginal a3 Conservative substitutions Exemplary Substitutions

Ala {A) Small as Gly, Ser, Thr

Arg (R} Polar ag, in particular Lys Lys, Gin, Asn

Asn {N) Polar ag, in particular Asp Asp, Gin, His, Lys, Arg

Asp {D) Glu or other polar aa, in particular Asn Gly, Asn

Cys {C) Small as Ser, Ala

Gin {Q) Polar as, in particular Glu Gly, Asn

Glu {E} Asp or ather polar ag, in particular Gin Asp, Gln

Gly (G} Small ag, such as Ala Ala

His {H] Asti, Gln, Arg, Lys, Tyr

He (1) Hydrophobic, in particular aliphatic aa Ala, Val, Met, Ley, Phe

Leu (L} Hydrophobic, in particular aliphatic aa Morleucine, ile, Ala, Val, Met

Lys () Polar aa, in particular Arg Arg, Gln, Asn

Met (M} Hydrophobic, in particular aliphatic aa Leu, Alg, lle, Val, Phe

Phe {F) Aromatic or hydrophobic aa, in particular Tyr Tyr, Trp, Lay, Val, He, Ala

Pro {P} Smali az Ala

Ser {8 Folar or small aa, in particular Thr Thy

Thr {T} Polar aa, in particular Ser Ser

Trp W) Aromatic aa Tyr, Phe

Tyr {Y) Aromatic aa, in particular Phe Phe, Trp, Thr, Ser

Val (Vi Hydrophobic, in particular aliphatic aa Lew, e, Ala, Mat, Phe
85
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Substantial modifications in the biological properties of the binding construct of the present invention
are accomplished by selacting substitutions that differ significantly in their effect on maintaining {&)
the structure of the polypeptide backbong in the area of the substitution, for example, as a shest or
helical conformation, (b) the charge or hydrophobicity of the molecula at the target site, or (¢} the bulk
of the side chain, Non-consarvative substitutions will usually entall exchanging a member of one of the
above defined amino acid classes (such as polar, neutral, acidic, basic, aliphatic, aromatic, small..} for
another class. Any cysteing residue not involved in maintaining the proper conformation of the binding
construct may be substituted, genarally with sering, to improve the oxidative stability of the binding
construct,

in addition to the above described substitutions, other substitutions within the CDRs that contribute to
binding can be made. For exampie, the consensus sequences set forth in Table 25 herein provide such
substitutions. In certain embodiments, deletions as guided by the provided consensus sequences may
also be made. With the guidance provided herein by the consensus sequences set forth in Table 25,
various aming acid substitutions, and functional equivalents thereof, or deletions, can be readily made
by one of ordinary skillin the art,

Sequence identity, homology and/or similarity of amino acid sequences is determined by using
standard technigues known in the art, including, but not limited to, the local sequence identity
algorithm of Smith and Waterman, 1981, Adv. Appl. Math. 2:482, the sequence identity alignment
algorithim of Needieman and Wunsch {J Mol Biol. 1970 Mar;48{3):443-53), the search for similarity
method of Pearson and Lipman (Proc Natl Acad Sci USA. 1988 Apr;85(8):2444-8), computerized
implamentations of these algorithms {GAP, BESTFIT, FASTA, and TFASTA in the Wisconsin Genetics
Software Package, Genetics Computer Group, 575 Science Drive, Madison, Wis.}, the Best Fit sequence
program described by Devereux et al. {Nucleic Acids Res. 1984 Jan 11;12{1 Pt 1}:387-958}, preferably
using the default settings, or by inspection. it is envisaged that percent identity is calculated by FastDB
based upon the following parameters: mismalch penalty of 1; gap penalty of 1; gap size penalty of
0.33; and joining penalty of 30, See also "Current Methods in Seguence Comparison and Analysis,”
Macromolecule Sequencing and Synthesls, Selected Methods and Applications, pp 127-149 {1888},
Alan R, Liss, Inc.

An example of a useful algorithm is PILEUP. PILEUP creates a multiple sequence alignment from a
group of related sequences using progressive, pairwise alignments. it can also plot a tree showing the
clustering relationships used to creats the alignment. PILEUP uses a simplification of the progressive

alignment method of Feng and Doolittle {J Mol Evol. 1987,25(4):351-60}; the method is similar to that
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described by Higgins and Sharp {Comput Appl Biosch. 1989 Apr;5{2}:151-3). Useful PILEUP paramaters
include a default gap weight of 3.00, a defaull gap length weight of 0.10, and weighted end zaps.
Another axample of 8 useful algorithm is the BLAST algorithm, described in: Altschul et al, {3 Mol

Bigl. 1990 Oct 5;215(3):403-10.); Altschul et al,, (Muclaic Acids Res. 1997 Sep 1;25{17):3383-402}; and
Karlin and Altschui {Proc Natl Acad Sci U S AL 1993 Jun 15;90{12}1:5873-7). A particularly useful BLAST
program is the WU-Blast-2 program which was obtained from Altschul et al,, (Methods Enzymol, 1996,
266:460-80}. WU-Blast-2 uses several search parameters, most of which are set 1o the default values,
The adjustable parameters are set with the following values: overiap span=1, overlap fraction=0.125,
word threshold {Ti=li. The HSP S and HSP 52 parameters are dynamic values and are established by the
program itself depending upon the composition of the particular sequence and composition of the
particular database against which the sequence of interest is being searched; however, the values may
be adjustad to increase sensitivity.

An additional useful algorithm is gapped BLAST a5 reported by Altschul et al. {Nucleic Acids Res. 1997
Sep 1;25{17):3389-4C2). Gapped BLAST uses BLOSUM-62 substitution scores; threshold T parameter
set 1o 9; the two-hit method to trigger ungapped extensions, charges gap lengths of k a cost of 10+k;
Xuset to 16, and Xg set to 40 for database search stage and to 67 for the output stage of the

algorithms. Gapped alignments are triggered by a score corresponding to about 22 bits.

Nucleotides Encoding the Binding constructs

The invention provides a polynuclectide / nucleic acid molecule encoding a binding construct of the
invention. Nucleic acid molecules are biopolymers composed of nucleotides. A polynuclentide isa
biopolymer composed of 13 or more nucleotide monomers covalently bonded in a chain. DNA {such as
cDNA) and RNA {such as mRNA} are examples of polynuclectides / nudleic acid molecules with distinct
biclogical function. Nucleotides are organic molecules that serve as the monomers or subunits of
nucleic acid molecules like DNA or RNA. The nucleic acid molzcule or polynuclentide of the present
invention can be double stranded or single stranded, linear or circular, It is envisaged that the nucleic
acid molecule or polynucleotide is comprisad in a vector. It is furthermore envisaged that such vactor
is comprised in a host cell. Said host celi is, e.g. after transformation or transfection with the vector or
the polvnuclestide / nucleic acid molecule of the invention, capable of exprassing the binding
construct. For this purpose, the polynucieotide or nucleic acid molecule is operatively linked with
control sequences.

Tha genetic code is the set of rules by which information encoded within genetic material {nucleic
acids) is translated into proteins. Biological decoding in living cells is accomplishad by the ribosome
which links amine acids in an order specified by mRANA, using IRNA molecuies to carry amino acids and

to read the mRNA three nucleotides at a time. The code defines how sequences of these nucleotide
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triplets, called codons, spacify which amino acid will be added next during protein synthesis. With
some exceptions, a three-nucleotide codon in a nucleic acid sequence specifies a single amino acid.
Because the vast majority of genes are encoded with exactly the same code, this particular code is
often referred to as the canonical or standard genetic code.

Degeneracy of codons is the redundancy of the genetic code, exhibiled as the multiplicity of three-
base pair codon combinations that specify an amino acid, Degeneracy resuits bacause thare are more
codons than encodable amino acids. The codons encoding one amino acid may differ in any of their
three positions; however, more often than not, this difference is in the second or third position. For
instance, codons GAA and GAG both specify glutamic acid and exhibit redundancy; but, neither
specifies any other amino acid and thus demonstirate no ambiguity. The genetic codes of different
organisms can be biased towards using one of the several codons that encode the same amino acid
ovar the others — that is, a greater frequency of one will be found than expected by chance. For
example, leucine is specified by six distinct codons, some of which are rarely used. Codon usage tables
detailing genomic codon usage frequencies for most organisms are available. Recombinant gene
tachnologles commonly take advantage of this effect by implementing a technigue termed codon
optirmization, in which those codons are used to design a polvnucleatide which are preferred by the
respactive host cell {such as a cell of human hamster origin, an Escherichia coli cell, or a
Saccharamyces cerevisiae cell), e.g. in order to increase protein expression. It is hence envisaged that
the polynucleotides / nudkeic acid molecules of the present disclosure are codon optimized.
Nevertheless, the polvnucleotide / nudleic acid molecule encoding a hinding construct of the invention
may be designed using any codon that encodes the desired amino acid.

in line herewith, the term “percent (%) nucleic acid sequence identity / homology / similarity” with
respect to the nudeic acid sequence encoding the hinding constructs identified herein is defined as the
percentage of nucleotide residues in a candidate sequence that are identical with the nuclestide
residues in the coding sequence of the binding construct, One method to align two seguences and
thereby dertermine their homology uses the BLASTN module of Wil-Blast2 set to the default
parameters, with overlap span and overlap fraction set to 1 and 0.125, respectively. Generally, the
nucleic acid sequrnce homology, similarity, or identity betwaen the nucleotide sequences encoding
individual variant CDRs and the nucleotide sequences depicted herein are af least 60%, and more
fypically with increasing homologies, similarities or identities of at least 65%, 70%, 75%, 80%, 81%,
82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 949%, 95%, 36%, 97%, 98%, or 99%,
and almost 100%. Again, the same applies to nucleic acid sequence encoding the “variant VH” and/or
“variant VL7,

in one embodiment, the percentage of identity to human germline of the binding constructs according

to the invention, or of the first and second domain {binding domains) of these binding constructs, is
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z 0% or 2 75%, more preferably 2 80% or 2 85%, even more preferably = 80%, and most preferably

v
[Su]

1%, = 92%, = 93%, > 94%, > 95% or even > 96%. identity 1o human antibody germline gene products
is thought to be an important feature to reduce the risk of therapeutic proteins to elidt an immune
response against the druyg in the patient during treatmaent, Hwang W.Y. and Foota J. {Methads. 2005
May;36{1}:3-10} damonstrate that the reduction of non-human portions of drug binding constructs
leads to a decrease of risk of inducing anti-drug antibodies in the patients during treatment. By
comparing an exhaustive number of clinically evaluated antibody drugs and the respective
immunogenicity data, the trend is shown that humanization of the variable regions of antibodias /
binding constructs makes the protein less immunogenic {average 5.1 % of patients) than antibodies /
binding construcis carrying unaltered non-human variable regions {average 23.59 % of patients), A
higher degree of identity to human sequencas is hence dasirable for protein therapeutics based on
variable regions and in the form of binding constructs. For the purpose of determining the germiine
identity, the V-regions of YL can be aligned with the amino acid sequences of human germline

V segments and § segments {http://www2.mre-imb.cam.ac.uk/vhase/) using Vector NTI software and
the amino acid sequence calculated by dividing the identical amino acid residues by the total number
of aming acid residues of the VL in percent. The same can be done for the VH segments
{hitp:/fwww2.mredmb.cam.ac.uk/vbase/} with the exception that the VH CDR3 may be excluded due
to its high diversity and a lack of existing human germiine VH CDR3 alignment partners. Recombinant
technigues can then be used to increase sequence identity to human antibody germline genes.
According to one embodiment, the polynuclectide / nudleic acid melecuie of the present invention
encoding the binding construct of the invention is in the form of one single molecule or in the form of
{wo or more separate molecules. If the binding construct of the present invention is a single chain
binding construct, the polynucleotide / nucleic acid molecule encoding such construct will most likely

also be in the form of one single molecule.

invention, if the hinding construct of the present invention is a single chain binding construct, one
vector may comprise the polynucipotide which encodes the binding construct in one single location {as
one single opan reading frame, ORF). One vactor may also comprise two or more pelynuckeotides /
puclelc acld molecules at separate {ocations {with individual ORFs), each one of them encoding a
different component of the binding construct of the invention. It is envisaged that the vector
comprising the polynuclectida / nudleic acid molecule of the present invention is in the form of one
single vector or two or mora separate vectors. in one embodiment, and for the purpose of expressing
the binding construct in a host celi, the host cell of the invention should comprise the polynucieotide /
nucieic acid molecule encoding the binding construct or the vector comprising such polynuclestide /

nucleic acid moleculs in their entirety, meaning that all components of the binding construct -
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translation and form together the biologically active hinding construct of the invention.

The invention also provides a vector comprising a polynucleotide / nucleic acid molecule of the
invention. A vactor is a nucleic acid molecule usad as a vehicle to transfer (foreign} genetic material
into a cell, usually for the purpose of replication and/or expression. Tha term “vector” encompasses —
but is not restrictad to - plasmids, viruses, cosmids, and artificial chromosomaes, Some vectors are
designed specifically for dloning {cloning vactors), others for protein expression {expression vectors).
So-called transcription vectors are mainly used to amplify their insert. The manipulation of DNA s
normally conducted on E. coli vectors, which contain elements necessary for their maintanance in

E. coli. However, vectors may also have slements that allow them to be maintained in another
organism such as yeast, plant or marmmalian cells, and these vectors are called shuttle vectors.
insertion of a vector into the target or host cell is usually called transformation for bacterial celis and
transfection for eukaryotic cells, while insertion of a viral vector is often called transduction.

in general, engineered veciors comprise an origin of replication, a multicloning site and a selectable
marker. The vector itself is generally a nudleotide sequence, commonly a DNA seguence, that
comprises an insert {iransgene} and a larger sequence that serves a5 the “backbone” of the vecior.
While the gensetic code determines the polypeptide sequence for a given coding region, other genomic
regions can influence when and where these polypeptides are produced. Modern vectors may
therefore encompass additional features besides the transgene insert and a backbone: promoter,
genetic marker, antibiotic resistance, reporter gene, targeting sequence, protein purification tag.
Vectors called expression vectors {expression constructs) specifically are for the expression of the
fransgene in the target cell, and generally have control sequences.

The term “control seguences” refers to BNA sequences necessary for the expression of an operably
linked coding sequence in a particular host organism. The control sequences that are suitable for
prokaryotes, for example, include a promoter, optionally an operator sequence, and a ribosome
binding site. Eukaryotic cells are known to utilize promoters, polvadenylation signals, a Kozak sequence
and enhancers.

A nucleic acid is “operably linked” when itis placed into a functional relationship with another nucleic
acid sequence. For example, DNA for 3 presequence or secreiory leader is operabiy linked to DNA for 3
polvpeptide if it is expressed as a preprotein that participates in the secretion of the polypeptide; a
promaeter or enhancer is operably linked to a coding sequence it it affacts the transcription of the
sequence; or a ribosome binding site is operably linked to a coding sequence if it is positioned so as to
facilitate translation. Genarally, “operably linked” means that the nudeotide sequences being linked
are contiguous, and, in the case of a secretory leader, contiguous and in reading phase. However,

enhancers do not have to be contiguous. Linking is accomplishad by ligation at convenient restriction
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sites. If such sifes do not exist, the synthetic oligonuclestide adaptors or linkers are used in accordance
with conventional practice.

“Transfection” is the process of deliberately introducing nucleic acid molecules or polynucleotides
{including vectors) into target cells, The term is mostly used for non-viral mathods in eukaryotic celis.
Transduction is often used to describe virus-mediated transfer of nucleic acid molecules or
polynucieotides. Transfection of animal cells typically involves opening transient pores or “holes” in
the cell membrane, to allow the uptake of material. Transfection can be carried out using biological
particles {such as viral transfection, also called viral transduction], chemical-based methods (such as
using calcium phosphate, lipofection, Fugene, cationic polymers, nanoparticies) or physical treatment
{such as electroporation, microinjection, gene gun, cell squeezing, magnetofection, hydrostatic
pressure, impalefaction, sonication, optical transfection, heat shock).

The term “transformation” is used to describe non-~viral transfer of nucleic acid molecules or
polynuclectides {including vectors} into bacteria, and zlso into non-animal eukaryotic cells, induding
plant cells. Transformation is hence the genetic alteration of a bacterial or non-animal eukaryotic cell
resulting from the direct uptake through the cell membrane{s} from its surroundings and subsequent
incorporation of exogencus genetic material {nucleic acid molecules), Transformation can be effected
hy artificial means. For transformation to happen, celis or bactaria must be in a state of competence,
which might occur as a time-limited response to environmental conditions such as starvation and cell
density, and can also be artificially induced.

!

Moreover, the invention provides a host cell transformed or transfected with the polynuclkeotide /

i

nucleic acid molecule of the invention or with the vector of the invention.

!I!

As used herein, the terms “host cell” or “recipient cell” are intended to inchide any individual cell or
celf culture that can he or has been recipient of vectors, exogenous nucleic acid molecules and/or
polynuclectides encoding the binding construct of the present invention; andfor recipients of the

binding construct itself. The introduction of the respective material into the cell is carried out by way

!n

of transtformation, transfection and the like {vide supra). The term “host cell” is also intended to
include progeny or potential progeny of a single cell. Bacause certain modifications may occur in
succeading generations due to aither natural, accidental, or deliberate mutation or dueto
environmental influgnces, such progeny may not, in fact, be completely identical {in morphology or in
genomic or total DNA complement) to the parent cell, but is still included within the scope of the term
as used herein. Suitable host cells include prokaryotic or eukaryotic calls, and also include — but are not
limited to — bacteria {such as E. coll), yaast cells, fungl calls, plant cells, and animal celis such as insect
cells and mammalian cells, e.g., hamster, murine, rat, macague or human.

in addition to prokaryotes, eukaryotic microbes such as filamentous fungi or yeast are suitable cloning

or expression hosts for the binding construct of the invention. Saccharomyces ceravisiag, or common
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baker's yeast, is the most commonly used among lower sukaryotic host microorganisms. However, 3
number of other genera, species, and strains are commonly available and useful herein, such as
Schizosaccharomyees pombe, Kluyvaromyces hosts such as 1 lactis, K. fragiiis (ATCC 12424},

K. bulgaricus {ATCC 16045}, K. wickeramil {ATCC 24178), K. waltil (ATCC 565003, K. drosophilarum
{ATCC 36906}, K. thermotolerans, and K. marxianus; varrowia {EP 402 226}); Pichia pastoris {EP 183
070); Candida; Trichederma reesia (EP 244 234); Neurospora crassa; Schwanniomyces such as
Schwanniomyces occidentalis; and filamentous fungi such as Neurospora, Penicillium, Tolypocladium,
and Aspergillus hosts such as A. nidulans and A. niger.

Suitable host cells for the expression of a glycosylated hinding construct are derived from multicellular
organisms. Examples of invertebrate celis include plant and insact cells. Numerous baculoviral strains
and varianis and corresponding permissive insect host cells from hosts such as Spodoptera frugiperda
{caterpillar), Aedes asgypti (mosquito), Aedes albopictus {mosquito}, Drosophila melanogaster {fruit
iy}, and Bombyx mori have been identified. A variety of viral strains for transfection are publicly
avalizble, e.g.,, the L-1 variant of Autographa californica NPV and the Bm-5 strain of Bombyx mori NPV,
and such viruses may ba used as the virus herein according to the present invention, particularly for
transfection of Spodoptera frugiperds calls,

Plant cell cultures of cotton, corn, potato, soybean, petunia, tomato, Arabidopsis and tobacco can also
be used as hosts. Cloning and expression vectors useful in the production of proteins in plant cell
culture are known to those of skill in the art. See e.g. Hiatt et al,, Nature {1889} 342: 756-78, Owen et al.
{1992} Bio/Technology 10: 790-794, Artsaenko et al. {1995) The Plant] 8: 745-750, and Fecker et al.
{1996} Plant Mol Binl 32: 879-9886.

Howaever, interest has been greatest in vertebrate cells, and propagation of veriebrate cells in culture
{cell culture} has become a routine procedure. Examples of useful mammalian host cell fines are
monkeay kidney CV1 line transformed by SV40 {such as C0S-7, ATCC CRL 1651); human embryonic
kidney line {such as 293 or 293 cells subcloned for growth in suspension culture, Graham et al., I, Gen
Virol. 36 59 {1977}}; baby hamster kidney celis {such as BHK, ATCC CCL 10}; Chinese hamster ovary
cells/-DHFR {such as CHO, Urlaub et al, Proc. Natl, Acad. Sci. USA 77: 4216 {1980)}; mouse sertoli cells
{such as TM4, Mather, Biol, Raprod. 23: 243-251 {1980)}; monkeay kidney cells {such as QW1 ATCCCCL
70%: African green monkey kidney cells {such as VERG-75, ATCC CRLUIS8Y); human cervical carcinoma
cells {such as HELA, ATCC CCL 2); canine kigney cells {such as MDCK, ATCC CCL 34); buffalo rat liver
cells {such as BRL 3A, ATCC CRL 1442); human {ung celis {such as W138, ATCC CCL75); human liver cells

{such as Hep G2,1413 8065); mouse mammary tumor {such as MIMT 080562, ATCC CCL-51); TRi calls
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{(Mather et al, Annals N. Y Acad. 5¢i. {1982} 383: 44-68); MRC5 celis; F54 cells; and a human hepatoma

fine {such as Hep G2}.

Production of Binding constructs

in a further embodiment, the invention provides a process for producing & hinding construct of the
invention, said process comprising culturing a host cell of the invention under conditions allowing the
exprassion of the binding construct of the invention and recovering the produced binding construct
from the culture.

As used herein, the term “culturing” refers to the in vitro maintenance, differentiation, growth,
proliferation and/or propagation of cells under suitable conditions in a medium. Cells are grown and
maintained in a celi growth medium at an appropriate femperature and gas mixture, Culture
conditions vary widely for sach cell type. Typical growth conditions are a temperature of about 37°C, 2
CO2 concentration of about 5% and a humidity of about 95%. Recigpes for growth media canvary e.g. in
pH, concentration of the carhon source {such as ghicose}, nature and concentration of growth
factors, and the presence of other nutrients {such as amine acids or vitamins). The growth factors
used to supplement media are often derived from the serum of animal blood, such as fetal bovine
serum {FBS), bovine calf serum {FCS}, equine serum, and porcine serum. Cells can he grown either in
suspension or as adherent cultures. There are also cali Hines that have been modified to be able 1o
survive in suspension cultures so they can be grown 1o a higher density than adherent conditions
would allow.

The term “expression” includes any step involved in the production of a hinding construct of the
invention including, but not limited to, transcription, post-transcriptional modification, translation,
folding, post-transiational modification, targeting 1o specific subcellular or extracelular locations, and
secretion. The term “recovering” refers to a series of processes intended to isolate the binding
construct from the cell culture. The “recovering” or “purification” process may separate the protein
and non-protein parts of the cell culture, end finally separate the desired binding constract from all
other polypeptides and proteins. Separation steps usually exploit differences in protein size, physico-
chemical properties, binding affinity and biological activity. Preparative purifications aim to produce a
relatively large gquantity of purified proteins for subseguent use, while analytical purification produces
a relatively small amount of a protein for a variety of research or analytical purposes.

When using recombinant technigques, the binding construct can be produced intracellularly, in the
periplasimic space, or directly secreted into the medium. If the binding construct is produced
intracallularly, as a first step, the particulate debris, sither host cells or lysed fragments, are removed,
for example, by centrifugation or ultrafiltration. The binding construct of the invention may e.g. be
produced in bacteria such as E. coli. After expression, the construct is isolated from the bacterial cell
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paste in 2 soluble fraction and can be purified e.g. via affinity chromatography and/or size exclusion.
Final purification can be carried out in a manner similar to the process for purifying a binding construct
expressed in mammalizn celis and secrated into the madium. Carter el al. {Biotechnology (NY} 1992
Feh;10{2):163-7} describe a procadure for iselating antibodies which are secrated to the periplasmic
space of E. ool

Whare the antibody is secrated into the medium, supernatants from such expression systems are
generally first concentrated using a commercially available protein concentration filter, for example,
an ultrafiltration unit.

The hinding construct of the invention prepared from the host cells can be recovered or purified using,
for example, hydroxviapatite chromatography, gel electrophoresis, dialysis, and affinity
chromatography. Cther technigues for protein purification such as fractionation on an ion-exchange
column, mixed mode ion exchange, HIC, ethanol precipitation, size exciusion chromatography, reverse
phase HPLC, chromatography on silica, chromatography on heparin sepharose, chromatography on an
anion or cation exchange resin {such as 2 polyaspartic acid colurmn), immunoaffinity {such as

Protein A/G/L) chromatography, chromato-focusing, SDS-PAGE, ultracentrifugation, and ammonium
sulfate precipitation are alse available depanding on the binding construct to be recovered.

A protease inhibitor may be included in any of the foregoing steps to inhibit proteolysis, and antibiotics

may be included to prevent the growth of contaminants.

Formulations

Moreover, the invention provides a compaosition or formulation comprising a binding construct of the
invention or a binding construct produced according to the process of the invention.

Compeositions of the invention include, but are not limited to, liguid, frozen, and lyophilized
compositions.

The compaositions may comprise a pharmaceutically acceptable carrier. In general, as used herein,
“wharmaceutically acceptable carrier” means any and all aqueous and non-agueous solutions, sterile
solutions, solvents, buffers, 2.g. phosphate buffered saline (PBS) solutions, water, suspeansions,
amulsions, such as oil/water emulsions, varicus types of wetting agants, liposomes, dispersion media
and coatings, which are compatible with pharmaceutical administration, in particular with parenteral

administration. The use of such mediz and agenis in pharmaceutical compositions is well known in the
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art, and the compaositions comprising such carriers can be formulatad by well-known comventional
methods.

Certain embodiments provide compositions comprising the kinding construct of the invention and
further one or more excipients such as thosa illustratively described in this saction and elsewhere
herein, Excipients can be used in the invention for a wide variety of purposes, such as adjusting
physical, chemical, or biclogical properties of formulations, such as adjustment of viscosity, and or
processes of the invention to improve effectiveness and/or 1o stabilize such formulations and
processes against degradation and spoilage e.g. due to stresses that ocour during manufacturing,
shipping, storage, pre-use preparation, administration, and thereafter. Excipients should in general be
used in their lowest effective concentrations.

in certain embodiments, the composition may contain formulation materials for the purpose of
modifying, maintaining or preserving certain characieristics of the composition such as the pH,
osmolarity, viscosity, clarity, color, isctonicity, odor, sterility, stability, rate of dissolution or release,
adsorption or penetration (see, Remington’s Pharmaceutical Sciences, 18" Edition, 1990, Mack
Publishing Company}. In such embodiments, suitable formulation materials may include, but are not
limited to, &.g., amino acids, antimicrobials such as antibacterial and antifungal agents, antioxidants,
huffers, buffer systems and buffering agents which are used 1o maintain the composition at
physiological pH or at a slightly lower pH, typically within a pH range of from about 5 to about § or 5,
non-agueous solvents, vegetable oils, and injectable organic esters, aqueous carriers including water,
alcoholic/agueous solutions, emulsions or suspensions, including saline and buffered media,
biodegradable polymers such as polyesters, bulking agents, chelating agents, isotonic and absorption
delaying agents, complexing agents, fillars, carbohydrates, {low molecular weight} proteins,
polypeptides or proteinacecus carriers, preferably of human origin, coloring and flavouring agents,
sulfur containing reducing agents, diluting agents, emulsifying agants, hydrophilic polymers, sait-

forming counter-ions, preservatives, metal complexes, solvents and co-solvents, sugars and sugar
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alcohols, suspending agents, surfactants or wetting agents, stability enhancing agents, tonicity
enhancing agents, parenteral delivery vehicles, or intravenous delivery vehicles.

Different constituents of the composition can have different effects, for example, and amino acid can
act as a buffer, a stabilizer and/or an antioxidant; mannitol can act as a bulking agent and/or a tonicity
enhancing agent; sodium chloride can act as delivery vehicle and/or tonicity enhancing agent; etc.
Salts may be used in accordance with certain embodiments of the invention, a.g. in order to adjust the
ionic strength and/or the isotonicity of 2 composition or formuiation and/or 1o improve the solubility
and/or physical stability of a binding construct or other ingredient of a composition in accordance with
the invention. ions can stabilize the native state of proteins by binding to charged residues on the
protein's surface and by shielding charged and polar groups in the protein and reducing the strength of
their electrostatic interactions, attractive, and repulsive interactions. lons also can stabilize the
denatured state of 2 protain by binding to, in particular, the denatured peptide linkages {--CONH) of
the protein. Furthermore, ionic interaction with charged and polar groups in a protein also can reduce
intermolecular electrostatic interactions and, thereby, prevent or reduce protein aggregation and
insolubility.

ionic species differ significantly in thelr effects on proteins. A number of categorical rankings of ons
and their effects on proteins have been developed that can be used in formulating pharmaceutical
compositions in accordance with the invention. One example is the Hofmeister series, which ranks
lonic and polar non-lonic solutes by their effect on the conformational stahility of proteins in solution.
Stabifizing solutes are referred {o as “kosmotropic”. Destabilizing solutes are referred to as
“chaotropic”. Kosmotropes are commoniy used at high concentrations to precipitate proteins from
solution {“salting-out”). Chaotropes are commonly used to denature and/or to solubilize proteins
{“salting-in"). The relative effectiveness of fons to “salt-in” and “sait-out” defines their position in the
Hofmeister serigs.

free amino acids can be used in formulations or compositions comprising the binding construct of the
invention in accordance with various embodiments of the invention as bulking agents, stabilizers, and
antioxidants, as well as for ather standard uses. Certain amino acids can be used for stahilizing
proteins in a formulation, athers are useful during lvophilization to ensure correct cake structure and
properties of the active ingredient. Some amino acids may be useful to inhibit protein aggregation in
both liguid and yophilized formulations, and others are useful as antioxidants.

Polyols are kosmotropic and are useful as stabilizing agents in both Houid and lvophilized formulations
0 protect proteins from physical and chemical degradation processes. Polyols are also useful for

adjusting the tonicity of formulations and for protecting against freaze-thaw stresses during transport
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or the preparation of bulks during the manufacturing process. Polvols can also serve as
cryoprotectants in the context of the present invention,

Certain embodiments of the formulstion or composition comprising the binding construct of the
invention can comprise surfactants. Proteins may be susceptible to adsorption on surfaces and to
denaturation and resulling aggregation at air-liquid, solid-liquid, and lguid-liquid interfaces. These
deleterious interactions genersally scale inversely with protein concentration and are typically
exacerbated by physical agitation, such as that generated during the shipping and handling of 2
product. Surfactants are routinely used to prevent, minimize, or reduce surface adsorption.
Surfactants also are commonly used to control protein conformational stability. The uss of surfaciants
in this regard is protein specific, since one specific surfactant will typically stabilize some proteins and
destahilize others.

Certain embodiments of the formulation or composition comprising the binding construct of the
invention can comprise one or more antioxidants. To some extent deleterious oxidation of proteins
can be prevenied in pharmaceutical formulations by maintaining proper levels of ambient oxygen and
temperature and by avoiding exposure to light. Antioxidant excipients can zlso be used to prevent
oxidative degradation of proteins, Itis envisaged that antioxidants for use in therapeutic protein
formulations in accordance with the present invention can be water-soluble and maintain thelr activity
throughout the shelf life of the product {the compositon comprising the binding construct).
Antioxidants can also damage proteins and should hence — among other things - be selected in a way
o eliminate or sufficiently reduce the possibility of antioxidants damaging the binding construct or
other proteins in the formulation.

Farmulations in accordance with the invention may include metal ions that are protein co-factors and
that are necessary to form protein coordination complexes, such as zinc necessary to form certain
insulin suspensions. Metal ions also can inhibit some processes that degrade proteins. However, metal
ions also catalyze physical and chemical processes that degrade proteins. Magnasium ions {10-120
mi) can be used to inhihit isomerization of aspartic acid to isoaspartic acid. Ca+2 ions {up to 100 mM)
can increase the stability of human deoxyribonuclease, Mgt+2, Mn+2, and Zn+2, howsver, can
destahilize rhDNase, Similarly, Ca+2 and Sr+2 can stabilize Factor Vil, it can be destabilized by Mg+2,
Mn+2 and Zn+2, Cu+2 end Fe+d, and its aggregation can be increased by Al-3 ions.

Certain embodiments of the formulation or composition comprising the binding construct of the
invention can comprise one or more preservatives, Preservatives are necessary for example when
daveloping multi-dose parenteral formulations that involve more than one exdraction from the same
container. Their primary function is to inhibit microbial growth and ensure product sterility throughout
the shelf-life or term of use of the drug product. Although preservatives have a long history of use with

small-molecule parenterals, the development of protein formulations that include preservatives can
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be challenging. Preservatives very often have a destabilizing effect {aggregation} on proteins, and this
has become a major factor in limiting their use in multi-dose protein formulations. Seversl aspects
need to be considered during the formulation and development of preserved dosage forms. The
effective preservative concentration in the product must be optimized. This requires testing a given
preservative in the dosage form with concentration ranges that confer anti-microbial effectiveness
without compromising protein stability,

Development of liguid formulations containing preservatives are more challenging than lyophilized
formulations. Freeze-dried products can be lyophilized without the preservative and reconstituted
with a preservative containing diluent at the time of use. This shortens the timea during which a
preservative is in contact with the binding construct, significantly minimizing the associated stability
risks. With liguid formulations, preservative effectiveness and stability should be maintained over the
entire product shelf-life. An important point to note is that preservative effectiveness should be
demonstrated in the final formulation containing the active drug and all excipient components. Once
the pharmaceutical composition has been formulated, it may be stored in sterile vials as a solution,
suspension, gel, emulsion, solid, crystal, or as a dehydrated or lrophilized powder, Such formulations
may be stored esither in a ready-to-use form or in a form {e.g., lyophilized) that is reconstituted prior to

administration.

Kits

i further smbodiments, the invention provides a kit comprising a binding construct that hinds to
MAGEBR? and is useful for detection of MAGEBZ2 in a tumor sample, wherein the binding construct
camprises any of the binding constructs disclosed herein. In one embodiment, the binding construct
that is usetul for detection of MAGEB2Z is 2 monocional antibody that binds to MAGEBZ. in further
embodiments, the kit further comprises a therapeutic that is effactive for treating cancer that
expresses MAGEB2. in certain embodiments, the kit can optionally provide a package insert
comprising instructions for detecting MAGEB2 and administration of a cancer therapeutic.

in further embodiments, the kit further comprises binding constructs {e.g., antibodies) that are useful
o detact different biomarkers other than MAGEBZ, e.g., further comprising a MAGEA4 or 2 MAGEAS

binding construct.

As uysed herein, the singular forms “a”, “an”, and “the” include plural references unless the context
clearly indicates otherwisa. Thus, for example, reference to “a reagert” includes one or more of such
different reagents and reference to “the method” includes reference to equivalent steps and methods

683

SUBSTITUTE SHEET (RULE 26)



WO 2022/212831 PCT/US2022/023034

described herein,

Unless otherwise indicated, the term “at least” preceding a series of elements is 1o be understood to
refer to every element in the series. Those skilled in the art will recognize, or be able to ascertain using
no more than routine experimentation, many egquivalents to the specific embodiments of the
invention described herein. Such equivalents are intended to he encompassed by the present
invention.

The term “and/or” wherever used herein includas the meaning of “and”, “or” and “all or any ather
combination of the elements connected by said term”.

The term “sbout” or “approximately” as used herein means within $20%, preferably within £15%,
more preferably within £10%, and most preferably within 5% of a given value or range. it also
includes the concrete value, e.g., “about 50" includes the value "507.

Throughout this specification and the claims, unless the context requires otherwise, the word
“comprise”, and variations such as “comprises” and “comprising”, will be understood to imply the
inclusion of a stated integer or step or group of integers or steps but not the exclusion of any other
integer or step or group of integer or step. Whan used herein the term “comprising” can he
substituted with the term “containing” or “including” or sometimes when used herein with the term
“having”.

When used herein “consisting of” excludes any element, step, or ingradient not specified in the caim
elemeant. When used herein, “consisting essentially of” does not exclude matarials or steps that do not
materially affect the basic and novel characteristics of the cdlaim.

in each instance herein, any of the terms “comprising”, “consisting essentially of” and “consisting of”

may he replaced with either of the other two terms.

it should be understood that the above description and the below examples provide exemplary
arrangements, but the present invention is not limited to the particular methodologies, technigues,
protocols, material, reagents, substances, ete., dascribad herein and as such can vary. The terminology
used herein is for the purpose of describing particular embodiments only, and is not intendead to limit
the scope of the presant invention, which is defined solely by the claims. Aspecis of the invention are
provided in the independent claims. Some optional features of the invention are provided in the
dependent claims.

All publications and patents cited throughaut the text of this specification {including all patents, patent
applications, sclentific publications, manufacturer’s specifications, instructions, etc.}, whether supra or
infra, are hereby incorporated by reference in their entirety. Nothing herein is to be construed as an

adrnission that the invention is not entitled to antedate such disclosura by virtue of prior invention. To
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the extent the material incorporated by reference contradicts or is inconsistent with this specification,
the specification will supersede any such material.

A beltter understanding of the presant invantion and of is advantages will he obtained from the
following examples, offered for #lustrative purposes only. The examples are not intended and should

not he construed as to limit the scope of the present invention in any way.

EXAMPLES

Example 1 MAGES2 immunogen Design

Protein sequences of 35 H. sapiens MAGE family members were downloaded from UniProtkB
{www.uniprot.org): MAGEAL (P43355), MAGEAZ {P43356), MAGEA3 [F43357), MAGEAS {P43358),
MAGEAS (P43359), MAGEAS {PA3360), MAGFAS {PA43361), MAGEAS {P43362), MAGEALD (P43363),
MAGEA11 [P43364), MAGEALZ (P43365), MAGEBRT (P43366), MAGEB2 (015479}, MAGER3 {015479),
MAGEBA {015481), MAGEBS [Q98781), MAGERS {Q8N7X4), MAGER10 (Q96L72), MAGER1S {A2A363),
MIAGEBL7 [ABMXT2), MAGER1S (Qu6M61), MAGECT {060732), MAGEC2 {Q9UBF10), MAGEC3
{Q8TDG1), MAGEDT {QOYSV3), MAGEDRZ? {QSUNF1}, MAGEDS ((96JG8), MAGEET {GOHCIS), MAGEE?
{QBTDHS0), MAGEHT ((19H213), MAGEF1 {(IGHAY2), MAGEL2 {Q8UJ55), NSE3 {QS6MGT), TROP
{012818}, and NECD [Q99608). Clades were determined using the Neighbor-ioining Tree Builder
algorithm in Geneious vi10.2,

Shannorn entropy, & quantitative metric describing the diversity of amine acids observed at a given
position in an alignment, was used 1o select MAGERZ peptide immunogens having low amino acid
conservation across the entire MAGE family and MAGE-B clade {B1, B2, B3, B4, B5, B17}. MAGE family
or MAGE-B clade members were aligned using MUSCLE {R. C. Edgar. Nucleic Acids Res. 2004; 32{5}
1792-1797}. The Shannon entropy was calculated at each position in the alignment using Hg(j) =
-3 fi]- log, fij, where HS{) is the Shannon entropy at position f and §if is the frequency of AAJ at
position . Shannon entropy was mapped onto the structure of the MAGE homology domain {MHD) of
MAGEAS {POB 1D 2wali or a Rosetta homology modal of the MHD of MAGEB2 using a custom script
that replaces the PRE b-factor of each atom with the normalized Shannon entropy value forits
corresponding residug and then visualizing in PyMOL v1.8 (The PyMOL Molecular Graphics System,
Version 1.8 Schrddingsr, LLC) using color by b-factor,

A custom script was used o deterministically rank regions of length n {n = 5-40 amino acids} in the
alignment from highest to lowest average Shannon entropy {lowest to highest conservation) using a
sliding window approach. Forthe entire MAGE family, regions of length 10-30 with lowest

consarvation across the family cluster to three distinct areas: two areas N-terminal to the MHD and

~
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one area within the helical N-terminus of the MHD. Analysis of the MAGE-B clade revealed a clade-
specific area of low conservation located on a loop at the interface of two globular fobes of the MHD.
MAGEB2 peptide immunogens were selected from the following three identified regions of low
conservation: the region N-terminal to the MHD, the helical N-terminus of the MHD, and the MDH
interface loop region. The peptide ranges within these regions were refined based on average
Shannon entropy score, visual inspection of sequence alignmaents, considaration of structural features
such as solvent accessibility and conservation of secondary structure as an isolated peptide as
predicted by PSIPRED {lones DT. {1999} Protain secondary structure prediction based on position-
specific scoring matrices. |, Mol. Biol. 292: 195-202), and whether 3 sequence biast against the non-
reductant h. sapiens protecme revealed hits with high homology in non-MAGE proteins. Regions of
MAGEB? selected as peptides immunogens were MAGEB2 3.3.43-76:
SSVSGGAASSSPAAGIPGEPCRAPTTAAAAAAGY (N-terminal ragion peptide); MAGER2 2.2.95-125:
SSSCASTSTHSPSEDPLTRKSGSLVOFLLYK {MHD N-terminal helix paptide}; and MAGER? 2.2.185-200:
DLTDEESLISSWDFPR {MHD middle loop peptidel.

Paptides from MAGE homologs with »50% pairwise identity to the MAGEB2 immunogens were
selected for experimental counter-sereening. Additional MAGER2 homolag peptides were selectad for
counter-screening. For MAGER2 3.3.43-76 {N-terminal region peptide), selected counter screening
peptides were derived from MAGE- B1, B4, B17, Ad, A1, A5, Al2, A6, A3, A2, A11, and AB. For MAGE
B2 a.3.85-125 {MHD N-terminal helix peptide}, selected counter screening peptides were derived from
MAGE- B4, BS, B17, (3, All, AB, A3, A3, Al0, F1, A4, AL, A12, {2, A2, EL, and C1. For MAGER2 a.3.185-
200 {MHD middie loop peptide), a single counter screening peptide derived from MAGEBT was

selected.

Example 2: Generation and Selection of Antibodies
imrmunizations
Rabbits were immunized according to standard protocols, and splenccytes were isolated and frozen

from immune animals.

Preparation of Peptides for Antigen-Specific Sorting

27 biotin-labeilled MAGE counter-scraening peptides {Table 7} were pooled together in equal molar
concentration 1o create a working cocktall, The cocktall was complexed to newtravidin {Fisher:
PI31000) at a molar ratio of 4.1 {neutravidinpeptide) in 2% FBS FACS buffer {calchim and magnesium
free PBS with 2 % v/v FBS). The mixture was left to incubate at 4 °C for 15 minutes. Fachofthe 3

biotin-labeliad MAGER2 target peptides (N-Terminal Region Peptide, Middle Loop Region Peptide, N-
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Terminal Helix Peptide, see Table 8} was complexed to a different fluorescently-tagged streptavidin
using the same 4:1 {streptavidin:peptide} molar ratio in 2% FBS FACS buffer and then left to incubate
at 4 °Cfor 15 minutes, MAGER2 N-Terminal Peptide was complexad to BV421 straptavidin (BD:
563259}, MAGER2 Middle Loop Region Paptide was complexed to BVB0S straptavidin {BD: 563855},
and MAGEB2 N-Terminal Helix Peptide was complexed o Alexa Fluor 647 streptavidin {Jackson: 016-
600-084).

Unbound streptavidin or neutravidin was guenched by adding esxcess amount of D-biotin {Fishar
B8P232-1] at molar ratio of 600:1 {D-bictin:streptavidin or neutraviding, the peptides were then left io
incubate for another 15 minutes at 4 °C. The 3 MAGEBR2? target peptides were pooled together just

hefore use.

Table 7: 27 MAGE counter-screaning peptides.

CTenuHelix {Biotin-NH} SYVKVLEYVIKVSARVRIFFFPSLREAA {COOH?

{Biotin-NH

2 Al NTerminalPeptide SSPLVLGTLEEVPTAGSTDPPOSPOGASAFPTIINFT {COOH}

3 A2 NTermHelix {Biotin-NH} PDLESEFOQAASRKMVELVHFLLLE {COOH :
{Biotin-NH}

4 AZ NTerminalPeptide SSTLVEVTLGEVPAADSPSPPHSPOGASSFSTTINYT {COOH}
{Biotin-NH} STFPDLESEFQAALSRE VAELVHFLLLK

5 A3 NTermHelix {COOH!
{Biotin-NH}
SSTLVEVTLGEVPAAESPDPPQSPOGASSLFTTMNY

6 A3 NTerminalPeptide {CO0H
{Biotin-NH} STSPDPESVFRAALSKKVADLIHFLLLK

7 AS NTermHelix SCO0H}
{Biotin-NH}

A5 NTermimalPeptide SSPLVPGTLGEVPAAGSPGPLR SPOGASAIPTAIDFT {COOH}

A% CTermHelix {C195) {Biotin-NH} SYEKVINYLVMLNAREPISYPSLYEEY {COOH}
{Rictin-NH} SSSVDPAQLEFMFQEATKLKVAELVHFLLHK

10 A% NTermHelix {COOH:!

{Blotie-NH} STLOVLPDSESLPFRSEIDEEVIDLVQFLLFK

11 Al NTermHelix {COOH}

{Riotin-NH} STSPDLIDPRSFSQDLHDKHDLVHLLLRK

{2 All NTermHelix {CO0H

{Biotin-NH}

13 All MTerminalPeptide SSTLNVGTLEELPAABSPSPPOSPOEESFSPTAMDAL { COOH}
{Biotin-NH} STFPDLETSFOVALSRKMAELVHFLLLE

14 Al2 NTermHelix {CO0H}
{Biotin-NH}
13 AlZ NTerminalPeptide SSTLVEVTLREVPAAESPSPPHSPOGASTLPTTINYT {COQH}
16 Bi MiddleLoopRegion {Biotin-NH} NUTNDGNLSNDWIFPR { COOH)
{Biotin-NH}
17 Bl NTerminalPeptide SSPYVLGITPTSSPAAGIPOKPOGAPFTTTAAAAV {COOH:
{Biotin-NH} SESCASTSTER SLEDSLTRETKMLVOFLLYK
18 B4 NTemmHelix {COOH:
{Biotin=NH} SSVLRDTASSSLAFGIPQEPOQREPPTTSAAAA
19 B4 NTenninalPeptide {CO0H}
72
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{Biotin-NH} SSEVSPSTESSSSNFINIKVGLLEQFLLYK
20 B3 Neermielix (C128) §COOH}

{Riotin-NH} NSFHGPRSSESTGRDLLNTKTGELVQFLLNK
21 B17 NTermHelx {COOH:

B17 NTerminalPeptide {BiotineWNH} SSPASQSPPOSFPNAGIPUTISQRASYPESPASAY

22 (C58) {COOH}

{Bietin-NH} TDSESUIESEPLEFTYTLDERVDELARFLLLK
23 {1 NTemHelix {COQOH:!

{Bloti-NH} GTSQGLPDSESSFTYTLOBEKVAELVEFLLLK
24 2 NTermHelix {C38) (COOH}

{Riotin-NH} HALPESESLPRYALDEKVAELVOFLLLK
23 €3 NTermHelix {CO0H}

{Biotin-NH} NTSRVAITLEPQDPMEQNVAELLOFLLVK
26 El NTermHelix {CO0H}

{Biotin-NH} ALAAKALARRRAYRRLNRTVAELVQFLLVE
27 F1 NTermHelix {CO0H

Table 8: 3 MAGEB2 Target Peptides

OB e
i B2 MiddieLoopRegion | (Bietin-NH} DLTDEESLLSSWDFPR {COOH}
{Rictin-NH} SESOASTSTKSPSEDPLTRESGRLVOFLLY K.

2 B2 NTermHelix {CO0H
{Biotin-NH} SSVSGGAASSSPAAGIPQEPQRAPTTAAAAAAGY
B? NTerminaiPeptide | {COOH}

3]

Preparation of Rabbit Splenocyies for Antigen-Specific Sorting

Rabbit splenocytes were thawed into 10% 1CM (immune Cell Culture Medium} and dead cells were
remaoved using the Miltenyi Biotec MACS Dead Cell Removal it {Miltenyi: 130-090-101). The cells
were then washed in 106 ml of cold 2% FBS FACS buffer. After a 4-minute centrifugation af 400G, the
supernatant was removed using a serological pipette and the cocktzil of neutravidin-complexed MAGE
counter-screening peptides was added. The cells were left to Incubate at 4 °C for 30 minutes, at which
polnt the 3 streptavidin-complexed MAGER2 target peptides along with 5 pg of FiTC-conjugated goat
anti-rabbit igG Fe antibody {Serotec: STARI21F) were added to stain 1gG-expressing, antigen-specific
cells. The final concentrations of the peptides in the 1 mi reaction volume were: 120 nM for the
cocktail of counter-screening peptides, and 16.5 nM for sach target peptide. The cells were incubated
for another 30 minutes at 4 °C, then washed in 10 ml of cold 2% FBS FACS buffer and cantrifuged

again. After removing the supernatant, the cells were resuspended in 2 mbL of 10% ICM and then put
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through a 40 um cell strainer to remove any clumps. 10 pl of 7-AAD viability staining solution {Fisher:

00-6393-50} was added to the cells 10 minutes prior to sorting.

Sorting and Culturing of Antigen-Specific Cells

Cells were sorted on a BD FACSAria 1 equipped with 405 nm laser {detection: 450/50 nim, 610/20 nm),
488 nm laser {detection; 530/30 nm, 695/40 nm)}, and 640 nim iaser (detaction: 720/45 nm) using a 100
micron nozzle at 20 Psi sheath pressure, Dead cells were excluded by gating on population not
fluorescent in 7-AAD, and MAGEB? target peptide binders were sorted by drawing 3 gates using the
following selection criteria: FITCH/BYA2 1+, FITCH/BVEBO0S+, FITC+/Alexa Fluor 647+ {see Figure 1). An
initial sort was performed using Yield precision mode to enrich target populations from ~0.1 % 1o
~50%, this was followed by a second round of sorting using Purity precision mode to single cell sort
MAGEBZ target peptide binders into 384-well tissue culture platas pre-filled with 10% ICM
supplemented with 4% rabbit T-cell supernatant, 2 pl/mi of anti-rabbit 1gG microheads {Miltenyi: 130-
048-502), and gamma-ray-irradiated £L4 celis at 2 density of 437,500 celis/mi. The piates were stored
in tissue culture incubator {37 °C, 5 % C02), and outgrowth was assessed 7 days later by visual scoring
using an inverted microscope, After 8 days, supernatants were collected from the tissue culture plates

and the cells were lysed in Buffer RLT (Qiagen: 79218) and frozen at -80 °C.

initial Detection of MAGEB2 Antibodies

B-cell cubture supernatanis were screened for the presence of positive secreting antibodies using a
rabbit igG capturs ELISA. Goat anii rabbit {gG {Fc} ackson, Cat. No. 111-005-046} was coated in 1 x
phosphate buffered saline {PBS) overnight at 4 °C onto Corning 3702 384 well polystyrene plates.
Plates were washed 4 cydes using a Titertek plate washer and blocked with 1xPBS/1%mitk. Then the
plates were aspirated and B-cell culture supernatants were diluted at 1.5 final in 1xPBS/1%milk and
incubated for 1 hour at room temperature. Plates were washed 4 cycles and then horseradish
peroxidase (HRP} conjugated goat anti human 1gG {Fc) {Jackson, Cat.No. 111-035-046) made up in
1xXPBS/1%mitk was added and incubated for 1 hour at room temperature. Plates were washed 4
eycies, then 1 step TMB {Neogen cabl No. 319177} was added for 30 minutes al room temperaiure and
subsequently quenched with LN hydrochloric acid. Plates were read on the Muitiscan Ascent plate
reader at OD 450nm and a total of 129 rabbit antibodies were positive with the breskdown of hits per

region representad in Table 9 below,
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Tabla %:
Binding region peptide Total # Positive
MAGEB2 middie loop region peptide 50
MAGEB2 N-term helix peptide 35
MAGER2 N-term peptide 45

identification of MAGEB?Z2 Specific Antibodies

MAGER?2 antibodies were tested for binding using biotinylated MAGER? peptides coated on xMAP
LumAvidin Microspheres or Luminex beads {Luminex Cat No. L100-LXXX-01]}. These avidin coupled
microparticles are color coded into different spectrally distinct regions, with unigue Huorescent dye
combinations allowing for non-covalent binding of biotinylated proteins. To validate the rabbit 1gG
capture ELISA resulls in the first bead-based FACS assay the panel of 129 rabbit antibodies was tested
against the same 3 peptides that the rabbits were immunized with: MAGEB2 middie foop region
peplide, MAGEB2 N-terminal helix peptide and MAGEB2 N-terminal region peptide. The three
bictinylated peptides were coated using three different LumAvidin beads in FACS buffer [IxP85+2%
fetal hovine serum (Hyclone Cat No., SH30396.03}] for 30 minutes at room temperature in the dark.
The beads were then washed twice in FACS buffer by centrifugation for 2 min at 3500 RPM. The
coated beads were resuspended and pooled together {3-plex} and added to the B-call culture
supernatanis at a 1:2 final dilution onto Corning 3897 96 well V-bottom polystyrene plates and
incubated for 1 hour at room temperature in the dark. Another 2 washes in FACS buffer were done
before the addition of Alexa 488 conjugated goat anti rabbit igG {Fo) {Jackson, Cat No. 111-545-046}
made up in FACS buffer was added and incubated for 15 minutes at room temperature in the dark. A
final wash was dona before plates ware read on the iQue FACS machine with intellicyte autosampler to
obtain flow cytometry measurements according to the manufacturer’s recommendations; data
analysis was done on intellicyt ForeCyt® Enterprise Client Edition 6.2 {R3). A total of 82 wells were

identified as MAGEB2 positive with the breakdown of hits per region as presentad in Table 10 helow.

Table 18,
Binding region Total #f Positive
MAGEB2 middie loop region peplide 21
MAGEBRZ Neterm helix peptide 4
MAGEB2 N-term region peptide 37

in the second bead-based FACS assay the panel of 129 rabbit antibodies was tested against 9 other
peptidas of similar sequence to determine MAGEB? specificity: MAGEB1 middie loop region peptide,
MAGEB4 N-term helix peptide, MAGEBS N-term helix peptide, MAGELT N-term helix paptide, MAGEF1
N-term helix peptide, MAGEEL N-term helix peptide; MAGERL N-term peptide peptide, MAGEB4 N-
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term region peptide and MAGEBI? N-term region peptide. The nine biotinyiated peptides were
coated using nine different LumAvidin beads in FACS huffer [ 1xPBS+2% fetal bovine serum {FBS}] for 30
minutes at room temperature in the dark, The beads were then washed twice in FACS buffar by
centrifugation for 2 min at 3500 RPM. The coated beads were resuspended and pooled togather {8-
plex} and added to the rabbit B-celi supernatants at a 1:2 final dilution onto Corning 3897 96 well V-
bottom polystyrens plates and incubated for 1 hour at room temperature in the dark, Another 2
washes in FACS buffer were done before the addition of Alexa 488 conjugated goat anti rabbit 1gG {Fe)
{Jackson, Cat No. 111-345-048) made up in FACS buffer was added and incubated for 15 minutes at
room temperature in the dark. A final wash was done before plates were read on the iQue FACS
machine with Intellicyte autosampler to obtain flow cytometry measurements according to the
manufacturer’s recommaendations; data analysis was done on intallicyt ForeCyt® Enterprise Cliant
Edition 6.2 (R3). A total of 43 wells were identified as MAGERZ specific with the breakdown of hits per
region as represented in Table 11 below. All 43 wells underwent heavy chain and light chain

sequencing.

Tahbls 11,
Binding region Total # Positive
MAGEB2 middie loop region peptida 12
MAGEB2 N-term helix peptide 18
MAGER2 N-term region peptide 12

identification of MAGEB? Highest Affinity Antibodies

To determine which of the 43 MAGEB2 specific antibodies to take forward to cloning, a limited antigen
(LA} kinetics FACS assay done on LumAvidin beads using full length MAGEBR2 protein, to rank the panal
and select the highest affinity antibodies.

huMAGEB2{1-319} in pET23 was transformed into BL21{DE)-star plysS strain {invitrogan). Single
colonies were used to inoculate 2ml Luria Broth supplemented with carbenicitlin {50 ug/mi) and
chicramphenicol {34 up/mb} and grown shaking at 37°C for several hours untif turbid, Two hundred
microliters of culture were used to inoculate 400 mi of Luria Broth {Teknova) supplementad with
selection antibiotics and antifoam 204 (Sigma}. These cultures were grown shaking at 24 °C overnight.
Turbid cultures were used to seed -liter Terrific Broth {Teknova) supplemented with 1% {w/v] glucose,
2 MgS04, 17 ug/l carbeniciilin, 12 pg/L chioramphenicol and antifoam 204 (in 4L baifled shake
flasks) to an ODesw = 6.2, These cultures were grown shaking at 37°C until an ODswo = 1.0, then were

shifted to 16°C and continued to grow to ODeeg = 2.0. At this point, protein expression was induced,
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with 100 uM IPTG, for 16 hrs. The cells were pelleted by centrifugation and stored at -80°C uniil
processing.

The MAGER2 pellets were rasuspended in Lysis Buffer {100mM TRIS pH 8.0, 300 mM NaCl, 15 mM
bME, SmM Benzamidine, G.0Img/mib lysozvime, 0.05 mg/mi Dnasel, 5%({v/v) glyeerol, and Halt
Protease Inhibitor Tablets {Pierce)} using & Polytron PT2100 homogenizer. The homogenizad calls
were fysed using Microfuidizer M-110Y {Mircofluidics} in three passes. The lysate was clarified by
centrifugation at 13,000 rom in a Beckman Cantrifuge in a JLA-16.250 rotor. The clarified lysate was
filterad through 0.22 wm filter before being applied 1o HisTrap Excal column {Cytival. The resin was
washed with 25mM TRIS pH 8.5, 0.5M Nadl, 10mM BME, 5% glycerod, 10 mM imidazole and MAGER2
was eluted with 25mM TRIS pH 8.5, 0.5M NaCl, 10mM BME, 5% glycerol, 500 mM imidazole.

The affinity captured MAGEB? was dialyzed against 20mM TRIS pH 8.5, G.5M NaCi, 5%iv/v} glyearol, 1
i TCEP and diluted 25-fold into 20 mM TRIS pH 8.5, 5% (v/v) glycerol, 1 mM TCEP before ion-
exchange chromatography using Q-sepharose HP {Cytiva). Bound MAGEBZ was eluted of the column
using a 20mM to 5300 mM NaCl gradient over 20 CV. Peak fractions were analyzed by SD5-PAGE and
pooled hased on the absence of low-molecular weight bands. The nerminal 6xHis tag was removad
from MAGER2 using caspase 3 protease at a 1:100 {w/w) ratio, after the addition of 2 mM EDTA and
0.1% CHAPS. The digest proceaded overnight at 4°C. The digest was dislyzed against 20 mM TRIS pH
8.5, 0.25M Nall, I mMTCEP to remove CHAPS and EDTA before ion-exchange chromatography.
Dialyzed MAGEB?2 was diluted 10-fold into 20 mM TRIS pH 8.5, 1mM TCEP and applied to Q-sepharose

HP resin {Cytiva). Bound MAGEB2 was eluted of the column using a 20mM to 500 mM NaCl gradient

molecular weight bands. This pool was biotinylated using recombinant BirA with 50 mM Bicine pH 8.3,
10 mM Mg-acetate, 10 mM ATP and 50uM d-bictin, The reaction proceeded overnight at 4°Cand 5 ug
of protein was analyzed by Mass spec {ask Dylan for the about instrument and methods) to monitor
biotin addition to MAGEBZ.

The biotinylation reaction was dialyzed against 20 mM TRIS pH 8.5, 150 mM NaCl, I mM TCEP to
remove axeess ATP and biotin, After dialysis the sample was difuted 10-fold, in 20 mm TRIS pH 8.5,
imM TCEP, and applied to Q-sepharose HP {Cytival. Bound MAGEB2 was eluted off the column using
3 20mM 1o 500 mM Nall gradient over 20 OV, Peak fractions were analyzed by SDS-PAGE and pooled
based on the presence of a 37 Kd band. The pooled fractions were concentrated using 10Kd MWCO
spin filters {Sartorius). The concentrated MAGEB2 was dialvzed against 30 mM HEPES pH 8.2, 0.15M
NaCl, 1 mM TCEPR, filterad through 8.22 um Posidyne syringe filter {Pall} and stored a1 -80°C,

During purification, mass spec analysis was used to confirm the identity of intact MAGEB2, caspase-3
cleaved MAGER2, and biotinylated MAGEB2. The homuogeneily of purification intermediates and final

protein ol was measured by sizing HPLC analysis on Agilent 1200 LC system using a VARA 3 um SEC
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2000 eolumn {(Phenomenex). Protein concentration was determined by A280 absorbance using
Spectramax spectrophotometer {Molecular Devices).

Bintinylated MAGES2 full length protein was titrated 1:2 across § different limited antigen
concentrations and then coated onto six different Lumavidin baads in FACS buffer [IxPBS+2% fetal
bovine serum {Hyclone Cat No. $H20396.03}] for 30 minutes at room tamperature in the dark. The
beads were then washed twice in FACS buffer by centrifugation for 2 min at 3500 RPM, The coated
beads were resuspended and pooled togethar (6-plex} and added to the rabbit B-cell supernatants at g
1:2 final dilution onto Corning 3897 96 well V-bottom polystyrene plates and incubated overnight at
room temperature in the dark. The next day 2 washes were done in FACS buffer before the addition of
Alexa 438 conjugated goat anti rabbit igG {Fc) {Jackson, Cat No. 111-545-046) made up in FACS buffer
was added and incubated for 15 minutes at room temperature in the dark. A final wash was done
before plates were read on the iGQue FACS machine with inteilicyle autosampler to obiain flow
cytometry measurements according to the manufacturer’s recommendations; data analysis was done
or intellicyt ForeCyt® Enterprise Client Edition 6.2 {R3). The LA data was aligned with the seguence
data and a total of 24 highest affinity, sequence diverse antibodies were identified, with the

breakdown of hits per reglon as shown in Table 12 below and in Figure 2 hereln,

Table 12,
Binding region Total # Positive
MAGEB? middie loop region peptide &
MAGEBZ N-term helix peptide 16
MAGEB2 N-term region peptide yi

Heavy and Light Chain Sequencing of Antibodias

Massangar RNA {mRNA} was purified from wells containing the antibody-producing cells using the
mRNA catcher plus kit {invitrogen). Purified RNA was used to amplify the antibody heavy and light
chain variable region (V) genes using cDNA synthesis via reverse transcription, followed by 2
polymerase chain reaction {RT-PCR}Y. The rabbit antibody gamma heavy chain was obtained using tha
Qiagen One Step Reverse Transcriptase PCR kit (Glagen). This method was used to generate the first
strand cDNA from the RNA template and then to amplify the variable region of the gamma heavy chain
using multiplex PCR. The 5’ gammma chain-specific primer annealad to the signal sequence of the
antibody heavy chain, while the 3’ primer annealed 1o a region of the gamma constant domain. The
rabbit kappa light chain was obtained using the One Step Reverse Transcriptase PCR kit {Qiagen). This
method was used to generate the first strand ¢DNA from the RNA template and then to amplify the

variable region of the kappa light chain using multiplex PCR. The 5 kappa light chain-specific primer
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annealed to the signal sequence of the antibody light chain while the 3" primer annealed to a region of
the kappa constant domain.

The PCR product was sequenced and amino acid sequences were deduced from the corresponding
nucleic acid sequences hioinformatically. Two additional, independent RT-PCR amplification and
sequencing cycles were completed for each sample in order to confirm that any mutations ohserved
were not a consequence of the PCR. The derived aming acld sequences were then analyzed to
determine the germiine sequence origin of the antibodies and to identify deviations from the germiine
sequance. A comparison of sach of the heavy and light chain sequences 1o thelr original germiine
seguences are indicated in sequence Table 4 herein. The amino acid sequences were used o group
the clones by similarity.

The variable region kappa light chain DNA segquences Tor the selected antibodies were made as &
synthefic genes. These synthetic genes were cloned with the rabbit kappa constant region in fo a pTT5
based expression vector. The variable region heavy chain DNA sequences for the selected antibodies
were made as synthetic genes. These synthetic genes were doned with a rabbit 1gG constant region in
1o a pTT5 based exprassion vector, After cloning, these antibodies were expressed in HEK2936E cells

transfected with PEL

Example 3: immunohistochemical Assays

Obiectivas

To assess the specificity of twenty-four rabbit anti-human MAGER2 antibodies to human MAGEBZ, and
potential cross reactivity for other MAGE-B and MAGE-A family members by immunohistochemical

{IHC)staining.

Cverview Summary

Twenty-four rabbit-anti hurman MAGEB2 supernatants were assessad for binding to human MAGEBR2
on transfected human MAGEBZ+ control cells by HHC. ARter initial screening assays, small bateh
purified antibody aliguots from four MAGEB? clones (4G17, 1115, 1C3, 1114} with dasired attributes
were assassad on transfected human MAGE-A+ and MAGE-B+ family member control cells, normal

human testes tissues, normal human tissue TMAS, and thirteen human cancar cell fines with known
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endogenous MAGEBZ RNA expression level by IHC, MAGER2 antibody clones 1114 and 13 displayed

properties that were desired for IHC

Materials and Methods

Control Cells and tissues

PCT/US2022/023034

Nagative control cells included parantal Chinase hamster ovary (CHQ) cells, CHO celis stably

transfected with mCherry Vector Control {minus Myo/DDK tags), CHO cells stably transfected with
mCherry-human DCAFALZ {plus Myo/DDK tags). The cross-reactivity control cells included CHO cells
transfectad with mCherry Vector Control {plus Myc/DDK 1ags) with one of the human MAGE-B or

MAGE-A family members {MAGEAT, MAGFEA2, MAGEA3, MAGEAS, MAGEAS, MAGEAG, MAGEAS,

MAGEAS, MAGEALL, MAGEALZ, MAGEBL, MAGER3, MAGEBA4, MAGEBS, MAGEBE, MAGEB1G,

MAGEB16, MAGEB1L7, MAGER18). Positive control cell lines included CHO cells transfected with

mCherry Vector {plus Myc/DDK tags) with human MAGE-B2 or CHO cells transfected with mCherry
Vector {open reading frame {ORF} minus Myc/DDK tags}) with human MAGEB2, and thirteen human
cancer cell fines with known endogenocus RNA expression level of MAGEBRZ {U266R1, T98G, KMM-1,
U206, CFPAC-1, SCaBER, UACC-257, CFPAC-1, VIMIRCALCD, NCI-HA703, UM-UC-3, NCI-H1395, NCIH8Z).

Celf pellets were fixed in 10% neutral buffered formalin, suspended in Histogel™ comtaining

agarose/plycerine {cat # HG-4000-12, Thermo Fisher Sclentific, Waltham, MA), and processed to
paraffin blocks. Two FFPE normal human testes tissues, and one FFPE normal human liver tissue ware

used as positive and negative controls, respectively, obtained from Human Tissue Science Center

{HTSC).

Table 13, Cells and Tissues

Species

HTSC Inventory Code
{Block ID)

Descriptions

Hamster

664001

Amgen in house TMA confain CHO, CHO- mChearry,
CHO- mCherry- human DUAF4L2+, CHO- MAGE-
Alr MAGE-AZY MAGE-A3+, MAGE-A4+ {variant

2, MAGE-AS+ MAGE-AS+, and MAGE-A8+ cell

line

Hamster

Amgen in house TMA contain CHO, CHO- mChaerry,
CHO- mCherry- human DCAF4L2+, CHO- MAGE-
Ad+ (variant 4), MAGE-AS+, MAGE-A10+, MAGE-
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Att+ {vaniant 1), MAGE-A11+ {variant 2}, MAGE-

Al1Z+ cell lines

Hamster

667548

Amgern in house TMA confain CHQ, CHO- mCherry,
CHO- mCherry- human DCAF4L2+, CHO- MAGE-
B+ (varant 1), MAGE-B1+ (variani 3), MAGE-B2+
{ORF = minus Myc/DDK 1ags), MAGE-BZ MAGE-

B3+, MAGE-BS+ (variani 1) cell linas

Hamster

687638

Amgen in house TMA contain CHO, CHO- mCherry,
CHO- mGherry. human DCAF4LZ2+, CHO- MAGE-
RS+ {variant 2}, MAGE-B6+, MAGE-B10+, MAGE-

B18+, MAGE-17+, MAGE-158+cell fines

Hamster

554686

Amgen in house TMA contain CHO, CHO- mCherry,
CHO- mGherrye human DCAF4LZ2+, CHO- MAGE-
BS+ (variant 2}, MAGE-B6+, MAGE-B10+, MAGE-

B16+ MAGE-17+, MAGE-18+cell fines

Human

827448

Amgen in house TMA contain UZ8881, KMM-1,
NCI-H1703, SCaBER, T88G, UACC-257 and
CFRAC-1 cell

Human

€85358

Armgen in house TMA conlain NCI-H1703, NCI-
H1395, VMRC-LCD, SCaBER cell

Human

685359

Amgen in house TMA contain U208, UM-UG-3,
NCI-H82, CFPAC-1 cell

Human

14749

Normal Teslis

Human

8497

Normal Testis

Human

358137

Normal Liver

81
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Tissues Microarray
FFPE normal human ThMA slides {normal human multiple organ tissue microarray) were obtained from

S BioMax (FDAS9%x, Crabbs Branch Way, Darwood, MD; hitps://www. biomax.us/FDAS95xK].

Antibodies

Twenty-four human MAGEB2 clone supernatants imonoclonal rabbit 1gG1 antibody) were assessed for
binding to human MAGEB2 and potantial cross reactivity for other MAGE-A and MAGE-B family
members on controd cells by IHC staining. Four of the twenty-four human MAGEBRZ clones (4G17, 1115,
1C3, 1114} were the most promising candidates for further assessment of MAGER2 specificity and
sensitivity by IHC staining. Small batch purified antibody aliquots from the four MAGEB2 clones [(4G17,
1J15, 1C3, 1114} were assessed on MAGE-A and MAGE-B family cross-reactivity control celis, control
festes tissues, and normal human tissue TAMAs by IHC. Rabbit Monoclonal 161 isotype control
{EPR2ZSA) was purchased from Abcam {cat # ab172730, Lot # GR3235748-11, Cambridge, United

Kingdom; hitps://www.abcam.com/rabhit-igg-monaclonal-eprl Sa-isotype-control-ab1 72730 htmi}.

immunohistochemistry Assay

FFPE samples were sectioned at 4 um and mounted on positive charged glass slides. After mounting,
paratfin sections were air-dried at room temperature. FFPE TMA samples were received as freshly
sectioned and mounted on glass slides. The fully automated 1HC assay was performed on a Discovery
Ultra Stainer {Ventana Medical Systems, Tucson, AZ} using Ventana Anti-Rabbit HQ {cat # 760-4815),
Ventana Anti-HO HRP {cat # 760-4820}, and Ventana Antibody Diluent with Casein {cat # 760-219)
{Ventana Medical Systems, Tucson, AZ). The slides were baked on the Discovery Ultra Stainer at 60°C
for 8 minutes, de-paraffinized with Yentana Discovery wash {cat # 850-510} for 3 cycles {8 minutes
each) at 69°C, and underweni cell conditioning {target retrievall at 95°C for 16 minutes {for cell arrays)
or 32 minutes {tissues or TMAs) in CC1 buffer {cat # 950-500). Following this, slides were incubated
with Background Sniper {cati BS366M, Blocare Medical, Pacheco, CA} in a Ventana Option Prep kit {cat
# 771-751} for 28 minutes, incubated with CM inhibitor {3 part of the Ventana DAB kit cat # 760-159)
for 12 minutes, and incubated for 1h at RT with MAGE-B2 antibody diluted with Ventana difusnt with
Casein in a Ventana Prep kit {cat # 770-001) (working concentration 31 0.1 ug/mi for cell pallet, or 1-5
ug/mi for tissues) or with a matched concentration of isotype controi Rabbit igG1 antibody. Following
this, slides were incubated with the Ventana Anti-Rabbit HQ {cat # 760-4815) for 28 minutes gt RT,
Ventana Anti-HQ HRP {cat 8 760-4820} for 28 minutes a1 RT, and signals detected with Ventana DAB
chromogen kit {cal # 760-158) for 5 minutes ai RT. Slides were counterstained with Ventana

Hematoxylin H {cat # 5266726001 for 8 minutes and Ventana Bluing reagent {cat # 526676900} for 4
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minutes. Slides were coverslipped and digitized using an Aperio AT2 scanner {Leica Biosystams Ing,

Buifalo Grove, IL}.

Table 14. Assay steps.

PCT/US2022/023034

Steps on Ventana Ultra

Vendor / Catalog

Time

Baking

Ventana / NA

§G°C, & minules

Ceparaffinization

Ventana / 850-510

89°C, 3 oyeles (8
minutes each)

Antigen Retrieval

Veniana / 950-500

CC1,85°C, 16
minules {for FFPE cell
peliets) or 32 minutes
{for FFPE tissues)

Background Sniper

Biocare Medical/ BSS66M

RT, 28 minutes

Peroxidase inhibitor (CM)

Ventana / 760-159

RT, 12 minutss

in house MAGER2 antibody at
0.1 {cells) or 1-5 ug/mi
{lissues) in Ventana diluent
with Casein

Ventana / 760-21¢

RT, 60 minuiss

Anti-Rabbit HG

Ventana / 760-4815

RT, 28 minuies

Anti-HQ HRP

Veniana / 760-4820

RT, 28 minutes

DAB+ Chromogen

Venlana / 760-15%8

RT, 5 minutes

Ventana / 5266726001
Ventana 7 H26676800

Hematoxylin i RT, 8 minutes

Biuing reagent RT.4 minutes

Results

Twenty-four rabbit-anti human MAGEBZ antibody supernaiants were assessed for hinding to MAGEB2
and potential cross reactivity for other MAGE-A and MAGE-B family members by HHC, Five of twanty-
four human MAGEBZ antibody suparnatants {5H20, 1113, 1114, 714, 7J6) did not detect MAGERZ by
iHC on human MAGEB2+ transfected cells, Nineteen of the twenty-four antibody supernatanis
detected MAGEBZ by IHC on human MAGEB2+ transfected cells and were assessed on other human
MAGE-A+ and MAGE-B+ family member cross-reactivity control cells. Four of ninetean supernatants
(44617, 1J18, 103, 1114} showed the strongest IMC signal on human MAGEB2+ transfacted controd cells,
and the lowest/ or no cross reactivity on other MAGE-A and MAGE-B family members and selected as
candidates for further assessment.

Note that the twenty-four MAGEB2 antibody supernatants were not purified antibodiss. A false
positive cross reactivity result with one of the discarded clones may be due to non-specific staining by
the supernatants. Small batch purified antibody aliguots from four MAGEBZ clones (4G17, 1115, 1(3,

1114} were re-tested on transfected human MAGEA+ and MAGE-B+ family mamber control cells, and
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tested on controd testes tissues, normal tissue TMAS, and thirteen human cancer cell lines with known
endogenous RNA expression level of MAGEE2 by IHC.

Thera was intense membranous/ cytoplasmic staining in the transfected human MAGEB2+ cells with
the four anti-MAGEB2 antihodies {4G17, 1115, 143, 1i14) {Figure 3}, no cross reactivity on othar human
MAGE-A+ and MAGE-B+ family member cross reactivity control cells {Figure 4), {Table 15). Thers was
intense MAGEB2 1HC staining in testis, characterized by cytoplasmic to membrane staining of
spermatogonia cells. Nuclear staining in a subset of testis germ cells was chserved with 4G17, 115,
and 1C3 clones, and immunostaining in Leydig celis was observed with 1115, and 4G17 dones. Leydig
staining is Hkely non-specific {Figure 5). Nuclear staining was considerad likely specific because it was
observed only in testis tissues, and nuclear localization is thought to play a role in enhancement of E2F
transcriptional activity, cell proliferation, and resistance to ribotoxin stress {Peche el ai 2015).

The four anti-MAGERZ antibodies {4617, 1115, 103, 1114} were assessed on normal tissue TWA.
MAGEB2Z specific immunostaining was observed only in testis cores. Immunostaining observed with
4G17, 1115, and 1C3 clones in other tissues such as liver, adrenal gland, and intestines were presumed
nonspecific. The MAGEB2 antibody {1114} showed the lowest non-specific/ backpround
immunostaining when compared to immunogiobulin G (1gG] isotype control (Tables 16, 17, 18, 19},
Antibody clone 1114 displays properties thatindicate it will be an excellent IHC reagent for detecting
MAGER2 {Figure 6). Furthermore, down titration of MAGEBZ {103} antibody completely mitigated the
nonspecific background immunostaining that was observed in liver tissues, while still retaining
MAGEB?Z specific immunostaining in testis {Figure 7).

Arti-MAGEB2 antibodies 4G17, 1115, 1C3, 114 detected varying levels of MAGEB? expression in the
thirteen human cancer call lines. MAGEB2 IHC expression frequency was high (~90 %) in U266B1 cells,
moderate {~70%) in T98G, KMM-1, U20S cells, and undetectable in CFPAC-1, UACC-257, CFPAC-1,
YMRC-LCD, NCI-H1703, Biv-UC-3, NCI-H1385, NCI-H82 cell lines. MAGEB? {HC exprassion frequency in
SCaBER cells were inconsistent with the four MAGEB? clones {4G17, 1415, 103, 1i14) and maybe due to

different binding intensity of each antibody or unoptimized |HC assay conditions {Table 20},

Conclusinns

Twenty-four rabbit anti-human MAGER2 antibodiss were assessed for specificity to MAGER2, and
potential cross reactivity for other MAGE family mambers by HC staining on FFPE tissues. Nineteen of
the twenty-four detected MAGER2 by IHC on control MAGEBZ+ cells. Four of the nineteen antibodies
(4G17, 118, 103, 114} were tested thoroughly and showed no cross reactivity to other MAGE-A or
MAGE-B family mambers, strong iHC signal on control testis tissues, and detected the MAGERB? [HC
signal in thirteen human cancer cell lines with known endogenous RNA expression level of MAGEBZ.

Three of the four MAGER? antibodies (4G17, 1115, 103} showed some non-specific background IHC
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staining on liver and adrenal gland in normal human tssue TMA. Dala is summarized in Tables 15-20

hersin,

SEQUENCES

Human MAGEB2 Aminc Acid Sequence {SEQID NO: 1}

>sp 015479 IMAGB2 HUMARN Melanoma-associated antigen 82 O5=Homo sapiens OX=9606
GN=MAGEB2 PE=1 5V=3

MPRGOKSKLRAREKRRKARDETRGLNVPOVTEAEEEEAPCCSSSVAGGAASSSPAAGIPQ
EPQRAPTTAAAAAAGVSSTICSKKGAKSHOGEKNASSSQASTSTKSPSEDPLTRRSGSLVG
FLLYKYKIKKSVTKGEMLKIVGKRFREHFPEILKKASEGLIVVFGLEINKVNPNGHTYTE
IDKVDLTDEESLLSSWDFPRRELLMPLLGVIFLNGNSATEEEIWEFLNMLGVYDGEEHSY
FGEPWKLITKDLVQEKYLEYKGVPSSDPPRFGFLWGPRAYAETSKMKVLEFLAKVNGTTP

CAFPTHYEEALKDEEKAGY

Full amino acid sequences for three exemplary monoclonal antibodias fight chaine and heavy chains

follow:

>303 1C {SEQ 1D NO: 555)
MDMRVPAQLLGLLLLWLRGARCDIVMTOTPSSYEAAVGETYTIKCQASONISSYLAWYQOKPGOFPKLLIVRASTLA
SGVPSRIKGSGSGTORTLTISDLECADAATYYCOSY DDSRISNEFYAFGGE TEVVVEGDPVAPTYLLFPPSSDEVATGT
VTIVCVANKYFPDVTVTWEVDGTTQTTGIENSKTPONSADCTYNLSS TLTLTSTQYNS HKEYTCKVT GG TTSVVQSFSR
KNC

»1C3_ HC {SEQ 1D NO: 556)

MDMPRYPAQLLGLLLLWLRGARCOSLEE SGGGLYOPEGSLTLTCTARGYTLTNYYICWVROAPG KGLEWYGCIDNAN
GRTYY ASWAKGRETISKTSSTTGTLOMTSLTAADTATY FCARSLAT LW G PG TLVTVSSGOEKAPSY EPLAPCCGDTP
SSTVTLGCLVKGYLPEPVTVTWNSG TLTNGYRT FPSYRGSSGLYSLSSVVSVTSSSOPYTCNVAHPATNTKYDKTVAPS
TCSKPTCPPPELLGGPSYFIFPPKPKDTLMISRTPEVTCVVVEVSCGDDPEVOFTWYINNEQVRTARPPLREQQOFNSTIR
YYSTLRIAHODWLRGKEFKCKVHNKALPAPIEKTISKARGOPLEPKYYTMGEPRE ELSSRSVSLTCMINGFY PSIHSVE
WEKNGKAEDNYKTTRPAVLDSDGSYELYSKLSVPTSEWQRGDVFTCSVMHEAL HNHYTGKSISRSPGK

>1114_LC (SEQY 1D NO: 557)

MDMRVPACLLGLLLLWLRGARCDVY MTQTPASVEATVGG TVTIKCQSSQSVYDNNALAWY QGNAGQRPRLLIYG
ASTLASGYPSRFSASGSGTEFTLTISDLECADAATYYCGCTYYVSSYONDFGGGTEVYVKGDPVAPTVLLFPPSSDEVA
TETVTIVCVANKYFPOVTVTWEVDGTTOTTGIENSKTPONSADCTYNLSS TLTLTSTOYNSHKEY TCKVTQETTSYYQ,
SESRKNC

>3114_HC {SEQ 1D NO: 558)

MDMRVPAQLLGLLLLWILRGARCQSVEESGGRLVTPGTPLTLTCTISGFSLSSYANMSWVROAPGKGLEWIGSIGGGES
AVYASWAKGRETISKTSTTVDLRITSPTTEDTAMYFCGRGFYSIDLWG PGTLVTVSSGOPKAPSYFPLAPCCGDTRSST
VTLGCLVKGYLPEPYTVTWNSGTLTNGYRTEPSYROSSGLYSLISVVSYTSSSOPY TONYAHPATNTIKVDKTVAPSTC
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SKPTCPPRELLGGPSVRIFPPEPKDTLMISRTPEVTCVVVDVSQBRPEVOFTWYINNEQVRTARPPLREGOFNSTIRVY
STLRIAHODWLRGKEFKCKVHNEALPAPIEKTISKARGOPLEPKVYTMGPPREELSSRSVSLTCMINGFYPSIHSVEWE
KNGKAEDNYKTTPAVLDSDGSYFLYSKLSYPTSEWOQRGDVFTCSVMHEALHNHYTQRSISRSPGK

>1H17_LC {SEQ D NO: 558)
MDMRVPACLLGLLLLWLRGARCAAVLTUTPSPYSAAVGGTVSASCOSSKSVY NKNWLSWFQOKPGOPPELLIYGA
STLASGVYPSRFKGSGSGTOFTLTISDVQCDDAATYYCAGGYSSSS DTFAFGGGTEVVVKGDPYAPTYLLFPPSSDEVAT
GTVTIVCVANKYFPOVTVTWEVDGTTQTTGIENSKTPONSADCTYNLSSTLTLTSTQYNS HK EY TCKVTOIGTTSVWS
FSRKNC

>1H17_HC {5EQ 1D NO: 560}
MOMRVPAGLLGLLLLWIRGARCQEQLVESGGGLVKPGASLTLTCKASGFSFSSGOLMOWVRGAPGK GLEWIACIGS
GSNAISTEY ASWAQGRITISKSSSTTVTLOLTSLTAADTATYFCARVGSDDYGDSDVED PWGPGTLVTVSSGQPKAPS
VEPLAPCCGITPSSTVTLGCLYKGYLPEPY TV TWNSGTL TN GYRTEPSYROSSGLYSLESVVSVTSSSOPVTCNVAHPA
TNTKYDKTVAPSTCSKFTCPPPELLGGPSYFIFPPKPKDTLMISRTPEVTCVVVDVSGDDPEVOFTWYINNEQVRTAR
PPLREQQFNSTIRVVSTLPIAHQDWLR GKEFKCKVHNKALPAPIEKTISKARGQPLEPKVY TMGPPREELSSREVSLTC
MINGEYPSDISVEWE KNG KAEDNYKTTPAVLESDGSYFLYSKLSVPTSEWORGDVFTCSVMHEALHNHYTGKSISRS
PGK

Additional exemplary sequences of the present invention are provided in Tables 21 ~ 25 herein.

Table 15, MAGERZ immunchistochamistry Staining in MAGE-A/B control cells

SUBSTITUTE SHEET (RULE 26)

Other Other
MAGE-B MAGE-A
Antibody | HTSC Inventory CHO MAGE-BZ | family family
iD Code (Biﬁﬁk EQ} cells cells members memhbers
4317 A4001, AD77R2, | hegative | positive negative nagative
657548, 687639,
5946586
1018 §04001, 697782, | negative | positive negative negative
897543, 687839,
§24688
1G3 864001, 867782, | negative | positive negative negative
B57548, 897638,
604686
1il4 804001, 807782, | hegalive | positive negative negative
697548, 687639,
594686
lgG £34001, 697782, | negative | negatlive negative negative
697548, £87639,
524686
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Table 18, MAGE-B2 {1114} Immunchistochemistry Staining in Normal Human Tissue TMA

PCT/US2022/023034

{FDABI8K)
Tissue identification IHC Isotype Control Target IHC
2] @ e @ @ S : |5
= o> @ b q | = Q| = et &% im
g o & 518 8 212 15 82038 §
& 0 b 24| O 2 |4 CE8138 O
A1 11 |Cerebrum |NCiOSNDIZ2 1 X A
A2 12 |Cerabrum |NCIOBNO16 | X
A3 {3 Cerebrum |NctO8N0O46 | X Very waak
non-specific
staining in
the vessels
Ad 14 |Cerebellum | NcbOSNOOS! X
A% 15 Cerebellum Ncb15N148; X Very waak
non-specific
staining in
the vessels
A8 16 |Cersbellum | NebUO5NO1Y X Very weak
non-specific
staining in
the vessels
AT |7 |Adrenal EagleNg18 X Mon-specific
gland particulate
staining in
cortex (Zona
fasiculata
and zona
reticularis)
A8 {8 |Adrenal EaglaNo1l: X Norn-specific Non-specific
gland particulale particulate
staining in staining in
corlex (Zona cortex {(Zona
fasiculata fasiculata
ang zona and zong
reticularis) reticularis)
as observad
in isotype
A% 18 |Adrenal Eag18N145 X Mon-gpecific
gland paiticulate
staining in
cortex {(Zona
fasiculata
and zona
reticularis)
A1011G |Ovary FovOTND34! X
A11i11 | Qvary Fovi3NO15 X
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Tissue identification IMC Isotype Control Target IMC
Q oo . At
= s & @ [ & & @ > ] &
S lg| = g 212l & =02 |8 BN 2
2 | = @ b ® | = q = hl St i®
: 4 g 58§ §18 |3 £2185) 3
4 o i Z2ie | O 2 |4 G 22133 O
A12112 [Ovary Fovi3NO23! X X
B1 113 |Pancreas  |Dpa15Ni145 Ti Tissue T Tissue
avlolyzed autolyzed
B2 {14 [Pancreas  |DpalENQ23 X X
B3 115 [Pancreas  |DpaliNO12 X X
B4 {16 |Lymph IvOBNG15 | X X
node
B85 {17 [Lymph hv08NO47 | X MNon-specific X Non-specific
node staining in staining in
exigliated exfoliaed
celis cells as
ohserved in
isotype
B8 (18 |Lymph IvO8NG14 | X X
node
87 119 [Hypophysis|Ept14NQ01 | X A
B8 120 [Hypophysis|Ept13N19 1 X X
B9 121 |Hypophysis| Ept13N020 1 X X
810122 |Testis MIHOBNG48 | X X X |3 3
S I3,
£ 2 &
B o o E
gE 2%
wao (0N
211123 | Testis MEOSNGDT (X X X ~§ 3 5
o %)
£ 28
@3 3SE
212124 | Testis MEOSNGDS (X X X E 3 5
g =
g g s
£ ad
o @ jo]
8= =8
w o Ok
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Tissue identification IMC Isotype Control Target IMC
Q oo At
B @ [ & @ e : <
§lg = s 2% 3 z 2 g 5.8 | ¢
B o> e b R g 8 &= el ¢t lw £
@ o) b o e D@ = B ey LD
2 e = ] o & | & @ |-G ) 2
4 O i Zia| O 2 |4 O 22133 O
C1 {25 | Thyroid EtgO7ND02 X Non-specific Non-spacific
gland staining in staining as
colloid observed in
isotype
2 128 | Thyroid EtgU8NO47T | X Non-specific Non-specific
gland staining in siaining as
colioid ohserved in
isotype
C3 127 | Thyroid Eigl6N003 (X Non-specific Non-specific
gland staining in staining as
colfoid gbserved in
isotype
C4 128 |Breast FrgUeN034 (X X
G5 129 |Breast FmgAOND34 1K X
6 130 |Breast FagO7NO4D 1y X
C7 131 | Spleen 5p15N145 (X X
C3 |32 | Spleen Isp1BN148 X X
C9 133 | Spleen ispTINGOT X X
C10i34 | Tonsi Ris13NO11iTH Only adipose  |X
tissue prasent
C11135 | Tonsi Ris30NO01T X X
C12{36 | Tonsi Ris08N042 (X Minimal X
Wymphoid
tissue present
D1 137 | Thymus thOaNG24 X X
gland
D2 {38 |Thymus thOeND02 X X
gland
D3 {39 |Thymus th15N145 X X
gland
34 140 |Bone IbmOBNG24 1 X Non-specific  |X Non-
mamow staining in spacific
exfoliated staining as
cells observed
inisotype
£9
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Tissue identification IMC Isotype Control Target IMC
Q oo At
B @ [ & @ e : <
§ls| = s 2% 3 z 2 g 5.8 | ¢
= ol @ b LR g | = A e+ iw
@ 5 b o £ & | B = Ses | U E
2 e = ] o & | & @ |-G ) 2
4 O i Zia| O 2 |4 O 22133 O
D5 (41 |Bone Ibm1iNO1SiIX Non-specific X Non-
marow staining in specific
exfoliated staining as
cells ohserved
inisotype
D6 142 |Bone Ibm1ZN0g1 X Non-specific X Non-
Marow staining in specific
exfoliated staining as
cells ghserved
inisotype
D7 143 |Lung Rin0BN004 | X X
D8 (44 |Lung Rin0BNO27 | X X
09 145 |Lung RinGBNG23 1 X X
0210146 [Heart ChAUINGRG ! X X
O11(47 [Heart ChiGsNOGS5 | X X
21248 |Heart ChTINGOT ) X A
Z1 149 |Esophagus |DesO8NG2Z27! X X intense
non-
specific
staining in
superficial
epithelium
E2 |50 |Esophagus |Desi7NOG4 X Minimal X
epithelial tissue
23 151 |[Esophagus |Desi5N117 X X
E4 152 |Siomach |DstO7TNG16 | X Hazy non- X Non-
specific spacific
staining in staining as
gastric gland observed
celis inisotype
E5 |53 |Stomach  |Dst15N003 | X Hazy non- X MNon-
specific specific
staining in sfaining as
gastric gland ohserved
cells inisolype

SUBSTITUTE SHEET (RULE 26)




SUBSTITUTE SHEET (RULE 26)

WO 2022/212831 PCT/US2022/023034
Tissue identification IMC Isotype Control Target IMC
Q oo At
B @ [ & @ e : <
,% o) = g 2 ,g g 2 .% & = .§ g
= ol @ b LR g | = A e+ iw
W 5 # o' E S |9 = de lwe E
2 pee = & e ] & | D @ 24188 ]
. o] = | o o 2 |a &) Rl W O
ES |54 Stomach  |Dst0BND17 1 X Hazy non- X
specific
staining in
gastric gland
celis
E7 |55 |Small Din07NO18 | X YWeak non- Non-specific
intestins spacific cytoplasmic
mucosal staining in
staining epithelial
cells as
sbserved in
isotype
EQ (58 |Small Ding8NO14 1 X
intestine
E£9 157 |Small Dind8NDo7 L X
intestine
E£10158 | Colon Deo15N083: X
£11159 |Colon DeolaNGzZ2l X
E12160 |Colon Doo15N08Z | Ti No mucosal
tissue
F1 (61 |Liver DIVOSNG1S X
F2 182 |Liver DiviSN148 | X Non-spacific
paiticulate
staining in
hepatocytas
F3 163 [Liver DiviaN145 1 X
Fd4 |64 |Salivary DocliNQG? X
gland
F5 |65 |Salivary DoclBNG23 X
gland
FG |66 |Salivary DocBNgZ22) X
gland
F7 167 |Kidney Ukn08NG47: X
F§ 168 |Kidney UknQB8NG3SE X
F3 (88 |Kidney UknOBNGQo4: X
1
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Tissue identification IMC Isotype Control Target IMC
- 2 & E 518 |z |§&18:z] &
£ & = 28| S 2182 |8 E=2 38 &
F10170 |Prostate |MprOSNGGo4; X X
F11i71 [Prostate | MprO8NG05;, X X
F12172 [Prostale MortING131 X A
G173 |Uterus Fur17NOG3 | X X
G2 |74 |Uterus Fur50NQ29 : X X
(3 |75 |Uterus Fur7nNg48 | X X
34 176 Cervix FduSONG20; X X
G5 177 | Cervix Fdut7NO03; X X
G56 |78 |Cervix FduSONG19; X X
G7 {79 |Bladder UbdO8NOOT7: X A
=8 180 |Bladder UbdO8NGO1T X X
G9 |81 |Bladder Ubd08Na0g X X
510182 | Skeletal Srm15N008 X X
muscle
G11]83 | Skeletal Srm18N0GS X X
muscle
&12/84 | Skeletal Srm0SNG14] X X
muscie
H1 185 |Skin Kin18N007 | X X
H2 186 |Skin KinG7NGg25 | X X
M3 187 [Skin Kin18nN008 | X X
H4 188 |Nerve ScftONG03 | X X
H5 188 [Nerve SciaNG1d (X X
HE 190 [Nerve ScHINGOS X X
H7 191 |Antery SbvO7NG231X X
HE 192 [Pericardium Apr1aN145 X X
M9 193 |Pericardium AprisN148 | X X
H10194 |Eve Vey 130002 (T Only pigmented| T} Only
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Tissue identification IMC Isotype Control Target IMC
Q oo At
B @ [ & @ e : <
§ls| = s 2% 3 z 2 g 5.8 | ¢
B2 % m | T = o SF i
@ 5 b o £ & | B = Ses | U E
2 pee = & e ] & | D @ £d 160 ]
o o] Z | o J 2 |a &) Rl W Q
refina present pigmented
retina
presant
H11195 |Eve Vey 140001 {T1 Only T Only
pigmented pigmented
redina retina
present present
H12{96 [Eys Vey070007 X intense X fnlense
pigmentation pigmentation
i1 197 [Larynx Rig13N011 X X
12198 |Larynx Ria13ND20 (X X
i3 199 [Larynx Riad7NG10 X X

MAGE-RZ specific IHC staining with MAGE-B2 (1114) was observed only in teslis tissuss
characierized by cytoplasmic io membrane slaining of spermatogonia cells. Staining in other
tissues were either obsarved in isclype of deemed non-specific,
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Table 17. MAGE-B2 ({J15) inmunohistochemistry Staining in Normal Human Tissue TMA

SUBSTITUTE SHEET (RULE 26)

{FOABS9x)
Tissue identification Target iHC
&
o ) w
-, o @ -Beu T &
£ g b R EA g
- g 3 8|8 o 0w g
@ o 4 Do | ™ @ =
o s © S 0|9 o o [«
3. Q = 2ia| - €3
Aty 1 | Gerebrum | NCiG3INGG2 | X
A2l 2 | Cerebrum | NctO3NG05 | X Non-specific staining in
blood vaesssals
AZ1 3 i Cerebrum | NetO4NO01 | X Non-specific staining in
blood vessels
Adl 4 [ Cerasbrum | NottINGOT | X
A& 5 | Cerebrum | NOGTNGO1S | X Non-specific staining in
blood vessals
AB{ 6 | Cersbrum | NctG5NG08 | X Non-specific staining in
blood vessels
AT T | Cerebelium| Nebl4NJ01 | X
A8 8 | Cerebelium | NcbOSNUIOS | X Nan-specific staining in
plood vessels
AG1 9 | Cerebellum| NcbOSNGT1 | X
B1{10 | Adrenal Eagl7No0 X | Epithelial 3+ | Cytoplasmic/ | Infense staining in
gland cells membrane | cortex and likely non-
spacific
B2{ 11 | Adrenal EagleNG1D K | Epithelial 3+ | Cyloplasmic/ | intense staining in
gland calls membrane icortex and likely non-
specific
B3 12 | Adrenal Eag0aNGi9 X | Epithelial 3+ | Cyloplasmiic/ | intense staining in
gland cells membrane | cortex and likely non-
specific
B4{13 | Ovary Fovii0136 | X
B5{ 14 | Ovary Foviad11g | X
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Tissue identification Targst IMC
BG{15 { Qvary FoutGaozz | X
B7{16 { Pancreas | DpalO5NQ10 Epithelial 2+ | Cvtoplasmic/ | Weak to mild staining in
cells membrane | acinar epithelium and
fikely non-specific
B8{17 {Pancreas |Dpal3NG0g | X Non-specific staining in
blood vessels
B9{18 {Pancreas | Dpal8N(40 Epithelial 1+ | Cyloplasmic/ | Very weak staining in
cells membrane | acinar epithelium and
fikely non-specific
C1118 { Lymph HyQaNO47 | X Non-spacific staining in
node axfoliated cells ang
some blood vessels
C2i2¢ | Lymph HyTiNOD4 | X Non-spacific staining in
node extoliated cells and
some blood vessels
C3i21 [ Lymph HyO7NO1S (X
node
C4:22  Hypophysis| Ept17NG03 | X Non-specific staining in
blood vessels
G523 | Hypophysis| Ept17NGE3 | X Non-gpacific staining in
blood vessels
G824 | Hypophysis| Ept1TNGO3 | X Non-specific staining in
blood vessels
Sparmato-
C7i{25 | Testis MUOTNG1B goniacells; {3+ | Cyioplasmic/ | Leydig cells staining is
Leydig cells membrane; | likely non-spacific
nuciear
staining in
s0me
Spermato-
C31 26 | Teslis MUTINGO4 goniacells; {2+ | Cyioplasmic/ | Leydig cals staining is
Leydig cells membrane; | likely non-speciiic
nuclear
staining in
SOMe
Spermato-
Coi27 | Testis MUHO7NG26 goniacells; {3+ | Cvioplasmic/ | Levdig cells staining is
Leydig cells membrane; |likaly non-specific
nuclear
staining in
sgme
01128 | Thyroid EtgOSNG03 | X Non-specific staining in
gland colloid and serum
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Tissue identification Targst IMC
02129 { Thyroid EtgGENG10 | X Non-specific staining in
gland colloid and serum
D3130 | Thyroid EigG5NGOT | X Nan-specific staining in
gland colloid and serum
D431 | Breast Fmngld44081 | X
D5{32 | Breast Fmgl7N034| X
D633 | Breast Fmg12N003| X
07134 { Spleen fspOBNQOZ3 | X Non-specific staining in
axfolialed cells ano
some blood vessels
D8135 | Spleen IspOSNO0S | X Non-spacific staining in
exfoliated cells and
some blood vessels
09138 | Spleen fspO07NOZ8 | X Non-specific staining in
exfoliated cells and
some blood vessels
£1{37 { Tonsi Doc41188 | X
E2{38 | Tonsil Ooc041188 | X
£31{39 { Tonsil Doc41188 | X
E4140 | Thymus EhOGNG02 | X Non-specific staining in
gland endothelial celis
E5141 | Thymus HhOaN(24 | X Non-specific staining in
gland endothelial celis
E6{42 | Thymus HhOBN(25 | X Non-specific staining in
gland endothelial celis
E7143 | Bone IbmQ7NG29 | X Mon-specific staining in
manow exfoliated cells
Ed{44 {Bone fmOTNO23 | X Nen-specific staining in
marnow exfoliated cells
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Tissue identification Targst IMC
£9145 | Bone fomO7N026 | X Non-spacific staining in
Marrow exfoliated cells
F1146 {Lung Rin053N023 | X Non-spacific staining in
alveoiar septum,
exfoliated cells
F2147 {Lung RinGSNG10 | X Non-speacific staining in
alveolar septum,
axfoliated cells
Fai48 {Lung Rin0a8NG14 | X Nen-specific staining in
alveolar septum,
exfoliated cells
F4149 {Heart CHIOBNGEGS | X Non-specific staining in
serum and blood
vessels
F5150 | Heart Chi3NG0g | X Nen-specific staining in
serum and blood
vessels
F& {51 i Heart ChUTINGSS | X Non-specific staining in
serum and blood
vessels
F7152 | Esophagus | DesU8NOO3 3+ | Cytoplasmic/ | Staining in superficial
membrane | epithelium, blood
vessals and connective
tissues are Hkely non-
specific
8153 | Esophagus | Des15N 1458 2+ | Cytoplasmic/ | Staining in superficial
membrane | spithelium, blood
vassels and connective
tissues are likely non-
specific
F8i54 i Esophagus | DesO8NJ09 | X Nen-specific staining n
blood vessels and
connective lissus
G1i 55 | Stomach DstO8N033 2+ | Cvioplasmic/ | Non-specific staining in
membrane | glandular epithelial cells
G2{ 56 | Stomach Dsto8N011 Epithelium |3+ | Cyvloplasmic/ | Non-specific staining in
membrane | glandular epithelial cells
G357 | Stomach Dst17NG0S | X
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Tissue identification Targst IMC
G458 | Small DinG7TNG16 | X Non-spacific staining in
intestine blood vessels; Weak
hazy cytoplasmic
staining i mucosal
apithelium
G558 | Small DinGONG5Y | X Non-specific staining in
nfestine biood vessals; Weak
thiestine hazy cytoplasmic
staining in mucosal
epithelium
G660 | Small DindeNG2Z2 | X Nen-specific staining in
intesti blood vassels; Weak
mestine hazy cytoplasmic
staining in mucosal
epithelium
G7{61 | Colon Deot8N142 X
(38{82 | Colon Deo15N103 1 X
G9i 63 | Colon DeotdN115 | X
H1{64 | Liver DivOSND1S | X Hepatocyles{ 2+ | Cytoplasmic/ | Mild to intenss staining
membrane | and likely non-specific
H2i65 | Liver Divi5MN145 | X Hepalocytes{ 2+ | Cyloplasmic/ | Mild staining and likely
membrane | non-specific
H3{ 66 | Liver DivO3NO0s | X Hepatocytesi 1+ | Cyloplasmic/ | Very weak staining and
membrane | likely non-specific
H4{67 | Salivary Doct20a4s | X Non-specific staining in
gland biood vessels and
serum
H5{68 | Salivary DocOBNO0Y | X Non-specific staining in
gland biood vessals and
serum
HE{ 69 | Salivary DocleNg | X Non-specific staining in
gland blood vessels and
serum
H7{70 | Kidney UknQoNQ06 | X Non-spacific staining in
vasculgiure serum
proteins
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Tissue identification Targst IMC
H81 71 { Kidney UknQ8NOG3 | X Non-spacific staining in
vasculaiure serum
proteins
HO1 72 | Kidney UknOENG23 Tubular 2+ | G/ Slaining in vasculaiure
epithelium serum proteins and
tubular epithelium likely
non-specific
i1 173 | Prostate MprO7NG28 | T Tissue inadeguate
2 {74 | Prostate MpriiNGDg | X Weak hazy non-specific
staining in slroma and
glandular epithelium
3 175 | Prostate MprOGND52 | X Weak hazy non-specific
staining in stroma and
glangular epitheiium
{4 176 | Uterus FurG7NG10 | X
5 {77 | Uterus FurG7NG | X Non-specific staining in
blood vessels
6 178  Uterus Furt50198 | X Non-specific nuclear
staining in some stromal
cells; hazy cytoplasmic
staining in glandular
apithelium that is likely
non-speciic
{7 {78 | Cervix Furt70174 | X
8 180 | Cervix Fdudn08ss | X
¢ 181 i Cervix Fdui7d148 | X
J1182 | Skeletal SrmOBNO1s | X Very weak non-specific
hazy staining
muscle
J2 | 83 | Skeletal SrmdANOGS | X Very weak non-spacific
N hazy staining
muscle
J3 [ 84 | Skelefal SrmOsNOGT | X Very weak non-spacific
hazy staining
muscle
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Tissue identification Targst IMC

J4 | 85 | Skin KinQ7NO17 | X

J5 {88 | Skin Kin06N025 | X

J& | 87 | Skin Kin08N024 | X

J7 {88 | Nerve Scf{5NGgs | X

J8 189 | Nerve Scfi5NOGS | X

9190 | Nerve ScfO7NO17 | X

K11{91 | Pericardium Aprl7NG27 | Ti Tissue inadequate

K2192 | Diaphragm | Srmi7NGG8 | X

K3193 | Pericardium AprOTNDO28 | X

K4194 {Eye Vey(80007 | X infense pigmentation

K5185 {Eye Vey140007 | Ti Tissue inadequale

K&|96 |Eye Veyd30002 | X

K7197 i Larynx Riat7NGgs | X Non-specific staining in
superficial epithelium

K888 iLarvnx Riat7NG35 | X

K988 | Larynx Ria08NG23 | Ti Tissue inadequale

MAGE-B2 IHC siaining with MAGE-B2 (1315} is observed in testis tissues characierized by

cyloplasmic o membrane staining of spermatogonia cells, nuclear staining in some and staining in
Leydig cells. Leydig staining is likely non-specific. Staining in other tissuss were either chserved in
isotype of deemed non-specific.
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CLAIMS

1. An isolated antigen hinding construct that binds MAGEB2, wherein the binding construct binds to
an epitope comprising a sequence selected from SEQ 1D NOs: 2, 3, 4, or 388 - 554,

2. Theisolated antigen hinding construct of claim 1, wherein the antigen binding construct comprises
a CDRL1, a CDRLZ, a CDRL3, 3 CDRH1, a CDRH2, and a CDRH3, wherein the CDRL1 comprises a
seguence set forth in SEQ 1D NO: 85; the CDRL? comprises a sequence sel Torth in SEC D NO: 86; the
CORL3 comprises a sequence set forth in SEQID NO: 87; the CDRH1 comprises & sequence set forth in
SEQ 1D NO: 229; the CORHZ comprises a sequence set forth in SEQ 1D NO: 230; and the CDRH3
comprises a sequence set forth in SEQ 1D NO: 231,

3. The isolated antigen binding construct of claim 1, wherein the antigen binding construct comprises
a CDRLI, a CORLZ, a CDRLZ, a CORKHY, a3 CDRHZ, and a CDRH3J, wherein the CORL1 comprises s
saguence sel forth in SEQ D NO: 73; the CDRL2 comprises a sequence set forth in SEQ 1D NO: 74; the
CDRL3 comprises a sequence set forth in SEQ 1D NO: 75; the CORHI comprises a seguence set forth in
SECQUID NG: 217; the CDRH2 comprises a sequance set forth in SEQ 1D NO: 218; and the CORH3
comprises a sequence set forth in SEQID NO: 219

4. The isolated antigen binding construct of claim 1, wherein the antigen binding construct comprises
4 CORL1, a CDRL2, a CDRL3, a CDRH1, a CORHZ, and a CORHM3, wherein the CDRL1 comprises a
sequence set forth in SEQ ID NQ: 81; the CDRL2 comprises a sequence set forth in SEQ 1D NO: 92; the
CORL3 comprises a sequence set forth in SEQ ID NG: 93; the CDRH1 comprises & sequence sei forth in
SEQ 1D NO: 235; the CERHZ comprises a sequence set forth in SEQ 1D NO: 236; and the CDRH3
comprises a sequence set forth in SEQ D NO: 237,

5. The isolated antigen hinding construct of daim 1, wherein the antigen binding construct comprises
a light chain variable region comprising a sequance set forth in SEQ 1D NQ: 346 and a heavy chain
variable region comprising a sequence set forth in SEQID NO: 347,

6. The isolated antigen binding construct of claim 1, wherein the antigen binding construct comprises
a Hight chain variable region comprising a sequence set forth in SECUD NO: 338 and a heavy chain
variable ragion comprising a sequence set forth in SEQ ID NO: 338,

7. The isolated antigen binding construct of claim 1, wherein the antigen binding construct comprises
a light chain variable region comprising a sequence set forth in SEQID NO: 350 and a heavy chain
variable region comprising a sequence set forth in SEQ D NO: 351,

4. The isclated antigen binding construct of any of claims 1-7, wherein the antigen binding construct is
a monoclonal antibody or an antibody fragment thereof,
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9. The isolated antibody of claim 8, wherein the antibody is of the 1gG 1 or the igG2 isotype.

10, The isolated antigen binding construct of any of claims 1-9, wherain the antigen binding construct
is coupled to a labeling group.

11, Anucleic acid molecule encoding the antigen binding construct, or fragment thereof, according to
any of claims 1-9.

12, Avector comprising 2 nucleic acid molecule according to claim 11,

13, Ahost cell comprising the nuclelc acid molecule according to claim 12,

14, Anantigen binding construct, or fragment thereof, produced by the host cell of claim 13.

15. A method of making the antigen binding construct, or fragment thereof, according to any of claims
1-9, comprising the step of preparing the antibody or fragment thereof from a host cell that secretes
the antibody.

16. Arnisolated antibody or fragment thereof that competes for binding to MAGER? with an antibody
or fragment thereof of any of claims 1-9.

17, A method of making an antibody that binds to MAGEB2 comprising immunizing an animal with a
peplide comprising 3 sequance selected from SEQ 1D NGt 2, 3, or 4, and isclating from said animal
antibodies that hind to MAGES2.

18. Anantibody made by the method of claim 17,

i9. A method for treating a tumor in a subject, said method comprising: determining the subject as
responsive to treatment with an anti-MAGEB2 therapeutic by obtaining a sample from the subject,
whergin the sample comprises a call from the tumor, measuring the level of MAGEBZ in the sample
using an antigen hinding construct of any of claims 1-9, and determining the subject as responsive to
treatment with an anti-MAGER2 therapeutic, and administering to the subject an effective amount of
the anti-MAGEB2 therapeutic.
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20. Amethod of ideniifying a subject as needing an anti-MAGEB2 thersapeutic comprising: a}
determining the level of MAGER2 in a sample obtained from the subject using an antigen binding
construct of any of claims 1-9; and h} identifving the subject as neading the anti-MAGEB2 therapeutic
whan the level of MAGEB2 is increased ralative to a control

21. A method of determining trestment for a subject with a3 MAGERZ positive tumor comprising:

construct of any of claims 1-9; and determining the treatment as comprising an anti-MAGEB2
therapeutic when the level of MAGEBZ is increased, relative to a control.

22. A method of determining efficacy of treatment with an anti-MAGEBZ therapeutic in a subject
comprising: determining the level of MAGEB2 in a sample obtained from the subject using an antigen
binding construct of any of claims 1-9 hefore treatment with an anti-MAGEBZ therapeutic and after
treatment with an anti-MAGEB2 therapeutic; and determining the treatment as effactive when the
level of MAGEB2 positive tumor cells is decreased after treatment with the anti-MAGEB2 therapeutic.

23, Amethod of diagnosing a subject with a tumor, comprising: a) determining the level of MAGEBZ in
a sample ohtained from the subject using an antigen binding construct of any of claims 1-9; and b)
diagnosing the subject as having 3 MAGEBZ positive tumor when the level of MAGEB? is increased
relative to a control.

24, A method of identifying 2 subject having 2 MAGEBZ positive tumor comprising: a} determining the
level of MAGEB2 in a sample obtained from the subject using an antigen binding construct of any of
claims 1-9; and b} identifying the subject as having 3 MAGEB2 positive tumor when the level of
MAGER2Z is increased relative 1o a control.

25. A method of identifying a subject as nesding an anti-MAGEB? therapeutic comprising: a)
determining the level of MAGER2 in a sample obtained from the subject using an antigen binding
construct of any of claims 1-9; and b} identifying the subject as neading the anti-MAGEB2 therapeutic
when the level of MAGEB? is increased relative to a control.

26. Amethod of determining trestment for a subject with a MAGEBZ positive tumor comprising:
construct of any of claims 1-8; and determining the treatment as comprising an ant-MAGEB2

therapeutic when the level of MAGEB? is increased, relative to a control,

27. The method of any of claims 19-26, wherein MAGEBZ is detected using an HHC assay.
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FIG.

PCT/US2022/023034
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Gating Hierarchy Used in the Enrichment of MAGEB2 N-Term Helix, N-Term
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FIG. 2

ANTIBODIES THAT BIND TO FULL LENGTH MAGEB2 PROTEIN
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FIG. 3

IHC Assay in MAGEB2 Transfected Cells
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FIG. 4

IHC Assay in MAGEB5 Transfected CeIIs
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FIG. 5

IHC Assay in Control Testis Tissue
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FIG. 6

IHC Assay in Normal Human Tissue
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FIG. 7

IHC Assay with 1C3 at Different Concentrations
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INTERNATIONAL SEARCH REPORT

PCT/US2022/023034
Box No. | Nucleotide and/or amino acid sequence(s) (Continuation of item 1.c of the first sheet)
1. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the international search was
carried out on the basis of a sequence listing:
a. D forming part of the international application as filed:
D in the form of an Annex C/ST.25 text file.
D on paper or in the form of an image file.
b. furnished together with the international application under PCT Rule 13ter.1(a) for the purposes of international search

only in the form of an Annex C/ST.25 text file.
c. furnished subsequent to the international filing date for the purposes of international search only:

in the form of an Annex C/ST.25 text file (Rule 13ter.1(a)).

D on paper or in the form of an image file (Rule 13ter.1(b) and Administrative Instructions, Section 713).

2. D In addition, in the case that more than one version or copy of a sequence listing has been filed or furnished, the required
statements that the information in the subsequent or additional copies is identical to that forming part of the application as
filed or does not go beyond the application as filed, as appropriate, were furnished.

3. Additional comments:
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PCT/US2022/023034
INTERNATIONAL SEARCH REPORT
Box No.Ill Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. D Claims Nos.:

because they relate to subject matter not required to be searched by this Authority, namely:

2. E Claims Nos.: 16
because they relate to parts of the international application that do not comply with the prescribed requirements to such

an extent that no meaningful international search can be carried out, specifically:
see FURTHER INFORMATION sheet PCT/ISA/210

3. D Claims Nos.:

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

Box No. lll 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:

see additional sheet

1. As all 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 an additional fees, this Authority did not invite payment of
additional fees.

3. 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. E 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.:

2, 5(completely); 1, 8-15, 17-27 (partially)

Remark on Protest The additional search fees were accompanied by the applicant's protest and, where applicable, the
payment of a protest fee.
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.
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International Application No. F’CT/USZOZ2 /023034

FURTHER INFORMATION CONTINUED FROM PCT/ISA/ 210

This International Searching Authority found multiple (groups of)
inventions in this international application, as follows:

1. claims: 2, 5(completely); 1, 8-15, 17-27 (partially)

An isolated antigen binding construct that binds MAGEB2Z2,
wherein the binding construct comprises a CDRL1l, a CDRL2, a
CDRL3, a CDRH1l, a CDRH2, and a CDRH3, wherein the CDRL1
comprises a sequence set forth in SEQ ID NO: 85; the CDRL2
comprises a sequence set forth in SEQ ID NO: 86; the CDRL3
comprises a sequence set forth in SEQ ID NO: 87; the CDRH1
comprises a sequence set forth in SEQ ID NO: 229; the CDRH2
comprises a sequence set forth in SEQ ID NO: 230; and the
CDRH3 comprises a sequence set forth in SEQ ID NO: 231;
products and methods related thereto

2, claims: 3, 6(completely); 1, 8-15, 17-27 (partially)

An isolated antigen binding construct that binds MAGEB2Z2,
wherein the binding construct comprises a CDRL1l, a CDRL2, a
CDRL3, a CDRH1l, a CDRH2, and a CDRH3, wherein the CDRL1
comprises a sequence set forth in SEQ ID NO: 73; the CDRL2
comprises a sequence set forth in SEQ ID NO: 74; the CDRL3
comprises a sequence set forth in SEQ ID NO: 75; the CDRH1
comprises a sequence set forth in SEQ ID NO: 217; the CDRH2
comprises a sequence set forth in SEQ ID NO: 218; and the
CDRH3 comprises a sequence set forth in SEQ ID NO: 219;
products and methods related thereto

3. claims: 4, 7 (completely); 1, 8-15, 17-27 (partially)

An isolated antigen binding construct that binds MAGEB2Z2,
wherein the binding construct comprises a CDRL1l, a CDRL2, a
CDRL3, a CDRH1l, a CDRH2, and a CDRH3, wherein the CDRL1
comprises a sequence set forth in SEQ ID NO: 91; the CDRL2
comprises a sequence set forth in SEQ ID NO: 92; the CDRL3
comprises a sequence set forth in SEQ ID NO: 93; the CDRH1
comprises a sequence set forth in SEQ ID NO: 235; the CDRH2
comprises a sequence set forth in SEQ ID NO: 236; and the
CDRH3 comprises a sequence set forth in SEQ ID NO: 237;
products and methods related thereto
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FURTHER INFORMATION CONTINUED FROM PCT/ISA/ 210

Continuation of Box II.2

Claims Nos.: 16

Claim 16 defines the antibody as "compet[ing] for binding to MAGE2B with
an antibody or fragment thereof of any of claims [...] ". This definition
is considered as an unusual parameter. As the preceding antibodies are
supposedly novel, the prior art will not provide any comparative data
with those antibodies. Consequently, in addition to the fact that such
unusual parameters might disguise novelty, it is impossible to carry out
a search in the prior art for an antibody which competes with an hitherto
unknown antibody.

The applicant's attention is drawn to the fact that claims relating to
inventions in respect of which no international search report has been
established need not be the subject of an international preliminary
examination (Rule 66.1l(e) PCT). The applicant is advised that the EPO
policy when acting as an International Preliminary Examining Authority is
normally not to carry out a preliminary examination on matter which has
not been searched. This is the case irrespective of whether or not the
claims are amended following receipt of the search report or during any
Chapter II procedure. If the application proceeds into the regional phase
before the EPO, the applicant is reminded that a search may be carried
out during examination before the EPO (see EPO Guidelines C-IV, 7.2),
should the problems which led to the Article 17(2) PCT declaration be
overcome.
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