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COMPOSITIONS AND METHODS FOR MAKING ANTIBODIES
BASED ON USE OF EXPRESSION-ENHANCING LOCH

CROSS REFERENCE TORELATED APPLICATION

{0061] This application claims the benefit of priority from U.S. Provisional Application No.
62/325,400, filed April 20, 2016, the entire contents of which are mcorporated herein by

reference.
FEIELD OF THE DISCLOSURE

{0002} This disclosure relates to site-specific integration and expression of recombinant
proteins in eukaryotic cells. In particular, the disclosure relates to compositions and methods
for improved expression of antigen-binding proteins (including monospecific and bispecifc
antibodies} in eukaryotic cells, particularly Chinese hamster (Criceiuluy griseus) cell lines, by
employing expression-enhancing loci.

BACKGROUND ART

{3063] Cellular expression systems aim to provide a reliable and efficient source for the
manufacture of a given protein, whether for research or therapeutic use. Recombinant protein
expression in mammalian cells 1s a preferred method for manufacturing therapeutic proteins
due to, for example, the ability of mammalian expression systems to appropriately post-
transiationally modify recombinant proteins.

{0004} Despite the availability of various expression systems, the challenge of efficient gene
transfer and stability of the integrated gene for expression of a recombinant protein still exists,
For long-term expression of a target transgene, one consideration is minimal disruption of
cellular genes to avoid changes in the phenotype of the cell line,

{3065] Enginecering stable cell lines to accommodate multiple genes for expression, such as
multiple antibody chains as in multispecific antibodies, is particularly challenging. Wide
variations in expression levels of integrated genes may occur. Integrating additional genes
may lead to greater variation in expression and instability due to the local genetic

1
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environment ({.e., position effects). Expression systems for the production of multispecific
antigen-binding proteins often requires the expression of two or more different
immunoglobulin chains intended to pair as a specific multimeric format, and can often weigh
in favor of homodimer production, rather than the desired heterodimer or multimer
combination. Accordingly, there is a need in the art for improved mammalian expression

systems.

SUMMARY OF THE DISCLOSURE

{4086} In one aspect, this disclosure provides a cell that contains multiple exogenous nucleic
acids integrated site-specifically in two expression-enhancing loci wherein the multiple
exogenous nucleic acids together encode an antigen-binding protein. The antigen-binding
protein can be a bispecific antigen-binding protein, or a conventional monospecific antigen-
binding protein.

{00871 In some embodiments, a cell is provided that contains a first exogenous nucleic acid
integrated within a first enhanced expression locus, and a second exogenous nucleic acid
integrated within a second enhanced expression locus; wherein the first and second exogenous
nucleic acids together encode an antigen-binding protein.

{#688] In some embodiments, the first exogenous nucleic acid contains a nucleotide sequence
encoding a first heavy chain fragment (HCF), and the second exogenous nucleic acid contains
a nucleotide sequence encoding a first light chain fragment (LCF).

100091 In some embodiments, the second exogenous nucleic acid further includes a
nucleotide sequence encoding a second HCF (also HCF*). The first and second HCFs can be
the same, or different as in a bispecific antigen-binding protein. Each HCF- or LCF-encoding
nucleotide sequence can encode amine acids from a constant region. In some embodiments,
the nucleotide sequence encoding the first HCF encodes a first CH3 domain, and the
nucleotide sequence encoding the second HCF (HCF*) encodes a second CH3 domain. In
some embodiments, the first and second CH3 domains can differ in at least one aming acid
position, such as a position that results in different Protein A binding characteristics. In other
embodiments, the nucleotide sequences encoding the first and second CH domains differ from

each other in that one of the nucleotide sequences has been codon modified.
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1001¢] In some embodiments, the first exogenous nucleic acid {containing the first HCF-
encoding nucleotide sequence) further comprises a nucleotide sequence encoding a second
LCF. The second LCF can be the same as or different from the first LCF in the second
exogenous nucleic acid.

{3011} In many of the embodiments of a cell provided herein, each of the nucleotide
sequences encoding a HCF or LCF 1s operably linked to a promoter independently so that
transcription of each HCF or LCF-encoding sequence is regulated separately.

{0012} In some embodiments, a first RRS and a second RRS are positioned 5 and 3',
respectively, relative to the first exogenous mucleic acid, and a third RRS and a fourth RRS
are positioned 5' and 3, respectively, relative to the second exogenous nucleic acid, wherein
the first and second RRSs are different, and the third and fourth RRSs are different.
Generally, the RRSs within a pair of RRSs flanking an exogenous nucleic acid are different to
avoid unintended recombination and removal of the exogenous nucleic acid. In some
embodiments, the first, second, third and fourth RRS are all different from each other.

100131 In embodiments where the first exogenous nucleic acid in the first locus inchudes the
first HCF-encoding nucleotide sequence, and the second exogenous nucleic acid in the second
locus inchudes both the first LCF-encoding sequence and the second HCF-encoding sequence,
a first additional RRS can be present between the nucleotide sequence encoding the first LCF
and the nucleotide sequence encoding the second HCF. The additional RRS can be different
from each of the first, second, third and fourth RRSs. In some embodiments, the first
additional RRS 15 inchuded between a promoter to which the selectable marker gene is
operably linked, and the selectable marker gene, or the additional RRS may be included in a
selectable marker gene, or within an 1ntron of a selectable marker gene, that is present
between the first LCF-encoding sequence and an HCF-encoding sequence, or between a first
HCF-encoding sequence and a second HCF-encoding sequence.

{0014} In embodiments where the first exogenous nucleic acid in the first locus includes the
first HCF-encoding nucleotide sequence and the second HCF-encoding nucleotide sequence,
and the second exogenous nucleic acid in the second locus includes both the first LCF-
encoding sequence and the second HCF-encoding sequence, a first RRS and a second RRS

can be present at 5' and 3, respectively, relative to the first exogenous nucleic acid, and a third
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RRS and a fourth RRS can be present at 5' and 3', respectively, relative to the second
exogenous nucleic acid, wherein the first and second RRSs are different, and the third and
fourth RRSs are different. In some embodiments, the first and second HCFs are the same, and
the first and second LCFs are the same, 1n which instances the RRSs can be engineered such
that the first and third RRS are the same, and the second and fourth RRS are the same. In
some embodiments, the first and second HCFs are different, and the first and second LCFs are
the same, in which instances the RRSs can be engingered such that the first, second, third and
fourth RRSs are all different from each other. Irrespective of whether the two HCFs are the
same or different, an additional RRS can be present between the first LCF-encoding sequence
and the second HCF-encoding sequence, and/or present between the second LCF encoding
sequence and the first HCF-encoding sequence. The additional {(middle) RRS is different
from each of the first, second, third and fourth RRSs. The additional RRS can be included
within a selectable marker gene, or within an intron of a selectable marker gene, placed
between two HCF/LCF coding sequences.

i0015] In another aspect, cells are provided that contain pairs of RRSs integrated within two
expression enhancing loci that can be used for integration of nucleic acids encoding antigen-
binding proteins through RMCE.

{8016] In certain embodiments, cells are provided that contain pairs of RRSs integrated
within two expression enhancing loci that can be used for simultaneous integration of nucleic
acids encoding antigen-binding proteins through RMCE in the presence of a recombinase.
{#617] In some embodiments, a cell is provided that contains, integrated within a first
enhanced expression locus, from 5 to 3% a first RRS, a first exogenous nucleic acid, and a
second RRS; and integrated within a second enbanced expression locus, from 5" to 3" a third
RRS, a second exogenous nucleic acid, and a fourth RRS; wherein the first and second RRS
are different, and the third and fourth RRSs are different.

{#018] In some embodiments, the first exogenous nucleic acid includes a first selectable
marker gene, and the second exogenous nucleic acid inchudes a second selectable marker
gene, wherein the first and the second selectable marker genes are different.

{00619] In some embodiments, one or both of the first and second exogenous nucleic acids can

inchide an additional RRS, i.e., an additional RRS between the first and second RRSs in the
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first locus, and/or an additional RRS between the third and fourth RRS. The additional,
middle RRS 1g different from the RRSs at the 5" and 3'. Where an additional RRS is included
between a 5' RRS and a 3' RRS {e.g., between the first and second RRS), one selectable
marker gene can be included between the 5' RRS and the additional (middle) RRS, and
another, different selectable marker gene can be included between the additional RRS and the
3'RRS.

{0628] In another embodiment, the cell provides a first exogenous nucleic acid that includes
a third RRS, i.c., an additional RRS between the first and second RRSs in the first locus,
wherein the first and second RRSs flank two selection markers at the 5° and 3° ends of the
expression cassette. In other embodiments, the second exogenous nucleic acid can also
inchide an identical third RRS, i.e., an additional RRS between the first and second RRSs in
the second locus, wherein the first and second RRSs flank two selection markers at the 5” and
3’ ends of the expression cassette. The four selectable marker genes inchuded between the
first, third and second RRSs, are different from one another.

{0021} In another embodiment, the cell provides a first exogenous nucleic acid that includes
a third RRS, i.e., an additional RRS between the first and second RRSs in the first locus,
wherein the first and second RRSs flank two selection markers at the 5° and 3’ ends of the
expression cassette. In other embodiments, the second exogenous nucleic acid can include an
sixth RRS, t.¢., an additional RRS between a fourth and fifth RRSs in the second locus,
wherein the fourth and fifth RRSs flank two selection markers at the 57 and 3’ ends of the
expression cassette, The four selectable marker genes included between RRSs, are different
from one another,

{0022} In many of the embodiments, the cells provided herein are cells of a CHO cell line.
100231 In various embodiments, the two enhanced expression loci utilized are selected trom
the group consisting of a locus containing nucleotide sequence at least 90% identical to SEQ
I NO: 1, a locus containing a nucleotide sequence at least 90% identical to SEQ ID NG: 2,
and a locus containing a nucleotide sequence at least 90% identical to SEQ 1D NO:3.

{30241 In a further aspect, vector sets are provided for integration and expression of bispecific

anfigen-binding proteins n a cell.
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{#025] In some embodiments, the vector set includes a first vector containing from 5't0 3", a
first RRS, a first nucleic acid containing a nucleotide sequence encoding a first HCF, and a
second RRS; a second vector containing from 5' to 3', a third RRS, a second nucleic acid
containing a nucleotide sequence encoding a second HCF, a fourth RRS; and a nucleotide
sequence encoding a first LCF that is either within the first nucleic acid in the first vector, or
is in a third vector different from the first and second vectors; wherein the first, second, third,
and fourth RRSs are different; and wherein the bispecific antigen-binding protein contains
the first HCF, the second HCF and the first LCF, and wherein the first and second HCFs are
different.

{0026} In some embodiments, the nucleotide sequence encoding the first LCF is within the
first nucleic acid in the first vector. In some embodiments, the first nucleic acid further
includes a first selectable marker gene.

{0027} In some embodiments, the nucleotide sequence encoding the first LCF 1s provided in
the third vector and is flanked by a 5 RRES and 3' RRS, wherein (i) the 3' RRS 1s the same as
the first RRS, and the 5' RRS s different from the first and second RRSs, or alternatively (i1)
the 5' RRS is the same as the second RRS, and the 3’ RRS is different from the first and
second RRSs. In some embodiments, the vectors can be designed such that the common
RRS shared by the first and third vectors is provided in a split selectable marker gene format
{or a sphit-intron format), e.g., placed at the 3’ end of 2 5" portion of a selectable marker gene
on one of the first and third vectors, and 1s placed at the 5" end of the remamning 3' portion of
the selectable marker gene on the other vector.

10028} In some embodiments, the vector set further includes a nucleotide sequence encoding
a second LCF that is provided either within the second nucleic acid i the second vector, or is
in a fourth vector separate from the first, second and third vectors.

{3829] In some embodiments, the first and second LCFs are the same.

{0030 In some embodiments, the nucleotide sequence encoding the first LCF is included
within the first nucleic acid in the first vector, and the nucleotide sequence encoding the
second VL is provided on the fourth vector. In some embodiments, the nucleotide sequence
encoding the second LCF on the fourth vector 1s flanked by a 5' RRS and 3' RRS, wherein (1)
the 3' RRS is the same as the third RRS, and the 5" RES is different from the third and fourth
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RRSs, or (11} the 5' RRS is the same as the fourth RRS, and the 3' RRS is different from the
third and fourth RRSs. Tn certain embodiments, the vectors are designed such that common
RRS shared by the second and fourth vectors is provided in a split marker (e.g., via an intron)
format, e.g., placed at the 3" end of a §' portion of a selectable marker gene on one of the
second and fourth vectors, and is placed at the 5' end of the remaining 3" portion of the
selectable marker gene on the other vector,

{3031]In some embodiments, the nucleotide sequence encoding the first LCF 1s within the
first mucleic acid in the first vector, and the nucleotide sequence encoding the second VL 18
within the second nucleic acid on the second vector,

{0032} In some embodiments, the nucleotide sequence encoding the first LCF is on the third
vector, and the nucleotide sequence encoding the second VL is on the fourth vector. In some
embodiments, the nucleotide sequence encoding the first LCF on the third vector is flanked
by a 5" RRS and 3' RRS, wherein (i) the 3' RRS on the third vector is the same as the first
RRS, and the 5" RRS on the third vector ts different from the first and second RRSs, or (11)
the 5' RRS on the third vector is the same as the second RRS, and the 3' RRS on the third
vector is different from the first and second RRSs; and wherein the nucleotide sequence
encoding the second LCF on the fourth vector is flanked by a 5' RRS and 3' RRS, wherein (i)
the 3' RRS on the fourth vector is the same as the third RRS, and the 5" RRS on the fourth
vector is different from the third and fourth RRSs, or (1) the 5' RRS on the fourth vector is
the same as the fourth RRS, and the 3' RRS on the fourth vector is different from the third
and fourth RRSs.

10033} In many embodiments of a vector set provided herein, the nucleotide sequence
encoding the first HCF can encode a first CH3 domain, and the nucleotide sequence encoding
the second HCF can encode a second CH3 domain. In some embodiments, the first and
second CH3 domains differ in at least one amino acid. In some embodiments, the nucleotide
sequences encoding the first and second CH3 domains differ in that one of the nucleotide
sequences has been codon modified.

{#034] In many embodiments of a vector set provided herein, each of the nucleotide

sequences encoding a HCF or LCF 1s independently linked a promoter.
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{6035} In some embodiments, a vector set can further include a nucleotide sequence encoding
one or more recombinases that recognize one or more of the RRSs, which can be included in
one of the LCF- or HCF--encoding vectors, or provided in a separate vector,

{8036] In still other embodiments, a vector set is provided that includes a first vector
containing a first nucleic acid, flanked by a 5" homology arm and a 3' homology arm for
infegration into a first expression enhancing locus of a cell; and a second vector containing a
second nucleic acid, flanked by a §' homology arm and a 3' homology arm for integration into
a second expression enhancing locus of the cell; wherein the first and second nucleic acids
together encode an antigen-binding protein.

100371 In a further aspect, this disclosure provides systems that include a combination of a
cell {e.g., a CHO cell) with one or more vectors, and that can be utilized to make cells having
integrated within two expression enhancing loci exogenous nucleic acids that together encode
an antigen binding protein, either a monospecific protein or a bispecific protein. The systems
can be provided in the form of a kit, for example.

i0038] In certain embodiments, a system is provided that includes a cell and a set of vectors,
wherein the cell contains, integrated within two separate enhanced expression loci of its
genome a set of RRSs that are different from one another and spaced between one or more
exogenous nucleic acids, such as selection markers, for recombinant exchange with genes of
interest in a set of vectors; and wherein the RRSs in the set of vectors compnise the same
arrangement as the RRSs 1o the cell.

{#639] In some embodiments, 3 system is provided that inchudes a cell and a set of vectors,
wherein the cell contains, integrated within a first enhanced expression locus: from §5't0 3, a
first RRS, a first exogenous nucleic acid, and a second RRS, and integrated within a second
enhanced expression locus: from 5'to 3, a third RRS, a second exogenous nucleic acid, and a
fourth RRS; wherein the first and second RRSs are different, and the third and fourth RRSs
are different; and wherein the first and second enhanced expression loct are different; wherein
the vector set includes (i) a first vector containing from 5 {0 37, a first vector 5" RRS, a first
nucleic acid, and a first vector 3' RRS, wherein the first vector 5" and 3' RRSs are different;
(11} a second vector containing from 53" to 3, a second vector 5' RRS, a second nucleic acid,

and a second vector 3' RRS, wherein the second vector 5" and 3' RRSs are different; and (31t} a
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nucleotide sequence encoding a first HCF and a nucleotide sequence encoding a first LCF,
wherein one of the two heavy cham-encoding nucleotide sequences is in the first nucleic acid
and the other nucleotide sequences is in the second nucleic acid; wherein the first HCF and
the first LCF are regious of an antigen-binding protein; and wherein upon introduction of the
vectors mnto the cell, the first and second mucleic acids in the vectors integrate into the first
enhanced expression locus and the second enhanced expression locus, respectively, through
recombination mediated by the RRSs,

{0048} In some embodiments, the antigen-binding protein 1s a monospecific antigen-binding
protem,

{8041} In some embodiments, the first and third RRSs are the same, and the second and
fourth RRSs are the same. In certain embodiments, a first additional RRS 18 present between
the first and second RRS in the first locus. In some embodiments, the first vector 5 RRS is
the same as the first and third RRS; the first vector 3' RRS, the second vector 5" RRS, and the
first additional RRS are the same; and the second vector 3' RRS is the same as the second and
fourth RRS. In some embodiments, the LCF-encoding nucleotide sequence is in the first
vector, and the HCF-encoding nucleotide sequence is in the second vector, In some
embodiments, the first vector 3' RRS is placed at the 3' end of a2 5 portion of a selectable
marker gene, and the second vector 5° RRS 18 placed at the §' end of the remaning 3' portion
of the selectable marker gene. In other embodiments, the first vector 5' RRS 1s the same as
the first RRS, and the first vector 3' RRS is the same as the second RRS; and wherein the
second vector 5' RRS 15 the same as the third RRS, and the second vector 3' RRS is the same
as the fourth RRS.

{3042} In various embodiments, the antigen-binding protein 1s a bispecific antigen-binding
protein.

{36431 In some embodiments, the vector set in the system further includes a nucleotide
sequence encoding a second HCF that is different from the first HCF.

{0044} In some embodiments, the nucleotide sequence encoding the first LCF and the
nucleotide sequence encoding the second HCF are both included in the first nucleic acid in the
first vector, and the nucleotide sequence encoding the first HCF 1s in the second vector. In

some embodiments, the first vector 5" RRS is the same as the first RRS, the first vector 3’
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RRS is the same as the second RRS, the second vector 5' RRS is the same as the third RRS,
and the second vector 3' RRS is the same as the fourth RRS,

{#045] In some embodiments, the mucleotide sequence encoding the second HCF 1s on a third,
separate vector, flanked by a third vector 3 RRS and 3 third vector 3' RRS. In some
embodiments, the nucleotide sequence encoding the first LC is in the first vector, the
nucleotide sequence encoding the first HCF 1s in the second vector, the first vector 5" RRS 18
the same as the first RRS, the first vector 3' RRS 15 the same as the second vector 5° RRS and
as a first additional RRS, and the second vector 3' RRS is the same as the second RRS, the
third vector 5' RRS is the same as the third RRS, and the third vector 3' RRS is the same as
the fourth RRS, wherein the first additional RRS is included in the first locus between the first
and second RRSs. In some embodiments, the vectors are designed to provide the common
RRS in a split marker format, e.g., the first vector 3' RRS is placed at the 3' end of a §' portion
of a selectable marker gene inchuded n the first vector, and the second vector 5' RRS 1s placed
at the 5' end of the remaining selectable marker gene included in the second vector.

i0046] In some embodiments, the vector set of the system further includes a nucleotide
sequence encoding a second LCF, which can be the same or different from the first LCF.
{00471 In some embodiments, the nucleotide sequence encoding the second LCF is in the
second nucleic acid of the second vector, wherein the first vector 5' RRS is the same as the
first RRS, the first vector 3' RRS is the same as the second RRS, the second vector 5" RRS 15
the same as the third RRS, and the second vector 3' RRS 1s the same as the fourth RRS.

{#648] In some embodiments, the nucleotide sequence encoding the second LCF 15 1n a third,
separate vector, flanked by a third vector 5' RRS and a third vector 3' RRS. In some
embodiments, the first vector 5" and 3' RRS are identical to the first and second RRS in the
first locus, respectively; the third vector 5' RRS is the same as the third RRS, the third vector
3'RRS is the same as the second vector 'S RRS and as an additional RRS present between the
third and fourth RRSs in the second locus, the second vector 3' RRS is the same as the fourth
RRS. In some embodiments, the common RRS is designed in a split marker format, e.g., the
third vector 3' RRS is placed at the 3' end of a §' portion of a selectable marker gene included
in the third vector, and the second vector 'S RRS is placed at the §' end of the remaining 3'

portion of the selectable marker gene included in the second vector.
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10049] In many embodiments of a system provided herein, the nucleotide sequence encoding
a HCF or LCF can encode amino acids from a constant region. In some embodiments, the
mucleotide sequence encoding the first HCF can encode a first CH3 domain, and the
nucleotide sequence encoding the second HCF can encode a second CH3 domain. In some
embodiments, the first and second CH3 domains differ in at least one amino acid. In some
embodiments, the nucleotide sequences encoding the first and second CH3 domains differ in
that one of the nucleotide sequences has been codon medified.

{0050} In many embodiments of a system provided herein, each of the nucleotide sequences
encoding a HCF or LCF is 1ndependently linked to a promoter.

{0051 In some embodiments, the vector set of a system can further include a nucleotide
sequence encoding one or more recombinases that recognize one or more of the RRSs, which
can be included in one of the HCF- or LCF- encoding vectors, or provided in a separate
vector.

{30521 In various embodiments, the cell in a system provided herein is a CHO cell.

{00531 In various embodiments, the two enhanced expression loci are selected from the group
consisting of a locus comprising the nucleotide sequence of SEQ ID NO: 1, a locus
comprising the nucleotide sequence of SEQ [ NO: 2, and a locus comprising the nucleotide
sequence of SEQ D NO: 3.

{3054} In another aspect, this disclosure also provides methods of making bispecific antigen-
binding proteins.[n one embodiment, the method utilizes a system disclosed herein and
introduces the vectors of the system into the cell of the system by transfection. Transfected
cells where the exogenous nucleic acids have been properly integrated into two enhanced
expression loci of the cell through RMCE can be screened and identified. HCF-contaiming
polypeptides and LCF-containing polypeptides can be expressed from the integrated nucleic
acids, and the antigen-binding protein of inferest can be obtained from the identified
transfected cell, and purified using known methods.

{0055 In another embodiment, the method simply utilizes a cell described hereinabove,
which contains exogenous nucleic acids integrated at two enhanced expression loci that
together encode an antigen-binding protein, and expresses the antigen-binding proten from

the cell.
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BRIEF DESCRIPTION OF THE DRAWINGS

{6056] Figure 1. An exemplary antibody cloning strategy for integration within one
expression enhancing locus compared to multiple expression enhancing loci for a
conventional monospecific antibody. Two vectors were transfected mio the host cell, the first
vector carrying a nucleic acid encoding antibody chain 1 (AbCl), such as a light chain, and a
second vector carrying a nucleic acid encoding antibody chains 2 {AbC2), such as a heavy
chain, and a selection marker different from the markers integrated within the targeted locus
of the host cell. From 5’ to 3" RRS1, muddle RRS3 and RRS2 sites of the vector constructs
maich the RRS sites flanking selection markers within the loci of the host cell. Au additional
vector transfected into the host cells encodes for a recombinase. When the selection marker
of the second vector 1s an antibiotic resistance gene, and since the two vectors are engineered
to combine and allow expression of the marker, positive recombinant clones are selected for
growth in the antibiotic. Alternatively, fluorescent marker enables positive clone selection by
fluorescent activated cell sorting (FACK) analysis. The same vectors may be utilized for site-
specific integration at a single locus, such as the EESYR® locus (Locus 1)

{06057} Figure 2. Using the two vector cloning strategy for integration within one expression
enhancing locus versus two loci, antibody A and antibody B were cloned into the loci as
depicted in Figure 1. Cells expressing antibody were isolated and subjected to 12 day fed
batch culture, followed by harvest and an Octet titer assay using Protein A sensors. The cells
were also observed to be 1sogenic and stable. Overall titer was observed to increase of 0.5 to
0.9 fold from utilization of the two site integration method.

{0058} Figure 3. An excmplary antibody cloning strategy for integration within one
expression enhancing locus compared to integration within two separate expression enhancing
loci for a bispecific antibody encoded by three antibody chains. Three vectors were utilized
for this bispecific strategy, a first vector carrying a nucleic acid encoding antibody chaing 1
{AbC1), for example a common light chain, flanked by RRS1 and RRS3, for integration into
EESYR® (SEQ ID NO:1; Locus 1); a second vector carrying antibody chain 2 (AbC2), for
example a heavy chain, having an upstream selection marker, flanked by RRS4 and RRS6, for
integration into the SEQ 1D NO:2 locus; and additionally a third vector carrying a nucleic

acid encoding a second copy AbC1 linked to a different selection marker than i the second
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vector and linked to antibody chain 3 {Ab(C3), for example a second (different) heavy chain,
flanked 5" by RRS54 and 3’ by RRS3 1 the vector cassette (S and 3’ RRSs matched to the RRS
sites in the host cell at the locus comprising SEQ [D NO:2). The two vector system as shown
may be utilized for site~-specific integration at a single locus, such as the EESYR® locus
{comprising SEQ ID NO:1; Locus 1). Titers from the respective production cell lings were
analyzed, see Figure 5.

{0059} Figure 4. An exemplary antibody cloning strategy for integration within one
expression enhancing locus compared to integration within two separate expression enhancing
loci for a bispecific antibody encoded by three or four antibody chains. Four vectors are
utilized for this bispecific strategy, a first vector carrying a nucleic acid encoding antibody
chain 1 (AbC1), for exarple a first light chain, flanked by RRS1 and RRS3, for integration
into EESYR® (SEQ D NO:1; Locus 1); a second vector carrying antibody chain 2 (AbC2),
for example a heavy chain, having an upstrearn selection marker, flanked 5" by RRS3 and 3’
by RRS2, for integration also into the EESYR® locus {(comprising (SEQ 1D NO:1; Locus 1);
and a third vector carrying a nucleic acid encoding a different selection marker than in the
second vector and linked to antibody chain 3 (AbC3), for example a second (different) heavy
chain, flanked 5’ by RRS6 and 3" by RRSS in the vector cassette (5’ and 3’ RRSs matched to
the RRS sites in the host cell at the locus comprising SEQ ID NG: 2; Locus 2); and
additionally a fourth vector carrying a nucleic acid encoding a second light chain, for example
antibody chain 1 (AbC1) (however may be the same or different than first ight chain). The
four vector system as shown may be utilized for site-specific integration at two loci, such as
the BEESYR® locus {comprising SEQ ID NO:1; Locus 1) and a locus comprising SEQ ID
NO:2 or 3. The four vector system is compared to a two vector system integration at one

locus (the EESYR® locus; Locus 1).

10060] Figure 5. Using the two vector cloning strategy for integration within one expression
enhancing locus versus two loci, bispecific antibody C and bispecific antibody D were cloned,
cells isolated and subjected to 12 day fed batch culture, followed by harvest and an Octet titer
assay using immobilized anti-Fe, and a second anti-Fc* (modified Fe detection antibody, see
US 2014-0134719 Al, published May 15, 2014}, The cells were also observed to be isogenic

and stable. Total bispecific titer (heterodimer formation) was observed to increase of 1.75 to
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2 fold utilizing the two site integration method, compared {o expression of the bispecific

antibody (heterodimer) in one integration site,

{#061] Figures 6A and 6B. Bispecific antibody E (Ab E), bispecific antibody F (Ab F),
bispecitic antibody G (Ab G), and bispecific antibody H (Ab H) were cloned in R8X or
RSX™F. Bach bispecific antibody-expressing cell comprises a (common) light chain
nucleotide, heavy chain nucleotide (wild-type Fc¢) and modified heavy chain nucleotide (Fc™)
in either one expression-enhancing locus (RSX) or two expression-enhancing loci (RSXzBP).
Cells were isolated and subjected to 13 day ted batch culture in bioreactors, tollowed by
harvest and HPLC clution methods to determine overall antibody and bispecific antibody
titers {(Figure 6A). Ratio of bispecific antibody species titer (purified away from the
homodimeric species) per total antibody titer was determined as a percentage total Ab (Figure

6R).

{0062} Figure 7. Monospecifc antibodies J and K {Ab J and Ab K, respectively} were cloned
in RSX or RSX®. Cells were isolated and subjected to 13 day fed batch culture in bioreactors,

followed by harvest and HPLC methods to determine overall 1gG titers,

DETAILED DESCRIPTION

Definitions

10063] The term "antibody"”, as used herein, includes immunoglobulin molecules comprised
of four polypeptide chains, two heavy (H) chains and two hight (L) chains inter-connected by
disulfide bonds. Hach heavy chain may comprise a heavy chain variable region (abbreviated
herein as HCVR or VH) and a heavy chain constant region. The heavy chain constant region
comprises three domains, CH1, CH2 and CH3 and a hinge. Bach light chain comprises a hight
chain vanable region (abbreviated herem as LCVR or VL) and a light chain constant region,
The light chain constant region comprises one domain, CL. The VH and VL regions can be
further subdivided into regions of hypervanability, termed complementarity determining
regions (CDR), interspersed with regions that are more conserved, termed framework regions
{(FR). Each VH and VL is composed of three CDRs and four FRs, arranged from amino-
terminus to carboxy-terminus in the following order; FR1, CDR1, FR2, CDR2, FR3, CDR3,

14
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FR4 (heavy chain CDRs may be abbreviated as HCDR1, HCDR2 and HCDR3; light chain
CDRs may be abbreviated as LCDRI, LCDR2 and LCDR3).

{04064} The phrase "antigen-binding protein” includes a protein that has at least one CDR and
is capable of selectively recognizing an antigen, 1.e., is capable of binding an antigen with a
xp that is at least in the micromolar range. Therapeutic antigen-binding proteins {(e.g.,
therapeutic antibodies) frequently require a xp that is in the nanomolar or the picomolar range.
Typically, an antigen-binding protein includes two or more CDRs, e.g., 2,3, 4, 5, or 6 CDRs.
Examples of antigen binding proteins include antibodics, antigen-binding fragments of
antibodies such as polypeptides containing the variable regions of heavy chains and light
chains of an antibody {e.g., Fab fragment, F(ab'y, fragment), and proteins containing the
variable regions of heavy chains and light chains of an antibody and containing additional
amino acids from the constant regions of heavy and/or light chains {(such as one or more
constant domains, t.¢., one or more of CL, CHI, hinge, CH2, and CH3 domains).

{3065} The phrase "bispecific antigen-binding protein” includes antigen-binding proteins
capable of selectively binding, or having different specificities to, two or more ¢pitopes -
either on two different molecules (e.g., antigens) or on the same mwolecule (e.g., on the same
antigen}. The antigen binding portion, or fragment antigen binding (Fab) portion of such
protemn renders specificity to a particular antigen, and is typically comprised of a heavy chain
variable region and a light chain variable region of an immunoglobulin. In some
circumstances, the heavy chain variable region and light chain variable region maynot be a
cognate pair, in other words, have a different binding specificities.

{0066] An example of a bispecific antigen-binding protein is a "bispecific antibody”, which
includes an antibody capable of selectively binding two or more epitopes. Bispecific
antibodies generally comprise two different heavy chains, with each heavy chain specifically
binding a different epitope - etther on two different molecules (e.g., antigens) or on the same
molecule (e.g., on the same antigen). If a bispecific antigen-binding protein is capable of
selectively binding two different epiopes (a first epitope and a second epitope), the affinity of
the variable region of the first heavy chain for the first epitope will generally be at least one to
two or three or four orders of magnitude lower than the affinity of the varnable region of the

first heavy chain for the second epitope, and vice versa. Bispecific antigen-binding proteins
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such as bispecific antibodies can include the variable regions of heavy chains that recognize
different epitopes of the same antigen. A typical bispecific antibody has two heavy chains
cach having three heavy chain CDRs, followed by (N-terminal to C-terminal) a CH1 domain,
a hinge, a CH2 domain, and a CH3 domain, and an immunoglobulin hight chain that either
does not confer antigen-binding specificity but that can associate with each heavy chain, or
that can associate with each heavy chain and that can bind one or more of the epitopes bound
by the heavy chain antigen-binding regions, or that can associate with each heavy chain and
enable binding of one or both of the heavy chains to one or both epitopes. In one
embodiment, an Fc domain inclades at least CH2 and CH3. An Fc domain may include a
hinge, a CH2 domain and CH3 domain.

{3667] One embodied bispecific format includes, a first heavy chain (HC), a second heavy
chain which has a modified CH3 (HC#*), and a common light chain (L.C) (two copies of the
same hight chain). Another embodiment includes a first heavy chain (HC), a common LC and
a HC-ScFv fusion polypeptide (wherein the second HC ts fused to the N-terminus of the
ScFv). Another embodiment includes a first HC, a cognate LC, an HC-ScFv fusion
polypeptide (wherein the second HC is fused to the N-terminus of the ScFv). Another
embodiment includes a first heavy chain (HC), a LC and an Fc domain. Another embodiment
includes a first HC, an LC, an ScFv-Fe fusion polypeptide (wherein the Fo 1s fused to the C-
terminus of the ScFv). Another embodiment includes a first HC, a common LC, and an Fe-
ScFv fusion polypeptide (wherein the Fc is fused to the N-terminus of the ScFv). Another
embodiment inchides a first HC, a LC and an ScFv-HC (wherein the second HC s fused to
the C-terminus of the ScFv),

{0068] In certain embodiments, one heavy chain {HC) may be native or "wild-type” sequence
and the second heavy chain may be modified in the Fc domain. In other embodiments, one
heavy chain (HC) may be native or "wild-type” sequence and the second heavy chain may be
codon-modified.

{0069} The term "cell” inchudes any cell that 1s suitable for expressing a recombinant nucleic
acid sequence, and has a locus that allows for stable integration and enhanced expression of
an exogenous macleic acid. Cells include mammalian cells, such as non-human animal cells,

human cells, or cell fusions such as, for example, hybridomas or quadromas. In some
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embodiments, the cell is a human, monkey, ape, hamster, rat, or mouse cell. In some
embodiments, the cell 1s a mammakbian cell selected from the following cells: CHO (e.g., CHO
K1, DXB-11 CHO, Veggie-CHO), COS (e.g., CO8-7), retinal cell, Vero, CV1, kidney {e.g.,
HEK 293, 293 EBNA, MSR 293, MDCK, HaK, BHK), HeLa, HepG2, W138, MRC 5,
Colo2035, HB 8065, HL-68, (e.g., BHK21}, Jurkat, Daudi, A431 (epidermal), CV-1, U937,
373, Lcell, C127 cell, SP2/0, NS-0, MMT 060562, Sertoli cell, BRL 3A cell, HT1080 cell,
myeloma cell, tumor cell, and a cell line derived from an aforementioned cell. In some
embodiments, the cell comprises one or more viral genes, ¢.g. a retinal cell that expresses a
viral gene (e.g., a PER.C6™ cell).

100701 "Cell density” refers to the number of cells per volume of sample, for example as
number of total {viable and dead) cells per ml. The number of cells may be counted
manually or by automation, such as with a flow cytometer. Automated cell counters have
been adapted fo count the number of viable or dead or both viable/dead cells using for
example a standard tryptan blue uptake technigue. The phrase "viable cell density” or "viable
cell concentration” refers to the number of viable cells per volume of sample (also referred to
as "viable cell count™), Any nurnber of well-known manual or automated techniques may be
used to determine cell density. Online biomass measurements of the culture may be
measured, where the capacitance or optical deusity is correlated to the number of cells per
volume. Final cell density in a cell culture, such as in a production culture, varies depending
on the starting cell line, for example in the range of about 1.0 to 10 x 10° cells/mL. In some
embodiments, final cell density reaches 1.0 to 10 x 10° cells/mL prior to harvest of protein of
interest from a production cell culture. In other embodiments, final cell density reaches
greater than 5.0 x 10° cells/mL, greater than 6 x 10° cells/mL greater than 7 x 10° cells/mL
greater than 8 x 10° cells/mL, greater than 9 x 10° cells/mL, or greater than 10 x 10° cells/mL.
{6671} The term "codon moditied” means that a protein-coding nucleotide sequence has been
modified in one or more nucleotides, t.¢., one or more codons, without changing the amino
acids encoded by the codons, resulting in a codon-modified version of the nucleotide
sequence. Codon modification of a nucleotide sequence can provide a conventent basis to
differentiate a nucleotide sequence from its codon-modified version in a nucleic acid-based

assay {e.g., a hybridization based assays, PCR, among others). In some instances, codons of a
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nucleotide sequence are modified to provide improved or optimized expression of the
encoded protein in a host cell by ermploying codon optimization technigues well known in the
art (Gustafsson, C., et al., 2004, Trends in Biotechnology, 22:346-353; Chung, BK.-8,, et al.,
2013, Journal of Biotechnology, 167:326-333; Gustafsson, C., et al,, 2012, Protein Expr
Purif, 83(1): 37-46). Sequence design software tools using such techniques are also well-
known in the art, including but not limited to Codon optimizer (Fuglsang A. 2003, Protein
Expr Purif, 31:247-249), Gene Designer (Villalobos A, et al,, 2006, BMC Bioinforma, 7:285},
and OPTIMIZER (Puigh¢ P, et al. 2007, Nucleic Acids Research, 35"W126-W131), among
others..

i0072] The phrase "complementarity determining region,” or the term "CDR," includes an
amino acid sequence encoded by a nucleic acid sequence of an orgamism’s immunoglobulin
genes that normally (i.e., in a wild-type animal) appears between two framework regions in a
variable region of a light or a heavy cham of an immunoglobulin molecule (e.g., an antibody
or a T cell receptor). A CDR can be encoded by, for example, a germbline sequence or a
rearranged or unrearranged sequence, and, for example, by a naive ora mature Beellora T
cell. In some circumstances {e.g., for a CDR3), CDRs can be encoded by two or more
sequences {¢.g., germline sequences) that are not contiguous {e.g., in an unrearranged nucleic
acid sequence) but are contiguous in a B cell nucleic acid sequence, e.g., as the result of
splicing or connecting the sequences {e.g., V-D-J recombination to form a heavy chain
CDR3).

{46731 The term "expression enhancing locus” refers to a locus in the genome of a cell that
contains a sequence or sequences and exhibits a higher level expression as compared to other
regions or sequences in the genome when a suitable gene or construct is exogenously added
{i.c., integrated) in or near the sequence or sequences, or "operably linked" to the sequence or
sequences,

{4074} The term "enhanced” when used to describe enhanced expression includes an
enhancement of at least about 1.5-fold to at least about 3-fold enhancement in expression over
what is typically observed by random integration of an exogenous sequence into a genome or
by integration at a different locus, for example, as compared to a pool of random integrants of

a single copy of the same expression construct. Fold-expression enhancement observed
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employing the sequences of the invention is in comparison to an expression level of the same
gene, measured under substantially the same conditions, in the absence of a sequence of the
invention, for example in comparison o integration at another locus into the same species
genome, Enhanced recombination efficiency includes an enhancement of the ability of a
locus to recombine (for example, employing recombinase-recognition sites ("RRE"}).
Enhancement refers to an efficiency of recombination over random recombination for
example, without employing recombinase-recognition sites or the like, which is typically
0.1%. A preferred enhanced recombination etficiency is about 10-fold over random, or about
1%. Unless specified, the claimed wmvention is not imited o a specific recombination
efficiency. Enhanced expression loci typically support high productivity of the protein of
interest by the host cell. Hence, enhanced expression inchudes high production of the protein
of interest (elevated titer in grams of protein) per cell, rather than attaining high titers simply
by high copy number of cells in culture. Specific productivity Qp (pg/cell/day, 1.¢. ped) is
considered a measure of sustainable productivity. Recombinant host cells exhibiting Op
greater than 5 ped, or greater than 10 ped, or greater than 15 ped, or greater than 20 ped, or
greater than 25 ped, or even greater than 30 ped are desirable. Host cells with a gene of
interest inserted inte an expression-enhancing locus, or "hotspot”, exhibit high specific
productivity.

{3075 Where the phrase "exogenously added gene”, "exogenously added nucleic acid”, or
simply "exogenous nucleic acid”, is employed with reference to a locus of interest, the phrase
refers to any DNA sequence or gene not present within the locus of interest as the locus is
found in nature. For example, an "exogenous nucleic acid” within a CHO locus (e.g., a locus
comprising a sequence of SEQ 1D NO: 1 or SEQ 1D NO: 2), can be a hamster gene not found
within the particular CHO locus in nature (i.e., a hamster gene from another locus in the
hamster genome), a gene from any other species {e.g., a human gene), a chimeric gene {e.g.,
human/mouse), or any other gene not found in nature to exist within the CHO locus of
interest.

{3076} The phrase "heavy chain,” or "immunoglobulin heavy chain"” includes an
immunoglobulin heavy chain constant region sequence from any organism, and unless

otherwise specified includes a heavy chain variable domain. Heavy chain variable domains
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include three heavy chain CDRs and four FR regions, unless otherwise specified. A typical
heavy chain has, following the variable domain (from N-terminal to C-terminal), a CHI
domain, a hinge, a CH2 domain, and a CH3 domain. The term "a fragment of a heavy chain”
includes a peptide of at least 10, 20, 30, 40, 50, 64, 70, 80, 90, 100 or more amino acids of' a
heavy chain, and may include one or more CDRs, one or more CDRs combined with one or
more FRs, one or more of CHI, hinge, CHZ2, or CH3, the variable region, the constant region,
fragments of the constant region {e.g. CH1, CH2 CH3), or combinations thereof. Examples of
an HCF include VHs, and full or parts of Fe regions. The phrase "a nucleotide sequence
encoding an HCF" includes nucleotide sequences encoding a polypeptide consisting of an
HCF and nucleotide sequences encoding a polypeptide containing an HCF, ¢.g., polypeptides
that may contain additional amino acids in addition to a specified HCF. For example, a
nucleotide sequence encoding an HCF includes nucleotide sequences encoding polypeptides
consisting of a VH, consisting of a VH linked to a CH3, consisting of a full heavy chain,
among others.

00771 A "homologous sequence” in the context of nucleic acid sequences refers to a
sequence that 1s substantially homologous to a reference mucleic acid sequence. In some
embodiments, two sequences are considered to be substantially homologous if at least 50%,
55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
99% or more of their corresponding nucleotides are identical over a relevant stretch of
residues. In some embodiments, the relevant stretch is a complete (i.¢., full) sequence.
{0678} The phrase "light chain” includes an immunoglobulin light chain constant region
sequence from any organism, and unless otherwise specified inchudes human kappa and
fambda light chains. Light chain vanable (VL) domains typically include three light chain
CDRs and four framework (FR) regions, unless otherwise specified. Generally, a full-length
light chain includes, from arino terminus to carboxyl terminus, a VL domain that imclodes
FRI1-CDRI-FR2-CDR2-FR3-CDR3-FR4, and a light chain constant domain. Light chains
that can be used with this invention include those, e.g., that do not selectively bind either the
first or second epitope selectively bound by a bispecific antibody. Suitable light chains also
include those that can bind or contribute to the binding of, one or both epitopes that are bound

by the antigen-binding regions of an antibody. The term "a fragment of a light chain" or " a
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light chain fragment” (or "LCF"} includes a peptide of at least 10, 20, 30, 40, 50, 60, 70, 80,
90, 100 or more amino acids of a light chain, and may include one or more CDRs, one or
more CDRs combined with one or more FRs, the varniable region, the constant region,
fragments of the constant region, or combinations thereof, Exaruples of an LCF wclude VLs
and full or parts of light chain constant regions {("CLs"}. The phrase "a nucleotide sequence
encoding an LCF" includes nucleotide sequences encoding a polypeptide consisting of an
LCF and nucleotide sequences encoding a polypeptide containing an LCF, e.g., polypeptides
that may contain additional amine acids in addition to a specified LCF. For example, a
nucleotide sequence encoding an LCF includes nucleotide sequences encoding polypeptides
consisting of a VL, or consisting of a full light chain, among others.

{06791 The phrase "operably hinked" refers to hnkage of nucleic acids or proteins in a manner
that the linked molecules function as intended. DNA regions are operably linked when they
are functionally related to cach other. For example, a promoter is operably hinked to a coding
sequence if the promoter is capable of participating in the transcription of the sequence; a
ribosome-binding site is operably linked to a coding sequence if it is positioned so as to
permit translation. Generally, operably linked can include, but does not require, contiguity,
In the case of sequences such as secretory leaders, contiguity and proper placement in a
reading frame are typical features. An expression-enhancing sequence of the locus of mterest
is operably linked to a gene of interest (GOI} where it is functionally related to the GO, for
example, where ifs presence results in enhanced expression of the GOL

{(088] "Percent identity”, when describing 3 locus of interest, such as SEQ IB NO: 1 or SEQ
1D NO: 2, or a fragment thereof, is meant o include homologous sequences that display the
recited identity along regions of contiguous homology, but the presence of gaps, deletions, or
insertions that have no homolog in the compared sequence are not taken into account in
calculating percent identity.

{#081] As used herein, 3 "percent identity” determination between, e.g., SEQID NO: 1, or
fragment thereot, with a species homolog, would not inchude a comparison of sequences
where the species homolog has no homologous sequence to compare in an alignment (i.e.,

SEQ ID NO: 1 or the fragment thereot has an insertion at that point, or the species homolog
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has a gap or deletion, as the case may be). Thus, "percent identity” does not include penalties
for gaps, deletions, and insertions.

{#082] "Recognition site” or "recognition sequence” is a specific DNA sequence recognized
by a nuclease or other enzyme to bind and direct site~-specific cleavage of the DNA backbone.
Endonucleases cleave DNA within a DNA molecule. Recognition sites are also referred to in
the art as recognifion target sites.

{#083] "Recombinase recognition site” {or "RRS") is the specific BNA sequence recognized
by a recombinase, such as Cre recombinase (Cre) or flippase (flp). Site-specitic recombinases
can perform DNA rearrangements, including deletions, inversions and franslocations when
one or more of their target recognition sequences are placed strategically into the genome of
an organism. In one example, Cre specifically mediates recombination events at its DNA
target recognition site JoxP, which is composed of two 13-bp inverted repeats separated by an
8-bp spacer. More than one recombinase recognition site may be employed, for example, to
facilitate a recombination-mediated exchange of DNA. Varnants or mutants of recombinase
recognition sites, for example lox sites, may also be emploved (Araki, N, et al, 2002, Nucleic
Acids Research, 30:19, ¢103).

{#084] "Recombinase-mediated cassetie exchange” or "RMCE" relates to a process for
precisely replacing a genomic target cassette with a donor cassette. The molecular
compositions typically provided in order to perform this process include 1) a genomic target
cassette flanked both 5” and 3’ by recognition target sites specific to a particular recombinase,
2} a donor cassette flanked by matching recognition target sites, and 3} the site-specific
recombinase. Recombinase proteins are well known in the art (Turan, 5. and Bode 1., 2011,
FASEB J., 25, pp. 4088—4107) and enable precise cleavage of DNA within a specific
recognition target site (sequence of DNA} without gain or loss of nucleotides. Common
recombinase/site combinations include, but are not himited to, Cre/lox and Flp/fre.
Commercially available kits also provide vectors containing the R4-a##F site and a vector
encoding the phiC31 integrase for RMCE. (See also, e.g. U.S. Published Application No.
US20130004946.}

10085] "Site-specific integration” or "targeted msertion” refers to gene targeting methods

employed to direct insertion or integration of & gene or nucleic acid sequence to a specific
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location in the genome, i.e., to direct the DNA to a specific site between two nucleotides in a
contiguous polynucleotide chain, Site-specific mtegration or targeted msertion may also be
done for a particular nucleic acid that includes multiple expression units or casseties, such as
multiple genes, each having thewr own regulatory elements (such as promoters, enhancers,
and/or transcriptional termination sequences). "Insertion” and "integration” are used
inferchangeably. It is understood that insertion of a gene or mucleie acid sequence (for
example a nucleic acid sequence comprising an expression cassette) may result in (or may be
engineered for) the replacement or deletion of one or more nucleic acids depending on the
gene editing technique being utilized.

{0086} "Stable integration” means that an exogenous nucleic acid integrated in the genome of
a host cell remains integrated for an extended period of time n cell culture, for example, at
least 7 days, at least 10 days, at least 15 days, at least 20 days, at least 25 days, at least 30
days, at least 35 days, at least 40 days, at least 45 days, at lcast 50 days, at least 535 days, at
least 60 days, or longer. It is understood that making bispecific antigen-binding proteins for
manufacturing and purification at large-scale is a challenging task. Stability and clonality are
essential to the reproducibility of any biomolecule, especially one to be used therapeutically,
The stable clones expressing bispecific antibodies made by the methods of this disclosure

provide a consistent and reproducible way to generate therapeutic biomolecules.

General Description

{00871 This disclosure provides for compositions and methods for improved expression of
multiple polypeptides in a host cell particularly Chinese hamster (Cricetulus griseus) cell
lines, by employing multiple {e.g., two) expression-enhancing oci in the host cell. More
specifically, the disclosure provides compositions and methods designed to infegrate multiple
exogenous nucleic acids that together encode an antigen-binding protein into multiple
expression-enhancing loci in a host cell such as a CHO cell in a site-specific manner. In
particular, this disclosure provides cells containing multiple exogenous nucleic acids
integrated within multiple expression-enhancing loci wherein the multiple exogenous nucleic
acids together encode an antigen-binding protein. This disclosure further provides mucleic
acid vectors designed for site-specific integration of multiple exogenous nucleic acids into

multiple expression-enhancing loci. This disclosure additionally provides systems that
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include a host cell containing nultiple recombinase recognition sites {RRSs) at each of
multiple expression-enhancing loci, and a set of vectors containing matching RRSs and
multiple exogenous nucleic acids, for site-specific integration of the multiple exogenous
nucleic acids from the vectors into the multiple expression-enhancing loci. Further, this
disclosure provides methods for making an antigen-binding protein using the cells, vectors

and systems disclosed herein,

Cells Havine Mualliple Exovenous Nucleic Acids Inteorated Site-Specifically Within

Muliinle Exnression Enhancing Loci

{0088] In one aspect, this disclosure provides a cell that contains multiple exogenous nucleic
acids integrated site-specifically in two expression-enhancing loci wherein the multiple
exogenous nucleic acids together encode an antigen-binding protein. The antigen-binding
protein can be a bispecific antigen-binding protein, or a conventional {i.e., monospecific)
antigen-binding protein.

{3089} The cells provided herein are capable of producing a desired antigen-binding protein
with high titers and/or high specific productivity (pg/cell/day). In some embodunents, a cell
produces an antigen-binding protein at a titer of at least 1 g/L, 1.5 g/L, 2.0 g/L. 2.5 g/L, 3.0
g/, 3.5¢g/1,40g/L,4.5¢g/L,50¢/L, 10 g/L, or greater. In some embodiments, a cell that
produces an antigen-binding protein has a specific productivity of at least 5, 6, 7, 8, 9, 10, 11,
12,13, 14, 15 picogram/cell/day, or higher, determined based on total antigen-binding
proteins {in pg) produced per cell per day.

{06981 The host cells comprising exogenous nucleic acids which together encode an antigen-
binding protein and are integrated within two enhanced expression loct exhibit high cell
density in a production culture, ¢.g. 1 to 10 x 10° cells/mL. In other embodiments, the
antigen-binding protein-encoding host cell reaches a final cell density of at least 5 x 10°
cells/mL, 6 x 10° cells/mL, 7 x 10° cells/mL, 8 x 10° cells/mL, 9 x 10° cells/mL, or 10 x 10°
cells/ml. (in production culture).

{0091} In some embodiments, a cell is provided that is capable of producing a bispecific
antigen-binding protein at a ratio of the bispecific antigen-binding protein tiler versus the fotal
antigen-binding protein titer of at least 5%, 10%, 15%, 20%, 25%, 30%, 35%, 40%, 50%,

60%, or higher. In some embodiments, a cell is provided that 1s capable of producing a
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bispecific antigen-binding protein, wherein the ratio of the bispecific antigen-binding protein
titer is at least 50% of the total antigen-binding protein titer produced by the cell.

{6092] In other embodiments, a cell is provided that is capable of producing an antigen-
binding protein wherein the total anfigen-binding protein titer produced by expression in two
loci compared with the total antigen-binding protein titer produced by expression in one loct
is at least 5%, 10%, 15%, 20%, 25%, 30%, 35%, 40%, 50%, 60%, or higher., In certain
embodiments, a cell is provided that is capable of producing an antigen-binding protein
wherein the total antigen-binding protein titer produced by expression in two loci compared
with the total antigen-binding protein titer produced by expression in one loci 18 at least 0.5
fold, 0.75 fold, 1 fold, 1.5 fold, 1.75 fold, 2 fold, or higher.

{66931 In some embodiments, the cell containg a first exogenous mucleic acid integrated at a
specific site within a first enhanced expression locus; and a second exogenous nucleic acid
integrated at a specitic site within a second enhanced expression locus; wherein the first and
second exogenous nucleic acids together encode an antigen-binding protein. The first and
second exogenous nucleic acids together inchude multiple nucleotide sequences encoding
HCF(s) or LCF(35) (e.g., variable regions) of the antigen-binding protein. For instance, for
monospecific antibodies, there can be one nucleotide sequence encoding a HCF {e.g., a VH)
and one mucleotide sequence encoding a LCF {e.g., a VL) for a monospecific antigen-binding
protein, or multiple copies {e.g., two copies) of each. For bispecific antibodies, there can be
two nucleotide sequences each encoding a HCF (typically the two HCFs being ditferent from
each other}, one or two copies of a nucleotide sequence encoding a LCF, or two nucleotide
sequences encoding two different LCFs. Depending on whether the antigen-binding protein s
monospecific or bispecific, nucleotide sequences encoding HCF(s) or LCF(s) {e.g., variable
regions) can be integrated in different variations or combinations at two enhanced expression
loci. For example, for monospecific antigen-binding proteins, in one instance, a nucleotide
sequence encoding a HCF and a nucleotide sequence encoding a LCF can be integrated
separately in two loct, one at each locus; whereas m another instance, a nucleic acid encoding
a HCF and a LCF 1s integrated at one locus, and a separate nucleic acid encoding the same
HCF and the same LCFs 18 integrated at another locus. For bispecific antigen-binding

proteins, in one instance, a nucleotide sequence encoding a first HCF and a LCF can be
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integrated in a first locus, and a nucleotide sequence encoding a second HCF is integrated ina
second locus, wherein the two HCFs are different, and the LCF is the common LCF of the
bispecific antigen-binding protein; and in another instance, a nuclectide sequence encoding a
first HCF and a LCF 18 integrated in a first locus, and a nucleotide sequence encoding a
second HCF and the same LCF 1s integrated in a second locus.

{0094 In some embodiments, the nucleotide sequence encoding a HCF or a LCF can encode
amino acids from a constant region. For example, the nucleotide sequence encoding a HCF or
LCF can encode one or more of CL, CH1, CH2, CH3, or a combination of CH1, CH2 or CH3,
or can encode an entire constant region. In some embodiments, a nucleotide sequence
encoding a HCY encodes a CH3 domain. In specific embodiments, a nucleotide sequence
encoding a HHCF encodes a heavy chain. In some embodiments, a nucleotide sequence
encoding a LCF encodes a light chain.

{0095} In embodiments where two HCFs are involved, the nucleotide sequence encoding a
first HCF can encode amino acids from a first constant region, and the nucleotide sequence
encoding a second HCF can encode amino acids from a second constant region, wherein the
amino acids from the two constant regions can be the same or different in at least one position
{such as posttions resulting in a different Protein A binding characteristics, or other positions
described hereinbelow for various bispecific antigen-binding proteins). Independent of the
differences in amino acids, the two nucleotide sequences encoding amino acids from two
constant regions can be differentiated by modifying one or more codons of one nucleotide
sequence, which provides a convenient basis to differentiate the two nucleotide sequencesin a
nucleic acid-based assay.

{8096] In some embodiments, each HCF- or LCF-coding nucleotide sequence is
independently and operably linked to a franscriptional regulatory sequence that contains a
promoter. By "independently”, it means that each coding sequence is operably linked to a
separate transcriptional regulatory sequence such as a promoter, so that transcription of the
coding sequences is under separate regulation and control. In some erabodiments, the
promoters directing transcription of the two HCF-containing polypeptides are the same. In
some embodiments, the promoters directing transcription of the two HCF-containing

polypeptides, as well as the promoter directing transcription of the VL-containing
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polypeptide, are all the same, e.g., a CMV promoter. In some embodiments, each HCF- or
LCF-coding nucleotide sequence s independently and operably huked to an inducible or
repressible promoter. Inducible and repressible promoters allow production to occur only in
production phase (fed-batch culture) and not during growth phase (seed train culture); or to
differentially control expression of antibody components (HCF and LCF) in different loci
with precision. Fine conirol of production {expression) of each gene product may be achieved
by way of different promoters.

{0097} In one such example, cells are first engineered to express the tetracycline repressor
protem (TetR) and each HCF- and LCF-coding nucleotide sequence s placed under
transcriptional control of a promoter whose activity is regulated by TetR. Two tandem TetR
operators (TetO) are placed immediately downstream of the CMV promoter. In some
embodiments, cach HCF- and/or LCF-coding nucleotide sequence is independently and
operably linked to a promoter upstream of at least one TetR operator {TetO) or Arc operator
{Arc(). In other embodiments, each HCF- and/or LCF-coding nucleotide sequence is
independently and operably linked to a CMV/TetO or CMV/ArcO hybrid promoter.
Additional suitable promoters are described herein below,

{#098] In some embodiments, the multiple exogenous nucleic acids integrated at two loci are
flanked by RRSs. For example, a first RRS and a second RRS are positioned 5' and 3,
respectively, relative to a first exogenous nucleic acid integrated at a first locus, and a third
RRS and a fourth RRS are positioned 5" and 3', respectively, relative to a second exogenous
nucleic acid integrated at a second locus, wherein the first and second RRSs are different, and
the third and fourth RRSs are different. In some embodiments, the first, second, third and
fourth RRS are all different from each other. In other embodiments, the first and third RRSs
are the same, and the second and fourth RRS ' are the same, where the first exogenous nucleic
acid encodes a HCF and a LCF, and the second exogenous nucleic acid encodes the same
HCF and LCF,

{0099} In some embodiments, where an exogenous nucleic acid integrated at a locus includes
two HCF or LCF-coding nucleotide sequences, an additional RRS can be included between
the two nucleotide sequences. Such additional RRS should be ditfferent from the two RRSs

flanking the exogenous nucleic acid. In some embodiments, the additional RRS is inserted
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into an intron of a selectable marker gene that is included in the integrated exogenous nucleic
acid and positioned between the two HCF or LCF-coding nucleotide sequences. After
transcription and post transcriptional processing, the intron will be excised giving rise to
wmRNA encoding the selectable marker. In embodiments where both the exogenous nucleic
acid integrated at a first locus and the exogenous nucleic acid integrated at a second locus
include two HCF or LCF-coding sequences (¢.g., LCF-HCF1 and LCF-HCF2), an additional
RRS can be included in only one, or both, of the first and second exogenous nucleic acids
between the two HCF or LCF-coding sequences at each locus. The additional RRS in the first
locus can be the same or different from the additional RRS in the second locus. Each
additional RRS should be different from the two RRSs flanking the exogenous nucleic acid
integrated at that locus. Each additional RRS can be optionally inserted within an intron of a
selectable marker gene, and the selectable marker genes having an intron in the two loci can
be different.

{B0106] Where multiple HCF or LCF-coding sequences are included within an exogenous
nucleic acid integrated at a locus, the relative positions of the multiple coding sequences
within the locus can vary. For example, in embodiments where an integrated exogenous
nucleic acid includes a LCF-encoding nucleotide sequence and a HCF-encoding nucleotide
sequence, the LCF-encoding nucleotide sequence can be located upstream or downstream
relative to the HCF-encoding nucleotide sequence. In specific embodiments, the LCF-
encoding mucleotide sequence 1s located upstream relative to the HCF-encoding nucleotide
sequence. Where both loci include a LCF-encoding nucleotide sequence and a HCF-encoding
nucleotide sequence, in specific embodiments, the LCF-encoding nucleotide sequence is
located upstream relative to the HCF-encoding nucleotide sequence in both loci.

{00101} In further embodiments, cells are provide that contains a first pair of RRSs
integrated within a first enhanced expression locus, and a second pair of RRSs integrated
within a second enhanced expression locus, wherein the two RRSs within each pair are
different. Such cells are useful for receiving multiple exogenous nucleic acids to be
integrated that together encode an antigen-binding protein.

{00102} In some embodiments, a first exogenous nucleic acid is present between the two

RESs at the first locus, and a second exogenous nucleic acid is present between the two RRSs



WO 2017/184832 PCT/US2017/028555

at the second locus. The first and second exogenous nucleic acids can gach encode one or
more selectable marker genes. The selectable marker geves can differ from each other.
{60103] In some embodiments, an additional RRS is present between the two RRSs in the
pair (i.e., the 5 RRS and the 3' RRS) at a3 locus, wherein the additional RRS s different from
both the 5' RRS and the 3' RRS at the locus. In some embodiments, an additional RRS 1s
present between the 5' RRS and the 3' RRS at one of the two loct; and in other embodiments,
an additional RRS 1s present between the 5' RRS and the 3' RRS at each of the two loci.
Where an additional RRS 1s present between the 5' RRS and the 3' RRS, a selectable marker
gene can be included between the 5" RRS and the additional RRS, and another seleciable
marker gene can be included between the additional RRS and the 3' RRS, and the two
selectable markers are different.

{00104} In many of the embodiments described, the cell is a CHO cell, wherein one of two
enhanced expression loci 1s selected from the group consisting of a nucleotide sequence at
least 90% identical to SEQ ID NO: 1, a nucleotide sequence at least 90% identical to SEQ ID
NO: 2, and a nucleotide sequence at least 90% identical to SEQ 1D NO: 3.

Bispecific Antizen-Binding Proteins

{60105] Bispecific antigen-binding proteins, such as bispecific antibodies, suitable for
cloning and production in the cells, vectors, and systems described in this disclosure are not
limited to any particular format of bispecific antigen-binding proteins.

{00106] In various embodiments, the bispecific antigen-binding protein includes two
polypeptides, each containing an antigen-binding moetty {e.g., a HC) and a CH3 domain,
wherein the antigen-binding moeity of the two polypeptides have different antigen
specificities, and wherein the two CH3 domains are heterodimeric in respect to each other in
that one of the CH3 domains has been modified in at least one amino acid position to give rise
to differential Protein A binding characteristics between the two polypeptides. See, ¢.g., the
bispecific antibodies described in U.S. Patent 8,586,713, In this way, a differential protein A
isolation scheme can be employed to readily isolate the heterodimeric bispecific antigen-
binding proteins from homodimers.

001071 In some embodiments, the bispecific antigen-binding protein includes two heavy

chains having different antigen specificities and differing in at least one amino acid position
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in the CH3 domain to give rise to differential Protein A binding characteristics between the
two heavy chains.,

{00108] In some embodiments, the two polypeptides contain CH3 domains of human IgG,
wherein one of the two polypeptides contains the CH3 domain of a human IgG selected from
IgG1, 1gG2 and 1G4, and the other one of the two polypeptides contains a modified CH3
domain of a human IgG selected from IgGl, IgG2 and 1gG4 wherein the modification reduces
or eliminates the binding of the modified CH3 region to Protein A. In specific embodiments,
one of the two polypeptides contains the CH3 domain of human IgG1, and the other one of
the two polypeptides contains a modified CH3 domain of human IgG1 wherein the
modification is selected from the group consisting of (i) 95R and (i1} 95R and 96F in the
IMGT exon nursbering system. In other specific embodiments, the modified CH3 domain
comprises one to five additional modifications selected from the group consisting of 16E,
18M, 448, 52N, 57M, and 821 in the IMGT exon numbering system,

{00108 In other various embodiments, the two polypeptides contain CH3 domains of mouse
1g(G, wherein one of the two polypeptides contains the CH3 domain of an unmodified mouse
1g(G, and the other one of the two polypeptides contains a modified CH3 domain of the mouse
1gG wherein the modification reduces or eliminates the binding of the modified CH3 region to
Protein A. In various embodiments, a mouse IgG CH3 region is modified to comprise
particular amino acids at particular positions (EU numbering), selected from the group
consisting oft 2527, 254T, and 256T; 252T, 254T, 2567, and 258K 247P, 2527, 254T, 256T,
and 258K 435R and 436F; 2527, 2547, 2567, 435R, and 436F; 2527T, 2547, 256T, 258K,
435R, and 436F; 24tP, 2527, 2547, 256T, 258K, 435R, and 436F; and, 435R. In a specific
embodiment, a particular group of modifications is made, selected from the groups consisting
of: M252T, S2547T, S256T; M2527T, 82547, 8256T, 1258K,; 1247P, M2527T, 8254T, S256T,
1258K; H435R, H436F; M252T, S254T, S256T, H435R, H436F; M252T, $254T, S256T,
1258K, H435R, H436F; 1247P, M252T, S2541, S256T, 1258K, H435R, H436F; and, H435R.
{00118} In various embodiments, a bispecific antigen-binding protein is a hybrid of a mouse
and a rat monoclonal antibody or antigen-binding protein, e.g., a hybrid of mouse Ig(G2a and
rat IgG2b. According to these embodiments, a hispecific antibody s composed of a

heterodimer of the two antibodies comprising one heavy/light chain pair of each, associating
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via their Fc portions. The desired heterodimer can be easily purified from a mixture of two
parental antibody homodimers and the bispecific heterodimer, because the binding properties
of the bispecific antibody to Protein A are different from those of the parental antibodies: rat
1g(G2b does not bind to protein A, whereas the mouse IgG2a does. Consequently, the mouse-
rat heterodimer binds to Protein A but elutes at a higher pH than the mouse IgG2a
homodimer, and this makes selective purification of the bispecific heterodimer possible.
{66111] In other various embodiments, a bispecific antigen-binding protein is of a format
that 1s referred to as "knobs-into-holes™ in the art (see, e.g., U.S. Patent No. 7,183,076). In
these embodiments, the Fc portions of two antibodies are engineered to give one a protruding
"knob", and the other a complementary "hole." When produced in the same cell, the heavy
chains are said to preferentially form heterodimers rather than homodimers, by association of
the enginecred "knobs" with the engineered "holes.”

{00112} In another embodiment, the first heavy chain and the second heavy chain compnses
one or more amino acid modifications in the CH3 domain to enable interaction between two
heavy chains. CH3-CH3 interface amino acid residues can be replaced with charged amino
acid to provide electrostatically unfavorable homodimer formation. (See, eg. PCT
Publication No. W(0O2009089004; and Furopean Publication No. EP1870459.)

{00113] In other embodiments, the first heavy chain comprises a CH3 domain of the isotype
IgA and the second heavy chain comprises a CH3 domain of IgG {or vice versa) to promote
preferential formation of heterodimers. {See e g. PCT Publication No. W0O2007110205.)
{06114} In other embodiments, various formats can be incorporated with immunoglobulin
chains by engineering methods to foster formation of heterodimers, such as Fab-arm exchange
{(PCT Publication No. PCT Publication No. WO2008119353; PCT Publication No.
W02011131746), cotled-coil domain interaction (PCT Publication No. W(02011034605) or
leucine zipper peptides (Kostelny, et al. .7 Immunol 1992, 148(5):1547-1553).

{00115] Imnunoglobulin heavy chain fragments {e.g., variable regions) that can be used to
generate bispecific antigen binding proteins can be generated using any method known in the
art. For example, a first heavy chain comprises a variable region that is encoded by a nucleic
acid that 1s derived from the genome of a mature B cell of a first animal that has been

immunized with a first antigen, and the first heavy chain specifically recognizes the first
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antigen; and a second heavy chain comprises a variable region that is encoded by a nucleic
acid that is derived from the genome of a mature B cell of a second animal that has been
immunized with a second antigen, and the second heavy chain specifically recognizes the
second antigen. Imvmunoglobulin heavy chain variable region sequences can also be obtained
by any other method known in the art, €.g., by phage display. In other examples, nucleic
acids encoding the heavy chain variable regions inchude those of antibodies that have been
described or otherwise available in the art. In some embodiments, one of the two heavy chain
coding sequences have been codon modified m order to provide a convenient basis to
differentiate the two coding sequences in nucleic acid based assays.

{00116] Bispecific antibodies comprising two heavy chains that recognize two different
epitopes (or two different antigens) are more easily 1solated where they can pair with the same
light chain (i.e., light chains having identical variable and constant domains). A variety of
methods are known in the art for generating light chaing that can pair with two heavy chains
of differing specificity, while not interfering or not substantially interfering with the
selectivity and/or affinity of the heavy chain variable domain with its target antigen, as
described in e.g., U.S. Patent 8,586,713 and the art disclosed therein,

{00117} The bispecific antigen-binding proteins can have a variety of dual antigen
specificities and associated useful applications.

{B0118] In some examples, bispecific antigen-binding proteins that comprise binding
specificity toward a tumor antigen and a T-cell antigen can be made that target an antigen on a
cell, e.g., CD20, and also target an antigen on a T-cell, e.g., 3 T cell receptor such as CD3. In
this way, the hispecific antigen-binding protein targets both a cell of interest in a patient {e.g.,
B cell i a lymphoma patient, via CD20 binding) as well as a T-cell of the patient. The
bispecific antigen-binding protein, in vartous embodiments, is designed so as to activate the
T-cell upon binding CD3, thus coupling T-cell activation to a specific, selected tumor cell.
{00119] In the context of bispecific antigen-binding proteins wherein one moiety bindstoa T
cell receptor such as binding to CD3 and the other moiety binds a target antigen, the target
antigen can be a tumor-associated antigen. Non-limiting examples of specific tumor-
associated antigens include, e.g., AFP, ALK, BAGE proteins, BIRCS (survivin), BIRC7, -
catenin, bre-abl, BRCA1, BCMA, BORIK, CAS, carbonic anhydrase [X, caspase-8, CALR,
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CCRS, CD19, CD20(MS4AL), CD22, CD30, CD40, CDK4, CEA, CLEC-12, CTLA4, cyclin-
B1, CYP1B1, EGFR, EGFRvIL, ErbB2/Her2, ErbB3, ErbB4, ETV6-AML, EpCAM, EphA2,
Fra-1, FOLRI, GAGE proteins {e.g., GAGE-1, -2}, GD2, GD3, GloboH, glypican-3, GM3,
gpl00, Her2, HLA/B-raf, HLA/k-ras, HLA/MAGE-A3, hTERT, LMP2, MAGE proteins
{e.g., MAGE-1, -2, -3, -4, -6, and -12}, MART-1, mesothelin, ML-IAP, Mucl, Muc2, Muc3,
Muc4, Muc5, Muc16 (CA-125), MUM1, NA17, NY-BR1, NY-BR62, NY-BR85, NY-ESO1,
OX40, pl15, p53, PAP, PAX3, PAXS, PCTA-1, PLACI, PRLR, PRAME, PSMA (FOLH1),
RAGE proteins, Ras, RGS5, Rho, SART-1, SART-3, Steap-1, Steap-2, TAG-72, TGF-B,
TMPRSS2, Thompson-nouvelle antigen (Tn), TRP-1, TRP-2, tyrosinase, and wroplakin-3. In
some embodiments, the bispecific antigen-binding protein comprises one moicty that binds
CD3. Bxewplified anti-CD3 antibody moieties are described 1o U.S. Pat. Appln. Pub. Nos.
US2014/0088295A1 and US20150266966A1, and in International Publication No. WO
2017/053856 published on March 30, 2017, all of which are incorporated herein by
reference). In other embodiments, the bispecific antigen-binding protein comprises one
moiety that binds to CD3 and one motety that binds to BCMA, CD19, CD2G, CD28, CLEC-
12, Her2, HLA protein, MAGE protein, Mucl6, PSMA, or Steap-2. In still other
embodiments, the bispecific antigen-binding protein is selected from the group consisting of
an anti-CD3 x anti-CD20 bispecific antibody (as described in U.S, Pat. Appin. Pub. Nos.
US2014/0088295A1 and US20150266966A1, herein incorporated by reference), an anti-CD3
x anti-Mugcin 16 bispecific antibody {(e.g., an anti-CD3 x anti-Muc 16 bispecific antibody), and
an anti-CID3 x anti- Prostate-specific membrane antigen bispecific antibody (e.g., an anti-CD3
x anti-PSMA bispecific antibody).

{00126] In the context of bispecific antigen-binding proteins wherein one moiety bindstoa T
cell receptor such as binds to CD3 and the other moiety binds a target antigen, the target
antigen can be an infectious disease-associated antigen. Noun-hmiting examples of infectious
disease-associated antigens include, e.g., an antigen that is expressed on the surface of a virus
particle, or preferentially expressed on a cell that is infected with a virus, wherein the virus 1s
selected from the group consisting of HIV, hepatitis (A, B or ), herpes virus {e.g., HSV-1,
HSV-2, CMV, HAV-6, VZV, Epstein Barr virus), adenovirus, influenza virus, flavivirus,

echovirus, rhinovirus, coxsackie virus, coronavirus, respiratory syncytial virus, mismps virus,
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rotavirus, measles virus, rubella virus, parvovirus, vaccinia virus, HTLV, dengue virus,
papillomaviras, motluscum viras, poliovirus, rabies virus, JC virus, and arboviral encephalitis
virus. Alternatively, the target antigen can be an antigen that is expressed on the surface of a
bacterium, or preferentially expressed on a cell that 1s infected with a bacterium, wherein the
bacterium is selected from the group counsisting of chlamydia, rickettsia, mycobactena,
staphylococei, streptococct, pneumonococci, meningococci, gonococct, kicbsiella, proteus,
serratia, pseudomonas, legionella, diphtheria, salmonella, bacilli, cholera, tetanus, botulism,
anthrax, plague, leptospira, and Lyme disease bacteria. In certain embodiments, the target
antigen is an antigen that is expressed on the surface of a fungus, or preferentially expressed
on a cell that is infected with a fungus, wherein the fungus is selected from the group
consisting of Candida (albicans, krusei, glabrata, tropicalis, etc.), Crytococcus neoformans,
Aspergillus (fumigatus, niger, etc.), Mucorales (mucor, absidia, rhizopus, etc.), Sporothrix
schenkii, Blastomyces dermatitidis, Paracoccidioides brasiliensis, Coccidioides immitis, and
Histoplasma capsulatum. In certain embodiments, the target antigen is an antigen that is
expressed on the surface of a parasite, or preferentially expressed on a cell that is infected
with a parasite, wherein the parasite 1s selected from the group consisting of Entamoeba
histolytica, Balantidium coli, Naeglertafowleri, Acanthamoeba sp., Giardia lambia,
Cryptosporidium sp., Pneumocystis carinii, Plasmodium vivax, Babesia microti,
Trypanosoma brucei, Trypanosoma cruzi, Leishmania donovani, Toxoplasma gondit,
Nippostrongylus brasiliensis, Taenia crassiceps, and Brugia malayi. Non-limiting examples
of specific pathogen-associated antigens include, e.g., HIV gp120, HIV CD4, hepatitis B
glucoprotein L, hepatitis B glucoprotein M, hepatitis B glucoprotein 8, hepatitis C Ei,
hepatitis C E2, hepatocyte-specific protein, herpes simplex virus gB, cytomegalovirus gB, and
HTLV envelope protein.

{6012%] Bispecific binding proteins that comprise two binding moieties that are each directed
to a binding partner {i.c., each directed to a different target) on the surface of the same cell can
also be made. This design 1s particularly suited to targeting specific cells or cell types that
express both targets on the surface of the same cell. Although targets might appear
individually on other cells, the binding moteties of these binding proteins are sclected such

that each binding moiety binds its target with a relatively low affinity {e.g., low micromolar,
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or high nanomolar - ¢.g., over a hundred nanomolar KD, e.g., 500, 600, 700, 800 nanomolar).
In this way, prolonged target binding is favored only in situations where the two targets are in
proximity on the same cell.

{00122] Bispecific binding proteins that comprise two binding moieties that bind the same
target, cach at a different epitope of the same target, can be made. This design is particularly
suited for maximizing the probability of successfully blocking a target with binding protein.
Multiple extracellular loops, e.g., of a transmembrane channel or a cell surface receptor, can
be targeted by the same bispecific binding molecule,

{00123] Bispecific binding proteins that comprise two binding moieties that cluster and
activate negative regulators of immune signaling to result in immune suppression can be
made. Repression in ¢is can be achieved where the targets are on the same cell; repression m
trans can be achieved where the targets are on different cells. Repression in ¢is, e.g., can be
achieved with a bispecific binding protein having an anti-IgGRIIb binding moiety and an anti-
FelD1 binding moiety, such that the IgGRIIb is clustered only in the presence of FellD, in
order to down-regulate an immune response to FelD1. Repression in trans, e.g., can be
achieved with a bispecific binding protein having an anti-BTLA binding moiety and a binding
moiety that specifically binds a tissue-specific antigen of interest, such that clustering of the
inhibitory BTLA molecule occurs only in the selected target tissne, which potentially
addresses anto-immune diseases.

{00124} Bispecific binding proteins that activate multi-component receptors can be made. In
this design, two binding moieties directed to two components of a receptor bind, cross-link
the receptor, and activate signaling from the receptor. This can be done, ¢.g., using a
bispecific binding protein with a binding moiety that binds IFNAR and a binding moiety that
binds IFNARZ2, where binding cross-links the receptor. Such a bispecific binding protein can
provide an alternative to interferon treatment,

{00125] Bispecific binding proteins that transport binding moietics across a semi-permeable
barrier, e.g., the blood-brain barrier, can be made. In this design, one binding moiety binds a
target that can transit a particular selective barrier; the other binding moiety targets 3 molecule
with a therapeutic activity, wherein the target molecule with therapeutic activity cannot

normally traverse the barrier. This kind of bispecific binding protein is useful for bringing
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therapeutics to tissues that the therapeutic would not otherwise reach. Some examples include
targeting the pIGR receptor to transport a therapeutic into the gut or lung, or targeting the
transferrin receptor to transport a therapeutic across the blood-brain barrier.

{00126] Bispecific binding proteins that transport binding moieties into specific cells or cell
types can be made. In this design, one binding moiety targets a cell surface protein {e.g., a
receptor) that is readily internalized into the cell. The other binding moiety targets an
intracellular protein, where binding of the intracellular protein resulis in a therapeutic effect.
{00127} Bispecific binding proteins that bind a surface receptor of a phagocytic immune cell
and a surface molecule of an mfectious pathogen {(e.g., a veast or bactertum), to bring the
infectious pathogen in the vicinity of a phagocytic immune cell to facilitate phagocytosis of
the pathogen. An example of such a design would be a bispecific antibody that targets a
D64 or CDEY molecule and also a pathogen.

{00128] Bispecific binding proteins that have an antibody variable region as one binding
moiety and a non-Ig moiety as a second binding moiety. The antibody variable region
achieves targeting, whereas the non-Ig moiety is an effector or a toxin linked to an Fc. In this
way, the ligand {e.g., an effector or toxin) is delivered to the target bound by the antibody
variable region.

{00129] Bispecific binding proteins that have two moteties each bound to an Ig region (e.g.,
an Ig sequence containing a CH2 and CH3 region} such that any two protein moieties can be
brought in cach other's vicinity in the context of the Fc. Examples of this design mclude

traps, e.g., homo- or heterodimeric trap molecules.

Expression-Enhancing Loci

{60138] Expression-enhancing loci suitable for use in this nvention include for example, a
locus that comprises 3 nucleotide sequence having substantial homology to SEQ D NG: 1 as
described in U.S. Patent 8,389,239 (also referred to herein as the "EESYR® locus” or "Locus
1™, a locus that comprises a nucleotide sequence having substantial homology to SEQ [D
NO: 2 or SEQ 1D NO: 3 as described in U.S. Application Serial No. 14/919,300 (also referred
to herein as "the YARS locus” or "Locus 2"), and other expression-enhancing loci and

sequences documented in the art {e.g., US 20150167020A1, and U.S. Patent 6,800,457).
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100131 In some embodiments, the two expression-enhancing loci used in this invention are
selected from the group consisting of a locus that comprises a nucleotide sequence having
substantial homology to SEQ D NO: 1, a locus that comprises a nuclestide sequence having
substantial homology to SEQ ID NO: 2, and a locus that comprises a nucleotide sequence
having substantial homology to SEQ 11D NO: 3. These loci contain sequences that not only
provide for enhanced expression of genes integrated in operable linkage to the sequences (i.c.,
within the sequences or within close proximity to the sequences), but also exhibit greater
recombination efficiency and improved integration stability, as compared to other sequences
in the genome.

{00132] SEQID NO: 1, SEQ ID NO: 2 and SEQ ID NO: 3 have been identified from CHO
cells. Other maromalian species (such as, for exaruple, humans or mice), were found to have
limited homology to the identified expression-enhancing region; however, homologous
sequences may be found in cell hines derived from other tissue types of Cricerulus griseus, or
other homologous species, and can be isolated by techniques that are well-known 1n the art.
For example, one may identify other homologous sequences by cross-species hybridization or
PCR-based techniques. In addition, changes can be made in the nucleotide sequence set forth
in SEQ [D NO: 1, SEQ ID NO: 2, or SEQ 1D NO: 3, by site-directed or random mutagenesis
techniques that are well konown in the art. The resulting sequence variants can then be tested
for expression-enhancing activity. DNAs that are at least about 90% identical in nucleic acid
identity to SEQ ID NO: 1, SEQ ID NO: 2, or SEQ ID NO: 3, having expression-enhancing
activity are isolatable by routine experimentation, and are expected to exhibit expression-
enhancing activity.

{00133] The mntegration site, the site or nucleotide position of insertion of one or more
exogenous nucleic acids, can be at any position that is within or adjacent to any of the
expression enhancing sequences (such as SEQ ID NO: 1, SEQ ID NO: 2, SEQ 1D NO: 3).
Whether a specific chromosomal location within or adjacent to the locus of interest supports
stable integration and efficient transcription of an integrated exogenous gene can be
determined in accordance with standard procedures well known in the art, e.g., as described

U.S. Patent 8,389,239 and U.S. Application Serial No. 14,919,300,
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{80134] The integration sites considered herein are located within the expression enhancing
sequences, or within close proximity to the sequences, e.g., less than about 1 kb, 500 base
pairs {(bp), 250 bp, 100 bp, 50 bp, 25 bp, 10 bp, or less than about 5 bp upstream (57) or
downstream (37} with respect to the location of an expression enhancing sequence on the
chromosomal DNA. In still some other embodiments, the employed integration site is located
at about 1000, 2500, 5000 or more base pairs upstream (5°) or downstream (3”) with respect
to the location of an expression enhancing sequence on the chromosomal BNA.

{00135} Ui 1s understood in the art that large genomic regions, such as scaffold/matrix
attachment regions, are emploved for efficient replication and transcription of chromosomal
DNA. A scaffold/matrix attachment region {8/MAR), also known as called scaffold-
attachment region (SAR), or matrix-associated or matrix attachment region (MAR), is a
cukaryotic genomic DNA region where the nuclear matrix attaches. Without being bound by
any one theory, S/MARSs typically map fo non-coding regions, separate a given transcriptional
region {e.g. chromatin domain) from its neighbors, and also provide platforms for the
machinery and/or binding of factors that enable transcription, such as recognition sites for
DNAses or polymerases. Some 5/MARs have been characterized at about 14-20 kb m length
{Klar, et al. 2005, Gene 364:79-89). As such, integration of genes at an expression enhancing
locus {(e.g., within or near SEQ 1D NO: 1, or SEQ ID NO: 2, or SEQ 1D NG: 3) 18 expected to
confer enhanced expression. In some embodiments, the host cells comprising an exogenous
nucleic acid sequence encoding a bispecific antigen-binding protein integrated at a specific
stte within an enhanced expression locus exhibits high specific productivity. In other
embodiments, the bispecific antigen-binding protein-encoding host cell has a specific
productivity of at least 5, 6, 7, 8,9, 10, 11, 12, 13, 14, 15, 20, 25, or 30 picogram/cell/day
{ped).

{06136] In some embodiments, an exogenous nucleic acid is integrated at a site within a
locus that comprises the nucleotide sequence of SEQ 1D NO: 1. In specific embodiments, the
integration site 1§ within, or within close proximity to, the nucleotide sequence of SEQ ID
NO: 1. In particular embodiments, the integration site is at a position within SEQ ID NO: 1
selected from nucleotides spanning positions numbered 10-13,515; 20-12,020; 1,020-11,020;
2,020-10,020; 3,020-9,020; 4,020-8,020; 5,020-7,020; 6,020-6,920; 6,120-6,820; 6,220-6,720;
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6,320-6,620; 6,420-6,520; 6,460-6,500; 6,470-6,490; and 6,475-6,485. In other embodiments,
the integration site is in a sequence that is selected from the group consisting of nucleotides
5,000-7,400, 5,000-6,500, 6,400-7,400 of SEQ ID NO: 1; and nucleotides 6,400-6,500 of
SEQ ID NO: 1. In a specific embodiment, the integration site before, after, or within the "act”
triplet of nucleotides 6471 to 6473 of SEQ ID NO: 1.

{00137} In some embodiments, an exogenous nucleic acid 1s integrated at a site within a
locus that comprises the nucleotide sequence of SEQ 3 NG: 2 or SEQ 1D NO: 3. In specific
embodiments, the integration site is within, or within close proximity to, the nucleotide
sequence of SEQ 1D NO: 2. In particular embodiments, the integration site is within, or
within close proximity to, the nucleotide sequence of SEQ {2 NO: 3. In some embodiments,
the integration site is within nucleotides 1990-1991, 1991-1992, 1992-1993, 1993-1994,
1995-1996, 1996-1997, 1997-1998, 1999-2000, 2001-2002, 2002-2003, 2003-2004, 2004-
2005, 2005-2006, 2006-2007, 2007-2008, 2008-2009, 2009-2010, 2010-2011, 2011-2012,
2012-2013, 2013-2014, 2014-20135, 2015-2016, 2016-2017, 2017-2018, 2018-2019, 2019-
2020, 2020-2021 or 2021-2022 of SEQ ID NO: 3. In specific embodiments, the integration is
at or within nucleotides 2001-2022 of SEQ ID NGO: 3. In some embodiments, the exogenous
nucleic acid is inserted at or within nucleotides 2001-2002 or nucleotides 2021-2022 of SEQ
1D NO: 3 and nucleotides 2002-2021 of SEQ ID NGO: 3 are deleted, as a result of the insertion.

Site-Specific Intesration Into An Expression-Enhancine Locus

{B0138] Integration of one or more exogenous nucleic acids into an expression-enhancing
locus in a site-specific manner, 1.¢., into one specific site within an expression-enhancing
locus as disclosed herein, can be achieved in several ways including, e.g., by homologous
recombination, and recombinase mediated cassetie exchange, as described in the art (see e.g.,
U.S. Patent 8,389,239 and the art disclosed therein).

{06139] In some embodiments, cells are provided that contain at least two, 1.¢., two or more,
different recombinase recognition sequences (RRK) within an expression-enhancing locus
convenient for integrating an nucleic acid sequence containing one or more exogenous nucleic
acids or genes of mnterest. Such cells can be obtained by introducing an exogenous nucleic

acid sequence containing two or more RRS into a desirable locus by various means including
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homologous recombination, as described hereinbelow and in the art, e.g., U.S. Patent
8,389,239 and the art disclosed therein.

{#0148] In specific embodiments, cells are provided that contain more than two different
recombinase recognition sequences (RRS) within an expression-enhancing locus convenient
for integrating multiple exogenous nucleic acids. In particular embodiments, celis are
provided that contain three different recombinase recognition sequences (RRS) within an
expression-enhancing locus which can mediate integration of two separate exogenous nucleic
acids, for example, wherein the 5' RRS and the middle RRS in the genome match the 5’ RRS
and the 3' RRS flanking the first exogenous nucleic acid to be miegrated, and the middle RRS
and 3' RRS in the genome match the 5' RRS and the 3' RRS flanking the second exogenous
nucleic acid to be integrated.

{00141} Suitable RRSs can be selected from the group comprising LoxP, Lox511, Lox5171,
Lox2272, Lox2372, Loxm2, Lox-FAS, LoxT1, Lox66 and the mutants thereof, where the site
specific recombinase is Cre recombinase or its derivative is used to achieve recombinase-
mediated cassette exchange (RMCE). In other examples, suitable RRS can be selected from
the group compnsing FRT, F3, FS, FRT mutant-10, FRT mutant+10 and the mutants thereof,
and in this scenarig, the site-specific recombinase Flp recombinase or its derivative is used to
achieve RMCE. In yet another examnple, RRSs can be selected from the group comprising
attB, attP and the mutants thereof, and in this case where the site-specific recombinase
phiC31 integrase or its derivative is used to achieve RMCE.

{00142} In other embodiments, native cells are modified by a homologous recombination
technique to integrate a nucleic acid sequence containing one or more exogenous nucleic
acids into a specific site within an expression-evhancing locus.

{00143} For homologous recombination, homologous polynucieotide molecules (ie
homologous arms) line up and exchange a streich of their sequences. A transgene can be
introduced during this exchange if the transgene is flanked by homologous genomic
sequences. In one example, a recombinase recognition site can be introduced into the host
cell genome at the integration sites via homologous recombination. In other examples, a
nucleic acid sequence containing one or more exogenous nucleic acids of inferest, ¢.g., one or

more nucleic acids each encoding an HCF or LCF (such as a variable region), wherein the
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nucleic sequence is flanked by sequences homologous to the sequences at the target locus
{("homologous arms"), is inserted into the host genome,

{#0144] Homologous recombination in eukaryotic cells can be facilitated by introducing a
break in the chromosomal DNA at the integration site. This may be accomplished by
targeting certain nucleases to the specific site of integration. DNA-binding proteins that
recognize DNA sequences at the target locus are known in the art. Gene targeting vectors are
also emiployed to facilitate homologous recombination.

{00145] Gene targeting vector construction and nuclease selection to achieve homologous
recombination are within the skill of the artisan to whom this invention pertains. In some
examples, zinc finger nucleases {ZFNs), which have a modular structure and contain
individual zinc finger domains, recognize a particular 3-nucleotide sequence in the target
sequence {e.g. site of targeted integration). Some embodiments can utilize ZFNs with a
combination of individual zinc finger domains targeting multiple target sequences.
Transcription activator-like (TAL} effector nucleases (TALENs) may also be employed for
site-specific genome editing. TAL effector protein DNA-binding domain is typically utilized
in combination with a non-specific cleavage domain of a restriction nuclease, such as Fokl.
In some embodiments, a fusion protein comprising a TAL effector protein DNA-binding
domain and a restriction nuclease cleavage domain s employed to recognize and cleave DNA
at a target sequence within the locus of the invention (Boch J et al., 2009 Science 326:1509-
1512). RNA-guided endonucleases (RGENSs) are programmable genome engineering tools
that were developed from bacterial adaptive imimune machinery. In this system—the
clustered regularly interspaced short palindromic repeats (CRISPRY/CRISPR -associated (Cas)
immune response—the protein Cas9 forms a sequence-specific endonuclease when
complexed with two RNAs, one of which guides target selection. RGENSs consist of
components (Cas9 and tractRNA) and a target-specific CRISPR RNA {crRNA). Both the
efficiency of DNA {arget cleavage and the location of the cleavage sites vary based on the
posttion of a protospacer adiacent motif (PAM), an additional requirement for farget
recogmition {Chen, H. et al, J. Biol. Chem. published online March 14, 2014, as Manuscript
M113.539726). Sequences unique for a specific targeting locus (such as SEQ 1D NO: 1, SEQ
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D NO: 2, or SEQ ID NO: 3) can be identified by aligning many of these sequences to the
CHO genome which can reveal potential off-target sites with 16-17 base pair match.

{00146} In some embodiments, a targeting vector carrying a nucleic acid of interest {e.g., a
nucleic acid containing one or more RRSs optionally flanking one or more selectable marker
genes, or a nucleic acid containing one or more exogenous nucleic acids each encoding an
HCF or LCF (such as a variable region), flanked by §' and 3" homology arms, 1s infroduced
into a cell with one or more additional vectors or mRNA. In one embodiment, the one or
more additional vectors or mRNA contain a nucleotide sequence encoding a site-specitic
nuclease, including but not limited to a zine finger nuclease (ZFN), a ZFN dimer, a
transcription activator-like effector nuclease (VALEN), a TAL effector domain fusion protein,
and an RNA-guided DNA endonuclease. In certain emboditnents, the one or more vectors or
mRNA include a first vector comprising a guide RNA, a tractRNA and a nucleotide sequence
encoding a Cas enzyme, and a second vector comprising a donor {exogenous) nucleotide
sequence. Such donor sequence contains a nucleotide sequence coding for the gene of
interest, or the recognition sequence, or the gene cassette comprising any one of these
exogenous elements intended for targeted msertion. Where mRNA 1s used, the mRNA can be
transfected into the cell by means of common transfection methods known to the skilled
person and may encode an enzyme, for exarople a transposase or endonuclease. Although an
mRNA mtroduced into the cells may be transient and does not integrate into the genome, the
mRNA may carry an exogenous nucleic acid necessary or beneficial for the mtegration to take
place. In some instances, mRNA is chosen in order to eliminate any risk of long-lasting side
effects of an accessory polynucleotide, where only short-term expression 18 required to

achieve the desired mtegration of a nucleic acid.

Yectors For Site Specific Integration

100147] Nucleic acid vectors are provided herein for introducing exogenous nucleic acids
into two expression enhancing loci via site-specific integration. Suitable vectors include
vectors designed to contain an exogenous nucleic sequence flanked by RRSs for integration
via RMCE, and vectors designed to contain an exogenous nucleic sequence of interest flanked

by homology arms for integration via homologous recombination.
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{00148] In vartous embodiments, vectors are provided to achieve site-specific integration via
RMCE. In some embodiments, vectors are designed to achieve simultaneous integration of
multiple nucleic acids into two target loci. In contrast to sequential integration, simultaneous
integration permits efficiency and rapid isolation of desirable clones that produce antigen-
binding proteins, or other multimeric proteins of interest, suitable for large scale production
{manufacturing).

{06149] In some embodiments, a set of vectors is provided for expressing a bispecific
antigen-binding protein in a cell.

{B0156] In some embodiments, a vector set can include two "HCF vectors”, each containing
a nucleic acid flanked by a 5' RRS and a 3' RRS, where the nucleic acid includes a nucleotide
sequence encoding a HCF and wherein the two HCFs are different, The RRS on the two HCF
vectors are different from each other, and are designed to integrate HCF-encoding nucleotide
sequences to two expression-enhancing loci. The vector set also includes a nucleotide
sequence encoding a LCF, which can be included in one of the HCF vectors, or in both HCF
vectors {thereby providing two copies of the same LCF), or alternatively, provided in a
separate "LCF vector” and flanked by a 5' RRS and a 3' RRS,

{00151} In some embodiments, the LCF-coding nucleotide sequence is included in one of the
HCF vectors and positioned between the 5" RRS and the 3' RRS on that HCF vector. The
LCF-coding sequence can be placed upstream or downstream of the HCF-coding sequence.
{00152] In some embodiments, the LCF-coding nucleotide sequence is included both of the
HCF vectors and positioned between the 5' RRS and the 3' RRS on each HCF vector.
Similarly, the LCF-coding sequence can be placed upsiream or downstream of the HCF-
coding sequence in each vector,

001531 In some embodiments, the LCF-coding nucleotide sequence is provided in a separate
vector, a "LCF" vector, and 1s flanked by a 5 RRS and a 3' RRS, with the two RRS being
different from cach other. The RRSs in the vector set can be designed such that the LCF-
coding sequence can be "joined” with one of the HCF-coding sequences through a common
RRS during RMCE with a target locus that also contains the common RRS. For example, the
3' RRS of the LCF vector can be the same as the §' RRS of one the HCF vectors, giving rise to

a LCF-HCFY arrangement after integration at a target locus via RMCE. In another example,
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the 3' RRS of a HCF vector can be the same as the 5' RRS of the LCF vector, giving rise to a
HCF-LCF arrangement after integration at a target locus via RMCE. In some embodiments,
the common RRS is designed in a splif selectable marker format - that 1s, it is included at the
3'end of a 5" portion of a selectable marker gene included 1 one vector, and also included at
the 5" end of the remaining, 3' portion of the same selectable marker gene included in another
vector, such that upon "joining” and integration into a target locus, the properly integrated
nucleic acid includes the entire selectable marker gene to allow for convenient identification
of transfectants. In some embodiments, the common RRS 1s designed in a split gene format,
i.e., inchuded at the 3' end of a 5 portion of an gene or intron within such sphit gene as part of
a 5' portion of said gene on one vector, and at the 5' end of the remaining portion of the gene
or intron within such split gene as part of the remaining 3' portion of said sphit gene. o still
other embodiments, the third or middle RRS in a first vector is designed to be between a
promoter and the selectable marker gene to which it 1s operably linked (but it is separated
from on the other vector); the third or middle RRS in the first vector is designed to be 3' of a
promoter; and the third or middle RRS in the second vector is designed to be 5' of the
selectable marker gene,

{00134] In some embodiments, the vector set can inchide an additional nucleotide sequence
encoding a LCF. That 1s, the vector set can include two HCF vectors, and two LCF-encoding
nucleotide sequences. The two LCF-encoding sequences can encode the same or different
LCF. In some embodiments, the two LCF-encoding sequences can be each included into a
HCF vector, resulting in two vectors, each containing a HCF-coding sequence and a LCF-
coding sequence. The fwo vectors can be designed fo have RRSs suitable for targeting the
two vector sequences into two loct. In other embodiments, one of the two LCF-encoding
sequences is included into a HCF vector and positioned between the 5’ RRS and the 3' RRS
on that HCF vector, and the other LCF-encoding sequence is provided on a separate vector -
that is, one vector having both LCF and HC (in LCF-HCF or HCF-LCF arrangement, or in
short a "LCF/HCF vector™), one HCF vector, and one LCF vector. In some of these other
embodiments, the vector RRSs can be designed to permit joining of the HCF-coding sequence
on the HCF vector and the LCF-coding sequence on the LCF vector at a target locus via

RMCE. For example, the 3' RRS of the LCF vector can be the same as the 5' RRS of the HCF
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vector, and the common RRS can be designed in a split selectable marker or split intron
format to facilitate selection and identification of transtectants. In still other embodiments,
where the two LCFs are different, the two LCF-coding nucleotide sequences can each be
provided on a separate vector - that is, the vector set mcludes two HCF vectors, and two LCF
vectors. RRSs can be designed to permit proper "joining" of one LCF-coding sequence with
one HCF-coding sequence at one target locus, and the other LCF-coding sequence with the
other HCF-coding sequence at a second target locus. Figures 1, 3 and 4 are illustrative of
different formats of vectors and RRS/loct combinations and not meant to be limiting. Each
given vector systern provides a means for simultancously integrating each nucleotide
sequence in the presence of a recombinase for the rapid and convenient selection of positive
infegrants (desired clones).

{#0155] The nucleotide sequences encoding an HCF or LCF can encode amino acids or
domain(s} from a constant region, or encode an entire constant region. In specific
embodiments, a nucleotide sequences encoding an HCF or LCF can encode one or more
constant domains, such as CL, CHI, hinge, CH2, CH3, or combinations thereof. In certain
embodiments, a nucleotide sequence encoding a HCF domain can encode a CH3 domain. For
example, the nucleotide sequence encoding the first HCF can encode a first CH3 domain, and
the nucleotide sequence encoding the second HCF can encode a second CH3 domain. The
first and second CH3 domains can be the same, or differ in at least one amino acid. The
differences in the CH3 domains or in the constant regions can take any of the formats for
bispecific antigen-binding proteins described herein, ¢.g., differences that result in different
Protein A binding characteristics, or in a "knob-and-hole” format. Independent of any amino
acid sequence differences, the two HCF-coding nucleotide sequences can also differ in that
one of the two nucleotide sequences has been codon modified.

{60156] In some embodiments, each HCF or LCF-coding nucleotide sequence is
independently and operably linked to a transcriptional regulatory sequence including e.g., a
promoter. In some embodiments, the promoters directing transcription of the two -HCF-
containing polypeptides are the same. In some embodiments, the promoters directing
transcription of the two HCF-containing polypeptides, as well as the promoter directing

transeription of the LCF-containing polypeptide, are all the same (e.g., a CMV promoter, or
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any other suitable promoter described herein). In some embodiments, each HCF- or LCF-
coding nucleotide sequence 18 independently and operably linked to an mducible or
repressible promoter. Inducible or repressible promoters allow production to occur, for
example, only in production phase (fed-batch culture) and not during growth phase (seed train
culture}. Inducible or repressible promoters also allow for differential expression of one or
more genes of mierest. In some embodiments, each HCF- and/or LCF-coding nucleotide
sequence ts independently and operably linked to a promoter upstream of at least one TetR
operator {TetO) or Arc operator (ArcO). In still other embodiments, each HCF- and/or LCF-
coding nucleotide sequence is independently and operably linked to a CMV/TetO or
CMV/ArcO hybrid promoter. Examples of hybrid promoters (also referred to as regulatory
fusion proteins) may be found in Tnternational Publication No. WO03101189A1, published
December 11, 2003 (herein incorporated by reference).

(001571 In some embodiments, the vector set includes a nucleotide sequence encoding a
recombinase that recognizes one or more RRSs, which can be included in one of the HCF or
LCF-coding vectors, or provided in a separate vector.

{06158} In various other embodiments, vectors are provided to achieve site-specific
integration via homologous recombination.

{00159} In some embodiments, a vector set is provided that includes two vectors, each
containing an exogenous nucleic acid, flanked by a 5" homology arm and a 3’ homology arm,
for site-specific integration into two expression enhancing loci in a cell, wherein the
exogenous nucleic acids from the two vectors together encode an antigen binding protein.
Thus, the homology arms on one vector are designed for integration into one of the two loci,
and the homology arms on the other vector are designed for integration into the other locus.
In these embodiments, the antigen-binding protein can be monospecific or bispecific.

{60160] It 1s well within the skill of the artisan to select sequences homologous to sequences
within an expression enhancing locus and include the selected sequences as homology arms in
a targeting vector. In some embodiments, the vector or construct comprises a first
homologous arm and a second homologous arm, wherein the first and second homologous
arms combined comprise a targeted sequence which replaces an endogenous sequence within

the locus. In other embodiments, the first and second homologous arms comprise a targeted
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sequence which integrates or inserts within an endogenous sequence within the locus. In
some embodiments, the homology arms contain a nucleotide sequence homologousto a
mucleotide sequence present in SEQ ID NO: 1, SEQ D NG: 2, or SEQ ID NO: 3. In specific
embodiments, the vector containg a 5' homology arm having the nucleotide sequence
corresponding to nucleotides 1001-2001 of SEQ 1D NO: 3, and a 3' homology arm having the
nucleotide corresponding to nucleotides 2022-3022 of SEQ D NO: 3. Homologous arms, for
example a first homologous arm {also called §° homology arm) and a second homologous arm
{also called 3° homology arm) are homologous to a targeted sequence within the locus. The
homologous arms from 57 to 3° may expand a region or targeted sequence within the locus
that comprises at least 1 kb, or at least about 2 kb, or at least about 3 kb, or at least about 4 kb,
or at least 5 kb, or at least about 10 kb. In other embodiments, the total number of nucleotides
of a targeted sequence selected for a first and second homologous arm comprises at least 1 kb,
or at least about 2 kb, or at least about 3 kb, or at least about 4 kb, or at least 5 kb, or at least
about 10 kb. In some instances, the distance between the 5° homology arm and the 3°
homology arm (homologous fo the targeted sequence) comprises at least 5 bp, 10 bp, 20 bp,
30 bp, 40 bp, 50 bp, 60 bp, 70 bp, 80 bp, 90 bp, 100 bp, 200 bp, 360 bp, 400 bp, 500 bp, 600
bp, 700 bp, 800 bp, 900 bp, or at least 1 kb, or at least about 2 kb, or at least about 3 kb, or at
feast about 4 kb, or at least 5 kb, or at least about 10 kb. In mstances where nucleotides 1001-
2001 and 2022-3022 of SEQ 1D NO: 3 are chosen as 5 and 3' homology arms, the distance
between the two homology arms can be 20 nucleotides {corresponding to nucleotides 2002-
2021 of SEQ 1B NO: 3); and such homology arms can mediate integration of an exogenous
nucleic acid sequence within a locus comprising SEQ ID NO: 3, e.g., within nucleotides
1990-2021 or 2002-2021 of SEQ ID NO: 3, and a simultaneous deletion of nucleotides 2002-
2021 of SEQ ID NO: 3.

{06161} The vectors disclosed herein for introducing exogenous nucleic acids for site-
specific integration into an expression enhancing locus can inchude additional genes and
sequences for directing the expression of exogenous mucleic acids of interest and encoded
polypeptides and for the selection and identification of cells into which the exogenous nucleic

acids of interest have successfully integrated. Such additional sequences include, for
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example, transcriptional and translational regulatory sequences , selectable marker genes, and

the like, also described hereinbelow.

Regulatorv Seguences

{00162] The vectors disclosed herein for introducing exogenous nucleic acids mto an
expression enhancing locus in a site-specitfic manner, and the cells obtaimed as a result of site-
specific integration, can include regulator sequences for directing the expression of exogenous
nucleic acids of interest and encoded polypeptides. Regulatory sequences include
transcriptional promoters, enhancers, sequences encoding suitable mRNA ribosomal binding
sttes, and sequences that control the termination of transcription and transiation.
Transcriptional and translational control sequences may be provided by viral sources. For
example, commonly used promoters and enhancers are derived from viruses such as polyoma,
adenovirus 2, simian virus 40 (8V40), mouse or human cytomegalovirus (CMV}), CMV
immediate early (CMV-1E} or CMV major IE {CMV-MIE) promoter, as well as RSV, SV40
late promoter, SL3-3, MMTV, ubiguitin {Ubt), ubiquitin C (UbC), and HIV LTR promoters,
Viral genomic promoters, control and/or signal sequences may be utilized to drive expression,
provided such control sequences are compatible with the host cell chosen. Non-viral cellular
promoters can also be used {e.g., the B-globin and the EF-1o promoters), depending on the
cell type in which the proteins of interest are to be expressed. DNA sequences derived from
the SV40 viral genome, for example, the SV40 origin, early and late promoter, enhancer,
splice, and polyadenylation sites may be used to provide other genetic elements useful for
expression of a exogenous DNA sequence. Early and late promoters are particularly useful
because both are obtained easily from the SV40 virus as a fragment that also comprises the
SV40 viral origin of replication (Fiers et al,, Nature 273:113, 1978). Smaller or larger SV40
fragments may also be used. Typically, the approximately 250 bp sequence extending from
the Hind I site toward the Bgll site located in the SV40 origin of replication is included.
Inducible (induced by a chemical compound, cofactor, regulatory protein, for example) and/or
repressible (repressed by a chemical compound, cofactor, regulatory protein, for example}
promoters can be used and are particularly useful for allowing the production of antigen
binding proteins to occur only in production phase (fed-batch culture) and not during growth

phase (seed train culture), or to differentially control expression of antibody components in
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different loci with precision. Examples of inducible promoters include alcohol
dehydrogenase 1 gene promoters, tetracycline-respounsive promoter systems, glucocorticoid
receptor promoters, estrogen receptor promoter, ecdysone receptor promoters,
metallothionein-based promoters, and T7-polymerase based promoters. Exaroples of
repressible promoters include hybrid promoters (also referred to as regulatory fusion proteins}
comprising a CMV or other promoter operably linked to at least one TetR operator (TetO) or
Arc operator {ArcQ), and are described in International Publication No. WOG310118%A1,
published December 11, 2003 (herein incorporated by reference). Sequences suitable for the
expression of multiple transcripts via a bicistronic vector have been described previously
{Kim 8. K. and Wold B. I, Cell 42:129, 1985) and can be used this invention. Examples of
suitable strategies for multicistronic expression of proteins include the use of a 2A peptide
{Szymczak et al., Expert Opin Biol Ther 5: 627638 {2005}) and the use of an internal
ribosome entry site ("IRES™), both well known 1 the art.  Other types of expression vectors
will also be useful, for example, those described in U.S. Pat. No. 4,634,665 {(Axel et al} and
U.S. Pat. No. 4,656,134 (Ringold ef al.).

Selectable Markers

{60163] The vectors disclosed herein for introducing exogenous nucleic acids into an
expression enhancing locus 1n a site-specific manner, and the cells obtained as a result of site-
specific integration, can include one or more selectable markers genes.

00164} In some embodiments, a selectable marker gene confers drug resistance, such as, for
example, those described 1n Table 1 of Kaufman, R, J. (1988) Meth. Fnzymology 185:537,
and include DHFR-MTX resistance, P-glycoprotein and multiple drug resistance (MDR)-
various lipophilic cyiotoxic agents (e.g., adriamycin, colchicing, vincristing}, and adenosine
deaminase {(ADA)-XyI-A or adenosine and 2'-deoxycoformycin. Other dominant selectable
markers include microbially derived antibiotic resistance genes, for example neomycin,
kanamycin or hygromycin resistance. Several suitable selection systems exist for mammalian
hosts {(Sambrook supra, pgs 16.9-16.15). Co-transfection protocols employing two dominant
selectable markers have also been described (Okayama and Berg, Mol. Cell Biol 5:1136,
1985).
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i00165] In other embodiments, a selectable marker gene encodes a polypeptide that provides
or is capable of generating a detectable signal for the recognition of gene cassettes that have
or have not been successfully inserted and/or replaced, as the case may be. Suitable examples
include a fluorescent marker or protein, an enzyme that catalyzes a chemical reaction that
generates a detectable signal, among others. Examples of fluorescent markers are well-known
in the art, including, but not limited to Discosoma coral (DsRed), green fluorescent protein
{(GFP), enhanced green fluorescent protein (eGFP), cyano fluorescent protein (CFP},
enhanced cyano fluorescent protein (eCFP), yvellow fluorescent protein (YFP), enhanced
yellow fluorescent protein (eYFP) and far-red fluorescent protein {e.g. mKate, mKate2,
mPlum, mRaspberry or E2-crimson. See also, e.g., Nagai, T., ¢t al. 2002 Nature
Biotechnology 20:87-90; Heim, R, et al. 23 Febroary 1995 Nature 373:663-664; and Strack,
R.L. et al. 2009 Biochemisiry 48:8279-81.

Svatems for Making Anticen-Binding Proteins

{00166] In a further aspect, this disclosure provides systems that include a combination of a
cell {e.g., a CHO cell) with one or more vectors, and that can be utilized to make cells having
infegrated within two expression enhancing loci exogenous nucleic acids that together encode
an antigen binding protein, either a monospecific protein or a bispecific protein. The systems
can be provided in the form of a kit, for example.

001671 In some embodiments, a systerm 15 designed to permit efficient vector construction
and stmultaneous integration of multiple exogenous nucleic acids via RMCE into specific
sites within two enhanced expression loct. Sumultancous integration permits rapid isolation of
desirable clones, and the use of two enhanced expression loci is also tmportant for creation of
a stable cell hine suitable for protein production (e.g. commercially-enabled cell ling).

{30168] The system provided herein inchudes a cell and a set of vectors. The cell contains a
pair of RRSs (a 5' RRS and a 3' RRS) integrated within each of two enhanced expression loci,
In some embodiments, an exogenous nucleic acid is present between the 5 RRS and the 3°
RRS at each locus, and can include, e.g., one or more selectable marker genes. The vector set
includes at least two vectors, with each vector containing a pair of RRSs (3 S'RRS and a 3’
RRS) flanking a nucleotide sequence encoding an HCF or LCF, and with the mucleotide

sequence on one of the two vectors encoding an HCF (an HCF vector), and the nucleotide
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sequence on the other of the two vectors encoding an LCF {(an LCF vector), and wherein the
HCF and LCF are regions of an antigen-binding protein. The 5 RRS and 3' RRS within each
pair of RRSs are different, and the RRSs in the system are designed such that upon
introduction of the vectors nto the cell, the HCF or LCF-encoding nucleotide sequences in
the vectors integrate into the two enhanced expression oct through RMCE mediated by the
RRSs to express the antigen-binding protein. Depending on whether the antigen-binding
protein, the number of vectors, the placement of HCF or LCF- coding sequences, and the
relationship among the RRSs, can be designed differently.

{00169 In some embodiments, the system is designed for integration into two expression
enhancing loci and expression of monospecific antigen-binding proteins. In some
embodiments, the 5" RRS and the 3' RRS on one of the two vectors (1.e., an HCF vector and
an LCF vector) are identical to the 5' RRS and the 3' RRS in one of the two loci, respectively,
and the 5' RRS and the 3' RRS on the other vector are identical to the 5" RRS and the 3' RRS
in the other locus, respectively, essentially targeting the HCF and LCF nucleic acids
separately to the two loci, one to each. In other embodiments, the HCF coding sequence and
the LCF coding sequence, while on separate vectors, are designed for integration jointly into
each of the two loci. According to these embodiments, the 5' RRS and the 3' RRS in the first
locus are the same as the 5 RRS and the 3' RRS in the second locus, respectively; and each
locus also contains an additional RRS between the 5" and 3' RRSs ("middle RRS™). In
addition, the 5' RRS in a first the two vectors is the same as the 5" RRS in the first and second
oci, the 3" RRS in that first vector is the same as the 5 RES 1n the second vector and as the
middle RRS in the first and second loci, and the 3' RRS is the second vector is the same as the
3' RRS in both loci. The vectors can be designed to have a sphit promoter and selection
marker format {the promoter on one vector and the selection marker to which the promoter is
operably linked on another vector). The vectors can be designed to have a split selectable
marker format, or a split intron format, as described above, to facilitate selection of
transfectants with proper integration. Further, the system can be designed to allow different
relative positions of the LCF-coding sequence and the HCF-coding sequence after integration.

In some embodiments, the system 1s designed to have the LCF-coding sequence integrated
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upstream of the HCF-coding sequence. 1n other embodiments, the system is designed to have
the LCF-coding sequence integrated upstream of the HCF-coding sequence.

{00170] In some embodiments, the system is designed for integration into two expression
enhancing loct and expression of bispecific antigen-binding proteins.

{00171] In some embodiments, in addition to a HCF vector (encoding a fust HCF) and a
LCF vector (encoding a first LCF), the system also inchudes a nucleotide sequence encoding a
second HCF that is different from the first HCF. The nucleotide sequence encoding the
second HCF can be included, for example, in the LCF vector, or in a separate vector, 1.¢., a
second HCF vector. In some embodiments, the second HCF-coding sequence is included in
the LCF vector between the 5" RRS and 3' RRS on the LCF vector, in which case, the system
includes a HCF vector and a LCF/HCF vector. The system, especially the RRSg, can be
designed to integrate the HCF-coding sequence into one of the two loci, and the sequence that
encodes both HCF and LCF into the other locus. In other embodiments, the nucleotide
sequence encoding the second HCF is on a separate vector, flanked by a 5" RRS and 3 3' RRS,
in which case the system includes two HCF vectors and one LCF vector. 1n these other
embodiments, the RRSs in the system can be designed such that the LCF-coding sequence can
be "joined” via RMCE with one of the HCF-coding sequences through a common RRS which
is also present 1o one of the two loci between the 5" RRS and the 3' RRS in that locus, and the
other HCF-coding sequence will integrate into the other of the two loci. For example, the 3'
RRES of the LCF vector can be the same as the 5' RRS of one the HCF vectors and also as a
middle RRS on one of the two loct - this design will give rise to a LCF-HCF arrangement
atter integration into the locus having the middle RRS. In another example, the 3' RRS of 2
HCF vector can be the same as the 5" RRS of the LCF vector and as a middle RRS on one of
the two loci, giving rise to a HCF-LCF arrangement after integration at the locus having the
middle RRS. In some embodiments, the common RRS is designed in a sphit selectable
marker format or a split intron format, as described hereinabove.

{00172} In some embodiments, the system also mncludes a mucleotide sequence encoding a
second LCF, in addition to a HCF vector {encoding a first HCF) and a LCYF vector {encoding
a first LCF), and a nucleotide sequence encoding a second HCF that is different from the first

HCF. That is, the system includes four, separate coding sequences, two encoding HCF and
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two encoding LCF. The two LCFs can be the same or different. The four coding sequences
can be placed in vectors in different designs. In some embodiments, the four sequences are
placed in two vectors: LCF/HCF, and LCF/HCF, with LCF either upstream or downstream of
HCF in etther vector, The systern (RRSs) can be designed such that one vector sequence
integrates into one locus, and the other vector sequence integrates into the other locus. In
some embodiments, the four sequences are placed in three vectors: LCF, HCF, and LCF/HCF
{with LCF either upstream or downstream of HCF). The RRSs in the system can be designed
such that the sequences in the LCF/HCF vector integrate into one locus, and the LCF coding
sequence in the LCF vector and the HCF coding sequence in the HCF vector integrate into the
other locus by utilizing a common RRS shared by the LCF vector, the HCF vector and this
other locus. Similarly, the comunon RRS can be designed in a split marker or sphit intron
format. In some embodiments, the four sequences are placed in four vectors: LCF, HCF,
LCF, and HCF. The RRSs in the system can be designed such that the LCF coding sequence
in one of the LCF vectors and the HCF coding sequence in one of the HCF vectors integrate
jointly into one locus by utilizing a common RRS, and the LCF coding sequence in the other
of the LCF vectors and the HCF coding sequence in the other of the HCF vectors integrate
jointly into one locus by utilizing a common RRS.

001731 In various embodiments of the system provided herein, the nucleotide sequences
encoding an HCF or LCF can encede amino acids, e.g., amino acids or domain(s) from a
constant region, or encode an entire constant region. In specific embodiments, a nucleotide
sequences encoding an HCF or LCF can encode one or more constant domains, such as CL,
CH1, CH2, CH3, or combinations thereof. In certain embodiments, a nucleotide sequence
encoding a HCF domain can encode a CH3 domain, For example, the nucleotide sequence
encoding the first HCF can encode a first CH3 domain, and the nucleotide sequence encoding
the second HCF can encode a second CH3 domain. The first and second CH3 domains can be
the same, or differ in at least one amino acid. The differences in the CH3 domains or in the
constant regions can take any of the formats for bispecific antigen-binding proteins described
herein, e.g., differences that result in different Protein A binding characteristics, or in a "knob-

and-hole” format. Independent of any amino acid sequence differences, the two HCF-coding
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nucleotide sequences can also differ in that one of the two nucleotide sequences has been
codon modified.

{00174] In various embodiments of the system provided herein, each HCF or LCF-coding
nucleotide sequence 18 independently and operably linked to a transcriptional regulatory
sequence including e.g., a promoter. In some embodiments, the promoters directing
transcription of the two HCF-containing polypeptides are the same. In some embodiments,
the promoters directing transcription of the two HCF-containing polypeptides, as well as the
promoter directing transcription of the LCF-containing polypeptide, are all the same {e.g., a
CMYV promoter, an inducible promoter, a repressible promoter, or any other suitable promoter
described herein).

{606175] In some embodiments, the present system further includes a nucleotide sequence
encoding a recombinase that recognizes one or more RRSs, which can be included in one of
the variable region-coding vectors, or provided in a separate vector.,

{00176] The systems disclosed herein are designed to permit efficient construction of vectors
and rapid isolation of desirable clones, and the use of two enhanced expression loci is also
important for creation of a stable cell line. In some embodiments, a system 18 designed to
utilize negative selection for identifying transformants having intended site-specific
integration {e.g., lack of fluoresence resulting from one or more fluroscent marker genes in
the host genome being removed following RMCE). One round of negative selection may take
only two weeks; however, the efficiency of isolating clones with infended recombination may
be limited (about 1%). If negative selection is combined with positive selection based on a
new selection marker provided by an integrated nucleic acid(s) (such as a a new fluorescence
marker, or resistance to a drug or antibiotic, in a sphit format for example), the efficiency of
isolating clones with intended recombination can be significantly improved (to about 40% up
to about 80%). The systems can include additional components, reagents, or information, for
examples, protocols for introducing the vector(s) in a system into the cell of the system by
transfection. Non-limiting fransfection methods include chemical-based transfection methods
include the use of liposomes; nanoparticles; calcium phosphate {(Graham et al. (1973)
Virology 52 (2). 45667, Bacchetti ¢t al. (1977) Proc Natl Acad Sci US4 74 (4): 15904 and,
Kriegler, M {1991} Transfer and Expression: A Laboratory Mamual. New York: W. H.
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Freeman and Company. pp. 96-97); dendrimers; or cationic polymers such as DEAE-dextran
or polvethylemimine. Non chemical methods include electroporation; sono-poration; and
optical transfection. Particle-based transfection inchude the use of a gene gun, magnet assisted
transfection (Bertram, J. (2006) Current Pharmaceutical Biotechnology 7, 277-28). Viral
methods can also be used for transfection. mRNA delivery includes methods using
TransMessenger™ and TransIT® (Bire et al. BMC Biotechnology 2013, 13:75). One
commonly used method of introducing heterclogous DNA into a cell is calcium phosphate
precipitation, for example, as described by Wigler ef al. (Proc. Natl. Acad. Sci. USA 77:3567,
198G). Polyethylene-induced fusion of bacterial protoplasts with mammalian cells (Schaffner
et al., (1980} Proc. Natl. Acad. Sci. USA 77:2163) 1s another useful method of introducing
heterologous DNA, Electroporation can also be used to introduce DNA directly into the
cytoplasm of a host cell, for example, as descnibed by Potter ef al. (Proc. Nail. Acad. Sci.
USA 81:7161, 1988) or Shigckawa ef al. (BioTechniques 6:742, 1988). Other reagents useful
for introducing heterologous DNA into a mammalian cell have been described, such as
Lipofectin™ Reagent and Lipofectamine™Reagent {(Gibco BRL, Gaithersburg, Md.}. Both
of these commercially available reagents are used to form hipid-mucleic acid complexes {(or
liposomes) which, when applied to cultured cells, facilitate uptake of the nucleic acid into the
cells.

Methods for Making Antigen-Binding Proteins

100177] This disclosure also provides methods of making bispecific antigen-binding proteins.
By utilizing the methods disclosed herein, a desired antigen-binding protein can be produced
at high titers and/or high specific productivity {pg/cell/day). In some embodiments, an
antigen-binding protein is produced at a titer of at least 1 /L, 1.5 w1, 2.0 g/1. 2.5 /1., 3.0
g/, 35¢g/L,40¢g/L,45¢g/L,50¢g/L,10g/L, or greater. 1n some embodiments, an antigen-
binding protein is produced at a specific productivity of at least 5, 6,7, 8,9, 16, 11, 12, 13,

14, 15 picogram/cell/day (pcd), or higher, determined based on total antigen-binding proteins
{in pg) produced per cell per day. In some embodiments, a hispecific antigen-binding protein
is produced at 3 ratio of the bispecific antigen-binding protein titer versus the total antigen-
binding protein titer of at least 5%, 10%, 15%, 20%, 25%, 30%, 35%, 40%, 50%, 60% or

higher.
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i00178] In one embodiment, the method utilizes a system disclosed herein and introduces the
vectors 1 the system into the cell of the system by transfection. Transfected cells where the
exogenous nucleic acids have been properly integrated into two enhanced expression loct of
the cell through RMCE can be screened and identified. In some embodiments, identification
of transfected cells is achieved by negative selection against one or more selection markers
present in a host cel before the transfection. In other embodiments, identication of
transfected cells is achieved by negative selection against onge or more selection markers
present in a host cell before the transtection, in combination with positive selection based on
one or more selection markers provided by the nucleic acids in the vectors that are designed to
be integrated. HCF-containing polypeptides and LCF-containing polypeptides can be
expressed from the integrated nucleic acids, and the antigen-binding protein of interest can be
obtained from the identified transtected cell, and purified using known methods.

{00179} In another embodiment, the method simply utilizes a cell described hereinabove,
which contains exogenous nucleic acids integrated at two eshanced expression loct that
together encode an antigen-binding protein, and expresses the antigen-binding protein from
the cell. Each cloned expression cassette(s) is contiguous within each specific mtegration site.
{00180] The present description is further illustrated by the following examples, which
should not be construed as limiting in any way. The contents of all cited references (including
literature references, issued patents, and published patent applications as cited throughout this

application} are hereby expressly incorporated by reference.

EXAMPLES
Example 1: Expression of Monospecific Antibodies {Abs} in Two Specific Expression

Enhancing Loci (via Site-Specific Integration)

{00181} Ab chains (AbCl, AbC2) were cloned into vectors in which RSS sites are flanking
the Ab expression cassettes and the expression cassette for the selectable marker as depicted
in Figure 1. Two Ab chains could be cloned into separate vectors or combined info one

vector in which 2 expression casseties are arranged in tandem in any one of the possible
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orders: AbC1, AbC2, and the selectable marker, for example AbCl1 is equivalentto a
conventional LC and AbC2 is equivalent to a conventional beavy chain.

{60182] Briefly, DNA encoding VH and VL domains may be isolated directly from single
antigen positive B cells by PCR. Heavy chain and light chain PCR products were cloned into
Sap I-linearized antibody vector containing Ig(G heavy chain constant region and kappa light
chain constant region, respectively. The heavy chain plasmid (AbC2) has an RRS3 and an
RRS2 site flanking the heavy chain expression cassettes. In addition, immediately
downstream of the RRS3 in the heavy chain plasmid there is a split selection marker gene
{e.g. UST582298). The light chain plasmid has a RRS1 and RRS3 sute flanking the light chain
expression cassette. In addition, the light chain plasmid has a strong promoter immediately
before an ATG at the RRS3, such that upon imtegration wnto the host cell locus the RRS3-
proximal promoter and initiating ATG trom the light chain plasmid is brought adjacent to the
selection marker gene in the heavy chain plasmid in the proper reading frame to allow
transcription and translation of the selection gene. Purified recombinant plasmids having a
heavy chain variable region sequence and plasmids having a light chain variable region
sequence from the same B cell were then combined and transfected, together with a plasond
that expresses a recombinase, into a modified CHO host cell line having the appropriate RSSs
and selection markers at the SEQ 1D NO:1 (EESYR®; Locus 1) and SEQ 1D NO:2 loci. The
modified CHO host cell line contains 4 different selection markers at two transcriptionally
active loci. Consequently, where the selection markers are different fluorescent markers, the
production CHO cell can be isolated by flow cytometry for positive-negative combinations
that represent desired cell recombinants. When recombinant plasmids expressing heavy chain
and light chain genes are transtfected together with a plasmid expressing recombinase, site-
specific recombination mediated by the recombinase results in the integration of the antibody
plasmids at each chromosomal locus containing the RRSs and replacement. Accordingly,
recombinant cells expressing monospecific antibody were isolated and subjected to 12 day fed
batch production, followed by harvest and an Octet titer assay using immobilized Protein A,
The cells were observed to be isogenic and stable. Overall titer in small shaker flask was

observed to increase for the expression of monospecific antibodies when utilizing the two site
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integration method, with Antibody B resulting in a significant increase, nearly doubling titer

{Figure 2).

Example 2: Expression of Bispecific Antibodies (BsAbs) in Two Specific Expression

Funhancing Loci {via Site-Specific Integration)

{60183] For the expression of bispecific antibodies, three antibody chains and two selectable
markers were cloned into plasmids analogous to Example 1, such that AbC1, AbC2, and
selectable marker 1 are flanked by RRS sites compatible with the first locus, or infegration
site (EESYR®, SEQ 1D NO:1; Locus 1), and AbCl1, AbC3, selectable marker 2 are
compatible with the second locus, or integration site (SEQ ID NG:2). In our observations,
AbC1 as a conventional LC does not require two gene copies for adequate expression. For
gach site, 1 or 2 plasmids were made, where the 3 expression cassettes are either arranged in
tandem or arranged into 2 plasmids where 2 expression cassettes are cloned into one vector
and the remaining expression cassette is cloned into the second vector. See Figure 3.

{60184] Wheo recombinant plasmids expressing the heavy chain and light chain genes are
transfected together with a plasmid expressing recombinase, site-specific recombination
mediated by the recombinase results in the integration of the antibody plasmuds at each
chromosomal locus containing the RRSs and replacement. Accordingly, recombinant cells
expressing bispecific antibody were 1solated and subjected to 12 day fed batch production,
followed by harvest and an Octet titer assay using immobilized anti-Fc, and a second anti-Fc*
{modified Fc detection antibody, see US 2014-0134719 A1, published May 15, 2014). The
cells were observed to be 1sogenic and stable. Overall titer in small shaker flask was observed
to increase significantly from 1.75 to more than 2 fold from utilization of the two site

integration method (Figure 5).

Example 3: Large Scale Production of Bispecific and Monospecific Antibodies following

Site-Specific Integration

{66185] Host cells (CHO-K 1) were created as described above analogous to Example 1 (see
also Figure 3 for bispecific antibodies and Figure 1 for monospecific antibodies). Host cells
enabled for RMCE of gene cassettes in the EESYR® locus (Locus 1) and SEQ 1D NO: 2
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(Locus 2} were compared fo host cells enabled for RMCE of gene cassettes into only one
mtegration site (Locus /EESYR®). Vectors carrying antibody light chain and heavy chains
{AbC1, AbC2, Ab(3) and the requisite RRS and selection marker nucleic acids (see Figure 3)
were recombined into production cell lines (RSX™F) to create host cells expressing Ab E, Ab
F, Ab G, and Ab H. As such, each bispecific antibody host cell expresses one common light
chain, and two heavy chains that bind different antigens where one of the heavy chains is
engineered in its CH3 domain to differentially bind Protein A (as described i U.S. Patent No.
8,586,713, herein incorporated by reference).

{30186] For monospecific antbodies, antibody light chain and heavy chaimn (AbC1, AbC2)
were cloned into vectors in which RSS sites are flanking the Ab expression cassettes {and the
expression cassette also provides a selectable marker gene) as depicted m Figure 1,
Recombination was perfomed to create host cells (RSX7) expressing Ab J and Ab K.

001871 2L, 15L, or 50L bioreactors were inoculated from a seed culture of the antibody-
producing cel line RSX? derived from CHO-K1. The inoculated cells were grown at 36.5°C
for thirteen days and fed glucose and other supplemental nutrients as needed. Cells were
grown 1o chermically defined (hydrolysate-free and serum-free) base media. Total antibody
was harvested and subjected to purification.

{00188] Total IgG antibody (titer) was determined following Protein A/Protein G
chromatography. For bispecific antibodies, total IgG antibody as well as each of the three
species of antibody including bispecific (heterdimeric Fo/Fc¥), homodimer with wild-type
heavy chains (Fc/Fe) and homodimer with modified heavy chains (Fc*/Fe™*), was measured in
order to determine the ratio of the desired bispecific antibody species. Total titers were
determined by an HPLC method utilizing Protein A /Protein G colurnns using elution
techniques as described in U.S. Patent No. 8,586,713, Brietly, the three bioreactor species
bind to columns during sample loading and the bispecific species (Fo/Fe*) elutes first off of
the Protein A column employing a pH step gradient in the presence of an tonic modifier. The
bispecific species is collected during the first clution step, followed by ehution of the two

homodimeric species.
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i00189] Table | shows that the overall (total) IgG titer and bispecific antibody titer (Figure

PCT/US2017/028555

6A) i pilot large scale production culture were highly improved by utilizing host cells

expressing antibody via two integration sites.

{00196} Table 1. Total Ig(s and Bispecifc 1g(G Titer Measurement

Bispecific titer (g/1)

Total titer {(g/L)

Antibody | Two sites One site Two sites One site
{Locus 1/Locus 2) {Locus 1) {Locus 1/Locus 2) {Locus 1)
AbE 2.25 0.87 4.47 2.7
AbF 1.45 0.7 2.9 2.4
Ab G 1.6 0.5 2.7 1.3
AbH 2 I 3.2 2.5

{60191] Bispecific titers were determined as described above. As seen in Table 2, the titers

of bispecific antibody as a ratio of the total IgG titer produced by the cell is significantly

higher in production cultures of host cells having the two infegration site construction. See

Figure 6B. In fact, it was unexpected that 50% or greater Bispecific ratios were consistently

achieved.

{00192] Table 2: Ratio of Bispecific Antibodies per Total IgG Production

Bispecttic Ratio (% total IgG)

Two sites

(Locus 1/Locus 2)

One site

{Locus 1)

AbE 50% 32%
AbF 50% 29%
Ab G 59% 38%
AbH 63% 40%

{00193] Monospecific antibodies were expressed using the two miegration site method to

determine improvements in overall Ig( titers. Table 3 illustrates that overall fiter in large
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7

bioreactor scale was observed to increase significantly from 0.6 to 1.3 fold. See also Figure 7.
For production bioreactors used in manufacturing, especially those at 500 L up to 10,000 L
culture volume, observed increases in tifer by use of these improved cell lines equates to a

significant amount of increased product vield per batch.

{00194] Table 3: Total IgG (Monospecific) Titer Measurement
Total Titer {(g/L)

Two sites One site
(Locus VEocus 23 | (Locus 1)
AbJ 33 2.2
AbK 3.2 2

{60195] Although the foregoing invention has been described in some detail by way of
itlastration and example, 1t will be readily apparent to those of ordinary skill in the art that
certain changes and modifications may be made to the teachings of the invention without

departing trom the spirit or scope of the appended claims.
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SEQUENCES

SEQ ID NO: 1

13515 bases
DNA

Cricetulus griseus
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gggctgtgtyg
gagcaccage
geettggtet
tgtcctggtt
gcagaggcaa
ctttctgcaa
ctcaaatgto
caccgtgeat
tatcaatcat
taactagtta
tgagtgacaqg
agagatccaa
cegetotate
tcatctgtct
atctataatc

SEQ ID NO:

14931 bases

DNA

Cricetulus

ctotaggeca
acccagceagyg
gtctattgaa
ttatttctac
atgcasaggaa
geecttotet
actittcaaag
tatctttctyg
ctatctatct
tcatttattt
ccttggetgt
ctgcetetgo
atctattiat
atccatcatce

aatty

griseus

ccaggaactt
tgcacacacc
ccggagtaag
tgttgtgata
tgetgectec
cecocattgge
aaggcttctc
ctgtectgtcet
atcttctatt
atttgtttac
cectggaacce
ctectectggty
gtacttatta

tatctatcta

misc_ feature (2176} ..(2239)

n is a, c,

catgtacact
ataaaatata
caagtaataa
aatgcaaatt
attgatggat
gtgcttgttyg
ttttac 7t
tggaaggtag
tctctgagta
ctggtacatg
gatgtgtgga
tttggaagac
ggtgaaattt
tgcaataact
atatatcatg
aaaaagtgac
tattcatgat
gtggtatcac
atgttataag
taaggtattt
taaaaactaa
aagtttgagt
totggcaaaa
aagactgectg
caacatittt
ttcaaaatge
agaagattgt
gcagaataaa
caataagtaa
gcacgttctt

g, t
tatgcaagta
catgtacatce
acacatacac
tatcttagca
catgtagtga
acactgaatt
atttgtccat
tgtgtcaagt
catgttggecce
cctgeccaaga
tttcacattg
tttcaatctce
ccatttgaat
tccatttcag
tgagaaatga
caatacatac
atcacatasa
taaatattaa
ttgtatatag
taattttggg
acagtacaaa

cagttcatac

tgctcgataa
atgatgttta
tgctgttcat
gtccecttca

tgatatggcece
aaaatatatt
tgaaatttig
tgtttacttc
aatgtatttt
ctattcctaa
ttgcatttte
ctgtittaaca
aatgtcgttt
aatttctcce

atcatatgga
atagatcatc
aattgecttaa
aacatttact
ctaattcata
acaatgcetat
attcatttat
gttagatgtyg
tcaaatatgt
tcececttttec
atgtacattyg
atttagtact
gataagagtc
atccatagtc
tttctctaga
gttgttcaac
cttctcecaatce
ttggctcacyg
agcttttgee
tttttattcet

tcecoetgtettyg
tcecotoegtyg
ttcttgcaga
aaaaccygggyg
tagettgete
atgectgaca
tgatcttgot
gtctgtctgt
tatctaccta
ttactttttt
attctgtaac
ctggggttaa
titcagtcatt
tctatctatce

or nucleotide is missing

caacacagta
attaataata

ctetectgtot
cttcttgago
tgtatgcatg
aactccagga
ceceatggett
tgaacagegt
aactaaatca
ctgtotatct
tcattcaatc
tatttgagac
caggetgtoo
agacgtgcac
atctatcctao
tatctatcta

ttttacacca

acatcattat

gttctigtgg ataattttaa
actttctttg catagataac
taggtatcta aggaattttg
caacagtgtyg taaggattct
tttattatte atggetgety
tgtttcectg atgatcagtg
ctagacccat ctattcttge
catcctttet gtctcttcac
aatagaagat acaattttcet

aaatattaaqg
tatgttttat
tittatgtget
aataaatttt
agagtgactc
cattcagtat
tgggaagtac
tattgtggaa
aagacgcaga

o gtt
tgccaaggaa
tttaacattg
aatggtgttt

66

gcetactgtte
agaaagaatc
tatatccaaa
gacatttttt
acttcagcaa

attttttagg
tagctcatga
tgcacttgat
attaagctaa
agccatggea
aggagatgaa
ataaagatgt
atatccettte
gatagtgcayg
tatgcacact
ccagacttat
ccttgacatt
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ggcacagoca
aaacacaggt
gaaacaacat

agcagctgayg
gccgggectyg
L ~got
ga Tt
gtoctatcato
a atcttce
a tttcte
t tcac

cacCaacgcc

t cCca
t atcc

atttttatct
tctttettte
tgaaacagga
cagtaatcac
gecttegtttt
gtctgattte

ttgacttatc
tgatttactt
ttattcacag
coetatgetat
tatttttact
aactagtttt
tcagaaacag
attasatatt

. ttttaaaaca

atattttaga
tctttcteat
tgagttgaca
ctttgeactyg
cttteattge
goaggaaagt
tgctggtatc
atgacttgca
aggcatgtet
attaatcact
cectgacacat
gtaatgttct
gaatcacgcet
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gtggaagetg
gatttactat
ctatctgetyg
agtaaaatta
acggtggtca
gggtctgegs
atgccecgatg s
nnnpnnnnnnn
tagaagaatt
tgggtecctga
agaactcotta
caattatgcet
ttceccoctgate
catattcaac
ttgagecettt
aaagtgtata
taaataaaca
ttttgttatt

tatctattta
aaagceaccta
tcatgoataa
agaaattata
tgtaaataat
tattatattt
tttgtttcac

ttaatataaa
tttaatitgta
ttttatatgt

tattgaggta
ttttattcat

ﬂd?"fVRQQd
tgtgggtyg
chagtaatc
tataaatgac
c

tfhw~cf$

£
-+

ct

ctgecotca
ttatatgtta
tcacaatgac

ccagacagta
tttcttcaaa
ttgtcectitag
agettgtttg
atttcaagtc
tatttgtgt
ctgttottat
tccagtcaat
gagtaggact
agtcccattg

cttagaatta
tttacttaga
taaatagagyg ¢
agttaaaatt
cgecaggtgta <
teectggaga
ageccannnnn
NNNRDRNNNC
ttattaggcet
gaatcaggaa
gatcatgggo
gttcttttto
ccocttgeca
tacattqaﬁt
tcecttgtt
aatgtict
tgaaaatta
agaattcaa
tcaataaaaa
tttaactaca
agtaattggt
ggaggtattg
atttctaatc
gttcagatta
tatttcccat
catatgtgtyg
tetttaggaqg
caagaatact
actaattcta
ataaaaatag
attttgtttg
gaaggtatga
chdgaa;La
cattcatccc
cagaaaaatt
taaatcagta
ctaaagotgt
catitatatce
gataaacaag
aaaaaaacct

i

A

3

D) b

ottt

caccaagtat
tagggaggca
aaccccatgg
ccaacaaatt
ccctctgeat

acattgaaat
attl

ponnnnnonn
tgggtgactt
tattttacag
atgggtagag «
aatgaccgea
tttectgttgt a
agttcccoctga
gtgtctgtcect

ccecteggte
aaca*tfqaa

atcaqutam
aagtLtcccc
catatatage
gtctattata
gttaa

caaat

tttecctatas
aaatattctce
tttgtttges

tgtgtttgta

ccaatggggyg
ttaggaaaaa
gaagcacaga
ctcaggaaaa
attctagatc
ccecat qt( &
ttetectgaott
acaﬂatg“““
gcaagtggcce
tggttgaaat
agtaa ¢

agaatcctat
fatggagagt

aaaacacact
tagcagtggt
ctt Lgcraat
cagaqggt
attccacaa

ctactgatat
attgagagaa
aaatctctat
%ﬁtatgttga
ccactaaggt
y geggttooot
NNRNONRNNI
tatggaaaga
gagactaaga
acgtggttga
'f%ﬂwgltﬂ“:
gatctgat
,Mutadcugw
gtcatttect
gatggtctcee
ctctaasaca
ctgctaaaagy
ttggatttaa

tttatgaage
accttttttg
gtagaatgat
tatttcacta
ccactatte

tcttaaatat

t+tL aggact
tatgttatta
actttaaaa
tatacatcac
aattggaata
atcttcaaga
tctttgtaga
taatgaagac
cactaattaa

tgctttcectga
tctetettge
tttttcteta

ttetttyg
ctcacatgge
fqtcacat%q

@ om0

o oo

[\

gaagggc
quIQQdd

atttatgaty
tataatattt
aactttittt
tttcaaagtg
gggctaagge
ggcaatcage
NOONNNNGNnN
atttgataga
ccectgggace
tggtatgaga
tagaatagat
gatgtagcoo
atataagcat
cgecgattec
acgagaggeyg
tgcaaaatga
ttaaacaata
ttitgaacatt
aaaataataa
actaaaataa
caatagttto
aaacagatat t
gataattaat
gagaagaatg
atatccctea
ggcactaaaa
atgttgataqg
gatcagacce
tctcatgaat
taaaataatg
atgtgtgcect
agagataata
atagccagca
cagtaaatat
attcatctca
gattttctaa
gtcagoaccee
tgtagtattt
tagaaacttt
tctcctecca
tgcctecttyg
ctatctcaco
caggctcectgg
tttctctcag
ctctaagttyg
gtagtacatg
atgaaaatga
tttgaatttg
gaaatgtaaa
cttctgacta
tgtggaaaaa
gttacagcaa
caataatgtt
gectggttgtce
tttacactga
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cageaattta
tcacagttat
tacaacacac
tgctacgcecce
cgatgggttyg
tgogatcecatyg
NRNNGNONNn:
tttcatgatg
taaagatatc
cagattttag
catctataaa

cetigoos

tgatttctcee
gtcecgtggea
aaaattaasa
ctatataata
gocattetitto
catatgtatc
atgaatgagce
azataaatta
~cccagtt
aL ggCudtL
atattaaatg
gcagtttasa
ttagaataat
gaaaatatct
aggactaata
tctgtectcaa
attaattaat
ggtgactgtg
tttgagatgt
tactatacca
atttctaaac
tgtgacacac
gtgcatgaca
agtgagataa
agaacatttt
ctctttaatt
atgctctatt
ctgctgecet
gttaccttct
acaattatag
gctagggata
gtgatggttc
aagactgaat
cgacctgtat
ctotgaagtt

ccagtea
tqg stttgee
actgctgaac
ttgccaatca
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ttaaacagee
gatgaattce
ccecetoctacta
accaaaacat
ggcggactta
taataaaggy
ggtcuvah?t
atattgagg
ccaagtggga
gt atatgac
atttggget
catggatgct
aaacatgaca
taaaaatttt
tgt ngtﬂcf
atcttaggt
atc gttui?g
gagaaataat
tcaatctcag
ttgtb catgg
1q 1qct

Mtvattdcut
tttccaagca
caattgaata
gataattttt

gagaaatcayg
ctataatcto

aca tf‘af‘ft\‘
t tctagaaa

gactacatga
ttaatatcaa
taataactaa

tttgggaga
atctctgtat
ttttcaagceca
tattgtitgat
ttaatagatg
tgaaattatg
tacctaaaca
ctatatgtat
gagagoatgg
gagcaataga
gaggagggat
gaaacttcct
ataatggaaa
aqatqu"aa

aa“agaqc*'

ctacaatyg
avcctagtaa
cacaattatt
ttgctaaaga

tactcagcat ¢
tatttctice
atcttatgac
gtgaagatga
tttegtttta
acaataaatc
ttactcaaat
taggecottct
atcatatcag
ctcoccecagage
atgttttttt
tagagattat
aggtgtgagt
attgaaacaa
gtaatgttat
attattctte
tcatttaatsa
gatatocac
aagccactta
tgacatttca
gaatcagtaa
ccaaaggatyg
cataggtcta
cagagctcat
gaaatactca
acataaaaca
gaaggagtat
aatacaaaga
ttcaaattgyg
acacaaaaat
aaagttctta
taaccatcat
tacccaataa
gagaatgttc
aggtccttcece
aatacccaaa
ctattcataa
ataaaattat
taataagcat
ttgaaagtcce
tttattgaac
gatcatt
aaggattaaa
aactagcact
ataattggtg
tattasactac
geatttactt
tcagcaaaca
agaatgtage
tacccctctg
taactgaagg
g99tggggqy
ctggaatgga
gtatttaaat
aaccacatat

i

3}

3]

[Ue] 1.(.“.' >.¢

ggtat
i?g+"
toatt

oW o

gtgaaatgtc
aaagcagtca
ttgac tgtct
aaatggeot
gCLLCC?gC

tttatittatt
acaggcaagg
tttttggacce
ataaagatga
gagtgetgitg
attattttct
ttgetttatt
aagaacatgt
ctaaacttac
tactaatgct
ttttgtttge

¢-+

:cLautuagc
aaagatattt
tagaaaacgg
actaatgaaa
ggaaatto
aaataatata
attgcagttc
aaaagctgaa
ggactctacc
tatctggaasa
tgtacattic
gtaaatggat
aaaatcafat
wcccatgga
adqa1t1q

[Vt '._Q f‘.}

ottt oh g ot

[m ]
ot
B us
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Py

C
ttgacttatt

taccctttat
ttgaatcagg

gatattattc
gaactgaaaa
tcaattttca
tgtagaataa
tgcatagcaa
ttacccctac
actgggcaaa
taaggaaatt
aaagcttata
atacacaaaa

agaagaa
agaaattata
gataggcatg
aaaatagtat
agttcaca
atagattaca
taa::vftag
attgaaacat
gacgtacagt
atacattaaa
cacgacactc
titttgaaatce
catagacttg
tgtgagacco
taagattatt
y ttggagtgag
aaaaaacatyg
ttactaggaa
taaactttaa
aaatatctt
attaaaacta
aacaaaaaat
tgaatggata
aatagacata
fqactgcaqa
atagaaacag
agtgtaatat
atatcttgaa
gatcttttta
tgtgagataa
agagaatgca
gatgaaagtg
tgaaaaagac
tacaccaaag
tgtgataasaa
ttctaacggy
tggectgaga
aactgcaaat
ccagaaattce
gagactacta
caagtaggcea
tgaattactt
gatcttacaa
gaacatggtg

68

tgecattttgt
aagatacaca
gaccataatg
tattacatat
tacatgattt
tgaattaaaa
tagacatgaa
atgtttcata
ttacaagtaa
agtggtgtta
aaggaaggga
agctttggeot
taatatitta
tactagaagce
ttcecctataga
agatatccta
caaaggazag
aaacattcta
¢ atgaaattgt
gtagcacaga
totgecatght
FCLtMLgLCd
tagaccaagt
ttaaacttct
tgccagtace
quautg ac
actagagaaa
aaacattgtce
aatgtctggt
taaaaagaat
gaaacttttt
tttacatatt
ggcaatgcat
ctggtgccac
tcacaagacc
gacactttct
:caaqa* efele

acaacuattc
gtggatctac
ttggtaacaa
ttttttagga
atggttagag
atagagaaaa
agctcagatg
catcctgaac
ataasaaattce
agcaggtgag
gaccagaaaa
tgaacaaata
ggggatatttc
ctacacacagy
goccagtggag
aacttgacag
atatctagtt
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tacattacta
atcatactac
caaactattg
aaaaagaaaa
gaggtttata
tattaaagaa
aagtagagtt
cagtgtgtaa
cagatgcttg
ataaaactgt
atgageatgt
cttattacag
agehggggac
aaaaatagga
aatgacaatg
gtt( ttaaa
cacttacgat
ttgtthtatv
aagttatata
taaagaacat
tggcaacagt
cctttgtte
CL,Migtgtc
tctggttcat
atagcacatg
atu ttta
ttaasa

aatacaatga
tcttaaaagt

ttadguaaaA
cccattatat

taatcttttg

cagcacatgg
gataatggag
aaggcaatat
tactattgta
gagttaccct

v
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aaactcccce
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acaaatas
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tggaaacttce
agtgtagaaa
ttagocotgat
gctattttct
tatagggatc
attgttctac

aaagctaatt
aggagggaga
caagaaaaga
gggaattgtce

cttaaaagce
ttcatccecagt
cagacaggga
agacctgaaa
cttttctaga
ctggtagtgg
tggaggaatt
tgtgttagac
gatgggatga
caagtaaatg
aaacaggcca
tctaaataaa
ataactacat
atttctccca
atacatactt

aagcaggaac
gctctgecect
tggtgtcaat
aatattasac
gtgtctataa

t‘tctaqotd
ttacacttta
attgtoteag
tttgatattt
ttgtctttta
tgaagaaaat
atattatcat
aaggagtttt
ctctagaatt
aattttgttce
ttagatgtca
>cattttcte
racagottge
gaggggccag
attttaatat
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atgctttctyg
ttaaatcato
aagatatcco
aaattagctt
aagaaCﬂcat
azaatgas

tctcaca

tatcatac
agagagdcat
gggageatye

JUaggacaay
gataccatag
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tctcatatga
agtttataca
aatgttattt
aatgcagaca
ccaccacatyg
tacaaacaca
atgctactgt
ccatcectteca
tgtaacctaa
gggttaagat
attttgagtc
taatcaaaaqg
ggaatogocet
tatitctcaac
aaatagtttce
accatttatg
atatcaagtg
agaaaaatch
tattataaat

cccagceattce
aatcttatca

gaagttttgt
atctccteat
acatggtccc
999aggggag
agagagaagyg
tagagggage
~aaggtocaa
aatgagatt
agb»gaagC'
gcaaagtce

ah?tggavv,

r'r "“J

ctagacacat
teccttgaga
gggacaggag
ctaatttaasa
aaagacagag
aagcacacat
caay aa
caaagaccta
agatctgect
tgttacagtt

tttgaccaaa
cccaattggyg
ggaaacaaaqg
aagaaccttyg
ttacttgceca
cagttacaag
gatgacttce
ctotaaccac
gagtgctgag
gagaatcaac
ataataatga
gecagcaaaag
ttaattata
ccaggtgttce
ctttceccectet
tgtagacttt
gtgggaattg
gttataca “1
aggttcctta ¢
ctaagggcac
tcattccagt
aatagttcat
ggectgaagt
cctagttgat
aatatttttt
gatgatggat

atgttgctgg &
agatgtggat
atattcacat
ctacaagaqa
gtcatag
tgactic 1tg
cttac aaLad
ggcctatgoa
cctggagaag
dg ygagttag
gatctagt
Vmigtdtgtm
ctaataat
gatgacta
gacatctacs
gaccaggotyg
cagactgata
» gtttggaggt
catgactgga a
gggggaggtt
agactca
aggaggggag
tgaataaagg
gtggtgggotyg
gaacttatag
atatcatctt
atgaaagtaa
agaaatctca
tagataaaca
cagcttctca
ggaaggggag
tctaaaatga
gtatatgtgc
tccectcaacce
tcaaggcttc
tgtcecttcata
attttasatt
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1010

acaaaatgaa
taaaaatgge
ggacttcaat
cagatgttct
ttcagaagaa
ttccatttca
caatgatatt
qaqquftqg

dgptabgadu
tttcattagt
ctceoetttttt
tctgtotgga
titttaagati ¢
gaatcttcat
aatgtaactt

69

aaatgctatg
gaatccatat
o caatgggaga
ctgcagtaat
atggcaatta
tctagaaget
gggaagggygyg
aagaaagaga
caagagaaga
taaatagaaa
aagcaatagt
ttatatacca
gctaaacact
gagaaacaca
gcectgggagtce
ctggttaatce
tttgggtac
ctaggtcectyg
tooctgggga
ggtgagggaa
aaaagtaaaa
actataaaga
tgtttatgaa
:“'quatqa
ttatcttcaa
tgttcaca:"
gtttgtagat
tctgttatte
aatttgaaga
tgttgttcanc ¢
ctcattitac
aaaattitgca
caaagtccct
tcectaatgtet
aatttaaaaa
agcecctgatga
tttcctatta
atgaaat
aqcttaa c
catggcagaa
Ladtgtggau
acctcaggac
aatatacatg
aggttcaata
caataaggga
aaataaatct
agagctcaat
caaggaaaa
atatatatce
act
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. gtacactacc
acaataaaaa
ggagcaacaa
ctagaatagt
tcctaatatt
aagttagtat

angaggc
tcctagagece
gagctagttyg
cagaaacagoe
cagcatagga
tatggggaca
ccattccaca
ctecaaatas
gecagaaagayg
ctgggattga
gaagaaaaga
aacactatta
agtatgtata
aggtgatttt
aaggttgasa
acacatgatg
aaactcacaa
agaataattc
aaacctagac
atettoteta
agagagagga
tcattgctca
ctgtcatgtt
tatatagatt
tcocattaatt
toctgaatitg
cttccacact
agattaagtc
tgetttatgg
ctatgotgtt
acctaaacta
agagggaatc
aaacaagtga
ttaagecttca
tttttagaag
aagcaatcca
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actactttg
ttaatacttt
ctgtgtttat
gcaacgtttt
ttcetttttt
ttagagetty
actaacaact
aattctigtg
tttaaaaaat
ctatagatca
acatacaaat
caacccttaa
gatatatgtg
tagacatcaa
tcaacaccgt
agttttgtga
tagtttataa
ttttectatt
tgaaaacaaa
tattcaataqg
ttttocattt
accctocect
ccagggaggg
gcctaggece
ataagtactyg
atgttcatgy
gagcet
tttgectcata
gggtgtctac
agtcatcatc
tgttagttgg
aaacctacaa

acaaaatctt
cctagatcca
tccttaacce
gaagtgt
gtqt_uﬁ
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CCCCT

aagaccagta
tggaaagatc
ccaaaatceccea
nccigaaaga
accoctgtac
tagagtaata
gaattgagtt
gaagctaagyg
tggatgcetgy
aagtccaaat
aaagtgggaa
gtagcacaga
tgtaaggcaa
~caccaatcece
ttitttaaaac
taacagagca

tgottaaaat
ccotetgago
agtctecaget
tcttcectacag
atcaagttt
0“1tggag
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agtcttgecet
aacctacaaa
tgtgcacata
aattatttat
gattttagat
ttgctotgtyg
taaaaagtac
tactatcaag
atttaaacta
tgttatcast
ttatttaaat
totc CchL,
tgaggectic

tcacccattt
atctactaca
ggtctggaac
ttgttocaggt
actcctocct
ttctactttc
tcattatcag
tgtcatcecttt
gactacctct
cctgeteect
tctteecttce
ttttettggg
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ctttttgtga
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tagcaagaac
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ataatactta
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gaaaaccctg
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catgtagaag
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gtatcctt
caatcagatc
tggataagtce
tatatctgac
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ctteccagagy
cagcttggta
atattaaccc
taagaaagaa
actgcagata
cctoaacata
ataaattggt
aataatcaat
aacaggacaa
agagggoetge
ccgattataa
gcagaaagac
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gataggtgat

ttattttaaa
taggcaggtyg
aacctggttg
ttgctccaca
ttcatagtat
caattttaaa
tttaaaaagt
acttttettt
tctttetgtt
gttacctgat
actatactta
ggatttitaa
tataaatgag
ttttcttata
aaaaagaatce
acaaaacaac
aatttgacta

aacattttta
taaaataaaa
atgtaaatca

r toccataccea

tgtctatcct
agtttactcc
aggcttccte
ggtat gtc
accaccctgg
acaattcegt
ctctaggata ¢
ctcteccattg
ctagtgcecayg
gotetegton
totteteoecoo

ccttgttt
gtctaaaatce
tggtttctte
aacactaacc
ttaaagaaga
tagtaaaaat
accagecacac

acccagga

igadcct
catctugaa
tcctgaaact g
cacggaatgq

agaacac
agaactaaat
gtgctcacca
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aagtgtatg
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aatgccagga
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SEQ ID NO:
4001 bases
DNA

Cricetulus

coaagatgon
tattcagttt
acaaccatte
gtggatctac
ttggtaacaa
ttttttagga
atggttagag
atagagaaaa
agctcagatg
catcctgaac
ataaaaattc
agcaggtgag
gaccagaaaa
tgaacaaata a
ggggtatttc
ctacacacag
Vvagtggag
acttgacag
afatctagtf
oaﬁogg caat
aagtt
aaatgctaty
gaatccatat
caatgggaga
ctgcagtaat
th ycaatta
tctagaaget
gggaagggdgyg
aagaaagaga
caagagaaga
taaatagaaa
aagcaatagt
ttatatacca
gctaaacact

ggtgagggaa
aaaagtaaaa
actataaaga
tgtttatgaa
tcagtgatga
ttatcttcaa
tgttcacaat
gtttgtagat
tctgttatte
aatttgaaga

L

griseus

catcaactga

cecattatat
taatcttttyg
cagcacatgg
gataatggag
aaggcaatat
tactattgta
gagttaccct
agagcaacat
atgatgaaaqg
agctcacatce
tgcttttgga
aactcceccecca
ttattcaaac
acaaataasa
ctacatagag ¢
taagatcata
gttcttcaac
gtacactacc
acaatasd 4
ggagcaa
ctagaatag
tcctaatatt

3

r

tagaggagag
actggcacta
cgagaggcta

cctagagece
”“qctagutg
cagaaacage
cagcatagga
tatggggaca
ccattccaca

acacatgatyg
aaactcacaa
agaataattc
agacctagac

ga“caatag;
9ag qa"gqat
\iL ct

aatyg

ttgaagtgt é

Lcagagecca
aacagagcca
cactacaatg
act "qutl«
cacaattatt
ttgctaaaga
tggaaacttc
agtgtagaaa
ttagccectgat
gctattttct
tatagggatc
attgttctac
gttgctcaac
acaagattta
gaggaccota
aaag ctaatt

gggaattgtce
cettaaaage
ttocatccagt
cagacaggga
agacctgaaa
cttttctaga
ctggtagtgyg
tggaggaatt
tgtgttagac €
gatgggatga
doq Laaatg
agacaggeca
Lctaaataaa
ataactacat
atttctccca
atacatactt
ctcaattgas
tgtatcattt
ctcgatggea
cacatacat
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gdtbabt
q1+tﬂdd
aahtagccc;
ataattggtg
tattaactac
gcatttactt
tocagcasaca
agaatgtagc
taccectoty
taactgaagyg
gggtaoaggyy
c:cqantqqa
gtatttaaat
aaccacatat

tatcoce
tagett
aagaacccat
aaaatgaaaa
tctcacaaga
tatcatace
agagagacat
gggagcatgg
ggaggacaag
gataccatag
caaagatcca
ctttectotga
agctgatgga
ggagtgatga
aaaatgttge
aaccctoaat

999 ttga ga
atgettgttt
aaagattata
aacatgtocag
aatctcaagce
gaattaaagc
tgcaatacac
ttccattcaa

tgtacattte
gtaaatggat
aaaatcatat
tacccatgga
a ggaagattag
tgaggttact
tagggeecttt
tatagttata
tttttatcac
tggcttacaqg
cagtageaa
agagagaaca
actgacttct
tccagtgtcet
agcaatcecte
ttgactt
taccctitat
ttgaatcagyg
cccagcatte
aatcttatca
caccagaaga
taatcoctatt
ggcttgattg
taactcctaa
gaagttttgt
atctcecteat
acatggtceoo
gggaggggag
agagagaagg
tagagggagc
caaggtccaa
taatgagatt
agcagaagcea
gcaaagtcaa
acatggaccc
gaggatatca
atccctagtt
ctagacacat
¢ tceocettgaga
gggacaggag
ctaatttaaa
aaagacagaq
aagcacacat
caagaaaaaa
caaagaccta
agatctgect
tgttacagtt

cccaattggyg
ggaaacaaag
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agtgtaatat
atatcttgaa
gatctttita
tgtgagataa
agagaatgcea
gatgaaagtyg
tgaaaaagac
tacaccaaag

ttctaacggg
tggcctgaga
aactgcaaat
ccagaaatto
gagactacta
caagtaggca
tgaattactt
gatcttacaa
gaacatggtyg
atgitgcotgg
agatgtggat
atattcacat
ctacaagaga
gtcataggeo
tgacttgttg
cttacaataa
ggcectatgea
cctggagasg
agggagttag
aagatctagt
cttgtatgtt
ctaataatct
gatgactacc
gacatctaca
gaccaggcetg
cagactgata
gtttggaggt
catgactgga
gggggaggtt
agactcaccce
aggaggggag
tgaataaagg
gtogtgggtyg
gaacttatag
atatcatctt
atgaaagtaa
agaaatctca
tagataaaca
cagcecttoctca
ggaaggggag
tctaaaatga
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tgttgttcac
ctcattttac
aaaatttgca
caaagtccect
tctaatgtcet
aatttaasaa
agcctgatga
tttectatta
atgaaataaa
agcttaaget
catggroagaa
taatgtggac
cctocaggac
atatacatg
gayttcaata
caataaggga

IS YY)

0

aaataaatct

atocttetcecta
agagagagga
tcattgctca
ctgtcatgtt
tatatagatt
tecattaatt
tctgaatttyg
ctitccacact
aaattaagtc
tgctttatgg
ctatgetgtt

acctaaacta

aagcaatcea

ctagtcoctcet
aagcaggaac
gcectetgooct
tggtgtcaat
aatattaaac
gtgtctataa
aaactcacac
tacaccatig
tctgtaggta
ttacacttta
attgtctcag
tttgatattt
ttgtctttta
tgaagaaaat
atattatcat
aaggagtttt

ctotagaatt

ceeocgteeea
tgagcatcce
tctocatatga
agtttataca
aatgttattt
aatgcagaca
ccaccacatyg
tacaaacaca

ccatctteea
tgtaacctaa
gggttaagat
attttgagtc
taatcaaaag
gyaatcgect

tattctcaac

aaatagtttc

aagaacctig
ttacttgcca
cagttacaag
gatgacttca
ctctaaccac
gagtgotgag

ttaattataa
coaggtgtic
cttteccectot
tgtagacttt
gtgggaattg
gttatacact
aggttoctta
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gtatatgtgce
tcectcaacce
tcaaggcotte
tgtcttcata
attttaaatt
acacaatata
ttoccaaaaat
acaaaatgaa
taaaaatggce
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cagatgttet
ttcagaagaa
ttccatttca
caatgatatt
gagtgtttgg
agtttagcto
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WHAT IS CLAIMED Is:

1. A cell comprising,

a first exogenous nucleic acid integrated within a first enhanced expression locus; and
a second exogenous nmucleic acid integrated within a second enhanced expression locus;
wherein the first and second exogenous nucleic acids together encoding an antigen-binding

protem,

2. The cell of claim 1, wherein the first exogenous nucleic acid comprises a nucleotide
sequence encoding a first HCF, and the second exogenous nucleic acid comprises a nucleotide

sequence encoding a LCF.

3. The cell of claim 2, wherein the second exogenous nucleic acid further comprises a

nucleotide sequence encoding a second HCF,
4, The cell of claim 3, wherein the first and second HCFs are different.

5. The cell of claim 3, wherein the nucleotide sequence encoding the first HCF encodes a
first CH3 domain, and wherein the nucleotide sequence encoding the second HCF rencodes a

second CH3 domain.

6. The cell of claim 5, wherein the first and second CH3 domains differ i at least one

amino acid position.

7. The cell of claim 5, wherein the nuclestide sequences encoding the first and second
CH domains differ from each other in that one of the nucleotide sequences has been codon

modified.

8. The cell of claim 3, wherein the first exogenous nucleic acid further comprises a

nucleotide sequence encoding a second LCF,
5. The cell of claim &, wherein the first and second LCFs are the same.,

10.  The cell of any of claims 2, 3, 8, wherein ecach of the nucleotide sequences encoding a

HCF or LCF is operably linked to a promoter.
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11. The cell of claim 2, wherein a first RRS and a second RRS are positioned 5’ and 3/,
respectively, relative to the first exogenous nucleic acid, and a third RRS and a fourth RRS
are positioned 5' and 3, respectively, relative to the second exogenous nucleic acid, wherein

the first and second RRSs are different, and the third and fourth RRSs are different.

12. The cell of claim 11, wherein the first, second, third and fourth RRS are different from
gach other.
13, The cell of claim 3, wherein a first additional RRS is present between the nucleotide

sequence encoding the first LCF and the nucleotide sequence encoding the second HCF, and

wherein said additional RRS is different from ecach of the first, second, third and fourth RRSs.

14. The cell of claim 13, wherein the first additional RRS is included within an intron of a
selectable marker gene that is present between the nucleotide sequence encoding the first LCF

and the adjacent nucleotide sequence encoding the second HCF,

15, The cell of claim 8, wherein a first RRS and a second RRS are positioned 5" and 3/,
respectively, relative to the first exogenous nmucleic acid, and a third RRS and a fourth RRS
are positioned 5' and 3, respectively, relative to the second exogenous nucleic acid, wherein

the first and second RRSs are different, and the third and fourth RRSs are different.

16. The cell of claim 15, wherein the first and second HCF's are the same, and the first and
second LCFs are the same, and wherein the first and third RRS are the same, and the second

and fourth RRS are the same.

17. The cell of claim 13, wherein the first and second HCFs are different, and the first and
second LCFs are the same, and wherein the first, second, third and fourth RRSs are different

from each other.

18.  The cell of claim 16 or 17, wherein a first additional RRS is present between the
nucleotide sequence encoding the first LCF and the nucleotide sequence encoding the second
HCF in the second exogenous nucleic acid, wherein the first additional RRS is different from

the first, second, third and fourth RRSs.

19, The cell of claim 18, wherein the first additional RRS 1s included within an intron of a

first selectable marker gene that is present between the nucleotide sequence encoding the first
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LCF and the nucleotide sequence encoding the second HCF in the second exogenous nucleic
acid.

20.  The cell of claim 18, wherein a second additional RRS is present between the
nucleotide sequence encoding the second LCF and the nucleotide sequence encoding the first
HCEF, wherein the first and second RRS are the same or different, and are each different from

the first, second, third and fourth RRSs.

21. The cell of claim 20, wherein the first additional RRS is included within an intron of a
first selectable marker gene that is present between the nucleotide sequence encoding the first
LCF and the nucleotide sequence encoding the second HCF in the second exogenous nucleic
acid, and the second additional RRS 1s included within an intron of a second selectable
marker gene that is present between the nucleotide sequence encoding the second LCF and
the nucleotide sequence encoding the first HCF, wherein the first and second selectable

marker genes are different.

22. The cell of claim 2, wherein the antigen-binding protein is monospectific,
23.  The cell of claim 4, wherein the antigen-binding protein is bispecific.

24, A cell comprising,

integrated within a first enbanced expression locus, from 5 to 3" a first RRS, a first

exogenous nucleic acid, and a second RRS;

integrated within a second enhanced expression locus, from 5' to 3" a third RRS, a

second exogenous nucleic acid, and a fourth RRS;
wherein the first and second RRS are different, and the third and fourth RREs are different.
25, The cell of claim 24, wherein the first exogenous nucleic acid comprises a first

selectable marker gene, and the second exogenous nucleic acid comprises a second selectable

marker gene, wherein the first and the second selectable marker genes are different.

26.  The cell of claim 25, wherein the first exogenous nucleic acid further comprises a first

additional RRS, wherein the first additional RRS is different from first and second RRSs.
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27.  The cell of claim 26, wherein the second exogenous nucleic acid further comprises a
second additional RRS, and the second additional RRS 15 different from the third and fourth

RRSs.

28.  The cell of claim 24, where the first exogenous mucleic acid comprises a first
selectable marker gene, a first additional RRS, and a first additional selectable marker gene,
wherein the first and first additional selectable marker genes are different, and the first

additional RRS is different from the first and second RRSs,

28, The cell of claim 27, wherein the second exogenous nucleic acid comprises a second
selectable marker gene, a second additional RRS, and a second additional selectable marker
gene, wherein the second and second additional selectable marker genes are different from
cach other and also from the first and first additional selectable marker genes, and wherein the

second additional RRS 1s different from the third and fourth RRSs.
30.  The cell according to any of the preceding clawms, wherein the cell 15 a CHO cell.

31.  The cell of claim 30, wherein one of two enhanced expression loci is selected from the
group consisting of a nucleotide sequence at least 90% identical to SEQ IDNO: 1,2
nucleotide sequence at least 90% identical to SEQ ID NO: 2, and a nucleotide sequence at
least 90% identical to SEQ 1D NO:3.
32, A set of vectors for expressing a bispecific antigen-binding protem in a cell,
comprising

a first vector comprising from 5' to 3', a first RRS, a first nucleic acid comprising a

nucleotide sequence encoding a first HCF, and a second RRS;

a second vector comprising from 5" {0 3', a third RRS, a second nucleic acid

comprising a nucleotide sequence encoding a second HC, a fourth RRS;

and a nucleotide sequence encoding a first LC that is either within the first nucleic

acid in the first vector, or 1s in a third vector different from the first and second vectors;

wherein the first, second, third, and fourth RRSs are different;
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and wherein the bispecific antigen-binding protein comprises the first HCF, the second

HCF and the first LCF, and wherein the first and second HCFs are different.

33.  The set of vectors of claim 32, wherein the nucleotide sequence encoding the first LCF

is within the first nucleic acid in the first vector.

34.  The set of vectors of claim 34, wherein the first nucleic acid further comprises a first

selectable marker gene.

35.  The set of vectors of claim 32, wherein the nucleotide sequence encoding the tirst LCF
is 1n the third vector and 1s flanked by a 5' RRS and 3' RRS, wheren (i) the 3' RRS 15 the
same as the first RRS, and the 5" RRS is different from the first and second RRSs, or {11} the §'
RRS is the same as the second RRS, and the 3' RRS is different from the first and second
RRSs.

36. The set of vectors of claim 35, wherein the common RRS between the first and third
vectors 18 placed at the 3' end of a 5' portion of a selectable marker gene on one of the first
and third vectors, and is placed at the 5’ end of the remaining 3' portion of the selectable

marker gene on the other vector.

37.  The set of vectors of claim 32, further comprising a nucleotide sequence encoding a
second LCF that is etther within the second nucleic acid in the second vector, or is in a fourth

vector separate from the first, second and third vectors.
38.  The set of vectors of claim 37, wherein the first and second LCFs are the same.

38, The set of vectors of claim 38, wherein the nucleotide sequence encoding the first LCF
is within the first nucleic acid in the first vector, and the nuclestide sequence encoding the

second VL is on the fourth vector,

44, The set of vectors of claim 39, wherein the nucleotide sequence encoding the second
LCF on the fourth vector is flanked by a 5' RRS and 3' RRS, wherein (i) the 3' RRS is the
same as the third RRS, and the 5' RRS 1s different from the third and fourth RRSs, or (i1) the
5'RRS is the same as the fourth RRS, and the 3' RRS is different from the third and fourth
RRSs.
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41. The set of vectors of claim 40, wherein the common RRS between the second and
fourth vectors 1s placed at the 3" end of a 5" portion of a selectable marker gene on one of the
second and fourth vectors, and is placed at the 5' end of the remaining 3' portion of the

selectable marker gene on the other vector.

42.  The set of vectors of claim 38, wherein the nucleotide sequence encoding the first LCF
is within the first nucleic acid in the first vector, and the nuclestide sequence encoding the

second VL 1s within the second nucleic acid on the second vector,

43, The set of vectors of claim 38, wherein the nucleotide sequence encoding the first LCF
is on the third vector, and the nucleotide sequence encoding the second VL is on the fourth

vector.

44, The set of vectors of claim 43, wherein the nucleotide sequence encoding the first LCF
on the third vector 1s flanked by a § RRS and 3' RRS, wherein (i) the 3' RRS on the third
vector is the same as the first RRS, and the 5" RRS on the third vector is different from the
first and second RRSs, or (1) the 5’ RRS on the third vector is the same as the second RRS,
and the 3' RRS on the third vector is different from the first and second RRSs; and wherein
the nucleotide sequence encoding the second LCF on the fourth vector is flanked by a 5" RRS
and 3' RRS, wherein (1) the 3' RRS on the fourth vector 1s the same as the third RRS, and the
5'RRS on the fourth vector is different from the third and fourth RRSs, or {ii) the 5 RRS on
the fourth vector is the same as the fourth RRS, and the 3' RRS on the fourth vector is
different from the third and fourth RRSs.

45.  The set of vectors of claim 32, wherein the nucleotide sequence encoding the first
HCF encodes a first CH3 domain, and the nucleotide sequence encoding the second HCF

encodes a second CH3 domain,

46, The set of vectors of claim 45, wherein the first and second CH3 domains differ in at

least one aminge acid.

47.  The set of vectors of claim 45, wherein the nucleotide sequences encoding the first and

second CH3 domains differ in that one of the nucleotide sequences has been codon modified.
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48,  The set of vectors of claim 32, wherein each of the nucleotide sequences encoding a

variable region is independently hinked a promoter.

49.  The set of vectors of claim 32, further comprising a nucleotide sequence encoding a

recombinase that recogmzes the first and second RRSs, and/or the third and fourth RRSs.
50. A set of vectors, comprising

a first vector comprising a first nucleic acid, flanked by a 5" homology arm and 2 3'

homology arm for integration into a first expression enhancing locus of a cell; and

a second vector comprising a second nucleic acid, flanked by a 5 homology arm and a

3 homology arm for integration into a second expression enhancing locus of the cell;
wherein the first and second nucleic acids together encode an antigen-binding protein.
51. A system comprising a cell and a set of vectors,
wherein the cell comprises,

integrated within a first enhanced expression locus: from 5 to 37, a first RRS, a first

exogenous nucleic acid, and a second RRS;

integrated within a second enhanced expression locus: from 5' to 3', a third RRS, a

second exogenous nucleic acid, and a fourth RRS;

wherein the first and second RRSs are different, and the third and fourth RRSs are

different; and wherein the first and second enhanced expression loci are different;
wherein the set of vectors comprises,

a first vector comprising trom 5' to 3', a first vector 5' RRS, a first nucleic acid, and a

first vector 3' RRS, wherein the first vector 5' and 3' RRSs are different;

a second vector comprising from 5' to 3', a second vector 5' RRS, a second nucleic

acid, and a second vecior 3' RRS, wherein the second vector 5' and 3' RRSs are different;

a nucleotide sequence encoding a first HCF and a nucleotide sequence encoding a first

LCF, wherein one of the nucleotide sequences is in the first nucleic acid and the other
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nucleotide sequences is in the second mucleic acid; wherein the first HCF and the first LCF

are regions of an antigen-binding protein; and

wherein upon introduction of the vectors into the cell, the first and second nucleic
acids in the vectors integrate into the first enhanced expression locus and the second enhanced

expression locus, respectively, through recombination mediated by the RRSs.

52, The system of claim 51, wherein the antigen-binding protein is a monospecific

antigen-binding protein.

53, The system of claim 32, wherein the first and third RRSs are the same, and the second

and fourth RRSs are the same.

54.  The system of claim 53, wherein a first additional RRS is present between the first and

second RRS in the first locus,

55.  The system of claim 54, wherein the first vector 5' RRS is the same as the first and
third RRS; the first vector 3' RRS, the second vector 5' RRS, and the first additional RRS are

the same; and the second vector 3' RRS is the same as the second and fourth RRS.

56.  The systern of claim 35, wherein the VL0-encoding nucleotide sequence s in the first

vector, and the HCF-encoding nucleotide sequence is in the second vector.

57.  The system of claim 55, wherein the first vector 3' RRS 1s placed at the 3’ end ofa §'
portion of a selectable marker gene, and the second vector §' RRS is placed at the 5' end of the

remaining 3' portion of the selectable marker gene.

58.  The systern of claim 32, wherein the first vector 5' RRS 1s the same as the first RRS,
and the first vector 3' RES is the same as the second RES; and wherein the second vector §
RRS is the same as the third RRS, and the second vector 3' RRS 1s the same as the fourth
RRES.

59.  The system of claim 52, wherein the antigen-binding protein is a bispecific antigen-
binding protein.
60.  The system of claim 59, further comprising a nucleotide sequence encoding a second

HCF that is different from the first HCF.
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61.  The system of claim 60, wherein the nucleotide sequence encoding the first LCF and
the nucleotide sequence encoding the second HCF are both included in the first nucleic acid in

the first vector, and the nucleotide sequence encoding the first HCF 1s in the second vector.

62.  The system of claim 61, wherein the first vector 5" RRS is the same as the first RRS,
the first vector 3' RRS is the same as the second RRS, the second vector 5" RRS is the same as

the third RRS, and the second vector 3' RRS is the same as the fourth RRS.

63.  The system of claim 60, wherein the nucleotide sequence encoding the second HCF 1s

on a third, separate vector, flanked by a third vector 5" RRS and a third vector 3' RRS.

64.  The system of claim 63, wherein the nucleotide sequence encoding the first LCF s in
the first vector, the nucleotide sequence encoding the first HCF 15 in the second vector, the
first vector ' RRS is the same as the first RRS, the first vector 3' RRS 15 the same as the
second vector 5' RRS and as a first additional RRS, and the second vector 3" RRS is the same
as the second RRS, the third vector 5° RRS 15 the same as the third RRS, and the third vector
3'RRS is the same as the fourth RRS, wherein the first additional RRS s included in the first

locus between the first and second RRSs,

65.  The system of claim 64, wherein the first vector 3' RRS 15 placed at the 3 end ofa §
portion of a selectable marker gene included in the first vector, and the second vector 5' RRS

is placed at the 5' end of the remaining selectable marker gene included in the second vector.

66.  The system of claim 61, further comprising a nucleotide sequence encoding a second
L.CF.

67. The system of claim 66, wherein the first and second LCFs are the same.

68.  The system of claim 67, wherein the nucleotide sequence encoding the second LCF is

in the second nucleic acid of the second vector, wherein the first vector 5" RRS is the same as
the first RRS, the first vector 3' RRS is the same as the second RRS, the second vector 5' RRS

15 the same as the third BRS, and the second vector 3' RRS is the same as the fourth RRS.

69.  The system of claim 67, wherein the nucleotide sequence encoding the second LCF is

in a third, separate vector, flanked by a third vector 5 RRS and a third vector 3' RRS,
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70.  The system of claim 69, wherein the first vector 5 and 3' RRS are identical to the first
and second RRS in the first locus, respectively; the third vector 5 RRS is the same as the third
RRS, the third vector 3' RRS is the same as the second vector '5 RRS and as an additional
RRS present between the third and fourth RRSs in the second locus, the second vector 3' RRS
is the same as the fourth RRS.

71.  The system of claim 70, wherein the third vector 3' RRS is placed at the 3' end of a §'
portion of a selectable marker gene included 1n the third vector, and the second vector 'S RRS
is placed at the 5' end of the remaining 3' portion of the selectable marker gene included in the

second vector.

72.  The system of claim 60, wherein the nucleotide sequence encoding the first HCF
encodes a first CH3 domain, and the nucleotide sequence encoding the second HCF encodes a

second CH3 domain.

73.  The system of claim 72, wherein the first and second CH3 domains differ in at least

one aming acid.

74.  The system of claim 72, wherein the nucleotide sequences encoding the first and

second CH3 domains differ in that one of the nucleotide sequences has been codon modified.

75.  The system of claim 51, wherein the nucleotide sequence encoding the first HOF and

the nucleotide sequence encoding the first LCF are each operably linked to a promoter.
76.  The system of claim 51, wherein the cell 1s a CHO cell.

77.  The system of claim 76, wherein the two enhanced expression loci include a locus
comprising the nucleotide sequence of SEQ {12 NO: 1 and a locus comprising the nucleotide

sequence of SEQ D NO: 2.
78. A wmethod, comprising:
(1) providing a system according to any one of claims 51-77;

(i1} introducing the vectors into the cell by transfection; and
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(1t} selecting a transfected cell where the nucleic acids in the vectors have integrated
into the first and second enhanced expression loct through recombination mediated by the
RRSs.

79.  The method of claim 78, further comprising ;

(1v) expressing and obtaining the anfigen-binding protein from the selected transtected
cell.

80. A method of making an antigen-binding protein, comprising: providing a cell
according to any one of claims 1-23, and expressing and obtaining the antigen-binding protein

from the cell.
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