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ABSTRACT

The present invention relates, in general, to development of
non-human transgenic animals expressing a human blood
clotting factor, such as Factor VIII, Factor VII, Factor IX and
von Willebrand factor. The invention further provides meth-
ods of detecting immunogenic events against human blood
clotting factor using the transgenic animals described.
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FIGURE SA
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TRANSGENIC NON-HUMAN ANIMALS
EXPRESSING HUMAN BLOOD CLOTTING
FACTORS AND USES THEREOF

[0001] This application claims the priority benefit of U.S.
Provisional Patent Application No. 61/017,920, filed Dec. 31,
2007, which is incorporated herein by reference.

FIELD OF THE INVENTION

[0002] Thepresentinvention relates generally to transgenic
non-human animals expressing human blood clotting factors,
the production and uses thereof.

BACKGROUND OF THE INVENTION

[0003] Blood coagulation is a complex process including
the sequential interaction of a series of components, in par-
ticular of fibrinogen, Factor 11, Factor V, Factor VII, Factor
VIII, Factor IX, Factor X, Factor XI, Factor XII and von
Willebrand’s factor. The loss of one of these components or
the inhibition of its functionality may cause either an
increased tendency of blood coagulation or an inability to
clot, which may be life-threatening in some patients.

[0004] Factor VIIIis a protein found in blood plasma which
acts as a cofactor in the cascade of reactions leading to blood
coagulation. A deficiency in the amount of Factor VIII activ-
ity in the blood results in the clotting disorder hemophilia A,
an inherited condition primarily affecting males. Hemophilia
A is currently treated with therapeutic preparations of Factor
VIII derived from human plasma or manufactured using
recombinant DNA technology. Such preparations are admin-
istered either in response to a bleeding episode or at frequent,
regular intervals to prevent uncontrolled bleeding (prophy-
laxis).

[0005] Von Willebrand factor (vWF) circulates in plasma
complexed with factor VIII. vWF complexed with Factor VIII
stabilizes the Factor VIII protein and protects it from pro-
teolytic degradation. Due to its function in platelet aggrega-
tion, vWF also directly interferes in blood coagulation. Von
Willebrand deficiency (vWD) (also known as von Willebrand
syndrome) results from either a deficiency or overexpression
of vWF. Deficiency of vWF results in a disease similar to
hemophilia due to the rapid degradation of Factor VIII lack-
ing vWF cofactor.

[0006] Conventional methods for a therapy of Hemophilia
A and von Willebrand syndrome use Factor VIIT or vWF
recovered from plasma or produced by recombinant sources,
and there are a number of attempts to treat patients with
purified Factor VII, vWF or factor VIII/'vWF-complex. The
development of antibodies against the administered exog-
enous protein can decrease the efficacy of treatment and pre-
sents a challenge to treatment of these patients. For example,
anti-FVIII antibodies are especially prevalent in patients with
severe and moderately severe hemophilia, which develop
anti-FVIII antibodies at a frequency of 50% (Gilles et al.,
Blood 82:2452-61, 1993; Lacroix-Desmazes et al., J. Immu-
nol. 177:1355-63, 2006).

[0007] Transgenic animal technology presents a unique
opportunity to study the characteristics of human proteins in
non-human animals. Recombinant DNA and genetic engi-
neering techniques have made it possible to introduce and
express a desired sequence or gene in a recipient animal
making it possible to study the effects ofa particular molecule
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in vivo and study agents that bind to the molecule. One
procedure for producing transgenic mice requires the recov-
ery of fertilized eggs from newly mated female mice and
microinjection of the DNA of the gene of interest into the
male pronucleus of the egg. The microinjected eggs are then
implanted in the oviducts of one-day pseudopregnant foster
mothers and allowed to proceed to term. See, for example,
Wagneretal. PN.A.S. U.S.A. 78:6376-6380 (1981), U.S. Pat.
Nos. 4,873,191, and 7,294,755. Another procedure uses
embryonic stem cells that are transfected with the gene of
interest. Transfected embryonic stem cells are then injected
into mouse blastocysts where they take part in the formation
of all tissues, including the germ line, thus generating trans-
genic offspring. This approach, in combination with the
homologous recombination technology, offers the possibility
of altering embryonic stem cells in a controlled manner and
therefore, of generating transgenic mice with a predeter-
mined genome. See, for example: Baribault and Kemler.
Embryonic stem cell culture and gene targeting in transgenic
mice. Mol Biol Med. 6:481-92, 1989; Ledermann B. Embry-
onic stem cells and gene targeting. Exp Physiol. 85:603-13,
2000; Moreadith and Radford. Gene targeting in embryonic
stem cells: the new physiology and metabolism. ] Mol Med.
75:208-16, 1997.

[0008] Transgenic mice may be generated to express or
overexpress a protein of interest (knock-in mice) or may be
generated to delete a gene of interest (knock-out mice). Trans-
genic mice which express a human protein molecule allow for
study of the human molecules in vivo. For example, Shi et al.
(J Clin Invest. 116:1974-82, 2006) describe transgenic mice
expressing a modified human FVIII protein (lacking the
B-domain) designed to circumvent the problem of FVIII
inhibitory antibodies which inhibit the activity of recombi-
nant FVIIL

[0009] The advent of transgenic technology also allows for
development of screening methods which would not be pos-
sible without the transgenic animals. For example, in order to
study the development of antibodies to an exogenous protein,
it is useful to have a model in which the subject is naturally
tolerant to the molecule of interest. U.S. Pat. No. 5,470,560
describes a method for screening for the immunogenicity of a
polypeptide using a transgenic mouse expressing the protein
of interest and tolerant to the protein, administering the exog-
enous protein to the animal, and screening for antibodies
specific for the polypeptide. International Patent Application
No. WO2006/056769 describes a method for testing the
immunogenicity of a mammalian antigen in an animal trans-
genic for the cognate MHC class 1I molecules which would
naturally present the mammalian antigen.

[0010] Developmentofantibodies to protein therapeutics is
a persistent problem when biopharmaceuticals are used for
treatment of disorders. These antibodies often inhibit the
activity of the protein therapeutic thereby reducing the effi-
cacy of the treatment or requiring increasing doses of drug to
maintain therapeutic levels. Because blood disorders such as
hemophilia are often lifelong conditions, the appearance of
antibodies specific for therapeutic blood clotting factors is
particularly trying for the patients receiving the treatment and
challenging for doctors treating these patients.

[0011] Thus, there exists a need in the art to develop meth-
ods to study the activity of human blood coagulation factors
in vivo without study on human patients. Further, there
remains a need in the art to determine if administration of
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exogenous therapeutic protein to a patient will result in pro-
duction of antigen-specific antibodies which inhibit protein
activity in vivo.

SUMMARY OF THE INVENTION

[0012] The present invention addresses one or more needs
in the art relating to treatment of blood clotting disorders by
providing a method for detecting antibodies against exog-
enously administered human blood clotting polypeptides,
fragments variants or analogs thereof. The invention provides
transgenic animals expressing human blood clotting factors
in place of the endogenous blood clotting factor and methods
for detecting antibodies to the human proteins.

[0013] In one aspect, the invention provides a transgenic
non-human animal having a genome which comprises a poly-
nucleotide sequence encoding a human blood clotting factor
selected from the group consisting of Factor VIII (FVIII),
Factor VII (FVII), Factor IX (FIX), and von Willebrand Fac-
tor (VWF), Factor II (FII), Factor V (FV), Factor X (FX),
Factor X1, (FXI), Factor XII (FXII), and Factor XIII (FVIII).
In one embodiment, the transgenic animal does not express
all or part of a polynucleotide encoding an endogenous blood
clotting factor corresponding to the human transgene. In a
related embodiment, the transgenic animal does express a
polynucleotide encoding an endogenous blood clotting factor
corresponding to the human transgene. In one embodiment,
the transgenic animal is a non-human animal selected from
the group consisting of mouse, rat, rabbit, sheep, hamsters,
gerbils, guinea pig, pig, bovine and non-human primate. In
one embodiment, the non-human transgenic animal is a
mouse.

[0014] In one embodiment, the transgenic animal is
homozygous for the human transgene. In a further embodi-
ment, the transgenic animal is heterozygous for the human
transgene.

[0015] In another embodiment, the polynucleotide
sequence encoding the blood clotting factor is operably
linked to a promoter region. It is contemplated that in a
transgenic animal of the invention, the promoter is a liver-
specific promoter, a muscle-specific promoter, a pancreatic-
specific promoter, a neural-specific promoter, an endothelial
cell-specific promoter, a smooth muscle-cell specific pro-
moter, a tyrosinase-specific promoter, a blood clotting factor
promoter, or an adipose tissue promoter or an inducible pro-
moter. In a related embodiment, the promoter is selected from
the group consisting of an alpha-fetoprotein promoter, an
albumin promoter, a CMV promoter, and an endogenous
blood clotting factor promoter.

[0016] In a further embodiment, the polynucleotide
sequence encoding the blood clotting factor further com-
prises a poly A sequence.

[0017] In various aspects, the invention provides a non-
human transgenic animal comprising a polynucleotide
encoding a human blood clotting factor selected from the
group consisting of Factor VIII, Factor VII, Factor IX, von
Willebrand Factor, Factor 11 (FII), Factor V (FV), Factor X
(FX), Factor XI, (FXI), Factor XII (FXII), and Factor XIII
(FXIII), wherein the human blood clotting factor retains
physiological activity of the human blood clotting factor,
wherein the transgenic mammal has stably integrated into its
genome an exogenous gene construct comprising: (a) tran-
scriptional regulatory polynucleotide sequences, (b) DNA
encoding said human blood clotting factor, and (c) a polyade-
nylation signal, that result in the expression of the DNA
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encoding the blood clotting factor, wherein (a), (b) and (¢) are
operably linked in the exogenous gene construct to obtain
production of the human blood clotting factor in the trans-
genic animal. In one embodiment, the transgenic animals
docs not express all or part of an endogenous blood clotting
factor corresponding to the human transgene. In a further
embodiment, the transcriptional regulatory polynucleotide
sequences are selected from the group consisting of 5' tran-
scriptional regulatory polynucleotide sequences, 3' transcrip-
tional regulatory polynucleotide sequences, internal tran-
scriptional regulatory polynucleotide sequences, and
combinations thereof.

[0018] In one embodiment, the 5' regulatory sequence of
the exogenous gene construct is a promoter, optionally com-
prising an enhancer region. In a related aspect, the promoter is
a promoter region as described herein.

[0019] Ina further aspect, it is contemplated that any of the
non-human transgenic animals described herein optionally
also comprises a polynucleotide encoding a human major
histocompatibility (MHC) class II gene in place of a MHC
class II gene endogenous to the transgenic non-human ani-
mal. In one embodiment, the human MHC class 11 gene is any
HLA gene suitable for expression in a non-human transgenic
animal, including but not limited to, HLA-DQ, HLA-DR,
HLA-DP, HLA-DO, LMP, TAP and TAPBP. In a related
embodiment, a transgenic animal of the invention expressing
a human blood clotting factor is made to express a human
MHC class 11 gene by breeding a transgenic mouse express-
ing a human MHC class II gene with a transgenic animal of
the invention expressing a human blood clotting factor. Alter-
natively, a transgenic animal of the invention expressing a
human blood clotting factor is made to express a human MHC
class II gene by introducing a polynucleotide sequence
encoding an MHC class IT gene into the genomic DNA of the
non human transgenic animal of the invention. It is contem-
plated that introducing the transgene is carried out by any
methods known in the art. In one embodiment, the introduc-
ing is carried out by microinjection or by viral vector.
[0020] Ina further embodiment, the introducing comprises
introducing a polynucleotide sequence encoding an human
major histocompatibility class II gene into the genomic DNA
of the non-human animal to replace all or part of a major
histocompatibility class II gene endogenous to the animal.
[0021] Inoneembodiment, a non-human transgenic animal
of the invention expresses a human vWF gene and a human
MHC class II gene, and does not express endogenous vWF
and MHC class 11 genes. In a related embodiment, a non-
human transgenic animal of the invention expresses a human
FVIII gene and a human Class II gene and does not express
endogenous FVIII and MHC class I genes. In a further
embodiment, a non-human transgenic animal of the invention
expresses a human FVII gene and a human Class 11 gene and
does not express endogenous FVII and MHC class II genes.
In a still further embodiment, it is contemplated that a non-
human transgenic animal of the invention expresses a human
FIX gene and a human Class II gene and does not express
endogenous FIX and MHC class II genes.

[0022] Theinvention further contemplates a method of pro-
ducing a transgenic non-human animal expressing a human
blood clotting factor selected from the group consisting of
FVIIL FVIL, FIX, vWE, FIL, FV, FX, FXI, FX1I, and FXIII in
place of an endogenous blood clotting factor, the method
comprising introducing a polynucleotide sequence encoding
the human blood clotting factor into the genomic DNA of the
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non-human animal, wherein the transgenic non-human ani-
mal comprises a polynucleotide encoding the human blood
clotting factor and not a corresponding blood clotting factor
endogenous to the transgenic animal. In one embodiment, the
introducing is carried out by any methods known in the art. In
various aspects, the introducing is carried out by microinjec-
tion or by viral vector.

[0023] Inarelated embodiment, in the method of producing
a transgenic animal, the nucleotide sequence is operably
linked to a promoter region as described herein. It is further
contemplated that the promoter is selected from the group
consisting of an alpha-fetoprotein promoter, an albumin pro-
moter, a CMV promoter and an endogenous blood clotting
factor promoter. In another embodiment, the nucleotide
sequence comprises a poly A sequence.

[0024] Ina further aspect, the invention provides a method
for producing a transgenic non-human animal expressing a
human blood clotting factor comprising: a) providing a poly-
nucleotide sequence encoding a human blood clotting factor
selected from the group consisting of FVIII, FVIIL, FIX, vWE,
FII, FV, FX, FXI, FXII, and FXIII, and a positive selectable
marker gene, the marker gene being flanked by loxP sites; b)
introducing the polynucleotide sequence into an embryonic
stem cell from the same animal species as the non-human
animal under conditions such that said polynucleotide
sequence is homologously recombined into a genomic locus
of said embryonic stem cell to produce an embryonic stem
cell containing a polynucleotide encoding a human blood
clotting factor selected from the group consisting of FVIII,
FVIL, FIX, vWF, FII, FV, FX, FXI, FXII, and FX1III and said
selectable marker gene: ¢) injecting the homologously
recombined embryonic stem cell into a blastocyst of the non-
human animal; d) introducing the injected blastocyst into a
pseudo-pregnant female non-human animal; and e) permit-
ting the pseudo-pregnant female animal to deliver one or
more transgenic animals containing the homologously
recombined DNA sequence, wherein the transgenic mice
express the human blood clotting factor selected from the
group consisting of FVIII, FVIL FIX, vWE, FII, FV, FX, FX],
FXII, and FXIII. In one embodiment, in step (b) the human
transgene polynucleotide sequence is homologously recom-
bined into a genomic locus encoding all or part of at least one
naturally-occurring blood clotting factor gene in the genome
of the embryonic stem cell.

[0025] In one embodiment, the polynucleotide sequence
encoding the blood clotting factor of the method above fur-
ther comprises a promoter operably linked to the human
blood clotting factor gene. In a related embodiment, the pro-
moter is selected from the group consisting of an alpha-feto
protein promoter, an albumin promoter, a CMV promoter and
an endogenous blood clotting factor promoter. In another
embodiment, the polynucleotide sequence encoding the
blood clotting factor comprises a polyA sequence.

[0026] In various aspects it is contemplated that the select-
able marker is selected from the group consisting of green
fluorescent protein, a neomycin (neo) resistance gene, a puro-
mycin (Puro) resistance gene, a diphtheria toxin resistance
gene, hygromycin phosphotransferase, xanthineguanine
phosphoribosyl transferase, the Herpes simplex virus type 1
thymidine kinase, adenine phosphoribosyltransferase and
hypoxanthine phosphoribosyltransferase. In one embodi-
ment, the selectable marker is a neomycin resistance gene,
neo. In another embodiment, the selectable marker is diph-
theria toxin.
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[0027] 1Inarelated embodiment, a transgenic animal of the
invention is crossed with a Cre-deleter strain of mouse.

[0028] In a related aspect, the method of making a trans-
genic animal further comprises introducing a polynucleotide
sequence encoding a human major histocompatibility (MHC)
class II gene into the genomic DNA ofthe non-human animal,
said polynucleotide sequence encoding a human major his-
tocompatibility class II gene replacing all or part of a major
histocompatibility class IT gene endogenous to the transgenic
animal such that the transgenic animal does not express its
endogenous major histocompatibility class I gene. In one
embodiment, the introducing is carried out by any methods
known in the art. In a specific embodiment the introducing is
carried out by microinjection or by viral vector.

[0029] Inastill further aspect, the invention contemplates a
method for screening for antibodies against a human blood
clotting factor in a non-human transgenic comprising a poly-
nucleotide transgene expressing a human blood clotting fac-
tor selected from the group consisting of FVIII, FVII, FIX,
vWF, FII, FV, FX, FXI, FXII, and FXIII, the method com-
prising, administering to the animal a composition compris-
ing the human blood clotting factor polypeptide, fragment,
analog or variant thereof corresponding to the human trans-
gene encoding the human blood clotting factor expressed in
the animal, and detecting antibodies specific for the human
blood clotting factor in a test sample from the transgenic
animal.

[0030] Inoneembodiment, the detecting step is performed
using radioimmunoassay, enzyme linked immunosorbant
assay (ELISA), flow cytometry, or magnetic beads. In a spe-
cific embodiment, the detecting is performed by ELISA.
[0031] In another embodiment, the human blood clotting
factor in the composition administered in the screening meth-
ods of the invention is modified by chemical linkage to water
soluble polymers. In one embodiment, the water soluble
polymer is any water soluble known in the art. In a related
embodiment, the water soluble polymer is a polyethylene
glycol moiety. Further, the chemical linkage, includes, but is
not limited to, glycosylation, PEGylation, polysialylation, or
addition of a second polypeptide sequence to form a fusion
protein. In another embodiment, the human blood clotting
factor comprises a polysialyl moiety. In still another specific
embodiment, the human blood clotting factor in the compo-
sition is a fusion protein, and in various aspects, the fusion
protein comprises the human blood clotting factor and a sec-
ond therapeutic agent. In other aspects, the second agent is a
second human blood clotting factor selected from the group
consisting of FVII, FVIL, FIX, vWF, FII, FV, FX, FXI, FXII,
and FXIII.

[0032] The invention provides that the test sample in the
contemplated screening methods is selected from the group
consisting of immune cells and serum. In one embodiment,
the sample is serum. In another embodiment, the sample is an
immune cell isolated from the transgenic animal.

[0033] In another aspect, the invention provides a method
for screening for immunogenicity of a human blood clotting
factor in a non-human transgenic animal comprising a trans-
gene expressing a human blood clotting factor which is
selected from the group consisting of FVIIL, FVII, FIX, vWEF,
FII, FV, FX, FXI, FXII, and FXIII the method comprising,
administering to the animal a composition comprising a
human blood clotting factor corresponding to the human
blood clotting factor expressed by the transgene expressed in
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the animal, and detecting an immunogenic event in the animal
subsequent to the administration of the human blood clotting
factor polypeptide.

[0034] In various aspects, the immunogenic event is asso-
ciated with the production of antibodies against the human
blood clotting factor. In one embodiment, the immunogenic
event is selected from the group consisting of alloantibody
production and an allergic reaction.

[0035] Itis further contemplated that the human blood clot-
ting factor in the composition administered in the screening
methods of the invention comprises a fragment, analog or
variant of the human blood clotting factor transgene
expressed by the animal. In another embodiment, the compo-
sition further comprises a pharmaceutically acceptable car-
rier. In still another embodiment, the composition optionally
comprises an adjuvant.

[0036] Itis contemplated that the administering step is per-
formed intravenously, subcutaneously, intramuscularly,
orally, parenterally or via inhalation.

[0037] In a further aspect, the invention contemplates a
method for determining the effect of a test compound on an
human blood clotting factor comprising: administering the
test compound to a non-human transgenic animal comprising
atransgene expressing a human blood clotting factor selected
from the group consisting of FVIII, FVIL FIX, vWF, FII, FV,
FX, FXI, FXII, and FXIII, and detecting a change in human
blood clotting factor activity in the presence of the compound
compared to the activity in the absence of the compound. In
various embodiments, the human blood clotting factor activ-
ity is selected from the group consisting of expression of the
blood clotting factor, blood clotting activity, and protein bind-
ing activity. In a related embodiment, the blood clotting factor
is vWF and the clotting factor activity is FVIII binding.
[0038] In another aspect, the invention provides an experi-
mental animal model that is a non-human transgenic animal
expressing at least one human blood clotting factor, wherein
the animal does not generate a significant antibody titer
against the human blood clotting factor when the (native)
blood clotting factor is administered. However, the animal
model produces antibodies against the blood clotting factor if
the blood clotting factor carries neoantigens or if the blood
clotting factor is injected together with impurities that acti-
vate the innate immune system. In one embodiment, the ani-
mal is susceptible to induction of an acquired blood clotting
factor disorder.

[0039] In one embodiment, the animal model is an experi-
mental animal model for acquired hemophilia A. Acquired
hemophilia A is induced by injecting human FVIII that car-
ries neoantigens or by injecting human FVIII together with
ligands for toll-like receptors. In a related embodiment, the
animal model is an experimental animal model for acquired
hemophilia B.

[0040] In a further embodiment, the experimental animal
model comprises a human blood clotting factor selected from
the group consisting of Factor VIII, Factor V11, Factor IX, von
Willebrand Factor, Factor 11, Factor V, Factor X, Factor X1,
Factor X1I and Factor XTII.

[0041] In a further aspect, the invention contemplates a
method for identifying an agent which induces a break of
tolerance to a blood clotting factor (a tolerance-breaking
agent), comprising: administering a candidate agent to the
transgenic non-human animal as described herein expressing
a human blood clotting factor, and lacking a significant anti-
blood clotting factor response to the human blood clotting
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factor, administering the human blood clotting factor for
which the animal is transgenic; and, detecting anti-blood
clotting factor response in the animal, wherein the candidate
agent is a tolerance-breaking agent if the administration of the
candidate agent permits production of an anti-blood clotting
factor response.

[0042] In one embodiment, the anti-blood clotting factor
response is production of anti-blood clotting factor inhibitors.
In arelated embodiment, the response is an immune response.
In a further embodiment, the immune response is production
of antibodies against the human blood clotting factor.

[0043] In certain embodiments, the candidate agent is
selected from the group consisting of penicillin, fludarabine,
interferon-alpha, a chemotherapeutic agent, an antibiotic, an
anti-psychotic agent, ligands for toll-like receptors, pro-in-
flammatory cytokines and any other compound that induces
the release of proinflammatory cytokines in vivo.

[0044] In one embodiment, the blood clotting factor is
selected from the group consisting of Factor VIII, Factor VI,
Factor IX, von Willebrand Factor, Factor II, Factor V, Factor
X, Factor XI, Factor XII and Factor XIII.

BRIEF DESCRIPTION OF THE FIGURES

[0045] FIGS. 1A and 1B illustrate plasmids comprising a
human Factor VIII polynucleotide for insertion into a non-
human animal genome.

[0046] FIGS. 2A and 2B illustrate plasmids comprising a
human vWF polynucleotide for insertion into a non-human
animal genome.

[0047] FIG. 3 shows the sequence of the vWF insert includ-
ing leader sequence and start and stop codons (in BOLD)
(SEQID NO: 16).

[0048] FIG. 4 illustrates a vector containing the human
Factor VII gene.

[0049] FIGS. 5A and 5B show the anti-FVIII antibody pro-
duction in different sublines of mice transgenic for human
FVIII. Mice in subline G generated anti-FVIII antibodies
when given either 4 (FIG. 5A) or 8 weekly doses (FIG. 5B).
Mice in sublines E and I generated no anti-FVIII antibodies in
either dose regimen.

[0050] FIG. 6 shows the anti-FVIII antibody production of
different IgG subclasses and of IgA in different sublines of
mice transgenic for human FVIII. Mice in subline G gener-
ated anti-FVIII antibodies of IgG subclasses 1gG1, IgG2a,
1gGG2b, IgG2¢ when given 8 weekly doses (FIG. 6A). Mice in
sublines E did not generate anti-FVIII antibodies of any IgG
subclass (FIG. 6B). 1 out of 4 mice of subline I generated
anti-FVIII antibodies of IgG subclasses I1gG1, 1gG2a, [gG2b
(FIG. 6C).

[0051] FIG. 7illustrates the anti-F VIII antibody production
in mice that express the human FVTII transgene (subline E)
after application of 4 weekly doses of either native FVIII or
FVIII that carries neoantigens.

[0052] FIG. 8 illustrates the antibody production in trans-
genic mice expressing human FVII and in control mice after
receiving exogenous human FVIL

DETAILED DESCRIPTION OF THE INVENTION

[0053] The present invention addresses the need in the art
for improved compositions useful to treat blood clotting dis-
orders, as well as methods to screen for antibodies that may be
generated in response to the exogenously administered blood
clotting factor compositions. The present invention also pro-
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vides transgenic animals expressing human blood clotting
factors, in some instances in place of a blood clotting factor
endogenous to the animal, and optionally one or more human
major histocompatibility complex genes, in order to analyze
the development of antibodies to human clotting factor thera-
peutics.

DEFINITIONS

[0054] Unless otherwise defined, all technical and scien-
tific terms used herein have the same meaning as commonly
understood by one of ordinary skill in the art to which this
invention belongs. The following references provide one of
skill with a general definition of many of the terms used in this
invention: Singleton, et al., DICTIONARY OF MICROBI-
OLOGY AND MOLECULAR BIOLOGY (2d ed. 1994);
THE CAMBRIDGE DICTIONARY OF SCIENCE AND
TECHNOLOGY (Walker ed., 1988); THE GLOSSARY OF
GENETICS, 5TH ED., R. Rieger, et al. (eds.), Springer Ver-
lag (1991); and Hale and Marham, THE HARPER COLLINS
DICTIONARY OF BIOLOGY (1991).

[0055] Each publication, patent application, patent, and
other reference cited herein is incorporated by reference in its
entirety to the extent that it is not inconsistent with the present
disclosure.

[0056] Itis noted here that, as used in this specification and
the appended claims, the singular forms “a,” “an,” and “the”
include plural reference unless the context clearly dictates
otherwise.

[0057] As used herein, the following terms have the mean-
ings ascribed to them unless specified otherwise

[0058] As used herein, a “coding sequernce” or a sequence
“encoding” an expression product, such as a RNA, polypep-
tide, protein, or enzyme, is a nucleotide sequence that, when
expressed, results in the production of that RNA, polypeptide,
protein, or enzyme, i.e., the nucleotide sequence encodes an
amino acid sequence for that polypeptide, protein or enzyme.
A coding sequence for a protein may include a start codon
(usually ATG) and a stop codon.

[0059] As used herein a “gene” refers to a DNA sequence
that encodes or a particular sequence of amino acids which
comprise all or part of one or more polypeptides, proteins or
enzymes, and may or may not include introns, and regulatory
DNA sequences, such as promoter or enhancer sequences,
5'-untranslated region, or 3'-untranslated region which affect,
for example, the conditions under which the gene is
expressed. Some genes, which are not structural genes, may
be transcribed from DNA to RNA, but are not translated into
an amino acid sequence. Other genes may function as regu-
lators of structural genes or as regulators of DNA transcrip-
tion.

[0060] As used herein a “promoter” or ‘“promoter
sequence” is a DNA regulatory region capable of binding
RNA polymerase in a cell and initiating transcription of a
coding sequence. In one aspect, the promoter sequence is
bound at its 3' terminus by a transcription initiation site and
extends upstream (5' direction) to include the minimum num-
ber of bases or elements necessary to initiate transcription at
levels detectable above background. In a related aspect,
within the promoter sequence is found a transcription initia-
tion site (conveniently defined for example, by mapping with
nuclease S 1), as well as protein binding domains (consensus
sequences) responsible for the binding of RNA polymerase.
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The promoter may be operatively associated with other
expression control sequences, including enhancer and repres-
sor sequences.

[0061] In one aspect, promoters used to control gene
expression include, but are not limited to, cytomegalovirus
(CMV) promoter (U.S. Pat. No. 5,385,839 and No. 5,168,
062), the SV40 early promoter region (Benoist and Chambon,
Nature 290:304-3101981), the promoter contained in the 3'
long terminal repeat of Rous sarcoma virus (Yamamoto, et al.,
Cell 22:787-797, 1980), the herpes thymidine kinase pro-
moter (Wagner et al., Proc. Natl. Acad. Sci. USA 78:1441-
1445, 1981), the regulatory sequences of the metallothionein
gene (Brinster et al., Nature 296:39-42, 1982); promoter ele-
ments from yeast or other fungi such as the Gal 4 promoter,
the ADC (alcoho) dehydrogenase) promoter, PGK (phospho-
glycerol kinase) promoter, alkaline phosphatase promoter;
and transcriptional control regions that exhibit neuronal or
brain specific expression, such as the gonadotropic releasing
hormone gene control region whichis active in the hypothala-
mus (Masonet al., Science 234:1372-1378,1986), the Thy1.2
“pan-neuronal” promoter, and synapsin I promoter (Howland
et al., Brain Neurobiol Aging 16: 685-699, (995), active in
neurons. Itis also contemplated that the promoter is an endog-
enous blood clotting factor promoter. The worker of ordinary
skill in the art will understand that any promoter known in the
art is useful, and that the cell type in which expression is
desired can dictate use of a particular promoter.

[0062] As used herein a coding sequence is “under the
control of,” “operably linked to” or “operatively associated
with” transcriptional and translational control sequences in a
cell when RNA polymerase transcribes the coding sequence
into RNA, which is then trans-RNA spliced (if it contains
introns) and translated, in the case of mRNA, into the protein
encoded by the coding sequence.

[0063] As used herein the terms “express” and “expres-
sion” refer to allowing or causing the information in a gene or
DNA sequence to become manifest, for example producing a
protein by activating the cellular functions involved in tran-
scription and translation of a corresponding gene or DNA
sequence. A DNA sequence is expressed in or by acell to form
an “expression product” such as a protein. The expression
product itself, e.g. the resulting protein, may also be said to be
“expressed.” An expression product is, in various aspects,
characterized as intracellular, extracellular or secreted. The
term “intracellular” means inside a cell. The term “extracel-
lular” means outside a cell, such as a transmembrane protein.
A substance is “secreted” by a cell if it appears in significant
measure outside the cell, from somewhere on or inside the
cell.

[0064] As used herein “transfection” refers to the introduc-
tion of a foreign nucleic acid into a cell. The term “transfor-
mation” refers to the introduction of a “foreign” (i.e. exog-
enous, heterologous, extrinsic or extracellular) gene, DNA or
RNA sequence to an embryonic stem (ES) cell or pronucleus,
so that the cell will express the introduced gene or sequence to
produce a desired substance in a transgenic animal.

[0065] As used herein the terms “vector,” “cloning vector”
and “expression vector” refer to a vehicle by whicha DNA or
RNA sequence (e.g., a foreign gene) is introduced into a host
cell so as to transform the host and promote expression (e.g,,
transcription and translation) of the introduced sequence. The
term “vector” is used herein interchangeably with the term
“plasmid.”
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[0066] As used herein “selectable marker” refers to a gene
encoding an enzyme or other protein that confers upon the
cell or organism in which it is expressed an identifiable phe-
notypic change such as resistance to a drug, antibiotic or other
agent, such that expression or activity of the marker is
selected for (for example, but without limitation, a positive
marker, such as the neo gene) or against (for example, and
without limitation, a negative marker, such as the dipteheria
gene). A heterologous selectable marker refers to a selectable
marker gene that has been inserted into the genome of an
animal in which it would not normally be found.

[0067] Examples of selectable markers include, but are not
limited to, an antibiotic resistance gene such as neomycin
(neo), puromycin (Puro), diphtheria toxin, phosphotrans-
ferase, hygromycin phosphotransferase, xanthineguanine
phosphoribosyl transferase, the Herpes simplex virus type 1
thymidine kinase, adenine phosphoribosyltransferase and
hypoxanthine phosphoribosyltransferase. The worker of
ordinary skill in the art will understand any selectable marker
known in the art is useful in the method.

[0068] As used herein “heterologous” refers to a combina-
tion of elements not naturally occurring. For example, heter-
ologous DNA refers to DNA not naturally located in the cell,
orin a chromosomal site of the cell. It is contemplated that the
heterologous DNA includes a gene foreign to the cell. A
heterologous expression regulatory element is such an ele-
ment operatively associated with a different gene than the one
it is operatively associated with in nature.

[0069] As used herein, the term “homologous” refers to the
relationship between proteins that possess a “common evo-
lutionary origin,” including proteins from superfamilies (e.g.,
the immunoglobulin superfamily) and homologous proteins
from different species (e.g., myosin light chain, etc.) (Reeck
et al., Cell 50:667, 1987). Such proteins (and their encoding
genes) have sequence homology, as reflected by their
sequence similarity, whether in terms of percent similarity or
the presence of specific residues or motifs at conserved posi-
tions.

[0070] Optimal alignment of sequences for comparison is
conducted, for example and without limitation, by the local
homology algorithm of Smith & Waterman, Adv. Appl. Math.
2:482, 1981; by the homology alignment algorithm of
Needleman & Wunsch, J. Mol. Biol. 48:443, 1970; by the
search for similarity method of Pearson & Lipman, Proc.
Natl. Acad. Sci. USA 85:2444, 1988; by computerized imple-
mentations of these algorithms (GAP, BESTFIT, FASTA, and
TFASTA in the Wisconsin Genetics Software Package,
Genetics Computer Group, 575 Science Dr., Madison, Wis.),
or by visual inspection (see generally Ausubel et al., supra).
Another example of algorithm that is suitable for determining
percent sequence identity and sequence similarity is the
BLAST algorithm, which is described in Altschul et al., J.
Mol. Biol. 215:403-410, 1990. Software for performing
BLAST analyses is publicly available through the National
Center for Biotechnology Information. In addition to calcu-
lating percent sequence identity, the BLAST algorithm also
performs a statistical analysis of the similarity between two
sequences (see, e.g., Karlin & Altschul, Proc. Nat’l. Acad.
Sci. USA 90:5873-5787, 1993).

[0071] As used herein “endogenous” refers to a polypep-
tide or polynucleotide or other compound that is expressed
naturally in the host organism, or originates within a cell,
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tissue or organism. “Exogenous” refers to a polypeptide,
polynucleotide or other compound that originates outside a
cell, tissue or organism.

[0072] As used herein a “polypeptide” refers to a polymer
composed of amino acid residue linked via peptide bonds.
Synthetic polypeptides are synthesized, in one aspect, using
an auwtomated polypeptide synthesizer. The term “protein”
typically refers to large polypeptides. The term “peptide”
typically refers to short polypeptides.

[0073] As used herein a “fragment” of a polypeptide refers
to any portion of the polypeptide smaller than the full-length
polypeptide or protein expression product. Fragments are
typically deletion analogs of the full-length polypeptide
wherein one or more amino acid residues have been removed
from the amino terminus and/or the carboxy terminus of the
full-length polypeptide. Accordingly, “fragments” are a sub-
set of deletion analogs described below.

[0074] As used herein an “analog” refers to a polypeptide
substantially similar in structure and having the same biologi-
cal activity, albeit in certain instances to a differing degree, to
a naturally-occurring molecule. Analogs differ in the compo-
sition of their amino acid sequences compared to the natu-
rally-occurring polypeptide from which the analog is derived,
based on one or more mutations involving (i) deletion of one
or more amino acid residues at one or more termini of the
polypeptide and/or one or more internal regions of the natu-
rally-occurring polypeptide sequence, (ii) insertion or addi-
tion of one or more amino acids at one or more termini
(typically an “addition” analog) of the polypeptide and/or one
or more internal regions (typically an “insertion” analog) of
the naturally-occurring polypeptide sequence or (iii) substi-
tution of one or more amino acids for other amino acids in the
naturally-occurring polypeptide sequence. Substitutions are
conservative or non-conservative based on the physico-
chemical or functional relatedness of the amino acid that is
being replaced and the amino acid replacing it.

[0075] As used herein an “allelic variant” refers to any of
two or more polymorphic forms ofa gene occupying the same
genetic locus. Allelic variations arise naturally through muta-
tion, and may result in phenotypic polymorphism within
populations. In certain aspects, gene mutations are silent (no
change in the encoded polypeptide) or may encode polypep-
tides having altered amino acid sequences. “Allelic variants”
also refer to cDNAs derived from mRNA transcripts of
genetic allelic variants, as well as the proteins encoded by
them.

[0076] As used herein a “variant” refers to a polypeptide,
protein or analog thereof that is modified to comprise addi-
tional chemical moieties not normally a part of the molecule.
Such moieties, in various aspects, modulate the molecule’s
solubility, absorption, and/or biological half-life. The moi-
eties in various other aspects, alternatively decrease the tox-
icity of the molecule and eliminate or attenuate any undesir-
able side effect of the molecule, etc. Moieties capable of
mediating such effects are disclosed in Remington’s Pharma-
ceutical Sciences (1980). Procedure for coupling such moi-
eties to amolecule are well known in the art. For example, the
variant may be a blood clotting factor having a chemical
modification which confers a longer half-life in vivo to the
protein. In one embodiment, the polypeptides are modified by
addition of a water soluble polymer known in the art. In a
related embodiment, polypeptides are modified by glycosy-
lation, PEGylation, and/or polysialylation.
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[0077] As used herein, “tolerance” refers to the lack of an
antigen-recipient’s immune response which would otherwise
oceur, e.g., in response to the introduction of a non-self MHC
antigen into the recipient. Tolerance involves, in various
aspects, humoral, cellular, or both humoral and cellular
responses. Tolerance, as used herein, refers not only to com-
plete immunologic tolerance to an antigen or compound, i.e.,
no immune response, but also to partial immunologic tolet-
ance, i.e., a limited immune response which does not com-
pletely eliminate, inhibit, or otherwise suppress the response
to the compound. For instance, in some aspects, a tolerant
subject exhibits a detectable immune response to a com-
pound, but it is significantly less than, or decreased compared
to, a non-tolerant subject’s immune response when exposed
to the same compound.

[0078] As used herein, “breaking tolerance” or “to break
tolerance” refers to an acquired absence of tolerance to an
antigen to which the recipient was either naturally tolerant or
tolerant via induction through biological means. A subject in
which tolerance has been broken responds to the presence of
the antigen or compound to which the recipient was previ-
ously tolerant, and a response against the antigen or com-
pound is detectable in a subject in whom tolerance is broken.
In one aspect, the recipient’s response is an immunological
response.

[0079] A “tolerance-breaking agent” or “an agent to break
tolerance” is an agent that, when administered to a recipient,
allows for or permits the production of a response to an
antigen to which the recipient was either naturally tolerant or
tolerant via induction through biological means. Tolerance-
breaking agents for a specific antigen include those that per-
mit in the recipient response, e.g., a negative or detrimental
response, including without limitation production of an
inhibitor to the antigen and/or an anti-antigen immune
response, including the production of antibodies, when that
antigen is administered to the subject after tolerance is bro-
ken, and to which the subject was previously tolerant and
exhibited no significant response prior to tolerance breaking.
[0080] Candidate tolerance breaking agents are any agents
that are tested for the ability to permit induction of an anti-
antigen response, e.g., production of an inhibitor and/or anti-
antigen antibodies. The candidate agent is found in nature or
is synthesized. In various aspects, a candidate agent is
selected from a chemical library, a natural product library, or
a combinatorial library. Chemical libraries consist of struc-
tural analogs of known compounds. Natural product libraries
are collections of microorganism, animal, plants or marine
organisms or proteins or small molecules isolated therefrom,
which are used to create mixtures for screening for candidate
agents. Combinatorial libraries are comprised of large num-
bers of peptides, oligonucleotides or organic compounds.
Methods of making or synthesizing a chemical, natural prod-
uct or combinatorial library are known in the art. Addition-
ally, chemical and combinatorial libraries are commercially
available. In certain embodiments, the candidate agent is
selected from the group consisting of a chemotherapeutic
agent, an antibiotic, an anti-psychotic agent, penicillin, flu-
darabine, interferon-alpha, ligands for toll-like receptors,
pro-inflammatory cytokines and any other compound that
induces proinflammatory cytokines in vivo. However, the
animal model produces antibodies against the blood clotting
factor if the blood clotting factor carries neoantigens.

[0081] As used herein a “detectable moiety” or “label”
refers to a composition detectable by spectroscopic, photo-
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chemical, biochemical, immunochemical, chemical or other
means. For example, useful labels include **P, **S, fluores-
cent dyes, electron-dense reagents, enzymes (e.g., as com-
monly used in an ELISA), biotin-streptavadin, dioxigenin,
haptens and proteins for which antisera or monoclonal anti-
bodies are available, or nucleic acid molecules with a
sequence complementary to a target. The detectable moiety
often generates a measurable signal, such as a radioactive,
chromogenic, or fluorescent signal, that is used to quantitate
the amount of bound detectable moiety in a sample.

Blood Clotting Factors

[0082] Factor VIII (FVIII) is a blood plasma glycoprotein
of about 260 kDa molecular mass produced in the liver of
mammals. It is a critical component of the cascade of coagu-
lation reactions that lead to blood clotting. Within this cas-
cade is a step in which Factor IXa, in conjunction with FVTII,
converts Factor X to an activated form, Factor Xa. FVIII acts
as a cofactor at this step, being required with calcium ions and
phospholipid for the activity of Factor IXa. The two most
common hemophilic disorders are caused by a deficiency of
functional FVIII (Hemophilia A, about 80% of all cases) or
functional Factor IXa (Hemophilia B or Christmas Factor
disease).

[0083] Until recently, the standard treatment of Hemophilia
A involved frequent infusion of preparations of FVIII con-
centrates derived from the plasmas of human donors. While
this replacement therapy is generally effective, such treat-
ment puts patients at risk for virus-transmissible diseases
such as hepatitis and AIDS. Although this risk has been
reduced by further purification of FVIII from plasma by
immunopurification using monoclonal antibodies, and by
inactivating viruses by treatment with either an organic sol-
vent or heat, such preparations have greatly increased the cost
of treatment and are not without risk. For these reasons,
patients have been treated episodically, rather than prophy-
lactically. A further complicationis that about 15% of patients
develop inhibitory antibodies to plasma-derived FVIIIL
[0084] An important advance in the treatment of Hemo-
philia A has been the isolation of cDNA clones encoding the
complete 2,351 amino acid sequence of human FVIII (see,
Wood et al, Nature, 312: 330 (1984) and U.S. Pat. No. 4,757,
006, Jul. 12, 1988) and the provision of the human FVIII gene
DNA sequence and recombinant methods for its production.
However, patients receiving recombinant FVIII may still
develop FVIII-specific antibodies which interfere with treat-
ment of the disease. Factor VIII products for the treatment of
hemophilia include, but are not limited to: ADVATE® (Anti-
hemophilic Factor (Recombinant), Plasma/Albumin-Free
Method, rAHF-PFM), recombinant Antihemophilic Factor
(BIOCLATE™, GENARC®, HELIXATE FS®, KOATE®,
KOGENATE FS®, RECOMBINATE®): MONOCLATE-
P®, purified preparation of Factor VIII:C, Antihemophilic
Factor/von Willebrand Factor Complex (Human) HUMATE-
P® and ALPHANATE®, Anti-hemophilic Factor/von Will-
ebrand Factor Complex (Human); and HYATE C®, purified
pig Factor VIIL

[0085] von Willebrand Factor exists in plasma in a series of
multimer forms of a molecular weight of from 1x10° to
20x10° Dalton. vWF is a glycoprotein primarily formed in the
endothelial cells of mammals and subsequently secreted into
circulation. In this connection, starting from a polypeptide
chain having a molecular weight of approximately 220kD, a
vWF dimer having a molecular weight of 550kD is produced
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in the cells by the formation of several sulfur bonds. Further
polymers of the vVWF with increasing molecular weights, up
to 20 million Dalton, are formed from the vWF dimers by
linking. It is presumed that particularly the high-molecular
vWF multimers have an essential importance in blood coagu-
lation.

[0086] vWF syndrome manifests clinically when there is
either an underproduction or an overproduction of vWF.
Overproduction of vVWF causes increased thrombosis (forma-
tion of a clot or thrombus inside a blood vessel, obstructing
the flow of blood) while reduced levels of, or lack of, high-
molecular forms of vWF causes increased bleeding and an
increased bleeding time due to inhibition of platelet aggrega-
tion and wound closure.

[0087] A vWF deficiency may also cause a phenotypic
hemophilia A since vWF is an essential component of func-
tional factor VIII. In these instances, the half-life of F actor
VIII is reduced to such an extent that its function in the blood
coagulation cascade is impaired. Patients suffering from von
Willebrand disease (vWD) or vWF syndrome frequently
exhibit a Factor VIII deficiency. In these patients, the reduced
Factor VIII activity is not the consequence of a defect of the X
chromosomal gene, but an indirect consequence of the quan-
titative and qualitative change of vWF in plasma. The differ-
entiation between hemophilia A and vyWD may normally be
effected by measuring the vWF antigen or by determining the
ristocetin-cofactor activity. Both the vWF antigen content
and the ristocetin cofactor activity are lowered in most vWD
patients, whereas they are normal in hemophilia A patients.
vWF products for the treatment of vWF syndrome include,
but are not limited to: HUMATE-P; and, IMMUNATE®,
INNOBRAND®, and 8Y®, which therapies comprising
FVIIIVWF concentrate from plasma.

[0088] FactorVII (proconvertin), a serine protease enzyme,
is one of the central proteins in the blood coagulation cascade.
The main role of Factor VII (FVII) is to initiate the process of
coagulation in conjunction with tissue factor (TF). Upon ves-
sel injury, TF is exposed to the blood and circulating Factor
VII. Once bound to TF, FV1I is activated to FV1la by different
proteases, among which are thrombin (Factor Ila), activated
Factor X and the FVIIa-TF complex itself. Recombinant
human Factor VIla (NOVOSEVEN®) has been introduced
for use in uncontrollable bleeding in hemophilia patients who
have developed inhibitors against replacement coagulation
factor. Transgenic organisms expressing human Factor VII
have been developed by Hwang et al., (Mar Biotechnol 6:485-
92, 2004), which describe transgenic fish expressing human
FVIL

[0089] Factor IX (FIX, Christmas Factor) is a serine pro-
tease that is inactive unless activated by Factor XIa or Factor
VIla (of the tissue factor pathway). When activated into Fac-
tor [Xa, it acts by hydrolyzing an arginine-isoleucine bond in
Factor X to form Factor Xa. Factor V1II is a required cofactor
for FIX protease activity (Lowe G D, Br. J. Haematol. 115:
507-13, 2002). Deficiency of Factor IX causes hemophilia B
or Christmas disease. Transgenic animals expressing human
Factor IX have been disclosed. See for example Schnieke et
al., (Science 278:2130-33, 1997), which discloses transgenic
sheep expressing human Factor IX in sheep’s milk, and Alex-
ander et al., (Hum Mol Genet. 4:993-9, 1995), which dis-
closes expression of human FIX in transgenic mice. Also,
Bigger et al., (Gene Ther. 2006 13(2):117-26, 2006) disclose
administration of hematopoietic stem cells expressing human
Factor IX in a mouse model of hemophilia B which induces
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tolerance to the protein for up to a year in some animals.
Waddington et al., (Blood. 2003 101:1359-66), disclose in
utero administration of an adenoviral vector expressing
human FIX to mice in order to induce tolerance to human
protein in recipient animals.

[0090] Additional blood factors amendable to use methods
of the invention include without limitation Factor IT (as know
in the art as thrombin) (Genbank Accession No.
NP_000497), deficiencies of which cause thrombosis and
dysprothrombinemia; Factor V, (Genbank Accession No.
NP_000121), deficiencies of which cause hemorrhagic
diathesis or a form of thrombophilia, which is known as
activated protein C resistance, Factor X1 (Genbank Accession
No. NP_000119), deficiencies of which cause Rosenthal’s
syndrome (hemophilia C), and Factor XIII subunit A (Gen-
bank Accession No. NP__000120) and subunit B (Genbank
Accession No. NP__001985), deficiencies of which are char-
acterized as a type I deficiency (deficiency in both the A and
B subunits) and type II deficiency (deficiency in the A subunit
alone), either of which can result in a lifelong bleeding ten-
dency, defective wound healing, and habitual abortion Factor
XII (Genbank Accession No. NP__000496); protein C (Gen-
bank Accession No. NP__000303); antithrombin IIT (Gen-
bank Accession No. NP_000479), and activated forms
thereof.

Fragments, Variants and Analogs of Human Blood Clotting
Factors

[0091] Inorderto assess the therapeutic efficacy ofa human
blood clotting factor protein in the treatment of a blood clot-
ting disorder, the human blood clotting factor polypeptide or
a fragment, variant or analog thereof, is administered to a
transgenic mouse described herein.

[0092] Methods for preparing polypeptide fragments, vari-
ants or analogs are well-known in the art. Fragments of a
polypeptide are prepared using, without limitation, including
enzymatic cleavage (e.g., trypsin, chymotrypsin) and also
using recombinant means to generate a polypeptide frag-
ments having a specific amino acid sequence. Using a poly-
nucleotide encoding a desired fragment, polypeptide frag-
ments may be generated comprising a region of the protein
having a particular activity, such as a ligand binding domain,
areceptor binding domain, a dimerization or multimerization
domain, or any other identifiable domain known in the art.
[0093] Methods of making polypeptide analogs are also
well-known. Amino acid sequence analogs of a polypeptide
are substitutional, insertional or deletion variants. Deletion
analogs, including fragments of a polypeptide, lack one or
more residues of the native protein which are not essential for
function orimmunogenic activity. Insertional analogs involve
the addition of material at a non-terminal point in the
polypeptide. This may include the insertion of an immunore-
active epitope or simply a single residue.

[0094] Analogs may be substantially homologous or sub-
stantially identical to the blood clotting factors from which
they are derived and described herein. Contemplated analogs
are those which retain at least some of the biological activity
of the wild-type polypeptide, e.g. blood clotting activity.
[0095] Substitutional analogs typically exchange one
amino acid of the wild-type for another at one or more sites
within the protein, and may be designed to modulate one or
more properties of the polypeptide, as described herein, with-
out the loss of other functions or properties. In one aspect,
substitutions are conservative substitutions. By “conservative
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amino acid substitution” is meant substitution of an amino
acid with an amino acid having a side chain of a similar
chemical character. Similar amino acids for making conser-
vative substitutions include those having an acidic side chain
(glutamic acid, aspartic acid); a basic side chain (arginine,
lysine, histidine); a polar amide side chain (glutamine, aspar-
agine); a hydrophobic, aliphatic side chain (leucine, isoleu-
cine, valine, alanine, glycine); an aromatic side chain (phe-
nylalanine, tryptophan, tyrosine); a small side chain (glycine,
alanine, serine, threonine, methionine); or an aliphatic
hydroxyl side chain (serine, threonine).

[0096] Polynucleotides encoding fragments and analogs
may be readily generated by a worker of skill to encode
biologically active fragments, variants, or analogs of the natu-
rally-occurring molecule that possess the same or similar
biological activity to the naturally-occurring molecule. This
may be done by PCR techniques, digestion of DNA encoding
molecule, and the like. Thus, one of skill in the art will be able
to generate single base changes in the DNA strand to result in
an altered codon and a missense mutation.

[0097] Exemplary blood clotting factor analogs are
described, for example, in U.S. Pat. No. 6,346,513, U.S. Pat.
No. 6,316,226, U.S. Pat. No. 6,156,888, U.S. Pat. No. 6,130,
203, and U.S. Pat. No. 6,958,322, herein incorporated by
reference.

[0098] Human blood clotting factor variants contemplated
include polypeptides chemically modified by such tech-
niques as ubiquitination, glycosylation, conjugation to thera-
peutic or diagnostic agents, labeling (e.g., with radionuclides
or various enzymes), covalent polymer attachment such as
PEGylation (derivatization with polyethylene glycol), intro-
duction of non-hydrolyzable bonds, and insertion or substi-
tution by chemical synthesis of amino acids such as ornithine,
which do not normally occur in human proteins. Variants
retain the binding properties of non-modified molecules of
the invention.

[0099] Preparing PEGylated blood clotting factor analogs
will generally comprise the steps of (a) reacting the polypep-
tide with polyethylene glycol (such as a reactive ester or
aldehyde derivative of PEG) under conditions whereby the
binding construct polypeptide becomes attached to one or
more PEG groups, and (b) obtaining the reaction product(s).
In general, the optimal reaction conditions for the acylation
reactions will be determined based on known parameters and
the desired result. For example, the larger the ratio of PEG:
protein, the greater the percentage of poly-PEGylated prod-
uct. In some embodiments, the binding construct will have a
single PEG moiety at the N-terminus.

[0100] Polyethylene glycol (PEG) may be attached to the
blood clotting factor to provide a longer half-life in vivo. The
PEG group may be of any convenient molecular weight and
may be linear or branched. The average molecular weight of
the PEG ranges from about 2 kiloDalton (“kD”) to about 100
kDa, from about 5 kDa to about 50 kDa, or from about 5 kDa
to about 10 kDa. The PEG groups are attached to the blood
clotting factor via acylation or reductive alkylation through a
natural or engineered reactive group on the PEG moiety (e.g,,
an aldehyde, amino, thiol, or ester group) to a reactive group
on the blood clotting factor (e.g., an aldehyde, amino, or ester
group) or by any other technique known in the art.

[0101] Polypeptide variants useful in the methods of the
present invention include polypeptide comprising polysialy-
late (PSA) moieties. Methods for preparing polysialylated
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polypeptide are described in United States Patent Publication
20060160948 and Saenko et al., Haemophilia 12:42-51,
2006.

[0102] Itis further contemplated that the human blood clot-
ting factor for use in the methods of the invention may be a
fusion protein with a second agent which is a polypeptide. In
one embodiment, the second agent which is a polypeptide,
without limitation, is an enzyme, a growth factor, a cytokine,
achemokine, a cell-surface receptor, the extracellular domain
of a cell surface receptor. a cell adhesion molecule, or frag-
ment or active domain of a protein described above. In a
related embodiment, the second agent is a blood clotting
factor such as Factor VIII, Factor VII, Factor IX and von
Willebrand factor. The fusion protein contemplated is made
by chemical or recombinant techniques well-known in the art.

Blood Clotting Factor Compositions for Administration

[0103] To administer blood clotting factor polypeptides
(including fragments, analogs or variants) described herein to
test subjects, blood clotting factor polypeptides are formu-
lated in a composition comprising one or more pharmaceuti-
cally acceptable carriers. The phrase “pharmaceutically or
pharmacologically acceptable” refers to molecular entities
and compositions that do not produce allergic, or other
adverse reactions when administered using routes well-
known in the art, as described below. “Pharmaceutically
acceptable carriers” include any and all clinically useful sol-
vents, dispersion media, coatings, antibacterial and antifun-
gal agents, isotonic and absorption delaying agents and the
like.

[0104] In addition, compounds may form solvates with
water or common organic solvents. Such solvates are contem-
plated as well.

[0105] The blood clotting factor compositions may be
administered orally, topically, transdermally, parenterally, by
inhalation spray, vaginally, rectally, or by intracranial injec-
tion. The term parenteral as used herein includes subcutane-
ous injections, intravenous, intramuscular, intracisternal
injection, or infusion techniques. Administration by intrave-
nous, intradermal, intramuscular, intramammary, intraperito-
neal, intrathecal, retrobulbar, intrapulmonary injection and or
surgical implantation at a particular site is contemplated as
well. Generally, compositions are essentially free of pyro-
gens, as well as other impurities that could be harmful to the
recipient.

[0106] Formulation of the pharmaceutical composition
will vary according to the route of administration selected
(e.g., solution, emulsion). An appropriate composition com-
prising the composition to be administered is prepared in a
physiologically acceptable vehicle or carrier. For solutions or
emulsions, suitable carriers include, for example, aqueous or
alcoholic/aqueous solutions, emulsions or suspensions,
including saline and buffered media. Parenteral vehicles can
include sodium chloride solution, Ringer’s dextrose, dextrose
and sodium chloride, lactated Ringer’s or fixed oils. Intrave-
nous vehicles can include various additives, preservatives, or
fluid, nutrient or electrolyte replenishers.

[0107] Pharmaceutical compositions useful in the methods
of the present invention containing a blood clotting factor as
an active ingredient may contain pharmaceutically accept-
able carriers or additives depending on the route of adminis-
tration. Examples of such carriers or additives include water,
a pharmaceutical acceptable organic solvent, collagen, poly-
vinyl alcohol, polyvinylpyrrolidone, a carboxyvinyl polymer,
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carboxymethylcellulose sodium, polyacrylic sodium, sodium
alginate, water-soluble dextran, carboxymethyl starch
sodium, pectin, methyl cellulose, ethyl cellulose, xanthan
gum, gum Arabic, casein, gelatin, agar, diglycerin, glycerin,
propylene glycol, polyethylene glycol, Vaseline, paraffin,
stearyl alcohol, stearic acid, human serum albumin (HSA),
mannitol, sorbitol, lactose, a pharmaceutically acceptable
surfactant and the like. Additives used are chosen from, but
not limited to, the above or combinations thereof, as appro-
priate, depending on the dosage form of the present invention.
[0108] A variety of aqueous carriers, e.g., water, buffered
water, 0.4% saline, 0.3% glycine, or aqueous suspensions
may contain the active compound in admixture with excipi-
ents suitable for the manufacture of aqueous suspensions.
Such excipients are suspending agents, for example sodium
carboxymethylcellulose, methylcellulose, hydroxypropylm-
ethylcellulose, sodium alginate, polyvinylpyrrolidone, gum
tragacanth and gum acacia; dispersing or wetting agents may
be a naturally-occurring phosphatide, for example lecithin, or
condensation products of an alkylene oxide with fatty acids,
for exanmiple polyoxyethylene stearate, or condensation prod-
ucts of ethylene oxide with long chain aliphatic alcohols, for
example heptadecaethyl-eneoxycetanol, or condensation
products of ethylene oxide with partial esters derived from
fatty acids and a hexitol such as polyoxyethylene sorbitol
monooleate, or condensation products of ethylene oxide with
partial esters derived from fatty acids and hexitol anhydrides,
for example polyethylene sorbitan monooleate. The aqueous
suspensions may also contain one or more preservatives, for
example ethyl, or n-propyl, p-hydroxybenzoate.

[0109] In some embodiments, the blood clotting factor
compositions are lyophilized for storage and reconstituted in
a suitable carrier prior to use. This technique has been shown
to be effective with conventional immunoglobulins. Any suit-
able lyophilization and reconstitution techniques known in
the art are employed. It is appreciated by those skilled in the
art that lyophilization and reconstitution leads to varying
degrees of antibody activity loss and that use levels may have
to be adjusted to compensate.

[0110] Dispersible powders and granules suitable for
preparation of an aqueous suspension by the addition of water
provide the active compound in admixture with a dispersing
or wetting agent, suspending agent and one or more preset-
vatives. Suitable dispersing or wetting agents and suspending
agents are exemplified by those already mentioned above.
[0111] In certain embodiments, the concentration of blood
clotting factor in these formulations varies widely, for
example from less than about 0.5%, usually at or at least about
1% to as much as 15 or 20% by weight and will be selected
primarily based on fluid volumes, viscosities, etc., in accor-
dance with the particular mode of administration selected.
Thus, for example, and without limitation, a typical pharma-
ceutical composition for parenteral injection is made up to
contain 1 ml sterile buffered water, and 50 mg of blood
clotting factor. A typical composition for intravenous infu-
sion could be made up to contain 250 ml of sterile Ringers
solution, and 150 mg of blood clotting factor. Actual methods
for preparing parenterally administrable compositions are
known or apparent to those skilled in the art and are described
in more detail in, for example, Remington’s Pharmaceutical
Science, 15th ed., Mack Publishing Company, Easton, Pa.
(1980). An effective dosage of bispecific antibody is within
the range of 0.01 mg to 1000 mg per kg of body weight per
administration.
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[0112] Invarious aspects, the pharmaceutical compositions
are in the form of a sterile injectable aqueous, oleaginous
suspension, dispersions or sterile powders for the extempo-
raneous preparation of sterile injectable solutions or disper-
sions. The suspension may be formulated according to the
known art using those suitable dispersing or wetting agents
and suspending agents which have been mentioned above.
The sterile injectable preparation may also be a sterile inject-
able solution or suspension in anon-toxic parenterally-ac-
ceptable diluent or solvent, for example as a solution in 1,3-
butane diol. In some embodiments, the carrier is a solvent or
dispersion medium containing, for example, water, ethanol,
polyol (for example, glycerol, propylene glycol, and liquid
polyethylene glycol, and the like), suitable mixtures thereof,
vegetable oils, Ringer’s solution and isotonic sodium chloride
solution. In addition, sterile, fixed oils are conventionally
employed as a solvent or suspending medium. For this pur-
pose any bland fixed oil may be employed including synthetic
mono- or diglycerides. In addition, fatty acids such as oleic
acid find use in the preparation of injectables.

[0113] Inall cases the form must be sterile and must be fluid
to the extent that easy syringability exists. The proper fluidity
is maintained, for example, by the use of a coating, such as
lecithin, by the maintenance of the required particle size in the
case of dispersion and by the use of surfactants. It must be
stable under the conditions of manufacture and storage and
must be preserved against the contaminating action of micro-
organisms, such as bacteria and fungi. The prevention of the
action of microorganisms is brought about by various anti-
bacterial and antifungal agents, for example, parabens, chlo-
robutanol, phenol, sorbic acid, thimerosal, and the like. In
many cases, it will be desirable to include isotonic agents, for
example, sugars or sodium chloride. In certain aspects, pro-
longed absorption of the injectable compositions is brought
about by the use in the compositions of agents delaying
absorption, for example, aluminum monostearate and gelatin.
[0114] Compositions useful for administration may be for-
mulated with uptake or absorption enhancers to increase their
efficacy. Such enhancers, include, for example, salicylate,
glycocholate/linoleate, glycholate, aprotinin, bacitracin,
SDS, caprate and the like. See, e.g., Fix (J. Pharm. Sci.,
85:1282-1285, 1996) and Oliyai and Stella (Ann. Rev. Phar-
macol. Toxicol., 32:521-544, 1993).

[0115] In addition, the properties of hydrophilicity and
hydrophobicity of the compositions contemplated for use in
the methods or the invention are well balanced, thereby
enhancing their utility for both in vitro and especially in vivo
uses, while other compositions lacking such balance are of
substantially less utility. Specifically, compositions contem-
plated for use in the invention have an appropriate degree of
solubility in aqueous media which permits absorption and
bioavailability, in the body, while also having a degree of
solubility in lipids which permits the compounds to traverse
the cell membrane to a putative site of action.

Transgenic Animal Preparation

[0116] In general, transgenic animals of the invention
include any transformable species except humans. Of particu-
lar interest are mammals, including known transformable
species such as mouse, rat, rabbit, sheep, hamsters, gerbils,
guinea pig, and pig, and others, as transformation methods are
developed, including bovine and non-human primates.

[0117] The transgenic animals of the invention are geneti-
cally modified animals in which at least one foreign gene has
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been inserted into the genome. These animals allow regula-
tory processes on the cellular level to be examined and influ-
enced in a systematic and specific manner not achievable with
other test systems. Transgenic animals of the type described
are useful for analyzing in vivo effects of administration of
therapeutic blood clotting factors, including but not limited to
Factor VIII (FVIII), Factor VII (FVII), Factor IX (FIX), von
Willebrand Factor (vWF), Factor 1I (FII), Factor V (FV),
Factor X (FX), Factor XI, (FXI), Factor XII (FXII), and
Factor XIII (FXIII). The transgenic animals serve as excellent
models for evaluating the effect of compounds, i.e., purified
clotting proteins or variants thereof, on causing the develop-
ment of anti-self antibodies in context of a putative tolerant
host immune system. Such understanding is essential to the
design and testing of agents for treatment of blood clotting
disorders including, but not limited to, hemophilia, von Will-
ebrand syndrome, and the like.

[0118] Tt is further contemplated that, in certain aspects,
transgenic animals expressing human blood clotting factors
also express human major histocompatibility complex
(MHC) genes. MHC genes are involved in expressing foreign
antigen on the cell surface and presenting antigen to either
CD84+ (MHC class I) or CD4+ (MHC class II) T cells. Both
human MHC class I transgenic mice (Escobar et al., Clin Exp
Immunol. 116:214-9, 1999) and human MHC class II trans-
genic mice (WO 2006/056769 and Fugger et al., Proc. Natl.
Acad. Sci. USA. 91, 6151-6155, 1994) have been described
in the art, the disclosures of which are hereby incorporated by
reference.

[0119] The human MHC class II gene includes, any human
leukocyte antigen (HLA) gene suitable for expression in a
non-human transgenic animal, including but not limited to,
HLA-DQ, HLA-DR, HLA-DP-, HLA-DO, LMP, TAP and
TAPBP (the MHC Consortium, Nature 401:921-923, 1999,
herein incorporated by reference).

[0120] The transgenes herein comprise a coding sequence
(e.g., cDNA, a synthetic coding sequence, or genomic DNA)
for an human blood clotting factor or an human MHC class 11
gene protein flanked by natural regulatory (expression con-
trol) sequences, or associated with heterologous sequences,
including promoters, internal ribosome entry sites (IRES)
and other ribosome binding site sequences, enhancers,
response elements, suppressors, signal sequences, polyade-
nylation sequences, introns, 5'- and 3'-non-coding regions,
and the like. The coding sequence may also be modified by
many means known in the art. Non-limiting examples of such
modifications include methylation, “caps”, substitution of
one or more of the naturally occurring nucleotides with an
analog, and internucleotide modifications such as, for
example, those with uncharged linkages (e.g., methyl phos-
phonates, phosphotriesters, phosphoroamidates, carbamates,
etc.) and with charged linkages (e.g., phosphorothioates,
phosphorodithioates, etc.). Polynucleotides contain, in cer-
tain aspects, one or more additional covalently linked moi-
eties, such as, for example, proteins (e.g., nucleases, toxins,
antibodies, signal peptides, poly-L-lysine, etc.), intercalators
(e.g., acridine, psoralen, etc.), chelators (e.g., metals, radio-
active metals, iron, oxidative metals, etc.), and alkylators. The
polynucleotides may be derivatized by formation of a methyl
or ethyl phosphotriester or an alkyl phosphoramidate linkage.
Furthermore, in some embodiments, the polynucleotides
herein are modified with a label capable of providing a detect-
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able signal, either directly or indirectly. Exemplary labels
include radioisotopes, fluorescent molecules, biotin, and the
like.

[0121] Thecontrol of gene expressionis accomplished by a
variety of means well-known in the art. Expression of a trans-
gene is constitutive or regulated to be inducible or repressible
by known means, typically by choosing a promoter that is
responsive to a given set of conditions, e.g., presence of a
given compound, or a specified substance, or change in an
environmental condition such as tissue type or temperature.
The term “inducible expression” extends to any means for
causing gene expression to take place under defined condi-
tions, the choice of means and conditions being chosen on the
basis of convenience and appropriateness for the host organ-
ism.

[0122] Transformation is carried out by a variety of known
techniques, depending on the organism, on characteristics of
the organism’s cells and of its biology. Stable transformation
involves DNA entry into cells and into the cell nucleus. For
organisms that are regenerated from single cells (which
includes some mammals), transformation is carried out in in
vitro culture, followed by selection for transformants and
regeneration of the transformants. Methods often used for
transferring DNA or RNA into cells include micro-injection,
particle gun bombardment, forming DNA or RNA complexes
with cationic lipids, liposomes or other carrier materials,
electroporation, and incorporating transforming DNA or
RNA into virus vectors. Other techniques are known in the
art. DNA ftransfer into the cell nucleus occurs by cellular
processes, and can sometimes be aided by choice of an appro-
priate vector, by including integration site sequences which
are acted upon by an intracellular transposase or recombinase
(see e.g, [Craig, Ann. Rev. Genet. 1988, 22:77; Cox. In
Genetic Recombination (R. Kucherlapati and G. R. Smith,
eds.) 1988, American Society for Microbiology, Washington,
D.C., pages 429-493; Hoess. In Nucleic Acid and Molecular
Biology (F. Eckstein and D. M. J. Lilley eds.) Vol. 4, 1990,
Springer-Verlag, Berlin, pages 99-109.

[0123] The genetic background of mouse strains from
which the various ES cells are derived are known in the art,
including ES cells originating from mouse strain 129: R1
cells originate from a mouse blastocyst from a cross between
the sub-strains 129/Sv and 129/Sv-CP (Nagy et al., Proc Natl
Acad Sci USA. 90:8424-8, 1993); GS1 cells originate from
129/Sv/Ev. D3-cells (Doetschman et al., Nature 330:576-8,
1987) and J1 cells originate from 129/Sv or 129/terSv. TT2
cells which also yielded ES mice originated from an F1
hybrid strain (C57BL/6xCBA) (Yagi et al., Anal Biochem.
14:70-6, 1993).

[0124] Expression vectors and nucleic acids used to
express a blood clotting factor in some aspect also contain a
tissue-specific promoter. Such promoters are known in the art
and include, but are not limited to liver-specific promoters
(e.g., albumin; Miyatake et al., J. Virol. 1:5124-32, 1997,
a-fetoprotein), muscle-specific promoters (e.g., myosin light
chain 1 (Shi et al., Hum Gene Ther. 8:403-10, 1997, a-actin),
pancreatic-specific promoter (e.g., insulin or glucagon pro-
moters), neural-specific promoters (e.g., the tyrosine
hydroxylase promoter or the neuron-specific enolase pro-
moter), endothelial cell-specific promoters (e.g., von Will-
ebrand factor; Ozaki et al., Hum Gene Ther. 7:1483-90,
1996), and smooth muscle-cells specific promoters (e.g., 22a;
Kim et al., J Clin Invest. 100:1006-14, 1997). Other tissue
specific promoters include promoters are also being used in
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developing cancer therapies, including tyrosinase-specific
promoters (Diaz et al., J. Virol. 72:789-95, 1998), an adipose
tissue promoter derived from human aromatase cytochrome
p450 (p450arom) (see U.S. Pat. No. 5,446,143 ; Mahendroo et
al., J. Biol. Chem. 268:19463 19470, 1993; and Simpson et
al., Clin. Chem. 39:317 324, 1993). Tt is further contemplated
that the promoter is an endogenous blood clotting factor
promoter. The vectors and other nucleic acid molecules use-
ful in the methods of the invention can also include sequences
that limit the temporal expression of the transgene. For
example, the transgene is controlled by drug inducible pro-
moters by, for example including cAMP response element
enhancers in a promoter and treating the transfected or
infected cell with a cAMP modulating drug (Suzuki et al.,
Hum Gene Ther. 7:1883-93, 1996). Alternatively, repressor
elements can prevent transcription in the presence of the drug
(Hu et al., Cancer Res 57:3339-43, 1997). Spatial control of
expression has also been achieved by using ionizing radiation
(radiotherapy) in conjunction with the ergl gene promoter
(Seung et al., Cancer Res 55:5561-5, 1995).

[0125] The recombinant nucleic acid constructs encoding
human blood clotting factors or human MHC class genes may
be inserted into any suitable plasmid, bacteriophage, or viral
vector for amplification, and may thereby be propagated
using methods known in the art, such as those described in
Molecular Cloning A Laboratory Manual, 2nd Ed., ed. by
Sambrook, Fritsch and Maniatis (Cold Spring Harbor Labo-
ratory Press: 1989). In one embodiment, expression vectors
compatible with eukaryotic cells, such as vertebrate cells, are
used. Eukaryotic cell expression vectors are well known in
the art and are available from commercial sources. Contem-
plated expression vectors contain both prokaryotic sequences
(to facilitate the propagation of the vector in bacteria), and
one or more eukaryotic transcription units that are functional
in swine cells. Typically, such vectors provide convenient
restriction sites for insertion of the desired recombinant DNA
molecule. The pcDNALI pSV2, pSVK, pMSG, pSVL, pPVV-
1/PML2d and pTDT1 (ATCC No. 31255) derived vectors are
examples of mammalian expression vectors suitable for
transfection of non-human cells. Some of these vectors are
modified with sequences from bacterial plasmids, such as
pBR322, to facilitate replication and drug resistance selection
in both prokaryotic and eukaryotic cells. Alternatively,
derivatives of viruses such as the bovine papilloma virus
(BPV-1), or Epstein-Barr virus (pHEBo, pREP-derived and
p205) are used for expression of proteins in swine cells. The
various methods employed in the preparation of the plasmids
and the transformation of host cells are well known in the art.
For other suitable expression systems for useful in the present
invention, as well as general recombinant procedures, see
Molecular Cloning A Laboratory Manual, 2nd Ed., ed. by
Sambrook, Fritsch and Maniatis (Cold Spring Harbor Labo-
ratory Press: 1989).

[0126] Techniques for creating a transgenic animal, par-
ticularly a mouse or rat are well known (Gordon, Interna-
tional Review of Cytology 115:171-229, 1989). Various
approaches to introducing transgenes are available, including
microinjection of nucleic acids into cells, retrovirus vector
methods, and gene transfer into embryonic stem (ES) cells. If
fertilized oocytes are used for generating a transgenic, desired
foreign DNA or transgene is incorporated into the oocytes.
Incorporation of the transgene into the oocyte s carried out by
several methods such as via an appropriate retroviral vector,
or by microinjection. Transgenic mice are generated rou-
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tinely in the art by microinjection of DNA into blastocysts
isolated from pregnant mice, as described in U.S. Pat. No.
4,736,866 issued to Leder et al., and as provided by B. Hogan
et al. entitled “Manipulating the Mouse Embryo: A Labora-
tory Manual”, Cold Spring Harbor Laboratory, Cold Spring
Harbor, N.Y., U.S.A. (1986). Seealso, e.g., Haren et al, Annu.
Rev. Microbiol. 53:245-281, 1999; Reznikoffetal., Biochem.
Biophys. Res. Commun., 266(3):729-734, 1999; Ivies et al,
Methods Cell Bid., 60:99-131, 1999; Han et al., FEMS
Microbiol. Rev. 21:157-178 1997. U.S. Pat. No. 6,492,575
describes a method to of making transgenic mice by trans-
forming ES cells and inject the transformed cells into a tet-
rapliod blastocyst. By interbreeding heterozygous siblings,
homozygous animals carrying the desired gene are obtained.

[0127] Additionally, Capecchi et al. describe a method by
which transgenes are incorporated into embryonic, fetal or
adult pluripotent stem cells (Science 244:1288-1292, 1991).
In this method, embryonic stem cells are isolated from blas-
tocysts cultivated in vitro. These embryonic stem cells are
kept stable in culture over many cell generations without
differentiation. The transgene is then incorporated into the
embryonic stem cells by electroporation or other methods of
transformation. Stem cells carrying the transgene are selected
for and injected into the inner cell mass of blastocysts. The
blastocysts are then implanted into pseudopregnant females.
Since not all the cells of the inner cell mass of the blastocysts
carry the transgenes, the animals are chimeric with respect to
the transgenes. Crossbreeding of the chimeric animals allows
for the production of animals which carry the transgene. An
overview of the process is provided by Capecchi, Trends in
Genetics 1989, 5:70-76.

[0128] Delivery ofthe transgene may be accomplished by a
retroviral delivery system, see e.g., Eglitis et al., Adv. Exp.
Med. Biol. 241:19, 1988. In one aspect, a retroviral construct
is one in which the structural genes of the virus are replaced
by a single gene which is then transcribed under the control of
regulatory elements contained in the viral long terminal
repeat (LTR). A variety of single-gene-vector backbones have
been used, including the Moloney murine leukemia virus
(MoMuLV). In one embodiment, retroviral vectors which
permit multiple insertions of different genes such as a gene
for a selectable marker and a second gene of interest, under
the control of an internal promoter are derived from this type
of backbone, see e.g., Gilboa, Adv. Exp. Med Biol. 241:29,
1988.

[0129] The elements of the construction of vectors for the
expression of a protein product are known to those skilled in
the art. Efficient expression from retroviral vectors is
observed when “strong” promoters are used to control tran-
scription, such as the SV 40 promoter or LTR promoters,
reviewed in Chang et al., Int. J. Cell Cloning 7:264, 1989.
These promoters are constitutive and do not generally permit
tissue-specific expression. Other suitable promoters are dis-
cussed herein.

[0130] The use of packaging cell lines can increase the
efficiency and the infectivity of the produced recombinant
virions, see Miller, 1990, Human Gene Therapy 1:5. Murine
retroviral vectors have been useful for transferring genes
efficiently into murine embryonic, see e.g., Wagner et al.,
1985, EMBO J. 4:663; Griedley et al., Trends Genet. 3:162,
1987, and hematopoietic stem cells, see e.g., Lemischka etal.,
Cell 45:917-927,1986; Dick et al., Trends in Genetics 2:165-
170, 1986.
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[0131] An additional retroviral technology which permits
attainment of much higher viral titers than were previously
possible involves amplification by consecutive transfer
between ecotropic and amphotropic packaging cell lines, the
so-called “ping-pong” method, see e.g., Kozak et al., J. Virol.
64:3500-3508, 1990: Bodine et al., Prog. Clin. Biol. Res. 319:
589-600, 1989. Tn addition, a techniques for increasing viral
titers permit the use of virus-containing supernatants rather
than direct incubation with virus-producing cell lines to attain
efficient transduction, see e.g., Bodine et al., Prog. Clin. Biol.
Res. 319:589-600, 1989. Because replication of cellular DNA
is required for integration of retroviral vectors into the host
genome, it may be desirable to increase the frequency at
which target stem cells which are actively cycling e.g., by
inducing target cells to divide by treatment in vitro with
growth factors, see e.g., Lemischka et al., Cell 45:917-927,
1986; Bodine et al., Proc. Natl. Acad. Sci. 86:8897-8901,
1989, or to expose the recipient to 5-fluorouracil, see e.g.,
Mori et al., Jpn. J. Clin. Oncol. 14 Suppl. 1:457-463, 1984.
[0132] Its contemplated, in some embodiments, that the
during the introduction of the transgene into the animal, the
transgene is inserted into the endogenous gene, thereby
knocking-out function of the endogenous gene. In other
embodiments, the exogenous gene is inserted into the animal
genome in a location such that the expression of the endog-
enous gene is preserved. Thus, the transgenic animal may
express all or part of the endogenous polynucleotide that
corresponds to the human transgene polynucleotide inserted
into the animal.

Methods of Detecting an Immunogenic Event

[0133] U.S. Pat. Nos. 5,470,560 and 5,670,134 describe a
method to detect immunogenicity of proteins using a trans-
genic mammal containing a DNA sequence encoding the
polypeptide of interest, which is heterologous to the trans-
genic mammal, and to which the animal is tolerant because it
is perceived as an endogenous gene. A preparation compris-
ing a polypeptide similar to or identical to the expressed
transgene is administered to the tolerant animals and the
development of antibodies specific for the polypeptide is
determined using radioimmunoassays or ELISA systems.
Unlike the system described in U.S. Pat. Nos. 5,470,560 and
5,670,134, the transgenic animals described herein, in some
embodiments, express the human protein in place of the
endogenous gene.

[0134] Itis contemplated that the transgenic animals useful
for identifying antibodies specific for the human blood clot-
ting factor transgene express the human blood clotting factor
at levels similar to normal expression of the endogenous
protein in a control animal, and are tolerant to the protein
encoded by the human transgene, i.e., are incapable of mak-
ing a strong immune response to the protein when the protein
is administered exogenously.

[0135] Transgenic animals that are tolerant to the heterolo-
gous polypeptide are contacted with a preparation comprising
the human blood clotting factor to be analyzed in any fashion
calculated to induce an immune response in a non-tolerant
animal. In one embodiment, the host animal is contacted with
the heterologous polypeptide using the same route of admin-
istration, carriers and frequency of administration intended
for the preparation in its in vivo therapeutic or diagnostic
setting for human patients. If the dose, route and schedule of
injection and buffer have not been established in patients,
then these parameters are derived from pre-clinical animal
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studies or from in vitro experiments. In the case of therapeutic
proteins or polypeptides this may be by parenteral, intramus-
cular or subcutaneous administration in a pharmacologically-
acceptable isotonic carrier such as saline, 5% dextrose, or
phosphate buffer. Immunostimulants or adjuvants or necan-
tigens are optionally included in the preparation. Multiple
administrations of the therapeutic or diagnostic dose are also
evaluated. In one embodiment, the preparation contains the
heterologous polypeptide encoded by the transgene. In
another embodiment, the preparation contains a fragment,
variant or analog of the heterologous blood factor polypeptide
encoded by the human transgene.

[0136] In one instance, it may be desired to determine the
immunogenicity of a polypeptide fragment, variant or analog
having such desired characteristics as greater solubility or
stability, resistance to enzyme digestion, improved biological
half-life, and other features known to those skilled in the art.
In this case the DNA used for transfection to generate the
transgenic animal encodes the native primary amino acid
sequence of the heterologous polypeptide, while the test
preparation contains a heterologous polypeptide having a
structure which is a fragment, analog or variant of the native
heterologous polypeptide.

[0137] Inafurther embodiment, the preparation contains a
therapeutic or diagnostic agent that is expected to interact in
vivo with the heterologous polypeptide encoded by the
human transgene to produce an immunogenic or toxic
response in the animal. For example, the preparation for
administration may comprise the heterologous protein fused
to another therapeutic agent, wherein the agent may be a
polypeptide, a chemical moiety, or other therapeutic agent
known in the art.

[0138] The immunogenicity of the test preparation option-
ally is compared to the immunogenicity of any native and/or
denatured forms of proteins present in the preparation. These
forms of the protein are negative and positive controls,
respectively. The protein is denatured for the positive controls
by various procedures known to those skilled in the art, such
as heating at 100° C. for 1-2 minutes or treatment with dena-
turing agents such as sodium dodecyl sulfate, 7M guanidine
chloride or 8M urea. The positive control will establish
whether the transgenic animals have the immune repertoire to
respond to the protein treated to ensure that it is conforma-
tionally non-native. An additional immunogenicity positive
control is performed by combining the native test protein with
an adjuvant to enhance the immune response in the transgenic
host. Another positive control is to use the polypeptide from
athird source, e.g., bovine growth hormone, Chinese hamster
tPA or pig Factor VIII. In certain embodiments, the adjuvant
is any that is known to enhance the immunogenicity of the test
protein in particular, or that are generally used to enhance the
immunogenicity of proteins. Two commonly used techniques
are to emulsify the protein in aqueous buffer with an equal
volume of Freund’s complete (FA) (for the first injection) or
incomplete adjuvant (for later injections) or to co-precipitate
the protein from solution using alum. The mixture of adjuvant
and protein is then injected subcutaneously or intramuscu-
larly into the transgenic animals. Although the injection
schedule can be varied, two injections at 2 week intervals
would be commonly used to test the immunogenicity of a
protein. The doses tested may range from 1 to 1000 pg per
injection, including 1, 2, 5, 10, 15, 20, 50, 100, 150, 200, 250,
300, 50, 400, 450, 500, 550, 600, 650, 700, 750, 800, 850,
900, 950 and 1000 ug per injection.
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[0139] The detecting agent in the immunoassay may be
linked to a detectable moiety or a label. Detectable moiety or
label refers to a composition detectable by spectroscopic,
photochemical, biochemical, immunochemical, or chemical
means. The detectable moiety often generates a measurable
signal, such as a radioactive, chromogenic, or fluorescent
signal, that is used to quantitate the amount of bound detect-
able moiety in a sample. In some embodiments, the detectable
moiety is incorporated in or attached to a primer or probe
either covalently, or through ionic, van der Waals or hydrogen
bonds, e.g., incorporation of radioactive nucleotides, or bioti-
nylated nucleotides that are recognized by streptavadin. The
detectable moiety is directly or indirectly detectable. Indirect
detection can involve the binding of a second directly or
indirectly detectable moiety to the detectable moiety. For
example, without limitation, the detectable moiety is the
ligand of a binding partner, such as biotin, which is a binding
partner for streptavadin, or a nucleotide sequence, which is
the binding partner for a complementary sequence, to which
it can specifically hybridize. The binding partner may itself be
directly detectable, for example, an antibody may be itself
labeled with a fluorescent molecule. In related embodiments,
the binding partner also is indirectly detectable, for example,
a nucleic acid having a complementary nucleotide sequence
is a part of a branched DNA molecule that is in turn detectable
through hybridization with other labeled nucleic acid mol-
ecules. (See, e.g., P D. Fahrlander and A. Klausner, Bio/
Technology 6:1165, 1988). Quantitation of the signal is
achieved by, e.g., scintillation counting, densitometry, or flow
cytometry.

[0140] Examples of labels suitable for use in the immuno-
genic assay methods of the invention include, radioactive
labels (e.g., **P, **S) fluorophores (e.g., fluorescein), elec-
tron-dense reagents, enzymes (e.g., as commonly used in an
ELISA), biotin, digoxigenin, or haptens as well as proteins
which are made detectable, e.g., by incorporating a radiolabel
into the hapten or peptide, or used to detect antibodies spe-
cifically reactive with the hapten or peptide. Also contem-
plated are proteins for which antisera or monoclonal antibod-
ies are available, or nucleic acid molecules with a sequence
complementary to a target, a nanotag, a molecular mass bead,
a magnetic agent, a nano- or micro-bead containing a fluo-
rescent dye, a quantum dot, a quantum bead, a fluorescent
protein, dendrimers with a fluorescent label, a micro-tran-
sponder, an electron donor molecule or molecular structure,
or a light reflecting particle.

[0141] Additional labels contemplated for use with present
invention include, but are not limited to, fluorescent dyes
(e.g., fluorescein isothiocyanate, Texas red, rhodamine, and
the like), radiolabels (e.g..*H, 1*°1, **S, **C, or **P), enzymes
(e.g., horse radish peroxidase, alkaline phosphatase and oth-
ers commonly used in an ELISA), and colorimetric labels
such as colloidal gold, colored glass or plastic beads (e.g.,
polystyrene, polypropylene, latex, etc.), and luminescent or
chemiluminescent labels (e.g., Europium (Eu), MSD Sulfo-
Tag).

[0142] The label may be coupled directly or indirectly to
the desired component of the assay according to methods well
known in the art. In one embodiment, the label is covalently
bound to the component using an isocyanate or N-hydrox-
ysuccinimide ester reagent for conjugation of an active agent
useful in the invention. In one aspect of the invention, bifunc-
tional isocyanate reagents are used to conjugate a label to a
biopolymer to form a label biopolymer conjugate without an
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active agent attached thereto. The label biopolymer conjugate
may be used as an intermediate for the synthesis of a labeled
conjugate according to the invention or may be used to detect
the biopolymer conjugate. As indicated above, a wide variety
of labels are used, with the choice of label depending on
sensitivity required, ease of conjugation with the desired
component of the assay, stability requirements, available
instrumentation, and disposal provisions. Non-radioactive
labels are often attached by indirect means. Generally, a
ligand molecule (e.g., biotin) is covalently hound to the mol-
ecule. The ligand then hinds to another molecules (e.g.,
streptavidin) molecule, which is either inherently detectable
or covalently bound to a signal system, such as a detectable
enzyme, a fluorescent compound, or a chemiluminescent
compound.

[0143] The compounds useful in the method of the inven-
tion, are, incertain aspects, conjugated directly to signal-gen-
erating compounds, e.g., by conjugation with an enzyme or
fluorophore. Enzymes suitable for use as labels include, but
are not limited to, hydrolases, particularly phosphatases,
esterases and glycosidases, or oxidotases, particularly peroxi-
dases. Fluorescent compounds suitable for use as labels
include, but are not limited to, those listed above as well as
fluorescein derivatives, rhodamine and its derivatives, dansyl,
umbelliferone, eosin, TRITC-amine, quinine, fluorescein W,
acridine yellow, lissamine rhodamine, B sulfonyl chloride
erythroscein, ruthenium (tris, bipyridinium), europium,
Texas Red, nicotinamide adenine dinucleotide, flavin adenine
dinucleotide, etc. Chemiluminescent compounds suitable for
use as labels include, but are not limited to, MSD Sulfa-TAG,
Europium (Eu), Samarium (Sm), luciferin and 2,3-dihydro-
phthalazinediones, e.g., luminol. For a review of various
labeling or signal producing systems that are useful in the
methods of the present invention, see U.S. Pat. No.4,391,904.

[0144] Means for detecting labels are well known to those
of skill in the art. Thus, for example, where the label is
radioactive, means for detection include a scintillation
counter (e.g., radioimmunoassay, scintillation proximity
assay) (Pitas et al., Drug Metab Dispos. 34:906-12, 2006) or
photographic film, as in autoradiography. Where the labelis a
fluorescent label, it may be detected by exciting the fluoro-
chrome with the appropriate wavelength of light and detect-
ing the resulting fluorescence (e.g., ELISA, flow cytometry,
or other methods known in the art). The fluorescence may be
detected visually, by the use of electronic detectors such as
charge coupled devices (CCDs) or photomultipliers and the
like. Similarly, enzymatic labels may be detected by provid-
ing the appropriate substrates for the enzyme and detecting
the resulting reaction product. Colorimetric or chemilumi-
nescent labels may be detected simply by observing the color
associated with the label. Other labeling and detection sys-
tems suitable for use in the methods of the present invention
will be readily apparent to those of skill in the art. Such
labeled modulators and ligands are used in the diagnosis ofa
disease or health condition.

[0145] Inone embodiment the labeled compositions useful
in the methods of the invention are linked to a solid support,
including but not limited to, filters, plates or membranes. It is
further contemplated that the labeled compounds may be
labeled and interact in solution. For example, the capture
antibody may be labeled with a fluorescent resonance energy
transfer (FRET) donor molecule and the target molecule is
labeled with a FRET acceptor molecule such that the mol-
ecules are in proximity when binding occurs. Alternatively,
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the target molecule may be labeled with the FRET donor and
the antibody molecule the FRET acceptor. Another possibil-
ity is to separate quenching and fluorescent molecule both
present on the antibody or target when target and antibody
hybridize. The target molecule is only close enough for its
asystem where the molecule only emits when it interacts with
the reagent (direct monitoring). A narrow band pass filter is
used to block all wavelengths except that of the molecule’s
label. FRET molecule pairs are commercially available in the
art (e.g., from Invitrogen, Carlsbad, Calif.), and may be used
according to the manufacturer’s protocol. FRET emissions
are detected using optical imaging techniques, such as a CCD
camera.

[0146] Another method of detecting antibody-antigen
interactions is to label it with an electron donor. This donor
label would give electrons to an electrical contact to which the
reagent is bound. See, for example, Ghindilis, A. (Biochem
Soc Trans. 28:84-9, 2000) and Dai et al. (Cancer Detect Prev.
29:233-40, 2005) which describe enzymes useful in and
methods for electro immunoassays. The electron contact
would then be read by an A to D (analog to digital) converter
and quantified. The higher the electron count the more inter-
actions took place.

[0147] One embodiment of a label capable of single mol-
ecule detection is the use of plasmon-resonant particles
(PRPs) as optical reporters, as described in Schultz et al.,
Proc. Nat'l Acad. Sci., 97:996-1001 (2000), incorporated
herein by reference. PRPs are metallic nanoparticles, typi-
cally 40-100 nm in diameter, which scatter light elastically
with remarkable efficiency because of a collective resonance
of the conduction electrons in the metal (i.e., the surface
plasmon resonance). The magnitude, peak wavelength, and
spectral bandwidth of the plasmon resonance associated with
ananoparticle are dependent on the particle’s size, shape, and
material composition, as well as the local environment. By
influencing these parameters during preparation, PRPs are
formed that have scattering peak anywhere in the visible
range of the spectrum. For spherical PRPs, both the peak
scattering wavelength and scattering efficiency increase with
larger radius, providing a means for producing differently
colored labels. Populations of silver spheres, for example, are
reproducibly prepared for which the peak scattering wave-
length is within a few nanometers of the targeted wavelength,
by adjusting the final radius of the spheres during preparation.
Because PRPs are bright, yet nanosized, they are used as
indicators for single-molecule detection,; that is, the presence
ofabound PRP in a field of view can indicate a single binding
event.

[0148] In another exemplary embodiment, the device is a
test strip for use in the rapid detection of a blood clotting
factor, using immunoassay methods in which a blood clotting
factor in a fluid sample competes with an immobilized blood
clotting factor for limited labeled antibody binding sites. In
the assay procedure, the body fluid sample mixes with labeled
antibody-dye conjugate and migrates along a porous mem-
brane. When the concentration of a blood clotting factor is
below the detection limit of the test, unbound antibody-dye
conjugate binds to a blood clotting factor receptor conjugate
immobilized on the membrane, producing a color band in the
“negative” test zone. Conversely, when the blood clotting
factor level is at or above the detection limit, free blood
clotting factor competes with the immobilized blood clotting
factor conjugate on the membrane by binding to antibody-dye
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conjugate, forming an antigen-antibody complex, and thus
preventing the development ofa color band. Regardless ofthe
blood clotting factor levels in the sample, a color band is
produced in each control zone, which serves as a quality
control measures that verifies that the reagents are chemically
active.

[0149] Antigen-antibody complexes are also detected
using nanoparticle-derived techniques. See, for example, Ao
et al. (Anal Chem. 78:1104-6, 2006) which describes gold
nanoparticle quenching, Chen et al., (Biomaterials 27:2113-
21, 2006) which describes SiO(2)/Au nanoparticle surfaces in
antibody detection, and Lieu et al. (J Immunol Methods.
307:34-40, 2005), which describes silicon dioxide nanopar-
ticles containing dibromofluorescein for use in solid sub-
strate-room temperature phosphorescence immunoassay
(SS-RTP-1A).

[0150] For the methods of the invention, the antibody or
blood clotting factor may be hound to a variety of solid
supports, including but not limited to filters, PVC mem-
branes, PDVF membranes, PVC plates and other plates which
bind protein, microcarriers, macro solid phase beads, mag-
netic beads, made out of for example, polystyrene, nanopar-
ticles, such as bimetallic silver-gold nanoparticles (Yan Cui et
al., J. Phys. Chem. B, 110:4002-06, 2006), and polyamide
membrane (PAM) sheets (Sun et al, Analytical Letters
34:1627-37, 2001)

[0151] For example, microspheres with multiple fluores-
cent molecular fillings, different materials, surface texture,
surface patterns, etc. are utilized as identification tags. It is
contemplated that either the capture antibody or the lysoso-
mal enzyme is covalently bound to the bead and reacted
against the opposite binding partner to assay the amount of
lysosomal enzyme-specific antibody in serum. See, for
example, Current Protocols in Immunology, Unit 6.11). Fluo-
rescently filled microspheres are currently available from
Molecular Probes, Inc. and other companies. Microspheres as
small as 20 nm diameter polystyrene beads are currently
available.

[0152] The blood clotting factor or antibodies are attached
to the solid support using standard protocols in the art, e.g., as
described by the manufacturer of the support, or using stan-
dard chemical crosslinking techniques known in the art. See
e.g., Pierce Biotechnology, Inc. (Rockford, I11.) crosslinking
kits.

Candidate Agents

[0153] Candidate agents useful in the methods of the inven-
tion to identify a tolerance breaking agent are available in the
art. It is contemplated that candidate agents useful in the
present invention are any organic or inorganic molecule, com-
plex or substance. Exemplary candidate agents are obtained
from a chemical library, a natural substance library or a com-
binatorial library.

[0154] In one embodiment, agents are obtained using any
of the numerous approaches in combinatorial library methods
known in the art, including: biological libraries; spatially
addressable parallel solid phase or solution phase libraries;
synthetic library methods requiring deconvolution; the “one-
bead one-compound” library method; and synthetic library
methods using affinity chromatography selection. The bio-
logical library approach is limited to polypeptide libraries,
while the other four approaches are applicable to polypeptide,
non-peptide oligomer or small molecule libraries of com-
pounds (Anticancer Drug Des., 12:145, 1997). Such libraries
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may either be prepared by one of'skill in the art (see e.g., U.S.
Pat. Nos. 4,528,266 and 4,359,535, and Patent Cooperation
Treaty Publication Nos. WO 92/15679, WO 92/15677, WO
90/07862, WO 90/02809, or purchased from commercially
available sources (e.g., New England Biolabs Ph.D.™. Phage
Display Peptide Library Kit).

[0155] In one embodiment of the invention organic mol-
ecules are selected from either a chemical library, wherein
chemicals are assayed individually, or from combinatorial
chemical libraries where multiple compounds are assayed at
once, then deconvoluted to determine and isolate the most
active compounds.

[0156] Numerous chemical libraries exist in the art, e.g., as
proprietary libraries of pharmaceutical companies, and com-
pounds in such libraries are suitable candidate agents. Rep-
resentative examples of such combinatorial chemical librar-
ies include those described by Agrafiotis et al., “System and
method of automatically generating chemical compounds
with desired properties.” U.S. Pat. No. 5,463,564; Armstrong,
R. W., “Synthesis of combinatorial arrays of organic com-
pounds through the use of multiple component combinatorial
array syntheses,” WO 95/02566; Baldwin, J. J. et al., “Sul-
fonamide derivatives and their use,” WO 95/24186; Baldwin,
1. 1. et al., “Combinatorial dihydrobenzopyran library,” WO
95130642; Brenner, S., “New kit for preparing combinatorial
libraries,” WO 95/16918; Chenera, B. et al., “Preparation of
library of resin-bound aromatic carbocyclic compounds,”
WO 95/16712; Ellman, J. A., “Solid phase and combinatorial
synthesis of benzodiazepine compounds on a solid support,”
U.S. Pat. No. 5,288,514; Felder, E. et al., “Novel combinato-
rial compound libraries,” WO 95/16209; Lerner, R. et al,
“Encoded combinatorial chemical libraries,” WO 93/20242;
Pavia, M. R et al., “A method for preparing and selecting
pharmaceutically useful non-peptide compounds from a
structurally diverse universal library,” WO 95/04277; Sum-
merton, J. E. and D. D. Weller, “Morpholino-subunit combi-
natorial library and method,” US. Pat. No. 5,506,337,
Holmes, C., “Methods for the Solid Phase Synthesis of Thia-
zolidinones, Metathiaza ones, and Derivatives thereof,” WO
96/00148; Phillips, G. B. and G. P. Wei, “Solid-phase Syn-
thesis of Benzimidazoles,” Tet. Letters 37:4887 90, 1996;
Ruhland, B. et al., “Solid-supported Combinatorial Synthesis
of Structurally Diverse .beta.-Lactams,” J. Amer. Chem. Soc.
111:253 4, 1996; Look, G. C. et al., “The Identification of
Cyclooxygenase-1 Inhibitors from 4-Thiazolidinone Combi-
natorial Libraries,” Bioorg and Med Chem. Letters 6:707 12,
1996.

[0157] Candidate agents of the invention include fusion
proteins, polypeptides, peptidomimetics, prodrugs, recep-
tors, binding agents, ribozymes, small molecules, peptides,
antibodies, or other drugs which are screened for the ability to
modulate tolerance to blood clotting factor proteins. Exem-
plary candidate agents include, but are not limited to, peni-
cillin, fludarabine, interferon-alpha, a chemotherapeutic
agent, an antibiotic, an anti-psychotic agent, a ligand for
toll-like receptors, a pro-inflammatory cytokine and any other
compound that induces the release of proinflammatory cytok-
ines in vivo.

[0158] Ligands for toll-like receptors are described for
example, in Jin et al., Immunity 29:182-91, 2008 and Wales et
al., Expert Rev Vaccines. 6:971-80, 2007.

[0159] A candidate agent is considered a tolerance break-
ing agent if the presence of anti-blood clotting factor inhibi-
tors is detected using any of the immunologic assays as
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described above or other inhibitor assay, such as the Bethesda
Unit scale assay, upon administration of the human blood
clotting factor to the transgenic animal.

Kits

[0160] Kits are also contemplated within the scope of the
invention. A typical kit can comprise a first antibody that
specifically binds to a human blood clotting factor, optionally
linked to a detectable label, and a blood clotting factor stan-
dard containing a known quantity of a blood clotting factor.
Other components may optionally include reagents for car-
rying out an immunoassay such as a second antibody linked to
adetectable label that either binds to a blood clotting factor or
to the first antibody; if the label is an enzyme, the kit may also
include a substrate from which the enzyme releases a detect-
able signal.

[0161] Additional aspects and details of the invention will
be apparent from the following examples, which are intended
to be illustrative rather than limiting.

EXAMPLES
Example 1
Human Factor VIII Knock-In Transgenic Mice

[0162] In order to study the in vivo effects of inhibitors of
Factor VIII (FVIIT) on FVIII activity, mice which express
human FVIII [Genbank Accession Nos. NM__000132 (iso-
form a precursor), NM__ 019863 (isoform b precursor)] in
place of the murine gene were developed.

[0163] For FVIII knock-in mice, a plasmid containing a
full-length ¢cDNA of human FVIII was created using the
pBlue-FVIII vector (#307, FIG. 1A). FVIII cDNA (7.2 kB)
was cut from pBlue-FVIII #307 plasmid via Xhol/Notl
restriction enzymes denatured and the FVIII insert purified
using a gene extractionkit (Qiagen, Valencia, Calif.) using the
manufacturers protocol. The FVIII insert was then inserted
into either a pPCMV-Sport6 vector (Gibco BRL) (FIG. 1) ora
liver specific expression vector pBS-Alb/aFeto (Kellendonk
et al., Genesis 126:151-53, 2000).

[0164] Forcloning into the pPCMV-Sport6 vector, the vector
was cut with restriction enzymes Sall/Notl, dephosphory-
lated using APEX™ (heat liable alkaline phosphotase from
Epicentre, Madison, Wis.) and denatured followed by agarose
gel electrophoresis. Fragments of 4.4 kb and 21 bp were
obtained. The vector fragments were cleaned with gel extrac-
tion kit (Qiagen). The prepared FVIII insert was ligated into
pCMV-Sport6 vector using LIGATE-IT™ ligation kit (USB,
Cleveland, Ohio) and the plasmid was transformed into
OMNIMAX2™.T1r bacterial cells (Invitrogen, Carlsbad,
Calif'). Clones were grown in LB medium and the plasmids
isolated by miniprep (Qiagen). Ten clones were then analyzed
by enzymatic digestions using Xhol or Kpnl restriction
enzymes followed by agarose gel electrophoresis. Correct
clones were then isolated using midipreps (Qiagen). From the
generated pCMV-Sport6-FVIII sense (11.6 kb) the insert was
cut with Sal1/Xhol/pvul enzymes. Fragments of 7.2 and 4.4
kb were obtained. The 7.2 kb fragment (FVIII insert) was
extracted from agarose gel and cleaned with gel extraction kit
(Qiagen).

[0165] The cleaned FVIII insert from the pCMV-Sport6-
FVIII vector was ligated using T4 Ligase (Fermentas,
Ontario, Canada) into the prepared target vector pBS-Alb/
aFeto (FIG. 1B). The material was transformed into OMNI-
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MAX2™.TIR bacterial cells (Invitrogen). Clones were
grown in LB Medium and minipreps were done to isolate
plasmid. The clones were examined by restriction with Xhol
and Sacll/Xbal, Notl, Pvul and SexA1 enzymes followed by
agarose gel electrophoresis. Sense and antisense clones (20.1
kb) were obtained. Next, one clone of pBS-Alb/aFeto-FVIII
sense plasmid was grown in LB Medium and then isolated
using a Giaprep protocol (Qiagen). The plasmid was exam-
ined by digestion with Xbal, Sacll/Xbal, Notl and BgllI
enzymes followed by agarose gel electrophoresis. Sequence
analysis was performed by VBC Biotech Service GmbH
(Austria).

[0166] For the generation of the transgenic mice the plas-
mid above was linerarized with Xhol restriction enzyme and
delivered in Tris buffer (50 mM Tris-HCI (pH8.5), 10 mM
MgCl12, 50 mM NaCl). The plasmid was microinjected into
the male pronucleus of fertilized oocytes obtained from either
E17 hemophilic mice (E17ko deletion on a C57BL/6] back-
ground) or from wildtype C57BL/6.1 mice according to
Rilicke et al. (Exp Physiol 85: 589-601, 2000).

[0167] Positive clones are selected for injection into blas-
tocyt and generation of chimeric cells. Blastocysts are 1so-
lated from pregnant C57BL/6J females. The positive human
FVIII-containing ES clones are injected into the blastocysts
and the injected blastocysts are re-implanted into OF1
pseudo-pregnant females. The presence of the ES cells is
assessed initially using coat color markers. The chimeras are
then bred with C57B1/6 strains to populate the F1 generation.

Example 2
Human vWF Knock-In Transgenic Animals

[0168] Von Willebrand Factor (vWF) [Genbank Accession
No. NM__000552] is required for the normal adhesion of
platelets to the subendothelium for primary hemostasis, and is
involved in stabilizing Factor VIII. vWF is synthesized in
endothelial cells as pre-pro-vWF and processed intracellu-
larly to propeptide and mature vWF. vWF disease is a com-
mon inherited bleeding disorder having a large number of
subtypes that share a common characteristic, all involve a
defect in pro-vWF. A mouse model for vWF disease has been
generated using a knock-out strategy (Denis et al., Proc Natl
Acad Sci. USA 95:9524-29, 1998), which mimics severe
human vWF disease (type III). Injection of recombinant
human vWF in vwf in knock-out mice stabilizes FVIII sug-
gesting the human protein can function normally in murine
host. In order to generate an animal model tolerant to the
human vWF protein that allows for the evaluation of vWF
compounds for administration to human patients, a human-
ized mouse model for vWF was developed, wherein the
murine vWF is replaced by human vWF.

[0169] The mouse vWF gene is located on chromosome 6
and extends over 154.1 kB. The gene comprises 57 exons
separated by 56 introns. For inserting the human gene, it was
determined that the human gene would be inserted into the
first coding regions of the mouse gene, at exons 6 and 7. In
order to begin the protocol, it was first necessary to clone the
homologous sequences in the mice that were to be the inser-
tion points of the human gene (FIG. 3). Three independent
clones were generated: (1) an approximate 3.6 kb fragment
containing 5' sequences between exons 4 and 5, used to gen-
erate the distal part of the 5' long homology win of the target-
ing vector, LAdi; (2) an approximate 4.7 kb fragment con-
taining the exon 5 and neighboring intronic sequences, used

Apr. 5,2012

to generate proximal part ofthe 5' long homology arm, LApr;
(3) an approximate 3.8 kb fragment located downstream of
exon 6 and used to generate the 3' short homology arm of the
targeting vector, SA_ ., and for the positive control vector.
FIGS. 2A and 2B show representative vectors for cloning the
human vWF gene into transgenic animals.

[0170] To generate the vwf clones, DNA amplifications
were performed on genomic 129/Sv Pas ES cell DNA using
the primers in Table 1, at the following conditions: 94° C. 2
min for one cycle, and 15-20 cycles of 94° C. for 30 seconds,
65° C. for 30 seconds and 68° C. for 7 minutes. The PCR
products were subcloned into the pCR4-TOPO vector (Invit-
rogen) via TA-cloning. TA-cloning takes advantage of the
terminal transferase activity of the DNA polymerases (Taq)
and adds a single, 3'-A overhang to each end of the PCR
product. This makes it possible to clone this PCR product
directly into a linearized cloning vector with single, 3'-T
overhangs. The resulting plasmids were designated TOPO-
LAdi, TOPO-LApr (or TOPOP-LApr-mod) and TOPO-SA-
T1.

TABLE 1
Subclone Primer Primer sequence Expected
name name 5'-3! PCR size
LAdi Al ACTATGCCTGCGGCTCTTGATGE 3607 BP
(SEQ ID NO: 1)
Bl TCGTEGTCTCTCTGTGTTCACAGCC
(SEQ ID NO: 2)
LApr (e TGTGCAGGCTGTTGAGTGGCTAAGG4662 BP
(SEQ ID NO: 3)
D1 CCATCACATGGTACAATCGTGTGCT
ACC
(SEQ ID NO: 4)
SA El TTCTGAGAATGTGGAGGGCAGTGE 3775 BP
(SEQ ID NO: 5)
F1 TCCACCTAGAGAAGGAGCCTGTGTA
AGG
(SEQ ID NO: 6)
[0171] The targeting vector (1-HR) containing the human

vwi gene was generated comprising: a homology regions
isogenic with the 129 SV/PAS ES cell line genome; the
replacement of the coding region of mouse vwf with human
vwi gene; a positive selection neomycin gene flanked by
LoxP recombination site; and, the Diptheria Toxin (DTA)
negative selection marker. For the humanized vw{ vector, the
selection cassette was excised by transfection of the targeting
vector into Cre-expressing bacteria.

[0172] In order to generate the targeting vector, first a syn-
thetic fragment script-Tg linker containing the human vWF
sequence from the Kpnl-Mlul-Hpal-Mfel restrictions
together with a 242-bp Tg 3' part synthesis (from EcoR'V to
EcoRI excluded), and the BstBI-EcoRI-Sacl restriction sites
is generated [script-Tg linker,
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(SEQ ID NO: 7)]

GGTACCGGACGCGTGTTAACCAATTGCCGATATCCACTACTGCCAGGGCAAATGTGCCAGCARAGCCATGTACTC

CATTGACATCAACGATGTGCAGGACCAGTGCTCCTGCTGCTCTCCGACACGGACGGAGCCCATGCAGGTGGCCCT

GCACTGCACCRATGGCTCTGT TGTGTACCATGAGGTTCTCAATGCCATGGAGTGCARATGCTCCCCCAGGAAGTG

CAGCAAGTGAGGCTGCTGCAGCTGCATGGGTGCCTGCTGCTGCCGGCTTCGAATCGAATTCTGGAGCTC- .

[0173] These sites allow subsequent cloning steps to be
performed exclusively using cohesive ligations, thus securing
the efficiency and speed of the construction steps. The intro-
duced sites also facilitate the validation of homologous
recombination and recombinase excision events using South-
ern blot analysis and provide unique linearization sites for the
targeting vector.

[0174] Next a larger linker fragment GA1-linker is devel-
oped comprising the Pacl-Pmel-Hpal restriction sites
together with the LAdi 3' synthesis from EcoRI to Nhel), a
LA 3' part synthesis 3' end from Nsil to intron 5 and the
Mlul-Mfel-BsiW1-SnaB1-Avrl1-Nrul-Ascl restriction
sites, which results in the 906 bp GA1 linker fragment [GA1
linker, ATTAATTAAGTTTAAACGAGTTAACTA-
GAATTCTGGCTTTATTAATCTCTGTTCT-
TCACATTCTTCCATGCACTT TTCTCTOAACTCTGA-
CAAATACGAGAACCTTAAAATACTCTGCGATTGTCA
CTGCCCTTTGTGCCTACTGTCTAG TTCTCTGGCTC-
CACCTTGTTCTCCTTTT-
TACGTCTTTTTCTTGAAACCGTACCG-
TAAGCATTGCCCATCTTCCTG
CCTCAGCCCCCTGTTTATTTATTACTT-
TAACTTTTTAATTTCTCACTATTACTOT-
TATTGTOTTATGAAGTCACT GCCTGTTCACATTTAC-
CTCATAACTACCAAATTCTCTGTTGATTTTTTTTITTT
TTTTTTGAGACAGGGTTTCTCT  GTGTAGCCCTG-
GCTGTCCTGGAACTCACTOTGTAGAC-
CACGCTGGCCTCAAACTCAGAGATCCGC-
CTGCCTCTGC
CTCCCGAGTGCTGGGATTAAAGGCAT-
GCGCCACCACTGCCAGGCCTOTCTGT-
TGCTTTTTATTTCTAGCATTTTC TCTCTGGGTT-
TAACTTCCTTCTTCCTGAAGAACCTTCTTTAGCAGT
CCATTCAGCAAGGCAGGGGATGGCAAGCT
CATCTTTTTCTGGCAAGAGAAGATGGC-
CCTAACTCTGAATGATGACTTAGT-
TCTGGGAACTAGTTACTACCCCCT CTTCCACAG-
CACTCAGACCTAACTCATCTGAGACCGATCTCTGTG
ACTATOTGCAGGCTCTTGAGTCOCTAAGGA
AACAGTCCTGGCTACCACATGCAT-
TGATGGTAGCTTGTCCTTCCCAC-
CTCTCTGGACGGTGAGAACCAGCTCATT TCCTTTT-
TATTTTATTTTATTTTGCAGACGCGTTGCAATTGCGT
ACGCTTACGTAGTCCTAGGAATCGCGATTGG
CGCGCC (SEQID NO: 8)]. Next a sequence comprising the
Swal, Eco4711 and Bsu361 restriction sites of the mouse vwf
as inserted into the G2 vector (GenOway, Lyon, F R) contain-
ing a neo selection cassette. This vector is referred to as the
(G2-mod vector.

[0175] To generate positive control vectors, a 2306 bp
Hpal/EcoRE LAdi fragment isolated from the TOPOLadi-
T4 plasmid was ligated into the GA1 vector resulting in the
LAdi vector (6061 bp). To insert the transgene, a 8268 bp
EcoRI/EcoRV fragment isolated from the 1-cDNA plasmid

was ligated into the script-Tg vector using Mfel/EcoRV (the
plasmid is referred to as the 1-Tg vector). A polyA sequence
(632 bp Clal/EcoRlI isolated from G136) was inserted into the
1-Tg vector at the BstI/EcoRI site (1-TG-pA vector).

[0176] Nexta4255 bp Nhel/Nsil fragment from the TOPO-
LAprplasmid was ligated into the LAdi vector (1-LA vector).
To insert the neo short arm fragment, a 3672 bp Smal/Nhel
fragment from the SA-C+ plasmid was ligated into the 1-LA
vector (1-SA vector). To insert the transgene, a 9155 bp
MIlul/EcoRI fragment from the 1-Tg-pA plasmid was
inserted into the 1-LA vector, creating the 1-LA-C+ vector).
To insert the long homology mill into the targeting vector, a
15314 bp Pmel/BsiWI fragment isolated from LA-C+ vector
was inserted into the 1-SA vector. This is one version of the
final targeting vector referred to as the 1-L.SA vector. To insert
the diphtheria toxin negative selection marker a 19013 Ascl/
Pmel fragment isolated from 1-LSA vectoris inserted into the
G141 plasmid (GenOway) resulting in the final targeting
vector 1-HR.

[0177] The SA-C+ vector referred to above was created as
a short homology arm positive control by ligating a 3258 bp
Bsu361/Dral fragment isolated form the TOPO-SA-T1 plas-
mid into the G2-mod vector cut using Bsu361/Eco47111.

[0178] PCR screening and Southern blot analysis con-
firmed the excision events as well as the identification of
positive cloning in the ES cells. Southern blot was performed
using the following conditions: hybridization in 4xSSC, 1%
SDS, 0.5% skimmed milk, 20 mM EDTA, 65° C., 18 hours;
wash 2 times in 3xSSC, 1% SDS 65 C for 15 minutes then
2x0.5xSSC, 1% SDS at 65 C for 1 minute.

[0179] For insertion into ES cells, the 1-HR vector was
linearized by Nrul and purified by phenol/cholorform extrac-
tion and ethanol precipitation. 129 Sv/PAS ES cells were
transfected with the linearized 1-HR vector by electropora-
tion (5x10° ES cells, 40 g linearized plasmid, 260 V, 500 uF)
and grown in G418 selection media (200 ug/ml G418). G418
resistant clones were isolated and amplified in 96-well plates.
Positive clones were screened for recombination events by
PCR (94° C. 2 minutes, 1 cycle; 94° C. 30 seconds, 65° C. 30
seconds, 68° C. 5 minutes, 35 cycles; 68° C. 8 minutes, one
cycle) using the primers GX1406 5'-CTACTTCCATTTGT-
CACGTCCTGCACG-3' (SEQ ID NO: 9) and GX6310
5-CAGCTCCTGCCTTGTTACTGTGACCC-3' (SEQ ID
NO: 10), leading to a fragment of 2872 bp.

[0180] Additional Southern blot analysis using a 5'
homologous recombination strategy detected the presence of
the correct wild-type (6865 bp) and recombination events
(14897 bp) in the positive clones. Southern blot analysis using
3' homologous recombination strategy results in wild type
fragments of 9470 bp and recombination event fragments of
11080 bp. The hybridizationalso confirmed that no additional
randomly integrated copies of the DNA were carried by the
ES cells.
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[0181] Four positive clones were selected for injection into
blastocyt and generation of chimeric cells. Blastocysts were
isolated from pregnant C57BL/6] females. The positive
human vw{-containing ES clones were injected into the blas-
tocysts and the injected blastocysts were re-implanted into
OF1 pseudo-pregnant females. The presence of the ES cells
was assessed initially using coat color markers. Chimeras
were generated at a range of 50% to 80%. The chimeras will
next be bred with C57B1/6 and Cre-deleter strains to populate
the F1 generation.

[0182] In vivo recombination events may be monitored as
above by Southern blot analysis. For inducing the recombi-
nation event in vivo and production of the humanized vwf
allele, the targeted animals carrying the transgene are bred
with Cre-recombinase expressing “deleter” mice (See for
example, Tang et al., Genesis 32:199-202, 2002; Jorgez et al.,
Genesis 44:183-8, 2000).

Example 3
Human Factor VII Knock-In Transgenic Animals

[0183] Factor VII [Genbank Accession Nos. NM__ 000131
(isoform a precursor), NM__ 019616 (isoform b precursor)] is
a significant molecule in the clotting cascade and defects in
factor VII result in bleeding disorders and reduced ability to
stimulate the coagulation pathway (Osterud B., Blood Coagul
Fibrinolysis 1:175-81, 1990). Congenial defects in FVII have
been treated with plasma-derived and recombinant EVII
(Bauer K., Haemostasis 26 Suppl 1:155-8, 1996).

[0184] To create a humanized transgenic mouse expressing
the human Factor VII gene, a pB4-EVII vector containing the
factor VII cDNA was digested by EcoR1I to extract the cDNA.
The FVII ¢cDNA was ligated into a pBS-Alb/aFeto vector
containing the albumin specific promoter. The pBS-Alb/
aFeto vector was first prepared by Xhol restriction digest and
then dephosphorylated using calf intestinal phosphatase
(CIP) treatment. After Klenow treatment, the FVII cDNA was
ligated into the pBS-Alb/cFeto vector using Quick Ligase
(Ozyme, France). Recombinant clones were verified by
restriction digest and agarose gel analysis.

[0185] The pBS-Alb/aFeto vector was digested by Notl to
extract the FVII transgene for insertion into a GATEWAY®
pENTRY vector. The pENTRY vector containing an albumin
promoter, a poly A sequence and the ctFetoprotein enhancer
was first digested with Dral and EcoRV and dephosphory-
lated with CIP treatment as above. After Klenow treatment,
the FVII ¢cDNA was ligated into the pENTRY vector using
Quick ligase and clone insertion confirmed using PCR and
gel analysis.

[0186] The FVII ¢cDNA was then removed from the pEN-
TRY vector and inserted into the GATEWAY® pDEST™
vector (Invitrogen, Catlsbad, Calif.) which contains part of
the human HPRT gene. The transgene was inserted by
homologous recombination between attR1 and attR2 recom-
bination sites on the pENTRY and pDEST plasmids (FIG. 4).
Recombination events and clone insertion was analyzed by
restriction analysis. The resulting vector was linearized by
Pvul, phenol/chloroform extracted and electroporated into
ES cells.

[0187] The ES cells used are BPES cells which exhibit a
hybrid background based on the murine C57B1/6 and 129
genomes. The EVII transgene is inserted at the hprt docking
site of the ES cell. The positive clones, which still express a
functional hprt gene, are then selected in HAT (hypoxanthine,
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aminopterin, thymidine) media. The loss of HPRT expression
renders the cells sensitive for growth in HAT culture media.
Positive clones are then microinjected into blastocysts as
described above.

Example 4

Double Transgenic Mice Expressing Human Blood
Clotting Factor and Human MHC Genes

[0188] While transgenic mice expressing human proteins
are useful to determine the potential immunogenicity of the
human protein when administered as a therapeutic to a toler-
ant animal, another method to measure the immunogenicity
ofan exogenously administered protein is to assess the immu-
nogenicity of the protein in the context of the human immune
system. In order to stimulate the production of autoantibod-
ies, the exogenous peptide must be presented to T cells in the
context of the natural MHC proteins. During a typical
immune response, an exogenous antigen is taken up by anti-
gen presenting cells expressing MHC class I or class II mol-
ecules, the antigen is processed in the cytoplasm into its
antigenic epitope fragments, and the peptide epitopes are
presented on the surface of the antigen presenting cell in the
pocket of the MHC class I or class IT molecule. Binding of a
cognate T cell receptor on the surface of T cell to an MHCII-
antigen complex activates a cascade of events that may lead to
antibody production.

[0189] In order to determine which peptides of the human
blood clotting factors are antigenic in the context of the
human environment, the transgenic non-human mammal
expressing a human blood clotting factor may be modified to
express human MHC genes. Typically, in the case of an exog-
enous protein administered that is not a microbiological pro-
tein, the protein will be taken up and presented by MHC class
1T proteins. Therefore, to determine the immunogenicity of a
human blood clotting factor in the context of the human
immune system. Tg animals described above are further
modified to express the human MHC class II genes in place of
the native class I1 genes.

[0190] Transgenic mice lacking endogenous class II pro-
teins are known in the art. Sec, for example, Madsen et al.,
Proc. Natl. Acad. Sci USA 96:10338-343, 1999, which
describes a generation of a Tg mouse lacking all endogenous
MHCII genes using targeted disruption of the endogenous
genes. Additionally, mice expressing human MHC class 11
genes are known in the art. See for example, Fugger et al.,
Proc. Natl. Acad. Sci. USA. 91, 6151-6155, 1994, which
describes mice expressing the human DR4 gene and human
CD4 protein; and Cheng et al., Journal of Autoimmunity
21:195-199, 2003, and Madsen et al., Nature Genetics
23:343-47, 1999, both of which describe Tg mice expressing
human MHCII DR and DQ proteins.

[0191] Ina first method, the transgenic animal expressing a
human blood clotting factor is crossed with a transgenic non-
human mammal of the same species expressing human major
histocompatibility (MHC) genes. The double transgenic ani-
mals may be made by crossing a transgenic animal expressing
the human blood clotting factor with a second animal express-
ing the human MHC class II genes, such that the offspring
will express both transgenes. For example, a transgenic
human vWF mouse (Tg-hu vWF), Tg-hu FVIII, Tg-hu FVII,
Tg-hu FIX mouse or mouse expressing a different human
blood clotting factor is crossed with a Tg mouse expressing
human MHC class II genes of interest, including but not
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limited to, the human DR2, DR4, or DQ genes. See for
example, WO2006/056769; Madsen et al., Nature Genetics
supra; and Cheng et al, supra. The mice are then genotyped
using techniques known in the art, such as PCR confirmation
of insertion of the transgene sequence, to identify a subject
having the double transgenic genome.

[0192] Using an alternative method, an embryo from a Tg
animal expressing the human blood clotting factor may be
further modified to express a second transgene encoding the
human MHC class II genes. For example, an embryo is 1so-
lated from a pregnant Tg heterozygous or homozygous Tg-hu
vWEF, Tg-hu FVIIL, Tg-Hu FVII or Tg-hu FIX mouse as
described in the previous examples, and is subsequently
transformed with an expression cassette encoding the human
MHC class 1T genes, such as those described in WO2006/
056769, Madsen et al., Nature Genetics supra; and Cheng et
al, supra. The double transgenic embryos are then implanted
into a pseudopregnant mice and double transgenic mice bred
as described above. The mice are positively identified as
double transgenic by genotyping using techniques known in
the art, such as PCR confirmation ofinsertion ofthe transgene
sequence.

[0193] Mice expressing both the human blood clotting fac-
tor genes and the human MHCII genes will be tolerant to the
human blood clotting factor and also, in the event that the
exogenous protein causes antigen-specific antibodies to arise,
will present the antigen in the context of the human immune
system. Using the human MHC genes allows for presentation
of the natural antigenic epitope, and therefore the portion of
an exogenously administered protein, such as a blood clotting
factor, which is immunogenic in human patients is deter-
mined. Identifying antigenic epitopes assists in developing
improved therapies for patients having blood clotting and
coagulation disorders.

Example 5

Screening for Antibodies Against the Exogenously
Administered Protein in Animals Tolerant to the
Human Protein

[0194] Humanized mice expressing the human Factor VIII,
human vWF, human Factor IX or human Factor VII trans-
genes and, optionally, also expressing human MHC Class 11,
should be tolerant to the related human protein when that
protein is administered exogenously. The humanized animals
make it possible to screen for the spontaneous development of
antibodies against the protein of interest, and to assay for
development of anti-self antibodies after administration of
exogenous protein or a variant thereof to the humanized ani-
mals.

[0195] In order to test for any endogenous anti-self anti-
body production, blood factor-specific antibody levels in the
humanized mouse are measured by ELISA or radio-immu-
noassay using monoclonal antibodies specific for the blood
clotting factor. For example, in the humanized vWF mouse,
serum samples are obtained from animals expressing the
human vWF protein and the baseline levels of anti-vWF
specific antibodies are assayed by ELISA (See for example
Soffet al., J Lab Clin Med. 121:424-30, 1993; and Mohri et
al., Blood 91:3623-9, 1998). Briefly, serum samples from the
subjects are added in increasing concentration to the wells of
a 96-well polystyrene plate coated with vWF for 1 hourat 22°
C. After washing with PBS, 0.05% Tween 20, horseradish
peroxidase (HRP)-conjugated isotype-specific Igs is added to
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each well. Then a peroxidase substrate (o-phenylenediamine;
Zymed) is added and the reaction was stopped with 2 mol/L,
H,80,. The amount of antibody detected is then compared to
a standard curve and the levels of anti-vWF antibody deter-
mined.

[0196] Animals are then administered purified human vWF
or a fragment, analog or variant of the human vWF protein
which could be used therapeutically, and anti-vWF serum
levels assessed at specified time points. Serum samples are
taken at different time points, including, but not limited to 4
hours, 12 hours, 24 hours, 48 hours and 72 hours after admin-
istration of therapeutic protein. When therapeutic protein is
given over multiple doses or in subsequent weeks, serum
samples are taken repeatedly upon re-administration of the
therapeutic protein to the host animal to determine if there is
delayed development of antigen-specific antibodies. The
serum samples are assayed by ELISA as set out above.

[0197] The antigen-specific antibody assay set out above,
or similar assay. may also be carried out using either the FVII
or FVIIT humanized animals. See for example Lindgren etal.,
Haemophilia 8:644-8, 2002 and Sahud et al., Haemophilia
13:317-22, 2007, which describe ELISA assays to detect
anti-FVIII antibodies. Briefly, using protocols and techniques
known in the art, purified FVIII is coated onto a substrate,
usually a polystyrene plate, after washing and blocking steps,
serum samples putatively containing anti-FVIII antibodies is
then incubated with the FVIIl-coated plate. The plate is
washed to remove excess antibody and serum and bound
antibody is detected using well-known detection methods,
e.g., anti-isotype antibody conjugated to a detection enzyme
(e.g, Alkaline phosphatase or horseradish peroxidase)
detected using the cognate detection reagent.

[0198] Similar assays are useful to detect antibodies to
FVII. Human FVII is coated to a 96 well plate using standard
ELISA protocols. Serum isolated from humanized FVII ani-
mals is applied to the FVII-coated wells. FVII-specific anti-
bodies are then detected as described above.

Example 6

Expression of FVII and FVIII RNA in Transgenic
Animals

[0199] To determine the gene expression pattern of human
factor VII (huFVII) in huFVII transgenic mice, quantitative
Polymerase Chain Reaction (QPCR) was used: nine organs
were analyzed for transgene expression: liver, lymph nodes,
lung, spleen, kidneys, heart, bone marrow, muscle of upper
thigh, and brain.

[0200] Organs were harvested and placed immediately into
RNA stabilizing reagent (RNAlater, Qiagen, Germarntown,
Md.) for storage and transport. RNA of the organs was iso-
lated following the protocol of the RNeasy Mini Kit (Qiagen,
Cat.no. 74104). The concentration of the isolated RNA was
determined and diluted accordingly. Residual amounts of
contaminating genomic DNA were removed from the RNA
preparation using gDNA Wipeout Buffer (part of the Quan-
tiTect Reverse Transcription Kit, Qiagen) Reverse Transcrip-
tion cDNA was synthesized from RNA samples according to
the protocol of the QuantiTect Reverse Transcription Kit.
[0201] The quantification of huFVII gene expression (4
male huFVII transgenic mice the organ panel was conducted
using the following setup.
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Primers:
(SEQ ID NO: 11)
huFVII MS2 for 5' GAA TGG AGC TCA GTT GTG 3';

(SEQ ID NO: 12)
huFVII MS2 rev 5' ATC AGG TTC CTC CAG TTC 3'.

[0202] The PCR was set up using the PerfeCTa SYBR
Green PCR MasterMix, Quanta Biosciences (Gaithersburg,
Md.), and Applied Biosystems 7500 Fast Real-Time PCR
System and 7000 Real-Time PCR system (Foster City, Calif.)
using the following parameters: Activation, 95° C. 10 min: 40
cycles of DNA denaturation, 95° C. 15 sec; Annealing/Flon-
gation: 58° C. 1 min.

[0203] Results shown in Table 2 (ranked by Ct values (n.d.
=not detectable) indicate that the highest expression of
human FVII RNA is found in the liver of all animals investi-
gated.
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-continued

Primer reverse huFVIII:
(SEQ ID NO: 15)
GATGCTCGCCAATAAGGCAT

[0209] PCR was carried out using the Tagman Universal
PCR Master Mix, (Applied Biosystems) on an Applied Bio-
systems: 7500 Fast Real-Time PCR System and Applied Bio-
systems: 7000 Real-Time PCR system with the following
parameters: Activation, 95° C. 10 min, 40 cycles; DNA dena-
turation, 95° C. 15 sec.; Annealing/Elongation: 60° C. 1 min.
[0210] Results indicate that the highest expression of
huFVIII RNA is found in the liver of sublines E and I. The
Ct-values from 2 females and 2 males of each of the 3 sublines
are shown in Tables 3-8.

[0211] Table 3 shows the expression of huFVIII in liver,
kidney, heart, lung, lymph nodes, muscle, spleen of 2 female
mice and 2 male mice of huFVIII transgenic mice, subline E
(n.d.=not detectable).

TABLE 2
TABLE 3
Mouse 1 Mouse 2 Mouse 3 Mouse 4
Female Female Male Male

Rank Organ Ct Organ Ct  Organ Ct  Organ Ct Mouse 1 Mouse 2 Mouse 1 Mouse 2

1 liver 20.33 liver 20.12 liver 25.15 liver 23.07 Rank Organ Ct Organ Ct Organ Ct Organ Ct

2 lymph  27.08 lung 27.12 lymph  30.84 lung 30.23

nodes nodes 1 liver 32.95 liver 34,05 liver 31.87 liver 32.84
3 lung 2740 spleen  27.66 spleen  31.20 spleen  31.12 2 kidney  37.36 kidney = 36.12 lung nd. kidney  39.75
4 spleen 28.89 lymph 2841 lung 31.41 lymph 31.20 3 lung 39.41 lymph  37.53 kidney n.d. muscle n.d.
node nodes nodes
5 kidneys 29.81 kidneys 29.80 bone 32.29 kidneys 32.93 4 lymph  39.45 muscle  38.58 heart n.d. spleen nd.
Mmarrow nodes

6  brain 30.92 heart 34.70 kidneys  33.58 heart 34.82 5 muscle  39.77 heart 38.78 spleen n.d. lymph n.d.

7 heart 34.11 thigh 37.77 heart 34.77 muscle  35.88 nodes

8 muscle 34.76 brain 3791 muscle  36.34 bone 36.47 6 spleen  39.86 spleen  38.78 lymph n.d. heart n.d.

MAartow nodes

9 brain 38.34 brain n.d. 7  heart nd. lung nd. muscle nd. lung nd.

[0204] To determine the gene expression pattern of human ~ [0212] Table 4 shows the expression of huFVIII in neonatal

factor VIII (huFVIID) in human factor VIII transgenic mice,
quantitative polymerase chain reaction (QPCR) was used.
Three different sublines of huFVIII mice were investigated
and studied the expression of huFVIII in the following eight
organs: liver, lymph nodes, lung, spleen, kidneys, heart,
muscle of upper thigh, and neonatal thymus.

[0205] Organs were harvested and placed immediately into
RNA stabilizing reagent for storage and transport and the
RNA prepared as described above.

[0206] The quantification of huFVIII gene expression in
the organ panel was conducted as described below.

[0207] To confirm absence of contaminating gDNA and to
check the integrity of cDNA and endogenous control was
used [Mouse ACTB (actin, beta), VIC/MGB Probe, (Applied
Biosystems Cat.no. 4352341E)].

[0208] The Human FVIII RNA was amplified using the
following probe and primers:

Probe: huFVIII-FAM:

(SEQ ID NO: 13)
CCAAAGCTGGAATTTGGCGGGTG-BHQ
(comprising the fluorophore/quencher pair FAM/
Black Hole Quencher (BHQ ®) dye);

Primer forward huFVIII:
(SEQ ID NO: 14)
GGCACTGTACAATCTCTATCCAGGT ;

thymus of 2 female and 2 male mice of huFVIII transgenic
mice, subline E.

TABLE 4
Female Female Male Male
Mouse 1 Mouse 2 Mouse 1 Mouse 2
Rank Organ Ct  Organ Ct Organ Ct Organ Ct
1 Neo- 33.66 Neo- 33.50 Neo- 33.66 Neo- 32.67
natal natal natal natal
thymus thymus thymus thymus
[0213] Table 5 shows the expression of huFVIII in liver,

kidney, lung, lymph nodes, muscle and spleen of 2 female
mice and two male mice of huF VIII transgenic mice, subline
G (n.d.=not detectable).

TABLE 5

Female Male Male
Mouse 2 Mouse 1

Female

Mouse 1 Mouse 2

Rank Organ Ct  Organ Ct Organ Ct Organ Ct

1 liver 39.24 liver 37.93 muscle
2 lymph n.d. lymph nd. liver
nodes nodes

37.64 liver 35.33
39.34 lymph n.d.

nodes
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TABLE 5-continued

Female Male Male
Mouse 2 Mouse 1 Mouse 2

Female
Mouse 1

Rank Organ Ct Organ Ct Organ Ct  Organ Ct

3 lung nd. lung nd. lymph nd. lung n.d.
nodes
4 spleen nd. spleen nd. lung n.d. spleen n.d.
5 heart nd. heart nd. spleen n.d. heart n.d.
6 kidney nd. kidney n.d. heart n.d. kidney n.d.
7 muscle nd. muscle nd. kidney nd muscle  nd.
[0214] Table 6 shows the expression of huFVIII in neonatal

thymus of 2 female mice and 2 male mice of huFVIII trans-
genic mice, subline G.

TABLE 6
Female Female Male Male
Mouse 1 Mouse 2 Mouse 1 Mouse 2
Rank Organ Ct Organ Ct Organ Ct  Organ Ct
1 Neo- 30.66 Neo- 35.09 Neo- 30.40 Neo- 31.72
natal natal natal natal
thymus thymus thymus thymus
[0215] Table 7 shows the expression of huFVIII in liver,

kidney, lung, lymph nodes, muscle and spleen of 2 female
mice and two male mice of huFVIII transgenic mice, subline
I (n.d.=not detectable).

TABLE 7
Female Female Male Male
Mouse 1 Mouse 2 Mouse 1 Mouse 2
Rank Organ Ct Organ Ct Organ Ct  Organ Ct
1 liver 35.51 liver 30.94 liver 32.06 liver 30.51
2 lung nd. muscle 3879 lymph nd. lung n.d.
nodes

3 spleen nd. lung nd. lung n.d. spleen n.d.
4 heart nd. spleen nd. spleen n.d. lymph n.d.
nodes
5 lymph nd. heart n.d. heart n.d. heart n.d.
nodes
6 kidney nd. kidney nd. muscle n.d. kidney n.d.
7 muscle nd. lymph nd. kidney nd. muscle  nd.
nodes

[0216] Table 8 shows the expression of huFVIII in neonatal
thymus of 2 female mice and 2 male mice of huFVTII trans-
genic mice, subline 1.

TABLE 8
Female Female Male Male
Mouse 1 Mouse 2 Mouse 1 Mouse 2
Rank Organ Ct Organ Ct Organ Ct  Organ Ct
1 Neo- 37.95 Neo- 36.31 Neo- 35.24 Neo- 36.36
natal natal natal natal
thymus thymus thymus thymus
[0217] The RNA analysis demonstrates that the transgene

is expressed in the liver and neonatal thymus of all three
transgenic mouse sublines generated. These organs are highly
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relevant during generation of the animal immune system, and
expression in the neonatal thymus often can lead to tolerance
to the protein expressed in the thymus during immune system
development.

Example 7

Transgenic Mice are Tolerant to Exogenous Native
Human FVIII or FVIla

[0218] To determine whether the transgenic mice express-
ing human blood factors are tolerant to subsequent adminis-
tration of the human native protein, hemophilic mice (FVIII
knockout) were crossed with the mice expressing human
FVIII as described above (sublines E, G and I). Mice were
administered human FVIII and subsequent anti-FVIII anti-
body responses measured.

[0219] Threesublines of transgenic mice (sublines E, G and
1) were administeredi.v. doses of huF VIII at weekly intervals,
200 ng huF VIII (ADVATE®, Baxter Healthcare SA, Vienna,
Austria) per dose in 200 ul, volume. Serum samples were
taken after 4 or 8 weekly doses and anti-FVIII antibody titer
measured using a standard ELISA protocol.

[0220] Results demonstrated that mice in subline G gener-
ated anti-FVIII antibodies when given either 4 or 8 weekly
doses (FIGS. 5A and 5B). Mice in sublines E and I generated
no anti-FVIII antibodies in either dose regimen. These studies
show that 2 of the 3 transgenic sublines are tolerant to human
FVIII. Additionally, antibody titers of specific [gG subclasses
and IgA were analyzed.

[0221] Results demonstrated that mice of subline G gener-
ated anti-FVIII antibodies of IgG subclasses IgG1, 1gG2a,
1gG2b and IgG2c¢ but no IgA antibodies when given 8 weekly
doses of FVIII (FIGS. 6A, 6B and 6C). Mice of subline E did
not generate any anti-FVIII antibodies when given 8§ weekly
doses of FVIIL. 1 out of 4 mice of subline I generated anti-
FVIII antibodies of IgG subclasses 1gG1, 1gG2a and [gG2b
when given 8§ weekly doses of FVIII. These results demon-
strate that mice of subline E are completely tolerant to human
FVIII, mice of subline I are partly tolerant, and mice of
subline G are not tolerant to human FVIIIL.

[0222] 1Inorder to determine if transgenic mice expressing
human FVIIa are tolerant to exogenous protein, FVIIa trans-
genic mice were assessed for anti-FVIIa antibodies upon
administration of exogenous FVIla (Baxter Healthcare SA,
Vienna, Austria).

[0223] Ten control wildtype mice and 5 FVIIa transgenic
mice were administered i.v. doses of huFV1la at weekly inter-
vals, 10 ug huFVIla per dose in 200 pl. volume. Serum
samples were taken after 4 or 8 weekly doses and anti-FVIla
antibody titer measured using a standard ELISA protocol.
FIG. 8 shows that mice expressing human FVII do not pro-
duce anti-FVII antibodies in response to exogenous human
FVII whereas control mice produce high titers of anti-FVII
antibodies.

[0224] The above experiments demonstrate that one sub-
line (subline E) of transgenic animals expressing human
blood clotting factor VIII and the line of mice that expresses
human blood clotting factor VII are tolerant to exogenous
administration of native human blood clotting factors VIII or
VII, respectively. These transgenic animals provide a useful
animal model to study in vivo responses to administration of
human blood factors and the development of inhibitors to
therapeutic blood clotting factors which commonly arise in
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human patients receiving replacement therapy, and can arise
spontaneously in acquired blood factor disorders such as
acquired hemophilia A.

Example 8

Breaking of Tolerance in Transgenic Animals by
Blood Clotting Factors that Carry Neoantigens

[0225] In order to show that immune tolerance to human
blood clotting factors in transgenic animals that express
human blood clotting factors can be broken, animals of sub-
line E (immune tolerant to native human FVIII) were treated
with a model substance that comprises a human FVIII that
carries neoantigens. Neoantigens were generated by chemi-
cal modification of the native human FVIII. Animals were
treated with native human FVIII or with the human FVIII that
carries neoantigens.

[0226] Mice were treated with 4 weekly doses of 200 ng
FVIII. (ADVATE, Baxter Healthcare SA, Vienna, Austria) or
200 ng FVIII carrying neoantigens (generated by Baxter
Healthcare SA, Vienna, Austria) in 200 pl. Serum samples
were taken after the last dose and anti-FVIII antibody titers
were measured using a standard ELISA protocol.

[0227] Results shown in FIG. 7 demonstrate that mice
treated with ADVATE® did not develop anti-FVIII antibod-
ies. However, 8 out of 9 mice that were treated with the FVIII
comprising neoantigens did develop anti-FVIII antigens.
These results demonstrate that these transgenic animals pro-
vide a useful model to recognize neoantigen formation in
human blood clotting factors.

Example 9

Study of Blood Factor Tolerance in Transgenic Ani-
mals Expressing Blood Clotting Factors

[0228] The development of inhibitors to therapeutic blood
factors, or spontaneous development of anti-blood factor
antibodies are significant blockades to effective treatment of
bleeding disorders. For example, hemophilic patients receiv-
ing FVIII therapy may develop antibodies to the therapeutic
protein which render the treatment ineffectual (Reding
Mont., Haemophilia 12(suppl 6):30-36, 2006). Additionally,
acquired hemophilia A (AHA) develops when an individual
spontaneously generates antibodies against FVIIL. There is no
definitive etiology of acquired hemophilia to date, but inci-
dents of AHA is higher in individuals having an autoimmune
disease, those having certain types of cancer, and has been
shown to result from an allergic reaction to drug treatment,
such as penicillin, fludarabine, or interferon-alpha (Franchini
et al., Med Sci Monit 13:RA55-61, 2007).

[0229] While animal models of hemophilia have been used
to study the development of FVIII inhibitors in hemophilic
patients (Reipert et al., Brit ] Heamatol 136:12-25, 2006), no
adequate animal model exists to study the breaking of toler-

Apr. 5,2012

ance in acquired hemophilia A or other types of breaking of
tolerance in hemophilic patients. The transgenic animals
expressing human blood factors described herein are useful
models to study acquired hemophilia A and other spontane-
ous autoimmunity or spontaneous inhibitor development
against blood clotting factors.

[0230] In one embodiment, transgenic animals expressing
human FVIII are treated with drugs known to cause AHA,
such as penicillin, fludarabine or interferon-alpha, and the
animals are assessed for development of anti-FVIII antibod-
ies. In another embodiment, transgenic animals are adminis-
tered proinflammatory cytokines, ligands for toll-like recep-
tors or any other compound that induces the release of
proinflammatory cytokines in vivo to break tolerance to
FVIIL To determine the extent of inhibitor induction, blood
clotting factor inhibitors are measured using techniques well-
known in the art. For example the Bethesda Unit (BU) scale is
used to assess the extent of FVIII inhibitors (Franchini M.,
Haematology 11:119-25, 2006). ELISA methods as
described herein are also used to measure anti-blood factor
antibodies. The levels of cytokines and immune-related mol-
ecules are also determined before and after treatment to
examine the reaction of the immune system to induction of
autoantibodies and other inhibitors.

[0231] The transgenic animals are also useful to study
effective treatment of AHA, other spontaneous autoimmunity
to blood clotting factors, or other inhibitors of blood clotting
factors that arise after repeated administration of therapeutic
blood clotting factor. Transgenic mice that have developed
blood factor inhibitors are treated with agents that inhibit the
humoral immune response and acquired immune response,
for example, steroids, cyclosporine, gamma-globulin, and
biologics such as rituximab (see e.g., Collins, P W. Haemo-
philia 12(Suppl 6):94-101, 2006; Alvarado et al., Clin Appl
Thrombosis/Hemostasis 13:443-48, 2007) are administered,
and the levels of autoantibodies and other inhibitors are
assessed.

[0232] Inhibitors are also known to develop in patients
receiving FIX treatment for hemophilia B (DiMichele D., Brit
J Haematol 138:305-15, 2007). Mice transgenic for FIX are
useful in the study of the development of inhibitors in hemo-
philia B patients using similar regimens as described above
for FVIII and hemophilia A.

[0233] The transgenic animals described herein enable the
discovery of antigen-specific antibodies which arise in
response to therapeutic human proteins and provides a valu-
able tool for predicting which therapies could be harmful to
patients and those that may be most beneficial.

[0234] Numerous modifications and variations in the
invention as set forth in the above illustrative examples are
expected to occur to those skilled in the art. Consequently
only such limitations as appear in the appended claims should
be placed on the invention.

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 16

«<210> SEQ ID NO 1
«<211> LENGTH: 23
«212> TYPE: DNA
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-continued

Apr. 5,2012

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Primer
<220> FEATURE:

<221> NAME/KEY: misc_feature

<223> OTHER INFORMATION: LAdi - Al

<400> SEQUENCE: 1

actatgectg cggctettga tgg

<210> SEQ ID NO 2

<211> LENGTH: 25

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Primer
<220> FEATURE:

<221> NAME/KEY: misc_feature

<223> OTHER INFORMATION: Bl

<400> SEQUENCE: 2

tegtggtete tgtgtgttca cagece

<210> SEQ ID NO 3

<211> LENGTH: 25

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Primer
<220> FEATURE:

<221> NAME/KEY: misc_feature

<223> OTHER INFORMATION: LApr - Cl1

<400> SEQUENCE: 3

tgtgcagget gttgagtgge taagy

<210> SEQ ID NO 4

<211> LENGTH: 28

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Primer
<220> FEATURE:

<221> NAME/KEY: misc_feature

<223> OTHER INFORMATION: D1

<400> SEQUENCE: 4

ccatcacatg gtacaatcet gtgetace

<210> SEQ ID NO 5

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Primer
<220> FEATURE:

<221> NAME/KEY: misc_feature

<223> OTHER INFORMATION: SA - E1

<400> SEQUENCE: 5
ttetgagaat gtggagggea gtgg
«<210> SEQ ID NO 6
<211> LENGTH: 28

«<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence

23

25

25

28

24
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<220> FEATURE:
<223> OTHER INFORMATION: Synthetic Primer
<220> FEATURE:
<221> NAME/KEY: misc_feature
<223> OTHER INFORMATION: F1

<400> SEQUENCE: 6

tccacctaga gaaggagect gtgtaagg

<210> SEQ ID NO 7
<211> LENGTH: 294

<212> TYPE:

DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic Polynucleotide

<400> SEQUENCE: 7

ggtaccggac

caaagccatg
gacacggacg
tgaggttete

ctgcagcetge

gcgtgttaac
tactccattyg
gagcccatge
aatgecatgg

atgggtgect

<210> SEQ ID NO 8
<211> LENGTH: 906

<212> TYPE:

DNA

caattgecga
acatcaacga
aggtggecct
agtgcaaatg

gctgetgeeyg

tatccactac
tgtgcaggac
gcactgcacce
cteccecagy

gcttcgaate

<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic Polynucleotide

<400> SEQUENCE: 8

attaattaag
ttettecaty
ttgtcactge
cgtettttte
tatttattac
gectgtteac
agacagggtt
cctcaaacte
caccactgec
teettettee
catcttttte
tagttactac
actatgtgea
tagettgtec
tttattttgce

cgegeo

tttaaacgay
cacttttgte
cetttgtgee
ttgaaaccygt
tttaactttt
atttacctca
tetetgtgta
agagatccge
aggectetet
tgaagaacct
tggcaagaga
geectettee
ggetgttgag
ttgccaccte

agacgegttyg

<210> SEQ ID NO 9
«211> LENGTH: 27

«212> TYPE:

DNA

ttaactagaa
tgaagtetyga
tactgtetag
accgtaagea
taatttcteca
taactaccaa
gecatggety
ctgectetge
gttgettttt
tetttageag
agatggecet
acagcactcea
tggctaagga
tetggacggt

caattgegta

ttetggettt
caaatacgay
ttetetgget
ttgcceatet
ctattactgt
attctetgtt
teetggaact
ctececgagty
atttctagea
tceatteage
aactctgaat
gacctaacte
aacagteccty
gagaaccage

cgettacgta

tgccagggca

cagtgctcct
aatggctctg
aagtgcagca

gaattctgga

attaatcetet
aaccttaaaa
ccacettgtt
tectygectea
tattgtetta
gattttteet
cactetgtag
ctgggattaa
ttttetetet
aaggeaggygyg
gatgacttag
atctgagacce
gctageacat
tcatttectt

gtectaggaa

aatgtgccag
gctgetetece
ttgtgtacca
agtgaggety

gcte

gttetteaca
tactetygega
ctecttttta
gocaectygtt
tgaagtcact
ttteetettyg
accaggetgg
aggcatgege
gggtttaact
atggcaaget
ttetgggaac
gatctetgty
gcattgatgyg

tttattttat

tcgegattgy

28

60

120

180

240

294

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

906
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<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Polynucleotide

<400> SEQUENCE: 9

ctacttccat ttgtcacgtc ctgcacg

<210> SEQ ID NO 10

<211> LENGTH: 26

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Polynucleotide

<400> SEQUENCE: 10

cagctcetge cttgttactg tgaccce

<210> SEQ ID NO 11

<211> LENGTH: 18

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Primer
<220> FEATURE:

<221> NAME/KEY: misc_feature

<223> OTHER INFORMATION: huFVII MS2

<400> SEQUENCE: 11

gaatggaget cagttgty

<210> SEQ ID NO 12

<211> LENGTH: 18

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Primer
<220> FEATURE:

<221> NAME/KEY: misc_feature

<223> OTHER INFORMATION: huFVII MS2 rev

<400> SEQUENCE: 12

atcaggttee tecagtte

<210> SEQ ID NO 13

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Primer
<220> FEATURE:

<221> NAME/KEY: misc_feature

<223> OTHER INFORMATION: huFVIII-FAM

<400> SEQUENCE: 13

ccaaagetgy aatttggegy gtg

<210> SEQ ID NO 14

<211> LENGTH: 25

«<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Primer
«<220> FEATURE:

<221> NAME/KEY: misc_feature

«223> OTHER INFORMATION: forward huFVIII

27

26

18

18

23
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<400> SEQUENCE: 14

ggcactgtac aatctctatc caggt

<210> SEQ ID NO 15
<211> LENGTH: 20

<212> TYPE

: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic Primer
<220> FEATURE:
<221> NAME/KEY: misc_feature

<223> OTHER INFORMATION: reverse

<400> SEQUENCE: 15

gatgctcgece

aataaggcat

<210> SEQ ID NO 16
<211> LENGTH: 8514

<212> TYPE

: DNA

huFVIII

<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic Polynucleotide

<400> SEQUENCE: 16

gaatteccege
gcttgetety
atecacggee
gtacagettt
ctegattatt
attttttgac
catgcectat
cggtgaggee
gtcagacaga
agatgacttt
atgggetetg
caacatctee
caccteggtg
tgagaagact
gtacgceegg
gtgcagceca
gacctgcecag
ctgcectgag
cgtgeattece
catttgeega
cacaggtcaa
ccagtaccetg
ccagtgtget

cectgcacaac

ageecteatt
gcectcattt
cgatgeagee
gegggatact
ggggacttee
atccatttyt
geetecaaay
tatggettty
tacttcaaca
atgacccaag
agcagtggag
tetggggaaa
tttgeceget
ttgtgtgagt
acctgtgece
gtgtgceety
agcctgeaca
ggacagctee
ggaaagcget
aacagccagt
tcacacttca
ctggecegyg
gatgaccgeyg

agccttgtga

tgcaggggaa

tgccagggac

tttteggaag
gcagttacet
agaatggcaa
ttgtcaatyy
ggctgtatet
tggecaggat
agacctgegg
aagggacctt
aacagtggtyg
tgcagaaggg
gccacectet
gtgetggggy
aggagggaat
ctggtatgga
tcaatgaaat
tggatgaagg
acccteeeyy
ggatctgeag
agagetttga
attgccagga
acgetgtgtyg

aactgaagca

gatgatteet
cectttgtgea
tgacttegte
cetggeaggy
gagagtgage
tacegtgaca
agaaactgag
cgatggeage
getgtgtgge
gaccteggac
tgaacgggca
cetgtgggag
ggtggaccee
getggagtge
ggtgetgtac
gtataggcag
gtgtcaggag
cctetgegty
cacctececte
caatgaagaa
caacagatac
ccactcette
caccegetee

tggggcagga

gecagattty
gaaggaactc
aacaccttty
ggetygecaga
cteteegtgt
cagggggace
gectgggtact
ggcaacttte
aactttaaca
ccttatgact
teteetecea
cagtgccage
gagcettttyg
geetgeecty
ggetggaceg
tgtgtgtece
cgatgegtgy
gagagcaccg
tetegagact
tgtecagggy
ttcaccttea
teccattgtea
gtcacegtec

gttgecatgyg

ceggggtget
gcggcaggtce
atgggageat
aacgetectt
atettgggga
aaagagtete
acaagetgte
aagtecetget
tetttgetga
ttgccaacte
gcagcteatg
ttetgaagag
tggceetgtyg
cectectgga
accacagegce
cttgegecag
atggetgeag
agtgteectg
gcaacaccty
agtgeettgt
gtgggatetg
ttgagactgt
ggetgectgg

atggeccagga

25

20

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440
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cgtccagete ccectectga aaggtgacct ccgcatccag catacagtga cggcctecgt 1500
gcgectcage tacggggagg acctgcagat ggactgggat ggecgeggga ggcetgetggt 1560
gaagctgtcc ccegtctatg ccgggaagac ctgcggectg tgtgggaatt acaatggcaa 1620
ccagggcgac gacttecctta cccectetgg gectggeggag cccegggtgg aggacttegg 1680
gaacgcctgyg aagctgcacg gggactgcca ggacctgcag aagcagcaca gcgatcectg 1740
cgccctecaac cecgegcatga ccaggttete cgaggaggeg tgcgeggtec tgacgteccce 1800
cacattcgag gcctgeccate gtgccgtcag cccecgetgcce tacctgegga actgccegeta 1860
cgacgtgtge tcetgetcecgg acggccgcega gtgectgtge ggcgecctgg ccagcetatge 1920
cgcggectge geggggagag gcegtgegegt cgegtggege gagecaggec getgtgaget 1980
gaactgcceyg aaaggccagg tgtacctgeca gtgcgggacce ccctgcaacc tgacctgeeg 2040
ctctetetet taccecggatg aggaatgcaa tgaggcctge ctggaggget gecttctgecce 2100
cccagggcte tacatggatg agagggggga ctgcgtgcce aaggcccagt gcccctgtta 2160
ctatgacggt gagatcttcc agccagaaga catcttctca gaccatcaca ccatgtgcta 2220
ctgtgaggat ggcttcatgc actgtaccat gagtggagtc cccggaagct tgctgectga 2280
cgetgtecte ageagtecee tgtetcateg cagcaaaagg agectatect gteggeccece 2340
catggtcaag ctggtgtgtc ccgctgacaa cctgeggget gaagggctcg agtgtaccaa 2400
aacgtgecag aactatgace tggagtgcat gagcatggge tgtgtetetyg getgectetyg 2460
ceecceggge atggtecegge atgagaacag atgtgtggee ctggaaaggt gteccetgett 2520
ccatcaggge aaggagtatg cccectggaga aacagtgaag attggetgeca acacttgtgt 2580
ctgtegggac cggaagtgga actgecacaga ccatgtgtgt gatgecacgt getcecacgat 2640
cggcatggece cactacctea ccttegacgg gctcaaatac ctgtteceeg gggagtgeca 2700
gtacgttety gtygcaggatt actgeggcayg taaccctyggy acctttegga tectagtggy 2760
gaataaggga tgcagccacc cctcagtgaa atgcaagaaa cgggtcacca tcetggtgga 2820
gggaggagag attgagetgt ttgacgggga ggtgaatgtg aagaggccca tgaaggatga 2880
gactcacttt gaggtggtgg agtctggeeg gtacatcatt ctgetgetgg gcaaagececet 2940
cteegtggte tgggaccgece acctgagcat cteegtggte ctgaagcaga cataccagga 3000
gaaagtgtgt ggcctgtgtyg ggaattttga tggcatccag aacaatgacce tcaccagcag 3060
caacctecaa gtggaggaag accctgtgga ctttgggaac tectggaaag tgagetegea 3120
gtgtgctgac accagaaaag tgcctectgga ctcatccecet gecacctgec ataacaacat 3180
catgaagcag acgatggtgg attcctecetg tagaatcctt accagtgacg tcttcecagga 3240
ctgcaacaag ctggtggacc ccgagccata tectggatgte tgcatttacg acacctgete 3300
ctgtgagtce attggggact gecgectgett ctgcgacacce attgetgect atgeccacgt 3360
gtgtgcecayg catggcaagyg tggtgacctyg gaggacggec acattgtgec cccagagetyg 3420
cgaggagagg aatctceggg agaacgggta tgagtgtgag tggegctata acagetgtgce 3480
acctgecetgt caagtcacgt gtcagcacce tgageccactg gectgeectg tgcagtgtgt 3540
ggagggctge catgcccact gccectecagg gaaaatcctyg gatgagettt tgcagacctg 3600
cgttgacccet gaagactgtce cagtgtgtga ggtggctgge cggegttttg cctcaggaaa 3660

gaaagtcacc ttgaatccca gtgaccctga gcactgccag atttgccact gtgatgttgt 3720
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caacctcace tgtgaagect gccaggagcee gggaggectg gtggtgectce ccacagatgce 3780
cceggtgage cccaccacte tgtatgtgga ggacatctceg gaaccgeccgt tgcacgattt 3840
ctactgcagc aggctactgg acctggtctt cctgctggat ggctectcca ggctgtecga 3900
ggctgagttt gaagtgctga aggcctttgt ggtggacatg atggagcggc tgcgcatctce 3960
ccagaagtgg gtcegegtgg ccgtggtgga gtaccacgac ggctcccacg cctacategyg 4020
gctcaaggac cggaagcgac cgtcagaget gceggcegcatt gccagecagg tgaagtatge 4080
gggcagccag gtggcctcca ccagcgaggt cttgaaatac acactgttcc aaatcttcag 4140
caagatcgac cgccectgaag ccteccegecat cgcectgete ctgatggceca gccaggagec 4200
ccaacggatg tcccggaact ttgtccgcta cgtccaggge ctgaagaaga agaaggtcat 4260
tgtgatcceg gtgggcattg ggccccatge caacctcaag cagatccgcc tcatcgagaa 4320
gcaggccect gagaacaagg ccttegtget gagcagtgtyg gatgagetgg agcagcaaag 4380
ggacgagatc gttagctacc tctgtgacct tgcccctgaa gccectecte ctactctgec 4440
cccccacatg gcacaagtca ctgtgggcce ggggetcecttg ggggtttcega ccctggggece 4500
caagaggaac tccatggttc tggatgtggc gttegtcctg gaaggatcgg acaaaattgg 4560
tgaagcegac ttcaacagga gcaaggagtt catggaggag gtgattcage ggatggatgt 4620
gggccaggac agcatccacg tcacggtget gcagtactce tacatggtga ccgtggagta 4680
ccectteage gaggcacagt ccaaagggga catcctgeag cgggtgegay agatcegeta 4740
ccagggegge aacaggacca acactggget ggecctgegyg tacctetetyg accacagett 4800
cttggtcage cagggtgace gggagcagge geccaacctyg gtetacatgy tcaccggaaa 4860
tectgectet gatgagatca agaggetgee tggagacate caggtggtge ccattggagt 4920
gggccectaat gecaacgtge aggagcetgga gaggattgge tggeccaatg cccctatecet 4980
catccaggac tttgagacge tceccecgaga ggcetectgace ctggtgetge agaggtgetyg 5040
cteeggagag gggetgcaga tcecccaceet ctecectgea cctgactgea gecagecect 5100
ggacgtgate cttcteetgg atggctecte cagtttecca gettettatt ttgatgaaat 5160
gaagagttte geccaaggcett tcatttcaaa agccaatata gggectegte tcactcaggt 5220
gtcagtgetyg cagtatggaa gcatcaccac cattgacgtg ccatggaacg tggtcccgga 5280
gaaagcecat ttgctgagece ttgtggacgt catgcagegg gagggaggec ccagecaaat 5340
cggggatgee ttgggetttg ctgtgegata cttgactteca gaaatgcatg gtgccaggece 5400
gggagcctea aaggeggtgg tcatcectggt cacggacgte tcetgtggatt cagtggatge 5460
agcagctgat gcegecaggt ccaacagagt gacagtgtte cctattggaa ttggagateg 5520
ctacgatgca gcccagctac ggatcttgge aggcccagca ggegactcca acgtggtgaa 5580
gctccagecga atcgaagacce tccctaccat ggtcacctty ggcaattect tcctecacaa 5640
actgtgcetet ggatttgtta ggatttgcat ggatgaggat gggaatgaga agaggeccgg 5700
ggacgtctgg accttgecag accagtgcca caccgtgact tgccagecag atggeccagac 5760
cttgctgaag agtcateggg tcaactgtga ccgggggetyg aggecttegt gecctaacag 5820
ccagtcceect gttaaagtgg aagagacctg tggetgecge tggacctgece cctgegtgtyg 5880
cacaggcagce tccactegge acatcgtgac ctttgatggg cagaatttca agetgactgg 5940

cagctgttcet tatgtcctat ttcaaaacaa ggagcaggac ctggaggtga ttctccataa 6000
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tggtgcetge agcectggag caaggcaggg ctgcatgaaa tccatcgagg tgaagcacag 6060
tgccctetece gtegagetge acagtgacat ggaggtgacg gtgaatggga gactggtcte 6120
tgttccttac gtgggtggga acatggaagt caacgtttat ggtgccatca tgcatgaggt 6180
cagattcaat caccttggtc acatcttcac attcactcca caaaacaatg agttccaact 6240
gcagctcage cccaagactt ttgcttcaaa gacgtatggt ctgtgtggga tctgtgatga 6300
gaacggagcce aatgacttca tgctgaggga tggcacagtce accacagact ggaaaacact 6360
tgttcaggaa tggactgtgc agcggccagg gcagacgtge cagcccatcce tggaggagca 6420
gtgtcttgte cccgacagct cccactgcca ggtectecte ttaccactgt ttgctgaatg 6480
ccacaaggtc ctggctccag ccacattcta tgccatctge cagcaggaca gttgccacca 6540
ggagcaagtg tgtgaggtga tcgcctctta tgcccaccte tgtcggacca acggggtcetg 6600
cgttgactgg aggacacctg atttctgtge tatgtcatge ccaccatctc tggtctacaa 6660
ccactgtgag catggctgtc cccggcactg tgatggcaac gtgagctcct gtggggacca 6720
tcectecgaa ggetgtttet gccctccaga taaagtcatg ttggaaggca gectgtgtcecce 6780
tgaagaggcce tgcactcagt gcattggtga ggatggagtc cagcaccagt tcctggaagce 6840
ctgggtecey gaccaccage cctgtcagat ctgcacatge cteageggge ggaaggtcaa 6900
ctgcacaacg cagccctgece ccacggecaa agctcccacg tgtggectgt gtgaagtage 6960
cegecteege cagaatgeag accagtgetyg cccecgagtat gagtgtgtgt gtgaccecagt 7020
gagetgtgace ctygeccecag tgectceactyg tgaacgtgge ctecagecca cactgaccaa 7080
cectggegay tygcagacccea acttcaccetyg cgectgeagy aaggaggagt gcaaaagagt 7140
gteeccacce teetgeecee cgeacegttt geccaccett c¢ggaagacece agtgetgtga 7200
tgagtatgag tgtgectgca actgtgtcaa ctceccacagtg agetgtecce ttgggtactt 7260
ggectcaace gecaccaatyg actgtggetyg taccacaace acctgectte cegacaaggt 7320
gtgtgteccac cgaagcacca tctaccetgt gggecagtte tgggaggagg gctgegatgt 7380
gtgcacctge accgacatgg aggatgeegt gatgggecte cgegtggeece agtgetcececa 7440
gaagccetgt gaggacaget gteggteggg cttcacttac gttetgecatg aaggegagtyg 7500
ctgtggaagg tgectgecat ctgectgtga ggtggtgace ggctcaccege ggggggacte 7560
ccagtecttec tggaagagtg tcggetccca gtgggectece ccggagaace cctgecteat 7620
caatgagtgt gtccgagtga aggaggaggt ctttatacaa caaaggaacg tctcectgece 7680
ccagetggag gteeetgtet geceecteggyg ctttecagetg agetgtaaga ccteagegtyg 7740
ctgcccaage tgtegetgtg agegecatgga ggcectgcatg ctcaatggca ctgtcattgg 7800
gcccgggaay actgtgatga tcgatgtgtg cacgacctge cgetgecatgg tgcaggtggg 7860
ggtcatctet ggattcaage tggagtgcag gaagaccacce tgcaacccect gecceetggg 7920
ttacaaggaa gaaaataaca caggtgaatg ttgtgggaga tgtttgecta cggcttgeac 7980
cattcageta agaggaggac agatcatgac actgaagegt gatgagacge tccaggatgg 8040
ctgtgatact cacttctgeca aggtcaatga gagaggagag tacttctggg agaagagggt 8100
cacaggctge ccaccctttyg atgaacacaa gtgtcectgget gagggaggta aaattatgaa 8160
aattccagge acctgetgtg acacatgtga ggagectgag tgcaacgaca tcactgecag 8220

gctgcagtat gtcaaggtgg gaagctgtaa gtctgaagta gaggtggata tccactactg 8280
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ccagggcaaa tgtgccagca aagccatgta ctccattgac atcaacgatg tgcaggacca 8340

gtgctcctge tgctctecga cacggacgga gcccatgcag gtggecctge actgcaccaa 8400

tggctctgtt gtgtaccatg aggttctcaa tgccatggag tgcaaatgct cccccaggaa 8460

gtgcagcaag tgaggctgct gcagctgcat gggtgcctge tgctgccgga attce 8514

1. A transgenic non-human animal having a genome com-
prising a human transgene polynucleotide sequence encoding
a human blood clotting factor selected from the group con-
sisting of Factor VIII (FVIID), Factor VII (FVII), Factor IX
(FIX). von Willebrand Factor (vWF), Factor 11 (FII), Factor V
(FV), Factor X (FX), Factor X1 (FXT), Factor XII (FXII), and
Factor XIII (FXIIT), wherein the polynucleotide sequence is
operably linked to a promoter polynucleotide sequence,
wherein the animal does not express all or part ofa polynucle-
otide encoding an endogenous blood clotting factor corre-
sponding to the human transgene, wherein the animal also
expresses a human major histocompatibility class I gene in
place of a major histocompatibility class II gene endogenous
to the transgenic animal, and wherein the animal is tolerant to
administration of the exogenous human blood clotting factor
encoded by the transgene.

2-3. (canceled)

4. The transgenic animal of claim 3, wherein the promoter
is selected from the group consisting of an alpha-feto protein
promoter, an albumin promoter, a CMV promoter, and an
endogenous blood clotting factor promoter.

5. The transgenic animal of claim 1, wherein the polynucle-
otide sequence comprises a poly A polynucleotide sequence.

6. The transgenic animal of claim 1, wherein the animal is
amouse.

7. The transgenic animal of claim 1, wherein the polynucle-
otide sequence encodes a human vWF protein.

8. The transgenic animal of claim 1, wherein the polynucle-
otide sequence encodes a human FVIII protein.

9. The transgenic animal of claim 1, wherein the polynucle-
otide sequence encodes a human FVII protein.

10. The transgenic animal of claim 1, wherein the poly-
nucleotide sequence encodes a human FIX protein.

11. The transgenic animal of claim 1, wherein the animal
also expresses a human major histocompatibility class IT gene
in place of a major histocompatibility class I gene endog-
enous to the transgenic animal.

12. A non-human transgenic animal comprising a poly-
nucleotide encoding a human blood clotting factor selected
from the group consisting of Factor VIII, Factor VII, Factor
1X, von Willebrand Factor, Factor II, Factor V, Factor X,
Factor XI, Factor XII, and Factor XIII, said human blood
clotting factor having physiological activity of the human
blood clotting factor, said transgenic mammal having in its
genome an exogenous transgene construct comprising:

() transcriptional regulatory polynucleotide sequences,

(b) DNA encoding said human blood clotting factor, and

(c) a polyadenylation signal,

wherein (A), (B) and (C) are operably linked in said exog-

enous gene construct to obtain production of said human
blood clotting factor or fragment thereof in said trans-
genic animal, wherein the animal does not express all or

part of a polynucleotide encoding an endogenous blood
clotting factor corresponding to the human transgene,
and

wherein the transgenic animal also comprises a polynucle-

otide encoding a human major histocompatibility class
1T gene in place of the a major histocompatibility class 11
gene endogenous to the transgenic animal,

and wherein the animal is tolerant to administration of the

exogenous human blood clotting factor encoded by the
transgene.

13. The transgenic animal of claim 12, wherein the tran-
scriptional regulatory polynucleotide sequences are selected
from the group consisting of 5' transcriptional regulatory
polynucleotide sequences, 3' transcriptional regulatory poly-
nucleotide sequences, internal transcriptional regulatory
polynucleotide sequences, and combinations thereof.

14. The transgenic animal of claim 13, wherein the 5'
regulatory sequence is a promoter, optionally comprising an
enhancer region.

15. The transgenic animal of claim 14, wherein the pro-
moter is selected from the group consisting of an alpha-feto
protein promoter, an albumin promoter, and aCMV promoter
and an endogenous blood clotting factor promoter.

16. (canceled)

17. The transgenic anima of claim 12, wherein the DNA
encodes a human vWF protein.

18. The transgenic animal of claim 12, wherein the DNA
encodes a human FVIII protein.

19. The transgenic animal of claim 12, wherein the DNA
encodes a human FVII protein.

20. The transgenic animal of claim 12, wherein the DNA
encodes a human FIX protein.

21. (canceled)

22. A method of producing a transgenic non-human animal
comprising a polynucleotide transgene encoding a human
blood clotting factor selected from the group consisting of
Factor VIII, Factor VII, Factor IX, von Willebrand Factor,
Factor II, Factor V, Factor X, and Factor XI, Factor XII, and
Factor XIII comprising:

introducing a polynucleotide sequence encoding said

human blood clotting factor into the genomic DNA of
the non-human animal to provide a transgenic non-hu-
man animal comprising a polynucleotide encoding the
human blood clotting factor and not a corresponding
blood clotting factor endogenous to the transgenic ani-
mal, and introducing a polynucleotide sequence encod-
ing an human major histocompatibility class 1T gene into
the genomic DNA of the non-human animal to replace
all or part of a major histocompatibility class II gene
endogenous to the animal.

23. The method of claim 22, wherein the introducing is
carried out by microinjection.
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24. The method of claim 22, wherein the introducing is
carried out using a viral vector.

25. The method of claim 22, wherein the polynucleotide
sequence encodes a human vWF protein.

26. The method of claim 22, wherein the polynucleotide
sequence encodes a human FVIII protein.

27. The method of claim 22, wherein the polynucleotide
sequence encodes a human FVII protein.

28. The method of claim 22, wherein the polynucleotide
sequence encodes a human FIX protein.

29. The method of claim 22, wherein the polynucleotide
sequence is operably linked to a promoter polynucleotide
sequence.

30. The method of claim 29, wherein the promoter is
selected from the group consisting of an alpha-feto protein
promoter, an albumin promoter, a CMV promoter and an
endogenous blood clotting factor promoter.

31. The method of claim 22, wherein the polynucleotide
sequence comprises a poly A sequence.

32. The method of claim 22, wherein the animal is a mouse.

33.The transgenic animal of claim 1 or the method of claim
22, wherein the animal is homozygous for said transgene.

34.The transgenic animal of claim 1 or the method of claim
22, wherein the animal is heterozygous for said transgene.

35. (canceled)

36. A method for producing a transgenic non-human ani-
mal comprising a polynucleotide encoding a human blood
clotting factor comprising:

a) providing a polynucleotide sequence encoding an
human blood clotting factor selected from the group
consisting of Factor VIII, Factor VII, Factor IX, von
Willebrand Factor, Factor 11, Factor V, Factor X, Factor
XI, Factor XII, and Factor XIII and a positive selectable
marker gene, said marker gene flanked by loxP sites;

b) introducing said polynucleotide sequence into an
embryonic stem cell from the same animal species as
said non-human animal under conditions such that said
polynucleotide sequence is homologously recombined
into a genomic locus of said embryonic stem cell to
produce an embryonic stem cell containing a polynucle-
otide encoding a human blood clotting factor selected
from the group consisting of Factor VIII, Factor VII,
Factor IX, von Willebrand Factor, Factor II, Factor V,
Factor X, Factor XI, Factor X1I, and Factor XIII and said
selectable marker gene;

¢) injecting said homologously recombined embryonic
stem cell into a blastocyst of said non-human animal,

d) introducing said injected blastocyst into a pseudo-preg-
nant female non-human animal; and

e) permitting said pseudo-pregnant female animal to
deliver one or more transgenic animals containing said
homologously recombined DNA sequence, wherein
said one or more transgenic mice express said human
blood clotting factor selected from the group consisting
of Factor VIII, Factor VII, Factor IX, von Willebrand
Factor, Factor 11, Factor V, Factor X, Factor XI, Factor
XII, and Factor XIII.

37. The method of claim 36, wherein the polynucleotide
comprises a promoter operably linked to said human blood
clotting factor gene.

38. The method of claim 37, wherein the promoter is
selected from the group consisting of an alpha-feto protein
promoter, an albumin promoter, a CMV promoter and an
endogenous blood clotting factor promoter.
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39. The method of claim 36, wherein the polynucleotide
sequence comprises a polyA sequence.

40. The method of claim 36, wherein the selectable marker
is a neomycin resistance gene, neo.

41. The method of claim 36 wherein the one or more
transgenic animals from step (e) are crossed with a Cre-
deleter strain of mouse.

42. The method of claim 36 wherein the transgenic non-
human animal expresses the human vWF gene.

43. The method of claim 36, wherein the transgenic non-
human animal expresses the human FVIII protein.

44. The method of claim 6, wherein the transgenic non-
human animal expresses the human FVII protein.

45. The method of claim 36, wherein the transgenic non-
human animal expresses the human FIX protein.

46. The method of claim 36 further comprising introducing
a polynucleotide sequence encoding a human major histo-
compatibility class II gene into the genomic DNA of the
non-human animal said polynucleotide sequence encoding a
human major histocompatibility class 1I gene replacing all or
part of a major histocompatibility class I gene endogenous to
the transgenic animal such that the transgenic animal does not
express its endogenous major histocompatibility class 1I
gene.

47. A method for screening for antibodies against a human
blood clotting factor in a non-human transgenic animal com-
prising a polynucleotide transgene expressing a human blood
clotting factor selected from the group consisting of Factor
VIII, Factor VII, Factor IX, von Willebrand Factor, Factor II,
Factor V, Factor X, Factor XI, Factor XII, and Factor XIII the
method comprising,

administering to the animal a composition comprising a

human blood clotting factor polypeptide, fragment, ana-
log or variant thereof corresponding to the human blood
clotting factor expressed in the animal, and

detecting antibodies specific for said human blood clotting

factor in a sample from the transgenic animal.

48. The method of claim 47, wherein the detecting is per-
formed by enzyme linked immunosorbant assay (ELISA).

49. The method of claim 47, wherein the composition
comprises a fragment, analog or variant of the human blood
clotting factor polypeptide expressed by the transgene in the
animal.

50. The method of claim 49, wherein the human blood
clotting factor administered in the composition comprises a
water soluble polymer.

51. The method of claim 50, wherein the water soluble
polymer is a polyethylene glycol moiety.

52. The method of claim 49, wherein the human blood
clotting factor administered in the composition comprises a
polysialyl moiety.

53. The method of claim 47, wherein the human blood
clotting factor in the administered composition is a fusion
protein.

54. The method of claim 53, wherein the fusion protein
comprises a human blood clotting factor and a second thera-
peutic polypeptide.

55. The method of claim 47, wherein the composition
further comprises a second human blood clotting factor
selected from the group consisting of Factor VIII, Factor VII,
Factor IX, von Willebrands Factor, Factor II, Factor V, Factor
X, Factor XI, Factor XII, and Factor XIII.

56. The method of claim 47, wherein the composition
further comprises a pharmaceutically acceptable carrier.
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57. The method of claim 47, wherein the composition
optionally comprises an adjuvant.

58. The method of claim 47, wherein the administering is
performed intravenously, subcutaneously, intramuscularly,
orally, or parenterally.

59. The method of claim 47, wherein the sample is serum.

60. The method of claim 47, wherein the sample is an
immune cell isolated from the transgenic animal.

61. A method for screening for immunogenicity ofa human
blood clotting factor in a non-human transgenic animal com-
prising a transgene expressing a human blood clotting factor
polypeptide selected from the group consisting of Factor V1II,
Factor VII, Factor IX, von Willebrand Factor, Factor II, Factor
V, Factor X, Factor XI, Factor XII, and Factor XIII, the
method comprising,

administering to said animal a composition comprising a

human blood clotting factor corresponding to the human
blood clotting factor expressed by the transgene in the
animal, and

detecting an immunogenic event in the animal subsequent

to the administration of the human blood clotting factor
polypeptide.

62. The method of claim 61, wherein the immunogenic
event is antibody production.

63. The method of claim 61, wherein the composition
comprises a fragment, analog or variant of the human blood
clotting factor polypeptide expressed by the transgene in the
animal.

64. The method of claim 61, wherein the composition
further comprises a pharmaceutically acceptable carrier.

65. The method of claim 61, wherein the composition
optionally comprises an adjuvant.

66. A method for determining the effect of a compound on
a human blood clotting factor comprising: administering a
test compound to a non-human transgenic animal comprising
atransgene expressing a human blood clotting factor selected
from the group consisting of Factor VIII (FVIII), Factor VII
(FVII), Factor IX (FIX), von Willebrand Factor (VWF), Fac-
tor I (FII), Factor V (FV), Factor X (FX), Factor XI (FXI),
Factor XII (FX1I), and Factor XIIT (FXIII), and detecting a
change in human blood clotting factor activity in a sample
taken from the transgenic animal in the presence of the com-
pound compared to the activity of the human blood clotting
factor in a sample in the absence of the compound.

67. The method of claim 66, wherein the human blood
clotting activity is selected from the group consisting of
expression levels of the blood clotting factor, change in blood
clotting activity, and protein binding activity.

68. The method of claim 66, wherein the blood clotting
factoris vWF and the clotting factor activity is FVIII binding.
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69. An experimental animal model that is a non-human
transgenic animal expressing at least one human blood clot-
ting factor, wherein the animal does not generate a significant
antibody titer against the human blood clotting factor when
the native blood clotting factor is administered in solution,
wherein the animal does not express all or part of a poly-
nucleotide encoding an endogenous blood clotting fac-
tor corresponding to the human transgene, and

wherein the transgenic animal also comprises a polynucle-
otide encoding a human major histocompatibility class
1T gene in place of the a major histocompatibility class I
gene endogenous to the transgenic animal.

70. The animal model of claim 69, which is an experimen-
tal animal model for acquired hemophilia A.

71. The animal model of claim 69, which is an experimen-
tal model for hemophilia B.

72. The experimental animal model of claim 69 wherein
the blood clotting factor is selected from the group consisting
of Factor VIII, Factor VII, Factor IX, von Willebrand Factor,
Factor II, Factor V, Factor X, Factor X1, Factor XII and Factor
X1IL

73. A method for identifying an agent which induces a
break of tolerance to a blood clotting factor, comprising:

administering a candidate agent to the transgenic non-

human animal of claim 69 expressing a human blood
clotting factor,

administering the human blood clotting factor for which

the animal is transgenic; and,

detecting anti-blood clotting factor response in the animal,

wherein the candidate agent is a tolerance-breaking agent

if the administration of the candidate agent permits pro-
duction of an anti-blood clotting factor response.

74. The method of claim 73, wherein the response is pro-
duction of anti-blood clotting factor inhibitors.

75. The method of claims 73, wherein the response is an
immune response.

76. The method of claim 75, wherein the immune response
is antibodies against the human blood clotting factor.

77. The method of claim 73, wherein the candidate agent is
selected from the group consisting of penicillin, fludarabine,
interferon-alpha, a chemotherapeutic agent, an antibiotic, an
anti-psychotic agent, proinflammatory cytokines, ligands for
toll-like receptors and any other compound that induces the
release of proinflammatory cytokines in vivo.

78. The method of any one of claims 73 to 77, wherein the
blood clotting factor is selected from the group consisting of
Factor VIII, Factor VII, Factor IX, von Willebrand Factor,
Factor II, Factor V, Factor X, Factor X1, Factor XII and Factor
X1IL
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