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also relates to this novel class of trispecific heterodimeric immunoglobu-
lins for use in the treatment of proliferative diseases and in particular can-
cers such as hematological cancer. The present invention relates to novel
trispecific antibody for use in treating multiple myeloma.
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CD3/BCMA/CD38 Trispecific Antibodies

Field of the Invention

The present invention relates to novel trispecific heterodimeric immunoglobulins. More specifically the
present invention relates to trispecific heterodimeric immunoglobulins that target an epitope of the
human CD3 antigen, an epitope of the human BCMA and an epitope of the human CD38 antigen. The
present invention also relates to this novel class of trispecific heterodimeric immunoglobulins for use in

the treatment of proliferative diseases and in particular cancers such as hematological cancer.

Background of the Invention

Multispecific antibodies that target one or more immune-related molecules and one or more tumor
antigens to recruit immune cells, such as T cells, to tumor cells, have been developed in the past decades
for cancer immunotherapy. For instance, antibodies bispecific for CD3 on T cells and for a surface target
antigen on cancer cells are capable of connecting a T cell to a cancer cell, independently of T-cell receptor
specificity, costimulation, or peptide antigen presentation (W02020204708A1). Trispecific T-cell engaging
antibodies have also showed promising results for the treatment of various cancers including breast
cancer, lymphoma and multiple myeloma when two proteins are targeted on T cells and one on a tumor
cell (US10882922B2). Additionally, tumor cell lysis has been proposed using trispecific binding molecules
that engage two tumor-associated antigens expressed on cancer cells in addition to CD3 or other

component of a TCR complex on T-cells (US20210163620A1).

Multispecific, immune cell redirecting antibodies have been shown to mediate T cell redirection both in
pre-clinical and clinical investigations (May C et al., (2012) Biochem Pharmacol, 84(9): 1105-12; Frankel SR
& Baeuerle PA, (2013) Curr Opin Chem Biol, 17(3): 385-92; Nie et al., (2020) Antibody Therapeutics, 3(1),
17-62), thus demonstrating their importance for new drug development and for the treatment of complex
diseases such as inflammatory diseases, autoimmune disorders and cancer, such as hematological
cancers, including Multiple Myeloma (MM) for which a curing treatment remains a need. Multiple
myeloma is a neoplastic plasma-cell disorder characterized by clonal proliferation of malignant plasma
cells in the bone marrow (BM) microenvironment, monoclonal protein in the blood or urine and
associated organ dysfunction. Multiple myeloma accounts for 1-2% of all new cancer diagnoses and
approximately 20% of all deaths from blood malignancies. The disease is slightly more common in males

and African Americans than the general population. Multiple myeloma remains an incurable cancer,
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although recent improved understanding of the pathogenesis of myeloma has led to the development of

new treatments and improved survival.

The diagnosis of multiple myeloma requires the presence of one or more myeloma defining events (MDE)
in addition to evidence of either 10% or more clonal plasma cells on BM examination or a biopsy-proven
plasmacytoma. MDE include so-called CRAB (hypercalcemia, renal failure, anemia, or lytic bone lesions)
features as well as three specific biomarkers: clonal BM plasma cells > 60%, serum free light chain (sFLC)
ratio > 100 (provided involved sFLC level is > 100 mg/L), and more than 1 focal lesion on magnetic
resonance imaging. Several genetic abnormalities that occur in tumor plasma cells play major roles in the

pathogenesis of myeloma and determine disease prognosis.

The uncontrolled growth of myeloma cells has many consequences, including skeletal destruction, BM
failure, increased plasma volume and viscosity, suppression of normal immunoglobulin production, and

renal impairment.

Symptomatic (active) disease should be treated immediately, whereas asymptomatic (smoldering)
myeloma requires only clinical observation, since early treatment with conventional chemotherapy has
shown no clear benefit yet. Investigational trials are currently evaluating the ability of immunomodulatory
drugs to delay the progression from asymptomatic to symptomatic myeloma. For active myeloma, current
data support the initiation of induction therapy regimens including thalidomide, lenalidomide, and/or
bortezomib followed by autologous hematopoietic stem-cell transplantation (HSCT) after major disease
response for patients who can tolerate auto-HSCT conditioning regimens. Considerations of physiologic
age, which may differ from chronologic age, and the presence of coexisting conditions drive decisions of
treatment choice and drug dose. For example, less intensive approaches are desirable for patients with
significant comorbidities, including cardiopulmonary or hepatic impairment, limiting treatment-related

mortality, and mitigating risk of treatment interruption.

Treatment of relapsed/refractory multiple myeloma (RRMM) presents a special therapeutic challenge,
due to the heterogeneity of disease at relapse and the absence of clear biological based recommendations
regarding the choice of salvage therapies at various time points of disease progression. With increasing
recognition of the inherent clonal heterogeneity and genomic instability of the plasma cells influencing
both inherent and acquired therapeutic resistance, the identification of the optimal choice and sequence
of therapies has become critical. New agents have gained approval by United States (US) Food and Drug
Administration (FDA) for relapsed/refractory myeloma in recent years, including proteasome inhibitors

(carfilzomib and ixazomib), immunomodulatory drugs such as the thalidomide derivatives pomalidomide
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and lenalidomide, and the histone deacetylase inhibitor panobinostat. Other molecularly targeted
therapies directed at specific cell signaling pathways, as well as survival and proliferation controls
(including PI3K/AKT/mTOR inhibitors, Hsp90 inhibitors, cyclin-dependent kinase inhibitors, kinesin spindle
protein inhibitors) are currently in development. Despite advances in the management of multiple
myeloma, relapse is inevitable in almost all patients. Recurrence of myelomais typically more aggressive
with each relapse, which is associated with a shorter survival. Thus, additional treatment options are

needed.

In recent years, multiple myeloma patients have benefited from new treatments targeting MM associated

antigens such as CD38 and BCMA.

CD38 (UniProt P28907) was first identified in 1980 as a surface marker (cluster of differentiation) of
thymus cell lymphocytes [Lee, H.C., ed. (2002). A Natural History of the Human CD38 Gene. Cyclic ADP-
Ribose and NAADP. Springer Publishing]. In 1992, it was additionally described as a surface marker on B
cells, monocytes, and natural killer cells (NK cells). About the same time, CD38 was discovered to be a
marker of activated of B cells and T cells. Daratumumab (Darzalex), as well as isatuximab (SARCLISA) which

target CD38 have been approved for the treatment of multiple myeloma.

B-cell maturation antigen, also known as BCMA, CD269, TNFRSF17 (UniProt Q02223), is a member of the
tumor necrosis receptor superfamily that is preferentially expressed in differentiated plasma cells [Laabi
et al. (1992) EMBO J 11(11):3897-3904; Madry et al. (1998) Int Immunol 10(11):1693-1702]. BCMA is a
non-glycosylated type | transmembrane protein, which is involved in B cell maturation, growth, and
survival. BCMA is a receptor for two ligands of the TNF superfamily: APRIL {(a proliferation-inducing ligand,
CD256, TNFSF13), the high-affinity ligand to BCMA and the B cell activation factor BAFF (THANK, BlyS, B
lymphocyte stimulator, TALL-1 and zTNF4), the low-affinity ligand to BCMA. APRIL and BAFF show
structural similarity and overlapping yet distinct receptor binding specificity. The negative regulator TACI
also binds to both BAFF and APRIL. The coordinate binding of APRIL and BAFF to BCMA and/or TACI
activates transcription factor NF-kB and increases the expression of pro-survival Bcl-2 family members
(e.g., Bcl-2, Bel-xL, Bcl-w, Mcl-1, A1) and down regulates expression of pro-apoptotic factors (e.g., Bid,
Bad, Bik, Bim, etc.), thus inhibiting apoptosis and promoting survival. This combined action promotes B
cell differentiation, proliferation, survival, and antibody production (as reviewed in Rickert R C et al.,
Immunol Rev (2011) 244 (1): 115-133). In line with this finding, BCMA also supports growth and survival

of malignant human B cells, including multiple myeloma cells.
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Bispecific antibodies binding CD3 and BCMA for the treatment of MM, such as teclistamab, have been
developed to induce T-cell mediated cytotoxicity against BCMA expressing MM cells and/or RRMM cells,
alone or in combination with an immunotherapeutic drug such as thalidomide or an immunotherapeutic

derivative such as an anti-PD-1 antibody and an anti-PD-L1 antibody (US11124577B2).

Exceptional overall response rate has been observed using bispecific antibodies or chimeric antigen
receptor (CAR) T cells immunotherapy, in which T lymphocytes are engineered with synthetic chimeric
antigen receptors. Nevertheless, durable responses beyond 2 years are still limited (Progression-free
survival is below 40% for treatment with idecabtagene vicleucel (Munshi, N. C. et al. Idecabtagene
Vicleucel in Relapsed and Refractory Multiple Myeloma. N. Engl. J. Med. 384, 705-716 (2021)) or
teclistamab (Moreau, P. et al. Teclistamab in Relapsed or Refractory Multiple Myeloma. N. Engl. J. Med.
NEJMo0a2203478 (2022) doi:10.1056/NEJM0a2203478). It has been proposed that one of the potential
reasons for patient relapse may be downregulation of the target or expansion of clones lacking sufficient
expression of targets (Rodriguez-Lobato, L. G., Oliver-Caldés, A., Moreno, D. F., Fernandez de Larrea, C. &
Bladé, J. Why Immunotherapy Fails in Multiple Myeloma. Hemato 2, 1-42 (2020)). This low expression of
targets in the MM population has been observed after treatment with CD38-targeted daratumumab
(Nijhof, 1. S. et al. CD38 expression and complement inhibitors affect response and resistance to
daratumumab therapy in myeloma. 128, 12 (2016)), and BCMA specific CAR T cells (Cohen, A. D. et al. B
cell maturation antigen—specific CAR T cells are clinically active in multiple myeloma. J. Clin. Invest. 129,
2210-2221 (2019)). Consequently, the development of approaches that prevent tumor escape, often

associated with lower surface expression of targeted tumor associated antigens remain a challenge.

Although promising treatments of hematological cancers, such as multiple myeloma, are nowadays
available, the improvement of therapies, for instance effector cell redirecting antibody-based therapies,
still remains a need. In fact, despite the increasing number of available treatments, the prognosis for
multiple myeloma and relapsed/refractory multiple myeloma patients is still poor given the increasing
evidence of resistance to the currently available treatments, and the necessity to maximise the

therapeutic window.
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Detailed Description

The present invention relates to a trispecific antibody or antibody fragment thereof comprising at least
three binding portions, at least one of which binds to human CD3, at least one which binds to human

BCMA and at least one of which binds to human CD38.

The present invention also relates to a trispecific antibody or antibody fragment thereof comprising a

common light chain.

The present invention also relates to a trispecific antibody or antibody fragment thereof comprising at
least three binding portions, at least one of which binds to human CD3, at least one which binds to human
BCMA and at least one of which binds to human CD38, wherein said at least one binding portion which
binds to human CD3 comprises a heavy chain CDR set comprising an amino acid sequence selected from
the group comprising: SEQ ID NO: 181, SEQ ID NO: 307, and SEQ ID NO: 433; SEQ ID NO: 184, SEQ ID NO:
310, and SEQ ID NO: 436; SEQ ID NO: 186, SEQ ID NO: 312, and SEQ ID NO: 438; SEQ ID NO: 188, SEQ ID
NO: 314, and SEQ ID NO: 440; SEQ ID NO: 192, SEQ ID NO: 318, and SEQ ID NO: 444.

The present invention also relates to a trispecific antibody or antibody fragment thereof comprising at
least three binding portions, at least one of which binds to human CD3, at least one which binds to human
BCMA and at least one of which binds to human CD38, wherein said at least one binding portion which
binds to human BCMA comprises a heavy chain CDR set comprising an amino acid sequence selected from
the group comprising: SEQ ID NO: 234, SEQ ID NO: 360, and SEQ ID NO: 486; SEQ ID NO: 219, SEQ ID NO:
345, and SEQ ID NO: 471; SEQ ID NO: 227, SEQ ID NO: 353, and SEQ ID NO: 479; SEQ ID NO: 231, SEQ ID
NO: 357, and SEQ ID NO: 483.

The present invention also relates to a trispecific antibody or antibody fragment thereof comprising at
least three binding portions, at least one of which binds to human CD3, at least one which binds to human
BCMA and at least one of which binds to human CD38, wherein said at least one binding portion which
binds to human CD38 comprises a heavy chain CDR set comprising an amino acid sequence comprising:
SEQ ID NO: 236, SEQ ID NO: 362, and SEQ ID NO: 712; SEQ ID NO: 239, SEQ ID NO: 365, and SEQ ID NO:
491; SEQID NO: 237, SEQ ID NO: 363, and SEQ ID NO: 700 ; SEQ ID NO: 248, SEQ ID NO: 374, and SEQ ID
NO: 500.

The present invention also relates to a trispecific antibody or antibody fragment thereof comprising at
least three binding portions, at least one of which binds to human CD3, at least one which binds to human

BCMA and at least one of which binds to human CD38, wherein said at least one binding portion which
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binds to human CD3 comprises a heavy chain variable region of a heavy chain comprising an amino acid
sequence that is at least about 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
99% or 100% identical to the amino acid sequence selected from the group comprising SEQ ID NOs: 55;
58; 60; 62 and 66.

The present invention also relates to a trispecific antibody or antibody fragment thereof comprising at
least three binding portions, at least one of which binds to human CD3, at least one which binds to human
BCMA and at least one of which binds to human CD38, wherein said at least one binding portion which
binds to human CD3 comprises a heavy chain variable region comprising an amino acid sequence that is
at least about 85%, 86%, 87%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% identical

to the amino acid sequence of SEQ ID NO: 592.

The present invention also relates to a trispecific antibody or antibody fragment thereof comprising at
least three binding portions, at least one of which binds to human CD3, at least one which binds to human
BCMA and at least one of which binds to human CD38, wherein said at least one binding portion which
binds to human BCMA comprises a heavy chain variable region of a heavy chain comprising an amino acid
sequence that is at least about 85%, 86%, 87%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%
or 100% identical to the amino acid sequence selected from the group comprising SEQ ID NOs: 93, 101,
105 and 108.

The present invention also relates to a trispecific antibody or antibody fragment thereof comprising at
least three binding portions, at least one of which binds to human CD3, at least one which binds to human
BCMA and at least one of which binds to human CD38, wherein said at least one binding portion which
binds to human BCMA comprises a heavy chain variable region of a heavy chain comprising an amino acid
sequence that is at least about 85%, 86%, 87%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%
or 100% identical to the amino acid sequence selected from the group comprising SEQ ID NOs: 93, 101,
105 and 108, wherein said amino acid sequences of SEQ ID NOs: 93, 101, 105 and 108 further comprise

the substitution N82aS.

The present invention also relates to a trispecific antibody or antibody fragment thereof comprising at
least three binding portions, at least one of which binds to human CD3, at least one which binds to human
BCMA and at least one of which binds to human CD38, wherein said at least one binding portion which
binds to human BCMA comprises a heavy chain variable region comprising an amino acid sequence that
is at least about 85%, 86%, 87%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100%

identical to the amino acid sequence of SEQ ID NO: 591.
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The present invention also relates to a trispecific antibody or antibody fragment thereof comprising at
least three binding portions, at least one of which binds to human CD3, at least one which binds to human
BCMA and at least one of which binds to human CD38, wherein said at least one binding portion which
binds to human CD38 comprises a heavy chain variable region of a heavy chain comprising an amino acid
sequence that is at least about 85%, 86%, 87%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%
or 100% identical to an amino acid sequence selected from the group comprising SEQ ID NOs: 110; 113,

122 and 111.

The present invention also relates to a trispecific antibody or antibody fragment thereof comprising at
least three binding portions, at least one of which binds to human CD3, at least one which binds to human
BCMA and at least one of which binds to human CD38, wherein said at least one binding portion which
binds to human CD38 comprises a heavy chain variable region comprising an amino acid sequence that is
at least about 85%, 86%, 87%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% identical
to the amino acid sequence of SEQ ID NO: 593 or 594.

The present invention also relates to a trispecific antibody or antibody fragment thereof further
comprising a light chain variable region of a light chain comprising an amino acid sequence that is at least
about 85%, 86%, 87%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% identical to an

amino acid sequence of SEQ ID NO: 1.

The present invention also relates to a trispecific antibody or antibody fragment thereof comprising at
least three binding portions, at least one of which binds to human CD3, at least one which binds to human
BCMA and at least one of which binds to human CD38, wherein said at least one binding portion which
binds to human CD3 comprises a heavy chain comprising an amino acid sequence that is at least about
85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% identical to the
amino acid sequence selected from the group comprising SEQ ID NOs: 55; 58; 60; 62 and 66.

The present invention also relates to a trispecific antibody or antibody fragment thereof comprising at
least three binding portions, at least one of which binds to human CD3, at least one which binds to human
BCMA and at least one of which binds to human CD38, wherein said at least one binding portion which
binds to human BCMA comprises a heavy chain comprising an amino acid sequence that is at least about
85%, 86%, 87%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% identical to the amino
acid sequence selected from the group comprising SEQ ID NOs: 93, 101, 105 and 108; or to an amino acid
sequence selected from the group comprising SEQ ID NOs: 93, 101, 105 and 108, wherein said amino acid
sequences of SEQ ID NOs: 93, 101, 105 and 108 further comprise the substitution N82aS.
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The present invention also relates to a trispecific antibody or antibody fragment thereof comprising at
least three binding portions, at least one of which binds to human CD3, at least one which binds to human
BCMA and at least one of which binds to human CD38, wherein said at least one binding portion which
binds to human CD38 comprises a heavy chain comprising an amino acid sequence that is at least about
85%, 86%, 87%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% identical to an amino

acid sequence selected from the group comprising SEQ ID NOs: 110; 113, 122 and 111.

The present invention also relates to a trispecific antibody or antibody fragment thereof further
comprising a light chain comprising an amino acid sequence that is at least about 85%, 86%, 87%, 89%,
90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% identical to an amino acid sequence of SEQ
ID NO: 1.

The present invention also relates to a trispecific antibody or antibody fragment thereof comprising at
least three binding portions, at least one of which binds to human CD3, at least one which binds to human
BCMA and at least one of which binds to human CD38, wherein said at least one binding portion which
binds to human CD3 comprises a heavy chain CDR set comprising an amino acid sequence of SEQ ID NO:
181, SEQ ID NO: 307, and SEQ.ID NO: 433, and a light chain CDR set comprising amino acid sequence of
SEQ ID NO: 721, SEQ ID NO: 722 and SEQ ID NO: 723; said at least one binding portion which binds to
BCMA comprises a heavy chain CDR set comprising amino acid sequence of SEQ ID NO: 234, SEQ. ID NO:
360, and SEQ ID NOQ: 486, and a light chain CDR set comprising amino acid sequence of SEQ ID NO: 721,
SEQ ID NO: 722 and SEQ ID NO: 723; and said at least one binding portion which binds to human CD38
comprises a heavy chain CDR set comprising amino acid sequence of SEQ ID NO: 239, SEQ ID NO: 365, and
SEQ ID NO: 491, and a light chain CDR set comprising amino acid sequence of SEQ ID NO: 721, SEQ ID NO:
722 and SEQ ID NO: 723.

The present invention also relates to a trispecific antibody or antibody fragment thereof, wherein said at
least one binding portion which binds to human CD3 comprises a heavy chain CDR set comprising amino
acid sequence of SEQ ID NO: 181, SEQ ID NO: 307, and SEQID NO: 433, and a light chain CDR set comprising
amino acid sequence of SEQ ID NO: 721, SEQ ID NO: 722 and SEQ ID NO: 723; said at least one binding
portion which binds to BCMA comprises a heavy chain CDR set comprising amino acid sequence of SEQ ID
NO: 234, SEQ ID NO: 360, and SEQ ID NO: 486, and a light chain CDR set comprising amino acid sequence
of SEQ ID NO: 721, SEQ ID NO: 722 and SEQ ID NO: 723; and said at least one binding portion which binds

to human CD38 comprises a heavy chain CDR set comprising amino acid sequence of SEQ ID NO: 236, SEQ
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ID NO: 362, and SEQ ID NO: 712, and a light chain CDR set comprising amino acid sequence of SEQ ID NO:
721, SEQID NO: 722 and SEQ ID NO: 723.

The present invention also relates to a trispecific antibody or antibody fragment thereof, wherein said at
least one binding portion which binds to human CD3 and/or said at least one binding portion which binds

to human BCMA and/or said at least one binding portion which binds to human CD38 is a Fab fragment.

The present invention also relates to a trispecific antibody or antibody fragment thereof, wherein said at
least one binding portion which binds to human CD3 and said at least one binding portion which binds to
human BCMA, or said at least one binding portion which binds to human CD3 and said at least one binding
portion which binds to human CD38, or said at least one binding portion which binds to human BCMA and

said at least one binding portion which binds to human CD38, are fused to each other.

The present invention also relates to a trispecific antibody or antibody fragment thereof, wherein said at
least one binding portion which binds to human BCMA is fused at the N-terminus to the C-terminus of
said at least one binding portion which binds to human CD3, or wherein said at least one binding portion
which binds to human BCMA is fused at the N-terminus to the C-terminus said at least one binding portion

which binds to human CD38.

The present invention also relates to a trispecific antibody or antibody fragment thereof, wherein said at
least one binding portion which binds to human BCMA is fused at the C-terminus to the N-terminus of
said at least one binding portion which binds to human CD3, or wherein said at least one binding portion
which binds to human BCMA is fused at the C-terminus to the N-terminus said at least one binding portion

which binds to human CD38.

The present invention also relates to a trispecific antibody or antibody fragment thereof, wherein said at
least one binding portion which binds to human CD3 and said at least one binding portion which binds to
human BCMA, or said at least one binding portion which binds to human CD3 and said at least one binding
portion which binds to human CD38, or said at least one binding portion which binds to human BCMA and

said at least one binding portion which binds to human CD38, are fused to each other via a peptide linker.

The present invention also relates to a trispecific antibody or antibody fragment thereof, wherein said

trispecific antibody or antibody fragment thereof comprises a non-naturally occurring Fc domain.

The present invention also relates to a trispecific antibody or antibody fragment thereof comprising a set
of three amino acid chains comprising an amino acid sequence selected from the group comprising: SEQ

ID NO: 522, SEQ ID NO: 523 and SEQ ID NO: 1; SEQ ID NO: 530, SEQ ID NO: 531 and SEQ ID NO: 1; SEQ ID
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NO: 532,SEQID NO: 533 and SEQ ID NO: 1; SEQ ID NO: 534, SEQ ID NO: 535 and SEQ ID NO: 1; SEQ ID NO:
536, SEQID NO: 537 and SEQ ID NO: 1; SEQ ID NO: 538, SEQ ID NO: 539 and SEQ ID NO: 1; SEQ ID NO: 540,
SEQ ID NO: 541 and SEQ ID NO: 1; SEQ ID NO: 542, SEQ ID NO: 543 and SEQ ID NO: 1; SEQ ID NO: 544, SEQ
ID NO: 545 and SEQ ID NO: 1; SEQ ID NO: 546, SEQ ID NO: 547 and SEQ ID NO: 1; and SEQ ID NO: 548, SEQ
ID NO:549 and SEQ ID NO:1.

Preferably the present invention relates to a trispecific antibody or antibody fragment thereof comprising
three amino acid chains having an amino acid sequence selected from the group comprising: SEQ ID NO:

546, SEQ ID NO: 547 and SEQ ID NO: 1; and SEQ ID NO: 548, SEQ ID NO:549 and SEQ ID NO:1.

More preferably, the trispecific antibody or antibody fragment thereof disclosed herein, comprises three

amino acid chains having amino acid sequences of SEQ ID NO: 546, SEQ ID NO: 547 and SEQ.ID NO: 1.

The present invention also relates to a trispecific antibody or antibody fragment thereof, wherein said
trispecific antibody or antibody fragment thereof is a hetero-dimeric immunoglobulin comprising a first
engineered immunoglobulin chain comprising a first engineered domain and a second engineered
immunoglobulin chain comprising a second engineered domain wherein said hetero-dimeric

immunoglobulin heterodimerize through said first and second engineered domains.

In particular, wherein said non-naturally occurring Fc domain comprises a first engineered CH3 domain

and a second engineered CH3 domain.

More in particular, wherein said first engineered CH3 domain comprises the substitutions of the group
comprising: Q347A, S364K, T366V, K370T, K392Y, F405S, Y407V, K409W, T411N (EU numbering), and said
second engineered CH3 domain comprises the substitutions of the group comprising: Q347E, Y349A,

L351F, S364T, T366V, K370T, T394D, V397L, D399E, FA05A, Y407S, KA09R, T411R (EU numbering).

The present invention further relates to a trispecific antibody or antibody fragment thereof for use as a

medicament.

In particular, for use in treating multiple myeloma, relapsed multiple myeloma, refractory multiple
myeloma, relapsed/refractory multiple myeloma, smoldering multiple myeloma, active multiple
myeloma, acute lymphoblastic leukemia, chronic lymphocytic leukemia, acute myeloid leukemia,
lymphoma, breast cancer such as Her2+ breast cancer, prostate cancer, cervical cancer, germinal center
B-cell lymphoma or B-cell acute lymphoblastic leukemia, Chronic lymphocytic leukemia (CLL),

Myelodisplastic syndrome (MDS), Non-Hodgkin lymphoma, diffuse large B-cell lymphoma, non-small cell
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lung cancer (NSCLC), Hepatocellular carcinoma (HCC), High-grade serous ovarian carcinoma, peritoneal

cancer.

The present invention also relates to an epitope on the human CD38 extracellular domain which is bound

by the trispecific antibody or antibody fragment thereof disclosed herein.

More particularly, the present invention also relates to an epitope on the human CD38 extracellular
domain comprising the residues Glul03, GIn107, Thr114, Thr116, Argl94, Argl95, Glu198, Alal99,
Asp202, Ser224, His228, Asn229, GIn231, Pro232, Glu233, Lys234, Val235, GIn236, lle265, Ser267, Lys268,
Arg269 and Asn270, as detected by X-ray crystallography. In particular, as detected by X-ray
crystallography, having resolution of at least 5 A preferably of at least A, even more preferably of at least

3.5A. In a most preferred example, the resolution is about 3.4 A

More particularly, the present invention also relates to an epitope on the human CD38 extracellular
domain which is bound by the antibody of any one of the preceding claims and comprising the residues
Glul03, GIn107, Thrl14, Thrl16, Arg194, Argl95, Glul98, Alal99, Asp202, Ser224, His228, Asn229,
GIn231, Pro232, Glu233, Lys234, Val235, GIn236, lle265, Ser267, Lys268, Arg269 and Asn270, as detected
by X-ray crystallography. In particular, as detected by X-ray crystallography, having resolution of at least
54, preferably of at least A, even more preferably of at least 3.5 A. In a most preferred example, the

resolution is about 3.4 A.

The present invention also relates to an epitope on the human BCMA extracellular domain which is bound

by the trispecific antibody or antibody fragment thereof disclosed herein.

The present invention also relates to an epitope on the human CD3 extracellular domain which is bound

by the trispecific antibody or antibody fragment thereof disclosed herein.

The present invention also relates to an antibody or antibody fragment thereof or antigen-binding
fragment which binds to the same epitope on CD3, and/or BCMA, and/or CD38 as a reference antibody
or antibody fragment thereof wherein the reference antibody or antibody fragment thereof is a trispecific
antibody or antibody fragment thereof, wherein said at least one binding portion which binds to human
CD3 comprises a heavy chain CDR set comprising SEQ ID NO: 181, SEQ ID NO: 307, and SEQ ID NO: 433,
and a light chain CDR set comprising SEQ ID NO: 721, SEQ. ID NO: 722 and SEQ ID NO: 723; said at least
one binding portion which binds to BCMA comprises a heavy chain CDR set comprising SEQ ID NO: 234,
SEQ ID NO: 360, and SEQ ID NO: 486, and a light chain CDR set comprising SEQ ID NO: 721, SEQ ID NO:
722 and SEQ ID NO: 723; and said at least one binding portion which binds to human CD38 comprises a
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heavy chain CDR set comprising SEQ ID NO: 239, SEQ ID NO: 365, and SEQ ID NO: 491, and a light chain
CDR set comprising SEQ ID NO: 721, SEQ ID NO: 722 and SEQ ID NO: 723.

The present invention also relates to an antibody or antigen-binding fragment which binds to the same
epitope on CD3 as a reference antibody wherein the reference antibody is a trispecific antibody, wherein
said at least one binding portion which binds to human CD3, and/or BCMA, and/or CD38 comprises a
heavy chain CDR set comprising SEQ ID NO: 181, SEQ ID NO: 307, and SEQ ID NO: 433, and a light chain
CDR set comprising SEQ ID NO: 721, SEQ.ID NO: 722 and SEQ ID NO: 723; said at least one binding portion
which binds to BCMA comprises a heavy chain CDR set comprising SEQ ID NO: 234, SEQ ID NO: 360, and
SEQ ID NO: 486, and a light chain CDR set comprising SEQ ID NO: 721, SEQ ID NO: 722 and SEQ.ID NO: 723;
and said at least one binding portion which binds to human CD38 comprises a heavy chain CDR set
comprising SEQ ID NO: 236, SEQ ID NO: 362, and SEQ ID NO: 712, and a light chain CDR set comprising
SEQ ID NO: 721, SEQ ID NO: 722 and SEQ ID NO: 723.

The present invention also relates to an antibody or antigen-binding fragment which binds an epitope on

the human CD3, wherein said epitope on CD3 comprises the amino acid sequence of SEQ ID NO: 726.

The present invention also relates to an antibody or antigen-binding fragment which binds an epitope on
the human CD38, wherein said epitope on CD3 comprises the residues Glu103, GIn107, Thr114, Thr1ls6,
Argl194, Argl95, Glul98, Alal99, Asp202, Ser224, His228, Asn229, GIn231, Pro232, Glu233, Lys234,
Val235, GIn236, lle265, Ser267, Lys268, Arg269 and Asn270, as detected by X-ray crystallography. In
particular, as detected by X-ray crystallography, having resolution of at least 5 A preferably of at least A

even more preferably of at least 3.5 A. In a most preferred example, the resolution is about 3.4 A.

The present invention also relates to an isolated nucleic acid encoding the trispecific antibody disclosed

herein.
The present invention also relates to a host cell comprising the isolated nucleic acid.

The present invention further relates to an antibody or antibody fragment thereof that binds to human
CD3, comprising a heavy chain CDR set comprising an amino acid sequence selected from the group
comprising: SEQ ID NO: 181, SEQ ID NO: 307, and SEQ ID NO: 433; SEQ ID NO: 184, SEQ ID NO: 310, and
SEQ ID NO: 436; SEQ ID NO: 186, SEQ ID NO: 312, and SEQ ID NO: 438; SEQ ID NO: 188, SEQ ID NO: 314,
and SEQ ID NO: 440; SEQ ID NO: 192, SEQ ID NO: 318, and SEQ ID NO: 444, and a light chain CDR set
comprising the amino acid sequences of SEQ ID NO: 721, SEQ ID NO: 722 and SEQ ID NO: 723.
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The present invention further relates to an antibody or antibody fragment thereof that binds to human
BCMA, comprising a heavy chain CDR set comprising an amino acid sequence selected from the group
comprising: SEQ ID NO: 234, SEQ ID NO: 360, and SEQ ID NO: 486; SEQ ID NO: 219, SEQ ID NO: 345, and
SEQ ID NO: 471; SEQ ID NO: 227, SEQ ID NO: 353, and SEQ ID NO: 479; SEQ ID NO: 231, SEQ ID NO: 357,
and SEQ ID NO: 483, and a light chain CDR set comprising the amino acid sequences of SEQ ID NO: 721,
SEQ ID NO: 722 and SEQ ID NO: 723.

The present invention further relates to a trispecific hetero-dimeric antibody comprising a first and a
second engineered CH3 domain, wherein said first engineered CH3 domain comprises one or more
substitutions selected from the group comprising: Q347A, S364K, T366V, K370T, K392Y, F405S, Y407V,
K409W, T411N (EU numbering) and said second engineered CH3 domain comprises one or more
substitutions selected from the group comprising: Q347E, Y349A, L351F, S364T, T366V, K370T, T394D,
V397L, D399E, F405A, Y407S, K409R, T411R (EU numbering), and wherein said trispecific hetero-dimeric
immunoglobulin or hetero-dimeric fragment heterodimerize through said first and second engineered
CH3 domains, characterized in that said trispecific hetero-dimeric antibody comprises at least three

binding portions each binding portion which binds to a different antigen.

Particularly, the present invention relates to a trispecific hetero-dimeric antibody comprising a first and a
second engineered CH3 domain, wherein said first engineered CH3 domain comprises the substitutions
of the group comprising: Q347A, S364K, T366V, K370T, K392Y, F405S, Y407V, K409W, T411N (EU
numbering), and said second engineered CH3 domain comprises the substitutions of the group
comprising: Q347E, Y349A, L351F, S364T, T366V, K370T, T394D, V397L, D399E, F405A, Y407S, K409R,
T411R (EU numbering), and wherein said trispecific hetero-dimeric immunoglobulin or hetero-dimeric
fragment heterodimerize through said first and second engineered CH3 domains, characterized in that
said trispecific hetero-dimeric antibody or antibody fragment thereof comprises at least three binding

portions each binding portion which binds to a different antigen.

Provided herein are antibodies that immunospecifically bind to human BCMA, CD38 and CD3 and antigen-
binding fragments thereof. Also described are related polynucleotides capable of encoding the provided
BCMA-specific, CD38-specific, and CD3-specific antibodies and antigen-binding fragments, cells
expressing the provided antibodies and antigen-binding fragments, as well as associated vectors and
detectably labeled antibodies and antigen-binding fragments. In addition, methods of using the provided
antibodies and antigen-binding fragments are described. For example, the BCMA-specific antibodies

and/or CD38-specific antibodies and antigen-binding fragments may be used to diagnose or monitor
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BCMA-expressing cancer and/or CD38-expressing cancer progression, regression, or stability; to
determine whether or not a patient should be treated for cancer; or to determine whether or not a subject
is afflicted with BCMA-expressing cancer and/or CD38-expressing cancer and thus may be amenable to
treatment with a BCMA-specific anti-cancer therapeutic and/or CD38-expressing cancer, such as the

multispecific antibodies against BCMA, CD38 and CD3 described herein.

Further provided herein are multispecific antibodies that immunospecifically bind to BCMA, CD38 and
CD3 and multispecific antigen-binding fragments thereof. Also described are related polynucleotides
capable of encoding the provided BCMAxCD38xCD3-multispecific antibodies, cells expressing the
provided antibodies, as well as associated vectors and detectably labeled multispecific antibodies. In
addition, methods of using the provided multispecific antibodies are described. For example, the
BCMAXxCD38xCD3-multispecific antibodies may be used to diagnose or monitor BCMA-expressing cancer
and/or CD38-expressing cancer progression, regression, or stability, to determine whether or not a patient
should be treated for cancer; or to determine whether or not a subject is afflicted with BCMA-expressing
cancer and/or CD38-expressing cancer and thus may be amenable to treatment with a BCMA-specific anti-
cancer therapeutic and/or CD38-specific anti-cancer therapeutic, such as the BCMAxCD38xCD3-

multispecific antibodies described herein.

As utilized in accordance with the present disclosure, the following terms, unless otherwise indicated,
shall be understood to have the following meanings. Unless otherwise required by context, singular terms
shall include pluralities and plural terms shall include the singular. As used in this specification and the
appended claims, the singular forms "a", "an" and "the" include plural referents unless the content clearly
dictates otherwise. Thus, for example, reference to "a molecule" optionally includes a combination of two

or more such molecules, and the like.

It is understood that aspects and embodiments of the present disclosure described herein include

"comprising"”, "consisting" and "consisting essentially” of aspects and embodiments.

The term "polynucleotide" as used herein refers to single-stranded or double- stranded nucleic acid
polymers of at least 10 nucleotides in length. In certain embodiments, the nucleotides comprising the
polynucleotide can be ribonucleotides or deoxyribonucleotides or a modified form of either type of
nucleotide. Such modifications include base modifications such as bromuridine, ribose modifications such
as arabinoside and 2'3'-dideoxyribose, and internucleotide linkage modifications such as

phosphorothioate, phosphorodithioate, phosphoroselenoate, phosphorodiselenoate,
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phosphoroanilothioate, phoshoraniladate and phosphoroamidate. The term "polynucleotide" specifically

includes single-stranded and double-stranded forms of DNA.

An "isolated polynucleotide" is a polynucleotide of genomic, cDNA, or synthetic origin or some
combination thereof, which: (1) is not associated with all or a portion of a polynucleotide in which the
isolated polynucleotide is found in nature, (2) is linked to a polynucleotide to which it is not linked in

nature, or (3) does not occur in nature as part of a larger sequence.

An "isolated polypeptide" is one that: (1) is free of at least some other polypeptides with which it would
normally be found, (2) is essentially free of other polypeptides from the same source, e.g., from the same
species, (3) is expressed by a cell from a different species, (4) has been separated from at least about 50
percent of polynucleotides, lipids, carbohydrates, or other materials with which it is associated in nature,
(5) is not associated (by covalent or noncovalent interaction) with portions of a polypeptide with which
the "isolated polypeptide" is associated in nature, (6) is operably associated (by covalent or noncovalent
interaction) with a polypeptide with which it is not associated in nature, or (7) does not occur in nature.
Such an isolated polypeptide can be encoded by genomic DNA, cDNA, mRNA, or other RNA, of synthetic
origin, or any combination thereof. Preferably, the isolated polypeptide is substantially free from
polypeptides or other contaminants that are found in its natural environment that would interfere with

its use (therapeutic, diagnostic, prophylactic, research or otherwise).

The present invention relates to a multispecific binding molecule, for instance a multispecific binding
protein, such as an antibody or antibody fragment thereof, comprising at least three binding portions, at
least one of which binds to human CD3, at least one which binds to human BCMA and at least one of

which binds to human CD38.

The term "binding protein" or “binding molecule” as used herein refers to a non-naturally occurring or
recombinant or engineered molecule, e.g., a protein, such as a non-naturally occurring or recombinant or
engineered antibody, that specifically binds to at least one target antigen, e.g., a CD38 polypeptide, a

BCMA polypeptide, or a CD3 polypeptide of the present disclosure.

A "recombinant" molecule is one that has been prepared, expressed, created, or isolated by recombinant

means.

The terms "antibody" and “immunoglobulin” as referred to herein are used interchangeably and include
whole antibodies and any antigen binding fragments or single chains thereof. Naturally occurring

antibodies typically comprise a tetramer. Each such tetramer is typically composed of two identical pairs
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of polypeptide chains, each pair having one full-length "light" chain (typically having a molecular weight
of about 25 kDa) and one full-length "heavy" chain (typically having a molecular weight of about 50-70
kDa). The terms "heavy chain" and "light chain" as used herein refer to any immunoglobulin polypeptide
having sufficient variable domain sequence to confer specificity for a target antigen. The amino-terminal
portion of each light and heavy chain typically includes a variable domain of about 100 to 110 or more
amino acids that typically is responsible for antigen recognition. The carboxy-terminal portion of each
chain typically defines a constant domain responsible for effector function. Thus, in a naturally occurring
antibody, a full-length heavy chainimmunoglobulin polypeptide includes a variable domain (VH) and three
constant domains (CH1, CH2, and CH3), wherein the VH domain is at the amino-terminus of the
polypeptide and the CH3domain is at the carboxyl-terminus, and a full-length light chain immunoglobulin
polypeptide includes a variable domain (VL) and a constant domain (CL), wherein the VL domain is at the

amino-terminus of the polypeptide and the CL domain is at the carboxyl-terminus.

Human light chains are typically classified as kappa and lambda light chains, and human heavy chains are
typically classified as mu, delta, gamma, alpha, or epsilon, and define the antibody's isotype as IgM, IgD,
IgG, IgA, and IgE, respectively. 1gG has several subclasses, including, but not limited to, 1gG1, 18G2, 1gG3,
and IgG4. IgM has subclasses including, but not limited to, IgM1 and IgM2. IgA is similarly subdivided into
subclasses including, but not limited to, IgAl and IgA2. Within full-length light and heavy chains, the
variable and constant domains typically are joined by a "J" region of about 12 or more amino acids, with
the heavy chain also including a "D" region of about 10 more amino acids. See, e.g., FUNDAMENTAL
IMMUNOLOGY (Paul, W., ed., Raven Press, 2nd ed., 1989), which is incorporated by reference in its
entirety for all purposes. The variable regions of each light/heavy chain pair typically form an antigen
binding site. The variable domains of naturally occurring antibodies typically exhibit the same general
structure of relatively conserved framework regions (FR) joined by three hypervariable regions, also called
complementarity determining regions or CDRs. The CDRs from the two chains of each pair typically are
aligned by the framework regions, which may enable binding to a specific epitope. From the amino-
terminus to the carboxyl-terminus, both light and heavy chain variable domains typically comprise the

domains FR1, CDR1, FR2, CDR2, FR3, CDR3, and FR4.

The term "CDR set" refers to a group of three CDRs that occur in a single variable region capable of binding
the antigen. The exact boundaries of these CDRs have been defined differently according to different
systems. The system described by Kabat (Kabat et al, SEQUENCES OF PROTEINS OF IMMUNOLOGICAL
INTEREST (National Institutes of Health, Bethesda, Md. (1987) and (1991)) not only provides an
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unambiguous residue numbering system applicable to any variable region of an antibody, but also
provides precise residue boundaries defining the three CDRs. These CDRs may be referred to as Kabat
CDRs. Chothia and coworkers (Chothia and Lesk, 1987, J. Mol Biol. 196: 901-17; Chothia et al, 1989, Nature
342: 877-83) found that certain sub-portions within Kabat CDRs adopt nearly identical peptide backbone
conformations, despite having great diversity at the level of amino acid sequence. These sub-portions
were designated as L1, L2, and L3 or H1, H2, and H3 where the "L" and the "H" designates the light chain
and the heavy chain regions, respectively. These regions may be referred to as Chothia CDRs, which have
boundaries that overlap with Kabat CDRs. Other boundaries defining CDRs overlapping with the Kabat
CDRs have been described by Padlan, 1995, FASEB J. 9: 133- 39; MacCallum, 1996, J. Mol. Biol. 262(5):
732-45; and Lefranc, 2003, Dev. Comp. Immunol. 27: 55-77. Still other CDR boundary definitions may not
strictly follow one of the herein systems, but will nonetheless overlap with the Kabat CDRs, although they
may be shortened or lengthened in light of prediction or experimental findings that particular residues or
groups of residues or even entire CDRs do not significantly impact antigen binding. The methods used
herein may utilize CDRs defined according to any of these systems, although certain embodiments use
Kabat or Chothia defined CDRs. Identification of predicted CDRs using the amino acid sequence is well
known in the field, such as in Martin, A.C. "Protein sequence and structure analysis of antibody variable
domains," In Antibody Engineering, Vol. 2. Kontermann R., Diibel S., eds. Springer- Verlag, Berlin, p. 33-51
(2010). The amino acid sequence of the heavy and/or light chain variable domain may be also inspected
to identify the sequences of the CDRs by other conventional methods, e.g., by comparison to known
amino acid sequences of other heavy and light chain variable regions to determine the regions of
sequence hypervariability. The numbered sequences may be aligned by eye, or by employing an alignment
program such as one of the CLUSTAL suite of programs, as described in Thompson, 1994, Nucleic Acids
Res. 22: 4673-80. Molecular models are conventionally used to correctly delineate framework and CDR
regions and thus correct the sequence-based assignments. All such alternative definitions are
encompassed by the current invention and the sequences provided in this specification are not intended
to exclude alternatively defined CDR sequences which may only comprise a portion of the CDR sequences
provided in the sequence listing. In a preferred embodiment of the present invention, CDRH1,
corresponds to Kabat positions 26-35, CDRH2 corresponds to Kabat positions 50-58 and CDRH3,
corresponding to Kabat positions 93-102. In another preferred embodiment, CDRL1, corresponds to Kabat
positions 24-34, CDRL2 corresponds to Kabat positions 50-56 and CDRL3, corresponding to Kabat positions
89-97.
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The term “antibody fragment” as used herein, includes a portion of a full-length antibody. Non limiting
examples of antibody fragments include: (i) the fragment crystallizable (Fc) composed by two constant
heavy chain fragments which consist of CH2 and CH3 domains, in IgA, IgD and IgG, and of CH2, CH3 and
CH4 domains, in IgE and IgM, and which are paired by disulfide bonds and non-covalent interactions; (ii)
the fragment antigen binding (Fab), consisting of VL, CL and VH, CH1 connected by disulfide bonds; (iii)
Fab', consisting of VL, CL and VH, CH1 connected by disulfide bonds, and of one or more cysteine residues
from the hinge region; {iv) Fab’-SH, which is a Fab’ fragment in which the cysteine residues contain a free
sulfhydryl group; (v) F(ab')2 consisting of two Fab fragments connected at the hinge region by a disulfides
bond; (vi) the variable fragments (Fv), consisting of VL and VH chains, paired together by non-covalent
interactions; (vii) the single chain variable fragments (scFv), consisting of VL and VH chains paired together
by a linker; (ix) the bispecific single chain Fv dimers, (x) the scFv-Fc fragment; (xi) a Fd fragment consisting
of the VH and CH1 domains; (xii) the single domain antibody, dAb, consisting of a VH domain or a VL
domain; (xiii) diabodies, consisting of two scFv fragments in which VH and VL domains are connected by
a short peptide that prevent their pairing in the same chain and allows the non-covalent dimerization of
the two scFvs; (xiv) the trivalent triabodies, where three scFv, with VH and VL domains connected by a

short peptide, form a trimer; and the like thereof.

The term "Fc" as used herein refers to a molecule comprising the sequence of a non-antigen-binding
fragment resulting from digestion of an antibody or produced by other means, whether in monomeric or
multimeric form, and can contain the hinge region. The original immunoglobulin source of the native Fc
is preferably of human origin and can be any of the immunoglobulins. Fc molecules are made up of
monomeric polypeptides that can be linked into dimeric or multimeric forms by covalent {i.e., disulfide
bonds) and non- covalent association. The number of intermolecular disulfide bonds between monomeric
subunits of native Fc molecules ranges from 1 to 4 depending on class {e.g., 1gG, IgA, and IgE) or subclass
{e.g., 18G1, 18G2, IgG3, IgA1l, IgGA2, and IgG4). One example of a Fc is a disulfide-bonded dimer resulting
from papain digestion of an IgG. The term "native Fc" as used herein is generic to the monomeric, dimeric,

and multimeric forms.

A F(ab) fragment typically includes one light chain and the VH and CH1 domains of one heavy chain,
wherein the VH-CH1 heavy chain portion of the F(ab) fragment cannot form a disulfide bond with another
heavy chain polypeptide. As used herein, a F(ab) fragment can also include one light chain containing two
variable domains separated by an amino acid linker and one heavy chain containing two variable domains

separated by an amino acid linker and a CH1 domain.
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A F(ab') fragment typically includes one light chain and a portion of one heavy chain that contains more
of the constant region (between the CH1 and CH2 domains), such that an interchain disulfide bond can

be formed between two heavy chains to form a F(ab’)2molecule.

One embodiment of the disclosure provides binding proteins having biological and immunological

specificity to between one and three target antigens.

The term "antigen" or "target antigen" or "antigen target" as used herein refers to a molecule or a portion
of a molecule that is capable of being bound by a binding protein, and/or additionally is capable of being
used in an animal to produce antibodies capable of binding to an epitope of that antigen. A target antigen
may have one or more epitopes. With respect to each target antigen recognized by a binding protein, the
binding protein is capable of competing with an intact antibody and/or an antibody fragment thereof that
recognizes the target antigen. The antigen is bound by a binding protein, such as an antibody, via an

antigen binding site, also referred herein as “binding portion” or “binding domain”.

In certain embodiments of the present invention, one or more binding portion of the antibody disclosed
herein are an antibody fragment selected from the non-limiting example of antibody fragments listed
above. In particular embodiments, one or more binding portions of the antibody disclosed herein are Fab
fragments. In a more particular embodiment, all the binding portions of the antibody of the present

invention are Fab fragments.

Based on the number of antigen binding sites, a binding protein, such as an antibody or an antibody
fragment can be classified as monovalent or multivalent. The term “valence” is used herein to indicate
the number of binding sites. The term “monovalent binding protein” refers to a binding protein that has
one antigen binding site. For instance, a monovalent antibody is one that has one antigen binding site.
The term “multivalent binding protein” refers to a binding protein that has more than one antigen binding
site. For instance, a multivalent antibody is one that has more than one antigen binding site. Non limiting
examples of multivalent binding proteins are bivalent and trivalent. The term “bivalent binding protein”
refers to a binding protein that has two antigen binding sites. For instance, a bivalent antibody is one that
has two antigen binding sites. The term “trispecific binding protein” refers to a binding protein that
specifically binds to three different antigen targets. For instance, a trivalent antibody is one that three

antigen binding sites.

The term “monospecific binding protein” refers to a binding protein that specifically binds to one antigen

target.
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The term “multispecific binding protein” as used herein, refers to any binding protein, including an
antibody or antibody fragment thereof, having more than one binding site and that binds different

epitopes of the same antigen, or different antigen targets.

The term “bispecific binding protein” refers to a binding protein, including an antibody or antibody
fragment thereof, that specifically binds to two different antigen targets. In some embodiments, a
bispecific binding protein, such as an antibody or antibody fragment thereof, binds to two different
antigens. In some embodiments, a bispecific binding protein binds to two different epitopes on the same

antigen.

In some embodiments, a trispecific binding protein, such as an antibody or antibody fragment thereof,
binds to three different antigens. In some embodiments, a trispecific binding protein binds to one, two,

or three different epitopes on the same antigen.

A trivalent binding protein can bind to one antigen target (i.e., monospecific trivalent binding protein). In
other embodiments, the trivalent binding protein can bind to two antigen targets (i.e., bispecific trivalent
binding protein). In other embodiments, the trivalent binding protein can bind to three antigen targets

(i.e., trispecific trivalent binding protein).

The term "epitope" includes any determinant, preferably a polypeptide determinant, capable of
specifically binding to an immunoglobulin or T-cell receptor. In certain embodiments, epitope
determinants include chemically active surface groupings of molecules such as amino acids, sugar side
chains, phosphoryl groups, or sulfonyl groups, 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 or binding protein. In certain embodiments, a binding protein is said
to specifically bind an antigen when it preferentially recognizes its target antigen in a complex mixture of
proteins and/or macromolecules. In some embodiments, a binding protein is said to specifically bind an
antigen when the equilibrium dissociation constant (Kp) is for instance < 108M, more preferably when the
equilibrium dissociation constant is < 10°M, and most preferably when the dissociation constant is < 10°

10M.

In a preferred embodiment of the present invention, the antibody disclosed herein is trivalent, preferably
is trispecific, more preferably is a trispecific antibody comprising at least three binding portions; in a

particular embodiment, the antibody of the present invention is a trispecific antibody or antibody
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fragment thereof, comprising at least three binding portions, at least one of which binds to human CD3,

at least one which binds to human BCMA and at least one of which binds to human CD38.

“CD3"” is cluster of differentiation 3, a multimeric protein complex composed of four polypeptide chains:
epsilon (), gamma (y), delta (8) and zeta (), that assemble and function as three pairs of dimers (gy, €6,
7). In some embodiments, a binding protein of the present disclosure binds the extracellular domain of
one or more CD3 polypeptide chain i.e., CD3g, CD3y, CD36 and CD3{. Exemplary CD3 extracellular domain
polypeptide sequences include, but are not limited to, the extracellular domain of human CD3¢ (e.g., as
represented by SEQ ID NO: 610) and the extracellular domain of cynomolgus monkey CD3e (e.g., as
represented by SEQ ID NO: 614); the extracellular domain of human CD36 (e.g., as represented by SEQ ID
NO: 611) and the extracellular domain of cynomolgus monkey CD36 (e.g., as represented by SEQ ID NO:
613); the extracellular domain of human CD3y (e.g., as represented by SEQ ID NO: 612) and the
extracellular domain of cynomolgus monkey CD3y; the extracellular domain of human CD3{ and the

extracellular domain of cynomolgus monkey CD3t.

“BCMA” is the B-cell maturation antigen, also known as tumor necrosis factor receptor superfamily
member 17; BCMA is expressed by mature B lymphocytes and overexpressed in malignant plasma cells.
In some embodiments, a binding protein of the present disclosure binds the extracellular domain of one
or more BCMA polypeptide. Exemplary BCMA extracellular domain polypeptide sequences include, but
are not limited to, the extracellular domain of human BCMA (e.g., as represented by SEQ ID NO: 615) and

the extracellular domain of cynomolgus monkey BCMA (e.g., as represented by SEQ ID NO: 616).

“CD38” is cluster of differentiation 38 polypeptide, a glycoprotein found on the surface of many immune
cells. In some embodiments, a binding protein of the present disclosure binds the extracellular domain of
one or more CD38 polypeptide. Exemplary CD38 extracellular domain polypeptide sequences include, but
are not limited to, the extracellular domain of human CD38 (e.g., as represented by SEQ ID NO: 617) and

the extracellular domain of cynomolgus monkey CD38 (e.g., as represented by SEQ ID NO: 618).

The term "T-cell engager” refers to binding proteins directed to a host’s immune system, more specifically

the T cells’ cytotoxic activity as well as directed to a tumor target protein.

In preferred embodiments, the present invention provides a trispecific antibody or antibody fragment
thereof that binds to a human CD3 and to a human BCMA, and to human CD38. In preferred embodiment

of the present invention the antibody is monoclonal.
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In a particular embodiment, the trispecific antibody of the present disclosure comprises a common light

chain.

An "isolated" binding protein is one that has been identified and separated and/or recovered from a
component of its natural environment. Contaminant components of its natural environment are materials
that would interfere with diagnostic or therapeutic uses for the binding protein, and may include enzymes,
hormones, and other proteinaceous or non- proteinaceous solutes. In some embodiments, the binding
protein will be purified: (1) to greater than 95% by weight of antibody as determined by the Lowry
method, and most preferably more than 99% by weight, (2) to a degree sufficient to obtain at least 15
residues of N-terminal or internal amino acid sequence by use of a spinning cup sequenator, or (3) to
homogeneity by SDS-PAGE under reducing or nonreducing conditions using Coomassie blue or, preferably,
silver stain. Isolated binding proteins include the binding protein in situ within recombinant cells since at

least one component of the binding protein’s natural environment will not be present.

The terms "substantially pure" or "substantially purified" as used herein refer to a compound or species
that is the predominant species present {i.e., on a molar basis it is more abundant than any other
individual species in the composition). In some embodiments, a substantially purified fraction is a
composition wherein the species comprises at least about 50%) (on a molar basis) of all macromolecular
species present. In other embodiments, a substantially pure composition will comprise more than about
80%>, 85%>, 90%, 95%, or 99% of all macromolecular species present in the composition. In still other
embodiments, the species is purified to essential homogeneity (contaminant species cannot be detected
in the composition by conventional detection methods) wherein the composition consists essentially of a

single macromolecular species.

A nucleic acid is "isolate” or "substantially pure" when purified away from other cellular components or
other contaminants, e.g., other cellular nucleic acids or proteins, by standard techniques, including
alkaline/SDS treatment, CsCl banding, column chromatography, agarose gel electrophoresis and others
well known in the art, see e.g., F. Ausubel, et al., ed. (1987) Current Protocols in Molecular Biology, Greene
Publishing and Wiley Interscience, New York. A nucleic acid of the invention can be, for example, DNA or

RNA and may or may not contain intron sequences.

The dissociation constant (Kp) of a binding protein can be determined, for example, by surface plasmon
resonance. Generally, surface plasmon resonance analysis measures real-time binding interactions
between ligand (a target antigen on a biosensor matrix) and analyte (a binding protein in solution) by

surface plasmon resonance (SPR) using the BlAcore system (GE). Surface plasmon analysis can also be
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performed by immobilizing the analyte (binding protein on a biosensor matrix) and presenting the ligand
(target antigen). The term "Kp” as used herein refers to the dissociation constant of the interaction
between a particular binding protein or a binding portion of a binding protein or an antibody or antibody

fragment thereof and a target antigen and/or antigen epitope.

The term "binds to" as used herein in reference to a binding protein refers to the ability of a binding
protein or an antigen-binding fragment thereof to bind to an antigen containing an epitope with an Kp of
atleast about 1 x 10°M, 1 x 107M, 1 x 10%M, 1 x 10°M, 1 x 10°M, 1 x 10*'M, 1 x 102M, or less and/or
to bind to an epitope with an affinity that is at least two-fold greater than its affinity for a nonspecific

antigen.

The term "linker" as used herein refers to one or more amino acid residues inserted between
immunoglobulin domains to provide sufficient mobility for the domains of the light and heavy chains to
fold into cross over dual variable region immunoglobulins. A linker might be inserted at the transition
between variable domains or between variable and constant domains, respectively, at the sequence level.
The transition between domains can be identified because the approximate size of the immunoglobulin
domains is well understood. The precise location of a domain transition can be determined by locating
peptide stretches that do not form secondary structural elements such as beta-sheets or alpha-helices as
demonstrated by experimental data or as can be assumed by techniques of modeling or secondary

structure prediction.

Certain embodiments, the disclosure provides nucleic acid molecules comprising nucleotide sequences
encoding polypeptide chains that form the binding proteins of the present invention. Another
embodiment of the disclosure provides expression vectors comprising nucleic acid molecules comprising
nucleotide sequences encoding polypeptide chains that form such binding proteins. Yet another
embodiment of the disclosure provides host cells that express such binding proteins (i.e., comprising

nucleic acid molecules or vectors encoding polypeptide chains that form such binding proteins).

The term "vector" as used herein refers to any molecule {e.g., nucleic acid, plasmid) or other means (e.g.,
avirus) that is used to transfer and or provide coding information to a host cell. The term “vector” includes
a nucleic acid molecule that is capable of transporting another nucleic acid to which it has been linked.
One type of vector is a “plasmid” which refers to a circular double-stranded DNA molecule into which
additional DNA segments may be inserted. Another type of vector is a viral vector, wherein additional
DNA segments may be inserted into the viral genome, in particular wherein nucleic acids facilitating viral

assembly are combined with coding information to facilitate transfer to the host cell by virus like particles.
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Certain vectors are capable of autonomous replication in a host cell into which they are introduced (e.g.,
bacterial vectors having a bacterial origin of replication and episomal mammalian vectors). Other vectors
(e.g., non-episomal mammalian vectors) can be integrated into the genome of a host cell upon
introduction into the host cell and thereby are replicated along with the host genome. In addition, certain
vectors are capable of directing the expression of genes to which they are operatively linked. Such vectors
are referred to herein as "recombinant expression vectors" (or simply, "expression vectors"). In general,
expression vectors of utility in recombinant DNA techniques are often in the form of plasmids. The terms
"plasmid" and "vector" may be used interchangeably herein, as a plasmid is the most commonly used
form of vector. However, the disclosure is intended to include other forms of expression vectors, such as
viral vectors (e.g., replication defective retroviruses, adenoviruses, and adeno-associated viruses), which

serve equivalent functions.

The phrase "recombinant host cell” (or "host cell") as used herein refers to a cell into which a recombinant
expression vector has been introduced. A recombinant host cell or host cell is intended to refer not only
to the particular subject cell, but also to the progeny of such a cell. Because certain modifications may
occur in succeeding generations due to either mutation or environmental influences, such progeny may
not, in fact, be identical to the parent cell, but such cells are still included within the scope of the term
"host cell" as used herein. A wide variety of host cell expression systems can be used to express the
binding proteins, including bacterial, yeast, baculoviral, and mammalian expression systems (as well as
phage display expression systems). To express a binding protein recombinantly, a host cell is transformed
or transfected with one or more recombinant expression vectors carrying DNA fragments encoding the
polypeptide chains of the binding protein such that the polypeptide chains are expressed in the host cell
and, preferably, secreted into the medium in which the host cells are cultured, from which medium the

binding protein can be recovered.

The term "transformation" as used herein refers to a change in a cell's genetic characteristics, and a cell
has been transformed when it has been modified to contain a new DNA. For example, a cell is transformed
where it is genetically modified from its native state. Following transformation, the transforming DNA may
recombine with that of the cell by physically integrating into a chromosome of the cell or may be
maintained transiently as an episomal element without being replicated, or may replicate independently
as a plasmid. A cell is considered to have been stably transformed when the DNA is replicated with the
division of the cell. The term "transfection" as used herein refers to the uptake of foreign or exogenous

DNA by a cell, and a cell has been "transfected" when the exogenous DNA has been introduced inside the
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cell membrane. A number of transfection techniques are well known in the art. Such techniques can be

used to introduce one or more exogenous DNA molecules into suitable host cells.

The term "naturally occurring” as used herein and applied to an object refers to the fact that the object
can be found in nature and has not been manipulated by man. For example, a polynucleotide or
polypeptide that is present in an organism (including viruses) that can be isolated from a source in nature
and that has not been intentionally modified by man is naturally occurring. Similarly, "non-naturally
occurring" as used herein refers to an object that is not found in nature or that has been structurally

modified or synthesized by man.

As used herein, the twenty conventional amino acids and their abbreviations follow conventional usage.
Stereoisomers (e.g., D-amino acids) of the twenty conventional amino acids; unnatural amino acids and
analogs such as a-, a-di substituted amino acids, N- alkyl amino acids, lactic acid, and other unconventional
amino acids may also be suitable components for the polypeptide chains of the binding proteins. Examples
of unconventional amino acids include: 4-hydroxyproline, y-carboxyglutamate, £-N,N,N-trimethyllysine,
e-N- acetyllysine, O-phosphoserine, N-acetyl serine, N-formylmethionine, 3-methylhistidine, 5-
hydroxylysine, o-N-methylarginine, and other similar amino acids and imino acids (e.g., 4-
hydroxyproline). In the polypeptide notation used herein, the left-hand direction is the amino terminal
direction, and the right-hand direction is the carboxyl-terminal direction, in accordance with standard

usage and convention.
Naturally occurring residues may be divided into classes based on common side chain properties:

(1) hydrophobic: Met, Ala, Val, Leu, lle, Phe, Trp, Tyr, Pro;

(2) polar hydrophilic: Arg, Asn, Asp, Gln, Glu, His, Lys, Ser, Thr;
(3) aliphatic: Ala, Gly, lle, Leu, Val, Pro;

(4) aliphatic hydrophobic: Ala, lle, Leu, Val, Pro;

(5) neutral hydrophilic: Cys, Ser, Thr, Asn, Gin;

(6) acidic: Asp, Glu;

(7) basic: His, Lys, Arg;

(8) residues that influence chain orientation: Gly, Pro;

(9) aromatic: His, Trp, Tyr, Phe; and

(10) aromatic hydrophobic: Phe, Trp, Tyr.
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Conservative amino acid substitutions may involve exchange of a member of one of these classes with
another member of the same class. Non-conservative substitutions may involve the exchange of a

member of one of these classes for a member from another class.

A skilled artisan will be able to determine suitable variants of the polypeptide chains of the binding
proteins using well-known techniques. For example, one skilled in the art may identify suitable areas of a
polypeptide chain that may be changed without destroying activity by targeting regions not believed to
be important for activity. Alternatively, one skilled in the art can identify residues and portions of the
molecules that are conserved among similar polypeptides. In addition, even areas that may be important
for biological activity or for structure may be subject to conservative amino acid substitutions without

destroying the biological activity or without adversely affecting the polypeptide structure.

The term percent “identity,” in the context of two or more nucleic acids or polypeptide sequences, refers

IM

to two or more sequences that are the same. Two sequences are “substantially identical” if two sequences
have a specified percentage of amino acid residues or nucleotides that are the same (e.g., at least 60%
identity, for instance 60%, 61%, 62%, 63%, 64%, 65%, 66%, 67% 68%, 69%,70%, 71%. 72%. 73%, 74%, 75%,
76%, 77%, 78%, 79%, 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%,
95%, 96%, 97%, 98%, 99% identity), when compared and aligned for maximum correspondence over over
a specified region, or, when not specified, over the entire sequence. For sequence comparison, typically
one sequence acts as a reference sequence, to which test sequences are compared. Methods of alignment
of sequences for comparison are well known by a person skilled in the art. Non-limiting examples of
algorithms that are suitable for determining percent sequence identity and sequence similarity are the
BLAST and BLAST 2.0 algorithms, which are described in Altschul et al., 1977, Nuc. Acids Res. 25:3389-
3402; and Altschul et al., 1990, J. Mol. Biol. 215:403-410, respectively. Software for performing BLAST
analyses is publicly available through the National Center for Biotechnology Information; Clustal Omega
algorithm (Sievers F, Higgins DG. Clustal Omega for making accurate alignments of many protein
sequences. Protein Sci. 2018 Jan;27(1):135-145.); MUSCULE algorithm (Edgar, R.C. MUSCLE: a multiple

sequence alignment method with reduced time and space complexity. BMC Bioinformatics 5, 113 (2004).

https://doi.org/10.1186/1471-2105-5-113).

The terms “patient” or “subject” are used herein interchangeably. The term "patient" as used herein
includes human and animal subjects. Animals subjects include all vertebrates, e.g., mammals and non-

mammals, such as non-human primates, sheep, dog, cow, chickens.
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The terms "treatment" or "treat" as used herein refer to both therapeutic treatment and prophylactic or
preventative measures. Those in need of treatment include those having a disorder as well as those prone
to have the disorder or those in which the disorder is to be prevented. In particular embodiments of the
present invention, the disorder is characterized by expression, e.g., overexpression of BCMA, and/or
expression, e.g., overexpression of CD38, including in cancer and in non-cancer diseases such as
gastrointestinal, neurological and pulmonary system disorders (Szlasa W at al., Targeting CD38 in
Neoplasms and Non-Cancer Diseases. Cancers. 2022 Aug 28;14(17):4169); for instance the antibody or
antibody fragment thereof according to the present invention can be used for treating B cell malignancies
and autoimmune disorders. In other particular embodiments, the antibody or antibody fragment thereof
of the present invention can be used to treat humans with cancer, or humans susceptible to cancer, or
ameliorate cancer in a human subject. The antibody can also be used to prevent cancer in a human
patient. In more particular embodiments, the antibody or antibody fragment thereof of the present
invention is used to treat the cancer, such as hematological malignancies. In preferred embodiments the
cancer is a BCMA-expressing cancer and/or CD38 expressing cancer. Non limiting examples of cancers
treated by the antibody or antibody fragment thereof of the present invention comprise leukemia, such
as acute lymphoblastic leukemia, chronic lymphocytic leukemia, acute myeloid leukemia, acute
promyelocytic leukemia, acute myeloblastic leukemia, acute monocytic leukemia and acute
megakaryoblastic leukemia, chronic myelogenous leukemia, chronic lymphocytic leukemia, multiple
myeloma, relapsed multiple myeloma, refractory multiple myeloma, relapsed/refractory multiple
myeloma, smoldering multiple myeloma, active multiple myeloma, plasma cell leukemia, lymphoma,
germinal center B-cell lymphoma or B-cell acute lymphoblastic leukemia, Hodgkin lymphoma, Non-
Hodgkin lymphoma, diffuse large B-cell lymphoma, Myelodisplastic syndrome (MDS) , breast cancer such
as Her2+ breast cancer, prostate cancer, cervical cancer, non-small cell lung cancer (NSCLC),
Hepatocellular carcinoma (HCC), High-grade serous ovarian carcinoma, peritoneal cancer, smoldering

myeloma, glioma.

The present invention also relates to a trispecific antibody or antibody fragment thereof for use as a
medicament. In particular, for use in the treatment of the above-mentioned disorders; particularly for use
in the treatment of cancer and autoimmune disorders, more particularly for use in the treatment of
hematological cancers, including but not limited to the ones mentioned above. In a preferred
embodiment, the trispecific antibody of the present invention is for use in the treatment of Multiple
Myeloma, including relapsed multiple myeloma, refractory multiple myeloma, relapsed/refractory

multiple myeloma, smoldering multiple myeloma, active multiple myeloma.
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The present invention also relates to the use of the trispecific antibody or antibody fragment thereof of
the present invention for the treatment of the above-mentioned disorders; particularly for the treatment
of cancer and autoimmune disorders, more particularly for the treatment of hematological cancers,
including but not limited to the ones mentioned above. In a preferred embodiment, the presentinvention
relates to a use of the trispecific antibody disclosed herein for the treatment of Multiple Myeloma,
including relapsed multiple myeloma, refractory multiple myeloma, relapsed/refractory multiple

myeloma, smoldering multiple myeloma, active multiple myeloma.

The present invention also relates to methods of treating a cancer and autoimmune disorders comprising
the step of administering to a patient in need thereof a therapeutically effective amount of the trispecific
antibody of the present invention. In particular, the present invention also relates to methods of treating
a hematological cancer comprising the step of administering to a patient in need thereof a therapeutically
effective amount of the trispecific antibody or antibody fragment thereof of the present invention. More
in particular, the hematological cancer is selected from the list comprising but not limited to the ones
mentioned above. In a preferred embodiment, the present invention relates to methods of treating
Multiple Myeloma, including relapsed multiple myeloma, refractory multiple myeloma,
relapsed/refractory multiple myeloma, smoldering multiple myeloma, active multiple myeloma,
comprising the step of administering to a patient in need thereof a therapeutically effective amount of

the trispecific antibody or antibody fragment thereof disclosed herein.

The present invention also relates to pharmaceutical compositions comprising the trispecific antibody,
and for example containing one or more pharmaceutically acceptable excipients or carriers. To prepare
pharmaceutical or sterile compositions comprising the trispecific antibody or antibody fragment thereof
of the present disclosure a MBM preparation can be combined with one or more pharmaceutically

acceptable excipient or pharmaceutically acceptable carrier.

The terms "pharmaceutical composition" or "therapeutic composition" as used herein refer to a
compound or composition capable of inducing a desired therapeutic effect when properly administered

to a patient.

The term "pharmaceutically acceptable carrier" or "physiologically acceptable carrier" as used herein
refers to one or more formulation materials suitable for accomplishing or enhancing the delivery of a

binding protein.
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The terms "effective amount" and "therapeutically effective amount" when used in reference to a
pharmaceutical composition comprising one or more binding proteins refer to an amount or dosage
sufficient to produce a desired therapeutic result. More specifically, a therapeutically effective amount is
an amount of a binding protein sufficient to inhibit, for some period of time, one or more of the clinically
defined pathological processes associated with the condition being treated. The effective amount may
vary depending on the specific binding protein that is being used, and also depends on a variety of factors
and conditions related to the patient being treated and the severity of the disorder. For example, if the
binding protein is to be administered in vivo, factors such as the age, weight, and health of the patient as
well as dose response curves and toxicity data obtained in preclinical animal work would be among those
factors considered. The determination of an effective amount or therapeutically effective amount of a

given pharmaceutical composition is well within the ability of those skilled in the art.

One embodiment of the disclosure provides a pharmaceutical composition comprising a pharmaceutically

acceptable carrier and a therapeutically effective amount of a binding protein.

Anti-CD3 Binding Proteins

Certain aspects of the present disclosure relate to binding proteins that comprise an antigen binding site
that binds a CD3 polypeptide (e.g., human and cynomolgus monkey CD3 polypeptides). In some
embodiments, an antigen binding domain and/or binding protein of the present disclosure "cross reacts"

with human and cynomolgus monkey CD3 polypeptides.

In some embodiments, the binding proteins disclosed herein are monospecific, or bispecific, or trispecific,
or multispecific and/or monovalent, bivalent, trivalent, or multivalent and comprise a binding portion

which binds to CD3, e.g., to human CD3.

In certain embodiments, the antibody or antibody fragment of the present invention comprises a binding
portion which binds to human CD3 that comprises a heavy chain CDR set comprising an amino acid
sequence selected from the group comprising: SEQ ID NO: 160, SEQ ID NO: 286 and SEQ ID NO: 412; SEQ
ID NO: 176, SEQ ID NO: 302 and SEQ ID NO: 428; SEQ ID NO: 177, SEQ ID NO: 303 and SEQ ID NO: 429;
SEQ ID NO: 178, SEQ ID NO: 304 and SEQ ID NO: 430; SEQ ID NO: 179, SEQ ID NO: 305 and SEQ ID NO:
431; SEQ ID NO: 180, SEQ ID NO: 306 and SEQ ID NO: 432; SEQ ID NO: 181, SEQ ID NO: 307 and SEQ ID
NO: 433; SEQ ID NO: 182, SEQ ID NO: 308 and SEQ ID NO: 434; SEQ ID NO: 183, SEQ ID NO: 309 and SEQ
ID NO: 435; SEQ ID NO: 184, SEQ ID NO: 310 and SEQ ID NO: 436; SEQ ID NO: 185, SEQ ID NO: 311 and
SEQ ID NO: 437; SEQ ID NO: 186, SEQ ID NO: 312 and SEQ ID NO: 438; SEQ ID NO: 187, SEQ ID NO: 313
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and SEQ ID NO: 439; SEQ ID NO: 188, SEQ ID NO: 314 and SEQ ID NO: 440; SEQ ID NO: 189, SEQ ID NO:
315 and SEQ ID NO: 441; SEQ ID NO: 190, SEQ ID NO: 316 and SEQ ID NO: 442; SEQ ID NO: 191, SEQ ID
NO: 317 and SEQ ID NO: 443; SEQ ID NO: 192, SEQ ID NO: 318 and SEQ ID NO: 444; and SEQ ID NO: 193,
SEQ ID NO: 319 and SEQ ID NO: 445. In more particular embodiments, the binding portion which binds to
human CD3 also comprises a CDR set of the common light chain comprising the amino acid sequence of
SEQ ID NO: 1. More particularly, the light chain CDR set comprising the amino acid sequences of SEQ ID
NO: 721, SEQ ID NO:722 and SEQ ID NO:723.

Preferably, the binding portion which binds to human CD3 comprises a heavy chain CDR set comprising
an amino acid sequence selected from the group comprising SEQ ID NO: 181, SEQ ID NO: 307, and SEQ ID
NO: 433; SEQ ID NO: 184, SEQ ID NO: 310, and SEQ ID NO: 436; SEQ ID NO: 186, SEQ ID NO: 312, and SEQ
ID NO: 438; SEQ ID NO: 188, SEQ ID NO: 314, and SEQ ID NO: 440; SEQ ID NO: 192, SEQ ID NO: 318, and
SEQ ID NO: 444. More preferably, the binding portion which binds to human CD3 comprises the CDR set
comprising SEQ ID NO: 181, SEQ ID NO: 307, and SEQ ID NO: 433. In more particular embodiments, the
binding portion which binds to human CD3 also comprises a CDR set of the common light chain comprising
the amino acid sequence of SEQ ID NO: 1. More particularly, the light chain CDR set comprising the amino
acid sequences of SEQ ID NO: 721, SEQ ID NO:722 and SEQ ID NO:723. More preferably, the binding
portion which binds to human CD3 comprises a heavy chain CDR set comprising an amino acid sequence
of SEQ ID NO: 181, SEQ ID NO: 307, and SEQ ID NO: 433; and the light chain CDR set comprising the amino
acid sequences of SEQ ID NO: 721, SEQ ID NO:722 and SEQ ID NO:723

In other embodiments, the binding portion which binds to human CD3 comprises an heavy chain variable
region of a heavy chain comprising an amino acid sequence that is at least about 80%, 81%, 82%, 83, 84%,
85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 99%, or 100% identical to the amino acid
sequence selected from the group comprising SEQ ID NOs: 34, and 50 to 67. In more particular
embodiments, the binding portion which binds to human CD3 also comprises a light chain variable region
of a light chain comprising an amino acid sequence that is at least about 80%, 81%, 82%, 83, 84%, 85%,
86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 99%, or 100% identical to the amino acid
sequence of SEQ ID NO: 1.

Preferably, the binding portion which binds to human CD3 comprises an heavy chain variable region of a
heavy chain comprising an amino acid sequence that is at least about 80%, 81%, 82%, 83, 84%, 85%, 86%,
87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 99%, or 100% identical to the amino acid sequence

selected from the group comprising SEQ ID NOs: 55, 58, 60, 62, and 66. In more particular embodiments,
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the binding portion which binds to human CD3 also comprises a light chain variable region of a light chain
comprising an amino acid sequence that is at least about 80%, 81%, 82%, 83, 84%, 85%, 86%, 87%, 88%,
89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 99%, or 100% identical to the amino acid sequence of SEQ ID
NO: 1.

In certain embodiments, the binding portion which binds to human CD3 comprises a heavy chain variable
region comprising an amino acid sequence that is at least about 85%, 86%, 87%, 89%, 90%, 91%, 92%,
93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% identical to the amino acid sequence of SEQ ID NO: 592.

In other embodiments, the binding portion which binds to human CD3 comprises an heavy chain
comprising an amino acid sequence that is at least about 80%, 81%, 82%, 83, 84%, 85%, 86%, 87%, 88%,
89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 99%, or 100% identical to the amino acid sequence selected
from the group comprising SEQ ID NOs: 34, and 50 to 67. In more particular embodiments, the binding
portion which binds to human CD3 also comprises a light chain that is at least about 80%, 81%, 82%, 83,
84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 99%, or 100% identical to the amino
acid sequence of SEQ ID NO: 1.

Preferably, the binding portion which binds to human CD3 comprises an heavy chain variable region of a
heavy chain comprising an amino acid sequence that is at least about 80%, 81%, 82%, 83, 84%, 85%, 86%,
87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 99%, or 100% identical to the amino acid sequence
selected from the group comprising SEQ ID NOs: 55, 58, 60, 62, and 66; and a light chain that is at least
about 80%, 81%, 82%, 83, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 99%, or

100% identical to the amino acid sequence of SEQ ID NO: 1.

The present invention relates to a multispecific, e.g., bispecific or trispecific and multivalent, e.g., bivalent,
or trivalent antibody or antibody fragment thereof comprising any of the binding portions that binds to
human CD3 described above. In any of the bispecific or trispecific binding proteins described supra, the
target antigen other than CD3 can be any of the following exemplary antigen targets: A2AR, APRIL,
ATPDase, BAFF, BAFFR, BCMA, BIYS, BTK, BTLA, B7DC, B7H1, B7H4 (also known as VTCN1), B7H5, B7H6,
B7H7, B7RP1, B7-4, C3, C5, CCL2 (also known as MCP-1), CCL3 (also known as MIP-la), CCL4 (also known
as MIP-lb), CCL5 (also known as RANTES), CCL7 (also known as MCP-3), CCL8 (also known as mcp-2), CCL11
(also known as eotaxin), CCL15 (also known as MIP-Id), CCL17 (also known as TARC), CCL19 (also known
as MIP-3b), CCL20 (also known as MIP-3a), CCL21 (also known as MIP-2), CCL24 (also known as MPIF-
2/eotaxin-2), CCL25 (also known as TECK), CCL26 (also known as eotaxin-3), CCR3, CCR4, CD3, CCR7, CD19,
CD20, CD23 (also known as FCER2, a receptor for IgE), CD24, CD27, CD28, CD38, CD39, CD40, CD47, CD48,
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CD70, CD80 (also known as B7-1), CD86 (also known as B7-2), CD122, CD123, CD137 (also known as 41BB),
CD137L, CD152 (also known as CTLA4), CD154 (also known as CD40L), CD160, CD272, CD273 (also known
as PD-L2), CD274 (also known as PD-L1), CD275 (also known as B7H2), CD276 (also known as B7H3), CD278
(also known as ICOS), CD279 (also known as PD-1), CDH1 (also known as E- cadherin), chitinase, CLEC9,
CLEC91, CRTH2, CSF-1 (also known as M-CSF), CSF-2 (also known as GM-CSF), CSF-3 (also known as GCSF),
CX3CL1 (also known as SCYD1), CXCL12 (also known as SDF1), CXCL13, CXCR3, DNGR-1, ectonucleoside
triphosphate diphosphohydrolase 1, EGFR, ENTPD1, FCER1A, FCER1, FLAP, FOLH1, Gi24, GITR, GITRL, GM-
CSF, GPRC5D, Her2, HHLA2, HMGB1, HVEM, ICOSLG, IDO, IFNa, IgE, IGF1R, IL2Rbeta, IL1, ILIRAP, ILILIA,
IL1B, IL1F10, 1L2, IL4, IL4Ra, IL5, IL5R, IL6, IL7, IL7Ra, IL8, IL9, RAP, ILSR, IL10, rILlO, 1L12, IL13, IL13Ral,
IL13Ra2, IL15, IL17, IL17Rb (also known as a receptor for IL25), IL18, 1L22, IL23, IL25, IL27, IL33, IL35, ITGB4
(also known as b4 integrin), ITK, KIR, LAG3, LAMP1, leptin, LPFS2, MHC class I, NCR3LG1, KG2D, NTPDase-
1, OX40, OX40L, PD-1H, platelet receptor, PROM1, S152, SISP1, SLC, SPG64, ST2 (also known as a receptor
for 1L33), STEAP2, Syk kinase, TACI, TDO, T14, TIGIT, TIM3, TLR, TLR2, TLR4, TLR5, TLR9, TMEF1, TNFa,
TFRSF7, Tp55, TREM1, TSLP (also known as a co-receptor for IL7Ra), TSLPR, TWEAK, VEGF, VISTA, Vstm3,
WUCAM, and XCR1 (also known as GPR5/CCXCR1), XCL1 and XCL2. In some embodiments, one or more
of the above antigen targets are human antigen targets. In a preferred embodiment, the antibody or
antibody fragment thereof of the present invention is a trivalent bispecific antibody comprising at least
two binding portions, at least one of which binds to human CD3 and at least one of which binds to BCMA,
preferably at least two which bind to BCMA. In a more preferred embodiment, the antibody of the present
invention is a trivalent trispecific antibody comprising at least three binding portions, at least one of which

binds to human CD3, at least one of which binds to BCMA and at least one that binds to CD38.

The present invention also relates to monospecific antibody or antibody fragment thereof comprising any

of the binding portion that binds to CD3, e.g., to human CD3, described above.

In a particular aspect, the present invention relates to an antibody or antibody fragment thereof that
binds to human CD3, comprising a heavy chain CDR set comprising an amino acid sequence selected from
the group comprising SEQ ID NO: 160, SEQ ID NO: 286 and SEQ ID NO: 412; SEQ ID NO: 176, SEQ ID NO:
302 and SEQ ID NO: 428; SEQ ID NO: 177, SEQ ID NO: 303 and SEQ ID NO: 429; SEQ ID NO: 178, SEQ ID
NO: 304 and SEQ ID NO: 430; SEQ ID NO: 179, SEQ ID NO: 305 and SEQ ID NO: 431; SEQ ID NO: 180, SEQ
ID NO: 306 and SEQ ID NO: 432; SEQ ID NO: 181, SEQ ID NO: 307 and SEQ ID NO: 433; SEQ ID NO: 182,
SEQ ID NO: 308 and SEQ ID NO: 434; SEQ ID NO: 183, SEQ ID NO: 309 and SEQ ID NO: 435; SEQ ID NO:
184, SEQ ID NO: 310 and SEQ ID NO: 436; SEQ ID NO: 185, SEQ ID NO: 311 and SEQ ID NO: 437; SEQ ID
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NO: 186, SEQ ID NO: 312 and SEQ ID NO: 438; SEQ ID NO: 187, SEQ ID NO: 313 and SEQ ID NO: 439; SEQ
ID NO: 188, SEQ ID NO: 314 and SEQ ID NO: 440; SEQ ID NO: 189, SEQ ID NO: 315 and SEQ ID NO: 441;
SEQ ID NO: 190, SEQ ID NO: 316 and SEQ ID NO: 442; SEQ ID NO: 191, SEQ ID NO: 317 and SEQ ID NO:
443; SEQ ID NO: 192, SEQ ID NO: 318 and SEQ ID NO: 444; and SEQ ID NO: 193, SEQ ID NO: 319 and SEQ
ID NO: 445; and a light chain CDR set of the common light chain comprising the amino acid sequence of
SEQ ID NO: 1; in particular, the light chain CDR set comprising the amino acid sequences of SEQ ID NO:
721, SEQ ID NO:722 and SEQ ID NO:723.

In a preferred aspect, the antibody or antibody fragment that binds to human CD3, comprises a heavy
chain CDR set comprising an amino acid sequence selected from the group comprising SEQ ID NO: 181,
SEQ ID NO: 307, and SEQ ID NO: 433; SEQ ID NO: 184, SEQ ID NO: 310, and SEQ ID NO: 436; SEQ ID NO:
186, SEQ ID NO: 312, and SEQ ID NO: 438; SEQ ID NO: 188, SEQ ID NO: 314, and SEQ ID NO: 440; SEQ ID
NO: 192, SEQ ID NO: 318, and SEQ ID NO: 444, and a light chain CDR set comprising the amino acid
sequences of SEQ ID NO: 721, SEQ ID NO: 722 and SEQ ID NO: 723.

In preferred embodiments, the antibody disclosed herein, comprising a binding portion that binds human

CD3, as described above is monoclonal.

Anti-BCMA Binding Proteins

Certain aspects of the present disclosure relate to binding proteins that comprise an antigen binding site
that binds a BCMA polypeptide (e.g., human and cynomolgus monkey BCMA polypeptides). In some
embodiments, an antigen binding domain and/or binding protein of the present disclosure "cross reacts"

with human and cynomolgus monkey BCMA polypeptides.

In some embodiments, the binding proteins disclosed herein are monospecific, or bispecific, or trispecific,
or multispecific and/or monovalent, bivalent, trivalent, or multivalent and comprise a binding portion

which binds to BCMA, e.g., to human BCMA.

In certain embodiments, the antibody or antibody fragment of the present invention comprises a binding
portion which binds to human BCMA that comprises a heavy chain CDR set comprising an amino acid
sequence selected from the group comprising: SEQ ID NO:209, SEQ ID NO: 335, and SEQ ID NO: 461;SEQ
ID NO:210, SEQ ID NO: 336, and SEQ ID NO: 462; SEQ ID NO:211, SEQ ID NO: 337, and SEQ ID NO: 463;
SEQ ID NO:212, SEQ ID NO: 338, and SEQ ID NO: 464; SEQ ID NO:213, SEQ ID NO: 339, and SEQ ID NO:
465; SEQ ID NO:214, SEQ ID NO: 340, and SEQ ID NO: 466; SEQ ID NO:215, SEQ ID NO: 341, and SEQ ID
NO: 467; SEQ ID NO:216, SEQ ID NO: 342, and SEQ ID NO: 468; SEQ ID NO:217, SEQ ID NO: 343, and SEQ
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ID NO: 469; SEQ ID NO:218, SEQ ID NO: 344, and SEQ ID NO: 470; SEQ ID NO:219, SEQ ID NO: 345, and
SEQ ID NO: 471; SEQ ID NO:220, SEQ ID NO: 346, and SEQ ID NO: 472; SEQ ID NO:221, SEQ ID NO: 347,
and SEQ ID NO: 473; SEQ ID NO:222, SEQ ID NO: 348, and SEQ ID NO: 474; SEQ ID NO:223, SEQ ID NO:
349, and SEQ ID NO: 475; SEQ ID NO:224, SEQ ID NO: 350, and SEQ ID NO: 476; SEQ ID NO:225, SEQ ID
NO: 351, and SEQ ID NO: 477; SEQ ID NO:226, SEQ ID NO: 352, and SEQ ID NO: 478; SEQ ID NO:227, SEQ
ID NO: 353, and SEQ ID NO: 479; SEQ ID NO:228, SEQ ID NO: 354, and SEQ ID NO: 480; SEQ ID NO:229,
SEQ ID NO: 355, and SEQ ID NO: 481; SEQ ID NO:230, SEQ ID NO: 356, and SEQ ID NO: 482; SEQ ID NO:231,
SEQID NO: 357, and SEQ ID NO: 483; SEQ ID NO:232, SEQ ID NO: 358, and SEQ ID NO: 484; SEQ ID NO:233,
SEQ ID NO: 359, and SEQ ID NO: 485; SEQ ID NO:234, SEQ ID NO: 360, and SEQ ID NO: 486; and SEQ ID
NO:235, SEQID NO: 361, and SEQ ID NO: 487. In more particular embodiments, the binding portion which
binds to human BCMA also comprises a CDR set of the common light chain comprising the amino acid
sequence of SEQ ID NO: 1. More particularly, the light chain CDR set comprising the amino acid sequences

of SEQ ID NO: 721, SEQ ID NO:722 and SEQ ID NO:723.

In more particular embodiments, the binding portion which binds to human BCMA comprises a heavy
chain CDR set comprising an amino acid sequence selected from the group comprising: SEQ ID NO: 234,
SEQ ID NO: 360, and SEQ ID NO: 486; SEQ ID NO: 219, SEQ ID NO: 345, and SEQ ID NO: 471; SEQ ID NO:
227,SEQID NO: 353, and SEQ ID NO:479; SEQ ID NO: 231, SEQ ID NO: 357, and SEQ ID NO: 483. Preferably,
the binding portion which binds to human BCMA comprising the CDR set comprising SEQ. ID NO: 234, SEQ
ID NO: 360, and SEQ ID NO: 486. In more particular embodiments, the binding portion which binds to
human CD3 also comprises a CDR set of the common light chain comprising the amino acid sequence of
SEQ ID NO: 1. More particularly, the light chain CDR set comprising the amino acid sequences of SEQ ID
NO: 721, SEQID NO:722 and SEQ ID NO:723. Preferably, the binding portion which binds to human BCMA
comprises a heavy chain CDR set comprising an amino acid sequence of SEQ ID NO: 234, SEQ ID NO: 360,
and SEQ ID NOQ: 486; ; and the light chain CDR set comprising the amino acid sequences of SEQ ID NO: 721,
SEQ ID NO:722 and SEQ ID NO:723.

In other embodiments, the binding portion which binds to human BCMA comprises an heavy chain
variable region of a heavy chain comprising an amino acid sequence that is at least about 80%, 81%, 82%,
83, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 99%, or 100% identical to the
amino acid sequence selected from the group comprising SEQ ID NOs: 83 to 109. In more particular
embodiments, the binding portion which binds to human BCMA also comprises a light chain variable

region of a light chain comprising an amino acid sequence that is at least about 80%, 81%, 82%, 83, 84%,
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85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 99%, or 100% identical to the amino acid
sequence of SEQ ID NO: 1.

In other embodiments, the binding portion which binds to human BCMA comprises an heavy chain
variable region of a heavy chain comprising an amino acid sequence that is at least about 80%, 81%, 82%,
83, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 99%, or 100% identical to the
amino acid sequence selected from the group comprising SEQ ID NOs: 83 to 109, wherein the amino acid
sequences of SEQ ID NOs: 83 to 109 further comprise the mutation N82aS. In more particular
embodiments, the binding portion which binds to human BCMA also comprises a light chain variable
region of a light chain comprising an amino acid sequence that is at least about 80%, 81%, 82%, 83, 84%,
85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 99%, or 100% identical to the amino acid
sequence of SEQ ID NO: 1.

Preferably, the binding portion which binds to human BCMA comprises an heavy chain variable region of
a heavy chain comprising an amino acid sequence that is at least about 80%, 81%, 82%, 83, 84%, 85%,
86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 99%, or 100% identical to the amino acid
sequence selected from the group comprising SEQ ID NOs: 93, 101, 105, and 108. In more particular
embodiments, the binding portion which binds to human BCMA also comprises a light chain variable
region of a light chain comprising an amino acid sequence that is at least about 80%, 81%, 82%, 83, 84%,
85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 99%, or 100% identical to the amino acid
sequence of SEQ ID NO: 1.

Preferably, the binding portion which binds to human BCMA comprises an heavy chain variable region of
a heavy chain comprising an amino acid sequence that is at least about 80%, 81%, 82%, 83, 84%, 85%,
86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 99%, or 100% identical to the amino acid
sequence selected from the group comprising SEQ ID NOs: 93, 101, 105, and 108, wherein an amino acid
sequences of SEQ ID NOs: 93, 101, 105, and 108 further comprise the substitution N82aS. In more
particular embodiments, the binding portion which binds to human BCMA also comprises a light chain
variable region of a light chain comprising an amino acid sequence that is at least about 80%, 81%, 82%,
83, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 99%, or 100% identical to the

amino acid sequence of SEQ ID NO: 1.

In a more particular embodiment, the binding portion which binds to human BCMA comprises a heavy

chain variable region comprising an amino acid sequence that is at least about 85%, 86%, 87%, 89%, 90%,
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91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% identical to the amino acid sequence of SEQ ID
NO: 591.

In other embodiments, the binding portion which binds to human BCMA comprises an heavy chain
comprising an amino acid sequence that is at least about 80%, 81%, 82%, 83, 84%, 85%, 86%, 87%, 88%,
89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 99%, or 100% identical to the amino acid sequence selected
from the group comprising SEQ ID NOs: 83 to 109. In more particular embodiments, the binding portion
which binds to human BCMA also comprises a light chain that is at least about 80%, 81%, 82%, 83, 84%,
85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 99%, or 100% identical to the amino acid
sequence of SEQ ID NO: 1.

In other embodiments, the binding portion which binds to human BCMA comprises an heavy chain
comprising an amino acid sequence that is at least about 80%, 81%, 82%, 83, 84%, 85%, 86%, 87%, 88%,
89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 99%, or 100% identical to the amino acid sequence selected
from the group comprising SEQ ID NOs: 83 to 109, wherein the amino acid sequences of SEQ ID NOs: 83
to 109 further comprise the mutation N82aS. In more particular embodiments, the binding portion which
binds to human BCMA also comprises a light chain that is at least about 80%, 81%, 82%, 83, 84%, 85%,
86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 99%, or 100% identical to the amino acid
sequence of SEQ ID NO: 1.

Preferably, the binding portion which binds to human BCMA comprises an heavy chain variable region of
a heavy chain comprising an amino acid sequence that is at least about 80%, 81%, 82%, 83, 84%, 85%,
86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 99%, or 100% identical to the amino acid
sequence selected from the group comprising SEQ ID NOs: 93, 101, 105, and 108; and a light chain that is
at least about 80%, 81%, 82%, 83, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%,
99%, or 100% identical to the amino acid sequence of SEQ ID NO: 1.

Preferably, the binding portion which binds to human BCMA comprises an heavy chain variable region of
a heavy chain comprising an amino acid sequence that is at least about 80%, 81%, 82%, 83, 84%, 85%,
86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 99%, or 100% identical to the amino acid
sequence selected from the group comprising SEQ ID NOs: 93, 101, 105, 108, wherein the amino acid
sequences of SEQ ID NOs: 93, 101, 105, and 108 further comprise the amino acid substitution N82a$; and
a light chain that is at least about 80%, 81%, 82%, 83, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%,
93%, 94%, 95%, 96%, 99%, or 100% identical to the amino acid sequence of SEQ ID NO: 1.



10

15

20

25

30

WO 2023/213998 PCT/EP2023/061909

37

The present invention relates to a multispecific, e.g., bispecific or trispecific and multivalent, e.g., bivalent,
or trivalent antibody or antibody fragment thereof comprising any of the binding portions that binds to
human BCMA described above. In any of the bispecific or trispecific binding proteins described supra, the
target antigen other than BCMA can be any of the following exemplary antigen targets: A2AR, APRIL,
ATPDase, BAFF, BAFFR, BCMA, BIYS, BTK, BTLA, B7DC, B7H1, B7H4 (also known as VTCN1), B7H5, B7H6,
B7H7, B7RP1, B7-4, C3, C5, CCL2 (also known as MCP-1), CCL3 (also known as MIP-la), CCL4 (also known
as MIP-lb), CCL5 (also known as RANTES), CCL7 (also known as MCP-3), CCL8 (also known as mcp-2), CCL11
(also known as eotaxin), CCL15 (also known as MIP-Id), CCL17 (also known as TARC), CCL19 (also known
as MIP-3b), CCL20 (also known as MIP-3a), CCL21 (also known as MIP-2), CCL24 (also known as MPIF-
2/eotaxin-2), CCL25 (also known as TECK), CCL26 (also known as eotaxin-3), CCR3, CCR4, CD3, CCR7, CD19,
CD20, CD23 (also known as FCER2, a receptor for IgE), CD24, CD27, CD28, CD38, CD39, CD40, CD47, CD48,
CD70, CD80 (also known as B7-1), CD86 (also known as B7-2), CD122, CD137 (also known as 41BB),
CD137L, CD152 (also known as CTLA4), CD154 (also known as CD40L), CD160, CD272, CD273 (also known
as PD-L2), CD274 (also known as PD-L1), CD275 (also known as B7H2), CD276 (also known as B7H3), CD278
(also known as ICOS), CD279 (also known as PD-1), CDH1 (also known as E- cadherin), chitinase, CLEC9,
CLEC91, CRTH2, CSF-1 (also known as M-CSF), CSF-2 (also known as GM-CSF), CSF-3 (also known as GCSF),
CX3CL1 (also known as SCYD1), CXCL12 (also known as SDF1), CXCL13, CXCR3, DNGR-1, ectonucleoside
triphosphate diphosphohydrolase 1, EGFR, ENTPD1, FCER1A, FCER1, FLAP, FOLH1, Gi24, GITR, GITRL, GM-
CSF, GPRC5D, Her2, HHLA2, HMGB1, HVEM, ICOSLG, IDO, IFNa, IgE, IGF1R, IL2Rbeta, IL1, ILIRAP, ILILIA,
IL1B, IL1F10, 1L2, IL4, IL4Ra, IL5, IL5R, IL6, IL7, IL7Ra, IL8, IL9, RAP, ILSR, IL10, rILlO, 1L12, IL13, IL13Ral,
IL13Ra2, IL15, IL17, IL17Rb (also known as a receptor for IL25), IL18, 1L22, IL23, IL25, IL27, IL33, IL35, ITGB4
(also known as b4 integrin), ITK, KIR, LAG3, LAMP1, leptin, LPFS2, MHC class I, NCR3LG1, KG2D, NTPDase-
1, OX40, OX40L, PD-1H, platelet receptor, PROM1, S152, SISP1, SLC, SPG64, ST2 (also known as a receptor
for 1L33), STEAP2, Syk kinase, TACI, TDO, T14, TIGIT, TIM3, TLR, TLR2, TLR4, TLR5, TLR9, TMEF1, TNFa,
TFRSF7, Tp55, TREM1, TSLP (also known as a co-receptor for IL7Ra), TSLPR, TWEAK, VEGF, VISTA, Vstm3,
WUCAM, and XCR1 (also known as GPR5/CCXCR1), XCL1 and XCL2. In some embodiments, one or more
of the above antigen targets are human antigen targets. In a preferred embodiment, the antibody or
antibody fragment thereof of the present invention is a trivalent bispecific antibody comprising at least
two binding portions, at least one of which binds to human CD3 and at least one of which binds to BCMA,
preferably at least two which bind to BCMA. In a more preferred embodiment, the antibody of the present
invention is a trivalent trispecific antibody comprising at least three binding portions, at least one of which

binds to human CD3, at least one of which binds to BCMA and at least one that binds to CD38.
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The present invention also relates to monospecific antibody or antibody fragment thereof comprising any

of the binding portion that binds to BCMA, e.g., to human BCMA, described above.

In a particular aspect, the present invention relates to an antibody or antibody fragment thereof that
binds to human BCMA, comprising a heavy chain CDR set comprising an amino acid sequence selected
from the group comprising: SEQ ID NO:209, SEQ ID NO: 335, and SEQ ID NO: 461;SEQ ID NO:210, SEQ ID
NO: 336, and SEQ ID NO: 462; SEQ ID NO:211, SEQ ID NO: 337, and SEQ ID NO: 463; SEQ ID NO:212, SEQ
ID NO: 338, and SEQ ID NO: 464; SEQ ID NO:213, SEQ ID NO: 339, and SEQ ID NO: 465; SEQ ID NO:214,
SEQID NO:

340, and SEQ ID NO: 466; SEQ ID NO:215, SEQ ID NO: 341, and SEQ ID NO: 467; SEQ ID NO:216,

SEQID NO: 342, and SEQ ID NO: 468; SEQ ID NO:217, SEQ ID NO: 343, and SEQ ID NO: 469; SEQ ID NO:218,

SEQID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:

344, and SEQ ID NO:
346, and SEQ ID NO:
348, and SEQ ID NO:
350, and SEQ ID NO:
352, and SEQ ID NO:
354, and SEQ ID NO:
356, and SEQ ID NO:
358, and SEQ ID NO:
360, and SEQ ID NO:

470; SEQ ID NO:219, SEQ ID NO:
472;SEQID NO:221, SEQ ID NO:
474; SEQ ID NO:223, SEQ ID NO:
476; SEQ ID NO:225, SEQ ID NO:
478; SEQ ID NO:227, SEQ ID NO:
480; SEQ ID NO:229, SEQ ID NO:
482; SEQ ID NO:231, SEQ ID NO:
484; SEQ ID NO:233, SEQ ID NO:

345, and SEQ ID NO
347,and SEQIDNO
349, and SEQID NO
351,and SEQIDNO
353,and SEQIDNO
355, and SEQID NO

357,and SEQID NO:
359, and SEQ ID NO:

:471; SEQID NO:220,
:473; SEQID NQO:222,
:475; SEQID NO:224,
:477;SEQID NO:226,
:479; SEQID NO:228,
:481; SEQID NO:230,

483; SEQ ID NO:232,
485; SEQ ID NO:234,

486; and SEQ ID NO:235, SEQ ID NO: 361, and SEQ ID NO: 487; and a light

chain CDR set comprising the amino acid sequences of SEQ ID NO: 721, SEQ ID NO: 722 and SEQ ID NO:
723.

In a more particular aspect, the present invention relates to an antibody or antibody fragment thereof
that binds to human BCMA, comprising a heavy chain CDR set comprising an amino acid sequence selected
from the group comprising: SEQ ID NO: 234, SEQ ID NO: 360, and SEQ ID NO: 486; SEQ ID NO: 219, SEQ ID
NO: 345, and SEQ ID NO: 471; SEQ ID NO: 227, SEQ ID NO: 353, and SEQ ID NO: 479; SEQ ID NO: 231, SEQ
ID NO: 357, and SEQ ID NO: 483, and a light chain CDR set comprising the amino acid sequences of SEQ ID
NO: 721, SEQ ID NO: 722 and SEQ ID NO: 723.

In preferred embodiments, the antibody disclosed herein, comprising a binding portion that binds human

BCMA, as described above is monoclonal.
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Anti-CD38 Binding Proteins

Certain aspects of the present disclosure relate to binding proteins that comprise an antigen binding site
that binds a CD38 polypeptide (e.g., human and cynomolgus monkey CD38 polypeptides). In some
embodiments, an antigen binding domain and/or binding protein of the present disclosure "cross reacts"

with human and cynomolgus monkey CD38 polypeptides.

In some embodiments, the binding proteins disclosed herein are monospecific, or bispecific, or trispecific,
or multispecific and/or monovalent, bivalent, trivalent, or multivalent and comprise a binding portion

which binds to CD38, e.g., to human CD38.

In certain embodiments, the antibody or antibody fragment of the present invention comprises a binding
portion which binds to human CD38 that comprises a heavy chain CDR set comprising an amino acid
sequence selected from the group comprising: SEQ ID NO: 238, SEQ ID NO: 364, and SEQ ID NO: 490; SEQ
ID NO: 239, SEQ ID NO: 365, and SEQ ID NO: 491; SEQ ID NO: 240, SEQ ID NO: 366, and SEQ ID NO: 492;
SEQ ID NO: 241, SEQ ID NO: 367, and SEQ ID NO: 493; SEQ ID NO: 242, SEQ ID NO: 368, and SEQ ID NO:
494; SEQ ID NO: 243, SEQ ID NO: 369, and SEQ ID NO: 495; SEQ ID NO: 244, SEQ ID NO: 370, and SEQ ID
NO: 496; SEQ ID NO: 245, SEQ ID NO: 371, and SEQ ID NO: 497; SEQ ID NO: 246, SEQ ID NO: 372, and SEQ
ID NO: 498; SEQ ID NO: 247, SEQ ID NO: 373, and SEQ ID NO: 499; SEQ ID NO: 248, SEQ ID NO: 374, and
SEQ ID NO: 500; SEQ ID NO: 249, SEQ ID NO: 375, and SEQ ID NO: 501; SEQ ID NO: 250, SEQ ID NO: 376,
and SEQ ID NO: 502; SEQ ID NO: 251, SEQ ID NO: 377, and SEQ ID NO: 503; SEQ ID NO: 252, SEQ ID NO:
378, and SEQ ID NO: 504; SEQ ID NO: 253, SEQ ID NO: 379, and SEQ ID NO: 505; SEQ ID NO: 236, SEQ ID
NO: 362, and SEQ ID NO: 712; and SEQ ID NO: 237, SEQ ID NO: 363, and SEQ ID NO: 700. In more particular
embodiments, the binding portion which binds to human CD38 also comprises a CDR set of the common
light chain comprising the amino acid sequence of SEQ ID NO: 1. More particularly, the CDR set comprising

the amino acid sequences of SEQ ID NO: 721, SEQ ID NO:722 and SEQ ID NO:723.

In more particular embodiments, the binding portion which binds to human CD38 comprises a heavy chain
CDR set comprising an amino acid sequence selected from the group comprising: SEQ ID NO: 236, SEQ ID
NO: 362, and SEQ ID NO: 712; SEQ ID NO: 239, SEQ ID NO: 365, and SEQ ID NO:491; SEQ ID NO: 237, SEQ
ID NO: 363, and SEQ ID NO: 700 ; SEQ ID NO: 248, SEQ ID NO: 374, and SEQ ID NO: 500. Preferably, the
binding portion which binds to human CD38 comprising a CDR set comprising SEQ ID NO: 236, SEQ ID NO:
362, and SEQ ID NO: 712 or SEQ ID NO: 239, SEQ ID NO: 365, and SEQ ID NO: 491. In more particular

embodiments, the binding portion which binds to human CD3 also comprises a CDR set of the common
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light chain comprising the amino acid sequence of SEQ ID NO: 1. More particularly, the light chain CDR set
comprising the amino acid sequences of SEQ ID NO: 721, SEQ ID NO:722 and SEQ ID NO:723.

In other embodiments, the binding portion which binds to human CD38 comprises an heavy chain variable
region of a heavy chain comprising an amino acid sequence that is at least about 80%, 81%, 82%, 83, 84%,
85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 99%, or 100% identical to the amino acid
sequence selected from the group comprising SEQ ID NOs: 110 to 127. In more particular embodiments,
the binding portion which binds to human CD38 also comprises a light chain variable region of a light chain
comprising an amino acid sequence that is at least about 80%, 81%, 82%, 83, 84%, 85%, 86%, 87%, 88%,
89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 99%, or 100% identical to the amino acid sequence of SEQ ID
NO: 1.

Preferably, the binding portion which binds to human CD38 comprises an heavy chain variable
region of a heavy chain comprising an amino acid sequence that is at least about 80%, 81%, 82%,
83, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 99%, or 100%
identical to the amino acid sequence selected from the group comprising SEQ ID NOs: 110, 111,
113, and 122. In more particular embodiments, the binding portion which binds to human CD38
also comprises a light chain variable region of a light chain comprising an amino acid sequence
that is at least about 80%, 81%, 82%, 83, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%,
94%, 95%, 96%, 99%, or 100% identical to the amino acid sequence of SEQ ID NO: 1.The present
invention also relates to a trispecific antibody or antibody fragment thereof comprising at least three
binding portions, at least one of which binds to human CD3, at least one which binds to human BCMA and
at least one of which binds to human CD38, wherein said at least one binding portion which binds to
human CD38 comprises a heavy chain variable region comprising an amino acid sequence that is at least
about 85%, 86%, 87%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% identical to the
amino acid sequence of SEQ ID NO: 593 or 594.

In other embodiments, the binding portion which binds to human CD38 comprises an heavy chain
comprising an amino acid sequence that is at least about 80%, 81%, 82%, 83, 84%, 85%, 86%, 87%, 88%,
89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 99%, or 100% identical to the amino acid sequence selected
from the group comprising SEQ ID NOs: 110 to 127. In more particular embodiments, the binding portion
which binds to human BCMA also comprises a light chain that is at least about 80%, 81%, 82%, 83, 84%,
85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 99%, or 100% identical to the amino acid
sequence of SEQ ID NO: 1.
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Preferably, the binding portion which binds to human CD38 comprises an heavy chain variable region of
a heavy chain comprising an amino acid sequence that is at least about 80%, 81%, 82%, 83, 84%, 85%,
86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 99%, or 100% identical to the amino acid
sequence selected from the group comprising SEQ ID NOs: 110, 111, 113, and 122; and a light chain that
is atleast about 80%, 81%, 82%, 83, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%,
99%, or 100% identical to the amino acid sequence of SEQ ID NO: 1.

The present invention relates to a multispecific, e.g., bispecific or trispecific and multivalent, e.g., bivalent,
or trivalent antibody or antibody fragment thereof comprising any of the binding portions that binds to

human CD38 described above.

In any of the trispecific binding proteins described supra, the target antigen other than CD38 can be any
of the following exemplary antigen targets: A2AR, APRIL, ATPDase, BAFF, BAFFR, BCMA, BIYS, BTK, BTLA,
B7DC, B7H1, B7H4 (also known as VTCN1), B7H5, B7H6, B7H7, B7RP1, B7-4, C3, C5, CCL2 (also known as
MCP-1), CCL3 (also known as MIP-la), CCL4 (also known as MIP-lb), CCL5 (also known as RANTES), CCL7
(also known as MCP-3), CCL8 (also known as mcp-2), CCL11 (also known as eotaxin), CCL15 (also known
as MIP-Id), CCL17 (also known as TARC), CCL19 (also known as MIP-3b), CCL20 (also known as MIP-3a),
CCL21 (also known as MIP-2), CCL24 (also known as MPIF-2/eotaxin-2), CCL25 (also known as TECK), CCL26
(also known as eotaxin-3), CCR3, CCR4, CD3, CCR7, CD19, CD20, CD23 (also known as FCER2, a receptor
for IgE), CD24, CD27, CD28, CD38, CD39, CD40, CD47, CD48, CD70, CD80 (also known as B7-1), CD86 (also
known as B7-2), CD122, CD137 (also known as 41BB), CD137L, CD152 (also known as CTLA4), CD154 (also
known as CD40L), CD160, CD272, CD273 (also known as PD-L2), CD274 (also known as PD-L1), CD275 (also
known as B7H2), CD276 (also known as B7H3), CD278 (also known as ICQOS), CD279 (also known as PD-1),
CDH1 (also known as E- cadherin), chitinase, CLEC9, CLEC91, CRTH2, CSF-1 (also known as M-CSF), CSF-2
(also known as GM-CSF), CSF-3 (also known as GCSF), CX3CL1 (also known as SCYD1), CXCL12 (also known
as SDF1), CXCL13, CXCR3, DNGR-1, ectonucleoside triphosphate diphosphohydrolase 1, EGFR, ENTPD1,
FCER1A, FCER1, FLAP, FOLH1, Gi24, GITR, GITRL, GM-CSF, GPRC5D, Her2, HHLA2, HMGB1, HVEM, ICOSLG,
IDO, IFNa, IgE, IGF1R, IL2Rbeta, IL1, ILLRAP, ILILIA, IL1B, IL1F10, IL2, IL4, ILARa, IL5, IL5R, IL6, IL7, IL7Ra, IL8,
IL9, RAP, IL9R, IL10, rILIO, IL12, IL13, IL13Ral, IL13Ra2, IL15, IL17, IL17Rb (also known as a receptor for IL25),
IL18, IL22, IL23, IL25, IL27, 1L33, IL35, ITGB4 (also known as b4 integrin), ITK, KIR, LAG3, LAMP1, leptin,
LPFS2, MHC class Il, NCR3LG1, KG2D, NTPDase-1, OX40, OX40L, PD-1H, platelet receptor, PROM1, S152,
SISP1, SLC, SPG64, ST2 (also known as a receptor for 1L33), STEAP2, Syk kinase, TACI, TDO, T14, TIGIT,
TIM3, TLR, TLR2, TLR4, TLR5, TLR9, TMEF1, TNFa, TFRSF7, Tp55, TREM1, TSLP (also known as a co-receptor
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for IL7Ra), TSLPR, TWEAK, VEGF, VISTA, Vstm3, WUCAM, and XCR1 (also known as GPR5/CCXCR1), XCL1
and XCL2. In some embodiments, one or more of the above antigen targets are human antigen targets. In
a preferred embodiment, the antibody of the present invention is a trivalent trispecific antibody
comprising at least three binding portions, at least one of which binds to human CD3, at least one of which

binds to BCMA and at least one that binds to CD38.

The present invention also relates to monospecific antibody or antibody fragment thereof comprising any

of the binding portion that binds to CD38, e.g., to human CD38, described above.

In a particular aspect, the present invention relates to an antibody or antibody fragment thereof that
binds to human BCMA, comprising a heavy chain CDR set comprising an amino acid sequence selected
from the group comprising: SEQ ID NO: 238, SEQ ID NO: 364, and SEQ ID NO: 490; SEQ ID NO: 239, SEQ ID
NO: 365, and SEQ ID NO: 491; SEQ ID NO: 240, SEQ ID NO: 366, and SEQ ID NO: 492; SEQ ID NO: 241, SEQ
ID NO: 367, and SEQ ID NO: 493; SEQ ID NO: 242, SEQ ID NO: 368, and SEQ ID NO: 494; SEQ ID NO: 243,
SEQ ID NO: 369, and SEQ ID NO: 495; SEQ ID NO: 244, SEQ ID NO: 370, and SEQ ID NO: 496; SEQ ID NO:
245, SEQ ID NO: 371, and SEQ ID NO: 497; SEQ ID NO: 246, SEQ ID NO: 372, and SEQ ID NO: 498; SEQ ID
NO: 247, SEQ ID NO: 373, and SEQ ID NO: 499; SEQ ID NO: 248, SEQ ID NO: 374, and SEQ ID NO: 500; SEQ
ID NO: 249, SEQ ID NO: 375, and SEQ ID NO: 501; SEQ ID NO: 250, SEQ ID NO: 376, and SEQ ID NO: 502;
SEQ ID NO: 251, SEQ ID NO: 377, and SEQ ID NO: 503; SEQ ID NO: 252, SEQ ID NO: 378, and SEQ ID NO:
504; SEQ ID NO: 253, SEQ ID NO: 379, and SEQ ID NO: 505; SEQ ID NO: 236, SEQ ID NO: 362, and SEQ ID
NO: 712; and SEQ ID NO: 237, SEQ ID NO: 363, and SEQ ID NO: 700; and a light chain CDR set comprising
the amino acid sequences of SEQ ID NO: 721, SEQ ID NO: 722 and SEQ ID NO: 723.

In a more particular aspect, the present invention relates to an antibody or antibody fragment thereof
that binds to human CD38, comprising a heavy chain CDR set comprising an amino acid sequence selected
from the group comprising: SEQ ID NO: 236, SEQ ID NO: 362, and SEQ ID NO: 712; SEQ ID NO: 239, SEQ ID
NO: 365, and SEQ ID NO: 491; SEQID NO: 237, SEQ ID NO: 363, and SEQ ID NO: 700 ; SEQ ID NO: 248, SEQ
ID NO: 374, and SEQ ID NO: 500.

In preferred embodiments, the antibody disclosed herein, comprising a binding portion that binds human

CD38, as described above is monoclonal.
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Trivalent bispecific anti-CD3 and anti-BCMA antibodies

In certain aspects, the present invention relates to a trivalent bispecific antibody or antibody fragment
thereof comprising at least two binding portions, at least one of which binds to human CD3 and at least

one of which binds to BCMA, preferably at least two which bind to BCMA.

In particular embodiments of the present invention, the trivalent bispecific anti-CD3 and anti-BCMA
antibody is an heterodimeric immunoglobulin, in particular it is constructed using the BEAT® heavy chain
(Hc) heterodimerization technology previously described (Skegro et al., (2017) J Biol Chem 292(23): 9745-
9759 and Stutz et al., (2020) J Biol Chem 295(28): 9392-9408, W02012131555), comprises a BEAT(A)
chain, also referred herein to as BTA, and a BEAT (B) chain, also referred herein to as BTB. More
specifically, the trivalent bispecific anti-CD3 and anti-BCMA antibody is designed by the combination of
the CD3 binders as Fab and BCMA double dAb from the art on a silenced BEAT Fc backbone (LALA
mutations, Hezareh et al., 2001, J Virol, 75(24): 12161-12168).

In certain embodiments of the present invention, the trivalent bispecific anti-CD3 and anti-BCMA
comprises a BTA chain comprising the amino acid sequence of SEQ ID NO: 515, a BTB chain comprising
the amino acid sequence of SEQ ID NO: 516, and a common Light chain comprising the amino acid
sequence of SEQ ID NO: 1; or a BTA chain comprising the amino acid sequence of SEQ ID NO: 509, a BTB
chain comprising the amino acid sequence of SEQ ID NO: 510, and a common Light chain comprising the
amino acid sequence of SEQ ID NO: 1; or a BTA chain comprising the amino acid sequence of SEQ ID NO:
513, a BTB chain comprising the amino acid sequence of SEQ ID NO: 514, and a common Light chain
comprising the amino acid sequence of SEQ ID NO: 1; or a BTA chain comprising the amino acid sequence
of SEQ ID NO: 511, a BTB chain comprising the amino acid sequence of SEQ ID NO: 512, and a common
Light chain comprising the amino acid sequence of SEQ ID NO: 1; or a BTA chain comprising the amino
acid sequence of SEQ ID NO: 517, a BTB chain comprising the amino acid sequence of SEQ ID NO: 518, and
a common Light chain comprising the amino acid sequence of SEQ ID NO: 1. The present invention also
discloses a trivalent bispecific anti-CD3 and anti-BCMA comprising a BTA chain and/or a BTB chain and/or
a common light chain at least about 80%, 81%, 82%, 83, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%,

93%, 94%, 95%, 96%, 99%, or 100% identical to the above mentioned amino acid sequences.
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Trispecific anti-CD3, anti-BCMA and anti-CD38 proteins

The present invention relates to a trispecific antibody or antibody fragment thereof comprising at least
three binding portions, at least one of which binds to human CD3, at least one which binds to human
BCMA and at least one of which binds to human CD38, also called herein CD3/BCMA/CD38 antibodies. In
preferred embodiments, the present invention provides a trispecific antibody or antibody fragment
thereof that binds to a human CD3 and to a human BCMA, and to human CD38. In preferred embodiment
of the present invention the antibody is monoclonal. Binding portions that bind CD3, BCMA or CD38,

according to the present invention are described supra.

Trispecific antibodies are a group of engineered antibody derivatives which recognize three different
target antigens. In particular embodiments of the present invention, the trispecific anti-CD3, anti-BCMA
anti-CD38 antibody is a heterodimeric immunoglobulin, in particular it is constructed using the TREAT®
trispecific antibody technology which is based on BEAT® platform. The BEAT® platform is based on the
replacement of the protein-protein interface of the CH3 domain pair of the antibody Fc region with the
protein-protein interface of the T cell receptor (TCR) a-3 constant region. The resulting BEAT® interface
drives preferential formation of heterodimeric bispecific or trispecific antibodies (bsAbs or TriAbs) over
the homodimeric contaminants. In addition, CD3/BCMA/CD38 antibodies make use of a Fab CD38 binding
arm as Fab unit, of a Fab BCMA binding arm and of a Fab CD3 binding arm that all utilize a common light
chain to prevent light chain mispairing, a common challenge associated with bsAb and even more so
TriAbs platforms. Additional engineering has also been performed to allow an easier and faster
purification process, natural conformation in antibody structure, stability, and binding to neonatal Fc
receptor (FcRn) was retained maximizing the serum half-life of CD3/BCMA/CD38 antibodies (Skegro et al.,
J Biol Chem, 2017, 292(23):9745-9759; Stutz et al., J Biol Chem, 2020, 295(28):9392-9408).

Binding portions that bind CD3, BCMA or CD38, according to the present invention can be any of the
binding portions that bind CD3, BCMA or CD38 described above.

In certain particular embodiments, the at least one binding portion which binds to human CD3 comprises
a heavy chain CDR set selected from the group comprising: SEQ ID NO: 181, SEQ ID NO: 307, and SEQ ID
NO: 433; SEQ ID NO: 184, SEQID NO: 310, and SEQ ID NO: 436; SEQ ID NO: 186, SEQ ID NO: 312, and SEQ
ID NO: 438; SEQ ID NO: 188, SEQ ID NO: 314, and SEQ ID NO: 440; SEQ ID NO: 192, SEQ ID NO: 318, and
SEQ ID NO: 444.; the at least one which binds to BCMA comprises a heavy chain CDR set selected from
the group comprising SEQ ID NO: 234, SEQ. ID NO: 360, and SEQ ID NO: 486; SEQ ID NO: 219, SEQ ID NO:
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345, and SEQ ID NO: 471; SEQ ID NO: 227, SEQ ID NO: 353, and SEQ ID NO: 479; SEQ ID NO: 231, SEQ ID
NO: 357, and SEQ ID NO: 483; and the at least one binding portion which binds to human CD38 comprises
a heavy chain CDR set comprising SEQ ID NO: 236, SEQ ID NO: 362, and SEQ ID NO: 712; SEQ ID NO: 239,
SEQ ID NO: 365, and SEQ ID NO: 491; SEQ ID NO: 237, SEQ ID NO: 363, and SEQ ID NO: 700 ; SEQ ID NO:
248, SEQ ID NO: 374, and SEQ ID NO: 500.

More specifically, the trispecific antibody of the present invention comprises at least one binding portion
which binds to human CD3 comprising a heavy chain CDR set comprising SEQ ID NO: 181, SEQ ID NO: 307,
and SEQ ID NO: 433; at least one binding portion which binds to BCMA comprising a heavy chain CDR set
comprising SEQ ID NO: 234, SEQ ID NO: 360, and SEQ ID NO: 486; and at least one binding portion which
binds to human CD38 comprising a heavy chain CDR set comprising SEQ ID NO: 236, SEQ. ID NO: 362, and
SEQ ID NO: 712 or SEQ ID NO: 239, SEQ ID NO: 365, and SEQ ID NO: 491. In a particularly preferred
embodiment, the at least one binding portion which binds to human CD38 comprises a heavy chain CDR

set comprising the amino acid sequence of SEQ ID NO: 239, SEQ ID NO: 365, and SEQ ID NO: 491.

In certain embodiment, the trispecific antibody or antibody fragment thereof disclosed herein further

comprises a light chain variable region comprising an amino acid sequence of SEQ ID NO: 1.

Even more specifically, the present invention relates to a trispecific antibody or antibody fragment thereof
comprising at least three binding portions, at least one of which binds to human CD3, at least one which
binds to human BCMA and at least one of which binds to human CD38, wherein said at least one binding
portion which binds to human CD3 comprises a heavy chain CDR set comprising SEQ ID NO: 181, SEQ ID
NO: 307, and SEQ ID NO: 433, and a light chain CDR set comprising SEQ ID NO: 721, SEQ ID NO: 722 and
SEQ ID NO: 723; said at least one binding portion which binds to BCMA comprises a heavy chain CDR set
comprising SEQ ID NO: 234, SEQ ID NO: 360, and SEQ ID NO: 486, and a light chain CDR set comprising
SEQID NO: 721, SEQ ID NO: 722 and SEQ ID NO: 723; and said at least one binding portion which binds to
human CD38 comprises a heavy chain CDR set comprising SEQ ID NO: 239, SEQ ID NO: 365, and SEQ ID
NO: 491, and a light chain CDR set comprising SEQ ID NO: 721, SEQ ID NO: 722 and SEQ ID NO: 723.

Even more specifically, the present invention relates to a trispecific antibody or antibody fragment thereof
comprising at least three binding portions, at least one of which binds to human CD3, at least one which
binds to human BCMA and at least one of which binds to human CD38, wherein said at least one binding
portion which binds to human CD3 comprises a heavy chain CDR set comprising SEQ ID NO: 181, SEQ ID
NO: 307, and SEQ ID NO: 433, and a light chain CDR set comprising SEQ ID NO: 721, SEQ ID NO: 722 and
SEQ ID NO: 723; said at least one binding portion which binds to BCMA comprises a heavy chain CDR set
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comprising SEQ ID NO: 234, SEQ ID NO: 360, and SEQ ID NO: 486, and a light chain CDR set comprising
SEQID NO: 721, SEQ ID NO: 722 and SEQ ID NO: 723; and said at least one binding portion which binds to
human CD38 comprises a heavy chain CDR set comprising SEQ ID NO: 236, SEQ ID NO: 362, and SEQ ID

NO: 712, and a light chain CDR set comprising SEQ ID NO: 721, SEQ ID NO: 722 and SEQ ID NO: 723.

The present invention also relates to an antibody or antibody fragment thereof or antigen-binding
fragment which binds to the same epitope on CD3, and/or BCMA, and/or CD38 as a reference antibody
wherein the reference antibody is a trispecific antibody comprising at least three binding portions, at least
one of which binds to human CD3, at least one which binds to human BCMA and at least one of which
binds to human CD38, wherein said at least one binding portion which binds to human CD3 comprises a
heavy chain CDR set comprising SEQ ID NO: 181, SEQ ID NO: 307, and SEQ ID NO: 433, and a light chain
CDR set comprising SEQ ID NO: 721, SEQ ID NO: 722 and SEQ ID NO: 723; said at least one binding portion
which binds to BCMA comprises a heavy chain CDR set comprising SEQ ID NO: 234, SEQ ID NO: 360, and
SEQ ID NO: 486, and a light chain CDR set comprising SEQ ID NO: 721, SEQ ID NO: 722 and SEQ.ID NO: 723;
and said at least one binding portion which binds to human CD38 comprises a heavy chain CDR set
comprising SEQ ID NO: 239, SEQ ID NO: 365, and SEQ ID NO: 491, and a light chain CDR set comprising
SEQ ID NO: 721, SEQ ID NO: 722 and SEQ ID NO: 723.

The present invention also relates to an antibody or antibody fragment thereof or antigen-binding
fragment which binds to the same epitope on CD3, and/or BCMA, and/or CD38 as a reference antibody
wherein the reference antibody is a trispecific antibody comprising at least three binding portions, at least
one of which binds to human CD3, at least one which binds to human BCMA and at least one of which
binds to human CD38, wherein said at least one binding portion which binds to human CD3 comprises a
heavy chain CDR set comprising SEQ ID NO: 181, SEQ ID NO: 307, and SEQ ID NO: 433, and a light chain
CDR set comprising SEQ ID NO: 721, SEQ ID NO: 722 and SEQ ID NO: 723; said at least one binding portion
which binds to BCMA comprises a heavy chain CDR set comprising SEQ ID NO: 234, SEQ ID NO: 360, and
SEQ ID NO: 486, and a light chain CDR set comprising SEQ ID NO: 721, SEQ ID NO: 722 and SEQ.ID NO: 723;
and said at least one binding portion which binds to human CD38 comprises a heavy chain CDR set
comprising SEQ ID NO: 236, SEQ ID NO: 362, and SEQ ID NO: 712, and a light chain CDR set comprising
SEQ ID NO: 721, SEQ ID NO: 722 and SEQ ID NO: 723.

In a particular aspect of the present invention, the trispecific antibody comprises at least one binding
portion which binds to human CD3 comprising a heavy chain variable region of a heavy chain comprising

an amino acid sequence that is at least about 80%, 81%, 82%, 83, 84%, 85%, 86%, 87%, 88%, 89%, 90%,
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91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% identical to the amino acid sequence of SEQ ID
NOs: 55; 58; 60; 62 and 66; at least one binding portion which binds to human BCMA comprising a heavy
chain variable region of a heavy chain comprising an amino acid sequence that is at least about 80%, 81%,
82%, 83, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100%
identical to the amino acid sequence of SEQ ID NOs: 93, 101, 105 and 108; and at least one binding portion
which binds to human CD38 comprising a heavy chain variable region of a heavy chain comprising an
amino acid sequence that is at least about 80%, 81%, 82%, 83, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%,
92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% identical to an amino acid sequence selected from the
group comprising SEQ ID NOs: 110; 113, 122 and 111. In a more particular aspect, the trispecific antibody
or antibody fragment thereof further comprises a light chain variable region of a light chain comprising an

amino acid sequence of SEQ ID NO: 1.

In a particular aspect of the present invention, the trispecific antibody comprises at least one binding
portion which binds to human CD3 comprising a heavy chain variable region of a heavy chain comprising
an amino acid sequence that is at least about 80%, 81%, 82%, 83, 84%, 85%, 86%, 87%, 88%, 89%, 90%,
91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% identical to the amino acid sequence of SEQ ID
NOs: 55; 58; 60; 62 and 66; at least one binding portion which binds to human BCMA comprising a heavy
chain variable region of a heavy chain comprising an amino acid sequence that is at least about 80%, 81%,
82%, 83, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100%
identical to the amino acid sequence of SEQ ID NOs: 93, 101, 105, and 108, wherein an amino acid
sequence of SEQ ID NOs: 93, 101, 105, and 108 further comprises the substitution N82a$; and at least one
binding portion which binds to human CD38 comprising a heavy chain variable region of a heavy chain
comprising an amino acid sequence that is at least about 80%, 81%, 82%, 83, 84%, 85%, 86%, 87%, 88%,
89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% identical to an amino acid sequence
selected from the group comprising SEQ ID NOs: 110; 113, 122 and 111. In a more particular aspect, the
trispecific antibody or antibody fragment thereof further comprises a light chain variable region of a light

chain comprising an amino acid sequence of SEQ ID NO: 1.

In a particular aspect of the present invention, the trispecific antibody comprises at least one binding
portion which binds to human CD3 comprising a heavy chain comprising an amino acid sequence that is
at least about 80%, 81%, 82%, 83, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%,
97%, 98%, 99% or 100% identical to the amino acid sequence of SEQ ID NOs: 55; 58; 60; 62 and 66; at least

one binding portion which binds to human BCMA comprising a heavy chain comprising an amino acid
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sequence that is at least about 80%, 81%, 82%, 83, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%,
94%, 95%, 96%, 97%, 98%, 99% or 100% identical to the amino acid sequence of SEQ ID NOs: 93, 101, 105
and 108; and at least one binding portion which binds to human CD38 comprising a heavy chain
comprising an amino acid sequence that is at least about 80%, 81%, 82%, 83, 84%, 85%, 86%, 87%, 88%,
89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% identical to an amino acid sequence
selected from the group comprising SEQ ID NOs: 110; 113, 122 and 111. In a more particular aspect, the
trispecific antibody or antibody fragment thereof further comprises a light chain comprising an amino acid

sequence of SEQ ID NOs: 1.

In a particular aspect of the present invention, the trispecific antibody comprises at least one binding
portion which binds to human CD3 comprising a heavy chain comprising an amino acid sequence that is
at least about 80%, 81%, 82%, 83, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%,
97%, 98%, 99% or 100% identical to the amino acid sequence of SEQ ID NOs: 55; 58; 60; 62 and 66; at least
one binding portion which binds to human BCMA comprising a heavy chain comprising an amino acid
sequence that is at least about 80%, 81%, 82%, 83, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%,
94%, 95%, 96%, 97%, 98%, 99% or 100% identical to the amino acid sequence of SEQ ID NOs: 93, 101, 105
and 108, wherein an amino acid sequence of SEQ ID NOs: 93, 101, 105, and 108 further comprises the
substitution N82aS$; and at least one binding portion which binds to human CD38 comprising a heavy chain
comprising an amino acid sequence that is at least about 80%, 81%, 82%, 83, 84%, 85%, 86%, 87%, 88%,
89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% identical to an amino acid sequence
selected from the group comprising SEQ ID NOs: 110; 113, 122 and 111. In a more particular aspect, the
trispecific antibody or antibody fragment thereof further comprises a light chain comprising an amino acid

sequence of SEQ ID NOs: 1.

More specifically, the trispecific antibody or antibody fragment thereof of the present invention
comprises at least one binding portion which binds to human CD3 comprising a heavy chain variable
region of a heavy chain comprising an amino acid sequence that is at least about 80%, 81%, 82%, 83, 84%,
85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% identical to the
amino acid sequence of SEQ ID NO: 55; at least one binding portion which binds to human BCMA
comprising a heavy chain variable region of a heavy chain comprising an amino acid sequence that is at
least about 80%, 81%, 82%, 83, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%,
97%, 98%, 99% or 100% identical to the amino acid sequence of SEQ ID NOs: 108; and at least one binding

portion which binds to human CD38 comprising a heavy chain variable region of a heavy chain comprising
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an amino acid sequence that is at least about 80%, 81%, 82%, 83, 84%, 85%, 86%, 87%, 88%, 89%, 90%,
91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% identical to an amino acid sequence selected
from the group comprising SEQ ID NOs: 110 and 113. In a more particular aspect, the trispecific antibody
or antibody fragment thereof further comprises a light chain variable region of a light chain comprising an

amino acid sequence of SEQ ID NO: 1.

More specifically, the trispecific antibody or antibody fragment thereof of the present invention
comprises at least one binding portion which binds to human CD3 comprising a heavy chain variable
region of a heavy chain comprising an amino acid sequence that is at least about 80%, 81%, 82%, 83, 84%,
85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% identical to the
amino acid sequence of SEQ ID NO: 55; at least one binding portion which binds to human BCMA
comprising a heavy chain variable region of a heavy chain comprising an amino acid sequence that is at
least about 80%, 81%, 82%, 83, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%,
97%, 98%, 99% or 100% identical to the amino acid sequence of SEQ ID NO: 108, wherein the amino acid
sequence of SEQ ID NO: 108 further comprising the mutation N82aS; and at least one binding portion
which binds to human CD38 comprising a heavy chain variable region of a heavy chain comprising an
amino acid sequence that is at least about 80%, 81%, 82%, 83, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%,
92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% identical to an amino acid sequence selected from
the group comprising SEQ ID NOs: 110 and 113. In a more particular aspect, the trispecific antibody or
antibody fragment thereof further comprises a light chain variable region of a light chain comprising an

amino acid sequence of SEQ ID NO: 1.

Even more specifically, the trispecific antibody or antibody fragment thereof of the present invention
comprises at least one binding portion which binds to human CD3 comprising a heavy chain comprising
an amino acid sequence that is at least about 80%, 81%, 82%, 83, 84%, 85%, 86%, 87%, 88%, 89%, 90%,
91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% identical to the amino acid sequence of SEQ ID
NO: 55; at least one binding portion which binds to human BCMA comprising a heavy chain comprising an
amino acid sequence that is at least about 80%, 81%, 82%, 83, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%,
92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% identical to the amino acid sequence of SEQ ID NOs:
108; and at least one binding portion which binds to human CD38 comprising a heavy chain comprising
an amino acid sequence that is at least about 80%, 81%, 82%, 83, 84%, 85%, 86%, 87%, 88%, 89%, 90%,
91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% identical to an amino acid sequence selected

from the group comprising SEQ ID NOs: 110 and 113, preferably of SEQ ID NO: 113. In a more particular
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aspect, the trispecific antibody or antibody fragment thereof further comprises a light chain comprising

an amino acid sequence of SEQ ID NO: 1.

Even more specifically, the trispecific antibody or antibody fragment thereof of the present invention
comprises at least one binding portion which binds to human CD3 comprising a heavy chain comprising
an amino acid sequence that is at least about 80%, 81%, 82%, 83, 84%, 85%, 86%, 87%, 88%, 89%, 90%,
91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% identical to the amino acid sequence of SEQ ID
NO: 55; at least one binding portion which binds to human BCMA comprising a heavy chain comprising an
amino acid sequence that is at least about 80%, 81%, 82%, 83, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%,
92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% identical to the amino acid sequence of SEQ ID NO:
108, wherein the amino acid sequence of SEQ ID NO: 108 further comprising the mutation N82aS$; and at
least one binding portion which binds to human CD38 comprising a heavy chain comprising an amino acid
sequence that is at least about 80%, 81%, 82%, 83, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%,
94%, 95%, 96%, 97%, 98%, 99% or 100% identical to an amino acid sequence selected from the group
comprising SEQ ID NOs: 110 and 113, preferably of SEQ ID NO: 113. In a more particular aspect, the
trispecific antibody or antibody fragment thereof further comprises a light chain comprising an amino acid

sequence of SEQ ID NO: 1.

In a preferred embodiment, the trispecific antibody or antibody fragment thereof of the present invention
comprises at least one binding portion which binds to human CD3 comprising a heavy chain comprising
an amino acid sequence of SEQ ID NO: 55; at least one binding portion which binds to human BCMA
comprising a heavy chain comprising an amino acid sequence of SEQ ID NO: 108; and at least one binding
portion which binds to human CD38 comprising a heavy chain comprising an amino acid sequence of SEQ

ID NO: 113; and a light chain comprising an amino acid sequence of SEQ ID NO: 1.

In a preferred embodiment, the trispecific antibody or antibody fragment thereof of the present invention
comprises at least one binding portion which binds to human CD3 comprising a heavy chain comprising
an amino acid sequence of SEQ ID NO: 55; at least one binding portion which binds to human BCMA
comprising a heavy chain comprising an amino acid sequence of SEQ ID NO: 108, wherein the amino acid
sequence of SEQ ID NO: 108 further comprising the mutation N82a$; and at least one binding portion
which binds to human CD38 comprising a heavy chain comprising an amino acid sequence of SEQ ID NO:

113; and a light chain comprising an amino acid sequence of SEQ ID NO: 1.

In a preferred embodiment, the trispecific antibody or antibody fragment thereof of the presentinvention

comprises at least one binding portion which binds to human CD3 comprising a heavy chain comprising
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an amino acid sequence of SEQ ID NO: 55; at least one binding portion which binds to human BCMA
comprising a heavy chain comprising an amino acid sequence of SEQ ID NO: 108; and at least one binding
portion which binds to human CD38 comprising a heavy chain comprising an amino acid sequence of SEQ

ID NO: 110; and a light chain comprising an amino acid sequence of SEQ ID NO: 1.

In a preferred embodiment, the trispecific antibody or antibody fragment thereof of the present invention
comprises at least one binding portion which binds to human CD3 comprising a heavy chain comprising
an amino acid sequence of SEQ ID NOs: 55; at least one binding portion which binds to human BCMA
comprising a heavy chain comprising an amino acid sequence of SEQ ID NO: 108, wherein the amino acid
sequence of SEQ ID NO: 108 further comprising the mutation N82aS; and at least one binding portion
which binds to human CD38 comprising a heavy chain comprising an amino acid sequence of SEQ ID NO:

110; and a light chain comprising an amino acid sequence of SEQ ID NO: 1.

Inamore particular aspect of the present invention, the trispecific antibody comprises at least one binding
portion which binds to human CD3 comprising a heavy chain variable region comprising an amino acid
sequence that is at least about 80%, 81%, 82%, 83, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%,
94%, 95%, 96%, 97%, 98%, 99% or 100% identical to the amino acid sequence of SEQ ID NO: 592; at least
one binding portion which binds to human BCMA comprising a heavy chain variable region comprising an
amino acid sequence that is at least about 80%, 81%, 82%, 83, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%,
92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% identical to the amino acid sequence of SEQ ID NO:
591; and at least one binding portion which binds to human CD38 comprising a heavy chain variable region
comprising an amino acid sequence that is at least about 80%, 81%, 82%, 83, 84%, 85%, 86%, 87%, 88%,
89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% identical to an amino acid sequence
selected from the group comprising SEQ ID NOs: 593 and 594, preferably, of SEQ ID NO: 594. In a more
particular aspect, the trispecific antibody or antibody fragment thereof further comprises a light chain

variable region of a light chain comprising an amino acid sequence of SEQ ID NO: 1.

The present invention also relates to an antibody or antigen-binding fragment which binds an epitope on
the human CD3, wherein said epitope on CD3 comprises the amino acid sequence that is at least about
80%, 81%, 82%, 83, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%
or 100% identical to SEQ ID NO: 726.

In particular, the present invention also relates to an antibody or antibody fragment thereof or antigen-
binding fragment which binds to the same epitope on human CD3 as a reference antibody or antibody

fragment thereof comprising the at least one binding portion which binds to human CD3, one binding
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portion which binds to human BCMA, and one binding portion which binds to CD38, whilst said antibody
is bound to human CD3, to human BCMA, and to human CD38, wherein the reference antibody is a
trispecific antibody or antibody fragment thereof comprising at least three binding portions, at least one
of which binds to human CD3, at least one which binds to human BCMA and at least one of which binds
to human CD38, wherein said at least one binding portion which binds to human CD3 comprises a heavy
chain CDR set comprising SEQ. ID NO: 181, SEQ ID NO: 307, and SEQ ID NO: 433, and a light chain CDR set
comprising SEQ ID NO: 721, SEQ ID NO: 722 and SEQ ID NO: 723; said at least one binding portion which
binds to BCMA comprises a heavy chain CDR set comprising SEQ ID NO: 234, SEQ ID NO: 360, and SEQ ID
NO: 486, and a light chain CDR set comprising SEQ ID NO: 721, SEQ ID NO: 722 and SEQ ID NO: 723; and
said at least one binding portion which binds to human CD38 comprises a heavy chain CDR set comprising
SEQ ID NO: 239, SEQ ID NO: 365, and SEQ ID NO: 491, and a light chain CDR set comprising SEQ ID NO:
721, SEQID NO: 722 and SEQ ID NO: 723.

The present invention also relates to an epitope on the human CD3 comprising the amino acid sequence
that is at least about 80%, 81%, 82%, 83, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%,
96%, 97%, 98%, 99% or 100% identical to SEQ ID NO: 726.

The present invention also relates to an antibody or antigen-binding fragment which binds an epitope on
the human CD38, wherein said epitope on CD38 comprises the residues Glu103, GIn107, Thr114, Thr116,
Argl194, Argl95, Glul98, Alal99, Asp202, Ser224, His228, Asn229, GIn231, Pro232, Glu233, Lys234,
Val235, GIn236, lle265, Ser267, Lys268, Arg269 and Asn270, as detected by X-ray crystallography. In
particular, as detected by X-ray crystallography, having resolution of at least 5 A preferably of at least A

even more preferably of at least 3.5 A. In a most preferred example, the resolution is about 3.4 A.

The present invention also relates to an epitope on the human CD38 comprising the residues Glu103,
GIn107, Thrl114, Thr1l6, Argl94, Argl95, Glul198, Alal99, Asp202, Ser224, His228, Asn229, GIn231,
Pro232, Glu233, Lys234, Val235, GIn236, lle265, Ser267, Lys268, Arg269 and Asn270, as detected by X-ray
crystallography. In particular, as detected by X-ray crystallography, having resolution of at least 5 A
preferably of at least A, even more preferably of at least 3.5 A.Inamost preferred example, the resolution

is about 3.4 A.

The present invention also provides full length antibodies as well as antibody fragments and/or binding
portions that binds to a human CD3 and/or to a human BCMA, and/or to human CD38. Antibody fragments
include, but are not limited to, (i) the Fab fragment consisting of VL, VH, CL and CH1 domains, including

Fab'and Fab'-SH, (ii) the Fd fragment consisting of the VH and CH1 domains, (iii) the Fv fragment consisting
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of the VL and VH domains of a single antibody; (iv) the dAb fragment ( Ward ES et al., (1989) Nature, 341:
544-546 ) which consists of a single variable, (v) F(ab')2 fragments, a bivalent fragment comprising two
linked Fab fragments (vi) single chain Fv molecules (scFv), wherein a VH domain and a VL domain are
linked by a peptide linker which allows the two domains to associate to form an antigen binding site ( Bird
RE et al., (1988) Science 242: 423-426 ; Huston JS et al., (1988) Proc. Natl. Acad. Sci. USA, 85: 5879-83 ),
(vii) bispecific single chain Fv dimers (PCT/US92/09965), (viii) "diabodies" or "triabodies", multivalent or
multispecific fragments constructed by gene fusion ( Tomlinson | & Hollinger P (2000) Methods Enzymol.
326: 461-79; W094/13804; Holliger P et al., (1993) Proc. Natl. Acad. Sci. USA, 90: 6444-48) and (ix) scFv
genetically fused to the same or a different antibody (Coloma MJ & Morrison SL (1997) Nature
Biotechnology, 15(2): 159-163).

In certain embodiments of the present invention, the trispecific antibody is a full-length antibody or an
antibody fragment thereof, wherein the at least one binding portion which binds to human CD3, and/or
the at least one binding portion which binds to human BCMA and/or the at least one binding portion
which binds to human CD38 is an antibody fragment, such as a Fab region. The term "Fab" or "Fab region"
or “Fab domain” as used herein includes the polypeptides that comprise the VH, CH1, VL, and CL
immunoglobulin domains. Fab may refer to this region in isolation, or this region in the context of a full-

length antibody or antibody fragment.

In certain embodiment of the present invention, the trispecific antibody comprises at least one binding
portion which binds to human CD3 and at least one binding portion which binds to human BCMA fused to
each other, or at least one binding portion which binds to human CD3 and at least one binding portion
which binds to human CD38 fused to each other, or at least one binding portion which binds to human

BCMA and at least one binding portion which binds to human CD38 fused to each other.

In a particular embodiment, the trispecific antibody has the at least one binding portion which binds to
human BCMA fused at the N-terminus to the C-terminus of the at least one binding portion which binds
to human CD3. In another embodiment, the trispecific antibody has the at least one binding portion which
binds to human BCMA fused at the N-terminus to the C-terminus said at least one binding portion which

binds to human CD38.

In another embodiment, the trispecific antibody has at least one binding portion which binds to human
BCMA fused at the C-terminus to the N-terminus of the at least one binding portion which binds to human

CD3. In a further embodiment, the trispecific antibody of the present invention has the at least one
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binding portion which binds to human BCMA fused at the C-terminus to the N-terminus said at least one

binding portion which binds to human CD38.

In another embodiment, the trispecific antibody has at least one binding portion which binds to human
CD3 fused at the C-terminus to the N-terminus of the at least one binding portion which binds to human
CD38. In a further embodiment, the trispecific antibody of the present invention has the at least one
binding portion which binds to human CD3 fused at the N-terminus to the C-terminus said at least one

binding portion which binds to human CD38.
In a particular aspect, the binding portions above are fused to each other via a linker, e.g., a peptide linker.

In a specific aspect, the binding portions of the trispecific antibody of the present invention are Fab

fragments.

In an even more specific embodiment, the antibody of the present invention has three binding portions
which are Fab fragments, wherein the binding portion which binds to human BCMA is fused at the C-
terminus to the N-terminus of the Fab heavy or light chain of the binding portion which binds to human
CD3, or wherein the binding portion which binds to human BCMA is fused at the C-terminus to the N-

terminus of the Fab heavy or light chain of said binding portion which binds to human CD38.

In an even more specific embodiment, the antibody of the present invention has three binding portions
which are Fab fragments, wherein the binding portion which binds to human BCMA is fused at the N-
terminus to the C-terminus of the Fab heavy or light chain of the binding portion which binds to human
CD3, or wherein the binding portion which binds to human BCMA is fused at the N-terminus to the C-

terminus of the Fab heavy or light chain of said binding portion which binds to human CD38.

In a particular aspect of the present invention the binding portions of the antibody fused as described
above are fused via a peptide linker. Preferably the linker has a sequence selected from SEQ. ID NOs: 604

and 605. Other preferred peptide linkers are listed below in paragraph “Linkers”.

Preferably the trispecific antibody according to the present invention comprises the a set of three amino
acid chains of sequences that are at least about 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 89%, 90%,
91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% identical to the amino acid sequence selected
from the group comprising: SEQ ID NO: 522, SEQ ID NO: 523 and SEQ ID NO: 1; SEQ ID NO: 530, SEQ ID
NO: 531 and SEQ ID NO: 1; SEQ ID NO: 532, SEQ ID NO: 533 and SEQ ID NO: 1; SEQ ID NO: 534, SEQ ID NO:
535and SEQID NO: 1; SEQ ID NO: 536, SEQ ID NO: 537 and SEQ ID NO: 1; SEQ ID NO: 538, SEQ ID NO: 539
and SEQID NO: 1; SEQ ID NO: 540, SEQ ID NO: 541 and SEQ ID NO: 1; SEQ ID NO: 542, SEQ ID NO: 543 and
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SEQ ID NO: 1; SEQ ID NO: 544, SEQ ID NO: 545 and SEQ ID NO: 1; SEQ ID NO: 546, SEQ ID NO: 547 and SEQ
ID NO: 1; and SEQ ID NO: 548, SEQ ID NO:549 and SEQ ID NO:1.

Preferably the present invention relates to a trispecific antibody comprising a set of three amino acid
chains that are at least about 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 89%, 90%, 91%, 92%, 93%, 94%,
95%, 96%, 97%, 98%, 99% or 100% identical to the amino acid sequence of selected from the group
comprising: SEQ ID NO: 546, SEQ ID NO: 547 and SEQ ID NO: 1; and SEQ ID NO: 548, SEQ ID NO:549 and
SEQ ID NO:1.

In a more preferred embodiment, the trispecific antibody or antibody fragment thereof according to the
present invention, comprises a set of three amino acid chains of amino acid sequences SEQ ID NO: 546,

SEQ ID NO: 547 and SEQ ID NO: 1.
Nucleic acids

Standard recombinant DNA methodologies are used to construct the polynucleotides that encode the
polypeptides which form the binding proteins, incorporate these polynucleotides into recombinant
expression vectors, and introduce such vectors into host cells. See e.g., Sambrook et al., 2001,
MOLECULAR CLONING: A LABORATORY MANUAL (Cold Spring Harbor Laboratory Press, 3rd ed.).
Enzymatic reactions and purification techniques may be performed according to manufacturer's
specifications, as commonly accomplished in the art, or as described herein. Unless specific definitions
are provided, the nomenclature utilized in connection with, and the laboratory procedures and
techniques of, analytical chemistry, synthetic organic chemistry, and medicinal and pharmaceutical
chemistry described herein are those well-known and commonly used in the art. Similarly, conventional
techniques may be used for chemical syntheses, chemical analyses, pharmaceutical preparation,

formulation, delivery, and treatment of patients.

Other aspects of the present disclosure relate to isolated nucleic acid molecules comprising a nucleotide
sequence encoding any of the binding proteins described herein. In some embodiments, the isolated
nucleic acid molecules comprise a sequence that is at least 85%, at least 86%, at least 87%, at least 88%,
at least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%,

at least 97%, at least 98%, at least 99%, or 100% identical.

Certain aspects of the present disclosure relate to kits of polynucleotides. In some embodiments, one or
more of the polynucleotides is a vector {e.g., an expression vector). The kits may find use, inter alia, in

producing one or more of the binding proteins described herein, e.g., a bi-, or trispecific binding protein
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of the present disclosure. In some embodiments, the kit comprises one, two, three, or four

polynucleotides.

In some embodiments, the isolated nucleic acid is operably linked to a heterologous promoter to direct
transcription of the binding protein-coding nucleic acid sequence. A promoter may refer to nucleic acid
control sequences which direct transcription of a nucleic acid. A first nucleic acid sequence is operably
linked to a second nucleic acid sequence when the first nucleic acid sequence is placed in a functional
relationship with the second nucleic acid sequence. For instance, a promoter is operably linked to a coding
sequence of a binding protein if the promoter affects the transcription or expression of the coding
sequence. Examples of promoters may include, but are not limited to, promoters obtained from the
genomes of viruses (such as polyoma virus, fowlpox virus, adenovirus (such as Adenovirus 2), bovine
papilloma virus, avian sarcoma virus, cytomegalovirus, a retrovirus, hepatitis-B virus, polyomaviruses,
such as Simian Virus 40 (SV40), and the like), from heterologous eukaryotic promoters (such as the actin
promoter, an immunoglobulin promoter, from heat- shock promoters, and the like), the cytomegalovirus
immediate-early enhancer/chicken B-actin CAG-promoter (Niwa et al., Gene 108(2): 193-9, 1991), the
phosphoglycerate kinase (PGK)-promoter, a tetracycline-inducible promoter (Masui et al., Nucleic Acids
Res. 33:e43, 2005), the lac system, the tip system, the tac system, the trc system, major operator and
promoter regions of phage lambda, the promoter for 3-phosphoglycerate kinase, the promoters of yeast
acid phosphatase, and the promoter of the yeast alpha-mating factors. Polynucleotides encoding binding
proteins of the present disclosure may be under the control of a constitutive promoter, an inducible
promoter, or any other suitable promoter described herein or other suitable promoter that will be readily

recognized by one skilled in the art.

In some embodiments, the isolated nucleic acid is incorporated into a vector. In some embodiments, the
vector is an expression vector. Expression vectors may include one or more regulatory sequences
operatively linked to the polynucleotide to be expressed. The term "regulatory sequence" includes
promoters, enhancers, and other expression control elements (e.g., polyadenylation signals). Examples of
suitable enhancers may include, but are not limited to, enhancer sequences from mammalian genes (such
as globin, elastase, albumin, a-fetoprotein, insulin and the like), and enhancer sequences from a
eukaryotic cell virus (such as SV40 enhancer on the late side of the replication origin (bp 100-270), the
cytomegalovirus early promoter enhancer, the polyoma enhancer on the late side of the replication origin,
adenovirus enhancers, and the like). Examples of suitable vectors may include, for example, plasmids,

cosmids, episomes, transposons, and viral vectors (e.g., adenoviral, vaccinia viral, Sindbis-viral, measles,
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herpes viral, lentiviral, retroviral, adeno-associated viral vectors, etc.). Expression vectors can be used to
transfect host cells, such as, for example, bacterial cells, yeast cells, insect cells, and mammalian cells.
Biologically functional viral and plasmid DNA vectors capable of expression and replication in a host are

known in the art and can be used to transfect any cell of interest.

Other aspects of the present disclosure relate to a vector system comprising one or more vectors encoding
a first, second, third, and fourth polypeptide chain of any of the binding proteins described herein. In
some embodiments, the vector system comprises a first vector encoding the first polypeptide chain of the
binding protein, a second vector encoding the second polypeptide chain of the binding protein, a third
vector encoding the third polypeptide chain of the binding protein, and a fourth vector encoding the
fourth polypeptide chain of the binding protein. In some embodiments, the vector system comprises a
first vector encoding the first and second polypeptide chains of the binding protein, and a second vector
encoding the third and fourth polypeptide chains of the binding protein. In some embodiments, the vector
system comprises a first vector encoding the first and third polypeptide chains of the binding protein, and
a second vector encoding the second and fourth polypeptide chains of the binding protein. In some
embodiments, the vector system comprises a first vector encoding the first and fourth polypeptide chains
of the binding protein, and a second vector encoding the second and third polypeptide chains of the
binding protein. In some embodiments, the vector system comprises a first vector encoding the first,
second, third, and fourth polypeptide chains of the binding protein. The one or more vectors of the vector
system may be any of the vectors described herein. In some embodiments, the one or more vectors are

exp ression vectors.

Isolated host cells

Other aspects of the present disclosure relate to an isolated host cell comprising one or more isolated
polynucleotides, polynucleotide kits, vectors, and/or vector systems described herein. In some
embodiments, the host cell is a bacterial cell (e.g., a E. coli cell). In some embodiments, the host cell is a
yeast cell (e.g., an S. cerevisiae cell). In some embodiments, the host cell is an insect cell. Examples of
insect host cells may include, for example, Drosophila cells (e.g., S2 cells), Trichoplusia ni cells (e.g., High
Five™ cells), and Spodoptera frugiperda cells (e.g., Sf21 or 5f9 cells). In some embodiments, the host cell
is a mammalian cell. Examples of mammalian host cells may include, for example, human embryonic
kidney cells (e.g., 293 or 293 cells subcloned for growth in suspension culture, and their variants 293T),
Expi293™ cells, CHO cells, baby hamster kidney cells (e.g., BHK, ATCC CCL 10), mouse Sertoli cells (e.g.,
TM4 cells), monkey kidney cells (e.g., CV1 ATCC CCL 70), African green monkey kidney cells (e.g., VERO-
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76, ATCC CRL-1587), human cervical carcinoma cells (e.g., HELA, ATCC CCL 2), canine kidney cells (e.g.,
MDCK, ATCC CCL 34), buffalo rat liver cells (e.g., BRL 3A, ATCC CRL 1442), human lung cells (e.g., W138,
ATCC CCL 75), human liver cells (e.g., Hep G2, HB 8065), mouse mammary tumor cells (e.g., MMT 060562,
ATCC CCL51), TRI cells, MRC 5 cells, FS4 cells, a human hepatoma line (e.g., Hep G2), and myeloma cells
(e.g., NSO and Sp2/0 cells).

Other aspects of the present disclosure relate to a method of producing any of the binding proteins
described herein. In some embodiments, the method includes a) culturing a host cell (e.g., any of the host
cells described herein) comprising an isolated nucleic acid, vector, and/or vector system (e.g., any of the
isolated nucleic acids, vectors, and/or vector systems described herein) under conditions such that the

host cell expresses the binding protein; and b) isolating the binding protein from the host cell.

Methods of culturing host cells under conditions to express a protein are well known to one of ordinary
skill in the art. Cell culture is a process cells are grown under controlled conditions in an artificial
environment. The terms “cell culture” or “culture” or “host cell culture” refer to the growth and/or
propagation and/or maintenance of cells in controlled artificial conditions. Optimal culturing conditions
are obtained by the control and adjustment of several parameters including: the formulation of the cell
culture medium, the bioreactor operating parameters, the nutrient supply modality and the culturing time
period. The formulation of the culturing medium is optimized to favorite cell vitality and reproduction;
examples of constituents of the cell culture medium include but are not limited to essential amino acids,
salts, glucose, growth factors and antibiotics. Important bioreactor operating parameters are:
temperature, pH, agitation speed, oxygenation and carbon dioxide levels. Nutrients can be supplied in
different ways: in the batch mode culture all the necessary nutrients are present in the initial base medium
and are used till exhausted while wastes accumulate; in the fed-batch culture additional feed medium is
supplied to prevent nutrient depletion and prolong the culture; differently, in the perfusion modality, cells
in culture are continuously supplemented with fresh medium containing nutrients that flows in the
bioreactor removing cell wastes. A skilled person appreciate that the culturing period is important as it
needs to be long enough to let the cells produce a consistent amount of product, but it cannot be too long

to impair cell viability.

Methods of isolating proteins from cultured host cells are well known to one of ordinary skill in the art,
including, for example, chromatography techniques. The term “chromatography” refers to the operation
of separating compounds of a mixture based on their capability to interact with a stationary phase of a

chromatography resin, from which they can be retained or eluted. Chromatography techniques are known
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in the art, for instance ion exchange chromatography separates ions and polar molecules based on their
difference of charges, example of ion exchange chromatography techniques are cation exchange
chromatography and anion exchange chromatography. Affinity chromatography relies on the specific
interaction of the protein with an immobilized ligand. Non limiting examples of ligands which are useful
for purification of an antibody by affinity chromatography are Protein A and Protein G. Protein Ais a cell
wall protein isolated from Staphylococcus aureus, which has the property of binding to the
immunoglobulin Fc (and not binding to the antigen binding site). Herein, the term "Protein A
chromatography" refers to an affinity chromatography wherein ligand binding the antibody is Protein A,
wherein the term “Protein A” includes native Protein A, recombinant Protein A, and analogs or derivatives
thereof. Both protein analogs and derivatives retain their binding activity to antibodies (e.g., I1gG Fc).
Protein G is a cell wall protein isolated from type G Streptococcus, and its N-terminal part is albumin
binding domain, and its C-terminal part is IgG binding domain and cell wall binding domain. Herein, the
term "Protein G chromatography" refers to an affinity chromatography wherein ligand binding the
antibody is Protein G, wherein the term "protein G" includes native protein G, recombinant protein G, and
analogs or derivatives thereof. Methods of isolating proteins from cultured host cells may include an
affinity chromatography step (such as protein A affinity chromatography) followed by one or more step

of ion exchange chromatography and/or size exclusion chromatography.

Antibody architecture

In certain embodiments of the present invention, the binding portions of the trispecific antibody or
antibody fragment thereof are fused (i.e., connected together) to each other. In particular embodiments,
the at least one binding portion which binds to human CD3 and the at least one binding portion which
binds to human BCMA, or the at least one binding portion which binds to human CD3 and the at least one
binding portion which binds to human CD38, or the at least one binding portion which binds to human
BCMA and the at least one binding portion which binds to human CD38, are fused to each other. In more
particular embodiments, the at least one binding portion which binds to human CD3 and the at least one
binding portion which binds to human BCMA, or the at least one binding portion which binds to human
CD3 and the at least one binding portion which binds to human CD38, or the at least one binding portion
which binds to human BCMA and the at least one binding portion which binds to human CD38, are fused

to each other via a linker, e.g. a peptide linker.

In certain embodiments, the binding portion which binds to human BCMA is fused at the N-terminus to

the C-terminus of the binding portion which binds to human CD3. In other embodiments, the binding
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portion which binds to human BCMA is fused at the N-terminus to the C-terminus of the binding portion
which binds to human CD38. In other embodiments, the binding portion which binds to human BCMA is
fused at the C-terminus to the N-terminus of the binding portion which binds to human CD3. In other
embodiments, the binding portion which binds to human BCMA is fused at the C-terminus to the N-

terminus of the binding portion which binds to human CD38.

In certain embodiments, the binding portion which binds to human CD3 is fused at the N-terminus to the
C-terminus of the binding portion which binds to human BCMA. In other embodiments, the binding
portion which binds to human CD3 is fused at the N-terminus to the C-terminus of the binding portion
which binds to human CD38. In other embodiments, the binding portion which binds to human CD3 is
fused at the C-terminus to the N-terminus of the binding portion which binds to human BCMA. In other
embodiments, the binding portion which binds to human CD3 is fused at the C-terminus to the N-terminus

of the binding portion which binds to human CD38.

In certain embodiments, the binding portion which binds to human CD38 is fused at the N-terminus to
the C-terminus of the binding portion which binds to human BCMA. In other embodiments, the binding
portion which binds to human CD38 is fused at the N-terminus to the C-terminus of the binding portion
which binds to human CD3. In other embodiments, the binding portion which binds to human CD38 is
fused at the C-terminus to the N-terminus of the binding portion which binds to human BCMA. In other
embodiments, the binding portion which binds to human CD38 is fused at the C-terminus to the N-

terminus of the binding portion which binds to human CD3.

In preferred embodiments, the binding portion which binds to human BCMA is fused at the N-terminus
to the C-terminus of the binding portion which binds to human CD3, or the binding portion which binds
to human BCMA is fused at the C-terminus to the N-terminus of the binding portion which binds to human

CD38.

In preferred embodiments, the binding portions connected as described above are fused to each other

via a linker, e.g. a peptide linker.

In preferred embodiments, the binding portion which binds to human BCMA is fused at the N-terminus
to the C-terminus of the binding portion which binds to human CD3 via a peptide linker, or the binding
portion which binds to human BCMA is fused at the C-terminus to the N-terminus of the binding portion

which binds to human CD38 via a peptide linker.
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In even more preferred embodiments, the binding portion which binds to human BCMA is fused at the N-
terminus to the C-terminus of the binding portion which binds to human CD3 via a peptide linker of SEQ
ID NO: 605, or the binding portion which binds to human BCMA is fused at the C-terminus to the N-

terminus of the binding portion which binds to human CD38 via a peptide linker of SEQ ID NO: 604.

In particular embodiments of the present invention, the binding portions of the antibody disclosed herein
are an antibody fragment selected from the previously mentioned non limiting list of “antibody
fragments”. In more particular embodiment, the binding portion which binds to human CD3 and/or the
binding portion which binds to human BCMA and/or the binding portion which binds to human CD38 is a

Fab domain.

In certain embodiment the antibody of the present invention comprises an Fc domain and at least three
binding portions. In more particular embodiments, at least a first binding portion is fused at the N-
terminus to the C-terminus of a second binding portion. In certain aspects, the first binding portion, e.g.,
a Fab domain, that is located between the antibody Fc domain and the second binding portion, e.g., a

second Fab domain, is termed “Fc proximal”, while the second binding portion is termed “Fc distal”.

In particular embodiment the second binding portion, e.g., an Fc distal binding portion, is fused to the N-
terminus of the VH (variable heavy) domain of the first binding portion, e.g., an Fc proximal binding

portion.

In preferred embodiments, the binding portion that binds to CD38 is Fc proximal and the binding portion
that binds CD3 or to the binding portion that binds BCMA is Fc distal; preferably the binding portion that
binds to CD38 is proximal and the binding portion that binds to BCMA is Fc distal. In a preferred
embodiment the binding portion that binds BCMA is Fc proximal and the binding portion that binds CD3
or the binding portion that binds CD38 is Fc distal; more preferably the binding portion that binds BCMA

is Fc proximal to the binding portion that binds CD3 is Fc distal.

In particular embodiments of the present invention, the trispecific antibody or antibody fragment thereof
of the present invention comprises a three binding portions, one that binds to human CD3, one that binds
to human BCMA and one that binds to human CD38, said three binding portions are Fab fragments, and
the antibody is constructed using the TREAT® trispecific antibody technology which is based on BEAT®
platform as described above. In a particular embodiment, the binding portion that binds to human BCMA

and the binding portion that binds to human CD38 are located on the same arm of the BEAT antibody,
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more in particular, the binding portion that binds to human BCMA binding arm is in the Fc distal position,
and the binding portion that binds to human CD38 is in the Fc proximal position. In a more particular
embodiment, the binding portion that binds to human BCMA and the binding portion that binds to human
CD38 are fused via a flexible linker; preferably comprising an amino acid sequence of SEQ ID NO: 604. In
a preferred particular embodiment, the binding portion that binds to human CD3 and the binding portion
that binds to human BCMA are located on the same arm of the BEAT antibody, more in particular, the
binding portion that binds to human CD3 binding arm is in the Fc distal position, and the binding portion
that binds to human BCMA is in the Fc proximal position. In a more particular embodiment, the binding
portion that binds to human CD3 and the binding portion that binds to human BCMA are fused via a

flexible linker; preferably comprising an amino acid sequence of SEQ ID NO: 605.

Linkers

In some embodiments, the linkers of the present invention, e.g., L1, L2, L3 and L4, range from no amino
acids (length=0) to about 100 amino acids long, or less than 100, 50, 40, 30, 20, or 15 amino acids or less.
The linkers can also be 10,9, 8,7, 6,5, 4, 3, 2, or 1 amino acid long. L1, L2, L3 and L4 in one binding protein

may all have the same amino acid sequence or may all have different amino acid sequences.

Examples of suitable linkers include a single glycine (Gly) residue; a diglycine peptide (Gly-Gly); a tripeptide
(Gly-Gly-Gly); a peptide with four glycine residues; a peptide with five glycine residues; a peptide with six
glycine residues; a peptide with seven glycine residues; and a peptide with eight glycine residues. Other
combinations of amino acid residues may be used such as the peptide GGGT, or the GGGGS, or repetitions
of said peptides, such as the peptide GGGGS GGGGS GGGGS. In a preferred embodiment, the linker of the
present invention linking different binding portions has an amino acid sequence of SEQ ID NO: 604 or 605
or an amino acid sequence of SEQ ID NO: 604 or 605 comprising one or more conservative substitutions

thereof.

The examples listed above are not intended to limit the scope of the disclosure in any way, and linkers
comprising randomly selected amino acids selected from the group consisting of valine, leucine,
isoleucine, serine, threonine, lysine, arginine, histidine, aspartate, glutamate, asparagine, glutamine,
glycine, and proline have been shown to be suitable in the binding proteins. For additional descriptions of

linker sequences, see, e.g., W02012135345 and International Application No. PCT/US2017/027488.

The identity and sequence of amino acid residues in the linker may vary depending on the type of
secondary structural element necessary to achieve in the linker. For example, glycine, serine, and alanine

are best for linkers having maximum flexibility. Some combination of glycine, proline, threonine, and
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serine are useful if a more rigid and extended linker is necessary. Any amino acid residue may be
considered as a linker in combination with other amino acid residues to construct larger peptide linkers

as necessary depending on the desired properties.

Fc regions and constant domains

The present invention also relates to a trispecific antibody comprising an Fc region. In some embodiments,
a binding protein of the present disclosure comprises an antibody fragment, including but not limited to
antibody Fab, (Fab')2, Fab'-SH, Fv, or scFv fragments. In some embodiments, a binding protein of the
present disclosure comprises an antibody fragment, including but not limited to antibody Fab, (Fab')2,

Fab'-SH, Fv, or scFv fragments, comprising an Fc region.

In some embodiments, a binding protein of the present disclosure comprises a full-length antibody heavy
chain or a polypeptide chain comprising an Fc region. In some embodiments, the Fc region is a human Fc
region, e.g., a human IgG1, 1gG2, IgG3, or IgG4 Fc region. In some embodiments, the Fc region includes an
antibody hinge, CH1, CH2, CH3, and optionally CH4 domains. In some embodiments, the Fc region is a
human IgG1 Fc region. In some embodiments, the Fc region is a human IgG2 Fc region. In some
embodiments, the Fc region is a human IgG3 Fc region in some embodiments, the Fc region is a human
IgG4 Fc region. In some embodiments, the Fc region includes one or more of the mutations described

herein.

In certain embodiment, the trispecific antibody or antibody fragment thereof of the present invention

comprises a non-naturally occurring Fc domain.

In some embodiments, a binding protein of the present disclosure includes one or two Fc variants. The
term "Fc variant" as used herein refers to a molecule or sequence that is modified from a native Fc but
still comprises a binding site for the salvage receptor, FcRn (neonatal Fc receptor). Exemplary Fc variants,
and their interaction with the salvage receptor, are known in the art. Thus, the term "Fc variant" can
comprise a molecule or sequence that is humanized from a non-human native Fc. Furthermore, a native
Fc comprises regions that can be removed because they provide structural features or biological activity
that are not required for the antibody-like binding proteins of the invention. Thus, the term "Fc variant"
comprises a molecule or sequence that lacks one or more native Fc sites or residues, or in which one or
more Fc sites or residues has be modified, that affect or are involved in: (1) disulfide bond formation, (2)

incompatibility with a selected host cell, (3) N-terminal heterogeneity upon expression in a selected host
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cell, (4) glycosylation, (5) interaction with complement, (6) binding to an Fc receptor other than a salvage

receptor, or (7) antibody-dependent cellular cytotoxicity (ADCC).

The term "parent antibody" or "parent immunoglobulin” as used herein includes an unmodified antibody
that is subsequently modified to generate a variant. Said parent antibody may be a naturally occurring
antibody, a non-naturally occurring antibody, or a variant or engineered version of a naturally occurring
antibody. Parent antibody may refer to the antibody itself, compositions that comprise the parent
antibody, or the amino acid sequence that encodes it. In preferred embodiments of the presentinvention,
the parent antibody comprises an Fc region. More specifically, the Fc region of the parent antibody
according to the present invention is a human IgG1, 1gG2, 1gG3, or IgG4 Fc region; in some embodiments
the Fc region of the parent antibody according to the present invention is a modified or not modified IgG1

Fcregion.

In particular embodiments, the antibody of the presentinvention is a hetero-dimeric antibody or antibody
fragment thereof with an engineered Fc comprising a first and a second engineered CH3 domain, wherein
said first engineered CH3 domain comprises the substitutions that favor heterodimerization. In particular
embodiments of the present invention, the antibody is constructed using the BEAT® heavy chain (Hc)
heterodimerization technology previously described (Skegro et al., (2017) J Biol Chem 292(23): 9745-9759
and Stutz et al., (2020) J Biol Chem 295(28): 9392-9408, W02012131555), wherein the BEAT(A) chain is
also referred herein to as BEAT(A) and comprises a first engineered CH3 domain, and the BEAT (B) chain

is also referred herein to as BEAT(B) and comprises a second engineered CH3 domain.

In a more particular embodiment the first engineered CH3 domain comprises one or more substitutions
selected from the group comprising of the group comprising: Q347A, S364K, T366V, K370T, K392Y, F405S,
Y407V, K409W, T411N (EU numbering);, and said second engineered CH3 domain comprises the
substitutions of the group comprising: Q347E, Y349A, L351F, S364T, T366V, K370T, T394D, V397L, D399E,
FAO5A, Y407S, K409R, T411R (EU numbering); in specific aspects, the hetero-dimeric immunoglobulin or

hetero-dimeric fragment heterodimerize through said first and second engineered CH3 domains.

In more particular embodiment, the present invention discloses a trispecific antibody or antibody
fragment thereof constructed based on the BEAT® platform, wherein BEAT(A) CH3 domain comprises one
or more substitutions selected from the group comprising: Q347A, S364K, T366V, K370T, K392Y, F405S,
Y407V, K409W, T411N (EU numbering) and optionally BEAT(A) further comprises substitutions selected
from the group comprising D356E, L358M, N384S, V397M, V422|, H435R, and Y436F (EU numbering); and

BEAT(B) CH3 domain comprises one or more substitutions selected from the group comprising: Q347E,
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Y349A, L351F, S364T, T366V, K370T, T394D, V397L, D399E, F405A, Y407S, K409R, T411R (EU numbering),

and optionally BEAT(b) further comprises the substitution D401Q (EU numbering).

In certain aspects, the present invention also relates to a trispecific hetero-dimeric antibody or antibody
fragment thereof comprising a first and a second engineered CH3 domain, wherein said first engineered
CH3 domain comprises the substitutions of the group comprising: Q347A, S364K, T366V, K370T, K392Y,
FA05S, Y407V, K409W, T411N (EU numbering), and said second engineered CH3 domain comprises the
substitutions of the group comprising: Q347E, Y349A, L351F, S364T, T366V, K370T, T394D, V397L, D399E,
FAO5A, YA07S, K409R, T411R (EU numbering), and wherein said trispecific hetero-dimericimmunoglobulin
or hetero-dimeric fragment heterodimerize through said first and second engineered CH3 domains,
characterized in that said trispecific hetero-dimeric antibody or antibody fragment thereof comprises at

least three binding portions each binding portion which binds to a different antigen.

In certain aspects, the bispecific antibody of the present invention comprises a variant Fc region which
comprises at least one amino acid modification relative to the Fc region of the parent antibody, whereas
the antibody comprising the variant Fc region exhibits altered effector function compared to the parent
antibody. More specifically the CH2 domain of the Fc region comprises at least one amino acid

modification.

In particular embodiments of the present invention, BEAT(A) and BEAT(B) have been engineered to
increase the Fc effector function. More specifically the CH2 domain of the Fc region has been engineered
S0 as to comprise at least one amino acid modification. More specifically BEAT(A) comprises one or more
substitutions at a position selected from the group comprising: 324, 334, 269, 298, 239, 332 and 333; and
BEAT(B) comprises one or more substitutions at a position selected from the group comprising: 324, 334,
269, 298, 239, 332 and 333; preferably comprising 324, 334, 269, 289, 298, 333. Even more specifically
BEAT(A) comprises one or more substitutions selected from the group comprising: S324N, K334E, K334A,
E269D, S298A, S239D, 1332E and E333A; and BEAT(B) comprises one or more substitutions at a position
selected from the group comprising: S324N, K334E, K334A, E269D, S289A, K334A, E333A. In certain
particular embodiments, BEAT(A) comprises a set of mutations selected from the group comprising:
S324N; or S324N and K334E; or E269D, S298A, S324N and K334A; or S239D, 1332E and S324N; or E269D,
S298A, S324N and E334A; or S298A, S324N and E333A; or S298A, S324N and K334A; or S324N, S298A,
E269D and E333A; or S324N, S298A, E269D and K334A. In other particular embodiments, BEAT(B)
comprises a set of mutations selected from the group comprising: S324N; or S324N and K334E; or E269D,
S298A, S324N and K334A; or S239D, 1332E and S324N; or E269D; or E269D, S298A, S324N and E334A; or



10

15

20

25

30

WO 2023/213998 PCT/EP2023/061909

66

S298A, S324N and E333A; or S298A, S324N and K334A; or S324N, S298A, E269D and E333A; or S324N,
S298A, E269D and K334A. In certain preferred embodiments, BEAT(A) and BEAT(B) comprises the
mutation S324N; or the mutations S324N and K334E; or the mutations E269D, S298A, S324N and K334A;
or the mutations E269D, S298A, S324N and E334A; or the mutations S298A, S324N and E333A; or the
mutations S298A, S324N and K334A; or the mutations S324N and K334E. In particularly preferred
embodiments, BEAT(A) comprises the mutations 5239D, 1332E and S324N, and BEAT(B) comprises the
mutation S324N.

In some embodiments, the Fc region comprises one or more mutations that reduce or eliminate Fc
receptor binding and/or effector function of the Fc region (e.g., Fc receptor-mediated antibody-
dependent cellular phagocytosis (ADCP), complement-dependent cytotoxicity (CDC), and/or antibody-

dependent cellular cytotoxicity (ADCC)).

In some embodiments, the Fc region is a human IgG1 Fc region comprising one or more amino acid
substitutions at positions corresponding to positions 234, 235, and/or 329 of human IgG1 according to EU
Index. In some embodiments, the amino acid substitutions are L234A, L235A, and/or P329A. In some
embodiments, the Fc region is a human IgG1 Fc region comprising amino acid substitutions at positions
corresponding to positions 298, 299, and/or 300 of human IgG1l according to EU Index. In some

embodiments, the amino acid substitutions are S298N, T299A, and/or Y300S.

In some embodiments, the Fc region is a human IgG4 Fc region comprising one or more mutations that
reduce or eliminate Fcyl and/or Feyll binding. In some embodiments, the Fc region is a human 1gG4 Fc
region comprising one or more mutations that reduce or eliminate Fcyl and/or Feyll binding but do not
affect FcRn binding. In some embodiments, the Fcregion is a human 1gG4 Fc region comprising amino acid
substitutions at positions corresponding to positions 228 and/or 409 of human IgG4 according to EU Index.
In some embodiments, the amino acid substitutions are S228P and /or R409K. In some embodiments, the
Fc region is a human IgG4 Fc region comprising amino acid substitutions at positions corresponding to
positions 234 and/or 235 of human 1gG4 according to EU Index. In some embodiments, the amino acid
substitutions are F234A and/or L235A. In some embodiments, the Fc region is a human 1gG4 Fc region
comprising amino acid substitutions at positions corresponding to positions 228, 234, 235, and/or 409 of
human IgG4 according to EU Index. In some embodiments, the amino acid substitutions are S228P, F234A,
L235A, and /or R409K. In some embodiments, the Fc region is a human IgG4 Fc region comprising amino
acid substitutions at positions corresponding to positions 233-236 of human IgG4 according to EU Index.

In some embodiments, the amino acid substitutions are E233P, F234V, L235A, and a deletion at 236. In
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some embodiments, the Fc region is a human IgG4 Fc region comprising amino acid mutations at
substitutions corresponding to positions 228, 233-236, and/or 409 of human IgG4 according to EU Index.
In some embodiments, the amino acid mutations are S228P; E233P, F234V, L235A, and a deletion at 236;

and /or R409K.

In some embodiments, a binding protein of the present disclosure comprises one or more mutations to
improve purification, e.g., by modulating the affinity for a purification reagent. For example, it is known
that heterodimeric binding proteins can be selectively purified away from their homodimeric forms if one
of the two Fc regions of the heterodimeric form contains mutation(s) that reduce or eliminate binding to
Protein A, because the heterodimeric form will have an intermediate affinity for Protein A-based
purification than either homodimeric form and can be selectively eluted from Protein A, e.g., by use of a
different pH (See e.g., Smith, E.J. et al. (2015) Sci. Rep. 5: 17943). In some embodiments, the mutation
comprises substitutions at positions corresponding to positions 435 and 436 of human IgG1 or I1gG4
according to EU Index, wherein the amino acid substitutions are H435R and Y436F. In some embodiments,
the binding protein comprises a second polypeptide chain further comprising a first Fc region linked to
CH1, the first Fc region comprising an immunoglobulin hinge region and CH2 and CH3 immunoglobulin
heavy chain constant domains, and a third polypeptide chain further comprising a second Fc region linked
to CH1, the second Fc region comprising an immunoglobulin hinge region CH2 and CH3 immunoglobulin
heavy chain constant domains; and wherein only one of the first and the second Fc regions comprises
amino acid substitutions at positions corresponding to positions 435 and 436 of human IgG1 or I1gG4

according to EU Index, wherein the amino acid substitutions are H435R and Y436F.

To improve the yields of some binding proteins (e.g., bispecific or trispecific binding proteins), the CH
domains can be altered by the BEAT technology which is described in detail with several examples in and

in International Publication No. W02012131555.

In some embodiments, a binding protein of the present disclosure comprises one or more mutations to
improve serum half-life (See e.g., Hinton, P R. et al. (2006) J. Immunol. 176(1):346-56). In some
embodiments, the mutation comprises substitutions at positions corresponding to positions 428 and 434
of human IgG1 or IgG4 according to EU Index, wherein the amino acid substitutions are M428L and N434S.
In some embodiments, the binding protein comprises a second polypeptide chain further comprising a
first Fc region linked to CH1, the first Fc region comprising an immunoglobulin hinge region and CH2 and
CH3 immunoglobulin heavy chain constant domains, and a third polypeptide chain further comprising a

second Fcregion linked to CH1, the second Fc region comprising an immunoglobulin hinge region and CH2
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and CH3 immunoglobulin heavy chain constant domains, wherein the first and/or second Fc regions
comprise amino acid substitutions at positions corresponding to positions 428 and 434 of human IgG1 or
IgG4 according to EU Index, wherein the amino acid substitutions are M428L and N434S. In some
embodiments, a binding protein of the present disclosure comprises knob and hole mutations and one or
more mutations to improve serum half-life. In some embodiments, the first and/or second Fc regions are

human IgG1 Fc regions.

In some embodiments, a binding protein of the present disclosure comprises one or more mutations to
reduce effector function, e.g., Fc receptor-mediated antibody -dependent cellular phagocytosis (ADCP),
complement-dependent cytotoxicity (CDC), and/or antibody- dependent cellular cytotoxicity (ADCC). In
some embodiments, the second polypeptide chain further comprises a first Fc region linked to CH1, the
first Fc region comprising an immunoglobulin hinge region and CH2 and CH3 immunoglobulin heavy chain
constant domains; wherein the third polypeptide chain further comprises a second Fc region linked to
CH1, the second Fc region comprising an immunoglobulin hinge region and CH2 and CH3 immunoglobulin
heavy chain constant domains; wherein the first and second Fc regions are human IgG1 Fc regions; and
wherein the first and the second Fc regions each comprise amino acid substitutions at positions
corresponding to positions 234 and 235 of human IgG1 according to EU Index, wherein the amino acid
substitutions are L234A and L235A. In some embodiments, the Fc regions of the second and the third
polypeptide chains are human IgG1 Fc regions, and wherein the Fc regions each comprise amino acid
substitutions at positions corresponding to positions 234 and 235 of human IgG1 according to EU Index,
wherein the amino acid substitutions are L234A and L235A. In some embodiments, the second
polypeptide chain further comprises a first Fc region linked to CH1, the first Fc region comprising an
immunoglobulin hinge region and CH2 and CH3 immunoglobulin heavy chain constant domains; wherein
the third polypeptide chain further comprises a second Fc region linked to CH1, the second Fc region
comprising an immunoglobulin hinge region and CH2 and CH3 immunoglobulin heavy chain constant
domains; wherein the first and second Fc regions are human IgG1 Fc regions; and wherein the first and
the second Fc regions each comprise amino acid substitutions at positions corresponding to positions 234,
235, and 329 of human IgG1 according to EU Index, wherein the amino acid substitutions are L234A,
L235A, and P329A. In some embodiments, the Fc regions of the second and the third polypeptide chains
are human IgG1 Fc regions, and wherein the Fc regions each comprise amino acid substitutions at
positions corresponding to positions 234, 235, and 329 of human IgG1 according to EU Index, wherein the
amino acid substitutions are L234A, L235A, and P329A. In some embodiments, the Fc regions of the

second and the third polypeptide chains are human IgG4 Fc regions, and the Fc regions each comprise
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amino acid substitutions at positions corresponding to positions 234 and 235 of human IgG4 according to
EU Index, wherein the amino acid substitutions are F234A and L235A. In some embodiments, the binding
protein comprises a second polypeptide chain further comprising a first Fc region linked to CH1, the first
Fc region comprising an immunoglobulin hinge region and CH2 and CH3 immunoglobulin heavy chain
constant domains, and a third polypeptide chain further comprising a second Fc region linked to CH1, the
second Fc region comprising an immunoglobulin hinge region and CH2 and CH3 immunoglobulin heavy
chain constant domains; and wherein the first and the second Fc regions each comprise amino acid
substitutions at positions corresponding to positions 234 and 235 of human 1gG4 according to EU Index,

wherein the amino acid substitutions are F234A and L235A.

In some embodiments, a binding protein of the present disclosure comprises knob and hole mutations
and one or more mutations to reduce effector function. In some embodiments, the first and/or second Fc
regions are human IgG1 Fc regions. In some embodiments, the first and/or second Fc regions are human
IgG4 Fcregions. For further description of Fc mutations at position 329, see, e.g., Shields, R.L. et al. (2001)
J. Biol. Chem. 276:6591-6604 and WO 1999051642.

In a specific embodiment, the trispecific antibody or antibody fragment thereof according to the present
invention comprises a non-naturally occurring Fc domain comprising L234A/L235A(LALA)/P329A
substitutions into the CH2 domain. More in particular, the trispecific antibody or antibody fragment
thereof disclosed herein may comprise a Fc, wherein the Fc may comprise a first and a second BEAT CH3
domains as described above, or naturally occurring CHE domains, or as described above, or any other non-

naturally occurring CH3 and CH2 domain that comprises L234A/L235A(LALA)/P329A substitutions.

Application of the binding protein

The antibody or antibody fragment thereof of the present invention can be employed in any known assay
method, such as competitive binding assays, direct and indirect sandwich assays, and
immunoprecipitation assays for the detection and quantitation of one or more target antigens. The
binding proteins will bind the one or more target antigens with an affinity that is appropriate for the assay

method being employed.

For diagnostic applications, in certain embodiments, binding proteins can be labeled with a detectable
moiety. The detectable moiety can be anyone that is capable of producing, either directly or indirectly, a
detectable signal. For example, the detectable moiety can be a radioisotope, such as 3H, 14C, 32P, 35S,

1251, 99Tc, Ulln, or 67Ga; a fluorescent or chemiluminescent compound, such as fluorescein
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isothiocyanate, rhodamine, or luciferin; or an enzyme, such as alkaline phosphatase, B-galactosidase, or

horseradish peroxidase.

The binding proteins are also useful for in vivo imaging. A binding protein labeled with a detectable moiety
can be administered to an animal, preferably into the bloodstream, and the presence and location of the
labeled antibody in the host assayed. The binding protein can be labeled with any moiety that is detectable
in an animal, whether by nuclear magnetic resonance, radiology, or other detection means known in the

art.

For clinical or research applications, in certain embodiments, binding proteins can be conjugated to a
cytotoxic agent. A variety of antibodies coupled to cytotoxic agents {i.e., antibody-drug conjugates) have
been used to target cytotoxic payloads to specific tumor cells. Cytotoxic agents and linkers that conjugate
the agents to an antibody are known in the art; see, e.g., Parslow, A.C. et al. (2016) Biomedicines 4: 14

and Kalim, M. et al. (2017) Drug Des. Devel. Ther. 11 :2265-2276.

The disclosure also relates to a kit comprising a binding protein and other reagents useful for detecting
target antigen levels in biological samples. Such reagents can include a detectable label, blocking serum,
positive and negative control samples, and detection reagents. In some embodiments, the kit comprises
a composition comprising any binding protein, polynucleotide, vector, vector system, and/or host cell
described herein. In some embodiments, the kit comprises a container and a label or package insert on or
associated with the container. Suitable containers include, for example, bottles, vials, syringes, IV solution
bags, etc. The containers may be formed from a variety of materials such as glass or plastic. The container
holds a composition which is by itself or combined with another composition effective for treating,
preventing and/or diagnosing a condition and may have a sterile access port (for example the container
may be an intravenous solution bag or a vial having a stopper pierceable by a hypodermic injection
needle). In some embodiments, the label or package insert indicates that the composition is used for
preventing, diagnosing, and/or treating the condition of choice. Alternatively, or additionally, the article
of manufacture or kit may further comprise a second (or third) container comprising a pharmaceutically
acceptable buffer, such as bacteriostatic water for injection (BWFI), phosphate-buffered saline, Ringer's
solution, and dextrose solution. It may further include other materials desirable from a commercial and

user standpoint, including other buffers, diluents, filters, needles, and syringes.

In some embodiments, a binding protein of the present disclosure is administered to a patient in need
thereof for the treatment or prevention of cancer. In some embodiments, the present disclosure relates

to a method of preventing and/or treating a proliferative disease or disorder (e.g., cancer). In some
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embodiments, the method comprises administering to a patient a therapeutically effective amount of the
heterodimeric antibody, or pharmaceutical compositions related thereto, described herein. In some
embodiments, the present disclosure relates to uses of the heterodimeric antibody, or pharmaceutical
compositions related thereto, described herein for preventing and/or treating a proliferative disease or
disorder (e.g., cancer) in a patient in need thereof. In some embodiments, the present disclosure relates
to the heterodimeric antibody, or pharmaceutical compositions related thereto, described herein for use
in the manufacture of a medicament for preventing and/or treating a proliferative disease or disorder
(e.g., cancer) in a patient in need thereof. In some embodiments, the patient is a human. In some
embodiments, the binding protein comprises one antigen binding site that binds a T-cell surface protein
and another antigen binding site that binds the extracellular domain of a human CD38 polypeptide. In
some embodiments, the binding protein comprises an antigen binding site that binds the extracellular
domain of a human CD38 polypeptide, an antigen binding site that binds a human CD3 polypeptide and

an antigen binding site that binds a human BCMA polypeptide.

In certain embodiments, the cancer is a BCMA-expressing cancer and/or CD38 expressing cancer.
Examples of cancer comprises but are not limited to multiple myeloma, leukemia, such as acute
lymphoblastic leukemia, chronic lymphocytic leukemia (CLL), acute myeloid leukemia, acute
promyelocytic leukemia, acute myeloblastic leukemia, and acute megakaryoblastic leukemia, chronic
myelogenous leukemia, multiple myeloma , plasma cell leukemia, lymphoma, breast cancer such as
Her2+ breast cancer, prostate cancer, cervical cancer, germinal center B-cell lymphoma or B-cell acute
lymphoblastic leukemia, Chronic lymphocytic leukemia (CLL), Hodgkin lymphoma, Non-Hodgkin
lymphoma, diffuse large B-cell lymphoma, Myelodisplastic syndrome (MDS) , breast cancer such as Her2+
breast cancer, prostate cancer, cervical cancer, non-small cell lung cancer (NSCLC), Hepatocellular

carcinoma (HCC), High-grade serous ovarian carcinoma, peritoneal cancer , smoldering myeloma, glioma.

Binding protein therapeutic compositions and administration thereof

Therapeutic or pharmaceutical compositions comprising binding proteins are within the scope of the
disclosure. Such therapeutic or pharmaceutical compositions can comprise a therapeutically effective
amount of a binding protein, or binding protein-drug conjugate, in admixture with a pharmaceutically or

physiologically acceptable formulation agent selected for suitability with the mode of administration.

Acceptable formulation materials preferably are nontoxic to recipients at the dosages and concentrations

employed.
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The pharmaceutical composition can contain formulation materials for modifying, maintaining, or
preserving, for example, the pH, osmolarity, viscosity, clarity, color, isotonicity, odor, sterility, stability,
rate of dissolution or release, adsorption, or penetration of the composition. Suitable formulation
materials include, but are not limited to, amino acids (such as glycine, glutamine, asparagine, arginine, or
lysine), antimicrobials, antioxidants (such as ascorbic acid, sodium sulfite, or sodium hydrogen-sulfite),
buffers (such as borate, bicarbonate, Tris-HCI, citrates, phosphates, or other organic acids), bulking agents
(such as mannitol or glycine), chelating agents (such as ethylenediamine tetraacetic acid (EDTA)),
complexing agents (such as caffeine, polyvinylpyrrolidone, beta-cyclodextrin, or hydroxypropyl-beta-
cyclodextrin), fillers, monosaccharides, disaccharides, and other carbohydrates (such as glucose,
mannose, or dextrins), proteins (such as serum albumin, gelatin, or immunoglobulins), coloring, flavoring
and diluting agents, emulsifying agents, hydrophilic polymers (such as polyvinylpyrrolidone), low
molecular weight polypeptides, salt-forming counterions (such as sodium), preservatives (such as
benzalkonium chloride, benzoic acid, salicylic acid, thimerosal, phenethyl alcohol, methylparaben,
propylparaben, chlorhexidine, sorbic acid, or hydrogen peroxide), solvents (such as glycerin, propylene
glycol, or polyethylene glycol), sugar alcohols {(such as mannitol or sorbitol), suspending agents,
surfactants or wetting agents (such as pluronics; PEG; sorbitan esters; polysorbates such as polysorbate
20 or polysorbate 80; triton; tromethamine; lecithin; cholesterol or tyloxapol), stability enhancing agents
(such as sucrose or sorbitol), tonicity enhancing agents (such as alkali metal halides - preferably sodium
or potassium chloride - or mannitol sorbitol), delivery vehicles, diluents, excipients and/or pharmaceutical
adjuvants (see, e.g., REMINGTON'S PHARMACEUTICAL SCIENCES (18th Ed., A.R. Gennaro, ed., Mack
Publishing Company 1990), and subsequent editions of the same, incorporated herein by reference for

any purpose).

The optimal pharmaceutical composition will be determined by a skilled artisan depending upon, for
example, the intended route of administration, delivery format, and desired dosage. Such compositions
caninfluence the physical state, stability, rate of in vivo release, and rate of in vivo clearance of the binding

protein.

The primary vehicle or carrier in a pharmaceutical composition can be either aqueous or non-aqueous in
nature. For example, a suitable vehicle or carrier for injection can be water, physiological saline solution,
or artificial cerebrospinal fluid, possibly supplemented with other materials common in compositions for

parenteral administration. Neutral buffered saline or saline mixed with serum albumin are further
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exemplary vehicles. Further, the binding protein can be formulated as liquid formulation or as lyophilizate

using appropriate excipients.

The pharmaceutical compositions of the disclosure can be selected for intravenous or subcutaneous.
Alternatively, the compositions can be selected for inhalation or for delivery through the digestive tract,
such as orally. The preparation of such pharmaceutically acceptable compositions is within the skill of the

art.

When parenteral administration is contemplated, the therapeutic compositions for use can be in the form
of a pyrogen-free, parenterally acceptable, aqueous solution comprising the desired binding protein in a
pharmaceutically acceptable vehicle. A particularly suitable vehicle for parenteral injection is sterile
distilled water in which a binding protein is formulated as a sterile, isotonic solution, properly preserved.
Yet another preparation can involve the formulation of the desired molecule with an agent, such as
injectable microspheres, bio-erodible particles, polymeric compounds (such as polylactic acid or
polyglycolic acid), beads, or liposomes, that provides for the controlled or sustained release of the product
which can then be delivered via a depot injection. Hyaluronic acid can also be used, and this can have the
effect of promoting sustained duration in the circulation. Other suitable means for the introduction of the

desired molecule include implantable drug delivery devices.

In one embodiment, a pharmaceutical composition can be formulated for inhalation. For example, a
binding protein can be formulated as a dry powder for inhalation. Binding protein inhalation solutions can
also be formulated with a propellant for aerosol delivery. In yet another embodiment, solutions can be

nebulized.

It is also contemplated that certain formulations can be administered orally. In one embodiment of the
disclosure, binding proteins that are administered in this fashion can be formulated with or without those
carriers customarily used in the compounding of solid dosage forms such as tablets and capsules. For
example, a capsule can be designed to release the active portion of the formulation at the point in the
gastrointestinal tract when bioavailability is maximized, and pre-systemic degradation is minimized.
Additional agents can be included to facilitate absorption of the binding protein. Diluents, flavorings, low
melting point waxes, vegetable oils, lubricants, suspending agents, tablet disintegrating agents, and

binders can also be employed.

Another pharmaceutical composition can involve an effective quantity of binding proteins in a mixture

with non-toxic excipients that are suitable for the manufacture of tablets. By dissolving the tablets in
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sterile water, or another appropriate vehicle, solutions can be prepared in unit-dose form. Suitable
excipients include, but are not limited to, inert diluents, such as calcium carbonate, sodium carbonate or
bicarbonate, lactose, or calcium phosphate; or binding agents, such as starch, gelatin, or acacia; or

lubricating agents such as magnesium stearate, stearic acid, or talc.

Additional pharmaceutical compositions of the disclosure will be evident to those skilled in the art,
including formulations involving binding proteins in sustained- or controlled-delivery formulations.
Techniques for formulating a variety of other sustained- or controlled-delivery means, such as liposome
carriers, bio-erodible microparticles or porous beads and depot injections, are also known to those skilled
in the art. Additional examples of sustained-release preparations include semipermeable polymer
matrices in the form of shaped articles, e.g., films, or microcapsules. Sustained release matrices can
include polyesters, hydrogels, polylactides, copolymers of L-glutamic acid and gamma ethyl -L-glutamate,
poly(2-hydroxyethyl-methacrylate), ethylene vinyl acetate, or poly-D(-)-3-hydroxybutyric acid. Sustained-
release compositions can also include liposomes, which can be prepared by any of several methods known

in the art.

Pharmaceutical compositions to be used for in vivo administration typically must be sterile. This can be
accomplished by filtration through sterile filtration membranes. Where the composition is lyophilized,
sterilization using this method can be conducted either prior to, or following, lyophilization and
reconstitution. The composition for parenteral administration can be stored in lyophilized form or in a
solution. In addition, parenteral compositions generally are placed into a container having a sterile access
port, for example, an intravenous solution bag or vial having a stopper pierceable by a hypodermic

injection needle.

Once the pharmaceutical composition has been formulated, it can be stored in sterile vials as a solution,
suspension, gel, emulsion, solid, or as a dehydrated or lyophilized powder. Such formulations can be
stored either in a ready-to-use form or in a form (e.g., lyophilized) requiring reconstitution prior to

administration.

The disclosure also encompasses kits for producing a single-dose administration unit. The kits can each
contain both a first container having a dried protein and a second container having an aqueous
formulation. Also included within the scope of this disclosure are kits containing single and multi-

chambered pre-filled syringes (e.g., liquid syringes and lyosyringes).



10

15

20

25

30

WO 2023/213998 PCT/EP2023/061909

75

The effective amount of a binding protein pharmaceutical composition to be employed therapeutically
will depend, for example, upon the therapeutic context and objectives. One skilled in the art will
appreciate that the appropriate dosage levels for treatment will thus vary depending, in part, upon the
molecule delivered, the indication for which the binding protein is being used, the route of administration,
and the size (body weight, body surface, or organ size) and condition (the age and general health) of the
patient. Accordingly, the clinician can titer the dosage and modify the route of administration to obtain

the optimal therapeutic effect.

Dosing frequency depends upon the pharmacokinetic parameters of the binding protein in the
formulation being used. Typically, a clinician will administer the composition until a dosage is reached that
achieves the desired effect. The composition can therefore be administered as a single dose, as two or
more doses (which may or may not contain the same amount of the desired molecule) over time, or as a
continuous infusion via an implantation device or catheter. Further refinement of the appropriate dosage
is routinely made by those of ordinary skill in the art and is within the ambit of tasks routinely performed

by them. Appropriate dosages can be ascertained through use of appropriate dose-response data.

The route of administration of the pharmaceutical composition is in accord with known methods, e.g.,
orally; subcutaneous; through injection by intravenous, intraperitoneal, intracerebral (intraparenchymal),
intracerebroventricular, intramuscular, intraocular, intraarterial, intraportal, or intralesional routes; by
sustained release systems; or by implantation devices. Where desired, the compositions can be

administered by bolus injection or continuously by infusion, or by implantation device.

The composition can also be administered locally via implantation of a membrane, sponge, or other
appropriate material onto which the desired molecule has been absorbed or encapsulated. Where an
implantation device is used, the device can be implanted into any suitable tissue or organ, and delivery of

the desired molecule can be via diffusion, timed- release bolus, or continuous administration.

Therapeutic regimen

The disclosure also provides a method of treating multiple myeloma in a subject in need thereof. The
method employs a heterodimeric antibody that engages CD3, BCMA and CD38 in such a manner so as to
transiently connect malignant cells with T cells which are engaged, thereby inducing T cell mediated killing
of the bound malignant cell. The method described herein utilizes a heterodimeric antibody that binds
CD3, BCMA and CD38 in such a manner so as to maximize destruction of target cells while reducing

unwanted side effects (e.g., uncontrolled cytokine release).
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The terms “treatment” or “treat” as used herein refer to both therapeutic treatment and prophylactic or
preventative measures. The antibody of the present invention is administered to a subject in need; those
in need of treatment include those having a disorder as well as those prone to have the disorder or those
in which the disorder is to be prevented. The antibody of the present invention can be used to treat
humans with cancer, or humans susceptible to cancer, or ameliorate cancer in a human subject, as well
as to prevent cancer in a human patient. The antibody or antibody fragment thereof of the present
invention is administered to a subject in need thereof, e.g., a human subject suffering from a BCMA-
expressing cancer and/or CD38 expressing cancer, such as multiple myeloma, such as relapsed/refractory
multiple myeloma. Relapsed myeloma is characterized as a recurrence of disease after prior response.
Examples of laboratory and radiological criteria signaling the disease include, but are not limited to, > 25%
increase of the serum or urine monoclonal protein (M-protein) or > 25% difference between involved and
uninvolved serum free light chains from nadir, respectively, or the development of new plasmacytomas

or hypercalcemia. Sonneveld et al., Haematologica. 2016 Apr; 101(4): 396-406.

In non-secretory disease patients, relapse is characterized by an increase of the bone marrow plasma
cells. A signal for relapsed disease also is characterized by the appearance or reappearance of one or more
CRAB criteria or a rapid and consistent biochemical relapse. Refractory myeloma is myeloma that is not
responsive to treatment. Relapsed/refractory multiple myeloma refers to the disease which becomes
non-responsive or progressive on therapy or within 60 days of the last treatment in patients who
previously achieved at least a minimal response on previous therapy. Sonneveld, supra; Anderson et al.,

Leukemia. 2008;22(2):231-239.

The method of the disclosure comprises administering to the subject a dose between about 0.0001 mg/kg
to about 200 mg/kg, for instance between about 0.0005 mg/kg to about 200 mg/kg, or between about
0.001 mg/kg to about 200 mg/kg, or between about 0.0015 mg/kg to about 200 mg/kg, or between about
0.005 mg/kg to about 200 mg/kg, or between about 0.01 mg/kg to about 200 mg/kg, or between about
0.015 mg/kg to about 200 mg/kg, or between about 0.03 mg/kg to about 200 mg/kg, or between about
0.05 mg/kg to about 200 mg/kg, or between about 0.06 mg/kg to about 200 mg/kg, or between about
0.09 mg/kg to about 200 mg/kg, or between about 0.1 mg/kg to about 200 mg/kg, or between about 0.12
mg/kg to about 200 mg/kg, or between about 0.15 mg/kg to about 200 mg/kg, or between about 0.18
mg/kg to about 200 mg/kg, or between about 0.2 mg/kg to about 200 mg/kg, or between about 0.3 mg/kg
to about 200 mg/kg, or between about 0.36 mg/kg to about 200 mg/kg, or between about 0.5 mg/kg to
about 200 mg/kg, or between about 0.6 mg/kg to about 200 mg/kg, or between about 0.7 mg/kg to about
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200 mg/kg, or between about 1 mg/kg to about 200 mg/kg, or between about 1.2 mg/kg to about 200
mg/kg, or between about 1.5 mg/kg to about 200 mg/kg. For instance, between about 0.0001 mg/kg to
about 20 mg/kg, or between about 0.0005 mg/kg to about 10 mg/kg, or between about 0.0005 mg/kg to
about 5 mg/kg, or between about 0.0005 mg/kg to about 1.5 mg/kg, or between about 0.0005 mg/kg to
about 1.2 mg/kg. The present disclosure also includes dosing ranges of any value included between the
above disclosed intervals. For instance, the trispecific antibody of the present invention is administered
to a patient in a single or multiple doses, selected from the group comprising at least about 0.0001 mg/kg,
at least about 0.0005 mg/kg, at least about 0.001 mg/kg, at least about 0.0015 mg/kg, at least about 0.005
mg/kg, at least about 0.01 mg/kg, at least about 0.015 mg/kg, at least about 0.03 mg/kg, at least about
0.05 mg/kg, at least about 0.06 mg/kg, at least about 0.09 mg/kg, at least about 0.1 mg/kg, at least about
0.12 mg/kg, at least about 0.15 mg/kg, at least about 0.18 mg/kg, at least about 0.2 mg/kg, at least about
0.3 mg/kg, at least about 0.36 mg/kg, at least about 0.5 mg/kg, at least about 0.6 mg/kg, at least about
0.7 mg/kg, at least about 1 mg/kg, at least about 1.2 mg/kg, at least about 1.5 mg/kg, at least about 2
mg/kg, at least about 3 mg/kg, at least about 4 mg/kg, at least about 5 mg/kg, at least about 7 mg/kg, at
least about 10 mg/kg, at least about 12 mg/kg, at least about 16 mg/kg, at least about 50 mg/kg, at least
about 100 mg/kg, at least about 150 mg/kg, at least about 200 mg/kg.

In various aspects of the method, the dose is adjusted over the course of treatment. For example, the
subject is administered an initial dose at one or more administrations, and a higher dose is used in one or
more subsequent administrations. Put another way, the disclosure contemplates increasing the dose of
trispecific antibody at least once over the course of treatment. Alternatively, the dose may be decreased
over the course of treatment, such that amount of heterodimeric antibody is reduced as treatment

progresses.

The disclosure contemplates a method wherein multiple (i.e., two or more) doses of the trispecific
antibody are administered over the course of a treatment period. The individual doses may be
administered at any interval, such as once a week, twice a week, three times a week, four times a week,
or five times a week. Individual doses may be administered every two weeks, every three weeks, or every
four weeks. In other words, in some aspects, a waiting period of at two weeks passes between
heterodimeric antibody administrations to the subject. The waiting period between administrations of
the doses need not be consistent over the course of the treatment period. In other words, the interval
between doses can be adjusted over the course of treatment. In some aspects, the method comprises

administering two doses of heterodimeric antibody per week to the subject in the first and second weeks
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of treatment (i.e., twice a week for weeks 1 and 2), administering one dose of heterodimeric antibody per
week to the subject in the third and fourth weeks of treatment (i.e., once a week for weeks 3 and 4), and
administering one dose of heterodimeric antibody every two weeks starting in week 5 through the end of
treatment (i.e., there is a waiting period of two weeks between doses starting in week 5 through the end

of treatment).

Alternatively, in various aspects, the method comprises administering one dose of the trispecific antibody
per week for weeks 1-4 of treatment, and optionally administering one dose of the antibody every two

weeks starting in week 5 through the end of treatment.

The multiple doses of heterodimeric antibody are administered over treatment period of, e.g., three
months to about 18 months, or about three months to about 12 months, or about three months to about
nine months, or about three months to about six months, or about three months to about eight months,
or about six months to about 18 months, or about six months to about 12 months, or about eight months
to about 12 months, or about six months to about eight months, or about eight months to about 12
months (e.g., about eight months). Optionally, the multiple (i.e., two or more) doses of the heterodimeric
antibody are administered over a treatment period of about 12 weeks to about 52 weeks, or about 12
weeks to about 36 weeks, or about 24 weeks to about 32 weeks, with doses administered twice a week,

once a week, once every two weeks, or once every four weeks.

By "treating" multiple myeloma is meant achievement of any positive therapeutic response with respect
to the disease. For example, a positive therapeutic response includes one or more of the following
improvements in the disease: (1) a reduction in the number of neoplastic cells; (2) an increase in neoplastic
cell death; (3) inhibition of neoplastic cell survival; (4) reduction in paraprotein production by tumor cells;
(5) inhibition (i.e., slowing to some extent, preferably halting) of tumor growth; (6) an increased patient
survival rate; and (7) some relief from one or more symptoms associated with the disease or condition.
Tumor response can be assessed for changes in tumor morphology (i.e., overall tumor burden, tumor size,
and the like) using screening techniques such as magnetic resonance imaging (MRI) scan, x-radiographic
imaging, computed tomographic (CT) scan, bone scan imaging, endoscopy, and tumor biopsy sampling
including bone marrow aspiration (BMA) and counting of tumor cells in the circulation. A complete
therapeutic response (i.e., absence of clinically detectable disease with normalization of any previously
abnormal radiographic studies, bone marrow, and cerebrospinal fluid (CSF) or abnormal monoclonal

protein) is not required; any degree of improvement is contemplated.
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The antibody or antibody fragment thereof may be administered via any suitable means to the subject,
e.g., via intravenous, subcutaneous, intraarterial, intralymphatic, intrathecal, intracerebral,
intraperitoneal, intracerobrospinal, intradermal, intraarticular, intrasynovial, oral, topical, or inhalation
routes, osmotic pump, drug encapsulation, such as nanoparticle encapsulation, surface coating-mediated
drug delivery. For example, the antibody may be administered via intravenous administration as a bolus
or by continuous infusion over a period of time. In particular embodiments, antibody is administered via
intravenous infusion, e.g., over a period of about 30 minutes to about four hours. Optionally, the time for
infusion is decreased in subsequent administrations. For example, in one embodiment, the first dose of
antibody is administered over a period of about four hours, and subsequent doses are administered over
a period of two hours or less. In this regard, the first dose of the antibody is optionally administered over
a period of about four hours, the second dose of the antibody is optionally administered over a period of
about two hours, and subsequent doses are optionally administered over a period of about 30 minutes.
In another particular embodiment, the trispecific antibody of the present invention is administered

subcutaneously.

In some instances, the subject has previously been treated for a cancer, such as multiple myeloma. For
example, the subject may have previously been administered an immunomodulatory drug (thalidomide,
lenalidomide, pomalidomide), a proteasome inhibitor (such as pomalidomide, bortezomib, or

carfilzomib), dexamethasone, doxorubicin, or combinations thereof.

Optionally, the subject was previously treated with an anti-CD38 monospecific antibody, such as
daratumumab (DARZALEX®). In various embodiments, the subject is relapsed or refractory with prior anti-
CD38 monospecific antibody treatment. The method may comprise a waiting period between the previous

administration of anti-CD38 monospecific antibody and administration of the heterodimeric antibody.

Co-therapy

Optionally, the antibody or antibody fragment thereof of the present invention is part of a therapeutic
regimen that comprises administration of one or more other therapeutic agents, radiation therapy, stem

cell transplantation, and the like.

The method of the disclosure optionally further comprises administering dexamethasone to the subject.
The dexamethasone may be administered by any route, such as the routes described here. Preferably, the

dexamethasone is administered intravenously or orally. When the dexamethasone is administered
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intravenously, it is optionally administered to the subject within one hour prior to administration of the

antibody. The dexamethasone is optionally administered in an amount of about 8 mg or about 4 mg.

In various embodiments, the method of the disclosure further comprises administering a
chemotherapeutic agent. Non-limiting examples of DNA damaging chemotherapeutic agents include
topoisomerase | inhibitors (e.g., irinotecan, topotecan, camptothecin and analogs or metabolites thereof,
and doxorubicin); topoisomerase |l inhibitors (e.g., etoposide, teniposide, and daunorubicin); alkylating
agents (e.g., melphalan, chlorambucil, busulfan, thiotepa, ifosfamide, carmustine, lomustine, semustine,
streptozocin, dacarbazine, methotrexate, mitomycin C, and cyclophosphamide); DNA intercalators (e.g.,
cisplatin, oxaliplatin, and carboplatin); DNA intercalators and free radical generators such as bleomycin;
and nucleoside mimetics (e.g., 5-fluorouracil, capecitabine, gemcitabine, fludarabine, cytarabine,

mercaptopurine, thioguanine, pentostatin, and hydroxyurea).

Chemotherapeutic agents that disrupt cell replication include: paclitaxel, docetaxel, and related analogs;
vincristine, vinblastine, and related analogs; thalidomide, lenalidomide, and related analogs (e.g., CC-5013
and CC-4047); protein tyrosine kinase inhibitors (e.g., imatinib mesylate and gefitinib); proteasome
inhibitors (e.g., bortezomib, CEP-18770, MG132, peptide vinyl sulfones, peptide epoxyketones (such as
epoxomicin and carfilzomib), beta-lactone inhibitors (such as lactacystin, MLN 519, NPI-0052,
Salinosporamide A), compounds that create dithiocarbamate complexes with metals (such as Disulfiram),
and certain antioxidants (such as Epigallocatechin-3-gallate, catechin-3- gallate, and Salinosporamide A);
NF-kB inhibitors, including inhibitors of IKB kinase; antibodies which bind to proteins overexpressed in
cancers and thereby downregulate cell replication (e.g., trastuzumab, rituximab, cetuximab, and
bevacizumab); and other inhibitors of proteins or enzymes known to be upregulated, over-expressed or

activated in cancers, the inhibition of which downregulates cell replication.

The therapeutic regimen may comprise administration of other antibody therapeutics, such as
elotuzumab (a humanized monoclonal against SLAMF7; Tai et al., Blood, 2008;112:1329-37);
daratumumab, MOR202, and isatuximab that target CD38; nBT062-SMCC-DMI, nBT062-SPDB-DM4, and
nBT062-SPP-DMI that target CD138; lucatumumab (also known as HCD122) and dacetuzumab (also known
as SGN-40) that target CD40; lorvotuzumab which targets CD56. For a review of antibody therapeutics for
the treatment of multiple myeloma, see, e.g., Tandon et al.,, Oncology & Hematology Review,
2015;11(2):115-21, and Sondergeld et al., Clinical Advances in Hematology & Oncology, 2015; 13(9), 599,

both incorporated by reference.
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In some embodiments, the heterodimeric antibody is administered prior to, concurrent with, or after
treatment with proteasome inhibitors (bortezomib, carfilzomib and ixazomib), immunomodulatory drugs
(IMiDs) such as the thalidomide derivatives pomalidomide and lenalidomide, the histone deacetylase
inhibitor Panobinostat, antibodies such as Daratumumab, Teclistamab, Isatuximab, Elotuzumab
Talguetamab, Alnuctamab, Belantamab, Elranatamab or any other above cited compound and/or drug
and/or biotherapeutics, also including venetoclax, mafodotin seliniexor, dexamethasone, doxorubicin,

melflufen, CAR-T cell therapy and their combinations.

All cited references are herein expressly incorporated by reference in their entirety. Whereas particular
embodiments of the invention have been described above for purposes of illustration, it will be
appreciated by those skilled in the art that numerous variations of the details may be made without

departing from the invention as described in the appended claims.

Figures

Figure 1. Anti-human CD3 C1 candidate binds to human CD3 and induces T cell activation. The binding of
anti-CD3 candidates to human PBMCs was evaluated by flow cytometry (A). Concomitantly, the ability of
anti-CD3 candidates to induce the activation of human purified T cells for 48h, via the upregulation of
CD69 on CD4* T cells, was assessed by flow cytometry (B). Each point is the Mean +/- Standard Deviation
of three independent measurements from one representative experiment. Experimental setup and

analysis are described in Example 1.

Figure 2. Anti-CD3-C1 candidate and anti-CD3-Cl-optimized candidates bind specifically to human CD3.
The binding of anti-CD3 candidates to HPB-ALL wild-type and knocked-out for CD3 cell lines was evaluated
by flow cytometry. Each bars represent the Geometric Mean of Fluorescence of one replicate tested at 8

nM from one representative experiment. Experimental setup and analysis are described in Example 2.
Figure 3. Format of tool molecules used for assessment of T cell activation propensity of CD3 binders.

Figure 4. The 2+1 C1-D6/BCMA candidate triggers the most potent killing of tumor cells and activation of
T cells in a Redirected Lysis assay. The ability of 2+1 CD3xBCMA-dAbx2 candidates to trigger T cell
mediated killing of NCI-H929 tumor cells (A) was assessed in a Redirected Lysis assay with a 5:1 Effector-
to-target ratio and measured by Flow Cytometry after 48 hours of incubation. In the same assay, the
activation of human T cells was assessed by flow cytometry, measured by the percentage of CD69
upregulation on CD4 T cells (B). Each point is the Mean +/- Standard Deviation of two technical replicates

from one representative donor. Experimental setup and analysis are described in Example 3.
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Figure 5. HDX epitope mapping of C1-D6 binder onto hCD3ye. hCD3ye showed significant reduction in
deuterium uptake (-10) upon binding to the IgG at AA182-197, YVCYPRGSKPEDANFY (SEQ ID NO: 726),
indicating this was the main epitope. Figure 5 shows the differential heat map comparing
hydrogen/deuterium exchange of hsCD3 y (23-103)-hsCD3 & (23-118) alone to that of hsCD3 y (23-103)-
hsCD3 & (23-118) & anti-CD3-C1-D6 IgG1 LALA.

Figure 6. Blocking of the human BCMA/human APRIL interaction and blocking of the human BCMA/human
BAFF interaction upon binding of anti-BCMA-D3 Fab and anti-BCMA-E6 Fab to human BCMA assessed by
Surface Plasmon Resonance. Recombinant human APRIL-his protein or recombinant human BAFF-his
protein was loaded on a CM5 sensor CHIP previously coated with anti-histidine antibody. A solution of 50
nM recombinant BCMA-Fc protein pre-mixed with varying concentrations (0 nM, 25 nM, 50 nM, or 200
nM) of anti-BCMA-D3 Fab in running buffer was injected over A) immobilized human APRIL or B)
immobilized human BAFF. Similarly, a solution of 50 nM recombinant BCMA-Fc protein pre-mixed with
varying concentrations (0 nM, 25 nM, 50 nM, or 200 nM) of anti-BCMA-E6 Fab in running buffer was
injected over C) immobilized human APRIL or D) immobilized human BAFF. Plot shows data expressed as

number of resonance units (abbreviated RU; Y axis) vs. time (X axis).

Figure 7. Anti-BCMA-D3- and anti-BCMA-E6- affinity matured candidates bind specifically to BCMA. The
binding of anti-BCMA candidates to NCI-H929 wild-type and knocked-out for BCMA cell lines was
evaluated by flow cytometry. Each bar represents the Geometric Mean of Fluorescence of one replicate
tested at 10 nM from one representative experiment. Experimental setup and analysis are described in

Example 6.

Figure 8. Epitope binning of anti-CD38-E2 Fab, anti-CD38-B3 Fab and daratumumab Fab to human CD38
using Octet Bio-Layer Interferometry. Biotinylated human CD38-avi-his protein was loaded on a
streptavidin SA Biosensor. Fab antibody 1 (Ab1) was injected over immobilized human CD38 at 200 nM in
kinetic buffer to reach saturation of the surface. Then, a pre-mixed solution of Ab1 and Fab antibody 2
(Ab2) at 200 nM final concentration each was injected over saturated surface (competition phase). Same
experimental procedure was performed using Ab1 at 400 nM alone in the competition phase as control
for surface saturation. Plot shows binding to the sensor tip as a wavelength shift (Response, in nm; Y axis)
vs. time (X axis) for A) anti-CD38-E2 Fab as Ab1 B) anti-CD38-B3 Fab as Ab1 and C) daratumumab Fab as

Ab1l. Curves are labelled by Ab2 clone name.
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Figure 9. Schematic drawing of CD3/BCMA/CD38 trispecific antibodies. CD3/BCMA/CD38 antibodies were
constructed with three Fabs targeting three separate antigens, whereby the “Fc distal” Fab domain was
fused to the N-terminus of the VH domain of the “Fc proximal” Fab. A). Configuration BO (BTB Outer)
CD3/BCMA/CD38 had the CD38 binder on arm A, the CD3 binding arm in the outer, Fc distal position of
the B arm and the BCMA in the “Fc proximal” position of the B arm while for B) Configuration C the
CD3/BCMA/CD38 had the CD3 binding arm on arm A, the BCMA binder in the Fc distal position of arm B

and the CD38 binder in the Fc proximal position of the B arm.

Figure 10. Thermograms obtained by differential scanning calorimetry (DSC) for CD3/BCMA/CD38
antibodies including thermal transition € analysis. Thermogram and thermal transition analysis of A.
TREAT CD3/BCMA/CD38-115; B. TREAT CD3/BCMA/CD38-117; C. TREAT CD3/BCMA/CD38-118 and D.
TREAT CD3/BCMA/CD38-119. The domains’ unfolding corresponding to the different transitions were

assigned in brackets after the corresponding temperatures.

Figure 11. Surface Plasmon Resonance measurements of CD3/BCMA/CD38 antibodies to hCD3e6.
Biotinylated hCD3e6 (CD3E & CD3D-377H, Creative Biomart, USA) was immobilized on the sensor surface
via the Biotin CAPture Reagent, a modified streptavidin that can be reversibly attached to the CAP chip
surface. CD3/BCMA/CD38 antibodies were injected in concentration series (as described in the figure) in
HBS-EP+ buffer over immobilized hCD3¢&6. Plots are showing data expressed as number of resonance units
(abbreviated RU; Y axis) vs. time (s, X axis) for A. TREAT CD3/BCMA/CD38-115; B. TREAT CD3/BCMA/CD38-
117; C. TREAT CD3/BCMA/CD38-118 and D. TREAT CD3/BCMA/CD38-119. Binding affinity to human CD3e6
were measured using a steady state affinity model. This model uses the plot of the equilibrium response
(Req; Y axis) vs. analyte concentration (M; X axis) for affinity calculation according to the following
equation: Req = Ka x C x Rmax/(Ka x C x n+1), concentration at 50% saturation is the equilibrium

dissociation constant (Kp).

Figure 12. Surface Plasmon Resonance measurements of CD3/BCMA/CD38 antibodies to human CD38.
Biotinylated hCD38 (Biotinylated Human CD38 Protein, Avitag™, His Tag, CD8-H82E7, Acrobiosystems,
USA) was immobilized on the sensor surface via the Biotin CAPture Reagent, a modified streptavidin that
can be reversibly attached to the CAP chip surface. CD3/BCMA/CD38 antibodies were injected in
concentration series (as described in the figure) in HBS-EP+ buffer over immobilized hCD38. Plots are
showing data expressed as number of resonance units (abbreviated RU; Y axis) vs. time (s, X axis) for A.
TREAT CD3/BCMA/CD38-115; B. TREAT CD3/BCMA/CD38-117; C. TREAT CD3/BCMA/CD38-118 and D.
TREAT CD3/BCMA/CD38-119. Binding affinities to human CD38 were measured using a 1:1 Langmuir
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binding model. This model assumes a 1:1 interaction between the ligand and analyte and determines the
association rate constant (k.), dissociation rate constant (kq), and affinity (Kp) for each sample. Using this
model, the Kp is defined as the ratio between the included dissociation rate constant and the association
rate constant, i.e., Kp = ka/ka. Measurements zero concentration samples for referencing. Chi% and residual
values were used to evaluate the quality of fit between the experimental data (sensorgram fc2-fc1) and
individual binding models. Solid lines represent the measured data while dotted lines represent simulated

fits. Kp: equilibrium dissociation constant; k,: association rate constant. Kq: dissociation rate constant.

Figure 13. Surface Plasmon Resonance measurements of CD3/BCMA/CD38 antibodies to human BCMA.
Biotinylated hBCMA (Biotinylated Human BCMA / TNFRSF17 Protein, His, Avitag™ DMF Filed, BCA-H82E4,
Acrobiosystems, USA) was immobilized on the sensor surface via the Biotin CAPture Reagent, a modified
streptavidin that can be reversibly attached to the CAP chip surface. CD3/BCMA/CD38 antibodies were
injected in concentration series (as described in the figure) in HBS-EP+ buffer over immobilized hBCMA.
Plots are showing data expressed as number of resonance units (abbreviated RU; Y axis) vs. time (s, X axis)
for A. TREAT CD3/BCMA/CD38-115; B. TREAT CD3/BCMA/CD38-117; C. TREAT CD3/BCMA/CD38-118 and
D. TREAT CD3/BCMA/CD38-119. Binding affinities to human CD38 were measured using a 1:1 Langmuir
binding model. This model assumes a 1:1 interaction between the ligand and analyte and determines the
association rate constant (k,), dissociation rate constant (kq), and affinity (Kp) for each sample. Using this
model, the Kp is defined as the ratio between the dissociation rate and the association rate, i.e., Ko =ka/ka.
Measurements included zero concentration samples for referencing. Chi? and residual values were used
to evaluate the quality of fit between the experimental data (sensorgram fc2-fc1) and individual binding
models. Solid lines represent the measured data while dotted lines represent simulated fits. Kp:

equilibrium dissociation constant; k, association rate constant; kq: dissociation rate constant.

Figure 14. Surface Plasmon Resonance binding of selected TREAT CD3/BCMA/CD38 to Fc receptors
compared to trastuzumab 1gGl. (A) CD3/BCMA/CD38-115, (B) CD3/BCMA/CD38-117, (C)
CD3/BCMA/CD38-118, (D) CD3/BCMA/CD38-119 and € trastuzumab IgG1.

Figure 15. AC-SINS profile of selected TREATs CD3/BCMA/CD38.

Figure 16. CD3/BCMA/CD38 candidates bind to human primary CD38-negative T cells. The binding of anti-
CD3 candidates to CD38 negative human T cells was evaluated by flow cytometry, and binding curves are
depicted in Figure 16A. Each point represents the Mean +/- Standard Deviation of six measurements of
independent T cell donors from two individual experiments. Kp values determined from binding curves

were plotted and compared to benchmarks in Figure 16B using a paired One-way ANOVA followed by
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Tukey HSD post-hoc comparison. # stands for significantly different to 83A10-TCBcv. Experimental setup

and analysis are described in Example 18.

Figure 17. CD3/BCMA/CD38 candidates bind to cell lines displaying variable expression of CD38 and
BCMA. The binding of candidates CD3/BCMA/CD38 candidates, -118, -119 and 83A10-TCBcv benchmark
to CD38 and BCMA was evaluated by flow cytometry on different cell lines displaying variable expression
of CD38 and BCMA, KMS-12-BM (A), MOLP-8 (B) and NCI-H929 (C). Each point is the Mean +/- Standard
Deviation of three measurements from three individual experiments. Experimental setup and analysis are

described in Example 18.

Figure 18. CD3/BCMA/CD38-118 candidate induces the most potent in vitro killing of Multiple Myeloma
cell lines displaying variable expression of CD38 and BCMA. The ability of CD3/BCMA/CD38 candidates
and benchmarks to trigger T cell mediated killing of KMS-12-BM (A), MOLP-8 (B) and NCI-H929 (C) tumor
cells was assessed in a Redirected Lysis assay with a 5:1 Effector-to-target ratio and measured by Flow
Cytometry after 72 hours of incubation. The half maximum effective killing concentration (ECso) values
were determined from Redirected Lysis assay. Each dot represents the ECso value for one individual donor.
Means were compared using a paired One-way ANOVA followed by Tukey HSD post-hoc comparison. *
stands for statistically significant compared to TNB-F2B BEAT Fc. # stands for statistically significant
compared to 83A10-TCBcv. + stands for statistically significant compared to BEAT
CD3/CD38. Three independent experiments were performed for each candidate with a total of 6 donors.

Experimental setup and analysis are described in Example 18.

Figure 19. CD3/BCMA/CD38 candidates induce strong T cell activation and proliferation associated with
KMS-12-BM killing. The ability of CD3/BCMA/CD38 candidates and benchmarks to trigger T cell mediated
killing of KMS-12-BM cells, and consequently T cell activation and proliferation, were assessed in a
Redirected Lysis assay with a 5:1 Effector-to-target ratio. At endpoint, Proliferation and CD25 expression
were assessed of CD4* and CD8* T cells. The figure shows ECso values for activation or proliferation. Each
dot represents the EC50 value for one individual donor. Three independent experiments were performed
for each candidate with a total of 6 donors. Means were compared using a paired One-way ANOVA
followed by Tukey HSD post-hoc comparison. * stands for statistically significant compared to TNB-F2B
BEAT Fc. # stands for statistically significant compared to 83A10-TCBcv + stands for statistically significant

compared to BEAT CD3/CD38. Experimental setup and analysis are described in Example 18.
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Figure 20. CD3/BCMA/CD38 candidates induce minimal cytokine release associated with on-target off-
tumor activity compared to positive controls and benchmark 83A10-TCBcv. Cytokine release was
evaluated in a High-Density assay. At endpoint, supernatants were stored at -80 and cytokine release was
evaluated for IFN-gamma (A), TNF-alpha (B), IL-2 (C), IL-6 (D) and IL-10 € cytokines using Meso Scale
Discovery (MSD) assay. Each bar is the Mean +/- Standard Deviation. A total of 4 PBMC donors were tested
in two independent experiments. Dotted lines show a positive (PHA) and a negative control. Experimental

setup and analysis are described in Example 18.

Figure 21. CD3/BCMA/CD38 candidates do not bind to Red Blood Cells compared to daratumumab and
magrolimab. The binding of candidates CD3/BCMA/CD38 candidates and benchmarks to Red Blood Cells
was evaluated by flow cytometry (A). Each dot represents the Area Under the Curve (AUC) of a dose
response curve for each donor. Means were compared using a paired One-way ANOVA followed by
Dunnett post-hoc comparison to daratumumab(*P<0.05) (B). Experimental setup and analysis are

described in Example 18.

Figure 22. CD3/BCMA/CD38 candidates do not induce hemagglutination. The propensity of candidates
CD3/BCMA/CD38 candidates and benchmarks to induce hemagglutination was assessed in a Coombs
assay. Each dot represents the Mean +/- Standard Deviation of Coombs for six donor. Experimental setup

and analysis are described in Example 18.

Figure 23. CD3/BCMA/CD38_118 shows superior killing of NCI-H929 in Multiple Modes of Action Killing
compared to anti-CD38 benchmarks. The ability of CD3/BCMA/CD38 candidates and benchmarks to
trigger NCI-H929 cells lysis was assessed in a Multiple Modes of Action Killing (MmoAK) assay in presence
of human serum and IL-2. Each dot represents the Mean +/- Standard Error Mean of percentage of Target
Killing (A), EC50 of killing (B) and the Area Under the Curve (AUC) of a dose response curve for each donor
(C). Means (5-8 donors) were compared using Kruskal-Wallis followed by Dunn’s post-hoc comparison or
a paired One-way ANOVA test followed by Tukey’s post-hoc comparison (*P<0.05, **0.01<P<0.05,

***P<0.01). Experimental setup and analysis are described in Example 18.

Figure 24. CD3/BCMA/CD38 candidates control NCI-H929 tumors in a dose dependent manner, with
higher potency than benchmark 83A10-TCBcv at lower doses. NCG female mice were engrafted on day -
10 s.c. with 1x107 NCI-H929 MM tumor cells (CD38++ and BCMA++) and inoculated i.p. with 1x107 PBMCs
from 2 healthy human donors (Donor A: n=9 mice/group and Donor B: n=9 mice/group). Mice were
randomized at day 0 when the average tumor volume reached around 150 mm? and treatments injected

i.v. once per week for 3 weeks on days 0, 7 and 14. A. NCI-H929 tumor growth following treatment at 0.5
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mg/kg dose (left); 0.1 mg/kg dose (middle) or 0.02 mg/kg dose (right) in NCG mice inoculated with Donor
A (top) or Donor B (bottom) PBMCs (n=9 mice / group). Mean = SEM are shown with Last Observation
Carried Forward (LOCF). B. Plasma concentrations (ng/mL) of the indicated molecules at the indicated
doses on day 13 or 14 post treatment (after two intravenous injections) in NCG mice inoculated with
Donor A (left) or Donor B (right) PBMCs (n=3 mice / group). Concentration of molecules was determined
using a human BCMA-specific antigen capture ELISA (a method to quantify anti-BCMA human IgG). Mean
1 SD are shown, with values within bar representing mean concentrations and values above representing

fold differences.

Figure 25. CD3/BCMA/CD38 candidates substantially delay the growth of NCI-H929 tumors at 0.1 mg/kg
dosing, compared to vehicle or CD3 dummy control. NCG female mice were engrafted on day -11 s.c. with
1x107 NCI-H929 MM tumor cells (CD38++ and BCMA++) and inoculated i.p. with 1x10” PBMCs from 2
healthy human donors (Donor A: n=9 mice/group and Donor B: n=9 mice/group). Mice were randomized
at day 0 when the average tumor volume reached around 180 mm? and treatments injected i.v. once per
week for 3 weeks on days 0, 7 and 14. A. NCI-H929 tumor growth following treatment at 0.1 mg/kg dose
in NCG mice inoculated with Donor A (top) or Donor B (bottom) PBMCs (n=9 mice / group). Mean + SEM
are shown with Last Observation Carried Forward (LOCF). B. Plasma 87escribe87teions (ng/mL) of the
indicated molecules on day 10 (for vehicle and CD3/BCMA/CD38-122) or day 14 (for remaining groups)
post treatment (after two intravenous injections) in NCG mice inoculated with Donor A (top) or Donor B
(bottom) PBMCs (n=3 mice / group). Concentration of molecules was determined using a human BCMA-

specific antigen capture ELISA (a method to quantify anti-BCMA human IgG). Mean + SD are shown.

Figure 26. Effectiveness of CD3/BCMA/CD38-118, -119 and 83A10-TCBcv in NCI-H929 tumor control
correlated with the degree of T cell infiltration within tumor microenvironment. NCG female mice
engrafted with NCI-H929 MM tumor cells and inoculated i.p. with PBMCs from 2 healthy human donors
(Donor A and Donor B) were treated with a single dose i.v. of molecules at 0.1 mg/kg on day 0, when the
average tumor volume reached approximately 180 mm?3. After 2 or 6 days, tumors and spleens of treated
mice were harvested and analyzed ex vivo by flow cytometry (n=2-3 mice / group / timepoint). A.
Histogram plots show the expression of human TCRa3 in gated human CD45* cells on day 2 (left) and 6
(right) post single dose in the tumor. Numbers indicate the % of positive cells. Legend from top to bottom:
Vehicle, 83A10-TCBcv, CD3/BCMA/CD38-118, CD3/BCMA/CD38-119, CD3/BCMA/CD38-122. B. Graph
depicts number of human TCRaf3 cells per gram of tumor at the indicated day and PBMC donor. Mean +

SD are shown. C. Contour plots show the expression of human CD69 vs human CD25 in tumor infiltrating
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CD8+T cells at day 2 post dosing with the indicated molecules. Numbers within plots indicate percentages.
D. Graphs show the % of human CD69 (left) and human CD25 (right) positive CD8 T cells in the tumor (top)

and in the spleen (bottom) at day 2 post single dose. Mean * SD are shown.

Figure 27. CD3/BCMA/CD38 candidates induce secretion of human inflammatory cytokines in the tumor
microenvironment. NCG female mice engrafted with NCI-H929 MM tumor cells and inoculated i.p. with
PBMCs from 2 healthy human donors (Donor A and Donor B) were treated with a single dose i.v. of
molecules at 0.1 mg/kg on day 0, when the average tumor volume reached around 180 mm3. After 2 or
6 days, tumors of treated mice were harvested, and tumor supernatant was recovered. Cytokine detection
analysis was performed on tumor supernatant using Luminex with a Cytokine & Chemokine 34-Plex
Human Kit {(n=2-3 mice / group / timepoint). Graphs display the concentration of the indicated cytokine
in the tumor supernatant normalized per gram of tumor at day 2 or 6 post dosing with the indicated

molecules. Mean * SD are shown.

Figure 28. CD3/BCMA/CD38 candidates are at least equally potent to 83A10-TCBcv in the control of
BCMAlow CD38low KMS-12-BM tumors. NSG female mice were engrafted on day 0 s.c. with 1 x 107 KMS-
12-BM MM tumor cells (CD38low and BCMAlow) and inoculated i.p. with 1 x 107 PBMCs from 2 healthy
human donors (Donor C: n=8 mice/group and Donor D: n=8 mice/group). Mice were randomized at day 8
when the average tumor volume reached around 150 mm?3 and treatments injected i.v. once per week for
3 weeks on days 9, 16 and 23. A. KMS-12-BM tumor growth following treatment at 0.5 mg/kg dose (left);
0.1 mg/kg dose (middle) or 0.02 mg/kg dose (right) in NSG mice inoculated with Donor C (top) or Donor D
(bottom) PBMCs (n=8 mice / group). Mean + SEM are shown with Last Observation Carried Forward
(LOCF). B. Serum concentrations (ng/mL) of the indicated molecules at the indicated doses on day 23 or
30 post treatment (at through exposure, either prior 3™ dose (day 23) or one week later) in NSG mice
inoculated with Donor C (top) or Donor D (bottom) PBMCs (n=3-6 mice / group). Concentration of
molecules was determined using a human BCMA-specific antigen capture ELISA (a method to quantify
anti-BCMA human IgG). Mean + SD are shown, with values within bar representing mean concentrations

and values above representing fold differences.

Figure 29. Treatment with CD3/BCMA/CD38 candidates at 0.5 mg/kg leads to complete KMS-12-BM tumor
regression for one PBMC donor. NSG female mice were engrafted on day -9 s.c. with 1 x 107 KMS-12-BM
MM tumor cells (CD38low and BCMAlow) and inoculated i.p. with 1 x 107 PBMCs from 2 healthy human
donors (Donor C: n=8 mice/group and Donor D: n=8 mice/group). Mice were randomized at day -1 when

the average tumor volume reached around 120 mm3 and treatments injected i.v. once per week for 3
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weeks on days 0, 7 and 14. A. KMS-12-BM tumor growth following treatment at 0.5 mg/kg dose in NSG
mice inoculated with Donor C (left) or Donor D (right) PBMCs (n=8 mice / group). Mean + SEM are shown
with Last Observation Carried Forward (LOCF). B. Serum concentrations (ng/mL) of the indicated
molecules on day 6 post treatment (after one intravenous injection) in NSG mice inoculated with Donor C
(left) or Donor D (right) PBMCs (n=3-4 mice / group). Concentration of molecules was determined using a
human BCMA-specific antigen capture ELISA (a method to quantify anti-BCMA human IgG). Mean + SD

are shown, with values within bar representing mean concentrations.

Figure 30. Treatment efficacy of CD3/BCMA/CD38 candidates correlated with the degree of T cell
infiltration and activation status within tumor microenvironment. NSG female mice engrafted with KMS-
12-BM MM tumor cells and inoculated i.p. with PBMCs from 2 healthy human donors (Donor C and Donor
D) were treated with a single dose i.v. of molecules at 0.5 mg/kg on day 0, when the average tumor volume
reached around 120 mm3. After 2 or 6 days, tumors and spleens of treated mice were harvested and
analyzed ex vivo by flow cytometry (n=2-3 mice / group / timepoint). A. Histogram plots show the
expression of human TCRaf3 in gated human CD45* cells on day 2 (left) and 6 (right) post single dose in
the tumor. Numbers indicate the % of positive cells. Legend from top to bottom: Vehicle, 83A10-TCBcv,
CD3/BCMA/CD38-118, CD3/BCMA/CD38-119, CD3/BCMA/CD38-122. B. Graph depicts number of human
TCRaP cells per gram of tumor at the indicated day and PBMC donor. Mean + SD are shown. C. Contour
plots show the expression of human CD69 vs human CD25 in tumor infiltrating CD8* T cells at day 2 post
dosing with the indicated molecules. Numbers within plots indicate percentages. D. Graphs show the %
of human CD69 (left) and human CD25 (right) positive CD8 T cells in the tumor (top) and in the spleen

(bottom) at day 2 post single dose. Mean + SD are shown.

Figure 31. CD3/BCMA/CD38 candidates induce secretion of human cytotoxic cytokines in the tumor
microenvironment. NSG female mice engrafted with KMS-12-BM MM tumor cells and inoculated i.p. with
PBMCs from 2 healthy human donors (Donor C and Donor D) were treated with a single dose i.v. of
molecules at 0.5 mg/kg on day 0, when the average tumor volume reached around 120 mm?3. After 2 or 6
days, tumors of treated mice were harvested, and tumor supernatant was recovered. Cytokine detection
analysis was performed on tumor supernatant using Luminex with a Cytokine & Chemokine 34-Plex
Human Kit (n=2-3 mice / group / timepoint). Graphs display the concentration {in ng) of the indicated
cytokine in the tumor supernatant normalized per gram of tumor at day 2 or 6 post dosing with the

indicated molecules. Mean % SD are shown.
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Figure 32. Pharmacokinetic evaluation of CD3/BCMA/CD38-118 and CD3/BCMA/CD38-119 in TG32 SCID
mice. TG32 SCID mice were injected IV with a single dose of CD3/BCMA/CD38-118 and CD3/BCMA/CD38-

119 at 5 mg/kg and plasma evaluated for TREAT concentration. Data are plotted as mean +/- SD of 6 mice.

Figure 33. CD3/BCMA/CD38-118 binds to CD3-expressing T cells. The binding of CD3/BCMA/CD38-118 and
CD3xBCMA benchmarks 83A10-TCBcv, alnuctamab and teclistamab, was evaluated by flow cytometry on
isolated human T cells. Each point is the mean +/- standard deviation of five to six donors from two

individual experiments. Experimental setup and analysis are described in Example 22.

Figure 34. CD3/BCMA/CD38-118 binds to cell lines displaying variable expression of CD38 and BCMA or
lacking one antigen. The binding of CD3/BCMA/CD38-118 and CD3xBCMA benchmarks 83A10-TCBcv,
alnuctamab and Teclistamab, was evaluated by flow cytometry on different cell lines displaying variable
expression of CD38 and BCMA, KMS-12-BM (A), MOLP-8 (B), NCI-H929 WT (C), NCI-H929 BCMA KO (D),
NCI-H929 CD38 KO €. Each point is the mean +/- standard deviation of three measurements from three

individual experiments. Experimental setup and analysis are described in Example 22.

Figure 35. CD3/BCMA/CD38-118 shows higher bindings to cell lines displaying variable expression of CD38
and BCMA compared to control molecules lacking either the BCMA or the CD38 binder. The binding of
CD3/BCMA/CD38-118 and controls, CD3/BCMA/CD38-149 and CD3/BCMA/CD38-151, was evaluated by
flow cytometry on different cell lines displaying variable expression of CD38 and BCMA, KMS-12-BM (A),
MOLP-8 (B), NCI-H929 WT (C), NCI-H929 BCMA KO (D), NCI-H929 CD38 KO ©. Each point is the mean +/-
standard deviation of three measurements from three individual experiments. Experimental setup and

analysis are described in Example 22.

Figure 36. CD3/BCMA/CD38-118 induces the most potent in vitro killing of KMS-12-BM in the absence or
presence of individual soluble factors. The ability of CD3/BCMA/CD38-118 and CD3xBCMA benchmarks
83A10-TCBcv, alnuctamab and teclistamab to trigger T cell mediated killing of KMS-12-BM was assessed
in a Redirected Lysis assay with a 5:1 Effector-to-target ratio in the absence or presence of individual
soluble factors and measured by Flow Cytometry after 48 hours of incubation. Percentages of killing to no
Ab and associated half maximum effective killing concentration (ECso) values were determined from the
Redirected Lysis assay. Each dot represents the ECso value for one individual donor. Bar shows the mean
of the dataset. Means were compared using a Mixed-effect model (when some values were missing) or a

paired One-way ANOVA (when all values were included) analysis followed by Tukey HSD post-hoc
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comparison. # p-value<0.0001 **** for CD3/BCMA/CD38-118 vs all other molecules with soluble factors.

Experimental setup and analysis are described in Example 22.

Figure 37. CD3/BCMA/CD38-118 induces the most potent in vitro killing of KMS-12-BM in the absence or
presence of individual soluble factors. The ability of CD3/BCMA/CD38-118 and CD3xBCMA benchmarks
83A10-TCBcv, alnuctamab and teclistamab to trigger T cell mediated killing of KMS-12-BM was assessed
in a Redirected Lysis assay with a 5:1 Effector-to-target ratio in the absence or presence of individual
soluble factors and measured by Flow Cytometry after 48 hours of incubation. Percentages of Cytotoxicity
and associated half maximum effective killing concentration (ECso) values were determined from the
Redirected Lysis assay. Each dot represents the ECsp value for one individual donor. Bar shows the mean
of the dataset. Means were compared using a Mixed-effect model (when some values were missing) or a
paired One-way ANOVA (when all values were included) analysis followed by Tukey HSD post-hoc
comparison. # p-value<0.0001 **** for CD3/BCMA/CD38-118 vs all other molecules with soluble factors.

Experimental setup and analysis are described in Example 22.

Figure 38. CD3/BCMA/CD38-118 induces the most potent in vitro killing of KMS-12-BM in the presence of
competing soluble factors. The ability of CD3/BCMA/CD38-118 and CD3xBCMA benchmarks 83A10-TCBcv,
alnuctamab and teclistamab to trigger T cell mediated killing of KMS-12-BM was assessed in a Redirected
Lysis assay with a 5:1 Effector-to-target ratio in the absence (left, empty white symbol) or presence of a
combination of soluble factors (right; soluble BCMA, soluble CD38 and APRIL, full black symbol) and
measured by Flow Cytometry after 48 hours of incubation. Percentages of killing to No Ab, percentages
of Cytotoxicity, and associated half maximum effective killing concentration (ECsy) values were
determined from the Redirected Lysis assay. Each dot represents the ECso value for one individual donor.
Bar shows the mean of the dataset. Means were compared using a Mixed-effect model (when some values
were missing) or a paired One-way ANOVA (when all values were included) analysis followed by Tukey

HSD post-hoc comparison. Experimental setup and analysis are described in Example 22.

Figure 39. CD3/BCMA/CD38-118 induces the most potent in vitro killing against all cell lines. The ability of
CD3/BCMA/CD38-118 and CD3xBCMA benchmarks 83A10-TCBcv, alnuctamab and teclistamab to trigger
T cell mediated killing of multiple myeloma cell lines was assessed in a Redirected Lysis assay with a 5:1
Effector-to-target ratio using isolated T cells on KMS-12-BM (A, D), MOLP-8 (B, E) and NCI-H929 (C, F) cells
and measured by Flow Cytometry after 48 hours of incubation. Percentages of killing to No Ab (A, B, C),

percentages of Cytotoxicity (D, E, F), and associated half maximum effective killing concentration (ECs)
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values were determined from the Redirected Lysis assay. Each dot represents the ECso value for one
individual donor. Lines show the mean of the dataset. Means were compared using a Mixed-effect model
(when some values were missing) or a paired One-way ANOVA (when all values were included) analysis
followed by Tukey HSD post-hoc comparison. Ns: not statistically different; *: p=0.05-0.01; **: p=0.01-
0.001; ***: p=0.001-0.0001; ****: p<0.0001. Experimental setup and analysis are described in Example
22.

Figure 40. CD3/BCMA/CD38-118 induces a higher killing potency against all cell lines compared to the
combination of bispecific antibodies with the same binders. The ability of CD3/BCMA/CD38-118 and
controls, CD3/BCMA/CD38-149, CD3/BCMA/CD38-151 and a combination of both, to trigger T cell
mediated killing of multiple myeloma cell lines was assessed in a Redirected Lysis assay with a 5:1 Effector-
to-target ratio using isolated T cells on KMS-12-BM (A, D), MOLP-8 (B, E) and NCI-H929 (C, F) cells and
measured by Flow Cytometry after 48 hours of incubation. Percentages of killing to No Ab (A, B, C),
percentages of Cytotoxicity (D, E, F), and associated half maximum effective killing concentration (ECso)
values were determined from the Redirected Lysis assay. Each dot represents the ECso value for one
individual donor. Bar shows the mean of the dataset. Means were compared using a Mixed-effect model
(when some values were missing) or a paired One-way ANOVA (when all values were included) analysis
followed by Tukey HSD post-hoc comparison. Ns: not statistically different; *: p=0.05-0.01; **: p=0.01-
0.001; ***: p0.001-0.0001; ****: p<0.0001. NQ: not quantifiable. Experimental setup and analysis are

described in Example 22.

Figure 41. CD3/BCMA/CD38-118 demonstrates statistically superior killing to the combination of
teclistamab with daratumumab. The ability of CD3/BCMA/CD38-118 and benchmarks, daratumumab,
teclistamab and a combination of both, to trigger the killing of multiple myeloma cell lines was assessed
in a MmoAK assay with a 5:1 effector-to-target ratio using human PBMCs on KMS-12-BM cells and
measured by Flow Cytometry after 48 hours of incubation. Two concentrations, 10 (A, C) and 100 (B, D)
pM of CD3/BCMA/CD38-118 or teclistamab were evaluated with a single dose of daratumumab at 100
nM. Percentage of killing to No Ab (A, B) and percentage of cytotoxicity (C, D) were assessed after the
incubation. Each dot represents one individual donor. Bars shows the mean of the dataset. Means were
compared using a paired One-way ANOVA analysis followed by Tukey HSD post-hoc comparison. Ns: not
statistically different; *: p=0.05-0.01; **: p=0.01-0.001; ***: p0.001-0.0001; ****: p<0.0001. Experimental

setup and analysis are described in Example 22.
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Figure 42. CD3/BCMA/CD38-118 induces the killing of CD138* cells within MM patient samples. BMMC
from four individual donors (A, Smoldering MM; B, Newly Diagnosed MM; C, r/r MM; D, Plasma Cell
Leukemia (PCL)) were cultured in RPMI 10% Human serum, 3 ng/ml recombinant human IL-6 and treated
with varying concentrations of CD3/BCMA/CD38-118, benchmark (Teclistamab) and negative control
(CD3/BCMA/CD38-085, not shown) for 17-22 hours. Absolute counts of live CD138" cells were extracted
and normalized to the no antibody condition to calculate the % killing compared to no antibody. Each dot
represents the mean +/- standard error of the mean of 2 replicated measurements for one individual
donor (except for B and C where simplicates were used). Experimental setup and analysis are described

in Example 22.

Figure 43. CD3/BCMA/CD38-118 induces superior killing of CD138* cells to teclistamab within MM patient
samples. BMMC from six to eleven individual donors were cultured in RPMI 10% Human serum, 3 ng/ml
recombinant human IL-6 and treated with varying concentrations of CD3/BCMA/CD38-118, CD3xBCMA
benchmark (Teclistamab) and negative controls (not shown) for 17-22 hours. Absolute counts of live
CD138" cells were extracted and normalized to the no antibody condition to calculate the % killing
compared to no antibody. Each dot represents an individual donor. Bars show the means +/- standard
deviation of the different donors for specific concentrations. Experimental setup and analysis are

described in Example 22.

Figure 44. While CD3/BCMA/CD38-118 controls KMS-12-BM tumors in a dose dependent manner, BEAT
CD3/CD38 and Teclistamab fail to delay tumor progression at high doses. NSG female mice were engrafted
on day -9 s.c. with 1 x 107 KMS-12-BM MM tumor cells (CD38'°* and BCMA"*) and inoculated i.p. with 1 x
107 PBMCs from a healthy human donor (Donor C). Mice were randomized at day -1 when the average
tumor volume reached around 187 mm? and treatments injected i.v. once per week for 3 weeks on days
0, 7 and 14. A. KMS-12-BM tumor growth following treatment with CD3/BCMA/CD38-118 (top); BEAT
CD3/CD38 (middle) or Teclistamab (bottom) at the indicated doses in NSG mice inoculated with Donor C
PBMCs (n=8 mice / group). Mean + SEM are shown with Last Observation Carried Forward (LOCF). B. KMS-
12-BM tumor growth following treatment with the indicated molecules at 0.5 mg/kg (left) or 0.1 mg/kg
(right) dose in NSG mice inoculated with Donor C PBMCs (n=8 mice / group). Mean = SEM are shown with
Last Observation Carried Forward (LOCF). C. Serum concentrations (ng/mL) of the indicated molecules at
the indicated doses on day 13, 14 or 21 (at trough exposure, either prior 3™ dose (day 13/14) or one week

later) in NSG mice inoculated with Donor C PBMCs (n=4-7 mice / group). Mean + SD are shown, with values
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within bar representing mean concentrations and values above representing fold differences. NIC = no

interpolated concentration.

Figure 45. High doses of BEAT CD3/CD38 and Teclistamab induce reduction of the T cell compartment
within the tumor microenvironment and in the periphery. NSG female mice engrafted with KMS-12-BM
MM tumor cells and inoculated i.p. with PBMCs from a healthy human donor (Donor C) were treated i.v.
with the indicated molecules at indicated doses on day zero, when the average tumor volume reached
around 187 mm3, and then once per week for 3 weeks. At day 13, tumors and spleens of treated mice
were harvested and analysed ex vivo by flow cytometry (n=2-3 mice / group). A. Greyscale Pseudocolour
plots show the expression of human CD45 vs mouse CD45 in gated live cells in the tumor. Numbers within
plots indicate percentages of positive cells. B. Contour plots show the expression of human TCRab in
tumor infiltrating CD45* cells. Numbers within plots indicate percentages of positive cells. C. Graphs depict
number of human CD45* (top) and human TCRab* (bottom) cells per gram of tumor. Mean + SD are shown.
D. Graphs depict number of human CD45" (top) and human TCRab* (bottom) cells in the spleen of treated

mice. Mean * SD are shown.

Figure 46. Treatment with BEAT CD3/CD38 + IVIG rescued the T cell compartment and improved in vivo
efficacy against KMS-12-BM tumors. NSG female mice were engrafted on day -9 s.c. with 1 x 107 KMS-12-
BM MM tumor cells and inoculated i.p. with 1 x 107 PBMCs from a healthy human donor (Donor E). Mice
were randomized at day -1 when the average tumor volume reached around 120 mm3and injected i.v. on
the same day with 200 mg/kg of IVIG (Privigen) or PBS, and then twice per week. Dosing (i.v.) of Vehicle,
CD3/BCMA/CD38-118 at 0.5 mg/kg or BEAT CD3/CD38 at 0.5 mg/kg was performed on day zero and day
seven. A. KMS-12-BM tumor growth curves following treatment with the indicated molecules in the
presence or absence of IVIG in NSG mice inoculated with Donor E PBMCs (n=3-5 mice / group). Mean *
SEM are shown. B. Tumor volume of KMS-12-BM tumors at day 11 post treatment (study endpoint) with
indicated molecules * IVIG. Mean x SD is shown. C, D. At day 11, tumors and spleens of treated mice were
harvested and analysed ex vivo by flow cytometry (n=3-5 mice / group). C. Greyscale Pseudocolour plots
show the expression of human CD45 vs mouse CD45 in gated live cells in the tumor. Numbers within plots
indicate percentages of positive cells. D. Graphs depict number of human CD45* cells within gated live
cells (top) and human TCRab* cells in gated human CD45" cells (bottom) per gram of tumor (Figure 45D)

or in the spleen (Figure 45D (continuation)) of treated mice. Mean % SD are shown.

Figure 47. In the presence of IVIG, CD3/BCMA/CD38-118, BEAT CD3/CD38 and Teclistamab all induce

regression of KMS-12-BM tumors at highest doses. NSG female mice were engrafted on day -9 s.c. with 1
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x 107 KMS-12-BM MM tumor cells and inoculated i.p. with 1 x 107 PBMCs from a healthy human donor
(Donor C). Mice were randomized at day -1 when the average tumor volume reached around 147 mm?3
and injected i.v. on the same day with 200 mg/kg of IVIG (Privigen), and then once per week for 3 weeks
(day -1, 6 and 13). Dosing (i.v.) of Vehicle, CD3/BCMA/CD38-118 and BEAT CD3/CD38 at 0.5, 0.1 and 0.02
mg/kg and Teclistamab at 2.5, 0.5 and 0.1 mg/kg was performed on day 0, 7 and 14 (once per week for 3
weeks). A. KMS-12-BM tumor growth following treatment with CD3/BCMA/CD38-118 (top); BEAT
CD3/CD38 (middle) or Teclistamab (bottom) at the indicated doses in NSG mice inoculated with Donor C
PBMCs (n=6-8 mice / group). Mean = SEM are shown with Last Observation Carried Forward (LOCF). B.
KMS-12-BM tumor growth following treatment with the indicated molecules at 0.5 mg/kg (left) or 0.1
mg/kg (right) dose in NSG mice inoculated with Donor C PBMCs (n=6-8 mice / group). Mean * SEM are
shown with Last Observation Carried Forward (LOCF). C. Serum concentrations (ng/mL) of the indicated
molecules at the indicated doses on day 21 (at through exposure, 1 week post 3™ dose) in NSG mice
inoculated with Donor C PBMCs (n=6-8 mice / group). Mean * SD are shown, with values within bar
representing mean concentrations and values above representing fold differences. NIC = no interpolated

concentration; BLOQ = below limit of quantification.

Figure 48. Competition of CD3/BCMA/CD38-118 to isatuximab and to daratumumab for binding to
recombinant human CD38 using Octet Bio-Layer Interferometry. Biotinylated human CD38-avi-his protein
was loaded on a streptavidin SA Biosensor. CD38 loaded biosensor was dipped into a solution of antibody
1 at 200 nM in kinetic buffer to reach saturation of the surface. Then, saturated biosensor was dipped into
a pre-mixed solution of antibody 1 and antibody 2 at 200 nM final concentration each (competition
phase). Same experimental procedure was performed using a solution of antibody 1 at 400 nM alone in
the competition phase as control for surface saturation. Plots show binding to the sensor tip as a
wavelength shift (Response, in nm; y-axis) vs. time (x-axis) for A) isatuximab and B) daratumumab as

antibody 1 (saturating antibody), respectively. Curves are labelled by antibody name.

Figure 49. Schematic drawing of additional CD3/BCMA/CD38 trispecific antibodies. CD3/BCMA/CD38
antibodies were constructed with three Fabs targeting three separate antigens, whereby the “Fc distal”
Fab domain was fused to the N-terminus of the VH domain of the “Fc proximal” Fab. In this configuration
D, CD3/BCMA/CD38, the CD3 binding arm in the outer, Fc distal position of the B arm and the CD38 binder

in the “Fc proximal” position of the B arm, while the BCMA binder is place on the A arm.

Figure 50 The positioning of binders in CD3/BCMA/CD38 antibodies affects their cytotoxic killing potency.
The ability of CD3/BCMA/CD38-118 and control antibodies CD3/BCMA/CD38-149, -151, -170, -171 and -



10

15

20

25

30

WO 2023/213998 PCT/EP2023/061909

96

172 to trigger T cell mediated killing of KMS-12-BM tumor cells was assessed in a redirected lysis assay
with a 5:1 effector-to-target ratio using isolated T cells. The percentage of cytotoxicity at different
concentrations is shown for CD3/BCMA/CD38-149 and CD3/BCMA/CD38-171, A; CD3/BCMA/CD38-151
and CD3/BCMA/CD38-172, B; CD3/BCMA/CD38-118 and CD3/BCMA/CD38-170, C. Each curve is a
nonlinear logistic 4PL model with variable slope and symbols represent Mean +/- SEM for six individual T
cell donors. Percentages of killing were compared using a paired two-way ANOVA analysis followed by a
Sidak’s multiple comparisons test (*: p=0.05-0.01; **: p=0.01-0.001; ***: p0.001-0.0001; ****: p<0.0001).

Experimental setup and analysis are described in Example 25b.

Figure 51. The positioning of binders in CD3/BCMA/CD38 antibodies affects their on-target off-tumor T
cell activation. The propensity of CD3/BCMA/CD38-118 and control antibodies CD3/BCMA/CD38-149, -
151, -170, -171 and -172 to induce on-target off-tumor T cell activation was evaluated by measuring the
upregulation of CD25 activation marker on CD8+ T cells in a high density PBMC assay. The percentage of
CD8+ T cells expressing CD25 is shown for CD3/BCMA/CD38-149 and CD3/BCMA/CD38-171, A;
CD3/BCMA/CD38-151 and CD3/BCMA/CD38-172, B; CD3/BCMA/CD38-118 and CD3/BCMA/CD38-170, C.
Each curve is a nonlinear logistic 4PL model with variable slope and symbols represent Mean +/- SEM for
six individual donors. Percentages of CD8+ T cells expressing CD25 were compared using a paired two-
way ANOVA analysis followed by a Sidak’s multiple comparisons test (*: p=0.05-0.01; **: p=0.01-0.001;
**%: p0.001-0.0001; ****: p<0.0001). Experimental setup and analysis are described in Example 25b.

Figure 52. Crystal structure of human CD38 in complex with the anti-CD38-B3. (A) The overall structure of
anti-CD38-B3/hsCD38 complex. hsCD38 is shaded in light gray, Fab heavy chain in black and Fab light chain
in gray. (B) Footprint of anti-CD38-B3 on CD38 highlighting CD38 residues interacting with B3. Residues
underlined correspond to residues shared between the epitope of B3 and daratumumab. Residues in italic
and underlined correspond to residues shared between the epitope of anti-CD38-B3 and isatuximab. (C)
Surface representation of the anti-CD38-B3 epitope on CD38 with side chains of interacting residues from
B3 shown as stick. HCDRs in dark gray and LCDRs in gray. Experimental setup and analysis are described

in Example 26.

Figure 53. Anti-CD38-B3, isatuximab and daratumumab bind to distinct epitope on CD38. (A) The binding
modes of anti-CD38-B3 Fab and daratumumab (PDB 7DHA). (B) The binding modes of anti-CD38-B3 Fab
and isatuximab (PDB 4CMH). The light chain of the anti-CD38-B3 Fab sterically clashes with the heavy

chain of isatuximab. The steric collision of the two antibodies is indicated with a dashed ellipse. (C) Surface
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representation of the epitopes of anti-CD38-B3 (dark gray) and isatuximab (gray) on CD38 with residues

shared in both epitopes highlighted.

Example 1: Generation of anti-CD3 antibodies

Materials and methods

Recombinant human CD3ye protein (SEQ ID NO: 606)

The CD3y-CD3e complex {(comprising residues 23-103 for CD3y, a linker, and residues 23-118 for CD3g,
hereafter referred to as recombinant human CD3ye protein) was expressed as a fusion protein in an E.
Coli expression system according to published information (Arnett et al., 2004, PNAS, 101 (46): 16268-
16273). The protein was refolded from inclusion bodies and purified via affinity chromatography (using

an affinity resin generated with OKT3 monoclonal antibody) and size exclusion chromatography.

Recombinant human CD3ye protein was biotinylated using the EZ-link™ Sulfo-NHS-LC-Biotin No-Weigh™
Format kit (ThermoFisher Scientific, catalog NO: A39257). Briefly, recombinant human CD3ye protein was
dialyzed at 4 °C against acetate buffer pH 5.0 followed by incubation with a 50-fold molar excess of biotin

for 2 hours on ice. Biotinylated recombinant human CD3ye protein was then dialyzed against PBS at 4 °C.

Transient expression of full-length human CD3e6, human CD3ey and cynomolgus monkey CD3eé in CHO-S
cell line

The human codon-optimized extracellular domain sequences of human CD3& (Uniprot ID PO7766 residues
1-126), human CD36 (Uniprot ID P04234 residues 1-105), human CD3y (Unipro ID P09693 residues 1-116),
cynomolgus monkey CD3& (Uniprot ID Q95LI5 residues 1-105) and cynomolgus monkey CD36 (Uniprot ID
QO95LI8 residues 1-117), each fused to part of the extracellular domain, full transmembrane and cytosolic
domain of mouse CD80 (Uniprot ID Q00609 residues 237-306) resulted in the constructs comprising
sequences as provided in SEQ ID: 610-614. For protein expression, the plasmids were co-transfected (SEQ
ID NO: 611 with SEQ ID NO: 612; SEQ ID NO: 610 with SEQ ID NO: 612 or SEQ ID NO: 613 with SEQ ID NO:
614) into suspension-adapted CHO-S cells (cGMP banked, Invitrogen, catalog NO: A1136401) using
Polyethyleneimine (PEIl; Polysciences). Briefly, cells were prepared at 2 million cells per ml in CD CHO
(Gibco). Cells were then transfected with a DNA-PEI mixture at 37 °C. Four hours post-transfection, the
cell culture was diluted 1:1 in PowerCHO 2 (Lonza) supplemented with 4mM L-Glutamine and incubated
with orbital shaking at 37 °C, 5% C02 and 80% humidity. The expression of the target antigens was

assessed by monitoring the expression of the eGFP reporter protein with a fluorescence microscope.
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Generation of pools of CD3e knockout (KO) HPB-ALL cells

The HPB-ALL CD3 KO cell line was derived from original HPB-ALL cells (DSMZ, catalog NO: ACC483, Lot15)
by targeting the first exon of the CD3 gene using clustered regularly interspaced short palindromic repeats
(CRISPR)/Cas9 technology, as described by Ran et al (Ran et al., 2013, Cell, 154: 1380-1389). The HPB-ALL
cell line was transfected using Neon electroporator (Invitrogen Life Technologies) following the
manufacturer’s instructions. Following transfection, the cells were stained with anti-CD3 antibody (OKT3
clone, ThermoFisher, catalog NO: 14-0037-85) and CD3 knock-out cells were sorted using Melody FACS
sorter (BD) to generate a pool of CD3 knock-out cells. The lack of CD3 expression was further verified by

Flow Cytometry using Qifikit (DAKO, catalog NO: KO07811-8).

Library generation

The library used herein was of synthetic origin with a diversity restricted to the heavy chain (CDR-H1, CDR-
H2 and CDR-H3) and a fixed Vk3-15/Jk1 light chain (SEQ ID NO: 1). The library contained 4 different sub
libraries based on VH1-69, VH3-23, VH3-15, and VH3-53 antibody germlines. CDRs have been randomized
using Trimer oligonucleotides. Primers used for diversifying CDR-H1 and CDR-H2 were designed for each
sub libraries and encoded germline-specific naturally occurring diversity at Kabat residues 27-35 and 50-
58, respectively. CDR-H3 has been randomized using a pool of oligonucleotides encoding 15 CDR-H3
lengths (6-20) and length-specific naturally occurring diversity at Kabat residues 95-102. Diversified scFv
fragments have been pooled to mimic natural CDR-H3 length distribution and cloned into the pNGLEN (in-
house modified pUC119 phagemid vector) and the resulting ligation reaction electroporated into E. coli
TG1 cells. Each sub-library had diversity between 1.2 x 10%° and 1.7 x 10%°, the four sub-libraries reached

a total diversity of 5.6 x 10%°,

Library panning

The panning strategies consisted either in four rounds of selection using recombinant CD3 protein, or two

rounds using recombinant CD3 protein followed by two or three rounds using CD3-expressing cells.

Purified phage particles from individual or pooled sub-libraries (10! plaque-forming units) were blocked
in 1 ml of phosphate buffered saline (PBS) containing 3% (w/v) skimmed milk (3% MPBS) for 1 h at room
temperature (RT). 2 x 100 pl magnetic Dynabeads™ MyOne™ Streptavidin C1 beads (Invitrogen, catalog
NO: 65002) were blocked in the same conditions. Phages were depleted against pre-blocked beads for 1

h at RT. The other aliquot of pre-blocked beads was incubated with 100 nM of biotinylated recombinant
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human CD3&6 protein (Creative Biomart, catalog NO: CD3E & CD3D-377H) or biotinylated recombinant
human CD3ye protein produced in house (SEQ ID NO: 606) for 30 min at RT. Then, depleted phages were
incubated with pre-coated beads for 2 h at RT. Beads were washed five times with PBS containing 0.1%
(v/v) Tween (PBS-Tween 0.1%) and twice with PBS. Phages were eluted with 100 mM triethylamine for 10
min at RT and neutralized using Tris-HCI 1 M pH 8. Eluted phages were used to infect 10 ml of exponentially
growing E. coli TG1 cells. Infected cells were grown in 2YT medium for 1 h at 37 °C and 100 rotations per
minute (RPM), then spread on 2YTAG (2YT medium supplemented with 100 ug/ml ampicillin and 2%
glucose) agar plates and incubated overnight (ON) at 30 °C. Colonies were scrapped off the plates into 10
ml of 2YT and 15% glycerol (v/v) was added for storage at -80 °C. TG1 cells from glycerol stocks were
grown at 37 °C and 240 RPM in 2YTAG medium until OD at 600 nm reached 0.5. Cells were then
superinfected with the M13K07 helper phage using a multiplicity of infection (MOI) of 10 for 1 h at 37 °C
and 100 RPM. Culture medium was then changed for 2YTAK (2YT medium supplemented with 100 pg/ml
ampicillin and 50 pg/ml kanamycin) and cells were further cultured ON at 30 °C and 280 RPM.
Alternatively, eluted phages were used to infect 2 ml of exponentially growing E. coli TG1 cells. Infected
cells were grown in 2YT medium for 1 h at 37 °C and 100 RPM, then grown in 2YT medium supplemented
with 2% glucose for 1 h at 37 °Cand 240 RPM. Cells were then superinfected with the M13K07 helper and
phages produced as described above. The next day, 10 ul of phage containing cell-free supernatant were

used for the subsequent round of selection.

For cell-based panning, 2-10 x 107 non-expressing cells (CHO, HEK, or CD3¢ knockout HPB-ALL) and 2-10
x107 CD3e-expressing cells (HPB-ALL or CHO cells transiently expressing the membrane-bound
extracellular domains of cynomolgus monkey CD3e (SEQ ID NO: 613) and CD36 (SEQ ID NO: 614) were
blocked with PBS/BSA 3% supplemented with 0.1% azide to avoid receptor internalization for 1 h at RT.
Phages were deselected against non-expressing cells for 1 h at RT. The deselected phages were then
incubated with CD3&-expressing cells for 2 h at RT. To remove non-specific phages, cells were washed four
times with PBS-Tween 0.1% and twice with PBS. Phages were eluted with citric acid 76 mM, pH 2.0 for 10
min at RT and neutralized using Tris-HCl 1 M pH 8. Eluted phages were used to exponentially growing E.

coli TG1 cells. Phage amplification was performed as described above.

scFv screening by flow cytometry

The binding of scFv clones to CHO cells transiently expressing the membrane-bound extracellular domains

of human CD3e (SEQ ID NO: 610) and CD36 (SEQ ID NO: 611) or CD3y (SEQ ID NO: 612) was assessed by
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flow cytometry. Individual E. coli colonies from the fourth or fifth round of selection were picked and
grown in 2YT medium supplemented with 100 pg/ml ampicillin and 0.1% glucose in 96-well deepwell
plates. scFv expression was induced by addition of 0.02 mM of IPTG and incubation ON at 30 °C and 260
RPM. Cells were centrifuged and periplasmic extracts were obtained by resuspending the bacterial pellets
in TES buffer (50 mM Tris-HCl pH 8; 1 mM EDTA pH 8; 20% sucrose) followed by incubation on ice for 30
min. Cellular debris were removed by centrifugation, and the scFv containing supernatants were used in
flow cytometry experiment. CD3-expressing and non-transfected CHO cells were seeded at a density of
105 cells/well in microtiter plates. Next, the plates were centrifuged to remove the cell supernatant and
100 pl of periplasmic extract previously diluted 1:1 in PBS containing 3% (w/v) bovine serum albumin
(PBS-BSA 3%) was added to each well and the plates further incubated for 30 min at 4 °C. Cells were then
washed with PBS-BSA 3% and incubated with a biotin-chicken anti-c-Myc antibody (Gallus Immunotech
catalog NO: ACMYC-B) diluted at 1:200 in PBS-BSA 3% for 30 min at 4 °C. Next, cells were washed with
PBS- BSA 3% and incubated with streptavidin APC (eBioscience, catalog NO: 17-4317) diluted at 1:100 in
PBS- BSA 3% for 30 min at 4 °C. Finally, cell fluorescence was measured using a FACSCalibur flow cytometer

(BD biosciences).

lgG1 LALA expression

cDNAs encoding the different antibody constant regions were gene synthetized by GENEART AG
(Regensburg, Germany) and modified using standard molecular biology techniques. PCR products were
digested with appropriate DNA restriction enzymes, purified, and ligated in modified pcDNA3.1 plasmids
(Invitrogen) which carried a CMV promoter and a bovine hormone poly-adenylation (poly(A)). The
expression vectors also carried oriP, which is the origin of plasmid replication of Epstein-Barr virus, and
the murine VJ2C leader peptide for secretion of the encoded polypeptide chain. For reformatting scFv
library clones into human IgG1 LALA (human IgG1 with L234A and L235A substitutions, EU numbering)
format, each scFv clone in its phage library vector was used to amplify its individual VH cDNAs by PCR,
next the VH PCR product was cloned in the modified pcDNA 3.1 vector described above upstream of a
c¢DNA encoding a human IgG1 heavy chain CH1 domain, whereas the fixed Vk3-15/Jk1 light chain (SEQ ID
NO: 1) was cloned in the modified pcDNA 3.1 vector 100escribeed above upstream of a cDNA encoding a

human kappa constant light chain domain.

For IgG1 LALA expression, equal quantities of heavy chain and light chain vectors were co-transfected into

suspension-adapted HEK293-EBNA cells (ATCC, catalog NO: CRL-10852) using polyethylenimine (PEIl)
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linear (Polysciences Inc., catalog NO: 24314). Typically, cells were prepared at 8 million cells per ml in
RPMI 1640 (Biowest, catalog NO: L0501) supplemented with 0.1% Pluronic F-68 (ThermoScientific, catalog
NO: 24040032). Cells were then transfected with a DNA-PEI mixture. Four hours post-transfection, the
cell culture was diluted 1:1 in BalanceCD HEK293 (Irvine Scientific, catalog NO: 91165) supplemented with
4 mM L-Glutamine and incubated for 5 days with orbital shaking at 37 °C, 5% C02 and 80% humidity. Cell-
free culture supernatants containing the recombinant proteins were prepared by centrifugation followed
by filtration and used for further purification. IgG1 LALA proteins were purified using CaptivA® Protein A
Affinity Resin (Repligen, catalog NO: CA-PRI-0100). Affinity resin was added to the filtered culture
supernatants and incubated ON at 4 °C with gentle mixing. The next day, resin beads were collected into
Poly-Prep” chromatography columns (Bio-Rad Laboratories), washed with PBS, and the recombinant
proteins eluted with an acidic buffer (typically glycine 0.1 M pH 3). After neutralization with 1/10 volume

of Tris-HCl pH 8, preparations were buffer-exchanged into PBS.

Screening of anti-CD3 IgG1 LALA clones on CD3-expressing cells

The screening of anti-CD3 antibodies produced as human IgG1-LALA consisted of binding studies on HPB-
ALL wild-type and CD3 knockout (KO) HPB-ALL cell lines for selectivity, and on primary isolated PBMC using

flow cytometry.

Binding to HPB-ALL and CD3e knockout HPB-ALL cells

Cells were plated at 1 x 10° cells/well in a 96-well round-bottom plate (TPP, catalog NO: 92097). The plate
was centrifuged at 350 g for 3 min at 4 °C and the cells were resuspended in 100 pl of cold FACS buffer
(PBS 1X, supplemented with 2.5% heat inactivated fetal calf serum, 2 mM EDTA and 0.05% sodium azide)
containing increasing concentrations of anti-CD3 IgG1-LALA antibodies. Stained cells were incubated for
30 min at 4°C, washed twice with FACS buffer at 350 g for 3 min and resuspended in 100 pl of a cocktail
of Goat polyclonal anti-human IgG PE secondary antibody (ThermoFisher Scientific, catalog NO: 12-4998-
82) diluted 1/200 in FACS buffer for 30 min. Cells were then washed twice and resuspended in 100 pl of
FACS buffer containing SYTOX Green dead cell stain (ThermoFisher Scientific, catalog NO: S34860) diluted
1/2000. Samples were acquired on a CytoFlex instruments (Beckman Coulter). Cells were gated based on
size on FSC vs SSC and debris, doublets and dead cells were excluded. Cells were analyzed for PE-geometric
mean (geomean) fluorescence intensity using FlowlJo software. Only samples showing at least 200 cells in

final gate were considered in the further steps of the analysis. PE-geometric mean (geomean)
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fluorescence intensity values were finally plotted using Prism software (GraphPad) and binding status

were summarized in Table 1.

Binding to CD4* Human T cells in PBM(Cs

Human PBMC were harvested from buffy coats/Apheresis filters obtained from La Chaux-de-Fonds/Bern
(Switzerland) Transfusion Center using ficoll density gradient isolation and frozen the day of the harvest.
On the day prior to the assay, cells were thawed in pre-warmed complete RPMI medium (RPMI
supplemented with 10% heat inactivated fetal calf serum, 1% Glutamine, 1% Non-essential Amino Acids,
1% Sodium Pyruvate, and 1% Penicillin/Streptomycin) and rested overnight at 1 x 10° cells/ml. On the day
of the assay, cells were plated at 1 x 10° cells/well in a 96-well round-bottom plate. The plate was
centrifuged at 350 g for 3 min at 4 °C and the cells were resuspended in 100 pl of cold FACS buffer
containing serial dilutions of anti-CD3 IgG1-LALA antibodies starting from 800 nM and diluted by 3 or 10-
fold. Cells were incubated for 30 min at 4 °C, washed twice with FACS buffer at 350 g for 3 min and
resuspended in 100 pl of a cocktail of goat polyclonal anti-human IgG PE secondary antibody
(ThermoFisher Scientific, catalog NO: 12-4998-82, 1/200) and co-staining antibody for human CD4-
AlexaFluor700 (ThermoFisher Scientific, catalog NO: 56-0048-82, 1/100) diluted in FACS buffer for 30
minutes. Cells were then washed twice and resuspended in 100 pl of FACS buffer containing SYTOX Green
dead cell stain (ThermoFisher Scientific, catalog NO: S34860) diluted 1/2000. Samples were acquired on a
CytoFlex instruments (Beckman Coulter). Cells were gated based on size on FSC vs SSC and debris,
doublets and dead cells were excluded. Finally, CD4+ T cell population was analyzed for PE-geometric
mean (geomean) fluorescence intensity using Flowlo software. PE-geometric mean (geomean)
fluorescence intensity values were finally plotted using Prism software (GraphPad) as depicted in Figure

1A and binding status were summarized in Table 1.

Screening of anti-CD3 IgG1 LALA clones for T cell activation

To evaluate the potential of anti-CD3 antibodies produced as human IgG1-LALA to induce T cell activation,
additional screenings were performed using a T cell activation assay. Serial dilutions of anti-CD3 IgG1-
LALA antibodies starting from 200 nM and diluted by 3 or 10-fold were coated in PBS in 96-well flat-
bottom plates (TPP, catalog NO: 92096). Plates were then incubated overnight at 4 °C. Frozen isolated
human T cells were thawed in pre-warmed complete RPMI medium and rested overnight at 1 x 10°
cells/ml. On the day of the assay, plates were washed twice in PBS and primary T cells were harvested,

counted, and plated at 1 x 10° cells/well (100 pl). After 48 h of incubation at 37 °C, 5% CO2, plates were
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centrifuged (350 g, 5 min), cells were then transferred to a 96-well round-bottom plate, washed and
resuspended in 100 pl of a cocktail of antibodies for human CD4-PE-eFluor610 (ThermoFisher Scientific,
catalog NO: 61-0049-42, 1/200), CD8-AlexaFluor700 (BiolLegend, catalog NO: 344724, 1/100), CD25-PE
and CD69-PE-Cy7 (ThermoFisher Scientific, catalog NOs: 12-0259-42 and 25-0699-42, respectively, 1/100)
diluted in FACS buffer and incubated for 30 min at 4 °C. Cells were then washed twice and resuspended
in 100 pl of FACS buffer containing SYTOX Green dead cell stain (ThermoFisher Scientific, catalog NO:
$34860) diluted 1/2000. Samples were acquired on a CytoFlex €nstruments (Beckman Coulter). Cells were
gated based on size FSC vs SSC and debris and doublets were excluded. Finally, cells negative for the
viability staining were gated, and CD4" population was analyzed for PE-geometric mean (geomean)
fluorescence intensity using FlowJo software. T cell activation was determined by evaluating the CD69
positive expression gated on CD4* T cells. Percentages of activated CD69* of CD4* T cells values were
finally plotted using Prism software (GraphPad) as depicted in Figure 1B and binding status were

summarized in Table 1. A total of eight independent experiments were performed.

Results and conclusions

Phage display panning and scFv screening by flow cytometry

Phage display libraries based on a fixed Vk3-15/Jk1 light chain (SEQ ID NO: 1) were panned against CD3g,
and phage display output screened by flow-cytometry. ScFv clones showing specific binding to CD3e-
expressing CHO cells were sequenced and unique sequences were expressed as I1gG1 LALA for further

characterization.

Screening of anti-CD3 IgG1 LALA antibodies for T cell binding and T cell activation

Results in Figure 1 and Table 1 show that among all 48 binders screened for binding to HPB-ALL wild-type,
CD3 knockout (KO) HPB-ALL cell lines, and T cells, only one clone, anti-CD3-UCP06-C1 (heavy chain SEQ ID
NO: 34), herein also referred as anti-CD3-C1 or anti-CD3-UCP06-C1 IgG1 LALA showed consistent binding
to CD4+ T cells (Figure 1A) and demonstrated specificity, exemplified by binding to HBP-ALL wildtype but
not to CD3 KO HPB-ALL cell line (Table 1). Screening for T cell activation also confirmed that most of the
clones were not inducing the upregulation of activation markers on CD4+ T cells such as CD69 except for
the candidate anti-CD3-C1 (Figure 1B). Few clones, such as anti-CD3-UCP07-H1, anti-CD3-UCP07-B2, anti-
CD3-UCP07-D2, anti-CD3-UCP07-F3 and anti-CD3-UCP07-B4, showed non-specific binding and stained
positive on both HPB-ALL wild-type and CD3 KO cells. Two other clones, namely anti-CD3-UCP05-D1 and

anti-CD3-UCP08-B1, showed a specific binding to CD3 but an inability to induce T cell activation. Table 1
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summarizes anti-CD3 candidates and the result of the screening for CD3 binding and T cell activation.

Figure 1 shows binding and T cell activation of anti-CD3-C1 and other anti-CD3 candidates selected as

example.
. oo In vitro T cell
In-vitro binding o
activation
Binding to
Binding to | HPB-ALL CD3 Binding to CD69
Clone name Clone heavy .
. HPB-ALL KO or CHO human CD4+ | upregulation
chain SEQ ID NO
WT at cells not T cells at on CD4+T
800nM expressing 800nM cells
CD3 at 800nM
Anti-CD3-UCP02-A3
SEQID NO: 2 No No No No
IgG1LALA
Anti-CD3-UCP02-B2
SEQID NO: 3 No No No No
IgG1LALA
Anti-CD3-UCP02-D2
SEQID NO: 4 No No No No
IgG1LALA
Anti-CD3-UCP02-F2
SEQ ID NO: 5 Yes No No No
IgG1LALA
Anti-CD3-UCP02-H2
SEQID NO: 6 No No No No
IgG1LALA
Anti-CD3-UCP03-A3
SEQID NO: 7 No No No No
IgG1LALA
Anti-CD3-UCP03-A4
SEQID NO: 8 No No No No
IgG1LALA
Anti-CD3-UCP03-B1
SEQID NO: 9 No No No No
IgG1LALA
Anti-CD3-UCP03-C1
SEQID NO: 10 No No No No
IgG1LALA
Anti-CD3-UCP03-C3
SEQID NO: 11 No No No No
IgG1LALA
Anti-CD3-UCP03-C5
SEQID NO: 12 No No No No
IgG1LALA
Anti-CD3-UCP03-E1
SEQID NO: 13 No No No No
IgG1LALA
Anti-CD3-UCP03-E2
SEQID NO: 14 No No No No
IgG1LALA
Anti-CD3-UCP03-E4
SEQID NO: 15 No No No No
IgG1LALA
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Anti-CD3-UCP03-F1
SEQID NO: 16 No No No No
IgG1LALA
Anti-CD3-UCP03-F2
SEQID NO: 17 No No No No
IgG1LALA
Anti-CD3-UCP03-F4
SEQID NO: 18 No No No No
IgG1LALA
Anti-CD3-UCP03-G2
SEQID NO: 19 No No No No
IgG1LALA
Anti-CD3-UCP03-G3
SEQID NO: 20 No No No No
IgG1LALA
Anti-CD3-UCP03-G4
SEQID NO: 21 No No No No
IgG1LALA
Anti-CD3-UCP03-H2
SEQID NO: 22 No No No No
IgG1LALA
Anti-CD3-UCP03-H3
SEQID NO: 23 No No No No
IgG1LALA
Anti-CD3-UCP05-A1
SEQID NO: 24 No No No No
IgG1LALA
Anti-CD3-UCP05-A2
SEQID NO: 25 No No No No
IgG1LALA
Anti-CD3-UCP05-C1
SEQID NO: 26 No No No No
IgG1LALA
Anti-CD3-UCP05-D1
SEQ.ID NO: 27 Yes No Yes No
IgG1LALA
Anti-CD3-UCP05-D2
SEQID NO: 28 No No No No
IgG1LALA
Anti-CD3-UCP05-F1
SEQID NO: 29 No No No No
IgG1LALA
Anti-CD3-UCP05-G2
SEQID NO: 30 No No No No
IgG1LALA
Anti-CD3-UCP05-H1
SEQID NO: 31 No No No No
IgG1LALA
Anti-CD3-UCP05-H2
SEQID NO: 32 No No No No
IgG1LALA
Anti-CD3-UCP06-A1l
SEQ.ID NO: 33 No No NT No
IgG1LALA
Anti-CD3-UCP06-C1
SEQID NO: 34 Yes No Yes Yes
IgG1LALA
Anti-CD3-UCP07-Al
SEQ.ID NO: 35 No No NT NT
IgG1LALA
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Anti-CD3-UCP07-A3
SEQ.ID NO: 36 No No NT NT
IgG1LALA
Anti-CD3-UCP07-A4
SEQ.ID NO: 37 No No NT NT
IgG1LALA
Anti-CD3-UCP07-B2
SEQ.ID NO: 38 Yes Yes No No
IgG1LALA
Anti-CD3-UCP07-B3
SEQ.ID NO: 39 No No NT NT
IgG1LALA
Anti-CD3-UCP07-B4
SEQ ID NO: 40 Yes Yes No No
IgG1LALA
Anti-CD3-UCP07-C3
SEQID NO: 41 No No NT NT
IgG1LALA
Anti-CD3-UCP07-D1
SEQ.ID NO: 42 No No NT NT
IgG1LALA
Anti-CD3-UCP07-D2
SEQID NO: 43 Yes Yes NT No
IgG1LALA
Anti-CD3-UCP07-E1
SEQ ID NO: 44 No No NT NT
IgG1LALA
Anti-CD3-UCP0O7-E2
SEQ.ID NO: 45 No No NT NT
IgG1LALA
Anti-CD3-UCP07-F2
SEQ.ID NO: 46 No No NT NT
IgG1LALA
Anti-CD3-UCP07-F3
SEQ.ID NO: 47 Yes Yes No No
IgG1LALA
Anti-CD3-UCP07-H1
SEQ.ID NO: 48 Yes Yes No No
IgG1LALA
Anti-CD3-UCP08-B1
SEQ.ID NO: 49 NT NT Yes No
IgG1LALA

Table 1: Overview of developed anti-CD3 IgG1 LALA antibodies and their binding to HPB-ALL, HPB-ALL CD3
KO cells and human CD4* T cells, as well as their capacity to activate and upregulate CD69 expression on
CD4"* T cells. Table shows the heavy chain sequence identification numbers (SEQ ID NO), binding to HPB-
ALL, HPB-ALL CD3 KO and CD4* T cells, as well as CD4* T cell activation of developed anti-CD3 IgG1-LALA

antibodies as determined from Flow Cytometry experiments. NT = not tested.
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Example 2: Optimization of anti-CD3-C1 antibody

Material and methods

Library generation and panning

Three affinity maturation libraries were generated for anti-CD3-C1 clone (heavy chain SEQ ID NO: 34) by
introducing diversity in CDRs’ heavy chain. CDR-H1, CDR-H2 and CDR-H3 were randomized using
degenerated NNK codon oligonucleotides (wherein N is any of the four deoxyribonucleotides and K is G
or T) at Kabat residues 27-35, 50-58, 95-101 minus 2, respectively. Each library was generated using a pool
of overlapping oligonucleotides containing 5 consecutive degenerated codons. The resulting three library
PCR products were cloned into the pNGLEN (in-house modified pUC119 phagemid vector) and the
resulting ligation reaction electroporated into E. coli TG1 cells. Transformed cells were spread on 2YTAG
plates and incubated ON at 30 °C. Colonies were scrapped off the plates into 10 ml of 2YT medium and
15% glycerol (final concentration) was added for storage at -80 °C. Phages were produced and purified by

two precipitations steps with one-third v/v of 20% PEG-6000, 2.5 M NaCl and resuspended in PBS.

Phage display panning was performed as described in Example 1 with the following modifications. The
three libraries were incubated with beads pre-coated with 100 nM, 50 nM, and 10 nM of biotinylated
recombinant human CD3&6 protein (Creative Biomart, catalog NO: CD3E & CD3D-377H) or biotinylated
recombinant human CD3ye protein produced in house (SEQ ID NO: 606), for round 1, round 2 and round

3, respectively.

Affinity screening by SPR

Surface Plasmon Resonance (SPR) analysis was used to confirm specific binding activity of the scFv clones.
Measurements were performed on a Biacore 8K+ instrument (Cytiva Life Sciences) using the Biacore 8K+
Control Software at 25 °C and analyzed with the Biacore Insight Evaluation Software (v3.0). Recombinant
human CD3&6 protein (Creative Biomart, catalog NO: CD3E & CD3D-376H) was diluted to a final
concentration of 1 pg/ml in acetate buffer pH 4.5 (Cytiva Life Sciences, catalog NO: BR100530) and
subsequently immobilized on flow-path 2 on the eight channels, to around 650-900 resonance units
(abbreviated RU) on a Series S CM5 Sensor Chip (Cytiva Life Sciences, catalog NO: BR100012) using an
amine coupling kit (Cytiva Life Sciences, catalog NO: BR100050). HBS-EP+ (Cytiva Life Sciences, catalog
NO: BR100669) was used as running buffer. Filtered periplasmic extracts were injected directly on the

covalently coupled human CD3e6 Series S CM5 Sensor Chip. Samples were injected on the flow-paths 1
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and 2 (flow-path 1 being used as reference) at a 30 pl/min flow rate for 3 min, followed by a dissociation
time of 3 min in running buffer. After each binding event, surface was regenerated with 10 mM Glycine
pH 1.5 solution (Cytiva Life Sciences, catalog NO: BR100354) injected for 50 s at 30 pl/min on both flow-
paths. Each measurement included zero-concentration samples as well as irrelevant scFv periplasmic

extracts for referencing and specificity, respectively.

IgG1 LALA bivalent binding affinity to CD3 by BLI

ScFv library clones were reformatted into human IgG1 LALA as described in Example 1. Apparent bivalent
affinities of the 1gG1 LALA to human CD3&& protein were assessed by Bio-Layer Interferometry (BLI).
Measurements were done on an OctetRED96e instrument (Sartorius) and analyzed using the Data Analyis
HT version 11.1 software (Octet, Sartorius). Biotinylated recombinant human CD3&é protein (Creative
Biomart, catalog NO: CD3E & CD3D-377H) was diluted at 1 pg/ml in kinetic buffer (Sartorius, catalog NO:
18-1105) and subsequently immobilized on a streptavidin SA Biosensor (ForteBio, catalog NO: 15-5019),
previously soaked in kinetic buffer for 10 min, to around 0.5-0.8 nm response level. Streptavidin biosensor
coated with biotinylated human CD3&6 protein was first dipped into kinetic buffer for 2 min (baseline),
followed by a second dip into a solution of IgG1 LALA at concentrations between 1.6 nM and 100 nM in
kinetic buffer for 5 min. Dissociation in kinetic buffer was monitored for 10 min. All steps were performed
at 25 °Cand 1000 RPM shaking. Fresh streptavidin biosensors were coated with biotinylated human CD3&6
protein prior to each cycle. Each measurement included zero-concentration samples for referencing.

Experimental data were processed using the 1:1 fitting model on association and dissociation.

Screening of affinity matured anti-CD3 IgG1 LALA clones for binding to CD3-expressing cells and for T cell
activation

The screening of Cl-affinity matured anti-human CD3 candidates produced as human IgG1-LALA was
followed by similar binding studies on HPB-ALL wild-type and CD3 knockout (KO) HPB-ALL cell line for
selectivity, and on primary isolated PBMC, and activation studies on primary isolated T cells using flow

cytometry. The same methodologies and material were used as described in Example 1.

Results and conclusions

Affinity maturation of anti-CD3-C1 (heavy chain SEQ ID NO: 34) involved diversification of CDR-H1 (Kabat
positions 27-35), CDR-H2 (Kabat positions 50-58) and CDR-H3 (Kabat positions 95-101 minus 2) in three

individual libraries. ScFv clones having a slower off-rate than the parental clone anti-CD3-C1 as measured
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by SPR were isolated. ScFv clones were reformatted and expressed as IgG1 LALA and bivalent affinity to
human CD3&6 (Creative Biomart, catalog NO: CD3E & CD3D-377H) was measured by BLI. From this
assessment, one clone, anti-CD3-C1-UCP01-D6 (heavy chain SEQ ID NO: 55), herein also referred as anti-
CD3-C1-D6, had the highest affinity to human CD36 with dissociation constant (Kp) measured at 0.26 nM.
Heavy chain sequence identification numbers (SEQ ID NO), bivalent binding affinity to human CD3&6 by
Octet BLI, binding to human CD4* T cells assessed by flow cytometry, and CD4* T cell activation assessed
by the upregulation of activation marker CD69, are reported in Table 2. All C1 affinity matured anti-CD3
binders showed binding to CD3-expressing cells (CD4* T cells) and induced the upregulation of activation
markers on CD4* T cells such as CD69 with significant improvement compared to the parental anti-CD3-
UCP06-C1 clone. Five clones, anti-CD3-C1-UCP01-D6, herein also referred as anti-CD3-C1-D6, anti-CD3-
C1-UCP01-E10, herein also referred as anti-CD3-C1-E10, anti-CD3-C1-UCP01-F10, herein also referred as
anti-CD3-C1-F10, anti-CD3-C1-UCP01-H10, herein also referred as anti-CD3-C1-H10 and anti-CD3-C1-
UCP01-E12, herein also referred as anti-CD3-C1-E12, were selected for incorporation into a CD3xBCMA
bispecific tool molecule to assess T-cell redirected killing (Example 3) based on sequence, binding and T

cell activation profiles. Specificity for CD3 was confirmed by the lack of binding to CD3 KO HPB-ALL cell

line (Figure 2).
Human . In vitro
In-vitro
CD3sd oo CD4+T cell
CDR Clone heavy . binding to o
o . bivalent Kp activation
randomization Clone name chain SEQ human CD4+
. (nM) at 200 nM
library ID NO T cells (MFI)
measured (%CD69+ at
at 800nM
by Octet BLI 48h)
Anti-CD3-UCP06-C1 SEQ ID NO:
CDR-H2 1.75 45182 19%
IgG1LALA 34
Anti-CD3-C1-UCP01-B6 | SEQID NO:
CDR-H2 0.88 108571 50%
IgG1LALA 50
Anti-CD3-C1-UCP01-B9 | SEQID NO:
CDR-H2 1.04 107775 57%
IgG1LALA 51
Anti-CD3-C1-UCP01-C11 | SEQID NO:
CDR-H2 0.91 118548 47%
IgG1LALA 52
Anti-CD3-C1-UCP01-D1 | SEQID NO:
CDR-H2 1.73 52800 6%
IgG1LALA 53
Anti-CD3-C1-UCP01-D4 | SEQID NO:
CDR-H2 0.62 125939 1%
IgG1LALA 54
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Anti-CD3-C1-UCP01-D6 | SEQID NO:
CDR-H2 0.26 178361 69%
IsG1LALA 55
Anti-CD3-C1-UCP0O1-E6 SEQ ID NO:
CDR-H2 0.45 230552 73%
IsG1LALA 56
Anti-CD3-C1-UCPO1-E7 SEQ ID NO:
CDR-H2 1.53 82786 17%
IsG1LALA 57
Anti-CD3-C1-UCP0O1-E10 | SEQID NO:
CDR-H2 0.84 100374 25%
IsG1LALA 58
Anti-CD3-C1-UCP0O1-E11 | SEQID NO:
CDR-H2 0.93 91829 39%
IsG1LALA 59
Anti-CD3-C1-UCP01-E12 | SEQID NO:
CDR-H2 0.41 149337 54%
IsG1LALA 60
Anti-CD3-C1-UCP0O1-F1 SEQ ID NO:
CDR-H2 1.08 81291 36%
IsG1LALA 61
Anti-CD3-C1-UCP01-F10 | SEQID NO:
CDR-H2 0.47 149830 69%
IsG1LALA 62
Anti-CD3-C1-UCP01-F12 | SEQID NO:
CDR-H2 0.66 107956 51%
IsG1LALA 63
Anti-CD3-C1-UCP01-G12 | SEQID NO:
CDR-H2 0.70 120639 61%
IsG1LALA 64
Anti-CD3-C1-UCP01-H9 | SEQID NO:
CDR-H2 0.87 132976 36%
IsG1LALA 65
Anti-CD3-C1-UCP01-H10 | SEQID NO:
CDR-H2 0.55 151247 58%
IsG1LALA 66
Anti-CD3-C1-UCP02-E1 SEQ ID NO:
CDR-H2 0.35 150526 56%
IsG1LALA 67

Table 2: Overview of developed anti-CD3-C1 optimized candidates and their relative bivalent affinity to
recombinant human CD3&6 protein as assessed by Octet BLI, as well as of their relative binding to human
CD4* T cells and their capacity to upregulate CD69 on CD4* T cells. Table shows the heavy chain sequence
identification numbers (SEQ ID NO), the CDR randomization library from which the clones derive, the
bivalent binding affinity (Kp) to recombinant human CD3&8 protein assessed by Octet BLI, the binding to
human CD4"* T cells assessed by flow cytometry, and the CD4* T cell activation status (%CD69* upregulation

on CD4 T cells at 48 h) of anti-CD3-C1-optimized candidates in IgG1-LALA.
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Example 3: Expression and characterization of tool molecules for optimized CD3-C1 binder

characterization

Material and methods

Construction of expression vectors for transient mammalian cell expression

cDNAs encoding the different polypeptide chains in part or in full were first gene synthetized by GENEART
(Regensburg, Germany) or Twist Biosciences (San Francisco, USA) and modified using standard molecular
biology techniques. PCR products were ligated in a modified pcDNA3.1 plasmid (Invitrogen AG, Zug,
Switzerland) carrying a CMV promoter and a bovine hormone poly-adenylation (poly(A)) using standard
molecular biology techniques. All polypeptide chains were independently cloned in an expression vector

where secretion is driven by a murine IgGk light chain leader peptide.

Expression of antibody constructs in CHO-S (cGMP banked)

For expression of antibody constructs CHO-S cells, engineered chains vectors and a vector encoding
Epstein-Barr Virus (EBV) nuclear antigen-1 (EBNA-1) were co-transfected into CHO-S cells (cGMP banked,
Invitrogen, catalog NO: A1136401), using Polyethyleneimine (PEl; Polysciences). Typically, cells were
prepared at 8 million cells per ml in CD-CHO media (Gibco). Cells were then transfected with a DNA-PEI
mixture at 37 °C. Four hours post-transfection, the cell culture was diluted 1:1 in PowerCHO™ 2 (Lonza)
supplemented with 4mM L-Glutamine and incubated for 14 days with orbital shaking at 32 °C, 5% C02 and
80% humidity. Clarified cell culture supernatants containing the recombinant proteins were prepared by

centrifugation followed by filtration and used for further purification.

Expression of antibody constructs in HEK293-EBNA cells

For expression of antibody constructs in HEK293-EBNA cells, engineered chains vectors encoding the
heavy and light chains were co-transfected into suspension-adapted HEK293-EBNA cells (ATCC, cat no
CRL-10852) using PEI. Typically, cells were prepared 25 at 8 million cells per ml in RPMI supplemented
with 0.1% Pluronic F-68. Cells were then transfected with a DNA-PEI mixture. Four hours post-transfection,
the cell culture was diluted 1:1 in EX-CELL® 293 supplemented with Phenol Red and 4 mM L-Glutamine
and incubated for 5 days with orbital shaking at 37 °C, 5% C02 and 80% humidity. Cell-free culture
supernatants containing the recombinant proteins were prepared by centrifugation followed by filtration

and used for further purification.
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Purification of antibody constructs

Supernatants (from HEK293-EBNA or CHO-S cells) were optionally conditioned with 0.1 volume (V) of
sodium phosphate 1 M, pH 6.0 prior purification or used directly without conditioning. KanCapA resin
(KANEKA, Belgium) was added to conditioned supernatants. Mixtures were incubated overnight at 4°C
with stirring. After incubation, bound proteins were washed with 10 column volumes (CVs) of PBS pH 7.4,
followed by 2 CVs of sodium acetate 170 mM, pH 5.0, then eluted in multiple steps of 50 mM sodium
acetate, pH 4.3, 4.1 and/or pH 3.9 and neutralized with 0.1V of 1 M Tris-HCl pH 8.0. At this stage, the
recombinant proteins were either carried over to a second step of purification by cation exchange as
described further, or the elution fractions were dialyzed to PBS, pH 7.4 or Histidine, 25 mM, pH 6.0, 150
mM Na(l, sterile-filtered and analyzed by Size-Exclusion — High Performance Liquid Chromatography (SE-
HPLC) (TSKgel G3000SWXL, 5 um, 7.8 mm x 30 cm L, 5 pm particles and 250 A pores (Tosoh Bioscience,
catalog NO: 08541) at room temperature with 0.1 M sodium phosphate buffer, 0.15 M sodium chloride,
pH 6.8 as eluent at 1 ml/min flow rate on HPLC Alliance 2695 (Waters) or Acquity Arc HPLC (Waters) with
column heater and either UV/Vis detector (2487 or 2489 from Waters) or PDA detector (2996 or 2998
from Waters)) and SDS-PAGE (NuPAGE Bis-Tris 4-12% acrylamide, Invitrogen AG, Basel, Switzerland).
Eluate with <95% main peak in SE-HPLC or eluates without prior analysis were further purified by cation
exchange chromatography. The HiTrap HP SP column (1 mL bed volume) was pre-equilibrated in 50 mM
sodium acetate buffer pH 5.5 and operated on an AKTA pure™ chromatography system (both column and
instrument from Cytiva Life Sciences) at a flow rate of 1 ml/min. Elution was performed using a linear
gradient from 0 to 500 mM NadCl in sodium acetate 50 mM, pH 5.5. Pooled elution fractions corresponding
to the main peak were analyzed by SE-HPLC and SDS-PAGE under reducing and non-reducing conditions.
The Multi-Cartridge System Endosafe-MCS from Charles River utilizing a Limulus amebocyte lysate (LAL)-
based assay was used to confirm a bacterial endotoxin level inferior to 5 EU/mg. Typically, for purified
antibodies the content of aggregated forms was lower than 5% and the purity measured by SE-HPLC was

superior to 94%.

Redirected Lysis (RDL) assay

The screening of anti-CD3-Cl-optimized candidates was followed by in format testing for tumor killing
potency. 2+1 BEAT with BCMA binders were generated as described above and their killing potency was

assessed in a Redirected Lysis (RDL) assay using the Multiple Myeloma NCI-H929 cell line.
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Human peripheral blood mononuclear cells (PBMC) were isolated from buffy coats of healthy donors
obtained from La Chaux-de-Fonds/Bern (Switzerland) Transfusion Center using ficoll density gradient
isolation and frozen in CryoStor10 cell freezing medium (Stemcell, catalog NO: 07930). Cells were thawed
in a pre-warmed complete RPMI medium (RPMI supplemented with 10% heat inactivated fetal calf serum,
1% L-Glutamine, 1% Non-essential Amino Acids, 1% Sodium Pyruvate, and 1% Penicillin/Streptomycin)
and rested overnight at 1 x 10° cells/ml. Ten thousand target cells (NCI-H929 cell line, Sigma, catalog NO:
95050415) were labelled with proliferation dye eFluor670 (ThermoFisher Scientific, catalog NO: 65-0840-
85) and co-cultured with fifty thousand PBMC reaching an effector-to-target ratio of 5:1. Serial dilutions
of 2+1 anti-CD3-C1-UCP01-X/BCMA candidates (where X stands for the affinity matured variants of anti-
CD3 C1 binder), and control antibodies starting from 200 nM and diluted by 10-fold were added and the
co-culture incubated for 48 hours, at 37 °C, 5% CO2. After the incubation period, the RDL assay readout
was evaluated by two different methods: by measuring T cell cytotoxic activity against target cells and by
measuring the increase in expression of the activation marker CD69 on CD4" T cells. Tumor cell killing was
determined by measuring the absolute count of live target cells (eFluor670" cells) and calculated as % of
target killing =[1 — (Sample absolute counts)/(absolute counts in the presence of target cells alone)] x 100.
Specific tumor cell killing was calculated as % of specific killing = % target killing (sample) — unspecific %
target killing (in absence of antibody). T cell activation was determined by evaluating the percentage of
CD69 positive cells gated on CD4* T cells. Percentages of Specific Killing and percentages of CD69* of CD4*

T cells were finally plotted using Prism software (GraphPad).

Results and conclusions

Control and tool molecules required to compare T cell activation and killing potency of novel CD3 binders
were designed by the combination of the CD3 binders as Fab and BCMA double dAb from the art on a
silenced BEAT Fc backbone (LALA mutations, Hezareh et al., 2001, J Virol, 75(24): 12161-12168) as
depicted in Figure 3. The negative control ABC-DUxBCMA had an irrelevant binder in place of the CD3
binding Fab. The constructs were produced in CHO-S cells with the chain assemblies detailed in Table 3.
All control molecules were purified with protein A followed by an optional purification by cation exchange

chromatography. The yields and purities for the control and tool molecules are reported in Table 4.

Construct Chain 1 Chain 2 Chain 3

TNB-F2B BEAT Fc SEQID NO:571 SEQ ID NO: 572 SEQID NO: 1

Negative control = ABC-DUxBCMA SEQ ID NO: 519 SEQ ID NO: 520 SEQID NO:521
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Anti-CD3-C1-UCP01-D6xBCMA SEQ ID NO: 515 SEQ ID NO: 516 SEQID NO:1
Anti-CD3-C1-UCP01-E10xBCMA SEQ ID NO: 509 SEQ ID NO: 510 SEQID NO: 1
Anti-CD3-C1-UCP01-H10xBCMA SEQ ID NO: 513 SEQID NO: 514 SEQID NO: 1
Anti-CD3-C1-UCP01-F10xBCMA SEQID NO: 511 SEQ ID NO: 512 SEQID NO: 1
Anti-CD3-C1-UCP01-E12xBCMA SEQ ID NO: 517 SEQ ID NO: 518 SEQID NO: 1
83A10-TCBcv_aCD3xTNB-BCMA BEAT Fc SEQ ID NO: 506 SEQ ID NO: 507 SEQ ID NO: 508

Table 3: Sequence combinations for tool and control molecules used in characterizing T cell activation.

- Z2| S | 42 | 43 |« w3 | w3
= L8 & S 2 Q & Ca |§ . <§( O 2 O &
s |288| $3 |28 |35 (883|383 |83
Construct o g%)cI( %QI LI_)E LI_)UHIJ 3%2 LL)._.‘_'I_ LI_)UHIJ
) 33| §8 €0 €23 |E° 2| €3 | €3
z S @ v < <G <5 | < < 5 < 5
- = Z ) > ) )
D3 83A10 Anti-CD3- | Anti-CD3- | Anti-CD3- | Anti-CD3- | Anti-CD3-
. TNB-F2B ABC-DU |(C1-UCPO1-|C1-UCPO1-|C1-UCPO1-|C1-UCPO1-|C1-UCPO1-
binder TCBcv_aCD3
D6 E10 H10 F10 E12
TNB- TNB- TNB- TNB- TNB- TNB- TNB-
BCMA TNB-BCMA-
. BCMA- BCMA- BCMA- BCMA- BCMA- BCMA- BCMA-
binder dAb-dAb
dAb-dAb dAb-dAb | dAb-dAb | dAb-dAb | dAb-dAb | dAb-dAb | dAb-dAb
Yield 56-
31 31 18 11 14 10 13
(mg/L) 78
Final 08
Purity (% 100 99 99 96 96 94 94 96
monomer)

Table 4: Description and production data for control antibodies in CD3-FabxBCMA-dAb-dAb format used

for characterization of T cell activation and killing potency of novel CD3 binders.

Results in Figure 4 show that all candidates triggered the killing of BCMA-expressing tumor cells (Figure
4A) and the activation of CD4* T cells (Figure 4B). In particular, the 2+1 candidate anti-CD3-C1-UCP01-
D6xBCMA showed the best killing potency among affinity matured variants. Importantly, this candidate
showed a similar profile compared to the positive control 83A10-TCBcv_aCD3xTNB-BCMA BEAT Fc.
Similarly, T cell activation data (Figure 4B) confirmed the similarity between the candidate and the positive
control 83A10-TCBcv_aCD3xTNB-BCMA BEAT Fc at inducing CD69 upregulation on CD4+ T cells in

presence of BCMA-expressing tumor cells.
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Example 4: Epitope Mapping for CD3 ye targeted by anti-CD3-C1-D6 IgG1 LALA using HDX Mass

Spectrometry

Materials and Methods

Pepsin/Xlll digestion and LC-MS

The HDX-MS experiment was performed on a customized platform consisting of a custom HDX automation
system for deuterium labeling and quenching, a Waters Acquity Binary Solvent Manager for sample
digestion and trapping, a second Waters Acquity Binary Solvent Manager for analytical gradient, and a

Thermo Q Exactive HF mass spectrometer for peptide identification and mass measurement.

4.3 pg of recombinant human CD3ye protein (SEQ ID NO:606) as described in Example 1in 100 pL control
buffer (50 mM phosphate, 100 mM sodium chloride at pH 7.4) was denatured by adding 100 pL of 4 M
guanidine HCI, 0.85 M TCEP (final pH was 2.5) and incubating the mixture for 3 min at 4 °C. Then, the
mixture was subjected to on-column pepsin/XIil digestion using in-house packed column (2.1 x 30 mm,
NBA2014002, NovaBioAssays, Woburn, MA). The resultant peptides were trapped and desalted on an
ACQUITY UPLC BEH C18 VanGuard pre-column (130 A 17 pm, 2.1 mm x 5 mm, 186003975, Waters) for
3.5 min at 160 uL/min. Peptides were then eluted from the trap using a 2-32% gradient of acetonitrile
(with 0.3% formic acid) over 12.5 min at a flow rate of 150 puL/min and were separated on a 50 x 1 mm C8
column (3 um, NBA2014015, NovaBioAssays). Solvent A was 0.3% formic acid in water. The eluted
peptides were analyzed by a Thermo Q Exactive HF mass spectrometry in full MS/ ddMS2 mode. The
injection valve, enzyme column and their related connecting tubings were inside a cooling box maintained
at 4 °C. The second switching valve, C8 column and their related connecting stainless steel tubings were
inside a chilled circulating box maintained at -6 °C. Peptide identification was done through searching
MS/MS data against the recombinant human CD3ye protein sequence (SEQ ID NO: 606) with Protein

Metrics. The mass tolerance for the precursor and product ions were 10 ppm and 0.02 Da, respectively.

HDX with pepsin/XIll digestion

The anti-CD3-C1-D6 IgG1 LALA was concentrated using Amicon™ Ultra 0.5 mL 30 kDa Centrifugal Filter
(MilliporeSigma). 10 pL recombinant human CD3ye protein ({(SEQ ID NO: 606, 4.3 pg) or 10 puL recombinant
human CD3ye protein (SEQ ID NO:606) mixed with anti-CD3-C1-D6 IgG1 LALA mixture (4.3 pg: 18.5 pug)
was incubated with 90 pL deuterium oxide labeling buffer (50 mM sodium phosphate, 100 mM sodium
chloride at pD 7.0) for 0 s, 15 s, 60 s, 600 s, and 3600 s at 4 °C. Hydrogen/deuterium exchange was
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guenched by adding 100 pL of 4 M guanidine HCI, 0.85 M TCEP (final pH was 2.5). Subsequently, the
quenched samples were subjected to on-column pepsin/XIll digestion and LC-MS analysis as described
above. The mass spectra were recorded in MS only mode. Raw MS data was processed using HDX
WorkBench, software for the analysis of H/D exchange MS data (J. Am. Soc. Mass Spectrom. 2012, 23 (9),
1512-1521). The deuterium levels were calculated using the average mass difference between the

deuterated peptide and its native form (t0).

Results and conclusions

The HDX-MS experiment performed to identify the epitope of anti-CD3-C1-D6 resulting in 100% sequence
coverage was achieved for recombinant human CD3ye protein (SEQ ID NO: 606). Recombinant human
CD3ye protein showed significant reduction in deuterium uptakes upon binding to anti-CD3-C1-D6 at
AA182-197, YVCYPRGSKPEDANFY (SEQ ID NO: 726), indicating that this was the main epitope on
recombinant human CD3ye protein upon binding to anti-CD3-C1-D6 IgG1 LALA. This peptide belonged to
the CD3 & peptide of the recombinant protein, indicating that the epsilon chain only of the construct was
involved in binding to C1-D6. Figure 5 shows the differential heat map comparing hydrogen/deuterium
exchange of recombinant human CD3ye protein alone to that of recombinant human CD3ye protein mixed

with anti-CD3-C1-D6 IgG1 LALA.

Example 5: Generation of anti-BCMA antibodies

Materials and Methods

Transient expression of full-length human and cynomolgus monkey BCMA in CHO-SV cell line

The human codon-optimized sequences of the full-length human BCMA (UniProt sequence ID Q02223;
residues 1-184; SEQ ID NO: 615) and of the full-length cynomolgus monkey BCMA (UniProt sequence ID
AOA2K5UD97; residues 1-183; SEQ ID NO: 616) were cloned in a modified pcDNA™3.1 plasmid
(ThermoFisher Scientific, catalog no. V79020). For protein expression, the plasmids were transfected into
suspension-adapted CHO-S cells (cGMP banked, Invitrogen, catalog NO: A1136401) using
Polyethyleneimine (PEl; Polysciences). Briefly, cells were prepared at 2 million cells per ml in CD CHO
(Gibco). Cells were then transfected with a DNA-PEI mixture at 37 °C. Four hours post-transfection, the
cell culture was diluted 1:1 PowerCHO 2 (Lonza) supplemented with 4 mM L-Glutamine and incubated
with orbital shaking at 37 °C, 5% C02 and 80% humidity. The expression of the target antigens was

assessed by monitoring the expression of the eGFP reporter protein with a fluorescence microscope.
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Library panning

The panning strategies consisted in four rounds of selection using recombinant human BCMA protein, or
two rounds using recombinant human BCMA protein either followed by two rounds using recombinant

cynomolgus monkey BCMA protein or cynomolgus monkey BCMA-expressing CHO cells.

Purified phage particles from each sub-library described in Example 1 have been pooled (2.5 x 10! plaque-
forming units/sub-library) and blocked with phosphate buffered saline (PBS) containing 3% (w/v) skimmed
milk (3% MPBS) for 1 h at room temperature (RT). Two first rounds of selection were carried out using
magnetic Dynabeads™ MyOne™ Streptavidin C1 beads (Invitrogen, catalog NO: 65002). Beads were
blocked with phosphate buffered saline (PBS) containing 3% (w/v) skimmed milk (3% MPBS) for 1 h at
room temperature (RT). Phages were deselected against pre-blocked beads for 1 h at RT. Deselected
phages were incubated with 100 nM of biotinylated recombinant human BCMA protein (Acrobiosystems,
catalog NO: BCA-H82E4) for 2 h at RT. Antigen bound phages were captured on streptavidin beads for 30
min at RT and beads were washed five times with PBS containing 0.1% (v/v) Tween (PBS-Tween 0.1%) and
twice with PBS. Phages were eluted with 100 mM triethylamine for 10 min at RT and neutralized using
Tris-HCl 1 M pH 8. Eluted phages were used to infect 10 ml of exponentially growing E. coli TG1 cells.
Infected cells were grown in 2YT medium for 1 h at 37 °C and 100 rotation per minute (RPM), then spread
on 2YTAG (2TY medium supplemented with 100 pg/ml ampicillin and 2% glucose) agar plates and
incubated overnight (ON) at 30 °C. Colonies were scrapped off the plates into 10 ml of 2YT and 15%
glycerol (v/v) was added for storage at -80 °C. TG1 cells from glycerol stocks were grown at 37 °C and 240
RPM in 2YTAG medium until OD at 600 nm reached 0.5. Cells were then superinfected with the M13K07
helper phage using a multiplicity of infection (MOI) of 10 for 1 h at 37°C and 100 RPM. Culture medium
was then changed for 2YTAK (2YT medium supplemented with 100 pg/ml ampicillin and 50 pg/ml
kanamycin) and cells were further cultured ON at 30°C and 280 RPM. Alternatively, eluted phages were
used to infect 2 ml of exponentially growing E. coli TG1 cells. Infected cells were grown in 2YT medium for
1 hat37°Cand 100 RPM, then grown in 2YT medium supplemented with 2% glucose for 1 h at 37 °Cand
240 RPM. Cells were then superinfected with the M13K07 helper and phages produced as described
above. The next day, 10 pl of phage containing cell-free supernatant were used for the subsequent round

of selection.

For panning against recombinant cynomolgus monkey BCMA protein, magnetic Protein G Dynabeads®

(Invitrogen, catalog NO: 10003D) and 200 nM of human IgG1 were mixed in 3% MPBS and incubated for
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1 h at RT. Blocked phages were deselected against IgG1 coated beads for 1 h at RT. Phages were then
incubated with 100 nM of recombinant cynomolgus monkey BCMA Fc fusion protein (Acrobiosystems,
catalog NO: BCA-C5253) for 2 h at RT. Antigen bound phages were captured on Protein G beads for 30

min at RT and the following steps were performed as described above.

For cell-based panning, phage particles were blocked with phosphate buffered saline (PBS) containing 3%
(w/v) Bovine Serum Albumin (PBS/BSA 3%) for 1 h at RT. 2 x 107 non-transfected CHO cells and 2 x 107
CHO cells transiently expressing cynomolgus monkey BCMA protein (SEQ. ID NO: 616) were blocked with
PBS/BSA 3% supplemented with 0.1% azide to avoid receptor internalization for 1 h at RT. Phages were
deselected against non-transfected cells for 1 h at RT. The deselected phages were then incubated with
the transfected cells for 2 h at RT. To remove non-specific phages, cells were washed four times with PBS-
Tween 0.1% and twice with PBS. Phages were eluted with citric acid 76 mM, pH 2.0 for 10 min at RT and

neutralized using Tris-HCl 1 M pH 8. The following steps were performed as described above.

scFv screening by SPR

Surface Plasmon Resonance (SPR) analysis was used to confirm specific binding activity of the scFv clones.
Measurements were performed on a Biacore 8K+ instrument (Cytiva Life Sciences) using the Biacore 8K+
Control Software at 25 °C and analyzed with the Biacore Insight Evaluation Software (v3.0). Biotinylated
recombinant human BCMA protein (Acrobiosystems, catalog NO: BCA-H82E4) or recombinant
cynomolgus monkey BCMA Fc fusion protein (Acrobiosystems, catalog NO: BCA-C52H7) were diluted to a
final concentration of 10 pg/ml in acetate buffer pH 4.5 (Cytiva Life Sciences, catalog NO: BR100530) and
subsequently immobilized on flow-path 2 on the eight channels, to around 200 and 250 resonance units
(abbreviated RU) respectively, on Series S CM5 Sensor Chips (Cytiva Life Sciences, catalog NO: BR100012)
using an amine coupling kit (Cytiva Life Sciences, catalog NO: BR100050). HBS-EP+ (Cytiva Life Sciences,
catalog NO: BR100669) was used as running buffer. Filtered periplasmic extracts were injected directly on
the covalently coupled human BCMA Series S CM5 Sensor Chip or to the covalently coupled cynomolgus
monkey BCMA Series S CM5 Sensor Chip. Samples were injected on the flow-paths 1 and 2 (flow-path 1
being used as reference) at a 30 pl/min flow rate for 3 min, followed by a dissociation time of 3 min in
running buffer. After each binding event, surface was regenerated with 10 mM Glycine pH 1.5 solution
(Cytiva Life Sciences, catalog NO: BR100354) injected for 50 s at 30 pl/min on both flow-paths. Each
measurement included zero-concentration samples as well as irrelevant scFv periplasmic extracts for

referencing and specificity, respectively.



10

15

20

25

30

WO 2023/213998 PCT/EP2023/061909

119

scFv screening by flow cytometry

The binding of scFv clones to CHO cells transiently expressing human BCMA protein (SEQ ID NO: 615) or
cynomolgus monkey BCMA protein (SEQ ID NO: 616) was assessed by flow cytometry as described in

Example 1.

Fab expression

cDNAs encoding the different antibody constant regions were gene synthetized by Geneart AG
(Regensburg, Germany) and modified using standard molecular biology techniques. PCR products were
digested with appropriate DNA restriction enzymes, purified, and ligated in modified pcDNA3.1 plasmids
(Invitrogen) which carried a CMV promoter and a bovine hormone poly-adenylation (poly(A)). The
expression vectors also carried oriP, which is the origin of plasmid replication of Epstein-Barr virus, and
the murine VJ2C leader peptide for secretion of the encoded polypeptide chain. For reformatting scFv
library clones into human IgG1 Fab fragments, each scFv clone in its phage library vector was used to
amplify its individual VH cDNAs by PCR, next the VH PCR product was cloned in the modified pcDNA 3.1
vector described above upstream of a cDNA encoding a human IgG1 heavy chain CH1 domain, whereas
the fixed Vk3-15/Jk1 light chain (SEQ ID NO: 1) was cloned in the modified pcDNA 3.1 vector described

above upstream of a cDNA encoding a human kappa constant light chain domain.

For Fab expression, equal quantities of heavy chain and light chain vectors were co-transfected into
suspension-adapted HEK293-EBNA cells (ATCC, catalog NO: CRL-10852) using polyethyleneimine (PEl)
linear (Polysciences Inc., catalog NO: 24314). Typically, cells were prepared at 8 million cells per ml in
RPMI 1640 (Biowest, catalog NO: L0501) supplemented with 0.1% Pluronic F-68 (ThermoScientific, catalog
NO: 24040032). Cells were then transfected with a DNA-PEI mixture. Four hours post-transfection, the
cell culture was diluted 1:1in BalanceCD HEK293 (Irvine Scientific, catalog NO: 91165) supplemented with
4 mM L-Glutamine and incubated for 5 days with orbital shaking at 37 °C, 5% C02 and 80% humidity. Cell-
free culture supernatants containing the recombinant proteins were prepared by centrifugation followed
by filtration and used for further purification. Fab proteins were purified using CaptureSelect™ IgG-CH1
Affinity Matrix (ThermoScientific, catalog NO: 194320050). Affinity resin was added to the filtered culture
supernatants and incubated ON at 4 °C with gentle mixing. The next day, resin beads were collected into
Poly-Prep columns (Bio-Rad Laboratories), washed with PBS, and the recombinant proteins eluted with
an acidic buffer (typically glycine 0.1 M pH 3). After neutralization with 1/10 volume of Tris-HCl pH 8§,

preparations were buffer-exchanged into PBS.
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Fab binding affinities for BCMA

Surface plasmon resonance (SPR) was used to measure the binding affinities of the Fab fragments for
human and cynomolgus monkey BCMA. Affinities were measured on a Biacore T200 instrument (Cytiva
Life Sciences) at 25 °C and analyzed with the Biacore T200 Evaluation Software (v3.1). Measurements were
performed on Series S CM5 Sensor Chips (Cytiva Life Sciences, catalog NO: BR100530). Recombinant
human BCMA protein (Acrobiosystems, catalog NO: BCA-H522y) and recombinant cynomolgus monkey
BCMA protein (Acrobiosystems, catalog NO: BCA-C52H7) were covalently immobilized to around 200 RU
on flow-path 2 and flow-path 3 respectively of the Sensor Chip surface using a commercially available
amine coupling kit (Cytiva Life Sciences, catalog NO: BR100050). Fab fragments were injected in single
cycle kinetic at different concentrations ranging from 15.6 to 1000 nM, in HBS-EP+ buffer (Cytiva Life
Sciences, catalog NO: BR100669) at a flow rate of 30 pl/min for 3 min on flow-path 1, 2, 3 and 4 (flow-
path 1 being used as reference). Dissociation was monitored for 5 min. After each cycle, the Series S CM5
Sensor Chip surface coated with recombinant BCMA proteins was regenerated with 30 pl of 10 mM
Glycine pH 1.5 (Cytiva Life Sciences, catalog NO: BR100354). Experimental data were processed using the
1:1 Langmuir kinetic fitting model. Measurements included zero-concentration samples for referencing.
Chi2, U- and residual values were used to evaluate the quality of a fit between the experimental data and

individual binding models.

APRIL and BAFF blocking assay

The ability of the Fab fragments to block the interaction between human BCMA and human APRIL, as well
as between human BCMA and human BAFF was assessed by Surface Plasmon Resonance (SPR).
Measurements were performed on a Biacore 8K+ instrument (Cytiva Life Sciences) using the Biacore 8K+
Control Software at room temperature and analyzed with the Biacore Insight Evaluation Software (v3.0).
HBS-EP+ buffer (Cytiva Life Sciences, catalog NO: BR100669) was used as running buffer. His-tagged
recombinant human APRIL protein (Acrobiosystems, catalog NO: APL-H5244) or his-tagged recombinant
human BAFF protein (Acrobiosystems, catalog NO: BAF-H5248) was immobilized to around 65 RU or to
around 10 RU respectively on flow-path 2 of a Series S CM5 Sensor Chip (Cytiva Life Sciences, catalog NO:
BR100530) previously coated with anti-histidine antibody (Cytiva Life Sciences, catalog NO: 28995056). A
pre-mixed solution of 50 nM recombinant human BCMA Fc fusion protein (Acrobiosystems, catalog NO:
BCA-H5254) and 25 nM Fab in HBS-EP+ buffer was injected for 3 min on flow-path 1 and flow-path 2 (flow-
path 1 being used as reference) of immobilized human APRIL or of immobilized human BAFF Sensor Chip,

followed by 3 min dissociation in running buffer. Same experimental procedure was performed using pre-
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mixed solutions of 50 nM recombinant human BCMA Fc fusion protein and 50 nM or 200 nM of Fab or
with 50 nM recombinant human BCMA Fc fusion protein alone. Anti-histidine antibody surface was
regenerated using 30 pl of 10 mM glycine-HCI pH 1.5 (Cytiva Life Sciences, catalog NO: BR100354) injected

on both flow-paths at the end of each cycle.

Results and conclusions

ScFv clones showing specific binding to recombinant human BCMA protein and to recombinant
cynomolgus monkey BCMA protein by SPR, or scFv clones showing specific binding to human BCMA-
expressing CHO cells and cynomolgus monkey BCMA expressing CHO cells, were sequenced and unique
sequences were reformatted in Fab fragment for further characterization. Biochemical characterization
included assessment of binding affinities and functional assessment was performed using human

BCMA/APRIL and BCMA/BAFF blocking assays.

Fab binding affinities for BCMA

Fifteen Fab clones showed binding affinities to human BCMA with an equilibrium dissociation constant
(Kp) below 2 uM as determined by SPR. Heavy chain sequence identification numbers and binding affinities
of the mentioned clones are reported in Table 5. Clone anti-BCMA-PP02-D3 (SEQ ID NO: 78), herein also
referred to as anti-BCMA-D3 showed affinities to human BCMA of 15 nM and to cynomolgus monkey
BCMA of 40 nM. Clone anti-BCMA-PP02-E6 (SEQ ID NO: 79), herein also referred to as anti-BCMA-E6

showed affinities to human BCMA of 18 nM and to cynomolgus monkey BCMA of 52 nM.

Clone heavy
. Cynomolgus monkey
Clone name chain Human BCMA Kp (nM)
BCMA Kp (nM)
SEQ ID NO
anti-BCMA-UCP0O1-A8 FAB SEQ ID NO: 68 235 NB
anti-BCMA-UCP01-A10 FAB SEQ ID NO: 69 214 >2000
anti-BCMA-UCP01-C2 FAB SEQ ID NO: 70 336 NB
anti-BCMA-UCPO1-E8 FAB SEQID NO: 71 1745 NB
anti-BCMA-UCPO1-E9 FAB SEQ ID NO: 72 10 236
anti-BCMA-UCPO1-F9 FAB SEQ ID NO: 73 617 NB
anti-BCMA-PP02-A3 FAB SEQ ID NO: 74 318 >2000
anti-BCMA-PP02-B4 FAB SEQ ID NO: 75 648 58
anti-BCMA-PP02-C2 FAB SEQ ID NO: 76 915 NB
anti-BCMA-PP02-C4 FAB SEQ ID NO: 77 608 114
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anti-BCMA-PP02-D3 FAB SEQID NO: 78 15 40
anti-BCMA-PP0O2-E6 FAB SEQID NO: 79 18 52
anti-BCMA-PP02-F1 FAB SEQ ID NO: 80 145 598
anti-BCMA-PP03-C4 FAB SEQID NO: 81 549 109
anti-BCMA-PPO3-E4 FAB SEQ ID NO: 82 582 696

Table 5: Overview of the developed anti-BCMA Fabs and their relative affinity to recombinant human and
cynomolgus monkey BCMA proteins as assessed by SPR. Table shows clones heavy chain sequence
identification numbers, affinity (Kp) to recombinant human BCMA protein and affinity (Kp) to recombinant

cynomolgus monkey BCMA protein for developed anti-BCMA Fabs. NB = no measurable binding.

APRIL and BAFF blocking assay

Fab fragments were tested at blocking the interaction between human BCMA and human APRIL or
between human BCMA and human BAFF using SPR. Anti-BCMA-D3 and anti-BCMA-E6 Fab fragments
tested to block the interaction between human BCMA and human APRIL, as well as between human BCMA
and human BAFF. An increase in concentration of Fab in pre-mixed solutions of recombinant BCMA-Fc
protein and anti-BCMA-D3 Fab or in pre-mixed solutions of recombinant BCMA-Fc protein and anti-BCMA-
E6 Fab resulted in a decrease in binding response (in RU, Y-axis) of BCMA-Fc to immobilized recombinant
APRIL protein or to immobilized recombinant BAFF protein. Complete blocking of human BCMA/human
APRIL interaction, as well as complete blocking of human BCMA/human BAFF interaction was observed
when excess molar ratio of anti-BCMA-D3/human BCMA or excess molar ratio of anti-BCMA-E6
Fab/human BCMA was used. Blocking of the interaction between recombinant human BCMA protein and
recombinant human APRIL protein and blocking of the interaction between recombinant human BCMA
protein and recombinant human BAFF protein upon binding of Fab clones anti-BCMA-D3 and anti-BCMA-

E6 to human BCMA protein is illustrated in Figure 6.

Example 6: Optimization of anti-BCMA-D3 and anti-BCMA-E6

Materials and Methods

Library generation and panning

Five affinity maturation libraries were generated for both anti-BCMA-D3 (SEQ ID NO: 78) and anti-BCMA-
E6 (SEQ ID NO: 79) by introducing diversity in the CDRs of the heavy chain. CDR-H1, CDR-H2 and CDR-H3
were randomized using degenerated NNK codon oligonucleotides (wherein N is any of the four

deoxyribonucleotides and K is G or T) at Kabat residues 27-35, 50-58, 95-101 minus 2, respectively. Each
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library was generated using a pool of overlapping oligonucleotides containing 5 consecutive degenerated
codons. CDR-H1 and CDR-H2 were also diversified using Trimer oligonucleotide at position Kabat 27-35

and 50-58 respectively. Libraries were prepared as described in Example 2.

Phage display panning was performed as described in Example 1 with the following modifications.
Libraries were incubated with beads pre-coated with 20 nM, 2 nM, and 0.2 nM of biotinylated
recombinant human BCMA protein (Acrobiosystems, catalog NO: BCA-H82E4), for round 1, round 2 and
round 3, respectively. After 1 h incubation, 1 uM of non-biotinylated recombinant human BCMA protein

(Acrobiosystems, catalog NO: BCA-H522y) was added for 3 h at RT during rounds 2 and 3.

Affinity screening by SPR

SPR analysis was used to confirm specific binding activity of the new scFv clones and rank the positive
clones according to their binding profile. Measurements were performed as described in Example 5 with
the following modifications. Recombinant human BCMA protein (Acrobiosystems, catalog NO: BCA-
H522y) was diluted to a final concentration of 200 nM in acetate buffer pH 4.5 (Cytiva Life Sciences,
catalog NO: BR100350) and subsequently immobilized on flow-path 2 of the eight channels to around 700-
1000 RU on a Series S CM5 sensor CHIP (Cytiva Life Sciences, catalog NO: BR100530) using an amine
coupling kit (Cytiva Life Sciences, catalog NO: BR100050). Filtered periplasmic extracts were injected
directly on the covalently coupled human BCMA Sensor Chip on the flow-path 1 and 2 (flow-path 1 being
used as reference) for 3 min. Dissociation in HBS-EP+ buffer was monitored for 3 min. The scFv clones

showing the best binding profiles were reformatted in Fab fragments as described in Example 5.

Fab binding affinities to recombinant BCMA protein

Surface plasmon resonance (SPR) was used to measure the binding affinities of the Fab fragments for
human and cynomolgus monkey BCMA. Measurements were performed on a Biacore 8K+ instrument
(Cytiva Life Sciences) using the Biacore 8K+ Control Software at 25 °C and analyzed with the Biacore Insight
Evaluation Software (v3.0). Affinity measurements of the anti-BCMA-D3 optimized Fabs to human and
cynomolgus monkey BCMA proteins were performed on Series S CM5 Sensor Chip (Cytiva Life Sciences,
catalog NO: BR100530) previously coated with anti-human IgG (Fc) antibody using a Human Antibody
Capture Kit (Cytiva Life Sciences, catalog NO: 29234600). Around 120 RU of recombinant human BCMA Fc
fusion protein (Acrobiosystems, catalog NO: BC7-H5254) or around 145 RU of recombinant cynomolgus

monkey BCMA Fc fusion protein (Acrobiosystems, catalog NO: BCA-C5253) was captured on flow-path 2
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of the anti-human IgG (Fc) antibody coated Sensor Chip. Fabs were injected in single cycle kinetic at
different concentrations ranging from 0.16 to 10 nM, in HBS-EP+ buffer (Cytiva Life Sciences, catalog NO:
BR100669) at a flow rate of 30 pl/min for 3 min on flow-path 1 and 2 (flow-path 1 being used as reference).
Dissociation was monitored for 10 min. After each cycle, the surface was regenerated with 60 pl of 3 M
MgCl,. Affinity measurements of the anti-BCMA-E6 optimized Fabs to human and cynomolgus monkey
BCMA proteins were performed on a Series S Biotin CAPture Chip (Cytiva Life Sciences, catalog NO:
28920234). Around 20 RU of biotinylated recombinant human BCMA protein (Acrobiosystems, catalog
NO: BCA-H82E4) or around 55 RU of biotinylated recombinant cynomolgus monkey BCMA Fc fusion
protein (Acrobiosystems, catalog NO: BCA-C82F4) was captured on flow-path 2 of a Series CAP Sensor
Chip. Fabs were injected in single cycle kinetic at different concentrations ranging from 0.2 to 50 nM, in
HBS-EP+ buffer (Cytiva Life Sciences, catalog NO: BR100669) at a flow rate of 30 pl/min for 3 min on flow-
path 1 and 2 (flow-path 1 being used as reference). Dissociation was monitored for 10 min. After each
cycle, the surface was regenerated with 60 ul of regeneration solution provided with Series S Biotin
CAPture Kit (Cytiva Life Sciences, catalog NO: 28920234). Experimental data were processed using the 1:1
Langmuir kinetic fitting model. Measurements included zero-concentration samples for referencing. Chi?
and residual values were used to evaluate the quality of a fit between the experimental data and individual

binding models.

Screening of anti-BCMA Fab fragments for binding to BCMA-expressing cells

The screening of anti-BCMA antibodies produced as Fab fragments was performed by binding studies on

NCI-H929 wild-type and using BCMA KO NCI-H929 cells to measure non-specific binding.

In brief, cells were harvested, counted, and plated at 1 x 10° cells/well in a 96-well round-bottom plate
(TPP, catalog NO: 92097). The plate was centrifuged at 350 g for 3 min at 4 °C and the cells were
resuspended in 100 ul of cold FACS buffer containing serial dilutions of anti-BCMA Fab antibodies starting
from 800 nM and diluted by 3-fold. Cells were incubated for 30 min at 4 °C, washed twice with cold FACS
buffer at 350 g for 3 min and resuspended in 50 pl of polyclonal anti-human IgG Fab PE secondary antibody
(ThermoFisher Scientific, catalog NO: MA1-10377, 1/200) diluted in FACS buffer. Cells were then washed
twice and resuspended in 100 pl of FACS buffer containing SYTOX Green dead cell stain (ThermoFisher
Scientific, catalog NO: S34860). Samples were acquired on a CytoFlex instrument (Beckman Coulter). Cells
were gated based on size FSC vs SSC and debris and doublets were excluded. Finally, cells negative for the

viability staining were gated, and living cells were analyzed for PE-geometric mean (geomean)
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fluorescence intensity using Flowlo software. Relative geomean fluorescence intensity (RFI) was
calculated by subtracting fluorescence of the isotype control (An irrelevant Fab) to the fluorescence of the
anti-BCMA. Relative geomean fluorescence intensity values were finally plotted using Prism software
(GraphPad). Equilibrium dissociation constant values (Kp) was determined by using one-site binding curve
fitting on non-transformed data (Prism). The Kp and Maximum binding (Maximum RFl) values are

summarized in Table 6.

Results and conclusions

Affinity maturation of anti-BCMA-D3 clone (heavy chain SEQ ID NO: 78) and of anti-BCMA-E6 clone (heavy
chain SEQ ID NO: 79) involved diversification of CDR-H1 (Kabat positions 27-35), CDR-H2 (Kabat positions
50-58) and CDR-H3 (Kabat positions 95-101 minus 2) in five individual libraries. ScFv clones having a slower
off-rate than their respective parental clone (anti-BCMA-D3 or anti-BCMA-E6) as measured by SPR were
isolated. ScFv clones were reformatted and expressed as Fab fragments and affinities to recombinant
human BCMA protein and to recombinant cynomolgus monkey BCMA protein were measured by SPR.
One clone, anti-BCMA-D3-MP04-E11 (heavy chain SEQ ID NO: 93), herein also referred as anti-BCMA-D3-
E11, had the highest affinities of the anti-BCMA-D3 optimized clones to human and cynomolgus monkey
BCMA, with Kp measured at 0.01 nM for both proteins and was selected for the generation of
CD3/BCMA/CD38 antibodies described herein. Three clones, namely clone anti-BCMA-E6-PP02-B1 (heavy
chain SEQ ID NO: 101), herein also referred as anti-BCMA-E6-B1, clone anti-BCMA-E6-PP02-E6 (heavy
chain SEQ ID NO: 105), herein also referred as anti-BCMA-E6-E6 and clone anti-BCMA-E6-PP02-G6 (heavy
chain SEQ ID NO: 108), herein also referred as anti-BCMA-E6-G6, showed varying increase in affinity to
human and cynomolgus BCMA as compared to parental anti-BCMA-E6 clone and were also selected for
the generation of CD3/BCMA/CD38 antibodies described herein. Kp values for anti-BCMA-E6-B1, anti-
BCMA-E6-E6 and anti-BCMA-E6-G6 were measured at 0.182 nM, 0.169 nM, and 0.330 nM, respectively
for human BCMA protein and at 0.510 nM, 0.615 nM, and 2.26 nM, respectively for cynomolgus monkey
BCMA protein. Heavy chain sequence identification numbers, binding affinity of the developed anti-
BCMA-D3-optimized and anti-BCMA-E6-optimized clones to human and cynomolgus monkey BCMA
proteins and binding affinity to H929 cells are reported in Table 6. Figure 7 shows that all Fab fragments
showed binding to BCMA-expressing NCI-H929 cells as shown in Table 6. Few clones, anti-BCMA-D3-
MPO4-E11, anti-BCMA-E6-PP02-B1, anti-BCMA-E6-PP0O2-E6 and anti-BCMA-E6-PP02-G6 were selected

based on their strong binding properties (Kp and maximum binding) with significant improvement
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compared to their respective parental clones. Specificity was also confirmed by the lack of binding to

BCMA KO NCI-H929 cell line.

Maximum
Clone Human | Cynomolgus oo
CDR Ko on binding
L heavy BCMA monkey
randomization Clone name . NCI-H929 | on NCI-
. chain SPR Kp BCMA SPR
library (nM) H929
SEQID NO (nM) Ko (nM)
(RFI)
Anti-BCMA-D3- SEQID
CDR-H2 0.41 0.31 29.49 21530
MP03-G7 FAB NO: 83
Anti-BCMA-D3- SEQID
CDR-H2 0.03 0.01 7.68 21478
MP0O4-A2 FAB NO: 84
Anti-BCMA-D3- SEQID
CDR-H2 0.14 0.24 6.03 23663
MP0O4-Blla FAB NO: 85
Anti-BCMA-D3- SEQID
CDR-H2 0.52 0.79 14.12 23316
MPO04-B11b FAB NO: 86
Anti-BCMA-D3- SEQID
CDR-H2 0.16 0.34 3.9 22905
MP04-B1lc FAB NO: 87
Anti-BCMA-D3- SEQID
CDR-H2 5.43 4.85 NT NT
MPO04-B11d FAB NO: 88
Anti-BCMA-D3- SEQID
CDR-H2 0.03 0.02 6.49 24557
MPO04-C2 FAB NO: 89
Anti-BCMA-D3- SEQID
CDR-H2 0.09 0.17 3.65 26528
MPQO4-C8a FAB NO: 90
Anti-BCMA-D3- SEQID
CDR-H2 0.03 0.11 7.39 28295
MPQ4-C8b FAB NO: 91
Anti-BCMA-D3- SEQID
CDR-H2 0.02 0.01 8.84 25299
MP04-D4 FAB NO: 92
Anti-BCMA-D3- SEQID
CDR-H2 0.01 0.01 13.45 31842
MPO4-E11 FAB NO: 93
Anti-BCMA-D3- SEQID
CDR-H2 0.64 3.03 7.12 19546
MPO4-F3 FAB NO: 94
Anti-BCMA-D3- SEQID
CDR-H2 0.08 0.14 5.82 27035
MP04-G7 FAB NO: 95
Anti-BCMA-D3- SEQID
CDR-H3 2.3 6.54 NT NT
MPOQ5-A9 FAB NO: 96
Anti-BCMA-D3- SEQID
CDR-H3 1.03 1.03 NT NT
MPOQ5-Cla FAB NO: 97
Anti-BCMA-D3- SEQID
CDR-H3 2.22 5.86 NT NT
MPOQ5-C1b FAB NO: 98
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Anti-BCMA-D3- SEQID

CDR-H3 0.78 2.83 11.85 29941
MPO5-F4 FAB NO: 99
Anti-BCMA-E6-PP02- SEQID

CDR-H2 0.33 0.915 6.37 40163
A3 FAB NO: 100
Anti-BCMA-E6-PP02- SEQID

CDR-H2 0.182 0.51 3.72 34715
B1 FAB NO: 101
Anti-BCMA-E6-PP02- SEQID

CDR-H2 0.086 0.857 5.49 43536
B4 FAB NO: 102
Anti-BCMA-E6-PP02- SEQID

CDR-H2 0.3 1.19 6.83 38616
C7 FAB NO: 103
Anti-BCMA-E6-PP02- SEQID

CDR-H2 0.342 0.97 6.58 36313
D2 FAB NO: 104
Anti-BCMA-E6-PP02- SEQID

CDR-H2 0.169 0.615 5.13 43245
E6 FAB NO: 105
Anti-BCMA-E6-PP02- SEQID

CDR-H2 0.22 0.964 5.53 44707
F7 FAB NO: 106
Anti-BCMA-E6-PP02- SEQID

CDR-H2 0.176 0.728 5.22 40502
G2 FAB NO: 107
Anti-BCMA-E6-PP02- SEQID

CDR-H2 0.33 2.26 5.78 46477
G6 FAB NO: 108
Anti-BCMA-E6-PP02- SEQID

CDR-H2 0.061 0.237 4.86 39367
G7 FAB NO: 109

Table 6: Overview of developed anti-BCMA-D3- and anti-BCMA-E6- optimized Fabs and their relative
affinity to recombinant human BCMA and to recombinant cynomolgus monkey BCMA by SPR, as well as
their relative binding affinity to NCI-H929 cells. Table 6 shows clones heavy chain sequence identification
numbers (SEQ ID NO), CDR randomization library from which the clones derive, binding affinity (Kp) for
developed anti-BCMA-D3- and anti-BCMA-E6- optimized Fabs to recombinant human BCMA protein and
to recombinant cynomolgus monkey protein by SPR, as well as binding affinity (Kp) and Maximum binding
values (RFI) determined from Flow Cytometry experiments on NCI-H929 cell line. Kp and Maximum binding

values on NCI-H929 cell line are average values derived from two independent experiments. NB= no

measurable binding. NT= not tested.
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Example 7: Generation of anti-CD38 antibodies

Materials and Methods

Recombinant target antigens

c¢DNA for human and cynomolgus monkey CD38 were obtained from Source Biosciences (Erwin-Negelein-
Haus, Germany, Cat. NO: IRAU37D11, 4309086), their extracellular regions (UniProt accession No: P28907
residues 43-300 and Uniprot accession No: Q5VANO, residues 43-301 (residue 44 was deleted),
respectively) were PCR amplified and cloned into an in-house expression vector derived from pcDNA3.1
(Invitrogen AG). This expression vector encompassed a Kozak sequence, and a start codon followed by the
murine IgGk light chain leader peptide at the 5’ end and a 6-His-tag at the 3’ end of its multiple cloning
site. The soluble extracellular region of human CD38 (residues 43 to 300, SEQ.ID NO: 607) and cynomolgus
monkey CD38 (residues 43-301, SEQ ID NO: 608) fused to a 6-His-tag were expressed as follows. Briefly,
one volume of RPMI 1640 medium (PAA Laboratories) containing HEK cells, 0.1% Pluronic acid (Invitrogen
AG), expression vector and polyethyleneimine (JetPEI’, Polyplus-transfection, lllkirch, France) was
incubated in a shake flask at 37 °C, 5% CO, and 80% humidity. One volume of Ex-Cell 293 medium
supplemented with 6 mM glutamine was added to the mixture after 4 h and incubation continued further
for a total of 5 days. Post-production clarified supernatant was obtained by centrifugation and filtrated
using 0.2 um filters, pH was adjusted at 7.4 (4 °C) using Tris 1 M pH 8.7. Ni-Sepharose Excell beads (GE
Healthcare) were added to the clarified supernatant and incubated overnight at 4°C under agitation. The
solution was loaded on an Econo-Column (Bio-Rad Laboratories) for gravity-flow purification. The beads
were subsequently washed with 1X PBS, pH 7.4 (1 or 2X 10 CV) and 1X PBS, pH 7.4 supplemented with 20
mM imidazole (10 CV). The protein was, depending on the batch, either eluted with 1X PBS, pH 7.4
supplemented with 500 mM imidazole or eluted by increasing stepwise the concentration in imidazole
(40 mM, 80 mM, and 250 mM imidazole). Fractions of interest were pooled and dialyzed twice against 1X
PBS, pH 7.4 at 4 °C. The protein was concentrated and sterile filtered using 0.22 um filters. Protein quality
was assessed by SDS-PAGE, SE-HPLC, endotoxin measurement and ELISA. Briefly, SE-HPLC was performed
using a Tosoh Bioscience TSKgel G3000SWxI column (catalog NO: 08541, Tosoh Bioscience) at room
temperature with 0.1 M sodium phosphate buffer, 0.15 M sodium chloride, pH 6.8 as eluent at 1 ml/min
flow rate, on a Waters Alliance 2695 HPLC system with a Waters 2998 PDA detector (Waters), monitoring
at 214 nm and 280 nm. The Multi-Cartridge System Endosafe-MCS from Charles River utilizing a Limulus

amebocyte lysate (LAL)-based assay was used to confirm a bacterial endotoxin level inferior to 0.5 EU/mg.
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These proteins are referred herein as human CD38-C-His and cynomolgus monkey CD38-C-His and are

described as SEQ ID NO: 607 and SEQ ID NO: 608, respectively.

Daratumumab Fab expression and purification

For daratumumab Fab expression (SEQ ID NO: 609 and SEQ ID NO: 566), equal quantities of heavy chain
and light chain vectors were co-transfected into suspension-adapted HEK293-EBNA cells (ATCC, cat no
CRL-10852) using PEI. Typically, cells were prepared 25 at 8 million cells per ml in RPMI supplemented
with 0.1% Pluronic F-68. Cells were then transfected with a DNA-PEI mixture. Four hours post-transfection,
the cell culture was diluted 1:1 in EX-CELL® 293 supplemented with Phenol Red and 4 mM L-Glutamine
and incubated for 5 days with orbital shaking at 37 °C, 5% C02 and 80% humidity. Cell-free culture
supernatants containing the recombinant proteins were prepared by centrifugation followed by filtration
and used for further purification. The Fab was purified using Protein A (RepliGen CaptivA PrimAB, catalog
NO: CA-PRI). Affinity resin was added to the filtered culture supernatants and incubated ON at 4 °C with
gentle mixing. The next day, resin beads were collected into Poly-Prep columns (Bio-Rad Laboratories),
washed with PBS, and the recombinant proteins eluted with an acidic buffer (typically glycine 0.1 M pH

3.5). After neutralization with 1/10 volume of Tris-HCl pH 8, preparations were buffer-exchanged into PBS.

Transient expression of full-length human and cynomolgus monkey CD38 in CHO-S cell line

The human codon-optimized sequences of the full-length human CD38 (UniProt sequence ID P28907;
residues 1-300; SEQ ID NO: 617), of the full-length cynomolgus monkey CD38 (accession number:
Q5VANQO; residues 1-301; SEQ. ID NO: 618) were cloned in a modified pcDNA™3.1 plasmid (ThermoFisher
Scientific, catalog NO: V79020). Transfection and protein expression were done in suspension-adapted
CHO-S cells (cGMP banked, Invitrogen, catalog NO: A1136401) as described in Example 1. Human and
cynomolgus monkey CD38 proteins as described herein have SEQ ID NO: 617 and SEQ ID NO: 618,

respectively.

Library panning

The panning was performed as described in the Example 5 with the following modifications. The first
panning strategy consisted in three rounds of selection using biotinylated recombinant human CD38
protein (Acrobiosystems, catalog NO: CD8-H82E7). The second panning strategy consisted in two rounds

of selection using biotinylated recombinant human CD38 protein followed by two rounds using CHO cells
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transiently expressing human CD38 protein (SEQ ID NO: 617) or cynomolgus monkey CD38 protein (SEQ
ID NO: 618).

scFv screening by SPR

Surface Plasmon Resonance (SPR) analysis was used to confirm specific binding activity of the scFv clones.
Measurements were performed on a Biacore 2000 instrument (Cytiva Life Sciences) using the Biacore
2000 Control Software v3.2 at room temperature and analyzed with the Biacore T200 Evaluation Software
(v3.1). Commercially available recombinant human CD38 protein (Acrobiosystems, catalog NO: CD8-
H5224) and recombinant cynomolgus monkey CD38 protein (R&D Systems, catalog NO: 9834-AC-050), or
recombinant human CD38 extracellular domain (ECD)-C-his (SEQ ID NO: 607) and recombinant
cynomolgus CD38-ECD-C-his (SEQ ID NO: 608) proteins produced in house were individually diluted to a
final concentration of 200 nM in acetate buffer pH 4.5 (Cytiva Life Sciences, catalog NO: BR100350) and
subsequently immobilized on flow-path 2 and 3 respectively, to a level of about one 1500 resonance units
(abbreviated RU) on CMS5 Sensor Chips (Cytiva Life Sciences, catalog NO: BR100012) using an amine
coupling kit (Cytiva Life Sciences, catalog NO: BR100050). Flow-path 4 was similarly immobilized with
commercially available recombinant mouse CD38 protein (Creative Biomart, catalog NO: CD38-3112M) or
with an irrelevant antigen. HBS-EP (Cytiva Life Sciences, catalog NO: BR100188) was used as running
buffer. Filtered periplasmic extracts were injected directly on the covalently coupled human CD38-his and
cynomolgus CD38-his CM5 Sensor Chip. Samples were injected on the flow-path 1, 2, 3 and 4 (flow-path
1 being used as reference) at a 30 pl/min flow rate for 3 min, followed by a dissociation time of 5 min in
running buffer. After each binding event, surface was regenerated with 10 mM Glycine pH 1.5 solution
(Cytiva Life Sciences, catalog NO: BR100354) injected for 1 min at 30 pl/min. Each measurement included
zero-concentration samples as well as irrelevant scFv periplasmic extracts for referencing and specificity,

respectively.

scFv screening by flow cytometry

The binding of scFv clones to CHO cells transiently expressing human CD38 protein (SEQ ID NO: 617) was

assessed by flow cytometry as described Example 1.

Fab binding affinities for CD38

Human IgG1 Fab fragments were expressed and purified as described in Example 5. Surface plasmon

resonance (SPR) was used to measure the binding affinities of the Fab fragments for human and



10

15

20

25

30

WO 2023/213998 PCT/EP2023/061909

131

cynomolgus monkey CD38. Affinities were measured on a Biacore T200 instrument (Cytiva Life Sciences)
at 25 °C and analyzed with the Biacore T200 Evaluation Software (v3.1). Measurements to human CD38
were performed on Series S Sensor Chips SA (Cytiva Life Sciences, catalog NO: BR100531) or on Series S
Biotin CAPture Chips (Cytiva Life Sciences, catalog NO: 28920234) using commercially available
recombinant biotinylated human CD38 (Acrobiosystems, catalog NO: CD8-H82E7). Measurements to
cynomolgus monkey CD38 were performed on Series S CM5 sensor chips (Cytiva Life Sciences, catalog NO:
BR100530) previously immobilized with anti-histidine antibody (Cytiva Life Sciences, catalog NO:
28995056) using recombinant cynomolgus monkey CD38-ECD-C-his protein produced in house (SEQ ID
NO: 617).

The affinities to human and cynomolgus monkey CD38 were assessed by immobilizing CD38 and using Fab
fragments as analyte. Biotinylated recombinant human CD38 protein was immobilized to around 160 RU
on flow-path 2 of a Series S Sensor Chip SA or to around 100 RU on flow-path 2 of a Series S Biotin CAPture
Chip and recombinant cynomolgus monkey CD38-his protein was immobilized to around 50-100 RU on
flow-path 2 of a Series S CM5 Sensor Chip previously coated with anti-histidine antibody. Fab fragments
were injected in single cycle kinetic at different concentrations ranging from 7.8 to 2000 nM, in HBS-EP+
buffer (Cytiva Life Sciences, catalog NO: BR100669) at a flow rate of 30 pl/min for 3 min on flow-path 1
and 2 (flow-path 1 being used as reference). Dissociation was monitored for 5 min. After each cycle, the
Series S Sensor Chip SA coated with biotinylated recombinant human CD38 protein surface was
regenerated with 60 pl of 10 mM Glycine pH1.5 (Cytiva Life Sciences, catalog NO: BR100354) while Series
S Biotin CAPture Chip and Series S CM5 Sensor Chip coated with anti-histidin antibody surfaces were
regenerated using regeneration solution provided with Biotin CAPture kit (Cytiva Life Sciences, catalog
NO: 28920234) and His Capture kit (Cytiva Life Sciences, catalog NO: 28995056) respectively.
Experimental data were processed using the 1:1 Langmuir kinetic fitting model. Measurements included
zero-concentration samples for referencing. Chi?, U- and residual values were used to evaluate the quality

of a fit between the experimental data and individual binding models

Epitope binning

Epitope binning of Fab fragments on human CD38 was assessed using Bio-Layer Interferometry (BLI).
Measurements were done on an OctetRED96e instrument (Sartorius) and analyzed using the Data Analysis
HT version 11.1 software (Octet, Sartorius). Biotinylated human CD38-avi-his protein (Acrobiosystems,

catalog NO: CD8-H82E7) was loaded at 1 pg/ml in kinetic buffer for 5 min (Sartorius, catalog NO: 18-1105)
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on a streptavidin SA Biosensor (Sartorius, catalog NO: 15-5019) previously soaked in kinetic buffer for 10
min. Streptavidin biosensor coated with biotinylated human CD38 antigen was dipped into a solution of
200 nM of Fab antibody 1 (Ab1) for 10 min to reach saturation of the CD38 coated surface, followed by a
successive dip into a mixed solution of 200 nM of Ab1 and 200 nM of Fab antibody 2 (Ab2) for 5 min
(competition phase). Same experimental procedure was performed using 400 nM of Ab1 alone in the
competition phase as control for surface saturation. All steps were performed at 25 °C and 1000 RPM

shaking. Fresh streptavidin biosensors were coated with biotinylated human CD38 before each cycle.

Results and conclusions

ScFv clones showing specific binding to both recombinant human CD38 and recombinant cynomolgus
monkey CD38 proteins by SPR as well as specific binding to human CD38 CHO cells were sequenced and
unique sequences showing the best binding profiles on SPR were reformatted in Fab fragment for binding

affinity measurement.

Fab binding affinities to CD38

Twenty-seven Fab clones showed binding affinities to recombinant human and cynomolgus monkey CD38
proteins with an equilibrium dissociation constant (Kp) below 2 uM as determined by SPR. Clone anti-
CD38-UCP03-B3 (heavy chain SEQ ID NO: 110), herein also referred as anti-CD38-B3 showed affinities to
human CD38 and cynomolgus monkey CD38 of 115 nM and 170 nM respectively. Clone anti-CD38-UCP01-
E2 (heavy chain SEQ ID NO: 111), herein also referred as anti-CD38-E2 showed affinities to human CD38
and cynomolgus monkey CD38 of 110 nM and 89 nM respectively. Heavy chain sequence identification

numbers and binding affinities of developed anti-CD38 clones are reported in Table 7.

Clone heavy chain Human CD38 Kp [ Cynomolgus monkey
Clone name
SEQ ID NO (nM) CD38 Kp (nM)

Anti-CD38-UCP01-B1 Fab SEQID NO: 619 193 102
Anti-CD38-UCP01-D1 Fab SEQ ID NO: 620 666 NB
Anti-CD38-UCP01-F1 Fab SEQ ID NO: 621 429 393
Anti-CD38-UCP01-G1 Fab SEQ ID NO: 622 1124 283
Anti-CD38-UCP01-H1 Fab SEQ ID NO: 623 437 352
Anti-CD38-UCP01-C2 Fab SEQID NO: 624 85.3 53.5
Anti-CD38-UCP01-E2 FAB SEQID NO: 111 110 89
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Anti-CD38-UCP02-A7 Fab SEQ ID NO: 625 71.14 low binding
Anti-CD38-UCP02-B1 Fab SEQ ID NO: 626 595 low binding
Anti-CD38-UCP02-B7 Fab SEQ ID NO: 627 1709 NT
Anti-CD38-UCP02-C3 Fab SEQ ID NO: 628 305.1 187.7
Anti-CD38-UCP02-D1 Fab SEQ ID NO: 629 132.9 78
Anti-CD38-UCP02-D5 Fab SEQ ID NO: 630 192 33.5
Anti-CD38-UCP02-E5 Fab SEQ ID NO: 631 0.03 low binding
Anti-CD38-UCP02-F2 Fab SEQ ID NO: 632 14.16 13.96
Anti-CD38-UCP02-F5 Fab SEQ ID NO: 633 71.08 55.22
Anti-CD38-UCP02-F6 Fab SEQ ID NO: 634 389.2 low binding
Anti-CD38-UCP02-H1 Fab SEQ ID NO: 635 153.9 2.7
Anti-CD38-UCP03-B3 FAB SEQID NO: 110 115 170
Anti-CD38-UCP03-C3 Fab SEQ ID NO: 636 117 465
Anti-CD38-UCP03-H5 Fab SEQ ID NO: 637 141.6 111
Anti-CD38-UCP03-B6 Fab SEQ ID NO: 638 225 829
Anti-CD38-UCP03-E3 Fab SEQ ID NO: 639 300 195
Anti-CD38-UCP03-A6 Fab SEQ ID NO: 640 410 525
Anti-CD38-UCP03-C2 Fab SEQ ID NO: 641 1388 628
Anti-CD38-UCP03-H2 Fab SEQ ID NO: 642 1850 672
Anti-CD38-UCP03-H3 Fab SEQ ID NO: 643 810 178

Table 7: Relative affinity of developed anti-CD38 Fabs to human and cynomolgus monkey CD38. Table
shows clones heavy chain sequence identification numbers (SEQ ID NO), affinity (Kp) to recombinant
human CD38 protein and affinity (Kp) to recombinant cynomolgus monkey CD38 protein for developed

anti-CD38 Fabs.

Epitope binning

To assess competition of anti-CD38 clones on CD38, epitope binning assay using anti-CD38 Fab fragments,
daratumumab Fab fragment produced in house (SEQ. ID NO: 566 and SEQ ID NO: 609) and recombinant
human CD38 protein was performed using Octet Bio-Layer Interferometry (BLI). An increase in binding
response (in nm, Y-axis) upon dipping of CD38 coated Biosensor previously saturated with Ab1 antibody

into a pre-mixed solution of Ab1/Ab2 antibodies indicates that Ab1 and Ab2 antibodies are not competing
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for binding to CD38, and thereby do not recognize overlapping epitopes on CD38. Figure 8 shows that
anti-CD38-E2 and anti-CD38-B3 clones do not compete for binding to CD38 and thereby do not recognize
overlapping epitopes on CD38. Figure 8 also shows that anti-CD38-E2 and anti-CD38-B3 do not compete

with daratumumab Fab for binding to CD38 and thereby do not recognize overlapping epitopes on CD38.

Example 8: Optimization of anti-CD38-E2 and anti-CD38-B3

Material and methods

Recombinant target antigens

Recombinant human CD38-ECD-C-his protein (SEQ ID NO: 607), herein also referred to as recombinant
human CD38 protein, and recombinant cynomolgus monkey CD38-ECD-C-his protein (SEQ ID NO: 608),
herein also referred to as recombinant cynomolgus monkey CD38 protein, were produced in house as

described in Example 7.

Library generation and selection

Five affinity maturation libraries were generated for both anti-CD38-B3 (SEQ ID NO: 110) and anti-CD38-
E2 (SEQID NO: 111) clones by introducing diversity in CDRs’ of the heavy chain. CDR-H1, CDR-H2 and CDR-
H3 were randomized using degenerated NNK codon oligonucleotides (wherein N is any of the four
deoxyribonucleotides and K is G or T) at Kabat residues 27-35, 50-58, 95-101 minus 2, respectively. Each
library was generated using a pool of overlapping oligonucleotides containing 5 consecutive degenerated
codons. CDR-H1 and CDR-H2 were also diversified using Trimer oligonucleotide at position Kabat 27-35

and 50-58 respectively. Libraries were prepared as described in Example 2.

Phage display panning was performed as described in Example 5 with the following modifications.
Libraries were incubated with beads pre-coated with 50 nM, 5 nM, and 0.5 nM of biotinylated
recombinant human CD38 protein (Acrobiosystems, catalog NO: CD8-H82E7), for round 1, round 2 and
round 3, respectively. After 1 h incubation, 1 uM of non-biotinylated recombinant human CD38 protein

produced in house (SEQ ID NO: 607) was added for 3 h at RT during rounds 2 and 3.

Affinity screening by SPR

SPR analysis was used to confirm specific binding activity of the new scFv clones and rank the positive
clones according to their binding profile. Measurements were performed as described in Example 7 with

the following modifications. Measurements were performed on a Biacore T200 instrument (Cytiva Life
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Sciences) and analyzed with the Biacore T200 Evaluation Software (v3.1) or on a Biacore 8K+ instrument
(Cytiva Life Sciences) using the Biacore 8K+ Control Software and analyzed with the Biacore Insight
Evaluation Software (v3.0). Commercially available recombinant human CD38 protein (Acrobiosystems,
catalog NO: CD8-H224) or recombinant human CD38 protein produced in house (SEQ ID NO: 607) was
diluted to a final concentration of 200 nM in acetate buffer pH 4.5 (Cytiva Life Sciences, catalog NO:
BR100350) and subsequently immobilized on flow-path 2 to levels of about 1300 RU or 250 RU on Series
S CM5 Sensor Chips (Cytiva Life Sciences, catalog NO: BR100530) using an amine coupling kit (Cytiva Life
Sciences, catalog NO: BR100050). Filtered periplasmic extracts were injected directly on the covalently
coupled human CD38 CMS5 Sensor Chips on the flow-path 1 and 2 (flow-path 1 being used as reference)
for 3 min. Dissociation in HBS-EP+ buffer was monitored for 3 to 10 min. The scFv clones showing the best

binding profiles were reformatted in Fab fragments as described in Example 5.

Fab binding affinities to CD38

Affinities of the Fab to human and cynomolgus monkey CD38 were measured by SPR as described in
Example 5 with following modifications. Measurements were performed at 25 °C on a Biacore T200
instrument (Cytiva Life Sciences) and analyzed with the Biacore T200 Evaluation Software (v3.1) or on a
Biacore 8K+ instrument (Cytiva Life Sciences) using the Biacore 8K+ Control Software and analyzed with
the Biacore Insight Evaluation Software (v3.0). Affinities of the Fab to human CD38 were performed on
Series S Biotin CAPture Chips (Cytiva Life Sciences, catalog NO: 28920234) immobilized with recombinant
biotinylated human CD38 (Acrobiosystems, catalog NO: CD8-H82E7) on flow-path 2 to levels between 50
to 70 RU. Fabs were injected in single cycle kinetic for 3 min with concentrations ranging from 1.95 nM to
500 nM. Measurements to cynomolgus monkey CD38 were performed on Series S CM5 Sensor Chips
(Cytiva Life Sciences, catalog NO: BR100530) previously immobilized with anti-histidine antibody (Cytiva
Life Sciences, catalog NO: 28995056). Recombinant cynomolgus monkey CD38-ECD-C-his protein
produced in house (SEQ ID NO: 608) was immobilized on flow-path 2 to levels of around 50 RU. Fabs were
injected in single cycle kinetics for 3 min with concentrations ranging from 1.48 nM to 120 nM or from

1.95 nM to 500 nM. Dissociation was monitored for 5 to 10 min.

Results and conclusions

Affinity maturation of anti-CD38-B3 clone (heavy chain SEQ ID NO: 110) and of anti-CD38-E2 clone (heavy
chain SEQ ID NO: 111) involved diversification of CDR-H1 (Kabat positions 27-35), CDR-H2 (Kabat positions

50-58) and CDR-H3 (Kabat positions 95-101 minus 2) in five individual libraries. ScFv clones having a slower
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off-rate than their respective parental clone (anti-CD38-E2 or anti-CD38-B3) as measured by SPR were
isolated. ScFv clones were reformatted and expressed as Fab fragments and affinities to recombinant
human CD38 protein and to recombinant cynomolgus monkey CD38 protein were measured by SPR. One
clone, anti-CD38-B3-PP11-C11 (heavy chain SEQ ID NO: 113), herein also referred as anti-CD38-B3-C11,
showed increase in affinity to human and cynomolgus CD38 as compared to parental anti-CD38-B3 clone,
with Kp measured at 5.4 nM and 25 nM respectively, and was selected for the generation of
CD3/BCMA/CD38 antibodies described herein. One clone, anti-CD38-E2-UCP02-A5 (heavy chain SEQ ID
NO: 122), herein also referred as anti-CD38-E2-A5, showed increased affinities to human and cynomolgus
monkey CD38 as compared to parental anti-CD38-E2 clone, with Kp measured at 23.6 nM and 4.4 nM
respectively, and was also selected for the generation of CD3/BCMA/CD38 antibodies described herein.
Heavy chain sequence identification numbers and binding affinities to recombinant human and

cynomolgus monkey CD38 proteins of the mentioned clones are reported in Table 8.

Cynomolgus
Clone heavy Human CD38 Kp
. . monkey CD38
Library Clone name chain (nM), Fab as
Ko (nM), Fab
SEQID NO analyte
as analyte
CDR-H1 Anti-CD38-B3-PP11-A2 FAB SEQ ID NO: 112 384 62.5
CDR-H3 Anti-CD38-B3-PP11-C11 FAB SEQ ID NO: 113 54 25
CDR-H1 Anti-CD38-B3-PP11-D1a FAB SEQ ID NO: 114 10 9.6
CDR-H1 Anti-CD38-B3-PP11-D1b FAB SEQ ID NO: 115 5.8 14.6
CDR-H3 Anti-CD38-B3-PP11-D11a FAB SEQ ID NO: 116 8.2 17.3
CDR-H1 Anti-CD38-B3-PP11-E1 FAB SEQ ID NO: 117 10.5 26.3
CDR-H3 Anti-CD38-B3-PP11-E11 FAB SEQ ID NO: 118 2 8.9
CDR-H1 Anti-CD38-B3-PP11-Hla FAB SEQ ID NO: 119 15.3 17.9
CDR-H3 Anti-CD38-B3-PP11-H10 FAB SEQ ID NO: 120 6.2 22.7
CDR-H1 Anti-CD38-E2-UCP01-A10 FAB SEQ ID NO: 121 9.4 8.6
CDR-H2 Anti-CD38-E2-UCP02-A5 FAB SEQ ID NO: 122 23.6 4.4
CDR-H2 Anti-CD38-E2-UCP02-D6 FAB SEQ ID NO: 123 4.9 1.1
CDR-H2 Anti-CD38-E2-UCP02-E7 FAB SEQ ID NO: 124 2.2 1.8
CDR-H2 Anti-CD38-E2-UCP02-F3 FAB SEQ ID NO: 125 3.5 2.4
CDR-H2 Anti-CD38-E2-UCP02-F8 FAB SEQ ID NO: 126 17.6 24.5
CDR-H2 Anti-CD38-E2-UCP02-G8 FAB SEQ ID NO: 127 5.2 4.2
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Table 8: Overview of developed anti-CD38-B3- and anti-CD38-E2- optimized Fabs and their relative affinity
to human and cynomolgus monkey CD38 measured by Surface Plasmon Resonance. Table shows clones
heavy chain sequence identification numbers (SEQ ID NQ), affinity (Kp) to recombinant human CD38
protein and affinity (Kp) to recombinant cynomolgus monkey CD38 protein for developed anti-CD38-B3-

and anti-CD38-E2- optimized Fabs.

Example 9: Design of CD3/BCMA/CD38 antibodies

CD3/BCMA/CD38 antibodies according to the invention comprise of a first antigen binding site that binds
to human CD3, a second binding site to human BCMA and a third antigen binding site that binds human
CD38. CD3/BCMA/CD38 trispecific antibodies can be designed utilizing two novel architectures. In the first
one, configuration BO (“BTB Quter”: CDR binder in the outer position of the BEAT BTB arm), the CD3 and
BCMA binding arm are located on the same arm of the BEAT antibody, whereby the CD3 binding arm is in
the Fc distal position, and the BCMA arm of high affinity is in the Fc proximal position, and the two are
fused via a flexible linker (SEQ ID NO: 605). The high affinity BCMA binder in the Fc proximal position in
the BO configuration may drive the formation of a short immunological synapse joining the effector cell
to tumor cell. The CD38 binding arm is on the A arm of the BEAT (Figure 9A). In configuration C, the CD3
binding arm is on the first arm of the bispecific antibody, and the two tumor-associated antigen (TAA)
binding arms are on the same arm of the BEAT, the B arm. The two are linked via a flexible linker (SEQ ID
NO: 604), whereby a Fab targeted to CD38 is fused to the C-terminus of a BCMA-binding arm, with the

aim of binding tumor cells with high avidity (Figure 9B).

We provide herein heterodimeric antibodies including the ones selected from the group comprising
CD3/BCMA/CD38-43, CD3/BCMA/CD38-86, CD3/BCMA/CD38-92, CD3/BCMA/CD38-93,
CD3/BCMA/CD38-103, CD3/BCMA/CD38-114, CD3/BCMA/CD38-115, CD3/BCMA/CD38-116,
CD3/BCMA/CD38-117, CD3/BCMA/CD38-118, CD3/BCMA/CD38-119.

In particular:

CD3/BCMA/CD38-43 is a combination of SEQ ID NO:522, SEQ ID NO:523 and SEQ ID NO:1
CD3/BCMA/CD38-86 is a combination of SEQ ID NO:530, SEQ ID NO:531 and SEQ ID NO:1
CD3/BCMA/CD38-92 is a combination of SEQ ID NO:532, SEQ ID NO:533 and SEQ ID NO:1
CD3/BCMA/CD38-93 is a combination of SEQ ID NO:534, SEQ ID NO:535 and SEQ ID NO:1
CD3/BCMA/CD38-103 is a combination of SEQ ID NO:536, SEQ ID NO:537 and SEQ ID NO:1
CD3/BCMA/CD38-114 is a combination of SEQ ID NO:538, SEQ ID NO:539 and SEQ ID NO:1
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CD3/BCMA/CD38-115 is a combination of SEQ ID NO:540, SEQ ID NO:541 and SEQ ID NO:1
CD3/BCMA/CD38-116 is a combination of SEQ ID NO:542, SEQ ID NO:543 and SEQ ID NO:1
CD3/BCMA/CD38-117 is a combination of SEQ ID NO:544, SEQ ID NO:545 and SEQ ID NO:1
CD3/BCMA/CD38-118 is a combination of SEQ ID NO:546, SEQ ID NO:547 and SEQ ID NO:1
CD3/BCMA/CD38-119 is a combination of SEQ ID NO:548, SEQ ID NO:549 and SEQ ID NO:1

Trispecific antibodies are a group of engineered antibody derivatives which recognize 3 different target
antigens. The TREAT trispecific antibody technology is based on BEAT® platform. The BEAT® platform is
based on the replacement of the protein-protein interface of the CH3 domain pair of the antibody Fc
region with the protein-protein interface of the T cell receptor (TCR) a-B constant region (Skegro et al.,
Biol Chem, 2017, 292(23):9745-9759; Stutz et al., J Biol Chem, 2020, 295(28):9392-9408). The resulting
BEAT interface drives preferential formation and purification of heterodimeric bispecific or trispecific
antibodies (bsAbs or TriAbs) over the homodimer contaminants. In addition, CD3/BCMA/CD38 antibodies
make use of a Fab CD38 binding arm as Fab unit, of a Fab BCMA binding arm and of a Fab CD3 binding
arm that all utilize a common light chain to prevent light chain mispairing, a common challenge associated
with bsAb and even more so TriAbs platforms. Additional engineering has also been performed to allow
an easier and faster purification process, natural conformation in antibody structure, stability, and binding
to neonatal Fcreceptor (FcRn) was retained maximizing the serum half-life of CD3/BCMA/CD38 antibodies

(Skegro et al., J Biol Chem, 2017, 292(23):9745-9759; Stutz et al., J Biol Chem, 2020, 295(28):9392-9408).

Example 10: CD3/BCMA/CD38 antibodies heavy chain and light chain amino acid combinations

Materials and Methods

To enable the analysis of the effects of varying the format, affinities and CD38 epitope on in vitro
pharmacology, the combination as described in Table 9 were expressed and purified as described in

Example 3.

Results and conclusions

Table 9 below lists the combinations of chains used for the expression of CD3/BCMA/CD38 trispecific

antibodies.

CD3/BCMA/CD38- Chain 1 Chain 2 Chain 3

043 SEQ ID NO:522 SEQ ID NO:523 SEQID NO:1

086 SEQ ID NO:530 SEQ ID NO:531 SEQID NO:1
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092 SEQ ID NO:532 SEQ ID NO:533 SEQID NO:1
093 SEQ ID NO:534 SEQ ID NO:535 SEQID NO:1
103 SEQ. ID NO:536 SEQ ID NO:537 SEQID NO:1
114 SEQ. ID NO:538 SEQ ID NO:539 SEQID NO:1
115 SEQ ID NO:540 SEQ ID NO:541 SEQID NO:1
116 SEQ. ID NO:542 SEQ ID NO:543 SEQID NO:1
117 SEQ ID NO:544 SEQ ID NO:545 SEQID NO:1
118 SEQ. ID NO:546 SEQ ID NO:547 SEQID NO:1
119 SEQ. ID NO:548 SEQ ID NO:549 SEQID NO:1

Table 9: SEQ ID of CD3/BCMA/CD38 antibodies

Example 11: Expression and characterization of CD3/BCMA/CD38 antibodies produced in CHO cells

Materials and methods

To enable the analysis of the effects of varying the format, affinities and CD38 epitope on in vitro
pharmacology, the combinations as described in Table 9 were expressed and purified as described in

Example 3.

Results and conclusions

CD3/BCMA/CD38 antibodies were successfully produced in CHO-S cells and were highly monodisperse
with percentages of main peak ranging from between 95.05-99.93% by SE-HPLC post-purification

according to the protocol described in Example 3.

Details of the format, binders, titers, and final purity are given in Table 10.

CD3/BCMA/CD38_| 043 | 086 | 092 | 093 | 103 | 114 | 115 | 116 | 117 | 118 | 119
Format BO C C C C C C C BO | BO | BO
CD3 binder | C1-D6 | C1-D6 | C1-D6 | C1-D6 | C1-D6 | C1-D6 | C1-D6 | C1-D6 | C1-D6 | C1-D6 | C1-D6
CD38 binder E2 |B3-C11/B3-C11|B3-C11|B3-C11| E2-A5 |B3-C11] B3 |E2-A5|B3-C11| B3
BCMAbinder |D3-E11|D3-E11| E6-E6 | E6-G6 |- oo | E0-66-| EE-GE- EE6-GE [E6-GE- E6-Go [ E6-GE
N82aS | N82aS | N82as | N82aS | N82as | N82as | N82as

Protein A
purificationyield | 42 | N/A | 45 | 30.6 | 57.7 | 44.88| 52.8 | N/A | 72.6 | 34.32| 47.3

(mg/L)
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Purity post-Protein
A (% monomer by | 92.42 | 90.37 | 95.57 | 95.05 | 94.77 | 92.96  93.84 | N/A | 85.75 | 94.94 | 94.53
SE-HPLC)
Final Purity (%
monomer by SE- | 98.37 | 99.93 | 95.57 | 95.05 | 99.47 | 98.42 | 99.26 | 99.3 | 99.01 | 99.36 99.77

HPLC)
Table 10. Expression and characterization of CD3/BCMA/CD38 antibodies in CHO-S cells

Example 12: Expression and characterization of control molecules for the characterization of

CD3/BCMA/CD38 TREATS

Materials and Methods

Control molecules described below were produced according to the protocol described in Example 3.

Results and conclusions

Control molecules according to the sequence combinations detailed in Table 11 were additionally tested
that used an irrelevant binder, dubbed G6DU, in place of the CD3 binding Fab, in place of the BCMA and
CD38 binding Fabs or in place of the three binding Fabs (isotype control) as detailed in Table 12. Other
controls included bispecific antibodies targeting BCMA and CD3 but not CD38 with two different BCMA

binders used in trispecific antibodies.

CD3/BCMA/CD38_ Chain 1 Chain 2 Chain 3
082 SEQ ID NO: 526 SEQ ID NO: 527 SEQID NO: 1
085 SEQ ID NO: 528 SEQ ID NO: 529 SEQID NO: 1
120 SEQ ID NO: 550 SEQ ID NO: 551 SEQID NO: 1
121 SEQ ID NO: 552 SEQ ID NO: 553 SEQID NO: 1
122 SEQ ID NO: 554 SEQ ID NO: 555 SEQID NO: 1
044 SEQID NO: 524 SEQ ID NO: 525 SEQID NO: 1
123 SEQID NO: 556 SEQ ID NO: 557 SEQID NO: 1

Table 11: SEQ ID of CD3/BCMA/CD38 control antibodies

Control antibodies were designed and successfully produced in CHO-S cells and were highly monodisperse
with percentages of main peak ranging from between 96-100% as measured by SE-HPLC post-purification

(Table 12).
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CD3/BCMA/CD38- 082 085 120 121 122 044 123
Format C N/A C BO BO BEAT BEAT
CD3 binder C1-D6 | G6DU | GeDU | Ge6DU | C1-D6 | C1-D6 | C1-D6
CD38 binder G6DU | G6DU | B3-C11 | B3-C11 | G6DU | None None
, E6-G6- | E6-G6- E6-G6-
BCMA binder G6DU | G6DU G6DU | D3-E11
N82aS | N82asS N82aS
Purification yield (mg/L) 31 N/A 16 19 15 19- 16
uritication vyie m
y 8 38 101
Final Purity (% monomer 98- 96-
99 99 100 97-99 100
by SE-HPLC) 99 98

Table 12: Description and characterization of control molecules used to characterize CD3/BCMA/CD38

molecules.

Example 13: Screening for tumor killing potency of CD3/BCMA/CD38 antibodies in presence and

absence of soluble BCMA, and on-target off-tumor activity

Example 13 {(a): RDL assay with KMS-12-BM tumor cells expressing low levels of BCMA and CD38 and

the effect of soluble BCMA on killing potency

Materials and methods

Several constructs of TREAT CD3/BCMA/CD38 described in Example 10, holding the same binders
targeting CD3 and CD38 and different E6-affinity matured binders targeting BCMA, E6-E6
(CD3/BCMA/CD38-092), E6-G6 (CD3/BCMA/CD38-093) and E6-B1 (CD3/BCMA/CD38-103) were tested for
tumor killing efficacy and potency of KMS-12-BM cells using flow cytometry. It is known that levels of
circulating soluble BCMA in blood from Multiple Myeloma patients is significantly higher than levels of
circulating soluble BCMA in blood from Healthy donors (average of 89.91 ng/ml and 8.04 ng/ml,
respectively (Pillarisetti et al, 2020)). In circulation, soluble BCMA could bind to the anti-BCMA binder of
the CD3/BCMA/CD38 TREAT, presenting a potential sink risk and decreasing the possibility of the molecule
to bind to tumor cells, therefore impacting the killing potency. The killing activity of those TREAT was
therefore evaluated in the presence of high levels of soluble BCMA (150 ng/ml), above the average of the

levels observed in the blood of Multiple Myeloma patients.
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83A10-TCBcv

The comparator molecule 83A10-TCBcv (comprising SEQ ID NO: 558, SEQ.ID NO: 559, SEQ.ID NO:560 and
SEQ ID NO:561) was produced and purified as detailed in Example 3.

RDL assay with KMS-12-BM tumor cells expressing low levels of BCMA and CD38 and the effect of soluble
BCMA on killing potency

Human peripheral blood mononuclear cells (PBMC) were isolated from buffy coats of healthy donors
obtained from La Chaux-de-Fonds/Bern (Switzerland) Transfusion Center using ficoll density gradient
isolation and frozen in CryoStor10 cell freezing medium (Stemcell, # 07930). Cells were thawed in a pre-
warmed complete RPMI medium (RPMI supplemented with 10% heat inactivated fetal calf serum, 1% L-
Glutamine, 1% Non-essential Amino Acids, 1% Sodium Pyruvate, and 1% Penicillin/Streptomycin) and
rested overnight at 2 x 10° cells/ml. Twenty thousand target cells (KMS-12-BM, DSMZ, ACC 551) labelled
with Cell Proliferation Dye eFluor 670 (ThermoFisher Scientific, 65-0840-85) were co-cultured with one
hundred thousand PBMC labelled with Cell Proliferation Dye eFluor 450 (ThermoFisher Scientific, 65-
0842-85) reaching an effector-to-target ratio of 5:1. Serial dilutions of CD3/BCMA/CD38 candidates
starting from 20 nM and diluted by 10-fold, and control antibody (Negative control
(CD3/BCMA/CD38_085)(not shown) were incubated in co-culture for 72 h, at 37 °C, 5% CO.. After the
incubation period, the RDL assay readout was evaluated by measuring T cell cytotoxic activity against
target cells. Tumor cell killing was determined by measuring the absolute count of live target cells
(eFluor670* cells) and calculated as % of target killing =[1 — (Sample absolute counts)/(absolute counts in
the presence of target cells alone)] x 100. Specific tumor cell killing was calculated as % of specific killing
= % target killing (sample) — unspecific % target killing (in absence of antibody). Half maximal effective
concentration or ECso was calculated from the specific killing values using Sigmoidal dose response
Nonlinear regression. Some values were excluded based on goodness of fit (R2>0.8), on percentage of
tumor cells spontaneous killing (assay window), out-of-range ECso values and inappropriate percentages

of killing (<20% or > 130%).

Using the same protocol, additional experiments were conducted in presence of soluble BCMA,

supplemented at 150 ng/ml final concentration. In these experiments, the starting dose used was 200 nM.

Means ECsp are reported in pM in Table 13. A total of two independent experiments were performed with

each candidate for a total of three donors.
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Results and conclusions

The comparison between TREAT CD3/BCMA/CD38 holding the same binders targeting CD3 and CD38 and
different E6-affinity matured binders targeting BCMA, E6-E6, E6-G6 and E6-B1 respectively showed that
CD3/BCMA/CD38-093 triggered the most efficient killing of KMS-12-BM, in the presence of 150 ng/ml of
soluble BCMA, suggesting that this candidate is less affected by soluble BCMA compared to other
candidates and retained strong killing potency even in presence of soluble BCMA. The BCMA anti-BCMA
E6-G6 binder present in CD3/BCMA/CD38-093 was therefore selected for further optimization of
CD3/BCMA/CD38 molecules.

Mean ECso (pM)
Treatment Type CD3 BCMA CD38 no sBCMA sBCMA
CD3/BCMA/CD38-092 TREAT C C1-D6 E6-E6 B3-C11 3.3 49.5
CD3/BCMA/CD38-093 TREAT C C1-D6 E6-G6 B3-C11 41 28.4
CD3/BCMA/CD38-103* TREAT C C1-D6 E6-B1 B3-C11 4.0 47.5

Table 13: CD3/BCMA/CD38-093 candidate trigger the most potent KMS-12-BM cell killing in the presence
of soluble BCMA in Redirected Lysis assay. The table shows Mean of ECsq of specific killing determined
from Redirected Lysis experiments on KMS-12-BM cell line incubated with or without soluble BCMA (150
ng/ml). A total of three PBMC donors were tested in two independent experiments. *To note, mutation

N82aS prevents the binding to Protein A.

Example 13 (b): RDL of NCI-H929, MOLP-8 and KMS-12-BM tumor cells expressing various levels of
BCMA and CD38 and the effect of soluble BCMA on killing potency

Materials and methods

Additional antibodies described in Example 10 (-043, -086, -114, -115, -116, -117, -118, -119) were tested
along with previously selected CD3/BCMA/CD38 constructs (-093) and benchmarks (BEAT CD3/CD38,
TNB-F2B BEAT Fc, 83A10-TCBcv). The CD3/BCMA/CD38 were tested for tumor killing potency in RDL assays
on multiple myeloma cell lines NCI-H929, MOLP-8 and KMS-12-BM (in the absence or presence of soluble
BCMA) and for on-target off-tumor T cell activation in a high density PBMC assay using flow cytometry as

readouts.

Assays were performed following the same methodologies and material as described above.
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Results and conclusions

Multiple CD3/BCMA/CD38 candidates were tested for killing potency on three multiple myeloma cell lines,
KMS-12-BM (characterized as BCMA and CD38 low-expressing cells), MOLP-8 (characterized as BCMA low-
and CD38 high-expressing cells) and NCI-H929 (characterized as BCMA and CD38 medium-expressing cells)
in comparison with three benchmarks: BEAT CD3/CD38, 83A10-TCBcv and TNB-F2B BEAT Fc. All ECs

values for killing potency are reported in Table 14.

All candidates were able to trigger strong killing of tumor cell lines with ECso ranging from 0.4 to 25.4 pM.
They all induced the killing of all three cell lines expressing variable levels of CD38 and BCMA. Comparisons
between molecules with matching binders such as CD3/BCMA/CD38-115 (C) and —118 (BO) for instance,
showed that the format BO impacts positively the tumor cell lines killing for all cell lines, demonstrating
an increase of killing potency of 3-fold (-118 versus -115 on KMS-12-BM). The affinity of the anti-CD38
binders impacted the killing potency on all cell lines, as observed for candidates —118 and —119,

demonstrating an increase in killing potency of 8.3-fold (-118 versus -119 on KMS-12-BM).

Comparison between the format C molecules with different CD38 binding arms, CD3/BCMA/CD38-093
and CD3/BCMA/CD38-114, showed that anti-CD38-B3-C11 binder increased the killing potency of the
molecule on all cell lines compared to anti-CD38-E2-A5 binder (between 5.3-9.1-fold lower ECsg). This is
also true when these binders are in format BO, but to a lesser extent, with 1.7-2.3-fold difference observed
on ECso between CD3/BCMA/CD38-117 (E2-A5) and CD3/BCMA/CD38-118 (B3-C11). Comparison between
CD3/BCMA/CD38-086 and CD3/BCMA/CD38-093 showed that the candidate with anti-BCMA-E6-G6
binder was less affected by soluble BCMA compared to other candidate and retained strong killing potency

even in presence of soluble BCMA.

The mutation N82aS was introduced in several candidates to prevent binding to Protein A, such as
CD3/BCMA/CD38-115 candidate. The comparison between molecules sharing the same format and
binders showed that the mutation N82aS did not change the killing potency of the candidate (-115 versus
-093).

All CD3/BCMA/CD38 candidates reported in Table 14 induced potent T-cell redirected killing and
demonstrated superior killing potency, with lower ECso values, compared to benchmarks TNB-F2B BEAT
Fc (except for —116 only on KMS-12-BM tumor cells). A group of candidates displayed higher capability at
inducing T-cell mediated cytotoxicity, consistently on all cell lines: CD3/BCMA/CD38-117, -118, -119 with
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BO format and CD3/BCMA/CD38-115 with C format. One candidate, CD3/BCMA/CD38-118, triggered
significantly stronger killing compared to benchmark 83A10-TCBcv and BEAT CD3/CD38 on all cell lines.

Candidates CD3/BCMA/CD38-043, -93, -115, -117, -118, -119 also showed important anti-tumor killing in
the presence of 150 ng/ml of soluble BCMA. The killing potency of CD3/BCMA/CD38-086 with anti-BCMA-
D3-E11 binder was more affected by the presence of soluble BCMA as compared to the TREAT with the
higher affinity anti-BCMA-E6-G6 binder, CD3/BCMA/CD38 -093.

KMS-12-BM
NCI-H929 MOLP-8
no
sBCMA
cb | BcM | cD3 soluble
Treatment Type
A8 s s s s
a S o > o > o =
3 = e Sle 2 o
J 2 J 2 | g 2 J 2
L (@) L (@] L (@] L (@]
c L c L c L [ L
© 0O @© 0O @© 0O @© 0O
Q Q Q Q
s | 2 s |2 s s |°
BEAT CD CD3
CD3/CD38 BEAT 1.0 3 None 8 6.5 4.8 3.1 303210 35 1.2
Benchma
TNB-F2B rk CD | BCM | Non | 265. | 104. | 100. | 62. | 25. | 10. | 112. | 111.
BEAT Fc CD3xBC 3 A e 1 7 4 8 1 3 4 0
MA
Benchma
rk CD | BCM | Non
83A10-TCBcv CD3xBC 3 A N 3.4 15 (29097 | 31|11 |480 | 40
MA
CD3/BCMA/CD Cl- | D3-
TREAT BO E2 156|123 | 15 | 11| 06| 04 | 24.7 | 19.8
38-043 D6 E1l
CD3/BCMA/CD Cl- | D3- B3-
TREAT C 166 | 158 | 3.0 | 2.2 | 2.2 (1.2 | 452 | 354
38-086 D6 E1l C11
CD3/BCMA/CD C1- E6- B3-
TREAT C 1.7 0.8 13 (09|13 |0.7 | 106 | 3.2
38-093 D6 G6 C11
CD3/BCMA/CD C1- E6- E2-
TREAT C 9.0 41 | 118 | 7.0 | 85|57 |46.1 | 173
38-114* D6 G6 A5
CD3/BCMA/CD C1- E6- B3-
TREAT C 1.7 1.0 1.7 (09 |12 | 0.7 | 4.6 1.8
38-115* D6 G6 C11
CD3/BCMA/CD C1- E6- 25. | 15. | 197.
TREAT C B3 8.9 4.1 76 | 5.8 91.6
38-116* D6 G6 4 8 5
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CD3/BCMA/CD Ci- | E6- E2-
TREAT BO 2.0 13 13 |05]|09 |06 | 3.3 15
38-117* D6 G6 A5
CD3/BCMA/CD Ci- | E6- B3-
TREAT BO 12 | 09 | 07 |07 |04 |02 3.0 1.0
38-118* D6 G6 C11
CD3/BCMA/CD Ci- | E6-
TREAT BO B3 3.2 14 | 49 |47 |33 |13 |261]| 9.0
38-119* D6 G6

Table 14: Among pre-selected CD3/BCMA/CD38 candidates, -118 triggers most potent KMS-12-BM cell
killing in the presence of soluble BCMA in Redirected Lysis assay. The table shows Mean +/- Standard
Deviation of ECsg of specific killing determined from Redirected Lysis experiments on NCI-H929, MOLP-8
and KMS-12-BM cell lines incubated (with or without soluble BCMA (150 ng/ml) for KMS-12-BM cell line).
A total of six PBMC donors were tested in three independent experiments. *To note, mutation N82aS

(Kabat numbering) in the VH that prevents the binding to Protein A.

Taken together, those data suggest that T-cell mediated killing of the best candidates, CD3/BCMA/CD38-
115, -117, -118, -119 is enhanced by dual binding to the two target antigens. Moreover, the TREAT
CD3/BCMA/CD38 with the CD3 binding arm in outer position showed superior killing. In conclusion,

cytotoxic activity of CD3/BCMA/CD38 candidates was superior compared to the bispecific benchmarks.

Example 13 (c): On-target off-tumor activity

Materials and methods

Low on target off-tumor activity in vitro is expected to be associated with a more favorable safety profile
of biotherapeutic antibodies in the clinic. To this end, CD3/BCMA/CD38 TREAT candidates were tested for
their ability to induce T cell response in the absence of tumor cells in an in vitro high density PBMC assay.
Activated lymphocytes were identified based on the expression of CD25 or CD69 activation markers in
CD4 and CDS8 live T cell populations. Human peripheral blood mononuclear cells (PBMC) were isolated
from buffy coats of healthy donors obtained from La Chaux-de-Fonds/Bern (Switzerland) Transfusion
Centers using ficoll density gradient isolation and frozen in CryoStor10 cell freezing medium (Stemcell, #
07930). PBMCs were thawed in pre-warmed complete RPMI medium (RPMI supplemented with 10% heat
inactivated fetal calf serum, 1% L-Glutamine, 1% Non-essential Amino Acids, 1% Sodium Pyruvate, and 1%
Penicillin/Streptomycin) and incubated for 48 h at 37 °C, 5% CO2, at 10 x 108 cells/ml in a 6-well plate
(TPP, 92006, 3 ml/well). Then, PBMC were harvested and plated at 1 x 10° cells/well in a 96-well plate in
presence of serial dilutions of CD3/BCMA/CD38 candidates, benchmarks (BEAT CD3/CD38, 83A10-TCBcv,
TNB-F2B BEAT Fc) and controls (CD3/BCMA/CD38-085, Phytohemagglutinin (Sigma-Aldrich, L2646),
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coated anti-CD3 (ThermoFisher, 16-0037-85) and soluble anti-CD28 (BioXcell, BE0291)) starting from 200
nM and diluted by 5-fold for 48 additional hours at 37 °C, 5% CQO2. After the incubation, plates were
centrifuged (350 g, 5 min), supernatants were frozen for further cytokines quantification. Cells were then
transferred to a 96-well round-bottom plate, washed and resuspended in 25 pl of a cocktail of antibodies
for human CD4-PE-eFluor610 (ThermoFisher Scientific, catalog NO: 61-0049-42), CD8-AlexaFluor700 (BD
Pharmingen, catalog NO: 557945), CD25-PE and CD69-PE-Cy7 (ThermoFisher Scientific, catalog NOs: 12-
0259-42 and 25-0699-42, respectively) diluted 1/100 in FACS buffer and FcR Blocking Reagent (1/250,
Miltenyi Biotec, catalog NO: 130-059-901), and incubated for 30 min at 4 °C. Cells were washed twice and
resuspended in 100 pl of FACS buffer containing SYTOX Green dead cell stain (ThermoFisher Scientific,
catalog NO: S34860) diluted 1/2000. Samples were acquired on a CytoFlex instrument (Beckman Coulter).
Cells were gated based on size FSC vs SSC and debris and doublets were excluded. Finally, cells negative
for the viability staining were gated. T cell activation was determined by evaluating the percentage of
CD25 or CD69 positive cells gated on CD4" or CD8"* T cells. Percentages of activated T cells values (CD69*
of CD4 or CD8 T cells, CD25" of CD4 or CD8 T cells) were extracted. From those data, two parameters were
determined: the threshold of activation and the Maximum activation. The threshold of activation is
defined by the first dose showing statistically significant activation (CD69* or CD25" upregulation on CD4+
or CD8* T cells) compared to the negative control (CD3/BCMA/CD38_085) and the Maximum activation is
the Mean +/- Standard Deviation of Percentage of activated cells (highest activation observed among
tested doses). Both parameters were obtained using JMP software (SAS), the threshold of activation was
determined using Nested Least Square model followed by a Dunnet post-hoc comparison compared to
Negative control (CD3/BCMA/CD38_085), p-value<0.05 was considered as statistically significant. Both
Maximum activation and threshold of activation values are summarized in Table 15 and Table 16,
respectively. Two independent experiments were performed with each candidate for a total of four

donors.

Results and conclusions

Results from Table 15 show that CD3/BCMA/CD38-117, -118 and -119 candidates induced minimal T cell
activation associated with on-target off-tumor activity with 9.8-24.0% upregulation of CD25 marker on
CD4* and CD8* T cells and 11.1-45.9% upregulation of CD69 marker on CD4" and CD8* T cells, while positive
controls such as anti-CD3/anti-CD28 induced more upregulation (61.1-77.6% upregulation of CD25 and
43.7-70.9% upregulation of CD69). Furthermore, CD3/BCMA/CD38-117, -118 and -119 candidates, in the

absence of tumor cells, induced T cell activation associated with on-target off-tumor activity to a lesser
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extent compared to candidates -086, -114, -115 (threshold of activation of 8 or 200 nM, respectively for -
117,-118 and -119 and 1.6 nM for -086, -114, -115). Moreover, all controls (-044, -082, -085, -120, -121, -
122, -123) show very limited upregulation of CD25 and CD69 on CD4* and CD8" T cells compared to the
negative control. Taken together, this suggests that format BO (-117, -118, -119) is less prone to induce

on-target off-tumor activity compared to format C (-086, -114, -115).

CD25*CD4* | CD25*CD8" | CD69'CD4* | CD69°CD8*

Treatment Type b BC b
vp 3 MA | 38 | Aver | +/- | Aver | +/- | Aver | +/- | Aver | +/-
age SD age SD age SD age SD
. 1.2 0.4 13 0.3
no Antibody N/A N/A | N/A | N/A| 4.05 4 0.65 6 1.21 1 0.90 3
Negative
control G6 | G6 | G6 1.4 0.4 13 0.3
N/A 4.09 0.91 1.37 1.05
(CD3/BCMA/CD DU | DU | DU 2 6 7 1
38 085)
anti-CD3 + anti— 775 | 13. | 61.1 | 10. | 70.9 | 11. | 43.7 | 10.
N/A N/A | N/A | N/A
CD28 9 93 1 15 4 87 2 14
462 | 49| 294 | 10. | 55.6 | 10. | 28.0 | 8.3
PHA N/A N/A | N/A | N/A
6 7 9 07 0 06 0 3
Bench

mark CD | BC | No | 224 | 9.2 | 214 | 15. | 39.7 | 12. | 23.4 | 65
CD3xB 3 MA | ne 7 2 6 06 0 45 9 1

83A10-TCBcv

CMA
CD3/BCMA/CD | TREAT | C1- | D3- £ 174 | 61| 175 | 89| 399 | 12. | 219 | 1.6
38-043 BO D6 | E11 6 5 7 0 2 52 4 7
D3-
CD3/BCMA/CD C1- No | 119 | 24| 145 | 91| 353 | 11. | 19.4 | 3.2
BEAT El11
38-044 D6 ne 5 2 1 6 7 26 0 2
CD3/BCMA/CD | TREAT | C1- | G6 | G6 1.4 1.4 11 0.9
417 1.79 2.02 3.23
38-082 C D6 | DU | DU 6 2 6 8
CD3/BCMA/CD | TREAT | C1- | D3- | B3- | 64.1 | 18. | 69.7 | 69| 67.4 | 14. | 47.7 | 10.
38-086 C D6 | E11 | C11 4 30 7 0 0 11 5 59
CD3/BCMA/CD | TREAT | C1- | E6- | E2- | 69.3 | 10. | 74.1 | 9.2 | 69.7 | 13. | 53.8 | 9.7
38-114* C D6 | G6 | A5 4 14 4 7 2 00 6 3

CD3/BCMA/CD | TREAT | C1- | E6- | B3- | 495 | 11. | 629 | 83 | 66.9 | 18. | 52.8 | 12.
38-115* C D6 | G6 | C11 4 69 0 1 9 75 1 73
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CD3/BCMA/CD | TREAT | C1- | E6- B3 242 | 83| 396 | 11. | 50.2 | 21. | 378 | 7.6
38-116* C D6 | G6 9 2 2 86 2 01 3 6
CD3/BCMA/CD | TREAT | C1- | E6- | E2- | 22.8 | 5.3 | 24.0 | 10. | 459 | 14. | 24.2 | 5.5
38-117* BO D6 | G6 | A5 7 2 3 72 1 60 8 6
CD3/BCMA/CD | TREAT | C1- | E6- | B3- | 193 | 6.0 | 209 | 7.3 | 422 | 19. | 253 | 3.9
38-118* BO D6 | G6 | C11 1 0 1 9 0 03 2 6
CD3/BCMA/CD | TREAT | C1- | E6- 83 | 9.1 34| 115 | 56| 204 | 10. | 11.1 | 2.8
38-119* BO D6 | G6 ’ 6 0 3 2 87 1 7
CD3/BCMA/CD | TREAT | G6 | E6- | B3- 15 0.8 0.8 0.4
4.36 1.06 1.23 0.91
38-120* C DU | G6 | Cl11 5 0 4 0
CD3/BCMA/CD | TREAT | G6 | E6- | B3- 2.1 0.5 3.7 11
4.47 0.78 2.89 1.22
38-121* BO DU | G6 | Cl11 3 6 8 2
CD3/BCMA/CD | TREAT | C1- | G6 | G6 1.7 0.2 2.3 0.7
4.24 0.83 2.20 1.58
38-122 BO D6 | DU | DU 6 0 0 9
CD3/BCMA/CD Ci1- | E6- | No 15] 123 | 76| 196 | 9.9 | 148 | 3.7
BEAT 9.14
38-123* D6 | G6 | ne 0 8 7 2 7 4 7

Table 15: CD3/BCMA/CD38-118 and -119 candidates induce minimal T cell activation associated with on-

target off-tumor activity compared to positive controls. The table shows the Mean +/- Standard Deviation

of Maximum activation determined from High-Density PBMC experiments and measured by the

percentage of CD69 and CD25 upregulation on CD8 and CD4 T cells. A total of 4 PBMC donors were tested

in two independent experiments. *To note, mutation N82aS prevents the binding to Protein A.

CD69* | CD25* | CD69*
Treatment (nM CD25*
- of of of
except for positive Type CD3 BCMA | CD38 of CD8*
CD4*'T | CD4*'T | CD8'T
controls) T cells
cells cells cells
anti-CD3 + anti-
N/A N/A N/A N/A <5 <5 <5 <5
CD28 or PHA
Benchmark
83A10-TCBcv CD3 BCMA None 40 200 40 40
CD3xBCMA
CD3/BCMA/CD38-
043 TREAT BO C1-D6 | D3-E11 E2 40 200 8 40
CD3/BCMA/CD38-
086 TREAT C C1-D6 | D3-E11 | B3-C11 1,6 8 1,6 1,6
CD3/BCMA/CD38-
114* TREAT C C1-D6 E6-G6 E2-A5 1,6 1,6 1,6 1,6
CD3/BCMA/CD38-
115 TREAT C C1-D6 E6-G6 | B3-C1l1 1,6 1,6 1,6 1,6
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CD3/BCMA/CD38-

116* TREAT C C1-D6 | E6-G6 B3 40 200 8 40
CD3/BCMA/CD38-

117 TREAT BO C1-D6 | E6-G6 | E2-A5 8 40 8 8
CD3/BCMA/CD38-

118* TREAT BO C1-D6 | E6-G6 | B3-Cl1 8 40 8 8
CD3/BCMA/CD38-

119* TREAT BO C1-D6 | E6-G6 B3 >200 >200 200 200

Table 16: CD3/BCMA/CD38-117, -118 and -119 candidates induce T cell activation associated with on-
target off-tumor activity to a lesser extent compared to candidates -086, -114 and -115. The table shows
the threshold of activation in nM (except for anti-CD3 + anti-CD28 and PHA, dose in ug/ml) determined
from High-Density PBMC experiments and measured by the percentage of CD69 and CD25 upregulation

on CD8 and CD4 T cells. *To note, mutation N82aS in the VH prevents the binding to Protein A.

Example 14: CD3/BCMA/CD38 antibodies differential scanning calorimetry (DSC) profiles

Materials and methods

Differential Scanning Calorimetry (DSC)

The thermal stabilities of antibodies were compared using calorimetric measurements. Calorimetric
measurements were carried out on a MicroCal PEAQ-DSC differential scanning calorimeter (Malvern
Instruments, UK). The cell volume was 0.128 ml, the heating rate was 1 °C/min and the excess pressure
was kept at 64 psi. All protein fragments were used at a concentration of 1-2 mg/ml in PBS (pH 7.4). The
molar heat capacity of each protein was estimated by comparison with duplicate samples containing
identical buffer from which the protein had been omitted. The partial molar heat capacities and melting
curves were analyzed using standard procedures. Thermograms were baseline corrected and

concentration normalized before being further analyzed using a Non-Two State model.

The expected melting profiles for the human IgG subclasses are known (Garber E & Demarest SJ (2007)
Biochem Biophys Res Commun, 355(3): 751-7) and all profiles have been shown to contain three unfolding
transitions corresponding to the independent unfolding of the CH2, CH3 and Fab domains. Of the four
human IgG subclasses, IGHG1 has the most stable CH3 domain (~85 °C); while other subclasses CH3
domains are less stable, although none are known to melt below 70 °C. Similarly, all subclasses are known

to have a melting temperature of ~70 °C for the CH2 domain.



10

15

20

WO 2023/213998 PCT/EP2023/061909

151

Results and conclusions

Thermal stability of  CD3/BCMA/CD38-115, CD3/BCMA/CD38-117, CD3/BCMA/CD38-118,
CD3/BCMA/CD38-119 antibodies was assessed by differential scanning calorimetry. CD3/BCMA/CD38-
115 showed a thermal transition (Tm) for the BEAT Fc domain at 70.09 °C, (overlap of Tm of the CH2 and
CH3 domains, in line with published data reported in Skegro et al., ] Biol Chem, 2017, 292(23):9745-9759)
and at 83.22 °C for the Fabs. Similarly, CD3/BCMA/CD38-117 showed a thermal transition (Tm) for the
BEAT Fc domain at 69.89 °C and at 82.78 °C for the Fabs. CD3/BCMA/CD38-118 showed a thermal
transition (Tm) for the BEAT Fc domain at 69.99 °C and at 83.1°C for the Fabs. CD3/BCMA/CD38-119
showed a thermal transition (Tm) for the BEAT Fc domain at 70.05 °C and at 82.81 °C and 86.6°C for the

Fabs as summarized in Table 17 and the corresponding thermograms are shown in Figure 10A-D.

Total Area
Name Tm1 (°C) Tm2 (°C) Tm3 (°C)
(kcal/mole)
TREAT CD3/BCMA/CD38-115 1660 70.09 83.22 N/A
TREAT CD3/BCMA/CD38-117 1550 69.89 82.78 N/A
TREAT CD3/BCMA/CD38-118 1660 69.99 83.1 N/A
TREAT CD3/BCMA/CD38-119 1530 70.05 82.81 86.6

Table 17: Transition temperatures measured by DSC for selected TREAT CD3/BCMA/CD38

Example 15: Target binding of CD3/BCMA/CD38 antibodies

Materials and Methods

Affinity measurements by SPR

Affinities of CD3/BCMA/CD38 antibodies for their three targets (CD3, CD38 and BCMA) were measured
by Surface Plasmon Resonance (SPR) on a Biacore 8K+ instrument (Cytiva Life Sciences) at 25 °C and
analyzed with the Biacore Insight Evaluation Software (v3). Measurements were performed on a CAP
Sensor Chip using the Biotin CAPture kit (Cytiva Life Sciences, catalog NO: 28920234). The Biotin CAPture
kit contains the reagents and sensor chip allowing for reversible attachment of biotinylated molecules to
analyze interactions with the Biacore system. The biotinylated ligands, CD3, CD38, or BCMA, are captured
on the sensor surface via the Biotin CAPture Reagent, a modified streptavidin that can be reversibly
attached to the chip surface (https://d3.cytivalifesciences.com/prod/IFU/28924234.pdf). Following
measurement of the interaction of CD3/BCMA/CD38 with the immobilized ligand, the surface can be

regenerated to initiate a new cycle of ligand immobilization and interaction analysis.
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Affinity of CD3/BCMA/CD38 antibodies to human CD3eé

To measure the binding affinity of CD3/BCMA/CD38 antibodies to CD3e6 with CD3e6 as ligand,
Recombinant Human CD3E & CD3D Protein, His-Avi-tagged, Biotinylated (CD3e8, 10-16 RU) was
immobilized on a Series S Biotin CAPture chip after adding 2500-5000 RU of CAPture reagent. CD3e6 was
immobilized at a flow rate of 10 pL/min and at a concentration of 33.1 nM for 24 s. CD3/BCMA/CD38
antibodies were injected in concentration series at a flow rate of 30 pl/min and in HBS-EP+ buffer at 25

°C. The time for association was 3 min and the time for dissociation was 5 min.

Affinity of CD3/BCMA/CD38 antibodies to human CD38

To measure the binding affinity of CD3/BCMA/CD38 antibodies to CD38 with CD38 as ligand, Biotinylated
Human CD38 Protein, Avitag™, His Tag (CD38, 16-55 RU) was immobilized on a Series S Biotin CAPture
chip after adding 2500-5000 RU of CAPture reagent. CD38 was immobilized at a flow rate of 10 pL/min
and at a concentration of 32 nM for 50 s. CD3/BCMA/CD38 antibodies were injected in concentration
series at a flow rate of 30 pl/min and in HBS-EP+ buffer at 25 °C. The time for association was 3 min and

the time for dissociation was 10 min.

Affinity of CD3/BCMA/CD38 antibodies to human BCMA

To measure the binding affinity of CD3/BCMA/CD38 antibodies to BCMA with BCMA as ligand,
Biotinylated Human BCMA / TNFRSF17 Protein, His, Avitag™ DMF Filed (BCMA, 6-8 RU) was immobilized
on a Series S Biotin CAPture chip after adding 2500-5000 RU of CAPture reagent. BCMA was immobilized
at a flow rate of 10 plL/min and at a concentration of 52 nM for 12 s. CD3/BCMA/CD38 antibodies were
injected in concentration series at a flow rate of 30 pl/min and in HBS-EP+ buffer at 25°C. The time for

association was 4 min and the time for dissociation was 10 min.

Results and conclusions

The binding affinity of CD3/BCMA/CD38 antibodies for human CD3g6, BCMA and CD38 proteins were
determined by surface plasmon resonance. CD3/BCMA/CD38 antibodies were engineered with Fab
binding arms to CD3¢ (C1-D6 Fab), BCMA (E6-G6 N82aS Fab) and CD38 (B3-C11, B3 or E2-A5 Fabs). Binding
affinities were measured on immobilized human CD3, CD38, or BCMA at various CD3/BCMA/CD38
concentrations on a Biacore 8K+ instrument at 25 °C. The CD3xBCMA bispecific antibody 83A10-TCBcv

(Seckinger et al, 2017) was included as a reference molecule in all experiments. CD3/BCMA/CD38



10

15

20

WO 2023/213998 PCT/EP2023/061909

153

antibodies Kp values for the 1:1 interaction with human CD3, human BCMA and human CD38 were

measured as listed in Table 18.

Target
Lo CD3/BCMA/ | CD3/BCMA/CD38 | CD3/BCMA/CD38 | CD3/BCMA/
Binding (SPR, 83A10-TCBcv
CD38-115 -117 -118 CD38-119
nM)
12.1+1.3
human
(8.0+0.9
CD3eb 15819 30.0x2.3 41.4+2.8 448+ 4.1 .
. using 1:1
(Figure 11) D
kinetics fit)
human CD38 .
, 1.5 +0.3 8.1+0.6 2.7 0.2 36.8+1.9 | Notapplicable
(Figure 12)
human
BCMA 1.10 £ 0.06 1.71+£0.03 1.87+0.11 1.92£0.40 0.074 £0.010
(Figure 13)

Table 18: Target binding of CD3/BCMA/CD38 antibodies and benchmark 83A10-TCBcv. Table shows
binding affinities (Kp) measured using SPR for CD3/BCMA/CD38 antibodies and 83A10-TCBcv benchmark
antibody to recombinant human CD3e6 protein, recombinant human BCMA and recombinant human
CD38 protein, respectively. Data represents average Kp value * standard deviation from at least two

measurements.

Figure 11 (for CD3e8), Figure 12 (for CD38) and igure 13 (for BCMA) show representative binding
sensorgrams of CD3/BCMA/CD38 antibodies to their targets. These measurements confirmed that the
CD3/BCMA/CD38 bound the three target antigens, with higher affinities to the tumor-associated antigens
BCMA and CD38, and lower affinity to CD3.

Example 16: Fc silencing of CD3/BCMA/CD38 antibodies

Materials and Methods

Binding affinity of CD3/BCMA/CD38 and trastuzumab IgG1 to human Fc receptors

Measurements were conducted on a Biacore 8K+ instrument (Cytiva Life Sciences) and analyzed with the
Biacore Insight Evaluation software (v2.0). Measurements included zero concentration samples for
referencing. The binding kinetics constants of CD3/BCMA/CD38 to the recombinant human FcyRlI
extracellular domain (ECD) (Acrobiosystems, catalog no. FCA-H82E8) and to the in-house produced
recombinant human FcyRlla ECD (SEQ ID NO: 601), recombinant human FcyRIIb ECD (SEQ ID NO :600),
recombinant human FcyRllla ECD (SEQ ID NO: 599) and recombinant human FcRn ECD (SEQ ID NO: 602
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and SEQ ID NO: 603) were compared to the binding kinetics constants of the in-house produced clinically

validated IgG1 reference antibody trastuzumab. Table 21

Procedure for FcyRI, FcyRlla, FcyRIlb, FcyRIlla measurements

Measurements were conducted via Protein G capture of the antibodies using a commercial Protein G
coated Sensor Chip (Series S Protein G sensor CHIP, Cytiva, catalog no. 29179315). Each assay consisted
of one replicate of each antibody sample. The Series S Protein G Sensor Chip was docked in the instrument
and 290 to 380 RU of CD3/BCMA/CD38 or trastuzumab IgG1 antibodies, previously diluted to a final
concentration of 4 pg/mL in HBS-EP+ buffer (Cytiva, catalog no. BR100669) were captured on flow-path
2. Human FcyRI ECD (Acrobiosystems, catalog no. FCA-H82E8), human FcyRlla ECD (batch no. P1749),
human FcyRIlb ECD (batch no. P1739), and human FcyRllla ECD (batch no. P1304) were injected on flow-
path 1 and flow-path 2 (flow-path 1 being used as the reference) according to experimental settings
described in Table 19. For analysis of the binding to CD3/BCMA/CD38 and trastuzumab IgG1, human FcyRI
ECD, human FcyRlla ECD, human FcyRIlb ECD, and human FcyRllla ECD were prepared in a 2x or 3x dilution
series in HBS-EP+ buffer, pH 7.4, at a final 1x concentration and injected in order A-l as described in Table

20.

Procedure for FcRn measurements

Measurements were conducted via Protein L capture of the antibodies using a commercial Protein L
coated Sensor Chip (Series S Protein L Sensor CHIP, Cytiva, catolog no. 29205138). All antibody samples
were measured in three independent assays. Each assay consisted of one replicate of each antibody
sample. The Series S Protein L Sensor Chip was docked in the instrument and 150-250 RU of
CD3/BCMA/CD38 or trastuzumab IgG1 antibodies, previously diluted to a final concentration of 5 pg/mL
in HBS-EP+ buffer (Cytiva, catalog no. BR100669), adjusted to pH 6.0 with HCI, were captured on flow-
path 2. Recombinant human FcRn ECD and 32 microglobulin was injected on flow-path 1 and flow-path 2
(flow-path 1 being used as the reference) according to experimental settings described in Table 19. For
analysis of the binding to CD3/BCMA/CD38 and trastuzumab IgG1, human FcRn ECD was prepared in a 2x
dilution series in HBS-EP+ buffer pH 6.0 at a final 1x concentration and injected in order A-l as described

in Table 20.
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FcyRlla,
Affinity measurement FcyRI FcyRllb, FcRn
FcyRllla
Instrument Biacore 8K+
. Series S Protein G sensor CHIP Series S Protein L
Sensor Chip
sensor CHIP
Immobilized ligand N/A
Flow path of immobilization N/A
CD3/BCMA/CD38
CD3/BCMA/CD38
(340-390 RU) and CD3/BCMA/CD38
. (7500-7660 RU)
Captured ligands (RU) Trastuzumab (380- and Trastuzumab
Trastuzumab
1800 RU) (300-360 RU)
(970-1080 RU)
Flow path of capture 2
Flow rate of capture (uL/min) 10
. CD3/BCMA/CD38:
Concentration of capture molecule 4 CD3/BCMA/CD38: 4 4
(ng/mlL) Trastuzumab: 3
Capture injection time (s) 25 20 30
FcyRlla, FeyRllb,
Analyte FcyRI FcRn
FcyRllla
Flow rate of injection (pL/min) 30
Running buffer HBS-EP+ pH 7.4 HBS-EP+ pH 6
Running temperature 25°C
Sample compartment temperature 25°C
Flow path of injection 1>2
Injection time (min) 4.5 2 3
Dissociation time (min) 12 2 10
. . 10mM Glycine pH
Capture regeneration 10mM Glycine pH 1.5, 60s
1.7,120s
. . Kinetics 1:1, default o Steady state
Experimental data fit method Steady state affinity o
parameters affinity

Reference subtraction

Double: reference surface without ligand and blank (running

buffer injection)

Table 19. Experimental settings for affinity measurements of CD3/BCMA/CD38 and trastuzumab IgG1 to

human Fc receptors.
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Fc receptor protein concentrations (nM)
Fc receptor
A B C D E F G H I
analyte
FcyRI 0 0.78 1.56 3.12 6.25 12.5 25 50 -
FcyRlla 0 39 78 156 312 625 1250 2500 5000
FcyRIlb 0 39 78 156 312 625 1250 2500 5000
FcyRllla 0 3.125 6.25 12.5 25 50 100 200 400
FcRn 0 15.6 31.25 62.5 125 250 500 1000 2000

Table 20: Fc receptors sample injection series

Results and conclusions

To prevent Fcy receptor-mediated T cell activation in the absence of target cell engagement and ADCC
and CDC against T cells, L234A/L235A (LALA)/P329A substitutions were introduced into the CH2 domains
of BEAT CD38/CD3 molecules. The double mutation LALA has been shown to reduce the binding of human
IgG1 molecules to human CD64, CD32a and CD16a (Hezareh et al., 2001, J Virol, 75(24): 12161-12168),
while only slightly reducing the binding of the IgG Fc domain to FcRn, which occurs at the IgG CH2-CH3
interface (Wines et al., J Immunol., 2001;166(3):1781-9). In addition to abolishing the binding to FcyR, the
L234A, L235A double mutation has been shown to abolish binding to C1q (Hezareh et al., 2001, J Virol,
75(24): 12161-12168). Clq is the recognition subunit of C1, the complex that triggers activation of the
classical pathway of complement. LALA only mutations in BEAT Fc reduce both ADCC and CDC functions
but do not fully abolish binding to Fc receptors, therefore we have added P329A, a mutation which by
itself reduces binding to Fc receptors (Shields et al. J. Biol. Chem, 2001, 276(9), 6591-6604), to further
silence the Fc of CD3/BCMA/CD38 constructs. As a result, no binding could be observed to FeyRla, lla (SEQ
ID NO:601), llla (SEQ ID NO: 599) and IIb (SEQ ID NO: 600) as shown in Table 21 below up to the maximum
concentrations mentioned in table 20. Binding to FcRn (SEQ.ID NO:602 and SEQ ID NO: 603) was conserved

similarly to the benchmark antibody trastuzumab IgG1.

Figure 14 shows representative, individual binding sensorgrams of CD3/BCMA/CD38 antibodies -115, -
117, -118 and -119 to the different Fc receptors tested in this example, or lack of binding thereof, as well

as the orientation and immobilization technique used for the analysis.
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Affinity to human Fc receptor (Kp, nM * standard deviation)
CD3/BCMA/CD38 | CD3/BCMA/CD38 | CD3/BCMA/CD38 | CD3/BCMA/CD38 | Trastuzuma
-115 (P1854) -117 (P1842) -118 (P1854) -119 (P1842) b (pJFR148)
Human o o o o 0.196 +
Not Binding Not Binding Not Binding Not Binding
FcyRI 0.006
Human - - - -
Not Binding Not Binding Not Binding Not Binding 550+ 20
FcyRIIA
Human - - - -
Not Binding Not Binding Not Binding Not Binding 2070 £ 90
FcyRIIB
Human
FcyRIII Not Binding Not Binding Not Binding Not Binding 106 £3
A
Human
FeR 25021 235+ 13 22116 2409 231+ 15
cRn

Table 21: Binding to Fc receptors of CD3/BCMA/CD38 antibodies and benchmark antibody trastuzumab.

Example 17: AC-SINS of CD3/BCMA/CD38 candidates

Materials and Methods:

Affinity-Capture Self-Interaction Nanoparticle Spectroscopy (AC-SINS)

Prior to coating of gold particles, polyclonal goat anti-human IgG Fc antibodies (AffiniPure Goat Anti-
Human IgG, Fcy fragment specific, Jackson ImmunoResearch, cat. No. 109-005-098-JIR; “capture”) and
ChromPure goat non-specific antibodies (ChromPure Goat IgG, whole molecule, polyclonal, Jackson
ImmunoResearch, cat no. 005-000-003; “non-capture”) were buffer exchanged into freshly prepared 20
mM Na-Acetate buffer (pH 4.3, pre-filtered through 0.22 um “Rapid”-Filtermax (“Rapid”-Filtermax, PES,
0.22 pm, TPP, cat. No. 99255)) using Zeba Spin Desalting Columns (Zeba™ Spin Desalting Columns, 7K
MWCO, ThermoFisher, cat. No.89882), followed by adjustment of the concentration to 0.4 mg/ml using
sodium acetate buffer (Sodium acetate, anhydrous, for molecular biology, >99%, Sigma, cat. No. 52889-
1kg). A pre-mixed 4:1 volume ratio of capture:non-capture IgG solution was added to a solution of 20 nm
unconjugated gold Sols nanoparticles (AuNP, pre-diluted 0.67-fold in H20) to a final 1:9 volume ratio of
coating solution:AuNP. AuNP were coated for 1 hr at room temperature, followed by blocking of empty
sites on AuNP by addition of thiolated PEG (Poly (ethylene glycol) methyl ether thiol, Sigma-Aldrich, cat.

No. 729140-1G) at a final concentration of 0.1 uM. Coated AuNP were then stored at 4 °C until use.

AC-SINS measurement: Pre-coated AuNP solution was centrifuged at 20000 rcf at 4 °C for 10 min. Around

95% of the supernatant was removed using a pipette. AUNP were then resuspended into 10% of the initial
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volume in PBS. 10 pl of the resuspended AuNP was mixed to 100 pl of the test antibody (CD3/BCMA/CD38-
115, 117, 118 or 119), previously diluted at a concentration of 100 pg/ml, into a 96-well polypropylene
plate (Nunc™ 96-well Polypropylene Storage Microplates, ThermoFisher, cat. no. 249946). After 1 h
incubation at room temperature at 700 RPM on a plate shaker, 100 pl of the solutions were transferred
into a clear UV-Transparent 96-well polystyrene plate (Corning® 96-well Clear Flat Bottom UV-Transparent
Microplate, without Lid, Nonsterile, Corning, cat. No. 3635) and absorbance data were collected from 450
nm to 650 nm at an increment of 1 nm on a Synergy Neo plate reader (Synergy Neo HTS Multi Mode

Reader, BioTek Instruments).

Raw absorbance data were exported into Excel and analyzed using the Excel macro used by Tessier P. lab,
University of Michigan (Liu et al., 2013, mAbs, doi: 10.4161/mabs.27431). Briefly, “[...] The macro first
identifies the wavelength of maximum absorbance in the raw data, then stores the 20 data points around
that wavelength in an array. Each pointis averaged with the points directly before and after it to reduce
error from noise. Using the Linest function in Excel, a second-order polynomial is fitted to this set of data.
The coefficients are used to calculate the wavelength where the slope is equal to zero and the macro then
determines whether this point is a maximum or minimum. In the case of a maximum, the calculated
wavelength is returned [...]” (Liu et al.,, 2013, mAbs, doi: 10.4161/mabs.27431). Each antibody was
measured in duplicate and the plasmon wavelength shift {(AAmax) of each antibody was calculated by
subtracting the plasmon wavelength at maximum absorbance (Amax) of PBS from the average Amax of

the antibody.

Results and conclusions

Propensity of a selection of CD3/BCMA/CD38 to self-associate was assessed by Affinity-Capture Self-
Interaction Nanoparticle Spectroscopy (Figure 15). CD3/BCMA/CD38-118 and CD3/BCMA/CD38-119
showed very low propensity to self-associate as judged by low plasmon wavelength shift (AAmax) value,
whereas CD3/BCMA/CD38-115 and CD3/BCMA/CD38-117 had high plasmon wavelength shift compatible
with high propensity to self-associate (Figure 15). To the inventors’ surprise, CD3/BCMA/CD38-118
showed a better developability profile related to propensity to self-associate than CD3/BCMA/CD38-115,
despite the two constructs being a combination of the same three binders, although in a different spatial
orientation. This property confers an advantage to CD3/BCMA/CD38-118 and CD3/BCMA/CD38-119 for

their development as antibody therapeutics.
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Example 18: Further characterization of CD3/BCMA/CD38 antibodies

Example 18 (a): Binding to human primary T cells

Materials and methods

Human PBMC were harvested from buffy coats/apheresis filters obtained from La Chaux-de-Fonds/Bern
(Switzerland) Transfusion Center using Ficoll® density gradient isolation. T cells were isolated (StemCell
Technologies, 17951) and frozen the same day of the harvest. Cells were thawed in pre-warmed complete
RPMI medium (RPMI supplemented with 10% heat inactivated fetal calf serum, 1% L-Glutamine, 1% Non-
essential Amino Acids, 1% Sodium Pyruvate, and 1% Penicillin/Streptomycin) and rested overnight at 2 x
108 cells/ml. Cells were plated at 1 x 10° cells/well in a 96-well round-bottom plate. The plate was
centrifuged at 350 g for 3 min at 4 °C and the cells were resuspended in 100 pl of cold FACS buffer
containing serial dilutions of CD3/BCMA/CD38-118 and -119 candidates, benchmarks (BEAT CD3/CD38,
83A10-TCBcv, TNB-F2B BEAT Fc) and control (CD3/BCMA/CD38-085) starting from 800 nM and diluted by
3-fold. Cells were incubated for 30 min at 4 °C, washed twice with FACS buffer at 350 g for 3 min and
resuspended in 25 pl of a cocktail of monoclonal anti-human IgG AlexaFluor647 secondary antibody
(Biolegend, 409316) and co-staining antibodies for human CD38 (Anti-CD38 multi-epitope, Cytognos, CYT-
38F2) diluted 1/200 and 1/10 in FACS buffer, respectively. Cells were incubated for 30 min at 4 °C. Cells
were then washed twice and resuspended in 50 ul of FACS buffer containing SYTOX Blue dead cell stain
(ThermoFisher Scientific, S34857) diluted 1/2000. Samples were acquired on an iQue Screener Plus
instrument (IntelliCyt). Cells were gated based on size on FSC vs SSC and debris and doublets were
excluded. Finally, viable cells were gated on CD38- T cells. This population was analyzed for AlexaFluor647-
geometric mean (geomean) fluorescence intensity using iQue Forecyt® software. Only samples showing
at least 200 cells in final gate were considered in the further steps of the analysis. Relative geomean
fluorescence intensity (RFI) was calculated by subtracting fluorescence of negative control
(CD3/BCMA/CD38_085) to fluorescence of treatments at each dilution. Relative geomean fluorescence
intensity values were finally plotted using Prism software (GraphPad). Equilibrium dissociation constant
values (Kp) and maximum binding were determined by using one-site binding curve fitting on non-
transformed data (Prism). The Relative geomean fluorescence intensity and Kp was plotted using Prism
software (GraphPad) as depicted in Figure 16. Kp and Maximum binding values are summarized in Table

22. Two independent experiments were performed with each candidate with a total of six donors.
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Results and conclusions

The binding curves of CD3/BCMA/CD38 candidates and benchmarks on primary human CD38- T cells are
shown in Figure 16 and associated Equilibrium dissociation constant (Kp) values in Figure 16B, as well as
reported in Table 22 together with Maximum binding. CD3/BCMA/CD38-118 and -119 candidates
displayed comparable binding curves than BEAT CD3/CD38 with Ky measurements of 152.2 + 51.1 nM
(CD3/BCMA/CD38-118), 133.5 + 40.3 nM (CD3/BCMA/CD38-119) and 152.6 + 40.9 nM (BEAT CD3/CD38)
respectively as well as Maximum binding (CD3/BCMA/CD38-118 12’000 + 3’000 RFI; CD3/BCMA/CD38-
119 18’000 + 3’000 RFI; BEAT CD3/CD38 40’000 + 8’000 RFl) whereas benchmarks show very different Kp
and Maximum binding: 83A10-TCBcv (Kp 80.0 + 10.6; Maximum binding 103’000 + 13’000 RFI) and TNB-
F2B BEAT Fc (Kp Not Quantifiable; Maximum binding 60 + 20 RFI).

Max binding
Molecule Kp (nM)
(RF1)

BEAT CD3/CD38 40’000 + 8’000 152.6 +£40.9

TNB-F2B BEAT Fc 60+ 30 N.Q.
83A10-TCBcv 103’000 + 14’000 80.0+ 10.6
CD3/BCMA/CD38-118 12’000 = 3’000 152.2 +51.1
CD3/BCMA/CD38-119 18’000 + 3’000 133.5+40.3

Table 22: CD3/BCMA/CD38 candidates bind to human CD38 negative T cells. The table shows Kp in nM
and Maximum binding (Relative Fluorescence Intensity, RFI) values on T cells determined by Flow
Cytometry experiments. Each value is the Mean +/- Standard Deviation of six T cell donors from two

independent experiments. N.Q. stands for not quantifiable (No binding or bad quality of fit).

Example 18 (b): Binding to multiple myeloma cell lines

Materials and methods

NCI-H929, MOLP-8 and KMS-12-BM were plated at 1 x 10° cells/well in a 96-well round-bottom plates.
The plates were centrifuged at 350g for 3 min at 4 °C and the cells were resuspended in 100 pl of cold
FACS buffer containing serial dilutions of CD3/BCMA/CD38-118 and -119 candidates, benchmark (83A10-
TCBcv) and control (CD3/BCMA/CD38-085) starting from 800 nM and diluted by 3. Cells were incubated
for 30 min at 4 °C, washed twice with FACS buffer at 350 g for 3 min and resuspended in 25 pl of a
monoclonal anti-human IgG AlexaFluor647 secondary antibody (Biolegend, 409316) diluted 1/200 in FACS

buffer. Cells were then washed twice and resuspended in 50 ul of FACS buffer containing SYTOX Blue dead
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cell stain (ThermoFisher Scientific, S34857) diluted 1/2000. Samples were acquired on an iQue Screener
Plus instrument (IntelliCyt). Cells were gated based on size on FSC vs SSC and debris, doublets and dead
cells were excluded. Population was analyzed for AlexaFluor647-geometric mean (geomean) fluorescence
intensity using iQue Forecyt® software. Only samples showing at least 200 cells in final gate were
considered in the further steps of the analysis. Relative geomean fluorescence intensity (RFI) was
calculated by subtracting fluorescence of isotype control to fluorescence of treatments at each dilution.
Relative geomean fluorescence intensity values were finally plotted using Prism software (GraphPad).
Equilibrium dissociation constant values (Kp) and maximum binding were determined by using one-site
binding curve fitting on non-transformed data (Prism). The Relative geomean fluorescence intensity was
plotted using Prism software (GraphPad) as depicted in Figure 17. Kp and Maximum binding values are

summarized in Table 23. Three independent experiments were performed with each candidate.

Results and conclusions

Results from Figure 17 show the binding curves of CD3/BCMA/CD38 candidates and benchmarks on
multiple myeloma cell lines displaying variable expression of CD38 and BCMA. Associated Equilibrium

dissociation constant (Kp) values and Maximum binding are reported in Table 23.

CD3/BCMA/CD38 candidates displayed superior maximum binding compared to CD3xBCMA benchmark
83A10-TCBcv on all cell lines. On the KMS-12-BM cell line (characterized as BCMA and CD38 low-
expressing cells), the increase in maximum binding compared with 83A10-TCBcv was 2.6-fold and 1.5-fold
higher for candidates CD3/BCMA/CD38-118 and -119 respectively. On the MOLP-8 cell line (characterized
as BCMA low- and CD38 high-expressing cells), the CD3/BCMA/CD38 candidates displayed 80-fold or 44 -
fold higher maximum binding compared to 83A10-TCBcv. On NCI-H929 cells (characterized as BCMA and
CD38 medium-expressing cells), the maximum binding was 1.5-fold and 1.3-fold higher for candidates
CD3/BCMA/CD38-118 and -119 respectively compared with the CD3xBCMA benchmark 83A10-TCBcv.
CD3/BCMA/CD38 candidates displayed comparable binding curves with low nanomolar range Kp
measurements of 7 and 12 nM on KMS-12-BM, 3 and 31 nM on MOLP-8 and 3 and 12 nM on NCI-H929,
whereas 83A10-TCBcv displayed the same range of binding than CD3/BCMA/CD38-118 candidate with 2,

5 and 4 nM, respectively.
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KMS-12-BM MOLP-8 NCI-H929 WT
Max bindin Max bindin Max bindin
& | Ko (nM) & 1 Ko (M) & | ko (nM)
(RF1) (RFI) (RF1)

83A10-TCBcv 40132 2 11’112 5 218’894 4
CD3/BCMA/CD38-

104’284 7 891’877 3 322’578 3

118

CD3/BCMA/CD38-

119 61’483 12 490’400 31 293’847 12

Table 23: CD3/BCMA/CD38 candidates bind to cell lines displaying variable expression of CD38 and BCMA.
The table shows Kp in nM and Maximum binding values on cell lines displaying variable expression of CD38
and BCMA, KMS-12-BM, MOLP-8 and NCI-H929, determined by Flow Cytometry. Each value is the Mean

of 3 measurements from 3 individual experiments.

Taken together, the data suggest that CD3/BCMA/CD38-118 and -119 candidates are likely to bind
preferentially to BCMA and CD38 expressing tumor cells with high apparent binding affinities rather than

to T cells.

Example 18 (c): Statistical analysis from RDL assay of NCI-H929, MOLP-8 and KMS-12-BM tumor cells

expressing various levels of BCMA and CD38

Materials and methods

Assays were performed following the same methodologies and material as described above.

Additionally, statistical analyses were applied to compare the killing potency of CD3/BCMA/CD38-118 and
-119 candidates to each benchmark (BEAT CD3/CD38, 83A10-TCBcv, TNB-F2B BEAT Fc) on NCI-H929,
MOLP-8 and KMS-12-BM multiple myeloma cell lines. EC50 Specific Killing previously extracted were
plotted using Prism software (GraphPad) as depicted in Figure 18 and summarized (Mean +/- Standard
Deviation) in Table 24. Means EC50 were compared using a paired One-way ANOVA followed by Tukey
HSD post-hoc comparison (*P<0.05).

Results and conclusions

CD3/BCMA/CD38-118 and -119 were tested for their in vitro killing potency against myeloma cell lines
KMS-12-BM, MOLP-8 and NCI-H929 with varying levels of CD38 and BCMA expression in a RDL assay. As
shown in Figure 18 , CD3/BCMA/CD38-118 and -119 induced potent killing of all myeloma cell lines tested

indicating that killing mediated by redirected T cell cytotoxic activity induces an efficient cytotoxic activity
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against these cell lines. ECso values for CD3/BCMA/CD38-118 mediated killing of KMS-12-BM, MOLP-8 and
NCI-H929 were determined as 0.4 + 0.2, 0.7 + 0.7 and 1.2 + 0.9 pM, respectively (Table 24).
CD3/BCMA/CD38-118 exhibited a significant 41.4-fold increase of killing potency compared to the 83A10-
TCBcv antibody against MOLP-8 (characterized as BCMA low- and CD38 high-expressing cells) cells.
Cytotoxic activity of CD3/BCMA/CD38-118 was also superior to 83A10-TCBcv redirected lysis of KMS-12-
BM (characterized as BCMA and CD38 low-expressing cells) and NCI-H929 (characterized as BCMA and
CD38 med-expressing cells) cells showing 7.8 or 2.8-fold lower ECso values, respectively (Table 24).
CD3/BCMA/CD38-119 triggered superior killing compared to benchmark 83A10-TCBcv of the MOLP-8 cell
line (significant 5.9-fold decrease of ECso) and comparable killing of KMS-12-BM and NCI-H929 cell lines.
TNB-F2B BEAT Fc triggered the weakest killing potency compared to other treatments (statistically
significant on all cell lines). Overall, data analysis showed potent cytotoxic activity of CD3/BCMA/CD38-
118 and -119 with ECso values in the low picomolar range against myeloma cell lines with varying levels of
CD38 and BCMA expression. Cytotoxic activity of CD3/BCMA/CD38-118 and -119 with binding arms to
CD38 and BCMA is strongly enhanced compared to the benchmarks, BEAT CD3/CD38, targeting only CD38
and TNB-F2B BEAT Fc and 83A10-TCBcv, targeting only BCMA.

Anti Specific Killing ECso + SD [pM]
nti-
Treatment Type
CD38
KMS-12-BM MOLP-8 NCI-H929
BEAT CD3/CD38 CD3xCD38 hoG7 32+1*% 3.1+3* 6.5+4.8*
TNB-F2B BEAT Fc CD3xBCMA None 25.1+10.3 100.4 £ 62.8 265.1+104.7
83A10-TCBcv CD3xBCMA None 3.1+1.1 * 29+9.7° 34+15*
CD3/BCMA/CD38-
/ 118/ TREAT BO B3-C11 0.4 +0.2 ** 0.7 £0.7 ** 1.2 +0.9 **
CD3/BCMA/CD38-
119 TREAT BO B3 33+13* 49+4.7* 32+14*%

Table 24: CD3/BCMA/CD38-118 candidate induces the most potent in vitro killing of Multiple Myeloma
cell lines displaying variable expression of CD38 and BCMA. The table shows half maximum effective killing

concentration (ECso) values determined from Redirected Lysis assay on multiple cell lines displaying

variable expression of CD38 and BCMA, KMS-12-BM, MOLP-8 or NCI-H929, for 72 h and using an Effector-
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to-Target ratio of 5:1. Each ECs value is the Mean +/- Standard Deviation of five-six measurements from
three individual experiments. Means were compared using a paired One-way ANOVA followed by Tukey
HSD post-hoc comparison. N.Q. stands for not quantifiable (No binding or poor quality of fit). * stands for
statistically significant compared to TNB-F2B BEAT Fc. # stands for statistically significant compared to
83A10-TCBcv. + stands for statistically significant compared to BEAT CD3/CD38.

Example 18 (d): T cell activation and proliferation analyses from RDL assay of KMS-12-BM tumor cells

expressing low levels of BCMA and CD38

Materials and methods

To evaluate whether CD3/BCMA/CD38-118 and -119 candidates induced activation and proliferation of T
cells, additional readouts were monitored by Flow Cytometry in parallel of target cell killing. Cells were
stained with anti-human CD4-BrilliantViolet785 (BioLegend, Scientific, 317442, 1/100 dilution), CD8-APC-
eFluor780 (ThermoFisher Scientific, 47-0087-42, 1/200 dilution) and CD25-PE-Cyanine?7 (ThermoFisher
Scientific, 25-0259-42, 1/100 dilution) diluted in FACS buffer. As described above, samples were acquired
on an iQue instruments (Beckman Coulter). Specifically, PBMC were gated on eFluor670 /eFluor450* cells,
then CD4" and CD8' T cells were gated. T cell activation was determined by evaluating the percentage of
CD25 positive cells gated on CD4* or CD8* T cells and proliferation was assessed using the method of dye
dilution through multiple rounds of cell division {loss of eF450 labelling). Percentages of activated T cells
values (CD25* of CD4 or CD8 T cells) as well as percentages of proliferation (Proliferation of CD4* or CD8*
T cells) were extracted. Half maximal effective concentration or ECso of activation or proliferation were
calculated from the percentages extracted using Sigmoidal dose response Nonlinear regression. ECso
values determined on KMS-12-BM multiple myeloma cell line are depicted in Figure 19. Statistical analysis
was also conducted and Means ECso were compared using a paired One-way ANOVA followed by Tukey

HSD post-hoc comparison.

Results and conclusions

Analysis of the activation marker CD25 expression on CD4*and CD8" T cells in the KMS-12-BM RDL assay
revealed a CD25 upregulation with ECso values of 28 and 5 pM and an induction of proliferation at ECso
values of 19 and 4 pM for CD3/BCMA/CD38-118, showing a higher induction of proliferation and activation
of cytotoxic CD8" T cells compared to 83A10-TCBcv. CD3/BCMA/CD38-118 demonstrated comparable T
cell activation and proliferation compared to BEAT CD3/CD38. CD3/BCMA/CD38-119 induced comparable
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T cell activation and proliferation compared to TNB-F2B BEAT Fc. CD3/BCMA/CD38-119 induced lower
CD4+ T cell activation and proliferation compared to BEAT CD3/CD38 and 83A10-TCBcv.

Example 18 (e): RDL assay of KMS-12-BM tumor cells expressing low levels of BCMA and CD38 and the
effect of soluble APRIL and CD38 on killing potency

Materials and methods

It is known that levels of circulating soluble CD38 and APRIL in blood from Multiple Myeloma patients is
significantly higher than levels of circulating soluble CD38 and APRIL in blood from Healthy donors
(average of 100 ng/ml and 15 ng/ml for soluble APRIL, respectively (Moreaux et al, 2004); average of 0.4
ng/ml and 0.1 ng/ml for soluble CD38, respectively (Zuch de Zafra et al, 2019). In circulation, soluble CD38
or APRIL present a potential sink risk, decreasing the possibility of the molecule to bind to tumor cells,
therefore impacting the killing potency. The killing activity of these CD3/BCMA/CD38 TREATs was
evaluated as described in Example 13, in the presence of high levels of soluble APRIL and CD38,
supplemented at 100 ng/ml or 2.8 ng/ml final concentrations, respectively. In these experiments, the
starting dose used was 200 nM. Means ECso and Standard Deviations are reported in pM in Table 25, as
well as the fold difference compared to the absence of soluble receptors. Two independent experiments

were performed with each candidate for a total of six donors.

Results and conclusions

As shown in Table 25, CD3/BCMA/CD38-118 and -119 candidates were less affected by the presence of
soluble APRIL compared to the benchmark 83A10-TCBcv (63-fold higher ECso of killing in the presence of

APRIL). Soluble CD38 did not affect the killing potency of any molecule.

ECso (pM) Fold difference ECso
Molecule
No soluble APRIL sCD38 APRIL sCD38
(100 ng/ml) (2.8 ng/ml) (100 ng/ml) | (2.8 ng/ml)

BEAT CD3/CD38 41+13 44+1.2 29+0.9 1 1

TNB-F2B BEAT Fc 31.9+94 273.5+154.8 15.61£6.2 9 0.5
83A10-TCBcv 2510 154.3 +53.3 25105 63 1

CD3/BCMA/CD38-

118 0.5+0.3 3+0.8 0.8+0.7 6 2
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CD3/BCMA/CD38-
119 54+3 42.8£20.3 4.7+2.8 8 1

Table 25: CD3/BCMA/CD38 candidates trigger KMS-12-BM cell killing in the presence of soluble APRIL or
soluble CD38 in Redirected Lysis assay. The table shows Mean +/- Standard Deviation of ECso of killing
determined from Redirected Lysis experiments on KMS-12-BM cell line incubated with or without APRIL
or soluble CD38 (100 ng/ml and 2.8 ng/ml, respectively). The fold-difference was calculated to indicate
the impact on killing potency (Mean ECsq with soluble molecule / Mean ECso without soluble molecule).

The table shows data from three donors from one representative experiment out of two.

Example 18 (f): Cytokine quantification analyses from on-target off-tumor activity

Materials and methods

The protocol of on-target off-tumor assay was previously described in Example 13. From the same
experiments, cytokines were quantified using Meso Scale Discovery V-PLEX Custom Human Biomarkers
(Human IL-2, IL-6, IL-10, IFN-gamma, TNF-alpha) kit (MesoScale Discovery, K151A9H-2) following the
manufacturer’s instructions. Quantification values were plotted using Prism software (GraphPad) as
depicted in Figure 20. From those data, the threshold of cytokine induction was determined. The
threshold of induction is defined by the first dose showing significant cytokine release and was obtained
using JMP software (SAS), using Nested Least Square model followed by a Dunnet post-hoc comparison
compared to Negative control (CD3/BCMA/CD38_085), p-value<0.05 was considered as statistically
significant. The benchmark 83A10-TCBcv was used as reference. The CD3/BCMA/CD38-118 and 119
candidates were compared against the positive control, PHA stimulated PBMCs. Threshold of induction

values are summarized in Table 26.

Results and conclusions

Human IL-2, IL-6, IL-10, IFN-gamma, and TNF-alpha soluble markers were quantified from high-density
PBMC assay. Results from Figure 20 show that CD3/BCMA/CD38-118 and -119 candidates do induce some
cytokine release however to a much lower extent compared to the positive control (PHA). As summarized
in Table 26, the thresholds of cytokine induction show that CD3/BCMA/CD38-118 and -119 candidates

induced cytokine release associated with on-target off-tumor activity at concentrations of 8 to 200 nM.

Sample IFN-gamma TNF-alpha IL-2 IL-6 IL-10

CD3/CD38/BCMA-118 40 40 >200 >200 8
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CD3/CD38/BCMA-119 200 200 >200 >200 >200
83A10-TCBcv 40 200 8 200 40

Table 26: CD3/BCMA/CD38-118 and -119 candidates induce Cytokine release associated with on-target
off-tumor activity to a similar or lesser extent compared to benchmark 83A10-TCBcv. The table shows the
threshold of activation in nM (except for anti-CD3 + anti-CD28 and PHA) determined from High-Density

PBMC experiments and measured by the cytokine release of IFN-gamma, TNF-alpha, IL-2, IL-6, and IL-10.

Example 18 (g): Binding to Red Blood Cells

Materials and methods

One hundred microliters of freshly EDTA-drawn whole blood (Bern transfusion center, 92000) was
incubated in a 96-well round-bottom plate with a dose-response (800, 9.88, 0.12 nM) of
CD3/BCMA/CD38-118, -119 candidates or benchmarks (BEAT CD3/CD38, 83A10-TCBcv, TNB-F2B BEAT Fc,
daratumumab (SEQ ID NO:565 and SEQ ID NO:566), magrolimab (SEQ ID NO:567 and SEQ ID NO:568)) and
Fab anti-human IgG (H+L) Alexa-Fluor488 secondary antibody (Jackson ImmunoResearch Europe Ltd, 109-
547-003) for 20 min at 4°C. After the incubation, each condition was diluted 1/1600 in a new 96-well
round-bottom plate in FACS buffer containing azide. Cells were then washed twice and resuspended in
200 pl of FACS buffer containing azide. Samples were acquired on a CytoFlex instrument (Beckman
Coulter). Cells were gated based on size on FSC vs and analyzed for AlexaFluor488-geometric mean
(seomean) fluorescence intensity using FlowJo software. Only samples showing at least 500 events in final
gate were considered in the further steps of the analysis. Geometric mean fluorescence intensity values
were finally plotted using Prism software (GraphPad) as depicted in Figure 21. Area Under the Curve (AUC)
of a dose response curve was determined for each donor. Means were compared using a paired One-way
ANOVA followed by Dunnett post-hoc comparison to daratumumab (*P<0.05). Two independent

experiments were performed with each candidate for a total of six donors.

Results and conclusions

Figure 21A shows that none of the antibodies tested, including CD3/BCMA/CD38 candidate-118 and -119,
showed binding to red blood cells in human whole blood except the positive control magrolimab and
daratumumab at the highest dose (800 nM). Figure 21B displays the Area under the curves (AUC) for each
treatment and highlights that magrolimab and daratumumab showed significant binding to red blood cells
whereas CD3/BCMA/CD38 candidate-118 and -119, as well as BEAT CD3/CD38, 83A10-TCBcv, and TNB-
F2B BEAT Fc did not bind to red blood cells.
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Example 18 (h): Hemagglutination

Materials and methods

CD3/BCMA/CD38-118 and -119 candidates or controls (BEAT CD3/CD38, 83A10-TCBcv, TNB-F2B BEAT F,
daratumumab, magrolimab) were prepared 3X concentrated in sterile PBS. Fifty microliters of a 0.8% red
blood cell suspension prepared from fresh whole blood and 25 pl of each antibody dilution (220, 1.25 and
0.07 nM) was then added in each column of the ID-card Coombs anti-lgG. The cards were incubated at
37°C for 15 minutes and then were centrifuged in the ID-20 centrifuge. Each microtube of the ID-card
contains anti-human globulin anti-IgG (rabbit) within a gel matrix. The gel column acts as a filter that traps
agglutinated red blood cells as they pass through the gel column during the centrifugation of the card.
The gel column separates agglutinated red blood cells from non-agglutinated red blood cells based on
size. Any agglutinated red blood cells are captured at the top of or along the gel column, and non-
agglutinated red blood cells descend to the bottom of the microtube 25 forming a pellet. Extent of
agglutination was scored from 0 (no agglutination) to 4 (complete agglutination) as depicted in Figure 22.

Two independent experiments were performed with each candidate for a total of six donors.

Results and conclusions

Figure 22 shows that none of the antibodies tested, including CD3/BCMA/CD38-118 and -119 candidates,
sensitized red blood cells to hemagglutination except magrolimab and daratumumab treatments at the
two highest dose (220 and 1.25 nM). The positive control, magrolimab, sensitized red blood cells to
hemagglutination at maximum levels at 220 nM and 1.25 nM, as well as partially at 0.007 nM.
Daratumumab partially sensitized red blood cells to hemagglutination at 220 nM and 1.25 nM.
CD3/BCMA/CD38-118 and -119 candidates as well as 83A10-TCBcv and TNB-F2B BEAT Fc did not sensitize

red blood cells to hemagglutination.

Example 18 (i): Multiple Modes of Action Killing assay

Materials and methods

To further compare the killing potency of CD3/BCMA/CD38-118, -119 candidates with anti-CD38
benchmarks, an assay that recapitulates Multiple Modes of Action of Killing (Fc-mediated, T cell-mediated,

complement-mediated) using NCI-H929 multiple myeloma cell line was used.

Human peripheral blood mononuclear cells (PBMC) were isolated from buffy coats of healthy donors

obtained from La Chaux-de-Fonds/Bern (Switzerland) Transfusion Center using ficoll density gradient
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isolation and frozen in CryoStor10 medium (Stemcell, catalog NO: 07930). Cells were thawed in a pre-
warmed complete RPMI medium (RPMI supplemented with 10% heat inactivated fetal calf serum, 1% L-
Glutamine and 1% Penicillin/Streptomycin) and rested overnight at 2 x 10° cells/ml. On the day of the
assay, target cells (NCI-H929 cell line, Sigma, catalog NO: 95050415) were labelled with 2 pyM of
proliferation dye eFluor670 (ThermoFisher Scientific, catalog NO: 56-0048-82), prepared at 4 x 10°
cells/ml and 2 x 10* cells (50 pl) were plated in RPMI containing 2% L-Glutamine and 2%
Penicillin/Streptomycin. Following this step, PBMC were prepared in 100% human Serum (Sigma, catalog
NO: SLCD4040) and 200 units/ml of IL-2 (Roche, Proleukin) at 1 x 10° cells/ml and 1 x 10° PBMC (100 pl)
were plated reaching a effector-to-target ratio of 5:1. Then, serial dilutions of CD3/BCMA/CD38
candidates, benchmarks (daratumumab, isatuximab (SEQ ID NO: 569 and SEQ ID NO: 570), 83A10-TCBcv)
or control (CD3/BCMA/CD38-085), starting from 80 nM for anti-CD38 benchmarks and 2 nM for
CD3/BCMA/CD38 candidates and 83A10-TCBcv, then diluted by 10 or 5, respectively, were incubated in
the co-culture for 48 h, at 37 °C, 5% CO2.

At the end of the incubation, tumor cell killing was assessed using flow cytometry, by measuring absolute
count of live target cells (eFluor670* cells) and calculated as % of target killing =[1 — (Sample absolute
counts)/(absolute counts in the presence of target cells alone)] x 100. Half maximal effective
concentration or ECso was calculated from the target killing values using Prism (GraphPad). Some values
were excluded based on goodness of fit (R#>0.7), on percentage of tumor cells spontaneous killing (assay
window), out-of-range ECso values and inappropriate percentages of killing (<20%). Target killing curves
were finally plotted using Prism software (GraphPad) as depicted in Figure 23A, as well as ECsq of killing
(Figure 23B) and Area Under the Curve (AUC) of a dose response curve, determined for each donor (Figure
23). Means ECso (5-8 donors) were compared using Kruskal-Wallis followed by Dunn’s post-hoc
comparison and Means AUC using a paired One-way ANOVA test followed by Tukey’'s post-hoc
comparison. A total of three independent experiments were performed with each candidate for a total of

nine donors.

Results and conclusions

CD3/BCMA/CD38-118 demonstrated a statistically significant superior killing of multiple myeloma NCI-
H929 cell line in Multiple Modes of Action Killing assay compared to anti-CD38 benchmarks, daratumumab
and isatuximab, as shown in Figure 23A. As depicted on Figure 23B, the killing induced by
CD3/BCMA/CD38-118 (ECso of 6.2 £ 5.8 pM) is significantly higher compared to the killing triggered by
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daratumumab (ECso of 94.5 + 19.8 pM) and isatuximab (ECso of 61.1 + 64.7 pM). No significant difference
was observed with other treatments. When calculating the AUC (Figure 23C), CD3/BCMA/CD38-118
candidate triggered superior killing compared to anti-CD38 benchmarks but also compared to
CD3/BCMA/CD38-119 candidate. Finally, CD3/BCMA/CD38-119 candidate triggered a significant superior

killing compared to isatuximab.

Example 19: Efficacy of TREAT CD3/BCMA/CD38-118 and CD3/BCMA/CD38-119 in an in vivo NCI-H929

tumor mouse model in comparison to 83A10-TCBcv benchmark antibody

Materials and methods

Animal husbandry

In vivo experiments were performed at Crown Bioscience Inc. (Beijing, China) in 6-7-week-old female NCG
(NOD-Prkdcem26¢452}[2rgem26¢d22 /NjuCrl) mice from GemPharmatech Co.,Ltd. All mice were maintained
under standardized environmental conditions and housed in polysulfone IVC cages with autoclaved
crushed corncob bedding (20 — 26 °C temperature, 40 - 70% relative humidity, 12 hours light/dark cycle).
Mice received irradiated food (standard rodent chow) and 0.22 um-filtered drinking water ad libitum.

Animal welfare was monitored daily (cage side observations) and weekly clinical observations.

NCI-H929 subcutaneous tumor with systemic PBMC humanized mouse model

Two experiments were conducted at Crown Bioscience Inc. (Beijing, China) Study 1 and Study 2.

Study 1. Dose escalation of TREAT CD3/BCMA/CD38 candidates and 83A10-TCBcv in NCI-H929 tumors.
NCG female mice were engrafted subcutaneously (s.c.) with 1 x 107 NCI-H929 MM tumor cells and
inoculated intraperitoneally {i.p.) with 1 x 107 PBMCs from 2 healthy human donors (Donor A and Donor
B) on the same day (9 mice per group; 10 groups; 2 donors; 180 mice total). Mice were randomized based
on the tumor volume 10 days after the xenograft and were injected intravenously (i.v.) with Vehicle,
83A10-TCBcv, CD3/BCMA/CD38-118 and CD3/BCMA/CD38-119 molecules at 0.5, 0.1 and 0.02 mg/kg once
per week for 3 weeks. Tumor volume was evaluated based on tumor size measurement with a caliper
three times per week. Mouse plasma was collected on day 13 or 14 to determine the molecule’s trough
concentration using a human BCMA-specific antigen capture ELISA (a method to quantify anti-BCMA
human IgG, please refer to ELISA assay section of the material and methods). This experiment was done

only once.
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Study 2. TREAT CD3/BCMA/CD38-118 and CD3/BCMA/CD38-119 efficacy and pharmacodynamic study in
NCI-H929 tumors. NCG female mice were engrafted s.c. with 1 x 107 NCI-H929 MM tumor cells and
inoculated i.p. with 1 x 107 PBMCs from 2 healthy human donors (Donor A and Donor B) on the same day
(15 mice per group; 5 groups; 2 donors; 150 mice total). Mice were randomized based on the tumor
volume 11 days after the xenograft and were injected i.v. with Vehicle, 83A10-TCBcv, CD3/BCMA/CD38-
118, CD3/BCMA/CD38-119 and CD3/BCMA/CD38-122 molecules at 0.1 mg/kg once per week for 3 weeks.
The molecule’s trough concentration was determined in plasma at day 14 using a human BCMA-specific
antigen capture ELISA (please refer to ELISA assay section of the material and methods). Ex vivo analysis
was performed at day 2 and day 6 following a single dose of molecules (n=2-3 mice / group / timepoint).
Mice serum, spleens and tumors were harvested. FACS analysis was performed on spleens and tumors.
Human cytokine detection was performed with Luminex assay on serum and tumor supernatant. This

experiment was done only once.

ELISA assay

Plasma concentrations of each molecule were determined using a human BCMA-specific antigen capture
ELISA. In brief, 96-well ELISA plate is coated with human BCMA-His Tag protein (Acrobiosystems, Ref. BCA-
H522y) at 2 pg/mL overnight and non-specific sites are saturated with blocking buffer the next day. Next
the serum samples (containing CD3/BCMA/CD38 candidates or 83A10-TCBcv) are applied and incubated
at room temperature (RT) for 2h. After the unbound antibody is washed away, antibody bound to BCMA
is then detected using a horseradish peroxidase (HRP)-conjugated goat anti-human IgG Fc (Abcam, Ref.
ab97225), incubated at RT for 1h. The signal is then generated through the action of HRP enzyme on the
TMB (Tetramethylbenzidine) substrate and the absorbance read on a spectrophotometer using 450 nm
as the primary wavelength and 570 nm as the reference wavelength. Data were analyzed using Excel and

GraphPad Prism 9.

Sample preparation for flow cytometry

Tumors were harvested and dissociated with enzymatic cocktail from human tumor dissociation kit
(Miltenyi Biotec, Ref. 130-095-929) in a GentleMACS dissociator. Cell suspensions were then filtered using
a 70um cell strainer and centrifuged. Tumor supernatant was recovered (for cytokine analysis) and cell
pellet was resuspended, cells counted and adjusted to 10 x 107 cells/mL in PBS supplemented with 10%
FCS and 40 mM EDTA (FACS buffer). Spleens were processed on the GentleMACS dissociator (program

m_spleen_04) and resulting cell suspension was filtered through a 70 uM nylon cell strainer. Next, red
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blood cells were lysed using RBC Lysing Buffer (Beyotime, Ref. C3702), cells were counted and adjusted to
10 x 107 cells/mL in FACS buffer. Tumor and spleen suspensions were then stained for immune cell
profiling. In brief, cell suspensions were incubated with human Fc Block for 10 min at 4 °C in FACS buffer,
followed by surface staining with antibody cocktail (including viability dye) for 30 min at 4 °C in FACS
buffer. Samples were acquired on a BD flow cytometer and data were analyzed using FlowJo v10.7.2 and

GraphPad Prism 9.

Luminex assay

Serum and tumor supernatant samples were assessed by Multiplex Luminex quantification according to
the manufacturer’s instructions (Invitrogen). Briefly, magnetic beads, samples, standards, and blanks
were added to the plates and incubated at RT for 2 h. Next, detection antibody was added to the plates
and incubated for 1 h at RT, before incubating with streptavidin-PE solution (30 min at RT). The plates
were then washed, and the reading buffer was added before acquisition with a Luminex LX200 instrument.
Luminex data were analyzed using the Luminex 200™ software to calculate standard curves using
regression method of 5P logistic curve fitting by an automated procedure and determine the sample
concentrations (in pg/ml) from the standard curve. Then the Luminex xPONENT software was used to
output a report, including the concentration of each well and standard curves, which was further analyzed
using Excel and GraphPad Prism 9. Cytokine concentration was normalized to the upper (ULOQ) and lower

(LLOQ) limit of quantification.

Statistical analysis

Data were analyzed using GraphPad Prism 9 software. Differences in tumor volume were determined
using a two-way analysis of variance (ANOVA) with Tukey’s multiple comparison test, n =9 mice per group.
P value <0.05 was considered statistically significant, with the level of significancy represented by asterisks

as followed: ns p> 0.05; * p<0.05; ** p<0.01; *** p<0.001; **** p<0.0001.

Results and conclusions

The in vivo efficacy of CD3/BCMA/CD38 candidates in comparison to the CD3xBCMA bispecific reference
antibody 83A10-TCBcv was evaluated at various dose levels in a subcutaneous NCI-H929 tumor xenograft
model in NCG mice in a therapeutic setting. Human myeloma NCI-H929 tumor cells with high expression
levels of BCMA (58 x 10° sABC: specific Antibody-Binding Capacity units) and CD38 (130 x 10° sABC) were
injected subcutaneously (s.c.) in NCG mice (1 x 107 cells). In parallel, human PBMCs from 2 healthy human

donors A and B were injected intraperitoneally (i.p) on the same day (1 x 107 cells). Mice were randomized
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10 days after tumor cell injection when the average tumor volume reached 150 mm? in various treatment
groups of PBMCs injected from donor A (n = 9) and B (n = 9), two donors were used to account for
variability in response expected with PBMCs. Therapeutic treatments of CD3/BCMA/CD38 candidates or
83A10-TCBcv were injected intravenously (i.v.) on days 0, 7 and 14 at 0.5, 0.1 or 0.02 mg/kg. Mice in the
vehicle control group were injected i.v. with a mixture of PBS and CD3/BCMA/CD38 candidates

reconstitution buffer.

Three weeks post treatment start, CD3/BCMA/CD38-118 or -119 induced complete regression of NCI-
H929 tumors at the 0.5 mg/kg dose for both PBMC donors, similar to the 83A10-TCBcv bispecific BCMA
CD3 antibody (Figure 24A, left). At a dose level of 0.1 mg/kg, while CD3/BCMA/CD38 candidates and
83A10-TCBcv still induce substantially tumor regression in donor B inoculated mice (in 100% or 77.7% of
treated mice, respectively), only a partial control of NCI-H929 tumors could be observed in mice
inoculated with donor A (Figure 24A, middle). At this dose (0.1 mg/kg) in donor A, CD3/BCMA/CD38-118
showed significantly higher efficacy compared to 83A10-TCBcv (Figure 24A, top middle; Table 27), with
tumor regression observed in 5 out of 9 mice in CD3/BCMA/CD38-118 treated mice, compared to 0 out
of 9 mice in 83A10-TCBcv treated mice. Treatment of NCG mice with a low dose (0.02 mg/kg) of
CD3/BCMA/CD38 candidates or 83A10-TCBcv resulted in weak but statistically significant inhibition of NCI-
H929 tumor growth compared to the vehicle control, observed to a larger extent in donor B inoculated
mice (Figure 24A, right; Table 27). The majority of vehicle and low dose treated mice were sacrificed

between days 9 and 13 due to high tumor load.

Donor A Donor B
Mean | 95.00% . Mean | 95.00% .
. . . Adjusted| . . Adjusted
Group comparison Diff. |Cl of diff.[Summary| Diff. |Cl of diff.Summary
3 3 P Value 3 3 P Value
(mm?3)| (mm?3) (mm?3)| (mm?3)
Vehicle vs. 0.5 mg/kg 83A10- 1197 to 1317 to
ey g/ke 1413 *#++% | <0.0001| 1458 *xx% | 20,0001
TCBcv 1629 1598
Vehicle vs. 0.1 mg/kg 83A10- 467.4 to 1244 to
683.1 **k%%  1<0.0001( 1384 *¥xkx 1<0.0001
TCBcv 898.9 1525
Vehicle vs. 0.02 mg/kg 83A10- -98.31 to 125.2 to
117.5 ns 0.7798 | 265.6 *¥*xx 1<0.0001
TCBcv 3333 406.1
Vehicle vs. 0.5 mg/k 1217 to 1319 to
e/ke 1433 %% 1<0.0001( 1460 *¥xkx 1<0.0001
CD3/BCMA/CD38-118 1649 1600
Vehicle vs. 0.1 mg/kg 971.2 to 1328 to
1187 %% 1<0.0001| 1469 *¥xkx 1<0.0001
CD3/BCMA/CD38-118 1403 1609
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Vehicle vs. 0.02 mg/k 26.06 to 465.3 to
e/ke 241.9 * 0.0145 | 605.7 *¥*xx 1<0.0001
CD3/BCMA/CD38-118 457.6 746.2
Vehicle vs. 0.5 mg/k 1218 to 1317 to
g/ke 1434 **x%  1<0.0001]| 1457 *¥xkx 1<0.0001
CD3/BCMA/CD38-119 1650 1598
Vehicle vs. 0.1 mg/k 669.6 to 1324 to
g/ke 885.4 **x%  1<0.0001]| 1465 *¥xkx 1<0.0001
CD3/BCMA/CD38-119 1101 1605
Vehicle vs. 0.02 mg/kg -341.6 to 684.8 to
-125.8 ns 0.7026 | 825.3 *¥*xx 1<0.0001
CD3/BCMA/CD38-119 89.94 965.7
0.5 mg/kg 83A10-TCBcv vs. 0.1 -945.5 to -213.9to
-729.7 k%% 1<0.0001|-73.48 ns 0.8176
mg/kg 83A10-TCBcv -513.9 66.97
0.5 mg/kg 83A10-TCBcv vs. 0.02 -1511to -1333 to
-1295 **x% 1<0.0001]-1192 Ak 1<0.0001
mg/kg 83A10-TCBcv -1080 -1052
0.5 mg/kg 83A10-TCBcv vs. 0.5 20.16 -195.6 to 50.9999| 2.039 -138.4 to 50.9999
. ns . . ns .
mg/kg CD3/BCMA/CD38-118 236.0 142.5
0.5 mg/kg EM-801 vs. 0.1 mg/kg 25 8 -441.6 to . 0.0318 | 10.98 -129.5 to 50.9999
-225. . . ns .
CD3/BCMA/CD38-118 -10.02 151.4
0.5 mg/kg 83A10-TCBcv vs. 0.02 -1387 to -992.6 to
-1171 **x*  1<0.0001(-852.1 *EE*X 1 <0.0001
mg/kg CD3/BCMA/CD38-118 -955.2 -711.7
0.5 mg/kg 83A10-TCBcv vs. 0.5 21.08 -194.7 to 50,9999 - |-140.9 to 50.9999
. ns . ns .
mg/kg CD3/BCMA/CD38-119 236.9 0.4046) 140.1
0.5 mg/kg 83A10-TCBcv vs. 0.1 £97.4 -743.2 to s+++ | <0.0001l6.695 -133.8 to 50.9999
-527. . . ns .
mg/kg CD3/BCMA/CD38-119 -311.7 147.2
0.5 mg/kg 83A10-TCBcv vs. 0.02 -1754 to -773.0to
-1539 k%% 1<0.0001|-632.6 Ak 1<0.0001
mg/kg CD3/BCMA/CD38-119 -1323 -492.1
0.1 mg/kg 83A10-TCBcv vs. 0.02 -781.5 to -1259 to
-565.7 k%% 1<0.0001]-1119 Ak 1<0.0001
mg/kg 83A10-TCBcv -349.9 -978.3
0.1 mg/kg 83A10-TCBcv vs. 0.5 749.8 534010 .4 <0.0001]75.52 -64.94 to ns 0.7921
mg/kg CD3/BCMA/CD38-118 | 965.6 ) ) 216.0 )
0.1 mg/kg 83A10-TCBcv vs. 0.1 £03.9 288.1to . 0.0001| 84.46 -56.00 to 0.6638
. <0. . ns .
mg/kg CD3/BCMA/CD38-118 719.6 224.9
0.1 mg/kg 83A10-TCBcv vs. 0.02 -657.1to -919.1to
-441.3 *k*kx% 1<0.0001|-778.6 Ak 1<0.0001
mg/kg CD3/BCMA/CD38-118 -225.5 -638.2
0.1 mg/kg 83A10-TCBcv vs. 0.5 250.7 535.0to s+++ | <0.0001l73.08 -67.38 to 0.8275
. . . ns .
mg/kg CD3/BCMA/CD38-119 966.5 213.5
0.1 mg/kg 83A10-TCBcv vs. 0.1 202.2 -13.57 to 0.0882 | 80.18 -60.28 to 07282
. ns . . ns .
mg/kg CD3/BCMA/CD38-119 418.0 220.6
0.1 mg/kg 83A10-TCBcv vs. 0.02 -1025 to -699.5 to
-809 k%% 1<0.0001)-559.1 Ak 1<0.0001
mg/kg CD3/BCMA/CD38-119 -593.2 -418.6
0.02 mg/kg 83A10-TCBcv vs. 0.5 1100 to 1054 to
1315 **x%  1<0.0001] 1194 *¥xkx 1<0.0001
mg/kg CD3/BCMA/CD38-118 1531 1335
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0.02 mg/kg 83A10-TCBcv vs. 0.1 1070 853.7to| ... <0.0001| 1203 1063to| .., 0.0001
mg/kg CD3/BCMA/CD38-118 1285 1344
0.02 mg/kg 83A10-TCBcv vs. 0.02 1244 -91.41 to 0.7168 | 340.1 199.6to| ... 0.0001
. ns . . .
mg/kg CD3/BCMA/CD38-118 340.2 480.5
0.02 mg/kg 83A10-TCBcv vs. 0.5 1316 1101to| .., <0.0001| 1192 1051to| .., 0.0001
mg/kg CD3/BCMA/CD38-119 1532 1332
0.02 mg/kg 83A10-TCBcv vs. 0.1 552.1to 1058 to
767.9 *xxx 1 <0.0001] 1199 **x% 10,0001
mg/kg CD3/BCMA/CD38-119 983.7 1339
0.02 mg/kg 83A10-TCBcv vs. 0.02 543.3 -459.1t0] 0.0135 | 559.6 419.2to| ... <0.0001
mg/kg CD3/BCMA/CD38-119 | -27.53 ) | 700.1 )
0.5 mg/kg CD3/BCMA/CD38-118
-461.8 to -131.5to
vs. 0.1 mg/kg CD3/BCMA/CD38- | -246 * 0.0117 |8.938 ns |>0.9999
118 -30.18 149.4
0.5 mg/kg CD3/BCMA/CD38-118
-1407 to -994.6 to
vs. 0.02 mg/kg CD3/BCMA/CD38-|-1191 *xxx | <0,0001[-854.2 **x% | <0.0001
118 -975.3 -713.7
0.5 mg/kg CD3/BCMA/CD38-118
-214.9 to -142.9to
vs. 0.5 mg/kg CD3/BCMA/CD38- 0.9164 ns |>0.9999|-2.443 ns |>0.9999
119 216.7 138.0
0.5 mg/kg CD3/BCMA/CD38-118
-763.4 to -135.8 to
vs. 0.1 mg/kg CD3/BCMA/CD38- |-547.6 **xx 1 <0.0001|4.657 ns |>0.9999
119 -331.8 145.1
0.5 mg/kg CD3/BCMA/CD38-118
-1775 to -775.1 to
vs. 0.02 mg/kg CD3/BCMA/CD38-|-1559 *xxx | <0,0001|-634.6 **x% | <0.0001
119 -1343 -494.2
0.1 mg/kg CD3/BCMA/CD38-118
-1161 to -1004 to
vs. 0.02 mg/kg CD3/BCMA/CD38-|-945.1 *xxx 1 <0,0001[-863.1 **x% | <0.0001
118 -729.4 -722.6
0.1 mg/kg CD3/BCMA/CD38-118
31.10to -151.8 to
vs. 0.5 mg/kg CD3/BCMA/CD38- | 246.9 * 0.0112 |-11.38 ns |>0.9999
119 462.7 129.1
0.1 mg/kg CD3/BCMA/CD38-118
-517.4 to -144.7 to
vs. 0.1 mg/kg CD3/BCMA/CD38- |-301.6 *¥% | 0.0004 |-4.281 ns |>0.9999
119 -85.84 136.2
0.1 mg/kg CD3/BCMA/CD38-118
-1529 to -784.0 to
vs. 0.02 mg/kg CD3/BCMA/CD38-|-1313 *xxx | <0,0001|-643.6 **x% | <0.0001
119 -1097 -503.1
0.02 mg/kg CD3/BCMA/CD38-
976.2 to 711.3to
118 vs. 0.5 mg/kg 1192 1408 **xx 1<0.0001]851.7 992.2 **%% 10,0001
CD3/BCMA/CD38-119 '
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0.02 mg/kg CD3/BCMA/CD38-
427.7 to 718.4 to
118 vs. 0.1 mg/kg 643.5 250 3 **kx% | <0.0001|858.8 999.3 **x% | <0.0001
CD3/BCMA/CD38-119 ' '
0.02 mg/kg CD3/BCMA/CD38-
-583.5 to 79.09 to
118 vs. 0.02 mg/kg -367.7 1519 **kx% | <0.0001]219.5 260.0 **x% | <0.0001
CD3/BCMA/CD38-119 ' '
0.5 mg/kg CD3/BCMA/CD38-119
-764.3 to -133.4 to
vs. 0.1 mg/kg CD3/BCMA/CD38- |-548.5 337 7 **kx% | <0.0001| 7.1 147 6 ns |>0.9999
119 ' '
0.5 mg/kg CD3/BCMA/CD38-119
-1776 to -772.6 to
vs. 0.02 mg/kg CD3/BCMA/CD38-|-1560 **kx% | <0.0001]-632.2 *kx% | <0.0001
119 -1344 -491.7
0.1 mg/kg CD3/BCMA/CD38-119
-1227 to -779.7 to
vs. 0.02 mg/kg CD3/BCMA/CD38-|-1011 **x% | <0.0001]-639.3 *kx% | <0.0001
119 -795.4 -498.8

Table 27. Statistical analysis of Figure 24 (A). Differences in tumor volume were determined using a two-
way analysis of variance (ANOVA) with Tukey’s multiple comparison test, n = 9 mice per group. P value
<0.05 was considered statistically significant, with the level of significancy represented by asterisks as

followed: ns p> 0.05; * p<0.05; ** p<0.01; *** p<0.001; **** p<0.0001.

Plasma concentrations of CD3/BCMA/CD38 candidates or 83A10-TCBcv were determined on day 13 or 14
prior to 3" dose using an ELISA method developed to quantify anti-BCMA human IgG. Plasma levels at 0.5
mg/kg dosing of CD3/BCMA/CD38 candidates were determined at around 3500 ng/ml, with 83A10-TCBcv
showing similar levels with a concentration of around 2900 ng/ml (Figure 24B). Dose to exposure of
CD3/BCMA/CD38 candidates was relatively linear between 0.5 and 0.1 mg/kg dosing with 4 to 6-fold
reduced plasma concentrations at 0.1 mg/kg (Figure 24B). Lower tumor inhibition observed in mice
inoculated with donor A PBMCs was not due to lower plasma antibody concentrations at this dose (0.1
mg/kg), given that trough concentrations were roughly similar between both PBMC donor inoculated mice
(Figure 24B). Dosing at 0.02 mg/kg resulted in poor PK exposure of CD3/BCMA/CD38 candidates compared
to higher doses with low plasma concentrations, indicating that target mediated drug disposition may be

relevant at lower doses.

In summary, these data show that CD3/BCMA/CD38 candidates controlled NCI-H929 tumor growth in a
dose dependent manner when used as a therapeutic treatment in a human myeloma xenograft model in

NCG mice. At dose levels of 0.1 mg/kg, CD3/BCMA/CD38-118 and -119 induced regression of established
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NCI-H929 tumors in 77% and 66% of mice in a therapeutic setting, respectively (pool of donor A and B
data). In comparison, treatment with 83A10-TCBcv at 0.1 mg/kg showed significantly lower efficacy in the

control of NCI-H929 tumors, with regression observed in only 39% of tumors (pool of donor A and B data).

The in vivo efficacy of CD3/BCMA/CD38 candidates at 0.1 mg/kg was re-evaluated in a separate
experiment in which a CD3 dummy control (CD3/BCMA/CD38-122 — lacking the CD38 and BCMA binding
arms) was included (Figure 25). Human myeloma NCI-H929 tumor cells were injected subcutaneously (s.c.)
in NCG mice (1 x 107 cells) and inoculated intraperitoneally (i.p) with human PBMCs from 2 healthy human
donors A and B on the same day (1 x 107 cells). Mice were randomized 11 days after tumor cell injection
when the average tumor volume reached 180 mm? in various treatment groups of PBMCs injected from
donor A (n =9) and B (n = 9). Therapeutic treatments of CD3/BCMA/CD38 candidates or 83A10-TCBcv
were injected intravenously (i.v.) on days 0, 7 and 14 at 0.1 mg/kg. Mice in the vehicle control group were

injected i.v. with a mixture of PBS and CD3/BCMA/CD38 candidates reconstitution buffer.

While a faster tumor growth kinetics (compared to the previous study) led to an overall lower efficacy,
partial NCI-H929 tumor control was still observed upon treatment with CD3/BCMA/CD38 candidates or
83A10-TCBcv at 0.1 mg/kg (Figure 25A). Three weeks post treatment start, both CD3/BCMA/CD38-118
and -119 substantially delayed the progression of NCI-H929 tumors, to a larger extent in mice that
received donor B PBMCs (Figure 25A, right). Treatment with 83A10-TCBcv showed significantly lower NCI-
H929 tumor control compared to CD3/BCMA/CD38-118 in both PBMC donor inoculated mice (Figure 25A,
Table 28). Finally, administration of CD3/BCMA/CD38-122 at 0.1 mg/kg showed no control of NCI-H929
tumor progression (similar to vehicle treated mice) in both PBMC donors (Figure 25A). The latter
demonstrates that the target antigen binding arms are crucial for the tumor killing efficacy of

CD3/BCMA/CD38 candidates.

Donor A Donor B
Mean [95.00% CI Mean | 95.00% CI
Adjusted P Adjusted P
Group comparison Diff. | of diff. [Summary Diff. | of diff. [Summary
Value Value

(mm?)|  (mm?) (mm?)|  (mm?)

57.77 to 510.3 to

Vehicle vs. 83A10-TCBcv |213.8 *x 0.0019 |665.5 Ak <0.0001

369.8 820.8
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Vehicle vs. 333.1to 787.4 to
489.2 Hkkk <0.0001 |942.6 Hkkk <0.0001
CD3/BCMA/CD38-118 645.2 1098
Vehicle vs.
114.5to 716.9 to
CD3/BCMA/CD38-/270.6 ook k <0.0001 |872.1 Hkkk <0.0001
4726.6 1027
119
Vehicle vs. -147.5 to -117.8 to
8.525 ns 0.9999 |37.46 ns 0.9645
CD3/BCMA/CD38-122 164.6 192.7
83A10-TCBcv vs. 119.3 to 121.8 to
275.4 Hkkk <0.0001 | 277 ok ok ok <0.0001
CD3/BCMA/CD38-118 431.4 432.3
83A10-TCBcv vs. -99.26 to 51.37 to
56.78 ns 0.8566 |206.6 *x 0.0028
CD3/BCMA/CD38-119 212.8 361.8
83A10-TCBcv vs. -361.3 to - -783.3to -
-205.3 ok 0.0032 |-628.1 ok ok ok <0.0001
CD3/BCMA/CD38-122 49.24 472.9
CD3/BCMA/CD38-118 vs. -374.6 to - -225.7 to
-218.6 ok 0.0013 |-70.45 ns 0.7257
CD3/BCMA/CD38-119 62.54 84.78
CD3/BCMA/CD38-118 vs. -636.7 to - -1060 to -
-480.7 Hkkk <0.0001 |-905.1 Hkkk <0.0001
CD3/BCMA/CD38-122 324.6 749.9
CD3/BCMA/CD38-119 vs. -418.1 to - -989.9 to -
-262.1 Hkkk <0.0001 |-834.7 Hkkk <0.0001
CD3/BCMA/CD38 122 106.0 679.4

Table 28. Statistical analysis of Figure 25 (A). Differences in tumor volume were determined using a two-
way analysis of variance (ANOVA) with Tukey's multiple comparison test, n = 9 mice per group. P value
<0.05 was considered statistically significant, with the level of significancy represented by asterisks as

followed: ns p= 0.05; * p<0.05; ** p<0.01; *** p<0.001; **** p<0.0001.

Plasma concentrations of CD3/BCMA/CD38 candidates were 1.7 to 1.9-fold higher than plasma levels of
83A10-TCBcv at trough exposure (day 14 prior to 3 dose) (Figure 25B). Thus, superior efficacy of
CD3/BCMA/CD38 candidates correlated with slightly better trough plasma concentrations compared to
the benchmark 83A10-TCBcv.

To understand the mechanistic action of CD3/BCMA/CD38 candidates, immune cell profiling (ICP) was
performed early post treatment (Figure 26). Mice tumors and spleens were harvested at day 2 and day 6

following a single dose of molecules at 0.1 mg/kg and FACS analysis was performed (n=2-3 mice / group /
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timepoint). At either day 2 or day 6 post dosing, treatment with CD3/BCMA/CD38-118, CD3/BCMA/CD38-
119 or 83A10-TCBcv resulted in a selective infiltration of human TCRa* cells (surrogate marker for CD3
T cells) in the tumor microenvironment compared to control treated groups (Figure 26A). The extent of
TCRaf* cell infiltration varied between PBMC donors, with mice inoculated with donor B, which showed
the highest tumor growth inhibition, also showing highest degree of T cell infiltration in the tumor (Figure
3A, bottom). Treatment with CD3/BCMA/CD38-122 did not induce increased presence of TCRaB* cells in
the tumor, demonstrating that binding to CD3 only is not sufficient to increase tumor infiltration of T cells.
At day 6 post single dose, numbers of infiltrating T cells per gram of tumor were 35 to 50-fold higher in
mice treated with CD3/BCMA/CD38 candidates or 83A10-TCBcv, compared to control treated groups in
mice inoculated with donor B (Figure 26B). This data showed that T cell engager efficacy (CD3/BCMA/CD38
candidates or 83A10-TCBcv) correlates with the degree of T cell infiltration within the tumor

microenvironment.

Compared to CD3/BCMA/CD38-122 treated mice, tumor infiltrating CD8* T cells showed higher expression
of human CD69 and human CD25 (T cell activation markers) in mice treated with CD3/BCMA/CD38
candidates or 83A10-TCBcv at day 2 post single dose (Figure 26C and Figure 26D, top). However, CD8" T
cells found in the periphery (spleen) had no expression of the activation markers CD69 and CD25 (Figure

3D, bottom), thus no evidence for on-target non-tumor specific activation was observed.

Finally, the immune cell profiling FACS data was corroborated with cytokine analysis in the tumor
supernatant using Luminex assay (Figure 27). Consistent with intratumor T cell activation, human IFN-y
and TNF-a were specifically induced in the tumor by T cell engagers early post first dose (day 2), to a larger
extent in donor B inoculated mice (Figure 27, top). Additional inflammatory cytokines, such as human IL-
1RA and IL-10, were also specifically detected in the tumor microenvironment upon treatment with

CD3/BCMA/CD38 candidates or 83A10-TCBcv (Figure 27, bottom).

In conclusion, the degree of efficacy of CD3/BCMA/CD38 candidates (0.1 mg/kg) in NCI-H929 tumor
control correlated with the degree of T cell infiltration within the tumor microenvironment. No evidence
for systemic T cell activation could be observed 2 days following first dose, suggesting that on target
binding to BCMA/CD38 expressing cells is required to activate T cells in vivo. These in vivo data
demonstrate that CD3/BCMA/CD38 candidates possess a potent cytotoxic potential against CD38 and

BCMA high expressing tumor cells.
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Example 20: Efficacy of TREAT CD3/BCMA/CD38-118 and CD3/BCMA/CD38-119 in an in vivo BCMA'"®"
CD38"°" KMS-12-BM tumor mouse model

Material and Methods

Animal husbandry

In vivo experiments were performed in female 6-8-week-old immune-deficient NSG (NOD.Cg-Prkdc*c®
112rg"™™"i'/Sz}) mice from CHARLES RIVER LABORATORIES France. All mice were maintained under
standardized environmental conditions in rodent cages (20 £ 1 °C room temperature, 50 £ 10% relative
humidity, 12 hours light dark cycle). Mice received irradiated food and bedding and 0.22 pm-filtered
drinking water. Animal experiments were conducted in accordance with protocols approved by the

veterinary authorities of the Canton de Vaud, Switzerland.

KSM-12-BM subcutaneous tumor with systemic PBMC humanized mouse model

Two experiments were conducted and were named respectively KMS_10 and KMS_11 studies.

KMS_10 study. Dose escalation of TREAT CD3/BCMA/CD38 candidates in KMS-12-BM tumors. NSG female
mice were engrafted subcutaneously (s.c.) with 1 x 107 KMS-12-BM MM tumor cells and inoculated
intraperitoneally (i.p.) with 1 x 107 PBMCs from 2 healthy human donors {Donor C and Donor D) on the
same day (8 mice per group; 10 groups; 2 donors; 160 mice total). Mice were randomized based on the
tumor volume 8 days after the xenograft and were injected intravenously (i.v.) on the following day with
Vehicle, 83A10-TCBcv, CD3/BCMA/CD38-118 and CD3/BCMA/CD38-119 molecules at 0.5, 0.1 and 0.02
mg/kg once per week for 3 weeks. Tumor volume was evaluated based on tumor size measurement with
a caliper three times per week. Mouse serum was collected on day 23 or 30 to determine the molecule’s
trough concentration using a human BCMA-specific antigen capture ELISA (a method to quantify anti-
BCMA human IgG, please refer to ELISA assay section of the material and methods). If mice reached a
tumor volume of 1000 mm? before study termination, collection of corresponding samples was done

either prior 3" dose (day 23) or one week later (day 30). This experiment was done only once.

KMS_11 study. TREAT CD3/BCMA/CD38-118 and CD3/BCMA/CD38-119 efficacy and pharmacodynamic
study in KMS-12-BM tumors. NSG female mice were engrafted s.c. with 1 x 107 KMS-12-BM MM tumor
cells and inoculated i.p. with 1 x 107 PBMCs from 2 healthy human donors (Donor C and Donor D) on the
same day (14 mice per group; 5 groups; 2 donors; 140 mice total). Mice were randomized based on the

tumor volume 8 days after the xenograft and were injected i.v. on the following day with Vehicle, 83A10-
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TCBcv, CD3/BCMA/CD38-118, CD3/BCMA/CD38-119 and CD3/BCMA/CD38-122 molecules at 0.5 mg/kg
once per week for 3 weeks. Ex vivo analysis was performed at day 2 and day 6 following a single dose of
molecules (n = 2-3 mice / group / timepoint). Mice serum, spleens and tumors were harvested. The
molecule’s trough concentration was determined in serum at day 6 using a human BCMA-specific antigen
capture ELISA (please refer to ELISA assay section of the material and methods). FACS analysis was
performed on spleens and tumors. Human cytokine detection was performed with Luminex assay on

serum and tumor supernatant. This experiment was done only once.

ELISA assay

Serum concentrations of each molecule were determined using a human BCMA-specific antigen capture
ELISA. In brief, 96-well ELISA plate is coated with BCMA-His Tag protein (produced in house: P1658 -
hsBCMA-ECD(A1-M54)-Avi-His) at 2 pg/mL overnight and non-specific sites are saturated with blocking
buffer the next day. Next the serum samples (containing CD3/BCMA/CD38 candidates or 83A10-TCBcv)
are applied and incubated at room temperature (RT) for 2 h. After the unbound antibody is washed away,
antibody bound to BCMA is then detected using a horseradish peroxidase (HRP)-conjugated anti-human
IgG Fc F(ab')2 fragment (Jackson ImmunoResearch, Ref. 109-035-170), incubated at RT for 1 h. Wells are
washed between all steps with Phosphate Buffered Saline (PBS) supplemented with 0.05% Tween 20 and
the signal is generated through the action of HRP enzyme on the TMB (Tetramethylbenzidine) substrate.
The reaction is then stopped by the addition of 2N H,SO,; solution and the absorbance read on a
spectrophotometer using 450 nm as the primary wavelength and 570 nm as the reference wavelength.

Data were analyzed using Excel and GraphPad Prism 9.

Sample preparation for flow cytometry

Tumors were harvested and dissociated with enzymatic cocktail from human tumor dissociation kit
(Miltenyi Biotec, Ref. 130-095-929) in a GentleMACS dissociator. Cell suspensions were then filtered using
a 70 pum cell strainer and centrifuged. Tumor supernatant was recovered (for cytokine analysis) and cell
pellet was resuspended, cells counted and adjusted to 10 x 10° cells/mL in PBS supplemented with 2%
FCS (FACS buffer). Cell suspensions from spleen were obtained by mashing through a 70 uM nylon cell
strainer, cells were counted and resuspended in FACS buffer. Tumor and spleen suspensions were then
stained for immune cell profiling. In brief, cell suspensions were incubated with viability dye, human, and

mouse Fc Block for 15 min at 4 °C in FACS buffer, followed by surface staining with antibody cocktail (or
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relative controls) for 30 min at 4 °C in FACS buffer. Samples were acquired on the Northern lights

instrument (CYTEK) and data were analyzed using FlowJo v10.7.2 and GraphPad Prism 9.

Luminex assay

Serum and tumor supernatant samples were assessed by Multiplex Luminex quantification according to
the manufacturer’s instructions. Briefly, magnetic beads, samples, standards, and blanks were added to
the plates and incubated overnight. The next day, detection antibody was added to the plates and
incubated for 30 min at room temperature, before incubating with streptavidin-PE solution (30 min at
RT). The plates were then washed, and the reading buffer was added before acquisition with a Luminex
LX200 instrument. Luminex data were analyzed using ProcartaPlex Analyst 1.0 software. Cytokine
concentration was normalized to the upper (ULOQ) and lower (LLOQ) limit of quantification. Data were

analyzed using Excel and GraphPad Prism 9.

Statistical analysis

Data were analyzed using GraphPad Prism 9 software. Differences in tumor volume were determined
using a two-way analysis of variance (ANOVA) with Tukey’s multiple comparison test, n = 8 mice per group.
P value <0.05 was considered statistically significant, with the level of significancy represented by asterisks

as followed: ns p> 0.05; * p<0.05; ** p<0.01; *** p<0.001; **** p<0.0001.

Results and conclusions

The in vivo efficacy of CD3/BCMA/CD38 candidates in comparison to the CD3xBCMA bispecific reference
antibody 83A10-TCBcv was evaluated at various dose levels in a subcutaneous KMS-12-BM tumor
xenograft model in NSG mice in a therapeutic setting. Human myeloma KMS-12-BM tumor cells with
low/moderate expression levels of BCMA (9 x 103 sABC: specific Antibody-Binding Capacity units) and
CD38 (27 x 103 sABC) were injected subcutaneously (s.c.) in NSG mice (1 x 107 cells). In parallel, human
PBMCs from 2 healthy human donors C and D were injected intraperitoneally (i.p) on the same day (1 x
107 cells). Mice were randomized 8 days after tumor cell injection when the average tumor volume
reached 150 mm? in various treatment groups of PBMCs injected from donor C (n = 8) and D (n =8).
Therapeutic treatments of CD3/BCMA/CD38 candidates or 83A10-TCBcv were injected intravenously (i.v.)
on days 9, 16 and 23 at 0.5, 0.1 and 0.02 mg/kg. Mice in the vehicle control group were injected i.v. with
a mixture of PBS and CD3/BCMA/CD38 candidates reconstitution buffer.
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Three weeks post treatment start, CD3/BCMA/CD38-118 or -119 induced complete regression of KMS-12-
BM tumors inoculated with donor C PBMCs in 100% of the treated mice at the 0.5 mg/kg dose, similar to
the 83A10-TCBcv bispecific BCMA CD3 antibody, which lead to the regression of 87.5% of tumors (Figure
28A, top left). At a dose level of 0.1 mg/kg, both CD3/BCMA/CD38 candidates showed significantly higher
efficacy compared to 83A10-TCBcv (Figure 28A, top middle; Table 29). Treatment of NSG mice with a low
dose of 0.02 mg/kg CD3/BCMA/CD38 candidates or 83A10-TCBcv resulted in weak but statistically
significant inhibition of KMS-12-BM tumor growth compared to the vehicle control (Figure 28A, top right;
Table 29).

Following inoculation of donor D PBMCs, top doses of CD3/BCMA/CD38 candidates controlled tumor
progression similarly to 83A10-TCBcv. CD3/BCMA/CD38 candidates lead to partial control of KMS-12-BM
tumors with tumor regression seen in 50% of treated mice at the 0.5 mg/kg (Figure 28A, bottom left).
Treatment with CD3/BCMA/CD38 candidates or 83A10-TCBcv at either 0.1 or 0.02 mg/kg did not
significantly inhibit the growth of KMS-12-BM tumors in mice inoculated with PBMCs from donor D (Figure
28A, bottom middle and right; Table 29).

Donor C Donor D
Mean| 95.00% Adiusted Mean| 95.00% Adiusted
uste uste
Group comparison Diff. |Cl of diff.[Summary| ) Diff. |Cl of diff.Summary )
P Value P Value
(mm?) (mm?) (mm?®) (mm’)
Vehicle vs. 0.5 mg/kg 83A10- 363.4to 92.71to
g/ke 464.1 *#*x%k  1<0.0001|221.7 **xx  1<0.0001
TCBcv 564.8 350.7
Vehicle vs. 0.1 mg/kg 83A10- 222.9to -52.70 to
326.8 *#*x%k  1<0.0001]76.32 ns 0.6853
TCBcv 430.8 205.3
Vehicle vs. 0.02 mg/kg 83A10- 98.11to - |F133.5to
198.8 *¥*xx  1<0.0001 ns >0.9999
TCBcv 299.4 4.482| 124.5
Vehicle vs. 0.5 mg/kg 433.6to 1336 to
534.2 *#*xk 1<0.0001|262.6 **xx  1<0.0001
CD3/BCMA/CD38-118 634.9 391.6
Vehicle vs. 0.1 mg/kg 400.0 to -24.19to
500.6 *#*x%  1<0.0001]104.8 ns 0.2301
CD3/BCMA/CD38-118 601.3 233.8
Vehicle vs. 0.02 mg/k 140.3 to - |F151.9to
g/ke 241 *¥*xx  1<0.0001 ns >0.9999
CD3/BCMA/CD38-118 341.6 22.91| 106.1
Vehicle vs. 0.5 mg/k 449.2 to 102.1to
e/ke 549.8 *A%*1<0.0001(231.1 **x%  1<0.0001
CD3/BCMA/CD38-119 650.5 360.1
Vehicle vs. 0.1 mg/kg 381.5to -51.59 to
482.1 *#*xk 1<0.0001|77.43 ns 0.6668
CD3/BCMA/CD38-119 582.8 206.4
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Vehicle vs. 0.02 mg/kg 158.9 58.24to| ... <0001l -153.0to o 0.9999
CD3/BCMA/CD38-119 259.6 23.98| 105.0
0.5 mg/kg 83A10-TCBcv vs. 0.1 - |2379to| ., 00007 | -270.0to 0.0086
mg/kg EM-801 137.3| -36.61 145.4| -20.76
0.5 mg/kg 83A10-TCBcvvs. 0.02 | - |362.6to .., <0.0001| - -350.8t0| ... <0.0001
mg/kg EM-801 265.3| -168.1 226.2| -101.6
0.5 mg/kg 83A10-TCBcv vs. 0.5 2014 -27.10 to . 0.3979 |40.89 -83.75 to . 0.9897
mg/kg CD3/BCMA/CD38-118 167.4 165.5
0.5 mg/kg 83A10-TCBcv vs. 0.1 36.53 -60.72 to . 09736 | - -241.5to . 0.0877
mg/kg CD3/BCMA/CD38-118 133.8 116.9| 7.745
0.5 mg/kg 83A10-TCBcvvs.0.02 | - |3204to| .. <w.o001| -369.3to| .., <0.0001
mg/kg CD3/BCMA/CD38-118 |223.1| -125.9 244.6| -120.0
0.5 mg/kg 83A10-TCBcv vs. 0.5 g5 73 -11.52 to . 0.1392 9.382-115.3 to s |s0.9999
mg/kg CD3/BCMA/CD38-119 183.0 134.0
0.5 mg/kg 83A10-TCBcv vs. 0.1 18.03 -79.21to . 09999 | -268.9to 0.0096
mg/kg CD3/BCMA/CD38-119 115.3 144.3| -19.65
0.5 mg/kg 83A10-TCBcvvs. 0.02 | - |-402.4to| .. <w.o001| -3703to| ... <0.0001
mg/kg CD3/BCMA/CD38-119 |305.2| -208.0 245.7| -121.1
0.1mg/kg 83A10-TCBcvvs. 0.02 | - |-228.7to] 0.0024 | -80.8 -205.4 to . 0.5593
mg/kg EM-801 128.1| -27.42 43.84
0.1 mg/kg 83A10-TCBcv vs. 0.5 106.7 to 61.65 to
mg/kg CD3/BCMA/CD38-118 2074 308.1 T |<0.0001)186.3 310.9 | 0.0001
0.1 mg/kg 83A10-TCBcv vs. 0.1 173.8 73.13to| .., <0.0001 28.51-96.14 to . 0.9994
mg/kg CD3/BCMA/CD38-118 274.4 153.1
0.1 mg/kg 83A10-TCBcv vs.0.02 | - [-186.5t0 - |-223.9t0
mg/kg CD3/BCMA/CD38-118 |85.88| 14.77 ns 0.1726 99.23| 25.41 ns 0.2564
0.1 mg/kg 83A10-TCBcv vs. 0.5 593 1223t0| ... <0.0001 |154.8 30.14to| ., 0.0035
mg/kg CD3/BCMA/CD38-119 323.6 279.4
0.1 mg/kg 83A10-TCBcv vs. 0.1 1553 5464t0| ... <0.0001|1.107 -123.5to0 50,9999
mg/kg CD3/BCMA/CD38-119 255.9 125.7
0.1 mg/kg 83A10-TCBcvvs. 0.02 | - |-268.6to .. <0.0001| - -224.9to0 . 0.2424
mg/kg CD3/BCMA/CD38-119 |167.9| -67.29 100.3| 24.34
0.02 mg/kg 83A10-TCBcv vs. 0.5 3355 238.2to| .., <0.0001 l67 1 1425t ... <0.0001
mg/kg CD3/BCMA/CD38-118 432.7 391.7
0.02 mg/kg 83A10-TCBcv vs. 0.1 3019 2046t0| ... 0.0001 109.3-15.33 to . 0.1443
mg/kg CD3/BCMA/CD38-118 399.1 233.9
0.02 mg/kg 83A10-TCBcv vs. 0.02 42,19 -55.05 to . 09343 | -143.1to s |s0.9999
mg/kg CD3/BCMA/CD38-118 139.4 18.43| 106.2
0.02 mg/kg 83A10-TCBcv vs. 0.5 253.8 to 110.9 to
mg/kg CD3/BCMA/CD38-119 3511 448.3 T |<0.00011235.6 360.2 T |<0.0001
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0.02 mg/kg 83A10-TCBcv vs. 0.1 186.1to -42.73 to
283.4 *A%%1<0.0001(81.91 ns 0.5391
mg/kg CD3/BCMA/CD38-119 380.6 206.5
0.02 mg/kg 83A10-TCBcv vs. 0.02| - [137.1to -144.1to
ns 0.9536 [-19.5 ns >0.9999
mg/kg CD3/BCMA/CD38-119 (39.87| 57.37 105.1
0.5 mg/kg CD3/BCMA/CD38-118
- [F1309to - |-282.4to
vs. 0.1 mg/kg CD3/BCMA/CD38- ns 0.985 *x 0.0026
33.62| 63.63 157.8| -33.15
118
0.5 mg/kg CD3/BCMA/CD38-118
- |-390.5to - |-410.2to
vs. 0.02 mg/kg CD3/BCMA/CD38- *#x*k  1<0.0001 *#x%  1<0.0001
293.3| -196.0 285.5| -160.9
118
0.5 mg/kg CD3/BCMA/CD38-118
-81.66 to - |-F156.2to
vs. 0.5 mg/kg CD3/BCMA/CD38- |15.58 ns >0.9999 ns 0.9986
112.8 31.51 93.13
119
0.5 mg/kg CD3/BCMA/CD38-118
- [F1494to - |-309.8 to
vs. 0.1 mg/kg CD3/BCMA/CD38- ns 0.7957 ok 0.0001
52.11| 45.13 185.2| -60.55
119
0.5 mg/kg CD3/BCMA/CD38-118
- 472610 - |F411.2to
vs. 0.02 mg/kg CD3/BCMA/CD38- *#x*k  1<0.0001 *#x%  1<0.0001
375.3| -278.1 286.6| -162.0
119
0.1 mg/kg CD3/BCMA/CD38-118
- |-356.9to - |-252.4to
vs. 0.02 mg/kg CD3/BCMA/CD38- *#x*k  1<0.0001 * 0.0394
259.7| -162.4 127.7| -3.092
118
0.1 mg/kg CD3/BCMA/CD38-118
-48.04 to 1.637 to
vs. 0.5 mg/kg CD3/BCMA/CD38- | 49.2 ns 0.8459 (126.3 * 0.0441
146.4 250.9
119
0.1 mg/kg CD3/BCMA/CD38-118
- [F115.7 to -152.0to
vs. 0.1 mg/kg CD3/BCMA/CD38- ns 0.9999 |-27.4 ns 0.9995
18.49| 78.75 97.24
119
0.1 mg/kg CD3/BCMA/CD38-118
- |-439.0to - |-253.4to
vs. 0.02 mg/kg CD3/BCMA/CD38- *#x*k  1<0.0001 * 0.0362
341.7| -244.5 128.8| -4.163
119
0.02 mg/kg CD3/BCMA/CD38-118
211.6to 1294 to
vs. 0.5 mg/kg CD3/BCMA/CD38- |308.9 *A%%1<0.0001| 254 **x%  1<0.0001
406.1 378.7
119
0.02 mg/kg CD3/BCMA/CD38-118
143.9to -24.31to
vs. 0.1 mg/kg CD3/BCMA/CD38- |241.2 **%% 1<0.0001(100.3 ns 0.2419
338.4 225.0
119
0.02 mg/kg CD3/BCMA/CD38-118
- [F1179.3 to - |F125.7 to
vs. 0.02 mg/kg CD3/BCMA/CD38- ns 0.1848 ns >0.9999
82.06| 15.18 1.071| 123.6

119
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0.5 mg/kg CD3/BCMA/CD38-119
- [F164.9to - |-278.3 to
vs. 0.1 mg/kg CD3/BCMA/CD38- ns 0.4519 *x 0.0039
67.69| 29.55 153.7| -29.04
119
0.5 mg/kg CD3/BCMA/CD38-119
- |-488.2to - |-379.7 to
vs. 0.02 mg/kg CD3/BCMA/CD38- *#x*k  1<0.0001 *#x%  1<0.0001
390.9| -293.7 255.1| -130.4
119
0.1 mg/kg CD3/BCMA/CD38-119
- |-420.5to - |-226.0to
vs. 0.02 mg/kg CD3/BCMA/CD38- *#x*k  1<0.0001 ns 0.2284
119 323.2| -226.0 101.4| 23.24

Table 29. Statistical analysis of Figure 28 (A). Differences in tumor volume were determined using a two-
way analysis of variance (ANOVA) with Tukey’s multiple comparison test, n = 8 mice per group. P value
<0.05 was considered statistically significant, with the level of significancy represented by asterisks as

followed: ns p> 0.05; * p<0.05; ** p<0.01; *** p<0.001; **** p<0.0001.

Lower tumor inhibition observed in mice inoculated with donor D PBMCs was not due to lower serum
antibody concentrations, given that trough concentrations were 1.2 to 1.9-fold higher compared to donor
C inoculated mice (Figure 28B). Serum levels at 0.5 mg/kg dosing of CD3/BCMA/CD38 candidates were
determined on day 23 or 30 at around 3000 ng/ml (Figure 28B), similarly to 83A10-TCBcv levels. Dose to
exposure of CD3/BCMA/CD38 candidates molecule was not linear between 0.5 and 0.1 mg/kg dosing with
9 to 20-fold reduced serum concentrations at 0.1 mg/kg one week after the 2" or 3™ dose (Figure 28B).
Dosing at 0.02 mg/kg resulted in poor PK exposure of CD3/BCMA/CD38 candidates compared to the 0.5

mg/kg dose with low serum concentrations of around 30 ng/ml.

In summary, these data show that CD3/BCMA/CD38 candidates controlled KMS-12-BM tumor growth in
a dose dependent manner with superior killing potency to benchmark 83A10-TCBcv (a published
CD3xBCMA engager, ref: Seckinger et al.) when used as a therapeutic treatment in a human myeloma
xenograft model in NSG mice. At dose levels of 0.5 mg/kg, CD3/BCMA/CD38 candidates induced complete
regression of established KMS-12-BM tumors in 62.5 % of mice in a therapeutic setting (pool of donor C

and D data).

The in vivo efficacy of CD3/BCMA/CD38 candidates at 0.5 mg/kg was re-evaluated in a separate
experiment in which a CD3 dummy control (CD3/BCMA/CD38-122 — lacking the CD38 and BCMA binding
arms) was included (Figure 29). Human myeloma KMS-12-BM tumor cells were injected subcutaneously
(s.c.) in NSG mice (1 x 107 cells) and inoculated intraperitoneally (i.p) with human PBMCs from 2 healthy

human donors C and D on the same day (1 x 107 cells). Mice were randomized 8 days after tumor cell
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injection when the average tumor volume reached 120 mm? in various treatment groups of PBMCs
injected from donor C (n = 8) and D (n = 8). Therapeutic treatments of CD3/BCMA/CD38 candidates or
83A10-TCBcv were injected intravenously (i.v.) on days 0, 7 and 14 at 0.5 mg/kg. Mice in the vehicle
control group were injected i.v. with a mixture of PBS and CD3/BCMA/CD38 candidates reconstitution

buffer.

As previously observed, three weeks post treatment start, CD3/BCMA/CD38-118 and -119 induced
complete regression of KMS-12-BM tumors inoculated with donor C PBMCs in 100% and 87.5% of treated
mice, respectively. Similarly, 83A10-TCBcv bispecific BCMA CD3 antibody led to the regression of 75% of
tumors (Figure 28A, left). Upon inoculation of donor D PBMCs, CD3/BCMA/CD38 candidates partially
controlled KMS-12-BM tumors, with tumor regression seen in 37.5 to 50% of treated mice. Treatment
with 83A10-TCBcv induced significantly lower tumor regression (25% of treated mice) (Figure 28A, right;
Table 30). Finally, administration of CD3/BCMA/CD38-122 at 0.5 mg/kg showed no control of KMS-12-BM
tumor progression (similar to vehicle treated mice) in both PBMC donors (Figure 28A), demonstrating that

the target antigen binding arms are crucial for the tumor killing efficacy of CD3/BCMA/CD38 candidates.

Serum concentrations of CD3/BCMA/CD38 candidates or 83A10-TCBcv were determined on day 6 at
around 2000 ng/ml (Donor C) and around 3000 ng/ml (Donor D) in similar levels across all treatment
groups (Figure 28B). Therefore, CD3/BCMA/CD38 candidates outperform 83A10-TCBcv in the control of

KMS-12-BM tumors (donor D), despite having similar trough exposures.

Donor C Donor D
Mean | 95.00% CI . Mean | 95.00% ClI .
. . . Adjusted P| . . Adjusted P
Group comparison Diff. | of diff. [Summary Diff. | of diff. [Summary|
3 3 Value 3 3 Value
(mm?)|  (mm°) (mm?)|  (mm°)
. 408.4 to 35.54 to
Vehicle vs. 83A10-TCBcv| 462.3 ok kK <0.0001 |148.6 *ok 0.0033
516.3 261.6
Vehicle vs. 428.7 to 158.2 to
482.6 ok kK <0.0001 |271.2 ok kK <0.0001
CD3/BCMA/CD38-118 536.5 384.3
Vehicle vs. 385.1to 250.7 to
439 ok kK <0.0001 |363.7 ok kK <0.0001
CD3/BCMA/CD38-119 492.9 476.8
Vehicle vs. -50.44 to -79.56 to
3.498 ns 0.9998 |33.49 ns 0.927
CD3/BCMA/CD38 122 57.43 146.5
83A10-TCBcv vs. -33.66 to 9.613 to
20.28 ns 0.8413 |122.7 * 0.0258
CD3/BCMA/CD38-118 74.22 235.7
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83A10-TCBcv vs. -77.27 to 102.1 to
-23.33 ns 0.76 215.2 HAAE <0.0001
CD3/BCMA/CD38-119 30.61 328.2
83A10-TCBcv vs. -512.8 to - -228.1to -
-458.8 ok <0.0001 |-1151 * 0.0437
CD3/BCMA/CD38_122 404.9 2.045
CD3/BCMA/CD38-118
-97.55to -20.55to
vs. CD3/BCMA/CD38- |-43.61 ns 0.1761 | 92.5 ns 0.1665
10.33 205.5
119
CD3/BCMA/CD38-118 £33.0t 350.8
- .Uto - - 010 -
VS, -479.1 HAAE <0.0001 |-237.8 HAAE <0.0001
425.2 124.7
CD3/BCMA/CD38_122
CD3/BCMA/CD38-119 4894t 4433t
- 410 - - 210 -
VS, -435.5 HAAE <0.0001 |-330.3 HAAE <0.0001
381.6 217.2
CD3/BCMA/CD38_122

Table 30. Statistical analysis of Figure 29 (A). Differences in tumor volume were determined using a two-
way analysis of variance (ANOVA) with Tukey's multiple comparison test, n = 8 mice per group. P value
<0.05 was considered statistically significant, with the level of significancy represented by asterisks as

followed: ns p= 0.05; * p<0.05; ** p<0.01; *** p<0.001; **** p<0.0001.

To understand the mechanistic action of CD3/BCMA/CD38 candidates, immune cell profiling (ICP) was
performed early post treatment (Figure 30). Mice tumors and spleens were harvested at day 2 and day 6
following a single dose of molecules at 0.5 mg/kg and FACS analysis was performed (n = 2-3 mice / group
/ timepoint). At either day 2 or day 6 post dosing, treatment with CD3/BCMA/CD38-118,
CD3/BCMA/CD38-119 or 83A10-TCBcv resulted in a selective infiltration of human TCRap* cells (surrogate
marker for CD3 T cells) in the tumor microenvironment compared to the vehicle or CD3/BCMA/CD38-122
treated groups (Figure 30A). The extent of TCRa* cell infiltration varied between PBMC donors, with
mice inoculated with donor C, which showed the highest tumor growth inhibition also showing highest
degree of T cell infiltration in the tumor (Figure 30A, top). Treatment with CD3/BCMA/CD38-122 did not
induce increased presence of TCRap* cells in the tumor, demonstrating that binding to CD3 only is not
sufficient to increase tumor infiltration of T cells. The numbers of infiltrating T cells per gram of tumor
were also increased in mice inoculated with donor C upon treatment with CD3/BCMA/CD38 candidates
(20 and 100-fold increase compared to control treated groups at day 2 and 6, respectively) (Figure 30B).
This data showed that T cell engager efficacy (CD3/BCMA/CD38 candidates or 83A10-TCBcv) correlates

with the degree of T cell infiltration within the tumor microenvironment.
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At day 2 post single dose, tumor infiltrating CD8* T cells showed higher expression of human CD69 and
human CD25 (T cell activation markers) in mice treated with CD3/BCMA/CD38 candidates or 83A10-TCBcv,
compared to vehicle or CD3/BCMA/CD38-122 treated groups (Figure 30C and Figure 30D, top). Intratumor
T cell activation was mostly observed in mice inoculated with donor C PBMCs, showing that the treatment
efficacy of CD3/BCMA/CD38 candidates also correlate with greater T cell activation status within the
tumor. In addition, CD8* T cells found in the periphery (spleen) at day 2 showed little to no expression of
the activation markers CD69 and CD25 (Figure 30D, bottom), thus no evidence for systemic T cell

activation was observed.

Finally, the immune cell profiling FACS data was corroborated with cytokine analysis in the tumor
supernatant using Luminex assay (Figure 31). Consistent with intratumor T cell activation, human IFN-y
and TNF-a were specifically induced in the tumor by T cell engagers at both day 2 and 6 post first dose, to
alarger extent in donor C inoculated mice (Figure 31, top). In addition, perforin and granzymes (cytotoxic
molecules) were also elevated in the tumor at day 6, especially in mice inoculated with donor C PBMCs
(Figure 31, middle and bottom). This data indicates that CD3/BCMA/CD38 candidates or 83A10-TCBcv

substantially induce secretion of human cytotoxic cytokines in the tumor microenvironment.

In conclusion, the degree of efficacy of CD3/BCMA/CD38 candidates (0.5 mg/kg) in KMS-12-BM tumor
control correlated with the degree of T cell infiltration and activation status within the tumor
microenvironment. No evidence for systemic T cell activation could be observed 2 days following first
dose suggesting that on target binding to BCMA/CD38 expressing cells is required to activate T cells in
vivo. These in vivo data demonstrate that CD3/BCMA/CD38 candidates possess a potent cytotoxic

potential against CD38 and BCMA low expressing tumor cells.

Example 21: PK of CD3/BCMA/CD38-118 and CD3/BCMA/CD38-119 in TG32/SCID mice

Material and Methods

Animal husbandry and blood sampling

In vivo experiments were performed at Jackson laboratories (Bar Harbor, Maine, USA) in accordance to
JAX IACUC protocols. TG32/SCID refers to B6.Cg-Fcgrttm1Dcr Prkdcscid Tg(FCGRT)32Dcr/Derl (Tg32 SCID,
JAX stock# 018441.
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ELISA assay

25 plL blood samples were collected from each mouse according to the bleeding schedule shown in the
table below at 5m, 1d, 3d, 5d, 7d, 10d, 14d, 17d, 21d, 24d, and 28d. The blood samples were collected
into 1 uL KsEDTA, processed to plasma, diluted 1/10 in 50% glycerol in PBS, transferred into specialized 96
well storage plates, and stored at -20°C. All plasma samples were assessed via Mabtech (3850-1AD-6) hlgG

Fc ELISA to quantify human IgG Fc activity.

PK calculations

All PK calculations were performed using Phoenix WinNonLin (Certara, USA). Statistical analysis and

graphing was conducted using GraphPad Prism 9 software.

Results and conclusions

The in vivo PK of CD3/BCMA/CD38-118 and CD3/BCMA/CD38-119 was evaluated in TG32/SCID mice
expressing human neonatal Fc receptors (FcRn). Blood samples were collected for 4 weeks and analyzed
for TREAT concentration. Both TREATSs had similar PK profiles with distribution and elimination (see Figure
32 broadly comparable. When PK parameters were calculated both had elimination half-lives in excess of
one week in this model (Table 31). Based on this data both TREATSs interact with human FcRn to give

elimination half-lives supportive of weekly dosing.

Molecule Half-Life (days) Cmax (pg/ml) | AUC (pg.days/ml)
CD3/BCMA/CD38-118 7.6+0.9 95+ 26 41775
CD3/BCMA/CD38-119 8317 132+ 26 529179

Table 31. Pharmacokinetic Parameters of CD3/BCMA/CD38-118 and CD3/BCMA/CD38-119 in TG32 SCID
mice. TG32 SCID mice were injected IV with a single dose of CD3/BCMA/CD38-118 and CD3/BCMA/CD38-
119 at 5mg/kg and plasma evaluated for TREAT concentration. PK parameters are reported as mean +/-

SD of 6 mice.
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Example 22: Further characterization of CD3/BCMA/CD38 antibodies

Example 22 (a): Expression and characterization of additional control molecules for the characterization

of CD3/BCMA/CD38 TREATS

Materials and Methods

Alnuctamab (batch pALB205 and P2078) expression and purification

For alnuctamab batch pALB205 (Recommended INN: List 85; WHO Drug Information, Vol. 35, No. 1, 2021),
filtered and conditioned supernatant obtained as detailed in example 3 was incubated with
mAbSelectSURE resin (Cytiva life sciences) overnight at 4°C with stirring. After incubation, bound proteins
were washed with 10 column volumes (CVs) of PBS pH 7.4, followed by elution in 100 mM Glycine pH 3.0.
The resulting eluate was further purified by Cation Exchange Chromatography. The HiTrap HP SP column
(1 mL bed volume) was pre-equilibrated in 50 mM sodium acetate buffer pH 5.5 and operated on an AKTA
pure™ chromatography system (both column and instrument from Cytiva Life Sciences) at a flow rate of
1 ml/min. The protein A eluate was diluted in 50 mM sodium acetate pH 5.5 prior to injection onto the
column. Elution was thereafter performed using a linear gradient from 0 to 250 mM Nacl in sodium
acetate 50 mM, pH 5.5 over 30 CVs. Selected fractions from the cation exchange eluate corresponding to
alnuctamab as judged by SDS-PAGE were pooled and further purified by Size Exclusion Chromatography
on a Hiload Superdex 200 16-60 PrepGrade column operated in PBS, pH 7.4 on AKTA pure™
chromatography system (both column and instrument from Cytiva Life Sciences). Fractions corresponding
to the main peak were pooled and analyzed as previously described for other recombinant antibody

constructs.

For alnuctamab batch P2078 (Recommended INN: List 85; WHO Drug Information, Vol. 35, No. 1, 2021),
protein A magnetic beads (GenScript Protein A Magnetic Beads) were added to the culture one day prior
to the harvest and incubated overnight at 32°C under appropriate agitation. Beads were collected using a
magnetic wand (AmMag™ Wand Sleeve D12) and placed on a magnetic separation stand. The beads were
first washed in 1X PBS, pH 7.4 until all visible cell debris are removed and the proteins were eluted with a
step elution protocol, using sequentially 50 mM sodium acetate pH 4.1. The PA eluate was neutralized by
adding 5% (v/v) of 1M Tris-HCl, pH 8.0 and further purified by cation exchange chromatography (CEX). A
two-step chromatography sequence was used. In a first step, desalting column (HiPrep 26/10 desalting,
Cytiva) was used for buffer exchange. After equilibration of the desalting column with 50 mM sodium

acetate buffer pH 5.5, purified antibodies were injected onto the column. Then automated monitoring of
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the UV signal together with the used of the versatile valve VOH-V was used to specifically inject antibodies
to an Hitrap HP SP cation exchange chromatography column (5 mL bed volume, Cytiva). After complete
loading of the sample, the CEX chromatography was performed using a linear gradient from 0 to 300 mM
NaCl in sodium acetate 50 mM, pH 5.5 over 40 CVs. Collected fractions were analyzed by SE-HPLC and
selected based on apparent purity. Fractions of interest were then pooled and buffer exchanged in 5 mM
Histidine, 4% sucrose (w/v) pH 6.0 and 0.01% Tween 80 (v/v). The purified antibodies were stored at -80°C

after sterile filtration on 0.2 um filter.

Teclistamab production (batch pALB203 and P2095) purification

Teclistamab (Recommended INN: List 82, WHO Drug Information, Vol. 33, No. 3, 2019) was expressed as
two separate monoclonal antibodies binding BCMA or CD3 and further reconstituted as described
previously (Labrijn et al., Nat. Prot, 2014,9(10):2450-63). After reconstitution of the bispecific antibody,
the latter was further purified, transferred to appropriate buffers, and characterized as described in

Example 3 for all other antibody-based constructs.

Additional control molecules in TREAT format purification

Control molecules described in this example were produced according to the protocol detailed in Example
3. Control molecules according to the sequence combinations detailed in Table 32 were additionally
tested. Here an irrelevant binder was used, dubbed G6DU, in place of the CD3, BCMA or CD38 binding
arms or in place of either combination of two binding arms as detailed in Table 33. Other controls included
bispecific antibodies targeting BCMA and CD3 but not CD38 with two different BCMA binders used in

trispecific antibodies. All these additional controls were dialyzed to Histidine, 25 mM, 150 mM NaCl, pH

6.0.
CD3/BCMA/CD38_ Chain 1 Chain 2 Chain 3
147 SEQ ID NO: 548 SEQ ID NO: 553 SEQIDNO:1
149 SEQ ID NO: 546 SEQ. ID NO: 555 SEQIDNO:1
150 SEQ ID NO: 548 SEQ. ID NO: 555 SEQIDNO:1
151 SEQ ID NO: 528 SEQ. ID NO: 547 SEQIDNO:1
156 SEQ ID NO: 548 SEQ ID NO: 529 SEQIDNO:1
157 SEQ ID NO: 546 SEQ ID NO: 529 SEQIDNO:1
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158 SEQ ID NO: 528 SEQ.ID NO: 553 SEQIDNO:1
Table 32: SEQ ID of CD3/BCMA/CD38 control antibodies.

Results and conclusions

Production and characterization of alnuctamab and teclistamab

Alnuctamab is a CD3xBCMA bispecific in a 2+1 format, based on an Fc with L234A/1235A/P329G (EU
numbering) mutations. Alnuctamab was produced in CHO cells with plasmid DNA encoding the four chains
as identified in the International Non-Proprietary Nomenclature List (Recommended INN: List 85; WHO
Drug Information, Vol. 35, No. 1, 2021). Following three steps of purification by protein A, Cation Exchange
Chromatography and Size Exclusion Chromatography (for batch pALB205 only), batch pALB205 and batch
P2078 of alnuctamab had a purity of 94.6% and 96.43%, respectively, as judged by SE-HPLC.

Teclistamab is a CD3xBCMA bispecific based on the 1gG4-F234A/1L235A/5228P (EU numbering) Fc and was
produced first as two separate mAbs in CHO cells with plasmid DNA encoding the heavy and light chains
of the BCMA- and CD3-binding arm, respectively and identified in the International Non-Proprietary
Nomenclature List (Recommended INN: List 82, WHO Drug Information, Vol. 33, No. 3, 2019). The
bispecific antibody was reconstituted as previously described (Labrijn et al., Nat. Prot, 2014,9(10):2450-
63) following protein A purification. After a subsequent purification step by Cation Exchange
Chromatography, batch pALB203 and batch P2095 of teclistamab had a purity of 98.8% and 99.51%, as
judged by SE-HPLC.

Production and characterization of additional control molecules for CD3/BCMA/CD38 TREATs
characterization

Additional control antibodies in the TREAT format according to Table 32 were designed and successfully
produced in CHO-S cells and displayed percentages of main peak in SE-HPLC ranging from between 95.90-

99.22% post-purification (Table 33). Other controls further used in this example have been described in

Example 12.
CD3/BCMA/CD38- 147 149 150 151 156 157 158
BATCH ID P1936 | pTHM145 | pTHM146 | pARE312 | pTHM147 | pTHM148 | pTHM149

CD3 binder or

G6DU C1-D6 C1-D6 C1-D6 G6DU G6DU G6DU
dummy
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CD38 binder or
B3 B3-C11 B3 G6DU B3 B3-C11 G6DU
dummy
BCMA binder or E6-G6- E6-G6- E6-G6-
G6DU G6DU G6DU G6DU
dummy N82as N82aS N82as
yield (mg/L) 26 27.2 473 24.5 57.8 44.1 52.2
Final Purity (%
98.91 97.15 98.18 99.22 98.2 96.89 95.90
monomer)

Table 33: Description and characterization of control molecules used to characterize CD3/BCMA/CD38

molecules.

All additional controls were deemed of suitable quality for further use in in vitro characterization of

CD3/BCMA/CD38 antibodies.

Example 22 {b): Multiple myeloma cell lines express various levels of CD38 and BCMA

Material and methods

Generation of pools of BCMA and CD38 knockout (KO) NCI-H929 cells

The NCI-H929 BCMA KO and CD38 KO cell lines were derived from original NCI-H929 cells (95050415, lot
17A027, Sigma from ECACC) by targeting the first exon of the BCMA gene or CD38 gene using clustered
regularly interspaced short palindromic repeats (CRISPR)/Cas9 technology, as described by Ran et al [Ran
et al., 2013, Cell, 154: 1380-1389]. The NCI-H929 cell line was transfected using 4D-Nucleofector (Lonza)
following the manufacturer’s recommendation. Following transfection, the cells were stained with anti-
BCMA antibody (269-020, Ancell) or CD38 antibody (12-0389-42, HIT2 clone, eBioscience) and knock-out
cells were sorted using Melody FACS sorter (BD) to generate a pool of knock-out cells. The lack of BCMA
or CD38 expression was further verified by Flow Cytometry using Qifikit (DAKO, catalog NO: K007811-8)
and mapping breakpoint analysis using TA-cloning and Sanger sequencing and ICE-Synthego analysis

software.

Characterization of multiple myeloma cell lines and primary T cells using specific Antibody Binding Capacity
assay

Expression levels of human CD38 and human BCMA on cell surface were determined using QIFIKIT flow
cytometry (DAKO) according to the manufacturer’s instructions. This method allows the quantification of
antigenic sites on cell surface by providing an antibody binding per cell value. Mouse anti-human CD38
(Clone HIT2), anti-human BCMA (Clone ANC3B1) and mouse isotype Immunoglobulin (Ig) G1 were used
as primary antibodies on KMS-12-BM, MOLP-8, NCI-H929, NCI-H929 CD38 KO and NCI-H929 BCMA KO cell
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lines. One hundred thousand cells per well were stained with primary antibodies at saturating
concentration and after incubation and washes, were then incubated with the secondary anti-mouse Ig-
FITC antibody, at a saturating concentration as well as the beads for the calibration curve. Samples were
acquired on a flow-cytometer (Cytoflex) and data were analyzed with Flow cytometry software

(CytExpert) according to the manufacturer’s instructions.

Results and conclusions

The expression of BCMA and CD38 on the evaluated cancer cell lines was in agreement with published
data showing that myeloma cells express BCMA as well as CD38 as described by Uhlen et al [Uhlen et al.,
2017, Science, 357(6352):eaan2507]. CD38 and BCMA levels for KMS-12-BM, MOLP-8 and NCI-H929 were
consistent across experiments. NCI-H929 CD38 KO cells express BCMA (51x10% sABC) but do not express
CD38. NCI H929 BCMA KO cells express CD38 (26x10° sABC) and do not express detectable levels of BCMA.
The relative expression of CD3 and CD38 was also determined on human isolated primary human T cells
which expressed high levels of CD3 (67x10° sABC), low levels of CD38 (1.8x10° sABC) and no detectable
levels of BCMA.

The mean and standard deviation of sABC values for each cell line are summarized in the Table 34.

cell i Mean CD38 sABC Mean BCMA Mean CD3 sABC Nomenclature for
ell line
+SD 10° SABC +SD 10° +SD 10° example
KMS-12-BM 282 9+0.2 Not applicable BCMA+CD38+
NCI-H929 85119 52+13 Not applicable BCMA++CD38++
MOLP-8 512+ 184 3.2+0.4 Not applicable BCMAlIowCD38+++
NCI-H929 BCMA .
KO 264 BLQ Not applicable BCMA-CD38++
NCI-H929 CD38 .
KO BLQ 51+12 Not applicable BCMA++CD38-
Human T cells 1.8+0.7 Not applicable 66.9+43 Not applicable

Table 34: All cell lines and primary T cells express CD38 and BCMA levels aligned with literature. The table
shows sABC values determined by Flow Cytometry experiments. Each value is the mean +/- standard
deviation of three to six measurements from three independent experiments. BLQ stands for Below limit
of quantification, SD, for standard deviation, MM, for multiple myeloma. Not applicable stands for that it

has not been measured.
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Example 22 (c): CD3/BCMA/CD38-118 and CD3xBCMA benchmarks bind to human primary CD38-

negative T cells

Material and methods

Binding to human primary T cells

Human PBMCs were harvested from buffy coats obtained from La Chaux-de-Fonds/Bern (Switzerland)
Transfusion Center using Ficoll density gradient isolation. T cells were isolated (StemCell Technologies,
17951) from PBMCs and frozen in CryoStor10 cell freezing medium (StemCell, #07930). Cells were thawed
in pre-warmed complete RPMI medium (RPMI supplemented with 10% heat inactivated fetal calf serum,
1% L-Glutamine, 1% Non-essential Amino Acids, 1% Sodium Pyruvate, and 1% Penicillin/Streptomycin)
and rested overnight at 1.5 x 10° cells/ml. Cells were plated at 1 x 10° cells/well in 96-well round-bottom
plates. The plates were centrifuged at 350g for 3 min at 4 °C and cells washed twice with DPBS. Cells were
resuspended in 25 pl of LIVE/DEAD Fixable Near-IR Dead Cell Stain (ThermoFisher Scientific, L34976)
diluted at 1/1'000 in DPBS and incubated 20 min at 4°C. After two washes in FACS buffer with azide, the
cells were resuspended in 100 pl of cold FACS buffer containing serial dilutions of CD3/BCMA/CD38-118,
benchmarks (83A10-TCBcv, alnuctamab, teclistamab) and control antibodies (CD3/BCMA/CD38-85
(negative control irrelevant TREAT)) starting from 800 nM and diluted by 3. Cells were incubated for 30
min at 4 °C, then washed twice with FACS buffer at 350g for 3 min, resuspended in 50 pl of a cocktail of
monoclonal anti-human IgG PE secondary antibody (Biolegend, 366904) and co-staining antibodies for
human CD38 (Anti-CD38 FITC multi-epitope, Cytognos, CYT-38F2) diluted respectively 1/50 and 1/10 in
FACS buffer and incubated 20 min at 4°C. Cells were then washed twice and resuspended in 25 pl of FACS
buffer with azide. Samples were acquired on an iQue Screener Plus instrument (IntelliCyt). Cells were
gated based on size on FSC vs SSC and debris, doublets and dead cells were excluded. Finally, viable cells
were gated on CD38- T cells. The population was analyzed for PE-geometric mean (geomean) fluorescence
intensity (MFI) using iQue Forecyt® software. Only samples showing at least 2’000 cells in final gate were
considered in the further steps of the analysis. Relative geometric mean fluorescence intensity (RFIl) was
calculated per donor by subtracting the mean of MFI of the negative control from the MFI of the sample
at each dilution. RFl values were finally plotted using Prism software (GraphPad). Equilibrium dissociation
constant values (Kp) and maximum binding were determined by using one-site binding curve fitting on
non-transformed data (Prism). The RFI was plotted using Prism software (GraphPad) as depicted in Figure
33. Kp and maximum binding values are summarized in Table 35. Two independent experiments were

performed.
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Results and conclusions

The binding curves of CD3/BCMA/CD38-118 and benchmarks on primary human CD38- T cells are shown
in Figure 33 and associated Equilibrium dissociation constant (Kp) values in Table 35 together with
maximum binding. CD3/BCMA/CD38-118 displayed lower maximum binding on CD38- T cells compared
to CD3xBCMA benchmarks 83A10-TCBcv, alnuctamab and teclistamab whereas CD3/BCMA/CD38-118
showed a binding affinity of 160 nM, similar to 83A10-TCBcv (155 nM), lower compared to alnuctamab
(252 nM) and higher compared to teclistamab (18 nM).

Maximum binding
Molecule 5 Kp (nM)
(10° RF1)
83A10-TCBcv 155+ 18 155 + 29
alnuctamab 153 £33 252 +25
teclistamab 258 + 38 18+2
CD3/BCMA/CD38-118 185 160 + 36

Table 35: CD3/BCMA/CD38-118 binds to human CD38 negative T cells. The table shows Ky in nM and
maximum binding (Relative Fluorescence Intensity, RFl) values on CD38- T cells determined by Flow
Cytometry experiments. Each value is the mean +/- standard deviation of five to six T cell donors from two

independent experiments.

Example 22 (d): CD3/BCMA/CD38-118 and CD3xBCMA benchmarks and control binding to multiple
myeloma and BCMA- or CD38-knockout (KO) cell lines

Material and methods

Binding to multiple myeloma and BCMA- or CD38-knockout (KO) cell lines

To evaluate how CD3/BCMA/CD38-118 binds to BCMA and CD38 compared to CD3xBCMA benchmarks
(83A10-TCBcv, alnuctamab, teclistamab) and assess the avidity effect when two tumor associated
antigens are targeted, cell-based affinity assays were conducted on cell lines displaying variable

expression of CD38 and BCMA or lacking one of the antigens (KO cell lines).

NCI-H929 wild-type (WT) (Sigma, 95050415, lot 17A027), NCI-H929 BCMA KO (derived from Sigma,
95050415, lot 17A027), NCI-H929 CD38 KO (derived from Sigma, 95050415, lot 17A027), MOLP-8 (DSMZ,
ACC 569, lot 14) and KMS-12-BM (DSMZ, ACC 551, lot 9) were plated at 1 x 10° cells/well in 96-well round-

bottom plates. The plates were centrifuged at 350g for 3 min at 4 °C and cells washed twice with DPBS.
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Cells were resuspended in 25 pl of LIVE/DEAD Fixable Near-IR Dead Cell Stain {ThermoFisher Scientific,
L34976) diluted at 1/1'000 in DPBS and incubated 20 min at 4°C. After two washes in FACS buffer with
azide, the cells were resuspended in 100 pl of cold FACS buffer containing serial dilutions of
CD3/BCMA/CD38-118, benchmarks (83A10-TCBcv, alnuctamab, teclistamab) and control antibodies
(CD3/BCMA/CD38-85 (negative control irrelevant TREAT), CD3/BCMA/CD38-149 (C1-D6/irrelevant binder
G6DU/B3-C11 or CD3/DU/CD38) and CD3/BCMA/CD38-151 (C1-D6/E6-G6/irrelevant binder G6DU or
CD3/BCMA/DU)) starting from 800 nM (except for alnuctamab, starting dose was 266 nM) and diluted by
3. Cells were incubated for 30 min at 4 °C, then washed twice with FACS buffer at 350g for 3 min,
resuspended in 50 pl of a monoclonal anti-human 1gG APC secondary antibody (Biolegend, 366906)
diluted 1/400 in FACS buffer with azide and incubated 20 min at 4°C. Cells were then washed twice and
resuspended in 25 pl of FACS buffer with azide. Samples were acquired on an iQue Screener Plus
instrument (IntelliCyt). Cells were gated based on size on FSC vs SSC and debris, doublets and dead cells
were excluded. Population was analyzed for APC-geometric mean (geomean) fluorescence intensity (MFI)
using iQue Forecyt’ software. Only samples showing at least 2’000 cells in final gate were considered in
the further steps of the analysis. Relative geometric mean fluorescence intensity (RFI) was calculated by
subtracting the MFI of the negative control from the MFI of the sample at each dilution. RFI values were
finally plotted using Prism software (GraphPad). Equilibrium dissociation constant values (Kp) and
maximum binding were determined by using one-site binding curve fitting on non-transformed data
(Prism). The RFI was plotted using Prism software (GraphPad) as depicted in Figure 34 and Figure 35. Kp
and maximum binding values are summarized in Table 36 and Table 37. Three independent experiments

were performed.

Results and conclusions

Results in Figure 34 show the binding curves of CD3/BCMA/CD38-118 and benchmarks on multiple
myeloma cell lines displaying variable expression of CD38 and BCMA (A: KMS-12-BM, B: MOLP-8, C: NCI-
H929 WT, D: NCI-H929 BCMA KO, E: NCI-H929 CD38 KO). Associated Kp values and maximum binding are

reported in Table 36.

CD3/BCMA/CD38-118 displayed superior maximum binding on all cell lines compared to CD3xBCMA
benchmarks 83A10-TCBcv, alnuctamab and teclistamab. On the KMS-12-BM cell line (characterized as
BCMA and CD38 low-expressing cells), the maximum binding of CD3/BCMA/CD38-118 was 5.3-, 5.3- and

4.1-fold higher compared to 83A10-TCBcyv, alnuctamab and teclistamab respectively. On the MOLP-8 cell
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line (characterized as BCMA low- and CD38 high-expressing cells), CD3/BCMA/CD38-118 displayed 203-,
354, 110-fold higher maximum binding compared to 83A10-TCBcv, alnuctamab and teclistamab. On the
NCI-H929 WT cell line (characterized as BCMA and CD38 medium-expressing cells), the maximum binding
of CD3/BCMA/CD38-118 was 2.0-, 2.4-, 1.8-fold higher compared to the CD3xBCMA benchmarks 83A10-
TCBcv, alnuctamab and teclistamab. On the NCI-H929 BCMA KO cell line (characterized as BCMA negative
and CD38 medium-expressing cells), 83A10-TCBcv, alnuctamab and teclistamab displayed no-to-minimal
binding (< 2000 RFI) whereas candidate CD3/BCMA/CD38-118 showed a maximum binding of 4’611 RFI.
On the NCI-H929 CD38 KO cell line (characterized as CD38 negative and BCMA medium-expressing cells),
the increase in maximum binding compared to 83A10-TCBcv, alnuctamab and teclistamab was 2.0-, 2.2-,

1.7-fold for CD3/BCMA/CD38-118.

CD3/BCMA/CD38-118 candidate displayed a strong binding affinity in the low nanomolar range with a Kp
of 6.1 nM on KMS-12-BM. 83A10-TCBcv and alnuctamab displayed the same range of binding as
CD3/BCMA/CD38-118 to KMS-12-BM with Kp values of 2.3 and 3.9 nM. On the NCI-H929 cell line,
CD3/BCMA/CD38 showed a binding affinity of 4.8 nM, similar to 83A10-TCBcv (2.7 nM) and alnuctamab
(6.0 nM). On MOLP-8, while CD3/BCMA/CD38-118 candidate displayed a binding with low nanomolar
range Kp measurements of 9.6 nM, 83A10-TCBcv and alnuctamab showed minimal binding on cells (Kp not
guantifiable). Teclistamab showed overall lower binding affinities to the three cell lines with Kp values of
21.8 nM for KMS-12-BM, 95.8 nM for MOLP-8 and 30.4 nM for NCI-H929 cells. On NCI-H929 BCMA KO
cells, the CD3/BCMA/CD38-118 candidate displayed the strongest binding, with mid nanomolar range Kp
measurement of 120.6 nM, whereas 83A10-TCBcv, alnuctamab and teclistamab displayed minimal-to-no
binding (Kp not quantifiable). On NCI-H929 CD38 KO cells, CD3/BCMA/CD38-118 displayed comparable
binding curves with mid nanomolar range Kp measurements of 126.2 nM, whereas CD3xBCMA
benchmarks, 83A10-TCBcv, alnuctamab and teclistamab, showed binding with higher Kp values of 3.2, 8.1

and 46.3 nM however 2-fold lower maximum binding, respectively.

NCI-H929 NCI-H929 CD38
KMS-12-BM MOLP-8 NCI-H929 WT BCMA KO KO
Maximum K Maximum K Maximum K Maximum K Maximum K
binding y binding 0 binding y binding y binding y
ey M ey [OM Rey (O] T gey T | MY gy | M)
No
83A10-TCBcv 6’949 2.3 1’252 NQ | 40’821 2.7 | binding | NQ 22’829 3.2
(255)
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No
alnuctamab 6’876 3.9 719 NQ | 34’282 | 6.0 | binding | NQ | 21’228 8.1
(101)
No
teclistamab 8’964 |21.8| 2’321 |95.8| 44’698 |30.4| binding | NQ | 27’992 | 46.3
(104)
CDS/BCJ\QQ/CDSS_ 36’781 | 6.1 | 254’225 | 9.6 | 81’386 | 4.8 4’611 |120.6]| 46’398 |126.2

Table 36: Binding of CD3/BCMA/CD38-118 and CD3xBCMA benchmarks 83A10-TCBcv, alnuctamab and
teclistamab to cell lines displaying variable expression of CD38 and BCMA. The table shows Kp in nM and
maximum binding values in RFl on KMS-12-BM, MOLP-8, NCI-H929 WT, NCI-H929 BCMA KO and NCI-H929
CD38 KO, determined by flow cytometry. Each value is the mean of three measurements from three

individual experiments. NQ stands for Not Quantifiable.

Results in Figure 35 show the binding curves of CD3/BCMA/CD38-118 candidate and control molecules
CD3/BCMA/CD38-149 (C1-Dé&/irrelevant binder G6DU/B3-C11) and CD3/BCMA/CD38-151 (C1-D6/E6-
G6/irrelevant binder G6DU) on multiple myeloma cell lines displaying variable expression of CD38 and
BCMA (A: KMS-12-BM, B: MOLP-8, C: NCI-H929 WT, D: NCI-H929 BCMA KO, E: NCI-H929 CD38 KO).

Associated Kp values and maximum binding are reported in Table 37.

CD3/BCMA/CD38-118 and control antibodies showed binding on all cell lines except NCI-H929 KO lines
for each control molecule, as designed. CD3/BCMA/CD38-118 displayed superior maximum binding
compared to control molecules CD3/BCMA/CD38-149 (CD3/DU/CD38) and CD3/BCMA/CD38-151
(CD3/BCMA/DU) on the KMS-12-BM cell line (characterized as BCMA and CD38 low-expressing cells) on
the MOLP-8 cell line (characterized as BCMA low- and CD38 high-expressing cells), and on the NCI-H929
WT cell line. On the NCI-H929 BCMA KO cell line, the maximum binding was similar for CD3/BCMA/CD38-
118 and the CD3/BCMA/CD38-149 control. On the CD38 KO cell line, the maximum binding was similar
for CD3/BCMA/CD38-118 candidate and CD3/BCMA/CD38-151 control, as expected.

CD3/BCMA/CD38-118 displayed a strong binding in low nanomolar range with Kp measurements of 6.1
nM on KMS-12-BM, 9.6 nM on MOLP-8 and 4.8 nM on NCI-H929 WT, while CD3/DU/CD38 and
CD3/BCMA/DU displayed binding in a higher nanomolar range as compared to CD3/BCMA/CD38-118
candidate with 45.6 nM and 71.2 nM, 32.1 nM and 260.1 nM, and 117.6 nM and 105.1 nM, respectively.
On NCI-H929 BCMA KO, CD3/BCMA/CD38-118 candidate and CD3/DU/CD38 control showed similar

binding, in nanomolar range with Ky measurements of 120.6 nM and 214.8 nM, respectively whereas
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CD3/BCMA/DU displayed no binding (Kp not quantifiable). On NCI-H929 CD38 KO, CD3/BCMA/CD38-118
and CD3/BCMA/DU control showed similar binding, in nanomolar range with Kp measurements of 126.2

nM and 147.8 nM, respectively whereas CD3/BCMA/CD38-149 displayed no binding (Kp not quantifiable).

NCI-H929 NCI-H929 CD38
KMS-12-BM MOLP-8 NCI-H929 WT
BCMA KO KO
Maximum Maximum Maximum Maximum Maximum
. Ko . Ko - Ko . Ko . Ko
binding binding binding binding binding
(nM) (nM) (nM) (nM) (nM)
(RFI) (RFI) (RFI) (RF1) (RFI)
CD3/BCMA/CD38-
118 36’781 6.1 | 254’225 9.6 81’386 4.8 4’611 120.6| 46’398 |[126.2
(C1-D6/E6-G6/B3-C11)
CD3/BCMA/CD38-
149 6273 |45.6| 165651 | 32.1| 267757 [117.6| 3565 |214.8| 123 NQ
(C1-D6/G6DU/B3-C11 or
CD3/DU/CD38)
CD3/BCMA/CD38-
151 177444 |712| 3623 |260.1| 83978 |105.1| 88 NQ | 48°478 |147.8
(C1-D6/E6-G6/G6DU or
CD3/BCMA/DU)

Table 37: Binding of CD3/BCMA/CD38 candidate and controls, CD3/DU/CD38 and CD3/BCMA/DU, to cell
lines displaying variable expression of CD38 and BCMA. The table shows Kp in nM and maximum binding
values in RFl on cell lines displaying variable expression of CD38 and BCMA, KMS-12-BM, MOLP-8, NCI-
H929 WT, NCI-H929 BCMA KO and NCI-H929 CD38 KO, determined by flow cytometry. Each value is the
mean of 3 measurements from 3 individual experiments. G6DU stands for an irrelevant binder, dubbed
G6DU, in place of the BCMA or CD38 binding arms as detailed in Example 22(a). NQ stands for Not

Quantifiable.

Taken together, the data show that CD3/BCMA/CD38-118 candidate demonstrated a lower binding to T
cells (lower maximum binding) compared to teclistamab, alnuctamab and 83A10-TCBcv.
CD3/BCMA/CD38-118 also showed the strongest binding ability towards all multiple myeloma cell lines
tested compared to CD3xBCMA benchmarks. Specifically, maximum binding to multiple myeloma cell lines
was higher and the Kp was lower for CD3/BCMA/CD38-118 compared to teclistamab on all cell lines.
CD3/BCMA/CD38-118 showed higher maximum binding with similar affinity on KMS-12-BM cells and NCI-
H929 WT cells but higher affinity on MOLP-8 cells) compared to alnuctamab. The different control
molecules holding one irrelevant binder arm as well as binding studies using KO cell lines illustrate the

avidity effect induced by the binding to two antigens. The CD38 binder is essential to allow binding



10

15

20

25

WO 2023/213998 PCT/EP2023/061909

202

towards cells not expressing BCMA and increases substantially the binding to low BCMA expressing cells.

CD3/BCMA/CD38-118 format shows strong synergism when both antigens are expressed.

Example 22 {e): CD3/BCMA/CD38-118 triggers tumor lysis in the presence of soluble BCMA, CD38 and
APRIL

Material and methods

RDL assay with KMS-12-BM tumor cells expressing low levels of BCMA and CD38 and the effect of soluble
BCMA, CD38 and APRIL on killing potency

To evaluate how CD3/BCMA/CD38-118 killing potency may be affected by individual or concomitant
presence of soluble factors (soluble BCMA, soluble CD38 and APRIL) compared to CD3xBCMA benchmarks
(83A10-TCBcv, alnuctamab, teclistamab), RDL assays were conducted on the multiple myeloma KMS-12-

BM cell line in presence or absence of the soluble factors alone or in combination.

Human peripheral blood mononuclear cells (PBMCs) were isolated from buffy coats of heathy donors
obtained from Epalinges (Switzerland) Transfusion Center using Ficoll density gradient isolation and frozen
in CryoStor10 cell freezing medium (StemCell, # 07930). Cells were thawed in a pre-warmed complete
RPMI medium (RPMI supplemented with 10% heat inactivated fetal calf serum, 1% L-Glutamine, 1% Non-
essential Amino Acids, 1% Sodium Pyruvate, and 1% Penicillin/Streptomycin) and rested overnight at 1.5
x 10° cells/ml. Twenty thousand target cells (KMS-12-BM, DSMZ, ACC 551, lot 9) labelled with Cell
Proliferation Dye eFluor 670 (ThermoFisher Scientific, 65-0840-85) were plated with one hundred
thousand PBMCs labelled with Cell Proliferation Dye eFluor 450 (ThermoFisher Scientific, 65-0842-85)
reaching an effector-to-target ratio of 5:1. Serial dilutions of CD3/BCMA/CD38-118, benchmarks (83A10-
TCBcv, alnuctamab, teclistamab) starting from 20 nM and diluted by 4-fold and control antibody
(CD3/BCMA/CD38-85, Negative control), were added. The assay was performed in the presence or
absence of soluble BCMA, soluble CD38 and APRIL at 150, 2.8 and 100 ng/ml final concentrations. Plates
were incubated for 48h, at 37 °C, 5% CO: in a humidified atmosphere. After the incubation period, the
RDL assay readout was evaluated by measuring T cell cytotoxic activity against target cells. Tumor cell
killing was determined by measuring the absolute count of live target cells (eFluor670+ cells) using the
LIVE/DEAD Fixable Green Dead Cell Stain (ThermoFisher Scientific, L34970), and calculated as % of Killing
to No Ab = [1 — (Sample absolute counts)/(absolute counts in the presence of target and effector cells

without treatment)] x 100. Percentage of cytotoxicity was also determined by measuring the % Dead
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Target or percentage of eFluor670+L/D Green+ cells. Half maximal effective concentrations or ECsq were
calculated from the killing curves using Sigmoidal dose response nonlinear regression. Values were
excluded based on goodness of fit (R®>0.7), on percentage of tumor cells spontaneous killing (assay
window), out-of-range ECso values or low percentages of maximum killing (<25%). Additionally, statistical
analysis was applied to compare the killing potency of CD3/BCMA/CD38-118 candidate to each
benchmark (83A10-TCBcv, Alnuctamab, Teclistamab). Mean ECso were compared using a Mixed-effects

model (REML) or paired One-way ANOVA analysis followed by Tukey HSD post-hoc comparison (*P<0.05).

ECso values were plotted using Prism software (GraphPad) as depicted in Figure 36A-E (% Killing to No Ab)
and Figure 37A-E (% Cytotoxicity) for individual conditions and in Figure 38 for the comparison between
no soluble factor and the combination of soluble CD38, soluble BCMA and APRIL (A, % Killing to No Ab ; B,
% Cytotoxicity). Means of ECso values and fold-difference are summarized in Table 38 and Table 39 (%
Killing to No Ab) and Table 40 and Table 41 (% Cytotoxicity). Two independent experiments were

performed with a total of six donors.

Results and conclusions

When the percentages of killing to No Ab was used as readout for killing (Figure 36A-E, Figure 38A and
Table 38 and Table 39), CD3/BCMA/CD38-118 candidate and alnuctamab showed the most efficient killing
of KMS-12-BM in the absence of any soluble marker or in the presence of soluble CD38 with subpicomolar
EC50 values of 0.9 and 0.8 pM for CD3/BCMA/CD38-118 and 0.7 and 1.1 pM for alnuctamab. In the
presence of soluble BCMA, APRIL or the combination of all three factors, CD3/BCMA/CD38-118 showed
the strongest killing potency, with EC50 values of 6.4, 6.3 and 13.2 pM, whereas alnuctamab displayed
higher EC50 values of 262, 47.6 and 970 pM. In particular, in the presence of the combination of soluble
factors, the fold-difference compared to the absence of soluble factors for CD3/BCMA/CD38-118 reached
14-fold whereas it reached 1357-fold for alnuctamab. Other benchmarks also showed a decline in the
killing potency in presence of soluble factors. While CD3xBCMA benchmark 83A10-TCBcv and teclistamab
displayed a strong killing with low picomolar range EC50 values of 8.8 and 10.6 pM, in the absence of
soluble factors or in the presence of soluble CD38, their killing potency was reduced in the presence of
soluble BCMA, APRIL or the combination of all factors with high picomolar range EC50 values 266, 532
and 1'026 pM for 83A10-TCBcv and 314, 130 and 972 pM for teclistamab. In the presence of the
combination of all three factors, the fold-difference compared to the absence of soluble factors for 83A10-

TCBcv and teclistamab reached 116-fold and 92-fold.
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Soluble factors / % Killing to No Ab ECso £ SD [pM]
Treatments CDS/BC:;:/CD‘%S_ 83A10-TCBcv Alnuctamab Teclistamab
None 0903 8.8+53 0.7x04 10.6£5.9
sBCMA 64124 266 £211 262 £214 314+171
APRIL 6.3+2.2 532+420 47.6 £32.5 130+94
sCD38 0.8+0.3 10884 1.1+£05 15.6+6.5
SBCMA+APRIL+sCD38 13.2+8.7 1’026 + 885 970 + 898 9721493

Table 38: CD3/BCMA/CD38-118 candidate induces the most potent in vitro killing of a Multiple Myeloma
cell line in presence of soluble factors. The table shows half maximum effective killing concentration (ECsg)
values using % killing to No Ab parameter determined from Redirected Lysis assay on KMS-12-BM cell line
for 48h and using an Effector-to-Target ratio of 5:1. Each ECso value is the mean +/- standard deviation of

four-to-six measurements from two individual experiments.

Soluble factors / Fold difference to no soluble factor condition (ECso from % Killing to No Ab)
Treatments CDS/BC:;:/CD%_ 83A10-TCBcv Alnuctamab Teclistamab
sBCMA 7 30 367 30
APRIL 7 60 67 12
sCD38 1 1 2 1
SBCMA+APRIL+sCD38 14 116 1357 92

Table 39: CD3/BCMA/CD38-118 candidate induces the most potent in vitro killing of a Multiple Myeloma
cell line in presence of soluble factors in term of fold-difference to no soluble factor condition. The table
shows fold-difference to no soluble factor condition of half maximum effective killing concentration (ECso)

reported above. Fold differences were calculated using more decimals than shown.

When the percentage of cytotoxicity was used as readout for killing, the results were very similar. Figure
37A-E, Figure 38B and Table 40 and Table 41 show that CD3/BCMA/CD38-118 and alnuctamab showed
the most efficient killing potency against KMS-12-BM in the absence of any soluble marker or in the
presence of soluble CD38 with subpicomolar ECso values of 2.1 and 3.3 pM for CD3/BCMA/CD38-118 and

1.9 and 3.9 pM for alnuctamab. However, in the presence of soluble BCMA, APRIL or the combination of
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all three factors, CD3/BCMA/CD38-118 showed the strongest killing potency, with an ECsp value of 23.3,
31.1 and 62.5 pM, whereas alnuctamab displayed a higher ECso value of 706, 171 and 3’060 pM.
Particularly, in the presence of the combination of soluble factors, the fold-difference compared to no
soluble factors for CD3/BCMA/CD38-118 reached 30-fold whereas it was 1'647-fold for alnuctamab. Other
benchmarks also showed a decline in their killing potency in presence of soluble BCMA, APRIL or the
soluble factors. While 83A10-TCBcv and teclistamab displayed a killing potency with picomolar ECsg values
of 27.1 and 27.4 pM, respectively in the absence of soluble factors or 70.4 and 54.2 pM in the presence
of soluble CD38, their potency was reduced in the presence of soluble BCMA, APRIL or the combination
of all factors with subnanomolar range ECso value of 842, 2’018 and 5144 pM for 83A10-TCBcv and 2047,
677 and 3’038 pM for teclistamab. In the presence of the combination of all three factors, the fold-
difference compared to no soluble factors for 83A10-TCBcv and teclistamab reached 190-fold and 111-

fold, respectively.

Soluble factors / % Cytotoxicity ECso = SD [pM]
Treatments CDS/BC:;:/CD%_ 83A10-TCBcv Alnuctamab Teclistamab
None 2.1+0.8 27.1122.2 19+1.0 27.4+17.1
sBCMA 23.3+13.7 842 +730 706 £ 530 2’047 £ 2'486
APRIL 31.1+18.6 2’018 +1°480 171+138 677 £ 582
sCD38 33x1.7 70.4+72.2 3935 54.2 +30.6
sBCMA+APRIL+sCD38 62.5+40.4 5’144 + 4’182 3’060 £+ 2’008 3’038 £ 1’889

Table 40: CD3/BCMA/CD38-118 candidate induces the most potent in vitro killing of a Multiple Myeloma
cell line in presence of soluble factors. The table shows half maximum effective killing concentration (ECsg)
values using % cytotoxicity readout, determined from Redirected Lysis assay on KMS-12-BM cell line for
48h and using an Effector-to-Target ratio of 5:1. Each ECso value is the mean +/- standard deviation of six

measurements (from 6 different donors) from two independent experiments.

Fold difference to no soluble factor condition (EC50 from % Cytotoxicity)
Soluble factors /

Treatments CD3/BCMA/CD38-
118

83A10-TCBcv Alnuctamab Teclistamab

sBCMA 11 31 380 75
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APRIL 15 74 92 25
sCD38 2 3 2 2
SBCMA+APRIL+sCD38 30 190 1647 111

Table 41: CD3/BCMA/CD38-118 candidate induces the most potent in vitro killing of a Multiple Myeloma
cell line in presence of soluble factors in term of fold-difference to no soluble factor condition. The table
shows fold-difference to no soluble factor condition of half maximum effective killing concentration (ECso)

reported above. Fold differences were calculated using more decimals than shown.

Taken together, these data show that CD3/BCMA/CD38-118 killed with similar killing potency compared
to alnuctamab in the absence of soluble factors, and better killing potency compared to 83A10-TCBcv and
teclistamab in the KMS-12-BM cell line. All molecules containing anti-BCMA binder were affected by the
presence of soluble BCMA, APRIL or the combination of soluble factors, which reduced their killing
potency. CD3/BCMA/CD38-118 candidate retained a better killing potency with around 14/30-fold
increase of ECsq value of killing compared to the condition with no soluble factors. Other benchmarks
showed over a 100-fold increase of respective ECso value of killing in the presence of soluble factors.
Statistical analysis showed that CD3/BCMA/CD38-118 killing potency in the presence of the soluble BCMA,
APRIL or the combination of soluble factors was significantly higher compared to the killing potency of

any of the CD3xBCMA benchmarks.

Example 22 (f): RDL assay with T cells and multiple myeloma tumor cells expressing various levels of

BCMA and CD38

Material and methods

RDL assay with T cells and multiple myeloma tumor cells expressing various levels of BCMA and CD38

To evaluate CD3/BCMA/CD38-118 killing potency compared to CD3xBCMA benchmarks (83A10-TCBcv,
alnuctamab, teclistamab), RDL assays using isolated T cells were conducted on multiple myeloma KMS-

12-BM, MOLP-8 and NCI-H929 cell lines.

Human peripheral blood mononuclear cells (PBMCs) were isolated from buffy coats of heathy donors
obtained from Epalinges (Switzerland) Transfusion Center using Ficoll density gradient isolation and frozen
in CryoStor10 cell freezing medium (StemCell, # 07930). Cells were thawed in a pre-warmed complete
RPMI medium (RPMI supplemented with 10% heat inactivated fetal calf serum, 1% L-Glutamine, 1% Non-

essential Amino Acids, 1% Sodium Pyruvate, and 1% Penicillin/Streptomycin) and rested overnight at 1.5
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x 10° cells/ml. Twenty thousand target cells (KMS-12-BM, DSMZ, ACC 551, lot 9 ; MOLP-8, DSMZ, ACC 5609,
lot 14 ; NCI-H929, Sigma, 95050415, lot 17A027) labelled with Cell Proliferation Dye eFluor 670
(ThermoFisher Scientific, 65-0840-85) were plated with one hundred thousand T cells freshly isolated
using EasySep™ Human T Cell Isolation Kit (StemCell, # 17951) reaching an effector-to-target ratio of 5:1.
Serial dilutions of CD3/BCMA/CD38-118, benchmarks (83A10-TCBcv, alnuctamab, teclistamab) or control
antibodies (CD3/BCMA/CD38-149 (C1-D6/irrelevant binder G6DU/B3-C11 or CD3/DU/CD38) and
CD3/BCMA/CD38-151 (C1-D6/E6-G6/irrelevant binder G6DU or CD3/BCMA/DU)) starting from 20 nM and
diluted by 10-fold, and a single dose of control antibody (CD3/BCMA/CD38-85, negative control) were
added. Plates were incubated for 48h, at 37 °C, 5% CO; in a humidified atmosphere. After the incubation
period, the RDL assay readout was evaluated by measuring T cell cytotoxic activity against target cells.
Tumor cell killing was determined by measuring the absolute count of live target cells (eFluor670+ cells)
using the LIVE/DEAD Fixable Green Dead Cell Stain (ThermoFisher Scientific, L34970), and calculated as %
of Killing to No Ab = [1— (Sample absolute counts)/(absolute counts in the presence of target and effector
cells without treatment)] x 100. Percentages of cytotoxicity was also determined by measuring the % Dead
Target or percentage of eFluor670+L/D Green+ cells. Half maximal effective concentrations or ECsq were
calculated from the killing values using Sigmoidal dose response nonlinear regression. Values were
excluded based on goodness of fit (R2>0.7), on percentage of tumor cells spontaneous killing (assay
window), out-of-range ECso values and low percentages of killing (<25%). Statistical analyses were applied
to compare the kiling potency of CD3/BCMA/CD38-118 candidate to each benchmark (83A10-TCBcv,
alnuctamab, teclistamab) and control antibodies. Means ECsq were compared using a using a Paired One-

way ANOVA followed by Tukey HSD post-hoc comparison (*P<0.05).

ECso values were plotted using Prism software (GraphPad) as depicted in Figure 39A-C and Figure 40A-C
(% Killing to No Ab) and Figure 39D-F and Figure 40D-F (% Cytotoxicity) and means of ECso values are
summarized in pM in Table 42 and Table 44 (% Killing to No Ab) and Table 43 and Table 45 (% Cytotoxicity).

A total of three independent experiments were performed with a total of six donors.

Results and conclusions

Considering the percentages of Killing to No Ab, results in Figure 39A-C shows the ECso values for
CD3/BCMA/CD38-118 and CD3xBCMA benchmarks of killing in the KMS-12-BM (A), MOLP-8 (B) and NCI-
H929 (C) cell lines. Means of the ECso values are reported in Table 42. CD3/BCMA/CD38-118 and

alnuctamab showed comparable killing potency of KMS-12-BM, characterized as BCMA and CD38 low-
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expressing cells, and superior to the killing potency of 83A10-TCBcv and teclistamab, with ECso values of
1.5 pM (CD3/BCMA/CD38-118), 1.5 pM (alnuctamab), 11.7 (83A10-TCBcv) and 14.3 pM (teclistamab). On
the MOLP-8 cell line, characterized as BCMA low- and CD38 high-expressing cells, CD3/BCMA/CD38-118
showed very strong killing potency with subpicomolar ECso value of 0.2 pM whereas CD3xBCMA
benchmarks triggered killing with higher ECso values of 5.0 pM for alnuctamab, 65.1 pM for 83A10-TCBcv
and 54.7 pM for teclistamab. On the NCI-H929 cell line, characterized as BCMA and CD38 medium-
expressing cells, CD3/BCMA/CD38-118 showed a superior killing potency compared to benchmarks, with
low picomolar ECso value of 1.2 pM whereas CD3xBCMA benchmarks triggered killing with higher ECso
values of 6.2 pM for alnuctamab, 7.1 pM for 83A10-TCBcv and 27.7 pM for teclistamab.

. % Killing to No Ab ECso £ SD [pM]
Cell lines /
CD3/BCMA/CD38-
Treatments / 118/ 83A10-TCBcv Alnuctamab Teclistamab
KMS-12-BM 1.5+0.9 11.7 £ 8.0 1.5+0.3 143 +£5.2
MOLP-8 0.2+£0.0 65.1+62.4 5.0+£3.8 54.7 +11.7
NCI-H929 1.2+04 7.1+34 6.2+2.8 27.7+t4.2

Table 42: CD3/BCMA/CD38-118 candidate induces strong in vitro killing of Multiple Myeloma cell lines
compared to benchmarks (% Killing to No Ab). The table shows half maximum effective killing
concentration (ECso) values using % Killing to No Ab parameter determined from Redirected Lysis assay
with T cells on KMS-12-BM, MOLP-8 and NCI-H929 cell lines for 48h and using an Effector-to-Target ratio
of 5:1. Each ECsg value is the mean +/- standard deviation of maximum five included measurements (from

6 different donors) from three independent experiments.

When the percentage of cytotoxicity was used as readout for killing, the results were very similar. Figure
39D-F show the ECso values for CD3/BCMA/CD38-118 and CD3xBCMA benchmarks killing of the KMS-12-
BM (D), MOLP-8 (E) and NCI-H929 (F) cell lines. Means of ECso values are reported in Table 43.
CD3/BCMA/CD38-118 and alnuctamab showed a comparable killing potency against KMS-12-BM cells,
characterized as BCMA and CD38 low-expressing cells, and superior to the killing potency of 83A10-TCBcv
and teclistamab, with ECso values of 2.2 pM, 2.2 pM, 16.4 and 21.3 pM respectively. On the MOLP-8 cell
line, characterized as BCMA low- and CD38 high-expressing cells, CD3/BCMA/CD38-118 showed very
strong killing potency with subpicomolar ECso value of 0.3 pM whereas CD3xBCMA benchmarks triggered
killing with higher ECso value of 3.5 pM for alnuctamab, 43.8 pM for 83A10-TCBcv and 58.9 pM for
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teclistamab. On the NCI-H929 cell line, characterized as BCMA and CD38 med-expressing cells,
CD3/BCMA/CD38-118 showed a superior killing potency compared to benchmarks, with low picomolar
ECso value of 2.0 pM whereas CD3xBCMA benchmarks triggered killing with higher ECso value of 12.1 pM

for alnuctamab, 11.4 pM for 83A10-TCBcv and 60.5 pM for teclistamab.

. % Cytotoxicity ECso £ SD [pM]
Cell lines /
CD3/BCMA/CD38-
Treatments / 118/ 83A10-TCBcv Alnuctamab Teclistamab
KMS-12-BM 2.2+0.7 16.4+11.1 2.2+0.7 21.3+3.1
MOLP-8 0.3+0.1 43.8 +26.2 35+1.2 58.9+13.5
NCI-H929 2.0+0.5 11.4+5.1 12.1+4.1 60.5+11.7

Table 43: CD3/BCMA/CD38-118 candidate induces strong in vitro killing of Multiple Myeloma cell lines
compared to benchmarks (% Cytotoxicity). The table shows half maximum effective killing concentration
(ECso) values using % Cytotoxicity parameter determined from Redirected Lysis assay with T cells on KMS-
12-BM, MOLP-8 and NCI-H929 cell lines for 48h and using an Effector-to-Target ratio of 5:1. Each ECsg
value is the mean +/- standard deviation of six measurements (from six different donors) from three

independent experiments.

As shown in the Figure 39A-F, for both % Killing to No Ab and % Cytotoxicity, the CD3/BCMA/CD38-118
candidate statistically triggered the strongest killing potency compared to other CD3xBCMA treatments,
83A10-TCBcv, alnuctamab and teclistamab, against MOLP-8 and NCI-H929 cell lines as well as on the KMS-

12-BM cell line compared to 83A10-TCBcv and teclistamab.

Considering the percentages of Killing to No Ab, results in Figure 40A-C show the ECso values for
CD3/BCMA/CD38-118 and control molecules for the KMS-12-BM (A), MOLP-8 (B) and NCI-H929 (C) cell
lines. Means of ECso values are reported in Table 44. CD3/BCMA/CD38-118 showed superior killing

potency compared to the control molecules, CD3/BCMA/CD38-149 (CD3/DU/CD38) and
CD3/BCMA/CD38-151 (CD3/BCMA/DU), or the combination of -149 and -151 against all cell lines.
% Killing to No Ab ECso £ SD [pM]
Celllines / CD3/BCMA/CD38- | CD3/BCMA/CD38
Treatments CD3/BCMA/CD38- / / i / / " | CD3/BCMA/CD38-
118 151 149 149 +
(C1-D6/E6-G6/ (C1-D6/G6DU/
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G6DU or B3-Cl1ior CD3/BCMA/CD38-
CD3/BCMA/DU) CD3/DU/CD38) 151
KMS-12-BM 15+09 116 £ 58 NQ 87+17
MOLP-8 0.2+0.0 330 £ 247 3’353+ 1471 207 £17
NCI-H929 1.2+04 130+ 47 NQ 123 + 50

Table 44: CD3/BCMA/CD38-118 induces strong in vitro killing of Multiple Myeloma cell lines compared to
controls (% Killing to No Ab). The table shows half maximum effective killing concentration (EC50) values
using % Killing to No Ab parameter determined from Redirected Lysis assay with T cells on KMS-12-BM,
MOLP-8 and NCI-H929 cell lines for 48h and using an Effector-to-Target ratio of 5:1. Each EC50 value is
the mean +/- standard deviation of maximum five included donors from three independent experiments.

NQ stands for not quantifiable.

When the percentage of cytotoxicity was used as the readout for killing, the results were very similar.
Figure 40D-F show the ECso values for CD3/BCMA/CD38-118 and control molecules for the KMS-12-BM
(D), MOLP-8 (E) and NCI-H929 (F) cell lines. Means of ECso values are reported in Table 45.

CD3/BCMA/CD38-118 triggered superior killing potency compared to control molecules,

CD3/BCMA/CD38-149 (CD3/DU/CD38) and CD3/BCMA/CD38-151 (CD3/BCMA/DU), or the combination of
-149 and -151 against all cell lines.

% Cytotoxicity ECso £ SD [pM]
Cell lines / CD3/BCMA/CD38- CD3/BCMA/CD38- CD3/BCMA/CD38-
Treatments CD3/BCMA/CD38- 151 149 149 +
118 {C1-D6/E6-G6/ {C1-D6/G6DU/ CD3/BCMA/CD38-
G6DU or B3-Cllor
CD3/BCMA/DU) CD3/DU/CD38) 151
KMS-12-BM 2.2+0.7 164 £ 56 NQ 172 +42
MOLP-8 03z01 399 £169 2’278 £ 320 452 £ 254
NCI-H929 2.0+0.5 22975 NQ 276 £ 95

Table 45: CD3/BCMA/CD38-118 shows strong in vitro killing potency of Multiple Myeloma cell lines
compared to controls (% Cytotoxicity). The table shows half maximum effective killing concentration (ECso)
values using % Cytotoxicity parameter determined from Redirected Lysis assay with T cells on KMS-12-

BM, MOLP-8 and NCI-H929 cell lines for 48h and using an Effector-to-Target ratio of 5:1. Each ECs value
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is the mean +/- standard deviation of maximum six included donors from three individual experiments.

NQ stands for not quantifiable.

Taken together and considering both parameters, % Killing to No Ab and % Cytotoxicity, data show that
CD3/BCMA/CD38-118 demonstrated a statistically superior killing potency against all cell lines compared
to the control molecules CD3/BCMA/CD38-151 (C1-D6/E6-G6/irrelevant binder G6DU), CD3/BCMA/CD38-
149 and the combination of CD3/BCMA/CD38-151 and CD3/BCMA/CD38-149. This confirms the previous
observation of avidity effect induced by the binding to two antigens, leading to a strong killing against

CD38- and BCMA-expressing multiple myeloma cells, with various expression levels.

Moreover, CD3/BCMA/CD38-118 candidate statistically triggered the strongest killing potency compared
to other CD3xBCMA treatments, 83A10-TCBcv, alnuctamab and teclistamab, against MOLP-8 and NCI-
H929 cell lines as well as on the KMS-12-BM cell line compared to 83A10-TCBcv and teclistamab.
CD3/BCMA/CD38-118 enabled the potent killing of low expressing BCMA cells, such as MOLP-8 and KMS-
12-BM multiple myeloma cell lines, an expression level that can also be found in patient as described by

Seckinger et al [Seckinger et al., 2017, Cancer Cell, 31: 396-410].

Example 22 (g): MMoAK assay with human PBMCs and multiple myeloma KMS-12-BM tumor cells

Materials and Methods

To evaluate the killing potency of CD3/BCMA/CD38-118 compared to the combination of the CD3xBCMA
benchmark teclistamab and the anti-CD38 monoclonal benchmark daratumumab, MMoAK assays using

human PBMCs were conducted on multiple myeloma KMS-12-BM cell line.

Human peripheral blood mononuclear cells (PBMCs) were isolated from buffy coats of heathy donors
obtained from Epalinges (Switzerland) Transfusion Center using Ficoll density gradient isolation and frozen
in CryoStor10 cell freezing medium (StemCell, # 07930). Cells were thawed in a pre-warmed complete
RPMI medium (RPMI supplemented with 10% heat inactivated fetal calf serum, 1% L-Glutamine, 1% Non-
essential Amino Acids, 1% Sodium Pyruvate, and 1% Penicillin/Streptomycin) and rested overnight at 1.5
x 108 cells/ml. Twenty thousand target cells (KMS-12-BM, DSMZ, ACC 551, lot 9) labelled with cell
proliferation dye eFluor 670 (ThermoFisher Scientific, 65-0840-85) were plated with one hundred
thousand PBMC cells labelled with Cell Proliferation Dye eFluor 450 (ThermoFisher Scientific, 65-0842-85)
reaching an effector-to-target ratio of 5:1. Serial dilutions of CD3/BCMA/CD38-118 and teclistamab

starting from 10 nM, diluted by 10-fold, and a single dose of control antibodies (human IgG1 or
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CD3/BCMA/CD38-85, negative control) were added. Plates were incubated for 48h, at 37 °C, 5% CO» in a
humidified atmosphere. Two different readouts were used to evaluate the killing of tumor target cells.
The percentage of killing to No Ab (normalized to the no antibody condition) was determined by
measuring the absolute count of live target cells (eFluor670+ cells) using the LIVE/DEAD fixable green dead
cell Stain (ThermoFisher Scientific, L34970), and calculated as % of Killing to No Ab = [1 — (Sample absolute
counts)/(absolute counts in the presence of target and effector cells without treatment)] x 100. The
percentage of cytotoxicity was determined by measuring the % dead target or percentage of
eFluor670*L/D green* cells. Two concentrations, 10 and 100 pM of CD3/BCMA/CD38-118 or teclistamab
were chosen to evaluate the killing of CD3/BCMA/CD38-118 compared to the combination of teclistamab
and daratumumab, which was dosed at 100 nM. Killing values from 10 pM and 100 pM concentrations
were plotted in histograms. Statistical analyses were conducted on those plotted values (9 donors) using
a donor-paired Repeated measures ANOVA test, followed by post-hoc Tukey’s HSD comparisons

(*P<0.05).

Killing values induced by 10 pM or 100 pM of CD3/BCMA/CD38-118 and teclistamab, as well as
daratumumab at 100 nM and the combination of teclistamab and daratumumab were plotted using Prism
software (GraphPad) as depicted in Figure 41A and Figure 41B (% killing to No Ab) and Figure 41C and
Figure 41D (% cytotoxicity), 10 pM results are presented in Figure 41A-C and 100 pM results Figure 41B

and Figure 41D. Three independent experiments were performed.

Results and conclusions

Considering the percentages of killing to No Ab, results in Figure 41A and Figure 41B show the percentage
of killing for CD3/BCMA/CD38-118 (at 10 or 100 pM), daratumumab at 100 nM, teclistamab (at 10 or 100
pM) and the combination of daratumumab and teclistamab. At 10 and 100 pM, the killing of teclistamab
was slightly improved when combined with daratumumab at 100 nM as described by Frerichs et al
[Frerichs et al., 2020, Clin. Cancer Res., 26(9):2203—-15]. At 10 pM (Figure 41A), CD3/BCMA/CD38-118
showed statistically superior killing of KMS-12-BM cells compared to daratumumab, teclistamab and the
combination of both. At 100 pM (Figure 41B), CD3/BCMA/CD38-118 showed statistically superior killing
compared to daratumumab and teclistamab. Comparison of CD3/BCMA/CD38-118 to the combination of

both was not statistically different at this concentration (p-value = 0.5082).

When the percentage of cytotoxicity was used as readout for killing, the results were very similar. Figure

41C and Figure 41D show the percentage of killing for CD3/BCMA/CD38-118 (at 10 or 100 pM),
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daratumumab at 100 nM, teclistamab (at 10 or 100 pM) and the combination of daratumumab and
teclistamab. At 10 and 100 pM, the killing of teclistamab was slightly improved when combined with
daratumumab at 100 nM. At 10 pM (Figure 41C) and 100 pM (Figure 41D) concentrations,
CD3/BCMA/CD38-118 showed statistically superior killing of KMS-12-BM cells compared to

daratumumab, teclistamab and the combination of both.

Taken together and considering both percentage of killing to No Ab and percentage of cytotoxicity,
CD3/BCMA/CD38-118 demonstrated a statistically superior killing potency against the KMS-12-BM cell
line compared to daratumumab at 100 nM, teclistamab at 10 or 100 pM and the combination of

daratumumab at 100 nM and teclistamab at 10 or 100 pM.

Example 22 (h): Killing assays using patient samples

Material and methods

Killing assays using patient samples

To further characterize CD3/BCMA/CD38-118 compared to a CD3xBCMA benchmark (teclistamab), killing
assays were conducted on Bone Marrow Mononuclear Cells (BMMC) or blood samples from patients with
Multiple Myeloma (Newly Diagnosed, smoldering and relapse/refractory) as well as patients with Plasma
Cell Leukemia (PCL) and Waldenstrom macroglobulinemia to test the ability of CD3/BCMA/CD38-118 to

kill multiple myeloma cells by redirecting patient T cells.

BMMC were isolated from bone marrow aspirate or PBMC from blood of patient samples, collected from
the University Hospital of Geneva, Switzerland and the Oxford University Hospitals (OUH, UK) using Ficoll
density gradient isolation. The assay was conducted in complete RPMI medium (RPMI supplemented with
10% human serum, 3 ng/ml of I1L-6, 1% L-Glutamine, 1% Non-Essential Amino Acids, 1% Sodium Pyruvate
and 1% Penicillin/Streptomycin). One to two hundred thousand cells were incubated with serial dilutions
of CD3/BCMA/CD38-118, benchmarks (teclistamab) starting from 10 to 100 nM and diluted by 10-fold,
and a single dose of control antibodies (CD3/BCMA/CD38-85, human IgG4, human IgG1). Plates were
incubated for 17-22h at 37 °C, 5% CO, in a humidified atmosphere. After the incubation period, the killing
assay readout was evaluated by measuring T cell cytotoxic activity against CD138" cells with a 10-colour
panel including a CD138 marker for tumor cells. Tumor cell killing was determined by measuring the
absolute count of live CD138" cells using the LIVE/DEAD Fixable Blue Dead Cell Stain (ThermoFisher
Scientific, L23105, 1/500), and calculated as % of Killing to No Ab = [1 — (absolute living CD138* counts)/

(absolute living CD138* counts in BMMCs without treatment)] x 100. Killing curves were plotted using
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Prism software (GraphPad) as depicted in Figure 42 (% Killing of CD138" cells to No Ab). Percentages of
killing to No Ab shown in Figure 43 were compared using a paired two-way ANOVA model followed by
Sidak’s multiple post-hoc comparison (*P<0.05). The list of samples is summarized in the Table 46. Eleven

independent experiments were performed with eleven patient samples.

Sample ID Patient status

Sample 1 Plasma Cell Leukemia (PCL)

Sample 2 Waldenstrom macroglobulinemia
Sample 3 Relapsed/Refractory Multiple Myeloma (r/r MM)
Sample 4 Smoldering Multiple Myeloma (Smoldering MM)
Sample 5 Smoldering Multiple Myeloma (Smoldering MM)
Sample 6 Multiple Myeloma — Newly diagnosed
Sample 7 Multiple Myeloma — Newly diagnosed
Sample 8 Multiple Myeloma — Newly diagnosed
Sample 9 Relapsed/Refractory Multiple Myeloma (r/r MM)
Sample 10 Relapsed/Refractory Multiple Myeloma (r/r MM)
Sample 11 Multiple Myeloma — Newly diagnosed

Table 46: List of patient samples included in the study (nomenclature in Figure 42A-D)

Results and conclusion:

Results in Figure 42A-D show the killing curves of CD138* cells in four patient samples for
CD3/BCMA/CD38-118 and the CD3xBCMA benchmark teclistamab. Across all samples tested from various
diseases, Smoldering MM (A), Newly Diagnosed MM (B), r/r MM (C) and PCL (D), CD3/BCMA/CD38-118
showed superior killing potency compared to teclistamab. Figure 42B and D show the killing curves of
CD138* cells in a patient sample with Newly diagnosed MM and Plasma Cell Leukemia (PCL), EC50 values
of killing associated with those curves shows a 115- or 38-fold increase of killing potency for
CD3/BCMA/CD38-118 (EC50 = 7.2 and 9.1 pM) compared to teclistamab (EC50 = 829 and 351.7 pM).
Additionally, as shown in Figure 43, CD3/BCMA/CD38-118 candidate statistically triggered the strongest
killing potency compared to teclistamab, for each tested concentration. At 0.1 and 0.01 nM, teclistamab
showed around 8-24% killing of CD138* cells, while CD3/BCMA/CD38-118 maintained 41-56% of killing at

the lowest dose.
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Example 23: Efficacy of TREAT CD3/BCMA/CD38-118, BEAT CD3/CD38 and Teclistamab in an in vivo
BCMA'"°" CD38'°* KMS-12-BM tumor mouse model

Material and Methods

Animal husbandry and blood sampling

In vivo experiments were performed in female 6-7-week-old immune-deficient NSG (NOD.Cg-Prkdc*c®
112rg"™™"i'/Sz}) mice from CHARLES RIVER LABORATORIES France. All mice were maintained under
standardized environmental conditions in rodent cages (20 + 1°C room temperature, 50 + 10% relative
humidity, 12 hours light dark cycle). Mice received irradiated food and bedding and 0.22 pm-filtered
drinking water. Animal experiments were conducted in accordance with protocols approved by the
veterinary authorities of the Canton de Vaud, Switzerland. Exclusion criteria: if animals demonstrated
signs of graft versus host disease (GVHD), a common effect in systemic peripheral blood mononuclear
cells (PBMCs) humanized mice, they were euthanized before study endpoint {or before tumor volume

reached 1000mm3) and were excluded from the analysis.

KSM-12-BM subcutaneous tumor with systemic PBMC humanized mouse model

Three experiments were conducted and were named respectively KMS_12, KMS_13 and KMS_14 studies.
KMS_12 study. Dose escalation of TREAT CD3/BCMA/CD38-118, BEAT CD3/CD38 and Teclistamab in KMS-
12-BM tumors. NSG female mice were engrafted subcutaneously (s.c.) with 1 x 107 KMS-12-BM multiple
myeloma (MM) tumor cells and inoculated intraperitoneally (i.p.) with 1 x 107 PBMCs from a healthy
human donor (Donor C) on the same day (8 mice per group; 10 groups). Mice were randomized based on
the tumor volume 8 days after the xenograft and were injected intravenously (i.v.) on the following day
with Vehicle, CD3/BCMA/CD38-118 (at 0.5, 0.1 and 0.02 mg/kg), BEAT CD3/CD38 and Teclistamab (at 2.5,
0.5 and 0.1 mg/kg) once per week for 3 weeks. Tumor volume was evaluated based on tumor size
measurement with a caliper three times per week. Ex vivo analysis was performed on day 13 (n=2-3 mice
per group) in selected groups. Spleens and tumors were harvested and FACS analysis was performed.
Mouse serum was collected on day 13, 14 or 21 to determine the molecule’s trough concentration using
a specific capture ELISA method for each molecule (please refer to ELISA assay section of the material and
methods). When mice reached a tumor volume of 1000 mm? before study termination (day 21), collection

of corresponding samples was done prior to third dose (day 13/14). This experiment was done once.

KMS_ 13 study. Evaluation of the in vivo efficacy of BEAT CD3/CD38 in KMS-12-BM tumors, in the presence

or absence of intravenous immunoglobulin (IVIG). NSG female mice were engrafted s.c. with 1 x 107 KMS-
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12-BM tumor cells and inoculated i.p. with 1 x 107 PBMCs from a healthy human donor (Donor E) on the
same day (3-5 mice per group; 5 groups). Mice were randomized based on the tumor volume 8 days after
the xenograft and were injected i.v. on the same day (day -1) with 200 mg/kg of IVIG (Privigen) or PBS and
then twice per week. Dosing (i.v.) of Vehicle, CD3/BCMA/CD38-118 at 0.5 mg/kg or BEAT CD3/CD38 at 0.5
mg/kg was performed on day zero and day seven. Mice treated with CD3/BCMA/CD38-118 were
evaluated in the absence of IVIG, while the Vehicle and BEAT CD3/CD38 treated groups were evaluated
both in the presence and absence of IVIG. Tumor volume was evaluated based on tumor size
measurement with a caliper three times per week. Ex vivo analysis was performed on day 11 (n=3-5 mice
per group). Spleens and tumors were harvested and FACS analysis was performed. This experiment was
done once.

KMS_ 14 study. Dose escalation of TREAT CD3/BCMA/CD38-118, BEAT CD3/CD38 and Teclistamab in KMS-
12-BM tumors, in the presence of IVIG. NSG female mice were engrafted s.c. with 1 x 10’ KMS-12-BM
tumor cells and inoculated i.p. with 1 x 10’ PBMCs from a healthy human donor (Donor C) on the same
day (6-8 mice per group; 10 groups). Mice were randomized based on the tumor volume 8 days after the
xenograft and were injected i.v. on the same day (day -1) with 200 mg/kg of IVIG (Privigen) and then once
per week for 3 weeks (day -1, 6 and 13). Dosing (i.v.) of Vehicle, CD3/BCMA/CD38-118 and BEAT CD3/CD38
at 0.5, 0.1 and 0.02 mg/kg and Teclistamab at 2.5, 0.5 and 0.1 mg/kg was performed on day 0, 7 and 14
(once per week for 3 weeks). Tumor volume was evaluated based on tumor size measurement with a
caliper three times per week. Mouse serum was collected on day 21 (1 week post last dose) to determine
the molecule’s trough concentration using a specific capture ELISA method for each molecule (please refer

to ELISA assay section of the material and methods). This experiment was done once.

T cell engager Pharmacokinetics

Serum concentrations of each molecule were determined using a specific antigen capture ELISA. In brief,
a 96-well Meso Scale Discovery (MSD) plate (MSD, Ref. L15XA-3) is coated overnight at 2-8°C with target
antigen: BCMA Protein, His Tag (ACRO Biosystems, Ref. BCA-H522y) for CD3/BCMA/CD38-118 (at 2 pg/mlL)
and Teclistamab (at 1 pg/mL); or CD38 Protein, His Tag (ACRO Biosystems, Ref. CD8-H82E7) for BEAT
CD3/CD38 (at 1 pg/mL). The next day, non-specific sites are saturated with 1% (w/v) casein blocking buffer
(Thermo Scientific, Ref. 37583) for 1h at room temperature (RT). Next, the target antigen immobilized on
the surface of the 96-well MSD plate is used to capture antibody in the diluted serum samples (standards,
guality controls and study samples) for 1h at RT. Bound antibody is detected with sulfo-tagged detection
antibody for 1h at RT: Sulfo-tagged anti-ID CD38 (P1188: GBR1342_alD(9G7)_6B12, generated in house)
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for CD3/BCMA/CD38-118 or Biotinylated anti-ID CD3 IgG (P1362: GBR430alD (SP34), generated in house)
+ Streptavidin Sulfo-Tag (MSD, Ref. R32AD-1) for BEAT CD3/CD38 and Teclistamab. Wells are washed
between all steps with Phosphate Buffered Saline (PBS) supplemented with 0.1% tween-20 (Sigma, Ref.
P1379). Positive signal is measured by an Electrochemiluminescence (ECL) response generated following
the addition of 2x MSD Read Buffer T (MSD, Ref. R92TC-2) using an MSD plate reader: electricity is applied
to the plate electrodes by the MSD instrument leading to light emission by SULFO-TAG labels. Light
intensity is then measured at ~620 nm and is proportional to the concentration of antibody in the samples.
The concentration of antibody in unknown samples is then interpolated from calibration curve using four

parameter regression model with 1/Y2 weighting. Data were analyzed using Excel and GraphPad Prism 9.

Sample preparation for flow cytometry

Tumors were harvested and dissociated with enzymatic cocktail from human tumor dissociation kit
(Miltenyi Biotec, Ref. 130-095-929) in a GentleMACS dissociator. Cell suspensions were then filtered using
a 70um cell strainer and centrifuged. Tumor supernatant was discarded and cell pellet was resuspended,
cells counted and adjusted to 10 x 10° cell/mL in PBS supplemented with 2% FCS (FACS buffer). Cell
suspensions from spleen were obtained by mashing through a 70uM nylon cell strainer. Red blood cells
(RBCs) were lysed with RBC lysis buffer (eBioscience, Ref. 00-4300-54) for 4min at RT and the reaction was
stopped with RMPI 10% FBS followed by centrifugation. The cell pellet was resuspended, cells were
counted and resuspended in FACS buffer at 10 x 10° cell/mL. Tumor and spleen cell suspensions were then
stained for immune cell profiling. In brief, cell suspensions were incubated with viability dye, human, and
mouse Fc Block for 15min at 4°C in FACS buffer, followed by surface staining with antibody cocktail (or
relative controls) for 30 min at 4°C in FACS buffer. Samples were acquired on the Northern lights

instrument (CYTEK) and data were analyzed using FlowJo v10.7.2 and GraphPad Prism 9.

Statistical analysis

Data were analyzed using GraphPad Prism 9 software. Differences in tumor volume were determined
using a one-way (for a given day) or two-way (for the entire treatment days) analysis of variance (ANOVA)
with Tukey’s multiple comparison test. P value <0.05 was considered statistically significant, with the level
of significancy represented by asterisks as followed: ns p> 0.05; * p<0.05; ** p<0.01; *** p<0.001; ****
p<0.0001. The percentage (%) of Tumor growth inhibition (TGI), an indication of antitumor activity, was
calculated as: TGl (%) = 100 x (1-T/C), where T and C are the mean tumor volume of the treated and vehicle

control groups, respectively, on a given day. For the datasets where animals reached maximum tumor size



10

15

20

25

WO 2023/213998 PCT/EP2023/061909

218

(1000 mm?) prior to study endpoint, last observation carried forward (LOCF) was used to display the tumor

volumes in graphs and to calculate the percentage of TGI.

Results and conclusions

The in vivo efficacy of CD3/BCMA/CD38-118 in comparison to BEAT CD3/CD38 and the CD3xBCMA
bispecific reference antibody teclistamab (Pillarisetti K. et al., 2020) was evaluated at various dose levels
in a subcutaneous KMS-12-BM tumor xenograft model in NSG mice in a therapeutic setting. Human
myeloma KMS-12-BM tumor cells with low expression levels of BCMA and CD38 were injected
subcutaneously (s.c.) in NSG mice (1 x 107 cells). In parallel, human PBMCs from a healthy human donor
(Donor C) were injected intraperitoneally (i.p) on the same day (1 x 107 cells). Mice were randomized 8
days after tumor cell injection when the average tumor volume reached 187 mm? in various treatment
groups (day -1). Therapeutic treatments of CD3/BCMA/CD38-118 (at 0.5, 0.1 and 0.02 mg/kg), BEAT
CD3/CD38 and teclistamab (at 2.5, 0.5 and 0.1 mg/kg) were injected intravenously (i.v.) on the following

day and once per week for 3 weeks (day 0, 7 and 14).

As previously observed, 12 days post treatment start, CD3/BCMA/CD38-118 induced KMS-12-BM tumor
regression in a dose dependent manner (Figure 44A, top), with 97.4%, 76.5% and 45.5% of tumor growth
inhibition (TGI, compared to vehicle) in mice treated with 0.5, 0.1 and 0.02 mg/kg doses, respectively. In
contrast, treatment with BEAT CD3/CD38 or teclistamab failed to control tumor progression even at
highest doses (Figure 44A, middle and bottom). At 2.5 mg/kg, the TGI compared to vehicle was -7.1% for
BEAT CD3/CD38 and -4.6% for teclistamab, showing no differences compared to control mice (Table 47).
Surprisingly, while not statistically significant compared to vehicle treated mice, low doses (0.1 mg/kg) of
BEAT CD3/CD38 and teclistamab showed a trend for higher efficacy compared to top doses (with 37% and
19.8% of TGlI, respectively) (Figure 44A, Table 47).

Atadose level of 0.5 or 0.1 mg/kg, BEAT CD3/CD38 and teclistamab did not significantly inhibit the growth
of KMS-12-BM tumors in NSG mice, while CD3/BCMA/CD38-118 showed considerably higher potency at
both doses (Figure 44B, Table 47).

Groub comparison Mean Diff. | 95.00% Cl of Summar Adjusted P
P P (mm?3) diff. Y value
. 1254 to
Vehicle vs. 0.5 mg/kg CD3/BCMA/CD38-118 230.5 3356 HkAE <0.0001
70.94 t
Vehicle vs. 0.1 mg/kg CD3/BCMA/CD38-118 176 )81 10 HkAE <0.0001
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-0.5785t
Vehicle vs. 0.02 mg/kg CD3/BCMA/CD38-118 104.5 209.6 ° ns 0.0527
-132.6t
Vehicle vs. 2.5 mg/kg BEAT CD3/CD38 -27.52 7757 ° ns 0.9981
-45.98 t
Vehicle vs. 0.5 mg/kg BEAT CD3/CD38 59.1 164.2 ° ns 0.7436
Vehicle vs. 0.1 mg/kg BEAT CD3/CD38 61.83 _4fé2659t0 ns 0.69
Vehicle vs. 2.5 mg/kg Teclistamab 21.93 _8;176(;0 ns 0.9997
Vehicle vs. 0.5 mg/kg Teclistamab 19.05 _816;24;0 ns >0.9999
Vehicle vs. 0.1 mg/kg Teclistamab 67.69 _317;;9;0 ns 0.5666
0.5 mg/kg CD3/BCMA/CD38-118 vs. 0.1 mg/kg -159.6 to
CD3/BCMA/CD38-118 >4.49 50.59 ns 0.8241
0.5 mg/kg CD3/BCMA/CD38-118 vs. 0.02 mg/kg 126 231.1to- W 0.006
CD3/BCMA/CD38-118 20.93 )
0.5 mg/kg CD3/BCMA/CD38-118 vs. 2.5 mg/kg BEAT -363.1to -
-258 Hkkk 0.0001
CD3/CD38 153.0 <
0.5 mg/kg CD3/BCMA/CD38-118 vs. 0.5 mg/kg BEAT -276.5to -
-171.4 Hkkk 0.0001
CD3/CD38 66.33 <
0.5 mg/kg CD3/BCMA/CD38-118 vs. 0.1 mg/kg BEAT -273.8 to - ok
CD3/CD38 168.7 63.60 <0.0001
0.5 mg/kg CD3/BCMA/CD38-118 vs. 2.5 me/kg bose | 3370 | s | 00001
Teclistamab 103.5
0.5 mg/kg CD3/BCMA/CD38-118 vs. 0.5 me/kg 115 | 316610 | s | 00001
Teclistamab 106.4
0.5 mg/kg CD3/BCMA/CD38-118 vs. 0.1 me/kg 1628 | 2679 | s | 00001
Teclistamab 57.74
0.1 mg/kg CD3/BCMA/CD38-118 vs. 0.02 mg/kg -176.6 to
-71.52 0.4845
CD3/BCMA/CD38-118 33.57 ns
0.1 mg/kg CD3/BCMA/CD38-118 vs. 2.5 mg/kg BEAT -308.6 to -
-203.5 Hkkk 0.0001
CD3/CD38 98.46 <
0.1 mg/kg CD3/BCMA/CD38-118 vs. 0.5 mg/kg BEAT -222.0to - "
CD3/CD38 116.9 11.84 0.0159
0.1 mg/kg CD3/BCMA/CD38-118 vs. 0.1 mg/kg BEAT 114.2 -219.3 to - « 0.021
CD3/CD38 9.106
0.1 mg/kg CD3/BCMA/CD38-118 vs. 2.5 mg/kg qsaq | 2920~ | L, 0.0002
Teclistamab 49.02
0.1 mg/kg CD3/BCMA/CD38-118 vs. 0.5 me/kg 157 262110 | 4uu 0.0001
Teclistamab 51.89
0.1 mg/kg CD3/BCMA/CD38-118 vs. 0.1 me/kg Jog3 | 2134to- . 0.0371
Teclistamab 3.248
0.02 mg/kg CD3/BCMA/CD38-118 vs. 2.5 mg/kg BEAT 132 -237.1to - . 0.003
CD3/CD38 26.94 )
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0.02 mg/kg CD3/BCMA/CD38-118 vs. 0.5 mg/kg BEAT -150.5to
CD3/CD38 -45.4 5968 ns 0.9352
0.02 mg/kg CD3/BCMA/CD38-118 vs. 0.1 mg/kg BEAT -147.8 to
CD3/CD38 -42.67 62.41 ns 0.9557
0.02 mg/kg CD3/BCMA/CD38-118 vs. 2.5 mg/kg 8758 -187.7 to i, 0.2726
Teclistamab 22.50
0.02 mg/kg CD3/BCMA/CD38-118 vs. 0.5 mg/kg 85.46 -190.5 to N 0.278
Teclistamab 19.63
0.02 mg/kg CD3/BCMA/CD38-118 vs. 0.1 mg/ke 36.87 -141.9 to N 0.9833
Teclistamab 68.27
2.5 mg/kg BEAT CD3/CD38 vs. 0.5 mg/kg BEAT -18.46 to
CD3/CD38 86.62 191.7 ns 0.2114
2.5 mg/kg BEAT CD3/CD38 vs. 0.1 mg/kg BEAT -15.73 to
CD3/CD38 89.35 194.4 ns 0.1757
. -55.64 to
2.5 mg/kg BEAT CD3/CD38 vs. 2.5 mg/kg Teclistamab 49.44 154.5 ns 0.8941
. -58.52 to
2.5 mg/kg BEAT CD3/CD38 vs. 0.5 mg/kg Teclistamab 46.57 1517 ns 0.9247
. -9.875to
2.5 mg/kg BEAT CD3/CD38 vs. 0.1 mg/kg Teclistamab 95.21 200.3 ns 0.1142
0.5 mg/kg BEAT CD3/CD38 vs. 0.1 mg/kg BEAT -102.4 to
2.73 >0.9999
CD3/CD38 107.8 ns
. -142.3 to
0.5 mg/kg BEAT CD3/CD38 vs. 2.5 mg/kg Teclistamab| -37.18 6701 ns 0.9822
. -145.1to
0.5 mg/kg BEAT CD3/CD38 vs. 0.5 mg/kg Teclistamab| -40.06 65.03 ns 0.9705
. -96.50 to
0.5 mg/kg BEAT CD3/CD38 vs. 0.1 mg/kg Teclistamab 8.587 113.7 ns >0.9999
. -145.0 to
0.1 mg/kg BEAT CD3/CD38 vs. 2.5 mg/kg Teclistamab| -39.91 65.18 ns 0.9712
. -147.9 to
0.1 mg/kg BEAT CD3/CD38 vs. 0.5 mg/kg Teclistamab| -42.79 62,30 ns 0.955
. -99.23 to
0.1 mg/kg BEAT CD3/CD38 vs. 0.1 mg/kg Teclistamab 5.858 110.9 ns >0.9999
. . -108.0 to
2.5 mg/kg Teclistamab vs. 0.5 mg/kg Teclistamab -2.877 102.2 ns >0.9999
. . -59.32 to
2.5 mg/kg Teclistamab vs. 0.1 mg/kg Teclistamab 45.77 150.9 ns 0.932
-56.44 t
0.5 mg/kg Teclistamab vs. 0.1 mg/kg Teclistamab 48.64 153.7 ° ns 0.9033

Table 47. Statistical analysis of Figure 43 (A, B). Differences in tumor volume were determined using a
two-way analysis of variance (ANOVA) with Tukey’s multiple comparison test, n=8 mice per group. P value
<0.05 was considered statistically significant, with the level of significancy represented by asterisks as

followed: ns p> 0.05; * p<0.05; ** p<0.01; *** p<0.001; **** p<0.0001.
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Serum concentrations of all three molecules were determined at day 13/14, prior to a third dose, or 1
week later (day 21). Dose (5-fold) to exposure levels (6 to 11-fold) was relatively linear for most doses and
molecules, except for CD3/BCMA/CD38-118 at 0.02 mg/kg (Figure 44C), as previously observed. At
corresponding doses, serum trough concentrations were similar across treatment groups. As such,
decreased efficacy of BEAT CD3/CD38 and teclistamab could not be explained by differences in PK, as
similar trough levels were observed in mice treated with CD3/BCMA/CD38-118 (Figure 44).

To investigate the cause for the lack of in vivo efficacy of BEAT CD3/CD38 and teclistamab in this model,
immune cell profiling was performed on day 13 in tumors and spleens of mice from selected groups (n=2-
3 mice / group) (Figure 45). High doses (with no tumor control) and low doses (with a trend for better
efficacy) of both molecules were chosen, while only a single low dose treated mouse was selected for
CD3/BCMA/CD38-118 since tumors had been cleared at all other doses and complete regression
represents high efficacy at this timepoint for this molecule. FACS analysis demonstrated a decrease of
both total human leucocytes (CD45%) and human T cells (TCRa3*) per gram of tumor in mice treated with
2.5 mg/kg of BEAT CD3/CD38 and teclistamab, compared to vehicle, CD3/BCMA/CD38-118 treated or
mice treated with low doses (0.1 mg/kg) of the same molecules (Figure 45A, B, C). Similar data was
observed for the high doses of BEAT CD3/CD38 and teclistamab in the spleen (Figure 45D). A ~3000-fold
reduction in the peripheral T cell compartment could be observed compared to vehicle treated mice,
which when taken with the reduced levels of T cells seen in the tumor is consistent with depletion of T
cells in vivo. Lower doses of BEAT CD3/CD38 and teclistamab did not induce depletion of tumor infiltrating
T cells (Figure 45C), with low efficacy (Figure 44A) and T cell persistence attributed to low exposure (Figure

44C).

CD3/BCMA/CD38-118 contains fully Fc silencing mutations (LALA-P329A) (Schlothauer T. et al., 2016), thus
lacking Fc/ Fey receptor (FcyR) interactions and consequently FcyR-mediated effector functions. However,
the Fc portion of both BEAT CD3/CD38 (lgG1) and teclistamab (IgG4) is only partially silenced (LALA
mutation) (Pillarisetti K. et al., 2020), potentially allowing for residual Fc-mediated activity. Together with
the data above, this suggests that failure of tumor control from BEAT CD3/CD38 and teclistamab could be
caused by depletion of T cells as a result of residual Fc activity. The treatment-antibody dose dependence
of tumor infiltrating T cell depletion is consistent with this explanation and the lack of depletion with

CD3/BCMA/CD38-118 implicates the residual Fc activity.
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We thus hypothesize that pre-treatment with intravenous immunoglobulin (IVIG), comprising pooled
human IgG antibodies from the serum of healthy donors, could provide competition for binding to FcyR

on macrophages, preventing binding to treatment antibody and consequent Fc-mediated toxicity.

To corroborate this hypothesis, an experiment was performed comparing the efficacy of BEAT CD3/CD38
in the presence or absence of IVIG in vivo. NSG female mice were engrafted s.c. with 1 x 107 KMS-12-BM
tumor cells and inoculated i.p. with 1 x 107 PBMCs from a healthy human donor (Donor E) on the same
day. Mice were randomized 8 days later when the average tumor volume reached 120 mm? in various
treatment groups (day -1) and injected i.v. on the same day with 200 mg/kg of IVIG (Privigen) or PBS and
then twice per week. Dosing (i.v.) of Vehicle, CD3/BCMA/CD38-118 at 0.5 mg/kg or BEAT CD3/CD38 at 0.5
mg/kg was performed on day 0 and 7. Mice treated with CD3/BCMA/CD38-118 were evaluated in the
absence of IVIG, while the Vehicle and BEAT CD3/CD38 treated groups were evaluated both in the

presence and absence of IVIG.

No statistical differences in tumor volume were observed in vehicle treated mice with or without pre-
treatment of IVIG in vivo (Figure 46A, B; Table 48), showing that IVIG does not impact the kinetics of KMS-
12-BM tumor growth. In the presence of IVIG, treatment with BEAT CD3/CD38 induced tumor regression
similarly to CD3/BCMA/CD38-118 (Figure 46A, Table 48), with 93.1% and 90.8% of tumor growth inhibition
at day 11, respectively. In contrast, treatment with BEAT CD3/CD38 without IVIG did not significantly
inhibit the growth of KMS-12-BM tumors in NSG mice compared to vehicle treated mice (Figure 46A, B;

Table 48 and Table 49), as previously observed.

. Mean Diff. |95.00% Cl of Adjusted P
Group comparison 3 . Summary
(mm?) diff. Value
. . -31.86to
Vehicle vs. Vehicle + IVIG 39.75 ns 0.5431
111.4
. 84.78 to
Vehicle vs. 0.5mg/kg CD3/BCMA/CD38-118 159.7 2346 *kkk <0.0001
. -27.51to
Vehicle vs. 0.5mg/kg BEAT CD3/CD38 44.1 115.7 ns 0.437
. 103.4 to
Vehicle vs. 0.5mg/kg BEAT CD3/CD38 + IVIG 175 2166 ook <0.0001
. 54.14 to
Vehicle + IVIG vs. 0.5mg/kg CD3/BCMA/CD38-118 119.9 185.7 *kkk <0.0001
. -57.67 to
Vehicle + IVIG vs. 0.5mg/kg BEAT CD3/CD38 4.349 66.37 ns 0.9997
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, 73.26 to
Vehicle + IVIG vs. 0.5mg/kg BEAT CD3/CD38 + IVIG 135.3 1573 *xxx | 20,0001
0.5mg/kg CD3/BCMA/CD38-118 vs. 0.5mg/kg BEAT 1813 to -
g/ke CD3/ / Y g/ke -115.6 *xxx | 20,0001
CD3/CD38 49.79
0.5mg/kg CD3/BCMA/CD38-118 vs. 0.5mg/kg BEAT -50.42 to
g/ke CD3/ / g/ke 15.36 ns 0.9674
CD3/CD38 + IVIG 81.14
0.5mg/kg BEAT CD3/CD38 vs. 0.5mg/kg BEAT 68.91 to
e/ke / g/ke 130.9 *xxx | 20,0001
CD3/CD38 + IVIG 192.9

Table 48. Statistical analysis of Figure 46(A). Differences in tumor volume were determined using a two-

way analysis of variance (ANOVA) with Tukey’s multiple comparison test, n=3-5 mice per group. P value

<0.05 was considered statistically significant, with the level of significancy represented by asterisks as

followed: ns p> 0.05; * p<0.05; ** p<0.01; *** p<0.001; **** p<0.0001.

. Mean Diff. | 95.00% CI of Adjusted P
Group comparison 3 . Summary
mm iff. alue
( ) diff Val
. . -345.0 to
Vehicle vs. Vehicle + IVIG 86.23 £175 ns 0.9718
Vehicle vs. 0.5mg/kg CD3/BCMA/CD38-118 729.5 278.5t0 1181 ** 0.0011
. -300.6 to
Vehicle vs. 0.5mg/kg BEAT CD3/CD38 130.6 619 ns 0.8847
Vehicle vs. 0.5mg/kg BEAT CD3/CD38 + IVIG 747.9 316.6 to 1179 *** 0.0005
Vehicle + IVIG vs. 0.5mg/kg CD3/BCMA/CD38-118 643.3 247.2t0 1039  ** 0.001
. -329.1to
Vehicle + IVIG vs. 0.5mg/kg BEAT CD3/CD38 44.38 417.8 ns 0.996
Vehicle + IVIG vs. 0.5mg/kg BEAT CD3/CD38 + IVIG 661.6 288.2 to 1035| *** 0.0004
0.5mg/kg CD3/BCMA/CD38-118 vs. 0.5mg/kg BEAT -995.0to -
e/ke / / e/ke -598.9 *x 0.0021
CD3/CD38 202.8
0.5mg/kg CD3/BCMA/CD38-118 vs. 0.5mg/kg BEAT -377.8 to
g/ke / / v g/ke 18.32 ns >0.9999
CD3/CD38 + IVIG 414.4
0.5mg/kg BEAT CD3/CD38 vs. 0.5mg/kg BEAT 243.8 to
e/ke / e/ke 617.2 *Ax 0.0009
CD3/CD38 + IVIG 990.7

Table 49. Statistical analysis of Figure 46(B). Differences in tumor volume at day 11 (study endpoint) were

determined using a one-way analysis of variance (ANOVA) with Tukey’s multiple comparison test, n=3-5

mice per group. P value <0.05 was considered statistically significant, with the level of significancy

represented by asterisks as followed: ns p2 0.05; * p<0.05; ** p<0.01; *** p<0.001; **** p<0.0001.

Flow cytometry was performed on tumors and spleens to evaluate the degree of human immune cell

infiltration in the presence/absence of IVIG (Figure 46C, D). At day 11, a ~10-fold reduction of tumor
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infiltrating T cells (compared to CD3/BCMA/CD38-118) and a ~60-fold reduction in the peripheral T cell
compartment (compared to vehicle) was observed in mice treated with BEAT CD3/CD38 without IVIG,
indicating T cell depletion and corroborating previous results. However, when mice were pre-treated with
IVIG, treatment with BEAT CD3/CD38 increased the infiltration of T cells in the tumor microenvironment
similarly to CD3/BCMA/CD38-118 (Figure 46D). In addition, the peripheral T cell compartment was
partially rescued upon administration of BEAT CD3/CD38 + IVIG (Figure 46D (continuation)).

In conclusion, IVIG rescued the T cell compartment and restored the in vivo efficacy of BEAT CD3/CD38.
This innovative IVIG pre-treatment of humanized mice thus seems to provide competition for receptor
engagement and avoid T cell depletion by a mostly silent antibody, providing a better modelling of the
clinical situation. This method will thus allow a better pre-clinical modelling of T cell engagers and the

direct comparison of antibodies with differing Fc regions/mutations in vivo.

Next, we re-evaluated the in vivo efficacy of CD3/BCMA/CD38-118, BEAT CD3/CD38 and teclistamab
against KMS-12-BM tumors in the presence of IVIG (Figure 47). Human myeloma KMS-12-BM tumor cells
with low expression levels of BCMA and CD38 were injected subcutaneously (s.c.) in NSG mice (1 x 10’
cells). In parallel, human PBMCs from a healthy human donor (Donor C) were injected intraperitoneally
(i.p) on the same day (1 x 107 cells). Mice were randomized 8 days after tumor cell injection when the
average tumor volume reached 147 mm? and were injected i.v. on the same day (day -1) with 200 mg/kg
of IVIG (Privigen) and then once per week for 3 weeks (day -1, 6 and 13). Dosing (i.v.) of Vehicle,
CD3/BCMA/CD38-118 and BEAT CD3/CD38 at 0.5, 0.1 and 0.02 mg/kg and Teclistamab at 2.5, 0.5 and 0.1

mg/kg was performed on day 0, 7 and 14 (once per week for 3 weeks).

CD3/BCMA/CD38-118, BEAT CD3/CD38 and teclistamab were all able to control KMS-12-BM tumors in a
dose dependent manner (Figure 47A). CD3/BCMA/CD38-118 caused complete tumor regression in all 8
mice (8/8, 100% TGI) when dosed at 0.5 and 0.1 mg/kg and only showed a partial, statistically significant,
efficacy of 36.5% TGl at a dose of 0.02 mg/kg. BEAT CD3/CD38 caused complete tumor regression in all
eight mice (8/8, 100% TGI) when dosed at 0.5 mg/kg and significant tumor growth inhibition of 77.6% at
adose of 0.1 mg/kg, with 3 (out of 7) complete regressions. At a dose of 0.02 mg/kg it showed a significant
inhibition of tumor growth of 39.4%. Teclistamab dosed at 2.5 mg/kg caused complete regression of 5/8
tumors with 88.3% TGI. At a dose of 0.5 mg/kg, teclistamab showed a tumor growth inhibition of 90.7%

and a TGl of 30.8% at the lowest dose tested, 0.1 mg/kg. Statistics are summarized in Table 50.
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When comparing the three molecules evaluated at 0.5 mg/kg no statistical differences were observed,

with 100% of TGI for CD3/BCMA/CD38-118 and BEAT CD3/CD38 and 90.7% for teclistamab (Figure 478,

left; Table 50). However, at a dose of 0.1mg/kg, CD3/BCMA/CD38-118 showed statistically higher in vivo

potency compared to BEAT CD3/CD38 and to an even higher extent compared to teclistamab (Figure 47B,

right; Table 50). At this dose, complete tumor regression was seen in 100% of mice (100% TGI) for

CD3/BCMA/CD38-118; in 43% of mice (77.6% TGI) for BEAT CD3/CD38 and in 0% of mice (30.8% TGl) for

teclistamab, which showed only partial efficacy.

. Mean Diff. | 95.00% Cl of Adjusted P
Group comparison 3 . Summary
mm iff. alue
( ) diff Val
. 489.3 to
Vehicle vs. 0.5 mg/kg CD3/BCMA/CD38-118 583.8 678.3 HAEE <0.0001
. 500.4 to
Vehicle vs. 0.1 mg/kg CD3/BCMA/CD38-118 594.9 689 4 HAEE <0.0001
. 165.1to
Vehicle vs. 0.02 mg/kg CD3/BCMA/CD38-118 259.6 3541 HAEE <0.0001
. 470.4 to
Vehicle vs. 0.5 mg/kg BEAT CD3/CD38 564.9 659 4 HAEE <0.0001
. 346.7 to
Vehicle vs. 0.1 mg/kg BEAT CD3/CD38 4445 5423 HAEE <0.0001
. 76.84 to
Vehicle vs. 0.02 mg/kg BEAT CD3/CD38 178.9 2810 HAEE <0.0001
. . 411.8to
Vehicle vs. 2.5 mg/kg Teclistamab 506.3 600.8 HkAE <0.0001
422.0to
Vehicle vs. 0.5 mg/kg Teclistamab 519.8 617.6 HkAE <0.0001
. . 91.94 to
Vehicle vs. 0.1 mg/kg Teclistamab 189.8 287 6 HkAE <0.0001
0.5 mg/kg CD3/BCMA/CD38-118 vs. 0.1 mg/k -83.38 to
g/ke / / Y e/ke 11.12 ns >0.9999
CD3/BCMA/CD38-118 105.6
0.5 mg/kg CD3/BCMA/CD38-118 vs. 0.02 mg/k -418.7 to -
e/ke / / g/ke -324.2 Ak <0.0001
CD3/BCMA/CD38-118 229.7
0.5 mg/kg CD3/BCMA/CD38-118 vs. 0.5 mg/kg BEAT -113.4to
g/ke / / Y e/ke -18.91 ns 0.9998
CD3/CD38 75.58
0.5 mg/kg CD3/BCMA/CD38-118 vs. 0.1 mg/kg BEAT -237.1to -
g/ke / / e/ke -139.3 *Ax 0.0003
CD3/CD38 41.44
0.5 mg/kg CD3/BCMA/CD38-118 vs. 0.02 mg/kg BEAT -506.9 to -
8/kg CD3/BCMA/ Y e/ke 404.9 #ek | 20,0001
CD3/CD38 302.8
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0.5 mg/kg CD3/BCMA/CD38-118 vs. 2.5 mg/k -172.0to
elke / ,/ elke -77.49 ns 0.2183
Teclistamab 17.00
0.5 mg/kg CD3/BCMA/CD38-118 vs. 0.5 mg/k -161.8 to
elke / ,/ elke -63.96 ns 0.5461
Teclistamab 33.86
0.5 mg/kg CD3/BCMA/CD38-118 vs. 0.1 mg/k -491.8 to -
elke / ,/ v elke -394 Hkkk <0.0001
Teclistamab 296.2
0.1 mg/kg CD3/BCMA/CD38-118 vs. 0.02 mg/k -429.8 to -
e/ke / / v e/ke -335.3 Hkkk <0.0001
CD3/BCMA/CD38-118 240.8
0.1 mg/kg CD3/BCMA/CD38-118 vs. 0.5 mg/kg BEAT -124.5to
e/ke / / e/ke -30.03 ns 0.9918
CD3/CD38 64.47
0.1 mg/kg CD3/BCMA/CD38-118 vs. 0.1 mg/kg BEAT -248.2 to -
elke / / v e/ke -150.4 Hkkk <0.0001
CD3/CD38 52.56
0.1 mg/kg CD3/BCMA/CD38-118 vs. 0.02 mg/kg BEAT -518.1to -
e/ke / / e/ke -416 Hkkk <0.0001
CD3/CD38 313.9
0.1 mg/kg CD3/BCMA/CD38-118 vs. 2.5 mg/k -183.1to
g/kg CD3/BCMA/ Y elke -88.61 ns 0.0878
Teclistamab 5.888
0.1 mg/kg CD3/BCMA/CD38-118 vs. 0.5 mg/k -172.9to
elke / ,/ elke -75.07 ns 0.3063
Teclistamab 22.74
0.1 mg/kg CD3/BCMA/CD38-118 vs. 0.1 mg/k -503.0to -
elke / ,/ v elke -405.1 Hkkk <0.0001
Teclistamab 307.3
0.02 mg/kg CD3/BCMA/CD38-118 vs. 0.5 mg/kg BEAT 210.8 to
e/ke / / e/ke 305.3 Hkkk <0.0001
CD3/CD38 399.8
0.02 mg/kg CD3/BCMA/CD38-118 vs. 0.1 mg/kg BEAT 87.16 to
e/ke / / v e/ke 185 Hkkk <0.0001
CD3/CD38 282.8
0.02 mg/kg CD3/BCMA/CD38-118 vs. 0.02 mg/k -182.7 to
e/ke / / e/ke -80.65 ns 0.2661
BEAT CD3/CD38 21.41
0.02 mg/kg CD3/BCMA/CD38-118 vs. 2.5 mg/k 152.2 to
g/kg CD3/BCMA/ Y e/ke 246.7 x| 20,0001
Teclistamab 341.2
0.02 mg/kg CD3/BCMA/CD38-118 vs. 0.5 mg/k 162.5to
elke / ,/ e/ke 260.3 Hkkk <0.0001
Teclistamab 358.1
0.02 mg/kg CD3/BCMA/CD38-118 vs. 0.1 mg/k -167.6 to
elke / ,/ e/ke -69.8 ns 0.4137
Teclistamab 28.01
0.5 mg/kg BEAT CD3/CD38 vs. 0.1 mg/kg BEAT -218.2to -
elke / e/ke -120.3 ok 0.0041
CD3/CD38 22.53
0.5 mg/kg BEAT CD3/CD38 vs. 0.02 mg/kg BEAT -488.0 to -
elke / elke -386 Hkkk <0.0001
CD3/CD38 283.9
, -153.1to
0.5 mg/kg BEAT CD3/CD38 vs. 2.5 mg/kg Teclistamab| -58.58 3599 ns 0.6227
, -142.9to
0.5 mg/kg BEAT CD3/CD38 vs. 0.5 mg/kg Teclistamab| -45.04 5277 ns 0.9069
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, -472.9to -
0.5 mg/kg BEAT CD3/CD38 vs. 0.1 mg/kg Teclistamab| -375.1 773 *Hkx <0.0001
0.1 mg/kg BEAT CD3/CD38 vs. 0.02 mg/kg BEAT -370.8 to -
e/ke / e/ke -265.6 HkAE <0.0001
CD3/CD38 160.5
, -36.05 to
0.1 mg/kg BEAT CD3/CD38 vs. 2.5 mg/kg Teclistamab 61.76 159.6 ns 0.5968
, -25.72 to
0.1 mg/kg BEAT CD3/CD38 vs. 0.5 mg/kg Teclistamab 75.3 176.3 ns 0.3485
, -355.8 to -
0.1 mg/kg BEAT CD3/CD38 vs. 0.1 mg/kg Teclistamab| -254.8 153.8 ok k <0.0001
0.02 mg/kg BEAT CD3/CD38 vs. 2.5 mg/k 2253 to
e/ke . / g/ke 3274 HkAE <0.0001
Teclistamab 429.5
0.02 mg/kg BEAT CD3/CD38 vs. 0.5 mg/k 235.8 to
g/ke . / g/ke 340.9 HkAE <0.0001
Teclistamab 446.1
0.02 mg/kg BEAT CD3/CD38 vs. 0.1 k -94.30t
e/ke D3/CD38 vs. 0.1 me/kg 10.85 ° 1 ns >0.9999
Teclistamab 116.0
, , -84.28 to
2.5 mg/kg Teclistamab vs. 0.5 mg/kg Teclistamab 13.54 1114 ns >0.9999
. . -414.4 to -
2.5 mg/kg Teclistamab vs. 0.1 mg/kg Teclistamab -316.5 218.7 ok k <0.0001
, , -431.1to -
0.5 mg/kg Teclistamab vs. 0.1 mg/kg Teclistamab -330.1 279 1 ok k <0.0001

Table 50. Statistical analysis of Figure 47 (A, B). Differences in tumor volume were determined using a
two-way analysis of variance (ANOVA) with Tukey’s multiple comparison test, n=6-8 mice per group. P
value <0.05 was considered statistically significant, with the level of significancy represented by asterisks
as followed: ns p> 0.05; * p<0.05; ** p<0.01; *** p<0.001; **** p<0.0001.

The serum concentrations were determined on day 21 (1 week post last dose) using the same previous
ELISA methods, excluding any animals which reached maximum tumor size prior to that timepoint.
However, the in vivo presence of IVIG impacts the molecule’s half-lives (at least for CD3/BCMA/CD38-118;
not shown), and the trough concentrations dropped below the limit of quantification for the lower
treatment doses (Figure 47C). Additionally, compared to the trough exposures in the absence of IVIG
(Figure 44C), the dose (5-fold) to exposure levels (17-fold) were no longer linear between treatment doses
(Figure 47C). At a dose of 0.5mg/kg, PK data showed relatively similar trough concentrations of
CD3/BCMA/CD38-118 and BEAT CD3/CD38 with modestly lower exposures of teclistamab (Figure 47C).
On the other hand, at 0.1 mg/kg the trough exposures levels of BEAT CD3/CD38 and teclistamab could
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not be quantified (Figure 47C). As such, the differences in potency observed at this dose (0.1 mg/kg; Figure

47B) cannot be correlated with serum trough concentrations.

In summary, when compared in a clinically relevant model (with IVIG), CD3/BCMA/CD38-118 showed
superior potency to the clinical approved CD3xBCMA bispecific antibody teclistamab (Pillarisetti K. et al.,
2020) when used as a therapeutic treatment in a human myeloma xenograft model in NSG mice. When
compared to BEAT CD3/CD38 differences were smaller with CD3/BCMA/CD38-118 only showing
significantly better in vivo efficacy compared to BEAT CD3/CD38 at 0.1 mg/kg, suggesting that the
simultaneous targeting of BCMA and CD38 can increase tumor killing capacity in vivo, even against BCMA

and CD38 low expressing tumor cells.

Example 24: Competition assay of CD3/BCMA/CD38-118 to isatuximab and to daratumumab by Bio-

Layer Interferometry

Materials and Methods:

Competition of CD3/BCMA/CD38-118 to isatuximab and to daratumumab for binding to human CD38 was
assessed using Octet Bio-Layer Interferometry. Measurements were done on an OctetRED96e instrument
(Sartorius) and analyzed using the Data Analysis version 11.1 software (Sartorius). Biotinylated
recombinant human CD38-avi-his protein (Acrobiosystems, cat.nb. CD8-H82E7) was loaded at 1 pg/mLin
kinetic buffer (Sartorius, catalog NO: 18-1105) for 5 min onto streptavidin SA Biosensor (Sartorius, catalog
NO: 18-5019). The CD38 loaded biosensor was then dipped into a saturating solution of isatuximab (SEQ
ID NO: 569 and SEQ ID NO: 570) or of daratumumab (Darzalex®, Janssen) at 200 nM for 10 minutes,
followed by a successive dip into a mixed solution of 200 nM isatuximab and 200 nM CD3/BCMA/CD38-
118, or into a mixed solution of 200 nM daratumumab and 200 nM CD3/BCMA/CD38-118 for 10 minutes.
As control for isatuximab or daratumumab saturation of CD38 loaded biosensor surface, the same
experimental procedure was performed with a second dip into a solution of 400 nM isatuximab or of 400
nM daratumumab, respectively. Fresh streptavidin biosensors were immobilized with biotinylated human

CD38 before each cycle. All steps were performed at 25°C and 1000 RPM shaking.

Results and conclusions

To assess whether CD3/BCMA/CD38-118 could still bind human CD38 (hsCD38) previously saturated with

isatuximab or with daratumumab, we used Bio-Layer Interferometry. As shown in Figure 48A, after
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saturating recombinant human CD38 protein with isatuximab, CD3/BCMA/CD38-118 was not able to bind
recombinant human CD38 protein, as shown by no increase in signal visible upon CD3/BCMA/CD38-118
loading, in the presence of Isatuximab. On the other hand, as shown in Figure 48B, after saturating
recombinant human CD38 protein with daratumumab, CD3/BCMA/CD38-118 was still able to bind
hsCD38, as shown by the increase in signal visible upon CD3/BCMA/CD38-118 loading.

Example 25: The positioning of binders in CD3/BCMA/CD38 antibodies allows for potency optimization

and reduction of on-target off-tumor activity.

Material and Methods

Generation of additional control molecules

CD3/BCMA/CD38-118 is in the configuration BO, whereby the CD3 binder is in the Fc distal position of the
B arm of the BEAT construct, the BCMA binder is in the Fc proximal position of the B arm and the CD38
binder is on the A arm of the BEAT construct (Figure 9A). To evaluate whether the position of the tumor-
associated antigen (TAA) binders relative to the CD3 binder can impact tumor killing potency or on-target
off-tumor T cell activation, additional control molecules were produced according to the protocol
described in Example 3 and according to the sequence combinations detailed in Table 51.
CD3/BCMA/CD38-170 uses the same Fab binding arms as CD3/BCMA/CD38-118 but whereby the
positions of the BCMA and CD38 are reversed (Figure 49). Additional controls were generated that used
an irrelevant binder, dubbed G6DU, in place of specific binding Fabs and that displayed the same

alternative arrangement of the binders within the trispecific antibody as detailed in Table 52.

CD3/BCMA/CD38- Chain 1 Chain 2 Chain 3
170 SEQ ID NO: 727 SEQ ID NO: 728 SEQID NO: 1
171 SEQ ID NO: 528 SEQ ID NO: 728 SEQID NO: 1
172 SEQ ID NO: 727 SEQ ID NO: 555 SEQID NO: 1

Table 51: Chain combination of additional CD3/BCMA/CD38 control antibodies

RDL assay with T cells and multiple myeloma KMS-12-BM tumor cells

CD3/BCMA/CD38-118 (previously described in Example 9), -149, -151 (previously described in Example
22a),-170, -171 and -172 antibodies were evaluated for cytotoxic killing potency of the MM cell line KSM-
12-BM. The RDL assay was performed as described in Example 22f, except that experiments were

conducted with a dose-range starting at 200 nM followed by 10-fold serial dilutions. Percentage of tumor
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cytotoxicity was determined by measuring the percentage of dead target cells. Percentages of cytotoxicity
were plotted and fitted using a nonlinear logistic 4PL model with variable slope. A two-way ANOVA
followed by a Sidak’s multiple comparisons test was used for statistical comparison. Two independent

experiments were performed with a total of six donors.

On-target off-tumor activity

CD3/BCMA/CD38-118, 149, 151, 170, 171 and 172 antibodies were evaluated for on-target off-tumor T
cell activation in a high density PBMC assay. The assay was performed as described in example 13,
except that experiments were conducted using a dose-range starting at 20 nM followed by 5-fold serial
dilutions. The percentage of CD8+ T cells expressing CD25 was plotted and fitted using a nonlinear
logistic 4PL model with variable slope. A two-way ANOVA followed by a Sidak’s multiple comparisons
test was used for statistical comparison. Two independent experiments were performed with a total of

six donors.

Results and conclusions

Control antibodies were designed and successfully produced in CHO-S cells with percentages of purity

ranging from 97 to 98%, as measured by SE-HPLC (Table 52).

CD3/BCMA/CD38- 170 171 172
Format D D D
CD3 binder C1-D6 C1-D6 C1-D6
CD38 binder B3-C11 B3-C11 G6DU
BCMA binder E6-G6-N82asS G6DU E6-G6-N82asS
Final Purity (% monomer) 98 97 98

Table 52: Description and characterization of additional CD3/BCMA/CD38 control antibodies (figure 49)
used to further characterize lead CD3/BCMA/CD38 molecules.

Newly generated control antibodies (CD3/BCMA/CD38-170, -171 and -172) were compared in an RDL
assay and in an HD-PBMC assay to previous constructs (CD3/BCMA/CD38-118, -149 and -151).

To assess the impact of the position of the CD38 binder relative to the CD3 binder, the control antibodies
with the CD38 binder either in distal or proximal to the CD3 binder and lacking the BCMA binder
(CD3/BCMA/CD38-171 (Figure 49) versus CD3/BCMA/CD38-149 (Figure 9A), respectively) were compared.
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As shown in Figure 50A, the control antibody with the CD38 binder proximal to the CD3 binder
(CD3/BCMA/CD38-171, configuration D) triggered a statistically higher tumor cell cytotoxicity compared
to the control antibody with the CD38 binder distal to the CD3 binder (CD3/BCMA/CD38-149).

The on-target off-tumor T cell activation, as measured by CD25 upregulation on CD8" T cellsin a HD-PBMC
assay, was also statistically higher for the control antibody with the CD38 binder proximal to the CD3
binder (CD3/BCMA/CD38-171) compared to the control antibody with the CD38 binder distal to the CD3
binder (CD3/BCMA/CD38-149) (Figure 51A).

The tumor killing potency and on-target off-tumor T cell activation were also evaluated for control
antibodies with the BCMA binder either distal or proximal to the CD3 binder and lacking the CD38 binder
(CD3/BCMA/CD38-151 (Figure 9A) versus CD3/BCMA/CD38-172 (Figure 49), respectively). The control
antibody with the BCMA binder proximal to the CD3 binder (CD3/BCMA/CD38-151) induced a significantly
higher tumor cytotoxicity than the control antibody with the BCMA binder distal to the CD3 binder
(CD3/BCMA/CD38-172, configuration D) (Figure 50B). However, the on-target off-tumor T cell activation,
as measured by CD25 upregulation on CD8" T cells in the HD-PBMC assay, was very low for both antibodies
lacking the CD38 binder (Figure 51B).

To understand whether the spatial arrangement of the binders in the trispecific antibody
CD3/BCMA/CD38-118 (Figure 9A) confers the optimal balance between potency and on-target off-tumor
activity, another configuration of CD3/BCMA/CD38-118, in which the CD38 and BCMA binders have been
reversed (CD3/BCMA/CD38-170 (Figure 49)) was produced and both antibodies were evaluated for tumor
killing potency and on-target off-tumor T cell activation. CD3/BCMA/CD38-118 and the reversed
CD3/BCMA/CD38-170 antibody showed overall similar tumor killing potency (Figure 50C). However, the
CD3/BCMA/CD38-170 antibody, in which the CD38 binder is proximal and the BCMA binder is distal to the
CD3 binder, induced significantly higher on-target off-tumor T cell activation compared to the

CD3/BCMA/CD38-118 antibody (Figure 51C).

Taken together, these data demonstrated that an antibody construct with the CD38 binder proximal to
the CD3 binder in an antibody construct increases both tumor killing potency and on-target off-tumor T
cell activation compared to an antibody in which the CD38 binder is distal to the CD3 binder. The
positioning of the BCMA binder proximal to the CD3 binder also increased the tumor killing potency. The

on-target off-tumor T cell activation was low for the control molecules with CD3 and BCMA binders but
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lacking a CD38 binder, most likely due to the lower number of PBMCs expressing BCMA compared to
CD38. Finally, the specific positioning of the binders in CD3/BCMA/CD38-118 conferred a similar tumor
killing potency and lower on-target off -tumor activity, compared to the reversed CD3/BCMA/CD38-170

antibody.

For CD3/BCMA/CD38 tri-specific constructs, the binding domain with the the highest expected on-target
off-tumor activity (the CD38 binding domain, due to its expression on immune cells) should be placed
further away (or distal) from the CD3 binding domain and the binding domain with the lowest expected
on-target off tumor effects (the BCMA binding domain) should be placed in a closer (or proximal)

location to the CD3 binding domain.

Example 26: Epitope Mapping for CD38 targeted by anti-CD38-B3 Fab using X-ray crystallography.

The present example presents the solved crystal structure of anti-CD38-B3 Fab (SEQ ID NO: 110 and SEQ
ID NO: 1) bound to the recombinant human CD38 antigen (SEQ ID NO: 729) at 3.4 A resolution.

Materials and Methods

Production of CD38 Antigen

Gene synthesis and cloning

cDNA encoding the human CD38 (hsCD38) extracellular domain (ECD, amino acid residues Arg45—1le300
of Uniprot entry P28907), containing the following mutations on designed to move the four N-linked
glycosylation sites (N100D, N164A, N209D and N219D); the ECD was fused to a C-terminal 6-histidine
peptide tag,synthesized and cloned into a pcDNA3.1 derived vector (Invitrogen). The expression vector
also carries a CMV promoter, a bovine hormone poly-adenylation (poly(A)), the origin of plasmid
replication of Epstein-Barr virus (oriP), and the murine VJ2C leader peptide for secretion of the encoded

polypeptide chain.
Protein expression and purification

Homo sapiens (hs) CD38 ECD was expressed in Expi293F™ cells (ThermoFisher) cultured in Expi293
Expression Medium (Thermo Fisher). The day prior to transfection, the cells were centrifuged for 10
minutes at 900rpm and resuspended in fresh Expi293 Expression medium to a final concentration of 2 x
108 viable cells/ml. The next day, the cells were diluted to a final density of 2.5 x 10° viable cells/mland

transfected with a DNA-ExpiFectamine™ 293 transfection reagent (ThermoFisher) mixture using 1 ug of



10

15

20

25

WO 2023/213998 PCT/EP2023/061909

233

DNA and 2.7 pl of transfection agent per 1 ml of culture. Typically, the DNA and ExpiFectamine™ are
diluted with 5% final culture volume of Opti-Plex™ Complexation Buffer (ThermoFisher), gently mixed by
swirling and the individual reagents incubated for 5 minutes at room temperature. The diluted
ExpiFectamine™ 293 Reagent is gently added to the diluted plasmid DNA and the complex incubated at
room temperature for 20 minutes. The complex is then transferred to the cells and cells incubated on an
orbital shaking platform at 37°C with 8% C0O2. 18-22 hours post-transfection, the cells are supplemented
with ExpiFectamine™ 293 Transfection Enhancer 1 and ExpiFectamine™ 293 Transfection Enhancer 2
(ThermoFisher) using a volume corresponding to 0.5% and 5% of the final culture volume for the Enhancer
1 and Enhancer 2, respectively. 5 days post-transfection, cell-free culture supernatant containing the
recombinant protein were prepared by centrifugation followed by filtration and used for further

purification.

For hsCD38 purification, the cleared supernatant containing the protein of interest was loaded ona 5 mL
HisTrap™ Excel column (Cytiva) equilibrated with PBS pH7.4 at 10 mL/min using an Akta™ pure FPLC
system (Cytiva). The column was then washed with 7 column volumes of PBS pH 7.4 at 5 mL/min and the
protein eluted with a 4-steps gradient with 5%, 20%, 50%, and 100% of elution buffer composed of PBS
pH 7.4 and 500 mM Imidazole, each step running over 7 column volumes. Peak fractions were pooled and
concentrated using a Centricon® centrifugal filter device (Merck Millipore) equipped with a 10 kDa cut-off
membrane. The concentrated sample was further purified by size exclusion chromatography (SEC) using

a HiLoad Superdex-200 26/600 (Cytiva) run at 2.8 mL/min and PBS pH 7.4.
Generation of anti-CD38-B3 Fab

Gene synthesis and cloning

For expression of the anti-CD38-B3 Fab (SEQ ID NO: 110 and SEQ_ID NO: 1), heavy and light chain vectors
were constructed as described previously in Example 5. Briefly, cDNAs encoding the variable heavy chain
region were amplified by PCR using the scFv clone in its phage library vector. The VH PCR product was
cloned in the modified pcDNA 3.1 vector upstream of a cDNA encoding a human IgG1 heavy chain CH1
domain. The fixed Vk3-15/Jk1 light chain (SEQ ID NO: 1) was cloned in the modified pcDNA 3.1 vector

upstream of a cDNA encoding a human kappa constant light chain domain.

Protein expression and purification
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For Fab expression, equal quantities of heavy chain and light chain vectors were co-transfected into
Expi293F™ cells (ThermoFisher). The expression was then performed as described previously for human
CD38 ECD. 5 days post-transfection, cell-free culture supernatant containing the recombinant protein

were prepared by centrifugation followed by filtration and used for further purification.

For purification, the cleared supernatant containing the protein of interest was loaded on a
CaptureSelect™ CH1-XL (Thermo Scientific™) column equilibrated with PBS pH7.4. Fab was then eluted
with glycine 0.1 M pH 3.5. After neutralization with 1/10 volume of Tris-HCl pH 8.0, the eluate was further
purified by SEC using a HiLoad Superdex-200 16/600 (Cytiva) equilibrated in PBS pH 7.4.

Crystallization and structure determination of the B3/CD38 complex

For crystallization, the complex of hsCD38 with the anti-CD38-B3 Fab was formed by mixing the receptor
with a 1.3-fold excess of Fab followed by purification by SEC using a HiLoad Superdex-200 16/600 (Cytiva)
equilibrated in 25mM HEPES pH7.4, 140mM NaCl. The Fab/hsCD38 complex was concentrated to ~11
mg/mL. The crystals used for data collection were grown by the sitting drop vapor diffusion method with
areservoir solution containing 18% w/v PEG 4000, 0.1M sodium citrate, 0.2M ammonium acetate, pH 6.0.
Drops consisting of 1 yL protein + 1 plL precipitant were set up at 20 °C, and crystals appeared within 3-7
days. The resulting crystals were cryoprotected by soaking in well solution supplemented with 35%
ethylene glycol, then flash cooled and stored in liquid nitrogen until data collection. Diffraction data were
collected at the Swiss Light Source (SLS). The data were indexed in P6522 and integrated and scaled using
XDS and XSCALE (W. Kabsch, Xds. Acta Crystallogr. D 66, 125-132 (2010)) to 3.4 A resolution. The structure
was determined by molecular replacement with Phaser. The Fab and CD38 from structure with pdb code
7DHA were used as the initial search model and two copies of the anti-CD38-B3 Fab/hsCD38 complex
were found in the asymmetric unit. Rigid body refinement, simulated annealing and restrained refinement
were carried out in Refmac (G. N. Murshudov, A. A. Vagin, E. J. Dodson, Refinement of macromolecular
structures by the maximume-likelihood method. Acta Crystallogr. D 53, 240-255 (1997)). Between rounds
of refinement, the model was built and adjusted using Coot (P. Emsley, B. Lohkamp, W. G. Scott, K.
Cowtan, Features and development of Coot. Acta Crystallogr. D 66, 486-501 (2010)).

The structure was analyzed with the Protein Interfaces, Surfaces, and Assemblies (PISA) program. All

figures were made with PyMol (DelLano Scientific).
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Results and Conclusion

To obtain the atomic-level resolution of the epitope/paratope interaction, the crystal structure of the anti-
CD38-B3 Fab (SEQ ID NO: 110 and SEQ ID NO: 1) in complex with the ectodomain of hsCD38 antigen (SEQ
ID NO: 729) was solved at 3.4 A resolution.

A representation of the structure of the anti-CD38-B3 Fab bound to CD38 is shown in Figure 52A. Anti-
CD38-B3 Fab buries a total of 1,707 A2 at the interface with hsCD38 (853 A2 for B3 and 854 A2 for CD38).
The recognition of CD38 is dominated by the heavy chain, where heavy-chain complementarity-
determining region2 (HCDR2) and HCDR3 make extensive hydrogen bond and hydrophobic contacts with
CD38. The light-chain, through exposed residues at the tip of LCDR1 and LCDR3, also engages the antigen
via hydrogen and hydrophobic interactions. The B3 heavy chain contributes to 68% of the Fab buried

surface area, similar to other antibodies against protein antigens.

The anti-CD38-B3 Fab recognises 23 residues of human CD38 via hydrogen bonds, ionic interactions and
hydrophobic contacts (Figure 52B and Figure 52C). The epitope consists of residues Glu103, GIn107,
Thr114, Thr116, Argl94, Argl95, Glul98, Alal99, Asp202, Ser224, His228, Asn229, GIn231, Pro232,
Glu233, Lys234, Val235, GIn236, lle265, Ser267, Lys268, Arg269 and Asn270. The residues within the
HCDR2 and HCDR3 of B3, including Arg50, Thr53, Asn56, Asn58, Ser95 and Ser100A make hydrogen bonds
with the residues on the surface of CD38, including His228, GIn231, Glu233, Lys268, Arg269. HCDR2 via
lle52, Gly54 and Ala55 make hydrophobic contacts with the residues Lys268 and Arg269. Three
hydrophobic residues in HCDR3, Pro97, Leu99 and Gly100B interact with hydrophobic residues on CD38
as well as with surrounding polar residues, including Pro232, Glu233, Lys234, Val235 and GIn236. HCDR1
residues, via the main chain of Thr30 and Leu31 form electrostatic interaction with Asn270. Interestingly,
GIn61 and GIn64, residues within the framework region of the anti-CD38-B3 heavy chain, also contribute

to the interaction with CD38 by interactions with GIn107, Glu103 and Arg194.

The light chain, through exposed residues at the tip of LCDR1 and LCDR3, also engages the antigen via
hydrogen bond, ionic and hydrophobic interactions (Figure 52C). Asn92 from LCDR3 is the only light chain
residue that binds CD38 through a hydrogen bond with Lys234. The light chain also contributes to the
hydrophobic interactions where LCDR3 Trp94 interacts with the aliphatic portions of GIn231. The
backbone carbonyl oxygen group of Glul within the light chain also contribute to the interaction with the

side chain of Arg195.
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The crystal structure of the B3 binder in complex with CD38 confirmed the results from the competition
assay (Example 24): B3 recognizes a distinct but overlapping epitope with daratumumab and isatuximab
(2 residues shared between the epitope of B3 and daratumumab, and 6 residues shared between the
epitope of B3 and isatuximab) (Figure 53A). While the binding modes of B3 and daratumumab show that
both Fabs can bind simultaneously to the surface of CD38, the binding orientations of B3 and isatuximab
clearly cause steric collision between both Fabs, preventing their simultaneous binding to CD38 (Figure

53B and Figure 53C).
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Claims

1.

A trispecific antibody or antibody fragment thereof comprising at least three binding portions, at
least one of which binds to human CD3, at least one which binds to human BCMA and at least one

of which binds to human CD38.

The trispecific antibody or antibody fragment thereof of claim 1 further comprising a common light

chain.

The trispecific antibody or antibody fragment thereof according to any one of the preceding claims,
wherein said at least one binding portion which binds to human CD3 comprises a heavy chain CDR
set comprising an amino acid sequence selected from the group comprising: SEQ ID NO: 181, SEQ
ID NO: 307, and SEQ ID NO: 433; SEQ ID NO: 184, SEQ ID NO: 310, and SEQ ID NO: 436; SEQ ID NO:
186, SEQ ID NO: 312, and SEQ ID NO: 438; SEQ ID NO: 188, SEQ ID NO: 314, and SEQ ID NO: 440;
SEQ ID NO: 192, SEQ ID NO: 318, and SEQ ID NO: 444.

The trispecific antibody or antibody fragment thereof according to any one of the preceding claims,
wherein said at least one binding portion which binds to human BCMA comprises a heavy chain
CDR set comprising an amino acid sequence selected from the group comprising: SEQ ID NO: 234,
SEQ ID NO: 360, and SEQ ID NO: 486; SEQ ID NO: 219, SEQ ID NO: 345, and SEQ ID NO: 471; SEQID
NO: 227, SEQ ID NO: 353, and SEQ ID NO: 479; SEQ ID NO: 231, SEQ ID NO: 357, and SEQ ID NO:
483.

The trispecific antibody or antibody fragment thereof according to any one of the preceding claims,
wherein said at least one binding portion which binds to human CD38 comprises a heavy chain CDR
set comprising an amino acid sequence comprising: SEQ ID NO: 236, SEQ ID NO: 362, and SEQ ID
NO: 712; SEQ ID NO: 239, SEQ ID NO: 365, and SEQ ID NO: 491; SEQ ID NO: 237, SEQ ID NO: 363,
and SEQ ID NO: 700; SEQ ID NO: 248, SEQ ID NO: 374, and SEQ ID NO: 500.

The trispecific antibody or antibody fragment thereof according to any one of the preceding claims,
wherein said at least one binding portion which binds to human CD3 comprises a heavy chain
comprising an amino acid sequence at least about 85%, 86%, 87%, 89%, 90%, 91%, 92%, 93%, 94%,
95%, 96%, 97%, 98%, 99% or 100% identical to the amino acid sequence selected from the group
comprising SEQ ID NOs: 55; 58; 60; 62 and 66.

The trispecific multispecific antibody or antibody fragment thereof according to any one of the

preceding claims, wherein said at least one binding portion which binds to human BCMA comprises
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a heavy chain comprising an amino acid sequence at least about 85%, 86%, 87%, 89%, 90%, 91%,
92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% identical to the amino acid sequence selected
from the group comprising SEQ ID NOs: 93, 101, 105 and 108, or to an amino acid sequence selected
from the group comprising SEQ ID NOs: 93, 101, 105 and 108 wherein said amino acid sequences

further comprise the amino acid substitution N82aS.

The trispecific antibody or antibody fragment thereof according to any one of the preceding claims,
wherein said at least one binding portion which binds to human CD38 comprises a heavy chain
comprising an amino acid sequence at least about 85%, 86%, 87%, 89%, 90%, 91%, 92%, 93%, 94%,
95%, 96%, 97%, 98%, 99% or 100% identical to an amino acid sequence selected from the group

comprising SEQ ID NOs: 110; 113, 122 and 111.

The trispecific antibody or antibody fragment thereof according to any one of the preceding claims,
wherein said at least one binding portion which binds to human CD3 comprises a heavy chain CDR
set comprising an amino acid sequence of SEQ ID NO: 181, SEQ ID NO: 307, and SEQ ID NO: 433,
and a light chain CDR set comprising an amino acid sequence of SEQ ID NO: 721, SEQ ID NO: 722
and SEQ ID NO: 723; said at least one binding portion which binds to human BCMA comprises a
heavy chain CDR set comprising an amino acid sequence of SEQ ID NO: 234, SEQ ID NO: 360, and
SEQ ID NO: 486, and a light chain CDR set comprising an amino acid sequence of SEQ ID NO: 721,
SEQ ID NO: 722 and SEQ ID NO: 723; and said at least one binding portion which binds to human
CD38 comprises a heavy chain CDR set comprising an amino acid sequence of SEQ ID NO: 239, SEQ
ID NO: 365, and SEQ ID NO: 491, and a light chain CDR set comprising an amino acid sequence of
SEQID NO: 721, SEQ ID NO: 722 and SEQ ID NO: 723.

The trispecific antibody or antibody fragment thereof according to claim 9, comprising three amino

acid chains having amino acid sequences of SEQ ID NO: 546, SEQ ID NO: 547 and SEQ ID NO: 1.

The trispecific antibody or antibody fragment thereof according to claims 1 to 10, wherein said at
least one binding portion which binds to human BCMA is fused at the N-terminus to the C-terminus

of said at least one binding portion which binds to human CD3 via a peptide linker.

The trispecific antibody or antibody fragment thereof according to claim 1, wherein said at least
one binding portion which binds to human BCMA is fused at the C-terminus to the N-terminus of
said at least one binding portion which binds to human CD3 via a peptide linker, or wherein said at

least one binding portion which binds to human BCMA is fused at the C-terminus to the N-terminus
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of said at least one binding portion which binds to human CD38 via a peptide linker, or wherein said
at least one binding portion which binds to human BCMA is fused at the N-terminus to the C-

terminus of said at least one binding portion which binds to human CD38 via a peptide linker.

The trispecific antibody or antibody fragment thereof according to any one of the preceding claims,
wherein said trispecific antibody or antibody fragment thereof comprises a non-naturally occurring

Fc domain.

The trispecific antibody or antibody fragment thereof according to any one of the preceding claims,

for use as a medicament.

The trispecific antibody or antibody fragment thereof according to claim 14 for use in treating a

BCMA and/or a CD38 expressing cancer.

The trispecific antibody or antibody fragment thereof according to claims 14 or 15, for use in
treating multiple myeloma, relapsed multiple myeloma, refractory multiple myeloma,
relapsed/refractory multiple myeloma, smoldering multiple myeloma, active multiple myeloma,
acute lymphoblastic leukemia, chronic lymphocytic leukemia, acute myeloid leukemia, lymphoma,
breast cancer such as Her2+ breast cancer, prostate cancer, cervical cancer, germinal center B-cell
lymphoma or B-cell acute lymphoblastic leukemia, Chronic lymphocytic leukemia (CLL),
Myelodisplastic syndrome (MDS), Non-Hodgkin lymphoma, diffuse large B-cell lymphoma, non-
small cell lung cancer (NSCLC), Hepatocellular carcinoma (HCC), High-grade serous ovarian

carcinoma, peritoneal cancer.

An antibody or antibody fragment thereof or antigen-binding fragment which binds to the same
epitope on human CD3 as a reference antibody or antibody fragment thereof comprising the at
least one binding portion which binds to human CD3, one binding portion which binds to BCMA,

and one binding portion which binds to CD38 according to claim 9.

An epitope on the human CD38 extracellular domain which is bound by the antibody or antibody
fragment thereof of any one of the preceding claims and comprising the residues Glu103, GIn107,
Thr114, Thrl16, Argl194, Argl95, Glu198, Alal199, Asp202, Ser224, His228, Asn229, GIn231, Pro232,
Glu233, Lys234, Val235, GIn236, lle265, Ser267, Lys268, Arg269 and Asn270, as detected by X-ray

crystallography.

An antibody or antibody fragment thereof that binds to human CD3, comprising a heavy chain CDR

set comprising an amino acid sequence selected from the group comprising: SEQ ID NO: 181, SEQ
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ID NO: 307, and SEQ ID NO: 433; SEQ ID NO: 184, SEQ ID NO: 310, and SEQ ID NO: 436; SEQ ID NO:
186, SEQ ID NO: 312, and SEQ ID NO: 438; SEQ ID NO: 188, SEQ ID NO: 314, and SEQ ID NO: 440;
SEQ ID NO: 192, SEQ ID NO: 318, and SEQ ID NO: 444, and a light chain CDR set comprising the
amino acid sequences of SEQ ID NO: 721, SEQ ID NO: 722 and SEQ ID NO: 723.

An antibody or antibody fragment thereof that binds to human BCMA, comprising a heavy chain
CDR set comprising an amino acid sequence selected from the group comprising: SEQ ID NO: 234,
SEQ ID NO: 360, and SEQ ID NO: 486; SEQ ID NO: 219, SEQ ID NO: 345, and SEQ ID NO: 471; SEQ ID
NO: 227, SEQ ID NO: 353, and SEQ ID NO: 479; SEQ ID NO: 231, SEQ ID NO: 357, and SEQ ID NO:
483, and a light chain CDR set comprising the amino acid sequences of SEQ ID NO: 721, SEQ ID NO:
722 and SEQ ID NO: 723.

A trispecific hetero-dimeric antibody or antibody fragment thereof comprising a first and a second
engineered CH3 domain, wherein said first engineered CH3 domain comprises the substitutions of
the group comprising: Q347A, S364K, T366V, K370T, K392Y, F405S, YA07V, K409W, T411N (EU
numbering), and said second engineered CH3 domain comprises the substitutions of the group
comprising: Q347E, Y349A, L351F, S364T, T366V, K370T, T394D, V397L, D399E, F405A, Y407S,
K409R, T411R (EU numbering), and wherein said trispecific hetero-dimeric immunoglobulin or
hetero-dimeric fragment heterodimerize through said first and second engineered CH3 domains,
characterized in that said trispecific hetero-dimeric antibody or antibody fragment thereof

comprises at least three binding portions each binding portion which binds to a different antigen.
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FIG. 1B
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FIG. 4B

T cell activation

§ A b M 5 A ) N , o
S SN
Concentration [nM]

Anti-CD3-C1-UCP01-D6 x BCMA
Anti-CD3-C1-UCP01-E10 x BCMA
Anti-CD3-C1-UCP01-H10 x BCMA
Anti-CD3-C1-UCP01-F10 x BCMA
Anti-CD3-C1-UCP01-E12 x BCMA
TNB-F2B BEAT Fc
83A10-TCBcv_aCD3xTNB-BCMA BEAT Fc
Negative control

No Antibody



PCT/EP2023/061909

WO 2023/213998

7/134

DIVACIVACIYY CIYAQYSOME A XAV TAISANG SO0 DY d CIVN SO TR AA 1 TA9 IO @I AML INIVEVAD L TTASO QIO A QA AATHNDA I SOH

o0 06 08 oL 08 o8 o 0 0 ot

S 'Old

SUBSTITUTE SHEET (RULE 286)



PCT/EP2023/061909

WO 2023/213998

8/134

ujw «jm

ﬁ‘t Lu wiw Ném

ASVYTATLANYARSNSOE4L0ALIOSDETIS RIS THORASO I NIAQEa00 THMONHOMTI 358420400 TI ALIOS IS AN L L0 IDOHIINDASDT

3 z

00z 061 o8l TR 091

] ¥

o5t C o OFt DET ©opeEl 011

(uonenunuod) g 'oi4

SUBSTITUTE SHEET (RULE 286)



WO 2023/213998

Response (RU)
—d . Loy
o o

N
o

Response (RU)

o

o

9/134

FIG. 6A

~

PCT/EP2023/061909

Anti-BCMA-D3 Fab
concentration

0 nM
25 nM

50 nM

200 nM

150 250 350
Time (s)

FIG. 6B

e

L

Anti-BCMA-D3 Fab
concentration

OnM
25 nM

50 nM

200 nM

150 250 350
Time (s)



Response (RU)

WO 2023/213998 PCT/EP2023/061909

10/134

FIG. 6C

w
o

Anti-BCMA-EG Fab

% 20 ‘ concentration
: \\ oM
@2 10 \‘M 25 nM
8 50 nM
2 0.
' 200 nM
-10
-50 50 150 250 350
Time (s)
FIG. 6D
8
6 Anti-BCMA-E6 Fab
concentration
4 0nM
25 nM
2
50 nM
0 -
200 nM
-2

-50 50 150 250 350
Time (s)



WO 2023/213998 PCT/EP2023/061909

11/134

FIG. 7

5000 -

etric Mean of Fluorescence

= 1000 -

Geom

= lzolype corteol P DEETY EE-Ef
mm 33A10-TCBov E&-B1 e E5-GE



WO 2023/213998 PCT/EP2023/061909
12/134
FIG. 8A
4 anti-CD38-E2 o
(Ab1) saturation daratumumab
~ 3 anti-CD38-B3
E anti-CD38-E2
g 2-
-
S
g1
(1
0-
1 ' 1 L] T T
0 500 1000
Time (s)
FIG. 8B
3= anti-CD38-B3 anti-CD38-E2
(Ab1) saturation daratumumab
oy 1
£ 27 lfagd?gg | anti-CD38-B3
m " - - "
)
c
a 1 Competition
n phase (Ab1 +
é Ab2) injection
0-




WO 2023/213998 PCT/EP2023/061909

13/134
FIG. 8C
4- daratumumab _
(Ab1) saturation L anti-CD38-E2
T 37 , : 7 _.-. anti-CD38-B3
% Ilcinad?:? EAPAE SR 8 o2 :J" daratumumab
0 2~ ading ., -2 1 ;
6 | ——
@ 1
@
o
0-
I ' | ¥ I T
0 500 1000



WO 2023/213998 PCT/EP2023/061909

14/134

FIG. 9A

Anti-CD3 «Fc distal»

Anti-CD38

Anti-BCMA « Fc proximal»

IgG3 BEAT (A) CH3 [A(-)] &3 Anti-BCMA VH
£ 1gG1 BEAT (B) CH3 [A(+)] 3} Anti-CD38 VH

() 19G1 () Anti-CD3 VH

@\



WO 2023/213998 PCT/EP2023/061909

15/134

FIG. 9B

IAnti-BCMA «Fc distal»

Anti-CD3

Anti-CD38 « Fc proximal»

IgG3 BEAT (A) CH3 [A(-)] &% Anti-BCMA VH

£ 1gG1 BEAT (B) CH3 [A(+)] Anti-CD38 VH

() 1gGt () Anti-CD3 VH



WO 2023/213998 PCT/EP2023/061909
16/134
FIG. 10A
300 = Tm2
Tml: 70.09°C (Fc)
Tm2: 83.22°C (Fab)
¢ 200~
©
E
©
2
< 100~ Tml
O
0-
40 60 80 100
Temperature (°C)
FIG. 10B
300 Tm2
Tml: 69.89°C (Fc)
Tm?2: 82.78°C (Fab) ﬂ
< 200-
©
E
E
= Tm1
>y 100 =
o
0=
40 60 80 100

Temperature (°C)



WO 2023/213998 PCT/EP2023/061909

17/134
FIG. 10C
300-
Tm2
Tml: 70°C (Fc)
< 2004 Tm?2: 83.1°C (Fab)
°
E
®
s
=
o 100- Tm1
O
0=
-I-I-I-Iﬂ-ﬁ-l-l-l-l-l-!-l1-l-|-l-l-l-|-l-lﬂ-|-l-l-l-|-l-|ﬂ-|-l-l
40 60 80 100
Temperature (°C)
FIG. 10D
Tml: 70°C (Fc) Tm2
200 Tm2: 82.8°C (Fab E6-G6)
e Tm3: 86.6°C (Fab B3)
X
)
E
©
éé100
o
O

40 60 80 100
Temperature (°C)



WO 2023/213998 PCT/EP2023/061909

18/134
FIG. 11A
40~-
1.37 nM
. e 41 nM
—_ — 12.31nM
-
3 — 37 nM
? 20+ — 111.1nM
2 — 333.3 nM
(734
2 10- 1000 nM
] L ] . L ] ] L} L] | L] ] | L ] l L} L] ] L] L] | | ] ] ] I ¥ L] f ] | L §
0 200 400
Time (s)
FIG. 11B
40—
1.37 nM
30+
. 4.1 nM
z - 123nM
@ 20+ — 37 nM
ol
g — 111.1 nM
ﬁ’g 10 ) — 333.3nM
\ — 1000 nM
e
————r—r——r—— —————r——r—— ———rr




WO 2023/213998 PCT/EP2023/061909
19/134
FIG. 11C
40—
30=-
=) 1.37 nM
x 4.1 nM
o 20- e 12.3 1M
§_ — 37nM
@ — 111.1 nM
o 10- — 333.3nM
— 1000 nM
0=t-
L J v ' v L J L J | L J | v v v ' v v v L J L J L J ' v v v L J
0 200 400
Time (s)
FIG. 11D
40—
_ 30- 1.37 nM
> | 4.1nM
S —— 12.3nM
® —— 37 nM
3 — 111.1nM
® — 333.3nM




PCT/EP2023/061909
20/134

WO 2023/213998

=2 e s
R S e R R R

mESseRRslasesss s s s e s e o — " s -

Y oy

WU L —
NU0LE —
NEZ) —
AU LF0
WU 710
NU GO0

V<t ‘i




PCT/EP2023/061909

WO 2023/213998

21/134

Payy

AU 001
AU €E€°EE
Wullll
WU 0.L¢€
WU €'l
WU Lv'0
WUvl0
WU SO0

e

=

.

4¢T "9id

|
=4
(=
—

(NY) 2suodsay



PCT/EP2023/061909

WO 2023/213998

22/134

PeNI

INU 00}
NU €E°€E
NU LLLL
INUOLE
WU ¢Z'L
NU L¥°0
NU 10
AU G0°0

po 5 5 55 35 95 3 5. % 5 N N ¥ 5 9
TR S s e e e e o o

JCT 'Ol

!
(=
o
uac

=~0G1

=00¢

(nY) osuodsay



PCT/EP2023/061909

WO 2023/213998

23/134

SSE

AU 00}
AU €E°CE
AU LL7LL
AU 0L°¢
AU €2}
AU L0
WU L0
INU GO0

s

act "Sid

!
o
w0

=001}

=06 |

(NY) asuodsoy



PCT/EP2023/061909

WO 2023/213998

24/134

Pay

AU 001
AU €E°EE
WU LL'LE
U €E0L°€
A CRA
AU Ly°0
WU 9€EL0
AU 917070

B e

VET 'Ol

=0

=001

(NY) asuodsay



PCT/EP2023/061909

WO 2023/213998

25/134

puabo]
INU 00}
INU €€°EE
NULLLL
INU €€0L°€
INU €21
AU L0
INU9EL"0
INU 9%0°0

S e e T T T 0 0 =

b ]

g9€T "Old

v
=)
10

=001

(NY) ssuodsay



PCT/EP2023/061909

WO 2023/213998

26/134

PeRId

AU 00}
NU €E°EC
AU 1L L
AU 0L
AU E€C)
AU 1¥°0
AU ¥1°0
AU GO0

e e e e o

e

JET 'Old

|
(=
L e

=00}

(NY) osuodsay



PCT/EP2023/061909

WO 2023/213998

27/134

PelIA

AU 001
AU €E°EE
AU LLLL
WUOQLE
WU E€CL
AU 1¥°0
WU P10
WU GO0

det "did

-
-

|
(=
Te)

=001

(NY) asuodsay



WO 2023/213998 PCT/EP2023/061909
28/134
FIG. 14A
560 +
480 -
Feylla
0 400
» 6 320
¢ 240
\ 180 4
» 80
COO0 Y 00 000 g ProeinG ) g
BEAT captured on Protein G chip -60 v |
-200 0 200 400 600 300 1000
200 60 4
N FryRlls 150 - 0 -
®0 . 100 1 80 -
U 50 40 -
LOROIDID Ve g ProteinG
T -50 , 40 v
BEAT caplured on Prolein G chip 200 0 300 400 0 0.000008
200 - 60 4
8 FeyRlly 150 20 4
"o 100 80 -
50 - 40 -
0000 08 NN g Poene |
‘ e -50 T T 40
HEAT caplured on Protein G chip 900 0 300 A00 0 0.000008
200 4 60 -
N FeyRilia 130 - 30 -
" 100 - 80
% 50 - 40 -
i o piSin— ’Q—ﬁ—’.
111 § ProteinG 0 03
SR -50 40
BEAT caplured on Protein G chip 200 0 200 400 0 0000002
120 120 -
Fefn/iang
4 J 80 1 "
. 00 7 ¥
o 40 +
‘ 0 40
(1AL nt "
BEAT captured on Protein L chip 500 0 =00 1000 0 0.000004

SUBSTITUTE SHEET (RULE 286)



WO 2023/213998

FoyRly
% 4 ¢
&
TXIN) N Protein G

BEAT captured on Protein G chip

FeyRlla
® 0 ¢

i
TRl i Protein §

BEAT capiured on Profein G chip

Feyfliil
® ¢ ¢
L |
131 i Protein &

BEAT caplured on Protein G chip

§ Proteinl

BEAT captured on Protein L chip

PCT/EP2023/061909
29/134
FIG. 14B
560 -
480
400
320 4
240 -
160
a0
0
-80 T 7 . !
=200 ] 200 400 g00 300 1000
200 160 -
150 - 120 -
100 - a0 -
50 40
s
50 40
-200 ] 200 400 0 0000003
150 - 120 -
100 - 80
50 - 40 -
0 - 0-
‘50 1 '4ﬂ ¥
-200 1] 200 400 0 0.000008
200 - 160 -
150 - 120 -
100 - 80
50 40 -
-50 : -40 |
-200 0 200 400 0 0.000002
120 - 120 -
80 -
80
40 4 |
0 40 4
-40 .0 *
-500 0 500 1000 ] 0.000004

SUBSTITUTE SHEET (RULE 286)



WO 2023/213998

PCT/EP2023/061909

30/134
FIG. 14C
560 4
FeyRla 480 +
@ 400 4
320
240 4
160 -
80 4
'80 T ¥ T L
=200 1] 200 400 1000
200 - 160 -
9 FoyRila 150 120
" e 100 - 80
& 50 40
111 ‘ i ProteinG 0 0 &
BEAT captured on Protein G chip 30 f ? -40 .
-200 0 200 400 0.000008
200 - 160
¢ Foyfilh 150 - 120
"o 100 80
50 - 40
TXIR] A N Protein 0+
V —— -50 | 40 - :
BEAT captured on Protein G chip 2200 0 200 400 0 0.000008
200 4 160 -
¢ FoyRlila 150 - 120 -
" 100 80
B 50 - 40
1111 ) Protein 0 ' — 0
BEAT captured on Protein G chip -0 . 40 '
=200 0 200 400 0.000002
120 4
8 Felin/Bam ap -
X
40 -
8
0
TX1) § Protein
BEAT captured on Protein L chip -40_500 6 560 10(00 Bﬂﬁéﬂm

SUBSTITUTE SHEET (RULE 286)




WO 2023/213998 PCT/EP2023/061909

31/134
FIG. 14D
560 -
—re 430 -
. 9 Foylila A0
c 320 -
240
b 160 4
o 80
T IO Db G —
BEAT captured on Protein 3 ¢hip -80 ¥ v
-200 0 200 400 B00 a00 1000
200 - 160 ~
" 100 80 -
i‘ i. ‘ ‘ Probein G 0 0 ] V ’
v Ll - - ,.5[:] . wdr[j :
BEAT captured on Protein G chi
ppETORnR 200 0 200 400 0 0000008
200 - 160
. Fofih | 150 - 120 4
w g 100 au
0 50 - 40
o0 0
GO OB 0 410" ¢ Proteind 0 40
BEAT captured on Protein G chip 200 0 200 100 0.000008
200 160
, Foyiila | 150 - 120
B g ' 100 - 80
o 50 40
. 0 S 0
%1 § Proteln G 50 40
BEAT captured on Pratein 5 chip -200 0 200 400 (j 0.000002
120 120
FeRn/B2M
W ¢ 80 80 i ¥
40 ‘
@ 40 -
4 0 -
1YY 5 § Brotainl
N -40 )
BEAT captured on Protein L ch
captured on Protein L chip 500 0 500 1000 0.000004

SUBSTITUTE SHEET (RULE 286)



WO 2023/213998

PCT/EP2023/061909

GO 00 00 4% 994" ¢ ProteinG

BEAT captured on Protein G chip

FoyRila
» o ¢
§
YY) i Protein &

BEAT captured on Protein G chip

FeyRilh
» 9 ¢
#
1511 § Protein G

BEAT captured on Prolein G chip

Foyitllia
N #
&
GO RO AN 0 4 04) ¢ ProteinG

BEAT caplured on Protein G chip

BEAT captured on Protein L chip

32/134
FIG. 14E
560
430 -
400
320 -
240
160
80
O .
80 .
=200 1] 200 400 500 a00 1000
200 - 160 -
150 — 120 -
100 30
a0 - 40
0 0
-0 40 .
200 0 200 400 0 0.000008
200 160
150 120
100 - 80 - /"
50 - 40
0 0
50 40 4
200 0 200 400 0 0.000008
200 - 160 -
150 120 -
50 A 40 -
0 0
-50 k , 40
-200 0 200 400 U 0.000002
-40 : !
500 0 500 1000 © 0.000004

SUBSTITUTE SHEET (RULE 286)



WO 2023/213998 PCT/EP2023/061909

33/134
FIG. 15
- PBS
0.09= . . CD3/BCMA/CD38-115
== CD3I/BCMAICD38-117
= i . =+ CD3/BCMA/CD38-118
< CD3/BCMA/CD38-119
~=0.07 - —
@
o
; -~
1]
2 ==
S0.054
L
< -
ﬂ,ﬁz | L] I L] | ] I 5 —
450 500 550 600 650

Wavelength [nm]

AN ax [nm]
=
[1




WO 2023/213998 PCT/EP2023/061909

34/134
FIG. 16A
120000
-®- BEAT CD3/CD38
> 1000007 5¢ TNB-F2B BEAT Fc
5 & 4 83A10-TCBcv
o & 80000
g £ & CD3/BCMA/CD38-118
[0
= 3 goooo-| & CD3/BCMA/CD38-119
> Q
- O
C 0
@ © 40000
XS
-
i
20000-
0 - N N

[ I
0.01 0.1 1 10 100 1000
Concentration [nM]



WO 2023/213998 PCT/EP2023/061909

35/134
FIG. 16B
1000
1 # # #
. .
; 13
s °3s
£ 100-
< ]
| N.Q.
10 i ! ! I I
F & N W®
9 N2 G G
O R & N
{@ t’g\. .«5\



WO 2023/213998 PCT/EP2023/061909

36/134
FIG. 17A
1750007 @ 83A10-TCBcv
— 1500004 £ CD3/BCMA/CD38-118
'ﬁ':; 125000 4 CD3/BCMA/CD38-119
»
'3 100000~
[}
2
= 75000~
2 50000+
2
& 25000
(i
| | | | |

0.01 0.1 1 10 100 1000
Concentration [nM]

FIG. 17B
1200007 & 83A10-TCBcv
— . on00e] B CD3/BCMA/CD38-118
5 A CD3/BCMA/CD38-119 %
R
© 750000-
:
o 500000
2
"g 250000
2
0-
] ) I | |
0.01 0.1 1 10 100 1000

Concentration [nM]



WO 2023/213998 PCT/EP2023/061909

Binding to live cells [RFI]

37/134

FIG. 17C

400000-; -l 83A10-TCBcv
3 CD3/BCMA/CD38-118
4 CD3/BCMA/CD38-119

300000-

200000-

100000-

! v
0.01 0.1 1 10 100 1000

Concentration [nM]



PCT/EP2023/061909

WO 2023/213998

38/134

*

*

E0)

{wd} 9503

E00L

£ 000} o

$) 3} N
00 &0 %0 &&&. &
SRR SRV
¢ P @
] i | | 1
O
o
oo
v no 0”
wy 4
# % '
v + N
o oux s«
# ¥ Kot
X
+

8T 'Old

(wd) %503

VeV #x gght

o -
Vg T am

10

(wd) %53

T
o
-

=001 <



ECso (pM)

ECso (pM)

WO 2023/213998 PCT/EP2023/061909

39/134
FIG. 19
Proliferation of CD4+ CD25+ of CD4+
100004 10000
] x +# E X
. ' + #
1000 * * 1000 —
3 « A s 3 * A
: ®X - o ] ¥ X * A
100 * *® . —a— "“; 1004 X% o -
E ‘ Apa S E - AAA
- » 7
1 8 E‘Ll . o ] oo “l“l - -0
i L ] oo, 104 T
i aw g 9@ E E g
§ 1 e® ‘
1 T T T T T 1 T T T T T
Proliferation of CD8+ CD25+ of CD8+
10000 1000
: ? X
-
1000 X +
E g‘ 100  — A
# Lo - *
100 4 o 1 % X -
1 % x e y LH
: ¥x _m A 8 07 o & HOg ot
104 oo 'f gO ada ] > —
1 - L — o
y . . oo
1 T T l ] | 1 T T 1 T I
% o 4 & S ; o Ky % )
& & N X & & NN
& & NP & & o AP
< Q 9 @ & Q Y
PN MR R O« & N @
@ &f‘@ ,gﬁ‘r‘ {5\@ < ’(:Eu%



PCT/EP2023/061909

WO 2023/213998

40/134

[u] uonenuasuon
00z o 8 91 002 o 8 91 00 o 8 91
]

\ R iE:
\ R

N R

N |

N

NN

N

N

Ago1-0lves KN
61 1-YINOG/8€00/EA0 B2
81 1-VYINOE/8£d0/€Ad0 K4

ewweb-N4|

vO0< ‘Old

=006

= 0001

= 0002

0 jonuon ban

[1wyB6d] uonesuasuos saujolAn



FIG. 20B

WO 2023/213998

PCT/EP2023/061909

41/134

S
1 2577777} <
T
-
© o §
< T , —l o=
s 3 ' IRz
88 3 q 3 §
S 33 ©
S 8 o = 5
28 3 i s
OO0 B ke S
L X o=
I 1 g
S } I i 2
S
e I i e
L
Z } {2
= .
I &£ £ =
= a & & 2 =
o
o
[jw/B6d] uonnenyusasuod aunjojhn =



FIG. 20C

WO 2023/213998

IL-2

PCT/EP2023/061909

42/134

fffffffffff g

40 200

8

0 O

- g

A

< <C

= =

QO >

Q@ 3

o © @

n o O

0O ok :

© O 2o :

e B :

mm;% :

O O " o

| "“"E: &

0he —F s
: : <

] 1 | ] | T | ] !

o o o %c = <

S o =3 < ~

- o

[jw/B6d] uonenuUasuod aunjolAd

Neg Control=

Concentration [nM]



PCT/EP2023/061909

WO 2023/213998

43/134

[yl _,_awm:%u;mu

00 or 8 91 00¢ OF 9l 00¢ OF

‘ f._wra [ 7’;
ST

MEOL-0lvES BN

61 1-YINO8/8EAD/€A0
811-¥INO8/8£00/€AD

R E R R R R R R R R R R R R R R R R R R R R R R R R R R N N I N N A A S A A

aoc "sid

8

9')
il

~00¢

~00¥

=009

=008

0 jonuo) baN

[lw/B6d] uoneiszuasuUOs B3UNjOIAD



PCT/EP2023/061909

WO 2023/213998

44/134

[Wu] uonyenuasuoy
00 o 8 91

A

VI TSI TSI

00 or 8 91 00¢ OF

MRFO1-0lvES BN

FE B R R E R R R E B R SRR FEE R FF R R A B E PR E R E KR E R F R R E RN R R ERE S KRR R R R EE S F R AR F KRR R RF K E SR RE SRR E R R

30¢ '9id

8

® &

0 jonuo) bap

[lw;6d] uonenusasuod auNoljiAH



PCT/EP2023/061909

WO 2023/213998

45/134

Apognuy oN e
qewijoibepy -e-

6L} 8€AO/NVINOG/EAD -+
8Ll 8€QO/NVNOg/a B
qewnwnjele( -«-
AgO1-0LVE] -m-

04 1¥39 924 aNL -x-

¢ 8£00/€00 Lv3g -e-

0001
l

(Wu) uonesuasuod Apoqnuy

001
_

0l
|

2
|

10

Vi¢Z 'Ol

Ajisualuj
92Ud92saIoN|{ UBDN



PCT/EP2023/061909

WO 2023/213998

46/134

FIG. 21B

kK

%k %k

K%k

%k %k

1.0%107—
6.3%x106—
S 4.0x106—

—
L}



WO 2023/213998 PCT/EP2023/061909

47/134

FIG. 22

AN
|

?

—
]

Coombs Score
"

4
.
-
.
.
0— ..... .. . . .....

0.001 0.01 0.1 1 10 100 1000

Antibody Concentration (nM)

BEAT CD3/CD38_2
TNB-F2B BEAT Fc
83A10-TCBcv
Daratumumab
CD3/BCMA/CD38_118
CD3/BCMA/CD38_119
Magrolimab

Negative TREAT

No Antibody

e X ¢t ot owx



WO 2023/213998 PCT/EP2023/061909

48/134

FIG. 23A

100

% Target Killing
19))]
o
|

o
]

| ! | | |
0.00001 0.001 0.1 10 1000 100000

Concentration (pM)

Daratumumab

e
-®- [satuximab

-#- 83A10-TCBcv

-a- CD3/BCMA/CD38_119
8 CD3/BCMA/CD38 118
& Isotype IgG1

X

Isotype TREAT
@ No antibody



PCT/EP2023/061909

WO 2023/213998

49/134

FIG. 23B

kkk

<Q J 4 —
& Q\\w
oo — &
. 7! o @ Z, /%00\
e od o = %, %o %
AW*,@NW,U\\
&w ~ %, % 9 O
H|_E ««\\» mwv Ve, O
1 Lll -, ««\0 \..50
________ 1 ________ 1 ________ 1 @0 &0 0
~— s i)
S = 0, @

1000

(nd) %593 3



WO 2023/213998 PCT/EP2023/061909
50/134

FIG. 23C

| |
I |
600— | |
| h
. O
400 * O M
LA
< **g _ &
2 —

00 *??D &
i @
O—F——T——T—T1

S Py N D
O M N /.
5(0 SF &8
Q & X070
N &P OO
o & YV F 5
" Q o



PCT/EP2023/061909

WO 2023/213998

51/134

ShBD JusunEsl]
§2 nE 5l 0k E 0
i i i i 1 L. #
B
o
S
G =
~HIDE
ShEp stnEsl]
14 4 5 i 5 f
| ] ] ] ]

By/Bbw zo0

({rmu}; BELITYO A SORLITE |

- B00g

shep jawesl]

Siep wsuneEsl]

sfep wawesl ]

0ot

T LR A JOLUR |

~000E

EW

{

~- 0G0E

~ 00k

— 800

~ D00

ShEp paunes |

By/Buwi L0

vv< "Sld

T
b
o
=1

r;x:mu) SLLIOA SR |

0008

- 300k

1
o
=
=3
[

—~ (00

By/bw g0

GL-BEODANOBRTD &
8LL-BEO0NVNDERAD &

PEIL-0LVER &
apuR) -*-

SULERIO JOLLIFT |

{ LYY BLLINGE A 0L |

(A

g JouoQq

W Jouo]



PCT/EP2023/061909

WO 2023/213998

52/134

ﬁ&

s ,%

,.uv

i

) .@ ;m
%@ S
%%%

e

%memm

g JouoQ

@%

ﬁ&

Ay

1

]
==
=

— 0ol

— 0001

|mmaﬁ

<

&L L-BEADNVINDHIEQD 2
g1 L-8E0INNINDEEQD B2
AMPIL0LYER B3
spyEA
@_nu J.m.w S AW@

,.uv &v aw ,uw ..uv ..uw ‘.%v
&w@ ﬁaﬂwv %@%@%@&w @
]

SRy

%‘»@Wﬁw&@mﬁm&m@&w&m

hu.uﬁw) uopenuaIucn

avc "9id

L
Hgresy
L FAEETS

ET

2
=t

g
e

R

o

T
%]

— 0l

g

e
el

o, R s
SIS e

2\

— 0oL

~ 0001

—0000 w

v JouoQ

hwﬁm) Uo[eNUaIU0D



WO 2023/213998 PCT/EP2023/061909

53/134

FIG. 25A

Donor A

3000-

Turmor volume (mm®)

Treatment days

3000 Donor B

Treatment days

-0~ Vehicle

- 83A10-TCBcev

-8 CD3/BCMA/CD38-118
4 CD3/BCMA/CD38-119
- CD3/BCMA/CD38-122




WO 2023/213998 PCT/EP2023/061909

54/134

FIG. 25B

Donor A

B o o
o = o
= = =)
I I I

200+

Concentration (ng/mL)

o
|

Donor B

n {ng/mlL)
£ o o
o o o
T T 7

- 200+

Concentratior

0——p— T T

® Vehicle

® 83A10-TCBcev

o CD3/BCMA/CD38-118
4  CD3/BCMA/CD38-119
o CD3/BCMA/CD38-122




WO 2023/213998

55/134

FIG. 26A

PCT/EP2023/061909

Donor A

Veh
Bev
118
119
-122

.

DonorB

55.8

81.2

171.5

i
o




WO 2023/213998

N TCRab" cells / g tumor

108

107

106

10°

104

1034

PCT/EP2023/061909

56/134

FIG. 26B

.5‘4%1;@
i 1) A @
2 # HHE
| |
B B
Day 2 Day 6
® Vehicle
® 83A10-TCBcv
O CD3/BCMA/CD38-118

CD3/BCMA/CD38-119
CD3/BCMA/CD38-122



WO 2023/213998

FIG. 26C

83A10-TCBcv CD3/BCMA/CD38  CD3/BCMA/CD38  CD3/BCMA/CD38

Vehicle

122

-119

-118

57/134

PCT/EP2023/061909

L L
s = £ =
[ L T Lo =t
b & [ &4 TSR S
- - Ee] - - £
] o5 r B oo o b B
E o E o
o - 93 .
f o £ =t =
TR FEE ¥ ¥ ¥ - ] L ®
L= L 5 L)
£y ft] st ] B ™ A P @
L ?‘0@
T (oo r
g— e
wc} - Fua)
_— o3 _—
g o E
o L
L * X
= (Lo =
e ¥
w'{:& ml’:t"
LUE)
L —
£ e o -
-y fu ] L] -t
AT - - P
r =N o3 oy =
B = E
e Ll
M 2ol
e T ¥ ¥ - i
ke g o g
o = e s e em
B
Lix) T
o ]
3 «w o3 C
T 3 P~ e,
- = — P - =
- -
E = E©
i
Eree)
=r
=t
Ty

SUBSTITUTE SHEET (RULE 286)

hCD25




WO 2023/213998 PCT/EP2023/061909

58/134

1 1 1 I 1
P = oo T <
o e -r o

4

{doudn g Ul 8|80 g0 uigum) (uss|dg uisjje0 gD uLAM]
gjjg0 5200 % slle0 62000 %

100 -
— 100 -

-

FIG. 26D
BCMA/CD38-119

CD3/BCMA/CD38-122

B

® 83A10-TCBov
o CD¥BCMA/CD38-118

& \ehicle

i I
ko L

{4owun Ui s|ga ggo uiyim) uss|dg U1 8|20 g0 uium)
slj80 6900 % s(j82 ,6900 %



WO 2023/213998

FIG. 27

& Vehiole

CD3/BCMAICD38-119

i

B BIAT0-TCBev

CD¥BCMAICD38-122

o CDIBCMACDIS-118

59/134

I
=
=
Y

—

T
=
(S e

{1owm B/8d) vonenuesuocn

=
i
| Sk .
.
I T ! 1
= =] =4 =
) L] ko
{rowng 6/6u) uopenusIuoy

LLOQ ~0.04

Day 6

Day 2

Day 6

PCT/EP2023/061909

£
i
:;i
L
i | i i ] 2
2o = o o= o= o
= = = = = oy
L] =] L] - it o’
i sk
{iowr B/6d) uopenuesuon

IL~TRA

{3owm 6/6u) uag;mzuawom

|
oy
o
o
o] o
S S —
= | e o e F
- - =
i
-
-



PCT/EP2023/061909

WO 2023/213998

60/134

yeibousy 1sod sheg

By/Bwi zo0

cﬁmﬂ SLLITYO A 0RAN L

— 05k

LL

%

{gwm} SUITHO A 0N

- (004

— {05

0 74 ok
_ |

neibouax jzod sieQ

v8¢ "Old

- 000k

yeifouay 1sod 5480

= =
& =
3 =3
g g
= &
=4 g
=4 ot
= 2
z 4
i :
- (054
yesbousy peod sAe
il T4 ok 0
e o - & =0 _ w
=4 —
s E
e 2
= —00§ 2
= L
2 S
= el
= =
= 0004 —
- 2
% 3
ud 1173
Bybw g0
BLL-BEQDAMWNORETD % 20g01-0lvee B
FL-8E0OMNDOERTD B apuE), -

g Jouog

~Jouog



WO 2023/213998 PCT/EP2023/061909

61/134
FIG. 28B
Donor C
9.2
10000 -
E g%‘” 1=
‘%& 1000 s
= 8 T
g | 3 |
f_é 100 - | % |
g 10 | %%%
S i
1- 1 | = I I 1 1 ',I I
D g D D D o
SN0 %
RO K S RO %ﬁ
Donor D
7.3x Thx 1%
10000 - w—l l ‘l r—‘}
%. 7 199 (@) 52x @ 89x
S 1000 r——l o
= 21 =
s 100+
£
S 104
e
o
O ]
1- T 1 T T  E—
‘&%& a’;&-ﬁ} %Q* %@- \:,k.,% %@ & %.,{g
& & & & SRS

R A n*;;;«

mm \Vehicle
B3A10-TCBev

1 CD3/BCMAJCD38-118
e CD3/BCMA/CD38-119



PCT/EP2023/061909

WO 2023/213998

62/134

sABp JualLjesl |

g JouoQ

- 008

- 0001

-0051

Z21-860ONVINDRIEaD &
611-8E0ONNOGIEAD
81 1-8E0ONVNOB/EAD &
MEOL-0IVES &
apIeA -

sAep justuesl |

0z ol 0 1]

- 008

(ﬁuw}ammmmgmﬂmL
]
=
=
=2

-00S1

~ Jouo(

veé<c "Old

[EumﬁﬁﬁuﬁﬂQhAmMML



PCT/EP2023/061909

WO 2023/213998

63/134

MTQQSQ%E;;f?:;

—r'goLe

q JouoQ

— 0001

—0002

lmmmm

—000¥

—-000S

61 1-8€0O/NVINOE/EAD
8l 1-8e0O/VINOE/EAD
AgOL-0lVES

SPIUSA

g

uag{\,\ R

—

46¢ 'Old

hmgﬁu unmm;uaaung
B8'0LEL

|rz26

~ Jouo(

—0001

—-000¢2

-000€ ¢

—-000¥%

{,1m1ﬁu] uojjejuas’uo)



WO 2023/213998 PCT/EP2023/061909

64/134

FIG. 30A

88.5

O
o
-
O

-




WO 2023/213998 PCT/EP2023/061909

65/134

FIG. 30B

108

107

106

poanood » soensd 3 soammd
21

105

104

N TCRab" cells / g tumor

103-HLL

® \Vehicle

B 83A10-TCBcv

1 CD3/BCMA/CD38-118
A CD3/BCMA/CD38-119
© CD3/BCMA/CD38-122



WO 2023/213998

CD3/BCMA/CD38
122

FIG. 30C
CD3/BCMA/CD38
-119

CD3/BCMA/CD38

83A10-TCBcv

Vehicle

66/134

PCT/EP2023/061909

= Ry
3 = E =
o L £ Uy Lo
- B o iy L=
f=/ < L oy B
g B
L) ¥
= i
© o3 b L Eer
o3 oo [Te| 99 =
- P 7 [ap) oo
¥ T L Y Ty ~v ¥ ¥
> P
v ¥
R B s
E o - £
;:f*.D [ e
e m -l
= Lo S
e, ey
P = E =
- £ == =,
ey Fe . Eer
L= w we - =
- peed
S () Lo I
i ¥ ¥ tad LA |
iy, e = Ty
o E oo
= By
Lo £ wy Lo
= L] [Eel =
= A oo E Ly
T =
= =T Q
d [T E O Lot -
o £y & o= i b
I w5 D o T
¥ T TR b ot LA e ¥ T Ly T
o e =F = a ) =r o
=] = = [~ o = = [ = =
= = = - = =
B B
L Lo ] = o
wr - Wi, L] Lo an
o S "2 S w e
[ap -~ ) -~ -— E
Tt =
= =
E =] E =
w L] L S
S . S
== - L - o=
Be ) gnene w0
¥ L ¥ ey ¥ ®
i T
£ e
s B
Bty oo [ -
o iap [ =
3 o o E
Wlﬂ"} «ﬁ.ﬂ
- o
3 o -
E e :k = ey
- -_— =TT
E ¥ ¥ ¥
w [ =
=] =3 =1 =
= - = = = e =

o Jouoq

69004

g iouog

SUBSTITUTE SHEET (RULE 286)



FIG. 30D

WO 2023/213998 PCT/EP2023/061909

67/134

o Ne o o o o o o o o o = o
é‘!‘% 8B [Jowin] urs)eo ggo uim)  (ues|dsg i s|@0 8OO UiIm)
. ;@ 8|20 G200 % sile0 5200 %
g <
oL
o @
Qo
. IR -
© Qg
o
8
o = *
gz & e
E < 2 HE
>80 %]
® B 0 T T T T [ ] I T T
= fom = o~ =3 o T ot o oo o] o
9‘:1;:; o & =t o ;i:?, o e e 5
{Jowuny uisfleo ggo viym)  (uee|dsg Ul s|j8o gOD UM

Sll=2 6900 % sffs2 6800 %



PCT/EP2023/061909

WO 2023/213998

68/134

(10w B/Bu) uonenuassunn

g AeQ Z feq
“_u a 3
=TT[[® FYHHV Zrowy’
: B0
ECL-BEODANDEEGD o — o0
SLEBE0YINDY/EaD ¥ - 00%
SLE-BEQOWINDEETD D - (0
ASEOLGLYER = g0 - G
DOWEN, - ~ 009
- 00
LIS
-0 ©
o
fm |
¥
oot 3
=
=
ooz 3
mx vvvvvvvvvvvvvvvvvvvvv
=
- 00g 9
: W
m
o swhzuein —oor = W awAzueln)
g Aeq]
oy
O i m Himerd m e
-6 1 m \M

DML

1
oy
-

i
2
{sowny B;Bu) uonenuesuon

I
o
3]

T€ 'Old

ANl

I
=]

- 001
- 0L
- ODE
- O0E

- 0L

1
=]

~00L

- 002

- O0e

g

- 00LE

{rowny 6;Bu) uonenuesuoy

{towny 6/Bu} uenesuasuon



FIG. 32

WO 2023/213998

69/134

CD3/BCMA/CD38-119

-»- CD3/BCMA/CD38-118

1000

PCT/EP2023/061909

I

28

21

L L e e e e e
7 14
Days

(1wy/B) anosjon

0

1



PCT/EP2023/061909

WO 2023/213998

70/134

8l 1-8€A2/VINOg/cA0 H
qewejsipe] -©-
qewenuly -©-

NgOo1-01ves I

[Wu] uonenussuon
0l |

S||99 1 Poje|0S]

€€ 'Old

~000001

~000002

~00000¢€

(13¥) @oud92saion|4 jo

uea|\ aAle|oY



WO 2023/213998 PCT/EP2023/061909

71/134
FIG. 34A
KMS-12-BM
(BCMA+CD38+)
50000~ 4 83A10-TCBov
E 40000 - Alnu'ctamab
-~ -©- Teclistamab
C O
% S 30000- £ CD3/BCMA/CD38-118
(3]
Q O
2 % 20000-
[
S S
& 10000+
O
[5)
0_
|| ] I ] I |
0.001 0.01 01 1 10 100 1000
Concentration [nM]
FIG. 34B
MOLP-8
(BCMAIowCD38+++)
4000007 & 83A10-TCBov
E -©- Alnuctamab
c 5300000- -©~ Teclistamab
é § & CD3/BCMA/CD38-118
o 82000004
> 0
= 0
55
Q S100000-
x T
S
0.. .....
] I

1 1 J 1
0.001 0.01 0.1 1 10 100 1000
Concentration [nM]



WO 2023/213998 PCT/EP2023/061909

72/134
FIG. 34C
NCI-H929
(BCMA++CD38++)
120000 4 83A10-TCBov
100000- -©- Alnuctamab
- 8 -©- Tedlistamab
3 § 80000~ £ CD3/BCMA/CD38-118
=
o & 60000-
20
® 2 40000-
o U
[T
o O 20000+
o_
] ] ] I I I
0.001 0.01 0.1 1 10 100 1000
Concentration [nM]
FIG. 34D
NCI-H929 BCMA KO
(BCMA-CD38++)
10000+ & 83A10-TCBcv
-©- Alnuctamab
o 8000- ‘
- 'é -©- Teclistamab
©
% 9 6000~ & CD3/BCMA/CD38-118
(73]
°>’ g 4000+
B
o i
X %5 2000-
o_ .....
] )

I I I I
0.001 0.01 0.1 1 10 100 1000
Concentration [nM]



WO 2023/213998

50000+

o 40000~

Relative Mean
of Fluorescenc
N W
[ ] [ ]
Q [ ]
[ ] Q
T 9

10000+

PCT/EP2023/061909

73/134

FIG. 34E

NCI-H929 CD38 KO
(BCMA++CD38-)

4 83A10-TCBcv

-©- Alnuctamab

-©- Teclistamab

H CD3/BCMA/CD38-118

T
0.001 0.01

50000+

e
- N w B
=] (=] o o
o =] o =]
=] =] o =]
T T T 7

Relative Mean
of Fluorescenc

(o]
1

I I
0.1 1 10 100 1000
Concentration [nM]

FIG. 35A

KMS-12-BM
(BCMA+CD38+)

- CD3/BCMA/CD38-118
-6~ CD3/DU/CD38
- CD3/BCMA/DU

T
0.001 0.01

1 ) ) 1
0.1 1 10 100 1000
Concentration [nM]



WO 2023/213998 PCT/EP2023/061909

74/134
FIG. 35B
MOLP-8
(BCMAIowCD38+++)
400000~ B CD3/BCMA/CD38-118
-4 CD3/DU/CD38
c & 300000- -© CD3/BCMA/DU
33
b Q
0N
g o 200000+
£3
o L.
& - 1000007
0-
I I ) ) I I
0.001 0.01 0.1 1 10 100 1000
Concentration [nM]
FIG. 35C
NCI-H929
(BCMA++CD38++)
1250007 4+ CD3/BCMA/CD38-118
o 100000~ - CD3/DU/CD38
- g -=- CD3/BCMA/DU
3]
9 3 75000
= 5
o o
2 6 500004
® 3
o W
XX ‘%5 250004
0-
] I I

I 1 I
0.001 0.01 0.1 1 10 100 1000
Concentration [nM]



WO 2023/213998
75/134
FIG. 35D
NCI-H929 BCMA KO
(BCMA-CD38++)
10000+
c 8
S
= 3
25
® 3
T
x5
] ] ]

I I I
0.001 0.01 0.1 1 10 100 1000
Concentration [nM]

FIG. 35E
NCI-H929 CD38 KO
(BCMA++CD38-)
100000-

75000- T
50000-

25000-

Relative Mean
of Fluorescence

{i-

i 1 I L
Do o1 0 1 10 100 1000
Concentration [nM]

PCT/EP2023/061909

H CD3/BCMA/CD38-118
-6- CD3/DU/CD38
-©- CD3/BCMA/DU

4 CUMBCMACTIE-118
o CORDILGDAR
e GORBCMATU



WO 2023/213998 PCT/EP2023/061909

76/134

FIG. 36A

No soluble factors

1000000 ¢ 3 ok K
—  10000- kKKK
2
= ns
(30 100-
Ll o
% o°§
_ S
1 %% T
| | | |
SR -SR-S
0@0 (o‘b > %'y\
-GN G,
¥ ¥ ¥ 0
?"\ ec’ N \0
) A \'g
QS o
,.b\@



WO 2023/213998 PCT/EP2023/061909

77/134

FIG. 36B

Soluble BCMA

1000000 ‘

10000- %k % % %

EC50 (PM)
g
8¢

4




WO 2023/213998 PCT/EP2023/061909

78/134

FIG. 36C

APRIL
3k %k %k %k
1000000- * ok K K ‘
|
10000 kol
3 |
2 e
So5 <
& 100 77 o000 R
“ - 12
1_
| l | |
2 Ny P \,(b



WO 2023/213998

PCT/EP2023/061909

79/134

FIG. 36D

Soluble CD38

s |
— 10000—
= |
o * % % %
08 100-

o) 0

- <

o
1 8%
| | | |
& & &
Qy 6§’ éﬁ ‘éa
AR S 2
® (;é‘
®



WO 2023/213998 PCT/EP2023/061909

80/134

FIG. 36E
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FIG. 37E
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FIG. 42B
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FURTHER INFORMATION CONTINUED FROM PCT/ISA/ 210

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

1. claims: 1-16

A trispecific antibody or antibody fragment thereof
comprising at least three binding portions, at least one of
which binds to human CD3, at least one which binds to human
BCMA and at least one of which binds to human CD38.

2. claim: 17

An antibody or antibody fragment thereof or antigen-binding
fragment which binds to the same epitope on human CD3 as a
reference antibody or antibody fragment thereof comprising
the at least one binding portion which binds to human CD3,
one binding portion which binds to BCMA, and one binding
portion which binds to CD38 according to claim 9.

3. claim: 18

An epitope on the human CD38 extracellular domain which is
bound by the antibody or antibody fragment thereof of any
one of the preceding claims and comprising the residues
Glul03, G1lnl07, Thrll4, Thrllé, Argl94, Argl95, Glul9s8,
Alal99, Asp202, Ser224, His228, Asn229, Gln231, Pro232,
Glu233, Lys234, Val235, Gln236, Ile265, Ser267, Lys268,
Arg269 and Asn270, as detected by X-ray crystallography.

4. claim: 19

An antibody or antibody fragment thereof that binds to human
CD3, comprising a heavy chain CDR set comprising an amino
acid sequence selected from the group comprising: SEQ ID NO:
181, SEQ ID NO: 307, and SEQ ID NO: 433; SEQ ID NO: 184, SEQ
ID NO: 310, and SEQ ID NO: 436; SEQ ID NO:186, SEQ ID NO:
312, and SEQ ID NO: 438; SEQ ID NO: 188, SEQ ID NO: 314, and
SEQ ID NO: 440; SEQ ID NO: 192, SEQ ID NO: 318, and SEQ ID
NO: 444, and a light chain CDR set comprising the amino acid
sequences of SEQ ID NO: 721, SEQ ID NO: 722 and SEQ ID NO:
723.

5. claim: 20

An antibody or antibody fragment thereof that binds to human
BCMA, comprising a heavy chain CDR set comprising an amino
acid sequence selected from the group comprising: SEQ ID NO:
234, SEQ ID NO: 360, and SEQ ID NO: 486; SEQ ID NO: 219, SEQ
ID NO: 345, and SEQ ID NO: 471; SEQ ID NO: 227, SEQ ID NO:
353, and SEQ ID NO: 479; SEQ ID NO: 231, SEQ ID NO: 357, and
SEQ ID NO: 483, and a light chain CDR set comprising the
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amino acid sequences of SEQ ID NO: 721, SEQ ID NO: 722 and
SEQ ID NO: 723.

claim: 21

A trispecific hetero—-dimeric antibody or antibody fragment
thereof comprising a first and a second engineered CH3
domain, wherein said first engineered CH3 domain comprises
the substitutions of the group comprising: Q347A, S364K,
T366V, K370T, K392Y, F405S, Y407V, K409W, T41l1N (EU
numbering), and said second engineered CH3 domain comprises
the substitutions of the group comprising: Q347E, Y3493,
L351F, S364T, T366V, K370T, T394D, V397L, D399E, F405a,
Y4078, K409R, T411lR (EU numbering), and wherein said
trispecific hetero—-dimeric immunoglobulin or hetero-dimeric
fragment heterodimerize through said first and second
engineered CH3 domains, characterized in that said
trispecific hetero—dimeric antibody or antibody fragment
thereof comprises at least three binding portions each
binding portion which binds to a different antigen.
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