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Description
FIELD OF THE INVENTION

[0001] The present invention concerns binding molecules that comprise an IgM, IgA, IgG/IgM or IgG/IgA antibody
comprising a modified J-chain.

BACKGROUND OF THE INVENTION

[0002] J-chainis an acidic 15-kDa polypeptide, which is associated with pentameric IgM and dimeric IgA via disulfide
bonds involving the penultimate cysteine residue in the 18-amino acid secretory tail-piece (tp) at the C-terminus of the
IgM p. or IgA o heavy chain. The three disulfide bridges are formed between Cys 12 and 100, Cys 71 and 91, and Cys
108 and 133, respectively. See, e.g., Frutiger et al. 1992, Biochemistry 31, 12643-12647. Structural requirements for
incorporation of the J-chain into human IgM and IgA and for polymeric immunoglobulin assembly and association with
the J-chain are reported by Sorensen et al. 2000, Int. Immunol. 12(1): 19-27 and Yoo et al. 1999, J. Biol. Chem.
274(47).33771-33777, respectively. Recombinant production of soluble J-chain in E coli is reported by Redwan et al.
2006, Human Antibodies 15:95-102. Recombinant J-chain constructs are also described in WO 98/30591 A1 (Epicyte
Pharmaceutical Inc).

[0003] Methods for making hybrid IgA/IgG and IgM/IgG antibodies are known in the art. Thus, recombinant production
of hybrid IgA2/1gG1 antibodies is reportedin Chintalacharuvu etal. 2001, Clin Immunol 101(1):21-31. It has been reported
that addition of atp or ptp at the end of IgGy heavy chain facilitates polymerization and enhances effector function such
as complement activation (Smith et al., J Immunol 1995, 154.2226-2236). The IgA/IgG hybrid antibodies possess prop-
erties of both IgA and |gG. Methods for recombinant production of IgM antibodies are also known in the art. E.g.,
TchoudakovaA, etal., Highlevel expression of functional human IgMs in human PER.C6 cells. mAbs. 2009;1(2):163-171.
[0004] Despite the advances made in the design of antibodies, there remains a need for modified antibodies with
improved properties, such as improved affinity, specificity and/or avidity, as well as the ability to bind to multiple binding
targets.

[0005] Asthefield has progressed, antibody function has been enhanced through creative means of protein engineer-
ing, such as to provide higher affinity, longer half-life, and/or better tissue distribution, as well as combination of small
and large molecule technologies for increased focus of cell destruction via toxic payload delivery (e.g., antibody-drug
conjugates). Another approach to improving antibody function takes advantage of the bivalent binding of the immu-
noglobulin G (IgG) structure which allows one 1gG molecule to bind two antigens. Indeed, in certain applications, there
exists good potential for asymmetric antibodies to exert useful functions by simultaneously binding two different target
antigens. To address this need, a variety of constructs have been produced to yield a single molecule that can bind two
different antigens, allowing for functions never before seen in nature. An example of this bi-specific approach is "blina-
tumomab" (MT103 or AMG103) which binds the CD3 and CD19 receptors, on T- and B-cells, respectively. This tethering
of a cytotoxic T-cell to a cancerous B-cell, allows for effective treatment of B-cell leukemia.

[0006] Theblockade ofimmune checkpoints has emergedas a promisingareaforthe advancementof cancertreatment.
Immune checkpoints refer to inhibitory signaling pathways that are encoded into the immune system, and which play a
vital role in maintaining self-tolerance, as well as modulating the duration and amplitude of immune responses. See,
e.g., Pardoll, Drew M. "The blockade of immune checkpoints in cancer immunotherapy." Nature Reviews Cancer 12.4
(2012): 252-264; Postow, Michael A. et al., "Immune Checkpoint Blockade in Cancer Therapy," J Clin Oncol. 2015 Jun
10;33(17): 1974-82. doi: 10.1200/JC0O.2014.59.4358.

[0007] Despite positive proof of concept results in preclinical models, investigators have reported that monoclonal IgG
blocking antibodies directed against T-cell inhibitory signaling pathway components (for example, ipilimumab (Bristol-
Myers Squibb) andtremelimumab (Medlmmune/AstraZenica), both directed against CTLA4) have only achieved minimal
efficacy resultsin a clinical setting. E.g., Postow etal., pp. 1-2. In addition, treatments involving monoclonal IgG antibodies
have resulted in immune-related adverse events, such as dermatologic, Gl, hepatic, endocrine and other inflammatory
events. E.g., /d. at p.4. As such, the use of monoclonal IgG antibodies in immune checkpoint blockade may be limited
by the therapeutic index of such molecules, in that the dose of a monoclonal IgG antibody required to elicit the desired
therapeutic effect also causes immune-related adverse events.

[0008] Accordingly, there is a need for binding molecules with increased avidity that will provide increased potency
so that lower dosage levels can be used, thereby preventing the occurrence of immune-related adverse events, while
still achieving effective blockade of T-cell inhibitory signaling pathways.

[0009] The pharmacokinetics and pharmacodynamics of monoclonal antibodies are complex, and depend on both the
structure of the monoclonal antibody, as well as the physiological system that it targets. Moreover, different antibody
classes are typically processed within a subject via different cellular and physiological systems. For example, secretion
into the bile is an important pathway of elimination for IgA antibodies, whereas this route is not a significant contributor
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to the elimination of IgG antibodies. Rather, the majority of IgG elimination occurs via intracellular catabolism, following
fluid-phase or receptor-mediated endocytosis. £.g., Wang et al., Nature 84:5 (2008). Furthermore, full-length |gG anti-
bodies have been shown to be primarily distributed within the blood stream, while smaller |gG antibody fragments appear
to distribute within the extra-vascular space to a greater extent. E.g., Tabrizi et al., AAPSJ. 2010 Mar; 12(1): 33-43. The
blood brain barrier generally prevents immunoglobulin molecules from entering the central nervous system via the
circulation. E.g., Yuetal., Science Translational Medicine 16:261 (2014). Furthermore, immunoglobulins that are directly
injected into an extra-vascular space, such as the eyeball, typically only remain in the space on the order of hours. See.,
e.g., Mordenti, J. et al., Toxicological Sciences 52, 101-106 (1999); Mordenti, J. et al., Toxicological Sciences 27(5),
536-544 (1999). As such, control and manipulation of factors that influence the absorption, distribution, metabolism
and/or excretion (ADME) characteristics of monoclonal antibodies is an important consideration when designing a ther-
apeutic antibody composition.

[0010] Accordingly, thereis a needforbinding molecules whose ADME characteristics can be controlled and modulated
to achieve a desired therapeutic effect.

SUMMARY OF THE INVENTION

[0011] The present invention is based, at least in part, on the recognition that the J-chain of an IgM or IgA antibody
can be modified by introducing one or more ADME-modulating moieties into a native J-chain sequence, and the modified
J-chain can be introduced into IgM, IgA, 1gG/IgM or IgG/IgA antibodies without compromising the functionality of the
recipient antibody or the ADME-modulating moiety. This allows the IgM, IgA, 1gG/IgM or IgG/IgA antibody to achieve
improved properties, such as an increased concentration and/or an increased half-life in a subject.

[0012] The invention is further based on the recognition that due to their multivalent nature, IgM, IgA, 1gG/IgM or
IgG/IgA antibodies can provide increased avidity between the antibody and a target antigen, thereby facilitating binding
of antigens with low level expression and/or low binding affinity. Furthermore, the optional multi-specific nature of the
IgM, IgA, |gG/IgM or IgG/IgA portion of the subject binding molecules allows binding between specific numbers and/or
specific types of binding targets, thereby facilitating binding between specific combinations of antigen targets. The
modified J-chain portion of the subject binding molecules comprises an ADME-modulating moiety, which facilitates an
increased concentration and/or an increased half-life in a target tissue.

[0013] An aspect of the invention includes a binding molecule comprising an IgM, IgA, 1gG/IgM or IgG/IgA antibody
with a modified J-chain, wherein the 1gG/IgM or IgG/IgA antibody contains an IgM or IgA tail-piece at the IgG heavy
chain, wherein the modified J-chain comprises an ADME-modulating moiety that reduces clearance of the antibody from
a subject’s circulation, wherein the ADME-modulating moiety is located at the C-terminus or the N-terminus of the
modified J chain, and wherein the ADME-modulating moiety comprises an albumin protein, a fragment of an albumin
protein, an albumin-binding peptide, an albumin-binding antibody fragment, an FcRn-binding peptide, or an FcRn-binding
antibody fragment.

[0014] In some embodiments, the ADME-modulating moiety comprises human serum albumin.

[0015] In some embodiments, the IgM, IgA, |gG/IgM or IgG/IgA antibody binds to a hematologic cancer target which
is CD20.

[0016] An aspect of the invention includes a binding molecule comprising an IgM, IgA, 1gG/IgM or IgG/IgA antibody
with a modified J-chain, wherein the 1gG/IgM or IgG/IgA antibody contains an IgM or IgA tail-piece at the IgG heavy
chain, wherein the modified J-chain comprises an ADME-modulating moiety thatincreases a concentration of the binding
molecule in a central nervous system tissue of a subject, wherein the ADME-modulating moiety is located at the C-
terminus or the N-terminus of the modified J chain, and wherein the ADME-modulating moiety comprises a transferrin
protein, a leptin protein, a transferrin receptor-binding antibody fragment, a transferrin-binding antibody fragment, an
insulin receptor-binding antibody fragment, an IGF-1 receptor-binding antibody fragment, or a leptin receptor-binding
antibody fragment.

[0017] In some embodiments, the ADME-modulating moiety comprises a transferrin protein or a leptin protein.
[0018] An aspect of the invention includes a binding molecule comprising an IgM, IgA, 1gG/IgM or IgG/IgA antibody
with a modified J-chain, wherein the 1gG/IgM or IgG/IgA antibody contains an IgM or IgA tail-piece at the IgG heavy
chain, wherein the modified J-chain comprises an ADME-modulating moiety that increases retention of the binding
molecule in an extra-vascular space of a subject, wherein the ADME-modulating moiety is located at the C-terminus or
the N-terminus of the modified J chain, and wherein the ADME-modulating moiety comprises a hyaluronic acid binding
protein (HABP), a hyaluronic acid-binding antibody fragment, a TSG-6 protein, or a TSG-6-binding antibody fragment.
[0019] In some embodiments, the IgM, IgA, |gG/IgM or IgG/IgA antibody binds to beta-secretase 1 (BACE).

[0020] In some embodiments, the modified J-chain comprises the native human J-chain sequence of SEQ ID NO: 1.
In some embodiments, the ADME-modulating moiety is introduced into the native human J-chain sequence of SEQ ID
NO: 1 by direct or indirect fusion, and indirect fusion is through a peptide linker. In some embodiments, the ADME-
modulating moiety is introduced into the native human J-chain sequence of SEQ ID NO: 1 by chemical or chemo-
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enzymatic derivatization. In some embodiments, the ADME-modulating moiety is introduced into the native human J-
chain by a cleavable or non-cleavable linker, wherein the cleavable linker is a chemically labile linker or an enzyme-
labile linker. In some embodiments, the linker is selected from the group consisting of N-succinimidyl-3-(2-pyridyldithio)
propionate (SPDP), succinimidyl-4-(N-maleimidomethyl) cyclohexane-1-carboxylate (SMCC), N-succinimidyl-4-(2-pyri-
dylthio) pentanoate (SPP), iminothiolane (IT), bifunctional derivatives of imidoesters, active esters, aldehydes, bis-azido
compounds, bis-diazonium derivatives, diisocyanates, and bis-active fluorine compounds.

[0021] An aspect of the invention includes the binding molecule according to any one of the other aspects of the
invention for use in treating cancer. In some embodiments, the cancer is a hematologic cancer, an epithelial cancer or
a central nervous system cancer. Any reference to a method of treatment practised on the human or animal body is to
be interpreted as substances and compositions for use in such treatments.

BRIEF DESCRIPTION OF THE DRAWINGS
[0022]

FIG. 1 illustrates the structure of an IgM pentamer, comprising a J-chain, wherein chains A and B are identical in
native IgM.

FIG. 2 shows the schematic structures of IgA, dimeric IgA with J-chain, and dimeric J-chain integrated IgA with
secretory IgA (slgA).

FIG. 3 shows the amino acid sequence of mature human J-chain (SEQ ID NO: 1).

FIG. 4A illustrates two different orientations of J-chain constructs comprising a modified J-chain with a moiety that
binds to CD3. The top illustration is an example of a modified J-chain that is in the J-linker-V orientation, with a
binding moiety (e.g., an anti-CD3 scFv antibody fragment) positioned at the C-terminus of the modified J-chain. The
bottom illustration is an example of a modified J-chain thatis in the V-linker-J orientation, with a binding moiety (e.g.,
an anti-CD3 scFv antibody fragment) positioned at the N-terminus of the modified J-chain.

FIG. 4B illustrates two different orientations of J-chain constructs comprising a modified J-chain with an HSA-
containing moiety. The top illustration is an example of a modified J-chain that is in the J-linker-ADME orientation,
with an ADME modulating moiety (e.g., a human serum albumin (HSA) polypeptide) positioned at the C-terminus
of the modified J-chain. The bottom illustration is an example of a modified J-chain that is in the ADME-linker-J
orientation, with an ADME modulating moiety (e.g., a human serum albumin (HSA) polypeptide) positioned at the
N-terminus of the modified J-chain.

FIG. 5 is a schematic illustration of an asymmetric IgM pentamer with binding specificity for a target antigen, com-
prising an ADME-modulating moiety fused to the J-chain at one end, and a CD3 binding moiety at the opposite end
of the J-chain.

FIG. 6 shows SDS PAGE analysis of anti-CD20 IgM antibodies with or without various anti-CD3 binding moieties
on the J-chain in either orientation. J-chain containing IgM pentamers are easily distinguished from the hexameric
IgM without J-chain.

FIG. 7 is a graph showing cell viability as a function of antibody concentration for various antibody constructs in a
complement dependent cytotoxicity assay in the presence of IgG, IgM or IgM’s carrying various J-chains. A table
is provided with the EC50 values for each construct.

FIG. 8 is a graph showing results of a T-cell activation assay comparing the ability of an anti-CD20 IgM with a CD3
binding moiety on the J-chain to activate T-cells, as compared to anti-CD20 IgM antibodies without a CD3 binding
moiety on the J-chain, as well as anti-CD20 |gG antibodies.

FIG. 9, Panel A is a graph showing IgM concentration in mice in the absence of half-life extension for CDIM binding
IgM 55.5. Panel B is a table providing PK parameters.

FIG. 10 is a graph showing results of a multimer specific ELISA for anti-CD20 IgM antibodies demonstrating the
vastly tighter binding of IgM.

FIG. 11, Panel A shows an illustration of a temporal biodistribution model. Panel B shows data for the biodistribution
of IGM-55.5 in vivo using conjugated far infra-red dye Vivo Tag 680 (Perkin Elmer).

FIG. 12 Panel A is a schematic illustration depicting site specific labeling of glycans on IgG using chemoenzymatic
approach. Panel B shows the position of glycans on IgM heavy chain and J-chain. Panel C shows the non-reduced
and reduced gels for the labled products after using chemo-enzymatic labeling.

FIG. 13 lists IgM, IgA, 1gG/IgM or |gG/IgA antibody targets and ADME-modulating moieties that can be placed on
the J-chain. Any of the antibody targets listed in the left column can be combined with any of the ADME-modulating
moieties on a J-chain listed in the right column.

FIG. 14 is an illustration of the structure of Tn antigen.

FIG. 15 is an illustration of the structure of hyaluronic acid.

FIG. 16, Panel A, is a graph showing antibody concentration as a function of time in a BALB/c mouse PK experiment
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for a model IgG (Rituximab), serum derived polyclonal IgM from humans, and an engineered CHO cell derived IgM
(55.5). Panel B is a table showing alpha and beta half-life, and AUC for these three different antibodies.

FIG. 17, Panel A, is a graph showing antibody concentration as a function of time in a PK experiment in BALB/c
mice testing the effect of J-chain incorporation in IgM. Panel B is a table showing alpha and beta half-life, and AUC
for three different IgM antibodies with wild type (wt) or J-chain fused with an scFv configured to bind T-cells.

FIG. 18 is a graph showing serum concentration as a function of time for three different model antibodies: Rituxi-
mab(lgG); an anti-CD20 IgM with a domain configured to bind T-cells fused to the N-terminus of the J-chain; and
an anti-CD20 IgM with an albumin binding domain (ABD) fused to the N-terminus of the J-chain with a 15-amino
acid linker (A15J).

FIG. 19 is an image of a reducing PAGE gel and a Western blot analysis of the antibodies listed in the table.
Incorporation of the J-chain with or without fused human serum albumin in either orientation with respect to J-chain
is visualized using western blotting with an anti-J chain antibody.

FIG. 20, is a graph showing CDC activity as a function of concentration for four IgM antibodies demonstrating that
incorporating a moiety as large as 65 KDa HSA does not disrupt the CDC activity of IgM.

FIG. 21, Panel A, is a graph showing concentration as a function of time in a mouse pharmacokinetics experiment,
for an IgM antibody that has an HSA-15-J configuration on the J-chain. Panel B is a graph showing concentration
as a function of time for a mouse PK experiment with IgM antibody that has a J-15-HSA configuration on the J-chain.
FIG. 22 is a table showing alpha and beta half-life in hours and AUC for 6 different antibodies.

FIG. 23 is an image of a reducing PAGE gel and a Western blot analysis of the antibodies listed in the table, one
of which (1.5.3V15J15ABD) has bidentate J-chain configuration.

FIG. 24, is a graph showing CDC activity as a function of concentration for antibodies having the indicated J-chain
configuration. The bidentate ABD-IgM has essentially the same activity as IgM with or without J-chain.

FIG. 25, is a graph showing CDC activity as a function of concentration for antibodies having the indicated J-chain
configuration. The bidentate HSA-IgM has essentially the same activity as IgM with or without J-chain.

FIG. 26, Panel A, is a graph showing concentration as a function of time for an IgM antibody that has a V-J-ABD
bidentate J-chain configuration. Panel B is a graph showing concentration as a function of time for an IgM antibody
that has a V-J-HSA bidentate J-chain configuration.

FIG. 27 is a table showing alpha and beta half-life in hours and AUC parameters for 4 different antibodies with
various configurations of their J-chains.

FIG. 28, Panel A and Panel B are graphs showing percentage of pre-dose CD19+ B-cells as a function of dose
(ng/mouse) for various constructs (e.g., 1.5.3V15J15HSAwt and 1.5.3V15J15HSA (K573P)).

DETAILED DESCRIPTION OF THE INVENTION
|. Definitions

[0023] Where arange of values is provided, it is understood that each intervening value, to the tenth of the unit of the
lower limit unless the context clearly dictates otherwise, between the upper and lower limit of that range and any other
stated or intervening value in that stated range is encompassed within the invention. The upper and lower limits of these
smaller ranges may independently be included in the smaller ranges encompassed within the invention, subject to any
specifically excluded limit in the stated range.

[0024] Unless defined otherwise, technical and scientific terms used herein have the same meaning as commonly
understood by one of ordinary skill in the art to which this invention belongs. Singleton et al., Dictionary of Microbiology
and Molecular Biology 2nd ed., J. Wiley & Sons (New York, NY 1994), provides one skilled in the art with a general
guide to many of the terms used in the present application.

[0025] The term "ADME" as used herein is an abbreviation for absorption, distribution, metabolism, and excretion,
and is used in the broadest sense to describe the disposition of a pharmaceutical compound within an organism.
[0026] The term "ADME-modulating moiety" is used herein in the broadest sense to encompass any chemical entity
capable of modulating one or more ofthe absorption, distribution, metabolism and excretion characteristics of a molecule
to which it is attached. Examples of ADME-modulating moieties include, without limitation, antibodies, antigen-binding
fragments of antibodies, antibody-drug conjugates, antibody-like molecules, antigen-binding fragments of antibody-like
molecules, ligands, receptors, proteins, and polypeptides (including peptides). Preferred binding moieties are antigen-
binding fragments of antibodies, preferably with a biological function. An example of a biological function is the ability
of an ADME-modulating moiety to bind to a target that extends the half-life of a subject binding molecule.

[0027] The term "antibody" includes monoclonal antibodies (including full length antibodies which have an immu-
noglobulin Fc region), single-chain molecules, as well as antibody fragments (e.g., Fab, F(ab’),, and Fv). The term
"immunoglobulin” (lg) is used interchangeably with "antibody" herein. The basic 4-chain antibody unitis a heterotetrameric
glycoprotein composed of two identical light (L) chains and two identical heavy (H) chains. Unless noted otherwise, the
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term "antibody" is used herein in the broadest sense and specifically includes all isotypes, sub-classes and forms of
antibodies, including 1gG, 1gM, IgA, IgD, and IgE antibodies and their fragments, preferably antigen-binding fragments.
Preferred antibodies herein include IgM and IgA antibodies and their antigen-binding fragments, which may be modified
to include sequences from other isotypes, such as IgG to produce chimeric antibodies.

[0028] In the case of IgGs, the 4-chain unit is generally about 150,000 daltons. Each L chain is linked to an 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. Each H and L chain also has regularly spaced intrachain disulfide bridges. Each H chain has at
the N-terminus, a variable domain (V) followed by three constant domains (Cy) for each of the o and y chains and four
Cy domains for p, and ¢ isotypes. Each L chain has at the N-terminus, a variable domain (V) followed by a constant
domain at its other end. The V_is aligned with the V|, and the C| is aligned with the first constant domain of the heavy
chain (Cy,). Particular amino acid residues are believed to form an interface between the light chain and heavy chain
variable domains. The pairing of a V and V|_together forms a single antigen-binding site.

[0029] IgMis a glycoprotein which forms polymers where multiple immunoglobulins are covalently linked together with
disufide bonds. IgM mostly exists as a pentamer but also as a hexamer and therefore contains 10 or 12 antigen binding
sites. The pentameric form typically contains an additional polypeptide, called the J-chain, but can also be made in the
absence of J-chain. The pentameric IgM molecule has a molecular weight of approximately 970 kDa. Due to its polymeric
nature, IgM possesses high avidity and is particularly effective in complement activation. Unlike in 1gG, the heavy chain
in IgM monomers is composed of one variable and four constant domains. The IgM constant domains are designated
herein as CM1 or Cp1, CM2 or Cp.2, CM3 or Cp.3, and CM4 or Cp.4, wherein the "CM" and Cp." designations are used
interchangeably. The structure of an IgM pentamer is illustrated in FIG. 1.

[0030] Theterm"lgM"is usedhereininthe broadestsense andspecifically includes mono-, and multi-specific (including
bispecific) IgM molecules, such as, for example, the multi-specific IgM binding molecules disclosed in PCT Publication
No. WO2015053887A1.

[0031] Theterm "IgM binding unit" or "IgM antibody binding unit" is used in the broadest sense and specifically covers
an IgM antibody heavy chain constant region polypeptide, comprising at least a CM4 constant domain, fused to a variable
domain sequence (Vy) binding to a target (e.g., antigen), with or without an associated antibody light chain variable
domain (V) sequence.

[0032] The term "bispecific IgM binding unit" or "bispecific IgM antibody binding unit" is used in the broadest sense
and specifically covers a pair of IgM antibody heavy chain constant region polypeptides, comprising at least a CM4
constant domain, fused to a variable domain sequence (V},), each variable domain sequence binding to a different target,
with or without associated antibody light chain variable domain (V) sequences. In one embodiment, the bispecific IgM
antibody comprises two V4V antigen binding regions, each capable of binding to a different epitope on one antigen or
epitopes on two different antigens. The bispecific IgM antibody binding units can be full length from a single species, or
be chimerized or humanized. The bispecific IgM antibodies of the present invention have a penta- or hexameric ring
structure comprising five or six bispecific IgM binding units.

[0033] The term "multi-specific IgM" is used herein in the broadest sense to refer to IgM antibodies with two or more
binding specificities. Thus, the term "multi-specific”’ includes "bispecific”, e.g., bispecific antibodies or bispecific binding
units, including IgM pentamers comprising at least two monospecific subunits, each binding to a different antigen (AA,
BB), or five or six bispecific subunits, each binding to two different antigens (AB, AB). Thus, the bispecific and multi-
specific IgM pentamers may include five identical bispecific binding units, monospecific IgM binding units, at least two
of them have different binding specificities, or any combination thereof.

[0034] A "full length IgM antibody heavy chain" is a polypeptide consisting in N-terminal to C-terminal direction of an
antibody heavy chain variable domain (VH), an antibody constant heavy chain constant domain 1 (CM1 or Cp.1), an
antibody heavy chain constant domain 2 (CM2 or Cp.2), an antibody heavy chain constant domain 3 (CM3 or Cp.3), and
an antibody heavy chain constant domain 4 (CM4 or Cp.4). The bispecific full length IgM antibodies as defined herein
comprise five or six monomers (binding units), each with two antigen binding sites, which specifically bind to two different
binding targets (epitopes). The C-terminus of the heavy or light chain of the full length antibody denotes the last amino
acid at the C-terminus of the heavy or light chain. The N-terminus of the heavy or light chain of the full length antibody
denotes the first amino acid at the N-terminus of the heavy or light chain.

[0035] Native IgA is a tetrameric protein comprising two identical light chains (x or %) and two identical heavy chains
(o). In the human, there are two IgA isotypes, IgA1 and IgA2. IgA, similarly to 1gG, contains three constant domains
(CA1-CA3 or Ca1-Ca3), with a hinge region between the Ca1 and Ca2 domains, whereinthe "CA" and "Co" designations
are used interchangeably. All IgA isotypes have an 18 amino acid "tailpiece”, which is located C-terminal to the Cu3
domain, which enables polymeric Ig formation (see, e.g., Garcia-Pardo et al., 1981, J. Biol. Chem. 256, 11734-11738
andDavis etal., 1988, Eur. J. Immunol. 18, 1001-1008). Serum IgA is a monomer but can also polymerize. |n its secretory
form IgA comprises from 2-5 of the basic 4-chain units, linked by a J-chain, which may include a tail-piece, and may be
associated by a secretory component. The structures of tail-piece, dimeric IgA and secretory IgA, associated with a
secretory component (slgA) areillustratedin FIG. 2. IgA antibodies can be further divided into IgA1 and IgA2 sub-classes.
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The term "IgA" antibody is used herein to specifically include all sub-classes, i.e., IgA1 and IgA2 antibodies, including
dimeric and multimeric forms, with and without a secretory component, as well as fragments, preferably antigen-binding
fragments, of such antibodies. For the purposes of the present invention, the IgA antibody preferably is a dimer, where
two tail-pieces are connected by a J-chain (see, FIG. 2).

[0036] The term "IgA" is used herein in the broadest sense and specifically includes mono-, and multi-specific IgA
molecules, such as, for example, the multi-specific IgA binding molecules disclosed in PCT Publication No.
WO02015120474A1.

[0037] The term "multi-specific IgA" is used herein in the broadest sense to refer to IgA antibodies with two or more
binding specificities. Thus, the term "multi-specific”’ includes "bispecific”, e.g., bispecific antibodies or bispecific binding
units, including IgA dimers comprising two monospecific subunits, each binding to a different antigen (AA, BB), or two
bispecific subunits, each binding to two different antigens (AB, AB).

[0038] In one embodiment, the dimeric multi-specific IgA molecules consist of two monospecific binding units, each
binding unit having binding specificity to a different binding target (AA, BB). In another embodiment, in the dimeric IgA
molecules at least one of the two binding units has two different binding specificities (i.e., is a bispecific, e.g., AA, A B
or AA, BC). In another embodiment, each of the two binding units has two specificities, which may be the same (AB,
AB) or different (AC, CD or AB, AC, for example).

[0039] The term "bispecific IgA antibody binding unit" is used in the broadest sense and specifically covers a pair of
IgA antibody heavy chain constant region polypeptides, comprising at least a CA3 constant domain, fused to a variable
domain sequence (V), each variable domain sequence binding to a different target, with or without associated antibody
light chain variable domain (V| ) sequences. In one embodiment, the bispecific IgA antibody comprises two VV|_antigen
binding regions, each capable of binding to a different epitope on one antigen or epitopes on two different antigens. The
bispecific IgA antibody binding units can be full length from a single species, or be chimerized or humanized.

[0040] A “full length IgA antibody heavy chain" is a polypeptide consisting in N-terminal to C-terminal direction of an
antibody heavy chain variable domain (VH), an antibody constant heavy chain constant domain 1 (CA1 or Ca1), an
antibody constant heavy chain constant domain 2 (CA2 or Ca2), and an antibody heavy chain constant domain 3 (CA3
or Ca3). The bi- or multi-specific full length IgA antibodies according to the invention comprise two monomers (binding
units), each of which may be mono- or bispecific, with or without a secretory component. Thus, the multi-specific IgA
antibodies of the present invention may include monospecific and bispecific binding units, provided that the resultant
IgA antibody has at least two binding specificities. The C-terminus of the heavy or light chain of the full length antibody
denotes the last amino acid at the C-terminus of the heavy or light chain. The N-terminus of the heavy or light chain of
the full length antibody denotes the first amino acid at the N-terminus of the heavy or light chain.

[0041] For further details of the structure and properties of the different classes of antibodies, see e.g., Basic and
Clinical Immunology, 8th Edition, Daniel P. Stites, Abba |. Terrand Tristram G. Parslow (eds), Appleton & Lange, Norwalk,
Conn., 1994, page 71 and Chapter 6.

[0042] The term "interface", as used herein, is used to refer to a region, which comprises those "contact' amino acid
residues (or other non-amino acid groups such as, for example, carbohydrate groups,) in afirst IgM heavy chain constant
region which interact with one or more "contact" amino acid residues (or other non-amino acid groups) in a second |gM
heavy chain constant region.

[0043] Theterm "asymmetric interface" is used to refer to an interface (as hereinabove defined) formed between two
antibody chains, such as a first and a second IgM heavy chain constant region and/or between an IgM heavy chain
constant region and its matching light chain, wherein the contact residues in the first and the second chains are different
by design, comprising complementary contact residues. The asymmetric interface can be created by knobs/holes inter-
actions and/or salt bridges coupling (charge swaps) and/or other techniques known in the art, such as for example, by
the CrossMab approach for coupling a p. heavy chain to its matching light chain.

[0044] A "cavity" or "hole" refers to at least one amino acid side chain which is recessed from the interface of the
second polypeptide and therefore accommodates a corresponding protuberance ("knob") on the adjacent interface of
the first polypeptide. The cavity (hole) may exist in the original interface or may be introduced synthetically (e.g., by
altering nucleic acid encoding the interface). Normally, nucleic acid encoding the interface of the second polypeptide is
altered to encode the cavity. To achieve this, the nucleic acid encoding at least one "original" amino acid residue in the
interface of the second polypeptide is replaced with DNA encoding at least one "import" amino acid residue which has
a smaller side chain volume than the original amino acid residue. It will be appreciated that there can be more than one
original and corresponding import residue. The upper limit for the number of original residues which are replaced is the
total number of residues in the interface of the second polypeptide. The preferred import residues for the formation of
a cavity are usually naturally occurring amino acid residues and are preferably selected from alanine (A), serine (S),
threonine (T), valine (V) and glycine (G). Most preferred amino acid residues are serine, alanine or threonine, most
preferably alanine. In the preferred embodiment, the original residue for the formation of the protuberance has a large
side chain volume, such as tyrosine (Y), arginine (R), phenylalanine (F) or tryptophan (W).

[0045] An "original" amino acid residue is one which is replaced by an "import" residue which can have a smaller or
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larger side chain volume than the original residue. The import amino acid residue can be a naturally occurring or non-
naturally occurring amino acid residue, but preferably is the former.

[0046] By "non-naturally occurring" amino acid residue is meant a residue which is not encoded by the genetic code,
but which is able to covalently bind adjacent amino acid residue(s) in the polypeptide chain. Examples of non-naturally
occurring amino acid residues are norleucine, ornithine, norvaline, homoserine and other amino acid residue analogues
such as those describedin Ellman etal., Meth. Enzym. 202:301-336 (1991), for example. To generate such non-naturally
occurring amino acid residues, the procedures of Noren et al. Science 244: 182 (1989) and Ellman et al., supra can be
used. Briefly, this involves chemically activating a suppressor tRNA with a non-naturally occurring amino acid residue
followed by in vitro transcription and translation ofthe RNA. The methods ofthe currentinvention, in certain embodiments,
involve replacing at least one original amino acid residue in an IgM heavy chain, but more than one original residue can
be replaced. Normally, no more than the total residues in the interface of the first or second polypeptide will comprise
original amino acid residues which are replaced. The preferred original residues for replacement are "buried". By "buried"
is meant that the residue is essentially inaccessible to solvent. The preferred import residue is not cysteine to prevent
possible oxidation or mispairing of disulfide bonds.

[0047] The protuberance is "positionable" in the cavity which means that the spatial location of the protuberance and
cavity on the interface of the first polypeptide and second polypeptide respectively and the sizes of the protuberance
and cavity are such that the protuberance can be located in the cavity without significantly perturbing the normal asso-
ciation ofthe firstand second polypeptides at the interface. Since protuberances such as Tyr, Phe and Trp do not typically
extend perpendicularly from the axis of the interface and have preferred conformations, the alignment of a protuberance
with a corresponding cavity relies on modeling the protuberance/cavity pair based upon a three-dimensional structure
such as that obtained by X-ray crystallography or nuclear magnetic resonance (NMR). This can be achieved using widely
accepted techniques in the art, including techniques of molecular modeling.

[0048] By "original nucleic acid" is meant the nucleic acid encoding a polypeptide of interest which can be "altered"”
(i.e., genetically engineered or mutated) to encode a protuberance or cavity. The original or starting nucleic acid may
be a naturally occurring nucleic acid or may comprise a nucleic acid which has been subjected to prior alteration (e.g.,
a humanized antibody fragment). By "altering” the nucleic acid is meant that the original nucleic acid is mutated by
inserting, deleting or replacing atleast one codon encoding an amino acid residue of interest. Normally, a codon encoding
an original residue is replaced by a codon encoding an import residue. Techniques for genetically modifying a DNA in
this manner have been reviewed in Mutagenesis: a Practical Approach, M. J. McPherson, Ed., (IRL Press, Oxford, UK.
(1991), andinclude site-directed mutagenesis, cassette mutagenesis and polymerase chain reaction (PCR) mutagenesis,
for example.

[0049] The protuberance or cavity can be "introduced" into the interface of the first or second polypeptide by synthetic
means, €.g., by recombinant techniques, in vitro peptide synthesis, those techniques for introducing non-naturally oc-
curring amino acid residues previously described, by enzymatic or chemical coupling of peptides or some combination
of these techniques. According, the protuberance or cavity which is "introduced" is "non-naturally occurring" or "non-
native", which meansthatit does not existin nature orin the original polypeptide (e.g., a humanized monoclonal antibody).
[0050] Preferably the importamino acidresidue forformingthe protuberance has arelatively small number of "rotamers”
(e.g., about 3-8). A "rotamer" is an energetically favorable conformation of an amino acid side chain. The number of
rotamers for the various amino acid residues are reviewed in Ponders and Richards, J. Mol. Biol. 193: 775-791 (1987).
[0051] Unless stated otherwise, the term "antibody" specifically includes native human and non-human 1gG1, 1gG2,
19G3, 1gG4, IgE, IgA, IgD and IgM antibodies, including naturally occurring variants. Thus, for example, the human IgM
sequence is available under GenBank Accession Number X14940.1, while variants have been reported as GenBank
CAB37838.1, CAC20458.1, AFM37312.1, X57331.1, and J00260.1.

[0052] The term "native" with reference to a polypeptide (e.g., an antibody or a J-chain) is used herein to refer to a
polypeptide having a sequence that occurs in nature, regardless of its mode of preparation. Thus, the terms "native"
and "native sequence" are used herein interchangeably, and expressly encompass recombinant polypeptides with a
sequence that is found in nature.

[0053] Theterm "native sequence J-chain" or "native J-chain" as used herein refers to J-chain of native sequence IgM
or IgA antibodies of any animal species, including mature human J-chain, the amino acid sequence of which is shown
in FIG. 3 (SEQ ID NO: 1).

[0054] The term "modified J-chain" is used herein to refer to variants of native sequence J-chain polypeptides com-
prising an extraneous ADME-modulating moiety introduced into the native sequence. The introduction can be achieved
by any means, including direct or indirect fusion of an extraneous ADME-modulating moiety or by attachment through
a chemical linker. The term "modified human J-chain" specifically encompasses, without limitation, a native sequence
human J-chain of the amino acid sequence of SEQ ID NO: 1 modified by the introduction of an ADME-modulating moiety.
The term specifically encompasses, without limitation, a native sequence human J-chain of the amino acid sequence
of SEQ ID NO: 1 modified by the introduction of an extraneous ADME-modulating moiety which does not interfere with
efficient polymerization (dimerization) of IgM or IgA and binding of such polymers (dimers) to a target
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[0055] Theterm "polypeptide”is used hereininthe broadestsense andincludes peptide sequences. The term "peptide”
generally describes linear molecular chains of amino acids containing up to about 60, preferably up to about 30 amino
acids covalently linked by peptide bonds.

[0056] Theterm "monoclonal antibody" 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 that may be present in minor amounts. Monoclonal antibodies are highly specific, being
directed against a single antigenic site. Furthermore, in contrast to conventional (polyclonal) antibody preparations which
typically include different antibodies directed against different determinants (epitopes), each monoclonal antibody is
directed against a single determinant on the antigen. The modifier "monoclonal” indicates the character of the antibody
as being obtained from a substantially homogeneous population of antibodies, and is not to be construed as requiring
production of the antibody by any particular method. For example, the monoclonal antibodies to be used in accordance
with the presentinvention may be made by the hybridoma method first described by Kohler et al. (1975) Nature 256:495,
or may be made by recombinant DNA methods (see, e.g., U.S. Patent No. 4,816,567). The "monoclonal antibodies"
may also be isolated from phage antibody libraries using the techniques described in Clackson et al. (1991) Nature
352:624-628 and Marks et al. (1991) J. Mol. Biol. 222:581-597, for example.

[0057] Themonoclonal antibodies herein specifically include "chimeric" antibodies (immunoglobulins) inwhich a portion
of the heavy and/or light chain is identical with or homologous to corresponding sequences in antibodies derived from
a particular species, while the remainder of the chain(s) is identical with or homologous to corresponding sequences in
antibodies derived from another species, as well as fragments of such antibodies, so long as they exhibit the desired
biological activity (U.S. Patent No. 4,816,567; and Morrison et al. (1984) Proc. Natl. Acad. Sci. USA 81.6851-6855).
[0058] "Humanized" forms of non-human (e.g., murine) antibodies are antibodies which contain minimal sequence
derived from non-human immunoglobulin. For the most part, humanized antibodies are human immunoglobulins (recip-
ient antibody) in which residues from a hypervariable region of the recipient are replaced by residues from a hypervariable
region of a non-human species (donor antibody) such as mouse, rat, rabbit or nonhuman primate having the desired
specificity, affinity, and capacity. In some instances, Fv framework region (FR) residues of the human immunoglobulin
are also replaced by corresponding non-human residues. Furthermore, humanized antibodies may comprise residues
which are not found in the recipient antibody or in the donor antibody. These modifications are made to further refine
antibody performance. In general, the humanized antibody will comprise substantially all of at least one, and typically
two, variable domains, in which all or substantially all of the hypervariable loops correspond to those of a non-human
immunoglobulin and all or substantially all of the FR regions are those of a human immunoglobulin sequence. The
humanized antibody optionally also will comprise at least a portion of an immunoglobulin constant region (Fc), typically
that of a human immunoglobulin. For further details, see Jones et al. (1986) Nature 321:522-525; Riechmann et al.
(1988) Nature 332:323-329; and Presta (1992) Curr. Op. Struct. Biol. 2:593-596.

[0059] An'"isolated"antibody hereinis one which has been identified andseparated and/or recovered from a component
of its natural environment in a recombinant host cell. Contaminant components of its natural environment are materials
which would interfere with diagnostic or therapeutic uses for the antibody, and may include enzymes, hormones, and
other proteinaceous or nonproteinaceous solutes, as well as undesired byproducts of the production. In a preferred
embodiment, an isolated antibody herein will be purified (1) to greater than 95% by weight, or greater than 98% by
weight, or greater than 99% by weight, as determined by SDS-PAGE or SEC-HPLC methods, (2) to a degree sufficient
to obtain at least 15 residues of N-terminal or internal amino acid sequence by use of a amino acid sequencer, or (3) to
homogeneity by SDS-PAGE under reducing or non-reducing conditions using Coomassie blue or, preferably, silver stain.
Ordinarily, an isolated antibody will be prepared by at least one purification step.

[0060] The term "specific binding" or "specifically binds to" or is "specific for" refers to the binding of two members of
a binding pair, such as the binding of an antibody to atarget antigen, e.g., an epitope on a particular polypeptide, peptide,
or othertarget (e.g., a glycoprotein target), and means binding thatis measurably different from a non-specific interaction
(e.g., a non-specific interaction may be binding to bovine serum albumin or casein). Specific binding can be measured,
for example, by determining binding of a half-life extending moiety, or an antibody, or an antibody modified by introduction
of a half-life extending moiety, to a target molecule compared to binding to a control molecule. For example, specific
binding can be determined by competition with a control molecule that is similar to the target, for example, an excess
of non-labeledtarget. Inthis case, specific bindingis indicatedifthe binding of the labeled targetto a probe is competitively
inhibited by excess unlabeled target. The term "specific binding" or "specifically binds to" or is "specific for" a particular
polypeptide or an epitope on a particular polypeptide target as used herein can be exhibited, for example, by a molecule
having a Kd for the target of at least about 200 nM, alternatively at least about 150 nM, alternatively at least about 100
nM, alternatively at least about 60 nM, alternatively at least about 50 nM, alternatively at least about 40 nM, alternatively
at least about 30 nM, alternatively at least about 20 nM, alternatively at least about 10 nM, alternatively at least about
8 nM, alternatively at least about 6 nM, alternatively at least about 4 nM, alternatively at least about 2 nM, alternatively
atleast about 1 nM, or greater. In certain instances, the term "specific binding" refers to binding where a molecule binds
to a particular polypeptide or epitope on a particular polypeptide without substantially binding to any other polypeptide
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or polypeptide epitope.

[0061] "Binding affinity" refers to the strength of the sum total of noncovalent interactions between a single binding
site of a molecule (e.g., an antibody) and its binding partner (e.g., an antigen). Unless indicated otherwise, as used
herein, "binding affinity" refers to intrinsic binding affinity which reflects a 1:1 interaction between members of a binding
pair (e.g., antibody and antigen). The affinity of a molecule X for its partner Y can generally be represented by the
dissociation constant (Kd). For example, the Kd can be about 200 nM, 150 nM, 100 nM, 60 nM, 50 nM, 40 nM, 30 nM,
20 nM, 10 nM, 8 nM, 6 nM, 4 nM, 2 nM, 1 nM, or stronger. Affinity can be measured by common methods known in the
art, including those described herein. Low-affinity antibodies generally bind antigen slowly and tend to dissociate readily,
whereas high-affinity antibodies generally bind antigen faster and tend to remain bound longer. A variety of methods of
measuring binding affinity are known in the art.

[0062] As used herein, the "Kd" or "Kd value" refers to a dissociation constant measured by a technique appropriate
for the antibody and target pair, for example using surface plasmon resonance assays, for example, using a BlAcore™-
2000 or a BlAcore™-3000 (BlAcore, Inc., Piscataway, N.J.) at 25°C. with immobilized antigen CM5 chips at about 10
response units (RU).

[0063] The terms "conjugate,” "conjugated,” and "conjugation” refer to any and all forms of covalent or non-covalent
linkage, and include, without limitation, direct genetic or chemical fusion, coupling through a linker or a cross-linking
agent, and non-covalent association.

[0064] The term "fusion” is used herein to refer to the combination of amino acid sequences of different origin in one
polypeptide chain by in-frame combination of their coding nucleotide sequences. The term "fusion" explicitly encompasses
internal fusions, i.e., insertion of sequences of different origin within a polypeptide chain, in addition to fusion to one of
its termini. The term "fusion" is used herein to refer to the combination of amino acid sequences of different origin.
[0065] The term "valent" as used herein denotes the presence of a specified number of binding sites in an antibody.
As such, the terms "bivalent", "tetravalent”, and "hexavalent" denote the presence of two binding sites, four binding sites,
and six binding sites, respectively. Thus, if in a bispecific IgA antibody according to the present invention each binding
unit is bivalent, the bispecific IgA antibody will have 4 valencies.

[0066] The term "epitope"” includes any molecular determinant capable of specific binding to an antibody. In certain
embodiments, epitope determinants include chemically active surface groupings of molecules such as amino acids,
sugar side chains, phosphoryl, or sulfonyl, and, in certain embodiments, may have specific three dimensional structural
characteristics, and or specific charge characteristics. An epitope is a region of an antigen that is bound by an antibody.
A "binding region" is a region on a binding target bound by a binding molecule.

[0067] "Polyepitopic specificity" refers to the ability to specifically bind to two or more different epitopes on the same
or different target(s). "Monospecific" refers to the ability to bind only one epitope. According to one embodiment the
bispecific IgM antibody binds to each epitope with an affinity of at least 10-7 M, or 10-8 M or better.

[0068] Theterm"target" or"bindingtarget"is usedinthe broadestsense andspecifically includes polypeptides, without
limitation, nucleic acids, carbohydrates, lipids, cells, and other molecules with or without biological function as they exist
in nature.

[0069] The term "antigen" refers to an entity or fragment thereof, which can bind to an antibody or trigger a cellular
immune response. An immunogen refers to an antigen, which can elicitan immune response in an organism, particularly
an animal, more particularly a mammal including a human. The term antigen includes regions known as antigenic
determinants or epitopes, as defined above.

[0070] As used herein, the term "immunogenic" refers to substances that elicit the production of antibodies, and/or
activate T-cells and/or other reactive immune cells directed against an antigen of the immunogen.

[0071] An "antigen-binding site" or "antigen-binding region" of an antibody of the present invention typically contains
six complementarity determining regions (CDRs) which contribute in varying degrees to the affinity of the binding site
for antigen. There are three heavy chain variable domain CDRs (CDRH1, CDRH2 and CDRH3) and three light chain
variable domain CDRs (CDRL1, CDRL2 and CDRL3). The extent of CDR and framework regions (FRs) is determined
by comparison to a compiled database of amino acid sequences in which those regions have been defined according
to variability among the sequences and/or structural information from antibody/antigen complexes. Also included within
the scope of the invention are functional antigen binding sites comprised of fewer CDRs (i.e., where binding specificity
is determined by three, four or five CDRs). Less than a complete set of 6 CDRs may be sufficient for binding to some
binding targets. Thus, in some instances, the CDRs of a VH or a VL domain alone will be sufficient. Furthermore, certain
antibodies might have non-CDR-associated binding sites for an antigen. Such binding sites are specifically included
within the present definition.

[0072] The term "host cell" as used in the current application denotes any kind of cellular system which can be
engineered to generate the antibodies according to the current invention. In one embodiment Chinese hamster ovary
(CHO) cells are used as host cells.

[0073] As used herein, the expressions "cell," "cell line," and "cell culture" are used interchangeably and all such
designations include progeny. Thus, the words "transformants" and "transformed cells" include the primary subject cell
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and cultures derived therefrom without regard for the number of transfers. It is also understood that all progeny may not
be precisely identical in DNA content, due to deliberate or inadvertent mutations. Variant progeny that have the same
function or biological activity as screened for in the originally transformed cell are included.

[0074] Anucleicacidis"operably linked" whenitis placedin afunctional relationship with another nucleicacidsequence.
For example, DNA for a pre-sequence or secretory leader is operably linked to DNA for a polypeptide if it is expressed
as a pre-protein that participates in the secretion of the polypeptide; a promoter or enhancer is operably linked to a
coding sequence if it affects the transcription of the sequence; or a ribosome binding site is operably linked to a coding
sequence if it is positioned so as to facilitate translation. Generally, "operably linked" means that the DNA sequences
beinglinked are contiguous, and, inthe case of a secretory leader, contiguous andin reading frame. However, enhancers
do not have to be contiguous. Linking is accomplished by ligation at convenient restriction sites. If such sites do not
exist, the synthetic oligonucleotide adaptors or linkers are used in accordance with conventional practice.

[0075] The term "extraneous" with reference to an "ADME-modulating moiety" is used herein to refer to an ADME-
modulating moiety not present in a reference native polypeptide sequence at the same location. Thus, an extraneous
polypeptide sequence (including peptide sequences), might be comprised within the corresponding native sequence
but at a different location. In a preferred embodiment, the "extraneous" sequence is not present in the corresponding
native sequence in any location. The term "antagonist" as used herein refers to a molecule that causes a decrease in
a function or activity as compared to the same function or activity in the absence of the molecule. An "antagonist’ of a
signaling pathway is therefore a molecule whose presence causes a decrease in a function or activity of the signaling
pathway. The term "antagonize" as used herein refers to causing a decrease in a function or activity.

[0076] The term "agonist" as used herein refers to a molecule that causes an increase in a function or activity as
compared to the same function or activity in the absence of the molecule. An "agonist” of a signaling pathway is therefore
a molecule whose presence causes an increase in a function or activity of the signaling pathway. The term "agonize"
as used herein refers to causing an increase in a function or activity.

[0077] Theterm "T-cell inhibitory signaling pathway" as used herein refers to a T-cell signaling pathway that leads to
a qualitative or quantitative decrease in, blocking or, or halting of a T-cell immune response.

[0078] The term "T-cell stimulatory signaling pathway" as used herein refers to a T-cell signaling pathway that leads
to a qualitative or quantitative increase in or maintenance of a T-cell immune response.

[0079] The term "low level expression target” as used herein refers to a target whose expression level on a target cell
ranges from 0 to 1+, as determined by immunohistochemistry (IHC) tissue analysis, preferably performed on frozen,
formalin-fixed, paraffin-embedded tissue sections. Guidelines for determining expression level via IHC are provided, for
example, by the College of American Pathologists (CAP), and are exemplified by the ASCO-CAP HER2 Test Guideline
Recommendations, available at http:/fwww.cap.org/apps/ docs/committees/immunohistochemis-
try/summary_of_recommendations.pdf.

[0080] The term "low affinity target" as used herein refers to a target whose binding interaction with an antibody has
a dissociation constant K; that is greater than or equal to a value ranging from about 10 to 100 nM, such as about 25
to about 75 nM, as measured by ELISA.

[0081] Theterm"half-life"is usedhereininthe broadest sense to referto the period of time required forthe concentration
or amount of a binding molecule to be reduced by one-half in the body of a subject.

[0082] The term "albumin-binding polypeptide" as used herein refers to a polypeptide that specifically binds to an
albumin protein.

[0083] Theterm"Fc domain" as used herein broadly refers to a C-terminal region of an immunoglobulin heavy chain,
including native sequence Fc domains and variant Fc domains.

[0084] The terms "extra-vascular" and "extra-vascular space" as used herein broadly refer to a portion of a subject
that is situated outside of the subject’s blood vessels (e.g., arteries and veins).

[0085] Theterm "intra-articular space" as used herein refers to any portion of a subject that is situated inside of a joint
that is located, e.g., between two bones (e.g., the inside of a knee joint).

[0086] Theterm"intra-vitreal space" as used herein refers to any portion of asubjectthatis situated inside of an eyeball.

DETAILED DESCRIPTION

Design and Production of Binding Molecules with Modified J-Chain

[0087] IgM is the first immunoglobulin produced by B cells in response to stimulation by antigen, and is present at
around 1.5 mg/ml in serum with a half-life of 5 days. IgM is a pentameric or hexameric molecule. Just as 1gG, IgM
monomers consist of two light and two heavy chains. However, while IgG contains three heavy chain constant domains
(Ch1, Cyx2 and Cy3), the heavy () chain of IgM additionally contains a fourth constant domain (Cp4), similarly to the ¢
heavy chains in IgE. This extra constant domain is located in place of the IgG and IgA proline-rich hinge region that is
responsible for the rotational flexibility of the antigen-binding Fab domains relative to the Fc domain of IgG and IgA
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antibodies.

[0088] Five IgM monomers form a complex with an additional small polypeptide chain (the J-chain) to form a native
IgM molecule. The J-chain is considered to facilitate polymerization of p. chains before IgM is secreted from antibody-
producing cells. While crystallization of IgM has proved to be notoriously challenging, Czajkowsky and Shao (PNAS
106(35): 14960-14965, 2009) recently published a homology-based structural model of IgM, based on the structure of
the IgE Fc domain and the known disulfide pairings. The authors report that the human IgM pentamer is a mushroom-
shaped molecule with a flexural bias. The IgM heavy (p.) chain contains five N-linked glycosylation sites: Asn-171, Asn-
332, Asn-395, Asn-402 and Asn-563.

[0089] Immunoglobulin A (IgA), as the major class of antibody present in the mucosal secretions of most mammals,
represents a key first line of defense againstinvasion by inhaled and ingested pathogens. IgA is also found at significant
concentrations in the serum of many species, where it functions as a second line of defense mediating elimination of
pathogens that have breached the mucosal surface. Receptors specific for the Fcregion of IgA, FcaR, are key mediators
of IgA effector function. Human IgA may have two different IgA heavy constant region (Ca) genes which give rise to the
two subclasses, IgA1 and IgA2. The main difference between IgA1 and IgA2 resides in the hinge region that lies between
the two Fab arms and the Fc region. IgA1 has an extended hinge region due to the insertion of a duplicated stretch of
amino acids, which is absentin IgA2. IgA has the capacity to form dimers, in which two monomer units, each comprising
two heavy chains and light chains, are postulated to be arranged in an end-to-end configuration stabilized by disulfide
bridges and incorporation of a J-chain. Dimeric IgA, produced locally at mucosal sites, is transported across the epithelial
cell boundary and out into the secretions by interaction with the polymeric immunoglobulin receptor (plgR). During this
process, the plgR is cleaved and the major fragment, termed secretory component (SC), becomes covalently attached
to the IgA dimer.

[0090] Both IgA and IgM possess an 18-amino acid extension in the C terminus called the "tail-piece” (tp). The IgM
(ptp) and IgA (atp) tail-pieces differ at seven amino acid positions. The IgM and |gA tail-piece is highly conserved among
various animal species. The conserved penultimate cysteine residue inthe IgA and IgM tail-pieces has been demonstrated
to be involved in polymerization. Both tail-pieces contain an N-linked carbohydrate addition site, the presence of which
is required for dimer formation in IgA and J-chain incorporation and pentamer formation in IgM. However, the structure
and composition of the N-linked carbohydrates in the tail-pieces differ, suggesting differences in the accessibility of the
glycans to processing by glycosyltransferases.

[0091] The nucleotide and/or protein sequences of J-chains of human, and various vertebrate animal species, such
as cow, mouse, avian, amphibian, and rabbit, have been reported. The human J-chain contains eight cysteine residues,
two (Cys13 and Cys69) are involved in disulfide bridges with the o or u-chains (in IgA and IgM, respectively), and six
are involved in intrachain disulfide bridges (Cys13: Cys101, Cys72: Cys92, Cys109: Cys134). The three-dimensional
crystal structure of the J-chain has not been reported.

[0092] The binding molecules of the present invention include a J-chain that comprises an ADME-modulating moiety
that modulates one or more ADME characteristics of the binding molecule, without interfering with the ability of the IgM,
IgA, 1gG/IgM or IgG/IgA antibody to bind to its binding target(s). A binding molecule can, for example, be an IgM antibody,
an |gA antibody, or an 1gG/IgM or IgG/IgA hybrid antibody, which contains an IgM or IgA tail-piece at the |IgG heavy
chain and thus combine the properties of IgG and IgA or IgA, including the ability to incorporate and form polymers with
a modified J-chain whose ADME-modulating moiety modulates an ADME characteristic of the binding molecule. For
further details on 1gG/IgM and IgG/IgA hybrid antibodies see, e.g., Koteswara et al., Clinical Immunology 2001,
101(1):21-31. An illustration of an example binding molecule in accordance with aspects of the invention is depicted in
FIG. 5. The depicted binding molecule comprises an IgM pentamer with binding specificity for a target antigen, and
comprises an ADME-modulating moiety attached to the J-chain.

[0093] An ADME-modulating moiety in accordance with embodiments of the invention can include, without limitation,
antibodies, antigen-binding fragments of antibodies, antibody-like molecules, antigen-binding fragments of antibody-like
molecules, proteins, ligands and receptors. Itis emphasized that any type of ADME-modulating moiety can be introduced
into a J-chain, following the teaching of the present disclosure, by appropriately selecting the location and type of addition
(e.q., direct or indirect fusion, chemical tethering, etc.).

[0094] In some embodiments, a binding molecule comprises an amino acid sequence listed in Table 10. In some
embodiments, a binding molecule comprises an amino acid sequence that is substantially similar to an amino acid
sequence listed in Table 10, for example, has at least about 80% amino acid sequence identity, alternatively, has about
81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%. 99.5%,
or about 99.9% amino acid sequence identity to an amino acid sequence that is listed in Table 10.

[0095] Ina preferred embodiment, an ADME-modulating moiety comprises an antibody or an antigen-binding fragment
ofan antibody (alsoreferredto as an"antibody fragment"), including monospecific, bispecific, and multi-specificantibodies
and antibody fragments, that modulates an ADME characteristic of the binding molecule. The term "antibody fragment"
is used in the broadest sense and includes, without limitation, Fab, Fab’, F(ab’),, scFab, scFv, and (scFv), fragments,
complementarity determining region (CDR) fragments, linear antibodies, single-chain antibody molecules, minibodies,
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and multi-specific antibodies formed from antibody fragments. In a preferred embodiment, the antibody fragment is an
scFv.

[0096] In another preferred embodiment, an ADME-modulating moiety comprises an antibody-like molecule, such as,
for example, a human domain antibody (dAb), Dual-Affinity Re-Targeting (DART) molecule, a diabody, a di-diabody,
dual-variable domain antibody, a Stacked Variable Domain antibody, a Small Modular ImmunoPharmaceutical (SMIP),
a Surrobody, a strand-exchange engineered domain (SEED)-body, VHH (e.g., a camelid-like antibody molecule), or
TandAb that functions by modulating an ADME characteristic of the binding molecule.

[0097] An ADME-modulating moiety can be introduced into a native J-chain sequence at any location that allows the
ADME-modulating moiety to modulate an ADME characteristic of the binding molecule without interfering with the binding
of the recipient IgM, IgA, 1gG/IgM or IgG/IgA molecule to its binding target or binding targets. Preferred locations include
at or near the C-terminus, at or near the N-terminus or at an internal location that, based on the three-dimensional
structure of the J-chain, is accessible. In preferred embodiments, an ADME-modulating moiety is introduced into a native
sequence J-chain within about 10 residues from the C-terminus or within about 10 amino acid residues from the N-
terminus, where the native sequence J-chain preferably is human J-chain of SEQ ID NO: 1. In another embodiment, an
ADME-modulating moiety is introduced into the native sequence human J-chain of SEQ ID NO: 1 in between cysteine
residues 92 and 101 of SEQ ID NO: 1, or at an equivalent location of another native sequence J-chain. In a further
embodiment, an ADME-modulating moiety is introduced into a native sequence J-chain, such as a J-chain of SEQ ID
NO: 1, at or near a glycosylation site. Most preferably, an ADME-modulating moiety is introduced into the native sequence
human J-chain of SEQ ID NO: 1 within about 10 amino acid residues from the C-terminus.

[0098] Introduction can be accomplished by direct or indirect fusion, i.e., by the combination of an ADME-modulating
moiety amino acid sequences in one polypeptide chain by in-frame combination of their coding nucleotide sequences,
with or without a peptide linker. The peptide linker (indirect fusion), if used, may, for example, be about 1 to 50, or about
1 to 40, or about 1 to 30, or about 1 to 20, or about 1 to 10, or about 10 to 20 amino acid residues, and may be present
at one or both ends of an ADME-modulating moiety to be introduced into a J-chain sequence. In a preferred embodiment,
the peptide linker is about 10 to 20, or 10 to 15 amino acids long. In another preferred embodiment, the peptide linker
is 15 amino acids long.

[0099] An ADME-modulating moiety can also be appended to a native J-chain sequence by chemical linkage using
heterobifunctional protein crosslinkers containing two different functional groups, which have their own reactivity and
selectivity. These crosslinkers can be usedin a one step process or can be used to create activated proteins, which can
often be preserved and reacted with the second biomolecule in a separate step. Thus, for example, a heterobifunctional
crosslinking reagent can be used to form conjugates between a J-chain and an ADME-modulating moiety. The reactive
groups include, without limitation, imine reactive groups (such as NHS or sulfo-NHS), maleimide groups, and the like.
Such crosslinkers, which can be cleavable or non-cleavable, have been used, for example, in the formation of hapten
carrier proteins andin preparing enzyme-antibody conjugates. Chemically, the cleavable crosslinkers specifically include,
without limitation, disulfide-based, hydrazone, and peptide linkers. A well-known and much studied enzyme-labile linker
is a valine-citrulline linker, but other peptide linkers are also known and suitable. Typical representatives of non-cleavable
linkers include thioethers, such as SMCC (N-succinimidyl-4-(N-maleimidomethyl)-cyclohexane-1-carboxylate). For fur-
ther details s