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HETERODIMERIC Fc FOR MAKING FUSION PROTEINS AND BISPECIFIC
ANTIBODIES

FIELD
[0001] The compositions and methods described herein are in the field of recombinant

antibodies and methods for their production.

BACKGROUND

[0002] Recombinant monoclonal antibodies have emerged as a very successful class of
biological drugs for the treatment of a variety of different diseases during the past two decades.
They have been used both with and without the co-administration of small molecule-based
drugs. Due to the biological complexity of some diseases, bispecific antibodies that target more
than one antigen or epitope can be more effective than single antibodies in treating certain
conditions. See, e.g., Lindzen et al., (2010), Proc. Natl. Acad. Sci. 107(28): 12550-12563;
Nagorsen and Baeuerle (2011), Exp. Cell Res. 317(9): 1255-60.

[0003] Fc-fusion proteins are molecules in which the Fc fragments are fused to proteins of
interests, such as extracellular domains of receptors, soluble cytokines, ligands, enzymes,
engineered domains, or peptides. Fc-fusion proteins inherit some antibody-like properties such
as relatively good physicochemical characteristics for easy expression, purification, formulation,
storage and transportation, long serum half-life, effector functions, which increases the
possibilities for clinic use. Standard Fc is a homodimer. In some cases, fusion of a single
partner, or fusion of different partners with different geometry, is preferred. For example, when
the fusion partner is an agonist which can lead to the activation of certain biological system in
body, over-activation due to more than one fusion molecule could bring undesirable high side
effects. Heterodimeric Fc, in which each Fc chain can fuse to single partner at either N- or C-

terminus, easily solves this problem.

[0004] Bispecific antibodies can target two different proteins expressed either on the same
cells or on different cells, bispecific antibodies can target two different epitopes on the same
antigen as well. Bispecific antibodies can unlock new mechanisms of actions such as linking
together two different types of cells (e.g. immune cell and cancerous cell) or blocking two non-
redundant pathways with a single drug. Three bispecific antibodies have been approved by
FDA so far, the latest approval was for Janssen’s Rybrevant (Amivantamab-vmjw), the first
treatment for adult patients with non-small cell lung cancer, approved on May 21st of this year.
The others are Amgen’s Blincyto (blinatumomab) for patients with ALL (acute lymphoblastic
leukemia) and Roche’s Hemlibra (emicizumab-kxwh) for patients with hemophilia. Hundreds of

bispecific antibodies are at different stages of clinical development.
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[0005] More than fifty different formats of bispecific antibodies have been developed, many
of them are using asymmetrical Fc technology. The knob-into-hole technology from Genentech
(Protein Eng. 1996; 9(7):617-21), charge-pairs technology from Amgen (J Biol Chem. 2010;
285(25):19637-46), SEED technology from EMD Serono (Protein Eng. Des. Sel. 2010; 23: 195-
202) are well-known for making bispecific antibodies. However, when applying the above
technologies, unwanted homodimeric antibody can be produced if the expression of two HCs
is not balanced, creating some level of product impurity. So far, no good strategy except ours
has been described for precise control of the cognate HC/LC pairings when making bispecific
antibody from two different HCs and two different LCs.

[0006] Accordingly, additional processes for producing novel heterodimeric Fc fusion protein

and related bispecific antibodies for treating cancers and inflammatory diseases are needed.

SUMMARY

[0007] Provided herein is a variant-Fc-region comprising a set of amino acid substitutions
compared to native human 1gG, selected from: a first variant-Fc-region comprising S364D,
K370D, N390D, and S400D; a second Fc region comprising S364K, and S400K. In additional
embodiments, the variant-Fc-region can further comprise Y349C and K392G in the first variant-
Fc-region, and S354C and N390P in the second variant-Fc-region. In other embodiments, the
variant-Fc-region is a variant-Fc-region-fusion protein further comprising a partner-ligand
recombinantly fused thereto at either the N-terminus or C-terminus. In particular embodiments,
the partner-ligand is selected from the group consisting of: extracellular domains of receptors,
soluble full-length or domain of cytokines, ligands, enzymes, antibody domains, peptides, anti-
CD3 scFv, IL-2, IL-12, IL-15, I1L21, or mutein cytokines. In yet other embodiments, the variant-
Fc-region or variant-Fc-region fusion protein is derived from a native human IgG is an isotype
selected from the group consisting of: IgG, IgD, IgM, IgA, or IgE class; or following subclass
1gG1, 1gG2, 1gG3, or IgG4.

[0008] Also provided herein is a substantially pure heterodimeric-variant-Fc-region fusion
protein composition, wherein said composition comprises the first and second variant-Fc-region
set forth hereinabove. In another embodiment, the substantially pure heterodimeric-variant-Fc-
region fusion protein composition is substantially free of homodimeric proteins. In other
embodiments, the amount of homodimeric proteins in said composition is less than 5, 4, 3, 2,
1,0.5,0.4,0.3,0.2, 0.1%.

[0009] In yet another embodiment, the substantially pure heterodimeric-variant-Fc-region

protein composition further comprises:
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a. only one of the first and second variant-Fc-regions comprises a partner-ligand
attached thereto at either the N-terminus or C-terminus;

b. both the first and second variant-Fc-regions comprise the same partner-ligands
attached thereto at either the N-terminus or C-terminus; or

C. both the first and second variant-Fc-regions comprise different partner-ligands
attached thereto at either the N-terminus or C-terminus. In other embodiments, the
substantially pure heterodimeric-variant-Fc-region protein is selected from a heterodimeric
variant-Fc-region monospecific antibody; or a heterodimeric variant-Fc-region bispecific
antibody.
[0010] Also provided herein is a substantially pure heterodimeric-variant-Fc-region antibody

composition, wherein said composition comprises:

a heterodimeric-variant-Fc-region antibody comprising a first variant Fc-region having
4 variant negative charge residues at specified residues on the CH3 region; and comprising a
second variant Fc-region having 2 variant and 2 native positive charge residues at the
corresponding-specified residues on the CH3 region as in the first Fc-region, wherein an
amount of homodimeric antibodies in said composition is less than 5, 4, 3, 2, 1, 0.5, 0.4, 0.3,
0.2, 0.1%. In other embodiments of the heterodimeric-variant-Fc-region antibody
composition, the first Fc-region has 4 variant negative charge residues corresponding to
S364D, K370D, N390D, and S400D. In another embodiment, the second Fc-region has 2
variants and 2 native positive charge residues corresponding to S364K, 370K, 392K, and
S400K. In yet other embodiments, the heterodimeric-variant-Fc-region antibody composition
further comprises a variant cysteine residue in the CH3 region of the first and second Fc-
regions. In yet another embodiment of the heterodimeric-variant-Fc-region antibody
composition, the variant cysteine residue in the CH3 region of the first Fc-region corresponds
to Y349C. In yet another embodiment, the variant cysteine residue in the CH3 region of the
second Fc-region corresponds to S354C.
[0011] Also provided herein is a heterodimeric variant-Fc-region-bispecific antibody
comprising the variant-Fc region and/or variant-Fc-regions-fusion protein set forth herein,

wherein the heterodimeric variant-bispecific antibody further comprises:

a. a first and second Heavy Chain (HC) region, wherein the first and second HC
regions differ from each other; and

b. a first and second Light Chain (LC) region, wherein the first and second LC
regions differ from each other. In one embodiment, the first HC region comprises
substitutions corresponding to K147D, F170C, V173C in its CH1 domain and C220G in upper
hinge region of the HC region; the first LC region comprises substitutions corresponding to
S131K, Q160C, S162C and C214S in its CK domain; and the first HC and first LC form a
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cognate pair, whereas no substitution is introduced in the second HC and the second LC. In
another embodiment, no substitution is introduced in the first HC and the first LC, whereas the
second HC region comprises substitutions corresponding to K147D, F170C, V173C in its CH1
domain and C220G in upper hinge region of the HC region; the second LC region comprises
substitutions corresponding to S131K, Q160C, S162C and C214S in its CK domain. In yet
other embodiments, the heterodimeric bispecific antibody is selected from

a. anti-hCD20 x hCD37 comprising an anti-hCD20 VL CDR1, VL CDR2, VL
CDRS set forth in SEQ ID NO:36, or a complete anti-hCD20 VL sequence set forth in SEQ ID
NO:36; an anti-hCD20 VH CDR1, VH CDR2, and VH CDR3 set forth in SEQ ID NO:30, or a
complete anti-hCD20 VH sequence set forth in SEQ ID NO:30; an anti-hCD37 VL CDR1, VL
CDR2, VL CDRS3 set forth in SEQ ID NO:50, or a complete anti-hCD37 VL sequence set forth
in SEQ ID NO:50; and an anti-hCD37 VH CDR1, VH CDR2, and VH CDR3 set forth in SEQ
ID NO:42, or a complete anti-hCD37 VH sequence set forth in SEQ ID NO:42; and

b. anti-hSIRPa x hCLDN18.2 comprising an anti-hSIRPa VL CDR1, VL CDR2, VL
CDRS3 set forth in SEQ ID NO:74, or a complete anti- hSIRPa VL sequence set forth in SEQ
ID NO:74; an anti-hSIRPa VH CDR1, VH CDR2, and VH CDR3 set forth in SEQ ID NO:70, or
a complete anti- hSIRPa VH sequence set forth in SEQ ID NO:70; an anti-hCLDN18.2 VL
CDR1, VL CDR2, VL CDRa3 set forth in SEQ ID NO:64, or a complete anti- hCLDN18.2 VL
sequence set forth in SEQ ID NO:64; and an anti-hCLDN18.2 VH CDR1, VH CDR2, and VH
CDRS set forth in SEQ ID NO:58, or a complete anti- hCLDN18.2 VH sequence set forth in
SEQ ID NO:58. In a particular embodiment, the heterodimeric bispecific antibody
corresponds to an anti-CD20 x CD37, selected from the group consisting of:

a. the first HC region corresponding to anti-hCD37 Ab1.A1.2 HC (SEQ ID NO:42)
(DCCG-CKKPKK); the first LC region corresponding to anti-hCD37 Ab1.A1.1 LC (SEQ ID
NO:50) (KCCS); the second HC region corresponding to anti-hCD20 Ab1.2.5 HC (SEQ ID
NO:30) (CDDDGD); and the second LC region corresponding to anti-hCD20 Ab1.2 (SEQ ID
NO:36); and

b. the first HC region corresponding to anti-hCD37 Ab1.A1.3 HC (SEQ ID NO:44)
(DCCG-CDDDGD); the first LC region corresponding to anti-hCD37 Ab1.A1.1LC (SEQ ID
NO:50) (KCCS); the second HC region corresponding to anti-hCD20 Ab1.2.6 HC (SEQ ID
NO:32) (CKKPKK); and the second LC region corresponding to anti-hCD20 Ab1.2 (SEQ ID
NO:36).

[0012] In yet another embodiment, the heterodimeric bispecific antibody corresponds to an

anti-hSIRPa x hCLDN18.2, selected from the group consisting of:

a. the first HC region corresponding to anti-hCLDN18.2 HC1 (SEQ ID NO:58)
(DCCG-CDDDGD); the first LC region corresponding to anti-hCLDN18.2 LC1 (SEQ ID NO:64)
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(KCCS); the second HC region corresponding to anti-hSIRPa HC2 (SEQ ID NO:70)
(CKKPKK); and the second LC region corresponding to anti-hSIRPa LC2 (SEQ ID NO:74).
Also provided herein is a humanized anti-hCLDN18.2 monoclonal antibody wherein
said antibody comprises a variable heavy chain (VH) amino acid sequence corresponding to
SEQ ID NO:52; and a variable light chain (VL) amino acid sequence corresponding to SEQ ID
NO:60. In a particular embodiment, the humanized anti-hCLDN18.2 monoclonal antibody
further comprises a heavy chain (HC) amino acid sequence selected from SEQ ID NO:54,
SEQ ID NO:56 or SEQ ID NO:58; and a light chain (LC) amino acid sequence selected from
SEQ ID NO:62 or SEQ ID NO:64.
[0013] Also provided herein are methods of making the invention variant-Fc-regions, variant-
Fc-region fusion proteins or heterodimeric-variant-Fc-region antibodies (e.g., heterodimeric

variant-Fc-region bispecific antibodies) set forth herein, comprising the steps of:

€)) culturing the host cell line expressing the mixture of antibodies in a culture
medium, and

(b) recovering the variant-Fc-region fusion proteins or heterodimeric-variant-Fc-
region antibodies from the cell mass or the culture medium. In a particular embodiment, the
host cell line is a mammalian cell line. In another embodiment, the host cell line is a CHO cell
line. In other embodiments, the method further comprises a step of purifying the variant-Fc-
region fusion proteins or heterodimeric-variant-Fc-region antibodies from other components
present in the cell mass or the culture medium.
[0014] Also provided herein, is a host cell line that produces the variant-Fc-region, variant-
Fc-region fusion protein or heterodimeric-variant-Fc-region antibody provided herein. In one
embodiment, the host cell line is a mammalian cell line. In another embodiment, the host cell

line is a CHO cell line.

[0015] Also provided herein are nucleic acid(s) encoding the variant-Fc-region, variant-Fc-
region fusion protein or heterodimeric-variant-Fc-region antibody set forth herein. In particular
embodiments, one or more vector(s) are provided containing the nucleic acid(s). In particular
embodiments, the vector(s) is a mammalian expression vector. In another embodiment, the
vector(s) is a viral vector. In particular embodiments, the vector(s) is an adenovirus, an adeno-
associated virus (AAV), a retrovirus, a vaccinia virus, a modified vaccinia virus Ankara (MVA),
a herpes virus, a lentivirus, or a poxvirus vector. Also provided herein is host cell line containing

the nucleic acid(s) and/or the vector(s) set forth herein.

[0016] Also provided herein is a method of treating a disease comprising administering to a
patient having the disease the variant-Fc-region fusion proteins or heterodimeric-variant-Fc-

region antibodies (e.g., heterodimeric variant-Fc-region bispecific antibodies) set forth herein,
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wherein the disease is a cancer, a metabolic disease, an infectious disease, or an autoimmune
or inflammatory disease. In one embodiment, the disease is a cancer. Also provided is a
method of treating a disease or cancer (e.g., breast cancer) comprising administering to a
patient having the disease a variant-Fc-region fusion protein or heterodimeric-variant-Fc-region
antibody (e.g., heterodimeric variant-Fc-region bispecific antibodies) set forth herein. In certain
embodiments, the variant-Fc-region fusion protein composition or heterodimeric-variant-Fc-
region antibody composition is substantially free of homodimeric proteins having homodimeric
variant Fc-regions; and wherein the amount of homodimeric proteins in said composition is less
than 5,4, 3,2,1,0.5,04,0.3,0.2,0.1%. Also provided is a method of treating a patient having
a tumor comprising injecting into the tumor a variant-Fc-region fusion protein or heterodimeric-
variant-Fc-region antibody set forth herein. Also provided is a method of treating a cancer
patient comprising administering to the patient the nucleic acid(s) and/or the vector(s) set forth
herein. In a particular embodiment, the patient has a tumor and the nucleic acid(s) and/or
vector(s) is (are) administered directly to the tumor. In another embodiment, the nucleic acid(s)

and/or the vector(s) are injected into the tumor.

BRIEF DESCRIPTION OF THE FIGURES
[0017] Figure 1: Co-expression by transient transfections to assess the heterodimeric
variant-Fc-region formation. Lane 1 contains cell supernatants from control transfections
containing anti-HER2 antibody 4D5-8 1gG1 (comprising the amino acid sequences SEQ ID
NOs. 4 and 8), lane 2 containing anti-HERZ2 antibody 2C4 1gG1 (which contains the amino acid
sequences of SEQ ID NOs. 12 and 16). As indicated, all other samples are in groups of three
and contain cell supernatants from transfections containing the DNAs encoding combinations
of anti-HER2 4D5-8 LC, anti-HER2 4D5-8 HC variant-Fc-regions, and dummy Fc variants, as
explained in Example 2. These antibodies are either unaltered (designated “WT”) or altered in
various positions in different lanes as indicated in the tables below. Positions of molecular

weight standards are indicated at left.

[0018] Table 1. Alterations in antibody chains in samples shown in Figure 1

Anti-HER2 4D5-8 human I1gG1 Dummy Fc

Lane | LC | HC Fc

3 WT | WT

4 WT | WT WT

5 WT

6 WT | N390K, K392K, S400K

7 WT | N390K, K392K, S400K WT

8 WT | N390K, K392K, S400K N390D, K392D, S400D
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Anti-HER2 4D5-8 human I1gG1 Dummy Fc
Lane | LC | HC Fc
9 WT | N390K, K392K, S400K Y349C, N390D, K392D,
S400D
10 | WT | N390K, K392K, S400K S354C, N390D, K392D,
S400D
11 WT | Y349C, N390K, K392K,
S400K
12 | WT | Y349C, N390K, K392K, WT
S400K
13 | WT | Y349C, N390K, K392K, N390D, K392D, S400D
S400K
14 | WT | Y349C, N390K, K392K, Y349C, N390D, K392D,
S400K S400D
15 | WT | Y349C, N390K, K392K, S354C, N390D, K392D,
S400K S400D
16 | WT | S354C, N390K, K392K,
S400K
17 | WT | S354C, N390K, K392K, WT
S400K
18 | WT | S354C, N390K, K392K, N390D, K392D, S400D
S400K
19 | WT | S354C, N390K, K392K, Y349C, N390D, K392D,
S400K S400D
20 | WT | S354C, N390K, K392K, S354C, N390D, K392D,
S400K S400D

*Blank boxes indicate the absence of the chain listed in the heading above the box. Bolded

residues are WT with no mutation, but listed for reference.

[0019] Figure 2A-2B: Co-expression by transient transfections to assess the heterodimeric
variant-Fc-region formation. Experiments are described in Example 2. As indicated, all samples
are in groups of three and contain cell supernatants from transfections containing the DNAs
encoding combinations of anti-HER2 4D5-8 LC, anti-HER2 4D5-8 HC variants, and dummy Fc
variants. These antibodies are either unaltered (designated “WT”) or altered in various
positions in different lanes as indicated in the tables below. Positions of molecular weight

standards are indicated at left.
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[0020] Table 2. Alterations in antibody chains in samples shown in Panel A of Figure 2

Anti-HER2 4D5-8 human IgG1 Dummy Fc
Lane | LC | HC Fc
1 WT | WT
2 WT | WT WT
3 WT
4 WT | §354C, N390K, K392K,
S400K
5 WT | §354C, N390K, K392K, Y349C, N390D, K392D,
S400K S400D
6 Y349C, N390D, K392D,
S400D
7 WT | §354C, N390K, K392K,
S400K
8 WT | §354C, N390K, K392K, Y349C, N390D, K392A,
S400K S400D
9 Y349C, N390D, K392A,
S400D
10 | WT | S354C, N390K, K392K,
S400K
11 WT | §354C, N390K, K392K, Y349C, N390D, K392I,
S400K S400D
12 Y349C, N390D, K392I,
S400D
13 | WT | S354C, N390A, K392K,
S400K
14 | WT | S354C, N390A, K392K, Y349C, N390D, K392D,
S400K S400D
15 Y349C, N390D, K392D,
S400D
16 | WT | S354C, N390N, K392K,
S400K
17 | WT | S354C, N390N, K392K, Y349C, N390D, K392D,

S400K

S400D
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Anti-HER2 4D5-8 human IgG1 Dummy Fc
Lane | LC | HC Fc
18 Y349C, N390D, K392D,

S400D

*Blank boxes indicate the absence of the chain listed in the heading above the box. Bolded

residues are WT with no mutation, but listed for reference.

[0021] Table 3. Alterations in antibody chains in samples shown in Panel B of Figure 2

Anti-HER2 4D5-8 human IgG1 Dummy Fc
Lane | LC | HC Fc
19 | WT | S354C, N390I, K392K,
S400K
20 | WT | S354C, N390I, K392K, Y349C, N390D, K392D, S400D
S400K
21 Y349C, N390D, K392D, S400D
22 | WT | S354C, N390P, K392K,
S400K
23 | WT | S354C, N390P, K392K, Y349C, N390D, K392G, S400D
S400K
24 Y349C, N390D, K392G, S400D
25 | WT | S354C, N390S, K392K,
S400K
26 | WT | S354C, N390S, K392K, Y349C, N390D, K392F, S400D
S400K
27 Y349C, N390D, K392F, S400D
28 | WT | S354C, N390V, K392K,
S400K
29 | WT | S354C, N390V, K392K, Y349C, N390D, K392Q, S400D
S400K
30 Y349C, N390D, K392Q, S400D
31 WT | §354C, N390S, K392K,
S400K
32 | WT | S354C, N390S, K392K, Y349C, N390D, K392G, S400D
S400K
33 Y349C, N390D, K392G, S400D
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*Blank boxes indicate the absence of the chain listed in the heading above the box. Bolded

residues are WT with no mutation, but listed for reference.

[0022] Figure 3: Co-expression by transient transfections to assess the heterodimeric
variant-Fc-region formation. Experiments are described in Example 2. Lane 1 contains cell
supernatants from control transfections containing anti-HER2 antibody 4D5-8 1IgG1 (comprising
the amino acid sequences SEQ ID NOs. 4 and 8), lane 2 containing anti-HERZ2 antibody 2C4
IgG1 (which contains the amino acid sequences of SEQ ID NOs:12 and 16), lane 3 containing
no plasmid DNA to serve as a mock transfection control. As indicated, all other samples are in
groups of three and contain cell supernatants from transfections containing the DNAs encoding
combinations of anti-HER2 4D5-8 LC, anti-HER2 4D5-8 HC variants, and dummy Fc variants,
as explained in Example 2. These antibodies are either unaltered (designated “WT”) or altered
in various positions in different lanes as indicated in the tables below. Positions of molecular

weight standards are indicated at left.

[0023] Table 4. Alterations in antibody chains in samples shown in Figure 3

Anti-HER2 4D5-8 human IgG1 Dummy Fc
Lane | LC | HC Fc
4 | WT | WT
5 | WT | WT WT
6 WT
7 | WT | 8354C, Q362K, K370K, N390K,

K392K, S400K
8 WT | S354C, Q362K, K370K, N390K, | Y349C, Q362D, K370D, N390D, K392I,
K392K, S400K S400D
9 Y349C, Q362D, K370D, N390D, K392I,
S400D

10 | WT | S354C, Q362K, K370K, N390N,
K392K, S400K
11 | WT | S354C, Q362K, K370K, N390N, | Y349C, Q362D, K370D, N390D,
K392K, S400K K392D, S400D
12 Y349C, Q362D, K370D, N390D,
K392D, S400D

13 | WT | S354C, Q362K, K370K, N390P,
K392K, S400K

10
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Anti-HER2 4D5-8 human IgG1 Dummy Fc
Lane | LC | HC Fc
14 | WT | 8354C, Q362K, K370K, N390P, | Y349C, Q362D, K370D, N390D,
K392K, S400K K392G, S400D
15 Y349C, Q362D, K370D, N390D,
K392G, S400D

*Blank boxes indicate the absence of the chain listed in the heading above the box. Bolded

residues are WT with no mutation, but listed for reference.

[0024] Figure 4: Co-expression by transient transfections to assess the heterodimeric
variant-Fc-region formation. Experiments are described in Example 2. As indicated, all samples
are in groups of three and contain cell supernatants from transfections containing the DNAs
encoding combinations of anti-HER2 4D5-8 LC, anti-HER2 4D5-8 HC variants, and dummy Fc
variants, as explained in Example 2. These antibodies are either unaltered (designated “WT”)
or altered in various positions in different lanes as indicated in the tables below. Positions of

molecular weight standards are indicated at left.

[0025] Table 5. Alterations in antibody chains in samples shown in Figure 4

Anti-HER2 4D5-8 human I1gG1 Dummy Fc
Lane | LC | HC Fc
1 WT | WT
WT | WT WT
WT

Al N

WT | S354C, S364K, K370K, N390K,
K392K, S400K

5 | WT | S354C, S364K, K370K, N390K, | Y349C, S364D, K370D, N390D,
K392K, S400K K392l, S400D

6 Y349C, S364D, K370D, N390D,
K392l, S400D

7 | WT | S354C, S364K, K370K, N390N,
K392K, S400K
8 | WT | S354C, S364K, K370K, N390N, | Y349C, S364D, K370D, N390D,
K392K, S400K K392D, S400D
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Anti-HER2 4D5-8 human I1gG1 Dummy Fc
Lane | LC | HC Fc

9 Y349C, S364D, K370D, N390D,
K392D, S400D

10 | WT | S354C, S364K, K370K, N390P,
K392K, S400K
11 | WT | S354C, S364K, K370K, N390P, | Y349C, S364D, K370D, N390D,
K392K, S400K K392G, S400D
12 Y349C, S364D, K370D, N390D,
K392G, S400D

*Blank boxes indicate the absence of the chain listed in the heading above the box. Bolded

residues are WT with no mutation, but listed for reference.

[0026] Figure 5: SDS-PAGE analysis of non-reduced (panel A) and reduced (panel B)
samples of purified antibodies. This experiment is described in Example 3. Leftmost lane
contains molecular weight standards. Each lane contains 2 ug of non-reduced or reduced
samples of the antibody. Lane 1 contains anti-HER2 4D5-8 1gG1 (comprising the amino acid
sequences SEQ ID NOs: 4 and 8). Lane 2 contains anti-hCD20 Ab1.2 IgG (comprising the
amino acid sequences SEQ ID NOs. 28 and 36). Lane 3 contains anti-hCD37 Ab1.A1
(comprising the amino acid sequences SEQ ID NOs. 40 and 48). Lane 4 contains bispecific
anti-hCD20 (Ab1.2.5) x CD37 (Ab1.A1.2), the anti-hCD20 Ab1.2.5 comprises the amino acid
sequences SEQ ID NOs. 30 and 36, and anti-hCD37 Ab1.A1.2 comprises the amino acid
sequences SEQ ID NOs 42 and 50. Lane 5 contains bispecific anti-hCD20 (Ab1.2.6) x CD37
(Ab1.A1.3), the anti-hCD20 Ab1.2.6 comprises the amino acid sequences SEQ ID NOs. 32 and
36, and anti-hCD37 Ab1.A1.3 comprises the amino acid sequences SEQ ID NOs 44 and 50.

Positions of molecular weight standards are indicated at left.

[0027] Figure 6: Mass spectrometry analysis of intact anti-hCD20 x CD37 bispecific antibody
after deglycosylation by PNGase F. These experiments are described in Example 4. As
indicated, the x axes show deconvoluted mass, and the y axes show counts, which are reflective
of the quantity of protein at a given mass. Panel A, this panel shows analysis of the anti-hCD20
(Ab1.2.5) x CD37 (Ab1.A1.2) bispecific antibody, the anti-hCD20 Ab1.2.5 comprises the amino
acid sequences SEQ ID NOs. 30 and 36, and anti-hCD37 Ab1.A1.2 comprises the amino acid
sequences SEQ ID NOs 42 and 50. Panel B, zoom-in of panel A at around the mass of 150,000
daltons. Panel C, this panel shows analysis of the anti-hCD20 (Ab1.2.6) x CD37 (Ab1.A1.3)
bispecific antibody, the anti-hCD20 Ab1.2.6 comprises the amino acid sequences SEQ ID NOs.
32 and 36, and anti-hCD37 Ab1.A1.3 comprises the amino acid sequences SEQ ID NOs 44
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and 50. Panel D. zoom-in of panel C at around the mass of 150,000 daltons. The experimental

mass of each peak is shown above the peak.

[0028] Figure 7: Mass spectrometry analysis of reduced anti-hCD20 (Ab1.2.5) x CD37
(Ab1.A1.2) bispecific antibody after the treatment by PNGase F and 100 mM DTT. These
experiments are described in Example 4. As indicated, the x axes show deconvoluted mass,
and the y axes show counts, which are reflective of the quantity of protein at a given mass.
Panel A, this panel shows analysis of the first LC of the anti-hCD20 (Ab1.2.5) in the context of
anti-hCD20 (Ab1.2.5) x CD37 (Ab1.A1.2) bispecific antibody, corresponding to SEQ ID NO. 36.
The theoretical mass is 23378.22 daltons. Panel B, this panel shows analysis of the second
LC of anti-hCD37 (Ab1.A1.2) in the context of anti-hCD20 (Ab1.2.5) x CD37 (Ab1.A1.2)
bispecific antibody, corresponding to SEQ ID NO. 50. The theoretical mass is 23495.15 daltons.
Panel C, this panel shows analysis of the second HC of anti-hCD37 (Ab1.A1.2) in the context
of anti-hCD20 (Ab1.2.5) x CD37 (Ab1.A1.2) bispecific antibody, corresponding to SEQ ID NO.
42. The theoretical mass is 48,786.24 daltons. Panel D, this panel shows analysis of the first
HC of anti-hCD20 (Ab1.2.5) in the context of anti-hCD20 (Ab1.2.5) x CD37 (Ab1.A1.2) bispecific
antibody, corresponding to SEQ ID NO. 30. The theoretical mass is 49,233.42 daltons.

[0029] Figure 8: Mass spectrometry analysis of reduced anti-hCD20 (Ab1.2.6) x CD37
(Ab1.A1.3) bispecific antibody after the treatment by PNGase F and 100 mM DTT. These
experiments are described in Example 4. As indicated, the x axes show deconvoluted mass,
and the y axes show counts, which are reflective of the quantity of protein at a given mass.
Panel A, this panel shows analysis of the first LC of the anti-hCD20 (Ab1.2.6) in the context of
anti-hCD20 (Ab1.2.6) x CD37 (Ab1.A1.3) bispecific antibody, corresponding to SEQ ID NO. 36.
The theoretical mass is 23378.22 daltons. Panel B, this panel shows analysis of the second
LC of anti-hCD37 (Ab1.A1.3) in the context of anti-hCD20 (Ab1.2.6) x CD37 (Ab1.A1.3)
bispecific antibody, corresponding to SEQ ID NO. 50. The theoretical mass is 23495.15 daltons.
Panel C, this panel shows analysis of the second HC of anti-hCD37 (Ab1.A1.3) in the context
of anti-hCD20 (Ab1.2.6) x CD37 (Ab1.A1.3) bispecific antibody, corresponding to SEQ ID NO.
44. The theoretical mass is 48,617.74 daltons. Panel D, this panel shows analysis of the first
HC of anti-hCD20 (Ab1.2.6) in the context of anti-hCD20 (Ab1.2.6) x CD37 (Ab1.A1.3) bispecific
antibody, corresponding to SEQ ID NO. 32. The theoretical mass is 49,401.92 daltons.

[0030] Figure 9: Mass spectrometry analysis of Fab fragments from the anti-hCD20 (Ab1.2.5)
x CD37 (Ab1.A1.2) bispecific antibody. The experiment is described in Example 4. The Fab
fragments were generated by |deS Protease digestion and followed by 2-MEA/EDTA treatment.
As indicated, the x axis shows deconvoluted mass, and the y axis shows counts, which are

reflective of the quantity of protein at a given mass. The expected masses of the two Fab
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fragments containing cognate HC/LC pairs are indicated, as are the actual masses of the
fragments detected above each peak. The small peak at far right with 49074.74 daltons
indicates the Fab fragment of anti-hCD37 in which the O-glycosylation was modified in the HC
of anti-hCD37 antibody. The mass spectrometry analysis of Fab fragments from the other anti-
hCD20 (Ab1.2.6) x CD37 (Ab1.A1.3) bispecific antibody was carried out in the same way, and
the same results were obtained (not shown) because these two bispecific antibodies contain

the same Fab fragments but differ in the variant-Fc-regions.

[0031] Figure 10: Direct cell killing of anti-hCD20 and anti-hCD37 antibodies on WSU-DLCL2
cells (A) and Ramos cells (B). This experiment is described in Example 5. The antibodies used
as samples in the experiment are indicated as follows: hulgG1, a control IgG1/k isotype control
antibody. aCD20 Ab1.2.2.1, an anti-hCD20 1gG4/1 hybrid antibody that contains the Cx1 and
upper hinge regions from human IgG4, hinge and CH2 and CH3 regions from human 1gG1.
Substitutions of S239D and S298A for ADCC enhancement, and D399R and K409E for
MabPair formation were introduced in its HC. The amino acid sequences for LC and HC are
listed as SEQ ID NOs 36 and 76, respectively. aCD37 Ab1.A1.1, an anti-hCD37 1gG1 antibody
that contains DCCG and K409R substitutions in HC; KCCS substitutions in LC. The amino acid
sequences for LC and HC are listed as SEQ ID NOs 50 and 78, respectively. aCD20 x C37
bsAb, the heterodimeric variant-Fc-region anti-hCD20 (Ab1.2.5) x CD37 (Ab1.A1.2) bispecific
antibody, the amino acid sequences are listed as SEQ ID NOs 30 and 36 for anti-hCD20
(Ab1.2.5), SEQ ID NOs 42 and 50 for anti-hCD37 (Ab1.A1.2) antibody. The vertical Y axis
indicates the number of blast cells. The horizontal X axis indicates the concentration of the

antibody in the sample in nanomoles/liter (nM).

[0032] Figure 11: Co-expression by transient transfections to assess the HC/LC pairings of
anti-hSIRPa and anti-hCLDN18.2 before (panels A and B) and after (panels C and D) antibody
engineering. Experiments are described in Example 6. Panels A and B are supernatant from
duplicated transfected Expi293 cells in SDS-PAGE gel. Lanes 1 and 7 contain cell supernatants
from transfections containing anti-hCLDN18.2 antibody 59F9E1 IgG1 WT (SEQ ID NOs 54 and
62); lanes 4 and 10 contain cell supernatants from transfections containing anti-hSIRPa
antibody #24 1gG WT (SEQ ID NOs 68 and 74); lanes 2 and 8 contain cell supernatants from
transfections containing the HC of anti-hCLDN18.2 antibody 59F9E1 1gG1 (SEQ ID NO 54) and
LC of anti-hSIRPa antibody #24 (SEQ ID NO:74); lanes 3 and 9 contain cell supernatants from
transfections containing the HC of anti-hSIRPa antibody #24 (SEQ ID NO:68) and LC of anti-
hCLDN18.2 antibody 59F9E1 IgG1 (SEQ ID NO:62); lanes 5 and 11 contain cell supernatants
from transfections containing the HC (SEQ ID NO:80) and LC (SEQ ID NO:82) of anti-DNP

IgG1 antibody which served as a positive control for the 24 deep well transfection; lanes 6 and
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12 contain cell supernatants from mock transfections in which no plasmid DNA was used.
Panels C and D are supernatant from duplicated transfected Expi293 cells in SDS-PAGE gel.
Lanes 13 and 19 contain cell supernatants from transfections containing the cognate HC1 with
DCCG and LC1 with KCCS of engineered anti-hCLDN18.2 antibody 59F9E1 IgG1 (comprising
the amino acid sequences SEQ ID NOs. 56 and 64); lanes 14 and 20 contain cell supernatants
from transfections containing the mis-paired HC1 with DCCG from anti-hCLDN18.2 (SEQ ID
NO:56) and LC2 from anti- hSIRPa (SEQ ID NO:74); lanes 15 and 21 contain cell supernatants
from transfections containing mis-paired HC2 from anti-hSIRPa (SEQ ID NO:70) and LC1 with
KCCS from anti-hCLDN18.2 (SEQ ID NO:64); lanes 16 and 22 contain cell supernatants from
transfections containing cognate HC2 (SEQ ID NO:70) and LC2 (SEQ ID NO:74) from anti-
hSIRPa 1gG; lanes 17 and 23 contain cell supernatants from mock transfections in which no
plasmid DNA was used; lanes 18 and 24 contain protein A purified irrelevant anti-DNP 1gG1
antibody (SEQ ID NOs: 80 and 82) for size reference.

[0033] Figure 12: SDS-PAGE analysis of non-reduced (A) and reduced (B) anti-hSIRPa and
anti-hCLDN18.2 antibodies. This experiment is described in Example 6. Leftmost lane contains
molecular weight standards. Each lane contains 2 ug of non-reduced or reduced samples of
the antibody. Lane 1 contains anti-HER2 4D5-8 IgG1 antibody which is encoded by SEQ ID
NOs 4 and 8. Lane 2 contains anti-hSIRPa IgG antibody which is encoded by SEQ ID NOs 68
and 74. Lane 3 contains anti-hCLDN18.2 clone 59F9E1 IgG1 which is encoded by SEQ ID NOs
54 and 62. Lane 4 contains the heterodimeric variant-Fc-region anti-hSIRPa x CLDN18.2
bispecific antibody which is encoded by SEQ ID NOs 70 and 74 for anti-hSIRPa, SEQ ID NOs
58 and 64 for anti-hCLDN18.2 antibody. Positions of molecular weight standards are indicated
at left.

[0034] Figure 13: Mass spectrometry analysis of the non-reduced (A) and reduced (B) anti-
hSIRPa x anti-hCLDN18.2 bispecific antibody. These experiments are described in
Example 7. As indicated, the x-axes show deconvoluted mass, and the y-axes show counts,
which are reflective of the quantity of protein at a given mass. Panel A shows the analysis of
the bispecific antibody after deglycosylation by PNGase F under non-reducing conditions, the
anti-hSIRPa part is encoded by SEQ ID NOs 70 and 74, the anti-hCLDN18.2 part is encoded
by SEQ ID NOs 58 and 64. The theoretical (164003.2 Da) and observed (146009.7 Da) masses
are indicated as well as the error (6.45 Da). Panel B shows the analysis of reduced anti-hSIRPa
x anti-hCLDN18.2 bispecific antibody after the treatment by PNGase F and 100 mM DTT to
obtain the reduced mass of individual chains. The top electropherogram reveals the main peak
with a mass of 24274.35 Da which closely matches the theoretical mass of anti-hCLDN18.2 LC,
SEQ ID NO:64 (24273.81 Da). The second electropherogram has a peak at 24022.03 Da which
closely matches the theoretical mass of anti-hSIRPa LC, SEQ ID NO:74 (24021.44 Da). The
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third electropherogram shows a peak at 48935.55 Da and corresponds to anti-hCLDN18.2 HC,
SEQ ID NO:58 (48935.55 Da). The fourth electropherogram has a peak at 48812.99 which
matches the anti-hSIRPa HC, SEQ ID NO:70 (48810.66 Da).

[0035] Figure 14. Mass spectrometry analysis of Fab and F(ab)2 fragments from the anti-
hSIRPa x anti-hCLDN18.2 bispecific antibody. The experiment is described in Example 7. As
indicated, the x-axis shows deconvoluted mass, and the y axis shows counts, which are
reflective of the quantity of protein at a given mass. Panels A to C. the Fab
fragments were generated by |deS Protease digestion and followed by 2-MEA/EDTA
treatment. Panel A shows the U.V. traces with the 4 annotated peaks. The peak on the far right
matches the incompletely digested Fab of anti-hSIRPa which is attached to the Fd of
aCLDN18.2. Panel B shows the mass peak with 49,510.55 Da containing the Fab fragment of
anti-hCLDN18.2 with expected mass of 49,510.60 Da. Panel C shows the mass peak with
48,968.31 Da containing the Fab fragment of anti-hSIRPa with expected mass of 48,968.75
Da. Panels D to H show the analysis of F(ab’)2 and Fc fragments from an anti-hSIRPa x anti-
hCLDN18.2 bispecific. Samples were deglycosylated by PNGase F and digested by IdeS
Protease to generate the F(ab’)2 and Fc Fragments. Panel D indicates the UV traces of Fc and
F(ab’)2 fragments. Panels E and F are deconvoluted masses of the F(ab’)2 peaks while Panels
G and H are deconvoluted masses of the Fc peaks. Panel F indicates the mass of the main
peak of the expected F(ab’)2 fragment while panel H indicates the mass of the main peak of
the heterodimeric Fc fragment. Panels E and G are the minor peaks that are compatible with
post-translational modifications of the F(ab’)2 and Fc, respectively. Both panels E and G do not
match potential mismatched fragments. As indicated, the x-axis shows time or deconvoluted
mass, and the y axis shows counts, which are reflective of the quantity of protein at a given

mass.

[0036] Figure 15: Kinetic analysis of anti-hSIRPa x anti-hCLDN18.2 bispecific antibody
binding to human SIRPa v1 and v2 alleles by Biacore measurement. The experiment is
described in Example 8. Antibodies were captured to the CM5 chip surface on which goat anti-
human polyclonal antibody (Fc specific) was immobilized. Monomeric huSIRPa-v1 and
huSIRPa-v2 were used as analytes and were injected for a 2-minute association period followed
by a 5-minute dissociation period. Each concentration was run in duplicates. For human SIRPa
v1 the incremental concentrations used are 3.13, 6.25, 12.5, 25, 50, 100, or 200nM; For human
SIRPa v2 the incremental concentrations used are 0.78, 1.56, 3.13, 6.25, 12.5, or 25 nM. At
the end of each analyte injection, the chip was either regenerated with 10mM glycine-HCI, pH
1.5 (Panels A — D) for multi-cycle kinetics or not regenerated (Panels E — H) for single-cycle
kinetics. Data were evaluated using the Biacore T200 Evaluation Software, version 3.2. Data

was double referenced then fit with a 1:1 binding model. Panels A and E indicate the binding of
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anti-hSIRPa x anti-hCLDN18.2 bispecific antibody to hSIRPa v1, panels B and F indicate the
binding of anti-hSIRPa #24 1gG antibody to hSIRPa v1, panels C and G indicate the binding of
anti-hSIRPa x anti-hCLDN18.2 bispecific antibody to human SIRPa v2, panels D and H indicate
the binding of anti-hSIRPa #24 1gG antibody to human SIRPa v2. The x-axis represents the

time (seconds), the y-axis represents the RU (Response Units).

[0037] Figure 16: Binding of anti-hSIRPa x anti-hCLDN18.2 bispecific antibody to human
claudin 18.2 protein expressed on Expi293 cell surfaces after stable transfection. The
experiments are described in Example 9. A plasmid DNA containing the human CLDN18.2
cDNA under the control of the human EF1a promoter was used for transfection of Expi293 cells,
and stable pools were obtained under G418 selection. Cells were incubated with an anti-
CLDN18.2 antibody (aCLDN18.2), anti-hSIRPa x anti-hCLDN18.2 bispecific antibody
(Bispecific), an 1gG1 isotype control (Isotype control), or buffer only (no mAb). Binding was
detected using a secondary antibody specific to the human Fc and conjugated with the
fluorophore APC, samples were run on an LSRII flow cytometer. X axis represents the antibody
concentration (nM) and Y axis represents the binding intensity as gMFI (geometric mean

fluorescence intensity).

[0038] Figure 17: Antibody dependent cell phagocytosis (ADCP) killing of PaTu 8898s cells
induced by antibodies and macrophages. The experiment is described in Example 10. PaTu
8898s cells were incubated with anti-hSIRPa antibody (aSIRPa alone) or IgG1 isotype control
(Isotype control) at the highest concentration (10 pg/ml), or the anti-hCLDN18.2 antibody
(aCLDN18.2 alone), the combination of anti-hCLDN18.2 antibody and anti-hSIRPa antibody
(aSIRPa+aCLDN18.2), or the anti-hSIRPa x anti-hCLDN18.2 bispecific antibody (Bispecific)
with 1:3 series dose titrations. X axis represents the antibody concentration (nM), Y axis
represents the counts of PaTu 8898s cells left in each well after 48 hours of incubation. EC50

(nM) numbers of fitted curves are shown at the bottom.

[0039] Figure 18: Schematic representation of the Fc-IL15 x Fc-IL15Ra sushi domain
construct. The DNA encoding the human IL15 is fused to the C-terminus of a IgG1 Fc fragment
which contains 6 substitutions (Y349C, K370D, S364D, K392G, S400D, N390D). The DNA
encoding the human IL15Ra sushi domain is fused to the C-terminus of a 1IgG1 Fc fragment
which contains 4 substitutions (S354C, S364K, N390P, S400K), two other native basic residues
(370K and 392K) are involved in the interaction networks. With the combination effect of
electrostatic steering and formation of disulfide bond between Y349C and S354C, the two
different chains come together to form heterodimeric Fc fusion molecules, whereas the

production of homodimeric Fc molecules are prevented.
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[0040] Figure 19: SDS-PAGE analysis of non-reduced (panel A) and
reduced (panel B) samples of purified antibody and Fc fusion protein. This experiment is
described in Example 12. The leftmost lane contains molecular weight standards. Each lane
contains 2 pg of sample. On panel A, Lane 1 contains anti-HER2 4D5-8 IgG1 (comprising the
amino acid sequences SEQ ID NOs: 4 and 8). Lane 2 contains Hetero-Fc construct with Fc-
IL15 x Fc-IL15Ra  sushi domain (comprising the amino acid sequences SEQ
ID NOs. 108 and 110). Lane 3 contains the control dummy Fc heterodimer (comprising the
amino acid sequences SEQ ID NOs. 112 and 114). On panel B, Lanes 4, 5, and 6 contain the
same samples as in lanes 1, 2 and 3 respectively with the addition of 100 mM dithiothreitol
(DTT) to reduce the disulfide bonds.

[0041] Figure 20: IL2 reporter assay using a InvivoGen (Catalog# hkb-IL2) kit. [L2 and IL15
share two common receptor subunits (CD122 and CD132), the IL2 reporter assay was used to
validate the IL15 and Fc fusion protein. Recombinant IL-15 (Peprotech Cat# 200-15), the
Hetero-Fc protein of Fc-IL15 x Fc-IL15Ra sushi domain and the dummy Hetero-Fc protein
without any cytokine were incubated with the reporter cells following the manufacturers
recommendations, see Example 13. Each construct was tested at 1:4 series dilutions at 100nM,
25nM, 6.25nM, 1.56nM, 390pM, 98pM, 24pM, 6.1pM, 1.52pM, 0.38pM, 0.1pM and 0.024pM.
The next day, the supernatants were collected and the cells absorbance at 650nm was
measured on a plate reader 1 hour after the addition of the QUANTI-Blue™ Solution (InvivoGen
cat. no. rep-gbs). Results were analyzed using GraphPad prism and EC50 values were

determined using a fitted response curve.

[0042] Figure 21: Depiction for heterodimeric bispecific antibody. Panel A, the LC of anti-
target-X has 4 substitutions S131K, Q160C, S162C, and C214S in Ck region, whereas the HC
of anti-target-X has 3 substitutions K147D, F170C, V173C in CH1 region; 1 substitution C220G
in upper hinge region; and 4 substitutions S354C, S364K, N390P, S400K in CH3 region. The
LC of anti-target-Y is kept as wild type (WT) whereas the HC of anti-target-Y has 5 substitutions
Y349C, K370D, S364D, K392G, S400D, N390D in CH3 region. The substitutions C214S in Ck
region and C220G in upper hinge region together abolish the naturally occurring disulfide bond
pre-existing in IgG1 antibody. The substitutions Q160C in Ck region and V173C in CH1 region
are spatially close to form a new disulfide bond; similarly, the substitutions S162C in Ck region
and F170C in CH1 region are also spatially close to form a new disulfide bond. The two new
disulfide bonds help stabilize the Fab arm of anti-target-X antibody. The introduced charge pair
S131Kin Ck and K147D in CH1 can be accommodated in the Fab arm of anti-target-X antibody,
whereas the S131K is repulsive to the naturally occurring 147K in the CH1 region of the HC of
the anti-target-Y antibody, to increase the stringency of cognate LC-HC pairings. In the CH3

regions, the Cys residue from S354C substitution of anti-target-X antibody forms a new disulfide
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bond with the Cys residue from Y349C substitution of anti-target-Y antibody. Positive charge
residues S364K, native 370K, native 392K, and S400K of anti-target-X antibody form salt
bridges with K370D, S364D, S400D, an N390D of anti-target-Y antibody, respectively. The
substitution N390P in CH3 region of anti-target-X antibody and the substitution K392G in CH3
region of anti-target-Y antibody offer flexibility for folding after all these substitutions are
introduced. Panel B shows the same idea for making heterodimeric bispecific antibody as panel

A, with the swapped substitutions in CH3 regions.

[0043] Brief Description of the Sequences

SEQID NO DESCRIPTION
SEQ ID NO:1 | Nucleotide sequence encoding the VL domain of the anti-HER2

humAb4D5-8

SEQ ID NO:2 | Amino acid sequence of the VL domain of the anti-HER2
humAb4D5-8

SEQ ID NO:3 | Nucleotide sequence encoding the LC of the anti-HER2
humAb4D5-8

SEQ ID NO:4 | Amino acid sequence of the LC of the anti-HER2 humAb4D5-8
SEQ ID NO:5 | Nucleotide sequence encoding the VH domain of the anti-HER2
humAb4D5-8

SEQ ID NO:6 | Amino acid sequence of the VH domain of the anti-HER2
humAb4D5-8

SEQ ID NO:7 | Nucleotide sequence encoding the HC of the anti-HER2
humAb4D5-8 1gG1

SEQ ID NO:8 | Amino acid sequence of the HC of the anti-HER2 humAb4D5-8

1gG1
SEQ ID NO:9 | Nucleotide sequence encoding the VL domain of the anti-HER2
humAb2C4
SEQID Amino acid sequence of the VL domain of the anti-HER2
NO:10 humAb2C4
SEQID Nucleotide sequence encoding the LC of the anti-HER2
NO:11 humAb2C4
SEQID Amino acid sequence of the LC of the anti-HER2 humAb2C4
NO:12
SEQID Nucleotide sequence encoding the VH domain of the anti-HER2
NO:13 humAb2C4
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SEQID NO DESCRIPTION

SEQID Amino acid sequence of the VH domain of the anti-HER2
NO:14 humAb2C4

SEQID Nucleotide sequence encoding the HC of the anti-HER2

NO:15 humAb2C4 1gG1

SEQID Amino acid sequence of the HC of the anti-HER2 humAb2C4
NO:16 lgG1

SEQID Nucleotide sequence encoding the HC of the anti-HER2

NO:17 humAb4D5-8 (CDDDGD)

SEQID Amino acid sequence of the HC of the anti-HER2 humAb4D5-8
NO:18 (CDDDGD)

SEQID Nucleotide sequence encoding the HC of the anti-HER2

NO:19 humAb4D5-8 (CKKPKK)

SEQID Amino acid sequence of the HC of the anti-HER2 humAb4D5-8
NO:20 (CKKPKK)

SEQID Nucleotide sequence encoding the Dummy Fc (C220G and
NO:21 CDDDGD)

SEQID Amino acid sequence of the Dummy Fc (C220G and CDDDGD)
NO:22

SEQID Nucleotide sequence encoding the Dummy Fc (C220G and
NO:23 CKKPKK)

SEQID Amino acid sequence of the Dummy Fc (C220G and CKKPKK)
NO:24

SEQID Nucleotide sequence encoding the VH of the humanized anti-
NO:25 hCD20 Ab1.2 and Ab1.2.5 and Ab1.2.6

SEQID Amino acid sequence of the VH of the humanized anti-hCD20 1gG
NO:26 Ab1.2 and Ab1.2.5 and Ab1.2.6

SEQID Nucleotide sequence encoding the HC of the humanized anti-
NO:27 hCD20 IgG Ab1.2 (WT)

SEQID Amino acid sequence of the HC of anti-hCD20 1gG Ab1.2 (WT)
NO:28

SEQID Nucleotide sequence encoding the HC of the humanized anti-
NO:29 hCD20 IgG Ab1.2.5 (CDDDGD)

SEQID Amino acid sequence of the HC of anti-hCD20 1gG Ab1.2.5
NO:30 (CDDDGD)
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SEQID NO DESCRIPTION

SEQID Nucleotide sequence encoding the HC of the humanized anti-
NO:31 hCD20 1gG Ab1.2.6 (CKKPKK)

SEQID Amino acid sequence of the HC of the humanized anti-hCD20 I1gG
NO:32 Ab1.2.6 (CKKPKK)

SEQID Nucleotide sequence encoding the VL of the humanized anti-
NO:33 hCD20 antibodies Ab1.2 and Ab1.2.5 and Ab1.2.6

SEQID Amino acid sequence of the VL of the humanized anti-

NO:34 hCD20 antibodies Ab1.2 and Ab1.2.5 and Ab1.2.6

SEQID Nucleotide sequence encoding the LC of the humanized anti-
NO:35 hCD20 antibodies Ab1.2 Ab1.2.2.1, Ab1.2.5, and Ab1.2.6
SEQID Amino acid sequence of the LC of the humanized anti-

NO:36 hCD20 antibodies Ab1.2 Ab1.2.2.1, Ab1.2.5 and Ab1.2.6
SEQID Nucleotide sequence encoding the VH of the humanized anti-
NO:37 hCD37 Ab1.A1, Ab1.A1.1, Ab1.A1.2 and Ab1.A1.3

SEQID Amino acid sequence of the VH of the humanized anti-hCD37
NO:38 Ab1.A1, Ab1.A1.1, Ab1.A1.2 and Ab1.A1.3

SEQID Nucleotide sequence encoding the HC of the humanized anti-
NO:39 hCD37 Ab1.A11gG1 (WT)

SEQID Amino acid sequence of the HC of the humanized anti-hCD37
NO:40 Ab1.A1 IgG1 (WT)

SEQID Nucleotide sequence encoding the HC of the humanized anti-
NO:41 hCD37 Ab1.A1.2 1gG1 (DCCG+CKKPKK)

SEQID Amino acid sequence of the HC of the humanized anti-hCD37
NO:42 Ab1.A1.2 1IgG1 (DCCG+CKKPKK)

SEQID Nucleotide sequence encoding the HC of the humanized anti-
NO:43 hCD37 Ab1.A1.3 IgG1 (DCCG+CDDDGD)

SEQID Amino acid sequence of the HC of the humanized anti-hCD37
NO:44 Ab1.A1.3 1gG1 (DCCG+CDDDGD)

SEQID Nucleotide sequence encoding the VL of the humanized anti-
NO:45 hCD37 Ab1.A1 and Ab1.A1.2 and Ab1.A1.3

SEQID Amino acid sequence of the VL of the humanized anti-

NO:46 hCD37 Ab1.A1 and Ab1.A1.2 and Ab1.A1.3

SEQID Nucleotide sequence encoding the LC of the humanized anti-
NO:47 hCD37 Ab1.A1 (WT)
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SEQID NO DESCRIPTION

SEQID Amino acid sequence of the LC of the humanized anti-hCD37
NO:48 Ab1.A1 (WT)

SEQID Nucleotide sequence encoding the LC of the humanized anti-
NO:49 hCD37 Ab1.A1.2 and Ab1.A1.3 (KCCS)

SEQID Amino acid sequence of the LC of the humanized anti-hCD37
NO:50 Ab1.A1.2 and Ab1.A1.3 (KCCS)

SEQID Nucleotide sequence encoding the VH of the humanized anti-
NO:51 hCLDN18.2 clone 59F9E1

SEQID Amino acid sequence of the VH of the humanized anti-
NO:52 hCLDN18.2 clone 59F9E1

SEQID Nucleotide sequence encoding the HC of the humanized anti-
NO:53 hCLDN18.2 clone 59F9E1 IgG1 (WT)

SEQID Amino acid sequence of the HC of the humanized anti-
NO:54 hCLDN18.2 clone 59F9E1 IgG1 (WT)

SEQID Nucleotide sequence encoding the HC of the humanized anti-
NO:55 hCLDN18.2 clone 59F9E1 1gG1 (DCCQG)

SEQID Amino acid sequence of the HC of the humanized anti-
NO:56 hCLDN18.2 clone 59F9E1 1gG1 (DCCQG)

SEQID Nucleotide sequence encoding the HC of the humanized anti-
NO:57 hCLDN18.2 clone 59F9E1 IgG1 (DCCG+CDDDGD)

SEQID Amino acid sequence of the HC of the humanized anti-
NO:58 hCLDN18.2 clone 59F9E1 IgG1 (DCCG+CDDDGD)

SEQID Nucleotide sequence encoding the VL of the humanized anti-
NO:59 hCLDN18.2 clone 59F9E1

SEQID Amino acid sequence of the VL of the humanized anti-hCLDN18.2
NO:60 clone 59F9E1

SEQID Nucleotide sequence encoding the LC of the humanized anti-
NO:61 hCLDN18.2 clone 59F9E1 (WT)

SEQID Amino acid sequence of the LC of the humanized anti-hCLDN18.2
NO:62 clone 59F9E1 (WT)

SEQID Nucleotide sequence encoding the LC of the humanized anti-
NO:63 hCLDN18.2 clone 59F9E1 (KCCS)

SEQID Amino acid sequence of the LC of the humanized anti-hCLDN18.2
NO:64 clone 59F9E1 (KCCS)
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SEQID NO DESCRIPTION

SEQID Nucleotide sequence encoding the VH of the humanized anti-
NO:65 hSIRPa clone #24 1gG

SEQID Amino acid sequence of the VH of the humanized anti-hSIRPa
NO:.66 clone #24 IgG

SEQID Nucleotide sequence encoding the HC of the humanized anti-
NO:.67 hSIRPa clone #24 1gG (WT)

SEQID Amino acid sequence of the HC of the humanized anti-hSIRPa
NO:68 clone #24 IgG (WT)

SEQID Nucleotide sequence encoding the HC of the humanized anti-
NO:69 hSIRPa clone #24 IgG (CKKPKK)

SEQID Amino acid sequence of the HC of the humanized anti-hSIRPa
NO:70 clone #24 1gG (CKKPKK)

SEQID Nucleotide sequence encoding the VL of the humanized anti-
NO:71 hSIRPa clone #24

SEQID Amino acid sequence of the VL of the humanized anti-hSIRPa
NO:72 clone #24

SEQID Nucleotide sequence encoding the LC of the humanized anti-
NO:73 hSIRPa clone #24 (WT)

SEQID Amino acid sequence of the LC of the humanized anti-hSIRPa
NO:74 clone #24 (WT)

SEQID Nucleotide sequence encoding the HC of the humanized anti-
NO:75 hCD20 Ab1.2.2.1

SEQID Amino acid sequence of the HC of the humanized anti-hCD20
NO:76 Ab1.2.2.1

SEQID Nucleotide sequence encoding the HC of the humanized anti-
NO:77 hCD37 Ab1.A1.1

SEQID Amino acid sequence of the HC of the humanized anti-hCD37
NO:78 Ab1.A1.1

SEQID Nucleotide sequence encoding the HC of the anti-DNP 1gG1
NO:79 antibody

SEQID Amino acid sequence of the HC of the anti-DNP |gG1 antibody
NO:80

SEQID Nucleotide sequence encoding the LC of the anti-DNP 1gG1
NO:81 antibody
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SEQID NO DESCRIPTION

SEQID Amino acid sequence of the LC of the anti-DNP |gG1 antibody
NO:82

SEQID Amino acid sequence of VL CDR1 of the humanized anti-
NO:83 hCLDN18.2 clone 59F9E1

SEQID Amino acid sequence of VL CDR2 of the humanized anti-
NO:84 hCLDN18.2 clone 59F9E1

SEQID Amino acid sequence of VL CDR3 of the humanized anti-
NO:85 hCLDN18.2 clone 59F9E1

SEQID Amino acid sequence of VH CDR1 of the humanized anti-
NO:86 hCLDN18.2 clone 59F9E1

SEQID Amino acid sequence of VH CDR2 of the humanized anti-
NO:87 hCLDN18.2 clone 59F9E1

SEQID Amino acid sequence of VH CDR3 of the humanized anti-
NO:88 hCLDN18.2 clone 59F9E1

SEQID Consensus amino acid sequence for human VH domains
NO:89

SEQID Consensus amino acid sequence for CH1 domains
NO:90

SEQID Amino acid sequence of a human IgG1 CH1 domain
NO:91

SEQID Amino acid sequence of a human IgG2 CH1 domain
NO:92

SEQID Amino acid sequence of a human IgG3 CH1 domain
NO:93

SEQID Amino acid sequence of a human IgG4 CH1 domain
NO:94

SEQID Amino acid sequence of a human IgG1 Fc fragment
NO:95

SEQID Amino acid sequence of a human IgG2 Fc fragment
NO:96

SEQID Amino acid sequence of a human IgG3 Fc fragment
NO:97

SEQID Amino acid sequence of a human IgG4 Fc fragment
NO:98
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SEQID NO DESCRIPTION

SEQID Consensus amino acid sequence of a human VL domain

NO:99

SEQID Consensus amino acid sequence of a CLA domain

NO:100

SEQID Consensus amino acid sequence of a CLk domain

NO:101

SEQID Amino acid sequence of a human CL domain (IMGT accession
NO:102 no. J00241)

SEQID Amino acid sequence of a human CLk domain (IMGT accession
NO:103 no. M11736)

SEQID Amino acid sequence of a human CLk domain (IMGT accession
NO:104 no. M11737)

SEQID Amino acid sequence of a human CLk domain (IMGT accession
NO:105 no. AF0017732)

SEQID Amino acid sequence of a human CLk domain (IMGT accession
NO:106 no. AF11387)

SEQID Nucleotide sequence encoding IL15 fused to the C-terminal end of
NO:107 an Fc chain (CDDDGD)

SEQID Amino acid sequence encoding IL15 fused to the C-terminal end
NO:108 of an Fc chain (CDDDGD)

SEQID Nucleotide sequence encoding IL15Ra Sushi domain fused to the
NO:109 C-terminal end of an Fc chain (CKKPKK)

SEQID Amino acid sequence encoding IL15Ra Sushi domain fused to the
NO:110 C-terminal end of an Fc chain (CKKPKK)

SEQID Nucleotide sequence encoding an Fc chain (CDDDGD)

NO:111

SEQID Amino acid sequence encoding an Fc chain (CDDDGD)

NO:112

SEQID Nucleotide sequence encoding an Fc chain (CKKPKK)

NO:113

SEQID Amino acid sequence encoding an Fc chain (CKKPKK)

NO:114

REFERENCE TO SEQUENCE LISTING

[0044] This application includes a sequence listing appended hereto.
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DETAILED DESCRIPTION

[0045] Provided herein are variant-Fc-region fusion proteins, variant-Fc-region-antibodies
and heterodimeric-variant-Fc-region-bispecific-antibodies comprising a set of amino acid
substitutions compared to native human IgG. In a particular embodiment, the set of amino acid
substitutions can be selected from: a first variant-Fc-region comprising S364D, K370D, N390D,
and S400D; a second Fc region comprising S364K, and S400K. In additional embodiments,
the variant-Fc-region can further comprise Y349C and K392G in the first variant-Fc-region, and
S354C and N390P in the second variant-Fc-region. In other embodiments, the variant-Fc-
region is a variant-Fc-region-fusion protein further comprising a partner-ligand recombinantly
fused thereto at either the N-terminus or C-terminus. In particular embodiments, the partner-
ligand is selected from the group consisting of. extracellular domains of receptors, soluble full-
length or domain of cytokines, ligands, enzymes, antibody domains, peptides, anti-CD3 scFv,
IL-2, IL-12, IL-15, IL21, or mutein cytokines. In yet other embodiments, the variant-Fc-region
or variant-Fc-region fusion protein is derived from a native human IgG is an isotype selected
from the group consisting of: IgG, IgD, IgM, IgA, or IgE class; or following subclass 1gG1, 1gG2,
1gG3, or IgG4.

[0046] In another embodiment of the invention, provided herein are variant-Fc-regions
comprising a combination of 4 charge pairs and 1 cysteine pair in CH3 region of the Fc region
that strongly favors the production of heterodimeric Fc, with little to no production, of
homodimers. The 4 negative charge residues (Asp, D) in one HC or the 4 positive charge
residues (Lys, K) in other HC are too repulsive to form homodimers of the same HCs.
Accordingly, only the 2 different HCs having opposite charge polarity can come together to form

heterodimers, then are locked by a new disulfide bond and secreted from mammalian cells.

[0047] In accordance with the present invention, it has been found that heterodimeric variant-
Fc-region bispecific antibody with natural antibody configuration and without any linker(s) is a
favorable format since this configuration retains all antibody properties and reduces the
immunogenicity from linker(s) or the junction of antibody-linker(s). For example, under standard
conditions in one cell, 10 different antibodies can be produced if 2 different HCs and 2 different
LCs are randomly paired; whereas in accordance with the present invention, a single
heterodimeric bispecific antibody is produced from a particular cell. The cognate HC-LC pairing
is required for making bispecific heterodimeric antibody from the same cells. Although it may
be possible to identify a common LC that can pair with both HCs, it is not always easy to identify
such LC, since this usually results in decreased binding affinity for at least one of the antibody

moieties.

26



WO 2023/049732 PCT/US2022/076758

[0048] In particular embodiments of the present invention heterodimeric antibodies, a
combination of cysteine pairs and/or a charge pair in CH1/Ck, as set forth in WO
2017/205014A1, which is incorporated herein by reference in its entirety for all purposes, has
been applied to make invention of two individual antibodies (referred as MabPair) from a single
cell. In these embodiments, two different HCs and two different LCs automatically assemble
into two individual antibodies, substantially without detectable heterodimeric antibody and

without mis-paired HC-LC species.

[0049] The invention methods provided herein can be applied to any pair of Fc regions; or
any pair of antibodies known in the art to advantageously make and use invention heterodimer

variant-Fc-region bispecific antibodies.

[0050] In two particular embodiments, invention heterodimer bispecific antibodies,
corresponding to anti-hCD20 x hCD37 and anti-hSIRPa x hCLDN18.2, are provided herein,
wherein each of these are characterized by their robust production and high homogeneity.
Because the substitutions have been introduced in CH1/Ck constant regions, not in VH/VL
regions, each Fab arm of antibody retains the binding and activity of parental antibodies. In
particular embodiments, the anti-hCD20 x hCD37 bispecific antibody can be used for treating
B-NHL and CLL; whereas the anti-hSIRPa x hCLDN18.2 bispecific antibody can be used for
treating gastric and pancreatic cancers. In other embodiments, the invention Fc fusion proteins,
heterodimeric Fc fusion proteins, and heterodimeric 1gG-like bispecific antibodies provided

herein are contemplated herein to treat a variety of diseases in humans.

Fc-region Engineering:

[0051] For one embodiment, after multiple rounds of Fc engineering, substitutions were
introduced: at Y349C, S364D, K370D, N390D, K392G and S400D in the CH3 region of one Fc;
and at S354C, S364K, N390P and S400K in the CHS3 region of the other Fc, in which 2 naturally
occurring Lys residues (370K and 392K) are involved in the interaction network. As a result of
introducing all these negative charge residues (Asp, D) in the same Fc chain, strong repulsion
occurs due to the same polarity, which advantageously prevents the formation of homodimer
Fc having S364D/K370D/ N390D/S400D. Similarly, as a result of introducing all these positive
charge residues (Lys, K) in the other Fc chain, a similar strong repulsion occurs due to the same
polarity, which advantageously disfavors the formation of homodimer Fc¢ having
S634K/370K/392K/S400K. In certain embodiments, the substitutions K392G in one Fc chain
and N390P in the other Fc chain advantageously provides flexibility of respective Fc chain to
interact with each other. In accordance with the present inventions, when 2 different HCs

having opposite polarities come close, they are allowed to form heterodimers by salt bridges.
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In addition, in other embodiments, substitutions Y349C in one Fc¢ chain and S354C in the other

Fc chain form a new covalent disulfide bond to lock and stabilize the heterodimers.

[0052] In addition to the Fc region engineered substitutions described above and herein, in
certain embodiments of the invention heterodimeric bispecific antibodies provide herein,
substitutions including S131K, Q160C, S162C and C214S in the Ck domain (also referred to
herein as “KCCS”); and K147D, F170C, V173C and C220G in the CH1 domain and upper hinge
region of HC (also referred to herein as “DCCG”), are introduced in a first antibody (of the
bispecific antibody), while the Fab region of the second antibody of the bispecific antibody is
kept as wild type. This particular set of substitutions have previously been used to make
MabPair products and are well-known in the art, as set forth W02017/205014, which is
incorporated herein by reference in its entirety for all purposes. These well-known strategies

from MabPair technology are used herein to ensure the cognate HC-LC pairings.

[0053] In accordance with particular embodiments of the present invention, two heterodimeric
bispecific antibodies have been made and tested: an anti-hCD20 x hCD37 as well as an anti-
hCLDN18.2 x hSIRPa antibody. The anti-hCD20 x hCD37 heterodimeric bispecific antibody
engages two different targets on B cells simultaneously to kill tumor cells while ADCC function
from Fc region of bispecific antibody can engage NK cells to further kill tumor cells. The anti-
CLDN18.2 x SIRPa heterodimeric bispecific antibody bridges Claudin 18.2 on cancer cells and
SIRPa on macrophages, so the macrophages can phagocyte and kill tumor cells by blocking
CD47/SIRPa axis and by ADCP effector function of Fc region of bispecific antibody. A diagram
of a particular embodiment of suitable residue substitutions for making these particular
heterodimeric bispecific antibodies is shown Figure 21. Different shadings indicate different
domains of HCs and LCs. Overall, it has been found that the invention heterodimeric bispecific
antibody retains the standard IgG configuration by having 2 different HCs and 2 different LCs.
No artificial linker is used. No excessive aggregation is found. Most substitutions are buried or
partially exposed. Fully HCs are assembled to form heterodimers together with cognate HC-LC

pairings.

Definitions

[0054] As used herein, the phrase “Fc¢-region,” refers to most or all of a hinge domain, plus
a CH2 and a CH3 domain from an HC. For example, amino acid sequences of exemplary

human IgG Fc-regions are shown in Table 9.

[0055] As used herein, the phrase “variant-Fc-region” refers to a native Fc-region that

undergoes at least one substitution, insertion, or deletion of a single amino acid therein, which
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can optionally include a substitution of a charged amino acid or a cysteine for the naturally
occurring amino acid. As set forth herein, the invention variant-Fc-regions can be recombinantly
combined with any moiety, such as a pharmaceutically-active-moiety to form a fusion protein;
or the invention variant-Fc-regions can be used to form heterodimeric variant-Fc-region
antibodies and/or heterodimeric variant-Fc-region bispecific antibodies. In certain
embodiments, the invention Fc-regions are prepared such that upon heterodimerization, only
one of the Fc regions has a moiety attached thereto. This embodiment advantageously permits
finer control over which pharmaceutically-active-moieties are administered and the quantity

and/or dose of the desired moiety that is administered.

[0056] As used herein, the phrase “variant-Fc-region fusion protein” refers to a chimeric
protein resulting from protein synthesis, including as a result of expression of a recombinant
nucleic acid construct encoding an invention variant-Fc-region chimerically recombined with
any desired protein moiety, either at the N- or C-terminus of the variant-Fc-region. In certain
embodiments, the protein moiety of the fusion protein is a partner-ligand that is able to bind to

a desired target, such as for use in therapeutic or diagnostic methods.

[0057] As used herein, the phrase “partner-ligand,” or grammatical variations thereof, refers
to any molecule or moiety that can bind to a desired target molecule. In particular embodiments,

he partner-ligan is recombinantly fused to an invention variant-Fc-region.

[0058] As used herein, the phrase “heterodimeric variant-Fc-region antibody” refers to
antibodies made in a host cell line into which DNAs encoding two different IgG antibodies has
been introduced, where the major species of antibodies is a variant-Fc-region bispecific
antibody comprising a cognate HC/LC pair from each of the two I1gG antibodies. In particular
embodiments, the invention heterodimeric variant-Fc-region antibodies (e.g., a heterodimeric
variant-Fc-region bispecific antibody) are substantially free of any homodimeric variant-Fc-
region antibodies. In particular embodiments, exemplary substantially pure heterodimeric
variant-Fc-region bispecific antibodies contains an amount of homodimeric variant-Fc-region
antibodies in said composition is less than 5, 4, 3, 2, 1, 0.5, 0.4, 0.3, 0.2, 0.1%.

[0059] An “alteration that favors heterodimers,” as meant herein, is a substitution,
insertion, or deletion of a single amino acid within a CH3 domain amino acid sequence in an
antibody, optionally a human, humanized, or primate CH3 domain amino acid sequence, where
the substitution, insertion, or deletion favors the formation of heterodimers in the context of
invention variant-Fc-regions, variant-Fc-region-fusion proteins, and/or heterodimeric variant-
Fc-region bispecific antibodies. Invention variant-Fc-regions, variant-Fc-region-fusion proteins,
and/or heterodimeric variant-Fc-region bispecific antibodies can comprise more than one

alteration that favors heterodimers, and multiple alterations that favor heterodimers can occur
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at multiple sites in one or more invention variant-Fc-regions, variant-Fc-region-fusion proteins,
and/or heterodimeric variant-Fc-region bispecific antibodies. A single alteration that favors
heterodimer formation need not be completely effective in forming heterodimers, or effective by
itself, to be considered an “alteration that favors heterodimers,” as long as it is partially effective
and/or effective when paired with one or more other alterations. Included among the alterations
can be the substitution of a charged residue for the residue present in the wild type sequence.
Whether one or more alteration(s) has (have) an effect on HC/HC heterodimer formation can
be determined by the methods described in Examples 1 and 2. Data from such experiments is
shown in Figures 1-6. Alterations that favor heterodimers occur at “domain interface residues.”
Domain interface residues are discussed in US Patent 8,592, 562 in Table 1 and accompanying
text, which are incorporated herein by reference. Such domain interface residues are said to
be “contacting” residues or are said to “contact” each other if they are predicted to be
physically close, i.e., at most 12 angstroms (&) between the alpha carbons (Caq, i.e., the carbon
between the amino and the carboxyl moiety of the amino acid) of the two amino acids or at
most 5.5 A between a side chain heavy atom (any atom other than hydrogen) of one amino
acid and any heavy atom of the other amino acid according to known structure models. Such
structures are available online, for example, through the Protein Data Bank (available at
http://www.rcsb.org/pdb/home/home.do) or through the INTERNATIONAL
IMMUNOGENETICS INFORMATION SYSTEM® (IMGT; available at hitp://www.imgt.org). In

Table 6 below, examples of contacting residues at the CH3/CH3 interface in a human IgG

antibody are listed.

[0060] Table 6: Contacting residues at a human IgG CH3/CHS interface

Contacting residue in | Residues in second CH3* having a heavy atom within 4.5

first CH3* angstroms of a side chain heavy atom of the contacting
amino acid in first CH3

Q347 K360

Y349 S354, D356, E357, K360

T350 S354, R355

L351 L351, P352, P353, S354, T366

S354 Y349, T350, L351

R355 T350

D356 Y349, K439

E357 Y349, K370

K360 Q347, Y349
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Contacting residue in | Residues in second CH3* having a heavy atom within 4.5

first CH3* angstroms of a side chain heavy atom of the contacting
amino acid in first CH3

S364 L368, K370

T366 L351, Y407

L368 S364, K409

K370 E357, S364

N390 S400

K392 L398, D399, S400, F405

T394 T394, V397, F405, Y407

P395 V397

V397 T393, T394, P395

D399 K392, K409

S400 N390, K392

F405 K392, T394, K409

Y407 T366, T394, Y407, S408, K409

K409 L368, D399, F405, Y407

K439 D356

*Numbering is according to Edelman et al. (1969), Proc. Natl. Acad. Sci. USA 63: 78-85,

which is incorporated herein in its entirety

[0061] Examples of alterations that favor heterodimers include, e.g., S364D, K370D, N390D,
and S400D in a primate and/or humanized IgG heavy chain, optionally in the context of
heterodimeric variant-Fc-region-bispecific antibodies that includes another IgG antibody

comprising, in one embodiment, S364K, and S400K.

[0062] An “amino acid,” an “amino acid residue,” a “residue,” or a “position,” within a
HC or LC amino acid sequence refers to an amino acid at a position numbered as shown in
Tables 6-12. Thus, for example, it is possible for two different HC amino acid sequences to
have the same or different amino acids at a particular position in the two HC amino acid
sequences. Further, an “HC position,” an “HC residue,” an “LC position,” or an “LC residue”
refers to an amino acid at a position in any HC or LC amino acid sequence numbered as shown
in Tables 7-13.

[0063] An “antibody,” as meant herein, is a protein that contains at least one heavy chain
variable (VH) domain or light chain variable (VL) domain. An antibody often contains both VH

and VL domains. VH and VL domains are described in full detail in, e.g., Kabat et al.,
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SEQUENCES OF PROTEINS OF IMMUNOLOGICAL INTEREST, FIFTH EDITION, U.S. Department of
Health and Human Services, Public Health Service, National Institutes of Health, NIH
Publication No. 91-3242, 1991, pp. xvi-xix and pp.103-533, which are incorporated by reference
herein. “Antibody” includes molecules having different formats such as single chain Fv
antibodies (scFv, which contain VH and VL regions joined by a linker), Fab, F(ab),, Fab’,
scFv:Fc antibodies (as described in Carayannopoulos and Capra, Ch. 9 in FUNDAMENTAL
IMMUNOLOGY, 3.sup.rd ed., Paul, ed., Raven Press, New York, 1993, pp. 284-286, which is
incorporated herein by reference), bispecific antibodies and monovalent antibodies in any of a
variety of formats, and full-length and IgG antibodies as defined below, among other possible

formats for an antibody.

[0064] A “bispecific antibody,” as meant herein, binds to two different epitopes, which can
reside on one target molecule or on two separate target molecules. A bispecific antibody can
be a full-length antibody, IgG antibody, or an antibody having a different format. A bispecific
antibody can be made in a host cell line (as defined above) into which DNA encoding two
different IgG antibodies, i.e., two different heavy chains and two different light chains, has been
introduced. A bispecific antibody can also be made in a cell population into which DNA(s)
encoding two different IgG antibodies has (have) been introduced, where a clonal host cell line
is not purified from the cells into which the DNA(s) was (were) introduced. An example of this
kind of situation could involve transiently transfecting DNA(s) encoding two different IgG
antibodies into, e.g., 293 or ExpiCHO cells, and subsequently obtaining the bispecific antibodies

produced by the cells from the cell supernatant of the transfected cells.

[0065] A “bivalent antibody,” as meant herein, can simultaneously bind to two epitopes,
which can be identical or different and can reside on one target molecule or on two separate

target molecules.

[0066] A “charge pair,” of amino acids, as meant herein, is a pair of oppositely charged
amino acids at “contacting” amino acid residues as defined herein. Such charged amino acids

can be on the same polypeptide chain or on different polypeptide chains.

[0067] A “charged” amino acid, as meant herein, is an acidic or basic amino acid that can
have a charge at near-physiologic pH. These include the acidic amino acids glutamic acid (E)
and aspartic acid (D), which are negatively charged at physiologic pH, and the basic amino
acids arginine (R) and lysine (K), which are positively charged at physiologic pH. The weakly
basic amino acid histidine, which can be partially charged at near-physiologic pH, is not within
the definition of “charged” amino acid herein. To avoid confusion, a positive charge is
considered to be “opposite” to a negative charge, as meant herein. Thus, for example, amino

acid residues E and R are opposite in charge.
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[0068] A “cognate” HC in the context of antibodies (e.g., a heterodimeric variant-Fc-region
bispecific antibody), as meant herein, is the HC that a particular LC is known to pair with to form
a binding site for a particular antigen. For example, if a known full-length Antibody X binds to
Antigen X, the Antibody X HC is the cognate HC of the Antibody X LC, and vice versa, in the
context of a heterodimeric variant-Fc-region bispecific antibody that comprises Antibody X,
among other antibodies. Further, if the bispecific antibody also comprises an Antibody Y, the

antibody Y HC is “non-cognate” with respect to the Antibody X LC and vice versa.

[0069] A “complementarity determining region” (CDR) is a hypervariable region within a
VH or VL domain. Each VH and VL domain contains three CDRs called CDR1, CDR2, and
CDR3. The CDRs form loops on the surface of the antibody and are primarily responsible for
determining the binding specificity of an antibody. The CDRs are interspersed between four
more conserved framework regions (called FR1, FR2, FR3, and FR4) as follows: FR1-CDR1-
FR2-CDR2-FR3-CDR3-FR4. Positions of CDRs in a VH and a VL are indicated in Tables 7
and 11, respectively. Kabat et al. position the VH CDRS as follows: CDR1 is at positions 31-
35 (with possible insertions numbered 35A and 35B); CDR2 is at positions 50-65 (with possible
insertions numbered 52A-52C); and CDR3 is at positions 95-102 (with possible insertions
numbered 100A-100K). Kabat et al., supra, at xvii. Kabat et al. position the VL CDRs as follows:
CDRA1 is at positions 24-34 (with possible insertions numbered 27A-27F); CDR2 is at positions
50-56; and CDR3 is at positions 89-97 (with possible insertions numbered 95A-95F).

[0070] A “cysteine substitution,” as meant herein, refers to an amino acid substitution in a

protein where a cysteine is substituted for any other amino acid.

[0071] Amino acid alterations within two or more related sequences “differ,” as meant
herein, (1) if they occur at different sites within two amino acid sequences that are the same or
within two amino acid sequences that belong to the same class (e.g., VH domains) and can be
aligned to a common numbering system via conserved amino acids, and/or (2) if the alteration
is different, e.g., a different amino acid is substituted at the same site within two amino acid
sequences that are otherwise the same or that belong to the same class or different numbers
of amino acids and/or different amino acids are inserted into or deleted from two amino acid
sequences that are otherwise the same or that belong to the same class. Of course, amino
acid alterations in two or more unrelated sequences also “differ” from each other. Two or more
antibodies are “different,” as meant herein, if the amino acid sequences of all the polypeptide

chains included in the antibody are not “the same,” as meant herein.

[0072] Two or more amino acid sequences are “different,” as meant herein, if they could not
be encoded by the same DNA sequence. Thus, amino acid sequences that differ only because

of post-translational modifications are not “different” as meant herein.

33



WO 2023/049732 PCT/US2022/076758

[0073] A “full-length antibody,” as meant herein, comprises (1) two heavy chains of any
isotype each comprising at least a VH domain, a first heavy chain constant (CH1) domain, a
hinge domain, a second heavy chain constant (CH2) domain, and a third heavy chain constant
(CH3) domain, and (2) two light chains, which can be either kappa (k) or lambda (A) chains,
each comprising a VL and a light chain constant (CL) domain. These domains are described
in detail Kabat ef al., supra, pp. xv-xix and 647-699, which pages are incorporated herein by
reference. The numbering system of Kabat et al., supra, is used for the VH and VL domains
(see Tables 7 and 11 below), and the EU system (Edelman et al. (1969), Proc. Natl. Acad. Sci.
USA 63:. 78-85, which is incorporated herein in its entirety) is used for the CL, CH1, hinge,
CH2, and CH3 domains. See Tables 8-10, 12, and 13.

[0074] A “heavy chain (HC),” as meant herein, comprises at least VH, CH1, hinge, CH2,
and CH3 domains. An HC including all of these domains could also be referred to as a “full-
length HC.” Some isotypes such as IgA or IgM can contain additional sequences, such as the
IgM CH4 domain. The numbering system of Kabat ef al., supra, is used for the VH domain (see
Table 7 below), and the EU system (Edelman et al. (1969), Proc. Natl. Acad. Sci. USA 63: 78-
85, which is incorporated herein in its entirety) is used for the CH1, hinge, CH2, and CH3

domains. Tables 7 to 10 below provide a more specific picture of HC amino acid sequences.

[0075] Table 7: Consensus sequence of human VHs

123 4567 8 910 1112 13 14 15
L G P

16 17 18 19 20 21 22 2324 25 26 27 28 29 30
S V LS C G
T L vV T

31 32 33 34 35 35A 35B 3637 38 39 40 41 4243
W R Q G K
[1000] Q

44 45 46 47 48 49 50 51 52 52A 52B 52C 53 54 55
G L W

56 57 58 59 60 6162 6364 65 66 67 68 69 70
R
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7172 73 74 75 7677 7879 80 81 82 82A 82B 82C
S L

83 84 85 86 87 8889 90 91 92 93 94 95 96 97
D Y Cc

98 99 100 100A 100B 100C 100D 100E 100F 100G 100H 100/ 100J

100K 101 102 103 104 105 106 107 108 109 110 111 112 113

W QG V VS (SEQIDNO:89)

[0076] Table 7 shows conserved amino acids based on the human VH amino acid sequences
(I-11l) in Kabat et al. (supra). Numbering is according to Kabat et al., supra. Site numbers within
the CDRs are written in bold italics. Position numbers with letters after them, e.g., 100A, may
or may not be filled by an amino acid due to the varying lengths of CDRs. A single boldface
amino acid at a particular position indicates an “invariant” amino acid in all three classes of
human VH domains as described by Kabat et al. (supra). At sites of interest where the amino
acid at a given position is most commonly one amino acid or either of two amino acids, those

amino acids are indicated in plain text. Site numbers in underlined boldface indicate positions

that are described as being altered herein. Positions where no amino acid is designated did not

meet the criteria stated above.

[0077] Table 7 shows that there are numerous conserved amino acids that would allow
alignment of any VH sequence with the conserved amino acids spaced as shown above by eye.
Alternatively, a novel sequence could be aligned with a known VH sequence using alignment
software, for example, alignment software available on the International ImMunoGeneTics

(IMGT) Information system® (for example, IMGT/DomainGapAlign, which is available at

http://www.imgt.org or CLUSTAL Omega (Sievers et al., (2011), Molecular Systems Biology
7(1): 539).

[0078] Table 8 below shows a consensus amino acid sequence of CH1 domains.

Table 8. CH1 consensus

118 119 120 121 122 123 124 125 126 127 128 129 130 131 132
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P P L

133 134 134 136 137 138 139 140 141 142 143 144 145 146 147
R/K CL K

148 149 150 151 152 153 154 155 156 157 158 159 160 161 162
P W

163 164 165 166 167 168 169 170 171 172 173 174 175 176 177
H F Vv A

178 179 180 181 182 183 184 185 186 187 188 189 190 191 192
T S S

193 194 195 196 197 198 199 200 201 202 203 204 205 206 207
[1001] C

208 209 210 211 212 213 214 215
(SEQ ID NO:90)

[0079] TABLE 8. The numbering is the numbering according to Edelman et al. (supra). The
single amino acids shown in boldface below the numbers are “invariant” residues according to
Kabat et al. (supra) from alignments of CH1 domains from a variety of species. Sites selected
for alteration herein (131, 133, 147, 168, 170, 173, 176, 181, and 183) are shown in underlined
boldface. At these sites, the most common one or two amino acids in the 63 primate CH1

sequences reported in Kabat et al. (supra) are shown in plain text. Positions where no amino

PCT/US2022/076758

acid is designated were not “invariant” and were not selected for alteration.

[0080] Table 9 below shows an alignment human CH1 domains of the IgG1, IgG2, 1gG3 and

IgG4 isotypes. This alignment highlights the very strong conservation of sequence among

these closely-related CH1 domains.

Table 9: Alignment of human IgG1, IgG2, IgG3, and IgG4 CH1 domains

118120 130 140 150 160 170 177

* % * * * * * *

1gG1

ASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSS
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lgG2
ASTKGPSVFPLAPCSRSTSESTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSS
1gG3
ASTKGPSVFPLAPCSRSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSS
1gG4
ASTKGPSVFPLAPCSRSTSESTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSS

178180 190 200 210 215
1gG1 GLYSLSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKKY (SEQ ID NO:91)
1gG2 GLYSLSSVVTVPSSNFGTQTYTCNVDHKPSNTKVDKTV (SEQ ID NO:92)
1gG3 GLYSLSSVVTVPSSSLGTQTYTCNVNHKPSNTKVDKRYV (SEQ ID NO:93)
1gG4 GLYSLSSVVTVPSSSLGTKTYTCNVDHKPSNTKVDKRYV (SEQ ID NO:94)

[0081] Table 9: The amino acid sequences of representative CH1 domains of human 1gG1,

1gG2, 1gG3 and IgG4 antibodies were obtained from IMGT web page, accession numbers
J00228, J00230, X03604, and K01316, respectively, and aligned with CLUSTALW software.

Residues are numbered according to the EU system of Edelman et al., supra. “Invariant’

residues according to Kabat ef al., supra are shown in boldface. These residues are highly

conserved, but not completely invariant. Residues that are underlined and in boldface italics

are sites at which substitutions have been made and tested as reported in the Examples of WO

2017/205014A1.

[0082] Table 10 below shows an alignment of human IgG Fc regions of the four human IgG

subclasses, 19G1, 1gG2, 1gG3, and IgG4. This alignment shows the differences between these

subclasses, as well as the high sequence conservation.
[0083] TABLE 10: Amino acid sequences of human IgG Fc regions

1gG1
lgG2
IgG3 ELKTPLGDTTHTCPRCPEPKSCDTPPPCPRCPEPKSCDTPPPCPRCP
1gG4

216 226 236 246 256 266

* * * * * *
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1gG1
EPKSCDKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKF
IgG2 ERKCCVE---CPPCPAPPVA-GPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVQF
1gG3
EPKSCDTPPPCPRCPAPELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVQF
IgG4 ESKYG---PPCPSCPAPEFLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSQEDPEVQF

276 286 296 306 316 326

1gG1
NWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKT
lgG2
NWYVDGMEVHNAKTKPREEQFNSTFRVVSVLTVVHQDWLNGKEYKCKVSNKGLPAPIEKT
1gG3
KWYVDGVEVHNAKTKPREEQYNSTFRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKT
1gG4
NWYVDGVEVHNAKTKPREEQFNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKGLPSSIEKT

336 346 356 366 376 386
1gG1
ISKAKGQPREPQVYTLPPSREEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTP
lgG2
ISKTKGQPREPQVYTLPPSREEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTP
1gG3
ISKTKGQPREPQVYTLPPSREEMTKNQVSLTCLVKGFYPSDIAVEWESSGQPENNYNTTP
1gG4
ISKAKGQPREPQVYTLPPSQEEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTP

396 406 416 426 436 446
1gG1 PVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPGK(SEQ ID
NO:95)

1gG2 PMLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPGK(SEQ
ID NO:96)

1gG3 PMLDSDGSFFLYSKLTVDKSRWQQGNIFSCSVMHEALHNRFTQKSLSLSPGK(SEQ 1D
NO:97)

38



WO 2023/049732 PCT/US2022/076758

IgG4 PVLDSDGSFFLYSRLTVDKSRWQEGNVFSCSVMHEALHNHYTQKSLSLSLGK(SEQ ID
NO:98)

[0084] A “host cell line” into which DNA(s) encoding one or more proteins has been
introduced refers to a cell line derived from a single cell following the introduction of the DNA,
e.g., by transfection. Methods for isolating such clonal cell lines following the introduction of
DNA are well known in the art and include limiting dilution, among other possible methods that
can include visually determining the existence of only one cell in a particular sample. See, e.qg.,
Wewetzer (1995), J. Immunol. Methods 179(1): 71-76, Underwood and Bean (1988), J.
Immunol. Meth. 107(1): 119-128.

[0085] “Human,” nucleotide or amino acid sequences or nucleic acids or proteins include
those that occur naturally in a human. Many human nucleotide and amino acid sequences are
reported in, e.g., Kabat et al., supra, which illustrates the use of the word “human” in the art. A
‘human” amino acid sequence or protein, as meant herein, can contain one or more insertions,
deletions, or substitutions relative to a naturally-occurring sequence, with the proviso that a
‘human” amino acid sequence or protein does not contain more than 10 insertions, deletions,
and/or substitutions of a single amino acid per every 100 amino acids. Similarly, a human
nucleic acid (e.g., DNA) or nucleotide sequence does not contain more than 30 insertions,
deletions, and/or substitutions of a single nucleotide per every 300 nucleotides. In the particular
case of a VH or VL sequence, the CDRs are expected to be extremely variable, and, for the
purpose of determining whether a particular VH or VL amino acid sequence (or the nucleotide
sequence encoding it) is a “human” sequence, the CDRs (or the nucleotides encoding them)

are not considered part of the sequence.

[0086] A “humanized” nucleotide sequence encoding an antibody or antibody domain or a
“‘humanized” amino acid sequence of an antibody or antibody domain, as meant herein, is a
sequence that originated in a non-human organism but was engineered to be as similar as
possible to a human sequence as possible without sacrificing the desired properties of the
antibody, e.g., binding to a certain antigen with a certain avidity, among many possible desired
properties. The process of humanization generally involves changing all constant domains to
be human constant domains. In the variable domains, the original CDRs can be used to replace
the CDRs of a human antibody sequence that is as similar as possible to the original variable
domain (a process often referred to as CDR grafting). However, one or more changes in the
framework regions may also be required. Thus, the amino acid sequence of a humanized
antibody may or may not fall within the definition of “human” immediately above. This process
is described in, e.g., Zhang and Ho, Scientific Reports 6: 33878; doi: 10.1038/srep33878 (2016)
and Miethe et al. PLOS One; doi: 10.137/journal.pone.0161446 (2016), both of which are

incorporated herein by reference.
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[0087] An “lgG antibody,” as meant herein, refers to a full-length antibody, as defined
herein, of the 1gG isotype, including human, humanized, and primate antibodies of the 1gG1,

1gG2, 1gG2, and IgG4 isotype subclasses.

[0088] The term “isotype,” as meant herein, refers to whether the heavy chain constant
regions in an antibody, i.e., the CH1, hinge, CH2, and CH3 domains, are of the IgG, IgD, IgM,
IgA, or IgE class or a subclass thereof, such as 1gG1, 19G2, 19G3, or IgG4. Such isotypes are
known in the art and are described and explained in detail in, e.g., Janeway ef al., The Immune
System in Health and Disease, 5" ed., sections 4-15 to 4-19, Garland Science, New York, 2001
(available at http://www.ncbi.nlm.nih.gov/books/NBK27106/).

[0089] A “light chain (LC),” as meant herein, comprises a VL domain and a light chain
constant (CL) domain, which can be a kappa (CLk) or lambda (CLA) domain. These domains,
including exemplary amino acid sequences thereof, are described in Kabat et al., supra, pages
xiii-lix, 103-309, and 647-660, which are incorporated herein by reference. The numbering
system used herein for the light chain is that described in Kabat et al., supra for the VL domain
and that described in Edelman et al., supra for the CL domain, as illustrated in Tables 11-13

below.

[0090] Table 11: Consensus sequence of human VL domains

123 4567 89 1011 12 13 14 15

16 17 18 19 20 21 2223 24 25 26 27 27A 27B 27C 27D 27E 27F
G Cc

2829 30 31 32 33 34 3536373839 40 41 42 43 44
w A P
[1002] S

4546 47 48 49 50 51 52 53 54 55 56 57/ 58 59 60

I P

61 62 63 64 65 66 67 68 69 70 71 72 73 74 75
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RFSG S L

76 77 78 79 80 81 82 83 84 85 86 87 88 89 90
AIG Y Y/F

91 92 93 94 95 95A 96 97 98 99 100 101 102 103 104
FGQG G T

105 106 106A 107 108 109
(SEQ ID NO:99)

[0091] TABLE 11: The numbering is according to Kabat et al. (supra). Numbers in bold
italics indicate the positions of the CDRs. Position numbers with letters after them, e.g., 27A,
may or may not be filled by an amino acid, due to the varying lengths of CDRs. Invariant
residues for all human light chains in Kabat et al. (supra) are shown as bold letters indicating
the amino acid found at that position. At selected sites, the one to three most common amino
acids found at that site are indicated in plain text. In addition, many other amino acids are
invariant or highly conserved within some subgroups of kappa or lambda VL domains, which
can aid in categorizing a particular amino acid sequence as a VL domain. Sites selected for

alteration herein, as reported in the Examples below, are indicated by boldface underlined

type. Positions where no amino acid is designated and/or the number is not shown in boldface

underlined type do not meet the criteria stated above.

[0092] Table 12: Consensus sequence and numbering for CL domains

108 109 110 111 112 113 114 115 116 117 118 119 120 121 122 123
P | PP
A P L PP

124 125126 127 128 129 130 131 132 133 134 135 136 137 138 139
S v C
A A v C

140 141 142 143 144 145 146 147 148 149 150 151 152 153 154 155
P v W
A v W

~

156 157 158 159 160 161 162 163 164 165 166 167 168 169 170 171
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~

)
wn
—

172173174 175176 177 178 179 180 181 182 183 184 185 186 187
S SSTLTL
A AM S SYLSL

~

188 189 190 191 192 193 194 195 196 197 198 199 200 201 202 203
Cc H
A Cc H

204 205 206 207 208 209 210 211 212 213 214

K F C (SEQ ID NO:100)

A \Y C (SEQID NO:101)

[0093] TABLE 12: The numbering is according to Edelman et al. (supra), which is the same
as the numbering of Kabat et al. (supra) for CL domains. The amino acids shown in bold below
the numbers are “invariant” residues according to Kabat ef al. (supra) from alignments of both
kappa and lambda CL domains from a variety of species. As indicated at selected sites (131,
160, 162, 174, 176, and 178), amino acids conserved in the ten human kappa chains (top) and
28 human lambda chains (below) reported in Kabat et al. (supra) are shown in plain text. In
cases where either of two different amino acids are found at one of these sites, the more

common amino acid is shown prior to the less common, e.g., A/M. Bold underlined numbers

indicate sites that were altered as reported in the Examples below. In addition, many other
amino acids are invariant or highly conserved within some subgroups of CLk or CLA domains,
which can aid in categorizing a particular amino acid sequence as a CL domain. Positions

where no amino acid is designated and/or the number is not shown in boldface underlined

type do not meet the criteria stated above.

[0094] Table 13: Alignment of human kappa chain CL domains

108 120 130 140 150 160 167

* * * * * * *

J00241
RTVAAPSVFIFPPSDEQLKSGTASVVCLLNNFYPREAKVQWKVDNALQSGNSQESVTEQD
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M11736
RTVAAPSVFIFPPSDEQLKSGTASVVCLLNNFYPREAKVQWKVDNALQSGNSQESVTEQE

M11737
RTVAAPSVFIFPPSDEQLKSGTASVVCLLNNFYPREAKVQRKVDNALQSGNSQESVIEQE
AF017732
RTVAAPSVFIFPPSDEQLKSGTASVVCLLNNFYPREAKVQWKVDNALQSGNSQESVTEQD
AF113887
RTVAAPSVFIFPPSDEQLKSGTASVVCLLNNFYPREAKVQWKVDNALQSGNSQESVTEQD

168170 180 190 200 210214
J00241
SKDSTYSLSSTLILSKADYEKHKVYACEVTHQGLSSPVTKSFNRGEC(SEQIDNO:102)
M11736
SKDSTYSLSSTLILSKADYEKHKVYAGEVTHQGLSSPVTKSENRGEC(SEQIDNO:103)
M11737
SKDSTYSLSSTLILSKADYEKHKVYACEVTHQGLSSPVTKSFNRGEC(SEQIDNO:104)
AF017732

SKDSTYSLSSTLTLSKADYEKHKLYACEVTHQGLSSPVTKSENRGEC(SEQIDNO: 1
05)
AF113887
SKDSTYSLSNTLTLSKADYEKHKVYACEVTHQGLSSPVTKSFANRGEC(SEQIDNO:106)

[0096] Table 13: The amino acid sequences of human CL domains in this table are from the

International ImMunoGeneTics information system® (IMGT) web page (http://www.imgt.org).

The accession number of each sequence is shown to the left of the sequence, and the
sequences were aligned with CLUSTALW software (available at

http:.//www.genome.jp/tools/clustalw/). Numbering is according to Edelman et al. supra. The

boldface residues are invariant residues according to Kabat ef al., supra. Invariant sites where

substitutions were made and the resulting antibodies were tested are indicated by boldface

and underlined amino acids. The bolded, italicized, and underlined residues are other sites
where substitutions were made and the resulting antibodies were tested as reported in WO
2017/205014.

[0096] An “LC-partner-directing alteration,” as meant herein, is a substitution, insertion, or
deletion of a single amino acid at the HC/LC interface within a VH or CH1 amino acid sequence,
optionally a substitution of a charged amino acid or a cysteine for the naturally occurring amino

acid, which causes an HC, optionally a human, humanized, and/or primate 1gG HC, containing
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the altered VH and/or CH1 amino acid sequence to associate more strongly with an LC,
optionally one containing an “HC-partner-directing alteration” at a contacting amino acid

residue.

[0097] Similarly, an “HC-partner-directing alteration” is the substitution, insertion, or
deletion of a single amino acid in the HC/LC interface within a VL or CL amino acid sequence,
optionally a substitution of a charged amino acid or a cysteine for the naturally occurring amino
acid, which causes an LC, optionally a human, humanized, and/or primate kappa or lambda
LC, containing the altered VL or CL amino acid sequence to associate more strongly with an
HC, optionally one containing an LC-partner-directing alteration at a contacting amino acid
residue. In some embodiments, a contacting pair of HC- and LC-partner-directing, or invention
heterodimeric HC- and HC- partner-directing, alterations can be substitutions of charged amino
acids having opposite charges, which form a “charge pair,” as defined above. In other
embodiments, if a charged amino acid already exists at one or more of the contacting sites of
the HC (e.g., Lys at positions 370K and 392K in certain Fc-regions utilized herein) or LC, then
alteration of only one chain is required to create a charge pair favoring formation of a cognate
HC/LC or invention heterodimeric variant-Fc-region pair. In other embodiments, cysteine
residues can be introduced at contacting sites so that disulfide bridges between a cognate
HC/LC pair can form. In further embodiments, HC- and LC-partner-directing alterations can be
substitutions or pre-existing amino acids that create a knob and a hole (or a protuberance and
a cavity) at contacting residues as described in US Patent 8,679,785, the relevant portions of
which are incorporated herein by reference. The HC can be of the IgG, IgA, IgD, IgM, or IgE
isotype, optionally 1gG1, 19G2, 1gG3, or IgG4. HC- and LC-partner-directing alterations occur
at contacting amino acid positions that form part of the HC/LC interface. Interface residues in
the CL and CH1 domains include those within 4.5 A, as explained in US Patent 8,592, 562,
Tables 4 and 5 and accompanying text in columns 10 and 11, all of which is incorporated herein
by reference. Contacting residues in the CH1 and CL domains are catalogued in Table 14

below.

[0098] Table 14: Contacting residues between CH1 and CL

CH1 residue CLk residue CLA residue
125 123 119

126 121, 123, 124 117, 119, 120
127 121 117, 119

128 118, 133 114, 129

129 118 114
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CH1 residue CLk residue CLA residue

130 118

139 116

140 116

141 116, 118, 135 112, 114

142 118 114

143 114

145 124, 131 127, 129, 173

147 124, 131 125, 127

148 125

168 137,138, 174 133, 163, 169

169 164

170 135, 162, 164, 174, | 131, 133, 169, 171
176

171 162, 164 158, 161, 171

172 158

173 160, 162 156, 158, 173

174 160 156

175 160 156

176 156

181 173

182 173

183 176 129, 131, 173

185 135 114, 131

187 137

213 123 119

218 122

[0099]

pairs of residues, one in the VH and one in the VL domain, suitable for alteration were selected
using the follow criteria: (1) the residues are buried or partially buried, i.e., inaccessible in the
tertiary structure of a full-length antibody, (2) the residues are spatially close, that is, where the
CalJs of the two amino acids are within about 12 A, or where there is at most 5.5 A between a
side chain heavy atom (any atom other than hydrogen) of one amino acid and any heavy atom
of the other amino acid according to known structure models, (3) the residues are highly
conserved, although they need not be totally invariant, and (4) the residues are not within or

interacting with the complementarity determining regions (CDRs). Examples of such contacting
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residues include, without limitation, the following: position 44 (VH) and position 100 (VL);
position 39 (VH) and position 38 (VL); and position 105 (VH) and position 43 (VL). A change in
the strength of HC/LC association due to HC- and/or LC-partner-directing alterations can be
measured by determining the relative amounts of various antibody species in a host cell into
which DNA encoding at least two different antibodies has been introduced. As explained in
detail in Examples 3 and 6 examples of contacting pairs of LC- and HC-partner-directing
alterations include, without limitation, the following: substitutions in a first HC region
corresponding to K147D, F170C, V173C in its CH1 domain and C220G in upper hinge region
of the HC region; and substitutions in its cognate first LC region corresponding to S131K,
Q160C, S162C and C214S in its CK domain. As these examples illustrate “contacting” pairs of
LC- and HC-partner directing alterations can include amino acids opposite in charge. Many
other examples are disclosed in the Description and Examples in WO 2017/205014A1, which
is incorporated herein by reference in its entirety for all purposes. Alternatively, LC- and HC-
partner-directing alterations could be “protuberance in cavity” style alterations as described in
U. S. Patent 8,679,785. The portions of this patent describing these kinds of alterations,
especially col. 12, line 12 to col. 14, line 5, are incorporated herein by reference. The term

“partner-directing alteration” refers to HC- and/or LC-partner-directing alterations.

[00100] A “primate,” nucleotide or amino acid sequence or nucleic acid or protein includes
molecules and sequences that occur naturally in a primate. Primates include animals from a
number of families including, without limitation, prosimians (including lemurs), new world
monkeys, chimpanzees, humans, gorillas, orangutans, gibbons, and old world monkeys.
Specific primate species include, without limitation, Homo sapiens, Macaca mulata (rhesus
macaque), Macaca fascicularis (cynomolgus monkey), and Pan froglodytes (chimpanzee),
among many others. Many primate nucleotide and amino acid sequences are known in the art,
e.g., those reported in, e.g., Kabat et al., supra. Generally, “primate” amino acid sequence, as
meant herein, can contain one or more insertions, deletions, or substitutions relative to a
naturally-occurring primate sequence, with the proviso that a “primate” amino acid sequence
does not contain more than 10 insertions, deletions, and/or substitutions of a single amino acid
per every 100 amino acids. Similarly, a primate nucleotide sequence can contain insertions,
deletions, or substitutions relative to a naturally-occurring primate sequence, but does not
contain more than 30 insertions, deletions, and/or substitutions of a single nucleotide per every
300 nucleotides. In the particular case of a VH or VL sequence, the CDRs are expected to be
extremely variable, and, for the purpose of determining whether a particular VH or VL amino
acid sequence (or the nucleotide sequence encoding it) is a “primate” sequence, the CDRs (or

the nucleotides encoding them) are not considered part of the sequence.
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[00101] Two amino acid sequences are “the same,” as meant herein, if the two sequences
could be encoded by the same DNA sequence. That is, amino acid sequences that differ only
as a result of post-translational modifications, e.g., elimination of a carboxyl-terminal lysine or

cyclization of N-terminal glutamate or glutamine residues, are “the same” as meant herein.

[00102] A “target molecule,” as meant herein, is a molecule to which an antibody specifically
binds. In some embodiments, a target molecule is a “target protein,” i.e., a protein to which

an antibody specifically binds.
Bispecific Antibodies and Methods of Producing Them

[00103] Described herein are heterodimeric variant-Fc-region bispecific antibodies having
different binding specificities that are produced in host cells into which DNA(s) encoding the
antibodies has (have) been introduced. The invention bispecific antibodies can be human,
humanized, and/or primate full-length IgG antibodies. Also described are methods for
producing such heterodimeric variant-Fc-region bispecific antibodies. The HCs and/or LCs of
one or more of the antibodies used to make the bispecific antibody can comprise LC- and/or
HC-partner-directing alterations. In some embodiments, the HCs of one or more of the

antibodies can comprise one or more alterations that disfavor homodimers.

[00104] The method for producing the heterodimeric variant-Fc-region bispecific antibodies
can comprise introducing DNA encoding the heterodimeric variant-Fc-region bispecific
antibodies described herein into host cells, culturing the host cells, and recovering the
heterodimeric variant-Fc-region bispecific antibodies from the cell mass or culture medium.
DNA encoding the different antibodies that form the desired bispecific antibody can be
introduced into host cells at the same time or at different times. For example, DNA encoding a
second antibody can be introduced into a host cell population that already produces a first
antibody encoded by DNA that was previously introduced into the host cell population.
Alternatively, DNA encoding both antibodies can be introduced into the host cells at the same
time. Further, after introduction of DNAs encoding multiple antibodies into the host cells, a
clonal “host cell line” (as defined above) that produces the desired heterodimeric variant-Fc
bispecific antibodies can be isolated from the population of cells into which the DNAs were
introduced.  Alternatively, heterodimeric variant-Fc-region bispecific antibodies can be
produced by a host cell population into which the DNAs were introduced. As explained in detail
below, the alteration(s) in the antibodies can advantageously limit the number of homodimeric
antibodies produced by the host cells. Accordingly, a substantially pure heterodimeric variant-
Fc-region bispecific antibody composition can be obtained from a host cell culture supernatant
or the cell mass, can be further purified, and can be formulated as appropriate for use as a

pharmaceutical.
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[00105] More specifically, DNAs encoding two different antibodies, optionally full-length 1gG
antibodies, binding to different epitopes and/or targets can be introduced into a host cell. The
encoded antibodies can each comprise two HCs with the same amino acid sequence and two
LCs with the same amino acid sequence, and each of the encoded antibodies can have both
HCs and LCs that differ in amino acid sequence from the HCs and LCs of the other encoded
antibody or antibodies. In some embodiments, the antibodies can be two full-length antibodies,
each comprising two heavy chains having the same amino acid sequence and two light chains
having the same amino acid sequence. Optionally, the antibodies are primate and/or human
and/or humanized 1gG antibodies. In some embodiments, at least one pair of oppositely
charged residues, /.e., charge pairs, or cysteine residues at contacting sites in a cognate HC/LC
pair (where at least one of these charged residues or cysteines results from an alteration) can
be found in the interface between the LC of each antibody and its cognate HC. In other
embodiments, such charge pairs and/or pairs of contacting cysteine residues can be found in
one or both of the antibodies in the mixture, but in some embodiments need not be present in
both antibodies in the mixture. Alterations in the LC and HC that create such pairs are called
HC-partner-directing alterations and LC-partner-directing alterations, respectively. Each
antibody can comprise multiple contacting pairs of LC- and/or HC-partner-directing alterations
or can comprise no pairs of LC- and/or HC-partner-directing alterations. In preferred
embodiments, there are alterations in the CH3 domains that favor the formation of
heterodimeric HC/HC pairs. Such alterations can be present in one or both of the antibodies
and can be absent from one or both of the antibodies. The host cell population or host cell line
can be cultured, and the heterodimeric variant-Fc-region bispecific antibodies can be recovered
in the cell mass and/or the culture medium. The invention heterodimeric variant-Fc-region
bispecific antibodies can be further purified, and the mixture can be formulated as is appropriate

for its pharmaceutical use.

[00106] In embodiments where DNAs encoding only two full-length antibodies (Ab1 and Ab2)
are introduced into the host cells and each antibody comprises one or more HC- and/or LC-
partner-directing alteration(s) such that few if any non-cognate HC/LC pairs form, substantially
pure heterodimeric variant-Fc-region bispecific antibodies can be produced by the host cells.
When the HCs form heterodimeric HC/HC pairs, a desired heterodimeric variant-Fc-region
bispecific antibody comprising one HC and one LC from each antibody is produced by the host

cells.

[00107] Further purification of an antibody supernatant made by a host cell population or host
cell line can involve a number of steps. In some embodiments, the bispecific antibody
supernatant is applied to a Protein A or Protein G affinity column and subsequently eluted.

Other column chromatography steps such as cation or anion exchange chromatography,
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including low pH cation exchange chromatography as described below, size exclusion
chromatography, reverse phase chromatography, or hydrophobic interaction chromatography
(HIC) could also be used. Further purification steps can include diafiltration, among many

possibilities.

[00108] Further, a heterodimeric variant-Fc-region bispecific antibody or nucleic acids
encoding such an antibody can be formulated for its intended use. For use as a therapeutic,
the antibody composition could be formulated as a liquid for parenteral administration, optionally
for injection. Other kinds of formulations, e.g., gels, pastes, creams, or solids, are also possible.
Formulations can include ingredients that can, for example, maintain, modify, or preserve the
antibodies or nucleic acids and/or control factors such as pH, osmolarity, viscosity, clarity, odor,
color, sterility, and/or rate of release or absorption in vivo. As such, it could include any buffer
and/or excipient ordinarily used in such formulations. Examples of such ingredients include
buffers, anti-microbials, chelating agents, salts, amino acids, and sugars, among many
possibilities. The pH of the formulated mixture could be within a range from about pH 5 to about

pH 8.5 or from about pH 6 to about pH 8.

[00109] The binding specificity of the antibodies can be determined by any binding assay

well-known in the art, or similar to that described herein.

[00110] A method to determine whether two antibodies compete for a particular binding site
or epitope on an antigen generally includes the following steps. First, a biotinylated antigen is
incubated in the presence of varying amounts of a competitor antibody (mAb2). These
combinations are referred to as “samples.” The samples, which may include mAb2/antigen
complexes as well as unbound mAb2 and/or antigen, are then added to wells in a microtiter
plate coated with another antibody that binds the antigen (mAb1). As a control, samples
including biotinylated antigen incubated without mAb2 can be added some wells. The plate is
then washed to remove unbound antigen. If mAb1 and mAb2 do not compete, mAb1 can bind
to the mAb2/antigen complexes, as well as free antigen. In this case, signal intensity (which is
proportional to the amount of bound antigen or mAb2/antigen complexes) will not be diminished
by the presence of mAb2 in a sample. In some cases mAb1 and mAb2 may compete
completely, meaning that mAb1 will bind to free antigen, but not to mAb2/antigen complexes.
In some cases, competition may occur but be less complete. In such a case, binding of mAb1
to mAb2/antigen complexes may be decreased rather than completely absent. In either case,
signal intensity will be decreased by the presence of mAb2/antigen complexes in a sample.
The signal is detected by adding streptavidin coupled to horse radish peroxidase (HRP),
washing the plate, and adding a substrate for HRP that can be detected by colorimetric

measurements. The plate is washed, and the reaction is stopped to prevent saturation of the
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signal. The colorimetric signal is detected. As meant herein, if two antibodies compete (either
completely or partially) for binding to an antigen by the test described here, they are said to bind

to the same epitope on the antigen.

[00111] The HCs of the antibodies in the mixture can be of any isotype, such as IgG (including
either 1IgG1, 1gG2, 1gG3, or IgG4), IgA, IgM, IgE, or IgD. When an IgG4 HC is used, the HC can
comprise the alteration S228P, which prevents Fab arm exchange. Silva et al. (2015), J. Biol.
Chem. 290(9): 5462-5469. Sequences for such heavy chains are known in the art. See, e.g.,
Kabat et al., supra, at pages 661-723, which is incorporated herein by reference. The heavy
chains can be from any species, e.g., a mammal, a human, a primate, a mouse, or a rat, or the
heavy chains can be artificially produced, for example using phage display or using a

humanization process.

[00112] Similarly, the two different light chains can be lambda (A) or kappa (k) chains, which
can be from any species and, optionally, can be mammalian, for example, human or humanized,
primate, murine, or rat antibodies. The light chain could also be produced artificially, for
example using phage display or a humanization process. Numerous examples of amino acid
sequences of As and ks are known in the art, for example those reported in Kabat et al., supra,
pages 647-660, which are incorporated herein by reference. Positions in these sequences are
determined according to the Kabat (Kabat et el., supra) numbering system for VL domains and
the Edelman (Edelman et al., supra) numbering system for CL domains, as shown in Tables

11-13 and discussed in the accompanying text.

[00113] Both heavy and light chains can contain one or more alterations as described herein.
Each alteration of can be a substitution, insertion, or deletion of a single amino acid. In some
embodiments, each alteration is the substitution of one amino acid with another. Optionally,
the alteration is the substitution of a charged amino acid or a cysteine for the amino acid
originally present at that site. In some embodiments, the substituted amino acid can be any
amino acid. In some embodiments, an amino acid other than cysteine can be substituted for
cysteine. The amino acid other than cysteine can be any amino acid, although it can be serine,
glycine, or alanine in some embodiments. In some embodiments the choice of the amino acid
used to replace that in the original amino acid sequence is limited. For example, in such
embodiments the amino acid used to replace the original amino acid can be any amino acid
except one or more of the following amino acids: alanine (A), arginine (R), asparagine (N),
aspartic acid (D), cysteine (C), glutamine (Q), glutamic acid (E), glycine (G), histidine (H),
isoleucine (1), leucine (L), lysine (K), methionine (M), phenylalanine (F), proline (P), serine (S),
threonine (T), tryptophan (W), tyrosine (Y), and valine (V). In other embodiments, an original

amino acid can be replaced with any other amino acid from among the group of twenty recited
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immediately above. In other embodiments, an original amino acid can be replaced with either
of two, three or four amino acids and/or any amino acid within a group of amino acids having
similar properties, such as the “conservative” amino acid substitutions described below. For
example, such groups include (1) arginine and lysine, (2) serine and threonine, (3) aspartate

and glutamate, or (4) asparagine and glutamine, among others.

[00114] One of skills in the art is aware that the amino acids present in living things can be
grouped according to their properties and that replacement of an original amino acid with an
amino acid having similar properties is called a “conservative substitution.” The alterations
described herein can, in some embodiments, include conservative substitutions. As meant
herein, conservative substitutions include replacement of (1) A with V, L, or |, (2) R with K, Q,
or N, (3) Nwith Q, (4) Dwith E, (5) C with Sor A, (6) Q with N, (7) E with D, (8), G with P or A,
(9) Hwith N, Q, K, or R, (10) I with L, V, M, A, or F, (11) L with I, V, M, A, or F, (12) K with R,
Q,orN, (13) Mwith L, F, orl, (14) Fwith L, V, I, A, or Y, (15) P with A, (16) Swith T, A, or C,
(17) Twith S, (18) Wwith Y or F, (19) Y with W, F, T, or S, and (20) V with |, M, L, F, or A.

[00115] Amino acids and amino acid substitutions at particular sites in a sequence are
denoted herein as follows. The original amino acid in a sequence is followed by the position
number in the heavy or light chain amino acid sequence (using the numbering systems
illustrated in Table 7-13), which is followed by the amino acid used as a replacement. For
example, K409E in an HC means that the lysine originally present at position 409 in the HC is
replaced by glutamic acid. If position 409 in the heavy chain can originally contain either of two
different amino acids, e.g., K or R, and these can be replaced with either of two amino acids,
e.g., D or E, that could be denoted as K/R409D/E. This designation means that the lysine or
arginine originally present at position 409 can be replaced with either an aspartic acid or a
glutamic acid. In some cases, the original amino acid is not defined. For example, 409D in an
HC would mean amino acid at position 409 is an aspartic acid, and the identity of the original
amino acid is not defined and can be any amino acid, including aspartic acid. Similarly, a
designation of K409 means that the original amino acid at position 409 is a lysine (and there is

no alteration).

[00116] Tables 7-13 illustrate the level of sequence consensus among HCs and LCs, in some
cases among human or primate HCs and LCs. The amino acid sequences of the variable
regions vary particularly in the complementarity determining regions (CDRs, which are shown
by bold italic numbers in Tables 7 and 11). However, the framework regions that surround the
CDRs are more conserved and contain highly conserved amino acids at a number of positions.
Many of the universally conserved or almost universally conserved amino acids, for example
positions 4, 36, 38, and 39 in VH and 98, 99, 101, 102 in VL, are also conserved in VH and VL
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regions from non-human species. In addition, many other sites in VHs and VLs are highly
conserved within specific groups of variable domains, although not across all VHs and VLs.
Constant domains in HCs and LCs show a higher degree of sequence conservation than
variable domains and contain a number of highly conserved amino acids. See Tables 8-10 and
12-13. Using these highly conserved amino acids, one of skill in the art would be able to align
most immunoglobulin domains with the sequences disclosed in Kabat et al., supra to assign a
numbering of those VHs and VLs according to the system of Kabat et al., supra or Edelman et

al., supra.

[00117] The heterodimeric variant-Fc-region bispecific antibodies described herein can
comprise HC- and/or LC-partner-directing alterations. In one embodiment, HC-partner-directing
alterations provided herein serve the function of ensuring that each invention variant-Fc-region
pairs with its cognate HC to form a substantially pure heterodimeric molecule, such as
heterodimeric variant-Fc-region fusion proteins and/or heterodimeric variant-Fc-region
bispecific antibodies. In particular embodiments, these heterodimeric variant-Fc-region fusion
proteins and/or heterodimeric variant-Fc-region bispecific antibodies are substantially free of
the corresponding homodimeric variant-Fc-region fusion proteins and/or homodimeric variant-

Fc-region bispecific antibodies as described herein.

[00118] In another embodiment, HC- and/or LC-partner-directing alterations serve the
function of ensuring that each LC pairs with its cognate HC and vice versa. In the absence of
such alterations, up to ten different species of antibodies could potentially form in a host cell
transfected with DNA encoding only two different full-length antibodies that have different HCs
and LCs. However, if only cognate HC/LC pairing occurs, these numbers would be drastically
reduced. Furthermore, in accordance with the present invention, if only heterodimeric HC/HC
pairing occurs between the invention variant-Fc-regions provided herein, the number of species
is advantageously reduced to the desired single species that is substantially free of any
homodimeric species, such as any homodimeric variant-Fc-region bispecific antibodies. Since
many of the possible species in the absence of HC/LC partner-directing alterations would have
non-cognate HC/LC pairings, some of the resulting antibodies might not bind to any epitope

and might therefore lack a desired function.

[00119] HC- and HC-heterodimeric-partner-directing alterations can occur at contacting sites
in the CH3/CH3 domains interface, which are listed in Table 6 above; whereas HC- and LC-
partner-directing alterations can occur at contacting sites in the CH1 and CL domains, which
are listed in Table 14 above, and/or at contacting sites in VH and VL domains, as explained
herein. For example, in particular embodiments, antibodies used to produce the invention

heterodimeric variant-Fc-region bispecific antibodies provided herein can comprise one or more
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LC- and/or HC-partner-directing alteration(s) in their HC and/or LC, such as for example, 1, 2,
3,4,56,7,8 9 10, 11,12, 13, 14, 15, 16, 17, 18, 19, or 20 such respective partner-directing
alterations; and/or not more than 1, 2, 3, 4, 5,6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19,
or 20 such respective partner-directing alterations. In some embodiments, at least one antibody
used to produce the invention heterodimeric variant-Fc-region bispecific antibodies can lack

such alterations.

[00120] In some embodiments, these alterations include a substitution of a charged amino
acid at a site that did not originally have a charged amino acid or substitution of a charged
amino acid at a site that originally contained an amino acid of opposite charge. In embodiments
where DNA encoding two different full-length antibodies, where the HCs and the LCs of the two
antibodies are different, is introduced into a host cell, the LC- and HC-partner-directing
alterations can occur at the same sites in the two different LCs and HCs, resulting in a situation
where (1) the two different HCs have oppositely charged amino acids at the same HC site, (2)
the two different LCs have oppositely charged amino acids at the same LC site, (3) the two
different HCs have oppositely charged amino acids at an HC site contacting the LC site, and
(4) for each cognate LC/HC pairing, the charged amino acid at the LC site is opposite in charge
to the amino acid at the contacting HC site. In such a situation, the heterodimeric interaction
between cognate pairs of invention variant-Fc-regions of HCs/HCs or cognate LCs and HCs is
strengthened by an interaction between oppositely-charged amino acids, and the interaction
between non-cognate homodimeric variant-Fc-region HC/HC and/or LC/HC pairings is highly
disfavored due to repulsion of amino acids having the same charges situated at contacting sites
in non-cognate variant-Fc-region HC/HC and/or HC/LC pairs. See Figures 1-2 of US WO
2017/205014, which is incorporated herein by reference in its entirety for all purposes. In other
embodiments, only one antibody comprises a charge pair that favors cognate HC/LC pairing.
See Figure 3 of WO 2017/205014. In such a case, one of the amino acids in the charge pair
may result from a partner-directing alteration where a charged amino acid residue is substituted
for an oppositely charged amino acid residue. In this case, some non-cognate invention variant-
Fc-region HC/HC pairs and/or HC/LC pairs would be disfavored due to repulsive charge
interactions. Examples of contacting charge pairs optionally resulting from HC- and/or LC-
partner-directing alterations include, without limitation, the following: 44D/E (HC) and 100R/K
(LC); 44R/K (HC) and 100D/E (LC); 105E/D (HC) and 43R/K (LC); 105R/K (HC) and 43E/D
(LC); 133R/K (HC) and 117D/E (LC); 133D/E (HC) and 117R/K (LC); 137R/K (HC) and
114D/E (LC); 137D/E (HC) and 114R/K (LC); 137R/K (HC) and 116D/E (LC); 137D/E (HC)
and 116R/K (LC); 147R/K (HC) and 124D/E (LC); 147D/E (HC) and 124R/K (LC); 147R/K (HC)
and 129D/E (LC); 147D/E (HC) and 129R/K (LC); 147R/K (HC) and 131D/E (LC); 147D/E
(HC) and 131R/K (LC); 147R/K (HC) and 178D/E (LC); 147D/E (HC) and 178R/K (LC); 147R/K
(HC) and 180D/E (LC); 147D/E (HC) and 180R/K (LC); 168D/E (HC) and 164R/K (LC); 168R/K
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(HC) and 164D/E (LC); 168D/E (HC) and 167R/K (LC); 168R/K (HC) and 167D/E (LC); 168D/E
(HC) and 174R/K (LC); 168R/K (HC) and 174D/E (LC); 170D/E (HC) and 162R/K (LC); 170R/K
(HC) and 162D/E (LC); 173D/E (HC) and 160R/K (LC); 173R/K (HC) and 160D/E (LC); 173D/E
(HC) and 162R/K (LC): 173R/K (HC) and 162D/E (LC); 175D/E (HC) and 160R/K (LC);
175R/K(HC) and 160D/E (LC); 175D/E (HC) and 180R/K (LC); 175R/K (HC) and 180D/E (LC);
176D/E (HC) and 160R/K (LC); 176R/K (HC) and 160D/E (LC); 181R/K (HC) and 178D/E (LC);
181D/E (HC) and 178R/K (LC): 183R/K (HC) and 176D/E (LC); 183D/E (HC) and 176R/K (LC);
190R/K (HC) and 116D/E (LC); 190D/E (HC) and 116R/K (LC); 190R/K (HC) and 137D/E (LC);
190D/E (HC) and 137R/K (LC).

[00121] In a particular embodiment (see Figure 18A), a first invention variant-Fc-region/HC1
comprises the following HC- and LC-partner-directing alterations: K147D, F170C, V173C,
C220G, S354C, S364K, 370K, N390P, 392K and S400K (also referred to herein as an “DCCG-
CKKPKK HC”). Also in this particular embodiment, a second invention variant-Fc-region/HC2
comprises the following HC-partner-directing alterations: Y349C, S364D, K370D, N390D,
K392G, and S400D (also referred to herein as an “CDDDGD HC”)(see Figure 18A). Also in
this particular embodiment, the LC1, which is cognate to the first variant-Fc-region/ HC1 above
comprises: S131K, Q160C, S162C and C214S (also referred to herein as a “KCCS LC”)(see
Figure 18A).

[00122] Also contemplated herein is another embodiment, comprising a first invention variant-
Fc-region/HC1 comprising the following HC- and LC-partner-directing alterations: K147D,
F170C, V173C, C220G, Y349C, S364D, K370D, N390D, K392G, and S400D (also referred to
herein as an “DCCG-CDDDGD HC”)(see Figure 18B); a second invention variant-Fc-
region/HC2 comprising the following HC-partner-directing alterations: S354C, S364K, 370K,
N390P, 392K and S400K (also referred to herein as an “CKKPKK HC”)(see Figure 18B); and
an LC1, which is cognate to the first variant-Fc-region/ HC1 above, and comprises: S131K,
Q160C, S162C and C214S (also referred to herein as a “KCCS LC”)(see Figure 18B).

[00123] Accordingly, also contemplated herein in another embodiment of the invention
heterodimeric anti-CD20/anti-CD37 bispecific antibodies is the placement of the DCCG (e.g.,
the K147D, F170C, V173C and C220G alterations described herein) on either the CDDDGD or
CKKPKK versions of the anti-hCD20 HC; and the KCCS (e.g., K147D, F170C, V173C and
C220G alterations described herein) on the anti-hCD20 LC; then the anti-hCD37 would have

an unmodified LC.

[00124] In yet another embodiment, also contemplated herein for the invention heterodimeric
anti-hSIRPa x hCLDN18.2 bispecific antibodies is the placement of the DCCG (e.g., the K147D,
F170C, V173C and C220G alterations described herein) on either the CDDDGD or CKKPKK
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versions of the anti-hSIRPa HC; and KCCS (e.g., K147D, F170C, V173C and C220G
alterations described herein) on the anti- hSIRPa LC; then the anti-hCLDN18.2 would have an
unmodified LC.

[00125] In yet another embodiment, also contemplated herein for the invention heterodimeric
anti- hSIRPa x hCLDN18.2 bispecific antibody, wherein the first HC region corresponds to anti-
hCLDN18.2 HC1 having the corresponding DCCG-CKKPKK alterations described herein; the
first LC region corresponding to anti-hCLDN18.2 LC1 having the corresponding KCCS
alterations described herein; and the second HC region corresponding to anti-hSIRPa HC2
having the corresponding CDDDGD alterations described herein; and the second LC region
corresponding to an unmodified anti-hSIRPa LC2 (SEQ ID NO:74).

[00126] In, for example, embodiments where DNA encoding two full-length antibodies (a first
antibody comprising HC1 and LC1 and a second antibody comprising HC2 and LC2) has been
introduced into a host cell, one or both sites in a pair of contacting sites in an HC/HC pair and/or
an HC/LC pair may already contain a charged amino acid. For example, in some cases LC1
may comprise a charged amino acid at a site that contacts a site in the cognate HC1 that does
not comprise a charged amino acid, or vice versa. In other embodiments, HC1 corresponding
to the first variant-Fc-region may comprise a charged amino acid at a site that contacts a site
in the cognate HC2 corresponding to the second variant-Fc-region that does not comprise a
charged amino acid, or vice versa. In a specific example, position 160 in a human CL domain
can comprise a glutamic acid (E), whereas contacting sites 173, 174, and 175 in a human CH1
domain commonly comprise V, L, and Q, respectively. In this case, one of the contacting CH1
sites, e.g., 173, can be altered such that it is opposite in charge to that of the E at position 160
in the CL domain, /.e. position 173 can be substituted with an R or a K. The same site in HC2
can be altered to a charged amino acid opposite in charge to that at the site in HC1 (i.e., this
site can be substituted with a D or an E), and the contacting site in LC2 can be altered to a
charged amino acid opposite in charge to that in LC1 (i.e., position 160 in LC2 can be

substituted with an R or a K).

[00127] Other scenarios where one or more of the contacting sites in a cognate variant-Fc-
region-HC/-HC pair and/or an HC/LC pair already comprise one or more charged amino acid(s),
for example at sites 370K and 392K as used herein for particular invention variant-Fc-regions,
and the like (see, e.g., Figure 18 and the like), could be treated similarly with the end goal of
creating oppositely charged amino acids at contacting sites in cognate HC/LC pairs. In some
embodiments, the same pair of contacting sites can be altered such that they comprise

oppositely charged amino acids in both antibodies, with the proviso that the charges of the
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amino acids at the HC site is opposite in HC1 and HC2 and the charges at the LC site are also
opposite in the LC1 and LC2.

[00128] Similarly, for example in embodiments where DNA encoding two full-length
antibodies (a first antibody comprising HC1 and LC1 and a second antibody comprising HC2
and LC2) has been introduced into a host cell, if contacting sites in HC1 and LC1 comprise
oppositely charged amino acids, the same sites in HC2 and LC2 can be replaced with amino

acids opposite in charge to those found in HC1 and LC1, respectively.

[00129] In other embodiments where DNA encoding two different full-length antibodies is
introduced into a host cell, the LC- and HC-partner-directing alterations can occur at different
sites in the two different LCs and HCs, resulting in a situation where (1) one LC and its cognate
HC each have oppositely-charged amino acids at contacting sites and (2) the other LC and its
cognate HC each have oppositely-charged amino acids at contacting sites that differ from those
used in the first LC/HC pair. In these embodiments, the HC- and LC-partner-directing

alterations serve to strengthen the interaction between cognate HC/LC pairs.

[00130] As set forth in Figure 18, it is also contemplated herein that only one of the two
cognate HC/LC pairs possesses the respective LC- and HC-partner-directing alterations. In
other words, one of the antibodies in the context of bispecific antibody as described herein may
not comprise a partner-directing alteration. In such embodiments, the other antibody in the

context of bispecific antibody comprises one or more partner-directing alterations.

[00131] In other embodiments, HC- and LC-partner-directing alterations can result in the
creation of disulfide bridges due to cysteine substitutions at contacting sites in cognate HC/LC
pairs. In, for example, embodiments where DNA encoding two different full-length antibodies
is introduced into a host cell, such LC- and HC-partner-directing alterations can occur at
different sites in the two different LCs and HCs, resulting in a situation where cognate LC/HC
pairs have cysteine substitutions at contacting sites, whereas non-cognate LC/HC pairs do not
have cysteine substitutions at contacting sites. See, e.g., Figures 1-3 of WO 2017/205014.
Thus, the two different cognate HC/LC pairs will have disulfide bridges at different places at the
HC/LC interface, whereas a non-cognate HC/LC pair would not have such a disulfide bridge
because the substituted cysteine residues would not be close enough to form a bridge. Hence,
in these embodiments, the HC- and LC-partner-directing alterations serve to strengthen the
interaction between cognate HC/LC pairs. In other embodiments, only one of the two antibodies
transfected, can comprise cysteines at contacting sites in a cognate HC/LC pair. Examples of
pairs of cysteine substitutions at contacting residues include, for example, the following pairs of
alterations: 126C (HC) and 121C (LC); 126C (HC) and 124C (LC); 127C (HC) and 121C (LC);
128C (HC) and 118C (LC); 133C (HC) and 117C (LC); 133C (HC) and 209C (LC); 134C (HC)
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and 116C (LC); 141C (HC) and 116C (LC); 168C (HC) and 174C (LC); 170C (HC) and 162C
(LC); 170C (HC) and 176C (LC); 173C (HC) and 160C (LC); 173C (HC) and 162C (LC); and
183C (HC) and 176C (LC).

[00132] In some embodiments, one or more cysteine residues that normally form part of a
disulfide bridge between an HC and an LC can be replaced with another amino acid in at least
one of the heterodimeric variant-Fc-region bispecific antibodies as described herein. For
example, in a human IgG1 antibody, the cysteines at position 220 in the HC and 214 in the LC
form a disulfide bridge between the HC and LC. These amino acids can be replaced with other
amino acids, for example serine, alanine, or glycine, thereby eliminating a naturally occurring
HC/LC disulfide bridge. Similar alterations can be made in antibodies of other IgG isotypes,
ie., 1gG2, 1gG3, or IgG4, with similar or different patterns of disulfide bond formation, in which
the cysteine residues that participate in HC/LC disulfide bond formation can be substituted with
other amino acids. For example, in human IgG2 and IgG4 antibodies, the cysteines at positions
131 (HC) and 214 (LC) can be substituted with other amino acids. Such alterations can weaken
non-cognate HC/LC pairing, as well as cognate HC/LC pairing, since non-cognate pairs will
also be unable to form the usual interchain disulfide bridges. Cognate HC/LC pairing can be
strengthened by, e.g., adding partner-directing alterations to the cognate HC/LC pair lacking it
usual disulfide bridge(s). Such partner-directing alterations can include cysteine substitutions
at contacting residues in the HC and/or the LC so as to create new disulfide bridges and/or
substitutions that introduce charged amino acids at contacting residues in the HC and/or LC so
as to create charge pairs. See Figure 3 of W02017/205014.

[00133] In some embodiments where DNA encoding two different full-length antibodies
having different HCs and LCs has been introduced into a host cell, the HCs of at least one or
both of the two antibodies can comprise one or more alteration(s) that favors the formation of
HC/HC heterodimeric pairings. In the context of a pharmaceutical production process, this
leads to the advantageous situation where a pharmaceutical product consisting essentially of a
single heterodimeric variant-Fc-region-bispecific antibody can be produced in a single cell line
using a single production process. Examples of alterations (including in some cases amino
acids present in the original sequence) that favor the formation of heterodimers include, without

limitation, those set forth herein.

In further embodiments, one or more alterations that affect the pharmacokinetic properties
of bispecific antibody as described herein can be introduced. For example, the in vivo half life
or the area under the curve (AUC) can be shortened by alterations such as M252A, M252L,
M252S, M252R, R255K or H435R. Other alterations well-known in the art that affect

pharmacokinetic properties of bispecific antibody can be introduced. Those of skill in the art
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will readily understand that the 2 Fab arms are physically linked, such that any alterations of
the half-life of one Fab arm will impact the whole molecule.
Antibodies

[00134] Described herein are antibodies that comprise partner-directing alterations to the
invention variant-Fc-regions (e.g, within CH3) described herein. Such antibodies can be any
antibody known to those of skill in the art of any format, so long as the antibody comprises at
least one invention variant-Fc-region set forth herein. In some embodiments, such antibodies
can be full-length IgG antibodies that can be 1gG1, 1gG2, IgG3, or IgG4 antibodies, which can
be mammalian antibodies, e.g., primate, human, and/or humanized antibodies. These include,
for example, an antibody comprising, for example, a primate, human, and/or humanized
invention variant-Fc-region domains in combination with CL and 1gG1 and/or 1gG4 CH1
domains that comprise one or more charge pairs (which can result from partner-directing
alteration(s)) at one or more of the following pairs of sites set forth in Table 6; or in the following
pairs of sites in the HC and LC, respectively: 131, 147, 160, 168, 170, 173, 174, 178, 181, 214,
220, 349, 364, 370, 390, 392, and 400 (see, e.g., Figure 18). In further embodiments, described
herein are an antibody comprising, for example, primate, human, and/or humanized invention
variant-Fc-region domains in combination with CL and IgG1 CH1 domains, wherein the
antibody comprises one or more pairs of cysteine residues at contacting sites in the CH1 and
CL domains, wherein the CH1 and CL positions, respectively, of these cysteine residues can
be at any one or more of the following pairs: 126 and 124; 128 and 118; 133 and 117; 134
and 116; 168 and 174; 170 and 162; 170 and 176; and 173 and 160. In still other embodiments,
described herein are an antibody comprising, for example, primate, human, and/or humanized
invention variant-Fc-region domains in combination with CL and 1gG4 CH1 domains, wherein
the antibody comprises one or more pairs of cysteine residues at contacting sites in the CH1
and CL domains, wherein the CH1 and CL positions, respectively, of these cysteine residues
can be at any one or more of the following pairs of residues: 126 and 124; 127 and 121; 128
and 118; 168 and 174; 170 and 162; and 173 and 162.

[00135] In a further embodiment, described herein is an 1gG2 antibody comprising an
invention variant-Fc-region domain in combination with, optionally a human, primate, and/or
humanized antibody, lacking the naturally occurring disulfide bridge linking the HC and LC and
containing one or more substitutions in both the HC and the LC that can create one or more
new disulfide bridge. For example, the cysteine at position 131 in a human, humanized, and/or
primate IgG2 HC can be replaced with another amino acid, e.g., serine, alanine, or glycine, and
the cysteine at position 214 in the cognate LC can be replaced with another amino acid, e.g.,
serine, alanine, or glycine. These substitutions would eliminate the naturally occurring disulfide

bridge between an IgG2 HC and its cognate LC. A new disulfide bridge could be created by
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introducing a cysteine substitution at each residue of a pair of contacting residues, where one
residue is in the IgG2 HC and other is in the LC. For example, the substitutions F170C in the
HC and $162C in the LC are such a pair of cysteine substitutions at contacting residues, as are
V173C in the HC and Q160C in the LC. Other cysteine substitutions at other pairs of contacting
residues could also be used. This approach could avoid the formation of multiple 19G2
structural isomers due to disulfide bond shuffling, which has been observed in native human
IgG2 antibodies. See, e.g., Lightle et al. (2010), Protein Science 19: 753-762. Formation of
multiple structural isomers can be disadvantageous when manufacturing an antibody for use

as a therapeutic since a homogeneous preparation is generally preferred.

[00136] Any of the antibodies described above can be made using standard methods in the
art. For example, an antibody can be made by (1) introducing one or more DNAs encoding the
antibody, optionally in one or more appropriate vectors, into host cells, (2) culturing the host
cells under conditions conducive to expression of the antibody, and (3) obtaining the antibody

from the cell supernatant or host cell mass.

Fusion Proteins
[00137] Also provided in accordance with the present invention are variant-Fc-region-fusion
proteins (as a binding molecule) comprising one or more variant-Fc-regions recombinantly
fused to one or more partner-ligand on either or both of N- or C- terminus of a respective variant-
Fc-region. The invention variant-Fc-region fusion proteins may be bispecific (with one binding
site for a first target and a second binding site for a second target) or may be multivalent (with

two binding sites for the same target).

[00138] Exemplary ligand-proteins (or fragments thereof) known in the art for recombinantly
fusing to an invention variant-Fc-region, as a partner-ligand, can be selected from the group
consisting of. T cell receptor (Gascoigne et al., Proc. Natl. Acad. Sci. USA 84:2936-2940
(1987)); CD4 (Capon et al., Nature 337:525-531 (1989); Traunecker et al., Nature 339:68-70
(1989); Zettmeissl et al., DNA Cell Biol. USA 9:347-353 (1990); and Byrn et al., Nature 344.667-
670 (1990)); L-selectin (homing receptor) (Watson et al., J. Cell. Biol. 110:2221-2229 (1990);
and Watson et al., Nature 349:164-167 (1991)); CD44 (Aruffo et al., Cell 61:1303-1313 (1990));
CD28 and B7 (Linsley et al., J. Exp. Med. 173:721-730 (1991)); CTLA-4 (Lisley et al., J. Exp.
Med. 174:561-569 (1991)); CD22 (Stamenkovic et al., Cell 66:1133-1144 (1991)); TNF receptor
(Ashkenazi et al., Proc. Natl. Acad. Sci. USA 88:10535-10539 (1991); Lesslauer et al., Eur. J.
Immunol. 27:2883-2886 (1991); and Peppel et al., J. Exp. Med. 174:1483-1489 (1991)); and
IgE receptor a (Ridgway and Gorman, J. Cell. Biol. Vol. 115, Abstract No. 1448 (1991)).
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[00139] In one embodiment an invention variant-Fc-region fusion protein combines the
binding domain(s) of the ligand or receptor (e.g. the extracellular domain (ECD) of a receptor),
as the partner-ligand, with at least one variant-Fc-region and a synthetic connecting peptide.
In one embodiment, when preparing the fusion proteins of the present invention, nucleic acid
encoding the binding domain of the respective ligand or receptor will be fused C-terminally to
nucleic acid encoding a variant-Fc-region sequence. N-terminal fusions are also contemplated
herein where the binding domain of the respective ligand or receptor is fused N-terminally to

nucleic acid encoding a variant-Fc-region sequence.

[00140] In one embodiment, it is also contemplated to fuse the entire heavy chain constant
region comprising an invention variant-Fc-region to the sequence of the ligand or receptor
domain. In another embodiment for example, a sequence beginning in the hinge region just
upstream of the papain cleavage site which defines IgG Fc chemically (e.g., residue 216, taking
the first residue of heavy chain constant region to be 114), or analogous sites of other
immunoglobulins is used in the invention variant-Fc-region fusion protein. In some
embodiments, the precise site at which the fusion is made is not critical; particular sites are well
known in the art may be selected in order to optimize the biological activity, secretion, or binding

characteristics of the fusion protein. Methods for making fusion proteins are known in the art.

[00141] For bispecific fusion proteins, the fusion proteins are assembled as multimers, and
particularly as heterodimers or heterotetramers. Generally, these assembled immunoglobulins
will have known unit structures. For example, a basic four chain structural unit is the form in
which 1gG, IgD, and IgE exist. A four chain unit is repeated in the higher molecular weight
immunoglobulins; IgM generally exists as a pentamer of four basic units held together by
disulfide bonds. IgA globulin, and occasionally IgG globulin, may also exist in multimeric form

in serum. In the case of multimer, each of the four units may be the same or different.

[00142] Additional exemplary ligands contemplated for use herein in the invention variant-Fc-

region fusion proteins include the following:

Cytokines and Cytokine Receptors

[00143] Cytokines have pleiotropic effects on the proliferation, differentiation, and functional
activation of lymphocytes. Various cytokines, or receptor binding portions thereof, can be
utilized in the fusion proteins of the invention. Exemplary cytokines include the interleukins (e.g.
IL-1, IL-2, IL-3, IL-4, IL-5, IL-6, IL-7, IL-8, IL-10, IL-11, IL-12, IL-13, and IL-18), the colony
stimulating factors (CSFs) (e.g. granulocyte CSF (G-CSF), granulocyte-macrophage CSF (GM-
CSF), and monocyte macrophage CSF (M-CSF)), tumor necrosis factor (TNF) alpha and beta,
and interferons such as interferon-a, B, ory (U.S. Pat. Nos. 4,925,793 and 4,929,554).
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[00144] Cytokine receptors typically consist of a ligand-specific alpha chain and a common
beta chain. Exemplary cytokine receptors include those for GM-CSF, IL-3 (U.S. Pat. No.
5,639,605), IL-4 (U.S. Pat. No. 5,599,905), IL-5 (U.S. Pat. No. 5,453,491), IFNy (EP0240975),
and the TNF family of receptors (e.g., TNFa (e.g. TNFR-1 (EP 417, 563), TNFR-2 (EP 417,014)

lymphotoxin beta receptor).

Adhesion Proteins
[00145] Adhesion molecules are membrane-bound proteins that allow cells to interact with
one another. Various adhesion proteins, including leukocyte homing receptors and cellular
adhesion molecules, of receptor binding portions thereof, can be incorporated in a fusion protein
of the invention. Leucocyte homing receptors are expressed on leucocyte cell surfaces during
inflammation and include the B-1 integrins (e.g. VLA-1, 2, 3, 4, 5, and 6) which mediate binding
to extracellular matrix components, and the B2-integrins (e.g. LFA-1, LPAM-1, CR3, and CR4)
which bind cellular adhesion molecules (CAMs) on vascular endothelium. Exemplary CAMs
include ICAM-1, ICAM-2, VCAM-1, and MAdCAM-1. Other CAMs include those of the selectin

family including E-selectin, L-selectin, and P-selectin.

Chemokines
[00146] Chemokines, chemotactic proteins which stimulate the migration of leucocytes
towards a site of infection, can also be incorporated into a fusion protein of the invention.
Exemplary chemokines include Macrophage inflammatory proteins (MIP-1-a and MIP-1-B),
neutrophil chemotactic factor, and RANTES (regulated on activation normally T-cell expressed

and secreted).

Growth Factors and Growth Factor Receptors
[00147] Growth factors or their receptors (or receptor binding or ligand binding portions
thereof) may be incorporated in the fusion proteins of the invention. Exemplary growth factors
include Vascular Endothelial Growth Factor (VEGF) and its isoforms (U.S. Pat. No. 5,194,596);
Fibroblastic Growth Factors (FGF), including aFGF and bFGF; atrial natriuretic factor (ANF);
hepatic growth factors (HGFs; U.S. Pat. Nos. 5,227,158 and 6,099,841), neurotrophic factors
such as bone-derived neurotrophic factor (BDNF), neurotrophin-3, -4, -5, or -6 (NT-3, NT-4, NT-
5, or NT-6), or a nerve growth factor such as NGF-f platelet-derived growth factor (PDGF) (U.S.
Pat. Nos. 4,889,919, 4,845,075, 5,910,574, and 5,877,016); transforming growth factors (TGF)
such as TGF-alpha and TGF-beta (WO 90/14359), osteoinductive factors including bone
morphogenetic protein (BMP); insulin-like growth factors-I and -1l (IGF-I and IGF-II; U.S. Pat.
Nos. 6,403,764 and 6,506,874); Erythropoietin (EPO); stein-cell factor (SCF), thrombopoietin
(c-Mpl ligand), and the Wnt polypeptides (U.S. Pat. No. 6,159,462). Exemplary growth factor

receptors which may be used as targeting receptor domains of the invention include EGF
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receptors; VEGF receptors (e.g. FIt1 or FIk1/KDR), PDGF receptors (WO 90/14425); HGF
receptors (U.S. Pat. Nos. 5,648,273, and 5,686,292), and neurotrophic receptors including the
low affinity receptor (LNGFR), also termed as p75NTR or p75, which binds NGF, BDNF, and
NT-3, and high affinity receptors that are members of the trk family of the receptor tyrosine
kinases (e.g. trkA, trkB (EP 455,460), trkC (EP 522,530)).

Hormones
[00148] Exemplary growth hormones for use as targeting agents in the fusion proteins of the
invention include renin, human growth hormone (HGH; U.S. Pat. No. 5,834,598), N-methionyl
human growth hormone; bovine growth hormone; growth hormone releasing factor; parathyroid
hormone (PTH); thyroid stimulating hormone (TSH); thyroxine; proinsulin and insulin (U.S. Pat.
Nos. 5,157,021 and 6,576,608); follicle stimulating hormone (FSH), calcitonin, luteinizing
hormone (LH), leptin, glucagons; bombesin; somatropin; mullerian-inhibiting substance; relaxin
and prorelaxin; gonadotropin-associated peptide; prolactin; placental lactogen; OB protein; or

mullerian-inhibiting substance.

Clotting Factors
[00149] Exemplary blood coagulation factors for use as targeting agents in the fusion proteins
of the invention include the clotting factors (e.g., factors V, VII, VIII, X, IX, XI, Xl and XIII, von
Willebrand factor); tissue factor (U.S. Pat. Nos. 5,346,991, 5,349,991, 5,726,147, and
6,596,84); thrombin and prothrombin; fibrin and fibrinogen; plasmin and plasminogen;
plasminogen activators, such as urokinase or human urine or tissue-type plasminogen activator
(t-PA).

[00150] Target Molecules Bound by the Variant-Fc-region Fusion Proteins, Variant-Fc-

region-Antibodies and/or Heterodimeric-Variant-Fc-region-Bispecific-Antibodies

[001561] The different invention variant-Fc-region-containing fusion proteins and/or
antibodies, such as heterodimeric-variant-Fc-region-bispecific antibodies described herein,
bind to different epitopes and can bind to one or more target molecule. The target molecules,
optionally proteins, for these invention variant-Fc-region containing molecules described herein
can be chosen in light of knowledge of the role of various molecules in a disease state. In some
embodiments, the disease is a human disease, and the target molecule(s) is (are) one or more
human protein(s). Similarly, the variant-Fc-region fusion proteins, variant-Fc-region-antibodies
and/or heterodimeric-variant-Fc-region-bispecific-antibodies described above can bind to one

of these target molecules.

[00152] Inone example, the target protein(s) for the variant-Fc-region fusion proteins, variant-

Fc-region-antibodies and/or heterodimeric-variant-Fc-region-bispecific-antibodies described
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herein can be one or more protein(s) that serve(s) as a checkpoint that inhibits or blocks the
activity of the immune system. Since cancers and infections can be surveilled by the immune
system and the immune system may regulate and even eliminate tumors and infections,
preventing regulation or blockage of immune system activity could potentially limit growth of
cancer cells or eliminate infections, in some embodiments, viral infections. Checkpoint-blocking
antibodies, such as those directed against cytotoxic T-lymphocyte antigen 4 (CTLA4) and
programmed death 1 receptor (PD1), have demonstrated promise in the treatment of an
expanding list of malignancies. While both CTLA4 and PD1 function as negative regulators,
each plays a non-redundant role in modulatingimmune responses. CTLA4 attenuates the early
activation of naive and memory T cells, and PD1 is primarily involved in modulating T cell
activity in peripheral tissues via interaction with its ligands, PD-L1 and PD-L2. An invention
variant-Fc-region fusion proteins, variant-Fc-region-antibodies and/or heterodimeric-variant-Fc-

region-bispecific-antibodies described herein could also bind to any of these target proteins.

[00163] Accumulating clinical evidence points toward a promising role for checkpoint-
blocking antibodies in a rapidly expanding spectrum of solid tumors, including non-small cell
lung cancer, renal cell cancer, ovarian cancer, bladder cancer, head and neck cancer, and
gastric cancer. While blocking either the CTLA4 or the PD1 pathway inhibits growth of multiple
tumor types, the overall response rate is still low, underscoring the importance of improving
upon present options. Combined checkpoint blockade, to date explored with anti- CTLA4
(ipilimumab) and anti-PD1 (nivolumab) pathway blocking agents, has shown better clinical
efficacy than ipilimumab alone or nivolumab alone in patients with untreated melanoma. Larkin
et al. (2015), New Engl. J. Med. 373: 23-34. In melanoma patients with programmed cell death
1 ligand (PD-L1; also known as PDCD1LG1, PDCD1L1, B7H1, and CD274)—positive tumors,
progression-free survival using treatment with nivolumab alone was essentially the same as
that observed using treatment with nivolumab plus ipilimumab and was higher than that
observed using treatment with ipilimumab alone. Larkin ef al., supra. In patients with PD-L1—-
negative tumors, combination therapy resulted in longer progression-free survival than was
observed with nivolumab or ipilimumab alone. Larkin et al, supra. These data provide a strong
rationale for anti-cancer therapeutics that include the variant-Fc-region fusion proteins, variant-
Fc-region-antibodies and/or heterodimeric-variant-Fc-region-bispecific-antibodies described
herein that block two or more immune system checkpoint proteins. Similar studies using

another anti-PD1 antibody, pembrolizumab, are currently ongoing.

[00154] In the context of making different immune checkpoint-blocking variant-Fc-region
fusion proteins, variant-Fc-region-antibodies and/or heterodimeric-variant-Fc-region-bispecific-
antibodies described herein, the isotype of the antibodies can be of importance because

different isotypes can elicit different effector functions. Of the five immunoglobulin isotypes,
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immunoglobulin G (IgG) is most abundant in human serum. The four IgG subclasses, 1gG1,
1gG2, 1gG3, and IgG4, differ in their constant regions, especially in their hinge and upper CH2
domains. These regions are involved in binding to IgG-Fc receptors (FcyR), which can initiate
antibody-dependent cell-mediated cytotoxicity (ADCC) and/or phagocytosis (ADCP), and C1q,
which can initiate complement dependent cytotoxicity (CDC). Hence, the different subclasses
have different effector functions. 1gG1 and IgG3 antibodies can elicit potent effector responses
including ADCC, ADCP, and CDC, whereas 1gG2 and IgG4 antibodies elicit much more subtle
effector responses and only do so in certain cases. Antibody responses to soluble protein
antigens and membrane proteins primarily induce production of IgG1 antibodies, accompanied
by lower levels of other IgG subclasses, mostly IgG3 and IgG4. Ferrante et al. (1990), Pediatr.
Infect. Dis. J. 9(8 Suppl):S16-24.

[00165] For therapeutic antibodies, IgG1 has been the most popular choice by far. Antibodies
designed for selective eradication of cancer cells typically require an isotype that can elicit
potent complement activation and effector-mediated cell killing by ADCC. Although IgG1 and
IgG3 both meet these criteria, IgG3 has not been used for therapeutic antibody development,
probably because of a shorter half-life, susceptibility of the relatively long hinge region to

proteolysis, and extensive allotypic polymorphism.

[00166] Antibody isotype can be an important consideration for anti-CTLA4 antibodies used
to treat cancer. Preclinical data suggests that a checkpoint-blocking anti-CTLA4 antibody might
deliver much of its therapeutic effect through depletion of T regulatory (Treg) cells within tumors,
thus releasing CD8 T cell-mediated anti-tumor immunity. Simpson et al. (2013), J Exp Med.
210(9): 1695-1710. Similar mechanisms may operate in human patients. Ipilimumab, a human
IgG1 anti-CTLA4 antibody, was recently shown to lead to ADCC-mediated lysis of human Tregs
ex vivo. Romano et al. (2015), Proc. Natl. Acad. Sci. 112(19): 6140-6145. Further, in a small
clinical study, melanoma patients responding to ipilimumab had significantly higher baseline
frequencies of nonclassical monocytes and more activated tumor-associated macrophages
expressing FcyRIIl, which correlated with lower intratumoral Treg numbers after therapy,
suggesting that Treg deletion occurs in these patients. Therefore, an IgG1 or IgG3 isotype may
be favored for an anti-CTLA4 antibody used in the treatment of cancer since the antibody might

have the greatest effect if it causes potent kKilling of the Treg cells within the tumor.

[00167] The IgG isotype of choice for anti-PD1 antibodies is typically IgG4 or a mutated 1gG1
with minimal FcyR interactions. PD1 is expressed on the surface of activated T cells, B cells,
and macrophages, and negatively regulates immune responses. Since PD1 is expressed on

these effector cells, it may not be desirable to use an isotype that can elicit strong effector
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functions, i.e., IgG1 or IgG3, because this could result in killing activated T cells, which might

otherwise kill cancer cells.

[00168] Hence, in making an anti-cancer therapeutic containing a mixture of an anti-CTLA4
and an anti-PD1 antibody, the inclusion of an invention heterodimeric-variant-Fc-region-
bispecific anti-CTLA4 anti-PD1 antibody may be inappropriate because, as explained above,
different effector functions are appropriate for each of the two binding domains. Moreover, the
effects of bringing regulatory T cells and effector T cells into close physical proximity by means

of an anti-PD1 and anti-CTLA4 bispecific antibody are unpredictable.

[00159] Moreover, other combinations of immune checkpoint proteins could serve as targets
for the variant-Fc-region fusion proteins, variant-Fc-region-antibodies and/or heterodimeric-
variant-Fc-region-bispecific-antibodies described herein. For example, the human epidermal
growth factor receptor (HER) family of proteins, i.e., HER1, HER2, HER3, and HER4, plays an
important role in cell survival and proliferation and has been implicated in oncogenesis. These
proteins are capable of forming heterodimers and homodimers, which can activate signal
transduction pathways that regulate many cellular processes, including growth, proliferation,
and survival. Overexpression of HER2 is associated with aggressive disease and poor
prognosis in human breast cancer patients. Treatment of such patients with anti-HER2
antibodies, such as HERCEPTIN® (the brand name for a humanized anti-HER2 antibody called
trastuzumab), with or without lapatinib (a small molecule tyrosine kinase inhibitor), has
improved survival. Trastuzumab binds domain IV of HER2 and inhibits HER2-mediated cell
proliferation by activating antibody-dependent cellular cytotoxicity (ADCC), preventing
formation of p95HERZ2 (a truncated and constitutively active form of HER2), blocking ligand-
independent HER2 signaling, and inhibiting HER2-mediated angiogenesis.

[00160] A different humanized anti-HER2 antibody called pertuzumab binds to a different
epitope (in domain Il of HER2) than trastuzumab and inhibits HER2 dimerization with other HER
family members such as HER3 and HER1, thus inhibiting the downstream signaling processes
that are associated with tumor growth and progression. The combination of pertuzumab and
trastuzumab has a strongly enhanced antitumor effect compared to either agent alone and
induces tumor regression in xenograft models (Yamashita-Kashima (2011), Clin. Cancer Res.
17(15): 5060-5070; Scheuer et al. (2009), Cancer Res 69: 9330-9336), something that cannot
be achieved by either monotherapy. The enhanced efficacy of the combination was also
observed after tumor progression during anti-HERZ2 trastuzmab monotherapy. Binding of
pertuzumab to tumors is not impaired by trastuzumab pretreatment. Furthermore, both
trastuzumab and pertuzumab potently activate ADCC. The strongly enhanced antitumor

activity is likely due to the differing and complementary mechanisms of action of trastuzumab
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and pertuzumab. Potentially, a bispecific antibody that could bind to both epitopes on one or
more molecules of HER2 protein simultaneously might have different activity, possibly greater
or lesser, than the two separate antibodies. In some cases, a bispecific antibody binding to two
different epitopes on a single target protein might not be able to simultaneously bind to the two
epitopes on a single target protein. Thus, there is reason to believe that treatment with two or
more anti-HER2 antibodies that bind to different epitopes, optionally including an invention
heterodimeric-variant-Fc-region-bispecific-antibody, can be more effective than treatment with

a single antibody.

[00161] Hence, the methods described herein could be used to make an invention
heterodimeric-variant-Fc-region-bispecific-antibody containing two or more different anti-HER2
antibodies. Such heterodimeric-variant-Fc-region-bispecific-antibodies could be used to treat
a subset of breast cancer patients, i.e., those with cancers that overexpress HER2, and possibly

other cancer patients with HER2-mediated cancers.

[00162] Further, the methods described herein could be used to make invention
heterodimeric-variant-Fc-region-bispecific-antibodies that bind to other cancer antigens, i.e.,
proteins that are overexpressed on cancer cells. In most of these cases, 1gG1 and/or 1gG3
isotype(s) would be desirable because killing of the cancer cells is a therapeutic objective. For
example, the heterodimeric-variant-Fc-region-bispecific-antibody could bind to different
epitopes on a single cancer antigen. Alternatively, the heterodimeric-variant-Fc-region-
bispecific-antibody could bind to different cancer antigens if the cancer cells express multiple

different cancer antigens.

[00163] Examples of pairs of target molecules from which to select suitable anti-“target”
antibodies for use in the invention heterodimeric-variant-Fc-region-bispecific-antibodies
described herein include, without limitation, the following pairs of target proteins (shown as first
target protein/second target protein), which can be human proteins: PD1/CTLA4,
PD1/lymphocyte activation gene 3 (LAG3), PD1/glucocorticoid-induced tumor necrosis factor
receptor-related gene (GITR; also known as AITR or TNFRSF18), PD1/vascular endothelial
growth factor A (VEGF,; also known as VEGFA), PD1/colony-stimulating factor 1 receptor
(CSF1R; also known as FMS, c-FMS and CD115), PD1/0OX40 (also known as TNFRSF4,
ACT35, and CD134), PD1/T-cell immunoreceptor with immunoglobulin and ITIM domains
(TIGIT), PDL1/CTLA4, PDL1/VEGF, PDL1/0OX40, PDL1/CSF1R, PDLA/TIGIT, PDL1/T-cell
immunoglobulin and mucin domains-containing protein 3 (TIM3, also known as HAVCR2),
CTLA4/VEGF, CTLA4/41BB (also known as TNFRSF9, ILA, and CD137), membrane-spanning
4 domains, subfamily A, member 1 (CD20; also known as MS4A1 and B1)/leukocyte surface
antigen CD37 (CD37), angiopoietin 2 (ANG2; also known as ANGPT2)/VEGF, tumor necrosis
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factor (TNF; also known as TNFA and cachetin)/interleukin 17a (IL17a; also known as CTLAS),
CD38 antigen (CD38)/CD138 antigen (CD138; also known as SDC1 and SYND1), epidermal
growth factor receptor (EGFR; also known as ERBB1, HER1, and SA7)/HER2, EGFR/HERS3,
MET protooncogene (MET,; also known as HGFR)/VEGF, MET/EGFR, thymic stromal
lymphopoietin (TSLP)/interleukin 33 (IL33; also known as COORF26, NFHEV, and IL1F11),
interleukin 4 (IL4; also known as BSF1)/interleukin 13 (IL13), HER2/HER2, PD1/CD96, PD1/
Protein-tyrosine phosphatase, nonreceptor type, substrate-1 (also known as SIRP-alpha-1,
PTPNS1, SIRPA, SHPS1, MYD1, and MFR), and PD1/Chemokine, CC maoitif, receptor 8 (also
known as CCR8, Chemokine, CC motif, receptor-like 2 (CMKBRLZ2), Chemokine receptor-like
1 (CKRL1), and CMKBRS8). Single variant-Fc-region fusion proteins and variant-Fc-region

monospecific antibodies could also bind to any of these target molecules.

[00164] In other embodiments directed to invention heterodimeric variant-Fc-region bispecific
antibodies, those of skill in the art will readily understand than any combination of anti-“target”
antibodies (e.g., monoclonal antibodies) known in the art against the target molecules set forth
above can be used to make the invention heterodimeric bispecific antibodies, so long as the at
least the respective CDRs and/or Variable Light Chain and Variable Heavy Chain regions of
these known (e.g., “cognate HC/LC” as set forth in Example 2) antibodies are recombinantly

combined with the invention variant-Fc-regions.

[00165] The examples of particular targets discussed above are exemplary. Variant-Fc-
region-containing fusion proteins and/or antibodies, such as heterodimeric-variant-Fc-region-
bispecific antibodies described herein that bind to any target or combination of these targets

could be made using methods described herein.

Nucleic Acids and Vectors Encoding Variant-Fc-region-containing Fusion Proteins and/or

Antibodies, and Heterodimeric-Variant-Fc-region-Bispecific Antibodies

[00166] Provided are nucleic acids, e.g., DNA, encoding the variant-Fc-region-containing
fusion proteins and/or antibodies, such as heterodimeric-variant-Fc-region-bispecific antibodies
described herein. Numerous nucleic acid sequences encoding immunoglobulin domains, for
example Fc-regions, VH, VL, hinge, CH1, CH2, and CH3 domains are known in the art. See,
e.g., Kabat et al., supra. Using the guidance provided herein, one of skill in the art could
combine known or novel nucleic acid sequences encoding antibodies and modify them by
known methods to create nucleic acids encoding the variant-Fc-region-containing fusion
proteins and/or antibodies, including heterodimeric-variant-Fc-region-bispecific antibodies

described herein, which comprise alterations as described herein.
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[00167] Methods of modifying nucleic acids are well-known in the art. Perhaps the most
straightforward method for creating a modified nucleic acid is to synthesize a nucleic acid having
the desired sequence. A number of companies, e.g., Atum (Menlo Park, Calif., USA),
BlueHeron (Bothell, Washington), Genewiz (South Plainfield, New Jersey), Gen9 (Cambridge,
Massachusetts), and Integrated DNA Technologies (Coralville, lowa; IDT), provide this service.
Other known methods of introducing mutations, for example site-directed mutagenesis using
polymerase chain reaction (PCR), can also be employed. See, e.g., Zoller (1991), Curr. Opin.
Biotechnol. 2(4): 526-531; Reikofski and Tao (1992), Biotechnol. Adv. 10(4): 535-547. For
example, Example 2 below describes the use of a commercial kit to introduce specific mutations
into a starting DNA.

[00168] The DNA vector(s) that contain(s) the DNA encoding the HCs and LCs of the
antibodies can be any vector(s) suitable for expression of the antibodies in a chosen host cell.
The vector can include a selectable marker for selection of host cell cells containing the vector
and/or for maintenance and/or amplification of the vector in the host cell. Such markers include,
for example, (1) genes that confer resistance to antibiotics or other toxins, e.g., ampicillin,
tetracycline, or kanamycin for prokaryotic host cells, (2) genes that complement auxotrophic
deficiencies of the cell, or (3) genes whose operation supplies critical nutrients not available
from complex or defined media. Specific selectable markers include the kanamycin resistance
gene, the ampicillin resistance gene, and the tetracycline resistance gene. Both neomycin
resistance gene and blasticidin S resistance gene may also be used for selection in both
prokaryotic and eukaryotic host cells. A dihydrofolate reductase (DHFR) gene and/or a

promoterless thymidine kinase gene can be used in mammalian cells, as is known in the art.

[00169] In addition, a vector can contain various other sequence elements necessary for the
maintenance of the vector and/or the expression of the inserted sequences encoding the
variant-Fc-region-containing fusion proteins and/or antibodies, including the heterodimeric-
variant-Fc-region-bispecific antibodies described herein, e.g., the HCs and LCs of the
antibodies described herein. Such elements include, for example, an origin of replication, a
promoter, one or more enhancers, a transcriptional terminator, a ribosome binding site, a
polyadenylation site, and a polylinker insertion site for exogenous sequences (such as the DNA
encoding the antibody mixtures described herein). These sequence elements can be chosen
to function in the desired host cells so as to promote replication and/or amplification of the vector
and expression and of the heterologous sequences inserted into the vector. Such sequence
elements are well known in the art and available in a large array of commercially available
vectors. Many vectors are commercially available from companies including Promega
Corporation (Madison, WI, USA) and Agilent Technologies (Santa Clara, CA, USA), among

many others.
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[00170] DNA encoding each of two or more antibodies can be introduced into a population of
host cells using any appropriate method including, for example, transfection, transduction,
transformation, bombardment with microprojectiles, microinjection, or electroporation. In some
embodiments, DNA encoding two full-length 1gG antibodies is introduced into the host cells.
Such methods are known in the art and described in, e.g., Kaestner et al. (2015), Bioorg. Med.

Chem. Lett. 25: 1171-1176, which is incorporated herein by reference.

[00171] In some embodiments, nucleic acids encoding the variant-Fc-region fusion proteins,
variant-Fc-region-antibodies  and/or  heterodimeric-variant-Fc-region-bispecific-antibodies
described herein can be carried on one or more viral vectors. Examples of such viral vectors
include adenovirus, adeno-associated virus (AAV), retrovirus, vaccinia virus, modified vaccinia
virus Ankara (MVA), herpes virus, lentivirus, or poxvirus vectors. In such embodiments, these
viral vectors containing nucleic acids encoding the variant-Fc-region fusion proteins, variant-
Fc-region-antibodies and/or heterodimeric-variant-Fc-region-bispecific-antibodies described
herein can be administered to patients to treat a disease. |In a cancer patient, such viral vectors
containing nucleic acids encoding the variant-Fc-region fusion proteins, variant-Fc-region-
antibodies and/or heterodimeric-variant-Fc-region-bispecific-antibodies described herein can
be administered directly to a tumor or a major site of cancer cells in the patient, for example by
injection, inhalation (for a lung cancer), topical administration (for a skin cancer), and/or
administration to a mucus membrane (through which the nucleic acids can be absorbed),

among many possibilities.

[00172] Similarly, nucleic acids encoding the variant-Fc-region fusion proteins, variant-Fc-
region-antibodies and/or heterodimeric-variant-Fc-region-bispecific-antibodies  described
herein as described herein, which can be encased in liposomes, can be administered to a

patient suffering from a disease.

Host Cells that Can Produce Variant-Fc-region Fusion Proteins, Variant-Fc-region-Antibodies

and Heterodimeric-Variant-Fc-region-Bispecific-Antibodies

[00173] The host cells into which DNA(s) encoding the variant-Fc-region fusion proteins,
variant-Fc-region-antibodies  and/or  heterodimeric-variant-Fc-region-bispecific-antibodies
described herein are introduced can be any of a variety of cells suitable for the expression of a
recombinant protein. These include, for example, gram negative or gram positive prokaryotes,
for example, bacteria such as Escherichia coli, Bacillus subtilis, or Salmonella typhimurium. In
other embodiments, the host cells can be eukaryotic cells, including such species as
Saccharomyces cerevisiae, Schizosaccharomyces pombe, or eukaryotes of the genus
Kluyveromyces, Candida, Spodotera, or any cell capable of expressing heterologous

polypeptides. In further embodiments, the host cells can be mammalian cells. Many
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mammalian cells suitable for expression of heterologous polypeptides are known in the art and
can be obtained from a variety of vendors including, e.g., American Type Culture Collection
(ATCC). Suitable mammalian cells include, for example, the COS-7 line (ATCC CRL 1651)
(Gluzman et al., 1981, Cell 23:175), L cells, C127 cells, 3T3 cells (ATCC CCL 163), Chinese
hamster ovary (CHO) cells, or their derivatives such as Veggie CHO and related cell lines which
grow in serum-free media (Rasmussen et al., 1998, Cytotechnology 28: 31), HelLa cells, baby
hamster kidney (BHK) cells (e.g., ATCC CRL 10), the CVI/EBNA cell line derived from the
African green monkey kidney cell line CVI (ATCC CCL 70) as described by McMahan et al.,
1991, EMBO J. 10: 2821, human embryonic kidney (HEK) cells such as 293, 293 EBNA or MSR
293, human epidermal A431 cells, human Colo205 cells, HL-60 cells, U937 cells, HaK cells,
Jurkat cells, HepG2/3B cells, KB cells, NIH 3T3 cells, or S49 cells. Other mammalian cell types

that are capable of expression of a heterologous polypeptide could also be used.

[00174] In some embodiments, the variant-Fc-region fusion proteins, variant-Fc-region-
antibodies and/or heterodimeric-variant-Fc-region-bispecific-antibodies described herein, can
be obtained from a population of host cells into which DNA encoding the variant-Fc-region
fusion proteins, variant-Fc-region-antibodies and/or heterodimeric-variant-Fc-region-bispecific-
antibodies described herein has been introduced, for example, by transfection. In some
embodiments, a single cell is isolated from the population of cells into which the DNA has been
introduced. This cell is propagated to create a “host cell line,” as defined herein, that can
produce the variant-Fc-region fusion proteins, variant-Fc-region-antibodies and/or

heterodimeric-variant-Fc-region-bispecific-antibodies described herein.
Methods of Treatment

[00175] The variant-Fc-region fusion proteins, variant-Fc-region-antibodies and/or
heterodimeric-variant-Fc-region-bispecific-antibodies described herein or nucleic acids
encoding them can be used to treat a variety of diseases, optionally human diseases. As would
be readily understood by one of skill in the art, the disease that a particular variant-Fc-region
fusion proteins, variant-Fc-region-antibodies and/or heterodimeric-variant-Fc-region-bispecific-
antibodies described herein, or nucleic acids encoding the antibody or mixture could be used
to treat could be determined by a variety of factors including the identity of the target protein to
which each antibody in the mixture binds, the particular epitope on each target protein bound
by each antibody, the relative amounts of each antibody in the composition, the isotype of each
antibody, and the in vivo half life of the variant-Fc-region fusion proteins, variant-Fc-region-
antibodies and/or heterodimeric-variant-Fc-region-bispecific-antibodies described herein,
among other possible factors. The target proteins bound by the variant-Fc-region fusion

proteins, variant-Fc-region-antibodies and/or heterodimeric-variant-Fc-region-bispecific-
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antibodies described herein may play a direct or indirect role in driving the course of a disease
being treated. For example, a target protein may be part of a biological pathway that drives a
disease or be a protein that serves as an immune checkpoint, and/or a target protein may serve
as a means to target disease cells for destruction by the immune system. Other scenarios are

also possible.

[00176] In a general sense, the invention variant-Fc-region fusion proteins, variant-Fc-region-
antibodies and/or heterodimeric-variant-Fc-region-bispecific-antibodies described herein, or
nucleic acids encoding them, can be used to treat diseases driven by multiple biological
pathways, diseases driven by a molecule that has multiple mechanisms of action (e.g., HER2
in breast cancer), or diseases driven by multiple molecules that feed into a single biological
pathway, among other possibilities. These diseases include, without limitation, cancers,
metabolic diseases, infectious diseases, and autoimmune or inflammatory diseases, among

many possibilities.

[00177] The \variant-Fc-region fusion proteins, variant-Fc-region-antibodies and/or
heterodimeric-variant-Fc-region-bispecific-antibodies, or nucleic acids encoding them
described herein can, for example, be used to treat a cancer. In such a case, the variant-Fc-
region fusion proteins, variant-Fc-region-antibodies and/or heterodimeric-variant-Fc-region-
bispecific-antibodies described herein can be administered to a cancer patient, optionally
directly to a tumor. As is known in the art, different cancers are different and require different
treatments. Thus, different variant-Fc-region fusion proteins, variant-Fc-region-antibodies
and/or heterodimeric-variant-Fc-region-bispecific-antibodies described herein may be suitable
for different cancers. Cancers that can be treated with the variant-Fc-region fusion proteins,
variant-Fc-region-antibodies  and/or  heterodimeric-variant-Fc-region-bispecific-antibodies
described herein include, for example, hematolytic cancers, solid tumors including carcinomas
and sarcomas, breast cancer, skin cancers including melanoma, lung cancers, pancreatic
cancer, prostate cancer, cancer of the head and neck, thyroid cancer, brain cancer, among

many others.

[00178] The variant-Fc-region fusion proteins, variant-Fc-region-antibodies and/or
heterodimeric-variant-Fc-region-bispecific-antibodies described herein, or the nucleic acids
encoding them can be formulated, for example, as a liquid, a paste or a cream, or a solid. Oral
administration is possible. The variant-Fc-region fusion proteins, variant-Fc-region-antibodies
and/or heterodimeric-variant-Fc-region-bispecific-antibodies described herein, or nucleic acids
can be administered via parenteral injection. For example, an injection of the variant-Fc-region
fusion proteins, variant-Fc-region-antibodies and/or heterodimeric-variant-Fc-region-bispecific-

antibodies described herein or nucleic acids can be subcutaneous, intravenous, intra-arterial,
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intra-lesional (including into a tumor or other major site of a cancer), peritoneal, or
intramuscular. Topical administration, e.g., of a liquid, paste, or cream, is possible, especially
for diseases of the skin. Administration through contact with a mucus membrane, such as by
intra-nasal, sublingual, vaginal, or rectal administration, is also possible. Alternatively, the
variant-Fc-region fusion proteins, variant-Fc-region-antibodies and/or heterodimeric-variant-Fc-
region-bispecific-antibodies described herein, or nucleic acid(s) encoding an antibody or

antibody mixture can be administered as an inhalant.

[00179] In some embodiments, the nucleic acids encoding the variant-Fc-region fusion
proteins, variant-Fc-region-antibodies and/or heterodimeric-variant-Fc-region-bispecific-
antibodies described herein can be carried on one or more viral vectors. In such embodiments,
these viral vectors containing nucleic acids encoding the variant-Fc-region fusion proteins,
variant-Fc-region-antibodies  and/or  heterodimeric-variant-Fc-region-bispecific-antibodies
described herein can be administered to patients to treat a disease, e.g., by oral administration
or by injection (including, for example, subcutaneous, intramuscular, intravenous, intra-tumoral
or peritoneal injection), inhalation, topical administration, and/or by administration to a mucus
membrane (through which the nucleic acids can be absorbed), among many possibilities. In a
cancer patient, such viral vectors containing nucleic acids encoding the variant-Fc-region fusion
proteins, variant-Fc-region-antibodies and/or heterodimeric-variant-Fc-region-bispecific-
antibodies described herein can be administered directly to a tumor or a major site of cancer
cells in the patient, for example by injection, inhalation (for a lung cancer), topical administration
(for a skin cancer), and/or administration to a mucus membrane (through which the nucleic
acids can be absorbed), among many possibilities. The viral vector(s) can be, for example,
adenovirus, adeno-associated virus (AAV), retrovirus, vaccinia virus, modified vaccinia virus

Ankara (MVA), herpes virus, lentivirus, or a poxvirus vector(s).

[00180] Dosing and frequency of dosing of the variant-Fc-region fusion proteins, variant-Fc-
region-antibodies and/or heterodimeric-variant-Fc-region-bispecific-antibodies described
herein, or the nucleic acids encoding them can be adjusted by one skilled in the art according
to the condition being treated, the concentration of the antibodies or nucleic acids, the binding
properties (such as affinity and avidity) of the antibodies, the in vivo abundance and accessibility
of the target molecules to which the antibodies bind, and the in vivo half lives of the antibodies,
among many other possible considerations. The dose of the variant-Fc-region fusion proteins,
variant-Fc-region-antibodies  and/or  heterodimeric-variant-Fc-region-bispecific-antibodies
described herein administered to a patient can be, for example, from about 0.0036 milligrams
(mg) to about 450 mg, from about 0.000051 mg/kg to about 6.4 mg/ kg, or from about 0.002
mg/mm? to about 250 mg/mm?2. Similarly, dosing of nucleic acids, e.g., DNA, encoding the

variant-Fc-region fusion proteins, variant-Fc-region-antibodies and/or heterodimeric-variant-Fc-

72



WO 2023/049732 PCT/US2022/076758

region-bispecific-antibodies described herein can be, for example, from about 10° to about 1013
copies of the DNA(s) encoding the variant-Fc-region fusion proteins, variant-Fc-region-
antibodies and/or heterodimeric-variant-Fc-region-bispecific-antibodies described herein per
kilogram of patient weight. Dosing can occur every day, every other day, twice per week, once
per week, every other week, once every 3, 4, 5,6, 7, 8,9, 10, 11, or 12 weeks, 4 times per year,

twice per year, once every nine months, or once per year, among other possible schedules.

[00181] Having described the invention in general terms above, the specific Examples
described below are offered to exemplify, not limit, the scope of the invention. It is understood
that various changes and modifications may be made to the invention that are in keeping with
the spirit of the invention described herein and would be apparent to one of skill in the art. Such
changes and modifications are within the scope of the invention described herein, including in

the appended claims.
EXAMPLES

[00182] Example 1: Designing HC-partner-directing alterations to favor the heterodimeric Fc

formation

[00183] Bispecific antibodies can simultaneously recognize two different antigens, neutralize
different pathogenic mediators, recruit different types of effector cells, and modulate signal
pathways. The development of bispecific antibodies as therapeutic agents for human diseases
has great clinical potential. Bispecific heterodimeric antibody comprising two different HCs and
two different LCs from two different antibodies keep all features of standard IgG antibody, such
as high production, easy purification, long half-life, good stability. However, when co-expressing
the HCs and LCs of two different antibodies in the same cell, ten different HC/LC combinations
randomly form; whereas only one combination has the desired correct configuration (see Cater,
J. Immunol. Methods, 2001; 248:7-15).

[00184] To make bispecific heterodimeric IgG antibody, engineering the HC and LC of the
two different antibodies is required so that they can assemble exclusively into a heterodimeric
antibody without other contaminating species. In one aspect, heterodimeric HC pairing is
achieved by engineering the Ch3 regions of two HCs so that they form a heterodimer
exclusively. Further, cognate LC/HC pairings are achieved by engineering interface residues
between the LC and the HC to prevent mispairing of LCs to the non-cognate HCs to form a

desired four-chain heterodimeric antibody.

[00185] The interaction of two Cu3 domains of IgG antibody is very high affinity which is the

driving force of forming Fc homodimer. To make bispecific heterodimeric antibody, the first step
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is to engineer the Cx3 interface residues so that only two different HCs can form a complex and
secreted from the cells. Strategies such as knob-into-hole (Ridgway et al. 1996), charge-pair
(Gunasekaran et al. 2010), 1gG1/19G3 hybrid HCs (Tustian et a/, 2016) have been applied to
achieve this goal. The knobs-into-holes mutations were also combined with inter-C43 domain
disulfide bond engineering to enhance heterodimer formation (Sowdhamini. Srinivasan et al.
1989: Atwell. Ridgway et al. 1997).

[00186] Charge pair strategy is simple because the same polarity causes repulsion and
opposite polarity causes attraction. When one (or more) negative charge residue in one Fc
chain is replaced with a positive-charged residue (such as a lysine, arginine, or histidine), at the
same time the interacting positive charge residue in the other Fc chain is swapped to a negative
charge residue (such as aspartic acid and glutamate acid), the two different Fc chains are
attractive each other whereas the same Fc chains are repulsive, therefore, favoring the

formation of heterodimeric HCs.

[00187] The charge pairs identified by Amgen are partly working as intended, but
homodimers are not fully prevented. When co-transfecting the LC and HC having E356K and
D399K substitutions of anti-EGFR panitumumab, or anti-HERZ2 trastuzumab, or anti-HER
pertuzumab in mammalian HEK293 cells, around half of secreted antibody is full-length
homodimer although in theory the E356K and D399K in one Fc chain are supposed to repulse
with the second Fc¢ chain having E356K and D399K (see Figure 5 of Liu ef al 2015). The same
observation is true for the Fc chain having K392D and K409D substitutions (see Figure 5 of Liu
et al 2015). In addition, the Tm of C43 domains was decreased as observed by DSC due to the

charge pair swapping (see Figure 6 of Liu et al 2015).

[00188] To minimize the homodimer formation and increase the stability of bispecific
antibody, new interacting non-charged residues at Cu3-Cu3 interface were investigated.
Existing X-ray crystal structures were used to identify residues on a human IgG1 Cu3-Cx3
interfaces for modification. Crystal structure of a humanized IgG1 Fc has been reported
(available at hiipddwwaw Imgt ora/30stiucture-RES by searching with the Protein Data Bank
accession number 1H3X; see also Cho et al. (2003), Nature 421(6924). 756-760, which is

incorporated herein by reference). The crystal structure of a human IgG4 Cn3-Cnx3 interfaces

has also been reported (available at htin/feasew imal. org/3Dsuciure-DIRY by searching with the
Protein Data Bank accession number 4C54; see also Brady et al. (1992), J Mol Biol, 227(1):

253-264, which is incorporated herein by reference).

[00189] To select residues involved in the Ch3-CH3 interaction that would be suitable to test
as sites for substitution with charged amino acids, physical contact as determined by a distance

limit criterion and solvent accessible surface area were considered. Using the physical contact
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method, interface residues for substitution with charged amino acids were defined as residues
whose side chain heavy atoms, j.e., atoms other than hydrogen, are positioned closer than a
specified limit (5 A) from side chain heavy atoms of any residue in the second chain. In some
cases, this could mean that the a-carbon atoms (Ca) of the two amino acids, i.e., the carbon in
the position adjacent to the carboxyl group of the amino acid, could be as far as about 12 A
away from each other. Such distances were determined using Molecular Operating
Environment (MOE) software, obtained from Chemical Computing Group Inc. (1010 Sherbooke
St. West, Suite #910, Montreal, QC, Canada, H3A 2R7). The second method involves
calculating solvent accessible surface area (ASA) of the residues in the presence and absence
of the second chain. See, e.g., Liu et al. (2015), J. Biol. Chem. 290(12): 7535-7562, the relevant
portions of which are incorporated herein by reference. The residues that show difference >1
AZin ASA between the two calculations were identified as interface residues. Both the methods
identified a similar set of interface residues. The following additional criteria were further applied
to select Ch3-Ch3 interface residue pairs for mutagenesis: (1) Either one or both interacting
residues are not charged residue, (2) they are highly conserved among IgG antibody isotypes,
and (3) they are mostly solvent inaccessible (i.e., buried or partially buried). To stabilize the
engineered Cx3 domains, an interchain disulfide bond is introduced by substitutions of Y349C
in one Cx3 and S354C in the other C13 domain. This cysteine pair was proved to form a disulfide
bond (Atwell et al, 1997). The residues suitable for charge pair substitutions and interchain

disulfide bond formation are summarized in Table 15 below.

[00190] Table 15: 1gG1 Cx3-C3 interface residues suitable for charge pair and cysteine pair

substitution
IgG1 Cu3-A Ca-Ca distance IgG1 Cu3-B
EU | Locatio | Residue (A) Residu | Location EU
#e n* e * #e
390 | D-strand N 7.65 S DE-turn 400
400 | DE-turn S 7.76 N D-strand 390
362 | B-strand Q 12.40 K B-strand 370
370 | B-strand K 12.31 Q B-strand 362
347 | A-strand Q 10.85 K B-strand 360
360 | B-strand K 11.22 Q A-strand 347
364 | B-strand S 9.46 K B-strand 370
370 | B-strand K 9.60 S B-strand 364
349 | A-strand Y 6.17 S A-strand 354
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IgG1 Cu3-A Ca-Ca distance IgG1 Cu3-B
EU | Locatio | Residue (A) Residu | Location EU
#e n* e * #e
354 | A-strand S 6.17 Y A-strand 349

[00191] We also hypothesized that an oppositely charged pair of amino acids interacting
across a Cn3-Cn3 interface might have maximum electrostatic steering effect if both oppositely
charged residues are located on the inner B-sheet of the Cx3 domains, which includes Strand-
B, Strand D, and Strand E. Example of such residues include S364 and K370 on the inner B-

sheet of the Cx3 domain.

[00192] Example 2: Testing Cn3 variants to establish a new heterodimeric bispecific antibody

platform

[00193] As a starting step, we were especially interested in testing 390N and 400S pair
because both residues are located at the edge of folded Cn3 structure (partially exposed),
charge pair (one is negatively charged, the other is positively charged) can therefor initiates the
assembly of whole Fc region. Since 392K residue is located near this pair (390N and 400S),
we took the local charge environment into account when designing the Fc variants. For
example, when making S400K in one Fc¢ chain, and N390D in the other Fc chain, K392D is also
made for possible interaction with S400K in the opposite Fc chain. We also explored making
S400D in one Fc chain and N390K and keep K392K in the other Fc chain.

[00194] To identify alterations that would achieve the goal of preventing homodimeric HC/HC
pairs, a panel of DNAs encoding pairs of proteins including one Fc fragment and one cognate
HC/LC pair, which had different alterations in their Cy3 domains, were made. These DNAs were
introduced into host cells that could express them, and the antibodies produced by the host
cells were analyzed by SDS-PAGE electrophoresis and Western blotting as described below to
determine the relative amounts of HC-LC/Fc heterodimers, HC-LC/HC-LC homodimers, and

Fc/Fc homodimers due to their different size and migration in the SDS-PAGE gel.

[00195] DNA constructs encoding Fc fragments and HC/LC pairs with different alterations in
the Cu3 domain were generated using PCR and Gibson assembly. The resulting DNAs
encoding the Fc fragment and the full-length HC and LC, which included different alterations,
were co-transfected into EXPI293™ cells (ThermoFisher Scientific, Waltham, MA, USA).
Conditioned media, which contained the antibodies produced by the host cells, were harvested

from the transfectants after five days of culture.
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[00196] Supernatants were migrated on 4-15% CRITERION™ TGX STAIN-FREE™ Precast
SDS-PAGE gels (Bio-Rad Laboratories, Inc., Hercules, CA, cat no. 567-8085). The antibodies
in the media were detected by Western blotting under non-reducing conditions. After
visualization using a CHEMIDOC™ XRS+ System with IMAGE LAB™ Software from Bio-Rad
Laboratories, Inc., IMAGE LAB™ Software was used to visualize the heterodimers produced

by the host cells transfected with DNA encoding the various pairs of altered proteins.

[00197] Figure 1 shows Western blots of samples taken from culture media of transfectants
containing pairs of DNAs encoding a LC and a wild type human IgG1 HC plus an altered human
IgG1 Fc fragment having two or three substitutions at position 390N, 392K, and 400S. Each of
these positions is at the C13-Ch3 interface (see, e.g., WO 2015/017548, Table 1 on page 8,
which is incorporated herein by reference). Lane 1 contains cell supernatants from control
transfections containing IgG1 anti-HER2 antibody 4D5-8 (comprising the amino acid sequences
SEQ ID NOs. 2 and 4), lane 2 containing 1gG1 anti-HER2 antibody 2C4 (which contains the
amino acid sequences of SEQ ID NOs. 12 and 16). Lanes 1 and 2 serve as positive controls to
monitor the transfection efficiency. As indicated, all other samples are in groups of three and
contain cell supernatants from transfections containing the DNAs encoding combinations of
anti-HER2 4D5-8 LC, anti-HERZ2 4D5-8 HC variants, and dummy F¢ variants. These antibodies
are either unaltered (designated “WT”) or altered in various ways in different lanes as indicated
in the Figure 1. Lane 3 is the identical repeat of lane 1, the main full-length anti-HERZ2 antibody
4D5-8 at around 150 KDa was detected; lane 5 is the transfectants of dummy Fc, so the Fc
homodimer at around 50 KDa was observed:; lane 4 is the transfectants of co-transfection of
three plasmid DNAs, so by random combinations three protein bands were detected at 150
KDa for anti-HER2 4D5 full-length HC-LC/HC-LC 1gG1, and 100 KDa for the HC-LC/Fc
heterodimeric product, and 50 KDa for dummy Fc homodimer. Mainly by comparing the intensity
of 100 KDa band for other set of transfectants, lane 19 has the highest heterodimer formation
while the intensities of both 150 KDa full-length anti-HER2 4D5-8 IgG1 and 50 KDa dummy Fc
homodimer were less than those of baseline lane 4, indicating the combined effect of charge
pairs and disulfide bond favors the heterodimer formation. It should be noted that the migration
of heterodimer in lane 19 is faster than that in lane 4, probably due to the slightly different

conformation caused by the extra interchain disulfide bond introduced by Y349C and S354C.

[00198] From the first round of exploration, it is obvious that the substitutions in lane 19 are
still not optimal to prevent the homodimer formation. After repacking the atoms in Fc¢ variants
of lane 19, it was predicted that in one Fc chain the negative charge residue S400D points to
the positive charge residue 392K (naturally a Lys at 392) in the other Fc chain whereas the
N390K in the other Fc chain is rotated to point to a different direction, therefore, the overall

electrostatic steering effect is weakened at the local environment. Similarly, at the other end of
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local environment, the S400K interacts with K392D whereas the N390D is diverged to a different
direction, therefore the overall electrostatic steering effect is also weakened. The modeling
suggested that 390N in one Fc¢ chain and 392K in another Fc chain could be both optimized to

accommodate the charge environment to obtain the best electrostatic steering effect.

[00199] Using Molecular Operating Environment (MOE) software as described above, we set
one Fc chain having the substitutions of S354C, K392K, and S400K then randomize the residue
at position 390 to any of all 20 possible amino acid residues; similarly, we set the other Fc chain
having the substitutions of Y349C, N390D, and S400D then randomize the residue at position
392 to any of all 20 possible amino acid residues. A total of 20 * 20 = 400 calculations were
carried out to find better Fc variants which lead to stronger Cu3-Cn3 domain interaction and

higher stability. The top 14 variants are summarized in Table 16 below.

[00200] Table 16: Summary of top Fc variants at position 390 in one Fc chain and at position
392 in the other Fc chain

mutseq mutation dAffinity dStability
0 1:N390K,2:K392D 0.0000 0.0000
1 1:N390K,2:K392A -1779.7266 -204.4277
2 1:N390K,2:K392| -1782.0625 -206.0674
3 1:N390A,2:K392D -1403.4141 -176.3311
4 1:N390N,2:K392D -1579.2891 -177.3750
5 1:N3901,2:K392D -1592.0625 -194.3408
6 1:N390P,2:K392G -1971.8281 -243.5303
7 1:N390S,2:K392F -2089.0781 -236.9346
8 1:N390V,2:K392Q -2034.7578 -234.0654
9 1:N390S,2:K392G -1975.5781 -229.7109
10 1:N390T,2:K392N -1988.8750 -228.6729
11 1:N390G,2:K392S -1638.8750 -211.9434
12 1:N390E,2:K392V -1793.1484 -211.5898
13 1:N390W,2:K392P -2040.7031 -208.9990
14 1:N390N,2:K392T -1757.2422 -203.3115
15 1:N390H,2:K392A -1432.3359 -201.1631

[00201] If setting one Fc chain having S354C, N390K, K392K, and S400K while setting the
other Fc chain having Y349C, N390D, K392D, and S400D as the baseline (dAffinity = 0 and
dStability = 0), mutants 1 and 2 have the N390K mutation in one Fc chain, but the K392 is

changed to either Ala or lle, the predicted outcome is to have stronger Cu3-Cnx3 interaction (a
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low dAffinity score predicts higher affinity) and higher stability (a low dStability score predicts
higher stability). Mutants 3, 4, and 5 have the residues Ala, Asn, or lle at position 390 in one Fc
chain while position 392 of the other Fc chain is fixed to Asp, these 3 mutants are also predicted
to have the potential of forming stable Fc heterodimer. Mutants 6 ~ 15 have substitutions at

position 390 in one Fc chain and at position 392 in the other Fc chain.

[00202] For the second round of mutagenesis, the above single N390 substitution was
individually introduced into the HC of anti-HER2 4D5-8 IgG1 that already has S354C, K392K
and S400K. The above single K392 substitution was individually introduced into the dummy Fc
that already has Y349C, N390D, and S400D. Mutagenesis reactions were carried out using the
QuikChange Lightning mutagenesis kit (Agilent Technologies, cat no. 210516). The plasmid
DNAs were sequenced to confirm the mutation. Transient transfections of Expi293 cells with
anti-HER2 4D5-8 LC, anti-HER2 4D5-8 HC variants, and Dummy Fc¢ variants were done as
described previously. After 5 days of post-transfection, the supernatant was harvested and 5 ul
per lane was loaded into the 4-15% CRITERION™ TGX STAIN-FREE™ Precast SDS-PAGE
gels (Bio-Rad Laboratories, Inc., Hercules, CA, cat no. 567-8085), Electrophoresis was run for
45 minutes at 200 V. The proteins were transferred onto a nitrocellulose membrane with
TRANS-BLOT® TURBO™ Transfer System (Bio-Rad Laboratories, Inc.) and blocked in 3%
non-fat milk in 1 X phosphate buffered saline with 0.05% TWEEN® 20 (PBST). The
nitrocellulose membrane was washed, and the antibodies were detected with HRP-conjugated
polyclonal goat-anti-human IgG (Fc-specific) (Sigma-Aldrich Corporation, St. Louis, MO, cat.
no. A0170). The image was visualized with a CHEMIDOC™ XRS+ imager from Bio-Rad

Laboratories, Inc.

[00203] The effect of new Fc variants is shown in Figure 2 panel A and panel B. Lane 1 is the
co-transfection of anti-HER2 1gG1 4D5-8 HC and LC, the main full-length anti-HER2 antibody
4D5-8 at around 150 KDa was detected; lane 3 is the transfectants of dummy Fc without any
mutation, so the Fc homodimer at around 50 KDa was observed; lane 2 is the transfectants of
co-transfection of three plasmid DNAs, so by random combinations three protein bands were
detected at 150 KDa for anti-HER2 4D5 full-length HC-LC/HC-LC IgG1, and 100 KDa for the
HC-LC/Fc heterodimeric product, and 50 KDa for dummy Fc homodimer. Lanes 1 ~ 3 serve as
the baseline to determine whether the new Fc variants have improved the heterodimer
formation. Criteria are (1): whether the intensity of 100 KDa band for other set of transfectants
is stronger than that of lane 2. (2): whether the intensity of both 150 KDa full-length anti-HER2
4D5-8 1gG1 and 50 KDa dummy Fc homodimer were decreased than those in baseline lane 2.
If both criteria are met, that means, the new Fc variant favors heterodimer formation. (3):
whether the intensity of 150 KDa full-length IgGG1 co-transfected with two plasmids of anti-HER2
4D5-8 WT LC and anti-HER2 4D5-8 HC variants was decreased than that in baseline lane 1.
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(4): whether the intensity of 50 KDa dummy Fc homodimer co-transfected with one plasmid of

dummy Fc variants was decreased than that in baseline lane 3.

[00204] Careful comparisons illustrate that the lanes 17 and 23 are the most promising, since
the intensity of 150 KDa full-length anti-HER2 4D5-8 1gG1 in lane 16 or 22 is slightly less than
that in lane 1; the intensity of 50 KDa dummy Fc in lane 18 or 24 is slightly less than that in lane
3, in addition to the two criteria mentioned above. Lane 11 is also interesting, the intensity of
150 KDa full-length anti-HER2 4D5-8 IgG1 is very low, when compared to other transfectants
with three plasmid DNAs (i.e. lanes 5, 8, 14, 17, 20, 23, 26, 29, 32).

[00205] For the third round of mutagenesis, Q362 — K370 pair were added to the Fc variants
in lanes 11, 17, and 23. See Figure 3. Q362K was embedded into the Fc chain already having
S354C, K370K, N390K, K392K, S400K; or S354C, K370K, N390N, K392K, S400K; or S354C,
K370K, N390P, K392K, S400K, respectively. Q362D and K370D were embedded into the other
Fc chain already having Y349C, N390D, K392, S400D; or Y349C, N390D, K392D, S400D; or
Y349C, N390D, K392G, S400D respectively. Co-transfection of ExpiCHO cells with three
plasmid DNAs were similarly done as described above. Western blotting was carried out to

visualize the protein bands containing the human Fc, see Figure 3.

[00206] When compared with the baseline lane 5, these lanes 8, 11, 14 co-transfected with
three plasmid DNAs were shown to have slight improvement regarding the higher heterodimer
expression of 100 KDa LC-HC/Fc and lower homodimer expression of LC-HC/LC-HC at 150
KDa and Fc/Fc at 50 KDa, based on the four criteria described above. The results suggested
that Q362 — K370 pair is not a good addition to the Fc variants generated from the second round

of mutagenesis.

[00207] Since S364 — K370 pair has shorter Ca — Ca distance than that of Q362 — K370, see
Table 1. Both S364 — K370 pairs are face-to-face located at the core of an inner B-sheet (B-
strand) of Cx3 domain, we hypothesized that the swapping with charge pair at S364 — K370
may have better impact of electrostatic steering effect. For the fourth round of mutagenesis,
S364 — K370 pair were added to the Fc variants in lanes 11, 17, and 23 in Figure 2. S364K was
embedded into the Fc¢ chain already having S354C, K370K, N390K, K392K, S400K; or S354C,
K370K, N390N, K392K, S400K; or S354C, K370K, N390P, K392K, S400K, respectively. S364D
and K370D were embedded into the other Fc chain already having Y349C, N390D, K392I,
S400D; or Y349C, N390D, K392D, S400D; or Y349C, N390D, K392G, S400D respectively. Co-
transfection of ExpiCHO cells with three plasmid DNAs were similarly done as described above.
Western blotting was carried out to visualize the protein bands containing the human Fc. See

Figure 4.
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[00208] When compared with the baseline lane 2, lanes 5, 8, 11 co-transfected with three
plasmid DNAs were shown to have the best improvement regarding with no or reduced
homodimer expression of LC-HC/LC-HC at 150 KDa and Fc/Fc at 50 KDa, with lane 11 being
the best since higher heterodimer LC-HC/Fc at ~ 100 KDa size was also observed. Comparing
lane 12 with lane 3, the homodimer Fc in lane 12 was completely prevented since no band at ~
50 KDa was detected. Comparing lane 10 with lane 1, the 150 KDa band of full-length anti-
HER2 4D5-8 IgG1 in lane 10 was also dramatically decreased. The results suggested that
S364K/D — K370K/D charge pair is a good addition to the Fc variants generated from the second

round of mutagenesis.

[00209] Taken together, we did four rounds of Fc engineering, we have identified Fc variants
which strongly favor the formation of heterodimeric Fc protein which can be used for making
bispecific antibodies. In one Fc chain, the substitutions are S354C, S364K, K370K, N390P,
K392K, S400K (where the Lys at positions 370 and 392 are not changed but listed here to
indicate they are involved in the interaction with negatively charged residues in other Fc chain),
these residues together are referred as “CKKPKK?” in short in this patent application; in the other
Fc chain, the substitutions are Y349C, S364D, K370D, N390D, K392G, S400D, these five

substitutions are referred as “CDDDGD” in short in this patent application.

[00210] Example 3. Making anti-CD20 x CD37 bispecific antibody to validate the new

heterodimeric bispecific antibody platform

[00211] The natural LC/HC preference of humanized anti-CD20 and anti-CD37 1gG1
antibodies was tested by transient transfection of Expi293 cells. See Figure 18 of our WO
2021/041678 A1 patent application. Western blot of supernatants from transiently transfected
EXPI293™ cells to assess extent of non-cognate LC/HC pairing among the HCs and LCs of
anti-hCD20 Ab 1.2.2 and anti-hCD37 Ab1.A1. The left blot and the right blot contain duplicate
samples (1 is the duplicate of 1°, etc.) run in parallel. Transfected cell supernatants in lanes 1
and 1’ came from cells containing plasmid DNAs encoding the LC and HC of anti-hCD20
Ab1.2.2 (LC1 and HC1). Transfected cell supernatants in lanes 2 and 2’ came from cells
containing plasmid DNAs encoding HC1 and LC2. Transfected cell supernatants in lanes 3 and
3’ came from cells containing plasmid DNAs encoding LC1 and HC2. Transfected cell
supernatants in lanes 4 and 4’ came from cells containing plasmid DNAs encoding the LC and
HC of anti-hCD37 Ab1.A1 (LC2 and HC2). Transfected cell supernatants in lanes 5 and 5 came

from cells containing plasmid DNAs encoding LC and HC of anti-HERZ2 antibody trastuzumab.

[00212] Results showed that the anti-hCD20 Ab1.2.2 (lanes 1 and 1) and anti-hCD37 Ab1.A1
(lanes 4 and 4’) antibodies are expressed well, although the expression is slightly lower than

the expression of the anti-HER2 antibody trastuzumab (lanes 5 and 5’). The antibody resulting
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from the cognate HC1/LC1 pair of anti-hCD20 Ab1.2.2 (lanes 1 and 1’) was expressed at
approximately the same level as the antibody resulting from the non-cognate pair of HC1 (from
anti-hCD20 Ab1.2.2) and LC2 (from anti-hCD37 Ab1.A1) by comparing lanes 1 and 1’ to lanes
2 and 2. This suggests that the HC1 of anti-hCD20 Ab1.2.2 can express equally well with its
own LC1 or non-cognate LC2 from anti-hCD37 Ab1.A1. Interestingly, the non-cognate pairing
of LC1 (from anti-hCD20 Ab1.2.2) and HC2 (from anti-hCD37 Ab1.A1) is expressed at much
lower levels than the cognate HC2/LC2 pair by comparing lanes 3 and 3’ to lanes 4 and 4.
These data suggest that the HC2 of anti-hCD37 Ab1.A1 prefers its own LC2 for expression over
the non-cognate anti-hCD20 LC1. Therefore, the main issue to address in engineering these
two antibodies to express only cognate HC/LC pairs when expressed in the same host cell is
the mispairing of HC1 from anti-hCD20 Ab1.2.2 and LC2 from anti-hCD37 Ab1.A1.

[00213] Inthe following experiment, the antibodies were altered to strengthen cognate HC/LC
pairs, prevent non-cognate HC/LC pairs, and promote HC/HC heterodimers. The parental
antibodies anti-hCD20 Ab1.2 and anti-hCD37 Ab1.A1 are used for making bispecific antibodies
as follows. Substitutions Y349C, S364D, K370D, N390D, K392G, and S400D (CDDDGD) in
Cu3 region were introduced into the HC of anti-hCD20 Ab1.2 by designing appropriate
mutations into DNA gBlocks encoding these HCs by the methods described above, SEQ ID
NOs: 29 and 30 show the nucleic acid sequence and the amino acid sequence of anti-hCD20
Ab1.2.5 HC, respectively. Substitutions S354C, S364K, N390P, and S400K (CKKPKK) in Cn3
region were introduced into the HC of anti-nCD20 Ab1.2 by designing appropriate mutations
into DNA gBlocks encoding these HCs by the methods described above, SEQ ID NOs: 31 and
32 show the nucleic acid sequence and the amino acid sequence of anti-hCD20 Ab1.2.6 HC,
respectively. The LC of anti-hCD20 Ab1.2 (SEQ ID NOs: 35 and 36) can also pair with either
anti-hCD20 Ab1.2.5 or Ab1.2.6 HC to produce the bispecific antibodies when co-transfected
with DNAs encoding the anti-hCD37 HC and LC described below.

[00214] Substitutions K147D, F170C, and V173C in Cu1 region; C220G in upper hinge
region; S354C, S364K, N390P, and S400K in Cx3 region were introduced into the HC of anti-
hCD37 Ab1.A1 by designing appropriate mutations (DCCG + CKKPKK) into DNA gBlocks
encoding the HC by the methods described above, SEQ ID NOs: 41 and 42 show the nucleic
acid sequence and the amino acid sequence of anti-hCD37 Ab1.A1.2 HC, respectively.
Substitutions K147D, F170C, and V173C in Cn1 region; C220G in upper hinge region; Y349C,
S364D, K370D, N390D, K392G, and S400D in Cx3 region were introduced into the HC of anti-
hCD37 Ab1.A1 by designing appropriate mutations (DCCG + CDDDGD) into DNA gBlocks
encoding these HCs by the methods described above, SEQ ID NOs: 43 and 44 show the nucleic
acid sequence and the amino acid sequence of anti-hCD37 Ab1.A1.3 HC, respectively.
Accordingly, substitutions S131K, Q160C, S$S162C, and C214S (KCCS) were incorporated into
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the LC of anti-CD37 Ab1. A1 by the method described above. The new variant is named as
anti-hCD37 Ab1.A1.1 LC. SEQ ID NOs: 49 and 50 show the nucleic acid sequence and amino
acid sequence of anti-hnCD37 Ab1.A1.1 LC, respectively.

[00215] Plasmid DNAs encoding HCs and LCs, which made up one antibody, were put into
a series of EPPENDORF tubes. The tubes contained DNAs encoding the following antibodies:
(1) trastuzumab I1gG1 (an anti-HER2 antibody used as a control to monitor transfection
efficiency) with corresponding LC; (2) anti-hCD20 IgG Ab1.2 (SEQ ID NO:28) with
corresponding LC (SEQ ID NO:36) ; (3) anti-hCD37 Ab1.A1 HC (SEQ ID NO:40) with
corresponding LC (SEQ ID NO:48); (4) the bispecific anti-hCD20 (Ab1.2.5) x hCD37 (Ab1.A1.2)
in which the CDDDGD are embedded in the HC of anti-CD20 antibody (SEQ ID NO:30) pairing
with the original anti-CD20 LC (SEQ ID NO:36); and DCCG + CKKPKK are embedded in the
HC of anti-CD37 antibody (SEQ ID NO:42) pairing with anti-CD37 LC having the KCCS
substitutions (SEQ ID NO:50); (5) the bispecific anti-hCD20 (Ab1.2.6) x CD37 (Ab1.A1.3) in
which the CKKPKK are embedded in the HC of anti-hCD20 antibody (SEQ ID NO:32) pairing
with the original anti-CD20 LC (SEQ ID NO:36); and DCCG + CDDDGD are embedded in the
HC of anti-hCD37 antibody (SEQ ID NO:44) pairing with the anti-CD37 LC having KCCS
substitutions (SEQ ID NO:50). The mixed plasmid DNAs were used to transfect 30 mL of
EXPICHO™ cells. The flasks containing the transfected EXPICHO™ cells were shaken at 37°C
at 10% CO: for 12 days. Antibodies were harvested from the culture supernatants and purified

by Protein A affinity chromatography.

[00216] To roughly determine the size of the antibody preparations described immediately
above, the purified antibody preparations by Protein A resin were subjected to electrophoresis
on SDS-PAGE gels. Each sample contained 2 pg of each antibody in a total volume of 20 pl
that contained 10 pl of 2X Laemmli Sample Buffer (65.8 mM Tris-HCI, pH 6.8, 2.1% sodium
lauryl sulfate (SDS), 26.3% (w/v) glycerol, 0.01% bromophenol blue) in the absence (for non-
reduced samples) or presence (for reduced samples) of 100 mM dithiothreitol (DTT). Samples
were heated at 70°C for 10 minutes, then loaded onto a 4-15% CRITERION™ TGX STAIN-
FREE™ Precast SDS-PAGE gels (Bio-Rad Laboratories, Inc., Hercules, CA, cat no. 567-8085).
Electrophoresis was run for 45 minutes at 200 V. The image was visualized with a
CHEMIDOC™ XRS+ imager from Bio-Rad Laboratories, Inc. after light activation.

[00217] As shown in Figure 5 (left panel), the monoclonal antibodies trastuzumab (lane 1),
anti-hCD20 Ab1.2 (lane 2), and anti-hCD37 1gG1 Ab1.A1 (lane 3) migrate at around 150 KDa
under non-reduced conditions. When plasmid DNAs encoding HC1 and LC1 from anti-hCD20
Ab1.2.5 and HC2 and LC2 from anti-hCD37 Ab1.A1.2 were used to transfect the cells, a band
at around 150 KDa (lane 4) was observed on the SDS-PAGE gel. When plasmid DNAs
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encoding HC1 and LC1 from anti-hCD20 Ab1.2.6 and HC2 and LC2 from anti-hCD37 Ab1.A1.3
were used to transfect the cells, a band at around 150 KDa (lane 5) was also observed on the
SDS-PAGE gel. Under reducing conditions (Figure 5, right panel), an HC band with a size of
about 50 KDa and a LC band with a size of 25 KDa were observed for trastuzumab (lane 1°),
anti-hCD20 Ab1.2 (lane 2’), and anti-hCD37 Ab1.A1 (lane 3), whereas two HC bands and two
LC bands were well separated for the anti-hCD20 (Ab1.2.5) x hCD37 (Ab1.A1.2) bispecific
antibody (lane 4’). These results indicate that IgG antibody consisting of two different HCs and
two different LCs is produced in host cells. Two LC bands were clearly observed for the anti-
hCD20 (Ab1.2.6) x hCD37 (Ab1.A1.3) bispecific antibody (lane 5°) but the two HCs migrated
very closely. Taken together, these results suggested that the charge residues (negative charge
vs positive charge) in HC can impact the migration under reducing conditions, by comparing
HC bands at around 50 KDa in lanes 4’ and 5. Both anti-hCD20 (Ab1.2.5) x hCD37 (Ab1.A1.2)
and anti-hCD20 (Ab1.2.6) x hCD37 (Ab1.A1.3) bispecific antibodies looked to contain four

different chains as expected.

[00218] Example 4. Characterizations of anti-CD20 x CD37 bispecific antibodies to assess
the integrity and fidelity by mass spectrometry

[00219] Mass spectrometry was performed to determine whether the bispecific antibodies
produced by the host cells containing DNAs encoding anti-hCD20 (Ab1.2.5) x hCD37
(Ab1.A1.2) shown in lanes 4 and 4’ of Figure 5, and anti-hCD20 (Ab1.2.6) x hCD37 (Ab1.A1.3)
shown in lanes 5 and 5’ of Figure 5 have (1) two different HCs and two different LCs; (3) HC1
of anti-CD20 part forms heterodimer with HC2 of anti-CD37 part; (3) the LC1 of anti-CD20
correctly pairs with the HC1 of anti-CD20, vice versa, the LC2 of anti-CD37 correctly pairs with
the HC2 of anti-CD37. This means, fully cognate HC/LC pairings for both Fab arms in the
context of bispecific antibodies. Mass spectrometry methods used are described by Thompson
et al. (2014), mAbs 6:1: 197-203, which is incorporated herein in its entirety, and in WO
2017/205014, page 92, line 31 to page 94, line 10 and Figure 19, which portions of WO
2017/205014 are incorporated herein by reference.

[00220] To do this analysis, 20 ug of the purified bispecific antibody anti-hCD20 (Ab1.2.5) x
hCD37 (Ab1.A1.2) or (Ab1.2.6) x hCD37 (Ab1.A1.3) was incubated at 37°C with 1 pl of PNGase
F endopeptidase (New England Biolabs) in 20 ul of 50 mM Tris pH 7.5 for 16 hr. After
deglycosylation by PNGase F, half of the sample was reduced by incubation at 55 °C in a buffer
containing 4 M Guanidine Hydrochloride, 50 mM Tris pH8.0 with 50 mM DTT for 30 minutes.
HPLC-MS analysis of the reduced samples was performed using an Agilent 6224 accurate-
mass TOF mass spectrometer equipped with an ESI source and coupled to an Agilent 1200

HPLC. An Agilent Pursuit Diphenyl column (2.0 x 150 mm, 3 ym) was used with a column
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temperature of 80 °C and a flow rate of 0.4 yl/min. Mobile phase A consisted of water with 0.1%
trifluoroacetic acid (TFA), and mobile phase B consisted of isopropyl alcohol (IPA):acetonitrile
(ACN):water (70:30:10) with 0.9% TFA. Mobile phase B was held initially at 10%, then raised
to 32% B over 5 minutes, and then increased to 42% over 35 minutes. The solvent was then
changed to 90% B and held for 4 minutes to clean up the column. Finally, the solvent was
reverted to 10% B and held for 4 minutes for re-equilibration of the column. MS instrumental
parameters were as follows: the drying gas temperature, drying gas flow and nebulizer were
set at 300 °C, 12 L/min and 40 psig, respectively. The capillary, fragmentor, skimmer1 and Oct
RF Vpp were set at 4500V, 250V, 60V and 750V, individually. The instrument was calibrated
in m/z range of 100 to 3000 at 4 GHz high resolution. Data from HPLC-MS were analyzed
using Agilent MassHunter Qualitative and BioConfirm software. Theoretical sizes of all
deglyosylated antibody species that could potentially be formed in cells containing DNAs
encoding anti-hCD20 (Ab1.2.5) x anti-hCD37 (Ab1.A1.2) or anti-hCD20 (Ab1.2.6) x anti-hCD37
(Ab1.A1.3) are shown in Table 17 below.

[00221] Table 17: Theoretical sizes for deglycosylated antibodies.

Theoretical mass (Daltons)
aCD20 with Y349C, S364D,
aCD20 with S354C, S364K,
L K370D, N390D, K392G, S400D
Combination of N390P, S400K (HC1, LC1)
(HC1, LC1)
HCs and LCs
aCD37 with Y349C, S364D,
aCD37 with S354C, S364K,
K370D, N390D, K392G, S400D
N390P, S400K (HC2, LC2)
(HC2, LC2)
LC1/HC1/ HC1/ 145525.78 145188.78
LC1
LC2/HC2/ 144187.78 144524.78
HC2/LC2
LC1/HC2/HC2/LC1 143955.42 144292.42
LC2/HC1/HC1/LC2 145758.14 145421.14
LC1/HC2/HC1/LC2 144856.78 144856.78
LC1/HC1/HC2/LC2 144856.78 144856.78
LC1/HC1/HC1/LC2 145642.96 145305.96
LC1/HC2/HC2/LC2 144072.6 144409.6
LC1/HC1/HC2/LC1 144741.6 144741.6
LC2/HC1/HC2/LC2 144973.96 144973.96
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[00222] Figure 6, panel A and B show data from deglycosylated antibody produced by host
cells containing DNAs encoding anti-hCD20 (Ab1.2.5) x anti-hCD37 (Ab1.A1.2) bispecific
antibody. As indicated, the actual mass of the major peak detected was 144867.63 daltons
(Da), which is 75 parts per million (ppm) from the theoretical mass of 144856.78 Da. Figure 6,
panel C and D show data from deglycosylated antibody produced by host cells containing DNAs
encoding anti-hCD20 (Ab1.2.6) x anti-hCD37 (Ab1.A1.3). The actual mass of the main peak
detected is 144867.71 Da, which is also 75 ppm from the theoretical size of 144856.78 Da.
Since both variations in size from the theoretical sizes are less than 100 ppm, these
experimentally determined masses suggested that the major peaks observed could result from
antibodies with cognate HC/LC pairs and heterodimeric HC1/HC2 pairings, i.e., anti-hCD20
Ab1.2.5 with anti-hCD37 Ab1.A1.2, or anti-hCD20 Ab1.2.6 with anti-hCD37 Ab1.A1.3 to form
bispecific antibodies. As shown in the table above, other 8 mis-paired antibody species have

masses quite distant from the theoretical mass of 144856.78 Da.

[00223] Under reducing condition, anti-hCD20 (Ab1.2.5) x anti-hCD37 (Ab1.A1.2)
bispecific antibody contains an anti-CD20 LC (Figure 7, panel A) with a mass of 23378.00 Da,
which is 9.4 ppm away from the theoretical mass of 23378.22 Da; an anti-CD37 LC (Figure 7,
panel B) with a mass of 23495.11 Da, which is 1.7 ppm away from the theoretical mass of
23495.15 Da; an anti-CD37 HC (Figure 7, panel C) with a mass of 48785.54 Da, which is 14.3
ppm away from the theoretical mass of 48786.24 Da; an anti-CD20 HC (Figure 7, panel D) with
a mass of 49232.79 Da, which is 8.3 ppm away from the theoretical mass of 49233.42 Da. All
experimental errors are far below the allowable error of 100 ppm. These results clearly
demonstrate that the anti-hCD20 (Ab1.2.5) x anti-hCD37 (Ab1.A1.2) bispecific antibody

consists of four different chains with expected masses.

[00224] Under reducing condition, anti-hCD20 (Ab1.2.6) x anti-hCD37 (Ab1.A1.3) bispecific
antibody contains an anti-CD20 LC (Figure 8, panel A) with a mass of 23378.00 Da, which is
9.4 ppm away from the theoretical mass of 23378.22 Da; an anti-CD37 LC (Figure 8, panel B)
with a mass of 23495.11 Da, which is 1.7 ppm away from the theoretical mass of 23495.15 Da;
an anti-CD37 HC (Figure 8, panel C) with a mass of 48617.13 Da, which is 12.5 ppm away from
the theoretical mass of 48617.74 Da; an anti-CD20 HC (Figure 8, panel D) with a mass of
49401.16 Da, which is 13.3 ppm away from the theoretical mass of 49401.92 Da. All
experimental errors are far below the allowable error of 100 ppm. These results clearly
demonstrate that the anti-hCD20 (Ab1.2.6) x anti-hCD37 (Ab1.A1.3) bispecific antibody

consists of four different chains with the expected masses.

[00225] However, one mis-paired HCs/LCs antibody, when LC1 pairs with HC2 and LC2 pairs
with HC1, the theoretical mass of such mis-paired antibody (LC1/HC2/HC1/LC2) has an
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identical mass of 144856.78 Da as the correctly paired bispecific antibody (LC1/HC1/HC2/LC2).
Therefore, the anti-hCD20 x hCD37 bispecific antibodies described above were further
analyzed by high performance liquid chromatograph-mass spectrometry (HPLC-MS) to identify

the cognate HC/LC pairings as follows.

[00226] To generate Fab fragments, 20 ug of the antibody preparations purified from host
cells containing DNAs encoding anti-hCD20 (Ab1.2.5) x hCD37 (Ab1.A1.2) or anti-hCD20
(Ab1.2.6) x hCD37 (Ab1.A1.3) bispecific antibodies were treated with 1gG degrading enzyme of
Streptococcus pyogenes (ldeS Protease; Promega, cat no. V7511, which cleaves an IgG
antibody at a single site below the hinge region, yielding F(ab’). fragments and fragments
comprising the Cx2 and Cnx3 domains) followed by partial reduction in the presence of 2-
mercaptoethyl amine (2-MEA) and ethylenediaminetetraacetic acid (EDTA). The treatment with
2-MEA and EDTA reduces hinge region disulfide bridges without substantially affecting HC/LC
disulfide bridges. Thus, this treatment would be expected to yield Fab’ fragments and fragments
comprising the C42 and Cx3 domains, possibly accompanied by minor quantities of Fd

fragments (comprising the V4 and Cx1) and LCs.

[00227] Table 18 below shows the calculated masses of Fab fragments resulting from the
four possible Fd/LC pairings from a bispecific antibody comprising anti-hCD20 Ab1.2.5 and anti-
hCD37 Ab1.A1.2, including cognate and non-cognate pairs.

[00228] Table 18: Calculated masses of Fab fragments

Fd/LC combination* Calculated mass of Fab (Da)
Fd1/LCA1 48,912.71
Fd2/LC2 48,412.21
Fd1/LC2 49,029.89
Fd2/LCA1 48,297.03

* Fd1 and LC1 are from the anti-hCD20 Ab1.2.5 antibody, and Fd2 and LC2 are from the anti-
hCD37 Ab1.A1.2 antibody.

[00229] Analysis of the |deS protease-digested and 2-MEA plus EDTA-treated pair of
antibodies by mass spectrometry (Figure 9) yielded peaks at 48,415.74 Da and 48,915.13 Da,
which matched the calculated Fd2/LC2 mass and Fd1/LC1 Fab mass with an error of 73 ppm
and 50 ppm, respectively, see Table 18 and Figure 9. No peak at around 49029.89 Da or
48297.03 Da was found. A very minor peak at 49074.74 Da was observed, it is the O-
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glycosylation modified anti-hCD37 Fd2/LC2 fragment due to the exposed Ser residue at
position 219 after the C220G substitution has abolished the natural disulfide bond between
220C at the upper hinge region and 214C at the end of kappa LC. The O-glycosylation of anti-
CD37 antibody was well described in our previous patent application W02021041678 ANTI-
CD20 ANTIBODIES, ANTI-CD37 ANTIBODIES, AND MIXTURES THEREOF.

[00230] The Mass spectrometry analysis of Fab fragments from the other anti-hCD20
(Ab1.2.6) x CD37 (Ab1.A1.3) bispecific antibody was carried out in the same way, and the same
results were obtained (not shown) because these two bispecific antibodies contain the same

Fab fragments but differ in the Fc regions only.

[00231] Taken together, these data clearly indicated that both anti-hCD20 (Ab1.2.5) x CD37
(Ab1.A1.2) and anti-hCD20 (Ab1.2.6) x CD37 (Ab1.A1.3) bispecific antibodies have the cognate
LC/HC pairings; HC1 from anti-CD20 and HC2 from anti-CD37 completely form heterodimer as

we designed.

[00232] Example 5: In vitro bioassay to test the killing activity of anti-CD20 x CD37 bispecific

antibodies using B-cell lymphoma cell lines

[00233] To assess whether the anti-hCD20 (Ab1.2.5) x hCD37 (Ab1.A1.2) bispecific antibody
retains the activity of the parental antibodies, a killing assay was performed using either WSU-
DLCL2 or Ramos cells. Both cell lines are from human B-cell ymphomas expressing both CD20
and CD37 on cell surface. Firstly, prepare antibody dose titrations by diluting the concentrated
antibody in a 3x serial dilutions in assay medium (RPMI+10% FBS), the diluted antibody was
added to wells in a round bottom 96-well tissue culture plate at 100 pl per well. Secondly, WSU-
DLCL2 and Ramos tumor cells were collected and transferred to a 50-mL conical tube, the tube
of cells is pelleted by centrifugation at room temperature for 5 minutes at 200 x g, the medium
is removed from the tube by aspiration and the cells are then resuspended in assay medium,
tumor cells were seeded into plate at 200 uL per well with cell density at 1x10° cells per well for
a total volume 300 uL per well. Tumor cells were continuously incubated in a humidified CO2
incubator set to 37°C and 5% CO- for 24 hours. Thirdly, mix tumor cells with multi-channel
pipette to break cell aggregation. Add 10uL of 37% formaldehyde to make 1.2% final and gently
mix cells in wells, incubate plate at 4°C for half hour. Fourthly, run samples with BD LSRII flow
cytometry with autosampler at 60 ul/well at rate of 1 pl/second. Finally, data were analyzed with
FlowJo software to determine the blast cell numbers in blast gated populations as measures of
antibody induced killing activity. The data are plotted as “BlastCell#” in Y-axis and analyzed
using linear regression calculations in GraphPrism software to determine the ICso values for
relative efficacy. Results are expressed as the mean and standard error of the mean (SEM) for

duplicated measurements.
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[00234] The activity of the bispecific antibody was compared to that of parental anti-CD20
alone or anti-CD37 alone, see Figure 10. In panel A with WSU-DLCL2 cells, the anti-CD37
parental antibody had low Killing activity with approximately 15% reduction of the number of
cells at the highest concentration (33.3 nM or 5 pg/ml), when compared to the IgG1 isotype
control. This result reflects a much lower CD37 expression than CD20 expression on WSU-
DLCL2 cell surface (in-house data, not shown). Both the parental anti-CD20 antibody and the
anti-hCD20 (Ab1.2.5) x hCD37 (Ab1.A1.2) bispecific antibody reduced the cell number by
roughly 62% at the highest concentration. Although the maximum activity is the same for both
parental anti-CD20 antibody and the anti-hCD20 (Ab1.2.5) x hCD37 (Ab1.A1.2) bispecific
antibody, but at lower concentration, especially between 0.1 nM and 10 nM, the bispecific
antibody outperformed over both the parental anti-CD20 antibody alone and anti-CD37 antibody
alone. This suggests that co-engagement of CD20 and CD37 simultaneously by bispecific

antibody can lead to an increased Killing activity.

[00235] Inthe case of Ramos cells (Figure 10, panel B), the parental anti-CD37 alone showed
higher killing than the parental the anti-CD20 alone with roughly 40% more killing at the highest
dose, this reflects the fact that Ramos cells express higher CD37 than CD20 (Oksvold M.P. et
al. Clin Ther. 2014; 36(6):847-862.e1) on cell surface, it was well documented that Ramos cells
are resistant to the treatment by anti-CD20 antibody (Takei K. et al. Leuk Res. 2006;30(5):625-
631). The anti-hCD20 (Ab1.2.5) x hCD37 (Ab1.A1.2) bispecific antibody again showed the most
potent killing activity with approximately 62% of cells killed at the highest concentration tested.
The anti-CD20 x CD37 bispecific antibody outperforms either parental anti-CD20 alone or anti-
CD37 antibody alone, suggesting that there could be a big potential of treating human B-cell
lymphomas using anti-CD20 x CD37 bispecific antibody to engage CD20 and CD37

simultaneously.

[00236] Tumor cells can express targets CD20 and CD37 at different levels at surface. For
WSU-DLCL2 cells, CD20 expression is higher; for Ramos cells, CD37 is predominantly
expressed and the expression of CD20 is much lower. This fact exemplifies well the advantage
of bispecific antibodies as the patient population are generally heterogenous in terms of what
target is expressed on the surface of their cancerous cells. Bispecific antibodies such as the
ones described here can retain high levels of activity, even if one of the targets has a low level
of expression. When both targets are expressed, the activity of the bispecific antibody can
outperform either single antibody, suggesting the co-engagement of CD20 and CD37 could

bring additive or synergistic potential for treating B-cell ymphomas.

[00237] Example 6: Making anti-hSIRPa x anti-hCLDN18.2 bispecific antibody to further

validate the new heterodimeric bispecific antibody platform
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[00238] The human Claudin 18 splice variant 2 (hCLDN18.2) belongs to the tight junction
family, its expression in normal tissues is strictly confined to differentiated epithelial cells of the
gastric mucosa, but it is absent from the gastric stem cell zone. hCLDN18.2 is retained on
malignant transformation and is expressed in a significant proportion of primary gastric cancers
and the metastases thereof. In addition to its orthotopic expression, frequent ectopic activation
of hCLDN18.2 in human pancreatic, esophageal, ovarian, and lung tumors were observed by
many researchers (Sahin et al, 2008; Moentenich et al, 2020; Li et al, 2020). Therefore,
hCLDN18.2 could serve as a highly selective cell lineage marker. The activation of hCLDN18.2
depends on the binding of the transcription factor cyclic AMP-responsive element binding
protein to its unmethylated consensus site. Monoclonal antibodies that bind to hCLDN18.2 but
not to its lung-specific splice variant (hCLDN18.1) may have a significant therapeutical potential
for treating multiple human solid tumors expressing hCLDN18.2 antigen on the surface of

cancer cells.

[00239] The human CDA47 represents a “don't eat me” signal for phagocytic cells.
Analysis of patient tumor and matched adjacent normal (nontumor) tissue revealed that CD47
is overexpressed on cancer cells (Huang et al, 2020). CD47 mRNA expression levels correlated
with a decreased probability of survival for multiple types of cancer (Li ef al, 2017; Yuan et al,
2019; Huang et al, 2020). CD47 is a ligand for SIRPa, the signal-regulatory-protein a (hSIRPa),
a protein expressed on macrophages and dendritic cells. There are two alleles (V1 and V2) for
hSIRPa in human populations (Deborah Hatherley et al, 2014). Interaction of SIRPa expressed
on the surface of macrophages with its ligand CD47 expressed on target cells negatively
regulates phagocytosis of the latter cells by the former. It was reported that blocking antibodies
to mouse SIRPa enhanced both the Ab-dependent cellular phagocytosis (ADCP) activity of
mouse macrophages for Burkitt's lymphoma Raji cells opsonized with an antibody to CD20
(rituximab) in vitro, as well as the inhibitory effect of rituximab on the growth of tumors formed
by Raji cells in nonobese diabetic (NOD)/SCID mice (Murata et al, 2018). The anti-human
SIRPa antibody also markedly enhanced the inhibitory effect of rituximab on the growth of
tumors formed by Raji cells in hSIRPa-DKO mice (Murata et al, 2018). These results suggested
that the combination of antibodies to human SIRPa with therapeutic antibodies specific for
tumor antigens warrants further investigation for potential application to cancer immunotherapy.
We aimed to make anti-hSIRPa x anti-hCLDN18.2 bispecific antibody to engage macrophages
to phagocyte or kill tumor cells highly expressing hCLDN18.2 antigen by the enhanced ADCP

mechanism.

[00240] CHO cells stably expressing hCLDN18.2 was used to immunize Balb/c mice to
generate hybridomas. The process has been well known in many prior arts. Individual clones

were screened for (1) strong binding to stable CHO cells which express hCLDN18.2 but no
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binding to blank CHO cells; (2) strong ADCC killing activity of tumor cells induced by hybridoma
antibody and PBMCs; (3) high CDC killing activity of tumor cells induced by hybridoma antibody
and complements. One of hybridomas, clone 59F9E1, met all above 3 criteria. The mRNA from
hybridoma clone 59F9E1 was isolated and reverse transcribed to cDNA. The DNA sequences
encoding the VL and VH were sequenced to deduce the amino acid sequences of clone
59F9E1. The mouse antibody 59F9E1 was humanized according to procedure in our previous
patent application WQ02021041678 ANTI-CD20 ANTIBODIES, ANTI-CD37 ANTIBODIES,
AND MIXTURES THEREOF. Similarly, a mouse anti-hSIRPa antibody which blocks the
interaction between hSIRPa (both V1 and V2 alleles) and CD47 was humanized and
engineered by yeast display technology, which was well described in our previous patent
application WO-2020180811-A1 ANTI-SIRP-ALPHA ANTIBODIES.

[00241] To figure out how to force the cognate HC/LC pairings when making anti-hSIRPa x
anti-hCLDN18.2 bispecific antibody, the HC/LC pairing preference of anti-SIRPa and anti-
hCLDN18.2 antibodies was assessed by transient transfection in Expi293 cells (Figure 11,
panels A and B), similarly to what was done for anti-hCD20 x hCD37 bispecific antibody. Mixture
of plasmids corresponding to cognately paired HC and LC as well as mis-paired chains were
used for transient transfection as described in Example 3. After transfection, supernatants were
analyzed on an SDS-PAGE stain-free protein gel (4-15% CRITERION™ TGX STAIN-FREE™
Precast SDS-PAGE gels, Bio-Rad, cat no. 567-8085). Lanes 1 to 6 and lanes 7 to 12 are
technical duplicates and contain the same mixture of HC and LC plasmids. Overall, when HC
and LC are cognately paired (lanes 1 and 7 for anti-hCLDN18.2 and lanes 4 and 10 for anti-
SIRPa), both antibodies are produced since a band at around 150 KDa was observed in the
SDS-PAGE gel, anti-hCLDN18.2 expression appears to be higher than that of anti-hSIRPa.
When the LC1 of anti-hCLDN18.2 is paired with the HC2 of anti-hSIRPa (lanes 3 and 9), the
resulting antibody has even higher expression than the mis-paired LC2 of anti-hSIRPa with the
HC1 of anti-hnCLDN18.2 (lanes 2 and lane 8). Another interesting observation is the high amount
of anti-hCLDN18.2 LC expressed whenever it is present, free LC at size of about 25 KDa can
be observed in lanes 1, 3, 7 and 9. In this case, a serious problem that needs to be addressed
is the strong compatibility between the LC1 of anti-hCLDN18.2 and the HC2 of anti-hSIRPa
antibody.

[00242] Based on the results described above, we chose to introduce the pairing mutations
controlling the proper pairing of the LC and HC together in anti-hCLDN18.2. S131K, Q160C,
S162C and C214S (KCCS) were introduced on the LC of anti-hCLDN18.2 (SEQ ID NO:64)
while K147D, F170C, V73C in CH1 and C220G in upper hinge region (DCCG) were introduced
on the HC of anti-hCLDN18.2 1gG1 (SEQ ID NO:56). No change was introduced in the LC and
HC of anti-hSIRPa antibody (SEQ ID NO:68 and 74). To test the impact of such mutations, the

91



WO 2023/049732 PCT/US2022/076758

pairing test described above was repeated with the plasmids encoding the new HC and LC
(Figure 11, panels C and D, lanes 13 to 24). Lanes 13 to 18 and lanes 19 to 24 are technical
duplicates and contain the same mixture of HC and LC. Expression in lanes 13 and 19
containing the HC1 and LC1 of anti-hCLDN18.2 did not significantly change after the
introduction of the pairing mutations. However, lanes 14 and 20 which contain the mis-paired
HC1 from anti-hCLDN18.2 and LC2 from anti- hSIRPq; as well as lanes 15 and 21 containing
mis-paired HC2 from anti-hSIRPa and LC1 from anti-hCLDN18.2 no longer produce a full-
length antibody, since no band with a size of around 150 KDa was observed. The anti-hSIRPa
IgG expression is unchanged (comparing lanes 16 and 22). Because the LC of anti-hCLDN18.2
has such a high level of expression, it can easily accommodate the introduced substitutions

without much change in antibody production as demonstrated in this SDS-PAGE gel.

[00243] The Y349C, S364D, K370D, N390D, K392G and S400D substitutions were further
introduced in CH3 region of the HC1 of anti-hCLDN18.2 (DCCG + CDDDGD, SEQ ID NO:58)
while the S354C, S364K, N390P and S400K (CKKPKK) substitutions were further introduced
in the CH3 region of HC2 of anti-hSIRPa (SEQ ID NO:70) to form HC1/HC2 heterodimers.
Accordingly, the LC1 of anti-hCLDN18.2 antibody having S131K, Q160C, S162C and C214S
(KCCS) substitutions (SEQ ID NO:64) was used to pair with the anti-hCLDN18.2 having DCCG
+ CDDDGD substitutions (SEQ ID NO:58), the LC2 of anti-hSIRPa is unchanged (SEQ ID
NO:74). After these final modifications, the resulting plasmids for the 2 HCs and 2 LCs were
mixed and transfected in ExpiCHO cells at the 30 ml scale. Antibodies were purified using a
protein A column coupled with an AKTA HPLC purifier system (Cytiva). The resulting purified
protein was loaded on a 4-15% Tris-Glycine SDS-PAGE gel under non-reducing (Figure 12,
panel A) and reducing (Figure 12, panel B) conditions. Each sample was loaded at 2 ug per
lane. Lane 1 corresponds to an irrelevant anti-DNP IgG1 antibody for size reference. Lane 2
corresponds to anti-hCLDN18.2 IgG1 WT. Lane 3 corresponds to anti-hSIRPa IgG WT
antibody. Lane 4 corresponds to the anti-hCLDN18.2 x hSIRPa bispecific antibody. Under non-
reducing conditions, all antibodies showed a band at a size of around 150 KDa. Under non-
reducing condition, a HC band at a size of around 50 KDa and a LC band at around 25 KDa
were observed for anti-DNP IgG1 WT, anti-hCLDN18.2 1gG1 WT, and anti-hSIRPa 1gG WT
antibodies. Two HC bands well separated at around 50 KDa were observed in anti-hCLDN18.2
x hSIRPa bispecific antibody, however, the LCs in anti-hCLDN18.2 x hSIRPa bispecific

antibody co-migrated very closely.

[00244] Example 7: Characterization of anti-hSIRPa x anti-hCLDN18.2 bispecific antibody to

assess integrity and fidelity by mass spectrometry
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[00245] Mass spectrometry was performed to determine whether the anti-hSIRPa x anti-
hCLDN18.2 bispecific antibody has the expected heterodimeric HC1/HC2 pairings and cognate
HC1/LC1 and HC2/LC2 pairings. Intact anti-hSIRPa x anti-hCLDN18.2 bispecific antibody
comprising of the SEQ ID NOs 70, 74, 58, and 64 was deglycosylated by PNGase F as
previously described in Example 4. Figure 13 shows the intact (Panel A) and reduced (Panel
B) fragments. The observed intact size is 146009.69 Da in Figure 13A matches the theoretical
size (146003.2 Da) of the expected bispecific antibody with an error of 44ppm, well below the
allowed technical error of 100 ppm, suggesting that the purified anti-hSIRPa x anti-hCLDN18.2
bispecific antibody contains four different chains (HC1, LC1, HC2, LC2).

[00246] Under reducing condition (Figure 13 panel B), anti-hSIRPa x anti-hCLDN18.2
bispecific antibody contains an anti-hCLDN18.2 LC with a mass of 24274.34 Da, which is 21.8
ppm away from the theoretical mass of 24273.81 Da; an anti-hSIRPa LC with a mass of
24022.03 Da, which is 24.5 ppm away from the theoretical mass of 24021.44 Da; an anti-
hCLDN18.2 HC with a mass of 48935.55 Da, which is 39.4 ppm away from the theoretical mass
of 48933.62 Da; an anti-hSIRPa HC with a mass of 48812.99 Da, which is 47.7 ppm away from
the theoretical mass of 48810.66 Da. All experimental errors are below the maximum
acceptable error of 100 ppm. These results clearly demonstrate that the anti-hSIRPa x anti-

hCLDN18.2 bispecific antibody consists of four different chains with the expected masses.

[00247] The anti-hSIRPa x anti-hCLDN18.2 bispecific antibody was further treated with
IdeS Protease and followed by 2-MEA/EDTA treatment to generate Fab fragments, which are
well separated under UV trace (Figure 14, panel A). The expected Fab mass for the anti-
hCLDN18.2 arm is 49510.60 Da and a fragment with a actual size of 49510.55 Da was indeed
observed (Figure 14B, error = 1 ppm). Similarly, the expected mass for the Fab of the anti-
hSIRPa arm is 48968.75 Da and a fragment with a size of 48968.31 Da was also observed
(Figure 14C, error = 9 ppm). The results suggested that the LC1 of anti-hCLDN18.2 is pairing
with the HC1 of anti-hCLDN18.2 antibody and LC2 of anti-hSIRPa is pairing with the HC2 of
anti-hSIRPa antibody.

[00248] Finally, F(ab’)2 was also generated as described previously in our grant patents
US11,130,808 and US11,124,570. Two main peaks comprising the Fc fragment and F(ab’)2
fragment with minor shoulder peaks were detected under UV trace (Figure 14, panel D). The
observed F(ab’)2 mass at 98480.15 Da (Figure 14F) of the main peak matches the theoretical
mass of the properly paired F(ab’)2 (98475.35 Da) with an error of 49 ppm, while the minor
peak observed for the F(ab’)2 (Figure 14D and 14E) has a mass of 98521.69 Da and is
compatible with post-translational trisulfide modification of the expected F(ab’)2. The F(ab’)2
homodimer of anti-hCLDN18.2 antibody would be expected at a mass of 99017.20 Da, and the
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F(ab’)2 homodimer of anti-hSIRPa antibody would be expected at a mass of 97931.50 Da,
however, none of the observed peaks were compatible with those masses. Similarly, an Fc
fragment with a mass of 47569.32 Da was observed (Figure 14H), which matches the
theoretical mass of 47567.88 Da of an HC1 and HC2 heterodimeric Fc fragment with an
experimental error of 30 ppm. The mass of homodimeric Fc of anti-hCLDN18.2 and anti-hSIRPa
antibody is expected to be 47399.38 Da and 47736.38 Da, respectively, however, such
homodimeric Fc fragments were not observed. A second minor Fc peak was also observed
(Figure 14D and 14G). This minor peak has a mass of 47587.13 Da which is compatible with
post-translational oxidation of the heterodimeric Fc. These results clearly demonstrated that
HC1 of anti-hCLDN18.2 antibody forms a heterodimer with HC2 of anti-hSIRPa antibody.

[00249] All experimental results are below acceptable 100 ppm mass error. Taken together,
those results indicate that the expected bispecific antibody was properly produced with (1)
heterodimerization of HC1 with HC2; (2) cognate pairing of HC1 and LC1 for anti-hCLDN18.2
antibody; (3) cognate pairing of HC2 and LC2 for anti-hSIRPa antibody.

[00250] Example 8: Characterization of anti-hSIRPa x anti-hCLDN18.2 bispecific antibody to

assess binding affinity to hSIRPa v1 and v2 antigens by Biacore assay

[00251] The His6 tagged soluble monomeric extracellular domain (ECD) of hSIRPa v1 and
v2 were made by transient transfection in Expi293 cells. Kinetic analysis was performed using
surface plasmon resonance (T200, Cytiva) to compare the binding of the anti-hSIRPa x anti-
hCLDN18.2 bispecific antibody (SEQ ID NOs:70 and 74) and the parental anti-hSIRPa #24 1gG
antibody (SEQ ID NOs:68 and 74) to antigens hSIRPa v1 and hSIRPa v2 (Figure 15). Either
antibody was captured to the CM5 chip surface (Cytiva) by the immobilized goat-anti-human Fc
polyclonal antibody, monomeric antigen hSIRPa v1 or v2 was sequentially injected at 6 different
concentrations: huSIRPa v1 at 3.13, 6.25, 12.5, 25, 50, 100 nM while hSIPRa v2 at 0.78, 1.56,
3.13, 12.5, 25 nM with regeneration by 10 mM Glycine -HCI pH1.5 (Figure 15, panels A — D)
for multi-cycle kinetics or without regeneration (Figure 15, panels E — H) for single-cycle kinetics.
The anti-hSIRPa Fab arm in the context of the anti-hSIRPa x anti-hCLDN18.2 bispecific
antibody showed similar Kon and Koff as the parental anti-hSIRPa #24 |gG antibody to antigen
hSIRPa v1 (comparing Figure 15 panels A and B and Table 19) and antigen hSIRPa v2
(comparing Figure 15 panels C and D and Table 19). The overall binding affinity (KD) of the
bispecific antibody is 2.32x10-® M for hSIRPa v1 and 8.8x10'® M for hSIRPa v2; the overall
binding affinity (KD) of the parental anti-hSIRPa #24 1gG antibody is 2.23x10® M for hSIRPa v1
and 9.08x10-° M for hSIRPa v2, respectively. The results suggested that the introduced
substitutions in the HC of anti-hSIRPa antibody in the context of bispecific antibody do not

impact the antibody’s binding capability to its targets. While the same amount of ligand is bound
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to the chip, the Rmax of the bispecific antibody is approximately half of parental anti-hSIRPa
#24 1gG antibody (comparing Figure 15A versus 15B; Figure 15E versus 15F) in terms of
binding to hSIRPa v1 antigen. Similarly, the Rmax of the bispecific antibody is approximately
half of parental anti-hSIRPa #24 |gG antibody (comparing Figure 15C versus 15D; Figure 15G
versus 15H) in terms of binding to hSIRPa v2 antigen. These results are expected given the
fact that the parental antibody is bivalent while the bispecific antibody has only one Fab arm
binding to hSIRPa v1 or hSIRPa v2. Because hCLDN18.2 is a tetra-spanning membrane
protein, it is not soluble, the measurement of binding affinity of the anti-hSIRPa x anti-
hCLDN18.2 bispecific antibody is not feasible by Biacore measurement. Therefore, flow-based

binding was carried out in place of surface plasmon resonance analysis.

[00252] Table 19. Biacore measurement of anti-hSIRPa in the context of bispecific antibody
or mAb with monomeric hSIRPa V1 or hSIRPa V2 antigen

Format ka (1/Ms) | Kd (1/s) KD (M)
huSIRPav1 | bispecific 3.29E+05 | 7.32E-03 | 2.32E-08
anti-SIRPa 3.46E+05 | 7.70E-03 | 2.23E-08
mADb
huSIRPav2 | bispecific 1.18E+06 | 1.04-03 8.80E-10
anti-SIRPa 1.21E+06 | 1.09E-03 | 9.08E-10
mADb

[00253] Example 9: Characterization of anti-hSIRPa x anti-hCLDN18.2 bispecific antibody to
assess the binding to the antigen hCLDN18.2 by flow cytometry

[00254] To investigate whether the anti-hCLDN18.2 arm of the anti-hSIRPa x anti-
hCLDN18.2 bispecific antibody has changed the binding to target after multiple substitutions
have been introduced in the anti-hCLDN18.2 antibody, a cell line stably expressing hCLDN18.2
was generated. pEF1a/V5-His A vector (from ThermoFisher) was digested using the restriction
enzymes BamHI-HF and Xbal (New England Biolabs, cat no. R3136T and RO0O145T,
respectively). The cDNA encoding full-length hCLDN18.2 was inserted into the vector using
Gibson reaction (New England Biolabs, cat no. E2611L). The resulting plasmid was prepared
and transfected into Expi293 cells using ExpiFectamine 293 Transfection Kit (ThermoFisher,
cat no. A14524). After transfection, cells were cultured without selection pressure in RPMI 1640,
1X (Corning, MT10104CV) medium for 4 days for recovery, then a final concentration at 500
ng/ml of G418 (Corning, 30234CI) was added to the culture media for selection. A rapid drop in

cell viability was observed since most cells did not incorporate the plasmid DNA and could
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therefore not resist the selection pressure. After 3 weeks of continued growth, the cell viability
recovered to around 98%, cells stained positively for h\CLDN18.2 expression were sorted on a
FACSaria sorter (BD Biosciecnes) at the Pathology Flow Cytometry Core Facility (University of
Washington, Seattle). The sorted cells were spun down and further cultured for 2 weeks before

the binding assay was conducted.

[00255] Cells stably expressing hCLDN18.2 were spun down at 1500 rpm at room
temperature for 5 minutes and resuspended in 1x PBS / 1%BSA (washing buffer), antibodies
at a 1:3 series dilution ranging from 100nM to 24pM were added, cells were incubated at RT
with shaking for 1 hour. After 3 washes with 1x PBS / 1%BSA, 10 ug/ml Allophycocyanin (APC)
conjugated AffiniPure F(ab'), fragments of goat anti-human IgG (Jackson ImmunoResearch
Laboratories, catalog no. 109-136-170) was added and cells were incubated at RT with shaking
for 1 hour. Three additional washes were performed to get rid of unbound antibodies, treated
samples were run on an LSRIl flow cytometer (BD Biosciences) and signal intensity was
determined using the geometric MFI of APC using Flow Jo software (BD Biosciences). Curve

fitting and ECsy values were obtained using GraphPad Prism 6 software.

[00256] Isotype control IgG1 antibody and growth media alone (no mAb) did not have any
binding to the cells as expected, the parental anti-hCLDN18.2 59F9E1 1gG1 antibody
(aCLDN18.2) comprising SEQ ID NOs:54 and 62 had a very strong binding with a ECso of 4.52
nM, the anti-hCLDN18.2 Fab arm in the context of anti-hSIRPa x anti-hCLDN18.2 bispecific
antibody (Bispecific, SEQ ID NOs: 58 and 64) showed a binding curve with an ECso of 16.92
nM (Figure 16). The parental anti-hCLDN18.2 59F9E1 IgG1 antibody has two Fab arms that
can bind to target hCLDN18.2 whereas the anti-hSIRPa x anti-hCLDN18.2 bispecific antibody
has only one Fab arm available for target binding. Thus, the binding difference between the
parental antibody and bispecific antibody can be explained by different valency (two Fab arms
versus one Fab arm) and avidity effects (tighter binding when 2 Fab arms are simultaneously

engaged with antigens).

[00257] Example 10: Characterization of anti-hSIRPa x anti-hCLDN18.2 bispecific antibody

to assess the killing of tumor cells induced by macrophages and antibodies

[00258] After anti-hSIRPa x anti-hCLDN18.2 bispecific antibody was demonstrated to bind to
the targets hSIRPa v1 and v2 (Example 8) and hCLDN18.2 (Example 9), a killing assay was
conducted to investigate whether the anti-hSIRPa x anti-hCLDN18.2 bispecific antibody can
induce antibody dependent cell phagocytosis (ADCP). Human PBMCs from a donor which was
hSIRPa V1/V2 heterozygote were incubated in the attachment media (Sigma Aldrich, cat no.
C-28051) at 37°C at 10% CO: for 1.5 hours. Non-adherent cells were removed after 3

successive washes with the attachment media while adherent cells were further cultured in the
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presence of M-CSF at 20 ng/ml for 7 days. These monocytes-derived macrophages were
confirmed to show differentiation under microscopy and used for ADCP assay as described

below.

[00259] On day 7, PaTu 8988s cells from a pancreatic adenocarcinoma cell line (from the
German Collection of Microorganisms and Cell Cultures) were added to the wells containing
the differentiated macrophages at a 2:1 ratio (adenocarcinoma cells : macrophages) in the
presence of serially diluted parental anti-hCLDN18.2 IgG1 antibody (aCLDN18.2 alone),
parental anti-SIRPa 1gG antibody (aSIRPa alone), a 1:1 mixed both parental antibodies
(aSIRPa+aCLDN18.2), or anti-hSIRPa x anti-hCLDN18.2 bispecific antibody (Bispecific). An
isotype 1gG1 antibody control was added at 100 nM, the highest concentration tested in this
assay. After overnight culture, the remaining adenocarcinoma cells and macrophages in each
well were detached using 0.05% Trypsin/EDTA (Thermo Fisher catalog no. 2530054). The cell
mixtures were then stained with a PE-conjugated anti-CD45 antibody (BD Biosciences, Clone
HI30, 555483) and subject to FACS analysis on a LSRII flow cytometer (BD Biosciecnes). Since
macrophages express CD45 on cell surface whereas Patu 8988S tumor cells do not express
CD45, macrophages were easily distinguishable from adenocarcinoma cells by the positive
staining of CD45 surface marker. The number of remaining Patu 8988S tumor cells were
counted. Lower Patu 8988S cells number translates to higher ADCP activity after the Patu

8988S tumor cells are engulfed by macrophages.

[00260] As shownin Figure 17, the isotype IgG1 antibody control at the highest concentration
did not have ADCP Kkilling activity, the serially diluted parental anti-hCLDN18.2 antibody
(aCLDN18.2 alone) or parental anti-SIRPa antibody (aSIRPa alone) did not show ADCP killing
activity either. The combination of parental anti-hCLDN18.2 antibody and parental anti-SIRPa
antibody (aSIRPa+aCLDN18.2) showed good killing activity with an ECso at 0.223 nM. The anti-
hSIRPa x anti-hCLDN18.2 bispecific antibody showed similar killing activity as the combination
of two parental antibodies, with an ECsgat 0.172 nM. These results indicate that the anti-hSIRPa
x anti-hCLDN18.2 bispecific antibody can trigger ADCP kiling as comparable as the

combination of two parental antibodies.

[00261] Example 11: Using the Hetero-Fc design to generate Fc-IL15 x Fc-IL15Ra sushi

domain fusion protein

[00262] The Hetero-Fc mutations described herein are used to make constructs to fuse on
the C-terminus with human Interleukin 15 (IL-15) on one chain and with the sushi domain of

human IL-15 receptor alpha (IL-15Ra) on the other chain (Figure 18).

97



WO 2023/049732 PCT/US2022/076758

[00263] IL-15is a well-known cytokine that is involved in many biological functions such as T
cell response, NK cell activation, and the development of inflammatory responses more broadly
(Dalai, 2016 ; Rautela and Huntington, 2017). With the recent renewed interest in the use of
cytokines to treat cancer, several clinical trials using IL-15 are ongoing (Xiong et al, 2015,
Waldman et al, 2020). However, IL-15 related toxicity limits the dosing and frequency at which
the cytokine can be given to the patient which in turn reduces the anti-tumor efficacy (Conlon
et al, 2019). Patient treatment with IL-15 can cause hypotension, thrombocytopenia, liver injury,
fever, and rigors. However, unlike IL-2 treatment, IL-15 does not cause vascular leak syndrome
(Schwartz ef al, 2002 ; Conlon et al, 2015 ; Guo et al, 2015). This is in part because, although
IL-15 binds to two subunits CD122 and CD132 of IL-2R, it does not bind to CD25. Instead, IL-
15 binds to a different subunit, IL-15 receptor alpha (IL-15Ra). IL15/IL-15Ra complex can bind
to CD122 and CD132 on immune cells in trans to form a tetrameric complex with a high affinity
(Stonier and Schluns, 2010). This presents an opportunity to design a construct that could
provide both the IL-15 cytokine and IL-15Ra to activate T cells and NK cells. Such construct
could bind CD122 and CD132 with higher affinity than IL-15 alone. However, proper formation
of the heterodimer is essential to ensure that the cytokine IL15 is only present in conjunction
with IL-15Ra. This can be achieved with our Hetero-Fc mutations described herein. This
approach can also extend IL-15’s half-life as the fusion protein would benefit from the extended
half-life provided by the interaction between the Fc portion of the fusion protein and the neonatal

Fc receptor (Unverdorben et al, 2016) on endothelial cells.

[00264] A portion of the IL-15Ra that is responsible for the interaction with IL-15 was identified
(Wei et al, 2001). It contains a Sushi domain and has been used previously to generate similar
constructs (Han ef al, 2011). However, without a heterodimeric Fc, those types of constructs
present a couple of additional challenges: (1) because the cytokine is fused to an Fc that forms
a homodimer, each molecule comprises 2 IL15 cytokines which is undesirable. One IL15
molecule fused to one Fc molecule is preferred to reduce the potential toxicity. (2) the IL-15Ra
sushi domain needs to be covalently linked to IL-15 to stabilize the IL15’s secretion and activity.
Our design could help address both issues and offer a new type of molecule that could safely
harness the potential of IL-15 therapy. We made Fc-IL15 construct (SEQ ID 107) in which 6
substitutions (Y349C, K370D, S364D, N390D, K392(G, S400D) are incorporated and Fc-IL15Ra
construct (SEQ ID 109) in which 4 substitutions (S354C, S364K, N390P, S400K) ) are
incorporated for making the heterodimeric Fc fusion molecules, see Figure 18. The plasmid
DNAs encoding both Fc-IL15 and Fc-IL15Ra were co-transfected to make the Fc-IL15 x Fc-

IL15Ra heterodimeric fusion protein by transient transfection as described below.

[00265] Example 12: Characterization of Fc-IL15 x Fc-IL15Ra sushi domain construct
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[00266] As previously described, ExpiCHO cells were transfected with plasmids
encoding SEQ ID 108 and SEQ ID 110 and the resulting Fc fusion protein was purified by
protein A purification. An “unarmed” Fc consisting of only the Fc portions with the heterodimeric
mutations (but without IL15 and IL15Ra) was also produced in parallel to be used as a control
in the reporter assay (SEQ ID 112 and SEQ ID 114).

[00267] The resulting purified Fc-IL15 x Fc-IL15Ra fusion proteins were loaded on an
SDS-PAGE gel to assess purity (Figure 19). Panel A shows a picture of the stain-free gel under
nonreducing conditions. Panel B shows a picture of the stain-free gel under reducing conditions.
Lane 1 and lane 4 contain an anti-HER2 1gG1 antibody used for reference and quality control.
Lane 2 and lane 5 contain the Fc-IL15 x Fc-IL15Ra sushi domain. Two main bands of similar
intensity below 75 KDa were observed under nonreducing condition (Figure 19, panel A, lane
2). This reflects heterogeneous glycosylation pattern in IL15 which contains three N-
glycosylation sites (N-X-S/T) (Thaysen-Anderson et a/ 2016). Under reducing condition (Figure
19, panel B, lane 5), the band of Fc-IL15Ra chain at 33 KDa was clearly observed, whereas
three bands of Fc-IL15 at the range of 40 ~ 50 KDa were also observed, reflecting the
heterogeneous glycosylation pattern in IL15. Lanes 3 and 6 correspond to the dummy hetero-
Fc construct which doesn’t have cytokine, the reduced profile shows 2 clear bands
corresponding to the 2 different chains of Fc having different mutations (SEQ ID NOs: 112 and
114).

[00268] Example 13: Validation of the IL15-IL15Ra sushi domain construct in a reporter assay

[00269] To confirm that the activity of IL-15 was conserved, a reporter assay from
InvivoGen (cat no. hkb-IL2) was used. In this reporter assay, an HEK 293 cell line containing
CD25, CD122, and CD132 as well as STAT5 and a SEAP based reporter gene which is
expressed in response to STATS phosphorylation. The assay was carried out according to the
supplier's recommendations. Briefly, cells were grown in DMEM media with the proper selection
agents and resuspended at 280,000 cells per ml on day 1 of the experiment. 180 ul of cell
suspension was distributed in a 96 well plate and the cytokine treatment was administered at
various concentrations (from 100 nM down to 0.4 pM) in a volume of 20 ul. The cells with the
treatment were incubated at 37°C in an incubator with 5% CO. overnight. The next day, cells
were spun down at 1500 rpm for 5 minutes and 20 ul of supernatant were added to 180 ul of
QUANTI-Blue solution in a new plate. The new plate was incubated at 37°C for 1 hour and the
activity was determined based on absorbance at 650nm using a plate spectrophotometer

(Figure 20) following the provided protocol.

[00270] IL-15 does not bind CD25 but binds CD122 and CD132. As expected, the control

construct (Hetero-Fc alone), did not have any activity, both the recombinant IL-15 (PeproTech
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200-15) and the Fc-1L15 x Fc-IL15Ra sushi domain fusion protein generated a clear signal with
an EC50 of 21 and 66 pM respectively. Interestingly, the fusion protein had lower activity than
IL-15 alone. A possible explanation is that CD25 is highly expressed on this cell line which might
lead to competition between CD25 and IL15Ra for binding to the CD122/CD132 complex.

[00271] Taken together, those results demonstrate the application for making cytokine
fusions using our heterodimeric mutations described herein. Other applications include the
potential fusion of our heterodimeric Fc with extracellular domains of receptors, other cytokines,

ligands, enzymes, antibody domains, or peptides, and more.

[00272] Example 14: Mechanisms of action about how to precisely control the formation of

HC heterodimers and cognate HC-LC pairings

[00273] To explain how to precisely control the chain pairings when making heterodimeric
bispecific antibody from 2 pre-existing antibodies, we took 2 steps to achieve our design goals,

see Table 15 and Figure 21.
[00274] The first step is to form heterodimeric HCs and exclude the homodimeric HCs.

(A). 364S in one Fc chain (referred as Fc-A chain) is spatially close to 370K in the other Fc
chain (referred as Fc-B chain); similarly, 370K in Fc-A chain is also spatially close to the 364S
in Fc-B chain. All these 4 amino acid residues are buried (in B-strand) and located in the core
of CH3 region. Substitution S364K in Fc-A chain can form a salt bridge with K370D in Fc-B
chain, while S364D in Fc-B chain can also form a salt bridge with native 370K in Fc-A chain.
However, when 2 identical HCs containing the same charge polarity, i.e. 2 Fc-A chains both
containing S364K and native 370K, come closely, they are repulsive to each other. Similarly,
2 Fc-B chains both containing S364D and K370D are repulsive due to the same charge
polarity.

(B). 392K in Fc-A chain spatially points to 400S in Fc-B chain, whereas 400S in Fc-A chain
points to 390N in Fc-B chain. Two pairs of substitutions are required to introduce the desired
electrostatic steering. Native 392K in Fc-A chain forms a salt bridge with S400D in Fc-B chain;
S400K in Fc-A chain forms a salt bridge with N390D in Fc-B chain. As explained above, Fc
chains containing the same charge polarity are repulsive to decrease the formation of
homodimeric HCs, whereas Fc-A and Fc-B chains are attractive to help the formation of
heterodimeric HCs.

(C). Residue Proline generally locates at the turn of p-sheet and residue Glycine is quite
flexible, so substitutions N390P in Fc-A chain and K392G in Fc-B chain could separately offer
flexibility to help antibody folding.
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(D). Substitutions S354C in Fc-A chain and Y349C in Fc-B chain are spatially close to form a
new disulfide bond. However, when 2 identical F¢ chains come closely, i.e. S354C in Fc-A
chain can’'t form a disulfide bond with S354C in another Fc-A chain because they are spatially
far away; Y349C in Fc-B chain can’t form a disulfide bond with Y349C in another Fc-B chain
because they are spatially far away either. The new disulfide bond between the S354C in Fc-
A and the Y349C in Fc-B can lock and stabilize the heterodimer Fc chains.

[00275] In total, 1 cysteine pair and 4 charge pairs work together to allow the formation of

heterodimeric HCs and prevent the formation of homodimeric HCs.
[00276] The second step is to precisely control the cognate HC-LC pairings.

(A). The substitutions C214S at the end of Ck region and C220G in upper hinge region
together abolish the naturally occurring disulfide bond in IgG1 of anti-target-X antibody.
Without an inter-chain disulfide bond, LC of anti-target-X antibody is not stable with the HC of
anti-target-Y antibody, vice versa, LC of anti-target-Y antibody is not stable with the HC of
anti-target-X antibody either.

(B). In anti-target-X antibody, the substitutions Q160C in Ck region and V173C in CH1 region
are spatially close to form a new disulfide bond; similarly, the substitutions S162C in Ck
region and F170C in CH1 region of anti-target-X antibody are also spatially close to form a
new disulfide bond. The two new disulfide bonds help stabilize the Fab arm of anti-target-X
antibody. The Fab arm of anti-target-Y antibody is kept as wild type without any change.
When LC of anti-target-X antibody comes closely to the HC of anti-target-Y antibody, Q160C
and $162C in anti-target-X antibody can’t form disulfide bonds with native 173V and native
170F in anti-target-Y antibody, respectively. Similarly, when LC of anti-target-Y antibody
comes closely to the HC of anti-target-X antibody, native 160Q and native 162S in Ck region
of anti-target-Y antibody can’t form disulfide bonds with V173C and F170C in CH1 region of
anti-target-X antibody, respectively.

(C). The introduced charge pair S131K in Ck and K147D in CH1 of anti-target-X antibody can
form a salt bridge and are well accommodated in the Fab arm of anti-target-X antibody,
because the residue S (Ser) has a similar size as D (Asp). However, the S131K in anti-target-
X antibody is repulsive to the naturally occurring 147K in the CH1 region of the HC of the anti-
target-Y antibody, to increase the stringency for cognate LC-HC pairings.

[00277] Because all substitutions are introduced in constant regions (Ck and CH1) only, not
in the variable regions (VH and VL), the binding affinity of each Fab arm of anti-target-X and
anti-target-Y antibodies are not significantly impacted, therefore, the activity of each Fab arm is

well maintained.
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[00278] In conclusion, our novel platform can generate bispecific antibody with the desired
HC heterodimers and the cognate HC-LC pairings from two pre-existing antibodies. The
bispecific antibody retains the configuration of standard IgG antibody, is produced as robust as
standard 1gG antibodies. No artificial linker is used. Each Fab arm in the context of a bispecific
antibody is as functional as that of the parental antibodies. The bispecific antibody can be
processed as standard monoclonal antibodies. Thus, our bispecific antibody platform may have
a significant potential for making novel bispecific antibodies for treating life threatening

diseases, such as cancers and infectious diseases.
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[00279] SPECIFICATON LISTING OF SEQUENCES:

SEQ ID NO:1 anti-HER2 humAb4D5-8 VL (WT)

gatattcagatgacccagagcccgagcagcectgagcgcegagegtgggegatecgegtgaccattacctgecgegegagecagg
atgtgaacaccgcggtggcgtggtatcagcagaaaccaggcaaagcegecgaaactgcetgatitatagecgegagcttectgtatag
cggcgtgccgagcecgcettcageggcagecgecageggceaccgatttcaccctgaccattagcagectgcagecggaagatticge
gacctattattgccagcagcattataccaccccgecgaccttcggccagggcaccaaagtggaaattaaa

SEQ ID NO:2 anti-HER2 humAb4D5-8 VL (WT)

DIQMTQSPSSLSASVGDRVTITCRASQDVNTAVAWYQQKPGKAPKLLIYSASFLYSGVPSRF
SGSRSGTDFTLTISSLQPEDFATYYCQQHYTTPPTFGQGTKVEIK

SEQ ID NO:3 anti-HER2 humAb4D5-8 LC (WT)

gatattcagatgacccagagcccgagcagcectgagcgcegagegtgggegatecgegtgaccattacctgecgegegagecagg
atgtgaacaccgcggtggcgtggtatcagcagaaaccaggcaaagcegecgaaactgcetgatitatagecgegagcttectgtatag
cggcgtgccgagcecgcettcageggcagecgecageggceaccgatttcaccctgaccattagcagectgcagecggaagatticge
gacctattattgccagcagcattataccaccccgecgaccticggccagggcaccaaagtggaaattaaacgtacggtggcetgea
ccatctgtcttcatcttcccgecatectgatgagcagttgaaatctggaactgcectetgtigtgtgectgetgaataacttctatcccagag
aggccaaagtacagtggaaggtggataacgccctccaatcgggtaactcccaggagagtgtcacagagcaggacagcaagg
acagcacctacagcctcagcagcaccctgacgetgagcaaagcagactacgagaaacacaaagtctacgectgcgaagtcac
ccatcagggcctgagctcgeccgtcacaaagagcettcaacaggggagagtgttag

SEQ ID NO:4 anti-HER2 humAb4D5-8 LC (WT)

DIQMTQSPSSLSASVGDRVTITCRASQDVNTAVAWYQQKPGKAPKLLIYSASFLYSGVPSRF
SGSRSGTDFTLTISSLQPEDFATYYCQQHYTTPPTFGQGTKVEIKRTVAAPSVFIFPPSDEQL
KSGTASVVCLLNNFYPREAKVQWKVDNALQSGNSQESVTEQDSKDSTYSLSSTLTLSKADY
EKHKVYACEVTHQGLSSPVTKSFNRGEC

SEQ ID NO:5 anti-HER2 humAb4D5-8 VH (WT)

gaagtccaactggtagagtcgggaggtggctiggtacagecccggtgggtecttigegactcagetgegecgcetticgggatticaacat
caaagacacttacattcactgggtgcggcaggcaccggggaaggggcttgagtgggtcgeccagaatctaccctacgaatggcta
tacgcgctacgcggaticagtgaaagggaggtttaccatttcggcggacacatcgaagaatacagcatatctccagatgaacage
cttcgggccgaagataccgceggtgtattactgticcagatggggaggagatgggttctatgecgatggactactggggacagggaa

cactggtaaccgtctctagt

SEQ ID NO:6 anti-HER2 humAb4D5-8 VH (WT)

EVQLVESGGGLVQPGGSLRLSCAASGFNIKDTYIHWVRQAPGKGLEWVARIYPTNGYTRYA
DSVKGRFTISADTSKNTAYLQMNSLRAEDTAVYYCSRWGGDGFYAMDYWGQGTLVTVSS

SEQ ID NO:7 anti-HER2 humAb4D5-8 IgG1 HC (WT)

gaagtccaactggtagagtcgggaggtggctiggtacagecccggtgggtecttigegactcagetgegecgcetticgggatticaacat
caaagacacttacattcactgggtgcggcaggcaccggggaaggggcttgagtgggtcgeccagaatctaccctacgaatggcta
tacgcgctacgcggaticagtgaaagggaggtttaccatttcggcggacacatcgaagaatacagcatatctccagatgaacage
cttcgggccgaagataccgceggtgtattactgticcagatggggaggagatgggttctatgecgatggactactggggacagggaa
cactggtaaccgtctctagtgctagcaccaagggceccatcggtcticccectggceaccctectccaagagceacctctgggggeaca
gcggccctgggcetgectggtcaaggactactticcccgaaccggtgacggtgtegtggaactcaggegecctgaccageggegtg
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cacaccttcccggcetgtectacagtectcaggactctactcectcagecagegtggtgaccgtgecctccagecagettgggcaccca
gacctacatctgcaacgtgaatcacaagcccagcaacaccaaggtggacaagaaagttgagcccaaatcttgtgacaaaactc
acacatgcccaccgtgcccageacctgaactectggggggaccgtcagtcttcctettccccccaaaacccaaggacaccctcat
gatctccecggacccctgaggtcacatgegtggtggtggacgtgagecacgaagaccctgaggtcaagttcaactggtacgtggac
ggcgtggaggtgcataatgccaagacaaagccgecgggaggageagtacaacagcacgtaccgtgtggtcagegtectcacegt
cctgcaccaggactggctgaatggcaaggagtacaagtgcaaggtctccaacaaagecctcccageccccatcgagaaaacce
atctccaaagccaaagggcagcecccgagaaccacaggtgtacaccctgeccccatcccgggaggagatgaccaagaaccag
gtcagcctgacctgectggtcaaaggctictatcccagegacatcgecgtggagtgggagagcaatgggcagecggagaacaa
ctacaagaccacgcctcecgtgetggactccgacggctcecticticctctatagcaagetcaccgtggacaagagecaggtggeag
caggggaacgtctictcatgctccgtgatgcatgaggcetctgcacaaccactacacgcagaagagcctcteecetgtctcecgggtaa
atga

SEQ ID NO:8 anti-HER2 humAb4D5-8 IgG1 HC (WT)

EVQLVESGGGLVQPGGSLRLSCAASGFNIKDTYIHWVRQAPGKGLEWVARIYPTNGYTRYA
DSVKGRFTISADTSKNTAYLQMNSLRAEDTAVYYCSRWGGDGFYAMDYWGQGTLVTVSSA
STKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGLY
SLSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKKVEPKSCDKTHTCPPCPAPELLGGPSVFL
FPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVV
SVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVYTLPPSREEMTKNQVSL
TCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFSCS
VMHEALHNHYTQKSLSLSPGK

SEQ ID NO:9 Nucleotide sequence encoding the VL domain of the anti-HER2 humAb2C4
(WT)

gacatccagatgacccagagccccagcagcectgtctgeccagegtgggecgacagagtgaccatcacatgcaaggcecagecagg
acgtgtccatcggcegtggcectggtatcagcagaageccggcaaggeccccaagcetgetgatctacagegecagcetaccggtaca
ccggcegtgeccagceagatttictggcageggceteccggeaccgacttcaccctgacaatcagetecctgcageccgaggacticge
cacctactactgccagcagtactacatctacccctacaccticggccagggcaccaaggtggaaatcaag

SEQ ID NO:10 Amino acid sequence of the VL domain of the anti-HER2 humAb2C4 (\WT)

DIQMTQSPSSLSASVGDRVTITCKASQDVSIGVAWYQQKPGKAPKLLIYSASYRYTGVPSRF
SGSGSGTDFTLTISSLQPEDFATYYCQQYYIYPYTFGQGTKVEIK

SEQ ID NO:11 Nucleotide sequence encoding the LC of the anti-HER2 humAb2C4 (WT)

gacatccagatgacccagagccccagcagcectgtctgeccagegtgggecgacagagtgaccatcacatgcaaggcecagecagg
acgtgtccatcggcegtggcectggtatcagcagaageccggcaaggeccccaagcetgetgatctacagegecagcetaccggtaca
ccggcegtgeccagceagatttictggcageggceteccggeaccgacttcaccctgacaatcagetecctgcageccgaggacticge
cacctactactgccagcagtactacatctacccctacacctticggeccagggcaccaaggtggaaatcaagegtacggtggcetgea
ccatctgtcttcatcttcccgecatectgatgagcagttgaaatctggaactgcectetgtigtgtgectgetgaataacttctatcccagag
aggccaaagtacagtggaaggtggataacgccctccaatcgggtaactcccaggagagtgtcacagagcaggacagcaagg
acagcacctacagcctcagcagcaccctgacgetgagcaaagcagactacgagaaacacaaagtctacgectgcgaagtcac
ccatcagggcctgagctcgeccgtcacaaagagcettcaacaggggagagtgttag

SEQ ID NO:12 Amino acid sequence of the LC of the anti-HER2 humAb2C4 (WT)
DIQMTQSPSSLSASVGDRVTITCKASQDVSIGVAWYQQKPGKAPKLLIYSASYRYTGVPSRF
SGSGSGTDFTLTISSLQPEDFATYYCQQYYIYPYTFGQGTKVEIKRTVAAPSVFIFPPSDEQLK

SGTASVVCLLNNFYPREAKVQWKVDNALQSGNSQESVTEQDSKDSTYSLSSTLTLSKADYE
KHKVYACEVTHQGLSSPVTKSFNRGEC
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SEQ ID NO:13 Nucleotide sequence encoding the VH domain of the anti-HER2 humAb2C4
(WT)

gaagtgcagctggtggaatctggcggceggactggtgcagectggeggatetctgagactgagcetgtgecgecageggceticaccett
caccgactacaccatggactgggtgcgccaggceccctggcaagggcectggaatgggtggecgacgtgaaccccaatagegge
ggcagcatctacaaccagcggttcaagggccggticaccctgagegtggacagaagcaagaacaccctgtacctgcagatgaa
cagcctgegggecgaggacaccgcecgtgtactactgecgeccagaaacctgggecccagctictacticgactactggggecaggg
caccctcgtgaccgtgtcatct

SEQ ID NO:14 Amino acid sequence of the VH domain of the anti-HER2 humAb2C4 (WT)

EVQLVESGGGLVQPGGSLRLSCAASGFTFTDYTMDWVRQAPGKGLEWVADVNPNSGGSIY
NQRFKGRFTLSVDRSKNTLYLQMNSLRAEDTAVYYCARNLGPSFYFDYWGQGTLVTVSS

SEQ ID NO:15 Nucleotide sequence encoding the HC of the anti-HER2 humAb2C4 1gG1
(WT)

gaagtgcagctggtggaatctggcggceggactggtgcagectggeggatetctgagactgagcetgtgecgecageggceticaccett
caccgactacaccatggactgggtgcgccaggceccctggcaagggcectggaatgggtggecgacgtgaaccccaatagegge
ggcagcatctacaaccagcggttcaagggccggticaccctgagegtggacagaagcaagaacaccctgtacctgcagatgaa
cagcctgegggecgaggacaccgcecgtgtactactgecgeccagaaacctgggecccagctictacticgactactggggecaggg
caccctcgtgaccgtgtcatctgctagcaccaagggceccateggtcttccecectggecacccetectccaagagcacctetgggggea
cagcggccctgggctgectggtcaaggactacticcccgaaccggtgacggtgtegtggaactcaggegecctgaccageggceg
tgcacaccttccecggcetgtectacagtectcaggactctactcectcagcagegtggtgaccgtgecctccagceagcettgggecacce
agacctacatctgcaacgtgaatcacaagcccagcaacaccaaggtggacaagaaagttgagcccaaatcttgtgacaaaact
cacacatgcccaccgtgcccagceacctgaactcctggggggaccgtcagtcttcetettccccccaaaacccaaggacaccctca
tgatctcccggacccectgaggtcacatgegtggtggtggacgtgageccacgaagaccctgaggtcaagticaactggtacgtgga
cggcgtggaggtgcataatgccaagacaaagccgegggaggagcagtacaacagcacgtaccgtgtggtcagegtectcacce
gtcctgcaccaggactggcetgaatggcaaggagtacaagtgcaaggtctccaacaaagecctcccageccccatcgagaaaac
catctccaaagccaaagggcagcecccgagaaccacaggtgtacaccctgeccecatecccgggaggagatgaccaagaacca
ggtcagcctgacctgectggtcaaaggcttctatcccagegacatcgecgtggagtgggagagecaatgggcagecggagaaca
actacaagaccacgcctcecgtgetggactccgacggctcecticttcctctatagcaagctcaccgtggacaagagcaggtggea
gcaggggaacgtcttctcatgctccgtgatgecatgaggcetetgcacaaccactacacgcagaagagcectcteectgtctccgggta
aatga

SEQ ID NO:16 Amino acid sequence of the HC of the anti-HER2 humAb2C4 1gG1 (WT)

EVQLVESGGGLVQPGGSLRLSCAASGFTFTDYTMDWVRQAPGKGLEWVADVNPNSGGSIY
NQRFKGRFTLSVDRSKNTLYLQMNSLRAEDTAVYYCARNLGPSFYFDYWGQGTLVTVSSAS
TKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGLYS
LSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKKVEPKSCDKTHTCPPCPAPELLGGPSVFLF
PPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVS
VLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVYTLPPSREEMTKNQVSLT
CLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSV
MHEALHNHYTQKSLSLSPGK

SEQ ID NO:17 DNA sequence encoding anti-HER2 humAb4D5-8 1IgG1 HC (CDDDGD)

gaagtccaactggtagagtcgggaggtggctiggtacagecccggtgggtecttigegactcagetgegecgcetticgggatticaacat
caaagacacttacattcactgggtgcggcaggcaccggggaaggggcttgagtgggtcgeccagaatctaccctacgaatggcta
tacgcgctacgcggaticagtgaaagggaggtttaccatttcggcggacacatcgaagaatacagcatatctccagatgaacage
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cttcgggccgaagataccgceggtgtattactgticcagatggggaggagatgggttctatgecgatggactactggggacagggaa
cactggtaaccgtctctagtgctagcaccaagggceccatcggtcticccectggceaccctectccaagagceacctctgggggeaca
gcggccctgggcetgectggtcaaggactactticcccgaaccggtgacggtgtegtggaactcaggegecctgaccageggegtg
cacaccttcccggcetgtectacagtectcaggactctactcectcagecagegtggtgaccgtgecctccagecagettgggcaccca
gacctacatctgcaacgtgaatcacaagcccagcaacaccaaggtggacaagaaagttgagcccaaatcttgtgacaaaactc
acacatgcccaccgtgcccageacctgaactectggggggaccgtcagtcttcctettccccccaaaacccaaggacaccctcat
gatctccecggacccctgaggtcacatgegtggtggtggacgtgagecacgaagaccctgaggtcaagttcaactggtacgtggac
ggcgtggaggtgcataatgccaagacaaagccgecgggaggageagtacaacagcacgtaccgtgtggtcagegtectcacegt
cctgcaccaggactggctgaatggcaaggagtacaagtgcaaggtctccaacaaagecctcccageccccatcgagaaaacce
atctccaaagccaaagggcagcecccgagaaccacaggtgtgcaccctgeccccatcccgggaggagatgaccaagaaccag
gtcgacctgacctgectggtcgacggctictatcccagecgacatcgecgtggagtgggagagcaatgggcagecggagaacga
ctacggcaccacgcctcecgtgetggacgacgacggctcecttcttcctectatagcaagcetcaccgtggacaagagcaggtggeag
caggggaacgtctictcatgctccgtgatgcatgaggcetctgcacaaccactacacgcagaagagcctcteecetgtctcecgggtaa
atga

SEQ ID NO:18 Amino acid sequence of anti-HER2 humAb4D5-8 IgG1 HC (CDDDGD)

EVQLVESGGGLVQPGGSLRLSCAASGFNIKDTYIHWVRQAPGKGLEWVARIYPTNGYTRYA
DSVKGRFTISADTSKNTAYLQMNSLRAEDTAVYYCSRWGGDGFYAMDYWGQGTLVTVSSA
STKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGLY
SLSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKKVEPKSCDKTHTCPPCPAPELLGGPSVFL
FPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVV
SVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVCTLPPSREEMTKNQVDL
TCLVDGFYPSDIAVEWESNGQPENDYGTTPPVLDDDGSFFLYSKLTVDKSRWQQGNVFSCS
VMHEALHNHYTQKSLSLSPGK

SEQ ID NO:19 Nucleotide sequence encoding the anti-HER2 humAb4D5-8 IgG1 HC
(CKKPKK)

gaagtccaactggtagagtcgggaggtggctiggtacagecccggtgggtecttigegactcagetgegecgcetticgggatticaacat
caaagacacttacattcactgggtgcggcaggcaccggggaaggggcttgagtgggtcgeccagaatctaccctacgaatggcta
tacgcgctacgcggaticagtgaaagggaggtttaccatttcggcggacacatcgaagaatacagcatatctccagatgaacage
cttcgggccgaagataccgceggtgtattactgticcagatggggaggagatgggttctatgecgatggactactggggacagggaa
cactggtaaccgtctctagtgctagcaccaagggceccatcggtcticccectggceaccctectccaagagceacctctgggggeaca
gcggccctgggcetgectggtcaaggactactticcccgaaccggtgacggtgtegtggaactcaggegecctgaccageggegtg
cacaccttcccggcetgtectacagtectcaggactctactcectcagecagegtggtgaccgtgecctccagecagettgggcaccca
gacctacatctgcaacgtgaatcacaagcccagcaacaccaaggtggacaagaaagttgagcccaaatcttgtgacaaaactc
acacatgcccaccgtgcccageacctgaactectggggggaccgtcagtcttcctettccccccaaaacccaaggacaccctcat
gatctccecggacccctgaggtcacatgegtggtggtggacgtgagecacgaagaccctgaggtcaagttcaactggtacgtggac
ggcgtggaggtgcataatgccaagacaaagccgecgggaggageagtacaacagcacgtaccgtgtggtcagegtectcacegt
cctgcaccaggactggctgaatggcaaggagtacaagtgcaaggtctccaacaaagecctcccageccccatcgagaaaacce
atctccaaagccaaagggcagcecccgagaaccacaggtgtacaccctgecceccatgeccgggaggagatgaccaagaaccag
gtcaagctgacctgcectggtcaagggctictatcccagegacatcgecgtggagtgggagagcaatgggcagecggagaacce
ctacaagaccacgcctcecgtgetggacaaggacggctcecticticctctatagcaagcetcaccgtggacaagagcaggtggeag
caggggaacgtctictcatgctccgtgatgcatgaggcetctgcacaaccactacacgcagaagagcctcteecetgtctcecgggtaa
atga

SEQ ID NO:20 anti-HER2 humAb4D5-8 1gG1 HC (CKKPKK)

EVQLVESGGGLVQPGGSLRLSCAASGFNIKDTYIHWVRQAPGKGLEWVARIYPTNGYTRYA
DSVKGRFTISADTSKNTAYLQMNSLRAEDTAVYYCSRWGGDGFYAMDYWGQGTLVTVSSA
STKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGLY
SLSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKKVEPKSCDKTHTCPPCPAPELLGGPSVFL
FPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVV
SVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVYTLPPCREEMTKNQVKL
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TCLVKGFYPSDIAVEWESNGQPENPYKTTPPVLDKDGSFFLYSKLTVDKSRWQQGNVFSCS
VMHEALHNHYTQKSLSLSPGK

SEQ ID NO:21 Dummy Fc (C220G and CDDDGD)

gagcccaaatctggtgacaaaactcacacatgcccaccgtgeccagcacctgaactcctggggggaccgtcagtcttectettcee
Ccccaaaacccaaggacaccctcatgatctcccggaccectgaggtcacatgegtggtggtggacgtgageccacgaagaccctg

aggtcaagttcaactggtacgtggacggcgtggaggtgcataatgccaagacaaagccgcgggaggagcagtacaacageac
gtaccgtgtggtcagcgtcctcaccgtectgcaccaggactggetgaatggcaaggagtacaagtgcaaggtctccaacaaage

cctceccageccccatcgagaaaaccatctccaaagccaaagggcagecccgagaaccacaggtgtgcaccctgecceccatee
cgggaggagatgaccaagaaccaggtcgacctgacctgcctggtcgatggcetictatcccagegacatcgecgtggagtgggag
agcaatgggcagccggagaacgactacgggaccacgcctceccgtgetggacgacgacggctcecttcttectetatagcaagcetce

accgtggacaagagcaggtggcagcaggggaacgtctictcatgctccgtgatgcatgaggcetctgcacaaccactacacgeag
aagagcctctccctgtctccgggtaaatga

SEQ ID NO:22 Dummy Fc (C220G and CDDDGD)

EPKSGDKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNW
YVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKA
KGQPREPQVCTLPPSREEMTKNQVDLTCLVDGFYPSDIAVEWESNGQPENDYGTTPPVLDD
DGSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPGK

SEQ ID NO:23 Dummy Fc (C220G and CKKPKK)

gagcccaaatctggtgacaaaactcacacatgcccaccgtgeccagcacctgaactcctggggggaccgtcagtcttectettcee
Ccccaaaacccaaggacaccctcatgatctcccggaccectgaggtcacatgegtggtggtggacgtgageccacgaagaccctg

aggtcaagttcaactggtacgtggacggcgtggaggtgcataatgccaagacaaagccgcgggaggagcagtacaacageac
gtaccgtgtggtcagcgtcctcaccgtectgcaccaggactggetgaatggcaaggagtacaagtgcaaggtctccaacaaage

cctcecageccccatcgagaaaaccatctccaaageccaaagggcagecccgagaaccacaggtgtacaccectgeccecatge
cgggaggagatgaccaagaaccaggtcaagctgacctgectggtcaagggcttctatcccagegacatcgecgtggagtggga

gagcaatgggcagccggagaacccctacaagaccacgcctcecgtgetggacaaggacggctecticticetctatagcaagcet

caccgtggacaagagcaggtggcagcaggggaacgtctictcatgcetccgtgatgcatgaggcetctgcacaaccactacacgea
gaagagcctctcectgtctccgggtaaatga

SEQ ID NO:24 Dummy Fc (C220G and CKKPKK)

EPKSGDKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNW
YVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKA

KGQPREPQVYTLPPCREEMTKNQVKLTCLVKGFYPSDIAVEWESNGQPENPYKTTPPVLDK

DGSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPGK

SEQ ID NO:25 Nucleotide sequence encoding the VH of anti-hCD20 antibodies Ab1.2,
Ab1.2.2.1, Ab1.2.5, Ab1.2.6

caggtgeagetgatgeagiciggegecgaggtgaagaaaceiggeicticagigaaggigiccigeaaggeticeggeiacacatt
caccagetacaacatgeactgaatccggeaggeoccctggacaaggattagaatggatgggegctatctacceecggeaacggceg
acacctcitacaaccagaaaticcagggcagagtgaccctgaccgtggacaagtcctcticcaccgectacatggaactgagcetc
cctgagatccgaggataccgecgigtactictgtgecagagtggtgtactactccaactectactggtacticgacotgiggggeace
ggcactatggtcacagtticctct

SEQ ID NO:26 Amino acid sequence of the VH of anti-hCD20 antibodies Ab1.2, Ab1.2.2.1,
Ab1.2.5 Ab1.2.6
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QVQLVQSGAEVKKPGSSVKVSCKASGYTFTSYNMHWVRQAPGQGLEWMGAIYPGNGDTS
YNQKFQGRVTLTVDKSSSTAYMELSSLRSEDTAVYFCARVVYYSNSYWYFDVWGTGTMVT
VSS

SEQ ID NO:27 Nucleotide sequence encoding the HC of anti-hCD20 Ab1.2 IgG (WT), having
CH1 domain and upper hinge from 1gG4, and hinge, CH2, CH3 from IgG1

caggtgcagctggtgcagtctggcgecgaagtgaagaaaccceggcetecteccgtgaaggtgtectgcaaggectcecggcetacaccet
ttaccagctacaacatgcactgggtgcgacaggceccctggacagggcectggaatggatgggcegctatctaccctggcaacggeg
acacctcctacaaccagaaattccagggcagagtgaccctgaccgtggacaagtcctecctccaccgectacatggaactgtectc
cctgecggagegaggataccgcecgtgtactictgtgeccgggatggtgtactactccaactectactggtactticgacgtgtggggeace
ggcacaatggtcaccgtgtcctccgcetagcaccaaggggcecatecgtettceccectggegecctgetccaggageacctccgaga
gcacagccgcecctgggctgectggtcaaggactacttccccgaaccggtgacggtgtcgtggaactcaggegecctgaccageg
gcgtgcacaccticccggcetgtectacagtectcaggactctactecctcagcagegtggtgaccgtgecctccageagcettgggcea
cgaagacctacacctgcaacgtagatcacaagcccagcaacaccaaggtggacaagagagttgagtccaaatatggecccecce
atgcccaccgtgcccagcacctgaactcctggggggaccgtcagtcttecteticcccccaaaacccaaggacaccctcatgatct
cccggacccectgaggtcacatgegtggtggtggacgtgageccacgaagaccctgaggtcaagticaactggtacgtggacggeg
tggaggtgcataatgccaagacaaagccgecgggaggagcagtacaacagcacgtaccgtgtggtcagegtectcaccgtectg

caccaggactggctgaatggcaaggagtacaagtgcaaggtctccaacaaagecctcccageccccatcgagaaaaccatcete
caaagccaaagggcagccccgagaaccacaggtgtacaccctgeccccatcccgggaggagatgaccaagaaccaggtca

gcctgacctgectggtcaaaggctictatcccagegacatcgecgtggagtgggagagcaatgggcagecggagaacaactac

aagaccacgcctcecgtgetggacteccgacggcetecticttcctectatagcaagcetcaccgtggacaagagcaggtggcageagg
ggaacgtcttctcatgctccgtgatgcatgaggcetctgcacaaccactacacgcagaagagcectctecctgtectccgggtaaatga

SEQ ID NO:28 Amino acid sequence of the HC of anti-hCD20 Ab1.2 1gG (WT), having CH1
domain and upper hinge from 1gG4, and hinge, CH2, CH3 from IgG1

QVQLVQSGAEVKKPGSSVKVSCKASGYTFTSYNMHWVRQAPGQGLEWMGAIYPGNGDTS
YNQKFQGRVTLTVDKSSSTAYMELSSLRSEDTAVYFCARVVYYSNSYWYFDVWGTGTMVT
VSSASTKGPSVFPLAPCSRSTSESTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQS
SGLYSLSSVVTVPSSSLGTKTYTCNVDHKPSNTKVDKRVESKYGPPCPPCPAPELLGGPSVF
LFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRV
VSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVYTLPPSREEMTKNQVS
LTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFSC
SVMHEALHNHYTQKSLSLSPGK

SEQ ID NO:29 Nucleotide sequence encoding the HC of anti-hCD20 Ab1.2.5 IgG (CDDDGD),
having CH1 domain and upper hinge from IgG4, and substitutions CDDDGD in IgG1 CH3 for
heterodimer formation

caggtgcagctggtgcagtctggcgecgaggtgaagaaacctggctcticagtgaaggtgtcctgcaaggcttccggcetacacatt
caccagctacaacatgcactgggtccggcaggceccctggacaaggattagaatggatgggcegcetatctacccecggcaacggeg
acacctcttacaaccagaaattccagggcagagtgaccctgaccgtggacaagtcctcttccaccgectacatggaactgagcetc
cctgagatccgaggataccgcecgtgtactictgtgccagagtggtgtactactccaactectactggtacttcgacgtgtggggeace
ggcactatggtcacagtttcctctgccagcaccaagggacccagcegttticcctetggcetecttgetccagatccacctcetgagtccac
agctgctctgggctgectggtcaaggactactitccagagecagtgaccgtgtecctggaactctggcegcetctgacatctggegtgeac
acattccctgcetgtgctgcagtcatctggectgtactctctgtectetgtecgtgacegtgectagetectcectgggecaccaagacctac
acctgtaatgtggaccacaagccttccaacaccaaggtggacaagcegcegtggaatctaagtacggeccaccatgeccaccgtge
ccagcacctgaactcctgggeggaccgtcagtcettcctcticectccaaaacccaaggacaccctcatgatetccecggaccecectga
ggtcacatgcgtggtggtggacgtgagccacgaagaccctgaggtcaagttcaactggtacgtggacggegtggaggtgcataat
gccaagacaaagccgcgggaggagcagtacaacagcacgtaccgtgtggtcagegtectcaccgtectgcaccaggactggcet
gaatggcaaggagtacaagtgcaaggtctccaacaaagccctcccageccccatcgagaaaaccatctccaaageccaaagg
gcagccccgagaaccacaggtgtgcacccetgeccccatcccgggaggagatgaccaagaaccaggtggacctgacctgectg
gtggacggcttctatcccagecgacatcgecgtggagtgggagagcaatgggecagecggagaacgactacggeaccacgcectc
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ccgtgctggacgacgacggctcecticticctctatagcaagctcaccgtggacaagagcaggtggcagcaggggaacgtcettcte
atgctccgtgatgcatgaggcetctgcacaaccactacacgcagaaaagcectcteectgtctccgggtaaataa

SEQ ID NO:30 Amino acid sequence of the HC of anti-hCD20 Ab1.2.5 IgG (CDDDGD),
having CH1 domain and upper hinge from IgG4, and substitutions CDDDGD in IgG1 CH3 for
heterodimer formation

QVQLVQSGAEVKKPGSSVKVSCKASGYTFTSYNMHWVRQAPGQGLEWMGAIYPGNGDTS
YNQKFQGRVTLTVDKSSSTAYMELSSLRSEDTAVYFCARVVYYSNSYWYFDVWGTGTMVT
VSSASTKGPSVFPLAPCSRSTSESTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQS
SGLYSLSSVVTVPSSSLGTKTYTCNVDHKPSNTKVDKRVESKYGPPCPPCPAPELLGGPSVF
LFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRV
VSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVCTLPPSREEMTKNQVD
LTCLVDGFYPSDIAVEWESNGQPENDYGTTPPVLDDDGSFFLYSKLTVDKSRWQQGNVFSC
SVMHEALHNHYTQKSLSLSPGK

SEQ ID NO:31 Nucleotide sequence encoding the HC of anti-hCD20 Ab1.2.6 1IgG (CKKPKK),
having CH1 domain and upper hinge from 1gG4, and substitutions CKKPKK in IgG1 CH3 for
heterodimer formation

caggtgcagctggtgcagtctggcgecgaggtgaagaaacctggctcticagtgaaggtgtcctgcaaggcttccggcetacacatt
caccagctacaacatgcactgggtccggcaggceccctggacaaggattagaatggatgggcegcetatctacccecggcaacggeg
acacctcttacaaccagaaattccagggcagagtgaccctgaccgtggacaagtcctcttccaccgectacatggaactgagcetc
cctgagatccgaggataccgcecgtgtactictgtgccagagtggtgtactactccaactectactggtacttcgacgtgtggggeace
ggcactatggtcacagtttcctctgccagcaccaagggacccagcegttticcctetggcetecttgetccagatccacctcetgagtccac
agctgctctgggctgectggtcaaggactactitccagagecagtgaccgtgtecctggaactctggcegcetctgacatctggegtgeac
acattccctgcetgtgctgcagtcatctggectgtactctctgtectetgtecgtgacegtgectagetectcectgggecaccaagacctac
acctgtaatgtggaccacaagccttccaacaccaaggtggacaagegcegtggaatctaagtacggeccaccatgtcctccatgtc
ctgctccagaactgetcggeggaccticegtgttectgtttcctccaaagectaaggacaccctgatgatctctcggaccectgaagt
gacctgcgtggtggtggatgtgtctcacgaggatcccgaagtgaagticaattggtacgtggacggegtggaagtgcacaacgcece
aagaccaagcctagagaggaacagtacaactccacctacagagtggtgtccgtgetgaccgtgetgcaccaggattggetgaac
ggcaaagagtacaagtgcaaggtgtccaacaaggccctgcectgctectatcgaaaagaccatcagcaaggeccaagggecage
ccagggaaccccaggtttacaccctgectccatgeccgggaagagatgaccaagaatcaagtgaagcetgacctgtetcgtgaagg
gcttctaccectccgacatcgecgtggaatgggagtctaatggecagectgagaatcecctacaagacaacccectecetgtgetggac
aaggacggctcaticticctgtactccaagetgacagtggacaagtccagatggcagcagggcaacgtgttctcctgeteegtgatg
cacgaggccctgcacaatcactacacccagaagtccctgtctetgtcecctggcaaataa

SEQ ID NO:32 Amino acid sequence of the HC of anti-hCD20 Ab1.2.6 IgG (CKKPKK), having
CH1 domain from 1gG4, upper hinge from IgG4, and substitutions CKKPKK for heterodimer
formation

QVQLVQSGAEVKKPGSSVKVSCKASGYTFTSYNMHWVRQAPGQGLEWMGAIYPGNGDTS
YNQKFQGRVTLTVDKSSSTAYMELSSLRSEDTAVYFCARVVYYSNSYWYFDVWGTGTMVT
VSSASTKGPSVFPLAPCSRSTSESTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQS
SGLYSLSSVVTVPSSSLGTKTYTCNVDHKPSNTKVDKRVESKYGPPCPPCPAPELLGGPSVF
LFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRV
VSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVYTLPPCREEMTKNQVK
LTCLVKGFYPSDIAVEWESNGQPENPYKTTPPVLDKDGSFFLYSKLTVDKSRWQQGNVFSC
SVMHEALHNHYTQKSLSLSPGK

SEQ ID NO:33 Nucleotide sequence encoding the VL of the humanized anti-hCD20
antibodies Ab1.2, Ab1.2.2.1, Ab1.2.5, Ab1.2.6

GAGATCGTGCTGACCCAGTCCCCCGACTTCCAGTCCGTGACCCCCAAAGAAAAAGTGAC

AATTACCTGCCGGGCCTCCTCCTCCGTGTCCTACATGCACTGGTATCAGCAGAAGCCCG
ACCAGTCCCCTAAGCCCCTGATCTACGCCCCTTCCAACCTGGCCTCTGGCGTGCCCTCT
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AGATTCTCCGGCTCTGGCTCTGGCACCGACTACACCCTGACCATCAACTCCCTGGAAGC
CGAGGACGCCGCCACCTACTACTGCCAGCAGTGGTCCTTCAACCCCCCCACCTTTGGC
GCTGGCACCAAGCTGGAAATCAAG

SEQ ID NO:34 Amino acid sequence of the VL of the humanized anti-hCD20 antibodies
Ab1.2, Ab1.2.2.1, Ab1.2.5, Ab1.2.6

EIVLTQSPDFQSVTPKEKVTITCRASSSVSYMHWYQQKPDQSPKPLIYAPSNLASGVPSRFS
GSGSGTDYTLTINSLEAEDAATYYCQQWSFNPPTFGAGTKLEIK

SEQ ID NO:35 Nucleotide sequence encoding the LC of the humanized anti-hCD20
antibodies Ab1.2, Ab1.2.2.1, Ab1.2.5, Ab1.2.6

GAGATCGTGCTGACCCAGTCCCCCGACTTCCAGTCCGTGACCCCCAAAGAAAAAGTGAC
AATTACCTGCCGGGCCTCCTCCTCCGTGTCCTACATGCACTGGTATCAGCAGAAGCCCG
ACCAGTCCCCTAAGCCCCTGATCTACGCCCCTTCCAACCTGGCCTCTGGCGTGCCCTCT
AGATTCTCCGGCTCTGGCTCTGGCACCGACTACACCCTGACCATCAACTCCCTGGAAGC
CGAGGACGCCGCCACCTACTACTGCCAGCAGTGGTCCTTCAACCCCCCCACCTTTGGC
GCTGGCACCAAGCTGGAAATCAAGCGGACCGTGGCCGCTCCCTCCGTGTTCATCTTCCC
ACCTTCCGACGAGCAGCTGAAGTCCGGCACCGCTTCTGTCGTGTGCCTGCTGAACAACT
TCTACCCCCGCGAGGCCAAGGTGCAGTGGAAGGTGGACAACGCCCTGCAGTCCGGCAA
CTCCCAGGAATCCGTGACCGAGCAGGACTCCAAGGACAGCACCTACTCCCTGTCCTCTA
CCCTGACCCTGTCCAAGGCCGACTACGAGAAGCACAAGGTGTACGCCTGCGAAGTGAC
CCACCAGGGCCTGTCTAGCCCCGTGACCAAGTCTTTCAACCGGGGCGAGTGCTGA

SEQ ID NO:36 Amino acid sequence of the LC of the humanized anti-hCD20 antibodies
Ab1.2, Ab1.2.2.1, Ab1.2.5, Ab1.2.6

EIVLTQSPDFQSVTPKEKVTITCRASSSVSYMHWYQQKPDQSPKPLIYAPSNLASGVPSRFS

GSGSGTDYTLTINSLEAEDAATYYCQQWSFNPPTFGAGTKLEIKRTVAAPSVFIFPPSDEQLK
SGTASVVCLLNNFYPREAKVQWKVDNALQSGNSQESVTEQDSKDSTYSLSSTLTLSKADYE
KHKVYACEVTHQGLSSPVTKSFNRGEC

SEQ ID NO:37 Nucleotide sequence encoding the VH of anti-hCD37 antibodies Ab1.A1,
Ab1.A1.1, Ab1.A1.2 and Ab1.A1.3

caggtgcagctggttcagtctggcgecgaagtgaagaaacctggcegcectctgtgaaggtgtectgcaaggcttetggctacaccttt
accggctacaacgtgaactgggtccgacagaacaacggccagceggcetggaatggatgggcaacatcgatccttactacggegg
caccacctacaaccggaagticaagggcagagtgaccatcaccgtggacacctctgectccaccgectacatggaactgaagtc
cctgagatccgaggacaccgecgtgtactactgegcetaggtctgtgggecctatggactattggggeccagggaacactggtcacce

gtgtcctct

SEQ ID NO:38 Amino acid sequence of the VH of anti-hCD37 antibodies Ab1.A1, Ab1.A1.1,
Ab1.A1.2 and Ab1.A1.3

QVQLVQSGAEVKKPGASVKVSCKASGYTFTGYNVNWVRQNNGQRLEWMGNIDPYYGGTT
YNRKFKGRVTITVDTSASTAYMELKSLRSEDTAVYYCARSVGPMDYWGQGTLVTVSS

SEQ ID NO:39 Nucleotide sequence encoding the HC of anti-hCD37 Ab1.A1 IgG1 (WT)

caagtgcagctcgtccagtccggggcagaggttaagaageccggcegcetagtgtgaaggtgagetgcaaggcectctggcetatactt
tcacagggtacaacgtgaactgggtgcgccagaacaacggccaacggttggagtggatgggtaacatcgatcectactacggg
ggtactacctacaacaggaaattcaaaggacgggtgactatcaccgtggacacatctgctictaccgectacatggagcetgaagtc
tttgcggtctgaggacaccgcecgtctattactgtgccagatcegtgggecctatggattattggggtcaagggaccctggtgaccegte
agctccgctagcaccaagggceccatcegtcttcccectggegcecctectccaagagceacctcetgggggcacageggecctgggcet
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gcctggtcaaggactacttcceccgaaccggtgacggtgtecgtggaactcaggegecctgaccageggegtgcacaccticecgg
ctgtcctacagtcctcaggactctactccctcagcagegtggtgaccgtgecctccagcagcettgggcacccagacctacatctgea
acgtgaatcacaagcccagcaacaccaaggtggacaagaaagttgagcccaaatcttgtgacaaaactcacacatgcccacce
gtgcccagcacctgaactcctggggggaccgtcagtcettectcticcccccaaaacccaaggacaccctcatgatctcccggaccee
ctgaggtcacatgcgtggtggtggacgtgagccacgaagaccctgaggtcaagticaactggtacgtggacggegtggaggtge
ataatgccaagacaaagccgcgggaggagcagtacaacagcacgtaccgtgtggtcagegtcctcaccgtectgcaccagga
ctggctgaatggcaaggagtacaagtgcaaggtctccaacaaagcecctcccageccccatcgagaaaaccatctccaaageca
aagggcagccccgagaaccacaggtgtacaccctgeccccatcccgggaggagatgaccaagaaccaggtcagcectgacct
gcctggtcaaaggcttctatcccagegacatcgecgtggagtgggagagcaatgggcagecggagaacaactacaagaccac
gccteecgtgetggacteccgacggctcecttcttectetatagcaagcetcaccgtggacaagagcaggtggcagcaggggaacgtct
tctcatgcetecgtgatgecatgaggctctgcacaaccactacacgcagaagagcectcteectgtetccgggtaaatga

SEQ ID NO:40 Amino acid sequence of the HC of anti-hCD37 Ab1.A1 1gG1 (WT)

QVQLVQSGAEVKKPGASVKVSCKASGYTFTGYNVNWVRQNNGQRLEWMGNIDPYYGGTT
YNRKFKGRVTITVDTSASTAYMELKSLRSEDTAVYYCARSVGPMDYWGQGTLVTVSSASTK
GPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGLYSLS
SVVTVPSSSLGTQTYICNVNHKPSNTKVDKKVEPKSCDKTHTCPPCPAPELLGGPSVFLFPP
KPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVL
TVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVYTLPPSREEMTKNQVSLTCL
VKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVM
HEALHNHYTQKSLSLSPGK

SEQ ID NO:41 Nucleotide sequence encoding the HC of anti-hCD37 Ab1.A1.2 1IgG1 (DCCG +
CKKPKK), having DCCG mutations in CH1 domain for cognate LC/HC pairings and
substitutions CKKPKK in CH3 domain for heterodimeric Fc formation

caggtgcagctggttcagtctggcgecgaagtgaagaaacctggcegcectctgtgaaggtgtectgcaaggcttetggctacaccttt
accggctacaacgtgaactgggtccgacagaacaacggccagcggcetggaatggatgggcaacatcgatccttactacggegg
caccacctacaaccggaagticaagggcagagtgaccatcaccgtggacacctctgectccaccgectacatggaactgaagtc
cctgagatccgaggacaccgecgtgtactactgegcetaggtctgtgggecctatggactattggggeccagggaacactggtcace
gtgtcctctgctagcaccaagggceccatecgtcticcecectggegecctectccaagageacctctgggggcacageggecctgg
gctgcectggtcgatgactacttcccecgaaccggtgacggtgtegtggaactcaggegecctgaccageggegtgcacacatgecce
cgcctgcectacagtcctcaggactctactcectcagcagegtggtgaccgtgecctccageagcettgggcacccagacctacatct
gcaacgtgaatcacaagcccagcaacaccaaggtggacaagaaagttgagcccaaatctggtgacaaaactcacacatgtect
ccatgtcctgctccagaactgetcggeggacctteegtgttectgtttcctccaaagectaaggacaccctgatgatctctcggacceece
tgaagtgacctgcgtggtggtggatgtgtctcacgaggatcccgaagtgaagttcaattggtacgtggacggegtggaagtgecaca
acgccaagaccaagcctagagaggaacagtacaactccacctacagagtggtgtcecgtgetgaccgtgetgcaccaggattgg
ctgaacggcaaagagtacaagtgcaaggtgtccaacaaggccctgcctgctcctatcgaaaagaccatcagcaaggecaagg
gccagcccagggaaccccaggtitacaccctgectccatgecgggaagagatgaccaagaatcaagtgaagcetgacctgtetcg
tgaagggctictacccctccgacatcgecgtggaatgggagtictaatggeccagcectgagaatccctacaagacaacccectectgtg
ctggacaaggacggctcattcttcctgtactccaagetgacagtggacaagtccagatggcagcagggceaacgtgttctectgete
cgtgatgcacgaggccctgcacaatcactacacccagaagtccctgtctetgtccectggcaaataa

SEQ ID NO:42 Amino acid sequence encoding the HC of anti-hCD37 Ab1.A1.2 1IgG1 (DCCG
+ CKKPKK), having DCCG mutations in CH1 domain for cognate LC/HC pairings and
substitutions CKKPKK in CH3 domain for heterodimer formation

QVQLVQSGAEVKKPGASVKVSCKASGYTFTGYNVNWVRQNNGQRLEWMGNIDPYYGGTT
YNRKFKGRVTITVDTSASTAYMELKSLRSEDTAVYYCARSVGPMDYWGQGTLVTVSSASTK
GPSVFPLAPSSKSTSGGTAALGCLVDDYFPEPVTVSWNSGALTSGVHTCPACLQSSGLYSL
SSVVTVPSSSLGTQTYICNVNHKPSNTKVDKKVEPKSGDKTHTCPPCPAPELLGGPSVFLFP
PKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSV
LTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVYTLPPCREEMTKNQVKLTC
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LVKGFYPSDIAVEWESNGQPENPYKTTPPVLDKDGSFFLYSKLTVDKSRWQQGNVFSCSVM
HEALHNHYTQKSLSLSPGK

SEQ ID NO:43 Nucleotide sequence encoding the HC of anti-hCD37 Ab1.A1.3 1gG1 (DCCG +
CDDDGD), having DCCG mutations in CH1 domain for cognate LC/HC pairings and
substitutions CDDDGD in CH3 domain for heterodimeric Fc formation

caggtgcagctggttcagtctggcgecgaagtgaagaaacctggcegcectctgtgaaggtgtectgcaaggcttetggctacaccttt
accggctacaacgtgaactgggtccgacagaacaacggccagceggcetggaatggatgggcaacatcgatccttactacggegg
caccacctacaaccggaagticaagggcagagtgaccatcaccgtggacacctctgectccaccgectacatggaactgaagtc
cctgagatccgaggacaccgecgtgtactactgegcetaggtctgtgggecctatggactattggggeccagggaacactggtcacce
gtgtcctetgctagcaccaagggceccatecgtcticcecectggegecctectccaagageacctetgggggcacageggecctgg
gctgcectggtcgatgactacttcccecgaaccggtgacggtgtegtggaactcaggegecctgaccageggegtgcacacatgecce
cgcctgcectacagtcctcaggactctactcectcagcagegtggtgaccgtgecctccageagcettgggcacccagacctacatct
gcaacgtgaatcacaagcccagcaacaccaaggtggacaagaaagtigagcccaaatctggtgacaaaactcacacatgecc
accgtgcccagcacctgaactcctgggeggaccgtcagtcttecteticcctccaaaacccaaggacacccetcatgatetceccgga
cccctgaggtcacatgegtggtaggtggacgtgagccacgaagaccctgaggtcaagttcaactggtacgtggacggegtggagg
tgcataatgccaagacaaagccgecgggaggagcagtacaacagcacgtaccgtgtggtcagegtcectcaccgtectgcaccag
gactggctgaatggcaaggagtacaagtgcaaggtctccaacaaagcecctcccageccccatcgagaaaaccatctccaaage
caaagggcagccccgagaaccacaggtgtgcaccctgeccccatcccgggaggagatgaccaagaaccaggtggacctgac
ctgccetggtggacggctictatcccagegacatcgecgtggagtgggagagcaatgggcagecggagaacgactacggcacca
cgccteecgtgetggacgacgacggctcecticticctctatagcaagcetcaccgtggacaagagcaggtggcagcaggggaacgt
cttctcatgctccgtgatgcatgaggcetctgcacaaccactacacgcagaaaagcectcicectgtctccgggtaaataa

SEQ ID NO:44 Amino acid sequence of the HC of anti-hCD37 Ab1.A1.3 IgG1 (DCCG +
CDDDGD), having DCCG mutations in CH1 domain for cognate LC/HC pairings and
substitutions CDDDGD in CH3 domain for heterodimeric Fc formation

QVQLVQSGAEVKKPGASVKVSCKASGYTFTGYNVNWVRQNNGQRLEWMGNIDPYYGGTT
YNRKFKGRVTITVDTSASTAYMELKSLRSEDTAVYYCARSVGPMDYWGQGTLVTVSSASTK
GPSVFPLAPSSKSTSGGTAALGCLVDDYFPEPVTVSWNSGALTSGVHTCPACLQSSGLYSL
SSVVTVPSSSLGTQTYICNVNHKPSNTKVDKKVEPKSGDKTHTCPPCPAPELLGGPSVFLFP
PKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSV
LTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVCTLPPSREEMTKNQVDLTC
LVDGFYPSDIAVEWESNGQPENDYGTTPPVLDDDGSFFLYSKLTVDKSRWQQGNVFSCSV
MHEALHNHYTQKSLSLSPGK

SEQ ID NO:45 Nucleotide sequence encoding the VL of the humanized anti-hCD37
antibodies Ab1.A1, Ab1.A1.1, Ab1.A1.2, Ab1.A1.3

Gacatccagatgacccagtccecgtectetctgagegecagtgtcggggaccgegtcaccattacctgtcgtaccagtgagaacg
tctacaactatctggcctggtatcagcagaaaccaggcaaggceccctaagcetgtigatctatittgcaaagaccctggetgaaggeg
tccectececggtttagegggagtggceteccggtacacagtttaccttigacaattagcagectgcagecggaagactcegectectatta
ctgtcagcatcacagcgataacccctggacatttggtgggggcaccgagcetggagatcaag

SEQ ID NO:46 Amino acid sequence of the VL of the humanized anti-hnCD37 antibodies
Ab1.A1, Ab1.A1.1, Ab1.A1.2, Ab1.A1.3

DIQMTQSPSSLSASVGDRVTITCRTSENVYNYLAWYQQKPGKAPKLLIYFAKTLAEGVPSRFS
GSGSGTQFTLTISSLQPEDSASYYCQHHSDNPWTFGGGTELEIK

112



WO 2023/049732 PCT/US2022/076758

SEQ ID NO:47 Nucleotide sequence encoding the LC of the humanized anti-
hCD37 Ab1.A1 (WT)

gacatccagatgacccagtccecgtectctectgagegecagtgtcggggaccgcegtcaccattacctgtcgtaccagtgagaacgt
ctacaactatctggcectggtatcagcagaaaccaggcaaggcccctaagcetgttgatctattttgcaaagaccctggetgaaggegt
ccccteecggtttagegggagtggcetececggtacacagtitacctigacaattagcagectgcageccggaagactcegcectectatta
ctgtcagcatcacagcgataacccctggacatttiggtgggggcaccgagcetggagatcaagegtacggtggcetgcaccatetgtct
tcatcttcccgcecatctgatgagcagttgaaatctggaactgectetgtigtgtgectgetgaataactictatcccagagaggecaaa
gtacagtggaaggtggataacgccctccaatcgggtaactcccaggagagtgtcacagagcaggacagcaaggacagceacct
acagcctcagcagcaccctgacgctgagcaaagcagactacgagaaacacaaagtictacgectgcgaagtcacccatcaggg
cctgagcetcgeccgtcacaaagagcetticaacaggggagagtgttga

SEQ ID NO:48 Amino acid sequence of the LC of the humanized anti-hCD37 Ab1.A1 (WT)

DIQMTQSPSSLSASVGDRVTITCRTSENVYNYLAWYQQKPGKAPKLLIYFAKTLAEGVPSRFS
GSGSGTQFTLTISSLQPEDSASYYCQHHSDNPWTFGGGTELEIKRTVAAPSVFIFPPSDEQL
KSGTASVVCLLNNFYPREAKVQWKVDNALQSGNSQESVTEQDSKDSTYSLSSTLTLSKADY
EKHKVYACEVTHQGLSSPVTKSFNRGEC

SEQ ID NO:49 Nucleotide sequence encoding the LC of the humanized anti-hCD37
Ab1.A1.1, Ab1.A1.2, Ab1.A1.3 (KCCS)

gacatccagatgacccagtccecgtectctectgagegecagtgtcggggaccgcegtcaccattacctgtcgtaccagtgagaacgt
ctacaactatctggcectggtatcagcagaaaccaggcaaggcccctaagcetgttgatctattttgcaaagaccctggetgaaggegt
ccccteecggtttagegggagtggcetececggtacacagtitacctigacaattagcagectgcageccggaagactcegcectectatta
ctgtcagcatcacagcgataacccctggacatttiggtgggggcaccgagcetggagatcaagegtacggtggcetgcaccatetgtct
tcatcttcccgcecatctgatgagcagttgaaatctggaactgccaaggttgtgtgectgetgaataacttctatcccagagaggcecaa
agtacagtggaaggtggataacgccctccaatcgggtaactcctgegagtgtgtcacagagcaggacagcaaggacagcacct
acagcctcagcagcaccctgacgcetgagcaaagcagactacgagaaacacaaagtictacgectgcgaagtcacccatcaggg
cctgagcetcgeccgtcacaaagagcettcaacaggggagagagcetga

SEQ ID NO:50 Amino acid sequence of the LC of the humanized anti-hCD37 Ab1.A1.1,
Ab1.A1.2, Ab1.A1.3 (KCCS)

DIQMTQSPSSLSASVGDRVTITCRTSENVYNYLAWYQQKPGKAPKLLIYFAKTLAEGVPSRFS
GSGSGTQFTLTISSLQPEDSASYYCQHHSDNPWTFGGGTELEIKRTVAAPSVFIFPPSDEQL
KSGTAKVVCLLNNFYPREAKVQWKVDNALQSGNSCECVTEQDSKDSTYSLSSTLTLSKADY
EKHKVYACEVTHQGLSSPVTKSFNRGES

SEQ ID NO:51 Nucleotide sequence encoding the VH of anti-hCLDN18.2 59F9E1

caggttcagctggticagtctggecgecgaagtgaagaaacctggctecteccgtgaaggtgtectgcaaggcetictggctataccctg

accggctactggatcgagtggctgagacagaggcectggacagggacttgagtggatgggagagatcctgetcggceteeggcetee
atcaagtacaacgtgaagttcaaggaccgcgtgaccatcaccgccgacgagtctacctctaccgectacatggaactgtccagec
tgagatctgaggacaccgccgtgtactactgcgccagaaagggectgagaggcaactccttcgattactggggecagggeacac
tggtcaccgtgtcctct

SEQ ID NO:52 Amino acid sequence of the VH of anti-hCLDN18.2 clone 59F9E1

QVQLVQSGAEVKKPGSSVKVSCKASGYTLTGYWIEWLRQRPGQGLEWMGEILLGSGSIKYN
VKFKDRVTITADESTSTAYMELSSLRSEDTAVYYCARKGLRGNSFDYWGQGTLVTVSS

SEQ ID NO:53 Nucleotide sequence encoding the HC of humanized anti-hCLDN18.2 clone
59F9E1 1gG1 (WT)
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CAGGTTCAGCTGGTTCAGTCTGGCGCCGAAGTGAAGAAACCTGGCTCCTCCGTGAAGGT
GTCCTGCAAGGCTTCTGGCTATACCCTGACCGGCTACTGGATCGAGTGGCTGAGACAGA
GGCCTGGACAGGGACTTGAGTGGATGGGAGAGATCCTGCTCGGCTCCGGCTCCATCAA
GTACAACGTGAAGTTCAAGGACCGCGTGACCATCACCGCCGACGAGTCTACCTCTACCG
CCTACATGGAACTGTCCAGCCTGAGATCTGAGGACACCGCCGTGTACTACTGCGCCAGA
AAGGGCCTGAGAGGCAACTCCTTCGATTACTGGGGCCAGGGCACACTGGTCACCGTGT
CCTCTGCTAGCACCAAGGGACCCAGCGTGTTCCCTCTGGCTCCTTCCAGCAAGTCTACA
TCCGGCGGAACAGCTGCTCTGGGCTGCCTGGTCAAGGACTACTTTCCTGAGCCTGTGAC
CGTGTCTTGGAACTCTGGCGCTCTGACAAGCGGCGTGCACACCTTTCCAGCTGTGCTGC
AATCCTCCGGCCTGTACTCTCTGTCCTCCGTCGTGACCGTGCCTTCTAGCTCTCTGGGC
ACCCAGACCTACATCTGCAATGTGAACCACAAGCCTTCCAACACCAAGGTGGACAAGAA
GGTGGAACCCAAGTCCTGCGACAAGACCCACACCTGTCCTCCATGTCCTGCTCCAGAAC
TCCTGGGGGGACCGTCAGTCTTCCTCTTCCCCCCAAAACCCAAGGACACCCTCATGATC
TCCCGGACCCCTGAGGTCACATGCGTGGTGGTGGACGTGAGCCACGAAGACCCTGAGG
TCAAGTTCAACTGGTACGTGGACGGCGTGGAGGTGCATAATGCCAAGACAAAGCCGCG
GGAGGAGCAGTACAACAGCACGTACCGTGTGGTCAGCGTCCTCACCGTCCTGCACCAG
GACTGGCTGAATGGCAAGGAGTACAAGTGCAAGGTCTCCAACAAAGCCCTCCCAGCCCC
CATCGAGAAAACCATCTCCAAAGCCAAAGGGCAGCCCCGAGAACCACAGGTGTACACCC
TGCCCCCATCCCGGGAGGAGATGACCAAGAACCAGGTCAGCCTGACCTGCCTGGTCAA
AGGCTTCTATCCCAGCGACATCGCCGTGGAGTGGGAGAGCAATGGGCAGCCGGAGAAC
AACTACAAGACCACGCCTCCCGTGCTGGACTCCGACGGCTCCTTCTTCCTCTATAGCAA
GCTCACCGTGGACAAGAGCAGGTGGCAGCAGGGGAACGTCTTCTCATGCTCCGTGATG
CATGAGGCTCTGCACAACCACTACACGCAGAAGAGCCTCTCCCTGTCTCCGGGTAAATG
ATAG

SEQ ID NO:54 Amino acid sequence of the HC of humanized anti-hCLDN18.2 clone 59F9E1
1gG1 (WT)

QVQLVQSGAEVKKPGSSVKVSCKASGYTLTGYWIEWLRQRPGQGLEWMGEILLGSGSIKYN
VKFKDRVTITADESTSTAYMELSSLRSEDTAVYYCARKGLRGNSFDYWGQGTLVTVSSASTK
GPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGLYSLS
SVVTVPSSSLGTQTYICNVNHKPSNTKVDKKVEPKSCDKTHTCPPCPAPELLGGPSVFLFPP
KPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVL
TVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVYTLPPSREEMTKNQVSLTCL
VKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVM
HEALHNHYTQKSLSLSPGK

SEQ ID NO:55 Nucleotide sequence encoding the HC of anti-hCLDN18.2 59F9E1 1gG1 with
substitutions 147D, F170C, V173C in CH1 region and C220G in upper hinge region for
cognate HC/LC pairing (DCCG)

caggttcagctggttcagtctggcgecgaagtgaagaaacctggctcctccgtgaaggtgtectgcaaggctictggeta
taccctgaccggctactggatcgagtggetgagacagaggcectggacagggacttgagtggatgggagagatcctge
tcggctcecggctccatcaagtacaacgtgaagticaaggaccgcegtgaccatcaccgecgacgagtctacctctaceg
cctacatggaactgtccagcctgagatctgaggacaccgcecgtgtactactgcgccagaaagggectgagaggcaa
ctccttcgattactggggccagggcacactggtcaccgtgtcctctgectagcaccaagggacccagegtgttcectetgg
ctccttccagcaagtctacatccggeggaacagcetgcetctgggcetgectggtcgacgactactttcctgagectgtgace
gtgtcttggaactctggcgcetctgacaageggegtgcacacctgeccagcettgectgcaatcctccggectgtactctetgt
ccteegtegtgaccgtgecttctagcetctectgggcacccagacctacatctgcaatgtgaaccacaagcecttccaacacc
aaggtggacaagaaggtggaacccaagtccggcgacaagacccacacctgtcctccatgtectgetccagaactcect
ggggggaccgtcagtcttcctcticcccccaaaacccaaggacaccctcatgatctcccggaccectgaggtcacatg
cgtggtggtggacgtgagccacgaagaccctgaggtcaagttcaactggtacgtggacggegtggaggtgcataatg
ccaagacaaagccgcgggaggagcagtacaacagcacgtaccgtgtggtcagegtcctcaccgtectgcaccagg
actggctgaatggcaaggagtacaagtgcaaggtctccaacaaagccctcccagceccccatcgagaaaaccatctc
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caaagccaaagggcagccccgagaaccacaggtgtacaccctgcccccatcccgggaggagatgaccaagaac

caggtcagcctgacctgectggtcaaaggcttctatcccagecgacatcgecgtggagtgggagagcaatgggeagec
ggagaacaactacaagaccacgcctcccgtgetggactccgacggctccticticctctatagcaagcetcaccgtggac
aagagcaggtggcagcaggggaacgtcttctcatgctccgtgatgcatgaggcetctgcacaaccactacacgcagaa
gagccitctccctgtctccgggtaaatgatag

SEQ ID NO:56 Amino acid sequence of the HC of anti-hCLDN18.2 59F9E1 IgG1 with
substitutions 147D, F170C, V173C in CH1 region and C220G in upper hinge region for
cognate HC/LC pairing (DCCG)

QVQLVQSGAEVKKPGSSVKVSCKASGYTLTGYWIEWLRQRPGQGLEWMGEILLGSGSIKYN
VKFKDRVTITADESTSTAYMELSSLRSEDTAVYYCARKGLRGNSFDYWGQGTLVTVSSASTK
GPSVFPLAPSSKSTSGGTAALGCLVDDYFPEPVTVSWNSGALTSGVHTCPACLQSSGLYSL
SSVVTVPSSSLGTQTYICNVNHKPSNTKVDKKVEPKSGDKTHTCPPCPAPELLGGPSVFLFP
PKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSV
LTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVYTLPPSREEMTKNQVSLTC
LVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVM
HEALHNHYTQKSLSLSPGK

SEQ ID NO:57 Nucleotide sequence encoding the HC of anti-hCLDN18.2 59F9E1 1gG1 with
substitutions 147D, F170C, V173C, C220G for cognate LC/HC pairing and substitutions
Y349C, S364D, K370D, N390D, K392G, S400D to force heterodimer formation (DCCG +
CDDDGD)

caggttcagctggticagtctggecgecgaagtgaagaaacctggctecteccgtgaaggtgtectgcaaggcetictggctataccctg
accggctactggatcgagtggctgagacagaggcectggacagggacttgagtggatgggagagatcctgetcggceteeggcetee
atcaagtacaacgtgaagttcaaggaccgcgtgaccatcaccgccgacgagtctacctctaccgectacatggaactgtccagec
tgagatctgaggacaccgccgtgtactactgcgccagaaagggectgagaggcaactccttcgattactggggecagggeacac
tggtcaccgtgtcctctgctagcaccaagggacccagcegtgticectetggcetecticcagecaagtctacatccggeggaacagetg
ctctgggcetgectggtcgacgactactttcctgagectgtgaccegtgtettggaactctggcegcetctgacaageggegtgcacacctg
cccagcttgectgcaatectceggectgtactctetgtectecgtegtgaccegtgectictagcetetectgggcacccagacctacatcetg
caatgtgaaccacaagcctticcaacaccaaggtggacaagaaggtggaacccaagtccggcgacaagacccacacctgtect
ccatgtcctgctccagaactgetcggeggacccagegtgttcetgtitcctccaaagectaaggacaccctgatgatctetcggacce
ctgaagtgacctgcgtggtggtggatgtgtctcacgaggacccagaagtgaagtttaattiggtacgtggacggegtggaggtgeat
aatgccaagacaaagccgcgggaggagcagtacaacagcacgtaccgtgtggtcagegtectcaccgtecctgcaccaggact
ggctgaatggcaaggagtacaagtgcaaggtctccaacaaagcecctcccageccccatcgagaaaaccatctccaaagecaa
agggcagccccgagaaccacaggtgtgcaccctgcccccatcccgggaggagatgaccaagaaccaggtcgacctgacctg
cctggtcgacggctictatcccagcgacatcgecgtggagtgggagagecaatgggecagecggagaacgactacggeaccacg
ccteecgtgetggacgacgacggctecticticetctatagcaagcetcaccgtggacaagagcaggtggcagcaggggaacgtcett
ctcatgctccgtgatgcatgaggcetctgcacaaccactacacgcagaagagccteteecetgtctccgggcaaatgataa

SEQ ID NO:58 Amino acid sequence of the HC of anti-hCLDN18.2 59F9E1 IgG1 with
substitutions 147D, F170C, V173C, C220G for cognate LC/HC pairing and substitutions
Y349C, S364D, K370D, N390D, K392G, S400D to force heterodimeric F¢ formation (DCCG +
CDDDGD)

QVQLVQSGAEVKKPGSSVKVSCKASGYTLTGYWIEWLRQRPGQGLEWMGEILLGSGSIKYN
VKFKDRVTITADESTSTAYMELSSLRSEDTAVYYCARKGLRGNSFDYWGQGTLVTVSSASTK
GPSVFPLAPSSKSTSGGTAALGCLVDDYFPEPVTVSWNSGALTSGVHTCPACLQSSGLYSL
SSVVTVPSSSLGTQTYICNVNHKPSNTKVDKKVEPKSGDKTHTCPPCPAPELLGGPSVFLFP
PKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSV
LTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVCTLPPSREEMTKNQVDLTC
LVDGFYPSDIAVEWESNGQPENDYGTTPPVLDDDGSFFLYSKLTVDKSRWQQGNVFSCSV
MHEALHNHYTQKSLSLSPGK
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SEQ ID NO:59 Nucleotide sequence encoding the VL of the humanized anti-hCLDN18.2
59F9E1

gatatcgtaatgacacaatcaccttcatcactgaccgtgagtctcggggaaaaagcetactatatcctgtaaatcctcccaatcacttet
taacgctgggaaccaaaagtcttatcttacttiggtaccagcaaaagcccggtcaaccacctaageggctcatttattgggceticcac
cagagagtctggggtaccagaccgcttctctggaageggcagtgggactgactttactttgaccatttcatctctgcaagcagaaga
cttggcagtttattatigtcaaaacgattactattacccatttacattcggtcaaggaactaaagtggaaataaaa

SEQ ID NO:60 Amino acid sequence of the VL of the humanized anti-hCLDN18.2 59F9E1

DIVMTQSPSSLTVSLGEKATISCKSSQSLLNAGNQKSYLTWYQQKPGQPPKRLIYWASTRES
GVPDRFSGSGSGTDFTLTISSLQAEDLAVYYCQNDYYYPFTFGQGTKVEIK

SEQ ID NO:61 Nucleotide sequence encoding the LC of the humanized anti-hCLDN18.2
clone 59F9E1 (WT)

Gatatcgtaatgacacaatcaccttcatcactgaccgtgagtctcggggaaaaagctactatatcctgtaaatcctcccaatcacttc
ttaactctgggaaccaaaagtcttatcttacttiggtaccagcaaaagcccggtcaaccacctaageggcetcatttattgggceticcac
cagagagtctggggtaccagaccgcttctctggaagcggcagtgggactgactttactttgaccatttcatctctgcaagcagaaga
cttggcagtttattatigtcaaaacgattactattacccatttacatticggtcaaggaactaaagtggaaataaaacgtacggtggctg
caccatctgtcttcatcttcccgcecatctgatgagcagtigaaatctggaactgectcetgttgtgtgectgetgaataacttctatcccaga
gaggccaaagtacagtggaaggtggataacgccctccaatcgggtaactcccaggagagtgtcacagagcaggacagcaag
gacagcacctacagcctcagcagcaccctgacgctgagcaaagcagactacgagaaacacaaagtctacgectgcgaagtca
cccatcagggcectgagcetcgeccgtcacaaagagceticaacaggggagagtgttgatag

SEQ ID NO:62 Amino acid sequence of the LC of the humanized anti-hCLDN18.2 clone
59F9E1 (WT)

DIVMTQSPSSLTVSLGEKATISCKSSQSLLNSGNQKSYLTWYQQKPGQPPKRLIYWASTRES
GVPDRFSGSGSGTDFTLTISSLQAEDLAVYYCQNDYYYPFTFGQGTKVEIKRTVAAPSVFIFP
PSDEQLKSGTASVVCLLNNFYPREAKVQWKVDNALQSGNSQESVTEQDSKDSTYSLSSTLT
LSKADYEKHKVYACEVTHQGLSSPVTKSFNRGEC

SEQ ID NO:63 Nucleotide sequence encoding the LC of the humanized anti-hCLDN18.2
clone 59F9E1 with mutations S131K, Q160C, S162C, and C214S (KCCS)

gatatcgtaatgacacaatcaccttcatcactgaccgtgagtctcggggaaaaagcetactatatcctgtaaatcctcccaatcacttet
taacgctgggaaccaaaagtcttatcttacttiggtaccagcaaaagcccggtcaaccacctaageggctcatttattgggceticcac
cagagagtctggggtaccagaccgcttctctggaageggcagtgggactgactttactttgaccatttcatctctgcaagcagaaga
cttggcagtttattatigtcaaaacgattactattacccatttacatticggtcaaggaactaaagtggaaataaaacgtacggtggctg
caccatctgtcttcatcticccgecatctgatgagcagttgaaatctggaactgccaaggttgtgtgectgetgaataacttctatccca
gagaggccaaagtacagtggaaggtggataacgccctccaatcgggtaactcctgegagtgtgtcacagagcaggacagcaa
ggacagcacctacagcctcagcagcaccctgacgctgagcaaagcagactacgagaaacacaaagtctacgectgcgaagtc
acccatcagggcctgagctcgeccgtcacaaagagcttcaacaggggagagagcetaatga

SEQ ID NO:64 Amino acid sequence of the LC of the humanized anti-hCLDN18.2 clone
59F9E1 with mutations S131K, Q160C, S162C, and C214S (KCCS)

DIVMTQSPSSLTVSLGEKATISCKSSQSLLNAGNQKSYLTWYQQKPGQPPKRLIYWASTRES
GVPDRFSGSGSGTDFTLTISSLQAEDLAVYYCQNDYYYPFTFGQGTKVEIKRTVAAPSVFIFP
PSDEQLKSGTAKVVCLLNNFYPREAKVQWKVDNALQSGNSCECVTEQDSKDSTYSLSSTLT
LSKADYEKHKVYACEVTHQGLSSPVTKSFNRGES

SEQ ID NO:65 Nucleotide sequence encoding the VH of anti-hSIRPa clone #24
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gaggtgcagctggtggaatctggcggaggacttgtgaagcectggeggcetctctgagactgtettgtgecgcettccggcettcaccttete
cagctacgtgatgtcctgggtccgacagacccectggcaaaggactggaatgggtcgecacaatctectccggeggeacctacac
ctactatcccgactctgtgaagggcagattcaccctgtccagagacaacgccaagaactcectgtacctgcagatgaacagectg
agagccgaggacaccgccgtgtactactgtgctictcagctgaccggcetecegagticgattattggggecagggecaccaccgtgac
cgtgtcctct

SEQ ID NO:66 Amino acid sequence of the VH of anti-hSIRPa clone #24

EVQLVESGGGLVKPGGSLRLSCAASGFTFSSYVMSWVRQTPGKGLEWVATISSGGTYTYYP
DSVKGRFTLSRDNAKNSLYLQMNSLRAEDTAVYYCASQLTGSEFDYWGQGTTVTVSS

SEQ ID NO:67 Nucleotide sequence encoding the HC of anti-hSIRPa clone #24 1gG (WT)

ATGGACATGAGAGTGCCCGCTCAGCTGCTGGGACTGCTGCTGTTGTGGTTGAGAGGCG
CTAGATGCGAGGTGCAGCTGGTGGAATCTGGCGGAGGACTTGTGAAGCCTGGCGGCTC
TCTGAGACTGTCTTGTGCCGCTTCCGGCTTCACCTTCTCCAGCTACGTGATGTCCTGGGT
CCGACAGACCCCTGGCAAAGGACTGGAATGGGTCGCCACAATCTCCTCCGGCGGCACC
TACACCTACTATCCCGACTCTGTGAAGGGCAGATTCACCCTGTCCAGAGACAACGCCAA
GAACTCCCTGTACCTGCAGATGAACAGCCTGAGAGCCGAGGACACCGCCGTGTACTACT
GTGCTTCTCAGCTGACCGGCTCCGAGTTCGATTATTGGGGCCAGGGCACCACCGTGAC
CGTGTCCTCTGCTTCTACCAAGGGACCCAGCGTGTTCCCTCTGGCTCCTTGCTCCAGAT
CCACCTCCGAGTCTACAGCTGCTCTGGGCTGCCTGGTCAAGGACTACTTTCCTGAGCCT
GTGACAGTGTCCTGGAACTCTGGCGCTCTGACATCCGGCGTGCACACATTTCCAGCTGT
GCTGCAGTCCTCCGGCCTGTACTCTCTGTCCTCTGTCGTGACAGTGCCCTCCTCTAGCC
TGGGCACCAAGACCTATACCTGCAATGTGGACCACAAGCCTTCCAACACCAAGGTGGAC
AAGCGCGTGGAATCTAAGTACGGCCCTCCTTGTCCTCCATGTCCTGCTCCTCCAGTGGC
TGGCCCTTCCGTGTTTCTGTTCCCTCCAAAGCCTAAGGACACCCTGATGATCTCTCGGAC
CCCTGAAGTGACCTGCGTGGTGGTGGATGTGTCTCACGAGGATCCTGAGGTGCAGTTCA
ATTGGTACGTGGACGGCGTGGAAGTGCACAATGCCAAGACCAAGCCTAGAGAGGAACA
GTTCAACTCCACCTTCAGAGTGGTGTCCGTGCTGACCGTGGTGCATCAGGATTGGCTGA
ACGGCAAAGAGTACAAGTGCAAGGTGTCCAACAAAGGCCTGGCCGCTCCTATCGAAAAG
ACCATCTCTAAGACCAAGGGGCAGCCCCGGGAACCTCAGGTTTACACACTGCCTCCAAG
CCGGGAAGAGATGACCAAGAACCAGGTGTCCCTGACCTGCCTCGTGAAGGGCTTCTAC
CCTTCCGATATCGCCGTGGAATGGGAGTCCAATGGCCAGCCAGAGAACAACTACAAGAC
CACACCTCCTATGCTGGACTCCGACGGCTCATTCTTCCTGTACTCCAAGCTGACAGTGG
ACAAGTCCAGATGGCAGCAGGGCAACGTGTTCTCCTGCAGCGTGATGCACGAGGCCCT
GCACAATCACTACACCCAGAAGTCCCTGTCTCTGAGCCCTGGCAAGTAATGA

SEQ ID NO:68 Amino acid sequence of the HC of anti-hSIRPa clone #24 1gG (WT)

EVQLVESGGGLVKPGGSLRLSCAASGFTFSSYVMSWVRQTPGKGLEWVATISSGGTYTYYP
DSVKGRFTLSRDNAKNSLYLQMNSLRAEDTAVYYCASQLTGSEFDYWGQGTTVTVSSASTK
GPSVFPLAPCSRSTSESTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGLYSLS
SVVTVPSSSLGTKTYTCNVDHKPSNTKVDKRVESKY GPPCPPCPAPPVAGPSVFLFPPKPK
DTLMISRTPEVTCVVVDVSHEDPEVQFNWYVDGVEVHNAKTKPREEQFNSTFRVVSVLTVV
HQDWLNGKEYKCKVSNKGLAAPIEKTISKTKGQPREPQVYTLPPSREEMTKNQVSLTCLVKG
FYPSDIAVEWESNGQPENNYKTTPPMLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEA
LHNHYTQKSLSLSPGK

SEQ ID NO:69 Nucleotide sequence encoding the HC of anti-hSIRPa clone #24 1gG with
S354C, S364K, N390P and S400K in CH3 region for heterodimeric Fc formation (CKKPKK)

gaggtgcagctggtggaatctggcggaggacttgtgaagcectggeggcetctctgagactgtettgtgecgcettccggcettcaccttete

cagctacgtgatgtcctgggtccgacagacccectggcaaaggactggaatgggtcgecacaatctectccggeggeacctacac
ctactatcccgactctgtgaagggcagattcaccctgtccagagacaacgccaagaactcectgtacctgcagatgaacagectg
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agagccgaggacaccgccgtgtactactgtgctictcagctgaccggcetecegagticgattattggggecagggecaccaccgtgac
cgtgtcctctgctagcaccaagggeccatecgtcticcecectggegecctectccaagagceacctectgggggcacageggecctgg
gctgcectggtcaaggactacticcccgaaccggtgacggtgtegtggaactcaggegecctgaccageggegtgcacaccttece
ggctgtcctacagtcctcaggactctactcectcagcagegtggtgaccgtgecctccagecagettgggcacccagacctacatcetg
caacgtgaatcacaagcccagcaacaccaaggtggacaagaaagttgagcccaaatcttgtgacaaaactcacacatgecca
ccgtgcccagcacctgaactectggggggaccgtcagtcttectcticcccccaaaacccaaggacaccctcatgatctceccggac
ccctgaggtcacatgegtggtggtggacgtgageccacgaagacccetgaggtcaagticaactggtacgtggacggcegtggaggt
gcataatgccaagacaaagccgcgggaggagcagtacaacagcacgtaccgtgtggtcagegtectcaccgtectgecaccag
gactggctgaatggcaaggagtacaagtgcaaggtctccaacaaagcecctcccageccccatcgagaaaaccatctccaaage
caaagggcagccccgagaaccacaggtgtacaccctgeccccatgeccgggaggagatgaccaagaaccaggtcaagcetgac
ctgccetggtcaaaggctictatcccagegacatcgecgtggagtgggagagcaatgggecagecggagaacccttacaagacca
cgccteecgtgetggacaaggacggctcecticttcctctatagcaagcetcaccgtggacaagagcaggtggcagcaggggaacg
tctictcatgetcegtgatgecatgaggcetctgcacaaccactacacgcagaagagcctcteectgtctccgggcaaatgataa

SEQ ID NO:70 Amino acid sequence of the HC of anti-hSIRPa clone #24 IgG with S354C,
S364K, N390P and S400K for heterodimeric Fc formation (CKKPKK)

EVQLVESGGGLVKPGGSLRLSCAASGFTFSSYVMSVWRQTPGKGLEWVATISSGGTYTYYP
DSVKGRFTLSRDNAKNSLYLQMNSLRAEDTAVYYCASQLTGSEFDYWGQGTTVTVSSASTK
GPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGLYSLS
SWTVPSSSLGTQTYICNVNHKPSNTKVDKKVEPKSCDKTHTCPPCPAPELLGGPSVFLFPP
KPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVL
TVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVYTLPPCREEMTKNQVKLTCL
VKGFYPSDIAVEWESNGQPENPYKTTPPVLDKDGSFFLYSKLTVDKSRWQQGNVFSCSVM
HEALHNHYTQKSLSLSPGK

SEQ ID NO:71 Nucleotide sequence encoding the VL of the humanized anti-hSIRPa clone
#24

gacattgtcttgacccaatcacctgcaagcectcgecgtatctectcggggagegggcecacaatttcttgeccgggeatcagaaagtgta
gacttgtatggcacttcctttatgcattggtatcaacaaaaacccggccaacctcctaaactcttgatttatcgggectccaacctcgaa
tccggtgtgectgategtttitcaggttcaggaagcagaacagacttcacactcaccataaacccectccaggcetgaagacgtegece
acttactattgtcaccagtcticagacgagctgccttiggacatttggaggtggaactaaggttgagatcaaa

SEQ ID NO:72 Amino acid sequence of the VL of the humanized anti-hSIRPa clone #24

DIVLTQSPASLAVSLGERATISCRASESVDLYGTSFMHWYQQKPGQPPKLLIYRASNLESGV
PDRFSGSGSRTDFTLTINPLQAEDVATYYCHQSSDELPWTFGGGTKVEIK

SEQ ID NO:73 Nucleotide sequence encoding the LC of the humanized anti-hSIRPa clone
#24 (WT)

gacattgtcttgacccaatcacctgcaagcectcgecgtatctectcggggagegggcecacaatttcttgeccgggeatcagaaagtgta
gacttgtatggcacttcctttatgcattggtatcaacaaaaacccggccaacctcctaaactcttgatttatcgggectccaacctcgaa
tccggtgtgectgategtttitcaggttcaggaagcagaacagacttcacactcaccataaacccectccaggcetgaagacgtegece
acttactattgtcaccagtcticagacgagctgccttiggacatttggaggtggaactaaggttgagatcaaacgtacggtggetgcac
catctgtcttcatcttcccgecatctgatgagcagttgaaatctggaactgectctgtigtgtgectgetgaataactictatcccagaga
ggccaaagtacagtggaaggtggataacgccctccaatcgggtaactcccaggagagtgtcacagagcaggacagcaagga
cagcacctacagcctcagcagcaccctgacgctgagcaaagcagactacgagaaacacaaagtctacgcectgcgaagtcace
catcagggcctgagctcgeccgtcacaaagagcticaacaggggagagtgttgataa

SEQ ID NO:74 Amino acid sequence of the LC of the humanized anti-hSIRPa clone #24 (\WT)
DIVLTQSPASLAVSLGERATISCRASESVDLYGTSFMHWYQQKPGQPPKLLIYRASNLESGV
PDRFSGSGSRTDFTLTINPLQAEDVATYYCHQSSDELPWTFGGGTKVEIKRTVAAPSVFIFPP

SDEQLKSGTASVVCLLNNFYPREAKVQWKVDNALQSGNSQESVTEQDSKDSTYSLSSTLTL
SKADYEKHKVYACEVTHQGLSSPVTKSFNRGEC
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SEQ ID NO:75 Nucleotide sequence encoding the HC of the humanized anti-hCD20
Ab1.2.2.1

caggtgcagctggtgcagtctggcgecgaagtgaagaaaccceggcetecteccgtgaaggtgtectgcaaggectcecggcetacaccet
ttaccagctacaacatgcactgggtgcgacaggceccctggacagggcectggaatggatgggcegctatctaccctggcaacggeg
acacctcctacaaccagaaattccagggcagagtgaccctgaccgtggacaagtcctecctccaccgectacatggaactgtectc
cctgecggagegaggataccgcecgtgtactictgtgeccgggatggtgtactactccaactectactggtactticgacgtgtggggeace
ggcacaatggtcaccgtgtcctccgcetagcaccaaggggcecatecgtettceccectggegecctgetccaggageacctccgaga
gcacagccgcecctgggctgectggtcaaggactacttccccgaaccggtgacggtgtcgtggaactcaggegecctgaccageg
gcgtgcacaccticccggcetgtectacagtectcaggactctactecctcagcagegtggtgaccgtgecctccageagcettgggcea
cgaagacctacacctgcaacgtagatcacaagcccagcaacaccaaggtggacaagagagttgagtccaaatatggecccecce
atgcccaccgtgcccagceacctgaactcectggggggaccggacgtcticctettccccccaaaacccaaggacaccctcatgate
tcccggaccectgaggtcacatgegtggtggtggacgtgageccacgaagaccctgaggtcaagticaactggtacgtggacgge
gtggaggtgcataatgccaagacaaagccgcgggaggagcagtacaacgcecacgtaccgtgtggtcagegtectcacegtect
gcaccaggactggctgaatggcaaggagtacaagtgcaaggtctccaacaaagcecctcccageccccatcgagaaaaccatcet
ccaaagccaaagggcagccccgagaaccacaggtgtacaccctgcceccatcccgggaggagatgaccaagaaccaggtc
agcctgacctgectggtcaaaggctictatcccagegacatcgecgtggagtgggagagcaatgggcagecggagaacaacta
caagaccacgcctcecgtgetgegeteccgacggctecttettectectatagegagetcaccgtggacaagagcaggtggecageag
gggaacgtcttctcatgctccgtgatgcatgaggcetctgcacaaccactacacgcagaagagcectctecctgtetccgggtaaatga

SEQ ID NO:76 Amino acid sequence of the HC of the humanized anti-hCD20 Ab1.2.2.1

QVQLVQSGAEVKKPGSSVKVSCKASGYTFTSYNMHWVRQAPGQGLEWMGAIYPGNGDTS
YNQKFQGRVTLTVDKSSSTAYMELSSLRSEDTAVYFCARVVYYSNSYWYFDVWGTGTMVT
VSSASTKGPSVFPLAPCSRSTSESTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQS
SGLYSLSSVVTVPSSSLGTKTYTCNVDHKPSNTKVDKRVESKYGPPCPPCPAPELLGGPDVF
LFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNATYRV
VSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVYTLPPSREEMTKNQVS
LTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLRSDGSFFLYSELTVDKSRWQQGNVFSC
SVMHEALHNHYTQKSLSLSPGK

SEQ ID NO:77 Nucleotide sequence encoding the HC of the humanized anti-hCD37
Ab1.A1.1

caagtgcagctcgtccagtccggggcagaggttaagaageccggcegcetagtgtgaaggtgagetgcaaggcectctggcetatactt
tcacagggtacaacgtgaactgggtgcgccagaacaacggccaacggttggagtggatgggtaacatcgatcectactacggg
ggtactacctacaacaggaaattcaaaggacgggtgactatcaccgtggacacatctgctictaccgectacatggagcetgaagtc
tttgcggtctgaggacaccgcecgtctattactgtgccagatcegtgggecctatggattattggggtcaagggaccctggtgaccegte
agctccgctagcaccaagggceccatcegtcttcccectggegcecctectccaagagceacctcetgggggcacageggecctgggcet
gcctggtegatgactacttccccgaaccggtgacggtgtegtggaactcaggegecctgaccageggegtgcacacctgeecgg
cttgcctacagtcctcaggactctactccctcagcagegtggtgaccgtgecctccagcagcettgggcacccagacctacatctgea
acgtgaatcacaagcccagcaacaccaaggtggacaagaaagttgagcccaaatctggtgacaaaactcacacatgecccacce
gtgcccagcacctgaactcctggggggaccgtcagtcettectcticcccccaaaacccaaggacaccctcatgatctcccggaccee
ctgaggtcacatgcgtggtggtggacgtgagccacgaagaccctgaggtcaagticaactggtacgtggacggegtggaggtge
ataatgccaagacaaagccgcgggaggagcagtacaacagcacgtaccgtgtggtcagegtcctcaccgtectgcaccagga
ctggctgaatggcaaggagtacaagtgcaaggtctccaacaaagcecctcccageccccatcgagaaaaccatctccaaageca
aagggcagccccgagaaccacaggtgtacaccctgeccccatcccgggaggagatgaccaagaaccaggtcagcectgacct
gcctggtcaaaggcttctatcccagegacatcgecgtggagtgggagagcaatgggcagecggagaacaactacaagaccac
gccteecgtgetggacteccgacggctcecttcttectetatagecgectcaccgtggacaagagcaggtggcagcaggggaacgtet
tctcatgcetecgtgatgecatgaggctctgcacaaccactacacgcagaagagcectcteectgtctccgggtaaatga

SEQ ID NO:78 Amino acid sequence of the HC of the humanized anti-hCD37 Ab1.A1.1

QVQLVQSGAEVKKPGASVKVSCKASGYTFTGYNVNWVRQNNGQRLEWMGNIDPYYGGTT
YNRKFKGRVTITVDTSASTAYMELKSLRSEDTAVYYCARSVGPMDYWGQGTLVTVSSASTK
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GPSVFPLAPSSKSTSGGTAALGCLVDDYFPEPVTVSWNSGALTSGVHTCPACLQSSGLYSL

SSVVTVPSSSLGTQTYICNVNHKPSNTKVDKKVEPKSGDKTHTCPPCPAPELLGGPSVFLFP

PKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSV
LTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVYTLPPSREEMTKNQVSLTC

LVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSRLTVDKSRWQQGNVFSCSVM
HEALHNHYTQKSLSLSPGK

SEQ ID NO:79 Nucleotide sequence encoding the HC of the anti-DNP 1gG1 antibody

caggttcaactccaggagtccggcecctggcettggttaaacctctgcagacactgtcectgacctgcaccgtgageggtggcetcaata
agtagcggcggctactactggtcatggatticgccagcacceccggtaaaggtctcgaatggattgggtacatctactattictaggagt
acttactacaacccctcacttaaaagcagagtgactatcagtgttgatacatccaaaaaccagtttagcttgaaactgtcatccgtaa
ctgcecgcecgacaccgceagtctactattgtgetcggaccggatacagcetctggatggtaccccttigattactggggacagggtacatt
ggtgactgtcagttcagctagcaccaagggceccatcegtcticccectggegecctectccaagagceacctetgggggcacageg
gcectgggcetgectggtcaaggactactticcccgaaccggtgacggtgtegtggaactcaggegecctgaccageggegtgecac
accttcceggcetgtectacagtcctcaggactctactccctcagcagegtggtgaccgtgecctccagecagcettgggcacccagac
ctacatctgcaacgtgaatcacaagcccagcaacaccaaggtggacaagaaagttgagcccaaatcttgtgacaaaactcaca
catgcccaccgtgcccagcacctgaactectggggggaccgtcagtcettecteticcccccaaaacccaaggacaccctcatgate
tcccggaccectgaggtcacatgegtggtggtggacgtgageccacgaagaccctgaggtcaagticaactggtacgtggacgge
gtggaggtgcataatgccaagacaaagccgcgggaggagceagtacaacagcacgtaccgtgtggtcagegtectcaccgtect
gcaccaggactggctgaatggcaaggagtacaagtgcaaggtctccaacaaagcecctcccageccccatcgagaaaaccatcet
ccaaagccaaagggcagccccgagaaccacaggtgtacaccctgcceccatcccgggaggagatgaccaagaaccaggtc
agcctgacctgectggtcaaaggctictatcccagegacatcgecgtggagtgggagagcaatgggcagecggagaacaacta
caagaccacgcctcccgtgetggactccgacggctecticticetctatagcaagetcaccgtggacaagagecaggtggecageag
gggaacgtcttctcatgctccgtgatgcatgaggcetctgcacaaccactacacgcagaagagcectctecctgtetccgggtaaatga

SEQ ID NO:80 Amino acid sequence of the HC of the anti-DNP 1gG1 antibody

QVQLQESGPGLVKPLQTLSLTCTVSGGSISSGGYYWSWIRQHPGKGLEWIGYIYYSRSTYYN
PSLKSRVTISVDTSKNQFSLKLSSVTAADTAVYYCARTGYSSGWYPFDYWGQGTLVTVSSA
STKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGLY
SLSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKKVEPKSCDKTHTCPPCPAPELLGGPSVFL
FPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVV
SVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVYTLPPSREEMTKNQVSL
TCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFSCS
VMHEALHNHYTQKSLSLSPGK

SEQ ID NO:81 Nucleotide sequence encoding the LC of the anti-DNP IgG1 antibody

gacatccaaatgaccttgtctccticaagtctticcgctagtgtiggagaccgagttaccataacatgeccgggcetagtcaaggceattag
gaatgatttgggttggtaccaacaaaaacccggcaaagcacctaagagacttatatacgccgcectccagtcticagageggggta

ccttceeggticagtggatctggetcagggactgagtttaccctcacaatctctagectticaacctgaagattttgctacatactactgtet
ccagtataattcctctecctggacctttggacagggaaccgaagtggaaataaaacgtacggtggetgcaccatctgtcticatctic

ccgccatctgatgagcagttgaaatctggaactgectcetgttgtgtgectgctgaataacttctatcccagagaggcecaaagtacagt

ggaaggtggataacgccctccaatcgggtaactcccaggagagtgtcacagagcaggacagcaaggacagcacctacagect
cagcagcaccctgacgctgagcaaagcagactacgagaaacacaaagtctacgectgcgaagtcacccatcagggectgage
tcgcecgtcacaaagagcttcaacaggggagagtgtigataa

SEQ ID NO:82 Amino acid sequence of the LC of the anti-DNP 1gG1 antibody
DIQMTLSPSSLSASVGDRVTITCRASQGIRNDLGWYQQKPGKAPKRLIYAASSLQSGVPSRF
SGSGSGTEFTLTISSLQPEDFATYYCLQYNSSPWTFGQGTEVEIKRTVAAPSVFIFPPSDEQL

KSGTASVVCLLNNFYPREAKVQWKVDNALQSGNSQESVTEQDSKDSTYSLSSTLTLSKADY
EKHKVYACEVTHQGLSSPVTKSFNRGEC
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SEQ ID NO:83 Amino acid sequence of VL CDR1 (by Kabat definition) of the humanized anti-
hCLDN18.2 clone 59F9E1

KSSQSLLNAGNQKSYLT

SEQ ID NO:84 Amino acid sequence of VL CDR2 (by Kabat definition) of the humanized anti-
hCLDN18.2 clone 59F9E1

WASTRES

SEQ ID NO:85 Amino acid sequence of VL CDR3 (by Kabat definition) of the humanized anti-
hCLDN18.2 clone 59F9E1

QNDYYYPFT

SEQ ID NO:86 Amino acid sequence of VH CDR1 (by Kabat definition) of the humanized anti-
hCLDN18.2 clone 59F9E1

GYWIE

SEQ ID NO:87 Amino acid sequence of VH CDR2 (by Kabat definition) of the humanized anti-
hCLDN18.2 clone 59F9E1

EILLGSGSIKYNVKFKD

SEQ ID NO:88 Amino acid sequence of VH CDR3 (by Kabat definition) of the humanized anti-
hCLDN18.2 clone 59F9E1

KGLRGNSFDY

SEQ ID NOs: 89 to 106 are in Tables 7-13, herein.

SEQ ID NO:107 Nucleotide sequence encoding IL15 fused to the C-terminal end of an Fc
chain (CDDDGD)

gacaaaacacatacatgccctccttgcccagcetccagagcettcttggeggaccttetgtattceicticccaccaaaaccaaaagac

acacttatgattticccgcacacctgaagtcacatgcgtggtigtggacgtgtcacatgaagaccctgaagtgaagticaactggtatg
ttgatggggtggaggttcacaatgccaaaaccaagccccgagaggaacaatacaatagcacatatcgagtagtgtetgtgetgac
agtcctgcatcaagattggctcaatggtaaagagtacaaatgtaaagtttccaataaggcetttgectgeccctatcgagaaaaccat

atctaaggctaaaggccaaccacgcgagcctcaggtttgtactitgectececctcacgtgaagagatgaccaagaatcaagtagac

ctgacttgtcttgtggacggttictatcctagtgacatcgecgtggagtgggaatcaaatgggcaacccgagaatgactatggcace

acccctcecgtacttgacgatgacgggtccittitttctgtacagtaagttgactgtggataaatctcgetggcaacaagggaatgtcttet
cctgtagtgtcatgcacgaagccctgcataaccactatacacagaagagcttgtcecttictcctgggaagggeggatggtggcetcag
gaggtggggggageggtggceggtggatccaattgggtcaatgtcattagcgacctgaagaaaatcgaagacctcatccaatctat
gcacattgacgccacactttatactgaatccgatgtccacccatcttgtaaggttacagccatgaaatgttticttctggagcettcaggtc
atttcacttgagtccggtgacgcticaatacacgatactgtagagaatcttatcatttiggccaacaactcattgagtagtaatgggaac
gttactgagtccggttgtaaggaatgtgaggaactigaagaaaaaaacataaaagagtttctccagtcctttgtccacattgtgcaaa
tgttcataaatacttcctgataa

SEQ ID NO:108 Amino acid sequence encoding IL15 fused to the C-terminal end of an Fc
chain (CDDDGD)

DKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGV
EVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPR
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EPQVCTLPPSREEMTKNQVDLTCLVDGFYPSDIAVEWESNGQPENDYGTTPPVLDDDGSFF
LYSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPGKGGGGSGGGGSGGGGSN
VWVNVISDLKKIEDLIQSMHIDATLYTESDVHPSCKVTAMKCFLLELQVISLESGDASIHDTVENL
ILANNSLSSNGNVTESGCKECEELEEKNIKEFLQSFVHIVQMFINTS

SEQ ID NO:109 Nucleotide sequence encoding IL15Ra Sushi domain fused to the C-terminal
end of an Fc chain (CKKPKK)

gacaaaacccatacatgtcctecttgccecgeccccgaattgetigggggtectagtgtcttecttittccaccaaagecccaaagaca
ctttgatgataagccggactcctgaggttacctgegtagttgtggatgtatcccacgaagatcctgaagtcaaatttaactggtacgtg
gacggagtagaagttcataacgccaagacaaagccccgecgaagaacagtacaacagcacctatcgggtagtatcegtectgac
totccttcatcaagactggttgaatggcaaggaatataaatgtaaggttagtaataaagctcettcccgcetccaattgagaagaccattt
ctaaggctaaaggacaaccccgecgagcecacaagtctacaccttgectccatgcagggaagagatgacaaagaaccaagtgaa
gctgacatgcttggttaaaggctictatcccagtgatatcgecgtggagtgggagtcaaacggtcagectgaaaatecttacaaaac
tactccccctgticttgacaaggacggttcatictttttgtaticaaagttgacagtggataagagcagatggcagcagggtaatgtctttt
cttgttccgtgatgcatgaggcecectgcataaccattacacacaaaagtccctcagcectctccccaggaaaagggggatggtggaag
cggaggaggcggatccataacatgtcctcctecccatgagegtcgageatgecagatatatgggttaagagcetactcactctacteca
gggaacgatatatatgtaattccggtttcaagcgaaaggcaggtactagctcccttacagaatgegtactgaacaaggcaaccaat
gtagctcattggaccaccccaagtctgaagtgtattcgt

SEQ ID NO:110 Amino acid sequence encoding IL15Ra Sushi domain fused to the C-terminal
end of an Fc chain (CKKPKK)

DKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGV
EVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPR
EPQVYTLPPCREEMTKNQVKLTCLVKGFYPSDIAVEWESNGQPENPYKTTPPVLDKDGSFFL
YSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPGKGGGGSGGGGSITCPPPMSV
EHADIVWKSYSLYSRERYICNSGFKRKAGTSSLTECVLNKATNVAHWTTPSLKCIR

SEQ ID NO:111 Nucleotide sequence encoding an Fc chain (CDDDGD)

gagccaaaaagctccgataagacacacacttgcccccecctgeccagecccagagcetgtigggaggceccttctgtattectcticee

cccaaaacccaaggataccctcatgatcagcagaactcccgaggtgacttgegtegtegtggacgttictcacgaagaccecgag
gtaaaattcaactggtacgtggacggagtggaagtacacaatgctaaaactaaaccccgagaggagcaatataattctacctacce
gcgtagtcagtgtgctgacagttctccatcaagattggcttaacggcaaagagtataagtgcaaggtctcaaataaggceattgecag
ctcctatagagaaaactattagtaaagcaaaggggcagcectcgtgaaccccaagtctgtactcticctecttcaagggaggagatg
actaaaaaccaagttgatctcacctgtttggtggacggattttatcctagtgatattgctgtggaatgggagagtaacgggcagcectg

agaacgactacggcaccaccccaccagtccttigacgatgatggctcctttitcctttattcaaagcetcactgtagacaaatctegttgg
cagcagggaaacgtgttcagttgttctgttatgcatgaagctcttcataaccactatacccagaaatcactgagtctgtcacctggcaa
atgataa

SEQ ID NO:112 Amino acid sequence encoding an Fc chain (CDDDGD)

EPKSSDKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNW
YVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKA
KGQPREPQVCTLPPSREEMTKNQVDLTCLVDGFYPSDIAVEWESNGQPENDYGTTPPVLDD
DGSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPGK

SEQ ID NO:113 Nucleotide sequence encoding an Fc chain (CKKPKK)

gaaccaaaaagtagtgataaaactcacacttgtcccccctgccccgceacctgagcetecttggaggacctictgtcttettgtttcecect
aagcctaaagatacattgatgatttccaggactcccgaagtcacttgtgtggtagttgatgttagccatgaggatcccgaggtaaagt
tcaactggtatgtcgacggagttgaagtacacaatgccaaaactaaacccagggaggagcagtacaattctacataccgtgttgtc
tcagtgctcaccgtcctticaccaagattggcttaacggaaaagaatacaaatgtaaagtgagcaacaaagecctcccageccecta
tcgagaagacaatatctaaagctaagggtcaaccaagggagcectcaggtictacaccctcccaccatgtagggaggaaatgaca
aagaaccaagttaaactgacatgcctggtcaaaggattctacccctcagatattgetgtggaatgggaaagcaatggtcaacctga
gaatccctacaagaccaccccacccegtactggacaaagacggttcattctitctctacagcaaattgactgtggataaaagcaggt
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ggcaacaagggaacgtgttctcctgttctgtgatgcacgaagcactccacaaccattatacccagaaaagcectgagtttgtceectg
gcaagtgataa

SEQ ID NO:114 Amino acid sequence encoding an Fc chain (CKKPKK)
EPKSSDKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNW
YVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKA

KGQPREPQVYTLPPCREEMTKNQVKLTCLVKGFYPSDIAVEWESNGQPENPYKTTPPVLDK
DGSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPGK
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CLAIMS
What is claimed is:
1. A variant-Fc-region comprising a set of amino acid substitutions compared to native
human 1gG, selected from: a first variant-Fc-region comprising S364D, K370D,
N390D, and S400D; or a second Fc region comprising S364K, and S400K.
2. The variant-Fc-region of claim 1, further comprising Y349C and K392G in the first

variant-Fc-region and S354C and N390P in the second variant-Fc-region.

3. The variant-Fc-region of claims 1 or 2, wherein said variant-Fc-region is a variant-
Fc-region-fusion protein further comprising a partner-ligand recombinantly fused

thereto at either the N-terminus or C-terminus.

4. The variant-Fc-region fusion protein of claim 3, wherein the partner-ligand is
selected from the group consisting of: extracellular domains of receptors, soluble
full-length or domain of cytokines, ligands, enzymes, antibody domains, peptides,
anti-CD3 scFv, . IL-1, IL-2, IL-3, IL-4, IL-5, IL-6, IL-7, IL-8, IL-10, IL-11, IL-12, IL-13,
and IL-18), granulocyte CSF (G-CSF), granulocyte-macrophage CSF (GM-CSF),
monocyte macrophage CSF (M-CSF)), tumor necrosis factor (TNF) alpha and beta,

and interferon-q, B, or y, or mutein cytokines.

5. The variant-Fc-region or variant-Fc-region fusion protein of claims 1-4, wherein the
Fc-region is derived from a native human IgG is an isotype selected from the group
consisting of: IgG, IgD, IgM, IgA, or IgE class; or following subclass 1gG1, 1gG2,
1gG3, or IgG4.

6. A substantially pure heterodimeric-variant-Fc-region fusion protein composition,
wherein said composition comprises the first and second variant-Fc-region of

claims 1-5.

7. The substantially pure heterodimeric-variant-Fc-region fusion composition of claim
6, wherein the composition is substantially free of homodimeric proteins, and
wherein the amount of homodimeric proteins in said composition is less than 5, 4,
3,2,1,05,04,0.3,0.2,0.1%.

8. The substantially pure heterodimeric-variant-Fc-region fusion protein composition of

claim 6-7, wherein:

a. only one of the first and second variant-Fc-regions comprises a partner-ligand

attached thereto at either the N-terminus or C-terminus;
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10.

11.

12.

13.

14.

15.

b. both the first and second variant-Fc-regions comprise the same partner-ligands

attached thereto at either the N-terminus or C-terminus; or

both the first and second variant-Fc-regions comprise different partner-ligands

attached thereto at either the N-terminus or C-terminus.

The substantially pure heterodimeric-variant-Fc-region protein composition of claim
6-8, wherein said composition is selected from a heterodimeric variant-Fc-region

monospecific; or a heterodimeric variant-Fc-region bispecific antibody.

A substantially pure heterodimeric-variant-Fc-region antibody composition, wherein

said composition comprises:

a heterodimeric-variant-Fc-region antibody comprising a first variant Fc-region
having 4 variant negative charge residues at specified residues on the CH3 region;
and comprising a second variant Fc-region having 2 variant and 2 native positive
charge residues at the corresponding-specified residues on the CH3 region as in
the first Fc-region, wherein an amount of homodimeric antibodies in said
composition is less than 5, 4, 3, 2, 1,0.5, 0.4, 0.3, 0.2, 0.1%.

The heterodimeric-variant-Fc-region antibody composition of claim 10, wherein the
first Fc-region has 4 variant negative charge residues corresponding to S364D,
K370D, N390D, and S400D.

The composition of claims 10-11, wherein the second Fc-region has 2 variants and
2 native positive charge residues corresponding to S364K, 370K, 392K, and
S400K.

The composition of claims 10-12, further comprising a variant cysteine residue in

the CH3 region of the first and second Fc-regions.

The composition of claims 10-13, wherein the variant cysteine residue in the CH3

region of the first Fc-region corresponds to Y349C.

The composition of claims 10-14, wherein the variant cysteine residue in the CH3

region of the second Fc-region corresponds to S354C.
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16.

17.

18.

19.

A heterodimeric variant-Fc-region-bispecific antibody comprising the variant-Fc
region, variant-Fc-regions-fusion protein of claims 1-9, said heterodimeric variant-

bispecific antibody further comprising:

a first and second Heavy Chain (HC) region, wherein the first and second HC

regions differ from each other; and

a first and second Light Chain (LC) region, wherein the first and second LC regions

differ from each other.

The heterodimeric bispecific antibody of claim 16, wherein the first HC region
comprises substitutions corresponding to K147D, F170C, V173C in its Cy1 domain
and C220G in upper hinge region of the HC region; the first LC region comprises
substitutions corresponding to S131K, Q160C, S162C and C214S in its Ck domain;
and the first HC and first LC form a cognate pair, whereas no substitution is

introduced in the second HC and the second LC.

The heterodimeric bispecific antibody of claim 16, wherein no substitution is
introduced in the first HC and the first LC, whereas the second HC region
comprises substitutions corresponding to K147D, F170C, V173C in its Cy1 domain
and C220G in upper hinge region of the HC region; the second LC region
comprises substitutions corresponding to S131K, Q160C, S162C and C214S in its

Ck domain.

The heterodimeric bispecific antibody of claims16-18, wherein the heterodimeric

bispecific antibody is selected from

anti-hCD20 x hCD37 comprising an anti-hCD20 VL CDR1, VL CDR2, VL CDR3 set
forth in SEQ ID NO:36, or a complete anti-CD20 VL sequence set forth in SEQ ID
NO:36; an anti-hCD20 VH CDR1, VH CDR2, and VH CDR3 set forth in SEQ ID
NO:30, or a complete anti-CD20 VH sequence set forth in SEQ ID NO:30; an anti-
hCD37 VL CDR1, VL CDR2, VL CDRS3 set forth in SEQ ID NO:50, or a complete
anti-CD37 VL sequence set forth in SEQ ID NO:50; and an anti-hCD37 VH CDR1,
VH CDR2, and VH CDR3 set forth in SEQ ID NO:42, or a complete anti-nCD37 VH
sequence set forth in SEQ ID NO:42; and

anti-hSIRPa x hCLDN18.2 comprising an anti-hSIRPa VL CDR1, VL CDR2, VL
CDRS set forth in SEQ ID NO:74, or a complete anti- hSIRPa VL sequence set forth
in SEQ ID NO:74; an anti-hSIRPa VH CDR1, VH CDR2, and VH CDR3 set forth in
SEQ ID NO:70, or a complete anti- hSIRPa VH sequence set forth in SEQ ID
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20.

21.

22.

23.

NO:70; an anti-hCLDN18.2 VL CDR1, VL CDR2, VL CDR3 set forth in SEQ ID

NO:64, or a complete anti- hCLDN18.2 VL sequence set forth in SEQ ID NO:64;
and an anti-hCLDN18.2 VH CDR1, VH CDR2, and VH CDR3 set forth in SEQ ID
NO:58, or a complete anti- hCLDN18.2 VH sequence set forth in SEQ ID NO:58.

The heterodimeric bispecific antibody of claims 15-19, corresponding to an anti-

hCD20 x hCD37, selected from the group consisting of:

the first HC region corresponding to anti-hCD37 Ab1.A1.2 HC (SEQ ID NO:42)
(DCCG-CKKPKK); the first LC region corresponding to anti-hCD37 Ab1.A1.1 LC
(SEQ ID NO:50) (KCCS); the second HC region corresponding to anti-hCD20
Ab1.2.5 HC (SEQ ID NO:30) (CDDDGD); and the second LC region corresponding
to anti-hCD20 Ab1.2 (SEQ ID NO:36); and

the first HC region corresponding to anti-hCD37 Ab1.A1.3 HC (SEQ ID NO:44)
(DCCG-CDDDGD); the first LC region corresponding to anti-hCD37 Ab1.A1.1LC
(SEQ ID NO:50) (KCCS); the second HC region corresponding to anti-hCD20
Ab1.2.6 HC (SEQ ID NO:32) (CKKPKK); and the second LC region corresponding
to anti-hCD20 Ab1.2 (SEQ ID NO:36).

The heterodimeric bispecific antibody of claim 16, corresponding to an anti-hSIRPa

x hCLDN18.2, selected from the group consisting of:

the first HC region corresponding to anti-hCLDN18.2 HC1 (SEQ ID NO:58) (DCCG-
CDDDGD); the first LC region corresponding to anti-hCLDN18.2 LC1 (SEQ ID
NO:64) (KCCS); the second HC region corresponding to anti-hSIRPa HC2 (SEQ ID
NO:70) (CKKPKK); and the second LC region corresponding to anti-hSIRPa LC2
(SEQ ID NO:74).

A humanized anti-hCLDN18.2 monoclonal antibody wherein said antibody
comprises a variable heavy chain (VH) amino acid sequence corresponding to SEQ
ID NO:52; and a variable light chain (VL) amino acid sequence corresponding to
SEQ ID NO:60.

The humanized anti-hCLDN18.2 monoclonal antibody of claim 22, further
comprising a heavy chain (HC) amino acid sequence selected from SEQ ID NO:54,
SEQ ID NO:56 or SEQ ID NO:58; and a light chain (LC) amino acid sequence
selected from SEQ ID NO:62 or SEQ ID NO:64.
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24.

25.
26.
27.

28.

29.
30.
31.

32.
33.
34.
35.

36.

37.

38.
39.

A method of making the variant-Fc-region, variant-Fc-region fusion protein or
heterodimeric-variant-Fc-region antibody of any one of claims 1 to 23, comprising
the steps of:

(a) culturing the host cell line expressing the mixture of antibodies in a culture
medium, and

(b) recovering the variant-Fc-regions, variant-Fc-region fusion proteins or
heterodimeric-variant-Fc-region antibodies from the cell mass or the culture
medium.

The method of claim 24, wherein the host cell line is a mammalian cell line.

The method of claim 25, wherein the host cell line is a CHO cell line.

The method of any one of claims 24 to 26, further comprising a step of purifying the
variant-Fc-regions, variant-Fc-region fusion proteins or heterodimeric-variant-Fc-
region antibodies from other components present in the cell mass or the culture
medium.

A host cell line that produces the variant-Fc-region, variant-Fc-region fusion protein
or heterodimeric-variant-Fc-region antibody of any one of claims 1 to 23.

The host cell line of claim 28, which is a mammalian cell line.

The host cell line of claim 29, which is a CHO cell line.

One or more nucleic acid(s) encoding the variant-Fc-region, variant-Fc-region
fusion protein or heterodimeric-variant-Fc-region antibody of any one of claims 1 to
23.

One or more vector(s) containing the nucleic acid(s) of claim 31.

The vector(s) of claim 32, each of which is a mammalian expression vector.

The vector(s) of claim 32, each of which is a viral vector.

The vector(s) of claim 34, each of which is an adenovirus, an adeno-associated
virus (AAV), a retrovirus, a vaccinia virus, a modified vaccinia virus Ankara (MVA),
a herpes virus, a lentivirus, or a poxvirus vector.

A host cell line containing the nucleic acid(s) and/or the vector(s) of any one of
claims 31-35.

A method of treating a disease comprising administering to a patient having the
disease the mixture of antibodies of any one of claims 1 to 23, wherein the disease
is a cancer, a metabolic disease, an infectious disease, or an autoimmune or
inflammatory disease.

The method of claim 37, wherein the disease is a cancer.

A method of treating a disease comprising administering to a patient having the
disease a variant-Fc-region fusion protein or heterodimeric-variant-Fc-region

antibody of any one of claims 3 to 23.
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40.

41.

42.

43.

44.

45.

46.

A method of treating cancer comprising administering to a patient a variant-Fc-
region fusion protein or heterodimeric-variant-Fc-region antibody of any one of
claims 3 to 23

A method of treating breast cancer comprising administering to a patient a variant-
Fc-region fusion protein composition or a heterodimeric-variant-Fc-region antibody
composition of any one of claims 3 to 23.

The method of claim 41, wherein the variant-Fc-region fusion protein composition or
heterodimeric-variant-Fc-region antibody composition is substantially free of
homodimeric proteins having homodimeric variant Fc-regions; and wherein the
amount of homodimeric proteins in said composition is less than 5, 4, 3, 2, 1, 0.5,
0.4,0.3,0.2, 0.1%.

A method of treating a patient having a tumor comprising injecting into the tumor a
variant-Fc-region fusion protein or heterodimeric-variant-Fc-region antibody of any
one of claims 3 to 23.

A method of treating a cancer patient comprising administering to the patient the
nucleic acid(s) and/or the vector(s) of any one of claims 31 to 35.

The method of claim 44, wherein the patient has a tumor and the nucleic acid(s)
and/or vector(s) is (are) administered directly to the tumor.

The method of claim 45, wherein the nucleic acid(s) and/or the vector(s) are

injected into the tumor.
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listing,

3. Additional comments:

1. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the international search was

b. D furnished subsequent to the international filing date for the purposes of international search (Rule 13¢er.1(a)),

accompanied by a statement to the effect that the sequence listing does not go beyond the disclosure in the

2. I:l With regard to any nucleotide and/or amino acid sequence disclosed in the international application, this report has been
established to the extent that a meaningful search could be carried out without a WIPO Standard ST.26 compliant sequence

Form PCT/ISA/210 (continuation of first sheet (1)) (July 2022)




INTERNATIONAL SEARCH REPORT International application No.

PCT/US2022/076758

Box No. II Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

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

1. D Claims Nos.:
because they relate to subject matter not required to be searched by this Authority, namely:

2. D Claims Nos.:

because they relate to parts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically:

3. ﬁ Claims Nos.: 5-9, 13-21, 24-46 .
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No.IIl  Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

See extra sheet(s).

1. D As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. I:] As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment of
additional fees.

3. |:| As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.: i

4. % No required additional search fees were timely paid by the applicant. Consequently, this international search report is restricted
to the invention first mentioned in the claims; it is covered by claims Nos.: .

1-4,10-12

Remark on Protest |:] The additional search fees were accompanied by the applicant’s protest and, where applicable, the
payment of a protest fee.

D The additional search fees were accompanied by the applicant’s protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

D No protest accompanied the payment of additional search fees.
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INTERNATIONAL SEARCH REPCORT International application No.

PCT/US2022/076758

Continued from Box No. Il Observations where unity of invention is lacking

This application contains the following inventions or groups of inventions which are not so linked as to form a single general inventive
concept under PCT Rule 13.1. In order for all inventions to be examined, the appropriate additional examination fees need to be paid.

Group |: claims 1-4 and 10-12 are drawn to variant-Fc-regions, and substantially pure heterodimeric-variant-Fc-region antibody
compositions thereof.

Group II: claims 22 and 23 are drawn to humanized anti-hCLDN18.2 monoclonal antibodies.

The inventions listed in Groups | and Il do not relate to a single general inventive concept under PCT Rule 13.1, because under PCT
Rule 13.2 they lack the same or corresponding special technical features for the following reasons:

The special technical features of Group |, variant-Fc-regions, and substantially pure heterodimeric-variant-Fc-region antibody
compositions thereof, are not present in Group II; and the special technical features of Group Il, humanized anti-hCLDN18.2 monoclonal
antibodies, are not present in Group I.

Additionally, even if Groups | and Il share the technical features of a heterodimeric-variant-Fc-region antibody, these shared technical
features do not represent a contribution over the prior art as disclosed by US 2021/0214436 to Dragonfly Therapeutics Inc. (hereinafter,
"Dragonfly").

Specifically, Dragonfly teaches a heterodimeric-variant-Fc-region antibody (Para. [0143], assembly of heterodimeric antibody heavy
chains can be accomplished by expressing two different antibody heavy chain sequences in the same cell, which may lead to the
assembly of homodimers of each antibody heavy chain as well as assembly of heterodimers. Promoting the preferential assembly of
heterodimers can be accomplished by incorporating different mutations in the CH3 domain of each antibady constant region ... For
example, mutations can be made in the CH3 domain based on human IgG1 and incorporating distinct pairs of amino acid substitutions
within a first polypeptide and a second polypeptide that allow these two chains to selectively heterodimerize with each other. The
positions of amino acid substitutions illustrated below are all numbered according to the EU index as in Kabat).

The inventions listed in Groups | and Il therefore lack unity under Rule 13 because they do not share a same or corresponding special
technical features.
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