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TRANSGENIC ANIMALS FOR
PRODUCING SPECIFIC ISOTYPES OF
HUMAN ANTIBODIES VIA NON-COGNATE SWITCH REGIONS

BACKGROUND QF THE INVENTION

A gquarter century after the discovery cf
monoclenal antibodies (mAbs) [G. Kohler and <.
Milstein, Nature 256:495-497 (1975)], their therapeutic
utility is fainally being realized. Moncclonal
antibodies have now been approved as theraplies in
transplantation, cencer, infectious disease,
cardiovascular disease and inflammaticn. Many
monoclonal antibodies are in late stage clinical trials
to treat a broad range 0f disease indications. As a
result, mAbs represent one of the largest classes of
drugs currently in development.

The utility of mAbs stems from their specific
recogniticon of a complex target fcllowed by high
affinity binding to that target. Because different C.
isotypes have different effector functions, 1t is
desirable to taller the mAb isotype to the desired
effector functiocn. For, example, a mAb bearing a
constant regicn with effector functions, e.g., human
IgG,, can be used to direct complement dependent

cytotoxicity or antibody-dependent cytotoxicity to a
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target cell. Alternatively, a mAb with a constant
region essentially lacking effector function, e.g.,
human IgG, or IgG,, can be used to block signal
transduction, either by binding toc and neutralizing a
ligand, or by blocking a receptor binding site.

Many therapeutic applications for monoclonal
antibodies require repeated administrations, especially
for chronic diseases such as autcimmunity or cancer.
Becazuse mice are cenvenient for immunizatibn and
recognize most numan antigens as foreign, mAbs against
human targets with therapeutic potential have typically
been of murine origin. However, murine mAbs have
inherent disadvantages as human therapeutics. They
reguire more frequent dosing tec maintalin a therapeutic
level ¢f mAb because of a shorter circulating half-life
in humans than human antibodies. More critically,
repeated administration of murine immuncglobulin
creates the likelihood that the human immune system
will recognize the mouse protein as foreign, generailting
2 human anti-mouse antibecdy (HAMA) response. At best,
a HAMA response will result in a rapld clearance of the
murine antibcedy upon repeated administration, rendering
the therapeutic useless. More likely is that a HAMA
response can cause a severe allergic reaction. This
possibility of reduced efficacy and safety has lead to
the develcpment of a number of technologies for
reducing the immunogenicity of murine mAbs.

In order to reduce the lmmunogenicity of
antibodies generated in mice, various attempts have
been made to replace murine proteln sequences with
human protein sequences in a procCess now Xnown as
humanization. The first humanization attempts utilized

molecular bioclegy techniques to construct recombinant
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antibodies. For example, the complementarity
determining regions {CDR) from a mcouse antibody
specific for a hapten were grafted onto a human
antibody framework, effecting a CDR replacement. The
new antibody retained the binding specificity conveyed
by the CDR seguences. [See P.T. Jones et al. Nature
321: 522-525 (1986)]). The next level of humanization
involved combining an entire mouse VH region (HuVnp)
with a human constant region such as vyl. | [S5.L.
Morrison et al., Proc. Natl. Acad. Sci., 81, pp. 6851-
6855 {1984)]. Such chimeric antibodies, which still
contain greater than 30% xenogeneic seguences, are
somatlimes only marginally less immunogenic than totally
xenogenelic antibodies. [M. Bruggemann et al., J. Exp.
Med., 170, pp. 2153-2157 (1989)].

Subsequently, attempts were carried out to
introduce human immunoglobulin genes into the mouse,
thus creating transgenic mice capable ¢f responding to
antigens with antibodies having human sequences. [See
Bruggemann et al. Proc. Nat'l. Acad. Sci. USA 86:6708-
6713 (1989)]. These attempts were thought to be
limited by the amcunt of DNA which could be stably
maintained by available cloning vehicles. As a result,
many 1lnvestigators ccncentrated on producing mini-loci
containing limited numbers of V region genes and having
altered spatlial distances between genes as compared to
the natural or germiine configuration. [See United
States Patent 5,569,825 to Lonberg et al., (1996}].
These studies 1ndicated that producing human sequence
antibodies in mice 1is possible, but serious cobstacles
remained regarding obtaining sufficient diversity of

binding specificities and effector functions (isotypes)
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from these transgenic animals to meet the growing
demand for antibody therapeutics.

In order to provide additicnal diversity,
work has been conducted to add large germline fragments
of the human Ig locus into transgenic mammals. For
example, a majority of the human V, D, and J region
genes arranged with the same spacing found in the
unrearranged germline cof the human genome and the human
C, and C,; constant regions was introduced into mice
using yeast artificial chromosome (YAC) cloning
vectors. [See PCT patent applicaticn WO 94/02602 to
Kucherlapati et al.]. A 22 kb DNA fragment comprising
sequences encoding a human gamma-2 constant region and
the upstream sequences required for class-switch
recombination was latter appended to the foregoing
transgene. In addition, a portion of a human kappa
lccus comprising V,, J, and C, region genes, alsc
arranged with substantially the same spacing found in
the unrearranged germline ¢f the human genome, was
introduced into mice using YACS. Gene targeting was
used to inactivate the murine IgH & kappa light chain
immunoglobulin gene locl and such knockout strains were
bred with the above transgenic strains tc generate a
line of mice having the human VvV, D, J, C,, C, and Cvy2
constant regions as well as the human V,, J, and C,
regicn genes all on an inactivated murine
immunoglobulin background. [See PCT patent application
WC 94/02602 to Kucherliapati et _al.; see also Mendez et
al., Nature Genetics 15:146-156 (1997)].

Yeast artificial chromescmes as cloning
vectors in combination with gene targeting of

endogenous locl and breeding of transgenic strains
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provided one sclution to the problem of antibody
diversity. Several advantages were obtained by this
approcach. One advantage was that YACs can be used to
transfer hundreds of kilcbases of DNA into a host cell.
Therefore, use c¢f YAC cloning vehicles allows inclusion
of substantial portions of the entire human Ig Heavy
and light chain regions intoc a transgenic animal thus
approaching the level of potential diversity available
in the human. Ancother advantage of this aﬁproach is
that the large number cf V genes has been shown to
restore full B cell develcpment in mice deficient in
murine immunoglobulin production. This ensures that
these reccnstituted mice are provided with the
requisite cells for mounting a robust human antibody
response to any given immunogen. [See PCT patent
application WO S94/02602 to Kucherlapati et al.; L.Green
and &A. Jakobovits, J. Exp. Med. 188:483-495 (1998)]. A
further advantage is that sequences can be deleted or
inserted onto the YAC by utlilizing high freguency
homologous recombination in yeast. This prcvides for
facile engineering of the YAC transgenes.

As mentioned above, there are several
strategies that exXist for the generation of mammals
that prcduce human antibodies. In particular, there is
the “minilocus” approach that is typified by work of
GenPharm International, Inc. and the Medical Research
Council, YAC introducticn of large and substantizlly
germline fragments of the Ig loci that is typified by
work of Abgenix, Inc. {(formerly Cell Genesys), and
introduction of entire or substantially entire loci

through the use microcell fusion as typified by work of

Kirin Beer Kabushiki Kaisha.
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In the minilocus approach, an exogenous Ig locus is
mimicked through the inclusion of pieces (individual
genes) from the Ig lccus. Thus, one cr more V, genes,
one or more Dy genes, one Oor more Jy; genes, & mu
constant region, and a second constant region
(preferably a gamma constant region) are formed intoc a
construct for inserticn into an animal. This approach
is described or related to work in U.S., Patent No.
5,545,807 to Surani et al. and U.S. Patenﬁ Nos.
5,545,806, 5,625,825, 5,625,126, 5,633,425, 5,661,016,
5,770,429, 5,789,650, and 5,814,318 each to Lonberg and
Kay, U.S. Patent No. 5,591,669 to Krimpenfort and
Berns, U.S. Patent Nos. 5,612,205, 5,721,367, 5,789,215
to Berns et al., and U.3. Patent No. 5,643,763 to Chol
and Dunn, and GenPharm Internaticnal U.S. Patent
Application Serial Nos. 07/574,748, filed Augqust 29,
1990, 07/575,962, filed August 31, 1990, 07/810,279,
filed December 17, 1991, 07/853,408, filed March 18,
1992, 07/904,068, filed June 23, 1992, 07/990, 860,
filed December 16, 1892, 08/053,131, filed April 286,
1993, 08/0%6,762, filed July 22, 1993, 08/15%5, 301,
filed November 18, 1993, 08/161,739, filed December 3,
1993, 08/105,699, filed December 10, 1993, 08/209,741,
filed March 9, 1994, the disclosures of which are
hereby incorporated by reference. See also Eurcpean
Patent No. 0 546 073 Bl, International Patent
Applicaticn Nos. WO 92/03918, WO 92/22645, WO %2/22647,
WO 92/22670, WO 23/12227, WO 94/00569, WO 94/25585, WO
96/14436, WO 97/13852, and WO 98/24884, the disclosures
of which are hereby incerporated by reference in their
entirety. See further Taylor et al. “A transgenic

mouse that expresses a diversity of human sequence
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heavy and light chain immunoglcbulins.” Nucleic Acids
Research 20:6287-6295 (1892), Chen et al.
“Immunoglobulin gene rearrangement in B-cell deficient
mice generated by {argeted deletion of the J. locus”
International Immunology 5:647-656 (1993), Tuaillon et
al. “Analysis of direct and inverted DJ, rearrangements
in a human Ig heavy chain transgenic minilocus” J.
Immunol. 154:6453-6465 (1995), Chol et al. “Transgenic
mice containing a human heavy chain immunoglobulin gene
fragment cloned in a yeast artificial chromosome”
Nature Genetics 4:117-123 (1993), Lonberg et al,
“Antigen-specific human antibodies from mice comprising
four distinct genetic modifications.” Nature
368:856-859 (1994), Taylor et al. “Human immunoglobulin
transgenes undergo rearrangement, somatic mutation and
class switching in mice that lack endcgenous IgM.”
Internaticnal Irnmunolegy €:579-591 {1994}, Tuaillon et
al. “Analysis of direct and inverted DJ. rearrangements
in a human Ig heavy chain transgenic minilocus” J.
Immunol. 154:6453-6465 (1995), and Fishwild et al.
“High-avidity human IgG monoclonal antibodies from a
novel strain of minilocus transgenic mice.” Nature
Biotech. 14:845-851 (1996), the disclosures of which
are hereby incorporated by reference in their entirety.
In connection with YAC introduction, Green et
al. Nature Generics 7:13-21 (1994) describes the
generation of YACs containing 245 kb and 190 kb-sized
germline configuration fragments of the human heavy
chain locus and kappa light chain locus, respectively,
which contained core variable and constant region
sequences. JId. The work of Green et al. was recently

extended to the introduction of greater than
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approximately 80% c¢f the human antibedy repertoire
through introduction of megabase sized, germline
configuration YAC fragments of the human heavy chain
loci and kappa light chain loci, respectively, to
produce XenoMouse™ mice. See Mendez et al. Nature
Genetics 15:146~156 (1997), Green and Jakcbovits J.
Exp. Med. 188:483-495 (1998}, and U.5. Patent
Application Serial No. 08/759,620, filed December 3,
1996, the disclosures of which are hereby incorporated
by reference. 3uch approach is further discussed and
delineated in U.S. Patent Application Serial Nos.
07/466,008, filed January 12, 18%0, 07/610,515, filed
November 8, 199C, 07/919,297, filed July 24, 1992,
07/922,0649, filed July 30, 1992, filed 06/031,801,
filed March 15,1893, 08/112,848, filed August 27, 1993,
08/234,145, filed April 28, 1994, 08/376,279, filed
January 20, 1995, 08/430, 938, April 27, 1995,
08/464,584, filed June 5, 1995, 08/464,582, filed June
5, 1995, 08/463,191, filed June 5, 1995, 08/462,837,
filed June 5, 1995, 08/486¢,853, filed June 5, 1995,
08/48¢,857, filed June 5, 1995, 08/48¢,859, filed June
5, 1995, 08/462,513, filed June 5, 1995, 08/724,752,
filed OQctober 2, 1996, and 08/759,620, filed December
3, 1896. See alsc Mendez et al. Nature Genetics
15:346-156 (1997) and Green and Jakcbovits J. Exp. Med.
188:483-495 {1998). See also European Patent No., EP O
463 151 Bl, grant published June 12, 1996,
Internaticnal Patent Application No., WO 94/02602,
published February 3, 1294, Internaticnal Patent
Application No., WO 56/34096, published October 31,
1896, and WO 98/24893, published June 11, 1998. The

disclosures of each 0of the above-cited patents,
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applications, and references are hereby incorporated by
reference in their entirety.

In connection with the microcell fusion
approach, portions or whole human chromosomes can be
introduced into mice as described in European Patent
Application Nc. EP ¢ 843 961 Al, the disclosure of
which 1s hereby incorporated by reference. It will be
understood that mice generated using this approach and
containing the human Ig heavy chain locus Will
generally possess more than one, and potentially all,
of the human constant region genes. Such mice will
produce, therefore, antibodies that bind to particular
antigens having a number c¢f different ccnstant regions.
Thus, there i1s no way to preselect the desired constant
region for particular effector function.

Also, the transchromosomes are mitotically
and meiotically unstable. As a2z result, either the
human IgH, ..e human IgK or both transchromoscmes are
lost with a frequency approcaching 80%. This results in
aberrantly high recovery c¢f mouse IgA mAbs and
hybridoma instability.

Technology exists for in vitro isctype
switching of antibodies. Antibodies produced from
transgenic mice that produce only IgGl isotypes, from
transgenic mice that produce multiple IgG isotypes, or
from phage display technolcgies may have the desired
antigen~specificity and affinity, but not have the
desired effector functicen. In this instance, the
variable regicn of the heavy chain, at the least, and
most likely, the entire light chain of the antibody
must be cloned.

Methods for cloning include recovery of

genomic DNA from & library, recovery of cDNA from a
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library, recovery of genomic DNA using specific
oligonucleotide primers, and PCR using specific
oligonucleotide primers and c¢DNA as template (RT-PCR).
Each method, especially PCR-based methods, require that
the clcne be sequenced to verify faithful reproduction
of the antibody coding sequences. Then the variable
region cof the heavy chain must be operably linked via
DNA ligation to the desired constant region gene.

Then, the engineered VH-CH gene must be operably linked
to expression controlling regions such as a promoter-
enhancer and a peolyadenylation site. Such an
expression construct migiht also be needed for the Ig
light chain of the antibody.

The expression construct(s) must be stably
transfected into a sultable host cell for transcription
and translation to produce a secreted form of the
engineered madb. Typlcally, at the least, extensive
screening must be performed teo find az clone of the cell
line that expresses sufficilent levels of mAb for
further experiments and subsequent manufacturing. More
likely, methodclogies such as DNA amplification must be
empioyed to raised the copy number of the antibodies
expression constructs and consequently, the expression
level of the maAb.

Finally, the re-engineered m&b must be re-
tested to confirm that it has retained the desired
gualities and has the desire function, including
specificity, affinity, and presence or absence of
effector function. Other technologies for isotype
switching exist, but all such programs to re-engineer
the mAb isotype require experimentation and expertise
in molecular bioclogy and tissue culture, and are labor

intensive, slow, expensive, and covered by issued and
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pending intellectual property, requiring additicnal
licensing fees, if even available for licensing. Thus,
re-engineering of mAb from one isotype to another
requires expertise, extra monetary expenditure and
slows down the development of the monoclonal antibody
for pre-clinical and clinical trials.

Having a technology that would produce the
mAb with the desired Cy isotype a priorl would obviate
the need for antibody re-engineering. By having three
different XencMouse strains, one each capable of making
only Cy2, Cy4 or Cvyl, a transgenic mouse can be pulled
off the shelf, and then can be immunized toc produce
mlAbs with the desired affinity, antigen-specificity and
the desired isotype and with the desired effector
function a priori. This increases the efficiency and
user—-friendliness for development of monoclonal
antibody based therapeutics. No expertise in meclecular
biclogy or antibody engineering 1is regquired. The
antigen-specific mAb can be taken directly into pre-
clinical studies without the extra expenditure cf money
and time, resulting in a decrease in the development
cost and an acceleraticon of the timeline for
development cf the therapeutic mAb.

The present invention 1is directed to solving
the problem of obtaining a pre-selected human antibody
isotype from a transgenic mouse, in addition to the
desired specificity, which is compatible with the

therapeutic goals for which the antibedy will be used.

SUMMARY OF THE INVENTION

The present inventlion sclves the problems
referred to above by providing, in one aspect of the

invention, transgenic non-human animals capable of
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producing high affinity, fully bhuman antibodies of a
desired isotype in response to immunization with any
virtually any desired antigen. The aforementioned
transgenic non-human animals have in their scmatic and
germline cells an unrearranged human immunoglobulin
heavy chain transgene that encodes, on rearrangement, a
fully human immuncglcbulin heavy chain of the desired
isotype.

The human immunoglobulin heavy chain transgene in the
foregoing animals comprises a human constant region
gene segment comprising exons encoding the desired
heavy chain isotype, operably linked to switch segments
from a constant region of a different heavy chain
isotype, 1.e., a non—-cognate switch region.

The foregeing transgenic non-human animal
also has in its scomatic and germ cells a human
immunoglcobulin light chain transgene. 1In a preferred
embodiment, the endogencus immunoglobulin heavy and
light chain locl of the Lransgenic non-human animal are
inactivated so that the animal is incapable of
producing endogenous heavy or light chains. 1In a
particularly preferred embodiment, the non-human
transgenic animal! 1s a mouse.

In znother aspect, the invention provides an
unrearranged human immunoglobulin heavy chain transgene
that encodes, on rearrangement, for a human heavy chain
of a desired isotype. The transgenes of the invention
comprise a DNA sequence identical to the DNA sequence
of human chromosome 14 starting at least from the first
D segment gene of the human immunoglobulin heavy chain
locus, continuing through the J segment genes and the
constant region genes through Cu of that locus. 1In the

transgenes of the invention, the aforementioned DNA
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fragment is operably linked to and is capable of
isotype switching to an additional constant region
segment. Said additional constant regicn segment
comprises a switch region and human constant region
coding segment, wherein the constant region coding
segment is operably linked to a switch region that it
is not normally associated with, 1.e., & non-cognate
switch region. In transgenes of the invention, the
focregoing DNA fragment and constant region‘segment is
operably linked to at least one human V segment gene.
In one embodiment ¢f the invention, the transgene 1is a
yveast artificial chromosome (YAC).

In the transgenes of the invention, the non-
cognate switch region may be a switch region frcm a
different species than the constant region coeding
segment. In one embodiment, the non-cognate switch
regicn is a mouse switch regicn operabkly linked to a
human constant region cecding segment encoding a human
gamma, alpha or epsilon constant region. In a
preferred embodiment, the switch region is a mouse
gamma~1 switch region. In more preferred embodiments,
the switch region 1s a mcuse gamma-1 switch region and
the human constant region coding segment encodes a
gamma-1 or a gamma-4 constant region. In a
particularly preferred embodiment, the transgene is the
yHZBm yeast artificial chromosome (YAC) or the yHZCm
YAC.

In another embodiment, both the non-cognate
switch region and the constant regicn coding segment
are human sequences, the non-cognate switch regicn
being from a human constant region of a different
isotype than the constant region coding segment. In a

preferred embodiment, the switch region is a human
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gamma-2 sSwWitch region and the constant region coding
segment is an isotype other than gamma-2. In a more
preferred embodiment, a transgene of the invention
comprises a human gamma-2 switch region and a human
gamma—-1 or human gamma-4 constant region coding
segment. In particularly preferred embodiments, the
transgene is the yHGl YAC or the yHG4 YAC.

In still another embodiment, a transgene of
the invention comprises a human non—cognaté switch
region and a human ccnstant region coding segment,
wherein the switch region and the membrane exons of the
constant region coding segment are from the same human
constant region isotype and the secreted constant
region excns are from a different 1sotype. The
transgenes of the invention alsc may comprise a human
non-cognate switch region and a humen constant region
coding segment wherein the switch region is from cne
isotype, the secreted constant region exons are from a
second 1scotype and the membrane constant region exons
are from yet a third isotype.

In a preferred embodiment, the switch region
and membrane exons are frem a human gamma-2 constant
regicn. In particularly preferred embodiments, the
switch region and membrane exons are from a human
gamma-2 constant region and the secreted constant
region exons are from a human gamma-1 or a human gamma-
4 constant region. 1In preferred embodiments, the
transgene is the yHG1/2 YAC cr the yHG4/2 YAC.

In another embodiment, any of the foregoing
transgenes cof the invention comprise a plurality of
different human VH genes. In a preferred embodiment,
the transgene comprises at least 50% of the human

germline VH genes. In another embodiment, the
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transgene comprises at least 40 different human VH
genes. Preferably, the transgene comprises at least 66
different human VH genes. Most preferably, the
transgene comprises the entire human VH region of a
human heavy chain locus. In another embodiment, the
transgene comprises a sufficient number of different
numan VH genes so that the transgene is capable of
encoding at least 1 x 10° different functional human
immunoglobulin heavy chaln sequence combinétions,
without taking into account junctional diversity or
somatlic mutation events. In still another embodiment,
the number of human VH genes 1n the transgene is
sufficient to produce at least 50% of the B-cell
population of a wild-tvpe mouse in a transgenlic mcouse
containing the transgene.

A transgene of the invention furtrer
compriées a murine 3' enhancer, positioned 3' cof the
constant regicn gene containing the ncon-cognate switch
reglion. In one embodiment the murine 3' enhancer is an
approximately 0.9 kb core regiocn of the native
enhancer. In an alternative embodiment, the 3!
enhancer 1s an approximately 4 kb region of the murine
enhancer that includes the core region. In still
another embodiment, the transgene includes the mouse
major enhancer locus.

In another aspect, the invention provides
methods for producing the transgenic non-human animals
of the inventicon. According tc the methods, an
unrearranged human immunoglobulin heavy chain transgene
is introduced into the germline of a non~human animal
to produce a transgenic non-human animal having the
transgene in its somatic and germ cells. Breeding of

the human heavy chain transgenic animals with

PCT/US00/15782
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transgenic non-human animals containing a human
immunoglobulin light chain transgene produces
transgenic non—~human animals containing a human heavy
chain transgene of the invention and a human light
chain transgene. Either of the aforementioned
transgenic non-human animals can be bred with animals
having inactivated heavy and/or light chain loci to
produce a transgenic non-human animal that produces a
fully human antibody and is incapable of pfoducing an
endcgenous antibody.

In one embodiment, a transgene of the
invention is introduced into an embryonic stem (ES)
cell which is then inserted into a blastcoccyst. The
blastocyst with the ES cell containing the transgene of
the invention is then surgically inserted into the
uterus of the non-human animal to produce a chimeric
non~human animal. The chimeric animal 1s bred to
obtain germline ftransmission of the transgene of the
invention to produce a transgenic, non-human animal
having somatic and germ cells containing the transgene
cf the invention. Accordingly, a further aspects of the
invention are an ES cell comprising a transgene ¢of the
invention and non-human animals having the transgene in
some or all of i1ts cells.

In still another aspect, the invention
provides a method for producing high affinity, fully
human antibodies of a desired isotype that are specific
for an antigen of interest In a transgenic non-human
animal of the inventlion. According to the method, a
transgenic non-human animal of the invention 1is
contacted with an antigen of interest under conditions
that 1nduce the preduction of an antibody by the B-
cells of the animal. High affinity, fully human,
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antigen-specific antibodies of the desired isotype can
be collected from the blood stream of the transgenic
non-human animal.

Alternatively, according te the methods of
the invention, the antibody producing B-cells can be
harvested from the animal and immortalized by any means
known 1in the art, for the continuous production of
antibodies. In one embodiment, the B-cells are fused
with a mouse myeloma cell-line to produce éntibody—
secreting hybridomas. Such hybridomas can be screened
to select those secreting high affinity, fully human,
antigen-specific antibodies.

In a further aspect, the invention provides
nybridemas derived from antibody producing B-cells
harvested from a transgenic animal of the invention.

The antibodies of this invention may also be
by the expression of B-gells expressing a desired
antibody, by cleoned human immunoglcobulin genes, by

phage—-dispiay, ©r by any other method kxnown in the art.
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BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a schematic depiction of the yHIC and yHZBm
(or yH2Cm} yeast artificial chromosomes (YACs).

Figure 2 is a schematic depiction of the yH1C and yHG1
yeast artificial chromosomes (YACs).

Figure 3 is a schematic depiction of the yHIC and
yHG1/2 yeast artificial chromosomes (YACs).

Figure 4 is a schematic depiction of the yHIC and
yHG4/2 yeast artificial chromosomes (YACS};

Figure 5 1s a schematic diagram of the targeting
vectors (TV1 and TV4) for retrofitting yH1C to yHG1l and
yHG4 YACs.

Figure 6 illustrates the construction of the targeting
vectors for retrofitting yH1C to yHG1/2 and vHG4/2
YACs.

Figure 7 1s a schematic diagram of the targeting
vectors (TV G1/2 and TV G4/2) for retrofitting yHIC to
VHG1/2 and yHG4/2 YACs.

Figure 8 shows Southern blot analyses of ES clones

fused with yHE3B YAC ({Clone 2 70.17.1)
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DETAILED DESCRIPTION OF THE INVENTION

This invention relates to novel transgenes
for the production of human immunoglobulin heavy chains
of a desired isotype and to embryonic stem ({(ES) cells
and transgenlic non-human animals comprising the
transgenes. This invention alsc relates to methods for
producing such fLransgenic non-human animals and for
producing fully human antibodies of a desired 1sotype
in response to an antigen c¢f interest in artransgenic
animal of the invention.

The transgenes and transgenic non-human
animals of the invention are useful 1n the production
of fully human antibodies of varicus isctypes or
classes. For therapeutic uses of such antibodies, the
different effector functions of the individual antibody
isotypes permits the use of a particular isotype to
achieve a desired therapeutic effect. It is desirable,
thus, teo produce strains of Lransgenic non-human
animals that produce antibodies of a single isotype
following immunization with an antigen of interest.

In order that the inventilion herein described
may be more fully understocd, the following detailed
description 1s set forth. In the description, the

following terms are employed:

Gene regions - the DNA involved in preoducing
or selecting a particular polypeptide chain; including
promoters, eﬁhancers, any switch regicns preceding &
constant gene as well as upstream and downstream
preceding and follewing coding regions, and intervening
seguences such as introns between coding segments or

exons.

Gene segments - the coding segments in a

multi-exon gene such as an immunoglcbulin heavy chain
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constant region. For example, the gene for the
secreted form of the human immunoglobulin heavy chain
gamma constant region contains 4 gene segments: CH1, H,
CHZ, and CH3.

Germline configuration — the arrangement and
spacing of immunoglobulin gene segments before any
somatic gene rearrangement has occurred.

Klenow Fragment - A large fragment of the

enzyme Polymerase I, usually from E. coli. This
fragment does not contain any 5' to 3' exonuclease
activity and only has polymerase activity. It can be
used for end-filling of DNA molecules to create blunt
ends.

Library - A mixture of cloned DNA fragments
usually propagated on DNA-based vectors, e.g., plasmids
1n bacteria, lambda bacteriophage in E. coli, PI
bactericphage in E._colil, bacterial artificial
chromoscemes in E. c¢oli, yeast artificial chromosomes in

Saccharomyces cerevisiage, mammalian artificial

chromosomes 1in cultured cells, mammalian chromosome
fragments in somatic cell hybrids.

Linker - Synthetic DNA fragments that are
designed to¢ contaln restriction sites and cther
properties which can be added to larger DNA molecules,
e.g., to facilitate cloning and/or build back portions
of DNA fragment's encoding desired polypeptides.

Screening the Tibrarv - The process of

searching fcr a specific sequence of cloned DNA in a
library.

Sterile transcripts - Transcripts produced

from the Ig loci thought not to be translated into

required somatic gene segment rearrangement or class



wO 00/76310 PCT/US006/15782

10

15

20

25

30

_21_

switch recombination. In a B cell or a pre-B cell
producing IgM there may be, for example, germline mRNA
transcripts corresponding to the CH genes which
potentially indicate which iscotype the cell will switch
to and produce.

Vector - A DNA mclecule used to transport a
foreign DNA intc a host and peing replicated in that
host, to transform that nost. available vectors
include but are not limited to viruses (prbkaryotes and
eukaryotes), bacterial plasmids cor artificial
chromeosomes.

Yeast artificial chromosomes (YACS) - cloning

vehicles constructed from elements of yeast chromosomes
which allow the vector to be replicated and maintained
in veast cells in vivo. Yeast elements include a
centromere, an auctonomous rveplicatlon seqguence, a pair
of telomeres, yeast selectable markers, and usually a
bacterial origin of replicaticon and selectable marker
for replicaticn and selection 9f the YAC vector arms in
bacteria. DNA inserts of up to at least 2000 kb can be

clcned and maintained using YACs.

AENOMOUSE DEVELQPMENT

XencMouse 1s a mouse wnich has inactivated
mouse IgH and Tgk loc:i and is transgenic for functional
megabase~-sized human IgH and Igk transgenes. The
generation and characterization of XenoMouse has been
described [See Mendez ef al., Genomics 26:294-307
{1995); Mendez et al., Nature Genetics, 15, pp. 146-156
{1997); Green et _al., Nature Genetics 7:13-21 (18%4);:
International Patent application WO 94/02602, by
Kucherlapati et al., published on February 3, 1994].
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More particularly, there have been deletions of key
elements of the mouse IgH and Igk loci by homologous
recombination in mouse embryonic stem cells, followed
by germline transmission c¢f the mutations and
S5  subsequent breeding to produce mice which are
homozygous for both inactivated loci (DI mice}. Such
mice are incapable of making mouse IgH and Igk chains
and display an arrest in B cell development in the bone
marrow at the proB/preB-I stage. [Green etval, Nature
10 Genetics, 7, pp. 13-21 (1994); Green and Jakobovits, J.
Exp. Med., 183:483 (1998)]. The human IgH and Igk
lozi, cloned on veast artificial chromosomes, were
introduced into ES cells via yeast spheroplast-ES cell
fusiocn [Jakcbevits et _al., Nature 362:255-258 (199317.
15" After germline transmission and subsequent breeding
onto the DI background, the human IgH and Igk YAC
transgenes, yH.C and yK2, were able to functicnally
substitute for thelr murine counterparts and support B
cell development. In agddition, these mice produced
20 fully human IgMx and IgG2x antibodies, and ultimately,
hybridomas secrebting antigen-specific, high affinity
fully human IgGZrx monoclonal antibodies with

therapeutic potential were generated.

THE vH1C TRANSGENE

25 The human IgH transgene, yH1C, 1is composed of
66 VH, all the D elements, all J elements, Cn and C3,
all regulatory elements, all in germline configuration.
By using hemologous recombination in veast, the 3' end
of yHIC was appended with a 22 kb fragment containing
30 the human v2 gene, incliuding its switch regulatory

elements, and a 4 kb fragment containing the mcocuse 3
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enhancer element [See Mendez et al., Nature Genetics
15:146-156 (1997) the disclosure of which is hereby
incorporated by reference]. The left YAC arm carries
expression cassettes for the yeast selectable marker
ADE?, the mammalian selectable marker and the right
YAC arm carries expression cassettes for the yeast
selectable marker LYS2 and a mammalian selectable
marker Neo, enccding resistance to the drug, G418. The
latter is non-functicnal in ES cells as ité promoter,
MMT (mouse metallothionine}, is probably non-functional
in ES cells. 1In other cell types, the MMT promoter
drives transcription at cnly very low levels, 1f at
all, under ncermal physioleogical conditions and requires
heavy metals, e.g., Cd, for higher level transcription.
Indeed, ES cells transfected with this construct nevar

became resistant tcoc even low levels of G418.

B-CELL DEVELOPMENT

B cell development initiates in the bone
marrow with a deleticnal recombination between a D and
J gene. Subsequently, a V gene recombines with the DJ
to make a VDJ, which is transcribed, producing a
spliced VDJCu transcript. If the transcript is in-
frame, then a p chain is synthesized upon translation.
Simiiarly, and generally after V,DJ. recombination and
successiul pairing of the p chain with surrogate light
chain, the Ig light chain locl rearrange their V and J
gene segments. Successful B cell develcopment in the
bone marrow results 1n B cells expressing IgMx or IgMa
on the cell surface. In the mouse, 95% of the B cells
express IgMk; in the human, approximately 60% of the B

cells express IgMk.
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These IgM producing B cells form the primary
immune repertoire and perform immune surveillance for
recognition of foreign antigens. In the mouse ¢or in
humans, these IgM producing B cells can subseguently
undergo isotype class-switching from IgM to the IgG or
IgA, or IgE isotypes. The frequency of class switching
increases during an immune response. Mice and humans
each have genes for four different isotypes of I1gG.
They are 1IgGl, IgG2z, IgG2h, and IgG3 in the mouse, and
IgGl, 1gG2, IgG3, IgG4 in the human. Humans have two
IgA isotypes, IgAl and IgAZ, and one IgE isotype. In a
nouse, there is, on average, 6500, 4200 and 1200 pg/ml
of IgGl, IgG2a, and IgGZB respectively, and 260 pg/ml
IgA. In the human, of the total IgG, about 70% is
IgGl, 18% 1s IgG2, 8% is IgG3 and 3% is IgG4. In the
total IgA in humans, about 80% is Ighl and 20% is IghA2.

EFFECTOR FUNCTIONS OF ANTIBCDIES

Different isotypes have different effector
functicns. Such differences in function are reflected
in distinct 3-dimensioconal structures for the wvarious
immuncglcbulin isotypes [P.M. Alzari et al., Annual
Rev. Immunol. 6:555-580 (1988)]. For example, the
human IgGl and IgG3 isotypes are involved in complement
mediated-lysis or antibody-dependent cellular
cytotoxicity (ADCC) and the IgG2 and IgG4 have little
or no known effector functions. [Snapper and F.D.

Finkelman, Fundamental Immunclogy 3d Ed., pp. 637-B631].

Since different effector functions are associated with
different IgG isotypes, it is therefore desirable to be
able to select the isotype and the binding specificity

cf the mAb tc produce optimal therapeutic benefit. For
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example, if a mAb is desired to neutralize a cytokine
response or block the activity of a receptor, then a
mAb lacking effector functions, such as an IgG2 or an
IgG4 might be desired. On the other hand, if the
killing of a cell via binding of a mAb to an antigen on
the cell surface is desired, then a mAb such as an
IgGl, with its specific effector functions, either ADCC
or CML, 1is desired. Thus, a transgenic mouse
engineered for the generation of fully humén nonoclonal
antibodies would be desirable to control the isotype of
the resulting moncclonal antibodies. In this case, one
could select a particular antibody isotype by
immunizing a particular transgenic mouse strain which
produces cnly the desired human antibedy isctype. Such
mice would ensure that any resulting antigen-specific
IgG mAbs would possess the desired effector functions.
This would preclude subsequent re-engineering of the
antibody gene to change the constant reglon including
the isclation {(cloning) of the variable region and the
ligation of sald VH region to the desired CH gehe.

In one embodiment of the present invention,
the sole Cy gene on the yH1IC human IgH YAC, Cv2, is
replaced by ancther CH gene. For example, instead of
the 22 kb fragment carrying the complete human Cy2 gene
other inserts carrying human CH genes could be cloned
into the targeting vector of Mendez ef al. [See Mendez
et al., Nature Genetics 15:146~156 (1297)]. The human
Cyl—-4 genes have been seqguenced and can be isolated
from bacteriophage lambda libraries of human genomic
DNA and subseguently recovered on EccRI fragments of
about 20-25 kb [See J.W. Ellison et _al., Nucleic Acids
Res., 13:4071-4079 (1%982); J. Ellison et al., Proc.
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Natl. Acad. Sci. USA, 79:1984-1985 (1982); S. Huck et
al., Nucleic Acids Res., 14:1779-1788 (198¢€); J.
Ellison et al., DNA, 1:131-18 (1981) the disclosures of
which are hereby incorporated by reference].

Similarly, the seguences for mouse Cvyl, Cvy2a, Cvy2b, and
Cy3 are all known [See H. Hayashida et al., EMBO
Journal, 3:2047-2053 (1984) the disclosure of which is

hereby incorporated by reference].

CLASS SWITCHING

Class switch recombination (CSR) from IgM to
IgG, IgA or IgE is mediated through a deletional
recombination event occurring between tandem directly
repetitive switch regions present 5' of all IgH
constant region genes except C&. Switch regions are
known to be composed of the I promoter, the I exon and
a set of direct repeats filanked by inverted repeat
sequences. Enhancers and cytokine response seguences
are known to lie in the region near the I promoter., At
least one transcriptional enhancer, located 1mmediately
3' of the downstream inverted repeat, in the mouse Cvyl
gene has been hypothesized [J.P. Manis et _al., J. Exp.
Med. 188:1421-1431 (1998)]. Alsc required is iEm, an
enhancer located between JH and Cm. Transcription
initiates at the 1 promoter and proceeds through the I
exon to the end of the C gene. This transcript is
processed to yield a2 non-coding sterile franscript with
the I exon spliced to the CH exons. Transcription
through the switch region is required for class switch
recombination. The human and mouse Sp and Sy regicns
have been sequenced, the sequences of which are

publicly available from the Genbank database.

PCT/US00/15782
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In the mouse, different combinaticns of
lymphokines and activators have profoundly different
effects on class switching from IgM to individual CH
genes. For example, in vitro the combination of LPS
and interleukin-4 induces class switching to IgGl and
IgE and suppresses switching to IgG2b and IgG3. Cther
lymphokines affecting CSR include but are not limited
to, IL-%, TGF-5, interferon-vy. These lympbokines are
secreted in vivo by helper cells such as the antigen
presenting T- and follicular dendritic cells in the
germinal centers of secondary lymphoid tissues. These
lymphokines modulate transcription of their responding
CH genes pricor to CSR, probably through activation of
the corresponding I promoter. Ffor example, the IL-4
response element in the mouse Cyl I promoter has been
mapped. [Rothman et al., Int. Immunol 2, pp. 621-627
(1890).] The lymphokine responsiveness of the human
switch regicons 1s ncoct yet as well-characterizad as that
of the mouse. However, the different human switch (8)
regions may also have different responses to different
Ilymphokines and activators. This may in part be the
source of the different levels of the IgG subclasses in

human serum.

NON-COGNATE SWITCHING

In view of the real and possible differential
responsiveness of mouse and humarn S regions,
respectively, to lymphokines and other activators, it
1s desirable to have heterclogous switch regions
controlling CSR in human antibody producing transgenic
mice. For example, Igyl 1s the most abundant class of

IgG in the mouse. It is known also that CSR can occur
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from human Spu regions to mouse Syl. [Taylor et al.,

Int. Immunol, 6, pp. 579-591 (1994).] Using standard
tools of molecular biology and the well-characterized
and cloned mouse Syl seguence {Mowatt and Dunnick, J.
Immuno., 136, pp; 2674-2683 (1986), Genbank accession #
M12389], it is possible to engineer a DNA vector having
the mouse Syl functionally linked to a human CH coding
sequence, e.g., human Cyl. 1Included downstream of the
human CH coding seguences would be a sequence
encompassing the mouse 3' enhancer. The m3'E sequence
could be a 4 kb Xbal fragment or a 900 bp Stu I
fragment, both of which encompass the core DNAse I
hypersensitive sites, HS1,2. [Dariavach et al., Eur. J.
Immunol. 21, pp. 1499-1504 (139%1); Petterson et al.,
Immunobiol., 198, pp. 236-248 (1997)]. By having 5' and
3" flanking homcliogy to yH1C and ar appropriate
selectable marker, such a vecteor can be recombined in
vivo in yeast to replace the human Cy2 gene on vHIC. A
YAC engineered in this way would retain intact all of
the VH, Dy, J4 C., and C, of yHEIC, bkut would have a
chimeric CH gene: the mouse Syl elements would control
switching from human IgM tc the downstream human CH
coding sequences.

In another embodiment, the human Cy2Z coding
sequences, including zll ¢f the exons for the secreted
and membrane-~bound forms of the C, gene are replaced by
another human C; gene. In this way, the human Sy2
sequences centrel CSR from €, te the downstream C, gene.
It is known that the hSg2 sequences are stable in yHIC
while other human S seguences, some 0f which have
longer tandem arrays of 5 repeats may be less stable.

It is also known that CSR in transgenic mice with the
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human Cvy2 gene is efficient and generates high serum
levels of human IgG2 and results in efficient
production of fully human IgG2 mAbs. Thus, it may be
preferable to retain the human Sy2 with their favorable
stability and in vivo response to antigen challenge
while engineering CSR to occur to another isotype,
e.g., either Cyl or Cy4. To accomplish this, a vector
with the following elements would be const;ucted: 51
homology located between human Svyv2 and the human Cvy2
coding exon 1, a human CH gene other than Cy2, the
mouse 3' enhancer, a yeast selectable marker, and 3'
targeting homology in the YAC arm for example. Such a
vector would be introcduced into yeasts carrying yHI1C
and targeted recombinants would be selected and
screened. It should be understood that in these
eXamples many variations can be created be cne skilled
in the art and that these examples are nct meant to
indicate that these are the only means to achieve the
end of a transgenic mouse having CSR driven by

heteroclogous S regions.

THE ROLE OF ENHANCERS

In addition to 3 regicns, other cis
regulatory elements are known to ke or may be required
for CSR. The regquirement for 1Em has been mentioned.
Also, an enhancer required for expression of normal
levels of IgG has been hypothesized to be between the
3' inverted repeat of mouse Syl and the C,1 exon. This
enhancer could be conserved in other C. genes in the
mouse and humans and this interval should be retained
in any vector designed for CSR via heterclogous switch

sequences. {Elenich et al., J. Immunol. 157, pp. 176-
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182 {1996); Cunningham et al., Int. Immunol., 10, pp.
1027-1037 (1998)]. Also important is a cluster of
enhancers 3' of the Ca gene in mouse and humans. In
the mouse the 40 kb region downstream of Ca contains
four enhancer elements, hallmarks of which are Dnase I
hypersensitive sites (HS). These enhancers are in 5°
to 3' order: HS53a, 4 kb downstream of Ca; HS1,2 (known
in the literature and in this application as m3'E), 15
kh 3' cf Co; HS3b 25 kb 3' of Co; and HSQ,‘ca; 30 kb 3°
of Ca; HS1,2, HS3a, and HS3b enhance expression in
activated B cells and plasma cells. HS4 is active over
the course of B cell development, but is apparently
dispensable as the yH1IC YAC lacks HS4 and yet supports
efficient B cell development in mice. Together, these
elements can act synergistically to enhance
transcription and are hypcthesized to form a locus
control region (LCR) for the IgH locus in mouse and
humans. It has been hypothesized that there is some
redundancy of function of the individual HS units. The
unimpalred activity of these elements may be required
for CSR although HS1,2 and HS3a are separately
dispensable CSR [See J.P. Manis et al., J. Exp. Med.
188:1421-143%1 (1998)].

HS1,2 (3'E) was the first discovered enhancer
of this set. The HS51,2 sites and sequences homclogous
te consensus binding domains for transcription factors
such as AP-1 can be isolated on a 900 bp Stu-IL
fragment. [Dariavich et al., Eur. J. Immunol., 21, pp.
1499-1504 (1991); Genbank accession #X62778]. The 3'E
in the mouse is oriented opposite to the 3'E of the
rat, suggesting that like other enhancers, its function

is orientation independent. However, the 3'E has been
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shown to have position dependent activity and enhance
transcription more effectively when positicned further
from the promoter. Gene, 136, pp. 349-353 (1993). It
is known that a 4 kb Xbal fragment encompassing the %00
bp Stul fragment with HS1,2, positioned 3' of the human
Cg2 gene, can supporit CSR and high level expression of
IgG2 in transgenic mice [See Mendez et _al., Nature

Genetics 15:146-156 (1997)].

The insertion of a strong promoter (PGK) into
the mouse IgH 3' LCR can abrogate class switching to
some IgG isotypes (IgG2a, IgG3, IgG2b) and lower
expression of others (IgGl, IgA). Curicusly, the
promcter and its expressed gene also come under the
control ¢f the LCR: the PGK-driven expression
construct is down-regulated and can be up-regulated in
activated B cells [J.P. Manis et_al., J. Exp. Med.
188:1421-1431 {1998)]. Thus, in YAC transgenes
carrying a B-gal expression construct driven by the
strong constitutive promoter, PGK, with construct 3°
and adjacent to the mouse 3'E core construct (9CC bp
Stul}, 1t may be advantageous ¢ screen for YACs that
have integrated intc the ES cell genome with
concomitant loss of the PGK-38-gal construct. This can
be accomplished by PCR using primers for B-gal, or by

Southern blots probed with the B-gal gene.

IMMUNOGLOBULIN MEMBRANE EXCONS

Two forms of each IgH 1sotype and class,
secreted (s) and membrane (m), can be made by a B cell.
Ig(s) and Ig(m} are synthesized through alternative
splicing of IgH transcripts. Two membrane exons lie 2

kb downstream of the CH3 exon of each human TgG gene.

PCT/US00/15782
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Encoded by the membrane exons are a hydrophobic
transmembrane seqguence and a short approximately 3
amino acid cytoplasmic tail. Alternative splicing frem
CH3 to the first membrane exon results in membrane
bound IgG. The membrane bound Ig interacts with other
proteins in the B cell, e.g., Iga, Igp and CD45, among
others, to form a complex called the B cell receptor
(BCR) that is capable of signal transcduction. Binding
of antigen by the V region of the IgG dispiayed in the
extracellular environment, e.g., scluble or on antigen
presenting cells, can lead to signal transduction.

This signal transducticn by the BCR leads to actiwvation
of the B cells and ultimately efficient affinity
maturation and germinal center formation in the
secondary lmmune response.

Additicnally, binding of antigen by the Ig of
the BCR may lead to internalization, processing cof and
presentation of antigen fragments by MHC mclecules for
presentation to helper ceils. Clearly, efficilent
assembly of a functicnal BCR is required for an
efficlent primary and secondary immune response.

The human IgGl membrane exons may not complex
well with the other components of the BCR, resulting in
a chimeric BCR that may nct signal as efficiently as
that of the mouse. G. Pluschke et al., J. Immunolcg.
Methods, 215, pp. 27-37 (19%8). A human IgGl construct
with all of the human exons encoding the secreted and
merbrane forms of IgGl was i1nserted into the mouse
IgGZa locus such that all of the mouse CyZa exons were
replaced and CSR to the human coding exons was under
the control of the mouse SyZa region. Chimeric human

IgGl {(mouse VDJ-human IgGl) was expressed at levels
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100x less than mouse IgG2a and antigen specific mAbs
were not recovered. Thus, although class switching
driven by the mouse Sy2a did occur, the normal immune
response was compromised. Alternatively, exons coding
for secreted human IgGl have been used to replace only
the exons encoding the secreted form of mouse IgGl.
This construct produced a chimeric IgGl heavy chain
gene that contained all of the human exons for secreted
IgGl but with the downstream mouse membrane exons
intact. Class switching would have been driven by the
mouse Syl regicns. Membrane bound Ig would be mouse V-
human vyl CH1-CH3-mouse Cyl(mem). In this transgenic
mouse, the serum levels of human IgGl were equivalent
to mouse IgGl in normal naive mice. Thus, the mouse
Syl can drive efficient class switching and the mouse
1gGl membrane exons can function with at least the
human vyl CH1-CH3 exons. The authors did not test the
mice for producticn of antigen-specific mAbs. As in
the previous construct, the resulting IgGl mAbs would
have been chimeric: mouse VDJ functionally linked to
the secreted form of human Cyl.

Given these results, an intact set ¢f human
Cyl exons, coding both the secreted and membrane forms
of Cyl, and functicnally linked to a human IgH lccus
(Vi, Dy, Jur C.r Cy and Sy regiocns) may function sub-
optimally because of inefficient assembly of the
membrane-bound human IgGl may not yield a fully
functional BCR. Thus, it may be preferable to replace
the human Cyl membrane exons with those from another
isotype known to assemble efficiently into a functional
BCR. Such exons may include the mouse Cyl exons or
other murine C membrane exons. Alternatively, the

human Cy2 membrane exons would be expected to function
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well in the BCR of the mouse because the XenoMouse G2
has high levels of secreted IgG2 and produces high
affinity antigen-specific mAbs efficiently. Thus, the
human Cy2 membrane exons cculd be functionally linked
to the human Cyl CH1-CH3 exons. The sequence for the
membrane exons 1s known (X52847 for hyl; AB00677S for

VECTOR CONSTRUCTION

In one embodiment, a Targeting vector is
generated to intrcduce only the CH1-CH3 exons into the
vH1C YAC. The segquence of all of the human CH1-CH3 as
well as introns and flanking DNA is available [See J.W.
Ellison et al., Nucleic Acids Res., 13:4071-4079
(1982); J. Ellison et al., Proc. Natl. Acad. Sci. USA,
79:1984-1985 (1982} ; S. Huck et al., Nucleic Acids
Res., 14:1779-1789 (198¢); J. Ellison et al., DNA,
1:11-18 (1981) the disclosures of which are hereby
incorporated by reference], allowing all restriction
sites to be mapped electronically and a targeting
vector to be constructed. One such vector would
contain 5' homology upstream of human Cvy2 CHl exon, &an
expression construct for a positive/negative selectable
marker in yeast (URA3}, a direct repeat of the 5'
targeting homology, sequence containing the human Cyl
exons CH1-CH3, and 3' targeting homology. This vector
would be transfected into yeasts carrying yH1C and
homologeous recombinants positively selected on plate
lacking uracil and then screened by Southern blot
hybridization or PCR to test for the loss c¢f human Cy2
CH1-CH3 exons and the concomitant gain of human Cyl

CH1-CH3. Once identified, the deletion of the URA3
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gene can be selected with 5'-florocuracil. Such loss
would be expected to occur at high frequency (107%-107%)
because of efficient intra-chromosomal recombination
between direct repeat sequences in yeast. Deletion of
the URA3 gene restores a fully human IgH in a
configuraticn functional for class switch recombination
and the expression of antibodies. It is obvious that
there are other strategies for accomplishing such
engineering. Also, there may be motivatioﬁ to engineer
other human Cy genes, e.d., human Cy4, into the human

Cy2 locus.

CRE-LOX MEDIATED CLASS5 SWITCHING
The CRE-lox system allows the targeted

insertion of DNA intc pre-defined sites. Derived from
Pl bacteriophage, the CRE recombinase drives intra-DNA
or inter-DNA recombination between loxP sites {B. Sauer
et al., New Biolcogist 2:441-449 (1990); S. Fukushige et
al., Proc. Natl. Acad. Sci. USA, 89:7905-7903 (1392);
Y.-R.20u et al., Current Biol., 4:1099-1103 (19%4)]. A
iox P site {sequence:TA ACT TCG TAT AGC ATA CAT TAT ACG
ARG TTA TA (SEQ ID NO: 1)) 1is introduced into the DNA
of a yH YAC. The sequence is positicned 3' of the 3°
inverted repeat of the downstream S regicn, =e.g., 3g2,
and 5' of the splice acceptor sequence of the CH1 exon
of the downstream Cg gene, e.g., Cgl. The lox P site
can be inserted directly inte the YAC via homologous
recombination in yeast, or it can be incorporated into
a larger targeting vector, such as the ones described
earlier in this description. When incorporating the
site into such YAC targeting vectors, the loxP site can

be introduced on a PCR primer used for amplifving the

PCTAIS00/15782



WO 060/76310 PCTUS00/15782

10

15

20

25

30

- 36 -

targeting homeology, e.g., 5' targeting homoleogy, or can
be inserted as an oligonucleotide ligated In vitre. As
homclogous recombination between 2 loxP sites is
crientation dependent, it is important to note the
orientation in which the first loxP site 1s inserted
into the YAC.

In the second phase, a plasmid vector for
insertion of the alternative Cy gene is generated. At
the core of this vecter is a cassette carrying the Cg
gene to be intrcoduced and a loxP site to enable the
introducticn: this cassette starts with a lox P site
in the same 5'-3' orientation as in the YAC, followed
by the DNA upstream of CHl, corresponding to the site
of lox P inserticn upstream of tne Cg on the YAC, and
continuing in germline configuration through CH1, with
the CH1 exon splice acceptor intact, through downstream
of the polyadenylaticn site 3' of the second membrane
exon. For example, an approximately 7 kb Hind III
fragment will capture all of the required DNA for all
human Cg genes. Alternatively, only the CH1-CH3 exons
including appropriate 3'signals for transcription and
translation (untranslated region, polyadenylation site)
could be used to generate only the secreted form of the
mAb. To abrogate possible read through transcription,
a eucaryotic transcriptional terminafcr sequence can be
appended downstream of the CH gene on the vector. To
facilitate selection of transformants, an expression
cassette for a selectable marker such as puromycin or
hygromycin may be appended downstream of the CH gene.

Once hybridomas are generated from the
transgenic mouse carrying the yH transgene engineered

with the 1xoP site, CRE-lox mediate class switching can
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be induced by co-transfecting, e.g., by electroporation
or lipofection, the circularized insertion vector, and
either purified CRE recombinase or a CRE expression
vecter. In co-transfected cells, CRE will mediate
insertion of the novel CH gene into the locus, where it
would be transcribed and spliced In cis to the upstream
VHDJH encoding the desired mAb specificity. The
transcriptional terminator would preclude run on
transcription into the downstream CH gene.' If the
vector has a selectable marker, then transfected
hybridomas can be selected with the appropriate drug,
and then pools or individual clones screened by ELISA
for mAbs of the desired novel isotype. If the vector
lacks a selectable marker, then pools of transfected
hybridomas can be screened by ELISA and hybridomas
producing the desired isotype can be subcloned from the
pool. If the replacement CH gene encodes membrane
bound IgH alsoc, then the hybridomas can be screened and
sorted by flow cytometry.

In some instances, it may be preferable to
possess two different isctypes of a single antigen-
specific mAb, with one isotype having one activity,
such as ADCC or CML, and the other isotype lacking
effector function, but with identical antigen-binding
characteristics such as epitope specificity and
affinity. This goal could be achieved by molecularly
cloning the variable regions of the heavy chain and
light chain and then functionally linking them to the
appropriate constant regions, followed by transfection
into cells for production of the mAb. However, this
process can be labor and time intensive.

Alternatively, using the CRE-lox process described
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above, the monoclonal antibody can be efficiently
class-switched in vivo in the hybridoma.

Mouse Strains

The following mouse strains are described

and/or utilized herein:

Doubhle Inactivated (DI} Strain

The DI strain of mice are mice that do not
produce functicnal endogenous mouse Ig. Iﬁ preferred
embodiments, the DI mice possess an inactivated mouse Jy
region and an inactivated mouse Cx region. The
construction of this strain is discussed extensively
elsewhere. For example, tThe technigques utilized for
generation of the DI strains are described in detail in
U.5. Patent Application Serial Nos. 07/466,008, filed
January 12, 1990, 07/610,515, filed November 8, 1990,
07/919,297, filed July 24, 1992, 08/031,801, filed
March 15, 19%3, 08/112,848, filed August 27, 1993,
08/234,145, filed April 28, 1994, 08/724,752, filed
October 2, 199¢. See also European Patent Neo., EP 0
463 151 Bl, grant published June 12, 199¢,
International Patent Application No., WO 94/02602,
published February 3, 1994, International Patent
Application No., WO 96/34096, published Qctcber 31,
1996, and PCT Application No. PCT/US96/05%28, filed
April 29, 1996. The disclosures of each of the
above-clted patent and patent applications are hereby
incorporated by reference in their entirety. DI mice
possess a very immature B-cell development. The mice
do not produce mature B-cells, only pro-B-cells. (Green

and Jakobovits, J. Exp. Med., 188, pp. 483-495 (1998)].
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XencMouse I Strain

The design, construction, and analysis cof the
XenoMouse I strain was discussed in detail in Green et
al., Nature Genetics, 7:13-21 (1994}. Such mice
produced human IgMx antibodies against a DI backgrcund.
The mice showed improved B-cell function when compared
to the DI strain of mice which have little to no B-cell
develcpment. While XenoMouse I strains of‘mice mount a
sizeable immune response to antigenic challenge, their
production of B-cells ws only 20-25% of wild-type mice
and they possessed a limited response to antigens.
Both characteristics appear to be related tc their

limited V-gene repertoire.

Lo Strain

The L& strain 1s a mouse producing human IgMx
antibodies against a DI background of endogenous mouse
Ig. Lé mice contalin an lnserted human heavy chain and
an inserted human kappa light chain. The L6 strain is
generated through breeding of a mouse containing a
heavy chain 1nsert against & dcuble inactivated
background (L&6H) and a mouse having a kappa light chain
insert against a double inactivated background (L6L).
The heavy chain insert comprises an intact
approximately 97C kb human DNA 1insert from a YAC
contalining approximately 66 V., segments, starting at V,
6-1 and ending at V. 3-%5, and including the major D
gene cliusters (approximately 32), J. genes (6}, the
intronic enhancer (Em), Cu, and through about 25 kb
past C3, 1in germline configquration. The light chain
insert, yKZ, ccomprises an intact approximately 800 kb

human DNA insert from a YAC which contains
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approximately 32 Vk genes starting at V., and ending at
Vye-opr1- The 800 kb insert contains a deletion of
approximately 100 kb starting at V,;,;; and ending at
Vi-1p-35- Bowever, the DNA is in germline configuration
from V,.,1: to 100 kb past V.., and alsc contains the
Jx genes, the intronic and 3’ enhancers, the constant C,
gene, and Kde. [Mendez et al., Nature Genetics, 1%, pp.
146-156 (19971V1. Furthermore, L6 mice exhibit
predominant expression of human kappa light chain, a
large population of mature B-cells, and normal levels
of IgM, human antibodies. {Green and Jakobovits, J. Exp.
Med., 188, pp. 483-495 (1998)1].

XenoMouse IIa Strains:

The XenoMouse 1la mice represent second
generation XenoMouse™ strains equipped with germline
configuration megabase-sized human Ig loci, against a
DI background, such that the mice do not produce
functional endogencus Ig. Essentially, the mice are
egulvalent in censtruction to the L6 strain, but
additionally include the human Cy2 gene with its entire
switch and requlatory sequences and the mouse 3’
enhancer in cis. The mice contain an approximately
1020 kb heavy and an approximately 800 kb kappa light
chain loci, which include the majority of the human
variable regicn genes, 1ncluding heavy chalin genes
(approximately 66 V.) and kappa light chain genes
{approximately 32 V,), human heavy constant region genes
{p, &, and y) and kappa constant region genes {(C,), and
all of the majcr identified regulatory elements. These
mice have been shown to access the full spectrum of the

variable genes incorporated into their genome.
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Furthermore, they exhibit efficient class switching and
somatic hypermutation, predominant expression of human
kappa light chain, a large population of mature B-
cells, and normal levels of IgM, and IgG, human
antibodies. Such mice mount a vigorous human antibody
response to multiple immunogens, including human IL-8§,
human EGF receptor (EGFR}, and human tumor necrosis
factor-a (TNF-a), ultimately yielding antigen-specific
fully human mAbs with sub-nancmclar affinifies. This
last result conclusively demonstrates XenoMouse™ as an
excellent source for rapid isolation of high affinity,
fully human therapeutic mAbs against a broad spectrum
of antigens with any desired specificity.

As will be appreciated from the above
intreoduction, the XenoMouse II strain appears to
undergo mature B-cell development and mount powerful
adult-human-!like immune responses to antigenic
challenge. The L6 strain also appear to undergo mature
B-cell development. When XenoMcuse II strains, a
markedly different B-cell development profile is
observed. Owing to this difference, 1t appears that
the guantity and complexity of variable region
seguences introeduced into the anlimals are essential to
the induction of B-cell maturation and develcpment and
the generation of an adult-human-like immune response.
Thus, in addition to the strains’ utility to generate
human antibodies, the strains provide a valuable tocl
for studying the production and function of human
antibodies in the normal immune response, as well as
the abnormal response characteristic ¢f autoimmune

disease and other disorders.

PCT/US00/15782
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Variable Region - Quantitative Diversity

It is predicted that the specificity of
antibodies {(i.e., the ability to generate antibodies to
a wide spectrum of antigens and indeed to a wide
spectrum of independent epitopes thereon}) is dependent
upon the variable region genes on the heavy chain (V)
and kappa light chain (V,} genome. The human heavy
chain gencome includes approximately 95 VH genes of
which 41 are functional genes which encodervariable
regions of the human heavy chain c¢f immunoglcbulin
molecules. 1In addition, the human light chain genome
includes approximately 40 Vk genes on its proximal end
of which 25 are functional which encode variable
regions of the human kappa light chain of
immunoglobulin molecuies. We have demonstrated that
the specificity of antibodies can be enhanced through
the inclusion of a plurality of genes encoding variable
light and heavy chains.

Provided in accordance with the present
invention are transgenic mice having a substantial
portion of the human Ig locus, preferably including
both a human heavy chain locus and a human kappa light
chain locus. In preferred embodiments, therefore,
greater than 10% of the human V., and V, genes are
utilized. More preferably, greater than about 20%,
30%, 40%, 50%, 60%, or even 70% or greater of V, and V,
genes are utilized. In a preferred embodiment, heavy
and light chain constructs that include 32 genes from
the proximal region of the human V, light chain gencme
and/or 66 genes from the V. pertion of the human IgH
locus, respectively, are utilized. As will be
appreciated, genes may be included either sequentially,

1.e., in the order found in the human genome, or out of
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sequence, l.e., in an order other than that found in
the human genome, or a combination thereof. Thus, by
way cf example, an entirely sequential portion of
either the human V; or human V, region of the locus can
be utilized, or various V genes in either the V, or V,
genome can be skipped while maintaining an overzall
sequential arrangement, or V genes within either the V.
or V, genome can be recordered, and the like. 1In a
preferred embodiment, the entire human loci are
inserted in the mouse gencme in substantially germline
configuration as found in humans. In any case, 1t is
expected and the results described herein demonstrate
that the inclusion of a diverse array cof genes from the
Vy and V, gencme leads to enhanced antibody specificity
and ultimately to enhanced antibody affinities.

Such mice preferably further include the
entire human D, region, the entire human J. region and
the human mu censtant region, and can additionally be
equipped with other human constant regions for the
coding and generaticn cf additional isctypes of
antiktodies. Such isotypes can include genes encoding
Y1, Yz Yir Yir &, €, and & and other constant region
encoding genes with appropriate switch and regulatory
sequences. As will be appreciated, zand as discussad in
more detail below, a variety of switch and regulatcry
sequences can be utilized in connection with any
particular constant region selection.

The following Table indicates the diversity of
antibody combinations that are possikle in humans,
based strictly on random V-D-~J joining and combination
with kappa light chains, without censideration of
N-additicn, deletions or somatic mutation events.

Based on these considerations, there are greater than 7

PCT/US00/15782
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% 10° possible antibody combinations in humans, of any

particular isotype.

TABLE 1

Region Heavy Chain Kappa Light

Chain

5 Functional ~41 25

Variable “V”

Functional 223 —-=

Diversity “D”

Jeining “J” 6 5

10 Combinations 5, 658 125
(VxDxJ)

Total
Combinations
(HC Combinations

i5 X LC
Combinations)

7.1 x 10°

In connection with a preferred embcdiment of the

invention, through the inclusion ¢f about 34 functional
V., genes and 18 functicnal V, genes 1n a mouse wWith a

20 full complement of D, Jy, and J, genes, the pessible
diversity of antibody production is on the order of 4.2
X 10° different antibodies. As before, such calculation
does not take into account N-addition or somatic
mutation events. Therefore, it will be appreciated

25 that mice in accordance with the inventicn, such as the
L6 and the XenoMouse II strains, offer substantial
antibody diversity. In preferred embodiments, mice are
designed to have the capability of preoducing greater

than 2 X 10° different heavy chain V-D-J ccocmbinations
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and kappa light chain V-J combinations, without

accounting for N-additions or somatic mutation events.

Variable Region - _Qualitative Diversity

In addition to guantitative diversity,
guantitative selection of V-genes (i.e., large numbers
of diverse V-genes} and/or gualitative selection of
V-genes (i.e., selection of particular V-genes) appears
to play a role in what we refer to herein as
“gualitative diversity.” Qualitative diversity, as used
herein, refers to diversity in V-D-J rearrangements
wherein juncticonal diversity and/or scmatic nutation
avents are introduced. During heavy chain
_rearrangement, certain enzymes (RAG-i, RAG-2, and
possibly others} are responsible for the cutting of the
DNA representing the coding regicons of the antibody
genes. Terminal deoxynucleotidyl transferase {Tdt)
activity, which 1s responsible for N-terminal additions
of nucleotides between the V-D and D-J gene exons is
up-regulated. Similar enzymes and others (SCID and
other DNA repalr enzymes) are responsibkble for the
deletion(s) that occurs at the junctions of these
coding segments. Junctional diversity refers to both
N-addition events and formation cf the complementarity
determining regicn 3 {CDR3) . BAs will be appreciated.
CDR3 is located across the D region and includes the
V-D and D-~J junctional events. Thus, N-additions and
deletions during both D-J rearrangement and V-D
rearrangement are responsible for CDR3 diversity.

The juncticnal diversity created by
N-additions and CDR3 additions play a clear role
developing antibody specificity.
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In accordance with the invention, rearranged
v-D-J gene sequences show N-addition lengths that are
comparable to expected adult-human N-addition lengths.
Further, amino acid sequences across the open reading
frame (ORF) corresponding to CDR3 sequences show CDR3
lengths that are comparable to expected adult-human
CDR3 lengths. Such data is indicative that
quantitative variable region diversity and/or
gqualitative variable region diversity resuits in
human~like junctional diversity. Such junctional
diversity 1is expected to lead te a more human-like

antibody specificity.

Variable Reagjon — Affinities

While we have nct conclusively demonstrated =z
direct causal connection between the increased variabie
region inclusicn and antibody specificity, 1t appesars,
and 1t 1s expected that through providing such
diversity, the ability of the motse to mount an lmmune
response to a wide array of antigens 1s possible and
enhanced. Additionally, such mice appear more eguipped
to mount immune responses Lo a wide array of epiltopes
upon 1individual antigens or lmmunogens. From our data
it also appears that antibodies produced in accordance
with the present invention possess enhanced affinities.
Such data includes compariscns between mice in
accordance with the inventicn and the XenoMouse I
strains, as well as consideraticn of the published
results of GenPharm International and the MRC. In
connection with the XenoMouse I strains, as mentioned
above, such mice possessed sub-normal B-cell production
and a only limited response to antigens. Such result

appeared related in part tc the limited V-gene
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repertoire. Similarly, results reported by GenPharm
International and the MRC indicate a limited response
to diverse antigens.

Without wishing to be bound tc any particular
theory or mode of operation of the invention, it would
appear that enhanced affinities appear to result from
the provisicn of the large number and complexity of V
regions. From our data, the provision of greater
numbers and/or selection of qualities of V;gene
sequences, enhances juncticnal diversity (N-additiocns
and formation of complementarity determining region 3
(“CDR3"”) diversity), which 1s typical <f an
adult-human-like immune respcnse, and which play a
substantial rele in affinity maturation of antibodies.
It may alsoc be that such antibodies are more effective
and efficient in somatic mutation events that lead to
enhanced affinities. Each of Jjunctional diversity and
somatic mutaticn events are discussed in additional
detail below.

With respect to affinities, antibody affinity
rates and constants derived through utilizaticon of
plural V. and V, genes (i.e., the use of 32 genes on
the proximal region of the V, licht chain genome and 66
genes on the V. portion of the genome) results in
association rates (ka in M' $') of greater than about
0.50 X 107%, preferably greater than 2.00 X 10°% and
more preferably greater than about 4.00 X 10°%;
dissociation rates (kd in S7') of greater than about
1.00 X 10%, preferably greater than about 2.00 X 1077,
and more preferably greater than about 4.00 X 107%; and
dissociaticn censtant {(in M) of greater than about 1.00
X 107'%, preferably greater than about 2.00 X 107'%, and
more preferably greater than about 4.00¢ X 109,



WO 00/76310 PCT/US00/15782

10

s
|92}

2G

25

30

Preferably, such mice additionally do not
produce functional endogenous immuncoglobulins. This is
accomplished in a preferred embodiment through the
inactivation (or knocking out) of endogenous heavy and
light chalin loci. For example, 1n a preferred
embodiment, the mouse heavy chain J-region and mouse
kappa iight chain J-region and C,- reglon are
inactivated through utilization of homologous
recombination vectors that replace or delefe the

region.

VARTIABLE REGION - B--TELL DEVELOPMENT

B-cell development 1s reviewed in Klaus B
Lymphocytes (IRL Press {19%0)) and Chapters 1-3 of T.
Honjo et al., Immunoglohulin Genes (Academic Press Ltd.
San Dbiego, CA (1289)). Generzally, in mammals, bleccd
cell development, including B- and T-cell lymphocytes,
originate from a common pluripotent stem cell. The
lymphocytes, then, evolve from a commen lymphoid
progenitor cell. Following an early gestatiocnal
period, B-cell initiaticn shifts from rthe liver to the
bone marrow where it remains throughout the life of the
mammal .

In the life cycle of a B-cell, the first
generally recognizable cell is a pro-pre—-B-cell which
is found in the bone marrow. Such a cell has begun
heavy chain V-D-J rearrangement, but does not yet make
protein. The cell then evolves into a large, rapidly
dividing, pre-B-cell I which 1s a cytoplasmically p’
cell. This pre-B-cell I then stops dividing, shrinks,
and undergoes light chain V-J rearrangement becoming a

pre-B-cell II which expresses surface IgM, which leave
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the marrow as immature B-cells. Most of the emerging
immature B-cells continue to develop and to produce

surface IgD, indicative of their completicn of
differentiation and development as fully mature
immunoccmpetent peripheral B-cells, which reside
primarily in the spleen.
Acad. Sci., 764,

Lett.,

[Hardy and Rolink, Ann.
{1995;; Rolink and Melchers,
pp. 157-161 (12%96)].

is possible to eliminate the delta constant region and

NY

Pe. 19-24

Immunol. 54,

However, 1t

still obtain immunccompetent cells.

B-cell differentiation and development can be
monitored and/or tracked threough the use cf surface
markers.

For example, the B220 antigen is expressed in

relative abundance on mature B-cells in comparison to

pre~B-cells I cor II. Thus, cells that are B220" and

surface IgM® (u")

presence of mature B-cells.

can be utilized to determine the
Additionally,

screened for surface IgD expression {&87).

cells can be
Another
antigen,

heat stabie antigen, 1s expressed by

pre-B-cells I and later deveiopmental stages.

TABLE 2

Bone Marrow Spleen

Marker

pro-pre-

B-cell

pre—B-
cell T

pre-8-cell

11

emarging B-
cell

immature
B-cell

mature
B-cell

B220

++

HSA

hi

io

25 u

a*

*

Assuming the presence c¢f a functional copy of the

C®% gene on the transgene.
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Through use of B~cell markers, such as those
mentioned above, development and differentiation of
B-cells can be monitored and assessed.

We have previously demonstrated that DI mice
(mice that do not undergo heavy chain V-D-J
rearrangement cr light chain V-J rearrangement) do not
produce mature B-cells. In fact, such mice arrest at
the production of pro-pre-B-cells and B-cells never
move from the bone marrow to peripheral tissues,
including the spleen. Thus, both B-cell development
and antibody production are completely arrested. The
same result is seen in mice that are only heavy chain
inactivated -- B-cell development and differentiation
arrests in the bone marrow.

Qur XenoMcuse I strain produced functional,
somewhat mature B-cells. However., the numbers of
B-cells, in both the bone marrow and peripherai
tissues, were significantly reduced relative to wild
type mice.

In contrast, our XenoMouse II strains and L6
strains, unexpectealy possess almost complete B-cell
reconstitution. Therefore, in accordance with the
invention, we have demonstrated that through the
quantitative inclusion o¢r gqualitative inclusion of
variable region genes B-cell differentiation and
development can be greatly reconstituted.
Reconstitution of B-cell differentiation and
development is indicative of immune system
reconstitution. In general, B-cell reconstitution is
compared to wild type controls. Thus, in preferred
embodiments of the invention, populations of mice

having inserted human variable regions possess greater

PCT/US00/15782
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populations of wild type mice.

ISOTYPE SWITCHING BY XENCMQUSE

As is discussed in detail herein, as
expected, XenoMouse II mice undergo efficient and
effective isotype switching from the human transgene
encoded mu 1isotype to the transgene encoded gamma-2
isotype. As mentioned above, mice 1n accofdance with
the invention can additionally be equipped with other
human constant regions for the generation of additicnal
isotypes. Such iscotypes can include genes encoding vy..
Yor Yar Yir o, €, O, and other constant region encoding
genes. Alternative constant regions can be included on
the same transgene, i.e., downstream from the human mu
constant region, or, alternatively, such other constant
regions can ke included on another chromosome. It will
be appreciated that where such other constant reglons
are included cn the same chromoscome as the chromosome
including the human mu constant region encoding
transgene, cis-swilltching to the other isotype or
isotypes can be accomplished. On the other hand, where
such other constant region is included on a different
chromosome from the chromoscme containing the mu
constant reglen encoding transgene, trans-switching to
the other isotype or isotypes can be accomplished.

Such arrangement allows tremendous flexibility in the
design and construction of mice for the generation of
antibodies to a wide array of antigens.

It will be appreciated that constant regions
have known switch and regulatory sequences that they
are associated with. All of the murine and human

constant region genes had been sequenced and published

PCT/US00/15782
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by 1989. See Honjo et al. “Constant Region Genes of
the Immunoglobulin Heavy Chain and the Molecular
Mechanism of Class Switching” in Immunoglobuiin Genes
(Honjo et al. eds., Academic Press (1989)), the
disclosure of which is hereby incorporated by
reference., For example, in U.S. Patent Application
Serial No. C7/574,748, the disclosure of which is
hereby incorporated by reference, the cloning of the
human gamma- 1 constant region was predicted based on
known seguence informaticn from the prior art. It was
set forth that in the unrearranged, unswitched gene,
the entire switch region was included in a sequence
beginning less than 5 kb from the 5'end of the first v-
1 constant exon. Therefore the switch region was also
included in the %' 5.3 Xb HindIII fragment that was
disclosed in Elliscn et al. Nucleic Acids Res.
10:4071~-4079 {1982'. Similarly, Takahashi et al. Cell
29:671-079 (1982) also reported that the fragment
disclecsed in Ellison contained the switch seqguence, and
this fragment together with the 7.7 kb HindIII to BamHI
fragment must include all of the sequences necessary
for the heavy chailn isotype switching transgene
construction.

Thus, it will be appreciated that any human
constant region of choice can be readily incorporated
into mice in accordance with the invention without
undue experimentation. Such constant regions can be
associated with their native switch sequences {(i.e., a
human vy. - ;, ... constant region with a human v: ., . ..
switch, respectively) or can be asscclated with other
switch sequences (i.e., a human vy, constant region with

a human y. switch). Various 3’enhancer seguences can
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also be utilized, such as mouse, human, or rat, to name
a few., Similarly other regulatory segquences can also
be included.

As an alternative to, and/or in addition to,
isotype switching in vive, B-cells can be screened for
secretion ¢f “chimeric” antibodies. For example, the
L6 mice, in addition to preoducing fully human IgM
antibodies, produce antibodies having fully human heavy
chain V, D, J regions coupled to mouse constant
regions, such as a variety of gammas (i.e.., mouse IyGl,
2, 3, 4) and the like. Such antibodies are highly
useful in their own right. For example, human constant
regions can be included on .the antibodies through in
vitro isotype switching technigques well known in the
art. Alternatively, and/or in additicn, fragments
{(i.e., Flab) and F({ab’')}, fragments) of such antibodies
can be prepared which contain little 2r no mouse
constant regions.

As discussed above, the most critical facter
to antibody production is specificity to a desired
antigen c¢r eritope on an antigen. Class of the
antibody, thereafter, becomes important accerding to
the therapeutic need. In other words, will the
ftherapeutic index of an antibody be enhanced by
providing a particular isotype or class? Consideration
of that question raises lissues of complement fixation
and the like, which then drives the selecticon of the
particular class or i1sctype of antibody. Gamma
constant regicns assist in affinity maturation of
antibodies. However, the inclusion of a human gamma
constant reglion on a transgene is not reqguired to

achieve such maturation. Rather, the process appears
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to proceed as well in connection with mouse gamma
constant regions which are trans-switched ontc the mu

encoded transgene.

EXAMPLE 1

YAC VECTORS FOR MURINE y1-HUMAN v4
OR _MURINE v1-HUMAN v1

Replacement vectors for targeting the parent
YAC yH1C fo replace the human y2Z2 switch element and
human CH v2 exons with the murine vyi switch element and
either the human Cyl exons or the human Cvy4 exons were
prepared (Figures 1). The vectors were designated as
oMuShul and pMuShu4 (Figure 5). The vectors were
constructed using a low copy number cloning vector
known as pACYC1l77. This vector pACYC177 is available
from New England Bioclabs, Inc., Beverly, MA and the
sejuence can be found in Genbank sequence database
undar the sequence accession number Gen=bank #X 06402.
o low copy number origin of replication 1s useful to
crevent ﬁnwanted rearrangements or deletions of the
plasmid DNA when propagated in E ceoll.

The first step was toc introduce a linker into
pACYC177 1in order to accommodate the elements needed
for the targeting vector. The linker contained the
foliowing restriction sites: Nhel-Sall-Smal-
NotI—-EcoRI-Xbal—SacI-BamHI.

The nuclecotide sequence of the linker (SEQ 1D NO: 2) is
shown below:
5' - cta gtc gac aaa tat tcc ccg ggc ggce cge tta
cgt atg aat tca gcg cge tte tag aac Tcg agt gag
ctc

PCT/US00/15782
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The nucleotide sequence of the complimentary strand of
the linker (SEQ ID NO: 3} 1is shown below:
5' - gat cga gct cac tcg agt tcet aga agc geg ctg
aat tca tac gta agc ggc cgc ccg ggg aat att tgt
cga

Restriction Enzvymes

Unless otherwise stated all restriction
enzymes were purchased from New England Biélabs Irnc.
(Beverly, MA). Furthermore, all restricticn digestion
conditions were standardized according to the fellowing
conditions: 1 microgram of DNA was digested in 20 pl of
“he appropriate restricticon buffer and using 5 units of
restriction enzyme for 1 hour. Restriction bufiers are
specified by the manufacturer Ifcr particular enzymes
and the compositions are provided in the product
catalog from New England Biolabs Inc. (Beverly, MA).

To introduce the linker, pACYCl77 was
digested with restriction enzymes Nhel/BamHI according
to the manufacturer's instructions. The linker as
shown above was ligated with a 2208 bp fragment of
pACYC177 isolated on an agarose gel and purified using
Geneclean kit (Bic 101} (Vista, CA}. This process
removed only non-essential regions of the vector
including Nhel and BamHI restriction sites.

The next step was to introcduce the yeast URA3
gene, with its promoter and coding sequences as a
marker for selection of yeast cells containing the YAC.
A DNA 1971 bp fragment of the URA3 gene containing the
promoter and coding sequence was obtained from pYAC4,
which is available from the American Type Culture
Collection (ATCC) catalog no. 67379 (Manassas, VA) and

the sequence can be cobtained from Genebank using

PCT/US00/15782
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accession no. #U01086. The URA3 fragment also provides
sufficient 3' homology for targeting. The plasmid
PYAC4 was digested with the restriction enzymes, S5Sall
and MscI, according to the manufacturers instructions.
Likewise, the vector-linker combination,
PACYC177/1linker, was digested with Sall and Smal
according to the manufacturers instructions.
Subsegquently, the two restriction nucleotide digested
DNAs pACYC1l77 and URA3 were ligated togethér to produce
Int 2.

The next step was to introduce the beta-
galactosidase gene (beta Gal) by first digesting Int 2
with Xbal and Sacl according to the manufacturers
instructions. The beta Gal gene was cloned from the
vector pGK beta Gal which can be obtained from Cell
Genesys, Inc. (Foster City, CA). The DNA pGK beta Gal
wis digested with the restriction enzymes, Xbkal and
Sacl. Linearized Int 2 and the 2533 kb fragment from
pGK beta Gal were ligated together to produce the next
intermediate called Int 3.

The above beta Gal expressicn construct is
incomplete. The missing porticn of beta Gal is
cbtained by digesting the pGK beta Gal plasmid with
restriction enzyme SacI and Ncol. The 1165 kb fragment
from the pGK beta gal digestiocon was lisolated by agarcse
gel eletrophoresis, wherein the fragment was excised
from the ethidium bromide stained gel and purified like
described above using a Geneclean kit (Bio 101) (Vista,
CA). Similarly, Int 3 was digested with the
restriction enzyme Sacl, acccrding te the manufacturers
instructions. The linearized Int 3 was iscolated by
agarose gel eletrophoresis. The 1165 bp fragment from

pGK beta gal and the linearized Int 3 were ligated
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WO 00776310 PCT/US00/15782

_57_

together using the enzyme T4 DNA ligase, purchased from
New England Biolabs, Inc. The DNA fragment was
reisolated and then treated with Klenow fragment to
blunt the ends. The linearized DNA was circularised

5 using the enzyme Ncol which blunt ligates to Sacl plunt
ends to produce Int 4.

INTRODUCTICON QF 5' HOMCLOGY

The region of 5' homciagy for targeted
recombination was isolated from the sequence cf A-267-
10 Cl0 YAC by rescue of the 3' end and had been previously
cloned into plasmid ppKMlc [See Mendez et al., Nature
Genetics 15:146-156 (1997)]1. The AZ87-C10 YAC was
isolated by screening DNA pools from the Washington

University human YAC library (Washington University,

=
[}

St. Louis, MO} using PCR primers for the human V.¢ gene.
Isplaticon and characterizatiocn of the A287-C10 YAC was
described in detail in International Patent application
WC 94/02602, by Kucherlapati et al., published on
February 3, 1984, and that disclosure 1s hereby

20 incorporated by reference.

Int 4 was digested with the restricticn
enzymes NotI and SnaBIl and then treated with Calf
Intestine Phosphatase as fcllows: 1 microgram of DNA in
20 microliters of restriction digest reaction, 5 units

25 of calf intestine phosphatase (New England Biolabs.,
Beverly, MA). The enzyme and DNA were incubated for 30
minutes at 30 °C, then heatred to 6% °C for another 30
minutes to denature the phosphatase. The vector ppKMlc
was digested with the restriction enzyme, EcoRI, and

30 then treated with Klenow Fragment to create a blunt end

to remove the EcoRI site. The linearizea ppKMlc was
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isolated and digested with the restriction enzyme NotI,
according to the manufacturers instructions. A
fragment of approximately 1 kb 5' homology was
isolated. Next, the 1 kb fragment was ligated together
with the NotI and SnaBIl digested Int 4. This DNA
preparation was named Int 5.

The vl and v4 CH1, Hinge, CHZ, and CH3 coding
exons, transmembrane exons and approximately 3 kb of
downstream sequence (~7kb each) were introduced into
the replacement vectors thrcugh two intermediate DNAs
derived from pBR322.

First, pBR322 was digested with Hind III,
treated with Calf Intestine Phosphatase (CIP) and
ligated with the approximately 7kb Hind III fragment
containing the vyl sequences from Pl <lone #1737 (Gl).
P1 phage clone was purchased from Genome 3Systems, Inc.
(St Louis, MO). This resulted in intermediate plasmid
pCGlz.

The second intermediate was constructed by
digesting pBR322 with the restriction enzymes, HindIII
and BamHI. The 3986 kb fragment was Created with calf
intestine phosphatase and ligated with approximately
Tkb HindIII/BamHI fragment containing the human v4
sequences from BAC clone #176E10, purchased from Gencome
Systems, Inc. (St. Louils, MO). This intermediate
plasmid was called pCG43.

In order to complete construction of
targeting vectcrs, a new linker was cloned into the
Xbal restriction site of Int 5. The lirnker had the
focllowing restriction sites: Xbalekiil ~Mfel-Sspl-
HindIII-SnaBI-BclI-XhoI-MlulI-Xbaekill. Int 5 with the
linker cloned into it was called Inté. The linker

sequence ID NO: 4)is shown below:

PCT/US00/15782
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h' cta ggc aat tga taa tat taa gct tta cgt atc tga
tca tcc tcg aga c¢gc gtg

Complementary strand sequence (SEQ ID NO: 5):
5' cgt taa cta tta taa ttc gaa atg cat aga cta gta
gga gct c¢chtg cge acg atc

The Linker was oriented in Int 6 as such:
2287 — SnaBI(ex)-EcoRI-BssHII-Xbal(ex)-Mfel-
HingIII-BclI-XhoI-Mlul-pGK-ceta Gal

The restriction site XbalIskill indicates that
the particular Xbal site will ke eliminated upon
ligation into the larger DNA. The linker is
conveniently designed so that it can ligate into an
Xbal site but the site does not survive the ligation.
The particular Xbal site which contained the linker was
determined by first cloning the linker and then
digesting the DNA with the following pairs of
restriction enzymes separately: Notl and HindIII; Xbal
and Sphl; and Mlul and SphI. Introduction of the
linker eliminates one Xbal site. The positicon of the
linker in Int 6 was determined by the distance between
the newly introduced Hind III site and the Notl site

which was present in Int 5.

CLONING OF MOUSE vi1 SWITCH REGION:

The plasmid EH10 was obtained from the
University of Michigan and is a pBR3222 based plasmid
containing a murine vyl switch region on a HindIII/EcoRI
fragment [M.R. Mowatt et al., J. Immunol. 136:2647-2683
(1983)]. The plasmid was digested with the restrictiocon
enzymes EcoRI and HindIII and the 10kb fragment
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containing the mouse vyl switch was isolated and

purified as above.

CONSTRUCTION OF pMSL4

Construction of pMSL1 involved a three way
ligation. The first element was the 10kb fragment
containing the mouse vl switch was isolated from EcoRI
and HindIII digested EHIC as described aboﬁe. The
second element was pBR322 digested with BamHI and
EcoRI. The final element was the pBR322 based plasmid,
pCG43, containing human y4 on an approximately 7kb
HindIII and BamHT fragment. All fthree were ligated

together fo create pMSL4.

CONSTRUCTION OF oMSL1

Construction of pMSL1l ailso involved a three
way llgation. The first eiement was the 10kb fragment
containing the mouse vyl switch was isclated from EcoRI
and HindIIl digested EH10 as described above. The
second element was pBR32Z digested with EcoRI and
BamHI. The final element was pBR322 based plasmid
pCGl2 containing appreximately 7 kb fragment of human
vl which was modified by introduction cf Hind III kill-
HamHI linker into HindIII site cn 3' end of the 7 kb
fragment. Thusly modified plasmid after double digest
with BamHI and HindIII releases 7 kb HindIII/BamHI
fragment which 1s subsequently used in three piece

ligation.

MOUSE 3' ENHANCER

We isolated the 0.9 kb core part of the

enhancer by Stul restriction digestion from the 4kb
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Mlul fragment of the pIBgammaZ targeting vector
containing the murine 3' enhancer (HSIg2) cloned into
pIB [M.J. Mendez gt al., Nature Genetics, 15:146-156
(1997)].

We digested Int 6 with the restriction enzyme
Xhol, follcowed by treatment with the Klenow fragment to
create blunt ends. We ligated the resulting linearized
Int 6 with the 0.9 kb Stul fragment of murine 3
enhancer to create Int 7. We verified tneAcloninq
reaction by performing restricticon digestion on sample
clones with using EceRI. In additicon, we confirmed the
desired orientation of the fragment by digests with
NcoI; Ncel and HindIII; and HindIII and Pvull and the
known restriction map of the 0.2 bp Stu I fragment.

We introduced another linker intc plasmid Int
7. We digested Int 7 with Mfel and 3naBI (double
digest). followed by treatment with calf intestine
phosphatase. Next, we introduced the follcwing linker
by performing a ligation reaction and creating
intermediate Int 8. The restriction sites inserted by
the linker intc Int 7 are as follows: Mfelskill-HindITI-
SnaBI-Bclli-Bglll-Bam HI-BglII-NhelIekill. Agailn,
Mfelskill indicates that the Mfel site was eliminated

upon ligation into the larger DNA.

The nuciectide sequence c¢f the linker (SEQ ID NO: 6}:

5' aat taa gct tgt acg tac tga tca aga tct gga tcco
aga tct

The nucleotide sequence of the complementary strand
(SEC ID NO: 7):
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5' aga tct gga tcc aga tet tga tca gta cgt aca agt
t

TARGETING VECTORS

The complete targeting vectors were
constructed by digesting Int8 with the restriction
enzymes Scel and HindIII, followed by treatment with
calf intestine phosphatase. The plasmids pMSL1 and
pMSL4 were partially digested with the restriction
enzymes Scel and HindIII. A 17 kb fragment was
isclated by polyacrylamide gel electrophoresis. The
purified 17 kb fragment was ligated with Int 8 to

create the final targeting vectors as shown in Figure
5.

EXAMPLE 2

TARGETING CF vl OR v4 CONSTRUCTS ON_yHIC YAC

The TVY or TV4 vectors (5 ug DNA) were
linearized by digestion with the restriction enzyme
NotI (Figure 5). The DNA was purified by phenol
extraction followed by phenol/chlorsform extraction.
Next, the DNA was precipitated with ethancl and then
used to a transform a yeast clone containing the vHIc
YAC using a LiAc transformation protecol. [See
Schiestl, R.H. et al., Curr. Genet. 16,339-346 (1989)].
Transformants were plated onto SC-URA agar media plates
and incubated at 22 °C until colonies appeared or
approximately 5-6 days. SC-URA plates contain a media
for growth of yeast which lacks uracil and therefore
selects for yeast colonies that can produce their own
uracil. Similarly, SC-LYS plates contain a media for

growth ¢f yeast which lacks lysine and selects for
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yeast colconies that can produce their own lysine. The
resulting cclonies were repicked onto SC-URA plates and
on SC~LYS plates — for genetic testing — to lcok for
the loss of the LYS marker. Only cliones which grew on
SC-URA and did not grow on SC-LYS were grcown in YPDA
media for 48 hours at 22 °C. YAC DNA was isolated and
analvzed by polymerase chain reaction (PCR} tc evaluate
whether the desired isotype replacements cccurred as
expected. 1In this case, human vl or vi CHrexons should
have replaced human y2 CH coding exons {(Figure 1}. The
yeast medlia used her=z was prepared from supplements
obtained from RBIO 101 (Vista, CA).

PCR Primers used for this assay are as follows:
HGl: 3' cac acc gcg gtc aca tgg ¢ (SEQ ID NGC: 8)
HG2: 5' cta ctc tag ggc acc tgt cc (SEQ ID NO: 9)

The PCR reacticn consisted of 35 cycles cif
the fellowing: 94°C for 15 seconds followed by 60°C for
45 seconds and then 72°C for 90 seconds per cycle. HG1
primer was positioned at nuclectide 181 on consensus
human Cv1l, Cv2, Cy4 alignment and primer HG3 was
positioned at nucleotide 994 of this alignment. These
primers will amplify DNA frcm Cvl, Cy2, and Cv4
isotypes.

Due To restriction site polymorphism in the
human Cvy genes, the particular isotype of the template
DNA could be determined by restriction digestion cf the
PCR prcducts to yield unique sets of DNA fragments.

For example, the restriction enzyme Pvull restricts the
PCR precduct into two fragments of 621 bp and 1926 bp

when Cy2 DNA is the template for the PCR products, but
does not cut the product if Cyl or Cy4 is the template.

PCT/US00/15782



WO 00/76310

10

20

25

30

Similarly, the restriction enzyme Ecod47III restricts
the PCR product into two fragments of 438 bp and 379 bp

when Cyl is obtained. Finally, the restriction enzyme

"BgliI restricts the PCR product into two fragments of

686 bp and 125 bp when Cy4 1s obtained. 1In this way
all three isotypes of IgG could be distinguished.

In the next level of characterization, all
yeast clones which exhibited correct genetics as well
as the desired 1gG lsctype were further scfeened by
Scuthern biot assav {J. Sambrook et al. Molecular
Cloning: A Laboratory Manual, Chapter 9, pages 31-45,
Cecld Spring Harkor Laboratory Press {1989)). A 5
microgram sample of DNA for each clone was digested
overnight with the restriction enzymes Hind III, EcoRI
and 3am HI. vyHIC YAC DNA, which served as the criginal
target ¢on the replacement vectors was used as control.
The digested DNAs were separated on 0.8% agarose gel,
stalned with ethidium bromide and photographed and then
transferred ontoc nylon membrane (Gene Screen
Hybridization Membrane, NEN Life Sciences). Next, the
YAC candidates were checked on Southern blots using
hybridization probes from the following Ig genes: D,
mu, J, delta, murine 3' enhancer, Cgil,4,V1-6. [See M.J.
Mendez et &l., Genomics 26, 294-307 (1985); M.J Mendez
et al., Nature genetics wveol 15, 146-156 (1997) (V3
probe} ]

The following probes were used for Southern blotting:
HG1 : CAC ACC GCG GTC ACA TGG C (SEQ 1D NO: 8)
HG3: CTA CTC TAG GGC ACC TGT CC (SEQ ID NO: %)
These primers will amplify ~820 bp fragment for gamma
1,2 and 4 . Either one can be used as a probe as tThey

are highly homologous.
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To amplify VHS5 following primers were used:
VH5A: 5' GTC GAC GGG CTC GGG GCT GGT TTC TCT (SEQ ID
NO: 10)

VHSR 5" GGG CCC TGA TTC ARAA TTT TGT GTC TCC (SEQ 1D
NQ: 11)

For HPRT following primers were used
REP3: 5' CTG GAG TCC TAT TGA CAT CGC T (SEQ ID NO: 12)
REP4: 5' GGT TCT TTC CGC CTC AGA AGG {SEC ID NO: 13;

And, Iinally, to amplify Cmu following primers were
used

Jmli: 57 GCT GAC ACG TGT CCT CAC TGC (SEQ ID NO: 14)
Jmé: 5' CCC CAG TTG CCC AGA CAA CGG (SEQ ILr NO: 15)

Finally, we confirmed the general structural
integrity ¢f the YACs using CHEF gel pulse-field gel
electrophoresis (CHEF DR-1II, Bio Rad Life 5clences,
Hercules, CA).

We designated the YAC encoding Cyl as yHZBm

and the YAC encoding human Cv4 as yHZCm.

EXAMPLE 3

CONSTRUCTION CF VECTORS FOR RETRCOFITTING
vHIC YAC TO 1 (TV G1} AND v4 {TV G4)

Vector construction for preparing the
targeting vectors to retrofit the yH1C YAC to vHGl and
vHG4 1s schematically shown in Figure 6. The targeting
vectors were built on a backbone cf pACYC177 (Genebank
#X06402) available from New England Biclabs
Inc.{Beverly, MA). We introduced a linker into

PACYC177 to facilitate cloning of a murine 3' enhancer.
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We called the pACYC177 vector containing the linker Int
9. The arrangement of restriction enzyme cloning sites
in the linker was as follows: HindIII-SalI-MluIl-PacI-
FseI-HindlIIl. The linker nucleotide sequence {SEQ ID
NQO: 16) 1is shown below:

5' agc ttg tcg aca <¢gc gtt taa tta agg ccg gco a

The nucleotide sequence of the complementafy strand
{SECG ID NO: 17):

5' agc ttg gcc ggc ctt aat taa acg cgt gtc gac a

We c¢loned the murine 3' enhancer Ifrom the
vHiC targeting vector as an approximately 4kk Miul
fragment. The 4 kb enhancer fragment was cloned into
the Mlul site of pACYC177 modified with the linker
shewn above and the DNA is called Int 10. Proper
orientation of murine 3' enhancer was determined by
digesting prospective clones with the restriction

anzvmes NgcMI and Eagl.

Amplification of a 5' homology region

A region of 5' homology was obtained by PCR
amplificaticn of the relevant portion cf plBgammaZ
targeting vector [M.R. Mowatt, et al., J. Immunecil.
136:2647-2683 (1983)]. The nucleotide seguence of the
primers used for amplifying the 5' homology region
weref{See also Genbank Accession no. MI12389]:

Primer 1 :5' tgg tgg ccg aga agg cag gcc & {SEQ ID NO:

18)
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Primer 2 :5' ¢ccg cgg gca tgc aac ttc gta taa tgt atg
cta tac gaa gtt att gtg gga cag agc tgg gcc
cag g (SEQ ID NO: 19)

Primer 2 contains SacIl and Sphl sites as well as a lox
p element. The 5' homology region was PCR amplified
using the following PCR conditions: 20 cycies of 94°C
for 3 seconds, followed by 55°C for 30 seconds, and then
72°C for 60 seconds. The region was then sequenced
after cloning it into TA-TOPO vector. TA-TOPO is

available from Invitrogen, Inc. (Carlsbad, CA).

Tne primers for 5' homelodgy sequencing are shown below:

segl: gtc tgg ccc ctec tge tge (3EQ ID ND: 20)
segz: cac cca taa zag gct gga (SEQ ID NO: Z1)
rev. seqgl: acg gct cat gco cat tgg (SEQ ID NG: 22)
rev. seq: tag tga gtg ggc ctg act (SEQ ID NO: 23}

We compared the resulting sequence to the
human switch yv2 sequence (Genebank #U39934) and

determined that it is identical.

Cloning of v4 coding and 3' homology regicgns

We obtained human v4 ccding exons and a
region ¢f 3' homology by perferming partial enzymatic
digesticn of the plasmid pCG43 using the restriction
enzyme SaclI. We then digeéted plasmid pGS43 with the
restriction enzyme BamHI ancd we cloned a purified
approximately 7 kb fragment into the TA vector
containing 5' homology. We called this intermediate
recombinant DNA molecule IntI G4.

IntI G4 was digested with BamHI, treated with

calf intestine phosphatase and then the vector were
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isolated using agarose gel electrophoresis. The
isolated vector was ligated as described before with
3.4 kb BamHI fragment from plB gamma2. Orientaticn of
the insert was determined by double digest NotI/Hind
IITI. The HindIII site was determined tc be at the 57
end of 3.4 kb BamHI fragment as determined by the sizes
of fragments after digests.

Next we needed to determine orientation of
the linker in pACYC177/enhancer plasmid. This was done
by preparing a panel of double digestions of
pACYC177/1linker with Smal and with one cf each of the
following second enzymes, Sall, Mlui, Pacl and Fsel.
Linker orientation was determined by sizes of resulting
iragments.

The positions c¢f restriction sites 1n

PACYC177/enhancer plasmid is as folleows: Clal/Smal

{pACYC177)~-HindIII-Fsel-Pacl-Mlul- ({enhancer:PstI-
Pvull-EcoRI-Ncol-Nhel-Apal;)} -Mlul-3Sall)- Pimll
(pPRCYC177) .

The next step was to clone URA 3 gens into
pACYC177/enhancer plasmid. The purpose of this is to
retrofit the targeting vector with a selectable yeast
marker, as well as 3' homology to drive homelogous
recomblnation. In crder to clene URA3 gene, Int 2
(constructed for original TVl and 4, described in
Example 1) was digested using SacIi/Sail. Similarly,
the pACYCl77/enhancer plasmid was digested with
SacIi/5aiI. 3.8 kb fragment from Int 2 digesticn and a
S5kb fragment from pACYCi77/enhancer were isclated on
agarose gel electrophoresis and ligated together. The
resulting plasmid contains enhancer and URA3 gene in
PACYC177 backbone. The next step was to introduce two
more linkers into Intl G4 with cloned 3.4 kb Bam HI
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fragment. The resulting intermediate was called Int 2
G4.

The Linkers were as follows: NotIkill-FseI-NotIkill and
Linker seguences:
GGCCATGGCCGGCCAT (SEQ ID NC: 24)

TACCGGCCGGTACCGG (SEQ 1D NO: 25)

The second linker had the fgllowing restriétion sites:
BamHI-KpnI-EcoRV-Mfel-Fsael-Sfil-BamHIikill:
GATCCGGTACCGATATCCAATTGGGCCGGCCGECCATATAGGCCT (SEQ ID
NO: 26)

GCCATGGCTATAGGTTAACCCGGCCGGCCGGTATATCCGGACTAL (SEDQ
ID NO: 27)

The purpose of introducing linker 1 was to
provide an Fsel site for the final c¢loning step, as
well as eliminating one of NotI sites. In addition,
this leaves the final targeting vestor with a unigque
NotI site, which was used to linearize the targeting
vecter before transformation. The seccond linker was
used to clone the last fragment needed to restore the
complete downstream region of yHI1IC YAC, a 1.5 kb
BamHI/EcoRI fragment.

Linker 2 was introduced via partial digest with
Bam HI. 1IntI G4 (with cloned 3.4 kb BamHI fragment)
was partially digested with BamiiI and the partial
digest was isolated cn agarose gel as a 13kb fragment.
The 13 kb fragment was treated with calf intestine
phospohatase and ligated with linker. The position of
the linker and its orientation (whetner it went into
correct BamHI site at 3' end of 3.4 BamHI fragment) was
determined by digesting clones with Mfel and Notl
(double digest). The Mfel site is introduced with a
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linker and the Notl site is present in the vector.
Relative fragment sizes permit allowed identification
of the position and orientaticn of the linker. The
plasmids retrofitted with linker are now Int 3 Gl and
Int 3 G4.

The next step was toc clone into Int 3 G4
plasmid, a 1.5 kb fragment obtained by BamHI/EcoRI
double digest of pIBgammaZ? plasmid. The 1.5 kb
fragment was cloned into BambI partial digést/MfeI
digest of Int 3 G4. &Since it was directional cloning,
ne orientation determination was needed in this step.
The resulting plasmid was called Int 4 G4.

The next step was to introduce the linker
with the restriction sites Notlkill-Fsel-Notikill. Int
4 G4 was digested with NotlI, treated with calf
intestinz phosphatase, isolated on agarose gel and
ligated with the linker. The resulting plasmid was
called Int 5 G4. Agalin, there was no need to determine
linker corientation in this step. As a2 result, a unique
Not I site was eliminated and one Fsel site was added.
The purpose cf introducing the Fsel site was to aillow
cloning of a fragment spanning from 5' homology region
to the 1.5 kb fragment to pACYCl77/enhancer/URA3
plasmid.

The final c¢loning step was a partial digest
of Int 5 G4 with Fsel, followed by isclation of a 13 kb
fragment on agarose gel and ligation into the unique
Fsel site of pACYCl77/enhancer/ URA3. The orientation
of this insert was determined by a double restriction
digest with NotI/Fsel. The final targeting vectors
were called TV G4.

To construct the TVGl targeting vector to

retrofit the yH1IC YAC with human Cvyl coding exons and a

PCT/US00/15782
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a region of 3' homology, we use the procedure described
above for the construction of TV G4. We obtain the Cyl

coding exons and 3' homoclogy regien from plasmid pCGl2.

EXAMPLE 4 CONSTRUCTICN OF TARGETING VECTORS TV
Gl/2 BRND TV G4/2 FOR TARGETING QF yHIC
YAC FOR NON-COGNATE SWITCHING

Next, we constructed a vector, TV Gl/2, which
has a chimeric construct of human vyl CH coding exons
attached downstream of 5 kb of human switch v2 region
DNA (Figure 3). In addition, this vector contains
Luman v2Z transmembrane exons located 3' of the vl CH
coding excns {Figures 3). The vector 1s based on
PACYC177 vector, which 13 available from New England
Biclabs (Beverly, MA). We ccnstructed the vector,

which we call TV G1/2, using the following procedure:

1. First, 5 ug of plRgamma?Z was digested with the
restriction enzymes, HindIII and BamHI, and a 6.5
kb fragment was 1solated on an agarose gel. The
vector, plIBgammal, contains 22 kb of human genomic
DNA with v2 flanked by two EcoRI restriction
enzyme sites and was previously used to generate
vyH1Z. The 6.5 kb fragment was then ligated into
the pCR™2.1 vector from Invitrogen, Inc.
(Carlsbad, CA). pCR2.1 was prepared by digesting
1 pg of plasmid with BamHI/HindIII and treating
with calf intestine phosvhatase and then isclated

on an agarcse gel.

2. The resulting plasmid (6.5 kb fragment + pCR™2.1

vector) was subjecrted to partial digestion with

PCT/US(0/15782
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restriction enzyme Xmnl foliowed by digestion with
the restriction enzyme HindIII. The digestion
with XmnI occurs 75 bp upstream of the v2 stop
coden. Therefore, the 4th exon of the v1/v2
chimeric gene initially contains 75 bp of v2 in
additicn tc the two 3' yv2 membrane exons. The
coding region fo vyl and v2 are identical
throughout this 75 bp region and there is no
effect. | |

Next, 5 ug of pCGl2 was digested with the
restriction enzymes HindIII and XmnI and a 1.7 kb
fragment was 1isolated by agarose gel
electrophcresis. The vector pCGl2, which is
descriped in Exampie 1, contalns approximately 7kb

of human vi.

The 1.7 kb HindIII/XmnlI fragment comprising most
ol the cocding seguences of yl obtained from pCslZz
was ligated into the HindlII/XmnlI partially
digested vector (6.5 kb fragment + pCR™2.1 vector)

described in step 2.

The resulting plasmid cecntains chimeric sequences
of coding regions ¢f vl attached to a downstream
region of yZ that contains transmembrane exons.
We verified the composition of the plasmid by

restriction digestion with Eco47III.

The pCR™2.1 vector having cloned 5’ homology,
described in Example 3, was digested with SaclI
and BamHI. Likewise, we digested the plasmid
described in step 5 with SaclIlI and Bam HI (double

digest) and cloned an approximately S5kb fragment
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from the plasmid inte the pCR2.1 vector with the
5’ homology. Then we digested the resulting
vector with SacII and SacII and cloned into this
site fragments obtained from the vector described
in step 5). We determined the Orientation of the
Sacll insert by Sphl digests. The resulting
plasmid contained chimeric yl/vy2 C. exons
downstream from a region of 5'homology in a pCR2.1
vector. We called this wvector TA 61/2, indicating
that it is derived from pCR2..1, known as TA
clorning vector, and contain chimeric yl/v2 C,

eXons.

We retrofitted the plR™Z2.1 vector with cloned 5’7
homology described in step 6 witn the yeast
selectable marker, URA3, gene as follows:

a. We obtained the URA3 gene by digesting Int 2
{described in Example 1) with Sall. The
products of the Sall digestion are subjected
to an additional reaction with Kienow
fragment t¢ create blunt ends. Thesse
products are consecutively digested with

SaclT.

b. The pCR™2.1 wvector produced 1n step 6 was
digested with BamHI, then blunted with Klenow

fragment and further digested with Sacl.

C. The URA3 gene oktalned in 7({a) was ligated
into the pCR™2.1 vector prepared as in 7{b).
The resulting vector contains a 5 homology

region with a downstream URA3 gene, flanked

PCT/US00/15782
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by NotI sites (one from the linker in Int2

and another originally present in pCR2.1).

We excised the Notl fragment from the plasmid
produced in step 7 and cloned it into the Notl
site of Int 1 (also used for TVl and 4 cloning).
We determined the correct crientation of the Notl
fragment by using an EcoRI digest. The resulting
plasmid, which we designated Int 3, hés a 5’
homcology region with a URA3 gene downstream in the

low copy origin background (pACYC177).

To Tinish contruction of the final targeting
vector for the Gl/2 chimeric YAC, we partially
digested the vector having the clcned ' nomelcgy
and G1/2 chimeric IgG constant region in the
pCR2.1 backgrcund (produced in step 6} with EcoRI
restriction enzyme and subsequently recut with
Sacl restriction enzyme. We lsclated an B8Kb
fragment containing the 5' homology and the
chimeric G1/2 IgG constant regicn and cloned it
into EcoRI and Sacl sites of Int 3, which resulted
in the TV G1/2 targeting vector. There was no
need to determine the insert orientation, since we

intreduced the fragment by directional cloning.

Alternatively, after step 7 we remove the 5’

homology and URA3Z gene from the plasmid described in

step 7 by digesting with Xbal. Then we clone the 5’

homclogy and URA3 gene into the Xbal site of the

plasmid described in step © to produce the TV G1/2

30 vector shown in Figure 7.
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We contruct the TV G4/2 targeting vector, which
has a chimeric construct with human v4 coding excns
attached downstream of 5 kb of human switch y2 region
DNA and human y2 CH coding exons (Figure 4) utilizing

the above-described procedures with some modificaftions.

Tne plasmid produced in step 1 15 subjected to
partial digestion with restricticon enzyme XmnlI followed
by digestion with the restricticon enzyme HindIII. The
digesticn with Xmnl occurs 75 bp upstream of the vy2
stop codon. Therefore, the 4th exon of the v4/vy2
cnimeric gene initially contains 75 bp of y2 in
additzon to the two 3' v2 membrane exXons. There is a
single base palr difference between v4 and y2 in this
raglon, which resultfs in a single amino acid change.
To correct tChis, we perform site directed mutagenesis
to a C to T at the human gamma ? gene using a Directed
Mutragenesis Kit from Clontech Laboratories Inc. (Palo
aAlto, CA).

The we perform the repair using two synthetic
oligecnucleotides: one to replace the nucleotide
necessary to switch sequence from y2 to v4 and an
auxiliary oligonucleotide to eliminate a Notl site in
the pCR2.1 vector with the cloned chimeric G4/2 7kb
fragment.

For replacing C with T, we use the following
cligonucleotide:

CCTCTCCCTGTCTCTGGGTARATGAGTGCC

The T residue in bold is replacing C in original

plasmid.

The second oligonucleotide {tc eliminate NotlI site

PCT/US006/15782
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) 1is:

TATCCATCACACTGGCGACCGCTCGAGCAT

This oligo contains a Not I site (shown in bold) in
which a G has been replace with an A to disrupt the
site. We sequence part of the plasmid to confirm that

the correct nucleotide was replaced.

EXAMPLE 5

TARGETING STRATEGY

We linearized the abcve described vectors,
™1, Tv4, TV Gi, TV G4, TVG 1/2 and TV G4/2 and used
them to transform yeast c¢ell cultures with yH1C YAC by
lithium acetate Etransformation. We subseguently used
the linearized vectors toc replace the targeted ¢genas on
yvii1C as described below, to produce the new YACs vHZBm,
yH2Cm, yHG1l, yHG4, yHG1/2 and yHG4/2 respectivaly
(Figures 1-4). We plated yeast cells on 3C-URA medla
after transformation tc select for the integration of
the URA3 marker. We checked any resulting clones for
YAC integrity using pulse field gel electrophoresis.
In addition, we analyzed clones by Scuthern blot to
validate the structure and identity.

In the case of yHGl/2, the URA3 gene in
resulting YACs was flanked by 5 homology sequences
which we removed as follows.

We plated yeast cultures containing yHG1/2
YAC on agar plates with 5 FOA (negative selection for
URA). We checked the resulting 5 FOA-resistant clones

for integrity by pulse field gel and Southern blots as

outlined above.

PCT/US00/15782
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We use the TVGl vector and the TV G4/2 vector
to produce the yHG1l and yHG4/2 YACs, respectively,

following the above-described strategies.

EXAMPLE 6
INTRODUCTICN OF THE vH2BM YAC INTO ES CELLS

We introduced the YAC, vH2ZBM, into mouse
embryonic stem (ES) cells through yeast spheroplast
fusion as described in detail below. [See B. Birren et
al., Genome Analysis: A Laboratory Manual, Volume 3,
Cloning Systems, "Chapter 5: Introduction of YACs into
mammalian cells by spheroplast fusion", pages 548-550,
Cold Spring Harbor Laboratory Press, Plainview, NY].
yH2BM contalning yeast cells were sphercplasted using
zymolase 20T at 0.15 mg/ml. The yH2BM spheroplasts
were fused with HPRT-deficient E 14.TG3Bl1 mouse ES
cells which had been cultured as described below [Ses
Tsuda ef al., Genomics 42:413-421 (1987)1. HAT
selection was initiated 48 hours after fusion.
HPRT-pcsitive ES cell clones were selected at a
frequency of 1 clone/15-20x 10° fused cells. Twenty-che
HAT resistant colonies were expanded for genome
analysis and were analyzed for YAC integrity by
Scouthern and CHEF blot analyses. 1In control
experiments fusing ES cells alone and yeast
spheroplasts alone, no colonies were detected.

~ The detailed procedure iz as follows:
PRODUCING YEAST SPHEROPLASTS

Excess yeast cells were prepared because up
to 50% will be lost during the spheroplasting
procedure. For fusing 5 x 10 ES cells, approximately S

x 10% veast cells are needed.
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We inoculated selective medium (SEC-) with
freezer stock to give a starting inoculum of
approximately 5 x 10° cells/ml. We determined the cell
density in the culture by use ¢f a hemocytometer. We
grew the cells at 23°C with shaking at 25C rpm
overnight. 1Incubation can also be at 14°C or 18°C to
increase YAC stability. Culturing at 30°C may result in
deletion of some Ig gene segments in Tthe YAC. In the
morning, the culture density was be Z X 107 cells/ml.
We stepped down to 1 x 10  cells/ml with YPDA {(rich)
medium, and incubated for 2-3 hours. Culture density
at this step should not exceed 2 x 107 cells/ml because
exponentlially growing yeasts are n=eded for =fficient
and complete spheroplasting.

We poured the desired amount of culturese (to
provide 5 x 10° cells) into sterile 50ml tubes,
centrifuged at 1000-1200g (2330-2500 rpm in a Jcuan
GR4~22 centrifuge) at room temperature for 5-10
minutes, and discarded the supernatant. Alternatively,
large wvolumes of cells can be pelleted in large conical
centrifuge tubes.

We added 20 ml of sterile H,0 to each tube of
yeast cells, resuspended the cells by vortexing {or
with a pipette), centrifuged as above, and discarded
the supernatant. Next, we added 20 ml of 1 M sorbitol
to each tube of yeast cells, resuspended the cells by
vortexing (or with a pipette), centrifuged as above,
and discarded the supernatant. We resuspended the
cells in SPE buffer (1 M scrbitcol, 10 mM sodium
rhosphate, 10 mM EDTA) containing a 1:500 dilution of
freshly added Z-mercaptoethancl to a final cell

concentration of 5 x 10% cells/ml.
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We combined 10 pl c¢f the previous cell
suspension with 90 npl of 5% (w/v) SDS and another 10 nl
of the cell suspension with 90 pl of 1 M sorbitol. We
determined the cell concentration of each mixture with
a hemocytometer. Warm the yeast cell suspension from
the previous paragraph to 30°C. For each 1 ml of yeast
cell suspension, add 1.5 ul ¢f a 130 mg/ml stock of
Zymolyase—-20T (ICN). We incubated stationary at 30°C.
At 5 minute intervals, combine 10 ul of thé ceil
suspension with 90 1l of 5% (w/v) S$DS and determine the
cell concentration with a hemccytometsr. We monitored
the decrease in the number of cells that remalin in the
presence cf S5DS treatment (compared with the initial
cell concentration in the presence oif scrbitol).

Whenn 95% cf the zells beccme lysead in SD3,
immediately centrifuged the sample at 200-300g
(1000-1200 rpm in a Jouan GR4-22 centrifuge) at room
tenperature for 5 mlinutes and poured off the
supernatant carefully {(the pellet should be very loose

and some loss of cells willl occur).

9]

The total time for spheroplasting {steps affer zymolase
is added) 1s typically 5-20 minutes.

We gently resuspended the spheroplasts in 20
ml of STC buffer (0.8%8 M sorbitel, 10mM Tris, 10mM
CaCl,;) by inversion or careful pipetting, centrifuged
the sample at 200-300g (l1000-1200 rpm in a Jouan GR4-22
centrifuge) at room temperature for 5 minutes, and
carefully poured off the supernatant. We repeated this
procedure one time. We resuspended the spheroplasts at
2.5 x 10° cells/ml in STC and kept them at room

temperature (or on ice) until used in step 14.
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FUSTON WITH ES CELLS

We transferred 1 ml containing 2.5 x 10°
spheroplasts of the spheroplast suspension to a 15-ml
tube and centrifuged 1 ml at 200-300g (1000-1200 rpm in
a Jouan GR4-22 centrifuge; at room temperature for 5
minutes. We remcved all of the supernatant by slow
aspiration with a drawn-out glass pipette. With the
tube in a semihorizontal position, we gently added 1 ml

of ES cells {at 5 x 10° cells/ml} without disturbing the

spheroplast pellet. The spheroplast:ES cell ratio can

vary from 25:1 to 50:1.

We prepared the ES cells in advance as
foliows: we started ES cultures in plates coated with
mouse primary feeders, with a starting density of
& x 10° ES cells per 100-mm plate and standard ES medium
(DMEM high glucouse, 100 units/ml of penicillin, 100
ug/ml of streptomycin, 2 mM L-glutamine, 100 um
2-mercaptoethancl, 1000 units/ml of murine Leukemia
inhibitory Factor [ESGRO ], and 15% heat-inactivated
fetal calf serum). Following 48 hours of standard
growth conditions, we trypsinized the cultures and used
the resulting cells to start cultures on gelatin-coated
plates at 107 ES cells per 100-mm plate. We allowed
growth tco continue for 16-24 hours. Four hours before
fusion, we replaced the medium on thé ES plates with
fresh medium. Immediately before fusion, we
trypsinized the cells, washed three times with
serum~free ES medium at rocom temperature, and
resuspended in serum-free ES medium at 5 x 10° cells/ml.

We centrifuged the combined spheroplast/ES
cell sample at 300g (1200 rpm in a Jouan GR4-22

centrifuge) at room temperature for 3 minutes and



WO 00/76310 PCT/US00/15782

10

20

30

- 81 -

carefully aspirated off all medium with a drawn-out
glass pipette.

We gently tapped the tube to loosen the cell
pelliet and used a P1l00C tip to slowly add 0.5 mi of 50%
(w/vy PEG 1500 (pH 8.0; e.g., Boeringer Mannheim
783641) containing 10 mM CaCl. (prewarmed to 37°C).
While this solution was being added, we gently mixed
the cells with the pipette tip. Once all of the
soluticn was added, we slowly pipetted the.cell
suspensicn up and down one time. We 1lncubated the cell
suspension at room temperature for 90 seconds. We
siowly added 5 ml of serum~iree ES medium by pipetting
it from the becttom of the tube. We Incubated cells at
room temperature for 30 minuftes and, after 30 minutes,
centrifuged the cell suspension at 300g (1200 rpm in a
Jouan GR4-22 centrifuge) at room temperature for 3
minutes and carefully aspirated off all medium with a
drawn-out glass pipette.

We resuspended the cells in 10 ml of standard
ES medium and plated the entire sample {~ 5 X 106° ES
cells) cn a 100-mm mouse primary-feeder-coated plate,
If initial attempts result in the generation of too
many colonies, the amount of the sample plated on each
100-mm plate may need to be adjusted downward.

We incubated the plates under standard ES
cell growth conditions overnight and then replaced the
mecium withrfresh ES medium.

Following 48 hours of culturing {(after the
spheroplast fusion), we began growth under the
appropriate selective conditions (i.e., dictated by the
specific mammalian selectable marker present on the

YAC). We replaced the medium every 2 days. We picked
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and plate ES colonies on mouse primary-feeder-coated
plates for expansion per standard procedures. We
typically observed ES colonies 10-15 days following
sphercplast fusion.

Here, seven ES cell clones (referred to as 1
through 7 in Table 31 derived from ES cell fusion with
yH2Bm-containing yeast were found to contain all
expected EcoRI and BamHI yHZ fragments detected by
probes spanning the entire insert. As shown in Table
3, the following human genes were detected in the ES
cell genome as part ¢f characterization of the ES cell
DNA pricr to transgenic mouse generation: all the
different V, families could be detected vV, i, V.2, V,3.
vyd, Vy5, and Vu6; human Dy, and J, ; human C, and C;
constant regions; mouse switch vl {(mSvl) and human Cyi

Cpy exons.
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TABLE 3

hor 'm ES Cell Clone

genes 1 2 3 4 5 6 7
Vil + + + + + + +
Vy2 + + + + + + +
V3 + + + + + + +
V.4 + + + + + + +
V5 + + + + + + +
Vy6 + + + + + + +
Dy + + + + g + +
J. + + + + + - +
C, + + + + + + +
C, + + + + + + +
mSy1l + + + + + + +
Cvyl + + + + + + +

m - denotes mouse denes (mSyl)

EXAMPLE 7

INTRCDUCTION CF ES CELLS CONTAINING
THE vHZBM YAC INTQ MICE

In order to generate chimeric mice from ES
cells containing the YAC yHZBM DNA, we microiniected of
blastocysts, followed by breeding. We isolated ES
cells containing the YAC yHZBM DNA as described in
FExample 5, and expanded for the generation of chimeric
mice. Next, we microinjected yHZBM-kearing ES cell
clones into mouse C57Bl/6 pblastocysts [See B. Hogan et
al., "Manipulating the Mouse Embryo: A Labcratory
Manual", Secticn D, Introduction of New Genetic

Information, "Injection of Cells into the Blastocyst"
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pages 188-196, (1986) (Cold Spring Harbor Laboratory
Press, Cold Spring Harbor, NY)]. Chimeric offspring

were ildentified by coat color.

Table 4
Clone # embryos # live # of # chimera #
Injected | born pups | chimeras | breedings | germline
2BM-1 162 16 15 8 4
2BM-2 144 5 5 3 - 2
2BM-3 335 20 15 ) 0
2BM-4 261 6 4 3 O
2BM-5 344 15 15 7 1
2BM-6 382 277 277 8 5
2BM-/ 2071 29 27 7 5

Table 4 summarizes the data for generating
transgenic mice using seven different yHZ2BM containing
ES cell lines. Five out of seven clones were

transmitted through the mouse germline.

EXAMPLE 8

BREEDING MICE CONTAINING yH2ZBM
YAC DNA WITH yKZ:DI MICE

In crder to generate mice that prcoduce human
antibodies in the absence of endogencus antibodies, we
bred yK2-transgenic mice with double-inactivatsd (DI}
mouse strains. The DI mouse strains are homozygous for
gene targeted-inactivated mouse heavy and kappa light
chain loci and, thus, lack in antibody production [see
Jakobovits 2t al., Nature 362:255-258 (1993); Green gt
&l., Nature Genetics 7:13-21 (1994)]. We bred one of
the yKZ2-transgenic mouse strains, J23.1, with DI mice
to generate mice hemizygous ¢r hcomozygous for yK2 YACS

on a homozygous 1lnactivated mouse heavy and kappa chain
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background {yKZ;DI). The breeding scheme for
generating a new XencMouse, which is hemizygous for the
yH2BM YAC is shown below. Subsequent breeding of
XenoMouse males to XenoMouse females yields XenoMouse
progeny who are either hemizygous or homozygous for
yH2BM and/or yKZ. From these progeny, breeding of
males and females, both ¢f which are homozygous for
both yHZBM and yK2, will vield a true breeding line of
XenoMouse yHZBM.

XenoMouse HZ2BM Breeding scheme

Generation 1 : (Chimera or Transgenic bred to YK2:DI)
yHZBM ; yK27;mJ,"/" ;mCk*' "~ X yH2ZBM ;yK2"; mJ, " ;mCr™’"
Generation 2 : {(Xenohet x YKZ:DI)

yHZBM'; yK27;m3,” " ; mCk"" "~ X yH2Z2BM ; yK2';mJ, " ;mCk™’"

Generation 3 (Almost Xenomouse X yRK2:DI)

or Xenomouse ®x yKZ2;DI)

yH2BM+; yK2";mJ," " ;mCk™’" X yHZBM ;yK2";mJ," " ;mCx "~
yH2BM+; yK2*,;md, " ;mCk™"~ X VHZBM :yK2':mJ.” ;mCr "

XenoMouse: yH2BM'; yK2'; mJ, " ; mCk™’"

We confirmed the integrity of the human heavy
and kappa chain YACs in XencMouse HZ2BM strains by
Southern bleot analysis. In all XencMouse H2BM strains
analyzed, yHZBM was transmitted unaltered through

multiple generaticns with no apparent deletions or

rearrangemants.
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EXAMPLE S
FLOW _CYTOMETRY ANALYSIS

To further characterize Xenomouse H2BM
transgenic mice, peripheral blood and spleen
lymphocytes were isolated from 8-10 week old mice and
centrols. The cells were purified on Lympholyte M
(Accurate) (San Diego, CA) and treated with purified
anti-mcuse CD32/CD16 Fc receptor (Pharmingén, C1241D)
(San Diego, CA) to block non-specific binding to Fc
receptors. Next, the cells were stained with wvarious
antibcdies and analyzed on a FACStar®™“® (Becton
Dickinson, CELLQuest software). The panel of
antibhodies used tc stain XenoMouse HZ2BM cells included:
Cychrome (Cyc) anti-B220 [(Plarmingen, 011Z8A;;
fluorascein isothiocyanate {F1TC) anti-human IgM
(Fharmingen, 34154X}; FITC anti-mouse IgM (Pharmingen,
02204D) .

Lymphocytes from four animals from three
different XenoMouse HZBM strains were evaluated and
compared to wild type B6/129 mice using flow cytometry,
as shown in Table S below.

Strains XM-2BM-1, XM-2BM-2 and XM-2BM-6
showed about a 60-80% reccnstitution in the B-cell
compartment compared to wild-type mice (Table 5).
Trangenic mice having the yH2BM YAC DNA show
significant human antibcdy and immune system

development.
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Table 5
AVG., %
strain % of B220* IgM' B CELLs
XM—-2BM~-1 #1 34 24
XM—-2BM-1 #2 24
XM-2BM-1 #3 19
AM-2BM-1 #4 17
YM—-2BM-7 #1 28 28
XM-2BM-2 #2Z 277
XM-2BM-2 #3 29
XM-2BM~2 #4 277
XM-2BM-6 #1 27 25
XM-2BM-6 #2 28
XM-2BM~-6 #3 22
XM-2BM-6 #4 23
WT BeX129 #1 40 39
WT BoX129 42 38
WT B6X129 #3 35
WT B6X129 #4 43

EXAMPLE 10

SERUM LEVELS OF HUMAN ANTIBODIES
IN UNITMMUNIZED MICE

An ELISA for determination of human
antibodies in unimmunized mouse serum was carried out.
For more detalled information and procedures on
immunoassays see E. Harlow et al., Antibodies: A
Laboratory Manual, Chapter 14, "Immunoassay", pages
553-€14, Cold Spring Harbor Laboratory Press, Cold
Spring Harbor, New York (1988). The concentration of
human immuncglobulins were determined using the
following capture antibodies: mouse anti-human IgM
(CGI/ATCC, HB-57) (Manassas, VA). The detection
antibodies used in ELISA eXperiments were mouse
anti-human IgGl-HRP (Southern Biotechnolcgy, 9050-05)

(Birmingham, AL), mouse anti-human IGM-HRP (Southern

PCTAUS00/15782
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used feor quantitaticn of human Ig were:
(Cappel, 13000) CA)
(Calbiochem 400126)

5 As shown in Table 6,

(Birmingham, Standaxrds
human IgMx
{Costa Mesa, and human IgGl
(San Diego, CA).

XenoMouse HZ2BM mice
produced significant baseline levels of both human IgM

and human IgG in the absence of immunization.

Table 6
Quantitation of hIgyl and
10 higM in XenoMouse H2EM
Igyl IgM
ng/mi pg/mi
XM-2BM-7 H-781~-2 298 140
H-850-1 172 101
H-850-2 250 110
XM-28M-1 H-908-1 1.3 T0
H-908-5 0.35 51
H-953-8 3.7 81
XM-2BM-2 H-873-2 0.8 38
H~-873-3 1.5 52
H-873-4 1.7 90
XM-2BM~-6 H-910-4 1 68
H-911-3 0.8 477
H-912-4 0.3 44
15 EXAMPLE 11

20

IMMUNIZATION AND HYBRIDOMA GENERATION

Groups of six 8 to 10 weeks old XenoMice H2REBM
were immunized subcutaneously at the base of the tail
(IP,
with 10 pg of either recombinant human IL-8,
or CEM cells ({(for CD147).

{or other route of administration footpad, etc.)

5 ug TNF~-«
The antigen 1s emulsified in
complete Freund’s adjuvant for the primary immunization

and in incomplete Freund’s adjuvant for the additional
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immunization.. For more detailed information and
procedures on animal immunizations see E. Harlow et
al., Antibodies: A Laboratory Manual, Chapter 5,
"Immunizations" pages 53-138, Cold Spring Harbor
Laboratory Press, Cold Spring Harbor, New York (1988).
Immunizations are carried out at 3-4 week intervals for
at least 3 booster immunizations {(boosts}.

When making moncclonal antibodies, the mice
receive a final injection of antigen or cells in PRS
four days before the fusion. For more detailed
information and procedures con making monoclconal
antibodies see E. Harlow et al., Antibodies: A
Laboratory Manual, Chapter &, "Monoclonal Antibodies",
pages 139-244, Cold Spring Harbor Laboratory Press,
Cold Spring Harbor, New York (1988). Lymph node
lymphocytes from immunized mice are fused with the
non-secretory myeloma NSO cell line [S. Ray, et al.,
Proc. Natl. Acad. Sci. USA, 91:5548-5551 {(1994)] or the
P3-X63-Ag8.653 myeloma and are subjected to HAT
selection as previously described [G. Galfre, et al.,
Methods Enzymel. 73:3-46 (1981}].

Table 7 shows that transgenic mice produced
according to Examples 6-8 above, and immunized with
recombinant human IL-8, 5 pg TNF-a or CEM cells (for
Ch147} yielded human IgGl mencclcnal antibodies.

EXAMPLE 12
EVALUATION OF ANTIBODY SPECIFITY AND ISQOTYPE

We performed an ELISA for the determination
of whether transgenic mice were producing
antigen-specific antibodies {(Table 7). We determined

the antigen specificity and isotype of antibodies
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isolated from mouse serum and from hybridoma
supernatants as described [Coligan et al., Unit 2.1,
“Enzyme-linked immunosorbent assays,” in Current
Protocols in Immunology {19294).], using recombinant
human IL-8, CD147 and TNF-a to capture the antigen-
specific antibedies. We determined the concentration
of human immuncglobulins using the following capture
antibodies: rabbit anti-human IgG (Southern
Biotechnolegy, 6145-01). The detecticon antibodies used
in ELISA experiments were mouse anti-human IgGi-HRP
{Caltag, MH1015) (Burlingame, CA), mouse anti-human
IGM-HRP {Southern Bictechnology, 9020-05), and goat
anti-human kappa-biotin (Vector, BA-3060). Standards
used for quantitation of human and mouse Ig are: human
IgG, (Calbiochem, 400122}, human IgMxk (Cappel, 13000),
human IgG,x {(Calblochem, 400122}, mouse IgGk (Cappel
55939}, mouse IgMrk (Sigma, M-3795), and mouse IgG,A
(Sigma, M-9019).

Table 7 further shows that transgenic mice
produced according to Examples 6-8 above, and immunized
with recombinant human IL-8, 5 pg TNF-a or CEM cells
(for CD147) yielded human IgGl monoclonal antibodies
that were antigen specific and of the predicted

isotype.
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EXAMPLE 13

INTRODUCTION OF THE vH2CM YAC INTO _ES CELLS
We introduced the YRC, yHZCM, intc mouse

embryonic stem (E3) cells by veast spheropiast fusion

as described in detail in Example 6. [See B. Birren et

al., Genome Analysis: A Laboratory Manual, Volume 3,
Cleoning Systems, Chapter 5: “Introduction of YACs into
mammalian cells by spheroplast fusion', pages 548-550,
Cold Spring Harbor Laboratory Press, Plainview, NY]J.
Generally, yH2CM containing yeast cells were
spheroplasted using zymolase 20T at 1.5 mg/ml. The
vyH2ZCM spheroplasts were fused with HPRT-deficient E
14.TG3B1 mouse ES cells which had been cultured as
described [see Jakobovits et al., Nature 362:255-258
{(1993); Green et al., Nature Genetics 7:13-21 (1994);

E. Robertscn in Teratocarcinomas and Embryonic Stem

Cells, pages 71-112, TRL, Oxford {(1987)} HAT selection

{CEM21)CD147 10 G1-1 325 1 1
(CEM22)CD147 14 G141 198 15
IL8-18 10 G1-5 243 : 20 5
ILe-17 12 G1-6 268 31 5
1L8-18 10 G1-1 213 10
IL8-19 10 G1-2 136 4
TNF-38 10 G1-1/2 179 ing. 1 3
116 popl. 2 6
TNF-39 10 G1-6 180 4 6
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was initiated 48 hours after fusion. HPRT-positive ES
cell clones were selected at a frequency of 1
clone/15-20x 10° fused cells. HAT resistant colonies
were expanded for genome analysis and were analyzed for
YAC integrity by Southern and CHEF blot analyses. In
control experiments with mock fusions of ES cells and
veast spheroplasts, noc colonies were detected.

Ten ES cell clones {(referred to as Claones 1-
10 in Table 8) derived from ES cell fusion'with
yH2CM-containing yeast contained all expected EcoRI and
BamHI yH2 fragments detected by probes spanning the
entire insert. As shown in Table 8, we detected the
fellowing human genes in the ES cell genocme as part of
characterization of the ES cell DNA prior to transgenic
mouse genevation: all the different V, families could be
detected V.1, V2, V.3, V44, V.5, and Vu6; human b,, and Jy
; human C, and ¢, constant regions; mouse switch vyl
(mSvl} and human Cy4 C, exons.
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Table 8
hor'm ES Cell Clone
genes 1] 2 3 4 ) 6 7 8 9 10
Vil + + + + + + + + + +
V2 + + + + + + + + + +
V.3 + + + + + + + + + +
Vyd + + + + + + + + + +
Vy5 + + + + + + + + + +
V46 + + + + + + + + + +
D, + + + + + + + + + +
T + + + + + + + + + +
C, + + + + + + + + + +
Cs + + + + + + -+ + + +
mSy1l + + + + + + + + + +
Cv4 + + + + + + + + + +
'm -~ denotes mouse genes (mSyl)
EXAMPLE 14

INTRODUCTICON OF ES CELLS CONTAINING
THE yH2CM YAC INTO MICE

In order to generate chimeric mice from the
YAC yH2CM DNA containing ES cells, microinjection of
blastocysts was conducted, followed by breeding. ES
cells containing the YAC yHZCM DNA were isolated as
described in Example 6, and expanded for the generation
of chimeric mice. Next, yH2CM-bearing ES cell clones
were microinjected into mouse C57B1/6 blastocysts [See
B. Hogan et_al,, "Manipulating the Mouse Embryo: A
Laborateory Manual”, Section D, Introducticon of New
Genetic Information, "Injection of Cells into the

Blastocyst" pages 188-196, (1986} (Cold Spring Harbor
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Laboratory Press, Cold Spring Harbor, NY)]. Chimeric

offspring were identified by coat color.

Table 3
Clene # embryos # live # of # chimera #
Injected | born pups | chimeras | breedings | germline
2CM-1 381 26 24 8 4
2CM-2 399 26 14 10 5
2CM-3 224 21 10 5 0
2CM-4 217 21 14 4 0
2CM-b 276 19 15 9 0
2CM—-6 296 13 12 2 0
2CM-7 269 22 16 6 0
2CM-8 133 12 12 9 0
2CM-9 177 5 3 1 0

Table 9 summarized the data for generating
transgenic mice using nine different yHZCM containing
ES cell lines. Two out ¢f nine clones were fransmitted

through the mouse germline.

EXAMPLE 15

BREEDING MICE CONTAINING yH2CM YAC
DNA WITH yK2:DI MICE

In crder to generate mice that produced human
antibodies in the absence of endogenous antibodies,
yKZ2-transgenic mice were previously bred with
double-inactivated (DI} mouse strains. The DI mouse
strains were homozygous for gene targeted-inactivated
mouse heavy and kappa chain loci and thus were
deficient in antibody production [see Jakobovits et
al., Nature 3€2:255-258 (1893); Green ef al., Nature
Genetics 7:13-21 (19%4)]. One cf the yKZ2-transgenic
mouse strains, J23.1, was bred with DI mice to generate

mice hemizygous or homozygous for yK2 YACs on a

PCT/US00/15782
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homozygous inactivated mouse heavy and kappa chain
background (yK2;DI). The breeding scheme for
generating a new Xenomouse, which is hemizygous for the
vyH2CM YAC is shown below. Subsequent breeding of
XenoMouse males to XenoMouse females yields XencMouse
progeny who are either hemizygous or homozygous for
yH2CM and/or yK2. From these progeny, breeding of
males and females, both of which are homozygous for
both yH2CM and vKZ, will yield a true breeding line of
XenoMouse H2CM.

XenoMouse HZ2CM Breeding scheme

Generation 1 : (Chimera or Transgenic bred to YK2:DI)

yH2CM'; yK27;md,* " ;mCx*'’* X yH2CM ;yK2'; md.,’ " ;mCx™’"
Generation 2 : {Xenohet x YK2:DI)

yH2CM ; yK27;mJ,* " ;mCx™™ X yH2CM ; yK2';mJ,’ ;mCk™’~

Generation 3 (Almost Xenomouse x yKZ:DI)

or Xenomouse x VKZ2:DI)

yH2CM+ ; yK27; mJ," ;mCx™/~ X yH2CM ; yK2 ;mJ, " ;mCx™’"
yH2CM+; yK2°;mJ, ;mCx ™/~ X  yH2CM ; yK2 ;mJ. " ;mCx™’"

XenoMouse: yH2CM'; yK27; mJ,’"; mCx/~

The integrity of the human heavy and kappa
chain YACs in XenoMouse H2CM strains was confirmed by
Southern blot analysis. In all XenoMouse H2CM strains
analyzed, yH2CM was transmitted unaltered through
multiple generations with no apparent deletions or

rearrangements.

PCT/US00/15782
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EXAMPLE 16
FLOW CYTOMETRY ANALYSIS

To further characterize Xenomouse H2CM
transgenic mice, peripheral blood and spleen
lymphocytes were isclated from 8-10 week old mice and
controls. The cells were purified on Lympholyte M
{Accurate) (San Diego, CA) and treated with purified
anti-mouse CD32/CD16 Fc receptor (Pharmingén, 01241D)
{(San Diego, CA) tc block non-specific binding to Fc
receptors. Next, the cells were stained with various
antibodies and analyzed on a FACStar®™- (Becton
Dickinson, CELLQuest scftware). The panel of
antibodies used to stain XenoMouse H2CM cells included:
Cychrome (Cyc) anti-B220 (Pharmingen, 01128A);
fluoroscein iscthiocyanate (FITC) anti-human IgM
{Pharmingen, 34154X); FITC anti-mouse IgM (Pharmingen,
02204D) .

Lymphecytes from two animals from two
different XencoMouse HZ2CM strains were evaluated and
compared to wild type B6/129 mice using flow cytometry
as shown in Table 10 below.

Strain XM2Cn-2 homo showed about a B0-100%
reconstitution 1in the B-cell compartment (Table 10).
Trangenic mice having the yH2CM YAC DNA show
significant human antibody and immune system
development. Control 129xB&, DI, Xenomouse 2a
heterczygous and homozygous were compared to mice

heterozygous and homozygous for the yH2CM YAC.
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Table 10
ID ¥B220%"
129xB6 22.2
129xB6 24.8
5 129xB6 24.5
DI 0.6
¥XM2A-5 het 29.2
XM2A-5 het 23.7
XM2A~% homo 23.4
10 XM2A-% homo 25.5
XM2Cm-2 het 19.3
XM2Cm-2 het 19.2
XMZCm~-2 homo 29.8
XM2Cm—~2 homo 23.6
15 Avg. 129xBé6 23.8 + 1.4
DI 0.6
Avg. XM22-5 het 26.5 * 3.9
Avg. XM2A-5 homo 24.5 + 1.5
Avg. XM2Cm-2 het 19.3 + 0.1
290 Avg. XMZCm-2 homo 20.7 + 4.4

EXAMPLE 17

SERUM LEVELS QF HUMAN ANTIBODIES
IN UNIMMUONIZED MICE

An ELISA for determinaticon of human
25 antibodies in unimmunized mouse serum was carried out.
For more detalled information and procedures on
immunoassays see E. Harlow et al., Antibodies: A

Laboratory Manual, Chapter 14, "Immuncocassay", pages
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553-614, Cold Spring Harbor Laboratory Press, Cold
Spring Harbor, New York (1988). The concentration of
human immunoglobulins were determined using the
following capture antibodies: mouse anti-human IgM
(CGI/ATCC, EB-5L7) {Manassas, VA). The detection
antibodies used in ELISA experiments were mouse
anti~-human IgG,-HRP (Southern Biotechnology, 9050-05)
(Birmingham, AlL), mouse anti-human IGM~-HRP (Scuthern
Biotechnolecgy, 9020-05) {(Birmingham, AL).. Standards
used for quantitation of human Ig were: human IgMx
{Cappel, 13000) (Ccsta Mesa, CA) and human IgGl
(Calbiochem 400126) (San Diego, CA).

As shown in Table 11, rows 15-30, Xenomouse
H2CM produced significant baseline levels of both human

IgM and IgG4 in the absence of immunization.
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Table 11
Mouse ID hlgM (pg/ml}) hlgG2 (pg/ml) hlgG4 {pg/ml)
1 129 x Bé
2 129 x Be6
3 129 x Bb
4 DI
5 DI
6 DI
7 XM2A-5 B9.5 37.86
8 XMZ2A-5 a97.1 37.6
9 XMZA-S 98.0 409.7
10 XM2A-5S 85.1 18.2
11 XMZA-5 72.0 423,11
12 XM2A-5 74.3 273.3
13 XM2A-5 ag .6 16.8
14 XM2A-5 126.8 28.8
Xenomouse
H2CM
15 XM2Cm-1 10¢.4 33.2
16 XM2Cm-1 83.¢ 187.1
17 XM2Cm-1 4.9 665.3
18 ¥XM2Cm-1 88.7 61.3
19 XMZ2Cm-1 83.1 177.2
20 ¥XM2Cm-1 79.4 36.9
21 XM2Cm-1 80.4 91.2
22 XM2Cm-1 76.9 238.6
23 XM2Cm-2 35.2 20.9
24 XM2Cm-2 35.4 88.8
25 XM2Cm-2 28.0 42.5
26 KM2Cm-2 25.0 20.6
27 XM2Cm-2 66.8 23.0
28 XM2Cm-2 28.1 14.8
29 XM2Cm-2 27.3 30.1
30 XMZ2Cm-2 32.6 69 .3
129xB6 N.D. N.D. N.D.
DI N.D. N.D. N.D.
- XMZ2A-5 G2.7 + 17.2 155.6 + 182.1 N.D.
¥M2Cm-1 87.1 + 10.4 N.D. 186.4 + 208.0
XM2Cm-2 34.8 + 13.5 N.D. 38.8 + 26.7
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EXAMPLE 18

IMMUNIZATION AND HYBRIDOMA GENERATION

Groups of six 8 to 10 weeks old XenocMice H2CM
were immunized subcutaneously at the base of the tail
with 10 pg of either recombinant numan IL-6 or IL-3.
The antigen is emulsified in complete Freund’s adjuvant
for the primary immunization and in incomplete Freund’s
adjuvant for the additional immunizations. For more
detailed information and procedures on aniﬁal
immunizations see E. Harlow et al., Antibodies: A
Laboratory Manual, Chapter 5, "Immunizations" pages 53-
138, Cold Spring Harbor Laboratory Press, Cold Spring
Harbor, New York {(1988). Immunizations are carried out
at 3-4 week intervals for at least 3 booster
immunizations (koosts).

When making monoclonal antibodies, the mice
receive a final inijection of antigen or cells in PBS
four days before the fusicn. for more detailed
information and procedures on making monoclonal
artibodies see E. Harlow et _al., Antibodies: A
Laboratory Manual, Chapter 6, "Monoclonal Antibodies",
pages 139-244, Cold Spring Harbor Laboratory Press,
Cold Spring Harbor, New York (1988}). Lymph node
lymphocytes from immunized mice fused with the
non-secretory myeloma NSO cell line [S. Ray, et _al.,
Proc. Natl. Acad. Sci. USA, 91:5548-5551 (1994)] or
P3-X63-0g8.653 myeloma cells and subjected to HAT
selection as previously described [G. Galfre, et al.,
Merhods Enzymol. 73:3-46 (1981)7].

Table 12 shows that transgenic mice produced

according te Examples 14-16 above, and immunized with
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recombinant human IL-6 or IL-8, yielded human IgG4

monoclonal antibodies.

EXAMPLE 19
EVATLUATION QF ANTIBODY SPECIFITY AND ISCTYPE

We performed an ELISA to determine whether
transgenic mice were producing antigen—spegific
antibodies (Table 12). We also determined the human
antibody isotype produced (Table 12). Antigen
specificity and isotype determinations were perfcrmed
on antibodies isclated from mcuse serum and from
hybridcma supernatants as described [Coligan et zal.,
Unit 2.1, “Enzyme-linked immunosorbent assays,” in
Current protocols in immunology (1994).] using
recombinant human IL-6 or IL-8, to capture the antigen-
specific antibodies. The concentration of human and
motse immunoglobuliins were determined using the
foliowing capture antibodies: rabbit anti~human IgG
{Southern Biotechnology, 6145-01). The detection
antibodies used in ELISA experiments was mouse
anti-human IgGl-HRP (Celtag, MH1015) (Burlingame, CA),
mcuse anti-human IGM-HRP (Southern Biotechnology,
9020-05), and goat anti-human kappa-bictin (Vector,
BR-3060) . Standards used for quantitation cf human and
mouse Ig were: human IgG; (Calbiochem, 400122), human
IgMk (Cappel, 13000), human IgG.x {Calbicchem, 40C0122),
mouse IgGk {(Cappel 55939}, mouse IgMx (Sigma, M-3795;},
and mouse IgG,A (Sigma, M-9019;.

Table 12 further shows that transgenic mice
produced according to Examples 14-16 above, and

immunized with recombinant human I1-6 or IL-8 yielded
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human IgG4 monoclonal antibodies that were antigen

specific and of the predicted isotype.

Table 12

1L6-1 20 042 T 132 13
L8-13 10 G4 1-2 66 27
IL8-14 10 G4 1-2 a1 7
IL8-15 G4 1-2 2 12

EXAMPLE 20

INTRODUCTION OF THE vHG1/2 YAC INTO ES CELLS
We introduced the YAC, vyHG1/2, 1nto mouse

embryonic stem (ES) cells by yeast spheroplast fusion
as described in Example 6. ([See B. Birren et al.,
Genome Analysis: A Laboratory Manuai, Volume 3, Cloning
Systems, Chapter 5: “Introduction of YACs into
mammalian celis by spheroplast fusion", pages 548-557,
Cold Spring Harbor Laboratory Press, Plainview, NY].
Generally, yHGl1/2 contalning yeast cells were
spheroplasted using zymelase 20T at 0.15 mg/ml. The
yHG1/2 spheroplasts were fused with HPRT-deficient E
14.TG3B1l mcouse ES cells which were cultured as
described {see Jakobovits et al., Nature 362:255-253
(1993} ; Green et al., Nature Genetics 7:13-21 (1924);
E. Robertson in Teratocarcinomas and Embryonic Stem

Cells, pages 71-112, IRL, Oxford {(1987)] HAT selection
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was initiated 48 hours after fusion. HPRT-positive ES
cell clones were selected. HAT resistant colcnies are
expanded for genome analysis and were analyzed for YAC
integrity by Southern and CHEF blot analyses. Control
experiments were “mock” fusions of ES cells alone and
yeast spheroplasts alone.

We examined four ES cell clones derived from
ES cell fusion with yHGl/2-containing yeast using
Southern blct with prokes spanning the entire insert to
determine whether the clones contain all expected
EcoRI, HindIII and BamHI yHZ fragments. We found that
all four ES cell clones contained intactht YACs. We
detected the following human genes in the ES cell
gencme as part of characterization cf the ES cell DNA
pricr to transgenic mouse generation: all the aifferent
V., families (V,1, V 2, V3, V4, V.5, and V4€); human D,
and J, ; human C, and C; constant regions; human switch
vz (hSvy2} and human Cyl C; excns (see Figure 8 and Table
12y .

PCT/US00/15782
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TABLE 13
VIVIVIV |V
ES D |p |cy|Cd|Sg(Felg |2 |3 |4 |5 |6
CLONE
#1

Z72120 |+ 4+ 4+ |+ i+ i+ |+ |+ |+ [+ |+

]
27271 |+ |+ |+ |+ [+ I+ |+ o+ 4+

#3
27281 4+ |+ 4+ 4+ |+ |+
24
Z70.07.1 {4+ b+ G4+ 4 |+ [+ |+ [+ |+ |+

Southern blot analysis of ES clones after fusion with yH3B
YAC
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EXAMPLE 21

INTRODUCTION OF ES CELLS CONTAINING
THE vHG1/2 YAC INTO MICE

To generate chimeric mice from ES cells
contalning YAC yHG1/2Z DNA we used blastocyst
microinjection followed by breeding. We isolated ES
cells containing the YAC yHGl/2 DNA as described in
Example 6, and expanded for the generation of chimeric
mice. Next, we microinijected yHGl/Z—beariﬁq ES cell
clcnes into mouse C57B1l/6 blastocysts [See B. Hogan gt
al., Manipulating the Mouse Embryo: A Labcratory
Manual, Section D, Introduction of New Genetic
Information, "Injection of Cells intc the Blastocyst"
pages 188-19¢, (1986) (Cold Spring Harbor Laboratory
Presz, Cold Spring Harbor, NY)i.

EXAMPLE 22

BREEDING MICE CCONTAINING yHG1/2 YAC
DNA WITH vK2:DI MICE

In order to generate mice that produce human
antibedies in the absence of endogenous antibodies,
yKZ2~transgenic mice are previously bred with
double-inactivated (DI) mouse strains. The DI mouse
strailns are homozygous Ior gene targeted-inactivated
mouse heavy and kappa chain locl and thus are deficient
in antibody production [see Jakobovits et ai., Nature
362:255-258 (1993); Green et _al., Nature Genetics 7:13-
21 (129431, ©One of the yKZ-transgenic mouse strains,
J23.1, 1s bred with DI mice to generate mice hemizygous
or homozygous for yK2 YACs on a homozygous inactivated
mouse heavy and kappa chain background (yK2;DI). The
breeding scheme for generating a new Xenomouse, which

is hemizygous for the yHG1/2 YAC is shown below.
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Subsequent breeding of XenoMouse males to XenoMouse -
females yields XenoMouse progeny who are either

hemizygous cor homozygous for yHGl/2 and/or yK2. From

these progeny, breeding of males and females, both of

which are homozygous for both yHG1/2 and yK2, will

yield a true breeding line of XenoMouse HGl/2.

XenoMouse vHGl/2 Breeding scheme

Generation 1 : (Chimera or Transgenic bred to YKZ:DI)

yHGL/2%; yK27;mJ:"/ " ; mCr*/~ X yHG1/27;yK2"; mJy /" ;mCx™/"
Generation 2 : {Xenohet x YK2:DI)

vHG1/2"; yK2*;mJ,~"";mCx*~ X yHGLl/2";yK2';mJ.”"" ;mCr /"

Generation 3 ({Almost Xenomouse x yK2:DI)

or Xenomouse x yK2;DI)

yHG1/2+; yK2*;mJy"’ ;mCx™/~ X yHG1/27;yK2';mJ.” ;mCk™""
yHG1/2+; vK2 ;mJ, ' ;mCr™/~ X yHG1/2 ;yK2 ;md. ;mCx™""

XenoMouse: yHG1/27; yK2'; mJ,’"; mCk ™~

The Iintegrity of the human heavy and kappa
chain YACs in XenoMouse H2CM strains is confirmed by
Southern bleot analysis. In all XenoMcuse HG1/2M
strains analyzed, yHGl/2 1is transmitted unaltered
through multiple generaticns with no apparent deletions

cr rearrangements.

EXAMPLE 23
FLOW CYTOMETRY ANALYSIS

To further characterize Xenomouse HG1l/2
transgenic mice, peripheral blood and spleen

lymphocytes are isolated from 8-10 week old mice and
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controls. The cells are purified on Lympholyte M
(Accurate) (San Diego, CA) and treated with purified
anti-mouse CD32/CDl6 Fc receptor (Fharmingen, 01241D)
{(San Diegc, CA) to block non-specific binding to Fc
receptors. Next, the cells are stained with various
antibodies and analyzed on a FAC3tar™ ¥ (Becton
Dickinson, CELLQuest software). The panel of
antibodies used to stain XencMouse HG1/2M cells
include: Cychrome (Cyc) anti-B220 (Pharmingen, 011284 ;
fluorcscein iscothilocyanate (FITC) anti-human IgM
(Pharmingen, 34154X}; FITC anti-mouse IgM {(Pharmingen,
02204D) .

Lymphocytes from four animals from different
XenoMouse H2G1/2M strains are evaiuated and compared to
wild type B6/129 mice using flow cytometry.

Trangenic mice having the yHG1/2 YAC DNA will
show significant human antibody and immune system
development. Control 12%xBe€, DI, Xenomouse 2a
heterczygous and homozygous are compared to mice

heterozygous and homozygous for the yHG1/2 YAC.

EXAMPLE 24

SERUM LEVELS OF HUMAN ANTIBODIES
IN UNIMMUNIZED MICE

An ELISA for determination of human
antibodies in unimmunized mouse serum is carried out.
For more detailed information and procedures on
immunoassays see E, Harlow et al., Antibodies: A
Laboratory Manual, Chapter 14, "Immunoassav", pages
553-614, Cold Spring Harbor Laboratory Press, Cold
Spring Harbor, New York {(1988). The concentration of

human immunoglobulins are determined using the



WO 0076310 PCT/US00/15782

1C

15

20

25

30

- 108 -

following capture antibodies: mouse anti-human IgM
(CGI/ATCC, HB-57) (Manassas, VA). The detection
antibodies used in ELISA experiments are mouse
anti~human IgGl-HRP (Southern Biotechnology, 9Q50-05)
(Birmingham, AL), mouse anti-human IGM-HRP (Southern
Biotechnology, 80620-05) (Birmingham, AL). Standards
used for gquantitaticon cof human Ig are: human IgMr
{Cappel, 13000) (Costa Mesa, CA) and human IgGl
(Calbiochem 400126} {(San Diego, CA). |

EXAMPLE 25
IMMUNIZATION AND HYBRIDOMA CENERATION

Groups of six 8 to 10 weseks old XenoMice

vHG1/2 are immunized subcutaneously at the base of the
tail {or other route of administration (IP, footpad,
etc.) with 10 pg of antigen of choice. The antigen is
emulsified in complete Freund’s adjuvant for the
primary immunization and in incomplete Freund’s
adjuvant for the additional immunizations. For more
detailed information and procedures on animal

immunizations see E. Harlow et _al., Antibodies: A

Laboratory Manual, Chapter 5, "Immurizations" pages 53~
138, Cold Spring Harbor Laboratory Press, Cocid Spring
Harbor, New York (1988). Immunizations are carried out
at 3-4 week intervals for at least 3 booster
immunizations {boosts).

When making monoclonal antibodies, the mice
receive a final injection of antigen or cells in PBS
four days bhefore the fusion. For more detailed
information and procedures on making monoclonal

antibodies see E. Harlow et al., Antibodies: A
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Laboratory Manual, Chapter 6, "Monoclonal Antibodies",
pages 139-244, Cold Spring Harbor Laboratory Press,
Cold Spring Harbor, New York (1988). - Lymph node
iymphocytes from immunized mice are fused with the
non-secretory myeloma NSO cell line [S. Ray, et al.,
Proc. Natl. Acad. Sci. USA, 91:5548-5551 (1994)] or the
P3-X63-Ag8.653 myeloma cells and are subjected to HAT
selection as previously described {G. Galfre, et al.,

Methods Enzymol. 73:3-46 (1981)].

EXAMPLE 26
EVALUATION OF ANTIBODY SPECIFITY AND ISCTYPE

To determine of whether transgenic mice are
producing antigen-specific antikodies, we performed an
ELISA. We alsc determine the human antibody isotype
produced. We perform antigen specificity and isotype
determinations on antibodies isolated from mouse serum
and from hybridoma supernatants as described [Coligan
et al., Unit 2.1, “Enzyme-linked immuncsorbent assays,”
in Current Protocols in Immuncoiogy (19%4}.], using
antigen to capture the antigen-specific antibodies.

The concentration of human and mcuse immunoglobulins
are determined using the fellowing capture antibodies:
rabbit anti-human IgG (Southern Biotechnology,
6145-01). The detection antibodies used in ELISA
experiments are: mouse anti-human IgGl-HRP {(Caltag,
MH1015) (Burlingame, CA), mouse anti-human IGM-HRP
{Southern Biotechnclogy, S020-05), and goat anti-human
kappa-biotin {(Vector, BA-3060). Standards used for
quantitation c¢f human and mouse Ig are: human IgG,

{Calbiochem, 400122), human IgMk (Capprel, 13000), human

PCT/US00/15782
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IgG,x (Calbiochem, 400122), mouse IgGk (Cappel 55939),
mouse IgMk (Sigma, M-3795}), and mouse IgG,A (Sigma,
M-9019) .

Transgenic mice produced according to
Examples 20-22 zbove, and immunized with an antigen
yield human 1gG,; moncclconal antibodies that are antigen

specific and of the predicted isoctype.

EXAMPLE 27
INTRODUCTION OF THE vHG4 YAC INTO ES CELLS

We introduced the YAC, yHG4, into mouse
embryonic stem {ES) cells by yeast sphercplast fusion
as described in Example 6. [See B. Birren et al.,
Genome Analysis: A Laboratory Manual, Volume 3, Cloning
Systems, Chaptzr 5: “Introducticn of YACs into
mammalian ~ells by spheroplast fusion", pages £48-530,
Ccld Spring Harbor Laboratcory Press, Plainview, NY}.
Generally, yHG4 containing yeast cells were
sphercplasted using zymolase 20T at 1.5 mg/ml. The
vHG4 spheroplasts were fused with HPRT-deficient E
14.7G3B1 mouse ES cells which were cultured as
described [see Jakobeovits et al., Nature 362:255-258
{1993); Green et al., Nature Genetics 7:13-21 (1394} ;
E. Robertson in Teratocarcinomas and Embryonic Stem
Cells, pages 71-112, IRL, Oxford (1987)] HAT selection
was initiated 48 hours after fusion. HPRT-positive ES
cell clones were selected. HAT resistant colonies were
expanded for genome analysis and were analyzed for YAC
integrity by Southern and CHEF blot analyses. Control
experiments included “mock” fusions cf ES cells alone

and veast spheroplasts alone.
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We examined eight ES cell clones derived from
ES cell fusicn with yEG4-contalning yeast using
Southern blot with probes spanning the entire insert
to determine whether the clones contain all expected
EcoRI and BamHI yH2 fragments. We found that the yHG4
YAC was intact in all eight clones. We detected the
following human genes in the ES cell genome as pari of
characterization of the ES cell DNA prior to transgenic
mouse generation: all the different Vy, families {(V,,1,
V2, Vi3, V.4, Vy5, and V46); human Dy, and J; ; human C,
and C, constant regicns; human swiitch v2 (khSvy2) and

human Cvy4 C, exons.

EXAMPLE 28

INTRODUCTION OF ES CELLS CONTAINING
THE vHG4 YAC INTO MICE

Tc generate chimeric mice from the YAC yHG4

DNA containing ES cells, we used microinjection of
blastocysts followed by breeding. We isolated ES cells
contailning the YAC yHG4 DNA as described in Example 6,
and expanded for the generation of chimeric mice.
Next, we microinjected yHG4-bearing ES cell cleones into
mouse CS57TBLl/6 blastogysts [See B. Hogan et _al.,
Manipulating the Mouse Embryc: A Laboratcry Manual,
Section D, Introduction ¢f New Genetic Information,
"Injection cf Cells Intc the Blastocyst™ pages 188-19¢,
{1986) {Cold Spring Harbor Laboratory Press, Cold 3pring
Harbor, NY)]. We identified chimeric offspring by coat
color.

Germline transmission was obtained. We identified

vHG4 transgenic mice by PCR using primers specific for

human V6.
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EXAMPIE 29

BREEDING CHIMERIC OR TRANSGENIC MICE
CONTAINING vHG4 YAC DNA WITH vK2:DI MICE

To generate mice that produce human
antibodies in the absence of endogencus antibodies,
vyKZ2~-transgenic mice were previously bred with
double—inactivated (DI) mouse strains, which are
homozygous for gene targeted-inactivated mouse heavy

and kappa chain loci and, thus, are deficient in

-antibody production [see Jakobovits et al., Nature

352:255-258 (1993); Green et al., Nature Genetics 7:13-
21 (1994)). One of the yK2-transgenic mouse strains,
J23.1, was bred with DI mice to generate mice
hemizygous or homozygous for yKZ2 YACs on az homozygous
inactivated mcuse heavy and kappa chain background
(vK2;TT). The breeding scheme used L0 dgenerate a new
Xenomcuse, which 1s hemizvgous feor the yHG4 YARC 1is
shown below. Subseguent breeding of hemizygous
XencMouse males to hemizygous XenoMouse females yields
XencMouse prcgeny that are homozygous for yHG4 and/or
yKZ. From these progeny, breeding c¢f males and
females, beoth of which are homozygous for both yHG4 and

yK2, will yield a true breeding line of XencMcuseG4.

XenoMouse G4 Breeding Scheme

Generation 1 : (Chimera or Transgenic bred to YKZ:DI)
yHG4"; yK27;mJy™/* ;mCr** X yHG4 ;yK2; mJ. /" ;mCk ™~

Generation 2 : {Xenohet x YKZ:DI)

vHG4 ; yK2';mJ. " ;mCx™/™ X vyHG4 ;yK2 ;mJ,’ ;mCx™’"

Generation 3 (Almost Xenomouse x yK2:DI)

or Xenomouse x yKZ2Z;DI)

PCT/US00/15782
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vHG4*; yK2*;mJ";mCr™'~ X  yHG4 ; yK2*;mJy, /" ;mCr™"
yHG4"; yK2*;mJ, /" ;mCk™"~ X yHG4™;yK2*';mJ, /" ;mCr™’"

XenoMouse: yHG4'; yK2'; mJy’"; mCx™’"

The integrity of the human heavy and kappa
chalin YACs in XenoMouse G4 strains was confirmed by
Scuthern blot analysis. In all XenoMouse G4 strains
analyzed, yHG4 wass transmitted unaltered through
multiple generations with no apparent deletions c¢r

rearrangements.

EXaMPLE 30
FLCW CYTOMETRY ANALYSIS

To further characterize Xenomouse G4
transgenic mice, peripheral blcod and spleen
lymphecytes are i1solated from 8-10 week 0ld mice and
controls. The cells are purified on Lympholyte M
{Accurate) (San Diego, CA) and Treated with purified
anti-mouse CD32/CD16é Fc receptor (Pharmingen, 01241D).
{(San Diego, CA) to block non-specific binding to Fc
receptors. Next, the cells are stained with wvarious
antibodies and analyzed on a FACStarf™® (Becton
Dickinson, CELLQuest scftware). The panel of
antibodies used to stain XenoMouse G4 cells include:
Cychrome (Cyc) anti-B220 (Pharmingen, 0112834);
flucroscein lsothiocyanate (FITC) anti-human IgM
{Pharmingen, 34154X); FITC anti-mouse IigM (Pharmingen,
02204D) .

Lymphocytes from four animais from three
different XenoMouse G4 strains are evaluated and

compared to wild type B6/129 mice using flow cytometry.
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Trangenic mice having the G4 YAC DNA will
show significant human antibody and immune system
development. Control 129xB6, DI, Xenomcuse Z2a
heterozygous and homeczygous are compared tc mice

heterozygous and homozygous for the G4 YAC.

EXAMPLE 31

SERUM LEVELS QF HUMAN ANTIBODIES
IN UNIMMUNIZED MICE

An ELISA for determination of human
antibedies in unimmunized mouse serum 1s carried cut.
For more detailed information and procedures on
immunoassays see E. Harlow et al., Antibodies: A
Laboratory Manual, Chapter 14, "Immunoassay", pages
553-¢614, Cold Spring Harbor Laboratory Press, Colid
Spring Barbor, New York (1988). The concentration of
human immunoglobulins are determined using the
following capture antibodies: mouse anti-human IgM
‘CGI/ATCC, HB-57) (Manassas, VA). The detection
antibodies used in ELISA experiments are mouse
anti-human I1gGl-HRP (Southern Biotechnology, 9030-03)
{Rirmingham, AL), mouse anti-human IGM-HRP (Southern
Bilotechnology, 9020~05) (Birmingham, AL). Standards
used for quantitation of human Ig are: human IgMx
(Cappel, 13000} (Costa Mesa, CA) and human IgGl
(Calbiochem 400126) (San Diegeo, CA).
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EXAMPLE 32

IMMUNTZATICON AND HYBRIDOMA GENERATION
Groups of six 8 to 10 weeks cld XenoMice yHG4

are immunized subcutanecusly at the base of the tail cr
5 other route of administraticn (IP, footpad, =stc.! with
10 pg of antigen. The antigen is emulsified in
complete Freund’s adjuvant for the primary immunization
and in incomplete Freund’s adjuvant for the additional
immunizations. For more detailed information and
10 procedures con animal immunizations see E. Harlow et
al., Antibodies: A Laboratory Manual, Chapter 5,
Y"Immunizations™ pages 53-138, Cold Spring Harbor
Laboratory Press, Cold Spring Harbor, New York {1988).
Immunizations are carried out at 3-4 week intervals Tfor
15 at least 2 booster immunlzations (boosts).

When meaking mcnoclonal antibodies, the nmice
receive a final injection of antigen or cellis in PBS
four days before the fusion. For more detaiied
information and procedures on making monoclonal
20 antibodies see E. Harlow gt _al., Antibodies: A
Labcratory Manual, Chapter 6, "Moncclonal Antibodies",
pages 139-244, Cold Spring Harbor Laboratory Press,
Cold Spring Harbor, New York (1988). Lympnh node
lymphocytes from immunized mice are fused with the
25 non-secretory myeloma NSC line [S. Ray, efL al., Precc.
Natl. Acad. Sci. USA, 91:5548-5551 (1%9%94)] or the P3-
X63-Ag8.653 myeloma and are subjected to HAT selecticon
as previously described [{G. Galfre, et al., Merhods

Enzymol. 73:3-46 (1%81})].
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EXAMPLE 33
EVALUATION OF ANTIBODY SPECIFITY AND ISOTYPE
An ELISA for the determination of whether

transgenic mice are producing antigen-specific
antibodies is performed. It is further desired to
confirm the human antibody isotype produced. Antigen
specificity and iscotype determination are performed on
antibodlies isolated from mouse serum and from hybridoma
supernatants as described {Coligan et al.,rUnit 2.1,
“Enzyme-linked immunosorbent assays,” in Current
protocols in immunology (1994).] using recombinant
antigen to capture the antigen-specific antibedies.
The concentration of human and mouse ilmmuncglobulins
are determined using the following capture antibodies:
rabbit anti-human IgG (Southern Bictechnology,
6145-01). The detection antibadies used in ELISA
experiments 1s mouse anti-humanr IgGl-HRP (Caltaqg,
ME1015) {Burlingame, CA}, mouse anti-human IGM-HRP
(Scuthern Biotechnology, 9020-03), and goat anti-numan
kappa-biotin (Vector, BA-3060). Standards used for
quantitation of human and mouse Ig are: human IgG-
(Calbiochem, 400122), human IgMk (Cappel, 13000}, human
IgG,k (Calbiochem, 400122}, mouse IgGk (Cappel 55939),
mouse IgMx (Sigma, M-3795), and mouse IgG,A (Sigma,
M-9019).

Transgenic mice produced according to
Examples 27-29 above, and immunized with antigen yield
human IgG4 monoclonal antibodies that are antigen

specific and of the predicted isotype.

PCT/US00/15782
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Biolodgical Materials:

The following biclogical materials are disclosed
and discussed in connection with the above Examples and
are exemplary of materials that can be utilized and
prepared in accordance with the present invention:

ppKM1C (yHIC targeting wvectcr) |

plB (targeting vector)

TV1 (mSgi-hCgl plasmid DNA vector for targeting

yH1C to make yHZ2Bm) '

TV4 (mSgl-hCg4 plasmid DNA vector for targeting

vyH1C to make yH2Cm)

TV G1 (hCgl plasmid DNA vector for targeting yHIC

to make yHGL)

TV G4 {(hCgl plasmid DNA vector for targeting yH1C

to make yHGA4)

yHZ2Cm (mSgl-hCg4 YAC) {(deposited with the ATCC on

and having accession number )

yHZBm (mSgl-hCgl YAC) (deposited with the ATCC on

and having accession number )

yHG1 (hSg2-hCgl YAC)

vHG4 (also referred tc as yH3C} (hSg2-hCg4

YAC) (deposited with the ATCC on = and having

accession number }

yH3B (alsc referred to as yHG1/2) {hSg2~-hCgl-
hCg2 (TM) YAC) (deposited with the ATCC on = and
having accession number )

ES-yH2Cm clone 1

ES-yH2Cm clcne 2

ES-yH2Bm clone 1

ES-yH2Bm clone 2

ES-yHZ2Bm clone 3

ES-yH2Bm clone 4
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INCORPORATION BY REFERENCE

All references cited herin, including

patents, patent applications, papers, text books and
the like, and the references cited therein, to the

extent that they are not already, are hereby

incorporated by reference in their entirety. 1In

addition, the fcllowing fererences are also

incorporated by reference herein in their entirety,

including references cited in such references.
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We claim:

1. A transgene comprising a DNA fragment
comprising a DNA sequence identical tc the DNA sequence
of human chromosome 14 from the D segment genes of the
human immunoglobulin heavy chain leocus, continuing
through the J segment genes and the constant regicn
genes through Cn of that locus, wherein said DNA
fragment 1s operably linked to at least one human V
segment gene, and wherein said DNA fragment further is
operably linked to an additional ccnstant region, said
additional constant region comprising human constant

regicon coding exons operably linked to a non-cognate

switch region.

2. The transgene according %o claim 1, wherein
sald human constant region coding exons encode a human
constant region selected from the group consisting of:

a human gamma constant regicn, a human alpha constant

ragion and a human epsilon constant region.

3. The transgene according to claim 2, wherein
said human constant region coding exons encode a human

gamma coenstant region.

4. The transgene according to claim 3, wherein

said human gamma constant region is a gamma-1 constant

region.

5. The transgene according tc claim 4 which is

the yHZBm vyeast artificial chromosome (YAC).
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6. The transgene according to claim 3, wherein
said human gamma constant region is a gamma-2Z constant

region.

7. The transgene according to c¢laim 3., wherein
5 saild human gamma constant region i1s a gamma-3 constant

regicon.

8. The transgene according tc ciaim 3, wherein
said human gamma constant region is a gamma-4 constant

i region.

9. The transgene according toe claim B which is
thz vHZCm veast artificial chromosome (YAC) .,
10. The transgene according to claim 2, wherein

salcd human constant region coding exons enccde a human

15 algphaz constant region.

11. The transgene according to claim 10, wherein
sald human alpha constant region is an alpha-1 constant

reglon.

12. The transgene according to claim 10, wherein

20 said human alpha constant region is an alphe-2 constant

regicn.

13. The transgene accerding to claim 2, wherein
said human constant region coding exons encode 4 human

(=Y

epsilon constant region.
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14. The transgene according to
said DNA fragment is operably linked
human VH genes.

15. The transgene according to
5 said DNA fragment is operably linked

the human germline VH genes.

16¢. The transgene according to
said DNA fragment is operably linked

different human VH genes.

10 17. The transgene according to

said DNA fragment 1s operably linked

PCT/US00/15782

claim 1, wherein

to a plurality of

claim 14, wherein

to at least 50% of

claim 14, wherein

to at least 40

claim 14, wherein

to a sufficient

number of different human VH genes 50 that the

transgene is capable of encoding at least 1 x 10°

different functional human immunoglobulin heavy chain

15 sequence ceombinations, without taking into account

Junctional diversity or somatic mutation events.

18. The transgene according to

claim 14, wherein

the number of human VH genes 1is sufficient to produce

at least 50% of the B-cell population cf a wild-type

20 mouse 1n a transgenic mouse ccntaining the transgene.

19. A transgene comprising a DNA fragment

comprising a DNA sequence identical to the DNA sequence

of human chromcsome 14 from the D segmeni genes of the

human immunoglobulin heavy chain locus, continuing

25 through the J segment genes and the constant region

genes through Cu of that locus, wherein said DNA

fragment is operapbly linked to at least one human V

segment gene, and wherein sald DNA fragment further is
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operably linked to am additinal constant region, said
additional constant region comprising a human switch
region and human constant region coding exons, wherein
salid human switch region and said human constant region

coding exons are from different isotypes.

20. The transgene according to claim 19, wherein

the human switch region is a human CyZ switch regicn.

21, The transgene according t¢ ¢laim 20, wherein
said human constant region coding exons encode & human
constant region selected from the group consisting of:
a human gamma-1 constant region, a human gamma-3
constant region, a human gamma-4 constant reglon, a
numan alpha-1 constant region, 2 human alpha-2 constant

regicn and a human epsilon constant region.

22. The transgene according t¢ claim 21, wherein
said human constanat recicon coding exons encode a human

gamma—-1 constant regilon.

23. The transgene according to claim 22 which is

the yHGl yeast artificial chromosocme (YAC).

24. The transgene according to claim 21, wherein
said human constanat region coding exons encode a human

gamma—-4 constant region.

25, The transgene according to claim 24 which is

the yHG4 veast artificial chromosome (YAC}.
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26. The transgene according to claim 19, wherein
said DNA fragment is operably linked to a plurality of
human VH genes.

27. The transgene according to claim 19, wherein
said DNA fragment is operably linked tc at least 50% of
the human germline VH genes.

28. The transgene acccrding to claim.19, wherein
said DNA fragment 1is operably linked to at least 40
different human VH genes.

29, The transgene accerding te claim 19, wherein
said DNA fragment is operably linked to a sufficient
number of different human VH genes so0o that the
transgene is capable of encoding at least 1 x 10°
different functional human immuncglobulin heavy chain
sequence combinations, without taking into account

junctional diversity or somatic mutation events.

30. The transgene according to claim 19, wherein
the number of human VH genes is sufficient to produce
at least 50% of the B-cell population of a wild-type

mouse in a transgenic mouse centaining the transgene.

31. A transgene comprising a DNA fragment
comprising a DNA sequence identical to the DNA sequence
of human chromosome 14 from the D segment genes of the
human immunoglobulin heavy chain locus, continuing
through the J segment genes and the constant region
genes through Cup of that locus, wherein said DNA
fragment is operably linked to at least one human V

segment gene, and wherein sald DNA fragment further 1s
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operably linked to an additional constant region, said
additional constant region comprising a human switch
region, human CHl, Cii,gr CHZ and CH3 exons and human
membrane exones, wherein said human switch region and
said human membrane exons are from the same isotype and
the human CHLl, Ci,.., CH2 and CH3 excns are from a
different isotype than said human switch region and

said human membrane exons.

32. The transgene according to claim 31, wherein

said human switch region and said human membrane axons

are human gamma-Z2 seguences.

33. The transgene according To clalm 32, wherein
said human CH1, C.;.., CHZ2 and CH3 exons encode a human
constant region selected from the group consisting of:
a human gamma-1 constant region, a human gamma-3
constant region, a human gamma-4 ceonstant region, a
human alpha-1 cconstant region, a human alpha-2 constant

region and a human epsilon constant region.

24. The transgene according to claim 33, wherein
the human CHL, C,,..., CH2 and CH3 excns encode a human

gamma-1 ccnstant region.

35. The transgene according to claim 34 which is

the yHGl/2 vyeast artificial chromoscme (YAC).

36. The transgene according to ciaim 31, wherein

the human CHI1, C,,..., CHZ and CH3 exons encocde a human

gamma—-4 constant region.
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37. The transgene according to claim 36 which 1is

the yHG4/2 yeast artificial chromosome (YAC).

38. The transgene according to claim 31, wherein
said DNA fragment is operably linked to a plurality of
5 human VH genes.

39. The transgene according to claim 31, wherein
sald DNA fragment 1s operably linked to at least 50% cf

the human germline VH genes.

40. The transgene according to claim 31, wherein
10 said DNA fragment is cperably linked to at least 40
different human Vi genes.

41. The transgene according To claim 31, wherein
said DNA fragment 1s operably linked to a sufficient
number of different human VH genes so that the

15 transgene is capable of enceding at least 1 x 10°
different functicnal human immunoglcbulin heavy chain
sequence combinations, wicheout taking into account

junctional diversity or somatic mutation events.

42. The transgene according to claim 31, wherein
20 the number of human VH genes is sufficient to produce
at least 50% of the B-cell population of a wild-type

mouse in a transgenic mouse containing the transgene.

43, The transgene acccrding to any one of claims

1, 19 or 31, further ccmprising a mouse 3' enhancer,
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44, The transgene according to claim 43, wherein
said mouse 3' enhancer is an approximately 0.9 kb core

fragment of a mouse germline 3' enhancer.

45, The transgene according to claim 43, wherein
sald mouse 3' enhancer 1s an approximately 4 kb

fragment of a mouse germline 3' enhancer.

46, The transgene according to claim 43, wherein

said mcuse 3' enhancer is a locus contrcl region.

47. An ewbryonic stem (ES5) cell comprising a

transgene according to any one of claims 1-46.

48. The embryonic stem (ES) cell according to

claim 47, which is & mouse ES cell.

49. A4 transgenic¢ non-numan animal and its
progeny, wherein the somatic and germ cells comprise a

transgene according to any one of claims 1-46.

50. The transgenic non-human animal and progeny
according to claim 49, further comprising a human

immunoglcbulin light chain transgene.

51. The transgenic nen-human animal and progeny
according to claim 49 or 50, wherein the animal is a

mocuse.

52. The transgenic non-human animal and progeny
according to claim 49 or 50, further comprising
inactivated endogenous immunoglcobulin heavy and light

chain loci.
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53. The transgenic non-human animal according to

claim 52, wherein the animal is a mouse.

54. A method for producing a transgenic¢ non-human
animal and its progeny whose somatic and germ cells
comprise a transgene according to any one of claims 1-
46 and that produces high affinity, fully human
antibodies of a desired isctype specific for an antigen
cf interest following immunization with thé antigen of
interest, comprising:

{a} introducing said transgene into  an embrycnic
stem cell;

{b) producing from the embryonic stem cell a
transgenic non-human animal whose somatic and germ
cells contain said transgene; and

{(c) breeding said transgenic non-human animal zas
needed to prcocduce a transgenic non—human animal and its
progeny that produces high affinity, fully human
antibodies of a desired isotype specific for an antigen
of interest following immunizaticn with the antigen of

interest.

55. The methcd according to claim 54, wherein the

transgenic non~human animal is a mouse.

5¢. A method for preoducing a high-affinity, fully
human antibody of a desired isctype, wherein said
antibedy is specific for an antigen ¢f interest,
comprising contacting a transgenic, non-human animal
according to any one of claims 489-53 with the antigen
of interest to induce antibody production in the EB-

cells of said animal and collecting said antibody.
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57. An antibody producing B~cell harvested from a
transgenic non-~human animal according to any one of

claims 49-53 immunized with an antigen of interest.

58. The B-cell according to claim 57 which has

been immortalized.

59. The method according te claim 56, wherein the
antibody is ccllected from the blood stream of said

transgenic non-human animal.

60. The method according to claim 56, wherein the
antibody is collected from an immortalized B-cell
according to claim 58.

61. The method according to c¢laim 56, wherein
seid antibcody is collected from a host cell trarnsiected

with DNA isclated from a B-cell accerding to claim 37.

6Z. A transgene comprising a DNA fragment
comprising a DNA sequence iderntical to the DNA sequence
cf human chromosome 14 from the D segment genes of the
human immuncglobulin heavy chain locus, continuing
through the J segment genes and the constant region
genes through Cn of that locus, wherein said DNA
fragment 1is operably linked to at least one human V
segment gene, and wherein said DNA fragment further is
operakly linked to an additional constant region. said
additicnal constant region comprising: (1) a human
switch region; (2} a region comprising human CH1, Ci, ..,
CH2 and CH3 exons; and (3) human membrane exons,

wherein said human switch regicn, said region
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comprising human CH1l, Cyi.e., CH2 and CH3 exons, and

said human membrane exons are from different isotypes.

63. A transgene comprising a DNA fragment
comprising a DNA sequence identical to the DNA seqguence
of human chromosome 14 from the D segment genes of the
human immunoglobulin heavy chain locus, continuing
through the J segment genes and the constant region
genes through Cpn of that locus, whereiln said DNA
fragment is operably linked to at least cne human V
segmrent gene, and wherein said DNA fragment further is
operakbly linked to an additional constant region, said
additicnal constant regicn comprising a human switch
regicn, numan CH1, Gy, CH2 and CH3 axons, and non-
human membrane exons, wherein salid human switch region,
said region comprising human CH1, C,j,.. CH2Z and CH3
exons, and said human membrane excns are from the same

or from different isotypes.

€4. A transgene comprising a DNA fragment
comprising a DNA sequence identical to the DNA sequence
of human chromosome 14 from the D segment genes of the
human immunoglebulin heavy chain locus, centinuing
through the J segment genes and the constant region
genes through Cu of that locus, wherein said DNA
fragment 1is operably linked to at least one human V
segment gene, and wherein said DNA fragment further is
operably linked to an additional constant regicn, said
additional constant region comprising az non-human
switch region, human CHL, Ci.er CHZ and CH3 exons, and
non-human membrane exons, wherein said non-human switch

region and sald non-human membrane exons are from the

same species.

PCT/US00/15782
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65. The transgene according to any one of the
foregoing claims, wherein & loxP site is inserted 3' of

the switch region and 5' of the CH1 exon.

66. A DNA vector consisting of a loxP site and
DNA encoding a constant region gene, for the preoduction

of hybridomas that undergo class-switching in vitro.

67. A method for producing hybridomas'that
undergo class-switching in vitre, comprising
introducing into hybridomas & transgene according to
claim 65, a vector according tec clzim 66, and CRE

recombinase.
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SEQUENCE LISTING

«110> ABGENIX, INC.

<120> TRANSGENIC ANIMALS FOR PRODUCING SPECIFIC ISOTYPES OF
HUMABN ANTIBODIES VIA NCOMN-COGNATE SWITCH REGIONS

<130> CELL 4.21 CIP PCT

<140>
<141>

<150> 09/329,582
<151> 1999-06-1C

<160> 31
<170> PatentIn Ver, 2.1

«210> 1

<211> 32

«212> DNA

<213> Unknown Organism

«220>
«223> Description of Unknown Organism: Lox P site

<400> 1
acttcgtata gcatacatta tacgaagtta ta 32

<210> 2

<211l> 72

<212> DNA

<213> Artificial Seguence

<220>
<223> Description of Artificial Sequence: Linker

<400> 2

ctagtcgaca aatatteccc gggoggecgce ttacgtatga attcagegceg cttctagaac 60
tcgagrgage tc 72

<210> 23

<211> 72

<212> DNA

<213> Aartificial Sequence

«220>

<223> Description of Artificial Sequence: Complimentary
strand

<400> 3

gatcgagctc actcgagttc tagaagcgeg ctgaattcat acgtaagegg cegooecgggg 60
aatatttgtc ga 72



WO 00/76310

<210>
<211>
«212>
<213>

<220>
«223>

<400>

4

54

DNA

Artificial Sequence

Description of Artificial Sequence: Linker

4

ctaggcaatt gataatatta agctttacgt atctgatcat cctcgagacg cgtg

<210>
«211>
<212>
«213>

<220>
<223>

<400>

5

54

DNA

Artificial Segquence

Description of Artificial Sequence: Complementary
strand

5

cgttaactat tataattcga aatgcataga ctagtaggag ctctgegcac gatce

<210>
<211>
<212>
<2135

<220>
<223>

<400>

6

42

BNA

Artificial Sequence

Description of Artificial Sequence: Linker

6

aattaagctt gracgtactg atcaagatct ggatccagat ct

<210>
<211l>
<212>
<213>

<220>
<223>

<400

7

37

DNA

Artificial Sequence

Description of Artificial Seguence: Complementary
strand

7

agatctggat ccagatcttg atcagtacgt acaagtt

<210>
<211>
<212>
<213>

<220>
«<223>

g8

19

DNA

Artificial Sequence

Description of Artificial Sequence: Primer

PCT/US00/15782

54

54

42

37
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<400> 8
cacaccgcgg tcacatggce 19

<210> 9

«<21l> 20

<212> DNA

<213> Artificial Sequence

<220>
«<223> Description of Artificial Seguence: Primer

<400> 9
ctactctagg gcacctgtec 20

<21C> 10

<211l> 27

<212> DNA

<213> Artificial Sequence

<220>
«223> Description of Artificial Segquence: Primer

<400> 10
gtcgacgggce tcggggcetgg tttctet 27

<210> 11

<21l> 27

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Segquence: Primer

<400> 11
gggecctgat tceaaattttg tgtctec 27

<210> 12

<211 22

<212> DNA

«213> Artificial Sequence

<220>
<223> Descripticn of Artificial Sequence: Primer

<400> 12
ctggagtcct attgacatcg co 22

<210> 13

«<211> 21

<212> DNA

<213> Artificial Sequence

«<220>
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«223> Description of Artificial Sequence:

<400> 13
ggttctttcc gectcagaag g

<210> 14

«<211> 21

<212> DNA

<213> Artificial Sequence

«220>

«223> Desgcription of Artificial Sequence:

<400> 14
gctgacacgt gtcectcactg ¢

«<210> 15

«211> 21

«212> DNA

<213> Artificial Sequence

<220>

<223> Description of Artificial Sequence:

<400> 15
cccecagttge ccagacaacg g

<210> 16

«211l> 34

<212> DNA

<213> Artificial Sequence

<220>

«223> Description of Artificial Sequence:

<400> 16
agcttgtcga cacgcgttta attaaggecg gcoca

<210> 17

<21l> 34

<212> DNA

<213> Artificial Sequence

<220>

«223> Description of Artificial Sequence:

strand

<400> 17
agcttggecg gocttaatta aacgcgtgtc gaca

<210> 18
«21l> 22
<212> DNA

Primer

Primer

Primer

Linker

Complementary

PCT/US0/15782

21

21

21

34

34
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<213> Artificial Sequence

<220>
223>

<400>

Description of Artificial Sequence:

18

tggtggccga gaaggcaggc ca

<210>
«<211>
«212>
<213>

<220>
<223>

<400>

15

67

DNA

Artificial Sequence

Description of Artificial Sequence:

19

PCT/US00/15782

Primer

22

Primer

ccgegggeat geaacttcogt ataatgtatg ctatacgaag ttattgtggg acagagctgy 60
gececagg .

<210>
«<211>
<212>
<213>

«220>
223>

<400>

20

18

DNA

Artificial Sequence

Description of Artificial Sequence:

20

gtctggccce tetgctge

<210>
«21li>
<212>
<213>

<220>
«223>

<400>

21

18

DNA

Artificial Sequence

Description of Artificial Segquence:

21

cacccataaa aggctgga

<210>
«211>
«212>
<213>

<220>
«223>

<400>

22

18

DNA

Artificial Sequence

Description of Artificial Segquence:

22

acggctcatg cccattgg

67
Primer

18
Primer

18
Primer

18
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<210> 23

<21ll> 18

<212> DNA

<213> Artificial Sequence

<220>

<223> Description of Artificial Sequence:

<400=> 23
tagtgagtgg gcctgact

<210> 24

<211> 1a

<212> DNA

<213> Artificial Sequence

<220>

«<223> Description of Artificial Sequence:

<400> 24
ggccatggcc ggecat

<210> 25

«<211> 16

<212> DNA

<213> Artificial Sequence

<220>

<223> Description ¢f Artificial Seguence:

<400> 25
ggccatggcc ggecat

<210> 26

<211> 45

<212> DNA

<213> Artificial Sequence

<220

<223»> Description of Artificial Seguence:

<400> 26

Primex

Linker

Linker

Linker

gatccggtac cgatatccaa ttgggccgge cggcecatata ggect

<210> 27

<211> 45

<212> DNA

<213» Artificial Sequence

<220>»

<223> Descripticon of Artificial Sequence:

<400> 27

Linker

gatcaggcct atatggeccgg ccggcccaat tggatatcgg taccg

PCT/US00/15782

18

16

186

45

45
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<210> 28

<211> 30

<212> DNA

«213> Artificial Sequence

<«220>

<223> Description of Artificial Sequence:

oligonuclectide

<400> 28
cotcteocctg tcoctctgggta aatgagtgec

<210> 29

<211> 30

<212> DNA

<213> Artificial Sequence

<220>

<223> Description of Artificial Sequence:

oligonucleotide

<400> 29
tatccatcac actggcgacc gctcgagcat

<210> 30

«211> 24

«212> DNA .

<213> Artificial Sequence

«220>

<223> Description of Artificial Sequence:

«<400> 30
gcagagcctg ctgaattetg gctg

<210> 31

<211> 22

<«212> DNA

<213> Artificial Sequence

<220>

<223> Description of Artificial Sequence:

<400> 31
gtaatacaca gccgtgtect cg

PCT/US00/15782

Synthetic

30
Synthetic

30
Primer

24
Primer

22
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