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The present invention provides heterodimer pairs that can comprise a first heterodimer and a second heterodimer wherein each
heterodimer comprises an immunoglobulin heavy chain or fragment thereof and an immunoglobulin light chain or fragment thereof.
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At least one of the heterodimers can comprise one or more amino acid modifications in the CH1 and/or CL domains, one or more
amino acid modifications in the VH and/or VL domains, or a combination thereof. The modified amino acid(s) can be part of the
interface between the light chain and heavy chain and are typically modified to create preferential pairing between each heavy chain
and a desired light chain such that when the two heavy chains and two light chains of the heterodimer pair are co-expressed in a
cell, the heavy chain of the first heterodimer preferentially pairs with one of the light chains rather than the other. Likewise, the heavy
chain of the second heterodimer typically preferentially pairs with the second light chain rather than first.
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(57) Abstract: The present invention provides heterodimer pairs that can comprise a first heterodimer and a second heterodimer
wherein each heterodimer comprises an immunoglobulin heavy chain or fragment thereof and an immunoglobulin light chain or
fragment thereof. At least one of the heterodimers can comprise one or more amino acid modifications in the CH1 and/or CL do-
mains, one or more amino acid modifications in the VH and/or VL domains, or a combination thereof. The modified amino acid(s)
can be part of the interface between the light chain and heavy chain and are typically modified to create preferential pairing between
each heavy chain and a desired light chain such that when the two heavy chains and two light chains of the heterodimer pair are co-
expressed in a cell, the heavy chain of the first heterodimer preferentially pairs with one of the light chains rather than the other.
Likewise, the heavy chain of the second heterodimer typically preferentially pairs with the second light chain rather than first.
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MODIFIED ANTIGEN BENDING POLYPEPTIDE CONSTRUCTS AND USES
THEREOF

CROSS REFERENCE TO RELATED APPLICATIONS

[6601]
[06032]

SEQUENCE LISTING

[8003] The instant application contains a Sequence Listing which has been submiited
electronically in ASCII format. Said ASCII copy, created on May 29, 2015, 1s named

97993-945204(000110PC)_SIL..txt and 1s 27,012 bytes in size,
BACKGROUND

|8004] Bi-specific antibodies are capable of binding to two different epitopes. The epitopes
can be on the same antigen, or each epitope can be on a different antigen. This feature of bi-
specific antibodies makes them an attractive tool for various therapeutic applications where there
is a therapeutic benefit to targeting or recruiting more than one molecule in the treatment of
disease. One of the approaches to form bi-specific antibody would involve concomitant
expression of two unigue antibody heavy chains and two unique antibody light chains. Correctly
forming bi-specific antibodies in a format that 1s similar to wild-type remains a challenge, since
antibody heavy chains have evolved to bind antibody light chains in a relatively promiscuous

manner. As a result of this promiscuous pairing, concomitant expression of two antibody heavy
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chains and two antibody light chains naturally leads io a scrambling of heavy chain — light chain
pairings. This muspairing remains a major challenge for the generation of hi-specific
therapeutics, where homogeneous pairing 1s an essential requirement for good manufacturability
and biological efficacy.

10005} Several approaches have been described to prepare hi-specific antibodies in which
specific antibody light chains or fragment pair with specific antibody heavy chains or fragments.
A review of various approaches to address this problem can be found in Klein et al |, (2012)
mAbs 4:6, 1-11. International Patent Application No. PCT/HP2011/0563838 (WO 2011/131746)
describes an in vitro method for generating a heterodimeric protein in which asymmetrical
mutations are introduced mto the CH3 regions of two monospecific starting protems in order to
drive directional “Fab-arm” or “half-molecule” exchange between two monospecific IgG4- or
1eG4-like antibodies upon mcubation under reducing conditions.

{0606} Schaefer et al. (Roche Diagnostics GmbH), describe a method to assemble two heavy
and two hight chains, derived from two existing antibodies, into human bivalent bi-specific IgG
antibodies without use of artificial linkers (PNAS (2011) 108(27): 11187-11192). The method
involves exchanging heavy chain and light chain domains within the antigen-binding fragment
(Fab) of one half of the bi-specific antibody.

{6667} Strop et al. (Rinat-Phizer Inc.), describe a method of producing stable bi-apecific
antibodies by expressing and purifying two antibodies of interest separately, and then mixing
them together under specified redox conditions (J. Mol Biol. (2012} 420:204-19),

[0G08] Zhu et al. {Genentech) have engineered mutations in the VL/VH interface of 2
diabody construct consisting of variant domain antibody fragmenis completely devoid of
constant domains, and generated a heterodimeric diabody (Protein Science (1997) 6 781-788).
Smularly, Igawa et al. (Chugai) have also engineered mutations in the VL/ VH interface of a
single-chain diabody to promote selective expression and mhibi conformational isomerization of
the diabody (Protein Engmeering, Design & Selection (2010} 23:667-677).

{0009} US Patent Publication No. 2009/0182127 {(Novo Nordisk, Inc.) describes the
generation of bi-specific antibodies by modifying amino acid residues at the Fo interface and at
the CH1:.CL mnterface of light-heavy chain pairs that reduce the ability of the light chain of one

pair to interact with the heavy chain of the other pair.
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{0016] US Patent Publication No. 2014/0370020 {Chugat}, describes regulating the
association between the CHI and CL regions of an antibody by substituting ammno acids that

exist on the mterface between these regions with charged amino acids.
SUMMARY

{0611] Described herein is an 1solated antigen binding polypeptide construct comprising at
least a first heterodimer and a second heterodimer, the furst heterodimer comprising a first
immunoglobulin heavy chan polypeptide sequence (H1}, and a first mnmunoglobulin ight chain
polypeptide sequence (1.1}, and the second heterodimer comprising a second snmunoglobulin
heavy chain polypeptide sequence (H2}, and a second immunoglobulin light chain polypeptide
sequence {L.2), wherein at least one of the H1 or L1 sequences of the first heterodimer 1s distinct
from the corresponding H2 or L2 sequence of the second heterodimer, and wherein H1 and H2
each comprise at least a heavy chain variable domain (Vy domain) and a heavy chain constant
domain {Cyy domain); 1.1 and L2 each comprise at least a light chain variable domain (Vi
domain) and a light chain constant domain {Cy, domain); and at least one of H1, H2 L1 and L2
comprises at least one amino acid modification of at least one constant domain and/or at least
one variable domain, wheremn H1 preferentially pairs with L1 as compared to L2 and H2?
preferentially pairs with 1.2 as compared to 1.1

06612 In some aspects, the construct further comprises a heterodimeric Fe, the Fo
comprising at least two Cus sequences, whereimn the Fe 1s coupled, with or without one or more
linkers, to the first heterodimer and the second heterodimer, wherein the dimerized Cus
sequences have g melting temperature {Tm) of about 68°C or higher as measured by differential
scanmng calorimetry (DS, and wherein the construct 1s bispecific.

[6013] In some aspects, the at least one anuno acid modification is selected from at least one
aming acid modification shown in the Tables or Examples.

[0614] In some aspects, H1 pairs preferentially with L1 as compared t6 1.2, and H2 pairs
preferentially with L2 as compared to L1, when Hi, H2, L1 and L2 are co-expressed mn a cell or
a mammakian ¢ell, or when H1, H2, L1 and L2 are co-expressed in a cell-free expression system,
or when H1, H2, L1 and 1.2 are co-produced, or when H1, H2, L1 and L2 are co-produced viaa

redox production method.
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{0015] In some aspects, at least one of H1, H2, L1 and L2 comprises at ieast one amino acid
modification of a Vi and/or Vi domain and at least one amino acid modification of a Ty and/or
Cp, domain such that H1 pairs preferentially with L1 as compared to 1.2, and/or H2 pairs
preferentially with L2 as compared to L1,

|0016] In some aspects, if H1 comprises at least one amino acid modification in the Ciy
domain, then at least one of L1 and L2 comprise at least one amino acid modification in the Cy.
domain; and/or if H1 comprises at least one amino acid modification in the Vg domain, then at
least one of L1 and L2 comprise at least one amino acid modification in the ¥V, domain.

[0017) In some aspects, H1, L1, H2, and/or L2 comprises atleast 1,2,3,4,5,6,7, 8,9, or 10
amune acid mutations. In some aspects, at least one of HY, H2, 1.1 and L2 comprises at least 2, 3,
4,5,6,7, 8 9 or 10 amino acid modifications of at least one constant domain and/or at least one
variable domain

[6018| In some aspects, when both L1 and L2 are co-expressed with at least one of H1 and
H?2, the relative pairing of the at least one of Hi-L1 and H2-L.2 heterodimer pair to that of the
respective corresponding H1-L2 or H2-L1 heterodimer pair 1s greater than 50, 51, 52, 53, 54, 55,
56, 57, 58, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68,69, 70, 71, 72, 73, 74,75, 76, 77, 78, 79, 80, 81,
82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, or 99%, and wherein the relative
pairing of the modified H1-L1 or H2-L2 heterodimer pair is greater than the respective relative
paiting observed in the corresponding H1-L1 or H2-L.2 heterodimer patr without the at least one
amino acid modification.

[0019] In some aspects, the thermal stability as measured by the melting temperature {Tm} ag
measured by DSF of at least one of the first and second heterodimers 1s within about 4, 1, 2, 3, 4,
5,6, 7, 8,9, or 10°C of the Tm of the corresponding heterodimer without the at least one amino
acid modification. In some aspects, the thermal stability as measured by the melting temperature
{Tm) as measured by DSF of each heterodimer comprising at least one amino acid modification
iwwithmabout 0,1, 2,3, 4, 5,6, 7, 8,9, or 10°C of the Tm of the corresponding heterodimer
without the at least one ammo acid modification. In some embodiments, the thermal stabiity as
measured by the melting temperature {Tm) as measured by DSF of each heterodimer comprising
at least one amino acd modification 15 withun about 0, 1, 2, or 3°C of the Tm of the

corresponding heterodimer without the at least one amino acid modification.



CA 02946503 2016-10-20

WO 2015/181805 PCT/1B2015/054107

{6026] In some aspects, the affinity of each heterodimer for the antigen to which it binds is
withinabout 1,2, 3,4 5 6,7 8, 9, 10-fold of the affinity of the respective unmodified
heterodimer for the same antigen as measured by surface plasmon resonance {(SPR) or FACS.
{6621} In some aspects, at least one of H1 and L1 comprises at least one domain comprising
at least one amino acid modification resulting in greater steric complementarity of amine acids
when H1 pairs with L1 as compared to L2, In some aspects, at least one of H2 and 1.2 comprises
at least one domain comprising at least one amino acid modification resulting in greater steric
complementarity of amino acids when HZ pairs with L2 as compared 1o L1. In some aspects, at
least one of H1 and L1 comprises at least one domain comprising at least one amino acid
modification resulting 1n greater electrostatic complementanty between charged amino acids
when H1 pairs with 1.1 as compared to L2, In some aspects, at least one of H2 and 1.2 comprises
at least one domain comprising at least one amino acid modification resulting in greater
electrostatic complementarity between charged amino acids when H2 pairs with L2 as compared
to L1

[6622] In some aspects, the at least one amino acid modification of 15 a set of mutations
shown in at least one of the Tables or Examples.

[8023] In some aspects, the construct further comprises an Fo comprising at least two Cis
sequences, wherein the Fc is coupled, with or without one or more linkers, to the first
heterodimer and the second heterodimer.

[0624] In some aspects, the Fe is a human Fe, a human IgGl Fe, a human TgA Fe, a human
1e(G Fe, a human [gD Fe, a human IgE Fe, a human Igh Fe, a human [gG2 Fe, a human [eG3 Fe,
or a human Ig(G4 Fo. In some aspects, the Fc is a heterodimeric Fo. In some aspects, the Fc
comprises one or more modifications in at least one of the Cys sequences. In some aspects, the
dimerized Cya sequences have a melting temperature {(Tm) as measured by BSC of about 68, 69,
70,71, 72, 73, 74, 75, 76, 77, 77.5, 78, 79, 80, 81, 82, 83, 84, or 85°C or higher. Insome
aspects, the Fc 13 a heterodimer formed with a purity greater than about 75, 76, 77, 78, 79, 80,
81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 953, 96, 97, 98, or 99% when produced; or
wherein the Fc is a heterodimer formed with a purity greater than about 75, 76, 77, 78, 79, 80,
81, 82, 83, 84, 85, 86, 87, 8§, 89, 90, 91, 92, 93, 94, 95,96, 97, 98, or 99% when expressed or
when expressed via a single cell. in some aspects, the Fc comprises one or more modifications

in at least one of the Cu; sequences that promote the formation of a heterodimeric Fe with
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statnlity comparable to a wild<type homodimeric Fe. In some aspects, the Fo further comprises
at least one Cypp sequence. In some aspects, the Cy; sequence(s) of the Fc comprises one or more
modifications. [n some aspects, the Fe comprises one or more modifications to promote
selective binding of Fe-gamma receptors.

{0025] In some embodiments, the Fe comprises:

1} a heterodimeric Ig(31 Fc having the modifications L351Y F405A Y407V i the first
Fc polypeptide, and the modifications T306L K392M T394W in the second Fc

polypeptide;

11} a heterodimeric 1g(31 F¢ having the modifications L351Y F405A Y407V in the first
Fc polypeptide, and the modifications T366L K3921, T394W in the second Fe
polypeptide;

111} a heterodimeric fgGl Fe having the modifications T350V _L351Y F405A Y407V
the first Fo polypeptide, and the modifications T350Y 13661 K392 T394W inthe
second Fc polypeptide;

) a heterodimenic IgG1 Fe having the modifications T350V _£351Y F405A Y407V in
the first Fc polypeptide, and the modifications T350V _T360L K392M T394W in the

second Fc polypeptide; or

v} a heterodimeric fgGl Fc having the modifications
T350V_L351Y S400E_F405A Y407V in the first Fc polypeptide, and the modifications
T350V_T366L N390R K392M T394W in the second Fe polypeptide.

|0026] In some aspects, the Fo is coupled to the heterodimers by one or more linkers, or
wherein the Fe 15 coupled to H and H2 by one or more linkers. In some aspects, the one or
more linkers are one or more polypeptide linkers. In some aspects, the one or more hinkers
comprises one or more antibody hinge regions. In some aspects, the one or more linkers
comprises one or more Ig(G1 hinge regions. Tn some aspects, the one or more linkers comprises
one or more modifications. In some aspects, the one or more modidfications to the one or more

linkers promote selective binding of Fo-ganuna receplors.
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{6627] In some aspects, the at least one amuino acid modification is at feast one amino acid
mutaiion of wherein the at least one amino acid modification 1s at teast one amino acid
substitution.

[6028] In some aspects, the sequences of each of H1, H2 L1, and L2 are derived from
human sequences.

{0029] In some aspects, the construct 15 multispecific or bispecific. In some aspects, the
construct 1s multivalent or bivalent.

[66306] In some aspects, the heterodimers described herein preferentialiy pair to form a hi-
specific antibody. For example, in some embodiments, the heavy chain polypeptide sequences
H1 and H2 comprise a full length heavy chain sequence comprising a heavy chain constant
domain (Cy; domain), a Cyy domain, and a Cp; domain. Tn some embodiments, the percentage
of the correctly paired heavy and light chains in the bi-specific antibody {e.g, HI-L1:H2-L2) s
greater than 50, 51, 52, 53, 54, 55, 56, 57, 38, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71,
75,76,77, 78,79, 80, 81, 82, 83, B4, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97,

> E 5

98, or 99%.

72,73, 74

[0631] Also described herein is an 1solated polynucleotide or set of 1solated polynucleotides
comprising at least one sequence that encodes a construct or 4 heavy chain or hight chain
described herein. In some aspects, the polynucleotide or set of polynucleotides is cDNA.

Also described herein is a vector or set of vectors comprising one or more of the polynucleotides
or sets of polyvnucleotides described herein. In some aspects, the vector or set of vectors is
selected from the group consisting of a plasnmd, a multi-cistronic vector, a viral vector, a non-
episomal mammahian vector, an expression vector, and a recombinant expression vector.

[0632] Also described herein is an isolated cell comprising a polynuclestide or set of
poivnuclestides described herein or a vector or set of vectors described herein. In some aspects,
the cell is a hybridoma, a Chinese Hamster Ovary (CHO) cell, or a HEK293 celi.

{6033] Also described herein 1s a pharmacentical composition comprising a construct
described herein and a pharmaceutically acceptable carrier. In some aspects, the composition
further commprises one or more substances selected from the group consisting of a buffer, an
antioxidant, a low molecular weight molecule, a drug, a protein, an amino acid, a carbohydrate, a

lipid, a chelating agent, a stabilizer, and an excipient,
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{6034] Also described herein 1s a use of a construct described herein or a pharmaceutical
composition described herem for the treatment of a disease or disorder or cancer or vascular
disease in a subject or in the manufacture of 2 medicine.

[6635] Also described herein 1s a method of treatment of a subject having a disease or
disorder or cancer or vascular disease comprising administering to the subject a construct
described herein or a composition described herein.

100306] Also described herein is a method of obiaming a consiruct described herein from a
host cell culture, the method comprising the steps oft (a) obtaining a host cell culture comprising
at least one host cell comprising one or more nucleic acid sequences encoding the construct; and
(b) recovering the construct from the host cell culture.

[6037] Also described herein 1s a method of obtaining a construct described herein
comprising the steps of: (a) obtaining H1, L1, H2, and L.2; (b} allowing H1 to pau preferentially
with L1 as compared to L2 and H2 to pawr preferentially with 1.2 as compared to L1, and {¢)
obtaining the construct.

[0603§] Also described herein 13 a method of preparing a construct described herein
comprising: obtaining a polynucleotide or set of polynuclectides encoding at least one construct;
determining the optimal ratios of each of the polynuclectide or set of polynucleotides for
introduction nto at least one host cell, wherein the optimal ratios are determined by assessing the
amount of Hi-L1 and H2-L2 heterodimer pairs formed upon expression of HE, L1, H2 and 1.2
as compared to muspaired H1-L2 and H2-L1 heterodumer pairs formed upon expression of H1,
L1, HZ, and L.2; selecting a preferred optimal ratio, wherein transfection of at least one host cell
with the preferred optimal ratio of the polynucleotide or set of polynucleotides results in
expression of the construct; transfecting the at least one host cell with the optimal ratio of the
polvnuclestide or set of polynucleotides; and culturing the at least one host cell 1o express the
construct.

{6039] In some aspects, selecting the optimal ratio is assessed by transfection in a transient
transfection system. In some aspects, transfection of the at least one host cell with the preferred
optimal ratio of the polynucleotide or set of polynuclectides results in optimal expression of the
construct. In some aspects, the construct comprises an Fe comprising at least two Cus sequences,

wherein the Fe is coupled, with or without one or more linkers, to the first heterodimer and the
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second heterodimer. In some aspects, the Fe g a heterodimer, optionally comprising one or more
amino acid modifications.

[0040] Also described herein is a computer-readable storage medium storing a dataset
comprising data representing complementary mutations n a first heterodimer comprising a first
unmunoglobulin heavy chain polypeptide sequence (H1Y and a first immunoglobulin light chain
polypeptide sequence {L.1}; and a second heteredimer comprising a second immunoglobulin
heavy chaim polypeptide sequence (H2) and a second mmmunoglobulin light chain polvpeptide
sequence (L2}, wherein H1 and H2 each comprise at least a heavy chain variable domain {(Vy
domain} and a heavy chain constant domain (Cy, domain}; wherein L1 and L2 each comprise at
least a light chain variable domain {Vy, domain} and a light chan constant domain {C;, domain),
and wheren the dataset of complementary mutations comprises data representing those
mutations listed in the Tables or Examples or a subset of those mutations; and computer
executable code for determining the hikelihood that H1 will paw preferentially with L1 as
compared to L2 and/or H2 will pair preferentially with L2 as compared to L1,

[0041] Also described herein is a computer implemented method for determining preferential
pairing, comprising: obtaining a dataset comprising data representing complementary mutations
in a first heterodimer comprising a first immunoglobulin heavy chain polypeptide sequence (H1)
and a first imrounoglobulin hight chain polypeptide sequence (L.1); and a second heterodimer
comprising a second immumoglobulin heavy chain polypeptide sequence (H2) and 3 second
immunoglobulin light chain polypeptide sequence {12}, wherein H1 and H2 each comprise at
least a heavy chain variable domain (Vi domain) and a heavy chain constant domain (Cipy
domain}; wherein L1 and L2 cach comprise at least a light chain variable domain (V1. domain)
and a light chain constant domain (Cy, domain), and wherein the dataset of complementary
mutations comprises data representing those mutations listed in the Tables or Examples ora
subset of those mutations; and determining, by a computer processor, the likelihood that H1 will
pair preferentially with L1 as compared to 1.2 and/or H2 will pair preferentially with L2 as
compared to L1, In some aspects, the method further comprises producing a construct described
herein.

[6042] Also described herein 1s a method of producing a bi-specific antigen binding
polypeptide construct, said bi-specific construct comprising a first heterodimer comprising a first

mmmunoglobulin heavy chain polypeptide sequence (H1), and a first immunoglobulm light chain
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polypeptide sequence {(L1) from a first mono-specific antigen binding polypeptide; and a second
heterodimer comprising a second inmunoglobulin heavy chain polypeptide sequence (H2), and a
second immunoglobulin light chain polypeptide sequence (1.2) from a second mono-specific
antigen binding polypeptide, wherem H1 and H2 each comprise at 12ast a heavy chain variable
domain {Vy domain) and a heavy chain constant domain (Cy domain); wherein L1 and L2 each
comprise at least a light chain variable domain (Vy, domain) and a light chain constant domain
(Cy, domain), the method comprising: introducing one or more complementary mutations from
the dataset described herein into the first heterodimer and/or the second heterndimer; and co-
expressing the first heterodimer and the second heterodimer in at least one host cell to produce

an expression product comprising the bi-specific construct.

[0043] In some aspects, the method further comprises determining the amount of the bi-
specific construct in the expression product relative to other polypeptide products to select a
preferred subset of complementary mutations. In some aspects, the bi-specific construct s
produced with a purity of greater than 70% {e.g., greater than 75%, 8%, 85%, 0%, 91%, 92%,
93%, 94%, 95%, 6%, 97%, 98%, or 9%} compared to the other polypeptide products. In some
aspects, the dataset is a dataset described herein. In some aspects, the method further comprises
the step of adding additional amino acid modifications to at least one of H1, H2, L1, or L2 to
mcrease the purity of the bi~specific construct compared to the other polypeptide products. In
some aspects, the construct comprises an Fo comprising at least two Cis sequences, wherein the
Fe 1s coupled, with or without one or more hnkers, to the first heterodimer and the second
heterodimer. In some aspects, the Fc 15 a heterodimer, optionally compriging one orf more amino
actd modifications. In some aspects, the antigen binding polypeptide 13 an antibody, a Fab, ora
schv,

{0044] In some embodiments of the construct, H1 and/or H2 comprises at least one or a set of
amino acid modifications at 1124, K145, D146 (3179, and S186, and L1 and/or L2 comprises at
least one or a set of amino acid modifications at 9124, 8131, V133, Q160, 8176, T178, and
T180. For example, in some embodiments, H1 and/or H2 comprises at least one or a set of
ammo acid modifications selected from LI124R, L124E, K145M, K1457, D146N, Q179E,
(3179K, S186R, and S186K, and L1 and/or L2 comprises at least one or a set of amino acid
modifications selected from Q124E, S131R, S131K, V133G, QI60E, S176R, S176D, T178D,

T178E, and T180E. In some embodiments, H1 comprises amino acid modifications selected

10
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from the group consisting of LI124E K1458M, K145T, and Q179E, or 3 combination thereof, L1
comprises amimno acid modifications selected from the group consisting of S131R, S131K,
Y1330, and S176R, or a combination thereof, H2 comprises aming acid modifications selected
from the group consisting of L124R, D146N, Q179K 8186R, and S186K, or a combination
thereof, and L2 comprises amino acid modifications selected from the group consisting of
Q124E, V133G, Q160E, Si76D, T1780, T178E, and T180K, or a combination thereof. In some
embodimments, Hl comprises the amino acid modifications L124E, K145T and Q179E; L1
comprises the amino acid modifications 8131K, V133G, and S176R; H2 comprises the amino
acid modifications L.124R and S186R; and L2 comprises the aming acid modifications V133G,

S176D, and T178D.

[00458]  In some embodiments of the construct, HI and/or H2 comprises ai least one or a set of
amino acid modifications at L1124, 1143 K145, D146, 3179, and $186; and L1 and/or L.2
comprises at least one or a set of amino acid modifications at @124, V133, G160, 8175, T178,
and T180. In some embodiments, H1 and/or H2 comprises at least one or a set of amino acid
maodifications selected from L124E, L124R, L143E, L143D, K1457, K145M, D14¢eN, Q179K
S186R, and S186K; and L1 and/or L2 comprises at least one or a set of amino acid modifications
selected from Q124K, Q124E, V133G, G160k, S176R, S176D, TI78E, TI78K, T178R, T178D,
and TI80E. In some embodiments, H1 comprises amino acid modifications selected from the
group consisting of L124E, 1143E, L1430, K1457, and K145M, or combinations thereof L]
comprises amino acid modifications selected from the group consisting of Q124K V1334,
160K, S176R, T178K, and T178R, or combmations thereof, H2Z comprises amino acid
modifications selected from the group consisting of L124R, DI46N, Q179K S186R, and S186K,
or combinations thereof, and L2 comprises amino acid modifications selected from the group
consisting of Q124E8, V133G, S176D, T178E, T178D, and T180E, or combinations thereof. In
some embodiments, H comprises the amino acid modifications L124E, L143E and K1457,; L1
comprises the amino acid modifications Q124K V133G, and S176R; H2 comprises the amine
acid modifications L124R and Q179K and 1.2 comprises the amino acid modifications V133G,
81760, and T178E. In some embodiments, H1 comprises the amino acid modifications L124E,
L143E, and K145T; L1 comprises the amino acid modifications Q124K, V133G, and S176R; H2
comprises the amino acid modifications L124R and S186R; and L2 comprises the amino acid

modifications V133G, S176D, and T178D,

11
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[0046] In some embodiments of the construct, H1 and/or H2 comprises at least one or a set of
amino acid modifications at Q39, L45, L124, 1143, F122, and H172, and L1 and/or L2
comprises at least one or a set of anmino acid modifications at 38, P44, (3124, 8131, V133,
N137, 8174, 5176, and T178. In some embodiments, H1 and/or H2 comprises at least one ora
set of amino acid modifications selected from Q39E, Q39R, L45P, F122C, L124E, L124R,
L143F, H172T, and H172R; and L1 and/or L2 comprises at feast one or a set of amino acid
modifications selected from Q38R, Q38E, P44F, Q124C, S131T, S131E, V133G, NI37K,
S174R, 8176R, S176K, 81761, T178Y, and T178D. In some embodiments, H1 comprises
amino acid modifications selected trom the group consisting of Q39E, L45P, F122C, L124E,
L143F, H172T, and H172R or combinations thereof, L1 comprises amino acid modifications
selected from the group consisting of Q38R, P44F, (3124C, S131T, VI33G, N137K, §174R,
S176R, S176K, and T178Y, or combinations thereof, H2 comprises amino acid modifications
selected from the group consisting of Q39R, L124R, and H172R, or combmations thereof] and
L.2 comprises amino acid modifications selected from the group consisting of Q38E, S131E,
V133G, 81760, and T178D, or combinations thereof. In some embodiments, H comprises the
amine acid modifications Q39F and L124E; L1 comprises the amino acid modifications Q338R,
V133G, and S176R; H2 comprises the amino acid modifications Q39R and L124R; and .2
comprises the amino acid modifications Q38E, V133G, and S176D. In some embodiments, H1
comprises the amino acid modifications L45P and L124E,; 1.1 comprises the amine acid
modifications P44F, V133G, and S176R; H2 comprises the aming acid modification L.124R; and
1.2 comprises the aming acid modifications V133G, 81760, and T178D. In some embodiments,
H1 comprises the amino acid modifications L124E and L143F; L1 comprises the amino acid
modifications V133G, and S176R; H2 comprises the amino acid modification L124R; and 1.2
comprises the amino acid modifications V133G, 81760, and T178D. In some embodiments, Hi
comprises the amino acid modifications F122C and L124E; L1 comprises the amino acid
modifications Q124C, V133G, and 8176R; H2 comprises the amino acid modification L124R;
and L2 comprises the ammo acid modifications V133G and S176D. In some embodiments, Hi
comprises the amino acid modifications 1124F and H172T; L1 comprises the anuno acid
modifications V133G, N137K, §174R, and S176R; H2 comprises the amino acid modification
L124R and H172K; and L2 comprises the amino acid modifications V133G, 817610, and T178D.

12
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[0847] In some embodiments of the construct, H1 and/or H2 comprises at least one or a set of
amino acid modifications at £124, A125, H172, and K228, and 1.1 and/or L2 comprises at least
one or a set of amino acid modifications at 8121, V133, N137, 8174, 8176, and T178. In some
embodiments, H1 and/or H2 comprises at least one or a set of amino acid modifications selected
from L124E L124R, A1258, A125R HI17ZR, HI72T, and K2280; and {11} L1 and/or L2
comprises at least one or a set of amino acid modifications selected from S121K, Vi33G,
NI37K, 8174R, 8176K, S176R, 176D, and T178D. In some embodiments, H1 comprises
amino acid modifications selected from the group consisting of L124E, A1258 HI172R, and
K228D or combinations thereof, L1 comprises amino acid modifications selected from the group
consisting of $121K, V133G, and S176R, or combinations thereof, HZ comprises amino acid
modifications selected from the group consisting of LI124R, A125R, and H1727, or
combinations thereof, and 1.2 comprises amino acid modifications selected from the group
consisting of V133G, N137k, 8174R, §176D, and T178D, or combinations thereof. In some
embodiments, H comprises the anuno acid modifications L124F and K22813; L1 comprises the
amino acid modifications S121K, V133G, and S176R; H2 comprises the amino acid
modifications L124R and A125R; and 1.2 comprises the amino acid modifications V133G and
S176D. In some embodiments, Hi comprises the amino acid modifications L124E and H172R;
L1 comprises the amino acid modifications V133G and S176R; HZ comprises the amino acid
modifications L124R and H1727; and L.2 comprises the amino acid modifications V133G,

S174R, and S176D.

16048] In some embodiments of the construct, H1 and/or H2 comprises at least one or a set of
anuno acid modifications at L1124, A139, and V190, and 1.1 and/or 1.2 comprises at least one ora
set of arnino acid modifications at F116, V133, L135, and S176. In some embodiments, H1
and/or H2 comprises at feast one or a set of amino acid modifications selected from L124E,
LI124R, A139W, A139G, and V190A; and L1 and/or 1.2 comprises at feast one or a set of ammo
acid modifications selected from F110A, V133G, L135V, L135W, S176R, and S17613. In some
embodiments, H1 comprises amino acid modifications selected from the group consisting of
L124E and A139W, or combinations thereof; L1 comprises amino acid modifications selected
from the group consisting of F116A, V133G, L135V, and S176R, or combinations thereof, H2
comprises amino acid modifications selected from the group consisting of L124R, A139G, and

Y190A, or combinations thereof; and L2 comprises amino acid modifications selected from the

13
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group consisting of V133G, L135W, and 8176D, or combinations thereof. In some
embodiments, H1 comprises the amino acid modifications 1L124F and A139W; L1 comprises the
aming acid modifications F116A, V133G, L1355V, and 8176R; H2 comprises the amino acid
modifications L124R, A139(, and V190A; and L2 comprises the amino acid modifications

V133G, L135W, and 8176D.

[0649] In some embodiments of the construct, H1 and/or H2 comprises at least one or a set of
amino acid modifications at Q39, 145, K143, H172, Q3179 and 8186, and L1 and/or L2
comprises at least one or a set of amino acid modifications at Q38, P44, 3124, 8131, Q160,
T180 and C214. In some embodiments, H1 and/or H2 comprises at least one or a set of amino
acid modifications selected from Q3SE, Q39R, L45P, K145T, H172R, Q179E and S18aR; and
L1 and/or 1.2 comprises at least one or a set of amino acid modifications selected from Q38R
(J38E, P44F (124K, S131K, Q160E, T180E and C2148. In some embodiments, H1 comprises
amino acid modifications selected from the group consisting of Q39E, L45P, K145T, H172R,
and Q179E, or combinations thereof; 1.1 comprises amino acid modifications selected from the
group consisting of Q38R, P44F, and S131K, or combinations thereof, H2 comprises amino acid
modifications selected from the group consisting of Q39R, H172R, and 8186R, or comwbinations
thereof; and L2 comprises amino acid modifications selected from the group consisting of Q38E,
Q124E, Q160E, TI80E and 2148, or combmnations thereof In some embodiments, Hl
comprises the amino acid modifications Q39E, K1435T, and Q179E; L1 comprises the armuino acid
modifications Q38R and §131K; H2 comprises the amino acid modifications Q39K and S186R;
and L2 comprises the amino acid modifications Q38E, Q124E, Q160K, and TIBOE. Insome
embodiments, Hi comprises the amino acid modifications L45SP, K145T, H172R, and Q179E;
L1 comprises the amino actd modifications P44F and S131K; H2 comprises the amino acid
modifications H172R and S186R; and L2 comprises the aminc acid modifications Q124E,

(Q160E, and T180E,

[00856] In some embodiments of the construct, H1 and/or H2 comprises at least one or a set of
amino acid modifications at A139, L143, K145, (3179 and V190, and L1 and/or L2 comprises at
ieast one or a set of amine acid modifications at F116, Q124 1135, (3160, T178, and T180. In
some embodiments, H1 and/or H2Z comprises at least one or a set of amino acid modifications

selected from A13SW, A139G, L143E, K145T, Q179E, (179K, and V190A: and L1 and/or L2

14
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comprises at least one or a set of aming acid modifications selected from F116A, Q124R,
(3124E 1135V, L135W, (3160E, T178R, and T180E. In some embodiments, HI comprises
aming acid modifications selected from the group consisting of A139W, L143E K1457, and
(3179E, or combinations thereof;, L1 comprises amino acid modifications selected from the group
consisting of F116A, Q124R, L135V, and T178R, or combinations thereof, H2 comprises amino
acid modifications selected from the group consisting of A139G, Q179K and VI90A, or
combinations thereof, and L2 comprises anuno acid modifications selected from the group
consisting of Q124E, L135W, Q160E, and T180E, or combinations thereof. In some
embodiments, HI comprises the amino acid modifications A139W, L1438, Ki43T, and G179E;
L1 comprises the amino acid modifications F116A, Q124R, L1335V, and T178R; H2 comprises
the amino acid modification Q179K and 1.2 comprises the amimo acid modifications Q124E,

L135W, Q160E, and T180E

[8651] In some embodiments of the construct, Hi and/or H2 comprises at least one or a set of
amino acid modifications at 939, L143, K145, D146, H172, and G179, and L1 and/or L2
comprises at least one or a set of amino acid modifications at @38, (3124, 160, T178, and T180.
In some embodiments, H1 and/or H2 comprises at least one or a set of amine acid modifications
selected from Q30E, Q39R, L143E, KI457T, Di4eG, HI72R, Q179E, and Q179K and L1 and/or
L2 comprises at least one or a set of anuno acid modifications selected from Q38R, Q38E,
QI24R, Q124E, Q160K, Q160E, T178R, and T180E. In some embodiments, Hl comprises
amino acid modifications selected from the group consisting of Q39E, L143E, K145T, H172R,
and Q179E, or combinations thereof, L1 comprises amino acid modifications selected from the
group consisting of Q38R Q124R, Q160K, and T178R, or combinations thereof, H2 comprises
amino acid modifications selected from the group consisting of Q39R, H172R, and Q179K, or
combinations thereof; and L.2 comprises amino acid modifications selected from the group
consisting of Q38E, Q124E D146G, Q160E, and T180E, or combinations thereof. In some
embodiments, H1 comprises the ammo acid modifications Q39E, L143E, K1457T, and Q179E,;

L1 comprises the aming acid modifications Q38R (3124R, Q160K and T178R; HZ comprises
the aming acid modifications Q39R, HI72R, and Q172K and L2 comprises the amino acid

modifications Q38E, Q124E, Q160E, and T180E.
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[0052] In some embodiments of the construct, H1 and/or H2 comprises at least one or a set of
amino acid modifications at 145, 1143, K145, D146, H172, and Q179, and L1 and/or L2
comprises at least one or a set of anuno acid modifications at Q38 P44, (3124 N137, 3160,
8174, T178, T180, and C214. In some embodiments, H1 and/or H2Z comprises at least one ora
set of amino acid modifications selected from L45F, L143E, K145T, D146G, H172R, H172T,
Q179E, and Q179K and (11} L1 and/or L2 comprises at least one or a set of amine acid
modifications selected from Q38E, P44F, Q124R, Q124E, N137K, Q160K, Q160E, S174R,
T178R, T180E, and C2148. In some embodiments, H1 comprises amino acid modifications
selected from the group consisting of L45P, L143E, K145T, H172R, and Q179E, or
combinations thereof, L1 comprises aming acid modifications selected from the group consisting
of P44F, (Q124R, Q160K and T178R, or combinations thereof, H2 comprises amino acid
modifications selected from the group consisting of D146G, H172R, H1727T, and Q179K or
combinations thereof, and L2 comprises amuno acid modifications selected from the group
consisting of Q38E, Q124E, N137K, Q160E, S174R, TI80E, and C2148, or combinations
thereof. In some embodiments, H1 comprises the aminoe acid modifications L45P, L143E, and
K145T; L1 comprises the amino acid modifications P44F, Q124R, Q160K and T178R; H2
comprises the amino acid modifications D146G and Q179K and 1.2 comprises the amino acid
modifications Q38E, Q124E, Q160E, and T180E. In some embodiments, H1 comprises the
amine acid modifications L143E, K145T, and H172R; L1 comprises the aming acid
modifications Q124R, (160K, and T178R; H2 comprises the amuno acid modifications H172T
and Q179K and L2 comprises the amine acid modifications Q124E, Q160E, N137K, 8174R,
and T180E.

[8653] In some embodiments of the construct, H1 and/or H2 compnises at least one or a set of
amino acid modifications at Li24, 1.143, K145, and Q179, and L1 and/or 1.2 comprises at least
one or a set of amino acid modifications at (3124, 8131, V133, 8176, T178, and T180. In some
embodiments, H1 and/or H2 comprises at least one or a set of amuinoe acid modifications selected
from L124W_ L124A, 1.143E, L143F, K145T, Q179E, and Q179K and L1 and/or L2 comprises
at least one or a set of amino acid modifications selected from Q124R, Q124K ()124E, S131K,
YV133A, VI33W, S176T T178R, T178L, T178E, and Ti80E. In some embodiments, H1
comprises aming acid modifications selected from the group consisting of L124W, L143E,

K1457, and Q179E, or combinations thereof; L1 comprises amino acid modifications selected
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from the group consisting of Q124R, Q124K R131K, V1334, 81767, T178R, and T178L, or
combinanons thereof, H2 comprises amino acid modifications selected from the group consisting
of L1244, L143F and Q179K or combinations thereof, and .2 comprises amino acid
modifications selected from the group consisting of Q124E, V133W, S176T, T178L, T178E, and
TI80E, or combinations thereof. In some embodiments, H1 comprises the amino acid
modifications L124W, L143E, K1457T, and Q179E; L1 comprises the amino acid modifications
QI124R, VI33A, S1767, and T178R; H2 comprises the amino acid modifications L124A 1.143F,
and Q179K and L2 comprises the amino acid modifications Q124E, V133W, S176T, T178L,
and T180E.

[0054] In some embodiments of the construct, H1 and/or B2 comprises at least one or a set of
ammo acid modifications at A139, 1,143, K145, Q179, and 5186, and L.1 and/or L2 comprises at
least one or a set of amino acid modifications at F116, 9124, V133, Q160, T178, and T180. In
some embodiments, Hi and/or H2 comprises at least one or a set of amino acid modifications
selected from AI3SC, L143E, L1430, L143R, L143K, K145T, Q179E, Q1790 QI79R, Q179K
Si86K, S186R; and L1 and/or L2 comprises at least one or a set of amino acid modifications
selected from F116C, Q124R, Q124K Ql24E, VI33E, V133D, Q160K, Qia0E, TI73R, TI78K,
T178E, and TI80E. In some embodiments, H1 comprises amino acid modifications selected
from the group consisting of A139C, LI143E, L143D, K145T, Q179E, and Q179D, or
combinations thereof, L1 comprises amino acid modifications selected from the group consisting
of F116C, Q124R, Q124K, Q160K, T178R, and T178K, or combinations thereof, H2 comprises
ammno acid modifications selected from the group consisting of L143R, L143K, Q179R, Q179K
S186K, and 8186R, or combinations therect, and L2 comprises amino acid modifications
selected from the group consisting of Q124E, VI33E VI33D, (3160E, T178E, and T180FE, or
combinations thereof. In some embodiments, H1 comprises the amino acid modifications
AI3GC, L143E K1457, and Q179E; L1 comprises the amino acid modifications F1160, Q124R,
and T178R; H2 comprises the amino acid modification Q179K and 1.2 comprises the amino acid
modifications Q124E, Q160E, and T180E. In some embodiments, HI comprises the amino acid
modifications L143E, K145T, and Q179E; L1 comprises the amino acid modificaiions Q124R
and T178R; H2 comprises the amino acid modification S186K,; and L2 comprises the ammno acid
modifications Q124E, Q160E, and T178E. In some embodiments, HI comprises the amimo acid

modifications L143E, K1457T, and Q179E; L1 comprises the amino acid modifications Q124R
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and T178R; HZ comprises the amino acid modification L143R,; and 1.2 comprises the amino acid

modifications Q124F and VI33E.

{0055]  In some embodiments of the construct, H1 and/or H2 comprises at least one or a set of
amino acid modifications at 1124, 1143, K145 D146, 3179, 5186, and S188, and L1 and/or L2
comprises at least one or a set of amine acid modifications at ©124, 8131, V133, Q160, 176,
T178, and T180. In some embodiments, H1 and/or H2 comprises at least one or a set of amino
acid modifications selected from L124A, L143A, L143R, L143E, L143K, K145T, D146G,
Q179K Q179E, Q179K, S186R, 8186k, and S188L; and L1 and/or L2 comprises at least one or
a set of amino acid modifications selected from Q124R, Q124E S131E S13171, Vi33Y,
VI133W, VI133E, V133D, QI60E, Q160K QIo0M, S176L, T178R, T178E, T178F, T178Y, and
T180H. In some embodiments, H1 comprises amino acid modifications selected from the group
consisting of L143E, K145T, Q179E, and S188L, or combinations thereof, L1 comprises amino
acid modifications selected from the group consisting of Q124R, QI60K, and T178R, or
combinations thereof, H2 comprises amino aaid modifications selected from the group consisting
of L124A, L143A, L143R, L143K, D14oG, Q179R, Q179K, S186R, and S18¢6K, or
combinations thereof, and 1.2 comprises amino acid modifications selected from the group
consisting of Q124E, S131E, S131T, VI33Y, V133W, V133E, V133D, Q160E, Q150M, S176L,
TI78E, TVI8F, T178Y, and T18CE, or combinations thereof. In some embodiments, Hi
comprises the amino acid modifications L1435, K145T, Q179E, and 81881 1.1 comprises the
anmung acid modifications Q124R and T178R; H2 comprises the amino acid modification $136K;
and L2 comprises the ammo acid modifications Q124E, 81761, and TIB0E. Insome
embodiments, Hi comprises the amino acid modifications L143E, K145T, 179K, and S188L;
L1 comprises the amung acid modifications Q124R and T178R; H2 comprigses the amino agid
modification S136K; and L.2 comprises the amino acid modifications Q124E, S1317T, T178Y,
and T18CE. In some embodiments, H1 comprises the amino acid modifications L143E and
K145T, L1 comprises the amino acid modifications Q124R, Q160K and T178R; H2 comprises
the amino acid modification S186K; and 1.2 comprises the amino acid modifications S131E. In
some embodiments, HI comprises the amino acid modifications L143E and K145T; L}
comprises the amino acid modification Q124K HZ comprises the amino actd modification

L143R; and L2 comprises the amino acid modifications Q124F and VI33E.

18



CA 02946503 2016-10-20

WO 2015/181805 PCT/1B2015/054107

[0056] In some embodiments of the construct, H1 comprises at least one or a set of amino acid
modifications at F122 and €233, and L1 comprises at least one or a set of amino acid
modifications at Q124 and €214, In some embodiments, H1 comprises at least one or a set of
amino acid modifications selected from F122C and €2338; and L1 comprises at least one or a set
of amino acid modifications selected from Q124C and 2148, In some embodiments, H1
comprises aming acid modifications selected from the group consisting of F122C and C2335, or
combinations thereof, L1 comprises amino acid modifications selected from the group consisting
of Q124C and C2148, or combinations thereof, H2 comprises a wild-type or unmodified amino
acid sequence; and L2 comprises a wild-type or unmodified amino acid sequence. In some
embodiments, H1 comprises the aminoe acid modifications F122C and C2338; L1 comprises the
amino acid modifications Q124C and C2148; H2 comprises a wild-type or unmodified anmiuno

acid sequence; and L2 comprises a wild-type or unmodified amino acid sequence.

[8637] In some embodiments, the construct comprises amino acid modifications selected from
SMCA designs 9361-9095 1. 9561-9095 2, 9121-9373 1, 9121-0373 2, 9116-9349 1, 9116-
9349 2, 9134-9521 1,9134-9521 2, 9286-9402 1, 9286-9402 2, 9667-9830 1, 9667-9830 2,
9696-9848 1, 9696-9848 2, 9060-9756 1, 9060-9756 2, 9682-9740 1, 9682-9740 2, 9049-
9759 1, 9049-9750 2 9820-9823 1, and 9820-9823 2 of the Tables herein. In some
embodiments, the construct comprises anuno acid modifications selected from SMCA designg
9327-6054 1, 9815-9825_1, 9815-9825 2, 9587-9735 1, 9587-9735 2,3522 1,3522 2,
3519 1, and 3519 2 of the Tables herein.

>

[8058] In some embodiments, H1 and/or H2 does not comprise an amino acid modification at
positton 3179, In some embodiments, Hi does not comprise the amno acid modification
(179E and/or H2 does not comprise the amuno acid modification Q179K. In some
embodiments, L1 does not comprise an amine acid modification at position 8131, Tn one
embodiment, L1 does not comprise the aminoe acitd modification S131K. In some embodiments,
1.2 does not comprise an amino acid modification at position T180. In one embodiment, 1.2 does
not comprise the amino acid modification T18GE. In some embodiments, the construct does not
comprise a combination of amino acid modifications wherein H1 comprises Q179E, L1

comprises S131K, H2Z comprises 179K, and L2 comprises T180E.
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{0059] In some embodiments, H1 does not comprise an amino acid modification at position
339 and/or Q179. In some embodiments, H1 does not comprise the aming acid modification
Q39F and/or Q179E  In some embodimenis, 1.1 does not comprise an amino acid modification
at position (3160, In one embodiment, L1 does not comprise the amino acid modification
QI60K. In some embodiments, H2 does not comprise an amine acid modification at position
(3179, In one embodiment, H2 does not comprise the amino acid modification Q179K. In some
embodiments, L2 does not comprise an amino acid modification at position Q38, G160, and/or
T180. In one embodiment 1.2 does not comprise the amino acid modifications G38E, (3160E,
and/or T180E. In some embodiments, the construct does not comprise a combination of amino
acid modifications wherein H1 comprises Q39E and/or Q179E, L1 compnises 160K, H2
comprises Q179K and 1.2 comprises Q38E, Q160F and/or TIB0E. For example, in some
embodiments, the construct does not comprise a combmation of amino acid modifications
wherein: {1} Hi comprises Q179E, L1 comprises Q160K, H2 comprises Q179K and L2
comprises J160F and TIBOE; (1) HI comprises Q39E and Q179E, L1 comprises Q160K, H2
comprises Q179K, and L2 comprises Q38E, Q160E and T180E; or (111) HI comprises Q3%E, L1
comprises Q160K H2 comprises Q179K and L2 comprises Q38E, QIGO0 and TISOE.

[0060] In some embodiments, H1 does not comprise an amino acid modification at position
3179, In some emboduments, H1 does not comprise the ammo acid modification Q179K or
QI79E.  In some embodiments, L1 does not comprise an amine acid modification at position
Q160 and/or T180. In one embodiment, L1 does not comprise the amine acid modification
160k, Q160K and/or T180E. In some embodiments, H2 does not comprise an amino acid
modification at position 179, In one embodiments, H2 does not comprise the aming acid
modification Q179K or Q179E. In some embodiments, L2 does not comprise an aming acid
modification at position (2160 and/or T180. 1n one embodiment, L2 does not comprise the
amino acid modifications Q160K, Q16CE, and/or TI180E. In some embodiments, the construct
does not comprise a combmation of amino acid modifications wherein HI comprises Q179K or
(3179E, L1 comprises Q160E, 160K, and/or T180E, H2 comprises Q179K or Q179E, and 1.2
comprises Q160K, Q160E, and/or T180E.

{006t] In some embodiments, H1 and/or H2 does not comprise an amino acid modification at

position Q179 In soms embodiments, H1 does not comprise the amino acid modification
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Q179K and/or H2 does not comprise the amino acid modification Q179E. In some
embodiments, L1 does not comprise an amino acid modification at position T18C. In one
embodiment, L1 does not comprise the amino acid modification T180E. In some embodiments,
L2 does not comprise an amino acid modification at position $131. In one embodiment, L2 does
not compirise the amine actd modification S131K. In some embodiments, the construct does not
comprise a combination of amino acid modifications wherein H1 comprises Q179K L1

comprises T180E, H2 comprises Q179E, and L2 comprises 8131K.

10662]  In some embodiments, H1 does not comprise an amino acitd modification at positicn
Q179 In some embodiments, H1 does not comprise the amuno acid modification Q179E. In
some embodiments, L1 does not comprise an amino acid modification at position Q3160 {n one
embodiment, 11 does not comprise the amino acid modification G160K. In some embodiments,
HZ? does not comprise an amino acitd modification at position Q179 In one embodiment, H2
does not comprise the amine acid modification Q179K. In some embodiments, L2 does not
comprise an amino acid modification at position T180. In one embodiment, L2 does not
comprise the amino acid modification TI80E. In some embodiments, the construct does not
comprise a combination of amino acid modifications wherein Hi comprises Q179E, L1

comprises Q160K, H2 comprises Q179K and L2 comprises T180E,

[0663] 1n some embodiments, H1 does not comprise an amino acid modification at position
A139. Insome embodiments, H1 does not comprise the anuno acid modification A139C. In
some embodiments, L1 does not comprise an amino acitd modification at position F116. in one
embodiment, L1 does not comprise the aming acid modification F116C. In some embodiments,
the construct does not comprise a combination of amino acid modifications wherein Hi

comprises A139C and L1 comprises F116C.

[8064] In some embodiments, the construct does not comprise native disulfide linkages
between the heavy and light chaing. For example, in some embodiuments, the cysteine at position
214 of L1 and/or L2 1s modified to another amino acid. In some emboduments, L1 and/or L2
comprises the amuino acid modification €214S. In some embodiments, the cystene at position
233 of H1 and/or HZ is modified to another amino acid. In one embodiment, HI and/or H2

comprises the amine acid modification 2338,
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{8065] The embodiments described herein are applicable to constructs in the Fab format and

full antibody format.
BRIEF DESCRIPTION OF THE FIGURES

[8066] Figure 1 depiets DI3HA4 heavy chain and light chain amino acid seqguences aligned
against canonical human germline sequences for Variable, Constant and J-region segmenis
{Notations in figures: * sequence 1dentity). Figure 1A depicts Human VH germline subgroups
{one representative sequence 1s displayed for each family}. Sequence identity based on an
alignment of D3H44 against VH3 and IGHI3*02. Figure 1B depicts Human kappa VL germline
subgroups {one representative sequence is displayed from each family). Sequence identity based
on an alignment of D3H44 agamst VKI and IGKJ1*01. Figure 1C depicts Human lambda VL
germliing subgroups (one representative sequence is displayed from gach family). Sequence
identity based on an alignment of D3H44 against VLI and IGLJ1*0}. Figure 1D depicts human
CH1 allele sequences. Figure 1E depicts Human kappa and lambda allele sequences.

{6067 Figure 2 depicts a flowchart for identifying critical interface residues and for
computational modeling of designs with preferential heavy-light chain pairing.

{6068] Figure 3 depicts an exemplary set of H1, L1, H2, L2 chains which have been
designed such that H1 preferentially pairs with LY over L2 and H2 preferentially pairs with 1.2
over L1, A cartoon representation of the 3D crystal structure of the vanable region heavy and
light chain interface 1s presented. The mutations introduced at the interface achieve electrostatic
and steric complementiarity for the preferentially forming obligate pairs Hi-L 1 and H2-1.2,
respectively. On the other hand, there is unfavorable steric and electrostatic musmatch in the
incorrect pair that would result in reduced pairing propensity for the mismatched pair as well as
reduced stability.

[6069] Figure 4 idlustraies 2 high level schematic overview of the engineering requirements
for forming a bispecific Mab (monoclonal antibody), and the assay requirements needed to
quantify heavy chain light chain pairs. The design goal of engineering a bispecific Mab with
high purity {(1.¢., hitle or no mispaired H-L associations) can be achieved by rationally
engineering {via the introduction of specific amino acid mutations) the preferential pairing of
two unigue heavy chaing for their unique cognate light chains. This process is shown

schematically; here H1 has been engineered to preferentially pair with L1 and not L2, Likewise,
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H2 has been engineered {o preferentially pair with L2 and not L1. The experimental screening of
bispecific Mab designs requires an assay capable of simultanecusly quantifying H1-L1THI1-E2
and H2-1.2:H2-11. These assay requirements can be simplified by assuming that each bispecific
Fab arm can be independently engineered. In this case, the assay would only need to quantfy
HI-L1HI-L2 or HZ-L.2:H2-1.1, and not both simultaneously.

[0674] Figure 5 provides a schematic depiciing how heavy chains and light chains are
tagged and preferential pairing is determined. In this schematic, the circle represents a cell in
which 3 constructs are transfected. The expression products are secreted from the cell and the
supernatant (SPNT) 1s flowed over a detection device, in this case an SPR chip. Based on the
detection level of the two different tags fused to the two Light chains competing for heavy chain
pairing, a quantifative estimate of the preferential pairing of the heavy chain to the two light
chains can be estimated.

{6071 Figure 6 depicts box plots that show the average LLCCA performance values of
pared:mispaired Fab heterodimers of at least 80:14 for each cluster,

[6672] Figure 7 shows representative UPLC-SEC profiles for AY WT Fab heterodimer as
well as B) a representative designed Fab heterodimer (the HIL1 Fab component of LCCA
designs 9735, 9737, and 97403

[0073] Figure 8 depicts the potential heavy chain associated products that can be expected
when two different light chains are co-expressed with two different heavy chains ina cell
Preferential pairing is assessed using an SMCA (monoclonal antibody competition assay).

[6674] Figure 9 depicts the bias/chain utilization preferences within a) D3H44/trastuzumab,
by D3H44/cetwamab, and ¢) trastuzamaly cetuximab bispecific systems. The chain etilization
was assessed in the different species observed by LC-MS. The x-axis presents the HI H2:L1:L2
DNA ratio and the Y axis shows the corresponding percentage of each chain within the different
transfection experiments. In a balanced system, all H and L chains would exhibit 25%. Bias
towards utilization of one light chamn is observed across all bispecific systems.

[6075] Figure 10 shows representative UPLC-SEC profiles for WT heterodimeric as well as
engineered heterodimeric antibodies. Figure 10a and 10b refers to D3H44/trastuzumab WT and
9060-9756 1, respectively. Figure 10¢ and 10d refers to D3H44/Cetuximab WT and 9820-
9823 1, respectively. Figure 10e and 10f refers {0 trastuznmab/ceticimab W1 and 9696-9848 1,

respectively.
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{06076] Figure 11 depicts box plots of the changes n the % of the correctly paired Fab
component over all mispaired Fab components utilizing the same heavy chain (H1:L1 over all

H1 species with respect to wild type for D3H44/trastuzumab and D3H44/cetuximab; the change
of H2:1.2 over all H2 species with respect to wild type for trastuzumab/cetuximab) as well as
changes in the percentage of the desired bispecific antibody with respect to wild type, for
engineered bispecific antibody samples per cluster. Changes in the % of the correctly paired Fab
component over all mispaired Fab components utilizing the same heavy chain vs cluster are
shown for each system m a) D3H44/ trastuzumab, ¢)D3H44/cetuximab and e)
trastuzumab/cetuximab. Changes in the percentage of the desired bispecific antibody with
respect to wild type vs cluster are shown for each system in b) D3H44/trastuzumab, d)
D3H44/cetuximab and f) trastuzumab/cetuximab. Across all bispecific systems, changes in the %
of the correctly paired Fab component over all mispaired Fab components utilizing the same
heavy chain vs cluster are shown in figure 11g and changes in the percentage of the desired
bispecific antibody with respect to wild type vs cluster are shown in figure 1 Th. Note that the
values reported also mclude estimated changes for engineered bispecific antibody samples where
the corresponding wild type constructs were not assessed by SMCA.

[B8677] Figure 12 depicts a method of preparing a bi-specific antibody using the library of

obligate mutation pairs provided herein.
DETAILED BESCRIPTION

[0678] Provided heremn are antigen binding polypeptide constructs {also referred to as
heterodimer pairs) which can comprise a first heterodimer and a second heterodimer wherein
each heterodimer comprises an immumoglobubin heavy chain or fragment thereof and an
mmunoglobulin light chain. Both of the heterodimers can comprise one or more amine acid
modifications in the immunoglobulin heavy chain constant domain 1 {CH1} and one or more
amino acid modifications n the immunoglobuiin light chain constant domain (CL); one or more
amino acid modifications in the immunoglobulin heavy chain variable domamn (VH) and one or
more aming acid modifications i the immunoglobulm light chain vanable domam (VL) ora
combination of the preceding amino acid modifications to both the constant and variable
domatng of the heavy and light chaing. The amino acids that are modified are typically part of

the interface between the light chain and heavy chain and are modified to create preferential
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pairing between each heavy chain and the desired hight chain such that the heavy chain of the
first hetercdimer preferentially pairs with one of the hight chains rather than the other. Likewise,
the heavy chain of the second heterodimer can preferentially pair with the second hight chain
rather than first.

[0879] As noted above, specific combinations of the aminoe acid modifications described
herein promote preferential pairing of heavy chains with specific light chains, thus enabling bi-
specific monoclonal antibody (Mab) expression to occur with negligible or limited mispairing,
and minimizing the need to purify the desired heterodimers from undesired, or mispaired
products. The heterodimers can exhibit comparable thermal stability 1o heterodimers that do not
nclude the amino acid modifications, and can also demonstrate binding affimty for antigen that
15 comparable to heterodimers that do not include the amino acid modifications.

The designs of the first and second heterodimers, can be used to create bi-specific antibodies
targeting two different therapeutic targets or targeting two distinct epitopes {overlapping or non-

overlapping) within the same antigen,

[0088] Also provided herein are methods of preparing the heterodimer pairs.
Definitions
[0081] Unless defined otherwise, all technical and scientific terms used herein have the same

meaning as 1s commonly understood by one of skill 10 the art to which the claimed subject matter
belongs. In the gvent that there are a plurality of definutions for terms herein, those i this section
prevail. Where reference s made to a URL or other such identifier or address, 1t 1s understood
that such identifiers can change and particular information on the internet can come and go, but
equivalent information can be found by searching the internet. Reference thereto evidences the
availability and public dissemination of such information.

[0082] It 15 to be understood that the foregomg general description and the followmg detatled
description are exemplary and explanatory only and are not restrictive of any subject matter
claimed. In this application, the use of the singular includes the plural unless specifically stated
otherwise,

j0¢83] In the present description, any concentration range, perceniage range, ratio range, or
integer range 1s to be understood to include the value of any integer within the recited range and,

when appropriate, fractions thereof (such as one tenth and one hundredth of an integer), unless



otherwise indicated. As used herein, "about" means + 10% of the indicated range, value,
sequence, or structure, unless otherwise indicated. It should be understood that the terms "a" and
"an" as used herein refer to "one or more” of the enumerated components unless otherwise
indicated or dictated by its context. The use of the alternative {e.g., "or"} should be understood to
mean either one, both, or any combination thereof of the alternatives. As used herein, the terms
"include" and "comprise" are used synonymously. In addition, it should be understood that the
individual single chain polypeptides or immunoglobulin constructs derived from vanous
combinations of the structures and substituents described herein are disclosed by the present
application to the same extent as if each single chain polypeptide or heterodimer were set forth
individually. Thus, selection of particular components to form individual single chain
polypeptides or heterodimers 1s within the scope of the present disclosure

[0084] The section headings used herein are for organizational purposes only and are not to
be construed as limiting the subject matter described.

[0085] It is to be understood that the methods and compositions described herein are not
lirnited to the particular methodology, protocols, cell lines, constructs, and reagents described
herein and as such may vary. It is also to be understood that the terminology used herein 1s for
the purpose of describing particular embodiments only, and is not intended to fimit the scope of
the methods and compostions deseribed herein, which will be himited only by the appended
claims.

[0086] The publications discussed herein are provided solely for their disclosure prior to the
filing date of the present application. Nothing herein is to be construed as an admission that the
inventors described herein are not entitled to antedate such disclosure by virtue of prior
imvention or for any other reason.

In the present application, amino acid names and atom names {e.g. N, O, C, etc.} are used as

defined by the Protein DataBank {(PDB) (www.pdb.org), which is based on the [UPAC

Date Regue/Date Received 2021-09-14



CA 02946503 2016-10-20

WO 2015/181805 PCT/1B2015/054107

nomenclature (JUPAC Nomenclature and Svmbolism for Amino Acids and Peptides (residue
names, atom names etc.}, Bur. J. Biochem., 138, 9-37 (1984} together with their corrections in
Eur. I Biochem., 152, 1 {1985). The term “amino acid residue” is primarily intended to indicate
an aming acid residue contamed in the group consisting of the 20 naturally occurring amino
acids, 1.e. alanine {Ala or A), cystetne {Cys or C), aspartic acid (Asp or 13}, ghutamic acid (Glu or
E), phenylalanine (Phe or F), glycine (Gly or G), histidine (His or H}, 1soleucine (e or I}, lysine
{Lys or K}, leucine (Leu or L), methionine {Met or M}, asparagine {Asn or N), proline {Pro or P},
glutamine {Gln or (), arginine (Arg or R), serine (Ser or 8), threonine (Thr or T), valine (Val or
V), tryptophan (Trp or W), and tyrosine (Tyr or Y) residues.

"ou

{6687} The terms "polypeptide,” "peptide” and "protein” are used interchangeably heremn to
refer to a polymer of amino acid residues. That is, a description directed to a polypeptide applies
equally to a description of a peptide and a description of a protein, and vice versa. The terms
apply to naturally occurring amino acid polymers as well as anmino acid polymers m which one
or more amino acid residues 13 a non-naturally encoded amino acid. As used herein, the terms
encompass amino acid chains of any length, including full length proteins, wherein the amino
acid residues are linked by covalent peptide bonds.

[B08§] The term “nucleotide sequence” or “nucleic acid sequence” 1s mtended to indicate a
consecuiive stretch of two or more nucleotide molecules. The nucleotide sequence can be of
genomic, cDNA, RNA, semusynthetic or synthetic origin, or any combination thereof

[0689] “Cell”, “host cell”, “cell ine” and “cell culture” are used mterchangeably herein and
all such terms should be understood to include progeny resulting from growth or culturing of a
cell. “Transformation” and “transfection” are used interchangeably to refer to the process of
mtroducing a nucleic acid sequence into a cell.

j0¢98] The term "amino acid” refers o naturally occurring and non-naturally occurring
amino acids, as well as amino acid analogs and amino acid rmumetics that function in a manner
similar to the naturally occurring ammo acids. Naturally encoded aming acids are the 20
common amino acids (alanine, arginine, asparagine, aspartic acid, cysteine, glutamine, glutamic
acid, glycine, histidine, 1soleucine, leucine, lysine, methionine, phenylalanine, proline, serine,
threonine, tryptophan, tyrosine, and valine) and pyrrolysine and selenocysteine. Amino acid
analogs refers to compounds that have the same basic chemical structure as a naturally occurring

amino acid, t.e, an a carbon that 15 bound to a hydrogen, a carboxyl group, an amino group, and
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an R group, such as, homoserine, norleucine, methionine sulfoxide, methionine methyl
sulfonum. Such analogs have modified R groups (such as, norleucine) or modified peptide
backbones, but retain the same basic chemical structure as a naturally occwrring amino acid.
Reference to an amino acid mcludes, for example, naturally occurring proteogenic L-amino
acids; D-amino acids, chemically modified amino acids such as amino acid vanants and
derivatives; naturally occurring non-protesgenic amino acids such as alanine, ornithine, etc.; and
chemically synthesized compounds having properties known in the art to be characteristic of
amino acids. Examples of non-naturaily occurring amino acids include, but are not imited to, U-
methyl amino acids (e.g. methyl alanine}, D-amino acids, histidine-like anmuino acids {e.g., 2-
amino-histidine, hydroxy-histidine, homohistidine), ammo acids having an extra methylene in
the side chain ("homo" amine acids), and amno acids in which a carboxylic acid functional
group n the side chain is replaced with a sulfonic acid group (e.g., cysteic acid). The
mncorporation of non-natural ammo acids, includimg synthetic non-native amimo acids, substituted
amino acids, or one or more D-amino acids mto the proteins of the present invention can be
advantageous in a number of different ways. D-amino acid-containing peptides, etc., exhibit
mcreased stability in vitro or in vivo compared to L-amino acid-containing counterparts. Thus,
the construction of peptides, etc., mcorporating B-amino acids ¢an be particufarly useful when
greater mtracellular stability 1s desired or required. More specifically, D-peptides, etc., are
resistant 1o endogenous peptidases and proteases, thereby providing improved hoavalabality of
the molecule, and prolonged lifetimes 1 vivo when such properties are desirable. Additionally,
D-pentides, ete., cannot be processed efficiently for major histecompatibility complex class 11-
restricted presentation to T helper cells, and are therefore, less likely to induce humoral immune
responses in the whole organism.

10091 Amino acids are referred to herein by either their commonly known three letter
symbols or by the one-letter symbols recommended by the IUPAC-IUB Biochemical
Nomenclature Commission. Nucleotides, likewise, can be referred to by their commonly
accepted single-letter codes.

[0092] "Conservatively modified variants” applies to both amino acid and nucleic acid
sequences. With respect to particular nucleic acid sequences, "conservatively modified variants”
refers to those nucleic acids which encode dentical or essentially wdentical amne acid

sequences, or where the nucleic acid does not encode an amine acid sequence, 1o essendially
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identical sequences. Because of the degeneracy of the genetic code, a large number of
functionally identical nucleic acids encode any given protein. For instance, the codons GCA,
O, GCG and GCJ all encode the aming acid alanine Thus, at every position where an
alanine i3 specified by a codon, the codon can be altered to any of the corresponding codons
described without altering the encoded polypeptide. Such nucleic acid variations are "silent
variations," which are one species of conservatively modified variations. Every nucleic acid
sequence herein which encodes a polyvpeptide also describes every possible silent variation of the
nucleic acid. One of ordinary skill in the art will recognize that each codon in a nucleic acid
(except AUG, which 1s ordinarily the only codon for methionine, and TGG, which is ordinanily
the only codon for tryptophan) can be modified to vield a functionally 1dentical molecule.
Accordingly, each silent variation of a nucleic acid which encodes a polypeptide 1s implicit n
cach described sequence.
{0093 As to amino acid sequences, one of ordinary skill m the art will recogmize that
mdividual substitutions, deletions or additions to a nucleic acid, peptide, polypeptide, or protein
sequence which alters, adds or deletes a single anmuno acid or a small percentage of anuno acids
in the encoded sequence 1s a "conservatively modified varant® where the alteration results in the
deletion of an amuno acid, addition of an amuno acid, or sebstitution of an amino acid with a
chemically sirntlar amino acid. Conservative substitution tables providing functionally similar
amno acids are known to those of ordinary skall in the art. Such conservatively modified vanants
are i addition to and do not exclude polymorphic vanants, interspecies homologs, and alleles of
the invention.
{0094] Conservative subsittution tables providing functionally similar amino acids are
known to those of ordinary skill in the art. The following eight groups each contain amino acids
that are conservative substitutions for one ancther:

Alanine {A}, Glycine (G},

Aspartic acid (D), Glutamic acid (E};

Asparagine (N), Glutamine {Q};

Arginine (R), Lysine (K},

Isoleucine (1), Leucine (L}, Methionine (M}, Valine (V);

Phenylalanine (F), Tyrosine (Y}, Tryptophan (W),

Serine (8}, Threonine (T); and
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Cysteine (C}, Methionine (M)}
{see, e.g., Creighton, Proteins: Structures and Molecular Properties (W H Freeman & Co.; 2Znd
edition (December 1993).
[6695] The terms "tdentical” or percent "identity." 1n the context of two or more nucleic
acids or polypeptide sequences, refer to two or more sequences or subsequences that are the
same. Sequences are "substantially identical” if they have a percentage of amino acid residues or
nucleotides that are the same (1.2, at least about 50%, $5%, 60%, 63%, 70%, 75%, 0%, 859%,
90%, 91%, 92%, 93%%, 94%, 95%, 96%, 97%, 98%, or 99% identity over a specified region},
when compared and aligned for maximum correspondence over a comparison window, or
designated region as measured using one of the following sequence comparison algorithros {(or
other algorithms available to persons of ordinary skill in the art) or by manual alignment and
visual mnspection. This definition also refers 1o the complement of a test sequence. The wdentity
can exist over a region that 15 at least about 30 ammo acids or nucleotides n length, or overa
region that 18 75-100 anmuno acids or nucleotides in length, or, where not specified, across the
entire sequence of a polynucleotide or polyvpeptide. A polynucleotide encoding a polypeptide of
the present invention, including homologs from species other than human, can be obtained by a
process comprising the steps of screenmng a hibrary under stringent hybridization conditions with
a labeled probe having a polynuclestide sequence of the invention or a fragment thereof, and
isolating full-length ¢DINA and genomic clones contaming sard polynucleotide sequence. Such
hybridization techniques are well known to the skilled artisan.
16096] A dertvative, or a variant of a polypeptide is said to share “homology” or be
“homologous™ with the peptide if the aming acid sequences of the derivative or variant has at
least 50% 1dentity with a 100 amino acid sequence from the original peptide. In certain
embodimments, the derivative or variant is at least 75% the same as that of either the peptide or a
fragment of the peptide having the same number of amino acid residues as the derivative. In
certain embodiments, the derrvative or variant is at least 85% the same as that of either the
peptide or a fragment of the peptide having the same number of amino acid residues as the
derivative In certain embodiments, the amino acid sequence of the derivative is at least 90% the
same as the peptide or a fragment of the peptide having the same number of amino acid residues
as the derivative. In some embodiments, the amino acid sequence of the derivative 1s at least

95% the same as the peptide or a fragment of the peptide having the same number of amino acid
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residues as the derivative. In certain embodiments, the derivative or variant is at least 99% the
same as that of either the peptide or a fragment of the peptide having the same number of amino
acid residues as the derivative.

[6097] As used herein, an “1solated” polypeptide or construct means a construct or
polypeptide that has been identified and separated and/or recovered from a component of its
natural cell culfure environment. Contaminant components of its natural environment are
materials that would typically interfere with diagnostic or therapeutic uses for the
heteromultimer, and can include enzymes, hormones, and other proteinaceous or non-
proteinaceocus solutes.

[6098] In certain embodiments, as used heren, “isolated” antigen-binding polypeptide
constructs described herein comprise heterodimer pairs or “isolated” heterodimer pairs that
comprise a heterodimer ot heterodimer pair that has been identified and separated and/or
recovered from a component of 1ts natural cell culture environment. Contaminant components of
1ts natural environment are materials that would mterfere with diagnostic or therapeutic uses for
the heterodimer or antigen-binding polypeptide constructs, and can include enzymes, hormones,
and other proteinaceous or non-proteinaceous soluies.

[86099] The heterodimers and antigen-binding polypeptide constrocts and heterodimer pairs
are generally purified to substantial homogeneity. The phrases “substantially homogeneous”,
“substantially homogeneous forny” and “substantial homogeneity” are used to indicate that the
product is substantially devoid of by-products originated from andesired polypeptide
combinations {e.g. homodimers). In this context, the species of interest 1s the heterodimer
comprising Hi and L1 (H1-L1}, or H2 and L2 (H2-L2Z}. Contaminanis include heterodimers
comprising H1 and L2 (H1-L2}, or H2 and .1 (H2-L.1} or homodimers comprising Hl and L1 or
HZ and L2 (regardliess of whether the Fab portion is correctly paired or mispaired). Expressed in
terms of purity, substantial homogeneity means that the amount of by-products does not exceed
10%, for example 1s below 5%, below 1%, or below 0.5% of the total LC-MS intensity from afl
species present in the mixture, wherein the percentages reflect results from Mass Spectrometric
analysis.

{0104 The phrase "selectively (or specifically) hybridizes to" refers to the binding,

duplexing, or hybridizing of a molecule only to 2 particular nucleotide sequence under stringent
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hybridization conditions when that sequence is present in a complex mixture (including but not
limited to, total cellular or library DNA or RNA).

16101 Terms understood by those in the art of antibody technology are each given the
meaning acquired in the art, unless expressly defined differently herem. Antibodies are known to
have variable regions, a hinge region, and constant domains. Immunoglobulin structure and
function are reviewed, for example, in Harlow et al, Eds., Antibodies: A Laboratory Manual,
Chapter 14 (Cold Spring Harbor Laboratory, Cold Spring Harbor, 1988).

[6102] As used herein, the terms “antibody” and “immunoglobulin™ or “antigen binding
polypeptide construct” are used nterchangeably. An “antigen binding polypeptide construct”
refers to a polypeptide substantially encoded by an immunoglobulin gene or immunoglobulin
genes, or one or more fragments thereof, which specifically bind an analyte (antigen}. The
recognized immunoglobulin genes include the kappa, lambda, alpha, gamma, delta, epsilon and
muy constant region genes, as well as the myriad immunoglobulin vanable region genes. Light
chains are classified as either kappa or lambda. Heavy chains are classified as gamma, mu, alphas,
delta, or epsilon, which in turn define the immunoglobulin 1sotypes, IgG, IgM, IgA, IgD, and
igE, respectively. Further, the antibody can belong to one of a number of subtypes, for instance,
the Ig(y can belong to the 1g(G1, 1gG2, 1963, or 194 subclasses.

[0103] An exemplary immunoglobulin (antibody) structural it is composed of two pairs of
polypeptide chains, each pair having one “light” (about 25 ki3} and one “heavy” chain {about 50-
70 kD). The term “light cham” includes a full-length light chain and fragments thereof having
sufficient variable region sequence to confer binding specificity. A full-length light chain
includes a variable region domain, VL, and a constant region domain, CL. The variable region
domain of the light chain is at the amino-terminus of the polypeptide. Light chains include kappa
chains and lambda chains. The term “heavy chain” includes a full-length heavy chain and
fragments thereof having sufficient variable region sequence to confer binding specificity. A
full-length heavy chain includes a variabie region domain, VH, and three constant region
domains, CH1, CH2, and CH3. The VH domain 1s at the anuno-termmus of the polypeptide, and
the CH domains are ai the carboxyl-terminus, with the CH3 being closest to the carboxy-
terminus of the polypeptide. Heavy chains can be of any isotype, including 1gG (including 1g(Gl,
12G2, 1eG3 and 1g(G4 subclasses), igA (including igAl and IgA2 subclagses), IgM and [gE The

term “variable region” or “variable domain” refers to a portion of the light and/or heavy chains
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of an antibody generally responsible for antigen recognition, typicallv including approximately
the amino-termunal 120 to 130 amino acids in the heavy chain (VH) and about 100 to 110 amino
terminal amino acids in the light chain (VL) A “complementarity determining region” of
“CDR” 15 an amung acid sequence that contributes to antigen binding specificity and affinity.
“Framework” regions (FR) can atd in maintaining the proper conformation of the CDRs to
promote binding between the antigen binding region and an antigen. Structurally, framework
regions can be located in antibodies between CDRs. The variable regions typically exhibit the
same general structure of relatively conserved framework regions (FR) joined by three hyper
variable regions, CDRs. The CDRs from the two chains of each pair typically are aligned by the
framework regions, which can enable binding to a specific epitope. From Neterminal to C-
terminal, both light and heavy chain variable regions typically comprise the domains FR1,
CDRI1, FRZ, CDRZ2, FR3, CDR3, and FR4. The assignment of amino acids to each domain 1s
typically m accordance with the definitions of Kabat Sequences of Proteins of Immunclogical
Interest (National Institutes of Health, Bethesda, Md. (1987 and 1991)), unless stated otherwise.
In certam embodiments, the antigen-binding polvpeptide consiructs comprise at least one
mmuncglobulin domain from IgG, IgM, IgA, 1gD, or Igl connected to a therapeutic
polypeptide. In some embodiments, the immunoglobulin domain comprised 1n an antigen-
binding polypeptide construct provided herein, 1s from an immunoglobulin-based construct such
as a diabody, or a nancbody. In certain embodiments, the antigen-binding polypeptide constructs
described herein comprise at least one immunoglobulin domam from a heavy chain antibody
such as a camelid antibody . In certain embodiments, the antigen-binding polvpeptide construcis
provided herein comprise at least one immunoglobulin domain from a mammalian antibody such
as a bovine antibody, a human antibody, a camelid antibody (single domain and non-single
domain}, a rodent antibody, humanized antibody, a non-humanized antibody, a mouse antibody,
or any chimeric antibedy. In certain embodiments, the antigen-binding polypeptide constructs
provided herein comprise at least one immunoglobulin doman from an antibody generated from
a synthetic library.

[3104] A “hi-specific,” “dual-specific” or “bifunctional” antigen hinding protein or antibody
is a hybrid antigen binding protein having two ditferent antigen binding sites. Bispecific antigen
binding proteins and antibodies are a species of multispecific antigen binding protein antibody.

The two binding sites of a bispecific antigen binding protein or antibody will bind to two
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different epitopes, which can reside on the same or different molecular targets. A “multispecific
antigen binding protein” or “multispecific antibody” is one that targets more than one antigen or
epitope. A “bivalent antigen binding protein” or “bivalent antibody™ comprises two antigen
binding sites. In some instances, the two binding sites have the same antigen specificities.
Bivalent antigen binding proteins and bivalent antibodies can be bispecific, see, infra. A bivalent
antibody other than a “multispecific” or “multifunctional” antibody, in certain emboduments,
typically is understood to have gach of its binding sites identical.

[G105] The term “preferential pairing”™ is used herein to describe the pairing pattern of a first
polypeptide with a second polypeptide, e.z., an immunoglobulin heavy chain with an
immunoglobulin light chain in the antigen-binding polypepiide constructs and heterodimer pairs
described herein. As such, “preferential pairing” refers to the preferved pairing of a first
polypeptide with a second polypeptide when one or more additional, distinct polvpeptides are
present at the same time as the pairing occurs between the first and second polvpeptide.
Typically preferential pairing occurs as a result of the modification (e.g., amino acid
maodification) of one or both of the first and second polypeptide. Typically preferential pairing
results in the paired first and second polypeptide being the most abundant dimer present after
paiting occurs. It 1s known m the art that an immunoglobulin heavy chawn (H1) will if co-
expressed with two different immunoglobulin light chains (1.1 and L2), statistically pair equally
with both light chains, resalting in an approximate 50:50 mixture of Hi pared with L1 and H1
paired with L2, In this context, “preferential painng” would occur between, for example, H1 and
L1, if the amount of the H1-L1 heavy chain-light chain heterodimer was greater than the amount
of the H1-L2 heterodimer when HI 15 co-expressed with both L1 and L2, Thus, in this case, H1
preferentially pairs with L1 relativeto L2,

10106] However, in the context of wild-type bispecific antibodies generated from two
starting antibody systems, it is also known in the art that in some cases there is an inherent bias
where the light chain of one antibody system preferentiaily pairs with the heavy chains of both
antibody systems. Thus, when determining the strength of a design in the context of a bispecific
antigen-binding construct, it may be necessary to assess the degree of pairing with the design
compared to the degree of pairing n the wild-type system. Thus, in one embodiment, a design 15
considered to show preferential pairing if the amount of desired bispecific antibedy 15 greater

than the amount of desired bispecific antibody obtained in wild-type systems. In another
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embodiment, a design is considered to show preferential pairing if the amount of pairing in the
weaker arm of the antibody, is greater than that seen in the wild-type system.

[¢107] Antibody heavy chains pair with antibody light chains and meet or contact one
another at one or more "interfaces.” The "interface” mncludes one or more "contact" amino acid
residues in a first polypeptide that interact with one or more "contact” amino acid residues of a
second polypeptide. For example, an interface exists between the CH3 polypeptide sequences of
a dimerized CH3 domain, between the CH1 domain of the heavy chain and CL domain of the
light chain, and between the VH domain of the heavy chamn and the VL domain of the light
chain. The “interface” can be derived from an IgG antibody and for example, from a human
Ie(31 antibody.

[6108] The term “amino acid modifications” as used heremn includes, hut is not imited to,
amino acid mutations, insertions, deletions, substifutions, chemical modifications, physical

modifications, and rearrangements.
Antigen binding polypeptide constructs and heterodimer pairs

[0109] The antigen-binding polypeptide constructs described herein can comprise a first
heterodimer and a second heterodimer; each heterodimer obtained by pauring an immunoglobulin
heavy chain with an immunoglobulin light chain  The structure and organization of the constant
and variable domains of immunoglobulin heavy and light chains are well known n the art.
Immunoglobulin heavy chains typically comprise one vanable (VH) domain, and three constant
domains, CHI, CH2, and CH3. Immunoglobulin hght chains typically comprise one variable
(VL) domam and one constant {CL) domain. Various modifications to these typical formats can
be made.

[8118] The antigen-bimdimg polypeptide constructs and heterodimer pairs described herein can
comprise a first heterodimer and a second heterodimer, each heterodimer comprising an
immunoglobulin/antibody heavy chain or fragment thereof having at least a VH and CH1
domain, and an immunoglobulin/antibody light chain having a VL domain and a CL domain. In
one embodiment, both heterodimers of the heterodimer pawr and antigen-binding polypeptide
constructs comprise a full-length immunoglobulin heavy chain. In another embediment, both
heterodimers of the heterodimer pair or antigen-binding polypeptide constructs comprise a

fragment of the immunoglobulin heavy chain that includes at least a3 VH and a CH1 domamn. In
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one embodiment, both heterodimers of the heterodimer pair comprise an amino terminal
fragment of the immunoglobulin heavy chain that comprises at least a VH and a CHI domain. In
another embodiment, both heterodimers of the heterodimer pair comprise a carboxy terminal
fragment of the immunoglobulin heavy chain that comprises at least a VH and a CH1 domain.
[0111] Each heterodimer of the heterodimer pair can bind specifically to an antigen or
epitope. In one embodiment, the immunoglobulin heavy chain and the immunoglobulin light
chain of each heterodimer is derived or enginecred from a known antibody. for example a
therapeutic antibedy. A therapeutic antibody is one that is effective m treating a disease or
disorder in a mammal with or predisposed to the disease or disorder. Suitable therapeutic
antibodies from which cach heterodimer can be derived include, but are not limited to
abagovomab, adalimumab, alemtuzumab, aurograb, bapincuzumab, basiliximab, belimumab,
bevacizumab, briakinumab, canakinumab, catumaxomab, certolizamab pegol, cetuximab,
daclizumab, denosumab, efalizumab, galiximab, gemtuzumab ozogamicin,. golimumab,
ibritumomab tiuxetan, infliximab, ipilimumab, lumiliximab, mepolizumab, motavizumab,
muromonab, mycograb, natalizumab, nimotuzumab, ocrelizimab, ofatumumab, omalizumab,
palivizumab, panitumumab, pertuzumab, ranibizumab, reslizumab, rituximab, teplizumab,
tocilizumab/atlizumab, tositumomab, rastuzumab, ProxiniumTM, RencarexTM, ustekinumab,
and zalutumumab.

[0112] In one embodiment, the immunoglobulin heavy chain and/or the immunoglobulin
light cham of each heterodimer are derived or engineered from an antibody that binds a molecule
including, but not limited to, the following list of proteins, as well as subumnits, domains, motifs
and epitopes belonging to the following list of proteins: renin; a growth hormone, including
human growth hormone and bovine growth hormone; growth hormone releasing factor;
parathyroid hormone; thyroid stimulating hormone; lipoproteins; alpha-1-antitrypsin; insulin A-
chain; mnsulin B-chain; proinsulin; follicle stimulating hormone; calcitonin; luteinizing hormone;
glucagon; clotting factors such as factor VII, factor VHIC, factor 1X, tissue. factor (TF), and von
Willebrands factor; anti-clotting factors such as Protein C; atrial natriuretic factor; lung
surfactant; a plasminogen activator, such as urokinase or human urine or tissuc-type plasminogen
activator (t-PA); bombesin; thrombin; hemopoietic growth factor; tumor necrosis factor-alpha
and -beta; enkephalinase; RANTES (regulated on activation normally T-cell expressed and

secreted); human macrophage mflammatory protein (MIP-1-alpha); a serum
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albumin such as human serum albumin; Muellerian-inhibiting substance; relaxin A-chain; relaxin
B-chain; prorelaxin; mouse gonadotropin-associated peptide; a microbial protein, such as beta-
lactamase; DNase; IgE; a cytotoxic T-lymphocyte associated antigen (CTLA), such as CTLA-4;
inhibin; activin; vascular endothelial growth factor (VEGF); receptors for hormones or growth
factors such as, for cxample, EGFR, VEGFR; interferons such as alpha interferon (alpha-IFN),
beta interferon (beta-IFN) and gamma interferon {gamma-IFN); protein A or D; rheumatoid
factors; a neurotrophic factor 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; platelei-derived growth
factor (PDGF); fibroblast growth factor such as AFGF and PFGF; epidermal growth factor
(EGF); transforming growth factor (TGF) such as TGF-alpha and TGF-beta, including TGF-1,
TGF-2, TGF-3, TGF-4, or TGF-5; insulin-like growth factor-1 and -11 (IGF-I and IGF-II); des {1~
3)-IGF-I (brain IGF-1), insulin-like growth factor binding proteins; CD proteins such as CD2,
CD3, CD4, CD8§, CD11g, CDI14, CDIg, CDI19, CD20, CD22, CD23, CD25, CD33, CD34,
CD40, CD40L, CD32, CD63, CD64, CD80 and CD147; erythropoietin; osteoinductive factors;
immunotoxins; a bone morphogenetic protein (BMP); an interferon such as interferon-alpha, -
beta, and -gamma; colony stimulating factors (CSFs), such as M-CSF, GM-CSF, and G-CSF;
interleukins (ILs), ¢.g., IL-1 to IL-13; TNF-alpha, supcroxide dismutase; T-cell receptors;
surface membrane proteins; decay accelerating factor; viral antigen such as, for example, a
portion of the AIDS envelope, e.g., gp120; transport proteins; homing receptors; addressins;
regulatory proteins; cell adhesion molecules such as LFA-1, Mac 1, p150.95, VLA-4, ICAM-I,
ICAM-3 and VCAM, ad/p7 mtcgrin, and (Xv/p3 integrin including either a or subunits thereof,
integrin alpha subunits such as CD49a, CD49b, CD49%¢, CD49d, CD49%¢, CD49f, alpha7, alpha8,
alpha9, alphaD, CDl1la, CD11b, CD51, CDllc, CD41, alphallb, alphalELDb; integrin beta
subunits such as, CD29, CD 18, CD61, CD104, beta5, betab, beta7 and beta$; Integrin subunit
combinations including but not limited to, alphaVbeta3, alphaVbeta5 and alphadbeta7; a member
of an apoptosis pathway; IgF; blood group antigens; flk2/flt3 receptor; obesity (OB) receptor;
mpl receptor, CTLA-4: protein C; an Eph receptor such as EphA2, EphA4, EphB2, etc.; a
Human Leukocyte Antigen (HLA) such as HLA-DR; complement proteins such as complement
receptor CR1, C1Rq and other complement factors such as C3, and CS; a glycoprotein receptor
such as Gplb.alpha., GPlb/1Ha and CD200; and fragments of any of the above-listed
polypeptides.
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[0113] In an cmbodiment, the immunoglobulin heavy and/or light chains of cach heterodimer
are derived or engineered from antibodies that spceifically bind cancer antigens including, but
not limited to, ALK receptor (pleiotrophin receptor), pleiotrophin, KS 1/4 pan-carcinoma
antigen; ovarian carcinoma antigen (CA125); prostatic acid phosphate; prostate specific antigen
(PSA); melanoma-associated antigen p97; melanoma antigen gp75; high molecular weight
melanoma antigen (HMW-MAA); prostate specific membrane antigen; carcinoembryonic
antigen (CEA); polymorphic epithelial mucin antigen; human milk fat globule antigen; colorectal
tumor-associated antigens such as: CEA, TAG-72, CO17-1A, GICA 19-9, CTA-1 and LEA;
Burkitt's lymphoma antigen~38.13; CD19; human B-lymphoma antigen-CD20; CD33; melanoma
specific antigens such as ganglioside GD2, ganglioside GD3, ganglioside GM2 and ganglioside
GM3; tumor-specific transplantation type cell-surface antigen (TSTA); virally-induced twmor
antigens including T-antigen, DNA tumor viruses and Envelope antigens of RNA tumor viruses;
oncofetal antigen-alpha-fetoprotein such as CEA of colon, 514 oncofetal trophoblast
glycoprotein and bladder tumor oncofetal antigen; differentiation antigen such as human lung
carcinoma antigens L6 and L20; antigens of fibrosarcoma; human leukemia T cell antigen-Gp37;
ncoglycoprotein; sphingolipids; breast cancer antigens such as EGFR (Epidermal growth factor
receptor); NY-BR-16; NY-BR-16 and HER2 antigen (pl85HER2); polymorphic epithelial mucin
(PEM); malignant human lymphocyte antigen-APO-1; differentiation antigen such as I antigen
found in fetal erythrocytes; primary endoderm [ antigen found in adult erythrocytes;
preimplantation embryos; I(Ma) found in gastric adenocarcinomas; M18, M39 found in breast
epithelium; SSEA-1 found in myeloid cells; VEP8; VEP9: Myl; Va4-D5; D156-22 found in
colorectal cancer; TRA-1-85 (blood group H); SCP-1 found in testis and ovarian cancer; Cl14
found in colonic adenocarcinoma; F3 found in lung adenocarcinoma; AHG6 found in gastric
cancer; Y hapten; Ley found in embryonal carcinoma cells; TLS (blood group A); EGF receptor
found in A431 cells; El series (blood group B) found in pancreatic cancer; FC10.2 found in
embryonal carcinoma cells; gastric adenocarcinoma antigen; CO-514 (blood group Lca) found in
Adenocarcinoma; NS-10 found in adenocarcinomas; CO-43 (blood group Leb); G49 found in
EGF receptor of A43] cells; MH2 (blood group ALcb/Ley) found in colonic adenocarcinoma;
19.9 found in colon cancer; gastric cancer mucins; TSA7 found in myeloid cells; R24 found in
melanoma; 4.2, GD3, D1.1, OFA-1, GM2, OFA-2, GD2, and M1:22:25:8 found in embryonal
carcinoma cells and SSEA-3 and SSEA-4 found in 4 to 8-cell stage
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embryos; Cutancous Teell Lymphoma antigen; MART-! antigen; Sialy Tn (STn) antigen; Colon
cancer antigen NY-CO-45; Lung cancer antigen NY-LU-12 valiant A; Adenocarcinoma antigen
ARTI; Parancoplastic associated bramn-testis-cancer antigen {onconeuronal antigen MA2;
paraneoplastic neuronal antigen); Neuro-oncological ventral antigen 2 (NOVA2); Hepatocellular
carcinoma antigen gene 520; TUMOR-ASSOCIATED ANTIGEN CO0-029; Tumor-associated
antigens MAGE-C1 (cancer/testis antigen CT7), MAGE-B1 (MAGE-XP antigen), MAGE-B2
(DAMS6), MAGE-2, MAGE-4-a, MAGE-4-b and MAGE-X2; Cancer-Testis Antigen (NY-EOS-

1) and fragments of any of the above-listed polypeptides.

[0114] Human antibodies can be grouped into isotypes including IgG, IgA, IgE, IgM, and
IgD. In one embodiment, an Fe is derived from an IgG isotype. In another embodiment, an Fe is
derived from an IgA isotype. In another embodiment, an Fc is derived from an IgE isotype. In
another embodiment, an Fc is derived from an IgM isotype. In another embodiment, an Fc is
derived from an IgD isotype. ,

[0115] Human IgG antibodics can also be divided into the subclasses IgGl, 1eG2, 1gG3, and
IgG4. Thus, in some embodiments, it is contemplated an Fc can be derived from an IgGl, 1gG2,
IgG3, or 1gG4 subclass of antibodies.

[0116] Each heterodimer of the heterodimer pair can bind specifically to an epitope or
antigen. In one embodiment, each heterodimer of the heterodimer pair binds to the same epitope.
In another embodiment, the first heterodimer of the heterodimer pair specifically binds to an
epitope on one antigen and the sccond heterodimer of the heterodimer pair binds specifically to a
different epitope on the same antigen. In another embodiment, the first heterodimer of the
heterodimer pair specifically binds to an epitope on a first antigen, and the second heterodimer of
the heterodimer pair specifically binds to an epitope on a sccond antigen that 1s different from the
first antigen. For example, in onc embodiment, the first heterodimer binds specifically to Tissue
Factor, while the second heterodimer binds specifically to antigen Her2(ErbB2), or vice-versa.

In an alternative embodiment, the first heicrodimer binds specifically to Tissuc Factor, while the
sccond heterodimer binds specifically to EGFR, or vice-versa. In yet another embodiment, the
first heterodimer binds specifically to EGFR, while the second heterodimer binds specifically to
antigen Her2, or vice-versa. In another embodiment, the first heterodimer binds specifically to a
molecule or cancer antigen described above. In another embodiment, the second heterodimer

binds specifically to a molecule or cancer antigen described above,
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[0817] As indicated above, 1n some embodiments, the immunoglobulin heavy chain and the
immunoglobulin light chain of each heterodimer comprises one or more modifications from a
known therapeutic antibody, or from an antibody that binds various target molecules or cancer
antigens. The amino acid and nucleotide sequences of numerous such molecules are readily
available {see for example, GenBank: AJ308087 1 (Humanized anti-human tissue factor
antibody [33H44 light chain varable region and CL domain); GenBaunk: AJ308086.1 (humanized
anti-human tissue factor antibody 133H44 heavy chain vanable regionand CH1 domain),
GenBank: HC359025.1 {Pertuzumab Fab light chain gene module);, GenBank: H('359024 1
(Pertuzumab Fab heavy chain gene module); GenBank: GM685465.1 {Antibody Trastuzumab (=
Herceptin} - wildtype; light chain); GenBank: GM685463.1 (Antibody Trastuzumab (=
Herceptin) - wildtype; heavy chain); GenBank: GM685466.1 (Antibody Trastuzumab {=
Herceptin) - GC-optimized light chain); and GenBank: GM685464.1 { Antibody Trastuzumab (=
Herceptin) - GC-optimized heavy chain. The sequences of each of the GenBank numbers
described herein are available from the NCBI website as of November 28, 2012. Amino acid and
nucleotide sequences for cetuximab are also known 1n the art, see for example the Drug Bank
website supported by Canadian Institutes of Health Research, Alberta fnnovates - Health
Solutions, and by The Metabolomics Innovation Centre {TMIC), Accession No. BB0000Z,
[6118] In some aspects, an 1solated antigen-binding polypeptide construct comprises an
amino acid sequence that 1s at least 80, 85, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, or 100%
identical to an amino acid sequence or fragment thereof set forth 1n the Tables or accession
numbers disclosed herein. In some aspects, an isolated antigen-binding polypeptide construct
comprises an amino acid sequence encoded by a polynucleotide that 1s at least 80, 85, 90, 91, 92,
93, 94, 95, 96, 97, 98, 99, or 100% 1dentical to a nucleotide sequence or fragment thereof set

forth 1n the Tables or accession numbers disclosed herein.

Amiine acid modifications to immunaglobulin heavy and Lght chains

(6119 At least one of the heterodimers of a heterodimer pair can comprise one or more
amino acid modifications to their immunoglobulin heavy and/or immunoglobulin light chains
such that the heavy chain of the first heterodimer preferentially pairs with one of the light chains

rather than the other. Likewise, the heavy chain of the second heterodimer can preferentially
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pair with the second light chain rather than the first. This preferential pairing of one heavy chain
with one of two light chains can be based on design sels comprising one immunoglobulin heavy
chain and two immunoglobulin light chains (referred to as an LCCA design set) where the
mmunocglobulin heavy chain preferentially pairs with one of the two immunoglobulin hight
chains over the other when the immunoglobulin heavy chain is co-expressed with both
mmuncglobulin light chains. Thus, a LOCA design set can comprise one unmunoglobulin
heavy chain, a first immunoglobulin light chain and a second immunoglobulin light chain.
[6126] In one embodiment, the one or more amino acid modifications comprise one or more
amino acid substitutions.

[6121] In one embodiment, the preferential pairing demonstrated in the LCCA design set 13
established by modifying one or more amino acids that are part of the interface between the light
chain and heavy chain. In one embodiment, the preferential pairing demonstrated in the LCCA
design set is established by modifving one or more amino acids i at least one of the CHI
domain of the immunogiobulin heavy cham, the CL domain of a first immunoglobulin light
chain and the CL domain of the second immunogiobulin hight chain,

[6122] In one embodiment the one or amino acid modifications are limited to the conserved
framework residues of the variable (VH, VL) and constant (CH1, CL) domains as indicated by
the Kabat numbering of residues. For example, Almagro [Frontiers In Bioscience (2008) 13:
1619-1633] provides a defuution of the framework residues on the basis of Kabat, Chotia, and
IMGT numbering schemes.

[0123] In one embodiment, at least one of the heterodimers comprises one or more mutations
mtroduced in the immuncglobulin heavy and immunoglobulin light chaing that are
complementary to each other. Complementarity at the heavy and light chamn interface can be
achieved on the basis of steric and hydrophobic contacts, electrostatic/charge interactions or a
combination of the variety of interactions. The complementarity between protein surfaces is
broadly described in the iiterature in terms of lock and key fit, knob into hole, protrusion and
cavity, donor and acceptor etc., all implying the nature of structiral and chemical match between
the two interacting surfaces. In one embodiment, at least one of the heterodimers comprises one
or more mutations where the mutations introduced in the immunoglobulin heavy and
immunoglobulin light chans ntroduce a new hydrogen bond across the light and heavy chain at

the interface. In one embodiment, at least one of the heterodimers comprises one or more
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mutations where the mutations introduced in the immunoglobulin heavy and immunoglobulin
fight chains introduce 8 new salt bridge across the light and heavy cham at the interface.

8124) Non-hmiting examples of suitable LCCA desion sefs are described in the Fxamples,
Tables, and Figures. In one embodiment, the LOCA design set comprises an immunoglobulin
heavy chain with at least one ammo acid modification in the CHI domain, a first
mmuncglobulin light chain with at least one amino acid modification in the CL domain, and a
second mmunoglobulin hight chain without any amino acid modifications in the CL domain. In
another embaodiment, the LCCA design set comprises an immunoglobulin heavy chain with at
least one amino acid modification in the CH1 domain, a first immunoglobulin light chain with at
least one armnoe acid modification in the CL domain, and a second tmmunoglobulin light chamn
with at least one amino acid modification in the CL domain. In another embodiment, the LCCA
design set comprises an immunoglobulin heavy cham with at least one amino acid modification
in the CH1 domain, a first sramunoglobulin light chain with at least two amino acid
modifications 1 the CL domain, and a second immmunoglobulin light chain with at least two
amino acid modifications m the CL domain. In another embodiment, the LCCA design set
comprises an immunoglobulin heavy chain with at least one amino acid modification in the CHI
domain, a first immunogliobolin light chain with at least two amino acid modifications in the CL
domain, and a second immunoglobulin light cham with at least one amino acid modification in
the CL domain.

[0125] In one embodiment, the LCCA design set comprises an tmmunogliobalin heavy chain
with no amino acid modifications in the CHI domain, a first immunoglobulin light chamn with no
amino acid modifications i the CL domain, and a second immunoglobulin light chain with at
least one amino acid modification in the CL domain. In one embodiment, the LOCA design set
comprises an immunoglobulin heavy chain with no amino acid modifications in the CH1
domain, a first immunoglobulin light chain with no amino acid modifications in the CL domain,
and a second immunoglobuhin fight chain with at least two amine acid modifications in the CL
domain,

10126] In one embodiment, the LCCA design set comprises an immunoglobulin heavy chain
with at least two ammo acid modifications i the CHY domain, a first immunoglobulin light
chain with no aminoe acid modifications in the CL domain, and a second immunoglobulin hight

chain with at least one amino acid modification in the CL domain. In one embodiment, the
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LCCA design set comprises an immumnogiobulin heavy chain with at least two amino acid
modifications in the CHI domain, a first immunoglobulin light chain with at least one amino
acid modifications in the CL. domain, and a second immunoglobulin light chain with at least one
amino acid modification m the CL domain. In one embodiment, the LOCA design set comprises
an immunoglobulin heavy chain with at least two amino acid modifications in the CHI domain, a
first immunoglobulin light chain with at least one amino acid modification in the CL domain,
and a second immunoglobulin light chain with at least two amino acid modifications in the CL
domain. In one embodiment, the LCCA design set comprises an immunoglobulin heavy chain
with at least two amino acid modifications in the CH1 domain, a first immunoglobulin light
chain with at feast two amino acid modifications in the CL domain, and a second
immunoglobulin light chain with at least two amino acid modifications in the CL domain. Inone
embodiment, the LCCA design set comprises an mmmunoglobulin heavy chain with at least two
amino acid modifications m the CH1 domam, a first immunoglobulin light chain with at least
three amino acid modifications i the CL domain, and a second immunoglobulin light cham with
at least two amino acid modifications in the CL domain.

[0127] In one embodiment, the LCCA design set comprises an immunoglobulin heavy chain
with at least three amino acid modifications in the CH1I domain, a first immunoglobulin light
chain with no amino acid modifications n the CL domain, and a second immunoglobulin light
chain with at lsast one amino acid modifications in the CL domain. In one embodiment, the
LCCA design set comprises an immmumoglobudin heavy cham with at least three amino acid
modifications 1 the CH1 domain, a first immunoglobulin ight chain with at least one amino
acid modification in the CL domain, and a second immunoglobulin light chain with at least one
amino acid modification m the CL domain. In one embodiment, the LCCA design set comprises
an immunoglobulin heavy chain with at least three amino acid modifications in the CH1 domain,
a first immunoglobulin light chain with at least three aming acid modifications in the CL domain,
and a second immunoglobuhin fight chain with at least two amine acid modifications in the CL
domamn. In one embodiment, the LCCA design set comprises an immunoglobulin heavy chain
with at least three anuno acid modifications 10 the CH1 domam, a first immunoglobulin Tight
chain with at least four amino acid modifications in the CL domain, and a second

immunoglobulin light chain with at least three aming acid modifications wn the CL domain,
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in one embodiment, the preferential pairing demonstrated in the LCCA design set is established
by modifying one or more amino acids m at least one of the VH domain of the immunoglobulin
heavy chain, the V1. domain of a first immunoglobulin light chain and the VI domain of the
second mmmunoglobulin light chain. Non-limiting examples of sutiable LCCA design sets are
shown m Tables and Examples below.

[0128] In one embodiment, the LCCA design set comprises an immunogicbulin heavy chain
with no aming acid modifications in the VH domain, a first immunoglobulin light chain with no
amino acid modifications in the VL domain, and a second immunaoglobulin light chain with at
ieast one amino acid modification in the VL domain. In one embodiment, the LCCA design set
comprises an immunoglobulin heavy chain with no anuno acid modifications in the VH domain,
a first immunoglobulin light chain with 1o amine acid modifications in the VL domain, and a
second mamunoglobulin light chain with at least two ammo acid modifications in the VL
domain.

[0129] In one embodiment, the LCCA design set comprises an immunogiobulin heavy chain
with at least one amino acid modification in the VH domaimn, a first immunogiobulin light chain
with no amino acid modifications in the VL domain, and a second immunoglobulin light chain
with at least one amine acid modification in the VL domain. In one embodiment, the LCCA
design set comprises an immunoglobulin heavy chain with at least one amino acid modification
in the VH domain, a first inmunoglobulm bght chain with at least one amino acid modification
in the VL domain, and a second mmmunoglobulin light chain with at least one ammno acid
modification in the VL domain. In one embodiment, the LCCA design set comprises an
mmmunoglobulin heavy chain with at least one amino acid modification in the YH domain, a first
immuncglobulin light chain with at least two amino acid modifications 1n the VL domain, and a
second immunoglobulin hight chain with at least two amino acid modifications in the VL
domain.

|6130] In one embodiment, the LCCA design set comprises an immunoglobulin heavy chain
with at least two amino acid modifications in the VH domain, a first immunoglobulin light chain
with no amino acid modifications in the VI domain,_ and a second immunoglobulin light chain
with at least one amino acid modification in the VL domain. In one embodiment, the LCCA
design set comprises an immunoglobulin heavy cham with at least two amino acid modifications

in the VH domain, a first immunoglobulin light chain with at least two aming acid modifications

44



CA 02946503 2016-10-20

WO 2015/181805 PCT/1B2015/054107

in the VL domain, and a second immunoglobulin light chain with at Jeast one amino acid
modification in the VL domain. In one embodiment, the LOCA design set comprises an
immunoglobulin heavy chain with at least two amino acid modifications in the VH domain, a
first immunogiobubin ight chain with at least one amino acid modification in the VL domaimn,
and a second immunoglobulin light chain with at least one amino acid modification in the VL
domain.

10131 In one embodiment, the LCCA design sets can be combined to provide a combination
comprising two distinct immunoglobulin heavy chains (H1 and H2) and two distinct
immunoglobulin light chains (L1 and L2), where H1 preferentially pairs with L1 and H2
preferentially pairs with L2 when H1, H2 L1, and 1.2 are co-expressed.

In some embodiments, the amino acid modifications described herein are i the context of a bi-
specific antibody construct. For example, the design sets described herein can be incorporated
wto full length immunoglobulin heavy chains such that the full length heavy chans
preferertially pair with the immunoglobulin hight chains. In some embodiments, the full length
iamunoglobulin heavy chains contain amino acid modifications that promote dimerization m the

Fcregion, as described in the Examples.

Transferability of specific amino acid modifications identified herein to other

antibodies:

[6132] Although the specific amino acid modifications to immunogiobulm heavy and light
chains 1dentified above have been described with respect to the D3H44 anti-tissue factor
extraceilular domain antibody, Trastuzumab, and Cetwxamab immunoglobulin heavy and light
chains, it 15 contemplated and demonstrated herein {see Examples, Figures, and Tables) that
these amino acid modifications are transferable to other immunoglobulin heavy and light chains,
resulting m sunilar patterns of preferential patring of one imumunoglobulin heavy chain with one
of the two vumunoglobulin light chains in view of the following.

[#133] The VH: VL and CH1:CL interface residues in the interface between immunoglobulin
heavy and light chains are relatively well conserved (Padlan et al., 1986, Mol. Immunocl. 23(%):
951-960}. This sequence conservation, a result of evolutionary constramts, increases the
likelthood that functionally active antibody binding domains will be formed during

combinatorial patring of light and heavy chains. As a result of this sequence conservation, it
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follows that sequence modifications in the specific examples noted above for D3H44, which
drive preferential pairing, could transfer to other heavy and light chain pair heterodimers with
approximately equivalent results being obtained with respect to preferential pairing, since thig
region displays high sequence conservation across antibodies; Further, when sequence
differences do occur, these usually lie distal to the CH1.CL interface. This is particularly the
case for the CHI and CL domains. There is, however, some sequence variability at the antigen-
binding site with respect to CDR (complementarity-determining regions) loop residues {(and
length), particularly for CDR-H3. Thus, in one embodiment, the heterodimer pairs described
heretn comprise heterodimers where at least one heterodimer comprises one or more aming acid
modifications in the VH and/or VL domains that he distal to the CDR loops when the amino acid
sequence of the antigen-binding site 1s significantly different from that of the D3H44 antibody.
In another embodiment, the heterodimer pairs described herein corprise heterodimers where at
ieast one heterodumer comprises one or more amino acid modifications in the VH and/or VL
domains that lie proximal or distal to the CDR loops, when the amino acid sequence of the
antigen-binding site is substantially the same as that of the TD3H44 antibody.

[0134] In one embodiment, the amino acid modifications described herein are transferable to
the immunoglobulin beavy and hight chains of antibodies based on human or humanized IgGl/x.
Non-limiting examples of such Ig(Gl/x chams mclude Otatumumab (for human) or Trastuzumab,
Pertuzumab or Bevacizumab (for humanized).

{0135] In another embodiment, the amino acid modifications described herein arg
transferable to the immunoglobulin heavy and light chains of antibodies utilizing commeonly used
YH and VL subgroups. Non-limiting examples of such antibodies include Pertuzumab.

[8136] In one embodiment, the amino acid modifications described herein are transferable to
the immunoglobulin heavy and light chains of antibodies having a framework close to germline,

Examples of such antihadies include Obinutuzumab.

{0137] In one embodiment, the amino acid modifications described herein are transferable to
the mnmunoglobulin heavy and light chains of antibodies having a VH: VL interdomain angle
close to the average observed for heavy and hight chain pairs. An example of this tvpe of
antibody includes, but 1s not limited to Pertuzumab. In another embodiment, the anuno acid

modifications described herein are transferable to the immunoglobulin heavy and ight chaios of

46



CA 02946503 2016-10-20

WO 2015/181805 PCT/1B2015/054107

antibodies having canonical CL and CHI domains. Suitable examples of such antibodies

mclude, but are not limited to Trastuzumab.

{0138] In some embodiments, certain subsets of the amino acid modifications described herein

are utilized 1n variant domains 1n antigen binding constructs provided above.

10139] The Examples, Figures, and Tables demonstrate that amino acid modifications {e.g.,
within one or more Fab fragments comprising a variable region and a constant region) are
transferable 1o other immunoglobulin heavy and light chains, resulting in similar patterns of
preferential pairing of one immunoglobulin heavy chain with one of the two immunoglobulin

light chains.
Preferential Pairing

[0140] As described above, at least one heterodimer of the antigen binding
construct/heterodimer pairs described heretnn can comprise one or more aming acid modifications
to their immunoglobulin heavy and/or immunoglobulin fight chains such that the heavy chain of
the one heterodimer, for example H1, preferentially pairs with one of the Light chains, for
example L1, rather than the other light chain, L2, and the heavy chain of the other heterodimer,
H2, preferentially pairs with the light chain, 1.2, rather than the light chain L1 In other words,
the desired, preferential pairing 1s considered to be between H1 and L1, and between HZ and L.2.
Preferential pairing between, for example, H1 and L1 15 considered to occur if the yield of the
Hi-L1 heterodimer is greater than the vield of the mispaired H1-L2 heterodimer when H1 15
combined with 1.1 and 1.2, relative to the respeciive pawing of corresponding H1/L1 pawr to
H2/L2 pair without the one or more amine acid modifications. Likewise, preferential pairing
between H2 and 1.2 is considered to occur if the yield of the H2-1.2 heterodimer 1s greater than
the vield of the mispaired H2-L.1 heterodimer when H2 is combined with 1.1 and L2, relative to
the respective pairing of corresponding HI-L1 pair to H2-L.2 pair without the one or more amino
acid modifications. In this context, an heterodimer comprising Hi and L1 (H1-L1), or H2 and
L2 (H2-1.2}, 13 referred to herem as a preferentiatly patred, correctly patred, obligate pair, or
desired heterodimer, while a heterodimer comprising Hl and L2 (H1-1.2), or H2 and L1 (H2-
L1}, 1s referred to herein as a mispaired heterodimer. The set of mutations corresponding to the
two heavy chaing and the two light chains meant to achieve selective pairing of Hi-L1 and H2-

L2 is referred to as a design set.

47



CA 02946503 2016-10-20

WO 2015/181805 PCT/1B2015/054107

[0141] Thus, in one embodiment, when one immunoglobulin heavy chain of a heterodimer is
co-expressed with two immunogiobulin light chaing, the relative vield of the desired heterodimer
is greater than 55%. In another embodiment, when one immunoglobulin heavy chain of a
heterodimer 18 co-expressed with two immunoglobulin ight chains, the relative yield of the
desired heterodumer 1s greater than 60%. In another embodiment, when one immunoglobulin
heavy chain of a heterodimer i3 co-expressed with two immunoglobulin light chains, the relative
vield of the desired heterodimer is greater than 70%. In another embodiment, when one
immunoglobulin heavy chain of a heterodimer is co-expressed with two immunoglobulin ight
chains, the relative yield of the desired hetercdimer is greater than 80%. In another embodiment,
when one rmmunoglobulin heavy chain of a heterodimer 15 co-expressed with two
immunoglobulin light chains, the relative vield of the desired heterodimer 15 greater than 90%.

In another embodiment, when one immounoglobulin heavy chain of a heterodimer is co-expressed
with two immunoglobulin hight chains, the relative vield of the deswed heterodimer 15 greater
than 95%.

[6142] In the above example, preferential pairing between Hi-L1 1s considered to ocour if
the amount of the desired H1-L.1 heterodimer 1s greater than the amount of the mispaired H1-L.2
heterodimer when H1 1s co-expressed with L and L2, Similarly, preferential pairing between
H2-1.2 15 considered to occur if the amount of the desired H2-L.2 heterodimer 13 greater than the
amount of the muspaired H2-1.2 beterodimer when H2 is co-expressed with 1.1 and L2, Thus, in
one embodiment, when one immunoeglobulim heavy chain of a heterodimer 1s co-expressed with
two immunoglobulin light chains, the ratio of the desired heterodimer to the mispaired
heterodimer 1s greater than 1.25:1. In one embodiment, when one immunoglobulin heavy chain
of a heterodimer is co-expressed with two immunoglobulin light chains, the ratio of the desired
heterodimer to the mispaired heterodimer is greater than 1.5:1. In another embodiment, when
one immunoglobulin heavy chain of a heterodimer is co-expressed with two immunoglobulin
fight chains, the ratio of the desired heterodimer to the mispared heterodimer 1s greater than 211,
In another embodiment, when one immunoglobulin heavy chain of a heterodimer 1s co-expressed
with two immunoglobulin light chains, the ratio of the desired heterodimer to the mispatred
heterodimer is greater than 3.1, In ancther embodiment, when one mmmunoglobulin heavy chain
of a heterodimer is co-expressed with two mimmunoglobulin hight chains, the ratio of the desired

heterodimer to the mispaired heterodimer is greater than 5:1. In another embodiment, when one
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immunoglobulin heavy chain of a heterodimer is co-expressed with two immunoglobulin hight
chains, the ratio of the desired heterodimer to the mispaired heterodimer i3 greater than 10:1. In
ancther embodiment, when one immunoglobulin heavy chain of a heterodimer is co-expressed
with two immuneoglobulin light chains, the ratio of the desired heterodimer to the mispaired
heterodimer is greater than 25:1. In another embodiment, when one immunoglobulin heavy
chain of a heterodimer is co-expressed with two immunoglobulin light chaing, the ratio of the
desired heterodimer to the nuspaired heterodimer is greater than 50:1,

[6143] In some embodiments, the heteradimers described herein preferentially pair to form a
bi-specific antibody. In some embodiments, the construct comprises a heterodimer that
preferentially pairs to form a bi-specific antibody selected from D3H44/trastuzumab,
D3H44/cetuximab, and trastuzumab/cetuximab. In some embaodiments, the bi-specitic
antibodies comprise the amino acid modifications described in Tables 28a-28¢.

[6144] In some embodiments, two full-length heavy chain constructs are co-expressed with
two unique light chain constructs, yielding ten possible antibody species: Hi-L1HI-L1, H1-
L2H-L2 Hi-L1:H-LZ, H2-LVH2Z-LY, H2-L2:H2-L2, H2-LUH2-L2, HI-LEH2Z-L, H1-
L2:H2-1.2, HI-L2:H2-L1 and HI-L1:H2-L2. The H1-L1:H2-LZ species is considered the
correctly paired bispecific antibody species. In some embodiments, the DMNA ratios are selected
to vield the greatest amount of the correctly paired bispecific antibody species. For example, in
some embodiments, the ratio of HUH2:L1:12 18 15:15:53:17  In some embodiments, the ratio of
HUHZLIL2 15151753

16145] In some embodiments, the percentage of the correctly patred bispecific species 15 at
least 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%,
95%, 96%, 97%, 98%, 99%, or 100% relative to all species {see, e.g., Tables 29a-29¢ and 30a-
30c) In some embodiments, the percentage of correctly paired bispecific species is greater than
the percentage of correctly paired bispecific species obtained by co-expressing a corresponding
wild-type H1, HZ, 1.1 and L2 without the amino acid modifications described in Tables 28a-
28c. In some embodiments, the percentage of correctly paired bispecific species is mcreased by
at least 5%, 10%, 15%, 20%, 30%, 40%, 50%, 60%, 70%, or 75% compared to the percentage of
correctly paired bispecific species obtained by co-expressing wild-type Hl, H2, L1 and L2

without the amino acid modifications described in Tables 28a-2%¢.
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Fhoermal Stability of Heerodimers

[8146] In addition to promoting preferential pairing, the amino acid substitutions were
selected such that the mutations would not destabilize the Fab heterodimers. Thus, in most
cases, the stability measurements of the Fab heterodimers were very close 1o that of the wild-type
Fab (e.g., within 3°C of the wild-type Fab}.

[6147] Thus, in some embodiments, each heterodimer of the heterodimer pair described
herein has a thermal stability that 1s comparable to that of a heterodimer comprising the same
immunoglobulin heavy and light chains but without the amino acid modifications to the CHI1,
CL, VH, or VL domains described herein. In one embodiment, thermal stability 1s determined
by measurement of melting temperature, or Tm. Thus, m one embodiment, the thermal stability
of a heterodimer described herein 13 within about 10°C of that of a heterodimer comprising the
same immunoglobulin heavy and hight chains withowt the amino acid modifications to the CHI,
CL, VH, or VL domains described herem. Thus, in one embodiment, the thermal stability of a
heterodimer described herem 1s within about 3°C of that of a heterodimer comprising the same
immunoglobulin heavy and light chains without the amino acid modifications to the CHI, CL,
VH, or VL domains described herein. In another ernbodiment, the thermal stability of a
heterodimer described heremn 1s within about 3°C of that of a heterodimer comprising the same
mmunoglobulin heavy and light chains without the amino acid modifications to the CHI, CL,
VH, or VL domains described herein. In another embodiment, the thermal stability of a
heterodimer described heremn 1s within about 2°C of that of a heterodimer comprising the same
immunoglobulin heavy and light chains without the amino acid modifications to the CHI, CL,
YH, or VL domains described herein. In another embodiment, the thermal stability of a
heterodimer described herein s within about 1.5°C of that of a heterodimer comprising the same
immunoglobulin heavy and light chains without the amino acid modifications to the CHI1, CI1,
VH, or VL domains described herein. In another embodiment, the thermal stability of a
heterodimer described herein 15 within about 1°C of that of a heterodimer comprising the same
iramunoglobulin heavy and light chains without the amino acid modifications to the CH1, CL,
VH, or VL domains described hereim. In another embodiment, the thermal stability of a
heterodimer described herein 1s within about 0.5°C of that of a heterodimer comprising the same

wamunoglobulin heavy and light chains without the amino acid modifications to the CH1, CL,
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YVH, or VL domains descnibed herein. In another embodiment, the thermal stability of a
heterodimer described herein is within about 0.253°C of that of a heterodimer comprising the
same rmmunoglobulin heavy and light chaing without the amino acid modifications to the CHI,
CL, VH, or VL domains described herein

[0148] Furthermore, in some embodiments, the thermal stability of a heterodimer described
herein is surprisingly improved (i.e , increased) relative 1o that of a heterodimer comprising the
same tmmunoglobulin heavy and light chains without the amino acid modifications to the CHA,
CL, VH, or VL domains described herein. Thus, in one embodiment, the thermal stability of a
heterodimer described herein is increased by about 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8. 0.9, 1.0,
11,1.2,13,14, 1.5, 1.6,1.7,1.8,1.9,2.0,2.1,22,2.3, 2.4, 2.5,3.0,3.1,3.2, 33,34, 3.5, 3.6,
3.7,3.8,39, 4.0, 4.5, 5.0 °C or more compared to a heterodimer comprising the same
immunoglobulin heavy and light chains without the amino acid modifications to the CH1, CL,

VH, or VL domains described herein.

Affinity of hetervdimers for antigen

[6149] In one embodiment, each heterodimer of the heterodimer pair has an affinity for its
rgspective antigen that is the same or comparable 1o that of 3 heterodimer comprising the same
immunoglobulin heavy and light chains but without the amino acid medifications to the CHI,
CL, VH, or VL domains described herein, In one embodiment, 3 heterodimer of the heterodimer
pair has an affimty for its respective antigen that is within about 50 fold of that of a heterodimer
comprising the same immunoglobulin heavy and light chains without the amino acid
modifications to the CH1, CL, VH, or VL domamns described herein. In one embodiment, a
heterodimer of the heterodimer pair has an affinity for its respective antigen that 1s within about
25 fold of that of a heterodimer comprising the same immunoglobulin heavy and light chains
without the amino acid modifications to the CH1, CL, VH, or VL domains described herein. In
one embodiment, a heterodimer of the heterodimer pair has an affinity for its respective antigen
that is within about 10 fold of that of a heterodimer comprising the same immunoglobulin heavy
and light chams without the anuno acid modifications to the CHI, CL, VH, or VL domains
described herein. In another embodiment, a heterodimer of the heterodumer pair has an affinity
for its respective antigen that is within about 5 fold of that of' a heterodimer comprising the same

mmmunoglobulin heavy and light chains without the amino acid modifications to the CH1, {1,
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YH, or VL domains described herein. In another embodiment, a heterodimer of the heterodimer
pair has an affinmty for its respective antigen that is within about 2.5 fold of that of g heterodimer
comprising the same imnunoglobulin heavy and light chains without the amino acid
modifications to the CH1, CL, VH or VL domains described herein. In another embodiment, a
heterodimer of the heterodimer pair has an affinity for its respective antigen that is within about
2 fold of that of a heterodimer comprising the same 1mmunoglobulin heavy and light chains
without the amino acid modifications to the CHI, CL, VH, or VL domains described herein. In
another embodiment, a heterodimer of the heterodimer pair has an affinity for its respective
antigen that 1s within about 1.5 fold of that of a heterodimer comprising the same
immunoglobulin heavy and ight chains without the amino acid modifications to the CHI, CL,
VH, or VL domains described herein. In another embodiment, a heterodimer of the heterodimer
pair has an affinity for its respective antigen that 1s about the same as that of a heterodimer
comprising the same immunoglobulin heavy and light chams without the amno acid

modifications to the CH1, CL, VH, or VL domains described herein.

Additional aptional modifications

[8150] In one embodiment, the iromunoglobulin heavy and light chaing of the heterodimer
pairs described herein can be further modified (1.e., by the covalent attachment of various types
of molecules) such that covalent attachment does not interfere with the preferential pairing
between heavy chain and light chains or affect the ability of the heteroduner to bind to its
antigen, or affect its stability. Such modification include, for example, but not by way of
Iimitation, glycosylation, acetylation, pegylation, phosphorylation, amidation, derivatization by
known protecting/blocking groups, proteolytic cleavage, linkage 1o a cellular ligand or other
protein, etc. Any of nurerous chemical modifications can be carried out by known techniques,
including, but not limited to, specific chemical cleavage, acetylation, formylation, metabolic
syuthesis of tunicamycin, eic.

{015%] In another embodiment, the immunoglobulin heavy and light chains of the
heterodimer pairs described herein can be conjugated {directly or indirectly) to a therapeutic
agent or drug moiety that modifies a given biological response. Therapeutic agents or drug
moieties are not to be construed as limited to classical chemical therapeutic agents. For example,

the drug moiety can be a protein or polypeptide possessing a desired biological activity. Such
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proteins can mclude, for example, a toxin such as abrin, ricin A, Onconase {or another cytotoxic
RNase), pseudomonas exotoxin, cholera toxin, or diphtheria toxin; a protein such as tumor
necrosis factor, alpha-interferon, beta-interferon, nerve growth factor, platelet derived growth
factor, tissue plasminogen activator, an apoptotic agent, e.g., TNF-alpha, TNF-beta, AIM I {(sce,
International Publication No. WO 97/33899), AIM I (see, International Publication No. WO
97/34911), Fas Ligand (Takahasht et al, 1994, ] Immunol, 6:1567), and VEGI {see,
International Publication No. WO 99/23105), a thrombotic agent or an anti-angiogenic agent,
e.g.. angiostatin or endostatin; or, a biological response modifier such as, for example, a
lymphekine {e.g., interleukin-1 ("IL-1"), interleukin-2 ("IL-2"}, interleukin-6 ("1L-6"),
granulocyte macrophage colony stimulating factor ("GM-CSF"), and granulocyte colony
stimudating factor ("G-CSF™Y), or a growth factor {e.g., growth hormone ("GH™")).

[6152] Moreover, in an alternate embodiment, an antibody can be conjugated to therapeutic
moieties such as a radioactive materials or macrocychic chelators useful for comgugating
radiometal ions (see above for examples of radioactive materials). In certain embodiments, the
macrocyclic chelator 15 1,4,7, 10-tetraazacyclododecane- N, N' N* N'-tetraacetic acid (DOTA)
which can be attached to the antibody via a linker molecule. Such hinker molecules are
commonly known 10 the art and described in Denardo et al,, 1998, Clin Cancer Res. 4:2483;
Peterson et al, 1999, Bioconjug. Chem. 10:553; and Zimmerman et al, 1999, Nucl. Med. Biol.
26:943.

{0153] In some embodiments, the immunoglobulin heavy and hight chains of the heterodimer
are expressed as fusion proteins comprising a tag to facilitate purification and/or testing eic. As
referred to herein, a "tag” is any added series of amino acids which are provided in a protein at
either the C-terminus, the N-terminus, or internally that contributes to the identification or
purification of the protein. Suitable tags mclude but are not limited to tags known to those
skilled in the art to be useful in purification and/or testing such as albumin binding domain
(ABD), His tag, FLAG tag, glutathione-s-transferase, haemaglutinin (HA} and maltose binding
protein. Such tagged proteins can also be engineered to comprise a cleavage site, such as a
thrombin, enterokinase or factor X cleavage site, for ease of removal, of the tag before, during or
atter purification.

0154 In some embodiments, one or more of the cysteine residues at the bottom of the Fab

domain in the light (position 214, Kabat numbering) and heavy {position 233, Kabat numbering)
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chain that form an inmterchaim disulphide bond can be modified (o serine or alanine or 4 non-
cysteine or a distinet aming acid.
[6155] It is contemplated that additional aming acid modifications can be made to the

o and/or the

(=5

mmunocglobulin heavy chains in order 1o mncrease the level of preferential pairin,
thermal stability of the heterodimer pairs. For example, additional amino acid modifications can
be made to the immunoglobulin heavy chain Fe domain in order to drive prefereniial pairing
between heterodimer pairs relative to homodimer pairs. Such amino acid modifications are
known in the art and inchude, for example, those described, in US Patent Publication No.
2012/0149876. Alternatively, alternate strategies for driving preferential pairing between
heterodimer pairs relative to homodimer pairs such as, for example, “knobs into holes”, charged
residues with ionic interactions, and strand-exchange engineered domain (SEED) technologies
can also he employed. The latter strategies have been described in the art and are reviewed

Klem ef af, supra. Further discussion of Fo domains follows below.
Fc domains

[0156) In embodiments where the antigen-binding polypeptide construct comprises full-
length immunoglobulin heavy chains, the construct will comprise an Fe. In some aspects, the Fc
comprises at least one or two CH3 domain sequences. In some aspects, where the antigen-
binding polypeptide construct comprises heterodimers that comprise only the Fab region of the
heavy chan, the ¥o 1s coupled, with or without one or more linkers, to a first heterodimer and/or
a second heterodimer. In some aspects, the Fe 15 a human Fe. In some aspects, the Feis a
human IgG or IgGl Fe. In some aspects, the Fe 1s a heterodimeric Fe. In some aspects, the Fe
comprises at least one or two CH2 domain sequences.

{61577 In some aspects, the Fe comprises one or more modifications i at least one of the Cis
domain sequences. In some aspects, the Fo comprises one or more modifications in at least one
of the Cip domain sequences. In some aspects, an Fo 1s a single polypeptide. In some aspects,
an Fo s multiple peptides, e.g | two polvpeptides.

[6158] In some aspects, the Fo comprises one or more modifications in at least one of the
Cus seguences. In some aspects, the Fe comprises one or more modifications in at least one of
the Cys sequences. In some aspects, an Fe 1s a single polypeptide. In some aspects, an Fe 1s

multiple peptides, e g., two polypeptides.
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[6159] In some aspecis, Fc is an Fe described in patent publications WO 2032/088768,
filed Movember 4, 2011 or WO 20313/063702, filed November 2, 2012.

8160} In some aspects, a construct described herein comprises a heterodimeric Fc
comprising a modified CH3 domain that has been asymmetrically modified. The heterodimeric
Fe can comprise two heavy chain constant domain polypeptides: a first heavy chain polypeptide
and a second heavy chain polypeptide, which can be used interchangeably provided that Fc
comprises one first heavy chain polypeptide and one second heavy chain polypeptide. Generally,
the first heavy chain polypeptide comprises a first CH3 sequence and the second heavy chain
polypeptide comprises a second CH3 sequence.

[6161] Two CH3 sequences that comprise one or more amino acid modifications introduced
in an asymmetric fashion generally results in a heterodimeric Fe, rather than a homodimer, when
the two CH3 sequences dimerize. As used herein, “asymmetric amino acid modifications” refers
to any modification where an amino acid at a specific position on a first CH3 sequence is
different from the amino acid on a second CH3 sequence at the same position, and the first and
second CH3 sequence preferentially pair to form a heterodimer, rather than a homodimer. This
heterodimerization can be a resuit of modification of only one of the two amino acids at the same
respective amino acid posttion on each sequence; or modification of both amino acids on each
sequence at the same respective position on each of the first and second CH3 sequences. The
first and second CH3 sequence of a heterodimeric Fc can comprise one or more than one
asymmetric amino acid modification.

Table X provides the amino acid sequence of the human [gGl Fc sequence, corresponding to
amino acids 231 to 447 of the full-length human [gG1 heavy chain. The CH3 sequence
comprises amino acid 341-447 of the full-length human Ig(G1 heavy chain.

[0362] Typically an Fe can mclude two contiguous heavy chain sequences {A and B} that are
capable of dimerizing. In some-aspects, one or both sequences of an F¢ include one or more
mutations or modifications at the following locations: L3351, F405, Y407, T366, K392, T394,
T350, 8400, and/or N390, using EU numbering. In some aspects, an Fc includes a mutant
sequence shown in Table X. In some aspects, an Fc includes the mutations of Variant 1 A-B. In

some aspects, an Fc includes the mutations of Variant 2 A-B. In some aspects, an F¢ includes
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the mutations of Variant 3 A-B. In some aspects, an Fe includes the mutations of Variant 4 A-B.

In some aspects, an Fc includes the mutations of Variant 5 A-B.

Table X

Human IgG1t Fc sequence | APELLGGPSVFLFPPKEKDTLMISRTPEVICVVVDVSHEDPEVRKFRWYV

231-447 (EU-numbering) DEVEVHNAKTKPREEQYNSTYRVVEVLTVLAQDWLNGKEY KCKVSNKAL
PAPIEKTISHAK VYTLPPSRDELTKNQVSLTCLVKGFYPEDI
AVEWESNGQPENNYKT VEDSDESFFLY SKLTVDKSRWOQGNVESCS
VMHEALENHYTQKSLSLSPGK

Variant 1gG1 Fc sequence | Chain Mutations

(231-447)

1 A L351Y_F40bA Y407V

1 B TI66L_K392M_T384W

2 A L351Y_F405A_Y407V

2 B T366L_K392L_T384wW

3 A T3S0V_L351Y_F4058A Y407V

3 B T350GV_T366L_K382L_T394W

4 A T350V_L351Y_F406A_ Y407V

4 5] T3S0V _T366L_K382M_T394W

5 A T3S0V_L351Y_S400E_F405A_Y407V

5 B T350V_T366L_ N39OR_K392M_T394W

{0863] The first and second CH3 sequences can comprise anuno acid mutations as described
herein, with reference to amino acids 231 to 447 of the full-length human fgGl heavy cham. In
one embodiment, the heterodimeric Fc comprises a modified CH3 domain with a first CH3
sequence having amino acid modifications at posttions F405 and Y407, and a second CH3
sequence having amino acid modifications at position 7394, In one embodiment, the
heterodimeric Fo comprises a modified CH3 domain with a first CH3 sequence having one or
more amine acid modifications selected from L351Y, F405A, and Y407V, and the second CH3
sequence having one or more ammno acid modifications selected from T366L, T366k, K392L,

K392M, and T394W.
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{6164] In one embodiment, a heterodimeric Fc comprises a modified CH3 domain with a
first CH3 sequence having aming acid modifications at positions L3517, F405 and Y407, and a
second CH3 sequence having amino acid modifications at positions 3006, K392, and T394, and
one of the first or second CH3 sequences further comprising anune acid medifications at position
Q347, and the other CH3 sequence further comprising anune acid modification at position K360,
In another embodiment, a heterodimeric Fe¢ comprises a modified CH3 domain with a first CH3
sequence having amino acid modifications at positions L1351, F40S5 and Y407, and a second CH3
sequence having amino acid modifications at position T366, K392, and T394, one of the first or
second CH3 sequences further comprising amino acid modifications at position Q347, and the
other CH3 sequence further comprising anuno acid modification at position K360, and one or
both of said CH3 sequences further comprise the amino acid modification T350V.

[8165] In one embodiment, a heterodimeric Fo comprises a modified CH3 domain with a
first CH3 sequence having amino acid modifications at positions L351, F405 and Y407, and a
second CH3 sequence having aming acid modifications at positions T366, K392, and T394 and
one of said first and second CH3 sequences further comprising amino acid modification of
D399R or D399K and the other CH3 sequence comprising one or more of T411E, T411D,
KA409E, K409D, K392E and K392D. In another embodiment, a heterodimeric Fo comprises a
modified CH3 domain with a first CH3 sequence having aming acid modifications at positions
1351 F405 and Y407, and a second CH3 sequence having amino acid modifications at positions
T366, K392, and T394, one of said first and second CH3 sequences further comprises amino acid
modification of D399R or D399K and the other CH3 sequence comprising one or more of
T411E, T411D, K409E, K409D, K392E and K392D, and one or both of said CH3 sequences
further comprise the amino acid modification T3S0V,

106166] In one embodiment, a hetersdimeric Fe comprises a modified CH3 domam with a
first CH3 sequence having amino acid modifications at positions L351, F405 and Y407, and a
second CH3 sequence having amino acid modifications at positions T366, K392, and T394,
wherein one or both of said CH3 sequences further comprise the amino acid modification of
T356V.

{6167} In one embodiment, a heterodimeric F¢ comprises a modified CH3 domain
comprising the following amino acid modifications, where “A” represents the amino acid

modifications to the first CH3 sequence, and “B” represents the amine acid modifications to the
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second CH3 sequence: A L351Y F405A Y407V, B T366L K392M T304W,

AL351Y _F405A Y407V, BT366L K392L T304W, A T350V_L351Y_P40SA_ Y407V,

BT350V T366L K392L T304W, A-T350V_L351Y F405A Y407V,

BT3RS0V T366L K392M T394W, AUT350V L351Y S400E F405A Y407V, and/or

B 7350V T366L NIOOR K39ZM T304W.

{0168] The one or more asymmetric amine acid modifications can promote the formation of
a heterodimeric Fc in which the heterodimeric CH3 domain has a stability that is comparabletoa
wiid-type homodimeric CH3 domain. In an embodiment, the one or more asymmetric amino
acid modifications promote the formation of a heterodimeric F¢ domain in which the
heterodimeric Fc domain has a stability that s comparable to a wild-type homodimeric Fe
domain. In an embodiment, the one or more asymmetric amino acid modifications promote the
formation of a heterodimene F¢ domain in which the heterodimernic Fe domain has a stability
observed via the melting temperature {Tm) in a differential scanning calorimetry study, and
where the melting temperature 1s within 4°C of that observed for the corresponding symmetric
wild-type homodimeric Fo domain. In some aspects, the Fe comprises one or more
modifications in at least one of the Cy; sequences that promote the formation of 4 heterodimeric
[8169] Fe with stability comparable to 2 wild-type homodimerie Fe.

In1 one embodiment, the stability of the CH3 domain can be assessed by measuring the melting
temperature of the CH3 domain, for example by differential scannmg calorimetry (BSC). Thus,
in a further embodiment, the CH3 domain has a melting temperature of about 68°C or ugher. In
another embodument, the CH3 domaio has a relting temperature of about 70°C or higher. In
another embodiment, the CH3 domain has a melting temperature of about 72°C or higher. In
angther embodiment, the CH3 domain has a melting temperature of about 73°C or higher. In
another embodiment, the CH3 domain bas a melting temperature of about 75°C or higher. In
another embodiment, the CH3 domain has a melting temperature of about 78°C or higher. In
some aspects, the dimerized Cus sequences have a melting temperature (Tm) of about 68, 69, 70,
71,72, 73,74, 75,76, 77, 77.5, 78, 79, 80, 81, 82, 83, &4, or 85°C or higher.

[6176] In some embodiments, a heterodimeric Fo comprising modified CH3 sequences can
be formed with a purity of at least about 75% as compared to homodimeric Fe in the expressed
product. In another embodiment, the heterodimeric Fe 1s formed with a purity greater than about

80%. In another embodiment, the heterodimeric Fc is formed with a purity greater than about
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85%. In another emboediment, the heterodimeric Fo 1s formed with a purity greater than about
90%. In another embodiment, the heterodimeric Fe 1s formed with a purily greater than about
95%. In another embodiment, the heterodimeric Fo is formed with a purity greater than about
97%. In some aspects, the Fc s a heterodimer formed with a punty greater than about 75, 76,
77,78, 79, 80, 81, 82, 83, B4, 85, 86, 87, $8. 89, 90, 91, 92, 93, 94, 95,96, 97. 98, or 99% when
expressed. 1n some aspects, the Fc is a heterodimer formed with a purity greater than about 75,
76,777,778, 79, 80, 81, 82, 83, 84, 83, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 07, 98, or 99%
when expressed via a single cell.

{0174 Additional methods for modifying monomeric Fo polypeptides to promote
heterodimeric Fe formation are described in International Patent Publication No. WO 96/02701 1
(knobs mto holes), m Gunasekaran et al. (Gunasekaran K. et al. (2010} J Biol Chem. 285, 19637-
46, electrostatic design to achieve selective heterodimerization), in Davis et al. (Dawvis, JH. et al.
{2010) Prot Eng Des Sel ;23(4): 195-202, strand exchange engineered domain {SEED)
technology), and in Labryn et al [Efficient generation of stable bispecific IgGl by controlied
Fab-arm exchange. Labryn AF, Meesters 11, de Goeyy BE, van den Bremer ET, Neijssen J, van
Karmpen MD, Strumane K, Verploegen S, Kundu A, Gramer MJ, van Berkel PH, van de Winkel
JG, Schuurman J, Parren PW. Proe Natl Acad Sci U S AL 2013 Mar 26, 110(133:5145-50.

In some embodiments an isolated construct described herein comprises an antigen binding
construct which binds an antigen; and a dimeric Fo polypeptide construct that has superior
biophysical properties like stability and ease of manufactare relative to an antigen binding
construct which does not include the same Fe polypeptide. A number of mutations 1n the heavy
chain sequence of the Fe are known in the art for selectively altering the affinity of the antibody
F¢ for the different Feganma receptors. In some aspects, the Fo comprises one or more
modifications to promote selective binding of Fc-gamma receptors.

16172} The CH2 domain 15 amine acid 231-34¢0 of the sequence shown mn Table X
Exemplary mutations are listed below:

{6173] SZOSA/ERZIAKA344 SUORAEIZIA/KAR4ANRSEZ8A (Lo Y, Vernes IM, Chiang N,
etal Jimmunol Methods. 2017 Feb 28:365(1-2% 132-41y:

F2430/R202P/Y300L/V30SUP396L, FR431/R292P/Y300L/L235V/PA0sL. {Stavenhagen 1B,
Gorlatov S, Tuatllon N, et al. (Cancer Kes. 2007 Sep 15;07{18):8882-420; Nordstrom JL, Gorlatov

S, Zhang W, et al. Breast Cancer Res. 2011 Nov 30 13{63R123), FZ430 (Stewart B, Thom G,
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Levens M, etal Protein Eng Des Sel. 2011 Sep;24{%)671-8.), S298AE3IZ3A/K334A (Shields
RL, Namenuk AK, Hong K, et al. § Biol Chem. 2001 Mar 2:.276{9):6591-604};
8239D/1332E/A330L, S239D/1332F {Lazar (3A, Dang W, Karki S, etal. Proc Natl Acad Sci U §
AL 2006 Mar 14;103(113:4005-10}; S2391/S267E, S207E/L3238F (Chu 8Y, Vostiar {, Kagki S, et
al. Mol lnununol 2008 Sep 45(15).3926-33);

S239D/D2658/8298A/M332E, S239E/S298A/K320A/A327H, G237F/S298A/A330L/

1332E, 8239D/332E/S298A, 8S239D/K326F/A330L/1332FE/S298A, G2306A/S239D/D270L/1332
E, SZ39E/S8267E/H268D, L 234F/8267E/N325L, G237F/V2661./8267D and other mutations
listed 1n W2011/120134 and WO2011/120135. Therapeutic Amibody Engineering {(by
William R, Strohl and Lila M. Strohl, Woodhead Publishing series in Biomedicine No 11, ISBN
1 907568 379, Oct 2012) lists mutations on page 283.

[6174] In some embodiments a CH2 domain comprises one or more asymmetric amino acid
modifications. In some embodiments a CH2 domain comprises one or more asymmetric amino
acid modifications to promote selective binding of a FeyR. In some embodiments the CH2
domain allows for separation and purification of an 1solated construct described herein.

FcRa binding and PK parameters

[0%75] As 1s known in the art, binding to FcRn recycles endocytosed antibody from the
endosome back to the bloodstream (Raghavan etal., 1996, Annu Rev Cell Dev Biol 12:181-220;
Ghetie et al., 2000, Annu Rev Immunol 18:739-766). This process, coupled with preclusion of
kidney filtration due to the large size of the full-length molecule, results in favorable antibody
serum half-lives ranging from one to three weeks. Binding of Fcto FcRn also plays a key role in
antibody transport. Thus, 1n one embodiment, the constructs of the invention are able to bind
FcRn.

Additional modifications to improve effector function.

[6176] In some emboduments a construct described herein can be modified to tmprove its
effector function. Such modifications are known in the art and include afucosylation, or
engineering of the affinity of the F¢ portion of antibodies towards an activating receptor, mainly
FCGR3a for ADCC, and towards Clg for CDC. The following Table Y sumimarizes various

designs reported in the literature for effector function engineering.

| Table ¥
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Reference iVuiations Fifect
Lu, 2011, Ferrara 2011, Mizushima 2011 iAfucosylated Incmascd

v ADCC
o SOS A R N {ncreased
La, 2011 SI98A/E333A/KI34A ADCC
e . ) ) _ Increased
3 2 AITITAKR A 3
Lu, 2011 S2UBA/E333A/KIZAA/KIZOA ADOL
Stavenhagen, 2007 F243L/R292P/Y300L/V3I0S/P396L 252’(‘:"“3
Nordstrom, 2011 F243L/R292P/Y 300L/LI35V/E306L, E?’)?%Sed
Stewart, 2011 F243L Egz"d
it A NeE A SRR A A Tucreased
Shields, 2001 SIOBA/EIIIAKIAA DT
. ) . ) Tncieased
azar, 20 239D/1332E/AR3 -
Lazar, 2006 S239D/1332E/A330L ADCC
Lazar, 2006 S239D/332E increased
st = e AR Ak ADCC
R . . Increcased
vies, 200 AME-D, n ecified mutations PN
Bowles, 2006 AME-D}, not specified mutations ADCC
Heider, 2011 371, mutations not disclosed ncreased
< JNVAVE SR B 1 € ht GASC ADCO
. . ) increased
Moore. 2010 S267E/H2GRF/S324T g

10177} Thus, 1o one embodiment, a construct desenibed herein can include a dimeric Fo that
comprises ong or more amino acid modifications as noted in the above table that confer
mproved effector function. In another embodiment, the construct can be afucosvlated to

improve effector function.

Linkers

[8178] The constructs described herein can include one or more heterodimers described
herein operatively coupled to an Fc described herein. In some aspects, Fe 1s coupled to the one
or more heterodimers with or without one or more linkers. In some aspects, Fc 1s directly
coupled to the one or more heterodimers. In some aspects, Fc 15 coupled to the one or more
heterodimers by one or more linkers. In some aspects, F¢ is coupled to the heavy chain of each
heterodimer by a linker.

{0179] In some aspects, the one or more linkers are one or more polypeptide linkers. In
some aspects, the one or more linkers comprise one or more antibody hinge regions. In some

aspects, the one or more linkers comprise one or more 1¢(G1 hinge regions.
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Methods of preparing heterodimer pairs

[6180] As described above, the heterodimer pairs described herein can comprise a first
heterodimer and a second heterodimer, each heterodimer comprising an immunoglobulin heavy
chain or fragment thereof having at least a8 YH and CHI domain, and an immunoglobulin hight
chain having a VL domain and a CL domain. The immunoglobulin heavy chains and
immuncglobulin light chains of the heterodimer can readily be prepared using recombinant DNA
technology known in the art. Standard techniques such as, for example, those described in
Sambrook and Russell, Molecular Cloning: A Laboratory Manual {Cold Spring Harbor
Laboratory Press, Cold Spring Harbor, NY, 3rd ed., 2001); Sambrook et al., Molecular Cloning:
A Laboratory Mamual {(Cold Spring Harbor Laboratory Press, Cold Spring Harbor, NY ., 2nd ed,
19893; Short Protocols in Molecular Biology (Ausubel et al., John Wiley and Sons, New York,
4th ed., 1999}, and Glick and Pasternak, Molecular Biotechnology: Principles and Applications
of Recombinant DNA (ASM Press, Washington, D.C,, 2nd ed., 1998} can be used for
recombinant nucleic acid methods, nucleic acid synthesis, cell culture, transgene incorporation,
and recombinant protein expression. Alternatively, the heterodimers and heterodumer pairs
described herein can be chemically svnthesized.

[0181] The nucleic acid and amino acid sequences of the immunoglobulin heavy and light
chains of the antibodies from which the heterodimers are derived are either known in the art or
can be readily determined using nucleic acid and/or proten sequencing methods, Methods of
genetically fusing the tags described herein to the mmmunogiobulin heavy and/or hight chams are

known in the art, and some are described below and 1n the Examples.

[0182] For example, methods of expressing and co-expressing mmmunoglobulin heavy and
light chains 1n a hogt cell are well known in the art. In addition, methods of tagging heavy chaing
and/or hight chans using recombinant DNA technology are also well known n the art.
Expression vectors and host cells suitable for expression of the heavy and hight chaing are also
well known in the art as described below.

[6183] Bispecific antibody production methods that do not rely on the use only a smgle
clonal or transient cell line expressing all four chains are known in the art (Gramer, et al. {2013}
mAbs 5, 962; Strop et al. (2012} J Mol Biol 420, 204}, These methods rely on a post production

arm exchange under redox conditions of the two pairs of hght and heavy chain involved in the
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formation of bispecific antibody (Redox production). In this approach the H1:L1 and H2:1L2
pairs can be expressed in two different cell hines to independently produce the two Fab arms.
Subsequently, the two Fab arms are muxed under select redox conditions to achieve re-
association of the two unigue heavy chain H1 and H2 to form the bispecific antibody comprising
L1:HY:H2:1.2 chains. One can envision the use of the Library/dataset of designs described herein
in the production of bispecific antibodies using the Redox production method or modified
versions of that method.

[6184] In certain embodiments, cell-free protein expression systems are utilized to co-
express polypeptides (e.g., heavy and light chain polypeptides) without the use of living cells.
Instead, all components needed to transcribe DNA to RNA and translate the RNA to protein (e.g.
ribosomes, tRNAs, enzymes, cofactors, amino acids) are provided n solution for use in vitro. In
certain embodiments, the in vifro expression requires (1) the genetic template (mRNA or DNA)
encoding the heavy and hight chamn polypeptides and (2) a reaction solution containing the
necessary transcriptional and translational molecular machinery. In cerfain embodiments, cell
extracts substantially supply components of the reaction solution, for instance: RNA polymerases
for mRNA transcription, ribosomes for polypeptide translation, tRNA, amino acids, enzymatic
cofactors, an energy source, and cellular components essential for proper protein folding, Cell-
free protein expression systems can be prepared using lysates derived from bacterial cells, yveast
cells, insect cells, plant cells, mammalian cells, human cells or combinations thereof  Such cell
lysates can provide the correct composition and proportion of enzymes and building blocks
required for translation. 1n some embodiments, celf membranes are removed to leave only the
cytosolic and organelle components of the cell.

{6185 Several cell-free protein expression systems are known in the art as reviewed in
Carlson ef ol (2012} Biotechnol Adv, 30:1185-1194. For example, cell-free protein expression
systems are available based on prokaryotic or evkaryotic cells. Examples of prokarvotic cell-free
expression systems inclode those from £ cofi. Eukaryotic cell-free protein expression systems
are available based on extracts from rabbit reticulocytes, wheat germ, and insect cells, for
example. Such prokarvotic and eukaryotic cell-free protein expression systems are commercially
available from companies such as Roche, Invitrogen, Qiagen, and Novagen One skilled in the
art would readuly be able to select suitable cell-free protein expression systems that would

produce polypeptides (e.g., heavy chain and light chain polypeptides) that are capable of pairing
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with each other. Further, the cell-free protein expression system can also be supplemented with
chaperones {e.g. BiP} and isomerases (e.g. disulphide 1somerase) to tmprove the efficiency of
1aG folding.

[0186] In some embodiments, cell-free expression systems are utilized to co-express the
heavy and light chain polypeptides from DNA templates (transcription and translation} or mRNA

templates (translation only}.

Vectors and Host Cells

[6187] Recombinant expression of heavy and fight chains requires construction of an
expression vector containing a polynucleotide that encodes the heavy or light chamn (e g,
antibody, or fusion protein}. Once a polynucleotide encoding the heavy or light chain has been
obtained, the vector for the production of the heavy or light chain can be produced by
recombinant DNA technology using technigues well known in the art. Thus, methods for
preparing a protein by expressing a polynucleotide containing the heavy or light chain encoding
nuclectide sequence are described herein. Methods that are well known to those skiiled in the art
can be used to construct expression vectors containing heavy or light chain coding sequences and
appropriate transcriptional and translational control signals. These methods include, for example,
in vitro recombinant DNA techniques, synthetic techniques, and in vivo genetic recombination.
The invention, thus, provides replicable vectors comprising a nucleotide sequence encoding
heavy or light chains, operably hnked to a promoter.

[0188] The expression vector 15 transferred to a host cell by conventional techniques and the
transfected cells are then cultured by conventional techniques to produce the modified heavy or
fight chains for use 1 the method of the invention. In specific embodiments the heavy and hight
chains for use in the method are co-expressed in the host cell for expression of the entire
immunoglobulin molecule, as detailed below.

[0189] A vanety of host-expression vector systerns can be utilized to express the modified
heavy and light chains. Such hast-expression systems represent vehicles by which the coding
sequences of interest can be produced and subsequently purified, but also represent cells which
can, when transformed or transfected with the appropriate nucleotide coding sequences, express
the modified heavy and light chains in situ. These inchude but are not limited to microorganisms

such as bactenia (e.g., E. coli and B. subtilis} transformed with recombinant bacteriophage DNA,
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plasmid DNA or cosmid DNA expression vectors containing the modified heavy and light chain

coding sequences; yeast (e.g.

[=2

Saccharomyces Pichia) transformed with recombinant yeast
expression vectors containing modified heavy and fight chain coding sequences; insect cell
systems infected with recombinant virus expression vectors {(e.g., baculovirus) containing
modified heavy and light chain coding sequences; plant cell systems infected with recombinant
virus expression vectors {e.g., cauliffower mosaic virus, CaMV; tobacco mosaic virus, TMV) or
transformed with recombinant plasmid expression vectors {e.g., Ti plasmid) containing modified
heavy and light chain coding sequences; or mammalian cell systems (e g, COS, CHO, BHK,
HEK-293, NSO, and 373 cells) harboring recombinant expression constructs containing
promoters derived from the genome of mammalian cells (e.g., metallothionein promoter) or from
mammahan viruses {e. g, the adenovirus late promoter; the vaccinia virus 7.5K promoter). In
certain embodiments, bacterial cells such as Escherichia coli, or eukaryotic cells, are used for the
expression of modified heavy and hight chains, which is a recombinant antibody or fusion protemn
molecules. For example, mammalian cells such as Chiese hamster ovary cells (CHO), in
conjunction with a vector such as the major intermediate early gene promaoter element from
human cytomegalovirus 1s an effective expression system for antibodies {Foecking et al., 1986,
Gene 45:101; and Cockett et al,, 1990, Bio/Technology 8:2}. In a specific embodiment, the
expression of nucleotide sequences encoding the immunoglobulin heavy and light chains of each
heterodimer 18 regulated by a constitutive promoter, inducible promoter or tissue specific
promoter.

10196] In mammalian host cells, a number of viral-based expression systems can be utilized.
in cases where an adenovirus 1s used as an expression vector, the modified heavy and light chain
coding sequences of interest can be ligated to an adenovirus transcription/translation control
complex, e.g., the late promoter and tripartite leader sequence. This chimeric gene can then be
inserted in the adenovirus genome by tn vitro or in vivo recombination. Insertion in a non-
essential region of the viral genome {e.g., region El or E3) will result in a recombinant virus that
is viable and capable of expressing the modified heavy and light chains in mnfected hosts (e g,
see Logan & Shenk, 1984, Proc Nath Acad. Sci USA 81 :355-359). Specific inttiation signals
can also be required for efficient translation of inserted antibody coding sequences. These signals
nclude the ATG mutiation codon and adjacent sequences. Furthermore, the imtiation codon must

be in phase with the reading frame of the desired coding sequence to ensure translation of the
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entire insert. These exogenous translational control signals and imtiation codons can be of a
variety of origins, both natural and synthetic. The efficiency of expression can be enhanced by
the inclusion of appropriate transcription enhancer elements, transcription terminators, etc. (see,
e.g., Bittner et al | 1987, Methods m Enzymeol 153:516-544).

[0191] The expression of the imununoglobulin heavy and light chains of the heterodimers can
be controlled by any promoter or enhancer element known in the art. Promoters which can be
used fo conirol the expression of the gene encoding modified heavy and light chains {e. g,
antibody or fusion protein) include, but are not limited to, the 8V 40 early promoter region
(Bernoist and Chambon, 1981 |, Nature 290:304-310), the promoter contained in the 3' long
terminal repeat of Rous sarcoma virus { Yamamoto, et al,, 1980, Cell 22:787-797), the herpes
thymidine kinase promoter (Wagner et al., 1981 | Proc. Natl. Acad. Sci. U S AL 78 1441-1445),
the regulatory sequences of the metallothionein gene (Brinster et al,, 1982, Nature 296:39-42),
the tetracycline (Tet) promoter (Gossen etal., 1995, Proc. Nat. Acad. Sci. USA 89:5547-5551);
prokarvotic expression vectors such as the B-lactamase promoter (Villa-Kamaroff et al, 1978,
Proc. Natl. Acad Sc1 U.S A, 75:3727-3731), or the tac promoter (DeBoer et al, 1983, Proc.
Natl. Acad. Sci. U.S A 80:21-25; see also "Useful proteins from recombinant bacteria” in
Scientific American, 1980, 242:74-94}; plant expression vectors comprising the nopaline
synthetase promoter region (Herrera-Estrella et al., Nature 303:209-213} or the cauliflower
mosaic virus 358 RNA promoter (Gardner et al , 1981, Nacl Acids Res. 9:2871), and the
promaoter of the photosynthetic enzyme ribulose biphosphate carboxylase (Herrera-Estrella et al. |
1984, Nature 310:115-120}). promoter elements from yeast or other fung: such as the Gal 4
promoter, the ADC (alcohol dehydrogenase) promoter, PGK (phosphoglycerol kinase) promaoter,
alkaline phosphatase promeoter, and the following animal transcriptional control regions, which
exhibit tissue specificity and have been utilized in transgenic ammals: elastase I gene control
region which 1§ active in pancreatic acinar cells (Swift et ol 1984, Cell 38:639-646; Omitz et al,,
1986, Cold Spring Harbor Symp. Quant. Biol. 30:399-409; MacDonald, 1987, Hepatology
7:425-515); insulim gene control region which 1s active in pancreatic beta cells (Hanahan, 1985,
Nature 315:115-122), immunoglobulin gene control region which s active in lvymphoid cells
{Grosschedl et al., 1984, Cell 38:647-658; Adames et al., 1985, Nature 318:533-538; Alexander
etal, 1987, Mol Cell. Biol 7:1436-1444), mouse mammary tumor virus control region which s

active in testicular, breast, lymphoid and mast cells (Leder et al., 1986, Cell 45:485-495),
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albumin gene control region which is active in liver (Pinkert et al., 1987, Genes and Devel. 1
:268-276), alpha-fetoprotein gene control region which is active in hiver (Krumlauf et al., 1985,
Mol Cell Biol 5:1639-1648; Hammer stal | 1987, Science 235:53-58; alpha 1-antitrypsin gene
control region which 15 active in the hver (Kelsey et al, 1987, Genes and Devel 1 :161-171),
beta-globin gene control region which is active 1 myeloid cells (Mogram et al., 1985, Nature
315:338-340; Kollias et al., 1986, Cell 46:89-94; myelin basic protein gene control region which
ig active in oligodendrocyte cells in the brain (Readhead et al , 1987, Cell 48:703-712); myosin
light chain-2 gene control region which is active 1n skeletal muscle (Sani, 1985, Nature 314:283-
286); neuronal-specific enolase (NSE) which 1s active in neuronal cells (Morelli et al., 1999,
Gen. YVirol 80:571-83); brain-derived neurotrophic factor (BDINF) gene control region which is
active in neuronal cells (Tabuchi et al., 1998, Biochem. Biophysic. Res. Com. 253:818-823);
ghial fibrillary acidic protein (GFAP) promoter which is active in astrocytes {Gomes et al., 1999,
Braz J Med Biol Res 32(5): 619-631 ; Morelli et al., 1999, Gen. YVirol 80:571-83) and
gonadotropic releasing hormone gene control region which 1s active n the hypothalamus (Mason
etal, 1986, Science 234:1372-1378).

[6192] In addition, a host cell strain can be chosen which modulates the expression of the
mserted sequences, or modifies and processes the gene product in the specific fashion desired.
Expression from certain promoters can be elevated in the presence of certain inducers; thus,
expression of the genetically engineered fusion protein can be controlled. Furthermore, different
host cells have characteristic and specific mechanisms for the translational and post-translational
processing and modification (e g., glycosylation, phosphoryiation of proteins). Appropriate cell
{ines or host systems can be chosen to ensure the desired modification and processing of the
foreign protein expressed. For example, expression in g bacterial system will produce an
unglycosvlated product and expression in yeast will produce a glycosvlated product. Eukaryotic
host cells that possess the cellular machinery for proper processing of the primary {ranscript
(e.g., glycosylation, and phosphorylation) of the gene product can be used. Such mammalian host
cells include, but are not limited to, CHG, VERY, BHK Hela, COS, MDCK, HEK-293, 373,
WI3R NSO, and in particular, neuronal cell lines such as, for example, SK-N-AS, SK-N-FI, SK-
N-DZ human neurcblastomas (Sugimoto et al., 1984, J. Natl Cancer Inst. 73; 51-57), 8K-N-8H
human neuroblastoma {(Biochim. Biophys. Acta, 1982, 704: 450-460), Daoy human cerebellar

medulloblastoma (He et al., 1992, Cancer Res. 52: 1144-1148) DBTRG-05MG glioblastoma
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celis {Kruse et al., 1992, In Vitro Celi. Dev. Biol 28A: 609-614), IMR-32 human neuroblastoma
{Cancer Res., 1970, 30: 2110-2118), 1321 N1 human astrocytoma (Proc. Natl. Acad. Sci. USA,
1977, 74 4810), MOG-G-CCM human astrocytoma (Br. J. Cancer, 1984, 49: 269}, US7TMG
human glioblastoma-astrocytoma {Acta Pathol. Microbiol Scand., 1968, 74: 465-486), A172
human glioblastoma (Olopade et al., 1992, Cancer Res. 52: 2523-2529), C6 rat glioma cells
{Benda etal, 1968, Science 161 : 370-371), Neuro-2a mouse neuroblastoma {Proc. Natl. Acad.
Sci. USA, 1970, 65 129-136), NB41 A3 mouse neuroblastoma {(Proc. Natl. Acad. Sci. USA,
1962, 48: 1184-1190), SCP sheep choroid plexus (Bolin et al., 1994, 1. Virol. Methods 48: 211~
2213, G355-5, PG-4 Cat normal astrocyte (Haapala et al., 1085, J. Virol. 53: §27-833), Mpf ferret
bramn {Trowbridge et al., 1982, In Vitro 18: 952-960), and normal cell lines such as, for example,
CTX TNAZ rat normal cortex brain (Radany et al, 1992, Proc. Natl. Acad. Sci. USA 89 6467-
64713 such as, for example, CRL7030 and Hs578Bst. Furthermore, different vector/host
expression systems can effect processing reactions to different extents.

[6193] For long-term, high-yield production of recombinant proteins, stable expression 1s
often preferred. For exaraple, cell lines that stably express the modified heavy and light chains of
the invention {e.g , antibody or fusion protein} can be engineered. Rather than using expression
vectors that contain viral origing of replication, host cells can be transformed with DNA
controlled by appropriate expression control elements {(e.g., promoter, enhancer, sequences,
transcription termmators, polyadenylation sites, ete.), and a selectable marker. Following the
mtroduction of the foreign DNA, engineered cells are allowed to grow for 1-2 days in an
enriched medim, and then are swiiched to a selective medium. The seleciable marker n the
recombinant plasmid confers resistance to the selection and allows cells to stably integrate the
plasmid into their chromosomes and grow to form foci that in turn can be cloned and expanded
into cell lines.

[6194] A number of selection systems can be used, including but not limited to the herpes
simplex virus thymidine kinase (Wigler et al.,, 1977, Cell 11 :223), hypoxanthine-guanine
phosphoribosyliransferase {(Szybalska & Szybalski, 1962, Proc. Natl. Acad. Sci. USA 48:2026),
and adenine phosphortbosvitransferase (Lowy et al,, 1980, Cell 22:817) genes can be emploved
i th-, hgprt- or apri-cells, respectively. Also, antimetabolite resistance can be used as the basis
of selection for dhfr, which confers resistance to methotrexate (Wigler et al., 1980, Natl. Acad.

Sci. USA 77:3567; O'Hare et al,, 1981 , Proc. Natl Acad. Sci. USA 78:1527); gpt, which confers
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resistance to mycophenolic acid (Mulligan & Berg, 1981 | Proc. Natl. Acad. Sci. USA 78:2072);
neo, which confers resistance to the aminoglycoside (3-418 {Colberre-Garapin et al., 1981 | J.
Mol. Biol. 150:1); and hygro, which confers resistance to hygromycin (Santerre etal., 1984,

Gene 30:147) genes.

Co-expression of eavy chains and fght chains

[6195] The immunoglobulin heavy chains and light chains of the heterodimer pairs described
herein can be co-expressed in mammalian cells, as noted above. In one embodiment, one heavy
chain is co-expressed with two different light chains ina LCCA design sei as described above,
where the heavy chain preferentially pairs with one of the two light chains. In another
embodiment, two unique heavy chains are co-expressed with two unique light chains, where

each heavy chain preferentially pairs with one of the light chains.
Testing of heterodimer pairs

[0196] As described above, at teast one heterodimer of the heterodimer pairs described
herein can comprise one or more amino acid modifications to their immunoglobulin heavy
and/or immunoglobulin light chains such that when the two unigue heavy chains and two unigue
light chains of the heterodimer pair are co-expressed in a mammalian cell, the heavy chain of the
first heterodimer preferentially pairs with one of the light chains rather than the other. Likewise,
the heavy chamn of the second heterodimer preferentially pairs with the second light chain rather
than the first. The degree of preferential pairing can be assessed, for example, by using the
methods described below. The affinity of each heterodimer of the heterodimer pair for its
respective antigen can be tested as described below. The thermal stability of each heterodimer of

the heterodimer pair can also be tested as described below.

Methods fo measure preferential pairing

0197} In one embodiment, preferential pairing between immunoglobulin heavy and light
chains is determined by performing a Light Chain Competition Assay (LCCA). Co-owned
patent publication WO 2014/055784, filed October 3, 2013, describes vartous

embodiments of LCCA . The method

o9
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allows quantitative analysis of the pairing of heavy chains with specific light chains within the
mixture of co-expressed proteins and can be used to determine if one particular immunoglobulin
heavy chain selectively associates with either one of two tmmunoglobulin light chains when the
heavy chain and light chains are co-expressed. The method 15 briefly described as follows: At
least one heavy chain and two different light chains are co-expressed in a cell, in ratios such that
the heavy chain is the liniting pairing reactant; optionally separating the secreted proteins from
the cell; separating the immuncglobulin light chain polypeptides bound to heavy chain from the
rest of the secreted proteins to produce an isolated heavy chain paired fraction; detecting the
amount of each different light chain in the 1solated heavv chain fraction; and analyzing the
relative amount of each different light chain 1n the 1solated heavy cham fraction to determine the
ability of the at least one heavy chain to selectively pair with one of the light chains.

[6198] The method provides reasonable throughput and is robust {1.e. insensitive to minor
changes 1n operation, such as user or flow rate) and accurate. The method provides a sensitive
assay that can measure the effects of small vanations m the protein sequences. Promiscuous
protein — protein; domam-~domain; chain —chain interactions over large surface areas usually
require multiple mutations (swaps) in order to introduce selectivity.  The protein products do not
need to be isolated and purtfied which enables more efficient screening. Further details
regarding an embodiment of this method are described m the Examples.

Alternative methods {o determine preferential pairing

[0199] Alternative methods for detecting preferential pairmng include using LC-MS (Ligmd
chromatography — Mass spectrometry) to quantify the relative heterodimer populations including
cach light chain using differences 1n their molecular weight to 1dentify each distinct species. An
antigen activity assay could also be used to quantify relative heterodimer populations containing
each light chain whereby the degree of binding measured (relative 15 controls} would be used to
estimate each respective heterodimer population.

{6200] Additional methods such as SMCA are described in the Examples, Figures, and

Tables.
Thermal stability

{0201} The thermal stabulity of the heterodimers can be determined according to methods

known in the art. The melting temperature of each heterodimer 1s indicative of its thermal
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stability. The melting point of the heterodimer can be measured using technigues such as
differential scanning calorimetry {Chen et al (2003} Pharm Res 20:1952-60; Ghirlando et al
(1999} Immunol Lett 68:47-52). Alternatively, the thermal stability of the heterodimer can be

measured using circular dichroism (Murray et al. (2002) J. Chromatogr Sct 40:343-9).

Affinity for antigen

[0202] The binding affinity of the heterodimers for their respective antigens and the off-rate
of the mteraction can be determined by competitive binding assays according to methods well
known in the art. Une example of a competitive binding assay is a radicimmunoassay
comprising the incubation of labeled antigen {e.g , 3H or 1251 with a molecule of interest (e g,
heterodimers of the present invention) in the presence of mcreasing amounts of unlabeled
antigen, and the detection of the molecule bound to the labeled ligand. The affinity of the
heterodimer of the present invention for the antigen and the binding off-rates can be determined
from the saturation data by Scatchard analysis.

[0203] he kinetic parameters of a heterodimer described herein can also be determined using
surface plasmon resonance (SPR) based assays known in the art (e.g., BlAcore kinetic analysis).
For a review of SPR-based technology see Mullet et al | 2000, Methods 22: 77-91; Dong et al,,
2002, Review in Mol Biotech., 82: 303-23; Fivash et al, 1998, Current Opinion in
Biotechnology 9. 97-101; Rich et al., 2000, Current Opinion in Biotechnology 11: 54-61.
Additionally, any of the SPR mnstruments and SPR based methods for measuring protein-protein
mteractions described m US. Pat. Nos. 6,373,577, 6,289,286; 5,322,798; 5,341,215 6,268,125
are contemplated in the methods of the invention. FACLS can also be used to measured affinity,

as 1s known in the art.

Generation of bispecific antibodies given Mabl and Mab2 using a library of bispecific

antibody mutation design sets.

[0204] In one embodiment, described here is a bispecific antibody mutation design set aimed
at selectively forming bispecific antibodies starting from two canonical antibodies Mabl and
Mab?2 comprising of the antigen binding fragments Fabl and FabZ2 respectively. The design set
consists of cognate mutations corresponding o Fabl, Fab2 and Fo respectively. In one
embodiment, design set libraries are represented by design sets included in Table 5, Table 12, or

any one of Tables 15 10 17. Mutations are mtroduced at the interface of light and heavy chain of
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Fabl to achieve selective pairing between the two obligate chains in the presence of competing
light and heavy chain of FabZ. Selective pairing 1s achieved by introducing favorable
complementary mutations in the two obligate light and heavy chains on the basis of steric,
hydrophobic or electrostatic complementarity between certatm hotspot framework residues at the
uterface while involving these mutated residues in unfavorable interface interaction for the non-
obligate chain pairs. In each design set selective pairing mutations can also be introduced at the
interface of light and heavy chain of Fab2 to achieve selective pairing between these two
obligate chains in the presence of competing light and heavy chain of Fabl. The mutations are
aimed at reducing the nus-pairing of light chain from Fabl with heavy chain of Fab2 and vice-
versa. Mutations are introduced at the Fo interface in order to achieve selective pairing of heavy
chains to form asymmetric antibody molecules comprising two different heavy chains.
Engineering at certain interface residue positions of light and heavy chains of an antibody can
often lead to detrimental effects such as loss m antigen binding affinity, stability, solubility,
aggregation propensity etc of that antibody. A number of related properties can be affected such
as kon and koff rates, melting temperature {Tm), stability to stress conditions like acid, base,
oxidation, freeze/thaw, agitation, pressure efc. This is ofien impacted by the complementarity
determining regions {CDRs) of the antibody of interest. Given that the CDRs of different
antibodies are generally not identical, the impact of the mutation design set on the properties
described above may not be the same across all antibodies. Presented heve 13 a method to create
a bispecific antibody with noted purity relative to other contamunants containing incorrectly
paired antibody-like structures, given any two available antibodies Mabl and Mab2. The light
and heavy chains of Mab1 and Mab2 are co-expressed after mtroducing the cognate mutations of
each of the mutation design sets and the expressed antibody product is analvtically screened to
estimate the purity of the preferred bispecific antibody relative to other Mab like species
expressed in the protein product. In some embodiments the analviical screening procedure may
be based on an LC-MS technique. In some embodiments the analytical sereening procedure may
be based on charge based separation such as a capillary 1scelectric focusing (clEF) techmique or a
chromatographic technique An example of the screening technique is presented in Example 9
based on the SMCA procedure. In some embodiments the noted purity of the bispecific antibody
i defined as being greater than 70% of all the obtained Mab like species mn the expressed protein

product. In some embodimenis the noted purity of the hispecific antibody is defined as being
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greater than 90% of all the obtained Mab like species in the expressed protein product. The
procedure for preparation and selection of bispecific Mab design set given Mabl and Mab2 is

shown schematically in Figure 12.
Pharmaceutical compositions

[020%5] The present invention also provides pharmaceutical compositions comprising the
heterodimers or heterodimer pairs described heremn. Such compositions comprise a
therapeutically effective amount of the heterodimer or heterodimer pair, and a pharmaceutically
acceptable camier. In a specific embodiment, the term "pharmaceutically acceptable” means
approved by a regulatory agency of the Federal or a state government or histed in the U8,
Pharmacopeta or other generally recognized pharmacopeia for use in animals, and more
particularly in humans. The term "carrier” refers to a diluent, adjuvant, excipient, or vehicle with
which the therapeutic is administered. Such pharmaceutical carriers can be sterile liquids, such as
water and oils, including those of petroleum, animal, vegetable or synthetic origin, such as
peanut oil, soybean otl, mineral oil, sesame o1l and the like. Water is a preferred carrier when the
pharmaceutical compostition is administered intravenously. Saline solutions and agueous
dextrose and glvcerol solutions can also be employed as liquid carriers, particularly for ijectable
solutions. Suitable pharmaceutical excipients include starch, glucose, lactose, sucrose, gelatin,
malt, rice, flour, chalk, silica gel, sodium stearate, glyeerol monostearate, tale, sodium chioride,
dried skim nulk, glycerol, propylene, glycol, water, ethanol and the like. The composition, if
desired, can also contain minor amounts of wetting or emulsifving agents, or pH buffering
agents. These compositions can take the form of solutions, suspensions, emulsion, tablets, pilis,
capsules, powders, sustamed-release formulations and the like. The composition can be
formulated as a suppository, with traditional binders and carriers such as triglycendes. Oral
formulation can mclude standard carners such as pharmaceutical grades of mannitol] lactose,
starch, magnesium stearate, sodium saccharine, cellulose, magnesium carbonate, etc. Examples
of suitable pharmaceutical carriers are described in "Remungton's Pharmaceutical Sciences" by E.
W. Martin. Such compositions will contain a therapeutically effeciive amount of the compound,
preferably i purified form, together with a suitable amount of carrier so as to provide the form

for proper administration to the patient. The formulation should suit the mode of administration.
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[6206] In certain embodiments, the composition comprising the heterodimer or heterodimer
pair 13 formulated in accordance with routine procedures as a pharmaceutical composition
adapted for intravenous administration to human beings. Typically, compositions for intravenous
adnunistration are solutions n sterile isotonic aqueous buffer. Where necessary, the composition
can also include a solubilizing agent and a local anesthetic such as lignocaine to ease pamn at the
site of the injection. Generally, the ingredients are supplied etther separately or mixed together in
unit dosage form, for example, as a dry lyophilized powder or water free concentrate in a
hermeticaliv sealed container such as an ampoule or sachette indicating the quantity of active
agent. Where the composition is to be administered by infusion, it can be dispensed with an
infusion bottle containing sterile pharmaceutical grade water or saline. Where the composition is
adrinistered by injection, an ampoule of sterile water for injection or saline can be provided so
that the ingredients can be mixed prior to administration.

[6207) In certain embodiments, the compositions described herein are formulated as neutral
or salt forms. Pharmaceutically acceptable salts include those formed with anions such as those
derived from hydrochloric, phosphoric, acetic, oxalic, tartaric acids, ete., and those formed with
cations such as those derived from sodium, potassium, ammonium, calcium, ferric hydroxde
isopropylamine, triethylamine, 2-ethylamino ethanol, histidine, procaine, etc.

[0203] The arnount of the composition described herein which will be effective in the
treatment, inhibition and prevention of a disease or disorder associated with aberrant expression
and/or activity of a therapeutic protein can be determined by standard clinical techmiques. In
addition, in vitro assays can optionally be emploved to help identify optimal dosage ranges. The
precise dose to be employed in the formulation will also depend on the route of administration,
and the seriousness of the disease or disorder, and should be decided according to the judgment
of the practitioner and each patient's circumstances. Effective doses are extrapolated from dose-

response curves derived from in vitro or animal model test systems.
Uses of heterodimer pairs

[6209] As described above, the heterodimer pairs described heremn can comprise a first
heterodimer and a second heterodimer, where the immunoglobulin heavy chain and/or the
immuncglobulin light chain of each heterodimer comprise one or more medifications froma

known therapeutic antibody or from a known antibody that binds a molecule. Thus, it s
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contempliated that heterodimers comprising the modificaitons 1o these antibodies could be ugsed
for the treatment or prevention of the same disease, disorder, or infection that the known
therapeutic antibody or known antibody can be used for.

10216 In another embodiment, the heterodimer pairs described herein can also be
advantageously utilized in combination with other therapeutic agents known in the art for the
treatment or prevention of a cancer, autoinunune disease, inflammatory disorders or infectious
diseases. In a specific embodiment, the heterodimer pairs described herein can be used in
combination with monoclonal or chimeric antibodies, lvmphokines, or hematopoietic growth
factors (such as, e.g., 1L-2, [L-3 and 1L-7), which, for example, serve to increase the number or
activity of effector cells which interact with the molecules and, increase immune response. The
heterodimer pairs described herein can also be advantageously utilized in combimation with one
or more drugs used to treat a disease, disorder, or infection such as, for example anti-cancer

agents, anti-inflammatory agents or anti-viral agents.
Kits

[0211] The present invention additionally provides for kits comprising one or more
heterodimer pairs. Individual components of the kit would be packaged in separate containers
and, associated with such containers, can be a notice in the form prescribed by a governmental
agency regulating the manufacture, use or sale of pharmaceuticals or biological products, which
notice reflects approval by the agency of manufacture, use or sale. The kit can optionally contain
mstructions or directions outlining the method of use or administration regimen for the
heterodumer pairs.

[6212] When one or more components of the kit are provided as solutions, for exarople an
aqueous solution, or a sterile agueous solution, the container means can itself be an inhalant,
syringe, pipette, eye dropper, or other such like apparatus, from which the solution can be
admunistered to a subject or applied to and mixed with the other components of the kit.

{6213] The components of the kit can also be provided in dried or lvophilized form and the
kit can additionally contain a suitable solvent for reconstitution of the lyophilized components.
Irrespective of the number or type of containers, the kits of the invention also can comprise an

mstrument for assisting with the administration of the composition to a patient. Such an
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mstrument can be an irhalant, nasal spray device, syringe, pipette, forceps, measured spoon, eve

dropper or sumilar medically approved delivery vehicle.
Computer implementation

[6214] In one embodiment, a computer comprises at least one processor coupled to a chipset.
Also coupled to the chipset are a memory, a storage device, a keyboard, a graphics adapter, a
pointing device, and a network adapter. A display 15 coupled to the graphics adapter. In one
embodiment, the functionahiy of the chipset is provided by a memory contreller hub and an VO
controller hub. In another embodiment, the memory 1s coupled directly to the processor instead
of the chipset.

[0215] The storage device 1s any device capable of holding data, like a hard drive, compact
disk read-only memory (CB-ROM]}, DVD, or a solid-state memory device. The memory holds
instructions and data used by the processor. The pointing device can be a mouse, frack ball, or
other type of pointing device, and 1s used in combination with the kevboard to input data into the
computer system. The graphics adapter displays images and other information on the display.
The network adapter couples the computer system to a local or wide area network.

[6216] As 1s known in the art, a computer can have different and/or other components than
those described previously. In addition, the computer can lack certain components. Moreover,
the storage device can be local and/or remote from the computer {such as embodied within a
storage area network (SAN)).

[0217] As 15 known in the art, the comyputer is adapted to execute computer program modules
for providing functionality described herein. As used herein, the term “module” refers 1o
computer program logic utilized to provide the specified functionality. Thus, a module can be
muplemented m hardware, firmware, and/or software. In one embodiment, program modules are
stored on the storage device, loaded into the memory, and executed by the processor.

It is understood that the examples and embodiments described herein are for illustrative purposes
only and that various modifications or changes in light thereof will be suggested to persons
skilled in the art and are to be included within the spirit and purview of this application and

scope of the appended claims.
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EXAMPLES

[0218] Below are examples of specific embodiments for carrying out the present invention.
The examples are offered for illustrative purposes only, and are not intended to limit the scope of
the present invention in any way. Efforts have been made to ensure accuracy with respect to
aumbers used {e.g., amounts, temperatures, €c.}, but some experimental error and deviation
should, of course, be allowed for.

{6219] The practice of the present invention will employ, unless otherwise indicated,
conventional methods of protein chenustry, biochemisiry, recombinant DNA technigues and
pharmacology, within the skill of the art. Such techmques are explained fully in the literature.
See, e.g., T E. Creighton, Protems: Structures and Molecular Properties (W H. Freeman and
Company, 1993); A L. Lehninger, Biochenustry (Worth Publishers, Inc., current addition);
Sambrook, et al , Molecular Cloning: A Laboratory Manual {(2nd Edition, 1989}, Methods In
Enzymology (8. Colowick and N. Kaplan eds., Academic Press, Inc ); Remington's
Pharmaceutical Sciences, 18th Edition (Easton, Pennsylvania: Mack Publishing Company,
1990); Carey and Sundberg Advanced Organic Chemistry 3rd Ed. (Plenum Press) Vols A and

B(1992).
Example 1: Molecular modeling and computer guided engineering of Fab interface

[0226] A structure and computational molecular modeling guided approach was used to
produce a library of heavy and light chain mutation designs that can be screened in the context of
other antibodies (Abs) or fragments thereof to identify mutations that exhibit the desired
specificity in the antibodies of interest. The design strategy for engineering preferential heavy

chain (H)- ight chamn (L) pairing included first identifving a representative Fab (1.e. D3H44).

10221} As indicated m Table 1, key criteria for this Fab were that it was human/humanized,
has the commonly used VH and VL. subgroups and contained minimal framework region
mutations. In addition, structural considerations were that the VH: VL interdomam angle should
be close to the average observed for antibodies. After selection of the Fab D3H44, an ia sifico
analysis of the Fab interface was carried out to identify and understand residues important for

iteraction between heavy and light chains, using a two-pronged approach.
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[6222] The f{irst approach involved a global analysis of the sequence conservation across the
Fab variable and constant interfaces was carried out via sequence and structure alignments of
known antibodies. An alignment of constant and variable domain sequences from various
antibedy subgroups 1s shown i Figure 1. Figure 1A depicts an alignment of representative
human VH germline subgroups. Figure 1B depicts an alignment of representative human kappa
YL germiine subgroups. Figure 1C depicts an alignment of representative human lambda VL
germline subgroups. Figure 1D depicts an alignment of human CH1 allele sequences. Figure 1E
depicts an alignment of human kappa and lambda allele sequences. The second approach
involved the analysis of the D3H44 crystal structure interface using a number of molecular
modeling tools as shown mn Figure 2 (e.g. ResidueContactsTM). These analyses resulted in the
identification of a list of hotspot positions for engineering preferential H-L pairing. The hotspot
positions determuned from this analysis are listed in Table 2. These positions and amino acids are
mainly framework residues {except for a few located i the CDR3 loops) and are also mostly
conserved in the lambda L chains. The amino acids in the parent D3H44 sequences with Kabat

numbering are provided in Tables 3a-3b.

[0223] Next, potential moutations at the hotspot positions as well as positions neighboring the
hotspots of interest in the 3D crystal structure were simulated and identified via in sifico
mutagenesis and packing / modeling with Zymepack . Zymepack ™ is a software suite that,
given an mput structure and a set of mutations, will alter the residue types in the input structure
according to the supphied mutations, and generate a new structure that 18 an approximation to the
physical siructure of the mutant protein.  Additionally, Zymepack evaluates the properties of the
mutant protem by computing a variety of quantitative metrics. These metrics include measures
of steric and electrostatic complementarity, which may correlate with the stability, binding

affinity, or heterodumeric specificity of the mutant protem.

[0224] TFigure 3 presents a subset of hotspot positions at the heavy and light chain interface in
the variable domams and demonstrates how mutations can be introduced at these interface
posttions to facilitate selective painng of the obligate chamns while disfavoring the formation of

™ .
k) steric

incorrect chain pairs. Using compuiational methods including Zymepac
complementarity was modeled and also computed on the basis of energy factors such as van der

Waals packing, cavitation effects and close contact of hydrophebic groups. Similarly,
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electrostatic interaction energies were modeled and evaluated on the basis of coulomb
mteractions between charges, hvdrogen bonds, and desclvation effecis. Both the preferred heavy
and light chain pair models such as H1L1 {or H2:1.2) and the mcorrect pair models such as
H1:1L2 (and H2:L1} obtained by introducing the mutations of interest were simulated to compute
the relative steric and electrostatic scores. This allowed the determunation of whether a particular
mutaiion set led to favorable energies te greater steric and/or electrostatic complementarity for
the preferred {obligate) heavy — hight chain pairs relative to the incorrect {(non-obligate) pairs.
The computed steric and electrostatic energies are components of the free energy associated with
the light and heavy chain pairing. Hence greater steric and electrostatic complementarity is
indicative of a larger free energy change associated with the pairing of the obligate pair relative
to the pairing of the non-obligate pair. The greater steric or electrostatic complementanity results
in preferential (selective) pairing of the obligate heavy and light chains relative to the non-

obligate pair.
Example 2: Selection and description of designs

[0225] The approach described in Example 1 was used to design heavy cham-light chain
heterodimer patrs (i.e. H1-L1 and H2-1.2) that exhibit selective or preferential pairing. The
heterodimers were designed in pairs, referred to as a “design” or “design set,” and include a set
of substitutions on Hi, L1, HZ, and 1.2 chains that promote preferential pairing (Table 3). The
design sets were initially tested as “LLCCA designs” (Table 4) where one heavy chain was co-
expressed with two hight chains in order to assess relative pawing. The amino acid substitutions

are identified with reference to Tables 3a, 3b, using the Kabat numbering svstem.

[8226] The design library described in Table 30 from International Patent application
number PCT/CA2013/050914 was used as a starting point to wdentify some of the LCCA designs
shown in Table 4 and the design sets shown in Table 5. Some of the designs i Table 4 and Table
5 are new mdependent designs. Core designs are shown in Table 6, along with the associatex
unique identifiers. Moat of the designs span the constant region only, with a few of the designs
also mcorporating modifications m the variable region. These designs were proposed to further

drive pairing specificity whale also favoring transferability to other antibody systems.
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{6227] For the dertved designs, the library of designs described in Table 30 from
International Patent application number PCT/CA2013/050914 was used as a starting point, with
the designs chustered by structural sinnlarity and ranked based on strength of pairing specificity,
effect on antigen binding, and stability as measured by Differential Scanning Calorimetry (DS
Designs were then combined (see example in Table 7) and/or optimized (see examples in Table 8
and Table 9} to vield the derived designs. For the combinations, at least one of the designs
extubited high pairing specificity with the other design(s) exhibiting a range of favorable pairing
specificities. All of the designs chosen for combination and/or optimization exhibited no/minimal

effects on antigen binding and no/nunimal effects on melting temperature {Tm).

[0228] Independent designs were tested alone (classified as independent, under design tvpe
column, Table 5), and in combination with the derived designs as well {classified as

independent/combination, under design type column, Table 5; see also example in Table 10).

0229) The designs were packed onto a molecular mode! of D3H44 and metrics were
calculated {as described in Example 1). The top designs were then selected based on risk
{possible effects on stability as well as imnmmnogenicity) and impact {which takes into account

the proposed strength of the drive pairing specificity). These top designs are shown in Table 5.

Example 3: Preparation of Fab constructs encoding D3Hd44 {gG heavy chaing and D3H44
1gG light chains,

{0230] The wild-type Fab heavy and light chains of the anti-tissue factor antibody D3H44
were prepared as follows. D3H44 Fab light (AJ308087.1) and heavy (AJ30808¢.1) chain
sequences were taken from GenBaok (Table 3c¢), gene synthesized and codon optinuzed for
mamimalian expression. Light chain vector inserts, consisting of a 57-EcoRl cutsite - HLA-A
signal peptide — HA or FLAG tag — Laght chain Ig clone — “TGA stop” — BamH1 cutsite-3’, were
higated 1nto a pT'TS vector {(Durocher Y etal, Nucl Acids Res. 2002; 30, No.2 e9). The resulting
vector + insert were sequenced 1o confirm correct reading frame and sequence of the coding
DNA. Likewse, heavy chain vector inserts, consisting of a 3"-EcoRlcutsite — HLA-A signal
peptide — heavy chain clone (terminating at T238; see Table 3a) — ABD;-Hisgtag — TGA stop —
BamH! cutsite-3’, were ligated into a pTT3 vector (ABD; albumin binding domain). The

resulting vector + insert were also sequenced to confirm correct reading frame and sequence of
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the coding DNA. The various Fab D3H44 constructs containing aminoc actd substitutions for the
design sets were generated either by gene synthesis or by site-directed mutagenesis {Braman

Papworth C & Greener A, Methods Mol Biol. (1996} 57:31-44).

{0231} Heavy and light chaing were tagged at the C- and N-termini respectively, in order to
facilitate the assessment of preferential pairing via a competition assav-SPR scregn. The ABD,-
Hiss heavy chain tag specifically allowed H-L complexes to be captured on an anti-his tag SPR
chip surface, whilst FLAG and HA light chain tags allowed the relative L1 and L2 populations to

be guantified.

Example 4: Assessment of Preferential Pairing of Fab heterodimers comprising either
constant domain modifications or a combmnation of constant and variable domain

modifications in D3H44 Igls light and/or heavy chains.

{6232] Constructs encoding the D3H44 [eG heavy and light chaing in Fab format comprising
aming acid modifications according to the LOCA design sets in Table 12 were prepared as
described in Example 3. The ability of the constructs to preferentially pair to form the desired
HI1-L1 heterodimer in the context of an LCCA design set (Hi1, L1, 1.2} was determined using a

Light Chain Competition Assay (LCCA)

{0233} The LCCA quantifics the relative pairing of one heavy chain for at least two unigue
light chains and can be summarized as follows. Gne D3HA44 heavy chain Fab construct was co-
expressed with two unique 3H44 light chain Fab constructs and the relative light chain pairing
specificity {e.g. H1-L1:H1-L2) was determined from a competition assay-SPR screen, conducted
in duplicate. The LCCA screen ratio was skewed to 1dentify strong drivers, by reducing the
amount of L1 {designed to preferentially pair with the H chain} compared to L2, (e.g. L1:L2 =
1:3, by weight}, while keeping the heavy chain in linuting quantities (1e. Hi: L1 + 12 of 1:3).
The amount of each heterodimer formed (F.e. Hi-L1 and H1-L2) was deternuned by binding
heavy chains to the SPR chip via a his-tag pull-down, followed by detection of the amount of
sach light chain tag (HA or FLAG) using antibodies specific for these tags. Subsequently,
selected heterodimer hits were verified via a light chain competition assay verification whereby
the L.1:1.2 DNA ratios were varied by 1.3 and 1:9 during transfection, while keeping the heavy

chain 1 hmiting quantities. Also note that the light chamn tags (HA or FLAG) do not affect
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LCCA pairing in the D3H44 system {(see example 10 from International Patent application
number PCT/CAZ2013/050914). A schematic representing the design of the assay 1s shown in
Figure 4. Figure 5 depicts how the heavy chains and light chains are tagged and how preferential

pairing 1s assessed. The experimenial details of the LCCA are provided below.

Transfection method

18234] LCCA designs comprising one heavy chain and two Hight chain constructs, prepared
as described in Example 3, were transfected into CHO-3E7 cells as follows. CHO-3E7 cells, ata
density of 1.7 - 2 x 10°cells /ml, were cultured at 37°C in FreeStyle™ F17 medium (Invitrogen
cat# A-1383501) supplemented with 4 mM glutamine and 6.1% KoliphorP188 (Sigma #K48%4).
A total volume of 2ml was transfected with a total of 2 pg DNA using PEL-pro (Polyplus
transfection # 115-375) at a DNA:PEI ratio of 1:2.5. Twenty-four hours after the addition of the
DNA-PEI mixture, the cells were transferred to 32°C. Supernatants were tested for expression on
day 7 by non-reducing SDS-PAGE analysis followed by Coommassie blue staining to visualize

the bands. H: L ratios are as indicated m Table 11.

Competition assay SPR method

[0235] The degree of preferential D3H44 light chain pairing to D3H44 heavy chain in LCCA
designs was assessed using an SPR-based readout of unique epitope tags located at the N-

terminus of each light chain.

[0236] Surface Plasmon resonance (SPR) supplies. GLC sensorchips, the Biorad ProteOn
amine coupling kit (/-ethyl-3-(3-dimethylaminopropyl) carbodumide hvdrochloride (EDC), N-
hydroxysulfosuccinimide (sSNHS} and ethanolamine), and 10mM sodium acetate buffers were
purchased from Bio-Rad Laboratories (Canada) Ltd. (Mississauga, ON). 4~(2-hydroxyethyl)-7~
piperazineethanesulfonic acid (HEPES) buffer, ethylenediaminetetraacetic acid (EDTA), and
Na(’l were purchased from from Sigma-Aldrich {Oakville, ON). 10% Tween 20 solution was

purchased from Teknova (Hollister, CA).

[6237] SPR hiosensor assays. All surface plasmon resonance assays were carried out using a

BioRad ProteUn XPR36 mstrument {Bio-Rad Laboratories {Canada)} Lid. {(Miassissauga, ON)Y)
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with PBST running buffer (PBS Teknova Inc with 0.05% Tween20) at a temperature of 25°C.
The anti-penta His capture surface was generated using a GLM sensorchip activated by a 1.5
dilution of the standard BioRad sNHS/EDC solutions injected for 140 s at 100 ul/min in the
analyte (horizontal} direction. Immediately after the activation, a 25 lg/mL solution of anti-
penta His antibody {(Qiagen Inc.} in 10 mM NaQOAc pH 4.5 was mjected in the analvte {vertical)
direction at a flow rate of 25 ul/min until approximately 3000 resonance units (RUs) are
immobitized. Remaining active groups were quenchad by a 140 s mjection of 1M ethanolamine
at 100 ul/min in the analyte direction, and this also ensures mock-activated interspots were

created for blank referencing.

16238] The screening of the heterodimers tor binding to the anti-FLAG (Sigma Inc. y and
anti-HA {Roche Inc.} monoclonal antibodies occured in two steps: an indirect capture of the
heterodimers onto the anti-penta His surface in the higand direction followed by an anti-FLAG
and anti-HA injection in the analyte direction. First, one injection of PBST for 30 s at 100
ub/min in the ligand direction was used to stabilize the baseline. For each heterodimer capture,
unpurified heterodimers in cell-culture media were diluted to 4 % in PBST. One to five
heterodimers or controls (1.e. controls containing either 100% HA-light chain or 100% FLAG-
light chain} were simultaneously myected 0 individual ligand channels for 240 s at flow 25
pl./onn, resulting in a saturating heterodimer capture of approximately 300 to 400 RUs onto the
anti-penta His surface. The first ligand channel was left empty to use as a blank control if
required. This heterodimer capture step was immediately followed by two buffer injections n the
analyte direction to stabilize the baseline, and then 5 nM anti-FLAG and 5 oM anti-HA were
gach injected m duplicate at 30 ul/min for 120 ¢ with a 180 ¢ dissociation phasge, resulting ma
set of binding sensorgrams with a buffer reference for each of the captured heterodimer. The
tissue factor (TF} antigen to which the heterodimer binds was also mjected over the last
remaining analyte channel as an activity control. The heterodimers were regenerated by an 18 5
pulse of 0.85% phosphoric acid for 18 s at 106 pl/min o prepare the anti-penta His surface for
the next mjection cycle. Sensorgrams were aligned and double-referenced using the butfer blank
injection and mterspots, and the resulting sensorgrams were analyzed using ProteOn Manager

software v3.0.

Results
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{6239] The LCCA resulis are shown in Tables 12, 13a and 14a. Note that in Tables 13 and
14, the “Unique identifier” may not exactly correspond with Table 5, as the unigue identifiers for
the two constituent LOCCAs may be in either of orientation ((Set#HIL1L2 -Set#H2ZL2L1) or
{(SetdHZE211-Set#HI1LIL2)). The assessment of preferential paming for each LLCA design 15
shown m the last 3 columns of Table 12, The same data is also included in the context of design
pairs in Tables 13a and 14a, in columns 5, 6, and 8, or 10, 11 and 13. Each unique set of Hi, L1
and L2 mutations {LCCA design) was assigned a unique number, or ‘Set # (e.g. 9567 or 9087).
When data is presented in H1 L1 H2 L2 format (Fab panr format or design set), such a design set
1 consequently denoted with a "unique identifier’ comprised of set numbers for the two
constituent LOCAs (e.g. 9567-9087). Note that the majority of LOCCA experiments were
performed on constructs containing the inter-chain Fab disulfide bond(s) located in the constant
domain (H/C233-L/C214, Kabat numbering). Within Tables 13(a and b} and 14{(a and b}, for the
purposes of highlighting a particular design’s success with respect to preferential pairing, two
complementary LCCA sets (HY, L1, L2 and H2, 1.2, 1.1} arc represented in a Fab pair format.
Presence of tags (1. chain: HA and FLAG and H chain: ABD,-Hise) did not affect the expected
neutral pairing of ~50%: 50% for D3H44 WT,

[0240] In the tables, the LCCA data reported are the median values in ratio format (H1-L1:H1-
L2 and H2-L2:H2-1.1) normalized to L1:1L2 DNA ratios of 1:1. Furthermore, the LCCA data
were normalized to 100%, as it was observed for some variants that the total amount of LT and
1.2 significantly differed from 100%. This discrepancy n total light chain percentage 15 believed
to be due in part to the occurrence of vanable non-specific binding during initial heterodimer
capture on the SPR chip. As the LCCA experiments were conducted at 2 different 1.1:1.2 DNA
ratios (112 of 1.3 and 1.9, respectively), both of the LCCA normalized ratios are listed in the
tables. Note that LCCA data were not reported for some LLCCA experiments, a5 the experimental
data obtained did not meet the inclusion criteria {e.g. Fab capture on SPR chip was less than 100,

or the LCCA total amounts of 1.1 and 1.2 fell outside the 60 to 140 range).

10241] Table 12 bists all of the LCCA designs (530} for which data were obtained. Out of the
530 LCCA designs, 490 (92 5% of these LOCA designs had at least 60% correct pairing (at the

normalized L1.1.2 DNA ratio of 1:1), considering both of the L1.1.2 DNA ratios of 1:3 and 1:9.

The remaining LCCA designs included LCCA designs that were primarily neuvtral (32/530 or
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6.0%} as well as a small proportion that vielded mconsistent (8/530 or 1.5%) results. The designs
shown 1n Table 12 were primarily electrostatic {(based on specificity drivers that utilize hyvdrogen
bonding or charge-charge interactions} with some designs also including steric complementarity
and/or inter-chain covalent disulfide bonds. Some designs also comprised mutations for the
formation of new disulfide bonds in the absence of the natural inter-chain disulfide bond (formed

by H/C233-L/C214),

{6242) Tables 13(a and b) and 14{(a and b} list the 447 designs for which LLCC A data was
present for both heterodimers of a design set. Tables 13a and 14a demonstrate that the in sifico
design approach described in Example 1 led to achievement of preferential pairing of H1-L1

over H1-L2 and that of H2-1.2 over H2-1.1 across a diverse set of designs and their variations.

{0243] Tables 13(a and b) list those designs that have an average LCCA performance
{average of the median normalized values to L.1:1.2 ratio of 1:1 for H1-L1:H1-L2 and H2-L2:H2-
L1} of paired: mispaired Fab heterodimers of at least 86:14 whereas Tables 14 (g and b) list those
designs that have an average LCCA performance of paired:mispaired Fab heterodimers below
86:14. The performance of each LCCA was normalized to 100% as well as toan L1:1.2 DNA
ratto of 1:1 (as described i this example above), and 15 described by both the scalar value
((In{r1/f1) or In{r2/£2)} where rl and 12 correspond to the median values of HIL1T:HIL2 and
H2L2:HZL1 at the expenimental ratios, respectively, and 1 and 12 correspond to the respective
experimental 1atios) as well as by the ratio of paired to mispaired Fab heterodimers. Each design
also has an associated average LCCA performance scalar value (0.5{In{r /1) + In(r2/f2})) that s
also normalized 1o 100% as well as to an L1 1.2 DNA ratio of 111 {as described in this example
above). Furthermore, the scalar range for each LCCA of a design (LCCAT and LCCA2,
corresponding to HILTHIL2 and H2L2H2L1 expenments, respectively) is shown, Out of 447
Mab designs, 354 (79.2 %) exhibit at least an average LOCA performance of 86:14 (Table 13 3
and b). The designs within Tables 13 (a and b) were further characterized into 13 clusters based
on the similarnty of designs. Besigns within each cluster were arranged from highest to lowest

average LUCA performance scalar value.

[8244] In addition, the LCCA data within Table 13a was also graphically represented m Figure

7. Figure 7 depicts box plots that show the average LCCA performance values of
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paired:mispaired Fab heterodimers of at {east 86:14 for each cluster. The bottom of each box
indicates the first quartile (Q1), which is the middle average LCCA performance value between
the smallest value and the median value, such that values below the 17 quartile indicate the
lowest 25% of data. The horizontal bar inside the box indicates the second quartile, which 1s the
median average LCCA performance value for the cluster. The top of cach box indicates the thurd
quartile {33}, which is the middle average LCCA performance value between the largest value
and the median value, such that values above the 3™ quartile indicate the highest 25% of data.
The interquartile region is the difference between Q3 and Q1. The whiskers extending vertically
in both directions indicate the data range for those values that are within Q1 - (1.5 * IQR) or Q3
+{1.5* IQR). The horizontal bars that cap the whiskers indicate the largest and smallest values
within the range. Data that exist outside the box plots and whiskers are identified as outliers, with
mild outhiers indicated by a dot {differs from Q1 or Q3 by 1.5*IQR to 3¥IQR), and extreme

outhers indicated by a plus sign (differs from Q1 or Q3 by greater than 3*IQR).

Example 5: Scale up for biophysical characterization

[0245] Correctly paired heterodimers, as indicated in the unique identifier sets (Table 5},
were scaled up (typically to 20 ml) and punified as follows 1n order to test for thermal stabiliy
and antigen binding. The heavy and light chains of each heterodimer were expressed in 20 ml
cultures of CHO-3E7 cells. CHO-3E7 cells, ata density of 1.7 - 2 x 10%cells /ml, were cultured at
37°C in FreeStyle™ F17 medium (Invitrogen cat# A-1383 501) supplemented with 4 mM
glutamine and 0.1% Koliphor P188 (Sigma #K4894). A total volume of 20 ml were transfecied
with a total of 20 pg DNA using PEL-pro (Polyplus cati 115-375) at a DNAPEl ratio of 1:2.5.

Twenty-four hours after the addition of the DNA-PEI mixture, the cells were transferred to 32°C.

[06246] Cells were cenirifuged 7 days after transfection, and heterodimers were purified from
supernatant by high throughput nickel affinity chromatography purification, as follows.
Supernatants were diluted to 20 - 25% cell culture supernatant in equilibration buffer (Dulbecco's
phosphate buffered salines (DPBS) without Caleium, Magnesium, and phenol red (HyClone™#%
SH30028.02)) and then incubated with muxing for 12 hours with HisPur® Ni-NTA resin

{Thermo Scientific # PI-88222), also previously equilibrated with the equulibration buffer. The
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resin was then collected by cenirifugation, transferred to a 96 well-fritted plate, washed with
equifibration buffer three times and eluted using HIS-Select® elution buffer {(Sigma-Aldrich #

H5413).

106247} Following purification, heterodimer expression was assessed by nen-reducing High
Throughput Protein Express assay using Caliper LabChip GXII (Perkin Elmer #760499),
Procedures were carried out according to HT Protein Express LabChip User Guide version2
LabChip GXII User Manual, with the following modifications. Heterodimer samples, at etther 2
gl or 5 pl {concentration range 5-2000 ng/ul), were added to separate wells in 96 well plates
(BioRad # HSP9G01) along with 7 ul of HT Protein Express Sample Buffer (Perkin Elmer #
760328). The heterodimer samples were then denatured at 70°C for 15 mins. The LabChip
mstrument was operated using the HT Protein Express Chip (Perkin Elmer #760499) and the Ab-

200 assay setting. After use, the chip was cleaned with Milli(} water and stored at 4°C.
Example 6: Thermal stability measurements of Fab heterodimers by DSF,

[02438] To assess thermal stability, Differential Scanning Fluorescence (DSF} was used as a
high throughput method to screen all correctly paired heterodimers in comparison to that of wild
type, unmodified heavy chain-light chain pair. Heterodimers were prepared as described in

Example 5.

Measurement of thermal stability

[6249] The thermal stability of all heterodimer pairs was measured using DSF as follows.
Each heterodimer was purified as described in Example 5 and diluted to 0.5 mg/ml in DPBS
{(HyClone Cat # SH30028.02}. For the majority of samples, a working stock of Sypro Orange gel
stain (Life Technologies Cat # §-6650) was prepared by diluting 4 gL of Sypro Orange gel stamn
to 2 ml DPBS. The DSF samples were prepared by adding 14 pL. of 0.5 mg/mlL protein to 60 ul.
of the diluted Sypro Orange gel stain working stock. However, for proteins that had less than 0.3
mg/mL, each DSF sample were prepared by adding 14 ul. of the undiluted protein to 60 ul. of a
working stock of Svpro Orange dye (that was diluted to 1:1500 in DPBS). DSF analysis was
then conducted, m duplicate, on 20 ul aliquots using the Rotor-Gene 6000 gPCR mstrument

{{haGen Inc). Fach sample was scanned from 30°C to 94°C using 1°C intervals with a 10 second

87



CA 02946503 2016-10-20

WO 2015/181805 PCT/1B2015/054107

equilibrium between each siep and a 30 second wait time at the start. An excitation filter of 470
nM and emission filter of 610 nM with a gain of 9 was used. Data was analyzed with the Rotor-
Gene G000 software using the maxima value from the first derivative of the denaturation curve as
the Tm. The remaining DSF samples were prepared and analyzed similarly, with the following
protocol modifications that do not alter the measured Tm values: 1} the working stock was
prepared by diduting 1 yb of Sypro Orange gel stamn to 2 ml DPBS, 2) 30 pl aliquots were

analyzed and 3} a gain of 10 was used.

{0256] DSF results are shown in Tables 12, 13b and 14b. The thermal stability of the Hi L1
Fab in the context of an LCCA design (DSF value and change in DSF value compared to wild-
type) 1s shown in columns 3 and 4 of Table 12, The same DSF values are also mncluded in the
context of design pairs in Tables 13b and 14b, in columns 7 and 8. For each Fab heterodimer
where repeats were conducted, the reported Tm value is the median value. Comparisons of the
Fab heterodimer Tm values with respect to the Tm value of the wild-type Fab heterodimer (wild
type Fab construct containing a HA tag, with a median Tm of 81.0°C) are reported m the

HIL1 dTm dsf column. Note that for the few Fab heterodimers lacking the natural inter-chain
disulfide (between H chain €233 and L chain €214}, the H1L} dTm dsf values were not
determined as the corresponding wild-type Fab lacking the natural inter-chain disulfide was not
assessed. Also note that some Fab heterodimers do not have reported T values (17/230 or 7.4
% of Fab heterodimers), due to the quality of the respective experiments {e.g. low yields, low
intensities, partially occluded peaks, and varability between repeats of Fab heterodimers of
greater than 1°C). For some of these Fab heterodimers, estimated Tm values are reported instead,
corresponding to the Tm values from simular Fab heterodimers that differ only i the
presence/absence or identity of the attached L. chain tag (HA or FLAG). For the estimated Tm
values, the corresponding wild-type Tm value (81.2°C) 1s the median value obtamed from all
wild-tvpe Fab heterodimer constructs (i.e. Fab construcis containing HA tag or FLAG tag). The
HA or FLAG tag does not significantly affect the Tm values of the wild-type Fab heterodimers.
Overall, the Fab heterodimers exhibited suailar T values comopared to WT. Of the Fab
heterodimers containing the natural inter-chain disulfide and also for which DSF data are

available, 93% (195/209) of the Fab heterodimers exhibited a loss of 3°C or less with respect to
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WT. Furthermore, the most affected Fab heterodimer exhibited a loss of 6.5 °C with respeci to

WT. Table 12 lists the LOCA designs in decreasing Tm rank order.

{0251] Furthermore, thirteen amino acid substitutions were wlentified that generally improved
the stability of Fab heterodimers (se¢ Table 34) The stabilizing mutations were identified
following comparisons of Fab heterodimers that include the stabilizing mutation versus similar
Fab hetercdimers that differ in the absence of the stabilizing mutation. Heavy chain stabilizing
mutations include A125R, H172ZR, L143F, Q179D, Q179E, Q39R, S188L, and V190F. Light
chain stabilizing mutations nclude Q124 (3124R, Q160F, 5176L, and T18CE. Overall the
stabilizing mutations mcreased stability by 0.4°C to 2.1°C. The heavy chain stabilizing mutations
A125R, H172R, L143F, Q179D, Q179E, Q39R, S188L, and VI90F increased stability by 0.4°C
t0 0.6°C, 04°C 10 2.1°C, 0.4°C, 0.5°C 10 0.6°C, 0.5°C 10 0.8°C, 1.1°C 10 1.6°C, 0.4°C 10 1 .2°C,
and 1°C, respectively. The hight chain stabilizing mutations Q124E, 124K, Q160F, 81761, and
T180F mereased stability by 0.4°C to 0.5°C, 0.8°C 10 0.9°C, 0.6°C, 0.4°C t0 1.0°C, and 0.5°C,

respectively.

Example 7: Antigen affinity measurements of Fab heterodimers.

{0252} The ability of the Fab heterodimers to bind to tissue factor was assessed m order to
determing whether the amine acid substitutions had any effect on the ability of the heterodimer
to bind to antigen. The affinity of each Fab heterodimer for tissue factor was determined by SPR

as follows.

10253 SPR supplies. GLC sensorchips, the Biorad ProteUn amine coupling kit (EDC, sNHS
and ethanclamine), and 10mM sodium acetate buffers were purchased from Bio-Rad
Laboratories (Canada) Lid. (Mississauga, ON). PBS running buffer with 0.05% Tween20

{PBST) was purchased from Teknoca Inc. (Hollister, CA)

[0254) Fab heterodimer baiches. The purified Fab heterodimers were tested in 3 batches, A,
B, and €. Batches A and B were stored at 4 °C for approximately 1 month prior to conducting

the SPR assays, whereas the purified Fab heterodimers from batch C were stored at 4 °C for
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approximately 2 months, prior to conducting the SPR assays. The Fab heterodimers from batch

" are indicated by a “+” next to the corresponding KII values 1in Table 12

j0255] All surface plasmon resonance assays were carried out using a BioRad ProteOn
XPR36 instrument {Bio-Rad Laboratories {Canada) Ltd. (Mississauga, ON)) with PBST running
buffer at a temperature of 25°C. The anti-penta His capture surface was generated using a GLC
sensorchip activated by a 1.5 dilution of the standard BioRad sNHS/EDC solutions ijected for
140 s at 100 pl/min m the analyte (horizontal} direction. Immediately after the activation, a 25
tg/ml solution of anti-penta His antibody {(Qiagen Inc) in 10 mM NaOAc pH 4.5 was injected
in the analyte (vertical) direction at a flow rate of 25 pl./min until approxumately 3000 resonance
units {RUs) was immobilized. Remaining active groups were quenched by a 140 s injection of
1M ethanolamine at 100 ul/min in the analyte direction, and this also ensured mock-activated

iterspots were created for blank referencing.

10256] The screening of the Fab heterodimers for binding to TF antigen occurred in two
steps: an indirect capture of the Fab heterodimers onto the anti-penta His antibody surface in the
higand direction followed by the simultaneous ijection of 5 concentrations of punified antigen
and one buffer blank for double referencing in the analyte direction. First, the baseline was
stabilized with one buffer injection for 30 s at 100 ul/min 1n the Ligand direction. One to five
varignis or controls, at a concentration of 3.4 ug/ml in PBST, were simultanecusly injected in
imndividual ligand channels for 240 s at a flow 25 pl/min. This resulted in an average capture of
approximately 1000 RUs onto the anti-penta His surface for batches A and B, and an average
capture of approximately 600 RUs onto the anti-penta His surface for batch C. The first igand
channel was left empty to use as a blank control if required. This capture step was tmmediately
followed by two buffer injections, at 100 ul/min for 30 s each, 1o the analyte direction to
stabilize the baseline, and then 60uM, 200M, 6.7nM, 2 20M and 0.74nM antigen (TF) along with
a buffer blank was simultaneously miected at SO ul./mun for 120 s with a 600 s dissociation
phase. The captured antibody surfaces were regenerated by two 18 s pulses of 6.85% phosphoric
acid for 18 s at 100 ul/min to prepare for the next mjection cycle. Sensorgrams were aligned
and double-referenced using the buffer blank ijection and interspots, and the resulting

sensorgrams were analyzed using ProteOn Manager software v3.1. The double-referenced
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sensorgrams were fit 1o the 1.1 binding model. Rmax values for each antigen were normalized to

antibody capture levels for each variant and compared to 100% controls.

j0257) Antigen atfinity (KD) values for Fab heterodimer samples are reported in Tables 12,
13b and 14b. The KD values of the H1:11 Fab in the context of an LCCA design (KB, range of
KD values, and change in median K values compared to wild-type) are shown in columns 5, 6,
and 7, respectively, of Table 12. The same KD values are also included in the context of design
pairs in Tables 13b and 14b, in columns 3 (K of Hi-L1 Fab heterodimer), 4 {change in KD of
Hi-L1 Fab heterodimer compared to wild-type}, 5 (KD of H2-L2 Fab heterodimer), and 6
{change in KI3 of H2-L.2 Fab heterodimer compared to wild-type). KD values were determined
only for Fab heterodimer samples that exhibited a Fab heterodimer capture of at least 100 RU.
The reference wild-type KD (0.157 nM) reflects the median value of the wild-type Fab
heterodimer where the light chain contains a FLAG tag. The wild-type Fab heterodimers
{containing either the FLAG or HA tag) extubited similar K1 values, such that a 2.6 fold
difference was observed between the maximurn and minimum values. In Tables 12, 13b and 14b,
the difference in KID with respect to wild type antigen binding affinity 15 shown using the
calculation -(log(KD)design - log{KI3)wt), such that positive values indicate lower KID3 values
whereas negative values indicate increased KID values of the Fab heterodimer corpared with
wild type binding affinity for antigen. Note that some Fab heterodimers lack measured KD
values. In some of these cases, the Fab heterodimers were assessed but the SPR experiments
gxhibited low Fab heterodimer capture (1.¢. less than 100 RU}, and therefore accurate
determinations of KD values were not possible. For those Fab heterodimers that exhibit
strnilarity to other Fab heterodimers (e differ only 1n the presence/absence or identity of the
attached L cham tag (HA or FLAGY), estimated KD values are provided nstead (as noted in
‘Table 12, 13b and 14b}, corresponding to the KI values from the simtilar Fab heterodimers. The
corresponding estimated wild-type K value {(0.15 nM) was the median value obtained from all
wild-type Fab heterodimers constructs {i.e. Fab constructs containing HA tag or FLAG tag).
Orverall, the results indicate that the correctly paired heterodimers {from a design perspective}
exhibit wild-type like binding affinity for antigen {within approximately 2.3 times of the

reference wild-type atfimity).
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Example 8. UltraPerformance liguid chromatography size exclusion chromatography
{(UPLC-SEC) profiles of wild-type tagged DB3H44 heterodimers and preferventially paived

heterodimers.

{0258] Wild-type B3H44 heterodimers {one heavy chain and one light chain) witha C-
termminus ABD2Z-Hiss tag on the heavy chain and an N-terminus tag {(FLAG 10 one construct and
HA in another construct) on the light chain were expressed and purified according to methods
known in the art and similar to those described in Example 5. Preferentially or correctly paired
heterodimers were mndividually scaled up and purified via His tag affinity purification as

described in Example 5.

{6259] UPLC-SEC was performed using a Waters BEHZ200 SEC column (2.5 mL, 4.6 x 150
mm, stainless steel, 1.7 wm particles) sef to 30°C and mounted on a Waters Acquity UPLC
system with a PDA detector. Run times consisted of 7 min and a total volume per injection of 2.8
mi. with a running buffer of Hyclone DPBS/Modified -Calcium -Magnesium (part no.
SH30028.02) at 0.4 ml/min. Elution was monitored by UV absorbance in the range 200-400 nm,
and chromatograms were extracted at 280 nm. Peak integration was performed using Empower

3 software.

{0260] Figure & shows UPLC-SEC profiles for a representative WT Fab heterodimer pair
(containing the FLAG tag on the L chain} as well as a representative {the H11.1 Fab component
of LCCA designs 9735, 9737, and 9740) for the designed Fab heterodiroer pairs. Tn general, the

designed Fab heterodimer pairs exhibited similar UPLC-SEC profiles compared with WT.

Example 9: Assessment of preferential paiving of heterodimers in co-expression sets
comprising either constant domain or constant and variable domain meodifications in a bi-

specific antibody format

[06261] The heterodimer designs were assessed to determine if they also allowed for
preferential pairing m bi-specific antibody format. To this example, to promote
heterodimerization of the unique heavy chains, the Fe region of the full-length heavy chain of
gach heterodimer was asymmetrically modified such that one heavy chain comprised the
mutations T350V, L351Y, F405A and Y407V and the other heavy chain comprised the
mutations T330V, T366L, K392L and T394W (EU numbering).
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Preparation of constructs:

[8262] The heterodimer designs were tested in the context of the following bi-specific
anitbodies: aj D3H44/trastuzamab, by D3H44/cetuximab, and ¢} trastuzumab/cetuximab. Note
that D3H44 15 2 human antibody, trastuzumab 1s a humanized antibody and cetuximab is a
clumeric antibody comprised of human [gGl and mouse Fv regions. Constructs encoeding the
D3H44, trastuzumab and cetuximab g heavy and light chains comprising amineo acid
modifications according to the designs were prepared as follows. The base DNA sequences for
the heavy and light chains of 33H44, rrastuzumab and cetuximab are shown in Table 3C. The
D3H44, trastuzumab and cetuximab hight chain sequences were prepared as described in
Example 3, except that some sequences lack a tag whereas other sequences contain a FLAG or
HA tag. D3H44, trastuzumab and cetwximab heavy chain sequences were prepared as described
in Example 3, except that full-length heavy chains were created by appending the IgGI*01 DNA
sequence encoding the hinge-CH2-CH3 domains and modified to promote heterodimerization,
onto the C-terminus of the CHI domain of the Fab heavy chains. Of note, the canomcal C-
terminal heavy chain lysine residue was removed in order to prevent LC-MS signal
heterogeneity due to C-termunal Ivsine clipping (Lawrence W. Dick Jr. et al, Biotechnol.

Bioeng, (2008) 104:1132-43)

i

Assay format (SMCA}

[0263] The ability of the heterodimer co-expression set designs to preferentially pair to form a
bi~-specific antibody was assessed as described below. The assay 1s based on co-expressing the
four chains (H1 and L1 chams from one antibody with the H2 and L2 chains from the other
antibody } and detecting the presence of correctly formed bispecific antibody using mass
spectrometry (LC-MS)}. Figure 8 provides a schematic depicting the four starting polypeptide
chains and the potential products resulting from co-expression of these starting polypeptide
chains in the absence of preferential pairing between heavy and light chains of the heterodimer
pairs. Two full-length heavy chain constructs were co-expressed with two unique light chain
constructs, yielding ten possible antibody species: HI-LT-HI-L1, HI-LZ2H1-L2, HI-LVHI-LZ,
HZ-L1UH2-L1, H2-L2:H2-L2, H2-L.1H2-L2, HI-L1:HZ-L1, Hi-L2:H2-1.2, Hi-L2:H2-L1 and
HI-L1:H2-L2 The Hi-L1:H2-L2 species 13 the correctly paired bispecific antibody (see Figurs
8}, The relative pairing specificity in terms of amount of preferred species HI-L1T H2-L.2 vs.

others was determined using LC-MS after pA purification and deglycosylation. When possible,
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chains were left untagged, provided all Mab and half-Ab species differed from each other by at
least 50 Dra. When mass differences preciuded this possibility, N-ternunal tags (HA or FLAG)

were added to the light chains in order to provide sufficient mass differentiation between species.

10264] This assay, invelving the expression and screening steps of & bispecific antibody, 18

referred to as SMCA.

Mass Spectrometry method

{8265] The degree of preferential D3H44 light chain pairing to D3H44 heavy chain in co-
expression sets was assessed using mass spectrometry after protem A purification and non-
denaturating deglycosviation. As the D3H44/trastuzumab heterodimers contained Fo N-linked
glycans only, this system was treated with only one enzyme, N-glycosidase F (PNGase-F). The
purified samples were de-glycosylated with PNGaseF as follows: 02U PNGaseF/ug of antibody
in 30mM Tris-HCl pH 7.0, overnight incubation at 37°C, final protein concentration of 0.5
mg/mL. For the D3H44/cetuximab and the trastuzumab/cetuximab systems, due to the additional
N-linked glycan in the Fab region of cetunimab, the systems were treated with N-glycosidase F
plus a number of exoglycosidases. Tvpically, a four enzyme mixture was used for this purpose:
N-glycosidase F, f-galactosidase (Prozyme}, §-N-acetviglucosaminidase {(New England Biglabs)
and neuraminidase. N-glycosidase F removes the Fe N-linked glycans while the exoglycosidases
trim the Fab N-linked glycans to a umiform core structure, M3F (GlcNAc,MansFuc,). The
purified samples were de-glycosylated with the four enzyme mixture as follows: 0.2U
PNGaseF/pg of antibody, 0.002U w-Neuramimidase/pg of antibody, 0.0001U B-Galactosidase/ pg
of antibody and 0 2U B-N-Acetviglucosaminidase/pg of antibody in 30mM Tris-HCE pH 7.0,
overnight incubation at 37°C, final protein concentration of 0.5 mg/mL.  However, in some
cases, a three enzyme treatment (N-giycosidase F, [-galactosidase and neuraminidase) was
preferable in order to avoid mass overlaps of sample components in the LC-MS analysis. In
these instances the Fab glycans were reduced to a shightly larger structure GOF
{(MansGleNAc Fuc GleNAg,). The puritied samples were de-glvcosylated with the three enzyme
mixture using the same concentrations and conditions as described for the four enzyme nuxture,

After deglveosviation, the samples were stored at 4 °C prior to LC-MS analysis.

10266] The deglycosylated protein samples were analyzed by intact LC-MS using an Agilent

1100 HPLC system coupled to an LTQ-Orbitrap X1, mass spectrometer {ThermoFisher
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Scientific} via an lon Max electrospray ion source (ThermoFisher). The samples (5 ug) were
injected onto a 2.1 x 30 mm Poros R2 reverse phase column (Applied Biosystems} and resolved
using the following gradient conditions: 0-3 min: 20% solvent B; 3-6 min: 20-90% solvent B; 6-
7 min: 90-20% Solvent B; 7-9 min: 20% solvent B. Solvent A was degassed 0.1% formic acid
aq. and solvent B was degassed acetonitrile. The flow rate was 3 mi/min. The flow was split
posi-column to direct 100uL into the electrospray interface. The column was heated to 82.5 °C
and solvents were heated pre-column to 80 °C to improve protein peak shape. The LTQ-Orbitrap
XL was calibrated using ThermoFisher Scientific’s LTQ Positive lon ESI calibration solution
(caffemne, MRFA and Ultramark 1621}, and tuned using a 10 mg/mL solutions of Csl.  The cone
voltage (source fragmentation setting) was 40V, the FT resolution was 7,500 and the scan range
was m/z 400-4 000, The LTQ-Orbitrap X1 was tuned for optimal detection of larger proteins

(>50 kDa).

[6267) The ranges containing the multiply charged ions from from the full-sized antibodies
{my/z 2000-3800) and the half-antibodies {m/z 1400-2000) were separately deconveluted mio
molecular weight profiles using MaxEnt 1 module of MassLynx, the instrument control and data
analysis software (Waters). Briefly, the raw protein LC-MS data were first opened in
QualBrower, the spectrum viewing module of Xcalibur {Thermo Scientific) and converted to be
compatible with MassLynx using Databridge, a file conversion program provided by Waters.
The converted protein spectra were viewed 1 the Spectrum module of MassLynx and
deconvoluted using MaxEnt 1. The abundances of the different antibody species in each sample
were determined directly from the resulting molecular weight profiles.

Representative Desions for the SMCA assay

[0268] A total of 25 representative designs with high average LUCA performance values
were selected from clusters 1 through 12 for testing in SMCA format. Representative designs
were chosen based on the corresponding designs sefs occupying similar space, using similar
drivers while also sharing simular mutations. At least one representative design was chosen from
each cluster. Some clusters were represented by one representative design {ie clusters 1, 5,7, 8,
10). The remaining clusters had more than one representative design as the clusters were either
large (1.e. cluster 2) or were comprised of minor clusters (1.¢. clusters 3,4, 6,9, 11 and 12).

Although the designs within each cluster shared seguence similarities, minor clusters within g
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cluster differed in at least one set of driver mutations. For the clusters that were comprised of

minor clusters, additional representative designs were chosen from each of the minor clusters.

10269] The amino acid substitutions for each of the clusters are listed in Tables 15 through
27 and the corresponding representatives for each cluster/minor cluster are indicated. For cluster
1, only one design {(9134-9521) was chosen to represent the cluster as these designs utilized
sumilar electrostatic drivers occupying similar space (see Table 15). For all membess of this
cluster, H1 was designed to allow negatively charged substitutions (L124E and Q179E) to form
salt bridges with L1 positively charged substitutions (S176R and either S131K or S131R}). HZ
was designed to allow for posttively charged substitutions {(L124R and either Q179K or 8186K)
to form salt bridges with 1.2 negatively charged substitutions (8176D and either T178D or
T178E and/or T180E). Mismatched pairing of H1L2 and H2L1 would be distavored primarily

due to electrostatic repulsion.

[8270] For cluster 2, two representative designs {(9279-9518 and 92806-9402) were chosen to
represent the large cluster (see Table 16). The designs within thus cluster utilized sinular
electrostatic drivers occupying sinular space. For all members of this cluster, H1 was designed to
allow negatively charged substitutions (L124F and L143E or L143D) to form salt bridges with
L1 positively charged substitutions {8176R and a combination of exther {Q124K and/or T178K)
or (124K and Q160K)). H2 was designed to allow for positively charged substitutions (L124R
and Q179K or S186K or S186R) to form salt bridges with 1.2 negatively charged substitutions
(8176D and T178D or TI78E and/or Ti80E). Mismatched pairing of HIL2 and H2ZL1 would be

disfavored primarily due to electrostatic repulsion.

[6271] For cluster 3, five representative designs (9338-9748, 981 5-9825, 6054-9327, 9066-
9335 and 9121-9373) were chosen to represent each of the five minor clusters (see Table 17). All
members of this cluster etilized sirilar electrostatic drivers on HY (L124E), L1 (8176R), H2
(L124R}, and L2 (8176D), which would allow for the formation of salt bridges in the
preferentially paired heterodimers while the mismatched pairs would be disfavored primarily due
to electrostatic repulsion. To represent those designs that utilized prumarily those constant region
drivers, the 6054-9327 design was chosen to represent this minor cluster. Tn addition to these
electrostatic interactions, one minor cluster also comprised a variable region steric driver (H1

L45P and L1 P44F) and therefore a representative imncluding this variable region driver was
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chosen to represent this minor cluster (9338-9748). Another minor cluster also comprised
variable region electrostatic drivers 1n both Fab heterodimers (H1 Q39E, L1 38R, HZ Q39R,
1.2 (338F) and therefore a representative including this variable region driver was chosen to
represent this minor cluster (9815-9825). Furthermore, one minor cluster comprised of one
member and hence one representaiive design {(3066-9335) includes an engineered disulfide
between H1 F122C and L1 Q124C. The remaming minor cluster, represented by 9121-9373,
utifized primarily the constant region drivers with additional substitutions H1727T in H1 and
S174R in L1 to slightly modify the interaction of the H1L1 constant region drivers, while also

probing the effect of H172R in HC2.

[0272] For cluster 4, two representative designs (9168-9342 and 9118-6098) were chosen to
represent each of the two minor clusters {see Table 18). Al members of this cluster utilized
stmilar electrostatic drivers on H1 (L.124E}, L1 (8176R or S176K), HZ (L124R), and L2
(517603, which would allow for the formation of salt bridges in the preferentially paired
heterodimers while the mismatched pairs would be disfavored primarily due to electrostatic
repulsion. One minor cluster, represented by 9118-6098, primarily utilized the shared
electrostatic drivers for preferential pairing whereas the other minor cluster represented by 9168-
9342, further utilized substititions from H1 (K228D) and L1 ($121K) that would allow for the
formation of an additional salt bridge.

[6273] Cluster 5, represented by unique identifier 9116-9349, 15 comprised of only 1 member
{sec Table 19). This design utilized both electrostatic drivers on HE (L124E), L1 (8176R), H2
{(L.124R) and L2 (S176D} as well as steric drivers on HI {A139W), L1 (FI116A_VI33G LI35SVy,
H2 (A139G VI90A}and L2 (V133G L135W). As a result, for the preferentially paired
heterodimers, the charged substitutions would allow for the formation of salt bridges. As for the
mispaired Fab heterodimers, the formation would be disfavoured due to electrostatic repulsion as
well as additional steric effects.

[0274] For cluster 6, two representative designs were chosen to represent each of the two
minor clusters (see Table 20). All members of this cluster utilized similar electrostatic drivers in
the constant region (Q179E on H1, S131K on L1, S186R on H2, and Q124E, Q160F, and TI80E
on L2} which would allow for the formation of salt bnidges m the preferentially paired
heterodimers while the mismatched pairs would be disfavored primarily due to electrostatic

repulsion. In addition, the minor clusters also were comprised of different varnable region
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drivers. One minor cluster, represented by unique identifier 9814-9828, utilized the electrostatic
drivers 1n the vanable regions {((Q39E on H1, Q38R on L1, Q39R on H2, and Q38E on L2}, The
other minor cluster utilized a variable region steric driver comprised of L45P in HT and P44F in
L1. As a result, for this minor cluster, the mismaiched pairs would be further disfavored due to
the introduced steric effects. Note that this minor cluster is represented by a design derived from
unique dentifier 9745-9075, which differs only o the absence of Q38E on L2

10275] For cluster 7, only one design (9060-9736) was chosen to represent the cluster ag
these designs utilized similar electrostatic and steric drivers {see Table 21). Shared electrostatic
drivers comprised L143E and Q179E on H1, Q124R on L1, Q179K on H2, and Q124E, Q160E,
and T180F on L2 Shared steric drivers comprised A139W on HI, F116A L1353V on L1, and
LI35W on L2 As a result, for the preferentially paired heterodimers, the charged substitutions in
the Fab regions would allow for the formation of salt bridges. As for the mispaired heterodimers,
the formation would be distavoured due to electrostatic repulsion as well as additional steric
effects.

{8276] For cluster 8, only one design (9820-9823) was chosen to represent the cluster as
these designs utilized similar electrostatic drivers {see Table 22). In the variable region, Q39E on
Hi, Q38R on L1, Q39K on H2, and Q38E on L2 were uiilized. In the constant region, L143E on
HI, Q124R, Q160K and T178R on L1, (179K on H2, and Q124E, Q160E and TI80E on L.2
were utihzed. For the preferentially paired heterodimers, the charged substitations in the Fab
regions would allow for the formation of salt bridges whereas for the mispaired heterodimers, the
formation would be disfavoured primarily due to elecirosiatic repulsion.

{6277) For cluster 9, two representative designs were chosen to represent cach of the two
minor clusters {(see Table 23). All members of this cluster utilized similar electrostatic drivers in
the constant region (L143F on HE, Q124R on L1, Q179K on H2, and Q124E, Q160E, and
T180F on L2) which would allow for the formation of salt bridges in the preferentiatly paired
heterodimers while the mismatched pairs would be disfavored primarily due to electrostatic
repulsion. In addition, the minor clusters differ in the presence/absence of a variable region
driver (L45P on H1, and P44F on L1} As a result, for the minor cluster comprising the variable
region driver, the mismatched pairs would be further disfavored due to the iniroduced steric
effects. The representative design for this minor cluster comprising the variable region driver

was derived from the unique identifier 9751-9065, which differs only in the absence of Q38F on
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L2. The representative design for the munor cluster lacking the variable region substitutions is
9611-9077.

[6278] For cluster 10, only one design (9561-9095) was chosen to represent the cluster as
these designs utilized similar electrostatic and steric drivers occupying smmilar space (see Table
24y The shared electrostatic drivers comprised L143FE and Q179E on H1, simularly located
Q124K Q124K or S131K on L1, Q179K on H2, and Q124E and TI180E on L2. The shared steric
drivers comprised L124W on H1, V133A on L1, and V133W on L2. As a result, for the
preferentially paired heterodimers, the charoed substitutions in the Fab regions would allow for
the formation of salt bridges. As for the mispaired heterodimers, the formation would be
disfavoured due to electrostatic repulsion as well as additional stenc effects.

[8279] For cluster 11, three designs (9049-9759, 9682-9740 and 9667-983() were chosen to
represent each of the three muinor clusters (see Table 25). All mermbers of this cluster utilized
electrostatic substitutions to drive preferential pairing of heterodimers. As a result, for the
preferertially paired heterodimers, the charged substitutions in the Fab regions would allow for
the formation of salt bridges. As for the mispaired heterodimers, the formation would be
disfavoured primarily due to electrostatic repulsion. For the minor cluster represented by unique
identifier 9667-9830, the shared substitutions comprised negatively charged substitutions (L143E
or 11430 and Q179E or Q179D) on HI, positively charged substitutions on {T178R or T178K)
L1, posttively charged substitutions (S186K or S186R or Q179K or 8179R) on H2 and
negatively charged substitations (Q124E) on L2, Another minor cluster, represented by the sole
member of this minor cluster (unique 1dentifier 9049-9759), additionally contained substitutions
for the formation of an engineered disulfide bond. The remaining cluster, represented by unique
identifier 9682-9740, utilized similar drivers for H1 and L1 as the other two minor clusters;
however, different constant region H2 and L2 drivers were utilized. H2 utilized L143R or L143K
and L2, in addition to the 31 24F substitution (shared with the other two minor clusters), utilized
V133E or V133D,

[0280] For cluster 12, four designs (9696-9848, 9986-9978, 9692-9846 and 9587-9735) were
chosen to represent each of the four minor clusters (see Table 26). All members of this cluster
utilized electrostatic substitutions to drive preferential pairing of heterodimers. Some members
additionally utihized steric drivers. The mmor cluster represented by the unugue identifier 9696-

9848, utilized both electrostatic and steric drivers. The shared elecirostatic substifutions within
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this muinor cluster comprised of L1438 on H1, 3124R and T178R on L1, similarly located
186K or S186R or Q179K or Q179R on H2, and (3124E and T180FE on L2. The shared steric
substitutions within this minor cluster comprised of S188L on H1, and either S176L or V133Y or
Y133W on L2; for designs that utilized VI33Y or VI33W on L2, either L143A or L124A was
also present on H2 to accommuodate the bulky mutations. For the minor cluster represented by the
unique identifier 2692-9846, similar electrostatic drivers were utilized compared with the minor
cluster represented by the unique identifier 9696-9848; for some members, a similar located
substitution, T178E, was utilized instead of T180E on L2, Furthermore, a subset from this minor
cluster also utilized sumilar steric drivers, with a similarly located substitution of T178Y or
T178F winstead of S176L on L2, The minor cluster represented by the unique identiticr 9986~
8978 uilized only electrostatic drivers to drive preferential pairing. Similar shared subtitutions
were utilized for HI, L1 and HZ; however, a different 1.2 substitution (S131E) was utilized. The
remaining nunor cluster, represented by the unique identifier 9387-9735, utilized similar
electrostatic drivers on HI and L1 (except that T178R on L1 was not utilized in all members
within this minor cluster); however, different electrostatic drivers were utilized for H2 (L143R or
L143K) and 1.2 (Q124F and V133E or Q124E and V133D). A couple of members withim this
munor cluster also utilized similar steric drivers comprised of 51881 on HI and S176L on L2,
Overall, for the preferentially pawred heterodimers, the charged substitutions in the Fab regions
would allow for the formation of salt bridges. As for the mispaired heterodimers, the formation
would be disfavoured due to electrostatic repulsion. Furthermore, for the designs that also
utilized steric drivers, the formation would be additionally disfavoured due to steric effects.
Cluster 13 1s comprised of one member, 9122-9371 (see Table 27). This design utilized an
engineered disulfide between H1 F122C and L1 Q124C as a covalent driver for preferential
pairing of heterodimers. In addition, since the design also lacked the natural mierchaimn disulfide,
the formation of the disulfide bond was conlirmed by non-reducing and reducing SDS-PAGE
gel. This design was not tested in SMCA format; however, the engineered disulfide was tested
in the presence of the natural interchain disulfide and in combination with additional constant

region drivers (cluster 3, representative design 9066-9335).

Transfection method

10281} Co-expression sets comprising two heavy chains and two light chain constructs were

transtected into CHO-3E7 cells as follows. CHO-3E7 cells, ata density of 1.7 -2x 10°cells /ml,
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were cultured at 37°C in FreeStyle(TM) F17 medium {Invitrogen cat# A-1383501} supplemented
with 4 mM glutamine and 0.1% Pluronic™ F-68 (Tuvitrogen cat# 24040-032). A total volume of
S0 ml were transfected with a total of 50 ug DNA using PEI-pro (Polyplus cat# 115-010) ata
DNAPEI ratio of 1:2.5. Twenty-four hours after the addition of the DNA-PEI mixture, the cells
were transferred to 32°C and incubated for 7 days prior to harvesting. Culture media was
harvested by centrifugation and vacuum filtered using a Steriflip 0.2 uM filter. The filtered
culture media was then purified using protein A MabSelect SuRe resin { GE Healthcare #17-
5438-02) as follows. The filtered culture media was applied to a column (Hyclone
DPBS/modified, No Calcium, No Magnesium, # SH-300028 02) that was previously equilibrated
with PBS. The heterodimeric antibody species was then washed with PBS and eluted with 100
aM citrate pH 3.6 i an Amicon™ ultra 15 centrifuge filter Ultracel 10K (Millipore #
SCGPG0525). The buffer was then exchanged with PBS and the samples were assessed by

caliper prior to deglycosylation and L.C-MS.

[8282] To assess bispecific system biases inherent in the wild-type bispecific Ab systems, where
the hight chain of one system preferentially binds the heavy chains of both Ab systerns, a set of
H1:H2:1.1: 1.2 DNA ratios was then tested in CHO expressions. These ratios attempt to
compensate for natural differences in expression levels and/or intrinsic pairing biases between
heavy and light chains of the two different antibodies. For all of the bispecific Ab systems, biases
were observed across all of the ratios tested (Figure 9). For the D3H44/rastuzamal system, a
bias is observed towards trastuzamab 1.e. the D3H44 heavy chain preferentially pairs with the
Trastuzumab light chain (see Figure 9a}). For the D3H44/cetuximab, a bias is nbserved towards
Cetuximab 1.¢ the D3H44 heavy chain preferentially pairs with the cetuximab lght chain (see
Figure 9b). For the trastuzamalb/cetuximab system, a bias 1s observed towards trastuzumab i1.e.

the cetizzimab heavy chain preferentially pairs with the trastuzumab light chain (see Figure9c).

10283] For testing each of the 25 representative designs within each bispecific Ab system, the
H1:H2:L1:L2 DNA ratios used were the ratios from the corresponding wild-type bispecific
systems that yielded the most amount of bispecific Ab spacies while having a low amount of half
Ab {see Tables 32a, b and ¢}. For the D3H44/trastuzumab system, the ratio used was 15 (H1), 15
(H2), 5301y, 17 (L1, where B and L1 refer to I33H44 and H2 and L2 refer to trastuzumab,

For the trastuzumab/cetuximab system, the ratte used was 15 (H1), 15 (H2), 17 (L1), 33 (L2)
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where H1 and L1 refer to trastuzumab and H2 and 1.2 refer to cetuximab. For the
D3H44/cetuximab sysiem, the ratio used was 15 (H1), 15 (H23, 53 (L1), 17 (L2}, where H1 and

L1 refer to D3H44 and HZ and L2 refer to cetuximab.

{06284] Furthermore, the designs were tested in both ortentations for the D3H44/cetixamab and
trastuzumalbycetuximab bispecific systems, such that in one orientation, substitutions present on
HIL1 and HZLZ were tested on antibody 1 (Abl) and antibody 2 {Ab2), of the bispecific Ab
system, respectively, and in the other “Hipped” orientation, substitutions present onr H1L.1 and
H21.Z were tested on Ab2 and Ab1, respectively (see Table 28 a and b). An” 17 appended to the
unigue identifier indicates those designs where the heavy chain and associated light chain
substitutions that gave the stronger LCCA preferential pairing result {(see Table 13a} were placed
on the antihody where the heavy chain competed weakly for iis associated light chain compared
with the light chain from the other antibody. An ™ 27 appended to the unique 1dentifier indicates
the oppostie “flipped” orientation where the heavy chain and associated light chain substitutions
that pave the stronger LCCA preferential pairing result (see Table 13a) were placed on the
antibody where the heavy chain competed more strongly for its assoctated light chain compared
with the light chain from the other antibody. For the D3H44/irastuzumab system, designs were

tested only inthe “ 17 onentation (see Table 28¢).
SMCA results

10285] The D3H44/trastuzumab system was treated with only one enzyme (PNGase-F) and was
fuily deglveosvlated. For the multi-enzyme treatment, the attached sugars in the Fab region were
generally truncated to either a core M3F (using the four enzyme treatment) or GOF (using the 3
enzyme treatment). Overall, in most cases, the deglycosvlation treatments resulted in the ability
to identify all of the possible different species identified by LC-MS. In many cases, each species
was represented by a single LC-MS peak. Exceptions include side peaks that Tikely also
correspond to the desired bispecific species {possibly adducts or heterogeneity in the cleavage of
icader peptides); however, due to the ambiguity of the side peaks, these side peaks were not
considered in the contributions to the bispecific species. In addition, some designs within the
D3HA4/cetuxumab (3519 1, 3522_1) and the trastuzumab/cetuximab (9748-G338 1) systerms

required multiple peaks to account for a species due to the variability of the attached high
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mannose. All of these designs mtroduced a glycosylation site in the cetuximab light chain. Note
that in some cases, it was not possible to distinguish between some minor species {comprise less
than 5% of all species) due to low mass separation between the species (1.e. less than 50 Da
difference}. Furthermore, the desired bispecific species, H1-L1 H2-L.2, cannot generally be
distinguished experimentally on the basis of LC/MS from the mispaired type: HI-L2 H2-1.1. As
such, when bispecific content 13 reported in the tables, it cannot be completely exchuded that 1t
does not contain this type of mispaired species. However, the very low content observed for
species such as HI-L2 HI-L2 and H2-L.1 HZ2-L.1 as well as HI-L2 and H2-L1 half antibodies is

indicative that only minor if any contamination of the bispecific species occurred.

[0286] The LC-MS data are presented in Tables 29a, 29b and 29¢. For comparison, wild-type
data 1s also presented in Tables 33a, 33b and 33¢ and s indicated by “NA” in the “SMCA unique
identifier” column as well as 1n the “Cluster” column. All of the three bispecific wild-type
systems exhibited skewed biases such that one light chain dominated binding to both heavy
chains (see Tables 33 and Figure 9). Furthermore, at least in the in the trastuzumab/cetuximab
system, tag placement also seemed to have a significant influence on H1L1 and H2L2 pairing.
Therefore, to assess the effects of the designs on transferability and the percentage of the desired
bispecific species vs wild-type, comparisons to the corresponding wild type bispecific construct
at the same HUH2:L1:L2 DNA ratio were conducted and reported in the “Change in % HILI
Pairing (over all H1 species) with respect to wild type”, “Change 1n % H2L2 Pairing {over all H2
species) with respect to wild type” and “Change 1 % of HU:H2:L1:L.2 wath respect to wild type”
{considering full sized antibody species only) columns {see Table 29). Note that for assessing
gither % HI1L1 Pairing {over all H1 species) or % H2L2 Pairing {over all H2 species), all species
are assessed for paring n the Fab region. When the corresponding wild type bispecific construct
was not assessed by SMCA, comparisons were made to a similar wild-type construct. The
estirnates are ndicated by a “F**” next o the values reported. The similar wild type construct
chosen for comparison was selected, as follows. To assess transferability, each wild type
construct was represented by the SMCA experiment (conducted at the different ratios} that
exhibited the highest “9% HI1E1 and % H2L2 Pairing (over all speciesy’. To assess effects of
designs on the percentage of the desired bispecific species vs wild-type, each wild type construct
was represented by the SMCA experiment {conducted at the different ratios) that exhibited the

hughest % of H1:H2:L.1:L2 {constdering full sized antibody species only). For hoth cases, out of
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all of the wild type constructs within the bispecific system, the median values were then chosen

as the wild-type values for comparnison.

{0287] For each design, transferability was assessed by noting increases in the overall HL
pairing across all species with respect to WT, specifically in the %6H1L1/all H1 species and/or
YeH2L.2/all H2 species. In addition, the effects on the percentage of the desired bispecific species
were also assessed, with an emphasis on the full sized antibody species only comparison, as half
antibodies, if present, may be removed/minimized by preparative SEC or through further

HIH2 L1112 DNA utrations. Tables 30 a, b and ¢ show that preparative SEC can be effective in
the removal/minimization of half Ab species. Tables 32 a, b and ¢ show that the percentage of

half Ab species can also be manipulated during transfection using various DNA titration ratios.

{02838] For the D3HA44/cetipamab system {Table 29a), all except one design {9327-6054 23
transterred as assessed by H1L1 pairing across all species with respect to wild-type. The
majority of the designs {except for 9327-6054 2 and 9134-9521 2) also extubited increased
percentage of the desired bispecific antibodies when considering full Ab species only.
Furthermore, except for the one design that did not transfer (9327-6054 23, the designs
decreased the primary mispaired antibody species (H1H2L2L 2 observed for the wild-type. In
addition, except for 9327-6054 2 and the corresponding design 9327-6054 1 in the other
orientation, the designs transferred in both orientations, with the majoriiy of the designs showing

similar effective H:L pairing in both orientations.

[0289] For the D3HA44/Arastuzumab system (Table 29b), all designs transferred as assessed by
HIL1 pairing across all species with respect to wild-type. In addition, all of the designs exhibited
increased percentage of the desired bispecific antibodies (when considering full Ab species
only}. Furthermore, most of the designs sigmficantly decreased the primary muspaired antibody
species {HTHZ21.21.2) observed for the wild-type. Note however, that no data was reported for

9611-9077 1 (table 25¢), due to lack of expression.

[0296] As for the trastuzumab/cetuximab system (Table 29¢), at least 35 out of 49 designs
showed transferability as assessed by H2L2 pawring across all H2 species {positive values in the
“Change in % H2L2 Pairing (over all H2 species) with respect to wild type” column). The

designs that did not seem to transfer include 9279-9518 2, 3522 2, 9815-9825 2, 9327-6054 2,
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9118-6098 2, 9748-9338 2, 96929846 2, 9587-0733 2, 9814-9828 2, 3510 2, 9986-9978 2,
9168-9342 2 and 9066-9335 1 (negative values n the “Change in % HZL2 Pairing (over all H2
species) with respect to wild type” column); however, the designs in the other orientation did
exhibit transferability (note that 9279-9518 1 was not tested due to lack of sample). All of the
designs that exhibited transferability exhibited decreased percentage of the primary mispawred
antibody species (HIH2L11.1) that was observed in the wild-type experiments. In addition, of
the designs that transferred, only 2 designs (9134-9521 1 and 9279-9518 2) showed decreased
percentages of the desired bispecific Ab when considering the full antibody species only,

compared with wild-type.

[0291] In general, most of the designs that increased the H:L pairing of the weaker competing
antibody resulied in the increased percentage of the desired bispecific antibodies (considering
full sized antibodies only). As for orientation, most designs in the “ 17 ortentation exhibited
gither simular or better fransferability comparing the H:L pairing compared with the ™ 27
orientations {with exceptions being primarily observed in the trastuzumab/cetuximab system).
Furthermore, table 35a lists those designs that ransferred in both orientations across all 3 tested
bispecific systems (D3H44/cetuximab, D3H44/trastuzumab, and trastuzumab/cetuximab). Table
35b hists those designs that transferred in one orentation across all 3 bispeafic systems
(D3H44/cetirimab, D33H4d/trastuzumab, and trastuzumab/cetuximab) and transterred in the
other ortentation for only one bispecific system. In addition, in a specified orientation, the same
mutations are present on the heavy chain and the weaker competing cognate light cham w all 3

bispecific systems, and light chain utilization 1s at least greater than 10%.

[0292] As for the transferability and performance of the clusters, for the D3H44/trastuzumab
bispecific system, alt of the members within all of the clusters exhibited transferability {see
Figure 11a} and increased the percentage of the desired bispecific antibody (considering full
sized antibodies only)(see Figure 11b). For the D3H44/cetuximab bispecific system, all clusters
showed transferabiiity, with only one member within cluster 3 that showed decreased HIL1
pairing over all H1 species, compared with wild-type (see Figure 11¢). Also, all clusters included
members that exhibited increases in the percentage of the desired bispecific antibody with
respect to wild type (considering full sized antibodies only), however 3 clusters (clusters 1, 3 and

4} also mnclude members that showed decreases in the percentage of the desired bispecific
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antibody with respect to wild type (considering full sized antibodies only) (see Figure 11d). As
for the trastuzamab/cetuximab bispecific system, all clusters include vananis that extubit design
transferabifity; however, only a few clusters {1, 5, 7, 8, 10, 11} include variants where all of the
respective members exhibited transferability (see Figure 11¢). In addition, all clusters include
members that exhibit increased percentage of the desired bispecific antibody with respect to wild
type {considering tull sized antibodies only} (see Figure 111}, For those clusters where all
members showed transferability, all of the members within clusters 3,7, 8, 10 and 11 also
showed increases in the percentape of the desired bispecific antibody with respect to wild type

(considering full sized antibodies only).

{0293] Overall, when considering all 3 bispecific systems altogether, all of the members within
clusters 1, 5, 7, 8, 10, and 11 exhibited ransterability (see Figure 11g); clusters 5, 7, 8, 10, and
11 comprised members where all members exhibited increases n the percentage of the desired
bispecific antibody with respect to wild type {considering full sized antibodies only) (see Figure

11h).

[0294] Overall, most of the designs that increased the H:L pairing of the weaker competing
antibody resulted 1n the increased percentage of the desired bispecific antibodies {considering

<

full sized antibodies only) As for orientation, most designs in the 17 orientation exhibited

o

either simular or better transferability comparing the H:L pauring compared with the 2

orientations {with exceptions being primarily observed o the trastuzumab/cetipamab system).

Example 10: Preparative size exclusion chrematography (SEC) of selected SMCA

bispecific heterodimeric antibodies and parental Mabhs for biophysical characterization,

[0295] A subset of the SMCA samples was selected for additional biophysical
characterization. Most of these SMU A samples typically extubited high pairing (greater than
~80% parrmg n the HILi1+H2EL.2/all species column) and a low amount of half antibody species
{less than ~30% considering all of the half antibody species). Preparative SEC was carried out as
follows. Heterodimeric antibody samples were separated using a Superdex 200 10/300 GL (GE
Healthcare) column mounted on a Pharmacia (GE Healthcare) AKTA Purifier system.
Heterodimeric antibody samples (0.3-0.5 ml) in PBS (Hyclone DPBS/modified, No Calcium, No

Magnestum, Cat no SH-300028 02} were manually loaded into a 0.5mi loop filled with PBS.
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Samples were than automatically injected onto the column and resolved a2t 0. 5mbmin witha 1
CV elution volume. Protemn elution was monitored at 0Dy and collected in 0.5 mi fractions.
For each SMCA sample, those fractions that comprised the main peak were pooled and further

biophysically characterized.

Example 11: Assessment of preferential pairing of bi-specific heterodimers in antibody

format following preparative Size Exclusion Chromatography

j0296] Following preparative SEC, selected samples were analyzed for preferential painng of bi-
specific heterodimeric antibodies using the LC-MS method as described in Example 9. All of
these samples show enrichment in the percentage of the desired bispecific antibody species as

well as decreases in the percentage of half antibody species (Tables 29 and 30).
Example 12: Thermal stability of SMCA bispecific heterodimeric antibodies,

[6297] Following preparative SEC, the thermal stability of selected SMCA bispecific
heterodimeric antibodies was measured and compared with that of parental D3H44 and
trastuzumab monoclonal antibodies as well as a cetuximab one armed antibody. In general, one-
armed antibodies refer to constructs comprised of one full-length heavy chain, one truncated
heavy chain lacking the Fab region {and incorporating a C2335 substitution) and one light cham
with heavy chain heterodimerization achieved as described in Example 9.

Measurement of thermal stability

0298] The thermal stability of selected bispecific heterodimeric antibodies and wild-type
controls was measured using differential scanning calorimetry {DSC) as follows. Following
preparative SEC treatment, 400 puL samples primarily at concentrations of either 0.2 mg/mi or
0.4 mg/mL in PBS were used for DSC analysis with a VP-Capillary DSC (GE Healthcare). At
the start of each DSC run, 5 buffer blank injections were performed 1o stabilize the baseline, and
a buffer mjection was placed before each sample injection for referencing. Hach sample was
scanned from 20 to 100°C at a 60°C/hr rate, with low feedback, 8 sec filter, 5 min preTstat, and
70 psi nitrogen pressure. The resulting thermograms were referenced and analyzed using Origin
7 software.

10299] he results are shown in Tables 31a, b and ¢. The Fab Tm values reported in the tables

for the wild-type were obtained for the homodimeric antibodies for D3H44 (79 °C) and
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trastuzamab (31 °C) and for the one-armed antibody for cetuximab (72 °C). For the WT
D3H44/cetxamab and trastuzumab/cetuxamab heterodimeric antibodies, only 2 peaks
correspondhing to the Fab Tms are observed. Distinct peaks are not obgerved for CH2 {due to
overlap with the cetuximab Fab} or (H3 {due to overlap with the Tm values of D3H44 and
trastuzumab Fab). For the WT D3H44/trastuzumab heterodimeric antibody, as the Tin values of
the two Fabs from 133H44 and trastuzumab are similar, the peak at 81 °C likely corresponds to
both Fabs, while the peak at approximately 72 °C hikely corresponds to CH2.

[6300] In Table 31a, b and ¢, only the Tm value(s) of the peak(s) corresponding to both Fabs
were reported, unless otherwise indicated. Note also that for some heterodimeric samples, the
protein concentration was low {below 0.4 mg/ml.} leading to mereased noise in the baseline. As
a result, in the D3H44/trastuzumab system, some samples vielded DSC curves with low peak
intensiiies, such that it was difficult to distinguish between the CH2 peak and a possibly
destabilized Fab. In these cases, the Tm values at 70 to 72 °C are also reported {Table 31a).
Overall, most of the heterodimeric anttbodies exhibit thermal stabilities sirmtlar to the
corresponding wild-type molecules (3 °C or less). Furthermore, most of the heterodimeric
antibodies do not exhibit additional peaks to suggest significant destabilization of the CHZ or
CH3 peaks. One exception includes the engineered heterodimeric antibody 9611-9077 2 from
the trastuzrnab/cetuxinuab system that exhibits an additional peak at 60 °C, which may be due to

CH2 destabilization.

Example 13: Antigen affinity measurements of bispecific heterodimeric antibodies

{0301] The ability of the bispecific antibodies to bind the associated antigens was assessed in
order to determine whether the aming acid substitutions had any effects on antigen binding. The
antigen binding affinity was determined by SPR as follows.

SPR biosensor assays

{8302] EDC: I-ethyi-3-3-dimethyvlaminopropvl carbodiimide hydrochloride, NHS: N-

Hyvdroxysuccininuide; SPR: surface plasmon resonance; EDTA : ethylenedianunetetraacetic acid,
TF: tissue factor; EGFR ECD: epidermal growth factor receptor extracetiunlar domamn; Her2
ECD: human epithelial growth factor receptor 2 extracellular domain.

10303 SPK supplies. Series S Sensor Chip CMS, Biacore amine coupling kit (NHS, EDC and §

M ethanolamine), and 10mM sodium acetate buffers were purchased from GE Healthcare Life
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Science {(Mississauga, ON}. Recombinant Her2 extracellular domain (ECD) protein was
purchased from eBioscience (San Diego, CA}). PBS running buffer with 1% Tween20 (PBST)
was purchased from Teknova Inc. (Hollister, CA). Goat polycional anti-human Fc antibody was
purchased from Jackson Immuno Research Laboratories Inc. {West Grove, PA), EDTA was
purchased from Biroshop (Burlington, ON}.

[0304] All surface plasmon resonance assays were carried out using a Biacore T200 Surface
Plasmon Resonance instrument {GE Healthcare Life Science, (Mississauga, ON)) with PBST
running buffer (with 0.5 M EDTA stock solution added to 3 4 mM final concentration) ata
temperature of 25 C. The anti-human Fe capture surface was generated using a Series S Sensor
Chip CMS using the default parameters under the Immobilization Wizard 1n the Biacore T200
control software which was set to target 2000 resonance units (RUs). The screening of the
antibody variants for binding to Her2 ECD, TF or EGFR ECD antigen targets occurred in two
steps: an indirect capture of the antibody varants onto the anfi-human Fe antibody tlow cell
surface followed by the injection of S concentrations of purified antigen for kinetic analysis
using the single cycle kinetics methodology. Varianis or controls for capture were injected at §
ug/mL over individual flow cells for 60 5 at a flow rate of 10 yL./mun. In general, this resulted m
a capture of approximately 50 to 100 RUs onto the anti-human Fe surface. The first flow cell
was feft empty 1o use as a blank control. This capture step was immediately followed by five
concentrations of antigen {(either 5 nM, 2.5 uM, 1.25 oM, 0.63 oM and 0.31 oM for TF or EGFR
ECD antigens, or 40 nm, 20 nm, 10 nm, 5 nm, and 2.5 nm for Her2 ECD antigen) that

were sequentially mjected over all of the four flow cells at 100 pl/min for 180 s with a
dissociation phase of 300 s for EGFR ECD, 1800 s for Her2 ECD, and 3600 s for TF. The
captured antibody surfaces were regenerated by 10 mM Glycine pH 1.5 for 120s at 30ul/mun to
prepare for the next injection ¢ycle. At least two mock-buffer injections were performed for
each analyte injection to be used for referencing. The resulting single cycle kinatics sensorgrams
were analyzed using Biacore T200 BiaEvaluation software and were fit to the 111 binding

model.

[0305] Antigen affinities of the heterodimeric antibodies were assessed with reference to the
respective wild-type controls: Mab for D3H44, trastuzumab QOAA and cetuxaimab OAA. Antigen
affinities were also obtained for the wild-type bispecific antibodies; however, SPR capture of the

WT bispecifics can be heterogeneous (e.g. involving capture of mispaired heterodimers), thereby
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interfering with KD determination (see Table 31a and ¢). For the heterodimeric antibodies that
had antigen binding measured in the D3H44/cetuximab svstem, antigen affinities were similar to
the corresponding WT controls (see Table 31b). For most of the heterodimeric antibodies that
had antigen binding measured in both the D3H44/rastuzomab and trastuzumab/cetuximab
systems, antigen affinitics were similar to the corresponding WT controls (see Tables 31a and ¢}
Exceptions include eleven engineered antibodies that did not exhibit Her2 binding. In both of the
D3H44/4rastuzumab and trastuzumab/cetuximab systems, her2 binding was not observed for six
engineered heterodimeric antibodies, 9049-9739 1 and 9682-9740 1 and 3522 1. Furthermore,
for the trastuzumab/cetuximab system, five additional engineered antibodies, 9696-9848 1,
9561-9095_2, 9611-9077 2, 9286-9402_2 and 9060-9756 2 also lacked binding to Her2. Ten of
these eleven engineered antibodies shared constant region mutations on the H chain

(L143E K145T) and L chain (Q124R_T178R). The other engineered antibody 9286-9402 2
shared the same constant region mutations on the H chain (L143E _K145T) and sinlar mutations

on the L chain (Q124K and S176R).

Example 14: UltraPerformance liguid chromatography size exclusion chromatography
{(UPLC-5EC) profiles of engineered hetevodimeric antibodies as well as wild-type

heteredimeric and homodnneric antibodies

[8306] Following preparative SEC of the engineered heterodumeric antibodies as well as the
control wild-type bispecitic and homodimeric antibodies, UPLC-SEC was performed using a
Waters BEH200 SEC colurmn (2.5 mL, 4.6 x 150 mm, stainless steel, 1.7 um particies) set to
30°C and mounted on a Waters Acquuty UPLC aystem with a PDA detector. Run times consisted
of 7 mun and a total volume per ijection of 2.8 mL with a running buffer of either PBS and
0.02% polysorbate 20 or 20 mM NaP04, 50 mM K, 0.62% polysorbate 20, 10% acetonitrile,
pH 7 at 0.4 ml/min. Ehution was monitored by UV absorbance in the range 210-400 nm, and
chromatograms were extracted at 280 nm. Peak integration was performed using Empower 3

software.

[83067] Figure 10 shows UPLC-SEC profiles for representatives of the engineered

heterodimeric antibodies as well as representative WT heterodimeric antibodies. In most cases,
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the engineered heterodimeric antibodies exhibited UPLC-SEC profiles similar to the
corresponding WT heterodimeric antibodies, with average percentage of the monomers of 99.18
%%, 98.70 % and 98.77 % for D3H44/trastuzumab, D3H44/cetuximab, and

trastuzumab/cetuximab, respectively {see Tables 31a, 31band 31c¢}.

|0303] While the invention has been particularly shown and described with reference to a
preferred embodiment and various alternate embodiments, it will be understood by persons
skilled in the relevant art that various changes in form and details can be made therein without

departing from the spirit and scope of the invention.
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Table 1: Key criteria for Fab model
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Lriteria Importance
Human or humanized igGL/x
Has commeonly used V. and V, subgroups Sirmilarity
- . milar
Framewaork close te germiine
ViV interdomain packing angle close to observed average for Fabs
ture avetlable for apo- and complexed Fak Desion
No major structural changes observed upon binding antigen “
Antigen binding can be readily assayed Assay
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Table 2: Hotspot amino acid positions at the interface of the heavy and light chains in D3H44 {a typical Fab containing 2 kapps light chain}.

a3s 038

145 Pa4
W7 Leg
F100 Fag
Wwin3 F11&
1124 F11g
A133 viza
Fi74 1135

* Kabat numbering
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Tablz 4. LCCA designs with modifications to one immunoglobulin heavy chain and/or two immunogichulin light chains, where Hi

preferentisily pairs with L1

Set

#rE H1 mutation® L1 mutation® L2 mutation®
L124W _L143F V1334 VE33W S1767T T178L
L1244 L143F V133w S176T T178L V133A
L124W_L143F V133G V133W_S176T _T178L
L124A_L143F V133W_S176T_T178L V13

V133w 51767 T178L

L124W L1437 V173A_S176T T1780
Li24A L143F V133W 51767 Ti78L V1334 _S176T Ti78L
L12aW_L143F V1334 V133w
L124A_L143F EE Vi33A

; V1334 51767 T178L V133W

V133W V1334 S176T T178L

L143F 1457 Q179 S131K_V133A_S1767 TL78L QL2745 _V133W S1767 T178L T1i80%
L3245 _L143F 79K Q1248 _V133W S176T T176L T180F | Si31K v133A _S1767 T178L
L124W_L143F K145T 01795 SI31K_V133A_S176T TL78L QU245 Vi23W 517 78E_T1%0F
13244 | 143F_Q179K QU74F_V133W 51767 T1/8E_TISOF | Si31K_V133A_S1767 T1/8L
[124W_L143F_K1457 Q179 S131K_V133A 51767 T178L Q124F_Vi33W 51767 T178L T1SOF
L124W_ L143E K145T Q179 S131K_V133A 51767 T178L Q124F_Vi33W 51767 T178 T1SCE
Li24W_L143E_K1457_QI79¢ 0124R_V133A_5175T_T178R 124F_V133W_S5176%_T178_V180E
1244 L143F_O178K 0124F_VI3BW S 78L_T180F | (124R V133A_S176T T178R
L124W 1143 K1457 Q179 ©124R_V133A 51767 T178R 01245 VI33W 51767 T178E_T180E
L1245 _L143F 179K Q1Z4E_VI33W_ S "’T T178E_TiBOE | QI124R _Y133A_S176T T178R
Li24W_L143F_K145T_(1379F (174K_V133A_S176T_T1J/8K Q1745 _V133W _S17/6F T1/8L T180F
L124A_143F_Qa79K QUIAE VIZEW G17ET Ti78L T180F | OUL24K Vi3ah S1767 TL72R
L124W_L143F_K145T Q1798 Q24K V1334 3]7bT T178R QI24F_V133W 51767 T178_T180EF
L124A_L143F_(Q179K QU24E_V133W_5175T_T17RE_TIROF | QU124%_V133A4_S176T_TI78R
L1247 (179K Q124F_V133W 51757 T178L T1S0E | S131K V133A_S176T T178L

L124A Q173K

1ECE

S131K_VI33A SL76T T178L

Q124F VI33W 51767 T178E 1

9115 | Liz4E V133G TL78Y

9341 | [124R Fi78Y V133G S178R

9104 | Li24F S131T. v133c; S176R_T178Y V133G_S176D

9336 | Li24R V133G_S176D S1317 V133G S176R_T178Y
9105 | Li24E SI31T_V133G_3176R_T178Y V133G_S176D_T178Y

9340 | Li24R V133G _S176D_T178Y S131T Vi33G_S176R_TL78Y
9106 | Li24E Y133G_5176K V133G

9337 | LiZ4R V133G_5176D V133G_5175K

9107 | Liz4f V133G_51760_T178D

9335 | L124R V13536G_S176D_T176D V133G S176K

9109 V133G _S176R 131E V133G _S176D

933 S131E_V133G_S176D V133G_S178

9108 V133G_S176K Si31E_V133G_S176D

9330 S131E_V123G_5176D V133G _S176K

V133G_S176R

V133G_S176D

V133G_S176D

V133G_5176R

L124E _L143F

V133G_5176R

V1336_51760_T178D

L124R

V13335 S5176D Ti78D

V13335 51768

L1Z24E_L143F

SIZIE V133G S176D

L124E_A1255 K228D

3321 \/]33( S176R

V133G_S176D

Li24R _AL125R

V133G_5176D

S121K V133G

L124E_A1255 K22RD

SI21K_V133G_53

\1133(,__517’

Li24R_A125R

V133G_S176D_T178D

S121K V133

L124E_K228D

SI21K_V133G_S176R

V133G 51760

L124F K228D

S121K_V1336_S3i76R

V133G 51760 T178D

L124E_H172R

V133G _5176R

V133G _N137K_S174R_

_S1780

L124R_H1727

V133G _N137K 5174R_S178D

V1335 51768

L124E_H172R

V133G_S176R

V133G 51748 51760

L124R_H172T

V133G_S174R_S$176D

VI33G_S178R

324 H172R

V133G_S176K

V133G N137K _S174R 51760

L124R_H1727

V133G_N137K S5174R 51750

V133G_S176K

L124E_H172T

Y133G_N137K_S174R_S175R

V333

Li24R_H172R

V133G _S176D

V133G _NI37K 351748 _S1786R

L124E_H172T

V173G_S174R_S176R

V123G 51760

L124R_H172R

V1355 5176D

V133G _5174R_S176R
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9121 | Li24F H1727 V133G _N137¢ 5174R_S176R V133G 51760 _T178D
9373 | Li24R_H172K V133G_5176D_T178D V1336G_ N=37 5174R%_S176R
9111 | L124E _A1255 HiZ2R_K228D $121K_V133G_S176R V133G_N137K_S1742_S1760
9347 | L124R_ALZGR_H172T 133G _N3127K_S174R_S1760 5121K_V123G_S176R
9112 = A1755 H172T K228D V133G N137K S5174R S176R | V133G 51760
9346 | L124R_AIZ5R_H172R V133G_S176D S121K_W133G_N137K_51748_S176R
9115 | Li24E_A139W F116A_Vi33G_L135A S176R V133G_L135W 51750
9348 | L124R_A139G_VI90A V133G_L135W _S175D F1i6A_V133G_L135A 5176R
9116 | Li24E_A139W FL16A_V133G_L135V_S176R V133G_L135W_S175D
9346 | L124R_A138G_V190A V123G_L135W S175D FL16A V133G_L135V 51767
9140 | L124F_Kid5T Q175 S131K_V133G_S176R V133G_51760_T178D_T1SOE
9481 | L174R_S186K V1335 5176D T178D Y1€0E S131K V133G S176R
9136 | LIZAE_Ki45T_0179F S13IK_V133G_ST76R V133G_S17560_T18GE
9498 | 1124R_S196K V133G_S176D T18GE $121K_V133G_S176R
9134 | Li24F K145T Q179 S131K_V133G_S176R V133G_51760 T178D
9456 | Li24R_S186K V1336G_S176D_T178D S131K_V133G_S176R
9136 | Li2 45T_CL7SE S131K_V1336G_S176R Q124E V133G 51 1780_T180F
9450 | L124R S186K Q1245 V123G_S176D_T1780_T180F | Si31K_V133G_S176R
9158 | L124F K145T Q179E S131R_ V133G _S176R V133G 51760 T178D T180F
9283 | L124R_S186K V133651760 T1780_T1S0F S131R_V133G_S17AR
91R4 | L124E (31457 Q179 $131R_V133G_S176R V133G_51760 T18GE
9500 | L124R_SiBEK V133G_5176D T18CE S131R_V133G_5176R
9150 | L124F_K145T 0O179F 3131R_V133G_S176R V133G_S17560_ T178D
9458 | Li24R_S1S6K V133G_5176D 71780 S131R_V1335_5176R
9157 | Li24E_K145T Q1798 SI31R_V133G_S176R QU24E V133G S1760 T1780 T180%
9456 | Li24R_S18EK Q124E_V133G_S1760_T1780_T1R0E | S131R_VI33G_S176R
9536 | L124R_S186R V133G_S176D_T178D_Ti80F S131K_V133G_S176R
9552 | Li24R_S186R V133G_5176D_T1S0F S131K_V133G_S176R
9521 | L124R_Si86R V1336_5176D_T178D S131K VI33G_S176R
9513 | Li74R_Si86R 0124F_VI33G_5176D_T178D_TIECE | S131K_V133G_S176R
9538 | L124R_S1BGR V133G _S176D_Ti76D T1E0E S131R V133G 5176R
9555 | 1124R_S1SER V133G_S176D_T180E S121R_V133G_5176R
9573 | Li24R_S1SER V133G S176D 71780 S131R V133G _5176%
9515 | Li24R_S1SEK Q1746_V133G_S1760_T1/8D_V1R0F | Si31R_V1I33G_S1/6R
9127 | Li24E_K145M_Qi79E 5131r<_v15,<5_u/6k V133G_S1760_T178D_T1i80F
9131 K145M_O179F SE31K_V1336G_S176R V133G_5176D_T180F
9123 K145M_0179F S131K_V133G_S176R V133G_51760_T178D
9325 | L124E_Ki45M_C179E S131K_V133G_S176R Q124F_V1i33G _S176D T178D _T19CE
9256 | Li24f L143F K1d5T Q124K V336G 51768 T178K (124F V133G S1760 T178D T18CE
9505 | L124R_S186R ©01245_VI33G_S175D_T178D_T180F | Q124K _Vi33G_S176R_T178K
9308 | L124F_L143F_K145T 174K _V133G_S176R_T178K Vi33G_S1760 T180F
9547 | Li24R_S1SER V133G_S176D Ti8CE Q124K_Y133G_S176R_T178K
930G | Li24E L143E_K145T Q174K _%133G_S176R_T178K V133G_S1760_T178D_T180F
9578 | Li24R_S1E6R V133G_S1760_T178D_TI8OE QL24K_V133G_3176R_T178K
9294 | Li24E_L143E_K145T Ql//h( V133G_5176R_T178K V133G_S1760_T178D
9519 | Li24R_S186R 33G_5176D_T178D Q124K V133G S176R_T178K
9304 | LiZ4E_L143F_K145T /133G_S176R_T178K V133G_51750_T178E_T1i8CE
9542 | L124R_Si86R V133G_51760_T178E_T180F 124K _V133G_S176R_T178K
9314 | 124 L143F_K145T 01245 _Vi33G_S176R_T178R 11245 V133G_S1750_T178D_T180E
9509 | L174R_S1SER ©124F V133G 51750 T178D TL8GE | (174K Y133G_S176R_T178R
9323 | L124F_L143E_K145T 174K _V133G_S176R_T178R V133G_S1760_T1RO0E
9550 | Li24R_5186 V133G_S176D_Ti80F Q124K _v1i S176R_T178R
9317 | L1240 L143E_K145T QL24K_¥133G_S176R_T1i78R V133G_S1760_T178D T1iR0E
9532 | Li24R_S1&6R V133G_S176D_T178D_TI8)E Q124%_V133G_S176R_T178R
9312 | Li24F L143F_K145T QL24K_Vi33G_5176R_T178R V133G_51760_T178D
9520 | L124R_Si86R V133G 5176D_T178D
9320 | LiZ4E L143F_K145T Q124K Vi33G S176R T178R
9543 | L124R_Si86R V133G_S1760_T178F_T180F 01.24K_V133G_S176R_T178R
9281 | L1Z4E_L143E_K145T 124K_Vi33G_S176R Q3245 V133G 1780_T180E
9503 | L124R_SISER Q124 V133G 51760 T178D T180F | Q124K V133G 51
929C | Li24E_L143E_K145T QL74K_Y133G_S176R VI33G_$1760_T180
9546 | Li24R_S1SER V133G_S176D_T18CE Q124%_V1336G_S176R
9284 | Li24E L143F_ K1457 QL24K_V133G_5176R V133G_S1760_T178D_T180F
9526 | Li24R Si86R ¥133G 51760 T1780 TISOE Q124K V133G _Si76R
9275 | LiZ4F_L143F_K145T Q124K _V133G_S176R V133G_51750_T178D
9518 | L124R_S186R V133G_5176D_T178D 0124¢_V133G_S176R
9267 | L1240 L143E_K145T 124K V133G _S176R V133G_51760_TA78L T1i80F
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9541 | Li24R_S186R V133G 51760 _T178E Ti80L QL24% V1236 _Si76R
9451 | Li24R_Si86K Q124F_V133G_5176D_T1780_T180F | Q124K _V133G_S176R_T178K
9252 | L124R_S186K V133G_51760_T18GE Q124K_V133G. S176R T178K
4173 1"13F{ S186K V133G_S176D_T178D_T1€0F 124K _V133G_S176R_T178K
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76 | L143F K145T Q179D Q174% T178K Q1247 QI6OE_T180E
G | L143F_i3457_ Q1790 Q1748_T378K QL2457 _T1R0E

9545 | L143E_K145T Q1798 Q124K_T178R Qi245_Qi6OE_T180E

9869 | S186R Q124E_QIS0E_T180E QL24K_T178R

9831 | S186K Q124F_Q160F_TLSOE QL24K_T178R

9548 | L143E_Ki45T Q1758 Q124¥_T178% Q124F_T18CE

9891 | S186R 0124F T18CE Q124K T178R

9853 | $186K ©124F_T180E C1.24K_T178R

9751 | (179K C174F_(3160E_T180F [11745_T178R
Q178K CQ124E_T1R0F QL24%_T178R

L143E K1457_Q178D

Q124K _T178R

Ql24F_QI6YE_T180E

K14587_Qa7eD

Q124K _T178R

Q124E_T180E

L143E_K145T G798 T178R Q124E_T180E
SISER Q124E T1S0E T178R
5186K Q124F_T18CE T178R
L343€_Kid5T_0179F T178R Q124F_(160E_T1B0E
Q174K 0124F_(31608_T1808 T178R
Qi79K ©124F_T1R0F Ti78R

143E_K145T_ Q179D

Ti78R

Q124E_(QI60E_T180F

9879 | SI86R Q124E_Q160E_T1R0E T178R
9841 | S186K Q124E_QI60E_T1R0L T178R

9641 | L143E_K1457T Q79D T178R QL245_TIR0E

9576 | 11430 <1457 O179F Ti78R Q1245 TISCE

9575 | L143D_K145T Q179E Ti78R Q124F_Q160E_T180F
9598 | L143E k1457 0124R_ 160K T178R Q124F T1

98%7 | S18BR 0124F_T178E 1124R_QL6GK_T178R
9849 | S186K 124E_T178E Q128%_QULG0K_T178R
9783 | Qi7sK Q124F_T178E Q1247_QL60K_T178R
980¢ | Q173R QLZ4E_T178E QL243_Q160K_T17&R
9502 | L143E_K145T Q124K_QI60K_T178R Q1245 _T1786_T18CE
9889 | S1SER QL24E_T178F_T18CE QL247_D160K_T178R
9851 | S186K QL24F_T178F_Ti80F QL24R_O160K T178R
3785 | Q179K Q124F_T178E_T1RCE 0124R_{1160K_T178R
9811 | (175K 0124F_T178E_T1i80F 0124R_Q160K_T178R
9594 | L1430 _K145T 0124R_GI6CK_T178R 1245 QI60E T1788
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9857 | S1SGR QI24E_QIB0E T178E QL24R_O160K T178R
9825 | 5186K Q124F_Q160E_TL78E Q124R_Q16CK_T178R
9757 | Ga78K 0124E_Q160E_T178E N124R_QL60K_T178R
9801 | Gi79R 1245 (11608 T1788 1.24R_QLE0K_T178R
9671 | L1A3E _K145T 0179 1247 _T178R 1.745 T17RE
9828 | S186R C174E_T178E Q1742_T178R8
985G | SI86K Q124E_T178E Ql242_T178R
9784 | Q179K Ql24E_T178E QL24R_T17€R
9816 | Qi73R Q124E_T178EF QL24R_T178R
9575 | L143F_K345T Q179 Q174R_T178R Q124F_T179E_T180E
9890 | S186R Q124E_T178E_T1i8CE Q124R_T178R
9852 | 5186K Q124F T178E_T180F 01248 _T178R
G786 | (179K 01245 _T178E_T180F C1L24R_T178R
9812 | Gi79R 1245 T178E_TiSCE 1247 _T178R
9567 | Li43C K145T Q179 Q124%_T178R QLz4t_QI6OE_T178E
985¢ | S186R Q174E_Q160E_T178E QLz47_T178R

S186K OF_T178E Q1242 _T178R
: Q173K T178E QL24R_T176R
9802 | Q179R Q124F_QI60F T178E QL24R_T176R
9708 | L143E_K145T SISSL Q124R_01160K_T178R (174F_5131T_T178F TI80E
9843 | 5186K 0124F_S131T_T178F_T180F Q124R_(160K_T178R
9712 | L143E_K145T 51880 ©0124R_GI60K_T178R (11.24F_SA31T_T178Y_T180E
9845 | S186K ©174F_S1317T_T178Y_T180% 01.24%_QLE0K_T178R
5777 | Qi75K Q124E S131T_T178F TL9CE Q1247 Q160K _T178R
977¢ | Qi78K QL74E_S13ET_T178Y T180% QL2472 Q160K_T178R
9803 | Q173R QL74E_S131T_T178F_T18CE QL24K_Q160K_T178R
9805 | Q179R QL24E_S131T_T178Y_T180F QU243_0160K_T178R
9881 | S1¥6R QI24F_S131T T178F T180F Q124R_G160K_T178R
9883 | 5186R Q124F 51317 T178Y T180F Q124R_ Q160K _T178R
9ER8 | L143E_K145T_Q179%_3188L 0124R_T178% (1L24F_51337_T178F_T180F
9844 | 5186K 0124F 51337 T178F_T180F 12AR_T178R
9692 | L143F_K145T 0179 5188l 124R_T178R 1745 S131T_T178Y_T180%
9846 | S186K 174E S131T T178Y TLBOE Q1242 T178R
9778 | Q175K Q1746 S131T_V1/8F_T180F Q1742_T178R
9786 | Qi78K Qi24E_S131T_T178Y T180% Ql242_T178R
9804 | Qi79R QL24E S131T_T178F Ti80E QL24R_T178R
3806 | Qi79R Q124F_S131T_T178Y TL80F QL24R_T178R
9882 | 5186R Q124F_S131T T178F TiB0F Q124R_T178R
9884 | SI86R 0124F S131T T178Y T180% 124R_T178R
9723 | L143E_K145T 51880 ©124R_Q160K_T178R CU.24F_Vi33W T80
9107 | L1244 S186K C174F_VI33W_TI80F [1174%_QLB0K_T178R
9100 | Li24A_Q179K CQ174E V133W_T1SOF QL247_QL60K_T178R
9775 | Li43E_K1457 S183L Ql74%_QiBOK_T178K QL24F_V133Y_T180F
9573 | Li43A_Ca79K QL24E_V133Y_T180E QL24R_0160K_T178R
K145T_QU79E_Si88L Q124R_T178R Q124E_V133W_T1i80F
9102 | Li24A S186K QI24E_Vi33W _T180F QL24R_T178R
9101 | Li24A_Qi73K Q124F_V133W_T180F Q124R_T178R
9702 | L143E_K1d5T 01796 SISSL 0124R_T178R 01245 Vi33Y_T180F
G574 | L3435 Q179K 01245 _VI33Y_T180¢ C124R_T178R
9716 | 1L143F_K145T 51880 ©124R_QI60K_T178R Q1.74E 51761 T180F
285 | S186R C174F_S176L_TI1ROE Q124%_QL60K_T178R
9847 | SI8BK Q124E_S176L_T180E QL24%_Q160K_T178K
9781 | Qi73K QLz4E_S176L T180C Q1247 Q160K_T178R
9807 | Qi73R Q124E_S176L_T1R0E QL247_0160K_T178R
9696 | L143F_K145T QA79E SISSL. QL24R_T178R Q1245 51761 _T180F
9886 | S186R Q124F_S1761 _T1SGE Q124R_T178R
9838 | 5186K 0124f :
G782 | (79K 01245 _
9808 | Gi7/9R 124E -
9586 | L143E_K1457 Q124%_Qi60K_T178R
9381 | S186R SI31E QL243_Q160K_T178R
9978 | S186K SI31E Q1242_Q160K_T1
9976 | Q173K SI31E QL24R_O160K_T178R
9380 | Q179R S131E QL24R_O160K T178R
9987 | LI43E_K1457 Q124R_T1783 Si31E
9085 | S186R $131E (1248 7175
G982 | S186K 5131E C124R_T178R

140




CA 02946503 2016-10-20

WO 2015/181805 PCT/IB2015/054107

9982 | Q179K S131E QL24R_T178R

3984 | Qi79R S131E Q124R_T178R

9588 | L143E_K145T 0178E 0124R_CAB0K_T178R $131E

Go%9 | 1.143E 0124R_T178R S131E

9511 45T H172R ©124%_QI60K_T178R 01245 _N137K QI60F_S5174R_Ti80EF

5077 X 3 C174F_N137K_QI60E_S174R_TIB0F | (1247 Q160K _TI7SK

951G | Li43E_K14ST_Hi72R QL24R Q1245_N137K_QiG0E_S174R_Ti80F

9076 | Hi7ZT_Qi79K Qi24E_N137K_Qi60E_S174R_TIBDE | Ql24R

9517 Q124F_T178R QL245_N1376_O1E0F_S5174R_Ti80F

9078 | H1727_ Q179K Q174E_N137K_Q1G0E G174R_TISOE | Q124R T178R

9060 | AI30W L143E K145T Q179F F116A (124R L135V T178R Q124F_[135W _QI60E T

9054 | AI35G_Q179K VISCA 0124F L135W_QI60E T180F T116a Q124R L1355V T178R
A135W_L143E_KI4ST_Ci179E ¥1316A_Q126R_L135V C1.24F_L135W_0160F_T18GE

A139G_Q179K_VIG0A

O124F_1135W_O160F_T180F

F116A_Q124R_[ 135V

Qi75K Q124F L135W _QI60E T180F FLi6A 0124R_L135V T178R
Q178K Q174E_L135W_CI60E_T180F F1i6A_01 zm L135Y
L343E_K145T Q1248
L143K_D146G Q1245 V1230
L143F_K145T Q124R
L143R Q124F V133E
343K 0124F Vi33D Q124R
9509 | LIA3E_K145T 0124R_CG160K_T178R C1.24F Vi33E
9737 | 1L143R 01745 VI33E 01.24%_QLE0K_T178R
9593 | LiA3E_K145T Q124%_Qi60K_T17SR QLz4E V133D
9728 | Li43K Q1248 V133D QL2472 Q160K_T178R
9682 | L143E_K145T_ Q1798 Q124K_T178R QL2458 V1i33E
L143R QLI4E_VI33E Q243_T178R
143F_K145T Q179 QI24R_T178R Q1247 V132D
143K Q124F V133D Q124R_T178R

Li43E_K145T_S188L 0124R (L24F_Vi33E
0124R 124E V133D
G124 1245 V133E 51760
Q174E VI33E 51761 Q1247

L343F_K1457_S1831 Q1748 Q1245 V1330 _S176L

L143K Q124E_V133D_S176% Q1247
Q24R_O160K_T178R QL24E Vi33E
QL24R_0160K_T178R Q124F

Q124R_(3160K_T178R

Q124E VI33E_S176L

0124F VI33E S176L

1248 QLECK_T178R

L143E_K1457 351880

Q124R_QIE0K _T178R

Q1248 V133D _S176L

143K

174F_VI33D_ 5176t

(O124R_QIA0K T178R

L143F_K145T (179F Si2al CQ124R_QI60K_T178R QL24% V133E
(3143F K1457 Q1790 _S188L Qiz4k_QiEOK_T1L78K Ql24f V1330
Li43E_K145T Q4R QL245_V123E_QUBCF
L143R QL24E_V133E_CQ60F Q124
L143F K145T Q124R QL245_V133E_Q150M
Lid3R Q124F_V133E_Qi60M Q1248

9911 | S188L W S176L

9006 | S188G 51768

9507 | S188L WT 1317 5176F T178F

9071 | Fi7av S131T_S176F_T178F

9306 | S188L WT Si317_S176F_TA78Y

9073 | Fivav S131T

9058 | F174G S131

070 | F174G S131

9016 | 5188L_VIGOY V1335 L135W_S176L

9057 | A135G VIS0A L135W S176L V1333

9912 | S188L_VISOF W 1335W_S1761

9055 | A139G_VIG0A 1135W_S176L

9514 | S188L VISCF WT S1317 S176F T178F

9317 | SI8RL_YI1SCY V1335 S1317_L135F_S176F_T178F

9052 | AI3GG_Fi74V_V190A SI31T_L135F S176F_T178F V1335

9912 | S1S8L_VIGOF WT S131T_LI35F S176F T176F

M50 | AI3GG Fi74Y V1904 S131T_L135F 5176F Ti78F

9062 | AI39W_S188L F116A_L135Y L135W__5176=.

9056 | A135G_v190A L135W_S176L F116A_L135V

G063 | AL30W_SiBSL F116A_L135V 51317 L135F S176F T178F
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051 | AL3GG_Fi74Y V1904

S131T_L135F 5176F Ti78F

116A 1135V

9041 | A13sC F116C WT
9035 | WY W F116C
9043 | Faz22C WY
9047 | W S5121C
9042 | Fizz2C WT
8046 | WT Q124¢
9044 | PL7C ( WT
3048 | WT WT S162¢

904G | A13GC_L143E_KIA5T Q17GE

F116C_(1124R_T178R

Q124E_Q160E_T180%F

9755 | Q179K

Q124E_Q160F_T1S0E

F116C_(124R_T178R

9067 | FA1Z2C L143E KigsY QI76E

$3121C_Q174R T178R

Q1248 Q160E_T180F

9771 | (179K 01.24E_{1160F_T180E 51210_QI24F_V1./8R
9066 | F122C_L124E 0174C_V133G_S176R V133G _S1750

9335 | L124R V133G _S5176D Q124C_Y133G_S176R
9513 | L143F_K145T_PL75C_Q179F Q124F_GI60E_T180F

9766 | Qi78K

Q124R_$162C_T178R

*Kabat numbering; WY refers to a wild-type immunegiobulin chain without amine acid mutations.

**Each unigue set of Hi, L1 and L2 mutations (LCCA format] was assigned a set number, or ‘unigue identifier’.
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Table 33: H1:L1:i2 DNA ratios used for the light chain competition assays and verifications

HIL1:L2
st Experiment DNA guantity used for transfection {ng}
AAdditional DNA
H1 [ Lz SR i poe
AKTdd pT7122 ssDNA
1:0.75:2.25 333 250 743 300 268
31:6.75:2.25 333 250 749 300 368
1:0.3:2.7 333 .00 859 300 368

Andditionai DNA: AKTdd pTT22 refers to 2 vector containing a constitutively active protein kinase B mutant {dominant positive AKT

mutant); ssDNA refers to salmon sperm DNA.
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Table 12. LCCA performance, stability and antigen binding assessments of the LCCA designs, arranged by decreasing D5F values of H1L1 Fab
heterodimers

Change in Median Median
median values LICA LCCA
of KD of hiil performanc LCCA performanc
Change in Range of Fab e performanc e
DSF DSF vaiues KD values | heterodimer normalized erange normalized
values of of hlil Fab forniil compared to twall:lz {Max-Mir} toali:lz
b1l Fab heterodime KRofhlilFab | Fab wild type {- DNAratioof | atL1:L2 DNA ratio of
heterodi r compared heterodimer heterodi {og{KD_design | L1 DNAratio of | 1:1
Row # Set # mier {°C to wild-type | (nM) mer {nh) ) - log{KD_wit))) | {Ratio)*™ 1.1%* {Ratio)***
1 5113 83.1 2.1 0.2 [¢] 0.11 64:326 14 ND
2 9783 83 2 0.16+ .00+ -0.01+ 937 1 ND
3 9779 23 2 8.16+ Q.00+ -0.01+ 95:5 2.1 ND
4 9845 82.7 1.7 0.13+ 0.00+ .09+ 94:6 12.8 89:11
5 9846 &7 1.7 313+ 0.00+ 3.09+ 95:5 2 89:11
3 2805 82.5 1.6 0.13+ 0.00+ 0.07+ 95:5 2.3 ND
7 9806 82.6 1.6 0.13+ 0.00+ 0.07+ 94:6 0.9 91:9
8 5163 €25 1.5 0.15 a 0.02 75:25 7.4 ND
] 8024 %2.50* 1.30* 0.15* 0.00* 0.02* 50:50 0.9 ND
10 9906 225 15 S.41+ 0.00+ 0.14+ 22:78 6.3 ND
13 2068 82.5 1.5 .13 [¢] 0.07 63:37 9.5 61:39
12 AM70 82.5 1.5 0.16 Q Q 67:23 3.3 ND
13 9074 2.5 1.5 0.16 a -0.0% 97:3 1.4 09:1
14 9570 2.4 1.4 (.23 Q -0.17 64:36 3.2 ND
ND, low
ND, fow Fab Fab ND, low Fab
15 9882 825 1.3 capture capture capture 88:12 2.5 ND
ND, low
ND, fow Fab Fab ND, low Fab
16 95884 823 1.3 capture capture capture 38:12 8.3 ND
17 9844 823 i3 .17+ 0.00+ -0.03+ 95:4 1.1 NE
18 9843 82.3 1.3 .17+ 0.00+ -0.03+ 9&:4 1.5 ND
19 9073 823 13 0.14 a 0.04 63:37 19 ND
20 9803 2.2 1.2 .11+ 0.00+ 0.14+ 96:4 0.6 ND
21 9504 R2.2 1.2 (N 0.30+ 0.14+ 95:4 0.5 NE
22 9782 82.2 1.2 0.08+ 0.00+ 0.28+ 95:4 5.6 NE
22 9781 82.2 1.2 .08+ 0.00+ 0.284 97:2 5.2 ND
ND, low
N, fow Fab Fab ND, low Fab
24 3513 32.1 1.3 capture capture capture 997 138 98:2
25 5042 82,1 1.1 .12 Q 0.14 £6:34 5.3 ND
26 9914 82 0.15+ 0.00+ 001+ 61:39 13.2 72:28
27 9569 ]2 1 0.3 [¢] -0.28 70:30 a ND
28 9568 &2 L 0.3 [¢] -0.28 61:39 1.4 ND
29 9807 318 .8 0.17+ 0.00+ <002+ 98:2 5.6 ND
30 9803 &1.8 0.8 017+ 0.00+ -0.02+ 937 12.7 85:15
31 9794 £18 4.8 311+ Q.00+ Q.16+ 95:4 4.9 ND
32 4746 218 3.8 211+ 0.00+ .16+ 98:2 10.8 88:12
33 9797 81.8 0.8 .11+ 0.00+ 0.16+ 96:4 2.9 NE
24 9792 3L8 .8 011+ 0.00+ 0,164 96:4 1 ND
35 9567 &1.3 0.8 0.25 Q -0.2% 58:42 1.9 ND
36 9881 1.8 G.8 .11+ 0.00+ 0.15+ 16 09 ND
37 9882 &1.8 3.3 .11+ 0.00+ 0.15+ 9010 3.2 ND
33 9611 R1.8 .8 0.12+ 0.00+ 3.12+ 99:1 4.6 9911
39 9789 818 .8 011+ 0.00+ 0.16+ 96:4 1.1 ND
40 9787 gL3 .8 011+ .00+ 0.16+ 96:4 14 R87:13
41 9566 1.8 0.8 (.25 Q -0.21 56:44 3.6 ND
42 9692 &1.6 5.6 0.34 [¢] -0.34 83:17 5.2 79:21
43 9696 8&L.6 C.6 0.34 [¢] -0.34 87:13 18.1 G0:10
44 6017 816 0.6 0.14 [ Q.06 47:53 7.1 ND
45 973 g1l5 46 (.23 8} (.32 69437 0 ND
46 9688 $1.6 G.6 (.34 Q -0.34 77:23 0.6 ND
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47 9706 gl.5 0.6 .23 4] -0.12 69:31 0.2 ND
a8 9704 %15 (.6 0.21 Q -0.12 74:26 0.1 ND
49 9703 &1.60% .40* 0.21* 0.007 -0.12% 84:16 14.8 79:21
50 9702 81.56 0.6 0.34 0 -0.34 71:29 5 ND
51 9700 gL C.6 Q.24 [¢] -0.34 75:25 3.1 ND
52 9346 &gl.5 0.6 0.2 ¢ 031 a5:5 1.9 ND
ND, low
WD, fow Fab Fab ND, low Fab
53 9512 815 .5 capture captire capture 991 7 99:1
54 9057 1.5 3.5 0.16 [¢] 0.02 A3:57 22.8 ND
55 2056 &L.5 0.5 0.16 0 -0.02 32:68 5.8 72:28
56 ans5 815 G.5 0.16 8] 0.02 40:60 15 ND
57 9731 8gL5 C.5 0.28 4] -0.26 92:8 3.9 52:8
58 9071 815 .5 4.2% a 012 S6:44 14 R5:15
59 9104 81.40% (3.30* 0.16* 0.00* -0.01% 20:10 18 ND
63 9885 ’1.4 0.4 .18+ 0.00+ -3.06+ 95:5 2.3 ND
61 9886 &l.4 C.4 .18+ 0.00+ 0.06+ 93:7 43 ND
ND, low
ND, fow Fab Fat ND, low Fab
62 10551 | 814 0.4 capture capture capture 94 1.1 52:8
63 5998 8l4 0.4 (.14 4] 0.06 71:29 5 ND
654 5036 $1.4 G.4 .17 [¢] -0.03 59:41 0.1 ND
ND, low
ND, fow Fab fab ND, tow Fab
55 9745 %14 3.4 capture caplure capture a5:5 0.1 NE
66 9769 &1.3 0.3 0.32 0 -0.31 88:12 10.6 S0:18
657 9767 81.3 .3 0.32 [¢] -0.3% £9:11 14.7 93:7
68 9763 813 C.3 .32 [¢] -0.31 £7:13 2.4 82:12
[538] 9753 813 4.3 032 8] .30 24:6 3] ND
70 9813 1.3 4.3 018+ 0.00+ .05+ 237 3.6
71 9099 &1.3 0.3 0.19 [¢] -0.09 97:3 111
72 052 813 0.3 .14 [¢] 0.05 74:26 369
73 9051 813 0.3 0.14 0 Q.08 51:49 3.9
74 9050 813 .3 0.14 ¢] 0.086 53:47 5
7t 9761 §1.3 G.3 (.32 Q .31 92:8 59
76 9760 81.3 3 0.32 ¢] i 97:3 28
77 062 81.3 0.3 0.17 [¢] -0.02 55:34 7
78 9063 813 0.3 a.17 0 -0.02 59:475 5.1
ND, low
N, fow Fab Fab ND, low Fab
79 9687 813 0.2 capiure capture capture 89:11 5.4 ®7:13
8¢ 9732 &1.3 G.3 .28 ¢l -0.25 90:10 57 ND
81 9733 813 3.3 3.28 Q -0.25 94:6 2.2 QL9
32 9848 ]1.3 0.3 .15+ 0.00+ 0.03+ 96:4 11.8 al:9
83 847 813 0.3 .15+ 0.00+ 0.03+ 97:3 33 ND
84 9773 313 0.3 4.22 a -0.3% 78: 5 ND
85 9066 g1.2 G.2 .17 a -0.04 937 2.7 96:4
86 9118 %1.20* 0.06* 0.01 Q -0.28 95:5 1.9 ND
87 9119 21.2 0.2 .17 ¢] -0.03 97:3 1.7 97:3
a8 9741 8L.1 G5 0.07+ 0.00+ 054+ 83:17 0.1 ND
89 9101 g1 [¢ 0.12 [¢] 0.1 95:5 0.2 ND
90 9100 &1 G .12 a 0.1 937 1.2 ND
91 9635 %1.00* -0.20% 0.14* 0.00* 0.04% 76:24 8.6 ND
92 9632 81 8] 0.14+ 0.00+ 0.04+ 87:13 148 82:18
EE] 2045 a1 ¢ 0.0.4+ 0.11+ 0.00+ 55:35 43 52:48
94 9046 &1l ¢ .14+ 011+ 0.00+ E5:45 11.4 5545
95 9047 g1 (¢ 0.14+ 0.11+ 0.00+ 38:62 5.2 ND
96 9048 g1 G .14+ 011+ 000+ 83:37 9.3 79:21
97 9786 &1 8] 0.13 0.05 0.1 92:8 6.7 91:3
83 9785 &1 a 0.13 0.05 0.1 G4:6 0.1 ND
99 9911 81 ¢ 0.09+ .00+ Q.27+ 93:7 1.5 N
100 9571 &1 0 0.2 s} 0.21 70:30 0.7 ND
101 9572 g1 G (.26 ¢] (.21 69:31 3.7 ND
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102 9371 gl G .22 Q -0.14 93.7 2 ND
133 9370 %1 o 0.22 Q -0.14 928 0.5 ND
104 9909 a1 G 0.05+ 0.00+ 0.27+ 61:39 Q ND
105 2907 31 ¥ 0.09+ 0.00+ 0.27+ 63:37 2] ND
106 9063 gl ¢ .14 a 0.04 98:2 2.7 97:3
107 9369 &l ¢ 0.22 Q -0.1 84:16 56.1 ND
108 5957 g1 G .14+ 0.11+ 71:29 44 ND
159 2082 B30.9 0.1 0.16 0.02 42:58 129 75:25
110 5136 R(O.9 0.1 3.16 0.02 52:48 2.2 ND
111 5138 80.9 -0.1 .16 .02 56:44 5.7 ND
112 5566 0.9 -0.1 0.16 0.02 601:40 2.5 ND
113 9079 £0.90% -0.30% 0.16% 0.02* 73:27 3.7 ND
114 2078 0.9 -0.1 0.15 ¢] 92:8 37 85:15
115 2077 80.9 0.1 .15 s] 91:3 21 80:20
116 9076 30.9 -0.1 0.15 Q 77:23 5.2 82:18
117 9858 €0.3 -0.2 0.06+ 0.00+ 97:3 0.8 ND
118 9853 80.8 -0.2 3.06+ 0.00+ 98:2 2.6 95:5
119 2951 0.8 -0.2 0.13 [¢] k 55:34 8.7 ND
120 5164 80.8 0.2 C.17 0 Q. 43:57 18.5 ND
121 9721 80.3 -0.2 0.24 Q -0.19 51:49 7.5 ND

22 9720 80.3 -0.2 0.24 a -0.16 77:23 5.9 76:24
123 9723 %0.8 -0.2 .24 Q -0.19 60:40 10.2 ND
124 9722 208 0.2 3.24 0 -0.19 74:26 64 86:14
125 9725 80.8 -0.2 0.24 ¢] -0.19 55:44 7.5 ND
126 9855 80.3 -0.2 .06+ 0.00+ 97:3 0.7 ND

27 9812 £0.3 -0.2 0.16+ 0.00+ 94:6 5.3 50110
128 9811 80.8 -0.2 316+ 0.00+ 937 6.3 928
129 9262 0.2 -0.2 0.06+ 0.00+ 98:2 2.1 937
130 9863 &0.8 0.2 0.06+ 0.00+ 96:4 3.9 ND
131 860 0.8 0.2 0.06+ .00+ . 94:6 10.8 89:11
132 9589 80.3 -0.2 0.28 Q -0.25 B5:15 1.9 ND
133 9716 0.8 .2 (.24 8] -{0.15 57:43 a ND
134 9712 0.8 -0.2 3.24 [¢] -0.19 74:26 13.9 8416
135 57 &0.8 0.2 0.27 ¥ 0.2 96:4 2 NI
136 9573 0.8 0.2 0.27 [¢] 2 96:4 0.8 ND
137 9587 80.3 -0.2 0.28 0 91:9 6.3 R8:12
138 5933 0.8 -0.2 0.15 Q 52:38 2.1 ND
133 9298 303 -0.2 0.07+ 0.00+ 96:4 0.3 ND
140 9708 &8 Q.2 .24 a 59:41 11.3 NE
141 2893 0.8 0.2 0.07+ 0.00+ 98:2 2 ND
142 9391 80.3 -0.2 0.07+ 0.00+ 97:3 0.5 ND
143 9896 £0.3 -0.2 0.07+ 0.00+ 97:3 1.6 ND
144 9058 %03 -0.2 0.12 ¢] 97:3 Z 95:5
145 9588 RO.8 0.2 0.28 [¢] 85:15 a ND
146 9585 80.80* -0.40* 0.28* 0.00* 0.25% 67:33 2 ND
147 9336 80.3 -0.2 0.2 1] 0.1 R6:14 1.9 ND
148 9337 £0.8 -0.2 0.2 Q -0.1 83:17 2.5 ND
143 93324 %08 -0.2 0.2 0 0.1 973 2.4 Q5.5
150 9335 20.8 0.2 0.2 ¢ -0.1 92:8 28 95:5
151 5048 80.8 0.2 0.2 0 0.3 g&:12 4 ND
152 9901 30.3 -0.2 0.07+ 0.00+ Q.36+ 96:4 1 ND
153 9900 0.3 -0.2 0.07+ 0.00+ 0.36+ 96:4 2.7 ND
154 9707 %020 -0.40% 3.24* 0.00* -3.19% Q0:10 a ND
155 9117 0.8 0.2 0.17 [¢] -0.03 97:3 1.2 ND
156 9742 &0.8 -0.2 .25 8] 021 88:12 2.4 N
157 9644 0.8 -0.2 0.13+ .00+ Q.09+ 25:15 9.7 ND
158 9809 0.7 -0.3 0.14+ 0.00+ 0.04+ 97:3 0.3 ND
159 9210 %0.7 0.3 3.14+ 0.00+ 0.04+ 97:3 49 85:15
160 9054 0.7 -0.3 G.14 ¢ 0.05 87:13 5 86:14
161 9053 0.7 0.3 0.14 [¢] 0.05 85:15 7.6 91:9
162 9559 80.56 -0.4 G.27 &) -0.24 96:4 1.4 ND
163 9093 0.5 -0.4 0.17 4] -0.03 97:3 2.3 ND
164 9626 80.6 -0.4 012+ 0.00+ 0.12+ 8§9:11 5.8 78.22
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165 9529 &0.50% -0.60% 0.12% 0.00* 0.12* 84:16 2.5 ND
166 9111L 0.5 -0.4 0.13 Q 0.09 a1:9 43 98:2
167 9558 80.6 -0.4 0.27 0 -0.24 89:11 24 92:8
168 6112 &0.50™ -0.70* 0.13* 0.00* 0.10* 13:87 9.2 ND
169 2950 20.5 -0.5 0.13 [¢] a1 62:28 44 ND
170 9831 80.5 -0.5 0.15+ 0.00+ 0.09+ 83:17 0 ND
171 9833 8.5 -0.5 .13+ 0.00+ 0.09+ 81:19 a ND
172 9841 R(0.5 -0.5 0.13+ 0.00+ 0.09+ 91:3 2 87:13
173 10549 | 815 05 3.35 0 -03.35 95:4 29 93:7
174 9784 80.5 -0.5 0.14+ .00+ Q.05+ 96:4 94 89:11
175 9733 0.5 -0.5 0.14+ .00+ .05+ 964 1.4 ND
176 9657 $0.50% -0.70% (3.19* 0.00* -(.08* 83:17 334 ND
ND, low
ND, fow Fab fab ND, fow Fab
177 9753 20,5 capture capture capture 89:11 49 77:23
178 9660 (0.5 .15+ 0.00+ -5.08+ 84:16 4.8 ND
179 9836 &0.5 .13+ 0.00+ 0.09+ 92:8 5 29:11
180 9838 80.5 0.13+ .00+ .09+ 94:6 3.5 94:6
181 9987 0.5 0.1+ 0.00+ .15+ 46:54 Q ND
182 9740 80.5 3.2 0 -0.69 95:5 33 89:11
183 9746 0.5 0.35 ¢] -0.35 94:6 a1 ND
184 9342 &0.5 .24 [¢] -0.34 97:3 3.1 96:4
185 9737 80.5 0.2 0 -0.09 96:4 19 9%:7
186 9735 80.5 0.2 Q -0.09 96:4 21.1 74:26
187 7046 %0.50* 0.17* 0.00* -(.054* a1:3 4.5 ND
188 9801 0.4 .11+ 0.00+ 0.16+ g7:3 1.4 ND
189 9802 80.4 001+ 0.00+ 0.16+ 95:5 10.8 86:14
190 9667 30.4 0.27 8] -0.23 91:9 8.6 90:10
191 9369 0.4 0.0% a .51 82:18 7.5 ND
192 9654 0.4 0.15+ .00+ 002+ 73:27 38.5 ND
193 9651 80.40% 080 0.15* 0.00* 0.02* 84:16 24.7 ND
194 9755 &0.4 0.5 0.28 [¢] -0.26 77:23 3.2 $0:20
195 9756 30.4 -0.6 0.28 [¢] -0.26 28:12 0.9 87:13
196 9520 0.4 -0.5 0.06+ 0.00+ 0.39+ 84:16 10.3 88:12
197 9623 S0.40% -0.80* 0.06* 0.00* 0.39% 69:31 20.5 ND
198 9871 80.4 -0.6 0.05 0 0.51 80:20 a ND
199 987 &0.4 0.6 0.05 [¢] 0.51 83:17 6.3 39:11
200 9876 20.4 0.6 0.05 [¢] Q.51 21:1¢9 17.1 86:14
201 93879 80.4 -0.5 Q.05 4] 051 72:28 5.7 ND
202 9663 80.40% -0.80% (3.27* 0.00* -0.23* a1:9 13.6 78:22
233 9666 &0.40* -0.80* 0.27* 0.00% -3.23% 92:8 5.1 88:12
204 9682 0.4 0.6 8.27 0 -0.23 93:7 13 $2:8
205 9679 80.4 -0.5 Q.27 [¢] -0.23 8515 5.6 8317
206 95671 80.4 -0.5 27 a -0.23 86:14 2.5 8515
207 9675 0.4 -0.6 .27 Q -0.23 22:8 15.4 a2:8
208 9140 &0.30* -0.90* 0.16* 0.00* 0.00™ 95:5 34 ND
208 10552 | 8013 0.7 .29 ¢] -0.27 99:1 0.1 99:1
210 9547 80.3 -0.7 Q.24 Q -0.1.8 92:8 4] ND
211 9546 80.3 0.7 0.24 a -0.18 87:13 14.2 8515
212 9144 80.30% -0.90% (.16 0.00* 0.00% 95:5 2.6 ND
213 9146 %0.30% -0.90* 0.16* 0.00* 0.00* 96:4 3.1 96:4
214 2142 &0.30* -0.90* 0.16* 0.00% 0.00* 97:3 34 97:3
215 93758 80.3 -0.7 Q.29 Q -0.27 95:5 17.8 4:16
ND, low
N, fow Fab Fab ND, low Fab

2186 9514 303 0.7 capiure capture capture 86:14 5.2 %6:14
217 9757 0.3 -0.7 (.29 Q -0.27 98:2 39 ND
218 9134 8.3 -0.7 3.16 Q 0 94:6 6.7 ND
219 9136 R0.30% -0.90* 0.16* 0.00* 0.00* a6:4 22 ND
220 9374 0.3 0.7 0.23 [¢] -0.1.6 77:23 34.8 ND
221 9375 30.3 0.7 0.23 8] -0.16 76:24 232 75:25
222 5135 0.3 -0.7 0.13 4] a.07 87:13 0.3 ND
223 9752 0.3 -0.7 0.29 Q 0.27 95:5 3 ND
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224 9138 £0.30% -0.90* 0.16% 0.00* 0.00* 95:5 4.5 ND
225 9347 0.3 -0.7 0.23 Q -0.16 8911 1.8 94:6
226 9617 R0.30* -0.90* ND ND ND 85:15 3.3 89:11
227 9556 0.3 0.7 0.24 0 -0.18 93:7 2] ND
228 9555 0.3 -0.7 .24 a -0.1.8 92:8 13.4 52:8
229 9553 0.3 -0.7 0.24 Q Q.18 937 2.7 88:12
230 9550 80.3 -0.7 0.24 [¢] (.18 89:11 19.8 ND
231 9917 B30.2 -0.5 0.10+ 0.00+ 0.20+ 58:42 1.2 52:38
232 5995 R(.2 0.8 3.14 8] 0.04 49:51 116 ND
2323 9561 80.2 -0.8 .21 [ -0.13 97:3 0.3 ND
234 9560 &0.2 -0.3 0.21 4] -0.13 91:9 13 &9:11
235 6098 £0.2 -0.8 0 0 0.34 7:13 3.1 ND
236 9641 R0.10* -1.1¢* 0.1 0.00* 0.17* 65:35 3.3 ND
237 9432 80.1 0.9 0.28 s] (.26 91:3 2. 82:18
238 9436 80.1 -0.9 0.28 Q -0.26 96:4 4] ND
239 5043 €0.1 -0.9 0.13 4] 0.07 39:61 5.3 ND
240 6037 0.1 -0.9 0.13 Q 0.07 41:59 0.8 ND
241 9440 R0.1 -0.9 3.28 [¢] -3.26 95:5 Q ND
242 2444 80.1 0.9 .28 0 (.26 57:33 66.2 ND
243 9446 80.1 -0.9 0.28 Q -0.26 23117 24.8 ND
244 9447 80.1 -0.9 0.28 a -0.26 R&:15 23.8 ND
245 9638 8.1 -0.9 3.1+ 0.00+ 017+ 76:24 16.7 ND
246 9102 0 -1 3.15 0 0.02 93:7 15 ND
247 2978 80 -1 0.14+ 0.00+ 0.05+ 99:1 0.6 ND
248 9579 80.00 -1.20% 4.28% 0.00* -0.25% 79:21 14.5 ND
249 9575 &0 -1 0.28 0 -0.25 89:11 1.4 29:11
250 9982 80 -1 3.14+ 0.00+ 0.05+ 98:2 0.3 ND
251 6137 20 -1 0.16 [¢] 0 92:8 6.5 ND
252 2122 &0 -1 0.13 ¢] 0.1 31:1% 8 ND
253 5565 20 -1 0.17 8] -0.04 86:14 4 ND
254 5997 80 -1 0.08 Q 0.29 47:53 9.1 ND
255 9743 80 -1 (.28 8] .25 86:14 1.4 ND
256 9744 80 -1 3.28 [¢] -0.25 94:6 15.2 79:21
257 2103 &0 -1 0.15 ¥ 0.02 95:5 0.7 NI
258 2486 &q -1 0.23 [¢] 017 92:8 4] ND
259 9487 80 -1 0.23 0 -0.17 93:7 2.9 ND
260 9488 80 -1 0.23 Q -0.17 a1:9 1.3 ND
261 9489 30 -1 3.23 [¢] -0.17 88:12 10.8 ND
262 2109 79.9 e 0.16 a -0.0L 85:15 0.6 ND
263 2645 79.90* -1.30* 0.3.4% 0.00* 0.05* 88:12 4 88:12
264 9648 79.9 -1.1 0.14+ 0.00+ .05+ 70130 34.2 ND
265 9883 79.9 -1.1 0.14+ 0.00+ 0.06+ 96:4 4.3 82:18
266 9387 79.9 -1.1 0.14+ 0.00+ 0.06+ 96:4 1.1 ND
267 6054 749.9 <11 0.24 [¢] -0.18 657:33 1.8 ND
268 9092 79.9 -l 0.16 ¢ -0.02 97:3 2 ND
269 90391 79.9 -1.1 0.16 1] -0.02 94:6 3.6 96:4

70 9090 79.9 -1.1 0.16 Q -0.02 95:5 9.9 94:6
271 9328 799 -1.1 0.24 0 -0.18 89:11 A NDY
272 9339 79.9 -1.1 0.24 ¢ -0.18 58:42 55 72:28
273 116 79.9 -l 0.16 0 -0.02 87:13 4] ND
274 9609 79.80* -1.40% ND ND ND 7921 2.1 87:13
275 9606 79.80* -1.40% ND ND ND 59:41 14.3 ND
276 9602 79.80% -1.40% ND ND AD 82:18 102 81:18
277 9107 79.8 -1.2 0.16 [¢] -0.01 99:1 6.7 98:2
278 91036 798 -2 {3.16 8] 001 90:10 9.5 N
279 9108 79.80* -1LA0% 0.16% 0.00* -0.0%¥ 93:7 1.3 ND
280 9850 79.8 -1.2 0.15+ 0.00+ 0.01+ 96:4 10.5 96:4
281 9981 79.8 -1.2 3.12+ 0.00+ 0.10+ 96:4 1.7 ND
282 94495 79.8 -1.2 0.24 ¢ -0.19 93:7 0.1 ND
283 9492 79.8 -L.2 0.24 [¢] -0.1.8 76:24 62.6 ND
284 9431 79.8 -1.2 G.24 &) -0.1.8 70:30 58.7 ND
285 9493 79.8 -1.2 0.24 4] -0.19 79:21 52.3 ND
286 9889 79.8 -1.2 0.05+ 0.00+ 0.49+ 94:6 3.4 87:13
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ND, low
N, fow Fab Fab ND, low Fab
287 9593 79.8 -1.2 capture capture capture 73:27 A7 ND
ND, low
ND, low Fab Fab ND, low Fab

288 9590 79.3 1.2 capture capture capture 72:28 5.7 ND
283 9594 79.80* -1.40* NG ND AD 59:41 22.4 ND
pais] 9598 79.80% -1.40% ND ND AD 59:41 25 ND
291 9867 79.8 1.2 0.14+ 0.00+ 0.06+ 95:5 21 ND
292 9868 79.8 -1.2 0.14+ 0.00+ .06+ 94: 104 &7:12
293 9501 79.8 1.2 0.24 0 0.19 92:8 0 ND
294 9500 79.8 -1.2 3.24 Q -G.19 8311 10.2 ND
285 9849 79.8 -1.2 0.15+ 0.00+ 0.01+ 98:2 28 ND
296 9392 79.8 1.2 0.22 0 .15 93:7 2.9 ND
2487 9394 79.8 -2 0.22 0 -0.15 92:8 13.9 91:9
298 93395 79.8 -1.2 0.2 1] -0.15 937 13 ND
299 9096 79.8 -1.2 8.17 Q -0.04 96:4 45 94:6
300 2045 79.8 <12 0.17 0 -3.04 94:6 1.2 $6:4
301 2094 79.8 1.2 .17 0 .04 94:6 14 $3:7
302 9986 79.80* -1LAG* ND ND ND 47:53 0 ND
303 9376 79.8 1.2 0.2 1] -0.15 92:8 0.3 ND
304 9471 79.8 1.2 0.18 0 -0.67 2016 0 ND
305 9473 79.8 -1.2 018 0 -0.07 937 a ND
306 9890 79.8 -1.2 0.05+ 0.00+ 0.49+ 93:7 14.2 82:18
307 9754 79.8 1.2 0.3 0 0.2 86:14 13.3 82:18
308 9380 79.8 -1.2 0.22 a -0.15 92:8 0.7 8416
302 9384 79.8 -1.2 0.22 0 -0.15 92:8 0 ND
310 9980 79.8 -1.2 0,15+ 0.00+ 0.00+ 97:3 0.1 ND
311 9985 74.8 -1.2 0,412+ 0.00+ .10+ 95:5 2.3 ND
332 9984 79.8 1.2 Q.16+ 0.00+ Q.00+ 97:3 0.5 ND
313 9327 79.8 -1.2 0.24 4] -0.26 a9:1 3.5 ND
314 9326 79.8 -1.2 .24 0 -0.19 24:6 0 ND
315 9328 79.80* -1.40* 0.24* Q.00* -0.19* 93:7 a ND
316 2484 79.8 1.2 0.18 0 0.07 92:8 g ND
317 9481 79.8 1.2 0.8 0 0.07 91:9 4.5 ND
318 9483 79.8 -1.2 0.18 0 -0.07 90:10 7A ND
319 9338 79.8 -1.2 0.22 0 (.15 92:8 0 ND
320 9451 79.7 -1.3 0.26 0 -3.23 93:7 a ND
321 9459 79.7 1.3 0.26 0 (.23 92:8 1.2 ND
322 9541 79.7 -1.3 0.22 [¢] 0.15 91:9 [¢] ND
323 9458 79.7 -1.3 0.18 0 -0.07 82:18 50.6 ND
324 9469 79.7 ~1.3 .18 Q -0.07 §2:18 45.8 ND
325 9544 79.7 -1.3 0.22 0 -0.15 92:8 0 ND
325 9463 79.7 -1.3 3.18 0 -0.07 81:19 47.9 ND
327 2460 79.7 -1.3 0.26 0 .23 91:9 3.1 NG
328 9461 79.7 1.3 0.26 0 3 8911 4 ND
329 94565 79.7 ~1.3 .18 0 7 85:15 50 ND
330 9464 79.7 3 0.18 0 -0.07 937 4.4 ND
331 9485 79.7 E 0.18 ¢ -0.07 93:7 ] ND
332 9824 79.7 3 0.15+ 0.00+ 0.03+ 94:6 115 93:7
333 9364 79.7 .3 Q.15 0 001 7%:27 0 ND
334 9357 79.7 1.3 0.18 0 .01 78:22 0 ND
335 9366 79.7 -1.3 0.15 0 0.01 30:20 0 ND
336 9368 79.7 3 3,15 [¢] a1:8 0 ND
337 5445 79.7 3 3.26 [¢] §2:1.8 8] ND
338 9778 79.7 3 0.124 0.00+ 94:6 0.5 ND
339 9542 79.7 3 0.22 0 24:6 0 ND
340 9777 79.7 3 .12+ 0.00+ 97:3 0.1 ND
341 9852 79.6 A 0.15+ 0.00+ 0.02+ 95:5 9.7 89:11
342 9851 79.6 A4 0.1.5+ 0.00+ 0.02+ 91:9 14.4 90:10
242 9133 79.60* 5 0.15*% 0.00* ag2* 92:8 5.1 ND
344 9131 79.60% 0.15¥% 0.00* 0.02* 24:6 3.7 ND
345 9152 79.60% 0.16* 0.00* -0.01 96:4 2.3 ND
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346 9126 79.50% -1.50% 0.15% 0.00* 0.02* 94:6 2.2 ND
347 9125 79.50% ~1.60% 3.15% 0.00* 0.02* az2:8 2.2 ND
348 91723 79.6 -1.4 0.15 0 0.02 94:6 3.2 ND
349 9684 79.6 -1.4 0.3 0 -0.28 60:40 3.1 ND
350 9683 79.60% -1.60% 0.20% 0.00* -0.28% 29:11 6.5 75325
351 9129 79.50* -1.50% 0.15* 0.00* 0.02* 94:6 5.4 ND
352 9127 79.60% -1.60% (3.15* 0.00* 0.02* 94:6 43 ND
353 9162 79.60% -1.60% 0.16* 0.00% -0.01% 97:3 1.2 ND
354 29160 79.60% -1.80% DU1R% 0.00* ReXii 95:4 31 ND
355 9164 79.60% -1.60* 0.16* 0.00* -0.01% 97:3 2.6 99:1
356 9150 79.5 ~1.4 4.16 0 -0.01 97:3 1.3 37:63
357 9156 79.60% -1.60% (.16* 0.00* -0.01* a96:4 3.5 a5:5
358 9154 79.60* -1.60% 0.16* 0.007 -0.0L% 97:3 18 a7:3
358 2158 79.60% -1.60* 0.16% 0.00* -0.01% 96:4 22 ND
360 9426 79.5 -1.5 0.23 Q -0.16 88:12 4] ND
361 9425 79.5 1.5 0.23 a -0.16 92:8 0 ND
362 9423 79.5 1.5 (.23 Q -0.16 93:7 6.3 ND
363 9420 79.5% <15 3.23 0 -0.16 90:1¢ g ND
364 2979 79.5 -1.5 C.14+ 0.00+ 0.05+ 98:2 0.4 ND
365 9419 79.5 -1.5 0.23 Q -0.16 90:10 0.3 ND
366 9398 79.5 1.5 0.2 a 0.1 92:8 13 ND
367 9397 79.5 -1.5 3.19 Q -0.68 a1:9 3.1 946
368 9121 795 -1.5 3.13 Q .08 98:2 33 88:2
369 2983 79.5 -1.5 0.14+ 0.00+ 0.05+ 97:3 0.2 ND
270 9750 79.5 -15 .23 [ -0.36 97:2 8] ND
371 94036 79.5 -1.5 2 4] -0.12 96:4 0 ND
372 9402 79.5 -1.5 3.2 Q 0.12 90:10 19.1 84:186
373 9830 79.5 -1.5 0.06+ 0.00+ 0.41+ 98:2 29 90:10
374 9829 79.5 1.5 0.06+ 0.00+ 0.41+ 99:1 a.5 ND
375 9120 79.5 -1s 3.13 s} 0.08 53:47 174 ND
376 9749 79.5 -1.5 .23 4] -0.16 R7:13 7.1 ND
377 9417 795 ~1.5 3.2 Q -1 7R:27 491 ND
378 9416 79.5 -1.5 0.2 0 -0.12 a1:9 a ND
379 2414 79.5 <15 0.2 [¢] -0.12 89:11 5.2 94:6
380 2410 79.5 -1.5 0.2 ¢} 012 93:7 3.4 ND
381 9341 79.4 -1.5 0.2 4] -0.22 75:25 4.1 ND
382 9340 79.4 1.6 (.26 Q (.22 66:34 1.9 ND
383 9819 79.% -1.7 015+ 0.00+ 0.03+ 97:3 A 95:5
NG, low
ND, fow Fab Fab ND, low Fab
384 9564 79.3 -1.7 cepture capture capture 89:11 3.3 N
ND, low
ND, low Fab Fab ND, low Fab
385 9562 79.3 -1.7 capture capture capture 78:22 458 ND
386 2814 79.2 1.8 0.16+ 0.00+ 005+ 93:7 4.5 90:10
387 9332 79.2 -1.8 0.25 ¢] -0.2 £6:14 1.4 ND
388 9330 79.2 -1.3 8.25 0 0.2 7920 5.2 ND
389 9114 79.1 -1.9 0.14 [¢] 0.04 20:10 a ND
330 9113 79.1 -1.9 0.14 [¢] 0.04 74:26 0 ND
391 9748 79.1 -1.9 (.36 [¢] -0.36 99:1. 1.5 ND
392 9747 79.1 -1.9 0.26 0 -0.36 £9:11 5.3 78:22
ND, low
ND, low Fab Fab ND, low Fab
393 18558 | 79 -2 capture capture capture 5941 13 99:1
394 9280 79 -2 0.2 ¢ -0l 95:5 43 855
395 9049 79 -2 0.16 ¢l -0.61 89:11 Q.7 ND
386 9827 79 -2 3,17+ 0.00+ -0.03+ 92:8 6.5 ND
ND, low
ND, low Fab Fab N, fow Fab
387 9751 78 -2 capture capture capture 97:3 0.3 ND
398 9067 79 -2 0.18 [¢] -0.06 96:4 2.3 ND
399 9273 79.00" -2.25" 8.20* G.00* 0.1 95:5 32 N
400 9283 79 -2 3.2 ¢] (.11 95:5 6.4 08:2
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401 9281 79 -2 0.2 Q -0.11 96:4 2.4 ND
402 9286 79 -7 0.2 Q -0.11 97:3 1.9 97:3
433 9287 79 -2 0.2 [¢] -0.11 95:5 3 ND
404 9284 79 -2 0.2 0 011 96:4 2.7 NO
ND, low
ND, fow Fab Fab ND, fow Fab
405 9169 78.8 -2.2 capture capture capture 94:6 7.7 ND
ND, low
ND, fow Fab Fab ND, fow Faly
406 9168 788 -2.2 capture capture capture 95:5 269 ND
407 93818 78.7 2.3 018+ 0.00+ 0.07+ 20010 10.5 54:6
408 9277 78.6 2.4 0.2 Q -3.12 96:4 2.2 ND
409 9275 78.6 -2.4 0.2 ¢ -0.12 94:6 26 ND
410 927 78.6 -2.4 0.2 [¢] -0.12 95:5 1.6 ND
411 9271 78.6 -2.4 0.2 8] 0.12 95:5 1.8 ND
412 9211 78.5 -2.5 2 G -0.11 92 3.2 ND
413 9213 78.5 2.5 3.2 Q -0.11 93:7 0.7 ND
414 9212 78.5 -2.5 0.2 [¢] -0.11 94:6 1 ND
415 917 78.5 -2.5 0.25 ¢ -0.21 91:9 4] ND
416 9174 78.5 2.5 Q.25 &} 0.21 93:7 9 ND
417 9175 78.5 2.5 0.25 4] -0.21 92:8 2.4 ND
418 9823 78.4 -2.6 .24+ 0.00+ -0.18+ a4:6 34 87:3
ND, low
ND, fow Fab fab ND, tow Fab
419 9210 78.3 -2.7 capture caplure capture Q2:8 14 ND
420 9042 78.3 ND 0.18 [¢] ND 98:2 2.2 88:2
421 9816 78.3 -2.7 0.15+ 0.00+ -0.09+ 96:4 2 ND
422 9256 78.3 2.7 0.26 [¢] -0.2% 95:5 1.5 ND
423 9821 783 ~2.7 $.07+ 0.00+ .38+ 92:8 4.3 ND
424 9826 78.3 2.7 0.06+ 0.00+ 043+ 86:14 35 ND
ND, fow
ND, low Fab Fab ND, fow Fab
425 9208 78.3 2.7 capture capture capture 92:8 29 ND
ND, low
ND, tow Fab Fab ND, low Fab
426 9209 78.3 -2.7 capture capture capture 94:6 0.5 ND
427 9250 78.3 -2.7 .26 [¢] -0.20 95:5 0.6 NE
428 9253 783 2.7 0.26 o -0.21 95:5 04 ND
429 9252 78.3 -2.7 0.2 0 -0.21 95:5 2 ND
430 9255 78.3 2.7 0.26 Q (.21 a95:5 0.6 ND
431 93186 7R.20* -3.00* 0.18* 0.00* 507 88:12 3.5 ND
432 9319 78.20* -3.00* 0.18* 0.00~ -0.07* S0:10 Q.7 ND
433 9238 78.26* -3.00*% g.21* 0.00* -0.12% 88:12 2.3 ND
434 9302 78.20" -3.00" 21 0.00* -0.12% 29:11 13 ND
435 9300 78.20% -3.00* 0.21*% 0.00* -0.12" 52:38 a ND
436 9304 78.20% -3.00" 021" 0.00" -3.12% 87:13 2.4 ND
437 9308 78.20* -3.00* 0.21% 0.00* .12% 89:11 3 ND
438 9820 78.2 -2.8 0.20+ 0.00+ -0.5.0+ 97:3 4.2 ND
439 9320 78.20™ -3.00" 0.18* .00 -0.07% RE:14 7 ND
440 9323 78.20% -3.00* 3.18* 0.00* -0.07" a1:9 0.9 ND
441 9247 78.1 -2.9 0.28 ¢ -0.26 92:8 Z NE
442 9248 78.1 -2.9 0.28 ¢] -0.26 94:6 1.9 ND
443 9249 78.1 -2.9 0.28 ¢] .26 94:6 0.8 ND
444 9075 78.1 2.9 .17 4] -0.03 97:3 1.9 ND
445 9828 78 -3 0.14+ 0.00+ 0.07+ 96:4 0.5 96:4
446 9041 77.8 ND 0.14 Q ND 80:20 3.2 80:20
447 9815 778 -3.2 0.16+ 0.00+ -0.01+ §7:3 9.4 $8:2
443 9513 778 -3.2 4024 Q.00+ 0.12+ 96:4 04 ND
449 9170 77.8 3.2 0.27 1] -0.24 92:8 0 ND
450 9171 77.8 -3.2 0.27 0 -0.24 91:9 0 ND
451 9172 77.8 -3.2 0.27 Q -3.24 93:7 a NE
452 9825 777 -3.3 0.15+ 0.00+ 0.01+ 87:13 26.1 91:9
453 9822 7.7 -3.3 011+ 0.00+ 0.17+ 93:7 4.1 ND
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454 9734 77.7 3. 0.26 0 0.22 91:9 4.7 88:12
455 9817 77.5 -3.5 0318+ 0.00+ 335+ 94:6 3.3 ND
456 2064 77.2 -3.8 0.17 0 -3.05 98:2 0.6 ND
457 2905 75.8 4.2 0.10+ 0.00+ 0.204 96:4 0.4 ND
458 9198 76.4 -1.6 (.28 0 -0.25 9010 4.6 ND
459 9159 76.4 4.5 0.28 0 -0.25 87:13 24 ND
460 9156 76.4 -4.6 0.28 0 -0.25 88:12 0.9 ND
451 9202 76.4 -4.6 0.28 ¢} -3.25 84:16 26 ND
452 9201 76.4 4.6 3.28 8] -3.25 85:15 18 N
463 9205 76.4 -4.6 0.28 [ -0.25 86:14 5.5 ND
464 9065 75.3 -4.7 (.18 0 -0.05 98:2 0.2 ND
465 9044 75.8 ND 0.18 0 ND 86:14 6 78:22
ND, low
ND, fow Fab fab ND, fow Fab

466 9112 74.5 5.2 capture capture capture 27:73 a ND
467 9372 74.5 6.5 $.27 [¢] -5.24 81:19 33 ND
468 9373 74.5 5.5 0.27 0 (.24 86:14 3.8 94:6
469 9043 74.1 D 0.18 0 NG 96:4 0.1 ND

70 9518 N ND 0.2 0 -0, 95:5 3.1 94:6
471 9513 ND ND 3826 0 -0, 92:8 34 ND
472 9516 ND ND 0.26 [¢] -0 G4:6 a NE
473 9515 ND ND (.26 0 -0.2 955 0 ND
474 9214 ND Nl 0.19 0 -0.08 85115 5 ND
475 9217 ND ND 0.19 0 -(.08 82:18 0.1 ND
476 9216 ND ND 5.13 0 -0.08 79:21 5 ND
477 9219 ND ND 0.19 0 -0.08 84:16 24 ND
478 9358 ND ND .18 0 -0.07 79:21 4] ND
479 9359 NL ND 0.16 ¥ -0.01 74:16 0 ND
480 9357 ND ND 0.18 0 -0.07 8:20 o ND
481 9351 ND NE 0.2 4] 6.1 84:16 0 ND
482 9352 ND ND 0. 0 -0.1 90:10 19 ND
483 9353 ND b 0.2 0 0.1 8914 1.8 ND
484 9354 ND ND 0.17 0 -0.04 %1:19 Q ND
485 9350 ND NE 0.2 0 0.1 82:18 0 ND
486 9269 ND ND 0.31 ] -0.29 87:13 1.2 ND
487 9266 ND ND 0.31 0 -0.29 84:16 1.9 ND
433 9287 ND NG 0.31 0 -0.29 62:38 0 N
489 9260 ND D 0.24 0 -0.19 6337 [¢] ND
490 9252 ND N 0.24 4] -0.19 85:15 1.1 ND
491 9263 N ND 0.24 0 -0.19 88:12 33 ND
432 922 ND ND 3.19 0 -0.08 81:19 7.6 N
483 9225 ND ND $.16 s} -0.02 83:17 Q.1 ND
494 9228 ND NI 0.16 [ -0.02 76:24 0 ND
495 9229 ND NI (.16 a -0.02 57:13 3.3 ND
496 9185 NG NE 0.13 0 0.09 59:31 0 ND
497 9349 ND ND 8.15 0 0.03 85:14 3 ND
498 9348 ND D 0.15 0 0.03 32:18 1.3 ND
499 9585 ND NI 0.28 5] -0.2% 54: 0 ND
500 9553 ND ND 0.28 0 -0.21 RR:12 16.2 ND
501 10548 | ND NE NB ND AD 96:4 3.2 97:3
502 10546 | ND ND ND ND ND 95:5 24 ND
503 10547 | ND ND ND ND ND 93:7 1.4 93:7
504 10545 | ND NE ND ND NI 91:9 2.6 88:12
505 9521 ND ND 2 0 0.1 97:3 2.7 ND
5036 9520 ND NE 3.2 0 -0.1 95:5 0 ND
537 9176 ND ND 0.22 0 -0.15 33:17 8] ND
508 2178 ND ND 0.22 0 -0.15 £3:17 0 ND
509 9172 ND D .22 ¢ -0.15 78:22 0 N
510 9352 ND NI 0.16 0 -0.01 B2 ¢} ND
511 9270 ND ND 0.51 g (.29 88:12 1.2 ND
512 9237 ND ND 0.22 0 -0.15 89:11 55 NE
513 9236 ND ND 0.22 0 -0.15 3911 1.9 ND
514 9234 ND ND 0.22 0 -0.15 86:14 1.9 ND
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515 9239 | ND ND 6.22 0 -G.A5 89:11 24 ND
516 9243 | ND ND .22 0 015 57:13 1.2 ND
517 9240 | ND ND .22 0 -0.15 87:13 24 ND
518 9538 | ND NI 0.17 0 0.04 §5:15 0 ND
519 9344 | ND ND 0.27 0 -0.23 94:6 54 ND
520 9361 | ND ND 0.16 0 -0.01 83:17 0 ND
521 9188 | ND ND 5.13 0 0.09 63:37 0 ND
522 9226 | ND ND 8.16 0 -5.02 67:33 i NL
523 9181 | ND ND 0.22 0 0.15 85:15 0 NE
524 9536 | ND ND .17 0 -0.04 §%:12 0 ND
525 9523 | ND N 0.2 0 0.1 93:7 9.8 319
526 9526 | ND ND 8.17 0 -0.04 80:20 o ND
527 9257 | ND ND 8.24 0 -0.19 84:16 10 NL
528 9524 | ND iD 0.2 0 0.1 95:5 4 NE
529 9253 | ND ND 0.24 0 -0.19 84:16 25 ND

*indicates estimated values that were derived from other Fab heterodimers that differ only in the presence/absence of the attached
L chain tag (HA or FLAG)).

*Values derived from the 333 (H1), 250 (1), 749 (L2) LCCA experiments.
“** Values derived from the 333 (H1}, 100 (L1), 898 (L2) LCCA experiments.

ND indicates that no data are available.
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Table 13a. LCCA performance of the designs that met the LCCA average performance criteria of correctly paired: mispaired Fab heterodimers of
86:14

Unigue HiLL:H1LZ

identifier HILT:HIL2 rormalized

R leca average normatized median

Fax performance median scalar FILLHILZ H2L2:H2LL HziZ:H2i1

fi.e. scalar value normalized sealar rormaiized range of

Clust 0.5{n{r1/f1) value ne In{r2/f1) median value median normalizad value I
&r +in{r2 /i) In{riffi}* ratio® ratins® o ratio** In(r2/f20 ratic* ratios® In{ra/fan>* ratio**

9134-
1 9521 318 2.8 34:6 5.7 NA NA 3.57 g7:3 2.7 NA NA

9123~
1 9521 312 2.67 846 3.2 NA NA 3.57 97:3 2.7 NA NA

Q150-
1 3.08 352 97.3 1.3 -0.52 37:63 2.64 93:7 9.8 2.35 91:9
1 3.065 328 964 2.3 NA NA 2.85 95:5 Q NA NA
1 £ 3.03 361 973 2.8 3.39 97:3 2.45 82:8 139 2.32 91:9
1 9555 3.025 3.64 37:3 2.6 4.37 99:1 241 52:8 13.4 .45 92:8

2145-
1 9553 2515 3.26 25:4 3.1 3.3 36:4 2.57 G3.7 2.7 2 §8:12
1 2.875 3.34 97:3 1.2 NA NA 2.41 92:8 3] NA NA
1 2.875 3.64 973 2.6 NA NA 211 89111 10.2 NA NA
4 2.85 361 97:3 2.8 N& NA 2.08 82:11 1.8 NA NA
1 2.815 3.28% 96:4 2.3 NA NA 2.36 919 3.1 NA NA
1 2.805 3.26 96:4 3.1 NA NA 2.34 91:9 [¢] NA NA
1 2.8 21 26:4 2.2 NA NA 2.5 92:8 3.4 NA NA
1 2.75% 3.1 36:4 2.2 NA NA 2.42 G2:8 1.2 NA A
1 2735 2.8 25:5 2.6 NA NA 2.57 3.7 5.3 NA NA
I 2.73 3.27 96:4 2.2 NA NA 2.2 90:10 7.4 NA NA
1 2.73 3.39 97.3 3.4 3.32 97.2 2.07 82:11 6.2 2.83 44:6
1 2.73 295 95:5 4.5 NA NA 2.53 83:7 2.9 NA NA
1 2.705 311 96:4 3.5 3 95:5 2.3 91:9 3.1 2.73 94:6
1 2.655 2.98 355 3.4 NA NA 2.33 91:9 4.5 NA NA
1 263 2.7 LA 3.7 NA NA 2.57 G3:.7 2.7 NA NA
1 2.6 3.64 37:3 26 NA NA 1.56 83:17 24.8 NA NA
1 2.59 2.67 34:6 2.2 NA NA 2.53 937 2.5 NA NA
L 2.58 295 955 4.6 NA NA 2.22 90:10 1.9 MNA NA
1 2.54 2.7% 94:6 4.3 NA NA 2.33 S1:9 4.5 NA NA
1 2572 247 972:8 5.1 NA NA 2.57 537 6.3 NA NA
1 2.515 327 36:4 2.2 NA NA 1.76 8515 8] NA NA
1 2.51 3.52 37:3 13 NA NA 1.5 82:18 50.6 NA NA
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$125-
9513 | 2.48 2.46 92:8 2.2 NA NA 2.5 92:8 34 NA NA
9140
9535 | 7.485 2.98 95:5 3.4 A NA 195 8812 |0 NA NA
9126-
9352 | 2.44 2,67 94:6 22 NA NA 222 90:10 | 19 MA NA
5184-
' 2.44 3.64 97:3 26 NA NA 124 7g22 {0 NA NA
2,435 2.48 52:8 2.2 NA NA 2.42 92:8 1.2 NA NA
2.4 3.39 97.3 3.4 NA NA 1.41 8:20 |0 NA NA
2.395 2.72 94:6 5.4 NA NA 2.07 89:11 | 8.2 NA NA
1 2.37 3.34 97:3 12 N NA 1.4 se20 |0 NA NA
2.38 275 94: 43 NA NA 1.95 a&iz |0 NA NA
2.325 3.26 95:4 3.1 NA NA 1.39 80:20 | 0 NA NA
231 3.25 96:4 31 NA NA 133 7e21 10 NA NA
23 .25 96:4 3.1 NA NA 1.33 731 | 523 NA NA
1 2.265 3.11 964 33 NA NA 142 0 NA NA
2.255 2.8 94:6 5.7 NA NA 17 85:15 | 50 NA NA
1 2.25 29 95:5 26 NA NA 16 83:17 |0 NA NA
2.185 267 94:6 3.2 NA NA 17 8515 | 50 NA NA
2.085 272 94:6 5.4 NA NA 1.41 8020 |0 NA NA
2.04 27 946 3.7 NA NA 1.39 80:20 |0 NA NA
2,035 2.47 92:8 5.1 NA NA 16 83:17 |0 NA NA
2.015 2.7 94:6 3.7 NA NA 1.33 7921 | 523 NA NA
1.98 3.26 96:4 3.1 NA NA 0.72 §7:33 | 66.2 NA NA
2.945 3.03 95:5 3.2 NA NA 2.85 95:5 3.1 NA NA
2.84 2.47 97:3 19 333 97:3 221 910 | 191 1.64 84:16
2.735 2.03 95:5 3 A NA 2.44 92:8 0 NA NA
2.7 2.93 955 6.4 3.99 98:2 2.47 92:3 0.7 166 84:16
27 3 95:5 16 NA NA 24 928 1.8 NA NA
2.67 2.87 95:5 2 NA NA 2.47 92:8 0.7 NA NA
2.67 234 919 0.9 NA NA 2.99 95:5 a NA NA
2.665 3.03 95:5 3 NA NA 2.3 319 a NA NA
.66 2.92 955 18 N NA 2.4 32:8 0.3 NA NA
2.655 2.09 98:4 2.7 NA NA 2.22 900 | 0 NA NA
265 3.04 95:5 4.3 3.02 95:5 225 91:9 2.8 1.49 82:18
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9255~
9432 2.645 3.03 955 1.6 NA NA 2.26 91:9 2.8 NA NA
9253-
9471 2.63 3.04 355 0.4 NA NA 2.22 9010 8] NA NA
9302-
94086 261 2.12 89:11 1.3 NA NA 3.1 G6:4 9 NA NA
9287-
9420 2605 3.03 955 3 NA NA 2.18 G0:10 3] NA NA
9308-
2435 2.58 2.08 3911 3 NA NA 3.08 $6:4 0 NA NA
9255-
2 2402 2.575 2.94 95.5 0.5 NA NA 2.21 50:10 19.1 NA NA
Q248-
9398 2.56 2.72 94.6 1.9 NA NA 2.4 02:% 1.8 NA NA
9209-
9308 2.545 269 94:6 0.5 NA NA 2.4 82:8 1.8 NA NA
9281-
9503 2.525 3.1 96:4 2.4 NA NA 1.95 88:12 18.2 NA NA
9263%-
9438 2.51 1.85 8812 3.3 NA NA 3.08 96:4 9 NA NA
9275-
5419 2,505 2.81 346 2.6 NA NA 2.2 G0:10 0.3 NA NA
9212-
2402 2.455 2.78 84:6 1 NA NA 2.21 G010 18.1 NA NA
9211-
2 9380 2.49 2.51 928 3.2 NA NA 2.47 92:8 0.7 NA NA
9270-
94490 2.47 1.9% 8812 1.2 NA& NA 2.99 95:5 Q NA NA
8229-
8440 2.465 184 87:13 3.3 NA NA 2.99 85:5 Q NA NA
9250-
9503 7.465 2.98 95:5 0.5 NA NA 1.95 33:12 16.2 NA NA
9290-
9545 2.48 3.04 5.5 4.3 32.02 95:5 1.88 &7:13 14.2 1.75 85:15
9247
9376 2.455 2.51 32:8 2 MNA NA 2.4 G2:8 0.3 NA NA
9256-
9546 2455 3.03 355 1.6 NA NA 1.88 87:13 14.2 NA NA
9323-
2 9495 2.455 2.34 91.9 0.9 NA NA 2.56 93:7 0.1 NA NA
9213
9432 2.45 2.65 93.7 0.7 NA NA 2.26 21:9 2.8 NA NA
9262-
8405 2.44 1.77 8515 11 NA NA 3.1 96:4 Q NA NA
G181~
9406 2.43 1.76 0 NA NA 3.1 56:4 8] NA NA
9208-
9375 2.415 244 328 2.9 NA NA 2.4 G2:8 0.3 NA NA
9173
9380 2.4 2.33 319 ¢ NA NA 2.47 G2:8 0.7 NA NA
9170-
9376 2.32 2.38 92:8 a NA NA 2.4 G2:8 0.3 NA NA
9195-
2516 2.39 2.02 312 0.9 NA NA 2.76 G4:6 0 NA NA
a319-
9419 2.385 2.15 80:10 0.7 NA NA 2.63 283:7 3.4 NA NA
8171~
83393 2.38 2.36 918 0 NA NA 2.4 92:8% 1.8 NA NA
9219-
9405 1.66 84,16 2.4 NA NA 3.1 56:4 [§] NA NA
9174-
9402 2.37 2.53 93:7 0 NA NA 2.21 G010 19.1 NA NA
9195
9395 2.365 247 3010 4.6 NA NA 2.57 G3:7 1.3 NA NA
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9175
9432 | 2.345 244 92:8 24 NA NA 2.26 319 2.8 NA NA
9236
9395 | 2.33 2.08 §9:11 1.9 jA NA 2.57 9.7 13 NA NA
9281-
9449 | 2.32% 31 96:4 2.4 NA NA 1.55 82:18 0 NA NA
9234
9316 | 23 154 86:14 15 NA NA 2.76 Gd:6 0 NA NA
9308
9547 | 2.29 2.08 35:11 3 NA NA 2.5 92:8 0 NA NA
9304-
2 9542 | 2.29 1.89 87.13 8.4 NA NA 2.7 94:6 0 NA NA
9243
9556 | 2.27 1.9% 87:13 1.2 NA NA 2.51 93:7 0 NA NA
9250
oda0 | 2265 208 45:5 0.6 Na NA 1.55 82:18 a NA NA
9213
9546 | 2.26 265 93:7 0.7 NA NA 1.88 87:13 14.2 NA NA
9265
9410 | 2.26 19 87:13 12 NA NA 2.63 937 3.4 NA NA
9237-
9484 | 2258 2.42 89:11 55 NA NA 2.39 62:8 0 NA NA
9270-
0495 | 2255 195 38:12 12 NA NA 2.58 g3y 0.1 NA NA
9220-
2 9436 | 2.255 1.44 8119 76 NA NA 2.08 96:4 0 NA NA
9229-
9495 | 2.25 1.94 87:13 33 NA NA 2.56 93:7 0.1 NA, NA
9234
9526 | 2.25 3.09 96:4 2.7 NA NA 1.41 80:20 0 NA NA
9279
9463 | 2235 3.03 95:5 3 NA NA 1.45 81:19 479 NA NA
9304-
9487 | 2235 1.89 87:13 8.4 NA NA 2.59 93:7 2.9 NA NA
9323
9330 | 2208 2.34 91:9 0.9 NA NA 2.1 86:11 19.8 NA NA
9214
9505 | 2208 1.71 85:15 3 NA NA 2.74 G4:6 0 NA NA
9253
2 9326 | 2.225 3.04 95:5 04 NA NA 1.41 §0:20 0 NA NA
9263
9547 | 2.22 1.95 8812 3.3 NA NA 2.5 92:% a NA NA
9271
9350 | 2.22 292 95:5 13 NA NA 1.52 82:18 0 NA NA
931»“_
9388 | 2215 2 58:12 35 NA NA 2.42 92:8 9 NA NA
9298-
ogea | 2215 2.01 88:17 0.3 7 NA 2.41 92:8 0 NA NA
9243
9301 2.2 1.93 87:13 1.2 NA NA 2.47 92:8 0 NA NA
92357
9505 | 2195 165 34:16 10 NA NA 2.74 S4:5 0 NA NA
9205-
9556 | 2195 178 36:14 5.5 NA NA 2.61 93:7 0 NA NA
9176-
0505 | 2.18 162 82:17 0 N& NA 2.74 94:6 a NA NA
9175
9546 | 2.155 244 92:8 24 NA NA 1.38 87:13% 14.2 NA NA
9214
9451 | 215 171 85:15 5 NA NA 2.59 93:7 0 NA NA
9199-
9484 | 2.145 1.9 87:13 2.4 NA NA 2.39 92:8 0 NA NA
3240-
9344 | 2138 187 87:13 2.4 NA NA 2.4 92:3 0 NA NA
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2.125 178 8614 5.5 NA NA 2.47 92:% 0 NA NA
2.12 165 84:16 10 NA NA 2.59 93.7 8] NA NA
2.11 1.93 87:13 1.2 NA NA 2.29 GLe 9 NA NA
2,105 162 83:17 a NA NA 2.59 63:7 0 NA NA
2.06 2.02 3312 0.9 NA NA 2.1 89111 0 NA NA
2 2.055 1.52 82,18 0.1 NA NA 2.59 G93:7 Q NA NA
2.05 1.82 8614 7 NA NA 2.28 21:9 1.2 NA NA
2.045 167 84:16 1.9 NA NA 2.42 82:8 a NA NA
2.04 1.68 84.16 2.5 NA NA 2.4 92:8 8] NA NA
2035 1.78 8514 5.5 NA NA 2.29 QL8 9 NA NA
2.035 1.67 8416 2.5 NA NA 2.41 G2:8 0 NA NA
2.03 3.04 855 4.3 NA NA 1.02 73:27 3] NA NA
2 2.025 3.03 953 16 NA NA 1.02 73:27 Q NA NA
2.025 1.9% 881 1.2 NA& NA 2.1 82:11 19.8 NA NA
2.02 1.94 87:13 3.3 NA NA 2.1 89:11 19.8 NA NA
2.015 251 92:8 2 NA NA 1.52 32:18 8] NA NA
Z 1.59 8317 o] NA NA 2.41 92:8 Q NA NA
199 1.56 83:17 0.1 MNA NA 2.42 G2:8 0 NA NA
1.97% 2.44 32:8 29 NA NA 152 82:18 0 NA NA
2 1.97 1.84 2614 1.9 NA NA 2.1 89:11 8] NA NA
1.965 1.44 8118 7.6 NA NA 2.5 02:8 Q NA NA
1.85 3.04 955 4.3 NA NA 0.86 70:30 58.7 NA NA
1.95 2.38 92:8 0 NA NA 152 32:18 8] NA NA
1.945 3.03 955 1.6 NA NA 0.86 70:30 58.7 NA NA
1.94 2.81 34:6 2.6 NA NA 1.07 7426 3] NA NA
1915 1.24 78:22 a NA NA 2.59 3.7 0 NA NA
1.915 187 3713 2.4 NA NA 1.96 86:12 10.8 NA NA
1.681 1.87 87:13 2.4 NA NA 1.95 88:12 a NA NA
1.89 1.16 76:24 0 NA NA 2.63 93:7 3.4 NA NA
1.86 1.31 7921 0 NA NA z2.41 92:8 [§] NA NA
1.83 2.01 88:12 0.3 NA NA 1.64 24:15 8] NA NA
1.83 2.65 33:7 0.7 NA NA 1.02 73:27 8] NA NA
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9202~
94389 1.82 168 84.16 2.5 NA NA 1.95 B88:12 10.8 NA NA
92453
9447 1.815 193 87:13 1.2 NA NA 1.7 85:15 23.8 NA NA
9202-
94286 1.815 1.68 84:16 2.6 NA NA 1.95 88:12 9 NA NA
9338
9748 3.33% 4.42 99:1 16 NA NA 2.12 8a:tl 3.4 NA NA
9372-
2748 2.995 442 391 16 NA NA 144 §1:19 33 NA NA
6054-
2327 2.865 4.81 99.1 0.5 NA NA Q.72 67:33 1.8 NA NA
9338-
87590 2.86 3.6 973 0 NA NA 2.12 89:11 .4 NA NA
9334
8747 2,785 2.08 8611 5.3 1.25 78:22 3.51 87:3 2.4 2.08 95:5
9121-
9373 2.78 372 98:2 3.3 3.99 98:2 1.84 86114 3.8 2.69 94:6
9334-
9749 2685 1.86 87:13 7.1 NA NA 3.51 97:3 2.4 NA NA
9815-
9825 2.66 3.43 37:3 9.4 3.69 98:2 1.89 87:13 26.1 234 81:9
2815-
9826 2625 3.43 87:3 2.4 NA NA 1.82 86:14 3.5 NA NA
a816-
9825 2.535 3.18 964 2 NA NA 1.89 87:13 26.1 NA NA
9372-
8759 2.52 3.6 973 8] NA& NA 144 33 NA NA
8815~
3 8825 2.5 3.18 96:4 2 NA NA 1.82 86:14 3.5 NA NA
9107-
9339 2.475 4.62 941 5.7 3.87 98:27 0.33 58:42 5.5 0.93 72:28
9066-
9335 2.475 2.52 3.7 2.7 3.06 936:4 2.43 92:8 2.8 2.89 35:5
RO48-
3326 2415 2.79 34:6 a MNA NA 2.04 88:12 4 Na NA
9328-
9332 2.175% 2.53 337 a NA NA 182 86:14 1.4 NA NA
9122-
9371 2.035 1.44 2119 8 NA NA 2.63 93:7 2 NA NA
2104~
8336 2.02 2.23 90:10 13 NA NA 1.8 86:14 1.9 NA NA
9108-
8330 1.945 2.54 93.7 13 NA NA L.35 79:21 5.2 NA NA
G105
9337 1.885 2,16 90:10 0.5 NA NA ) 23:17 2.5 NA NA
9369-
9 1.86 2.08 8911 53 NA NA 1.64 84:16 56.1 NA NA
1.8 177 8515 0.6 NA NA 1.82 86:14 14 NA NA
3.32 2.99 355 26.9 NA NA 3.51 G7:3 3.1 NA NA
2,68 2.67 346 7.7 NA NA 2.71 G4:6 5.4 NA NA
2.47 223 80:10 0 NA NA 2.71 846 5.4 NA NA
2.4 2.8% 95:5 19 NA NA 1.93 87:13% 3.1 NA NA
2.28 1.05 74:26 0 NA NA 3.51 97:3 3.1 NA NA
2.265 3.34 97:3 1.2 NA NA 1.19 77:23 34.8 NA NA
2.23 3.33 373 1.7 3.32 37:3 1.13 76:24 23.2 1.12 75:25
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CLAIMS

1.  Anisolated antigen binding polypeptide construct comprising at least a first heterodimer
and a second heterodimer,

the first heterodimer comprising a first human or humanized immunoglobulin G heavy

chain polypeptide sequence (H1), and a first human or humanized immunoglobulin kappa light
chain polypeptide sequence (L1), and having a Fab region binding to a first epitope; and the
second heterodimer comprising a second human or humanized immunoglobulin G heavy chain
polypeptide sequence (H2), and a second human or humanized immunoglobulin kappa light
chain polypeptide sequence (L2), and having a Fab region binding to a second epitope, wherein
at least one of the H1 or L1 sequences of the first heterodimer is distinct from the corresponding
H2 or L2 sequence of the second heterodimer, and wherein

H1 and H2 each comprise at least a heavy chain variable domain (Vi domain) and a heavy

chain constant domain (Cu1 domain);

L1 and L2 each comprise at least a light chain variable domain (V1. domain) and a light

chain constant domain (Cr, domain); and
H1, H2, L1, and L2 comprise a set of amino acid modifications, wherein H1 preferentially
pairs with L1 as compared to L2 and H2 preferentially pairs with L2 as compared to L.1;

wherein the thermal stability of the Fab region of the first and/or second heterodimer as
measured by the melting temperature (Tm) determined by differential scanning calorimetry of at
least one of the first and second heterodimers is within 0, 1,2, 3,4, 5,6, 7, 8,9, or 10°C of the
Tm of the corresponding Fab region of the heterodimer without the set of amino acid
modifications; and wherein:

a)  HI comprises amino acid substitutions L143E, K145T, Q179E, and S188L, L1
comprises amino acid substitutions Q124R and T178R, H2 comprises amino acid
substitution Q179K and L2 comprises amino acid substitutions Q124E, S176L, and
TI180E;

b)  HI comprises amino acid substitutions L143E, K145T, Q179E, and S188L, L1
comprises amino acid substitutions Q124R and T178R, H2 comprises amino acid

substitution Q179R, and L2 comprises amino acid substitutions Q124E, S176L, and
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d)

g)

h)

1)

TI180E;
H1 comprises amino acid substitutions L.143E, K145T, Q179E and S188L, L1
comprises amino acid substitutions Q124R and T178R, H2 comprises amino acid
substitution S186K, and L2 comprises amino acid substitutions Q124E, S176L and
TI180E;

H1 comprises amino acid substitutions L.143E, K145T, Q179E and S188L, L1
comprises amino acid substitutions Q124R and T178R, H2 comprises amino acid
substitution S186R, and L.2 comprises amino acid substitutions Q124E, S176L and
TI180E;

H1 comprises amino acid substitutions L143E, K145T, Q179E, and S188L, L1
comprises amino acid substitution Q124R and T178R, H2 comprises amino acid
substitution Q179K, and L2 comprises amino acid substitutions Q124E, S131T,
T178Y, and T180E;

H1 comprises amino acid substitutions L143E, K145T, Q179E, and S188L, L1
comprises amino acid substitution Q124R and T178R, H2 comprises amino acid
substitution Q179K, and L2 comprises amino acid substitutions Q124E, S131T,
T178F, and T180E;

H1 comprises amino acid substitutions L143E, K145T, Q179E, and S188L, L1
comprises amino acid substitutions Q124R and T178R, H2 comprises amino acid
substitution Q179R, and L2 comprises amino acid substitutions Q124E, S131T,
T178Y, and T180E;

H1 comprises amino acid substitutions L143E, K145T, Q179E, and S188L, L1
comprises amino acid substitutions Q124R and T178R, H2 comprises amino acid
substitution Q179R, and L2 comprises amino acid substitutions Q124E, S131T,
T178F, and T180E;

H1 comprises amino acid substitutions L.143E, K145T, Q179E and S188L, L1
comprises amino acid substitutions Q124R and T178R, H2 comprises amino acid
substitution S186K, and L2 comprises amino acid substitutions Q124E, S131T,
T178F and T180E;

H1 comprises amino acid substitutions L.143E, K145T, Q179E and S188L, L1
comprises amino acid substitutions Q124R and T178R, H2 comprises amino acid
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k)

D

p)

Q)

substitution S186K, and L2 comprises amino acid substitutions Q124E, S131T,
T178Y and T180E;
H1 comprises amino acid substitutions L.143E, K145T, Q179E and S188L, L1
comprises amino acid substitutions Q124R and T178R, H2 comprises amino acid
substitution S186R, and L.2 comprises amino acid substitutions Q124E, S131T,
T178Y and T180E,
H1 comprises amino acid substitutions L.143E, K145T, and S188L, L1 comprises
amino acid substitutions Q124R, Q160K and T178R, H2 comprises amino acid
substitution Q179K and L2 comprises amino acid substitutions Q124E, S176L, and
TI180E;
H1 comprises amino acid substitutions L.143E, K145T, and S188L, L1 comprises
amino acid substitutions Q124R, Q160K and T178R, H2 comprises amino acid
substitution Q179R, and L2 comprises amino acid substitutions Q124E, S176L, and
TI180E;
H1 comprises amino acid substitutions L.143E, K145T and S188L, L1 comprises
amino acid substitutions Q124R, Q160K and T178R, H2 comprises amino acid
substitution S186K, and L2 comprises amino acid substitutions Q124E, S176L and
TI180E;
H1 comprises amino acid substitutions L.143E, K145T, and S188L, L1 comprises
amino acid substitutions Q124R, Q160K and T178R, H2 comprises amino acid
substitution Q179K, and L2 comprises amino acid substitutions Q124E, S131T,
T178Y, and T180E;
H1 comprises amino acid substitutions L.143E, K145T, and S188L, L1 comprises
amino acid substitution Q124R, Q160K and T178R, H2 comprises amino acid
substitution Q179K, and L2 comprises amino acid substitutions Q124E, S131T,
T178F, and T180E;
H1 comprises amino acid substitutions L.143E, K145T, and S188L, L1 comprises
amino acid substitutions Q124R, Q160K and T178R, H2 comprises amino acid
substitution Q179R, and L2 comprises amino acid substitutions Q124E, S131T,
T178Y, and T180E;
H1 comprises amino acid substitutions L.143E, K145T and S188L, L1 comprises
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amino acid substitutions Q124R, Q160K and T178R, H2 comprises amino acid
substitution S186K, and L2 comprises amino acid substitutions Q124E, S131T,
T178Y and T180E;

s)  HI comprises amino acid substitutions L143E and K145T, L1 comprises amino acid
substitutions Q124R, Q160K and T178R, H2 comprises amino acid substitution
Q179K, and L2 comprises amino acid substitutions Q124E, T178E, and T180E;

t)  HI comprises amino acid substitutions L143E and K145T, L1 comprises amino acid
substitution Q124R, Q160K and T178R, H2 comprises amino acid substitution
Q179K, and L2 comprises amino acid substitutions Q124E, Q160E, and T178E;

u) HI comprises amino acid substitutions L143E and K145T, L1 comprises amino acid
substitutions Q124R, Q160K and T178R, H2 comprises amino acid substitution
Q179R, and L2 comprises amino acid substitutions Q124E, T178E, and T180E;

v)  HI comprises amino acid substitutions L143E and K145T, L1 comprises amino acid
substitutions Q124R, Q160K and T178R, H2 comprises amino acid substitution
Q179R, and L2 comprises amino acid substitutions Q124E and T178E;

w) HI comprises amino acid substitutions L143E and K145T, L1 comprises amino acid
substitutions Q124R, Q160K and T178R, H2 comprises amino acid substitution
Q179R, and L2 comprises amino acid substitutions Q124E, Q160E, and T178E,;

x)  HI comprises amino acid substitutions L143E and K145T, L1 comprises amino acid
substitutions Q124R, Q160K and T178R, H2 comprises amino acid substitution
S186K, and L2 comprises amino acid substitutions Q124E, Q160E and T178E,;

y)  HI comprises amino acid substitutions L143E and K145T, L1 comprises amino acid
substitutions Q124R, Q160K and T178R, H2 comprises amino acid substitution
S186K, and L2 comprises amino acid substitutions Q124E and T178E;

z)  HI comprises amino acid substitutions L143E and K145T, L1 comprises amino acid
substitutions Q124R, Q160K and T178R, H2 comprises amino acid substitution
S186K, and L2 comprises amino acid substitutions Q124E, T178E and T180E;

aa) HI comprises amino acid substitutions L143E and K145T, L1 comprises amino acid
substitutions Q124R, Q160K and T178R, H2 comprises amino acid substitution
S186R, and L2 comprises amino acid substitutions Q124E, T178E and T180E,;

bb) HI1 comprises amino acid substitutions L.143E, K145T, and S188L, L1 comprises
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amino acid substitutions Q124R, Q160K and T178R, H2 comprises amino acid
substitution L143K, and L2 comprises amino acid substitutions Q124E, V133D and
S176L;

cc) HI comprises amino acid substitutions L.143E and K145T, L1 comprises amino acid
substitution Q124R, H2 comprises amino acid substitution L.143R, and L2 comprises
amino acid substitutions Q124E and V133E;

dd) HI1 comprises amino acid substitutions L.143E and K145T, L1 comprises amino acid
substitution Q124R, H2 comprises amino acid substitution L.143R, and L2 comprises
amino acid substitutions Q124E, V133E and Q160M;

ee) HI comprises amino acid substitutions L143E and K145T, L1 comprises amino acid
substitutions Q124R, Q160K, and T178R, H2 comprises amino acid substitution
L143R, and L2 comprises amino acid substitutions Q124E and V133E;

ff) HI1 comprises amino acid substitutions L143E, K145T, and S188L, L1 comprises
amino acid substitutions Q124R, Q160K and T178R, H2 comprises amino acid
substitution L143R, and L2 comprises amino acid substitutions Q124E, V133E and
S176L;

gg) HI comprises amino acid substitutions L143E, K145T, Q179E, and S188L, L1
comprises amino acid substitutions Q124R, Q160K and T178R, H2 comprises
amino acid substitution L143R, and L2 comprises amino acid substitutions Q124E
and V133E;

hh) H1 comprises amino acid substitutions L143E, K145T, Q179E, and S188L, L1
comprises amino acid substitutions Q124R and T178R, H2 comprises amino acid
substitutions L.143A and Q179K and L2 comprises amino acid substitutions Q124E,
V133Y and T180E;

i1)  H1 comprises amino acid substitutions L143E and K145T, L1 comprises amino acid
substitutions Q124R, Q160K and T178R, H2 comprises amino acid substitution
Q179K, and L2 comprises amino acid substitution SI31E;

j))  HI1 comprises amino acid substitutions L143E and K145T, L1 comprises amino acid
substitutions Q124R, Q160K and T178R, H2 comprises amino acid substitution
S186K, and L2 comprises amino acid substitution S131E;

kk) HI comprises amino acid substitutions L143E and K145T, L1 comprises amino acid
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substitutions Q124R and T178R, H2 comprises amino acid substitution S186K, and
L2 comprises amino acid substitution S131E;

11)  HI1 comprises amino acid substitutions L143E, K145T, Q179E, and S188L, L1
comprises amino acid substitutions Q124R and T178R, H2 comprises amino acid
substitutions L.124A and Q179K and L2 comprises amino acid substitutions Q124E,
V133W, and T180E; or

mm) H1 comprises amino acid substitutions L143E, K145T, Q179E, and S188L, L1
comprises amino acid substitutions Q124R and T178R, H2 comprises amino acid
substitutions L.124A and S186K, and L2 comprises amino acid substitutions Q124E,
V133W, and T180E;

wherein the numbering is indicated by the Kabat numbering of residues.

2. The antigen binding polypeptide construct according to claim 1, wherein HI comprises
amino acid substitutions L143E, K145T, Q179E, and S188L, L1 comprises amino acid
substitutions Q124R and T178R, H2 comprises amino acid substitution Q179K, and L.2
comprises amino acid substitutions Q124E, S176L, and T180E.

3. The antigen binding polypeptide construct according to claim 1, wherein HI comprises
amino acid substitutions L143E, K145T, Q179E and S188L, L1 comprises amino acid
substitutions Q124R and T178R, H2 comprises amino acid substitution S186K, and L2
comprises amino acid substitutions Q124E, S176L and T180E.

4. The antigen binding polypeptide construct according to claim 1, wherein H1 comprises
amino acid substitutions L143E, K145T, Q179E and S188L, L1 comprises amino acid
substitutions Q124R and T178R, H2 comprises amino acid substitution S186K, and L2
comprises amino acid substitutions Q124E, S131T, T178Y and T180E.

5. The antigen binding polypeptide construct according to claim 1, wherein HI comprises
amino acid substitutions L143E and K145T, L1 comprises amino acid substitution Q124R, H2
comprises amino acid substitution L143R, and L2 comprises amino acid substitutions Q124E

and V133E.
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6.  The antigen binding polypeptide construct according to claim 1, wherein HI comprises
amino acid substitutions L143E and K145T, L1 comprises amino acid substitutions Q124R,
Q160K and T178R, H2 comprises amino acid substitution S186K, and L2 comprises amino acid
substitution S131E.

7.  The antigen binding polypeptide construct according to any one of claims 1 to 6, wherein
H1, H2, L1 and L2 are co-expressed in a cell or a mammalian cell, or H1, H2, L1 and L2 are co-
expressed in a cell-free expression system, or H1, H2, L1 and L2 are co-produced, or H1, H2, L1

and L2 are co-produced via a redox production method.

8.  The antigen binding polypeptide construct according to any one of claims 1 to 7, wherein

the affinity of each heterodimer for the antigen to which it binds is within about 1, 2, 3,4, 5,6, 7,
8,9, 10, 20, 25, 30, 35, 40, 45, or 50-fold of the affinity of the respective heterodimer without the
amino acid modifications for the same antigen as measured by surface plasmon resonance (SPR)

or FACS.

9.  The antigen binding polypeptide construct according to any one of claims 1 to 8, wherein
the antigen binding polypeptide construct further comprises an Fc comprising a first CH3
sequence and a second CH3 sequence, wherein the first CH3 sequence is coupled, with or
without one or more linkers, to the first heterodimer and the second CH3 sequence is coupled,

with or without one or more linkers to the second heterodimer.

10. The antigen binding polypeptide construct according to claim 9, wherein the Fc is a human
Fc, a human IgG1 Fc, a human IgA Fc, a human IgG Fc, a human IgD Fc, a human IgE Fc, a
human IgM Fc, a human IgG2 Fc, a human IgG3 Fc, or a human IgG4 Fec.

11. The antigen binding polypeptide construct according to claim 10, wherein the Fc is a

heterodimeric Fc.

12.  The antigen binding polypeptide construct according to claim 11, wherein the
heterodimeric Fc comprises one or more substitutions in at least one of the CH3 sequences that

promote the formation of a heterodimeric Fc.
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13.  The antigen binding polypeptide construct according to claim 12, wherein the Fc
comprises:

i) aheterodimeric IgG1 Fc having the substitutions L351Y _F405A Y407V in the first
Fc polypeptide, and the substitutions T366L._ K392M T394W in the second Fc
polypeptide;

i1)  aheterodimeric IgG1 Fc having the substitutions L351Y F405A Y407V in the first
Fc polypeptide, and the substitutions T366L._ K392L. T394W in the second Fc
polypeptide;

ii1)  aheterodimeric IgG1 Fc having the substitutions T350V_L351Y_ F405A Y407V in
the first Fc polypeptide, and the substitutions T350V_T366L. K392L. T394W in the
second Fc polypeptide;

iv)  aheterodimeric IgG1 Fc having the substitutions T350V_L351Y F405A Y407V in
the first Fc polypeptide, and the substitutions T350V_T366L. K392M T394W in the
second Fc polypeptide; or

v)  aheterodimeric IgG1 Fc having the substitutions
T350V_L351Y_S400E F405A Y407V in the first Fc polypeptide, and the
substitutions T350V_T366L._N390R K392M T394W in the second Fc polypeptide;

wherein the numbering of amino acid residues in the first and second Fc polypeptide is

according to the EU numbering system.

14. The antigen binding polypeptide construct according to any one of claims 9 to 13, wherein

the Fc further comprises at least one CH2 sequence.

15. The antigen binding polypeptide construct according to claim 14, wherein the Fc is
coupled to the heterodimers by one or more linkers, or wherein the Fc is coupled to H1 and H2

by one or more linkers.

16. The antigen binding polypeptide construct according to any one of claims 1 to 15, wherein

the antigen binding polypeptide construct is multispecific or bispecific.

17. The antigen binding polypeptide construct according to any one of claims 1 to 16, wherein
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the antigen-binding polypeptide construct is conjugated to a therapeutic agent or drug.

18. An isolated polynucleotide or set of isolated polynucleotides comprising at least one

sequence that encodes the antigen binding polypeptide construct of any one of claims 1 to 16.

19. The isolated polynucleotide or set of polynucleotides according to claim 18, wherein the

polynucleotide or set of polynucleotides is cDNA.

20. A vector or set of vectors comprising one or more of the polynucleotides or sets of

polynucleotides according to claim 18 or 19.

21. An isolated cell comprising the polynucleotide or set of polynucleotides according to claim

18 or 19, or the vector or set of vectors of claim 20.

22. A pharmaceutical composition comprising the antigen binding polypeptide construct of

any one of claims 1 to 17 and a pharmaceutically acceptable carrier.

23. Use of the antigen binding polypeptide construct according to any one of claims 1 to 17 or
the pharmaceutical composition according to claim 22, for the treatment of cancer or vascular

disease in a subject in need thereof.

24. Use of the antigen binding polypeptide construct according to any one of claims 1 to 17 or
the pharmaceutical composition according to claim 22 in the manufacture of a medicament for

treating a cancer or vascular disease.

25. A method of obtaining or preparing the antigen binding polypeptide construct according to
any one of claims 1 to 16, the method comprising the steps of:
(a) obtaining a host cell culture comprising at least one host cell comprising one or more
nucleic acid sequences encoding the antigen binding polypeptide construct according
to any one of claims 1 to 16; and

(b) recovering the antigen binding polypeptide construct from the host cell culture.
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