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(57) ABSTRACT 

The invention provides a transgenic non-human animal 
expressing Von Willebrand Factor A1 protein containing at 
least one mutation selected from the group consisting of 
1263P>S, 1269NaD, 1274K>R, 1287M>R, 1302G>D, 
1308H>R, 1313R>W, 1314IdV, 1326RaH, 1329L>I, 
1330E-G, 1333A>D, 1344T-A, 1347I>V, 1350T>A, 
1370G>S, 1379H>R, 1381T-A, 1385T-M 1391Ps-Q, 
1394A->S, 1397L>F, 1421 S-N, 1439L>V, 1442G>S, 
1449R>Q, 1466A>P 1469Q>L, 1472O>H, 1473V>M, 
1475H>Q, 1479S>G, and any combination thereof. 
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METHODS FOR TESTING 
ANT-THROMBOTC AGENTS 

0001. This application is a continuation-in-part of Inter 
national Application No. PCT/US2007/015043 filed on Jun. 
28, 2007, which claims the benefit of priority of U.S. Ser. No. 
60/817,600 filed on Jun. 29, 2006, the contents of which are 
hereby incorporated in their entirety. 

GOVERNMENT INTERESTS 

0002 This invention was made with support from the U.S. 
Federal Government under Grant No. 5RO1 HL63244-7 
awarded by the National Heart, Lung, and Blood Institute 
(NHLBI). As such, the United States government has certain 
rights in this invention. 
0003. Throughout this application, various publications 
are referenced. The disclosures of these publications in their 
entireties are hereby incorporated by reference into this appli 
cation in order to more fully describe the state of the art as 
known to those skilled therein as of the date of the invention 
described and claimed herein. 
0004. This patent disclosure contains material that is sub 

ject to copyright protection. The copyright owner has no 
objection to the facsimile reproduction by anyone of the 
patent document or the patent disclosure as it appears in the 
U.S. Patent and Trademark Office patent file or records, but 
otherwise reserves any and all copyright rights. 

BACKGROUND OF THE INVENTION 

0005. The ability of platelets to rapidly stick to the dam 
aged wall of arterial blood vessels is critical for preventing 
blood loss (hemorrhage). Inappropriate deposition of these 
hemostatic cells in arterial blood vessels due to pathological 
disease processes such as atherosclerosis can result in lack of 
blood flow to vital organs such as the heart and brain. Thus a 
delicate balance exists between providing adequate hemosta 
sis without causing blockage of blood vessels by excessive 
platelet deposition (a.k.a. thrombus formation). 
0006 von Willebrand Factor (VWF) is a multidomain, 
plasma glycoprotein of complex multimeric structure which 
is synthesized by vascular endothelial cells and megakaryo 
cytes (1-3) (FIG. 1A). Its presence in the blood is vital to 
maintaining the integrity of the vasculature. To accomplish 
this task, VWF forms a “bridge' between the injured vessel 
wall and platelets by virtue of its ability to interact with 
extracellular matrix components. Such as collagen, and recep 
tors expressed on platelets, such as glycoprotein Ib alpha 
(4-9). It also binds to and confers stability to factor VIII (10). 
The importance of this glycoprotein in hemostasis is under 
scored by the occurrence of clinical bleeding when the 
plasma VWF levels fall below 50 IU/dL (type I von Will 
ebrand's disease, VWD), or when functional defects in the 
protein occur (type 2 VWD) (11,12). 
0007. Upon surface immobilization of VWF at sites of 
vascular injury, it is the role of the A1 domain of VWF 
(residues 1260-1480) to initiate the process of platelet depo 
sition at sites of vascular injury and under conditions of high 
rates of shear flow (>1,000 s'; Ruggeri, Z. M. et al. Blood. 
108, 1903-1910 (2006)). The critical nature of this interaction 
is exemplified by the bleeding disorder, termed type 2M 
VWD, which results from the incorporation of loss-of-func 
tion mutations within this domain that perturb interactions 
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with GPIb alpha (Sadler, J. E. et al. (2006).J. Thromb. Hae 
most. 4, 2103-2114; Rabinowitz, I. et al. (1992) Proc. Natl. 
Acad. Sci. USA 89, 9846-9849; Cruz et al., (2000) J. Biol. 
Chem. 275, 19098-19105). In addition, recombinant VWF 
multimers lacking the A1 domain cannot support platelet 
adhesion at high rates of flow despite retaining the ability to 
interact with collagen (Sixma et al., (1991) Eurj Biochem. 
196:369-75). 
0008. The structure of the A1 domain includes the C/B fold 
with a central B-sheet flanked by C.-helices on each side as 
well as one intra-disulfide bond (Cys1272-Cys 1458), but no 
MIDAS motif (Emsley et al., (1998).J. Biol Chem. 273:10396 
401). Its overall shape is cuboid, with the top and bottom faces 
forming the major and minor binding sites, respectively, that 
interact with the concave surface of GPIbo. The most exten 
sive contact site buries ~1700 A of surface area, interacting 
with LRR five to eight and the C-terminal flank of the GPIbC. 
(Huizinga, E. G. et al. (2002) Science 297, 1176-1179). For 
this to occur, the B-switch region of this platelet receptor 
undergoes a conformation change so that it aligns itself with 
the central beta sheet of the A1 domain. The smaller site 
(~900 A) accommodates the binding of the B-finger and the 
first LRR of GPIbC, an event that appears to require the 
displacement of the amino-terminal extension of the A1 
domain. Based on these findings as well as the preferential 
localization of mutations in humans within this region, which 
enhance GPIbC. binding, it is speculated that the amino-ter 
minal extension regulates the adhesive properties of this 
domain. This is also supported by the fact that recombinant 
A1 proteins lacking this extension have a higher affinity for 
this platelet receptor (Sugimoto et al., (1993) J Biol Chem. 
268: 12185-92). Despite these observations, the physiological 
relevance of Such structural changes in this receptor-ligand 
pair remains to be determined as well as the contribution of 
other domains to this process. 
0009. In addition to its role in hemostasis, VWF also con 
tributes to pathological thrombus formation on the arterial 
side of the circulation. This may be the consequence of injury 
to the blood vessel wall from inflammatory disease states 
and/or medical/surgical interventions. Pathological thrombus 
formation is the leading cause of death in the Western world. 
Thus, pharmaceutical companies have committed consider 
able resources towards the research and design of drugs to 
prevent or treat thrombosis. However, there remains an urgent 
need to develop new and improved therapies such as those 
aimed at reducing platelet and/or VWF interactions with the 
injured arterial wall. One major hurdle hindering drug devel 
opment in this field is the lack of an appropriate Small animal 
model of thrombosis to test promising therapies. For instance, 
differences in the structure or isoform of protein receptors or 
ligands on mouse vs. human platelets that are critical for the 
activation and/or binding of these cells to the injured vessel 
wall preclude testing of drugs developed against human plate 
lets in a mouse model of thrombosis. Moreover, this issue 
cannot be overcome by simply transfusing mice with human 
platelets as we have observed that mouse VWF does not 
Support significant interactions with human cells (see below). 
Thus, the development of a “humanized' mouse model of 
hemostasis and thrombosis would potentially expedite drug 
discovery and testing. 
0010 That said, we have discovered that only one amino 
acid difference between mouse and human VWF-A1 domains 
accounts for most of the inability of the former to interact with 
human platelets and vice versa. With this knowledge in hand, 
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we have genetically altered a mouse to express VWF that 
contains this amino acid found in human VWF-A1, imparting 
on it the ability to Support adhesion of human platelets to a 
level observed for its human counterpart. As a result, not only 
are we uniquely poised to better understand the molecular 
mechanisms governing human platelet binding at sites of 
vascular injury in vivo, but now have the capability to perform 
pre-clinical testing of anti-thrombotic agents and targeted 
molecular imaging agents directed against human platelet 
cells in a living animal. The material contained within this 
document describes the features of this unique biological 
platform for drug testing the testing of drugs and targeted 
molecular imaging agents. 

BRIEF DESCRIPTION OF THE FIGURES 

0011 FIG. 1A is a schematic representation of the prepro 
form of VWF. From top to bottom: repeated homologous 
regions: A1 and A3 disulfide loops and functional domains of 
the mature VWF Subunit. 
0012 FIG. 1B is an illustration depicting the sequential 
adhesive and activation events that promote platelet deposi 
tion at sites of vascular injury. 
0013 FIG. 2 is a model depicting the location of residues 
in the human VWF-A1 domain that if mutated, diminish GPIb 
alpha-mediated platelet binding in flow. Type 2M mutations 
are in red, residues identified by alanine Scanning mutagen 
esis are in blue, and residues identified by crystal structure are 
in green. 
0014 FIG. 3, panel A, is a structure model depicting resi 
dues associated with type 2M (red) or type2B (yellow)VWD. 
Panel B represents a silver stained gel that clinically depicts a 
type 2BVWD disease state individual, which is characterized 
by a loss of circulating high molecular weight VWF multim 
ers (HMWM, FIG. 3B, Lane 2). 
0015 FIG. 4 shows structure models of the human VWF 
A1 domain. FIG. 4A represents the location of the Ile1309 
mutation and its proposed effects on residues critical for GPIb 
binding. FIG. 4B shows the loss of the isoleucine methyl 
group allows a water molecule to enter, which ultimately 
results in changes in orientation of the G1324 peptide plane 
and the side chain of H1326 as depicted, residues critical for 
GPIb binding. 
0016 FIG. 5 is a space-filling model of the botrocetin-A1 
complex with sites involved in GPIb alpha binding and loca 
tion of type 2B mutations indicated (panel A), wherein botro 
cetin does not alter the conformation of VWF-A1. In panel B. 
minor conformational changes in the A1 domain are repre 
sented. Uncomplexed (blue) and complexed (green) mutant 
domains are superimposed onto the WT structure (red). 
0017 FIG. 6 is schematic wherein the uncomplexed A1 
domain, an amino-terminal extension (pink) appears to block 
a binding site for the amino-terminal B-hairpin (orange 
arrows) of GPIb alpha. Binding requires the amino-terminal 
extension of A1 to move, and also induces the B-Switch (yel 
low loop) of GPIb alpha to form a B-strand motif. 
0018 FIG. 7 depicts microscope images wherein the use 
ofplatelets in lieu of recombinant proteins or transfected cells 
as the immobilized substrate enables evaluation of GPIb 
alpha in its native form (i.e. correct orientation and proper 
post-translational modification). Platelet coverage of <10% 
can be bound in this manner and can remain relatively unac 
tivated for up to 30 min as evident by morphology on light 
microscopic examination (FIG. 7A) and lack of expression of 
P-selectin by fluorescence microscopy (FIG. 7B). 
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0019 FIG. 8 represents quantitations of bead-platelet 
interactions under flow. FIGS. 8A and 8B demonstrates the 
direct visualization of bead-platelet interaction under flow 
(60xDIC microscopy). An approaching bead moving at a 
velocity of 609+97um/sec (wall shear stress of 1.5 dyncm') 
is captured by a surface-immobilized platelet at (t=12.8 
msec), pivots a distance of less than 3 um in under 40 m.sec. 
and is then released after a pause time of 228.2 msec into 
the flow stream (escape velocity=288+/-90.4 um/sec). FIG. 
8C depicts representative experiments of k values for WT 
human VWF-A1 coated beads based on a distribution of 
interaction (pause) times. FIG. 8D shows that the kinetics of 
the GPIb alpha tether bond are identical whether platelets are 
metabolically inactivated or fixed in paraformaldehyde to 
prevent activation upon Surface-immobilization. 
0020 FIG. 9 represents the deduced single-letter amino 
acid sequence of mouse VWF-A1 domain (MVWF) com 
pared to its human counterpart (HVWF) from amino acid 
1260 to 1480. The locations of cysteines forming the loop 
structure are numbered (1238 and 1472) and differences in 
residues are highlighted in red. Conversion of the arginine (R) 
in the mouse A1 domain to histidine (H) as found in its human 
counterpart (blue x) enables mouse VWF to bind human 
platelets. 
0021 FIG. 10 represents graphs of ristocetin-induced 
platelet aggregation assays (RIPA). Concentrations of the 
ristocetin modulator known to cause agglutination of human 
platelets (~1.0 mg/ml) had no effect using murine platelet rich 
plasma (FIG. 10B, FIG. 10D). Incubation of murine platelet 
rich plasma (PRP) with thrombin resulted in >90% platelet 
aggregation (FIG. 10A). Concentrations of 22.5 mg/ml of 
modulator resulted in murine platelet aggregation (30%. FIG. 
10C). 
0022 FIG. 11 depicts a multimer gel analysis of purified 
VWF from human (lane 1, FIG. 11A) and mouse (lane2, FIG. 
11A) plasma. The ability of human and mouse VWF to medi 
ate platelet adhesion in flow was determined in order to evalu 
ate platelet interactions between human and murine VWF 
with GPIb alpha, as depicted in the bar graph of FIG. 11B. 
Surface-immobilized murine VWF supports adhesion of syn 
geneic platelets (1x10/ml) at a shear rate encountered in the 
arterial circulation (1600 s) as observed for the human 
plasma protein (FIG. 11B, first panel). In contrast, murine 
VWF did not support significant interactions with human 
platelets and vice versa. 
0023 FIG. 12 is an image of a gel of mouse and human 
VWF-A1 highly purified protein, which was dialyzed against 
25 mM Tris-HCl, 150 mM NaCl, 0.05% Tween 20, pH 7.8. 
SDS-PAGE analysis revealed a prominent protein band of 
34,000 Da for mouse VWF-A1 under non-reducing condi 
tions. 

0024 FIG. 13 depicts bar graphs of a series of invitro flow 
chamber assays performed to assess platelet adhesion, 
wherein human or murine platelets (5x10"/ml) were infused 
through a parallel plate flow chamber containing glass cover 
slips coated with either human (H) VWF-A1 or murine (M) 
VWF-A1 protein (100 g/ml final concentration) at a shear 
rate of 800s. MVWF-A1 protein supported platelet adhe 
sion as efficiently as its human counterpart under physiologi 
cal flow conditions (FIG. 13A). The translocation of mouse 
platelets occurred to a similar degree as its human counterpart 
under physiological flow conditions (FIG. 13B). However, 
human platelets had a reduced capacity to interact with M 



US 2009/0202429 A1 

VWF-A1 protein and mouse platelets had a reduced capacity 
to interact with HVWF-A1 protein in flow. 
0025 FIG. 14, panel A, represents purified bacterial His 
tagged VWF-A1 protein and non-His tagged VWF-A1 pro 
tein that was analyzed by SDS-PAGE (12.5%) under non 
reducing and reducing conditions. FIG. 14B depicts a bar 
graph of a human platelet adhesion assay to recombinant 
VWF proteins with and without the presence of a His-tag at a 
shear rate of 800 s'. 
0026 FIG. 15 represents models of the crystal structure of 
VWF-A1 domains solved using a recombinant protein. The 
main chain schematic of the mouse VWF-A1 domain, with 
B-strands (arrows) and helices (coils), is shown in FIG. 15A. 
The two cysteines involved in the disulfide bridge are shown 
as yellow spheres. FIG. 15B demonstrates that the C-alpha 
atoms of human (red) and mouse (blue) VWF-A1 domains 
closely overlap. FIG. 15C shows the model of the murine 
VWF-A 1 domain and the residues that purportedly interact 
with GPIb alpha, wherein amino acid residue 1326 of mouse 
(M) VWF-A1 was mutated to the corresponding amino acid 
at the identical location in its human counterpart (from Arg to 
His). 
0027 FIG. 16 shows graphs that depict platelet adhesion 
assays (FIG. 16A) and platelet translocation measurements 
(FIG. 16B). The ability of murine and human platelets to 
interact with a mutant protein substrate (human VWF-A1 
domain wherein amino acid residue 1326 was mutated from 
His to Arg and mouse VWF-A1 domain wherein amino acid 
residue 1326 was mutated from Arg to His) was evaluated at 
a wall shear rate of 800s. 
0028 FIG. 17 represents data from an ELISA assay. Fol 
lowing several injections of mouse (M) VWF-A1 serum was 
collected from rats and screened by ELISA for anti-VWF-A1 
antibodies. Spleens from animals with the highest antibody 
titers were harvested and splenocytes fused with Sp2/0 mouse 
myeloma cells (54). Supernatants of hybridomas were 
screened for reactivity to murine (M) VWF-A1 by ELISA. 
Pre-immune rat serum was used as control. Mabs to MVWF 
A1 not only reacted with WT and mutant proteins (1324G>S) 
but also recognized native VWF purified from mouse plasma. 
0029 FIG. 18 shows representative graphs depicting the 
distribution of interaction times for more than 35 individual 
transient attachment events at various times. Analysis of the 
distribution of interactions times between human or murine 
VWF-A1 coated beads and their respective platelet sub 
strates, as measured by high temporal resolution video 
microscopy, indicate that >95% of all transient tether bonds 
events fit a straight line, the regressed slope of which corre 
sponded to a singlek, wherein the cellular off-rates of these 
quantal units of adhesion for the wild type human (H) and 
murine (M) proteins are found in FIGS. 18A and B and M 
VWF-A1 protein containing the type 2B mutation I 1309V 
(1309I>V) corresponds to FIG. 18C. 
0030 FIG. 19 shows graphs that represent an assessment 
of transient tether events (FIG. 19A) and analysis of the 
distribution of interactions times (FIG. 19B) between human 
VWF-A1 coated microspheres and human immobilized 
platelets. The type 2B mutation Ile1309 Val (1309I>V) was 
incorporated into recombinant human (H) VWF-A1 contain 
ing either the type 2M mutation Gly 1324Ser (1324G>S) or 
the function reducing mutation His1326Arg (1326HCR). 
0031 FIG. 20 is a scheme for generating transgenic mice 
with mutant VWF-A1 domains. FIG. 20A is a diagram of a 
knock-in construct for proposed mutations in the VWF-A1 
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domain of mice. FIG. 20B represents Southern blot hybrid 
ization with probe “a” or “b', respectively, to determine if the 
construct was appropriately targeted. 
0032 FIG. 21 represents Southern blot analysis wherein 
heterozygous and homozygous mice for the amino acid Sub 
stitution at residue 1326 (R1326H; 1326R-H) display the 
Arg1326His mutation (lanes 2 and 3 respectively) while wild 
type animals did not (lane 1). 
0033 FIG. 22 represents sequence analysis of purified 
PCR products of WT, heterozygous, or homozygous VWF 
A1 domains wherein the red-boxed area denotes the conver 
sion of Arg to His (CGT in FIG. 22A wherein the codon 
corresponds to Arg and CAT in FIG.22C wherein the codon 
corresponds to the amino acid His). 
0034 FIG. 23 is a graph of an ELISA assay which dem 
onstrated that conversion of Arg to His in the mouse A1 
domain did not alter plasma protein levels of VWF in mutant 
mice nor its ability to form multimers. The ELISA assay 
detected mouse VWF in plasma obtained from WT and 
homozygous (KI) animals, but not from plasma obtained 
from animals deficient in VWF (VWF KO). 
0035 FIG. 24 is a gel image of multimer gel analysis of 
plasma VWF that revealed an identical banding pattern 
between mouse and human VWF. Incorporation of His at 
position 1326 in the mouse A1 domain had no effect on 
multimerization of VWF in mutant mice. 
0036 FIG.25 is a graphical representation of the bleeding 
times (s) observed in the mutant VWF-A1 mice that are either 
heterozygous or homozygous for the 1326R>H mutation. 
Results are compared to normal counterparts and VWF-defi 
cient mice. Tail cut-1 cm. 
0037 FIG. 26 is a bar graph depicting thrombus formation 
induced by perfusion of whole blood from either wild type 
(WT) or homozygous mutant mice over surface-immobilized 
collagen in vitro wherein an 80% reduction in thrombus for 
mation was observed compared to WT controls. 
0038 FIG. 27 are micrographs that demonstrate reduced 
thrombus formation occurring when whole blood from either 
the knock-in animals (homozygous for the R1326H muta 
tion) or WT is perfused over collagen-coated cover slips at a 
shear rate of 1600s' indicating a 70% reduction in thrombi 
formed on collagen as compared to WT controls. 
0039 FIG. 28 demonstrates a platelet adhesion assay in 
flow. R1326H mutant mouse VWF promotes interactions 
with human platelets under physiologic flow conditions, 
wherein anticoagulated human blood was infused over Sur 
face-immobilized WT or mutant mouse plasma VWF at 1600 
s' as shown in the micrographs of FIG. 28A. FIG. 28B is a 
graph that depicts the amount of human platelets that bound to 
WT murine VWF or R1326H mutant murine VWF. 
0040 FIG. 29 are transmitted light micrographs demon 
strating that homozygous mutant mice infused with human 
(FIG. 29A) but not mouse platelets (FIG. 29B) were able to 
generate an arterial thrombus that occludes the vessel lumen 
in response to laser-induced vascular injury as depicted by 
intravital microscopy. 
0041 FIG.30 is a bar graph that depicts the average bleed 
ing time for mice receiving blood-banked human platelets (~3 
minutes for a 1 cm tail cut) or given an intravenous infusion of 
a physiological buffered saline solution (10 minutes (end 
point)). 
0042 FIG. 31 is a schematic representing the isolation of 
the cremaster muscle and the catheter set-up used in intravital 
microscopy assays to assess thrombus formation. 
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0043 FIG. 32 is a schematic of an intravital microscopy 
method. 
0044 FIG. 33 demonstrates images of mouse platelet 
interactions and a bar graph of such interactions in a wildtype 
animal. FIG. 33A are representative intravital photomicro 
graphs that depict the range of platelet interactions that occur 
at a site of vascular injury (60x). Platelets were observed to 
either transiently pause (*) or rapidly tether to and translocate 
(TP) on damaged arterial endothelium. A composite image 
demonstrates translocation of two platelets over a 3 s interval 
of time (panel 6). FIG.33B depicts interacting platelets at the 
site of arterial injury that were classified as either undergoing 
translocation or firm adhesion (sticking) during an observa 
tion period of 1 min. 
0045 FIG.34 represents photomicrographs that depict the 
vessel wall in a wild type mouse in the (A) absence of injury 
or (B) post-laser-induced injury as visualized under transil 
lumination (40x objective). Thrombus is indicated by the 
aOWS. 

0046 FIG.35 is a graphical representation of the bleeding 
phenotype observed in the mutant VWF-A1 1326RaH het 
erozygous or homozygous mouse compared to its WT coun 
terpart when tails were cut either 5 mm (FIG.35A) or 15 mm 
(FIG. 35B) from the tip of the tail. 
0047 FIGS. 36A-B are graphs that depictex vivo analysis 
of human platelet interactions with plasma VWF or recom 
binant VWF-A1 proteins. Accumulation of human platelets 
on surface-immobilized plasma human or mouse VWF (FIG. 
36A) or recombinant human or mouse A1 domain proteins 
(FIG. 36B) after 4 min of perfusion with whole blood (shear 
rate of 1600s) is shown. Data are representative of three 
separate experiments performed in triplicate (meants.e.m.). 
0048 FIGS. 36C-D are graphs that depictex vivo analysis 
of mouse platelet interactions with plasma VWF or recombi 
nant VWF-A1 proteins. Accumulation of murine platelets on 
surface-immobilized human or mouse plasma VWF (FIG. 
36C) or recombinant human or mouse A1 domain proteins 
(FIG. 36D) after 4 min of perfusion with whole blood (shear 
rate of 1600s) is shown. Data are representative of three 
separate experiments performed in triplicate (meants.e.m.). 
0049 FIGS. 37A-B are structural representations of 
human and murine VWF-A1 domains. FIG. 37A depicts the 
alignment of CC. atoms for human (blue) and murine (red) A1 
domains. Key residues described in EXAMPLE 4 are shown 
as red spheres or as ball-and stick side-chains. FIG. 37B is a 
90° rotation about a horizontal axis to reveal the packing of 
residue 1397 (Phe in human, Leu in mouse) that results in a 3 
A shift (blue arrow) of helix C4. 
0050 FIGS. 37C-D are structural representations of 
human and murine GPIbot-VWF-A1 complexes. FIG. 37C 
depicts the model of the murine-murine complex. FIG. 37D 
depicts the crystal structure of the human-human complex. 
Salt bridges are circled and key residue differences are boxed. 
Zooms reveal details of the electrostatic interactions at the 
B-switch contact region. The region of contact involving helix 
C3 of the A1 domain and one face of the LRR repeats of 
GPIbC. is highly conserved between species, except for two 
residue changes that do not participate in bond formation: 
GPIbo. E151K and VWF-A1 G1370S (human:mouse). Thus, 
minor differences in this region are unlikely to contribute to a 
reduction in binding between the murine and human proteins. 
This is also the case with the contact area located at the 
bottom of the A1 domain, which is invariant in both species 
and participates in Salt-bridge formation (red circle). 
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0051 FIG.37E is a model of the human GPIbot-murine A1 
complex, showing the loss (green arrow) and gain (blue 
circle) of salt-bridges. The upper Zoom shows the interspecies 
interface at the B-switch region, revealing the electrostatic 
clash. The lower Zoom shows the murine VWF-A1 point 
mutant 1326RaH, which removes the electrostatic clash and 
now closely resembles the human-human complex. 
0052 FIG. 37F is a model of the murine GPIbot-human 
VWF-A1 complex. Two salt-bridges are lost as compared to 
the murine complex: murine GPIbC. D238 with residue 1326 
due to the RZ-H change in human VWF-A1, and murine 
GPIbo K237 with residue 1330 owing to the E>G change in 
the human protein. Moreover, neither the chimeric nor 
murine complex forms a salt-bridge between residues 225 
and 1395 on GPIbC. and VWF-A1, respectively, as compared 
to its human counterpart (green circle). The upper Zoom 
shows the interspecies interface at the B-switch region; there 
is no electrostatic clash but no salt-bridge can form with 
H1326. The lower Zoom shows the human point mutant 
1326H2R, which adds a salt-bridge and now closely 
resembles the murine-murine complex. 
0053 FIG. 37G is a graph that shows the accumulation of 
human platelets on surface-immobilized recombinant WT 
murine VWF-A1 domain proteins, those containing the 
selected mutations 1326RaH, 1330Es-G and 1370ScG, or 
WT human VWF-A1 protein (shear rate of 1600s). Data 
are representative of three separate experiments performed in 
triplicate (meants.e.m.). 
(0054 FIG. 38A is schematic for the generation of the 
VWF'''' mouse that represents the targeting strategy for 
insertion of exon 28 containing adenine in lieu of guanine at 
position 3977 of the cDNA for murine VWF, R1, EcoRI: RV: 
EcoRV: B, BamHI; X, XhoI; pGK-TK, pGK-Neo, thymidine 
kinase/neomycin resistance cassette; , loxP sites. 
0055 FIG. 38B is a blot of a Southern analysis of tailed 
DNA digested with EcoR1. Wild-type (WT) allele, 14 kb: 
mutant allele, 6 kb using Probe A. FIG. 38C represents the 
DNA sequencing of the tailed DNA demonstrating successful 
incorporation of adenine at position 3977 in heterozygous 
and homozygous animals (CGT2-CAT). Sequence analysis of 
genomic DNA from these animals, 2 kb upstream and 6 kb 
downstream of exon 28, did not reveal any other alterations in 
nucleotide base pairs that would affect VWF production and/ 
or function. 

0056 FIGS. 39A-B represent the analysis of VWF gene 
transcription and translation. FIG. 39A is a gel of RT-PCR of 
lung tissue from WT or mutant VWF mice to detect for A1, 
A2, and/or A3 domain message. B-actin analyzed to demon 
strate use of equivalent amounts of mRNA. FIG. 39B is a 
graph demonstrating VWF antigen levels in plasma obtained 
from WT littermates (pooled) or six individual mice homozy 
gous for 1326R>H mutation as detected by ELISA. Data are 
representative of two independent experiments performed in 
triplicate. 
0057 FIG. 39C is a gel showing the analysis of VWF 
multimers in plasma from WT or homozygous mutant ani 
mals. Normal human plasma as well as that obtained from a 
patient with type 2B VWD is shown for comparison. 
0.058 FIG. 40 depicts representative photomicrographs 
showing murine platelet accumulation at sites of laser-in 
duced arteriolar injury in WT or homozygous mutant animals 
20s and 2 min post-injury. White lines demarcate the extent 
of the thrombus. 
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0059 FIG. 41A is a graphical representation of the tail 
bleeding times (S) for heterozygous and homozygous 
VWF'''' and WT mice when tails were cut 1 cm from the 
tip of the tail. Each point represents one individual mouse and 
experiments were performed on five separate days. 
0060 
interactions with surface-immobilized plasma VW 
at a shear rate of 1,600 s. A role for GPIb alpha on human 
platelets is demonstrated by the function-blocking antibody 
to this platelet receptor (mAb 6D1) to prevent adhesion in 
flow. 

0061 FIG. 41C are microscopy images of in vivo analysis 
of human platelet interactions with murine plasma 
VWF'''' using infused fluorescently labeled human 
platelets into the vasculature of the cremaster muscle of mice. 
Human platelet accumulation was examined at sites of laser 
induced arteriolar injury in WT (n=10) or homozygous 
mutant animals (n=12) using 2 channel confocal microscopy 
with excitation wavelengths of 488 nm (BCECF) and 561 nm 
(rhodamine 6G). Representative composite images of fluo 
rescent images depicting human thrombus formation in 
homozygous mutant (upper panels) or WT (lower panels) 
mice (V-Venule: A=arteriole). Rhodamine and BCECF are 
depicted in red and green, respectively, and merged is pre 
sented in yellow. 
0062 FIG. 41D is a bar graph depicting the composition of 
thrombi (% of total area) in WT or homozygous mutant 
animals. 

0063 FIG. 41E is a bar graph measuring thrombus size 
during an in vivo study of human platelet interactions with 
plasma VWF''' to determine the effect of GPIbo or 
CIIb?33 blockade on human platelet adhesion in vivo. The 
requirement for GPIb alpha-mediated adhesion is shown by 
the ability of a function-blocking antibody (mAB 6D1 or 
mAb 7E3) to GPIb alpha to prevent human platelet thrombus 
formation in vivo. Fluorescently labeled human platelet accu 
mulation was examined at sites of laser-induced arteriolar 
injury in WT (n-6) or homozygous mutant animals (n=8). 
Data represent the meants.e.m. 
0064 FIG. 41F is a graphical representation of tail bleed 
ing times (s) for homozygous VWF''' that received an 
infusion of either normal saline or human platelets prior to 
severing 10 mm of distal tail, wherein the ability of human 
platelets to restore hemostasis in homozygous VWF''' 
and the effect of PLAVIX or ReoProR) on this process was 
examined. Each point represents one individual mouse and 
experiments were performed on 3 Separate days. 
0065 FIG. 42 is a schematic depicting a perfluorocarbon 
nanoparticle capable of incorporating imaging agents (Gd". 
"Tc) and chemotherapeutics into the outer layers. Antibod 

ies complexed to the Surface of the particle can target the 
agent to specific sites within the body. 
0066 FIG. 43 is a photographic image depicting the accu 
mulation of fluorescent PNP coupled to an antibody that 
recognizes human alphaIIb beta 3 on the Surface of human 
platelets, at a site of vascular injury in homozygous 1326RZH 
mutant mice infused with human platelets. 
0067 FIG. 44 is a graphical representation of the structure 
of the VWF-A1-GPIb alpha-botrocetin ternary complex. 
FIG. 44A is a ribbon representation; GPIb alpha, green; 
botrocetin, red; A1, cyan. FIG. 44B demonstrates the location 
of the previously unknown interface between GPIb alpha and 
botrocetin. 

FIG. 41B is an ex vivo analysis of human platelet 
F1326R>H 
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0068 FIG. 45A is a schematic representation showing that 
Recombinant GPIb alpha is surface-immobilized in a 96 well 
format. After blocking potential non-specific binding sites, 
recombinant VWF-A1 containing a His tag is added to the 
wells and allowed to interact with GPIb alpha for a specified 
period of time. The unbound material is removed by washing 
the wells and the complex formed between the 2 proteins 
detected by the addition of a HRP-conjugated antibody that 
binds to the His tag on A1. The amount of bound A1 can then 
be quantified by either fluorescence (addition of LumiGlow) 
or by color change. 
0069 FIG. 45B is an image representing that the specific 
ity of the interaction can be determined by the addition of the 
GPIb function blocking antibody 6D1 prior to the addition of 
recombinantVWF-A1. DMSO (0.5%) was added to illustrate 
that this reagent does not interfere with the assay. 
(0070 FIG. 46 are graphs depicting the effect of Plavix 
(FIG. 46A) or ReoPro (FIG. 46B) on human platelet-induced 
hemostasis in homozygous VWF'''' mice. 
0071 FIG. 47 is a graph showing the efficacy of anti 
platelet drugs administered to patients by studying the ability 
of platelets harvested from patients on therapies in the 
VWFl326RF mouse. 

SUMMARY OF THE INVENTION 

0072 The invention provides for a mouse model for pre 
clinical Screening and testing of candidate compounds, 
wherein the model comprises a mouse expressing plasma Von 
Willebrand Factor protein that contains a mutation or combi 
nation of mutations in its A1 domain that change the mouse 
protein's binding specificity from being specific for mouse 
platelets to being specific for human platelets. Thus, the 
mutant A1 domain contained within mouse plasma VWF 
particularly supports the binding of human platelets in vivo 
and ex-vivo. In one embodiment, the mouse model is infused 
with human platelets. In another embodiment, human plate 
lets are labeled ex-vivo or in vivo so as to be detected while in 
the animal. 
0073. The invention provides for where the mutation in the 
A1 domain of mouse VWF comprises 1263P>S, 1269N>D, 
1274K>R, 1287MeR, 1302G>D, 1308H>R, 1313R>W, 

1469Q>L, 1472Q>H, 1473V>M, 1475H>O, 1479S>G, and 
any combination thereof, wherein the mutation corresponds 
to an amino acid position of human von Willebrand Factor A1 
protein shown in SEQID NO: 6. In addition, the mouse VWF 
A1 domain can be fully or partially replaced with the human 
VWFA1 domain. In one embodiment, the mutation in mouse 
VWF-A1 is 1326RaH. In another embodiment, the mouse 
model comprises a device within a vessel. Such as a stent or a 
graft, or mechanical, chemical, or heat-induced disruption of 
vascular endothelium in vivo. This model system is useful for 
testing compounds in an in vivo environment. The com 
pounds can be tested for an effect on the interaction between 
human platelets and human-like (the mutant VWF-A1, 
1326RaH, for example), or the actual human VWF-A1 
domain. For example, the animal model can be used for 
pre-clinical testing of drugs in order to determine whether 1) 
there is a desired effect on hemostasis and/or thrombus for 
mation or anti-thrombotic effect by the test drug or 2) there is 
an undesired effect on hemostasis and/or thrombus formation 
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or anti-thrombotic effect by a test drug not specifically 
designed to alter hemostasis and/or thrombus formation. In 
the latter case, many drugs are only identified as having an 
effect on clotting or bleeding once they are in human clinical 
trials, this animal model will fill an unmet need, which is to 
test such effects prior to clinical trials. The invention also 
permits testing of compounds targeted to the VWF-A1 
domain that can correct the bleeding phenotype associated 
with a loss-of-function mutations (1326RaH, for example) by 
altering the kinetics of the interaction between GPIbC. and 
VWF-A1 (for example, enhancing the on-rate and/or pro 
longing the bond lifetime as shown for the Snake Venom 
protein botrocetin. 
0074 The invention also provides for an isolated mutant 
human von Willebrand Factor A1 protein comprising one or 
more mutations selected from the group consisting of 
1263S>P, 1269D>N, 1274R>K, 1287R>M, 1302D>G, 

1449Q>R, 1466P>A, 1469L>Q, 1472H>Q, 1473M>V. 
1475Q>H, 1479G>S, wherein each amino acid position cor 
responds to a position in SEQID NO: 6. The invention also 
provides for an isolated mutant human von Willebrand Factor 
A1 protein consisting of a 1263S>P mutation in an amino acid 
sequence of SEQID NO: 1. The invention also provides for an 
isolated mutant human von Willebrand Factor A1 protein 
consisting of a 1269D>N mutation in an amino acid sequence 
of SEQID NO: 1. The invention also provides for an isolated 
mutant human von Willebrand Factor A1 protein consisting 
of a 1274R>K mutation in an amino acid sequence of SEQID 
NO: 1. The invention also provides for an isolated mutant 
human von Willebrand Factor A1 protein consisting of a 
1287R>M mutation in an amino acid sequence of SEQ ID 
NO: 1. The invention also provides for an isolated mutant 
human von Willebrand Factor A1 protein consisting of a 
1302D>G mutation in an amino acid sequence of SEQ ID 
NO: 1. The invention also provides for an isolated mutant 
human von Willebrand Factor A1 protein consisting of a 
1308R>H mutation in an amino acid sequence of SEQ ID 
NO: 1. The invention also provides for an isolated mutant 
human von Willebrand Factor A1 protein consisting of a 
1313 W>R mutation in an amino acid sequence of SEQ ID 
NO: 1. The invention also provides for an isolated mutant 
human von Willebrand Factor A1 protein consisting of a 
1314V>I mutation in an amino acid sequence of SEQID NO: 
1. The invention also provides for an isolated mutant human 
von Willebrand Factor A1 protein consisting of a 1326HCR 
mutation in an amino acid sequence of SEQ ID NO: 1. The 
invention also provides for an isolated mutant human Von 
Willebrand Factor A1 protein consisting of a 1329I>L muta 
tion in an amino acid sequence of SEQID NO: 1. The inven 
tion also provides for an isolated mutant human von Will 
ebrand Factor A1 protein consisting of a 1330G>E mutation 
in an amino acid sequence of SEQID NO:1. The invention 
also provides for an isolated mutant human von Willebrand 
Factor A1 protein consisting of a 1333D>A mutation in an 
amino acid sequence of SEQID NO: 1. The invention also 
provides for an isolated mutant human von Willebrand Factor 
A1 protein consisting of a 1344A>T mutation in an amino 
acid sequence of SEQID NO: 1. The invention also provides 
for an isolated mutant human von Willebrand Factor A1 pro 
tein consisting of a 1347 V>I mutation in an amino acid 
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sequence of SEQID NO: 1. The invention also provides for an 
isolated mutant human von Willebrand Factor A1 protein 
consisting of a 1350A>T mutation in an amino acid sequence 
of SEQID NO: 1. The invention also provides for an isolated 
mutant human von Willebrand Factor A1 protein consisting 
of a 1370S>G mutation in an amino acid sequence of SEQID 
NO: 1. The invention also provides for an isolated mutant 
human von Willebrand Factor A1 protein consisting of a 
1379R>H mutation in an amino acid sequence of SEQ ID 
NO: 1. The invention also provides for an isolated mutant 
human von Willebrand Factor A1 protein consisting of a 1381 
A>T mutation in an amino acid sequence of SEQ ID NO:1. 
The invention also provides for an isolated mutant human Von 
Willebrand Factor A1 protein consisting of a 1385MDT muta 
tion in an amino acid sequence of SEQID NO: 1. The inven 
tion also provides for an isolated mutant human von Will 
ebrand Factor A1 protein consisting of a 1391Q>P mutation 
in an amino acid sequence of SEQID NO: 1. The invention 
also provides for an isolated mutant human von Willebrand 
Factor A1 protein consisting of a 1394SSA mutation in an 
amino acid sequence of SEQ ID NO: 1. The invention also 
provides for an isolated mutant human von Willebrand Factor 
A1 protein consisting of a 1397F>L mutation in an amino 
acid sequence of SEQID NO: 1. The invention also provides 
for an isolated mutant human von Willebrand Factor A1 pro 
tein consisting of a 1421 N>S mutation in an amino acid 
sequence of SEQID NO: 1. The invention also provides for an 
isolated mutant human von Willebrand Factor A1 protein 
consisting of a 1439V>L mutation in an amino acid sequence 
of SEQID NO: 1. The invention also provides for an isolated 
mutant human von Willebrand Factor A1 protein consisting 
of a 1442S>G mutation in an amino acid sequence of SEQID 
NO: 1. The invention also provides for an isolated mutant 
human von Willebrand Factor A1 protein consisting of a 
1449Q>R mutation in an amino acid sequence of SEQ ID 
NO: 1. The invention also provides for an isolated mutant 
human von Willebrand Factor A1 protein consisting of a 
1466P>A mutation in an amino acid sequence of SEQID NO: 
1. The invention also provides for an isolated mutant human 
von Willebrand Factor A1 protein consisting of a 1469L>Q 
mutation in an amino acid sequence of SEQ ID NO: 1. The 
invention also provides for an isolated mutant human Von 
Willebrand Factor A1 protein consisting of a 1472H>Q muta 
tion in an amino acid sequence of SEQID NO: 1. The inven 
tion also provides for an isolated mutant human von Will 
ebrand Factor A1 protein consisting of a 1473MZ-V mutation 
in an amino acid sequence of SEQID NO: 1. The invention 
also provides for an isolated mutant human von Willebrand 
Factor A1 protein consisting of a 1475Q>H mutation in an 
amino acid sequence of SEQ ID NO: 1. The invention also 
provides for an isolated mutant human von Willebrand Factor 
A1 protein consisting of a 1479G>S mutation in an amino 
acid sequence of SEQID NO: 1. 
0075. The invention also provides for an isolated mutant 
human von Willebrand Factor A1 protein having SEQID NO: 
6, wherein the protein comprises a mutation selected from the 
group consisting of 1263S>P 1269D>N, 1274R>K, 
1287R>M, 1302D>G, 1308R>H, 1313WaR, 1314V>I, 
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0076. The invention provides for a transgenic non-human 
animal expressing von Willebrand Factor A1 protein contain 
ing mutation(s) at one of more amino acid position selected 
from the group consisting of 1263, 1269, 1274, 1287, 1302, 
1308, 1313, 1314, 1326, 1329, 1330, 1333, 1344, 1347, 1350, 
1370, 1379,1381, 1385, 1391, 1394, 1397, 1421, 1439, 1442, 
1449, 1466, 1469, 1472, 1473, 1475, and 1479, wherein the 
position corresponds to an amino acid position of human Von 
Willebrand Factor A1 protein shown in SEQID NO: 6. In one 
embodiment, the animal is a murine, a porcine, a canine, a 
feline, a rabbit, or a primate. In another embodiment, the 
animal is a mouse, a rat, a dog, a sheep, a goat, a horse, a cow, 
a cat, a monkey, a primate, a pig, a llama, an alpaca, a chicken, 
etc. In other embodiments, the protein comprises a single 
mutation. In further embodiments, the protein comprises two 
or more mutations. In yet another embodiment, the protein 
comprises at least one mutation selected from the group con 
sisting of 1263>S, 1269-D, 1274>R, 1287>R, 1302>D, 
1308>R, 1313R>W, 1314>V, 1326>H, 1329s-I, 1330>G, 
1333>D, 1344>A, 1347>V, 1350>A, 1370>S, 1379s-R, 
1381>A, 1385>M 1391>O, 1394>S, 1397>F, 1421c-N, 
1439>V. 1442>S, 1449-Q, 1466>P 1469>L, 1472>H, 
1473>M, 1475>Q, 14792G, and any combination thereof. In 
particular embodiments, the protein comprises a 1326RZH 
mutation. In other embodiments, the protein comprises a 
1314I>V mutation. In yet other embodiments, the protein 
comprises a 1326RaH mutation, a 1314I>V mutation, or a 
combination of the two mutations listed previously. In some 
embodiments of the invention, the animal is a mouse. In 
further embodiments, the protein comprises SEQID NO: 5. 
In other embodiments, the VWF protein is at least 5%, 10%, 
15%, 20%, 25%, 30%, 40%, 50%, 60%, 70%, 75%, 80%, 
85%, 90%, 95%, 99%, or 100% identical to the A1 domain of 
human VWF protein as shown in SEQID NO: 1. In particular 
embodiments, the von Willebrand Factor A1 protein of the 
transgenic animal comprises the human A1 domain shown in 
SEQ ID NO: 1. In some embodiments, the von Willebrand 
Factor A1 protein is partially or completely replaced with a 
human von Willebrand Factor A1 protein comprising SEQID 
NO: 1. In other embodiments, the animal is a model for 
pre-clinical testing of compounds that expresses a mutant Von 
Willebrand Factor (VWF) A1 protein containing one or more 
mutations, wherein the binding specificity of the mutant 
VWF-A1 protein changes from being specific for the animal 
platelets to being specific for human platelets. In further 
embodiments the mutant VWF-A1 protein in the animal 
binds to human platelets. 
0077. The invention is provides a method for identifying a 
compound that modulates binding of VWF-A1 protein to 
GPIb-alpha protein. The method comprises: providing an 
electronic library of test compounds; providing atomic coor 
dinates listed in Table 8 for at least 10amino acid residues for 
the A1 domain of the VWF protein, wherein the coordinates 
have a root mean square deviation therefrom, with respect to 
at least 50% of Co. atoms, of not greater than about 2.5 A, in 
a computer readable format, converting the atomic coordi 
nates into electrical signals readable by a computer processor 
to generate a three dimensional model of the VWF-A1 
domain; performing a data processing method, wherein elec 
tronic test compounds from the library are Superimposed 
upon the three dimensional model of the VWF-A1 domain; 
and determining which test compound fits into the binding 
pocket of the three dimensional model of the VWF-A1 pro 
tein, thereby identifying which compound would modulate 
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the binding of VWF-A1 protein to GPIb-alpha protein. Alter 
natively, the method can comprise: providing an electronic 
library of test compounds; providing atomic coordinates 
listed in Table 8 in a computer readable format for at least 10, 
15, 20, 25, 30, 35, or 40 amino acid residues for the A1 
domain of the VWF protein, wherein the residues comprise 
two or more of the following residues: Pro1391, Arg1392, 
Arg1395, Val1398, Arg1399, Gln1402, Lys1406, Lys1423, 
Gln1424, Leu1427, Lys1430, or Glu1431; converting the 
atomic coordinates into electrical signals readable by a com 
puter processor to generate a three dimensional model of the 
VWF-A1 domain; performing a data processing method, 
wherein electronic test compounds from the library are super 
imposed upon the three dimensional model of the VWF-A1 
domain; and determining which test compound fits into the 
binding pocket of the three dimensional model of the VWF 
A1 protein, thereby identifying which compound would 
modulate the binding of VWF-A1 protein to GPIb-alpha pro 
tein. 

0078. In one embodiment, determining comprises detect 
ing an ICso of less than about 7.5ug/ml for a test compound. 
In another embodiment, the method can further comprise: 
obtaining or synthesizing a compound; contacting VWF-A1 
protein with the compound under a condition suitable for 
GPIb-alpha-VWF-A1 binding; and determining whether the 
compound modulates GPIb-alpha-VWF-A1 protein binding 
using a diagnostic assay. In a further embodiment, contacting 
comprises perfusing platelets into a flow chamber at a shear 
flow rate of at least 100s', wherein mutant murine VWF-A1 
protein is immobilized on a bottom surface of the chamber, 
while in another embodiment contacting comprises perfusing 
platelets into the transgenic non-human animal described 
above. In some embodiments, contacting occurs sequentially. 
In other embodiments, the perfusing of platelets occurs prior 
to administration of the compound. In one embodiment, the 
platelets are human platelets, while in other embodiments, the 
platelets are not murine platelets. In further embodiments, the 
determining comprises detecting an increase or decrease in 
the dissociation rate between VWF-A1 protein and GPIb 
alpha protein by at least two-fold. In other embodiments, the 
determining comprises detecting an increase or decrease of 
platelet adhesion to a surface expressing VWF-A1 protein, 
while in Some embodiments the determining comprises 
detecting an increase or decrease in a stabilization of an 
interaction between VWF-A1 protein and GPIb-alpha pro 
tein. In particular embodiments, the determining comprises 
detecting thrombosis formation. In some embodiments, the 
determining comprises identifying an occurrence of an 
abnormal thrombotic event in the subject. In further embodi 
ments of the invention, an abnormal thrombotic event com 
prises abnormal bleeding, abnormal clotting, death, or a com 
bination of the events listed. In some embodiments, the 
determining comprises dynamic force microscopy, a coagu 
lation factor assay, a platelet adhesion assay, thrombus imag 
ing, a bleeding time assay, aggregometry, review of real-time 
video of blood flow, a Doppler ultrasound vessel occlusion 
assay, or a combination thereof. In particular embodiments of 
the invention, perfusing platelets is followed by perfusion of 
a labeled agent. In some embodiments, the labeled agent 
comprises one or more of a nanoparticle, a fluorophore, a 
quantum dot, a microcrystal, a radiolabel, a dye, a gold bio 
label, an antibody, or a small molecule ligand. In other 
embodiments, the agent targets a platelet receptor, a VWF 
protein, or a portion thereof. In another embodiment, the 
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animal is injected with nanoparticles, and/or peptides, and/or 
Small molecules, which label the human platelets, at Some 
time prior testing, wherein the nanoparticles, and/or peptides, 
and/or Small molecules are capable of being imaged while in 
the animal. In another embodiment, the testing comprises 
tracking of human platelet deposition in the animal. In 
another embodiment, the compound or agent is an anti 
thrombotic, such as an anti-platelet drug, e.g., PLAVIX, an 
ADP inhibitor, and/or a humanized antibody and/or small 
molecule that inhibits human alpha IIb and/or beta 3 integrin 
function, human alpha2 and/or beta 1 integrin function, 
human glycoprotein VI (GPVI) function, human thrombin 
receptors function, and/or intracellular signaling pathways 
(for example, phosphoinositide 3-kinases (PI3K)) vital to 
platelet function in hemostasis and thrombosis. 
007.9 The invention provides for a method for testing a 
compound or agent, the method comprising: (a) providing a 
candidate agent or compound to be tested; (b) administering 
the agent or compound to an animal in an effective amount, 
wherein the animal expresses a mutant von Willebrand Factor 
A1 protein containing a mutation, combination of mutations 
that change the animal protein's binding specificity from 
being specific for animal platelets to being specific for human 
platelets, so that the mutant VWF-A1 protein in the animal 
binds to human platelets, and wherein the animal is perfused 
with human platelets; (c) testing the animal to determine 
whether the animal experiences any abnormal hemostatic 
and/or thrombotic events, thereby testing the compound or 
agent. 
0080. The invention provides for a nucleic acid encoding 
the mutant von Willebrand Factor A1 protein of the invention. 
The invention provides for a vector containing Such a nucleic 
acid. The invention provides for an animal expressing Such a 
nucleic acid to express the mutant VWF protein. 
0081. The invention also provides a method for treating 
von Willebrand Disease (VWD) in a subject in need thereof, 
the method comprising administering to the Subject an effec 
tive amount of a compound that promotes platelet adhesion in 
the Subject, wherein the compound increases the dissociation 
rate between VWF-A1 protein and GPIb-alpha protein by at 
least two-fold, thereby administration of the compound 
increases blood coagulation in the Subject. In one embodi 
ment, coagulation is measured by a coagulation factor assay, 
an ex-Vivo flow chamber assay, or a combination thereof. 
0082. The invention provides a method for rapidly detect 
ing an internal vascular injury site in a subject. The method 
comprises: administering to a Subject a targeted molecular 
imaging agent, wherein the molecule circulates for an effec 
tive period of time in order to bind to the injury site within the 
Subject; tracking a deposition of the labeled targeted molecu 
lar imaging agent in the Subject; and identifying the site of a 
thrombus formation in the Subject by imaging the targeted 
molecular imaging agent, thereby the deposition of the tar 
geted molecular imaging agent at the internal vascular injury 
site is indicative of internal bleeding within a subject. In one 
embodiment, the targeted molecular imaging agent is admin 
istered by Subcutaneous, intra-muscular, intra-peritoneal, or 
intravenous injection; infusion; by oral, nasal, or topical 
delivery; or a combination of the routes listed. In another 
embodiment, the targeted molecular imaging agent com 
prises a nanoparticle, a fluorophore, a quantum dot, a micro 
crystal, a radiolabel, a dye, a gold biolabel, an antibody, a 
peptide, a small molecule ligand, or a combination of the 
agents listed. In a further embodiment, the nanoparticle com 
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prises a perfluorocarbon, while in particular embodiments, 
the nanoparticle is coupled to an antibody, a small molecule, 
a peptide, or a receptor trap. In some embodiments, the tar 
geted molecular imaging agent specifically binds to a platelet 
receptor, or a VWF protein, or a portion thereof. In other 
embodiments, the targeted molecular imaging agent has a 
T of at least 30 minutes. In further embodiments, imaging 
comprises a PET scan, MRI, IR scan, ultrasound, nuclear 
imaging, or a combination of the methods listed. In a particu 
lar embodiment, the subject is further administered a pro 
thrombotic compound. In a further embodiment, the com 
pound increases the dissociation rate between VWF-A1 
protein and GPIb-alpha protein by at least two-fold. 
I0083 Considerable emphasis has been placed on elucidat 
ing the role of structural changes in the A1 domain of VWF in 
order to gain insight into mechanism(s) that may regulate its 
binding to platelet GPIb alpha. This invention concerns the 
contribution of the biophysical properties of this interaction 
in governing platelet adhesion under hydrodynamic condi 
tions. It has been demonstrated that flow-dependent adhesion 
and rapid and force-driven kinetic properties define the GPIb 
alpha-VWF-A1 bond. The invention provides classification 
of subtypes of von Willebrand disease (v WD), such as plate 
let-type, type 2B or type 2M in terms of similarities in the 
alterations in the biophysical properties of bonds to better 
understand the clinical phenotypes associated with these 
bleeding disorders. The invention is directed to understanding 
the biomechanical and molecular mechanisms by which the 
VWF-A1 domain mediates adhesive interactions with GPIb 
alpha both in vitro and in vivo. This invention provides for 
mice with mutant A1 domains to demonstrate the importance 
of the intrinsic kinetic and mechanical properties of this 
receptor-ligand pair in preventing inappropriate platelet 
aggregation in circulating blood, to facilitate the study of 
human platelet biology, as well as to generate a humanized 
animal model of hemostasis and thrombosis. The animal 
model is also useful for the generation and testing of novel 
anti-thrombotic therapies designed to inhibit platelet-VWF 
interactions as well as those designed to correct the bleeding 
phenotype associated with a reduction in adhesion between 
this receptor-ligand pair. 
I0084. The invention is directed to understanding the effect 
that alterations in platelet size and shape have on the force 
driven kinetics of the GPIb alpha-VWF-A1 tether bond. 
Platelets can bind to and translocate on surface-immobilized 
VWF under shear forces that preclude selectin-dependent 
adhesion of leukocytes to the vessel wall, due to their small 
discoid shape and not as a consequence of the unique kinetic 
properties of the GPIb alpha-VWF-A1 tether bond. The con 
tribution of particle geometry in Supporting the interactions 
between this receptor-ligand pair, we is performed by evalu 
ating the interaction between v WF-A1 coated microspheres, 
ranging from 4 to 12 um in diameter (platelet to leukocyte 
size), with Surface-immobilized platelets under physiologic 
flow conditions. The utility of using polystyrene micro 
spheres with a uniform shape and size to permit determina 
tion of the relationship between wall shear stress and the force 
acting on the GPIb alpha-VWF-A1 tether bond has been dem 
onstrated. Moreover, it has been shown that the “sidedness’ 
of the receptor or ligand does not alter the kinetic properties of 
this bond. B-tubulin deficient mice have a defect in the cytosk 
eleton of platelets that changes the shape of these cells from 
discoid to spherical. Preliminary data demonstrates that the 
“spherical platelets have a >60% reduction in attachment at 
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high shear rates as compare to wild-type (WT) platelets. No 
differences in the kinetics of the GPIb alpha-v WF-A1 tether 
bond for WT and mutant platelets have been found using our 
microsphere assay system. Thus, platelet shape and not alter 
ations in the biophysical properties of the GPIb alpha-VWF 
A1 tether bond are responsible for the defect in adhesion. 
Data generated from these experiments will be use to develop 
a computational algorithm designed to stimulate the adhesion 
of platelets to surface-immobilized VWF under various 
hydrodynamic conditions. Thus, the invention provides an in 
vivo method to test for defects in hemostasis and thrombus 
formation that result from abnormalities in platelet shape and 
size. It also provides for a method to test the ability of syn 
thetic platelet Substitutes, which may be of varying shapes 
and sizes, to Support hemostasis. 
0085. The invention provides a method for determining 
whether platelet function or morphology in a subject is abnor 
mal. The method comprises: affixing a molecule comprising 
a murine VWF-A1 domain to a surface of a flow chamber, 
wherein the domain comprises at least one mutation at a 
position selected from the group consisting of 1263>S. 
1269s-D, 1274-R, 1287>R, 1302>D, 1308>R, 1313R>W, 
1314>V, 1326>H, 1329s-I, 1330>G, 1333>D, 1344>A, 
1347>V, 1350>A, 1370>S, 1379s-R, 1381>A, 1385>M 
1391>O, 1394-S, 1397>F, 1421>N, 1439s-V, 1442>S, 
1449-Q, 1466>P, 1469-L, 1472>H, 1473>M, 1475>Q, 
14792G, and any combination thereof, where the position 
corresponds to an amino acid position of human Von Will 
ebrand Factor A1 protein shown in SEQID NO: 6; perfusing 
through the flow chamber a volume of blood or plasma from 
a subject at a shear flow rate of at least about 100s'; perfus 
ing a targeted molecularimaging agent into the flow chamber; 
and comparing the flow rate of the blood or plasma from the 
Subject as compared to a normal flow rate, so as to determine 
whether the subject's platelet function or morphology is 
abnormal. 

I0086. In one embodiment, affixing comprises (i) affixing 
an antibody which specifically binds VWF-A1 domain, and 
(ii) perfusing murine mutant VWF-A1 protein in the flow 
chamber at a shear flow rate of at least 100s'. In another 
embodiment, the targeted molecular imaging agent com 
prises a nanoparticle, a fluorophore, a quantum dot, a micro 
crystal, a radiolabel, a dye, a gold biolabel, an antibody, a 
peptide, a small molecule ligand, or a combination of the 
agents listed. In a further embodiment, the targeted molecular 
imaging agent binds to a platelet receptor, a platelet ligand, or 
any region of a VWF protein or a portion thereof. In a par 
ticular embodiment, the targeted molecular imaging agent 
comprises horseradish peroxidase (HRP) coupled to an anti 
body directed at VWF-A1. In other embodiments, the com 
paring comprises a platelet adhesion assay, fluorescence 
imaging, a chromogenic indicator assay, a microscopy mor 
phology analysis, or any combination of the listed modes. In 
some embodiments, platelets bound to VWF-A1 are less than 
about 500 cells/mm. In particularembodiments, the platelets 
are substantially spherical. In further embodiments, the sub 
ject is a human, a canine, a feline, a murine, a porcine, an 
equine, or a bovine. In other embodiments, the VWF mol 
ecule is an antibody, a peptide, or a Fab fragment directed to 
a VWF polypeptide or a portion thereof. 
0087. The invention also provides for a method for pro 
ducing von Willebrand Factor A1 protein that specifically 
binds human platelets, the method comprising: (a) providing 
an animal expressing a plasma VWF containing a mutant Von 
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Willebrand Factor A1 protein, wherein the mutation causes 
the animal's von Willebrand Factor A1 protein to bind pref 
erentially to for human platelets; and (b) harvesting the 
mutant animal von Willebrand Factor A1 so as to produce von 
Willebrand Factor A1 protein that specifically binds human 
platelets. In one embodiment, the mutant animal von Will 
ebrand Factor A1 protein comprises at least one mutation 
comprising 1263P>S, 1269N>D, 1274K>R, 1287M>R, 

1473V>M, 1475H>Q, 1479S>G, or any combination thereof. 
I0088. The invention provides a method for testing efficacy 
and toxicity of a gene therapy vector, wherein the method 
comprises: (a) introducing a gene therapy vector into the 
animal of claim 4, allowing Sufficient time for expression of 
the vector; (b) perfusing platelets from a subject into the 
animal under a condition suitable for GPIb-alpha-VWF-A1 
protein binding; and (c) determining whether or not a throm 
botic event occurs in the animal. In one embodiment, the 
vector comprises a nucleic acid encoding a platelet receptor 
polypeptide, a platelet ligand polypeptide, or a VWF 
polypeptide, or a portion thereof. In another embodiment, the 
Subject is a human, a dog, a cat, a horse, a pig, or a primate. In 
a particular embodiment, the platelets are not murine plate 
lets. In a further embodiment, the thrombotic event comprises 
blood clotting, abnormal bleeding, abnormal clotting, death, 
or a combination thereof. In some embodiments, the deter 
mining comprises dynamic force microscopy, a coagulation 
factor assay, a platelet adhesion assay, thrombus imaging, a 
bleeding time assay, aggregometry, review of real-time video 
of blood flow, a Doppler ultrasound vessel occlusion assay, or 
a combination thereof. In other embodiments, perfusing 
platelets is followed by perfusion of a labeled agent. In further 
embodiments, the labeled agent comprises one or more of a 
nanoparticle, a fluorophore, a quantum dot, a microcrystal, a 
radiolabel, a dye, a gold biolabel, an antibody, or a small 
molecule ligand. In particular embodiments, the agent targets 
a platelet receptor, a VWF protein, or a portion thereof. 
I0089. The invention also provides a method for calibrating 
an aggregometry device or a device for measuring clot for 
mation or retraction, wherein the method comprises: (a) pro 
viding hematologic data obtained from a Subject, wherein 
blood or platelets from the subject is assessed by the device: 
(b) determining whether or not a thrombotic event occurs in 
the animal described above, wherein the animal is perfused 
with a sample of blood or platelets from the subject; and (c) 
correlating data obtained from (b) with the data obtained in 
(a) So as to calibrate the device, wherein a certain data 
obtained from the device is indicative of the corresponding 
thrombotic outcome determined in the animal described 
above. In one embodiment, the thrombotic event comprises 
blood clotting, abnormal bleeding, abnormal clotting, death, 
or a combination thereof. 

0090 The invention provides for in vivo determination of 
intrinsic and mechanical properties of the GPIb alpha-VWF 
A1 tether bond and to determine if they are indeed critical for 
regulating the adhesion between platelets and VWF and how 
they may be manipulated to impair or enhance hemostasis 
and/or thrombosis. The invention provides determination of 
whether animals that posses gain-of-function mutations in 
VWF-A1, for example, those associated with type 2B v WD, 
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have a defect in platelet deposition at sites of vascular injury 
and/or a loss of high molecular weight multimers of v WF. The 
invention provides determination of whether animals that 
possess loss-of-function mutations in VWF-A1, for example, 
those associated type 2M VWD, have a defect in platelet 
deposition at sites of vascular injury. Based on the results 
obtained herein, mice are genetically engineered with 1) 
mutant A1 domains that increase or decrease the on- and/or 
off-rate of this receptor-ligand pair by varying degrees, 2) A1 
domains containing both types of mutations to confirm 
whether specific regions within this domain are essential for 
the stabilization of GPIb alpha binding, and 3) mutations 
within the A1 domain that favor binding to human but not 
murine GPIb alpha to enable the study of human platelet 
behavior in an animal model of hemostasis or thrombosis. 
0091. The invention provides methods for determining the 
impact of altering the intrinsic bond kinetics and/or its 
mechanical properties of the GPIb alpha-VWF-A1 interac 
tion on hemostasis and thrombosis, which comprises: mea 
suring platelet counts, plasma levels of VWF, and bleeding 
times; performing multimer gel analysis of mutant VWF; 
measuring the affinity of mutant VWF for platelets using a 
fluid phase binding assay; evaluating in vitro platelet tether 
ing, rolling, and thrombus formation on Surface-immobilized 
murine plasma VWF containing mutant A1 domains under 
physiological flow conditions; determining the ability of 
thrombi to form at sites of vascular injury in vivo in mutant 
VWF mice using epifluorescent intravital microscopy in: 
measuring platelet tethering frequency and rolling Velocities 
in vivo. 
0092. In certain embodiments, the subject is a human. In 
other embodiments, the Subject is a non-human animal Such 
as a canine, equine, feline, porcine, murine, bovine, foul. 
sheep, or any other animal in need of treatment. In certain 
embodiments, the pharmaceutical composition further com 
prises another active agent. The additional active agent can 
be, but is not limited to, an analgesic, an antioxidant, diuretic, 
or a combination thereof. In certain embodiments, the com 
position is in a capsule form, a granule form, a powder form, 
a solution form, a suspension form, a tablet form, or any other 
form suitable for use by the method of the present invention. 
In certain embodiments, the composition is administered via 
oral, Sublingual, buccal, parenteral, intravenous, transdermal, 
inhalation, intranasal, vaginal, intramuscular, rectal adminis 
tration or any other route of administration that is suitable for 
delivery of the compound. 

DETAILED DESCRIPTION OF THE INVENTION 

0093. The invention provides methods for identifying and 
evaluating potential anti-thrombotic reagents and com 
pounds. The invention provides methods for testing for unde 
sirable thrombotic or bleeding side effects of reagents in the 
setting of preclinical testing. The invention provides an in 
vivo model to test the efficacy of potential anti-thrombotic 
drugs directed against receptors, ligands, and/or intracellular 
signaling pathways on or in human platelets prior to FDA 
approval. To date, in vitro models of thrombosis do not accu 
rately recapitulate the hemodynamic conditions, cell-cell 
interactions, or cell-protein interactions that occur at sites of 
vascular injury in a living animal. Thus, the system provided 
by this invention provides a method to test drugs directed at 
inhibiting or altering human platelet function other than 
directly testing them in humans. The invention provides a 
great advantage of being able to test directly compounds that 
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target human platelets in an in vivo system. The invention 
provides a method to test contrast agents for imaging of 
human platelets at sites of thrombosis. For instance, one could 
test the ability of nanoparticle contrast agents targeted to 
human platelets to identify areas of thrombosis or occult 
bleeding. The invention provides a method to test compounds 
that correct the bleeding phenotype associated with a reduc 
tion in interactions between GPIb alpha and VWF-A1. The 
invention provides a method to test gene therapies directed at 
correcting genetic mutations associated with Von Willebrand 
disease. The invention provides a method to correlate results 
obtained with an in vitro assay designed to measure the 
effects of antithrombotics or markers of platelet activation in 
patients. 
0094 Terms 
0.095 A“pharmaceutical composition” refers to a mixture 
of one or more of the compounds, or pharmaceutically 
acceptable salts, hydrates, polymorphs, or pro-drugs thereof, 
with other chemical components, such as physiologically 
acceptable carriers and excipients. The purpose of a pharma 
ceutical composition is to facilitate administration of a com 
pound to an organism. 
0096. As used herein von Willebrand factor is abbreviated 
“VWF and, alternatively, “v WF. 
0097. A "pro-drug” refers to an agent which is converted 
into the parent drug in vivo. Pro-drugs are often useful 
because, in some situations, they are easier to administer than 
the parent drug. They are bioavailable, for instance, by oral 
administration whereas the parent drug is not. The pro-drug 
also has improved solubility in pharmaceutical compositions 
over the parent drug. For example, the compound carries 
protective groups which are split off by hydrolysis in body 
fluids, e.g., in the bloodstream, thus releasing active com 
pound or is oxidized or reduced in body fluids to release the 
compound. 
0098. A compound of the present invention also can be 
formulated as a pharmaceutically acceptable salt, e.g., acid 
addition salt, and complexes thereof. The preparation of Such 
salts can facilitate the pharmacological use by altering the 
physical characteristics of the agent without preventing its 
physiological effect. Examples of useful alterations in physi 
cal properties include, but are not limited to, lowering the 
melting point to facilitate transmucosal administration and 
increasing the Solubility to facilitate administering higher 
concentrations of the drug. 
0099. The term “pharmaceutically acceptable salt' means 
a salt, which is suitable for or compatible with the treatment 
of a patient or a Subject such as a human patient or an animal. 
0100. The term “pharmaceutically acceptable acid addi 
tion salt as used herein means any non-toxic organic or 
inorganic salt of any base compounds of the invention or any 
of their intermediates. Illustrative inorganic acids which form 
suitable acid addition salts include hydrochloric, hydrobro 
mic, Sulfuric and phosphoric acids, as well as metal salts such 
as Sodium monohydrogen orthophosphate and potassium 
hydrogen Sulfate. Illustrative organic acids that form Suitable 
acid addition salts include mono-, di-, and tricarboxylic acids 
Such as glycolic, lactic, pyruvic, malonic. Succinic, glutaric, 
fumaric, malic, tartaric, citric, ascorbic, maleic, benzoic, phe 
nylacetic, cinnamic and Salicylic acids, as well as Sulfonic 
acids such as p-toluene Sulfonic and methanesulfonic acids. 
Either the mono or di-acid salts can be formed and such salts 
exist in either a hydrated, solvated or substantially anhydrous 
form. In general, the acid addition salts of compounds of the 
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invention are more soluble in water and various hydrophilic 
organic solvents, and generally demonstrate higher melting 
points in comparison to their free base forms. The selection of 
the appropriate salt will be known to one skilled in the art. 
Other non-pharmaceutically acceptable salts, e.g., oxalates, 
are used, for example, in the isolation of compounds of the 
invention for laboratory use or for Subsequent conversion to a 
pharmaceutically acceptable acid addition salt. 
0101. As used herein and as well understood in the art, 
“treatment is an approach for obtaining beneficial or desired 
results, including clinical results. Beneficial or desired clini 
cal results can include, but are not limited to, alleviation or 
amelioration of one or more symptoms or conditions, dimin 
ishment of extent of disease, stabilized (i.e., not worsening) 
state of disease, preventing spread of disease, delay or slow 
ing of disease progression, amelioration or palliation of the 
disease state and remission (whether partial or total), whether 
detectable or undetectable. “Treatment can also mean pro 
longing Survival as compared to expected Survival if not 
receiving treatment. 
0102 Arterial thrombosis is a pathological consequence 
of disease states such as atherosclerosis and remains a major 
cause of morbidity and mortality in the Western world with 
healthcare cost ranging in the billions of dollars in the USA 
alone (Circulation 2006: 113:e85). Central to this process is 
the inappropriate deposition and activation of platelets in 
diseased vessels that can ultimately occlude the lumen, thus 
impeding blood flow to vital organ Such as the heart and brain. 
Another key player is VWF, a large plasma glycoprotein of 
complex multimeric structure, which under normal physi 
ological conditions prevents excessive bleeding by promot 
ing platelet deposition at sites of vascular injury, thus 'sealing 
off leaky blood vessels. In order for this event to occur, VWF 
must form a “bridge' between receptors expressed on circu 
lating platelets and exposed components of the injured vessel 
wall. This is the function of the A1 and A3 domains of this 
plasma protein, respectively. Each is folded into a disulfide 
bonded loop structure that is critical for optimal biological 
activity (FIG. 1A). 
0103. It is the A1 domain that contains residues that com 
pose the binding site for its receptor on platelets known as 
GPIb alpha, an adhesive event essential for the ability of these 
cells to rapidly attach to the injured vessel wall. The critical 
nature of this interaction is exemplified by the bleeding dis 
order, termed type 2M von Willebrand Disease (VWD), 
which results from the incorporation of loss-of-function point 
mutations within this domain that reduce the interaction 
between VWF-A1 and GPIb alpha (Sadler J E et al.(2006).J. 
Thromb. Haemost. 4:2103-14). The A3 domain, on the other 
hand, is believed to be important in anchoring plasma VWF to 
sites where extracellular matrix components (i.e. collagen) 
are exposed as a result of disruption of the overlying vascu 
lature endothelium (Wu D. etal. Blood 2002). Once in contact 
with exposed elements of the damaged vessel wall, platelets 
become “activated through various signaling pathways (i.e. 
GPVI) enabling other adhesion molecules, such as C.231 
(collagen receptor) and C.IIb?33 (fibrinogen and VWF recep 
tor) integrins, to firmly anchor these cells at the site of injury 
and to each other (FIG. 1B). In addition, ADP released from 
adherent platelets serves to amplify the activation of integrin 
receptors as well as other platelets leading to thrombus 
growth. Considerable emphasis has been placed on under 
standing the mechanism(s) that govern the interaction 
between GPIb alpha and the A1 domain of VWF and how it 
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can be perturbed by point mutations associated with Von 
Willebrand Disease, information relevant to the development 
of anti-thrombotic therapies. 
0104 von Willebrand Factor (VWF), the A1 Domain, and 
Related Diseases 

0105. During the past two decades, there has been consid 
erable progress in understanding how VWF mediates platelet 
adhesion. Both the VWF cDNA and gene have been cloned 
and the primary structure of the VWF subunit (FIG. 1A) has 
been determined (13-16). It has been reported that ~59% of 
the mature VWF consists of repeated segments which are 
29% to 43% homologous (17). These regions consist of 
domains that are triplicated (domains “A” and “B”), dupli 
cated (domain “C”) or quadruplicated (domain “D’). The 
triplicated A repeats encode for the central region of each 
VWF subunit. The A1 and A3 domains contain the sequences 
that mediate VWF's interaction with receptors on platelets or 
components of Subendothelial extracellular matrix, respec 
tively. Each is folded into a disulfide-bonded loop structure 
that is critical for optimal biological activity. The sequences 
of the amino terminal halves of each loop and the location of 
the cysteines forming the loop structure of each domain are 
highly conserved. It is the VWF-A1 domain (1260-1480) that 
contains sequences that provide binding sites for the platelet 
glycoprotein receptor Ib alpha, an interaction critical for the 
ability of these cells to rapidly attach and translocate at sites 
vascular injury (18,19). The role of the A3 domain, however, 
is believed to be in anchoring plasma VWF at sites where 
extracellular matrix components (i.e. collagen) are exposed 
as a result of disruption of the endothelium (20-25). 
0106 With regard to mediating adhesive interactions with 
platelets, it has become increasingly evident that the VWF 
A1 domain plays a crucial role in this process based on 
molecular genetic studies of individuals with type 2M or 2B 
VWD (26-31). In the majority of cases, patients with these 
designated genotypes have single point mutations contained 
within the disulfide loop (between Cys 1272 and Cys 1458) of 
this domain. With regard to type 2MVWD, afflicted individu 
als have significant impairments in hemostasis that appears to 
result from a lack of or reduced adhesive interactions between 
GPIb alpha and VWF at sites of vascular injury, and not from 
an alteration in VWF multimer structure. Structural and func 
tional evidence has been provided in that type 2M mutations, 
such as 1324G>S, are localized within a region of the A1 
domain (FIG. 5B), which is critical for supporting GPIb 
alpha-mediated platelet adhesion at physiological flow rates. 
Confirmation that this residue, as well as others predicted by 
our analysis of the crystal structure of the A1 domain, does 
contribute to GPIb alpha binding is suggested by studies 
evaluating the structure of the complex formed between this 
receptor-ligand pair (32. 33). Thus, it is possible to make 
accurate predictions about protein function from the three 
dimensional protein structure and to confirm these postulates 
by site-specific mutagenesis and analysis under physiologi 
cally relevant flow conditions. The localization of some of the 
residues within the A1 domain that when mutated disrupt 
GPIb alpha binding is shown below (FIG. 2). The invention 
provides methods for evaluating the effect that loss-of-func 
tion mutations have on hemostasis and thrombus formation. 

0107. In contrast type 2M VWD, mutations associated 
with type 2B VWD are known to enhance the interaction 
between VWF-A1 and GPIb alpha, that is, they mitigate the 
requirement for exogenous modulators such as ristocetin or 
botrocetin to induce platelet agglutination (30). Moreover, 
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these altered residues are localized in a region remote from 
the major GPIb alpha binding site that has been identified by 
mutagenesis (26; FIG. 3A yellow). Clinically, this disease 
state is characterized by a loss of circulating high molecular 
weight VWF multimers (HMWM, FIG.3B) together with a 
mild to moderate thrombocytopenia, which ultimately results 
in bleeding but not thrombosis (30, 31). It is the clearance of 
the HMWM of VWF from plasma that is believed to be 
responsible for the increased bleeding tendencies in patients 
with this disorder as they contribute to the majority of the 
hemostatic function associated with this plasma glycoprotein 
(34). The invention provides methods forevaluating the effect 
that gain-of-function mutations have on hemostasis, throm 
bus formation, and plasma levels of VWF. 
0108 Surface-immobilization of VWF and subsequent 
exposure to physiologically relevant shear forces appears to 
be a prerequisite for its ability to support interactions with 
platelets as this multimeric protein does not bind appreciably 
to these cells in the circulation. These hydrodynamic condi 
tions are believed to promote structural changes within the A1 
domain that in turn increases its affinity for GPIb alpha (35 
37). Evidence Suggested to Support the existence of Such an 
alteration in structure includes the ability of non-physiologic 
modulators such as the antibiotic ristocetin or the Snake 
Venom protein botrocetin to promote platelet agglutination in 
solution-based assays (38.39). Moreover, this “on” and “off 
conformation is exemplified by type 2B VWD. For instance, 
it was initially hypothesized that incorporation of type 2B 
mutations into the A1 domain shifted the equilibrium 
between two distinct tertiary conformations, analogous to 
those seen in crystal structures of the integrin I domain in 
ligand-free and collagen-bound states (40). The location of 
the type 2B mutants at sites distinct from the GPIb alpha 
binding site Suggest that they disrupt a region responsible for 
regulation of binding affinity, thus affecting ligand binding 
allosterically. The crystal structure of a type 2B mutant A1 
domain, 1309I>V, was determined and compared to its wild 
type counterpart (41). A change was discovered in the struc 
ture of a loop, thought to be involved in GPIb alpha binding, 
lying on the Surface distal to the mutation site. A similar 
finding has been observed for the VWF-A1 crystal structure 
containing the identical mutation (FIG. 4). 
0109. This altered conformation represents a high affinity 
binding state of the A1 domain. However, the pathway of 
allosteric change proposed previously, involving the burial of 
a water molecule, cannot be a general feature of type 2B 
mutants, and the structural rearrangements appear too subtle 
to explain the altered kinetics. Interestingly, complex forma 
tion between botrocetin and VWF-A1 in which the type 2B 
mutation 1309I>V has been incorporated, and has demon 
strated that most of these structural differences are reversed 
including: (1) loss of the buried water molecule at the muta 
tion site; (2) the peptide plan between Asp1323 and Gly 1324 
flips back to a conformation similar to that in the WT struc 
ture; and (3) the side chain of His 1326 remains in the 
“mutant position, although there is some evidence from 
electron density of an alternative conformation similar to WT. 
However, this reversion in structure does not correlate with a 
loss in the function-enhancing activity associated with the 
type 2B mutation. In fact, the addition of botrocetin further 
augments the interaction between the mutant A1 domain and 
platelets in flow (42). Thus, an alternative mechanism must 
account for function-enhancing nature of type 2B mutations. 
Moreover, these subtle alterations in structure did not com 
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pare to the large conformational changes in homologous inte 
grin I-type domains that occur on ligand binding. 
0110 Recent findings provide support that type 2B muta 
tions may stabilize the binding of a region of GPIb alpha 
known as the B-hairpin to an area near the location of these 
altered residues, distinct from that identified by site-directed 
mutagenesis. Type 2B mutations have been Suggested to 
destabilize a network of interactions observed between the 
bottom face of the A1 domain and its terminal peptides in the 
wildtype A1 structure, thereby making the binding site acces 
sible (FIG. 6). 
0111 Progress has been made in understanding the struc 
ture of this receptor-ligand pair and potential alterations in 
conformation that may regulate this interaction. This model is 
non-limiting. However, the model permits determination of 
the kinetic and biomechanical basis for 1) the regulation of 
VWF-A1 domain activity in response to hydrodynamic 
forces, 2) the alterations in bond kinetics that result from 
incorporation of type 2B mutations into the VWF-A1 
domain, and 3) the susceptibility of the kinetics of the GPIb 
alpha-VWF-A1 bond to an applied force. 
0112 Transgenic Animals 
0113. The invention provides for transgenic non-human 
animals that comprise a genome contains a nucleotide 
sequence (Such as a gene) encoding a modified form of the A1 
domain of VWF. The modification can be an amino acid 
residue substitution at a position involved with binding to 
GPIb alpha or in close proximity to this region such as, but not 
limited to, positions 1263, 1269, 1274, 1287, 1302, 1308, 
1313, 1314, 1326, 1329, 1330, 1333, 1344, 1347, 1350, 1370, 
1379, 1381, 1385 1391, 1394, 1397, 1421, 1439, 1442, 1449, 
1466, 1469, 1472, 1473, 1475, 1479. It can also comprise a 
partial or full replacement of the animal A1 domain of VWF 
with the A1 domain of human VWF. It can also comprise a 
partial or full replacement of the entire VWF gene in an 
animal with the human VWF gene. Such non-human animals 
include vertebrates Such as ovines, bovines, rodents, non 
human primates, porcines, caprines, equines, ruminants, 
lagomorphs, canines, felines, aves, and the like. In one 
embodiment, non-human animals are selected from the order 
Rodentia that includes murines (such as rats and mice). In 
another embodiment, mice are particularly useful. 
0114. The transgenic non-human animals of the current 
invention are produced by experimental manipulation of the 
genome of the germline of the non-human animal (such as 
those animals described above). These genetically engi 
neered non-human animals may be produced by several 
methods well known in the art which include the introduction 
of a “transgene' that comprises a nucleic acid (for example, 
DNA such as the A1 domain of VWF) integrated into a 
chromosome of the Somatic and/or germ line cells of a non 
human animal via methods known to one skilled in the art or 
into an embryonal target cell. A transgenic animal is an ani 
mal whose genome has been altered by the introduction of a 
transgene. 
0115 The term “transgene' as used herein refers to a 
foreign gene that is placed into an organism by introducing 
the foreign gene into newly fertilized eggs, embryonic stem 
(ES) cells, or early embryos. The term “foreign gene’ refers 
to any nucleic acid (for example, a gene sequence) that is 
introduced into the genome of an animal by experimental 
manipulations. These nucleic acids may include gene 
sequences found in that animalso long as the introduced gene 
contains some modification (for example, the presence of a 
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selectable marker gene, a point mutation—such as the base 
pair Substitution mutant that contributes to the amino acid 
change at amino acid residue 1326 of the A1 domain of 
VWF the presence of a loxP site, and the like) relative to the 
naturally-occurring gene. 
0116. The term “loxP site' refers to a short (34 bp) DNA 
sequence that is recognized by the Cre recombinase of the E. 
coli bacteriophage P1. In the presence of Cre recombinase, 
placement of two loxP sites in the same orientation on either 
side of a DNA segment can result in efficient excision of the 
intervening DNA segment, leaving behind only a single copy 
of the loxP site (Sauer and Henderson (1988) Proc. Natl. 
Acad. Sci. USA 85:5166). 
0117. In one embodiment, the invention provides for a 
targeting construct or vector that comprises a selectable 
marker gene flanked on either side by a modified A1 domain 
of VWF. The modification of the A1 domain can comprise an 
amino acid residue Substitution at a position involved with 
binding to GPIb alpha (such as, but not limited to, positions 
1263, 1269, 1274, 1287, 1302, 1308, 1313, 1314, 1326, 1329, 
1330, 1333, 1344, 1347, 1350, 1370, 1379, 1381, 1385 1391, 
1394, 1397, 1421, 1439, 1442, 1449, 1466, 1469, 1472, 1473, 
1475, 1479) or can be a partial or full replacement of an 
animal (for example, a mouse) A1 domain of VWF with the 
A1 domain of human VWF. The targeting vector contains the 
modified A1 domain of VWF gene sequence sufficient to 
permit the homologous recombination of the targeting vector 
into at least one allele of the A1 domain of the VWF gene 
resident in the chromosomes of the target or recipient cell (for 
example, ES cells). The targeting vector will usually harbor 
10 to 15 kb of DNA homologous to the A1 domain of the 
VWF gene, wherein this 10 to 15 kb of DNA will be divided 
more or less equally on each side of the selectable marker 
gene. The targeting vector can contain more than one select 
able maker gene and when multiple selectable marker genes 
are utilized, the targeting vector usually contains a negative 
selectable marker (for example, the Herpes simplex virustlk 
(HSV-tk) gene) and a positive selectable marker (such as 
G418 or the neogene). The positive selectable marker permits 
the selection of recipient cells containing an integrated copy 
of the targeting vector and but does not enable one skilled in 
the art to determine whether this integration occurred at the 
target site or at a random site. The presence of the negative 
selectable marker permits the identification of recipient cells 
containing the targeting vector at the targeted site (for 
example, which has integrated by virtue of homologous 
recombination into the target site). Cells growing in medium 
that selects against the expression of the negative selectable 
marker represents that the cells do not contain a copy of the 
negative selectable marker. 
0118 Targeting vectors can also be of the replacement 
type wherein the integration of a replacement-type vector 
results in the insertion of a selectable marker into the target 
gene. Replacement-type targeting vectors may be employed 
to disrupt a gene (such as the VWF gene or the A1 domain of 
the VWF gene). This can result in the generation of a null 
allele; for example, an allele not capable of expressing a 
functional protein wherein the null alleles may be generated 
by deleting a portion of the coding region, deleting the entire 
gene, introducing an insertion and/or a frameshift mutation, 
and the like. 

0119) A selectable marker can include a gene which 
encodes an enzymatic activity that confers resistance to an 
antibiotic or drug upon the cell in which the selectable marker 
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is expressed. Selectable markers may be positive. A positive 
selectable marker is usually a dominant selectable marker 
wherein the genes encode an enzymatic activity that can be 
detected in a mammalian cell or a cell line (including ES 
cells). Some non-limiting examples of dominant selectable 
markers include the bacterial Xanthine-guanine phosphoribo 
Syl transferase gene (also referred to as the gpt gene) which 
confers the ability to grow in the presence of mycophenolic 
acid, the bacterial hygromycin G phosphotransferase (hyg) 
gene which confers resistance to the antibiotic hygromycin, 
and the bacterial aminoglycoside 3' phosphotransferase gene 
(also referred to as the neogene) which confers resistance to 
the drug G418 in mammalian cells. Selectable markers may 
also be negative. Negative selectable markers encode an 
enzymatic activity whose expression is toxic to the cell when 
grown in an appropriate selective medium. One non-limiting 
example of a negative selectable marker is the HSV-tk gene 
wherein HSV-tk expression in cells grown in the presence of 
gancyclovir oracyclovir is catatonic. Growth of cells in selec 
tive medium containing acyclovir or gancyclovir therefore 
selects against cells capable of expressing a functional HSV 
TKenzyme. 
0.120. The ES cells suitable of the present invention uti 
lized to generate transgenic animals can harbor introduced 
expression vectors (constructs). Such as plasmids and the like. 
The expression vector constructs can be introduced via trans 
fection, lipofection, transformation, injection, electropora 
tion, or infection. The expression vectors can contain coding 
sequences, or portions thereof, encoding proteins for expres 
Sion. Such expression vectors can include the required com 
ponents for the transcription and translation of the inserted 
coding sequence. Expression vectors containing sequences 
encoding the produced proteins and polypeptides, as well as 
the appropriate transcriptional and translational control ele 
ments, can be generated using methods well known to and 
practiced by those skilled in the art. These methods include in 
vitro recombinant DNA techniques, synthetic techniques, 
and in vivo genetic recombination which are described in J. 
Sambrook et al., 1989, Molecular Cloning, A Laboratory 
Manual, Cold Spring Harbor Press, Plainview, N.Y. and in F. 
M. Ausubel et al., 1989, Current Protocols in Molecular 
Biology, John Wiley & Sons, New York, N.Y. In one embodi 
ment, loXP expressing targeting vectors are used for transfec 
tion methods (such as pNR-1r vector, pACD4K-C vector, 
and the like). In other embodiments, Cre-recombinase-ex 
pressing plasmids are also utilized (for example, craVE cre 
recombinase vectors). 
0121 Introducing targeting vectors into embryonic stem 
(ES) cells can generate the mutant VWF-A1 transgenic ani 
mals of the present invention. ES cells are obtained by cul 
turing pre-implantation embryos in vitro under appropriate 
conditions (Evans, et al. (1981) Nature 292: 154-156; Brad 
ley, et al. (1984) Nature 309:255-258; Gossler, et al. (1986) 
Proc. Acad. Sci. USA 83: 9065-9069; and Robertson, et al. 
(1986) Nature 322:445-448). Using a variety of methods 
known to those skilled in the art, transgenes can be efficiently 
introduced into the ES cells via DNA transfection methods, 
which include (but are not limited to), protoplast or sphero 
plast fusion, electroporation, retrovirus-mediated transduc 
tion, calcium phosphate co-precipitation, lipofection, micro 
injection, and DEAE-dextran-mediated transfection. 
Following the introduction into the blastocoelofa blastocyst 
stage embryo, transfected ES cells can thereafter colonize an 
embryo and contribute to the germ line of the resulting chi 



US 2009/0202429 A1 

meric animal (see Jaenisch, (1988) Science 240: 1468-1474). 
Assuming that the transgene provides a means for selection, 
the transfected ES cells may be subjected to various selection 
protocols to enrich for ES cells that have integrated the trans 
gene prior to the introduction of transfected ES cells into the 
blastocoel. Alternatively, the polymerase chain reaction 
(PCR) may be used to screen for ES cells that have integrated 
the transgene and precludes the need for growth of the trans 
fected ES cells under appropriate selective conditions prior to 
transfer into the blastocoel. 

0122 Alternative methods for the generation of transgenic 
animals (such as transgenic mice) containing an altered Al 
domain of the VWF gene are established in the art. For 
example, embryonic cells at various stages of development 
can be used to introduce transgenes for the production of 
transgenic animals and different methods are used that 
depend on the stage of embryonic cell development. For 
microinjection methods, the Zygote is best Suited. In the 
mouse, the male pronucleus reaches the size of approximately 
20 microns in diameter, which allows for reproducible injec 
tion of 1-2 picoliters (pl) of suspended DNA solution. A major 
advantage in using Zygotes as a gene transfer target is that in 
most cases the injected DNA will be incorporated into the 
host genome before the first cleavage (Brinster, et al. (1985) 
Proc. Natl. Acad. Sci. USA 82:4438-4442). Thus, all cells of 
the transgenic non-human animal (such as amouse) will carry 
the incorporated transgene (mutant A1 domain of the VWF 
gene), which can result in the efficient transmission of the 
transgene to the offspring of the founder since 50% of the 
germ cells will harbor the transgene (see U.S. Pat. No. 4,873, 
191). 
0123. Another method known in the art that can be used to 
introduce transgenes into a non-human animal is retroviral 
infection. The developing non-human embryo can be cul 
tured in vitro to the blastocyst stage wherein during this time, 
the blastomeres can be targets for retroviral infection (Janen 
ich (1976) Proc. Natl. Acad. Sci. USA 73:1260-1264). Enzy 
matic treatment to remove the Zona pellucida can increase 
infection efficiency of the blastomeres (Hogan et al. (1986) in 
Manipulating the Mouse Embryo, Cold Spring Harbor Labo 
ratory Press, Plainview, N.Y.). The viral vector system used 
by one skilled in the art in order to introduce the transgene is 
usually a replication-defective retrovirus that harbors the 
transgene (Jahner, D. etal. (1985) Proc. Natl. Acad. Sci. USA 
82:6927-6931; Vander Putten, et al. (1985) Proc. Natl. Acad. 
Sci. USA 82:6148-6152). Transfection can be easily and effi 
ciently obtained via culturing blastomeres on a monolayer of 
virus-producing cells (Van der Putten, supra; Stewart, et al. 
(1987) EMBO.J. 6:383-388). Infection can also be performed 
at a later stage whereby virus or virus-producing cells are 
injected into the blastocoele (Jahner, D. et al. (1982) Nature 
298:623-628). Most of the founder non-human animals will 
be mosaic for the transgene since incorporation occurs only in 
a Subset of cells that form the transgenic animal and the 
founder may additionally contain various retroviral insertions 
of the transgene at different positions in the genome that 
generally will segregate in the offspring. Additional methods 
ofusing retroviruses or retroviral vectors to create transgenic 
animals known to those skilled in the art involves microin 
jecting mitomycin C-treated cells or retroviral particles pro 
ducing retrovirus into the perivitelline space offertilized eggs 
or early embryos (see Haskell and Bowen (1995) Mol. 
Reprod. Dev. 40:386). 
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0.124. In one embodiment of the invention, non-human 
transgenic animals can be generated that express a modified 
A1 domain of the VWF sequence. The modified A1 domain 
can contain an amino acid residue Substitution at a position 
involved with binding of the VWF protein to GPIb alpha 
(such as, but not limited to, positions 1263, 1269, 1274, 1287, 
1302, 1308, 1313, 1314, 1326, 1329, 1330, 1333, 1344, 1347, 
1350, 1370, 1379, 1381, 1385 1391, 1394, 1397, 1421, 1439, 
1442, 1449, 1466, 1469, 1472, 1473, 1475, 1479). In some 
embodiments, the VWF-A1 domain can comprise a single 
mutation, while in other embodiments, it can comprise 2 or 
more mutations. 

0.125. In one embodiment of the invention, the modifica 
tion of the A1 domain can be a partial or full replacement of 
an animal (for example, amouse) A1 domain of VWF with the 
A1 domain of human VWF. In other words, the A1 domain in 
the animal VWF is removed and replaced with the human A1 
sequence. In another embodiment, the animal VWF A1 
domain may be partially replaced so that Some portion of the 
human A1 domain replaces a portion of the animal Al 
domain. For example, human A1 domain sequence could 
comprises at least 5%, 10%, 15%, 20%, 25%, 30%, 40%, 
50%, 60%, 70%, 75%, 80%, 90%, 95%, 99%, or 100% of the 
animal A1 domain. The A1 domain of human VWF protein 
comprises SEQID NO: 1. In another embodiment, the animal 
can be a model for pre-clinical testing of compounds, wherein 
the animal expresses a mutant von Willebrand Factor (VWF) 
A1 protein containing one or more mutations, such that the 
binding specificity of the mutant VWF-A1 protein changes 
from being specific for the animal platelets to being specific 
for human platelets. In another embodiment, the mutation 
occurs in the VWF-A1 domain of a mouse. In particular 
embodiments, the murine mutant VWF-A1 protein comprises 
at least one mutation comprising 1263P>S, 1269N>D. 
1274K>R, 1287MeR, 1302G>D, 1308H>R, 1313R>W, 

1469Q>L, 1472O>H, 1473V>M, 1475H>O, 1479S>G, or 
any combination thereof. In a particularly useful embodi 
ment, the murine mutant VWF-A1 protein comprises a 
1326RaH mutation, a 1314IYV mutation, or a combination 
thereof. 

0.126 The modification of the A1 domain can be an amino 
acid substitution at residue 1326 (for example Arg for His in 
the mouse). In some embodiments, the non-human transgenic 
animal harbors a mutant construct wherein an amino acid 
residue substitution at a position involved affects binding to 
GPIb alpha (such as, but not limited to, positions 1263, 1269, 
1274, 1287, 1302, 1308, 1313, 1314, 1326, 1329, 1330, 1333, 
1344, 1347, 1350, 1370, 1379,1381, 1385 1391, 1394, 1397, 
1421, 1439, 1442, 1449, 1466, 1469, 1472, 1473, 1475, 
1479). In yet other embodiments, non-human transgenic ani 
mals can successfully harbor a type 2B (Ile1309 Val; 
1309I>V) mutation and/or an Arg1326His (1326R-H) 
mutant construct. In another embodiment, the non-human 
transgenic animal expresses an Arg1326His (1326RaH) 
mutation wherein the mutant VWF-A1 domain comprises 
SEQID NO: 5, which corresponds to the His amino acid at the 
same position in humans, canines, chimpanzees, rat, porcine, 
felines, equines, bovine, and the like (Jenkins et al., (1998) 
Blood 91 (6): 2032-44). In further embodiments of the inven 
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tion, the non-human transgenic animal is a mouse. Example 3 
below describes the transgenic animal of the current inven 
tion. 

0127. Molecular Manipulations of VWF-A1 and its Cor 
responding Mutants 
0128. The present invention utilizes conventional molecu 
lar biology, microbiology, and recombinant DNA techniques 
available to one of ordinary skill in the art. Such techniques 
are well known to the skilled worker and are explained fully 
in the literature. See, e.g., Maniatis, Fritsch & Sambrook, 
“Molecular Cloning: A Laboratory Manual' (1982): “DNA 
Cloning. A Practical Approach,' Volumes I and II (D. N. 
Glover, ed., 1985): “Oligonucleotide Synthesis” (M. J. Gait, 
ed., 1984); "Nucleic Acid Hybridization' (B. D. Hames & S. 
J. Higgins, eds., 1985): “Transcription and Translation' (B. 
D. Hames & S.J. Higgins, eds., 1984); "Animal Cell Culture' 
(R.I. Freshney, ed., 1986): “Immobilized Cells and Enzymes' 
(IRL Press, 1986): B. Perbal, “A Practical Guide to Molecu 
lar Cloning' (1984), and Sambrook, et al., “Molecular Clon 
ing: a Laboratory Manual' (1989). 
0129. The VWF sequences from mouse, human, have 
been aligned as shown in Jenkins et al. (1998) “Molecular 
Modeling of Ligand and Mutation Sites of the Type A 
Domains of Human von Willebrand Factor and Their Rel 
evance to von Willebrand's Disease' Vol. 91, No. 6, Blood, 
pp. 2032-2044. 
0130. The DNA and polypeptide sequences of human 
VWF are readily available to those skilled in the art, under 
Genbank Accession No. X04385. The polypeptide sequence 
of the A1 domain of human VWF, which runs from amino 
acid residue number 1260 to amino acid residue number 1480 
of the nucleotide sequence of SEQID NO:6, is shown in SEQ 
ID NO: 1. The polypeptide sequence of the A1 domain of 
mouse VWF, which runs from amino acid residue number 
1260 to amino acid residue number 1480 of the of SEQ ID 
NO:8, is shown in SEQID NO: 2. 
0131 SEQ ID NO: 1 is the human wild type amino acid 
sequence corresponding to the A1 domain of VWF. The resi 
dues shown in SEQID NO: 1 are residues 1260-1480, the A1 
domain, of SEQID NO: 6. 

SEO ID NO: 1: 
EDISEPPLHDFYCSRLLDLWFLLDGSSRLSEAEFEWLKAFWWDMMERLRI 

SOKWVRVAVWEYHDGSHAYIGLKDRKRPSELRRIASOVKYAGSOVASTSE 

WLKYTLFOIFSKIDRPEASRIALLLMASOEPORMSRNFVRYWOGLKKKKV 

IVIPWGIGPHANLKOIRLIEKOAPENKAFVLSSVDELEOORDEIWSYLCD 

LAPEAPPPTLPPHMAOVTVGP 

(0132) SEQ ID NO: 2 is the mouse wild type amino acid 
sequence corresponding to the A1 domain of VWF. The resi 
dues shown in SEQID NO:2 are residue numbers 1260-1480 
from the full length mouse VWF shown in SEQID NO: 8. 

SEO ID NO: 2: 
EDTPEPPLHNFYCSKLLDLWFLLDGSSMLSEAEFEWLKAFWWGMMERLHI 

SOKRIRVAVWEYHDGSRAYLELKARKRPSELRRITSOIKYTGSOVASTSE 
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- Continued 
WLKYTLFOIFGKIDRPEASHITLLLTASOEPPRMARNLVRYWOGLKKKKV 

IVIPWGIGPHASLKOIRLIEKQAPENKAFLLSGVDELEORRDEIWSYLCD 

LAPEAPAPTOPPOVAHVTVSP 

I0133. The nucleotide sequence of the A1 domain of 
human VWF corresponding to amino acid residues 1260 
1480 is shown in SEQID NO:3 and of mouse VWF is shown 
in SEQID NO: 4 below. 
I0134 SEQ ID NO: 3 is the human wild type nucleotide 
sequence corresponding to the A1 domain of VWF: 

GAGGACATCTCGGAACCGCCGTTGCACGATTTCTACTGCAGCAGGCTACT 

GGACCTGGTCTTCCTGCTGGATGGCTCCTCCAGGCTGTCCGAGGCTGAGT 

TTGAAGTGCTGAAGGCCTTTGTGGTGGACATGATGGAGCGGCTGCGCATC 

TCCCAGAAGTGGGTCCGCGTGGCCGTGGTGGAGTACCACGACGGCTCCCA 

CGCCTACATCGGGCTCAAGGACCGGAAGCGACCGTCAGAGCTGCGGCGCA 

TTGCCAGCCAGGTGAAGTATGCGGGCAGCCAGGTGGCCTCCACCAGCGAG 

GTCTTGAAATACACACTGTTCCAAATCTTCAGCAAGATCGACCGCCCTGA 

AGCCTCCCGCATCGCCCTGCTCCTGATGGCCAGCCAGGAGCCCCAACGGA 

TGTCCCGGAACTTTGTCCGCTACGTCCAGGGCCTGAAGAAGAAGAAGGTC 

ATTGTGATCCCGGTGGGCATTGGGCCCCATGCCAAC CTCAAGCAGATCCG 

CCTCATCGAGAAGCAGGCCCCTGAGAACAAGGCCTTCGTGCTGAGCAGTG 

TGGATGAGCTGGAGCAGCAAAGGGACGAGATCGTTAGCTAC CTCTGTGAC 

CTTGCCCCTGAAGCCCCTCCTCCTACTCTGCCCCCCCACATGGCACAAGT 

CACTGTGGGCCCG 

I0135 SEQ ID NO: 4 is the mouse wild type nucleotide 
sequence corresponding to the A1 domain of VWF: 

GAGGATACCCCCGAGCCCCCCCTGCACAACTTCTACTGCAGCAAGCTGCT 

GGATCTTGTCTTCCTGCTGGATGGCTCCTCTATGTTGTCCGAGGCTGAGT 

TTGAAGTGCTCAAAGCTTTTGTGGTGGGCATGATGGAGAGGTTACACATC 

TCTCAGAAGCGCATCCGCGTGGCAGTGGTAGAGTACCATGATGGCTCCCG 

TGCCTACCTTGAGCTCAAGGCCCGGAAGCGACCCTCAGAGCTTCGGCGCA 

TCACCAGCCAGATTAAGTATACAGGCAGCCAGGTGGCCTCTACCAGTGAG 

GTTTTGAAGTACACACTGTTCCAGATCTTTGGCAAAATTGACCGCCCTGA 

AGCCTCCCATATCACTCTGCTCCTGACTGCTAGCCAGGAGCCCCCACGGA 

TGGCTAGGAATTTGGTCCGCTATGTCCAAGGTCTGAAGAAGAAGAAGGTT 

ATCGTGATCCCTGTGGGCATTGGGCCCCACGCCAGCCTCAAACAGATCCG 

CCTCATCGAGAAGCAGGCCCCTGAAAACAAGGCTTTTCTGCTCAGTGGGG 

TGGATGAGCTGGAGCAGAGAAGAGATGAGATAGTCAGCTAC CTCTGTGAC 

CTTGCTCCCGAGGCCCCAGCCCCAACTCAGCCTCCACAGGTAGCCCACGT 

CACCGTGAGTCCA 
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8161 ttctggctgaaggaggcaa aatcgtgaaa attcCaggca 

8221 gag cctgatt gcaaaga cat cacagccaag gtgcagtaca 

8281 toccaagagg aagtgga cat tcattactgc Cagggaaagt 

8341 tcgaggatgt tgctic ct gct tccattgaca gcaggagcaa. 

8401 cc catgcgcg togc ccttgca citgcaccaat ggctctgtcg 

8461 gcc atgcagt gcaggtgttc. tcc.ccggaac toagcaagt 

8521 goatt.cctac tdatacc 

0.137 DNA sequences or oligonucleotides having specific 
sequences can be synthesized chemically or isolated by one 
of several approaches established in art. The basic strategies 
for identifying, amplifying, and isolated desired DNA 
sequences as well as assembling them into larger DNA mol 
ecules containing the desired sequence domains in the desired 
order, are well known to those of ordinary skill in the art. See, 
e.g., Sambrook, et al., (1989) Nature November 16; 
342(6247):224-5: Perbal, B. et al., (1983) J Virol. March: 
45(3): 925-40. DNA segments corresponding to all or a por 
tion of the VWF sequence may be isolated individually using 
the polymerase chain reaction (M. A. Innis, et al., “PCR 
Protocols: A Guide To Methods and Applications.” Academic 
Press, 1990). A complete sequence may be assembled from 
overlapping oligonucleotides prepared by standard methods 
and assembled into a complete coding sequence. See, e.g., 
Edge (1981), Nature, 292:756: Nambiar, et al. (1984), Sci 
ence, 223:1299; Jay et al. (1984), J. Biol. Chem., 259:6311. 
0.138. The assembled nucleotide sequence can be cloned 
into a suitable vector or replicon and maintained in said 
carrier in a composition that is Substantially free of vectors 
that do not contain the assembled sequence, thus providing a 
reservoir of the assembled sequence wherein the entire 
sequence can be extracted from the reservoir via excising it 
from DNA material with restriction enzymes or by PCR 
amplification. Those of ordinary skill in the art are familiar 
with numerous cloning vectors, and the selection of an appro 
priate cloning vectoris a matter of choice. The construction of 
vectors containing desired nucleotide sequences linked by 
appropriate DNA sequences is accomplished by discussed 
above. These vectors may be constructed to contain addi 
tional DNA sequences, such as bacterial origins of replication 
to make shuttle vectors in order to shuttle between prokary 
otic hosts and mammalian hosts. 

0139 Procedures for construction and expression of 
mutant proteins of defined sequence are well known in the art. 
A DNA sequence encoding a mutant form of VWF or a 
fragment thereof can be synthesized chemically or prepared 
from the wild-type sequence by one of several approaches, 
including primer extension, linker insertion and PCR (see, 
e.g., Sambrook, et al., (1989) Nature November 16; 
342(6247):224-5; Maniatis, Fritsch & Sambrook, “Molecu 
lar Cloning: A Laboratory Manual” (1982): “DNA Cloning: 
A Practical Approach. Volumes I and II (D. N. Glover, ed., 
1985): “Oligonucleotide Synthesis” (M. J. Gait, ed., 1984); 
“Nucleic Acid Hybridization' (B. D. Hames & S.J. Higgins, 
eds., 1985): “Transcription and Translation' (B. D. Hames & 
S.J. Higgins, eds., 1984); 'Animal Cell Culture' (R.I. Fresh 
ney, ed., 1986): “Immobilized Cells and Enzymes' (IRL 
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Press, 1986): B. Perbal, “A Practical Guide to Molecular 
Cloning' (1984), and Sambrook, et al., “Molecular Cloning: 
a Laboratory Manual” (1989)). Mutants can be prepared by 
these techniques having additions, deletions, and Substitu 
tions in the wild-type sequence (for example, the mouse 
VWF-A1 1326R-H mutant of SEQ ID NO. 5). To confirm 
that the mutant contains the desired changes, one skilled in 
the art can confirm the changes of interest via sequence-by 
sequence analysis and/or by methods available to one skilled 
in the art. 
0140. In one embodiment, modification of the A1 domain 
can contain an amino acid residue Substitution at a position 
involved with binding to GPIb alpha (such as, but not limited 
to, positions 1263, 1269, 1274, 1287, 1302, 1308, 1313, 1314, 
1326, 1329, 1330, 1333, 1344, 1347, 1350, 1370, 1379, 1381, 
1385 1391, 1394, 1397, 1421, 1439, 1442, 1449, 1466, 1469, 
1472, 1473, 1475, 1479). In further embodiments, the modi 
fication of the A1 domain can be a partial or full replacement 
of an animal (such as a mouse) A1 domain of VWF with the 
A1 domain of human VWF. In other embodiments of the 
invention, the modification of the A1 domain can be an amino 
acid substitution at residue 1326 (for example HIS for ARG) 
such as depicted in SEQID NO: 5. 
0141 SEQID NO. 5 is the sequence for the mouse VWF 
A1 1326 RaH mutant, wherein the modified amino acid 
sequence corresponds to the A1 domain of mouse VWF (resi 
dues 1260-1480) having an amino acid substitution at residue 
1326 of HIS for ARG (in Bold): 

EDTPEPPLHNFYCSKLLDLWFLLDGSSMLSEAEFEWLKAFWWGMMERLHI 

SQKRIRVAVVEYHDGSHAYLELKARKRPSELRRITSQIKYTGSQVASTSE 

WLKYTLFOIFGKIDRPEASHITLLLTASOEPPRMARNLVRYWOGLKKKKV 

IVIPWGIGPHASLKOIRLIEKQAPENKAFLLSGVDELEORRDEIWSYLCD 

LAPEAPAPTOPPOVAHVTVSP 

0142. An expression vector containing a nucleotide 
sequence encoding a protein of interest. Such as a mutant 
VWF-A1 molecule described above, is transfected into a host 
cell, either eukaryotic (for example, yeast, mammalian, or 
insect cells) or prokaryotic, by conventional techniques well 
established in the art. Transfection techniques carried out 
depend on the host cell used. For example, mammalian cell 
transfection can be accomplished using lipofection, proto 
plast fusion, DEAE-dextran mediated transfection, CaPO 
co-precipitation, electroporation, direct microinjection, as 
well as other methods known in the art which can comprise: 
scraping, direct uptake, osmotic or Sucrose shock, lysozyme 



US 2009/0202429 A1 

fusion or erythrocyte fusion, indirect microinjection Such as 
via erythrocyte-mediated techniques, and/or by Subjecting 
host cells to electric currents. Some of the techniques men 
tioned above are also applicable to unicellular organisms, 
Such as bacteria or yeast. As other techniques for introducing 
genetic information into host cells will be developed, the 
above-mentioned list of transfection methods is not consid 
ered to be exhaustive. The transfected cells are then cultured 
by conventional techniques to produce a mutant VWF-A1 
molecule harboring at least one of the mutations previously 
described. 

0143. One skilled in the art understands that expression of 
desired protein products in prokaryotes is most often carried 
out in E. coli with vectors that contain constitutive or induc 
ible promoters. Some non-limiting examples of bacterial cells 
for transformation include the bacterial cell line E. coli strains 
DH5O. or MC1061/p3 (Invitrogen Corp., San Diego, Calif.), 
which can be transformed using standard procedures prac 
ticed in the art, and colonies can then be screened for the 
appropriate plasmid expression. Some E. coli expression vec 
tors (also known in the art as fusion-vectors) are designed to 
add a number of amino acid residues, usually to the N-termi 
nus of the expressed recombinant protein. Such fusion vec 
tors can serve three functions: 1) to increase the solubility of 
the desired recombinant protein; 2) to increase expression of 
the recombinant protein of interest; and 3) to aid in recombi 
nant protein purification by acting as a ligand in affinity 
purification. In some instances, vectors, which direct the 
expression of high levels of fusion protein products that are 
readily purified, may also be used. Some non-limiting 
examples of fusion expression vectors include pGEX, which 
fuse glutathione S-tran?ferase to desired protein; pcDNA 
3.1V5-His AB & C (Invitrogen Corp, Carlsbad, Calif.) which 
fuse 6x-His to the recombinant proteins of interest; pMAL 
(New England Biolabs, MA) which fuse maltose E binding 
protein to the target recombinant protein; the E. coli expres 
sion vector puR278 (Ruther et al., (1983) EMBO 12:1791), 
wherein the coding sequence may be ligated individually into 
the vector in frame with the lac Z coding region in order to 
generate a fusion protein; and plN vectors (Inouye et al., 
(1985) Nucleic Acids Res. 13:3101-3109; Van Heeke et al., 
(1989).J. Biol. Chem. 24:5503–5509. Fusion proteins gener 
ated by the likes of the above-mentioned vectors are generally 
soluble and can be purified easily from lysed cells via adsorp 
tion and binding to matrix glutathione agarose beads Subse 
quently followed by elution in the presence of free glu 
tathione. For example, the pGEX vectors are designed to 
include thrombin or factor Xa protease cleavage sites so that 
the cloned target can be released from the GST moiety. 
0144 Other suitable cell lines, in addition to microorgan 
isms such as bacteria (e.g., E. coli and B. subtilis) transformed 
with recombinant bacteriophage DNA, plasmid DNA or 
cosmid DNA expression vectors containing coding 
sequences for a mutant VWF-A1 molecule described above, 
may alternatively be used to produce the molecule of interest. 
Non-limiting examples include plant cell systems infected 
with recombinant virus expression vectors (for example, 
tobacco mosaic virus, TMV cauliflower mosaic virus, 
CaMV) or transformed with recombinant plasmid expression 
vectors (e.g., Tiplasmid) containing coding sequences for a 
mutant VWF-A1 molecule described above; insect cell sys 
tems infected with recombinant virus expression vectors 
(e.g., baculovirus) containing coding sequences for a mutant 
VWF-A1 molecule described above; yeast (for example, Sac 
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charomyces sp., Pichia sp.) transformed with recombinant 
yeast expression vectors containing coding sequences for a 
mutant VWF-A1 molecule described above; or mammalian 
cell lines harboring a vector that contains coding sequences 
for a mutant VWF-A1 molecule described above. 

(0145 Mammalian cells (such as BHK cells, VERO cells, 
CHO cells and the like) can also contain an expression vector 
(for example, one that harbors a nucleotide sequence encod 
ing a mutant VWF-A1 molecule described above) for expres 
sion of a desired product. Expression vectors containing Such 
a nucleic acid sequence linked to at least one regulatory 
sequence in a manner that allows expression of the nucleotide 
sequence in a host cell can be introduced via methods known 
in the art, as described above. To those skilled in the art, 
regulatory sequences are well known and can be selected to 
direct the expression of a protein of interest in an appropriate 
host cell as described in Goeddel, Gene Expression Technol 
ogy (1990) Methods in Enzymology 185, Academic Press, 
San Diego, Calif.). Regulatory sequences can comprise the 
following: enhancers, promoters, polyadenylation signals, 
and other expression control elements. Practitioners in the art 
understand that designing an expression vector can depend on 
factors, such as the choice of host cell to be transfected and/or 
the type and/or amount of desired protein to be expressed. 
014.6 Animal or mammalian host cells capable of harbor 
ing, expressing, and Secreting large quantities of a mutant 
VWF-A1 molecule (described above) of interest into the cul 
ture medium for Subsequent isolation and/or purification 
include, but are not limited to, Chinese hamster ovary cells 
(CHO), such as CHO-K1 (ATCCCCL-61), DG44 (Chasin et 
al., (1986) Som. Cell Molec. Genet, 12:555-556: Kolkekar et 
al., (1997) Biochemistry, 36:10901-10909; and WO 01/92337 
A2), dihydrofolate reductase negative CHO cells (CHO/ 
dhfr-, Urlaub et al., (1980) Proc. Natl. Acad. Sci. U.S.A., 
77:4216), and dp12.CHO cells (U.S. Pat. No. 5,721,121); 
monkey kidney CV1 cells transformed by SV40 (COS cells, 
COS-7, ATCC CRL-1651); human embryonic kidney cells 
(e.g., 293 cells, or 293 cells subcloned for growth in suspen 
sion culture, Graham et al., (1977).J. Gen. Virol., 36:59); baby 
hamster kidney cells (BHK, ATCCCCL-10); monkey kidney 
cells (CV1, ATCC CCL-70); African green monkey kidney 
cells (VERO-76, ATCCCRL-1587; VERO, ATCCCCL-81); 
mouse sertoli cells (TM4; Mather (1980) Biol. Reprod., 
23:243-251); human cervical carcinoma cells (HELA, ATCC 
CCL-2); canine kidney cells (MDCK, ATCC CCL-34): 
human lung cells (W138, ATCCCCL-75); human hepatoma 
cells (HEP-G2, HB 8065); mouse mammary tumor cells 
(MMT 060562, ATCCCCL-51); buffalo rat liver cells (BRL 
3A, ATCC CRL-1442); TRI cells (Mather (1982) Annals NY 
Acad. Sci., 383:44-68); MCR 5 cells: FS4 cells. A cell line 
transformed to produce a mutant VWF-A1 molecule 
described above can also be an immortalized mammaliancell 
line of lymphoid origin, which include but are not limited to, 
a myeloma, hybridoma, trioma or quadroma cell line. The cell 
line can also comprise a normal lymphoid cell. Such as a B 
cell, which has been immortalized by transformation with a 
virus, such as the Epstein Barr virus (such as a myeloma cell 
line or a derivative thereof). 
0147 A host cell strain, which modulates the expression 
of the inserted sequences, or modifies and processes the 
nucleic acid in a specific fashion desired also may be chosen. 
Such modifications (for example, glycosylation and other 
post-translational modifications) and processing (for 
example, cleavage) of protein products may be important for 
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the function of the protein. Different host cell strains have 
characteristic and specific mechanisms for the post-transla 
tional processing and modification of proteins and gene prod 
ucts. As such, appropriate host systems or cell lines can be 
chosen to ensure the correct modification and processing of 
the foreign protein expressed, such as a mutant VWF-A1 
molecule described above. Thus, eukaryotic host cells pos 
sessing the cellular machinery for proper processing of the 
primary transcript, glycosylation, and phosphorylation of the 
gene product may be used. Non-limiting examples of mam 
malian host cells include 3T3, W138, BT483, Hss78T, CHO, 
VERY, BHK, Hela, COS, BT2O, T47D, NS0 (a murine 
myeloma cell line that does not endogenously produce any 
immunoglobulin chains), CRL7O3O, MDCK, 293, HTB2, 
and HSS78Bst cells. 

0148 For protein recovery, isolation and/or purification, 
the cell culture medium or cell lysate is centrifuged to remove 
particulate cells and cell debris. The desired polypeptide mol 
ecule (for example, a mutant VWF-A1 protein) is isolated or 
purified away from contaminating Soluble proteins and 
polypeptides by Suitable purification techniques. Non-limit 
ing purification methods for proteins include: separation or 
fractionation on immunoaffinity or ion-exchange columns; 
ethanol precipitation; reverse phase HPLC. chromatography 
on a resin, Such as silica, or cation exchange resin, e.g., 
DEAE; chromatofocusing: SDS-PAGE: ammonium sulfate 
precipitation; gel filtration using, e.g., Sephadex G-75, 
Sepharose; protein A Sepharose chromatography for removal 
of immunoglobulin contaminants; and the like. Other addi 
tives, such as protease inhibitors (e.g., PMSF or proteinase K) 
can be used to inhibit proteolytic degradation during purifi 
cation. Purification procedures that can select for carbohy 
drates can also be used, e.g., ion-exchange soft gel chroma 
tography, or HPLC using cation- oranion-exchange resins, in 
which the more acidic fraction(s) is/are collected. 
0149. In one embodiment, the protein isolated is a mutant 
human von Willebrand Factor A1 protein comprising one or 
more of the following mutations: 1263S>P, 1269D>N, 
1274R>K, 1287R>M, 1302D>G, 1308R>H, 1313WaR, 

1469L>O, 1472H-Q, 1473M>V, 1475Q>H, or 1479G>S. In 
another embodiment, the protein isolated is a mutant human 
von Willebrand Factor A1 protein comprising a 1263S>P. 
1269D-N, 1274R>K, 1287R>M, 1302D>G, 1308R>H, 
1313WaR, 1314V>I, 1326H>R, 1329I>L, 1330G-E, 
1333D>A, 1344A-T, 1347V-I, 1350A>T, 1370S-G, 
1379R>H, 1381A-T, 1385 MdT, 1391Q>P, 1394SSA, 
1397F>L, 1421NZS, 1439V>L, 1442S>G, 1449Q>R, 
1466P>A, 1469L>O, 1472H-Q, 1473M>V, 1475Q>H, or a 
1479G>S mutation. In a particular embodiment, the protein 
isolated is a mutant human von Willebrand Factor A1 protein 
comprising a 1326HCR mutation. 
0150. The invention also provides a method for producing 
mutant von Willebrand Factor A1 protein that specifically 
binds human platelets. For example, an animal expressing a 
mutant von Willebrand Factor A1 (VWF-A1) protein can be 
provided, wherein the mutation causes the platelet binding 
specificity of the animal VWF-A1 protein to change to be 
specific for human platelets. VWF plasma protein containing 
the mutant Al domain from an animal (such as from amouse) 
can then be Subsequently harvested. In one embodiment, the 
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animal von Willebrand Factor A1 protein contains at least one 
mutation at amino acid position 1263, 1269, 1274, 1287. 
1302, 1308, 1313, 1314, 1326, 1329, 1330, 1333, 1344, 1347, 
1350, 1370, 1379, 1381, 1385, 1391, 1394, 1397, 1421, 1439, 
1442, 1449, 1466, 1469, 1472, 1473, 1475, or 1479. In 
another embodiment, the mutations occur in a murine VWF 
A1 protein. In particular embodiments, the mutant murine 
von Willebrand Factor A1 protein comprises at least one 
mutation comprising 1263P>S, 1269N>D, 1274K>R, 
1287MeR, 1302G>D, 1308H>R, 1313R>W, 1314IYV, 
1326R-H, 1329L>I, 1330E-G, 1333A-D, 1344T-A, 
1347I>V, 1350T>A, 1370G>S, 1379H>R, 1381T>A, 
1385T-M 1391P-Q, 1394A>S, 1397L>F, 1421S>N, 
1439L>V. 1442G>S, 1449R>Q, 1466A>P, 1469Q>L, 
1472O>H, 1473V>M, 1475H>Q, 1479S>G, or any combi 
nation thereof. 
0151. Pre-Screening Evaluation of Anti-Thrombotics and 
Associated Diseases 
0152 Diversity libraries, such as random or combinatorial 
peptide or non-peptide libraries can be screened for Small 
molecules and compounds that specifically bind to a VWF 
A1 protein. Many libraries are known in the art that can be 
used such as, e.g., chemically synthesized libraries, recom 
binant (e.g., phage display) libraries, and in vitro translation 
based libraries. 
0153. Any screening technique known in the art can be 
used to Screen for agonist (i.e., compounds that promote 
platelet adhesion) or antagonist molecules (such as anti 
thrombotics) directed at a target of interest (e.g. VWF-A1). 
The present invention contemplates screens for Small mol 
ecule ligands or ligandanalogs and mimics, as well as screens 
for natural ligands that bind to and modulate VWF-A1 bind 
ing to GPIb-alpha, Such as via examining the degree of throm 
bus formation, platelet adhesion, coagulation, blood flow, 
vessel occlusion, or bleeding times. For example, natural 
products libraries can be screened using assays of the inven 
tion for molecules that modulate the activity of a molecule of 
interest, such as a VWF-A1 binding to GPIb-alpha. 
0154 Knowledge of the primary sequence of a molecule 
of interest, such as a VWF-A1, can provide an initial clue as 
to proteins that can modulate VWF-A1 binding to GPIb 
alpha. Identification and screening of modulators is further 
facilitated by determining structural features of the protein, 
e.g., using X-ray crystallography, neutron diffraction, nuclear 
magnetic resonance spectrometry, and other techniques for 
structure determination. These techniques provide for the 
rational design or identification of Such modulators. 
0155 Test compounds, such as test modulators of VWF 
A1 binding to GPIb-alpha, are screened from large libraries 
of synthetic or natural compounds. Numerous means are 
currently used for random and directed synthesis of saccha 
ride, peptide, and nucleic acid based compounds. Synthetic 
compound libraries are commercially available from May 
bridge Chemical Co. (Trevillet, Cornwall, UK), ComgeneX 
(Princeton, N.J.), Brandon Associates (Merrimack, N.H.), 
and Microsource (New Milford, Conn.). A rare chemical 
library is available from Aldrich (Milwaukee, Wis.). Alterna 
tively, libraries of natural compounds in the form of bacterial, 
fungal, plant and animal extracts are available from e.g. Pan 
Laboratories (Bothell, Wash.) or MycoSearch (N.C.), or are 
readily producible. Additionally, natural and synthetically 
produced libraries and compounds are readily modified 
through conventional chemical, physical, and biochemical 
means (Blondelle et al., (1996) Tib Tech 14:60). 



US 2009/0202429 A1 

0156 Methods for preparing libraries of molecules are 
well known in the art and many libraries are commercially 
available. Libraries of interest in the invention include pep 
tide libraries, randomized oligonucleotide libraries, synthetic 
organic combinatorial libraries, and the like. Degenerate pep 
tide libraries can be readily prepared in solution, in immobi 
lized form as bacterial flagella peptide display libraries or as 
phage display libraries. Peptide ligands can be selected from 
combinatorial libraries of peptides containing at least one 
amino acid. Libraries can be synthesized of peptoids and 
non-peptide synthetic moieties. Such libraries can further be 
synthesized which contain non-peptide synthetic moieties, 
which are less Subject to enzymatic degradation compared to 
their naturally-occurring counterparts. Libraries are also 
meant to include for example but are not limited to peptide 
on-plasmid libraries, polysome libraries, aptamer libraries, 
synthetic peptide libraries, synthetic small molecule libraries 
and chemical libraries. The libraries can also comprise cyclic 
carbon or heterocyclic structure and/or aromatic or polyaro 
matic structures substituted with one or more of the above 
identified functional groups. Screening compound libraries 
listed above also see EXAMPLE 6 and U.S. Patent Applica 
tion Publication No. 2005/0009163, which is hereby incor 
porated by reference, in combination with dynamic force 
microscopy, a coagulation factor assay, a platelet adhesion 
assay, thrombus imaging, a bleeding time assay, aggregom 
etry, review of real-time video of blood flow, a Doppler ultra 
Sound vessel occlusion assay, or a combination of these 
assays (for example, those assays described in EXAMPLES 
1-4) can be used to identify modulators of VWF-A1 binding 
to GPIb-alpha, wherein the compound abbreviates or 
increases off-rate (k) binding kinetics between VWF-A1 
and GPIb-alpha by at least two-fold (Lew et al., (2000) Curr. 
Med. Chem. 7(6):663-72; Werner et al., (2006) Brief Funct. 
Genomic Proteomic 5(1):32-6). 
0157 Small molecule combinatorial libraries may also be 
generated. A combinatorial library of Small organic com 
pounds is a collection of closely related analogs that differ 
from each other in one or more points of diversity and are 
synthesized by organic techniques using multi-step pro 
cesses. Combinatorial libraries include a vast number of 
Small organic compounds. One type of combinatorial library 
is prepared by means of parallel synthesis methods to produce 
a compound array. A compound array can be a collection of 
compounds identifiable by their spatial addresses in Cartesian 
coordinates and arranged such that each compound has a 
common molecular core and one or more variable structural 
diversity elements. The compounds in Such a compoundarray 
are produced in parallel in separate reaction vessels, with 
each compound identified and tracked by its spatial address. 
Examples of parallel synthesis mixtures and parallel synthe 
sis methods are provided in U.S. Ser. No. 08/177,497, filed 
Jan. 5, 1994 and its corresponding PCT published patent 
application WO95/18972, published Jul. 13, 1995 and U.S. 
Pat. No. 5,712,171 granted Jan. 27, 1998 and its correspond 
ing PCT published patent application WO96/22529, which 
are hereby incorporated by reference. 
0158 Examples of chemically synthesized libraries are 
described in Fodor et al., (1991) Science 251:767-773: 
Houghten et al., (1991) Nature 354:84-86; Lam et al., (1991) 
Nature 354:82-84; Medynski, (1994) BioTechnology 12:709 
710; Gallop et al., (1994).J. Medicinal Chemistry 37(9): 1233 
1251; Ohlmeyer et al., (1993) Proc. Natl. Acad. Sci. USA 
90:10922-10926; Erb et al., (1994) Proc. Natl. Acad. Sci. 
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USA 91:11422-11426; Houghten et al., (1992) Biotechniques 
13:412; Jayawickreme et al., (1994) Proc. Natl. Acad. Sci. 
USA 91:1614-1618: Salmon et al., (1993) Proc. Natl. Acad. 
Sci. USA 90:11708-11712: PCT Publication No. WO 
93/20242, dated Oct. 14, 1993; and Brenner et al., (1992) 
Proc. Natl. Acad. Sci. USA 89:5381-5383. 
0159 Screening methods of the invention allowed for the 
identification of potential compounds that modulate VWF 
A1 binding to GPIb-alpha. In some embodiments of the 
invention, the compound comprises one or more compounds 
having a structure depicted in Table 8 below. 
0160 Examples of phage display libraries are described in 
Scottet al., (1990) Science 249:386-390; Devlin et al., (1990) 
Science, 249:404–406; Christian, et al., (1992) J. Mol. Biol. 
227:711–718; Lenstra, (1992) J. Immunol. Meth. 152:149 
157: Kay et al., (1993) Gene 128:59-65; and PCT Publication 
No. WO94f18318. 

0.161. In vitro translation-based libraries include but are 
not limited to those described in PCT Publication No. WO 
91/05058; and Mattheakis et al., (1994) Proc. Natl. Acad. Sci. 
USA 91:9022-9026. 
0162. In one non-limiting example, non-peptide libraries, 
such as a benzodiazepine library (see e.g., Bunin et al., (1994) 
Proc. Natl. Acad. Sci. USA 91:4708-4712), can be screened. 
Peptoid libraries, such as that described by Simon et al., 
(1992) Proc. Natl. Acad. Sci. USA 89:9367-9371, can also be 
used. Another example of a library that can be used, in which 
the amidefunctionalities in peptides have been permethylated 
to generate a chemically transformed combinatorial library, is 
described by Ostreshet al. (1994), Proc. Natl. Acad. Sci. USA 
91:11138-11142. 
0163 Screening the libraries can be accomplished by any 
variety of commonly known methods. See, for example, the 
following references, which disclose screening of peptide 
libraries: Parmley and Smith, (1989) Adv. Exp. Med. Biol. 
251:215-218: Scott and Smith, (1990) Science 249:386-390; 
Fowlkes et al., (1992) BioTechniques 13:422-427; Oldenburg 
et al., (1992) Proc. Natl. Acad. Sci. USA 89:5393-5397: Yu et 
al., (1994) Cell 76:933-945; Staudt et al., (1988) Science 
241:577-580; Bocket al., (1992) Nature 355:564-566: Tuerk 
et al., (1992) Proc. Natl. Acad. Sci. USA 89:6988-6992: 
Ellington et al., (1992) Nature 355:850-852; U.S. Pat. Nos. 
5,096,815; 5,223,409; and 5,198.346, all to Ladner et al.: 
Rebaret al., (1993) Science 263:671-673; and PCT Pub. WO 
94f18318. 
0164. The invention provides a method for identifying a 
compound that modulates VWF-A1 binding to GPIb-alpha. 
In one embodiment, the method can comprise providing an 
electronic library of test compounds stored on a computer 
(such as those libraries described above); providing atomic 
coordinates for at least 10 amino acid residues of the A1 
domain of the VWF protein listed in Table 8, where the 
coordinates having a root mean square deviation therefrom, 
with respect to at least 50% of the Co. atoms, of not greater 
than about 2.5 A, in a computer readable format; converting 
the atomic coordinates into electrical signals readable by a 
computer processor to generate a three dimensional model of 
the VWF-A1 domain; performing a data processing method, 
wherein electronic test compounds from the library are super 
imposed upon the three dimensional model of the A1 domain 
of VWF; and determining which test compound fits within the 
binding pocket of the three dimensional model of the VWF 
A1 protein. Thus, compounds can be identified that would 
modulate the binding of VWF-A1 to GPIb-alpha. 


























































































































































