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Method for the production of bispecific FeyRill x CD30 antibody construct

Field of the invention:

The present invention provides a method for the production of a bispecific FeyRIll x CD30
antibody construct and bispecific antibody constructs produced by said method.

Backeround of the invention:

A recovery and purification process far antibody production needs to remove impurities such
as host cell protein, DNA, viruses, endotoxins and other species while an acceptable yield of
active antibody is obtained.

Chromatography is a widely used separation and purification technology for antibodies. A
number of chromatographic resins are applied for recovering and purification of antibodies
such as, for example, Protein A affinity chromatography, ion exchange chromatography, anion
exchange chromatography, hydrophobic interaction chromatography (HIC), hydrophobic
charge induction chromatography (HCIC), ceramic hydroxyapatite chromatography or
multimodal chromatography.

HCIC is a mixed mode chromatography. An HCIC resin contains a ligand, for example sorbent
4-Mercapto-Ethyl-Pyridin  {MEP HyperCel™), that is ionizable and hydrophobic at
physiologically neutral or slightly acidic pH (e.g. pH 6-9) for binding the antibody construct via
non-specific hydrophobic interaction to the column. For elution the pH is reduced thereby
disrupting the hydrophobic binding by electrostatic charge repulsion towards the eluate due
to the pH shift.

Further, viral clearance steps by removing and/or inactivating viruses have to incorporated in
a purification process for antibody production from mammalian cells. For example, viral
clearance can be achieved by a low pH hold of the chromatography eluate. For example, a fow
pH hold following a chromatography step can be accomplished by decreasing the pH of the
eluate to about 3.4 to 3.6 followed by neutralizing the eluate by increasing the pH to about 7.
A pH < 3.6 has been reported as robust in achieving retrovirus inactivation (Qi Chen, PDA J
Pharm Sci and Tech, 2014, 68, 17-22). Typically, a low pH hold is performed for about 30
minutes to about 60 minutes.

The Figure show:

Figure 1:  Kinetic assay of acidic MEP eluate incubation of a CD30xCD16A bispecific antibody

The term "antibody construct” refers to a molecule or class of molecules in which the structure
and/or function is/are based on the structure and/or function of an antibody. Examples for
such an antibody include e.g. full-length or whole immunoglobulin molecules and/or
constructs drawn from the variable heavy chain (VH) and/or variable light chain (VL) domains
of an antibody or fragment thereof. An antibody construct is hence capable of binding to its
specific target or antigen. Furthermore, the binding domain of an artibody construct defined
in the context of the invention comprises the minimum structural requirements ot an antibody
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which allow for the target binding. This minimum requirement may e.g. be defined by the
presence of at least the three light chain CDRs (i.e. CDR1, CDR2 and CDR3 of the VL region)
and/or the three heavy chain CDRs (i.e. CDR1, CDR2 and CDR3 of the VH region), preferably of
all six CDRs, respectively all three heavy chain CDRs of a single-domain antibody (sdAb) derived
construct. An alternative approach to define the minimal structure requirements of an
antibody is the definition of the epitope of the antibody within the structure of the specific
target, respectively, the protein domain of the target protein composing the epitope region
(epitope cluster) or by reference to a specific antibody competing with the epitope cf the
defined antibody. The antibodies on which the constructs defined in the context of the
invention are based include for example monocional, recombinant, chimeric, deirmmmunized,
humanized and human antibodies.

The binding domain of an antibody construct defined in the context of the invention may e.g.
comprise the above referred groups of CDRs. Preferably, those CDRs are comprised in the
framework of an antibody light chain variable region (VL) and an antibody heavy chain variable
region (VH); however, it does not have to 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, antibody variants or
binding domains include (1 ) a Fab fragment, a monovalent fragment having the VL, VH, CL
and CH1 domains; (2) a F{ab')xfragment, a bivalent fragment having two rab fragments linked
by a disulfide bridge at the hinge region; (3) an Fd fragment having the two VH and CH1
domains; (4) an Fv fragment having the VL and VH domains of a single arm of an antibody, (5)
a dAb fragment (Ward et al., (1989) Nature 341 :544-546), which has a VH domain; (6) an
isolated complementarity determining region (CDR}, and (7) a single chain Fv (scFv), the latter
being preferred (for example, derived from an scFV-library).

Also, within the definition of "binding domain" or "domain which binds" are fragments of full-
length antibodies, such as VH, VHH, VL, (s)dAb, Fv, Fd, Fab, Fab', F(ab'), or "r 1gG" ("half
antibocly"). Antibody constructs as defined in the context of the invention may also comprise
modified fragments of antibodies, also called antibody variants, such as scFv, di-scFv or bi(s)-
scFv, scFv-Fc, scFv-zipper, scFab, Faba, Fabs, diabodies, single chain diabodies, tandem
diabodies (Tandab's), tandem di-scFv, tandem tri-scFv, "multibodies” such as triabodies or
tetrabodies, and single domain antibodies such as nanobodies or single variable domain
antibodies comprising merely one variable domain, which might be VHH, VH or VL, that
specifically bind an antigen or epitope independently of other V regions or domains.

As used herein, the terms "single-chain Fv," "single-chain antibodies" or "scFv" refer to single
polypeptide chain antibody fragments that comprise the variable 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 to form the
desired structure which would allow for antigen binding. Single chain antibodies are discussed
in detail by Plueckthun in The Pharmacology of Monoclonal Antibodies, vol. 1 13, 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.
4,694,778 and 5,260,203; International Patent Application Publication No. WO 88/01649; Bird
(1988) Science 242:423-442; Huston et al. (1988) Proc. Natl. Acad. Sci. USA 85:5879-5883;
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Ward et al. {1989) Nature 334:54454; Skerra et al. (1988) Science 242:1038- 1041. In specific
embodiments, single-chain antibodies can also be bispecific, multispecific, human, and/or
humanized and/or synthetic.

Furthermore, the definition of the term "antibody construct” includes monovalent, bivalent
and polyvalent / multivalent constructs and, thus, bispecific constructs, specifically binding to
only two antigenic structure, as well as polyspecific/multispecific constructs, which specifically
bind more than two antigenic structures, e.g. three, four or more, through distinct binding
domains. Moreover, the definition of the term "antibody construct” includes molecules
consisting of only one polypeptide chain as well as molecules consisting of more than one
polypeptide chain, which chains can be either identical (homodimers, homatrimers or homo
oligomers) or different (heterodimer, heterotrimer or heterooligomer). Examples for the
above identified antibodies and variants or derivatives thereof are described inter alia in
Harlow and Lane, Antibadies a laboratory manual, CSHL Press {1988) and Using Antibodies: a
laboratory manual, CSHL Press (1999), Kontermann and Dubel, Antibody Engineering,
Springer, 2nd ed. 2010, Little, Recombinant Antibodies for Immurnotherapy, Cambridge
University Press 2009 and Nevoltris and Chames, Antibody Engineering — Methods and
Protocols, Springer 2018.

The term “valent” denotes the presence of a determined number of antigen-binding domains
in the antigen-binding protein. A natural IgG has two antigen-binding domains and is bivalent.
The antigen-binding proteins as defined in the context of the invention are at least trivalent.
Examples of tetra-, penta- and hexavalent antigen-binding proteins are described herein.

The term "bispecific" as used herein refers to an antibody construct which is "at least
bispecific", i.e., it comprises at least a first binding domain and a second binding domain,
wherein the first binding domain binds to one antigen or target (here: NK cell receptor, e.g.
CD16a), and the second binding domain binds to another antigen or target (here: the target
cell surface antigen CD30). Accordingly, antibody constructs as defined in the context of the
invention comprise specificities for at least two different antigens or targets. For example, the
first domain does preferably bind to an extracellular epitope of an NK cell receptor of one or
more of the species seiected from human, Macaca spec. and rodent species.

The term “NK cell receptor” as used in the context of the invention defines proteins and
protein complexes on the surface of NK cells. Thus, the term defines cell surface molecules,
which are characteristic to NK cells, but are not necessary exclusively expressed on the surface
of NK cells but also on other ceils such as macrophages or T cells. Examples for NK cell
receptors comprise, but are not limited to FcyRIll (CD16a, CD16k), NKp46 and NKG2D.

“CD16a” refers to the activating receptor CD16a, also known as FcyRIllA, expressed on the cell
surface of NX cells. CD16a is an activating receptor triggering the cytotoxic activity of NK cells.
The affinity of antibodies for CD16a directly correlates with their ability to trigger NK cell
activation, thus higher affinity towards CD16a reduces the antibody dose required for
activation. The antigen-binding site of the antigen-binding protein binds to CD16a, but not to
CD16b. For example, an antigen-binding site comprising heavy {VH)} and light (VL) chain
variable domains binding to CD16a, but not binding to CD16B, may be provided by an antigen-
binding site which specifically binds to an epitope of CD16a which comprises amino acid
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residues of the C-termina! sequence SFFPPGYQ (SEQ 1D NO:18} and/or residues G130 and/or
Y141 of CD16a (SEQ ID NO: 18)) which are not present in CD16b.

“CD16b” refers to receptor CD16b, also known as FcyRIIB, expressed on neutrophils and
eosinophils. The receptor is glycosylphosphatidyl inositol (GP1) anchored and is understood to
not trigger any kind of cytotoxic activity of CD16b positives immune cells.

The term "target cell surface antigen" refers to an antigenic structure expressed by a cell and
which is present at the cell surface such that it is accessible for an antibody construct as
described herein. The “target cell surface antigen”, to which the bispecific antibody constructs
described herein bind to is CD30. CD30 also known as TNFRSFS, is a cell membrane protein of
the tumor necrosis factor receptor family and tumor marker.

The term "bispecific antibody construct” as defined in the context of the invention also
encompasses multispecific antibody constructs such as trispecific antibody constructs, the
latter ones including three binding domains, or constructs having more than three (e.g. four,
five...) specificities. Examples for bi- or multispcific antibody constructs are provided e.g. in
WO 2006/125668, WO 2015/158636, WO 2017/064221, WC 2015/175368, WO 2019/198051
and Eliwanger et a. (MAbs. 2019 Jul;11{5):899-913).

Given that the antibody constructs as defined in the context of the invention are (at least)
hispecific, they do not occur naturally and they are markedly different from naturally occurring
products. A "bispecific" antibody construct or immunoglobulin is hence an artificial hybrid
antiboedy or immunoglobulin having at least two distinct binding sides with different
specificities. Bispecific antibody constructs can be produced by a variety of methods including
fusion of hybridomas or linking of Fab' fragments. See, e.g., Songsivilai & Lachmann, Clin. Exp.
Immunol. 79:315- 321 (1990).

The at least two binding domains and the variable domains (VH / VL) of the antibody construct
of the present invention may or may not comprise peptide linkers {(spacer or connector
peptides). The term "peptide linker" comprises in accordance with the present invention an
amino acid sequence by which the aminc acid sequences of one (variable and/or binding)
domain and another {variable and/or binding) domain of the antibody construct defined
herein are linked with each other. The peptide linkers can also be used to fuse the third
domain to the other domains or an Fc part of the antibody construct defined herein. An
essential technical feature of such peptide linker is that it does not comprise any
polymerization activity.

The antibody constructs as defined in the context of the invention are preferably “in vitro
generated antibody constructs”. This term refers to an antibody construct according to the
above definition where all or part of the variable region {(e.g., at least one CDR} is generated
in a non-immune cell selection, e.g., an in vitro phage display, protein chip or any other
method in which candidate sequences can be tested for their ability to bind to an antigen. This
term thus preferably excludes sequences generated solely by genomic rearrangement in an
immune cell in an animal. A "recombinant antibody" is an antibody made through the use of
recombinant DNA technology or genetic engineering.
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The term "monocional antibody” (mAb) or monocional 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, deaminations, oxidation and glycosylations) that may be present in minor
amounts. Monoclonal antibodies are highly specific, being directed against a single antigenic
side or determinant on the antigen, in contrast to conventional {polyclonal) antibody
preparations which typically include different antibodies directed against different
determinants {or epitopes). In addition to their specificity, the monoclonal antibodies are
advantageous in that they are synthesized by the hybridoma culture, hence uncontaminated
by other immunoglobulins. The modifier "monoclonal” indicates the character of the antibody
as being obtained from a substantially homogenecus population of antibodies, and is not to
be construed as requiring production of the antibody by any particular method.

For the preparation of monoclonal antibodies, any technigue providing antibodies produced
by continuous cell line cultures can be used. For example, monoclonal antibodies to be used
may be made by the hybridoma method first described by Koehler et al., Nature, 256: 495
(1975}, or may be made by recombinant DNA methods (see, e.g., U.5. Patent No. 4,816,567).
Examples for further techniques to produce human monoclonal antibodies include the trioma
technigue, the human B-cell hybridoma techniqgue (Kozbor, Immunology Today 4 {1983), 72)
and the EBV-hybridoma technique {Cole et al., Monoclonal Antibodies and Cancer Therapy,
Alan R. Liss, Inc. {1985), 77-96).

Hybridomas can then be screened using standard methods, such as enzyme-linked
immunosorbent assay {ELISA) and surface plasmon resonance {BIACORE™) analysis, to identify
one or more 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 fragmente thereof, as well as an antigenic
peptide thereof. Surface plasmon resonance as empleyed in the BiAcore system can be used
to increase the efficiency of phage antibodies which bind to an epitope of a target cell surface
antigen, (Schier, Human Antibodies Hybridomas 7 (1996}, 97-105; Malmbaorg, . Immunol.
Methods 183 (1995), 7-13). Another exemplary method of making moneclonal antibodies
includes screening protein expression libraries, e.g., phage display or ribosome display
libraries. Phage display is described, for example, in Ladner et al., U.S. Patent No. 5,223,409;
Smith (1985) Science 228:1315-1317, Clackson et ai, Nature, 352: 624-628 (1991) and Marks
et al,, J. Mol. Biol., 222: 581 -597 (1991).

In 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 a mouse, hamster, rabbit or rat). In one embodiment,
the non-human animal includes at least a part of a human immunoglobulin gene. For example,
it is possible to engineer mouse strains deficient in mouse antibody production with large
fragments of the human Ig (immunoglobulin) loci. Using the hybridoma technology, antigen-
specific monoclonal antibodies derived from the genes with the desired specificity may be
produced and selected. See, e.g., XENOMOUSE®, Green et al. (1994) Nature Genetics 7:13-21,
US 2003-0070185, WO 96/34096, and WQ 96/33735.
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A monoclonal antibody can also be obtained from a non-human animal, and then modified,
e.g., humanized, deimmunized, rendered chimeric etc., using recombinart DNA techniques
known in the art. Examples of modified antibody constructs include humanized variants of
non-human antibodies, "affinity matured" antibodies (see, e.g. Hawkins et al. J. Moi. Biol. 254,
889-896 (1992) and Lowman et al., Biochemistry 30, 10832- 10837 (1991)} and antibody
mutants with altered effector function(s) (see, e.g., US Patent 5,648,260, Kontermann and
Dubel (2010), ioc. cit., Little (2009), loc. cit. and Nevoltris and Chames (2018), loc. cit.

In immunology, affinity maturation is the process by which B cells produce antibodies with
increased affinity for antigen during the course of an immune response. With repeated
exposures 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 successfully been used to
optimize antibodies, antibody constructs, and antibody fragments. Random mutations inside
the CDRs are introduced using radiation, chemical mutagens or 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 nanomolar range.

A preferred type of an amino acid substitutional variation of the antibody constructs involves
substituting one or more hypervariable region residues of a parent antibody {e. g. a humanized
or human antibody). Generally, the resulting variant{s) selected for further development will
have improved biological properties relative to the parent antibody frem which they are
generated. A convenient way for generating such substitutional variants involves affinity
maturation using phage display. Briefly, several hypervariable region sides (e. g. 6-7 sides) are
mutated to generate all possible amino acid substitutions at each side. The antibody variants
thus generated are displayed in a monovalent fashion from filamentous phage particles as
fusions to the gene Il product of M13 packaged within each particle. The phage-dispiayed
variants are then screened for their biological activity (e. g. binding affinity} as herein
disclosed. In order to identify candidate hypervariable region sides for modification, alanine
scanning mutagenesis can be performed to identify hypervariable region residues contributing
significantly to antigen binding. Alternatively, or additionally, it may be beneficial to analyze a
crystal structure of the antigen-antibody complex to identify contact points between the
binding domain and, e.g., human target cell surface antigen. Such con*act residues and
neighboring residues are candidates for substitution according to the techniques elaborated
herein. Once such variants are generated, the panel of variants is subjected to screening as
described herein and antibodies with superior properties in one or more relevant assays may
be selected for further development.

The monoclonal antibodies and antibody constructs 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 sequences 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 identicai with or homologous to corresgonding sequences in antibodies
derived from another species or belonging to another antibody class or subclass, as weil as
fragments of such antibodies, so long as they exhibit the desired biological activity (U.S. Patent
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Ne. 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., Old World Monkey, Ape
etc.) and human constant region sequences. A variety of approaches for making chimeric
antibodies have been described. See e.g., Morrison et al., Proc. Natl. Acad. 5ci U.5.A. 81 :6851,
1985: Takeda et al., Nature 314:452, 1985, Cabilly et al., U.S. Patent No. 4,816,567; Boss et al,,
U.S. Patent No. 4,816,397; Tanaguchi et al., EP 0171496; EP 0173494, and GB 2177096.

An antibody, antibody construct, antibody fragment or antibody variant may also be modified
by specific deletion of human T cell epitopes (a method called "deimmunization”) by the
methods disclosed for example in WO 98/52976 or WO 00/34317. Briefly, the heavy and light
chain variable domains of an antibody can be analyzed for peptides that bind to MHC class Ii;
these peptides represent potential T cell epitopes (as defined in WO 98/52976 and WO
00/34317). For detection of potential T cell epitopes, a computer modeling approach termed
"peptide threading" can be applied, and in addition a database of human MHC class Il binding
peptides can be searched for motifs present in the VH and VL sequences, as described in WO
98/52976 and WO 00/34317. These motifs bind to any of the 18 major MHC class 1l DR
allotypes, and thus constitute potential T cell epitopes. Potential T cell epitopes detected can
be eliminated by substituting small numbers of amino acid residues in the variable domains,
or preferably, by single amino acid substitutions. Typically, conservative substitutions are
made. Often, but not exclusively, an amino acid common to a position in human germiine
antibody sequences may be used. Human germline sequences are disclosed e.g. in Tomlinson,
et al. (1992) J. Mol. Biol. 227:776-798; Cook, G.P. et al. (1995) Immunol. Today Vol. 16 (5): 237-
242; and Tomlinson et al. (1995) EMBO J. 14: 14:4628- 4638. The V BASE directory provides a
comprehensive directory of human immunoglobulin variable region sequences {compiled by
Tomlinson, LA. et al. MKC Centre for Protein Engineering, Cambridge, UK). These sequences
can be used as a source of human sequence, e.g., for framework regions and CDRs, Consensus
human framework regions can also be used, for example as described in US Patent No.
6,300,064.

"Humanized" antibodies, antihody constructs, variants or fragments thereof (such as Fv, Fab,
Fab', F(ab')z or other antigen-binding subsequences of antibodies) are antibodies or
immunoglobulins of mostly human sequences, which contain (a) 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 (also
CDR) of the recipient are replaced by residues from a hypervariable region of a non- human
(e.g., rodent) species {donor antibody)} such as mouse, rat, hamster or rabbit having the
desired specificity, afinity, and capacity. In some instances, Fv framework region (FR) residues
of the human immunoglobulin are replaced by corresponding non-human residues.
Furthermore, "humanized antibodies" as used herein may also comprise residues 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 al., Nature, 321: 522-525 (1986},
Reichmann et al., Nature, 332: 323-329 (1988}; and Presta, Curr. Op. Struct. Biol., 2: 593- 596
{1992j.
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Humanized antibodies or fragments thereof can be generated by replacing sequences of the
Fv variable domain that are not directly involved in antigen binding with equivalent 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 Oi et al.
(1986) BioTechniques 4:214; and by US 5,585,089; US 5,693,761; US 5,693,762 US 5,859,205,
and US 6,407,213. Those methaods 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 nucleic acids may be obtained from a hybridoma producing
an antibody against a 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 immunoglobulin heavy and light chain genes. Winter describes an exemplary CDR
grafting method that may be used to prepare the humanized antibodies described herein (U.S.
Patent No. 5,225,539). All of the CORs of a particular human antibody may be replaced with
at least a portion of a non-human CDR, or only some of the CDRs may be replaced with non-
hurman CDRs. It is only necessary to replace the number of CDRs required for binding of the
humanized antibody to a predetermined antigen.

A humanized antibody can be optimized by the introduction of conservative substitutions,
consensus sequence substitutions, germline substitutions and/or back mutations. Such
altered immunoglobulin molecules can be made by any of several techniques known in the
art, (e.g., Teng et al., Prcc. Natl. Acad. Sci. U.S.A., 80: 7308-7312, 1983; Kozbor ei a/.,
immunology Today, 4: 7279, 1983; Olsson et al., Meth. Enzymol., 92: 3- 16, 1982, and EP 239
400).

The term "human antibody”, "human antibody construct" and "human binding domain”
includes antibodies, antibody constructs and binding domains having antibody regions such
as variable and constant regions or domains which correspond substantially to human
germline immunoglobulin sequences known in the art, including, for example, those described
by Kabat et al. (1991) {loc. cit.). The human antibodies, antibody constructs or binding domains
as defined in the context of the invention may include amino acid residues not encoded by
human germline immunoglobulin sequences {e.g., mutations introduced by random or side-
specific mutagenesis in vitro or by somatic mutation in vivoj, for example in the CDRs, and in
particular, in CDR3. The human antibodies, antibody constructs or binding domains can have
at least one, two, three, four, five, or more positions replaced with an amino acid residue that
is not encoded by the human germline immunoglobulin sequence. The definition of human
antibodies, antibody ccnstructs and binding domains as used herein, however, also
contemplates "fully human antibodies", which include only non-artificially and/or genetically
altered human sequences of antibodies as those 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 germline immunoglobulin sequences.

in some embodiments, the antibody constructs defined herein are "isolated" or "substantially
pure" antibody constructs. "Isolated” or "substantially pure", when used to describe the
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antibody constructs disclosed herein, means an antibody construct that has been identified,
separated and/or recovered from a component of its production environment. The antibody
construct is obtained from a solution comprising the antibody construct and one or more
other components, i.e. impurities. Preferably, the antibody 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 proteinaceous or
non-proteinaceous sofutes. The antibody constructs may e.g constitute at least about 5%, or
at least about 50% by weight of the total protein in a given sample. It is understood that the
isolated protein may constitute from 5% to 99.9% by weight of the total protein content,
depending on the circumstances. The polypeptide may be made at a significantly higher
concentration through the use of an inducible promoter or high expression promoter, such
that it is made at increased concentration levels. The definition includes the production of an
antibody construct in a wide variety of organisms and/or host cells that are known in the art.
In preferred embodiments, the antibody 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 sequenator, or (2} to homogeneity by SDS-PAGE under non-reducing or reducing
conditions using Coomassie blue or, preferably, silver stain. Ordinarily, however, an isolated
antibody construct will be prepared by at least one purification step.

The antibody construct is isolated from a “solution” by the at least one chromatographic
capture step as a purification step. Such “solution” is a mixture comprising the antibody
construct and one or more impurities as other components. The solution can be directly
obtained from the host cell or microorganism producing the antibody construct, for example,
cell culture supernatant or harvested cell culture fluid. The solution can be obtained by
physically separating cells from the antibody construct and other other components and,
optionally, conditioning by a buffer and/or dilution before subjecting it to a chromatographic
capture step.

The term "binding domain" characterizes in connection with the present invention a domain
which (specifically) binds to / interacts with / recognizes a given target epitope or a given
target side on the target molecules (antigens), e.g. a NK cell receptor antigen, e.g. CD16, and
the target cell surface antigen CD30, respectively. The structure and function of the first
binding domain {recognizing e.g. CD16), and preferably also the structure and/or function of
the second binding domain (recognizing the target cell surface antigen), is/are based on the
structure and/or function of an antibody, e.g. of & full-length or whole immunoglobulin
molecule and/or is/are drawn from the variable heavy chain (VH} and/or variabie light chain
(VL) domains of an antibody or fragment thereof. Preferably the first binding domain is
characterized by the presence of three light chain CDRs (i.e. CDR1, CDR2 and CDK3 of the VL
region) and/or three heavy chain CDRs {i.e. CDR1, CDR2 and CDR3 of the VH region). The
second binding domain preferably also comprises the minimurm structural requirements of an
antibody which allow for the target binding. Mora preferably, the second binding domain
comprises at least three light chain CDRs {i.e. CDR1, CDR2 and CDR3 of the VL region) and/or
three heavy chain CDRs (i.e. CDR1, CDR2 and CDR3 of the VH region). It is envisaged that the
first and/or second binding domain is produced by or obtainable by phage-display or library
9
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screening methods rather than by grafting CDR sequences from a pre-existing (monocional)
antibody into a scaffold.

According to the present invention, binding domains are in the form of one or more
polypeptides. Such polypeptides may include proteinaceous parts and non-proteinaceous
parts (e.g. chemical linkers or chemical cross-linking agents such as glutaraidehyde). Proteins
(including fragments thereof, preferably biologically 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 {resulting in a chain of amino 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,
trimers and higher oligomers, i.e., consisting of more 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 occurring form, consists of two identical light
polypeptide chains and two identical heavy polypeptide chains. The terms "peptide”,
"polypeptide” and "protein” aiso refer to naturaily modified peptides / polvpeptides / proteins
wherein the modification is affected e.g. by post-translational 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.

Preferably the binding domain which binds to the NK cell receptor antigen, e.g. CD16 and/or
the binding domain which binds to the target cell surface antigenn CD30 is/are human,
humanized or murine derived chimeric binding domains. Antibodies and antibody constructs
comprising at least one human binding domain avoid some of the problems associated with
antibodies or antibody constructs that possess nen-human such as rodent {e.g. murine, rat,
hamster or rabbit) variable and/or constant regions. The presence of such rodent derived
proteins can lead to the rapid clearance of the antibodies or antibody constructs or can lead
to the generation of an immune response against the antibody or antibody construct by a
patient. In order to avoid the use of rodent derived antibodies or antibody constructs, human
or fully human antibodies / antibody constructs can be generated through the introduction of
human antibody function into a rodent so that the rodent produces fuily human antibodies.

The ability to clone and reconstruct megabase-sized human loci in YACs and to introduce them
into the mouse germline provides a powerful approach to elucidating the functional
componerts of very large or crudely mapped loci as well as generating useful models of human
disease. Furthermaore, the use of such technology for substitution of mouse loci with their
human equivalents could provide unique 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 immunoglobulin (Ig) loci into mice in which
the endogenous Ig genes have been inactivated offers the opportunity to study the

mechanisms underlying programmed expression and assembly of antibodies as well as their
10



10

15

20

25

30

35

40

WO 2021/130383 PCT/EP2020/087896

role in B-cell development. Furthermore, such a 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 or
antibody constructs are expected to minimize the immunogenic and allergic responses
intrinsic to mouse or mouse-derivatized mAbs and thus to increase the efficacy and safety of
the administered antibodies / antibody constructs. The use of fully human antibodies or
antibody constructs can be expected to provide a substantial advantage in the treatment of
chronic and recurring human diseases, such as inflammation, autoimmunity, and cancer,
which require repeated compound administrations.

One approach towards this goal was to engineer mouse strains deficient in mouse antibody
production with large fragments of the human Ig loci in anticipation that such mice would
produce a large repertoire of human antibodies in the absence of mouse antibodies. Large
human g fragments would preserve the large variable gene diversity as well as the proper
regulation of antibody production and expression. By exploiting the mouse machinery for
antibody diversification and selection and the lack of immunological tolerance to human
proteins, the reproduced human antibody repertoire in these mouse strains should yield high
affinity antibodies against any antigen of interest, including human artigens. Using the
hybridoma technology, antigen-specific human mAbs with the desired specificity could be
readily produced and selected. This general strategy was demonstrated in connection with
the generation of the first XenoMouse mouse strains (see Green et al. Nature Genetics 7:13-
21 (1994}). The XenoMouse strains were engineered with yeast artificial chromosomes (YACs]
chain locus and kappa light chain locus, respectively, which contained core variable and
constant region sequences. The human ig containing YACs proved to be compatible with the
mouse system for hoth rearrangement 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 adult-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 might recapitulate
substantially the full repertoire that is characteristic of the human humoral response to
infection and immunization. The work 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, germline configuration YAC fragments of the human heavy
chain loci and kappa light chain loci, respectively. See Mendez et al. Nature Genetics 15:146-
156 {1997} and U.S. patent application Ser. No. 08/759,620.

The production of the XenoMouse mice is further discussed and delineated in U.5. patent
applications Ser. No. 07/466,008, Ser. No. 07/610,515, Ser. No. 07/919,297, Ser. No.
07/922,649, Ser. No. 08/031,801, Ser. No. 08/1 12,848, Ser. No. 08/234,145, Ser. No.
08/376,279, Ser. No. 08/430,938, Ser. No. 08/464,584, Ser. No. 08/464,582, Ser. No.
08/463,191, Ser. No. 08/462,837, Ser. No. 08/486,853, Ser. No. 08/486,857, Ser. No.
08/486,859, Ser. No. 08/462,513, Ser. No. 08/724,752, and Ser. No. 08/759,620; and U.S. Pat.
Nos. 6,162,963; 6,150,584; 6,1 14,598; 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 aiso Mendez et al. Nature Genetics 15:146-
11
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156 (1997) and Green and Jakobovits J. Exp. Med. 188:483-495 (1998}, EP 0 463 151 81, WO
94/02602, WO 96/34096, W 93/24893, WO 00/76310, and WO 03/47336.

in an alternative appreach, 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 or more JH genes, a mu constant region, and a second constant region
{preferably a gamma constant region} are formed into a construct for insertion into an animal.
This approach is described in U.S. Pat. No. 5,545,807 to Surani et al. and U.S. Pat. Nos.
5,545,806; 5,625,825; 5,625,126; 5,633,425; 5,661,016; 5,770,429; 5,789,650; 5,814,318,
5,877,397; 5,874,299; and 6,255,458 each to Lonberg and Kay, U.S. Pat. Nos. 5,591,669 and
6,023.010 to Krimpenfort and Berns, U.5. Pat. Nos. 5,612,205; 5,721,367; and 5,789,215 to
Berns et al., and U.S. Pat. No. 5,643,763 to Choi and Dunn, and GenPharm International U.S.
patent applicationr 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. 07/930.860, Ser. No. 08/053,131, Ser. No.
08/096,762, Ser. No. 08/155,301, Ser. No. 08/161,739, Ser. No. 08/165,699, Ser. No.
08/209,741. See also EP 0 546 073 Bl, WO 92/03918, WO 92/22645, WO 92/22647, WO
92/22670, WO 93/12227, WO 94/0056%, WO 94/25585, WO 96/14436, WO 97/13852, and
WO 98/24884 and U.5. Pat. No. 5,981,175. See further Taylor et al. (1992), Chen et al. (1993),
Tuaillon et al. (1993), Choi et al. (1993}, Lonberg et al. {1994}, Taylor et al. (1994), and Tuaillon
et al. (1995), Fishwild et al. {1996).

Kirin has also demonstrated the generation of human antibodies from mice in which, through
microcell fusion, large pieces of chromosomes, or entire chromosomes, have been introduced.
See European Patent Application Nos. 773 288 and 843 961, Xenerex Biosciences is developing
a technology for the potential generation of human antibodies. In this technology, SCID mice
are reconstituted with human lymphatic cells, 2.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.

Human anti-mouse antibody (HAMA] responses have led the industry to prepare chimeric or
otherwise huntanized antibodies. It is however expected that certain human anti- chimeric
antibody (HACA) responses will be observed, particularly in chronic or muiti-dose utilizations
of the antibody. Thus, it would be desirable to provide antibody constructs comprising a
human binding domain against the target cell surface antigen and a human binding domain
against CD16 in order to vitiate concerns and/or effects of HAMA or HACA response.

LLINN 13

The terms "(specifically) binds to", (specifically) recognizes", "is {specifically) directed to", and
"(specifically) reacts with" mean in accordance with this invention that a binding domain
interacts or specifically interacts with a given epitope or a given target side on the target
molecules (antigens), here: the NK cell receptor, e.g. CD16a, and the target cell surface
antigen, respectively.

The term "epitope” refers to a side on an antigen to which a binding domain, such as an
antibody or immunoglobulin, or a derivative, fragment or variant of an antibody or an

immunoglobulin, specifically binds. An "epitope" is antigenic and thus the term epitope is
sometimes also referred to herein as "antigenic structure” or "antigenic determinant”. Thus,
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the binding domain is an "antigen interaction side". Said binding/interaction is also
understood to define a "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 an amino
acid primary sequence comprises the recognized epitope. A linear epitope typically includes
at least 3 or at least 4, and more usually, at least 5 or at least 6 or at least 7, for example, about
8 to about 10 amino acids in a unique sequence.

A "conformational epitope”, in contrast to a linear epitope, is an epitope wherein the primary
sequence of the amino acids comprising the epitope is not the sole defining component of the
epitope recognized (e.g., an epitope wherein the primary sequence of amino acids is not
necessarily recognized by the binding domain). Typically, a conformational epitope comprises
an increased number of amino acids relative to a linear epitope. With regard to recognition of
conformational epitopes, the binding domain recognizes a three- dimensional structure 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, certain amino acids and/or the polypeptide backbone forming
the conformaticnal 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 crystallography, two-dimensional nuclear magnetic resonance (2D-NMR)
spectroscopy and site-directed spin labelling and electron paramagnetic resonance (EPR)
spectroscopy.

The interaction between the binding domain and the epitope or the region comprising the
epitope implies that a binding domain exhibits appreciable affinity for the epitope / the region
comprising the epitope on a particular protein or antigen (here: the NK cell receptor, e.g.
CD16a, and the target cell surface antigen, respectively) and, generally, does not exhibit
significant reactivity with proteins or antigens other than the NK cell receptor, e.g. CD16a, and
the target cell surface antigen CD30. "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 102 to 108 M, 10210 10° M, 102 to 100 M, 10 to 10 M, preferably of
about 10 to 10° M. Whether a binding domain specifically reacts with or binds to a target
can be tested readily by, inter alia, comparing the reaction of said binding domain with a target
protein or antigen with the reaction of said binding domain with proteins or antigens other
than the NK cell receptor, e.g. CD16a, and the target cell surface antigen. Preferably, & binding
domain as defined in the context of the invention does not essentially or substantially bind to
proteins or antigens other than the NK cell receptor, e.g. CD16a, and the target cell surface
antigen (i.e., the first binding domain is not capable of binding to proteins other than the NK
cell receptor, e.g. CD16a, and the second binding domain is not capable of binding to proteins
other than the target cell surface antigen).

The term "does not essentially / substantially bind" or "is not capable of hinding"” means that
a binding domain of the present invention does not bind a protein or antigen other than the
NK cell receptor, e.g. CD16a, and the target cell surface antigen, i.e., does not show reactivity
of more than 30%, preferably not more than 20%, more preferably not more than 10%,
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particularly preferably not more than 9%, 8%, 7%, 6% or 5% with proteins or antigens other
than the NK cell receptor, e.g. CD16a, and the target cell surface antigen, whereby binding to
the NK cell receptor, e.g. CD16a, and the target cell surface antigen, respectively, is set to be
100%.

Specific binding is believed to be affected 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 secondary modifications of said
structures. The specific interaction of the antigen-interaction-side with its specific antigen may
result in a simple binding of said side to the antigen. Moreover, the specific interaction of the
antigen-interaction-side with its specific antigen may alternatively or additionally result 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.

The term "variable”" refers to the portions of the antibody or immunoglobulin domains that
exhibit variability in their sequence and that are involved in determining the specificity and
binding affinity of a particular antibody (i.e., the "variable domain(s)"). The pairing of a
variable heavy chain {VH} and a variable light chain (VL) together forms a single antigen-
binding side.

Variability is not evenly distributed throughout the variable domains of antibodies; it is
concentrated in sub-domains of each of the heavy and light chain variable regions. These sub-
domains are called "hypervariabie regions" or "complementarity determining regions” (CDRs).
The more conserved (i.e., non-hypervariable) portions of the variable domains are called the
"framework" regions {FRM or FR} and provide a scaffold for the six CDRs in three dimensional
space to form an antigen-binding surface. The variable domains of naturally occurring heavy
and light chains each comprise four FRM regions (FR1, FR2, FR3, and FR4), largely adopting a
B-sheet configuration, connected by three hypervariable regions, which form loops
connecting, and in some cases forming part of, the [B-sheet structure. The hypervariable
regions in each chain are held together in close proximity by the FRM and, with the
hypervariable regicns from the other chain, contribute to the formation of the antigen-binding
side {see Kabat et al,, loc. cit.).

The terms "CDR", and its plural "CDRs", refer to the complementarity determining region of
which three make up the binding character of & light chain variable region (CDR-L1, CDR-L2
and CDR-L3) and three make up the binding character of a heavy chain variable region (CDR-
H1, CDR-H? and CDR-H3). CDRs 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: they are the main determinants of antigen specificity.

The exact definitional CDR 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 herein. Despite
differing boundaries, each of these systems has some degree of overlap in what constitutes
the so called "hypervariable regions" within the variable sequences. CDR 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 based on cross-species

sequence variability), Chothia (an approach based on crystallographic studies of antigen-
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antibody complexes), and/or MacCallum (Kabat et al., loc. cit; Chothia et al., J. Mol. Biol, 1987,
196: 901 -917; and MacCallum et al., J. Mol. Biol, 1956, 262: 732). Still another standard for
characterizing the antigen binding side is the AbM definition used by Oxford Molecular's AbM
antibody modeling software. See, e.g., Protein Sequence and Structure Analysis of Antibody
Variable Domains. In: Antibody Engineering Lab Manual (Ed.: Duebel, 5. and Kontermann, R,
Springer-Verlag, Heidelberg). To the extent that two residue identification techniques define
regions of overlapping, but not identical regions, they can be combined to define a hybrid CDR.
However, the numbering in accordance with the so-called Kabat system is preferred.

Typically, CDRs form a loop structure that can be classified as a canonical structure. The term
"canonical structure" refers to the main chain conformation that is adopted by the antigen
binding (CDR) loops. From comparative structural studies, it has been found that five of the
six antigen binding loops have only a limited repertoire of available conformations. Each
canonical structure can be characterized by the torsion angles of the polypeptide backbone.
Correspondent loops between antibodies may, therefore, have very similar three dimensional
structures, despite high amino acid sequence variability in most parts of the loops (Chothia
and Lesk, J. Mol. Biol., 1987, 196: 901; Chothia et al., Nature, 1989, 342: 877; Martin and
Thornton, J. Mol. Biol, 1996, 262: 800). Furthermore, there is a 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 residues
residing at key positions within the loop, as well as within the conserved framework (i.e.,
outside of the loop). Assignment to a 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 linear sequence of
the antibedy, for example, as catalogued by Kabat {(Kabat et al,, loc. cit.). The Kabat numbering
scheme (system:) is a widely adopted standard for numbering the amino acid residues of an
antibody variable domain in a consistent manner and is the preferred scheme applied in the
present invention as alss mentioned elsewhere herein. Additional structural considerations
can also be used to determine the canonical structure of an antibody. For example, those
differences not fully reflected by Kabat numbering can be described by the numbering system
of Chothia et al. and/or revealed by other techniques, for example, crystallography and two-
or three-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., based on a desire to include a variety of canonicai structures in a
library). Kabat numbering of antibody amino acid sequences and structural considerations as
described by Chothia et al., loc. cit. and their implications for construing canonical aspects of
antibody structure, are described in the literature. The subunit structures and three-
dimensicnal configurations of different classes of immunoglobulins are well known in the art.
For a review of the antibody structure, see Antibodies: A Laboratory Manual, Cold Spring
Harbor Laboratory, eds. Harlow et al., 1988. A global reference in immunoinformatics is the
three-dimensional {3D) structure database of IMGT ({international ImMunoGenetics
information system) {(Ehrenmann et al., 2010, Nucleic Acids Res., 38, D3C1-307). The
IMGT/3Dstructure-DB structural data are extracted from the Protein Data Bank (PDB) and
annotated according to the IMGT concepts of classification, using internal tools. Thus,
IMGT/3Dstructure-DB provides the closest genes and alleles that are expressed in the amino
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acid sequences of the 3D structures, by aligning these sequences with the IMGT domain
reference directory. This directory contains, for the antigen receptors, amino acid sequences
of the domains encoded by the constant genes and the translation of the germline variable
and joining genes. The CDR regions of our amino acid sequences were preferably determined
by using the IMGT/3Dstructure database.

The CDR3 of the light chain and, particularly, the CDR3 of the heavy chain may constitute the
most important determinants in antigen binding within the light and heavy chain variable
regions. In some antibody constructs, the heavy chain CDR3 appears to constitute the major
area of contact between the antigen and the antibody. In vitro selection schemes in which
CDR3 alone is varied can be used to vary the binding properties of an antibody or determine
which residues contribute to the binding of an antigen. Hence, CDR3 is typically the greatest
source of molecular diversity within the antibody-binding side. H3, for example, can be as
short as two amino acid residues or greater than 26 amino acids.

in a classical full-length antibody or immuncglobulin, each light (L) chain is linked to a heavy
{H) chain by one covalent disulfide bond, while the two H chains are linked to each other by
one or more disulfide bonds depending on the H chain isotype. The CH domain most proximal
to VH is usually designated as CH1. The constant {"C") domains are not directly involved in
antigen binding, but exhibit various effector functions, such as antibody- dependent, cell-
mediated cytotoxicity and complement activation. The Fc region of an antibody is comprised
within the heavy chain constant domains and is for example able to interact with cell surface
located Fc receptors.

The sequence of antibody genes after assembly and somatic mutation is highly varied, and
these varied genes are estimated to encode 100 different antibody molecules
(fmmunoglobulin Genes, 2nd ed., eds. Jonio et al.,, Academic Press, San Diego, CA, 1995).
Accordingly, the immune system provides a repertoire of immunoglobulins. The term
"repertoire” refers to at ieast one nuclestide sequence derived wholly or partially from at least
one sequence encoding at least one immunoglobulin. The sequence(s) may be generated by
rearrangement in vivo of the V, D, and J segments of heavy chains, and the V and J segments
of light chains. Alternatively, the sequence(s) can be generated from a cell in response to
which rearrangement occurs, e.g., in vitro stimulation. Alternatively, part or all of the
sequence(s) may be obtained by DNA splicing, nucleotide synthesis, mutagenesis, and other
methods, see, e.g., U.S. Patent 5,565,332, A repertoire may include only one sequence or may
include a plurality of sequences, including ones in a genetically diverse collection.

The antibody construct defined in the context of the invention may also comprise additional
domains, which are e.g. helpful in the isolation of the molecule or relate tc an adapted
pharmacokinetic profile of the molecule. Domains helpful for the isolation of an antibody
construct may be selected from peptide motives or secondarily introduced moieties, which
can be captured in an isolation methnd, e.g. an isolation column. Non-limiting embodiments
of such additional domains comprise peptide motives known as Myc-tag, HAT-tag, HA-tag,
TAP-tag, GST-tag, chitin binding domain (CBD-tag), maitose binding protein (MBP-tag), Flag-
tag, Strep-tag and variants thereof (e.g. Strepli-tag) and His-tag. All herein disciosed antibody
constructs characterized by the identified CDRs may comprise a His-tag domain, which is
generally known as a repeat of consecutive His residues in the amino acid sequence of a
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molecule, preferably of five, and more preferably of six His residues (hexa-histidine). The His-
tag may be located e.g. at the N- or C-terminus of the antibody construct, preferably it is
located at the C-terminus. Most preferably, a hexa-histidine tag (HHHHHH) {SEQUID NO:20} is
linked via peptide bond to the C-terminus of the antibody 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 pharmaceokinetic profile.

Amino acid sequence modifications of the antibody constructs described herein are aiso
contemplated. For example, it may be desirable to improve the binding affinity and/or other
biological properties of the antibody construct. Amino acid sequence variants of the antibody
constructs are prepared by introducing appropriate nucleotide changes into the antibody
constructs nucleic acid, or by peptide synthesis. All of the below described amino acid
sequence modifications should result in an antibody construct which still retains the desired
biological activity (binding to the NK cell receptor, e.g. CD16a, and the target cell surface
antigen) of the unmodified parental molecule.

The term "amino acid" or "amino acid residue" typically refers to an amino acid having its art
recognized definition such as an amino 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 Q); glutamic acid (Glu or E); glycine (Gly or G); histidine (His or H); isoleucine
(He or 1): leucine (Leu or L); lysine (Lys or K); methionine (Met or M}; phenylalanine (Phe or F);
pro line (Pro or P}; serine (Ser or S); threonine (Thr or T); tryptophan (Trp or W); tyrosine (Tyr
or Y); and valine (Val or V), although modified, synthetic, or rare amino acids may be used as
desired. Generally, amino acids can be grouped as having a nonpolar side chain (e.g., Ala, Cys,
ile, Leu, Met, Phe, Pro, Val); a negatively charged side chain (e.g., Asp, Glu); a positively
charged sidechain (e.g., Arg, His, Lys); or an uncharged polar side chain {e.g., Asn, Cys, Gin,
Gly, His, Met, Phe, Ser, Thr, Trp, and Tyr).

Amino acid modifications include, for example, deletions from, and/or insertions into, and/or
substitutions of, residues within the amino acid sequences of the antibody constructs. Any
combination of deletion, insertion, and substitution is made to arrive at the final construct,
provided that the final construct possesses the desired characteristics. The amino acid
changes also may alter post-translational processes of the antibody constructs, such as
changing the number or position of glycosylation sites.

For example, 1, 2, 3, 4, 5, or 6 amino acids may be inserted, substituted or deleted in each of
the CDRs {of course, dependent on their length), 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 inserted, substituted or deleted in each of
the FRs. Preferably, amino acid sequence insertions into the antibody construct include
amino- and/or carboxyl-terminal fusions ranging in length from 1, 2, 3,4, 5,6, 7, 8,9 0or 10
residues to polypeptides containing a hundred or more residues, as well as intra- sequence
insertions of single or multiple amino acid residues. Corresponding modifications may also
performed within a third domain of the antibody construct defined in the context of the
invention. An insertional variant of the antibody construct defined in the context of the
invention includes the fusion to the N-terminus or to the C-terminus of the antibody construct
of an enzyme or the fusion to a polypeptide.
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The sites of greatest interest for substitutional mutagenesis include (but are not limited to)
the CDRs of the heavy and/or light chain, in particular the hypervariable regions, but FR
alterations in the heavy and/or light chain are also contemplated. The substitutions are
preferably conservative substitutions as described herein. Preferably, 1,2, 3,4,5,6,7,8,9, or
10 amino acids may be substituted in a CDR, 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. For example, if a CDR sequence encompasses &
amino acids, it is envisaged that one, two or three of these amino acids are substituted.
Similarly, if a CDR sequence encompasses 15 amino acids it is envisaged that one, two, three,
four, five or six of these amino acids are substituted.

A useful method for identification of certain residues or regions of the antibody constructs
that are preferred locations for mutagenesis is called "alanine scanning mutagenesis" as
described by Cunningham and Wells in Science, 244: 1081 -1085 (1989). Here, a residue or
group of target residues within the antibody construct is/are identified (e.g. charged residues
such as Arg, Asp, His, Lys, and Glu) and replaced by a neutral or negatively charged amino acid
{most preferably alanine or poiyalanine] to affect the interaction of the amino acids with the
epitope.

Those amine acid locations demonstrating functional sensitivity to the substitutions are then
refined by introducing further or other variants at, or for, the sites of substitution. Thus, while
the site or region for introducing an amino acid sequence variation is predetermined, the
nature of the mutation per se 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 antibody
construct variants are screened for the optimal combination of desired activity. Techniques
for making substitution mutations at predetermined sites in the DNA having a known
sequence are well known, for example, M13 primer mutagenesis and PCR mutagenesis.
Screening of the mutants is done using assays of antigen binding activities, such as the NK cell
receptor, e.g. CD16a, and the target cell surface antigen binding.

Generally, if amino acids are substituted in one or more or all of the CDRs of the heavy and/or
light chain, it is preferred that the then-obtained "substituted” sequence is at least 60% or
65%, more preferably 70% or 75%, even more preferably 80% or 85%, and particularly
preferably 90% or 95% identical to the "original" CDR sequence. This means that it is
dependent of the length of the CDR to which degree it is identical to the "substituted”
sequence. For example, a CDR having 5 amino acids is preferably 80% identical to its
substituted sequence in order to have at least one amino acid substituted. Accordingly, the
CDRs of the antibody construct may have different degrees of identity to their substituted
sequences, e.g., CDRL1 may have 80%, while CDRL3 may have 90%.

Preferred substitutions {or replacements) are conservative substitutions. However, any
substitution (including non-conservative substitution or one or more from the "exemplary
substitutions” listed in Table 3, below) is envisaged as long as the antibody construct retains
its capability to bind to the NK cell receptor, e.g. CD16a via the first domain and to the target
cell surface antigen via the second domain and/or its CDRs have an identity to the then
substituted sequence {at least 60% or 65%, more preferably 70% or 75%, even more
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preferably 80% or 85%, and particularly preferably 90% or 95% identical to the "original" CDR
sequence).

Conservative substitutions are shown in Table 1 under the heading of "preferred
substitutions”. If such substitutions result in a change in biclogical activity, then more
substantial changes, denominated "exemplary substitutions” in Table 1, or as further
described below in reference to amino acid classes, may be introduced and the products
screened for a desired characteristic.

Table 1: Amino acid substitutions

Original Exemplary Substitutions Preferred Substitutions
Ala (A) val, ley, ile val
Arg (R} lys, gin, asn lys
Asn (N} gln, his, asp, lys, arg gin
Asp (D} glu, asn glu
Cys (C) ser, ala ser
Gin {Q) asn, glu asn
Glu (E) asp, gin asp
Gly (G) ala ala
His {(H) asn, gin, lys, arg arg
le(l) leu, val, met, ala, phe leu
Leu (L) norleucine, ile, val, met, ala  |lie
Lys (K} arg, gln, asn arg
Vet (M} teu, phe, ile leu
Phe (F) leu, val, ile, ala, tyr tyr
Pro (P) ala ala
Ser (S) thr thr
Thr (T) ser ser
Trp (W) tyr, phe tyr
Tyr {Y) trp, phe, thr, ser phe
Val (V) ile, leu, met, phe, ala leu

Substantial modifications in the biclogical properties of the antibody construct of the present
invention are accomplished by selecting substitutions that differ significantly in their effect on
maintaining (a) the structure of the polypeptide backbone in the area of the substitution, for
example, as a sheet or helical conformation, (b} the charge or hydrophobicity of the molecule
at the target site, or {c) the bulk of the side chain. Naturally occurring residues are divided into
groups based on common side-chain properties: (1) hydrophobic: norleucine, met, ala, val,
ieu, ile; (2) neutral hydrophilic: cys, ser, thr, asn, gin; (2} acidic: asp, glu; (4) basic: his, lys, arg;
(5) residues that influence chain orientation: gly, pro; and (6) aromatic: trp, tyr, phe.

Non-conservative substitutions will entail exchanging a member of one of these classes for
another class. Any cysteine residue not involved in maintaining the proper conformation of
the antibody construct may be substituted, generaily with serine, to improve the oxidative
stability of the molecule and prevent aberrant crosslinking. Conversely, cysteine bond(s) may
be added to the antibody to improve its stability {particularly where the antibody is an
antibody fragment such as an Fv fragment).
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For amino acid sequences, sequence identity and/or similarity is determined by using standard
techniques 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 algorithm of Needleman and Wunsch, 1970, J. Mol. Biol. 48:443, the search for
similarity method of Pearson and Lipman, 1988, Proc. Nat. Acad. Sci. U.5.A. 85:2444,
computerized implementations 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., 1984, Nucl. Acid Res.
12:387-395, preferably using the default settings, or by inspection. Preferably, percent
identity is calculated by FastDB based upon the following parameters: mismatch penalty of 1;
gap penalty of 1; gap size penalty of 0.33; and joining penalty of 30, "Current Methods in
Sequence Comparison and Analysis,” Macromolecule Sequencing and Synthesis, Selected
Methods and Applications, pp 127-142 (1988), Alan R. Liss, Inc.

An example of a useful algorithm is PILEUP. PILEUP creates a multipie sequence alignment
from a group of related sequences using progressive, pairwise alignments. It can also plot a
tree showing the clustering relationships used to create the alignment. PILEUP uses a
simplification of the progressive alignment method of Feng & Doolittle, 1987, J. Mol. Evol.
35:351-360; the method is similar to that described by Higgins and Sharp, 1989, CAEIOS 5:151
-153. Useful PILEUP parameters including a default gap weight of 3.00, a default gap length
weight of 0.10, and weighted end gaps.

Another example of a useful algorithm is the BLAST algorithm, described in: Altschul et al.,
1990, 1. Mol. Biol. 215:403-410; Altschui et al., 1997, Nucleic Acids Res. 25:3389- 3402; and
Karin et al., 1993, Proc. Natl. Acad. Sci. U.S.A. 90:5873-5787. A particularly useful BLAST
program is the WU-BLAST-2 program which was obtained from Altschui et al., 1996, Methods
in Enzymology 266:460-480. WU-BLAST-2 uses several search parameters, most of which are
set to the default values. The adjustable parameters are set with the following values: overlap
span=1, overlap fraction=0.125, word threshold (T)=ll. The HSP S and HSF 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 adjusted to increase
sensitivity.

An additional useful algorithm is gapped BLAST as reported by Altschul et al,, 1993, Nucl. Acids
Res. 25:3389-3402. Gapped BLAST uses BLOSUM-62 substitution scores; threshold T
parameter set to 9; the two-hit method to trigger ungapped extensions, charges gap lengths
of k a cost of 10+k; Xu set to 16, and Xg set to 40 for database search stage and to 67 for the
putput stage of the algorithms. Gapped alignments are riggered by a score corresponding to
about 22 bits.

Generally, the amino acid homology, similarity, or identity between individual variant CDRs or
VH / VL sequences are at least 60% to the sequences depicted herein, and more typically with
preferably increasing homologies or identities of at least 65% or 70%, more preferably at least
75% or 80%, even more preferably at {east 85%, 90%, 91 %, 92%, 93%, 94%, 95%, 96%, 97%,
98%, 99%, and almost 100%. In a similar manner, "percent (%) nucleic acid sequence identity"
with respect to the nucleic acid sequence of the binding proteins identified herein is defined
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as the percentage of nucleotide residues in a candidate sequence that are identical with the
nucleotide residues in the coding sequence of the antibody construct. A specific method
utilizes the BLASTN module of WU-BLAST-2 set to the default parameters, with overlap span
and overlap fraction set to 1 and 0.125, respectively.

Generaily, the nucleic acid sequence homology, similarity, or identity between the nucleotide
sequences encoding individual variant CDRs or VH / VL sequences and the nucleotide
sequences depicted herein are at least 60%, and more typicaily with preferably increasing
homologies or identities of at least 65%, 70%, 75%, 80%, 81 %, 82%, 83%, 84%, 85%, 86%,
87%, 88%, 89%, 90%, 91 %, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99%, and almost 100%.
Thus, a "variant CDR" or a "variant VH / VL region" is one with the specified homology,
similarity, or identity to the parent CDR / VH / VL defined in the context of the invention, and
shares biological function, including, but not limited to, at ieast 60%, 65%, 70%, 75%, 80%, 81
%, 82%, 83%, 84%, B5%, 86%, 87%, 88%, 89%, 90%, 91 %, 92%, 93%, 94%, 95%, 96%, 97%,
98%, or 99% of the specificity and/or activity of the parent CDR or VH / VL.

In one embodiment, the percentage of identity to human germline of the antibody constructs
according to the invention is2 70% or2 75%, more preferablyz 80% orz 85%, even more
preferably > 90%, and most preferably > 91 %, 292%, = 3%, = 94%, 2 95% or even 2 96%.
{dentity to human antibody germiine gene products is thought to be an important feature to
reduce the risk of therapeutic proteins to elicit an immune response against the drug in the
patient during treatment. Hwang & Foote {"lmmunogenicity of engineered antibodies”;
Methods 36 (2005) 3-10) demonstrate that the reduction of non- human portions of drug
antibody constructs leads to a decrease of risk to induce 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 V-
regions of antibodies makes the protein less immunogenic (average 5.1 % of patients) than
antibodies carrying unaltered non-human V regions (average 23.59 % of patients). A higher
degree of identity 1o human sequences is hence desirable for V-region based protein
therapeutics in the form of antibody constructs. For this purpose of determining the germline
identity, the V-regions of VL can be aligned with the amino acid sequences of human germline
V segments and J segments (http://vbase.mrc-cpe.cam.ac.uk/) using Vector NTi software and
the amino acid sequence calculated by dividing the identical amino acid residues by the total
number of amino acid residues of the VL in percent. The same can be for the VH segments
{http://vbase.mrc-cpe.cam.ac.uk/) 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.

Certain embodiments provide pharmaceutical compositions comprising the antibody
construct defined in the context of the invention and further one or more excipients such as
those illustratively described in this section and elsewhere herein. Excipients can be used in
the invention in this regard for a wide variety of purposes, such as adjusting physical, chemical,
or biological properties of formulations, such as adjustment of viscosity, and or processes of
one aspect of the invention to improve effectiveness and or to stabilize such formulations and
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processes against degradation and spoilage due to, for instance, stresses that occur during
manufacturing, shipping, storage, pre-use preparation, administration, and thereafter.

In certain embodiments, the pharmaceutical composition may contain formulation materials
for the purpose of modifying, maintaining or preserving, e.g., the pH, osmolarity, viscosity,
clarity, color, isotonicity, odor, sterility, stability, rate of dissolution or release, adsorption or
penetration of the composition (see, REMINGTON'S PHARMACEUTICAL SCIENCES, 18" Edition,
{A.R. Genrmo, ed.), 1990, Mack Publishing Company}. In such embodiments, suitable
formulation materials may include, but are not limited to:

®

amino acids such as glycine, alanine, glutamine, asparagine, threonine, proline, 2-
phenylalanine, including charged amino acids, preferably lysine, lysine acetate,
arginine, glutamate and/or histidine
antimicrobials such as antibacterial and antifungal agents
antioxidants such as ascorbic acid, methionine, sodium sulfite or sodium hydrogen-
suifite;
huffers, buffer systems and buffering agents which are used to maintain the
composition at physiological pH or at a slightly lower pH; examples of buffers are
borate, bicarbonate,
Tris-HCI, citrates, phosphates or other organic acids, succinate, phosphate, and
histidine; for example, Tris buffer of abhout pH 7.0-8.5;
non-agueous solvents such as propylene glycol, polyethylene glycol, vegetable oils
such as olive oil, and injectable organic esters such as ethyl oleate;
aqueous carriers including water, alcoholic/aqueous solutions, emulsions or
suspensions, including saline and buffered media;
hiodegradable polymers such as polyesters;
bulking agents such as mannitol or glycine;
chelating agents such as ethylenediamine tetra acetic acid (EDTA};
isotonic and absorption delaying agents;
complexing agents such as caffeine, polyvinylpyrrolidone, beta-cyclodextrin or
hydroxypropyl-beta-cyclodextrin}
fillers;
monosaccharides; disaccharides; and other carbohydrates (such as glucose, mannose
or dextrins); carbohydrates may be non-reducing sugars, preferably trehalose,
sucrose, octasulfate, sorbitol or xylitol;
(low molecular weight) proteins, polypeptides or proteinaceous carriers such as
human or bovine serum albumin, gelatin or immunoglobulins, preferably of human
origin;
coloring and flavouring agents;
sulfur containing reducing agents, such as glutathione, thioctic acid, sodium
thioglycolate, thioglycerol, {alphaj-monothioglycerol, and sodium thio sulfate
diluting agents;
emulsifying agents;
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o hydrophilic polymers such as polyvinylpyrrolidone)

s salt-forming counter-ions such as sndium;

e preservatives such as antimicrobials, anti-oxidants, chelating agents, inert gases and
the like; examples are: benzalkonium chloride, benzoic acid, salicylic acid, thimerosal,
phenethyl alcohol, methylparaben, propylparaben, chlorhexidine, sorbic acid or
hydrogen peroxide);

¢ metal complexes such as Zn-protein complexes;

s solvents and co-solvents (such as glycerin, propylene glycol or polyethylene glycol);

® sugars and sugar alcohols, such as trehalose, sucrose, octasulfate, mannitol, sorbitol
or xylitol stachyose, mannacse, sorbose, xylose, ribose, myoinisitose, galactose, lactitol,
ribitol, myginisitol, galactitol, glycerol, cyclitols {e.g., inositol), polyethylene glycol; and
polyhydric sugar alcohols;

e suspending agents;

e surfactants or wetting agents such as pluronics, PEG, sorbitan esters, polysorbates
such as polysorbate 20, polysorbate, triton, tromethamine, lecithin, cholesterol,
tyloxapal; surfactants may be detergents, preferably with a molecular weight of >1.2
KD and/or a polyether, preferably with a molecular weight of >3 KD; non-limiting
examples for preferred detergents are Tween 20, Tween 40, Tween 60, Tween 80 and
Tween 85; non-limiting examples for preferred polyethers are PEG 3000, PEG 335(C,
PEG 4000 and PEG 5000;

e stability enhancing agents such as sucrose or sorbitol;

e tonicity enhancing agents such as alkali metal halides, preferably sodium or potassium
chloride, mannitol sorbitol;

e parenteral delivery vehicles including sodium chloride solution, Ringer's dextrose,
dextrose and sodium chloride, lactated Ringer's, or fixed oils;

s intravenous delivery vehicles including fluid and nutrient replenishers, electrolyte
replenishers (such as those based on Ringer's dextrose).

It is evident to those skilled in the art that the different constituents of the pharmaceutical
composition (e.g., those listed above) 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.

In certain embodiments, the optimal pharmaceutical composition will be determined by one
skilled in the art depending upon, for example, the intended route of administration, delivery
format and desired dosage. See, for example, REMINGTON'S PHARMACEUTICAL SCIENCES,
supra. For example, a suitable vehicle or carrier may be water for injection, physiological saline
solution or artificial cerebrospinal fluid, possibly supplemented with other materials common
in compositions for parenteral administration. Neutral buffered saline or saline mixed with

serum albumin are further exemplary vehicles.

* kA
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It must be noted that as used herein, the singular forms "a", "an", and "the", include plurai
references unless the context clearly indicates otherwise. Thus, for example, reference to "a
reagent" includes one or more of such different reagents and reference to "the method"
includes reference to equivalent steps and methods known to those of ordinary skill in the art
that could be modified or substituted for the methods described herein.

Unless otherwise indicated, the term "at least" preceding a series of elements is to 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 equivalents to the
specific embodiments of the invention described herzin. Such equivalents are intended to be
encompassed by the present invention.

The term "and/or"” wherever used herein includes the meaning of "and", "or" and "all or any
other combination of the elements connected by said term".

The term "about" or "approximately” as used herein means within 20%, preferably within
10%, and more preferably within 5% of a given value or range. It includes, however, also the
concrete number, e.g., about 20 includes 20.

The term "less than" or "greater than" includes the concrete number. For example, less than
20 means less than or equal to. Similarly, more than or greater than means more than or equal
to, or greater than or equal to, respectively.

Throughout this specification and the claims which follow, 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. When used herein
the term "comprising” can be 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 ingredient not specified in
the claim element. When used herein, "consisting essentially of" does not exclude materials
or steps that do not materially affect the basic and novel characteristics of the claim.

in each instance herein, any of the terms "comprising", "consisting essentially of" and
"consisting of” may be replaced with either of the other two terms.

it should be understood that this invention is not limited to the particular methodology,
protocols, material, reagents, and substances, etc., described herein and as such can vary. The
terminology used herein is for the purpose of describing particular embodiments only, and is
not intended to limit the scope of the present invention, which is defined solely by the claims.

All publications and patents cited throughout the text of this specification (including all
patents, patent applications, scientific 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 admission that the invention is not entitled
to antedate such disclosure by virtue of prior invention. To the extent the material
incorporated by reference cortradicts or is inconsistent with this specification, the
specification will supersede any such material.
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Detailed description of the invention:

A characteristic of down stream procedures for antibodies is a capture step of the protein
from the cell culture in order to reduce the very large volume prior to the following
purification steps. Such capture step can be a chromatographic procedure.

The present invention is based on the unexpected finding that a high vield of active antibody
can be recovered despite the harsh conditions by accomplishing an extended treatment of a
chromatographic eluate at a low pH.

Fig. 1 shows that a hydrophobic charge induction chromatography (HCIC) using as sorbent 4-
Mercapto-Ethyl-Pyridin (MEP HyperCel™) was able to capture a CD30xCD16A bispecific
antibody from the cell culture but only about 50% of the antibody activity was recovered after
eluting at pH 3.7 and neutralizing it to pH7.0 (0h). Surprisingly, the present inventors found
that 100% antibody activity regained after an about two days incubation at pH3.7. This is in
contrast to an expected protein deterioration under acidic conditions. The kinetics of this
phenomenon is shown in Fig. 1.

Further, the low pH treatment revealed a reduction of high molecular weight forms as
described in Exampie 2, concluding a benefit for the purification of CD30xCD16A bispecific
antibody.

incubation at low pH has the additional advantage of reducing the virus titer. However, such
acid incubation steps in down stream processing of the prior art are kept to about one hour
for avoiding protein deterioration.

Thus, in a first aspect the present invention provides a method for the production of bispecific
antibody construct comprising a first binding domain for FeyRII and a second binding domain
for CD30, the method comprising the following steps

{a) chromatographically capturing the antibody construct from a solution;

(b) eluting the antibody construct from the capture matrix;

{c) reducing the pH in the solution of the eluted antibody construct to low pH in a
range of 2.5 pH to 3.9 pH and incubating the antibody construct under these
conditions for at least 40h;

{c) neutralizing to a pH in the range of pH 4.5 to pH 8.0.

As known in the art, chromatography is a laboratory technique for the separation of a mixture.
The mixture is dissclved in a fluid called the mobile phase, which carries it through a structure
holding another material called the stationary phase. Chromatographic methods are broadly
used in the field of antibody technology; see Gottschalk (editor), Process Scale Purification of
Antibodies 2008.

As described herein helow in detail, the reduction of the pH in the solution as described for
step {c) of the method of the invention is achieved by adding an acid solution. in line with the
method of the invention it is preferred that the incubation according to step (c) is performed
at a temperature of €12° C, preferable <10° C. More preferably, the incubation according to
step {c} is performed at a temperature in a range of 2°C to 10°C and most preferably in arange

of 2°Cto 8°C.
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The incubation of the antibody construct in the low pH solution as set forth in step (c) of the
method of the invention is set forth for at least 40h and stopped by neutralization of the
solution according to step (d) of the method of the invention. The neutralized solution is
adapted to a pH in the range of pH 4.5 to pH 8.0 by addition of a basic {alkaline) solution. It is
preferred that the neutralized solution is adapted to a pH in the range of pH 6.5 1o pH 7.5.
More preferably, the neutralized solution is adapted to a pH in the range of pH 6.8 to pH 7.2.

As described herein above, the incubation of an antibody construct, which is a protein, in low
pH {acid) conditions is stressful for any protein. Nevertheless, for a short period of time
{commonly in the range of 5 minute and 120 minutes; see Chen 2015, PDA § Pharm Sci and
Tech, 68, 17, Gottschalk {editor), Process Scale Purification of Antibodies 2009 Wiley chapter
4.5.2) such low pH step is part of a standard procedure in the downstream processing of
hiologics for the inactivation of possible virus contamination.

in line with the method of the invention the first binding domain of the antibody construct for
FcyRHE binds to CD16A.

it is preferred for the method of the invention that the antibody construct comprises at least
four variable domains from the group consisting of

(a) a heavy chain variable domain specific for CD16A (VH_CD16A) comprising a heavy
chain CDR1 having the amino acid sequence set forth in SEQ ID NO :1, a heavy
chain CDR2 having the amino acid sequence set forth in SEQ ID NO :2, a heavy
chain CDR3 having the amino acid sequence set forth in SEQ 1D NC: 3;

{b} a light chain variable domain specific for CD16A (VL_CD16A) comprising a light
chain CDR1 having an amino acid sequence set forth in SEQ 1D NO :4, a light chain
CDR2 having an amino acid seguence set forth in SEQ 1D NO: 5, and a light chain
CDR3 having an amino acid sequence set forth in SEQ ID NO: 6;

{¢) heavy chain variable domain specific for CD30 (VH_CD30A) comprising a heavy

chain CDR1 having the amino acid sequence set forth in SEQ ID NO :7, a heavy

chain CDR2 having the amino acid sequence set forth in SEQ ID NO :8, a heavy

chain CDR3 having the amino acid sequence set forth in SEQ ID NO: 8;

a light chain variable domain specific for CD30A (VL_CD30A} comprising a light

chain CDR1 having an amino acid sequence set forth in SEQID NO 110, a light chain

CDR2 having an amino acid sequence set forth in SEQ 1D NO: 11, and a light chain

CDR3 having an amino acid sequence set forth in SEQ 1D NO: 12,

(d

P

It is also preferred for the method of the invention that the variable domains of the antibody
construct are linked one after another by peptide linkers L1, L2 and L3 consisting of 12 or less
amino acid residues and positioned within each of the two polypeptide chains from the N-
terminus to the C-terminus in the order: VH_CD30-L1-VI._CD16A-L2 -VH_CD16A-L3 -VL_CD30.

In a preferred embodiment of the method of the invention the linker L2 of the antibody
construct consists of 3 to 9 amino acid residues.

Moreover, it is preferred for the method of the invention that the antibody construct
comprises an amino acid sequence as set forth in SEQ 1D NO:13.
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in & preferred embodiment of the method of the invention the pH in step (c) is in the range of
pH 3.0 to pH 3.8, preferably in the range of pH 3.5 to pH 3.75, more preferably in the range of
pH 3.65 to pH 3.7.

It is also preferred for the method of the invention that the antibody construct is incubated in
step {c) for at least 48h, preferably for at least 96k, in the low pH. As described herein above,
the incubation according to step (c) is performed at a temperature of <12° C, preferable £10°
C. More preferably, the incubation according to step (c) is performed at a temperature in a
range of 2°C to 10°C and most preferably in a range of 2°C to 8°C.

In a further embodiment, the antibody construct is incubated in step (¢} at room temperature
(RT) as used for storage of pharmaceuticals (e.g. defined by United States Pharmacopeia or
European Pharmacopeia), for example between 15 and 30 °C, particularly 15 to 25 °C, most
particularly 20 to 25 °C.

In certain embodiments, step (¢} comprises at least one week, at least 3 weeks, 3 to 5 weeks
or up to 5 weeks in the low pH, before step (d) is performed.

In further embodiments, the antibody is incubated in step (c) at room temperature for at least
one week, at least 3 weeks, 3 to 5 weeks or up to 5 weeks in the low pH.

In a preferred embodiment of the method of tie invention the chromatographic capturing
method in step (a) is selected form the group consisting of a protein L chromatography, an
anion exchange chromatography {AEX), a cation exchange chromatography (CEX), a
hydrophobic interaction chromatography (HIC) or a mixed mode chromatography (MMC}.

Mixed-mode chromatography (MMC), or multimodal chromatography, refers to
chromatographic methods that utilize more than one form of interaction between the
stationary phase and analytes in order to achieve their separation. Accordingly, this type of
chromatographic method is commonly applied of the preparation and isolation of biologics,
e.g. antibodies and antibody constructs. MMC can be classified into physical MMC and
chemical MMC. in the former method, the stationary phase is constructed of two or more
types of packing marterials. In the chemical method, just one type of packing material
containing two or more functionalities is used. Examples for chemical methods comprise ion
exchange chromatography (IEC) plus hydrophobic interaction chiomatography (HIC), ICE plus
reversed phase liquid chromatography (RPLC), Hydrophilic interaction chromatography or
hydrophilic interaction liquid chromatography (HILIC) pius RPLC, HILIC pius IEC and seize
exclusion chromatography (SEC) plus 1EC.

It is preferred for the method of the invention that the chromatographic capturing in step (a}

is either a protein L chromatography, preferably using TOYOPEARL® AF-rProtein L-650F, or
Capto L from GE, or hydrophobic charge induction chromatography (HCIC).

In a preferred embodiment of the methad of the invention the hydrophobic charge induction
chromatography (HCIC) is a Mixed-Mode Chromatography Sorbent (e.g. MEP HypercelTM). It
is also preferred that the HCIC is followed by an anion exchange chromatography (AEX) and/or
a cation exchange chromatography (CEX).

It is preferred for the method of the invention that the method further comprises the
additional steps:
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[e) capturing the antibody construct from the solution by at least one
chromatographic method selected from the group consisting of an anion
exchange chromatography {AEX), a cation exchange chromatography (CEX), a
hydrophobic interaction chromatography (HIC) or a mixed mode chromatography
(MMC).

It is preferred for the method of the invention that the chromatographic capturing in step (&)
is either a protein L chromatography, preferably using TOYOPEARL® AF-rProtein L-650F, or
hydrophobic charge induction chromatography (HCIC). in a preferred embodiment of the
method of the invention the hydrophobic charge induction chromatography (HCIC} is a Mixed-
Mode Chromatography Sorbent {e.g. MEP HypercelTM). It is also preferred that the HCIC is
followed by an anion exchange chromatography (AEX) and/or a cation exchange
chromatography {(CEX).

in a further emhodiment the method of the invention comprises an additional
chromatographic capture step before step (a). Such additional chromatographic capture step
may be, for example, an anion exchange chromatogtaphy. In a certain embodiment the
method of the invention comprises a chromatographic capture step, for example an anion
exchange chromatography, followed downstream by step (a) as described above and the
chromatographic method of step (e).

In a further embodiment the method of the invention comprises at least one additional
filtration step. Such a filtrations step may be after step (d). For example, the filtration step
may be between step (d) and step (e). In a particular embodiment the method of the invention
may comprise a further additional filtration step after step (e} and/or before step (a). For
example, the method of the invention may comprise filtration steps before step (a), between
step (d} and step (e), and after step (e). Preferably, such filtration step is an ultrafiltration.

Moreover, it is preferred for the method of the invention that the elution of the antibody
construct in step (b) is performed using a buffer selected from the group consisting of buffers
comprising sodium acetate / acetic acid, sodium formiate /formic acid, sodiurn citrate / citric
acid, and sodium succinate / succinic acid. The respective buffers are used in concentration
ranges of approximately 10mM up to approximately 100mM in rare cases up to 200mM
depending on the applied parameters.

For the neutralization according to step (d) of the method of the invention it is preferred that
such neutralization is achieved by adding a buffer or solution of higher pH. Examples for
suitable buffer or solutions include but are not limited to Tris buffered solutions like e.g. an
AEX buffer 20mM Tris-HCL; pH7.0. Of course, the person skilled in the art is aware of suitable
alternative buffer solutions for the neutralization according to step (d).

it is further preferred for the method of the invention that the antibody construct is
formulated as a pharmaceutical composition in a step (f).

The present invention also provides an antibody construct produced by a method of the
invention.
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in one embodiment of the pharmaceutical composition according to one aspect of the
invention the composition is administered to a patient intravenously.

Methods and protocols for the intravenous (iv) administration of pharmaceutical
compositions described herein are well known in the art.

In one aspect of the invention a pharmaceutical composition is provided said pharmaceutical
composition is used in the prevention, treatment or amelioration of a CD30" proliferative
disease or a tumorous disease. Preferably, said tumorous disease is a malignant disease,
preferably cancer.

In one embodiment of the pharmaceutical composition of the invention the identified
malignant disease is selected from the group consisting of Hodgkin lymphoma, Non-Hodgkin
lymphoma, leukemia, mutltiple myeloma and solid tumors.

Also, in one embodiment the invention provides a method for the treatment or amelioration
of a CO30* proliferative disease or a tumorous disease, the method comprising the step of
administering to a subject in need thereof an antibody construct produced according to a
method of the invention.

It is preferred that said tumorous disease is a malignant disease, preferably cancer.

In one embodiment of said method for the treatment or amelioration of a disease said
malignant disease is selected from the group consisting of Hodgkin lymphoma, Non-Hodgkin
lymphoma, leukemia, multiple myeloma and solid tumors.

The following examples further demonstrate the invention and are not intended to be limiting.

Example 1

Chromatography

The example describes the purification of a CD30xCD16A bispecific antibody (SEQ.ID NO:13) using HCIC
chromatography according to the present invention.

The CD30xCD16A bispecific tandem diabody having the amino acid sequence as depicted in SEQ ID
NO:13 was produced in Chinese hamster ovary {CHO) cells as previcusly described (Reusch, U. et al.,
mAbs 6:3, 727-738, 2014). The protein concentration in the cell culture supernatent was 13 mg/L.

HCIC chromatography was carried out using MEP HyperCell™ resin for capture. The load of the column
was calculated as shown in Table 1. The variation of the concentration of the ioad was as follows:

0: MEP eluate 0.4 mg/mL
+: concentrated MEP eluate 0.8 mg/mL
-: diluted MEP eluate 0.2 mg/mlL

The CD30xCD16A fraction was diluted at pH 3.7 — 4.0 as shown in Table 2.
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Table 1: Yield calculation of the acidic eluate of MEP-chromatography (determination of
concentration by API-ELISA)

Fraction Volume [mL] | Concentration [mg mL?] | Amount [mg] | Yield [%]

Load 8483,0 0,013 110,3 100

MEP Eluate | 395,6 0,280 110,8 100
Kinetics

The pH of the acidic eluates was raised to pH 7,0 with Tris_054_0.5M_pH10.5) at Oh (T0), 4h {T1), 18h
(T2}, 24h (T3) and 48h (T4}.

Concentration of the protein was measured by apoptosis inhibitor (AP!} ELISA with 0.5 mL samples.

Table 2: Yield based on the acidic eluate in % {API-ELISA}

Sample | Temperatwure | Concentration | pH To T1 T2 T3 T4
°C) 4h 18h 24 h 48 h
Al 5 O 3,7 74 98 141 151 153
Al =70 O 3,7 72 97 136 149 150
AZ 5 O 37 77 88 140 149 163
Al ) 3,7 71 88 126 157 140
B 5 + 4,0 61 65 99 103 126
C 5 + 3.4 64 117 55 41 20
D 5 - 4,0 67 68 67 73 110
E 5 - 34 99 129 94 85 70
F 15 0] 3,7 72 97 103 123 92
G 25 O 3.7 77 82 20 1 11
L_o: Fluate 0,294 mg/mL
+ Concentrated cluate (factor 2) 0,588 mg/mlL
- Diluted eluate (factor 2) 0,147 mg/mL

Samples A1, A2 and A3 show a yield of above 150 % after 48h. Storing of the samples at pH 7,0 at -70
°C {prabe A4, not shown) did not significantly influence the measuring of concentration by API-ELISA.

Variation of pH and concentration does not influence the measuring of concentration. A higher pH (B,
D} shows a lower reactivity kinetic wherein this kinetic is lower at lower concentrations. The low yield
is not caused by a fragmentation of the samples. A low pH (C, £} results in a lower yield caused by
fragmentation. A higher concentration appears to increase this effect. However, the values alter 4h
may assume that a lower pH vaiue increases the reactivation.

The temperature shows the effect that a fragmentation by proteolytic activity is strongly increased at
higher temperatures. Storing at 15 °C (F) for 18h shows compared to 5 °C (A1, A2, A3} a lower yield

due to fragmentation.

SDS-PAGE Analysis
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The neutralized eluates have not significantly changed over the time. Only the acidic eluate stored at
2-8 °C showed a fragmentation which was not observed with the probe stored at -70 °C.

A low pH results in a reduction of intact monomers at 50 kDa and additional bands.

Increase of temperature to 25 °C results after 48h in a banding pattern without an intact molecule of
four domains.

Iscelectric focusing (IEF)-Analysis

The IEF analysis correlated with the banding pattern of the SDS-PAGE analysis. Samples with
fragmentation also showed a different pattern of isoforms.

Size Exclusion (SE)-HPLC Analysis

The amount of monomers increased during the incubation from 75% to 91% and correlated with the
respective yields. The samples show 91% monoiner after 48h independent from the storage of the
samples. The acidic eluate of A1 (-70 °C) could not be assessed, because no UV-signal was detected.

The values of the monomers after 48h correlated with the yields. Samples with varying pH and
concentration showed lower yields (F, G) and high amounts of monomers (Table 3}.

Table 3: Amount of monomer in %

Sample | Temperature | Concentration | pH SE TO T1 T2 T3 T4

°C) 4h 18h 24 h 48 h
Al 5 O 3.7 94 76 80 88 89 91
Al -70 0O 3.7 n.a. 77 81 88 89 91
A2 5 O 3.7 n.t. n.t. nt n.t. .t 91
A3 5 O 3.7 nt. n.t. nt n.t. n.t. 91
B 5 + 4.0 n.t. a.t. n.t. n.t. n.t. 78
C 5 + 34 n.t n.L n.t. n.t. nt. 77
D 5 - 4.0 n.t. n.t. n.t. .t n.t. 89
E 5 - 34 n.t. i nt. n.t. nt. 86
F 15 O 3.7 n.t. .t nt n.k nt. 92
G 25 O 3.7 n.t. n.t. n.t. .t n.t. 96

o Eluate 0.294 mg/mL,

+: Concentrated eluate 0.588 mg/ml,

- Diluted cluate 0.147 mg/mL

The calculation of the area relating to the theoretical amounts of protein loaded in the column
demonstrated differences. Based on the values of the samples, values below 4.5 indicate loss of
protein due to precipitation. This is observed with all MEP-eluates which show a fragmentation due to
low-pH or increased temperature.
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Table 4: SE-HPLC data

Sample | Temperature | Concentration | pH Theoretical Theoretical | Area Quotient
©0) Concentration | Amount  of (AU x| (AU x s
(mg/mL) Protein 5) /mg)
(mg) /1000
Al 5 0 3,7 |o0,108 0,022 95,7 44
A2 5 O 3,7 0,108 0,022 95,2 4,4
A3 5 6] 3,7 0,108 0,022 948 44
B 5 + 4,0 0,240 0,048 227,5 4,7
C 5 + 34 0,122 0,024 25,1 Lo
D 5 - 4,0 0,060 0,012 56,2 4,7
E 5 - 3.4 0,035 0,007 18,4 2,6
F 15 O 3,7 0,108 0,022 72,3 3.3
G 25 O 3,7 0,108 0,022 22,5 1,0
H 5 O 3,7 0,194 0,039 58,5 1,5
1 25 O 3,7 0,194 0,039 59,2 1,5
Discussion

MEP-chromatography showed a yield of 100% based on the acidic eluate measurad in API-ELISA. The
three samples at standardized conditions showed a yield of 150 % after 48h. The increase in activity
correlated with the amount of monomer which increased to 90% till the end. In addition, no significant
fragmentations were observed. Storage at -70 °C appears to be possible for the neutralized eluates.

Increase of temperature to 25 °C resulted in a decrease of activity due to fragmentation.

Variation of pH and concentration influences the yield as well as fragmentation. A low pH resulted in
a fragmentation of the monomer. However, the banding pattern was different compared to the
samples of the temperature study. The banding pattern showed additional and more intense bands
at 35, 25 and 12 kDa, but alse showed significantly siurred samples. in contrast, a higher pH did not
result in a fragmentation but the increase of yield over time was slowed down as welt as the yields
after 48h (110% and 126 %).

A higher roncentration at higher pH causes a faster kinetic of reactivation and an increased
fragmentation at a lower pH.

SDS-PAGE and IEF analysis showed the correlation between loss of vield due to fragmentation, but
does not illustrate the kinetics of reactivation. In SE-HPLC the loss of yield correlated until no
fragmentation has been initiated. After fragmentation has started protein is lost due to precipitation
which distorts the SE-HPLC result false positive.
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The results show that two different and relating to activity counteracting processes are running during
the acidic incubation. First, the molecules are reactivated and stabilized which relates to aggregation.
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Second, a proteolytic process is running at acidic pH which is sensitive to pH and concentration.

Exampile 2

Protein L chromatography

This example describes the purification of a CD30xCD16A bispecific antibody (SEQ ID NO:12) using
protein L chromatography according to the invention.

The CD30xCD16A bispecific antibody {SEQ 1D N0:13) was produced in Chinese hamster ovary
(CHOC) cells as previously described (Reusch, U. t al., mAbs 6:3, 727-738, 2014). Prior toapplication
onto the protein L column the cell-free harvest (ZA} is filtered using a 0.2 um clear filter.

Protein L chromatography was carried out using Toyopearl AF-rProtein L-65CF resin from Tosoh
for capture. Alternatively, Capto L material from GE may be used as resin for the capture step. The
loading was carried out with a residence time of 4 minutes and the CD30xCD16A bispecific
antibody bound specifically to the resin. By a subseguent washing step, non-specifically bound
substances were removed and the CD30xCD16A bispecific antibody was then eluted with an acidic
buffer (50mM acetic acid (HOAc/NaOAc), pH 3.3). The acidic pH-value of the eluate then served as
incubation step at low pH. The pH of the eluate is at pH 3.4 to 3.6 and the protein L eluate is
incubated at room temperature for 48 to 96 hours. Besides inactivation of potential viruses, it was
observed that incubation at low pH, preferably at room temperature, led to an increase of active
CD30xCD16A bispecific antibody recovery (“product activation”). Further reduction of high
molecular weight (HMW) forms was observed. Subsequently, the eluate may be storedat2°Cto 8
°C without neutralization, for example for a hold time of 5 weeks.

Product activation at pH 3.6

The hold time of the eluate at a low pH led to a preduct activation, which could be detected by
binding-ELISA. In contrast to UV-analysis, only active product molecules can be detected. For
determination of product activation, the amount of product before and after the hold time was
measured by binding-ELISA.

The following formula was used:

Product activation [%]= (amount of product in eluate after hold time [m gl/amount of
product in eluate before hold time [mg]) x 100 %In a first test run, incubation was studied at
room temperature, 2 to 8 ° C and -70 °C for 39 hours (Table 5). The highest product activation of
174 % was ohserved at room temperature. This was further tested in following experiments.
Different durations at different temperatures were investigated (Table 6). Hold time at -70 °C
already led to notable low product concentrations after 48 hours. The best results were
obtained at room temperature (RT) for 48 hours.
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Table 5: Results of product concentration (ELISA) after hold time at different temperatures

{Experiment A).

Hold time Conc. (ELISA)
conditions  [fmg/mL]

No storage 1.04

RT for38h [1.81

2-8 °C for 39 h

1.60 10

-70 °Cfor 38 h

1.01

Table 6: Results of product concentration (ELISA) after different hold times at different
temperatures (Experiment B).

Hold time  [RT lz-a °C ‘-70 °c
conditions iConc. (ELISA) [ug/fmlL]

No storage 500.96

24 h 573.74 554.16 nyd

48 h 579.04 481.79 32.97
72h 1530.25 542.96 21.95 23

In summary, product activation between 116 % and 174 % within 48 hours at room temperature

were observed.
Table 7: Results

of product

activation after 48 hours at RT

Experiment  Short description Product
activation [%]

A Hold time of the eluate {pH {174
3.6) at RT, 2-8 °C and -70 °C
for 39 hours.

B Hold time of the eluate (pH 115
3.6) at RT for 24, 48 and 72
hours.

C Hold time of the eluate (pH 148
3.6) at RT for 48 hours.

D Hold time of the eluate (pH 1139
3.6) at RT for 4% hours.

In the course of further purifications these activation levels were also investigated. The hold
time at RT was either 25 or 49 hours. A hold time of 25 hours showed yields of 109 and 126 %,
a hold time of 45 hours showed 160 % {capture C02). The analysis after product activation was
carried out after additional 3 days of hold time at 2 to 8 °C at pH 3.6 or even after longer hold
time of 10 days at 2 to 8 ° C. Product activation before further processing was between 130 and
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209 % due to the hold time at 2 to 8 °C. Consequently, the yields in relation to the amount of
product in the cell-free harvest were 163 % to 227 %.

Since the hold time at pH 3.6 showed a positive effect on the product concentration, a period
of 48 to 96 hours at room temperature was determined. Here, the average value of product
activation was 131 %. The storage of the protein L eluate at pH 3.6 at 2 to 8 °C partially showed
a further increase of the product concentration measured by binding-ELISA.

Reduction of HMW forms at pH 3.6

In addition to product activation, the formation of high molecular weight (HMW) forms was
investigated at different temperatures for the hold time (Table 8). It could be observed that the
content of HMW forms increased at -70 °C. This is most likely due to the freeze-thaw cycle.
Room temperature proved to he the optimal temperature for storage of the protein L eluate.
In comparison to the sample without hold time at pH 3.6 a reduction of HMW forms could be
ohserved. This correlates with the product concentrations measurad by binding-ELISA, which
means that reduction of HMW forms lead to an increase in product activity. 1t is assumed that
the low pH-value destabilizes the HMW forms.

Table 8: Results of HMW and LMW forms after hold time at different hold time conditions

{Experiment A).

Hold time Conc. HMW LMW
o (ELISA) (SE-HPLC) {{SE-HPLC)

iconditions ime/mt] %] [%]
No hold time  [1.04 16.50 0.38
RTfor39h 1.81 6.65 0.28
2-8°Cfor39h [1.60 14.28 0.36 |
70 °Cfor39h 11.01 23.86 .39

Further different hold times were tested (Table 9) to examine the kinetics of the HMW
reduction. The sample without hold time revealed 15 % of HMW forms and 3.2 % of low
molecular weight (LMW) forms. Storage at RT as well as 2 to 8 °C led to a reduction of HMW
and LMW forms. A relation between product concentration by binding-ELISA and the level of
HMW forms could be observed. Samples with lower levels of HMW forms tend to have higher
product concentration, measured by binding- ELISA, meaning that a higher level of active
product is present.

Inaddition, storage at 2 to 8 °Cafter the optimal hold time of 48 hours at RT was examined (Tables
10 and 11). Further reduction of HMW and LMW forms couid be observed.

it could be shown that the hold time at pH 3.6 is also beneficial for reduction of HMW forms. The
reduction of HMW forms also appeared to be linked to the product concentration measured by
binding-ELISA. An increase of the product concentration was noted when HMW forms were
reduced.
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Table 9: Content of HMW and LMW forms after hold time at pH 3.6 at different hold time conditions.

Hold time  RT 2-8 °C -70 °C

conditions  [conc. HiViWw LMW Conc. HMW LW Conc. HMW LVIW
{ELISA) %] [%] (ELISA}  [[%] [%] (ELISA)  [[%] [%]
[mg/mL] [mg/ml] [mg/mL]

24 h 573.74 |5.70 2.60 554.16 110.21 2.59 23.03 6.36

48 h 579.04 |0.05 0.79 481.79 6.80¢ 0.70 32.97 16.23 0.88

72h 530.25 3.41 1.19 542.96 {6.32 0.51 21.95 24.62 1.11

Table 10: Results after storage for 1 and 2 weeks at 2-8 °C.

5
Hold time and storage conditions HMW LMW
(SE-HPLC) [%]  [{SE-HPLC) [%]
No hold time 8.27 0.95
RT for 48 h 5.19 .90
RT for 48 h, then 1 week at 2-8 °C 4,22 0.28
RT for 48 h, then 2 week at 2-8 °C 1.99 0.43
Table 11: Results after storage for 1 and 2 weeks at 2-8 °C.
Lmd time and storage conditions HMW LMW
(SE-HPLC) [%]  |(SE-HPLC) [%]
RT for 96 h, then 1 week at 2-8 °C 2.24 0.04
RT for 96 h, then 2 weeksat 2-8°C  [1.62 0.00
2-8 °C for 96 h, then 1 week at 2-8 °C {1.59 0.07
2-8 °C for 96 h, then 2 weeks at 2-8 °C{1.59 0.04
10

Hold time of low pH incubation step at 2 10 8 °C

For investigations of the hold time of the low pH incubation step at 2 to 8 °C pH adjustment of the

protein L eluate to pH 5.0 and 7.0 was conducted. Either the protein L eluate was first incubated at pii

3.6 at RT for 48 hours or directly adjusted to a pH-value of 5.0 or 7.0. Re-measurements were done after
15  one and two weeks of storage at 2 to 8 °C. Results are summarized in Table 12.

Comparison between sample 1 and 2 confirmed that hold time at pH 3.6 leads to product activation

and reduction of HMW forms. The samples incubated at pH 3.6 at RT for 48 hours and then neutralized

to pH 5.0 showed a clear trend towards lower levels of HMW forms.
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Table 12: Resuits of hold time of VINI at 2-8 °C {(V12).

Sample . . Conc. (UV) IConc. (ELISA)  [HMW LMW
Hold time conditions
No. Img/mL]  [mg/mL] (SE-HPLC} [%]  (SE-HPLC) [%]
1 pH to 5.0 1.15 0.39 33.00 0.60
2 RT for 48 h at pH 1.16 0.64 10.58 0.59
3.6, then pH 5.0
3 RT for 48 h at pH 3.6, 1.11 0.65 21.42 0.19

then pH 5.0 & 1 week at 2-8 °C

4 RT for 48 h at pH 3.6, 1.20 0.65 33.36 0.24
then pH 5.0 & 2 weeks at 2-8
°C

5 RT for 48 h at pH 3.6, then pH (1,13 0.59 17.05 0.46
7.0

6 RT for 48 h at pH 3.6, 0.72 0.72 13.86 0.14

then pH 7.0 & 1 week at 2-8 °C

11.53 0.29

(%5 ]
(L)

7 RT for 48 h at pH 3.6, 0.55 .

then pH 7.0 & 2 weeks at 2-8
°C

Product concentrations, measured by UV and binding-ELISA, stayed nearly constant over the
hold time at 2 to 8 °C. But the level of HMW forms increased from 11 % to 33 %. For pH 7.0, the
content of HMW forms was even higher with 17 % in the beginning but decreased over time of
storage. Simultaneously, the product concentration decreased to 0.6 g/L after 2 weeks. This
might be due to formation of precipitates which might be still measurable by binding- ELISA.

in conclusion, hold time of neutralized protein L eluate leads to further formation of HMW
forms. For foliowing polishing steps the pH needs to be adjusted just before application to
reduce the hold time at higher pH to a minimum. Filtration might be necessary prior to the
polishing step as turbidity could appear.

Conclusions

it is assumed that the product is present in both active as well as non-active conformations in
the cell-free harvest. Via protein L affinity chromatography both variants of the product bind
specifically to the resin. During the following washing step, non-specifically bound
contaminants are removed. Subsequently, the product is eluated due to a decrease of pH using
an acidic buffer. There is a correlation between the product concentration in the protein Leluate
and the formation of HMW forms. Higher product concentrations resulted in higher levels of
HMW forms. It was observed that the foliowing low pH treatment at 3.6 leads to a reduction of
HMW forms as well as an increase of product concentration measured by binding-ELISA.
Contrary to UV-analysis, which measures the total amount of product in the sample, the
binding-ELISA measurement only detects the product in its active conformation or atleastina
conformation that enables binding to the antigen. it is assumed that the incubation at low pH
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facilitates conformational change of the initially non-active forms into active conformations.
Presumably, the CD30xCD16A antibody tertiary and/or quaternary structure is destabilized at
low pH and, thus, can relocate its subunits under these conditions. Consequently, the
concentration measured by binding-ELISA increases during the low pH hold step while the
concentration measured by UV remains unchanged.

Example 3
Further Purification and polishing steps
After the chromatography for capture and incubating the antibody construct at low pH further steps

can be chosen for the purification process. An example for a purification process of the CD30xCD16A
bispecific antibody is described in the following:

The incubation step at low pH is followed by a concentration and first diafiltration step into buffer
suitable for polishing. Polishing for depletion of contaminants consists of an anion exchange
chromatography (AEX) run in flow-through mode and a hydroxyapatite chromatography (HAC) run in
bind-and-elute mode. Subsequently, virus filtration is conducted. Finally, theconcentration and
second diafiltration step into buffer suitable for formulation is performed.

Sequence table:

';ﬁSB Description Sequence
1.| CD16 SYYMH
CDR H1
2. | Chile ITINPSGGSTSYAQKFQG
CDR H2
3. CD16 GSAYYYDFADY
CDR H3
4.1 CD16 GGHNIGSKNVH
CDR L1
5.1 CD16 | QDNKRPS
CDR L1
6. | CD16 QVWDNYSVL
CDR L1
7.| CD3¢ TYTIH
CDRH1
8. | CD30 YINPSSGYSDYNQNEKG
CDR H2
9.| CD30 RADYGNYEYTWEAY
CDRH3
104 CD30 KASQNVGTNVA
CDR L1
11} CD30 SASYRYS
CDR LL
12| CD30 QQYHTYPLT
(DR L1
13] CD16x CD20 OVQLVQSGAEVKKPGESLKVSCKASGYTFTSYYMHWVROQAPGQGLEWMGIINPSGGS
bispecific Ab TSYAQKFQGRVTIMTRDTSTSTVYMELSSLRSEDTAVYYCARGSAYYYDFADYWGQGT
construct LVTV3SGGESGGSGESDIVMTOSPRKEMSTSVGDRVTVTCKASONVGTNVAWEQOKPGY
SPKVLIYSASYRYSGVPDRETGSGSGTDFTLTISNVQSEDLAEYFCQQYHTYPLTEG
GGTKLEINGGSGGSGGSQVOLOQOSGAELARPGASVKMSCKASGYTEFTTYTIHWVROR
PGHDLEWIGYINPSSGYSDYNQNFKGKTTLTADKSSNTAYMOLNSLTSEDSAVYYCA
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RRADYGNYEYTWEAYWGQGTTVTVSSGGSGGESGGSSYVLTQPSSVSVAPGOTATISC
GGHNIGSKNVHWYQQORPGQSPVLVIYQDNKRPSGIPEREFSGSNSGNTATLTISGTQA
MDEADYYCQVWDNYSVLEFGGGTKLTVL

14! VYH CD16 QVQLVOSGRAEVKKPGESLKVSCKASGYTFTSYYMHWVRQAPGQGLEWMGIINPSGGS
TSYRQKFQGRVTMTRDTSTSTVYMELSSLRSEDTAVYYCARGSAYYYDFADYWGQGT
LVTIVSS
15] VL CD16 SYVLTQPSSVSVAPGQTATISCGGHNIGCSKNVHWYQQORPGQSPVLVIYODNKRPSGT
PERFSGSNSGNTATLTISGTQAMDEADYYCQVWDNY SVLEGGGTKLTVL
16| VH CD30 SYVLTQPSSVSVAPGQTATISCGGHNIGSKNVHWYQQORPGOSPVLVIYQDNKRPSGI
PERFSGSNSGNTATLTISGTQAMDEADYYCQVWDNYSVLFGGGTKLTVL
17| VLCD30 DIVMTQSPKEMSTESVGDRVTVTCKASONVGTNVANFQOKPCGOSPRKVLIYSASYRYSG
VPDRETGSGSGTDFTLTISNVQSEDLAEYFCQOYHTYPLTFGGGTKLEIN
18, C-terminal SEFEFPPGYQ
CD16a
19] Human GMRTEDLPKAVVFLEPQWYRVLEKDSVTLKCQGAYSPEDNSTOWFHNESLISSQASS
CD1i6A YFIDAATVDDSGEYRCOTNLSTLSDPVQLEVHIGWLLLOAPRWVEFKEEDPTHLRCHS
WENTALHKVTYLONGKGRKYFHHNSDEYIPKATLKDSGSYFCRGLEGSKNVSSETVN
ITITQGLAVSTISSEFFPPGYQ
20] hexa- HHHHHH
histidine tag
21 L1 GGSGGSGGES
22} L2 GGSGGSGGS
23] L3 GGSGGSGGES
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Claims

A methed for the production of bispecific antibody construct comprising a first binding

domain for FcyRlll and a second binding domain for CD30, the method comprising the

following steps

o
~

(d)

chromatographically capturing the antibody construct from a solution;

eluting the antibody construct from the capture matrix;

reducing the pH in the solution of the eluted antibody construct to low pHinarange
of 2.5 pH to 3.9 pH and incubating the antihody construct under these conditions for
at least 40h;

neutralizing to a pH in the range of pH 4.5 to pH 8.0.

The method according to claim 1, wherein the first binding domain of the antibocly

construct for FcyRIll binds to CD16A.

The method according to claim 2, wherein the antibody construct comprises at least four

variable domains from the group consisting of

(a)

(b)

(d)

heavy chain variable domain specific for CD16A (VH_CD16A) comprising a heavy
chain CDR1 having the amino acid sequence set forth in SEQ ID NO :1, a heavy chain
CDR2 having the amino acid sequence set forth in SEQ ID NO :2, a heavy chain CDR3
having the amino acid sequence set forth in SEQ 1D NO: 3;

a light chain variable domain specific for CD16A (VL_CD16A) comprising a light chain
CDR1 having an amino acid sequence set forth in SEQ 1D NO :4, a light chain CDR2
having an amino acid sequence set forth in SEQ ID NO: 5, and a light chain CDR3
having an amino acid sequence set forth in SEQ 1D NO: 6;

heavy chain variable domain specific for CD30 (VH_CD30A) comprising a heavy chain
CDR1 having the amino acid sequence set forth in SEQ 1D NO :7, a heavy chain CDR2

having the amino acid sequence set forth in SEQ D NO :8, a heavy chain CDR3 having

the amino acid sequence set forth in SEQ 1D NQO: 9;

a light chain variable domain specific for CD30A (VL_CD30A) comprising a light chain
CDR1 having an amino acid sequence set forth in SEQ ID NO :10, a light chain CDR2
having an amino acid sequence set forth in SEQ ID NO: 11, and a light chain CDR3

having an amino acid sequence set forth in SEQ 1D NO: 12.
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10.

11.

The method according to any of claim 1 to 3, wherein the variable domains of the antibody
construct are linked one after ancther by peptide linkers 1.1, L2 and L3 consisting of 12 or
less amino acid residues and positioned within each of the two pclypeptide chains from
the N-terminus to the C-terminus in the order: VH_CD30-L1 -VL_CD16A-LZ -VH_CD16A-

L3 -vi_CD30.

The method according to any of claims 3 or 4, wherein linker L2 of the antibody construct

consists of 3 to 9 amine acid residues.

The method according to any of claim 1 to 5, wherein the antibody construct comprises

an amino acid sequence as set forth in SEQ 1D NO:13.

The method according to any of claim 1 to 6, wherein the pH in step (c} is in the range of

pH 3.0to pH 3.75.

The method according to any of claim 1 to 7, wherein the antibody construct is incubated

in step (c) for at least 48h.

The method according to any of claim 1 to 8, wherein the chromatographic capturing
method in step (a) is selected form the group consisting of a protein L chromatography,
an anion exchange chromatography (AEX), a cation exchange chromatography (CEX), a

hydrophobic interaction chromatography {(HIC) or a mixed mode chromatography (MMC).

The method according to any of claim 1 to 9, wherein the method further comprises the

additional steps:

(e) capturing the antibody construct from the solution by at least one chromatographic
method selected from the group consisting of an anion exchange chromatography
(AEX), a cation exchange chromatography ({(CEX), a hydrophobic interaction

chromatography {HIC) or a mixed mode chromatography (MMC),

The method according to any of claim 1 to 10, wherein the elution of the antibody
construct in step (b) is performed using a buffer selected from the group consisting of
buffers comprising sodium acetate / acetic acid, sodium formiate /formic acid, sodium

citrate / citric acid, and sodium succinate / succinic acid.
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12.

13.

14.

15.

The method according to any of claim 1 to 11, wherein the antibody construct is

formulated as a pharmaceutical composition in a step (f).
An antibody construct produced by a method according to any of claims 1 to 11.

A pharmaceutical composition comprising an antibody construct produced by a method
according to any of claims 1 to 11 for the treatment or amelioration of a CD30"

proliferative disease or a tumorous disease.

A method for the treatment or amelioration of a patient, the method comprising
administering to a subject suffers from a CD30* proliferative disease or a tumorous

disease an antibody construct produced by a method according to any of claims 1 to 11.
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