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DESCRIPTION

FIELD OF THE DISCLOSURE

[0001] This disclosure relates generally to the field of antibody engineering. More specifically,
this disclosure relates to antibodies that bind specifically to CD38, as well as constructs
comprising such antibodies and attenuated interferon-alpha ligands, and methods of treatment
using these constructs. In these constructs, the antibodies direct the ligands to cells that
express both CD38 and receptors for the ligands, and the attenuated interferon-alpha reduces
interferon signaling in cells that do not express CD38.

BACKGROUND OF THE DISCLOSURE

[0002] Various publications, including patents, published applications, technical articles,
scholarly articles, and gene or protein accession numbers are cited throughout the
specification.

[0003] CD38 is a 46kDa type Il transmembrane glycoprotein. It has a short N-terminal
cytoplasmic tail of 20 amino acids, a single transmembrane helix and a long extracellular
domain of 256 amino acids. It is expressed on the surface of many immune cells including CD4
and CD8 positive T cells, B cells, NK cells, monocytes, plasma cells and on a significant
proportion of normal bone marrow precursor cells. In some instances, the expression of CD38
in lymphocytes may be dependent on the differentiation and activation state of the cell, for
example, resting T and B cells may be negative while immature and activated lymphocytes
may be predominantly positive for CD38 expression. CD38 mRNA expression has been
detected in non-hemopoeitic organs such as the pancreas, brain, spleen and liver (Koguma, T.
(1994) Biochim. Biophys. Acta 1223:160).

[0004] CD38 is a multifunctional ectoenzyme that is involved in transmembrane signaling and
cell adhesion. It is also known as cyclic ADP ribose hydrolase because it can transform NAD*
and NADP* into cADPR, ADPR and NAADP, depending on extracellular pH. These products

induce Ca2* -mobilization inside the cell, which can lead to tyrosine phosphorylation and
activation of the cell. CD38 is also a receptor that can interact with a ligand, CD31. Activation of

receptor via CD31 leads to intracellular events including Ca2* mobilization, cell activation,
proliferation, differentiation and migration.

[0005] CD38 is expressed at high levels on multiple myeloma cells, in most cases of T- and B-
lineage acute lymphoblastic leukemias, some acute myelocyticleukemias, follicular center cell
lymphomas and T lymphoblastic lymphomas. CD38 is also expressed on B-lineage chronic
lymphoblastic leukemia (B-CLL) cells. In some cases, B-CLL patients presenting with a CD38+
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clone are characterized by an unfavorable clinical course with a more advanced stage of
disease, poor responsiveness to chemotherapy and shorter survival time. The use of
antibodies to CD38 has been proposed for the treatment of CD38-expressing cancers and
hematological malignancies. It may therefore be advantageous to provide alternative
antibodies to CD38 which have desirable manufacturing, stability and immunogenic properties.

[0006] Numerous peptide and polypeptide ligands have been described to function by
interacting with a receptor on a cell surface, and thereby stimulating, inhibiting, or otherwise
modulating a biological response, usually involving signal transduction pathways inside the cell
that bears the said receptor. Examples of such ligands include peptide and polypeptide
hormones, cytokines, chemokines, growth factors, and apoptosis-inducing factors.

[0007] Due to the biological activities of such ligands, many have potential uses as
therapeutics. Several peptide or polypeptide ligands have been approved by regulatory
agencies as therapeutic products including, for example, human growth hormone, insulin,
interferon (IFN)-alpha2b, IFN-alpha2a, IFN, erythropoietin, G-CSF and GM-CSF.

[0008] While these and other ligands have demonstrated potential in therapeutic applications,
they may also exhibit toxicity when administered to human patients. One reason for toxicity is
that most of these ligands trigger receptors on a variety of cells, including cells other than
those that mediate the desired therapeutic effect. A consequence of such "off target” activity of
ligands is that many ligands are currently not suitable for use as therapeutic agents because
the ligands cannot be administered at sufficiently high dosages to produce maximal or optimal
therapeutic effects on the target cells which mediate the therapeutic effect.

[0009] For example it has been known since the mid-1980's that interferons, in particular IFN-
alpha, are able to increase apoptosis and decrease proliferation of certain cancer cells. IFN-
alpha has been approved by the FDA for the treatment of several cancers including
melanoma, renal cell carcinoma, B cell lymphoma, multiple myeloma, chronic myelogenous
leukemia (CML) and hairy cell leukemia. A direct effect of IFN-alpha on the tumor cells is
mediated by the IFN-alpha binding directly to the type | IFN receptor on those cells and
stimulating apoptosis, terminal differentiation or reduced proliferation. A further indirect effect
of IFN-alpha on non-cancer cells is to stimulate the immune system, which may produce an
additional anti-cancer effect by causing the immune system to reject the tumor.

[0010] These biological activities are mediated by type | interferon receptors on the surface of
the cancer cells which, when stimulated, initiate various signal transduction pathways leading
to reduced proliferation and/or the induction of terminal differentiation or apoptosis. The type |
interferon receptor is, however, also present on most non-cancerous cells. Activation of this
receptor on non-cancerous cells by IFN-alpha causes the expression of numerous pro-
inflammatory cytokines and chemokines, leading to toxicity and untoward effects. Such toxicity
may cause severe flu-like symptoms, which prevents the dosing of IFN-alpha to a subject at
levels that exert the maximum anti-proliferative and pro-apoptotic activity on the cancer cells.
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[0011] When IFN-alpha2b is used to treat multiple myeloma, its utility resides, at least in part,
in its binding to type | interferon receptors on the myeloma cells, which in turn triggers
apoptosis and/or reduced proliferation and hence limits disease progression. Unfortunately,
however, this IFN also binds healthy cells within the body, triggering a variety of other cellular
responses, some of which are harmful.

[0012] A publication by Ozzello (Breast Cancer Research and Treatment 25:265-76, 1993)
describes chemically conjugating human IFN-alpha to a tumor-targeting antibody, thereby
localizing the direct inhibitory activity of IFN-alpha to the tumor as a way of reducing tumor
growth rates, and demonstrated that such conjugates have anti-tumor activity in a xenograft
model of a human cancer. The mechanism of the observed anti-cancer activity was attributed
to a direct effect of IFN-alpha on the cancer cells, since the human IFN-alpha used in the
experiments did not interact appreciably with the murine type | IFN receptor, which could have
led to an indirect anti-cancer effect. Because of this lack of binding of the human IFN-alpha to
the murine cells, the toxicity of the antibody-IFN-alpha conjugate relative to free INF-alpha was
not assessed.

[0013] Antibodies and IFN-alpha may also be connected together in the form of a fusion
protein. For example, WO 01/97844 describes a direct fusion of human IFN-alpha to the C-
terminus of the heavy chain of an IgG specific for the tumor antigen CD20.

[0014] In general, IFN may be targeted to cancer cells. While this approach may result in an
increase in activity of the IFN against cancer cells, it does not completely address the issue of
undesired activity of the IFN on healthy cells. Fusing IFN-alpha to the C-terminus of the heavy
chain of an IgG may prolong the half-life of the IFN alpha leading to undesirable adverse
events. Accordingly, there exists a need to decrease off-target activity of ligand-based drugs,
while retaining the "on-target" therapeutic effect of such ligands.

[0015] In the prior art WO 2011/154453 discloses human anti CD38 antibodies suitable for the
treatment of several diseases (e.g. autoimmune diseases), also used in combination with
Interferon alpha 2b, WO 2012/092612 discloses monoclonal anti CD38 antibodies, exhibiting
an affinity in the nanomolar range and mediating CDC and ADCC, US 2002/164788 discloses a
humanised antibody specific for human CD38, WO 2007/042309 discloses murine, chimeric
and fully human antibodies against CD38, WO 2005/103083 discloses human antagonistic
antibodies to CD38 that mediate ADCC and CDC and reduce the growth of human myeloma
xenografts in a murine model.

SUMMARY OF THE DISCLOSURE

[0016] The first aspect of the present invention provides a polynucleotide comprising a nucleic
acid sequence encoding an antibody that specifically binds to CD38, the antibody comprising a
heavy chain variable region comprising the amino acid sequence of SEQ ID NO: 156 and a
light chain variable region comprising the amino acid sequence of SEQ ID NO: 185.
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[0017] The nucleic acid sequence may encode an antibody comprising a human IgG1 constant
region.

[0018] The nucleic acid sequence may encode an antibody comprising a human IgG4 constant
region. The human IgG4 heavy chain constant region may comprise a proline at position 228
according to the EU numbering system. The human IgG4 heavy chain constant region may
also comprise a tyrosine at position 252, a threonine at position 254, and a glutamic acid at
position 256 of the constant region according to the EU numbering system.

[0019] The polynucleotide may comprise a nucleic acid sequence comprising SEQ ID NO: 685,
which encodes a heavy chain variable region, and a nucleic acid sequence comprising SEQ ID
NO: 691, which encodes a light chain variable region.

[0020] The nucleic acid sequence may also encode an interferon alpha-2b fused to the
antibody, wherein the interferon alpha-2b comprises an alanine to aspartic acid or alanine to
glycine substitution at the position corresponding to position 168 of the amino acid sequence of
SEQ ID NO: 7. The nucleic acid sequence may encode an interferon alpha-2b comprising the
amino acid sequence of SEQ ID NO: 647 or SEQ ID NO: 650.

[0021] The nucleic acid sequence may also encode an interferon alpha-2b that is an N-
terminally truncated interferon alpha-2b. The N-terminally truncated interferon alpha-2b may
not have the twenty-three N-terminal amino acids.

[0022] The nucleic acid sequence may encode an interferon alpha-2b comprising the amino
acid sequence of SEQ ID NO: 649 or SEQ ID NO: 651.

[0023] In a second aspect, the present invention provides a vector comprising the
polynucleotide according to the first aspect.

[0024] In a third aspect, the present invention provides an in vitro transformed mammalian cell
comprising the vector of the second aspect.

[0025] The disclosure features new anti-CD38 antibodies and constructs comprising an anti-
CD38 antibody and attenuated IFN-alpha. The antibodies, which comprise one or a plurality of
mutations in their heavy and/or light chain variable regions retain the ability to specifically bind
to CD38, including CD38 expressed on the surface of cells. The antibodies may be fused, for
example, to an attenuated form of interferon alpha to form an anti-CD38 antibody-attenuated
interferon fusion construct.

[0026] Disclosed herein is an isolated antibody that binds specifically to CD38 which comprises
a heavy chain variable region comprising the amino acid sequence of SEQ ID NO: 559 and a
light chain variable region comprising the amino acid sequence of SEQ ID NO: 664. Also
disclosed is an isolated antibody that binds specifically to CD38 which comprises a heavy chain



DK/EP 3677591 T5

variable region comprising the amino acid sequence of SEQ ID NO: 665 and a light chain
variable region comprising the amino acid sequence of SEQ ID NO: 666. Also disclosed is an
isolated antibody that binds specifically to CD38 which comprises a heavy chain variable region
comprising the amino acid sequence of SEQ ID NO: 739 and a light chain variable region
comprising the amino acid sequence of SEQ ID NO: 664. The heavy chain variable region
amino acid sequence of SEQ ID NO: 559 excludes the amino acid sequence of SEQ ID NO:
13. The light chain variable region amino acid sequence of SEQ ID NO: 664 excludes the
amino acid sequence of SEQ ID NO: 14. Also disclosed is an isolated antibody that binds
specifically to CD38 which comprises a heavy chain CDR1 comprising the amino acid
sequence of SEQ ID NO: 200, SEQ ID NO: 514 or SEQ ID NO: 697, a heavy chain CDR2
comprising the amino acid sequence of SEQ ID NO: 202, SEQ ID NO: 516, SEQ ID NO: 544,
SEQ ID NO: 698 or SEQ ID NO: 737, and a heavy chain CDR3 comprising the amino acid
sequence of SEQ ID NO: 204, SEQ ID NO: 222, SEQ ID NO: 518, SEQ ID NO: 534, SEQ ID
NO: 535, SEQ ID NO: 536, SEQ ID NO: 699 or SEQ ID NO: 738, and may further comprise a
light chain CDR1 comprising the amino acid sequence of SEQ ID NO: 233, SEQ ID NO: 319,
SEQ ID NO: 583, SEQ ID NO: 590 or SEQ ID NO: 696, a light chain CDR2 comprising the
amino acid sequence of SEQ ID NO: 235, SEQ ID NO: 307, SEQ ID NO: 311, SEQ ID NO: 585,
SEQ ID NO: 591 or SEQ ID NO: 605, a light chain CDR3 comprising the amino acid sequence
of SEQ ID NO: 237, SEQ ID NO: 321, SEQ ID NO: 324, SEQ ID NO: 587 or SEQ ID NO: 594.

[0027] The heavy chain variable region disclosed herein may comprise the amino acid
sequence of SEQ ID NO: 34, SEQ ID NO: 18, SEQ ID NO: 665, SEQ ID NO: 165, SEQ ID NO:
166, SEQ ID NO: 167, SEQ ID NO: 179, SEQ ID NO: 180,SEQ ID NO: 156, SEQ ID NO: 197,
SEQ ID NO: 152, SEQ ID NO: 720, SEQ ID NO: 721, SEQ ID NO: 722, SEQ ID NO: 723, SEQ
ID NO: 739, SEQ ID NO: 740, SEQ ID NO: 741, SEQ ID NO: 742, SEQ ID NO: 728, SEQ ID
NO: 730, SEQ ID NO: 731. The light chain variable region disclosed herein may comprise the
amino acid sequence of SEQ ID NO: 65, SEQ ID NO: 68, SEQ ID NO: 86, SEQ ID NO: 88, SEQ
ID NO: 92, SEQ ID NO: 93, SEQ ID NO: 660, SEQ ID NO: 661, SEQ ID NO: 662, SEQ ID NO:
663. SEQ ID NO: 161, SEQ ID NO: 184, SEQ ID NO: 185, SEQ ID NO: 188, SEQ ID NO: 198 or
SEQ ID NO: 700, SEQ ID NO: 701, SEQ ID NO: 704, SEQ ID NO: 705, SEQ ID NO: 706, SEQ
ID NO: 707, SEQ ID NO: 708, SEQ ID NO: 709, SEQ ID NO: 710, SEQ ID NO: 711.

[0028] The antibody preferably is capable of binding to CD38-positive cells.
bind to a CD38-positive cell with an EC50 value of less than about 100 nM.
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[0029] The antibody may be a monoclonal antibody, and is preferably a fully human antibody.
The antibody may comprise an FAb. The antibody may comprise a human IgG1 constant
region or a human IgG4 constant region. The IgG1 or the IgG4 constant region may comprise
a tyrosine at position 252, a threonine at position 254, and a glutamic acid at position 256
according to the EU numbering system. The 1gG4 constant region may comprise a proline at
position 228 according to the EU numbering system, and the proline at position 228 may be in
addition to a tyrosine at position 252, a threonine at position 254, and a glutamic acid at
position 256.

[0030] The antibody may be fused to attenuated interferon alpha-2b. The interferon alpha-2b
may comprise a substitution of the alanine at position 145 to glycine or aspartic acid, including
an interferon alpha-2b having the amino acid sequence of SEQ ID NO: 649 or SEQ ID NO:
651. The attenuated interferon alpha-2b may be fused directly to the C-terminus of the IgG1 or
IgG4 constant region, and the antibody may comprise the amino acid sequence of SEQ ID NO:
9, SEQ ID NO: 10, SEQ ID NO: 652, SEQ ID NO: 653, SEQ ID NO: 654, SEQ ID NO: 655, SEQ
ID NO: 656, SEQ ID NO: 657, SEQ ID NO: 658, or SEQ ID NO: 694. The antibody, including
the antibody fused to an attenuated interferon alpha-2b may be comprised in a composition
comprising a pharmaceutically acceptable carrier.

[0031] Isolated polynucleotides encoding the antibodies disclosed herein and the antibodies
fused to an attenuated interferon alpha-2b are disclosed herein. The polynucleotide may
comprise the nucleic acid sequence of SEQ ID NO: 667, SEQ ID NO: 670, SEQ ID NO: 671,
SEQ ID NO: 672, SEQ ID NO: 673, SEQ ID NO: 674, SEQ ID NO: 668, SEQ ID NO: 669, SEQ
ID NO: 675, SEQ ID NO: 676, or SEQ ID NO: 677, SEQ ID NO: 678, SEQ ID NO: 679, SEQ ID
NO: 680, SEQ ID NO: 681, SEQ ID NO: 682, SEQ ID NO: 683, SEQ ID NO: 684, SEQ ID NO:
686, SEQ ID NO: 687, SEQ ID NO: 688, SEQ ID NO: 689, SEQ ID NO: 690, SEQ ID NO: 692,
SEQ ID NO: 693, SEQ ID NO: 695 SEQ ID NO: 702, SEQ ID NO: 703, SEQ ID NO: 712, SEQ
ID NO: 713, SEQ ID NO: 714, SEQ ID NO: 715, SEQ ID NO: 716, SEQ ID NO: 717, SEQ ID
NO: 718, SEQ ID NO: 719, SEQ ID NO: 724, SEQ ID NO: 725, SEQ ID NO: 726, SEQ ID NO:
727 SEQ ID NO: 732, SEQ ID NO: 733, SEQ ID NO: 734, SEQ ID NO: 735, SEQ ID NO: 743,
SEQ ID NO: 744, SEQ ID NO: 745, SEQ ID NO: 746 . The polynucleotides may comprise a
vector. The vector may be used, for example, to transform a cell. A transformed cell
comprising such polynucleotides is disclosed herein. The transformed cell may comprise a
mammalian cell, a yeast cell, or an insect cell.

[0032] Stable cells that express the antibodies are also disclosed herein. Antibody-expressing
cells may be mammalian cells. Preferred cells are Chinese Hamster Ovary (CHO) cells.

[0033] Kits comprising antibodies fused to attenuated interferon alpha-2b are disclosed herein.
The kits comprise the anti-CD38-attenuated interferon alpha-2b fusion construct, and
instructions for using the construct in a method for inhibiting the proliferation of a tumor cell
expressing CD38 and a receptor for interferon alpha-2b on its surface, instructions for using
the construct in a method for inducing apoptosis in a tumor cell expressing CD38 and a
receptor for interferon alpha-2b on its surface, instructions for using the construct in a method



DK/EP 3677591 T5

for treating a tumor comprising cells expressing CD38 and a receptor for interferon alpha-2b
on their surface in a subject in need thereof, and optionally, a pharmaceutically acceptable
carrier. Kits comprising anti-CD38 antibodies are disclosed herein, and such kits comprise the
anti-CD38 antibody and instructions for using the antibody in a method for detecting a CD38-
positive tumor cell in a tissue sample isolated from a subject, the antibody may optionally be
fused to an attenuated interferon alpha-2b protein. 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 treatment.

[0034] The anti-CD38 antibody-attenuated interferon alpha-2b fusion constructs may be used
as a threrapy in the treatment of a tumor comprising cells expressing CD38 and a receptor for
interferon alpha-2b on their surface. Generally, a treatment method comprises administering to
a subject having the tumor an anti-CD38 antibody-attenuated interferon alpha-2b fusion
construct in an amount effective to treat the tumor. The construct may comprise any construct
described or exemplified herein. The subject is preferably a mammal, more preferably a non-
human primate, and most preferably a human being. The tumor may comprise a B-cell
lymphoma, multiple myeloma, non-Hodgkin's lymphoma, chronic myelogenous leukemia,
chronic lymphocytic leukemia or acute myelogenous leukemia.

[0035] The anti-CD38 antibodies, optionally fused to an attenuated interferon alpha-2b protein,
may be used in a method for detecting CD38 or a CD38-positive tumor cell in a tissue sample
isolated from a subject. Generally, the method comprises contacting an antibody that binds
specifically to CD38 with a tissue sample isolated from a subject and detecting a complex of
the antibody and CD38 or a CD38-positive cell in the tissue sample. The tissue sample may be
known to have or be suspected of having CD38-positive tumor cells. The tissue may comprise
blood or bone marrow. The CD38-positive tumor cell may be a CD38-positive B-cell ymphoma
cell, multiple myeloma cell, non-Hodgkin's lymphoma cell, chronic myelogenous leukemia cell,
chronic lymphocytic leukemia cell, or acute myelogenous leukemia cell. The subject is
preferably a mammal, more preferably a non-human primate, and most preferably a human
being. The method may include the step of isolating the tissue sample from the subject. The
method may further comprise contacting the antibody with a tissue sample that does not
include any CD38-positive cells, for example, to serve as a negative control.

BRIEF DESCRIPTION OF THE DRAWINGS

[0036]
Figure 1 shows an example of an anti-CD38-attenuated interferon fusion construct.

Figures 2A and 2B show sequences of heavy chain variable regions of X02.1, related
constructs, and the most homologous germline antibody sequence. CDRs defined by the Kabat
numbering system are underlined.

Figures 3A and 3B show sequences of light chain variable regions of X02.1, related constructs,
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and the most homologous germline antibody sequence. CDRs defined by the Kabat numbering
system are underlined.

Figures 4A-4D show the sequences of light chain variable regions of A02.1 and related
constructs. CDRs defined by the Kabat numbering system are underlined

Figure 5 shows the consensus variable heavy chain sequence of A02.1 and related constructs.
Boxed regions contain CDRs (as indicated) as defined by the Kabat numbering system and the
enhanced Chothia numbering system. CDRs defined by the Kabat numbering system are
shown in bold. CDRs defined by the enhanced Chothia numbering system are underlined.

Figure 6 shows the consensus variable light chain sequence of A02.1 and related constructs.
Boxed regions contain CDRs (as indicated) as defined by the Kabat numbering system and the
enhanced Chothia numbering system. CDRs defined by the Kabat numbering system are
shown in bold. CDRs defined by the enhanced Chothia numbering system are underlined

Figures 7A-7C show sequences of heavy chain variable regions of humanized heavy chain
variable regions. CDRs defined by the Kabat numbering system are underlined.

Figures 8A-8C show sequences of heavy chain variable regions of humanized light chain
variable regions. CDRs defined by the Kabat numbering system are underlined.

Figures 9A and 9B show the variable heavy chain of A10.0 and related constructs. CDRs
defined by the Kabat numbering system are underlined.

Figures 10A and 10B show the variable light chain of A10.0 and related constructs. CDRs
defined by the Kabat numbering system are underlined.

Figure 11 shows the variable heavy chain consensus sequence of A10.0 and related
constructs. Boxed regions contain CDRs (as indicated) as defined by the Kabat numbering
system and the enhanced Chothia numbering system. CDRs defined by the Kabat numbering
system are shown in bold. CDRs defined by the enhanced Chothia numbering system are
underlined.

Figure 12 shows the variable light chain consensus sequence of A10.0 and related constructs.
Boxed regions contain CDRs (as indicated) as defined by the Kabat numbering system and the
enhanced Chothia numbering system. CDRs defined by the Kabat numbering system are
shown in bold. CDRs defined by the enhanced Chothia numbering system are underlined.

Figure 13 shows the binding activity of A02.1 variants to the CD38-expressing multiple
myeloma cell line ARP-1 as measured by flow cytometry. The assay details are described in
the Examples of this specification.

Figure 14 shows the binding activity of A02.1 variants to the CD38-expressing multiple
myeloma cell line NCI-H929 as measured by flow cytometry. The assay details are described in
the Examples of this specification.

Figures 15 and 16 show the anti-proliferative activity of A02.1 variants on the multiple myeloma
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cell line ARP-1. A-isotype is an irrelevant specificity antibody fused with the attenuated
interferon as a control. The assay details are described in the Examples (Cell proliferation
assay).

Figure 17 shows the anti-proliferative activity of IFN-alpha2b (Intron A) compared with A02.1
and A10.0 and their corresponding unfused antibodies X02.1 and X10.0 on the multiple
myeloma cell line ARP-1. A-isotype is an irrelevant specificity antibody fused with the
attenuated interferon as a control. The assay details are described in the Examples (Cell
proliferation assay).

Figure 18 shows the relative fold change of Annexin V production in the CD38-expressing
multiple myeloma cell line NCI-H929 when treated with A02.1 and A10.0 and their
corresponding unfused antibodies X02.1 and X10.0 for 24 hours compared to an untreated
control. A-isotype is an irrelevant specificity antibody fused with the attenuated interferon as a
control. The assay details are described in the Examples (Annexin V assay).

Figure 19 shows the relative fold change of caspase activation in the CD38-expressing multiple
myeloma cell line H929 of IFN-alpha2b (Intron A) vs. A02.1 and related constructs in
comparison to untreated cells. Isotype 145D is an irrelevant specificity antibody fused with the
attenuated interferon as a control. The assay details are described in the Examples (Caspase
assay).

Figure 20 shows the off-target activity of IFN-alpha2b (Intron A) versus A02.6 and A02.6 fused
to wild-type IFN-alpha2b (A02.6 (wt. IFN)) on the CD38-negative cells. The assay details are

described in the Examples (HEK-BLUE™).

Figure 21 shows the relative fold change of Annexin V production in the CD38-expressing
multiple myeloma cell line H929 between IgG1 and IgG4 subtypes of anti-CD38-attenuated
IFN-alpha fusion protein constructs. A-isotype is a non-specific IgG4 antibody fused with the
attenuated interferon as a control. The antibodies, A02.12 and A10.0 contain 1gG4 constant
regions fused to attenuated IFN-alpha while A02.112 and A10.59 contain 1gG1 constant
regions fused to attenuated IFN-alpha. The assay details are described in the Examples
(Annexin V/7AAD assay).

Figure 22 shows the binding activity of A10.0 variants to the CD38-expressing multiple
myeloma cell line NCI-H929 as measured by flow cytometry. The assay details are described in
the Examples of this specification.

Figure 23 shows caspase activation in the CD38-expressing multiple myeloma cell line H929 of
A10.0 and A10.38 compared to untreated cells. A-isotype is an irrelevant specificity antibody
fused to the attenuated IFN as a control. The assay details are described in the Examples
(Caspase assay).

Figure 24 shows the relative fold change of caspase activation in the CD38 expressing multiple
myeloma cell line H929 by A10.0 variants compared to untreated cells. The assay details are
described in the Examples (Caspase assay).
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Figure 25 shows the relative fold change of production of Annexin V in the CD38-expressing
multiple myeloma cell line H929 by A10.0 variants. The assay details are described in the
Examples (Annexin V/7AAD assay).

Figure 26 shows the anti-proliferative activity of IFN-alpha2b (Intron A) compared with A02.6,
A10.0, A10.38 and parental A10A2.0 chimeric antibody constructs on the Burkitt's lymphoma
cell line Daudi. A-isotype is an irrelevant specificity antibody fused to the attenuated IFN as a
control. The assay details are described in the Examples (Cell proliferation assay).

Figure 27 shows the effects of humanized A10.0 versus the parental A10A2.0 chimeric
antibody attenuated interferon construct on the growth of subcutaneous H929 myeloma tumors
in SCID mice. The bar labeled "treatment phase" shows the duration of treatment with the
compounds.

Figure 28 shows the non-antibody antigen targeted IFN activity of A10.0 variants fused to the
same attenuated IFN-alpha2b protein. The assay details are described in the Examples ("Off-
target assays"- iLite gene reporter assay).

Figure 29 shows the "Off-target" activity of IFN-alpha2b (Intron A) compared with A10.0
variants and the parental A10A2.0 chimeric antibody fused to wild-type IFN-alpha2b (A10A2.0
chimeric (wt.IFN)). The assay details are described in the Examples ("Off-target assays"- HEK-

BLUE™).

Figure 30 shows variable heavy chain consensus sequences of X910/12-HC-LO-Interferon-
alpha (A145D) IgG4 and related sequences. Boxed regions contain CDRs (as indicated) as
defined by the Kabat numbering system and the enhanced Chothia numbering system. CDRs
defined by the Kabat numbering system are shown in bold. CDRs defined by the enhanced
Chothia numbering system are underlined.

DETAILED DESCRIPTION OF THE DISCLOSURE

[0037] Various terms relating to aspects of disclosure are used throughout the specification
and claims. Such terms are to be given their ordinary meaning in the art, unless otherwise
indicated. Other specifically defined terms are to be construed in a manner consistent with the
definition provided herein.

[0038] The terms subject and patient are used interchangeably and include any animal.
Mammals are preferred, including companion and farm mammals, as well as rodents, including
mice, rabbits, and rats, and other rodents. Non-human primates, such as Cynomolgus
monkeys, are more preferred, and human beings are highly preferred.

[0039] A molecule such as an antibody has been "isolated" if it has been altered and/or
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removed from its natural environment by the hand of a human being.

[0040] As used herein, the singular forms "a,
expressly stated otherwise.

an," and "the" include plural referents unless

[0041] An anti-CD38 antibody-attenuated interferon alpha-2b fusion construct includes, but is
not limited to, any antibody described or exemplified herein that binds specifically to CD38 that
is fused to an attenuated interferon alpha-2b protein, including an interferon alpha-2b of SEQ
ID NO: 647, SEQ ID NO: 648, SEQ ID NO: 649, SEQ ID NO: 650, or SEQ ID NO: 651. Fusing
an unmutated interferon alpha-2b protein, such as SEQ ID NO: 7, to an anti-CD38 antibody
may attenuate the biologic activities of the interferon molecule. In this disclosure, attenuated
interferon, attenuated interferon alpha-2b, IFN-alpha2b A145D, and IFN-alpha2b A145G are
used interchangeably.

[0042] Specificity is not necessarily an absolute designation but may constitute a relative term
signifying the degree of selectivity of an antibody IFN-alpha fusion protein construct for an
antigen-positive cell compared to an antigen-negative cell. Specificity of an antibody IFN-alpha
fusion protein construct for an antigen-positive cell is mediated by the variable regions of the
antibody, and usually by the complementarity determining regions (CDRs) of the antibody. A
construct may have 100-fold specificity for antigen-positive cells compared to antigen-negative
cells.

[0043] Human CD38 comprises the amino acid sequence of SEQ ID NO: 1, and cynomolgus
monkey CD38 comprises the amino acid sequence of SEQ ID NO: 2.

[0044] It has been further observed that interferon-alpha2b can be attenuated in terms of its
biologic activity which is mediated through the interferon binding to an interferon receptor on a
cell surface by introducing certain amino acid changes into the protein sequence. An
attenuated interferon molecule can be fused to antibodies that specifically bind to CD38, such
that the antibody may serve as a delivery vehicle for the attenuated interferon to CD38-positive
cells with a resulting diminution of off target interferon activity caused by the attenuated
interferon molecule. It has been further observed that fusing the attenuated interferon to the
CD38 antibodies does not significantly affect the capacity of the antibody to specifically bind to
CD38 on cells expressing CD38, including cells in the body of animals. It has been further
observed that variants of the CD38 antibodies can be engineered and expressed such that the
antibodies have reduced immunogenicity and enhanced stability and half life without a
significant loss of specificity or affinity of the antibody to the CD38 antigen. These variant
antibodies can be fused to an attenuated interferon.

[0045] Accordingly, antibodies that specifically bind to CD38 are featured. It has also been
observed that such anti-CD38 antibodies may be employed as delivery vehicles for attenuated
ligands such as interferon alpha. Without intending to be limited to any particular theory or
mechanism of action, it is believed that the antibodies direct the interferon alpha to which they
are attached to CD38-positive cells, where the interferon may interact with its receptor. It is
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believed that the antibody, as a delivery vehicle, compensates for the diminished capacity of
the interferon molecule to bind to its receptor. In this sense, the attenuated interferon has
reduced capacity to interact with its receptor on healthy cells, and particularly cells that do not
express CD38. It is believed that by bringing the attenuated interferon into proximity with its
receptor on CD38-positive cells, the antibodies may enhance the capacity of the attenuated
interferon to bind to its relevant receptor and induce a therapeutic effect, while exhibiting a
diminished capacity to induce undesirable effects on healthy cells that do not express CD38.

[0046] The antibodies may be polyclonal, but in some aspects, are not polyclonal. The
antibodies preferably are monoclonal. The antibodies are preferably full length antibodies. Full
length antibodies generally comprise a variable region heavy chain and a variable region light
chain. The antibodies may comprise derivatives or fragments or portions of antibodies that
retain the antigen-binding specificity, and also preferably retain most or all of the affinity, of the
parent antibody molecule (e.g., for CD38). For example, derivatives may comprise at least one
variable region (either a heavy chain or light chain variable region). Other examples of suitable
antibody derivatives and fragments include, without limitation, antibodies with polyepitopic
specificity, bispecific antibodies, multi-specific antibodies, diabodies, single-chain molecules, as
well as FAb, F(Ab"2, Fd, Fabc, and Fv molecules, single chain (Sc) antibodies, single chain Fv
antibodies (scFv), individual antibody light chains, individual antibody heavy chains, fusions
between antibody chains and other molecules, heavy chain monomers or dimers, light chain
monomers or dimers, dimers consisting of one heavy and one light chain, and other multimers.
Single chain Fv antibodies may be multivalent. All antibody isotypes may be used to produce
antibody derivatives, fragments, and portions. Antibody derivatives, fragments, and/or portions
may be recombinantly produced and expressed by any cell type, prokaryotic or eukaryotic.

[0047] Disclosed herein an isolated antibody may refer to a monoclonal antibody to which IFN-
alpha, or an attenuated IFN-alpha, has been fused to the C-terminus of the heavy chain IgG
constant region. WWhen the monoclonal antibody has a binding specificity to CD38 and the IFN-
alpha is attenuated IFN-alpha 2b, the isolated antibody is also referred to as an Anti-CD38
attenuated IFN-alpha fusion protein, or an Anti-CD38 attenuated IFN-alpha fusion construct
herein.

[0048] In a full-length antibody, each heavy chain is comprised of a heavy chain variable
region (abbreviated herein as HCVR or VH) and a heavy chain constant region. The heavy
chain constant region is comprised of three domains, CH1, CH2 and CHS. Each light chain is
comprised of a light chain variable region (abbreviated herein as LCVR or VL) and a light chain
constant region. The light chain constant region is comprised of one domain, CL. The VH and
VL regions can be further subdivided into regions of hypervariability, termed complementarity
determining regions (CDR), interspersed with regions that are more conserved, termed
framework regions (FWR or FR). Each VH and VL is composed of three CDRs and four F\WRs,
arranged from amino-terminus to carboxy-terminus in the following order: FWR1, CDR1,
FWR2, CDR2, FWR3, CDR3, FWR4. Typically, the antigen binding properties of an antibody
are less likely to be disturbed by changes to FWR sequences than by changes to the CDR
sequences. Immunoglobulin molecules can be of any type (e.g., 1gG, IgE, IgM, IgD, IgA and



DK/EP 3677591 T5

IgY), class (e.g., 1gG1, 1gG2, 1gG3, 1gG4, IgAl and IgA2) or subclass.

[0049] The antibodies may be derived from any species. For example, the antibodies may be
mouse, rat, goat, horse, swine, bovine, camel, chicken, rabbit, donkey, llama, dromedary,
shark, or human antibodies, as well as antibodies from any other animal species. For use in
the treatment of humans, non-human derived antibodies may be structurally altered to be less
antigenic upon administration to a human patient, including by chimerization or humanization
or superhumanization.

[0050] The antibodies disclosed herein may be humanized antibodies. Humanized antibodies
are those wherein the amino acids directly involved in antigen binding, e.g., the
complementarity determining regions (CDR), and in some cases the framework regions
(FWR), or portions thereof, of the heavy and/or light chains are not of human origin, while the
rest of the amino acids in the antibody are human or otherwise of human origin, e.g., a human
antibody scaffold. Humanized antibodies also include antibodies in which one or more residues
of the human protein are modified by one or more amino acid substitutions and/or one or more
FWR residues of the human protein are replaced by corresponding non-human residues.
Humanized antibodies may also comprise residues which are found in neither the human
antibody or in the non-human antibody. A humanized antibody may be a super-humanized
antibody, e.g., as described in U.S. Pat. No. 7,732,578. The antibodies may be humanized
chimeric antibodies.

[0051] The antibodies disclosed herein may be fully human. Fully human antibodies are those
where the whole molecule is human or otherwise of human origin, or includes an amino acid
sequence identical to a human form of the antibody. Fully human antibodies include those
obtained from a human V gene library, for example, where human genes encoding variable
regions of antibodies are recombinantly expressed. Fully human antibodies may be expressed
in other organisms (e.g., mice and xenomouse technology) or cells from other organisms
transformed with genes encoding human antibodies. Fully human antibodies may nevertheless
include amino acid residues not encoded by human sequences, e.g., mutations introduced by
random or site directed mutations.

[0052] The antibodies may be full length antibodies of any class, for example, 1gG1, I1gG2 or
IgG4. The constant domains of such antibodies are preferably human. The variable regions of
such antibodies may be of non-human origin, or preferably are human in origin or are
humanized. Antibody fragments may also be used in place of the full length antibodies.

[0053] The antibodies may be minibodies. Minibodies comprise small versions of whole
antibodies, which encode in a single chain the essential elements of a whole antibody. For
example, the minibody may be comprised of the VH and VL domains of a native antibody fused
to the hinge region and CH3 domain of an immunoglobulin molecule.

[0054] The antibody disclosed herein may comprise non-immunoglobulin derived protein
frameworks. For example, reference may be made to (Ku & Schutz, Proc. Natl. Acad. Sci. USA
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92: 6552-6556, 1995) which describes a four-helix bundle protein cytochrome b562 having two
loops randomized to create CDRs, which have been selected for antigen binding.

[0055] Natural sequence variations may exist among heavy and light chains and the genes
encoding them, and therefore, persons having ordinary skill in the art would expect to find
some level of variation within the amino acid sequences, or the genes encoding them, of the
antibodies described and exemplified herein. These variants preferably maintain the unique
binding properties (e.g., specificity and affinity) of the parent antibody. Such an expectation is
due in part to the degeneracy of the genetic code, as well as to the known evolutionary
success of conservative amino acid sequence variations, which do not appreciably alter the
nature of the encoded protein. Accordingly, such variants and homologs are considered
substantially the same as one another and are included within the scope of the disclosure. The
antibodies thus include variants having single or multiple amino acid substitutions, deletions,
additions, or replacements that retain the biological properties (e.g., binding specificity and
binding affinity) of the parent antibodies. The variants are preferably conservative, but may be
non-conservative.

[0056] Amino acid positions assigned to CDRs and FWRs may be defined according to Kabat
Sequences of Proteins of Immunological Interest, National Institutes of Health, Bethesda, Md.,
1987 and 1991 (also referred to herein as the Kabat numbering system). In addition, the amino
acid positions assigned to CDRs and FWRs may be defined according to the Enhanced
Chothia Numbering Scheme (http://www.bioinfo.org.uk/mdex.html). The heavy chain constant
region of an antibody can be defined by the EU numbering system (Edelman, GM et al.
(1969)., Proc. Natl. Acad. USA, 63, 78-85).

[0057] According to the numbering system of Kabat, VH FWRs and CDRs may be positioned
as follows: residues 1-30 (FWR1), 31-35 (CDRH1), 36-49 (FWR2), 50-65 (CDR2), 66-94
(FWR3), 95-102 (CDR3) and 103-113 (FWR4), and VL FWRs and CDRs are positioned as
follows: residues 1-23 (FWR1), 24-34 (CDR1), 35-49 (FWR2), 50-56 (CDR2), 57-88 (FWR3),
89-97 (CDR3) and 98-107 (FWR4). In some instances, variable regions may increase in length
and according to the Kabat numbering system some amino acids may be designated by a
number followed by a letter. This specification is not limited to FWRs and CDRs as defined by
the Kabat numbering system, but includes all numbering systems, including the canonical
numbering system or of Chothia et al. (1987) J. Mol. Biol. 196:901-17; Chothiaet al. (1989)
Nature 342:877-83; and/or Al-Lazikani et al. (1997) J. Mol. Biol. 273:927-48; the numbering
system of Honnegher et al. (2001) J. Mol. Biol., 309:657-70; or the IMGT system discussed in
Giudicelli et al., (1997) Nucleic Acids Res. 25:206-11. The CDRs may be defined according to
the Kabat numbering system.

[0058] For any of the heavy chain CDR2 subdomains described herein, according to the Kabat
numbering system, the five C-terminal amino acids may not participate directly in antigen
binding, and accordingly, it will be understood that any one or more of these five C-terminal
amino acids may be substituted with another naturally-occurring amino acid without
substantially adversely affecting antigen binding. For any of the light chain CDR1 subdomains
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described herein, according to the Kabat numbering system, the four N-terminal amino acids
may not participate directly in antigen binding, and accordingly, it will be understood that any
one or more of these four amino acids may be substituted with another naturally-occurring
amino acid without substantially adversely affecting antigen binding. For example, as described
by Padlan et al. (1995) FASEB J. 9:133-139, the five C terminal amino acids of heavy chain
CDR2 and/or the four N-terminal amino acids of light chain CDR1 may not participate in
antigen binding. Both the heavy chain CDR2 and the light chain CDR1 may not directly
participate in antigen binding.

[0059] Chemical analogues of amino acids may be used in the antibodies described and/or
exemplified herein. The use of chemical analogues of amino acids is useful, for example, for
stabilizing the molecules such as if required to be administered to a subject. The analogues of
the amino acids contemplated herein include, but are not limited to, modifications of side
chains, incorporation of unnatural amino acids and/or their derivatives during peptide,
polypeptide or protein synthesis and the use of crosslinkers and other methods which impose
conformational constraints on the proteinaceous molecule or their analogues.

[0060] The antibodies may comprise post-translational modifications or moieties, which may
impact antibody activity or stability. These modifications or moieties include, but are not limited
to, methylated, acetylated, glycosylated, sulfated, phosphorylated, carboxylated, and amidated
moieties and other moieties that are well known in the art. Moieties include any chemical group
or combinations of groups commonly found on immunoglobulin molecules in nature or
otherwise added to antibodies by recombinant expression systems, including prokaryotic and
eukaryotic expression systems.

[0061] Examples of side chain modifications contemplated by the disclosure include
modifications of amino groups such as by reductive alkylation by reaction with an aldehyde
followed by reduction with NaBH,4; amidination with methylacetimidate; acylation with acetic

anhydride; carbamoylation of amino groups with cyanate; trinitrobenzylation of amino groups
with 2, 4, 6-trinitrobenzene sulphonic acid (TNBS); acylation of amino groups with succinic
anhydride and tetrahydrophthalic anhydride; and pyridoxylation of lysine with pyridoxal-5-
phosphate followed by reduction with NaBHj4.

[0062] The guanidine group of arginine residues may be modified by the formation of
heterocyclic condensation products with reagents such as 2,3-butanedione, phenylglyoxal and
glyoxal.

[0063] The carboxyl group may be modified by carbodiimide activation via O-acylisourea
formation followed by subsequent derivation, for example, to a corresponding amide.

[0064] Sulphydryl groups may be modified by methods such as carboxymethylation with
iodoacetic acid or iodoacetamide; performic acid oxidation to cysteic acid; formation of mixed
disulphides with other thiol compounds; reaction with maleimide, maleic anhydride or other
substituted maleimide; formation of mercurial derivatives using 4-chloromercuribenzoate, 4-
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chloromercuriphenylsulphonic acid, phenylmercury chloride, 2-chloromercuri-4-nitrophenol and
other mercurials; carbamoylation with cyanate at alkaline pH.

[0065] Tryptophan residues may be modified by, for example, oxidation with N-
bromosuccinimide or alkylation of the indole ring with 2-hydroxy-5-nitrobenzyl bromide or
sulphenyl halides. Tyrosine residues on the other hand, may be altered by nitration with
tetranitromethane to form a 3-nitrotyrosine derivative.

[0066] Modification of the imidazole ring of a histidine residue may be accomplished by
alkylation with iodoacetic acid derivatives or N-carbethoxylation with diethylpyrocarbonate.

[0067] Crosslinkers may be used, for example, to stabilize 3D conformations of the antibodies
and constructs, using homo-bifunctional crosslinkers such as the bifunctional imido esters
having (CHy)n spacer groups with n=1 to n=6, glutaraldehyde, N-hydroxysuccinimide esters

and hetero-bifunctional reagents which usually contain an amino-reactive moiety such as N-
hydroxysuccinimide and another group specific-reactive moiety such as maleimido or dithio
moiety (SH) or carbodiimide (COOH).

[0068] The antibodies may be affinity matured, or may comprise amino acid changes that
decrease immunogenicity, for example, by removing predicted MHC class lI-binding motifs.
The therapeutic utility of the antibodies described herein may be further enhanced by
modulating their functional characteristics, such as antibody-dependent cell-mediated
cytotoxicity (ADCC), complement-dependent cytotoxicity (CDC), serum half-life, biodistribution
and binding to Fc receptors or the combination of any of these. This modulation can be
achieved by protein-engineering, glyco-engineering or chemical methods. Depending on the
therapeutic application required, it could be advantageous to either increase or decrease any

of these activities. An example of glyco-engineering used the Potelligent® method as described
in Shinkawa T. et al. (2003) J. Biol. Chem. 278: 3466-73.

[0069] The antibodies may include modifications that modulate its serum half-life and
biodistribution, including modifications that modulate the antibody's interaction with the
neonatal Fc receptor (FcRn), a receptor with a key role in protecting IgG from catabolism, and
maintaining high serum antibody concentration. Serum half-life modulating modifications may
occur in the Fc region of IgG1 or IgG4, including the triple substitution of M252Y/S254T/T256E
(Numbering according to the EU numbering system (Edelman, G.M. et al. (1969) Proc. Natl.
Acad. USA 63, 78-85)), (e.g., SEQ ID NO: 656, SEQ ID NO: 657, SEQ ID NO: 658, SEQ ID NO:
694), as described in U.S. Pat. No. 7,083,784. Other substitutions may occur at positions 250
and 428, see e.g., U.S. Pat. No 7,217,797, as well as at positions 307, 380 and 434, see, e.g.,
WO 00/42072. Examples of constant domain amino acid substitutions which modulate binding
to Fc receptors and subsequent function mediated by these receptors, including FcRn binding
and serum half-life, are described in U.S. Publ. Nos. 2009/0142340, 2009/0068175, and
2009/0092599. Naked antibodies may have the heavy chain C-terminal lysine omitted or
removed to reduce heterogeneity. The substitution of S228P (EU numbering) in the human
IgG4 can stabilize antibody Fab-arm exchange in vivo (Labrin et al (2009) Nature
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Biotechnology 27:8; 767-773).

[0070] The glycans linked to antibody molecules are known to influence interactions of
antibody with Fc receptors and glycan receptors and thereby influence antibody activity,
including serum half-life. Hence, certain glycoforms that modulate desired antibody activities
can confer therapeutic advantage. Methods for generating engineered glycoforms include but
are not limited to those described in U.S. Pat. Nos. 6,602,684, 7,326,681, and 7,388,081 and
PCT Publ. No. WO 08/006554. Alternatively, the antibody sequences may be modified to
remove relevant glycoform attachment sites.

[0071] The antibodies may be labeled or conjugated to any chemical or biomolecule moieties.
Labeled antibodies may find use in therapeutic, diagnostic, or basic research applications.
Such labels/conjugates can be detectable, such as fluorochromes, radiolabels, enzymes,
fluorescent proteins, and biotin. The labels/conjugates may be chemotherapeutic agents,
toxins, isotopes, and other agents used for treating conditions such as the killing of cancer
cells. Chemotherapeutic agents may be any which is suitable for the purpose to which the
antibody is being used.

[0072] The antibodies may be derivatized by known protecting/blocking groups to prevent
proteolytic cleavage or enhance activity or stability.

[0073] The antibodies preferably have a binding affinity for an epitope on CD38 that includes a
dissociation constant (Kd) of less than about 1 x 102 M. The Kd may be less than about 1 x
10-3 M. The Kd may be less than about 1 x 104 M. The Kd may be less than about 1 x 10-% M.
The Kd may be less than about 1 x 10 M. The Kd may be less than about 1 x 10-” M. The Kd
may be less than about 1 x 108 M. The Kd may be less than about 1 x 10 M. The Kd may be
less than about 1 x 10719 M. The Kd may be less than about 1 x 10" M. The Kd may be less
than about 1 x 10712 M. The Kd may be less than about 1 x 10-13 M. The Kd may be less than
about 1 x 10°14 M. The Kd may be less than about 1 x 10-15 M. Affinity values refer to those
obtained by standard methodologies, including surface plasmon resonance such as Biacore™

analyses or analysis using an Octet® Red 96 (Forte Bio) Dip-and-Read system.

[0074] The antibodies may comprise a single chain Fv molecule (scFv), Fab, or full IgG. Any
such antibodies may comprise a heavy chain having an amino acid sequence having at least
about 85%, at least about 90%, at least about 95%, at least about 96%, at least about 97%, at
least about 98%, at least about 99%, or at least about 100% sequence identity with the amino
acid sequence of SEQ ID NO: 659 or SEQ ID NO: 665 or SEQ ID NO: 736, provided that a
heavy chain comprising the amino acid sequence of SEQ ID NO: 659 or variant thereof
excludes the amino acid sequence of SEQ ID NO: 13. It will be understood that antibodies
comprising amino acid changes in their heavy chain retain the capability to specifically bind to
CD38. The retained CD38 specific binding activity (including affinity) is preferably about the
same as the binding activity (including affinity) of an antibody without any amino acid changes
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in the heavy chain, although the binding activity (including affinity) may be lesser or greater
than an antibody without any amino acid changes in the heavy chain. The antibody may
comprise a light chain having an amino acid sequence having at least about 85%, at least
about 90%, at least about 95%, at least about 96%, at least about 97%, at least about 98%, at
least about 99%, or at least about 100% sequence identity with the amino acid sequence of
SEQ ID NO: 664 or SEQ ID NO: 666, provided that a light chain comprising the amino acid
sequence of SEQ ID NO: 664 or variant thereof excludes the amino acid sequence of SEQ ID
NO: 14. It will be understood that antibodies comprising amino acid changes in their light chain
retain the capability to specifically bind to CD38. The retained CD38 specific binding activity
(including affinity) is preferably about the same as the binding activity (including affinity) of an
antibody without any amino acid changes in the light chain, although the binding activity
(including affinity) may be lesser or greater than an antibody without any amino acid changes
in the light chain.

[0075] Disclosed herein the heavy chain FWR1 may comprise the amino acid sequence of
SEQ ID NO: 199, SEQ ID NO: 206, SEQ ID NO: 214, SEQ ID NO: 215, SEQ ID NO: 217, SEQ
ID NO: 219, SEQ ID NO: 389, SEQ ID NO: 396, SEQ ID NO: 400, SEQ ID NO: 404, SEQ ID
NO: 408, SEQ ID NO: 412, SEQ ID NO: 416, SEQ ID NO: 420, SEQ ID NO: 424, SEQ ID NO:
428, SEQ ID NO: 432, SEQ ID NO: 466, SEQ ID NO: 470, SEQ ID NO: 472, SEQ ID NO: 474,
SEQ ID NO: 476, SEQ ID NO: 478, SEQ ID NO: 480, SEQ ID NO: 482, SEQ ID NO: 486, SEQ
ID NO: 488, SEQ ID NO: 513, SEQ ID NO: 537, SEQ ID NO: 542, SEQ ID NO: 547, SEQ ID
NO: 552, SEQ ID NO: 557, SEQ ID NO: 562, SEQ ID NO: 567, SEQ ID NO: 572, SEQ ID NO:
577 or SEQ ID NO: 748, and the heavy chain FWR1 may comprise an amino acid sequence
having at least about 85%, at least about 90%, at least about 92%, at least about 93%, at least
about 94%, at least about 95%, at least about 96%, at least about 97%, at least about 98%, or
at least about 99% sequence identity with the amino acid sequence of SEQ ID NO: 199, SEQ
ID NO: 214, SEQ ID NO: 215, SEQ ID NO: 217, SEQ ID NO: 219, SEQ ID NO: 389, SEQ ID
NO: 396, SEQ ID NO: 400, SEQ ID NO: 404, SEQ ID NO: 408, SEQ ID NO: 412, SEQ ID NO:
416, SEQ ID NO: 420, SEQ ID NO: 424, SEQ ID NO: 428, SEQ ID NO: 432, SEQ ID NO: 466,
SEQ ID NO: 470, SEQ ID NO: 472, SEQ ID NO: 474, SEQ ID NO: 476, SEQ ID NO: 478, SEQ
ID NO: 480, SEQ ID NO: 482, SEQ ID NO: 486, SEQ ID NO: 488, SEQ ID NO: 513, SEQ ID
NO: 537, SEQ ID NO: 542, SEQ ID NO: 547, SEQ ID NO: 552, SEQ ID NO: 557, SEQ ID NO:
562, SEQ ID NO: 567, SEQ ID NO: 572, SEQ ID NO: 577 or SEQ ID NO: 748. The heavy chain
FWR2 may comprise the amino acid sequence of SEQ ID NO: 201, SEQ ID NO: 211, SEQ ID
NO: 229, SEQ ID NO: 391, SEQ ID NO: 397, SEQ ID NO: 401, SEQ ID NO: 405, SEQ ID NO:
409, SEQ ID NO: 413, SEQ ID NO: 417, SEQ ID NO: 421, SEQ ID NO: 425, SEQ ID NO: 429,
SEQ ID NO: 433, SEQ ID NO: 515, SEQ ID NO: 520, SEQ ID NO: 521, SEQ ID NO: 522, SEQ
ID NO: 523, SEQ ID NO: 524, SEQ ID NO: 525, SEQ ID NO: 538, SEQ ID NO: 543, SEQ ID
NO: 548, SEQ ID NO: 553, SEQ ID NO: 558, SEQ ID NO: 563, SEQ ID NO: 568, SEQ ID NO:
573, SEQ ID NO: 578, SEQ ID NO: 749 or SEQ ID NO: 750, and the heavy chain FWR2 may
comprise an amino acid sequence having at least about 85%, at least about 90%, at least
about 92%, at least about 93%, at least about 94%, at least about 95%, at least about 96%, at
least about 97%, at least about 98%, or at least about 99% sequence identity with the amino
acid sequence of SEQ ID NO: 201, SEQ ID NO: 211, SEQ ID NO: 229, SEQ ID NO: 391, SEQ
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ID NO: 397, SEQ ID NO: 401, SEQ ID NO: 405, SEQ ID NO: 409, SEQ ID NO: 413, SEQ ID
NO: 417, SEQ ID NO: 421, SEQ ID NO: 425, SEQ ID NO: 429, SEQ ID NO: 433, SEQ ID NO:
515, SEQ ID NO: 520, SEQ ID NO: 521, SEQ ID NO: 522, SEQ ID NO: 523, SEQ ID NO: 524,
SEQ ID NO: 525, SEQ ID NO: 538, SEQ ID NO: 543, SEQ ID NO: 548, SEQ ID NO: 553, SEQ
ID NO: 558, SEQ ID NO: 563, SEQ ID NO: 568, SEQ ID NO: 573, SEQ ID NO: 578, SEQ ID
NO: 749 or SEQ ID NO: 750. The heavy chain FWR3 may comprise the amino acid sequence
of SEQ ID NO: 203, SEQ ID NO: 210, SEQ ID NO: 212, SEQ ID NO: 213, SEQ ID NO: 216,
SEQ ID NO: 218, SEQ ID NO: 221, SEQ ID NO: 226, SEQ ID NO: 227, SEQ ID NO: 230, SEQ
ID NO: 393, SEQ ID NO: 399, SEQ ID NO: 403, SEQ ID NO: 407, SEQ ID NO: 411, SEQ ID
NO: 415, SEQ ID NO: 419, SEQ ID NO: 423, SEQ ID NO: 427, SEQ ID NO: 431, SEQ ID NO:
435, SEQ ID NO: 468, SEQ ID NO: 517, SEQ ID NO: 530, SEQ ID NO: 531, SEQ ID NO: 532,
SEQ ID NO: 533, SEQ ID NO: 540, SEQ ID NO: 545, SEQ ID NO: 550, SEQ ID NO: 555, SEQ
ID NO: 560, SEQ ID NO: 565, SEQ ID NO: 570, SEQ ID NO: 575, SEQ ID NO: 580, SEQ ID
NO: 751 or SEQ ID NO: 752 and the heavy chain FWR3 may comprise an amino acid
sequence having at least about 85%, at least about 90%, at least about 92%, at least about
93%, at least about 94%, at least about 95%, at least about 96%, at least about 97%, at least
about 98%, or at least about 99% sequence identity with the amino acid sequence of SEQ ID
NO: 203, SEQ ID NO: 210, SEQ ID NO: 212, SEQ ID NO: 213, SEQ ID NO: 216, SEQ ID NO:
218, SEQ ID NO: 221, SEQ ID NO: 226, SEQ ID NO: 227, SEQ ID NO: 230, SEQ ID NO: 393,
SEQ ID NO: 399, SEQ ID NO: 403, SEQ ID NO: 407, SEQ ID NO: 411, SEQ ID NO: 415, SEQ
ID NO: 419, SEQ ID NO: 423, SEQ ID NO: 427, SEQ ID NO: 431, SEQ ID NO: 435, SEQ ID
NO: 468, SEQ ID NO: 517, SEQ ID NO: 530, SEQ ID NO: 531, SEQ ID NO: 532, SEQ ID NO:
533, SEQ ID NO: 540, SEQ ID NO: 545, SEQ ID NO: 550, SEQ ID NO: 555, SEQ ID NO: 560,
SEQ ID NO: 565, SEQ ID NO: 570, SEQ ID NO: 575, SEQ ID NO: 580 ,SEQ ID NO: 751 or
SEQ ID NO: 752. The heavy chain FWR4 may comprise the amino acid sequence of SEQ ID
NO: 205, SEQ ID NO: 395, SEQ ID NO: 519, SEQ ID NO: 541, SEQ ID NO: 546, SEQ ID NO:
551, SEQ ID NO: 556, SEQ ID NO: 561, SEQ ID NO: 566, SEQ ID NO: 571, SEQ ID NO: 576,
SEQ ID NO: 581 or SEQ ID NO: 753, and the heavy chain FWWR4 may comprise an amino acid
sequence having at least about 85%, at least about 90%, at least about 92%, at least about
93%, at least about 94%, at least about 95%, at least about 96%, at least about 97%, at least
about 98%, or at least about 99% sequence identity with the amino acid sequence of SEQ ID
NO: 205, SEQ ID NO: 395, SEQ ID NO: 519, SEQ ID NO: 541, SEQ ID NO: 546, SEQ ID NO:
551, SEQ ID NO: 556, SEQ ID NO: 561, SEQ ID NO: 566, SEQ ID NO: 571, SEQ ID NO: 576,
SEQ ID NO: 581 or SEQ ID NO: 753. It will be understood that antibodies comprising amino
acid changes in the heavy chain framework region(s) (FWR1, FWR2, FWR3, and/or FWR4)
retain the capability to specifically bind to CD38. The retained CD38 specific binding activity
(including affinity) is preferably about the same as the binding activity (including affinity) of an
antibody without any amino acid changes in any heavy chain framework region(s), although
the binding activity (including affinity) may be lesser or greater than an antibody without any
amino acid changes in any heavy chain framework region(s).

[0076] The heavy chain CDR1 may comprise the amino acid sequence of SEQ ID NO: 200,
SEQ ID NO: 224, SEQ ID NO: 390, SEQ ID NO: 514, SEQ ID NO: 526, SEQ ID NO: 527, SEQ
ID NO: 528, SEQ ID NO: 529, or SEQ ID NO: 697 and the heavy chain CDR1 may comprise an
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amino acid sequence having at least about 85%, at least about 90%, at least about 92%, at
least about 93%, at least about 94%, at least about 95%, at least about 96%, at least about
97%, at least about 98%, or at least about 99% sequence identity with the amino acid
sequence of SEQ ID NO: 200, SEQ ID NO: 224, SEQ ID NO: 390, SEQ ID NO: 514, SEQ ID
NO: 526, SEQ ID NO: 527, SEQ ID NO: 528, SEQ ID NO: 529, or SEQ ID NO: 697. The heavy
chain CDR2 may comprise the amino acid sequence of SEQ ID NO: 202, SEQ ID NO: 392,
SEQ ID NO: 398, SEQ ID NO: 402, SEQ ID NO: 406, SEQ ID NO: 410, SEQ ID NO: 414, SEQ
ID NO: 418, SEQ ID NO: 422, SEQ ID NO: 426, SEQ ID NO: 430, SEQ ID NO: 434, SEQ ID
NO: 467, SEQ ID NO: 471, SEQ ID NO: 473, SEQ ID NO: 475, SEQ ID NO: 477, SEQ ID NO:
479, SEQ ID NO: 481, SEQ ID NO: 483, SEQ ID NO: 485, SEQ ID NO: 487, SEQ ID NO: 489,
SEQ ID NO: 516, SEQ ID NO: 539, SEQ ID NO: 544, SEQ ID NO: 549, SEQ ID NO: 554, SEQ
ID NO: 559, SEQ ID NO: 564, SEQ ID NO: 569, SEQ ID NO: 574, SEQ ID NO: 579, SEQ ID
NO: 698 or SEQ ID NO: 737 and the heavy chain CDR2 may comprise an amino acid
sequence having at least about 85%, at least about 90%, at least about 92%, at least about
93%, at least about 94%, at least about 95%, at least about 96%, at least about 97%, at least
about 98%, or at least about 99% sequence identity with the amino acid sequence of SEQ ID
NO: 202, SEQ ID NO: 392, SEQ ID NO: 398, SEQ ID NO: 402, SEQ ID NO: 406, SEQ ID NO:
410, SEQ ID NO: 414, SEQ ID NO: 418, SEQ ID NO: 422, SEQ ID NO: 426, SEQ ID NO: 430,
SEQ ID NO: 434, SEQ ID NO: 467, SEQ ID NO: 471, SEQ ID NO: 473, SEQ ID NO: 475, SEQ
ID NO: 477, SEQ ID NO: 479, SEQ ID NO: 481, SEQ ID NO: 483, SEQ ID NO: 485, SEQ ID
NO: 487, SEQ ID NO: 489, SEQ ID NO: 516, SEQ ID NO: 539, SEQ ID NO: 544, SEQ ID NO:
549, SEQ ID NO: 554, SEQ ID NO: 559, SEQ ID NO: 564, SEQ ID NO: 569, SEQ ID NO: 574,
SEQ ID NO: 5§79, SEQ ID NO: 698 or SEQ ID NO: 737. The heavy chain CDR3 may comprise
the amino acid sequence of SEQ ID NO: 204, SEQ ID NO: 220, SEQ ID NO: 222, SEQ ID NO:
223, SEQ ID NO: 228, SEQ ID NO: 231, SEQ ID NO: 394, SEQ ID NO: 469, SEQ ID NO: 518,
SEQ ID NO: 534, SEQ ID NO: 535, SEQ ID NO: 536, SEQ ID NO: 699 or SEQ ID NO: 738 and
the heavy chain CDR3 may comprise an amino acid sequence having at least about 85%, at
least about 90%, at least about 92%, at least about 93%, at least about 94%, at least about
95%, at least about 96%, at least about 97%, at least about 98%, or at least about 99%
sequence identity with the amino acid sequence of SEQ ID NO: 204, SEQ ID NO: 220, SEQ ID
NO: 222, SEQ ID NO: 223, SEQ ID NO: 228, SEQ ID NO: 231, SEQ ID NO: 394, SEQ ID NO:
469, SEQ ID NO: 518, SEQ ID NO: 534, SEQ ID NO: 535, SEQ ID NO: 536, SEQ ID NO: 699 or
SEQ ID NO: 738. It will be understood that antibodies comprising amino acid changes in the
heavy chain complementarity determining region(s) (CDR1, CDR2, and/or CDR3) retain the
capability to specifically bind to CD38. The retained CD38 specific binding activity (including
affinity) is preferably about the same as the binding activity (including affinity) of an antibody
without any amino acid changes in any heavy chain complementarity determining region(s),
although the binding activity (including affinity) may be lesser or greater than an antibody
without any amino acid changes in any heavy chain complementarity determining region(s).

[0077] The light chain FWR1 may comprise the amino acid sequence of SEQ ID NO: 232, SEQ
ID NO: 247, SEQ ID NO: 259, SEQ ID NO: 260, SEQ ID NO: 261, SEQ ID NO: 436, SEQ ID
NO: 443, SEQ ID NO: 447, SEQ ID NO: 451, SEQ ID NO: 455, SEQ ID NO: 459, SEQ ID NO:
463, SEQ ID NO: 490, SEQ ID NO: 497, SEQ ID NO: 501, SEQ ID NO: 509, SEQ ID NO: 582,
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SEQ ID NO: 607, SEQ ID NO: 614, SEQ ID NO: 618, SEQ ID NO: 622, SEQ ID NO: 626, SEQ
ID NO: 630, SEQ ID NO: 634 or SEQ ID NO: 638 and the light chain FWR1 may comprise an
amino acid sequence having at least about 85%, at least about 90%, at least about 92%, at
least about 93%, at least about 94%, at least about 95%, at least about 96%, at least about
97%, at least about 98%, or at least about 99% sequence identity with the amino acid
sequence of SEQ ID NO: 232, SEQ ID NO: 247, SEQ ID NO: 259, SEQ ID NO: 260, SEQ ID
NO: 261, SEQ ID NO: 436, SEQ ID NO: 443, SEQ ID NO: 447, SEQ ID NO: 451, SEQ ID NO:
455, SEQ ID NO: 459, SEQ ID NO: 463, SEQ ID NO: 490, SEQ ID NO: 497, SEQ ID NO: 501,
SEQ ID NO: 509, SEQ ID NO: 582, SEQ ID NO: 607, SEQ ID NO: 614, SEQ ID NO: 618, SEQ
ID NO: 622, SEQ ID NO: 626, SEQ ID NO: 630, SEQ ID NO: 634 or SEQ ID NO: 638. The light
chain FWR2 may comprise the amino acid sequence of SEQ ID NO: 234, SEQ ID NO: 246,
SEQ ID NO: 248, SEQ ID NO: 281, SEQ ID NO: 283, SEQ ID NO: 285, SEQ ID NO: 287, SEQ
ID NO: 289, SEQ ID NO: 291, SEQ ID NO: 293, SEQ ID NO: 295, SEQ ID NO: 297, SEQ ID
NO: 438, SEQ ID NO: 444, SEQ ID NO: 448, SEQ ID NO: 452, SEQ ID NO: 456, SEQ ID NO:
460, SEQ ID NO: 464, SEQ ID NO: 492, SEQ ID NO: 498, SEQ ID NO: 502, SEQ ID NO: 506,
SEQ ID NO: 510, SEQ ID NO: 584, SEQ ID NO: 592, SEQ ID NO: 593, SEQ ID NO: 609, SEQ
ID NO: 615, SEQ ID NO: 619, SEQ ID NO: 623, SEQ ID NO: 627, SEQ ID NO: 631, SEQ ID
NO: 635 or SEQ ID NO: 639 and the light chain FWR2 may comprise an amino acid sequence
having at least about 85%, at least about 90%, at least about 92%, at least about 93%, at least
about 94%, at least about 95%, at least about 96%, at least about 97%, at least about 98%, or
at least about 99% sequence identity with the amino acid sequence of SEQ ID NO: 234, SEQ
ID NO: 246, SEQ ID NO: 248, SEQ ID NO: 281, SEQ ID NO: 283, SEQ ID NO: 285, SEQ ID
NO: 287, SEQ ID NO: 289, SEQ ID NO: 291, SEQ ID NO: 293, SEQ ID NO: 295, SEQ ID NO:
297, SEQ ID NO: 438, SEQ ID NO: 444, SEQ ID NO: 448, SEQ ID NO: 452, SEQ ID NO: 456,
SEQ ID NO: 460, SEQ ID NO: 464, SEQ ID NO: 492, SEQ ID NO: 498, SEQ ID NO: 502, SEQ
ID NO: 506, SEQ ID NO: 510, SEQ ID NO: 584, SEQ ID NO: 592, SEQ ID NO: 593, SEQ ID
NO: 609, SEQ ID NO: 615, SEQ ID NO: 619, SEQ ID NO: 623, SEQ ID NO: 627, SEQ ID NO:
631, SEQ ID NO: 635 or SEQ ID NO: 639. The light chain FWR3 may comprise the amino acid
sequence of SEQ ID NO: 236, SEQ ID NO: 245, SEQ ID NO: 265, SEQ ID NO: 266, SEQ ID
NO: 267, SEQ ID NO: 271, SEQ ID NO: 272, SEQ ID NO: 274, SEQ ID NO: 276, SEQ ID NO:
277, SEQ ID NO: 278, SEQ ID NO: 279, SEQ ID NO: 280, SEQ ID NO: 282, SEQ ID NO: 284,
SEQ ID NO: 286, SEQ ID NO: 288, SEQ ID NO: 290, SEQ ID NO: 292, SEQ ID NO: 294, SEQ
ID NO: 296, SEQ ID NO: 298, SEQ ID NO: 300, SEQ ID NO: 302, SEQ ID NO: 304, SEQ ID
NO: 306, SEQ ID NO: 308, SEQ ID NO: 310, SEQ ID NO: 312, SEQ ID NO: 314, SEQ ID NO:
316, SEQ ID NO: 318, SEQ ID NO: 320, SEQ ID NO: 323, SEQ ID NO: 327, SEQ ID NO: 331,
SEQ ID NO: 335, SEQ ID NO: 339, SEQ ID NO: 343, SEQ ID NO: 347, SEQ ID NO: 351, SEQ
ID NO: 355, SEQ ID NO: 359, SEQ ID NO: 363, SEQ ID NO: 367, SEQ ID NO: 371, SEQ ID
NO: 375, SEQ ID NO: 379, SEQ ID NO: 383, SEQ ID NO: 387, SEQ ID NO: 440, SEQ ID NO:
445, SEQ ID NO: 449, SEQ ID NO: 453, SEQ ID NO: 457, SEQ ID NO: 461, SEQ ID NO: 465,
SEQ ID NO: 494, SEQ ID NO: 499, SEQ ID NO: 503, SEQ ID NO: 507, SEQ ID NO: 511, SEQ
ID NO: 586, SEQ ID NO: 611, SEQ ID NO: 616, SEQ ID NO: 620, SEQ ID NO: 624, SEQ ID
NO: 628, SEQ ID NO: 632, SEQ ID NO: 636 or SEQ ID NO: 640, and the light chain FWR3
comprises an amino acid sequence having at least about 85%, at least about 90%, at least
about 92%, at least about 93%, at least about 94%, at least about 95%, at least about 96%, at
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least about 97%, at least about 98%, or at least about 99% sequence identity with the amino
acid sequence of SEQ ID NO: 236, SEQ ID NO: 245, SEQ ID NO: 265, SEQ ID NO: 266, SEQ
ID NO: 267, SEQ ID NO: 271, SEQ ID NO: 272, SEQ ID NO: 274, SEQ ID NO: 276, SEQ ID
NO: 277, SEQ ID NO: 278, SEQ ID NO: 279, SEQ ID NO: 280, SEQ ID NO: 282, SEQ ID NO:
284, SEQ ID NO: 286, SEQ ID NO: 288, SEQ ID NO: 290, SEQ ID NO: 292, SEQ ID NO: 294,
SEQ ID NO: 296, SEQ ID NO: 298, SEQ ID NO: 300, SEQ ID NO: 302, SEQ ID NO: 304, SEQ
ID NO: 306, SEQ ID NO: 308, SEQ ID NO: 310, SEQ ID NO: 312, SEQ ID NO: 314, SEQ ID
NO: 316, SEQ ID NO: 318, SEQ ID NO: 320, SEQ ID NO: 323, SEQ ID NO: 327, SEQ ID NO:
331, SEQ ID NO: 335, SEQ ID NO: 339, SEQ ID NO: 343, SEQ ID NO: 347, SEQ ID NO: 351,
SEQ ID NO: 3585, SEQ ID NO: 359, SEQ ID NO: 363, SEQ ID NO: 367, SEQ ID NO: 371, SEQ
ID NO: 375, SEQ ID NO: 379, SEQ ID NO: 383, SEQ ID NO: 387, SEQ ID NO: 440, SEQ ID
NO: 445, SEQ ID NO: 449, SEQ ID NO: 453, SEQ ID NO: 457, SEQ ID NO: 461, SEQ ID NO:
465, SEQ ID NO: 494, SEQ ID NO: 499, SEQ ID NO: 503, SEQ ID NO: 507, SEQ ID NO: 511,
SEQ ID NO: 586, SEQ ID NO: 611, SEQ ID NO: 616, SEQ ID NO: 620, SEQ ID NO: 624, SEQ
ID NO: 628, SEQ ID NO: 632, SEQ ID NO: 636 or SEQ ID NO: 640. The light chain FWWR4 may
comprise the amino acid sequence of SEQ ID NO: 238, SEQ ID NO: 442, SEQ ID NO: 446,
SEQ ID NO: 450, SEQ ID NO: 454, SEQ ID NO: 458, SEQ ID NO: 462, SEQ ID NO: 496, SEQ
ID NO: 500, SEQ ID NO: 504, SEQ ID NO: 508, SEQ ID NO: 512, SEQ ID NO: 588, SEQ ID
NO: 613, SEQ ID NO: 617, SEQ ID NO: 621, SEQ ID NO: 625, SEQ ID NO: 629, SEQ ID NO:
633, SEQ ID NO: 637 or SEQ ID NO: 641 and the light chain FWR4 may comprise an amino
acid sequence having at least about 85%, at least about 90%, at least about 92%, at least
about 93%, at least about 94%, at least about 95%, at least about 96%, at least about 97%, at
least about 98%, or at least about 99% sequence identity with the amino acid sequence of SEQ
ID NO: 238, SEQ ID NO: 442, SEQ ID NO: 446, SEQ ID NO: 450, SEQ ID NO: 454, SEQ ID
NO: 458, SEQ ID NO: 462, SEQ ID NO: 496, SEQ ID NO: 500, SEQ ID NO: 504, SEQ ID NO:
508, SEQ ID NO: 512, SEQ ID NO: 588, SEQ ID NO: 613, SEQ ID NO: 617, SEQ ID NO: 621,
SEQ ID NO: 625, SEQ ID NO: 629, SEQ ID NO: 633, SEQ ID NO: 637 or SEQ ID NO: 641. It
will be understood that antibodies comprising amino acid changes in the light chain framework
region(s) (FWR1, FWR2, FWR3, and/or FWR4) retain the capability to specifically bind to
CD38. The retained CD38 specific binding activity (including affinity) is preferably about the
same as the binding activity (including affinity) of an antibody without any amino acid changes
in any light chain framework region(s), although the binding activity (including affinity) may be
lesser or greater than an antibody without any amino acid changes in any light chain
framework region(s).

[0078] The light chain CDR1 may comprise the amino acid sequence of SEQ ID NO: 233, SEQ
ID NO: 250, SEQ ID NO: 525, SEQ ID NO: 255, SEQ ID NO: 262, SEQ ID NO: 263, SEQ ID
NO: 319, SEQ ID NO: 322, SEQ ID NO: 325, SEQ ID NO: 329, SEQ ID NO: 333, SEQ ID NO:
337, SEQ ID NO: 341, SEQ ID NO: 345, SEQ ID NO: 349, SEQ ID NO: 353, SEQ ID NO: 357,
SEQ ID NO: 361, SEQ ID NO: 365, SEQ ID NO: 369, SEQ ID NO: 373, SEQ ID NO: 377, SEQ
ID NO: 381, SEQ ID NO: 385, SEQ ID NO: 437, SEQ ID NO: 491, SEQ ID NO: 583, SEQ ID
NO: 589, SEQ ID NO: 590, SEQ ID NO: 608, or SEQ ID NO: 696, and the light chain CDR1
may comprise an amino acid sequence having at least about 85%, at least about 90%, at least
about 92%, at least about 93%, at least about 94%, at least about 95%, at least about 96%, at
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least about 97%, at least about 98%, or at least about 99% sequence identity with the amino
acid sequence of SEQ ID NO: 233, SEQ ID NO: 250, SEQ ID NO: 525, SEQ ID NO: 255, SEQ
ID NO: 262, SEQ ID NO: 263, SEQ ID NO: 319, SEQ ID NO: 322, SEQ ID NO: 325, SEQ ID
NO: 329, SEQ ID NO: 333, SEQ ID NO: 337, SEQ ID NO: 341, SEQ ID NO: 345, SEQ ID NO:
349, SEQ ID NO: 353, SEQ ID NO: 357, SEQ ID NO: 361, SEQ ID NO: 365, SEQ ID NO: 369,
SEQ ID NO: 373, SEQ ID NO: 377, SEQ ID NO: 381, SEQ ID NO: 385, SEQ ID NO: 437, SEQ
ID NO: 491, SEQ ID NO: 583, SEQ ID NO: 589, SEQ ID NO: 590, SEQ ID NO: 608, or SEQ ID
NO: 696. The light chain CDR2 may comprise the amino acid sequence of SEQ ID NO: 235,
SEQ ID NO: 249, SEQ ID NO: 253, SEQ ID NO: 264, SEQ ID NO: 299, SEQ ID NO: 301, SEQ
ID NO: 303, SEQ ID NO: 305, SEQ ID NO: 307, SEQ ID NO: 309, SEQ ID NO: 311, SEQ ID
NO: 313, SEQ ID NO: 315, SEQ ID NO: 317, SEQ ID NO: 326, SEQ ID NO: 330, SEQ ID NO:
334, SEQ ID NO: 338, SEQ ID NO: 342, SEQ ID NO: 346, SEQ ID NO: 350, SEQ ID NO: 354,
SEQ ID NO: 358, SEQ ID NO: 362, SEQ ID NO: 366, SEQ ID NO: 370, SEQ ID NO: 374, SEQ
ID NO: 378, SEQ ID NO: 382, SEQ ID NO: 386, SEQ ID NO: 439, SEQ ID NO: 493, SEQ ID
NO: 585, SEQ ID NO: 591, SEQ ID NO: 605, SEQ ID NO: 610 or SEQ ID NO: 747, and the light
chain CDR2 may comprise an amino acid sequence having at least about 85%, at least about
90%, at least about 92%, at least about 93%, at least about 94%, at least about 95%, at least
about 96%, at least about 97%, at least about 98%, or at least about 99% sequence identity
with the amino acid sequence of SEQ ID NO: 235, SEQ ID NO: 249, SEQ ID NO: 253, SEQ ID
NO: 264, SEQ ID NO: 299, SEQ ID NO: 301, SEQ ID NO: 303, SEQ ID NO: 305, SEQ ID NO:
307, SEQ ID NO: 309, SEQ ID NO: 311, SEQ ID NO: 313, SEQ ID NO: 315, SEQ ID NO: 317,
SEQ ID NO: 326, SEQ ID NO: 330, SEQ ID NO: 334, SEQ ID NO: 338, SEQ ID NO: 342, SEQ
ID NO: 346, SEQ ID NO: 350, SEQ ID NO: 354, SEQ ID NO: 358, SEQ ID NO: 362, SEQ ID
NO: 366, SEQ ID NO: 370, SEQ ID NO: 374, SEQ ID NO: 378, SEQ ID NO: 382, SEQ ID NO:
386, SEQ ID NO: 439, SEQ ID NO: 493, SEQ ID NO: 585, SEQ ID NO: 591, SEQ ID NO: 605,
SEQ ID NO: 610 or SEQ ID NO: 747. The light chain CDR3 may comprise the amino acid
sequence of SEQ ID NO: 237, SEQ ID NO: 244, SEQ ID NO: 251, SEQ ID NO: 254, SEQ ID
NO: 256, SEQ ID NO: 257, SEQ ID NO: 258, SEQ ID NO: 268, SEQ ID NO: 269, SEQ ID NO:
270, SEQ ID NO: 273, SEQ ID NO: 275, SEQ ID NO: 321, SEQ ID NO: 324, SEQ ID NO: 328,
SEQ ID NO: 332, SEQ ID NO: 336, SEQ ID NO: 340, SEQ ID NO: 344, SEQ ID NO: 348, SEQ
ID NO: 352, SEQ ID NO: 356, SEQ ID NO: 360, SEQ ID NO: 364, SEQ ID NO: 368, SEQ ID
NO: 372, SEQ ID NO: 376, SEQ ID NO: 380, SEQ ID NO: 384, SEQ ID NO: 388, SEQ ID NO:
441, SEQ ID NO: 495, SEQ ID NO: 587, SEQ ID NO: 594, SEQ ID NO: 595, SEQ ID NO: 596,
SEQ ID NO: 597, SEQ ID NO: 598, SEQ ID NO: 599, SEQ ID NO: 600, SEQ ID NO: 601, SEQ
ID NO: 602, SEQ ID NO: 603, SEQ ID NO: 604, SEQ ID NO: 606 or SEQ ID NO: 612, and the
light chain CDR3 may comprise an amino acid sequence having at least about 85%, at least
about 90%, at least about 92%, at least about 93%, at least about 94%, at least about 95%, at
least about 96%, at least about 97%, at least about 98%, or at least about 99% sequence
identity with the amino acid sequence of SEQ ID NO: 237, SEQ ID NO: 244, SEQ ID NO: 251,
SEQ ID NO: 254, SEQ ID NO: 256, SEQ ID NO: 257, SEQ ID NO: 258, SEQ ID NO: 268, SEQ
ID NO: 269, SEQ ID NO: 270, SEQ ID NO: 273, SEQ ID NO: 275, SEQ ID NO: 321, SEQ ID
NO: 324, SEQ ID NO: 328, SEQ ID NO: 332, SEQ ID NO: 336, SEQ ID NO: 340, SEQ ID NO:
344, SEQ ID NO: 348, SEQ ID NO: 352, SEQ ID NO: 356, SEQ ID NO: 360, SEQ ID NO: 364,
SEQ ID NO: 368, SEQ ID NO: 372, SEQ ID NO: 376, SEQ ID NO: 380, SEQ ID NO: 384, SEQ
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ID NO: 388, SEQ ID NO: 441, SEQ ID NO: 495, SEQ ID NO: 587, SEQ ID NO: 594, SEQ ID
NO: 595, SEQ ID NO: 596, SEQ ID NO: 597, SEQ ID NO: 598, SEQ ID NO: 599, SEQ ID NO:
600, SEQ ID NO: 601, SEQ ID NO: 602, SEQ ID NO: 603, SEQ ID NO: 604, SEQ ID NO: 606 or
SEQ ID NO: 612. It will be understood that antibodies comprising amino acid changes in the
light chain complementarity determining region(s) (CDR1, CDR2, and/or CDR3) retain the
capability to specifically bind to CD38. The retained CD38 specific binding activity (including
affinity) is preferably about the same as the binding activity (including affinity) of an antibody
without any amino acid changes in any light chain complementarity determining region(s),
although the binding activity (including affinity) may be lesser or greater than an antibody
without any amino acid changes in any light chain complementarity determining region(s).

[0079] The antibody may comprise particular heavy and light chain pairs. The heavy chains
having the amino acid sequences of SEQ ID NO: 659 may be paired with any light chains
having the amino acid sequences of SEQ ID NO: 664, or the heavy chains having the amino
acid sequences of SEQ ID NO: 665 may be paired with any light chains having the amino acid
sequences of SEQ ID NO: 666, or the heavy chain having the amino acid sequences of SEQ ID
NO: 736 may be paired with any light chains having the amino acid sequences of SEQ ID NO:
664.

[0080] Variable heavy and variable light chain pairs disclosed herein may comprise pairs from
the following table:

Antibody Name Variable Heavy SEQ ID Variable Light SEQ ID
NO: (amino acid) NO: (amino acid)
A02.10 19 14
A02.11 20 14
A02.112 34 65
A02.12 34 65
A02.13 35 65
A02.16 34 92
A02.17 34 93
A02.18 34 73
A02.19 34 74
A02.2 13 65
A02.20 34 75
A02.21 34 76
A02.22 34 77
A02.23 34 78
A02.24 34 79
A02.25 34 80
A02.26 34 81
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Antibody Name Variable Heavy SEQ ID Variable Light SEQ ID
NO: (amino acid) NO: (amino acid)

A02.27 34 82
A02.28 34 83
A02.29 34 84
A02.3 17 65
A02.30 34 85
A02.31 34 86
A02.32 34 87
A02.33 34 88
A02.34 34 89
A02.35 34 90
A02.36 34 91
A02.37 34 66
A02.38 34 113
A02.39 34 112
A02.4 18 65
A02.40 111 65
A02.41 110 65
A02.43 110 113
A02.44 111 112
A02.46 34 67
A02.47 34 68
A02.48 34 69
A02.49 34 70
A02.5 19 65
A02.50 34 71
A02.51 34 72
A02.52 34 94
A02.53 34 95
A02.54 34 96
A02.55 34 97
A02.56 34 98
A02.57 34 99
A02.58 34 100
A02.59 34 101
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Antibody Name Variable Heavy SEQ ID Variable Light SEQ ID
NO: (amino acid) NO: (amino acid)

A02.6 20 65
A02.60 34 102
A02.61 34 103
A02.62 34 104
A02.63 34 105
A02.64 34 106
A02.65 34 107
A02.66 34 108
A02.67 34 109
A02.8 17 14
A02.9 18 14
A10.1 165 161
A10.10 174 161
A10.11 175 161
A10.12 176 161
A10.13 177 161
A10.14 178 161
A10.15 179 161
A10.16 180 161
A10.17 156 181
A10.18 156 182
A10.19 156 183
A10.2 166 161
A10.20 156 184
A10.21 156 185
A10.22 156 186
A10.23 156 187
A10.24 156 188
A10.25 156 189
A10.26 156 190
A10.27 156 191
A10.28 156 192
A10.29 156 193
A10.3 167 161
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Antibody Name Variable Heavy SEQ ID Variable Light SEQ ID
NO: (amino acid) NO: (amino acid)
A10.30 156 194
A10.31 156 195
A10.32 156 196
A10.35 197 161
A10.36 156 198
A10.38 152 161
A10.39 152 181
A10.4 168 161
A10.40 152 182
A10.41 152 183
A10.42 152 184
A10.43 152 185
A10.44 152 186
A10.45 152 187
A10.46 152 188
A10.47 152 189
A10.48 152 190
A10.49 152 191
A10.5 169 161
A10.50 152 192
A10.51 152 193
A10.52 152 194
A10.53 152 195
A10.54 152 196
A10.57 152 198
A10.59 156 161
A10.6 170 161
A10.7 171 161
A10.8 172 161
A10.9 173 161
A10A2.0 (chimeric) 148 157
A10A2.1 149 158
A10A2.10 150 160
A10A2.11 150 161
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Antibody Name Variable Heavy SEQ ID Variable Light SEQ ID
NO: (amino acid) NO: (amino acid)
A10A2.12 150 162
A10A2.13 150 163
A10A2.14 150 164
A10A2.15 151 158
A10A2.16 151 159
A10A2.17 151 160
A10A2.18 151 161
A10A2.19 151 162
A10A2.2 149 159
A10A2.20 151 163
A10A2.21 151 164
A10A2.22 152 158
A10A2.23 152 159
A10A2.24 152 160
A10A2.25 152 161
A10A2.26 152 162
A10A2.27 152 163
A10A2.28 152 164
A10A2.29 153 158
A10A2.3 149 160
A10A2.30 153 159
A10A2.31 153 160
A10A2.32 153 161
A10A2.33 153 162
A10A2.34 153 163
A10A2.35 153 164
A10A2.36 154 158
A10A2.37 154 159
A10A2.38 154 160
A10A2.39 154 161
A10A2.4 149 161
A10A2.40 154 162
A10A2.41 154 163
A10A2.42 154 164
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Antibody Name Variable Heavy SEQ ID Variable Light SEQ ID
NO: (amino acid) NO: (amino acid)
A10A2.43 154 158
A10A2.44 155 159
A10A2.45 155 160
A10A2.46 155 161
A10A2.47 155 162
A10A2.48 155 163
A10A2.49 155 164
A10A2.5 149 162
A10A2.50 156 158
A10A2.51 156 159
A10A2.52 156 160
A10A2.53 156 161
A10A2.54 156 162
A10A2.55 156 163
A10A2.56 156 164
A10A2.6 149 163
A10A2.7 149 164
A10A2.8 150 158
A10A2.9 150 159
A5D1.0 (chimeric) 114 125
A5D1.1 115 126
A5D1.10 116 129
A5D1.11 116 130
A5D1.12 116 131
A5D1.13 117 126
A5D1.14 117 127
A5D1.15 117 128
A5D1.16 117 129
A5D1.17 117 130
A5D1.18 117 131
A5D1.19 118 126
A5D1.2 115 127
A5D1.20 118 127
A5D1.21 118 128
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Antibody Name Variable Heavy SEQ ID Variable Light SEQ ID
NO: (amino acid) NO: (amino acid)
A5D1.22 118 129
A5D1.23 118 130
A5D1.24 118 131
A5D1.25 119 126
A5D1.26 119 127
A5D1.27 119 128
A5D1.28 119 129
A5D1.29 119 130
A5D1.3 115 128
A5D1.30 119 131
A5D1.31 120 126
A5D1.32 120 127
A5D1.33 120 128
A5D1.34 120 129
A5D1.35 120 130
A5D1.36 120 131
A5D1.37 121 126
A5D1.38 121 127
A5D1.39 121 128
A5D1.4 115 129
A5D1.40 121 129
A5D1.41 121 130
A5D1.42 121 131
A5D1.43 122 126
A5D1.44 122 127
A5D1.45 122 128
A5D1.46 122 129
A5D1.47 122 130
A5D1.48 122 131
A5D1.49 123 126
A5D1.5 115 130
A5D1.50 123 127
A5D1.51 123 128
A5D1.52 123 129
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Antibody Name Variable Heavy SEQ ID Variable Light SEQ ID
NO: (amino acid) NO: (amino acid)
A5D1.53 123 130
A5D1.54 123 131
A5D1.55 124 126
A5D1.56 124 127
A5D1.57 124 128
A5D1.58 124 129
A5D1.59 124 130
A5D1.6 115 131
A5D1.60 124 131
A5D1.7 116 126
A5D1.8 116 127
A5D1.9 116 128
A5E8.0 (chimeric) 132 143
A5E8.1 133 144
A5E8.10 135 145
A5E8.11 135 146
AS5E8.12 135 147
AS5E8.13 136 144
A5ES8.14 136 145
A5E8.15 136 146
A5EB8.16 136 147
AS5E8.17 137 144
AS5E8.18 137 145
A5E8.19 137 146
A5E8.2 133 145
A5E8.20 137 147
A5ES8.21 138 144
A5E8.22 138 145
A5EB8.23 138 146
A5EB8.24 138 147
A5EB8.25 139 144
A5EB8.26 139 145
A5EB8.27 139 146
A5ES8.28 139 147
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Antibody Name Variable Heavy SEQ ID Variable Light SEQ ID
NO: (amino acid) NO: (amino acid)

A5EB8.29 140 144
A5E8.3 133 146
A5ES8.30 140 145
A5ES8.31 140 146
A5EB8.32 140 147
A5E8.33 141 144
AS5EB8.34 141 145
A5EB8.35 141 146
A5EB8.36 141 147
A5EB8.37 142 144
A5ES8.38 142 145
A5EB8.39 142 146
AS5E8.4 133 147
A5EB8.40 142 147
A5E8.5 134 144
AS5EB.6 134 145
A5 E8.7 134 146
AS5SES8.8 134 147
A5E8.9 135 144
X02.10 19 14
X02.100 13 58
X02.101 13 59
X02.102 13 60
X02.103 13 61
X02.104 13 62
X02.105 13 63
X02.106 13 64
X02.107 13 65
X02.108 32 14
X02.11 20 14
X02.110 33 14
X02.114 13 660
X02.115 13 661
X02.116 13 662
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Antibody Name Variable Heavy SEQ ID Variable Light SEQ ID
NO: (amino acid) NO: (amino acid)

X02.117 13 663
X02.118 34 700
X02.119 34 701
X02.120 728 700
X02.121 729 700
X02.122 730 700
X02.123 731 700
X02.124 728 701
X02.125 729 701
X02.126 730 701
X02.127 731 701
X02.68 21 14
X02.69 22 14
X02.70 23 14
X02.71 24 14
X02.72 25 14
X02.73 26 14
X02.74 27 14
X02.75 28 14
X02.76 29 14
X02.77 30 14
X02.78 31 14
X02.8 17 14
X02.80 13 38
X02.81 13 39
X02.82 13 40
X02.83 13 41
X02.84 13 42
X02.85 13 43
X02.86 13 44
X02.87 13 45
X02.88 13 46
X02.89 13 47
X02.9 18 14
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Antibody Name Variable Heavy SEQ ID Variable Light SEQ ID
NO: (amino acid) NO: (amino acid)

X02.90 13 48
X02.91 13 49
X02.92 13 50
X02.93 13 51
X02.94 13 52
X02.95 13 53
X02.96 13 54
X02.97 13 55
X02.98 13 56
X02.99 13 57
X10.100 720 706
X10.101 721 706
X10.102 722 706
X10.103 723 706
X10.104 739 706
X10.105 740 706
X10.106 741 706
X10.107 742 706
X10.108 720 707
X10.109 721 707
X10.110 722 707
X10.111 723 707
X10.112 739 707
X10.113 740 707
X10.114 741 707
X10.115 742 707
X10.116 720 708
X10.117 721 708
X1