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ENHANCED EXPRESSION OF HUMAN OR HUMANIZED
IMMUNOGLOBULIN IN
NON-HUMAN TRANSGENIC ANIMALS

Field of the Invention
This invention relates to a method to improve the expression of human(ized)

immunoglobulin in non-human transgenic animals by promoting normal B-cell
development and by sustaining the expression of human(ized) antibodies in non-
human animals harboring human(tzed} fmmunoglobulin loci. In particular, tms
invention relates to the simultanecus express:on of transgenes encoding hmnan(xzed}
Igu and/or IgB, components of the B-cell receptor, and transgenes encoding a
human(ized) immunoglobulin locus or Toci. This method allows for the dominant
expression of human(ized) antibadies, for example in the blood, miilk or eggs of the

transgenic non-human animals,

Description of the Related Art

Antibodies are an important class of pharmaceutical products that have been

successfully used in the treatment of various human diseases and conditions, such as
cancer, allergic diseases, prevention of transplant rejection and 'host-v'ersusﬁgraﬁ
disease.

A major problem of the antibody preparations obtained from non-human
amimals is the intrinsic immunogenicity of non-human immunoglobuling in human
patients. In order to reduce the immunogenicity of non-human antibodies, it has been
shown that by fusing animal variable (V) region exons with human constant (C)-
region exons, a chimeric antibody gene can be obtained. Such chimeric or huméﬂézed

antibodies have minimal immunogenicity % humans and are appropriate for use in the

“therapeutic treatment of human subjecis.

_ Humanized monoclonal antibodies have been developed and are in clinical
use. However, the use of monoclonal antibodies in general, whether chimeric,
humanized or human, for the treatment of devastating diseases such as cancer or
infections with virulent pathogens, is limited due fo the complexity, multifactorial
etiology and adaptivity of these diseases. Monoclonal antibodies directed against
singularly defined targets usually fail when those targets change, evolve and mutate.

For instance, malignancies may gain resistance to standard monocional antibody
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therapies. A solution to this problem is to use polyclonal antibodies which have the
ability to target a plurality of evolving targets. Polyclonal antibodies can neutralize
bacterial or viral toxins, and direct immune responses fo kill and eliminate pathogens.

Accordingly, theré is a great clinical need for suitable methods for the large-
scale production of high-titer, high-affinity, humanized po}ycion_gi and monocional
antibodies. Furfher, since production of antibodies in larger transgenic animals like
rabbits,- chickens, sheep and cows is favored from the standpoint of antibody yield,
creation of larger founder animals expressing -highcr amounts of transgene-encoded
products is also ﬁighiy desirable. | |

Humanized monoclonal antibodies are typically human antibodies in which
sotne CDR residues, and possibly some FR tesidues, are substituted by residues from
anéiogoi;s sites in non-human, animal, e.g. rodent, antibodies. Humanization can be
essentially performed follav&ing the method of Winter and co-workers {Jones ez al.,

Nature, 321: 522 (1986); Riechrzia_hn et af., Nature, 332: 323 (1988); Verhoeyen ef

al., Science, 239: 1534 (1988)), by substituting non-human, animal CDRs or CDR

sequences (e.g. rodent), for the corresponding sequences of a human monocional

antibody.
While making humanized antibodies in animals, one problem encountered is

the endogenous production of host antibady over transgenic antibody, which needs to

be suppressed. It has been described that the homozygous deletion of the antibody,
heavy-chain joining region (JH) gene in chimeric and germ-line mutant mice, results

in the complete inhibition of endogenous antibody production. Transfer of 2 human

.germ-line immunoglobulin gene array into such germ-line mutant mice will result in

the production of human antibodies upon antigen challenge. See, e.g., ] akobovits e

al., Proc. Nail. Acad. Sci USA, 90: 2551 (1993, Jakobovits et al., Narure, 362: 255
(1993); Bruggemann ef al., Year in Immunol., 7. 33 (1993); U. S. Patent No.,
7,064,244 issued June 20, 2006; the disclosures o-f which are incorporated herein by
reference in their entirety. - ' '

The introduction of human immunoglobulin genes into the genome of mice
resuits in the expression of a diversified human antibody repertoire in these
genetically engineered mice. The generation of mice expressing human-mouse
chimeric antibodies has been described by Pluschke ef of., Journal of Immurnological

Methods 215: 27-37 (1998). The generation of mice expressing human
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immunoglobelin poljfpeptides has been described by Neuberger ef al., Nature 338:
350-2 (1989); Lonberg ef al.,, Int. Rev. Immunol. 13(1):65-93 (1995); and
Bruggemann et al., Curr. Opin. Biotechnol, 8(4): 455-8 (1997; U.S. Patent.No.
5,545,806, issucd August 1996; US Patent No. 5,545,807, issued August 1996 and
U.S. Patent NO. 5,569,825, issued October 1996, the disclosures of which are
incorporated herein by reference in their entirety. The generation of cows expressing
human antibodies has been described by Kuroiwa et al., Nature Biotech 20(9): 889-
894 (2002). The production of nen-human &ansgen-ic animals expressing
human(izéd) immunogiobulin transloci and the pmdﬁction of antibodies from such
fransgenic animals have also been described in detail in PCT Publication Nos. WO

92/03918, WO 02/12437, and im U.S. Patent Nos. 5,814,318, and 5,570,429, the

- disclosures of which are hereby expressly incorporated by reference in their entirety.

The humanized antibodies obtained have minimal immunogenicity to humans and are
appropriate for use in the therapeutic treatment of human subjects. |

- While the genetic engineering approaches cited above result in the expression
of human immunoglobulin polypeptides in genetically engineered mice, the level of

human immunoglobulin expression is lower than normal. This may be due to species-

specific regulatory elements i the immunoglobulin loci that are necessary for

efficient expression of immunoglobulins. As’demonstrated iri transfected cell lines,
regulatory_eleménts present in human immunoglobulin genes may not function
properly in non-human animals. Several regulatory elements in immunoglobulin
genes have been déscribed, Of particular importance are enhancers downstream (37)
of heavy chain constant regions and intronic enhancers in fight chain genes. In
addition, éthe:r, yc'i' to be identified, control elements may be present in
immunoglobulin genes. Studies in mice have shown that the menibrane and
cytoplasmic tail of the membrane form of immunoglobulin molecules play an
important role in expression levels of huiman-mouse chimeric antibodies in the serum
of mice homozygous for the human Cy! gene. Therefore, for the expression of
heterclogous immunogiobulin genes in animais, it is desirable to replace sequences
that contain enhancer elements and exons encoding transmembrane (M1 exon) and

cytoplasmic tail (M2 exon) with sequences that are normally found in the animal in

similar positions.



Human immunoglobulin expression in these genetically engineered animals
may also be affected by B-cell development of the non-human B-cells carrying the
‘human or humanized immunoglobulin loci. The 'mfhience of the B-cell receptor
{BCR) on B-cell development has been studied extensively in mice. However, it has
" been-unclear how a humaﬁ or pariially human antibody combines to form a functional
BCE., and whether such & BCR would efficiently influence the ﬁevelopmem: and
survival of non-human B-cells expressmg human(ized) Ig, in wransgenic animals,

which, in turn, would affect antibody yields.

Briel Deserintion of Drawings

Figure 1 shows an amino acid aligronent of the human Igo polypeptide
sequence {SEQ ID NO: 1) with other non-human 1gt sequences (SEQ ID NOs: 2-6).
Figure 2 shows an amino acid alignment of the human 1gf polypeptide

sequence (SEQ [D NO: 7) with other non-human 1gfi sequences {SEQ ID NOs: 8-12).

pe

Summary
The disclosure provides a transgene construct encoding a
chimeric Ig¢ subunit of the BCR, wherein the chimeric Igo subunit comprises an
intraceliular domain sequence and a ransmembrane domain sequence of 2 non-
human, Iga polypeptide sequence; and further, 2 polypeptide having at least 85%

sequence identity to the extracellular domeain of nrman Iga of SEQ ID NO.: 1.

The disclosure provides a transgene construct encoding a
chimeric Igh subunit of the BCR, wherein the chimeric g subunit compnises an
intracellular domain sequence and e transmembrane demain sequence of & non-
human, igP polvpeptide sequence, and further, 2 polypeptide having at least 85%

sequence identity {o the extracellular domain of the hurman 1gB of SEQ ID NG..7.

In a certain embodiment of the disclosure the type of non~human Igo
polypeptide sequence includes, but is not Himited te, the bovine (SEQ ID NO: 2y,
murine (SEQ ID NO: 3); canine (SEQ ID NO: 4; primate ((SEQ ID NO: 5); rabbit
(SEQ ID NO: 6) or other nor-human sequences. In another embodiment of the

disclosure, the type of non-human Igf polypeptide sequence includes, but is not

4



limited to, the canine (SEQ 1D NO: 8); rat (SEQ ID NO: 9}; bovine (SEQ ID NO: 10);
murine (SEQ ID NO: 11); chicken (SEQ ID NO: 12) or other non-human sequences,

Disclosed herein is, the non-human transgenic animal comprises (a) a transgene
construct encoding either z full-length, human Igg subunit of SEQ ID NO.: 1, or the
~ chimeric [g0 subumnit aé defined above, and/or, {b} a wansgene construct encoding
either a full-length, human Igf subumit of SEQ ID NQ.; 7, or the chimeric 1g8
subunit, as defined above, and, {c) a transgene construct encoding & human(ized)
immunogiobulin locus, wherein the resultant transgens ;:Jrodﬁcts combine to form &

human(ized) B-cell receptor complex. In one aspect, there is provided a non-human
transgenic animal comprising:

(a) 2 transgene constuct encoding a full-length, human Igo subunit of SEQ I NO.: 1;
and,
(b) a transgene construct encoding a full-length, human 1gf subunit of SEQ ID NO.. 7;
and,
{c)  transgene construct encoding a human(ized) immunoglobulin locus;
wherein the resultant transgene products combine to form a human(ized) B-cell receptor |

complex.

In one embodiment , the expression of any endrogenous Ig

roduction, and/or, endogenous lgt and/or endogenous 1gf subunit expression, of the
P = & = ) P

non-human transgenic animal is substantially reduced.

In another embodiment, the nor-human transgenic animal is selected from a
group consisting of rabbit, mouse, rat, pig, sheep, goat, bird, horse, donkey and cow.

in a preférred embodiment, the non-human transgenic animal s a rabbit.

The disclosure also provides an isolated human(ized)
irﬁmunoglobuiin from the non-human transgenic animal defined above, which is -
either an antibody or an antibody fragment. In a certain embodiment of this disclosure
the isolated human{ized) immunogiobuimn s either 2 polvcional ora monoclonal
amtibédy, or alternately, is an antibody fragment. The antibody fragment can be either
from a polycional or 2 monocional antibody, Further, the antibody or the antibody

r

fragment can be labeled, or fused 1 a toxin to form an mmunotoxin, or coupled to a



therapeutic agent, or fused to any heterologous amine acid sequence weli-defined and
used in the art, In some embodiments, the entibody fragment is & Fe, Fv, Fab, Fab’ or

F(ab’}, fragment.
The disclosure provides an isolated B-cell from the non-human

transgenic animal defined above, where the B-cell expresses efther the native human

lear subunit or a chimeric gt subunit and/or either the native human g subunit or

Sa



the chimeric 1gP subunit, and further, also expresses the human(ized)
immunoglobulin locus. In certain embodiments, this B-cell is nnmortaIIZﬁd andina

preferred embodnnent is derived from a rabbit. In another aspect, there is provided an
1solated B-cell from said non-human transgenic amimal as defined above, wherein said B-cell

expresses the native Igo subunit and the native human IgB subunit, and the human(ized)
immunoglobulin }ocus

The disclosure provides an antibody preparation comprising  an

antibody or an antibody fragment, as described above.
The disclosure provides a pharmaceutical composition

comprising an antibody or antibody fragment, as described above, In a mixture with 2

ising 3 :
pharmaceutically acceptable ingredient. The pharmaceutical composition can

- comprise either & monociona! antibody ora fragment thereo?, or, one or 2 piurality of

potycional antibodies or fragments thereof,

The disclosure provides a method for producing

human(ized) antibodies In & por-human animal comprising: {a) introducmg and
f:xpr £35Ing 2 matsgene construct encoding either & native Timan 1ga subumit or 2
chimeric g subunn and/or = transgene construct encoding either a native huma:n IgB
subunit or a chimeric Igf subnma, into the non-human animal; and, (b) introducing and
eXpressing & oTansgene construct encoding a human(ized) immunogiobulin locus o
the non-human anamal; (¢) subjecting thf: animal to an antigenic stmuius; and (d)
- isolating human( 1zad) antibodies from tn amimal. In a certamn embodiment of this

disclosure, the antibody is either a polyclonai or a monocional aniibody, or is a fragment
of a poivcional or 2 monocional antibody. Furtner, the antibody or antibody fragment
cap either be labeled, or can be fused 10 a toxin © form an irmmunotoXin, or coupled

to a therapeutic agent, or can be fused to any heterologous amine acid sequence.

The disclosure provides a method for producing a non-human

animal sxpressing human(ized) antibodies comprismg: {4) ntraducing and expressing
& TAnsgene consmlf't encoding either 2 native human lga subunit or 2 chimeric gt
subnmt and/or a rransaere congtruct encoding either & patve human Igh subumi ora
chimeric lgf subumit into the B-cell of the non-human animal; anc, (b) mroducmg
and expressing a fransgens construct encoding & human(ized) mmmunoglobuim locus

mnto the non-human animal; wherein the resultan: ransgene products combine to form
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z human(ized) B-cell receptor complex. In one embodiment, the non-human animal -
expressing human(ized) antibodies is an animal that creates antibody diversity by

gene conversion and/or somatic hypermutation, In a preferred embodiment, the

animal is a rabbit,

Detailed Description of the Invention

Definitions _ _
Unlegs defined otherwise, technica! and scientific terms used herein have the

same meaning as commonly understood by one of ordinary skill in the art to which

‘this.inventii}n belongs. Singleton er al., Dictionary of Microbiology and Molecidar

Biology 2nd ed., J. Wiley & Sons (New York, NY 1294), and March, Advanced ‘
Organic Chemistry Reactions, Mechanisms and Structure 4th ed., John Wiley & Sons
(N ew York, NY 1992), provide one skilled in the art with a general gunde to many of

.the terms used in the present application.

One skilled in the art will recognize mgﬁy methods and materials similar or
equivalent to those described herein, which could be used in the practice of the
present invention. Indeed, the present invention is in no way limited to the methods
and materials described. For purposes of the present invention, the following terms
are defined below. )

“A transgene COnStruct or expression ccmstmct"’ as defined herein, referstoa
DNA molecule which contains the coding sequence for af least one transgene of
interest along with appropriate regulatory sequences required for temporal, cell |
specific and/or enhanced expression of the transgene(s) of interest within target cells

of a non-human tranégenic animal.
“B-cells” are defined as B-lineage cells that are capable of under"going. :

feazjrangcment of imumunoglobulin gene segments and expressing immunoglobulin

genes at some stage in their life cycle. These cells include, but are not limited to,

early pro-B-cells, late pro-B-cells, large pre-B-cells, small pre-B-celis, immature B-

. cells, mature B-cells, memory B-cells, plasma cells, ete.

“B-cell receptor (BCR) complex™ as defined herein, refers to the multisubunit
immune recognition receptor expressed on B-cells, which includes the following
subunits: the antigen (Ag) receptor, the membrane-bound immunoglobulin (mlg), the

Iga subunit and the Igf subunit. The B-cell receptor, its components, and its
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association with the five inmunoglobulin classes have been described by Wienands ef
al., EMBO J. 9(2): 449-455 (1990), Venkitaraman ef af, Narre 352: 777-781 (1961),
Herreri ef al., Immunologic Res-. 26{1-3): 35-43 (2002). In addition, there are ‘sevéral
BCR-associated proteins (BAPs) that have been cloned and sequenced, but their
function(s) remain unknown, and their role, as components of the BCR, has been

questioned. BCR-associated proteins have been described by Adachi ef al, EMBO J

15(7): 1534-1541 (1996) and Schamel e al., PNAS 100(17): 9861-9866 (2003).

“Native Jga or IgP subunits” refer to naturaily occurring fza or 1gf
polypeptide sequences, which include naturalty occurring alieles of Iga or Igf
subunits found in a given type of animal, orin a félated species. These are also
referred to as “full-length Iga or IgP sequences”. The human Iga polypeptide
sequence was cloned by Flaswinkel ef al., Immunogenetics 36 {4): 266-69 (1992);

Accession nuznbef M74721 (Figure 1, SEQ ID NO: 1}. The human IgB polypeptide

sequence was cloned by Mueller ef al, Eur. J. Biochem. 22, 1621-25 (1992);
Accession number M80461 (Figure 2, SEQ ID NO: 7).

| The term “human(ized)” refers to an entirely human sequence or a seguence
containing one or more human sequenccé. Thus, the term, as used herein, ihclud.es
human and humanized sequences. ' |

A “chimeric Iga” subunit or ‘protein or polypeptide refers to an Iga

pol}?pepiide sequence from an animal (e.g.; rat, mouse, human, rabbit, chicken, ete.),

. in which one or more domains of the Iga polypeptide are replaced with a

corresponding domain or domains from a different Iga polypepiide of another animal
or species, or with a corresponding domain or domains from a different allelic Iga
version, or from a variant [gt sequence with one or more ammo acid substitutions, or
from a variant Iga sequence having at least 85% sequence identity to the
corresponding domain of a given Iga sequence. The terms “chimeric 1g0” and

“human(ized) Igt” are used interchangeably throughout the specification. Iga

~ polypeptide sequences (SEQ 1D NOs: 2-6) from some non-human animals are also

defined in Figure 1.

A “chimeric Igf” subunit or protein or polypeptide refers to an Igp
polypeptide sequence from an animal {.g.; rat, mouse, human, raBbit, chicken, ete.},
in which one or more domains of the IgB polypeptide are replaced with a

corresponding domain or domains from a different IgB polypeptide of another animal

8
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or species, or with a corresponding domain or domains from a different allelic Igp
version, or from a variant Igf sequence with one or more amino acid substitutions, or
from a variant Igf sequence having at least 85% sequence identity to the .
corresponding domain of a given ‘IgB sequence. The fenns “clﬁmeric IgB” and
“human(ized) Igf3” are used interchangeably throughout the sﬁeciﬁcation. igB
polypeptide sequences (SEQ ID NOs: Seli) from some non-human animals are
defined in Figure 2. _ '

“Intraceliular polypeptlde or domain” or “cyloplasmic tail” refers to that part
of the polypeptide sequence of a given membrane-bound protein or subunit that exzsts
within the bounds of th.f: cell. Usually, the intracellular domain of the protein is
responsible for signal transduction. ‘ ;

By “intracellular dornain sequence” of an Igtf or Igf subunit is meant the
polypeptide sequence of the Iga or Igf polypeptide, or fragments thereof, that usually.
exist within the bounds of the cell. | _ '

- “Transmembrane domain 'SEquf:nCE:” of anTgo or IgB subunit is meant the
polypéptide sequence of the Igd or Igf polypeptide, or fragments thereof that spans a
biological membrane such asa piasma membrane, organelle membrane, or lipid

bilayer. The “transmembrane domain sequence” as defined herein includes naturally

- oceurring membrane-spanning polypeptides, or can be non-naturally ocourring

consensus sequences, or fragments thereof.

“Extracellular polypeptide or domain” refers to that part of the polypeptide
sequence of a given membrane-bound protein or subumt that usually exists outside the
bounds of the cell. By “extraceliuler domain of Iga or IgB” is meant the polypeptide
sequence of tﬁe. iga or I_gB polypeptide, or fragments thereof, that exist outside the

" bounds of the ceil,

. The term *human(ized) immunoglobukin locus” as used herein includes both
naturally occurring sequences of a human immunoglobulin or Ig gene locus or a
segment thercof, degenerate forms of naturally occurring sequences of a human Ig
gene locus or segmeﬁts thereof, as well as synthetic sequences that encode a
polypeptide se;:{uence suibstantially identical to a polypeptide encoded by a naturally
ocCurring séquence: of a human Ig gene locus or a segment thereof. In a particular
embodiment, the human Ig gene segment renders the immunoglebulin molecule non-

immunogenic in humans. Here, the terms “human{ized) or humanized

9



0

[N

20

25

30

immunoglobulin (Ig) heavy and/or light chain locus™ or “human or human(ized)

‘ :mmunoglobuhn or Ig locus™ are used mterchangeably.

The term “human(ized} B-cell receptor (BCR) complex™ as used herein refers
to those muliisubunit BCR complexes in which the Iga subunit is either a native,
human Jga subunit or a chimeric Iga subunit having human or humanized Iga
sequences as described above, and/or further, in which the Igf subunit is eithera
native, human Igf subunit or-a chimeric Igf subunit having human or humanized 1gf
sequences as described above; and further, where the membrane-bound
immunoglobulin (mlg) is that of a human{ized) 1mmuneg]obuhn, as described above,

The terms “human antibody™ and “human immunoglobulin® are used herein to

refer to antibodies and immunoglobulin molecules comprising fuily human sequences.

The tenﬁs “humanized antibody™ and “humanized immunoglobulin,” as used
herein, mean an immunogiébu] in molecule comprising at least a portion of a human
1mmunoglobuim polypeptide sequence (or a poiypeptxde sequence encoded byva
human immunoglobulin gene segment). The humamzed zmmuncglobuim molzscules
of the present invention can be isclated from a transgenic non-human animal
engineered to produce humanized immunoglobulin molecules. Such humanized

immunoglobulin molecules are less immunogenic to primates, especially humans,

" relative to non-humanized immunoglobulin melecules prepared from the animal or

prepared from cells derived from the animial. Humanized immunoglobulins or
amibo&ies inciude immunogiobulins (Igs) aﬁd antibodiés that are further diversified
through gene conversion and somatic hypermutations in gene converting animals.
Such humanized Ig or antibodies are not “human” since they are not naturally made
by humans (since humans do not diversify their antibody 'fepe,rtoire through gene
conversion) and yet, the humanized Ig or antibodies are not immunogenic to humans
since they have hurmnan [g sequences in their structure, ' |

By the term * substantially reduced” endogenous Ig production, and/or Ige
and/or IgR subunits expression is meant that the degree of production of sither the
endogenous Iz ﬁione or additionally, endogeous Igo. and/or Igfd expression is reduced
preferably at least about 30%—49%, or more preferably at least about 50%-79%, or
even more preferably at least about 80-89%, or most preferably by about 90-100% in

the transgenic animal.
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The term “monoclonal antibody™ is used to refer to an antibody molecuie
synthesized by a single clone of B-cells.
" Theterm “polyclonal antibody™ is used to refer to a population of antibody
molecules synihesized by a population of B-cells. ' '
An “immunoglobulin {Ig} locus” having the capacity to undergo gene
rearrangement and gene conversion is also referred to herein as a “functional” Ig

locus, and the antibodies with a diversity genérated by a functional Ig locus are also

‘referred to herein as “functional” antibodies or a “functional” repertoire of antibodies.

The term “non-human (transgenic) animal” as used herein includes, but is not
limited to, mammals such as, for example, non-humar primates, rodents {(e.g. mice
and rats), non-rodent mammals, such as, for exam_i:l.e, rabbits, pigs, sheep, goats,
COWS, Pigs, hbrses and donkeys, and birds (e.g., chickens, turkeys, ducks, geese and
the like). The term “non-primate animal” as used herein includes, but is not limited to,
mammafs other fhan' primates, including but not limited 1o the mammals specifically

listed above.

Detailed Description

This invention is based, at leaét in part, on the recggnitic}ri that the éroduc*;ion
of human or humanized imm\unqg]obulin {including imrruncgiobulin ¢hains) in a
non-human transgenic animal can be significantly increased by co-expressing human
or humanized lge and/or Igf in the B cells of the animal. The inclusion of human or
humanized Igo and/or Igf in the B cells in transgenic animals is believed to
reconstitute and improve interactions between the B-cell receptor proteins, thereby
enhanc'mg antigen recognition, B-cell development and survival. of the B cells
carrying such transgenes. The co-expression of humanized immunoglobulin in
transgenic animals already carrying the human or humanized 1gow and/or 1gh
transgenes would vastly improve humanized immunoglobulin production. It would
be additionally desirable to express both, the human or humanized Iga and/or Igﬁ
transgene and the humanized immunoglobulin transgene agamnst a knockout

background of, preferably, bath endogenous Ig, as well as endogenous Iga and/or Igf.

The B-cell receptor and its associated proteing
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The B-cell receptor consists of membrane bound immunoglobulin and a
signal-transducing heterodimer, consisting of two disulfide-linked 'glyoproteins called
Iga and IgB.. In addition, BCR associated proteins (BAPs) have been described.

Expression of the BCR is important for B-celi development, selection and
survival. These processes depend on BCR signaling through the Iga/lgp heterodimer.
The cytoplasmic domains of these molecules carry a sequence motif that contains
several tyrosine residues assembled into the so-called immunoreceptor tyrosine-based
activation motif ({TAM), which are phosphorylated upon BCR triggering.

) Gene targeting experiments have shown that the cytoplasmic doniains of the
Igaﬁgﬁ heterodimer are crucial fef B-cell development. Signals transduced by the
Iga/1gp heterodimer are involved in both positive and negative selection of .
deﬁ@ei’oping B—qel!s.

A membrane bound immunoglobulin (mlg) molecule consists of two heavy
éhains, forming a hom'od_irﬁef, and two light chains, each of which is covalently bound
to one of the heavy chains. At the N-terminus the heavy chain carries a VH dom;ain,
which, depending on the isotype, is followed by either 4 (IgM, IgE), 3 (IeG, IgA)or 2 |
(1gD) C-domains. The antigen-bindihg site is formed by the hypervariable regions of |
a VH:VL pair. Thus, cach mig molecule has two antigen binding sites.

The mIgM molecule differs from the secreted form of IgM in that the secreted
1gM forms a pentamer with 10} potential antigen binding sites. The ben_tainerization is
controlied by sequences in the C-terminal part of the secreted ps-chain. This part;
consisting of 22 amino acids, is absent in the membrane-bound pm chain, which.
instead carries 48 C-terminal amino acids encoded by the M1 and M2 exons.

The pm-specific part of the sequencé is the most evolutionarily conéarved part -
of the whole IgM molecule. It is nearly identical between mouse, rabbit and human
migM, and the conservation is sti ﬂ obvious if one compares mouse with shﬁrk migM.
Conservation of amino acids is also apparent when one compares the C-terminal
sequence of migM to that of other mlg isotypes of the mouse. This finding provides
evidence that the conserved transmembrane amino acids are interacting either with
each other in the H chain homodimer of with the Ige and IgB subunits,

Both, lgax and 1gf have a 22 amino acid transmembrane segmenti, followed by
a C-terminal cytoplasmic tail of about 40-70 amino acids, which contain several
tyrosine residues. At the N-terminus, both proteins carry a leader peptide, followed

12
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by a extracetlular domain containing cysteine residues, a tryptophan, as well as |
several other conserved amino acids 'faufgd En‘pmteins’ of the Ig superfamily. This
suggests that the extracellular parts of both Igo. and Igf subunits form an Ig-like
domain. Besides cysteines that forny intra-domain disulfide bonds, the Igo and IgB
sequences contain additional cysteines that presumably form inter-chain disulfide
bonds between the fgo, and 1gf3 subunits.

A comparis{m between the mouse and the human Igo sequence shows that, alt
residues important for the information of the Ig domain and inter-chain bonds are
conserved between the Iga of the w0 species. The comparison, however, also shows
that sequence conservation in the extracellular part only amounts to about 56%, while
thé transmembrane and cytoplasmic tail show conservation of IQO% and 87%, |
respectively. The latter reflects the importance of the residues within the C-terminal
part of the molecule. ' '

The assembly of the mlIgM molecule with the Igoc_/IgB heterodimer is
necessary for surface expression-of mIgM. This requirement can be abolished by
mutations of the transmembrane part of the pm chain. For example, replacement of
the transmembrane region of the pm chain with the transmembrane part of the H-2K*
molecule results in the surface expressiah of migM independent of Igo/igB. These
data demonstrate that the pm transmernbrane region is required for specific
interactions between the um chain and the Iga/lIgB heterodimer. In addition, B-cells
have a control mechanism that prevents transport of smgie or incompletely assembled
cemponents of trarismembrane protein complex out of the ER.

Although the transmembrane portions of the BCR are probably the most
important structures that are required for the formation of the BCR compiex, the
extracellular Ig-domain of Igo and 1gB has also been suggested to play a role in the
binding of the mlgh molecule. For instance, in the mouse cell line 1558Lum, which
does not express mouse Ige, transfection with an Igo transgene restored the surface
expression of migM . Interestingly, transfection with amouse Iga gene resulted in
10-times higher expression than transfection with a human Igo gene. This data
sugeests that the extracellular domain of Iga, additionally, may interact with the
extracellular parts of mIgM. On the other hand, transgenic mice with human

immunoglobulin loci do express human immunoglobulins, [ remains unclear

13



10

15

20

- 25

30

whether B-cell development, B-cell survival or expression of human(ized) mIgM in
transgenic non-human animals would be influenced by the co-expression of human
Igo and/or human Igf in B-cells carrying human(ized) migM genes, 7

1n addition, there are several BCR-associated proteins (BAPs) that have been
cioned and sequenced, but their function{s) remain unknown. Even though thesé
proteins are éssociated with the BCR, their role, as components of the BCR, has been
questicned. Yet, the uﬁiqaimus eXpreésion and strong evolutionary conservation of
BAPs suggest that they must piay an important role, possibly in general celiular
processes and several putative functions have been proposed. For example, these
proteins may be involved in coupling the BCR fo the cytoskeleton, or in contfol’iing
vesicular transport. Lastly, it has been proposed that they function as chapcrones,

helping in the folding and assembly of transmembrane proteins.

Relevant [ iterature

The B-cell receptor, its components, and its association with the five’
immunbglobuzin classes have been described by Wienands et al., EMBO J. 9(2): 449-
455 (1990), Venkitaraman ef al., Nature 352: T77-781 (1991), Herren et al.,

Immunologic Res. 26(1-3): 35-43 (2002). BCR associated proteins have been

described by Adachi ef al., EMBO J 15(7). 1534-1541 (1996) and Schamel ef o,
PNAS 100( 17): 9861-9866 (2003). The influence of the B-cell receptbr on B-cell
devel-oﬁment and survival has been described by Reth, Annual Reviews of
Immunology 10: 97-1211 (1992}, Kraus et al., Cell 117(6): 787-800 (2004), Sayegh ef
al., Immunological Reviews 175: 187-200 (2000), Reichlin et al, Journal of
Experimental Medicine 193(1): 13-23 (2001), Pike ef al., Journal of Immunology 172:
2210-2218 (2004), Pelanda er al., Journal of Immunology 169: 865-872 (2002).
Regulation of BCR signaling énd its influence in B-cell development and apoptosis
have been described in Cronin er al., J. Immunology 161: 252-25% (1998), Muller e
al., PNAS 97-(15): R451-8454 (2000}, Cragg et al., Blood 100: 3068-3076 {2002},
Wang er al., J. Immunology 171: 6381-6388 (2003}, Fuentes-Panana ef al., J.
Immunology 174: 1245-1252 {2005). The disclosures of the above cited references

are incorporated herein by reference in their enfirety.
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The present invention therefore is directed to methods for co-expressing
human(ized) Iga. and/or human(ized) Ig in B-celis, particularly in transgenic animals
that are capable of producing a diversified human(ized) antibody repertoirétb improve
B-cell survival in such transgenic animals. Types of animals include larger non-
human animals like rabbits, birds, chickens, sheep, goats, cows, swine, horses and
donkeys. Whén'thcse animals express an Ig translocus, because of their larger size,
their antibody yields should also be greater. Thus, this invention aims at creating
larger founder animals producing higher amounts human(ized) immunog}ohuiiné
through enhanced B-cell development and suﬁival. l

Accordingly, the present invention is directed to transgene constructs encoding
full-length human fga and IgP polypeptides, or, chimeric transgene constructs

encoding for chimeric or hiimanized Igo and chimeric or humanized Igp polypeptides,

s defined further below.

By "transgene of transgene construct encoding the human Igo and/or ey
polypeptide” 18 meaﬂt the native, full length, human Igo and/or g8 DNA sequence |
fespectiveiy, as well as any variant, codon optimized DNA sequence which encodes
for a functionaify equivalent polypeptide of Igu or Ig, but which has a diffcréﬁt DNA
sequence based on codon degeneracy. This concept is discussed in detail further
below. The native, full length, human Iga polypeptide sequence is defined in SEQ ID
NO: 1 (Figure 1). The nath‘/e, full length, human Igfi polypeptide sequence is defined

in SEQ ID NO: 7 (Figure 1).

Also referred to herein is "nucieic acid molecule or transgene or transgéne
construct encoding the chimeric or humangized) igcx,”'; A “chimeric Iga™ subunit or
protein or polypeptide refers to an Igar polypeptide sequence from an animal (e.g.; rét,
mouse, human, :abbit,phickeﬁ, étc.), in which one or more domains of the 'I_gu
polypeptide are replaced with a corresponding domain or domains from a different
fg polypeptide of another animal or species, or with a corresponding domain or

domains from a different alielic Igt version, or from a variant Igd sequence with one

© or more amino acid substitutions, or from a variant g sequence having at least 85%

sequence identity to the corresponding domain of a given fga sequénce. The terms
“chimeric 1g¢” and “human(ized) Iga™ are used interchangeably throughout the
specification. The non-human lga polypeptide sequences from which the intracellular

and/or the transmembrane domain sequences can be obtained, for example, include,
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but are not limited to, bovine (SEQ ID NO: 2); murine (SEQ ID NO: 3); canine (SEQ
D NO: 4y; primate ((SEQ [D NO: 5); rabbit (SEQ [ID NO: 6) or other non-human
sequences.

Also referred to herein is "macleic acid moiecule or fransgene or transgene
construct encoding the chimeric or human(ized) Igh”. A “chimeric IgB” subunit or
protein or polypeptide refers to an IgB polypeptide sequence from an animal (e.g.; rat,
mouse, hum&n,‘ rabbit, chicken, etc.), in which one or more domains of the IgP
polypeptide are replaced with a corresponding demain or domains from a different
Igf polypeptide of another animal 4or. species, or with a corresponding domain or
domains from a different allelic IgB version, or from a variant 123 sequence with one
or more amino acid substitutions, or from a variant IgB sequence having at least 85%
Vsequence {dentity to the corresponding domain of a given Igf sequence. The terms
“chimeric Igﬁ” and “human(ized) [gB” are used intefchangeab ly throughout the
specification. The non-human IgB polypeptide sequences from which the intracellular
and/or the transmembrane domam sequences can be obtained, fqr example, include,
but are not limited to, canine (SEQ ID NO: 8); rat (SEQ ID NO: 9); bovine (SEQ ID
NO: 10); murine (SEQ ID NO: il); chicken (SEQ ID NO: 12); or other non-human
sequences. i

Thus, briefly, a chimeric Iga or IgB transgene consists of 1) a nucleotide
sequence encoding the: extracellular domain of the human Ige or IgP respectively, anci

2) a nucleotide sequenc& encoding the transmembrane and the intracellular domiain of

‘the Igot or Ig from the host transgenic animal, respectively.

In & further aspect, the present znventwn is also directed to transgemc
constructs encoding for a human(ized} immunogiobulins or locti as described in a
previously filed U.S. applications, now available as U.S. Publication No. 2603~
0017334, published Janﬁary 23, 20{}3 and U.S. Publication No. 2006-0026656,

~ published February 2, 2006, the disclesures of which is hereby incorporated by

reference in their entirety. The transgenic animals, B-cells or cell lines generated
thereof, and the relevant methodologies disclosed therein alse form an aspect of this
mvention. ‘

In an alternative approach to the above mentioned aspect, the present
invention is also directed to transgenic constructs encoding for human(ized)

immunoglobulin or Ig chain or loci, as described in U.S. Patent No. 5,545,806, issued
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August 1996; 1J.S. Patent No. 5,545,807, issued August 1996 and U.S. Patent No.
5,569,823, issued October 1996, 1.S. Patent No. 7,064,244, issued June 20, 2006; or
in PCT Publication Nos. WO 92/03918, WO 02/12437, and in U.S. Patent Nos.
53,8143 18,’\and 5,570,429; also see Jakobovits et al., Proc. Natl. Acad. Sci US4, 90:

" 2551 (1993); Jakobovits er al., Nazure, 362: 233 (1993); Bruggemann er al., Year in |

Immunol., 7: 33 (1993); Pluschke et al., Journal of Immunological Methods 215: 27-
37 (1998); Neuberger et af., Nature 338: 350-2 (1989); Lonberg et al., Jnt. Rev.
Immunol. 13(1):65-93 (1995); and Bruggemann et al., Crrr. Opin. Biotechnol., 8(4):
455-8 {(1997); and Kuroiwa et al., Nature Biofgch 20(9): 889-894 (2002) the '
disc}os;uxes of which is hereby incorporated by reference in their entirety. The
transgenic animals, B-cells 5:‘ cell liries generated thereof, and the relevant
methodelogies disclosed theré'm, also form an aspect of this invention.

The transgenes or ﬁ"ansgene constructs may be introduced into the animal’s
genome bﬁf a variety of techniques including microinjection of pronﬁcl’ei,"transfection,
nuclear transfer cloning, sperm-mediated gene transfer, testis-mediated gene tmﬁsfer,
and the like, | |

| In one embodiment, the human [go and/or I'g13 gene, IS préferably e&xpresséd in
the B-ceils of the transgenic animal by means of an immune-specific promoter,
preferably a B—chI specific promoter. This human Igo or 1gB gene expression
happens preferably within B-cells alone, leading to enhanced B-cell development and
suryival of the non-human transgenic animal. By “B-cell specific promotér” is meant
the promoter/enthancers sequence of any B-cell specific genes, and/or variants or
engineered p#ﬁions thereof, that normally centrols the expression of genes expressed
in a B-cell, examples' of which include, but are not tmited to, pronioters/enhancers of
CD19, Cb20, D21, CD22, CDZ?,' CD24, CD40, CD72, Blimp-1, CD79 (also
known as B29 or Ig beta), mb-1 (also known as Ig aipha}, tyrosine kinase blk, VpreB,

immunoglobuiin heavy chain, immunoglobulin kappa Tight chain, immunoglobulin

" lambda-light chain, immunoglobulin J-chain, etc. In a preferred embodiment, the

CD79a, CD79b, or kappa light chain promoter/enhancer drives the B-ceil specific

expression of the human Iga and/or Igf genes,

Tn yet another embodiment, the transgene construct comprising the nucleic
acid molecuie encoding the human Iga and/or IgB genes is coexpressed with the

transgenc construct comprising an exegenous immunogiobulin or immunoglobulin
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{Ig) chain transgene locus. in this embodiment, both the Ig transgene locus and the
hurman Iga and/or IgP transgene may be present on the same transgenic expression
vector or on two different transgenic expression vectors. In the latter case, the two
transgenic expression vectors may be introduced :into the non-human transgenic
animal either at the same time or sequentially.

Inn accordance with this invention, variants of the human full length or
extraceliular domain aidne, of Igo or IgP are included herein. By this is meant
nucleic acid sequences that allow for the degeneracy of the genetic code, nucleic acid
sequences.that encode for a polyﬁeptide sequence that comprises amino acid
substitutions of functionally equivalent residues and/or mutations that enhance the
functionality of the exiracellular domain. “Functionality of the extracellular doman™
includes, but is not limited to, formation of a BCR capable of signal transduction

By allowing for the degeneracy of the genetic code, the invention _
encompasses sequenccé that have at least about 70%, more usually about 80 to 85%,
preferably at least about 90% ané most preferably about 95% :sequen-ce iﬁehtity- to the
extracellular polypeptide sequence of human fga and human IgB.

The term biologically functional equivalent is wéii understood in the art and is
further defined in detail herein. Accordingly, sequences tﬁat have between about 70%

and about 80%; or more preferably, between about 81% and about 90%; or even more

~ preferably, between about 91% and about 99% identical at the amino acid level are

considered finctionally equivalent 1o human Iga and Igf, provided the biological
activity of the proteins is maintained.

The term functionally equivalent cédon is used herein to refer to codons that -
encode the same amino acid, such as the six codens for arginine or serine, and also
refers 1o codons that encode biologically equivalent amino acids.

The following is a discussion based'ﬁpon changing of the amino acids of a
protein to create an equivalent, or even an impr0§ed, second-generation molecule.
For example, certain amino acids may be substituted for other amino acids in a
protein siructure without appreciable loss of interactive binding capacity with
structures such as, for example, antigen-binding regions of antibodies or binding sites
on substrate molecules. Since it is the interactive capacity and nature of a protein that
defines that protein's biological functional activity, certain amino acid substitutions

can be made in a protein sequence, and in its underlying DNA coding sequence, and
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nevertheless ;Sroduce a protein with like properties. It is thus contemplated by the
inventors that various changes may be made in the DNA sequences of genes without
appreciable loss of their biological utility or activity, as discussed below.

‘In méking such changes, the hydropathic index of amino acids may also be
considered. The importance of the hydropathic amino acid index in conferring

inferactive biologic function on a protein is generzlly understood in the art (Kyte &

Doolittle, 1982). It is accepted that the relative hydropathic character of the amino

acid contributes to the secondary structure of the resultant protein, which in turn
defines the nteraction of the protein with other molecuies, for example, enzymes, .
substrates, receptors, DNA, antibodies, antigens, and the like. |

It also is understood in the art that the subsfitution of like amino acids can be
made effectively on the basis of ?iydrophiiicity“ U.S. Pat. No. 4,554,101, incorporated
herein by. ;eferencé, states that the greatest local average hydrophilicity of a protein,

as governed by the hydrophilicity of its adjacent amino acids, correlates with a

biological property of the protein. As detailed in U.S. Pat. No. 4,554,101, the

following hydrophilicity vaiues have been assigned to amino acid residues: arginine

(+3.0); lysine (+3.0); aspartate (+3.0.+.1); glutamate (+3.0.+-.1); serine (+0.3);

- asparagine (+0.2) glutamine (+0.2); glycine {0); threonine {-0.4); profine (~0.5+-.1);

alanine (-0.5); histidine (-0.5); cysteine (-1 .0); methionine (-1.3); valine (-1.5); leucine
(-1.8); isoleucine (-1.8); tyrosine (-2.3); phenylalanine (-2.5); tryptopﬁan (-3.4).

It is understood that an amino acid can be substituted for another having a

, siﬁtxilar hydi‘ophiiicity value and stﬂ}‘pmduce a biologically equivalent and

immunologically equivalent protein. In such changes, the éubstitution of amino acids
whose hydrophilicity values are within +-.2 is pre‘férred, those that are within .+-.1
are particularly preferred, and those within .+-.0.5 are even more particularly
preferred. ' | ‘
As outlined herein, amino acid substitutions generally are based on the relative
similarity of the amino acid side-chain sub'stituents, for example, their
hydrophobicity, hydrophilicity, charge, size, and the like. Exemplary substitutions
that take inio consideration the various fbregoing charac.teristics are well known to
those of skill in the art and include: arginine and lysine; glutamate and aspartate;

serine and threonine; glutamine and asparagine; and valine, leucine and isoleucine.
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" Another embodiment for the preparation of polypeptides according to the

invention is the use of peptide mimetics. Mimetics are peptide-containing molecules

that mimic elements of protein secondary structure {Johnson. 1993). The underlying

rationale behind the use of peptide mimetics is that the peptide backbone of proteins
exists chiefly to orient aming acid side chains in such a way as to facilitate molecular
interactions, such as those of antibody and antigen. A peptide mimetic i expected to
permit molecular interactions similar to the natural molecule. These principles may

be used, in conjunction with the principles cutlined above, (o engineer second

generatiqn molecules having many of the natural properties of human Igo or Igp with

altered and improved characteristics,
Thus, variant nucleic acid sequences that encode‘for human Iga or Igﬁ and
functicnally equivalent polypeptides of human Igo. or Igf3 are usefui in this invention.
The transgenic vectors containin'g the genes of interest may be introduced into

the recipient cell or cells and then integrated into the gﬁnéme of the recipient cell or

-cells by random integration or by targeted integra;:ion.

For random integration, a transgenic vector containing a human Igo ot IgP can
be. iﬁtroduced into an animal recipient cell by standard transgenic teéhno}ogy. For
example, a transgénic vector can be directly mjected mto the pronucleus of a feﬁiﬁz'ed
oocyte. A transgenic vector can alse be introduced by co-incubation of sperm with
the transgenic vector before fertilization of the oocyte. Transgenic animals can be
devéloped from fertilized oocytes. Another way 1o introduce a tfansgenic veetor is by
transfecting embryonic stem cells and subsequently injecting the genetically modiﬁedl '
émbryor_lic. stem cells into developing embryos. Alternatively, a transgenic vector
{naked or in combination with facilitating reagents) can be directly injected into a
developing embryo. Ultimately, chimeric transgenic animals are produced from the
embryos which contain the human(ized) Ig transgene integrated in the genome of at
least some somatic cells of the transgenic animal,

in a particular embodiment, a transgene containing a human Iga or Igf is
randomly integrated into the genome of recipient cells (such as fertilized oocvyte or
developing embryos) derived from animal strains with an impaired e)gpression of
endogenous Igo or IgP. The use of such animat strains permits preferential
expression of immunoglobulin melecules from the human(ized) transgenic Ig locus.
Alternatively, transgenic animals with human(ized) Ige: and/or IgB fransgenes can be
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mated with animal strains with impaired expression of endogenous Iga and/or [gf.

Offspring homozygous for impaired Iga and/or IgB and human(ized) Ige and/or Igh

- can be obtamed. Alternatively, expreséion: of endogenous Tga and/or Igf} may be

inhibited or lowered using antisense technology, intracellular anti-Igo and/or [gf
expression, and the like. In one embodiment, the method of choice for the knocking

down the endogernious production of Iga and/or 1gf of the host animal is the RNA

_ interference (RNA;) method, which introduces either double-stranded RNA (ds RNA)

or more préferab!y, short or small interfering RNA duplexes (siRNA) into the B-cells
having intracelluiar host animal Iga and/or Igf} nucleic acid sequences. This can be
achieved using commercially availabie kits, including but not limited to, Block iT™
or Stealth™ BRNA kits from Invitrogen Corp. - -

For targeted integration, a transgenic vector can be introduced into appropriate
animal recipient cells such 'as embryonic stem cells or already differentiated somatic

cells. Afterwafds, cells in which the transgene has infegrated into the animal genome

and has replaced the corresponding eh.dogenous gene by homologous recombination

can be selected by standard methods (See for ex_ample, Kuroiwa et al, Nature
Genetics 2004, June 6). The selected cells may then be fuseé with enucleated nuclear
transfer unit cells, e.3. cocytes or embryonig stem cells, which are totipotent and
capable of forming a functional neonate. Fusion is performed in accordance with
conventional techniques which are well established. Enucleation of oocytes and ‘
nuclear transfer can also be performed by microsurgery using injection pipettes. (See,
for example, Wakayama et al, Nafure (1998) 394:369.) The resulting egg cells are
then {:ultivated in an appropriate medium, and transferred into synchronized recipients
for generating transgenic animals. Alternatively, the selected genetically modified
cells can be injecteci into déveloping embryos which are subsequently developed into
chimeric animals. ‘

Further, according Lo the present invention, a transgenic animal capable of
preducing huﬁsan(iz:ed) lgo and/or Igf can also be made by introducing into a

recipient cell or cells, one or more of the recombination vectors daseribed herein

above, one of which carries 2 human Igon and/or 1gP gene segment, linked to 5° and 3

flanking sequences that are homologous to the flanking sequences of the endogenous
Igo and/or Igf} gene segment, then selecting cells in which the endogenous Igo and/or

IgP gene segment is replaced by the human Igo and/or Igf gene segment by
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homologous recombination, and deriving an animal from the selected genetically
modified recipient cell or cells.

Similar to the target insertion of a transgenic vector, cells appropriate for uge
as recipient cells in this a;;p'roac.h include embryenic stem cells or already
differentiated somatic ceAEis. A recombination vector carrying a human {ga éndfor Iefi
gene segment can be introduced into such recipient celis by any feasible means, e.g.,
transfection. Afterwards, cells in which the human Ipol and/or IgB gene segment has
replaced the corresponding endogenous Igo and/or Igh gene segment by homologousr
recombination, can be selected by standafd methods. ’I%heisa genetically modified cells
can serve as nuclei donor cells in a nuclear transfer procedure for cloning a transgenic .
amimal. Alfernatively, the selected geneﬁcaily modified embryonic stem cell can be
injected into developing, embryos which can be subsequently developed into chimeric
animals. .

In a specific embodiment, the transgene constructs of the invention may be

introduced into the transgenic animals during embryonic life by directly injecting the

transgenes into the embryo or indirectly by injecting them into the pregnant mother or

mto the egg-laying hen. Transgenic animals produced by any of the foregoing
methods form another em‘bodiment of the present inventi on. The transgenic animals
have at least one, i.e., one or more, human(ized) Igo and/or 1gB gene in the genome,
from which a functional human(ized) Iga and/or IgP protein can be produced. '

Further, r’he‘ transgene constructs of the invention, namety, the human or
humanized Tge and/or IgP transgene and the humanized immunoglobulin transgene,
are preferably expressed against a knockout background of either OTe, 0T more

preferably both, the endogenous Ig, as well as the endogenous Iga and/or IgB

knockouts. Thus the transgenic animals of the present'ihvention are capable of |

rearranging the human(ized) Ig loci and efﬁciently expressing a functional repertoire

of human(ized) antibodies against a backgrdund that has substantialiy reduced
endogenous Ig expression and more preferably, substantially reduced endogeous Iga
and/or IgP as well. In this context, by “substantially” is meant the degree of
endogenous production, of eitlier endogenous Ig expression alone or additionally,

endogeous lga and/or Igh expression is reduced preferably at least about 30%-49%,

_or more preferably at least about 50%-79%, or even more preferably at least about 80-

89%. or most preferably by about 90-100%.
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The present invention provides transgenic rabbits expressing one or more
human(ized) g loct and human(ized) Igo. and/or lgﬁ, that are capable of rearranging
and gene converting the human(ized) lg loci, and expressing a functional reperf;eiré of
human(ized) antibodies. Preferably, these rabbits, additionally, do not produce
substantial amounts of functional. endogenous, rabbit immunoglobulins or functional
endogenous, rabbit 1go and/or Igfl

The present invention also provides otier large transgenic animals, including
but not Himited to, birds, rodents and farm animals like cows, pigs, sheep, goats,
donkeys, horses and the like expressing one or more human(ized} Ig loci and
human(ized) fgo and/or IgB. Again, preferably, these animals, additionally, do not

produce substantial amounts of functional. endogenous, immunoglobulins or

- functional endogenous, Igo and/or fgf. Thus, these transgenic animals are capable of

.. rearranging the human(ized) Ig Joci and efficiently expressing a ﬁmcuonai rspertmre

of human{ized) antibodies, with increased yields,

The invention is also directed to B-cells isolated from the different types of
transgenic animals described above, that express the human(ized) I go and/or'lg[?) gene
and the human(ized) immunoglobulin loci. Further, such B-cells can be immortalized
using conventional methods known and used by skilled artisans in the field, including
but not limited to, using viral fransformation, ete.

Immunization with antigen leads 10 the productwn of human(ized) antibodies
against the same antigen in said transgenic ammafs. 7

Although preferred embodiments of the present mvention are directed to
transgenic animals having human(ized) Ig loci, it is to be understood that transgénic
animals having- primatized Ig loct and primatized polyclonal antisera are also within

the spirit of the prf:sent invention. Similar fo human(ized) poiycional antise-ra

_ reduced immunogenicity in human individuals.

Once a transgenic non-human animal capable of producing diversified
human(ized) immunogiobulin molecules is made (é‘s further set forth Belnw),
human(ized) immunoglobulins and human(ized} antibody preparations against an
antigen can be readily obtained by ifnmunizing the animal with the antigen. A variety
of antigens can Be used to immunize a transgenic host animal. Such antigens include,

microorganism, e.g. viruses and unicellular organisms (such as bacteria and fungi),
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alive, attenuated or dead, fragments of the microorganisins, or antigenic molecules
isolated from the microorganisms. ”
Preferred bacterial antigens for use in imrmunizing an animal include purified

antigens from Staphylococcus aureus such as capsular polysaccharides type 5 and §,

recombinant versions of virulence factors such as alpha-toxin, adhesin binding

- proteins, collagen binding proteins, and fibronectin binding proteins. Preferred

bagterial antigens also include an attenuated version of S. aureus, Pseudomonas

aeruginosa, enterococcus, enterobacter, and Klebsiella pneumoniae, or culture
supernatant from these bacteria cells. Other bacterial antigens which can be used in
immunization include purified lipopoiysaccf{aride (LPS), capsular antigens, éapsular
polysaccharides and/or recombinant versions of the outer membrane proteins,
fibronectin binding proteins, endotoxin, and exotoxin from Pseudomonas aeruginosa,
enterococcus, eriterobacter, and Klebsiella pﬁeumoniae.

\ Preferred antigens for the generatioﬁ of antibodies against fungi include
attenuated version of fungi or outer membrané proteins thereof, which fungi inchide,
but are not limited to, Candida albicans, Candida parapsilosis, Candida tropicalis,
and C@ptococcﬁs neoformans. 7

Preferred antigens for use in immunization in order to generate antibodies

against viruses include the envelop proteins and attenuated versions of viruses which

include, but are not limited to r@spiratmy synctial virus (RSV) (particularly the F-
Protein), Hepatitis C-virus (HCV), Hepatits B virns (HBV), cytomegalovirus (CMV )s
EBV, md HSV. - - |

Therapeutic antibodies can be generated for the treatment of cancer by
immunizing transgenic animals with isolated tumor cells or tumor cell lines; tumor-
associated antigens wﬁich inciude, but are not limited to, Her-2-tien antigen
{(antibodies against which are useful for the treatment of breast cancer); CD 19, CD20,
D22 and CD53 antigens (antibodies apainst which are useful for the treatment of B-
cell lymphaﬁlas), (3) prostate spe:ciﬁc membrane antigen (PMSA) (antibodies against
which are usefu! for the treatment of prostate cancer), and 17-1A molecule (antibodies
against which are useful for the treatment of colon cancer),

The antigens can be administered to a transgenic host animal in any
convenient manner, with or without an adjuvant, and can be administered in

accordance with a predetermined schedule.
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After immunization, serum or milk fom the immunized fransgenic animals
can be fractionated for the purification of pharmaceutical grade polyclonal antibodies

specific for the antigen. In the case of wansgenic birds, antibodies can also be made

‘by fractionating egg yolks. A concentrated, purified immunoglobulin fraction may be

obtained by ch.r'omatography (affinity, ionic exchange, gel filiration, etc.}, selective
precipitation with salts such as ammonium sulfate, organic solvents such as ethanol,
or polymers such as polyethyleneglycol. ' '

The fractionated human(ized) antibodies may be dissolved or diluted in
non-toxic, non-pyrogenic media suitable for intravenous administration in humans,
for instance, sterile.buffered saline.

The antibody prei:)érations used for administration are generally characierized
by having immunoglobulin concentrations from 0.1 to 100 mg/ml, more ljsuziliy from
1 to 18 mg/mi. The antibody preparation ;nay cantain'immunoglobulin‘s of verious
isotypes. Alternatively, the antibody preparation may coxitain antibodies of only one
isotype, or a number of selected isotypes. o '

| For making a buman(ized) monocional antibody, spleen cells are isolated from
the immunized transgenic animal whose B-cells expressing the a.nimaf’s endogenous
itnmunogiobulin have been depleted . Isolated Sp}eén cells are used either in cell
fusion with transformed cell lines for the production of hybridomas, or cDNAs
encoding antibodies are cloned by sﬁandard molecular biclogy techniques and
expressed in praﬂsfecied cells. The procedures for making monoclonal antibodies are
well established in thé art. See, .., European Patent Application 0 583 980 Al
(“‘Mhethod For Generating Monoclonal Antibodies From Rabbits™), U.S. Patent No.w
4977 681 (“Stable Rﬁbbit»Mouse Hybti‘doma\s And Secretion Products Thereof”),
WO 97/16537 (“Stable Chicken B-cell Line And Method of Use Thereof”), and EP 0
491 057 B1 (“Hybridoma Which Produces Avian Specific Immunoglobulin G”), the |
disclosures of which are incorporated herein by reference. In vitro production of
monoclonal antibodies from cloned cDNA. molecules has been described by Andris-
Widhopf et al., “Methods for the generation of chicken monoclonal antibody
fragments by phage display”, J Immunol Methods 242:159 (2000),'and by Burton, DD,
R., “Phage display”, Izﬁmunoz‘eéhnology 1:87 (1995), the disclosures of which are

incorporaied herein by reference.

25



10

15

20

30

In most instances the antibody preparation consists of unmedified
immunoglobuling, i.e., human(ized) antibediés prepared from the animal without
additional modification, ¢.g., by chemicals or enzymes. Alternatively, the
immunoglobulin fraction may be subject to treatment such as enzymatic digestion
(e.g. with pepsin, papain, plasmin, glycosidases, nucleases, ete.), heating, ete, and/or
farther fractionated to generate “antibody fragments™.

. .The present invcntﬁon also includes pﬁarmaceutical compositions or antibody
preparations comprising the antibodies or their fragments obtained by the methods
defined above The term "pharmaoeuticaiiy,accept.ab'le ingredient” or "formulation” as
used herein is intended to encompass a product comprising the claimed active
ingredient(s), namely human(ized) antibody or antibody fragment, in specified
amounts, as well as any product which results, directly or indirectly, from the

combination of the specified active ingredient(s) in the specified amounts. Such term

is intended to encompass a product comprising the active ingredient(s}, and the inert

ingredient(s) that make up the carmer, as well as any produét which results, directly or
indirectly, from combination, complexation or aggregation of any two or more of the
ingredients, or from dissociation of one or more of the ingredients, or from other tyi:»es
of reactions or interactions of one or more of the ingredients. Accordingly, the
“pharmaceutical compositions” of the present invention encompass any composition
made by admixing any active compound of the present invention and a. '
pharmaceutically acceptable carrier. ) o

The terms "administration of" and or "administering é," compoun& should be .
understood to mean prd’viding any active compound of the invention, in any
formulation, to an individual in need of treatment. _

The pharmaceutical compositions for the administration of the compounds of

this invention may conveniently be presented in dosage unit form and may be

prepared by methods well known in the art of pharmacy. Suitable methods and

carriers for use are those that are well-descnibed in the art, and for example, in
Remington, The Science and Practice of Pharmacy, ed. Gennaro er of., 20th Ed.
(2000), atthough the skilled artisan in thé field of immunology will readily recognize
that other methods are known and are suitable for preparing the compositions of the
present invention. All methods include the step of bringing the active ingredicnt-into

association with the carrier which constitutes one or more accessory ingredients, In
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general, the pharmaceutical compositions are prepared by uniformly and intimately
bringing the active ingredient into assoctation with a liquid carrier or 2 finely divided
solid carrier or both, and then, if necessary, shaping the product into the desired
formulation. In the pharmaceutical composition the active ingredient is included in an
effective amount, discussed above, sufficient to produce the desired effect upon the

process or condition of diseases. Furthermore, formulations for the controlled,

“prolonged release of antibody molecules have been described in U.S. Patent No.

6,706,239, whose methods are incorporated by reference herein.

- Thus, the treinsgenic constructs, the vectors comprising the transgene
constructs and the transgenic animals generated using the methods described above
are all embodiments of the invention. ' ‘

- The invention is further illustrated, but by no means iimétéd, by the following

examples.

Exampie 1
Transiection of a rabbit B-cell line with human I and LQ;B

To demonstrate the effect of hwman [ga aﬁd 12 on the expressién of human
migM in rabbit B-cells, such cells are transfected with expression vectors encoding
human Ige or IgP or a human migM.

Human Igo ar;d human IgB and human IgM encoding genes are cloned in
expressioﬁ vectors. -

An immortalized rabbit B-cell line is transfected with the expression véctors
and cultured i in medium in the presence of neomycm for the selection of stable
transfectants. Resistant cells are analyzed by flow cytometry using antibodies speczf c
for human 1gM and human Iga and/or Igf. Transfection of rabbit B-cells with an
expression vector encoding human IgM results in low cell surface expression of
human IgM. Cotransfection with human {ga and/or 1gf results in high cell surface
expression of human migM. This demonstrates that human [go and/or Igf is
necessary and sufficient for high cell surface expression of human(ized) or chimeric

migh,

Exampile 2

Tmnsfectién of g B-cell line derived from any animal with human Ieq and Igh
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To demonsirate the effect of human Iga and Igf on the expression of human
mIgM in animal derived B-cells, expression vectors encoding human Igo or Igh ora
hurnan mIgh are wansfected in B-cell derived from chicken (DT40), cow, and pigs.

Immortatized B-cell lines are transfected with the expression vectors and
cultured in medivm in the presence of neomycin for the selection of stable
transfectants. Resistant cells are analyzed by flow cytometry using antibodies specific
for human IgM and human Iga and/or igP. Transfection of rabbit B-cells with an
expression vector encoding human IgM results in low cell surface expression of
human IgM. Cmranschtion with human lgo and/or Igh resulis in high cell surface
expression of human migh. This demonstrates that human Igo and/or Igf is

necessary and sufficient for high cell surface expression of human(ized) or chimeric

mlgh.

Example 3 ‘ _
Transgenic Rabbifs Expressing the Humanized Immunoelobulin Light and/or

Heavy Chain transeene with or without human Iea andior Ief

Transgenic rabbits were generated as described by Fan et al. (Pathol. Int. 49:
583-394, 1999). Briefly, female rabbits were superovulated using standard methods
and mated with male rabbits. Pronuclear-stage zygotes were collected from oviduct

and placed in an appropriate medium such as Dulbecco's phosphate buffered sairi'r_lc

" supplemented with 20% fetal bovine serum. The exogenous DNA (e.g., expression

vecters containing human(ized) immunoglobulin focus or human lga or human igh)
were microinjected into the pronucleus with the aid of a pair of manipulators.
Morphological surviving zZygotes were transferred to the oviducts of pseudopregnant
rabbits. Pseudopregnancy was induced by the injection of human choriomic
gonadotrophin (hCG}-“ Between about 0.1-1% of the injected zygotes developed into
live transgenic rabbits. Integration of the transgene in the genome was conﬁrme:& by
PCR and FISH.

The presence of antibodies containing human IgG and/or human kappa Hght
chain antigenic determinants in the serum of transgenic founder rabbits was
determined using an ELISA assay. Antibody expression on the surface of B-cells was
analyzed by flow ¢ytometry. Rabbits with a transgene encoding 2 human(ized)

immunoglobulin heavy chain focus, expressed 1-10 ug/ml human IgM, Young
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animals (6-9 weeks) expressed 100-4000 ug/ml human -IgG. However, tﬁe eXpression
of human IgG declined rapidly to levels of 10-100 ug/ml. Flow cytomettic analysis of
B-cells in peripheral blood revealed a small population of human migh+ celis (1-
2%). The appendix of young rabbits contained up to 10% human migM-+ cells which
disappeared rapidly with age.

Introduction of transgenes encoding human lga and/or 1P results in the

-expression of 100-2000 ug/m! human(ized) Ighl in serum and stable expression of

2600-12000 ug/m! human(ized) [gG. In appendix 30-70% of lymphocytes are

human(izedj migM+. In peripheral blood equivalent numbers of B-cells express

‘rabbit and human(ized) migh or migG.

All references cited throughout the disclosure along with references czted

therein are hereby expressly mcorporaied by reference.

While the invention is illustrated by reference to certain embodiments, it 1s not

so limited. One skilled in the art will understand that various modifications are

| readily available and can be pefformed without substantial change in the way the

invention works. All such modifications are specifically intended to be within the

scope of the invention ciaimed herein.
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WHAT IS CLAIMED IS:

1. A non-human transgenic animal comprising:
(a) a transgene construct encoding a full-length, human Iga subunit of SEQ ID NO.: |;
and,
(b) a transgene construct encoding a full-length, human Igf subunit of SEQ ID NO.: 7;
and,

(c) a transgene construct encoding a human(ized) immunoglobulin locus;
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wherein the resultant transgene products combine to form a human(ized) B-cell receptor

complex.
2. The non-human transgenic animal of claitm 1 wherein the expression of any
endogenous lIg production and/or Igo and/or IgP subunits of the non-human transgenic animal

has been substantially reduced.

3. The non-human transgenic animal of claim 1 wherein said animal is selected from a

group consisting of rabbit, mouse, rat, pig, sheep, goat, bird, horse, donkey and cow.

4. The non-human transgenic animal of claim 1 which is a rabbit.
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5. An isolated B-cell from said non-human transgenic animal of claim 1, wherem said
B-cell expresses the native human Igo subunit and the native human IgB subumit, and the
human(ized) immunoglobulin locus.

6. The isolated B-cell of Claim 5 wherein said B-cell is immortalized.

7. The isolated B-cell of Claim 5 or 6 wherein said B-cell is derived from a rabbit.

32



