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ALLELIC VARIANTS OF HUMAN FACTOR 
VIII 

CROSS REFERENCE TO RELATED PATENT 
APPLICATIONS 

0001. This application claims priority to U.S. Provisional 
Application No. 60/634,065 filed Dec. 6, 2004, and U.S. 
Provisional Application No. Unassigned, entitled 'Allelic 
Variants of Human Factor VIII' filed on Nov. 16, 2005, both 
of which are herein incorporated by reference in their entire 
ties. 

I. BACKGROUND 

0002 Hemophilia is a congenital bleeding disorder. 
Patients with Hemophilia A have either absent, decreased or 
defective production of the blood clotting protein, Factor VIII 
(FVIII). Those with Hemophilia B have similar problems 
with Factor IX (FIX). Hemophilia is characterized as 
“severe” when the activity of the affected clotting factor 
(FVIII or FIX) is less than 1% of normal. Severe Hemophilia 
is often associated with spontaneous bleeding (i.e. bleeding 
not caused by trauma or injury). Hemophilia is termed "mild 
when the relevant clotting factor activity is 6-24% of normal. 
Hemophilia is referred to as “moderate' when clotting factor 
activity is between 1% and 5% of normal. Approximately 
70% of Hemophilia patients have severe disease and can 
require treatment for bleeding several times per month. 
0003. Most patients that have Hemophilia A or B are 
treated by replacing their missing coagulation factor with 
FVIII or FIX that is either derived from plasma or developed 
using recombinant technology. One of the most serious com 
plications of the treatment of Hemophilia is the development 
of inhibitors. Inhibitors are antibodies to FVIII or FDC 
that can develop in patients with Hemophilia following 
replacement therapy with the Missing coagulation factor. The 
management of Hemophilia patients with inhibitors is diffi 
cult. Clinically, most inhibitors are detected when patients 
fail to respond to standard replacement therapy. Inhibitor 
levels are measured in Bethesda units (BU). In general a 
patient having a BU exceeding 10 is considered refractory to 
treatment with human FVIII. 
0004 Inhibitors are usually first detected using a sensitive 
clotting-based assay, variably referred to as an inhibitor 
screen or a mixing study. The coagulation factor specificity of 
the suspected inhibitor is next commonly determined by per 
forming a set of clotting-based factor activity assays where 
each is specific for one of the candidate coagulation proteins 
potentially being targeted. The presence and specificity of an 
inhibitor is most often confirmed by performing the more 
specific clotting-based test known as the Bethesda assay. The 
plasma level (i.e. titer) of an inhibitor, likewise, is typically 
measured by the Bethesda assay, and is defined in terms of 
Bethesda units (BU). 
0005 Acquired Hemophilia is a spontaneous develop 
ment of inhibitors to one's own FVIII. Acquired Hemophilia 
occurs in about one person per million. The underlying cause 
of inhibitor development in acquired hemophilia is unknown 
but is associated with many conditions including pregnancy, 
autoimmune disease, the use of certain medications or cancer 
Acquired Hemophilia A: A Concise Review Franchini et. al. 
American Journal of Hematology 80:55-63 (2005). Patients 
with acquired Hemophilia may present to the hospital as a 
result of a severe spontaneous bleeding episode. These bleed 
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ing episodes are very difficult to control, and will not typically 
respond to treatment with FVIII. 
0006 Treatment of Hemophilia patients (both A and B) 
and patients with other coagulation factor deficiencies is nor 
mally based on replacement therapy (Substitution of the miss 
ing clotting factor). 
0007. The replacement clotting factors are typically 
obtained from human plasma or from recombinant (geneti 
cally engineered) preparations. Human plasma-derived clot 
ting factors have the inherent risk of potentially transmitting 
certain viruses. Antibodies or inhibitors can develop follow 
ing treatment with either human plasma factor concentrates 
or recombinant clotting factor preparations. Alloantibodies 
react with the replacement fVIII product but not with the 
patient's endogenous fVIII. Occassionally patients develop 
autoantibodies in addition ti alloantibodies in response to 
infused fVIII. When this occurs a mild or moderate patient 
may become a severe patient. The development of inhibitors 
is very problematic as injected replacement therapy is fre 
quently neutralized or made ineffective by the inhibitor 
shortly after infusion. Treatment options are available for 
treating Hemophilia patients that develop inhibitors include 
are high dose FVIII or FIXtreatment (to overcome the inhibi 
tor), for hemophilia A NonvoSeven (rfVIIa) porcine FVIII 
(FVIII derived from the plasma of pigs) or bypassing agents 
Such as prothrombin complex concentrates (PCCs) or acti 
vated prothrombin complex concentrates (e.g., FEIBA and 
other APCCs) which enhance the hemostatic process without 
the need of FVIII or FIX. 

0008 FVIII is also associated with other diseases and 
disorders, as outlined below. Elevated levels of FVIII are an 
important risk factor for venous thrombosis and may also be 
associated with arterial thrombosis. Thrombosis is the forma 
tion of a clot or thrombus inside a blood vessel, obstructing 
the flow of blood through the circulatory system. Throm 
boembolism is a general term describing both thrombosis and 
its main complication: dislodgement of a clot and emboliza 
tion. Von Willebrand's disease is due to an abnormality, either 
quantitative or qualitative, of the Von Willebrand factor 
(VWF), which is a large multimeric glycoprotein that func 
tions as the carrier protein for factor VIII (FVIII). VWF also is 
required for normal platelet adhesion. As such, VWF func 
tions in both primary (involving platelet adhesion) and sec 
ondary (involving FVIII) hemostasis. In primary hemostasis, 
VWF binds on platelets to its specific receptor glycoprotein Ib 
and acts as an adhesive bridge between the platelets and 
damaged Subendothelium at the site of vascular injury. In 
secondary hemostasis, VWF protects FVIII from degradation 
and delivers it to the site of injury. What is needed in the art are 
methods and compositions for screening for and treating dis 
eases and disorders related to FVILL and in the case of 
hemophilia A less antigenic and less immunogenic VVIII 
replacement preparations and in the case of prothombotic 
fVIII improved means to neutralize coagulant activity. 

II. SUMMARY 

0009 Disclosed is a method of categorizing a haplotype in 
a FVIII gene comprising, amplifying regions of the FVIII 
gene, determining a haplotype of the FVIII gene from DNA 
sequence within the amplified regions, and categorizing the 
haplotype as being an H1 (SEQID NO: 1), H2 (SEQID NO: 
2), H3 (SEQID NO:3), H4 (SEQ ID NO: 4), H5 (SEQ ID 
NO: 5), or H6 (SEQID NO: 6). 
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0010 Disclosed is a method of categorizing a haplotype in 
a FVIII gene comprising, detecting a FVIII protein and cat 
egorizing the haplotype of the FVIII gene encoding the 
detected FVIII protein as being an H1 (SEQ ID NO: 1), H2 
(SEQ ID NO: 2), H3 (SEQ ID NO:3), H4 (SEQID NO: 4), 
H5 (SEQID NO. 5), or H6 (SEQID NO: 6). 
0011 Disclosed is a method of reducing the generation of 
anti-FVIII antibodies that inhibit or impair FVIII treatment 
comprising, detecting a haplotype in a FVIII gene in a Subject, 
matching a replacement FVIII therapy to the detected haplo 
type, and administering the matched replacement FVIII 
therapy to the subject. The haplotype can be H1 (SEQID NO: 
1), H2'(SEQ ID NO: 2), H3 (SEQ ID NO:3), H4 (SEQ ID 
NO: 4), H5 (SEQID NO. 5), or H6 (SEQID NO: 6). 
0012 Disclosed is a method of preventing the generation 
of anti-FVIII antibodies that inhibit or impair FVIII treatment 
comprising, detecting a haplotype in a FVIII gene in a Subject, 
matching a replacement FVIII therapy to the detected haplo 
type, and administering the matched replacement FVIII 
therapy to the subject. The haplotype can be H1 (SEQID NO: 
1), H2 (SEQ ID NO: 2), H3 (SEQ ID NO:3), H4 (SEQ ID 
NO: 4), H5 (SEQID NO. 5), or H6 (SEQID NO: 6). 
0013 Disclosed is a method of maximizing efficacy of 
transfusion therapy in a subject with a hemostatic disorder 
comprising, determining whether the FVIII haplotype of a 
subject having a hemostatic disorder is H1 (SEQ ID NO: 1), 
H2 (SEQID NO: 2), H3 (SEQ ID NO:3), H4 (SEQID NO: 
4), H5 (SEQ ID NO: 5), or H6 (SEQ ID NO: 6) and admin 
istering an appropriate transfusion product to the subject 
based on the results. The transfusion product can be a recom 
binant FVIII. The transfusion product can be plasma derived 
FVIII. 
0014 Disclosed is a method of administering a blood 
product to a subject in need of FVIII comprising, obtaining a 
haplotype in a FVIII gene of a blood product recipient, deter 
mining which type of blood product the recipient should 
receive, and administering to the Subject in need thereof an 
appropriate blood product. The blood product can be pooled 
blood plasma derived from more than one blood donor. The 
blood product can be a plasma-derived FVIII preparation. 
The pooled blood plasma can be obtained by detecting a 
haplotype in a FVIII gene of a blood plasma donor and plac 
ing the blood plasma of the blood plasma donor in an appro 
priate FVIII haplotype pool based on the results. 
00.15 Disclosed is a method of blood plasma pooling com 
prising, detecting a haplotype in a FVIII gene of a blood 
plasma donor and placing blood plasma of the blood plasma 
donor in an appropriate pool based on the results. Disclosed is 
a pooled blood plasma product obtained through this method. 
0016 Disclosed is a method of blood plasma pooling com 
prising, detecting a haplotype in a FVIII gene of a whole 
blood donor, receiving whole blood from the whole blood 
donor, separating plasma from the whole blood, and pooling 
the plasma with plasma obtained from other donors with the 
same where possible or most closely matched haplotype. 
Disclosed is a pooled blood plasma product obtained through 
this method. 
0017 Disclosed is a method of preparing a plasma-derived 
FVIII product comprising, determining the haplotype of 
blood plasma, wherein the haplotype is H1 (SEQID NO: 1), 
H2 (SEQID NO: 2), H3 (SEQ ID NO:3), H4 (SEQID NO: 
4), H5 (SEQID NO:5), or H6 (SEQID NO: 6). and preparing 
a plasma-derived FVIII product from the haplotyped blood 
plasma wherein the resulting FVIII product is homogenous 
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for single haplotype or enriched with selected haplotypes 
with respect to FWD content. Disclosed is a plasma-derived 
FVIII product obtained through this method. 
0018 Disclosed is a method of treating a subject with a 
hemostatic disorder comprising, identifying a subject with a 
hemostatic disorder, determining the FVIII haplotype of the 
subject, wherein the haplotype is H1 (SEQ ID NO: 1), H2 
(SEQ ID NO: 2), H3 (SEQ ID NO:3), H4 (SEQID NO: 4), 
H5 (SEQID NO:5), or H6 (SEQID NO: 6) and administering 
an appropriate FVIII gene replacement product to the Subject 
based on the results. The hemostatic disorder can be congeni 
tal hemophilia A. The hemostatic disorder can be acquired 
hemophilia A. 
0019 Disclosed is a method of treating a subject with a 
hemostatic disorder comprising, identifying a subject with a 
hemostatic disorder, determining the FV111 haplotype of the 
subject, wherein the haplotype is H1 (SEQ ID NO: 1), H2 
(SEQ ID NO: 2), H3 (SEQ ID NO:3), H4 (SEQID NO: 4), 
H5 (SEQID NO:5), or H6 (SEQID NO: 6) and administering 
an appropriate plasma-derived FVIII product to the subject 
based on the results. The hemostatic disorder can be congeni 
tal hemophilia A. The hemostatic disorder can be acquired 
hemophilia A. 
0020 Disclosed is a method of treating a subject with a 
hemostatic disorder comprising, identifying a subject with a 
hemostatic disorder, determining the FVIII haplotype of the 
subject, wherein the haplotype is H1 (SEQ ID NO: 1), H2 
(SEQ ID NO: 2), H3 (SEQ ID NO:3), H4 (SEQID NO: 4), 
H5 (SEQID NO:5), or H6 (SEQID NO: 6) and administering 
an appropriate recombinant FVIII product to the subject 
based on the results. The hemostatic disorder can be congeni 
tal hemophilia A. The hemostatic disorder can be acquired 
hemophilia A. 
0021 Disclosed is a method for rapidly diagnosing a 
FVIII haplotype in a Subject, comprising, obtaining a sample 
from the Subject, analyzing the sample using rapid PCR, and 
determining a FVIII haplotype for the subject. The FVIII 
haplotype can be selected from the group consisting of H1 
(SEQ ID NO: 1), H2 (SEQ ID NO: 2), H3 (SEQID NO:3), 
H4 (SEQID NO:4), H5 (SEQID NO:5), or H6 (SEQID NO: 
6). The Subject can be diagnosed with congenital hemophilia 
A. The Subject can be diagnosed with acquired hemophilia A. 
0022 Disclosed is a method of maximizing the sensitivity 
and specificity of clinical diagnostic algorithms for identify 
ing a Subject with a prothrombotic hemostatic disorder com 
prising, obtaining a sample from the Subject, determining 
whether the FVIII haplotype of a subject having a hemostatic 
disorderis H1 (SEQID NO: 1), H2(SEQID NO:2), H3 (SEQ 
ID NO:3), H4 (SEQ ID NO: 4), H5 (SEQ ID NO. 5), or H6 
(SEQ ID NO: 6) and performing the appropriate additional 
laboratory diagnostic testing on the Subject based on the 
results. 
0023 Disclosed is a method of treating a subject with a 
prothrombotic hemostatic disorder comprising, identifying a 
subject with a hemostatic disorder, determining the FVIII 
haplotype of the subject, wherein the haplotype is H1 (SEQ 
ID NO: 1), H2 (SEQ ID NO: 2), H3 (SEQ ID NO:3), H4 
(SEQID NO: 4), H5 (SEQID NO. 5), or H6 (SEQID NO: 6) 
and administering an appropriate anti-thrombotic prophylac 
tic treatment regimen to the Subject based on the results. 
0024 Disclosed are antibodies that target high risk haplo 
types of FVIII. Disclosed are antibodies that target peptide 
regions unique to said high risk haplotypes. Disclosed are 
agents that neutralize the activity of high risk haplotypes. An 
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agent can be, for example, a monoclonal antibody. Disclosed 
is an antibody to a polypeptide comprising the sequence as set 
forth in SEQ ID NO: 19. Disclosed is an in antibody to a 
polypeptide comprising the sequence as set forth in SEQID 
NO: 20. Disclosed is an in antibody to a polypeptide compris 
ing the sequence as set forth in SEQID NO: 21. Disclosed is 
ann antibody to a polypeptide comprising the sequence as set 
forth in SEQ ID NO: 22. Disclosed is an antibody to a 
polypeptide comprising the sequence as set forth in SEQID 
NO. 23. Disclosed is an antibody to a polypeptide comprising 
the sequence as set forth in SEQID NO: 24. 
0025 Disclosed is a method of treating a subject with a 
prothrombotic hemostatic disorder comprising, identifying a 
subject with a prothrombotic hemostatic disorder, determin 
ing the FVIII haplotype of the subject, wherein the haplotype 
is H1 (SEQID NO: 1), H2 (SEQID NO: 2), H3 (SEQID NO: 
3), H4 (SEQID NO: 4), H5 (SEQID NO: 5), or H6 (SEQID 
NO: 6) and administering an appropriate anti-thrombotic pro 
phylactic treatment regimen to the Subject based on the 
results. The hemostatic disorder can be congenital hemo 
philia A. The hemostatic disorder can be acquired hemophilia 
A. 
0026 Disclosed is a method of treating a subject with a 
hemostatic disorder comprising, identifying a subject with a 
hemostatic disorder, determining the FVIII haplotype of the 
subject, wherein the haplotype is H1 (SEQ ID NO: 1), H2 
(SEQ ID NO: 2), H3 (SEQ ID NO:3), H4 (SEQID NO: 4), 
H5 (SEQID NO. 5), or H6 (SEQID NO: 6), and administer 
ing an appropriate recombinant FVIII product to the subject 
based on the results. 
0027 Disclosed is a method for rapidly diagnosing a 
FVIII haplotype in a Subject, comprising, obtaining a sample 
from the Subject, analyzing the sample using FVIII haplotype 
specificantibodies, and determining a FVIII haplotype for the 
Subject. The haplotype can be selected from the group con 
sisting of H1 (SEQID NO: 1), H2 (SEQID NO: 2), H3 (SEQ 
ID NO:3), H4 (SEQ ID NO: 4), H5 (SEQ ID NO. 5), or H6 
(SEQID NO: 6). The subject can be diagnosed as having an 
increased risk for a thrombotic event. 
0028 Disclosed is a method of screening to determine the 
presence of alloantibodies of FVIII comprising, administer 
ing FVIII of a known haplotype wherein the haplotype is H1 
0029 (SEQID NO: 1), H2 (SEQID NO: 2), H3 (SEQ ID 
NO:3), H4 (SEQID NO: 4), H5 (SEQID NO. 5), H6 (SEQ 
ID NO: 6), and determining whether alloantibody binding 
OCCU.S. 

0030) Disclosed is a method of in vitro screening to deter 
mine the presence of alloantibodies or autoantibodies of 
FVIII comprising, testing FVIII of a known haplotype 
wherein the haplotype is H1 (SEQ ID NO: 1), H2 (SEQ ID 
NO: 2), H3 (SEQID NO:3), H4 (SEQID NO: 4), H5 (SEQ 
ID NO: 5), H6 (SEQ ID NO: 6), in a Bethesda Assay for 
determining the Bethesda Units as a measure of reactivity 
with alloantibodies. 
0031 Disclosed is an oligonucleotide comprising the 
sequence as set forth in SEQ ID NO: 1. Disclosed is an 
oligonucleotide comprising the sequence as set forth in SEQ 
ID NO: 2. Disclosed is an oligonucleotide comprising the 
sequence as set forth in SEQ ID NO: 3. Disclosed is an 
oligonucleotide comprising the sequence as set forth in SEQ 
ID NO: 4. Disclosed is an oligonucleotide comprising the 
sequence as set forth in SEQ ID NO: 5. Disclosed is an 
oligonucleotide comprising the sequence as set forth in SEQ 
ID NO: 6. 
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0032. Disclosed is an oligonucleotide comprising a 
sequence selected from the group consisting of SEQ ID 
NO:1-12 and 25-124. 
0033 Disclosed is a mixture of primers comprising SEQ 
ID NOS: 25 and 26. Disclosed is a mixture of primers com 
prising SEQ ID NOS: 29 and 30. Disclosed is a mixture of 
primers comprising SEQID NOS: 33 and 34. Disclosed is a 
mixture of primers comprising SEQ ID NOS: 37 and 38. 
Disclosed is a mixture of primers comprising SEQID NOS: 
25 and 26. Disclosed is a mixture of primers comprising SEQ 
ID NOS.: 41 and 42. Disclosed is a mixture of primers com 
prising SEQID NOS: 43 and 44. Disclosed is a mixture of 
primers comprising SEQID NOS.: 45 and 46. Disclosed is a 
mixture of primers comprising SEQ ID NOS: 47 and 48. 
Disclosed is a mixture of primers comprising SEQID NOS: 
49-124. 
0034 Disclosed is a polypeptide comprising the sequence 
as set forth in SEQ ID NO: 13. Disclosed is a polypeptide 
comprising the sequence as set forth in SEQ ID NO: 14. 
Disclosed is a polypeptide comprising the sequence as set 
forth in SEQID NO: 15. Disclosed is a polypeptide compris 
ing the sequence as set forth in SEQID NO: 16. Disclosed is 
a polypeptide comprising the sequence as set forth in SEQID 
NO: 17. Disclosed is a polypeptide comprising the sequence 
as set forth in SEQ ID NO: 18. Disclosed is a polypeptide 
comprising the sequence as set forth in SEQ ID NO: 19. 
Disclosed is a polypeptide comprising the sequence as set 
forth in SEQID NO. 20. Disclosed is a polypeptide compris 
ing the sequence as set forth in SEQID NO: 21. Disclosed is 
a polypeptide comprising the sequence as set forth in SEQID 
NO: 22. Disclosed is a polypeptide comprising the sequence 
as set forth in SEQ ID NO. 23. Disclosed is a polypeptide 
comprising the sequence as set forth in SEQID NO: 24. 
0035 Disclosed is a composition comprising pooled 
FVIII having a single haplotype. The haplotype can be H1, 
H2,H3, H4, H5 or H6. 
0036) Disclosed is a recombinant FVIII having the H1 
haplotype. Disclosed is a recombinant FVIII having the H2 
haplotype. Disclosed is a recombinant FVIII having the H3 
haplotype. Disclosed is a recombinant FVIII having the H4 
haplotype. Disclosed is a recombinant FVIII having the H5 
haplotype. Disclosed is a recombinant FVIII having the H6 
haplotype. 

III. BRIEF DESCRIPTION OF THE DRAWINGS 

0037. The accompanying drawings, which are incorpo 
rated in and constitute a part of this specification, illustrate 
several embodiments and together with the description illus 
trate the disclosed compositions and methods. 
0038 FIG. 1 is an amplicon model for resequencing an 
FVIII gene to identify haplotype. 
0039 FIG. 2 is a schematic representation of non-synony 
mous single nucleotide polymorphisms (SNPs) of the human 
coagulation FVIII protein. 
0040 FIG. 3 is a schematic representation of seven wild 
type FVIII proteins and the percentage of racial populations 
that express such haplotypes. 
0041 FIG. 4 is a schematic representation of three com 
mercially available forms of wildtype FVIII. 
0042 FIG. 5 illustrates plasmids that can express five 
forms of FVIII. 
0043 FIG. 6 is a schematic representation of common 
non-hemophilic F8 nsSNPs indicative of thrombosis suscep 
tibility. 
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0044 FIG. 7 presents the FVIII:Clevels versus age indi 
cating the sex of each subject. 
0045 FIGS. 8 A, B, and C present the estimated rand D' 
between each pair of alleles, respectively. 
0046 FIG. 9 illustrates the pattern and degree of LD 
across F8 in various human populations. 

IV. DETAILED DESCRIPTION 

0047. Before the present compounds, compositions, 
articles, devices, and/or methods are disclosed and described, 
it is to be understood that they are not limited to specific 
synthetic methods or specific recombinant biotechnology 
methods unless otherwise specified, or to particular reagents 
unless otherwise specified, as Such may, of course, vary. It is 
also to be understood that the terminology used herein is for 
the purpose of describing particular embodiments only and is 
not intended to be limiting. 

A. Definitions 

0048. As used in the specification and the appended 
claims, the singular forms “a,” “an and “the include plural 
referents unless the context clearly dictates otherwise. Thus, 
for example, reference to “a pharmaceutical carrier includes 
mixtures of two or more Such carriers, and the like. 
0049 Ranges can be expressed hereinas from “about one 
particular value, and/or to “about another particular value. 
When such a range is expressed, another embodiment 
includes from the one particular value and/or to the other 
particular value. Similarly, when values are expressed as 
approximations, by use of the antecedent “about, it will be 
understood that the particular value forms another embodi 
ment. It will be further understood that the endpoints of each 
of the ranges are significant both in relation to the other 
endpoint, and independently of the other endpoint. It is also 
understood that there area number of values disclosed herein, 
and that each value is also herein disclosed as “about that 
particular value in addition to the value itself. For example, if 
the value "10' is disclosed, then “about 10” is also disclosed. 
It is also understood that when a value is disclosed that “less 
than or equal to the value, “greater than or equal to the value' 
and possible ranges between values are also disclosed, as 
appropriately understood by the skilled artisan. For example, 
if the value “10' is disclosed the “less than or equal to 10 as 
well as “greater than or equal to 10” is also disclosed. It is also 
understood that the throughout the application, data is pro 
vided in a number of different formats, and that this data, 
represents endpoints and starting points, and ranges for any 
combination of the data points. For example, if a particular 
data point “10 and a particular data point 15 are disclosed, it 
is understood that greater than, greater than or equal to, less 
than, less than or equal to, and equal to 10 and 15 are consid 
ered disclosed as well as between 10 and 15. It is also under 
stood that each unit between two particular units are also 
disclosed. For example, if 10 and 15 are disclosed, then 11, 
12, 13, and 14 are also disclosed. 
0050. In this specification and in the claims which follow, 
reference will be made to a number of terms which shall be 
defined to have the following meanings: 
0051) “Optional” or “optionally” means that the subse 
quently described event or circumstance may or may not 
occur, and that the description includes instances where said 
event or circumstance occurs and instances where it does not. 
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0.052 “Probes’ are molecules capable of interacting with a 
target nucleic acid, typically in a sequence specific manner, 
for example through hybridization. The hybridization of 
nucleic acids is well understood in the art and discussed 
herein. Typically a probe can be made from any combination 
of nucleotides or nucleotide derivatives or analogs available 
in the art. 
0053 “Primers' are a subset of probes which are capable 
of Supporting some type of enzymatic manipulation and 
which can hybridize with a target nucleic acid such that the tS 
enzymatic manipulation can occur. A primer can be made 
from any combination of nucleotides or nucleotide deriva 
tives or analogs available in the art which do not interfere with 
the enzymatic manipulation. 
0054) The terms “higher,” “increases,” “elevates,” or 
'elevation” refer to increases above basal levels, e.g., as com 
pared to a control. The terms “low” “lower,” “reduces.” or 
“reduction” refer to decreases below basal levels, e.g., as 
compared to a control. For example, basal levels are normal in 
vivo levels prior to, or in the absence of treatment as dis 
closed herein. 
0055 As used throughout, by a “subject' is meant an 
individual. Thus, the “subject' can include domesticated ani 
mals, such as cats, dogs, etc., livestock (e.g., cattle, horses, 
pigs, sheep, goats, etc.), laboratory animals (e.g., mouse, 
rabbit, rat, guinea pig, etc.) and birds. Preferably, the Subject 
is a mammal Such as a primate, and, more preferably, a 
human. 
0056 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 to 
which this pertains. The references disclosed are also indi 
vidually and specifically incorporated by reference hereinfor 
the material contained in them that is discussed in the sen 
tence in which the reference is relied upon. 

B. General 

0057 The present invention may be understood more 
readily by reference to the following detailed description of 
preferred embodiments of the invention and the Examples 
included therein and to the Figures and their previous and 
following description. 
0.058 Blood clotting begins when platelets adhere to the 
cut wall of an injured blood vessel at a lesion site. Subse 
quently, in a cascade of enzymatically regulated reactions, 
soluble fibrinogen molecules are converted by the enzyme 
thrombin to insoluble strands of fibrin that hold the platelets 
together in a thrombus. At each step in the cascade, a protein 
precursor is converted to a protease that cleaves the next 
protein precursor in the series. Co-factors are required at most 
of the steps. Factor VIII circulates as an inactive precursor in 
blood, bound tightly and non-covalently to von Willebrand 
factor. Factor VIII is proteolytically activated by thrombin or 
factor Xa, which dissociates it from von Willebrand factor 
and activates its procoagulant function in the cascade. In its 
active form, the protein factor VIIIa is a cofactor that 
increases the catalytic efficiency of factor IXa toward factor X 
activation by several orders of magnitude. 
0059 People with deficiencies in factor VIII or antibodies 
against factor VIII who are not treated with factor VIII suffer 
uncontrolled internal bleeding that may cause a range of 
serious symptoms, from inflammatory reactions in joints to 
early death. Severe hemophiliacs, who number about 10,000 
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in the United States, can be treated with infusion of human 
factor VIII, which will restore the blood's normal clotting 
ability if administered with sufficient frequency and concen 
tration. The classical definition of factor VIII is that substance 
present in normal blood plasma that corrects the clotting 
defect in plasma derived from individuals with hemophilia A. 
0060. The development of factor VDT (FVIII) inhibitors 
has been, next to HIV and hepatitis, the most serious compli 
cation of hemophiliatherapy. Although the recent production 
of highly purified and genetically engineered FVIII products 
has decreased the risk of these infections, the development of 
inhibitors remains a major therapeutic challenge. Because 
affected patients, usually children, are rendered resistant to 
conventional replacement therapy, control of hemostasis 
becomes difficult, resulting in substantial morbidity. 
0061 Inhibitors (alloantibodies) are IgG antibodies, 
mostly of the IgG4 subclass, that react with FVIII and inter 
fere with its pro-coagulant function. Clinically, patients with 
inhibitors are classified into high and low responders accord 
ing to the strength of the anamnestic response they experience 
when they are re-exposed to FVIII. The goals of therapy in 
these patients are to control severe acute bleeding and to 
eradicate the inhibitor. 

0062 Two so called by passing agents are used to control 
bleeding in hemophilia Apatients refractory to fVIII. FEIBA, 
an acronym for “factor eight inhibitor bypassing activity” is 
derived from large pools of human plasma and is comprised 
of activated coagulation factors—prothrombin, factors VIII, 
IX and X. Considerable care and experience is required to use 
FEIBA safely. It has been associated with thromboembolic 
events in patients, notably disseminated intravascular coagu 
lation with mortality and at least 14 reported cases of myo 
cardial infarcts. NovoSeven is a recombinant form of acti 
vated coagulation factor VIII (rfIII). The product is safe and 
for most but not all hemophilia A patients effective in con 
trolling bleeds. A drawback of using any bypassing agent, 
including NovoSeven, is the absence of reliable quantitative 
assays to monitor activity level. In contrast, FVIII levels and 
activity may be readily determined and treatment adjusted 
accordingly. Perhaps the major disadvantage of NovoSevenis 
its costs. It has a very short half life which necessitates mul 
tiple intravenous infusions. Use of NovoSeven to cover sur 
gery may cost hundreds of thousands of dollars per proce 
dure. A third product designed to treat inhibitor patients, 
recombinant porcine fVIII, is in phase 2 clinical trials (www. 
octagen.com) and not yet commercially available. Attempts 
have been made to ascertain the costs of treating high titer 
inhibitor patients, especially in comparison to those having 
no, or low titer. In one study of treatment costs for 104 
hemophilia patients at Centre Hospitalier Regional Iniversi 
taire, Lille, France, it was determined that over the period 
1988-1995 average annual costs for treatment were S41,000 
for patients having no inhibitors, S46,000 for those having 
low responding inhibitors and S59,000 for those with high 
responding inhibitors (Goudemand, J 1998). 
0063 Another strategy for coping with inhibitors is to 
attempt to induce immune tolerance (ITI) to FVIII. ITI 
involves frequent exposure to FVIII over extended periods of 
time and is not always successful. In one protocol high purity 
factor was given at a dose of 100 IU FVIII/kg body weight per 
day for 8-18 months Rocino et, al 1999). The Bonn protocol 
requires high doses of FVIII twice daily (Kreuzet. al., 2003). 
The large amounts of factor needed for successful ITI render 
it cost prohibitive in many circumstances 
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0064. The pathogenesis of inhibitor development is com 
plex and poorly understood. The nature of the hemophilic 
mutation is one risk factor for inhibitor development. Patients 
with large gene deletions, nonsense mutations and intrachro 
mosomal aberrations have a higher incidence of inhibitors 
than those with missense mutations, Small deletions/inser 
tions and splice site mutations. This risk variability is thought 
to reflect the degree of tolerance that the patient has for the 
infused replacement product. A weak correlation has also 
been shown between risk of inhibitor development and major 
histocompatibility complex (MHC) class I/II genotypes. 
However, none of these relationships is inviolate in that some 
patients with high risk mutations and unfavorable genotypes 
do not develop inhibitors, while others with missense muta 
tions do. 

0065 Ethnicity is also a well established risk determinant 
for inhibitors. The incidence of inhibitors among African 
American (AA) hemophilia patients is twice that observed in 
Caucasians. No clear explanation of the basis for this elevated 
risk has emerged. Recently, we sequenced the F8 from 137 
healthy people representing seven ethnic groups and identi 
fied four common nonsynonymous single nucleotide poly 
morphisms (nsSNPs). We further found that naturally-occur 
ring haplotypes of these nsSNPs encode six structurally 
distinct wildtype FVIII proteins. Five of these haplotypes, 
designated H1, H2,H3, H4 & H5, are expressed by African 
Americans, whereas only two, H1 & H2, are expressed by 
Caucasians. Two haplotypes, H3 & 115, which together are 
expressed in ~23% of African-Americans, have the minor 
allele of M2238V in the C2 dominant epitope. 
0066 Loss-of-function mutations in the gene encoding 
factor FVIB represent the inherited basis for hemophilia 
(H)A. Currently, HA is treated primarily through exogenous 
factor replacement therapy using either recombinant (r)—or 
plasma-derived (pd)-FVIII. There are currently three com 
mercially available concentrated r-FVIII preparations that are 
in current use for treating HA patients (FIG. 4). As shown in 
FIG. 4, the H1 and H2 haplotypes are represented by com 
mercially available FVIII. While FVIII has previously been 
thought to be a monomorphic protein in the non-hemophilic 
population, the present invention provides at least four com 
mon non-synonymous-single-nucleotide-polymorphisms 
(nsSNPs), combinations of which represent six naturally 
occurring allelic variants of the FVIII protein in the human 
population (FIG. 2). In FIG. 2, the five SNP's (W255C, 
R484H, R776G, D1241E, and M2238V) are illustrated. 
Combinations of these four SNP's correspond to six haplo 
types. This has been determined by direct DNA sequencing of 
PCR amplified fragments of the FVIII genes from numerous 
unrelated individuals of multiple ethnicities; FIG. 1 shows a 
description of an insSNP genotyping assay which is based on 
DNA sequencing. PCR can generate 35 amplicons which are 
Subsequently Subjected to automated DNA sequencing. By 
examining male members of different ethnic groups (e.g. 
because they only have one X-Chromosome) and females 
who are homozygous for all nsSNPs or are only singly het 
erozygous, the naturally-occurring haplotypes (H) of these 
variations have been defined (e.g. the combinations by which 
the alleles of these five nsSNPs segregate naturally). As such, 
six different haplotypic forms of the wt FVIII protein have 
been identified. These haplotypic forms have been desig 
nated: H1 (SEQID NO: 1), H2 (SEQID NO: 2), H3 (SEQID 
NO:3), H4 (SEQID NO: 4), H5 (SEQ ID NO. 5), and H6 
(SEQID NO: 6) (FIG.3). Each of these variants represents a 
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normal allelic variant of the FVIII protein since the individu 
als from whom the sequences were described have no bleed 
ing disorders. 
0067 Based upon these allelic or haplotypic variants, a 
specific genetic test has been Z5 designed to establish the 
fVIII genotype of any individual (FIG. 1 shows a description 
of a SNP assay). In addition, the plasmid-based FVIII expres 
sion vectors for expressing the different haplotypes (e.g. each 
of these variants) have been developed using recombinant 
technology (FIG. 5). Thus, novel alleles can be identified, 
cloned into expression vectors, and a screening test developed 
to determine the genotype of a given individual. This allows 
for the determination of any subject's allelic type and correct 
allelic matching of the replacement FVIII product. 
0068. One of the main problems that arise during FVIII 
replacement therapy is that the hemophilic recipient often 
mounts an alloimmune response against the recombinant 
FVIII protein that is infused. This occurs because wild type 
FVIII represents a foreign protein and is thus not recognized 
as self by the immune system. In the past, it has been assumed 
that this immune response is directed against the wild type 
sequence(s) that is or are absent in the hemophilic patient due 
to the pathogenic mutation. However, any subject who has a 
hemophilic mutation on the background of a different natu 
rally occurring allele than the recombinant factor can also 
mount an immune response against the naturally occurring 
variation(s). 
0069. An advantage of the present invention is that match 
ing the replacement product to the background allele of the 
recipient can minimize the immunological barriers involved 
in FVIII replacement. In this way, the only difference is the 
pathogenic mutation itself. Consequently, the efficacy of 
FVIII replacement therapy can be maximized and the likeli 
hood of developing potentially fatal antibody-based inhibi 
tors can be significantly reduced. This is a clear advantage to 
the current technology, which is limited by the fact that only 
two allelic variant of recombinant FVIII is available. Simi 
larly, plasma derived products are expected to be highly 
enriched with haplotypes most common in the plasma or 
blood donor population from which the replacement factor is 
processed. In the US plasma derived preparations of fVIII 
would be expected to be somewhat heterogenous with respect 
to fVIII haplotype content but highly enriched for H1. Thus, 
the present invention allows expression of different recombi 
nant FVIII alleles or the use of the existing recombinant or 
plasma derived allelic variants to treat matched subjects. By 
matching these alleles to the background allele of the hemo 
philic subject, the problem of the generation of antibodies that 
inhibit successful treatment of hemophilia with recombinant 
FVIII may be reduced or eliminated. 
0070 The relevancy of this approach is not limited to 
replacement transfusion therapy of hemophilia A patients 
with congenital deficiencies of FVIII. There are other known 
hereditary bleeding disorders resulting from congenital defi 
ciencies or functional defects in von Willebrand's factor and 
coagulation factors IX (FIX) and XI (FXI). Since antibody 
inhibitors against these proteins are known complications of 
factor replacement therapy, the disclosed invention is gener 
ally applicable to maximizing transfusion efficacy in the 
treatment of these other hemostatic disorders. 

0071. In addition to the problems inherent to congenital 
hemostatic disorders, this general approach has broad rel 
evancy to treatment of acquired bleeding diathesis. Transfu 
sion of fresh frozen plasma (FFP) is often used in the treat 
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ment of bleeding patients with multiple coagulation 
derangements, such as individuals in liver failure who have 
decreased synthesis of all coagulation factors except FVIII. 
Since there are likely to be naturally occurring allelic variants 
of these other coagulation factors, analogous to the alleles off 
FVIII and FIX, such subjects can respond by producing 
inhibitory antibodies reactive against each allelic variant not 
encoded by their own genome. Thus, in the multiply trans 
fused subject, the efficacy of plasma products can signifi 
cantly decline as immunity arises. In contrast to the situation 
for cellular transfusion therapy, there is no current method 
ology for matching plasma donor products to the genotype or 
haplotype of a recipient. The assay systems disclosed herein, 
however, allow genotyping of plasma donors and recipients. 
By matching plasma products to the Subjects receiving them, 
as is already done with blood cells, the production of anti 
body-based coagulation inhibitors is avoided. This can dras 
tically improve efficacy in the treatment of acquired bleeding 
disorders. 

0072 Since gene replacement is another approach for fac 
tor replacement in hemophilia A and other heritable bleeding 
diatheses, matching the expressed coagulation factor with the 
recipient allele is of utmost importance at the DNA level for 
designing various recombinant expression vectors. The series 
of different FVIII constructs disclosed, which represent all 
naturally occurring haplotypic alleles, allow each hemo 
philiac undergoing gene therapy to receive allelically 
matched replacement FVIII protein. Therefore, this approach 
can reduce or prevent the induction of immune responses to 
the protein whether the exposure occurs by replacement 
therapy or gone therapy. This is important because Such a 
response in the gene therapy setting can result in both neu 
tralizing antibodies against the protein and lytic responses 
against host tissues that are successfully transduced with the 
gene therapy vector. Preventing such a response is an essen 
tial requirement for the Success of any gene therapy approach 
regardless of which molecular or cellular vehicle is ultimately 
found to be the optimal vector for transgene delivery. 
0073. Autoantibodies occurring in subjects with acquired 
hemophilia A differ in many aspects from alloantibodies 
developing in Subjects with congenital hemophilia A after 
replacement therapy. Like the alloantibodies occurring in 
severe hemophilia A, factor VIII inhibitors have been charac 
terized as being predominantly polyclonal, belonging to an 
IgG4 Subclass. However, in contrast to the situation in con 
genital hemophilia, monoclonal IgA or IgM antibodies have 
also been described in subjects with acquired hemophilia A 
associated with hematologic malignancies. Another differ 
ence between FVIII autoantibodies and alloantibodies lies in 
their method of inhibition. The differences are, however, 
Subtle, as autoantibody inhibitors are mainly directed against 
single epitopes on the factor VIII molecule (A2 domain, A3 
domain, and, more frequently, C2 domain), whereas alloan 
tibodies are usually directed against both the A2 and C2 
domains and sometimes against the A3 domain. 
0074 Epitopes that are immunoreactive with antibodies 
that inhibit the coagulant activity of factor VIII have been 
characterized based on known structure-function relation 
ships in factor VIII. Inhibitors can, for example, act by dis 
rupting any of the macromolecular interactions associated 
with the domain structure of factor VIII or its associations 
with von Willebrand factor, thrombin, factor Xa, factor IXa, 
or factor X. However, most inhibitory antibodies to human 
factor VIII act by binding to epitopes located in the 40 kDa A2 
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domain or 20 kDa C2 domain of factor VIII, disrupting spe 
cific functions associated with these domains, as described by 
Fulcher et al. (1985) Proc. Natl. Acad. Sci. USA 82:7728 
7732; and Scandella et al. (1988) Proc. Natl. Acad. Sci. USA 
85:6152-6156 (herein incorporated by reference in their 
entirety). In addition to the A2 and C2 epitopes, there may be 
a third epitope in the A3 or C1 domain of the light chain of 
factor VIII, according to Scandella et al. (1993) Blood 
82:1767-1775. The significance of this putative third epitope 
is unknown, but it appears to account for a minor fraction of 
the epitope reactivity in factor VIII. 
0075 Anti-A2 antibodies block factor X activation, as 
shown by Lollar et al. (1994) J. Clin. Invest. 93:2497-2504 
(incorporated by reference in their entirety). Previous map 
ping studies by deletion mutagenesis described by Ware et al. 
(1992) Blood Coagul. Fibrinolysis 3:703-716, incorporated 
by reference in their entirety, located the A2 epitope to within 
a 20 kDa region of the NH. Sub.2-terminal end of the 40 kDa 
A2 domain. Competition immunoradiometric assays have 
indicated that A2 inhibitors recognize either a common 
epitope or narrowly clustered epitopes, as described by Scan 
della et al. (1992) Throm. Haemostas. 67:665-671, and as 
demonstrated in U.S. Pat. No. 5,859,204 (both herein incor 
porated by reference in their entirety). 
0076. In this application the term low, reduced, or nonan 
tigenic FVIII is used to describe a FVIII construct that does 
not demonstrate reduced coagulant activity in vitro when 
exposed to potentially antibodies or in vivo when adminis 
trated to a patient that has deficient FVIII coagulant activity. 
The patient may have congenital or acquired hemophilia A. 
0077. In this application the term low, reduced or nonim 
munogenic FVIII is used to describe a FVIII construct that 
when administered to previously untreated congenital hemo 
philia Apatients does not stimulate the formation of antibod 
ies that react with such fVIII construct or stimulates the 
formation of antibodies that react with such factor in a less 
effective manner or in a manner that does not reduce the 
clinical efficacy of the administered factor to the same degree 
as other replacement fVIII do. 
0078 Testing of Recombinant Factor VIII Molecules: 
Factor VIII replacement molecules that are haplotypically 
matched to the patient haplotype (haplotypically matched 
fVIII) can be tested in humans for their reduced antigenicity 
and/or immunogenicity in at least two types of clinical trials. 
In one type of trial, designed to determine whetherhaplotypi 
cally matched factor VIII is immunoreactive with inhibitory 
antibodies haplotypically matched factor VIIIs administered, 
preferably by intravenous infusion, to approximately 25 
patients having factor VIII deficiency who have antibodies to 
factor VIII that inhibit the coagulant activity of therapeutic 
human FVIIthat is not haplotypically matched. The dosage of 
haplotypically matched fVIII is in a range between 5 and 50 
Units/kg body weight, preferably 10-50 Units/kg, and most 
preferably 40 Units/kg body weight. Approximately 1 hour 
after each administration, the recovery of factor VIII from 
blood samples is measured in a one-stage coagulation assay. 
Samples are taken again approximately 5 hours after infusion, 
and recovery is measured. Total recovery and the rate of 
disappearance of factor VIII from the samples is predictive of 
the antibody titer and inhibitory activity. If the antibody titer 
is high, factor VIII recovery usually cannot be measured. The 
recovery results of the haplotypically matched fVIII are com 
pared to the recovery of recovery results for factor VIII, that 
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is not haplotypically matched porcine factor VIII, and other 
commonly used therapeutic forms of factor VIII or factor VIII 
substitutes. 
0079. In a second type of clinical trial, designed to deter 
mine whether the haplotypically matched fVIII is immuno 
genic, i.e., whether patients will develop inhibitory antibod 
ies that react with the haplotypically matched fVIII, 
haplotypically matched fVIII, is administered, as described in 
the preceding paragraph, to approximately 100 previously 
untreated hemophiliac patients who have not developed anti 
bodies to factor VIII. Treatments are given approximately 
every 2 weeks over a period of 6 months to 1 year. At 1 to 3 
month intervals during this period, blood samples are drawn 
and Bethesda assays or other antibody assays are performed 
to determine the presence of inhibitory antibodies. Recovery 
assays can also be done, as described above, after each infu 
Sion. Results are compared to hemophiliac patients who 
receive human factor VIII that is not haplotypically matched 
or to porcine factor VIII, or other commonly used therapeutic 
forms of factor VIII or factor VIII substitutes. 
0080 Anti-FVIII antibodies (Ab) include three subtypes 
analogous to RBC antigens (Ag) and Ab. The three subtypes 
include: 

I0081) Isoantibodies->the subtype of anti-FVIII Ab that 
occurs in hemophilia A patients who have no immuno 
logically detectable circulating FVIII protein. This type 
of MB-deficiency is referred to as cross-reactive-mate 
rial-negative (CRM-), and is due to the presence of a F8 
mutation subtype known as a null-mutation, which 
include the following: large deletions, nonsense muta 
tions and intragenic inversions, such as the recurrent 
intron 22 inversion, or, less frequently, the intron 1 inver 
S1O. 

I0082 Alloantibodies->the subtype of anti-FVIII Ab 
that occurs in hemophilia A patients who have an immu 
nologically detectable circulating FVIII protein that is 
dysfunctional. This type of FVIII-deficiency is referred 
to as either CRM-positive (CRM--) or CRM-reduced 
(CRM-r), and is typically found in patients who have a 
hemophilic missense F8 mutation. Hemophilia A 
patients with certain Small deletions and/or splice-site 
mutations can also have CRM-- or CRM-r FVIII-defi 
ciencies. 

I0083) Autoantibodies->the subtype of anti-FVIII Ab 
that occurs in non-hemophilic individuals with wildtype 
FVIII who develop acquired hemophilia A. 

These anti-FVIII antibodies bind and inhibit the function of 
FVIII (i.e. the catalytically inactive form of the molecule 
referred to as the pro-cofactor form) and/or FVIIIa (i.e. the 
catalytically active form of the molecule referred to as the 
cofactor form), both in vivo and in clotting assays in vitro. 
The antibodies are usually IgG (primarily IgG4) and bind 
limited regions of FVIII. A subset of the anti-FVIII Ab that 
develop can increase peripheral clearance and/or degradation 
of FVIII. 
I0084. While several effective pharmacologic agents are 
already available to clinicians for use in both treating and 
prophylaxing against thrombosis, physicians are not able to 
accurately identify those individuals at greatest risk for these 
disorders. Since strokes and heart attacks are just two facets of 
thrombosis, many more people will suffer from this disorder 
than are affected by hemophilia A, or from all congenital 
bleeding disorders combined. Disclosed are diagnostic algo 
rithms, which accurately identify at risk individuals and allow 



US 2010/0256062 A1 

prophylactic risk reduction regimens to be implemented prior 
to their manifesting a stroke or heart attack, or other types 
cardiovascular thrombosis. The alleles of the four ns-SNPs, 
which underlie the 6 naturally-occurring forms of the FVIII 
protein inhumans, are functionally distinct and may influence 
the circulating level of FVIII. With respect to the D1241E 
ns-SNP for example, those with the E-allele at the protein 
level (or G-allele at the nucleotide level), have about a 25% 
lower mean circulating FVIII level. Since elevated circulating 
levels of this coagulation protein a frequently observed phe 
notype in the non-hemophilic population, have been associ 
ated with elevated risk for both arterial and venous thrombo 
sis, the E-allele of D1241E may be protective against 
thrombosis. Therefore, the methods disclosed for differenti 
ating between the alleles of, for example, the D1241E ns 
SNP, or, within the set of six naturally-occurring haplotypes 
of the FVIII protein, the subset that contains the E-allele of 
this ns-SNP (i.e. H2, H3, H4, and H6) and the subset that 
contains the D-allele (i.e. H1 and H5) improve current diag 
nostic algorithms for assessing thrombosis risk. This type of 
testing, in contrast to the rapid testing described herein for the 
hemophilia, is largely for diagnosic risk assessment, in order 
to guide prophylactic treatment decisions, as such does not 
necessarily have to be performed in a rapid manner. 
0085. The present invention is described with regards to 
Hemophilia as well as other hemostatic disorders including: 
afibrinogenemia, dysfibrinogenemia, nonplatelet hemostasis, 
coagulation, thrombosis, thrombophilia, FV deficiency, 
Owren disease, parahemophilia, FVII deficiency, FVIII defi 
ciency, FXI deficiency, FXI deficiency, FXII deficiency, 
FXIII deficiency, factor V Leiden deficiency, DIC, protein C 
deficiency, activated protein C resistance, protein S defi 
ciency, antithrombin III deficiency, hypoprothrombinemias, 
cryoglobulinemias, multiple myeloma, Waldenstrom macro 
globulinemia, Henoch-Schönlein purpura, hyperglobuline 
mic purpura, cavernous hemangioma, hereditary hemor 
rhagic telangiectasia, pseudoxanthoma elasticum, Ehlers 
Danlos syndrome, Cushing syndrome, Shwartzman 
phenomenon, von Willebrand disease, Waterhouse-Frider 
ichsen syndrome, and Wiskott-Aldrich syndrome. 
I0086 Thus, disclosed herein are methods and composi 
tions relating to the various haplotypes of FVIII, and how they 
can be used advantageously to treat Subjects with diseases and 
disorders relating to FVIII. 

C. Compositions 

0087 Disclosed are the components to be used to prepare 
the disclosed compositions as well as the compositions them 
selves to be used within the methods disclosed herein. For 
example, disclosed herein are various haplotypes of FVIII, 
each with a different sequence identity. These haplotypes and 
variations and combinations of these haplotypes are contem 
plated. It should be noted that the specific haplotypes dis 
closed herein need not be varied, and their specific sequences 
are important with many of the methods disclosed herein. 
However, where variations can occur, and where such varia 
tions are useful, the following principles regarding homology 
and sequence variation apply. Therefore, it is understood that 
when combinations, Subsets, interactions, groups, etc. of 
these materials are disclosed that while specific reference of 
each various individual and collective combinations and per 
mutation of these compounds may not be explicitly disclosed, 
each is specifically contemplated and described herein, 
wherein Such may apply. For example, if a particular haplo 
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type is disclosed and discussed and a number of modifications 
that can be made to a number of molecules including the point 
of interest of the haplotype are discussed, specifically con 
templated is each and every combination and permutation of 
the haplotype and the modifications that are possible unless 
specifically indicated to the contrary. Thus, if a class of mol 
ecules A, B, and Care disclosed as well as a class of molecules 
D, E, and F and an example of a combination molecule, A-D 
is disclosed, then even if each is not individually recited each 
is individually and collectively contemplated meaning com 
binations, A-E, A-F B-D, B-E, B-F, C-D, C-E, and C-F are 
considered disclosed. Likewise, any Subset or combination of 
these is also disclosed. Thus, for example, the Sub-group of 
A-E, B-F, and C-E would be considered disclosed. This con 
cept applies to all aspects of this application including, but not 
limited to, steps in methods of making and using the disclosed 
compositions. Thus, if there are a variety of additional steps 
that can be performed it is understood that each of these 
additional steps can be performed with any specific embodi 
ment or combination of embodiments of the disclosed meth 
ods. 

I0088 1. Sequence Similarities 
0089. It is understood that as discussed herein the use of 
the terms homology and identity mean the same thing as 
similarity. Thus, for example, if the use of the word homology 
is used between two non-natural sequences it is understood 
that this is not necessarily indicating an evolutionary relation 
ship between these two sequences, but rather is looking at the 
similarity or relatedness between their nucleic acid 
sequences. Many of the methods for determining homology 
between two evolutionarily related molecules are routinely 
applied to any two or more nucleic acids or proteins for the 
purpose of measuring sequence similarity regardless of 
whether they are evolutionarily related or not. 
0090. In general, it is understood that one way to define 
any known variants and derivatives or those that might arise, 
of the disclosed genes and proteins herein, is through defining 
the variants and derivatives in terms of homology to specific 
known sequences. This identity of particular sequences dis 
closed herein is also discussed elsewhere herein. In general, 
variants of genes and proteins herein disclosed typically can 
have at least, about 70, 71, 72,73, 74, 75, 76, 77, 78, 79,80, 
81, 82, 83, 84,85, 86, 87,88, 89,90,91, 92,93, 94, 95, 96.97, 
98, or 99 percent homology to the stated sequence or the 
native sequence. This principle can apply to primers, probes, 
and other nucleic acids and proteins as described herein. 
However, in certain instances as disclosed herein, genetic 
variants have defined sequence differences which may not 
have a given percentage of change, but may instead have 1, 2, 
3, 4, 5, 6, 7, 8, 9, 10, or more differences in nucleic acid or 
amino acid sequence when compared to a native, known, or 
control sequence. Those of skill in the art readily understand 
how to determine the homology of two proteins or nucleic 
acids, such as genes. For example, the homology can be 
calculated after aligning the two sequences so that the homol 
ogy is at its highest level. 
0091 Another way of calculating homology can be per 
formed by published algorithms. Optimal alignment of 
sequences for comparison may be conducted by the local 
homology algorithm of Smith and Waterman Adv. Appl. 
Math. 2:482 (1981), by the homology alignment algorithm of 
Needleman and Wunsch, J. Mol. Biol. 48: 443 (1970), by the 
search for similarity method of Pearson and Lipman, Proc. 
Natl. Acad. Sci. U.S.A. 85: 2444 (1988), by computerized 
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implementations of these algorithms (GAP, BESTFIT, 
FASTA, and TFASTA in the Wisconsin Genetics Software 
Package, Genetics Computer Group, 575 Science Dr. Madi 
son, Wis.), or by inspection. 
0092. The same types of homology can be obtained for 
nucleic acids by for example the algorithms disclosed in 
Zuker, M. Science 244:48-52, 1989, Jaeger et al. Proc. Natl. 
Acad. Sci. USA 86:7706-7710, 1989, Jaeger et al. Methods 
Enzymol. 183:281-306, 1989 which are herein incorporated 
by reference for at least material related to nucleic acid align 
ment. It is understood that any of the methods typically can be 
used and that in certain instances the results of these various 
methods may differ, but the skilled artisan understands if 
identity is found with at least one of these methods, the 
sequences would be said to have the stated identity, and be 
disclosed herein. 
0093. For example, as used herein, a sequence recited as 
having a particular percent homology to another sequence 
refers to sequences that have the recited homology as calcu 
lated by any one or more of the calculation methods described 
above. For example, a first sequence has 80 percent homol 
ogy, as defined herein, to a second sequence if the first 
sequence is calculated to have 80 percent homology to the 
second sequence using the Zuker calculation method even if 
the first sequence does not have 80 percent homology to the 
second sequence as calculated by any of the other calculation 
methods. As another example, a first sequence has 80 percent 
homology, as defined herein, to a second sequence if the first 
sequence is calculated to have 80 percent homology to the 
second sequence using both the Zuker calculation method 
and the Pearson and Lipman calculation method even if the 
first sequence does not have 80 percent homology to the 
second sequence as calculated by the Smith and Waterman 
calculation method, the Needleman and Wunsch calculation 
method, the Jaeger calculation methods, or any of the other 
calculation methods. As yet another example, a first sequence 
has 80 percent homology, as defined herein, to a second 
sequence if the first sequence is calculated to have 80 percent 
homology to the second sequence using each of calculation 
methods (although, in practice, the different calculation 
methods will often result in different calculated homology 
percentages). 
0094 2. Hybridization/Selective Hybridization 
0095. The term hybridization typically means a sequence 
driven interaction between at least two nucleic acid mol 
ecules, such as a primer or a probe and a gene. Sequence 
driven interaction means an interaction that occurs between 
two nucleotides or nucleotide analogs or nucleotide deriva 
tives in a nucleotide specific manner. For example, G inter 
acting with C or A interacting with T are sequence driven 
interactions. Typically sequence driven interactions occur on 
the Watson-Crick face or Hoogsteen face of the nucleotide. 
The hybridization of two nucleic acids is affected by a num 
ber of conditions and parameters known to those of skill in the 
art. For example, the salt concentrations, pH, and temperature 
of the reaction all affect whether two nucleic acid molecules 
will hybridize. 
0096 Parameters for selective hybridization between two 
nucleic acid molecules are well known to those of skill in the 
art. For example, in some embodiments selective hybridiza 
tion conditions can be defined as stringent hybridization con 
ditions. For example, stringency of hybridization is con 
trolled by both temperature and salt concentration of either or 
both of the hybridization and washing steps. For example, the 
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conditions of hybridization to achieve selective hybridization 
may involve hybridization in high ionic strength solution 
(6xSSC or 6xSSPE) at a temperature that is about 12-25° C. 
below the Tm (the melting temperature at which half of the 
molecules dissociate from their hybridization partners) fol 
lowed by washing at a combination of temperature and salt 
concentration chosen so that the washing temperature is 
about 5° C. to 20° C. below the Tm. The temperature and salt 
conditions are readily determined empirically in preliminary 
experiments in which samples of reference DNA immobi 
lized on filters are hybridized to a labeled nucleic acid of 
interest and then washed under conditions of different strin 
gencies. Hybridization temperatures are typically higher for 
DNA-RNA and RNA-RNA hybridizations. The conditions 
can be used as described above to achieve stringency, or as is 
known in the art. (Sambrook et al., Molecular Cloning: A 
Laboratory Manual, 2nd Ed., Cold Spring Harbor Laboratory, 
Cold Spring Harbor, N.Y., 1989: Kunkeletal. Methods Enzy 
mol. 1987: 154:367, 1987 which is herein incorporated by 
reference for material at least related to hybridization of 
nucleic acids). A preferable stringent hybridization condition 
for a DNA:DNA hybridization can be at about 68° C. (in 
aqueous solution) in 6xSSC or 6xSSPE followed by washing 
at 68°C. Stringency of hybridization and washing, if desired, 
can be reduced accordingly as the degree of complementarity 
desired is decreased, and further, depending upon the G-C or 
A-Trichness of any area wherein variability is searched for. 
Likewise, stringency of hybridization and washing, if 
desired, can be increased accordingly as homology desired is 
increased, and further, depending upon the G-C or A-T rich 
ness of any area wherein high homology is desired, all as 
known in the art. 

0097 Another way to define selective hybridization is by 
looking at the amount (percentage) of one of the nucleic acids 
bound to the other nucleic acid. For example, in some 
embodiments selective hybridization conditions would be 
when at least about, 60, 65, 70, 71, 72, 73,74, 75, 76, 77,78, 
79, 80, 81, 82, 83, 84, 85,86, 87, 88, 89,90,91, 92,93, 94, 95, 
96, 97, 98, 99, 100 percent of the limiting nucleic acid is 
bound to the non-limiting nucleic acid. Typically, the non 
limiting primer is in for example, 10 or 100 or 1000 fold 
excess. This type of assay can be performed at under condi 
tions where both the limiting and non-limiting primer are for 
example, 10 fold or 100 fold or 1000 fold below their k or 
where only one of the nucleic acid molecules is 10 fold or 100 
fold or 1000 fold or where one or both nucleic acid molecules 
are above their k. 
0098. Another way to define selective hybridization is by 
looking at the percentage of primer that gets enzymatically 
manipulated under conditions where hybridization is 
required to promote the desired enzymatic manipulation. For 
example, in Some embodiments selective hybridization con 
ditions would be when at least about, 60, 65, 70, 71, 72,73, 
74, 75,76, 77,78, 79,80, 81, 82, 83, 84, 85,86, 87,88, 89,90, 
91, 92,93, 94, 95, 96, 97,98, 99, 100 percent of the primer is 
enzymatically manipulated under conditions which promote 
the enzymatic manipulation, for example if the enzymatic 
manipulation is DNA extension, then selective hybridization 
conditions would be when at least about 60, 65,70, 71,72,73, 
74, 75,76, 77,78, 79,80, 81, 82, 83, 84, 85,86, 87,88, 89,90, 
91, 92,93, 94, 95, 96, 97,98, 99, 100 percent of the primer 
molecules are extended. Preferred conditions also include 
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those Suggested by the manufacturer or indicated in the art as 
being appropriate for the enzyme performing the manipula 
tion. 
0099. Just as with homology, it is understood that there are 
a variety of methods herein disclosed for determining the 
level of hybridization between two nucleic acid molecules. It 
is understood that these methods and conditions may provide 
different percentages of hybridization between two nucleic 
acid molecules, but unless otherwise indicated meeting the 
parameters of any of the methods would be sufficient. For 
example if 80% hybridization was required and as long as 
hybridization occurs within the required parameters in any 
one of these methods it is considered disclosed herein. 
0100. It is understood that those of skill in the art under 
stand that if a composition or method meets any one of these 
criteria for determining hybridization either collectively or 
singly it is a composition or method that is disclosed herein. 
0101 3. Nucleic Acids 
0102 There are a variety of molecules disclosed herein 
that are nucleic acid based, including for example the nucleic 
acids that encode, for example FVIII, as well as various 
functional nucleic acids. The disclosed nucleic acids are 
made up of for example, nucleotides, nucleotide analogs, or 
nucleotide Substitutes. Non-limiting examples of these and 
othermolecules are discussed herein. It is understood that, for 
example, when a vector is expressed in a cell, the expressed 
mRNA will typically be made up of A, C, G, and U. Likewise, 
it is understood that if, for example, an antisense molecule is 
introduced into a cell or cell environment through for 
example exogenous delivery, it is advantageous that the anti 
sense molecule be made up of nucleotide analogs that reduce 
the degradation of the antisense molecule in the cellular envi 
rOnment. 

(0103) a) Nucleotides and Related Molecules 
0104. A nucleotide is a molecule that contains a base moi 
ety, a Sugar moiety and a phosphate moiety. Nucleotides can 
be linked together through their phosphate moieties and Sugar 
moieties creating an internucleoside linkage. The base moiety 
of a nucleotide can be adenin-9-yl (A), cytosin-1-yl (C), 
guanin-9-yl (G), uracil-1-yl (U), and thymin-1-yl (T). The 
Sugar moiety of a nucleotide is a ribose or a deoxyribose. The 
phosphate moiety of a nucleotide is pentavalent phosphate. 
An non-limiting example of a nucleotide would be 3'-AMP 
(3'-adenosine monophosphate) or 5'-GMP (5'-guanosine 
monophosphate). 
0105. A nucleotide analog is a nucleotide which contains 
Some type of modification to either the base, Sugar, or phos 
phate moieties. Modifications to the base moiety would 
include natural and synthetic modifications of A, C, G, and 
T/U as well as different purine or pyrimidine bases, such as 
uracil-5-yl (psi), hypoxanthin-9-yl (I), and 2-aminoadenin 
9-yl. A modified base includes but is not limited to 5-meth 
ylcytosine (5-me-C), 5-hydroxymethyl cytosine, Xanthine, 
hypoxanthine, 2-aminoadenine, 6-methyl and other alkyl 
derivatives of adenine and guanine, 2-propyl and other alkyl 
derivatives of adenine and guanine, 2-thiouracil, 2-thiothym 
ine and 
0106 2-thiocytosine, 5-halouracil and cytosine, 5-propy 
nyl uracil and cytosine, 6-aZo uracil, cytosine and thymine, 
5-uracil (pseudouracil), 4-thiouracil, 8-halo, 8-amino, 
8-thiol, 8-thioalkyl, 8-hydroxyl and other 8-substituted 
adenines and guanines, 5-halo particularly 5-bromo, 5-trif 
luoromethyl and other 5-substituted uracils and cytosines, 
7-methylguanine and 7-methyladenine, 8-azaguanine and 
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8-azaadenine, 7-deazaguanine and 7-deazaadenine and 
3-deazaguanine and 3-deaZaadenine. Additional base modi 
fications can be found for example in U.S. Pat. No. 3,687,808, 
Englisch et al., Angewandte Chemie, International Edition, 
1991, 30, 613, and Sanghvi, Y. S., Chapter 15, Antisense 
Research and Applications, pages 289-302, Crooke, S.T. and 
Lebleu, B. ed., CRC Press, 1993. Certain nucleotide analogs, 
Such as 5-substituted pyrimidines, 6-azapyrimidines and N-2, 
N-6 and O-6 Substituted purines, including 2-aminopropylad 
enine, 5-propynyluracil and 5-propynylcytosine. 5-methyl 
cytosine can increase the stability of duplex formation. Often 
time base modifications can be combined with for example a 
Sugar modification, Such as 2'-O-methoxyethyl, to achieve 
unique properties such as increased duplex stability. There 
are numerous United States patents such as U.S. Pat. Nos. 
4,845,205; 5,130,302; 5,134,066; 5,175.273; 5,367,066: 
5,432,272; 5,457,187; 5.459,255; 5,484,908: 5,502,177; 
5,525,711; 5,552,540: 5,587,469; 5,594,121, 5,596,091; 
5,614,617; and 5,681,941, which detail and describe a range 
of base modifications. Each of these patents is herein incor 
porated by reference. 
0107 Nucleotide analogs can also include modifications 
of the Sugar moiety. Modifications to the Sugar moiety would 
include natural modifications of the ribose and deoxyribose 
as well as synthetic modifications. Sugar modifications 
include but are not limited to the following modifications at 
the 2' position: OH: F: O-, S-, or N-alkyl; O-, S-, or N-alkenyl: 
O-, S- or N-alkynyl: or O-alkyl-O-alkyl, wherein the alkyl, 
alkenyland alkynyl may be substituted or unsubstituted C to 
Co., alkyl or C to Coalkenyl and alkynyl. 2' Sugar modifi 
cations also include but are not limited to —O(CH)O 
CH. —O(CH), OCH —O(CH), NH, —O(CH), CH, 
—O(CH), ONH, and —O(CH)ON(CH2)CH), 
where n and mare from 1 to about 10. 

0108. Other modifications at the 2' position include but are 
not limited to: C to Co lower alkyl, substituted lower alkyl, 
alkaryl, aralkyl, O-alkaryl or O-aralkyl, SH, SCH, OCN, Cl, 
Br, CN, CF, OCF, SOCH, SOCH, ONO, NO, N, NH, 
heterocycloalkyl, heterocycloalkaryl, aminoalkylamino, 
polyalkylamino, Substituted silyl, an RNA cleaving group, a 
reporter group, an intercalator, a group for improving the 
pharmacokinetic properties of an oligonucleotide, or a group 
for improving the pharmacodynamic properties of an oligo 
nucleotide, and other Substituents having similar properties. 
Similar modifications may also be made at other positions on 
the Sugar, particularly the 3' position of the Sugar on the 3' 
terminal nucleotide or in 2'-5' linked oligonucleotides and the 
5' position of 5' terminal nucleotide. Modified sugars would 
also include those that contain modifications at the bridging 
ring oxygen, such as CH and S. Nucleotide Sugar analogs 
may also have Sugar mimetics such as cyclobutyl moieties in 
place of the pentofuranosyl Sugar. There are numerous United 
States patents that teach the preparation of such modified 
sugar structures such as U.S. Pat. Nos. 4,981,957; 5,118,800; 
5,319,080; 5,359,044: 5,393,878; 5,446,137; 5,466,786; 
5,514,785: 5,519,134: 5,567,811: 5,576.427: 5,591,722; 
5,597,909; 5,610,300; 5,627,053: 5,639,873; 5,646,265; 
5,658,873; 5,670,633; and 5,700,920, each of which is herein 
incorporated by reference in its entirety. 
0109) Nucleotide analogs can also be modified at the phos 
phate moiety. Modified phosphate moieties include but are 
not limited to those that can be modified so that the linkage 
between two nucleotides contains a phosphorothioate, chiral 
phosphorothioate, phosphorodithioate, phosphotriester, ami 
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noalkylphosphotriester, methyl and other alkyl phosphonates 
including 3'-alkylene phosphonate and chiral phosphonates, 
phosphinates, phosphoramidates including 3'-amino phos 
phoramidate and aminoalkylphosphoramidates, thionophos 
phoramidates, thionoalkylphosphonates, thionoalkylphos 
photriesters, and boranophosphates. It is understood that 
these phosphate or modified phosphate linkage between two 
nucleotides can be through a 3'-5' linkage or a 2'-5' linkage, 
and the linkage can contain inverted polarity Such as 3'-5' to 
5'-3' or 2'-5' to 5'-2'. Various salts, mixed salts and free acid 
forms are also included. Numerous United States patents 
teach how to make and use nucleotides containing modified 
phosphates and include but are not limited to, U.S. Pat. Nos. 
3,687,808; 4,469,863; 4,476,301: 5,023,243; 5,177, 196: 
5,188,897: 5,264,423: 5,276,019; 5,278.302: 5,286,717; 
5,321,131; 5,399,676; 5,405,939; 5.453,496; 5,455,233; 
5,466,677; 5,476,925; 5,519,126; 5,536,821; 5,541,306; 
5,550,111; 5,563,253: 5,571,799; 5,587,361; and 5,625,050, 
each of which is herein incorporated by reference. 
0110. It is understood that nucleotide analogs need only 
contain a single modification, but may also contain multiple 
modifications within one of the moieties or between different 
moieties. 

0111 Nucleotide substitutes are molecules having similar 
functional properties to nucleotides, but which do not contain 
a phosphate moiety, such as peptide nucleic acid (PNA). 
Nucleotide substitutes are molecules that will recognize 
nucleic acids in a Watson-Crick or Hoogsteen manner, but 
which are linked together through a moiety other than a 
phosphate moiety. Nucleotide substitutes are able to conform 
to a double helix type structure when interacting with the 
appropriate target nucleic acid. 
0112 Nucleotide substitutes are nucleotides or nucleotide 
analogs that have had the phosphate moiety and/or Sugar 
moieties replaced. Nucleotide substitutes do not contain a 
standard phosphorus atom. Substitutes for the phosphate can 
be for example, short chain alkyl or cycloalkyl internucleo 
side linkages, mixed heteroatom and alkyl orcycloalkyl inter 
nucleoside linkages, or one or more short chain heteroatomic 
or heterocyclic internucleoside linkages. These include those 
having morpholino linkages (formed in part from the Sugar 
portion of a nucleoside); siloxane backbones; Sulfide, Sulfox 
ide and sulfone backbones; formacetyl and thioformacetyl 
backbones; methylene formacetyl and thioformacetyl back 
bones; alkene containing backbones; Sulfamate backbones; 
methyleneimino and methylenehydrazino backbones; Sul 
fonate and Sulfonamide backbones; amide backbones; and 
others having mixed N, O, S and CH component parts. 
Numerous United States patents disclose how to make and 
use these types of phosphate replacements and includebut are 
not limited to U.S. Pat. Nos. 5,034,506; 5,166,315; 5,185, 
444:5,214,134:5,216,141, 5,235,033: 5,264,562: 5,264,564: 
5,405,938; 5.434,257; 5,466,677; 5,470,967: 5489,677; 
5,541,307: 5,561.225; 5,596,086; 5,602,240; 5,610,289; 
5,602,240; 5,608,046; 5,610,289; 5,618,704; 5,623,070; 
5,663,312; 5,633,360; 5,677,437; and 5,677,439, each of 
which is herein incorporated by reference. 
0113. It is also understood in a nucleotide substitute that 
both the sugar and the phosphate moieties of the nucleotide 
can be replaced, by for example an amide type linkage (ami 
noethylglycine) (PNA). U.S. Pat. Nos. 5,539,082; 5,714.331; 
and 5,719,262 teach how to make and use PNA molecules, 
each of which is herein incorporated by reference. (See also 
Nielsen et al., Science, 1991, 254, 1497-1500). 
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0114. It is also possible to link other types of molecules 
(conjugates) to nucleotides or nucleotide analogs to enhance 
for example, cellular uptake. Conjugates can be chemically 
linked to the nucleotide or nucleotide analogs. Such conju 
gates include but are not limited to lipid moieties such as a 
cholesterol moiety (Letsinger et al., Proc. Natl. Acad. Sci. 
USA, 1989, 
0115 86, 6553-6556), cholic acid (Manoharan et al., 
Bioorg. Med. Chem. Let., 1994, 4, 1053-1060), a thioether, 
e.g., hexyl-5-tritylthiol (Manoharan et al., Ann. N.Y. Acad. 
Sci., 1992, 660, 306–309; Manoharan et al., Bioorg. Med. 
Chem. Let., 1993, 3, 2765-2770), a thiocholesterol (Ober 
hauser et al., Nucl. Acids Res., 1992, 20, 533-538), an ali 
phatic chain, e.g., dodecandiol or undecyl residues (Saison 
Behmoaras et al., EMBO.J., 1991, 10, 1111-1118; Kabanov et 
al., FEBS Lett., 1990, 259,327-330; Svinarchuk et al., Bio 
chimie, 1993, 75, 49-54), a phospholipid, e.g., di-hexadecyl 
rac-glycerol or triethylammonium 1,2-di-O-hexadecyl-rac 
glycero-3-H-phosphonate (Manoharan et al., Tetrahedron 
Lett., 1995, 36, 3651-3654; Shea et al., Nucl. Acids Res., 
1990, 18, 3777-3783), a polyamine or a polyethylene glycol 
chain (Manoharan et al., Nucleosides & Nucleotides, 1995, 
14, 969-973), or adamantane acetic acid (Manoharan et al., 
Tetrahedron Lett., 1995, 36, 3651-3654), a palmityl moiety 
(Mishra et al., Biochim. Biophys. Acta, 1995, 1264. 229 
237), or an octadecylamine or hexylamino-carbonyl-oxycho 
lesterol moiety (Crooke et al., J. Pharmacol. Exp. Ther., 1996, 
277, 923-937. Numerous United States patents teach the 
preparation of such conjugates and include, but are not lim 
ited to U.S. Pat. Nos. 4,828,979: 4,948,882: 5,218,105: 5,525, 
465; 5,541,313; 5,545,730; 5,552,538; 5,578,717, 5,580,731; 
5,580,731: 5,591584; 5,109,124; 5,118,802; 5,138,045; 
5,414,077; 5,486,603: 5,512.439; 5,578,718; 5,608,046; 
4,587,044; 4,605,735; 4,667,025; 4,762,779; 4,789,737; 
4,824.941; 4,835,263; 4,876,335; 4,904,582: 4,958,013: 
5,082,830; 5,112,963: 5,214,136; 5,082,830; 5,112,963: 
5,214,136; 5,245,022: 5,254,469: 5,258,506; 5,262,536; 
5,272,250; 5,292,873; 5,317,098: 5,371,241, 5,391,723; 
5,416,203, 5,451463: 5,510,475; 5,512,667: 5,514,785; 
5,565,552; 5,567,810; 5,574,142; 5,585,481: 5,587,371; 
5,595,726; 5,597.696; 5,599,923; 5,599,928 and 5,688,941, 
each of which is herein incorporated by reference. 
0116. A Watson-Crick interaction is at least one interac 
tion with the Watson-Crick face of a nucleotide, nucleotide 
analog, or nucleotide substitute. The Watson-Crick face of a 
nucleotide, nucleotide analog, or nucleotide Substitute 
includes the C2, N1, and C6 positions of a purine based 
nucleotide, nucleotide analog, or nucleotide Substitute and 
the C2, N3, C4 positions of a pyrimidine based nucleotide, 
nucleotide analog, or nucleotide Substitute. 
0117. A Hoogsteen interaction is the interaction that takes 
place on the Hoogsteen face of a nucleotide or nucleotide 
analog, which is exposed in the major groove of duplex DNA. 
The Hoogsteen face includes the N7 position and reactive 
groups (NH or O) at the C6 position of purine nucleotides. 
0118 b) Sequences 
0119) There area variety of sequences related to the FVIII 
gene, these sequences and others are attached. 
I0120 c) Primers and Probes 
0121 Disclosed are compositions including primers and 
probes, which are capable of interacting with the FVIII gene 
as disclosed herein. In certain embodiments the primers are 
used to support DNA amplification reactions. Typically the 
primers will be capable of being extended in a sequence 
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specific manner. Extension of a primer in a sequence specific 
manner includes any methods wherein the sequence and/or 
composition of the nucleic acid molecule to which the primer 
is hybridized or otherwise associated directs or influences the 
composition or sequence of the product produced by the 
extension of the primer. Extension of the primer in a sequence 
specific manner therefore includes, but is not limited to, PCR, 
DNA sequencing, DNA extension, DNA polymerization, 
RNA transcription, or reverse transcription. Techniques and 
conditions that amplify the primer in a sequence specific 
manner are preferred. In certain embodiments the primers are 
used for the DNA amplification reactions, such as PCR or 
direct sequencing. It is understood that in certain embodi 
ments the primers can also be extended using non-enzymatic 
techniques, where for example, the nucleotides or oligonucle 
otides used to extend the primer are modified such that they 
will chemically react to extend the primer in a sequence 
specific manner. Typically the disclosed primers hybridize 
with the FVIII gene or region of the FVIII gene or they 
hybridize with the complement of the FVIII gene or comple 
ment of a region of the FVIII gene. 
0122) The size of the primers or probes for interaction with 
the FVIII gene in certain embodiments can be any size that 
Supports the desired enzymatic manipulation of the primer, 
such as DNA amplification or the simple hybridization of the 
probe or primer. A typical FVIII haplotype primer or probe 
would be at least 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 
19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32,33, 34,35, 
36, 37,38, 39, 40, 41, 42,43, 44, 45,46, 47, 48,49, 50, 51, 52. 
53, 54, 55,56, 57,58, 59, 60, 61, 62,63, 64, 65,66, 67,68, 69, 
70,71, 72,73,74, 75,76, 77,78, 79,80, 81,82, 83, 84, 85,86, 
87, 88,89,90,91, 92,93, 94,95, 96, 97,98,99, 100,125, 150, 
175, 200, 225, 250, 275,300, 325, 350, 375,400, 425,450, 
475,500, 550, 600, 650, 700, 750, 800, 850, 900, 950, 1000, 
1250, 1500, 1750, 2000, 2250, 2500, 2750, 3000, 3500, or 
4000 nucleotides long. 
0123. In other embodiments the primer or probe can be 
less than or equal to 6,7,8,9, 10, 11, 12 13, 14, 15, 16, 17, 18, 
19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32,33, 34,35, 
36, 37,38, 39, 40, 41,42, 43,44, 45,46, 47,48, 49, 50, 51, 52, 
53, 54, 55,56, 57,58, 59, 60, 61, 62,63, 64, 65,66, 67,68, 69, 
70,71, 72,73,74, 75,76, 77,78, 79,80, 81,82, 83, 84, 85,86, 
87, 88,89,90,91, 92,93, 94,95, 96, 97,98,99, 100,125, 150, 
175, 200, 225, 250, 275,300, 325, 350, 375,400, 425,450, 
475,500, 550, 600, 650, 700, 750, 800, 850, 900, 950, 1000, 
1250, 1500, 1750, 2000, 2250, 2500, 2750, 3000, 3500, or 
4000 nucleotides long. 
(0.124. The primers for the FVIII gene typically will be 
used to produce an amplified DNA product that contains the 
FVIII gene. In general, typically the size of the product will be 
such that the size can be accurately determined to within 3, or 
2 or 1 nucleotides. 

0125 d) Nucleic Acid Delivery 
0126 The haplotypes disclosed herein can be useful with 
various methods of nucleic acid delivery. For example, in a 
subject with a given haplotype of FVIII, the corresponding 
nucleic acid of that haplotype can be administered to the 
Subject, thereby increasing the amount of the proper haplo 
type if FVIII in that particular subject, thereby decreasing 
adverse reactions to the expressed protein. In the methods 
described above which include the administration and uptake 
of exogenous DNA into the cells of a subject (i.e., gene 
transduction or transfection), the disclosed nucleic acids can 
be in the form of naked DNA or RNA, or the nucleic acids can 
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be in a vector for delivering the nucleic acids to the cells, 
whereby the antibody-encoding DNA fragment is under the 
transcriptional regulation of a promoter, as would be well 
understood by one of ordinary skill in the art. The vector can 
be a commercially available preparation, Such as an adenovi 
rus vector (Quantum Biotechnologies, Inc. (Laval, Quebec, 
Canada). Delivery of the nucleic acid or vector to cells can be 
via a variety of mechanisms. As one example, delivery can be 
via a liposome, using commercially available liposome 
preparations such as LIPOFECTIN, LIPOFECTAMINE 
(GIBCO-BRL, Inc., Gaithersburg, Md.), SUPERFECT 
(Qiagen, Inc. Hilden, Germany) and TRANSFECTAM 
(Promega Biotec, Inc., Madison, Wis.), as well as other lipo 
Somes developed according to procedures standard in the art. 
In addition, the disclosed nucleic acid or vector can be deliv 
ered in vivo by electroporation, the technology for which is 
available from Genetronics, Inc. (San Diego, Calif.) as well as 
by means of a SONOPORATION machine (ImaRX Pharma 
ceutical Corp., Tucson, Ariz.). 
I0127. As one example, vector delivery can be via a viral 
system, Such as a retroviral vector system which can package 
a recombinant retroviral genome (see e.g., Pastan et al., Proc. 
Natl. Acad. Sci. U.S.A. 85:4486, 1988: Miller et al., Mol. Cell. 
Biol. 6:2895, 1986). The recombinant retrovirus can then be 
used to infect and thereby deliver to the infected cells nucleic 
acid encoding abroadly neutralizing antibody (or active frag 
ment thereof). The exact method of introducing the altered 
nucleic acid into mammalian cells is, of course, not limited to 
the use of retroviral vectors. Other techniques are widely 
available for this procedure including the use of adenoviral 
vectors (Milani et al., Hum. Gene Ther. 5:941-948, 1994), 
adeno-associated viral (AAV) vectors (Goodman et al., Blood 
84:1492-1500, 1994), lentiviral vectors (Naidini et al., Sci 
ence 272:263-267, 1996), pseudotyped retroviral vectors 
(Agrawal et al., Exper. Hematol. 24:738-747, 1996). Physical 
transduction techniques can also be used, such as liposome 
delivery and receptor-mediated and other endocytosis mecha 
nisms (see, for example, Schwartzenberger et al., Blood 
87:472-478, 1996). This disclosed compositions and methods 
can be used in conjunction with any of these or other com 
monly used gene transfer methods. 
I0128. As one example, if the antibody-encoding nucleic 
acid is delivered to the cells of a subject in an adenovirus 
vector, the dosage for administration of adenovirus to humans 
can range from about 107 to 10 plaque forming units (pfu) 
per injection but can be as high as 10' pful per injection 
(Crystal, Hum. Gene Ther. 8:985-1001, 1997: Alvarez and 
Curiel, Hum. Gene Ther. 8:597-613, 1997). A subject can 
receive a single injection, or, if additional injections are nec 
essary, they can be repeated at six month intervals (or other 
appropriate time intervals, as determined by the skilled prac 
titioner) for an indefinite period and/or until the efficacy of the 
treatment has been established. 

0.129 Parenteral administration of the nucleic acid or vec 
tor, if used, is generally characterized by injection. 
Injectables can be prepared in conventional forms, either as 
liquid solutions or Suspensions, solid forms suitable for solu 
tion of suspension in liquid prior to injection, or as emulsions. 
A more recently revised approach for parenteral administra 
tion involves use of a slow release or Sustained release system 
Such that a constant dosage is maintained. For additional 
discussion of Suitable formulations and various routes of 
administration of therapeutic compounds, see, e.g., Reming 
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ton: The Science and Practice of Pharmacy (19th ed.) ed. A. 
R. Gennaro, Mack Publishing Company, Easton, Pa. 1995. 
0130. There are a number of compositions and methods 
which can be used to deliver nucleic acids to cells, either in 
vitro or in vivo. These methods and compositions can largely 
be broken down into two classes: viral based delivery systems 
and non-viral based delivery systems. For example, the 
nucleic acids can be delivered through a number of direct 
delivery systems such as, electroporation, lipofection, cal 
cium phosphate precipitation, plasmids, viral vectors, viral 
nucleic acids, phage nucleic acids, phages, cosmids, or via 
transfer of genetic material in cells or carriers such as cationic 
liposomes. Appropriate means for transfection, including 
viral vectors, chemical transfectants, or physico-mechanical 
methods such as electroporation and direct diffusion of DNA, 
are described by, for example, Wolff, J. A., et al., Science, 
247, 1465-1468, (1990); and Wolff, J. A. Nature, 352, 815 
818, (1991) Such methods are well known in the art and 
readily adaptable for use with the compositions and methods 
described herein. In certain cases, the methods will be modi 
fied to specifically function with large DNA molecules. Fur 
ther, these methods can be used to target certain diseases and 
cell populations by using the targeting characteristics of the 
carrier. 

0131 Transfer vectors can be any nucleotide construction 
used to deliver genes into cells (e.g., a plasmid), or as part of 
a general strategy to deliver genes, e.g., as part of recombinant 
retrovirus or adenovirus (Ram et al. Cancer Res. 53:83-88, 
(1993)). 
0.132. As used herein, plasmid or viral vectors are agents 
that transport the disclosed nucleic acids, such as a given 
haplotype of FVIII into the cell without degradation, and 
include a promoter yielding expression of the gene in the cells 
into which it is delivered. Viral vectors are, for example, 
Adenovirus, Adeno-associated virus, Herpes virus, Vaccinia 
virus, Polio virus, AIDS virus, neuronal trophic virus, Sindbis 
and other RNA viruses, including these viruses with the HIV 
backbone. Also preferred are any viral families which share 
the properties of these viruses which make them suitable for 
use as vectors. Retroviruses include Murine Maloney Leuke 
mia virus, MMLV, and retroviruses that express the desirable 
properties of MMLV as a vector. Retroviral vectors are able to 
carry a larger genetic payload, i.e., a transgene or marker 
gene, than other viral vectors, and for this reason are a com 
monly used vector. However, they are not as useful in non 
proliferating cells. Adenovirus vectors are relatively stable 
and easy to work with, have high titers, and can be delivered 
in aerosol formulation, and can transfect non-dividing cells. 
Pox viral vectors are large and have several sites for inserting 
genes, they are thermostable and can be stored at room tem 
perature. A preferred embodiment is a viral vector which has 
been engineered so as to Suppress the immune response of the 
host organism, elicited by the viral antigens. Preferred vectors 
of this type will carry coding regions for Interleukin 8 or 10. 
0133) Viral vectors can have higher transaction (ability to 
introduce genes) abilities than chemical or physical methods 
to introduce genes into cells. Typically, viral vectors contain, 
nonstructural early genes, structural late genes, an RNA poly 
merase DI transcript, inverted terminal repeats necessary for 
replication and encapsidation, and promoters to control the 
transcription and replication of the viral genome. When engi 
neered as Vectors, viruses typically have one or more of the 
early genes removed and a gene or gene/promotor cassette is 
inserted into the viral genome in place of the removed viral 
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DNA. Constructs of this type can carry up to about 8 kb of 
foreign genetic material. The necessary functions of the 
removed early genes are typically Supplied by cell lines which 
have been engineered to express the gene products of the early 
genes in trans. 
I0134) (1) Retroviral Vectors 
0.135 A retrovirus is an animal virus belonging to the virus 
family of Retroviridae, including any types, Subfamilies, 
genus, or tropisms. Retroviral vectors, in general, are 
described by Verma, I. M., Retroviral vectors for gene trans 
fer. In Microbiology-1985, American Society for Microbiol 
ogy, pp. 229-232, Washington, (1985), which is incorporated 
by reference herein. Examples of methods for using retroviral 
vectors for genetherapy are described in U.S. Pat. Nos. 4,868, 
116 and 4,980.286; PCT applications WO 90/02806 and WO 
89/07136; and Mulligan, (Science 260:926-932 (1993)); the 
teachings of which are incorporated herein by reference. 
0.136. A retrovirus is essentially a package which has 
packed into it nucleic acid cargo. The nucleic acid cargo 
carries with it a packaging signal, which ensures that the 
replicated daughter molecules will be efficiently packaged 
within the package coat. In addition to the package signal, 
there are a number of molecules which are needed in cis, for 
the replication, and packaging of the replicated virus. Typi 
cally a retroviral genome, contains the gag, pol, and envgenes 
which are involved in the making of the protein coat. It is the 
gag, pol, and env genes which are typically replaced by the 
foreign DNA that it is to be transferred to the target cell. 
Retrovirus Vectors typically contain a packaging signal for 
incorporation into the package coat, a sequence which signals 
the start of the gag transcription unit, elements necessary for 
reverse transcription, including a primer binding site to bind 
the tRNA primer of reverse transcription, terminal repeat 
sequences that guide the switch of RNA strands during DNA 
synthesis, a purine rich sequence 5' to the 3' LTR that serve as 
the priming site for the synthesis of the second strand of DNA 
synthesis, and specific sequences near the ends of the LTRS 
that enable the insertion of the DNA state of the retrovirus to 
insert into the host genome. The removal of the gag, pol, and 
enV genes allows for about 8 kb of foreign sequence to be 
inserted into the viral genome, become reverse transcribed, 
and upon replication be packaged into a new retroviral par 
ticle. This amount of nucleic acid is sufficient for the delivery 
of a one to many genes depending on the size of each tran 
script. It is preferable to include either positive or negative 
selectable markers along with other genes in the insert. 
0.137 Since the replication machinery and packaging pro 
teins in most retroviral vectors have been removed (gag, pol, 
and env), the vectors are typically generated by placing them 
into a packaging cell line. A packaging cell line is a cell line 
which has been transfected or transformed with a retrovirus 
that contains the replication and packaging machinery, but 
lacks any packaging signal. When the vector carrying the 
DNA of choice is transfected into these cell lines, the vector 
containing the gene of interest is replicated and packaged into 
new retroviral particles, by the machinery provided in cis by 
the helper cell. The genomes for the machinery are not pack 
aged because they lack the necessary signals. 
I0138 (2) Adenoviral Vectors 
0.139. The construction of replication-defective adenovi 
ruses has been described (Berkner et al., J. Virology 61: 1213 
1220 (1987); Massie et al., Mol. Cell. Biol. 6:2872-2883 
(1986); Haj-Ahmad et al., J. Virology 57:267-274 (1986); 
Davidson et al., J. Virology 61: 1226-1239 (1987); Zhang 
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“Generation and identification of recombinant adenovirus by 
liposome-mediated transfection and PCR analysis’ BioTech 
niques 15:868-872 (1993)). The benefit of the use of these 
viruses as vectors is that they are limited in the extent to which 
they can spread to other cell types, since they can replicate 
within an initial infected cell, but are unable to form new 
infectious viral particles. Recombinant adenoviruses have 
been shown to achieve high efficiency gene transfer after 
direct, in Vivo delivery to airway epithelium, hepatocytes, 
vascular endothelium, CNS parenchyma and a number of 
other tissue sites (Morsy, J. Clin. Invest. 92:1580-1586 
(1993); Kirshenbaum, J. Clin. Invest. 92:381-387 (1993); 
Roessler, J. Clin. Invest. 92: 1085-1092 (1993); Moullier, 
Nature Genetics 4:154-159 (1993); La Salle, Science 259: 
988-990 (1993); Gomez-Foix, J. Biol. Chem. 267:25129 
25134 (1992); Rich, Human Gene Therapy 4:461-476 
(1993); Zabner, Nature Genetics 6:75-83 (1994); Guzman, 
Circulation Research 73:1201-1207 (1993); Bout, Human 
Gene Therapy 5:3-10 (1994); Zabner, Cell 75:207-216 
(1993); Caillaud, Eur. J. Neuroscience 5:1287-1291 (1993); 
and Ragot, J. Gen. Virology 74:501-507 (1993)). Recombi 
nant adenoviruses achieve gene transduction by binding to 
specific cell surface receptors, after which the virus is inter 
nalized by receptor-mediated endocytosis, in the same man 
ner as wild type or replication-defective adenovirus (Char 
donnet and Dales, Virology 40:462-477 (1970); Brown and 
Burlingham, J. Virology 12:386-396 (1973); Svensson and 
Persson, J. Virology 55:442-449 (1985); Seth, et al., J. Virol. 
51:650-655 (1984); Seth, et al., Mol. Cell. Biol. 4:1528-1533 
(1984); Varga et al., J. Virology 65:6061-6070 (1991); Wick 
ham et al., Cell 73:309-319 (1993)). 
0140. A viral vector can be one based on an adenovirus 
which has had the E1 gene removed and these virons are 
generated in a cell line such as the human 293 cell line. In 
another preferred embodiment both the E1 and E3 genes are 
removed from the adenovirus genome. 
0141 (3) Adeno-Asscociated Viral Vectors 
0142. Another type of viral vector is based on an adeno 
associated virus (AAV). This defective parvovirus is a pre 
ferred vector because it can infect many cell types and is 
nonpathogenic to humans. AAV type Vectors can transport 
about 4 to 5 kb and wild type AAV is known to stably insert 
into chromosome 19. Vectors which contain this site specific 
integration property are preferred. An especially preferred 
embodiment of this type of vector is the P4.1 C vector pro 
duced by Avigen, San Francisco, Calif., which can contain the 
herpes simplex virus thymidine kinase gene, HSV-tk, and/or 
a marker gene. Such as the gene encoding the green fluores 
cent protein, GFP. 
0143. In another type of AAV virus, the AAV contains a 
pair of inverted terminal repeats (ITRs) which flank at least 
one cassette containing a promoter which directs cell-specific 
expression operably linked to a heterologous gene. Heterolo 
gous in this context refers to any nucleotide sequence or gene 
which is not native to the AAV or B19 parvovirus. 
0144. Typically the AAV and B19 coding regions have 
been deleted, resulting in a safe, noncytotoxic vector. The 
AAV ITRs, or modifications thereof confer infectivity and 
site-specific integration, but not cytotoxicity, and the pro 
moter directs cell-specific expression. U.S. Pat. No. 6,261, 
834 is herein incorproated by reference for material related to 
the AAV vector. 
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0145 The disclosed vectors thus provide DNA molecules 
which are capable of integration into a mammalian chromo 
Some without Substantial toxicity. 
0146 The inserted genes in viral and retroviral usually 
contain promoters, and/or enhancers to help control the 
expression of the desired gene product. A promoter is gener 
ally a sequence or sequences of DNA that function when in a 
relatively fixed location in regard to the transcription start 
site. A promoter contains core elements required for basic 
interaction of RNA polymerase and transcription factors, and 
may contain upstream elements and response elements. 
0147 (4) Large Payload Viral Vectors 
0148 Molecular genetic experiments with large human 
herpesviruses have provided a means whereby large heterolo 
gous DNA fragments can be cloned, propagated and estab 
lished in cells permissive for infection with herpesviruses 
(Sun et al., Nature is genetics 8: 33-41, 1994; Cotter and 
Robertson, Curr Opin Mol Ther 5: 633-644, 1999). These 
large DNA viruses (herpes simplex virus (HSV) and Epstein 
Barr virus (EBV), have the potential to deliver fragments of 
human heterologous DNA-150 kb to specific cells. EBV 
recombinants can maintain large pieces of DNA in the 
infected B-cells as episomal DNA. Individual clones carried 
human genomic inserts up to 330 kb appeared genetically 
stable The maintenance of these episomes requires a specific 
EBV nuclear protein, EBNA1, constitutively expressed dur 
ing infection with EBV. Additionally, these vectors can be 
used for transfection, where large amounts of protein can be 
generated transiently in vitro. Herpesvirus amplicon systems 
are also being used to package pieces of DNA-220 kb and to 
infect cells that can stably maintain DNA as episomes. 
0149 Other useful systems include, for example, replicat 
ing and host-restricted non-replicating vaccinia virus vectors. 
(O150 e) Non-Nucleic Acid Based Systems 
0151. The disclosed compositions can be delivered to the 
target cells in a variety of ways. For example, the composi 
tions can be delivered through electroporation, or through 
lipofection, or through calcium phosphate precipitation. The 
delivery mechanism chosen will depend in part on the type of 
cell targeted and whether the delivery is occurring for 
example in vivo or in vitro. 
0152 Thus, the compositions can comprise, in addition to 
the disclosed genes or vectors for example, lipids such as 
liposomes, such as cationic liposomes (e.g., DOTMA, 
DOPE, DC-cholesterol) or anionic liposomes. Liposomes 
can further comprise proteins to facilitate targeting a particu 
lar cell, if desired. Administration of a composition compris 
ing a compound and a cationic liposome can be administered 
to the blood afferent to a target organ or inhaled into the 
respiratory tract to target cells of the respiratory tract. Regard 
ing liposomes, see, e.g., Brigham et al. Am. J. Resp. Cell. Mol. 
Biol. 1:95-100 (1989); Feigner et al. Proc. Natl. Acad. Sci 
USA 84:7413-7417 (1987); U.S. Pat. No. 4,897,355. Further 
more, the compound can be administered as a component of 
a microcapsule that can be targeted to specific cell types. Such 
as macrophages, or where the diffusion of the compound or 
delivery of the compound from the microcapsule is designed 
for a specific rate or dosage. 
0153. In the methods described above which include the 
administration and uptake of exogenous DNA into the cells of 
a subject (i.e., gene transduction or transfection), delivery of 
the compositions to cells can be via a variety of mechanisms. 
As one example, delivery can be via a liposome, using com 
mercially available liposome preparations such as LIPOFEC 
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TIN, LIPOFECTAMINE (GIBCO-BRL, Inc., Gaithersburg, 
Md.), SUPERFECT (Qiagen, Inc. Hilden, Germany) and 
TRANSFECTAM (Promega Biotec, Inc., Madison, Wis.), as 
well as other liposomes developed according to procedures 
standard in the art. In addition, the disclosed nucleic acid or 
vector can be delivered in vivo by electroporation, the tech 
nology for which is available from Genetronics, Inc. (San 
Diego, Calif.) as well as by means of a SONOPORATION 
machine (ImaRX Pharmaceutical Corp., Tucson, Ariz.). 
0154 The materials may be in solution, suspension (for 
example, incorporated into microparticles, liposomes, or 
cells). These may be targeted to a particular cell type via 
antibodies, receptors, or receptor ligands. The following ref 
erences are examples of the use of this technology to target 
specific proteins to tumor tissue (Senter, et al., Bioconjugate 
Chem., 2:447-451, (1991); Bagshawe, K. D., Br. J. Cancer, 
60:275-281, (1989); Bagshawe, et al., Br. J. Cancer, 58:700 
703, (1988); Senter, et al., Bioconjugate Chem., 4:3-9, 
(1993); Battelli, et al., Cancer Immunol. Immunother, 
35:421-425, (1992); Pietersz and McKenzie, Immunolog. 
Reviews, 129:57-80, (1992); and Roffler, et al., Biochem. 
Pharmacol, 42:2062-2065, (1991)). These techniques can be 
used for a variety of other speciifc cell types. Vehicles such as 
'stealth' and other antibody conjugated liposomes (including 
lipid mediated drug targeting to colonic carcinoma), receptor 
mediated targeting of DNA through cell specific ligands, 
lymphocyte directed tumor targeting, and highly specific 
therapeutic retroviraltargeting of murine glioma cells in vivo. 
The following references are examples of the use of this 
technology to target specific proteins to tumor tissue (Hughes 
et al., Cancer Research, 49:6214-6220, (1989); and Litzinger 
and Huang, Biochimica et Biophysica Acta, 1104:179-187, 
(1992)). In general, receptors are involved in pathways of 
endocytosis, either constitutive or ligand induced. These 
receptors cluster in clathrin-coated pits, enter the cell via 
clathrin-coated vesicles, pass through an acidified endoSome 
in which the receptors are sorted, and then either recycle to the 
cell Surface, become stored intracellularly, or are degraded in 
lysosomes. The internalization pathways serve a variety of 
functions, such as nutrient uptake, removal of activated pro 
teins, clearance of macromolecules, opportunistic entry of 
viruses and toxins, dissociation and degradation of ligand, 
and receptor-level regulation. Many receptors follow more 
than one intracellular pathway, depending on the cell type, 
receptor concentration, type of ligand, ligand Valency, and 
ligand concentration. Molecular and cellular mechanisms of 
receptor-mediated endocytosis has been reviewed (Brown 
and Greene, DNA and Cell Biology 10:6, 399-409 (1991)). 
O155 Nucleic acids that are delivered to cells which are to 
be integrated into the host cell genome, typically contain 
integration sequences. These sequences are often viral related 
sequences, particularly when viral based systems are used. 
These viral intergration systems can also be incorporated into 
nucleic acids which are to be delivered using a non-nucleic 
acid based system of deliver, Such as a liposome, so that the 
nucleic acid contained in the delivery, system can be come 
integrated into the host genome. 
0156. Other general techniques for integration into the 
host genome include, for example, systems designed to pro 
mote homologous recombination with the host genome. 
These systems typically rely on sequence flanking the nucleic 
acid to be expressed that has enough homology with a target 
sequence within the host cell genome that recombination 
between the vector nucleic acid and the target nucleic acid 
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takes place, causing the delivered nucleic acid to be integrated 
into the host genome. These systems and the methods neces 
sary to promote homologous recombination are known to 
those of skill in the art. 
O157 f) In Vivo/Ex Vivo 
0158. As described above, the compositions can be admin 
istered in a pharmaceutically acceptable carrier and can be 
delivered to the subjects cells in vivo and/or ex vivo by a 
variety of mechanisms well known in the art (e.g., uptake of 
naked DNA, liposome fusion, intramuscular injection of 
DNA via a gene gun, endocytosis and the like). 
0159. If ex vivo methods are employed, cells or tissues can 
be removed and maintained outside the body according to 
standard protocols well known in the art. The compositions 
can be introduced into the cells via any gene transfer mecha 
nism, such as, for example, calcium phosphate mediated gene 
delivery, electroporation, microinjection or proteoliposomes. 
The transduced cells can then be infused (e.g., in a pharma 
ceutically acceptable carrier) or homotopically transplanted 
back into the subject per standard methods for the cell or 
tissue type. Standard methods are known for transplantation 
or infusion of various cells into a subject. 
0160 4. Expression Systems 
0.161 The nucleic acids that are delivered to cells typically 
contain expression controlling systems. For example, the 
inserted genes in viral and retroviral systems usually contain 
promoters, and/or enhancers to help control the expression of 
the desired gene product. A promoter is generally a sequence 
or sequences of DNA that function when in a relatively fixed 
location in regard to the transcription start site. A promoter 
contains core elements required for basic interaction of RNA 
polymerase and transcription factors, and may contain 
upstream elements and response elements. 
0162 a) Viral Promoters and Enhancers 
0163 Preferred promoters controlling transcription from 
vectors in mammalian host cells may be obtained from vari 
ous sources, for example, the genomes of viruses Such as: 
polyoma, Simian Virus 40 (SV40), adenovirus, retroviruses, 
hepatitis-B Virus and most preferably cytomegalovirus, or 
from heterologous mammalian promoters, e.g. beta actin pro 
moter. The early and late promoters of the SV40 virus are 
conveniently obtained as an SV40 restriction fragment which 
also contains the SV40 viral origin of replication (Fiers et al., 
Nature, 273: 113 (1978)). The immediate early promoter of 
the human cytomegalovirus is conveniently obtained as a 
HindIII E restriction fragment (Greenway, P. J. et al., Gene 
18:355-360 (1982)). Of course, promoters from the host cell 
or related species also are useful herein. 
0164. Enhancer generally refers to a sequence of DNA that 
functions at no fixed distance from the transcription start site 
and can be either 5' (Laimins, L. et al., Proc. Natl. Acad. Sci. 
78: 993 (1981)) or 3' (Lusky, M. L., et al., Mol. Cell Bio. 3: 
1108 (1983)) to the transcription unit. Furthermore, enhanc 
ers can be within an intron (Banerji, J. L. et al., Cell 33: 729 
(1983)) as well as within the coding sequence itself (Osborne, 
T. F., et al., Mol. Cell Bio. 4: 1293 (1984)). They are usually 
between 10 and 300 by in length, and they function in cis. 
Enhancers function to increase transcription from nearby pro 
moters. Enhancers also often contain response elements that 
mediate the regulation of transcription. Promoters can also 
contain response elements that mediate the regulation of tran 
Scription. Enhancers often determine the regulation of 
expression of a gene. While many enhancer sequences are 
now known from mammalian genes (globin, elastase, albu 
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min, -fetoprotein and insulin), typically one will use an 
enhancer from a eukaryotic cell virus for general expression. 
Preferred examples are the SV40 enhancer on the late side of 
the replication origin (bp 100-270), the cytomegalovirus 
early promoter enhancer, the polyoma enhancer on the late 
side of the replication origin, and adenovirus enhancers. 
0.165. The promotor and/or enhancer may be specifically 
activated either by light or specific chemical events which 
trigger their function. Systems can be regulated by reagents 
Such as tetracycline and dexamethasone. There are also ways 
to enhance viral vector gene expression by exposure to irra 
diation, such as gamma irradiation, or alkylating chemo 
therapy drugs. 
0166 In certain embodiments the promoter and/or 
enhancer region can act as a constitutive promoter and/or 
enhancer to maximize expression of the region of the tran 
Scription unit to be transcribed. In certain constructs the pro 
moter and/or enhancer region be active in all eukaryotic cell 
types, even if it is only expressed in a particular type of cell at 
a particular time. A preferred promoter of this type is the 
CMV promoter (650 bases). Other preferred promoters are 
SV40 promoters, cytomegalovirus (full length promoter), 
and retroviral vector LTR. 
0167. It has been shown that all specific regulatory ele 
ments can be cloned and used to construct expression vectors 
that are selectively expressed in specific cell types such as 
melanoma cells. The glial fibrillary acetic protein (GFAP) 
promoter has been used to selectively express genes in cells of 
glial origin. 
0168 Expression vectors used in eukaryotic host cells 
(yeast, fungi, insect, plant, animal, human or nucleated cells) 
may also contain sequences necessary for the termination of 
transcription which may affect mRNA expression. These 
regions are transcribed as polyadenylated segments in the 
untranslated portion of the mRNA encoding tissue factor 
protein. The 3' untranslated regions also include transcription 
termination sites. It is preferred that the transcription unit also 
contain a polyadenylation region. One benefit of this region is 
that it increases the likelihood that the transcribed unit will be 
processed and transported like mRNA. The identification and 
use of polyadenylation signals in expression constructs is 
well established. It is preferred that homologous polyadeny 
lation signals be used in the transgene constructs. In certain 
transcription units, the polyadenylation region is derived 
from the SV40 early polyadenylation signal and consists of 
about 400 bases. It is also preferred that the transcribed units 
contain other standard sequences alone or in combination 
with the above sequences improve expression from, or stabil 
ity of the construct. 
(0169 b) Markers 
0170 The viral vectors can include nucleic acid sequence 
encoding a marker product. This marker product is used to 
determine if the gene has been delivered to the cell and once 
delivered is being expressed. Preferred marker genes are the 
E. Colilacz gene, which encodes B-galactosidase, and green 
fluorescent protein. 
0171 In some embodiments the marker may be a select 
able marker. Examples of suitable selectable markers for 
mammalian cells are dihydrofolate reductase (DHFR), thy 
midine kinase, neomycin, neomycin analog G418, hydromy 
cin, and puromycin. When Such selectable markers are suc 
cessfully transferred into a mammalian host cell, the 
transformed mammalian host cell can Survive if placed under 
selective pressure. There are two widely used distinct catego 
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ries of selective regimes. The first category is based on a cell's 
metabolism and the use of a mutant cell line which lacks the 
ability to grow independent of a Supplemented media. Two 
examples are: CHODHFR-cells and mouse LTK-cells. These 
cells lack the ability to grow without the addition of such 
nutrients as thymidine or hypoxanthine. Because these cells 
lack certain genes necessary for a complete nucleotide Syn 
thesis pathway, they cannot survive unless the missing nucle 
otides are provided in a Supplemented media. An alternative 
to supplementing the media is to introduce an intact DHFR or 
TK gene into cells lacking the respective genes, thus altering 
their growth requirements. Individual cells which were not 
transformed with the DHFR or TK gene will not be capable of 
Survival in non-Supplemented media. 
0172. The second category is dominant selection which 
refers to a selection scheme used in any cell type and does not 
require the use of a mutant cell line. These schemes typically 
use a drug to arrest growth of a host cell. Those cells which 
have a novel gene would express a protein conveying drug 
resistance and would Survive the selection. Examples of Such 
dominant selection use the drugs neomycin, (Southern P. and 
Berg, P.J. Molec. Appl. Genet. 1:327 (1982)), mycophenolic 
acid, (Mulligan, R. C. and Berg, P. Science 209: 1422 (1980)) 
or hygromycin, (Sugden, B. et al., Mol. Cell. Biol. 5: 410-413 
(1985)). The three examples employ bacterial genes under 
eukaryotic control to convey resistance to the appropriate 
drug G418 or neomycin (geneticin), Xgpt (mycophenolic 
acid) or hygromycin, respectively. Others include the neomy 
cin analog G418 and puramycin. 
(0173 5. Peptides 
(0174) a) Protein Variants 
0.175. As discussed herein there are numerous variants of 
the FVIII protein that are disclosed. As described above, the 
present invention provides at least four common non-synony 
mous-single-nucleotide-polymorphisms (insSNPs), combi 
nations of which represent six naturally-occurring allelic 
variants of the FVIII protein in the human population (FIG. 
2). As such, six different haplotypic forms of the wt FVIII 
protein have been identified. These haplotypic forms have 
been designated: H1, H2,H3, H4, H5, and H6 (FIG.3). Each 
of these variants represents a normal allelic variant of the 
FVIII protein since the individuals from whom the sequences 
were described have no bleeding disorders. 
0176 Protein variation, as described herein, applies gen 
erally to the design, synthesis, and recogniztion of proteins. 
However, the present invention is drawn to specific haplo 
types with specific nucleic acid, and amino acid, sequences. 
These sequences need not be varied as disclosed herein, but 
can optionally contain other variances than those disclosed in 
haplotypes H1-H6. 
0177 Amino acid sequence modifications typically fall 
into one or more of three classes: Substitutional, insertional or 
deletional variants. Insertions include amino and/or carboxyl 
terminal fusions as well as intrasequence insertions of single 
or multiple amino acid residues. Insertions ordinarily will be 
Smaller insertions than those of amino or carboxyl terminal 
fusions, for example, on the order of one to four residues. 
Immunogenic fusion protein derivatives, such as those 
described in the examples, are made by fusing a polypeptide 
Sufficiently large to confer immunogenicity to the target 
sequence by cross-linking in vitro or by recombinant cell 
culture transformed with DNA encoding the fusion. Dele 
tions are characterized by the removal of one or more amino 
acid residues from the protein sequence. Typically, no more 
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than about from 2 to 6 residues are deleted at any one site 
within the protein molecule. These variants ordinarily are 
prepared by site specific mutagenesis of nucleotides in the 
DNA encoding the protein, thereby producing DNA encoding 
the variant, and thereafter expressing the DNA in recombi 
nant cell culture. Techniques for making Substitution muta 
tions at predetermined sites in DNA having a known sequence 
are well known, for example M13 primer mutagenesis and 
PCR mutagenesis. Amino acid substitutions are typically of 
single residues, but can occur at a number of different loca 
tions at once; insertions usually will be on the order of about 
from 1 to 10 amino acid residues; and deletions will range 
about from 1 to 30 residues. Deletions or insertions preferably 
are made in adjacent pairs, i.e. a deletion of 2 residues or 
insertion of 2 residues. Substitutions, deletions, insertions or 
any combination thereof may be combined to arrive at a final 
construct. The mutations must not place the sequence out of 
reading frame and preferably will not create complementary 
regions that could produce secondary mRNA structure. Sub 
stitutional variants are those in which at least one residue has 
been removed and a different residue inserted in its place. 
Such substitutions generally are made in accordance with the 
following Tables AAA and AAS and are referred to as con 
servative substitutions. 

TABLE AAA 

Amino Acid Abbreviations 

Amino Acid Abbreviations 

alanine Ala, A 
alloisoleucine aIle 
arginine Arg, R 
asparagine ASn, N 
aspartic acid Asp, D 
cysteine Cys, C 
glutamic acid Glu, E 
glutamine Gln, K 
glycine Gly, G 
histidine His, H 
isoleucine Ile, I 
leucine Leu, L. 
lysine Lys, K 
phenylalanine Phe, F 
proline Pro, P 
pyroglutamic acid pGlu 
serine Ser, S 
threonine Thr, T 
tyrosine Tyr, Y 
tryptophan Trp, W 
valine Val, V 

TABLE AAS 

Amino Acid Substitutions 

Exemplary Conservative Substitutions, 
Original Residue others are known in the art. 

Ala Ser 
Arg Lys; Glin 
ASn Gln: His 
Asp Glu 
Cys Ser 
Gln ASn; Lys 
Glu Asp 
Gly Pro 
His ASn; Glin 
Ile Leu; Val 
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TABLE AAS-continued 

Amino Acid Substitutions 

Exemplary Conservative Substitutions, 
Original Residue others are known in the art. 

Leu Ile: Val 
Lys Arg: Gln 
Met Leu: Ile 
Phe Met; Leu: Tyr 
Ser Thr 
Thr Ser 
Trp Tyr 
Tyr Trp; Phe 
Wall Ile: Leu 

0.178 Substantial changes in function or immunological 
identity are made by selecting Substitutions that are less con 
servative than those in Table AAS, i.e., selecting residues that 
differ more significantly in their effect on maintaining (a) the 
structure of the polypeptide backbone in the area of the sub 
stitution, for example as a sheet or helical conformation, (b) 
the charge or hydrophobicity of the molecule at the target site 
or (c) the bulk of the side chain. The substitutions which in 
general are expected to produce the greatest changes in the 
protein properties will be those in which (a) a hydrophilic 
residue, e.g. seryl or threonyl, is Substituted for (or by) a 
hydrophobic residue, e.g. leucyl, isoleucyl, phenylalanyl. 
valyl or alanyl; (b) a cysteine or proline is substituted for (or 
by) any other residue; (c) a residue having an electropositive 
side chain, e.g., lysyl, arginyl, or histidyl, is Substituted for (or 
by) an electronegative residue, e.g., glutamyl or aspartyl; or 
(d) a residuehaving a bulky side chain, e.g., phenylalanine, is 
Substituted for (or by) one not having a side chain, e.g., 
glycine, in this case, (e) by increasing the number of sites for 
Sulfation and/or glycosylation. 
0179 For example, the replacement of one amino acid 
residue with another that is biologically and/or chemically 
similar is known to those skilled in the art as a conservative 
substitution. For example, a conservative substitution would 
be replacing one hydrophobic residue for another, or one 
polar residue for another. The substitutions include combina 
tions such as, for example, Gly, Ala; Val, Ile, Leu, Asp, Glu; 
ASn, Gln: Ser. Thr; Lys, Arg; and Phe, Tyr. Such conserva 
tively substituted variations of each explicitly disclosed 
sequence are included within the mosaic polypeptides pro 
vided herein. 
0180 Substitutional or deletional mutagenesis can be 
employed to insert sites for N-glycosylation (Asn-X-Thr/Ser) 
or O-glycosylation (Seror Thr). Deletions of cysteine or other 
labile residues also may be desirable. Deletions or substitu 
tions of potential proteolysis sites, e.g. Mg, is accomplished 
for example by deleting one of the basic residues or substi 
tuting one by glutaminyl or histidyl residues. 
0181 Certain post-translational derivatizations are the 
result of the action of recombinant host cells on the expressed 
polypeptide. Glutaminyl and asparaginyl residues are fre 
quently post-translationally deamidated to the corresponding 
glutamyl and asparyl residues. Alternatively, these residues 
are deamidated under mildly acidic conditions. Other post 
translational modifications include hydroxylation of proline 
and lysine, phosphorylation of hydroxyl groups of Seryl or 
threonyl residues, methylation of the o-amino groups of 
lysine, arginine, and histidine side chains (T. E. Creighton, 
Proteins: Structure and Molecular Properties, W. H. Freeman 
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& Co., San Francisco pp 79-86 1983), acetylation of the 
N-terminal amine and, in some instances, amidation of the 
C-terminal carboxyl. 
0182. It is understood that one way to define the variants 
and derivatives of the disclosed proteins herein is through 
defining the variants and derivatives in terms of homology/ 
identity to specific known sequences. Specifically disclosed 
are variants of these and other proteins herein disclosed which 
have at least, 70% or 75% or 80% or 85% or 90% or 95% 
homology to the stated sequence. Those of skill in the art 
readily understand how to determine the homology of two 
proteins. For example, the homology can be calculated after 
aligning the two sequences so that the homology is at its 
highest level. 
0183 Another way of calculating homology can be per 
formed by published algorithms. Optimal alignment of 
sequences for comparison may be conducted by the local 
homology algorithm of Smith and Waterman Adv. Appl. 
Math. 2: 482 (1981), by the homology alignment algorithm of 
Needleman and Wunsch, J. Mol. Biol. 48: 443 (1970), by the 
search for similarity method of Pearson and Lipman, Proc. 
Natl. Acad. Sci. U.S.A. 85: 2444 (1988), by computerized 
implementations of these algorithms (GAP, BESTFIT, 
FASTA, and TFASTA in the Wisconsin Genetics Software 
Package, Genetics Computer Group, 575 Science Dr. Madi 
son, Wis.), or by inspection. 
0184 The same types of homology can be obtained for 
nucleic acids by for example the algorithms disclosed in 
Zuker, M. Science 244:48-52, 1989, Jaeger et al. Proc. Natl. 
Acad. Sci. USA 86:7706-7710, 1989, Jaeger et al. Methods 
Enzymol. 183:281-306, 1989 which are herein incorporated 
by reference for at least material related to nucleic acid align 
ment. 

0185. It is understood that the description of conservative 
mutations and homology can be combined together in any 
combination, such as embodiments that have at least 70% 
homology to a particular sequence wherein the variants are 
conservative mutations. 
0186. As this specification discusses various proteins and 
protein sequences it is understood that the nucleic acids that 
can encode those protein sequences are also disclosed. This 
would include all degenerate sequences related to a specific 
protein sequence, i.e. all nucleic acids having a sequence that 
encodes one particular protein sequence as well as all nucleic 
acids, including degenerate nucleic acids, encoding the dis 
closed variants and derivatives of the protein sequences. 
Thus, while each particular nucleic acid sequence may not be 
written out herein, it is understood that each and every 
sequence is in fact disclosed and described herein through the 
disclosed protein sequence. It is also understood that while no 
amino acid sequence indicates what particular DNA 
sequence encodes that protein within an organism, where 
particular variants of a disclosed protein are disclosed herein, 
the known nucleic acid sequence that encodes that protein in 
the particular gene from which that protein arises is also 
known and herein disclosed and described. 

0187. It is understood that there are numerous amino acid 
and peptide analogs which can be incorporated into the dis 
closed compositions. For example, there are numerous D 
amino acids or amino acids which have a different functional 
substituent then the amino acids shown in Table AAA and 
Table AAS. The opposite stereo isomers of naturally occur 
ring peptides are disclosed, as well as the stereo isomers of 
peptide analogs. These amino acids can readily be incorpo 
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rated into polypeptide chains by charging tPNA molecules 
with the amino acid of choice and engineering genetic con 
structs that utilize, for example, amber codons, to insert the 
analog amino acid into a peptide chain in a site specific way 
(Thorson et al., Methods in Molec. Biol. 77:43-73 (1991), 
Zoller, Current Opinion in Biotechnology, 3:348-354 (1992); 
Ibba, Biotechnology & Genetic Enginerring Reviews 13:197 
216 (1995), Cahill et al., TIBS, 14(10):400-403 (1989); Ben 
ner, TIB Tech, 12:158-163 (1994); Ibba and Hennecke, Bio/ 
technology, 12:678-682 (1994) all of which are herein 
incorporated by reference at least for material related to 
amino acid analogs). 
0188 Molecules can be produced that resemble peptides, 
but which are not connected via a natural peptide linkage. For 
example, linkages for amino acids or amino acid analogs can 
include CH-NH , —CHS , —CH CH-CH=CH 
(cis and trans), —COCH CH(OH)CH , and 
—CHHSO— (These and others can be found in Spatola, A. 
F. in Chemistry and Biochemistry of Amino Acids, Peptides, 
and Proteins, B. Weinstein, eds., Marcel Dekker, New York, p. 
267 (1983); Spatola, A. F., Vega Data (March 1983), Vol. 1, 
Issue 3, Peptide Backbone Modifications (general review); 
Morley, Trends Pharm Sci (1980) pp. 463-468; Hudson, D. et 
al., Int J Pept Prot Res 14:177-185 (1979) ( CH-NH , 
CHCH ); Spatola et al. Life Sci 38:1243-1249 (1986) 
(-CHH-S); Hann J. Chem. Soc Perkin Trans. 1307-314 
(1982) ( CH-CH cis and trans); Almquist et al. J. Med. 
Chem. 23:1392-1398 (1980) (-COCH ); Jennings-White 
et al. Tetrahedron Lett 23:2533 (1982) (-COCH-); Szelke 
et al. European Appin, EP 45665 CA (1982): 97.39405 
(1982) (-CH(OH)CH ); Holladay et al. Tetrahedron. Lett 
24:4401-4404 (1983) ( C(OH)CH ); and Hruby Life Sci 
31: 189-199 (1982) (—CH2—S ); each of which is incorpo 
rated herein by reference. A particularly preferred non-pep 
tide linkage is —CH-NH-. It is understood that peptide 
analogs can have more than one atom between the bond 
atoms, such as b-alanine, g-aminobutyric acid, and the like. 
0189 Amino acid analogs and analogs and peptide ana 
logs often have enhanced or desirable properties, such as, 
more economical production, greater chemical stability, 
enhanced pharmacological properties (half-life, absorption, 
potency, efficacy, etc.), altered specificity (e.g., a broad-spec 
trum of biological activities), reduced antigenicity, and oth 
CS 

0.190 D-amino acids can be used to generate more stable 
peptides, because Damino acids are not recognized by pep 
tidases and Such. Systematic Substitution of one or more 
amino acids of a consensus sequence with a D-amino acid of 
the same type (e.g., D-lysine in place of L-lysine) can be used 
to generate more stable peptides. Cysteine residues can be 
used to cyclize or attach two or more peptides together. This 
can be beneficial to constrain peptides into particular confor 
mations. (Rizo and Gierasch Ann. Rev. Biochem. 61:387 
(1992), incorporated herein by reference). 
(0191 6. Antibodies 
(0192 (1) Antibodies Generally 
0193 The term “antibodies' is used herein in a broad 
sense and includes both polyclonal and monoclonal antibod 
ies. In addition to intact immunoglobulin molecules, also 
included in the term “antibodies' are fragments or polymers 
of those immunoglobulin molecules, and human or human 
ized versions of immunoglobulin molecules or fragments 
thereof, as long as they are chosen for their ability to interact 
with a specific haplotype of FVIII such that FVIII is inhibited, 
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for example. The antibodies can be tested for their desired 
activity using the in vitro assays described herein, or by 
analogous methods, after which their in vivo therapeutic and/ 
or prophylactic activities are tested according to known clini 
cal testing methods. 
0194 The term “monoclonal antibody” as used herein 
refers to an antibody obtained from a substantially homoge 
neous population of antibodies, i.e., the individual antibodies 
within the population are identical except for possible natu 
rally occurring mutations that may be present in a small 
subset of the antibody molecules. The monoclonal antibodies 
herein specifically include “chimeric' antibodies in which a 
portion of the heavy and/or light chain is identical with or 
homologous to corresponding sequences in antibodies 
derived from a particular species or belonging to a particular 
antibody class or subclass, while the remainder of the chain(s) 
is identical with or homologous to corresponding sequences 
in antibodies derived from another species or belonging to 
another antibody class or Subclass, as well as fragments of 
Such antibodies, as long as they exhibit the desired antago 
nistic activity (See, U.S. Pat. No. 4,816,567 and Morrisonet 
al., Proc. Natl. Acad. Sci. USA, 81:6851-6855 (1984)). 
0195 The disclosed monoclonal antibodies can be made 
using any procedure which produces monoclonal antibodies. 
For example, disclosed monoclonal antibodies can be pre 
pared using hybridoma methods. Such as those described by 
Kohler and Milstein, Nature, 256:495 (1975). In a hybridoma 
method, amouse or other appropriate host animal is typically 
immunized with an immunizing agent to elicit lymphocytes 
that produce or are capable of producing antibodies that will 
specifically bind to the immunizing agent. Alternatively, the 
lymphocytes may be immunized in vitro, e.g., using the HIV 
Env-CD4-co-receptor complexes described herein. 
0196. The monoclonal antibodies may also be made by 
recombinant DNA methods, such as those described in U.S. 
Pat. No. 4,816,567 (Cabilly et al.). DNA encoding the dis 
closed monoclonal antibodies can be readily isolated and 
sequenced using conventional procedures (e.g., by using oli 
gonucleotide probes that are capable of binding specifically 
to genes encoding the heavy and light chains of murine anti 
bodies). Libraries of antibodies or active antibody fragments 
can also be generated and screened using phage display tech 
niques, e.g., as described in U.S. Pat. No. 5,804,440 to Burton 
et al. and U.S. Pat. No. 6,096,441 to Barbas et al. 
0197) In vitro methods are also suitable for preparing 
monovalent antibodies. Digestion of antibodies to produce 
fragments thereof, particularly, Fab fragments, can be accom 
plished using routine techniques known in the art. For 
instance, digestion can be performed using papain. Examples 
of papain digestion are described in WO94/29348 published 
Dec. 22, 1994 and U.S. Pat. No. 4,342,566. Papain digestion 
of antibodies typically produces two identical antigen bind 
ing fragments, called Fab fragments, each with a single anti 
genbinding site, and a residual Fc fragment. Pepsin treatment 
yields a fragment that has two antigen combining sites and is 
still capable of cross-linking antigen. 
0198 The fragments, whether attached to other sequences 
or not, can also include insertions, deletions, Substitutions, or 
other selected modifications of particular regions or specific 
amino acids residues, provided the activity of the antibody or 
antibody fragment is not significantly altered or impaired 
compared to the non-modified antibody or antibody frag 
ment. These modifications can provide for Some additional 
property, Such as to remove/add amino acids capable of dis 
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ulfide bonding, to increase its bio-longevity, to alter its secre 
tory characteristics, etc. In any case, the antibody orantibody 
fragment must possess a bioactive property, such as-specific 
binding to its cognate antigen. Functional or active regions of 
the antibody or antibody fragment may be identified by 
mutagenesis of a specific region of the protein, followed by 
expression and testing of the expressed polypeptide. Such 
methods are readily apparent to a skilled practitioner in the art 
and can include site-specific mutagenesis of the nucleic acid 
encoding the antibody or antibody fragment. (Zoller, M. J. 
Curr. Opin. Biotechnol. 3:348-354, 1992). 
(0199. As used herein, the term “antibody” or “antibodies” 
can also refer to a human antibody and/or a humanized anti 
body. Many non-human antibodies (e.g., those derived from 
mice, rats, or rabbits) are naturally antigenic in humans, and 
thus can give rise to undesirable immune responses when 
administered to humans. Therefore, the use of human or 
humanized antibodies in the methods serves to lessen the 
chance that an antibody administered to a human will evoke 
an undesirable immune response. 
0200 FVIII inhibitor antibody neutralizing antibodies can 
be administered to neutralize endogenous FVIII inhibitor 
antibodies. 
0201 (2) Human Antibodies 
0202 The disclosed human antibodies can be prepared 
using any technique. Examples of techniques for human 
monoclonal antibody production include those described by 
Cole et al. (Monoclonal Antibodies and Cancer Therapy, 
Alan R. Liss, p. 77, 1985) and by Boerneretal. (J. Immunol., 
147(1):86-95, 1991). Human antibodies (and fragments 
thereof) can also be produced using phage display libraries 
(Hoogenboom et al., J. Mol. Biol., 227:381, 1991; Marks et 
al., J. Mol. Biol., 222:581, 1991). 
0203 The disclosed human antibodies can also be 
obtained from transgenic animals. For example, transgenic, 
mutant mice that are capable of producing a full repertoire of 
human antibodies, in response to immunization, have been 
described (see, e.g., Jakobovits et al., Proc. Natl. Acad. Sci. 
USA,90:2551-255 (1993); Jakobovits et al., Nature, 362:255 
258 (1993); Bruggermann et al., Year in Immunol., 7:33 
(1993)). Specifically, the homozygous deletion of the anti 
body heavy chain joining region (J(H)) gene in these chimeric 
and germ-line mutant mice results in complete inhibition of 
endogenous antibody production, and the Successful transfer 
of the human germ-line antibody gene array into Such germ 
line mutant mice results in the production of human antibod 
ies upon antigen challenge. Antibodies having the desired 
activity are selected using EnV-CD4-co-receptor complexes 
as described herein. 

0204 (3) Humanized Antibodies 
0205 Antibody humanization techniques generally 
involve the use of recombinant DNA technology to manipu 
late the DNA sequence encoding one or more polypeptide 
chains of an antibody molecule. Accordingly, a humanized 
form of a non-human antibody (or a fragment thereof) is a 
chimeric antibody or antibody chain (or a fragment thereof, 
such as an Fv, Fab, Fab', or other antigen-binding portion of 
an antibody) which contains a portion of an antigen binding 
site from a non-human (donor) antibody integrated into the 
framework of a human (recipient) antibody. 
0206 To generate a humanized antibody, residues from 
one or more complementarity determining regions (CDRs) of 
a recipient (human) antibody molecule are replaced by resi 
dues from one or more CDRs of a donor (non-human) anti 
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body molecule that is known to have desired antigen binding 
characteristics (e.g., a certain level of specificity and affinity 
for the target antigen). In some instances, FV framework (FR) 
residues of the human antibody are replaced by correspond 
ing non-human residues. Humanized antibodies may also 
contain residues which are found neither in the recipient 
antibody nor in the imported CDR or framework sequences. 
Generally, a humanized antibody has one or more amino acid 
residues introduced into it from a source which is non-human. 
In practice, humanized antibodies are typically human anti 
bodies in which some CDR residues and possibly some FR 
residues are substituted by residues from analogous sites in 
rodent antibodies. Humanized antibodies generally contain at 
least a portion of an antibody constant region (Fc), typically 
that of a human antibody (Jones et al., Nature, 321:522-525 
(1986), Reichmann et al., Nature, 332:323-327 (1988), and 
Presta, Curr. Opin. Struct. Biol., 2:593-596 (1992)). 
0207 Methods for humanizing non-human antibodies are 
well known in the art. For example, humanized antibodies can 
be generated according to the methods of Winter and co 
workers (Jones et al., Nature, 321:522-525 (1986), Riech 
mann et al., Nature, 332:323-327 (1988), Verhoeyen et al., 
Science, 239:1534-1536 (1988)), by substituting rodent 
CDRs or CDR sequences for the corresponding sequences of 
a human antibody. Methods that can be used to produce 
humanized antibodies are also described in U.S. Pat. No. 
4,816,567 (Cabilly et al.), U.S. Pat. No. 5,565,332 (Hoogen 
boom et al.), U.S. Pat. No. 5,721,367 (Kay et al.), U.S. Pat. 
No. 5,837.243 (Deo et al.), U.S. Pat. No. 5,939,598 
(Kucherlapati et al.), U.S. Pat. No. 6,130,364 (Jakobovits et 
al.), and U.S. Pat. No. 6,180.377 (Morgan et al.). 
0208 (4) Administration of Antibodies 
0209 Administration of the antibodies can be done as 
disclosed herein. Nucleic acid approaches for antibody deliv 
ery also exist. FVIII inhibitor antibody neutralizing antibod 
ies and antibody fragments can also be administered to 
patients or Subjects as a nucleic acid preparation (e.g., DNA 
or RNA) that encodes the antibody or antibody fragment, 
such that the patient's or subject's own cells take up the 
nucleic acid and produce and secrete the encoded antibody or 
antibody fragment. The delivery of the nucleic acid can be by 
any means, as disclosed herein, for example. 
0210 7. Pharmaceutical Carriers/Delivery of Pharmaceu 

tical Products 
0211. As described above, the compositions can also be 
administered in Vivo in a pharmaceutically acceptable carrier. 
By “pharmaceutically acceptable' is meant a material that is 
not biologically or otherwise undesirable, i.e., the material 
may be administered to a subject, along with the nucleic acid 
or vector, without causing any undesirable biological effects 
or interacting in a deleterious manner with any of the other 
components of the pharmaceutical composition in which it is 
contained. The carrier would naturally be selected to mini 
mize any degradation of the active ingredient and to minimize 
any adverse side effects in the subject, as would be well 
known to one of skill in the art. 
0212. The compositions may be administered orally, 
parenterally (e.g., intravenously), by intramuscular injection, 
by intraperitoneal injection, transdermally, extracorporeally, 
topically or the like, including topical intranasal administra 
tion or administration by inhalant. As used herein, “topical 
intranasal administration” means delivery of the composi 
tions into the nose and nasal passages through one or both of 
the nares and can comprise delivery by a spraying mechanism 
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or droplet mechanism, or through aerosolization of the 
nucleic acid or vector. Administration of the compositions by 
inhalant can be through the nose or mouth via delivery by a 
spraying or droplet mechanism. Delivery can also be directly 
to any area of the respiratory system (e.g., lungs) via intuba 
tion. The exact amount of the compositions required will vary 
from Subject to subject, depending on the species, age, weight 
and general condition of the subject, the severity of the aller 
gic disorder being treated, the particular nucleic acidor vector 
used, its mode of administration and the like. Thus, it is not 
possible to specify an exact amount for every composition. 
However, an appropriate amount can be determined by one of 
ordinary skill in the art using only routine experimentation 
given the teachings herein. 
0213 Parenteral administration of the composition, if 
used, is generally characterized by injection. Injectables can 
be prepared in conventional forms, either as liquid solutions 
or Suspensions, solid forms Suitable for Solution of Suspen 
sion in liquid prior to injection, or as emulsions. A more 
recently revised approach for parenteral administration 
involves use of a slow release or Sustained release system Such 
that a constant dosage is maintained. See, e.g., U.S. Pat. No. 
3,610,795, which is incorporated by reference herein. 
0214. The materials may be in solution, suspension (for 
example, incorporated into microparticles, liposomes, or 
cells). These may be targeted to a particular cell type via 
antibodies, receptors, or receptor ligands. The following ref 
erences are examples of the use of this technology to target 
specific proteins to tumor tissue (Senter, et al., Bioconjugate 
Chem., 2:447-451, (1991); Bagshawe, K. D., Br. J. Cancer, 
60:275-281, (1989); Bagshawe, et al., Br. J. Cancer, 58:700 
703, (1988); Senter, et al., Bioconjugate Chem., 4:3-9, 
(1993); Battelli, et al., Cancer Immunol. Immunother, 
35:421-425, (1992); Pietersz and McKenzie, Immunolog. 
Reviews, 129:57-80, (1992); and Roffler, et al., Biochem. 
Pharmacol, 42:2062-2065, (1991)). Vehicles such as 
'stealth' and other antibody conjugated liposomes (including 
lipid mediated drug targeting to colonic carcinoma), receptor 
mediated targeting of DNA through cell specific ligands, 
lymphocyte directed tumor targeting, and highly specific 
therapeutic retroviraltargeting of murine glioma cells in vivo. 
The following references are examples of the use of this 
technology to target specific proteins to tumor tissue (Hughes 
et al., Cancer Research, 49:6214-6220, (1989); and Litzinger 
and Huang, Biochimica et Biophysica Acta, 1104:179-187, 
(1992)). In general, receptors are involved in pathways of 
endocytosis, either constitutive or ligand induced. These 
receptors cluster in clathrin-coated pits, enter the cell via 
clathrin-coated vesicles, pass through an acidified endoSome 
in which the receptors are sorted, and then either recycle to the 
cell Surface, become stored intracellularly, or are degraded in 
lysosomes. The internalization pathways serve a variety of 
functions, such as nutrient uptake, removal of activated pro 
teins, clearance of macromolecules, opportunistic entry of 
viruses and toxins, dissociation and degradation of ligand, 
and receptor-level regulation. Many receptors follow more 
than one intracellular pathway, depending on the cell type, 
receptor concentration, type of ligand, ligand Valency, and 
ligand concentration. Molecular and cellular mechanisms of 
receptor-mediated endocytosis has been reviewed (Brown 
and Greene, DNA and Cell Biology 10:6, 399-409 (1991)). 
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0215 a) Pharmaceutically Acceptable Carriers 
0216. The compositions, including antibodies, can be 
used therapeutically in combination with a pharmaceutically 
acceptable carrier. 
0217 Suitable carriers and their formulations are 
described in Remington. The Science and Practice of Phar 
macy (19th ed.) ed. A. R. Gennaro, Mack Publishing Com 
pany, Easton, Pa. 1995. Typically, an appropriate amount of a 
pharmaceutically-acceptable salt is used in the formulation to 
render the formulation isotonic. Examples of the pharmaceu 
tically-acceptable carrier include, but are not limited to, 
saline, Ringer's solution and dextrose solution. The pH of the 
solution is preferably from about 5 to about 8, and more 
preferably from about 7 to about 7.5. Further carriers include 
Sustained release preparations such as semipermeable matri 
ces of Solid hydrophobic polymers containing the antibody, 
which matrices are in the form of shaped articles, e.g., films, 
liposomes or microparticles. It will be apparent to those per 
Sons skilled in the art that certain carriers may be more pref 
erable depending upon, for instance, the route of administra 
tion and concentration of composition being administered. 
0218. Pharmaceutical carriers are known to those skilled 
in the art. These most typically would be standard carriers for 
administration of drugs to humans, including Solutions such 
as sterile water, saline, and buffered solutions at physiological 
pH. The compositions can be administered intramuscularly or 
subcutaneously. Other compounds will be administered 
according to standard procedures used by those skilled in the 
art 

0219 Pharmaceutical compositions may include carriers, 
thickeners, diluents, buffers, preservatives, Surface active 
agents and the like in addition to the molecule of choice. 
Pharmaceutical compositions may also include one or more 
active ingredients such as antimicrobial agents, antiinflam 
matory agents, anesthetics, and the like. 
0220. The pharmaceutical composition may be adminis 
tered in a number of ways depending on whether local or 
systemic treatment is desired, and on the area to be treated. 
Administration may be parenterally, for example by intrave 
nous drip, Subcutaneous, intraperitoneal or intramuscular 
injection. The disclosed antibodies can be administered intra 
venously, intraperitoneally, intramuscularly, Subcutaneous 
lyor intracavity. 
0221 Preparations for parenteral administration include 
sterile aqueous or non-aqueous solutions, Suspensions, and 
emulsions. Examples of non-aqueous solvents are propylene 
glycol, polyethylene glycol, vegetable oils such as olive oil, 
and injectable organic esters such as ethyl oleate. Aqueous 
carriers include water, alcoholic/aqueous Solutions, emul 
sions or Suspensions, including saline and buffered media. 
Parenteral vehicles include sodium chloride solution, Ring 
er's dextrose, dextrose and sodium chloride, lactated Ring 
er's, or fixed oils. Intravenous vehicles include fluid and nutri 
ent replenishers, electrolyte replenishers (such as those based 
on Ringer's dextrose), and the like. Preservatives and other 
additives may also be present such as, for example, antimi 
crobials, anti-oxidants, chelating agents, and inert gases and 
the like. 
0222 Some of the compositions may potentially be 
administered as a pharmaceutically acceptable acid- or base 
addition salt, formed by reaction with inorganic acids such as 
hydrochloric acid, hydrobromic acid, perchloric acid, nitric 
acid, thiocyanic acid, Sulfuric acid, and phosphoric acid, and 
organic acids such as formic acid, acetic acid, propionic acid, 
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glycolic acid, lactic acid, pyruvic acid, oxalic acid, malonic 
acid, Succinic acid, maleic acid, and fumaric acid, or by 
reaction with an inorganic base Such as Sodium hydroxide, 
ammonium hydroxide, potassium hydroxide, and organic 
bases such as mono-, di-, trialkyl and arylamines and Substi 
tuted ethanolamines. 
0223 8. Chips and Micro Arrays 
0224 Disclosed are chips where at least one address is the 
sequences or part of the sequences set forth in any of the 
nucleic acid sequences disclosed herein. Also disclosed are 
chips where at least one address is the sequences orportion of 
sequences set forth in any of the peptide sequences disclosed 
herein. 

0225. Also disclosed are chips where at least one address 
is a variant of the sequences or part of the sequences set forth 
in any of the nucleic acid sequences disclosed herein. Also 
disclosed are chips where at least one address is a variant of 
the sequences or portion of sequences set forth in any of the 
peptide sequences disclosed herein. 
0226 9. Computer Readable Mediums 
0227. It is understood that the disclosed nucleic acids and 
proteins can be represented as a sequence consisting of the 
nucleotides of amino acids. There are a variety of ways to 
display these sequences, for example the nucleotide gua 
nosine can be represented by G org. Likewise the amino acid 
valine can be represented by Val or V. Those of skill in the art 
understand how to display and express any nucleic acid or 
protein sequence in any of the variety of ways that exist, each 
of which is considered herein disclosed. Specifically contem 
plated herein is the display of these sequences on computer 
readable mediums, such as, commercially available floppy 
disks, tapes, chips, hard drives, compact disks, and video 
disks, or other computer readable mediums. Also disclosed 
are the binary code representations of the disclosed 
sequences. Those of skill in the art understand what computer 
readable mediums. Thus, computer readable mediums on 
which the nucleic acids or protein sequences are recorded, 
stored, or saved. 
0228 Disclosed are computer readable mediums compris 
ing the sequences and information regarding the sequences 
set forth herein. Various computational methods can be 
implemented to determine the haplotype of a sequene. Dis 
closed herein are computational methods for determining 
whether a sequence is H1, H2,H3, H4, H5, or H6. Current 
sequencing technology can determine haplotypes with 
tedious and costly experiments. Such restriction makes in 
silico haplotyping attractive. Many inference and statistical 
methods have been proposed for haplotyping, such as Clark 
method (Clark, A. G. (1990) Inference of haplotypes from 
PCR-amplified samples of diploid populations. Molecular 
Biology and Evolution, 7, 111-122.), parsimony approaches 
(Gusfield, D. (2001) Inference of haplotypes from samples of 
diploid populations: Complexity and algorithms. Journal of 
Computational Biology, 8, 305-324; Lancia, G., Bafna, V., 
Istrail, S., Lippert, R. and R. Schwartz. (2001) SNPs prob 
lems, complexity and algorithms. In Proceedings of Annual 
European Symposium on Algorithms (ESA), 2161, Lecture 
Notes in Computer Science, 182-193, Springer.; Wang, R., 
Wu, L., Li, Z., Zhang, X. (2005) Haplotype Reconstruction 
from SNP Fragments by Minimum Error Correction. Bioin 
formatics, 21, 2456-2462.), maximum-likelihood methods 
(Excoffier, L. and Slatkin, M. (1995) Maximum-likelihood 
estimation of molecular haplotype frequencies in a diploid 
population. Mol. Biol. Evol., 12, 921-927; Hawley, M. and 
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Kidd, K. (1995) Haplo: a program using the EM algorithm to 
estimate the frequencies of multi-site haplotypes. J. Heredity, 
86, 409–411.), phylogeny-based approaches (Gusfield, D. 
(2002) Haplotyping as perfect phylogeny: Conceptual frame 
work and efficient solutions. Proceedings of RECOMB2002: 
The sixth Annual International Conference on Computational 
Biology, 166-175. Chung, R. H. and Gusfield, D. (2003) 85 
Perfect phylogeny haplotyper: Haplotype inferral using a tree 
model. Bioinformatics, 19, 780-781.; Halperin, E. and Eskin, 
E. (2004) Haplotype reconstruction from genotype data using 
imperfect phylogeny. Bioinformatics, 20, 1842-1849.), and 
Bayesian methods (Stephens, M., Smith, N.J. and Donnelly, 
P. (2001) A new statistical method for haplotype reconstruc 
tion from population data. American Journal of Human 
Genetics, 68,978-989; Niu, T., Quin, Z. S, Xu, X. and Liu, J. 
S. (2002) Bayesian haplotype inference for multiple linked 
single-nucleotide polymorphisms. American Journal of 
Human Genetics, 70, 157-169). In particular, the parsimony 
criterion that seeks the minimum number of haplotypes to 
explain a given set of genotypes, has been widely investigated 
due to its intuitive simplicity and biological implication. 
Recently both Wang et al. (Wang, L. S., and Xu, Y. (2003) 
Haplotype inference by maximum parsimony. Bioinformat 
ics, 19, 1773-1780) and Brown et al. (Wang, L. S., and Xu, Y. 
(2003) Haplotype inference by maximum parsimony. Bioin 
formatics, 19, 1773-1780.) developed an exact algorithm to 
solve the haplotype inference problem based on the parsi 
mony condition, by the branch-and-bound method and by 
integer programming method respectively. However, the pure 
parsimony haplotype inference problem is NP-hard (Gus 
field, D. (2001) Inference of haplotypes from samples of 
diploid populations: Complexity and algorithms. Journal of 
Computational Biology, 8, 305-324). 
0229) 10. Kits 
0230 Disclosed herein are kits that are drawn to reagents 
that can be used in practicing the methods disclosed herein. 
The kits, can include any reagent or combination of reagent 
discussed herein or that would be understood to be required or 
beneficial in the practice of the disclosed methods. For 
example, the kits could include primers to perform the ampli 
fication reactions discussed in certain embodiments of the 
methods, as well as the buffers and enzymes required to use 
the primers as intended. For example, disclosed is a kit for 
determining a subject's FVIII haplotype, comprising the oli 
gonucleotides described herein. 
0231. 11. Blood Plasma Products 
0232 Human blood plasma is the yellow, protein-rich 
fluid that suspends the cellular components of whole blood, 
that is, the red blood cells, white blood cells and platelets. 
Plasma enables many housekeeping and other specialized 
bodily functions. In blood plasma, the most prevalent protein 
is albumin, approximately 32 to 35 grams per liter, which 
helps to maintain osmotic balance of the blood. 
0233 Blood plasma is generally accumulated in two 
ways: plasma separated from donor collected whole blood, 
and from donated plasma, a process where whole blood is 
drawn from a donor, the plasma is separated (Plasmapheresis) 
and then the remainder, less the plasma, is returned to the 
donor. The human body completely replaces the lost plasma 
in a matter of days. FVIII products that are from plasma 
obtained through Plasmapheresis are said to be derived from 
source plasma. FVIII products that are from plasma obtained 
originally from whole blood units (via whole blood dona 
tion), are said to be derived from salvage or recovered plasma. 
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0234 Blood plasma, once separated from the other com 
ponents of whole blood, can be further separated into a num 
ber of blood plasma products. The process by which plasma is 
separated into Some of its different component parts is known 
as fractionation. Plasma-derived products are manufactured 
from batches of blood plasma collected from many thousands 
of blood donors. The processing of one pooled lot of plasma 
can take up to six months and, because of concerns about 
infectious agents, by rule, the process begins with a 90-day 
quarantine period. Unlike cellular blood components, blood 
products derived from plasma can be treated with chemicals, 
heat, ultraviolet radiation or filtration to decrease cost and to 
increase ease of handling and distribution, and to increase the 
safety of the blood supply. Each of these methods has some 
drawbacks: they may leave unsafe levels of some viruses, be 
very costly, and/or damage the blood or blood plasma. 
0235 Quantified and defined by volume, albumin contin 
ues to be the main product of the blood plasma fractionation 
industry. Though there are many uses, its principal use is in 
restoring blood volume in a wide variety of critical care 
Settings. 
0236 Rather than using whole blood transfusions, indi 
vidual blood components such as red cells, white cells, plate 
lets, and plasma are increasingly being used. Plasma is frac 
tionated into an increasing number of blood plasma products, 
including albumin, gamma globulins, blood-typing Sera, clot 
ting factors (such as FVIU) for people with hemophilia, and 
O. 

0237 Immunoglobins constitute an important class of 
blood plasma products. This is a group of antibodies made by 
the body as part of its immune response “team.” These prod 
ucts generally confer immediate, though temporary, protec 
tion either from a specific agent, such as rabies virus or Snake 
Venom, or arising from a non-specific threat Such as in cases 
where an individual’s immune system is weakened due to 
serious illness or medical treatment which may have an 
adverse effect on the patient. 
0238. Two main groups of immunoglobins are produced 
intravenous Immunoglobin (IVIG)—A highly heteroge 
neous product that can provide generalized immunity by rely 
ing on the inherent variation among individuals and the vari 
ety of immune-provoking agents to which they have been 
exposed over their lifetimes. WIG is made from plasma col 
lected and pooled from thousands of donors. hyperim 
munes—Specific immunoglobins isolated and purified from 
selected donors who have strong immunity to a selected 
agent. For example, individuals who have been exposed to 
rabies vaccine can develop high levels of antibodies to the 
virus. Immunoglobins prepared from Such plasma can be 
used as a first treatment when a person has been bitten by a 
Suspected rabid animal. 
0239. The best known of the bloodplasma products are the 
blood clotting factors, necessary for the wellbeing of those 
with hemophilia. These can be derived from donated blood 
plasma and administered to individuals who are genetically 
unable to produce all of the components necessary for blood 
clotting. The most commonly known need is for Factor VIII. 
0240. This pooling of donated blood plasma is made nec 
essary by a new technique that Substantially reduces costs and 
potentially facilitates an easier purifying of the plasma prod 
uct. The “detergent cleansing process is not cost effective in 
small batches. 
0241. The New York Blood Center developed this solvent 
detergent technology, cleansers that dissolve the fatty coating 
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of viruses such as some HIV, hepatitis Band hepatitis C, some 
of the so-called lipid-enveloped viruses. It then washes them 
out of the treated batch. 

0242. This process has been used in drugs made from 
blood plasma, Such as immune globulin or hemophiliacs 
clotting factor. 
0243 Plasma pooling facilitates the treatment, for pur 
poses of economies of scale, handling, distribution and blood 
safety, of collected blood plasma. This collected and aggre 
gated blood plasma is placed in a common vat for this process. 
The process, produces what is known as Solvent Detergent 
Blood Plasma (SD plasma, PLAS+SD). SD blood plasma is a 
blood product that has undergone treatment with the solvent 
tri-N-butyl phosphate (TNBP) and the detergent Triton 
X-100 to destroy any lipid bound viruses including: HIV1 and 
2, HCV, HBV and HTLVI and II. The process does not 
destroy non-enveloped viruses such as parvovirus, hepatitis A 
virus, or any of the prion particles. The SD process includes 
the pooling of up to 500,000 units of thawed Fresh Frozen 
Blood Plasma (FFP), treating it with the solvent and deter 
gent. The treated blood plasma pool is then sterile filtered 
(and thus leukocyte-reduced) before being repackaged into 
200 mL aliquots or bags and re-frozen. This separation into 
Smaller units is to facilitate handling, distribution and use by 
the transfusion recipient or the blood product reprocessor. SD 
Blood plasma can be stored for up to one year frozen at -18° 
C. When ordered for transfusion it is thawed in a water bath to 
a use temperature of 37°C., which takes approximately 25 to 
30 minutes and can be kept refrigerated for up to 24 hours at 
1 to 6° centigrade. Only ABO identical or compatible SD 
Blood plasma can be transfused. 
0244. Factor VILE concentrates are a commercially pre 
pared, lyophilized powder purified from human plasma to 
treat patients with hemostatic disorders such as, hemophilia A 
or von Willebrand's disease. Alternatively, recombinant (syn 
thetic) protein is purified from genetically engineered non 
human cells grown in tissue culture. One factor VIII concen 
trate unit equals the clotting activity in 1 ml of fresh plasma. 
Factor VIII concentrate is cell free and is administered with 
out regard to patient or donor ABO or Rh type. It is heat 
treated and/or solvent detergent treated to reduce the risk of 
virus transmission. Current processes have eliminated the 
risk of HIV, HBV and HCV transmission. Concentrates differ 
in the purification procedures. Highly purified factor VIII, 
e.g., preparations purified over a monoclonal antibody col 
umn or current recombinant factor VIII concentrates, are 
stabilized by adding 98% of pasteurized human albumin. 
Porcine factor WI concentrate is available for patients with 
high titer anti-human factor VIII '% Bo' or autoantibody 
inhibitors. Factor VIII concentrates are stored refrigerated at 
35° to 45° Fahrenheit for up to two years from the date of 
manufacture. Some preparations may be kept at room tem 
perature for extended periods. Factor VIII concentrate should 
be infused within four hours of preparation to reduce the risk 
of bacterial growth. Vials are usually shipped to a hospital 
pharmacy, Blood service or nursing unit and mixed there prior 
to use. Many patients or families receive them directly for 
home care. Methods for purifying FVIII complex from an 
impure protein fraction are disclosed in U.S. Pat. No. 5,659, 
017, incorporated herein by reference. 
0245 Factor VIII concentrate is indicated for the treat 
ment of bleeding or imminent invasive procedures in patients 
with hemophilia A, (congenital factor VIII deficiency) and for 
patients with low titer factor VIII inhibitors. Regular prophy 
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lactic doses are often used, as well as daily doses in some 
hemophilic inhibitor patients to try to induce immune toler 
ance. Patients with von Willebrand's disease respond to one 
specific, pasteurized intermediate purity concentrate in which 
that factor activity is relatively preserved. 
0246 Dosage is dependent on the nature of the injury, the 
degree of factor deficiency, the weight of the patient and the 
presence and level or absence of factor VIII inhibitors. The 
half life of circulating factor VIII is eight to twelve hours, 
therefore transfusions may need to be repeated every 12 to 24 
hours to maintain hemostatic levels. Following Surgery, it is 
necessary to maintain hemostatic levels for up to two weeks to 
prevent delayed bleeding and promote wound healing in the 
hemophilic patient. 
0247. Herein described are any combination and permua 
tion of haplotypes together Such as H1 with any combination 
of H2-H3-H4-H5-H6, H2 with any combination of H1-H3 
H4-H5-H6, H3 with any combination of H1-H2-H4-H5-H6, 
H4 with any combination of H1-H2-H3-H5-H6, H5 with any 
combination of H1-H2-H3-H5-H6, and H6 with any combi 
nation of H1-H2-H3-H4-H5. For example, combinations can 
include, but are not limited to, H1-H2, H1-H2-H3, H1-H2 
H3-H4, H1-H2-H3-H4-H5, H1-H2-H3-H4-H5-H6, H2-H3, 
H2-H3-H4, H2-H3-H4-H5, H2-H3-H4-H5-H6, H3-H4. 
H3-H4-H5, H3-H4-H5-H6, H4-H5, H4-H5-H6, H5-H6, 
H1-H3, H1-H4, H1-H5, H2-H4, H2-H5, H2-H6, H3-H5, 
H3-H6, H4-H6, and the like. 
0248. This applies to individuals/subjects that may be het 
erozygous and have any combination of haplotypes or 
wherein pooled blood products can comprise any of the 
described combinations and permutations. 

D. Methods of Making the Compositions 
0249. The compositions disclosed herein and the compo 
sitions necessary to perform the disclosed methods can be 
made using any method known to those of skill in the art for 
that particular reagent or compound unless otherwise specifi 
cally noted. 
0250 Recombinant factor VIII can be produced through 
the use of eukaryotic protein expression systems. In general, 
a eukaryotic cell line, which is deficient in a required gene, is 
transformed with a vector comprising the gene that it has a 
deficiency for, and the recombinant DNA which one wishes to 
express. Transformation can be accomplished by techniques 
such as electroporation or viral delivery. The cell line chosen 
to produce the protein is selected to be compatible with the 
protein of interest, capable of continuously expressing the 
protein of interests, capable of growing on a medium which 
facilitates purification of the protein of interest, along with 
other factors known to those skilled in the art. Examples of 
Such techniques are disclosed in European Patent Application 
0302968 A2 and U.S. Pat. No. 5,149,637 both of which are 
incorporated by reference in their entirety. 
0251. The recombinant factor VIII molecules can betested 
in humans for their reduced antigenicity and/or immunoge 
nicity in at least two types of clinical trials. In one type of trial, 
designed to determine whether the recombinant or recombi 
nant hybrid factor VIII is immunoreactive with inhibitory 
antibodies, recombinant or recombinant hybrid factor VIII is 
administered, preferably by intravenous infusion, to approxi 
mately 25 patients having factor VIII deficiency who have 
antibodies to factor VIII that inhibit the coagulant activity of 
therapeutic human or porcine factor VIII. The dosage of the 
recombinant or recombinant hybrid factor VIII is in a range 
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between 5 and 50 Units/kg body weight, preferably 10-50 
Units/kg, and most preferably 40 Units/kg body weight. 
Approximately 1 hour after each administration, the recovery 
of factor VIII from blood samples is measured in a one-stage 
coagulation assay. Samples are taken again approximately 5 
hours after infusion, and recovery is measured. Total recovery 
and the rate of disappearance of factor VIII from the samples 
is predictive of the antibody titer and inhibitory activity. If the 
antibody titer is high, factor VIII recovery usually cannot be 
measured. The recovery results are compared to the recovery 
of recovery results in patients treated with plasma-derived 
human factor VIII, recombinant human factor VIII, porcine 
factor VIII, and other commonly used therapeutic forms of 
factor VIII or factor VIII Substitutes. 
0252. In a second type of clinical trial, designed to deter 
mine whether the recombinant or recombinant hybrid factor 
VIII is immunogenic, i.e., whether patients will develop 
inhibitory antibodies, recombinant or recombinant hybrid 
factor VIII is administered, as described in the preceding 
paragraph, to approximately 100 previously untreated hemo 
philiac patients who have not developed antibodies to factor 
VIII. Treatments are given approximately every 2 weeks over 
a period of 6 months to 1 year. At 1 to 3 month intervals during 
this period, blood samples are drawn and Bethesda assays or 
other antibody assays are performed to determine the pres 
ence of inhibitory antibodies. Recovery assays can also be 
done, after each infusion. Results are compared to hemo 
philiac patients who receive plasma-derived human factor 
VIII, recombinant human factor VIII, porcine factor VIII, or 
other commonly used therapeutic forms of factor VIII or 
factor VIII substitutes. 
0253 1. Nucleic Acid Synthesis 
0254 For example, the nucleic acids, such as, the oligo 
nucleotides to be used as primers can be made using standard 
chemical synthesis methods or can be produced using enzy 
matic methods or any other known method. Such methods can 
range from standard enzymatic digestion followed by nucle 
otide fragment isolation (see for example, Sambrook et al., 
Molecular Cloning: A Laboratory Manual, 2nd Edition (Cold 
Spring Harbor Laboratory Press, Cold Spring Harbor, N.Y., 
1989) Chapters 5, 6) to purely synthetic methods, for 
example, by the cyanoethyl phosphoramidite method using a 
Milligen or Beckman System 1 Plus DNA synthesizer (for 
example, Model 8700 automated synthesizer of Milligen 
Biosearch, Burlington, Mass. or ABI Model 380B). Synthetic 
methods useful for making oligonucleotides are also 
described by Ikuta et al., Ann. Rev. Biochem, 53:323-356 
(1984), (phosphotriester and phosphite-triester methods), 
and Narang et al., Methods Enzymol., 65:610-620 (1980), 
(phosphotriester method). Protein nucleic acid molecules can 
be made using known methods such as those described by 
Nielsen et al., Bioconjug. Chem. 5:3-7 (1994). 
0255 2. Peptide Synthesis 
0256. One method of producing the disclosed proteins, 
such as SEQ ID NO: 19, is to link two or more peptides or 
polypeptides together by protein chemistry techniques. For 
example, peptides or polypeptides can be chemically synthe 
sized using currently available laboratory equipment using 
either Fmoc (9-fluorenylmethyloxycarbonyl) or Boc (tert 
butyloxycarbonoyl) chemistry. (Applied Biosystems, Inc., 
Foster City, Calif.). One skilled in the art can readily appre 
ciate that a peptide or polypeptide corresponding to the dis 
closed proteins, for example, can be synthesized by standard 
chemical reactions. For example, a peptide or polypeptide can 
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be synthesized and not cleaved from its synthesis resin 
whereas the other fragment of a peptide or protein can be 
synthesized and subsequently cleaved from the resin, thereby 
exposing a terminal group which is functionally blocked on 
the other fragment. By peptide condensation reactions, these 
two fragments can be covalently joined via a peptide bond at 
their carboxyl and amino termini, respectively, to form an 
antibody, or fragment thereof. (Grant GA (1992) Synthetic 
Peptides: A User Guide. W.H. Freeman and Co., N.Y. (1992); 
Bodansky M and Trost B. Ed. (1993) Principles of Peptide 
Synthesis. Springer-Verlag Inc., NY (which is herein incor 
porated by reference at least for material related to peptide 
synthesis). Alternatively, the peptide or polypeptide is inde 
pendently synthesized in vivo as described herein. Once iso 
lated, these independent peptides or polypeptides may be 
linked to form a peptide or fragment thereof via similar pep 
tide condensation reactions. 
0257 For example, enzymatic ligation of cloned or syn 
thetic peptide segments allow relatively short peptide frag 
ments to be joined to produce larger peptide fragments, 
polypeptides or whole protein domains (Abrahmsen L et al., 
Biochemistry, 30:4151 (1991)). Alternatively, native chemi 
cal ligation of synthetic peptides can be utilized to syntheti 
cally construct large peptides or polypeptides from shorter 
peptide fragments. This method consists of a two step chemi 
cal reaction (Dawson et al. Synthesis of Proteins by Native 
Chemical Ligation. Science, 266:776-779 (1994)). The first 
step is the chemoselective reaction of an unprotected Syn 
thetic peptide thioester with another unprotected peptide 
segment containing an amino-terminal Cys residue to give a 
thioester-linked intermediate as the initial covalent product. 
Without a change in the reaction conditions, this intermediate 
undergoes spontaneous, rapid intramolecular reaction to 
form a native peptide bond at the ligation site (Baggiolini M 
et al. (1992) FEBS Lett. 307: 97-101; Clark-Lewis I et al., J. 
Biol. Chem., 269:16075 (1994); Clark-Lewis I et al., Bio 
chemistry, 30:3128 (1991); Rajarathnam Ket al., Biochem 
istry 33:6623-30 (1994)). 
0258 Alternatively, unprotected peptide segments are 
chemically linked where the bond formed between the pep 
tide segments as a result of the chemical ligation is an unnatu 
ral (non-peptide) bond (Schnolzer, Metal. Science, 256:221 
(1992)). This technique has been used to synthesize analogs 
of protein domains as well as large amounts of relatively pure 
proteins with full biological activity (deLisle Milton R C et 
al., Techniques in Protein Chemistry IV. Academic Press, 
New York, pp. 257-267 (1992)). 
0259. 3. Process or Making the Compositions 
0260 Disclosed are processes for making the composi 
tions as well as making the intermediates leading to the com 
positions There are a variety of methods that can be used for 
making these compositions, such as synthetic chemical meth 
ods and standard molecular biology methods. It is understood 
that the methods of making these and the other disclosed 
compositions are specifically disclosed. 
0261 Disclosed are nucleic acid molecules produced by 
the process comprising linking in an operative way a nucleic 
acid comprising the sequences set forth hereinanda sequence 
controlling the expression of the nucleic acid. 
0262 Also disclosed are nucleic acid molecules produced 
by the process comprising linking in an operative way a 
nucleic acid molecule comprising a sequence having 80% 
identity to a sequence set forth in herein, and a sequence 
controlling the expression of the nucleic acid. 
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0263. Disclosed are nucleic acid molecules produced by 
the process comprising linking in an operative way a nucleic 
acid molecule comprising a sequence that hybridizes under 
stringent hybridization conditions to a sequence set forth 
herein and a sequence controlling the expression of the 
nucleic acid. 
0264 Disclosed are nucleic acid molecules produced by 
the process comprising linking in an operative way a nucleic 
acid molecule comprising a sequence encoding a peptide set 
forth herein and a sequence controlling an expression of the 
nucleic acid molecule. 
0265 Disclosed are cells produced by the process of trans 
forming the cell with any of the disclosed nucleic acids. 
Disclosed are cells produced by the process of transforming 
the cell with any of the non-naturally occurring disclosed 
nucleic acids. 
0266 Disclosed are any of the disclosed peptides pro 
duced by the process of expressing any of the disclosed 
nucleic acids. Disclosed are any of the non-naturally occur 
ring disclosed peptides produced by the process of expressing 
any of the disclosed nucleic acids. Disclosed are any of the 
disclosed peptides produced by the process of expressing any 
of the non-naturally disclosed nucleic acids. 
0267 Disclosed are animals produced by the process of 
transfecting a cell within the animal with any of the nucleic 
acid molecules disclosed herein. Disclosed are animals pro 
duced by the process of transfecting a cell within the animal 
any of the nucleic acid molecules disclosed herein, wherein 
the animal is a mammal. Also disclosed are animals produced 
by the process of transfecting a cell within the animal any of 
the nucleic acid molecules disclosed herein, wherein the 
mammal is mouse, rat, rabbit, cow, sheep, pig, or primate. 
0268 Also disclosed are animals produced by the process 
of adding to the animal any of the sequences disclosed herein. 

E. Methods of Using the Compositions 
0269. In one embodiment, provided are common allelic 
variants (e.g. haplotypes) of the human factor (F)VIII protein 
as pharmacogenetic determinants that modulate the immuno 
genicity of wildtype (wt) FVIII replacement proteins, the risk 
of FVIII inhibitor development and the clinical efficacy of 
transfusion- and gene-delivery-based coagulation factor 
replacement therapies. 
0270. In another embodiment, provided are common 

allelic variants (e.g. haplotypes) of the human factor (F)VIII 
protein as pharmacogenetic determinants that modulate 
thrombosis susceptibility. FIG. 6 is a schematic representa 
tion of common non-hemophilic F8 nsSNPs indicative of 
thrombosis susceptibility. 
0271 Disclosed herein are methods capable of determin 
ing the FVIII haplotype of an individual with a hemostasis 
disorder where the hemostasis disorder is thrombophilia 
(both congenital and acquired). 
0272. In a specific embodiment, provided is a haplotype 
specific Bethesda assay that overcomes the inherent limita 
tions of the common Bethesda assay (i.e., near the cutoff point 
for this assay, under the conditions in which it is presently 
performed with pooled normal plasma, which by definition 
would represent mostly Caucasian donors and therefore 
mostly haplotype 1 wildtype form of the human FVIII pro 
tein, this assay is known to have both a poor specificity 
yields false-positives and a poor sensitivity yields false 
negatives) as it is used presently. Provided are methods for 
making normal plasmas that have only one each of the 6 
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wildtype forms of the human FVIII protein, so as to minimize 
the problems associated with false-negatives and false-posi 
tives, and to rid any uncertainty about what is the precise 
make-up of the plasma being used. 
0273. In one example, a haplotype-specific ELISA assay 
that is very similar in principle to the haplotype-specific 
Bethesda assay, but can detect all antibodies that bind to the 
different forms of the wildtype FVIII protein, (including 
those that are functionally neutralizing antibodies called 
inhibitors and those antibodies that are non-inhibitory i.e., 
those that do not inhibit FVIII's function in a clotting assay), 
is provided. 
0274 Also provided are kits for genotyping a subset of 
functional FVIII polymorphisms that influence either the cir 
culating levels of FVIII protein or activity, and thereby could 
aid in more accurate diagnostic risk assessments for the Sub 
jects at highest risk for developing venous and/or arterial 
thrombotic disorders, such as stroke and myocardial infarc 
tion. For example, this can apply to the D1241E haplotype, 
since females who are carrying two copies of the E-allele will 
have an ~25% lower FVIII level than those carrying two 
major copies of the D-allele and can have an elevated FVIII 
level. 
0275 Also provided are monoclonal antibody-based 
assays to rapidly “type' the different haplotypic (allelic) 
forms of the wildtype FVIII protein directly in samples of 
plasma from patient (in comparison to the DNA-based geno 
typing assays). 
(0276 Also provided herein are biological materials, diag 
nostic materials, and therapeutic materials. 
0277 Disclosed is a method of categorizing a haplotype in 
a FVIII gene comprising, amplifying regions of the FVIII 
gene, determining a haplotype of the FVIII gene from DNA 
sequence within the amplified regions, and categorizing the 
haplotype as being an H1 (SEQID NO: 1), H2 (SEQID NO: 
2), H3 (SEQID NO:3), H4 (SEQ ID NO: 4), H5 (SEQ ID 
NO: 5), or H6 (SEQID NO: 6). 
0278 Disclosed is a method of categorizing a haplotype in 
a FVIII gene comprising, detecting a FVIII protein and cat 
egorizing the haplotype of the FVIII gene encoding the 
detected FVIII protein as being an H1 (SEQ ID NO: 1), H2 
(SEQ ID NO: 2), H3 (SEQ ID NO:3), H4 (SEQID NO: 4), 
H5 (SEQID NO. 5), or H6 (SEQID NO: 6). 
0279 Disclosed is a method of reducing the generation of 
anti-FVIII antibodies that inhibit or impair FVIII treatment 
comprising, detectingahaplotype in a FVIII gene in a Subject, 
matching a replacement FVIII therapy to the detected haplo 
type, and administering the matched replacement FVIII 
therapy to the subject. The haplotype can be H1 (SEQID NO: 
1), H2 (SEQ ID NO: 2), H3 (SEQID NO:3), H4 (SEQ ID 
NO: 4), H5 (SEQID NO. 5), or H6 (SEQID NO: 6). 
0280 Disclosed is a method of preventing the generation 
of anti-FVIII antibodies that inhibit or impair FVIII treatment 
comprising, detectingahaplotype in a FVIII gene in a Subject, 
matching a replacement FVIII therapy to the detected haplo 
type, and administering the matched replacement FVIII 
therapy to the subject. The haplotype can be H1 (SEQID NO: 
1), H2 (SEQ ID NO: 2), H3 (SEQID NO:3), H4 (SEQ ID 
NO: 4), H5 (SEQID NO. 5), or H6 (SEQID NO: 6). 
0281 Disclosed is a method of maximizing efficacy of 
transfusion therapy in a subject with a hemostatic disorder 
comprising, determining whether the FVIII haplotype of a 
subject having a hemostatic disorder is H1 (SEQID NO: 1), 
H2 (SEQID NO: 2), H3 (SEQ ID NO:3), H4 (SEQID NO: 
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4), H5 (SEQ ID NO: 5), or H6 (SEQ ID NO: 6) and admin 
istering an appropriate transfusion product to the Subject 
based on the results. The transfusion product can be a recom 
binant FVIII. The transfusion product can be plasma derived 
FVIII. 
0282 Disclosed is a method of administering a blood 
product to a subject in need of FVIII comprising, obtaining a 
haplotype in a FVIII gene of a blood product recipient, deter 
mining which type of blood product the recipient should 
receive based on the result, and administering to the Subject in 
need thereofan appropriate blood product. The blood product 
can be pooled blood plasma derived from more than one 
blood donor. The blood product can be a plasma-derived 
FVIII preparation. The pooled blood plasma can be obtained 
by detecting a haplotype in a FVIII gene of a blood plasma 
donor and placing the blood plasma of the blood plasma 
donor in an appropriate FVIII haplotype pool based on the 
results. 
0283 Disclosed is a method of blood plasma pooling com 
prising, detecting a haplotype in a FVIII gene of a blood 
plasma donor and placing blood plasma of the blood plasma 
donor in an appropriate pool based on the results. Disclosed is 
a pooled blood plasma product obtained through this method. 
0284 Disclosed is a method of blood plasma pooling com 
prising, detecting a haplotype in a FVIII gene of a whole 
blood donor, receiving whole blood from the whole blood 
donor, separating plasma from the whole blood, and pooling 
the plasma with plasma obtained from other donors with a 
similar haplotype. Disclosed is a pooled blood plasma prod 
uct obtained through this method. 
0285 Disclosed is a method of preparing a plasma-derived 
FVIII product comprising, determining the haplotype of 
blood plasma, wherein the haplotype is H1 (SEQID NO: 1), 
H2 (SEQID NO: 2), H3 (SEQ ID NO:3), H4 (SEQID NO: 
4), H5 (SEQID NO:5), or H6 (SEQID NO: 6). and preparing 
a plasma-derived FVIII product from the haplotyped blood 
plasma wherein the resulting FVIII product is homogenous 
with respect to FVIII content. Disclosed is a plasma-derived 
FVIII product obtained through this method. 
0286 Disclosed is a method of treating a subject with a 
hemostatic disorder comprising, identifying a subject with a 
hemostatic disorder, determining the FVIII haplotype of the 
subject, wherein the haplotype is H1 (SEQ ID NO: 1), H2 
(SEQ ID NO: 2), H3 (SEQ ID NO:3), H4 (SEQID NO: 4), 
H5 (SEQID NO:5), or H6 (SEQIDNO: 6) and administering 
an appropriate FVIII gene replacement product to the Subject 
based on the results. The hemostatic disorder can be congeni 
tal hemophilia A. The hemostatic disorder can be acquired 
hemophilia A. 
0287. The replacement product given will vary, depending 
on the condition of the subject. For example, after determin 
ing the FVIII haplotype(s) in a patient with acquired hemo 
philia A, the disclosed Haplotype-Specific Bethesda assay 
can be used to determine the haplotype(s) against which their 
antoanti-FVIII antibodies are reactive. If a given patient's 
inhibitors are directed against only their own endogenous 
FVIII molecule(s), or react with one or more of the other 
forms of the wildtype FVIII protein less then with their own, 
this Bethesda assay can be used to provide them with the most 
appropriate replacement FVIII product (i.e., the FVIII haplo 
type least reactive with their serum). 
0288. In congenital hemophilia, antibody inhibitors 
against these proteins are known complications of factor 
replacement therapy. Therefore, the previously untreated sub 
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ject can be given replacement products based on their con 
genital haplotype, thereby maximizing transfusion efficacy in 
the treatment of these other hemostatic disorders. 
0289. As used herein, the term “appropriate' with regard 
to a transfusion, blood, or gene replacement product refers to 
an effective, or useful, haplotype, as well as the amount. 
Those of skill in the art can readily determine an appropriate 
haplotype based on the methods disclosed herein. Specific 
dosages and methods of administration are discussed herein 
as well. 
0290 Disclosed is a method of treating a subject with a 
hemostatic disorder comprising, identifying a subject with a 
hemostatic disorder, determining the FVIII haplotype of the 
subject, wherein the haplotype is H1 (SEQ ID NO: 1), H2 
(SEQ ID NO: 2), H3 (SEQ ID NO:3), H4 (SEQID NO: 4), 
H5 (SEQID NO:5), or H6 (SEQID NO: 6) and administering 
an appropriate plasma-derived FVIII product to the subject 
based on the results. The hemostatic disorder can be congeni 
tal hemophilia A. The hemostatic disorder can be acquired 
hemophilia A. 
0291 Disclosed is a method of treating a subject with a 
hemostatic disorder comprising, identifying a subject with a 
hemostatic disorder, determining the FVIII haplotype of the 
subject, wherein the haplotype is H1 (SEQ ID NO: 1), H2 
(SEQ ID NO: 2), H3 (SEQ ID NO:3), H4 (SEQID NO: 4), 
H5 (SEQID NO:5), or H6 (SEQID NO: 6) and administering 
an appropriate recombinant FVIII product to the subject 
based on the results. The hemostatic disorder can be congeni 
tal hemophilia A. The hemostatic disorder can be acquired 
hemophilia A. 
0292 Disclosed is a method for rapidly diagnosing a 
FVIII haplotype in a Subject, comprising, obtaining a sample 
from the Subject, analyzing the sample using rapid PCR, and 
determining a FVIII haplotype for the subject. The FVIII 
haplotype can be selected from the group consisting of H1 
(SEQ ID NO: 1), H2 (SEQ ID NO: 2), H3 (SEQID NO:3), 
H4 (SEQID NO:4), H5 (SEQID NO:5), or H6 (SEQID NO: 
6). The Subject can be diagnosed with congenital hemophilia 
A. The Subject can be diagnosed with acquired hemophilia A. 
0293 Disclosed is a method of maximizing the sensitivity 
and specificity of clinical diagnostic algorithms for identify 
ing a Subject with a prothrombotic hemostatic disorder com 
prising, obtaining a sample from the Subject, determining 
whether the FVIII haplotype of a subject having a hemostatic 
disorderis H1 (SEQID NO: 1), H2(SEQID NO:2), H3 (SEQ 
ID NO:3), H4 (SEQ ID NO: 4), H5 (SEQ ID NO. 5), or H6 
(SEQ ID NO: 6) and performing the appropriate additional 
laboratory diagnostic testing on the Subject based on the 
results. 
0294 Disclosed is a method of treating a subject with a 
prothrombotic hemostatic disorder comprising, identifying a 
subject with a hemostatic disorder, determining the FVIII 
haplotype of the subject, wherein the haplotype is H1 (SEQ 
ID NO: 1), H2 (SEQ ID NO: 2), H3 (SEQ ID NO:3), H4 
(SEQID NO: 4), H5 (SEQID NO. 5), or H6 (SEQID NO: 6) 
and administering an appropriate anti-thrombotic prophylac 
tic treatment regimen to the subject based on the results. The 
hemostatic disorder can be congenital thrombophilia. The 
hemostatic disorder can be acquired thrombophilia. 
0295 Disclosed are antibodies that target high risk haplo 
types of Disclosed are antibodies that target peptide regions 
unique to said high risk haplotypes. Disclosed are agents that 
neutralize the activity of high risk haplotypes. An agent can 
be, for example, a monoclonal antibody. Disclosed is an anti 



US 2010/0256062 A1 

body to a polypeptide comprising the sequence as set forth in 
SEQID NO: 19. Disclosed is an in antibody to a polypeptide 
comprising the sequence as set forth in SEQ ID NO: 20. 
Disclosed is an in antibody to a polypeptide comprising the 
sequence as set forth in SEQ ID NO: 21. Disclosed is an in 
antibody to a polypeptide comprising the sequence as set 
forth in SEQ ID NO: 22. Disclosed is an antibody to a 
polypeptide comprising the sequence as set forth in SEQID 
NO. 23. Disclosed is an antibody to a polypeptide comprising 
the sequence as set forth in SEQID NO: 24. 
0296 Disclosed is a method of treating a subject with a 
prothrombotic hemostatic disorder comprising, identifying a 
subject with a prothrombotic hemostatic disorder, determin 
ing the FVIII haplotype of the subject, wherein the haplotype 
is H1 (SEQID NO: 1), H2 (SEQID NO: 2), H3 (SEQID NO: 
3), H4 (SEQID NO: 4), H5 (SEQID NO: 5), or H6 (SEQID 
NO: 6) and administering an appropriate anti-thrombotic pro 
phylactic treatment regimen to the Subject based on the 
results. The hemostatic disorder can be congenital hemo 
philia A. The hemostatic disorder can be acquired hemophilia 
A 

0297 Disclosed is a method of treating a subject with a 
hemostatic disorder comprising, identifying a subject with a 
hemostatic disorder, determining the FVIII haplotype of the 
subject, wherein the haplotype is H1 (SEQ ID NO: 1), H2 
(SEQ ID NO: 2), H3 (SEQ ID NO:3), H4 (SEQID NO: 4), 
H5 (SEQID NO. 5), or H6 (SEQID NO: 6), and administer 
ing an appropriate recombinant FVIII product to the subject 
based on the results. The hemostatic disorder can be congeni 
tal hemophilia A. The hemostatic disorder can be acquired 
hemophilia A. 
0298 Disclosed is a method for rapidly diagnosing a 
FVIII haplotype in a Subject, comprising, obtaining a sample 
from the Subject, analyzing the sample using rapid PCR, 
determining a FVIII haplotype for the subject. The FVIII 
haplotype can be selected from the group consisting of H1 
(SEQ ID NO: 1), H2 (SEQ ID NO: 2), H3 (SEQID NO:3), 
H4 (SEQID NO:4), H5 (SEQID NO:5), or H6 (SEQID NO: 
6). The Subject can be diagnosed with congenital hemophilia 
A. The Subject can be diagnosed with acquired hemophilia A. 
0299 Disclosed is a method for rapidly diagnosing a 
FVIII haplotype in a Subject, comprising, obtaining a sample 
from the Subject, analyzing the sample using FVIII haplotype 
specificantibodies, and determining a FVIII haplotype for the 
Subject. The haplotype can be selected from the group con 
sisting of H1 (SEQID NO: 1), H2 (SEQID NO: 2), H3 (SEQ 
ID NO:3), H4 (SEQ ID NO: 4), H5 (SEQ ID NO. 5), or H6 
(SEQ ID NO: 6). The subject can be diagnosed with throm 
bosis. 

0300 Disclosed is a method of screening to determine the 
presence of alloantibodies of FVIII comprising, administer 
ing FVIII of a known haplotype wherein the haplotype is H1 
(SEQ ID NO: 1), H2 (SEQ ID NO: 2), H3 (SEQID NO:3), 
H4 (SEQID NO: 4), H5 (SEQ ID NO:5), H6 (SEQID NO: 
6), and determining whether alloantibody binding occurs. 
0301 Disclosed is an oligonucleotide comprising the 
sequence as set forth in SEQ ID NO: 1. Disclosed is an 
oligonucleotide comprising the sequence as set forth in SEQ 
ID NO: 2. Disclosed is an oligonucleotide comprising the 
sequence as set forth in SEQ ID NO: 3. Disclosed is an 
oligonucleotide comprising the sequence as set forth in SEQ 
ID NO: 4. Disclosed is an oligonucleotide comprising the 
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sequence as set forth in SEQ ID NO: 5. Disclosed is an 
oligonucleotide comprising the sequence as set forth in SEQ 
ID NO: 6. 

0302 Disclosed is an oligonucleotide comprising a 
sequence selected from the group consisting of SEQ ID 
NO:1-12 and 25-124. 

0303 Disclosed is a mixture of primers comprising SEQ 
ID NOS: 25 and 26. Disclosed is a mixture of primers com 
prising SEQ ID NOS: 29 and 30. Disclosed is a mixture of 
primers comprising SEQID NOS: 33 and 34. Disclosed is a 
mixture of primers comprising SEQ ID NOS: 37 and 38. 
Disclosed is a mixture of primers comprising SEQID NOS: 
25 and 26. Disclosed is a mixture of primers comprising SEQ 
ID NOS.: 41 and 42. Disclosed is a mixture of primers com 
prising SEQID NOS: 43 and 44. Disclosed is a mixture of 
primers comprising SEQID NOS.: 45 and 46. Disclosed is a 
mixture of primers comprising SEQ ID NOS: 47 and 48. 
Disclosed is a mixture of primers comprising SEQID NOS: 
49-124. 

0304 Disclosed is a polypeptide comprising the sequence 
as set forth in SEQ ID NO: 13. Disclosed is a polypeptide 
comprising the sequence as set forth in SEQ ID NO: 14. 
Disclosed is a polypeptide comprising the sequence as set 
forth in SEQID NO: 15. Disclosed is a polypeptide compris 
ing the sequence as set forth in SEQID NO: 16. Disclosed is 
a polypeptide comprising the sequence as set forth in SEQID 
NO: 17. Disclosed is a polypeptide comprising the sequence 
as set forth in SEQ ID NO: 18. Disclosed is a polypeptide 
comprising the sequence as set forth in SEQ ID NO: 19. 
Disclosed is a polypeptide comprising the sequence as set 
forth in SEQID NO. 20. Disclosed is a polypeptide compris 
ing the sequence as set forth in SEQID NO: 21. Disclosed is 
a polypeptide comprising the sequence as set forth in SEQID 
NO: 22. Disclosed is a polypeptide comprising the sequence 
as set forth in SEQ ID NO. 23. Disclosed is a polypeptide 
comprising the sequence as set forth in SEQID NO: 24. 
0305 Disclosed is a composition comprising pooled 
FVIII having a single haplotype. The haplotype can be H1, 
H2,H3, H4, H5 or H6. 
(0306 Disclosed is a recombinant FVIII having the H1 
haplotype. Disclosed is a recombinant FVIII having the H2 
haplotype. Disclosed is a recombinant FVIII having the H3 
haplotype. Disclosed is a recombinant FVIII having the H4 
haplotype. Disclosed is a recombinant FVIR having the H5 
haplotype. Disclosed is a recombinant FVIII having the H6 
haplotype. 
0307 Methods of manufacturing recombinant FVIII con 
structs are disclosed in U.S. Pat. Nos. 6,852,537; 6,770,744; 
6,759,216; 6,517,830; 6,458,563; 6,376.463: 6,180,371; 
5,888,974; 5,859,204; 5,744,446; 5,663,060; 5,583,209; 
5,364,771 incorporated herein by reference. 
0308 1. Methods of Using the Compositions as Research 
Tools 

0309 The disclosed compositions can be used in a variety 
of ways as research tools. For example, the disclosed compo 
sitions can be used to study the various haplotypes of FVIII. 
0310. The compositions can be used for example as targets 
in combinatorial chemistry protocols or other screening pro 
tocols to isolate molecules that possess desired functional 
properties related to FVIII. 
0311. The disclosed compositions can also be used diag 
nostic tools related to diseases Such as hemophilia and hemo 
static disorders, for example. 
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0312 The disclosed compositions can be used as dis 
cussed hereinas either reagents in microarrays or as reagents 
to probe or analyze existing microarrays. The disclosed com 
positions can be used in any known method for isolating or 
identifying single nucleotide polymorphisms. The composi 
tions can also be used in any method for determining allelic 
analysis of for example, FVIII haplotypes as described 
herein, particularly allelic analysis as it relates to H1-H6 and 
their functions. The compositions can also be used in any 
known method of Screening assays, related to chip/micro 
arrays. The compositions can also be used in any known way 
ofusing the computer readable embodiments of the disclosed 
compositions, for example, to study relatedness or to perform 
molecular modeling analysis related to the disclosed compo 
sitions. 
0313 2. Methods of Protein Detection 
0314. An alternative to genetic haplotyping is haplotyping 
a subject based off the protein expressed by their FVIII gene 
by detecting an FVIII protein associated with a disclosed 
haplotype. The disclosed proteins, including FVIII proteins 
in or on any sample, composition or other context, can be 
detected using any suitable technique. It is important to be 
able to separate FVIII from other proteins, as well as to 
separate FVIII subtypes from each other. Further, molecules 
that interact with or bind to the disclosed proteins, such as 
antibodies to a protein, can be detected using known tech 
niques. Many suitable techniques—such as techniques gen 
erally known for the detection of proteins, peptides and other 
analytes and antigens—are known, some of which are 
described below. In general, these techniques can involve 
direct imaging (e.g., microscopy), immunoassays, or by func 
tional determination. By “functional determination' is meant 
that a given protein Such as a protein that has a function can be 
detected by the detection of said function. For example, an 
enzyme can be detected by evaluating its activity on its Sub 
strate. The techniques described below are useful in detecting 
FVIII in a subject, including the various haplotypes described 
herein, separating FVIII from other proteins, or in separating 
various haplotypes of FVBI from each other. 
0315 a) Immunoassays 
0316. Immunodetection methods can be used for detect 
ing, binding, purifying, removing and quantifying various 
molecules including the disclosed FVIII haplotypes. Further, 
antibodies and ligands to the disclosed proteins can be 
detected. For example, the disclosed proteins can be 
employed to detect antibodies having reactivity therewith. 
This is useful, for example, to detect whether a subject has 
been exposed to or has developed antibodies againstaprotein. 
Standard immunological techniques are described, e.g., in 
Hertzenberg, et al., Weir's Handbook of Experimental Immu 
nology, vols. 1-4 (1996); Coligan, Current Protocols in 
Immunology (1991); Methods in Enzymology, vols. 70, 73. 
74, 84, 92,93, 108, 116, 121, 132, 150, 162, and 163; and 
Paul, Fundamental Immunology (3d ed. 1993) each incorpo 
rated herein by reference in its entirety and specifically for its 
teaching regarding immunodetection methods. 
0317. The steps of various useful immunodetection meth 
ods have been described in the scientific literature, such as, 
e.g., Maggio et al., Enzyme-Immunoassay, (1987) and Naka 
mura, et al., Enzyme Immunoassays: Heterogeneous and 
Homogeneous Systems, Handbook of Experimental Immu 
nology, Vol. 1: Immunochemistry, 27.1-27.20 (1986) each 
incorporated herein by reference in its entirety and specifi 
cally for its teaching regarding immunodetection methods. 
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Immunoassays, in their most simple and direct sense, are 
binding assays involving binding between antibodies and 
antigen. Many types and formats of immunoassays are known 
and all are suitable for detecting the disclosed proteins. 
Examples of immunoassays are enzyme linked immunosor 
bent assays (ELISAS), radioimmunoassays (RIA), radioim 
mune precipitation assays (RIPA), immunobead capture 
assays, Western blotting, dot blotting, gel-shift assays, Flow 
cytometry, protein arrays, multiplexed bead arrays, magnetic 
capture, in vivo imaging, fluorescence resonance energy 
transfer (FRET), and fluorescence recovery/localization after 
photobleaching (FRAP/FLAP). 
0318. In general, immunoassays involve contacting a 
sample Suspected of containing a molecule of interest (Such 
as the disclosed proteins) with an antibody to the molecule of 
interest or contacting an antibody to a molecule of interest 
(such as antibodies to the disclosed proteins) with a molecule 
that can be bound by the antibody, as the case may be, under 
conditions effective to allow the formation of immunocom 
plexes. Contacting a sample with the antibody to the molecule 
of interest or with the molecule that can be bound by an 
antibody to the molecule of interest under conditions effec 
tive and for a period of time sufficient to allow the formation 
of immune complexes (primary immune complexes) is gen 
erally a matter of simply bringing into contact the molecule or 
antibody and the sample and incubating the mixture for a 
period of time long enough for the antibodies to form immune 
complexes with, i.e., to bind to, any molecules (e.g. antigens) 
present to which the antibodies can bind. In many forms of 
immunoassay, the sample-antibody composition, such as a 
tissue section, ELISA plate, dot blot or Western blot, can then 
be washed to remove any non-specifically bound antibody 
species, allowing only those antibodies specifically bound 
within the primary immune complexes to be detected. 
0319. The sample used can be any sample that is suspected 
of containing a molecule of interest (or an antibody to a 
molecule of interest). The sample can be, for example, one or 
more cells, tissue, or bodily fluids such as blood, urine, 
semen, lymphatic fluid, cerebrospinal fluid, or amniotic fluid, 
or other biological samples, such as tissue culture cells, buc 
cal Swabs, mouthwash, stool, tissue slices, tissue sections, 
homogenized tissue extract, cell membrane preparation, 
biopsy aspiration, archeological samples Such as bone or 
mummified tissue, infection samples, nosocomial infection 
samples, production samples, drug preparation samples, bio 
logical molecule production samples, protein preparation 
samples, lipid preparation samples, and/or carbohydrate 
preparation samples, and separated or purified forms of any of 
the above. 

0320 Immunoassays can include methods for detecting or 
quantifying the amount of a molecule of interest (such as the 
disclosed proteins or their antibodies) in a sample, which 
methods generally involve the detection or quantitation of any 
immune complexes formed during the binding process. In 
general, the detection of immunocomplex formation is well 
known in the art and can be achieved through the application 
of numerous approaches. These methods are generally based 
upon the detection of a label or marker, Such as any radioac 
tive, fluorescent, biological or enzymatic tags or any other 
known label. See, for example, U.S. Pat. Nos. 3,817,837; 
3.850,752; 3,939,350; 3,996.345; 4,277,437; 4,275,149 and 
4.366,241, each incorporated herein by reference in its 
entirety and specifically for its teaching regarding immuno 
detection methods and labels. 
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0321. As used herein, a label can include a fluorescent dye, 
a member of binding pair, such as biotin/streptavidin, a metal 
(e.g., gold), or an epitope tag that can specifically interact 
with a molecule that can be detected, such as by producing a 
colored substrate or fluorescence. Substances suitable for 
detectably labeling proteins include fluorescent dyes (also 
known herein as fluorochromes and fluorophores) and 
enzymes that react with colorometric Substrates (e.g., horse 
radish peroxidase). The use of fluorescent dyes is generally 
preferred in the practice of the invention as they can be 
detected at very low amounts. Furthermore, in the case where 
multiple antigens are reacted with a single array, each antigen 
can be labeled with a distinct fluorescent compound for 
simultaneous detection. Labeled spots on the array are 
detected using a fluorimeter, the presence of a signal indicat 
ing an antigen bound to a specific antibody. 
0322 Fluorophores are compounds or molecules that 
luminesce. Typically fluorophores absorb electromagnetic 
energy at one wavelength and emit electromagnetic energy at 
a second wavelength. Representative fluorophores include, 
but are not limited to, 1.5 IAEDANS:1,8-ANS:4-Methylum 
belliferone; 5-carboxy-2,7-dichlorofluorescein; 5-Carboxy 
fluorescein (5-FAM); 5-Carboxynapthofluorescein; 5-Car 
boxytetramethylrhodamine (5-TAMRA); 5-Hydroxy 
Tryptamine (5-HAT); 5-ROX (carboxy-X-rhodamine); 
6-Carboxyrhodamine 6G: 6-CR 6G: 6-JOE: 7-Amino-4-me 
thylcoumarin; 7-Aminoactinomycin D (7-AAD): 7-Hy 
droxy-4-I methylcoumarin; 9-Amino-6-chloro-2-methoxy 
acridine (ACMA); ABQ: Acid Fuchsin: Acridine Orange: 
Acridine Red; Acridine Yellow; Acriflavin; Acriflavin Feul 
gen SITSA: Aequorin (Photoprotein); AFPs—AutoPluores 
cent Protein (Quantum Biotechnologies) see sgGFP. 
sgBFP; Alexa Fluor 350TM; Alexa Fluor 430TM; Alexa Fluor 
488TM; Alexa Fluor 532TM; Alexa Fluor 546TM; Alexa Fluor 
568TM; Alexa Fluor 594TM; Alexa Fluor 633TM; Alexa Fluor 
647TM; Alexa Fluor 660TM; Alexa Fluor 680TM; Alizarin Com 
plexon; Alizarin Red; Allophycocyanin (APC): AMC, 
AMCA-S; Aminomethylcoumarin (AMCA); AMCA-X; 
Aminoactinomycin D; Aminocoumarin; Anilin Blue; Anth 
rocyl stearate: APC-Cy7: APTRA-BTC; APTS: Astrazon 
Brilliant Red 4G, Astrazon Orange R: Astrazon Red 6B; 
Astrazon Yellow 7 GLL; Atabrine: ATTO-TAGTTM CBQCA: 
ATTO-TAGTM FO: Auramine: Aurophosphine G. Aurophos 
phine; BAO 9 (Bisaminophenyloxadiazole); BCECF (high 
pH); BCECF (low pH); Berberine Sulphate: Beta Lactamase: 
BFP blue shifted GFP (Y66H); Blue Fluorescent Protein: 
BFP/GFP FRET. Bimane; Bisbenzemide: Bisbenzimide 
(Hoechst); bis-BTC; Blancophor FFG: Blancophor SV: 
BOBOTM-1: BOBOTM; Bodipy492/515; Bodipy493/503; 
Bodipy500/510; Bodipy: 505/515; Bodipy 530/550; Bodipy 
542/563; Bodipy558/568; Bodipy 564/570; Bodipy576/589; 
Bodipy 581/591; Bodipy 630/650-X; Bodipy 650/665-X; 
Bodipy 665/676; Bodipy F1; Bodipy FLATP; Bodipy F1-Ce 
ramide: Bodipy R6GSE; Bodipy TMR; Bodipy TMR-X con 
jugate; Bodipy TMR-X, SE: Bodipy TR; Bodipy TRATP: 
Bodipy TR-X SE: BO-PROTM-1: BO-PROTM-3; Brilliant 
Sulphoflavin FF: BTC; BTC-5N; Calcein: Calcein Blue; Cal 
cium Crimson-, Calcium Green; Calcium Green-1 Ca" Dye; 
Calcium Green-2 Ca"; Calcium Green-5N Ca"; Calcium 
Green-C18 Ca"; Calcium Orange: Calcofluor White; Car 
boxy-X-rhodamine (5-ROX); Cascade BlueTM: Cascade Yel 
low: Catecholamine: CCF2 (GeneBlazer); CFDA; CFP 
(Cyan Fluorescent Protein); CFP/YFP FRET: Chlorophyll; 
Chromomycin A; Chromomycin A; CL-NERF: CMFDA: 
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Coelenterazine: Coelenterazine cp: Coelenterazine f; 
Coelenterazine fep: Coelenterazine h; Coelenterazine hcp: 
Coelenterazine ip: Coelenterazine n: Coelenterazine O; Cou 
marin Phalloidin; C-phycocyanine: CPMI Methylcoumarin; 
CTC: CTC Formazan: Cy2TM; Cy3.18: Cy3.5TM; Cy3TM; 
Cy5.1 8: Cy5.5TM; Cy5TM; Cy7TM; Cyan GFP; cyclic AMP 
Fluorosensor (FiCRhR); Dabcyl; Dansyl; Dansyl Amine: 
Dansyl Cadaverine; Dansyl Chloride; Dansyl DHPE; Dansyl 
fluoride; DAPI; Dapoxyl; Dapoxyl 2: Dapoxyl 3'DCEDA: 
DCFH (Dichlorodihydrofluorescein Diacetate); DDAO: 
DHR (Dihydrorhodamine 123); Di-4-ANEPPS: Di-8- 
ANEPPS (non-ratio); DiA (4-Di 16-ASP); Dichlorodihy 
drofluorescein Diacetate (DCFH); DiD-Lipophilic Tracer; 
DiD (DilC18(5)); DIDS; Dihydrorhodamine 123 (DHR); Dil 
(DilC18(3)); I Dinitrophenol; DiO (DiOC18(3)); DiR: DiR 
(DilC18(7)); DM-NERF (high pH); DNP; Dopamine: 
DsRed; DTAF; DY-630-NHS; DY-635-NHS; EBFP; ECFP; 
EGFP; ELF 97: Eosin; Erythrosin; Erythrosin ITC: Ethidium 
Bromide: Ethidium homodimer-1 (Ethl)-1); Euchrysin; 
EukoLight: Europium (111) chloride: EYFP; Fast Blue: 
FDA; Feulgen (Pararosaniline); FIF (Formaldehyd Induced 
Fluorescence); FITC: Flazo Orange: Fluo-3; Fluo-4; Fluores 
cein (FriC); Fluorescein Diacetate: Fluoro-Emerald; Fluoro 
Gold (Hydroxystilbamidine); Fluor-Ruby: Fluor X: FM 
1-43TM: FM 4-46; Fura RedTM (high pH); Fura RedTM/Fluo-3; 
Fura-2: Fura-2/F3CECF: Genacryl Brilliant Red B; Genacryl 
Brilliant Yellow 10GF: Genacryl Pink 3G: Genacryl Yellow 
5GF: GeneBlazer; (CCF2); GFP (S65T); GFP red shifted 
(rsGFP); GFP wild type' non-UV excitation (wtGFP); GFP 
wild type, UV excitation (witGFP); GFPuv; Gloxalic Acid: 
Granular blue: Haematoporphyrin. Hoechst 33258; Hoechst 
33342; Hoechst 34580; HPTS; Hydroxycoumarin: Hydrox 
yStilbamidine (FluoroGold); Hydroxytryptamine; Indo-1, 
high calcium; Indo-1 low calcium; Indodicarbocyanine 
(DiD); Indotricarbocyanine (DiR); Intrawhite Cf. JC-1: JO 
JO-1: JO-PRO-1; LaserPro; Laurodan; LDS 751 (DNA): 
LDS 751 (RNA); Leucophor PAF; Leucophor SF; Leucophor 
WS; Lissamine Rhodamine; Lissamine Rhodamine B: Cal 
cein/Ethidium homodimer; LOLO-1; LO-PRO-1, Lucifer 
Yellow; Lyso Tracker Blue; Lyso Tracker Blue-White; Lyso 
Tracker Green; Lyso Tracker Red; Lyso Tracker Yellow: 
LysoSensor Blue; LysoSensor Green; LysoSensor Yellow/ 
Blue: Mag Green; Magdala Red (Phloxin B); Mag-Fura Red; 
Mag-Fura-2; Mag-Fura-5; Mag-Indo-1; Magnesium Green; 
Magnesium Orange; Malachite Green; Marina Blue; I Max 
ilon Brilliant Flavin 10 GFF: Maxilon Brilliant Flavin 8 GFF: 
Merocyanin; Methoxycoumarin; Mitotracker Green FM: 
Mitotracker Orange; Mitotracker Red; Mitramycin; Mono 
bromobimane; Monobromobimane (mBBr-GSH): 
Monochlorobimane: MPS (Methyl Green Pyronine Stil 
bene); NBD; NBD Amine; Nile Red: Nitrobenzoxedidole; 
Noradrenaline; Nuclear Fast Red; i Nuclear Yellow: Nylosan 
Brilliant lavin E8G: Oregon GreenTM: Oregon GreenTM 488; 
Oregon GreenTM500; Oregon GreenTM514; Pacific Blue: 
Pararosaniline (Feulgen); PBFI; PE-Cy5; PE-Cy7; PerCP; 
PerCP-Cy5.5; PE-Texas Red (Red 613); Phloxin B (Magdala 
Red); Phorwite AR; Phorwite BKL. Phorwite Rev. Phorwite 
RPA; Phosphine 3R; PhotoResist; Phycoerythrin B PE: 
Phycoerythrin RIPE: PKH26 (Sigma); PKH67; PMIA: Pon 
tochrome Blue Black; POPO-1; POPO-3; PO-PRO-1; PO-I 
PRO-3: Primuline: Procion Yellow; Propidium lodid (P1); 
PyMPO; Pyrene: Pyronine: Pyronine B: Pyrozal Brilliant 
Flavin 7GF: QSY 7: Quinacrine Mustard; Resorufin; RH414: 
Rhod-2; Rhodamine; Rhodamine 110; Rhodamine 123; 
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Rhodamine 5 GLD; Rhodamine 6G, Rhodamine B: 
Rhodamine B 200; Rhodamine B extra; Rhodamine BB; 
Rhodamine BG; Rhodamine Green; Rhodamine Phallici 
dine; Rhodamine: Phalloidine; Rhodamine Red; Rhodamine 
WT: Rose Bengal; R-phycocyanine: R-phycoerythrin (PE): 
rsGFP; S65A; S65C. S65L: S65T: Sapphire GFP; SBFI; 
Serotonin; Sevron Brilliant Red 2B: Sevron Brilliant Red 4G: 
Sevron I Brilliant Red B: Sevron Orange: Sevron Yellow L: 
SgBFPTM (super glow BFP); sgGFPTTM (super glow GFP); 
SITS (Primulin; Stilbene Isothiosulphonic Acid); SNAFL 
calcein; SNAFL-1. SNAFL-2; SNARF calcein; SNARF1: 
Sodium Green; Spectrum Aqua; SpectrumCreen; Spectru 
mOrange; Spectrum Red; SPQ (6-methoxy-N-(3 sulfopro 
pyl) quinolinium); Stilbene: Sulphorhodamine B and C: Sul 
phorhodamine Extra: SYTO 11: SYTO 12: SYTO 13: SYTO 
14: SYTO 15; SYTO 16; SYTO 17; SYTO 18; SYTO 20; 
SYTO 21; SYTO 22: SYTO 23: SYTO 24; SYTO 25: SYTO 
40; SYTO 41: SYTO 42: SYTO 43: SYTO 44; SYTO 45: 
SYTO 59; SYTO 60: SYTO 61; SYTO 62; SYTO 63; SYTO 
64; SYTO 80: SYTO 81; SYTO 82: SYTO 83; SYTO 84; 
SYTO 85: SYTOX Blue: SYTOX Green; SYTOX Orange; 
Tetracycline; Tetramethylrhodamine (TRITC); Texas RedTM: 
Texas Red-XTM conjugate; Thiadicarbocyanine (DiSC3): 
Thiazine Red R. Thiazole Orange: Thioflavin 5: Thioflavin S; 
Thioflavin TON: Thiolyte. Thiozole Orange: Tinopol CBS 
(Calcofluor White); TIER: TO-PRO-1; TO-PRO-3; TO-PRO 
5; TOTO-1; TOTO-3; TriColor (PE-Cy5); TRITC Tetrameth 
ylRodaminelsoThioCyanate; True Blue: Tru Red: Ultralite; 
Uranine B: Uvitex SFC: wt GFP; WW 781; X-Rhodamine; 
XRITC; Xylene Orange; Y66F; Y66H; Y66W.; Yellow GFP; 
YFP: YO-PRO-1: YO-PRO3: YOYO-1; YOYO-3; Sybr 
Green; Thiazole orange (interchelating dyes); semiconductor 
nanoparticles such as quantum dots; or caged fluorophore 
(which can be activated with light or other electromagnetic 
energy source), or a combination thereof. 
0323 Green flourescent protein (GFP) has become the one 
of the most popular reporter proteins and as such a nice 
epitope tag. However, GFP is much larger than most other 
epitope tags. 
0324 Digoxigenin (DIG) is a small organic molecule that 
can be covalently added to proteins or nucleic acids, which 
makes it useful in diverse applications. 
0325 Biotin is a small molecule that can be covalently 
linked to proteins after they have been translated. Therefore, 
unlike most other protein epitope tags, it can be added at any 
point in time and is often used to label proteins located in 
particular sites Such as on the extracellular Surface of cells. 
0326 Flourescent dyes, such as those described herein, for 
which antibodies are available are also commonly used as 
epitope tags. 
0327 Labeling can be either direct or indirect. In direct 
labeling, the detecting antibody (the antibody for the mol 
ecule of interest) or detecting molecule (the molecule that can 
be bound by an antibody to the molecule of interest) include 
a label. Detection of the label indicates the presence of the 
detecting antibody or detecting molecule which in turn indi 
cates the presence of the molecule of interest or of an antibody 
to the molecule of interest, respectively. In indirect labeling, 
an additional molecule or moiety is brought into contact with, 
or generated at the site of the immunocomplex. For example, 
a signal-generating molecule or moiety Such as an enzyme 
can be attached to or associated with the detecting antibody or 
detecting molecule. The signal-generating molecule can then 
generate a detectable signal at the site of the immunocom 
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plex. For example, an enzyme, when Supplied with Suitable 
substrate, can produce a visible or detectable product at the 
site of the immunocomplex. ELISAs use this type of indirect 
labeling. 
0328. As another example of indirect labeling, an addi 
tional molecule (which can be referred to as a binding agent) 
that can bind to either the molecule of interest or to the 
antibody to the molecule of interest, such as a second anti 
body to the molecule of interest, can be contacted with the 
immunocomplex. The additional molecule can have a label or 
signal-generating molecule or moiety. The additional mol 
ecule can be an antibody, which can thus be termed a second 
ary antibody. Binding of a secondary antibody to the mol 
ecule of interest can form a so-called sandwich with the first 
(or primary) antibody and the molecule of interest. The 
immune complexes can be contacted with the labeled, sec 
ondary antibody under conditions effective and for a period of 
time sufficient to allow the formation of secondary immune 
complexes. The secondary immune complexes can then be 
generally washed to remove any non-specifically bound 
labeled secondary antibodies, and the remaining label in the 
secondary immune complexes can then be detected. The 
additional molecule can also be or include one of a pair of 
molecules or moieties that can bind to each other, such as the 
biotin/avadin pair. In this mode, the detecting antibody or 
detecting molecule should include the other member of the 
pa1r. 
0329. Other modes of indirect labeling include the detec 
tion of primary immune complexes by a two step approach. 
For example, a molecule (which can be referred to as a first 
binding agent). Such as an antibody, that has binding affinity 
for the molecule of interest or corresponding antibody can be 
used to form secondary immune complexes, as described 
above. After washing, the secondary immune complexes can 
be contacted with another molecule (which can be referred to 
as a second binding agent) that has binding affinity for the first 
binding agent, again under conditions effective and for a 
period of time sufficient to allow the formation of immune 
complexes (thus forming tertiary immune complexes). The 
second binding agent can be linked to a detectable label or 
signal-generating molecule or moiety, allowing detection of 
the tertiary immune complexes thus formed. This system can 
provide for signal amplification. 
0330 Immunoassays that involve the detection of as sub 
stance. Such as a protein or an antibody to a specific protein, 
include label-free assays, protein separation methods (i.e., 
electrophoresis), Solid Support capture assays, or in vivo 
detection. Label-free assays are generally diagnostic means 
of determining the presence or absence of a specific protein, 
or an antibody to a specific protein, in a sample. Protein 
separation methods are additionally useful for evaluating 
physical properties of the protein, Such as size or net charge. 
Capture assays are generally more useful for quantitatively 
evaluating the concentration of a specific protein, orantibody 
to a specific protein, in a sample. Finally, in vivo detection is 
useful for evaluating the spatial expression patterns of the 
Substance, i.e., where the Substance can be found in a Subject, 
tissue or cell. 

0331 b) Label-Free Assays 
0332 Provided that the concentrations are sufficient, the 
molecular complexes (Ab-Agn) generated by antibody 
antigen interaction are visible to the naked eye, but Smaller 
amounts may also be detected and measured due to their 
ability to scatter a beam of light. The formation of complexes 
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indicates that both reactants are present, and in immunopre 
cipitation assays a constant concentration of a reagent anti 
body is used to measure specific antigen (Ab-Agn), and 
reagent antigens are used to detect specific antibody (Ab 
Agn). If the reagent species is previously coated onto cells 
(as in hemagglutination assay) or very Small particles (as in 
latex agglutination assay), "clumping of the coated particles 
is visible at much lower concentrations. A variety of assays 
based on these elementary principles are in common use, 
including Ouchterlony immunodiffusion assay, rocket immu 
noelectrophoresis, and immunoturbidometric and nephelom 
etric assays. The main limitations of such assays are restricted 
sensitivity (lower detection limits) in comparison to assays 
employing labels and, in some cases, the fact that very high 
concentrations of analyte can actually inhibit complex for 
mation, necessitating safeguards that make the procedures 
more complex. Some of these Group 1 assays date right back 
to the discovery of antibodies and none of them have an actual 
"label” (e.g. Ag-enZ). Other kinds of immunoassays that are 
label free depend on immunosensors, and a variety of instru 
ments that can directly detect antibody-antigen interactions 
are now commercially available. Most depend on generating 
an evanescent wave on a sensor Surface with immobilized 
ligand, which allows continuous monitoring of binding to the 
ligand. Immunosensors allow the easy investigation of kinetic 
interactions and, with the advent of lower-cost specialized 
instruments, may in the future find wide application in immu 
noanalysis. 
0333 c) Protein Separation 
0334. The use of immunoassays to detect a specific protein 
can involve the separation of the proteins by electophoresis. 
This can be done to separate FVIII from other proteins, as 
well as separating FVIII subtypes from each other. Electro 
phoresis is the migration of charged molecules in Solution in 
response to an electric field. Their rate of migration depends 
on the strength of the field; on the net charge, size and shape 
of the molecules and also on the ionic strength, Viscosity and 
temperature of the medium in which the molecules are mov 
ing. As an analytical tool, electrophoresis is simple, rapid and 
highly sensitive. It is used analytically to study the properties 
of a single charged species, and as a separation technique. 
0335 Generally the sample is run in a support matrix such 
as paper, cellulose acetate, starch gel, agarose or polyacryla 
mide gel. The matrix inhibits convective mixing caused by 
heating and provides a record of the electrophoretic run: at the 
end of the run, the matrix can be stained and used for scan 
ning, autoradiography or storage. In addition, the most com 
monly used Support matrices—agarose and polyacryla 
mide provide a means of separating molecules by size, in 
that they are porous gels. A porous gel may act as a sieve by 
retarding, or in some cases completely obstructing, the move 
ment of large macromolecules while allowing Smaller mol 
ecules to migrate freely. Because dilute agarose gels are gen 
erally more rigid and easy to handle than polyacrylamide of 
the same concentration, agarose is used to separate larger 
macromolecules such as nucleic acids, large proteins and 
protein complexes. Polyacrylamide, which is easy to handle 
and to make at higher concentrations, is used to separate most 
proteins and Small oligonucleotides that require a small gel 
pore size for retardation. 
0336 Proteins are amphoteric compounds; their net 
charge therefore is determined by the pH of the medium in 
which they are suspended. In a solution with a pH above its 
isoelectric point, a protein has a net negative charge and 
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migrates towards the anode in an electrical field. Below its 
isoelectric point, the protein is positively charged and 
migrates towards the cathode. The net charge carried by a 
protein is in addition independent of its size—i.e., the charge 
carried per unit mass (or length, given proteins and nucleic 
acids are linear macromolecules) of molecule differs from 
protein to protein. At a given pH therefore, and under non 
denaturing conditions, the electrophoretic separation of pro 
teins is determined by both size and charge of the molecules. 
0337 Sodium dodecyl sulphate (SDS) is an anionic deter 
gent which denatures proteins by 'wrapping around the 
polypeptide backbone—and SDS binds to proteins fairly spe 
cifically in a mass ratio of 1.4:1. In so doing, SDS confers a 
negative charge to the polypeptide in proportion to its length. 
Further, it is usually necessary to reduce disulphide bridges in 
proteins (denature) before they adopt the random-coil con 
figuration necessary for separation by size: this is done with 
2-mercaptoethanol or dithiothreitol (DTT). In denaturing 
SDS-PAGE separations therefore, migration is determined 
not by intrinsic electrical charge of the polypeptide, but by 
molecular weight. 
0338. Determination of Molecular Weight is done by 
SDS-PAGE of proteins of known molecular weight along 
with the protein to be characterized. A linear relationship 
exists between the logarithm of the molecular weight of an 
SDS-denatured polypeptide, or native nucleic acid, and its Rf. 
The Rf is calculated as the ratio of the distance migrated by 
the molecule to that migrated by a marker dye-front. A simple 
way of determining relative molecular weight by electro 
phoresis (Mr) is to plot a standard curve of distance migrated 
vs. log 10 MW for known samples, and read off the log Mr of 
the sample after measuring distance migrated on the same gel. 
0339. In two-dimensional electrophoresis, proteins are 
fractionated first on the basis of one physical property, and, in 
a second step, on the basis of another. For example, isoelectric 
focusing can be used for the first dimension, conveniently 
carried out in a tube gel, and SDS electrophoresis in a slab gel 
can be used for the second dimension. One example of a 
procedure is that of O'Farrell, P. H., High Resolution Two 
dimensional Electrophoresis of Proteins, J. Biol. Chem. 250: 
4007-4021 (1975), herein incorporated by reference in its 
entirety for its teaching regarding two-dimensional electro 
phoresis methods. Other examples include but are not limited 
to, those found in Anderson, L and Anderson, NG, High 
resolution two-dimensional electrophoresis of human plasma 
proteins, Proc. Natl. Acad. Sci. 74:5421-5425 (1977), Orn 
stein, L., Disc electrophoresis, L. Ann. N.Y. Acad. Sci. 121: 
321349 (1964), each herein incorporated by reference in its 
entirety for its teaching regarding electrophoresis methods. 
0340 Laemmli, U. K., Cleavage of structural proteins 
during the assembly of the head of bacteriophage T4, Nature 
227:680 (1970), herein incorporated by reference in its 
entirety for its teaching regarding electrophoresis methods, 
discloses a discontinuous system for resolving proteins dena 
tured with SDS. The leading ion in the Laemmli buffer system 
is chloride, and the trailing ion is glycine. Accordingly, the 
resolving gel and the stacking gel are made up in Tris-HCl 
buffers (of different concentration and pH), while the tank 
buffer is Tris-glycine. All buffers contain 0.1% SDS. 
0341 Western Blot 
0342. One example of an immunoassay that uses electro 
phoresis that is contemplated in the current methods is West 
ern Blot analysis. Western blot can be used to detect FVBJ 
subtypes, for example. Western blotting or immunoblotting 
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allows the determination of the molecular mass of a protein 
and the measurement of relative amounts of the protein 
present in different samples. Detection methods include 
chemiluminescence and chromagenic detection. Standard 
methods for Western Blot analysis can be found in, for 
example, D. M. Bollaget al., Protein Methods (2d edition 
1996) and E. Harlow & D. Lane, Antibodies, a Laboratory 
Manual (1988), U.S. Pat. No. 4,452,901, each herein incor 
porated by reference in their entirety for their teaching regard 
ing Western Blot methods. Generally, proteins are separated 
by gel electrophoresis, usually SDS-PAGE. The proteins are 
transferred to a sheet of special blotting paper, e.g., nitrocel 
lulose, though other types of paper, or membranes, can be 
used. The proteins retain the same pattern of separation they 
had on the gel. The blot is incubated with a generic protein 
(such as milk proteins) to bind to any remaining Sticky places 
on the nitrocellulose. An antibody is then added to the solu 
tion which is able to bind to its specific protein. 
0343. The attachment of specific antibodies to specific 
immobilized antigens can be readily visualized by indirect 
enzyme immunoassay techniques, usually using a chromoge 
nic Substrate (e.g. alkaline phosphatase or horseradish per 
oxidase) or chemiluminescent substrates. Other possibilities 
for probing include the use of fluorescent or radioisotope 
labels (e.g., fluorescein, ''I). Probes for the detection of 
antibody binding can be conjugated anti-immunoglobulins, 
conjugated Staphylococcal Protein A (binds IgG), or probes to 
biotinylated primary antibodies (e.g., conjugated avidin/ 
streptavidin). 
0344) The power of the technique lies in the simultaneous 
detection of a specific protein by means of its antigenicity, 
and its molecular mass: proteins are first separated by mass in 
the SDS-PAGE, then specifically detected in the immunoas 
say step. Thus, protein standards (ladders) can be run simul 
taneously in order to approximate molecular mass of the 
protein of interest in a heterogeneous sample. 
0345 d) Radioimmune Precipitation Assay (RIPA) 
0346 Radioimmune Precipitation Assay (RIPA) is a sen 
sitive assay using radiolabeled antigens to detect specific 
antibodies in serum. The antigens are allowed to react with 
the serum and then precipitated using a special reagent Such 
as, for example, protein A Sepharose beads. The bound radio 
labeled immunoprecipitate is then commonly analyzed by gel 
electrophoresis. Radioimmunoprecipitation assay (RIPA) is 
often used as a confirmatory test for diagnosing the presence 
of HIV antibodies. RIPA is also referred to in the art as Farr 
Assay, Precipitin Assay, Radioimmune Precipitin Assay; 
Radioimmunoprecipitation Analysis; Radioimmunoprecipi 
tation Analysis, and Radioimmunoprecipitation Analysis. 
0347 
0348 While the above immunoassays that utilize electro 
phoresis to separate and detect the specific proteins of interest 
allow forevaluation of protein size, they are not very sensitive 
for evaluating protein concentration. However, also contem 
plated are immunoassays wherein the protein or antibody 
specific for the protein is bound to a solid Support (e.g., tube, 
well, bead, or cell) to capture the antibody or protein of 
interest, respectively, from a sample, combined with a 
method of detecting the protein or antibody specific for the 
protein on the Support. Examples of Such immunoassays 
include Radioimmunoassay (RIA), Enzyme-LinkedImmun 
osorbent Assay (ELISA), Flow cytometry, protein array, mul 
tiplexed bead assay, and magnetic capture. 

e) Capture Assays 
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0349 (1) Radioimmunoassay (RIA) 
0350 Radioimmunoassay (RIA) is a classic quantitative 
assay for detection of antigen-antibody reactions using a 
radioactively labeled substance (radioligand), either directly 
or indirectly, to measure the binding of the unlabeled sub 
stance to a specific antibody or other receptor system. Radio 
immunoassay is used, for example, to test hormone levels in 
the blood without the need to use a bioassay. Non-immuno 
genic Substances (e.g., haptens) can also be measured if 
coupled to larger carrier proteins (e.g., bovine gamma-globu 
lin or human serum albumin) capable of inducing antibody 
formation. 
0351 RIA involves mixing a radioactive antigen (because 
of the ease with which iodine atoms can be introduced into 
tyrosine residues in a protein, the radioactive isotopes I or 
''I are often used) with antibody to that antigen. The anti 
body is generally linked to a solid Support, Such as the tube or 
beads. Unlabeled or “cold' antigen is then adding in known 
quantities and measuring the amount of labeled antigen dis 
placed. Initially, the radioactive antigen is bound to the anti 
bodies. When cold antigen is added, the two compete for 
antibody binding sites—and at higher concentrations of cold 
antigen, more binds to the antibody, displacing the radioac 
tive variant. The bound antigens are separated from the 
unbound ones in Solution and the radioactivity of each used to 
plot a binding curve. The technique is both extremely sensi 
tive, and specific. 
0352 (2) ELISAs 
0353 Enzyme-LinkedImmunosorbent Assay (ELISA), or 
more generically termed EIA (Enzyme Immuno Assay), is an 
immunoassay that can detect an antibody specific for a pro 
tein. ELISA is useful with the methods disclosed herein, in 
that the FVIII protein can be detected using this assay, includ 
ing but not limited to specific haplotypes of FVIII. In such an 
assay, a detectable label bound to either an antibody-binding 
orantigen-binding reagent is an enzyme. When exposed to its 
Substrate, this enzyme reacts in Such a manner as to produce 
a chemical moiety which can be detected, for example, by 
spectrophotometric, fluorometric or visual means. Enzymes 
which can be used to detectably label reagents useful for 
detection include, but are not limited to, horseradish peroxi 
dase, alkaline phosphatase, glucose oxidase, B-galactosidase, 
ribonuclease, urease, catalase, malate dehydrogenase, sta 
phylococcal nuclease, asparaginase, yeast alcohol dehydro 
genase, alpha.-glycerophosphate dehydrogenase, triose 
phosphate isomerase, glucose-6-phosphate dehydrogenase, 
glucoamylase and acetylcholinesterase. For descriptions of 
ELISA procedures, see Voller, A. et al., J. Clin. Pathol. 
31:507-520 (1978); Butler, J. E., Meth. Enzymol. 73:482-523 
(1981); Maggio, E. (ed.), Enzyme Immunoassay, CRC Press, 
Boca Raton, 1980; Butler, J. E., In: Structure of Antigens, Vol. 
1 (Van Regenmortel, M., CRC Press, Boca Raton, 1992, pp. 
209-259: Butler, J. E., In: Van Oss, C.J. et al., (eds), Immu 
nochemistry, Marcel Dekker, Inc., New York, 1994, pp. 759 
803; Butler, J. E. (ed.), Immunochemistry of Solid-Phase 
Immunoassay, CRC Press, Boca Raton, 1991); Crowther, 
“ELISA: Theory and Practice.” In: Methods in Molecule 
Biology, Vol. 42, Humana Press; New Jersey, 1995: U.S. Pat. 
No. 4,376,110, each incorporated herein by reference in its 
entirety and specifically for its teaching regarding ELISA 
methods. 
0354 Variations of ELISA techniques are know to those of 
skill in the art. In one variation, antibodies that can bind to 
proteins can be immobilized onto a selected surface exhibit 
ing protein affinity, such as a well in a polystyrene microtiter 
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plate. Then, a test composition Suspected of containing a 
marker antigen can be added to the wells. After binding and 
washing to remove non-specifically bound immunocom 
plexes, the bound antigen can be detected. Detection can be 
achieved by the addition of a second antibody specific for the 
target protein, which is linked to a detectable label. This type 
of ELISA is a simple “sandwich ELISA'. Detection also can 
beachieved by the addition of a second antibody, followed by 
the addition of a third antibody that has binding affinity for the 
second antibody, with the third antibody being linked to a 
detectable label. 
0355 Another variation is a competition ELISA. In com 
petition ELISA's, test samples compete for binding with 
known amounts of labeled antigens or antibodies. The 
amount of reactive species in the sample can be determined 
by mixing the sample with the known labeled species before 
or during incubation with coated wells. The presence of reac 
tive species in the sample acts to reduce the amount of labeled 
species available for binding to the well and thus reduces the 
ultimate signal. 
0356. Irrespective of the format employed, ELISAs have 
certain features in common, Such as coating, incubating or 
binding, washing to remove non-specifically bound species, 
and detecting the bound immunecomplexes. Antigen or anti 
bodies can be linked to a solid support, such as in the form of 
plate, beads, dipstick, membrane or column matrix, and the 
sample to be analyzed applied to the immobilized antigen or 
antibody. In coating a plate with either antigen or antibody, 
one will generally incubate the wells of the plate with a 
Solution of the antigen or antibody, either overnight or for a 
specified period of hours. The wells of the plate can then be 
washed to remove incompletely adsorbed material. Any 
remaining available surfaces of the wells can then be "coated 
with a nonspecific protein that is antigenically neutral with 
regard to the test antisera. These include bovine serum albu 
min (BSA), casein and solutions of milk powder. The coating 
allows for blocking of nonspecific adsorption sites on the 
immobilizing Surface and thus reduces the background 
caused by nonspecific binding of antisera onto the Surface. 
0357. In BLISAs, a secondary or tertiary detection means 
rather than a direct procedure can also be used. Thus, after 
binding of a protein or antibody to the well, coating with a 
non-reactive material to reduce background, and washing to 
remove unbound material, the immobilizing Surface is con 
tacted with the control clinical or biological sample to be 
tested under conditions effective to allow immunecomplex 
(antigen/antibody) formation. Detection of the immunecom 
plex then requires a labeled secondary binding agent, or a 
secondary binding agent in conjunction with a labeled third 
binding agent. 
0358 “Under conditions effective to allow immunecom 
plex (antigen/antibody) formation' means that the conditions 
include diluting the antigens and antibodies with solutions 
such as BSA, bovine gamma globulin (BGG) and phosphate 
buffered saline (PBS)/Tween. These added agents can also 
assist in the reduction of nonspecific background. 
0359 The “suitable' conditions also mean that the incu 
bation is at a temperature and for a period of time sufficient to 
allow effective binding. Incubation steps can typically be 
from about 1 minute to twelve hours, attemperatures of about 
20° to 30°C., or can be incubated overnight at about 0°C. to 
about 10° C. 
0360. Following all incubation steps in an ELISA, the 
contacted Surface can be washed so as to remove non-com 
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plexed material. A washing procedure can include washing 
with a solution such as PBS/Tween, or borate buffer. Follow 
ing the formation of specific immunecomplexes between the 
test sample and the originally bound material, and Subsequent 
washing, the occurrence of even minute amounts of immu 
necomplexes can be determined. 
0361. To provide a detecting means, the second or third 
antibody can have an associated label to allow detection, as 
described above. This can be an enzyme that can generate 
color development upon incubating with an appropriate chro 
mogenic Substrate. Thus, for example, one can contact and 
incubate the first or second immunecomplex with a labeled 
antibody for a period of time and under conditions that favor 
the development of further immunecomplex formation (e.g., 
incubation for 2 hours at room temperature in a PBS-contain 
ing solution such as PBS-Tween). 
0362. After incubation with the labeled antibody, and sub 
sequent to washing to remove unbound material, the amount 
of label can be quantified, e.g., by incubation with a chro 
mogenic Substrate Such as urea and bromocresol purple or 
2,2'-azido-di-(3-ethyl-benzthiazoline-6-sulfonic acid 
ABTS and H2O, in the case of peroxidase as the enzyme 
label. Quantitation can then be achieved by measuring the 
degree of color generation, e.g., using a visible spectra spec 
trophotometer. 
0363 (3) Flow Cytometry 
0364 Flow cytometry can be used to detect various FVIII 
haplotypes, and can be used to purify mixed samples of hap 
lotypes, as disclosed herein. Flow cytometry, fluorescentacti 
vated cell sorting (FACS), or flow microfluorometry provides 
the means of scanning individual cells for the presence of a 
molecule of interest. Flow Cytometry is the characterization 
of single cells as they pass at high speed through a laser beam. 
While a hematologist can count 200 cells in less than a minute 
by hand (hemocytometer) on a stage microscope, a flow 
cytometer can discriminate cells at speeds up to 50,000 cells/ 
second. The Flow component is a fluidics system that pre 
cisely delivers the cells at the intersection of the laser beam 
and light gathering lens by hydrodynamic focusing (a single 
stream of cells is injected and confined within an outer stream 
at greater pressure). The laser acting as a light source devel 
ops parameters of light scatter as well as exciting the fluores 
cent molecules used to label the cell. Cells are characterized 
individually by their physical and/or chemical properties 
(Kohler, G. and Milstein, C. (1975) Continuous Cultures of 
Fused Cells Secreting Antibody of Predefined Specificity. 
Nature 256: p. 495-49) which provide analytical parameters 
capable of accurate quantitation of the number of molecules/ 
cell through Quantitative Flow Cytometry (QFCM). The 
physical (morphological) profile of a cell can be observed by 
combining forward light scatter (FS) and orthogonal or side 
light scatter (SSC). In forward light scatter the laser beam is 
interrupted by the cell and the light that passes around the cell 
is measured. Comparable to casting shadow puppets on a wall 
with a flashlight. This measurement is an indication of the 
cell's unique refractive index which depends on a cell's size, 
organelles, water and molecular contents. The refractive 
index (forward Scatter) of a cell can change through cell cycle 
progression, activation, fixation, etc. Cellular side scatter is 
the light that is reflected 90° to the laser beam (all fluores 
cence is emitted and therefore collected at this angle) and is an 
indication of cytoplasmic density or cell Surface granularity. 
0365. A short list of some of the information that can be 
discerned by multiparameter (multi-color) Flow Cytometry 
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includes: Apoptosis (programmed cell death), Cell Type, 
DNA Content, Enzyme Activity, Intracellular Proteins, Cell 
Surface Antigens, Cytoplasmic Granularity, Surface Mem 
brane Integrity, Intracellular Ca++-Signal Transduction, 
DNA Synthesis-Proliferation, Cell Surface Receptors, Intra 
cellular Cytokines. Oxidative Metabolism, Intracellular pH, 
RNA Content, and Cell Size. 
0366 Antibodies can provide a useful tool for the analysis 
and quantitation of markers of individual cells. Such flow 
cytometric analyses are described in Melamed, et al., Flow 
Cytometry and Sorting (1990); Shapiro, Practical Flow 
Cytometry (1988); and Robinson, et al., Handbook of Flow 
Cytometry Methods (1993), each herein incorporated by ref 
erence in its entirety for their teaching regarding FACS. Gen 
erally, proteins are detected with antibodies that have been 
conjugated to fluorescent molecules such as FITC, PE, Texas 
Red, APC, etc. Detection of molecules on the cell surface 
(immunophenotyping) is most common, but with a few modi 
fications, proteins can be identified in the cytoplasm (e.g. 
cytokines), or in the nucleus (e.g. cell cycle control proteins). 
0367 By tagging antibodies with a colored fluorochrome, 

it is easy to distinguish the cell type and quantity of antigens 
expressed by each cell. Employing dichroic splitting mirrors, 
band pass filters and compensation, the colors can be resolved 
where each color is associated with a single antibody. As each 
cell, tagged with a fluorescently labeled antibody, enters the 
laser light outer orbital electrons in the fluorochrome are 
excited at a specific excitation wavelength (e.g., 494 nm for 
FITC). As it transitions the width of the laser beam maximum 
peak fluorescence is achieved within approximately 10 nsec 
as the excited outer orbital electrons return to their more 
stable ground state and emit a photon of light at a longer 
wavelength (e.g., 520 nm for FITC) than that at which they 
were excited. Photomultiplier tubes (PMT's) detect these 
faint fluorescent signals and their sole role is to change dis 
crete packets of light called photons QM into electrons and 
amplify them by producing as much as 10 million electrons 
for every photon captured. 
0368. In addition, cytoplasmic and nuclear membranes 
can be breached (permeabilized) to introduce, for example, 
antibodies against intracellular proteins or stain nucleic acids 
with intercalating dyes (propidium iodide, 7-AAD, etc.) or 
DNA base specific dyes (Hoescht). In addition, BrdU incor 
poration for cell proliferation can be measured by immunof 
luorescence. DNA intercalating dyes, such as for example 
propidium iodide, allow the identification of which cells are 
diploid (G0, resting, non-dividing cells, or any cycling cells in 
G1), which cells are in S phase of the cell cycle during which 
DNA is replicated, and which cells are G2 or in mitosis. 
Tumor cells are often aneuploid that is, they have too many 
or too few chromosomes compared to the normal diploid 
DNA number for the species. 
0369 Apoptosis can be measured in a number of ways. 
The TUNEL technique identifies DNA strand breaks. 
Annexin V immunolabeling detects changes in the plasma 
membrane asymmetry. Nuclear condensation and DNA loss 
are demonstrated by hypodiploid peaks in DNA content 
experiments. Uptake of Hoechst 33258 has also been shown 
to increase with apoptotic changes. 
0370 Fluorescence-activated cell sorting (FACS) is a type 
offlow cytometry. FACS is a method for sorting a suspension 
of biologic cells into two or more containers, one cell at a 
time. Fluorescence-activated cell sorting is based upon spe 
cific light scattering and fluorescence characteristics of each 

34 
Oct. 7, 2010 

cell. In FACS, the cell suspension is entrained in the center of 
a narrow, rapidly flowing stream of liquid. The flow is 
arranged so that there is a large separation between cells 
relative to their diameter. A vibrating mechanism causes the 
stream of cells to break into individual droplets. The system is 
adjusted so that there is a low probability of more than one cell 
being in a droplet. Just before the stream breaks into droplets 
the flow passes through a fluorescence measuring station 
where the fluorescence character of interest of each cell is 
measured. An electrical charging ring is placed just at the 
point where the stream breaks into droplets. A charge is 
placed on the ring based on the immediately prior fluores 
cence intensity measurement and the opposite charge is 
trapped on the droplet as it breaks from the stream. The 
charged droplets then fall through an electrostatic deflection 
system that diverts droplets into containers based upon their 
charge. 
0371 (4) Protein Arrays 
0372 Protein arrays are useful with the methods disclosed 
herein as assays for detection of various FVIII haplotypes in 
an individual or in collective samples, for example. Protein 
arrays are solid-phase ligand binding assay systems using 
immobilised proteins on Surfaces which include glass, mem 
branes, microliter wells, mass spectrometer plates, and beads 
or other particles. The assays are highly parallel (multiplexed) 
and often miniaturised (microarrays, protein chips). Their 
advantages include being rapid and automatable, capable of 
high sensitivity, economical on reagents, and giving an abun 
dance of data for a single experiment. Bioinformatics support 
is important; the data handling demands Sophisticated Soft 
ware and data comparison analysis. However, the Software 
can be adapted from that used for DNA arrays, as can much of 
the hardware and detection systems. 
0373) One of the chief formats is the capture array, in 
which ligand-binding reagents, which are usually antibodies 
but can also be alternative protein scaffolds, peptides or 
nucleic acid aptamers, are used to detect target molecules in 
mixtures such as plasma or tissue extracts. In diagnostics, 
capture arrays can be used to carry out multiple immunoas 
says in parallel, both testing for several analytes in individual 
sera for example and testing many serum samples simulta 
neously. In proteomics, capture arrays are used to quantitate 
and compare the levels of proteins in different samples in 
health and disease, i.e., protein expression profiling. Proteins 
other than specific ligand binders are used in the array format 
for in vitro functional interaction screens such as protein 
protein, protein-DNA, protein-drug, receptor-ligand, 
enzyme-Substrate, etc. They may also be used to correlate the 
polymorphic changes resulting from SNPs with protein func 
tion. The capture reagents themselves are selected and 
screened against many proteins, which can also be done in a 
multiplex array format against multiple protein targets. 
0374 For construction of arrays, sources of proteins 
include cell-based expression systems for recombinant pro 
teins, purification from natural sources, production in vitro by 
cell-free translation systems, and synthetic methods for pep 
tides. Many of these methods can be automated for high 
throughput production. For capture arrays and protein func 
tion analysis, it is important that proteins should be correctly 
folded and functional; this is not always the case, e.g. where 
recombinant proteins are extracted from bacteria under dena 
turing conditions. Nevertheless, arrays of denatured proteins 
are useful in Screening antibodies for cross-reactivity, identi 
fying autoantibodies and selecting ligand binding proteins. 
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0375 Protein arrays have been designed as a miniaturisa 
tion of familiar immunoassay methods such as ELISA and dot 
blotting, often utilizing fluorescent readout, and facilitated by 
robotics and high throughput detection systems to enable 
multiple assays to be carried out in parallel. Commonly used 
physical Supports include glass slides, silicon, microwells, 
nitrocellulose or PVDF membranes, and magnetic and other 
microbeads. While microdrops of protein delivered onto pla 
nar Surfaces are the most familiar format, alternative archi 
tectures include CD centrifugation devices based on devel 
opments in microfluidics Gyros and specialised chip 
designs, such as engineered microchannels in a plate The 
Living ChipTM, Biotrove and tiny 3D posts on a silicon 
Surface Zyomyx. Particles in Suspension can also be used as 
the basis of arrays, providing they are coded for identifica 
tion; systems include colour coding for microbeads Lu 
minex, Bio-Radland semiconductor nanocrystals QDotsTM, 
Quantum Dots, and barcoding for beads UltraPlexTM, 
Smartbeads and multimetal microrods NanobarcodesTM 
particles, Nanoplex Technologies. Beads can also be 
assembled into planar arrays on semiconductor chips 
LEAPS technology, BioArray Solutions. 
0376. Immobilization of proteins involves both the cou 
pling reagent and the nature of the Surface being coupled to. 
A good protein array Support Surface is chemically stable 
before and after the coupling procedures, allows good spot 
morphology, displays minimal nonspecific binding, does not 
contribute a background in detection systems, and is compat 
ible with different detection systems. The immobilization 
method used are reproducible, applicable to proteins of dif 
ferent properties (size, hydrophilic, hydrophobic), amenable 
to high throughput and automation, and compatible with 
retention of fully functional protein activity. Orientation of 
the Surface-bound protein is recognized as an important factor 
in presenting it to ligand or Substrate in an active state; for 
capture arrays the most efficient binding results are obtained 
with orientated capture reagents, which generally require 
site-specific labeling of the protein. 
0377 Both covalent and noncovalent methods of protein 
immobilization are used and have various pros and cons. 
Passive adsorption to Surfaces is methodologically simple, 
but allows little quantitative or orientational control; it may or 
may not alter the functional properties of the protein, and 
reproducibility and efficiency are variable. Covalent coupling 
methods provide a stable linkage, can be applied to a range of 
proteins and have good reproducibility; however, orientation 
may be variable, chemical derivatization may alter the func 
tion of the protein and requires a stable interactive surface. 
Biological capture methods utilizing a tag on the protein 
provide a stable linkage and bind the protein specifically and 
in reproducible orientation, but the biological reagent must 
first be immobilized adequately and the array may require 
special handling and have variable stability. 
0378. Several immobilization chemistries and tags have 
been described for fabrication of protein arrays. Substrates 
for covalent attachment include glass slides coated with 
amino- or aldehyde-containing silane reagents. In the Ver 
salinxTM system Prolinx), reversible covalent coupling is 
achieved by interaction between the protein derivatised with 
phenyldiboronic acid, and salicylhydroxamic acid immobi 
lized on the Support Surface. This also has low background 
binding and low intrinsic fluorescence and allows the immo 
bilized proteins to retain function. Noncovalent binding of 
unmodified protein occurs within porous structures Such as 
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HydroGelTM PerkinEhner, based on a 3-dimensional poly 
acrylamide gel; this Substrate is reported to give a particularly 
low background on glass microarrays, with a high capacity 
and retention of protein function. Widely used biological 
coupling methods are through biotin/streptavidin or hexahis 
tidine/Ni interactions, having modified the protein appropri 
ately. Biotin may be conjugated to a poly-lysine backbone 
immobilised on a Surface Such as titanium dioxide Zyomyx 
ortantalum pentoxide Zeptosens. 
0379 Array fabrication methods include robotic contact 
printing, ink-jetting, piezoelectric spotting and photolithog 
raphy. A number of commercial arrayers are available e.g. 
Packard Biosience as well as manual equipment IV & P 
Scientific. Bacterial colonies can be robotically gridded onto 
PVDF membranes for induction of protein expression in situ. 
0380 At the limit of spot size and density are nanoarrays, 
with spots on the nanometer spatial scale, enabling thousands 
of reactions to be performed on a single chip less than 1 mm 
square. BioForce Laboratories have developed nanoarrays 
with 1521 protein spots in 85 sq microns, equivalent to 25 
million spots per sqcm, at the limit for optical detection; their 
readout methods are fluorescence and atomic force micros 
copy (AFM). 
0381 Fluorescence labeling and detection methods are 
widely used. The same instrumentation as used for reading 
DNA microarrays is applicable to protein arrays. For differ 
ential display, capture (e.g. antibody) arrays can be probed 
with fluorescently labeled proteins from two different cell 
states, in which cell lysates are directly conjugated with dif 
ferent fluorophores (e.g. Cy-3, Cy-5) and mixed, such that the 
color acts as a readout for changes in target abundance. Fluo 
rescent readout sensitivity can be amplified 10-100 fold by 
tyramide signal amplification (TSA) PerkinElmer Life 
Sciences. Planar waveguide technology Zeptosens enables 
ultrasensitive fluorescence detection, with the additional 
advantage of no intervening washing procedures. High sen 
sitivity can also be achieved with Suspension beads and par 
ticles, using phycoerythrin as label Luminex or the proper 
ties of semiconductor nanocrystals Quantum Dot. A 
number of novel alternative readouts have been developed, 
especially in the commercial biotech arena. These include 
adaptations of surface plasmon resonance HTS BioSystems, 
Intrinsic Bioprobes, rolling circle DNA amplification Mo 
lecular Staging, mass spectrometry Ciphergen, Intrinsic 
Bioprobes, resonance light scattering Genicon Sciences 
and atomic force microscopy BioForce Laboratories. 
0382 Capture arrays form the basis of diagnostic chips 
and arrays for expression profiling. They employ high affinity 
capture reagents, such as conventional antibodies, single 
domains, engineered scaffolds, peptides or nucleic acid 
aptamers, to bind and detect specific target ligands in high 
throughput manner. 
0383 Antibody arrays have the required properties of 
specificity and acceptable background, and some are avail 
able commercially BD Biosciences Clontech, BioRad, 
Sigma. Antibodies for capture arrays are made either by 
conventional immunisation (polyclonal Sera and hybrido 
mas), or as recombinant fragments, usually expressed in E. 
coli, after selection from phage or ribosome display libraries 
Cambridge Antibody Technology, BioInvent, Affitech, Bio 
site. In addition to the conventional antibodies, Fab and schv 
fragments, single V-domains from camelids or engineered 
human equivalents Domantis may also be useful in arrays. 
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0384 The term 'scaffold refers to ligand-binding 
domains of proteins, which are engineered into multiple vari 
ants capable of binding diverse target molecules with anti 
body-like properties of specificity and affinity. The variants 
can be produced in a genetic library format and selected 
against individual targets by phage, bacterial or ribosome 
display. Such ligand-binding scaffolds or frameworks include 
Affibodies based on Staph. aureus protein A Affibody, 
Trinectins based on fibronectins Phylos and Anticalins' 
based on the lipocalin structure Pieris. These can be used on 
capture arrays in a similar fashion to antibodies and may have 
advantages of robustness and ease of production. 
0385. Nonprotein capture molecules, notably the single 
Stranded nucleic acid aptamers which bind protein ligands 
with high specificity and affinity, are also used in arrays 
Somalogic. Aptamers are selected from libraries of oligo 
nucleotides by the SelexTM procedure and their interaction 
with protein can be enhanced by covalent attachment, 
through incorporation of brominated deoxyuridine and UV 
activated crosslinking (photoaptamers). Photocrosslinking to 
ligand reduces the crossreactivity of aptamers due to the 
specific steric requirements. Aptamers have the advantages of 
ease of production by automated oligonucleotide synthesis 
and the stability and robustness of DNA; on photoaptamer 
arrays, universal fluorescent protein stains can be used to 
detect binding. 
0386 Protein analytes binding to antibody arrays may be 
detected directly or via a secondary antibody in a sandwich 
assay. Direct labelling is used for comparison of different 
samples with different colours. Where pairs of antibodies 
directed at the same protein ligand are available, sandwich 
immunoassays provide high specificity and sensitivity and 
are therefore the method of choice for low abundance proteins 
Such as cytokines; they also give the possibility of detection of 
protein modifications. Label-free detection methods, includ 
ing mass spectrometry, Surface plasmon resonance and 
atomic force microscopy, avoid alteration of ligand. What is 
required from any method is optimal sensitivity and specific 
ity, with low background to give high signal to noise. Since 
analyte concentrations cover a wide range, sensitivity has to 
be tailored appropriately; serial dilution of the sample or use 
of antibodies of different affinities are solutions to this prob 
lem. Proteins of interest are frequently those in low concen 
tration in body fluids and extracts, requiring detection in the 
pg range or lower, such as cytokines or the low expression 
products in cells. 
0387. The question of cross-reactivity is an important one 
which applies to all ligand binders and particularly to anti 
bodies, being the most popular reagents. While antibodies are 
thought of as being highly specific, monoclonals can show 
unpredictable cross-reactions which will be revealed by thor 
ough screening. The ultimate usefulness of individual 
reagents then depends on the relative level of cross-reaction 
and specific reaction. The use of Sandwich assays, in which 
antibody pairs are used to bind and detect ligand, may go a 
long way towards eliminating the problem, since it is unlikely 
that both members of the sandwich will exhibit the same 
cross-reactivity. Polyclonal antibodies are emerging as array 
reagents for protein expression studies; although they require 
affinity purification, rabbit sera are easier to produce than 
monoclonals, and cross-reactions may be reduced as a result 
of heterogeneity. There are ambitious projects to raise mono 
clonal antibodies and antisera against the entire human pro 
teone. 
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0388. An important general principle is that, for optimal 
specificity where assays are highly multiplexed, it is essential 
to provide dual level target recognition, i.e. two levels of 
specificity for each locus in the array. Sandwich assays 
achieve this with two antibodies, photocrosslinking reduces 
the cross-reactivity of aptamers and MS provides definitive 
label-free protein identification. 
0389. An alternative to an array of capture molecules is 
one made through molecular imprinting technology, in 
which peptides (e.g. from the C-terminal regions of proteins) 
are used as templates to generate structurally complementary, 
sequence-specific cavities in a polymerisable matrix; the 
cavities can then specifically capture (denatured) proteins 
which have the appropriate primary amino acid sequence 
Protein PrintTM, Aspira Biosystems. 
0390 Another methodology which can be used diagnos 
tically and in expression profiling is the ProteinChip(R) array 
Ciphergen, in which solid phase chromatographic Surfaces 
bind proteins with similar characteristics of charge or hydro 
phobicity from mixtures such as plasma or tumour extracts, 
and SELDI-TOF mass spectrometry is used to detection the 
retained proteins. The ProteinChip(R) is credited with the abil 
ity to identify novel disease markers. However, this technol 
ogy differs from the protein arrays under discussion here 
since, in general, it does not involve immobilisation of indi 
vidual proteins for detection of specific ligand interactions. 
0391 Large-scale functional chips have been constructed 
by immobilising large numbers of purified proteins and used 
to assay a wide range of biochemical functions, such as pro 
tein interactions with other proteins, drug-target interactions, 
enzyme-Substrates, etc. Generally they require an expression 
library, cloned into E. coli, yeast or similar from which the 
expressed proteins are then purified, e.g. via a His tag, and 
immobilised. Cell free protein transcription/translation is a 
viable alternative for synthesis of proteins which do not 
express well in bacterial or other in vivo systems. 
0392 For detecting protein-protein interactions, protein 
arrays can be in vitro alternatives to the cell-based yeast 
two-hybrid system and may be useful where the latter is 
deficient, such as interactions involving secreted proteins or 
proteins with disulphide bridges. High-throughput analysis 
of biochemical activities on arrays has been described for 
yeast protein kinases and for various functions (protein-pro 
tein and protein-lipid interactions) of the yeast proteome, 
where a large proportion of all yeast open-reading frames was 
expressed and immobilised on a microarray. Large-scale 
proteome chips promise to be very useful in identification of 
functional interactions, drug screening, etc. Proteometrix. 
Another possible screen will be for the effect of polymor 
phisms arising from disease-related coding SNPs (SAPs, 
single amino acid polymorphisms); Such information may be 
valuable inascertaining the effects of SNPs on drug responses 
and side effects in patients (pharmacogenomics). One restric 
tion is that proteins which are only functional as multicom 
ponent complexes will probably not be analysable on protein 
arrays. 

0393 As a two-dimensional display of individual ele 
ments, a protein array can be used to Screen phage or ribo 
Some display libraries, in order to select specific binding 
partners, including antibodies, synthetic scaffolds, peptides 
and aptamers. In this way, library against library Screening 
can be carried out. Screening of drug candidates in combina 
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torial chemical libraries against an array of protein targets 
identified from genome projects is another application of the 
approach. 
0394 (5) Multiplexed Bead Assay 
0395. A multiplexed bead assay, such as for example the 
BDTM Cytometric Bead Array, is a series of spectrally discrete 
particles that can be used to capture and quantitate soluble 
analytes. The analyte is then measured by detection of a 
fluorescence-based emission and flow cytometric analysis. 
Multiplexed bead assay generates data that is comparable to 
ELISA based assays, but in a “multiplexed' or simultaneous 
fashion. Concentration of unknowns is calculated for the 
cytometric bead array as with any sandwich format assay, i.e. 
through the use of known standards and plotting unknowns 
against a standard curve. Further, multiplexed bead assay 
allows quantification of Soluble analytes in Samples never 
previously considered due to sample Volume limitations. In 
addition to the quantitative data, powerful visual images can 
be generated revealing unique profiles or signatures that pro 
vide the user with additional information at a glance. 
0396 (6) Magnetic Capture 
0397 Antibody-coated magnetic particles can be used to 
capture and selectively separate target cells or specific chemi 
cals from solution. In the technique, target-specific antibody 
is bound to a magnetic particle (often termed an immuno 
bead). After reaction time to allow binding of immunobead 
and target, a strong magnetic field is applied to selectively 
separate the captured target-particle complexes from the 
milieu. 
0398 (7) Immunocytochemistry/Immunohistochemistry 
0399. Also provided are methods of detecting a substance 
of interest such as a protein, such as FVIII subtypes, in vivo or 
in situ using antibody conjugates. Immunocytochemistry and 
immunohistochemistry are techniques for identifying cellu 
lar or tissue constituents, respectively, by means of antigen 
antibody interactions. The methods generally involve admin 
istering to an animal or Subject an imaging-effective amount 
of a detectably-labeled protein-specific antibody or fragment 
thereof, and then detecting the location of the labeled anti 
body in the sample cell or tissue. An "imaging effective 
amount' is an amount of a detectably-labeled antibody, or 
fragment thereof, that when administered is sufficient to 
enable later detection of binding of the antibody or fragment 
in the specific cell or tissue. The effective amount of the 
antibody-marker conjugate is allowed Sufficient time to come 
into contact with reactive antigens that are present within the 
tissues of the Subject, and the Subject is then exposed to a 
detection device to identify the detectable marker. 
0400 Administration of the antibodies can be done as 
disclosed herein. Nucleic acid approaches for antibody deliv 
ery also exist. The antibodies and antibody fragments dis 
closed herein can also be administered to patients or Subjects 
as a nucleic acid preparation (e.g., DNA or RNA) that encodes 
the antibody or antibody fragment, such that the patient's or 
Subject's own cells take up the nucleic acid and produce and 
secrete the encoded antibody or antibody fragment. The 
delivery of the nucleic acid can be by any means, as disclosed 
herein, for example. Administration of the antibody can be 
local or systemic and accomplished intravenously, intra-arte 
rially, via the spinal fluid or the like. Administration also can 
be intradermal or intracavitary, depending upon the body site 
under examination. After a sufficient time has lapsed for the 
labeled antibody or fragment to bind to the diseased tissue, for 
example 30 minutes to 48 hours, the area of the subject under 
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investigation can then be examined by an imaging technique, 
such as those described herein. 

04.01 The distribution of the bound radioactive isotope 
and its increase or decrease with time can be monitored and 
recorded. By comparing the results with data obtained from 
studies of clinically normal individuals, the presence and 
extent of the diseased tissue can be determined. 
0402. The exact imaging protocol will necessarily vary 
depending upon factors specific to the Subject, and depending 
upon the body site under examination, method of administra 
tion, type of label used and the like. One of ordinary skill in 
the art will be able to determine which imaging protocol to 
use based on these factors. Effective dosages and Schedules 
for administering the compositions can be determined 
empirically, and making Such determinations is within the 
skill in the art. The dosage ranges for the administration of the 
compositions are those large enough to produce the desired 
effect in which the symptoms of the disorder areaffected. The 
dosage should not be so large as to cause adverse side effects, 
Such as unwanted cross-reactions, anaphylactic reactions, 
and the like. Generally, the dosage will vary with the age, 
condition, sex and extent of the disease in the patient, route of 
administration, or whether other drugs are included in the 
regimen, and can be determined by one of skill in the art. The 
dosage can be adjusted by the individual physician in the 
event of any counterindications. Dosage can vary, and can be 
administered in one or more dose administrations daily, for 
one or several days. Guidance can be found in the literature 
for appropriate dosages for given classes of pharmaceutical 
products. For example, guidance in selecting appropriate 
doses for antibodies can be found in the literature on thera 
peutic uses of antibodies, e.g., Ferrone et al., Handbook of 
Monoclonal Antibodies, (1985) ch. 22 and pp. 303-357; 
Haber et al., Antibodies in Human Diagnosis and Therapy, 
(1977) pp. 365-389. A typical daily dosage of the antibody 
used alone might range from about 1 ug/kg to up to 100 mg/kg 
of body weight or more per day, depending on the factors 
mentioned above. 

(0403 Methods of Factor Inhibitor Detection (Bethesda 
Assay) 
0404 Inhibitor to Factor VIII is screened for by mixing 
test plasma with a known amount of Factor VIII. After a 2 
hour incubation period at 37° C., the residual Factor VIII 
activity is determined in a factor VIII assay. By comparing the 
difference in the Factor VIII activity of the patient incubation 
mixture and a control mixture, the absence or presence of a 
Factor VIII inhibitor can be demonstrated. Some antibodies 
will only prolong the Protein Truncation Test (PTT) after 
incubation. The assay disclosed herein can utilize blood 
plasma that contains only one of the 6 wildtype form of FVIII 
protein. 
04.05 Factor VIII inhibitors, IgG antibodies directed 
against factor VIII, can occur in alloimmunized patients with 
congenital factor VIII deficiency (Hemophilia A) or as 
autoantibodies. The latter are associated with pregnancy, 
autoimmune disease, or drugs but most often occur sponta 
neously, particularly among elderly persons. 
0406 General steps involved in a Bethesda assay for factor 
VIII inhibitor include: Serial subject plasma dilutions in cit 
rated saline are prepared, from 1:1 up to 1:160 (or higher if 
necessary for high-titer factor inhibitors). The purpose of 
these dilutions is to dilute out the inhibitor. The patient 
plasma dilutions are then mixed with an equal Volume of 
normal plasma containing a normal amount of coagulation 
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factors. The mixed dilutions are usually incubated for up to 2 
hours, because certain inhibitors show an inhibitory effect 
only after prolonged incubation (particularly factor V and 
factor VIII inhibitors). Factor VIII assays are then performed 
on each mixed dilution. The dilution that inhibits 50% of 
factor VIII in the assay defines the titer of the inhibitor. For 
example, if the 1:40 dilution inhibits 50% of the factor VIII in 
the assay, the patient is reported to have a titer of 40 BU of 
factor VIII inhibitor. 

0407 Porcine factor VIII can be substituted for normal 
plasma (which contains human factor VIII) in the Bethesda 
assay to determine if the factor VIII inhibitor cross-reacts 
with porcine factor VIII. If there is little or no cross-reactivity, 
porcine factor VIII is often used to treat bleeding due to a 
factor VIII inhibitor. 
0408. The Bethesda assay can be modified to identify and 

titer other specific factor inhibitors. For example, if a factor V 
inhibitor is suspected, factor V assays are performed on the 
mixed dilutions instead of factor VIII assays. 
04.09 Antibodies that inhibit the activity of a specific 
coagulation factor can develop spontaneously or in associa 
tion with certain medications, autoimmune diseases, or other 
conditions. These antibodies may also arise when a patient 
with a hereditary factor deficiency is transfused with a prod 
uct containing the factor, such as a factor concentrate or fresh 
frozen plasma. The immune system in the patient with the 
deficiency views the transfused factor as foreign, and forms 
an antibody against the transfused factor. This complication 
makes treatment of bleeding episodes difficult in such 
patients. The most common clinically significant factor 
inhibitoris a factor VIII inhibitor. Factor VIII inhibitors cause 
decreased factor VIII activity and consequently a prolonged 
PTT. Factor VIII inhibitors exhibit a characteristic pattern in 
the PTT mixing study where the mixed plasma PTT is ini 
tially normal (or significantly more normal than the patient 
plasma’s PTT) but becomes prolonged (typically by increas 
ing at least 8-10 seconds) over the course of a 1- to 2-hour 
incubation. 
Use of the Haplotype-Specific Bethesda Assay in Patients 
with Acquired Hemophilia A 
0410. When a non-hemophilic patient presents with 
bleeding, whether or not it is reminiscent of hemorrhagic 
episodes seen in hemophilia patients, they undergo a diag 
nostic evaluation for identifying the common acquired bleed 
ing disorders via testing performed in the Clinical Hemostasis 
Laboratory. Inhibitors are usually first detected using a sen 
sitive clotting-based assay, variably referred to as an inhibitor 
screen or a mixing study. If a coagulation factor inhibitor is 
Suspected from the results of the screening assay, the speci 
ficity of these antibodies (i.e., anti-FVIII-Vs anti-FIX-Vs anti 
FV-Vs anti-VWF-antibodies) is usually determined by per 
forming clotting-based assays that are specific for the 
different coagulation factors. Once the presence and specific 
ity of the suspected inhibitor has been determined, their pres 
ence and specificity are most often confirmed by performing 
the more specific clotting-based test known as the Bethesda 
assay. The plasma level (i.e. titer) of an inhibitor, likewise, is 
typically measured by the Bethesda assay and is defined in 
terms of Bethesda units (BU). 
0411 While use of the traditional Bethesda assay, as 
described above, can confirm the specificity of an inhibitor as 
recognizing FVIII, and not another coagulation factor, 
because it is based on pooled normal plasma as the “wildtype 
FVIII source', one cannot determine the specificity of the 
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inhibitor towards the six structurally-distinct forms of the 
wildtype FVIII protein expressed by humans. Using the Hap 
lotype-Specific Bethesda assay disclosed herein, the reactiv 
ity of the auto-FVIII antibodies can be specifically evaluated 
in a patient with acquired hemophilia A, towards the different 
forms of the human FVIII protein. These autoantibodies, by 
definition, should be directed against the patient's own (i.e. 
“self) FVIII molecule(s). Acquired hemophilia A, in contrast 
to the congenital form, affects both males and females, 
although it has been observed more frequently in women then 
men. Since females have two X-chromosomes and therefore 
two F8, the wildtype FVIII protein they express may all 
represent the same wildtype form (i.e. haplotype) or two 
distinct haplotypes of the protein. Therefore, the autoanti 
FVIII antibodies in female patients with acquired hemophilia 
A may represent either one, or at most two, of the six natu 
rally-occurring forms of the human FVIII. After determining 
the FVIII haplotype(s) in a patient with acquired hemophilia 
A, the disclosed Haplotype-Specific Bethesda assay can be 
used to determine the haplotype(s) against which their 
antoanti-FVIII antibodies are reactive. If a given patient's 
inhibitors are directed against only their own endogenous 
FVIII molecule(s), or react with one or more of the other 
forms of the wildtype FVIII protein less then with their own, 
this Bethesda assay can be used to provide them with the most 
appropriate replacement FVIII product (i.e., the FVIII haplo 
type least reactive with their serum). 
0412 a) Detection and Quantification of Inhibitors 
0413 Factor replacement therapy, the intravenous infu 
sion of concentrated, purified preparations of either recom 
binant (r) or plasma-derived (p) wildtype human FVIII, is the 
most widely used and effective means of arresting and/or 
preventing bleeding in patients with hemophilia A. Unfortu 
nately, the exogenous FVBI protein is seen as a foreign in 
~25% of patients and becomes targeted by functionally neu 
tralizing alloantibodies, termed inhibitors. Because inhibitors 
can leave patients refractory to further treatment with FVIII, 
and necessitate the use of alternative therapies that are less 
desirable from a clinical and economic standpoint, the devel 
opment of Suchantibodies is considered to be the most serious 
complication in the management of hemophilia A. Therefore, 
all patients with hemophilia A should be periodically tested 
for the presence of inhibitors. 
0414 Different methods have been used to detect and 
quantify inhibitors, as well as non-inhibitory anti-FVIII anti 
bodies. Typically, however, a traditional Bethesda assay, with 
or without the Niemegan modification, has been performed 
on all hemophilia A patients testing positive in an a PTT 
based plasma mixing study, which are often referred to as an 
inhibitor screen. Dilutions of a patient’s plasma is then mixed 
with a pooled normal plasma (PNP), which is derived from a 
large collection of healthy unrelated blood donors and there 
fore contains wildtype FVIII, and incubated at 37°C. for two 
hours. At the end of the two hours, a FVIII activity (FVIII:C) 
assay is performed on the mixtures, using a reagent plasma 
deficient for FVIII:C, so that the amount of residual FVIII:C 
can be calculated. This method has also been used to detect 
other factor inhibitors through the use of PNP that has been 
immunodepleted of the coagulation protein Suspected of 
being the target. 
0415. The Bethesda assay has long been known to have 
several shortcomings, which include, among others, a poor 
sensitivity to low-titre antibodies and a poor specificity near 
the cut-off. While this has been attributed, at least in part, to 
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the complex reaction kinetics of some inhibitors, this needs to 
be re-investigated in light of the recent discovery that humans 
express at least six structurally-distinct forms of the wildtype 
FVIII protein. Since the Bethesda assay uses PNP as the 
source of FVIII to detect inhibitors in patient plasmas, it is 
clear that this finding, which demonstrates as inaccurate the 
long-held view that FVIII is monomorphic at the protein level 
in the non-hemophilic human population, could account for at 
least some of the problems associated with the Bethesda 
assay. 
0416 Assay principle: An inhibitor to FVIII, or more 
accurately is quantitated by mixing the patient's plasma, 
which is known as the test plasma, with a FVIII source 
plasma, that has typically been a PNP containing a known 
amount of “wildtype' FVIII:C. After an incubation period, 
the residual FVBI:Cactivity level is measured in an aPTT 
based specific FVIII actrivity assay that also requires FVIII 
deficient plasma. By comparing the difference in FVIII:C 
levels of the patient incubation mixtures and a control mix 
ture, the amount of inhibitor present can be calculated in 
Bethesda units (BU's). One BU of inhibitor is defined as the 
amount of inhibitor that will inactivate 50% of the original 
FVIII:Clevel present. 
0417. The novel Haplotype-Specific Bethesda assay 
incorporates the recent discovery that, due to the presence of 
four non-synonymous SNPs (nsSNPs) in the FVIII gene (F8), 
humans express six wildtype forms of the coagulation FVIII 
protein, referred to as haplotypes H1, H2,H3, H4, H5, and 
H6. Through the use of immunodepleted FVIII-deficient 
human plasmas that have been reconstituted with purified 
recombinant (r) FVIII preparations that represent one of the 
six forms of the human protein, different homogeneous FVIII 
Source plasmas are available that can be used to maximize the 
sensitive of this ssay in a given patient by testing their plasma 
for antibodies against only the form of the molecule(s) that 
they have been treated with. This novel strategy simulta 
neously increases the specificity of the traditional Bethesda 
assay, by also testing a patient's plasma against a source 
plasma containing only the wildtype FVIII protein corre 
sponding to their own background form of the molecule. 
0418 b) Specimen Requirements 
0419 A. Collect patient's blood in two B-D blue-top sili 
conized Vacutainer tubes containing 0.5 mL of 0.1M buffered 
sodium citrate (3.2% sodium citrate). 
0420 B. If drawing with a syringe, use a 2-syringe tech 
nique, discarding blood in the first Syringe or using it for other 
tests. Blood for test should come from the second syringe. 
0421 C. If using Vacutainer collection, at least one other 
tube should be collected before collecting tubes for the test. 
0422 D. The collection tube must contain ~4.5 mL of 
blood. The plasma-to-anticoagulant ratio is critical. No short 
sampled or overfilled tubes will be accepted. 
0423 E. Sample should be brought to the Hemostasis Lab 
immediately after collection, with time of collection marked 
on the label. If specimen cannot be delivered to the Lab 
immediately place on ice. If specimen is on ice for >4 hours, 
it will not be accepted for testing. 
0424 F. Specimen should be centrifuged immediately 
with top on tube at 2,500 g for 15 minutes (or adjusted 
speed/time to provide residual platelets of <10x10/L). 
0425 G. Using plastic dispo pipet, remove platelet-free 
plasma to plastic 12x75 tubes and cover. 
0426 H. If the assay cannot be performed within 4 hours, 
the plasma must be frozen at -20°C. (stable for 2 weeks) or 
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-70° C. (stable for 6 months). Frozen plasma must be thawed 
rapidly in a 37°C. waterbath when ready to perform test. 
0427 I. Severely hemolyzed specimens will not be 
accepted for testing. 
0428 c) Equipment & Reagents 
0429 A. Equipment: 
0430 Stago-STA or other comparable automated coagul 
lomator 

0431 Centrifuge 
0432 Pipettes 
0433 Pipette tips 
0434 Plastic test tubes 
0435 Cuvette roll (contains 1000 STA cuvettes) 
0436 Magnetic stir bars 
0437 Bar-coded Information sheet 
0438 Reagent grade waxer 
0439 B. Reagents: 
1. STA-Neoplastine-CI-Plus(R) Reagent (extrinsic pathway 
factor inhibitors) 
a. Reagent 1: STA-Neoplastin-CI-Plus(R) thromboplastin pre 
pared from fresh rabbit cerebral tissues. The ISI value of this 
reagent is determined against a secondary standard known as 
the BCT (British comparative thromboplastin), and is indi 
cated in the bar-code insert provided in the box. 
b. Reagent 2: Solvent containing calcium with sodium azide 
as a preservative, 10 mL per vial. 
c. Transfer reagent 2 into the vial of reagent 1 of same lot #. 
Swirl gently to obtain a homogeneous Suspension. Keep the 
reconstituted reagent in the original vial and allow it to stand 
at room temperature (18-25°C.) for 30 minutes before use. 
d. Before placing the reagent on the instrument, remove rub 
ber stopper, add a stir bar to the vial, and install the perforated 
plastic cap on the vial. The mixed reagentis stable 48 hours on 
the STA. Do not freeze. 

2. PTT-A (intrinsic pathway factor inhibitors): reconstitute 
each vial with 5 mL of distilled water. Allow the reconstituted 
material to stand at room temperature for 30 minutes. Swirl 
the reagent gently, place a magnet inside, and install the 
perforated plastic cap on the vial. Vortex bottle before use. 
Stable for 24 hours on the STA. Do not freeze. 

3. CaCL2 (0.025M); no reconstitution necessary. Stable for 5 
days on the STA. 
4. Sterile, filtered, distilled water. 
5. Imidazole buffered saline: weigh in a 1 L volumetric flask 
3.4 g imidazole and 5.85g sodium chloride; add 186 mL 0.1N 
hydrochloric acid, until pH is at 7.3 and qs to 1 L with sterile 
water. The solution is stored at 2-8°C. 

6.0.1 NHCl; measure 8.3 mL concentrated hydrochloric acid 
into a 1000 mL flask (volumetric) and qs to 1000 mL with 
sterile water. The solution is stored at 2-8°C. 

7. Pooled normal plasma: George King pooled normal 
plasma-(unassayed)-George King Biomedical. Store frozen 
at -70° C. Thaw rapidly in 37°C. waterbath, Vortex and keep 
cold until use. 

8. Recombinant haplotype 1 human factor VIII (r-hFVIII 
H1): dissolve a bottle of lyophilized r-hFVIII-H1 to a final 
concentration of 20 Units/mL with sterile filtered water. 
Example: if the concentration on the bottle is 475 Units (may 
vary) 
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475 Units 
mL = - = 23.75 mL 

20 Units/mL 

0440 X-volume of sterile water to add to bottle to 
achieve 20 Units/mL Distribute the reconstituted 
r-hFVIII-H1 via 125 uL aliquots into labeled cyrovials 
and freeze at -70° C. Stable indefinately under this 
storage condition. Thaw for 5 minutes at 37° C. in a 
waterbath immediately prior to using. 

9. R-hFVIIII-H1 plasma (1 Unit/mL): make this working 
solution by adding 50 uL of the stock r-hFVIII-H1 solution 
(20 Units/mL) to 950 uL of immunodepleted FVIII deficient 
human plasma (i.e., NoFact-VIIIi; R. Diagnostics, South 
Bend, Ind., see below). 
10. Recombinant haplotype 2 human factor VIII (r-hFVIII 
H2): repeat procedure in step 8 above to reconstitute a vial of 
lyophylized r-hFVIII-H2 at 20 Units/mL 
11. R-hFVIII-H2 plasma (1 Unit/mL): repeat procedure in 
step 9 above to prepare a working solution of r-hFVIII-H2 (20 
Units/mL) 
12. Repeat steps 8 and 9 individually four more times to 
prepare identical working solutions (20 Units/mL) of r-FVIII 
proteins representing the 4 additional haplotypic forms, H3. 
H4, H5 and H6, of the wildtype human FVIII protein (i.e., 
r-hFVIII-H3, r-hFVIII-H5 and r-hFVIII-H6). 
13. immunodepleted FVIII-deficient plasma. Reconstitute 
each vial of NoFact-VIIIi FVIII-deficient plasma with 1.0 mL 
distilled water. Swirl gently and allow to stand for 20 minutes 
at room temperature. Stable 8 hours at 2-6°C. 
0441 d) Controls 
0442 A. System-N (normal): reconstitute with 1 mL of 
reagent grade water. Let sit for 30 minutes. Mix well. DO 
NOT INVERT. Stable for 8 hours on the STA. 

0443 B. System-P (abnormal): reconstitute in 1 mL of 
reagent grade water. Let sit 30 minutes. Mix well. DO NOT 
INVERT. Stable for 8 hours on the STA. System-Nand-P are 
normal and abnormal controls that are set up to run automati 
cally at 8-hour intervals. These should be performed at least 
once per shift if testing is performed. System-N and -P must 
be run any time that new reagent is made up. Control results 
are filed in the instrument's QC file automatically. All results 
for a 24-hour period will be reduced to a “mean” at midnight. 
This mean is used in the statistical data and is plotted on the 
Levy-Jennings chart. 
0444 C. Quality Control will automatically be run when a 
new calibration curve has been requested. If using a stored 
curve, the STA will automatically run QC if the patient 
samples have been loaded. QC can also be ordered manually 
before loading patient samples. 
0445. D. All control ranges are monitored automatically 
by the STA. If any controls are outside the +2SD range, the 
STA will audibly and visually alarm the operator. Otherwise, 
the results can be found in the AUTO CONTROL file and the 
individual QC files. Control results are automatically filed in 
the STA QC file. All results for a 24-hour period will be 
reduced to a “mean' value at midnight. This mean is used in 
the statistical data and is plotted on the Levy-Jennings chart as 
a daily mean. 
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0446 
0447 A. Dilute patient plasma in 12x75 plastic tubes with 
imidazole buffered saline as follows: 

e) Procedure 

TABLE 1 

Patient plasma dilution series. 

Dilution Patient Plasma Dilution Series 

:2 500 L patient plasma + 500 IL imidazole buffered saline 
:4 500 L of 1:2 patient dilution + 500 IL imidazole buffered 

saline 
:8 500 L of 1:4 patient dilution + 500 IL imidazole buffered 

saline 
:16 500 L of 1:8 patient dilution + 500 IL imidazole buffered 

saline 
:32 500 L of 1:16 patient dilution + 500 IL imidazole buffered 

saline 
:64 500 L of 1:32 patient dilution + 500 IL imidazole buffered 

saline 
:128 500 L of 1:64 patient dilution + 500 IL imidazole buffered 

saline 
:2S6 500 L of 1:128 patient dilution + 500 L imidazole buffered 

saline 
512 500 L of 1:256 patient dilution + 500 L imidazole buffered 

saline 

0448 B. To perform a haplotype-specific Bethesda assay, 
the following patient-specific medical history information 
must first be obtained or determined: 

0449) 1. The wildtype FVIII background (H1, H2,H3, H4, 
H5, or H6) within which a patient's F8 mutation arose, and 
0450 2. Which FVIII replacement product(s) the patient 
has been administered. Currently there are 3 structurally 
distinct r-FVIII proteins that are commercially available for 
clinical use in factor replacement therapy: (a) Kogenate 
(Bayer HealthCare, LLC; Berkeley, Calif.); (b) Recombinate 
(Baxter Healthcare Corporation; Westlake Village, Calif.); 
and (c) Refacto (Wyeth/Genetics Institute: St. Louis, Mich.). 
Kogenate is a full-length B-domain containing r-FVIII mol 
ecule that is identical at the amino acid sequence level to the 
naturally-occurring wildtype form of human FVIII repre 
sented by haplotype H1. Recombinate is a full-length, B-do 
main containing r-FVIII molecule that is identical in amino 
acid sequence to the naturally-occurring wildtypeform of 
human FVIII represented by haplotype H2. In contrast to 
Kogenate and Recombinate, Refacto is a non-naturally-oc 
curring r-FVIII protein that lacks the majority of the B-do 
main found in the human molecule. Kogenate and Recombi 
natevary at only 1 amino acid residue, position 1241, i.e. the 
site of a naturally-occurringbiallelic polymorphisms, 
D1241E, which is encoded by 1 (C92714G) of the 4 nsSNPs 
found in the human F8. Since Refacto lacks the B-domain, the 
location of D1241E, and has the same allele as Recombinate 
and Kogenate at the three additional nsSNP sites (i.e., R484H, 
R776G and M2238V), are referred to as representing a hybrid 
haplotype designated H1/H2. 
0451 3. In microvials, make the necessary number of 
incubation mixes between immuno-depleted FVIII-deficient 
human plasmas, which have first been reconstituted to con 
tain a homogenous population of r-FVIII molecules that rep 
resent only 1 of the 6 naturally-occurring forms of the wild 
type human protein (i.e., H1, H2,H3, H4, H5, or H6), and a 
dilution series of the patient's plasma (see tables 2 & 3 
below). For any given patient, this will require the preparation 
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of at least one r-FVIII working solution, which contains the 
form of the protein represented by what the patient has been 
treated with. 

0452) If, for example, a patient has only been treated with 
Kogenate (i.e., H1) and hisbackground FVIII haplotype is 
H1, only 1 reconstituted plasma working solution is prepared 
(i.e., FVIII-deficient human plasma containing 1 U/mL of 
r-hFVIII-H1) and used to prepare the 11 incubation mixtures 
with the patient's plasma as shown in Table 2 below. 
0453) If, however, the background haplotype of a patient, 
who, like the previous patient, has received only Kogenate, is 
H3, two reconstituted plasma working Solutions mustbe pre 
pared: (a) FVIII-deficient human plasma containing 1 U/mL 
of as before; and (b) and FVIII-deficient human plasma con 
taining 1 U/mL of r-hEVIIIH3 (to serve as a control). Testing 
in this patient requires that both of these FVIII working solu 
tions would be used to prepare the 11 incubation mixtures 
with the patient's plasma as shown in Tables 2 and 3 below. In 
this case, the mixture of patient's plasma and the FVIII mol 
ecule corresponding structurally to what he has been treated 
with (r-hFVIII-H1), serves as the test mixture. 
0454. The test FVIII incubation mixtures for the patient 
discussed in the above example, would be prepared, as shown 
in table X below, by mixing 200 uL of the reagent FVIII 
deficient human plasma (No-Fact VIIIi)", that has first been 
reconstituted with r-hFVIII-H1 at 1 Unit/mL, with either 200 
uL of non-diluted patient’s plasma or 200 uL of the patient's 
plasma that has first been diluted imidazole buffered saline 
(see Table 1) as shown. 

TABLE X 

Test incubation mixtures for 1 & 2" example patients described above. 
Tube Test Incubation Mixtures 

(—)- 200LL normal pooled plasma + 200 IL imidazole buffer saline 
control 
:1 200 IL human plasma (r-hFVIII-H1) + 200 IL patient's non 

diluted plasma 
:2 200 IL human plasma (r-hFVIII-H1) + 200 IL patient's 1:2 

plasma dilution 
:4 200 IL human plasma (r-hFVIII-H1) + 200 IL patient's 1:4 

plasma dilution 
:8 200 IL human plasma (r-hFVIII-H1) + 200 IL patient's 1:8 

plasma dilution 
:16 200 IL human plasma (r-hFVIII-H1) + 200 IL patient's 1:16 

plasma dilution 
:32 200 IL human plasma (r-hFVIII-H1) + 200 IL patient's 1:32 

plasma dilution 
:64 200 IL human plasma (r-hFVIII-H1) + 200 IL patient's 1:64 

plasma dilution 
:128 200 IL human plasma (r-hFVIII-H1) + 200 IL patient's 

1:128 plasma dilution 
:2S6 200 IL human plasma (r-hFVIII-H1) + 200 IL patient's 

1:256 plasma dilution 
512 200 IL human plasma (r-hFVIII-H1) + 200 IL patient's 

1:512 plasma dilution 

No-FactVIII.iis generated by FVIII-immunodepletion of pooled normal human plasma 

TABLEY 

Control incubation mixtures for 2" example patient described above. 
Tube Control Incubation Mixtures 

(—)- 200LL normal pooled plasma + 200 IL imidazole buffer saline 
control 
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TABLE Y-continued 

Control incubation mixtures for example patient described above. 2nd 

Tube Control Incubation Mixtures 

:1 200 IL human plasma (r-hFVIII-H3) + 200 L patient's non 
diluted plasma 

:2 200 IL human plasma (r-hFVIII-H3) + 200 L patient's 1:2 
plasma dilution 

:4 200 IL human plasma (r-hFVIII-H3) + 200 L patient's 1:4 
plasma dilution 

:8 200 IL human plasma (r-hFVIII-H3) + 200 L patient's 1:8 
plasma dilution 

:16 200 IL human plasma (r-hFVIII-H3) + 200 L patient's 1:16 
plasma dilution 

:32 200 IL human plasma (r-hFVIII-H3) + 200 L patient's 1:32 
plasma dilution 

:64 200 IL human plasma (r-hFVIII-H3) + 200 L patient's 1:64 
plasma dilution 

: 128 200 IL human plasma (r-hFVIII-H3) + 200 L patient's 
1:128 plasma dilution 

:256 200 IL human plasma (r-hFVIII-H3) + 200 L patient's 
1:256 plasma dilution 

:512 200 IL human plasma (r-hFVIII-H3) + 200 L patient's 
1:512 plasma dilution 

0455 C. Mix the incubation mixtures, cap vials, place in 
the 37° C. waterbath and incubate for 2 hours. 
0456 D. At the end of 2 hours, perform the FVIII assay on 
the control tubes, the tube with the 1:1 dilution and the tube 
with the 1:2 dilution, on the STA as follows: 
0457. 1. Refer to the START-UP procedure for the STA 
before running patient samples on the STA at the start of each 
shift. 
0458 2. Request quality control if using a stored curve: 
through the MAIN MENU under CALM/CONTROL select 
QUALITY CONTROL and enter. Cursor to the selected fac 
tor assay(s) and select by pressing F1 and then F10 to run the 
QC. 
0459. 3. Load patient samples: access the sample drawer 
(s) through the MAIN MENU under LOADING. After the 
drawer opens, identify the type of specimen, such as micro 
sample, with F8, or STAT, with F12. Identify the sample by 
bar-coding or manually entering on the keyboard the patient 
identification number and then placing the sample into the 
drawer. 
0460 4. In MANUAL MODE, the operator must order the 
test from the menu. Select the factor that has a x10 dilution. 
Press F10 to Save. 

0461 5. As soon as the sample drawer closes, the TEST 
STATUS screen will appear. If there is not enough reagent(s) 
to run the test, the Suspect reagent(s) will appear in red with 
the amount of deficiency. This deficiency will BLOCK the 
sample pipettor. When this occurs, add the deficient reagent 
(s) to run the samples. 
0462 6. All dilutions of the calibrator, controls and patient 
samples are automatically prepared by the STA according to 
the parameters entered in the Test Set-up. If the patient results 
fall outside the assay range, the STA automatically re-tests the 
sample in questionatan appropriate dilution provided that the 
option has been entered in the Test Set-up. 
0463 7. All patient results are displayed on the TEST 
PANEL screen and automatically print out and transmit if 
selected. 

0464 8. For results in question that need operator inter 
vention, cursor to the identification number in the TEST 
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PANEL screen and enter. This will bring up the FILE PRO 
CESSING screen. Follow the options in the left-hand corner 
of the screen, i.e. re-run test. 
0465 f) Procedural Notes 
0466 A. Calculate the residual FVIII:Cactivity of each 
patient dilution incubation mixture by using the following 
calculations: 

Factor VIII: 

C Activity (Patient ctivity (Patient) x 100 Residual FVIII: C activity = 
Factor VIII: 

C Activity (Control) 

0467 B. If the residual FVIII:Cactivity level is <75%, the 
residual FVIII:Cactivity is converted to a Bethesda unit fac 
tor using the following chart and calculation: 

Residual FVIII:C Level Bethesda Units 

Bethesda Factor 75% O.40 
Chart: 7396 O.45 

70% O.SO 
68% 0.55 
66% O.60 
64% O.65 
61% O.70 
59% 0.75 
57% O.80 
55% O.85 
53% O.90 
51% O.9S 
SO% OO 
48% OS 
46% 1O 
45% 1S 
43% 2O 
42% 25 
41% 30 
40% 35 
38% .40 
37% 45 
35% SO 
34% 55 
33% 60 
32% 6S 
30% 70 
29% 75 
28% 8O 
27% .85 
26% 90 
25% 2:00 

0468 C. If the residual FVIII:Cactivity is >75% of the 
control value in the 1:1 dilution tube and the 1:1 dilution tube, 
report out <1.0 Bethesda unit. 
0469 D. Perform the following calculation to determine 
Bethesda units/mL plasma of inhibitor present using the 
residual FVIII: C value closest to 50% of the control value. 

Bethesda units)xDilution factor from chart=FVIII:C 
inhibitor in factor from chart of patient plasma used to 
Bethesda units/mL determine residual FVIII:C plasma 1. Calculation: 
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DILUTION FACTORCHART 

Dilution of Patient Plasma Dilution Factor 

1:1 1 
1:2 2 
1:4 4 
1:8 8 
1:16 16 
1:32 32 
1:64 64 
1:128 128 
1:256 256 
1:51.2 512 

2. Example: 

0470 Control FVIII:Clevel=50% 
Patient FVIII:Clevel on 1:4 dilution=25% 

25 
Residual FVIII level= 50 x 100% = 50% 

50% in Bethesda units (BU) from Bethesda factor chart (chart 
B)=1.0 BU 
1.0 BUx4 (patient dilution)=4.0 BU (final result) 
0471 E. If the residual FVIII:Cactivity falls below 25%, 
the test must be repeated using higher dilutions of patient 
plasma until at least one value of greater than 25%, residual 
FVIII:Cactivity is obtained. 
0472 F. If more than one dilution falls between the 25% 
and 75% residual FVIII:Cactivity range, the final result 
should be the average of all these results. 
0473] G. To search for weak inhibitors, a >ratio of patient 
to pooled normal plasma can be used in the incubation mix 
ture. If 1 part pooled normal plasma and one part patient 
plasma do not give a satisfactory result, increase the amount 
of patient plasma to pooled normal plasma: add 0.5 mL 
patient plasma to 0.1 mL pooled normal plasma and incubate 
2 hours at 37°C. At the end of the 2 hour incubation, perform 
a FVIII:Cassay on the specimen and calculate the '%-residual 
activity as before. Determine the Bethesda unit as before. 
Divide the Bethesda units obtained by 5 to obtain the 
Bethesda units actually present in the patient plasma. 
0474 g) Result Reporting 
0475 A. If residual FVIII:Cactivity level is greater than 
75%, report as: No inhibitor present (Bethesda units <1.0). 
0476 B. If residual FVIII:Cactivity level is 75% or less, 
report as: inhibitor present (Bethesda units/mL of plasma). 
0477 h) Interpretation 
0478. One Bethesda unit is described as the concentration 
of an antibody which produces a residual FVIII: C of 50%, in 
a precisely controlled incubation mixture that is maintained at 
37° C. for 2 hours. It is stated as 1 unit of inhibitor/mL of 
plasma. This method is primarily intended for use in measur 
ing inhibitors that occur in hemophiliacs. Very weak inhibi 
tors may not be detected by this method. Nearly all patients in 
whom inhibitors develop have severe hemophilia A (FVIII:C 
of <1%). In most patients, the antibody persists for years and 
there is an anamnestic response after transfusion. As the 
inhibitor titer increases, the patient usually becomes less 
responsive to replacement therapy. In some patients, the anti 
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body titer remains low and does not increase after replace 
ment therapy. FVIII:C inhibitors occasionally develop in 
non-hemophiliacs who have previously received transfu 
sions. If weak inhibitors can be detected and quantitated, then 
the course of such inhibitors can be evaluated and related to 
Such factors as blood product therapy. In some patients, 
inhibitor strength progress from the barely detectable to the 
potent. Some patients with potent inhibitors who are not 
exposed further to blood products may have barely detectable 
inhibitors later. 
0479. The following references are herein incorporated by 
reference in their entireties: 
0480 A. Children's Hospital Medical Center, Los Ange 

les, Calif. 
0481 B. Kasper, Carol K. and Pool, Judith G. Measure 
ment of mild inhibitors in Bethesda Units. Thrombosis et. 
Diathesis: Haemorrhagia. 1975, Vol. 34, p. 875. 
0482 C. Kasper, Carol K. and Pool, Judith G. et al. A 
More Uniform Measurement of Factor VIII Inhibitors. 
Thrombosis et. Diathesis: Haemorrhagica. 1975 Vol. 34, p. 
869. 
0483 D. Thomson, Jean M., ed. Blood Coagulation and 
Haemostasis: A Practical Guide. 2nd ed., Edinburgh, Great 
Britain, 1980, pp. 82-82. 
0484 E. Triplett, Douglas A. ed. Laboratory Evaluation 
of Coagulation. 1st ed., Chicago, Ill., 1981, pp. 128-129. 
0485 F. Triplett, Douglas A., and Harms, Cathy S. Proce 
dures for the Coagulation Laboratory. Chicago, Ill., 1981, pp. 
71-75. 

0486 G. Lusher, J., Abildgaard, C., Arkin, S. Mannucci, 
P. M., Zimmermann, R., Schwartz, L., Hurst, D. Human 
recombinant DNA-derived antihemophilic factor in the treat 
ment of previously untreated patients with hemophilia A: 
final report on a hallmark clinical investigation. J. Thromb. 
Haemost. 2(4):574-83, 2004. 
0487. H. Lindgren, A., Wadenvik, H., and Tengborn, L. 
Characterization of inhibitors to FVIII with an ELISA in 
congenital and acquired haemophilia A. Haemophilia. 8(5): 
644-648, 2004. 
0488 4. Methods of Genetic Testing 
0489 Rapid-cycle polymerase chain reaction (PCR) with 
an allele-specific fluorescent probe can be used for SNP geno 
typing. High-resolution amplicon melting curve analysis can 
be used for SNP genotyping. Fluorescent resonance energy 
transfer (FRET) hybridization probes for detection of the 
base changes (Lyon Molecular Diagnosis 19983:203, herein 
incorporated by reference) can also be used for SNP geno 
typing. 
0490 a) Lightcycler 
0491 (1) Method 
0492. A method for determining a subject haplotype can 
combine a rapid-cycle polymerase chain reaction (PCR) with 
an allele-specific fluorescent probe melting for mutation 
detection. This method combined with rapid DNA extraction, 
can generally provide results within 60 min after receiving a 
blood sample. This method allows for easy, reliable, and rapid 
detection of a polymorphism, and is suitable for typing both 
small and large numbers of DNA samples. 
0493. The LightCycler(R) system enables the detection of 
single nucleotide polymorphisms. It combines PCR amplifi 
cation and detection into a single step. The platform enables 
the real-time detection of a specific PCR product followed by 
melting curve analysis of hybridization probes. The technol 
ogy is based on the detection of two adjacent oligonucleotide 
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probes, whose fluorescent labels communicate through fluo 
rescence resonance energy transfer (FRET). The molecular 
concept of single nucleotide polymorphism (SNP) detection 
is as follows: one of the probes serves as a tightly bound 
anchor probe and the adjacent sensor probe spans the region 
of sequence variation. During the melting of the final PCR 
product, the sequence alteration is detected as a change in the 
melting temperature of the sensor probe. For a typical 
homozygous wild type sample, a single melting peak is 
observed; for mixed alleles, two peaks are observed; and for 
a homozygous mutated Sample, a single peak at a temperature 
different from the wild type allele is observed. The tempera 
ture shift induced by one mismatched base is usually between 
5 and 9° C. and easily observable. 
0494 The FVIII haplotyping assay allows the rapid detec 
tion and genotyping of four non-synonymous single nucle 
otide polymorphisms (nsSNPs) of the (G to A at cDNA posi 
tion 1508, A to G at cDNA position 2383, G to C at cDNA 
position3780, and A to GatcDNA position 6769), from DNA 
isolated from human whole peripheral blood. The test can be 
performed on the LightCycler(R) Instrument utilizing poly 
merase chain reaction (PCR) for the amplification of F8 DNA 
recovered from clinical samples and fluorigenic target-spe 
cific hybridization for the detection and genotyping of the 
amplified F8 DNA. Disclosed are oligonucleotides compris 
ing cDNA sequences for each haplotype: H1 (SEQID NO: 7). 
H2 (SEQID NO:8), H3 (SEQ ID NO:9), H4 (SEQID NO: 
10), H5 (SEQID NO: 11), H6 (SEQID NO: 12). 
0495. The FVIII haplotyping test is an in vitro diagnostic 
test for the detection and genotyping of four non-synonymous 
human F8 SNPs—which have common minor alleles confer 
ring the amino acid substitutions R484H, R776G, E 1241D 
and M2238V whose naturally-occurring allelic combina 
tions (i.e., haplotypes H1, H2, H3, H4, H5, and H6) encode 
six structurally distinct wildtype forms of the human FVIII 
protein. Because only two of these haplotypes, H1 and H2, 
are represented by the currently available recombinantland 
plasma-derived2 FVIII preparations used clinically, the FVIII 
haplotyping test will aid physicians select matched3 FVIII 
replacement products that reduce the frequency at which their 
hemophilia Apatients develop FVIII inhibitors and immuno 
logic refractoriness to replacement therapy. 
0496 Use of the FVIII haplotyping test as a component 
assay in laboratory algorithms for thrombophilia evaluation, 
can improve the diagnostic accuracy of thrombosis risk 
assessment, since the findings of recent genetic studies have 
demonstrated that the alleles of at least one of the these four 
nsSNPs F8 (i.e., D1241E) are functionally distinct and influ 
ence circulating FVIII levels. For example, because individu 
als with the E-allele (protein level; or G at the nucleotide 
level), were found to have an ~25% lower mean circulating 
FVIII level, than those with the more prevalent D-allele (pro 
tein level; or C at the nucleotide level), this SNP is a deter 
minant of thrombosis risk at the population level. The test is 
performed on the LightCycler R. Instrument (In the EU: serial 
number 2021 to 5602) using SW 3.5. The sample preparation 
is performed according to the procedure described below. 
0497. The development of neutralizing alloantibodies to 
replacement coagulation factor (F)VIII is a serious compli 
cation in the management of hemophilia A. The pathogenesis 
of these antibodies, termed inhibitors, is complex and incom 
pletely understood. Through DNA sequencing, four common 
nonsynonymous single nucleotide polymorphisms (insSNPs) 
were identified in the FVIII genes (F8) from 137 unrelated 
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healthy people representing seven ethnic groups and identi 
fied. The naturally-occurring allelic combinations of these 
four nsSNPs were further found to encode six structurally 
distinct wildtype FVIII proteins (haplotypes). This finding 
that FVIII is not monomorphic in man raises the possibility 
that structural differences between the background haplotype 
of a patient's endogenous molecule and the infused wildtype 
replacement FVIII protein(s) may contribute to the develop 
ment of inhibitors. 
0498 African American (AA) hemophilia A patients 
experience a two-fold greater incidence of inhibitors in com 
parison to Caucasians. African Americans express five hap 
lotypes of FVIII, designated H1, H2, H3, H4 and H5. In 
contrast, Caucasians express only H1 and H2. The recombi 
nant FVIII molecules in replacement products used clinically 
have sequence identity with H1 and H2. Similarly, plasma 
derived FVIII preparations marketed in the US are essentially 
highly enriched with the H1 and H2 forms of the protein, 
because the blood donor population is predominantly Cauca 
sian. The H4 haplotype, expressed by ~.4% of African Ameri 
cans, is defined by thensSNPR484H, which is located in an 
immunodominant epitope within the A2-domain. Two other 
haplotypes, H3 and H5, which together are expressed in 
~23% of African Americans, have the minor allele of 
M2238V, a nsSNP in the C2-domain immunodominant 
epitope. These findings indicate that >25% of African Ameri 
can hemophilia Apatients are treated with replacement prod 
ucts containing FVIII molecules which vary from their own at 
the hemophilic mutation site, and at one or more additional 
sites, with one always located in an dominant inhibitory 
epitope. 
0499. The use of this assay can guide hemophilia treaters 
in selecting FVIII replacement products that are matched as 
closely as possible to a given patient's endogenous back 
ground haplotype, which he will presumably have tolerance 
to, in order to reduce the frequency of inhibitor development. 
(0500 Four fragments of the FVIII gene, referred to as 
amplicon-1 (189-bp), -2 (161-bp), -3 (151-bp), and -4 (163 
bp), are individually amplified in separate PCRs from human 
genomic DNA using the four pairs of F8 specific primers 
listed above. 
0501. The amplicons, each of which contain one of the 
four F8 nsSNPs, are detected by fluorescence using a specific 
pair of hybridization probes (SEQ ID NOS: 27 & 28 for 
amplicon 1: SEQID NOS:31 & 32 for amplicon 2: SEQ ID 
NOS: 35 & 36 for amplicon 3; and SEQID NOS:39 & 40 for 
amplicon 4). The paired hybridization probes comprise two 
different oligonucleotides that hybridize to an internal 
sequence of the amplified F8 fragment during the annealing 
phase of the PCR cycle. One probe is labeled at the 5'-end 
with LightCyclerR) Red 640, and to avoid extension, modified 
at the 3'-end by phosphorylation. The other probe is labeled at 
the 3'-end with fluorescein. 
0502. Only after hybridization to the template DNA, do 
the two probes come in close proximity, resulting in fluores 
cence resonance energy transfer (FRET) between the two 
fluorophores. During FRET. fluorescein, the donor fluoro 
phore, is excited by the light source of the LightCycler(R) 
Instrument, and part of the excitation energy is transferred to 
LightCycler(R) Red 640, the acceptor fluorophore. 
0503. The emitted fluorescence of LightCycler R. Red 640 

is then measured by the LightCycler(R) Instrument. 
0504 Genotyping: The paired hybridization probes are 
also used to determine thensSNP genotype contained within 
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the amplicon by performing a melting curve analysis after the 
amplification cycles are completed and the amplicon is 
present at increased concentration. 
(0505. In amplicons 2 and 4, the LightCyclerR) Red 640 
labeled hybridization probe hybridizes to a part of the target 
sequence that is not polymorphic and functions as an anchor 
probe. In amplicons 1 and 3, the LightCyclerR) Red 640 
labeled hybridization probe hybridizes to a part of the target 
sequence that spans the SNP site (SNP probe). 
(0506. The Fluorescein-labeled hybridization probe 
hybridizes to a part of the target sequence in amplicons 2 and 
4 that is polymorphic and functions as the SNP probe. In 
amplicons 1 and 3, it hybridizes to a part of the target 
sequence that is not polymorphic and functions as an anchor 
probe. 
0507. During the melting curve analysis of amplicons 1 
and 3, increasing temperature causes the fluorescence to 
decrease because the LightCyclerR) Red 640-labeled hybrid 
ization probe, the shorter of the two probes (SNP probe) 
dissociates first and the two fluorescent dyes are no longer in 
close proximity. During the melting curve analysis of ampli 
cons 2 and 4, in contrast, the increasing temperature causes 
the fluorescence to decrease because the Fluorescein-labeled 
hybridization probe, the shorter of the two probes (SNP 
probe) dissociates first and the two fluorescent dyes are no 
longer in close proximity. 
0508 For both amplicon 2 and 4, if the more frequent 
A-allele is present at the site ofnsSNP #2 (A2383GR776GI) 
or nsSNP #4 (A6769G M2238VI), respectively, the 0.0 mis 
match of the SNP probe with the target sequence destabilizes 
the hybrid so the decrease in fluorescence will occurata lower 
temperature. For amplicon 1, if the less frequent A-allele is 
present at the nsSNP #1 site (G1508A R484H), the mis 
match of the SNP probe with the target sequence destabilizes 
the hybrid so the decrease in fluorescence will occurata lower 
temperature. Likewise, for amplicon 3, if the less frequent 
G-allele4 is present at thensSNP #3 site (C3780GD1241E), 
the mismatch of the SNP probe with the target sequence 
destabilizes the hybrid so the decrease in fluorescence will 
occur at a lower temperature. With the less frequent G-allele 
present at the site of either nsSNP #2 (amplicon 2) or nsSNP 
#4 (amplicon 4), or the more frequent G- or C-alleles at the 
site of either nsSNP #1 (ampliconl) or nsSNP #3 (amplicon 
3), the genotype mismatches will not occur, and therefore the 
heteroduplex has a higher melting temperature (Tm). The 
heterozygous genotype at all four nsSNPs exhibits a distinc 
tive combination of properties. 
0509 (2) Primers/Probes 
0510 Disclosed herein are four sets of oligonucleotide 
sequences (i.e., each set contains a PCR primer set and a 
FRET probe set) used as the reagents in the LightCycler/ 
Hybridization Probe Analysis-based assay to rapidly geno 
type the four nsSNPs in the F8 gene of a given individual, and 
therefore to define their FVIII haplotype. These oligonucle 
otides (i.e., both primers and probes) are named according to 
the nucleotide position corresponding to the major transcrip 
tional start of the F8 gene, found in SEQID NO:1, as well as 
the five other F8 gene sequences (i.e., SEQID NO:2: SEQID 
NO:3: SEQID NO:4: SEQID NO:5; SEQID NO:6), which 
corresponds to nucleotideposition 1001. This site (i.e., nucle 
otide position 1001 in the F8 gene sequences) can also be 
correlated with the a single precise nucleotideposition within 
the GenBank human F8 reference sequence (accession num 
ber is NG 005114). The human F8 transcriptional start site 
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sequence corresponds precisely with nucleotideposition 465, 
469 in the complementary strand to that contained within - Continued 
NG OO5114. 

0511 (a) nsSNP #1: (G61620A/G1508A/R484H) 

(SEQ ID NO: 25) 
H-F8-61568-F (forward): 
5'-AATCAAGCAAGCAGACCAT 

(SEQ ID NO: 26) 
H-F8 - 61756-R (reverse): 
5 " - GGCCAACAGCTGGAGAA 

(SEO ID NO: 27) 
H-F8-61629 (probe 1) : 
5'-LC'-TACAAAGGACGGACATCAGTGATTCCG-phosphate 

(SEQ ID NO: 28) 
H-F8-61666 (probe 2) : 
5'-ATCGAGGGAATATTTACCTTTTGGTAATCTCCTTG-Fluorescein 

0512 (b) insSNP #2: (A91317G/A2383G/R776G) 

(SEQ ID NO: 29) 
H-F8-91.221-F (forward): 
5 - CAGAATTCAAGACACCCTAGC 

(SEQ ID NO: 30) 
H-F8-91381 -R (reverse): 
5' - CTCTGTCGCAAGAGCATC 

(SEQ ID NO: 31) 
H-F8-91298 (probe 1) : 
st-LCRedO-AGTCTTCTCTATGTCATTTTCTGGAATTGTGGTGG 

phosphate 

(SEQ ID NO: 32) 
H-F8-9132O (probe 2) : 
5'-TTCCGTGTGCAAACCAAGGG-Fluorescein 

0513 (c) nsSNP #3: (C92714G/C3780G/D1241E) 

(SEQ ID NO: 33) 
H-F8-92624-F (forward): 
5 - GCCTCAGATACATACAGTGAC 

(SEQ ID NO: 34) 
H-F8-92.774 -R (reverse): 
5'-TGTTCTATTTGTTGAATCATTTAATGACC 

(SEO ID NO : 35) 
H-F8-92670 (probe 1) : 
5' - CTTTTCTTACTOAGCACTAGGCAAAATGTAGAAGG-Fluorescein 

(SEQ ID NO: 36) 
H-F8-92.707 (probe 2) : 
5'-LC'-CATATGACGGGGCATATGCTCCA-phosphate 

0514) (d) insSNP #4: (A162161G/A6769G/M2238V) 

(SEO ID NO : 37) 
H-F8-162O73-F (forward) : 
5'-AATGGTGACCAAGAGGC 

(SEQ ID NO: 38) 
H-F8-162235-R (reverse) : 
5 - GATGAGGAACTCCTTCACATAC 

(SEO ID NO. 39) 
H-F8-162136 (probe 1) : 
5'-LC-9-CCACTCTTTTGGATTATTCACCTGAGGGCAATAGA 

phospate 

(SEQ ID NO: 40) 
H-F8-1621.66 (probe 2) : 
5'-TTTCACTGTCTTCTGGAAGTCCACTTGC-Fluorescein 

0515 b) High-Resolution Amplicon Melting Curve 
Analysis 

0516 Disclosed are methods for determining a subject 
haplotype utilizing high-resolution amplicon melting curve 
analysis. 
0517 (1) Method 
0518. There are many methods available to genotype 
SNPs. Available methods that require a separation step 
include restriction fragment length polymorphism analysis, 
single-nucleotide extension, oligonucleotide ligation, and 
sequencing. 
0519 Homogeneous, closed-tube methods for SNP geno 
typing that do not require a separation step are attractive for 
their simplicity and containment of amplified products. Most 
of these methods are based on PCR. Melting curve analysis in 
conjunction with real-time PCR was introduced in 1997 (Ri 
rie Anal. Biochem 1997 245:154), incorporated herein by 
reference. The ds DNA dye SYBR Green I was used for 
amplicon melting analysis and provided a rough character 
ization of what was amplified. Subsequently, hybridization 
probes were used to interrogate a limited region of the ampli 
con for sequence differences by melting curve analysis (Lay 
Clin Chem 1997 43:2262), incorporated herein by reference. 
The primary advantage of this method or other real-time PCR 
methods is that it can interrogate the entire region under the 
probe, rather than just detecting the presence or absence or a 
specificallele. Two hybridization probes are most commonly 
used for melting curve analysis of small sequence variations. 
0520. If PCR is done with a 5'-labeled primer, high reso 
lution melting analysis can distinguish different homozy 
gotes and heterozygotes (Gundry Clin Chem 2003 49:396), 
incorporated herein by reference. The disadvantages of this 
method are the requirements of a labeled primer and that the 
sequence variations must be within the melting domain that 
includes the labeled primer. 
0521 SYBR Green I has limitations for detection of small 
sequence variations. Detection of heterozygotes by melting 
curve analysis with SYBR Green I has been possible only 
when extra steps are added between amplification and analy 
sis, such as amplicon purification and addition of high 
amounts of the dye (Lipsky Clin Chem 2001 47:635), incor 
porated herein by reference, or urea (Elenitoba-Johnson Am J 
Pathol 2001 159:845), incorporated herein by reference. Wit 
twer et al (Clin Chem 2003 49:6), incorporated herein by 
reference, screened several ds DNA dyes and found one, 
LCGreen I, that did detect heterozygotes, but did not inhibit 
or otherwise adversely affect PCR amplification. Unlike 
SYBR Green I, LC Green I saturates PCR products without 
inhibiting amplification and does not redistribute as the 
amplicon melts. 
0522 High resolution melting of PCR amplicons with 
LCGreen I was recently introduced as a homogeneous, 
closed-tube method for rapid SNP genotyping that does not 
require the use of probes. Genomic DNA is amplified in the 
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presence of LCGreen I in LightCycler (Roche Applied Sci 
ence) capillary tube. The capillary tube is then transferred to 
a high-resolution melting instrument (1R-1, Idaho Technol 
ogy) for the melting curve acquisition and analysis. The 
instrument Surrounds the capillary tube with an aluminum 
cylinder that is heated by a coil wound around the outside. 
Sample temperature and fluorescence signals are converted to 
16-bit digital signals, providing resolution down to 0.002 C. 
and 0.002% normalized fluorescence. Approximately 50 data 
points are acquired for every 1° C. The melting curve acqui 
sition requires only 1 to 2 min. Melting data are analyzed with 
the HR-1 instrument software. Fluorescence values are nor 
malized between 0% and 100% by first defining linear base 
lines before and after the melting transition of each sample. 
Within each sample, the fluorescence of each acquisition is 
calculated as the percentage of fluorescence between the top 
and bottom baselines at each acquisition temperature. Het 
erozygotes are identified by a change in melting curve shape, 
and different homozygotes are distinguished by a change in 
melting temperature (Tm). 
0523. When coupled with rapid cycle PCR, SNP genotyp 
ing can be performed in 30 minutes or less. Although Light 
Cycler real-time PCR instruments are commonly used in 
research and molecular diagnostic laboratories for melting 
curve analysis, the resolution of real-time PCR instruments is 
limited and they cannot distinguish the small Tm differences 
between homozygotes. Dedicated melting instruments have 
recently become 0.0 available. Although only one sample at a 
time is analyzed the analysis time is so short (1 to 2 min) that 
the throughput is relatively high. 
0524 High-resolution melting of small PCR amplicons 
(<50 bp) is simple, rapid, and inexpensive method for SNP 
genotyping. Engineered plasmids representing all of the pos 
sible SNP base changes, and samples containing the medi 
cally important factor V (Leiden) 1691G>A, prothrombin 
20210G>A, methylenetetrahydrofolate reductase 1298A-C, 
hemochromatosis 187C>G, and B-globin (hemoglobin S) 
17A-T were successfully genotyped using this method (Liew 
Clin Chem 2004 50:7), incorporated herein by reference. In 
all cases, heterozygotes were easily identified because the 
heteroduplexes altered the shape of the melting curves. 
Approximately 84% of human SNPs involve a base exchange 
between A:T and G:C base pairs (Venter Science 2001 291: 
1304), and the homozygotes are easily genotyped by Tms that 
differ by 0.8 to 1.4° C. However in the remaining SNPs, the 
bases only Switch Strands and preserve the base pair, produc 
ing very small Tm differences between homozygotes (<0.4° 
C.). Although most of these cases can still be genotyped by 
Tm, about a quarter have nearest neighbor symmetry 
(complementary bases), and the homozygotes cannot be dis 
tinguished. In these cases adding a knownhomozygous geno 
type to unknown samples allows melting curve separation of 
all three genotypes. This method was used to identify C/C and 
G/G homozygotes in the hemachromatosis 187C>G SNP 
genotyping assay mentioned above (Liew Clin Chem 2004). 
This represents the worst case scenario, since the nearest 
neighbors of this SNP were complementary bases (A and T). 
When the bases flanking the SNP are symmetrical, the nearest 
neighbor stability calculations are nearly identical. 
0525 Disclosed herein is the use of high-resolution melt 
ing curve analysis in assays for the four F8 nsSNPs 
(G61620A, G 92714C, A162161G & A91317G) whose natu 
rally occurring allelic combinations (haplotypes) encode the 
6 different wildtype forms of FVIII in humans. 

46 
Oct. 7, 2010 

Correlation of nsSNP genotypes with FVIII haplotype 

1 2 3 4 
nSSNP no. (G61620A) (A91317G) (G92714C) (A162161G) 

Haplotype 1 G A. C A. 
Haplotype 2 G A. G A. 
Haplotype 3 G A. G G 
Haplotype 4 A. A. G A. 
Haplotype 5 G A. C G 
Haplotype 6 G G G A. 

0526 DNA from whole blood samples can be extracted 
using a MagNA Pure instrument with a total nucleic acid kit. 
ASTm is strongly dependent on the ionic strength, it is impor 
tant that samples are extracted in the same way and end up in 
the same buffer. Using this automated extraction system 
ensures uniformity in technique and nucleic acid yield. 
0527 To maximize the Tm differences between the geno 
types, the amplicons can be made as short as possible (<50 
bp). The sequence information surrounding the SNP will can 
be entered into computer software (“SNPWizard' at http: 
\\DNAWizards.path.utah.edu). The 3' end of each primer can 
be placed immediately adjacent to the SNP and its length 
increased in its 5' direction until its predicted Tm is as close to 
55-60° C. as possible. The primer pair can then be checked for 
the potential to form primer dimers or other non-specific 
amplicons. If alternative products are likely, then the 3' end of 
one primer can be shifted one base away from the SNP and the 
process can be repeated until an acceptable pair is found. 
Candidate primer pairs can be synthesized using standard 
phosphoramidite chemistry. 
0528 Separate PCRs for each SNP can be performed in 10 
ul volumes with the following reaction constituents: dNTPs 
(200 uM), KlenTaq1 polymerase (0.4U), TaqStart antibody 
(88 ng), forward and reverse primers (250 nM each), LC 
Green I (1x), MgCl2(3 mM), Tris buffer pH 8.3 (50 mM), and 
1 ul DNA sample. Thermal cycling can be performed in a 
LightCycler real-time PCR instrument. Rapid thermal 
cycling can be performed between 85°C. and the annealing 
temperature at the programmed transition rate of 20°C./sec. 
Amplified samples can be heated to 94°C. in the LightCycler 
and rapidly cooled to 40°C. The LightCycler capillaries can 
then be transferred to the BR-1 instrument and heated at 0.3° 
C./sec. Samples can be analyzed between 65 and 85°C. with 
the instrument Software. Fluorescence vs. temperature plots 
can be normalized as described above. 
0529. The ability of the high-resolution melting analysis 
to correctly identify the 4 informative SNPs and assign 6 
Factor VIII haplotypes can be assessed with a set of samples 
authenticated by nucleic acid sequencing. 
0530 High-resolution melting can correctly identify SNP 
genotypes 1, 2, and 4 since they all represent transitions of G 
and A. High-resolution melting can correctly identify SNP 
genotype 3 as the G and C is simply inverted, that is, the bases 
switch strands but the base-pair remains the same. Differ 
ences in amplicon Tm still result from different nearest 
neighbor interactions but they are usually small. However, 
SNP3 is flanked by noncomplementary bases (A and G) and 
results in small but distinguishable change in Tm for the 
amplicon containing base inversion. 
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0531 (2) Primers 
0532 Four oligonucleotide primer pairs (i.e., 8 total oli 
gonucleotides) required to utilizing the method known as 
“High-Resolution Amplicon Melting-Curve Analysis’ to 
genotype the 4 nsSNPs in the FVIII gene (F8) whose natu 
rally-occurring allelic combinations encode the 6 distinct 
wildtype forms of the FVIII protein in humans.) The follow 
ing four pairs of oligonucleotide sequences that represent the 
four primer pairs used in the PCR/High-Resolution Amplicon 
Melting-Curve-Analysis-based assay enable rapid genotyp 
ing of the 4 nsSNPs in the F8 gene of a given individual, and 
therefore to define their FVIII haplotype. These oligonucle 
otides are named according to the nucleotide position corre 
sponding to the major transcriptional start of the F8 gene, 
which corresponds to nucleotide position 1001 of SEQ ID 
NO:1, as well as to nucleotide position 1001 in the five other 
F8 gene sequences (i.e., SEQID NO:2: SEQID NO:3: SEQ 
ID NO:4: SEQ ID NO:5; SEQ ID NO:6). This site (i.e., 
nucleotide position 1001 in the F8 gene sequences) can also 
be correlated with the a single precise nucleotide position 
within the GenBank human F8 reference seqeunce (accession 
number is NG 005114). The human F8 transcriptional start 
site sequence corresponds precisely with nucleotide position 
465,469 in the complementary strand to that contained within 
NG OO5114. 
0533 (a) nsSNP #1 
0534 G61620A (R484H): the minor allele of this nsSNP 

(i.e., which is an 'A' at the nucleotide level and a “histidine' 
H at the amino acid level) is restricted to African-Ameri 
CaS. 

A61620 (R484H) 
0535 

H-F8-61599-F (forward primer) : 
s' - CTCACGGAATCACTGATGTC (SEQ ID NO: 41) 

H-F8-61643 -R (reverse primer) : 
5 - GTAATCTCCTTGAATACAAAGG (SEQ ID NO: 42) 

nsSNPH1 forward genotyping primer Melting temperature 
(Tm): 40+20–60° C. 
nsSNPH1 reverse genotyping primer Melting temperature 
(Tm): 40+20–60° C. 
0536 (b) insSNP #2 
0537 A91317G (R776G): the minor allele of this insSNP 

(i.e., which is a “G” at the nucleotide level and a "Glycine” 
Gat the amino acid level) is restricted to Chinese individu 
als 

G91317 (R776G) 

0538 

H-F8-91298-F (forward primer) : 
s' -TGACCCTTGGTTTGCACAC (SEQ ID NO : 43) 

H-F8-91339 -R (reverse primer) : 
s' -TGTATTTTAGGCATAGGTGTTC (SEQ ID NO: 44) 

nsSNPH2 forward genotyping primer Melting temperature 
(Tm): 40+18=58° C. 
nsSNPH2 reverse genotyping primer Melting temperature 
(Tm): 32+28–60° C. 
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0539 (c) nsSNP #3 
(0540 G92714C (E1241D): the minor allele of this nsSNP 
(i.e., which is a “C” at the nucleotide level and a “aspartate' 
D at the amino acid level) is not restricted ethnically (Note 
that while C is the minor allele in the African-American 
population, in all other human populations, including Cauca 
sians, it is the opposite with the “G” nucleotide and 
“Glutamate B being the minor allele). 

C92714 (E1241D) 
(0541 

H-F8-92691-F (forward primer) : 
5 - CAAAATGTAGAAGGTTCATATGA (SEQ ID NO: 45) 

H-F8-92.738-R (reverse primer) : 
5-TTGAAGTACTGGAGCATATGC (SEQ ID NO: 46) 

nsSNPi3 forward genotyping primer Melting temperature 
(Tm): 28+32=60° C. 
nsSNPi3 reverse genotyping primer Melting temperature 
(Tm): 36+24=60° C. 
(0542 (d) insSNP #4 
(0543 A162161G (M2238V): the minor allele of this 
nsSNP (i.e., which is a “G” at the nucleotide level and a 
“valine' V at the amino acid level) is restricted to African 
Americans. 

G162161 (M2238V) 
(0544 

H-F8-162141-F (forward primer) : 
5'-AAGTGGACTTCCAGAAGACA (SEO ID NO: 47) 

H-F8-162182-R (reverse primer) : 
5'-TAGTTACTCCTGTGACTTTCA (SEQ ID NO: 48) 

nsSNPi4 forward genotyping primer Melting temperature 
(Tm): 36+22=58° C. 
nsSNPH4 reverse genotyping primer Melting temperature 
(Tm): 32+26=58° C. 
(0545 c) Functional Scan 
(0546 (1) Method 
0547. See Example 2 for a discussion of an exemplary 
functional vacation scan. 
(0548 (2) Primers 
0549. Disclosed herein are 39 pairs of oligonucleotides 
used for Scanning the functional regions of the human F8 gene 
in order to find naturally-occurring sequence variation that 
are candidates to have functionally distinct alleles that can 
influence thrombosis risk (for example, the D1241 EnsSNP, 
because the D-allele is associated with a significantly higher 
mean FVIII levels than the E-allele) (See Example 2, below). 
However because it also changes an amino acid in a protein 
that is used as a therapeutic replacement molecule that is 
naturally immunogenic, they can also influence the immune 
response to treatment depending upon which allele a patient 
has and which allele they are treated with. 
0550. The SEQ ID's of the F8 gene sequences disclosed 
are used as the basis to name and thus define the exact position 
of the oligonucleotide sequences below, which as mentioned 
above, are the 39 primer pairs necessary for both amplifying 
and Seqeuncing the F8 gene. 
0551. The nucleotide numbering scheme used for the F8 
gene described in SEQ ID No's 1-6 (and therefore for the 
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Primer Name 

hF8-93 674 - F 

F8-94323-R. 

F8-1160.50 

F8-116647 

hF8-117559 - 

F8-118125 

F8-118O87 - 

F8-118699 - 

F8-11831.8- 

F8-118933 - 

F8 - 1204 14 

F8 - 12 O947 

F8-121066 - 

F8-12151O 

F8-122636 - 

F8-123O81 - 

F8-126315 - 

F8-126829 

F8-1593O4 - 

F8-1599.34 - 

F8- 16 O633 - 

F8-161150 

F8-161982 

F8-1625. 49 

- Continued 

Sequence: 

s' -AT 

(SEQ D NO : 

D NO : 

GGATCCTCTTGCTTGGG-3' 

91) 

CCCTGATTCCTCTACCC-3 

92) 

5-ATGCAAAATGCTTCTCAGGC-3' 

(SEQ 

5'-AAAAGCTTGTTCAAAATAAATGG-3 

(SEQ 

5-TC 

(SEQ 

s" - TT 

(SEQ 

s" -TA 

(SEQ 

D NO : 

D NO : 

D NO : 

D NO : 

D NO : 

93) 

94) 

GTACCACTTCTTCCAGGG-3' 

95) 

ATGCCAGTCCAACCTGC-3' 

96) 

TTTTGGAAGGTGGGAGG-3 

97) 

s' - CGAATCCTTTGATCCTGAGC-3' 

(SEQ D NO : 98) 

5-TTGATGAGACCAAAAGCTGG-3 

(SEQ D NO : 99) 

5 - AGAGCATGGAGCTTGTCTGC-3' 

(SEQ D NO : OO) 

5'-AAGCACTTTGCATTTGAGGG-3 

(SEQ D NO : 

s" -TGGAGATCT 

(SEQ D NO : 

5 - GGACCCCAG 

(SEQ 

CGAGCTTTACC-3' 

O2) 

TTCTTCAGC-3' 

D NO : 103) 

GGGAAGTGGAGAGGAGG-3' 

D NO : 104) 

s' - GTATGCCATAAAGCCTTTATG-3' 

(SEQ 

s' - GT 

(SEQ 

D NO : 

D NO : 
CTAATCCCAGTAGAAGG-3 

5 - CCACAGCTTCACACACACAT-3' 

(SEQ 

5-TC 

(SEQ 

D NO : 

D NO : 
ATGAGCCTTGACACTAC-3' 

08) 

5'-ttcccacttcttcttggtgc-3' 
(SEQ D NO : 

5'-tgggcatttaggttgact co-3' 
(SEQ D NO : 10) 

5'-t catgcc act acactic cago-3' 
(SEQ D NO : 11) 

5' - c.tgcc cataaccaaact tcc -3' 
(SEQ D NO : 12) 

5'-gggtgacagagcaagact co-3' 
(SEQ D NO : 13) 

5'-aaaaggcttgggaatcaagg-3 
(SEQ D NO : 14) 

Ampli 
Col: 

A22 

A22 

A23 

A23 

A24 

A24 

A25 

A25 

A26 

A26 

A27 

A27 

A28 

A28 

A29 

A29 

A3 O 

A3 O 

A32 

A32 

A33 

A33 

A34 

A34 
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- Continued 

Ampli 
Primer Name: Sequence: Col: 

hF8-184818-F 5'-agatgtcc cagatgcqtagg-3 A35 
(SEQ ID NO: 115) 

hE8-1854.11-R is " - GCTTTCATGCAGGTTTCTCC-3' A35 

(SEQ ID NO: 116) 

hE8-185329 - F is " -TATTTTCTGCAGCTGCTCCC-3' A36 

(SEO ID NO : 117) 

hE8-185941-R 5 " - CTTTCAACAATTGCATCCTCC-3' A36 

(SEQ ID NO: 118) 

hE8-185733-F 5 - GAGGGGCACATTCTTATCTCC-3' A37 

(SEQ ID NO: 119) 

F8-1863 82-R 5 " - TCATAGTGAAGGGGTCAGGC-3' A37 

(SEQ ID NO: 12O) 

hE8-18 6289-F 5 - CACCACACAATAGGATCCCC-3' A38 

(SEQ ID NO: 121) 

F8-186832 -R 5 " - GTCAATGGGAAAAGAATGCC-3' A38 

(SEQ ID NO: 122) 

hE8-186639-F 5 - CAATCCACAAATGATGCAGG-3 A39 

(SEQ ID NO: 123) 

hE8-187259-R 5'-AGTGCCAGGATTACAGGCAT-3' A39 

(SEQ ID NO: 124) 

F. Examples 
0552. The following examples are put forth so as to pro 
vide those of ordinary skill in the art with a complete disclo 
Sure and description of how the compounds, compositions, 
articles, devices and/or methods claimed herein are made and 
evaluated, and are intended to be purely exemplary and are 
not intended to limit the disclosure. Efforts have been made to 
ensure accuracy with respect to numbers (e.g., amounts, tem 
perature, etc.), but some errors and deviations should be 
accounted for. Unless indicated otherwise, parts are parts by 
weight, temperature is in C. or is at ambient temperature, 
and pressure is at or near atmospheric. 

1. Example 1 

0553 Recombinant factor VIII (r-fVIII) is the most 
widely-used and effective therapy for hemophilia A (hA). 
Many patients unfortunately become refractory when the 
wildtype (wt) protein is seen as foreign and is targeted by 
functionally neutralizing anti-fVIII antibodies termed inhibi 
tors. While inhibitors occur most often in severe hemophili 
acs with complex fVIII mutations and a complete circulating 
absence of the fVIII protein, recent studies show patients with 
missense-mutations (mMt) have a higher incidence than pre 
viously thought and demonstrater-fVIII can be immunologi 
cally targeted even when differing by only a single amino 
acid. Because mMt represent the most frequent overalletiol 
ogy of hA (-39% of cases), common non-hemophilic protein 
variants offVIII may represent an important novel modulator 
of inhibitor development in this setting. To determine the 
extent of such variation, all coding regions of the fVIII loci 
(F8) were resequenced in 137 healthy subjects from 7 ethnic 
groups, including 86 Caucasians and 16 African-Americans 
(AA). Five common nonsynonymous single nucleotide poly 
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morphisms (insSNPs) resulting in an amino acid change were 
identified. Whereas 4 were polymorphic in African-Ameri 
cans (AA) only 2 were variable in Caucasians, despite having 
examined 6x the number AAX-chromosomes. Recent stud 
ies show AA patients have a 2-fold higher inhibitor incidence 
than Caucasians, thus establishing ethnicity as a risk factor in 
this complication. Minor alleles for 2nsSNPs are restricted to 
AA and substitute amino acids in major B-Cell inhibitor 
epitopes located in the A2 and C2 domains. To confirm these 
findings and accurately define the number and frequency of 
human haplotypes (H) (eg. distinct combinations in which the 
alleles of these 5 nsSNPs are linked in vivo) F8 was rese 
quenced in a second study group that included 75 additional 
healthy AA. Here there are at least six distinct wt forms of the 
human fVIII protein by defining six haplotypes (H) from the 
four insSNPs: H1, H2,H3, H4, H5, H6. H1 exists in all ethnic 
groups, is the most common overall form offVIII and repre 
sents 2 of the 3r-fVIII concentrates used clinically. While H2 
is the most common form in AA (44%) and possibly repre 
sents the other therapeutic r-fVIII molecule, at least 20% will 
have AA-restricted fVIII proteins: H4 (4%) and H5 (12%) 
Only 2 forms offVIII were found in Caucasians, H1 (90%) 
and H2 (10%), in contrast, and neither were ethnically 
restricted. In summary, when combined with reports of at 
least 2 other nsSNPs, it is established as inaccurate the long 
held view that fVIII is basically a monomorphic protein in 
non-hemophiliacs. Greater immunologic barriers exist when 
r-fVIII is infused into patients with mMt in endogenous FVIII 
molecules containing one or more minor alleles of these 
nsSNPs. Moreover, due to the number and frequency of AA 
restricted wt fVIII variants, these nsSNPs contribute pharma 
cogenetically to the higher incidence of inhibitors in this 
ethnic group. 

2. Example 2 

0554. A high-normal to elevated plasma FVIII activity 
(FVIII:C) level is associated with increased risk for venous 
and arterial thrombosis. Despite being a highly heritable trait, 
the genes, other than the ABO blood group locus, responsible 
for the broad interindividual variance in FVBI: Cremainto be 
identified. The structural FVIII locus (F8) is reported to have 
been excluded since earlier studies failed to detect linkage or 
associations between FVIII:Clevels and polymorphisms in 
or near this candidate gene. However, because these studies 
were too small to detect quantitative trait loci (QTLs) with 
modest effects or low frequencies, used genotyping methods 
less sensitive than sequencing and/or examined only portions 
of the gene, every known functional region of F8 in 137 
unrelated non-hemophilic individuals from different ethnic 
groups was resequenced. 20 of the 46 single nucleotide poly 
morphisms (SNPs) identified were previously unknown 
despite their location in one of the most intensely studied 
human genes. Because linkage disequilibrium (LD) across F8 
was weak overall, the relationship between each SNP and 
FVIII:C was evaluated in 398 Caucasians from 21 Spanish 
families The Genetic Analysis of Idiopathic Thrombophilia 
Project (GAIT)—using marginal measured genotype asso 
ciation analysis. C92714G, which encodes the conservative 
B-domain substitution D1241E, was associated with signifi 
cantly lower FVIII:Clevels (each G-allele contributes a 12.8 
IU/dL reduction in activity) even after accounting for impor 
tant covariates, including age and ABO genotype. Neverthe 
less, studies in other populations and/or in vitro are necessary 
to determine whether D1241E represents a functional QTL 
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because the alleles of G56010A, a SNP in the 3' splice junc 
tion of intron 7, are in strong LD with C92714G. 
0555. The (immature) large glycoprotein coagulation fac 
tor (F)VIII is synthesized as a single polypeptide chain con 
taining 2351 amino acids. The immature polypeptide 
sequence for each haplotype is disclosed as follows: H1 (SEQ 
ID NO: 13), H2 (SEQID NO:14), H3 (SEQID NO:15), H4 
(SEQID NO:16), H5 (SEQID NO:17), and H6 (SEQID NO: 
18). After removal of its 19 amino acid N-terminal signal 
peptide in the endoplasmic reticulum, FVIII undergoes lim 
ited proteolysis intracellularly prior to secretion. The mature 
form of FVIII in plasma therefore contains 2332 amino acids 
and is a heterodimer comprised of a constant size light-chain 
and a non-covalently linked variable size heavy-chain. The 
mature polypeptide sequence for each haplotype is disclosed 
as follows: H1 (SEQ ID NO: 19), H2 (SEQID NO: 20), H3 
(SEQ ID NO: 21), H4 (SEQ ID NO: 22), H5 (SEQID NO: 
23), and H6 (SEQ ID NO: 24). Heterodimeric FVIII is an 
inactive procofactor that circulates in a non-covalent, tightly 
bound complex with von Willebrand factor (VWF). Throm 
bin, generated in low concentrations at sites of vascular injury 
by the extrinsic pathway during coagulation initiation, pro 
teolytically converts FVIII into its active, but labile, heterot 
rimeric cofactor form (FVIIIa), which is released from VWF. 
Upon assembly, FVIIIa participates in the propagation phase 
of coagulation as a cofactor for the catalytically active serine 
protease FIX (FIXa) within a macromolecular enzyme com 
plex known as intrinsic Xase after binding to membrane Sur 
faces containing anionic phospholipids, whose sole function 
is to catalyze cleavage activation of its Zymogen Substrate FX. 
Hemophilia A, the X-linked bleeding disorder due to insuffi 
cient or absent FVIII coagulant activity (FVIII:C) in plasma, 
demonstrates that FVIII is indispensable for normal hemo 
stasis. However a high-normal to elevated plasma FVIII 
activity (FVIII:C) level is associated with an increased risk 
for both venous and arterial thrombosis. 

0556. Several environmental and endogenous factors are 
associated with broad interindividual variability that exists 
for FVIII:Clevels. Age, sex, oral contraception (OC), smok 
ing, body mass index (BMI), diabetes mellitus (DM), ABO 
blood type, and plasma levels of total cholesterol (TC), low 
density lipoprotein (LDL), triglyceride (TG), VWF, and FIX 
coagulant activity (FIX:C) all have substantial evidence Sup 
porting their role as determinants of FVIII:C. The relative 
ease of identifying, observing, measuring and/or characteriz 
ing these factors enabled investigators to discern their rela 
tionships with plasma FVIII:Clevel. 
0557. The 186-kilobase (kb) F8 gene, which is located on 
the long-arm (q) of the X chr within Xq28.1, and consists of 
26 exons that comprise only five percent of the base pair (bp) 
total. Transcription may be robust to genetic variation in the 
promoter, particularly in the case of SNPs which do not cause 
length changes that could markedly destabilize the pre-initia 
tion complex whose DNA-binding proteins overlap the tran 
scription start site. The 1200-bp upstream DNA region from 
-1038 to +236, which contains most of the 5'-UTR, suffi 
ciently promoted transcription in several liver-derived cell 
lines. Furthermore, 300-bp of the immediately contiguous 
5'-genomic DNA exerted maximal promoter activity. This 
region contains several cis-elements that interact with DNA 
binding proteins important for the transcriptional regulation 
of this gene; including a TATA-like sequence (GATAAA) 
located 30-bp upstream of the transcription start site. Addi 
tional cis-elements may also function as transcriptional regu 
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lators including a potential repressor located approximately 
1-kilobase (kb) upstream of the gene. The presence of vari 
ants in this region of the promoter might contribute to “nor 
mal' variation of FVIII levels through variable transcription 
rates. 

0558. The F8 variation scan systematically covered the 
entire gene using a large number of chromosomes to identify 
variations in. A scan of F8 regions classically considered 
functional in 137 people for a total of 222 X-chromosomes 
was performed. All of the 398 subjects of the GAIT (Genetic 
Analysis of Idiopathic Thrombophilia) project were geno 
typed for the subset of variants polymorphic in the sample of 
Caucasians used. 
0559 F8 Reference Sequence 
0560 A286-kb stretch of genomic DNA from Xq28.1 was 
obtained that contained the 186-kb F8 sequence plus 50-kb of 
both 5’- and 3'-genomic sequence from the UCSC Genome 
Browser on Oct. 12, 2004, which corresponds to NCBI Build 
35 (hg17, the May 2004 release). This is the first version to 
contain all 26 exons; specifically, it included exons 21 and 22. 
which were missing from previous releases. For purposes of 
referencing the gene and variants, the reverse compliment of 
this sequence was used and assigned +1 to the transcription 
start site (+1 GCTTAGTGCTGAG+13) that and -1 to the 
base immediately 5' to it. For instance, the promoter contains 
nucleotides with negative numbers and the putative TATA 
box, GATAA, begins with Gat base -30. “hg17 was used to 
indicate that the nucleotide numbering follows this conven 
tion. 
0561 Variaton Scan 
0562. The variation covered all exonic sequences (coding 
and untranslated), 50- to 100-bp of intronic sequence from 
each splicejunction, approximately 1-kb of the promoter, and 
about 300-bp of the immediately flanking 3'-genomic DNA. 
Table 1 lists the exonic regions, their lengths, hg17 nucleotide 
positions, and the encoded amino acids, if any. DNA frag 
ments were amplified and sequenced that were 500- to 600-bp 
in length and, where necessary to cover an extended region, 
overlaped the primers by approximately 100-bp. Initially, 39 
amplicons were generated, but lacked coverage of exons 21 
and 22. Though absent from the variation scan, amplicons 
(designated amp29B and amp30B) were included for these 
two regions in the genotyping described below. Table 2 lists 
the amplicons and their hg17 nucleotidepositions. Agencourt 
Biosciences performed the polymerase chain reaction (PCR) 
amplifications, cycle-sequencing reactions, and sequence 

Oct. 7, 2010 

determinations. The variation scan was performed using 
genomic DNA samples obtained from two discovery groups 
of human subjects. The first wave included genomic DNAS 
from 90 distinct individuals and one additional blind repli 
cate. In addition, female GAIT founders were included (i.e., 
one unrelated female drawn from each of the GAIT families). 
The second wave consisted of 47 GAIT founders, 37 females 
and 10 males, with FVIII:C levels at the extremes of the 
founders. A total of 222 X-chromosomes were collected and 
to the amplicons were sequenced in the forward and reverse 
directions in both of these waves. 

TABLE 1 

Characteristics of the 26 exons in F8. 

Exon Length (bp) Nucleotides Amino Acids' 

01 (5'-UTR) 71 1 ... 171 NA 
01 (CDS) 43 172 . . .314 1...29 
O2 22 23124 . . .23245 29 . . . 70 
O3 23 2S629 . . . 25751 70. ... 111 
O4 213 29576. . . 29788 111... 182 
05 69 35419 . . .354.87 182 . . . 205 
O6 17 37921 . . .38037 205 . . . 244 
O7 222 53172 ... 53393 244 . . .318 
O8 262 56037 . . . S6298 318 . . . 405 
09 72 S6583 ... S6754 405 . . . 462 
10 94 61556 . . . 61649 463 . . . 494 
11 215 65553 ... 65767 494. . .565 
12 51 68682. . . 68832 566 ... 616 
13 210 74817. .. 76026 616 . . . 686 
14 3106 91048. . .94153 686. . . 1721 
15 S4 116151 ... 116304 1721 ... 1772 
16 213 117701 ... 117913 1773 ... 1843 
17 229 1182OO ... 118428 1844. . . 1920 
18 83 118636... 118818 1920... 1981 
19 17 120SS7 . . . 12O673 1981 ... 2020 
2O 72 121282 . . . 121353 2O2O. . . 2044 
21 86 122773 . . . 122858 2044 . . .2072 
22 56 126492. . . 126647 2O73 . . . 2124 
23 45 159497 . . . 159641 2125 . . . 2173 
24 49 160858 ... 161OO6 2.173 . . .2222 
25 77 162116 . . . 162292 2223 ... 2281 
26 (CDS) 53 184972 . . . 185124 2282 . . .2332 
26 (3'-UTR) 1806 1851.25 . . . 186930 NA 

*Nucleotide numbering corresponds to the hg17 reference sequence for F8. 
"Amino acids whose codons are completely or partly contained in each exon; numbering 
based on the mature proteinfound in plasma (after removal of the 19 residue signal peptide), 
whose N-terminal alanine (amino acid #1) corresponds to the 20-translated residue; 
NA-not applicable, 

0563 Genotyping 

TABLE 2 

F8 regions sequenced to identify and genotype common polymorphisms. 

Ampliconk Forward Primer 

O1 s' - TTATCAAAGGGGCTTCTTGC 

O2 5'-AGCAAGTGTTGAGGICCAGG 

O3 s' - CTTCTCCATCCCTCTCC TCC 

O4 s" - CTTCAAATTTGCCTCCTTGC 

OS 5'-AATCTTGCCTCAGAGCAACC 

O6 5 " - GGGCAACAGAGTGAGACTCC 

5 " - GGAGACCTGACATCAAAGCC 

Reverse Primer Nucleotides 

s" - CATGCCCTTTCTCCTGACC -1214 . -573 

5'-TGAAGTAGCAAAAGGGAGGC - 683 . -56 

s' - CAGAAATGTTTCTTTGGGGC -168 . . 441 

5'-AGACCAAGCAGAGGAAGACG 23 O12 23436 

5 " - GAAAAGCAATTCCTAGGGGG 25450 26 O66 

5'-TTCTGGAACTCAGCTCCTCC 29.413 3 OO16 

5'-AACCCCATCTCCTTCATTCC 35.266 35608 





US 2010/0256062 A1 
53 

TABLE 2 - continued 

F8 regions sequenced to identify and genotype common polymorphisms. 

Oct. 7, 2010 

Amplicon* Forward Primer Reverse Primer Nucleotides 

37 s' - GAGGGGCACATTCTTATCTCC 5-TCATAGTGAAGGGGTCAGGC 185733. . . . 1863 82 

38 5 - CACCACACAATAGGATCCCC 5 " - GT CAATGGGAAAAGAATGCC 186289 . . . 186832 

39 5 - CAATCCACAAATGATGCAGG 5'-AGTGCCAGGATTACAGGCAT 186639 . . . 187259 

*To include all known functional F8 regions in the variation Scan, 41 distinct segments (i.e., amplicons) 
of this structural locus were PCR amplified from genomic DNA samples and resequenced directly. To 
genotype the 12 F8 variations that were polymorphic in Caucasians (Table 3) in the entire GAIT cohort 
the 11 amplicons in bold were generated by the PCR and resequenced directly. 
"Nucleotide numbers correspond to the hg17 reference sequence for F8. 

0564 Chromatograms were used to both detect and geno 
type variants at all stages. Agencourt used the PHRAP suite 
(www.phrap.org) to identify variants. PHRED output was 
used and a custom written SAS 8.2 program was used to 
genotype individuals at the variant bases reported by Agen 
court. In addition, the SAS program generated a separate 
chromatogram for each variant that placed the base of interest 
between two 10-bp flanks. By being compact and centering 
on the variant, these chromatograms standardized the manual 
review of the calls, when necessary. In the remaining GAIT 
individuals not in the variation Scan, Agencourt sequenced 
the subset of amplicons in which at least one variable nucle 
otide was found among the Caucasians in the forward direc 
tion only. Finally, to verify the accuracy of the genotyping, as 
measured by the ability to confirm the original genotyping 
call, a Subset of samples was replicated. When necessary to 
resolve any missing genotypes, amplicons were generated 
and sequenced. When it was necessary to perform manual 
reviews, forward and reverse sequences were paired from the 
same individuals, but the file names were not un-blinded, 
which revealed the well address and amplicon. INTER (PED 
SYS, San Antonio, Tex.) was used to search for violations of 
Mendelian inheritance within the GAIT project, blanking any 
resulting discrepancies. 
0565 Statistical Analyses 
0566. The program Genecounting was used to estimater 
and D', measures of allelic association. The program SOLAR 
was used to create plots of these statistics. 
0567 The measured genotype approach was employed to 
determine whether, among the members of the GAIT project, 
there were marginal genotype-specific differences in the 
mean FVIII:Clevel, adjusted for relevant environmental and 
endogenous factors. To account for the non-independence 
among family members, the analyses was performed using 
the program SOLAR, alikelihood-based variance component 
genetic analysis program. Any FVIII:C value was set beyond 
four standard deviations from the mean to missing. 
0568 Data was had for the following covariates: age, sex, 
Smoking status, OC use, ABO blood group genotype, total 
cholesterol (TC), high density lipoprotein (BDL), low density 
lipoprotein (LDL), very low density lipoprotein (VLDL), 
triglycerides (TG), lipoprotein(a), BMI, diabetes mellitus 
(DM) status, VWF: Ag, and FIX:C. ABO genotypes were 
represented with indicator variables. For instance, AO had a 
value of one if the patient's genotype was AO, and it had a 
value of Zero otherwise. A Zero in each of the variables (AA, 
AB, AO, and BO) indicated the OO genotype, the reference 
level. Both smoking status and OC use were represented with 
dichotomous variables that indicated any versus no use, the 

reference level. Simple analyses were performed for each of 
the above variables to evaluate the association with FVIII:C 
levels. In these first analyses the covariate was the sole inde 
pendent variable except in the case of ABO, which consisted 
of indicator variables, and age, which also had higher order 
terms. Further, bivariate analyses were performed with the 
endogenous factors and FVIII:Clevels to investigate a shared 
genetic source. Those factors were excluded that shared com 
mon underlying genetic influences with FVIII:C from the 
final measured genotype analysis. 
0569. Because SNPs, including single-base-substitutions 
(SBSs) and insertion/deletions (INDELs), have a major (M) 
and minor (m) allele, there are five possible genotypes for 
each. Specifically, there are three genotypes in females who 
have two X-chromosomes (homozygous M-allele DXX. 
heterozygous DXXI and homozygous m-allele DXXI). 
and two in males who receive their mother's X-chromosome 
and father's Y-chromosome (hemizygous M-allele DXY 
and hemizygous m-allele DX,Y. Thus, the genotype of each 
SNP was represented with a value of either 1 (DXXI and 
X|Y), 0 (XIX), or-1 (DXIX, and X,Y), respec 
tively, since no a priori knowledge was had of which allele 
might be associated with increased FVIII:C levels. Initial 
complex analyses were performed separately for each SNP in 
which age, age, sex, agexsex, agexsex, AA, AB, AO, BO, 
smoking status and OC use were covariates to test for differ 
ences in the marginal genotype-specific mean FVIII:Clevels. 
Subsequently analyses were performed using all of the avail 
able covariates previously mentioned for any SNP sugges 
tively associated with FVIII:Clevels at the p=0.10 level. The 
reason behind this tactic was to not enforce the same mecha 
nistic effect on every SNP, but to allow for potential individual 
actions. In addition, age was represented by employing linear 
splines with knots at 15 and 50 years. A logarithmic transfor 
mation of FVIII:Clevels was used to improve normality and 
a constant multiplier of 8.2 to avoid potential precision prob 
lems with numeric iteration in the statistical routines. 
0570 FVIII:C Levels 
(0571. The meantstandard deviation (SD) for the FVIII:C 
levels in the GAIT study subjects was 150.7 IU/dL (+52.2 
IU/dL), after excluding two women whose FVIII:C levels 
were more than 4 SD from the mean. FIG. 7 presents the 
FVIII:Clevels versus age indicating the sex of each subject. 
0572 Variation Scan 
0573 46 distinct SNPs were identified, which included 45 
SBS and one INDEL, among the 19,157-bp covered in the 
variation scan. Table 3 lists these variants, their protein and 
genic details, and whether the UW-FHCRC scan or dbSNP 
also reported them. In this table, bold print indicates the 
variants genotyped in the GAIT Subjects and the italics indi 
cate nonsynonymous SNPs. 
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the group of Subjects designated as African American. Of 
these, only two. A 162161G and T187064C, had MAF above 
10%. Only eight SNPs were present in more than one group, 
two of which were present in only two groups (Table 4). For 
these six alleles, the MAF had great range within the groups 
Such that the description minor allele is a misnomer. For 
example, the minor allele at nucleotide C92714G in Cauca 
sians was G (7.7%), but with an estimated frequency of 72.7% 
in African Americans, it is the major allele in this ethnic 
group. 

TABLE 4 

Covariate Beta Estimate p-Value 

Age (years) -0.132 O.O167 
Sex O.253 O.O.209 
Age x Sex 9.377 x 10-04 O9914 
A 15* O.126 O.O.289 
A 15 x Sex O.O15 O.8693 
A 50: O.074 <O.OOO1 
A 50x Sex -0.061 O.OO66 
Oral Contraceptive Use (Yes/No) -0.632 O.O271 
Smoking Status (Yes/No) -O.288 O.O121 
AA O.882 <O.OOO1 
AO O648 <O.OOO1 
AB O.727 0.0553 
BO O668 O.OO19 
BMI (kg/m2) O.132 O.3439 
Triglyceride (mM) O.362 O.OO84 
D1241E (+1, 0, -1) O.312 O.O244 

*Coefficient for the splines with knots at 15 and 50 years. 

0577 Allelic-Association 
0578 FIG.8 presents the estimated rand D'between each 
pair of alleles, respectively. (FIG. 8A) The hg17 sequence 
used as a reference for F8 in this study spans about 287-kb and 
contains the approximately 187-kb structural locus and 50-kb 
of both the 5' and 3’ flanking genomic DNA. The F8 locus 
consists of 26 exons (triangles) and 25 introns (intervening 
black lines). The 1.2-kb and 0.3-kb promoter and flanking 
3'-genomic segments scanned for variations are indicated. 
The numerous repetitive elements (RepeatMasker) in this 
gene are indicated by different colored triangles. (FIG. 8B) 
The 41 amplicons used for variation detection and genotyping 
are indicated by open boxes. (FIG. 8C) The 46 SNPs identi 
fied in the variation scan, and two additional SNPs (G75215A 
and T 186594C) discovered by genotyping the extended 
GAIT cohort for the polymorphism subset variable in at least 
Caucasians, are designated by their gene location (left) and 
nucleotide position in the transcription unit. Promoter SNPs 
are located upstream of -1. Major- and minor-alleles are 
shown on the left and right. The 17 exonic- and 11 coding 
region-SNPs are also indicated by their nucleotide and amino 
acid positions in the polyadenylated mRNA and mature form 
of the circulating FVIII protein, respectively. Finally, the five 
coding region SNPs resulting in nonsynonymous amino acid 
substitutions are shown in green; G53206T is actually a mis 
sense mutation identified in a non-affected female carrier 
since Trp255Cys represents a known cause of mild hemo 
philia A in Chinese individuals. 
0579. Measured-Genotype Analysis 
0580 Age, smoking status, OC use, DM status, BM and 
the plasma levels of TC, LDL, VLDL, TG, VWF and FIX:C 
were associated with FVIII:C levels at the p=0.10 level. In 
addition, sex and its interactions with age were included, 
despite non-significant results in the univariate analysis. 
Bivariate analyses of FVIII:C levels with both FIX:Cand 
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VWF levels suggested that they shared common underlying 
genetic influences and thus were excluded from the multiple 
covariate measured-genotype analysis. 
0581. Only the analyses for G56010A, an intron 7 SNP 
located 27 nucleotides upstream of its 3'-splice junction (i.e., 
position -27), and the non-synonymous coding region SNP 
C92714G, which encodes the known aspartate to glutamate 
Substitution in the B-domain residue 1241, Suggested signifi 
cant differences in the genotype-specific mean FVIII:Clev 
els. Therefore, these SNPs were further explored separately in 
a more complex model. Table 4 presents the results of the final 
model in the analysis of D1241E and FVIII:Clevels. Among 
the GAIT founders who had no parental data, the D'between 
these two SNPs was 0.84. Since the results were similar, more 
complete genotyping data was had for D1241E (one DD 
female, 2DE females, and 3 EY males had missing genotypes 
for G56010A), and D1241E results in an amino acid change, 
the results for this SNP were presented. 
0582. When LDL and DM status were included in the full 
model, the beta-estimate for the effect of D1241E was 0.295 
(p=0.0356). Excluding these variables did not meaningfully 
affect the point estimate or improve the precision (Table 4), 
Suggesting that these factors were not confounding the rela 
tionship between this SNP and FVIII:Clevels. When VLDL 
was substituted for TG levels in the above model, the resulting 
estimate of the effect of D1241E was 0.300 (p=0.0294). As 
expected, Pearson's correlation coefficient between TG levels 
and VLDL was high, p=0.96 (p<0.0001), which did not 
account for non-independence between these observations. 
The estimate of the correlation coefficient was similar when 
the analysis was restricted to (independent) founders. 
0583. In the completed a variation scan of the known func 
tional regions of the F8 using 222 X-chr from unrelated, 
non-hemophilic patients two variants were found whose alle 
les were highly associated with each other, G56010A and 
C92714G (corresponding to amino acid D1241E), and also 
significantly associated with FVIII:C levels. Interestingly, 
there was not strong association between the alleles (see FIG. 
9) of F8 variants overall. As far as C92714G is concerned, 
only four polymorphisms had alleles with a D' of approxi 
mately 0.50: G56010A, A118909T, C120776T, and 
A186799G. Among the GAIT members that had no parental 
data (i.e., founders), the D' between these alleles and 
C92714G were 0.84, 0.46, 0.47, and 0.54, respectively. 
0584 FIG. 9 illustrates the pattern and degree of LD 
across F8 in various human populations. The subset of 47 F8 
polymorphisms variable in the 148 unrelated Caucasian sub 
jects studied were evaluated pairwise for LD. Both commonly 
used parameters of LD (i.e., Dandr) were determined using 
maximum likelihood haplotype frequencies estimated by the 
expectation-maximization (EM) method implemented in 
GENECOUNTING. Individual polymorphisms are listed 
along the y-axis in their 5' to 3' gene orientation and along the 
x-axis according to their nucleotide position within the F8 
genomic sequence. The estimates of LD based on D" are 
shown above the pair-wise line of identity, which passes 
through the origin, while those based on rare shown below. 
The color legend on right illustrates semi-quantitatively the 
possible degrees of LD that can exist between the alleles of 
any polymorphism pair, white (LD-O) indicates linkage equi 
librium while red (LD=1) indicates complete LD or allelic 
association. 

0585. The distribution of FVIII:C levels, even within 
members of the 21 Spanish families of the GAIT project, 
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displayed the typical variability of this trait and had an esti 
mated heritability 0.40. Several factors were controlled for in 
the final analysis. The Support for the association betweenage 
and FVIII:Clevels is among the strongest. The graph of crude 
FVIII:Clevels versus age appears and the results of the analy 
sis also supports this relationship (see FIG. 7 and Table 4, 
respectively). The use of splines with age allowed for a less 
rigorous imposition on the data, namely that the same fit not 
be enforced across the entire range of approximately 2 to 87 
years. For example, flexibility was allowed in the effects of 
age on FVIII:C levels in the young and the old, instead of 
modeling, for instance, a quadrant effect across both periods 
in which the age data for the old influences the estimated 
response for the young, and vice versa. 
0586. The results of the analysis support the finding that 
smokers had lower mean FVIII:C levels than non-smokers. 
As detailed information on Smoking was lacking, this rela 
tionship was not further elucidated in the analyses. 
0587. OC use had an apparently large effect, to that for 
ABO blood group (see Table 4). 
0588. There is also strong support for an association 
between FVIII:Clevels and ABO blood group and between 
FVIII:Clevels and VWF. In separate bivariate analyses with 
FVIII:Clevels, it was found that each of VWF and FIX had 
potential overlap in the set of (unknown) genes that may 
affect their trait levels. Since variance components-based 
analyses were performed as implemented in the program 
SOLAR, in which the covariance between family members is 
used to estimate the additive genetic variance, including Such 
variables in the analyses was not germane to this example. 
Further, the inclusion ABO blood type, which has a potential 
pleiotropic effect on VWF and FVIIIC levels, also supports 
the exclusion of VWF 

0589 Removal of TC/LDL from the model had negligible 
impact upon the pointestimate of the effect of the SNP and its 
precision. Removal of TG/VLDL had a noticeable impact and 
VLDL was included. The choice between TG and VLDL was 
arbitrary and the results were very similar. 
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1-81. (canceled) 
82. A purified FVIII having a haplotype selected from the 

group consisting of the H3 haplotype. H4 haplotype, H5 
haplotype, and H6 haplotype. 

83. The FVIII of claim 82 having the H4 haplotype. 
84. The FVIII of claim 82 having the H5 haplotype. 
85. The FVIII of claim 82 having the H6 haplotype. 
86-92. (canceled) 
93. The FVIII of claim 82 having the H3 haplotype. 
94. The FVIII of claim 82 with instructions for adminis 

tration to a person who has been haplotyped with the same 
haplotype as the recombinant FVIII. 

95. The FVIII of claim 82 having the H3 haplotype with 
instructions for administration to an African American hemo 
philiac. 

96. The FVIII of claim 82 having the H4 haplotype with 
instructions for administration to an African American hemo 
philiac. 

97. The FVIII of claim 82 having the H5 haplotype with 
instructions for administration to an African American hemo 
philiac. 

98. The FVIII of claim 82 having the H6 haplotype with 
instructions for administration to a non African American 
hemophiliac. 

99. The FVIII of claim 82 having the H6 haplotype with 
instructions for administration to a Chinese hemophiliac. 

100. A method for treating a hemophiliac comprising 
administering to the hemophiliac an effective amount of puri 
fied FVIII having a haplotype selected from the group con 
sisting of the H3 haplotype, H4 haplotype, H5 haplotype, and 
H6 haplotype. 

101. The method of claim 100, wherein the recombinant 
FVIII has the H3 haplotype. 

102. The method of claim 100, wherein the FVIII has the 
H4 haplotype. 

103. The method of claim 100, wherein the recombinant 
FVIII has the H5 haplotype. 

104. The method of claim 100, wherein the FVIII has the 
H6 haplotype. 


