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(57) Abstract: The disclosure relates generally to the targeting of genes to,
and their integration into, an innnnunoglobulin (antibody) heavy chain locus.
In particular, the methods described herein contemplate replacing the single
rearranged heavy chain V, D, and J genes of a B cell lymphoma such as
DT40 with independently rearranged Vu-D-Ju genes of chicken, in a system
for generating immunoglobulin diversity. Also contemplated is replacement
of the chicken Vy-D-Ju with rearranged Vyu-D-Ju genes of other vertebrates
including human in a system for generating immunoglobulin diversity, with
the exception of any substitution disclosed and claimed in PCT application
WO 2009/029315 A2. Regions upstream of the rearranged Vg gene, and
downstream of the rearranged Ju genes, are identified and incorporated into
the immunoglobulin heavy chain gene-targeting vectors for efficient gene re-
placement. Also described is construction of a diverse chicken immuno-
globulin heavy chain VDIJ library in DT40 by homologous gene replacement
of the single endogenous rearranged VDJ gene with a chicken VDIJ repertoire
using the described targeting vectors. The methods are useful for generating a
diverse library of immunoglobulins that can be screened for binding to de-
sired target antigens. Compositions include the unique targeting vectors, the
diverse chicken heavy chain VDIJ library in the targeting vectors, and the di-
verse chicken VDJ DT40 library that is created by homologous gene replace-
ment of the single endogenous rearranged VDJ gene with a chicken VDIJ rep-
ertoire, using the targeting vectors.
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COMPOSITION AND METHOD FOR DIVERSIFICATION OF TARGET
SEQUENCES

CROSS-REFERENCE TO RELATED APPLICATION
This application claims the benefit under 35 U.S.C. § 119(e) of
U.S. Provisional Patent Application No. 61/611,446, filed March 15, 2012, now

pending; which application is incorporated herein by reference in its entirety.

SEQUENCE LISTING

The Sequence Listing associated with this application is provided
in text format in lieu of a paper copy, and is hereby incorporated by reference
into the specification. The name of the text file containing the Sequence Listing
is 980087_402WO_SEQUENCE_LISTING.txt. The text file is about 17KB, was
created on March 13, 2013, and is being submitted electronically via EFS-Web.

STATEMENT OF GOVERNMENT INTEREST
This invention was made with government support under grants
R01 GM41712 and U54 Al081680 awarded by the U.S. National Institutes of

Health. The government has certain rights in this invention.

BACKGROUND

Technical Field

This disclosure relates to the targeting of genes to, and their
integration into, an immunoglobulin heavy chain locus. The vectors,
compositions, and methods disclosed herein are particularly useful for ex vivo

accelerated antibody evolution.
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Description of the Related Art

Monoclonal antibodies (mAbs) are well-established as
therapeutics, diagnostics, and reagents for research, but their use is currently
limited by the difficulties and costs associated with identifying mAbs with the
required affinity and specificity for a desired target. Many targets of interest are
highly conserved proteins, and mechanisms of immune regulation limit the
variety of antibodies that can be obtained from a physiological immune
response. In addition, many key therapeutic targets are cell surface proteins,
which present particular challenges to mAb development because their
physiologically active conformations are not readily recapitulated by purified
proteins or membrane preparations used for immunization to elicit specific
antibodies. These cell surface components include some especially high value
targets for certain clinically useful contexts, such as cytokine receptors and G
protein-coupled receptors.

Most current strategies for mAb discovery employ in vivo and/or in
vitro approaches. In vivo approaches involve activation and selection of
specific antibody-producing B cells by immunization, followed by generation of
hybridomas (Kohler et al., 1975; Chiarella et al., 2008). This process is costly
and time-consuming, since extensive screening and, in many cases,
subsequent steps including affinity maturation are required to obtain mAbs with
desired properties. It is also limited by immune tolerance, making antibodies
that specifically recognize some antigens difficult or impossible to obtain. In
addition, once a mAb has been identified there is not a straightforward path to
further optimization of its affinity or functionality. /n vitro approaches often rely
on screening massive numbers of synthetic single-chain antibodies, typically
displayed on phage (Winter et al., 1994; Bratkovic et al., 2010). These
antibodies are expressed by cloned genes that encode linked immunoglobulin
heavy chain variable (Vy) and light chain variable (V) regions derived from an
immune repertoire, often from a convalescent individual (Grandea et al., 2010;
Hammond et al., 2010). They can be further optimized by iterative PCR-based

mutagenesis accompanied by selection in vitro, using high throughput
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approaches. However, success in the end depends on the quality of the
starting libraries and their sources, and not all single-chain antibodies can be
readily converted to natural antibodies for practical applications.

mADb discovery can also be carried out ex vivo in immortalized B
cells. B cells display immunoglobulin (Ig) molecules on the cell surface,
facilitating selection for antigen recognition. In some B cell lines, physiological
pathways for immunoglobulin (Ig) gene diversification remain active, enabling
evolution of high affinity antibodies in culture. The chicken B cell line, DT40,
has proven especially adaptable for such purposes (Cumbers et al., 2002; Seo
et al., 2005; Kajita et al., 2010). DT40 derives from a bursal lymphoma, and
DT40 cells constitutively diversify their immunoglobulin heavy chain variable
region (Vy) and light chain variable region (V) genes (Arakawa et al., 2004).
Ongoing diversification occurs by two pathways, gene conversion and somatic
hypermutation (Maizels et al., 2005). Briefly, most mutations are templated and
arise as a result of gene conversion, with nonfunctional pseudo-V regions
serving as donors for the transfer of sequences to the rearranged and
transcribed V gene. A small fraction of mutations are nontemplated, and arise
as a result of somatic hypermutation, the mutagenic pathway that generates
point mutations in Ig genes of antigen-activated human and murine B cells.
DT40 cells proliferate rapidly, with an 8-10 hr doubling time (compared to 20-24
hr for human B cell lines), and are robust to experimental manipulations
including magnetic-activated cell sorting (MACS), fluorescence-activated cell
sorting (FACS) and single-cell cloning. Most importantly, DT40 cells support
very efficient homologous gene targeting (Buerstedde et al., 1991), so genomic
regions can in many cases be replaced or modified as desired using
appropriately designed homologous recombination strategies.

Despite the considerable potential of DT40 cells for antibody
evolution, their utility has thus far been limited in practice because — as in
other transformed B cell lines — Ig gene diversification occurs at less than 1%
the physiological rate. Several approaches have been used to accelerate

diversification in DT40 cells. This can be achieved by disabling the
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homologous recombination pathway (Cumbers et al., 2002), but cells thus
engineered have lost the ability to carry out gene targeting, or to diversify their
Ig genes by gene conversion, and diversification produces nontemplated point
mutations, like those generated during antigen-driven somatic hypermutation in
humans or mice. Diversification can also be accelerated by treatment of cells
with the histone deacetylase inhibitor, trichostatin A (Seo et al., 2005). This
approach increases the rate of gene conversion, but does not promote point
mutagenesis, limiting potential diversity. Clearly there remains a need for more
rapid and effective generation of coding sequence diversity in a target gene of
interest such as an antibody-encoding gene. The presently described
compositions and methods address this need and offer other related

advantages.

BRIEF SUMMARY

According to certain embodiments of the invention desribed
herein there is provided a recombinant polynucleotide vector for integrating a
target gene into a chicken immunoglobulin gene heavy chain locus, comprising
(a) a chicken immunoglobulin Vy gene upstream nucleic acid sequence region;
(b) a target gene that comprises a rearranged chicken immunoglobulin Vy-D-Jy
gene that has been isolated from a population of chicken bursa of Fabricius
cells; and (c) a chicken immunoglobulin J4 gene downstream nucleic acid
sequence region, wherein the target gene, upon being integrated into the
chicken immunoglobulin heavy chain locus of a DT40 cell, is capable of
undergoing either or both of (i) somatic hypermutation in an immunoglobulin Vy
region-encoding sequence, and (ii) gene conversion between a rearranged
chicken immunoglobulin Vy-encoding nucleic acid sequence and a DT40 Vy
pseudogene nucleic acid sequence. In certain embodiments the target gene
further comprises a polynucleotide sequence that encodes a marker protein,
which in certain further embodiments is selected from green fluorescent protein
(GFP) and blue fluorescent protein (BFP). In other embodiments the somatic

hypermutation takes place in either or both of an immunoglobulin Vy
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complementarity determining region-encoding sequence and an
immunoglobulin Vy framework region-encoding sequence.

In certain embodiments there is provided a composition
comprising a plurality of recombinant polynucleotide vectors for integrating a
plurality of target genes into a plurality of chicken immunoglobulin gene heavy
chain loci, each of said vectors comprising (a) a chicken immunoglobulin V4
gene upstream nucleic acid sequence region; (b) a target gene that comprises
a rearranged chicken immunoglobulin Vy-D-Jy gene that has been isolated from
a population of chicken bursa of Fabricius cells; and (c) a chicken
immunoglobulin J4 gene downstream nucleic acid sequence region, wherein
the target gene, upon being integrated into the chicken immunoglobulin heavy
chain locus of a DT40 cell, is capable of undergoing either or both of (i) somatic
hypermutation in an immunoglobulin Vy region-encoding sequence, and (ii)
gene conversion between the rearranged chicken immunoglobulin Vx-encoding
nucleic acid sequence and a DT40 V4 pseudogene nucleic acid sequence, and
wherein the rearranged chicken immunoglobulin Vy-D-Jy gene is obtained from
a plurality of rearranged chicken immunoglobulin Vy-D-Jy genes isolated from a
population of chicken bursa of Fabricius cells. In certain embodiments the
target gene further comprises a polynucleotide sequence that encodes a
marker protein, which in certain further embodiments is selected from green
fluorescent protein (GFP) and blue fluorescent protein (BFP). In certain
embodiments the somatic hypermutation takes place in either or both of an
immunoglobulin Vi complementarity determining region-encoding sequence
and an immunoglobulin Vy framework region-encoding sequence.

In another embodiment there is provided a composition,
comprising (a) the vector described above; and (b) a second vector for
integrating a second target gene into an immunoglobulin gene light chain locus,
the second vector comprising (1) a chicken immunoglobulin V| gene upstream
nucleic acid sequence region; (2) a second target gene that comprises a
rearranged chicken immunoglobulin V -J. gene that optionally has been

isolated from a population of chicken bursa of Fabricius cells; and (3) a chicken
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immunoglobulin J. gene downstream nucleic acid sequence region, wherein the
second target gene, upon being integrated into the chicken immunoglobulin
light chain locus of a DT40 cell, is capable of undergoing either or both of (i)
somatic hypermutation in an immunoglobulin V| region-encoding sequence,
and (ii) gene conversion between a rearranged chicken immunoglobulin V.-
encoding nucleic acid sequence and a DT40 V_ pseudogene nucleic acid
sequence. In another embodiment there is provided a composition, comprising
(1) the composition described above; and (2) one or a plurality of recombinant
polynucleotide vectors for integrating a plurality of target genes into a plurality
of chicken immunoglobulin gene light chain loci, each of said vectors
comprising (a) a chicken immunoglobulin V| gene upstream nucleic acid
sequence region; (b) a second target gene that comprises a rearranged chicken
immunoglobulin V| -J. gene optionally that has been isolated from a population
of chicken bursa of Fabricius cells; and (c) a chicken immunoglobulin J. gene
downstream nucleic acid sequence region, wherein the second target gene,
upon being integrated into the chicken immunoglobulin light chain locus of a
DT40 cell, is capable of undergoing either or both of (i) somatic hypermutation
in an immunoglobulin V _ region-encoding sequence, and (ii) gene conversion
between a rearranged chicken immunoglobulin V| -encoding nucleic acid
sequence and a DT40 V| pseudogene nucleic acid sequence, and wherein
optionally the rearranged chicken immunoglobulin V(-J. gene is obtained from a
plurality of isolated rearranged chicken immunoglobulin V| -J. genes from a
population of chicken bursa of Fabricius cells. In certain embodiments the
second target gene further comprises a polynucleotide sequence that encodes
a second marker protein, which in certain still further embodiments is selected
from green fluorescent protein (GFP) and blue fluorescent protein (BFP). In
certain embodiments the somatic hypermutation takes place in either or both of
an immunoglobulin V| complementarity determining region-encoding sequence
and an immunoglobulin V| framework region-encoding sequence.

Certain embodiments of the invention described herein provide a

host cell, comprising any of the above described vectors or compositions. In
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certain embodiments the host cell is a bacterial cell. In certain embodiments
the host cell is derived from a chicken cell, or is a chicken bursal lymphoma
cell, oris a DT40 cell, and in certain further embodiments the immunoglobulin
gene heavy chain locus in the host cell comprises a polymerized lactose
operator and/or the immunoglobulin gene light chain locus in the host cell
comprises a polymerized lactose operator. According to certain other
embodiments there is provided a library of the herein described host cells.
Turning to another embodiment of the present invention, there is
provided a method for integrating a target gene into a chicken immunoglobulin
heavy chain locus, comprising (a) transfecting chicken B-cells with one of the
vectors described above, or transfecting chicken B-cells with one of the above
described compositions; and (b) identifying a chicken B-cell in which the target
gene is integrated into the immunoglobulin heavy chain locus. In another
embodiment there is provided a method for integrating a first target gene into a
chicken immunoglobulin heavy chain locus and integrating a second target
gene into an immunoglobulin light chain locus, comprising (a) transfecting one
or a plurality of chicken B-cells with one of the above described compositions to
obtain one or a plurality of transfected B-cells; and (b) identifying a transfected
chicken B-cell from (a) in which the target gene that comprises a rearranged
chicken immunoglobulin Vy-D-Jy gene is integrated into the immunoglobulin
gene heavy chain locus and the second target gene is integrated into the
immunoglobulin gene light chain locus. In another embodiment there is
provided a method for producing a repertoire of chicken immunoglobulin heavy
chain polypeptide sequence variants of a target polypeptide that is encoded by
a target gene that comprises a rearranged chicken immunoglobulin Vy-D-Jy
gene, comprising culturing a chicken B-cell containing one of the above
described vectors under conditions that allow for proliferation of the B-cell until
a plurality of B-cells is obtained, wherein the B-cell is capable of either or both
of (i) somatic hypermutation in an immunoglobulin Vi complementarity
determining region-encoding sequence, and (ii) gene conversion between a

rearranged chicken immunoglobulin Vy-encoding nucleic acid sequence and a
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Vy pseudogene nucleic acid sequence, and thereby producing a repertoire of
chicken immunoglobulin heavy chain polypeptide sequence variants of the
target polypeptide. In certain related embodiments the chicken B-cell further
comprises a second vector for integrating a second target gene into a chicken
immunoglobulin gene light chain locus, the second vector comprising (a) a
chicken immunoglobulin V| gene upstream nucleic acid sequence region; (b) a
second target gene that comprises a rearranged chicken immunoglobulin V-J.
gene optionally that has been isolated from a population of chicken bursa of
Fabricius cells; and (c) a chicken immunoglobulin J. gene downstream nucleic
acid sequence region, wherein the second target gene, upon being integrated
into the chicken immunoglobulin light chain locus of a DT40 cell, is capable of
undergoing either or both of (i) somatic hypermutation in an immunoglobulin V
complementarity determining region-encoding sequence, and (ii) gene
conversion between a rearranged chicken immunoglobulin V -encoding nucleic
acid sequence and a DT40 V| pseudogene nucleic acid sequence. In certain
further embodiments the chicken immunoglobulin gene light chain locus
comprises a polymerized lactose operator. In certain other further
embodiments the chicken cell is selected from DT40 and DTLacO. According
to certain other embodiments, the above described methods further comprise

screening the plurality of chicken B-cells for binding to an antigen.

These and other aspects and embodiments of the herein
described invention will be evident upon reference to the following detailed
description and attached drawings. All of the U.S. patents, U.S. patent
application publications, U.S. patent applications, foreign patents, foreign patent
applications and non-patent publications referred to in this specification and/or
listed in the Application Data Sheet are incorporated herein by reference in their
entirety, as if each was incorporated individually. Aspects and embodiments of
the invention can be modified, if necessary, to employ concepts of the various

patents, applications and publications to provide yet further embodiments.
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BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 shows schematic diagrams of two steps of engineering
accelerated clonal diversification. The top schematic diagram shows the
rearranged and expressed |lg heavy chain locus (IgH), containing the variable
(VDJ) region, the constant (C,) region, and the upstream yVy array. IgH was
first modified by insertion of PolyLacO within the yVy array in DT40 PolyLacO-
Ar cells, which carry PolyLacO targeted to the rearranged and expressed Ig
light chain or A locus (Igh) (Cummings et al., 2007; Cummings et al., 2008;
Yabuki et al., 2009). Next, this locus was further modified by substitution of the
endogenous V4 (VDJ) region with Vy regions from a naive chick.

Figure 2 shows accelerated clonal diversification rate in DTLacO
cells. (A) Surface IgM (slgM) loss assay of three representative clonal
DTLacO Lacl-HP1 transfectants. Fraction of slgM" cells in each culture is
indicated at lower right in each panel. (B) Summary of sigM loss assays.
Each open circle represents the percentage of sigM™ cells in one clonal
transfectant, analyzed three weeks post-transfection. Cells analyzed were:
DT40 PolyLacO-Ar GFP-Lacl control transfectants (n=27); DT40 PolyLacO-Ar
Lacl-HP1 transfectants (n=16), and DTLacO Lacl-HP1 transfectants (n=20).
(C) Median slgM loss of DT40 PolyLacO-Ar Lacl-HP1 and DTLacO Lacl-HP1
transfectants relative to GFP-Lacl control transfectants.

Figure 3 shows rapid evolution of anti-streptavidin (SAv)
antibodies in DTLacO cells. (A) SAv binding profile of successive selected cell
populations of DTLacO (left) or DTLacO E47-Lacl (right) cells. Selection was
carried out on average at weekly intervals. Cell numbers were plotted relative
to SAv-PE fluorescent signal. Populations at successive rounds of selection
are designated above peaks (S0-S7). "Pre" designates populations prior to any
sorting (gray fill). (B) Saturation binding kinetics of DTLacO E47-Lacl S7
population. (C) Sequences of high affinity selected anti-SAv mAb compared to
the germline (Reynaud et al., 1987; Reynaud et al., 1989). Complementarity
determining regions (CDRs) are identified by enclosure in boxes. The 18-

residue insertion/duplication in CDR1 of V), of the anti-SAv mAb recapitulated
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an insertion in light-chain CDR1 reported by others selecting anti-SAv mAbs
from DT40 cells that had not undergone any genetic engineering (Seo et al.,
2005). The germline VH and VA sequences are set forth in SEQ ID NOS:17
and 19, respectively. The VH and VA sequences of the anti-SAv mADb are set
forth in SEQ ID NOS:18 and 20, respectively.

Figure 4 shows high affinity mAbs selected from DTLacO cells.
(A) Above, binding profiles of successive DTLacO Lacl-HP1 populations
selected for recognition of cell surface receptors, VEGFR2, TIE2 and TROP2.
Rounds of selection designated above peaks (S0-S8). Below, saturation
binding kinetics, indicating apparent kp. (B) Specificity of selected DTLacO
populations. FACS analysis of binding of cell populations selected for high
affinity recognition of VEGFR2, TIE2 or TROP2 to recombinant VEGFR2, TIEZ2,
TROP2, SAv or ovalbumin (OVA). Solid peaks represent the negative
reference control (secondary antibody alone), and heavy solid lines represent
staining for the indicated antigen. (C) Schematic alignment of Vy and V),
regions of mMADbs selected for binding to VEGFR2, TIE2 and TROP2. Light
horizontal lines represent chicken framework regions, heavy horizontal lines
enclosed in boxes identify CDRs, vertical bars indicate single residue
differences relative to the most common DTLacO sequence, and triangle
indicates insertion.

Figure 5 shows selection and humanization of anti-FN14 and anti-
FZD10 mAbs. (A) Schematic of time course of selection of anti-FN14 and anti-
FZD10 mAbs, with selection steps indicated by S, and apparent affinities (kp) of
recombinant chimeric mAbs shown below. (B) Schematic alignment of V4 and
V) regions of mAbs selected for binding to FN14 and FZD10. Light horizontal
lines represent chicken framework regions, heavy horizontal lines enclosed in
boxes identify CDRs, vertical bars indicate single residue differences relative to
the most common DTLacO sequence, and triangle indicates insertion. (C)
Antibody humanization. Vy and V), regions of humanized mAbs hFS24 and
hFZ2 schematically aligned to the human Vu-lll or V-1l consensus (top lines).

Light horizontal lines represent human framework regions; asterisks denote the

10
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two residues eliminated from the N-terminal of the light chain; vertical lines
outside boxes identify Vernier zone residues preserved in humanized mADbs;
other notations as in Panel B. (D) Apparent affinities (kp) of humanized and
progenitor FZ2 (anti-FZD10) mAbs.

DETAILED DESCRIPTION

The present disclosure relates in part to recombinant
polynucleotide vectors, and to related compositions, host cells, libraries and
methods for integrating a target gene into a chicken immunoglobulin gene
heavy chain locus. In particular, the methods described herein contemplate
replacing a chicken immunoglobulin Vy-D-Jy gene with a target gene via
homologous recombination in a chicken B-cell. The chicken immunoglobulin
gene heavy chain locus has been exceedingly difficult to characterize (see,
Reynaud et al., Cell 59:171-83, 1989). Hence, successful integration of target
genes into this locus could not previously have been predicted and has now
surprisingly been achieved according to the disclosure found herein for the first
time. The integration of target genes into this locus advantageously permits
accelerated diversification of integrated target genes through either or both of
somatic hypermutation and gene conversion in a chicken B-cell.

In a preferred embodiment, independently rearranged chicken
immunoglobulin heavy chain variable (Vy) region, diversity (D) region and
joining (J) region (Vu-D-Ju) genes (e.g., a V4 library of already rearranged Vy-D-
Ju regions derived from a population of chicken bursa of Fabricius cells) are
used to replace an endogenous chicken Vy-D-Jy gene in a B cell lymphoma,
such as DT40. Such replacement promotes accelerated generation of Vy
sequence diversity by the B-cells in combination with somatic hypermutation
and gene conversion mechanisms. The methods disclosed herein are useful
for generating a diverse library of immunoglobulins (lIg) that can be screened to
identify and recover antibodies capable of specifically binding to desired target

antigens.

11
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Vectors

In certain embodiments, the present disclosure provides a
recombinant polynucleotide vector for integrating a target gene into a chicken
immunoglobulin gene heavy chain locus. The recombinant polynucleotide
vector comprises: (a) a chicken immunoglobulin Vy gene upstream nucleotide
acid sequence region; (b) a target gene; and (c) a chicken immunoglobulin Jy
gene downstream nucleic acid sequence region. In a preferred embodiment,
the target gene is a rearranged chicken immunoglobulin Vy-D-Ji gene, which
upon integration into the chicken immunoglobulin heavy chain locus of a DT40
cell, is capable of undergoing either or both of (i) somatic hypermutation in an
immunoglobulin Vy region-encoding sequence, and (ii) gene conversion
between the rearranged chicken immunoglobulin Vy-encoding nucleic acid
sequence and a DT40 Vy pseudogene nucleic acid sequence. In certain
embodiments the somatic hypermutation may occur in an immunoglobulin Vy
complementarity determining region (CDR)-encoding sequence, and in certain
embodiments the somatic hypermutation may occur in an immunoglobulin Vy
framework region (FW)-encoding sequence and in certain embodiments the
somatic hypermutation may occur in both an immunoglobulin Vy
complementarity determining region (CDR)-encoding sequence and an
immunoglobulin Vy framework region (FW)-encoding sequence.

A "recombinant polynucleotide vector" refers to a non-naturally
occurring polynucleotide molecule useful for transferring coding information to a
host cell. Such vectors are generated using DNA recombination techniques.

A "chicken immunoglobulin gene heavy chain locus" refers to the
locus where a gene encoding the immunoglobulin heavy chain resides in the
chicken genome. It contains a single Jy gene and a unique functional Vy gene
15 kb upstream, with approximately 15 D genes in between. See, Reynaud et
al., Cell 59: 171-83, 1989. This locus also contains a cluster of pseudogenes
(wVn) spanning 60-80 kb, starting 7 kb upstream from the V gene, as well as a
cluster of C genes encoding immunoglobulin constant regions downstream of

the Ju gene.

12
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The chicken immunoglobulin gene heavy chain locus has long
been known as being unusually difficult to characterize or sequence (Reynaud
et al., Cell 59: 171-83, 1989). Such difficulties may be due to GC-richness (i.e.,
a high frequency and preponderance of paired G-C dinucleotides) and/or to the
presence of many repeated nucleotide sequences at this locus.

A "target gene" refers to a gene encoding a protein of interest. In
a preferred embodiment, a target gene is a rearranged chicken immunoglobulin
Vy-D-Jy gene.

A "rearranged chicken immunoglobulin Vyx-D-Jy gene' refers to a
chicken immunoglobulin Vy-D-Jy gene rearranged in a somatic cell of the B-
lymphocyte lineage so that the Vu, D, and J4 genes are joined together rather
than separated by other sequences, as in other cells. "Immunoglobulin Vy-D-Jdy
gene" is used herein interchangeably with "Ig VDJ gene" or "immunoglobulin
VDJ gene." In certain embodiments, the rearranged chicken immunoglobulin
Vu-D-Ju gene is isolated from a chicken bursa of Fabricius cell.

"Integrating a target gene into a chicken immunoglobulin gene
heavy chain locus" refers to integrating a target gene into a chicken
immunoglobulin gene heavy chain locus via homologous recombination. More
specifically, such integration is accomplished by homologous recombination
between an endogenous chicken immunoglobulin Vy-D-Jy gene of a B-cell
(e.g., a DT40 cell) and a recombinant polynucleotide vector that comprises both
a chicken immunoglobulin V4 gene upstream nucleic acid sequence region and
a chicken immunoglobulin J4 gene downstream nucleic acid sequence region.
The vector further comprises the target gene between the chicken
immunoglobulin Vy gene upstream nucleic acid sequence region and the
chicken immunoglobulin Jy gene downstream nucleic acid sequence region.

A "chicken immunoglobulin Vy gene upstream nucleic acid
sequence region" refers to a region in a chicken genome that is upstream from
the start codon (e.g., located 5’ to the start codon when using the coding or
sense strand for orientation) of a chicken immunoglobulin Vy gene in certain

embodiments. Such a region is also referred to as a "naturally occurring
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chicken immunoglobulin Vy gene upstream nucleic acid sequence region." This
region must be sufficiently long in a recombinant polynucleotide vector to allow
for homogenous recombination with an endogenous Vy-D-Jy gene of a chicken
B-cell. In certain embodiments, this region is at least 100-2000 or at least 500-
2000 (including all of the integers in the range, e.g., at least 100, at least 500, at
least 1000, or at least 1500) nucleotides long. In certain embodiments, the 3'-
terminus of the region is 1-1000 (including all the integers in this range)
nucleotides from the start codon of a chicken immunoglobulin Vi, gene. In
certain embodiments, a chicken immunoglobulin Vy gene upstream nucleic acid
sequence region does not include any sequences in the yVy array. In certain
other embodiments, a chicken immunoglobulin V4 gene upstream nucleic acid
sequence region may include a sequence from the yVy array.

In certain other embodiments, a "chicken immunoglobulin V, gene
upstream nucleic acid sequence region" may also include a sequence that is
sufficiently homologous to a naturally occurring chicken immunoglobulin Vy
gene upstream nucleic acid sequence region to allow for homologous
recombination with an endogenous Vu-D-Jy gene of a chicken B-cell. Such
regions may share at least 80.0-99.9 or at least 90.0-99.9 (including all of the
values in the range, e.g., at least 80, at least 85, at least 90, at least 95, or at
least 99) percent identity with a naturally occurring chicken immunoglobulin Vy
gene upstream nucleic acid sequence region.

The term "operably linked" means that the components to which
the term is applied are in a relationship that allows them to carry out their
inherent functions under suitable conditions. For example, a transcription
control sequence "operably linked" to a protein coding sequence is ligated
thereto so that expression of the protein coding sequence is achieved under
conditions compatible with the transcriptional activity of the control sequences.

The term "control sequence” as used herein refers to
polynucleotide sequences that can affect expression, processing or intracellular
localization of coding sequences to which they are ligated or operably linked.

The nature of such control sequences may depend upon the host organism. In
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particular embodiments, transcription control sequences for prokaryotes may
include a promoter, ribosomal binding site, and transcription termination
sequence. In other particular embodiments, transcription control sequences for
eukaryotes may include promoters comprising one or a plurality of recognition
sites for transcription factors, transcription enhancer sequences, transcription
termination sequences and polyadenylation sequences. In certain
embodiments, "control sequences" can include leader sequences and/or fusion
partner sequences.

The term "polynucleotide” as referred to herein means single-
stranded or double-stranded nucleic acid polymers. In certain embodiments,
the nucleotides comprising the polynucleotide can be ribonucleotides or
deoxyribonucleotides or a modified form of either type of nucleotide. Said
modifications include base modifications such as bromouridine, ribose
modifications such as arabinoside and 2',3'-dideoxyribose and internucleotide
linkage modifications such as phosphorothioate, phosphorodithioate,
phosphoroselenoate, phosphorodiselenoate, phosphoroanilothioate,
phoshoraniladate and phosphoroamidate. The term "polynucleotide”
specifically includes single and double stranded forms of DNA.

The term "naturally occurring nucleotides" includes
deoxyribonucleotides and ribonucleotides. The term "modified nucleotides"
includes nucleotides with modified or substituted sugar groups and the like.
The term "oligonucleotide linkages" includes oligonucleotide linkages such as
phosphorothioate, phosphorodithioate, phosphoroselenoate,
phosphorodiselenoate, phosphoroanilothioate, phoshoraniladate,
phosphoroamidate, and the like. See, e.g., LaPlanche et al., 1986, Nucl. Acids
Res., 14:9081; Stec et al., 1984, J. Am. Chem. Soc., 106:6077; Stein et al.,
1988, Nucl. Acids Res., 16:3209; Zon et al., 1991, Anti-Cancer Drug Design,
6:539; Zon et al., 1991, OLIGONUCLEOTIDES AND ANALOGUES: A
PRACTICAL APPROACH, pp. 87-108 (F. Eckstein, Ed.), Oxford University
Press, Oxford England; Stec et al., U.S. Pat. No. 5,151,510; Uhlmann and

Peyman, 1990, Chemical Reviews, 90:543, the disclosures of which are hereby

15



10

15

20

25

30

WO 2013/138518 PCT/US2013/031036

incorporated by reference for any purpose. An oligonucleotide can include a
detectable label to enable detection of the oligonucleotide or hybridization
thereof.

The term "vector" is used to refer to any molecule (e.g., nucleic
acid, plasmid, or virus) used to transfer coding information to a host cell. The
term "expression vector" refers to a vector that is suitable for transformation of a
host cell and contains nucleic acid sequences that direct and/or control
expression of inserted heterologous nucleic acid sequences. Expression
includes, but is not limited to, processes such as transcription, translation, and
RNA splicing, if introns are present.

As will be understood by those skilled in the art, polynucleotides
may include genomic sequences, extra-genomic and plasmid-encoded
sequences and smaller engineered gene segments that express, or may be
adapted to express, proteins, polypeptides, peptides and the like. Such
segments may be naturally isolated, or modified synthetically by the skilled
person.

As will also be recognized by the skilled artisan, polynucleotides
may be single-stranded (coding or antisense) or double-stranded, and may be
DNA (genomic, cDNA or synthetic) or RNA molecules. RNA molecules may
include hnRNA molecules, which contain introns and correspond to a DNA
molecule in a one-to-one manner, and mMRNA molecules, which do not contain
introns. Additional coding or non-coding sequences may, but need not, be
present within a polynucleotide according to the present disclosure, and a
polynucleotide may, but need not, be linked to other molecules and/or support
materials. Polynucleotides may comprise a native sequence or may comprise a
sequence that encodes a variant or derivative of such a sequence.

When comparing polynucleotide sequences, two sequences are
said to be “identical” if the sequence of nucleotides in each of the two
sequences is the same when the sequences are aligned for maximum
correspondence. The percentage identity between two nucleotide sequences

as described herein (e.g., with respect to a chicken immunoglobulin V4 gene
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upstream nucleic acid sequence region and a chicken immunoglobulin JH gene
downstream nucleic acid sequence region) may be determined according to art-
accepted practices and criteria, for instance, the BLAST and BLAST 2.0
algorithms described in Altschul et al., Nucl. Acids Res. 25:3389-3402 (1977)
and Altschul et al., J. Mol. Biol. 215:403-410 (1990), respectively. Software for
performing BLAST analyses is publicly available through the National Center for
Biotechnology Information. In one illustrative example, cumulative scores can
be calculated using, for nucleotide sequences, the parameters M (reward score
for a pair of matching residues; always >0) and N (penalty score for
mismatching residues; always <0). Extensions of the word hits in each
direction are halted when: the cumulative alignment score falls off by the
quantity X from its maximum achieved value; the cumulative score goes to zero
or below, due to the accumulation of one or more negative-scoring residue
alignments; or the end of either sequence is reached. The BLAST algorithm
parameters W, T and X determine the sensitivity and speed of the alignment.
The BLASTN program (for nucleotide sequences) uses as defaults a
wordlength (W) of 11, and expectation (E) of 10, and the BLOSUMG62 scoring
matrix (see Henikoff and Henikoff, Proc. Natl. Acad. Sci. USA 89:10915 (1989))
alignments, (B) of 50, expectation (E) of 10, M=5, N=-4 and a comparison of
both strands.

A "chicken immunoglobulin Jy gene downstream nucleic acid
sequence region" refers to a region that is downstream from the splice site
(e.g., located 3’ to the splice site when using the coding or sense strand for
orientation) of a chicken immunoglobulin J4 gene in certain embodiments.

Such a region is also referred to as a "naturally occurring chicken
immunoglobulin Jy gene downstream nucleic acid sequence region." This
region must be sufficiently long in a recombinant polynucleotide vector to allow
for homologous recombination with an endogenous Vu-D-Jy gene of a chicken
B-cell. In certain embodiments, this region is at least 100-2000 or at least 500-
2000 (including all of the integers in the range, e.g., at least 100, at least 500, at

least 1000, or at least 1500) nucleotides long. In certain embodiments, at least
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one of the 5’ terminus of the region and the 3'-terminus of the region is 1-1000
(including all the integers in this range) nucleotides from the splice site of a
chicken immunoglobulin Jy gene. In certain embodiments, a chicken
immunoglobulin Jy gene downstream nucleic acid sequence region does not
include any sequences in the cluster of C genes that encode constant regions
of an immunoglobulin heavy chain.

In certain other embodiments, a "chicken immunoglobulin J4 gene
downstream nucleic acid sequence region" may also include a sequence that is
sufficiently homologous to a naturally occurring chicken immunoglobulin Ju
gene downstream nucleic acid sequence region to allow for homologous
recombination with an endogenous Vu-D-Jy gene of a chicken B-cell. Such
regions may share at least 80.0-99.9 or at least 90.0-99.9 (including all of the
values in the range, e.g., at least 80, at least 85, at least 90, at least 95, or at
least 99) percent identity with a naturally occurring chicken immunoglobulin Ju
gene downstream nucleic acid sequence region.

The DT40 chicken B-cell line is derived from an avian leukosis
virus-induced bursal lymphoma. It is arrested at a bursal B-cell stage of
differentiation and is known to constitutively mutate its heavy and light chain
immunoglobulin genes in culture. Like other B cells, this constitutive
mutagenesis targets mutations to the variable (V) region of immunoglobulin (Ig)
genes, and thus, the complementarity determining regions (CDRs) of the
expressed antibody molecules. Constitutive mutagenesis in DT40 cells takes
place by gene conversion using as donor sequences an array of non-functional
V genes (pseudo-V genes; yV) situated upstream of each functional V region.
Deletion of the wV region at the light chain locus was previously shown to
cause a switch in the mechanism of diversification from gene conversion to
somatic hypermutation, the mechanism commonly observed in human B cells.
DT40 has also been shown to support efficient homologous recombination,
which enables the creation of modified cells in which specific genes are
modified, deleted or inserted or where specific genes of interest replace an

endogenous gene, in particular an endogenous rearranged Ig gene.
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"Somatic hypermutation” refers to the mutation of a nucleic acid in
a somatic cell at a rate above background (e.g., in a statistically significant
manner). Preferably, hypermutation refers to a rate of mutation of between 10
and 10 bp™ generation™ at the physiological level. This is greatly higher than
background mutation rates, which are of the order of 10° and 10™"° bp™
generation™. Somatic hypermutation may be detected by any suitable methods
known in the art. For example, sequences of immunoglobulin heavy or light
chain variable genes (e.g., complementarity determining region-encoding
sequences of immunoglobulin heavy or light chain variable genes) from somatic
cells (e.g., B-cells) may be compared to the most homologous germline variable
gene sequence. In certain embodiments, sequences from somatic cells differ
by at least 1-10 (including all of the integers in the range, e.g., at least 1, at
least 2, at least 5, or at least 10) percent from their corresponding germline
sequences.

"Gene conversion" refers to the transfer of sequence information
in unidirectional manner from one homologous allele to the other. For example,
gene conversion includes the process by which nonfunctional pseudo-V regions
(e.g., Vyor V| pseudogenes) serve as donors for transfer of a nucleotide
sequence portion to the rearranged and transcribed V gene (e.g., rearranged
and transcribed Vy or V| genes). Gene conversion may be detected by any
suitable methods known in the art, including comparing the sequences of
rearranged V genes with those of pseudo-V regions.

Somatic hypermutation and gene conversion generate natural
diversity within the immunoglobulin VDJ and VJ genes of B cells. Somatic
hypermutation takes place in the germinal centers following antigen stimulation.
Gene conversion takes place in primary lymphoid organs, like the bursa of
Fabricius in chicken and other avian species, independent of antigen
stimulation. In chicken, stretches from the upstream pseudo-V genes are
transferred into the rearranged Vy-D-Jy or Vi -Ji gene.

In certain embodiments, the target gene may be a rearranged

mammalian (e.g., human, mouse, or rabbit) immunoglobulin Vy-D-Jy gene or a
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humanized immunoglobulin Vy-D-Jy gene. By integrating the herein described
composition into a chicken immunoglobulin gene heavy chain locus, the
rearranged mammalian (e.g., human, mouse, or rabbit) immunoglobulin Vy-D-
Ju gene or the humanized immunoglobulin Vy-D-Jy gene may be diversified via
somatic hypermutation, gene conversion or both in a chicken B-cell, such as a
DT40 cell.

In certain embodiments, the target gene does not include
rearranged Vy-D-Jy genes disclosed in PCT Application Publication No.
2009/029315.

In certain embodiments, the target gene is a gene encoding a
marker protein, such as green fluorescent protein (GFP) and blue fluorescent
protein (BFP). Additional exemplary genes include those encoding resistance
to antibiotics such as neomycin, blasticidin, histidinol, hygromycin, zeocin,
zeomycin, and puromycin. Additional exemplary target genes include
rearranged Vy-D-Jy genes fused with a coding sequence for a marker epitope
such as a FLAG, Myc, or HA tag.

Recombinant polynucleotide vectors containing genes encoding
marker proteins may be used to facilitate integration of other target genes in a
chicken immunoglobulin gene heavy chain locus. For example, a recombinant
polynucleotide vector comprising a chicken immunoglobulin Vy gene upstream
nucleic acid sequence region, a GFP gene, and a chicken immunoglobulin Jy
gene downstream nucleic acid sequence region may be used to first integrate
the GFP gene into an immunoglobulin gene heavy chain locus of a chicken B-
cell. Chicken B-cells with the GFP gene integrated can be easily detected
based on the fluorescence generated by cellularly expressed GFP. Such B-
cells can be then transfected with a second recombinant polynucleotide vector
also comprising a chicken immunoglobulin Vy gene upstream nucleic acid
sequence region and a chicken immunoglobulin Jy gene downstream nucleic
acid sequence region but a second target gene (e.g., a rearranged chicken
immunoglobulin Vy-D-Jy gene). Via homologous recombination, the GFP gene

may be replaced by the second target gene in some of the transfected B-cells,
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which cells may be easily detected by the loss of fluorescence produced by
GFP.

In certain embodiments, the target gene is a gene encoding an
enzyme of interest. The recombinant polynucleotide vector comprising such a
target gene is helpful in diversifying the enzyme so that variants of the enzyme
may be obtained that have modified properties (e.g., catalytic activity, substrate
specificity, and/or heat stability). Exemplary target genes include those
encoding receptors, ligands, proteases, lipases, glycosidases, phosphatases,
kinases and nucleases.

In certain embodiments, recombinant polynucleotide vectors of
the present disclosure comprise two or more target genes. For example, a
recombinant polynucleotide vector that comprises a rearranged chicken
immunoglobulin Vy-D-Jy gene may further comprise another gene encoding a
marker protein.

Recombinant polynucleotide vectors of the present disclosure
may in certain embodiments contain one or more regulatory sequences,
including promoter sequences, terminator sequences, polyadenylation
sequences, enhancer sequences, marker genes and/or other sequences as
appropriate. Vectors may be plasmids, viral, e.g. phage, or phagemid, as
appropriate. For further details, see, for example, Molecular Cloning: a
Laboratory Manual: 2nd edition, Sambrook et al., 1989, Cold Spring Harbor
Laboratory Press. Many known techniques and protocols for manipulation of
nucleic acid, such as preparing nucleic acid constructs, mutagenesis,
sequencing, introduction of DNA into cells, etc. are described in detail in
Current Protocols in Molecular Biology, Second Edition, Ausubel ef al. eds.,

John Wiley & Sons, 1992, or subsequent updates thereto.

Compositions

The present disclosure also provides, according to certain
embodiments, compositions that comprise the recombinant polynucleotide

vectors disclosed herein.
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In certain embodiments, there is provided a composition that
comprises multiple recombinant polynucleotide vectors as disclosed herein.

For instance, as disclosed herein such a composition may comprise a plurality
of recombinant polynucleotide vectors for integrating a plurality of target genes
into a plurality of chicken immunoglobulin gene heavy chain loci. Each of the
vectors comprises: (a) a chicken immunoglobulin Vy gene upstream nucleic
acid sequence region; (b) a target gene; and (c) a chicken immunoglobulin Ju
gene downstream nucleic acid sequence region. The target genes in different
vectors of the composition may have different nucleotide sequences and may
encode one or a plurality of target proteins and/or one or more variants thereof.

A "variant" of a target protein" is a protein that has at least 60-99.5
(including all of the values in the above range, e.g., at least 60, at least 65, at
least 70, at least 75, at least 80, at least 85, at least 90, at least 95, or at least
99) percent sequence homology with the target protein.

As used herein, percent homology of two amino acid sequences
is also determined using BLAST programs of Altschul et al. (J. Mol. Biol. 215:
403-10, 1990) with their default parameters.

In a preferred embodiment, the target gene is a rearranged
chicken immunoglobulin Vy-D-Jy gene, which upon being integrated into the
chicken immunoglobulin heavy chain locus of a DT40 cell, is capable of
undergoing either or both of (i) somatic hypermutation in an immunoglobulin Vy-
encoding sequence, which may include somatic hypermutation in an
immunoglobulin Vi complementartity determining region-encoding sequence
and/or in an immunoglobulin Vy framework region-encoding sequence, and (ii)
gene conversion between the rearranged chicken immunoglobulin Vy-encoding
nucleic acid sequence and a DT40 V4 pseudogene nucleic acid sequence. In a
further preferred embodiment, the rearranged chicken immunoglobulin Vy-D-Jy
gene is obtained from a plurality of rearranged chicken immunoglobulin Vy-D-Jy
genes isolated from a population of chicken bursa of Fabricius cells. The age
of the chicken from which bursa of Fabricius cells are obtained may be

embryonic day 15 through post-hatch day 180 (including all integers in the
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range). Rearranged chicken immunoglobulin Vy-D-Jy genes isolated from
chicken bursa of Fabricius cells may have already been diversified via somatic
hypermutation and gene conversion in vivo. They may be further diversified
when integrated again into chicken immunoglobulin heavy chain loci via the
vectors provided herein.

According to certain embodiments described herein there is
contemplated a composition that comprises multiple recombinant
polynucleotide vectors for integrating multiple rearranged immunoglobulin Vy-D-
Jugenes into chicken immunoglobulin heavy chain loci. Such a composition is
useful for preparing a library of immunoglobulin heavy chain variable regions,
as described below.

In certain embodiments there is provided a composition that
comprises a first recombinant polynucleotide vector for integrating a first target
gene into a chicken immunoglobulin gene heavy chain locus as disclosed
herein, and a second recombinant polynucleotide vector for integrating a
second target gene into a chicken immunoglobulin gene light chain locus. The
second recombinant polynucleotide vector comprises: (a) a chicken
immunoglobulin V| gene upstream nucleic acid sequence region; (b) a second
target gene; and (c) a chicken immunoglobulin J. gene downstream nucleic
acid sequence region.

In a manner similar to that described above for the first target
gene, the second target gene may be a gene encoding any protein of interest,
such as immunoglobulins, marker proteins and enzymes.

In certain embodiments, the first and second target genes encode
subunits of a protein or two proteins that bind to each other to form a protein
complex. The composition in such embodiments is useful in diversifying both
subunits or proteins to modify the characteristics (e.g., binding affinity or
specificity) of resulting complexes. For example, the first target gene may
encode an immunoglobulin heavy chain variable region (e.g., a mammalian
(including human, mouse, or rabbit) or humanized immunoglobulin heavy chain

variable region), and the second target gene may encode an immunoglobulin
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light chain variable region (e.g., a mammalian (including human, mouse, or
rabbit) or humanized immunoglobulin light chain variable region). The
composition in this example is useful in integrating both target genes into the
genome of a chicken B-cell (e.g., DT40 cells) and diversifying both
immunoglobulin heavy and light chain variable regions to develop
immunoglobulin variable regions with altered affinity and/or specificity to an
antigen.

In a preferred embodiment, the first target gene is a rearranged
chicken immunoglobulin Vy-D-Jy gene and the second target gene is a
rearranged chicken immunoglobulin V- J. gene. Upon being integrated into the
chicken immunoglobulin heavy chain locus of a DT40 cell, the first target gene
is capable of undergoing either or both of (i) somatic hypermutation in an
immunoglobulin Vy -encoding sequence, which may include somatic
hypermutation in an immunoglobulin Vy complementartity determining region-
encoding sequence and/or in an immunoglobulin Vy framework region-encoding
sequence, and (ii) gene conversion between the rearranged chicken
immunoglobulin Vy-encoding nucleic acid sequence and a DT40 V4
pseudogene nucleic acid sequence; and the second target gene is capable of
undergoing either or both of (i) somatic hypermutation in an immunoglobulin V
-encoding sequence, which may include somatic hypermutation in an
immunoglobulin V| complementartity determining region-encoding sequence
and/or in an immunoglobulin V| framework region-encoding sequence, and (ii)
gene conversion between the rearranged chicken immunoglobulin V| -encoding
nucleic acid sequence and a DT40 V| pseudogene nucleic acid sequence.

A "chicken immunoglobulin gene light chain locus" refers to the
locus where a gene encoding the immunoglobulin light chain resides in the
chicken genome. It contains a single J. gene and an upstream functional V|
gene upstream. See, Reynaud et al., Cell 40: 283-91, 1985, U.S. Patent
Application Publication No. US 2007/0186292, and PCT Application Publication
No. WO 2009/029315. This locus also contains a cluster of pseudogenes (yVy)
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upstream from the V|_gene as well as a C gene encoding an immunoglobulin
light chain constant region downstream of the J. gene.

A "rearranged chicken immunoglobulin V| -J. gene" refers to a
chicken immunoglobulin V-J. gene rearranged in a somatic cell of the B-
lymphocyte lineage so that the V| and J. genes are joined together rather than
separated by other sequences as in other cells (e.g., germline cells).
"Immunoglobulin V-J. gene" is used herein interchangeably with "lg VJ gene"
or "immunoglobulin VJ gene." In certain embodiments, the rearranged chicken
immunoglobulin V| -J| gene is isolated from a chicken bursa of Fabricius cell.

"Integrating a target gene into a chicken immunoglobulin gene
light chain locus" refers to integrating a target gene into a chicken
immunoglobulin gene light chain locus via homologous recombination. More
specifically, such integration is accomplished by homologous recombination
between an endogenous chicken immunoglobulin V -J, gene of a B-cell (e.g., a
DT40 cell) and a recombinant polynucleotide vector that comprises both a
chicken immunoglobulin V| gene upstream nucleic acid sequence region and a
chicken immunoglobulin J. gene downstream nucleic acid sequence region.
The vector further comprises the target gene between the chicken
immunoglobulin V| gene upstream nucleic acid sequence region and a chicken
immunoglobulin J. gene downstream nucleic acid sequence region.

A "chicken immunoglobulin V| gene upstream nucleic acid
sequence region" refers to a region in a chicken genome that is upstream from
the start codon (e.g., located 5’ to the start codon when using the coding or
sense strand for orientation) of a chicken immunoglobulin V| gene in certain
embodiments. Such a region is also referred to as a "naturally occurring
chicken immunoglobulin V| gene upstream nucleic acid sequence region." This
region must be sufficiently long in a recombinant polynucleotide vector to allow
for homologous recombination with an endogenous V. -J, gene of a chicken B-
cell. In certain embodiments, this region is at least 100-2000 or at least 500-
2000 (including all of the integers in the range, e.g., at least 100, at least 500, at

least 1000, or at least 1500) nucleotides long. In certain embodiments, the 3'-
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terminus of the region is 1-1000 (including all the integers in this range)
nucleotides from the start codon of a chicken immunoglobulin V| gene. In
certain embodiments, a chicken immunoglobulin V| gene upstream nucleic acid
sequence region does not include any sequences in the yV, array. In certain
other embodiments, however, a chicken immunoglobulin V| gene upstream
nucleic acid sequence region may include a sequence from the wyV, array. For
instance, certain V| -targeted vectors may comprise a chicken immunoglobulin
VL gene upstream nucleic acid sequence region that contains one, two or more
V| pseudogenes in the upstream homology arm. As one example, a V-
targeted vector contained two V| pseudogenes in the chicken immunoglobulin
VL gene upstream nucleic acid sequence region as a result of the sequence
distance (approximately 2.4 kb) between the V| -encoding region and the
nearest upstream V_ pseudogene, which was a relatively short distance
compared to the spacing between counterpart elements in the IgH locus.

In certain other embodiments, a "chicken immunoglobulin V| gene
upstream nucleic acid sequence region" may also include a sequence that is
sufficiently homologous to a naturally occurring chicken immunoglobulin V.
gene upstream nucleic acid sequence region to allow for homologous
recombination with an endogenous V| -J. gene of a chicken B-cell. Such
regions may share at least 80.0-99.9 or at least 90.0-99.9 (including all of the
values in the range, e.g., at least 80, at least 85, at least 90, at least 95, or at
least 99) percent identity with a naturally occurring chicken immunoglobulin V,
gene upstream nucleic acid sequence region.

A "chicken immunoglobulin J|. gene downstream nucleic acid
sequence region" refers to a region that is downstream from the splice site
(e.g., located 3’ to the splice site when using the coding or sense strand for
orientation) of a chicken immunoglobulin J_ gene. Such a region is also
referred to as a "naturally occurring chicken immunoglobulin J. gene
downstream nucleic acid sequence region." This region must be sufficiently
long in a recombinant polynucleotide vector to allow for homologous

recombination with an endogenous V,-J. gene of a chicken B-cell. In certain
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embodiments, this region is at least 100-2000 or at least 500-2000 (including all
of the integers in the range, e.g., at least 100, at least 500, at least 1000, or at
least 1500) nucleotides long. In certain embodiments, the 3'-terminus of the
region is 1-1000 (including all the integers in this range) nucleotides from the
splice site of a chicken immunoglobulin J. gene. In certain embodiments, a
chicken immunoglobulin J. gene downstream nucleic acid sequence region
does not include any sequences in the C gene that encode constant regions of
an immunoglobulin light chain.

In certain other embodiments, a "chicken immunoglobulin J_ gene
downstream nucleic acid sequence region" may also include a sequence that is
sufficiently homologous to a naturally occurring chicken immunoglobulin Ji
gene downstream nucleic acid sequence region to allow for homologous
recombination with an endogenous V,-J. gene of a chicken B-cell. Such
regions may share at least 80.0-99.9 or 90.0-99.9 (including all of the values in
the range, e.g., at least 80, at least 85, at least 90, at least 95, or at least 99)
percent identity with a naturally occurring chicken immunoglobulin J. gene
downstream nucleic acid sequence region.

According to certain other embodiments, the present disclosure
provides a composition that comprises (1) a plurality of first recombinant
polynucleotide vectors for integrating a plurality of first target genes into a
plurality of chicken immunoglobulin gene heavy chain loci, and (2) a plurality of
second recombinant polynucleotide vectors for integrating a plurality of second
target genes into a plurality of chicken immunoglobulin gene light chain loci.
Each of the first recombinant polynucleotide vectors comprises: (a) a chicken
immunoglobulin Vy gene upstream nucleotide acid sequence region; (b) a first
target gene; and (c) a chicken immunoglobulin J4 gene downstream nucleic
acid sequence region. Each of the second recombinant polynucleotide vectors
comprises: (a) a chicken immunoglobulin V| gene upstream nucleotide acid
sequence region; (b) a second target gene; and (c) a chicken immunoglobulin
JL gene downstream nucleic acid sequence region. The first target genes in

different first recombinant polynucleotide vectors may have different nucleotide
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sequences and may encode a first target protein or its variants. Similarly, the
second target genes in different second recombinant polynucleotide vectors
may have different nucleotide sequences and may encode a second target
protein or its variants.

In certain embodiments, the first and second target genes encode
subunits of a protein or two proteins that bind to each other to form a protein
complex or the variants of such subunits or proteins. For example, the first
target gene may encode an immunoglobulin heavy chain variable region (e.g., a
mammalian (including human, mouse, or rabbit) or humanized immunoglobulin
heavy chain variable region), and the second target gene may encode an
immunoglobulin light chain variable region (e.g., a mammalian (including
human, mouse, or rabbit) or humanized immunoglobulin light chain variable
region).

In a preferred embodiment, the first target gene is a rearranged
chicken immunoglobulin Vy-D-Jy gene and the second target gene is a
rearranged chicken immunoglobulin V- J. gene. Upon being integrated into the
chicken immunoglobulin heavy chain locus of a DT40 cell, the first target gene
is capable of undergoing either or both of (i) somatic hypermutation in an
immunoglobulin Vy region-encoding sequence, which may include somatic
hypermutation in an immunoglobulin Vy complementartity determining region-
encoding sequence and/or in an immunoglobulin Vy framework region-encoding
sequence, and (ii) gene conversion between the rearranged chicken
immunoglobulin Vy-encoding nucleic acid sequence and a DT40 V4
pseudogene nucleic acid sequence; and the second target gene is capable of
undergoing either or both of (i) somatic hypermutation in an immunoglobulin V|
region-encoding sequence, which may include somatic hypermutation in an
immunoglobulin V| complementartity determining region-encoding sequence
and/or in an immunoglobulin V| framework region-encoding sequence, and (ii)
gene conversion between the rearranged chicken immunoglobulin V| -encoding
nucleic acid sequence and a DT40 V| pseudogene nucleic acid sequence. In a

further preferred embodiment, the rearranged chicken immunoglobulin Vy-D-Jy
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gene and/or the rearranged V| -J, gene are obtained from a plurality of
rearranged chicken immunoglobulin Vy-D-Jy genes and/or rearranged V -Ji
genes isolated from a population of chicken bursa of Fabricius cells. The
compositions comprising multiple first recombinant polynucleotide vectors and
multiple second recombinant polynucleotide vectors are useful for generating a
diverse library of immunoglobulins that can be screened for to identify and
recover antibodies capable of specifically binding to desired target antigens as

described below.

Antibodies and Antigen-Binding Fragments Thereof

An "antibody" is an immunoglobulin molecule capable of specific
binding to a target, such as a carbohydrate, polynucleotide, lipid, polypeptide,
etc., through at least one epitope recognition site, located in the variable region
(also referred to herein as the variable domain) of the immunoglobulin
molecule. As used herein, the term “antibody” encompasses not only intact
polyclonal or monoclonal antibodies, but also fragments thereof (such as a
single variable region antibody (dAb), or other known antibody fragments such
as Fab, Fab', F(ab'),, Fv and the like, single chain (ScFv), synthetic variants
thereof, naturally occurring variants, fusion proteins comprising an antibody
portion with an antigen-binding fragment of the required specificity, humanized
antibodies, chimeric antibodies, and any other engineered or modified
configuration of the immunoglobulin molecule that comprises an antigen-
binding site or fragment (epitope recognition site) of the required specificity.
"Diabodies", multivalent or multispecific fragments constructed by gene fusion
(WQO94/13804; Holliger et al, Proc. Natl. Acad. Sci. USA 90 6444-6448, 1993)
are also a particular form of antibody contemplated herein. Minibodies
comprising a scFv joined to a CH3 domain are also included herein (Hu et al,
Cancer Res., 56, 3055-3061, 1996; see also e.g., Ward et al., Nature 341, 544-
546 (1989); Bird et al, Science 242, 423-426, 1988; Huston et al, PNAS USA,
85, 5879-5883, 1988; PCT/US92/09965; WO94/13804; Holliger et al., Proc.
Natl. Acad. Sci. USA 90 6444-6448, 1993; Reiter et al., Nature Biotech 14,
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1239-1245, 1996; Hu et al, Cancer Res. 56, 3055-3061, 1996). Nanobodies
and maxibodies are also contemplated (see, e.g., U.S. 6,765,087; U.S.
6,838,254; WO 06/079372; WO 2010/037402).

The term "antigen-binding fragment" as used herein refers to a
polypeptide fragment that contains at least one CDR of an immunoglobulin
heavy and/or light chain that binds to the antigen of interest. In this regard, an
antigen-binding fragment of the herein described antibodies may comprise one,
two, three, four, five or all six CDRs of a VH and/or VL sequence set forth
herein.

The term "antigen" refers to a molecule or a portion of a molecule
capable of being bound by a selective binding agent, such as an antibody, and
additionally capable of being used in an animal to produce antibodies capable
of binding to an epitope of that antigen. An antigen may have one or more
epitopes.

The term "epitope” includes any determinant, preferably a
polypeptide determinant, that is capable of specific binding to an
immunoglobulin or T-cell receptor. An epitope is a region of an antigen that is
bound by an antibody. In certain embodiments, epitope determinants include
chemically active surface groupings of molecules such as amino acids, sugar
side chains, phosphoryl or sulfonyl, and may in certain embodiments have
specific three-dimensional structural characteristics, and/or specific charge
characteristics. In certain embodiments, an antibody is said to specifically bind
an antigen when it preferentially recognizes its target antigen in a complex
mixture of proteins and/or macromolecules. An antibody may according to
certain embodiments be said to bind an antigen specifically when the
equilibrium dissociation constant for antibody-antigen binding is less than or
equal to 10® M, or less than or equal to 107 M, or less than or equal to 10 M.
In some embodiments, the equilibrium dissociation constant may be less than
or equal to 10° M or less than or equal to 10™'° M.

The proteolytic enzyme papain preferentially cleaves IgG

molecules to yield several fragments, two of which (the F(ab) fragments) each
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comprise a covalent heterodimer that includes an intact antigen-binding site.
The enzyme pepsin is able to cleave IgG molecules to provide several
fragments, including the F(ab'), fragment which comprises both antigen-binding
sites. An Fv fragment for use according to certain embodiments of the present
invention can be produced by preferential proteolytic cleavage of an IgM, and
on rare occasions of an IgG or IgA immunoglobulin molecule. Fv fragments
are, however, more commonly derived using recombinant techniques known in
the art. The Fv fragment includes a non-covalent Vy::V | heterodimer including
an antigen-binding site which retains much of the antigen recognition and
binding capabilities of the native antibody molecule (Inbar et al. (1972) Proc.
Nat. Acad. Sci. USA 69:2659-2662; Hochman et al. (1976) Biochem 15:2706-
2710; and Ehrlich et al. (1980) Biochem 19:4091-4096).

In certain embodiments, single chain Fv or scFV antibodies are
contemplated. For example, Kappa bodies (lll et al., Prot. Eng. 10:949-57
(1997); minibodies (Martin et al., EMBO J 13:5305-9 (1994); diabodies (Holliger
et al., PNAS 90:6444-8 (1993)); or Janusins (Traunecker et al., EMBO J.
10:3655-59 (1991) and Traunecker et al. Int. J. Cancer Suppl. 7:51-52 (1992)),
may be prepared using standard molecular biology techniques following the
teachings of the present application with regard to selecting antibodies having
the desired specificity. In still other embodiments, bispecific or chimeric
antibodies may be made that encompass the ligands of the present disclosure.
For example, a chimeric antibody may comprise CDRs and framework regions
from different antibodies, while bispecific antibodies may be generated that bind
specifically to a desired antigen through one binding domain and to a second
molecule through a second binding domain. These antibodies may be
produced through recombinant molecular biological techniques or may be
physically conjugated together.

A single chain Fv (sFv) polypeptide is a covalently linked Vu::VL
heterodimer which is expressed from a gene fusion including Vy- and V-
encoding genes linked by a peptide-encoding linker. Huston et al. (1988) Proc.
Nat. Acad. Sci. USA 85(16):5879-5883. A number of methods have been
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described to discern chemical structures for converting the naturally
aggregated—»but chemically separated—Ilight and heavy polypeptide chains
from an antibody V region into an sFv molecule which will fold into a three
dimensional structure substantially similar to the structure of an antigen-binding
site. See, e.g., U.S. Pat. Nos. 5,091,513 and 5,132,405, to Huston et al.; and
U.S. Pat. No. 4,946,778, to Ladner et al.

A dAb fragment of an antibody consists of a VH domain (Ward, E.
S. et al., Nature 341, 544-546 (1989)).

In certain embodiments, an antibody as herein disclosed is in the
form of a diabody. Diabodies are multimers of polypeptides, each polypeptide
comprising a first domain comprising a binding region of an immunoglobulin
light chain and a second domain comprising a binding region of an
immunoglobulin heavy chain, the two domains being linked (e.g. by a peptide
linker) but unable to associate with each other to form an antigen binding site;
antigen binding sites are formed by the association of the first domain of one
polypeptide within the multimer with the second domain of another polypeptide
within the multimer (WO94/13804).

Where bispecific antibodies are to be used, these may be
conventional bispecific antibodies, which can be manufactured in a variety of
ways (Holliger, P. and Winter G. Current Opinion Biotechnol. 4, 446-449
(1993)), e.g. prepared chemically or from hybrid hybridomas, or may be any of
the bispecific antibody fragments mentioned above. Diabodies and scFv can
be constructed without an Fc region, using only variable regions, potentially
reducing the likelihood or severity of an elicited immune response, such as an
anti-idiotypic reaction, in a subject receiving an administration of such
antibodies.

Bispecific diabodies, as opposed to bispecific whole antibodies,
may also be particularly useful because they can be readily constructed and
expressed in E. coli. Diabodies (and many other polypeptides such as antibody
fragments) of appropriate binding specificities can be readily selected using

phage display (W0O94/13804) from libraries. If one arm of the diabody is to be
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kept constant, for instance, with a specificity directed against antigen X, then a
library can be made where the other arm is varied and an antibody of
appropriate specificity selected. Bispecific whole antibodies may be made by
knobs-into-holes engineering (Ridgeway et al, Protein Eng., 9, 616-621, 1996).

In certain embodiments, the antibodies described herein may be
provided in the form of a UniBody®. A UniBody® is an IgG4 antibody with the
hinge region removed (see GenMab Utrecht, The Netherlands; see also, e.g.,
US20090226421). This proprietary antibody technology creates a stable,
smaller antibody format with an anticipated longer therapeutic window than
current small antibody formats. IgG4 antibodies are considered inert and thus
do not interact with the immune system. Fully human IgG4 antibodies may be
modified by eliminating the hinge region of the antibody to obtain half-molecule
fragments having distinct stability properties relative to the corresponding intact
lgG4 (GenMab, Utrecht). Halving the IgG4 molecule leaves only one area on
the UniBody® that can bind to cognate antigens (e.g., disease targets) and the
UniBody® therefore binds univalently to only one site on target cells. For
certain cancer cell surface antigens, this univalent binding may not stimulate
the cancer cells to grow as may be seen using bivalent antibodies having the
same antigen specificity, and hence UniBody® technology may afford treatment
options for some types of cancer that may be refractory to treatment with
conventional antibodies. The UniBody® is about half the size of a regular IgG4
antibody. This small size can be a great benefit when treating some forms of
cancer, allowing for better distribution of the molecule over larger solid tumors
and potentially increasing efficacy.

In certain embodiments, the antibodies of the present disclosure
may take the form of a nanobody. Nanobodies are encoded by single genes
and are efficiently produced in almost all prokaryotic and eukaryotic hosts, e.g.,
E. coli (see e.g. U.S. Pat. No. 6,765,087), molds (for example Aspergillus or
Trichoderma) and yeast (for example Saccharomyces, Kluyvermyces,
Hansenula or Pichia (see e.g. U.S. Pat. No. 6,838,254)). The production

process is scalable and multi-kilogram quantities of nanobodies have been
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produced. Nanobodies may be formulated as a ready-to-use solution having a
long shelf life. The Nanoclone method (see, e.g., WO 06/079372) is a
proprietary method for generating Nanobodies against a desired target, based
on automated high-throughput selection of B-cells.

In certain embodiments, antibodies and antigen-binding fragments
thereof as described herein include a heavy chain and a light chain CDR set,
respectively interposed between a heavy chain and a light chain framework
region (FR) set which provide support to the CDRs and define the spatial
relationship of the CDRs relative to each other. As used herein, the term "CDR
set" refers to the three hypervariable regions of a heavy or light chain V region.
Proceeding from the N-terminus of a heavy or light chain, these regions are
denoted as "CDR1," "CDR2," and "CDR3" respectively. An antigen-binding
site, therefore, includes six CDRs, comprising the CDR set from each of a
heavy and a light chain V region. A polypeptide comprising a single CDR, (e.g.,
a CDR1, CDR2 or CDR3) is referred to herein as a "molecular recognition unit."
Crystallographic analysis of a number of antigen-antibody complexes has
demonstrated that the amino acid residues of CDRs form extensive contact with
bound antigen, wherein the most extensive antigen contact is with the heavy
chain CDR3. Thus, the molecular recognition units are primarily responsible for
the specificity of an antigen-binding site.

As used herein, the term "FR set" refers to the four flanking amino
acid sequences which frame the CDRs of a CDR set of a heavy or light chain V
region. Some FR residues may contact bound antigen; however, FRs are
primarily responsible for folding the V region into the antigen-binding site,
particularly the FR residues directly adjacent to the CDRs. Within FRs, certain
amino residues and certain structural features are very highly conserved. In
this regard, all V region sequences contain an internal disulfide loop of around
90 amino acid residues. When the V regions fold into a binding-site, the CDRs
are displayed as projecting loop motifs which form an antigen-binding surface.
It is generally recognized that there are conserved structural regions of FRs

which influence the folded shape of the CDR loops into certain "canonical”
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structures—regardless of the precise CDR amino acid sequence. Further,
certain FR residues are known to participate in non-covalent interdomain
contacts which stabilize the interaction of the antibody heavy and light chains.

The structures and locations of immunoglobulin variable regions
may be determined by reference to Kabat, E. A. et al, Sequences of Proteins of
Immunological Interest, 4th Edition, US Department of Health and Human
Services, 1987, and updates thereof, now available on the Internet
(immuno.bme.nwu.edu).

A “monoclonal antibody" refers to a homogeneous antibody
population wherein the monoclonal antibody is comprised of amino acids
(naturally occurring and non-naturally occurring) that are involved in the
selective binding of an epitope. Monoclonal antibodies are highly specific,
being directed against a single epitope. The term "monoclonal antibody"”
encompasses not only intact monoclonal antibodies and full-length monoclonal
antibodies, but also fragments thereof (such as Fab, Fab', F(ab'),, Fv), single
chain (ScFv), variants thereof, fusion proteins comprising an antigen-binding
portion, humanized monoclonal antibodies, chimeric monoclonal antibodies,
and any other modified configuration of the immunoglobulin molecule that
comprises an antigen-binding fragment (epitope recognition site) of the required
specificity and the ability to bind to an epitope. It is not intended to be limited as
regards the source of the antibody or the manner in which it is made (e.g., by
hybridoma, phage selection, recombinant expression, transgenic animals, etc.).
The term includes whole immunoglobulins as well as the fragments etc.
described above.

"Humanized" antibodies refer to a chimeric molecule, generally
prepared using recombinant techniques, having an antigen-binding site derived
from an immunoglobulin from a non-human species and the remaining
immunoglobulin structure of the molecule based upon the structure and/or
sequence of a human immunoglobulin. The antigen-binding site may comprise
either complete variable regions fused onto constant domains or only the CDRs

grafted onto appropriate framework regions in the variable domains. Epitope
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binding sites may be wild type or may be modified by one or more amino acid
substitutions. This chimeric structure eliminates the constant region of non-
human origin as an immunogen in human individuals, but the possibility of an
immune response to the foreign variable region remains (LoBuglio, A. F. et al.,
(1989) Proc Natl Acad Sci USA 86:4220-4224; Queen et al., PNAS (1988)
86:10029-10033; Riechmann et al., Nature (1988) 332:323-327).

Another approach focuses not only on providing human-derived
constant regions, but also on modifying the variable regions as well so as to
reshape them as closely as possible to human form. As also noted above, it is
known that the variable regions of both heavy and light chains contain three
complementarity-determining regions (CDRs) which vary in response to the
epitopes in question and determine binding capability, flanked by four
framework regions (FRs) which are relatively conserved in a given species and
which putatively provide a scaffolding for the CDRs. When nonhuman
antibodies are prepared with respect to a particular epitope, the variable
regions can be "reshaped" or "humanized" by grafting CDRs derived from
nonhuman antibody on the FRs present in the human antibody to be modified.
Application of this approach to various antibodies has been reported by Sato,
K., et al., (1993) Cancer Res 53:851-856; Riechmann, L., et al., (1988) Nature
332:323-327; Verhoeyen, M., et al., (1988) Science 239:1534-1536;
Kettleborough, C. A., et al., (1991) Protein Engineering 4:773-3783; Maeda, H.,
et al., (1991) Human Antibodies Hybridoma 2:124-134; Gorman, S. D., et al.,
(1991) Proc Natl Acad Sci USA 88:4181-4185; Tempest, P. R., et al., (1991)
Bio/Technology 9:266-271; Co, M. S., et al., (1991) Proc Natl Acad Sci USA
88:2869-2873; Carter, P., et al., (1992) Proc Natl Acad Sci USA 89:4285-4289;
and Co, M. S. et al., (1992) J Immunol 148:1149-1154. In some embodiments,
humanized antibodies preserve all CDR sequences (for example, a humanized
mouse antibody which contains all six CDRs from the mouse antibodies). In
other embodiments, humanized antibodies have one or more CDRs (one, two,

three, four, five, six) which are altered with respect to the original antibody,
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which are also termed one or more CDRs "derived from" one or more CDRs
from the original antibody.

In certain embodiments, the antibodies of the present disclosure
may be chimeric antibodies. In this regard, a chimeric antibody is comprised of
an antigen-binding fragment of an antibody of desired binding specificity
operably linked or otherwise fused to a heterologous Fc portion of a different
antibody. In certain embodiments, the heterologous Fc domain is of human
origin. In other embodiments, the heterologous Fc domain may be from a
different Ig class from the parent antibody, including IgA (including subclasses
IgA1 and IgA2), IgD, IgE, IgG (including subclasses IgG1, 1gG2, 19G3, and
lgG4), and IgM. In further embodiments, the heterologous Fc domain may be
comprised of CH2 and CH3 domains from one or more of the different Ig
classes. As noted above with regard to humanized antibodies, the antigen-
binding fragment of a chimeric antibody may comprise only one or more of the
CDRs of the antibodies described herein (e.g., 1, 2, 3, 4, 5, or 6 CDRs of the
antibodies described herein), or may comprise an entire variable domain (VL,
VH or both).

In certain embodiments, an antibody having a desired antigen-
binding specificity comprises one or more of the CDRs of the antibodies
described herein. In this regard, it has been shown in some cases that the
transfer of only the VHCDRS3 of an antibody can be done while still retaining
desired specific binding (Barbas et al., PNAS (1995) 92: 2529-2533). See also,
McLane et al., PNAS (1995) 92:5214-5218, Barbas et al., J. Am. Chem. Soc.
(1994) 116:2161-2162.

Marks et al (Bio/Technology, 1992, 10:779-783) describe methods
of producing repertoires of antibody variable domains in which consensus
primers directed at or adjacent to the 5' end of the variable domain area are
used in conjunction with consensus primers to the third framework region of
human VH genes, to provide a repertoire of VH variable domains lacking a
CDR3. Marks et al further describe how this repertoire may be combined with a

CDRa3 of a particular antibody. Using analogous techniques, the CDR3-derived
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sequences of the presently described antibodies may be shuffled with
repertoires of VH or VL domains lacking a CDR3, and the shuffled complete VH
or VL domains combined with a cognate VL or VH domain to provide an
antibody or antigen-binding fragment thereof that binds a desired antigen. The
repertoire may then be displayed in a suitable host system such as the phage
display system of WO92/01047 so that suitable antibodies or antigen-binding
fragments thereof may be selected. A repertoire may consist of at least from
about 10 individual members and upwards by several orders of magnitude, for
example, to about from 10° to 10® or 10'° or more members. Analogous
shuffling or combinatorial techniques are also disclosed by Stemmer (Nature,
1994, 370:389-391), who describes the technique in relation to a -lactamase
gene but observes that the approach may be used for the generation of
antibodies.

A further alternative is to generate novel VH or VL regions
carrying one or more CDR-derived sequences of the herein described invention
embodiments using random mutagenesis of one or more selected VH and/or
VL genes to generate mutations within the entire variable domain. Such a
technique is described by Gram et al. (1992 Proc. Natl. Acad. Sci. USA
89:3576-3580), who used error-prone PCR. Another method which may be
used is to direct mutagenesis to CDR regions of VH or VL genes. Such
techniques are disclosed by Barbas et al. (1994 Proc. Natl. Acad. Sci. USA
91:3809-3813) and Schier et al. (1996 J. Mol. Biol. 263:551-567).

In certain embodiments, a specific VH and/or VL of the antibodies
described herein may be used to screen a library of the complementary variable
domain to identify antibodies with desirable properties, such as increased
affinity for a desired antigen. Such methods are described, for example, in
Portolano et al., J. Immunol. (1993) 150:880-887; Clarkson et al., Nature (1991)
352:624-628.

Other methods may also be used to mix and match CDRs to
identify antibodies having desired binding activity. For example: Klimka et al.,

British Journal of Cancer (2000) 83: 252-260, describe a screening process
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using a mouse VL and a human VH library with CDR3 and FR4 retained from
the mouse VH. After obtaining antibodies, the VH was screened against a
human VL library to obtain antibodies that bound antigen. Beiboer et al., J. Mol.
Biol. (2000) 296:833-849 describe a screening process using an entire mouse
heavy chain and a human light chain library. After obtaining antibodies, one VL
was combined with a human VH library with the CDRS3 of the mouse retained.
Antibodies capable of binding antigen were obtained. Rader et al., Proc. Nat.
Acad. Sci. USA (1998) 95:8910-8915 describe a process similar to that of
Beiboer et al above.

These just-described techniques are, in and of themselves, known
as such in the art. Based on the present disclosure, the skilled person will,
however, be able to use such techniques to obtain antibodies or antigen-
binding fragments thereof according to several embodiments of the invention
described herein, using routine methodology in the art.

An epitope that "specifically binds" or "preferentially binds" (used
interchangeably herein) to an antibody or a polypeptide is a term well
understood in the art, and methods to determine such specific or preferential
binding are also well known in the art. A molecule is said to exhibit "specific
binding" or "preferential binding" if it reacts or associates more frequently, more
rapidly, with greater duration and/or with greater affinity with a particular cell or
substance than it does with alternative cells or substances. An antibody
"specifically binds" or "preferentially binds" to a target if it binds with greater
affinity, avidity, more readily, and/or with greater duration than it binds to other
substances. It is also understood by reading this definition that, for example, an
antibody (or moiety or epitope) that specifically or preferentially binds to a first
target may or may not specifically or preferentially bind to a second target. As
such, "specific binding" or "preferential binding" does not necessarily require
(although it can include) exclusive binding. Generally, but not necessarily,
reference to binding means preferential binding.

Immunological binding generally refers to the non-covalent

interactions of the type which occur between an immunoglobulin molecule and
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an antigen for which the immunoglobulin is specific, for example by way of
illustration and not limitation, as a result of electrostatic, ionic, hydrophilic and/or
hydrophobic attractions or repulsion, steric forces, hydrogen bonding, van der
Waals forces, and other interactions. The strength, or affinity of immunological
binding interactions can be expressed in terms of the dissociation constant (Kq)
of the interaction, wherein a smaller K4 represents a greater affinity.
Immunological binding properties of selected polypeptides can be quantified
using methods well known in the art. One such method entails measuring the
rates of antigen-binding site/antigen complex formation and dissociation,
wherein those rates depend on the concentrations of the complex partners, the
affinity of the interaction, and on geometric parameters that equally influence
the rate in both directions. Thus, both the "on rate constant” (Kon) and the "off
rate constant” (Ko) can be determined by calculation of the concentrations and
the actual rates of association and dissociation. The ratio of K /Kon €nables
cancellation of all parameters not related to affinity, and is thus equal to the
dissociation constant Ky. See, generally, Davies et al. (1990) Annual Rev.
Biochem. 59:439-473.

The term "immunologically active", with reference to an epitope
being or "remaining immunologically active", refers to the ability of an antibody
to bind to the epitope under different conditions, for example, after the epitope

has been subjected to reducing and denaturing conditions.

40



10

15

20

25

30

WO 2013/138518 PCT/US2013/031036

Host Cells and Libraries

In other embodiments, the present disclosure provides host cells
that comprise the recombinant polynucleotide vectors or compositions that
comprise such vectors disclosed herein.

In certain related embodiments, the host cells are capable of
propagating the herein described recombinant polynucleotide vectors.
Exemplary host cells for such purposes include bacterial cells (e.g., E. coli)

In certain embodiments, the host cells are chicken cells that
permit integration of a target gene into a chicken immunoglobulin gene heavy or
light chain locus. In a preferred embodiment, the host cells are chicken B-cells
or cells derived from chicken B-cells, such as chicken bursal lymphoma cells.
In a further preferred embodiment, the host cells are DT40 cells.

In certain embodiments, the host cells are chicken B-cells (e.g.,
DT40 cells) that further comprise a "cis-regulatory element" (e.g., a polymerized
lactose operator sequence) in their immunoglobulin gene heavy chain loci
and/or their immunoglobulin gene light chain loci to allow for the use of the
systems described in WO 2009/029315 and US 20100093033 that further
facilitate diversifying target sequences. Briefly, therein is described a modified
B cell that permits reversible induction of diversification of a target gene. The
cells are modified to include a “cis-regulatory element” operably linked to a
target gene of interest (e.g., a rearranged chicken immunoglobulin Vy-D-Jy
gene). The cell is further modified to include a “diversification factor” that is
fused to a “tethering factor.” The function of the tethering factor is to bind to the
cis-regulatory element, thereby bringing the diversification factor to the region
that controls expression and/or mutagenesis of the target gene. The role of the
diversification factor is to accelerate or regulate diversification (mutation) of the
target sequence. Since the target gene is inserted into an Ig locus, mutations
are targeted to its coding region and controlled by the use of the diversification
factor-tethering factor fusion protein. Generally, the cis-regulatory element may
be any DNA sequence that allows binding of a tethering factor thereto in a

sequence-specific manner and is positioned in a region that controls expression
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or diversification of a gene (e.g., the gene of interest, such as a target gene).
The cis-regulatory elements may include a polymerized Lactose operator
(PolyLacO), such as those comprising approximately 100 repeats of the 20
base pair LacO binding site. The cis-regulatory element is positioned within the
WV region of the IgA light chain and the IgH loci. The tethering factor includes
the Lac repressor (Lacl) that binds with high affinity to the LacO. This insertion
of the cis-regulatory element does not affect the normal process of templated
mutagenesis (gene conversion) in the modified DT40 cell line.

The inducible aspect of the system of W0O2009029315 and
US2010093033 occurs through expression of tethering factor (Lacl)-
diversification factor fusion proteins and the use of isopropyl 3-D-1-
thiogalactopyranoside (IPTG), a small molecule which causes release of Lacl
from LacO. Culture of the modified DT40 cells with as little as 10uM IPTG
causes release of Lacl from the PolyLacO and does not affect cell proliferation.
Many different diversification factors are contemplated and include factors that
affect chromatin structure, transcriptional activators and other gene regulators,
deaminases, proteins involved in DNA repair and replication, resolvases and
helicases, cell cycle regulators, proteins of the nuclear pore complex, and
proteins involved in ubiquitinylation. An exemplary tethering factor-
diversification factor construct includes Lacl-HP1. In this construct, the
heterochromatin protein, HP1, promotes a closed chromatin structure of
neighboring genes. Thus, when Lacl is bound to the PolyLacO in the modified
DT40 cells, the tethered HP1 protein causes a transition of the donor yV
sequences from an open to a nonpermissive chromatin state. This is
functionally equivalent to the deletion of the wV region and similarly results in
the switch from a templated mutagenesis of the downstream Ig VA locus to a
somatic hypermutation of this targeted region. Additional tethering factor-
diversification factor constructs useful in combination with PolyLacO are also
described in W0O2009029315 and US2010093033.

In certain embodiments, the host cells are chicken cells (e.g.,

DT40 cells) in which genes encoding chicken Ig heavy chain constant regions
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and/or genes encoding chicken Ig light chain constant regions have been
replaced with genes encoding human Ig heavy and/or light chain constant
regions. Such replacements may also be made via homologous recombination
at regions upstream and downstream from the chicken genes to be replaced.
Such host cells are capable of generating chimeric antibodies and thus
facilitating the humanization of desirable antibodies produced in those cells.

In a related embodiment, the present disclosure provides libraries
of host cells that comprise the herein described recombinant polynucleotide
vectors.

In one embodiment, a library of host cells for propagating
recombinant polynucleotide vectors disclosed herein is provided. For example,
a bacterial cell library may be made by transforming bacterial cells with a
composition comprising multiple recombinant polynucleotide vectors for
integrating rearranged chicken immunoglobulin Vy-D-Jy genes isolated from
chicken bursa of Fabricius cells. Similarly, another bacterial cell library may be
made by transforming bacterial cells with a composition comprising multiple
recombinant polynucleotide vectors for integrating rearranged chicken
immunoglobulin V| -Jy genes isolated from chicken bursa of Fabricius cells.

In another embodiment, there is provided a library of chicken cells
with target genes integrated into their immunoglobulin gene heavy and/or light
chain loci. An exemplary library may comprise DT40 cells transfected with
recombinant polynucleotide vectors that contain different heavy chain variable
region genes isolated from bursa of Fabricius cells from one or more chickens.
Such a library may be made according to the method for integrating target
genes into chicken immunoglobulin heavy and/or light chain loci as described
herein.

In a further embodiment, provided is a library of chicken cells with
target genes integrated into their immunoglobulin gene heavy and/or light chain
loci and further diversified. An exemplary library may comprise progeny of
DT40 cells transfected with recombinant polynucleotide vectors that contain

different Ig heavy chain variable region genes isolated from bursa of Fabricius
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cells from one or more chickens. They may be made according to the method
for producing repertoires of chicken immunoglobulin heavy and/or light chain
polypeptide sequence variants as described herein.

The libraries provided herein may comprise at least 10-10"
(including all of the integers in the above range, e.g., at least 10, at least 100, at
least 1000, at least 10,000, at least 10°, 10°, 107, 10°, 10°, 10'°, etc.) cells
containing sequence variants of target genes, for example, in certain
embodiments at least 10>-10’ cells containing sequence variants of target
genes. For instance, a library may have at least 10-10"* DT40 cells that contain

different immunoglobulin heavy chain variable region genes.

Methods of Integrating or Diversifying Target Genes

According to certain embodiments of the present disclosure, there
is provided a method for integrating a target gene into a chicken
immunoglobulin heavy chain locus. Such a method comprises: (a) transfecting
chicken B-cells with a recombinant polynucleotide vector for integrating a target
gene into a chicken immunoglobulin gene heavy chain locus or a composition
that comprises a plurality of such recombinant polynucleotide vectors as
provided herein; and (b) identifying a chicken B-cell in which the target gene is
integrated into the immunoglobulin heavy chain locus.

Step (a) may be performed using any methods known in the art
for transfecting a chicken cell with a recombinant polynucleotide vector,
including the method used in the Example below. Any chicken B-cells that
allow for homologous recombination may be transfected. Additional description
of such cells is provided above related to host cells.

Step (b) may be performed using any appropriate methods known
in the art. For example, B-cells in which the target gene is integrated into the
immunoglobulin heavy chain locus may be identified by Southern blot analysis
using the target gene as a probe or by polymerase chain reaction (PCR) to
amplify the nucleic acid fragment between the chicken immunoglobulin Vy gene

upstream nucleic acid sequence region and the chicken immunoglobulin Jy
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gene downstream nucleic acid sequence region, followed by detecting the
amplified nucleic acid fragment. In certain embodiments, the B-cells in which a
target gene is to be integrated may already have a marker gene (e.g., the GFP
gene) integrated into a chicken immunoglobulin gene heavy chain locus. The
integration of the target gene into such B-cells may be identified by the
replacement of the marker gene with the target gene, and hence the loss of the
marker (e.g., fluorescence produced by GFP).

In another embodiment, the present disclosure provides a method
for integrating a first target gene into a chicken immunoglobulin heavy chain
locus and integrating a second target gene into a chicken immunoglobulin light
chain locus. Such a method comprises (a) transfecting chicken B-cells with (1)
a first recombinant polynucleotide vector for integrating a first target gene into a
chicken immunoglobulin gene heavy chain locus or a first composition that
comprises a plurality of such first recombinant polynucleotide vectors provided
herein, and (2) a second recombinant polynucleotide vector for integrating a
second target gene into a chicken immunoglobulin gene light chain locus or a
second composition that comprises a plurality of such second recombinant
polynucleotide vectors provided herein; and (b) identifying a chicken B-cell in
which the first target gene is integrated into the immunoglobulin heavy chain
locus and the second target gene is integrated into the immunoglobulin light
chain locus.

Step (a) may be performed by first mixing one or more first
recombinant polynucleotide vectors for integrating a first target gene into a
chicken immunoglobulin gene heavy chain locus with one or more second
recombinant vectors for integrating a second target gene into a chicken
immunoglobulin gene light chain locus to form a mixture, and then transfecting
chicken B-cells with such a mixture. Alternatively, chicken B-cells may be
transfected separately with one or more first recombinant polynucleotide
vectors and with one or more second recombinant polynucleotide vectors.

Step (b) may be performed using any appropriate methods known

in the art. In certain preferred embodiments, B-cells into which first and second
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target genes are to be integrated may already have a first marker gene (e.g.,
the GFP gene) integrated into a chicken immunoglobulin gene heavy chain
locus and a second marker gene (e.g., the BFP gene) integrated into a chicken
immunoglobulin gene light chain locus. The integration of both the first and
second target genes into such B-cells may be identified by the replacement of
the first and second marker genes with the first and second target genes, thus
the loss of both first and second markers (e.g., fluorescence produced by GFP
and by BFP).

In another embodiment, the present disclosure provides a method
for producing a repertoire (i.e., a library) of immunoglobulin heavy chain
polypeptide sequence variants of a target polypeptide encoded by a target gene
that comprises a rearranged immunoglobulin Vy-D-Jy gene. Such a method
comprises: culturing a B-cell containing a vector that comprises a rearranged
immunoglobulin Vy-D-Jy gene under conditions that allow for proliferation of the
B-cell until a plurality of B-cells is obtained. The B-cell is capable of either or
both of (i) somatic hypermutation in an immunoglobulin Vy region-encoding
sequence, which may include somatic hypermutation in an immunoglobulin Vy
complementartity determining region-encoding sequence and/or in an
immunoglobulin Vy framework region-encoding sequence, and (ii) gene
conversion between a rearranged chicken immunoglobulin Vy-encoding nucleic
acid sequence and a Vy pseudogene nucleic acid sequence. The proliferation
of the B-cell produces a repertoire of immunoglobulin heavy chain polypeptide
sequence variants of the target polypeptide encoded by the target gene that
comprises the rearranged immunoglobulin Vy-D-Jy gene.

In certain embodiments, the target gene comprises a rearranged
mammalian (e.g., human, mouse, or rabbit) or humanized immunoglobulin Vu-
D-Ju gene. In certain preferred embodiments, the target gene comprises a
chicken rearranged immunoglobulin Vy-D-Jy gene.

In certain embodiments, the B-cell to be proliferated may have
been transfected with, and thus comprise a second vector for integrating a

rearranged immunoglobulin V -J. gene into a chicken immunoglobulin gene
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light chain locus as disclosed herein. The rearranged immunoglobulin V -J_
gene may be a rearranged mammalian (e.g., human, mouse, or rabbit) or
humanized immunoglobulin V -J| gene. In preferred embodiments, the
rearranged immunoglobulin V -J. gene is a rearranged chicken immunoglobulin
V.-JL gene.

In certain embodiments, the B-cell to be proliferated may
comprise a polymerized lactose operator in its immunoglobulin gene heavy or
light chain locus. As described above, the polymerized lactose operator
facilitates diversification of target gene(s).

In another aspect, the present disclosure provides a method for
screening B-cells for the production of antibodies that specifically bind to a
given antigen. As described above, chicken B-cells (e.g., DT40 cells) may be
transfected with a first recombinant polynucleotide vector that comprises a
rearranged immunoglobulin Vy-D-Jy gene and a second recombinant
polynucleotide vector that comprises a rearranged immunoglobulin V| -J. gene
to obtain a chicken B-cell having the rearranged immunoglobulin Vy-D-Jy gene
integrated into its immunoglobulin gene heavy chain locus and the rearranged
immunoglobulin V| -J. gene integrated into its immunoglobulin gene light chain
locus. Such chicken B-cells may be further cultured to obtain a plurality of B-
cells that produce a repertoire of immunoglobulin heavy chain polypeptide
sequence variants as well as a repertoire of immunoglobulin light chain
polypeptide sequence variants. The plurality of B-cells may be screened for
their production of antibodies that bind to a specific antigen.

Any methods appropriate for screening B-cells for their production
of antigen-specific antibodies known in the art may be used. For example,
binding of immunoglobulin molecules to specific antigens can be detected as
interaction with fluorescent derivatives of the antigens analyzed by flow
immunocytofluorimetry; and B-cells that bind to a specific antigen can be
recovered upon sorting by the same or a similar flow cytometry technique (e.g.,
fluorescence activated cell sorting, FACS). B cells that bind to specific antigens

can also be selected on solid supports carrying those antigens, for example,
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antigen-coated magnetic beads. Conversely, binding to solid supports may
also permit removal of B-cells with unwanted binding specificities in an
appropriately configured technique, such as depletion of cells by “panning” on
antigen-coated plates. Exemplary methods for screening B-cells for producing
antibodies specific to particular antigens include magnetic-activated cell sorting
(MACS) and fluorescence-activated cell sorting {FACS) as described in the
Example. Multiple rounds of selection may be performed to identify B-cells with
sufficient binding affinity to the specific antigen.

In certain embodiments, the rearranged immunoglobulin Vy-D-Jy
gene and the rearranged immunoglobulin V -J; gene integrated into chicken
immunoglobulin gene heavy and light chain loci, respectively, are a human
rearranged immunoglobulin Vy-D-Jy heavy chain gene and a human
rearranged immunoglobulin V -J, light chain gene. The method for screening
B-cells for producing antibodies specific for a particular antigen described
above is thus able to directly identify B-cells that produce human antibodies that
bind to the antigen. Such B-cells may already have had chicken heavy and
light chain constant region genes replaced by human heavy and light chain
constant region genes, before integration of human rearranged immunoglobulin
Vu-D-Jdy and V-J. genes into chicken immunoglobulin gene heavy and light
chain loci.

In certain embodiments, the rearranged immunoglobulin Vy-D-Jy
gene and the rearranged immunoglobulin V -J; gene integrated into chicken
immunoglobulin gene heavy and light chain loci, respectively, are a humanized
rearranged immunoglobulin Vy-D-Jdy gene (e.g., those containing human heavy
chain framework regions) and a humanized rearranged immunoglobulin V-J.
gene (e.g., those containing human light chain framework regions). The
method for screening B-cells for producing antibodies specific for a particular
antigen described above is thus able to directly identify B-cells that produce
humanized antibodies that bind to the antigen.

In certain embodiments, the rearranged immunoglobulin Vy-D-Jy

gene and the rearranged immunoglobulin V -J; gene integrated into chicken
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immunoglobulin gene heavy and light chain loci, respectively, are a chicken
rearranged immunoglobulin Vy-D-Jy gene and a chicken rearranged
immunoglobulin V-J. gene. In preferred embodiments, the rearranged
immunoglobulin Vy-D-Jy gene and the rearranged immunoglobulin V -J, gene
are obtained from a population of chicken bursa of Fabricius cells. The method
for screening B-cells for producing antibodies specific for a particular antigen
described herein is thus able to identify B-cells that produce chicken antibodies
that bind to the antigen. The obtained chicken antibodies may be further
humanized using methods described herein and known in the art.

The antibodies obtained by the above-described methods may
have diagnostic and therapeutic applications. In addition, the methods are
adaptable to high throughput approaches, and may be especially suitable for

developments of monoclonal antibodies for personalized medicine.

Standard techniques may be used for recombinant DNA,
oligonucleotide synthesis, and tissue culture and transformation (e.g.,
electroporation, lipofection). Enzymatic reactions and purification techniques
may be performed according to manufacturer's specifications or as commonly
accomplished in the art or as described herein. These and related techniques
and procedures may be generally performed according to conventional
methods well known in the art and as described in various general and more
specific references in microbiology, molecular biology, biochemistry, molecular
genetics, cell biology, virology and immunology techniques that are cited and
discussed throughout the present specification. See, e.g., Sambrook, et al.,
Molecular Cloning: A Laboratory Manual, 3d ed., Cold Spring Harbor
Laboratory Press, Cold Spring Harbor, N.Y.; Current Protocols in Molecular
Biology (John Wiley and Sons, updated July 2008); Short Protocols in
Molecular Biology: A Compendium of Methods from Current Protocols in
Molecular Biology, Greene Pub. Associates and Wiley-Interscience; Glover,
DNA Cloning: A Practical Approach, vol. | & Il (IRL Press, Oxford Univ. Press
USA, 1985); Current Protocols in Immunology (Edited by: John E. Coligan, Ada
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M. Kruisbeek, David H. Margulies, Ethan M. Shevach, Warren Strober 2001
John Wiley & Sons, NY, NY); Real-Time PCR: Current Technology and
Applications, Edited by Julie Logan, Kirstin Edwards and Nick Saunders, 2009,
Caister Academic Press, Norfolk, UK; Anand, Techniques for the Analysis of
Complex Genomes, (Academic Press, New York, 1992); Guthrie and

Fink, Guide to Yeast Genetics and Molecular Biology (Academic Press, New
York, 1991); Oligonucleotide Synthesis (N. Gait, Ed., 1984); Nucleic Acid
Hybridization (B. Hames & S. Higgins, Eds., 1985); Transcription and
Translation (B. Hames & S. Higgins, Eds., 1984); Animal Cell Culture (R.
Freshney, Ed., 1986); Perbal, A Practical Guide to Molecular Cloning (1984);
Next-Generation Genome Sequencing (Janitz, 2008 Wiley-VCH); PCR
Protocols (Methods in Molecular Biology) (Park, Ed., 3" Edition, 2010 Humana
Press); Immobilized Cells And Enzymes (IRL Press, 1986); the

treatise, Methods In Enzymology (Academic Press, Inc., N.Y.); Gene Transfer
Vectors For Mammalian Cells (J. H. Miller and M. P. Calos eds., 1987, Cold
Spring Harbor Laboratory); Harlow and Lane, Antibodies, (Cold Spring Harbor
Laboratory Press, Cold Spring Harbor, N.Y., 1998); Immunochemical Methods
In Cell And Molecular Biology (Mayer and Walker, eds., Academic Press,
London, 1987); Handbook Of Experimental Immunology, Volumes |-V (D. M.
Weir andCC Blackwell, eds., 1986); Riott, Essential Immunology, 6th Edition,
(Blackwell Scientific Publications, Oxford, 1988); Embryonic Stem Cells:
Methods and Protocols (Methods in Molecular Biology) (Kurstad Turksen, Ed.,
2002); Embryonic Stem Cell Protocols: Volume [: Isolation and Characterization
(Methods in Molecular Biology) (Kurstad Turksen, Ed., 2006); Embryonic Stem
Cell Protocols: Volume IlI: Differentiation Models (Methods in Molecular Biology)
(Kurstad Turksen, Ed., 2006); Human Embryonic Stem Cell Protocols (Methods
in Molecular Biology) (Kursad Turksen Ed., 2006); Mesenchymal Stem Cells:
Methods and Protocols (Methods in Molecular Biology) (Darwin J. Prockop,
Donald G. Phinney, and Bruce A. Bunnell Eds., 2008); Hematopoietic Stem Cell
Protocols (Methods in Molecular Medicine) (Christopher A. Klug, and Craig T.
Jordan Eds., 2001); Hematopoietic Stem Cell Protocols (Methods in Molecular
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Biology) (Kevin D. Bunting Ed., 2008) Neural Stem Cells: Methods and
Protocols (Methods in Molecular Biology) (Leslie P. Weiner Ed., 2008).

Unless specific definitions are provided, the nomenclature utilized
in connection with, and the laboratory procedures and techniques of, molecular
biology, analytical chemistry, synthetic organic chemistry, and medicinal and
pharmaceutical chemistry described herein are those well known and
commonly used in the art. Standard techniques may be used for recombinant
technology, molecular biological, microbiological, chemical syntheses, chemical
analyses, pharmaceutical preparation, formulation, and delivery, and treatment
of patients.

Throughout this specification, unless the context requires
otherwise, the word "comprise", or variations such as "comprises" or
"comprising”, will be understood to imply the inclusion of a stated element or
integer or group of elements or integers but not the exclusion of any other
element or integer or group of elements or integers. By “consisting of” is meant
including, and typically limited to, whatever follows the phrase “consisting of.”
By “consisting essentially of” is meant including any elements listed after the
phrase, and limited to other elements that do not interfere with or contribute to
the activity or action specified in the disclosure for the listed elements. Thus,
the phrase “consisting essentially of” indicates that the listed elements are
required or mandatory, but that no other elements are required and may or may
not be present depending upon whether or not they affect the activity or action
of the listed elements.

In this specification and the appended claims, the singular forms

a,” “an” and “the” include plural references unless the content clearly dictates
otherwise. As used herein, in particular embodiments, the terms “about” or
“approximately” when preceding a numerical value indicates the value plus or
minus a range of 5%, 6%, 7%, 8% or 9%. In other embodiments, the terms
“about” or “approximately” when preceding a numerical value indicates the
value plus or minus a range of 10%, 11%, 12%, 13% or 14%. In yet other

embodiments, the terms “about” or “approximately” when preceding a numerical
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value indicates the value plus or minus a range of 15%, 16%, 17%, 18%, 19%
or 20%.

Reference throughout this specification to “one embodiment” or
“an embodiment” or “an aspect” means that a particular feature, structure or
characteristic described in connection with the embodiment is included in at
least one embodiment of the present invention. Thus, the appearances of the
phrases “in one embodiment” or “in an embodiment” in various places
throughout this specification are not necessarily all referring to the same
embodiment. Furthermore, the particular features, structures, or characteristics

may be combined in any suitable manner in one or more embodiments.

The following example is for illustration and is not limiting.
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EXAMPLE

The following materials and methods were used in this example:

Cell culture and gene targeting. DT40-derived cell lines
(Cummings et al., 2007; Cummings et al., 2008; Yabuki et al., 2009; } and as
described herein) were maintained and transfected as previously described
(Yabuki et al., 2005). FreeStyle 293-F cells (Invitrogen, Carlsbad, CA) were

maintained and transfected as specified by the manufacturer.

PolyLacO was targeted to the wVy array at the rearranged and
expressed heavy chain allele of DT40 PolyLacO-Ar cells, previously engineered
to carry the PolyLacO at the rearranged and expressed light chain allele
(Cummings et al., 2007; Cummings et al., 2008; Yabuki et al., 2009). The
PolyLacO regulatory element {Robinett et al., 1996) comprised approximately
100 repeats of a 20-mer lactose operator (LacO). The targeting construct,
pPolyLacO-yVy, carried the blasticidin-resistance gene to enable selection of
stable transfectants following about 10 days growth in 20 pg/ml concentration of
blasticidin (Invitrogen). To generate this construct, 2.8- and 4.2-kb homology
arms were obtained from the yVy array fragments amplified from DT40
genomic DNA using primers 5-GGGGTCTCTATGGGGTCTAAGCGTGGCC-3'
(SEQ ID NO:1) and 5-GGCCGATTCTTTTCTCATGAGATCCCTCCAGAAG-3’
(SEQ ID NO:2) or 5-TTCCCCACAACCAGGCCATGCGCCTCCTTG-3' (SEQ ID
NO:3) and 5-CCTGCAGACACCCAGAGGAGGGCTCAGC-3’ (SEQ ID NO:4).
The PolyLacO, the blasticidin-resistance gene, and two homology arms were
subcloned into pBluescript || KS(+) (Stratagene). The construct was verified by
restriction analyses and partial sequencing, and propagated in recombination-
deficient E. coli strains Stbl2 (Invitrogen) to maintain repeat stability. Targeting
was carried out essentially as previously described (Yabuki et al., 2009). DT40
PolyLacO-Ar cells were transfected, and following 10 days culture in the
presence of antibiotic, stable transfectants were screened by genomic PCR and

Southern blotting to identify homologous integrants.
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The Vy (VDJ) region repertoire of DTLacO cells was enhanced in
two steps, both of which relied on the targeting vector, pVDJ3. To generate
pVDJ3, 2.2- and 1.8-kb homology arms were amplified from DT40 genomic
DNA using primers 5'-
TGAATGCTTTGTTAGCCCTAATTAGGGATTGAATTGAGAG-3 (SEQ ID
NO:5) and 5-CCGTGAGACCCCCCGTTGACC-3’ (SEQ ID NO:6) or 5'-
GCCCGACCGAAGTCATCGTCTCCTCCGGTG-3’ (SEQ ID NO:7) and 5'-
TTTGCCTTCAAATCACCCTA-3’ (SEQ ID NO:8), respectively, and fused to the
leader-VDJ region and cloned into pBluescript Il KS(+). The pVDJ3-GFP
targeting construct derivative was generated by replacing the leader-VDJ region
with a GFP expression cassette (McConnell Smith et al., 2009). The pVDJ3-
Bin1 targeting construct pool was generated by inserting a library of Vy region
into the Xcml-PshAl site of pVDJ3. Those sequences had been amplified from
the bursa of a 2 month-old White Leghorn chick using PCR primers 5'-
GGGTCTGCGGGCTCTATGGGG-3’ (SEQ ID NO:9) and 5'-
ATCGCCGCGGCAATTTTGGGG-3' (SEQ ID NO:10). In the first step, the
endogenous VDJ region was replaced by the GFP expression cassette using
pVDJ3-GFP. In the second step, the pVDJ3-Bin1 targeting construct pool was
used to replace the previously targeted GFP, producing sigM* cells.
Transfections for heavy chain targeting were carried out using a Nucleofector
(program B-023; Lonza).

slgM™ cells were collected by MACS and then FACS. Briefly,
following two days posttransfection, cells were washed in PBS containing 1%
BSA (Sigma, St. Louis, MO), and slgM" cells enriched by binding to protein G
Dynabeads (Dynal) coupled to anti-chicken IgM (Southern Biotech) according
to manufacturers’ directions. After three days in culture, sigM*/GFP" cells were
sorted using a FACSAria (BD Biosciences), generating the DTLacO-2
population.

VJ Targeting Constructs. To target new VJ sequences, pVJ1 was

constructed. A 3.2-kb fragment of the VJ upstream region was amplified with
PCR primers 21-22 (5-GGGACACCTGAAGGCATGAGTGG-3', SEQ ID NO:21)
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and (5-GGCGGAATCCCAGCAGCTGTGT-3', SEQ ID NO:22); a 1.2-kb
fragment of the VJ downstream region was amplified with PCR primers 23-24
(5-GTGAGTCGCTGACCTCGTCTCGGTC-3, SEQ ID NO:23) and (5'-
GGGCTCTTTCTACCTCAAGGCATGT-3', SEQ ID NO:24); and both fragments
were cloned into pCR2.1 (Invitrogen). The leader-VJ region was then inserted
into the BmgBI-Avrll site of the plasmid. The construct was verified by
restriction analyses and sequencing. New VJ sequences were also ligated into
the BmgBI-Avrll site.

To target BFP to the DT40 VJ region, pVJ1-BFP was made. BFP
and SV40 poly A signal sequences were amplified from pTagBFP-N (Evrogen);
a 155-bp of the VJ upstream region was fused to the amplicon; and then
inserted into the BmgBI-Avrll site of the VJ vector.

To add FLAG-tag to the VJ, pVJ1-FLAGA was made. A short
FLAG-tag (DYKDE, SEQ ID NO:25) was inserted just upstream of the mature
VJ region by site-directed mutagenesis.

C-Region Targeting Constructs. An expression construct of

chicken-human chimeric heavy-chain was first generated: chVDJ-huCy1-FLAG-
TEV-chTMD, and it was confirmed that this fusion polypeptide was paired with
chicken A light-chain and expressed on the surface of DT40 cells.

To generate the C-region replacing construct, a 4-kb fragment of
the Cu1 upstream region was amplified from DT40 genomic DNA with XP0090
(5’-AGCCTCATTATCCCCCTGAT-3, SEQ ID NO:26; designed based on
GenBank No. AB029075.1) and XP0094 (5'-TCTCTTTCCCTTCGCTTTGA-3,
SEQ ID NO:27) and a 6-kb fragment of the Cu1-Cu2 region was amplified with
XP0095 (5-ACAGTTCCGTTTCCGGTATG-3', SEQ ID NO:28) and XP0099 (5’-
CACTCCATCCTCTTGCTGGT-3, SEQ ID NO:29). The upstream was cloned
into the EcoRYV site of the pBluescript Il KS(+) (Stratagene); huCy1-FLAG-TEV-
chTMD and BGH poly A signal sequences were fused to just downstream of the
inserted upstream sequence by QuikChange™ site-directed mutagenesis
(Stratagene); and then the downstream was cloned into the Hindlll-Xhol site of

the plasmid. Zeocin marker flanked by modified loxP sites was also inserted
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into the Hindlll site to provide a drug selection mechanism for stable
transfectants, if needed subsequently. The construct was verified by restriction
analyses and partial sequencing, and propagated in recombination-deficient E.
coli strains Stbl2 or Stbl3 (Invitrogen) to maintain S-region repeat sequences.

To prevent possible B cell receptor (BCR)-induced apoptosis due
to binding of membrane-anchored IgM to target antigens with high-affinity, a
mutant version of the C-region replacing construct was made. Two amino acids
Ser-Thr within the transmembrane domain (TMD), which are crucial for signal
transduction (Shaw, A.C., Mitchell, R.N., Weaver, Y.K., Campos-Torres, J.,
Abbas, A.K. & Leder, P. Cell 63, 381-392 (1990)), were substituted to Val-Val
by site-directed mutagenesis.

Both wild-type and mutant targeting constructs were also
designed to have protease cleavage sites in case it became desirable for
chimeric antibodies to be released from cells. One was full-length FLAG-tag
(DYKDDDDK, SEQ ID NO:30; which could be cleaved by enterokinase) and the
other was TEV recognition site (ENLYFQG, SEQ ID NO:31; which could be
cleaved by TEV protease).

To replace heavy-chain C-region, wild-type DT40 cells were
transfected with either C-region replacing construct using a Nucleofector
(Lonza); and after 3 days posttransfection, chicken-human chimeric antibody-
expressing cells were enriched by MACS with Dynabeads Protein G
(Invitrogen). The expression of the fusion protein was detected by FACS with
anti-human IgG (Southern Biotech) and the sequences of the expressed
chVDJ-huCy1-FLAG-TEV-chTMD fusions were confirmed by RT-PCR.

The nucleotide sequence encoding chVDJ-huCy1-FLAG-TEV-
chTMD is set forth in SEQ ID NO:32, in which the component nucleotide
sequences encoding the chVDJ, huCy1, FLAG, TEV, and chTMD fragments
are set forth in SEQ ID NOS:33-37, respectively.

Quantitation of diversification rates. Diversification rates were

quantified using the slgM loss assay, which measured the fraction of cells that

have lost expression of IgM on the cell surface due to diversification events
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(Sale et al., 2001; Yabuki et al., 2005; Ordinario et al., 2009). In brief, panels of
approximately 20 independent transfectants were expanded for 3 weeks, then
cells (~1x106) from each panel member were stained with R-PE conjugated
anti-chicken IgM (1:200; Southern Biotech), and analyzed on a FACScan with
CellQuest software (BD Biosciences). The percentage of sigM™ cells was
calculated as the ratio of the number of cells with 8-fold or greater decrease in
PE intensity to the PE of the slgM"* population (Hatanaka et al., 2005; Sale et
al., 2001).

V region sequence analysis. V-region PCR and sequence

analysis were performed essentially as described (Yabuki et al.,
2005;Cummings et al., 2007), using primers 5’-
CAGGAGCTCGCGGGGCCGTCACTGATTGCCG-3 (SEQ ID NO:11) and 5'-
GCGCAAGCTTCCCCAGCCTGCCGCCAAGTCCAAG-3 (SEQ ID NO:12) for
amplification of the rearranged V) regions and primers 5'-
GGGTCTGCGGGCTCTATGGGG-3' (SEQ ID NO:13) and 5'-
ATCGCCGCGGCAATTTTGGGG-3’ (SEQ ID NO:14) for amplification of the
rearranged Vy regions When necessary, semi-nested PCR was carried out
using a second-round primer §'-TCACTGATTGCCGTTTTCTCCCCTCTCTCC-
3' (SEQ ID NO:15) for the V, regions or 5'-GGTCAACGGGGGGTCTCACGG-3
(SEQ ID NO:16) for the Vy regions. PCR products were purified with
QIAquick™ PCR purification kit (Qiagen, Valencia, CA) and sequenced directly.

Antigens and selection for antigen binding. Initial selections were

performed by binding diversified DTLacO populations to magnetic beads
complexed with antigens, and subsequent selections by FACS using
fluorescence-labeled soluble antigens, following procedures previously
described (Cumbers et al., 2002; Seo et al., 2005) with minor modifications.
SAv Dynabeads M-280 (Dynal) and SAv-PE (Southern Biotech) were used to
select cells that recognized SAv. Selection of cells that recognized human cell
surface proteins used recombinant human chimeric proteins, expressed as
fusions with human IgG1 Fc (R&D Systems, Minneapolis, MN), including the
extracellular domain of VEGFR2 (residues 20-764; Cat. no. 357-KD), TIE2
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(residues 23-745; Cat. no. 313-Tl), TROP2 (residues 88-274; Cat. no. 650-T2),
FN14 (residues 28-79; Cat. no. 1199-TW) or FZD10 (residues 21-161; Cat. no.
3459-FZ). Chimeric proteins were bound to protein G Dynabeads (Dynal) using
manufacturers' recommended conditions for the MACS method, and detected
with PE-Cy5-labeled anti-human IgG Fc (Southern Biotech; 1:200) for the
FACS method. Chimeric proteins were bound to protein G Dynabeads (Dynal)
using the manufacturers' recommended conditions for the MACS method, and
detected with PE-Cy5-labeled anti-human IgG Fc (Southern Biotech; 1:200) for
the FACS method. Antigens for selection were used at concentrations of 10
ug/ml; selections were carried out on >10° cells at a bead:cell ratio ranging from
3:1to 1:1. In some cases, pre-clearing of non-specific DTLacO cells was
carried out using beads lacking antigen.

Binding and affinity assays. Saturation binding kinetics were

determined by staining cells with various concentrations of fluorescent-labeled
soluble antigens, and apparent affinities (kp) were calculated by nonlinear
regression using GraphPad™ Prism software. To test binding of mAbs to the
cell surface antigens, recombinant chimeric chicken-human mAbs were
generated by cloning PCR-amplified Vy and V, segments in frame into
pcDNA3.1 (Invitrogen) derivatives, pcDNA3.HG1 and pcDNA3.HLam, carrying
the human y1 and A constant regions, respectively. The expression plasmids
were cotransfected transiently into FreeStyle™ 293-F cells (Invitrogen,
Carlsbad, CA) according to the manufacturer’s instructions. After 2-4 days
culture, secreted antibodies were purified from supernatants by protein A
chromatography (MabSelect SuRe; GE Healthcare) and, if necessary,
concentrated by Ultracel ultrafiltration (Millipore). Target cells were generated
by transient transfection of 293-F cells with antigen expression constructs
(GeneCopoeia).

The following results were obtained:

The DTLacO mAb discovery platform. The DTLacO platform for

rapid mAb selection and optimization was engineered in two steps (Figure 1).

First, a potent regulatory element, multimers of the lactose operator DNA from
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the E. coli lactose operon (“PolyLacO”), was inserted upstream of the
rearranged and expressed IgH gene in the DT40 PolyLacO-Ar cell line,
previously engineered to carry PolyLacO at IgA only. Next, the endogenous Vy
(VDJ) region was substituted with a Vy library generated from chicken bursal B
cells, expanding the initial V repertoire. Both steps of engineering took
advantage of the high efficiency of gene targeting in chicken DT40 B cells.

It was previously demonstrated that PolyLacO can enable
inducible regulation of the rate and outcome of IgA gene diversification (somatic
hypermutation or gene conversion) upon expression of distinct regulatory
factors fused to lactose repressor protein (Lacl) (Cummings et al., 2007;
Cummings et al., 2008; Yabuki et al., 2009). This use of the LacO/Lacl
regulatory network took advantage of the high-affinity (ko = 10™* M) of Lacl for
LacO, as well as the sensitivity of the Lacl/LacO interaction to the small
molecule, IPTG.

Svnerqgistic acceleration of diversification by PolyLacO targeted to

both IgA and IgH. Diversification was predicted to be elevated in "DTLacO"

cells, engineered to carry PolyLacO targeted to both the IgA and the IgH genes,
relative to DT40 PolyLacO-Ag cells, which carried PolyLacO only at IgA.
Diversification rates of candidate engineered lines were determined by
assaying the fraction of sigM" cells 3 weeks post-transfection with the Lacl-HP1
regulatory factor. Representative candidates exhibited diversification rates of
6.9%, 12.6% and 25.7% (e.g., Fig. 2A), from 2.5- to 9.2-fold elevated relative to
the 2.8% characteristic of the parental DT40 PolyLacO-Ar Lacl-HP1 line.
Accelerated diversification was reconfirmed for one line by fluctuation assay of
individual transfectants (Fig. 2B). Percentages of sigM™ cells ranged from 2.5%
to 52.5%, with a median of 13.0% (Fig. 2B), 4.6-fold higher than in DT40
PolyLacO-Ar Lacl-HP1 transfectants (2.8%), and 21.7-fold higher than in control
DT40 PolyLacO-Ar GFP-Lacl cells (0.6%, comparable to the DT40 parental line
(Cummings et al., 2007). Some individual clones exhibited slgM loss
considerably different than the median, as predicted because this fluctuation

assay measured accumulated slgM™ variants. Thus, targeting PolyLacO
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elements to both the heavy and light chain genes accelerated diversification
nearly 22-fold relative to the DT40 parental cell line (Fig. 2C). Diversification
was also accelerated upon transfection of other factors, including Lacl-VP16
and E47-Lacl (not shown).

Ex vivo evolution of anti-streptavidin antibodies. To test the utility

of DTLacO cells for ex vivo mAb evolution, mAbs against the model antigen,
streptavidin (SAv) (Cumbers et al., 2002; Seo et al., 2005) were selected from
the DTLacO-1 population (Figure 1, Step 1). Cells were stably transfected with
an E47-Lacl expression construct, which encoded a fusion of Lacl and the E47
isoform of the regulatory factor, E2A. E47 was a known transcriptional
regulator in some contexts, but at the Ig genes of DT40 cells it promoted
diversification but not transcription (Yabuki et al., 2009). A diversified
population of 3 x 10® DTLacO E47-Lacl cells was enriched twice for binding to
SAv-conjugated magnetic beads, and then selected by successive rounds of
FACS for binding to SAv-PE. The cell population exhibited increased affinity
after each round of selection. A 30-fold shift was evident after the fifth round of
selection and a 100-fold shift by the seventh round (S5 and S7, respectively;
Figure 3A). The binding affinity of the S7 population for SAv-PE-Cy7 was
measured by saturation binding kinetics. In this FACS-based method, cells
were stained with increasing concentrations of antigen until equilibrium of
bound and unbound antigen was established; the resulting mean fluorescence
intensity (MFI) values were analyzed with Prism software (GraphPad); and the
affinity at equilibrium (kp) was determined (Figure 3B). The apparent affinity
was found to be 0.7 nM, after 7 rounds of selection, which compared favorably
with 15-19 rounds of selection that were required for selection of antibodies of
comparable affinity ex vivo using cultured human B cell lines (Cumbers et al.,
2002). The sequences of the Vy and V), regions were determined by PCR
amplification from single cells, and compared to the germline (Reynaud et al.,
1987; Reynaud et al., 1989). Strikingly, an 18 residue insertion/duplication was
identified in CDR1 of V, (Figure 3C). An insertion in light chain CDR1 of anti-
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SAv mADbs has also been reported by others using DT40 cells that have not
undergone any genetic engineering (Seo et al., 2005).

Selection of high affinity mAbs that recognize conserved cell

surface receptors. The DTLacO-1 cells stably expressing Lacl-HP1 were

selected to identify mAbs against three cell surface antigens of therapeutic
interest: the receptor tyrosine kinases, VEGFR2 and TIE2, which play essential
roles in physiologic and pathologic angiogenesis, most notably in cancer
(Huang et al., 2010; Ferrara et al., 2010); and the glycoprotein, TROP2, which
is overexpressed in numerous epithelial cancers (Cubas et al., 2010). The
extracellular domains of these receptors were highly conserved, with the human
and murine orthologs exhibiting 80%, 90%, and 83% identity, respectively.
Each extracellular domain was expressed as recombinant protein fused to the
human IgG1 Fc domain. DTLacO cells specific for each antigen were enriched
from 1 x 10° cells by initial selection on the antigen bound to magnetic beads,
and then by binding to the soluble antigen and sorting via FACS. Eight
successive selected populations were characterized and shown to exhibit
increased affinity at each selection step (Figure 4A, above). At the eighth
selection step, analysis of saturation binding kinetics of the soluble antigens
VEGFR2, TIE2, and TROP2 to their cognate DTLacO populations established
apparent affinity values (kp) of 6.0, 1.4, and 2.0 nM, respectively (Figure 4A,
below). Specificity of individual selected populations was tested by assaying
binding to a panel of antigens (VEGFR2, TIE2, TROP2, SAv and ovalbumin).
The selected DTLacO cells recognized only the cognate target, and were not
cross-reactive (Figure 4B).

CDR-targeted mutations characterized high affinity mAbs.

Recombinant, chimeric chicken-hnuman mAbs were generated by cloning the Vy
and V), regions from the DTLacO cells that recognized VEGFR2, TIE2 or
TROP2 into a construct for expression fused to human y1 heavy- and A light-
chain constant regions. The chimeric mAbs preserved high affinity antigen
recognition (data not shown), showing that the B cell receptor conferred high

affinity binding by the selected cells. Sequence analysis of the cloned V4 and
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V) regions showed that mutations conferring high affinity and specificity
mapped primarily to CDRs (Figure 4C). Both templated and nontemplated
mutations were evident in the CDRs.

Expanded Vy diversity further accelerated mAb selection.

DTLacO cells expressing regulatory Lacl-fusion factors, from either the initial
population (DTLacO-1) or the population engineered by Vy replacement as
described herein (DTLacO-2) (Figure 1), were the sources of mAbs recognizing
two other antigens of therapeutic interest, the small TNF receptor family
member, FN14 (Winkles et al., 2008), and the G protein-coupled receptor,
FZD10 {Katoh et al., 2007). Both proteins had highly conserved extracellular
domains (92% and 94% identity, respectively, between human and mouse). As
described in U.S.A.N. 13/416,752 and PCT/US2012/28584, an anti-FN14 mAb
(FS24) was selected from the DTLacO-1 population and matured by Lacl-HP1-
driven diversification (Figure 5A). Subnanomolar affinity (kp = 0.44 nM) was
achieved after 17 rounds of selection over 12 weeks, and affinity improved
modestly in the course of 7 additional selections over the next 4 weeks (kp =
0.26 nM).

An anti-FZD10 mAb (FZ2)(U.S.A.N. 61/523,102) was selected
from the DTLacO-2 population described herein, with diversification accelerated
by the tethered factor HIRA-Lacl (Cummings et al., 2008). The population
reached subnanomolar affinity after only four rounds of selection, over 8 weeks
(Figure 5A). This mAb recognized its target with apparent affinity kp = 0.16 nM.
Sequence analysis of the cloned V4 and V, regions showed that mutations
conferring high affinity and specificity mapped primarily to CDRs (Figure 5B.)

Facile humanization of chicken antibodies. Antibodies selected in

mice or other species are typically humanized for therapeutic applications
(Almagro et al., 2008). The anti-FZD10 mAb was chosen for humanization, as
its high affinity and distinct heavy-chain CDRs offered a robust test of this key
step in mAb development. Chicken Vy and V), regions were most closely
related to human Vy subgroup Il and V, subgroup lll, respectively. These were

well-established frameworks for humanization, and have been used previously
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to humanize mAbs elicited by immunization of chickens (Tsurushita et al., 2004,
Nishibori et al., 2006). The structure of a CDR is determined not only by the
primary sequence of the CDR itself but also by a small number of nearby
"Vernier zone” residues that contribute to shaping CDR structure (Foote et al.,
1992). Scaffolds for CDR grafting were generated by modifying human
framework regions at the few positions necessary to achieve identity with the
Vernier zone residues of the corresponding chicken Vi or V) region. The
framework scaffolds thereby generated were 94-96% identical to human
framework sequences, making immunogenicity very unlikely. The first two N-
terminal residues of the light chains were also eliminated, as these residues
were situated proximal to CDR1 in mammalian antibodies and could in principle
interfere with interaction of the antibodies with antigens. The CDRs of the
chicken mAb were then grafted to the modified scaffolds, to create the
humanized V4 and V), regions (Figure 5C). Comparisons of apparent binding
affinities of the chicken and humanized versions of the anti-FZD10 mAb
showed that humanization was achieved without loss of affinity (Figure 5D).
This facile humanization contrasted with murine antibodies, which require
considerable empirical optimization.

The above-described results showed that the DTLacO-2 platform
permitted rapid ex vivo discovery of mAbs that recognized highly conserved
targets. The power of the DTLacO platform was demonstrated by generating
specific and high affinity mAbs to five cell surface antigens of therapeutic
interest, the receptor tyrosine kinases VEGFR2 and TIE2, the glycoprotein
TROP2, and the G protein-coupled receptor FZD10, all of which as described
herein were obtained using DTLacO-2, and also the small TNF receptor family
member FN14 obtained using DTLacO-1. The highly conserved extracellular
domains of these cell surface receptors were likely to make them difficult
targets for in vivo mAb discovery, which is limited by immune tolerance. The
time from initial selection to identification of a high-affinity mAb (<10 nM) was on
the order of 4-8 weeks, and subnanomolar affinity was achieved in 8-12 weeks.

This timeframe for production of high affinity antibodies of desired specificity
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compared very favorably with other ex vivo or in vivo platforms for mAb
discovery.

The DTLacO ex vivo mAb discovery platform provided several
additional advantages relative to other mAb discovery approaches. The cells
produced intact antibodies, which could be tested immediately for desired
properties, whereas many in vitro approaches like the phage-display system
produce single-chain antibodies, which are frequently difficult to convert to
active full-length mAbs due to aggregation or instability. The DTLacO cells
diversified Ig V regions using physiological pathways (somatic hypermutation
and gene conversion), which target mutations mainly to CDRs, the subdomains
of V regions that directly contact antigens. Furthermore, the cells proliferated
rapidly and they were immortal, so that at each step of selection the cell
population provided not only a renewable source of antibodies (or Vy and V|
sequences for expression of recombinant antibodies), but also a starting point
for further optimization.

The DTLacO platform was distinguished from other mAb
discovery platforms that use DT40 cells (Cumbers et al., 2002; Seo et al., 2005)
by the ability to access both of the described physiological diversification
mechanisms, somatic hypermutation and gene conversion. DTLacO cells also
retained the ability to carry out homologous gene targeting, which permitted
additional genetic engineering. The above feature of DTLacO cells was further
exploited by substituting the endogenous Vy region with a rearranged Vy
library, to create the DTLacO-2 population carrying an expanded Vy repertoire.
The third heavy chain CDR, CDR-H3, included the VDJ junction and was a
major determinant for antigen recognition (Xu et al., 2000). CDR-H3 diversity
may have contributed to the rapid selection of a high affinity anti-FZD10 mAb
from the DTLacO-2 population. It is also possible to swap human V regions for
chicken V regions (data not shown), which permitted optimizing affinity or
functionality of mAbs discovered by other methods, as well as direct discovery

of human therapeutic mAbs.
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The chicken mAbs optimized in DTLacO cells proved to be readily
humanized by CDR grafting into consensus human Vy subgroup Il and V)
subgroup Il framework regions in which Vernier zone residues had been
modified to preserve CDR structure. Humanization of Igs was carried out
without loss of affinity, and achieved >94% identity to human Igs within the
framework regions. This result was comparable to or better than many
humanized murine mAbs now in the clinic, and made immunogenicity very
unlikely. The readiness with which the mAbs were humanized contrasted with
antibodies discovered in mice or murine cells, which must undergo empirical
optimization. Vy subgroup Il and V, subgroup Ill framework regions are
conserved among a number of vertebrates, raising the possibility that mAb

frameworks could be modified for treatment of chronic illness in other species.
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The various embodiments described above can be combined to
provide further embodiments. All of the U.S. patents, U.S. patent application
publications, U.S. patent applications, foreign patents, foreign patent
applications and non-patent publications referred to in this specification and/or
listed in the Application Data Sheet are incorporated herein by reference, in
their entirety. Aspects of the embodiments can be modified, if necessary to
employ concepts of the various patents, applications and publications to
provide yet further embodiments.

These and other changes can be made to the embodiments in
light of the above-detailed description. In general, in the following claims, the
terms used should not be construed to limit the claims to the specific
embodiments disclosed in the specification and the claims, but should be
construed to include all possible embodiments along with the full scope of
equivalents to which such claims are entitled. Accordingly, the claims are not

limited by the disclosure.
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CLAIMS

What is claimed is:

1. A recombinant polynucleotide vector for integrating a target
gene into a chicken immunoglobulin gene heavy chain locus, comprising:

(a)  a chicken immunoglobulin V4 gene upstream nucleic acid
sequence region;

(b)  atarget gene that comprises a rearranged chicken
immunoglobulin Vy-D-Jy gene that has been isolated from a population of chicken
bursa of Fabricius cells; and

(c) a chicken immunoglobulin Jy gene downstream nucleic
acid sequence region,

wherein the target gene, upon being integrated into the chicken
immunoglobulin heavy chain locus of a DT40 cell, is capable of undergoing either or
both of (i) somatic hypermutation in an immunoglobulin Vy region-encoding
sequence, and (ii) gene conversion between a rearranged chicken immunoglobulin
Vy-encoding nucleic acid sequence and a DT40 Vy pseudogene nucleic acid

sequence.

2. The vector of claim 1, wherein the target gene further comprises

a polynucleotide sequence that encodes a marker protein.

3. The vector of claim 2, wherein the marker protein is selected

from green fluorescent protein (GFP) and blue fluorescent protein (BFP).

4. The vector of claim 1 wherein the somatic hypermutation takes
place in either or both of an immunoglobulin Vi complementarity determining region-
encoding sequence and an immunoglobulin Vy framework region-encoding

sequence.
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5. A composition comprising a plurality of recombinant
polynucleotide vectors for integrating a plurality of target genes into a plurality of
chicken immunoglobulin gene heavy chain loci, each of said vectors comprising:

(a)  a chicken immunoglobulin V4 gene upstream nucleic acid
sequence region;

(b)  atarget gene that comprises a rearranged chicken
immunoglobulin Vy-D-Jy gene that has been isolated from a population of chicken
bursa of Fabricius cells; and

(c) a chicken immunoglobulin Jy gene downstream nucleic
acid sequence region,

wherein the target gene, upon being integrated into the chicken
immunoglobulin heavy chain locus of a DT40 cell, is capable of undergoing either or
both of (i) somatic hypermutation in an immunoglobulin Vy region-encoding
sequence, and (ii) gene conversion between the rearranged chicken immunoglobulin
Vu-encoding nucleic acid sequence and a DT40 Vy pseudogene nucleic acid
sequence, and

wherein the rearranged chicken immunoglobulin Vy-D-Jy gene is
obtained from a plurality of rearranged chicken immunoglobulin Vy-D-Jy genes

isolated from a population of chicken bursa of Fabricius cells.

6. The composition of claim 5, wherein the target gene further

comprises a polynucleotide sequence that encodes a marker protein.

7. The composition of claim 6, wherein the marker protein is

selected from green fluorescent protein (GFP) and blue fluorescent protein (BFP).

8. The composition of claim 5 wherein the somatic hypermutation

takes place in either or both of an immunoglobulin Vi complementarity determining
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region-encoding sequence and an immunoglobulin Vy framework region-encoding

sequence.

9. A composition, comprising:

(a)  the vector of any one of claims 1 to 4; and

(b)  asecond vector for integrating a second target gene into an
immunoglobulin gene light chain locus, the second vector comprising

(1)  a chicken immunoglobulin V| gene upstream nucleic acid
sequence region;

(2) asecond target gene that comprises a rearranged
chicken immunoglobulin V| -J. gene that has been isolated from a population of
chicken bursa of Fabricius cells; and

(3)  a chicken immunoglobulin J, gene downstream nucleic
acid sequence region,

wherein the second target gene, upon being integrated into the chicken
immunoglobulin light chain locus of a DT40 cell, is capable of undergoing either or
both of (i) somatic hypermutation in an immunoglobulin V, region-encoding
sequence, and (ii) gene conversion between a rearranged chicken immunoglobulin
V-encoding nucleic acid sequence and a DT40 V| pseudogene nucleic acid

sequence.

10. A composition, comprising:
(1)  the composition of any one of claims 5 to 8; and
(2)  one or a plurality of recombinant polynucleotide vectors for
integrating a plurality of target genes into a plurality of chicken immunoglobulin gene
light chain loci, each of said vectors comprising:
(a)  a chicken immunoglobulin V| gene upstream nucleic acid

sequence region;
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(b)  asecond target gene that comprises a rearranged
chicken immunoglobulin V| -J. gene that has been isolated from a population of
chicken bursa of Fabricius cells; and

(c)  achicken immunoglobulin J. gene downstream nucleic
acid sequence region,

wherein the second target gene, upon being integrated into the chicken
immunoglobulin light chain locus of a DT40 cell, is capable of undergoing either or
both of (i) somatic hypermutation in an immunoglobulin V. region-encoding
sequence, and (ii) gene conversion between a rearranged chicken immunoglobulin
V-encoding nucleic acid sequence and a DT40 V| pseudogene nucleic acid
sequence, and

wherein the rearranged chicken immunoglobulin V -J| gene is obtained
from a plurality of isolated rearranged chicken immunoglobulin V -J, genes from a

population of chicken bursa of Fabricius cells.

11.  The composition of claim 9 or 10, wherein the second target
gene further comprises a polynucleotide sequence that encodes a second marker

protein.

12.  The composition of claim 11, wherein the second marker protein

is selected from green fluorescent protein (GFP) and blue fluorescent protein (BFP).

13.  The composition of either claim 9 or claim 10 wherein the
somatic hypermutation takes place in either or both of an immunoglobulin V,
complementarity determining region-encoding sequence and an immunoglobulin V|

framework region-encoding sequence.

14. A host cell, comprising the vector of any one of claims 1-4 or the

composition of any one of claims 5-8 and 9-13.
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15. The host cell of claim 14 wherein the cell is a bacterial cell.

16. The host cell of claim 14 wherein the cell is derived from a

chicken cell.

17. The host cell of claim 14 wherein the cell is a chicken bursal

lymphoma cell.

18. The host cell of claim 14 wherein the cell is a DT40 cell.

19.  The host cell of any one of claims 16 to 18, wherein the
immunoglobulin gene heavy chain locus in the host cell comprises a polymerized

lactose operator.

20. The host cell of any one of claims 16 to 19, wherein the
immunoglobulin gene light chain locus in the host cell comprises a polymerized

lactose operator.

21.  Alibrary of host cells according to any one of claims 14 to 20.

22. A method for integrating a target gene into a chicken
immunoglobulin heavy chain locus, comprising:

(a) transfecting chicken B-cells with the vector of any one of claims
1- 3, or transfecting chicken B-cells with the composition of any one of claims 5-8;
and

(b) identifying a chicken B-cell in which the target gene is integrated

into the immunoglobulin heavy chain locus.
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23. A method for integrating a first target gene into a chicken
immunoglobulin heavy chain locus and integrating a second target gene into an
immunoglobulin light chain locus, comprising:

(a) transfecting one or a plurality of chicken B-cells with the
composition of any one of claims 9-13 to obtain one or a plurality of transfected B-
cells; and

(b) identifying a transfected chicken B-cell from (a) in which the
target gene that comprises a rearranged chicken immunoglobulin Vy-D-Jy gene is
integrated into the immunoglobulin gene heavy chain locus and the second target

gene is integrated into the immunoglobulin gene light chain locus.

24. A method for producing a repertoire of chicken immunoglobulin
heavy chain polypeptide sequence variants of a target polypeptide that is encoded
by a target gene that comprises a rearranged chicken immunoglobulin Vy-D-Jy gene,
comprising:

culturing a chicken B-cell containing the vector of any one of claims 1
to 3 under conditions that allow for proliferation of the B-cell until a plurality of B-cells
is obtained, wherein the B-cell is capable of either or both of (i) somatic
hypermutation in an immunoglobulin Vi complementarity determining region-
encoding sequence, and (ii) gene conversion between a rearranged chicken
immunoglobulin Vy-encoding nucleic acid sequence and a Vy pseudogene nucleic
acid sequence, and thereby producing a repertoire of chicken immunoglobulin heavy

chain polypeptide sequence variants of the target polypeptide.

25.  The method of claim 24 wherein the chicken B-cell further
comprises a second vector for integrating a second target gene into a chicken
immunoglobulin gene light chain locus, the second vector comprising

(a)  a chicken immunoglobulin V| gene upstream nucleic acid

sequence region;
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(b)  asecond target gene that comprises a rearranged
chicken immunoglobulin V| -J. gene that has been isolated from a population of
chicken bursa of Fabricius cells; and

(c) a chicken immunoglobulin J. gene downstream nucleic
acid sequence region,

wherein the second target gene, upon being integrated into the chicken
immunoglobulin light chain locus of a DT40 cell, is capable of undergoing either or
both of (i) somatic hypermutation in an immunoglobulin V| complementarity
determining region-encoding sequence, and (ii) gene conversion between a
rearranged chicken immunoglobulin V -encoding nucleic acid sequence and a DT40

VL pseudogene nucleic acid sequence.

26. The method of claim 25, wherein the chicken immunoglobulin

gene light chain locus comprises a polymerized lactose operator.

27. The method of any one of claims 22-26 wherein the chicken cell
is selected from DT40 and DTLacO.

28. The method of claim 25 or 26, further comprising screening the

plurality of chicken B-cells for binding to an antigen.
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